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Preface

The Micropalaeontological Society was founded in 
1970 as the British Micropalaeontological Group 
(later the British Micropalaeontological Society 
(BMS)) with, amongst its objectives, ‘to prepare 
and present in a suitable monographic form, strati- 
graphical correlation of the British succession 
based on micropalaeontology’. It was not until 
1978, however, that this aim was even partially 
fulfilled, with the publication of the first of these 
‘monographs’, that seminal compilation, A Strati
graphic Index o f British Ostracoda, edited by Ray 
Bate and Eric Robinson, and written as a collective 
initiative by members of the already very active 
BMS Ostracod Group. This had, according to its 
editors in their Preface, been modelled in style at 
least, on Simon & Bartenstein’s Leitfossilien der 
Mikropaldontologie (published by Borntraeger, 
Berlin, 1962), which used extensive well data 
from Germany. The BMS book was restricted to 
one microfossil group, but with the advent of scan
ning electron microscopy it allowed the construc
tion of plates of uniformly high quality for the 
first time. Indeed, the plates were very good, as 
was the presentation of the book in general. In its 
turn, it clearly encouraged the French workers to 
produce a similar volume of their own, Atlas des 
Ostracodes de France, edited by Henri Oertli 
and published (by Societe Nationale Elf Aquitaine 
(Production)) in 1985.

The far more ambitious plan by the BMS for a 
series of comparable books on all the other major 
microfossil groups, with a particular view to their 
biostratigraphical utility, was also to be fulfilled in 
the coming years. Thus, other successful Stratigra- 
phical Indices/Atlases were published under the 
umbrella of its Occasional Publications over the 
next two decades or so: on calcareous nannofossils, 
conodonts, foraminifera and dinoflagellates, the 
last two mentioned both running to two editions/ 
printings. A further idea by Ray Bate (and others) 
was to reissue chapters separately for well-site 
work, allowing the industrial biostratigrapher to 
select relevant groups and time intervals for the 
sequence predicted in a borehole; sadly, this idea 
was not developed.

The original suggestion for the updating of the 
Stratigraphic Index o f British Ostracoda is ascribed 
to John Athersuch in a misguided moment, report
edly in a ‘pub’ in Aberystwyth during the 10th 
International Symposium on Ostracoda, held 
there in 1988. For this reason, he found himself 
appointed as the first Editor-in-Chief of the enter
prise. Turning this well-intentioned suggestion 
into reality was, however, according to John, far

more challenging and time-consuming than he 
ever imagined. Prospective authors were contacted 
and ‘Instructions to Authors’ issued as long ago 
as 1989. Some chapters were finished in weeks, 
others took years, even decades, to write, but the 
ensuing time frame did allow for several revisions 
on the way! Because of several authors withdrawing 
(for whatever reason) and lack of volunteers for 
others, some chapters had to be written from 
scratch by completely new researchers. Still, some 
chapters had not been written at all, one author 
died and there were several changes to the editorial 
team (and reluctantly John decided to pull out); 
even the publisher changed, twice!

With all this new blood it has latterly become 
most apparent that, whatever the original intentions 
might have been, the new book had become no 
longer a Second Edition of A Stratigraphic Index 
o f British Ostracoda, but something completely 
new, and with a different raison d’etre. For this 
reason it also clearly merits the new title, Ostracods 
in British Stratigraphy.

A Stratigraphic Index o f British Ostracoda had 
13 stratigraphic chapters (it had other chapters as 
well) and only eight different authors. What we 
have now is an up-to-date synthesis of the ostracod 
record in British stratigraphy: new chapters, new 
authors, all new illustrations -  the whole reflecting 
the latest researches by relevant specialists in the 
field. There are now 17 stratigraphic chapters 
and no fewer than 21 different authors involved. 
Each chapter has an introductory text, followed by 
formal sections on History of research, Principal 
collections, Stratigraphy and Ostracod biostratigraphy; 
there are other sections on Palaeobiogeography, 
Palaeoecology and on Future research. All the maps, 
diagrams, range charts and plates are new, and the 
plate descriptions are deliberately copious, informative 
and complete.

I am just the latest and last editor, and am thank
ful that I have been able, finally, to pull the book 
together and see it to press. It would have been 
impossible, however, without what had come 
before. Grateful thanks therefore should go to 
John Athersuch, lan Wilkinson and, especially and 
latterly, Malcolm Hart, who have contributed so 
much in editorial matters, over the years, often in 
difficult circumstances. Malcolm Hart spent many 
an hour cajoling dormant authors after long inac
tion, undertaking all of the first chapter readings 
and edits, and presented me with advanced copy 
for most chapters. However, there proved many 
things still to do (often unexpectedly) and I am 
particularly thankful to my ‘Three Wise Men’,
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David Siveter (latterly President of The Micro- 
palaeontological Society), Alan Lord and David 
Horne, who have helped me immeasurably with 
advice, encouragement, contributions to this 
Preface, reviews of chapters and proof-reading. 
Ian Boomer, Ian Slipper, John Pollard, Malcolm 
Hart, Ian Wilkinson and Mark Williams are also 
thanked for their separate chapter reviews.

The maps, diagrams and range charts were a 
particularly difficult problem as they needed to be 
standardized from a wide range of ‘artistic sub
missions’. In order to arrive at the necessary uni
formity of a book like this, virtually every single 
figure has had to be redrawn and improved by 
Lisa Barber (University of Leicester Cartographic 
Unit), whose drafting skills and dedication to the 
task warrants my sincere thanks. Likewise, the pro
fessionalism of Kevin Webb (NHM Photo Unit), 
not only for digitizing and improving the 82 original 
plates, but also for spending the time scanning-in 
and resizing every single image to a new size and 
format, cannot be overestimated. I would challenge 
a reviewer to fault his handy work!

viii

On a personal front, the hospitality of David and 
Pauline Siveter during my several visits to Leicester 
to supervise the redrafting of the figures was much 
appreciated, as was David Siveter’s giving freely of 
his time and his inspired suggestion of the book’s 
final title.

To personnel of the Geological Society Publish
ing House goes my sincere thanks for seeing the 
book finally into print: Sally Oberst (Production 
Editor), for her meticulous attention to detail, 
patience and understanding; John Maggs (designer) 
for the simple yet striking cover; Sue Butterworth 
(indexer) for her careful compilations; Angharad 
Hills and Sarah Gibbs for their kind assistance in 
the planning stages and especially their advice on 
submission of the typescript.

Last but not least, Fugro Robertson and BG 
Group are warmly thanked for their sponsorship 
of the redrafting the figures, which has provided a 
really professional gloss to the whole book.

J ohn  E. W h itta ker  
The Natural History Museum, London
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Even though the ostracod-like fossils that occur in 
Cambrian rocks are now excluded from the Ostracoda 
as strictly construed, they are included in the present 
volume to complete the stratigraphical record of 
such animals in British rocks. These Cambrian 
ostracod-like forms are currently referred to the 
orders Bradoriida Raymond, 1935 and Phosphato- 
copida Muller, 1964. Originally Raymond (1935) 
established the Order Bradorina (sic) to include all 
Cambrian ostracod-like forms. Muller (1964) subdi
vided the Bradoriida into the suborders Phosphatoco- 
pina, which he consided to have primary phosphatic 
carapaces, and Bradoriina, supposedly with chitinous 
or calcareous carapaces. In 1982 Muller raised both 
these groups to ordinal level; such a classification 
based on carapace composition is, however, unten
able (Siveter & Williams 1997). Phosphatocopids 
were first considered to be early ostracods (Muller 
1964, 1979; Jones & McKenzie 1980), but, based 
on more recent evidence from soft parts, they are 
now known to be the sister group of the Eucrustacea 
(Walossek 1999; Siveter et al. 2001, 2003; Maas 
et a l 2003). The Bradoriida (sensu Muller 1982) are 
probably a polyphyletic group that may include 
ancestral ostracods together with other crustacean or 
arthropod groups (Jones & McKenzie 1980; Hou 
et al. 1996). Hinz-Schallreuter (1993b, 1998, 2000), 
who preferred to encompass both bradoriids and 
phosphatocopids under the name ‘Archaeocopa’ (ex 
Archaeocopida Sylvester-Bradley, 1961), character
ized the order as an ‘ostracod group’ distinct from 
‘true ostracods’ by differences in shell composition 
and the development of the dorsal and free marginal 
surfaces. However, as several different types of 
arthropods have a bivalved carapace, the true affinity 
of most Cambrian ostracod-like fossils ultimately 
depends on rare preservation of appropriate soft 
parts (Briggs 1983; Muller & Walossek 1991; Hou 
et al. 1996, 2004; Shu et al. 1999).

The great majority of the British Cambrian 
species monographed by Williams & Siveter in 
1998 do not contribute greatly to the debate as to 
the affinity of the bradoriids and phosphatocopids. 
Little is known about their shell substance -  
indeed, such study of shale-preserved material is

scarcely feasible -  and the various forms are 
assigned to the Bradoriida or Phosphatocopida on 
the basis of their gross morphology. However, 
Klausmuelleria salopiensis, more recently descri
bed from Shropshire, has soft parts preserved and 
is important in resolving the affinity of, and relation
ships within, the phosphatocopids (Siveter et al.
2001, 2003).

H istory o f research

Early work on the Cambrian ‘Ostracoda’ was 
reviewed by Ulrich & Bassler (1931), whose mono
graph remains a valuable source-book. There has 
been much subsequent work on these forms, based 
largely on European, Australian, Chinese and 
North American material, in which large numbers 
of taxa have been distinguished (Muller 1964, 
1979; Jones & McKenzie 1980; Huo & Shu 1985; 
Hinz-Schallreuter 1993a-c, 1998, 2000; Siveter 
et al. 1996; Siveter & Williams 1997; Hou et al.
2002, 2004; Gozalo & Hinz-Schallreuter 2002; 
Maas et al. 2003; Vannier et al. 2005).

The earliest descriptions of British material were 
by Jones in 1856 (Leperditia solvensis), 1872 
(L. hicksii, L. huprestis [ex Salter, nom. nud.]) and 
1881 (Beyrichia hollii)\ and by Hicks in Harkness 
& Hicks (1871) (L.? cambrensis). All but the last- 
named were based on material from what are now 
known as the Menevian Beds (referred to the 
Middle Cambrian) in the St David’s area, South 
Wales; L.l cambrensis is from the same area but 
from the Lower Cambrian (Siveter & Williams
1995). Ulrich & Bassler (1931) pointed out that all 
of these early descriptions were inadequate to 
allow the recognition of the species involved. 
Much more satisfactory was Groom’s (1902) 
description of a new genus and species, Polyphyma 
lapworthi, based on a large population from sup
posed Middle Cambrian rocks of the Malvern area 
in the Welsh Borderland. As the name Polyphyma 
was preoccupied, Rushton (1969) proposed the 
replacement name Cyclotron.

Cobbold (1936; in Cobbold & Pocock 1934) under
took the first substantial work on British Cambrian

From: W h it t a k e r , J. E. & HART, M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 1-14. 
1747-602X/$15.00 © The Micropalaeontological Society 2009.

mailto:adrianrushton@hirundo.fsnet.co.uk
mailto:mri@leicester.ac.uk
mailto:djs@leicester.ac.uk


2 A. W. A. RUSHTON ETAL.

bradoriids and phosphatocopids. He described some 
20 taxa from the Comley and Wrekin areas of Shrop
shire; most of the species are from the Lower 
Cambrian, but two are Middle Cambrian.

Rushton (in Greig et al. 1968; in Rushton et al.
1988) listed a few taxa from boreholes penetrating 
Lower and Middle Cambrian rocks in Shropshire, 
and listed many other taxa, mainly from borehole 
material of Late Cambrian age, from the Nuneaton 
area, central England (Taylor & Rushton 1972). 
Rushton (1978) figured, with brief descriptions, 
seven forms from the beds transitional from the 
Middle to Upper Cambrian in the Nuneaton area; 
and Hinz (1987) illustrated six taxa from acid- 
insoluble residues from Lower Cambrian rocks of the 
Wrekin area, one of which she named Comleyopsis 
(Hinz 1993). More recent papers have identified the 
use of some bradoriid (Siveter et al. 1993; Siveter 
& Williams 1995) and phosphatocopid species 
(Williams et al. 1994) in British biostratigraphy. 
The British Cambrian Bradoriida and Phosphatoco- 
pida were monographed by Williams & Siveter 
(1998), and the British Bradoriida were placed in 
their biogeographical context by Williams et al. 
(2007).

Principal collections

The Sedgwick M useum, Cambridge

Most of Cobbold’s (1936) material from the Comley 
area is housed here, together with the type of 
‘Entomis’ buprestis Jones, 1872. Specimens figured 
herein are prefixed SM.

The British G eological Survey, Keyworth, 
Nottingham

Cobbold & Pocock’s (1934) material from the 
Wrekin-Rushton area of Shropshire are held here, 
along with specimens from boreholes in Shropshire 
(Greig et al. 1968; Rushton et al. 1988), material 
from the Nuneaton district and the Cambrian 
subcrop in the Midlands, including the Merevale 
boreholes (Taylor & Rushton 1972; Bridge et al.
1998), and material from the Lower and Middle 
Cambrian of the St David’s area, South Wales. 
Registered numbers of specimens figured here are 
prefixed BDA, BDM, DEW, GSM, He and Zs.

The N atural H istory Museum, London

A few specimens are held, including the types of 
Beyrichona [Beyrichia] hollii (Jones) and Anabaro- 
chilina [Leperditia] hicksii (Jones). Registered 
numbers of specimens figured here are prefixed by 
the letter I.

The Lapworth Museum, University 
o f  Birmingham

Syntype material of Cyclotron lapworthi (Groom) and 
the holotype of Indiana lentiformis (Cobbold) are 
housed here. Specimen numbers are prefixed BU.

The University M useum o f  Natural History, 
Oxford

This museum holds most of Groom’s (1902) 
material from the Malvern Hills, and material 
from South Wales and the Welsh Borderland 
described by Siveter & Williams (1995) and 
Siveter et al. (2001). Numbers are prefixed OUM.

The National M useum o f  Wales, C ardiff

A  few specimens from the Middle Cambrian of 
South Wales are housed at Cardiff. Numbers are 
prefixed NMW.

In s titu tfu r  Paldontologie, Rheinische 
Friedrich-W ilhelms-Universitdt, Bonn, 
Germany

Hinz’s (1987) phosphatized specimens from 
Shropshire are lodged here.

Stratigraphy

A general account of Cambrian stratigraphy in 
England and Wales is given by Rushton (1974), 
and details of many key localities (Fig. 1) are 
given by Rushton et al. (2000). Cambrian corre
lation in the UK was discussed by Cowie et al. 
(1972), and Figure 2 shows the general stratigraphy 
of the bradoriid- and phosphatocopid-bearing suc
cessions in the British Cambrian. Figure 3 shows 
the stratigraphical ranges of selected species.

The base of the Cambrian is established inter
nationally in SE Newfoundland (Brasier et al.
1994) at a horizon lower than the basal Cambrian, 
as recognized in the Wrekin area of Shropshire 
and in the Nuneaton area; until better correlation 
is established with the Newfoundland succession, 
the local term Comley Series is used (following 
Cowie et al. 1972) for the British Lower Cambrian. 
The terms ‘Middle Cambrian’ and ‘Upper 
Cambrian’ are understood in different ways in 
various parts of the world, and the terms St 
David’s Series and Merioneth Series were devised 
to encompass, respectively, the Middle Cambrian 
and Upper Cambrian (less Tremadoc) of British 
usage (Cowie et al. 1972). The Tremadoc Series is 
now treated as Lower Ordovician.



CAMBRIAN 3

The biostratigraphical subdivision of the Cam
brian is based very largely on trilobites (Thomas 
et al. 1984); the biozones of the Comley Series 
being rather coarse units, and those of the Merioneth 
Series more refined.

The stratigraphical divisions used in England 
and Wales are not readily applicable to the Cam
brian of Scotland, which is regarded as being part 
of the Laurentian (North American) margin of the

Iapetus Ocean during the Cambrian. No Cambrian 
bradoriid and phosphatocopids have been recorded 
from either Scotland or Ireland.

Biostratigraphy

Although bradoriids and phosphatocopids play 
only a minor role in the biostratigraphy of the 
British Cambrian, they provide the best means of
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Fig. 3. Stratigraphical ranges of selected Bradoriida and Phosphatocopida in Britain, shown by solid lines. indicates 
uncertain horizon, and broken lines indicate uncertainty in stratigraphical range.

correlating rocks of the Comley Series in South 
Wales (Siveter & Williams 1995) and have proved 
useful in the investigation of boreholes (Taylor & 
Rushton 1972; Rushton 1978; Williams et al. 
1994; Bridge et al. 1998; Williams & Siveter 
1998). Figure 3 shows the stratigraphical ranges of 
the species; many shown with short ranges are 
known from only a few specimens.

Comley Series

The main localities for bradoriid and phosphatoco- 
pid faunas of the Comley Series are in the Lower 
Comley Sandstone and the Comley Limestones of 
Shropshire (Cobbold & Pocock 1934; Cobbold

1936); a few of Cobbold’s species were collected 
from the Church Stretton No. 7 Borehole (Greig 
et al. 1968) and the Croft Borehole, Lilleshall 
(Rushton et al. 1988). Some 20 species have been 
recorded, most of them assigned to genera instituted 
by Matthew (e.g. 1886, 1899) and by Ulrich & 
Bassler (1931), but revision by Williams & Siveter 
(1998) has shown that only about, a dozen taxa are 
present. Bradoriids from the ‘Acrothele prima 
Shales’, which were assigned by Cobbold & 
Pocock (1934) to a level in the Lower Cambrian 
about 30 m above the Wrekin Quartzite, were for
merly considered the oldest in the British Cambrian. 
They include Bradoria scrutator Matthew, 1899, a 
species originally described from Cape Breton
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Island, Nova Scotia, Canada, where it occurs in the 
early Middle Cambrian Dugald Formation (Hutch
inson 1952; Siveter & Williams 1997). Presumably 
the information given by Ulrich & Bassler (1931, 
pp. 6 -7 ) for this formation, incorrectly implying 
an Early Cambrian age, misled Cobbold & 
Pocock. Our investigations near the type locality 
of the A. prima Shales has revealed abundant trilobi- 
tic evidence for a St David’s (Middle Cambrian) age 
(Rushton et al. 2007).

The Shropshire specimens were mainly cracked 
out from sandstone or limestone and, although some 
are well preserved, most are abraded or fragmentary. 
However, Hinz (1987) collected a few specimens 
from acid-insoluble residues of the Comley Lime
stones; although tiny, her specimens, which include 
the monotype Comleyopsis schallreuteri Hinz, 
1993, are very well preserved in phosphate, and 
they, together with the material of Klausmuelleria sal- 
opensis, include the oldest known phosphatocopids in 
which soft parts are preserved.

In the Nuneaton area a single specimen from the 
Purley Shales Formation in the higher part of the 
Comley Series (Rushton 1966, p. 5) was tentatively 
compared with Dielymella, and is now referred to 
Matthoria (Williams & Siveter 1998). Indiana 
lentiformis (Cobbold, 1921) (possibly a synonym 
of Leperditial cambrensis Hicks in Harkness & 
Hicks, 1871), which occurs in the Red Callavia 
Sandstone, the lowest of the Lower Comley Lime
stones at Comley, Shropshire, is also present in the 
Caerfai Bay Shales, in the Caerfai Group of SW 
Wales, and thus affords the first biostratigraphical 
proof of the Comley Series in South Wales 
(Siveter & Williams 1995).

St D a v id ’s Series

Among the taxa recorded in the 19th century from 
the mid-St David’s Menevian Beds of the 
St David’s area, South Wales, all of which are 
poorly known, Beyrichona hollii and Anabarochi
lina hicksii were revised by Williams & Siveter 
(1998), whereas they judged ‘Leperditia’ solvensis 
and ‘Entomis’ buprestis to be nomina dubia. Ana- 
barochilina has been found well preserved in 
pyrite (Plate 1, 8). In Shropshire, Cobbold (1936; 
in Cobbold & Pocock 1934) described Liangsha- 
nellal comleyensis from the Hill House Shales and 
Anabarochilina corpulenta from the Rushton 
Brook Bed (formerly the ‘Paradoxides forchham- 
meri Grit’) at Rushton, near the Wrekin (Rushton 
& Berg-Madsen 2002). Greig et al. (1968) noted 
specimens of Hipponicharion and Indiana from 
the Hill House Shale of the Church Stretton No. 7 
Borehole; these are now referred, respectively, to 
Neokunmingellal and Anabarochilina hicksii. A. 
cf. hicksii is also present in the Abbey Shales

(mid-St David’s) of the Nuneaton area (Plate 1, 
10), and the discovery of Anabarochilina primor- 
dialis (Linnarsson, 1869) in the Mancetter Grits 
and Shales in the Merevale No. 3 Borehole contrib
uted to the recognition of the Lejopyge laevigata 
Biozone there (Rushton 1978; Siveter et al. 1993).

M erioneth Series

Phosphatocopida are locally relatively numerous in 
the Merioneth Series. They occur in black or dark 
grey mudstones and, although many specimens are 
complete, compactional flattening makes assess
ment of the original form and convexity problema
tical. Taylor & Rushton (1972, pp. 13, 18 and 25) 
and Rushton (1978, p. 275, plate 26, figs 6-15) 
recorded various taxa, including species that were 
referred to Falites, Hesslandona and Vestrogothia, 
throughout much of the Merioneth Series of the 
Nuneaton area. Of these, some are now transferred 
to Veldotron and Trapezilites, whereas other, juvenile, 
specimens are indeterminate (Williams & Siveter 
1998). Cyclotron species occur at several levels in the 
Outwoods Shales at Nuneaton and, because C. 
lapworthi is restricted to the Olenus Biozone there, 
Rushton (1969) inferred that the type horizon of 
C. lapworthi in the White-Leaved-Oak Shales of 
Malvern might be in the same biozone (Williams 
et al. 1994). Other Cyclotron species occur more 
rarely higher in the Nuneaton succession. No determin
able bradoriids or phosphatocopids have been found 
elsewhere in the Upper Cambrian of England and 
Wales.

Palaeoecology

Bradoriids and phosphatocopids occur throughout the 
Cambrian of England and South Wales, an exhaustive 
list of localities being given by Williams & Siveter 
(1998). Some genera have so far been found only 
in the relatively shallow-water, high-energy sites 
of Shropshire (e.g. Bradoria, Liangshanella, Wima- 
nicharion), whereas others, in particular Anabaro
chilina, are found in a wider range of lithologies 
and inferred habitats, from sandstone in Shropshire 
to dark pyritic mudstones in South Wales and the 
Nuneaton area. Phosphatocopids such as Cyclotron 
characteristically occur in the dysaerobic olenid 
environments of the Nuneaton area, sometimes as 
swarms of juveniles; they may occur abundantly at 
levels where trilobites are rare (Taylor & Rushton 
1972, p. 13; compare Clarkson et al. 1998, p. 263, 
and Hinz-Schallreuter 1998, 2000, p. 885). Brador
iids and phosphatocopids are considered to have 
been benthic, with some possible exceptions such 
as the bradoriid Anabarochilina (see under Eremos 
in Hinz-Schallreuter 1993, p. 442, and 2000, p. 886).
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Conclusions

Recent revision of the British Bradoriida shows that 
some 16 species are present (Williams & Siveter 
1998), nearly all of them from the Comley and 
St David’s series. They are, for the most part, 
closely related to species from Matthew’s classic 
areas of New Brunswick and Nova Scotia (Siveter 
& Williams 1997). Although they have little in 
common with bradoriids from the Laurentian 
craton, two genera, Neokunmingellal and Liartgsha- 
nella, are known from the South China Plate. About 
10 taxa of Phosphatocopida are known, mostly from 
the Merioneth Series, and are commonly occurring 
in dysaerobic environments. They show close 
similarity to Baltic species, and one, Cyclotron 
lapworthi, is relatively widely distributed.

We thank Mr M. Dorling and Mr R. Long (Sedgwick 
Museum), Prof. P. Smith (Lapworth Museum) and 
Dr J. Whittaker (Natural History Museum) for the loan 
of type materia], and Prof. Derek Siveter (University 
Museum, Oxford) for help with photography. D. Siveter 
and M. Williams are grateful to N.E.R.C. for a grant 
(GR3/8655) in support of studies on Cambrian bradoriids 
and phosphatocopids. D. Siveter acknowledges the Uni
versity of Leicester for study leave.
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Explanation of plates

Specimens figured in these plates are deposited in various British institutions: British Geological Survey, 
Keyworth (registration numbers prefixed by BDA, BDM, DEW, GSM, He, Pg and Zs); Sedgwick 
Museum, Cambridge (SM), the National Museum of Wales, Cardiff (NMW), the Lapworth Museum, Uni
versity of Birmingham (BU), University Museum of Natural History, Oxford (OUM) and The Natural 
History Museum, London (registration numbers prefixed by I).

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat, left lateral view; rt. lat, right lateral 
view; ant., anterior view; dors., dorsal view; vent., ventral view).

Plate 1

All the material figured here is treated in greater detail in the monograph by Williams & Siveter (1998). 

1, 2(?). Bradoria scrutator Matthew, 1899
Figured specimens: 1,GSM51691 (Cobbold & Pocock 1934, plate 41, fig-7), RV lat., 3240 pan long, xl3;2,GSM  
51690 (Cobbold & Pocock 1934, plate 41, fig- 6), fragmentary RV lat., 3330 pm long (as preserved), x 12. Both speci
mens are from the ‘Acrothele prima Shale’ (now assigned to the Upper Comley Sandstone Group of mid-Cambrian 
age), 4 km north of Cressage, Shropshire (grid ref. SJ 5907 0760).
Diagnosis: Valves postplete; hinge shorter than valve length, valve outline shows bends anteriorly, posteriorly and 
posteroventrally, and a gently curved anteroventral margin; anterior cardinal angle greater than posterior cardinal 
angle; subcircular node near anterior cardinal corner; weak concentric granulostriate ornament.
Range: Middle Cambrian of Shropshire, England. The type specimen is from the early Middle Cambrian (Eccapar- 
adoxides bennetti Biozone) Dugald Formation of Dugald Brook, Cape Breton, Nova Scotia, Canada.

3. Beyrichona hollii (Jones, 1881)
Figured specimen: I 144 (holotype, Jones 1881, plate 10, fig. 7), LV lat., 1150pm long, x37. ‘Menaevian, 
St David’s’ (Jones 1881, p. 343), Pembrokeshire (exact locality not reported).
Diagnosis: Oval, postplete, height 0.8 of length; two short sulci delimit a small lobe below median third of hinge-line; 
admarginal ridge narrowest ventrally.
Range: Middle St David’s Series, South Wales.
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Remarks: Appears to differ only slightly from Beyrichona triceps (Matthew, 1903) in the length and obliquity of the 
anterior sulcus; differs from Beyrichona papilio Matthew, 1886 and B. tinea Matthew, 1886 in its greater relative 
length and more pronounced lobation.

4. 7. Indiana lentiformis (Cobbold, 1921)
Figured specimens: 4, BU 51 (holotype, Cobbold 1921, plate 24, fig. 46a-c), car., It. lat., 13300 pm long, 
x3.3. Red Callavia Sandstone, Comley Quarry, Shropshire (grid ref. SO 484 965); 7, Pg 3894, 
incomplete open car., 7300 pm high. Caerfai Bay Shales, Crow Cwm, 2 km NE of Newgale, South Wales (grid 
ref. SM 865 237). .
Diagnosis: Large, elongate, postplete, equivalved carapace without posterior gape; anterior part of dorsal 
margin gently convex; shallow, flattened depression parallel to and immediately adjacent to anterovcntral margin; 
fine, concentrically arranged granulostriate ornament.
Range: Comley Series (Olenellid Biozone), England (Shropshire) and South Wales.

5. Neokunmingellal sp.
Figured specimen: DEW 7163, LV lat., 1100 pm long, x 27. Hill House Shale (?), at depth 60.4 m in Church Stretton 
No. 7 Borehole, near Comley, Shropshire (grid ref. SO 4889 9645).
Description: Left valve semi-elliptical, height about equal to length; admarginal ridge confluent between cardinal 
corners; isolated curved mid-dorsal ridge.
Range: Middle St David’s Series (fissus Biozone), England.
Remarks: The valve is smaller than in typical Chinese species of Neokunmingella and may be juvenile.

6. Hipponicharion cf. eos Matthew, 1886
Figured specimen: BDM 9000, LV lat. (cast), 4160 pm long, x 10.3. Lower part of the Purley Shale Formation 
in the Dadlington Borehole, Leicestershire (grid ref. SP 3993 9909).
Description: Postplete, dorsal margin straight, equal to height and nearly 0.9 of maximum length; anterior and pos
terior lobes extend towards each other as they approach the ventral margin, but do not join up; central lobe small, 
narrow; admarginal ridge narrow, entire.
Range: Late Comley Series, Protolenid-strenuellid Biozone, England. The type locality for Hipponicharion eos is 
Hanford Brook (Protoienus Biozone), New Brunswick, Canada (Siveter & Williams 1997, p. 45).
Remarks: Part of the margin below the anterior cardinal angle is broken off. Slight deformation may have shortened 
the valve slightly, but even so the postplete shape is more marked than in the rather evenly rounded form typical of 
H. eos (Siveter & Williams 1997, plate 6, figs 4 and 5).

8, 9. Anabarochilina hicksii (Jones, 1872)
Figured specimens: 8, NMW 80.34G. 1095, car., rt. lat., 8300 pm long, x 5.3; Menevian Beds (parvifrons Biozone), 
Porth-y-rhaw, St David’s area, Pembrokeshire (grid ref. SM 7859 2423; see Jefferies et al. 1987, p. 438). 9, 1 145 
(holotype, Jones 1872, plate 5, fig. 16), car., rt. lat., 6200 pm long (incomplete), 4300 pm high, x7.5. ‘Menevian 
Group’, St David’s area, Pembrokeshire.
Diagnosis: Transversely oval, admarginal ridge narrow anteriorly, absent ventrally, wider and slightly angulate 
posteriorly; surface densely and finely punctate.
Range: St David’s Series ( fissus Biozone?, parvifrons Biozone), SW Wales.
Remarks: The type specimen is broken posteriorly; the well-preserved specimen in 8 is referred to the species on 
account of its similar shape, size and punctation.

10. Anabarochilina cf. hicksii (Jones, 1872)
Figured specimen: Zs4582, car., rt. lat., 6250 pm long, x7. Abbey Shale Formation, Camp Hill area, NW of 
Nuneaton (grid ref. SP 3447 9236).
Description: Elliptical, amplete, cardinal angles very obtuse; hinge-line half of maximum length; admarginal ridge 
very narrow; surface apparently smooth.
Range: St David’s Series (fissus Biozone?), England.
Remarks: This specimen resembles A. hicksii (8 and 9) and may be a juvenile example, but the surface lacks punctae.

11. Anabarochilina corpulenta (Cobbold in Cobbold & Pocock, 1934)
Figured specimen: He3457, LV lat., approx. 3750 pm long, x 11.5. Rushton Brook Bed (formerly Paradoxides 
forchhammeri Grit), Rushton, Shropshire (grid ref. SO 5993 0768).
Diagnosis: Strongly convex, anterodorsal corner ill preserved, ventral and posterior margins rounded, posterodorsal 
angle very obtuse; admarginal ridge narrow ventrally, widens and is slightly angulate posteriorly.
Range: St David’s Series (punctuosus Biozone), England (biozone revised by Rushton & Berg-Madsen 2002). 
Remarks: Although not figured by Cobbold & Pocock, this is the best preserved of the three primary types of 
A. corpulenta', however, it lacks the anterior lobation diagnostic of the genus.

(Continued on p. 12)
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12. Anabarochilina primordialis (Linnarsson, 1869)
Figured specimen: BDA 2313 (Rushton 1978, plate 26, fig. 8), RV lat., 8300 pm long (as preserved), 6300 pm high, 
x 5. Mancetter Grits and Shales Formation, at depth 194.82 m in Merevale No. 3 Borehole, Mancetter, Nuneaton area 
(grid ref. SP 3071 9574).
Diagnosis: Large, subamplete; valve convex with smooth surface; admarginal ridge and furrow continuous ventrally, 
posteriorly and dorsally; three nodes in mid-anterior-anterodorsal region (anterior node broken off in the figured 
specimen).
Range: Late St David’s Series (laevigata Biozone), England, Scandinavia, Siberia.
Remarks: The type-species of Svealuta Opik, 1961, regarded as a junior synonym of Anabarochilina Abushik, 1960, 
by Siveter et al. (1993).

13. Matthoria? sp.
Figured specimen: SM A 57220a and b (montage of part and cast of counterpart), RV lat., 7700 pm long, x 6. Purley 
Shale Formation, Locality 2B on Camp Hill Industrial Estate, NW of Nuneaton, Warwickshire (grid ref. SP 346 923; 
Rushton 1966, p. 5).
Description: Elongate-oval with anterodorsal corner right-angled; height about 0.6 of length; short sulcus at anterior 
quarter-length, just below dorsal margin; entire admarginal ridge of fairly even width extends between cardinal angles. 
Range: Late Comley Series (Protolenid-strenuellid Biozone), England.
Remarks: The figure is mainly of a cast of the external mould, only the anterodorsal comer being taken from the 
internal mould.

Plate 2

The material figured here is treated in greater detail in the monograph by Williams & Siveter (1998), apart 
from the specimens of Klausmuelleria salopensis, which are treated in Siveter et al. (2003).
1, 3. Liangshanella salopiensis (Cobbold in Cobbold & Pocock, 1934)

Figured specimens: 1, GSM 51699 (Cobbold & Pocock 1934, plate 41, fig. 15), car., It. lat., 1780 pm long, x25. 
Lower Comley Sandstone, head of Chermes Dingle, Wrekin area, Shropshire (grid ref. SJ 6110 0705). 3, SM 
A9515 (Cobbold 1936, plate 14, fig. 1), RV lat., 2030 pm long, x22. Lower Comley Sandstone, Robin’s Tump, 
near Comley, Shropshire (grid ref. SO 483 955).
Diagnosis: Sub-oval, dorsal margin slightly curved, hinge-line shorter than valve length, admarginal ridge narrow and 
entire between cardinal comers; finely punctate.
Range: Comley Series: ranges through part of the Lower Comley Sandstone (Ab3-Ab4) to the Callavia Sandstone 
(Ac2); about equivalent to the Olenellid Biozone, England.
Remarks: Preferred synonym of Aluta ulrichi Cobbold in Cobbold & Pocock, 1934, Indianites exigua Cobbold in 
Cobbold & Pocock, 1934, and Bradoria cf. nitida (Wiman) of Cobbold, 1936 (Williams & Siveter 1998).

2. Liangshanella? comleyensis (Cobbold, 1936)
Figured specimen: SM A9517 (holotype, Cobbold 1936, plate 15, fig. 6a-d), specimen incomplete posteriorly and 
dorsally, LV lat., 7000 pm long (as preserved), x5.7. Hill House Shales?, at Cobbold’s (1927) Locality 51, near 
Comley, Shropshire.
Range: St David’s Series (fissus Biozone?), England.
Remarks: The only known specimen is an incomplete left valve in counterpart (SM A9517a & b). The form of the 
anteroventral outline, the convex valve and the admarginal ridge recall typical Liangshanella, but the specimen is 
too incomplete to be fully diagnosed.

4, 5. Cyclotron lapworthi (Groom, 1902)
Figured specimens: 4, BU 2174, LV lat., 3350 pm long, x21; 5, BU 2173, LV lat., 2300 pm long, x 13. Bothpara- 
lectotypes (Williams et al. 1994, fig. 6j, k), shales at the base of the White-Leaved-Oak Shales, northern end of Chase 
End Hill, southern Malvern Hills (grid ref. SO 762 358).
Diagnosis: Cyclotron with four distinct nodes (N1 -4), a centrally positioned horseshoe shaped lobe (LI) and a con
fluent posteroventral lobe (L2); all nodes and lobes clearly developed in valves longer than 1500 pm; interdorsum 
narrow, ‘hinge-Tines converge anteriorly (and possibly posteriorly); outline typically preplete.
Range: Originally assigned tentatively to a high Middle Cambrian horizon, but in the Nuneaton area it occurs in the 
Outwoods Shale Formation (Olenus Biozone, Merioneth Series).
Remarks: A variable species, based on a large syntype collection (Groom 1902). The type species of Cyclotron 
Rushton, 1969.

(continued on p. 14)
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6. Cyclotron? sp. C of Williams & Siveter, 1998
Figured specimen: BDA 1261, LV lat., 2800 pm long, x 16. Outwoods Shale Formation, at depth 75.7 minMerevale 
No. 3 Borehole, Mancetter, Nuneaton area (grid ref. SP 3071 9574).
Description: Semi-oval, slightly postplete, height about 0.6 of length; three lobes in line below hinge-line, the anterior 
one smaller than the other two, with a smaller fourth lobe below it; weak admarginal ridge parallel to margin antero- 
ventrally and posteroventrally; surface smooth.
Range: Merioneth Series (pisiformis Biozone), England.
Remarks: This species differs from Cyclotron lapworthi (Groom, 1902) by the absence of a horseshoe shaped-lobe.

7. Veldotron rushtoni Williams & Siveter, 1998
Figured specimen: BDA 820 (holotype), open car. of female, 1950 pm long, x23. Outwoods Shale Formation, at 
depth 39.5 m in Merevale No. 3 Borehole, Mancetter, Nuneaton area (grid ref. SP 3071 9574).
Diagnosis: Length about twice greatest height, which lies forward of mid-length; posterior margin obliquely truncate; 
anterodorsal angle acute, posterodorsal angle obtuse; three nodes in a line below the dorsal margin and one low in the 
middle of the valve; ventral margin of LV drawn out into a posteriorly-directed spine.
Range: Merioneth Series (pisiformis and Olenus biozones), England.
Remarks: Differs from V. bratteforsum (Muller, 1964) in having a spine on the heteromorphic left valve. Lobal struc
tures clearly developed in specimens longer than 1000 pm.

8. Waldoria cf. rotundata Griindel in Griindel & Buchholz, 1981
Figured specimen: BDA 1192 (Rushton 1978, plate 26, fig. 13), LV lat., 1610 pm long, x 28. Outwoods Shale For
mation, at depth 221' 2" (67.41 m) in Merevale No. 3 Borehole, Nuneaton area (grid ref. SP 3071 9574). 
Description: Subamplete to slightly postplete; dorsal lateral outline straight, lateral outline gently curved throughout; 
central lobe large, diffuse, almost reaches the dorsal margin; no other lobes, admarginal ridge or ornament.
Range: Merioneth Series (long-ranging, but restricted to the pisiformis Biozone in Merevale No. 3 Borehole, central 
England). In the Baltic region W. rotundata occurs in glacial erratics of possible Late Cambrian age (Griindel in 
Griindel & Buchholz 1981).
Remarks: The British borehole material is deformed by compaction.

9. 11. Klausmuelleria salopensis Siveter, Waloszek & Williams, 2003
Figured specimen: OUM A.2209 (holotype, Siveter etal. 2003, plate 1, figs 1 -3 ,5 ,7 , 8 and plate 2), ant. (9) and vent. 
(11) stereo-pairs of head-shield displaying soft parts; length of dorsal margin 300 pm (x 120). Protolenus Limestone 
(Ac5), excavation near Comley Quarry, Shropshire (grid ref. SO 484 963).
Diagnosis: A phosphatocopid in which both the second antenna and the mandible have a limb stem made of two parts, 
a coxa and basipod, and an endopod consisting of three podomeres on all three post-antennular limbs. Head-shield 
univalved, without hinge or interdorsum.
Range: Protolenus Limestone, Comley Series.
Remarks: This, the type species of Klausmuelleria, represents the oldest known occurrence of an arthropod with its 
body and complement of limbs preserved in three dimensions. It also demonstrates the occurrence of Crustacea in the 
Early Cambrian (Siveter et al. 2001, 2003).

10. Falites fala  Muller, 1964
Figured specimen: BDA 1820 (Rushton 1978, plate 26, fig. 12), LV lat., 1880 pm long, x23. Outwoods Shale 
Formation, at depth 141.58 m in Merevale No. 3 Borehole, Mancetter, Nuneaton area (grid ref. SP 3071 9574). 
Diagnosis: Outline rounded, asymmetrical, height 0.75 of length, posterodorsal angle very obtuse; node near the 
anterodorsal angle; marginal rim and ‘duplicature’ reach 0.2 of total height.
Range: Merioneth Series (pisiformis Biozone to Peltura Biozone), England, Sweden.
Remarks: The type species of Falites Muller, 1964.

12. Trapezilites minimus (Kummerow, 1931)
Figured specimen: BDA 1167 (figured Rushton 1978, plate 26, fig. 9), LV lat., 820 pm long, x 55. Outwoods Shale 
Formation, at depth 63.58 m in Merevale No. 3 Borehole, Mancetter, Nuneaton area (grid ref. SP 3071 9574). 
Diagnosis: Small, almost symmetrical, height nearly 0.9 of length; both cardinal angles slightly obtuse; node towards 
anterodorsal comer; ‘duplicature’ reaches 0.2 of valve height.
Range: Merioneth Series (pisiformis Biozone), England; pisiformis and Olenus biozones in Sweden and Germany 
(drift blocks).
Remarks: The type species of Trapezilites Hinz-Schallreuter, 19936.
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Recent studies on British Ordovician ostracods have 
considerably helped to redress the neglect they suf
fered after the initial flurry of descriptions of species 
that were made more than 100 years ago. The British 
Ordovician holds a large, diverse ostracod fauna that 
has proven value in biostratigraphy and palaeogeo- 
graphy. Moreover, several of its faunas remain to 
be documented, thus offering potential additional 
rewards.

The British Ordovician has representatives of each 
of the major orders of ostracod (for which see Whatley 
et al. 1993), except the Myodocopida. Most ostracod 
species of the Ordovician belong to the distinctive 
Order Palaeocopida, whose valves have a straight 
dorsal margin, are lobate and typically exhibit pre
sumed sexual dimorphism of the shell. The basal 
Ordovician Tremadoc Series in Britain contains a 
few species of the Order Bradoriida Raymond, 1935, 
a taxon historically assigned to the Ostracoda but 
which most authors now consider to consist of two 
non-ostracod bivalved arthropod groups, namely the 
bradoriids sensu stricto and the phosphatocopids 
(see, for example, Hou et al. 1996 and references 
therein; Siveter & Williams 1997; Williams & 
Siveter 1998; cf. Hinz-Schallreuter 1998). In order 
to provide complete coverage of ostracods of tra
ditional usage, and also to be consistent with the 
Cambrian part of this volume (Rushton et al. 2009), 
the bradoriids of the British Ordovician are also 
treated herein. There are no known phosphatocopids 
in the British Ordovician.

Recognition of homologies of lobes, sulci, various 
ventral ridges and other morphological features of the 
carapace of Ordovician ostracods is often problematic, 
with consequent difficulties for classification. The 
schemes of valve terminology and taxonomy devel
oped largely by Jaanusson (1957), Henningsmoen 
(1965) and Schallreuter (e.g. 1973, 1975, 1976, 
1978a, 1982, 1983) for palaeocope and other Ordovi
cian ostracods have, in general, been widely adopted 
(e.g. Jones 1986, 1987; Vannier 1986a, b; Vannier 
et al. 1989; Williams 1990; Sidaraviciene 1992, 
1996; Olempska 1994; Lundin et al. 1995; Meidla
1996) and are followed herein. For practical purposes 
the appropriate lobes and sulci are referred to herein, 
from anterior to posterior and without particular 
respect to homology, as LI, L2, L3 and L4 and SI, 
S2 (the main, adductorial sulcus) and S3. Vannier

et al. (1989) characterize all of the major taxonomic 
groups of Ordovician ostracods and illustrate their 
key morphological features. Tinn & Meidla (2004) 
have used cladistics to assess the phylogenetic 
relationships of Early and Middle Ordovician ostra
cods based on an analysis of Baltoscandian taxa. 
Siveter & Williams (1997) and Williams & Siveter 
(1998) give details of the shell morphology of 
bradoriids.

Dimorphism of the shell occurs in the adults of 
many Ordovician ostracod species. Typically, one of 
the dimorphic pair, the so-called heteromorph (sup
posed female), has a wider, more convex adventral 
structure, the so-called dolon. The latter structure 
has extradomiciliar space -  the antrum -  along its 
inner surface, which is commonly regarded to function 
as a brood pouch. The several juvenile stages and the 
other adult of such dimorphic species are essentially 
similar to each other in valve morphology and are 
termed tecnomorphs. In order to depict as many 
species as possible herein, only one of each dimorphic 
pair is illustrated; in most cases this is the hetero
morph, morphological knowledge of which is often 
critical for classification.

British Ordovician ostracods are, in many cases, dif
ficult to recover from their host rock. They are preserved 
as calcite shells on rock surfaces, as silicified valves 
won from limestones by acid preparation techniques, 
and as moulds that may be cast using rubber compounds 
(Siveter 1978,1982a; see also Jones 1986,1987). None 
of the clastic deposits of the British Ordovician 
has proved to be suitable for the recovery of ostracods 
by standard micropalaeontological disaggredation and 
sieving techniques.

H istory o f research
Ordovician deposits occur widely within Britain 
(Fig. 1) and study of the ostracods they yield began 
in the mid-19th century with the contributions of 
the British Geological Survey palaeontologist 
James William Salter (1845, 1848, 1852, 1854) 
and Frederick M’Coy (1846, 1851; 1851-1855), 
the sometime Professor at the University of Belfast 
(see Siveter 1978). However, it was Thomas 
Rupert Jones, Professor of Geology at the Royal 
Military College at Sandhurst and later at the Staff

From-. WHITTAKER, J. E. & HART, M. B. (eds) Ostracods in British Stratigraphy. 
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College at Camberley, who, virtually single-handed, 
documented Ordovician ostracods from England, 
Wales, Scotland and Ireland in many papers pub
lished between 1855 and the end of the century 
(see the bibliography in Siveter 1978 and herein). 
In their biography of T. R. Jones, Siveter & Lord 
(1997) have emphasized his pioneering contri
butions to ostracod studies, which encompassed 
Cambrian-Recent faunas.

British Ordovician ostracods received scant 
attention in the early and mid-20th century. During 
this period they featured in only five primary

papers, which described material from the Cross 
Fell inlier in northern England (Reed 1910), mid- 
Wales (Wade 1911), the Tortworth inlier near 
Bristol (Stubblefield 1933), the Welsh Borderland 
(Harper 1947) and South Wales (Spjeldnaes 1963).

The history of research on British Ordovician 
(excluding Tremadoc) ostracods was detailed by 
Siveter (1978), who also re-evaluated several 
taxa and demonstrated representative new species 
from the Welsh Basin. Subsequent papers on the 
taxonomy of several British Ordovician species 
(Siveter 1982b, c, 1983, 1985; Jones & Siveter
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1983; Schallreuter & Siveter 1983; Jones 1984; 
Schallreuter & Jones 1984) culminated in C. R. 
Jones’s (1986, 1987) monograph on the systema- 
tics and biostratigraphy of ostracods of mostly 
‘Llandeilo and Caradoc’ age from England and 
Wales, which is a major source for the biostrati- 
graphic information included, with revisions, 
herein. Such detailed distributional data on 
British ostracods has been used to test ideas on 
the position and movement of Ordovician conti
nental plates of the North Atlantic region (Schall
reuter & Siveter 1985; Vannier et al. 1989; 
Williams et al. 2003), and to assess the relation
ship between episodes of volcanism and patterns 
of ostracod diversity in the Ordovician of southern 
Britain (Botting 2002; Botting & Muir 2004). In 
addition, some Ordovician species have also been 
figured in a series of field guides to British ostra
cods (Siveter 1988, 1997).

Regional geological studies have often been 
responsible for first demonstrating the presence of 
ostracods and ostracod-like valves in Ordovician 
outcrops and boreholes of Britain. For example, in 
this way bradoriid and other material was recorded 
from the Tremadoc Series of North and South 
Wales, and central and southwestern England (e.g. 
Stubblefield & Bulman 1927; Stubblefield 1933; 
Curtis 1968; Bulman & Rushton 1973; Old et al. 
1987; Cope & Rushton 1992; Fortey & Owens 
1992; Siveter et al. 1995). More recently Williams 
& Siveter (1998; see also Siveter & Williams 1997) 
have monographed British Cambrian and Tremadoc 
bradoriids.

Of the published Ordovician ostracod faunas of 
northern England, Scotland and Ireland many were 
briefly documented by Jones and his collaborators 
in the last century and most remain essentially unre
vised taxonomically. These include, for example, 
faunas from the Lake District and adjacent inliers 
(‘Westmoreland’ and ‘Cumberland’: Jones 1893a), 
the ‘Chair of Kildare’ (Jones & Holl 1868; Jones 
1890) and the ‘District of Girvan, Ayrshire’ (M’Coy 
1851; Jones 1879, 1893/?). The Arenig Dounans 
Limestone Formation of the Highland Border fault 
zone, north of Glasgow, has yielded poorly preserved, 
silicified palaeocope and podocope valves (Siveter & 
Curry 1984). Low-diversity ostracod faunas have 
been recently described from the Mid-Caradoc 
(Williams & Floyd 2000) and Ashgill (Floyd et al.
1999) of the Craighead inlier, Girvan area (see also 
Williams et al. 2000, 2001a), and the Ashgill of the 
Cautley district of northern England (Williams et al. 
2001/?). The Ashgill Series of Portrane near Dublin 
has abundant silicified ostracod assemblages, but, 
apart from two species (Orr 1985; Schallreuter & 
Orr 1985), their description is in an unpublished 
doctorate thesis (Orr 1987) and they are not 
detailed herein.

Principal collections

The N atural H istory M useum, London

This repository houses most of T. R. Jones’ pub
lished material, in particular specimens relating to 
his papers of 1855, 1879, 1890, 1893Z>, c and 
1898, and of Jones & Holl 1865 (Primitia matutina) 
and 1868. It also has type and figured material of 
Siveter (1978, 1982/?, 1983, 1985) and Schallreuter 
& Siveter (1983); the collections of C. R. Jones 
(1984, 1986, 1987); most of the valves of Schallreu
ter & Jones (1984); the bradoriid (?) valves from the 
Tremadoc of Shropshire (cf. Stubblefield & Bulman 
1927; see Williams & Siveter 1998); and some of 
the valves from Scotland figured or mentioned by 
Floyd et al. (1999), Williams & Floyd (2000) and 
Williams et al. (2001a). Specimens from this 
depository are indicated by the OS-prefixed 
registered number.

The British G eological Survey

The British Geological Survey, Keyworth, 
Nottingham holds most of the material of Jones 
1855 (see also Jones & Holl 1865); the ‘Beyrichia’ 
complicata valves of Salter (1848) and Jones 
(1855; see also Siveter 1985); the single Ordovician 
species of Jones & Holl 1869; the bradoriids of 
Stubblefield (1933); the specimens of Harper 
(1947; see also Jones & Siveter 1983), Spjeldnaes
(1963), Bulman & Rushton (1973), Old et al. 
(1987) and Siveter et al. (1995); a few of C. R. 
Jones’ (1986, 1987) figured specimens; and valves 
from the Tremadoc of Shropshire and Warwickshire 
(Williams & Siveter 1998), the Ordovician of 
Scotland (Floyd et al. 1999; Williams & Floyd 
2000; Williams et al. 2000, 2001a) and the Late 
Ordovician of northern England (Williams et al. 
2001b). The Edinburgh Office of the British 
Geological Survey also holds some material from 
Scotland (Floyd et al. 1999; Williams & Floyd 
2000; Williams et al. 2001a). British Geological 
Survey material, figured here, is prefixed GSM.

The Sedgw ick M useum, University 
o f  Cambridge

This museum contains specimens described by 
M’Coy (1851-1855) and Salter (1852) and those 
of M’Coy 1851 (see Jones & Holl 1868, pp. 56 and 
60) and Reed (1910; see also Siveter 1982c). It 
also has a few of the figured specimens of C. R. 
Jones (1986, 1987) and Williams et al. (2001a), 
some Tremadoc material from Shropshire (Williams 
& Siveter 1998), and Ashgill material from the 
Cautley district of northern England (Williams



18 D. J. SIVETER

et al. 2000, 2001 b). Specimens figured herein are 
prefixed SM.

The National M usem o f  Wales, C ardiff

This repository has a few of Jones’ (1986, 1987) 
figured specimens and the Septadella material of 
Cope & Rushton (1992). It also houses Arenig and 
Llanvirn material from Wales. Specimens figured 
herein are prefixed NMW.

The Bristol City M useum

Some Tremadoc material from Gloucestershire 
(Curtis 1968) is housed here.

The Lapworth Museum, University 
o f  Birm ingham

Some Tremadoc material from Shropshire 
(Williams & Siveter 1998) is held here.

The University M useum  o f  Natural History, 
Oxford

This museum has some Tremadoc valves from 
Shropshire (Williams & Siveter 1998).

The D epartment o f  Geology, University 
o f  Leicester

Here a suite of species and faunal slides of non- 
type/non-figured material of Jones (1986, 1987) 
are housed.

The Ludlow M useum, Shropshire

This repository houses a few ostracod moulds from 
the local Caradoc, including a valve figured by 
Jones (1986).

The Hunterian Museum, Glasgow University

The collections include Ordovician ostracods from 
the Girvan (e.g. of Floyd et al. 1999; Williams & 
Floyd 2000; Williams et al. 200la) and Highland 
Border areas (Siveter & Curry 1984), and unre
searched collections of other Scottish material.

Ulster M useum, Belfast

The collections include ostracod material from 
Portrane, Eire (Orr 1985, 1987; Schallreuter & Orr
1985). The specimens are prefixed UMB.

G eologisch-Palaontologisches Institute, 
University o f  Hamburg

Here some paratypes of Gebeckeria dryslwynensis 
Schallreuter & Jones, 1984 are housed.

Stratigraphy
There is no global standard set of chronostrati- 
graphical/geochronological subdivisions for the 
Ordovician System/Period, a task currently being 
addressed by the Subcommission on Ordovician 
Stratigraphy of the International Commission on 
Stratigraphy (see Finney 2005). Although British 
series/epochs are often used as de facto nomencla
ture, some of them present difficulties for inter
national correlation and so other, independent, 
Ordovician stratigraphical schemes have developed 
for use in various other areas and palaeoplates.

British Ordovician stratigraphy was traditionally 
based on the Arenig, Llanvim, Llandeilo, Caradoc 
and Ashgill series (Williams etal. 1972; Whittington 
et al. 1984). Subsequently, the underlying Trema
doc Series was accepted internationally as the 
basal series of the Ordovician (Norford 1988), and 
the stratigraphy of many units of the Ordovican in 
its historical type area of England and Wales has 
been revised. For example, see Fortey & Owens’ 
studies on the Tremadoc and Arenig series (1978, 
1987, 1990, 1991, 1992); Bettley’s (1998) and 
Bettley et aids (2001) opinions regarding stratigra
phy and correlation of Anglo-Welsh Middle Ordovi
cian strata; and those of Kneller et al. (1994) on the 
Caradoc and Ashgill series in northern England. The 
resultant stratigraphical scheme that Fortey et al. 
(1991, 1995, 2000) have proposed for the Ordovi
cian, based on Anglo-Welsh sequences, is adopted 
herein. An overview of British Ordovician stratigra
phy, together with an account of key localities, is 
also given in Rushton et al. (2000).

The Ordovician is thus divided into the Trema
doc, Arenig, Llanvirn, Caradoc and Ashgill series 
(Fortey et al. 1995), each having stages. The early 
part of the ‘Llandeilo Series’ of traditional usage 
is assigned to a (Llandeilian) stage within the Llan
vim Series. The base of the Caradoc Series is coinci
dent with the base of the Nemagraptus gracilis 
Biozone.

The conodont-defined base of the Ordovician, 
at Green Point in Newfoundland, correlates closely 
to the widely recognized appearance of the first 
graptolite of the Rhabdinopora flabelliformis species 
complex (Fortey et al. 2000). The top of the 
Ordovician is defined by the international base of 
the Silurian at Dob’s Linn in the Southern Uplands 
of Scotland (Cocks & Rickards 1988; Holland & 
Bassett 1989).
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Ostracod palaeobiogeography
Many of the recent studies on British Ordovician 
ostracods relate to material from England, Wales 
and southern Ireland; that is, from the Anglo-Welsh 
and Lake District-southern Irish basins of deposition. 
These areas reflect terranes (see Woodcock 2000) 
that formed part of Avalonia, a microplate that in 
the earliest Ordovician was attached to the southerly, 
high-latitude palaeocontinent of Gondwana. During 
the Early Ordovician Avalonia rifted from Gondwana 
and drifted northwards, across the Iapetus Ocean, to 
dock with the low-latitude palaeocontinents of 
Baltica (palaeo-Scandinavia) and Laurentia (palaeo- 
North America) in the Late Ordovician-Early 
Silurian (see Pickering et al. 1988, 1992; Cocks & 
Fortey 1990, 1998; Pickering & Smith 1995; 
Cocks et al. 1997; Cocks 2001; Cocks & Torsvik 
2002; Fortey & Cocks 2003).

Ostracods are sensitive and valuable indicators 
of the sites of Ordovician continents and oceans 
(Schallreuter & Siveter 1985; Vannier et al. 1989; 
Williams et al. 2003). In general, the ostracod 
faunas of southern Britain show increasing generic 
links with Baltica and Laurentia during the 
Ordovician, a trend related to the northerly movement 
of Avalonia across the Iapetus Ocean (see, inter alia, 
Siveter 1978; Schallreuter & Siveter 1985; Jones 
1986, 1987; Vannier et al. 1989; Williams 1990; 
Williams et al. 2001a, b, 2003). Pseudbollia subea- 
quata (Ulrich, 1894) occurs in the Early Caradoc of 
the USA and possibly also South Wales, thereby 
providing an early possible link of ostracod species 
between Avalonia and Laurentia (Jones 1987). More
over, several Ashgill species from southern Ireland 
(Orr 1987) and northern England (Williams et al. 
2001b) also occur in the Baltic, and some are found 
in rocks in North America and/or Scotland that 
formed on the Laurentian side of the Iapetus Ocean, 
thereby supporting the notion that by the Late 
Ordovician both the Iapetus Ocean and the Tomquist 
Sea no longer represented a significant barrier to the 
migration of shallow marine-shelf ostracods and 
that Avalonia, Baltica and Laurentia were in close 
geographical proximity. In fact, several Irish and 
southern British Ashgill ostracod species offer good 
potential for international correlation, notably with 
Baltic sequences (see Jones 1987, pp. 108-109; Orr 
1987; Williams 1990; Williams et al. 200\b\ and 
herein), but only a small part of such faunas are as 
yet published.

Throughout the Ordovician Scotland formed part 
of the subtropically positioned palaeocontinent of 
Laurentia. Ostracods are known from the Arenig, 
Llanvim, Caradoc and Ashgill of Scotland (see 
Jones 1879, 1893a; Siveter 1978; Siveter & Curry 
1984; Floyd et al. 1999; Williams & Floyd 2000; 
Williams et al. 2000, 2001a). Notwithstanding the

fact that several of these faunas need to be published 
or revised, it is clear that during the Late Llanvirn- 
Ashgill time interval Scottish (Laurentian) ostracod 
faunas demonstrate progressive faunal links with 
Baltica, and by Ashgill times display genus- and 
species-level links with Avalonia (Williams et al. 
2001a). Some Mid-Caradoc ostracod species from 
the Girvan area have a North American affinity and 
some of the genera also occur in the Baltic 
(Williams & Floyd 2000; also Williams et al. 
2001a). Some Ashgill ostracods from the Girvan 
area show affinity with coeval Baltic (Baltica), 
southern Irish and also northern England (Avalonia) 
forms (Floyd et al. 1999; Williams et al. 2000, 
2001a). One undoubted trans-oceanic species is 
Kinnekullea comma (Jones, 1879), known from 
Girvan, the Cautley and Portrane districts of Avalo
nia, and, possibly, the East Baltic.

Ostracod biostratigraphy
British Ordovician biostratigraphy is based chiefly on 
graptolites, trilobites, brachiopods, together with 
conodonts and palynomorphs. The biostratigraphical 
potential of British Ordovician bradoriids (exclu
sively Tremadoc) and ostracods is apparent (e.g. 
Siveter 1978; Jones 1986, 1987; Orr 1987; Williams 
& Siveter 1998; Williams et al. 2001a), but formal 
biostratigraphical schemes have not yet been estab
lished. Hitherto efforts have mostly concentrated 
on establishing broad-scale distributional patterns, 
rather than detailed faunal logs of particular sections. 
The potential to recover reasonably abundant 
numbers of specimens has also concentrated studies 
on particular areas and stratigraphic levels. Thus, 
the record of many species in the Middle Ordovician 
of the Welsh Basin clearly reflects targeted collecting 
and the presence of rich, silicified faunas and mould 
faunas in a range of lithofacies. Imprecise stratigra- 
phical control of several localities, especially some 
of the richly yielding Llanvim and Caradoc series 
sites in South Wales (Jones 1986, 1987), has also 
hampered refining the biostratigraphic utility of 
certain British Ordovician faunas.

Many British Ordovician ostracod species have 
short stratigraphical ranges but, with a few excep
tions, their known geographical range and biostrati
graphical value is currently confined to parts of 
either England and Wales or Scotland or Ireland. 
In Britain ostracods are least abundant in Tremadoc 
and Arenig strata, and are most abundant from 
Llanvirn to Upper Caradoc strata of England and 
Wales, especially the Welsh Basin. From southern 
Britain some Tremadoc bradoriids and, notably, 
certain (mostly unpublished) Ashgill ostracods 
have international correlative value, as do some 
Caradoc and Ashgill ostracods from Scotland.



Fig. 2. Stratigraphical distribution of selected British Ordovician ostracods and bradoriids; stratigraphical scheme after Fortey et al. (1995). Stratigraphical ranges of Tremadoc 
taxa are from Williams & Siveter (1998). The ranges for most Llanvirn and Caradoc taxa are based on their localities of occurrence in Jones (1986, 1987), with stratigraphic 
distributions adjusted to accord with revised views of the age and correlation of pertinent strata (A. W. A. Rushtonpers. comm.; Bettley 1998; Fortey et al. 2000; Bettley et al. 2001).
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Figure 2 gives the stratigraphical ranges of selected 
species for which modern data are available.

Tremadoc Series

The Tremadoc contains only a few species, all of 
which are bradoriids (see Williams & Siveter 1998). 
They occur in Shropshire (Stubblefield & Bulman 
1927; Williams & Siveter 1998), Gloucestershire 
(Stubblefield 1933), Warwickshire (Old et al. 1987) 
and Carmarthenshire (Cope & Rushton 1992). Two 
of the species are also known from Canada.

Septadella jackmanae Stubblefield, 1933 appears 
to have stratigraphical value. In Britain it has been 
recorded only from the Rhabdinopora flabelliformis 
Biozone, Early Cressagian Stage: in the Breadstone 
Shales of Gloucestershire (Stubblefield 1933); at a 
coeval horizon near Carmarthen (Cope & Rushton 
1992); and in the Transition Beds in the Wedgenock 
borehole of Warwickshire (Old et al. 1987). 
Elsewhere it occurs in the Tremadoc of Random 
Island, Newfoundland (see Williams & Siveter 
1998, p. 40). Williams & Siveter (1998) considered 
that the record of Septadella from the Tremadoc of 
North Wales (Rushton 1982) is based on an indeter
minate fragment. Septadella plicatum (Ulrich & 
Bassler, 1931), from supposed Middle Cambrian 
in Nova Scotia, may prove to be a senior synonym 
of S. jackmanae (Siveter & Williams 1997; 
Williams & Siveter 1998).

The trilobed Beyrichona triceps (Matthew, 1903) 
ranges through much of the Tremadoc in southern 
Britain (Williams & Siveter 1998). It is known 
from Merevale Shale Formation sediments of prob
able R. flabelliformis Biozone age in the Meriden 
borehole of Warwickshire (Bulman & Rushton
1973); the Micklewood Beds of the Tortworth 
inlier near Bristol (Curtis 1968), which are probably 
no younger than Early Tremadoc in age (Fortey & 
Owens 1991); and the Late Tremadoc Arenaceous 
Member (Conophyrs salopiensis Biozone), Shineton 
Shale Formation and the succeeding Habberley 
Formation (strata above the Angelina sedgwickii 
Biozone) in the Shelve inlier, Shropshire (Williams 
& Siveter 1998). Like Septadella, B. triceps is also 
recorded from deposits in Nova Scotia that Ulrich 
& Bassler (1931) thought were of Middle Cambrian 
age (Siveter & Williams 1997); the supposed 
difference in age of the British and North American 
occurrences of these taxa requires investigation.

A poorly preserved, possible bradoriid species 
that bears resemblance to the Arenig-Llanvirn 
French genus Rivillina (Vannier 1983) seems to 
characterize the upper part of the Shineton Shale 
Formation, Migneintian Stage C. salopiensis 
Biozone, of Shropshire (Williams & Siveter 1998); 
this species may be conspecific with Shropshire 
material recorded as ‘primitiae’ (Jones & Holl

1869) and Primitia (Stubblefield & Bulman 1927). 
Indeterminate ‘bradoriids’ (‘ostracods’ spp.) also 
occur in deposits of Tremadoc age in boreholes in 
central England (Williams & Siveter 1998), as 
does an ostracod-like bivalved arthropod with 
appendages preserved (Siveter et al. 1995).

Arenig Series

Arenig ostracods are rare in Britain, and are known 
only from the Welsh Borderland and from poorly pre
served valves in central Scotland and South Wales. 
From the Shelve Church Beds (Late Fennian), 
Mytton Group of the Shelve inlier, Whittard recorded 
(1931, p. 326, 1961, P- 176) ‘innumerable’ ostracods 
that he termed ‘Leperditia’, but they remain unstu
died. The Arenig part of the Durness Group has 
yielded the earliest identifiable ostracods (Leperdi- 
tella) from the Scottish Ordovician and the British 
part of Laurentia (Williams et al. 2001a). The 
Dounans Limestone Formation of the Highland 
Border Complex at Aberfoyle contains indeterminate, 
silicified palaeocopes and podocopes (Siveter & 
Curry 1984) of Mid-Arenig age (Ingham et al. 1985).

All of the Arenig stages in South Wales contain 
moulds of large, essentially smooth species (identified 
herein, from Fortey & Owens 1978. Locality 15, and 
1987, localities 18c, 23, 32, 38 and, possibly, 52 m). 
For example, weakly sulcate Parapyxion-like 
(e.g. NMW 84.17G.421) and ‘Conchoprimitia’-like 
species (NMW 84.17G.426; see Plate 1, 12) occur 
in the Whitlandian Stage Afon Ffinnant Formation 
of the Carmarthen district. Non-sulcate species, 
some comparable to Pariconchoprimitia, occur in 
the Moridunian Stage Pibwr Member, Carmarthen 
Formation (NMW 84.17G.630) of the Carmarthen 
district; the Fennian Stage Pontyfenni Formation 
(e.g. NMW 84.17G.350, NMW 84.17G.628 and 
NMW 84.17G.629), Stapeleyella abyfrons and 
Bergamia rushtoni biozones; and, possibly, also in 
the Fennian part of the Llanfellteg Formation, 
Dionide levigena Biozone, of the Whitland area 
(NMW 84.17G.631).

Llanvirn Series

Southern British Llanvirn ostracods are known 
mostly from South and central Wales, where most 
of the known faunas are preserved either as silicified 
valves or moulds (Siveter 1978; Jones 1986, 1987 
and references therein; see also Botting 2002 and 
Botting & Muir 2004).

Of the many species that are known to occur in the 
Abereiddian Stage of Britain all but one are as yet 
recorded only under ‘open nomenclature’ and are 
undescribed. Subsurface Abereiddian strata in 
Cambridgeshire contain Gracquina vannieri Jones, 
1987 and the Llanfallteg Formation (Didymograptus
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artus Biozone) in the Clarbeston district of Pembro
keshire has yielded moulds of an undescribed 
glossomorphitine-like species (Plate 1, 10). The 
Abereiddian of the Builth inlier in central Wales 
apparently has very diverse ostracod faunas of both 
Didymograptus artus Biozone (Camnant Mudstone 
Formation) and Didymograptus murchisoni Biozone 
(Builth Volcanic Formation) age, but they are not 
yet described (Botting 2002; Botting & Muir 2004).

Ostracods are known from many units of 
Llandeilian age in the Welsh Basin: the Ffairfach 
Group near Llandeilo; so-called ‘Llandeilo Lime
stones’ and ‘Llandeilo Flags’ near Llandeilo, Car
marthen and Mydrim; the Meadowtown Formation 
of Shropshire; and the ‘Glyptograptus’ teretiusculus 
Shales (Llanfawr Mudstone Formation) at Builth 
Wells (Jones 1986, localities l-1 0 a  and l l a - l l e ;  
see also Botting 2002 and Botting & Muir 2004). 
Other faunas occur in the Castell Limestone of 
Pembrokeshire and the Rorrington Shale Formation 
of Shropshire, deposits at approximately the 
Llandeilian-Velfreyan boundary (Jones 1986, 
localities 14 and 15).

The several palaeocope and binodicope species 
in the basal Llandeilian part of the Ffairfach 
Group represent the oldest formally described 
diverse ostracod fauna in the British Ordovician. 
Of this silicified fauna Klimphores paraspinosus 
Jones, 1987 and Gunnaropsis sp. 1 (of Jones 1986) 
are confined to the Llandeilian, as are Schallreuteria 
builthensis Jones, 1986, Cymabolbina acanthodes 
Jones, 1986 and Conspicillum ulularum Jones, 
1987 from the ‘Glyptograptus’ teretiusculus Shales 
along strike at Builth Wells. The other species in 
the Ffaifach Group, namely Brephocharieis com- 
plicata (Salter, 1848), Vittella fecunda Siveter, 
1983, Ceratopsis exaggerata Jones, 1986, Tallin- 
nellal tomacina Jones, 1986, Laterophores elevatus 
Jones, 1987, Bullaeferum llandeiloensis Jones, 
1987, Gonchoprimitiella dyfedensis Jones, 1987 and 
Pariconchoprimitia improba Jones, 1987 range into 
the Caradoc, as does Conspicillum bipunctatum 
(Jones & Holl, 1869), a species that also occurs in 
the ‘Glyptograptus’ teretiusculus Shales of the 
Builth inlier. In addition, some 15 other Welsh 
Basin ostracod species, including representatives of 
Ceratopsis, Duringia, Easchmidtella, Gunnaropsis, 
Homeoceratopsis, Homeokiesowia, Piretopsis, Pseu- 
dulrichia, Schallreuteria and Vitella, also range 
across the Llanvim-Caradoc boundary (see Fig. 2).

The possible Late Llanvim (H. teretiusculus 
Biozone) part of the Stinchar Limestone of the 
Barr Group in the Stinchar Valley near Girvan, 
Scotland, contains a low-diversity ‘crack-out’ 
fauna of undescribed ostracods (Williams et al. 
2001a). The presence therein of the palaeocopes 
Platybolbina and Hithis represents the earliest con
temporaneous generic links between the Laurentian

ostracod faunas of Scotland and those of the Baltic 
region. The Late Llanvirn or Early Caradoc Wrae 
Limestone, within allochtnonous sedimentary units 
in the northern belt of the Southern Uplands, also 
contains an undescribed ostracod fauna, including 
probable species of Eoaquapulex and Baltonotella 
(Williams et al. 2001a).

Caradoc Series

Silicified and mouldic ostracods are known from all of 
the major chronostratigraphic units of the Caradoc, 
except for the Actonian Substage, in many parts of 
the Welsh Basin and in northern England (Siveter 
1978; Jones 1986, 1987 and references therein). 
Their host Velfreyan lithostratigraphical units in 
South Wales include what are traditionally referred 
to as ‘Llandeilo Limestones’ and ‘Llandeilo Flags’ 
from near Llandeilo, Carmarthen, Whitland, Dry- 
slywn and St Clears; the Nemagraptus gracilis 
Shales at Builth Wells and Llandrindod Wells; and 
the Bryn-glas Limestone Member, Lampeter 
Velfrey Formation, near Narberth (Jones 1986, 
localities U f-U h , 12, 13 and 16-25). The 
Mydrim Limestone near Carmarthen and the Spy 
Wood Sandstone Formation in Shropshire -  two 
units of late Velfreyan-Costonian age -  also contain 
ostracods (Jones 1986, localines 29, 31 and 32). 
Younger Caradoc strata yielding ostracods include: 
the Bryn-banc Limestone Member at Narberth 
(Costonian); the Swch George Tuff Formation 
(Soudleyan) and the Bryn Siltstone Formation 
(Longvillian) of Clwyd; the Coston Formation, 
Flamage Shales, Smeathen Wood Formation, Pon- 
tesford Shales, and the Chatwall Sandstone, Cheney 
Longville and Onny Shale formations of Shropshire 
(Costonian-Onnian); the Pen-y-Gamedd Phosphor
ite and Shale members, Nod Glas Formation of 
Powys (Onnian); and the Longvillian-Woolstonian 
part of the Dufton Shale Formation of the Cross Fell 
inlier (Jones 1986, localities 26-28, 30 and 33-50).

At least 24 species, many of which occur in 
richly diverse and in many cases silicified assem
blages in South Wales, are common to the Llandei
lian and Velfreyan in the Welsh Basin (see above 
and Fig. 2); 16 of those species also range into the 
Costonian. The Velfreyan contains more than 35 
species, most of which range into the Costonian 
but not into younger horizons. Only Cymabolbina 
susanae Jones, 1987 is restricted to the Velfreyan, 
and only Conchoprimitiella papilalata (Jones,
1987) and possibly also Piretopsis salopiensis 
(Harper, 1947) and Varilatella coronata Jones, 
1986 (both first appear at about the Velfreyan- 
Costonian boundary) are restricted to the Costonian.

Occurrences of post-Costonian Caradoc ostra
cod faunas are essentially lacking in South Wales. 
The Hamagian in Shropshire is characterized
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by JJlrichia? bicornis (Jones, 1855), Varilatella 
bulbosa Jones, 1986 and Crescentilla sp.; associates 
include the longer ranging Sigmoopsis duftonensis 
(Reed, 1910), Harperopsis scripta (Harper, 1947), 
Vitella fecunda Siveter, 1983, Duringia 
triformosa Jones, 1984, Ogmoopsis siveteri Jones, 
1986 and Pseudbollia obsoleta Jones, 1987. The 
ubiquitous H. scripta, together with Harperopsis 
decorata (Jones, 1855) and Schallreuteria superci- 
liata (Reed, 1910), also occurs in North Wales 
(Soudleyan and Longvillian substages). The species 
known from various horizons of Soudleyan -  
Marshbrookian age in southern Britain are few 
(e.g. Copelandia melmerbyensis Jones, 1986, 
IPseudulrichia marri (Jones, 1893), Harperopsis 
bicuneiformis (Harper, 1947), H. decorata, H. 
scripta, S. duftonensis and S. superciliata), are 
from successions in the Welsh Borderland, North 
Wales and Northern England, and all range 
through more than one substage of the Caradoc. 
For example, the Longvillian-Marshbrookian 
part of the Cross Fell inlier sequence contains C. 
melmerbyensis, IP. marri, H. scripta, S. duftonensis,
S. superciliata and Varilatella sp. Undoubtedly, the 
Late Ordovician sequences of northern England 
contain many undescribed ostracods (see Ashgill 
Series herein). The youngest Caradoc ostracod 
faunas of significance in southern Britain are also 
low-diversity assemblages, consisiting of Klimphores 
morgani (Jones, 1890), Vogdesella hemidiscus 
(Wade, 1911) and Spinigerites hadros Jones, 1987 
from the Onnian of Powys and Shropshire.

Relatively few ostracods are known from the 
Caradoc of Scotland. The Early Caradoc (N. gracilis 
Biozone) part of the Stinchar Limestone of the Barr 
Group in the Stinchar Valley near Girvan, Scotland, 
contains a low-diversity ‘crack-out’ fauna (M’Coy 
1851; Jones 1879, 1893fi; see also Tripp 1979; 
Williams et al. 2001a), including Cytheropsis 
aldensis M’Coy, 1851 and Cythere grayana Jones, 
1879, but needs revision before its biostratigraphical 
potential can be assessed. The presence of Krausella 
variata and Balticella deckeri in the Early Caradoc 
Balclatchie Conglomerate (Balclatchie Group) 
implies correlation with the Lincolnshire and Edin
burg formations of Virginia (Williams et al. 2001a; 
see also Tripp 1980). The slightly younger Lower 
Ardwell Flags (Ardwell Group) of the Girvan area 
contains K. variata and ‘Ctenobolbina’ ventrospi- 
nosa, the latter again indicating correlation with 
the Edinburg Formation (Williams et al. 2001a). 
Calcific valves of a palaeocope-dominated ‘crack- 
out’ fauna of North American and Baltic affinity, 
that includes Oepikella, Platybolbina, Levisulculus, 
Distobolbina and Leperditella, occur in the Craig
head Limestone Formation (Dicranograptus cling- 
ani Biozone) of the Craighead inlier of the Girvan 
district (Williams & Floyd 2000).

Ashgill Series

Many British Ashgill sequences contain ostracod 
faunas, several of which are rich, diverse and very 
promising for palaeogeographical analysis and 
local and international correlation, particularly 
with Baltic successions. However, apart from a 
few species, these faunas are either not yet pub
lished or have not been studied in detail.

The Cautleyan (-Rawthyen?) age Portrane 
Limestone, near Dublin, has yielded coarsely silici- 
fied assemblages containing more than 100 ostracod 
species (e.g. Gotula gotlandica (Schallreuter, 1967) 
(see Plate 4, 6), of which 49 are new (Orr 1987). 
This unpublished ostracod fauna shows strong 
links at both generic and species level with Late 
Ordovician assemblages of many parts of the 
Baltic region (Orr 1987), especially those of the 
late part of the Pirgu Stage of Latvia (cf. Ulste 
et al. 1982), the Porkuni Stage of Estonia (cf. 
Meidla 1996), the Pirgu and Tommarp stages of 
Lithuania (cf. Sidaraviciene 1992, 1996) and the 
djlemyrflint erratic boulders of northern Germany 
(cf. Schallreuter 1987 and references therein). 
Moreover, some of the Portrane species are also 
known from the Ashgill of North America (Orr
1987), in the Ellis Bay Formation of Anticosti 
Island, Canada, the Maquoketa Shale of Missouri, 
and the Lexington Limestone and Clays Ferry 
Formation of Kentucky.

Elsewhere in Ireland, a Late Ashgill (probably 
Rawthyen) ostracod fauna is known from the 
Kildare Limestone Formation SW of Dublin (Jones 
& Holl 1868; Jones 1890). Although essentially 
unrevised, the latter fauna is known to contain at 
least 13 species, of which several are common to 
the Portrane Limestone (Orr 1987), including 
Eoaquapulex maccoyii (Salter, 1854). The latter 
species is also present in North America and the 
Ashgill Series Keisley Limestone Formation of 
northern England and possibly the Late Ordovician 
of Baltic regions (see Orr 1987; Williams 1990). 
Ostracods also occur in the Killey Bridge Formation 
(Dicellograptus anceps Biozone) of Pomery (Floyd 
et al. 1999).

Several Ashgill stratigraphic units in South Wales 
contain ostracod faunas. The Robeston Wathen 
Limestone (Cautleyan-Rawtheyan) contains unde
scribed ostracod mould faunas (Jones 1986, 
text-fig. 6). The Birdshill Limestone and Crug 
Limestone formations (Pushgillian-?Cautleyan) 
both contain silicified ostracod assemblages (includ
ing Gryphiswaldensia plicata Schallreuter, 1969a 
and Platybolbina cf. temperata Sarv, 1956), as do 
certain ‘Llandeilo Series’ limestones from Dryslwyn 
Castle, Carmarthenshire (Jones & Siveter unpub
lished; Jones 1987, pp. 108-109, text-fig.6) (see 
Plate 4 ,1 ,2 ,4  and 5). The latter assemblage contains
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at least ostracod 30 species, such as Gebeckeria 
dryslwynensis Schallreuter & Jones, 1984, Platy- 
bolbina spongiosoreticulata Schallreuter, 1972, 
Quadritia cf. iunior Schallreuter, 1981, Tetradella 
egorowi Neckaja, 1952 and Uhakiella magnified 
Sarv, 1959, and is dated as Ashgill because it is 
most similar to ostracod faunas of that age from 
the Baltic region and Ireland. For example, T. 
egorowi also occurs in the Late Ordovician of 
Russia (Neckaja 1952), Lithuania (Sidaraviciene 
1992, 1996), Estonia (Meidla 1996), Latvia (Ulste 
et al. 1982), the Oslo region (Henningsmoen 1954; 
see Orr 1987), Baltic erratics (Schallreuter 1978ft) 
and Ireland (Orr 1987).

The Coniston area of the Lake District yielded 
what is apparently the first published mention of 
ostracods from the British Ordovician, namely the 
‘Cytherina laevigata’ material of Salter 1845 (the 
basis of ‘Beyrichia’ strangulata Salter, 1852; see 
Jaanusson 1957). By the time Jones (1893a; see 
Siveter 1978, pp. 42 and 46) reviewed the ostracod 
finds from Cumbrian localities such as Billy’s 
Beck, Pus Gill, Swindale, Dufton, Keisley, 
Applethwaite and Appletreeworth Beck, it was 
clear that the Late Ordovician of northern England 
contained abundant and diverse ostracod faunas. 
This has been endorsed by more recent collecting 
(see Jones 1986, text-fig. 6, 1987, p. 109; Williams 
et al. 2001 b), but most of these faunas, which occur 
throughout the Ashgill, require revision or primary 
description. The Ashgill of the main Ordovician 
outcrop of the Lake District has yielded a few ostra
cod species, preserved as moulds; for example, 
Uhakiella strangulata (Salter) from the Appleth
waite and Torver members, Kirkley Bank For
mation (Cautleyan Stage). The Cross Fell inlier 
has yielded calcific ostracods, including Eoaquapu- 
lex maccoyii (see above), from the late Cautleyan to 
the Hirnantian age Keisley Limestone Formation 
(Jones & Holl 1868; Jones 1893a; Jones 1986, 
text-fig. 6, 1987). In addition, abundant silicified 
assemblages with clear ties to Laurentian and, 
especially, Baltica taxa are known from many 
other Pusgillian-Rawtheyan horizons from Cross 
Fell, and from Cautley in particular (Williams 
et al. 2001fo). Known ostracods from these inliers 
total many tens of species, including the trans- 
Iapetus Kinnekullea comma and, inter alia, species 
of Aechmina, Quadritia, Platybolbina, Hippula, 
Pseudulrichia, Klimphores, Spinigerites, Steuslof- 
fina and Duplicristata.

The Early Ashgill part of the Whitehouse Group 
at the foreshore area of the Girvan district, Scotland, 
contain a ‘crack-out’ ostracod fauna of some 16 
podocope and palaeocope species, but it is unrevised 
(Jones 1893ft; see also Williams et al. 2001a). 
Jones’ material was apparently collected from the 
Mill Formation, which is of Dicellograptus

complanatus Biozone age (Ingham 1992, p. 404). 
Of the small fauna of ostracods from the Late 
Ashgill Series Drummuck Group of the Craighead 
inlier at Girvan (Jones 1879, see also 1893ft) the 
binodicope Kinnekullea comma has international 
correlative value. The species occurs in the Lady 
Bum Formation and the Starfish Beds of the South 
Threave Formation (both Rawtheyan; Harper
1982), the Drummuck Group at Girvan, the Portrane 
Limestone near Dublin, the Cautley Mudstone For
mation of the Cautley inlier and, possibly, the Killey 
Bridge Formation of Pomeroy; it has thus proved to 
be an index fossil for the Dicellograptus anceps 
Biozone (Floyd et al. 1999; Williams et al. 2000, 
2001ft). Possible conspecific material, as rep
resented by Kinnekullea intermedia Gailite, 1975 
(see Meidla 1996), occurs in the Ashgill (Pirgu 
and Porkuni stages) of Estonia, Latvia and 
Lithuania.

O stracod palaeoecology
Most of the ostracods recovered from the British 
Ordovician come from siltstones, sandstones and 
limestones, which formed in a range of mostly 
relatively shallow-water, open-marine, shelly-rich 
settings. Such Ordovician ostracods, and the brador- 
iids, too, lived alongside brachiopod, trilobite and 
other benthic associates on or near the substrate in 
inner and somewhat deeper outer-shelf habitats. Not
withstanding sequences at Builth Wells in central 
Wales, in general ostracods are known more rarely 
from graptolitic-bearing shale sequences and associ
ated fine elastics. It is, therefore, no surprise that the 
ostracod faunas of, for example, the Welsh Basin 
come mostly from the Late Llanvim, Caradoc and 
early part of the Ashgill Series, when the contrast 
between graptolitic and shelly facies was strongest. 
By comparison, in general the Tremadoc (exclusively 
bradoriids) and Arenig ostracod faunas of the Welsh 
Basin, all of which are from clastic lithologies, are 
rarer and of relatively low abundance and diversity 
(a pattern mirrored in other Ordovician ‘North Atlan
tic’ areas; Williams et al. 2003). This contrasts with 
the situation found in Scandinavia, where the Early 
Ordovician contains more abundant and diverse 
ostracod assemblages. It also concurs with the find
ings of Vannier et al. (1989), who demonstrated that 
in general Ordovician carbonate-rich environments 
(Baltoscandian sequences) are characterized by 
relatively diverse (palaeocope-dominated) faunas 
and that clastic-rich environments (Ibero-Armorican 
successions) are, in general, populated by lower- 
diversity (non-palaeocope dominated) faunas.

There is no evidence that any of the British 
Ordovician ostracods and bradoriids lived in 
anything other than normal marine salinities.
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Apparently, neither did they colonize really deep 
marine (oceanic) habitats; ostracods are absent 
from deposits that represent such environments, as 
for example in the Northern Belt of the Southern 
Uplands (see Williams etal. 2001a). Further evidence 
that the ostracod faunas were responding to depth 
or depth-related factors comes from analysis of 
their facies distribution in the Caradoc of Scotland 
(Williams et al. 2001a). These faunas, many of 
which are allochthonous, embrace two broadly 
defined depth-related assemblages in a fashion 
comparable to the nearshore Leperditella and more 
offshore open-marine Anisocyamus ostracod associ
ations recognized (Williams & Siveter 1996) from 
the Ordovician of Oklahoma.

Future research
More than 100 years on from the pioneering papers 
of T. R. Jones and his associates, there is still a need 
for many primary taxonomic studies. Although the 
last 30 years has witnessed a resurgence of research 
on British Ordovician ostracods, many faunas 
remain to be described, revised or studied in detail 
before their full biostratigraphical and palaeobio- 
geographical significance can be elucidated.

In general much of the recent detailed work on 
British Ordovician ostracods has focused on Middle 
Ordovician (Late Llanvim and Caradoc) assemblages 
from, especially, the Welsh Basin. The gaps in our 
knowledge are particularly obvious in three areas. 
First, many ostracod faunas from Scotland are still 
relatively little known in modem terms; these hard 
won, calcific crack-out and mould faunas, known 
from more or less throughout the Ordovician, have 
considerable biostratigraphical and palaeobiogeo- 
graphical potential (see above and the review of 
Williams et al. 2001a). The same is also true of the 
many and, in most cases, rich Ashgill ostracod 
faunas of southern Britain, known chiefly from gener
ally well-preserved but largely unpublished silicified 
assemblages obtained from limestones in several 
parts of the Lake District and Welsh depositional 
basins (see above and Williams et al. 2001b). 
Thirdly, and specifically, documentation of the 
diverse Early Llanvirn ostracod fauna of the Builth 
inlier of central Wales would, at a stroke, fill a strati - 
graphical gap in our knowledge of British ostracods. 
With the description of such faunas attempts can 
then be made to establish, in a more comprehensive 
fashion than has been possible hitherto, the full 
biozonal and national and international correlative 
value and biogeographical utility of British 
Ordovician ostracods.
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Explanation of plates
Specimens figured in these plates are housed in a number of British depositories and are indicated thus: 
Sedgwick Museum, Cambridge (SM); the National Museum of Wales, Cardiff (NMW); Ulster Museum, 
Belfast (UMB). The majority, however, are either in the collections of The Natural History Museum, 
London, or the British Geological Survey, Keyworth (registration numbers prefixed by OS and GSM, 
respectively).

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view).

Plate 1
1. Homeokiesowia epicopa Siveter, 1982

Figured specimen: OS 6670, paratype, silicified female LV lat., 1860 pm long, x24. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of 
Jones 1986).
Diagnosis: Large H o m e o k ie s o w ia , having small nodes on moderately developed L1-L4. Dolon anterior to 
anteroventral position.
Range: ‘Llandeilo Limestone’ and ‘Llandeilo Flags’, Llandeilian-Velfreyan, South Wales.
Remarks: This species shows less advanced dissolution of its lobes into nodes than is apparent in the younger 
H . p e r n o d o s a  (Opik, 1937) and H . f r i g i d a  (Sarv, 1959) from Estonia.

2. Conspicillum bipunctatum (Jones & Holl, 1869)
Figured specimen: NMW 84.16G.6, RV lat., cast of external mould, 1300 |xm long, x36. Nemagraptus gracilis 
Shales, N . g r a c i l i s  Biozone, Velfreyan Substage; Pen-ddol, near Builth Wells, Powys (grid ref. SO 0300 5237; 
Locality 13 of Jones 1986).
Diagnosis: C o n s p ic i l lu m  with figure-of-eight ridge defining separate anterior and larger posterior sulci.
Range: ‘Glyptograptus’ teretiusculus Shales (Llanfawr Mudstone Formation), H . te r e t iu s c u lu s  Biozone, and Nema
graptus gracilis Shales, N . g r a c i l i s  Biozone, Llandeilian-Velfreyan, Powys.
Remarks: The only known congeneric species is C o n s p ic i l lu m  u lu la r u m  Jones, 1987 (see 6).

3. Bullaeferum llandeiloensis Jones, 1987
Figured specimen: OS 12743, paratype, silicified RV lat., 830 pm long, x54. Ffairfach Group, Llandeilian Stage; 
railway cutting just south of Ffairfach, SW of Llandeilo, Carmarthenshire (grid ref. SN 6282 2113; Locality lb of 
Jones 1986).
Diagnosis: B u lla e fe r u m  with narrow S2 between large, elliptical, forwardly inclined posterior node and nodal 
complex consisting of elliptical, forwardly inclined, preadductorial node (L2), a large, rounded, anterocentral node 
and two, small, anterodorsal nodes. Latter two nodes and posterior node project above dorsum. Pseudovelum quite 
wide, extends almost completely between cardinal corners.
Range: Ffairfach Group and ‘Llandeilo limestones’, Llandeilian-Velfreyan, South Wales; Rorrington Shale For
mation, approximately Llandeilian-Velfreyan boundary, Shropshire.
Remarks: Differs from the type species, B . ta p a e n s i s  (Sarv, 1959) from the Late Ordovician of Estonia, by its wider 
pseudovelum, smaller posterior anterodorsal node and more prominent anterocentral node.

4. Ceratopsis exaggerata Jones, 1986
Figured specimen: OS 12643, holotype, silicified female RV lat., 2110 pan long, x21. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Ty-newydd, Nantgaredig, east of Carmarthen, Carmarthenshire (grid ref. SN 4948 2160; Locality 
24 of Jones 1986).
Diagnosis: High C e r a to p s i s  with LI spine-like dorsally and fimbriate throughout; L2 almost obsolete; L3 and L4 cris
tate. Histial flange elevated, crista-like, joins LI and L4. SI and S2 very wide. Velum very wide; in females convex 
anteriorly, denoting the dolon.
Range: Fairfach Group and ‘Llandeilo Flags’, Llandeilian-Velfreyan, South Wales.
Remarks: Valve shape and width of the velum clearly distinguish this species from congeneric taxa.

5. Laterophores elevatus Jones, 1987
Figured specimen: OS 12751, holotype, silicified RV lat., 640 pm long, x71. Ffairfach Group, Llandeilian Stage; 
railway cutting just south of Ffairfach, SW of Llandeilo, Carmarthenshire (grid ref. SN 6282 2113; Locality 1 of 
Jones 1986).
Diagnosis: Reticulate L a te r o p h o r e s  with large posterior node, anterior nodal complex consisting of oval dorsal node 
and round anterocentral node. Lateral surface quite convex below and behind S2, especially in juveniles. Narrow, 
flange-like pseudovelum.
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Range: Ffairfach Group and ‘Llandeilo Flags’, Llandeilian-Velfreyan, South Wales; Rorrington Shale Formation, 
approximately Llandeilian-Velfreyan boundary, Shropshire.
Remarks: Differs from L. a n s i e n s i s  Gailite, 1971 (Llanvirn of Latvia) by its narrower S2 and more elevated postero- 
central region below S2.

6. Conspicillum ulularum Jones, 1987
Figured specimen: OS 12766, holotype, RV lat., 1080 pm long, x 37. ‘Glyptograptus’ teretiusculus Shales (Llanfawr 
Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandeilian Stage; stream near Cefndyrys Lodge, Builth Wells, 
Powys (grid ref. SO 044 528; Locality 9 of Jones 1986).
Diagnosis: C o n s p ic i l lu m  with subdued, figure-of-eight-like ridge surrounding anterior sulcus and larger posterior 
sulcus. Sulci confluent via narrow depression.
Range: ‘Glyptograptus’ teretiusculus Shales (Llanfawr Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandei
lian Stage, Powys.
Remarks: Differs from the type-species, C . b ip u n c ta tu m  (Jones & Holl, 1869), by its smaller size, less developed 
lobation and lack of dividing ridge between the two sulci.

7. Schallreuteria (Schallreuteria) builthensis Jones, 1986
Figured specimen: NMW 84.16G. 13, holotype, female RV lat., cast of external mould, 1930 pm long, x24. ‘Glypto
graptus’ teretiusculus Shales (Llanfawr Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandeilian Stage; stream 
near Newmead Farm, NE of Builth Wells, Powys (grid ref. approximately SO 0518 5415; Locality 8 of Jones 1986). 
Diagnosis: S c h a l l r e u te r ia  ( S c h a l lr e u te r ia )  with fine, delicately spinose ridge on connecting lobe below S2 and on L4 
below S3. Lobes granulose-finely spinose. Tecnomorphic velar ridge has row of spines. Dolon long, from anterior to 
posteroventral regions.
Range: ‘Glyptograptus’ teretiusculus Shales (Llanfawr Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandei
lian Stage, Powys.
Remarks: May also occur in the Llandeilian of South Wales (Jones 1986).

8. Cymabolbina acanthodes Jones, 1986
Figured specimen: NMW 84.16G.7, holotype, female LV lat., cast of external mould, 1560 pm long, x 30. ‘Glypto
graptus’ teretiusculus Shales (Llanfawr Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandeilian Stage; 
stream near Newmead Farm, NE of Builth Wells, Powys (grid ref. approximately SO 0518 5415; Locality 8 of 
Jones 1986).
Diagnosis: Finely granulose-spinose C y m a b o lb in a . Histium in females is narrow ridge, usually from base of L3 to 
anteriormost part of L4; in tecnomorphs has spine-like posterior termination. Velar flange well developed except 
subhistially, terminates posteroventrally. Broad anteroventral and ventral dolon.
Range: ‘Glyptograptus’ teretiusculus Shales (Llanfawr Mudstone Formation), low H . te r e t iu s c u lu s  Biozone, Llandei
lian Stage, Powys.
Remarks: Differs from the younger C. s u s a n a e  Jones, 1986 by its spinosity, longer dolon, shorter LI and L3, and 
better developed histium.

9. Klimphores paraspinosus Jones, 1987
Figured specimen: OS 6677, holotype, silicified LV lat., 660 pm long, x67. Ffairfach Group, Llandeilian Stage; 
railway cutting just south of Ffairfach, SW of Llandeilo, Carmarthenshire (grid ref. SN 6282 2113; Locality la of 
Jones 1986).
Diagnosis: Granulose K lim p h o r e s  with evenly convex lateral surfaces; anterior node large, upright or sloping ante
riorly, projects more above dorsal margin than smaller posterior node. Row of spines between lateral and 
marginal surfaces.
Range: Ffairfach Group, Llandeilian Stage, South Wales.
Remarks: The younger (Caradoc) K . s p in o s u s  Schallreuter, 1969b , from Baltic erratics, is smaller and has shorter, less 
elevated nodes.

10. Glossomorphitine gen. et sp. nov.
Figured specimen: On slab NMW 93.24G.la, tecnomorph car. rt. lat., cast of external mould, 1250 pm long, x37. 
Llanfallteg Formation, D id y m o g r a p tu s  a r tu s  Biozone, Abereiddian Stage, Rhyd-y-Brown road cutting, Clarbeston 
district, Pembrokeshire (grid ref. SN 067 221).
Description: Faint L2, short, slightly curved, well developed S2 and weak, gently curved dorsal plica are the only 
discernable lobal/sulcal features. Adventral structure is a narrow long ridge in tecnomorphs, is much wider, flange
like and gently curved towards the valve margin ventrally-anteroventrally in females.
Range: Llanfallteg Formation, D id y m o g r a p tu s  a r tu s  Biozone, Abereiddian Stage, South Wales.
Remarks: One of only two ostracod species known from the Abereidian Stage of Britain.

(continued on p. 34)
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11. Gracquina vannieri Jones, 1986
Figured specimen: GSM By8626, holotype, female car., It. lat., cast of external mould, 1760 pm long, x26. 
Mudstones of Early Llanvim age; Great Paxton borehole, near Huntingdon, Cambridgeshire (grid ref. TL 2088 6389). 
Diagnosis: Large G r a c q u in a  with broad, flat LI; small, elongate L2; L3 broad, L4 broadest lobe; lobes confluent ven- 
trally. Moderately wide velum (tecnomorphs) or broader, convex dolon (females), from anterior cardinal corner, 
narrowing posteroventrally.
Range: Abereiddian Stage, Cambridgeshire.
Remarks: G r a c q u in a  also occurs in the Llanvim Series of Spain and France (Vannier 1986&).

12. ‘Conchoprimitia’ sp.
Figured specimen: NMW 84.17.G.426, internal mould of RV lat., 3600 pm long, x 13. Afon Ffinnant Formation, 
Whitlandian Stage; 410 m from Pont ar Ffinnant, Carmarthen district, Carmarthenshire (grid ref. SN 5106 1973; 
Locality 18c of Fortey & Owens 1987).
Description: Smooth, elongate species with short, faintly developed L2 and S2 and just in front of mid-length. 
Range: Afon Ffinnant Formation, Whitlandian Stage, South Wales.
Remarks: One of the rare ostracods in the Arenig of Britain.

13. Septadella jackmanae Stubblefield, 1933
Figured specimen: GSM51534, holotype, mostly exfoliated LV lat., 1700 pm long, x24. Breadstone Shales, Cressagian 
Stage; Old Shaft at Breadstone House, about 1.5 km NE of Berkley, Tortworth inlier, Gloucestershire (grid ref. SO 708 009). 
Diagnosis: S e p ta d e lla  species with six to seven long, narrow, subequally developed, subvertical and ventrally confluent 
lobes. Except penultimate posterior-most lobe, all lobes reach to or above the dorsal margin. Admarginal ridge entire. 
Range: Breadstone Shales, R. f la b e l l i f o r m is  Biozone, Cressagian Stage, Gloucestershire.
Remarks: The supposed Middle Cambrian S e p ta d e l la  p l i c a tu m  (Ulrich & Bassler, 1931), from Nova Scotia, is poss
ibly a senior synonym (Siveter & Williams 1997).

14. Beyrichona triceps (Matthew, 1903)
Figured specimen: GSM 74178, internal mould of RV lat., 1500 pm long, x 30. Habberley Formation, A . s e d g w ic k i i  
Biozone, Migneintian Stage; Granham’s Moor Quarries, near Minsterley, Shropshire (grid ref. SJ 3418 9442). 
Diagnosis: Small, elongate, markedly trilobate species of B e y r i c h o n a  with elongate, prominent anterior and posterior 
lobes separated from a broad central lobe by sulci. All lobes confluent ventrally with lateral valve surface. Valve length 
greater than valve height.
Range: Cressagian-Migneintian (R . f l a b e l l i f o r m is ,  C . s a lo p ie n s i s  and A. s e d g w ic k i i  biozones); Shropshire, Glouces
tershire and Warwickshire (Williams & Siveter 1998).
Remarks: Also occurs in the supposed Middle Cambrian of Nova Scotia (Siveter & Williams 1997).

Plate 2
1. Varilatella (Varilatella) dissita (Schallreuter & Siveter, 1983)

Figured specimen: OS 6693, paratype, silicified female RV lat., 1375 pm long, x 33. ‘Llandeilo Flags’, probably Velfre- 
yan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: V a r i la t e l l a  ( V a r i la t e l l a )  with crista on L3, LI and L2 (confluent ventrally, forming V-shape), and, in some 
cases, ventral part of L4. LI, L3 and L4have weak, rounded cusps. S I-S3 well developed. Velar flange from anterior 
cardinal comer to mid-posteriorly. Anterior to posteroventral dolon.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation, and Bryn-banc Limestone Member, 
Llan-mill Formation, Velfreyan-Costonian, South Wales; Spy Wood Sandstone Formation, approximately Velfre- 
yan-Costonian boundary, Shropshire.
Remarks: Differs from the younger V  (V .)  b u lb o s a  Jones, 1986 by its smaller size, less bulbous L3 and its cristate, 
more discrete L2.

2. Eridoconcha plerilamella Jones, 1987
Figured specimen: OS 12817, holotype, silicified RV lat., 940 pm long, x48. Bryn-banc Limestone Member, Llan- 
mill Formation, Narberth Group, Costonian Substage; Bighouse, Lampeter Velfry, east of Narberth, Pembrokeshire 
(grid ref. SN 1525 1456; Locality 28a of Jones 1986).
Diagnosis: Smooth, amplete to subamplete E r id o c o n c h a  with up to 12 lamellae; umbones project far above hinge line 
and anteriorly.
Range: ‘Llandeilo Limestone’, and Bryn-banc Limestone Member, Llan-mill Formation, Velfreyan-Costonian, 
South Wales.
Remarks: The cardinal corners are seen only in internal view. Eridostraca display instar retention, but are generally 
accepted as Ostracoda (see Schallreuter 1977, 1978a).

(continued on p. 36)
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3. Gunnaropsis narberthensis Jones, 1986
Figured specimen: OS 12692, holotype, silicified female LV lat., 1500 pm long, x30. Bryn-banc Limestone 
Member, Llan-mill Formation, Narberth Group, Costonian Substage; Bryn-banc, Llan-mill, east of Narberth, Pembro
keshire (grid ref. SN 1415 1444; Locality 26a of Jones 1986).
Diagnosis: Finely granulose G u n n a r o p s is  with histial flange from beneath L1-L2 to below L4 in tecnomorphs, reduced to 
short ridge above velum in females. LI -L4 slender, except for L2 each has cusp above dorsum. Long crista on LI -L2 
(confluent ventrally; is bent acutely downwards on LI cusp) and L3. Velum has spinose posterior termination, is absent 
subhistially in juveniles. Histiovelum in females, from below L2 to L3. Broad anterior-anteroventral dolon.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill Formation, 
Velfreyan-Costonian, South Wales.
Remarks: One of four G u n n a r o p s i s  species in the Ordovician of Wales.

4. Easchmidtella elementa Jones, 1987
Figured specimen: OS 12767, holotype, silicified RV lat., 700 pm long, x63. ‘Llandeilo Flags’, probably Velfreyan 
Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: Subamplete E a s c h m id te l l a  with very flat lateral surface and S2 represented by small V-shaped sulcament 
internally. Umbones lacking.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation, and Bryn-banc Limestone Member, 
Llan-mill Formation, Llandeilian-Costonian, South Wales.
Remarks: Congeneric species occur in the Mid- and Late Ordovician of North America, Baltoscandia and Russia.

5. Ceratopsis britannica Spjeldnaes, 1963
Figured specimen: OS 12631, silicified female LV lat., 1450 pm long, x31. ‘Llandeilo Flags’, probably Velfreyan 
Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: Long, smooth C e r a to p s i s  with fimbriate L 1 above hinge line; L2 sigmoidal or reduced; L3, L4 slope back
wards, subdued dorsally; sulci shallow. LI -L4 connected by acute histium, which in heteromorphs typically covers 
valve margin in lateral view. Velar ridge from anterior cardinal corner to posteroventrally; dolon anterior.
Range: Lampeter Velfrey Formation, Castell Limestone, ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Mydrim Lime
stone, and Bryn-banc Limestone Member, Llan-mill Formation, Llandeilian-Velfreyan boundary to Costonian, 
South Wales.
Remarks: It shows wide variation, particularly in the prominence of the lobes and acute or tumid form of the histium.

6. Pseudulrichia conispina Jones, 1987
Figured specimen: OS 12761, holotype, silicified RV lat., 660 pm long, x68. ‘Llandeilo Flags’, probably Velfreyan 
Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: P s e u d u lr ic h ia  with elliptical and sometimes dorsally pointed anterior node and large, stout, mostly straight 
conical posterior spine.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation, and Bryn-banc Limestone Member, 
Llan-mill Formation, Llandeilian-Costonian, South Wales.
Remarks: Congeneric taxa occur in the Mid- (and in some areas Late) Ordovician of England, Russia, France, the 
Baltic, North America and possibly the Czech Republic.

7. Piretopsis (Protallinnella) ranuncula Jones, 1986
Figured specimen: OS 12597, holotype, silicified female LV lat., 2780 pm long, x 16. Bryn-banc Limestone 
Member, Llan-mill Formation, Narberth Group, Costonian Substage; Bighouse, Lampeter Velfry, east of Narberth, 
Pembrokeshire (grid ref. SN 1525 1457; Locality 28b of Jones 1986).
Diagnosis: Finely granulose P i r e to p s i s  ( P r o ta l l in n e l la )  with slender, elevated, ridge-like lobes and connecting lobe; 
LI bulb-like dorsally, L4 much less elevated above mid-height; LI, L2, L3 with rounded cusps above dorsum. Velum 
stout, terminates posteroventrally, swollen anteriorly to form small dolon; supravelar furrow well developed; 
antrum smooth.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’ and Bryn-banc Limestone Member, Llan-mill Formation, Llandei
lian-Costonian, South Wales; and ‘Glyptograptus’ teretiusculus Shales (Llanfawr Mudstone Formation), H . te r e t iu s -  

c u lu s  Biozone, Llandeilian Stage, Powys.
Remarks: Differs from congeneric species by its wider lobes, tumid L4 and deeper supravelar furrow.

8. Homeoceratopsis jubata Jones, 1986
Figured specimen: OS 12584, holotype, silicified female RV lat., 1430 pm long, x32. ‘Llandeilo Flags’, probably Vel
freyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: H o m e o c e r a t o p s i s  with long, fimbriate L I; L2 reduced to small dorsal and a ventral nodes; L3 and L4 slope 
backwards, obsolete dorsally; L4 fimbriate ventrally. L1-L4 confluent with evenly curved connecting lobe.
Range: Castell Limestone, ‘Llandeilo Limestone’, ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill 
Formation, Llandeilian-Costonian, South Wales.
Remarks: Characterized particularly by its fimbriate lobes.
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9. Vittella vatia Jones, 1986
Figured specimen: OS 12685, holotype, silicified female LV lat., 900 pm long, x50. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of 
Jones 1986).
Diagnosis: V it te l la  with small, sigmoidal, pit-like S2, weak to absent in ventral part of valve. L2 indistinct, confluent 
with broad, flat L 1; L3 broad, fairly flat. Velum quite wide, from anterocardinal corner to mid posterior termination; in 
females forms wide, long, convex dolon which flares outwards in posteroventral part.
Range: ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill Formation, Llandeilian-Costonian, South 
Wales.
Remarks: One of the few ostracod species that displays pre-adult dimorphism.

10. Conchoprimitiella dyfedensis Jones, 1987
Figured specimen: OS 12803, holotype, silicified tecnomorphic LV lat., 1360 pm long, x33. ‘Llandeilo Flags’, prob
ably Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of 
Jones 1986).
Diagnosis: Markedly postplete C o n c h o p r im it ie l la  with moderately short hinge line, very obtuse cardinal corners and 
lacking surface sculpture.
Range: Fairfach Group, ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfry Formation, and Bryn-banc Lime
stone Member, Llan-mill Formation, Llandeilian-Costonian, South Wales.
Remarks: One of the most common and stratigraphically longer ranging of Welsh Basin Ordovician ostracods.

11. Histina xanios Jones, 1986
Figured specimen: OS 12712, holotype, silicified female LV lat., 1440 pm long, x32. ‘Llandeilo Limestone’, Vel
freyan Substage; Kincoed, east of Carmarthen, Carmarthenshire (grid ref. SN 5052 2113; Locality 12a of Jones 1986). 
Diagnosis: Gunnaropsinae with stoutly developed LI, L3, L4, each cuspate above hinge line; L3 short. Long histial 
flange, terminating below L4 as a fimbriate spine. Females have wide, fairly convex, anteroventral dolon, formed from 
histiovelum. Velar flange well developed in adults.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill Formation, Llandei
lian-Costonian, South Wales; Spy Wood Sandstone Formation, approximately Velfreyan-Costonian boundary, 
Shropshire.
Remarks: H is t in a  is currently monotypic.

12. Brephocharieis complicata (Salter, 1848)
Figured specimen: OS 6666. silicified female RV lat., 2050 pm long, x22. ‘Llandeilo Flags’, probably Velfreyan 
Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: Finely granulose quadrilobate tallinnelline; L I-4  stout, confluent with evenly curved connecting lobe; 
dorsal part of LI reflexed in posteroventral direction, L2 short, straight; L I, L3, L4 cuspate; SI -S3 well developed. 
Velum narrow, ridge-like, terminates posteroventrally; dolon anteroventral, moderately wide.
Range: Fairfach Group, ‘Llandeilo Limestone’, ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill 
Formation, Llandeilian-Costonian, South Wales.
Remarks: Schallreuter & Kruta (1988, 1994) consider that T a l l in n e l l a l  h lo u b e t in e n s i s  Jaanusson, 1957, O g m o o p s is  
s iv e t e r i , Jones, 1986 and (possibly) their species B r e p h o c h a r i e i s  (?) c t i r a d i  also belong to B r e p h o c h a r i e is .

13. Cymabolbina susanae Jones, 1986
Figured specimen: OS 12721, holotype, silicified female RV lat., 1750 pm long, x26. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 
1986).
Diagnosis: Evenly granulose C y m a b o lb in a  with lobes LI and L3 having cusps above hinge line. Female histium 
obsolete but for a short, ridge-like swelling at base of L3. Velum well developed. Wide antereoventral dolon. 
Range: ‘Llandeilo Flags’ and Lampeter Velfry Formation, Velfreyan Substage, South Wales.
Remarks: The only confirmed congeneric species is C y m a b o lb in a  a c a n th o d e s  Jones, 1986 from Powys (see 8).

14. Ceratopsis inflata Jones, 1986
Figured specimen: OS 12650, holotype, silicified female LV lat., 980 pm long, x46. ‘Llandeilo Flags’, probably Vel
freyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: Long, smooth C e r a to p s i s  with long, slender, fimbriate LI extending well above hinge line; L2 short, 
reduced; L3, L4 slope backwards, sudued dorsally; sulci shallow. L1-L4 connected by broad, tumid histium. Velar 
ridge from anterior cardinal corner to posteroventrally; anterior dolon.
Range: ‘Llandeilo Limestone’ and ‘Llandeilo Flags’, Llandeilian-Velfreyan, South Wales; Meadowtown Formation, 
Llandeilian Stage, Shropshire.
Remarks: Differs from C. b r i ta n n ic a  Spjeldnaes, 1963 in its larger size, relatively longer LI process (particularly in 
juveniles) and narrower histium.
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Plate 3
1. Ulrichia? bicornis (Jones, 1855)

Figured specimen: OS 6673, LV lat., cast of external mould, 700 pm long, x65. Hamage Shales, Harnagian 
Substage; Hope Bowdler, Shropshire (grid ref. SO 4739 9244; Locality 37 of Jones 1986).
Diagnosis: Subovate, punctate U lr ic h ia !  with a prominent node each side the short, narrow, distinctly anterior S2; 
adventral ridge (‘pseudovelum’) well developed between cardinal corners, its edge has short, radial 
grooves throughout.
Range: Harnage Shales and Smeathen Wood Formation, Harnagian Substage, Shropshire.
Remarks: The type-species, U. c o n r a d i  Jones, 1890 (Devonian of Canada), requires revision, hence the tentative 
generic assignment.

2. Varilatella (Varilatella) bulbosa Jones, 1986
Figured specimen: OS 12609, holotype, male RV lat., cast of external mould, 1750 pm long, x25. Hamage Shales, 
Harnagian Substage; Hope Bowdler, Shropshire (grid ref. SO 4739 9244; Locality 37 of Jones 1986).
Diagnosis: V a r i la t e l l a  ( V a r i la t e l l a )  with relatively broad LI and L4. LI fused with diminutive L2; SI very shallow, 
narrow. L3 constricted at mid-height, bulbous dorsally. Cristae long on LI and L3, very short on crest of L2 or absent. 
Velar flange from anterior cardinal corner to mid-posteriorly. Anterior to posteroventral dolon.
Range: Hamage Shales, Harnagian Substage, Shropshire.
Remarks: Jones’ record (1986, p. 33) from his Locality 31 (Spy Wood Sandstone Formation: Costonian) is at variance 
with his text and range chart and is considered an error.

3. Crescentilla sp. 1
Figured specimen: GSM 49449, LV lat., cast of external mould, 920 pm long, x49. Harnage Shales, Harnagian Sub
stage; Harnage, Shropshire (precise locality unknown).
Description: Smooth, subovate convex C r e s c e n t i l la  with two long, stout, conical dorsal spines separated by a 
V-shaped S2.
Range: Harnage Shales, Harnagian Substage, Shropshire.
Remarks: C. p u g n a x  Barrande, 1872, from the Middle Ordovician of Bohemia, has shorter, more curved and less 
centrally sited spine-like nodes.

4. Pseudbollia obsoleta Jones, 1987
Figured specimen: OS 12793, holotype, silicified LV lat., 750 pm long, x60. ‘Llandeilo Flags’, probably Velfreyan 
Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: P s e u d b o l l ia  with a sloping, elongate node, above mid-height, on each side of a narrow S2. Pseudovelum 
obsolete ventrally and anteroventrally, usually better developed posterodorsally where it is confluent with the dorsal 
part of posterior node.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation, and Bryn-banc Limestone Member, 
Llan-mill Formation, Velfreyan-Costonian, South Wales; and Harnagian Substage, Shropshire.
Remarks: Congeneric species occur in the Mid- and Late Ordovician of Germany, Sweden and N. America (Jones 
1987).

5. Ogmoopsis (Quadridigitalis) siveteri Jones, 1986
Figured specimen: OS 12654, holotype, female LV lat., cast of external mould, 2540 pm long, x 18. Harnage Shales, 
Harnagian Substage; Coundmoor Brook, north of Little Mosterley, west of Cressage, Shropshire (grid ref. SJ 5581 
0343; Locality 33 of Jones 1986).
Diagnosis: Large O g m o o p s is  ( Q u a d r id ig i ta l i s ) . LI has prominent dorsal bulb; L2 very narrow; L3 elevated through
out length; L4 much less elevated above mid-height. LI -L3 cuspate; LI -L4 connected by histial flange. S1 -S3 well 
developed. Dolon from anterior cardinal corner to below S2.
Range: Spy Wood Sandstone Formation, Harnage Shales and Smeathen Wood Formation, approximately Velfreyan- 
Costonian boundary to Harnagian, Shropshire.
Remarks: Schallreuter & Kruta (1988) assigned this species to B r e p h o c h a r i e i s  Siveter, 1985.

6. Duringia triformosa Jones, 1984
Figured specimen: OS 12261, holotype, silicified female LV lat., 1230 pm long, x36. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of 
Jones 1986).
Diagnosis: Spinose-granulose D u r in g ia  with diminutive L2; S2 long, sigmoidal; weak, shallow; remnant S3 just 
reaches hinge line. Velum is row of spines in juveniles, in males forms a flange which disolves into spines anteriorly 
and posteriorly. Dolon convex, tubulose, serrated distally, extends from mid-anterior to posteroventral region.

(■continued on p. 40)
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Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation, and Bryn-banc Limestone Member, 
Llan-mill Formation, Llandeilian-Costonian, South Wales; Flamage Shales, Flarnagian Substage, Shropshire. 
Remarks: Congeneric species occur in the Ordovician of Canada, Germany and possibly the USA (Jones 1986).

7. Vittella fecunda Siveter, 1983
Figured specimen: OS 6672, paratype, silicified female LV lat., 1270 |xm long, x35. ‘Llandeilo Flags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of 
Jones 1986).
Diagnosis: V it te l la  w i th  sigmoidal S2, often weakly extended ventrally to near velum; faint elevation occurs above S2, 
near dorsum. LI mostly flat but often somewhat elevated ventrally; L2 node-like; L3 broad, typically with node or 
spine developed ventrally. Velum quite wide, from anterocardinal corner to mid-posterior termination; in females 
forms wide, long, convex dolon.
Range: Fairfach Group, Castell Limestone, Lampeter Velfrey Formation, ‘Llandeilo Limestone’, ‘Llandeilo Flags’ 
and Bryn-banc Limestone Member, Llan-mill Formation, Velfreyan-Costonian, South Wales; Flamage Shales, 
Flarnagian Substage, Shropshire.
Remarks: Shows wide variation in adult size and in the development of the ventral elevation of L I, the node/spine on 
L3 and the supravelar furrow.

8. Conchoprimitiella papilalata Jones, 1987
Figured specimen: OS 12807, holotype, silicified LV lat., 1110 pm long, x 41. Bryn-banc Limestone Member, Llan- 
mill Formation, Narberth Group, Costonian Substage; Henllan Lodge, Llanddewi-Velfry, NE of Narberth, Pembroke
shire (grid ref. SN 1311 1597; Locality 27b of Jones 1986).
Diagnosis: Slightly postplete, striate C o n c h o p r im i t ie l la  with very obtuse posterior cardinal angle. Weak, short, curved 
S2 in anterior dorsocentral region; faintly developed, tiny, node-like L2 often present.
Range: Bryn-banc Limestone Member, Llan-mill Formation, Costonian Substage, South Wales.
Remarks: A short-ranging species. C o n c h o p r im i t ie l la  is also known from the Mid- and Late Ordovician in Balto- 
scandia and the Late Ordovician of the USA.

9. Piretopsis (Protallinnella) salopiensis (Harper, 1947)
Figured specimen: GSM 75421C, holotype, tecnomorphic RV lat., cast of external mould, 1980 pm long, x 23 . Spy 
Wood Sandstone Formation, approximately Velfreyan-Costonian boundary; near Rorrington Hall, Rorrington, 
Shropshire (grid ref. SJ 2984 0062; Locality 31 of Jones 1986).
Diagnosis: P i r e to p s i s  ( P r o ta l l in n e l la )  with slender ridge- to crista-like LI -L4 and connecting lobe; in lateral view, 
latter is bow-like below SI, S2. LI sigmoidal, bulb-like dorsally; crista on L4 terminates at mid-height. LI, L3, L4 
cuspate above dorsum. Velum flange-like, terminates posteriorly at about mid-height; supravelar furrow fairly 
shallow. Dolon formed by a narrow, convex flexure of velar edge.
Range: Spy Wood Sandstone Formation and Coston Formation, approximately Velfreyan-Costonian boundary to 
Costonian, Shropshire and Bryn-banc Limestone Member, Llan-mill Formation, Costonian Substage, South Wales. 
Remarks: Differs from P . ( P . )  r a n u n c u la  Jones, 1986 especially by its narrower, cristate lobes and shallower 
supravelar furrow.

10. Latebina pseudantra Jones, 1986
Figured specimen: OS 12727, holotype, silicified female LV lat., 1780 pm long, x 25. ‘Llandeilo Flags’, probably Vel
freyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 1986). 
Diagnosis: Granulose-tuberculate Gunneropsinae with short histial flange from base of L3 or S3 to below S2, 
continued in females in broad anteroventral histiovelum forming a radially striated dolon. Velum developed as 
anterior-anteroventral flange in tecnomorphs, mid-ventrally in females forms posterior boundary of antrum, postero- 
ventrally-posteriorly in both sexes is reduced to an indistinct ridge with a row of sparse tubercles parallel with free 
margin. LI has spinose cusp, as does L3 in juveniles.
Range: ‘Llandeilo Limestone’, ‘Llandeilo Flags’, Lampeter Velfrey Formation and Bryn-banc Limestone Member, 
Llan-mill Formation, Velfreyan-Costonian, South Wales.
Remarks: L a te b in a  is currently monotypic.

11. Varilatella (Redacta) coronata Jones, 1986
Figured specimen: OS 12614, holotype, silicified female LV lat., 1510 pan long, x 30. Bryn-banc Limestone Member, 
Llan-mill Formation, Narberth Group, Costonian Substage; Bryn-banc, Llan-mill, east of Narberth, Pembrokeshire (grid 
ref. SN 1415 1444; Locality 26a of Jones 1986).
Diagnosis: V a r i la t e l l a  ( R e d a c ta )  with four prominent lobes, each with a crista; C1-C2 form U-shape. L3 weakly 
constricted centrally; LI, L4 cuspate. Deep, wide, comma-shaped S2. Velar flange well developed, terminates just 
above mid-height posteriorly.
Range: Mydrim Limestone, approximately Velfreyan-Costonian boundary, and Bryn-banc Limestone Member, 
Llan-mill Formation, Costonian Substage, South Wales.
Remarks: Pre-adult dimorphism may be present in this species (Jones 1986).
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12. Pseudulrichia aequinoda Jones, 1987
Figured specimen: OS 12759, holotype, silicified LV lat., 660 pm long, x66. Bryn-banc Limestone Member, 
Llan-mill Formation, Narberth Group, Costonian Substage; Henllan Lodge, Llanddewi-Velfry, NE of Narberth, 
Pembrokeshire (grid ref. SN 1311 1597; Locality 27b of Jones 1986).
Diagnosis: Pseudulrichia with large, stout, curved, conical, approximately equally sized spines either side a broad 
shallow S2.
Range: ‘Llandeilo Flags’, and Bryn-banc Limestone Member, Llan-mill Formation, Velfreyan-Costonian, South 
Wales.
Remarks: Differs from the coeval Welsh species P. conispina Jones, 1987 notably by its more equally sized spines.

13. Pedomphalella expraeputia Jones, 1987
Figured specimen: OS 12784, holotype, silicified LV lat., 680 pan long, x66. Bryn-banc Limestone Member, 
Llan-mill Formation, Narberth Group, Costonian Substage; Bighouse, Lampeter Velfry, east of Narberth, Pembroke
shire (grid ref. SN 1525 1457; Locality 28b of Jones 1986).
Diagnosis: Pedomphalella with almost entire but very weakly developed pseudovelum, curves just above hinge line, is 
interrupted by a weak depression above weak, drop-shaped, anteriorly sited S2; L2 faint, node-like.
Range: ‘Llandeilo Flags’, Lampeter Vellfey Formation, and Bryn-banc Limestone Member, Llan-mill Formation, 
Velfreyan-Costonian, South Wales.
Remarks: Congeneric species occur in the Middle Ordovician of the USA, and in outcrops and erratic boulders in 
the Baltic region.

14. Severopsis severopsis Jones, 1986
Figured specimen: OS 12734, paratype, silicified tecnomorphic LV lat., 1970 pm long, x 23. ‘Llandeilo Hags’, probably 
Velfreyan Substage; Cwm Agol, Dryslwyn, Llandeilo, Carmarthenshire (grid ref. SN 5655 2070; Locality 17 of Jones 
1986).
Diagnosis: Large Gunneropsinae with long, curved S2, extending to near ventral margin. LI wide, low, fused with 
faintly discernable L2; wide postadductorial area, with faint, narrow depression (S3) suggesting presence of gently 
elevated L3 andL4. Narrow histial ridge, from below L I-L 2 to below S3-L4. Narrow or flange-like velum, ventrally 
and anteroventrally. Dolon poorly defined, from anterior to mid-venter.
Range: ‘Llandeilo Hags’, and Bryn-banc Limestone Member, Llan-mill Formation, Velfreyan-Costonian, South 
Wales.
Remarks: A monotypic genus, the species is rare and short ranging.

Plate 4
1. Tetradella egorowi Neckaja, 1952

Figured specimen: OS 15727, silicified female LV lat., 1260 pm long, x 36. Limestones, supposed Ashgill age (see Jones 
1987, p. 109); overgrown quarry at base of castle mound, Dryslwyn Castell, west of Llandeilo, Carmarthenshire (grid ref. SN 
5546 2023).
Diagnosis: Tetradella with LI and co-joined L3/L4 above dorsum, L2 node-like, S2 well developed. Single nodes 
occur at base of L2, L3 and L4, and are connected by a flange-like histium that also is confluent with LI and 
extends behind L3/L4. Cristae (or line of tiny tubercles) connect node at base of L2 with LI and L2, and nodes at 
base of L3/L4 with L3/L4. Female valve has four loculi (see Schallreuter 1978fo).
Range: Limestones, supposed Ashgill Series, South Wales.
Remarks: Females have four loculi ventrally. Occurs also in Ireland and is widespread in the Baltic (see text for 
details).

2. Circulinid gen. et sp. nov.
Figured specimen: OS 15728, silicified RV lat., 880 pm long, x51. Limestones, supposed Ashgill age (see Jones 
1987, p. 109); overgrown quarry at base of castle mound, Dryslwyn Castell, west of Llandeilo, Carmarthenshire 
(grid ref. SN 5546 2023).
Description: Postplete suboblong valves, with lateral surface completely bordered by rounded ridge. S2 pit-like, 
above mid-height. Stout, posteriorly projecting spine occurs just below dorsum and just behind mid-length.
Range: Limestones, supposed Ashgill Series, South Wales.
Remarks: This species is part of an undescribed fauna from the Ashgill of South Wales.

3. Quadritia (Krutatia) cf. iunior Schallreuter, 1981
Figured specimen: OS 13372, RV lat., mould, 980 pm long, x44. Rawtheyan mudstones, Ashgill Series (see Jones 
1987, p. 109); Cross Fell inlier.
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Description: Q u a d r i t ia  iu n io r  has one posterodorsal and four ventral nodes, all extended spine-like; LI and L3 are 
cuspate; L2 is small, ovoid; S2 extends only to about mid-height.
Range: Ashgill Series, Cross Fell inlier. Unpublished, probably conspecific material is known from the Ashgill, 
Llandeilo area, South Wales.
Remarks: Vannier e t  a l. (1989, plate 30, fig. 8) gave the locality of this figured specimen, in error, as Dryslwyn 
Castell, Llandeilo area. Q . iu n io r  occurs in the Ashgill of Estonia (Meidla 1996) and erratic boulders in Sweden 
and Germany (see Vannier & Schallreuter 1983).

4. Gebeckeria dryslwynensis Schallreuter & Jones, 1984
Figured specimen: OS 15725, silicified RV lat., 850 pm long, x53. Limestones, supposed Ashgill age (see Jones 
1987, p. 109); overgrown quarry at base of castle mound, Dryslwyn Castell, west of Llandeilo, Carmarthenshire 
(grid ref. SN 5546 2023).
Diagnosis: Small, elongate, amplete, reticulate kirkbyacean with one node either side a tiny, pit-like S2; elongate 
swelling occurs below pit. Adventral ridge rounded, entire between cardinal corners.
Range: Limestones, supposed Ashgill Series, South Wales.
Remarks: Also occurs in the Portrane Limestone, Ireland (Orr 1987).

5. Hesperidellal sp.
Figured specimen: OS 15726, silicified LV lat., 1130 pm long, x40. Limestones, supposed Ashgill age (see Jones 
1987, p. 109); overgrown quarry at base of castle mound, Dryslwyn Castell, west of Llandeilo, Carmarthenshire (grid 
ref. SN 5546 2023).
Range: Limestones, supposed Ashgill Series, South Wales.
Remarks: This species is part of an undescribed ostracod fauna from the Ashgill of South Wales.

6. Gotula gotlandica (Schallreuter, 1967)
Figured specimen: UMB K10022, silicified female RV lat., 1150 pm long, x40. Bed 9, Lower Limestones Member, 
Portrane limestone, Cautleyan (-Rawthyen?) Stage; SW facing cliff, SW of Martello Tower, Portrane, near Dublin 
(Locality F of Orr 1987).
Diagnosis: G o tu la  with tear-drop shaped S2; LI bulb-like. Velum frill-like, terminates at large, posteroventral spine, 
diverges from free margin posteriorly. Dolon sausage-shaped, strongly convex.
Range: Portrane limestone, Cautleyan (-Rawthyen?) Stage, Ireland and Ashgill age erratics in the Baltic 
(Schallreuter & Orr 1985).
Remarks: This species is part of the large, unpublished Ashgill ostracod fauna of Portrane (Orr 1987).

7. Klimphores morgani Jones, 1890
Figured specimen: OS 12569, lectotype, LV lat., cast of external mould, 760 pm long, x59. Pen-y-Garnedd Phos
phorite & Shale, Nod Glas Formation, Onnian Substage; Gwern-y-brain stream section, NW of Welshpool, Powys 
(grid ref. SJ 218 126; Locality 50 of Jones 1986).
Diagnosis: Reticulate K lim p h o r e s  with elliptical anterior node, elevated anterocentrally; posterior node projects 
further above hinge line, is rounded oblong, extends into ventral posterocentral region. Pseudovelum is a low 
smooth bend.
Range: Nod Glas Formation, Powys and Onny Shale Formation, Shropshire; O n n ia  g r a c i l i s  and O n n ia  s u p e r h a  
s u p e r h a  biozones, Onnian Substage.
Remarks: K lim p h o r e s  also occurs in the Llanvim and Ashgill series of South Wales (Jones 1987).

8. Vogdesella hemidiscus (Wade, 1911)
Figured specimen: OS 12797, LV lat., 990 pm long, x45. Pen-y-Garnedd Shale Member, Nod Glas Formation, 
Onnian Substage; Gwem-y-brain stream section, NW of Welshpool, Powys (grid ref. SJ 2181 1266; Locality 50b 
of Jones 1986).
Diagnosis: Postplete V o g d e s e l la  with indistinct, tear-drop shaped, anterodorsal sited S2 constricted dorsally between 
subdued anterior node and slightly larger, subdued posterior node.
Range: Nod Glas Formation, Powys and Onny Shale Formation, Shropshire; O n n ia  g r a c i l i s  and O n n ia  s u p e r h a  
s u p e r b a  and possibly O n n ia  s u p e r b a  c o h b o ld i  biozones, Onnian Substage.
Remarks: Known from poorly preserved calcitic valves and external moulds.

9. Spinigerites hadros Jones, 1987
Figured specimen: OS 12567, holotype, female LV lat., 1510 pm long, x30. Pen-y-Garnedd Shale Member, Nod 
Glas Formation, O n n ia  g r a c i l i s  Biozone, Onnian Substage; Gwem-y-brain, NW of Welshpool, Powys (grid ref. 
approximately SJ 218 126; near Locality 50 of Jones 1986).
Diagnosis: Long, smooth, postplete S p in ig e r i t e s ; most convex centrally, most elevated posteriorly. Spine short, stout, 
at posterior mid-height. No sulcus or anterior swelling.

(■continued on p. 44)
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Range: Nod Glas Formation, Powys and Onny Shale Formation, Shropshire; O n n ia  g r a c i l i s  and O n n ia  s u p e r b a  
s u p e r b a  biozones, Onnian Substage.
Remarks: Heteromorphs are longer than adult tecnomorphs.

10. Copelandia melmerbyensis Jones, 1987
Figured specimen: GSM RU2546A, holotype, RV lat., cast of external mould, 950 pm long, x47. Melmerby Beds, 
Dufton Shale Formation, Woolstonian Substage; east side A686 road, NE of Melmerby, Cumbria (grid ref. NY 6236 
3855; Locality 44a of Jones 1986).
Diagnosis: C o p e la n d ia  with fairly deep, V-shaped S2 separating rounded to elliptical anterodorsal node and centro- 
dorsal node developed as posteriorly projecting conical spine. Pseudovelum present anteriorly and anteroventrally. 
Range: Dufton Shale Formation, Longvillian and Woolstonian substages, Cross Fell inlier, Cumbria.
Remarks: Congeneric species occur in the Caradoc of France and Portugal (Vannier 1986a).

11. Sigmoopsis (Sigmoopsis) duftonensis (Reed, 1910)
Figured specimen: SM A29973b, lectotype, female LV lat., cast of external mould, 2540 pm long, xl8. Melmerby 
Beds, Dufton Shale Formation, Longvillian Substage; east side A686 road, NE of Melmerby, Cumbria (grid ref. 
approximately NY 623 383; near Locality 44 of Jones 1986).
Diagnosis: Large, smooth S ig m o o p s is  ( S ig m o o p s is ) . Quadrilobate, LI has fimbriate shaft and spiral process. S1 —S3 
well developed; S1 deep. Histium flange-like in females, more poorly defined in tecnomorphs. Velum flange-like, from 
anterior cardinal corner to posteroventral region. Supravelar (histial) antrum broad, deeper than infravelar antrum. 
Range: Dufton Shale Formation, Longvillian and Woolstonian substages, Cross Fell inlier, Cumbria; Harnage Shales, 
Chatwall Sandstone and Cheney Longville formations, Harnagian, Longvillian, Woolstonian and Marshbrookian 
substages, Shropshire.
Remarks: Biantral dimorphism is particularly characteristic of this species.

12. Schallreuteria (Schallreuteria) superciliata (Reed, 1910)
Figured specimen: SM A29968b, paralectotype, female RV lat., cast of external mould, 2250 pm long, x 20. 
Melmerby Beds, Dufton Shale Formation, Longvillian Substage; east side of A686 road, NE of Melmerby, 
Cumbria (grid ref. NY 6231 3832).
Diagnosis: S c h a l l r e u te r ia  ( S c h a l l r e u te r ia )  with prominent single spines posteroventrally and below S2 in both 
dimorphs; male has an additional spine below LI. LI and L2 have slender cusps well above hinge line. Lobes 
granulose and have discrete tubercles, arranged in rows. Dolon well developed, wide, occurs from anterior cardinal 
comer to posteroventrally.
Range: Soudleyian, Longvillian and Woolstonian substages of Wales (Clwyd, Gwynedd and Powys) and Longvillian 
and Woolstonian substages of the Cross Fell inlier, Cumbria (Jones 1986); Caradoc Series.
Remarks: A similar form, S c h a l l r e u te r ia  cf. s u p e r c i l i a ta , occurs in the Llandeilian-Velfreyan of South Wales (Jones 
1986).

13. Harperopsis bicuneiformis (Harper, 1947)
Figured specimen: GSM 75421 A, holotype, tecnomorphic LV lat., cast of external mould, 1880 pm long, x 24. Spy 
Wood Sandstone Formation, approximately Velfreyan-Costonian boundary; near Rorrington Hall, Rorrington, 
Shropshire (grid ref. SJ 2984 0062; Locality 31 of Jones 1986).
Diagnosis: H a r p e r o p s i s  with isolated, V-shaped, LI -L2 complex. All lobes (LI -L4) are inclined; LI and L2 are con
fluent ventrally; L3 and L3 are confluent ventrally with short, acutely inclined ridge connecting to velum.
Range: Spy Wood Sandstone Formation, approximately Velfreyan-Costonian boundary, Shropshire and Carrneddau 
Group, probably Soudleyian Substage, Gwynedd.
Remarks: Females have a very narrow, anterior to anteroventral dolon.

14. Harperopsis scripta (Harper, 1947)
Figured specimen: GSM 74875A, holotype, male LV lat., cast of external mould, 2800 pm long, x 16. Harnage 
Shales, Harnagian Substage; Cwms Cottage, near Caer Caradoc, NE of Church Stretton, Shropshire (grid ref. SO 
4816 9493; Locality 34 of Jones 1986).
Diagnosis: Large, granulose H a r p e r o p s i s  with LI, L3, L4 as nearly vertical elevated ridges; L2 diminutive. Velar 
ridge terminates mid-posteriorly. Anteroventrally, short ridge (relict histium) joins connecting lobe to velum. Well 
devloped anterior-anteroventral dolon.
Range: Known from the Harnagian, Soudleyian, Longvillian and Woolstonian substages; Shropshire, Clwyd, 
Gwynedd and Cumbria (Jones 1986).
Remarks: One of the most geographically widespread of British Ordovician ostracod species.
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The Silurian crops out over a large area embracing 
parts of Ireland, southern Scotland, Wales, northern 
England and the Welsh Borderland, and is also 
known from boreholes in eastern and southeastern 
England (Fig. 1). This region holds a richly 
diverse Silurian ostracod fauna containing represen
tatives of all the major taxa of the group (Siveter 
1978, 1989; Lundin et al. 1991). Palaeocope and 
metacope species are particularly abundant; podo- 
cope, platycope, myodocope and leperditicope 
species are present in smaller but still significant 
numbers. Their ecological range embraces supposed 
reduced salinity, coastal/fluviatile environments, 
and benthic and pelagic shelf and offshore marine 
habitats (Siveter 1984). Demonstration of their bio- 
stratigraphical and palaeobiogeographical utility 
has highlighted their scientific value (see Siveter 
1978, 1989; Lundin et al. 1991). Nevertheless, the 
potential for further studies on British Silurian ostra- 
cods is high; many faunas and faunal elements 
remain to be documented.

The broad-scale classification of ostracods out
lined in Whatley et al. (1993) is adopted herein. 
The morphology and terminology of the palaeo
cope carapace follows the systems developed 
by Jaanusson (1957), Martinsson (e.g. 1962) and 
Henningsmoen (1965). Additional or other terms 
are used for features of the carapace of myodocopes 
(see Siveter et al. 1987, 1991) and for the so-called 
‘non-palaeocopes’ (e.g. see Lundin 1965, 1968; 
Adamczak 1968, 1976), an informal grouping that 
in the main collectively refers to metacope, 
podocope and platycope ostracods. Many Silurian 
ostracod species, especially palaeocopes, show 
(presumed sexual) dimorphism of the shell in the 
last, adult growth stage. The supposed female (alter
natively termed the heteromorph) has a dimorphic 
structure not present in either the supposed male 
(= the adult tecnomorph) or the shells of juveniles 
(also termed tecnomorphs).

British Silurian ostracods most commonly and 
abundantly occur as calcareous shells, in some 
cases washed from shales and marls (e.g. as for 
most assemblages from the Wenlock Series of the 
Welsh Borderland), in other cases prepared as 
discrete valves on rock surfaces (Siveter 1980). 
Decalcified ‘mould’ faunas, which require special 
techniques of study (Siveter 1982), are a particularly

important component of faunas from the Ludlow 
and Pndolf series. No silicified ostracod faunas are 
known from the British Silurian.

History of research
James de Carle Sowerby unknowingly provided the 
first published figure of a British Silurian ostracod 
when he depicted, under the trilobite name ‘Agnostus 
tuberculatus’, what is now recognized as a beyrichia- 
cean palaeocope in a piece on ‘Fossil Shells’ in 
Murchison’s (1839) seminal text on The Silurian 
System. The history of studies on British Silurian 
ostracods that followed this chance beginning has 
been detailed by Siveter (1978).

Throughout the middle and later part of the 19th 
century the collection and publication of newly dis
covered Silurian ostracods was due to the efforts of 
university-based and Geological Survey palaeontol
ogists, and to enthusiastic amateur natural histor
ians. Important finds were made early on, in 
Ireland, by Professor Frederick M’Coy (1846; in 
Sedgwick & M’Coy 1851) and in Wales and its 
borders by Geological Survey Officer John Salter 
(Salter 1848). Mrs Gray of Girvan, Messers Henderson, 
Brown and Haswell of Edinburgh, and especially 
those collecting in the Welsh Borderland, such as 
R. W. Banks, R. Lightbody, Lt H. A. Wyatt-Edgell 
and particularly, George Vine (1882,1887, 1888) of 
Sheffield, John Smith (1881, 1892) of Kilwinning, 
Scotland, the polymath George Maw of Brosely, 
Shropshire, and Dr Harvey Buchanan Holl of 
Malvern dispatched much of their Silurian 
‘Bivalved Entomostraca’ for description by
T. Rupert Jones, the acknowledged expert on 
the group and doyen of 19th century British 
micropalaeontologists.

The son of a silk merchant, T. R. Jones rose to 
became the first and only ever Professor of 
Geology at the Royal Military College at Sandhurst 
(for a biography and an appreciation of his scien
tific work see Siveter 1978 and Siveter & Lord
1997). For decades he authored, largely single- 
handedly, a stream of papers describing British 
Silurian ostracods. These studies established 
many of the taxa in use today, but also included 
some of the earliest attempts to use ostracod

From'. WHITTAKER, J. E. & Ha r t , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 45-90. 
1747-602X/$15.00 {(]) The Micropalaeontological Society 2009.
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Dingle 
Peninsula'

Fig. 1. Distribution of Silurian in Britain. Outcrop shaded black, small dots (mostly in SE England) indicate Silurian 
in boreholes.

data biostratigraphically (e.g. Jones 1855a, b, 
1856, 1861, 1869, 1873, 1874a, b, 1879, 
1881a-c, 1884, 1887a-c, 1893; Jones & Holl 
1865, 1869, 1886a, b). Until his death in 1911 
Jones was equally prolific in his publications on 
the ostracods and other microbiota of other 
Palaeozoic systems; as Siveter & Lord (1997, 
p. 6) have emphasized, ‘he established the distri
butional and taxonomic database on British 
Palaeozoic ostracods which was still the standard 
point of reference in the mid-20th century’.

During the period 1900-1960 there were very 
few publications about British Silurian ostracods. 
These, however, included the studies of Straw 
(1928, 1930, 1933), who noted the possible biostra- 
tigraphical potential of Ludlow and ‘Downton’ 
ostracods, and Harper (1940), who described 
species from the Llandovery of Shropshire. Martins- 
son’s exemplary research on Baltic and, occasion
ally, British faunas (e.g. 1962, 1963, 1964, 1965a, 
b, 1967) promoted renewed interest in the study of 
Silurian ostracods.
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Over the last 30 years research on the systema- 
tics and biostratigraphy of British palaeocope 
ostracods (Shaw 1969, 1971a, b; Siveter 1973a-c, 
1974, 1980, 1985, 1994; Siveter & Sylvester- 
Bradley 1976; Siveter & Hansch 1989, 1990; 
Hansch et al. 1991; Siveter & Lundin 1993; 
Hansch & Siveter 1994; Miller 1995) and podocope, 
metacope and platycope ostracods (Petersen & Lundin 
1974, 1987,1989,1992a, b, 1995,1996a-c; Petersen 
1975; Lundin & Petersen 1975, 1989, 1991, 1992, 
1993; Lundin & Siveter 1989; Lundin et al. 1991) 
has developed apace. The main studies are Siveter’s 
(1974, 1980) monograph on the Beyrichiacea and 
his reviews (1978, 1989) of British Silurian ostracods 
and Lundin et al.’s (1991) analysis of the non- 
palaeocope faunas. In addition, British faunas have 
played a central part in palaeoecological studies of 
Silurian ostracods in general (Siveter 1984) and of 
myodocopes in particular (Siveter et al. 1987, 1991, 
2003; Siveter & Vannier 1990), and have also 
featured prominently in symposia field guides 
(Siveter 1988, 1997) and general biostrati graphical 
studies (e.g. Shergold & Shirley 1968; Mabillard & 
Aldridge 1985). The first find of a Palaeozoic ostracod 
species with soft parts was from the British Silurian 
(Siveter et al. 2003), and conclusively demonstrated 
the palaeobiology of such forms and thereby the 
validity of the Palaeozoic ostracod record.

Principal collections
Nearly all of the main collections are housed in insti
tutes in Britain. Arizona State University is an import
ant repository for recently described non-palaeocope 
material.

The Natural History Museum, London

The Natural History Museum in London houses the 
largest and most important collection of British 
Silurian ostracods, including the majority of spec
imens described or recorded by 19th century 
worthies such Jones, Holl, Vine and Smith (see the 
papers cited above) and most of the material of 
Siveter’s monograph (1980; see also 1974). It 
also contains material of the following authors: 
Martinsson (1962 (only a few specimens), 1963, 
1965b); Shergold & Shirley (1968); Siveter 
(1973a, b, 1978, 1982, 1984, 1985, 1988, 1989, 
1994, 1997); Siveter & Sylvester-Bradley (1976); 
Mabillard & Aldridge (1985); Siveter et al. (1987, 
1989, 1991); Siveter & Vannier (1990); Hansch 
et al. (1991); Siveter & Lundin (1993); Hansch & 
Siveter (1994); Miller (1995); and Miller et al. 
(1997). In addition, many of the type specimens of 
non-palaeocope species that feature in the papers 
of Lundin & Petersen, Lundin et al. and Petersen

& Lundin (see the References) are in the Natural 
History Museum, London. Specimens in this 
depository, figured herein, are indicated by a regis
tered number, variously prefixed 1, Io, In or OS.

The British Geological Survey

The British Geological Survey, Keyworth, 
Nottingham contains the published material of 
Salter (1848), Straw (1933), Harper (1940) and 
Shaw (1969, 1971b), and collections made by 
Smith (see 1881, 1892). It also holds some valves 
treated in Siveter (1978, 1980) and Siveter & 
Vannier (1990). The British Geological Survey, 
Edinburgh has material figured in Siveter & 
Vannier (1990), Siveter et al. (1991), Siveter & 
Lane (1999) and Siveter & Bogolepova (2006). 
Specimens figured herein are prefixed by GSM 
(Keyworth) or GSE (Edinburgh).

The Sedgwick Museum, University of 
Cambridge

Holds M’Coy’s 1851-1855 material and some 
specimens figured in Siveter’s papers of 1973c and 
1980. These latter specimens, when figured here, 
are prefixed SM.

The National Musem of Wales, Cardiff

This museum has some valves featured in Siveter 
et al. (1991).

The Hunterian Museum, Glasgow

This repository contains specimens from John 
Young, some of which resulted from his request 
for residues from George Maw (see Jones & Holl 
1886a, p. 345; Vine 1887, pp. 229 and 230).

The University Museum of Natural History, 
Oxford

Contains the data set for the (virtual fossil) myodo- 
cope ostracod with soft parts preserved (Siveter 
et al. 2003). The specimen is prefixed OUM.

The National Museum of Ireland, Dublin

The museum has the originals of M ’Coy 1846 (see 
Siveter & Sylvester-Bradley 1976).

The Department of Geology, Arizona State 
University, Tempe, Arizona, USA

Here are collections of Wenlock faunas and figured 
and referred material of Petersen & Lundin (1974,
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1987, 1989, 1992a, ft, 1995, 1996a-c), Lundin & 
Petersen (1975, 1989, 1991, 1992, 1993), Lundin 
& Siveter (1989) and Lundin et al. (1991). Some 
of these specimens are figured herein and are 
prefixed ASU.

Stratigraphy
The global standard stratigraphic framework used 
for the Silurian is documented in Holland & 
Bassett (1989). Its three oldest series, the Llandovery, 
Wenlock and Ludlow, have their type areas and 
stratotypes in the Welsh Basin, as detailed by 
Cocks (1989), Bassett (1989a) and Lawson & 
White (1989) respectively. The type area of the 
fourth (Prfdolf) Series is in the Czech Republic 
(see KHz 1989). The nature and distribution of the 
Pndolf Series in the Welsh Borderland and south- 
central Wales is described by White & Lawson 
(1989). The base of the Silurian System is placed 
at the base of the Parakidograptus acuminatus 
(sensu lato) Biozone at Dob’s Linn in the Southern 
Uplands of Scotland (see Williams & Ingham 1989). 
The upper limit of the Silurian System is automati
cally defined by the base of the Devonian System at 
the base of the Monograptus uniformis Biozone, as 
drawn in the stratotype at Klonk in the Czech 
Republic.

Cocks et al.’s (1992) scheme for the stratigraphic 
nomenclature and correlation of the British Silurian 
is adopted herein, as is Kneller et al.’s (1994) over
view of successions in northern England. Aldridge 
et al. (2000) gave a comprehensive account of the 
main localities of the British Silurian and their stra
tigraphy. Graptolites have traditionally provided 
the most widely used means for dating and correla
tion in the British Silurian (e.g. Rickards 1976). The 
Wenlock graptolite biozones used herein are 
those of the stratotype area (see Bassett 1989a). 
Zalasiewicz & Williams (1999) have recently 
demonstrated, in the Builth Wells district of 
Wales, a revision of the Middle-Upper Wenlock 
graptolite biostratigraphy previously recognized in 
Britain. In particular, above the M. riccartonensis 
Biozone, P. dubius, C. rigidus, C. lundgreni and
G. nassa-M. ludensis biozones are distinguished, 
and separate M. flexilis (aka C. linnarssoni) and 
C. ellesae biozones are not recognized. The impli
cations are that in the Wenlock stratotype area the 
C. lundgeni Biozone might extend to at least the 
base of what is currently designated the C. ellesae 
Biozone. Furthermore, their revised biostratigraphi- 
cal scheme hints that the Sheinwoodian-Homerian 
stage boundary might occur within, rather than at 
the base of, the C. lundgreni Biozone.

Biostratigraphic schemes based on brachiopods 
are also important, particularly for the Llandovery,

where the use of evolving brachiopod lineages and 
depth-related communities has played a major role 
(e.g. see Ziegler et al. 1968; Bassett 1989ft), and 
also in the Ludlow, with the recognition of a succ
ession of stratigraphically important brachiopod 
assemblages (see Lawson & White 1989 and refer
ences therein). The value of trilobites in British 
Silurian stratigraphy (Thomas et al. 1984) is more 
limited. Although their potential and importance is 
still to be fully realized, microfossils have proved 
to be very valuable tools in British Silurian bio
stratigraphy, as shown in the distribution of 
ostracods, conodonts (e.g. Aldridge 1985; Aldridge 
& Schonlaub 1989; Miller & Aldridge 1997; Viira 
& Aldridge 1998; Marss & Miller 2004), acritarchs 
and other algae (e.g. Lister 1970; Hill 1974; 
Doming 1981a, ft; Downie 1984; Elliott 1995; 
Mullins 1996, 2001, 2004; Richards & Mullins 
2003; Mullins et al. 2004), chitinozoans (e.g. 
Doming 1981c; Sutherland 1994; Mullins & Aldridge 
2004), spores (e.g. Richardson & Lister 1969; 
Richardson & Rasul 1990), thelodonts (Marss & 
Miller 2004) and microbiotas in general (Aldridge 
et al. 1980, 1981; Mabillard & Aldridge 1985).

Ostracod palaeobiogeography
During the earliest Ordovician England, Wales and 
southern Ireland formed part of a microplate 
(‘Avalonia’) that was attached to the southern high- 
latitude palaeocontinent of Gondwana, while 
Britain north of the Lake District belonged to 
the palaeocontinent of Laurentia (palaeo-North 
America). Throughout the Ordovician Avalonia 
drifted northwards (Cocks & Fortey 1982, 1990; 
Pickering & Smith 1995; Cocks et al. 1997; Cocks 
2001; Cocks & Torsvik 2002; Fortey & Cocks
2003) to dock with the subtropical Laurentia and 
Baltica (palaeo-Scandinavia; see Cocks & Fortey
1998). Initial collision took place at about the 
Ordovician-Silurian boundary (e.g. Pickering 
et al. 1988, 1992; Pickering & Smith 1995). This 
notion of microplate movement across the Iapetus 
Ocean during the Ordovician is supported not least 
in the distribution and migration of pertinent ostra
cod faunas (Schallreuter & Siveter 1985; Vannier 
et al. 1989; Williams 1990; Williams et al. 2001a, ft,
2003).

Several, broadly defined, ostracod biogeographi- 
cal regions can be recognized for (especially the 
Mid- to Late) Silurian (Siveter 1989). These 
include the Appalachian (Virginia to the St Lawrence 
lowland-Anticosti Basin), North American mid
continent (e.g. Oklahoma-Tennessee-Alabama), 
Cordilleran (Nevada-Arctic Canada), Bohemian 
(for which see also Hansch 1993a, ft) and ‘European’ 
faunal regions. Many of the key biostratigraphical
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studies of Silurian ostracods stem from the latter 
region, centred on North Atlantic areas. As detailed 
by Siveter (1989), this faunal region is drawn east 
of the Appalachians, north of Bohemia, and extends 
to Britain, Scandinavia, the East Baltic, Belarus, the 
Ukraine and the Urals. Essentially this is a ‘Baltic- 
British Province’ (e.g. see Berdan 1983), recognized 
particularly on beyrichiacean palaeocope associations 
(see references in Siveter 1989). It also includes the 
time-restricted (Late Silurian) ostracod assemblages 
of the ‘Fundy’ (Copeland 1977)/‘Arisaig-Eastport’ 
(Copeland & Berdan 1977) belt of eastern North 
America. The recent discovery of the Scottish myodo- 
cope Entomozoe in the Llandovery Telychian Stage 
of Greenland and Severnaya Zemlya represents a 
rare and early link between the ‘Baltic-British’ Silur
ian ostracod faunal province and ostracod assem
blages of Laurentia and the Russian Eurasian 
Arctic, and supports the notion that the North Kara 
Terrane and Laurentia were once palaeogeographi- 
cally close (Siveter & Lane 1999; Siveter & Bogole
pova 2006).

Ostracod biostratigraphy
Ostracods are known, typically in substantial 
numbers, from most horizons in the British Silurian 
(Siveter 1978, 1989). Only the Early Llandovery 
and parts of the Pridoli Series lack recorded 
faunas. Most of the documented faunas are from 
the Welsh Basin and, less numerously, the Lake 
District Basin. Ostracods are also known from the 
Silurian of Scotland and Ireland, but numbers of 
specimens and species are comparatively few. 
Although the geographical and stratigraphical dis
tribution of ostracods in the Silurian of Britain is 
now reasonably well known and documented, no 
formal ostracod biozonal scheme has yet been 
erected. The preference has been to demonstrate a 
framework of distinctive ostracod associations with 
vertically successive faunas (Siveter 1978, 1989).

Study of British Silurian ostracods has con
centrated on Welsh Basin assemblages, mainly 
because of the stratigraphical status and lithological 
(and, hence, potential ostracod yield) characteristics 
of the appropriate sequences. In the main, the lithol
ogies present in the Ludlow, Pridoli and most of 
the Llandovery series of the Welsh Basin do not 
lend themselves to the recovery of ostracods by 
‘washing’ techniques. Thus, ostracods are much 
harder won from those parts of the succession and 
it is no coincidence that, for example, in general 
the Ludlow Series has been sampled less exten
sively and intensively, has less recorded faunas 
and has yielded less rich assemblages than, say, 
the Wenlock Series -  a fact echoed in the range 
charts herein.

Many British Silurian ostracod species have 
short stratigraphical ranges and clear proven or 
potential national and, particulary in the Mid- and 
Late Ludow and Pridoli series, international biostra- 
tigraphical value (detailed in Siveter 1989). Indeed, 
the most extensive intraprovincial and international 
correlations using Silurian ostracods have been 
made in the ‘European’ faunal region embracing 
Britain, Baltoscandia and parts of northeastern 
North America, the Ukraine and the Urals. Palaeo- 
copes, especially beyrichiaceans, currently provide 
the best means of national and international corre
lation using ostracods. Although, in general, the 
application of Palaeozoic non-palaeocope ostracods 
in stratigraphy has been neglected, typically 
because their often smooth, rather nondescript, 
carapace offers particularly time-consuming and 
special taxonomic challenges, patient study of 
such forms can offer substantial biostratigraphic 
rewards, as demonstrated by Lundin et al. (1991) 
for the type Wenlock Series assemblages. Figure 2 
gives the stratigraphical ranges of selected species 
for which modem data are available.

Llandovery Series

As elsewhere, the Llandovery in Britain testifies that 
in general ostracods took some time to recover from 
the environmental perturbations associated with the 
Late Ordovician glacial maximum (Siveter 1989). 
Hardly any ostracods are recorded from the Rhudda- 
nian or Aeronian stages. No ostracods are known 
from the Ordovician-Silurian boundary stratotype 
at Dob’s Linn and the few known to occur in the 
Llandovery type area (Cocks et al. 1984; Cocks
1989) are unstudied.

In the Welsh Borderland records of pre- 
Telychian ostracods are rare. The Telychian 
Hughley (‘Purple’) Shales are characterized by 
unrevised ‘Jonesites’ and Diceratobolbina species, 
unpublished Signetopsis-\ike material and the beyr
ichiaceans Beyrichia salopiensis, Craspedobolbina 
glabra, and especially Craspedobolbina hipposi- 
derus and Stroterobolbina floribunda (Siveter 
1978, 1980, 1989). Other associates occurring in 
(at least the highest horizons in) the Hughley 
Shale are the non-palaeocopes Neckajatia symme
trica, Longiscella grandis and the long-ranging 
Rectella siveteri, ‘Macrocypris’ vinei, Wenlockiella 
phillipsiana and Wenlockiella phaseola (see Lundin 
et al. 1991), and the beyrichiacean Craspedobolbina 
interrupta, all of which extend into the Wenlock.

Most of these Hughley Shale species are not 
known with certainty from outside Shropshire. 
Exceptions include the stratigraphically long- 
ranging ‘Macrocypris' vinei, which probably also 
occurs in the Wenlock of Podolia (Abushik 1971) 
and Gotland (Jones 1888). Podolia and Gotland



Fig. 2. Stratigraphical distribution of selected British Silurian ostracods, mainly in the Welsh Basin and platform areas. Stratigraphical scheme after Cocks et al. (1992) and 
references therein. The Wenlock graptolite biozones are those traditionally used in the stratotype area (see Bassett 1989a). This is notwithstanding the fact that: (1) Zalasiewicz & 
Williams (1999) have recently demonstrated, in the Builth Wells district of Wales, a revision of the Middle-Upper Wenlock graptolite biostratigraphy with possible implications 
for the recognition of some of the graptolite biozones and the exact position the Sheinwoodian-Homerian stage boundary in the type Wenlock (see text); (2) chitinozoan data 
indicate that the base of the Wenlock Series may correlate with a level in the upper centrifugus or lower murchisoni graptolite Biozone and that the base of the riccartonensis 
graptolite Biozone may occur within the Buildwas (and not the overlying Coalbrookdale) Formation (Mullins & Aldridge 2004).

The ostracod ranges are based mainly on studies by Siveter (e.g. 1974, 1978, 1980, 1985, 1989 and unpublished) and Lundin et al. (1991), with concentration on the Welsh 
Borderland (particularly Shropshire) and English West Midlands. For some species the records of Shaw (1969) are also taken into account. According to Shaw’s (197\b) correlations
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also contain material congeneric and, possibly, con- 
specific with two other British non-palaeocope 
species of approximately similar age, namely
N. symmetrica (see Abushik 1971 -  Altha modesta 
Neckaja, 1958; Lundin 1988) and L grandis (see 
Abushik 1971; Koren et al. 1989 -  Longiscella cauda- 
lis (Jones, 1889); Petersen & Lundin 1995). Dicerato- 
bolbina material not unlike that from Shropshire occurs 
in the Llandovery of Norway (see Henningsmoen 
1954, cf. Siveter 1978, p. 70) (see also Plate 1, 7, 8 
herein). In addition, Mabillard & Aldridge (1985) 
recorded, from latest Llandovery-earliest Wenlock 
rocks at the basal Wenlock stratotype in Shropshire, 
material that they assigned to species (Baschkirinal 
spinosa, Menoeidina lavoiei and Libumella margin- 
ata) which occur in the Llandovery-Wenlock of 
Anticosti Island, Canada. Several undescribed taxa 
also occur at the Llandovery-Wenlock boundary 
level in Shropshire (Siveter unpublished), including 
a distinctive new non-palaeocope genus (Gen. D 
sp. A of Mabillard 1981). Elsewhere in the Late 
Llandovery of the Welsh Basin, the beyrichiacean 
Craspedobolbina is also present in Pembrokeshire 
and the Tortworth inlier (Siveter 1980).

Ostracods are also known from the Late Llan
dovery of western Ireland, the Girvan district and 
several other inliers in the Midland Valley of 
Scotland; they are mostly beyrichiacean species 
and their distribution is in most cases localized. 
At Lesmahagow there is a small, undescribed 
fauna, consisting mostly of beyrichiines, including 
Calcaribeyrichia and Beyrichia species (Siveter 
1974 and unpublished). The Wether Law Linn 
Formation of the Pentland Hills contains the beyri- 
chiaceans Craspedobolbina impendens (see 
Siveter 1973c, 1980) and Berichia cf. halliana, 
and the myodocope Entomoze tuberosa (see 
Siveter & Vannier 1990). Material taxonomically 
close to E. tuberosa has recently been recognized 
in the Late Llandovery of North Greenland 
(Siveter & Lane 1999) and Severnaya Zemlya in 
the Russian Artie (Siveter & Bogolepova 2006), 
signifying it as a marker species for that period. 
Both the Kilbride Formation of western Ireland 
(Siveter & Sylvester-Bradley 1976) and the Wood 
Burn Formation of Girvan (Siveter 1974) have 
Beyrichia species.

Wenlock Series

Several species that are known from the Llandovery 
range up into the Wenlock in its stratotype area (see 
the previous subsection). The Sheinwoodian Stage 
Buildwas Formation is characterized especially by 
the commonly occurring L. grandis, N. symmetrica 
and C. interrupta, and the introduction, at/near 
its base, of the ubiquitous Parulrichia diversa 
and Bollia bicollina and the non-palaeocope

Tubulibairdia sp. nov. At various higher levels in 
the Buildwas Formation the three latter taxa are 
joined by the common non-palaeocopes Thlipsura 
martinssoni and Primitivothlipsurella obtusa, 
and the beyrichiacean Dictyotoxotis incuspidata, 
all of which extend into approximately Mid- 
Sheinwoodian strata in the overlying Coalbrookdale 
Formation. W. phaseola is another common Early 
Sheinwoodian faunal element. Several other, but 
long-ranging non-palaeocopes, namely Silensis 
longus, Silensis mawii and Neckajatia subquadrata, 
also enter the Welsh Borderland succession in the 
basal part of the Buildwas Formation. The middle, 
mudstone part of the Coalbrookdale Formation has 
been sampled less and has less readily yielded ostra- 
cod assemblages than other parts of the Wenlock. 
The ostracod faunas at this level are also the least 
abundant and diverse in the Wenlock, which reflects 
the time of supposed maximum deeper water for the 
series (Lundin et al. 1991).

In the type area there is a marked faunal change 
in both palaeocope and non-palaeocope faunas at 
about the Sheinwoodian-Homerian boundary. 
Starting modestly low in the upper part of the Coal
brookdale Formation (Early Homerian), with the 
entry of the beyrichiaceans Tropidotoxotis arga, 
Equicastanea lappacea and Undipila subspissa 
and several non-palaeocopes such as the common 
Primitivothlipsurella v-scripta and Columatia var- 
iolata, more than 40 recorded (plus many undocu
mented) species soon appear in the Homerian 
sequence. This faunal influx coincides with a 
gradual shallowing episode through the Homerian. 
An assemblage of some 30 recorded species, charac
terized by, for example, the beyrichiaceans Strepula 
concentrica, Gongylostonyx exaggeratus, Beyrichia 
clausa, Amphitoxotis repanda, Tinitoxotis velivola 
and Sarmatotoxotis phracta and additional non- 
palaeocopes such as Daleiella corbuloides, ranges 
from below the base of the Farley Member (Mid- 
Homerian) of the Coalbrookdale Formation into 
the Much Wenlock Limestone Formation; over 
50% of these species extend into the Early Gorstian 
Lower Elton Formation of the Ludlow Series. 
The infusion of species is particularly marked in 
the Mid- and later parts of the Homerian, with the 
inclusion of, for example, Tinotoxotis praegnans, 
Gamiella spp., the hollinacean Xystista auricularis, 
Jonesites excavata, the primitiopsacean Primitiop- 
sis valida and the common non-palaeocopes 
Scaldianella simplex, Thlipsura corpulenta and 
Octonaria octoformis. Several species, such as 
Osmotoxotis phalacra, are known only from the 
Much Wenlock Limestone Formation. It is in 
the Late Wenlock that primitiopsacean species, all 
of which have yet to be formally described, 
first become more than a rare element in the 
British Silurian.
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The Early Sheinwoodian Brinkmarsh Formation 
of the Tortworth inlier contains rich ostracod assem
blages, of which only the beyrichiaceans and one 
other palaeocope are published (Siveter 1980; 
Siveter & Lundin 1993). It includes the geogra
phically and stratigraphically restricted Ploteristes 
sylvesterbradleyi, Nudista cariticuspis, Parasleia 
angiportuosa, Parasleia? grandicalcarata, Parasleia 
degener and Undipila cortinata together with Para
sleia diversa, Aechmina and Jonesites species and 
many non-palaeocopes such as thlipsurids. The 
Early Wenlock Barr Limestone (M. riccartonensis 
Biozone) of central England has yielded less abundant 
fauna, containing the widely occurring Early Shein
woodian P. diversa, a single, localized beyrichiacean 
(.Parasleia artemon), and other as yet unrecorded 
palaeocope and nonpalaeocope taxa. The basal 
Wenlock Woolhope Limestone of the Woolhope 
inlier contains P. aff. artemon, together with 
Tinotoxotisl sp.

In the off-shelf facies of the Welsh Basin known 
Wenlock ostracod faunas are scarce. Nevertheless, 
importantly, the siltstones and other fine elastics 
of such palaeoenvironments contain rare, early 
myodocopes, as in Homerian sequences (C. 
lundgreni-G. nassa biozones) in the Long Moun
tain, Powys (Siveter unpublished). The landmark 
discovery of a Palaeozoic ostracod with preserved 
soft parts was of a myodocopid, namely Colymbosa- 
thon ecplecticos, from Late Wenlock outer- to off- 
shelf facies of Herefordshire in the Welsh Border
land (Siveter et al. 2003).

Currently, it is not the (endemic) beyrichiaceans 
but other species that offer the potential for wider 
correlation of the British Wenlock (Siveter 1989). 
For example, species reported to be conspecific 
with ‘British’ taxa have similar, or only somewhat 
slightly different, ranges in Podolia, Ukraine, 
where Wenlockiella phillipsiana ( ‘Bairdiocypris 
phillipsianus’), Silensis mawii and Thlipsura mar- 
tinssoni are all recorded from the supposed Mid- 
Wenlock (see Abushik 1971, 1983; Koren et al. 
1989, p. 147, fig. 105). D. corbuloides occurs in 
the Late Wenlock of both Britain and Podolia 
(Lundin & Petersen 1991). P. v-scripta also occurs 
in the Late Wenlock Mulde Beds in Sweden 
(Lundin & Petersen 1989), as does P. valida (= 
probable senior synonym of Primitiopsis planifrons\ 
see Siveter 1978). However, the reported range of 
‘Longiscula’ smithii, P. valida and also the ‘Zone 
species’, T. corpulenta, in the Mid-Wenlock in 
Podolia (Abushik 1971; Koren et al. 1989) would, 
if correct, represent essentially an older occurrence 
compared to their Mid-Homerian-Gorstian 
distribution in the Welsh Borderland. Undoubtedly, 
many other British Wenlock species will be 
demonstrated to have correlative value when their 
description and stratigraphic analysis are published.

Ludlow Series

The Early Ludlow was a time of gradually increas
ing water depth in the Welsh Borderland. Many Late 
Homerian species range across the series boundary 
into part or all of the Elton Group (Siveter 1978, 
1989; Lundin et al. 1991). For example, these 
include, in addition to some species mentioned 
earlier, Octonaria octoformis, Jonesites excavata, 
Sarmatotoxotis phracta, Tinotoxotis velivola and 
the distinctive Aechmina cuspidata. Moreover, it 
seems that in general no new assemblages or distinc
tive taxa are introduced in the early most Gorstian. 
The Middle and Upper Elton formations and the 
Late Gorstian in the Welsh Borderland have hitherto 
been sampled relatively sparsely for ostracods. That 
notwithstanding, currently the beyrichiaceans 
Zorotoxotis segena and Sleia ancon, found in the 
Abberley Hills and possibly the Wenlock area, are 
restricted to the Late Gorstian. Although some of 
the species that occur in the Gorstian in Britain poss
ibly also occur in Podolia or Baltoscandia, at present 
none of their supposed ranges outside Britain 
appears compatible with their British occurrence 
based on current correlations.

Starting in the earlymost Ludfordian, a relatively 
high-resolution national and international ostracod 
biostratigraphy can be demonstrated using especially 
beyrichiaceans and other palaeocopes (for details see 
Siveter 1989; Hansch & Siveter 1994). The Lower 
Leintwardine Formation and correlatives of the type 
Ludlow and elsewhere in the Welsh Borderland are 
characterized by a fauna with Neobeyrichia nutans 
and Hemsiella cf. loensis (Siveter 1978). In the Lake 
District N. nutans occurs at an assumed slightly 
younger horizon (Shaw 1971a, b). Embryotoxotis 
convallis, Sleia equestris and Calcaribeyrichia sp. 
nov. also occur in the Lower Leintwardine Formation 
and at slightly younger horizons. The Welsh Border
land occurrence of N. nutans offers good correlation 
with the Swedish ostracod succession: on Gotland 
(Martinsson 1967) the A. nutans-Hammariellapulchri- 
velata association characterizes the middle part of 
the Hemse Beds (Late Gorstian-Early Ludfordian). 
The same ostracod association is also found at pre
sumed approximately coeval levels in (what Sarv 
considers as the Mid- to later part of) the Paadla 
stage of the Ohesaare Borehole 1 in Estonia {N. 
nutans ‘zone’) and in the same stage of the Kurkoiai 
Borehole in West Lithuania (Sarv 1971,1977,1982). 
The record of both N. nutans and H. pulchrivelata in 
Podolia shows minor variance with this picture in 
that both species occur in the low parts of the 
Malinovtsy horizon, in strata correlated with slightly 
older levels in the Ludlow (Abushik 1971; Koren 
etal. 1989, p. 147, fig. 105).

Both the Early Ludfordian Upper Leintwardine 
Formation of the type Ludlow and many other
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Welsh Borderland areas (Siveter 1978) and the 
high Hemse-Eke beds on Gotland (Martinsson 
1967) have the celebrated Neobeyrichia lauensis- 
Neobeyrichia scissa association. The same associ
ation is also recognized from the Lower Underbar
row Flags of the Lake District (Shaw 1971h), 
where Neobeyrichia lauensis appears to upset the 
established pattern by extending into what is 
assumed to be the local correlatives of the lower 
part of the Lower Whitcliffe Formation (Late 
Ludfordian). One additional species diagnostic of 
the type Upper Leintwardine Formation is Neobeyr
ichia confluens (Siveter 1978), a species originally 
recorded from strata of assumed almost exclusively 
Late Ludfordian age from the Lake District (Shaw 
1971h). The lauensis (-scissa) association is also 
found in Podolia (W. lauensis Biozone’), Scania 
and Latvia in strata thus correlated to the Early 
Ludfordian (see Siveter 1989). Both species also 
occur in the East Baltic, but the record of their 
co-occurrence there seemingly does not overlie a 
nutans-pulchrivelata association in any one 
sequence; however, within the upper part of the 
supposed Paadla stage in Lavia and Lithuania 
records of N. lauensis immediately succeed those of
H. pulchrivelata to give a pattern consistant with the 
Gotland ostracod faunal sequence (see Siveter 1989).

The Late Ludfordian Whitcliffe Group of the 
type Ludlow has yielded only a sparse ostracod 
fauna (Siveter 1978; see also Miller 1995), consist
ing of essentially three species, namely Lophocte- 
nella cf. scanensis (also found in the type 
Leintwardine Group), Hemsiella maccoyiana and, 
characteristically, Calcaribeyrichia torosa, all of 
which also occur in the Long Mountain and Lake 
District (Shaw 1969, 1971h) and range into the 
Early Pridoli. H. maccoyiana occurs in many areas 
of Europe and North America and, overall, seems 
to have a somewhat long (Late Ludlow-Pridoli) 
stratigraphical range (see Siveter 1980; Siveter & 
Flansch 1990). Nevertheless, above the lauensis- 
scissa association in the ostracod faunal succession 
in Europe a fauna characterized by Neobeyrichia 
regnans and/or H. maccoyiana enters in the Late 
Ludfordian, as seen in Scania, Poland, Estonia, 
Latvia/Lithuania and the submarine Floburg Bank 
area, and certain ‘Beyrichienkalk’ erratic boulders 
of the Baltic (for details see Siveter 1989; Hansch 
1993a, 1995; Hansch & Siveter 1994). Like 
H. maccoyiana, in some successions N. regnans 
also appears to extend into post-Ludlow levels. 
Another potential Late Ludfordian correlative link 
is the fact that C. torosa from Britain looks very 
similar to the partly contemporaneous but unrevised 
‘Beyrichia’ cuspidata Gronwall, 1897 from Scania. 
Macrypsilon salterianum, a long-ranging species 
ubiquitous in the Late Ludlow-Pridoli in Europe 
(see Siveter 1980; Siveter & Hansch 1989), is

known in Britain in the Lake District and the Long 
Mountain area in beds spanning the Late Ludfor
dian-Early Pridoli.

As is the case for the Wenlock, the off-shelf 
facies of the Ludlow of the Welsh Basin has 
yielded sparse, low-diversity faunas, consisting pre
dominantly of myodocopes (studies in progress; see 
Siveter 1984; Siveter et al. 1987, 1991). In fact, 
Ludlow deposits have yielded almost all of the 
known specimens of myodocope from the Welsh 
Basin, where about 12 species occur between the 
basal Gorstian and Late Ludfordian (N. nilsonni- 
Bohemograptus biozones). Some of the material is 
from Clwyd (‘Denbighshire’), but most of the 
finds are from central Powys, especially the 
Long Mountain, in the L. scanicus and tumescensj 
incipiens biozones. All these myodocope species 
have relatively short stratigraphical ranges and 
offer biostratigraphical potential. They include 
‘Entomis’ migrans, which ranges from the S. leint- 
wardinensis Biozone to the Bohemograptus 
Biozone (Ludfordian), and Parabolbozoe bohe- 
mica, which is known from the N. nilsonni and
L. scanicus biozones (Early-Mid-Gorstian). Both 
species also occur in the Ludlow elsewhere in 
Europe (variously, for example, the Czech Republic, 
France, Sardinia and Poland) and ‘E.’ migrans is 
also present in the Ludlow of the former Soviet 
Union (Siveter unpublished); the statigraphic ranges 
of these non-British occurences are yet to be finely 
resolved. Myodocopes are also known, although 
rarely, from shelf facies of Ludlow age, in the 
Ludlow and West Midlands districts.

Pridoli Series

The base of the British Downton Group is essen
tially coeval with the base of the type Pridoli in 
the Czech Republic (Bassett et al. 1982; Miller
1995). Unlike the essentially indigenous ostracods 
of the type Pridoli (Hansch 1993h), British assem
blages form part of a series of successive ostracod 
faunas offering excellent correlation across Europe 
and also into North America.

In the Welsh Borderland a fauna consisting 
of, variously, Frostiella groenvalliana, Londinia 
arisaigensis, Londinia fissurata and Nodibeyrichia 
verrucosa appears for the first time in the basal 
part of the Ludlow Bone Bed Member of the 
Downton Castle Sandstone Formation and charac
terizes that formation. As originally demonstrated 
by Martinsson (e.g. 1963, 1964, 1965a, 1967, 
1970, 1917b), the basal Pridoli sequence of 
benthic ostracod faunas containing F. groenvalliana 
or synonymous forms (Frostiella lebiensis: see 
Siveter 1989; Hansch et al. 1991) and its associates, 
provides a chain of correlation linking various 
European and North American deposits to the
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graptolitic-rich Pndoli type sequence in Bohemia 
via sequences in both the Kaliningrad region of 
the East Baltic and Poland. The stratigraphical dis
tribution, correlation and far-ranging geographical 
and lithological occurrence of this index fauna, 
encompassing Britain, the USA, Canada, Scania, 
the submarine floor of the Baltic, Estonia, Latvia, 
Lithuania, Kaliningrad, Poland and the Ukraine 
(.Frostiella modesta Abushik, 1971 =  synonym of
F. groenvalliana: Siveter unpublished), has been 
fully documented (Siveter 1989 and references 
therein; for additional information see also Hansch 
et al. 1991; Hansch 1993a, 1995; Hansch & 
Siveter 1994; Miller 1995).

In addition to several parts of the Welsh Border
land, F. groenvalliana also occurs at correlative 
levels in the Lake District (Shaw 1971/?) and is 
also possibly present at the base of the Downton 
Group in the English West Midlands and in the 
Lakenheath borehole beneath eastern England 
(Siveter 1989). Records of Frostiella in possible 
Ludfordian deposits in south-central Wales (see 
Bassett et al. 1982) and totally unexpected listings 
of Frostiella-Yike kloedeniine beyrichiaceans from 
the Gorstian of North Wales (see Siveter 1989), 
offer the only possible challenges to the robust and 
important biostratigaphic scheme that F. groenvalli
ana and associates provide for the early part of the 
Pndoli Series across the North Atlantic region.

In addition to its occurences in the Welsh Basin 
(Shaw 1969; Siveter 1974, 1978, 1989; Miller 
1995), Londinia arisaigensis is also known from 
Canada. N. verrucosa is also found in the East 
Baltic, but at a higher level than in the Pndoli of 
Britain (Hansch & Siveter 1994); in the Welsh 
Borderland it is present exclusively in the Downton 
Castle Sandstone Formation and correlatives, 
whereas in Estonia it occurs in the Late Pndoli 
Ohesaare ‘Stage’.

Overlying strata with F. groenvalliana in the 
Welsh Basin, the decreasingly marine-influenced 
Temeside Shales Formation contains the endemic 
Londinia fissurata and Frostiella bicristata, the 
youngest known ostracod fauna from Silurian out
crops in Britain. In Europe and North America the 
post-groenva//iana-pre-Devonian ostracod fauna 
is that of the Beyrichienkalk sensu stricto and corre
latives, a complex series of (in some areas) several 
broadly successive faunas, the top association of 
which is represented in Britain by Nodibeyrichia 
pustulosa (gedanensis) and Kloedenia wilckensiana 
in the through-going marine deposits of the Little 
Missenden borehole in Buckinghamshire (Shaw 
1969; Siveter 1974, 1978, 1989).

The ostracod taxonomy, faunal subdivision, 
distribution and correlation of the ‘Beyrichienkalk 
s.s.’ (rarely, the term implies a longer stratigraphic 
range; e.g. Hansch 1985) erratic boulders has

generated extensive literature (detailed in Siveter 
1989; see also Abushik 1986; Gailite 1986; Sidara- 
viciene 1986; and other papers given below). The 
typical Beyrichienkalk s.s. ostracod is the beyri- 
chiine Nodibeyrichia (N. tuberculata, N. pustulosa), 
together with kloedeniines such as K. wilckensiana 
or Kloedenia leptosoma, Frostiella pliculata or 
Frostiella comuta, amphitoxotidines such as Hem- 
siella maccoyiana s.l., Sleia kochi or Berolinella 
steusloffi and Neobeyrichia forms. Although many 
local associations of these taxa exist (see Siveter 
1989), in general within the East Baltic area it is 
possible to recognize two, broadly defined and rela
tively widespread, stratigraphically successive 
ostracod faunas of the Beyrichienkalk s.s., charac
terized by N. tuberculata and N. pustulosa and/or 
K. wilckensiana respectively (Hansch 1993a, 
1995; Hansch & Siveter 1994). The ostracods of 
the Beyrichienkalk s.s. as a whole can be used to 
correlate presumed Mid- to Late Pndoli deposits 
of Poland, Estonia, Latvia, Lithuania, Baltic sub
marine areas (Hoburgs Bank) and appropriate erra
tics, Nova Scotia, Maine and southern England 
(see Siveter 1989; Hansch & Siveter 1994). Post- 
Beyrichienkalk ostracod faunas in effect mark the 
Devonian in ostracod terms. Based on Baltic ostra
cods and conodonts from Beyrichienkalk boulders 
and the Prldoll type area, there is little resolvable 
stratigraphical distance between the upper ostracod 
associations within the Beyrichienkalk and the 
Silurian-Devonian boundary (see Siveter 1989; 
Hansch 1993a, 1995; Hansch & Siveter 1994). 
Thus, the deposits yielding beyrichiaceans in the 
Little Missenden Borehole probably conelate to 
within the Ledbury Formation of the Welsh 
Borderland.

Ostracod palaeoecology
Silurian ostracods occupied most of the habitats and 
had adapted to most of the lifestyles known from 
Recent ostracods (Siveter 1984). The vast majority 
of Silurian ostracods were probably benthic, living 
mostly on relatively shallow-water submarine 
shelves and shelf slopes. As demonstrated in part 
from the Welsh Basin, there was also a small but 
ecologically very important myodocope fauna 
living in the water column in the Silurian, which 
represents the earliest firm evidence in the strati
graphic record for the existence of pelagic ostracods 
(Siveter 1984; Siveter et al. 1987, 1991). British 
Silurian ostracods also provide evidence that the 
group was beginning to adapt to other than normal 
marine salinities. Some Late Silurian (Pndoli) 
Welsh Basin ostracod faunas are found in ‘red 
bed’ sediments formed in quasi-marine/brackish, 
perhaps coastal, environments.
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That depth was also a controlling factor on the 
distribution and diversity of Silurian ostracods 
is clear (Siveter 1984). This is demonstrated by, for 
example, the analysis of the non-palaeocope faunas 
of the type Wenlock, where low abundance and low 
diversity in the Late Sheinwoodian is interpreted to 
represent maximum water depth for the series, 
whereas the high-diversity fauna of the Late 
Wenlock reflects the shallowest water conditions 
in the sequence (Lundin et al, 1991). Very similar 
trends are apparent in the corresponding palaeocope 
faunas (Siveter 1978, 1989). As yet there is no evi
dence that Silurian ostracods inhabited deep-sea 
benthic environments, as represented, for example, 
by oceanic sediments in the Silurian of the Southern 
Uplands of Scotland, or that they had invaded 
freshwaters.

Although dominantly benthic, the distribution of 
many Silurian ostracod species cuts across facies, 
basinal and, in some cases, faunal province bound
aries, thus rendering them of biostratigraphic 
importance (Siveter 1989). For example, the 
pan-European-North American distribution of the 
beyrichiacean Frostiella groenvalliana embraces a 
wide range of shelf facies. The biostratigraphic 
potential of the typically more ‘offshore’, myodo- 
cope (pelagic) fauna has yet be to be fully realized, 
but their possible value is obvious. Currently, not 
only do the myodocopes provide the only 
species-level links (Parabolbozoe bohemica and 
‘Entomis’ migrans) between the British and Bohe
mian ostracod successions, but such faunas, as 
occur characteristically in shelf slope and off-shelf 
siltstones and mudstones, also offer ready links 
into the more graptolite-rich sequences.

Future research
As shown by relevant publications, the study of 
British Silurian ostracods has undergone a renais
sance in the last 30 years. Moreover, ongoing 
work, such as research on the important myodocope 
faunas, will reinforce this trend. Nevertheless, there 
is still much to do. For certain horizons primary 
documentation of the faunas is still far from 
complete. In the classic sequences of the Welsh 
Borderland this gap in our knowledge applies 
particularly to many parts of the Ludlow (Gorstian 
and Late Ludfordian) and Llandovery series. 
Even in the relatively much-studied type Wenlock 
several important groups, such as the non- 
beyrichiacean palaeocopes, remain either undocu
mented or unrevised since the pioneering days of 
T. R. Jones and his associates. In fact, this applies 
to most of the species of non-beyrichiacean palaeo
copes in the British Silurian in general. Species of 
one such group, the Primitiopsacea, are known to 
occur in the Llandovery, Wenlock and Ludlow

series in the central Welsh Borderland but, as with 
their counterparts on Gotland, in essence they still 
need primary study. Furthermore, the ostracod 
faunas of many Silurian areas outside the central 
Welsh Borderland, such as those in the southern 
Welsh Borderland inliers, have hitherto received 
somewhat scant treatment; this is in spite of the 
fact that such sequences (e.g. the Tortworth inlier) 
have, or potentially have, rich assemblages. The 
recovery and preparation alone of many of the as 
yet unstudied faunas of British Silurian ostracods, 
such as the mould and limestone slab material of 
the type Ludlow, will necessitate dedicated and 
particularly time-consuming research effort.
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palaeocopes; Dr M. Williams (formerly of the British 
Geological Survey) for his review of the manuscript; 
Mr R. Branson (University of Leicester) for technical 
assistance; and the University of Leicester for study leave.
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Explanation of plates
Specimens figured in these plates are housed in a number of depositories and are indicated thus: Sedgwick 
Museum, Cambridge (SM), British Geological Survey, Edinburgh (GSE), and the Department of Geology, 
Arizona State University, Tempe, USA (ASU). The majority, however, are either in the collections of The 
Natural History Museum, London (registration numbers prefixed variously by I, Io, In and OS), or the 
British Geological Survey, Keyworth (registration numbers prefixed by GSM).

Abbreviations: LV, left valve; RV, right valve; car, carapace (It. lat, left lateral view; rt. lat., right lateral 
view; dors., dorsal view).

Plate 1
1, 2. Craspedobolbina (Mitrobeyrichia) impendent (Haswell, 1865)

Figured specimens: 1, SM A88250, female RV lat., cast of external mould, hinge 1125 pm long, x33;2, SM A88251, 
male RV lat., cast of external mould, hinge 1035 pm long, x 37. Wether Law Linn Formation?, Telychian Stage; Pent- 
land Hills, near Edinburgh (grid ref. approximately NT 147 586).
Diagnosis: Small Craspedobolbina (Mitrobeyrichia), with syllobial cuspidal plica rounded, anterior lobal cusp weak; 
adductorial sulcus very narrow. No syllobial groove or lobular differentiation.
Range: Deerhope, Wether Law Linn and, possibly, Reservoir formations, Teychian, Pentland Hills.
Remarks: The only known Scottish member of the genus.

(continued on p. 64)
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3. Longiscella grandis (Jones & Holl, 1869)
Figured specimen: ASU X-133, car., rt. lat., 2080 pm long, x22. Apedale Member, Coalbrookdale Formation, 
Sheinwoodian Stage; near bridge over River Severn at Buildwas, Shropshire (grid ref. SJ 6451 0445; Locality 34 
of Siveter 1980).
Diagnosis (after Petersen & Lundin 1995): Smooth L o n g is c e l la  with subreniform lateral outline and subrectangular 
longitutudinal outline. Venticulus and stranguloid processes poorly developed. Adductorial recess distinct.
Range: Hughley Shales, Telychian Stage; Buildwas Formation and Apedale Member, Coalbrookdale Formation, 
Sheinwoodian Stage, Welsh Borderland.
Remarks: Fully described by Petersen & Lundin (1995). Congeneric material ( L o n g is c e l la  c a u d a l i s  (Jones, 1889)) of 
similar age occurs in Podolia (see Abushik 1971; Koren e t  a l. 1989) and Gotland (see Petersen & Lundin 1995).

4, ?5. Stroterobolbina floribunda Siveter, 1980
Figured specimens: 4, OS 6323, holotype, male RV lat. (anterodors. region missing), cast of external mould, hinge 
960 pm long, x39; Hughley Shales, Telychian Stage, Devil’s Dingle, Buildwas, Shropshire (grid ref. SJ 640 055; 
Locality 29 of Siveter 1980). 5, OS 6328, conspecific(?) female LV lat., hinge 970 pm long, x38; Hughley Shales, 
Telychian Stage, Church Preen Brook, Shropshire (grid ref. SO 5620 9764; Locality 30 of Siveter 1980).
Diagnosis: Craspedobolbinine with wide, entire velum crossed by strut-like spines. Long, sausage-shaped crumina, 
mostly in front of adductorial sulcus. Preadductorial node and weak prenodal sulcus.
Range: Hughley Shales, Telychian Stage, Welsh Borderland.
Remarks: Topotype females are poorly preserved; the figured female differs in having verrucae.

6. Neckajatia symmetrica (Jones, 1887)
Figured specimen: ASU X-126, car., It. lat., 850 pm long, x53. Buildwas Formation, Sheinwoodian Stage; north 
floor of River Severn, river bend at Buildwas, Shropshire (grid ref. SJ 6405 0455; ‘Buildwas’ Locality of Lundin 
e t a l .  1991, p. 178).
Diagnosis: Weakly punctate N e c k a ja t ia  with gently rounded anterior and posterior margins and more or less straight 
ventral and dorsal margins in lateral view; greatest height near posterior end. Right valve overlaps left.
Range: Hughley Shales, Telychian Stage and Buildwas Formation, Sheinwoodian Stage, Welsh Borderland. 
Remarks: Congeneric and possibly conspecific material occurs in Podolia (see Abushik 1971: A lth a  m o d e s ta  Neckaja, 
1958), Gotland and the east Baltic (see Lundin 1988).

7, ?8. Diceratobolbina sp.
Figured specimens: 7, OS 6659, tecnomorphic RV lat., cast of external mould, hinge 610 pm long, x66; Hughley 
Shales, Telychian Stage, Devil’s Dingle, Buildwas, Shropshire (grid ref. SJ 640 055; Locality 29 of Siveter 1980). 
8, OS 6660, conspecific)?) female RV lat., cast of external mould, hinge 630 pm long, x61; Hughley Shales, Tely
chian Stage, Church Preen Brook, Shropshire (grid ref. SO 5620 9764; Locality 30 of Siveter 1980).
Description: Small, preplete, unisulcate granulose valves; tecnomorphs have slight convexity in outline anteroven- 
trally and a subdued, short elongate projection just behind mid-length.
Range: Hughley Shales, Telychian Stage, Welsh Borderland.
Remarks: The loculate female (8), a calcareous valve, is conspecific with C te n o b o lb in a  d ie n s t i  Kummerow, 1924 of 
Harper (1940) and might be conspecific with the tecnomorph (7). Material from ‘9d beds’ of the Oslo area and con
sidered conspecific with Harper’s material (Henningsmoen 1954, p. 58, plate 6, fig. 5) is possibly another species based 
on lobal and sulcal morphology. A tecnomorph from Baltic erratics (Hansch 1992) is similar to British material.

9. Entomozoe tuberosa (Jones, 1861)
Figured specimen: GSE 10812, LV lat., cast of external mould, 10.29 mm long, x4.1. Probably from Wether Law 
Linn Formation, Telychian Stage; right bank of River North Esk, Pentland Hills, near Edinburgh.
Diagnosis (modified from Siveter & Vannier 1990): Entomoconchacean? with a vertical adductorial sulcus, 
curved forward below a moderately sized anteroventral node. Anterior indentation in shell outline and rostral incisure 
present. Adductor muscle scar forms biserial-radial, feather-like pattern. Surface smooth to weakly punctate- 
reticulate.
Range: Wetherlaw Linn Formation, Telychian Stage, Pentland Hills.
Remarks: A closely similar myodocope species occurs in the Telychian of North Greenland (Siveter'& Lane 1999) 
and Severnaya Zemlya, Russia (Siveter & Bogolepova 2006).

10, 11. Craspedobolbina (Artiocraspedon) glabra (Harper, 1940)
Figured specimens: 10, OS 6312, incomplete female LV lat. (dorsal regions missing), cast of external mould, hinge 
approx. 1340 pm long, x 29; Hughley Shales, Telychian Stage, Devil’s Dingle, Buildwas, Shropshire (grid ref. SJ 640 
055; Locality 29 of Siveter 1980). 11, OS 6305, tecnomorphic RV lat., hinge 1070 pm long, x38; Hughley Shales, 
Telychian Stage, Church Preen Brook, Shropshire (grid ref. SO 5620 9764; Locality 30 of Siveter 1980). 
Diagnosis: C r a s p e d o b o lb in a  ( A r t io c r a s p e d o n )  having narrow adductorial sulcus and wide, entire, prominently 
tubulous velum.
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Range: Hughley Shales, Telychian Stage, and possibly Pentamerus Beds, Aeronian, Welsh Borderland.
Remarks: Rare for a British ostracod, its range embraces a (possible) pre-Telychian occurrence.

12. ‘Jonesites’ reticulatus (Harper, 1940)
Figured specimen: OS 6653, LV lat., 420 pm long, x 107. Hughley Shales, Telychian Stage; Church Preen Brook, 
Shropshire (grid ref. SO 5620 9764; Locality 30 of Siveter 1980).
Diagnosis: Valves weakly preplete, reticulate. Adventral ridge complete between cardinal corners, extends along pos
terior dorsum and posterior and ventral margins of adductorial sulcus. In front of latter is elongate bulbous, discrete lobe. 
Range: Hughley Shales, Telychian Stage, Welsh Borderland.
Remarks: Known from moulds and calcareous valves. Comparison with the type species of Jonesites indicates that 
they are not congeneric.

13, 14. Craspedobolbina (Mitrobeyrichia) hipposiderus Siveter, 1980
Figured specimens: 13, Io 4757, male LV lat., hinge 1620 pm long, x 24; 14, Io 4758 (holotype), female LV lat., hinge 
1610 pm long, x24. Upper Llandovery (probably from Hughley Shales, Telychian Stage); Shineton, Shropshire. 
Diagnosis: Craspedobolbina (Mitrobeyrichia) with postcruminal velar edge weakly connected to long ridge on 
crumina. U-shaped zyal arch present. Syllobium has prominent cusp anteriorly, lacks syllobial groove.
Range: Hughley Shales, Telychian Stage, and possibly Pentamerus Beds, Aeronian, Welsh Borderland.
Remarks: One of only a few British ostracod species with a (possible) range into pre-Telychian strata.

Plate 2
1, 2. Nudista cariticuspis Siveter, 1980

Figured specimens: 1, OS 6493, holotype, female LV lat., hinge 1310 pm long, x 29; 2, OS 6494, tecnomorphic LV 
lat., hinge 1020 pm long, x37. Brinkmarsh Formation, Sheinwoodian Stage; Brinkmarsh Quarry, near Whitfield, 
Tortworth inlier, Avon (grid ref. ST 6735 9132; Locality 11 of Siveter 1980).
Diagnosis: Amphitoxotidine beyrichiacean with entire, broad syllobium, lacking cusps; velum moderately wide, 
restricted gradually posteroventrally, virtually absent precruminally. Females smooth; tecnomorphs with tendency 
to be reticulate. Velar edge across crumina curves towards margin, has small mid-length deflection, becomes obsolete 
anteriorly. Torus remains behind crumina.
Range: Brinkmarsh Formation, Sheinwoodian Stage, Avon.
Remarks: The genus is monotypic.

3. Thlipsura martinssoni Petersen & Lundin, 1974
Figured specimen: OS 6643, car., rt. lat., 1630 pm long, x28. Buildwas Formation, Sheinwoodian Stage; opposite 
Buildwas Abbey, Buildwas, Shropshire (grid ref. SJ 643 045; Locality 37 of Siveter 1980).
Diagnosis: Smooth, elongate Thlipsura species with well developed, straight to slightly sinuous, subhorizontal pos
terior furrow. Ventral lobe (below furrow) is longer than dorsal lobe; latter forms posterodorsal border.
Range: Buildwas Formation and Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh 
Borderland.
Remarks: Also recorded from the probable Late Sheinwoodian (Marjanovka Formation) of Podolia (Koren et al. 1989).

4, 5. Ploteristes sylvesterbradleyi Siveter, 1994
Figured specimens: 4, OS 14663, male RV lat., hinge 1810 pm long, x22; 5, OS 14667, holotype, female RV lat., 
hinge 1820 pm long, x22. Brinkmarsh Formation, Sheinwoodian Stage; Brinkmarsh Quarry, near Whitfield, Tort- 
worth inlier, Avon (grid ref. ST 6735 9132; Locality 11 of Siveter 1980).
Diagnosis: Kloedeniine beyrichiacean with wide striate field subcruminally, and wing-like projection of ventral part 
of velum in tecnomorphs; cristae lacking. Preadductorial node well developed, projects dorso-laterally; top faceted, 
finely reticulate. Syllobium has prominent anterior cusp; posterior syllobial cusp and anterior lobal cusp smaller, con
nected by velar bend. Crumina long, has two broad ridges laterally. Lobes and dorsal part of crumina 
sparsely tuberculate.
Range: Brinkmarsh Formation, Sheinwoodian Stage, Avon.
Remarks: This species is by far the earliest recorded kloedeniine, a group typically known from Upper Silurian and 
Devonian deposits.

6. Bollia bicollina Jones & Holl, 1886
Figured specimen: OS 6638, LV lat., hinge 780 pm long, x 40. Buildwas Formation, Sheinwoodian Stage; east bank 
of Harley Brook, near Domas, Shropshire (grid ref. SJ 5922 0030).
Diagnosis: Finely granulose species with broad, rounded adventral structure, complete between obtuse cardinal 
corners. U-shaped, ridge-like lobal connection joins bulbous preadductorial and elongate posterior lobes around well- 
developed adductorial sulcus. Hinge much shorter than valve length.
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Range: Buildwas Formation and Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh 
Borderland.
Remarks: The type species of the genus.

7, 8. Craspedobolbina (,Mitrobeyrichia) interrupta (Jones, 1887)
Figured specimens: 7, In 27474, lectotype, female car., It. lat„ hinge 2275 pm long, x 17; Buildwas Formation, 
Sheinwoodian Stage, Buildwas, Shropshire. 8, I 2214, tecnomorphic RV lat., hinge 1800 pm long, x22; Buildwas 
Formation, Sheinwoodian Stage, Harley Brook, Shropshire.
Diagnosis: Craspedobolbina (Mitrobeyrichia) in which the ridge running below and subparallel to dolonoid scar 
appears as a continuation of postcruminal part of velum; this ridge never touches or encroaches into the scar. From 
a point immediately beneath zygal arch a well-marked groove projects across the syllobium.
Range: Hughley Shales, Telchyan Stage and Buildwas Formation, Sheinwoodian Stage, Welsh Borderland. 
Remarks: Mabillard & Aldridge’s (1985) record extends this species into the latest Teychian.

9. Tubulibairdia sp. nov.
Figured specimen: ASU X-145, car., rt. lat., 800 pm long, x 56; Buildwas Formation, Sheinwoodian Stage; opposite 
Buildwas Abbey, Buildwas, Shropshire (grid ref. SJ 643 045; Locality 37 of Siveter 1980).
Range: Buildwas Formation and Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh 
Borderland.
Remarks: This smooth, subovate species is that recognized by Petersen (1975) and Lundin et al. (1991).

10,11. Beyrichia (Beyrichia) sp. nov. 2
Figured specimens: 10, OS 6548, male LV lat., cast of external mould, hinge 1900 pm long, x 20; Blaeberry For
mation, Priesthill Group, probably Telychian Stage, Waterhead, Lesmahagow inlier (grid ref. NS 7058 3085; Locality 
5 of Siveter 1980). 11, OS 6549, female RV lat., cast of external mould (slightly distorted ventrally), hinge approx. 
2000 pm long, x20; Blaeberry Formation, Blaeberry Bum, Lesmahagow inlier, Scotland (grid ref. NS 7350 3560; 
Locality 4b of Siveter 1980).
Range: Blaeberry Lormation, Priesthill Group; probably Telychian Stage.
Remarks: One of several beyrichiacean species in the Silurian inlier of Lesmahagow. Distinguished by its three 
prominent spines.

12. Parulrichia diversa (Jones & Holl, 1886)
Figured specimen: OS 6649, RV lat., 1000 pm long, x45. Buildwas Formation, Sheinwoodian Stage; east bank of 
Harley Brook, near Domas, Shropshire (grid ref. SJ 5925 0035).
Diagnosis: Quadrilobate and weakly punctate. Weak anterior lobe, node-like L2; L3 ventrally confluent with anterior 
lobe; posteroventral node-like, to dorsoventrally ridge-like, L4. SI and S3 weak; S2 oval to arcuate around dorsal, 
posterior and rarely ventral side of L2.
Range: Buildwas Formation, Shropshire; Brinkmarsh Formation, Tortworth inlier, Avon; and Barr Limestone 
Member, Coalbrookdale Formation, Walsall, West Midlands. All are Sheinwoodian Stage.
Remarks: Siveter & Lundin (1993) discuss this species in detail.

13, 14. Beyrichia salopiensis (Harper, 1940)
Figured specimens: 13, GSM 70588/5, female LV lat. (cardinal comers missing), hinge approximately 1800 pm 
long, x21; 14, GSM 70588/1, male LV lat., hinge 1780 pm long, x21. Hughley Shales, Telychian Stage; Harley 
brook, SE of Domas, Shropshire.
Diagnosis: Elongate Beyrichia in which crumina incorporates little of valve wall and has curved, isolated subcruminal 
ridge. Lobes and crumina have coarse tubercles, without differentiation of individual elements or rows. Anterior lobe 
and syllobium wide, with tubercles above hinge line. Syllobial groove very faint.
Range: Hughley Shales, Telychian Stage, Welsh Borderland.
Remarks: This species belongs to a new subgenus (Siveter unpublished).
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Plate 3
1, 2. Undipila subspissa (Jones in Vine, 1888)

Figured specimens: 1, OS 6532, female car., It. lat., hinge 1380 pm long, x 27; 2, OS 6573, male car., LV lat., hinge 
1400 pm long, x 27. Apedale Member, Coalbrookdale Formation, Homerian Stage; near railway bridge, Coalbrook- 
dale, Shropshire (grid ref. SJ 6555 0400; Locality 40 of Siveter 1980).
Diagnosis: Undipila with finely reticulate lobes and comparatively narrow velum. Velum ridge-like in front of 
crumina. Syllobium and anterior lobe comparately slender, cuspidate.
Range: Apedale Member, Coalbrookdale Formation, Homerian Stage, Welsh Borderland.
Remarks: A rare and short-ranging species.

3. ‘Macrocypris’ vinei Jones, 1887
Figured specimen: ASU X-135, car., rt. lat., 885 pm long, x24. Farley Member, Coalbrookdale Formation, Home
rian Stage; south side of River Severn, below Benthall Edge, Shropshire (grid ref. SJ 6664 0352; Locality 43a of 
Siveter 1980).
Diagnosis: Very elongate, smooth non-palaeocope; rounded anteriorly, tapers to point posteroventrally. Left valve 
overlaps right valve ventrally, where there is a bow-shaped projection.
Range: Hughley Shales and Buildwas, Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, 
Telychian -  Gorstian stages; Welsh Borderland and West Midlands.
Remarks: One of the most distinctive species in the British Silurian. Apparently also occurs in the Wenlock of Podolia 
(Abushik 1971) and Gotland (Jones 1888).

4, 5. Parasleia artemon Siveter, 1980
Figured specimens: 4, OS 6339, male LV lat., hinge 1810 pm long, x 22; 5, OS 6340, holotype, female LV lat., hinge 
1805 pm long, x22. Barr Limestone Member, Coalbrookdale Formation, Sheinwoodian Stage; Hay Head Farm, 
Walsall, West Midlands (grid ref. SP 0492 9890; Locality 25 of Siveter 1980).
Diagnosis: Large Parasleia with conspicuous tubercle at top of adductorial sulcus, calcarine spur in tecnomorphs and 
anterior lobe projecting above dorsum. Velum tubulous, wide. Lobes verrucose.
Range: Barr Limestone Member, Coalbrookdale Formation, Sheinwoodian Stage, West Midlands.
Remarks: P. aff. artemon occurs in the basal Wenlock Woolhope Limestone, Woolhope inlier.

6. Rectella siveteri Petersen & Lundin, 1992
Figured specimen: ASU X-139, holotype, car., rt. lat., 960 pm long, x47. Apedale Member, Coalbrookdale For
mation, Homerian Stage; south bank of River Severn, opposite Coalbrookdale valley, Shropshire (grid ref. SJ 6657 
0359; Locality 39 of Siveter 1980).
Diagnosis (after Petersen & Lundin 19926): Rectella species with tubercle at posteroventral lateroadmarginal bend 
of right valve and equivalent position of left valve in some specimens. Dorsal outline ovate to cuneate, posterodorsdal 
surface compressed (flattened). Ventral commissure straight (ventriculus absent). Valves typically smooth, in some 
cases granulose or weakly reticulate.
Range: Hughley Shales, Buildwas and Coalbrookdale formations; Telychian-Homerian stages, Welsh Borderland. 
Remarks: The only described Rectella from the British Silurian.

7, 8. Dictyotoxotis incuspidata Siveter, 1980
Figured specimens: 7, OS 6332, holotype, female LV lat., incomplete dorsum 1000 pm long, x 26; Apedale Member, 
Coalbrookdale Formation, Sheinwoodian Stage, near bridge over River Severn at Buildwas, Shropshire (grid ref. SJ 
6451 0445; Locality 34 of Siveter 1980). 8, OS 6333, tecnomorphic RV lat., hinge 1410 pm long, x26; Buildwas 
Formation, Sheinwoodian Stage; opposite Buildwas Abbey, Buildwas, Shropshire (grid ref. SJ 643 045; Locality 
37 of Siveter 1980).
Diagnosis: Reticulate amphitoxotidine beyrichiacean with tiny, distally sited dolonoid scar on crumina. Velum traced 
towards scar in pattern of cruminal ornament. Lobes inconspicuous, cusps absent. Adductorial sulcus narrow. Velum 
long, tubulous.
Range: Buildwas Formation and Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh Borderland. 
Remarks: Rare, but with a short stratigraphical range.

9. Wenlockiella phaseola (Jones, 1887)
Figured specimen: ASU X-147, car., rt. lat., 925 pm long, x49. Apedale Member, Coalbrookdale Formation, Shein
woodian Stage; near bridge over River Severn at Buildwas, Shropshire (grid ref. SJ 6451 0445; Locality 34 of Siveter 
1980).

(continued on p. 70)
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Diagnosis (after Petersen & Lundin 1996a ) :  Medium-sized W e n lo c k ie l la  with elongate subreniform lateral outline 
and subellipsoidal longitudinal and transverse outlines. Dorsum very gently arched and left/right overreach along 
hinge line weak. Perimarginal ridge present along anteroventral margin of right valve of adults, lacking in juveniles. 
Range: Hughley Shales, Telychian Stage; Buildwas Formation and Apedale Member, Coalbrookdale Formation, 
Sheinwoodian Stage, Welsh Borderland.
Remarks: Fully described by Petersen & Lundin (1996a).

10,11. Undipila cortinata Siveter, 1980
Figured specimens: 10, OS 6530, tecnomorphic car., It. lat., hinge 1255 put long, x29; 11, OS 6529, holotype, 
female LV lat., hinge 1500 pm long, x 27. P y c n a c t i s  Band, Brinkmarsh Formation, Sheinwoodian Stage; Brinkmarsh 
Quarry, near Whitfield, Tortworth inlier, Avon (grid ref. ST 6744 9124; Locality 12d of Siveter 1980).
Diagnosis: U n d ip i la  with wide precruminal velar section, wide adductorial sulcus and finely striate crumina. Cusps 
weakly developed; preadductorial node slender. All lobes, except female preadductorial node, reticulate.
Range: Brinkmarsh Formation, Sheinwoodian Stage, Avon.
Remarks: This is the type species of U n d ip lia .

12. Primitivothlipsurella obtusa Petersen & Lundin, 1989
Figured specimen: ASU X-120, car., rt. lat., 835 pm long, x 54. Buildwas Formation, Sheinwoodian Stage; opposite 
Buildwas Abbey, Buildwas, Shropshire (grid ref. SJ 643 045; Locality 37 of Siveter 1980).
Diagnosis (after Petersen & Lundin 1989): P r im i t i v o th l ip s u r e l la  in which posterior lobe of each valve forms, or is 
very close to, posterior border of valve. Posteroventral sulci orientated at distinct angle to ventral border of carapace. 
Range: Buildwas Formation and Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh 
Borderland.
Remarks: Distiguished from the Late Wenlock P r im i t i v o th l ip s u r e l la  v - s c r ip t a  especially by its posterior morphology 
in lateral view.

13, 14. Parasleia angiportuosa Siveter, 1980
Figured specimens: 13, OS 6351, holotype, female LV lat., hinge 1305 pm long, x32; 14, OS 6349, tecnomorphic 
LV lat., hinge 1020 pm long, x 39. Brinkmarsh Formation, Sheinwoodian Stage; Brinkmarsh Quarry, near Whitfield, 
Tortworth inlier, Avon (grid ref. ST 6735 9132; Locality 11 of Siveter 1980).
Diagnosis: P a r a s l e i a  with syllobial groove typically consisting of two fine furrows: short and faint in females; longer, 
more conspicuous in tecnomorphs. Protuberances in calcarine region lacking. Lobal cusps rounded. Verrucae mostly 
on syllobium.
Range: Brinkmarsh Formation, Sheinwoodian Stage, Avon.
Remarks: At least three congeneric species occur in the Early Wenlock of the Welsh Borderland and West Midlands 
(Siveter 1980).

Plate 4
1, 2. Sleia pauperata (Jones, 1869)

Figured specimens: 1, OS 6400, male LV lat., hinge 1030 pm long, x 38; 2, OS 6410, female LV lat., hinge 1060 pm 
long, x 38. Much Wenlock Limestone Formation, Homerian Stage; Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 
6693 0381; Locality 49 of Siveter 1980).
Diagnosis: Sparsely tuberculate S le ia  with narrow, ridge-like syllobium; syllobial groove shallow, syllobial cusps of 
unequal size. Rounded calcarine tubercle in females, lacking in adult tecnomorphs. Velar edge on crumina long, unin
terrupted, with small abmarginal curve at mid-length.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: A common species; adults show wide size variation between different localities.

3. Neckajatia subquadrata (Jones, 1887)
Figured specimen: ASU X-124, car., It. lat., 910 pm long, x 50. Apedale Member, Coalbrookdale Formation, Shein
woodian Stage; near bridge over River Severn at Buildwas, Shropshire (grid ref. SJ 6451 0445; Locality 34 of Siveter 
1980).
Diagnosis: Punctate N e c k a ja t ia  in which the posterior part of carapace is inflated or developed as a weak ridge. 
Range: Buildwas, Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Sheinwoodian-Gorstian 
stages; Welsh Borderland and West Midlands.
Remarks: Differs from N . s y m m e tr ic a  in its longer range and presence of posterior inflation/ridge.

(continued on p. 72)
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4, 5. Primitiopsacean gen. nov. J.
Figured specimens: 4, OS 6658, female RV lat., hinge 740 pm long, x46; 5, OS 6657, male car., lat., hinge 770 pm 
long, x 43. Much Wenlock Limestone Formation, Homerian Stage; old quarry near Croft Farm, west of West Malvern, 
Herefordshire (grid ref. approximately SO 7574 4646; Locality 18 of Siveter 1980).
Range: Apedale and Farley members, Coalbrookdale Formation, and Much Wenlock Limestone Formation, Home
rian Stage; Welsh Borderland.
Remarks: Characterized by a broad, shallow, dorsolateral longitudinal depression, a smooth adductorial spot and, in 
females, toric and perimarginal ridges.

6. Silenis mawii (Jones, 1887)
Figured specimen: ASU X-142, car., rt. lat., 1140 pm long, x40. Much Wenlock Limestone Formation, Homerian 
Stage; old quarry near Croft Farm, W of West Malvern, Herefordshire (grid ref. approximately SO 7574 4646; Locality 
18 of Siveter 1980).
Diagnosis: Small Silensis species, subtriangular in lateral view, with sharply curved dorsal outline.
Range: Buildwas, Coalbrookdale and Much Wenlock Limestone formations, Sheinwoodian and Homerian stages; 
Welsh Borderland and West Midlands.
Remarks: Also probably occurs in the Wenlock of Podolia (Koren et al. 1989), Gotland and Latvia (Petersen 1975).

7, 8. Gongylostonyx exaggerates Siveter, 1980
Figured specimens: 7, OS 6473, tecnomorphic LV lat., hinge 835 pm long, x49; fig. 8, OS 6474, holotype, female 
RV lat., hinge 1075 pm long, x 35. Much Wenlock Lmestone Formation, Homerian Stage; quarry on Harley Hill, near 
Much Wenlock, Shropshire (grid ref. SJ 6110 0034; Locality 51 of Siveter 1980).
Diagnosis: Small amphitoxotidine beyrichiacean with prominent calacarine spine; velum narrow, flange-like, con
stricted behind large crumina, continues as ridge in front of crumina. All three lobes entire; syllobial cusp strongly 
to very weakly developed.
Range: Apedale and Farley members, Coalbrookdale Formation, and Much Wenlock Limestone Formation, Home
rian Stage; Welsh Borderland and West Midlands.
Remarks: Gongylostonyx is currently monotypic, but an undescribed form exists in the Ludlow of Gotland (Siveter 
1980).

9. Silenis longus Abushik, 1971
Figured specimen: ASU X-143, car., rt. lat., 1700 pm long, x27. Much Wenlock Limestone Formation, Homerian 
Stage; Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis: Large, somewhat elongate Silensis species with gently curved dorsal outline.
Range: Buildwas, Coalbrookdale and Much Wenlock Limestone formations; Sheinwoodian and Homerian stages; 
Welsh Borderland and West Midlands.
Remarks: Originally described from the Wenlock of Podolia (Abushik 1971).

10, 11. Tropidotoxotis arga Siveter, 1980
Figured specimens: 10, OS 6461, holotype, incomplete female RV lat., hinge 1350 pm long (estimated), x29; 
Apedale Member, Coalbrookdale Formation, Homerian Stage, south bank of River Severn, opposite Coalbrookdale 
valley, Shropshire (grid ref. SJ 6657 0359; Locality 39 of Siveter 1980). 11, 1 2378, tecnomorphic LV lat., hinge 
1080 pm long, x 34; Coalbrookdale Formation, railway cutting, near Ironbridge, Shropshire.
Diagnosis: Smooth amphitoxotidine beyrichiacean. Crumina disc-like in form; crossed by unmodified velar edge. 
Velum very wide, sharply restricted posteroventrally, present precruminally. Syllobium broad, adductorial sulcus 
narrow. Lobal cusps lacking.
Range: Apedale and Farley members, Coalbrookdale Formation, Homerian Stage, Welsh Borderland.
Remarks: A rare and short-ranging species.

12. Wenlockiella phillipsiana (Jones & Holl, 1869)
Figured specimen: ASU X-148, car., rt. lat., 1410 pm long, x 32. Farley Member, Coalbrookdale Formation, Home
rian Stage; south side of River Severn, below Benthall Edge, Shropshire (grid ref. SJ 6664 0352; Locality 43a of 
Siveter 1980).
Diagnosis (after Lundin & Petersen 1993): Large Wenlockiella with subtriangular lateral and transverse outlines. 
Dorsum strongly arched and strong left/right valve overreach along hinge line. Perimarginal ridge present along ante- 
roventral margin of right valve in many specimens. Adductor muscle scar field marked on interior of valves by circular 
depression posterior to which is a low limen type ridge.
Range: Hughley Shales and Buildwas, Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Tel- 
ychian-Gorstian stages, Welsh Borderland.
Remarks: Fully revised by Lundin & Petersen (1993). Reported from the Wenlock of Podolia (Abushik 1971; Koren 
et al. 1989) and Lithuania (Pranskevichius 1972).
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13, 14. Equicastanea lappacea Siveter, 1980
Figured specimens: 13, OS 6426, male car., rt. lat., hinge 1760 pm long, x 21; Apedale Member, Coalbrookdale For
mation, Homerian Stage, south bank of River Severn, opposite Coalbrookdale valley, Shropshire (grid ref. SJ 6657 
0359; Locality 39 of Siveter 1980). 14, OS 6425, holotype, female RV lat., hinge 1925 pm long, x20; Farley 
Member, Coalbrookdale Formation, Homerian Stage, Harley Hill Road, near Much Wenlock, Shropshire (grid ref. 
SJ 6095 0036; Locality 48a of Siveter 1980).
Diagnosis: Tuberculo-reticulate amphitoxotidine beyrichiacean with stout, moderately broad lobes. Velum wide, well 
developed precruminally, gradually restricted posteroventrally. Velar edge faintly traced across crumina, with overall 
deflection towards margin and tiny node at mid-point. Torus lacking.
Range: Apedale and Farley members, Coalbrookdale Formation, Homerian Stage, Welsh Borderland.
Remarks: A short-ranging, monotypic species.

Plate 5
1, 2. Beyrichia (Beyrichia) sp. nov. 1

Figured specimens: 1, OS 6557, male car., It. lat., hinge 2280 pm long, x 17; 2, OS 6556, female car., It. lat., hinge 
2370 pm long, x 16. Much Wenlock Limestone Formation, Homerian Stage; Farley Quarry, Gleedon Hill, near Much 
Wenlock, Shropshire (grid ref. SJ 6298 0169; Locality 50 of Siveter 1980).
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: Distinguished by its cuspidal morphology and ornament.

3. Microcheilinella cf. M. convexa Pranskevichius, 1972
Figured specimen: ASU X-137, car., rt. lat., 835 pm long, x 54. Apedale Member, Coalbrookdale Formation, Home
rian Stage; south bank of River Severn, opposite Coalbrookdale valley, Shropshire (grid ref. SJ 6657 0359; Locality 39 
of Siveter 1980).
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: M. convexa was originally described from Lithuania.

4, 5. Tinotoxotis praegnans Siveter, 1980
Figured specimens: 4, OS 6439, holotype, female car., It. lat., hinge 1770 pm long, x 17; Farley Member, Coalbrook
dale Formation, Homerian Stage, Harley Hill Road, near Much Wenlock, Shropshire (grid ref. SJ 6099 0035; Locality 
48b of Siveter 1980). 5, OS 6437, tecnomorphic RV lat., hinge 1500 pm long, x21; Farley Member, Coalbrookdale 
Formation, Homerian Stage, NW side of Acklands Coppice, near Much Wenlock, Shropshire (grid ref. SJ 6379 0269; 
Locality 42a of Siveter 1980).
Diagnosis: Tinotoxotis with crumina vaguely acuminate transversely across exceptionally wide velum. Deflection of 
velar edge traced, diagonally, near apical part of crumina. Ornament mostly lacking; crumina weakly striate near 
velar edge.
Range: Farley and possibly Apedale members, Coalbrookdale Formation, Homerian Stage, Welsh Borderland. 
Remarks: Cruminal morhology is very distinctive.

6. Beyrichiacean gen. nov. F
Figured specimen: OS 6634, LV lat., hinge 1040 pm long, x37. Much Wenlock Limestone Formation, Homerian 
Stage; old quarry near Croft Farm, west of West Malvern, Herefordshire (grid ref. approximately SO 7574 4646; 
Locality 18 of Siveter 1980).
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: Known only from tecnomorphs; thousands of valves from many localities.

7, 8. Sarmatotoxotis phracta Siveter, 1980
Figured specimens: 7, OS 6512, tecnomorphic RV lat., hinge 1200 pm long, x32; Much Wenlock Limestone For
mation, Homerian Stage, Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980). 8, 
OS 6513, female RV lat., hinge 1290 pm long, x32; Much Wenlock Limestone Formation, Homerian Stage, old 
quarry near Croft Farm, west of West Malvern, Herefordshire (grid ref. c. SO 7574 4646; Locality 18 of Siveter 1980). 
Diagnosis: Tuberculo-reticulate amphitoxotidine beyrichiacean with supersulcal tubercle and marked gap between 
crumina and precruminal velar frill. Velar edge and torus traverse crumina, torus uninterrupted, velar edge with 
small, mid-length deflection away from margin. Velum wide, has long denticulate border crest, is restricted poster
oventrally in tecnomorphs.
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Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: S a r m a to to x o t i s  is monotypic.

9. Alanella sp.
Figured specimen: ASU X-141, abraided car., rt. lat., 1400 pm long, x32. Apedale Member, Coalbrookdale For
mation, Homerian Stage; south bank of River Severn, opposite Coalbrookdale valley, Shropshire (grid ref. SJ 6657 
0359; Locality 39 of Siveter 1980).
Range: Apedale Member, Coalbrookdale Formation, Homerian Stage, Welsh Borderland.
Remarks: A very rare, smooth species with a straight dorsal margin in lateral view and a bow-shaped projection along 
ventral margin.

10, 11. Tinotoxotis velivola Siveter, 1980
Figured specimens: 10, OS 6431, holotype, female LV lat., hinge 1480 pm long, x 24; Much Wenlock Limestone For
mation, Homerian Stage, Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980). 11, OS 
6435, tecnomorphic LV lat., hinge 1360 pm long, x 27; Farley Member, Coalbrookdale Formation, Homerian Stage, road 
cut, Tick Wood, near Much Wenlock, Shropshire (grid ref. SJ 6381 0281; Locality 44d of Siveter 1980).
Diagnosis: T in o to x o t is  with continuity of admarginally deflected velar edge across crumina interrupted at about mid
length by small, almost indiscemble, abmarginal deflection. Lobes finely reticulate, tuberculate; crumina striate. 
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; Welsh 
Borderland and West Midlands.
Remarks: Distinguished from T in o to x o t is  p r a e g n a n s  especially by its cruminal morphology.

12. Steusloffina sp.
Figured specimen: ASU X-144, damaged car., rt. lat., 1750 pm long, x26. Apedale Member, Coalbrookdale For
mation, Sheinwoodian Stage; near bridge over River Severn at Buildwas, Shropshire (grid ref. SJ 6451 0445; Locality 
34 of Siveter 1980).
Range: Apedale Member, Coalbrookdale Formation, Sheinwoodian Stage, Welsh Borderland.
Remarks: A very rare species with a distinctive, pointed posterior and a gently curved dorsal margin in lateral view.

13, 14. Amphitoxotis repanda Siveter, 1980
Figured specimens: 13, OS 6524, male LV lat., hinge 1010 pm long, x 35; 14, OS 6523, holotype, female LV lat., hinge 
1020 pm long, x 35. Much Wenlock Limestone Formation, Homerian Stage; Lincoln Hill, Ironbridge, Shropshire (grid ref. 
SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis: A m p h ito x o t is  with prominent distal abmarginal bend to admarginally deflected velar edge on crumina. 
Lobes moderately wide, preadductorial node does not extend above hinge line, prenodal sulcus comparatively indis
tinct. Lobal reticulation consists of medium-sized meshes. Crumina mostly granulose.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: A common species; adults show wide velar and size variation between different localities.

Plate 6
1, 2. Beyrichia (Beyrichia) clausa Jones & Holl, 1886

Figured specimens: 1, OS 6562, male car., It. lat., hinge 2010 pm long, x20; 2, OS 6561, female car., It. lat., hinge 
1910 pm long, x20. Much Wenlock Limestone Formation, Homerian Stage; Lincoln Hill, Ironbridge, Shropshire 
(grid ref. SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis: B e y r i c h ia  (B e y r i c h ia ) with two stoutly developed syllobial cusps; anterior cusp slightly larger. Lobal and 
cruminal tuberculation coarse, undifferentiated; ornament mostly reduced on cusp of anterior lobe. Uncular spine 
present and, in juveniles, a calcarine spine. Syllobial groove shallow. Anteroventral depression absent.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: Known from many specimens and localities.

3. Daleiella corbuloides (Jones & Holl, 1869)
Figured specimen: ASU X-128, car., rt. lat., 910 pm long, x50. Farley Member, Coalbrookdale Formation, 
Homerian Stage; Harley Hill Road, near Much Wenlock, Shropshire (grid ref. SJ 6103 0036; Locality 48c of 
Siveter 1980).

(continued on p. 76)
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Diagnosis (after Lundin & Petersen 1991): Large, smooth strongly inequivalved species; has short perimarginal 
carina on the posteroventral admarginal surface of the right valve. Overreach of the right by the left valve strong 
around entire periphery of right valve. Carapace width greater than height.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: The type-species; fully described by Lundin & Petersen (1991, 1992). Also occurs in the Late Wenlock of 
Podolia.

4, 5. Garniella concinna (Jones & Holl, 1886)
Figured specimens: 4, OS 6372, female RV lat., hinge 1020 pm long, x38; Farley Member, Coalbrookdale For
mation, Homerian Stage, Harley Hill Road, near Much Wenlock, Shropshire (grid ref. SJ 6103 0036; Locality 
48c of Siveter 1980). 5, OS 6374, tecnomorphic car., It. lat., hinge 1070 pm long, x35; Much Wenlock Lime
stone Formation, Homerian Stage, Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9195; Locality 27c of 
Siveter 1980).
Diagnosis: Garniella with cristal system of three ridges in smaller instars. Dorsal parts of lobes arched above hinge 
line. Preadductorial node discernible but not prominent. Two distinct and other, diffuse cristae below an unomamented 
groove on crumina.
Range: Farley Member, Coalbrookdale Formation and Much Wenlock Limestone Formation, Homerian Stage; Welsh 
Borderland and West Midlands.
Remarks: One of three Garniella species in the British Silurian (Siveter 1974).

6. Kuresaaria sp.
Figured specimen: ASU X-132, car., rt. lat., 862 pm long, x53. Much Wenlock Limestone Formation, Homerian 
Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9199; Locality 27f of Siveter 1980).
Range: Much Wenlock Limestone Formation, Homerian Stage, West Midlands.
Remarks: A rare, smooth Kuresaaria; its ventral margin has a bow-shaped projection.

7, 8. Xystista auricularis (Jones, 1887)
Figured specimens: 7, OS 12266, tecnomorphic LV lat., hinge 1200 pm long, x31; 8, OS 12268, female RV lat., 
hinge 1325 pm long, x 27. Coalbrookdale Formation, Homerian Stage; road section at Storridge, Malvems area, Here
fordshire (grid ref. SO 4758 4853; Locality 20 of Siveter 1980).
Diagnosis: Triemilomatellinae having two adventral spurs in small juveniles, forming two dorsally connected flanges of 
unequal length in males. Female velum: gently curved lateral outline, terminates abruptly posteroventrally; thickened by 
several ornamental ridges distally. Antrum dolonal to admarginal, non-loculate, from anterior to posteroventral region. 
LI /L2 and L3/L4 =  fused complexes; S2 sigmoidal.
Range: Coalbrookdale Formation, Homerian Stage, Welsh Borderland.
Remarks: This species was fully described by Siveter (1985).

9. Columatia variolata (Jones & Holl, 1865)
Figured specimen: ASU X-107, RV lat., 770 pm long, x 58. Much Wenlock Limestone Formation, Homerian Stage; 
Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis: Punctate laterally flattened ostracods with sharply impressed elongate to pit-like S2 (represented internally 
as a distinct ridge); right valve overlaps left along entire free margin. Right valve with contact groove confluent with 
hinge groove at posterior end of hinge. Hinge straight, shorter than carapace. Hinge and contact margin of left valve 
represented by simple edge.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland.
Remarks: This species was fully described by Lundin & Siveter (1989).

10, 11. Charitoxotis gravida Siveter, 1980
Figured specimens: 10, OS 6464, holotype, female LV lat., hinge 1360 pm long, x29; 11, OS 6468, tecnomorphic 
RV lat., hinge 1350 pm long, x29. Much Wenlock Limestone Formation, Homerian Stage; Wren’s Nest, Dudley, 
West Midlands (grid ref. SO 9357 9195; Locality 27c of Siveter 1980).
Diagnosis: Amphitoxotidine beyrichiacean with broad syllobium and narrow adductorial sulcus; other lobal elements 
indistictly developed. Velum wide, abruptly restricted posteroventrally, absent precruminally; basal crest and basal 
toric ridge. Crumina very large, reticulate, lacks velum or torus.
Range: Much Wenlock Limestone Formation, Homerian Stage, West Midlands and, possibly, Welsh Borderland. 
Remarks: This species has a distinctive cruminal morphology.

12. Primitivothlipsurella v-scripta (Jones & Holl, 1869)
Figured specimen: OS 6645, LV lat., 1120 pm long, x 40. Much Wenlock Limestone Formation, Homerian Stage; quar
ries at Hobbs’ Ridge, Gloucestershire (grid ref. SO 6946 1953; Locality 15b of Siveter 1980).

(continued on p. 78)
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Diagnosis (after Lundin & Petersen 1989): Primitivothlipsurella in which the posterior border of the carapace 
extends distinctly beyond the lobe behind the posterior sulci. Posterior sulci normally separated posteriorly; poster- 
oventral sulcus subparallel to longitudinal axis of valve.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; Welsh 
Borderland and West Midlands.
Remarks: Also occurs in the Late Wenlock of Gotland (Lundin & Petersen 1989).

13,14. Strepula concentrica Jones & Holl, 1886
Figured specimens: 13, Io 4755, male car., It. lat., hinge 1050 pm long, x39; 14, Io 4756, female RV lat., hinge 
1000 pm long, x 39. Much Wenlock Lmestone Formation, Homerian Stage; quarry on Harley Hill, near Much 
Wenlock, Shropshire (grid ref. SJ 6110 0034; Locality 51 of Siveter 1980).
Diagnosis: Reticulate treposellid beyrichiacean with adults having cristae on anterior lobe, preadductorial lobe and 
syllobium. Tecnomorphic velum shows very faint tubules. Crumina well assimulated within syllobium.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: This species was fully described by Siveter (1973a).

Plate 7
1, 2. Garniella sp. nov.

Figured specimens: 1, OS 6379, tecnomorphic LV lat., hinge 1320 pm long, x30; Much Wenlock Limestone 
Formation, Homerian Stage, Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9195; Locality 27c of 
Siveter 1980). 2, OS 6380, female RV lat., hinge 1300 pm long, x33; Much Wenlock Limestone Formation, 
Homerian Stage, Audience Wood, near Much Wenlock, Shropshire (grid ref. SJ 6436 0246; Locality 57 of 
Siveter 1980).
Range: Farley Member, Coalbrookdale Formation and Much Wenlock Limestone Formation, Homerian Stage; Welsh 
Borderland and West Midlands.
Remarks: Similar to Garniella strepuloides Martinsson, 1962, from the Ludlow of Gotland, but differs in details of 
cruminal ornament.

3. ‘Longiscula’ smithii (Jones, 1887)
Figured specimen: ASU X-134, car., rt. lat., 1635 pm long, x28. Much Wenlock Limestone Formation, Homerian 
Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9195; Locality 27c of Siveter 1980).
Diagnosis (after Petersen 1975): Smooth ‘Longiscula’ with subreniform lateral outline, maximum height posterior, 
and bow-shaped projection along ventral margin.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: It remains to be ascertained whether or not the record of this species in the Wenlock of Podolia (Koren et at. 
1989) is of conspecific material.

4, 5. Tribotoxotis dorsistriata Siveter, 1980
Figured specimens: 4, OS 6458, holotype, female LV lat., hinge 1425 pm long, x28; 5, NHM OS 6455, tecno
morphic RV lat., hinge 1255 pm long, x33. Much Wenlock Limestone Formation, Homerian Stage; Wren’s Nest, 
Dudley, West Midlands (grid ref. SO 9357 9195; Locality 27c of Siveter 1980).
Diagnosis: Amphitoxotidine beyrichiacean with velum in tecnomorphs relatively narrow, tubuous, and evenly curved; 
in females represented postcruminally merely by velar bend. Velar edge and adjacent torus parallel, continue without 
significant deflection across large crumina. Preadductorial node very large; lobal connections slender. Syllobial cusp 
and sulcule present.
Range: Much Wenlock Limestone Formation, Homerian Stage, West Midlands.
Remarks: Tribotoxotis is monotypic.

6. Microcheilinella ovalis (Jones, 1887)
Figured specimen: ASU X-136, car., rt. lat., 1020 pm long, x44. Much Wenlock Limestone Formation, Homerian 
Stage; Farley Quarry, Gleedon Hill, near Much Wenlock, Shropshire (grid ref. SJ 6298 0169; Locality 50 of Siveter 
1980).
Diagnosis (after Petersen 1975): Smooth Microcheilinella, subovate in lateral view; ventral margin has bow 
shaped projection.

(continued on p. 80)
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Range: Coalbrookdale and Much Wenlock Limestone formations, Homerian Stage; Welsh Borderland and West 
Midlands.
Remarks: A rare species.

7, 8. Sleia troglodytophila Martinsson, 1962

Figured specimens: 7, Io 5808, male LV lat., hinge 1360 pm long, x 30; 8, Io 5806, female RV lat., hinge 1330 pm 
long, x 30. Much Wenlock Limestone Formation, Homerian Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 
9357 9195; Locality 27c of Siveter 1980).
Diagnosis: Sleia with very large calcarine tubercle in females. Velar edge on crumina divided into one shorter, 
straight, anterior part and one larger posterior part, the anterior half of which curves abmarginally.
Range: Much Wenlock Limestone and Lower Elton formations, Homerian-Gorstian stages; Welsh Borderland and 
West Midlands.
Remarks: This species has a distinctive subcruminal morphology.

9. Jonesites excavata (Jones & Holl, 1969)

Figured specimen: OS 6652, car., It. lat., length 890 pm, x49. Much Wenlock Limestone Formation, Homerian 
Stage; quarries at Hobbs’ Ridge, Gloucestershire (grid ref. SO 6946 1953; Locality 15b of Siveter 1980). 
Diagnosis: Slightly postplete, reticulate palaeocope; hinge much shorter than valve length. Marginal area adjacent to 
free edge smooth and gently sloping, culminating in rounded ridge that continues above dorsum and around well- 
defined, narrow, smooth adductorial sulcus.
Range: Farley Member, Coalbrookdale Formation and Much Wenlock Limestone and Lower Elton formations, 
Homerian (possibly Sheinwoodian)-Gorstian stages; Welsh Borderland and West Midlands.
Remarks: Fairly common in the Late Wenlock. Its possible occurrence in the Early Wenlock is based solely on the 
single, originally described valve, purportedly from the Woolhope Limestone.

10, 11. Zorotoxotis medioculta Siveter, 1980

Figured specimens: 10, OS 6442, holotype, female RV lat., hinge 1320 pm long, x32; 11, OS 6441, male LV lat., 
hinge 1355 pm long, x 30. Much Wenlock Limestone Formation, Homerian Stage; Wren’s Nest, Dudley, West Mid
lands (grid ref. SO 9357 9195; Locality 27c of Siveter 1980).
Diagnosis: Finely reticulate Zorotoxotis with large, entirely striate, crumina. Velum narrow in tecnomorphs and only 
ridge-like in females. Female syllobium of fairly constant width, normally confluent ventrally with edge of velum, has 
anteriorly sited cusp.
Range: Much Wenlock Limestone Formation, Homerian Stage, Welsh Borderland and West Midlands.
Remarks: Recorded from the Malvems, but not Shropshire.

12. Cytherellina ruperti Petersen & Lundin, 1996

Figured specimen: ASU X-131, car., rt. lat., 1040 pm long, x43. Much Wenlock Limestone Formation, Homerian 
Stage; old quarry near Croft Farm, west of West Malvern, Herefordshire (grid ref. approximately SO 7574 4646; 
Locality 18 of Siveter 1980).
Diagnosis (after Petersen & Lundin 1996c): Very finely striate Cytherellina with poorly developed adductorial 
recess, moderately developed ventriculus with distinct anterior boundary and indistinct posterior boundary. Posterior 
straguloid process weak; commissure anterior to hinge straight. Short stop ridge present along ventral contact margin 
just behind mid-length.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian and Gorstian stages; 
Welsh Borderland and West Midlands.
Remarks: Distinguished from the other British Silurian congeneric species, C. elegans, by its larger height/length and 
width/length ratios.

13, 14. Osmotoxotis phalacra Siveter, 1980

Figured specimens: 13, OS 6504, tecnomorphic LV lat., hinge 1560 pm long, x27; 14, OS 6503, holotype, female 
RV lat., hinge 1710 pm long (estimated), x23. Much Wenlock Limestone Formation, Homerian Stage, Wren’s Nest, 
Dudley, West Midlands (grid ref. SO 9357 9195 and SO 9358 9202; Localities 27c [tecnomorph] and 27d [female] of 
Siveter 1980).
Diagnosis: Reticulate amphitoxotidine beyrichiacean with medium-wide, evenly curved, denticulate velum; in 
females it is more or less confined to a short precruminal section, widely separated from crumina. Lobes entire, 
stout; anterior lobe and syllobium have prominent cusps. Velar edge across crumina gently deflected overall 
towards margin and at mid-length very faintly curved in opposite direction. Torus behind crumina.
Range: Much Wenlock Limestone Formation, Homerian Stage, Welsh Borderland and West Midlands.
Remarks: A topotype female obtained since the original description shows finely reticulo-striate and 
tuberculate lobes.
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1, 2. Lophoctonella cf. L. scanensis (Kolmodin, 1869)
Figured specimens: 1, OS 6489, female RV lat., cast of external mould, hinge 1280 pm long, x30; 2, OS 6491, male 
RV lat., cast of external mould, hinge 1240 pm long, x30. Upper Leintwardine Formation, Ludfordian Stage; near 
Trippleton Farm, Leintwardine, Herefordshire (grid ref. SO 4145 7298; Locality 68 of Siveter 1980).
Range: Known from many lithostratigraphic units in the Welsh Borderland, West Midlands and Lake District, ranging 
from the Early Ludfordian (possibly Late Gorstian) to Early Prldoll (see Siveter 1980; also Siveter 1989; Siveter etal. 
1989; Miller 1995).
Remarks: L. cf, scanensis also occurs in the Early Ludfordian of Sweden (Martinsson 1962).

3. Scaldianella simplex (Krause, 1891)
Figured specimen: ASU X-140, female car., It. lat., 750 pm long, x 60. Much Wenlock Limestone Formation, Home- 
rian Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9199; Locality 27f of Siveter 1980).
Diagnosis (after Petersen & Lundin 1992a): Unisulcate Scaldianella in which females have a poorly developed 
limen. Domatial dimorphism indistinct, but females somewhat more swollen posteriorly than males. Males generally 
with greater length/height ratio than females.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian-Gorstian stages; Welsh 
Borderland and West Midlands.
Remarks: Also known from Silurian erratics in Germany and from the Late Ludlow and Prldoll of the East Baltic 
(Petersen & Lundin 1992a).

4, 5. Zorotoxotis sagena Siveter, 1980
Figured specimens: 4, OS 6448, male LV lat., hinge 1120 pm long, x 34; 5, OS 6446, holotype, female LV lat., hinge 
1165 pm long, x 33. Aymestry Limestone Formation, Gorstian Stage; Woodbury Quarry, Abberley Hills, Worcester
shire (grid ref. SO 7432 6369; Locality 24 of Siveter 1980).
Diagnosis: Zorotoxotis with relatively slender lobes and medium-fine reticulation. Syllobium tapers ventrally, cusp 
anterior. Crumina striate ventrally and dorsally, reticulostriate lateroventrally.
Range: Aymestry Limestone Formation, Gorstian Stage, Welsh Borderland.
Remarks: Material close to this species occurs in the Lower Bringewood Formation of the Wenlock area (Siveter 
1980).

6. Wenlockiella crassula (Jones, 1887)
Figured specimen: ASU X-146, car., rt. lat., 1020 pm long, x44. Much Wenlock Limestone Formation, Homerian 
Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9199; Locality 27f of Siveter 1980).
Diagnosis: Medium-sized Wenlockiella with subreniform lateral outline. Dorsum gently arched, and marked left/right 
overreach along hinge line. Perimarginal ridge present along anteroventral margin of right valve of adults (see Petersen 
& Lundin 1996a).
Range: Coalbrookdale and Much Wenlock Limestone formations, Homerian Stage; Welsh Borderland and West 
Midlands.
Remarks: Distinguished from W. phaseola by its less elongate lateral outline, more arched dorsum and stronger left/ 
right overreach along the hinge structure (see Petersen & Lundin 1996a).

7, 8. Sleia ancon Siveter, 1980
Figured specimens: 7, OS 6418, female LV lat., hinge 1490 pm long, x 27; 8, OS 6419, tecnomorphic RV lat., hinge 
1390 pm long, x 30. Aymestry Limestone Formation, Gorstian Stage; Woodbury Quarry, Abberley Hills, Worcester
shire (grid ref. SO 7432 6369; Locality 24 of Siveter 1980).
Diagnosis: Very sparsely tuberculate Sleia with single, stout syllobial cusp; anterior lobe differentiated into ventral 
and cuspidal parts. Males have calcarine tubercle, females have large calcarine tubercle and small, central 
syllobial lobule.
Range: Aymestry Limestone Formation, Gorstian Stage, Welsh Borderland.
Remarks: Sleia material close to S. ancon occurs in the Lower Bringewood Formation of the Wenlock area and at 
Builth Wells in an horizon correlated with the Upper Elton Formation (Siveter 1980).

9. Parabolbozoe bohemica (Barrande, 1872)
Figured specimen: OS 12279, open car., It. lat., cast of external mould, 5300 pm long, x 8. Llanbadam Formation, 
Gorstian Stage; Friends’ Meeting House Quarry, near Llandegley, Powys (grid ref. SO 1372 6407).
Diagnosis: Generally reticulate ‘bolbozoid’ with ovoid outline. Anterodorsal, approximately rounded, bulb-like pro
jection behind well developed rostrum and rostral incisure. Adductorial sulcus narrow, L-shaped, curved around bulb, 
has muscle scar of short, biserially arranged ridges forming feather-like pattern. Weaker posterior sulcus anterior of 
large, posteriorly tapering caudal projection.
Range: N. nilsonni and L. scanicus biozones, Early to Mid-Gorstian; Powys and Clwyd.
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Remarks: Part ofstratigraphically important, unpublished myodocope faunas in the British Silurian (see Siveter 1984; 
Siveter era/. 1987, 1991).

10. Thlipsura corpulenta Jones & Holl, 1869

Figured specimen: OS 6642, car., It. lat„ 1120 pm long, x40. Much Wenlock Limestone Formation, Homerian 
Stage; Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis (after Lundin & Peterson 1975): Smooth Thlipsura, subreniform in lateral view, with straight to slightly 
curved, inclined posterior furrow between subhorizontal dorsal and ventral lobes. Pit may be present at mid-height, 
anterior to mid-length. Left valve larger, overlapping right along free border. Hinge inclined, list in left valve, 
groove in right. Contact groove poorly developed.
Range: Coalbrookdale, Much Wenlock Limestone and Lower, Middle and Upper Elton formations, Homerian- 
Gorstian stages; Welsh Borderland and West Midlands.
Remarks: The type material (Woolhope beds, Malverns ?) represents the only possible (erroneous ?) Early Wenlock 
record. Possibly also present in Podolia.

11. Aetholicotoxotis nidicola Siveter, 1980

Figured specimen: OS 6518, holotype, female RV lat., hinge 1510 pm long, x27. Much Wenlock Limestone For
mation, Homerian Stage; Wren’s Nest, Dudley, West Midlands (grid ref. SO 9357 9195; Locality 27c of Siveter 1980). 
Diagnosis: Sparsely tuberculate amphitoxotidine beyrichiacean with well-developed lobes and sulci. Velum wide, 
even precruminally; velar edge continues over crumina with overall curve towards valve margin, is modified distally 
by distinct abmarginal deflection. Anterior lobe and syllobium cuspidate. Torus does not cross crumina. No 
border crest.
Range: Much Wenlock Limestone Formation, Homerian Stage, West Midlands.
Remarks: Tecnomorphs are not known.

12. Octonaria octoformis Jones, 1887

Figured specimen: ASU X-86, car., RV lat., 1265pm long, x 36. Farley Member, Coalbrookdale Formation, Home
rian Stage; Harley Hill Road, near Much Wenlock, Shropshire (grid ref. SJ 6095 0036; Locality 48a of Siveter 1980). 
Diagnosis (after Peterson & Lundin 1987): Thlipsurid with ovate to subreniform outline. Laterally has broad, 
figure-of-eight ridge, fused ventrally but not dorsally; variably developed node, just anterior of centre, may fuse ven- 
trally with ridge, marks position internally of circular adductor muscle scar. Hinge inclined to longitudinal axis of 
valve; list on left valve. Contact groove along posterior and ventral margins of left valve, absent anteriorly. Left 
valve larger than right, overreach pronounced dorsally.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian-Gorstian stages; Welsh 
Borderland and West Midlands.
Remarks: Fully described by Peterson & Lundin (1987).

13. 14. Primitiopsis valida (Jones & Holl, 1886)

Figured specimens: 13, OS 6656, female car., RV lat., hinge 730 pm long, x 41; 14, OS 6655, tecnomorphic car., RV 
lat., hinge 680 pm long, x44. Lower Elton Formation, Gorstian Stage; stream section near Upper Millichope, 
Wenlock Edge, Shropshire (grid ref. SO 5185 8987; Locality 59 of Siveter 1980).
Diagnosis: Primitiopsis with medium-sized reticulation over lateral surface, except for smooth area near anterior car
dinal corner. In lateral view the dorsum is slightly cuved upwards from above rounded adductorial pit to posterior car
dinal corner. Parts of dolon overlap. Marginal frill well-developed, particularly anteriorly.
Range: Much Wenlock Limestone and Lower Elton formations, Homerian-Gorstian stages; Welsh Borderland and 
West Midlands.
Remarks: One of many unrevised/undescribed primitiopsaceans in the British Silurian. Probably also occurs in 
Gotland and possibly Podolia.
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1, 2. Embryotoxotis convallis Siveter, 1980
Figured specimens: 1, OS 6453, female RV lat., cast of external mould, hinge 1130 pm long, x 34; 2, OS 6452, holo- 
type, tecnomorphic RV lat., cast of external mould, hinge 980 pm long, x38. Upper Leintwardine Formation, Lud- 
fordian Stage; near Trippleton Farm, Leintwardine, Herefordshire (grid ref. SO 4145 7298; Locality 68 of Siveter 
1980).
Diagnosis: Amphitoxotidine beyrichiacean with broad lobes, narrow sulci, and narrow, denticulate velum. Anteroven- 
tral depression marked, narrow, extended toward sulci, almost totally enclosed by lobes. Lobes reticulate; crumina 
reticulate to reticulo-striate. Dorsal margin of syllobium almost evenly rounded.
Range: Lower and Upper Leintwardine formations, Ludfordian Stage, Welsh Borderland.
Remarks: A rare, but short-ranging, form.

3. Aechmina cuspidata Jones & Holl, 1869
Figured specimen: OS 6640, RV lat., hinge 930 pm long, x 38. Lower Elton Formation, Gorstian Stage; stream 
section near Upper Millichope, Wenlock Edge, Shropshire (grid ref. SO 5185 8987; Locality 59 of Siveter 1980). 
Diagnosis: Smooth, distinctly preplete aechminid. Dorsal spine in adults is just anterior of mid-length, very long, 
stout, pointed, virtually straight, slightly posteriorly directed. Fine, narrow, marginal frill present.
Range: Coalbrookdale, Much Wenlock Limestone and Lower, Middle and Upper Elton formations, Homerian-Gors- 
tian stages; Welsh Borderland and West Midlands.
Remarks: Several more, undescribed aechminid species occur in the Llandovery and Wenlock of the Welsh Basin.

4. Neobeyrichia lauensis (Kiesow, 1888)
Figured specimen: OS 6593, tecnomorphic LV lat., cast of external mould, hinge 2240 pm long, x 18 . Upper Leint
wardine Formation, Ludfordian Stage; Forestry Track near Riverside (formerly ‘Crown’) Inn, Aymestrey, Hereford
shire (grid ref. SO 4228 6544; Locality 63 of Siveter 1980).
Diagnosis: Very large Neobeyrichia with narrow syllobium divided into unequal lengths by well-developed sulcule. 
Anterior lobe entire, stout, not connected to other lobes. Preadductorial node elongate, terminates just below dorsal 
margin. Anterior lobal and syllobial cusps blunt, equal height above hinge line. Velum stout, has large, 
subdued tubercles.
Range: Occurs in many lithostratigraphic units of Early Ludfordian age (Upper Leintwardine Formation and corre
latives), in many Welsh Basin areas (Siveter 1974, 1978, 1988, 1989, unpublished). Also in Cumbria, where its 
range extends into supposed correlatives of the Lower Whitcliffe Formation (Shaw 1971a, b).
Remarks: Correlation of European deposits containing N. lauensis and associated ostracods has been extensively 
treated (see Martinsson 1967, 1977a, b\ Siveter 1978, 1989; Sarv 1982).

5. Calcaribeyrichia sp. nov.
Figured specimen: OS 6576, tecnomorphic RV lat., cast of external mould, hinge 1350 pm long, x27. Upper Leint
wardine Formation, Ludfordian Stage; near Trippleton Farm, Leintwardine, Herefordshire (grid ref. SO 4145 7298; 
Locality 68 of Siveter 1980).
Range: Lower and Upper Leintwardine and Lower Whitcliffe formations, Ludfordian Stage, Welsh Borderland 
(Siveter 1974, unpublished).
Remarks: This species has featured under the name C. torosa (Jones, 1855) in faunal lists for many Ludlow Series 
outcrops in the Welsh Borderland and Cumbria (possibly in the material of Shaw 1971b); such citings need to be reas
sessed. Also possibly occurs in Baltic sequences.

6. Neobeyrichia scissa Martinsson, 1962
Figured specimen: OS 6601, tecnomorphic RV lat., cast of external mould, hinge 1350 pm long, x 29. Upper Leintwar
dine Formation, Ludfordian Stage; road at Shelderton, near Onibury, Shropshire (grid ref. SO 417 779; Locality 78b of 
Siveter 1980).
Diagnosis: Neobeyrichia having anterior lobe mostly divided into two by a diagonally trending sulcule; resultant antero- 
ventral lobule is elongate. Sulcules across syllobium mostly not traceable.
Range: Upper Leintwardine Formation and correlative strata, Ludfordian Stage, in the Welsh Borderland (Siveter 
1974, 1978, 1989, unpublished) and Cumbria (Shaw 1971a, b).
Remarks: Correlation of European deposits containing N. scissa and associated ostracods has been extensively treated 
(see Martinsson 1967, 1977a, b\ Siveter 1978, 1989; Sarv 1982).

7. 8. Sleia equestris Martinsson, 1962
Figured specimens: 7, OS 6420, tecnomorphic RV lat., cast of external mould, hinge 1250 pm long, x31; Upper 
Leintwardine Formation, Ludfordian Stage, near Trippleton Farm, Leintwardine, Herefordshire (grid ref. SO 4145
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7298; Locality 68 of Siveter 1980). 8, OS 6424, female RV lat., hinge 1430 pm long, x27; Lower Bodenham Beds, 
Ludfordian Stage, Perton Lane, Woolhope inlier, Herefordshire (grid ref. SO 595 390; Locality 84 of Siveter 1980). 
Diagnosis; Sleia with prominent tuberculo-reticulation on lobes, crumina finely reticulate. Female calcarine tubercle 
large, and may be spur-like. Callus well developed. Velar edge forms curve along ventral side of crumina, at mid
length curving around a small tubercle.
Range: Recorded from many lithostratigraphical units of Early Ludfordian age in the Welsh Borderland (Siveter 1980). 
Remarks: Widely documented from Ludlow and Pndolf deposits in Europe (see Siveter 1980).

9. Neobeyrichia nutans (Kiesow, 1888)
Figured specimen: OS 6602, tecnomorphic RV lat., hinge 1800 pm long, x22. Mocktree Shale Member, Upper 
Ludlow Formation, Ludfordian Stage; Chance’s Pitch, near Little Malvern (grid ref. SO 747 403; Locality 83 of 
Siveter 1980).
Diagnosis: Neobeyrichia with two subparallel sulcules across the syllobium, below cuspidal part and at position of 
syllobial groove respectively. Low, arch-like lobal connection between relatively slender syllobium and preadductor- 
ial node; anterior lobe entire, virtually isolated. Immediate postcruminal part of velum is, characteristically, wing-like. 
Stout anterior lobal and single syllobial cusps above hinge-line.
Range: Occurs in several lithostratigraphic units of Early Ludfordian age in the Welsh Borderland (Siveter 1974, 1978, 
1988, 1989, unpublished). Also in Cumbria, in supposed correlatives of the Upper Leintwardine Formation (Shaw, 
1971a, b).
Remarks: Elsewhere recorded from many Late Ludlow units, in the Baltic and Podolia (see Siveter 1989; also Koren 
etal. 1989).

10, 11. Hemsiella cf. H. loensis Martinsson, 1962
Figured specimens: 10, OS 6520, female LV lat., cast of external mould, hinge 1150 pm long, x 32; 11, OS 6521, 
tecnomorphic RV lat. (anterodors. regions missing), cast of external mould, hinge 1200 pm long (estimated), x30. 
Mocktree Shale Member, Upper Ludlow Formation, Ludfordian Stage; Chance’s Pitch, near Little Malvern (grid 
ref. SO 747 403; Locality 83 of Siveter 1980).
Range: Lower Leintwardine Formation, Striped Flags and Mocktree Shale Member, Early Ludfordian, Welsh Border
land (see Siveter 1978, 1980).
Remarks: H. loensis is recorded from various Ludlow-Pridoli horizons from many parts of northern Europe (see 
Siveter 1980; Hansch & Siveter 1994).

12. Cytherellina elegans (Jones, 1887)
Figured specimen: ASU X-130, car., rt. lat., 1160 pm long, x38. Much Wenlock Limestone Formation, Homerian 
Stage; Lincoln Hill, Ironbridge, Shropshire (grid ref. SJ 6693 0381; Locality 49 of Siveter 1980).
Diagnosis (after Petersen & Lundin 19966): Smooth, elongate, narrow Cytherellina with a poorly developed pos
terior straguloid process, and ventriculus with distinct anterior boundary, but indistinct posterior boundary. Left/right 
overreach weak, but best developed antero- and posterodorsally and midventrally.
Range: Coalbrookdale, Much Wenlock Limestone and Lower Elton formations, Homerian-Gorstian stages; Welsh 
Borderland and West Midlands.
Remarks: Distinguished from the other British Silurian congeneric species, C. ruperti, by its smaller height/length 
and width/length ratios.

13. ‘Beyrichia’ admixta Jones & Holl, 1886
Figured specimen: OS 6662, LV lat., hinge 570 pm long, x61. Much Wenlock Limestone Formation, Homerian 
Stage; quarries at Hobbs’ Ridge, Gloucestershire (grid ref. SO 6946 1952; Locality 15a of Siveter 1980). 
Diagnosis: Reticulate, subrectangular Bollidae. Two main, ventrally confluent, vertical ridge-like lobes extend above 
dorsum, are connected via a subvertical posterior ridge with narrow, entire, velar-like adventral ridge. Adductorial 
sulcus well developed, narrow, smooth dorsally.
Range: Much Wenlock Limestone Formation, Homerian Stage; Welsh Borderland and West Midlands. Possibly also 
present in Buildwas Formation (see Mabillard & Aldridge 1985).
Remarks: ‘Beyrichia' muldensis Chapman, 1901, from the Late Wenlock of Gotland, is a probable junior synonym.

14. ‘Entomis’ migrans Barrande, 1872
Figured specimen: OS 15729, LV lat., cast of external mould, 2770 pm long, x 16. Long Mountain Siltstone 
Formation, B. bohemicus Biozone, Ludfordian Stage; just east of Brunant, Long Mountain, Powys (grid ref. SJ 
2873 0960).
Diagnosis: Small ‘entomozoacean’ with well-developed, curved narrow sulcus, extending to below valve mid-height. In 
lateral view venter is evenly curved and dorsum is bowed either side the adductorial sulcus. Coarsely ribbed throughout; 
ribs subparallel either dorsal or ventral margin of valve. Subdued node abuts front of sulcus, above mid-height.
Range: S. leintwardinensis and Bohemograptus biozones, Long Mountain Siltstone Formation, Ludfordian Stage, Powys. 
Remarks: Part of stratigraphically important, unpublished pelagic ostracod faunas in the British Silurian (see Siveter 
1984; Siveter etal. 1987, 1991).
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1, 2. Frostiella groenvalliana Martinsson, 1963
Figured specimens: 1, OS 6619, tecnomorphic LV lat., cast of external mould, hinge 1780 pan long, x21;2, OS 6618, 
female RV lat., cast of external mould, hinge 2010 pm long, x 19. Platyschisma Shale Member, Downton Castle Sandstone 
Formation, Pridoll' Series; Ludford Lane, Ludlow, Shropshire (grid ref. SO 5119 7413; Locality 73b of Siveter 1980). 
Diagnosis: Frostiella with well-developed lobation; anterior lobule of syllobium has cusp, anterior lobe has smaller cusp. 
In adults cristal loop on prominent preadductorial node is complete; dorsal part of loop is drawn out, curves towards pos
terior, is somewhat pointed (thus forming a tear-drop shape) to more rounded in shape. Valves smooth except for striate 
cruminal field and ornament (reticulostriation/striation/punctation) on lateral facet of preadductorial node.
Range: Downton Castle Sandstone Formation and correlatives, Pridoll' Series, Welsh Borderland (Martinsson 1963, 
1967; Shaw 1969; Siveter 1974, 1978, 1988, 1989, unpublished; Miller 1995), Cumbria (Shaw 1971a, b) and possibly 
West Midlands, eastern England and (? Pridoll' of) South Wales (see Siveter 1989; also Miller 1995).
Remarks: Fully treated in Hansch etal. (1991). Correlation of the many European and North American deposits con
taining F. groenvalliana and associated ostracods has been extensively treated (see Martinsson 1967, 1970, 1977a, b\ 
Siveter 1978, 1989; Hansch 1985, 1993a, 1995; Hansch & Siveter 1994; Miller 1995).

3. Nodibeyrichia pustulosa (Hall, 1860)
Figured specimen: GSM 51888, partly exfoliated tecnomorphic RV lat., hinge 3150 pm long, x 12. Limestones, 
Pridoll Series; at 1213'6"—9", Little Missenden Borehole, Buckinghamshire.
Diagnosis: Nodibeyrichia with well developed nodes on the lobuli. A paracrumina may also be present.
Range: Pridoll Series, Little Missenden Borehole, Buckinghamshire (Straw 1933; Shaw 1969; Siveter 1974, 1978, 
1988, 1989, unpublished).
Remarks: Correlation of the many European and North American deposits containing N. pustulosa and associated 
ostracods has been extensively treated (see Martinsson 1967, 1970, 1977a, b; Siveter 1978, 1989; Hansch 1985, 
1993a, 1995; Hansch & Siveter 1994).

4, 5. Nodibeyrichia verrucosa Shaw, 1969
Figured specimens: 4, OS 6604, female LV lat., cast of external mould, hinge 1950 pm long, x 19; 5, NHM OS 6606, 
tecnomorphic LV lat., cast of external mould, hinge approx. 1700 pm long, x22. Ludlow Bone Bed Member, 
Downton Castle Sandstone Formation, Pridoll Series; Ludford Lane, Ludlow, Shropshire (grid ref. SO 5119 7413; 
Locality 69a of Siveter 1980, given in error as ‘Topmost Whitcliffe Beds’).
Diagnosis: Nodibeyrichia with a callus and two subequal cusps on the undissected syllobium. Ventral part of anterior 
lobe differentiated as a weakly elevated, rounded lobule; dorsal part flatter, with a small cusp just above the hinge line. 
Preadductorial node slopes forword.
Range: Downton Castle Sandstone Formation and correlatives, Pridoll' Series, Welsh Borderland (see Hansch & 
Siveter 1994 for detailed distribution; additional occurrences in Miller 1995).
Remarks: Also occurs in the Late Pridoll' Ohesaare ‘Stage’, Estonia. For correlation of British and East Baltic deposits 
containing N. verrucosa and associated ostracods see Hansch & Siveter (1994).

6. Kloedenia wilckensiana (Jones, 1855)
Figured specimen: GSM 51881/4, tecnomorphic LV lat., hinge 1710 pm long, x 22. Limestones, Pridoll' Series; at 
1214', Little Missenden Borehole, Buckinghamshire.
Diagnosis: Tumid Kloedenia with two well-developed ridges ventrally on the crumina; lateral ridge more or less 
reduced. Preadductorial lobe short, somewhat inclined backwards (owing to tumid nature of crumina), set off from 
crumina by distinct depression. Cristal loop present but indistinct.
Range: Pridoll' Series, Little Missenden Borehole, Buckinghamshire (Straw 1933; Shaw 1969; Siveter 1974, 1978, 
1988, 1989, unpublished).
Remarks: Correlation of the many European and North American deposits containing K. wilckensiana and associated 
ostracods has been extensively treated (see Martinsson 1967, 1970, 1977a, b; Siveter 1978,1989; Hansch 1985,1993a, 
1995; Hansch & Siveter 1994).

7, 8. Londinia arisaigensis Copeland, 1964
Figured specimens: 7, OS 6611, tecnomorphic LV lat., cast of external mould, hinge 2100 pm long, x 19; 8, OS 6612, 
female LV lat., cast of external mould, hinge 2000 pm long, x 20. Platyschisma Shale Member, Downton Castle Sand
stone Formation, Pridoll Series; Ludford Lane, Ludlow, Shropshire (grid ref. SO 5119 7413; Locality 73b of Siveter 
1980).
Diagnosis: Londinia with indistinctly asymmetrical lobal arrangement. Anterior syllobial lobule long, slender, sloping 
forwards; preadductorial node slightly broader, less elongate, both lobes strongly elevated above other parts of valve, 
with tendency to develop lateral facets on their dorsal crests. Anterior lobe joined, anteroventrally, to elevated lobal 
connection beneath adductorial sulcus; more prominent than rather isolated posterior syllobial lobule.
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Range: Downton Castle Sandstone Formation and correlatives, Pndoli Series, Welsh Borderland (Shaw 1969; Siveter 
1974, 1978, 1988, 1989, unpublished; Miller 1995; Miller et al. 1997).
Remarks: Correlation of the several Welsh Basin and Canadian deposits containing L. arisaigensis and associated 
ostracods has been addressed (see Siveter 1978, 1989; Hansch & Siveter 1994). Hansch & Siveter (1990) detail the 
similar Londinia kiesowi (Krause).

9. Londinia fissurata Shaw, 1969
Figured specimen: GSM 103242, holotype, open tecnomorphic car. lat., internal mould, hinge 1380 pm long, x 18. 
Temeside Bone Bed Member, Temeside Shale Formation, Pndoli Series; Norton Lane, Onibury, Shropshire (grid ref. 
SO 4575 7982).
Diagnosis: Londinia with adductorial sulcus at mid-length, extending three-quarters of way to ventral margin. Syllo- 
bium and preadductorial node connected ventrally in subsymmetrical horseshoe pattern. Ventrolateral lobal area 
merges with weak anterior lobe, posterior lunule also weak. Velum and subvelar held reduced to a minimum. 
Range: Downton Castle Sandstone, Temeside Shale and Clun Forest formations, Pndoli Series, Welsh Borderland 
(Shaw 1969; Siveter 1974, 1978; Miller 1995, Miller et al 1997).
Remarks: Recorded only from Britain.

10. Frostiella bicristata Shaw, 1969
Figured specimen: GSM 103230, holotype, worn, incomplete (anterodors. region missing), tecnomorphic car., rt. lat., 
hinge approx.1600 pm long, x23. Temeside Bone Bed Member, Temeside Shale Formation, Pndoli Series; Norton 
Lane, Onibury, Shropshire (grid ref. SO 4575 7982).
Diagnosis: Frostiella whose early instars have pronounced syllobial cusp linked to preadductorial node via indistinct 
U-shaped lobal connection; node and cusp have cristal loops. Adults have relatively smaller syllobial cusp lacking 
cristal loop, and a well-defined lobal connection confluent with syllobium and anterior lobe. Posterior syllobial 
lobule weak. Lateral facet of preadductorial node of adults reticulate, valves punctate.
Range: Temeside Shale Formation, Pndoli Series, Welsh Borderland.
Remarks: Known only from the Welsh Basin.

11. Calcaribeyrichia torosa (Jones, 1855)
Figured specimen: OS 6587, tecnonmorphic LV lat., cast of external mould, hinge 2250 pm long, x 17. Upper Cho- 
netes Beds, Ludfordian Stage; near Five Turnings, north of Knighton, Shropshire (grid ref. SO 288 479; Locality 14 of 
Siveter 1980).
Diagnosis: Calcaribeyrichia with relatively large, elongate and laterally faceted lobules, dorsally capped by a spine, 
on the dorsal parts of the syllobium and anterior lobe. Preadductorial node also laterally faceted. Syllobium relatively 
slender, typically lacking a wide posterodorsal region. Calcarine spine may also occur. Ventral part of crumina has 
curved ridge.
Range: Ludfordian and basal Pndoli age units in the Welsh Borderland (Shaw 1969; Siveter 1974, 1978, 1988, 1989, 
unpublished; Bassett et al. 1982; Miller 1985; Miller et al. 1997) and Cumbria (Shaw I97!a, b: paniin). Occurrences 
of the similar Calacaribeyrichia sp. nov. (see Plate 9, 5) have falsely extend the stratigraphical range of C. torosa in 
several British faunal lists (Siveter 1974).
Remarks: The Baltic Beyrichia cuspidata Gronwall, 1897 may be a synonym.

12. Hemsiella maccoyiana (Jones, 1855)
Figured specimen: GSM ZL9032, female LV lat., hinge 1300 pm long, x 28. Kirkby Moor Formation, Ludfordian 
Series; near Kendal, Cumbria (grid ref. SD 5537 9340; see Shaw 1971b).
Diagnosis: Hemsiella with syllobium more or less dissected by dorsal depression. Right valves have distinct 
depression below rounded, protruding cuspidal part of syllobium, in left valves it is shallower and the cusp not so pro
trusive over dorsum. Crumina has wide, depressed, unornamented zone lateral to velar ridge, is reticulostriate between 
velar ridge and valve margin. Lobes and lateral surface of crumina are either reticulate, reticulostriate, weakly punctate 
or smooth.
Range: Whitcliffe Group and Downton Castle Sandstone Formation, Ludfordian-Pndoh, in the Welsh Borderland 
and in supposed correlatives in Cumbria (see Siveter 1980; also Miller 1995; Miller et al. 1997).
Remarks: Fully described by Siveter & Hansch (1990). Correlation of the many European and North American depos
its containing H. maccoyiana and associated ostracods has also been extensively treated (see especially Siveter 1980, 
1989; Siveter & Hansch 1990; also Martinsson, 1967, 1977a, b\ Sarv 1982).

13. Neobeyrichia confluens Shaw, 1971
Figured specimen: OS 6592, tecnomorphic LV lat., cast of external mould, hinge 1930 pm long, x 19. Upper Leint- 
wardine Formation, Ludfordian Stage; Forestry Track near Riverside (formerly ‘Crown’) Inn, Aymestrey, Hereford
shire (grid ref. SO 4228 6544; Locality 63 of Siveter 1980).
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Diagnosis: Neobeyrichia with narrow syllobium that in adults is divided by shallow sulcule into two lobules; ventral 
lobule is confluent ventrally with the velum. Anterior lobe entire, not connected to other lobes. Preadductorial node 
reaches hinge line. Adults lack tubercles along velar edge.
Range: Upper Leintwardine Formation and correlatives, Early Ludfordian age, in Welsh Borderland (Siveter 1974, 
1978, 1988, 1989, unpublished). Also in Cumbria, where its range embraces supposed correlatives of the topmost 
part of the Leintwardine Group to basal Downton Castle Sandstone Formation (Shaw 1971a, b).
Remarks: Easily mistaken for N. lauensis.

14. Macrypsilon salterianum (Jones, 1855)
Figured specimen: GSM ZL9054, tecnomorphic RV lat., hinge 900 p,m long, x 37. Kirkby Moor Formation, near 
Kendal, Cumbria (grid ref. SD 5544 8267; see Shaw 1991b).
Diagnosis: Amphitoxotidinae with very broad, reticulate to smooth lobes. In tecnomorphs the more or less distinctly 
developed, narrow prenodal and adductorial sulci are united into a sulcus below the preadductorial lobe. Velum forms 
a narrow, tubulous flange between anterior and posterior cardinal corners. Crumina large, subrounded or more 
elongated posteroventrally with subcruminal velar edge passing over crumina but separated from postcruminal part 
of velum.
Range: Upper Whitcliffe and Downton Castle Sandstone formations, Ludfordian-Pridoli, in the Welsh Borderland 
and in supposed correlatives in Cumbria (see Siveter 1980).
Remarks: Fully described by Siveter (1980) and Siveter & Flansch (1989). Correlation of the many, essentially Pn'doli 
Series European and North American deposits containing M. salterianum and associated ostracods has also been 
thoroughly documented (see especially Siveter 1980, 1989; Siveter & Flansch 1989; also Martinsson 1967, 1970, 
1977a, b; Sarv 1982).
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In general, Devonian rocks exposed north of a line 
from Bristol to London are of continental ‘Old 
Red Sandstone’ facies, while to the south a variety 
of marine facies predominate (Goldring et al. 
1967; Selwood & Durrance 1982; Bluck et al.
1988) (Fig. 1). Thus, Devonian ostracods are 
mainly restricted to Devon and Cornwall, although 
there are records from marine horizons in South 
Wales. Little taxonomic work has been carried out 
on these faunas and only very general palaeoecolo- 
gical information is available. This reflects both the 
complex tectonic setting of the region (Selwood 
1990; Selwood & Thomas 1987, 1988) and the 
often poor preservation of most of the ostracod 
material. Only with the establishment of a Late 
Devonian ostracod chronology in the Rheinish 
Slate Mountains of Germany (Rabien 1954; Krebs & 
Rabien 1964; Buggisch et al. 1978, 1986) have 
ostracods been used to resolve geological problems 
in Devon and Cornwall.

History of research
For convenience, we recognize two main ostracod 
groups in the British Devonian: the Entomozoacea 
(‘fingerprint ostracods’), a distinctive superfamily 
of which at least some species may have been 
pelagic, and the remaining taxa which occupied a 
wide variety of benthic (or nektobenthic) habitats.

The Entomozoacea

The name of this superfamily is retained despite the 
fact that the Silurian type species of Entomozoe 
belongs to the Bolbozoacea (Siveter & Vannier 
1990; Groos-Uffenorde 2004). Entomozoaceans 
were first recognized and identified as ostracods 
(‘Cytherinen’) in Germany by Guido Sandberger 
(1842, p. 226). His younger brother, Fridolin 
Sandberger (1852), later discovered them in slates 
from South Petherwin, near Launceston in East 
Cornwall (see also Sandberger & Sandberger 
1850-1856). This was the first record of Devonian 
ostracods in Britain. A second early record was 
that of Friedrich Adolf Roemer (1853, p. 812), 
who identified ‘Cypridina’ serratostriata in the 
summer of 1853 while on a field trip in South

Devon with R. A. C. Godwin-Austin. Another 
German geologist, Kayser (1889, p. 185), noted 
the occurrence of red slates with ‘Entomis’ serratos
triata at Ugbrook Park, also in South Devon, during 
an excursion following the Geological Congress 
of 1887 in London.

Thus, German palaeontologists were responsible 
for the early recognition of British Devonian entomo
zoaceans. However, much of the credit for our knowl
edge of the distribution of these fossils must go to 
W. A. E. Ussher. As an officer of the Geological 
Survey, Ussher spent many years (1870-1909) 
mapping large areas of SW England for the New 
Series 1 inch geological maps. During this period he 
collected entomozoaceans from numerous localities. 
Ussher was not a palaeontological specialist and pub
lished nothing directly on ostracods, but his recog
nition of their widespread occurrence in the Late 
Devonian rocks of SW England was a major contri
bution and his 1 inch Sheet Memoirs (Ussher 1907, 
1912, 1913; see also Lloyd 1933) remain a valuable 
source of locality information. Additional localities 
in South Devon were given in an earlier paper 
(Ussher 1890). Some of this material was passed to 
T. R. Jones, who published the first taxonomic paper 
(Jones 1890) on British Late Devonian entomozoa
ceans. Later, Annis (1927, 1933) and House (1963) 
identified several entomozoacean species from 
localities in South Devon.

Since the 1960s, our knowledge of entomozoa
ceans in South Devon and East Cornwall has 
advanced considerably, mainly as a result of the 
remapping of the British Geological Survey’s 
(BGS) 1:50 000 Newton Abbot (339) and Tavistock 
(337) sheets, carried out by Dr E. B. Selwood 
and postgraduate students at Exeter University 
(Selwood et al. 1984). This led to the collection of 
a considerable number of entomozoacean speci
mens that were of great stratigraphic value 
(Selwood et al. 1984) and formed the basis for a 
largely unpublished revision of the, group (Gooday 
1973). Other recent records of Late Devonian ento
mozoaceans in South Devon and East Cornwall are 
as follows: van Straaten & Tucker (1972) and House 
(1975) from Saltern Cove and Ansteys Cove near 
Torquay; House & Butcher (1973) from the Chudle- 
igh area; Willcock (1982) from near Buckfastleigh; 
Gooday (1974) and Burton & Tanner (1986) from

From: WHITTAKER, J. E. & Ha r t , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 91-110. 
1747-602X/$I5.00 The Micropalaeontological Society 2009.
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Fig. 1. Distribution of Devonian rocks (shaded black) in Britain, omitting Ireland.
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the region around Plymouth; and Whiteley (1981,
1983) and Selwood et al. (1982) from numerous 
localities in the Tavistock and Launceston areas 
(see also Reid et al. 1912).

In North Cornwall, entomozoaceans were first 
discovered in the purple and green slates around 
Polzeath by the amateur geologist Howard Fox 
(Fox 1906). This material was examined by Ussher, 
who identified several species and sent material 
to Kayser who appended a letter to Fox’s paper. A 
few years later, Reid et al. (1910) recorded abundant 
‘Entomis in the Padstow area. More recent records 
are provided by House (1963), Gauss & House 
(1972), Gooday (1973) and Beese (1978, 1984).

Benthic ostracods

Supposed benthic ostracods are fairly widespread in 
the British Devonian, but, despite some early taxo
nomic studies, they have received considerably 
less attention than equivalent faunas in mainland 
Europe and other parts of the world. Jones & 
Woodward (1889) described the only known Lower 
Devonian species, Beyrichia devonica, from the 
Meadfoot Beds (Emsian) near Torquay. Myodoco- 
pid and cladocopid assemblages from Middle Devo
nian (uppermost Givetian) limestones exposed in 
Lummaton Quarry (also near Torquay) were 
included by Whidborne (1890) in the first part of 
his Monograph of the Devonian Fossils of the 
South of England. Earlier, Jones (1881) had 
described the new genus Cyprosina from the same 
quarry. This taxon was redescribed and placed 
in the new superfamily Entomoconchacea by 
Sylvester-Bradley (1952). Jones (1888) also estab
lished the palaeocopid genus Kyamodes (revised 
by Siveter 1974) on the basis of material collected 
by Whidborne from a Mid-Devonian limestone 
bed at Daddy Hole Cove, again near Torquay. 
There are additional records of unidentified 
ostracods from the Lower Limestone Member 
(Eifelian-Givetian) of the Plymouth Limestone 
Formation (Chandler & McCall 1985) and from 
Mid-Late (Frasnian) Devonian limestone 
formations near Newton Abbot in South Devon 
(Scrutton & Goodger 1987).

The only published description of Late Devonian 
benthic ostracods appears in the final part of 
Whidborne’s (1896-1907) monograph that deals 
with a varied fauna from the late Famennian 
Baggy Sandstones and Pilton Shales of North 
Devon. The assemblage, which conforms to the 
Eifelian ecotype (Bandel & Becker 1975; Becker 
& Bless 1990), includes new species assigned to 
the genera Beyrichia, Beyrichiopsis, Kloedenia, 
Primitia and Ulrichia, as well as a leperditiid 
(a group traditionally allied to the Ostracoda). 
The leperditiid, a species assigned to Isochilina,

represents a very late record for this taxon. In 
South Wales, undescribed Late Famennian ostra
cods, presumably benthic species, are locally abun
dant in the marine beds within the topmost Skrinkle 
Sandstone of Pembrokeshire (Dixon 1921; Marshall
2000). Whiteley (1983) recognized a variety of 
non-entomozoacean taxa, mainly podocopids but 
also occasional palaeocopids, in Late Devonian strata 
from the Tavistock and Launceston areas. Thin- 
walled, spinose podocopids (e.g. Bairdia, Acratia), 
which typify the Thuringian ecotype (Becker & 
Bless 1990; Groos-Uffenorde et al. 2000) previously 
unreported from the British Devonian, are particularly 
abundant on certain bedding planes (uppermost 
Famennian) recovered in a borehole drilled near 
Chillaton (Selwood et al. 1982). Whiteley (1983) 
concluded that, although sometimes abundant, 
benthic ostracods have a considerably more localized 
occurrence than entomozoaceans in the Late Devonian 
deep-water facies of SW England.

Principal collections
There are three principal collections of British Devo
nian ostracods. The Sedgwick Museum, Cambridge, 
houses much of the benthic material described by 
Jones (1881, 1888), Whidborne (1890, 1896-1907), 
Jones & Woodward (1889) and Sylvester-Bradley 
(1952). Most of the Late Devonian entomozoaceans 
collected during geological surveys in SW England 
are deposited with the British Geological Survey in 
Keyworth, Nottinghamshire. Several small collec
tions of entomozoaceans and benthic ostracods are 
housed in The Natural History Museum, London. 
There are a few unfigured specimens in the Torquay 
and Penzance Museums. Further details are given by 
Gooday (1978). All the specimens figured in this 
chapter are housed in the British Geological Survey, 
Keyworth.

System limits and internal divisions
The definitions of the system and its subdivisions, 
based on reference sections in Belgium, Germany, 
France, Morocco and Asia, are summarized by 
House (1988) and Oliver & Chlupac (1991), and a 
detailed correlation of the Devonian rocks of the 
British Isles is presented by House et al. (1977). 
Stage boundaries in the British marine Devonian 
have been recognized on the basis of conodonts sup
plemented by palynological evidence (reviewed by 
Marshall & House 2000). Here, we consider only 
the Late Devonian as all British index fossils are 
of this age. Two stages, the Frasnian and Famen
nian, comprise the marine Late Devonian (Fig. 2). 
The base of the Frasnian is defined as the base of 
the lower Polygnathus asymmetricus conodont
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Fig. 2. The known ranges of British Late Devonian entomozoacean ostracods plotted against conodont and ostracod 
biozones (after Ziegler & Sandberg 1990; Groos-Uffenorde & Schindler 1990; Groos-Uffenorde et at. 2000). Note that 
the precise correlation of conodont and ostracod biozones is still problematic. 1 -Zonal boundary after Buggisch et al. 
(1978). 2-Zonal boundary after Buggisch et al. (1986). 3-The seven ostracod subzones between the splendens and 
cicatricosa biozones, established in mainland Europe (Krebs & Rabien 1964), have not been recognized in Britain.

Biozone. The boundary between the Frasnian and 
Famennian (located at the base of the Lower Palma- 
tolepis triangularis conodont Biozone) marks one of 
several major mass extinction events, in part related 
to anoxic episodes, during the Devonian (House

2002). The upper limit of the Devonian is defined 
by the base of the overlying Carboniferous 
System, which corresponds to the first appearance 
of the conodont Siphonodella sulcata (House 
1988; Oliver & Chlupac 1991).
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The biostratigraphic subdivisions of the marine 
Late Devonian are shown in Figure 2. The entomo- 
zoacean zonal scheme was established by Rabien 
(1954, 1956a, 1960, 1970) and his co-workers 
(Rabien & Rabitz 1958; Krebs & Rabien 1964) in 
the Rheinish Slate Mountains, Germany, where its 
utility has been amply demonstrated (Buggisch 
et al. 1986; Groos-Uffenorde & Wang 1989). It 
has been applied also in the Late Devonian of 
other regions including France (Lethiers 1970), 
Belgium (Casier 1977, 1982a), northern Spain 
(Becker 1982), the Pyrennes (Devolve & Lethiers
1986), Poland (Olempska 1979, 2002; Zbikowska
1983), North Africa (Casier 1983, 1985), north 
and south China (Groos-Uffenorde & Wang 1989; 
Wang 1978, 1983c, 1987, 1989*), and the USSR 
(Tschigova 1977), as well as in the complex 
tectonic setting of SW England (Gooday 1973, 
1974; Whiteley 1981, 1983; Selwood et al. 1984).

Facies and its control of the ostracod faunas
The palaeogeographic setting in which the Devonian 
rocks of northwestern and central Europe were 
deposited is summarized by Tsien (1988). Bluck 
et al. (1988) provides an overview of Devonian 
palaeogeography and depositional environments in 
England, Wales and Scotland; syntheses of facies 
and depositional environments within the Devonian 
of Devon and Cornwall are presented by Selwood & 
Durrance (1982), Selwood & Thomas (1986) and 
Selwood (1990). To the north of a line from the 
Bristol Channel to the Thames Estuary lay the ‘Old 
Red Continent’ flanked by a broad shelf with 
deeper water to the south. Marine Devonian rocks 
exposed in South Wales, North Devon and West 
Somerset represent a variety of shallow-water 
settings and are almost entirely clastic. Those 
exposed in North Cornwall and South Devon 
originated, for the most part, in deep water and 
constitute a basinal facies yielding fossils that are 
generally considered to have been pelagic. These 
two facies types can be traced eastwards into the 
Ardennes and Rhenish State Mountains.

Most of the British ostracod sites are located 
in the Late Devonian basinal deposits of North 
Cornwall and South Devon. For many years, under
standing of the middle and upper Palaeozoic 
geology of this region was hampered by an extre
mely complex tectonic setting coupled with rapid 
facies changes and poor exposure. However, con
siderable progress was made in the latter decades 
of the last century, mainly as a result of the remap
ping of the British Geological Survey’s 1 inch 
Sheets 336-339 by the University of Exeter in col
laboration with BGS. Selwood etal. (1984) describe 
the geology of Sheet 339 in the corresponding

Memoir. Entomozoaceans account for many of 
the records. These ostracods are widespread and 
locally abundant in the purple and green shales of 
Frasnian-Tournaisian age that crop out in a discon
tinuous belt from North Cornwall to South Devon. 
The associated faunas are predominately pelagic, 
and include posidoniid bivalves, occasional ammo- 
noids and, in the Frasnian, styliolinids (Selwood & 
Durrance 1982). The purple and green slates are 
believed to have been deposited in major intrashelf 
basins that developed as half-grabens with tectoni
cally active northern margins (Selwood & Thomas 
1986; Bluck et al. 1988). Included in this facies are 
the Polzeath Slates of the Padstow area (Gauss & 
House 1972; Beese 1978, 1984), the Gurrington 
and Rora Slates of the Newton Abbot area (Willcock 
1982; Selwood etal. 1984), and the purple and green 
slates around Plymouth (Gooday 1974; Chandler & 
McCall 1985) and between Bodmin Moor and 
Dartmoor (Whiteley 1981, 1983). An outer shelf 
formation, the Late Devonian Kate Brook Slate, 
consists of lustrous, grey-green slates that are fault- 
bounded and probably parautochthonous. Apart 
from occasional brachiopod-bearing horizons, this 
formation is largely devoid of fossils, although it 
has yielded middle Famennian entomozoaceans at 
a locality (SX 7360 7544) south of Buckfastleigh 
(Willcock 1982).

Traced laterally, the basinal Gurrington Slate 
passes into nodular limestones (Luxton Nodular 
Limestone). These highly condensed sequences 
were deposited on the flanks and crests of submarine 
rises which developed above a submerged Mid to 
Late Devonian reef complex (Selwood & Durrance
1982). The crest of a rise has been exposed near 
Chudleigh in South Devon where the sequence is 
most condensed and the nodules have amalgamated 
to form more or less continuous limestone bands. 
The nodule fauna is extremely rich and includes 
both benthic and pelagic elements, such as clyme- 
nids, goniatites and trilobites, in addition to entomo
zoaceans (House & Butcher 1973; Selwood et al.
1984).

Assemblages dominated by entomozoaceans are 
found in deep-water shales and pelagic limestones 
in many other parts of mainland Europe. For 
example, they occur abundantly in Cypridinenschie- 
fer of the Rhenish Late Devonian (Rabien 1954, 
1956*), a formation that closely resembles the 
purple and green slates of SW England (Goldring 
1962; Selwood & Durrance 1982), The ‘entomozoa- 
cean ecotype’ (Bandel & Becker 1975), later termed 
the ‘myodocopid ecotype’ because it also includes 
cypridinids, is usually considered to indicate deeper- 
water, offshore settings (Becker 1976a; Bless 
1983; Bless & Uffenorde 1984; Lethiers & Crasquin 
1987; Groos-Uffenorde & Schindler 1990; 
Groos-Uffenorde 2004). Bandel & Meyer (1975)
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estimated that ostracod-bearing pelagic limestones 
in the southern Rhineland were deposited in at 
least 5 0 0 -1000 m of water. Some authors have 
suggested that this ecotype was associated with 
dysoxic water masses (e.g. Casier 1987a, b, 2003; 
Casier & Lethiers 1998).

The mode of life of entomozoaceans remains 
somewhat controversial (Gooday 1983; Olempska 
1992, 2002; Groos-Uffenorde 2004). They have 
often been regarded as planktonic, occupying an 
ecological position similar to that of the Recent 
halocyprid myodocopids (Rabien 1954). However, 
it has also been argued that they were benthic or 
nektobenthic, for example by Casier (1985, 1986, 
1987a, b) who concluded that, in the Frasnian of 
the Dinant Basin, nektobenthic entomozoaceans 
flourished in a shallow-water, dysoxic environment, 
just below the influence of wave action. This inter
pretation was challenged by Groos-Uffenorde & 
Schindler (1990) who reassert the traditional 
view that entomozoaceans were pelagic, point
ing out that they were unaffected by global 
events that impacted benthic animals (see also 
Lethiers 1991). The cosmopolitan distribution of 
many species (North America, Europe, North 
Africa, China) also indicates a pelagic mode of 
life (Lethiers 1983). Possibly, a range of planktonic 
and benthic or neckto-benthic lifestyles were rep
resented within the superfamily (Gooday 1983), 
as suggested by evidence for varying degrees of 
calcification among different species (Olempska 
1992).

Late Devonian benthic ostracods were 
described by Whidborne (1896-1907) from the 
clastic near-shore sequences of the Baggy Sand
stones and Pilton Shales in North Devon. These 
formations originated within Allen’s (1965) ‘tran
sitional zone’, a mainly neritic region between the 
coastal plain of the ‘Old Red Continent’ and deep 
water to the south. The Baggy Sandstones are 
transgressive deposits consisting of ‘massive 
cross-bedded sandstones and siltstones associated 
with intraformational conglomerates, slumped 
masses and sporadic thin crinoidal and gastropodal 
limestones’ (Selwood & Durrance 1982) deposited 
in a wide variety of shoreline and non-marine 
environments (Goldring et al. 1978; Bluck et al.
1988). The Baggy Sandstones pass gradually 
upwards into the fully marine sandstones and 
slates of the Lower Pilton Shale (Goldring et al. 
1978; Selwood & Durrance 1982). Benthic ostra
cods also occur, in places abundantly, at certain 
horizons within the topmost beds (Red-Grey 
Member) of the late Famennian-Carboniferous 
Skrinkle Sandstone of the Pembroke Peninsula in 
South Wales (Dixon 1921; Marshall 2000). At 
least one of the ostracod-bearing levels shown 
in figure 17 of Marshall (2000) appears to fall

within the Famennian, although others are of 
Carboniferous age. These beds also represent a 
marine transgression and probably originated in 
various freshwater settings with sporadic marine 
inputs, lagoons and intertidal environments (Allen 
1965; Marshall 2000). The Skrinkle faunas remain 
undescribed, but Whidborne’s (1896-1907) illus
trations of the Baggy Sandstone ostracods recall 
assemblages from near-shore marine environments 
in the Late Devonian of the Brabant Massif, 
Belgium (Becker & Bless 1974; Bless 1983; Bless 
et al. 1987). The Belgian assemblages are strongly 
controlled by facies. They include thick-walled 
species belonging within the Eifelian ecotype, 
which represents well-oxygenated conditions in 
near-shore lagoonal-offshore settings (Bandel & 
Becker 1975; Becker & Bless 1990; Casier & 
Lethiers 1998; Casier et al. 2002). It would be inter
esting to look for similar facies control in North 
Devon and South Wales.

The benthic ostracod fauna of the Chillaton 
Borehole (West Devon) is dominated by spinose 
podocopids, sometimes crowded together on particu
lar bedding planes (Selwood et al. 1982; Whiteley
1983). These assemblages, of Late Devonian- 
Tournaisian age, are of considerable interest 
because they resemble elements of the Thuringian 
ecotype, which is well known in other parts of 
Europe (Bandel & Becker 1975; Becker 1976a; 
Bless 1983; Lethiers & Crasquin 1987; Becker 
1989; Becker & Bless 1990) and North Africa 
(Becker 1987, 1988a) but previously unreported 
in Britain. The Thuringian ecotype is believed to 
reflect a variety of low-energy and usually compara
tively deep, cold-water environments (Lethiers & 
Crasquin 1987; Becker & Bless 1990). The presence 
of entomozoaceans in the Chillaton succession 
(Selwood etal. 1982) indicates off-shore conditions. 
Faunal and lithological evidence suggests that the 
Chillaton podocopids lived fairly high on the 
slopes of a submarine rise, a feature that was prob
ably comparable to the Chudleigh rise referred 
to earlier.

The Late Givetian ostracods described by 
Whidborne (1890) from Lummaton Quarry, near 
Torquay, occur in the well-known Lummaton 
Shell Bed (part of the Barton Limestone) that 
formed as a shell bank deposited under fairly 
high-energy conditions during reef submergence 
(Selwood & Durrance 1982). The Lummaton assem
blage comprises species of the genus Polycope 
and large myodocopids, one of which, Cyprosina 
whidbornei, reaches a length of 19 mm. Large 
myodocopids are well known from the Carbonifer
ous of northern Europe (Bless 1973, 1983) and 
have been reported also from Frasnian strata in 
Germany (Becker & Bless 1987) and Belgium 
(Casier 1988).
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Ostracod biostratigraphy

Gooday & Becker (1979) and Groos-Uffenorde 
et al. (2000) provide reviews of ostracods in 
Devonian biostratigraphy.

Only half of the 12 Late Devonian entomozoacean 
biozones recognized in Germany and elsewhere 
(Groos-Uffenorde et al. 2000) have been convincingly 
documented in Britain (Fig. 3). The torleyi Biozone, 
which spans' the Givetian - Frasnian boundary 
(Groos-Uffenorde & Schindler 1990), has been recog
nized in the Norden Slate. Samples collected by Dr
A. Willcock near Bickington contain several poorly 
preserved but recognizable specimens of Ungarella 
latesulcata (Paeckelmann, 1921), a species restricted 
to this biozone, as well as styliolinids, which are 
common in the lower half of the Frasnian (Willcock
1982). The mid Frasnian cicatricosa Biozone occurs 
at three localities east of Dartmoor (Gooday 1973) 
and there is one possible record from the Plymouth 
area (Gooday 1974). The late Frasnian splendens 
Biozone has been tentatively identified on the basis 
of poorly preserved material collected near Tredown

in East Cornwall and near Buckfastleigh in South 
Devon. However, a provisional record of the zeichi 
Biozone from the Plymouth area (Gooday 1974) has 
not been confirmed. The occurrence of clearly identifi
able Frasnian zonal ostracods at only four localities 
in SW England is notable and contrasts with their 
widespread distribution in Germany and elsewhere 
(Rabien 1954; Groos-Uffenorde & Wang 1989; 
Wang 1987, 1989fi).

Famennian entomozoacean biozones are much 
better represented in Britain. There are three 
records of the serratostriata-nehdensis Biozone from 
the area east of Dartmoor, two from the Padstow area 
(Gooday 1973), one from the Torquay area (van 
Straaten & Tucker 1972; Gooday 1973) and one 
possible record from the Plymouth region (Gooday
1974). The eocostata Biozone (broadly equivalent 
to the intercostata Biozone) occurs at seven 
localities in the Gurrington Slate east of Dartmoor 
(Gooday 1973) and one in the Kate Brook Slate 
near Buckfastleigh (Willcock 1982). The hemi- 
sphaerica-dichotom a  Biozone (both upper and 
lower divisions), by far the most widely occurring
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□ cicatricosa Biozone x torleyi Biozone a  hemisphaerica-dichotoma Biozone 

•  serratostriata-nehdensis Biozone o  eocostata Biozone a  splendens Biozone (tentative) 

0 hemisphaerica-latior interregnum ........  limit of Devonian deposits major intrusions

Fig. 3. Sketch map showing entomozoacean biozones recognized, the northern and southern limits of Devonian 
deposits, and the location of major intrusions in the Padstow-Plymouth-Newton Abbot region of SW England. Data 
from van Straaten & Tucker (1972), Gooday (1973,1974, unpublished), House (1975), Whiteley (1981,1983), Selwood 
et al. (1982, 1984), Wilkinson (unpublished) and Willcock (1982). Towns: B, Buckfastleigh; L, Launceston; NA, 
Newton Abbot; P, Padstow; PI, Plymouth. Ta, Tavistock; To, Torquay.
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entomozoacean biozone in SW England, is represen
ted at 42 localities east of Dartmoor, one in the 
Torquay area (Gooday 1973), four in the Plymouth 
area (Gooday 1974), several in the Gurrington Slate 
SE of Dartmoor (Willcock 1982), and at 29 localities 
in the Tavistock and Launceston areas (Whiteley 
1981,1983). Very similar (although pyritized) assem
blages of lower hemisphaerica-dichotoma Biozone 
age are described by Groos-Uffenorde (2004) from 
a borehole near Refrath in the Ardenno-Rhenish 
Massif, Germany. Finally, the topmost Famennian 
hemisphaerica/latior Interregnum has been recog
nized in the Chillaton Borehole (Selwood et al. 
1982; Whiteley 1983).

Benthic ostracods have yet to be used for strati
graphic purposes in the British Devonian, although 
their utility has been demonstrated in parts of 
continental Europe and North America. Numerous 
short-ranging, zonally important species of the neritic 
Eifelian ecotype occur in the Early and particularly 
the Middle Devonian of Central and Western Europe 
(Gooday & Becker 1979; Groos-Uffenorde et al.
2000). A system of ostracod zonation has been pro
posed for the Late Devonian of parts of northern 
Europe (Lethiers 1974ft, 1984; Casier 1979). Benthic 
ostracods have particular biostratigraphic value in the 
Mid and Late Devonian of western Canada (Lethiers 
1978, 1981; Braun 1990) where a total of 19 biozones 
and 18 sub-biozones has been established for Eifelian- 
Famennian strata. Some of the subzones may represent 
time intervals of 600 000 years or less (Braun 1990). 
However, facies control on the distribution of species 
of the Eifelian ecotype generally limits the applica
bility of zonal schemes to particular basins 
(Groos-Uffenorde et al. 2000). Silicified ostracods 
belonging to the deep-water Thuringian ecotype were 
used to zone the Late Devonian of Thuringia (Blumen- 
stengel 1965; Groos-Uffenorde et al. 2000). These 
assemblages are fairly widespread and stratigraphi- 
cally useful in other parts of Europe (Bless & Michel 
1967; Lethiers & Crasquin 1987; Lethiers & Feist
1990). As indicated earlier, similar (although unsilici- 
fied) ostracods have been recognized in the British 
Late Devonian (Selwood et al. 1982; Whiteley 1983).

Recent research has demonstrated that ostracods of 
both the Eifelian and Myodocopid ecotypes were 
severely affected by the profound ecological crises 
that characterized the Frasnian-Famennian bound
ary. Seventy per cent or more of the ostracod species 
became extinct at this level in European and North 
American sections (Casier 2003; Casier & Lethier 
1998, 2001; Casier et al. 2002; Olempska 2002).

Index fossils and faunal associations
Although omitted from this section, some British 
Devonian benthic ostracods may prove eventually

to have the same kind of stratigraphic value as 
their counterparts elsewhere. For example, 
Whiteley (1983) illustrates a large species of 
Kirkbya that appears to be restricted to the late 
Famennian of SW England.

All the index species described here are Late 
Devonian entomozoaceans. Members of this super
family occur in strata of Silurian-Late Carbonifer
ous age and have been used as zonal fossils in 
the Early and Mid Devonian of China (Wang & 
Zhang 1983; Groos-Uffenorde & Wang 1989; 
Wang 1986a, b , 1989a, b). At the base of the Late 
Devonian, entomozoaceans increase dramatically 
in abundance and diversity (Groos-Uffenorde 
et al. 2002). They remain stratigraphically import
ant in the Tournaisian (Groos-Uffenorde & 
Uffenorde 1974; Gooday 1983; Groos-Uffenorde
1984) and persist into the Late Carboniferous 
(Becker et al. 1975; Becker 1976ft; Wilkinson & 
Riley 1990). The fundamental taxonomic work on 
Late Devonian entomozoaceans is the monograph 
of Rabien (1954).

Introductions to entomozoacean morphology are 
given by Gooday (1983) and Olempska (1992). In 
the British material, the original shell material is 
rarely present and specimens are typically found 
as disarticulated internal and external moulds, 
although articulated carapaces have been described. 
Tectonic distortion and fragmentation are common 
and complicate identification. However, species 
can usually be distinguished by their mean length/ 
height (L/H) ratios, the presence or absence of 
terminal spines and by the nature of the ribbing, par
ticularly the development of high, flange-like ribs 
and primary and secondary ribbing, the number of 
ribs across the height of the valve, the number of 
terminally concentric ribs, the rib spacing (a particu
larly useful character in fragmentary material) and 
the presence or absence of cross ribs. Genera are 
distinguished by the shape of the valves, the 
presence or absence of a sulcus and muscle pit, 
and the general ribbing pattern.

The specimen numbers in the plate explanations 
identify pieces of ostracod-bearing slate in the 
British Geological Survey collections, Keyworth. 
Localities are identified by Ordnance Survey eight 
figure grid references. All are in South Devon, 
SE of Dartmoor (locality numbers refer to the 
numbers in Fig. 3).

Problems remaining
The lack of information on Devonian benthic ostra
cods in Britain contrasts strikingly with other parts 
of the world where numerous papers addressing 
this topic have appeared since the middle of the 
last century. The mainland European studies
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published since the paper of Gooday (1978) include 
those of Becker (1981, 1982, 1988b), Becker & 
Sanchez de Posada (1977) and Casier (1982b) in 
Spain, Becker (1989), Becker & Bless (1987) and 
Casier (2003) in the Ardenno-Rhenish Massif, 
Blumenstengel (1979) in Thuringia, Olempska 
(1979, 1992, 2002) and Casier et al. (2002) in the 
Holy Cross Mountains (Poland), Zbikowska 
(1983) in NW Poland and Orlov (1990) in Russia. 
Major taxonomic works have been published on 
Devonian benthic faunas from western Canada 
(Lethiers 1978, 1981), North Africa (Becker 1987) 
and China (Wang & Shi 1982; Wang 1983a, b).

A search for ostracods in the Mid Devonian 
limestones of SW England could prove fruitful. 
Ostracods are presently described from only one 
locality (Lummaton Quarry) and the assemblage 
here is unusual in comprising mainly myodocopids 
(Whidborne 1896-1907). However, there are 
reports of ostracods occurring at other limestone 
localities (Chandler & McCall 1985; Scrutton & 
Goodger 1987). Further sampling may well yield 
faunas comparable to the palaeocopid and podoco- 
pid assemblages described by Becker (1964, 1965) 
from the Eifel region of Germany.

The near-shore Late Devonian faunas of the 
Baggy Sandstones and Pilton Shales, described 
briefly by Whidborne (1896-1907), merit further 
investigation, while the locally abundant ostracods 
of the Skrinkle Sandstone in Pembrokeshire still 
await description. Coeval faunas of the Eifelian 
ecotype are known from the late Famennian of 
NE France and Belgium (Lethiers 1972, 1974a, c, 
1975; Becker & Bless 1974; Bless 1983). The desir
ability of comparing the British ostracods with 
marginal marine assemblages in the Brabant 
Massif is discussed earlier. The locally abundant 
deeper-water ostracods of the Thuringian ecotype 
that have recently been discovered in the British 
Late Devonian warrant more detailed analysis. An 
obvious approach would be to compare them with 
continental European faunas of the same ecological 
type (Becker & Bless 1990).

Ostracods are least well documented in the 
Lower Devonian of northern Europe (Jordan 1970; 
Becker & Bless 1974; Sanchez de Posada 1977; 
Groos-Uffenorde et al. 2000); in Britain, only one 
species of this age has been described (Jones & 
Woodward 1889). Thus, any contribution to our 
knowledge of British Lower Devonian ostracods 
would be welcome.

British Late Devonian entomozoaceans are 
fairly well known taxonomically, although some 
new species still await description (Gooday 1973). 
Their stratigraphic utility in the basinal deposits of 
SW England is now well established and, no 
doubt, they will continue to be used to solve 
stratigraphical problems in the future.

Dr E. B. Selwood critically read a draft of this paper in the 
early 1990s and made available valuable information on 
ostracod localities, Dr J. E. A. Marshall commented on a 
much later version and guided me to relevant literature, 
Dr H. Groos-Uffenorde provided copies of important 
recent papers, Professors M. Hart and D. Siveter and 
Dr J. Whittaker provided useful comments and editorial 
help, Dr I. Wilkinson prepared the plates, drafted Figures 
1 and 2, and provided some unpublished records for 
Figure 2, and Mrs K. Davis prepared the final versions of 
the figures. I am grateful to all these people for their help.
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Explanation of plates 

Plate 1
Groos-Uffenorde (2004) provides an overview of richterinid entomozoacean species based on well-preserved 
pyritized carapaces from a borehole near Refrath in the Ardenno-Rhenish Massif, Germany. There are few 
clues to the orientation of richterinids and it is usually impossible to distinguish between disarticulated 
left and right valves. All the specimens figured here are housed in the British Geological Survey, Keyworth.

1 -3 . Richterina (R .) striatula (Richter, 1848)
Figured specimens: 1, MPK 13584, internal mould somewhat distorted by tectonic pressure, 1650 p,m long, x27; 2, 
MPK 13585, latex cast of external mould, 1350 p,m long, x 33; 3, MPK 13586, latex cast of external mould, 1900 p,m 
long, x 24. All are from Whiteway Slate, debris in a ploughed field immediately north of Whiteway Farm, SX 8847 
7533-8860 7545 (Locality 2). Upper Famennian hemisphaerica-dichotoma Biozone.
Diagnosis: Lateral outline elongate and symmetrically oval, with no distinction between dorsal and ventral margins; 
mean L/H ratio 1.7-1.9. Surface with 25-30 (sometimes up to 40) longitudinal ribs of uniform strength and a spacing 
of 0.024-0.056 mm (mean 0.035 mm); three or four ribs run parallel to ends of valve and cross ribs may be developed 
near one end.
Range: Basically an Upper Famennian species, R. (/?.) striatula ranges from the intercostata Biozone to the upper 
limit of Upper Devonian, but most common in the hemisphaerica-dichtoma Biozone and the topmost Famennian 
hemisphaerica- latior Interregnum.
Remarks: A very common species in the Upper Famennian and known from numerous British localities. It usually 
occurs with R. (R.) costata, Matemella dichotoma and M. hemisphaerica.

4, 5. Richterina (R.) costata (Richter, 1869)
Figured specimens: 4, 13587, internal mould with short, blunt terminal spines, MPK 550 p,m long, x29; 5, MPK 
13588, incomplete external mould, 1500 pjnlong, x 29. Both specimens are from the same locality as/?. (/?.) striatula. 
Diagnosis: Lateral outline elongate and oval, mean L/H ratio 1.94. Single outward-pointing spine developed near 
each end, usually in mid-line of valve. Surface with four-six primary ribs, spacing 0.10-0.35 mm, between which 
are a variable number of secondary ribs. Primary ribs extend out from surface of valve as vane-like structures traversed 
by vertical raised lineations.
Range: Similar to that of R. (R.) striatula.
Remarks: Distinguished from R. (R.) striatula by the terminal spines and primary and secondary ribbing. The vane
like primary ribs with transverse raised lineations were first observed by Gooday (1973) and subsequently documented 
by Olempska (1992) and Groos-Uffenorde (1993). Common and widespread in the British Upper Devonian, usually 
associated with R. (/?.) striatula.

(continued on p. 106)
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6, 7. Richterina (Richterina) eocostata Wang, 1983
Figured specimens: 6, MPK 13589, external mould, 1400 pm long, x32, from road exposure on bend between 
Wrigwell and Herebere, SX 8102 7157; 7, MPK 13590, external mould, 1500 pm long, x30, from road 
exposure SSW of Hawkes Farm, SX 7757 6937 (Locality 8). Both specimens are from the Gurrington Slate, probably 
the eocostata (= intercostata) Biozone.
Diagnosis: Lateral outline symmetrically oval, mean L/H ratio 1.59. No terminal spines. Surface with 12-15 stronger 
primary ribs between each pair of which is usually a single weaker secondary rib.
Range: In China, this species characterizes the Middle Famennian eocostata Biozone which seems to be equivalent to 
the European intercostata Biozone (Groos-Uffenorde & Wang 1989; Groos-Uffenorde 2004).
Remarks: Wang (1983c) established this species for richterinids with primary and secondary ribbing but no central 
muscle pit or terminal spines. The Chinese specimens are conspecific with R. (IF.) intercostata (Matern, 1929) of 
Gooday (1978, plate 1, figs 6 and 8) and possibly with R. (IF.) cf. intercostata of Rabien (1954) (Wang 1983c; 
Groos-Uffenorde & Wang 1989). R. (R.) eocostata is distinguished from R. (R.) costata by the absence of terminal 
spines and from R. (Ft) intercostata by the absence of a central muscle pit.

8. Richterina (Fossirichterina) semen (Jones, 1895)
Figured specimen: 8, MPK 13590, latex cast of external mould (the structures within the pit may be muscle scars), 
1350 pan long, x34; Gurrington Slate, Whitecleave Quarry, SX 7385 6556 (Locality 9); lower hemisphaerica- 
dichotoma Biozone.
Diagnosis: Lateral outline oval, mean L/H ratio 1.67. Surface with between seven and 10 primary ribs between each 
pair of which are one-three secondary ribs; variably developed cross ribs join primary and secondary ribs. Large, 
shallow muscle pit usually well-developed.
Range: intercostata and lower hemisphaerica-dichotoma Biozone. Where it occurs with M. dichotoma and M. hemi- 
sphaerica, this species is typical of the lower hemisphaerica-dichotoma Biozone. An extension of the range into the 
upper hemisphaerica-dichotoma Biozone is suggested by its occurrence with the ammonoid Kosmoclymenia at one 
locality, although this has not been verified by observations at other localities (Groos-Uffenorde 2004).
Remarks: Distinguished from R. (F.) intercostata by the well-developed muscle pit and cross ribs.

9, 10. Kuzminaella sp.
Figured specimen: 9, MPK 13590, latex cast of external mould (the orientation is uncertain), 2750 pm long, x 16; 10, 
detail of original external mould showing ribs tightly coiled about axis of ornamentation, x 24; Rora Slate, 15 cm thick 
band of black slate, 30 cm above base of small quarry at southern end of Rora Down, SX 7957 7425 (Locality 5); 
Upper Famennian, upper hemisphaerica-dichotoma Biozone.
Diagnosis: Large species with oval lateral outline, L/H ratio about 1.45. Surface with numerous fine, irregular, closely 
spaced, more or less discontinuous ribs that follow a complex and variable course about a diagonal axis, meeting the 
test margin at a high angle.
Range: Upper Famennian and basal Tournaisian (Tschigova 1977).
Remarks: The irregular ornamentation indicates Kuzminaella, a genus known from the Famennian of Russia, South 
China, the Rheinish Slate Mountains and Ardenno-Rhenish Massif, Germany (Groos-Uffenorde 1993, 2004). It most 
closely resembles the type species K. venusta Tschigova, 1977, as illustrated by Groos-Uffenorde (1993).

Plate 2
The Silurian type species of Entomozoe is probably not an entomozoacean (Groos-Uffenorde & Schindler 
1990; Siveter & Vannier 1990; Robaret et al. 1991). I follow Groos-Uffenorde et al. (2000) in regarding 
Richteria and Nehdentomis as distinct genera. All the specimens figured here are housed in the British 
Geological Survey, Keyworth.

1-3 . Richteria serratostriata (G. Sandberger, 1845)
Figured specimens: 1, MPK 13593, internal mould of right valve (anterior end left), length 1850 pm, x 24; 2, MPK 
13594, internal mould of left valve (anterior end right), length 1900 pm, x24. Both are from temporary exposure in 
building site south of Murley Grange SX 9005 7358 (Locality 3). 3, MPK 13607, latex cast of external mould of left 
valve (anterior end to left), length 2500 pm, x 18. Whiteway Slate, debris from SE corner of ploughed field near 
Murley Grange SX 9049 7420 (Locality 4). All specimens are from the serratostriata-nehdensis Biozone. 
Diagnosis: Lateral outline approximately oval, mean L/H ratio 1.45. Narrow, well-developed sulcus tapers ventrally (1,3) 
or ends in an elongate muscle pit (2). Surface with more than 20 longitudinal ribs and variable number of ribs running par
allel to posterior end; ribs sometimes divided into short lengths to give dashed effect; cross ribs may be developed. 
Range: Index species of the Lower Famennian serratostriata-nehdensis Biozone.

(continued on p. 108)
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Remarks: This important ostracod is abundant in Germany and many authors have reported it from numerous 
localities in SW England. In fact, it is fairly rare in England and most identifications must be erroneous. Typical speci
mens of Nehdentomis nehdensis (Matem, 1929) and Richteria serratostriata appear to be end members of a continuous 
morphological series, suggesting that the two species are probably conspecific. 2 is to the nehdensis end and 3 to the 
serratostriata end of the series.

4, 5. Nehdentomis pseudorichterina (Matern, 1929)
Figured specimens: 4, MPK 13595, latex cast of external mould, probably a right valve (anterior end to left?), length 
1600 pm, x 28; 5, MPK 13596, external mould of left valve (anterior to right), length 1250 pm, x 36. Both specimens 
are from Luxton Nodular Limestone, exposure south side of Roman Road to Ideford Arch SX 8776 7704 (Locality 1); 
cicatricosa Biozone.
Diagnosis: Lateral outline approximately oval, mean L/H ratio 1.49. Sulcus short and weak, muscle pit well devel
oped and circular. Surface with 25-35 longitudinal ribs, spacing 0.30-0.05 mm; dorsal ribs run straight, ventral ribs 
follow slightly curved course with some inner ribs truncated by innermost dorsal rib.
Range: Middle and Upper Frasnian, basal Famennian.
Remarks: Common in the Middle and Upper Frasnian of Germany, but positively identified from only a few Middle 
Frasnian localities in SW England where it occurs with Rabienella cicatricosa, Bertillonella erecta and Ungarella 
calcarata (Richter 1856).

6. Nandania asymmetrica (Koch, 1967)
Figured specimen: MPK 13597, external mould of right valve (posterior end to left), length 1650 pm, x27; White
way Slate, temporary exposure in building site south of Murley Grange, SX 9005 7358 (Locality 3); Lower Famennian 
serratostriata -  nehdensis B iozone.
Diagnosis: Lateral outline elongate and oval, mean L/H ratio 1.56. Weak sulcus and shallow muscle pit only 
occasionally developed; longitudinal depression sometimes runs from end of sulcus towards posterior margin. 
Surface with 30-44 longitudinal ribs; six-nine concentric ribs at posterior end, but only one or two at anterior end 
where cross ribs are often developed.
Range: Lower part of the serratostriata-nehdensis Biozone (Koch 1967).
Remarks: An occasional associate of R. serratostriata.

7. Waldeckella erecta Rabien, 1954
Figured specimen: MPK 13598, latex cast of external mould (it is unclear whether this is a right or left valve), length 
1600 pm, x28; Luxton Nodular Limestone, south side of Roman Road to Ideford Arch, SX 8776 7704 (Locality 1); 
Middle Frasnian cicatricosa Biozone.
Diagnosis: Lateral outline broadly oval, mean L/H ratio 1.21. Surface with 16-24 fine concentric ribs with spacing of
0.035-0.042 mm, arranged in oval course about dorso-ventral axis. Oval or circular muscle patch interrupts ornament 
near valve centre.
Range: Restricted to the Middle Frasnian cicatricosa Biozone.
Remarks: A rather uncommon associate of Rabienella cicatricosa. I follow Groos-Uffenorde et al. (2000) in my 
generic placement of this species.

8. Entomoprimitia (Reptiprimitia) rabieni Blumenstengel, 1959
Figured specimen: MPK 13599, latex cast of external mould or right valve (anterior end to right), length 2950 pm, 
x 15; Gurrington Slate, Whitecleave Quarry, SX 7385 6556 (Locality 9); Upper Famennian, lower hemisphaerica-  
dichotoma Biozone.
Diagnosis: Large species with lateral outline approximately bean-shaped, dorsal margin straight or si ightly indented where 
met by well-developed sulcus, anterior end more narrowly rounded than posterior end. Surface with 20- 30 concentric ribs 
that run parallel to anterior, ventral and posterior margins and are deflected downwards, parallel to sulcus. Rib spacing about 
0.025 mm.
Range: Upper part of serratostriata-nehdensis Biozone to the upper hemisphaerica-dichotoma Biozone.

Plate 3
All the specimens figured here are housed in the British Geological Survey, Keyworth.

1. Entomoprimitia? sandbergeri (Matern, 1929)
Figured specimen: MPK 13600, latex cast of left valve (anterior end to left), length 2150 pm, x 21; Gurrington Slate, 
exposure on south side of Ashburton Road (A383), SX 8177 7202 (Locality 6); lower Famennian, serratostriata- 
nehdensis Biozone.

(continued on p. 110)
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Plate 3
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Diagnosis: Large species with lateral outline broadly oval with straight dorsal margin. Sulcus broad and straight, 
ending in a muscle pit. Surface with variable number of ribs arranged in spiral, fan-shaped pattern around sulcus 
and pit and meeting margin at an angle.
Remarks: This peculiar, easily recognizable species is known in Britain from a single specimen. It may not be 
an entomozoacean.
Range: serratostriata-nehdensis Biozone.

2. Waldeckella? fabaeformis (Miiller-Steffan, 1964)
Figured specimen: MPK 13601, latex cast of left valve (anterior end to left), length 1600 pm, x27; Luxton Nodular 
Limestone, in bank at entrance to field, 64 m SW of Olchard on south side of Roman Road to Ideford Arch, SX 
8776 7704 (Locality 1); middle Frasnian cicatricosa Biozone.
Diagnosis: Lateral outline broadly oval with anterior end more broadly rounded than posterior end, mean L/H ratio 
1.26. Surface smooth.
Range: Middle-Upper Frasnian.
Remarks: Occurs fairly commonly with R. cicatricosa, R. (IV.) pseudorichterina, R. (N.) tenera (Giirich, 1896) and 
Ungarella calcarata. It may not be an entomozoacean.

3. Waldeckella cicatricosa (Matern, 1929)
Figured specimen: MPK 13602, external mould of left valve (anterior to right), length 1400 pm, x32; Luxton 
Nodular Limestone, locality and age as for ?W. fabaeformis.
Diagnosis: Lateral outline as in ?W. fabaeformis but more elongate with L/H ratio 1.41. Surface with very distinctive 
ornament of numerous elongate spines (pits on external moulds arranged in 24-36 rows around anteriodorsal 
sculpture centre.
Range: The index species of the Middle Famennian cicatricosa Biozone.
Remarks: This species is common and widespread in Germany but is known from only a few British localities. I 
follow Groos-Uffenorde et al. (2000) in my generic placement of this species.

4 -6 . Maternella dichotoma (Paeckelmann, 1913)
Figured specimens: 4, MPK 13603, external mould, probably a left valve (anterior end to right?), length 1200 pm, x 37; 
Gurrington Slate, small quarry, SX 7929 7048 (Locality 7); Upper Famennian, lower hemisphaerica-dichotoma Biozone. 
5, MPK 13605, external mould of ?right valve (anterior end to left?), length 1100 pm, x 41; 6, MPK 13605, external mould 
of ?1 eft valve (anterior end to right?), length 700 pm, x 64; both specimens are from the Rora Slate, small quarry at south 
end of Rora Down, SX 7957 7425 (Locality 5); Upper hemisphaerica-dichotoma Biozone.
Diagnosis: Lateral outline broadly oval, L/H ratio 1.29. Outer part of valve with spiral rib making four-seven revolu
tions parallel to margin, with spacing of 0.040-0.075 mm; inner part with 11 -30 more closely spaced, approximately 
longitudinal ribs with spacing of less than about 0.04 mm.
Range: An index species of the Upper Famennian hemisphaerica-dichotoma Biozone; it becomes extinct at the base of the 
uppermost Famennian hemisphaerica/latior Interregnum (Groos-Uffenorde, 1984).
Remarks: A common and widespread species in SW England. It usually occurs with R. (R.) striatula, R. (R.) costata 
and M. hemisphaerica.

7. Maternella hemisphaerica (Richter, 1848)
Figured specimen: MPK 13606, internal mould of right valve (anterior end to right), length 1250 pm, x36; Rora 
Slate, small quarry at south end of Rora Down, SX 7957 7425 (Locality 5); Upper Famennian, upper hemisphaer
ica-dichotoma Biozone.
Diagnosis: Lateral outline broadly oval, L/H ratio 1.34. Outer part of valve with spiral rib making two-four 
revolutions parallel to margin with spacing of 0.075-0.10 mm; inner part with three-five longitudinal ribs, 
spacing 0.10-0.15 mm.
Range: As for M. dichotoma.
Remarks: This species usually occurs with M. dichotoma from which it differs in having considerably fewer inner ribs 
with a much with a much wider spacing.
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During the 19th century studies of ostracods of the 
British Carboniferous were promoted by the extrac
tion of coal, iron and other minerals. As described in 
more detail later, this was a period of great activity 
resulting in numerous publications concerned with 
ostracod taxonomy but few with stratigraphic 
applications.

Despite renewed economic importance of the 
Carboniferous in the latter part of the 20th century 
resulting from the exploration for oil and gas, 
further publication on British Carboniferous ostra
cod faunas was rather limited as the biostratigraphic 
application of other groups (miospores, foramini- 
fera and conodonts) gained precedence. Compared 
to some other Periods, ostracods have consequently 
played a fairly insignificant role in industrial bio
stratigraphy in the Carboniferous.

The most significant work towards the end on the 
century was by Robinson (1978a), in a forerunner to 
this publication. That account stands out as a work 
of importance in our understanding of British 
Carboniferous ostracod faunas. In the present 
chapter we have drawn heavily upon Robinson’s 
work but expanded its scope by including entomo- 
zoids from the Courceyan marine basin facies and 
Westphalian species from non-marine deposits and 
marine bands. We hope, therefore, the result will 
be a useful synthesis of our knowledge of British 
Carboniferous ostracods as it stands at the beginning 
of the 21st century, even though there is still 
considerable scope for future work in the fields of 
taxonomy, palaeoecology and stratigraphy.

History of research
Two maps (Figs 1 and 2) record the extent of 
Carboniferous strata in the British Isles. Figure 1 
indicates the Dinantian and Namurian (Cource
yan-Yeadonian) outcrops, whilst Figure 2 (slightly

repetitively) shows the ‘Upper’ Carboniferous, 
while separating the Millstone Grit and Coal 
Measures (and Culm in SW England).

The first record of Carboniferous ostracods in 
Britain was made by Ure (1793) in lists he made 
of fossils from the shales and limestones around 
Glasgow. It was not until the second half of the 
19th century and the rising economic interest in 
the extraction of coal, iron and other minerals that 
workers such as Rupert Jones, James Kirkby and 
their collaborators made serious studies of 
Carboniferous ostracods mainly in Scotland and 
northern England. Most of these treatments were 
essentially descriptive, the emphasis being on taxo
nomic rather than stratigraphical or palaeoecologi- 
cal aspects. An early exception to this rule is the 
work of Hibbert (1836) who put forward a palaeo- 
environmental interpretation of the Burdiehouse 
Limestone of the Edinburgh district based largely 
on ostracods. In the same year, Bean (1836) 
described the first non-marine ostracods to be recog
nized from the Coal Measures of the Newcastle 
area. Similar faunas were later described 
from South Wales (Jones 1870) and the Manchester 
area (Jones 1862; Jones & Kirkby 1890). Jones & 
Kirkby (1867, 1885, 1886a) attempted stratigraphi
cal tabulations or regional reviews of Carboniferous 
ostracod faunas, but it was not until 1933 that Mary 
Latham, working on the collections of the Geologi
cal Survey in Edinburgh and the Hunterian Museum 
in Glasgow, first showed the potential of using ostra
cods for stratigraphical interpretation. In the follow
ing half century, the few publications on 
Carboniferous ostracods were relatively minor 
works, being mainly confined to descriptions of 
small or localized faunas. In spite of their renewed 
economic importance in response to oil and gas 
exploration in the latter part of the 20th century, 
further publications on British Carboniferous ostra
cods have been limited, although, sadly, some

From-. Whittaker , J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 111-153. 
1747-602X/S15.00 CO The Micropalaeontological Society 2009.
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Fig. 1. Outcrop map of Lower Carboniferous rocks in Britain, excluding Ireland (after Cossey et al. 2004). The Devon 
and Cornwall outcrop is Dinantian-Silesian in age. For the Midland Valley of Scotland and the rest of England and 
Wales the outcrop is Dinantian-Namurian (Courceyan-Yeadonian).
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Fig. 2. Outcrop map of Upper Carboniferous sedimentary rocks in Britain, excluding Ireland, showing the distribution 
of the Millstone Grit and Coal Measures as well as the Culm of SW England (after Cleal & Thomas 1996).

research remains unpublished in theses of univer
sities such as Swansea (Ramsay 1966), Aberystwyth 
(West 1981) and Manchester (Mason 1983).

There has never been a systematic stratigraphical 
treatment of ostracods of the entire Carboniferous of 
the British Isles. The only really significant work 
in recent years has been by Robinson (1978a), in

A Stratigraphic Index o f British Ostracoda. The 
chapter stands out, particularly as it is a synthesis 
of a lifetime’s work on the part of its author. It 
includes numerous illustrations and stratigraphical 
range charts based on shelf shale facies faunas 
mainly from the north of England, the margins of 
the Southern Uplands, parts of the Midland Valley
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of Scotland, parts of Northern Ireland, and outcrops 
around Bristol and in South Wales. His account, 
however, is confined to the predominantly marine 
Carboniferous strata of the Dinantian and early 
Namurian. Since its publication there have been 
few contributions to our knowledge of the British 
Carboniferous ostracods. Notable exceptions are 
the papers by Masurel (1989) on the Brigantian 
Yoredale succession of North Yorkshire, Athersuch 
& Strank (1989) on the Asbian of Cumbria, and 
Williams et al. (2005, 2006) on the latest Tournai- 
sian and earliest Visean Ballagan Formation of 
central Scotland.

An unpublished report by Robinson (1978ft) 
duplicates to a large extent the work in Robinson 
(1978a), but includes, in addition, illustrations and 
ranges of a few late Namurian taxa, mainly from 
marine bands. Faunas from Westphalian marine 
bands are the subject of a few papers (Bless et al. 
1969; Bless & Calver 1970; Bless 1974) but are gen
erally poorly known. The only published accounts 
of British Westphalian non-marine faunas are 
by Pollard (1966, 1969), Anderson (1970) and 
Gregory (1974).

Gooday (1973, 1983), Mason (1983) and 
Wilkinson & Riley (1990) are the only available 
references on British Carboniferous entomozoa- 
ceans apart from ‘Entomis’ species of Jones 
(1873), the Cypridinidae (Jones et al. 1884) and 
species mentioned, but not figured, by Selwood 
et al. (1982). Although one of the first works on 
the Carboniferous emanated from Southern Ireland 
(M’Coy 1844), it was not until recently that the 
Irish ostracod faunas have begun to be known in 
any detail. Again, it is unfortunate that this work 
remains largely unpublished in theses (Sleeman 
1974; Ten Have 1982).

In continental Europe, early papers include those 
by von Munster (1830) and de Koninck (1841). It 
was not until well into the twentieth century, 
however, that serious descriptions of entire faunas 
began to appear. Kummerow is one notable 
contributor; in 1939 he described and figured 
Tournaisian-Visean faunas from the German 
Rhineland, and in 1949 described Westphalian non
marine faunas of the Ruhr coalfield, an account 
which was amplified by Kremp & Grebe (1955). 
Rabien (1954) produced a biozonation for the late 
Devonian based on entomozoacean ostracods. This 
scheme was later extended into the Dinantian 
(Rabien 1960; Gooday 1983; Groos-Uffenorde
1984). In one of the first monographic studies in 
recent times Becker & Bless (1974) refigured 
many species previously described from the 
Belgian type areas. Important works on the family 
Hollinidae by Bless & Jordan appeared in 1970, 
1971 and 1972, and the Kirkbyacea were the 
subject of reviews by Griindel (1961, 1965).

Recent workers in continental Europe have been 
very active and have, in publications such as 
Crasquin (1982, 1984a, ft, 1985a, ft), Bless (1983), 
Crasquin-Soleau (1988a, ft, 1989), Masurel (1989) 
and Lethiers & Feist (1991) added considerably to 
our knowledge of the stratigraphical distribution 
and palaeoecology of Dinantian ostracods from 
Belgium and France.

Papers on the Carboniferous ostracods of the 
Russian Platform were summarized by Tschigova 
(1958, 1959, 1960, 1967, 1975). It is worthwhile 
referring to some of the accounts in the series 
‘Mikrofauna U.S.S.R.\ including those dealing 
with the late Devonian, and particularly Egorov 
(1950, 1953), Posner (1951), Polenova (1952), 
Zanina (1956) and Bushmina (1970, 1975).

North American work on Carboniferous ostra
cods began in the early part of the 20th century. 
Of particular note are several early papers by 
Ulrich & Bassler (1906), Coryell (1928), Knight 
(1930) and Geis (1932). Croneis and his collabor
ators (Croneis & Gale 1938; Croneis & Thurmann 
1938; Croneis & Gukke 1939) and Scott (1942) 
described the faunas of the Upper Mississippian, 
and Cooper (1941, 1946) published important 
papers on Upper Mississippian and Pennsylvanian 
ostracods. A major contribution has been made to 
our knowledge of North American Carboniferous 
ostracod faunas by Sohn in a substantial number 
of papers (Sohn 1954, 1960, 1961, 1969, 1971, 
1972, 1975a, ft, 1977a, ft, 1983, 1985, 1986; Sohn 
& Jones 1984). In addition, the work by Green
(1963) on the ostracods of Alberta, as well as 
Dewey (1988, 1989), Dewey & Farhaeus (1987) 
and Tibert & Dewey (2006) on ostracod faunas of 
the Maritime provinces of Canada, are important 
references. Recent works by Lethiers (1974) and 
Crasquin (1984a, 1985a, ft) have added much to 
our understanding of the affinities of the British 
and North American faunas.

Most of the illustrations in the plates accompa
nying this chapter are of specimens previously illus
trated by Pollard (1966), Anderson (1970), 
Robinson (1978a, ft, 1980), Gooday (1983) and 
Athersuch & Strank (1989). These specimens are 
now in the collections of The Natural History 
Museum, London and the British Geological 
Survey, Keyworth.

In this chapter we have drawn heavily upon 
Robinson (1978a). We have selectively rephoto
graphed many of the specimens he illustrated and 
supplemented them with new material. In addition, 
entomozoids from the Courceyan and marine and 
non-marine species from the Westphalian have 
been included. The species illustrated herein have 
not, for the most part, been revised, but are assigned 
to genera according to Robinson (1978a) except 
where other names have been more recently used.
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Principal collections
The Hunterian Museum, Glasgow

Here are housed many of the specimens collected 
by John Young and his colleagues of the Glasgow 
Geological Society in the early 1800s, the catalogue 
entries providing a chronological synopsis of 
early ostracod studies. This collection contains 
potential lectotypes for many species. From recent 
studies, the museum holds the large collections of 
McDonald from Corrieburn and Campsie, and 
Dixon from Donegal, the material from unpublished 
thesis projects.

The Hancock Museum, Newcastle-upon-Tyne

This museum possesses a collection of Carbonifer
ous ostracods chiefly from the Midland Valley of 
Scotland. Some material was presented by James 
Kirkby when he was Colliery Manager in Sunder
land, and includes ostracods from Nova Scotia, 
Canada. Coal Measures material was donated by 
Rankine from Carluke and Strathclyde.

The British Geological Survey, Keyworth

The British Geological Survey at Keyworth houses 
the fossil collections formerly held in London and 
Leeds, including ostracods from borehole investi
gations as well as those collected in the course of 
held surveys and mapping. The specimens illus
trated by Anderson (1970) from the non-marine 
Westphalian and Dinantian, by Ramsbottom 
(1952), Bless & Calver (1970) and Bless (1974) 
from Westphalian marine bands and by Robinson 
(1959) from the Brigantian Cawdor limestone are 
housed here. Gooday’s (1983) Courceyan, and 
Wilkinson & Riley’s (1990) Namurian entomozoa- 
cean species, together with material from Williams 
et al.’a (2005) study from the Lower Carboniferous 
of central Scotland and from Mason’s doctoral dis
sertation (1983) are also deposited here. In the 
accompanying plate descriptions, the registration 
number prefixes AD, SAD or GSL signifies a speci
men belonging to this collection.

The British Geological Survey, Edinburgh

Numbered specimens prefaced by ‘B’ in the paper 
by Latham (1933) are housed in the Edinburgh 
collection.

The Natural History Museum, London

The Palaeontology Department houses a slide col
lection of Carboniferous ostracods that includes 
Armstrong’s Scottish material, which was purchased

for the Museum in 1880. In addition, Kirkby’s 
collection, purchased in 1881, contains specimens 
from the Gayton Borehole, Northampton (Jones & 
Kirkby 18867>), as well as many specimens from 
Scotland. The collections of non-marine faunas of 
Pollard (1966), those formerly at The University 
College of Wales, Aberystwyth, including material 
studied by West (1981), and specimens collected 
by one of us (J. Athersuch) are also housed here. 
In 2006 Robinson deposited his magnificent 
research collection, including a large number of 
unpublished Carboniferous assemblage slides from 
Scotland, Northumberland, Cumbria, Durham, 
Lancashire, Yorkshire, Derbyshire, North Wales, 
Shropshire and SW England. The majority of the 
material figured in this chapter, including the 
material studied by Robinson (1978a), is to be 
found in The Natural History Museum; the regis
tration numbers being variously prefixed by I, In,
10 or OS. Regrettably, some figured specimens 
have gone missing in the period since the prep
aration of the plates, during storage at BP Explora
tion, Sunbury, and in their subsequent translocation.

M anchester M useum

This museum holds non-marine material from the 
collections of Jones & Kirkby (1890) and unde
scribed specimens collected by Roeder, Stirrup & 
Pollard.

University o f  Durham

The palaeontology collections here hold some 
Westphalian material figured by Pollard (1962).

Stratigraphy
The Carboniferous of western Europe comprises 
two regional subsystems termed the Dinantian 
and the Silesian. The Dinantian, which is divided 
into six stages, is represented in Britain by the 
Carboniferous Limestone. The Silesian comprises
11 stages in the Millstone Grit and Coal Measures 
alone, as well as the Barren Red Measures. This stra
tigraphic framework is shown in Figure 3. Because 
of the lack of detailed study and difficulties in 
assessing their facies distribution, Carboniferous 
ostracods have only played a minor role in 
Carboniferous biostratigraphy, although their 
potential is considerable.

The Dinantian

George et al. (1976) proposed six regional 
Dinantian stages (Fig. 3) applicable to the UK and 
the Republic of Ireland that replaced the old coral- 
brachiopod zonal schemes (Z, K, C l, C2, C2S1,
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Fig. 3. Stratigraphic framework of the British Carboniferous as used in this chapter.

SI, S2 and D1-D3) proposed by Vaughan (1905), 
and developed further by Garwood (1907, 1913, 
1916) and Hudson (1926). There are historical pro
blems with the British stages that now lead to diffi
culties in their use (Riley 1993). These stem 
primarily from a hypothetical eustatic framework 
(Ramsbottom 1973) that was applied, without

rigorous testing, to form the basis of stage definition. 
Recognition of these stages was realized using 
characteristic guide taxa, mainly macrofaunas, 
with their inherent facies restrictions. Further error 
was introduced by unsubstantiated observations 
regarding the appearance of certain guide taxa, at 
the bases of the Chadian and the Asbian stages.
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The Toumaisian-Visean boundary was shown by 
Riley (1990) to lie at the base of the late Chadian, 
rather than that proposed by George et al. (1976). 
The reader is referred to the thorough review of 
British Dinantian classification prepared by Riley
(1993) that is used in this paper, although it has 
been recently modified in relation to international 
divisions (Holliday & Molyneux 2006).

The Silesian

The Silesian comprises three successive series -  the 
Namurian, the Westphalian and the Stephanian 
(Fig. 3). Apart from the late Westphalian, corre
sponding to the informal stage Westphalian D, the 
Namurian and Westphalian are composed of 
stages defined by marine bands, many of which 
yield characteristic ammonoid faunas. Stratotypes 
for the Namurian stages used by Ramsbottom 
et al. (1978) were proposed by Ramsbottom 
(1981), and those for the Westphalian, replacing 
the informal Westphalian A, B and C subdivisions, 
by Owens & Calver (1985) and Riley et al. 
(1987). Because of the close relationship between 
biostratigraphy and sequence stratigraphy in the 
Namurian and the bulk of the Westphalian, these 
stages lack the problems encountered with the 
Dinantian stages; Westphalian D and Stephanian 
sequences are recognized primarily on palaeo- 
botanical criteria.

Palaeogeography and facies
Simplified outcrop maps of the Carboniferous of the 
British Isles (excluding Ireland) are given in 
Figures 1 and 2. For a detailed palaeogeography, 
readers are referred to the maps in Cope et al. 
(1992). The Dinantian palaeogeography can be 
divided into three regions. In the SW, to the south 
of the Variscan Front, a marine sequence persisted 
from the late Devonian in a predominantly hemipe- 
lagic basinal facies. To the north, up to the latitude 
of the Manx-Lake District High, the Dinantian is 
dominated by carbonate ramps and platforms, punc
tuated by islands of Lower Palaeozoic and Precam- 
brian Basement (e.g. St George’s Land) together 
with syndepositional grabens containing hemipela- 
gic basinal facies (e.g. the Craven Basin). By late 
Tournaisian times (Cope et al. 1992, map C3) 
many of the outer portions of the carbonate ramps 
existed in Waulsortian reef facies. During the late 
Dinantian many of the platform margins were 
rimmed by similar reef developments. To the east 
and north of the Manx-Lake District High 
the facies is predominantly a clastic-influenced 
carbonate shelf, which in the Midland Valley of 
Scotland (closest to a major continental land mass

to the north) is underlain by significant amounts of 
fluvio-lacustrine facies, marine incursions not 
reaching there until late Visean times (Cope et al. 
1992, map C5). North of the Variscan front the 
crust underwent extension during the Dinantian, 
and the response of inherited basement controls to 
this tectonic regime was the main factor influencing 
the distribution of facies and land/sea areas.

By the Silesian, a more general regional sub
sidence replaced the extensional regime and 
fluvio-deltaic facies, turbidite-fronted in the 
basins, prograded from the north and east burying 
much of the inherited Dinantian relief by late 
Namurian times. Some positive basement features 
such as the Wales-Brabant High continued to 
affect deposition into the Westphalian, resulting in 
localized red bed deposition. Glacio-eustatic oscil
lations in sea level were numerous, resulting in 
repeated marine inundations of the delta tops, 
giving rise to the marine bands that punctuate 
much of the Namurian and Westphalian sequence. 
Freshwater discharge from the rivers that fed 
the delta systems was immense, resulting in the 
desalination of basins during sea-level low stands. 
Inherited Dinantian relief was important in early 
Namurian (Pendleian and Arnsbergian) times 
(Cope et al. 1992, map C6), where a clastic- 
influenced carbonate platform persisted over north
ern parts of Britain. By late Namurian times most of 
Britain, apart from SW England, was covered by 
delta plain facies, vegetated by a vast tropical rain 
forest (Cope et al. 1992, map Cl). During mid- to 
late Westphalian times the initial phases of Variscan 
compression resulted in local uplift and erosion and 
the creation of localized sedimentary basins (Cope 
et al. 1992, map C9). The climate became drier, 
red bed depostion became more widespread and 
ephemeral, and limestones were deposited in hyper
saline lakes. Further uplift gave rise to widespread 
erosion and inversion of the basin-fill sequences. 
Renewed rifting at the close of the Carboniferous 
gave rise to rift basins infilled by braided river sedi
ments and fan breccias.

Ostracod biostratigraphy
There is no comprehensive ostracod zonal scheme 
available for the British Carboniferous. This is 
partly because, even though they are frequently 
observed in thin sections, ostracods are difficult to 
extract from limestones. Research has, of necessity, 
concentrated on assemblages recovered from 
interbedded mudstones, which respond better to 
conventional microfossil extraction techniques. 
This has led to a concentration of effort on the 
clastic-influenced sequences in the late Dinantian 
and early Namurian of northern Britain, such as
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the Northumberland Trough (Robinson 1978a, b), 
and on the Westphalian marine bands (Ramsbottom 
1952; Bless & Calver 1970; Bless 1974). Much of 
the Carboniferous Limestone remains unstudied 
both geographically and stratigraphically, and 
important sequences such as those of the Avon 
Gorge, the Gower Peninsula, the central Peak Dis
trict of Derbyshire and northern Pennines are 
largely unrepresented. It is, therefore, impossible

to give a comprehensive account of ostracod distri
butions in the Carboniferous.

The best attempt at constructing an ostracod 
biozonation for the Carboniferous was published by 
Robinson (1978a) for the Dinantian and early Namur- 
ian. This is based on occurrences in the shale-rich 
shallow-marine successions of Ravenstonedale, Lid- 
desdale and the north Pennines. These records have 
been subsequently supplemented by Athersuch &

Fig. 4. Range chart of selected Dinantian and Silesian (Namurian and Westphalian) ostracods in Britain, based 
primarily on the previous work of Robinson (1978a, b, 1980) without modification. Where ranges appear to be fairly 
well established thick solid lines have been drawn. In cases where the species’ range is in doubt, such as those known 
only from one locality, a thin solid line has been used instead.
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Strank (1989), and by unpublished accounts of faunas 
from North Wales, North Yorkshire and Cumbria 
(West 1981; Mason 1983). All of these faunas are 
also predominantly from shales.

Dinantian

During the Courceyan, faunas appear to have been 
similar to those of the Franco-Belgian area at

family and generic level, and Quasillitidae were 
important constituents of the fauna. In this interval, 
entomozoacean ostracods can be used for stratigra- 
phical correlation over much of NW Europe, and 
in Britain entomozoaceans of this age are known 
from several localities in Devon (Gooday 1973, 
1983; Selwood et al. 1982). These assemblages 
closely resemble those described from Stockum in 
Germany by Groos-Uffenorde (1974, 1984).
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Throughout the Dinantian and in the Silesian up 
to the Arnsbergian, marine benthic ostracod faunas 
were diverse and selected taxa can be used reliably 
as biostratigraphic markers. The Hollinellidae make 
their first appearance in the Chadian, at which time 
there was also an expansion and diversification of 
cavellinids and glyptopleurids. Geisinids and beyri- 
chiopsids also increased in numbers of species, but 
bairdiids and healdiids were not yet an important 
part of the fauna, and the Quasillitidae virtually dis
appeared from the record.

The Arundian ostracod assemblages remain 
largely unstudied as in most areas only decalcified 
and impoverished faunas are known.

The Holkerian is characterized by many species 
of kirkbyids, healdiids, cavellinids, glyptopleurids, 
geisinids and bairdiids.

The faunas of the early Asbian were similar to 
those of the Holkerian, but in the late Asbian there 
was a decrease in beyrichiopsids, geisinids, glypto
pleurids and cavellinids, with a corresponding 
increase in the diversity and abundance of kirkbyids, 
amphissitids and distinctive bairdiids.

There was a continuing diversification of assem
blages into the Brigantian with, in particular, an 
increase in the diversity of healdiids.

Silesian

Detailed study of British Namurian marine ostra- 
cods is limited to the Pendleian—Arnsbergian 
interval in the Northumberland Trough (Robinson 
1978a, b).

The Pendleian is characterized by the first 
appearance of distinctive species of Cribroconcha, 
Amphissites, Cavellina and Bairdia.

The Arnsbergian marks the beginning of 
restricted and faunally impoverished clastic 
sequences. The only ostracods known come from 
marine bands that have yielded the youngest un
equivocal entomozoaceans in northern England 
(Wilkinson & Riley 1990). Their biostratigraphical 
potential in this interval has yet to be realized. Ento- 
mozoaceans were one of the many extinctions 
associated with the faunal crisis in the mid- 
Carboniferous boundary interval at the close of the 
Arnsbergian.

Post-Arnsbergian marine faunas are dominated 
by large hemi-pelagic cypridinid ostracods, but 
they are poorly known.

Despite the abundance of non-marine ostracods 
in the Westphalian, there has been no modern 
stratigraphical or taxonomic study of them. The 
only reliable stratigraphy using non-marine ostra
cods in the UK Carboniferous is the extinction of 
Geisina arcuata at the Vanderbeckei Marine Band 
and the range of G. subarcuata from the Maltby 
Marine Band to strata immediately overlying the

Cambriense Marine Band (Calver in Bless et al. 
1972). Some species of Carbonita listed in British 
Geological Survey Memoirs appear to show 
restricted ranges within Westphalian coal-bearing 
strata, but, generally, distribution of Carbonita 
faunas reflects ecological control (Pollard 1966; 
Anderson 1970).

Marine bands such as the Vanderbeckei and 
Aegiranum of the Derbyshire and Bristol areas, 
respectively, have produced healdiids, hollinellids, 
amphissitids and bairdiids, although their preser
vation is commonly poor (Bless & Calver 1970’ 
Bless 1974).

In addition to the species that have been omitted 
because of extraction problems, or because at 
present they are poorly known, there are other 
forms which are not illustrated in this account. 
The majority of these are species have long strati
graphical ranges, which are not useful as stratigra
phical indices. Many species of Bairdia, Cavellina 
and Paraparchites belong to this category, and 
often dominate assemblages. It must be stressed 
that the species figured in this chapter make up a 
small proportion of those actually recovered in 
many samples. Not all of the species that are 
useful stratigraphically have been available for 
photography and inclusion in this work because of 
the fragility of their valves, and their tendency 
to disintegrate when attempts are made to clean 
away adherent matrix. This is partly due to the car
apaces having suffered damage through shale 
compaction.

Most of the information about stratigraphical 
ranges of Carboniferous ostracods displayed on 
the accompanying chart (Fig. 4) is based on the pre
vious work of Robinson (1978a, b, 1980) without 
modification. Where ranges appear to be fairly 
well established thick solid lines have been drawn. 
In cases where the species’ range is in doubt, such 
as those known only from one locality, a thin solid 
line has been used instead.

Palaeoecology and biofacies
A number of authors have recognized a general trend 
in ostracod biofacies from freshwater-brackish- 
nearshore marine-offshore marine. For the Westpha
lian, Calver (1968), Bless & Winkler Prins (1972), 
Bless (1968, 1970, 1971, 1983) described the ostra
cod distributions in the UK and NW Europe. 
Calver (1968) and Bless (1983) illustrated the 
distribution of faunas in marine bands, while, in 
addition, Bless (1983) gives an account of the distri
bution of ostracods during non-marine phases. The 
accounts of Bless & Massa (1982), Bless (1983), 
Bless et al. (1987) and Crasquin-Soleau (19881?) are 
amongst many that identify a number of distinct
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palaeoenvironmentally controlled associations of 
ostracods in the Diriantian. Masurel (1989) provided 
a very useful contribution to our understanding of 
the palaeoenvironmental preferences of ostracods 
through his study of the Brigantian Yoredale 
faunas of North Yorkshire.

Other accounts of North American and European 
faunas largely support these observations (Becker 
et al. 1974; Kaesler 1983; Sohn & Sando 1987; 
Melnyk & Maddocks 1988; Lethiers & Feist 1991).

There are four main ostracod biofacies within 
the UK Carboniferous corresponding, respectively, 
to non-marine environments, hemipelagic marine 
basins, reefs and shallow-marine environments.

Non-marine fac ies

Non-marine ostracods are best known in the West
phalian, but there are significant Dinantian occur
ences in the Scottish Midland Valley (Anderson 
1970; Pollard 1985; Williams et al. 2005, 2006). In 
the Silesian, Geisina and Carbonita sensu lato pre
dominate, and there is some evidence that Geisina 
was tolerant of brackish marine conditions (Sohn 
1985; Kaesler & Hecht 1992), as it is often associ
ated with claystones marginal to marine bands. 
Species of Carbonita are typical of the British West
phalian Coal Measures (Pollard 1966, 1969) where 
they tend to form either rich monospecific accumu
lations often in sediments rich in organic matter, or 
multispecific assemblages that vary markedly in 
the dominant species between closely spaced hor
izons (Anderson 1970; Bless 1983). In Belgium, 
further subdivisions of non-marine environments 
have been proposed by Bless (1970) based on Carbo
nita (freshwater), Carbonita +  Geisina (mesoha- 
line) and Geisina (brackish). An assemblage of 
Glyptopleura, Beyrichiopsis, Kloedenella and Glyp- 
tolichvinella is regarded as indicative of ‘quasi
marine’ or ‘brackish’ lagoonal environments in 
Dinantian carbonates.

Shallow-marine facies

Cavellinids are typically marine, appearing in near
shore and offshore environments, but there is some 
evidence to suggest that smaller species occur pre
dominantly in offshore areas. Large smooth forms 
such as Paraparchites are found in a wide range 
of marine platform settings, but typically dominate 
nearshore environments only because other species 
tend to be absent. There is some evidence to 
suggest that they may also have tolerated hypersa
line and brackish conditions (Sohn 1977a). Healdia- 
ceans are indicative of muddy inshore settings, 
while bairdiaceans are typically very abundant in 
stable offshore sediments, perhaps in water no

greater than 50 m, but with some species extending 
to bathyal depths.

Recent work by Lethiers & Whatley (1994) con
cluded that in Late Palaeozoic shelf seas, members 
of the Palaeocopida, Metacopida, Platycopina, 
Kloedenellacea and Paraparchitacea were filter 
feeders and consequently capable of surviving in 
environments with reduced oxygen levels.

Contrasting ostracod faunal assemblages are 
observed in the Westphalian marine bands where a 
restricted marginal marine Hollinella-Paraparch- 
ites fauna (equivalent to the lingulid-myalinid 
faunal phase of Calver 1968) occurs in the Pennine 
Basin and an open marine Amphissites-Roundyella 
faunas (equivalent to the goniatite-pectinoid 
faunal phase) occur in the marine bands of South 
Wales, the Bristol district and continental Europe 
(Bless & Calver 1970; Bless & Winkler Prins 
1972; Bless 1974).

R ee f fac ies

This cool-water carbonate facies is represented by 
the Waulsortian and carbonate platform margin 
reefs in the Dinantian, the most conspicuous com
ponent being the large ostracod Entomoconchus. 
Although ostracods are frequently noted in thin 
section, the indurated nature of the limestones has 
inhibited detailed study. Coen et al. (1988) dis
cussed the nature and distribution of Waulsortian 
ostracod faunas.

H em ipelagic fac ies

This facies is known principally from the Dinantian 
of SW England, described by Gooday (1983), where 
it is represented by entomozoaceans, a group of 
arguably planktonic or nekto-benthonic ostracods. 
Wilkinson & Riley (1990) have also recognized 
this facies in the early Namurian of northern 
England.

The true denisons of the Carboniferous deep are 
the members of the so-called Thuringian Assem
blage (Becker & Bless 1990) comprising extremely 
thin-shelled, spinose benthic forms from the 
families Rectiinariidae and Tricorninidae, which 
are restricted to this biotope, together with deli
cately reticulate amphissitids (Sanchez de Posada 
1973; Bless & Massa 1982; Bless et al. 1987; 
Lethiers & Crasquin 1987; Becker 1990; Lethiers 
& Feist 1991). This assemblage is associated 
with low-energy bathyal facies in deep cold water, 
probably within the oxygen minimum zone 
(Lethiers & Whatley 1994). Many species are cos
mopolitan, but this assemblage has not so far been 
recorded in the Britain, although it has been noted 
in the uppermost Devonian of SW England (see 
Gooday 2009).
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Future research

The overriding problem for ostracod biostratigraphy 
in the Carboniferous is that of ensuring the precise 
calibration of ostracod faunas from different 
regions and facies with each other and with other 
microfossil and macrofossil groups. To start with, 
the ostracod faunas of the stratotype sections have 
yet to be fully documented. Preliminary work by 
one of us (J. Athersuch) has failed to recover ostra- 
cods from the Asbian, Holkerian or Arundian stage 
stratotypes owing either to unfavourable facies or 
diagenetic alteration. With this in mind it is import
ant to record the faunas from well-dated secondary 
sections that have been reliably correlated by other 
means with the stratotypes. In this regard the work 
of Strank (1981) provides a sound basis of forami- 
niferal biostratigraphy for the calibration of ostra
cod distributions in many parts of Britain. This 
approach was adopted for Brigantian, Asbian and 
Holkerian strata by Athersuch & Strank (1989). It 
is also important to add other areas to our knowledge 
where facies are favourable, to supplement the 
record and also to test the stratigraphical assump
tions presented here.

The vast majority of what is here offered as a 
Carboniferous fauna has been recovered from shelf 
shales. Limestone successions that characterize the 
bulk of the Dinantian in most areas of Britain are 
consequently unrepresented and deserve further 
research. Pioneering work by Crasquin (1982), 
Mason (1983) and Coen et al. (1988) shows that it 
is possible to extract significant faunas from 
these lithologies.

The basinal faunas deserve attention, despite the 
fact that extraction is not as easy as for shelf facies. 
Exciting new discoveries of bathyal faunas on the 
continent (Lethiers & Crasquin 1987; Lethiers & 
Feist 1991) should stimulate the search for similar 
faunas in Britain. There has already been some 
measure of success with recovering entomozoa- 
ceans, which could provide useful tools for long
distance correlation in the future (Gooday 1983; 
Mason 1983; Wilkinson & Riley 1990).

For the Westphalian, a full study of the fauna of 
Marine Bands remains long overdue, especially in 
areas where the horizons are known to contain 
rich ostracod faunas. Generally, however, the 
preservation is too poor and recovery too low to 
attract sponsorship for research on this interval. 
Westphalian non-marine faunas also need much 
further study to improve our understanding of 
morphological diversity and ecological versus 
stratigraphical distributions.
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Explanation of plates
The vast majority of specimens figured in these plates are housed in The Natural History Museum, London, 
their registration numbers variously prefixed by I, lo, In or OS. Specimens in the collections of the British 
Geological Survey, Keyworth, have their numbers prefixed by AD, GSL or SAD.

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view; dors., dorsal view).

Plate 1
1-4. Carbonita humilis (Jones & Kirkby, 1879)

Figured specimens: 1, 2, Io 2980, female car. It. lat. and dors., 740 pm long, x 61.3, 4, Io 2981, car. It. lat. and dors., 
810 pm long, x56. Westphalian A (Langsettian), lower A. modiolaris Zone (Hopkins Band), Bearpark Colliery and 
Rhyhope Colliery, respectively, Tyne and Wear.
Diagnosis: Subovate-ovate with strong punctations. Highest and widest posteriorly in female and medianly in male. 
Range: Westphalian A (Langsettian)-Westphalian D, A. lenisulcata-A. tenuis zones.
Remarks: A widespread and locally abundant species.

5. Carbonita corrugata Gregory, 1974
Figured specimen: Io 2985, holotype, car. It. lat., 940 pm long, x48. Westphalian A (Langsettian), lower A. mod
iolaris Zone (Hopkins Band), Bearpark Colliery, Tyne and Wear.
Diagnosis: Carapace elongate, extremities somewhat pointed, anterior obtuse, posterior more acute. Dorsal margin 
slopes gently to anterior and steeply to posterior. Lenticular in dorsal view. Valves with fine longitudinal corrugations. 
Range: Westphalian A (Langsettian), A. communis—A. modiolaris zones, below Vanderbeckei Marine Band. 
Remarks: Differentiated from C. evelinae (Jones, 1870) by ornament which in that species is formed from rows of 
closely spaced punctae.

6, 7. Carbonita salteriana (Jones & Kirkby, 1890)
Figured specimen: I 2566, lectotype, car. rt. lat. and dors., 980 pm long, x46. Westphalian D, A. tenuis Zone, 
Ardwick Limestones, Slade Lane, Manchester.
Diagnosis: Elongate sub-ovate carapace with obtusely pointed posterior margin. Valves smooth externally, finely 
pitted internally.
Range: Westphalian B (Duckmantian)-Westphalian D, A. modiolaris-A. tenuis zones.
Remarks: Similar in lateral view to C. claripunctata but lacks punctation, and has greatest height and width medianly.
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8, 9. Carbonita claripunctata Pollard, 1966
Figured specimen: Io 2984, paratype, car. It. lat. and dors., 1070 pm, x42. Westphalian A (Langsettian), lower A. 
m o d io la r i s  Zone, Warncliffe Woodmoor, Doncaster, Yorkshire.
Diagnosis: Carapace elongate-subovate, slightly tumid posteriorly. Posterior higher and more evenly rounded than 
anterior. Greatest height and width posteriorly. Valves coarsely pitted in a crude concentric pattern, except over central 
muscle scar.
Range: Westphalian A (Langsettian), C. c o m m u n i s - A .  m o d io la r i s  zones.
Remarks: Frequently a minor component of C a r b o n i ta  h u m ilis  faunas.

10, 11. Carbonita bairdioides (Jones & Kirkby, 1879)
Figured specimen: 12566, car., rt lat. and dors., 980 pm, x 46. Westphalian D, A . te n u is  Zone, Ardwick Limestones, 
Slade Lane, Manchester.
Diagnosis: Carapace with arched dorsum, short hinge line and unevenly rounded ends bearing a superficial resem
blance to ‘B a ir d ia ’. Tumid, ovate in dorsal view. Valves smooth.
Range: Westphalian D, A. te n u is  Zone.
Remarks: Commonly associated with C a r b o n i ta  s a l te r ia n a  in non-marine limestones.

12. Darwinula pungens (Jones & Kirkby, 1879)
Figured specimen: 11731, lectotype, car. rt. lat. (int. mould), 675 pm, x 67. Westphalian B (Duckmantian), probably 
lower A. s i m i l i s - A .  p u lc h r a  zones, Methil, Fife, Scotland.
Diagnosis: Small elongate subovate carapace, acutely pointed anteriorly, rounded posteriorly. Dorsal margin 
smoothly curved, highest and widest near posterior. Valves generally smooth. Distinctive group of eight-nine subcen
tral muscle scars.
Range: Dinantian-?Namurian, Westphalian A-D, C. c o m m u n i s - A .  te n u is  zones.
Remarks: Long-ranging species frequently occurring in dense accumulations on bedding planes.

13,14. Geisina arcuata (Bean, 1836)
Figured specimens: 13, Io 4178, paralectotype, male car., It. lat., 1166 pm long, x 39; 14, In 43596, lectotype, female 
car. dors., 1280 pm long, x 35. Westphalian A (Langsettian), lower A. m o d i o la r i s  Zone (Hopkins Band), Newcastle, 
Northumberland.
Diagnosis: Carapace subovate with strong median sulcus, weak anterior sulcus and pronounced posterodorsal angle 
on the right valve. Valves evenly reticulate.
Range: Westphalian A (Langsettian), A. l e n i s u l c a t a - A .  m o d i la r i s  zones, below Vanderbeckei Marine Band. 
Remarks: Sexual dimorphism is distinct in dorsal outline of the carapace. Similar to, but smaller and more strongly 
sulcate than, G. s u b a r c u a ta  (Jones, 1862), which also lacks anterior sulcus and posterior angulation. G. s u b a r c u a ta  

ranges from A . s i m i l i s - A .  p u lc h r a  to A . te n u is  zones.

Plate 2
1-3 . Beyrichiopsis fimbriata Jones & Kirkby, 1886

Figured specimens: 1, OS 7354, female car., It. lat., 1000 pm long, x45; 2, OS 7355, female car. dors., 1210 pm 
long, x37; 3, OS 7356, male car., rt. lat., 1120 pm long, x40. Holkerian shales at Cranecleugh Burn, North Tyne, 
Northumberland.
Diagnosis: Carapace elongate, subquadrate and with rounded margins. Valves with a dorsal and two lateral 
costae, developed to varying extents. Sexually dimorphic; female strongly inflated and tumid posteriorly 
with dorsal costae present as crests extended to form anterio-marginal frills; male flat flanked and less strongly 
ornamented.
Range: Chadian-early Asbian.
Remarks: These specimens were also mistakenly described and illustrated by Robinson (1980) from shales in the 
early Asbian Upper Border Group, Warksburn, Bellingham, Northumberland.

4. Glyptopleura costata (M’Coy, 1844)
Figured specimen: OS 7374, car., It. lat., 1600 pm long, x28. Courceyan shales beneath the Main Algal Reef, 
Thorlieshope Burn, Liddesdale, Scottish Borders.
Diagnosis: Two median costae traverse each valve to meet anteriorly, but remain open posteriorly to form a sideways 
‘U’. Surface finely, but distinctly, pitted; deep median pit.
Range: Late Courceyan-?Chadian.
Remarks: The Chadian part of the range was questioned by Robinson (1978a).

(continued on p. 130)
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5. Glyptopleura berniciana Robinson, 1978a
Figured specimen: OS 6872, holotype, RV lat., 1320 pm long, x34. Calcareous shale, Cranecleugh Bum, North 
Tyne, Northumberland.
Diagnosis: Valves traversed by a group of five strong costae that converge posteriorly and anteriorly; one is shorter 
than the others and truncated by downwards curves in adjacent costa.
Range: Essentially Holkerian.
Remarks: While difficult to describe in words, the costal pattern was observed by Robinson (1978a) to be constant.

6, 7. Glyptopleura lirata Robinson, 1978a
Figured specimens: 6, OS 7370, holotype, car., It. lat., 1390 pm long, x32; 7, OS 7371, paratype, carapace, dorsal, 
1410 pm long, x31. Basal Chadian Shales from Wath Quarry, Lunedale, Cumbria.
Diagnosis: Six main costae cross each valve obliquely, tending to coalesce anteriorly, but failing to close posteriorly. 
Range: Chadian-?Holkerian.
Remarks: The pattern of costae appears to be a stable specific characteristic. Robinson (1978a) remarked in the text 
that this species had a Chadian-Holkerian range, but displayed only a Chadian range on the accompanying chart. A 
Chadian-Holkerian range was confirmed in Robinson (1978i>).

8. Beyrichiopsis glyptopleuroides Green, 1963
Figured specimen: OS 7365, LV lat., 1060 pm long, x42. Calcareous shale below the Courceyan Main Algal Reef, 
Stanshiel Burn, Liddesdale.
Diagnosis: Broad costae form an unbroken central loop parallel to, but distant from, the carapace margins. Relics of a 
spiny ventral fringe may be seen.
Range: Courceyan.
Remarks: Originally described from Alberta.

9. Beyrichiopsis plicata (Jones & Kirkby, 1867)
Figured specimen: Specimen lost. Car., It. lat., 745 pm long, x60. Early Asbian shales immediately above the D. 
llangollensis Bed within the Garsdale Limestone, River Clough, Sedbergh, Cumbria.
Diagnosis: Carapace subquadrate with a straight hinge line; in lateral view costae cross valves obliquely either side of 
a central pit and close anteriorly to form a U-shape.
Range: Chadian-early Brigantian.
Remarks: Robinson (1978a) reported this form as common in Holkerian-early Asbian brackish water sediments.

10. Beyrichiopsis foriis Jones & Kirkby, 1886
Figured specimen: OS 7362, LV lat., 1120 pm long, x40. ?Chadian shales in Thorlieshope Burn, Deadwater, 
Northumberland.
Diagnosis: Weak but unbroken costae coalesce anteriorly to form a sideways ‘U’ extending parallel to ventral margin 
and obliquely from an anterio-median position to the postero-dorsal margin.
Range: Courceyan-Chadian.

11. Beyrichiopsis carinata Green, 1963
Figured specimen: Specimen lost. RV lat., 940 pm long, x 48. Courceyan, Whithaugh Scar, Liddesdale, Scottish Borders. 
Diagnosis: Strong dorsal carina that weakens and turns down posteriorly. Robinson (1978/?) also reported a strong 
ventral carina linking to an anterior node, both features not evident in the figured specimen.
Range: Courceyan-?Asbian. The range above the Courceyan is uncertain.
Remarks: Originally described from the Kinderhookian of Alberta.

12. Glyptolichvinella annularis (Kummerow, 1939)
Figured specimen: OS 7385, RV lat., 790 pm long, x 57. Courceyan proava Beds, Stone Gill, Ravenstonedale, Cumbria. 
Diagnosis: A small species of Glyptolichvinella with a distinctive pattern of spiral costae.
Range: Courceyan.
Remarks: Originally recorded from the Early Carboniferous of the Rhineland.

13. Glyptolichvinella spiralis (Jones & Kirkby, 1884)
Figured specimen: OS 15730, car., It. lat., 1365 pm long, x33. Early Asbian shales immediately above the 
D. llangollensis bed within the Garsdale Limestone, River Clough, Sedbergh, Cumbria.
Diagnosis: Carapace large with a distinctive pattern of spiral costae.
Range: Arundian-Brigantian.
Remarks: Robinson (1978a) remarked that this species may range into the Namurian in carbonaceous facies. Juven
iles are similar to the Courceyan species G. annularis.
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Plate 3
I, 2. Coronakirkbya cornuta (Robinson, 1978a)

Figured specimens: 1, OS 7402, holotype, RV lat., 940 pm long, x48; 2, OS 7401, paratype, LV lat., 820 pm long, 
x55. Four Fathom Limestone, Cheswick, Northumberland.
Diagnosis: Kirkbyid in outline. Single ventro-lateral carina. Cardinal angles produced to form upwardly directed 
hollow spines. Surface of valves smooth to weakly reticulate.
Range: Brigantian.
Remarks: Particularly common in the late Brigantian.

3, 4. Kirkbya cf. symmetrica Croneis & Thurmann, 1938
Figured specimens: 3, OS 7407, RV lat., 820 pm long, x55; 4, OS 7408, car. dors., 1100 pm long, x41. Oxford 
Limestone, Greenchester, Otterbum, Northumberland.
Diagnosis: Hinge line forms longest dimension, cardinal angles slightly produced, posteriorly more acute than 
anterior. Inner carina prominent and parallels valve margins. Surface of valves regularly and strongly reticulate. 
Range: Late Asbian-Brigantian.
Remarks: Particularly abundant in the early Brigantian.

5, 6. Kirkbya quadrata Robinson, 1959
Figured specimens: 5, OS 7404, RV lat., 820 pm long, x 55; 6, OS 7405, car. dors., 840 pm long, x 54. Late Brigan
tian Four Fathom Limestone, Cheswick, Northumberland.
Diagnosis: Carapace elongate, dorsal and ventral margins parallel. Surface of valves finely reticulate.
Range: Brigantian.
Remarks: A species widely recorded by Robinson (1978a) in the late Brigantian of Northumberland and Scotland.

7. Kirkbya flaccida Robinson, 1978a
Figured specimen: OS 7410, holotype, RV lat., 1580 pm long, x28. Holkerian calcareous shales, Bullcrag, Whic- 
khope Burn, Northumberland.
Diagnosis: Carapace large, symmetrical, hinge line is greatest dimension, ventral margin evenly rounded. Inner carina 
parallels valve margin and bears a flared frill of spines. Surface of valves finely reticulate to smooth.
Range: Holkerian.

8. Knightina votadiniae Robinson, 1978a
Figured specimen: OS 7422, holotype, car., rt. lat., 880 pm long, x51. Shales in the Pendleian Great Limestone, 
Cheswick, Northumberland.
Diagnosis: Carapace with rounded extremities; hinge line straight anteriorly, but with posterior ‘step’.
Range: ?late Brigantian-Arnsbergian.
Remarks: The species is chiefly a Pendleian-Amsbergian indicator, but it is possibly also present in the late Brigantian.

9. Croftsendiella giffordensis Bless, 1974
Figured specimen: SAD 368 C l/5, holotype, A-l rt. lat., 660 pm long, x68; Crofts End Marine Band, Stoke Gifford 
Borehole No. 3, near Bristol, Avon, at a depth of 984 ft.
Diagnosis: Posterior part of valves prominent, kirkbyid pit centrally. Upper median part of valves with reticulum of 
rounded fossae; broad marginal band weakly reticulate with small elongate fossae.
Range: Westphalian B -C  boundary.
Remarks: Known only from the Croftsend (= Aegirinum) Marine Band and age equivalents. Adult specimens are up 
to 1 mm long.

10. Tetrasacculus cf. mirabilis (Croneis & Gale, 1938) sensu Robinson 1978a
Figured specimen: OS 7332, female LV lat., 750 pm long, x60. Calcareous shales below Oxford Limestone, 
Teppermoor Burn, Simonburn, Northumberland.
Diagnosis: Carapace small and with deep sinuous sulcus. Dimorphic; loculi marginally in female only.
Range: Late Asbian-mid Brigantian.

II, 13. Hollinella (Praehollinella) claycrossensis Bless & Calver, 1970
Figured specimens: 11, GSL. Mil (C) 734, male car., It. lat., 990 pm long, x46; Nuneaton (= Aegirinum) Marine 
Band at the base of Westphalian C, Tamsworth Colliery Borehole, Warwickshire at a depth of 163 ft (= 50 m). 13, 
GSL. Mil (C) 733, holotype, female car., It. lat., 990 pm long, x46; Clay Cross (= Vanderbeckei) Marine Band at 
the base of Westphalian B, Arkwright Colliery, Chesterfield, Derbyshire.

(continued on p. 134)
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Diagnosis: Reticulate domicilium and with lobes LI and L2 completely fused with ventral lobe (see Bless & Calver 
1970 for terminology).
Range: Marine Bands within the Westphalian A, B and early Westphalian C.
Remarks: A useful stratigraphical and palaeoenvironmental index in the Westphalian.

12. Hollinella (Keslingella) radiata (Jones & Kirkby, 1886)
Figured specimen: OS 7331, RV lat., 1032 pm long, x44. From shales in the early Brigantian Oxford Limestone, 
Otterbum, Northumberland.
Diagnosis: Lobe LI inconspicuous, L2 small, L3 bulbous; ventral lobe low and domicilium granular; sexual dimorph
ism not proven (see Bless & Calver 1970 for terminology).
Range: Chadian-Marsdenian.
Remarks: One of the type specimens was recorded from the basal Chadian at Cam Beck, Cumbria.

Plate 4
1. Amphissites whickhopensis Robinson, 1978a

Figured specimen: OS 7406, holotype, LV lat., 880 pm long, x 51. Holkerian calcareous shales, Bullcrag, Whick- 
hope Bum, North Tyne, Northumberland.
Diagnosis: Valves with weak central node, without lobes or carinae anteriorly or posteriorly. Surface bearly reticulate. 
Range: Holkerian-early Asbian.
Remarks: This is the earliest representative of the genus known from the British Carboniferous.

2, 3. Amphissites sp.
Figured specimen: Specimen lost. Car., rt. lat. and dors., 965 pm long, x47; Early Asbian Woodbine Shale, Trow- 
barrow Quarry, South Cumbria.
Diagnosis: Carapace large with distinct central node surrounded by weak carinae forming a loose U-shape. Valves 
with strong first- and second-order reticulation all over.
Range: ?Asbian-Brigantian.
Remarks: Similar to a number of other Carboniferous forms; most similar to A. cf. centronotus Ulrich & Basslcr, 1906 
sensu Ten Have (1982) which has a recorded Asbian-Brigantian range in Britain, but is known from the Courceyan 
of Ireland. Illustrated but not described by Athersuch & Strank (1989).

4. Amphissites debilis Robinson, 1978a
Figured specimen: OS 7403, holotype, car., It. lat., 880 pm long, x51. Shales below the Arnsbergian Thornburgh. 
Limestone, Dilston Mill, Corbridge, Northumberland.
Diagnosis: Carapace small, rounded to ovate with low-relief central node and carina parallel to ventral margin. 
Surface of valves weakly reticulate.
Range: Arnsbergian.

5, 6. Amphissites urei (Jones & Kirkby, 1860)
Figured specimens: 5, OS 7412, car., It. lat., 660 pm long, x68; shales in Pendleian Little Limestone, Ryal, North
umberland. 6, OS 7413, car., rt. lat., 770 pm long, x 58; shales in early Brigantian Oxford Limestone, Greenchesters, 
Otterburn, Northumberland.
Diagnosis: Carapace small for genus with strong carinae in a U-, V- or J-shape subparallel to valve margins. 
Range: Holkerian-Arnsbergian.
Remarks: The range of variation in the costae commented on by Robinson (1978a) may allow further speciation and 
have stratigraphic implications.

7, 8. Kindlella bituberculata (M’Coy, 1844)
Figured specimens: 7, OS 7418, car., It. lat., 1140 pm long, x 39; 8, OS 7419, car. dors., 1180 pm long, x38. Shales 
in late Brigantian Four Fathom Limestone, Cheswick, Northumberland.
Diagnosis: Valves subquadrate, symetrically rounded, regularly reticulate throughout; carapace with similar sized two 
nodes or inflations either side of mid point which extend to, or just beyond, the hinge line.
Range: ?Asbian-Brigantian-Arnsbergian. Acme in the Brigantian.
Remarks: Robinson (1978a) commented that Asbian forms may belong to a smaller and less strongly noded species.

9. Libumella sp.
Figured specimen: Specimen lost. Car., rt. lat.. ?Arundian or younger from Llanymynech Quarry, North Wales. 
Diagnosis: Carapace inflated with surface finely punctate except for a narrow marginal rim which is smooth. 
Range: Tentatively assigned a Chadian-Holkerian range.

(continued on p. 136)
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Remarks: Similar to Libumella sp. B described ten Have (1982) from the Arundian-Holkerian of Ireland and Libu- 
mella sp. A of Mason (1983) from the Chadian of North Lancashire.

10. Libumella reticulata Robinson, 1978a
Figured specimen: OS 15731, car., rt. lat„ 800 pm long, x56. Early Asbian shales immediately above the D. llan- 
gollensis bed within the Garsdale Limestone, River Clough, Sedbergh, Cumbria.
Diagnosis: Carapace symetrical, inflated and strongly reticulate.
Range: Asbian-?latest Holkerian.
Remarks: Distinguished from other species of Libumella by its strong ornament.

11, 12. ?Ectodemites sp.
Figured specimen: Specimen lost. Car., It. lat. and dors., 890 pm long, x51; Early Asbian Woodbine Shale, Trow- 
barrow Quarry, South Cumbria.
Diagnosis: Carapace tumid, more inflated behind mid-point; distinctly and evenly reticulate with weak ridge running 
parallel to anterior margin and distinctive central muscle pit.
Range: Recorded only from the early Asbian.
Remarks: Similar to North American forms described by Cooper (1946) from Brigantian-Namurian age equivalent strata.

13. Shleesha oblonga (Jones & Kirkby, 1867)
Figured specimen: OS 7425, car., It. lat., 920 pm long, x49. Shales in the late Brigantian Four Fathom Limestone, 
Cheswick, Northumberland.
Diagnosis: Carapace elongate, evenly convex, weakly and evenly reticulate with slight swelling above kirkbyan pit 
close to dorsal margin. Nodes and carinae absent.
Range: Brigantian only.

Plate 5
1, 2. Coryellina ventricornis (Jones & Kirkby, 1886)

Figured specimens: 1, OS 7335, car., It. lat., 680 pm long, x66; 2, OS 7336, car. dors., 690 pm long, x65. Shales 
below the early Brigantian Bankhouses Limestone, Tipalt Burn, Haltwhistle, Northumberland.
Diagnosis: Carapace strongly inflated and virtually unornamented with prominent postcro-ventral spine and a weak 
postero-cardinal spine on each valve.
Range: Early Asbian-Brigantian.
Remarks: Robinson (1978a) reported an acme of this species in the late Asbian.

3. Jonesina fastigiata (Jones & Kirkby, 1867)
Figured specimen: OS 7368, car., It. lat., 850 pm long, x53, shales within the Asbian Old Bridge Limestone, Well- 
haugh, North Tyne, Northumberland.
Diagnosis: Three distinct nodes equally spaced run oblique to the straight dorsal margin. Strongly dimorphic; pos
terior node masked by inflation of the carapace. Margins strongly fimbriate.
Range: ?Chadian-?Holkerian-early Asbian.
Remarks: Robinson (1978a) commented that this species occurred in the early Asbian and possibly also in the Holk
erian, but elsewhere (Robinson 1978b) he showed the range as extending down to the Chadian. However, other records 
of this species are confined to the early Asbian (Robinson 1980).

4, 5. Coryellina grandis Robinson, 1978a
Figured specimens: 4, OS 7337, holotype, car., rt. lat., 820 pm long, x55; 5, OS 7338, paratype, car. dors., 820 pm 
long, x55. Shales within Lower Limestone Shales, English Bicknor, Gloucestershire.
Diagnosis: Carapace large for genus, distinctly sulcate and tumid with a single small postero-median spine; surface 
finely and faintly reticulate.
Range: Courceyan.
Remarks: The earliest of several distinctive species of Coryellina in the Dinantian.

6, 7. Coryellina reticosa (Jones & Kirkby, 1886)
Figured specimens: 6, OS 7333, car., It. lat., 600 pm long, x75; 7, OS 7334, car. dors., 620 pm long, x73. Shale in 
Pendleian Little Limestone, Ryal, Northumberland.
Description: Tumid ventrally, with small postero-ventral spine; faintly reticulate and weakly sulcate.
Range: Pendleian-Arnsbergian.

(continued on p. 138)
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8-10. Knoxina spinosa (Jones & Kirkby, 1867)
Figured specimens: 8, OS 7366, car., It. lat., 820 pan long, x55; 9, OS 7367, car. dors., 800 pm long, x56; late 
Asbian Penchford Limestone, Grasslees Burn, Rothbury, Northumberland; 10, car., rt. lat.; specimen lost. Brigantian 
shales immediately above the Scar Limestone, Whitfield Gill, North Yorkshire.
Diagnosis: Two weakly developed costae traverse the median part of each valve either side of a central pit to meet near 
the anterior margin. The dorsal costa terminates posteriorly in a short spine.
Range: (?Chadian-) Asbian-early Brigantian.
Remarks: Robinson (1978a) noted that early Asbian forms were smaller and more delicate than the late Asbian forms; 
he also (Robinson 1978b) showed the range as extending down to the Chadian. However, other records of this species 
are confined to the Asbian (Robinson 1980) and Brigantian (Ten Have 1982).

11, 12. Cornigerella tuberculospinosa (Jones & Kirkby, 1886)
Figured specimen: OS 15732, car., It. lat. and dors., 470 pm long, x96. Early Asbian shales immediately above the 
D. llangollensis Bed within the Garsdale Limestone, River Clough, Sedbergh, Cumbria.
Diagnosis: Carapace small, and with a number of nodes, the principle one rising dorsally above the hinge line just 
behind midpoint. Three others are positioned anteriorly and an elongate node runs parallel with the posterior margin. 
Range: Asbian-Arnsbergian.
Remarks: Recorded as Balantoides sp. 2 by Robinson (1978b). Masurel (1989) noted that there was some variation in 
the number of nodes.

13. Pseudoparaparchites styfordensis Robinson, 1978a
Figured specimen: OS 7460, holotype, RV lat., 660 pm long, x 68; Arnsbergian Styford Shale, River Tyne, Styford, 
Corbridge, Northumberland.
Diagnosis: Lateral outline almost circular, slightly elongate; dorsal margin straight; posterior cardinal angle with long 
curving vertical spine.
Range: Arnsbergian.
Remarks: Small but distinctive species of this genus with a short range.

Plate 6
1, 2. Scrobicula scrobiculata (Jones, Kirkby & Brady, 1884)

Figured specimens: 1, OS 7445, car., It. lat., 720 pm long, x 63; 2, OS 7446, car. dors., 730 pm long, x62. Shales in 
late Brigantian Four Fathom Limestone, Cheswick, North Northumberland.
Diagnosis: Carapace subovate inflated but parallel-sided in dorsal view. Valves with concentric reticulum reminiscent 
of a fingerprint.
Range: Asbian-Brigantian.
Remarks: A common species in the Brigantian.

3. Scrobicula indistincta Robinson, 1978a
Figured specimen: OS 7448, holotype, car., It. lat., 600 pm long, x 75. Shales in early Asbian Old Bridge Limestone, 
Wellhaugh, North Tyne, Northumberland.
Diagnosis: Carapace ovate with faint reticulum which are noticeably straight and subvertical posteriorly.
Range: Holkerian-early Asbian.
Remarks: Robinson (1978a) observed that this species was characteristic of the early Asbian from Yorkshire to Scotland.

4. Eriella courceyana Robinson, 1978a
Figured specimen: OS 7449, holotype, female car., rt. lat., 1060 pm long, x42. Courceyan Lower Limestone shales, 
English Bicknor, Gloucestershire.
Diagnosis: Carapace surface with distinct, even reticulum apart from the median area.
Range: Courceyan and earliest Chadian.
Remarks: Robinson (1978a) recorded the figured specimen as female but did not comment on dimorphic characteristics.

5. Roundyella binoda Masurel, 1989
Figured specimen: Specimen lost. Car., rt. lat. Brigantian shales immediately above the Scar Limestone, Whitfield 
Gill, North Yorkshire.
Diagnosis: Symmetrical in dorsal and lateral views; strongly inflated and covered evenly by a distinct reticulum. Each 
valve with single node-like postero-dorsal spine.

(continued on p. 140)
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Range: Late Brigantian.
Remarks: Identical to Roundyella sp. B illustrated in manuscript by Ten Have (1982) from the Asbian-Brigantian of 
Ireland.

6, 7. Scrobicula scabrida Robinson, 1978a
Figured specimens: 6, OS 7441, holotype, car., rt. lat., 660 pm long, x 68; 7, OS 7442, paratype, car. dors., 770 pm 
long, x 58. Shales in Pendleian Corbridge Limestone, Ryal, Northumberland.
Diagnosis: Carapace elongate, dorsal and ventral margins parallel and extremites evenly rounded. Valve surface reti
culate with small conjunctive spines.
Range: Essentially Arnsbergian.
Remarks: This is the youngest species of Scrobicula in the British record.

8. Scmbiculata monospinosa (Zanina, 1956)
Figured specimen: Specimen lost. Car., rt. lat. Brigantian shales above the Scar Limestone, Whitfield Gill, North 
Yorkshire.
Diagnosis: Carapace subovate, inflated, dorsal and ventral margins slightly arched; valves with distinct reticulum 
arranged in a concentric pattern with a single small postero-lateral spine.
Range: Known only from the Brigantian in UK.
Remarks: Originally described from the Visean of Russia.

9. Kloedenellitina ravenstonedalensis Robinson, 1978a
Figured specimen: OS 7398, paratype, car., rt. lat., 810 pm, x56. Courceyan proava Bed, Stone Gill, Ravenstone- 
dale, Cumbria.
Diagnosis: Subquadrate, tapering posteriorly, weakly sulcate, not inflated, with very weak costae.
Range: Courceyan - Arundian.

10. 11. Kloedenellitina berniciana Robinson, 1978a
Figured specimens: 10, OS 7395, holotype, car., It lat., 940 pm, x 48; 11, OS 7396, paratype, car. dors., 890 pm long, 
x51. Holkerian calcareous shales, Cranecleugh Burn, North Tyne, Northumberland.
Diagnosis: Carapace subquadrate with distinct caudal process in the right valve, strongly sulcate with a postero- 
ventral furrow; surface of valves with weak irregular costae.
Range: Arundian -early Asbian.
Remarks: A distinctive element of Holkerian and early Asbian faunas.

12. Kloedenellitina sp
Figured specimen: Specimen lost. Car., rt. lat., 1250 pm long, x 36. Holkerian shales immediately below D. Ilangol- 
lensis Bed within the Garsdale Limestone, River Clough, Sedburgh, Cumbria.
Diagnosis: Carapace arched dorsally and ventrally with straight posterior margin, weakly sulcate with many costae 
running longitudinally and which tend to coalesce centrally.
Range: Known only from the Holkerian.

13. Indeterminate gen. et sp.
Figured specimen: OS 15733, car, rt. lat., 730 pm long. x62. Early Asbian shales above D. llangollensis Bed within 
the Garsdale Limestone, River Clough, Sedburgh, Cumbria.
Diagnosis: Carapace arched dorsally, longest at mid-height with many fine costae that coalesce posteriorly to form 
a reticulum.
Range: Known only from one lower Asbian locality.
Remarks: Superficially resembles Kloedenellitina.

Plate 7
1, 4. Cavellina spola Robinson, 1978a

Figured specimens: l,OS 7348, holotype, car., It. lat., 1390 pm long, x32;4, OS 7349, paratype, car. dors., 1370 pm 
long, x33. Earliest Chadian shales from Wath Quarry, Lunedale, Cumbria.
Diagnosis: Large elongate/ovate species with a caudal process in the right valve.
Range: Chadian.
Remarks: One of the largest species of Cavellina.

(continued on p. 142)
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2, 5. Cavellina valida (Jones, Kirkby & Brady, 1884)
Figured specimens: 2, OS 7341, car., It. lat., 1060 pm long, x 42; 5, OS 7342, car. dors., 1070 |xm long, x 42. Shales 
above the late Asbian Gunnerton Fell Limestone, Simonburn, Northumberland.
Diagnosis: One of the largest and most robust species of Cavellina, longest above mid height; more or less symmetri
cal in dorsal.
Range: Late Asbian-Brigantian.
Remarks: particularly abundant in upper Asbian strata, less so in the Brigantian.

3, 6. Cavellina coela (Rome, 1971)
Figured specimens: 3, OS 7350, car., It. lat., 900 pm long, x 50; 6, OS 7351, car. dors., 920 pm long, x 49. Courceyan 
shales below Main Algal Reef, Peel Bum,, Kielder, Northumberland.
Diagnosis: Carapace highest and most inflated posteriorly, dorsal margin strongly arched.
Range: Courceyan.
Remarks: Originally described from the Tournaisian of Belgium, and widespread in England and Ulster.

7. Cavellina incurvescem (Jones & Kirkby, 1896)
Figured specimen: OS 7352, car., It. lat., 660 pm long, x 68. Shales close to the Courceyan Palaechinus Bed, Stone 
Gill, Ravenstonedale, Cumbria.
Diagnosis: Small species of Cavellina with subparallel dorsal and ventral margins, evenly rounded posteriorly and 
slightly more elongate antero-ventrally.
Range: Late Courceyan.
Remarks: Widespread in England and Wales.

8, 9. Sansabella amplectens Roundy, 1926
Figured specimens: 8, OS 7380, car., It. lat., 890 pm long, x51; 9, OS 7381, car. dors., 910 pm long, x49. Holkerian 
Naiadites crassa Bed, Bullcrag, Whickhope Burn, Northumberland.
Diagnosis: Carapace elongate, slightly rhomboid, hinge line straight, valves smooth. Dimorphism strong; females 
inflated posteriorly.
Range: Holkerian-late Asbian.
Remarks: Commonly found in resticted assemblages in association with ironstone nodules, suggesting a wider than 
normal salinity tolerance.

10, 11. Sulcella affiliata (Jones & Kirkby, 1886)
Figured specimens: 10, OS 7361, car. dors., 1060 pm long, x 42 .11, OS 7360, car., It. lat., 1050 pm long, x43. Early 
Asbian calcareous shale, Megg’s Linn, Lewisburn, Northumberland.
Diagnosis: Robust inflated carapace with distinct median sulcus.
Range: ?Arundian-Holkerian-early Asbian.
Remarks: Robinson (1978fo) questionably recorded this species from the Arundian.

12, 13. Sulcella inornata Robinson, 1978a
Figured specimens: 12, OS 7611, paratype, car. dors, 920 pm long, x49; 13, OS 7610, holotype, car., It. lat., 940 pm 
long, x48. Arnsbergian Thornbrough Limestone, Todburn, Morpeth, Northumberland.
Diagnosis: Flattened, slightly sulcate dorso-medianly, anterior and posterior margins evenly rounded, but slightly 
longer above mid-height.
Range: Arnsbergian.

Plate 8
1. Editia hieroglyphica Robinson, 1978a

Figured specimen: OS 7409, holotype, car., rt. lat., 680 pm long, x 66. Pendleian Little Limestone, Matfen, 
Northumberland.
Diagnosis: A non-reticulate species of Editia with a carapace traversed by irregular ridges.
Range: Pendleian-Arnsbergian.

2, 3. Shemonaella scotoburdigalensis (Hibbert, 1936)
Figured specimens: 2, OS 7447, car, rt lat., 1850 pm long, x24; 3, OS 7607, car. dors., 1800 pm long, x25. Cour
ceyan shales at Peel Burn, Deadwater, North Tyne, Northumberland.

(continued on p. 144)
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Diagnosis: Apart from the dorsal margin, which is straight, the carapace is circular and discus shaped. 
Surface unomamented.
Range: Courceyan.
Remarks: Simplest of all described paraparchitids. Originally described as a freshwater form, this is a common brack- 
ish-lagoonal indicator in the Courceyan.

4. Shivaella c f  okeni (Munster, 1830)
Figured specimen: Specimen lost. Car., rt. lat., Brigantian shales above the Scar Limestone, Whitfield Gill, North Yorkshire. 
Diagnosis: Carapace ovate, with an almost straight hinge line and a single short spine located postero-dorsally on 
both valves.
Range: Late Asbian-Brigantian.
Remarks: Similar to Shivaella armstrongiana (Jones and Kirkby, 1886) and Shivaella sp. D recorded by Mason 
(1983) from the Asbian-Brigantian of Derbyshire and Asbian of North Wales, respectively. There are many 
similar species ranging throughout the Dinantian that need taxonomic revision.

5. Microcheilinella subcorbuloides (Jones & Kirkby, 1885)
Figured specimen: OS 15734, car., rt. lat., 200 pm long, x 225. Early Asbian Woodbine Shale, Trow'oarrow Quarry, 
South Cumbria.
Diagnosis: Carapace subovate in lateral and dorsal views, tumid with left valve considerably larger than the right. A 
single, hollow postero-ventral spine may be present on each valve.
Range: ?Chadian-Asbian-Brigantian.
Remarks: As noted by Robinson (1978a), Ten Have (1982) and Mason (1983), there are great variations in size, spine 
development and shape. In UK and Ireland most records of specimens with spines appear to be from the Asbian and 
Brigantian.

6. ?Acutiangulata aequalis (Jones & Kirkby, 1886)
Figured specimen: OS 7456, car., It lat., 1000 pm long, x45. Holkerian Naiadites crassa Bed, Whickhope Burn, 
North Tyne, Northumberland.
Diagnosis: Carapace elongate, tapering posteriorly. Dorsum broadly arched, ventral margin straight.
Range: Chadian-early Asbian.
Remarks: A brackish tolerant species commonly found in Holkerian carbonaceous facies with B. plicata and S. 
scotohurdigalensis. Referred tentatively to this genus by Robinson (1978a).

7. ?Acutiangulata quadrata Robinson, 1978a
Figured specimen: OS 7459, holotype, car., rt. lat., 820 pm long, x55; Courceyan proava Beds, Stone Gill, 
Ravenstonedale, Cumbria.
Diagnosis: Carapace elongate and quadrate in lateral view.
Range: Courceyan.
Remarks: Possible a precursor to the larger and more elongate A. aequalis. Referred tentatively to this genus by 
Robinson (1978 a).

8. 9. Bolbozoella cristata Robinson, 1978a
Figured specimens: 8, OS 7429, holotype, car., rt. lat., 770 pm long, x 58; 9, OS 7430, paratype, car. dors., 770 pm 
long, x58. Arnsbergian shales in Thornbrough Limestone, Robsheugh, Morpeth, Northumberland.
Diagnosis: Carapace elongate, dorsal margin regularly arched, ventral margin straight; swollen posteriorly to form a 
ridge parallel to margin.
Range: Arnsbergian.
Remarks: An important Arnsbergian marker.

10, 11. Bythocyproidea cuneiforma Robinson, 1978a
Figured specimens: 10, OS 7451, holotype, car., rt. lat., 950 pm long, x47; Courceyan Lower Limestone Shales, 
English Bicknor, Gloucestershire. 11, OS 7452, paratype, car. dors., 1000 pm long, x45; shales above the Chadian 
Main Algal Reef, Thorlieshope Burn, Liddesdale, Scottish Borders.
Diagnosis: Carapace wedge-shaped in dorsal view, tapered anteriorly and truncate posteriorly. Valves with a few irre
gularly positioned pits posteriorly.
Range: Courceyan-earliest Chadian.
Remarks: A useful indicator in southern Britain for the Courceyan, but in the north it is reported also from the earliest 
Chadian.

12, 13. Bolbozoella nodosa Robinson, 1959
Figured specimens: 12, OS 7484, car., rt. lat., 600 pm long, x75; 13, OS 7485, car. dors., 600 pm long, x75. Shales 
within the early Brigantian Oxford Limestone, Teppermore, Simonburn, Northumberland.
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Diagnosis: Carapace very tumid, particularly posteriorly, and in lateral view tapering markedly anteriorly. 
Range: Brigantian.
Remarks: Recorded principally from the early Brigantian in northern England.

Plate 9
1, 2. Knoxiella cf. rugulosa (Kummerow, 1939)

Figured specimens: 1, OS 7382, car., It. lat., 880 pm long, x51; 2, OS 7383, car., rt. lat„ 990 pm long, x46. 
?Chadian calcareous shales above the Main Algal Reef, Stanshiel Burn, Liddesdale, Scottish Borders.
Diagnosis: Carapace elongate, robust and with a faint reticulum. Dimorphism strong; females markedly 
inflated posteriorly.
Range: Chadian-early Holkerian.
Remarks: Smaller and more elongate than K. robusta Robinson.

3, 4. Knoxiella robusta Robinson, 1978a
Figured specimens: 3, OS 6862, holotype, car., It. lat., 1320 pm long, x 34; 4, OS 7377, paratype, car. dors., 1300 pm 
long, x35. Arundian shales in the Kingwater, Spadeadam, NE of Brampton, Cumbria.
Diagnosis: Subquadrate in lateral view, hinge line straight but obscured posteriorly by dorsal swellings in both valves. 
Valves sulcate and moderately reticulate. Dimorphism strong; females inflated posteriorly.
Range: Arundian-early Asbian.
Remarks: This species is the last of the Knoxiella lineage in the British succession. Most common in the early Holkerian. 

5, 6. Knoxiella archdensis (Tschigova, 1958)
Figured specimens: 5, OS 7386, car., It. lat., 1120 pm long, x40; 6, OS 7387, car. dors., 1130 pm long, x40. Cour- 
ceyan Lower Limestone Shales, English Bicknor, Gloucestershire.
Diagnosis: Similar to but less quadrate and smaller than K. cf. rugulosa and with a more irregular reticulum. Dimorph
ism strong with females more inflated posteriorly.
Range: Courceyan, where it is common.
Remarks: Tschigova’s specimens are from the Lower Carboniferous of the Russian Platform.

7, 8. ?Sargentina sp.
Figured specimens: 7, OS 7478, car. dors., 1250 pm long, x36; 8, OS 7477, car., rt. lat., 1250 pm long, x36. ?Kin- 
derscoutian Burnfoot Shales, South Tyne, Northumberland.
Diagnosis: Carapace tumid, greatest inflation posterior to mid-point; elongate with rounded margins; right valve over
laps left valve. Hinge line slightly sinuous and depressed.
Range: Kinderscoutian-Marsdenian.
Remarks: Recorded as S. cf. williamsonae Sohn, 1975 by Robinson (1978 a) who commented on its similarity to 
species of Geisina from the Westphalian. Robinson’s (1978a) specimen is reillustrated here in a view that more accu
rately displays the correct carapace shape.

9, 10. Monoceratina antiqua (Jones & Kirkby, 1886)
Figured specimens: 9, OS 7394, car. dors., 720 pm, x 63; 10, OS 6860, RV lat., 700 pm, x 64. Shales below the late 
Asbian Redesdale Limestone, Broomhope Valley, Ridsdale, Northumberland.
Diagnosis: Alar process no more than lateral swelling.
Range: ?Chadian-Arundian-earliest late Asbian.
Remarks: Most abundant in the Holkerian.

11, 12. Monoceratina youngiana (Jones & Kirkby, 1886)
Figured specimens: 11, OS 7391, car. dors., 620 pm long, x73; 12, OS 7390, RV lat., 600 pm long, x75. Shale in 
late Brigantian Four Fathom Limestone, Beadnell, Northumberland.
Diagnosis: Small carapace with broad ventral swellings that terminate in backward pointed alae. Valves finely pitted 
and reticulate.
Range: Late-Asbian Brigantian.

13. Bairdiolites elevatus Robinson, 1959
Figured specimen: Specimen lost. Car., rt. lat. Brigantian shales immediately above the Scar Limestone, Whitfield 
Gill, North Yorkshire.
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Diagnosis: Carapace inflated and parallel sided in dorsal view. Laterally, dorsal margin is evenly arched, anterior 
margin somewhat tapered at about mid-height; posterior margin acuminate below mid-height. Valves pitted centrally. 
Range: Essentially Brigantian.
Remarks: A distinctive marker for the Brigantian.

14. Monoceratina cornuta Robinson, 1978a
Figured specimen: OS 7400, paratype, RV lat., 1000 pm long, x45. Courceyan Lower Limestone Shales, English 
Bicknor, Gloucestershire.
Diagnosis: Carapace large for genus, elongate and tapering posteriorly. Alae with strong hollow spine ventrally 
directed posteriorly and a smaller anterior spine directed antero-ventrally. Surface finely pitted.
Range: Courceyan.
Remarks: Assigned to Monoceratina with great uncertainty. A useful index form.

Plate 10
1. Rectobairdia cuspidata Robinson, 1978a

Figured specimen: OS 7479, holotype, car., rt. lat., 1450 pm long, x31; Arnsbergian shales in Ihe Thornbrough 
Limestone, Robsheugh, Morpeth, Northumberland.
Diagnosis: Carapace tumid and symmetrical in dorsal view; laterally dorsal margin regularly arched; anterior margin 
sharply upturned, and acuminate and posterior margin drawn out into a blunt caudal process below mid-height. 
Range: Arnsbergian.
Remarks: Similar to the Asbian R. bicomis but distinguished by its arched dorsum and blunt posterior process.

2. Bairdia arcuatilis Robinson, 1978a
Figured specimen: OS 7464, holotype, RV lat., 1250 pm long, x 36; Courceyan proava Beds, Stone Gill, Ravensto- 
nedale, Cumbria.
Diagnosis: Carapace evenly inflated. Valve margins highly arched dorsally behind mid-point, tapered anteriorly and 
with a low positioned posterior rostrum.
Range: Courceyan-early Chadian.
Remarks: A widespread species in marine sediments.

3. 4. Rectobairdia bicomis (Jones & Kirkby, 1879)
Figured specimens: 3, OS 7473, car., rt. lat., 1510pm long, x 30; 4, OS 7474, ear. dors., 1500 pm long, x30. Late 
Asbian calcareous shales, Tofts Burn, Otterburn, Northumberland.
Diagnosis: Carapace inflated and symmetrical. Seen laterally, anterior and posterior extremities acuminate and 
curve upwards.
Range: Late Asbian.
Remarks: A distinctive late Asbian marker.

5, 6. Cryptobairdia berniciana Robinson, 1978a
Figured specimens: 5, OS 7467, holotype, car., rt. lat., 1390 pm long, x 32; 6, OS 7468, paratype, car. dors., 1400 pm 
long, x32. Late Asbian calcareous shales, Tofts Burn, Otterburn, Northumberland.
Diagnosis: Carapace large and tumid and finely pitted; dorsal and anterior valve margins curved, ventral margin 
almost straight, posterior margin tapering to a sharp point.
Range: (Late Holkerian)-Asbian-Brigantian.

7, 8. Bairdia orientalis Bushmina, 1975
Figured specimens: 7, SAD 1428 Cl, car., rt. lat., 1550 pm long, x29; 8, SAD 1428 C2, car. dors., 1520 pm long, 
x 30. Late Asbian calcareous shales, Cowden Burn, Gunnerton, Northumberland.
Diagnosis: Carapace elongate, almost symmetrical in dorsal and lateral views; posterior somewhat acuminate at about 
mid-height.
Range: Late Asbian.
Remarks: Similar forms have been recorded from strata as old as Chadian.

9, 10. Pustulobairdia ?confragosa (Samoilova & Smirnova, 1960)
Figured specimens: 9 ,10, OS 7471, car., rt. lat. and dors., 1800 pm long, x 25. Late Asbian shales, Tofts Burn, Otter
burn, Northumberland.

(continued on p. 148)
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Diagnosis: Carapace subquadrate in dorsal view and tapering anteriorly and posteriorly. Surface covered in distinctive 
small pustules.
Range: ?Chadian; ?Arundian; most abundant in the late Asbian-Brigantian.
Remarks: Comparison with the type illustrations has not been possible and the assignment is, therefore, questioned. 
Most records in the UK are from upper Asbian and Brigantian shales. However, Ten Have (1982) recorded this species 
from the Arundian of Southern Ireland. Mason (1983) referred some rather more elongate specimens from the Chadian 
to P. confragosa but these may belong to another species.

11, 12. Rectobairdia cf. magna (Tschigova, 1960)
Figured specimens: 11,12, OS 15735, car., It. lat. and dors, 690 pm long, x 65. Early Asbian Woodbine Shale, Trow- 
barrow Quarry, South Cumbria.
Diagnosis: Carapace subquadrate in dorsal view and tapering anteriorly and posteriorly. Surface smooth.
Range: Holkerian-Asbian.
Remarks: A member of a group of similar species that needs revision.

13, 14. Rectobairdia dorssenata Robinson, 1978a
Figured specimens: 13,14, Specimen lost. Car., rt. lat. and dors., 2300 pm long, x 20; Early Asbian Woodbine Shale, 
Trowbarrow Quarry, South Cumbria.
Diagnosis: An extremely large and elongate species with subparallel dorsal and ventral margin throughout most of the 
length. Inflated and tapering anteriorly in dorsal view; posterior and anterior acuminate.
Range: Late Asbian-early Brigantian.
Remarks: This is a very distinctive marker species.

15, 16. Healdia cuneata Robinson, 1978a
Figured specimens: 15, OS 7433, holotype, car., rt. lat., 530 pm long, x 85; 16, OS 7434, paratype, car. dors,, 520 pm 
long, x87. ?Kinderscoutian Burnfoot shales, Burnfoot, South Tyne, Northumberland.
Diagnosis: Seen laterally, valves rounded anteriorly, truncate posteriorly; subdued posterior vertical ridge but lacking 
spines typical of genus. In dorsal view widest medianly and posteriorly, tapering anteriorly.
Range: Arnsbergian-?Marsdenian.
Remarks: Evidence for the occurrence of this species above the Arnsbergian is not secure.

Plate 11
1, 2. Cribroconcha perplexa Robinson, 1959

Figured specimens: 1, OS 7420, car., rt. lat., 660 pm long, x 68; 2, OS 7421, car, dors., 650 pm long, x 69. Shales in 
late Brigantian Four Fathom Limestone, Beadnell, Northumberland.
Diagnosis: Dorsal margin evenly curved, valves taper anteriorly; short spines arise from the posterior margin, ven- 
trally and dorsally. Valves with small lateral area of faint pitting posteriorly.
Range: Brigantian.
Remarks: Robinson (1978a) regarded this species as characteristic of the late Brigantian.

3. Seminolites porosus Robinson, 1978a
Figured specimen: OS 7428, holotype, car., rt. lat., 480 pm long, x94. Shales adjacent to early Asbian Old Bridge 
Limestone, Lewisburn, North Tyne, Northumberland.
Diagnosis: Carapace minute, irregularly pitted with pits mainly concentrated at each end.
Range: Holkerian-Brigantian.
Remarks: The same specimen was illustrated by Robinson (1980) and mistakenly recorded from the Holkerian of 
Black Clough, Akenshaw, Northumberland.

4, 5. Cribroconcha inflata Robinson, 1978a
Figured specimens: 4, OS 7414, holotype, car.,rt. lat., 400 pm long, x 113; 5, OS 7415, paratype, car. dors., 410 pm 
long, x 110. Shales in Pendleian Great Limestone, Greenleighton Quarry, Morpeth, Northumberland.
Diagnosis: Carapace inflated and truncated posteriorly; dorsal margin acutely arched at mid-point. Valves flare later
ally towards the posterior to form a ridge bearing a spine at the dorsal and ventral ends. Clusters of small pits are 
present posteriorly and anteriorly.
Range: Pendleian.

(continued on p. 150)
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6, 7. Cribroconcha insculpta Robinson, 1959
Figured specimens: 6, OS 7416, car., rt. lat., 600 pm long, x75; 7, OS 7417, car. dors., 600 pm long, x75. Shales in 
late Brigantian Four Fathom Limestone, Cheswick, Northumberland.
Diagnosis: Carapace with rounded arch just anterior to mid-point; postero-lateral oval depression in each valve behind 
which the carapace flares slightly and bears long dorsal and ventral spines.
Range: Brigantian.

8, 9. Asturiella cicatricosa Robinson, 1978a
Figured specimens: 8, OS 7435, holotype, car., rt. lat., 770 pm long, x 58; 9, OS 7436, paratype, car. dors., 770 pm, 
x 58. Shales in Pendleian Great Limestone, Greenleighton Quarry, Morpeth, Northumberland.
Diagnosis: Carapace subovate, more or less evenly inflated; viewed laterally, longest at mid-height; drop-shaped 
pitted incised area postero-medianly.
Range: Pendleian-Arnsbergian.

10, 11. Incisurella concinna (Jones & Kirkby, 1885)
Figured specimens: 10, OS 7431, car., It. lat., 600 pm long, x 75; 11, OS 7432, car. dors., 610 pm long, x74. Shales 
adjacent to early Brigantian Oxford Limestone, Teppermore, Simonbum, Northumberland.
Diagnosis: Carapace with smoothly arched dorsal margin; highest in front of midpoint; ventral margin slightly 
incurved; posterior part of valve deeply excavated into crescentic pit.
Range: Brigantian-early Pendleian.

12. Healdia sp.
Figured specimen: Specimen lost. Car., rt. lat., 275 pm long, x 164. Early Asbian Woodbine Shale, Trowbarrow 
Quarry, South Cumbria.
Diagnosis: Carapace small and highest behind mid-point with two spines arising ventrally and dorsally from a pos
terior ridge; posterior portion more elongated than H. cornigera.
Range: Asbian-early Brigantian.
Remarks: Recorded and named as Healdia penchfordensis by Robinson (1980) but not formally described.

13, 14. Healdia cornigera (Jones & Kirkby, 1867)
Figured specimens: 13, OS 7439, car., rt. lat., 630 pm long, x 71; 14, OS 7440, car. dors., 640 pm long, x 70. Shales 
in the early Brigantian Oxford Limestone, Teppermoor, Simonburn, Northumberland.
Diagnosis: Carapace medium-sized and highest at the mid-point; strong vertical ridge posteriorly bears two back- 
wardly pointing spines, the dorsal one being long and curved, the ventral one being short and straight.
Range: Holkerian -  Asbian- ?Pendleian.
Remarks: Subtle variations in shape distinguish this species from others such as LH. penchfordensisRecords of this 
species from the late Asbian-Pendleian may, in fact, be referable to other species.

Plate 12
1, 2. Richterina (Richterina) latior Rabien, 1960

Figured specimen: 1, AD2696, external mould, 2000 pm long, x23; 2, AD2697B, internal mould, 2000 pm long, 
x 22. Middle part of the Lower Tournaisian latior Zone, Whiteway Barton, East Devon (see Gooday 1983). 
Diagnosis: Lateral outline symmetrically oval with no obvious distinction between dorsal and ventral margins; mean 
L/H ratio 1.4-1.6. Surface with 25-35 longitudinal ribs of uniform strength and spacing of 32-70 pm (mean 
0.045 mm); five-eight outer ribs run parallel to ends of valve. Circular muscle patch interrupts several central ribs. 
Range: Early Courceyan (latior Zone).
Remarks: R. (R.) latior is distinguished from the Upper Devonian R. (R.) striatula by its more broadly oval lateral 
outline and the more numerous outer, concentrically running ribs at the ends of the valve. This well-known entomo- 
zoacean occurs at several localities to the west and east of Dartmoor, Devon (Selwood etal. 1982; Gooday 1983). It is 
also known from Germany, Poland, Russia and China (Groos-Uffenorde & Uffenorde 1974; Bless & Groos-Uffenorde 
1984; Wang 1984). The latior Zone is broadly equivalent to the Gattendorfia Stufe of ammonoid chronology (Rabien 
1960). An interregnum separating it from the Upper Famennian hemisphaerica-dichotoma Zone is discussed by Bless 
& Groos-Uffenorde (1984).

3, 4. Maternella (Maternella) clathrata (Kummerow, 1939)
Figured specimens: 3, AD2770, internal mould, 2000 pm long, x23; 4, AD2771B, internal mould, 1200 pm long. 
x38. Near Whiteway Barton, East Devon (see Gooday 1983).

(continued on p. 152)
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Diagnosis: Lateral outline broadly oval, L/H ratio 1.23-1.40 (mean 1.36). Surface with 20-32 ribs of uniform 
strength and spacing of 35-83 pm. Main ribs may be connected by weaker cross ribs. Most follow concentric, 
oval course parallel to margin; in central region additional ribs are intercalated between the main ribs. Variable 
number of ribs are often deflected outward, approximately sigmoidally, near one end of the valve. Central muscle 
patch interrupts several ribs.
Range: Early Courceyan (latior Zone).
Remarks: The mainly concentric nature of the ribbing distinguishes this species from R. (R.) latior. It also occurs in 
the Chillaton borehole, West Devon (Selwood et al. 1982) and Germany (Groos-Uffenorde & Uffenorde 1974).

5. Ungarella stockumensis Groos-Uffenorde, 1974
Figured specimen: AD2768, internal mould, 600 pm long, x75. Near Whiteway Barton, East Devon (see Gooday 
1983).
Diagnosis: Small rhomboentomozoacean (600 pm or less in length) with subtriangular-subquadrate lateral outline, 
long, narrow sulcus and well-developed ventral spine. Surface with few narrow ribs and broad intercostal spaces (75- 
100 pm). Ribs make more or less acute angle with sulcus.
Range: Early Courceyan (latior Zone).
Remarks: Although typically a Frasnian and lower Famennian taxon, Ungarella reappears as a relatively uncommon 
element in basal Carboniferous faunas (Groos-Uffenorde & Uffenorde 1974). Ungarella stockumensis is much smaller 
than most other Carboniferous entomozoaceans and also has a distinctive shape. In Germany (Stockum section) it 
occurs in the middle and possibly the upper part of the latior Zone (Groos-Uffenorde & Uffenorde 1974).

6. Matemella (Steinachella) seilerensis Koch, 1970
Figured specimen: AD2769, internal mould, 900 pm long, x 50. Near Whiteway Barton, East Devon (see Gooday 
1983).
Diagnosis: Rather small species of Matemella (<0.9 mm) with broadly circular lateral outline, L/H ratio 1.20-1.37 
(mean 1.27). Surface with two or three separate ribs running in tight spiral subparallel to margin, so that 22-36 ribs, 
with spacing of 22-35 pm, can be counted across height of valve. Small central muscle patch developed.
Range: Early Courceyan (1-latior Zone).
Remarks: This species is conspecific with Matemella sp. 4 of Groos-Uffenorde & Uffenorde (1974), a form also 
reported from China (Wang 1984). The small size and tightly spiral ribbing distinguish it from other Carboniferous 
species of Matemella. In northern Germany (Stockum section), this species ranges from the upper part of the hemi- 
sphaerica-latior interregnum into the upper latior Zone (Groos-Uffenorde & Uffenorde 1974).

7. Matemella (Matemella) whitewayensis (Gooday, 1983)
Figured specimen: AD2767, holotype, Latex cast of external mould, 2430 pm long, x 19. Near Whiieway Barton. 
East Devon (see Gooday 1983).
Diagnosis: Valve >2 mm in length with L/H ratio 1.25-1.45. Surface with 20-35 ribs with spacing of 5-10 pm; 
inner ones approximately longitudinal, outer six-seven run concentrically parallel to ends of valve. Central muscle 
patch fairly large and slightly depressed.
Range: Early Courceyan (latior Zone).
Remarks: Distinguished from M. (M.) grammica by its more elongate shape and more numerous ribs, and from M. 
(M.) empleura by its larger size and less regular ribbing pattern.

8. 9. Matemella (Steinachella) schitidewolfi (Kummerow, 1939)
Figured specimen: 8, AD2740, internal mould of right valve, 1400 pm long, x 32; 9, AD2767, latex cast of external 
mould of ?left valve, 1300 pm long, x35. Near Whiteway Barton, East Devon (see Gooday 1983).
Diagnosis: Lateral outline broadly oval with anterior end more narrowly rounded than posterior end, and L/H ratio 
1.18-1.48 (mean 1.32). Surface with numerous very fine concentric ribs, very closely spaced towards centre of valve 
and more widely spaced towards margin. Central ribbing arranged about axis at 45°-90° to long axis of valve; outside 
immediate centre ribbing runs parallel to margin.
Range: Early Courceyan (latior Zone).
Remarks: This species is regarded as a synonym of Richterina (Matemella) circumcostatula Koch, 1970 (Gooday 
1983). It also occurs in the Chillaton borehole, West Devon (Selwood et al. 1982) and at several German localities 
(Groos-Uffenorde & Uffenorde 1974; Bless & Groos-Uffenorde 1984). In Germany (Stockum-section), M. (M.) 
schindewolfi appears to typify the upper part of the latior Zone (Groos-Uffenorde & Uffenorde 1974). Selwood 
et at. (1982) record it from the lower crenulata Conodont Zone.
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British Permian Ostracoda are restricted to Upper 
Permian sedimentary rocks deposited along the 
western margin of the Anglo-European Zechstein 
Sea (Fig. 1). Ostracoda have been recorded in car
bonates deposited during the basal marine phase of 
three evaporite cycles in both the Yorkshire and 
Durham provinces. West of the Pennine Ridge, a 
smaller marine basin known as the Bakevellia Sea 
(named after a marine bivalve genus) has been 
interpreted as a minor extension of the Zechstein 
Sea, coeval with the first evaporite cycle. Rocks 
deposited in the Bakevellia Sea (Fig. 1) have 
yielded poorly preserved Ostracoda.

History of research
Previous studies of British Permian Ostracoda have 
concentrated on the Upper Permian Zechstein rocks 
exposed at two classic localities in Tyne and Wear 
within the Durham Province (sensu Smith et al.
1986) of northeastern England (Jones 1850; Kirkby 
1858; 1859).

In addition, these authors noted that some of the 
species in Durham also occurred in Zechstein strata 
(probably the Cadeby Formation) at Hampole and 
Moorhouse in South Yorkshire. Anderson (1964) 
noted ‘Macrocypris jonesiana’ from the Permian 
Lower Marls (a facies of the Wetherby Member in 
the Cadeby Formation) at Hodthorpe, Derbyshire. 
Unidentified ostracods from the Sprotbrough and 
Wetherby members of the Cadeby Formation were 
also recorded by Pattison (1978) from the Aiskew 
Bank Borehole, North Yorkshire. All these localities 
are within the Yorkshire Province as defined by 
Smith et at. (1986). The stratigraphy of the Durham 
and Yorkshire provinces is summarized in Figure 2.

Impoverished marine faunas with Zechstein affi
nities from NW England and Northern Ireland 
include poorly preserved ostracods described by 
Kirkby (1859), which were subsequently reviewed 
by Pattison (1970, p. 156).

Apart from the review of British Permian ostra
cods by Robinson (1978), no further studies have 
been made. In contrast, there has been extensive 
research on European Zechstein ostracod faunas 
commencing in Germany with Krommelbein 
(1958) followed by Eichenberg (1962), Knupfer 
(1967) and Jordan (1968). Kotschetkova & Guseva 
(1972), Ivanov (1975) and Woszczynska (1987)

have summarized Russian and Polish research 
work in this field.

Most of the European micropalaeontologists 
have attempted, with only partial success, to recon
cile the species and varieties figured and described 
by Kirkby and Jones with European Zechstein 
assemblages. Such comparisons have been ham
pered by the limitations of the early descriptions, 
the associated hand-drawn illustrations and a lack 
of comparative type material.

Current research has failed to locate another 
of the ostracod-bearing cavities at Tunstall Hill, 
Sunderland, one of which contained most of the well- 
preserved material described by Kirkby (1859). 
However, a re-examination of their second classic 
locality on the coast at Whitburn has yielded abundant 
topotypes that can be compared with their original 
figures and more recent descriptions of European 
Zechstein ostracods.

Principal collections
There is little to add to Robinson’s (1978, p. 168) 
account of significant collections.

Natural History Museum, London

The Permian is poorly represented in the ostracod 
collections, but the museum does contain several 
Zechstein specimens purchased from Kirkby, 
which confirm the remarkable preservation of 
the Tunstall Hill material.

Hancock Museum, Newcastle-upon-Tyne

There are several specimens collected by Kirkby, 
although most of Kirkby’s extensive Permian 
ostracod collection from Tunstall Hill has not 
been located.

University College Galway

The collections of Permian fossils from north 
eastern England utilized by William King during 
the preparation of A Monograph o f the Permian 
Fossils o f England (King 1850) were taken by him 
to University College Galway, but their collections 
now contain no significant ostracod material.

From: Whittaker, J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 155-163.
1747-602X/S15.00 (; The Micropalaeontological Society 2009.
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Fig. 1. Map showing the inferred extent (shaded) of the Late Permian Zechstein Sea and coeval Bakevellia Sea in the 
British Isles.

Sunderland Museum and Winter Gardens, 
Tyne and Wear Museums

This museum houses the collection of Zechstein 
ostracods made by the author mainly from coastal 
exposures at Whitburn, Tyne and Wear. The figured 
Permian specimens in this chapter (prefixed 
TWCMS) have been selected from this collection.

Stratigraphy

The nomenclature of the English Zechstein rocks 
was revised by Smith et al. (1986) and is summar
ised in Figure 2. The Anglo-European Zechstein 
Sea was a barred basin, and this is reflected in the 
succession of carbonates and evaporites deposited 
during five evaporite cycles.
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Fig. 2. English and European Zechstein lithostratigraphy (modified after Smith et al. 1986). Previous terminology is 
shown in parentheses.

Although there is now a well-established litho- 
stratigraphical correlation throughout the Zechstein 
Basin, correlation with other Permian sequences 
has only recently been elucidated using palaeomag- 
netic techniques. The Zechstein fauna is geographi
cally very restricted and the few elements that have 
been recognized in other Late Permian marine 
sequences have had limited value for correlation. 
On the basis of miospore evidence Warrington 
(in Smith et al. 1974) inferred a correlation of the 
Zechstein with the Late Permian Kazanian and 
Tartarian stages of Russia. This view has been 
reinforced by the palaeomagnetic studies of 
Menning (1986) and Menning et al. (1988). These 
authors demonstrated that the Zechstein corresponds 
to the uppermost Tatarian Stage of central Europe 
and the Ochoan Stage of the North American 
Permian succession. An absolute age of 252 Ma is 
inferred for the base of the Zechstein (Gradstein & 
Ogg 1996). For an overall review of the lithostrati
graphy of the UK Permian see Smith et al. (1974).

Ostracod biostratigraphy

Although ostracods have been recorded from all 
the carbonate units of Zechstein Cycles 1, 2 and 3 
in the Durham and Yorkshire provinces (Pattison 
et al. 1973), the early studies of Jones (1850) 
and Kirkby (1858, 1859) concentrated on the 
faunas of two remarkable localities in the county 
of Tyne and Wear. Their importance merits a 
brief description.

Tunstall Hill, Sunderland, is famous for the 
diverse invertebrate fauna yielded by the richly fos- 
siliferous ‘shell limestone’ reef facies of the Ford 
Formation (English Zechstein Cycle 1) (Fig. 2). 
The source of the fossils was several quarries at 
the northern (Maiden Paps) end of the hill (NZ 
392 544), and quarries at the southern end (centred 
at NZ 395 539). Kirkby did not specify where on 
the hill, or from which of the quarries, he had 
collected the superbly preserved ostracods. They 
were found in one of a series of ‘irregular shaped
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cavities’ containing ‘brown or yellow calcareous 
dust’ (Kirkby 1858, pp. 123-124). Present-day 
disused quarry exposures at the southern end of 
the hill feature de-dolomitized concretionary lime
stone of the reef core with interstitial cavities 
filled with reddish brown dolomite. At a lower strati- 
graphical level and immediately to the SE of the 
quarries is a disused rail cut (NZ 397 538), exposing 
reef talus. This exposure features rubbly blocks of 
de-dolomite with pockets of reddish-brown poorly 
consolidated sandy dolomite that would correspond 
much more closely to Kirkby’s ‘dust’. The adjacent 
quarry workings were once much deeper and may 
have exposed similar reef talus before they were 
partially filled with refuse by the local council 
(D. B. Smith pers. comm.). It is probable that one 
such occurrence of poorly consolidated fossiliferous 
dolomite comprised Kirkby’s ostracod-rich ‘dust’. 
If so, then the mode of occurrence of the ostracods 
was very similar to those at the Whitburn locality 
described later.

The Whitburn exposures on the coast between 
Sunderland and South Shields consisted of coastal 
cliffs at Byers’ Hole (NZ 410 639) and sections in 
the adjacent Byers’ or Harbour Quarry (NZ 411 
637), which was filled with colliery waste in the late 
1950s. The present-day coastal exposures feature 
dolomites and limestones of the Concretionary Lime
stone Formation (English Zechstein Cycle 2) (Fig. 2). 
Many of the limestones show evidence of diagenetic

alteration and de-dolomitization, but the contained 
ostracods are well preserved, etched out in abundance 
on weathered bedding planes, and it was this material 
in the ‘crystalline limestone’ that was studied by 
Kirkby (1859).

Re-examination of these exposures has demon
strated that the best-preserved material occurs in 
interstitial pockets of orange-yellow granular dolo
mite within grey, crystalline, calcitic, concretionary 
limestone. In places the dolomite in the pockets has 
weathered to a poorly cemented sand, and when this 
is disaggregated and processed it yields abundant 
ostracods associated with uniserial foraminifera.

No detailed studies have been undertaken on ostra
cods in other English Zechstein strata. Figure 3 lists 
the species recorded from each lithostratigraphic 
unit to date.

Ostracod palaeoecology
Throughout the Zechstein Basin marine invert
ebrates, including ostracods, are restricted to the 
predominantly carbonate sedimentary rocks that 
constitute the first phase of each of the first three 
of the five main Zechstein evaporite cycles 
(Fig. 2). A comparison between the three cycles 
shows a progressive decline of faunal variety 
(e.g. Pattison et al. 1973). The biostratigraphical 
list of European (German and Polish) Zechstein 
microfossils compiled by Woszczynska (1987,

GERMANY AND POLAND

Plattendolomit Z3

Hauptdolomit Z2

Werradolomit Z1 
and

Zechsteinkalk Z1

1 i

Fig. 3. Biostratigraphy of English and European Zechstein ostracods.
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p. 163, table 2) demonstrates this impoverishment in 
the Ostracoda. In Britain the meagre Permian ostra- 
cod fauna precludes any such conclusion, and eco
logical inferences can only be drawn from the 
moderately abundant Zechstein assemblages at 
Tunstall Hill and Whitburn.

The Ostracoda from the Ford Formation reef 
complex at Tunstall Hill form part of a relatively 
rich fauna including bryozoans, brachiopods, 
bivalves, gastropods, crinoids and echinoids (see 
Pattison et al. 1973 and Hollingworth & Pettigrew 
1988 for faunal lists and a description of the 
palaeoecology).

Kirkby (1859, pp. 124-125) made several eco
logical observations relating to the ostracods col
lected from Tunstall Hill. He inferred from the 
unabraded condition of the highly ornamented 
valves of Kirkbya that the ostracods represented 
an in situ fauna. He also noted that, in contrast to 
Kirkbya, most of the specimens of Bairdia, charac
terized by an overlap of the articulated valves, 
occurred as carapaces. Jones (in Kirkby 1859, foot
note on p. 125), commenting on ‘dozens of individ
uals’ of Bairdia collected by Kirkby from within a 
bivalve, inferred that they were scavenging on the 
‘dead substance of the bivalve’ and were probably 
‘sepulchred in its closed and buried valves’.

The Concretionary Limestone at Whitburn was 
inferred by Smith (1980) to have been deposited 
on the upper slope of the western margin of the 
Zechstein Basin during Cycle 2 (Fig. 2). There is 
widespread evidence of down-slope slumping, and 
many of the beds were deposited by mass flow pro
cesses and have been interpreted as turbidite fans 
initiated on the upper basin slope and the outer 
edge of the prograding shelf (Smith 1980, p. 20). 
A high proportion (80%) of the contained ostracods 
occur as carapaces and the proportion of tecno- 
morphs to adults also seems to be high. Highly orna
mented species such as Kirkbya and Monoceratina 
show little evidence of abrasion suggesting no pro
longed reworking of the sediments. These features 
may be consistent with a fauna derived from the 
top of the slope or the outer edge of the shelf and 
transported downslope by the agency of turbidites. 
The associated biota consists of abundant uniserial 
chambered foraminifera, several species of bivalve 
and rare gastropods.

Future research
Previous research has concentrated on faunas from 
the Ford Formation Reef Complex (Cycle 1) and 
the Concretionary Limestone (Cycle 2) of the 
Durham Province. Bell et al. (1979) illustrated an 
occurrence of abundant ostracods in the Marl Slate 
of South Durham (Cycle 1) and a further study of

this might be rewarding. Other research should be 
directed at the recorded but undescribed faunas 
listed by Pattison et al. (1973) in the Raisby For
mation (Cycle 1), the Roker Dolomite (Cycle 2) 
and the Seaham Formation (Cycle 3) (Fig. 1). No 
serious attempt has yet been made to collect and 
study Ostracoda from the Zechstein outcrops of 
the Yorkshire Province.

The late Dr D. B. Smith patiently encouraged and assisted 
my studies of the English Zechstein over many years, and 
I dedicate this contribution to his memory. I thank Dr 
J. Whittaker (Natural History Museum, London), Professor 
R. Whatley and Dr C. Maybury (University College, 
Aberystwyth), for their encouragement and assistance 
with SEM photography. I also gratefully acknowledge 
the assistance of Dr M. Ware, J. Pattison (BGS), 
and Drs T. M. Peryt and S. Woszczynska of the Polish 
Geological Institute, Warsaw.
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Explanation of plates
All the specimens figured in these plates are deposited in the Sunderland Museum & Winter Gardens 
(Tyne and Wear Museums) (prefixed by TWCMS).

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat, right lateral 
view; dors, dorsal view).

Plate 1
1. Healdia dahlgrueni Krommelbein, 1958

Figured specimen: TWCMS:P1007, RV lat., 570 pan long, x79, Raisby Formation (EZ1), Quarrington Quarry, Co. 
Durham (NZ 329 378).
Diagnosis: Smooth rounded reniform carapace with two prominent backward-pointing spines at the posterior end 
of both valves. Dorsum is arched whilst the venter is nearly straight.
Range: Raisby Formation, EZ1 and the corresponding Z1 strata of Germany and Poland.
Remarks: Species well known from the Z1 strata in Germany and Poland. Not previously recorded in the UK.

2. Acratia cf. acuta (Jones, 1850)
Figured specimen: TWCMS:P1003, car., It. lat., 585 pm long, x77, Concretionary Limestone (EZ2), Whitburn, 
Tyne and Wear (NZ 4107 6394).
Diagnosis: Carapace inflated, elongate, with convex dorsum and a gently convex venter, posteriorly acuminate; 
anterior margin rounded.
Range: Ford Formation, EZ1, Concretionary Limestone, EZ2. This species is also recorded in the Z1 strata in 
Germany and Poland.
Remarks: Originally described as Cythere (Bairdia?) acuta by Jones (1850).

3. Bairdia knuepferi Ivanov, 1975
Figured specimen: TWCMS:P1008, LV lat., 720 pm long, x63, Concretionary Limestone (EZ2), Whitburn, Tyne 
and Wear (NZ 4107 6394).

(continued on p. 162)
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Diagnosis: Smooth fusiform carapace, more or less amplete with a strongly arched dorsum and a weakly convex 
ventral margin; caudal process below mid-height, anterior extremity at about mid-height.
Range: Concretionary Limestone (EZ2); also recorded from Zl, Z2, and Z3 strata in Poland.
Remarks: Not previously recorded in the UK.

4 -6 . Bairdia plebeia Reuss, 1854
Figured specimens: 4, TWCMS:P1010, car., It. lat., 1013 pm long, x44; 5, TWCMS:P1009, car., rt. lat., 770 pm 
long, x58; 6, TWCMS:P1015, car., rt. lat., 831 pm long, x54. All from the Concretionary Limestone (EZ2), 
Whitburn, Tyne and Wear (NZ 4107 6394).
Diagnosis: Elongate, smooth carapace, fusiform in lateral view. Dorsum is arched with a slightly upturned posterior 
caudal process. LV larger than RV overlapping it around entire margin.
Range: Ford Formation, EZ1, at Tunstall Hill, Concretionary Limestone, EZ2 at Whitburn. Recorded from the 
carbonates of Zl, Z2 and Z3 in Germany and Poland.
Remarks: Literature references with illustrated specimens assigned to this species show considerable variation in the 
form of the posterior caudal process and the shape of the anterior margin. Currently, it is difficult to recognize 
meaningful differences between Bairdia plebeia and the morphologically similar Bairdia elongatella Sohn, 1960, 
and Bairdia plebeia var. reussiana Kirkby, 1858. More detailed examination of better preserved material is needed 
to resolve this problem.

7, 10. Dorsoobliquella pulchra Kniipfer, 1967
Figured specimen: 7, 10, TWCMS:P1001, car. dors, and rt. lat., respectively, 874 pm long, x51; Concretionary 
Limestone (EZ2), Whitburn, Tyne and Wear (NZ 4107 6394).
Diagnosis: Ovate-shaped carapace enlarged anteriorly; straight hinge line, left valve with weakly developed marginal 
rim along free edge overlapped by right valve apart from the hinge line where the left valve overlaps the right valve. 
Range: EZ2 strata in the UK; Zl, Z2 and Z3 strata in Germany and Poland.
Remarks: This species is well known from the German and Polish Zechstein. Not previously recorded in the UK.

8, 9, 11. Kirkbya permiana Jones, 1859
Figured specimen: 8, 9, 11, TWCMS:P1004, car. dors, rt. lat. and It. lat., respectively, 1060 pm long, x42. 
Concretionary Limestone (EZ2), Whitburn, Tyne and Wear (NZ 4107 6394).
Diagnosis: Carapace elongate, straight hinge line, greatest length near dorsal margin. Surface strongly reticulate with a 
well-developed ‘kirkbyan pit’ positioned subcentrally on both valves.
Range: Recorded by Kirkby (1859) from the Ford Formation (EZ1) of Tunstall Hill, the Cadeby Formation (EZ1) of 
Yorkshire and the Concretionary Limestone (EZ2) of Whitburn. Subsequently recorded from Zl carbonates in 
Germany and Poland.
Remarks: An easily identified and distinctive species. The occurrence of this species in EZ2 carbonates in the UK is 
not matched in the Zechstein of Germany and Poland where it is restricted to Zl strata.

Plate 2
1-5 . Cavellina permiana Kotschetkova, 1972

Figured specimens: 1, TWCMS:P1013, tecnomorph, RV lat., 660 pm long, x 68; 2, 3, TWCMS:P1002, female car., 
rt. lat. and dors., respectively, 800 pm long, x56; figs. 4, 5, TWCMS:P1006, tecnomorph car., rt. lat. and dors., 
respectively, 608 pm long, x74. All from the Concretionary Limestone (EZ2), Whitburn, Tyne and Wear (NZ 
4107 6394).
Diagnosis: Carapace reniform with, in well-preserved specimens, a finely reticulate surface; sub-elliptical in dorsal 
view with a noticeable inflated posterior region in the female.
Range: Concretionary Limestone (EZ2) in the UK and also Zl, 72, and Z3 strata in Germany and Poland. 
Remarks: Species well known from the German and Polish Zechstein. Not previously recorded in the UK.

6 -9 . Monoceratina sp. nov.
Figured specimens: 6-8, TWCMS:P1005, car., dors, It. lat. and rt. lat., respectively, 469 pm long, x96; 9, 
TWCMS:P1014, tecnomorph, car., It. lat., 531 pm long, x85. All from the Concretionary Limestone (EZ2), 
Whitburn, Tyne and Wear (NZ 4107 6394).
Diagnosis: Carapace elongate with a rounded anterior, posterodorsal caudal process; straight hinge line and reticulate 
surface; a weakly developed median sulcus separates an anterior lobe bearing two thorn-like spines from a posterior 
lobe bearing three thorn-like spines. Tecnomorphs differ in possessing three spines; two on the posterior lobe and one 
on the anterior lobe.
Range: Concretionary Limestone (EZ2).
Remarks: This distinctive species has not been recorded from German and Polish Zechstein strata.
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During much of the Triassic, Britain was largely an 
emergent landmass with little marine deposition. 
The main phase of marine deposition only occurred 
at the end of the Triassic, within the Rhaetian 
Mercia Mudstone Group, Blue Anchor Formation 
and the succeeding Penarth Group. A brief marine 
incursion, probably from the north, also occurred 
in the middle Triassic. Few ostracod assemblages 
are known from this period. The main Triassic 
outcrop and key sites in the British Isles are illus
trated in Figure 1.

Globally, Triassic ostracod assemblages are gen
erally of low diversity following the end-Permian 
extinction and the British record is no exception. It 
is the late Triassic eustatic sea-level rise that 
opens new biotopes on the transgressed landmasses 
and mixes marginal marine faunas with new 
pioneer species.

History of research
Triassic ostracod assemblages from Britain contrast 
markedly with those from continental Europe in that 
the abundant Healdiidae and Bairdiidae described 
by Bolz (1971a, b) and Kristan-Tollmann (1971) 
from the Alpine marine sequences are virtually 
absent from the marginal-marine and non-marine 
environments represented in Britain at this time. 
Tethyan records of Triassic Ostracoda extend from 
the Northern Calcareous Alps (Bolz 1971a, b) 
and the Middle East (Kristan-Tollmann et al. 
1980) through to the Far East (Gramm 1975; 
Kristan-Tollmann & Hasibuan 1990). Non-marine 
sequences bearing ostracods are rare in Europe, 
but extensive assemblages have been described 
from China (Xu 1983).

It is mainly within the Upper Triassic (Rhaetian) 
marginal-marine deposits of Britain that ostracods 
have been recovered yet of these there are few pub
lished accounts. The first recorded British Triassic 
ostracods were from Scotland (Duff 1842), although 
none was described or figured. His assemblage from 
Moray was originally considered to be of Wealden

age, due to the association of freshwater bivalves 
and gastropods. Bate (1978a) suggested that this 
erroneous conclusion may well have led to the 
mixing of Purbeck specimens with the Triassic 
fauna during later comparative studies (e.g. Brodie 
1845, p. 80). This probably led Jones (1894) to 
include some of those Purbeck examples in his 
paper on Rhaetian and Liassic Ostracoda from 
Britain (Bate 1978a).

The work of Jones (1894), in which he figured 
Cytheridea ellipsoidea (=  Ogmoconchella aspi- 
nata) and a number of Darwinula species, remained 
the most important study on British Triassic Ostra
coda until that of Anderson (1964). Anderson 
described many new Rhaetian species from Britain 
(English Midlands and South Wales) and 
Germany, and compared the British stratigraphical 
ranges with occurrences in NW Europe. The 
faunas included species assigned to Darwinula, 
Rhombocythere and Hungarella. Similar Rhaetian 
faunas have also been recorded from France 
(Colin et al. 1985), Germany (Dreyer 1967; 
Kozur 1968, 1970; Will 1969) and Scandinavia 
(Christensen 1962; Bertelsen & Michelsen 1970).

To date, only one sequence in Britain has yielded 
Triassic Ostracoda older than Rhaetian. A few un
ornamented bairdioidean and cypridoidean species 
were recovered from a purplish brown mudstone 
of Anisian age, in the Withycombe Borehole, 
Banbury, Oxfordshire (grid ref. SP 4319 4017), 
and these were illustrated by Bate (1978a, b). 
Since the work of Bate (1978a) many offshore 
sequences have yielded Rhaetian faunas at the 
base of what are often quite extensive Liassic 
sections to the west and SW of the British Isles 
(Ainsworth 1989, 1990 and pers. obs.). A review 
of ostracod occurrences across the Triassic-  
Jurassic boundary in Britain is given by Lord & 
Boomer (1990), while Boomer et al. (1999) 
reviewed the Ostracoda of the Penarth Group 
in Britain.

Donovan et al. (1989) described a small psilo- 
cerid ammonite from the Westbury Formation, 
Penarth Group, Upper Triassic of Avon, SW

From'. Whittaker, J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 165-174. 
1747-602X/$15.00 ((;) The Micropalaeontological Society 2009.
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Fig. 1. Triassic localities and areas referred to in the text. The shaded area indicates the main surface outcrop. 
Numbers refer to key Well sites: 1, Exploration Well Elf 27/13-1 in the Slyne Trough; 2, Withycombe Farm Borehole; 
3, Plattlane Borehole; 4, Stowell Park Borehole; 5, Combrook Church.

England. At that level they also found a well- 
preserved ostracod fauna, which includes Ogmo- 
conchella aspinata Drexler, O. martini (Anderson), 
Ektyphocythere cookiana (Anderson) and a limno- 
cytherid species similar to Lutkevichinella hortonae 
Ainsworth. Swift (2003) described an abundant 
ostracod fauna from the Langport Member (Rhae- 
tian) of Somerset, SW England. Of the five species 
recorded at this site, two new species of Eucytherura 
were described.

Principal collections
British Geological Survey, Keyworth, 
Nottingham

The British Geological Survey collections include 
the following.

• Rhaetian ostracods described by Anderson
(1964) from a number of locations in England
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and Wales. Individual species and faunal slides 
are present.

• Anisian ostracods from the Withycombe Farm 
Borehole, Banbury, Oxfordshire (Bate 1978a, 
b). Individual slides together with specimens 
still attached to the matrix are deposited in the 
stratigraphical collections.

• Rhaetian ostracods collected by Swift (2003) 
from the upper Langport Member, Lilstock 
Formation, of Somerset.

Natural History Museum, Cromwell Road, 
London

Two collections represented by a small number of 
individual species slides as well as small pieces of 
rock with specimens embedded in the matrix.
• Rhaetian and Purbeck ostracods of the Brodie 

collection described and figured by Jones 
(1894).

• Rhaetian ostracods collected by T. R. Jones, 
C. Moore and E. Wilson, and subsequently 
described and figured by Jones (1894) and 
later by Anderson (1964).

Trinity College, Dublin

The collections of Ainsworth (1989, 1990) and 
Ainsworth & Horton (1986) are housed in the 
museum of the Geology Department, Trinity 
College, Dublin.

University College, London

A number of the samples studied by Lord & Boomer 
(1990) are in the collections at UCL.

City of Bristol Museum and Art Gallery

The ostracod fauna collected by Donovan et al. 
(1989) from the Westbury Formation, Hampstead 
Farm Quarry, Avon, are housed here.

Oil industry collections

Collections of Triassic Ostracoda from onshore and 
offshore oil exploration wells are located in consult
ing companies (BVR International Ltd, Geochem 
Ltd, Haliburton Geo Consultants, 1EDS Ltd, RPS 
Energy, Riley Geoscience Ltd, Fugro Robertson 
Limited) and in the micropalaeontological labora
tories of oil companies (BP Exploration Operating 
Co. Ltd, Shell UK Limited).

Stratigraphy
The following section summarizes, to some deg
ree, the more detailed depositional history and

palaeoecology of Copestake (1989) in his review 
of British Triassic Foraminifera. The near exclu
sive development of continental, non-marine or 
marginal-marine facies in NW Europe, in associ
ation with the paucity of British Triassic ammonites, 
makes biostratigraphical division of the Triassic 
extremely tentative and, therefore, much of the 
subdivision is based on lithostratigraphy and paly- 
nomorphs (Warrington et al. 1980). The old lithos- 
tratigraphical terminology of Bunter, Muschelkalk 
and Keuper used to subdivide the Triassic in the 
northwest European ‘Germanic’ regions has been 
abandoned in Britain. Confusion arose in the early 
and mid-1900s with the use of the word ‘Rhaetic’, 
a term used in both chronostratigraphical and lithos- 
tratigraphical senses. Palynological evidence indi
cates that only the younger part of the ‘Rhaetic’ 
occurs in Britain.

A new lithostratigraphical nomenclature was 
established by the British Triassic Working Group 
(Warrington et al. 1980) for the sections formerly 
described as ‘Rhaetic’. The nomenclature proposed 
by Warrington et al. (1980) correlated the British 
sequences with the standard Triassic stages that 
were based on biostratigraphical correlations in 
the carbonate platform setting of southern Europe; 
in descending order they are: Rhaetian, Norian, 
Carnian, Ladinian, Anisian and Scythian (see 
Fig. 2). Further published work by Benton et al. 
(2002) has helped refine the Triassic stratigraphy 
of the UK. There are, however, still many outstand
ing problems of correlation of the British Triassic 
with the standard stages.

The British Rhaetian sequence is now referred 
to the Penarth Group, and encompasses all rocks 
between the Mercia Mudstone Group and the 
basal Lias ‘Paper Shale’ of Richardson (1911). The 
group comprises a lower Westbury Formation 
(Westbury Beds of Richardson 1911) and an upper 
Lilstock Formation. The latter formation is divided 
into a lower Cotham Member (Cotham Beds of 
Richardson 1911) and an upper Langport Member 
(‘White Lias’, Langport Beds and Watchet Beds 
of Richardson 1911).

At the base of the Lias Group lie the pre- 
Planorbis Beds, which are at present placed within 
the uppermost Rhaetian. The base of the Jurassic 
is commonly taken at the first occurrence, generally 
as a flood event, of the ammonite Psilocerasplanor- 
bis, although an indeterminate and problematic psi- 
loceratid specimen from the Westbury Formation 
(Donovan et al. 1989) has complicated the issue 
(Hallam 1990, 1991; Simms et al. 2004). This 
event does not, however, coincide with any signifi
cant micropalaeontological change according to 
Copestake (1989), who noted several influx events 
of foraminifera within the Langport Member. He 
concluded, based on foraminiferal evidence, that
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Fig. 2. Range chart of key taxa referred to in this chapter.

the boundary is best taken at a point lower than that 
of the first psilocerid ammonite either at the base or 
near the top of the Langport Member. There are no 
significant, correlatable ostracod events in the sec
tions so far studied. However, there are gradual 
faunal changes, which culminate in the appearance 
of what may be considered as typically early Juras
sic assemblages (Lord & Boomer 1990), including 
species such as Ektyphocythere moorei, E. translu- 
cens and Cytherella concentrica during the 
Hettangian.

Ostracod biostratigraphy
Apart from the occurrence of Anisian Ostracoda in 
the Withycombe Farm Borehole, due presumably 
to an incursion of the Muschelkalk Sea, all other 
British records of Triassic Ostracoda are restricted

to the Penarth Group. Although a number of 
British Upper Triassic sections have been studied, 
in most cases the faunas tend to be both sparse and 
of low diversity. Lord & Boomer (1990) detailed a 
number of these sections from onshore SW Britain.

With the gradual onset of increasingly marine 
conditions in the British Rhaetian it is important to 
distinguish between evolutionary events and those 
that are a result of colonization consequent upon 
the eustatic rise in sea level. Ostracod assemblages 
can be split into three broad types, although, inevi
tably, mixed assemblages occur. First, a fresh- 
water-brackish water assemblage dominated by 
Darwinula species and limnocytherids assigned to 
the genus Lutkevichinella by Ainsworth (1989) 
and Ainsworth et al. (1989). Similar species have 
also been recorded from the Rhaetian-Hettangian 
of DSDP Leg 79, Site 547 offshore NW Africa 
(Bate et al. 1984). The second assemblage is
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virtually monospecific and often culminates in a 
flood event of the metacopine species Ogmocon- 
chella aspinata. This is probably indicative of 
restricted marine, possibly lagoonal, conditions. 
The third and final assemblage is of mixed shallow- 
marine aspect and although generally dominated by 
metacopine ostracods, platycopid, cypridoidean and 
cytheroidean species are often present.

Triassic sediments exposed on the foreshore at 
Lame, County Antrim (Ivimey-Cook 1975) are 
barren of microfaunas, while the overlying Lower 
Jurassic shales contain floods of O. aspinata 
(Boomer 1989). Offshore exploration in the Inner 
Moray Firth Basin, off NE Scotland, has yielded 
Norian-Rhaetian sediments that contain specimens 
of Darwinula from the Lossiemouth Sandstone 
equivalent (Copestake 1989). The offshore beds are 
considered to be equivalent to the pre-Planorbis 
beds of England and Wales based upon palynological 
evidence (Batten et al. 1986). The Bristol Channel 
Basin has yielded a sparse, marine microfauna com
prising Ogmnconchella aspinata, O. bristolensis and
O. martini, while rare specimens of the freshwater 
species Darwinula major have been recovered from 
a single exploration well situated in the English 
Channel (Ainsworth pers. obs.). To date, in the 
southern North Sea Basin, no Rhaetian microfaunas 
have been recovered, due to the unfavourable 
environments (Ainsworth unpublished data).

Owing to the poor record of British Triassic 
ostracods it has not been possible to produce a 
detailed formal ostracod biozonation scheme for 
this interval. The occurrence of the few Ostracoda 
recorded in the British Triassic is strongly facies 
controlled and the gradual appearance of species 
in the Rhaetian is influenced by the eustatic rise in 
sea level at that time.

Palaeoecology
Most British Triassic ostracod assemblages can be 
attributed to non-marine (oligohaline), brackish or 
marginal-marine conditions. Latest Triassic faunas 
are witness to the eustatic sea-level rise that would 
lead to the widespread deposition of fine-grained 
carbonates in the early Jurassic epicontinental seas 
of NW Europe. Thus, youngest Triassic faunas 
become increasingly marine in aspect. The nature 
of such a transgression and the resulting distribution 
of Ostracoda must be borne in mind when attempting 
to utilize these faunas as biostratigraphical markers. 
Furthermore, as in most ostracod studies, it is necess
ary to identify allochthonous and autochthonous 
components of each assemblage, particularly regard
ing the essentially oligohaline ‘darwinulids’ and 
‘limnocytherids’, as their small valves may easily 
be transported into marginal-marine settings.

Palaeoecological reconstructions for latest 
Triassic sequences in Britain have detailed the 
transgressive phase that is known to have occurred 
worldwide. Thus, assemblages grade from fresh
water through marginal-marine and lagoonal 
facies to fully marine conditions. Some taxa are 
apparently better at adapting to the newly appearing 
biotopes. Flood appearances of the metacopine 
species Ogmoconchella aspinata may well indicate 
its tolerance of a wide range of, and possibly fluctu
ating, salinity levels.

Marine environments in the British Triassic are 
envisaged to have first established during the 
period in which the uppermost Mercia Mudstone 
Group (Blue Anchor Formation) accumulated. 
This conclusion is based on lithofacies, micro- and 
macrofaunal evidence (Mayall 1981; Copestake
1989). The base of the succeeding Westbury 
Formation is interpreted as marking the main 
Rhaetian transgression observed throughout much 
of NW Europe. Low-diversity ostracod assemb
lages (Ogmoconchella aspinata, Rhombocythere 
penarthensis, Darwinula spp.) are recovered from 
grey to dark-grey shales, while agglutinated forami- 
nifera are the only microfossils encountered in the 
greyish-black-black (possibly dysaerobic) mud
stones. The presence of thin, ripple-bedded sand
stones and disarticulated bivalves on the limestone 
bedding planes suggests periods of higher-energy 
sedimentation (Whittaker & Green 1983). The 
black shale facies is thought to reflect the 
maximum rate of sea-level rise in the mid-part of 
the cycle (Haq et al. 1987).

The base of the Cotham Member is marked by a 
sharp, irregular contact with the underlying West
bury Formation, reflecting a change to higher- 
energy conditions. In many of the studied sections 
local tectonism has been superimposed, indicated 
by erosion at base, slumping and intra-formational 
deformation (Copestake 1989). Shallowing and 
emergence are reflected by the presence of 
Darwinula sp. and ?Rhombocythere sp., and by 
desiccation cracks and ripple marks within the 
grey, green-grey mudrocks, limestones and sand
stones. Directly above this basal unit, environments 
reverted to those of the underlying Westbury For
mation (Copestake 1989) reflected in gross lithofa
cies, the presence of agglutinated foraminifera and 
mixed ostracod assemblages.

A period of shallowing is observed during the 
formation of the major part of the Langport 
Member, which comprises white-light-grey lime
stones, with thin interbedded mudstones. Deposition 
is envisaged to have occurred in warm, shallow, 
carbonate-rich, lagoons with increased oxygen 
levels in the bottom-waters, noted by the presence 
of more diverse ostracod assemblages and the 
occurrence of calcareous benthic foraminifera
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(Copestake 1989). Periods of environmental stress 
did occur, as indicated by near monospecific micro
faunas, suggesting greater than normal salinities 
(Hallam & El Shaarawy 1982). Later, further shal
lowing and emergence is reflected in the presence 
of genera such as Darwinula and Lutkevichinella, 
and by desiccation cracks. The lower part of the 
Langport Member is envisaged as a regressive 
episode formed at a time of high sea-level stand. 
The upper part of the Langport Member is rep
resented by marls and silty claystones deposited in 
a deeper-water environment (Whittaker & Green
1983). This is reflected in the more abundant and 
diverse ostracod and foraminifera assemblages, 
and is considered by Copestake (1989) to represent 
the basal Lias transgression.

Succeeding the Langport Member, the pre- 
Planorbis Beds of the Lower Lias Group are latest 
Triassic in age. They comprise a stacked series of 
mudstones with thin limestones, deposited in a 
slightly deeper-marine environment. The ostracod 
assemblages are solely marine (e.g. Ogmoconchella 
martini, (). aspinata, Bairdia sp. and Cytherella 
spp.) with abundant and often near monospecific 
faunas (O. aspinata) indicating periods of marine 
restriction. Towards the top of the Blue Lias a well- 
defined unit, the ‘Paper Shale’, is recognized that 
yields no benthonic faunas. This is interpreted as 
an increase in the rate of sea-level rise that 
brought about dysaerobic bottom-water conditions 
(Copestake 1989). Immediately above, conditions 
ameliorated and, with a continued progression of 
the transgressive phase, marine ostracod assem
blages increase both in their diversity and abun
dance throughout the succeeding early Jurassic.

Conclusions
The paucity of marine Triassic sediments in Britain 
would suggest that there is little or no further inves
tigation required onshore other than through oppor
tunistic recovery in boreholes. It is likely, however, 
that offshore sections particularly to the south and 
west of Britain may provide further Triassic ostra
cod assemblages. Only a few of the Anderson
(1964) specimens have been figured as SEM photo
graphs (Bate 1978a; Boomer et al. 1999; Boomer 
1992a, b), and a further study of the Anderson 
samples may yield more detailed taxonomic 
information.

The staff of the Micropalaeontology Unit, University 
College, London, are thanked for providing assistance 
with production of the plates. We also wish to acknowl
edge the assistance of Dr P. Copestake (Merlin Energy 
Resources Limited) during the writing of this review, 
and the constructive comments of Professor A. Lord, 
Senckenberg Museum, Frankfurt.
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Explanation of plates
Specimen numbers prefixed by GSM or MPK are held at the British Geological Survey, Keyworth, UK; 
those prefixed by TCD are housed in Trinity College Dublin, Ireland.

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view).

Plate 1
1. Timiriasevia striatula (Anderson, 1964)

Figured specimen: MPK 13608, LV lat., 560 pm long, x79. Railway cutting 1.2 km SW of Combrook Church, 
Warwickshire.
Diagnosis: Carapace elongate ovate in lateral view, triangular in end view due to presence of strong ventro-lateral 
carina along length. Surface ornamented by fingerprint striations.
Range: Known only from the lower part of the mid-Rhaetian in the type area.
Remarks: The genus is considered to be indicative of freshwater environments.

2. Rhombocythere penarthensis Anderson, 1964
Figured specimen: MPK 13609, car., rt. lat., 850 pm long, x52. Seven Sisters Bay, Penarth, South Wales. 
Diagnosis: Carapace rhomboid in lateral view with distinct dorsal and ventral carina terminating in a short spine 
posteriorly. Lateral surface reticulate becoming faint towards the periphery.
Range: Lower to lower part of the mid-Rhaetian of Germany and South Wales.

3. Ektyphocythere cookiana (Anderson, 1964)
Figured specimen: GSM Mik (J) 276, holotype, car.. It. lat., 487 pm long, x92. Plattlane Borehole, Shropshire. 
Diagnosis: Carapace inflated, subovate in lateral view tapering posteriorly. Ornament of coarse reticulation with poor 
triangular alignment.
Range: Mid-Late Rhaetian of the English Midlands and Avon.
Remarks: The earliest recorded representative of the genus.

4. Ogmoconchella martini (Anderson, 1964)
Figured specimen: GSM (J) 280001, holotype, car, rt. lat., 538 pm long, x 84. Plattlane Borehole, Shropshire. 
Diagnosis: Carapace tumid, subovate in lateral view. Left valve, which bears a strong posterior process, strongly over
laps the right.
Range: Rhaetian of Britain, Germany and Iran.
Remarks: The fingerprint sculpture cannot be used to diagnose this species as similar ornament can be observed on 
many species of this genus in well-preserved specimens.

5. Allocythereis combrookensis Anderson, 1964
Figured specimen: GSM Mik (J) 290, holotype, car., rt. lat., 520 pm long, x 87. Railway cutting 1.2 km SW of 
Combrook Church, Warwickshire.
Diagnosis: Carapace ovate, flattened laterally and along ventral margin, lateral surfaces delicately reticulate. 
Range: Mid-Late Rhaetian of English Midlands and Germany.

6. Lutkevichinella fastigata Ainsworth, 1989
Figured specimen: TCD 28226, car., It. lat., 660 pm long, x68. Erris Trough.
Diagnosis: Carapace subrectangular-subovate, anterior and posterior margins broadly rounded, dorsal and ventral 
margins straight converging slightly posteriorly. Antero- and postero-marginal areas smooth and compressed, mid
valve weakly reticulate.
Range: Latest Triassic-earliest Hettangian of Fastnet, Donegal and North Celtic Sea basins, and Erris Trough.

7. Bythocypris sp. B sensu Bolz, 1971a
Figured specimen: MPK 13610, RV lat., 720 pm long, x62. Withycombe Farm Borehole, Oxfordshire.
Diagnosis: Medium-sized carapace, unornamented. Broadly arched dorsal margin tapering to a low posterior 
extremity, anterior broadly rounded.
Range: Early Anisian.
Remarks: Slightly smaller than the specimens described by Bolz.

8. Darwinula sp. cf. D. major Anderson, 1964
Figured specimen: MPK 13611, car., It. lat., 790 pm long, x56. Withycombe Farm Borehole, Oxfordshire.

(continued on p. 174)
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Diagnosis: Carapace elongate subrectangular. Anterior and posterior margins narrowly rounded. Dorsal margin 
arched posterior of mid-length. Ventral margin sinuous.
Range: Early Anisian.
Remarks: Differs from D. major in being higher posteriorly and in possessing a steeper antero-dorsal outline in 
lateral view.

9. Lutkevichinella hortonae Ainsworth, 1989
Figured specimen: TCD 28228, RV lat., 660 pun long, x67. Erris Trough.
Diagnosis: Carapace ovate-subquadrate in lateral view. Dorsal and ventral margins straight, subparallel anterior and 
posterior broadly rounded. Valves unornamented with weak dorso-median sulcus and compressed anterior margin. 
Range: Late Rhaetian-Hettangian of Fastnet, North Celtic Sea and Donegal basins, and Erris Trough.

10. Darwinula hettangiana Ainsworth, 1989
Figured specimen: TCD 28222, car., rt. lat., 920 pun long, x48. Erris Trough.
Diagnosis: Subpyriform outline in lateral view with broadly rounded posterior margin and narrowly rounded anterior. 
Ventral margin straight, dorsal margin arched with greatest height posteriorly.
Range: Late Rhaetian-Hettangian of Fastnet, North Celtic Sea and Donegal basins, and Erris Trough.
Remarks: Much larger than D. rara with which it is often recorded.

11. Darwinula rara Ainsworth, 1989
Figured specimen: TCD 28225, RV lat., 500 |xm long, x 88. Erris Trough.
Diagnosis: Carapace elongate oval in lateral view. Posterior and anterior narrowly rounded, the latter more so. Ventral 
margin sinuous to straight, dorsal margin broadly rounded with greatest height just behind mid-length.
Range: Late Rhaetian-Hettangian.
Remarks: Smaller than D. hettangiana with which it is often recorded.

12. Darwinula sp. cf. Darwinula sp. 110 Christensen, 1962
Figured specimen: MPK 13612, car., rt. lat., 840 pun long, x54. Withycombe Farm Borehole, Oxfordshire. 
Diagnosis: An elongate species of Darwinula with narrowly rounded anterior and posterior margins.
Range: Early Anisian.
Remarks: Although similar to species 110 of Christensen (1962), the exact relationship remains uncertain.

13. Bairdiacypris sp.
Figured specimen: MPK 13613, car., It. lat., 840 pirn long, x54. Withycombe Farm Borehole, Oxfordshire. 
Diagnosis: Carapace elongate in lateral view, slightly angulate postero-dorsal margin. Anterior margin more narrowly 
rounded than posterior margin.
Range: Early Anisian.
Remarks: Similar to some of the species described by Bolz (1971a) but not considered conspecific with any of 
those taxa.
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Earliest Jurassic assemblages are generally of low 
diversity, often monospecific, but throughout the 
Lower Jurassic we see diversity increasing steadily 
with the establishment of what would become 
typical Mesozoic, marine ostracod assemblages 
with radiations in all cytheroidean families, particu
larly the Cytheruridae. The most notable evolution
ary event within this period is the global extinction 
of the Metacopina in the earliest Toarcian that 
appears to be broadly coincident with a major pertur
bation in the global carbon cycle at this time.

Although this period is characterized by fluc
tuating sea levels most Lower Jurassic ostracod 
assemblages occur in fully marine facies. Shallow- 
water, condensed sequences are not uncommon 
in some areas during the Toarcian, as are occasional 
periods of bottom-water dysaerobia. In general, the 
Lower Jurassic ostracod record marks the first 
real recovery and diversification in post-Palaeozoic 
assemblages following the end-Permian extinction.

History of research
Until the 1960s only a few studies had appeared con
cerning British Lower Jurassic Ostracoda. The work 
of Jones (1872, 1894), Blake (1876) and Jones & 
Sherborn (1886, 1888) remained the only published 
information for almost a century. The type materials 
of many species described by Jones and Blake 
(1876) are no longer available for comparative 
study and, as Lord (1978) remarked, a number of 
subsequent studies remained unpublished.

Field ( 1968) examined Lower Jurassic sediments 
(Hettangian-Lower Pliensbachian) from southern 
England and northern France, together with a 
small number of British Toarcian outcrops, describ
ing new species of Cytherellidae from the Lower 
Lias of Dorset (Field 1966). Lord (1971) published 
a review of Ostracoda from the Lower Lias Group 
originally described by Blake (1876) from 
Yorkshire and two further papers concerning the 
Pliensbachian and Toarcian sediments of Dorset 
(Lord 1972, 1974). Clark (1969) investigated the, gen
erally poorly preserved, ostracod fauna of the Scottish

Lias (Hettangian-Toarcian) which remains largely 
unpublished.

An ostracod biozonation for the Lower and 
Middle Toarcian of the East Midlands was desc
ribed by Bate & Coleman (1975) based on borehole 
material. Park (1985) studied early Jurassic (Hettan- 
gian-Lower Pliensbachian) Ostracoda from the 
southern North Sea Basin, subsequently publishing 
a zonation (Park 1987) and notes on the evolution 
of selected lineages (Park 1988). A comprehensive 
examination of exploration wells from the Celtic 
Sea and Fastnet basins (Ainsworth 1986, 1987, 
1989a, b, 1990; Ainsworth & Horton, 1986; 
Ainsworth et al. 1987, 1989) provided the first 
details of early Jurassic ostracod faunas from the 
continental shelf to the SW of the British Isles. 
Ainsworth (1990) also published a study of early 
Jurassic Ostracoda from the Porcupine, Slyne, 
Erris and Donegal basins offshore western Ireland. 
In his summary of early Jurassic Ostracoda, Lord 
(1978) had included a preliminary ostracod range 
chart for the Mochras Borehole, West Wales, but 
it was not until an ostracod study of the borehole 
was completed (Boomer 1989) that a full biozona
tion scheme for the sequence was published 
(Boomer 1991). Ainsworth et al. (1998a, b) have 
produced a comprehensive latest Triassic-early 
Jurassic microfossil biozonation for the Portland- 
Wight Basin (English Channel) and its adjacent 
onshore areas, using samples obtained from both 
outcrop and boreholes. Ainsworth & Boomer
(2001) recorded the Early Jurassic Ostracoda from 
the Hebrides sea.

Lower Jurassic localities and areas referred to in 
the text are shown in Figure 1. The shaded area indi
cates main surface outcrop and several important 
offshore borehole sites are also indicated.

Principal collections
The Natural History Museum, London

The museum holds collections of slides labelled 
‘Blake collection’ of Blake (1876). Blake only for
mally described new species from localities in

From-. Whittaker, J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 175-197. 
1747-602X/$15.00 :c) The Micropalaeontological Society 2009.
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Yorkshire, and specimens from Redcar, Yorkshire 
of Polycope cerasia Blake, Cythere translucens 
Blake and Cythere redcarensis Blake (none of 
which has designated types) could be employed as 
lectotypes for these species. Specimens figured by 
Jones (1894) from the Rhaetic and Lias are also 
deposited here. Material figured by Lord (1971, 
1972, 1974) are now deposited with the University 
of Hull, Geology Department Collection at the 
Natural History Museum. The specimens figured

by Boomer (1992) from Ilminster and Zambujal 
(Boomer et al. 1998) are catalogued at the Natural 
History Museum, London.

British G eological Survey, Keyworth, 
Nottingham

The collections of Anderson (1964), Bate & Coleman 
(1975) and Boomer (1991) are deposited here.
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Postgraduate Unit o f  M icropalaeontology, 
Department o f  Geological Sciences,
University College, London

The collections of Field (1968), Park (1985, 1987,
1988) and the unpublished material from Boomer 
(1989) are deposited here.

Senckenberg Museum, Frankfurt

The museum holds collections of Field (1966) and 
Malz.& Lord (1976).

M useum o f the Geology Department, Trinity 
College, Dublin

The museum holds the collections published by 
Ainsworth (1986, 1987, 1989a, b, 1990).

Oil industry collections

Extensive collections of early Jurassic Ostracoda 
from onshore and offshore oil exploration wells 
are located in consulting companies (BVR Inter
national Ltd, Geochem Ltd, Haliburton Geo Con
sultants, RPS Energy, Fugro Robertson Limited) 
and in the micropalaeontological laboratories of 
oil companies (British Exploration Operating Co. 
Ltd, Shell UK Limited). These have formed the 
basis of numerous confidential industry reports. 
The stratigraphical collections of the British 
Geological Survey contain material that forms 
the basis of the chronostratigraphical conclusions 
in several memoirs and reports.

Stratigraphy
Uncertainties in recognizing the Triassic-Jurassic 
boundary in Britain based on ostracods have been 
discussed in Lord & Boomer (1990) and in the pre
ceding Triassic chapter (Ainsworth & Boomer 
2009). The early-middle Jurassic boundary interval 
in Britain is commonly represented by a regressive 
phase with the development of arenaceous and 
oolitic sediments in many areas. Such facies are 
often devoid of macro- and microfossil assemblages 
making biostratigraphical subdivision difficult. 
Internal subdivisions of the British early Jurassic 
depend on the comprehensive ammonite biozona
tion based upon the work of Dean et al. (1961). 
This has been further refined by Cope et al. (1980) 
and Page (2002, 2003). Lower Jurassic lithostrati- 
graphy has been considerably updated since the 
rationalization by Cope et al. (1980). Of the numer
ous works published on the stratigraphy from 
the past 20 years, the reader is referred to those 
of Hesselbo & Jenkyns (1995), Taylor (1995),

Hesselbo et al. (1998), Cox et al. (1999) and 
Simms et al. (2004).

Local tectonism imposed controls on the thick
ness and lithological variations of both offshore 
and onshore successions in the UK and Ireland. 
The main exposures of early Jurassic sediments in 
the UK are shown in Figure 1, together with most 
of the key sites referred to in this chapter. The posi
tive, high areas (often fault-bounded blocks or 
horsts) comprise condensed and/or attenuated 
sequences. Some of these highs (e.g. in the area of 
Glamorgan and the Mendips) were emergent in 
the Hettangian-early Sinemurian, against which 
sublittoral calcarenites (Downside Stone, Sutton 
Stone) accumulated (Copestake & Johnson 1989). 
The basinal lows (grabens) were areas of major 
subsidence generally comprising thick, often con
tinuous sequences (e.g. Mochras at 1300 m total 
sequence). Throughout the early Jurassic, both 
onshore and offshore Britain, sedimentation was 
dominated by carbonates and argillaceous deposits, 
leading to argillaceous limestones and calcareous 
mudstones/siltstones presenting the main litho
logies. Coarser clastic rocks are much rarer; 
for example, the latest Toarcian Bridport Sand 
Formation of southwestern Britain, and the late 
Sinemurian ‘Liassic Sandstone’ of the Fastnet 
Basin. Exceptions to this occur in onshore East 
Scotland (Dunrobin Castle, the Inner Moray Firth 
and the northern North Sea), where non-marine 
elastics were deposited from the Hettangian 
through to the early Sinemurian. Ironstone for
mations include the Cleveland Ironstone Formation. 
The correlation of British Lower Jurassic sequences 
discussed in the text is based on the details published 
by Copestake & Johnson (1989).

Ostracod biostratigraphy
Hettangian

The early Jurassic ostracod assemblages in much of 
Britain (essentially Hettangian-early Sinemurian) 
reflect the continuation of the transgressive phase 
initiated in the late Rhaetian, whereby marginal- 
marine and freshwater-brackish faunas gradually 
give way to facies of a more marine aspect. Ogmo- 
conchella aspinata (Drexler), often recorded in the 
latest Triassic (Rhaetian) through to the early Juras
sic (early Sinemurian), is commonly reported as a 
sudden flood event in the earliest Jurassic, although 
this event can also be traced in latest Triassic sedi
ments from SW Britain (Lord & Boomer 1990). 
Some of the British Triassic/Jurassic sections 
described by Anderson (1964) have been resampled 
and were included in a study of early Jurassic faunas 
from Britain (Boomer 1989), many of the species
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continue into the Hettangian, the results were 
subsequently published by Lord & Boomer (1990).

The early-mid-Hettangian interval in the 
Fastnet and Northern Celtic Sea basins is marked 
by the presence of Darwinula and Lutkevichinella 
species. Similar faunas from the Porcupine, Slyne 
and Erris offshore sections indicate the prevalence 
of freshwater-brackish-water conditions in these 
areas. Limnocytherids have also been recorded 
from the earliest sediments in the Scottish early 
Jurassic (Clark 1969) and the Rhaetian-Hettangian 
of DSDP Leg 79, Site 547 (Bate et al. 1984). Many 
Hettangian assemblages gradually see the intro
duction of Ektyphocythere translucens (Blake), 
E. moorei (Blake) and Cytherella concentrica 
(Field), which continue to the turneri Zone, early 
Sinemurian. The Mochras and the southern North 
Sea sequences include small species of Nanacythere 
in the late Hettangian-Sinemurian interval (Park 
1985, 1987; Boomer 1989).

Early Sinemurian

At Mochras the bucklandi Zone faunas typically 
comprise Ogmoconchella aspinata and Ogmo- 
concha hagenowi (Drexler) as the most abundant 
species, both of which are recorded from latest 
Hettangian (angulata Zone) and early Sinemurian 
(bucklandi Zone) sediments both onshore and off
shore Britain. The latest Hettangian-earliest 
Sinemurian interval in the Fastnet and southern 
North Celtic Sea basins is marked by a diversity 
increase with an influx of species and the first 
appearance, at the base, of O. michelseni Ainsworth 
and O. hagenowi. Lophodentina species are also 
common (e.g. Lophodentina sp. A sensu Boomer 
1991, occurs throughout the early Sinemurian of 
Mochras where it is a zonal marker). This genus is 
a consistent faunal element in NW European sedi
ments of this age.

Although the Metacopina decrease in abundance 
in the semicostatum and turneri zones of Mochras, 
having been replaced by the Cypridoidea and 
Cytheroidea, the overall diversity of assemblages 
increases. Most sections see the first Jurassic 
appearance of Bairdia, Polycope, Lophodentina 
and Isobythocypris in this interval. The decline of 
the Metacopina at this level includes the final 
disappearance of O. aspinata and O. hagenowi, 
the Metacopina are replaced by Lophodentina and 
Ektyphocythere. The latter genus comprises a 
group of closely allied species with short stratigra- 
phical ranges, often difficult to speciate owing to 
the nature of their ornament. Herrig (1985) erected 
three new genera to accommodate many of these 
species, thus adding to the many names already 
available. In the present work it is deemed best to 
include all such species in Ektyphocythere. As a 
group they are particularly indicative of the latest

early Sinemurian and the late Sinemurian through
out much of NW Europe. Paratrachycythere pseu- 
dotubulosa (Park) is a zonal marker for the latest 
early Sinemurian and earliest late Sinemurian of 
Dorset and the southern North Sea Basin (Park
1987). Park (1987) equates this zone with the 
C. betzi-C. crassireticulata Zone of Michelsen 
(1975) for the Danish Embayment.

Following the extinction of O. aspinata and
O. hagenowi in the North Celtic Sea Basin, assem
blages become distinctly impoverished perhaps 
due to depth control enforcing dysaerobic bottom- 
water conditions. The majority of early Sinemurian 
sediments bearing Ostracoda in this area are domi
nated by species of Ektyphocythere (Ainsworth 
1989a, b). The Slyne, Erris, Donegal and Porcupine 
basins are barren, but the presence of a Reinholdella 
foraminiferal assemblage suggests dysaerobic 
conditions in a shallow-marine setting (Ainsworth
1990). The Scottish Lias exhibits a typical 
metacopine and cytheroidean mixed assemblage 
{Ektyphocythere spp., Ogmoconchella aspinata, 
Ogmoconcha hagenowi, O. amalthei) throughout the 
Sinemurian (Clark 1969; Ainsworth & Boomer 2001).

Late Sinemurian

The Metacopina recover their numerical importance 
during this interval with Ogmoconchella danica 
(Michelsen) and O. mouhersensis (Apostolescu) 
dominating most sections in NW Europe. In the 
Mochras Borehole these two species are zonal 
markers for the mid-obtusum-mid-raricostatum 
Zone interval. The former species is also a zonal 
marker for the late Sinemurian of the southern 
North Sea Basin (Park 1987). Isobythocypris elon- 
gata (Blake) is also important in this interval, 
while faunal recovery is further marked by increas
ing diversity. The diverse genus Ektyphocythere 
continues through to the late Sinemurian in many 
sequences, although the Mochras succession 
possesses relatively few of these species.

The Fastnet, North and South Celtic Sea basins 
are characterized by moderately low diversity and 
low abundance. Many species range through from 
the early Sinemurian making biostratigraphical 
placement of the early-late Sinemurian boundary 
difficult. The final disappearance of C. costata 
Michelsen, E. retia (Ainsworth) and L. frequens 
Donze is taken as marking the boundary in most 
of the sections from this area. The often poor late 
Sinemurian assemblages include E. exiloreticulata 
(Ainsworth), E. herrigi (Ainsworth) and Lophoden
tina? sp. cf. L? pulchella (sensu Donze 1985).

Early Pliensbachian

Within the Mochras succession Cardobairdia 
spp., small cytherurids (e.g. Procytherura spp.),
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Lophodentina striata Boomer, Pleurocythere spp. 
and Liasina lanceolata (Apostolescu) are most 
characteristic, although abundances are low 
(Boomer 1991). An impoverished metacopine 
assemblage is recorded in the jamesoni and ibex 
zones of Mochras, the Cytheroidea dominating. 
High diversity and a high rate of faunal turnover 
are recorded in the ibex Zone. Species of Pleurifera, 
Pseudohealdia and Gammacythere, although 
typical of most' British onshore and offshore 
sequences, are notably rare in Mochras. Gamma
cythere is common in the southern North Sea 
Basin where it is a zonal marker for the early Pliens- 
bachian. Malz & Nagy (1989) described ostracod 
assemblages from exploration wells in 
the Pliensbachian (Amundsen Formation, Dunlin 
Group) of the northern North Sea Basin. Their 
assemblages mainly comprise Metacopina such as
O. contractula and O. gruendeli, and cytheroideans 
such as Gramannicythere spp., Wicherella spp. and 
Ektyphocythere elongata (Michelsen).

The Fastnet, North and South Celtic Sea basins 
possess sparse faunas with little of biostratigraphi- 
cal importance. These areas are most probably 
developed in a shallow-marine facies with dysaero- 
bic conditions. The Sinemurian-Pliensbachian 
boundary is taken as the uppermost occurrence of
O. celticensis (Ainsworth), O. mouhersensis and 
the ornamented cytherideids. The Scottish early 
Pliensbachian sequences contain low-diversity 
assemblages with the most common species 
assigned to Ogmoconchella, Pleurifera and 
Gammacythere.

Late Pliensbachian

At Mochras the Metacopina recover their numerical 
dominance at the expense of the Cytheroidea and 
Cypridoidea. Ogmoconcha contractula Triebel, in 
particular, is often abundant throughout Britain at 
this interval. Numerous cytherurid species (parti
cularly those attributed to Eucytherura) make 
their first appearance at this level. These species 
would appear to represent the root-stock of the 
diverse cytherurid assemblages recorded from the 
Toarcian of Mochras. Faunal turnover increases 
almost continuously front the davoei Zone into the 
Toarcian. Wicherella and Gramannella, although 
not recorded from Mochras, are common in the 
southern North Sea Basin and Dorset successions. 
Metacopina dominate the Upper Pliensbachian 
of Dorset (O. contractula, O. adenticulata,
O. aequalis). Although initially impoverished, the 
Fastnet and Celtic Sea assemblages increase in 
both diversity and abundance and are dominated 
by the Bairdioidea and Metacopina, particularly 
Bairdia parva Ainsworth, Isobythocypris spp., 
Ogmoconcha convexa Boomer and Ogmoconchella 
propinqua Malz.

P liensbachian-T oarcian boundary interval

The Mochras Borehole possesses a distinctive fauna 
in the spinatum and tenuicostatum zones character
ized by Oligocythereis spp. (sensu Boomer 1991), 
Ogmoconcha convexa, Ogmoconchella spp., L. 
lanceolata and L. vestibulifera (Gramann). This is 
a particularly important period in ostracod evolution 
as it marks the final, global, disappearance of the 
Metacopina, an event that occurs in the lowest 
serpentinum Zone at Mochras (Boomer et al. 
2008). This is followed by a marked faunal break, 
low-diversity cypridoidean-dominated assemblages 
subsequently appear followed by marked faunal 
turnover and diversity increase. Evidence from the 
Fastnet and Celtic Sea basins indicates that the 
Metacopina become extinct in the earliest Toarcian, 
rather than at the Pliensbachian-Toarcian boundary 
as had previously been thought. The ammonite 
biostratigraphy of the Lusitanian Basin sequence 
suggests that the metacopid extinction in this area 
also occurred in the early Toarcian (Boomer 1991; 
Boomer et al. 1998).

Toarcian

British ostracod assemblages from the tenuicosta
tum Zone (lowermost Toarcian) yield moderately 
diverse faunas typically comprising Ektypho
cythere, Kinkelinella, Ogmoconcha (including 
vallate forms) and Ogmoconchella. The Metacopina 
often reach high abundances and diversity in this 
zone. Offshore in the Celtic Sea basins, Fastnet 
Basin and Slyne Trough, similar assemblages are 
encountered (Ainsworth 1987, 1990; Ainsworth 
et al. 1989); however, the Bairdioidea and Metaco
pina are often more abundant.

Toarcian assemblages from Mochras and off
shore SW Britain are characterized by diverse 
cytherurids (Eucytherura liassica, Rutlandella 
transversiplicata, Acrocythere michelseni, Pro- 
cytherura spp.) and cytheroidean taxa such as Ekty
phocythere bizoni, E. intrepida and K. sermoisensis. 
Note that in a recent review by Whatley & Boomer
(2000) Acrocythere and Rutlandella are considered 
to be junior synonyms of Eucytherura. The Platyco- 
pina are also important locally (C. toarcensis, 
C. cadomensis). Fine-scale examination of faunal 
change in the Toarcian of Mochras reveals cyclic 
changes in the most abundant taxa between the 
Cytheracea and Platycopina. The relative abun
dances of these two groups have been used to infer 
periods of dysaerobia within the Mochras Borehole 
(Boomer & Whatley 1992). The East Midlands suc
cession (Bate & Coleman 1975) is dominated by 
Ektyphocythere and Kinkelinella species, diversity 
is low compared to the offshore and Mochras 
records but is similar to faunas described from 
Ilminster (Boomer 1992).
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Towards the latest Toarcian, Praeschuleridea 
spp. become important, particularly so in the 
Fastnet and Celtic Sea basins and the English 
Channel Basin. Diversity increases markedly 
through the Toarcian of Mochras from approxi
mately 10-20 species in the early-mid-Toarcian 
through to 50-60  species in the latest Toarcian 
(Boomer 1991). The mid-van'aWfo-latest leves- 
quei Zone in Mochras is characterized by E. bizoni 
(Ainsworth) and A. michelseni (Finger).

Faunal differences between the early Jurassic 
assemblages in Britain and its surrounding conti
nental shelf has led to local ostracod zonation 
schemes being proposed for each area (Michelsen 
1975; Park 1987; Boomer 1991; Ainsworth et al. 
1998a). The strati graphical ranges of key taxa 
referred to in this work are illustrated in Figure 2.

Palaeoecology
Early Jurassic Ostracoda were, in general, benthonic 
organisms that were highly responsive to sea-level 
changes, local tectonic controls, and changing 
rates and types of sedimentation. Migration and 
the appearance of new taxa is observed during trans
gressive phases, whilst extinctions tend to be more 
common during regressive phases, times of 
lowered sea level and during the deposition of 
anoxic black shales (Hallam 1961, 1987).

The following section summarizes the deposi- 
tional history and palaeoecology discussed in detail 
by Copestake & Johnson (1989) in their review of 
British Lower Jurassic Foraminifera.

Latest T riassic -earliest Jurassic

Ostracod assemblages progressively increase in diver
sity through the early Jurassic with the continuation of 
the marine transgression that commenced in the latest 
Triassic. By the early Hettangian a broad, shallow- 
marine, well-oxygenated shelf sea covered much of 
Britain and Ireland. Ostracod faunas were abundant 
but of low diversity, dominated by the Metacopina, 
particularly O. aspinata. This species is most prob
ably an opportunistic organism, often reaching very 
high abundances in the newly available niches.

Hettangian

The earliest Jurassic sediments of England and 
Wales comprise the Blue Lias and the Redcar 
Mudstone formations, comprising alternating 
mudrock-limestone sequences. Similar sequences 
have been also observed offshore in the Western 
Approaches Basin and English Channel Basin 
(Evans 1990; Hamblin et al. 1992; Ainsworth 
et al. 1998b). Limestone deposition is regarded as

coinciding with periods of regression, while argil
laceous deposition is thought to reflect transgression 
(Donovan et al. 1979). Similar coeval rock units 
are observed elsewhere, e.g. the ‘Basal Liassic 
Claystone Unit’ in the Fastnet Basin (Murphy & 
Ainsworth 1991) and the Breakish Formation of 
the Inner Hebrides. Onshore eastern Scotland 
(Dunrobin Castle section), the Inner Moray Firth 
(Golspie Formation) and the northern North Sea 
Basin (Statfjord Formation) non-clastic dominated 
sequences were deposited (Andrews et al. 1990; 
Richards et al. 1993).

A rise in sea level during the early liasicus Zone 
(Donovan et al. 1979; Hallam 1981) brought about 
the formation of a geographically widespread 
shale unit, the St Audries Shales (Palmer 1972), 
Lavernock Shales (Trueman 1920; Waters & 
Lawrence 1987), Saltford Shales (Donovan 1956) 
and the Angulata Clays (Getty in Cope et al. 
1980). This lithological change from calcareous 
shales with limestones to shales coincides with the 
appearance of new ostracod taxa, and is mirrored 
by the foraminifera (Copestake & Johnson 1989). 
Haq et al. (1987) place the peak of this sea-level 
rise in the liasicus Zone. Offshore, in the southern 
part of the North Celtic Sea-Fastnet basins and 
Porcupine-Donegal basins, no evidence for such a 
rise is recognized. There is, however, evidence for 
a relative fall in sea level with the occurrence of 
shallow-marine, high-energy carbonate-dominated 
sequences, often oolitic, locally arenaceous, alter
nating with mudrocks yielding freshwater and 
brackish ostracod microfaunas (Ainsworth 19897?). 
This is supported by the occurrence of similar 
assemblages in the Inner Hebrides Basin (Clark 
1969) and the absence of ammonites in parts of 
the same sequences (Hallam 1978).

A major sea-level fall has been described by Haq 
et al. (1987) during the angulata Zone. Evidence for 
this event in the British Isles onshore is tentative 
with no ostracod taxa becoming extinct, although 
a few foraminifera do become extinct by the late 
angulata Zone (Copestake & Johnson 1989). No 
regional unconformites can be observed for this 
event; however, an erosional break does occur in 
South Wales in the marginal nearshore facies equiv
alent to the Blue Lias Formation, while in southern 
Britain limestone content increases indicating a 
return to the ‘Blue Lias Formation’ type sedimen
tation. Offshore evidence for the regression is 
suggested by the occurrence of prograding clino- 
form seismic reflections in the Lower Nansen and 
Lower Mains formations in the northern North Sea 
and the Inner Moray Firth, respectively (Richards 
et al. 1993). Both sets of evidence are equally 
tentative owing to the paucity of macrofossil data 
(Copestake & Johnson 1989). In the Fastnet and 
southern North Celtic Sea basins evidence for the



Fig. 2. Range chart of key taxa referred to in this chapter.

STAGE

1 Acrocythere nvchelseni

2 Aphelocythere tenuicostata

3 Procytherura euglyphea

4 Ektyphocythere bizont

5 Cytherella toarcensis

6 Cytherella cadomensis

7 Procytherura multicostata

8 Bairdia ohmerti

9 Bairdiacypris triangularis

10 Ektyphocythere lanceolata

11 Camptocythere mediofoveolata

12 Praeschuleridea arguta arguta

13 Praeschuleridea foveolata

14 Rutlandella trans/ersiplicata

15 Kinkelinella sermoisensis

16 Bairdiacypris rectangularis

17 Cardobairdia fastnetensis

18 Cytheropteron gwashense

19 Ektyphocythere anterocosta

20 Cytherella praecadomensis

21 Cytherella praetoarcensis

22 Ektyphocythere debilis

23 Cytheropteron byfieldense

24 Ektyphocythere intrepida

25 Praeschuleridea pseudokinkehnella

26 Kinkelinella persica

27 Kinkelinella tenuicostata

28 Ogmoconcha convexa

29 Hermiella inflata

30 Oligocythereis'? mochrasensis

31 Bairdia molesta

32 Lophodentina striata

33 Ektyphocythere quadrate

34 Ledahia septenaria

35 Wicherella semiora

36 Gammacythere ubiquita

37 Isobythocypns elongata

38 Gammacythere klingleri

39 Paracytherideal sp. A

40 Gammacythere foveolata

41 Ektypocythere herrigi

42 Ektyphocythere exitoreticulata

43 Cardobairdia sp. A

44 Ogmoconchella mouhersensis

45 Ogmoconchella danica

46 Paratrachycythere pseudotubutosa

47 Lophodentina Sp. A

48 Ektyphocythere frequens

49 Ektyphocythere lacunosa

50 Ektyphocythere sinemuriana

51 Ektyphocythere retia

52 Ektyphocythere luxuriosa

53 Cristacythere costata

54 Ogmoconchella aspinata

55 Indet gen. 6 sp. A

56 Ogmoconchella hagenowi

57 Ektyphocythere translucens

58 Cytherelloidea pulchella
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angulata Zone regression is marked by an unconfor
mity between the ‘Liassic Limestone Unit’ and the 
‘Liassic Marl Unit’ (Murphy & Ainsworth 1991).

Early Sinemurian

The increase in carbonate content during the buck- 
landi and early. part of the semicostatum zones 
of the Blue Lias Formation is believed to reflect 
a period of shallowing (Donovan et a l 1979). 
A similar effect is described from the southern 
North Celtic Sea and Fastnet basins (Rutherford & 
Ainsworth 1989; Murphy & Ainsworth 1991). The 
bucklandi Zone is noted to be a time of low, but 
increasing, sea level (Haq et al. 1987). Shallowing 
during this time is also reflected by influxes of 
the foraminiferal genus lnvolutina, a form that 
characterizes shallow-water carbonate environ
ments, and also by the occurrence of corals in the 
bucklandi Zone of western Scotland (Copestake & 
Johnson 1989).

A marked facies change occurs within the semi
costatum Zone (scipionianum Subzone). This event, 
described by Hallam (1981) as the most significant 
Jurassic sea-level rise, can be observed throughout 
much of the onshore and offshore NW Europe 
(Copestake & Johnson 1989). In southern Britain, 
the interbedded carbonates and mudrocks of the 
Blue Lias Formation are replaced by argillaceous 
sediments including organic-rich shales (Charmouth 
Mudstone Formation, Shales-with-Beef Member). 
In eastern England, in the late semicostatum 
Zone, deposition of the Liassic clay (Blue Lias 
and Scunthorpe Mudstone formations) is terminated 
and is replaced by the condensed, bioclastic iron
stones (Frodingham Ironstone Member). There is 
also increased onlap on the London Platform 
(Donovan et al. 1979) and transgression of offshore 
mudrocks onto the former island of Glamorgan. In 
the southern North Celtic Sea and Fastnet basins a 
major break in facies is observed, with termination 
of the ‘Liassic Marl Unit’ and initiation of the 
argillaceous facies of the ‘Liassic Sandstone Unit’ 
(Murphy & Ainsworth 1991). Similarly marked 
facies changes are observed in the Scottish Isles; 
in Skye the sandy upper Breakish/Ardnish for
mations are abruptly replaced by the argillaceous 
Pabay Shale Formation and in the northern North 
Sea the first marine early Jurassic rocks onlap the 
non-marine sediments. This major transgressive 
event is well delimited by a change in the ostracod 
faunas within the upper part of the semicostatum 
Zone. Below, faunas are dominated by the Meta- 
copina (O. aspinata) but are later replaced by the 
Cytheroidea and Bairdioidea (Ektyphocythere spp., 
Bairdia spp.). In southern Britain the Blue Lias 
Formation is terminated by a return to more arg
illaceous facies including the Shales-with-Beef

Member. Such distinct changes are not discernible 
in Mochras where continuous argillaceous sedi
mentation provides a complete record across this 
interval.

The semicostatum Zone transgression continued 
through into the later tumeri Zone in England 
with palaeoenvironmental conditions similar to the 
former zone. Ostracod faunas are essentially 
similar, being dominated by Ektyphocythere (Park 
1988; Boomer 1989). In Scotland (Skye, Inner 
Hebrides) late turneri Zone shales overlie sand
stones of the early turneri Zone. The occurrence 
of an intra-turneri Zone hiatus omits the complete 
zone in Malvern and may also be reflected in the 
Fastnet Basin, where a hiatus occurs in a number 
of wells before the onset of sandstone deposition 
(Murphy & Ainsworth 1991). This may be related 
to a minor sea-level fall indicated by Haq et al. 
(1987). Evidence from many wells in the southern 
North Celtic Sea and the Fastnet Basin suggests 
that deposition took place in reduced-oxygen 
bottom-water conditions with increasing amounts 
of organic matter.

Late Sinemurian

It is believed that a period of shallowing occurred 
during the obtusum and oxynotum zones throughout 
NW Europe (Hallam 1978, 1981). Evidence in 
support of this regressive event is marked by a 
hiatus, and the absence of the oxynotum Zone 
in southern England (Cope et al. 1980). Boreholes 
drilled along the NW margins of the London 
Platform have proven an angular unconformity 
between sediments of the obtusum and raricostatum 
zones (Donovan et al. 1979). Conversely, Haq et al. 
(1987) describe a eustatic peak in the early oxyno
tum Zone (Copestake & Johnson 1989). Evidence 
for regression at this time is seen in the Fastnet 
Basin. In many of the wells a marked hiatus is 
seen between a stratigraphically lower argillaceous 
and a higher arenaceous facies. The latter has been 
described as a delta fringe sandstone complex 
(Robinson et al. 1981; Naylor & Shannon 1982; 
Murphy & Ainsworth 1991). A marked change 
in ostracod faunas occurs at the Lower-Upper 
Sinemurian boundary, with an increase in the 
Metacopina and a corresponding decrease in the 
Cytheroidea (Boomer 1989) possibly related to 
the regressive episode. Other microfossil groups, par
ticularly the Foraminifera, provide further support 
for a lowering of sea level during the obtusum and 
oxynotum zones (Copestake & Johnson 1989).

Hallam (1961, 1978) postulated that the raricos
tatum Zone represents the commencement of a 
major transgression throughout Europe, where sedi
ments onlap pre-oxynotum Zone rocks throughout 
southern Britain and along the London Platform
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margins (Donovan et al. 1979; Cope et al. 
1980). Offshore (Inner Moray Firth) and onshore 
(Dunrobin Castle) marine raricostatum Zone sedi
ments overlie the non-marine Mains Formation 
(Andrews et al. 1990; Richards et al. 1993). In the 
Fastnet Basin, a transgressive event is noted by the 
reappearance of shales overlying the arenaceous 
‘Liassic Sandstone Unit’ (Murphy & Ainsworth
1991). Breaks in sequences in Humberside and 
Oxfordshire (Cope et al. 1980) support a regression 
during this time. The extinction of ostracod species 
in the raricostatum Zone suggests shallowing, 
similar effects are noted in the foraminifera from 
Mochras (Copestake & Johnson 1989).

Early Pliensbachian

Well-oxygenated marine conditions prevailed 
within the jamesoni Zone of onshore Britain and 
the southern North Sea Basin denoted by abundant 
and often diverse ostracod assemblages, comprising 
common Metacopina (e.g. O. contractula, O. trans- 
versa) and subsidiary Cytheracea (e.g. Gamma- 
cythere spp.). Offshore, within the jamesoni and 
ibex zones, ostracod assemblages are generally 
sparse, particularly in the English Channel, North 
and South Celtic Sea and Fastnet basins, and in 
the Erris and Slyne troughs, owing to the develop
ment of widespread dysaerobic bottom waters 
(Ainsworth 1987; Ainsworth et al. 1989). In 
Mochras, assemblages are sparse and dominated 
by Cytheroidea (Boomer 1991). Haq et al. (1987) 
described a regressive episode commencing in the 
ibex Zone (luridum Subzone), but ostracod faunal 
evidence for this sea-level drop is poor. Copestake & 
Johnson (1989), however, described an influx of 
agglutinated foraminifera in the luridum Subzone 
and davoei Zone of eastern England, while arenac
eous sequences in Yorkshire (Staithes Sandstone 
Formation). Skye and Raasay (Scalpa Sandstone 
Formation) may equate with this event.

Late Pliensbachian

In the early margaritatus Zone, sea level is thought 
to have risen (Hallam 1981; Haq etal. 1987). This is 
certainly true for the offshore basins; however, 
onshore Britain is developed in a shallow-water 
facies, e.g. the Down Cliff Sand and Thorncombe 
Sand Members of Dorset, and the Scalpa Sandstone 
Formation of the Inner Hebrides. Oolitic limestones 
are also developed during the late Pliensbachian 
(Cleveland Ironstone Formation). Further ironstone 
developments are seen in the Marlstone Rock For
mation of the Midlands and southern Britain in the 
spinatum and into the tenuicostatum zones. In the 
northern North Sea oolitic sediments are developed 
during the margaritatus Zone, within the Burton

Formation (Copestake & Johnson 1989; Richards 
et al. 1993). Offshore, in the North and South 
Celtic Sea basins and Mochras Borehole, the late 
Pliensbachian is represented by the lower part of 
the ‘Liassic Shale Unit’, a sequence dominated by 
mudrocks, with subsidiary limestone development 
(Murphy & Ainsworth 1991). Similar sequences 
are also observed in the spinatum Zone of the 
North Viking Graben, comprising the Burton and 
lower Cook formations (Richards et al. 1993). At 
the base of the spinatum Zone an erosional uncon
formity is seen in eastern England, probably the 
result of tectonic movements on the Market 
Weighton High (Howard 1985). This feature is 
also observed within the Burton Formation of the 
northern North Sea. In both cases, sediments of 
the overlying spinatum Zone onlap the underlying 
rocks (Copestake & Johnson 1989).

British late Pliensbachian Ostracoda are gener
ally sparse owing to the unfavourable nature of 
the lithologies (ironstones and/or sandstones). 
Offshore, and in the Mochras succession, however, 
faunas are generally abundant and diverse 
dominated by the Metacopina and Bairdiacea, 
suggesting marine shelf environments. Onshore, 
the lack of microfossils from the ironstone horizons 
is indicative of reduced-oxygen levels with many 
sequences yielding low-diversity assemblages of 
agglutinated foraminifera (Copestake & Johnson
1989). The regional basal spinatum Zone unconfor
mity coincides with the appearance of new taxa, 
including Ogmoconcha convexa Boomer.

Toarcian

As with the underlying stage, the Toarcian is lithos- 
tratigraphically complex. In much of Britain, con
densed and non-sequences are common. Onshore, 
condensed limestone sequences occur throughout 
much of southern Britain and parts of the Midlands; 
e.g. the Beacon Limestone Formation of Dorset- 
Somerset, and the Cotswold Cephalopod Bed 
Member of Avon through to Northamptonshire. At 
Ilminster (Somerset), however, an interbedded series 
of argillaceous sediments and limestones contain
ing ostracods is developed (Boomer 1992). The 
argillaceous sediments have yielded well-preserved 
calcareous microfaunas similar to those from 
the East Midlands (Field 1968; Bate & Coleman
1975). Sandstone is locally developed as the 
Bridport Sand Formation (‘Cotteswold Sand’) in 
Gloucestershire, the Orrin Formation in the Inner 
Moray Firth (Brown 1990), while in Raasay and 
Skye, ironstones are present (Raasay Ironstone 
Formation). Only in the Cleveland Basin of 
Yorkshire are argillaceous facies developed, with the 
base comprising local bituminous shales (Whitby 
Mudstone Formation, Mulgrave Member). Offshore
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in the Celtic Sea, Fastnet Basin and in the southern 
North Sea basins, as well as the Mochras succession, 
argillaceous sediments dominate.

A marked microfaunal change occurs at the 
tenuicostatum-serpentinum zonal boundary 
throughout the UK and offshore basins (Copestake 
& Johnson 1989), reflecting a major sea-level rise 
(Hallam & Bradshaw 1979; Hallam 1981). This 
coincides with the occurrence of greyish-black bitu
minous shales and paper shales during the exaratum 
Subzone (basal serpentinum Zone) deposited in dys- 
aerobic bottom-water conditions. Notable examples 
of dysaerobic conditions include the ‘Jet Rock’ 
(Whitby Mudstone Formation, Mulgrave Member) 
of Yorkshire, the ‘Paper Shales’ of the English 
Channel and the coeval Posidonienschiefer of 
Germany. Local onlap of basement highs are also 
observed during this time (Horton et al. 1980). Haq 
et al. (1987) also describe the major rise, placed 
at the serpentinum-bifrons Zone boundary, one 
ammonite zone higher (Copestake & Johnson 1989).

The widespread bottom-water stagnation during 
this time has long been recognized as being associ
ated with the extinction of the Metacopina. This 
event has been recognized in a number of the 
British sequences (e.g. Boomer 1989, 1991; 
Ainsworth et al. 1989; Boomer et al. 2008). Very 
few ostracod taxa survived this event into the 
serpentinum Subzone, one notable exception is 
Liasina lanceolata, which dominates the assem
blages immediately succeeding this event in the 
Mochras borehole (Boomer 1991). Normal marine 
conditions were re-established during the serpenti
num Subzone in parts of Britain, coinciding with 
the appearance of many new taxa of middle Jurassic 
aspect. An interbedded limestone-argillaceous 
sequence is developed at Ilminster (Boomer 1992) 
covering much of the Toarcian, the East Midlands 
(Bate & Coleman 1975) and the Mochras Borehole 
(Boomer 1989, 1991).

Dysaerobic bottom-water conditions occurred 
in the region north of the Market Weighton High, 
denoted by the poor ostracod assemblages and the 
presence of agglutinated foraminifera (Copestake & 
Johnson 1989). Similar environments are seen 
in the southern North Sea (Ainsworth pers. obs.) 
and in the northern North Sea Basin (Drake 
Formation; Richards et al. 1993). These conditions 
persist from the early through to the late Toarcian 
of these regions (Copestake & Johnson 1989). In 
the North Celtic Sea and Fastnet basins early Toar
cian assemblages are sparse, suggesting periods of 
dysaerobia (Ainsworth 1986; Ainsworth etal. 1989)

Sea levels are thought to have continued rising 
through the bifrons Zone (Hallam 1981). By the 
end of the bifrons Zone a shallowing event is 
believed to have occurred (Hallam 1978, 1981), evi
dence for this shallowing event is sparse due to

complex regional geology at this time. For 
example: the development of condensed limestones 
(Beacon Limestone Formation) in Dorset; sands 
(the ‘Cotteswold Sand’) in Avon; ironstones 
(Raasay Ironstone Formation) in the Hebrides; and 
the sands (Orrin Formation) in the northern North 
Sea Basin (Copestake & Johnson 1989). In all 
other regions argillaceous facies were deposited.

Hallam (1981) suggested a deepening phase 
through the variabilis and thouarsense zones, suc
ceeded by shallowing during the dispansum Zone. 
Haq et al. (1987) propose three cycles of sea-level 
rise and fall during the late Toarcian, but these are 
difficult to identify owing to the lack of regional 
expression (Copestake & Johnson 1989). Cyclic 
alternations in the Toarcian ostracod faunal compo
sition of the Mochras borehole were attributed 
to periods of dysaerobia (low-oxygen events) 
probably caused by eustatic changes. The Platyco- 
pina preferentially survive periods of dysaerobia 
relative to the detrital-feeding Cytheroidea because 
the former, as filter-feeders, permanently circulate 
water across their respiratory surface while feeding, 
thus increasing their own oxygen supply and that 
of their internally-brooded eggs (Boomer & 
Whatley 1992).

The late Toarcian shallowing event can be ident
ified throughout much of England by the develop
ment of a widespread sandy facies (e.g. Bridport 
Sand Formation of southern Britain). Assemblages 
recovered from the argillaceous sequences increase 
in diversity and abundance, dominated by Cytheroi
dea and Platycopina, following the regressive event. 
Throughout the North Sea and Yorkshire microfau
nal assemblages are generally devoid of ostracods 
with only a few agglutinated foraminifera recorded 
(Copestake & Johnson 1989).

Conclusions
Much information regarding the distribution of early 
Jurassic Ostracoda, particularly from offshore explo
ration areas, remains confidential. Faunas are known 
from areas such as the Western Approaches, Southern 
North Sea, Inner Moray Firth and Flebrides basins, but 
as yet much remains unpublished. Further taxonomic 
work is required on the genera Ektyphocythere, 
Praeschuleridea and Procytherura, all of which 
include many closely related species.'
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Explanation of plates
Specimen numbers prefixed by MPK and SAB are held at the British Geological Survey, Keyworth, UK; 
those prefixed TCD are held at Trinity College Dublin, Ireland; OS numbers refer to The Natural History 
Museum, London, UK; and the former Hull University Collection, which is also now housed in the 
Natural History Museum London, is prefixed HU.

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view).

Plate 1
1. B a i r d i a c y p r i s  r e c t a n g u l a r i s  Ainsworth, 1986

Figured specimen: MPK 9686, car., rt. lat., 575 pm long, x77. Mochras Borehole, North Wales.
Diagnosis: Carapace medium size, subrectangular in lateral view. Posterior extremity situated above mid-height. 
Range: Toarcian of Mochras, Ilminster, Fastnet and North Celtic Sea basins.
Remarks: As with many of these smooth species, the generic position of this taxon remains unclear owing to the lack 
of internal details.

2. I s o b y t h o c y p r i s  e l o n g a t a  (Blake, 1876)
Figured specimen: MPK 9687, car., rt. lat., 680 pm long, x65. Dorset Coast.
Diagnosis: Carapace elongate oval in lateral view, valves smooth, LV greater than RV overlapping strongly along the 
posterior, antero-dorsal and mid-ventral margins.
Range: Occurs in Sinemurian and Pliensbachian of Yorkshire, Mochras, Dorset and Southern North Sea 
Basin sequences.
Remarks: First described from the Lias of Yorkshire, although the original material is now lost.

3. B a i r d i a c y p r i s  t r i a n g u l a r i s  Ainsworth, 1986
Figured specimen: MPK 9688, car., rt. lat., 570 pm long, x 79. Mochras Borehole, North Wales.
Diagnosis: Carapace of medium size, elongate subtriangular. Dorsal margin moderately arched with apex just in front 
of mid-length.
Range: Toarcian of Ilminster, Mochras, Fastnet and North Celtic Sea basins.
Remarks: Similar to and often found in association with B. rectangularis Ainsworth, 1986, but more common than 
the latter.

4. C a r d o b a i r d i a  f a s t n e t e n s i s  Ainsworth, 1986
Figured specimen: MPK 9689, car., rt. lat., 425 pm long, x 106. Ilminster, Somerset.
Diagnosis: Carapace small, RV subtriangular, LV subovate. LV greater than RV, except at posteroventral angle where 
acuminate RV extends. Hinge merodont.
Range: Toarcian of Mochras, Ilminster, Fastnet and North Celtic Sea basins.
Remarks: Ainsworth (1986) noted its common occurrence with Cardobairdia toarcensis Ainsworth in the Fastnet 
Basin. Abundant in the late Toarcian of Mochras.

5. L e d a h i a  s e p t e n a r i a  Griindel, 1964
Figured specimen: TCD 28737, car., It. lat., 510 pm long, x88. Well Deminex 56/21-1, Fastnet Basin.
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Diagnosis: Carapace ovate in lateral view, dorsal margin evenly rounded. LV greater than RV, both valves possessing 
a marked vertical, sinuous ‘shoulder’ posteriorly.
Range: Pliensbachian of Dorset, Mochras, Fastnet and North Celtic Sea basins.

6. Cardobairdia sp.
Figured specimen: MPK 9690, car., rt. lat., 405 pm long, x 111. Dorset Coast.
Diagnosis: Carapace small, LV ovate and inflated, RV ovate-subquadrate. LV greater than RV, which it overlaps 
entirely, strongly so ventrally.
Range: This species was recorded from the late Sinemurian of Mochras.
Remarks: The genus occurs sporadically throughout the Lower Jurassic of Europe becoming particularly abundant in 
some Toarcian successions.

7. Bairdia ohmerti Knitter, 1983
Figured specimen: MPK 9691, LV lat., 920 pan long, x49. Mochras Borehole, North Wales.
Diagnosis: Bairdia with symmetrically arched dorsal margin and regular fine punctation covering valve surfaces. 
Range: Late Toarcian of Mochras, Ilminster and the Fastnet Basin.
Remarks: Originally described from Germany; this species has now been shown to have a wide distribution.

8. Bairdia molesta Apostolescu, 1959
Figured specimen: MPK 9701, RV lat., 760 pm long, x70. Dorset Coast.
Diagnosis: A smooth species of Bairdia with compressed rims along the postero-ventral and anterior margins. 
Range: May range from as low as the Hettangian through to the Pliensbachian of Mochras and the Southern North Sea 
Basin, the Sinemurian and Pliensbachian of the Fastnet Basin, and the Pliensbachian of Dorset.
Remarks: An apparently widespread and long-ranging species, although the type specimens need to be refigured.

9. Ogmoconcha convexa Boomer, 1991
Figured specimen: MPK 6451, holotype, car., rt. lat., 755 pm long, x58. Mochras Borehole, North Wales. 
Diagnosis: A species of Ogmoconcha with distinctly convex lateral surfaces in dorsal view.
Range: Late Pliensbachian and early Toarcian of Mochras and the Fastnet Basin.
Remarks: This is the last recorded metacopine from Britain.

10. Hermiella inflata Ainsworth, 1987
Figured specimen: TCD 28738, holotype, car., rt. lat., 860 pm long, x52. Well Elf 55/30-1, Fastnet Basin. 
Diagnosis: A large subovate metacopine with distinctive marginal and ventro-lateral inflation in the pattern of the 
Arabic numeral ‘3’.
Range: Late Pliensbachian-early Toarcian of Ilminster, Fastnet Basin and Mochras.
Remarks: This is the first such ornamented Hermiella to be described from Britain. These forms have previously been 
considered to be essentially Tethyan in their distribution and may, therefore, reflect closer palaeooceanographical links 
with the south at this time.

11. Ogmoconcha hagenowi Drexler, 1958
Figured specimen: MPK 9692, car., rt. lat., 670 pm long, x67. Dorset Coast.
Diagnosis: Small species of Ogmoconcha with pitting on the lateral surfaces. LV greater than RV overlap 
generally constant.
Range: Late Hettangian and early Sinemurian of almost every European succession.
Remarks: The earliest recognized British member of the genus occurs in all successions.

12. Ogmoconchella aspinata (Drexler, 1958)
Figured specimen: TCD 29258, car., rt. lat., 630 pm long, x70. Well Elf 55/30-1, Fastnet Basin.
Diagnosis: Carapace ovate-subtriangular. LV greater than RV, overlap strongest along dorsal margin, greatest height 
behind mid-length. RV bears antero-marginal lip.
Range: Late Triassic through to the Early Sinemurian of most studied sections.
Remarks: Almost certainly conspecific with O. ellipsoidea (Jones, 1872), but owing to the loss of the Jones material 
the present taxonomy is here employed.

13. Ogmoconchella mouhersensis (Apostolescu, 1959)
Figured specimen: MPK 9693, car., rt. lat., 675 pm long, x67. Dorset Coast.
Diagnosis: Carapace subovate in lateral view. Overlap (LV greater than RV) moderate, but absent posteroventrally. 
Greatest width in posterior third and is strongly marked by sharp apex in dorsal view. Fingerprint ornament observed in 
posterior half and many valves bear a postero-ventral spine.

(continued on p. 190)
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Range: Late Sinemurian of Mochras, Fastnet and southern North Sea basins.
Remarks: The spine and fine ornament are only apparent in well-preserved specimens.

14. Ogmocottchella danica Michelsen, 1975
Figured specimen:MPK 9694, car. rt. lat., 580 pm long, x78. Dorset Coast.
Diagnosis: Ovate species with smooth lateral surfaces, broadly rounded posterior and dorsal margins. LV greater than 
RV moderate and entire.
Range: Early Sinemurian-Early Pliensbachian of Dorset and the southern North Sea Basin, Late Sinemurian of 
Mochras and the North Celtic Sea Basin.
Remarks: The lack of an antero-marginal lip helps distinguish the species from O. aspinata (Drexler).

15. Ektyphocythere debilis Bate & Coleman, 1975
Figured specimen: SAB 1081C4, paratype, LV lat., 800 pm long, x56. Empingham Borehole, English Midlands. 
Diagnosis: Subquadrate in outline, ornament of weak triangular ribbing, fades marginally. Intercostal surfaces 
weakly punctate.
Range: Toarcian of the Midlands, Mochras and Ilminster.
Remarks: Similar to E. intrepida Bate & Coleman, but differs in having a more quadrate outline and 
weaker ornament.

16. Ektyphocythere intrepida Bate & Coleman, 1975
Figured specimen: SAB 1379C19, holotype, LV lat., 730 pm long, x62. Empingham Borehole, English Midlands. 
Diagnosis: Carapace subtriangular in females, rectangular in males. Open triangular ribbing with smaller cross-ribs, 
intercostal pitting.
Range: Early and Middle Toarcian of Mochras, Ilminster and the East Midlands.
Remarks: Similar to E. ambo Boomer, which is distinguished by its stronger secondary ribbing and the possession of 
an extended postero-dorsal rim in the LV.

Plate 2
1, 3. Ektyphocythere translucens (Blake, 1876)

Figured specimens: 1, TCD 29237, car. rt. lat., 690 pm long, x65. Well Elf 55/30-1, Fastnet Basin. 3; MPK 9695, 
car., It. lat., 520 pm long, x 87. Mochras Borehole, North Wales.
Diagnosis: Generally smooth carapace, although fine punctation or reticulation may occur in the mid-valve area, fine 
longitudinal ribbing on ventral inflation. Greatest height anteriorly, anterior and posterior margins compressed. 
Range: Latest Triassic-early Sinemurian of Yorkshire, Dorset and most offshore sections.

2. Ektyphocythere herrigi (Ainsworth, 1989)
Figured specimen: TCD 29217, paratype, car., It. lat., 630 pm long, x70. Well Elf 55/30-1, Fastnet Basin. 
Diagnosis: An elongate ovate species with subdued longitudinal ribbing, with weak irregular cross-ribs forming an 
irregular reticulation/pitting.
Range: Late Sinemurian of the Fastnet Basin.

4. Cristacythere costata Michelsen, 1975
Figured specimen: TCD 29208, car., rt. lat., 650 pm long, x69. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Carapace elongate, subquadrate in lateral view. Sculpture dominated by longitudinal ribs converging 
dorso-medianly. Intercostal ribbing weak.
Range: Latest Hettangian-early Sinemurian of the Fastnet Basin.

5. Ektyphocythere exiloreticulata (Ainsworth, 1989)
Figured specimen: TCD 29212, car., rt. lat., 690 pm long, x65. Well Elf 55/30-1, Fastnet Basin.
Diagnosis: Carapace subovate in lateral view, posterior and anterior margins compressed. Valves inflated ventro- 
laterally, ornamented by fine ribs and punctae.
Range: Late Sinemurian of the Fastnet Basin.

6. Ektyphocythere lanceolata Boomer, 1988
Figured specimen: MPK 5803, LV lat., 705 pm long, x64. Mochras Borehole, North Wales.
Diagnosis: Carapace elongate lanceolate in lateral view, tapering sharply posteriorly. Ornament of longitudinal ribs 
with fine intercostal punctation.

(■continued on p. 192)
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Range: Late Toarcian of Mochras and the Fastnet Basin.
Remarks: Differs from the type description of the genus in possessing a hemi-merodont hinge (see also E. quadrata 
Lord & Boomer).

7. Ektyphocythere anterocosta Boomer, 1988
Figured specimen: OS 13277, RV lat., 800 pm long, x56. Ilminster, Somerset.
Diagnosis: A coarsely ornamented species with distinctive anterior ribbing.
Range: Late Toarcian of Ilminster, Mochras and the Fastnet Basin.

8. Ektyphocythere bizoni Ainsworth, 1986
Figured specimen: TCD 27570, holotype, car., rt. lat., 580 pm long, x78. Well Deminex 56/21-1, Fastnet Basin. 
Diagnosis: Carapace subtriangular, ornament of a few (approximately seven) coarse longitudinal ribs in weak triangu
lar alignment. Intercostal region smooth.
Range: Toarcian of Mochras and the Fastnet Basin.

9. Ektyphocythere quadrata Boomer & Lord, 1988
Figured specimen: OS 13237, holotype, LV lat., 695 pm long, x65. Dorset Coast.
Diagnosis: Carapace elongate quadrate in males, subquadrate in females. Ornament of many numerous longitudinal 
ribs in weak triangular alignment. Intercostal region finely punctate.
Range: Late Pliensbachian of Dorset, rare in Mochras.
Remarks: Similar in ornament to E. lanceolata and also in possessing a hemimerodont hinge.

10. Ektyphocythere retia (Ainsworth, 1989)
Figured specimen: TCD 29228, car., rt. lat., 570 pm long, x79. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Subovate carapace with prominent longitudinal ribs and well-developed cross-ribs forming deep reticulae 
that house secondary reticulation.
Range: Early Sinemurian of the Fastnet and Southern North Sea basins.

11. Ektyphocythere frequens (Ainsworth, 1989)
Figured specimen: TCD 29245, paratype, car., rt. lat., 670 pm long, x 67. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Female rounded subtriangular, male subovate. A few weak longitudinal ribs in triangular arrangement, 
some bifurcating. Secondary cross-ribs weak, reticulation fades to pitting marginally.
Range: Earliest late Sinemurian of the Fastnet and southern North Sea basins..
Remarks: Similar to E. betzi (Klingler & Neuweiler) and E. vitiosa (Apostolescu), but can be distinguished by nature 
of ribbing and carapace outline.

12. Ektyphocythere lacunosa (Ainsworth, 1989)
Figured specimen: TCD 29221, paratype, car., rt. lat., 650 pm long, x69. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Carapace subtriangular, ornament of poorly defined irregular ribbing, weakly triangular major ribs and 
strong secondary cross-ribs form median reticulae which become weak marginally.
Range: Earliest late Sinemurian of the Fastnet Basin.

13. Ektyphocythere sinemuriana (Ainsworth, 1989)
Figured specimen: TCD 29232, paratype, car., rt. lat., 500 pm long, x 90. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Female carapace subtriangular, males subovate-elongate subtriangular. Ribbing and reticulation subdued, 
weakening marginally.
Range: Earliest late Sinemurian of the Fastnet Basin.

14. Ektyphocythere luxuriosa (Apostolescu, 1959)
Figured specimen: TCD 29248, car., rt. lat., 580 pm long, x78. Well Elf 55/30-1, Fastnet Basin.
Diagnosis: Elongate ovate carapace, with prominent longitudinal ribbing in weak triangular alignment, intercostate 
region smooth.
Range: Early Sinemurian in the Fastnet, North Celtic Sea, Bristol Channel and southern North Sea basins.

Plate 3
1. Cytherella praecadomensis Knitter & Riegraf, 1984

Figured specimen: MPK 9696, LV lat., 620 pm long, x73. Ilminster, Somerset.

(continued on p. 194)
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Diagnosis: A robust species with distinctly inflated marginal areas and a deep median sulcus.
Range: Late Toarcian of Mochras, Ilminster and the Fastnet Basin.
Remarks: This taxon is conspecific with Cytherella? depressum Ainsworth, 1986 from the Fastnet Basin.

2. Cytherella toarcensis Bizon, 1960
Figured specimen: MPK 9702, LV lat., 705 pm long, x64. Mochras Borehole, North Wales.
Diagnosis: Carapace ovate in females, elongate ovate in males, valves smooth without marginal inflation, posterior 
margin evenly rounded.
Range: Late Toarcian of Dorset, Ilminster, middle and late Toarcian of Mochras, early and middle Toarcian of the 
Midlands.

3. Cytherella cadomensis Bizon, 1960
Figured specimen: MPK 9697, LV lat., 660 pm long, x 68. Mochras Borehole, North Wales.
Diagnosis: As for C. toarcensis Bizon, but with inflated marginal areas.
Range: Late Toarcian of Mochras and the Dorset Coast.

4. Camptocythere mediofoveolata Ainsworth, 1986
Figured specimen: TCD 27557, paratype, car., It. lat., 480 pm long, x94. Well BP 56/26-1, Fastnet Basin. 
Diagnosis: Carapace small, subovate. Ornament of coarse pits in median and ventro-lateral areas showing weak 
vertical alignment.
Range: Toarcian of the Fastnet and North Celtic Sea basins.
Remarks: Differs from C. toarciana Bate and Coleman in size and the alignment of the ornament.

5. Cytherella praetoarcensis Boomer, 1991
Figured specimen: MPK 6465, holotype, LV lat., 800 pm long, x 56. Mochras Borehole, North Wales.
Diagnosis: Carapace ovate in lateral view, anterior margin evenly rounded, posterior margin more acutely so, greatest 
length above mid-height.
Range: Toarcian of Mochras and Ilminster.
Remarks: Similar to C. toarcensis Bizon, but differs in outline of posterior margin.

6. Cytherelloidea pulchella Apostolescu, 1959
Figured specimen: OS7498, LV lat., 640 pm long, x70. Hotham, Yorkshire.
Diagnosis: Ovate carapace, heavily reticulate with three longitudinal ribs.
Range: Rhaetian, Hettangian of Yorkshire, Dorset and Mochras.

7. Praeschuleridea arguta arguta Ainsworth, 1986
Figured specimen: TCD 27580, holotype, RV lat., 580 pm long, x78. Well BP 56/26-1, Fastnet Basin.
Diagnosis: Carapace ovate-subrectangular. Ornament evenly reticulate, vertically aligned medianly.
Range: Toarcian of the Fastnet and North Celtic Sea basins.

8. Praeschuleridea foveolata Ainsworth, 1986
Figured specimen: TCD 27600, paratype, car., rt. lat., 680 pm long, x66. Well Deminex 56/21-2, Fastnet Basin. 
Diagnosis: Carapace ovate-subrectangular. Ornament of fine pits aligned subvertically, weak below mid-line. 
Range: Toarcian of the Fastnet and North Celtic Sea basins.

9. Praeschuleridea pseudokinkelinella Bate & Coleman, 1975
Figured specimen: MPK 9703, LV lat., 645 pm long, x70. Mochras Borehole, North Wales.
Diagnosis: Carapace subovate, with triangular ornamentation of ribs and intercostal reticulation.
Range: Early-Middle Toarcian of the Fastnet Basin, Mochras, Ilminster and the Midlands.
Remarks: Although the ornament is similar to that of the Ektyphocythere and Kinkelinella species from the Toarcian, 
this genus is clearly recognized by the hingement and greater number of anterior marginal pore canals.

10. Lophodentina striata Boomer, 1991
Figured specimen: MPK 6467, holotype, car., It. lat., 480 pm long, x94. Mochras Borehole, North Wales. 
Diagnosis: Small, subrectangular bilobate carapace, posterior half more inflated, straight dorsal margin, with fine 
discontinuous ribs laterally.
Range: Latest Sinemurian and Pliensbachian of Mochras..
Remarks: Known only from Mochras with uncertain generic affinities.

11. Oligocythereis? mochrasensis Boomer, 1991
Figured specimen: MPK 6456, holotype, RV lat., 480 pm, x94. Mochras Borehole, North Wales.
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Diagnosis: Carapace subquadrate, two weak vertical ribs extending from dorsal cardinal angles to meet 
ventro-lateral carina.
Range: Late Pliensbachian-early Toarcian of Mochras.
Remarks: Probably belongs to a new genus.

12. Indet. Gen. 6 sp. A Ainsworth, 1989
Figured specimen: TCD 29205, car., rt. lat., 400 pm long, x 112. Well Cities Service 63/4-1, Fastnet Basin. 
Diagnosis: Small ovate species with compressed anterior and posterior margins, tapers posteriorly. Ornament of fine 
even punctae disappearing marginally.
Range: Late Hettangian-Early Sinemurian of the Fastnet, North Celtic Sea and Southern North Sea basins, Sinemur- 
ian of Mochras.

13. Lophodentina sp. A Ainsworth, 1989
Figured specimen: TCD 29203, car., rt. lat., 580 pm long, x78. Well Elf 55/30-1, Fastnet Basin.
Diagnosis: Elongate subrectangular in lateral view. Coarse open polygonal reticulae with faint longitudinal ribs lat
erally and one rib parallel to anterior margin.
Range: Late Sinemurian of the Fastnet, early and late Sinemurian of Mochras.
Remarks: This genus is an important constituent of Hettangian and Sinemurian assemblages throughout Europe.

14. Aphelocythere tenuicostata Ainsworth, 1986
Figured specimen: TCD 27550, holotype, car., rt. lat., 610 pm long, x74. Well BP 56/26-2, Fastnet Basin. 
Diagnosis: Carapace elongate subtriangular, ornament of four poorly formed ribs that extend parallel to anterior and 
posterior margins, lateral surfaces faintly pitted.
Range: Late Toarcian of the Fastnet and North Celtic Sea basins, and Mochras.

Plate 4
1. Cytheropteron byfieldense Boomer & Bodergat, 1992

Figured specimen: OS 13695, LV lat., 545 pm long, x83. Byfield, Leicestershire.
Diagnosis: Species with robust alae, carapace ornamented with coarse pits in weak triangular alignment.
Range: Middle Toarcian of Ilminster, the Midlands and Mochras.

2. Cytheropteron gwashense Bate & Coleman, 1975
Figured specimen: MPK 9704, car. It. lat., 300 pm long, x 150. Mochras Borehole, North Wales.
Diagnosis: Elongate ovate carapace, coarse reticulae laterally with two longitudinal ribs diverging from anterior 
margin then converging posteriorly.
Range: Toarcian of Mochras, Ilminster and the Midlands.

3. Procytherura multicostata Ainsworth, 1986
Figured specimen: TCD 27508, holotype, RV lat., 350 pm long, x 128. Well BP 56/26-1, Fastnet Basin. 
Diagnosis: Carapace elongate subtriangular, ornament of coarse longitudinal ribs, secondary cross-ribs forming 
strong reticulation.
Range: Late Toarcian of the Fastnet and North Celtic Sea basins.

4. Acrocythere michelseni (Finger, 1983)
Figured specimen: Specimen lost, LV lat., 300 pm long, x 150. Mochras Borehole, North Wales.
Diagnosis: Carapace subquadrate with straight dorsal margin, coarsely reticulate with single median longitudinal rib. 
Range: Toarcian of Mochras and the Midlands.
Remarks: Although commonly assigned to Acrocythere, the species is almost certainly co-generic with Rutlandella 
transversiplicata Bate & Coleman, 1975.

5. Wicherella semiora Lord, 1972
Figured specimen: HU.54.J.27, holotype, LV lat., 700 pm long, x64. Dorset Coast.
Diagnosis: Carapace elongate ovate, anterior, ventral and posterior regions raised and unornamented, mid-valve bears 
a few coarse, discontinuous ribs with coarse intercostal reticulation.
Range: Lowermost Margaritatus Zone, Pliensbachian of Dorset and the southern North Sea Basin.

6. Rutlandella transversiplicata Bate & Coleman, 1975
Figured specimen: MPK 9705, LV lat., 330 pm long, x 136. Mochras Borehole, North Wales.
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Diagnosis: Carapace subquadrate, eye node prominent, oblique transverse rib extends antero-ventrally to postero- 
dorsally, valve surface weakly reticulate.
Range: Middle and late Toarcian of Mochras, Ilminster, the Midlands, Fastnet and North Celtic Sea basins.

7. Procytherura euglyphea Ainsworth, 1986
Figured specimen: MPK 9698, LV lat., 280 pan long, x 160. Mochras Borehole, North Wales.
Diagnosis: Carapace subovate, with strong median rib running longitudinally, dorsal and ventro-lateral margins also 
bounded by strong ribs, intercostal area weakly reticulate.
Range: Toarcian of Mochras and the Fastnet Basin.

8. Gammacythere klingleri Boomer, 1991
Figured specimen: OS 13440, LV lat., 564 pm long, x 80. Dorset Coast.
Diagnosis: Subrectangular males, subtriangular females with coarse ribbing pattern fading to coarse punctae margin
ally, posterior ventro-lateral margin inflated.
Range: Lower Pliensbachian of Dorset.
Remarks: Differs from G. ubiquita in strength of ornament and ventro-lateral inflation.

9. Gammacythere ubiquita Malz & Lord, 1976
Figured specimen: Specimen lost, LV lat., 680 pm long, x66. Dorset Coast.
Diagnosis: Elongate ovate carapace ornament of weak longitudinal ribs and secondary reticulation, fades marginally, 
compressed anterior and posterior margins.
Range: Lower Pliensbachian of Dorset and the southern North Sea Basin.

10. Paracytherideal sp. Boomer, 1991
Figured specimen: MPK 6459, LV lat., 390 pm long, x 115. Mochras Borehole, North Wales.
Diagnosis: Elongate subquadrate carapace, small ribs at antero-dorsal and postero-dorsal region, ventro-lateral margin 
bears coarse rib.
Range: Late Sinemurian and early Pliensbachian of Mochras.

11. Gammacythere foveolata (Michelsen, 1975)
Figured specimen: Specimen lost, LV lat., 570 pm long, x 79. Dorset Coast.
Diagnosis: Ovate- subtriangular carapace with longitudinal ribs to the posterior and ventral, oblique ribs antero- 
dorsally, secondary reticulation.
Range: Early Pliensbachian of Dorset and the southern North Sea Basin.

12. Paratrachycythere pseudotubulosa Park, 1987
Figured specimen: Specimen lost, RV lat., 330 pm long, x 136. Dorset Coast.
Diagnosis: Carapace ovate, subrectangular, compressed anterior and posterior margins. Four nodes occur on lateral 
surface, which is coarsely reticulate.
Range: Latest Sinemurian of Dorset, late Sinemurian and early Pliensbachian of the southern North Sea Basin. 
Remarks: A species of uncertain affinity, but probably not a member of the Trachycytheridae.

13. Kinkelinella sermiosensis (Apostolescu, 1959)
Figured specimen: MPK 9679, LV lat., 590 pm, x 76. Mochras Borehole, North Wales.
Diagnosis: Subtriangular ovate carapace with even reticulae on lateral surfaces in weak vertical alignment, 
slightly wavy.
Range: Toarcian of Ilminster, Mochras, the Midlands, Fastnet and North Celtic Sea basins.

14. Kinkelinella persica Bate & Coleman, 1975
Figured specimen: SAB 1098C7, holotype, LV lat., 600 pm long, x75. Empingham Borehole, East Midlands. 
Diagnosis: Subrectangular carapace with coarse ribbing diverging from dorsal margin with intercostal reticulation, 
ventro-lateral keel thickened.
Range: Middle Toarcian of the East Midlands.

15. Kinkelinella tenuicostata (Martin, 1960)
Figured specimen: MPK 9701, car., rt. lat., 600 pm long, x75. Mochras Borehole, North Wales.
Diagnosis: Ovate subtriangular carapace, with coarse, even reticulation on lateral surfaces, tapers posteriorly. 
Range: Early Toarcian of Mochras and Ilminster.
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Throughout Middle Jurassic times, the westward 
development of the Tethys across Europe provided 
the shallow-marine and paralic environments that 
the impoverished post-Triassic ostracod faunas 
colonized and flourished. This led to the appearance 
of a large number of new genera and species, and 
established Middle Jurassic Europe as a major site 
in ostracod evolution. The ramifications of this evol
ution were felt both worldwide and throughout all 
geological periods up to the present day.

History of research
A simple map (Fig. 1) indicates the outcrop of Middle 
Jurassic sediments in onshore Britain. The pioneering 
work on the British Middle Jurassic Ostracoda 
was undertaken by Professor T. R. Jones towards 
the end of the 19th century when he published two 
important papers on Bathonian microfaunas. The 
first, in 1884, described the Foraminifera and Ostra
coda from the Richmond (Surrey) borehole, while 
the second, in association with C. D. Sherbom in 
1888, described the ostracods present in the Fuller’s 
Earth near Bath and from the Bradford Clay of 
Bradford in Somerset. Contemporaneously with 
Jones, Terquem was recording the Middle Jurassic 
ostracod faunas of France and Poland. Unfortunately, 
his material was lost and the illustrations too diagram
matic to interpret. Consequently, Terquem has had 
practically no influence upon modern taxonomy.

After Jones, a period of some 60 years elapsed 
before Sylvester-Bradley (1948) published his 
description of some Bathonian ostracods from 
Dorset. While the work of Jones had been essen
tially descriptive in terms of establishing new 
species, that of Sylvester-Bradley moved the study 
of the Ostracoda forwards by placing a greater 
emphasis on interpretative morphology, especially 
the use of hinge structures in taxonomy above the 
species level (Sylvester-Bradley 1956).

As more species were described from the 
Bathonian, there was a corresponding increase in 
our understanding of the evolution of these micro
fossils. The availability of surface outcrops, 
coupled with the dominance of soft marls contain
ing excellently preserved material, led to a bias 
towards the study of middle and late Bathonian 
faunas. Subsequently, the south of England

drilling programme led by Ian Penn of the British 
Geological Survey (then the Institute of Geological 
Sciences) provided excellent material from the 
Lower Bathonian. This material was incorporated 
into a review of the Bathonian faunas of southern 
England and of Normandy by Sheppard (1981a, b). 
Also during the 1980s, ostracods from central and 
southern England were further documented system
atically and in a palaeoenvironmental context by 
Ware & Whatley (1980, 1983, 2002) and by Ware 
& Windle (1981).

Bajocian sediments in Britain had not featured 
in any ostracod investigation until the work of the 
present author on the outcrops of eastern and 
northeastern England (Bate 1960, 1963a, b, 1964, 
1965b, 1976b). This research was undertaken not 
only to attempt a correlation of the marine Middle 
Jurassic sediments of NE Yorkshire with those of 
Lincolnshire to the south, but also sought to use 
ostracods to identify environmental changes within 
the paralic deltaic sediments of NE Yorkshire. 
This research not only provided a wealth of new 
taxa, but also demonstrated that ostracods could 
provide a detailed zonation of both marine and 
paralic sediments. This was especially important 
in the Bathonian of southern England where 
ammonites (frequently confined to dry stone walls) 
were not especially abundant because the paralic 
environments were not conducive to their survival. 
Now, of course, ostracods are commercially import
ant in the dating and environmental determination of 
both marine and non-marine subsurface sediments, 
but this was not the case in the 1960s.

In Europe the study of Middle Jurassic ostracods 
centred primarily on a purely taxonomic approach 
that provided a record of many new genera and 
species, but frequently failed to illustrate entire 
faunas. Consequently, much stratigraphic value 
was initially lacking from these publications.

The interpretative morphological approach of 
Sylvester-Bradley, who made use of the muscle 
scars in his taxonomic assignments, demonstrated 
that related species possessed the same pattern of 
muscle impressions (an attempt to relate the mor
phology of the live animal to its fossilized 
remains). This approach was continued by Bate 
who established, in his 1963 paper, a series of 
muscle scar types (A -D ) that reflected the points

From: Whittaker , J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 199-223.
1747-602X/$ 15.00 The Micropalaeontological Society 2009.
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Fig. 1. A simple outcrop map of Middle Jurassic (Aalenian-Bathonian) sediments in onshore Britain (after Bate in Bate & 
Robinson 1978). The Hebridean outcrops are described in more detail in Wakefield (2009), elsewhere in this volume.

of attachment of the adductor, antennal and mandib
ular muscles (Bate 1963a).

More recently, the work of Morris (1980, 1983) 
and Stevens (1985) further extended our knowledge 
of Bajocian ostracod faunas, whilst later a taxonomic 
review of Bathonian and Bajocian species of the 
genus Progonocythere, and of its close allies, was 
undertaken (Whatley & Ballent 1996) that had

implications relevant to the present chapter. These 
implications are discussed later. More recently, in 
2001, Whatley et al. reviewed the Callovian ostra- 
cods of southern England (relevant to this chapter 
as far as their taxonomic review of Neurocythere 
and Nophrecythere is concerned), and in 2002 
Ware & Whatley discussed the relationship of Fasti- 
gatocythere juglandica and Lophocythere fulgurata.
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Finally, the reader is directed to the following 
unpublished MSc and PhD theses: Ware (1978, 
University of Wales, Aberystwyth), Stephens (1980, 
University of Wales, Aberystwyth), Sheppard 
(1981a, University of London), Jacovides (1982, 
University of Wales, Aberystwyth), Timberlake 
(1982, University of Wales, Aberystwyth), Barrington 
(1986, University of Wales, Aberystwyth), Packer 
(1986, University of Hull), Wakefield (1991, Univer
sity of Leicester), Stride (1994, University of Wales, 
Aberystwyth) and Riddington (2004, University of 
Birmingham). Recently, all of the theses from the 
University of Wales, Aberystwyth (now Aberystwyth 
University), have been transferred to The Natural 
History Museum, London.

The ostracod faunas of the Middle Jurassic Great 
Estuarine Group of the Inner Hebrides (Scotland) 
were documented recently by Wakefield (1991, 
1994, 1995) and by Wakefield & Athersuch 
(1990). Here the brackish water-freshwater depos
its of the islands of Eigg, Skye and Muck are shown 
to contain assemblages that include species of Lim- 
nocythere. Theriosynoecum , Darwinula, members 
of Cytherideinae (e.g. Micropneumatocythere 
and Klieana) and of the Progonocytherideae (e.g. 
Progonocythere, Glyptocythere and Lophocythere). 
These are dealt with separately by Wakefield 
(2009).

Much of this previous work was conducted from 
a taxonomic point of view, although the strati
graphic usefulness of ostracods was becoming 
apparent. Their importance in this respect as demon
strated by Bate (1978a, b), Sheppard (1978, 1981 £>), 
Bate & Sheppard (1979) and Ainsworth etal. (1998) 
led to the establishment of a micropalaeontological 
zonation of the Middle Jurassic. Ammonites, long 
recognized to be the zonal fossils of the Jurassic 
were found, in the Bathonian, to be rather sporadic 
in their distribution due to the paralic nature of 
much of Britain’s sedimentation at that time. This 
was not helped by the fact that many older ammo
nite records were from faunas not in situ. Certainly, 
the stratigraphic usefulness of all microfossils has 
been promoted by the oil industry, and ostracods 
have played a prominent role in this, especially 
within continental and paralic depositional 
environments.

Principal collections
The Natural History Museum, London

A number of important collections are housed in 
The Natural History Museum, including:
• The T. R. Jones Collection (1884), including 

Bathonian material from the Upper Fuller’s 
Earth and Bradford Clay;

• The Winwood Collection of the syntype 
material of the Jones & Sherbom Collection;

• The Blake Collection of Bathonian material from 
the Fuller’s Earth of Midford, near Bath, 
which was incorporated (together with the 
Winwood Collection) in a revision of the Jones 
and Jones & Sherborn collections by Bate (1969);

• Sylvester-Bradley (1948): Bathonian material 
from the Boueti Bed, Dorset;

• Sylvester-Bradley (1956): Bathonian material 
from the Fuller’s Earth of the Bath area;

• Bate (1963a, b): Bathonian material from North 
Lincolnshire and South Yorkshire;

• Bate (1964, 1965i>): Bajocian material from 
North Yorkshire;

• Bate (1965a, 1967a, b): Bathonian material 
from Lincolnshire and Oxfordshire;

• Sheppard (1981a): Bathonian material from 
southern England; and

• Wakefield (1991, 1994, 1996): Bathonian 
material from the Inner Hebrides, Scotland.

In addition to the above, there is a small amount 
of unpublished material from the Upper Fuller’s 
Earth presented by P. C. Sylvester-Bradley. All 
registered material belonging to these collections 
bear, variously, the prefixes I, In, Io or OS. Recently, 
material held at the Universities of Hull and of 
Wales, Aberystwyth, has been transferred to The 
Natural History Museum through the courtesy of 
Professors J. Neale and R. Whatley, respectively.

British Geological Survey, Keyworth, 
Nottingham

A small collection of faunal slides are housed here. 
Included are the faunal slides prepared both by Bate 
and by Sheppard during the South of England dril
ling programme led by Dr I. Penn in the late 1970s.

Stratigraphy
Within the British Jurassic succession, the Middle 
Jurassic has traditionally been restricted to the 
Bajocian and Bathonian stages, although Arkell in 
1933 and 1956 included the Callovian in the 
Middle Jurassic. When considering the format of 
the forerunner of this book (Bate & Robinson
1978), the Callovian was considered to have an 
ostracod fauna more closely related to, and hence 
best described in association with, that of the 
Upper Jurassic. This separation, although not clear 
cut, is retained here.

Traditionally, British geologists have taken the 
opalinum Ammonite Zone as the boundary between 
the Toarcian and the Bajocian (see Donovan 1966, 
pp. 167-168), but, subsequently, recognition of the
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Aalenian Stage as used by continental geologists 
since 1864 received approval in Britain. The Aalenian 
stage includes the opalinum, murchisonae and 
concavum Ammonite zones, and remnants of the 
Toarcian fauna may be observed to range up into 
the murchisonae Zone and intermingle with the 
incoming Bajocian species.

Although the Jurassic is excellently subdivided by 
a succession of ammonite zones (see Torrens 1969; 
Parsons 1974, 1977; Cope et al. 1980), the scarcity 
of ammonites in much of the British Bathonian 
makes a correlation of the varied rock types very 
difficult. It was because of this that an extensive 
investigation of the ostracod faunas, based upon the 
pioneering work of Jones, Sherbom and Sylvester- 
Bradley, commenced in the late 1950s. Although 
there is still room for additional work, it is now poss
ible to put forward a zonation scheme that takes into 
account both marine and non-marine sequences. The 
work of Sheppard (1978a, 1981a, h) involved a 
detailed faunal examination of all the type lithologi
cal sections in southern England. Thus, the ostracod 
faunas from the Lower and Upper Fuller’s Earth, 
the Fuller’s Earth Rock Member, the Sharp’s Hill 
Formation, Taynton Limestone Formation, Hampen 
Formation, White Limestone Formation, Forest 
Marble Formation, Lower Cornbrash Member, 
Blisworth Clay Formation and Blisworth Limestone 
Formation and from the ‘Upper Estuarine Series’ 
(Rutland Formation) were all described and recorded. 
Equivalent beds were also examined from the sub
surface. From this in situ data (in contrast to many 
of the Bathonian ammonite records) it was possible 
to establish a zonation and a correlation of the 
varied lithostratigraphic sections. In this respect 
the incoming of Glyptocythere oscillum (Jones & 
Sherborn) proved to be a useful marker horizon. 
This species identifies the occurrence of the hlakeana 
Ostracod Zone at the top of the Estuarine Series, at 
the top of the Sharp’s Hill Beds and again at the 
top of the Upper Fuller’s Earth. This is an important 
time plane upon which to hang the correlations put 
forward herein.

Despite ongoing field work by several workers, 
the rapid lateral changes in lithology of the Middle 
Jurassic outcrops makes a correlation of the sections 
examined very difficult. Consequently, the lithostra
tigraphic nomenclature is still open to debate. An 
example of this is seen in work by Wyatt (1996, 
1998 and 1999), Barron et al. (1997) and Sumbler 
(1999). The stratigraphy as used herein is shown 
in Figure 2.

Ostracod biostratigraphy
The stratigraphical ranges of the key ostracod taxa 
are shown in Figure 3.

Aalenian-Bajocian

The Aalenian has been poorly studied in Britain and, 
as a consequence, cannot be subjected to an ostracod 
zonation at this time. From the Lyme Bay Borehole, 
it is known that Lower Jurassic ostracods such as 
Eucytherura liassica, Eucytherura sp., Kinkelinella 
(Kinkelinella) sermoisensis, Kinkelinella cf. vitilis 
and Rutlandella transversiplicata range up into the 
murchisonae Ammonite Zone, with Kinkelinella 
(Kinkelinella) sermoisensis and R. transversiplicata 
extending into the bradfordensis Ammonite Subzone. 
Also present is the Aalenian Praeschuleridea 
ventriosa angulata. Indeed, several species of 
Praeschuleridea, morphologically similar to 
P. ventriosa, occur all over Europe at this level 
and provide a rather general time correlation, 
reflecting the gradual westward expansion of 
Tethyan waters.

The bradfordensis Ammonite Subzone appears 
to represent the major transition between the Aale
nian and the incoming Bajocian, as indicated by 
the first appearance of such species as Bairdia 
hilda and Pneumatocythere bajociana for the first 
time. Both are important in the overlying discites 
Ammonite Zone.

K in k elin e lla  (E ktyphocythere) triangula  

Ostracod Total Range Zone

This ostracod zone extends from the discites to 
laeviuscula Ammonite zones and is represented in 
the Hydraulic Limestone, Basement Beds, Cave 
Oolite, Whitwell and Millepore Oolites in Yorkshire 
and the Lower and basal Upper Lincolnshire Lime
stone. A rich ostracod fauna enables a division of 
this Total Range Zone (TRZ) into two subzones: a 
lower Progonocythere reticulata Subzone; and an 
upper Pneumatocythere carinata Subzone.

P rogon ocyth ere  reticu lata Ostracod Total 
Range Subzone

This subzone, which is restricted to the discites 
Ammonite Zone, is characterized by the presence 
of Progonocythere reticulata, Tetracytheridea 
punctata, Paraschuleridea ornata, Paraschuleridea 
sp., Pleurocythere sp. and Kinkelinella (E.) trian
gula. Also associated with this subzone, although 
not restricted to it, are Praeschuleridea decorata, 
Homocytheridea cylindrica, Cytherelloidea east- 
fieldensis, Eocytheridea elongata, E. lacunosa, 
Dolocythere maculosa, Cytheropterina comica and
C. gravis.

Pneumatocythere bajociana ranges up from 
the top of the bradfordensis Ammonite Subzone, 
but is nevertheless an important member of the
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Progonocythere reticulata Subzone in North 
Yorkshire and Humberside.

Pneumatocythere carinata Ostracod Total 
Range Subzone

This subzone ranges from the discites to laeviuscula 
Ammonite zones, and is represented in the Mille- 
pore, Whitwell and Cave Oolites of North Yorkshire 
and Humberside and in the lower and basal Upper 
Lincolnshire Limestone further south. The top of 
this subzone is taken as the unconformity dividing 
the Ancaster Rag from the underlying Ancaster 
Freestone. The Great Ponton Beds would also lie 
above this unconformity where there is a change 
in the ostracod fauna. Bate (1967&, p. 116, table 4) 
indicated that the only difference in ostracod 
faunas between the highest beds of the Lincolnshire 
Limestone was the presence of a new species of 
Clyptocythere. In fact, further evidence indicates 
that this Clyptocythere sp. is also associated with a 
different and an as yet undescribed fauna above 
the unconformity. These upper beds, with Glypto- 
cythere, require further investigation and this 
situation remains so today. Ostracods characteristic 
of the Pneumatocythere carinata Subzone include 
Kinkelinella (E.) triangula, Pneumatocythere 
bajociana, Progonocythere cristata, Cytheropter- 
ina plana, Kirtonella reticulata, Praeschuleridea 
subtrigona, Pleurocythere kirtonensis, P. nodosa, 
Micropneumatocythere convexa, M. globosa, 
Aulacocythere punctata, Eocytheridea faveolata, 
E. carinata, Dolocythere maculosa, Monoceratina 
vulsa, Systenocythere exilofasciata and Paracypris 
bajociana. Although other species occur, those 
listed above are the most important with respect to 
abundance and distribution.

The genus Clyptocythere, with its many short
ranging species, is extremely valuable in stratigra
phy, and the unnamed species in the highest beds 
of the Lincolnshire Limestone Formation should 
also prove to be of importance in this respect.

Glyptocythere polita Ostracod  
Total Range Zone

This zone, defined by the presence of G. polita, 
coincides with the sauzei Ammonite Zone {pars) 
and is recognized in the lower part of the Grey 
Limestone Series (=  Scarborough Formation) of 
North Yorkshire. This lower division of the Grey 
Limestone Series occupies only the axial region 
of the depositional basin of the time as the sea 
transgressed from the east. Glyptocythere polita, 
Glyptocythere costata, Progonocythere (formerly 
Malzia) unicarinata, P. (formerly Malz.ia) 
bicarinata, Praeschuleridea subtrigona intermedia,

Progonocythere acuminata and Fuhrbergiella 
(.Praefuhrbergiella) horrida provide the character
istic faunal association of this zone.

G lyptocythere scitula Total Range Zone

Defined by the presence of the index species, this 
ostracod zone is contemporaneous with the 
humphriesianum Ammonite Zone. It is known 
only from the upper part of the Grey Limestone 
Series; strata of which age extend over a wider 
area than those of the underlying G. polita Zone. 
Sediments of this zone were deposited during the 
most extensive phase of marine transgression 
over the delta and represent a maximum flooding 
surface of sequence stratigraphy terminology. In 
addition to the index species, the most important 
ostracods representing this zone are: Vernoniella 
bajociana, Ljubimovella piriformis, Systenocythere 
ovata, Praeschuleridea subtrigona intermedia, 
Progonocythere acuminata and Fuhrbergiella 
(Praefuhrbergiella) horrida horrida. The ostracod 
Ljubimovella piriformis has a longer stratigraphic 
range in Germany (sauzei Z one-blagdeni Ammo
nite Subzone) than here, whilst Fuhrbergiella (P.) 
horrida horrida has a shorter range spanning the 
romani-blagdeni Ammonite subzones.

From the discussion above, it is noticeable that 
the sequence of ostracods throughout the Bajocian 
is incompletely known. This is especially true for 
the late Bajocian. Although outcrops are not exten
sive, sediments of this age must be examined to 
permit a more complete understanding of ostracod 
evolution through this part of the Middle Jurassic.

Bathonian

The rare occurrence of ammonites in the Bathonian 
has always made a correlation of the varied litholo
gies very tenuous. Although a complete ammonite 
zonation of the Bathonian is known, their rarity 
often makes it quite impossible to assign a particular 
unit with any degree of certainty. The main empha
sis, as a result, has been placed on field mapping; 
correlation being based partly on lithology and 
partly on palaeontological evidence -  much of it 
unsatisfactory. The first micropalaeontological 
investigation of the Bathonian was undertaken by 
Jones in 1884, when he described ostracods and for- 
aminifera from the Richmond Borehole. The first 
detailed stratigraphical application of microfossils 
(foraminifera) to the Bathonian was that of Cifelli 
(1959), but research on the ostracods came later. 
Bate (1978) proposed an eightfold numerical div
ision of the Bathonian that was refined by Sheppard 
(1981a, b) when she established five zones and three 
subzones for the Bathonian. It is this zonal scheme 
that is utilized here.
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Neurocythere rim osa O stracod Partial 
Range Zone

The zone is defined by the first appearance of 
Neurocythere rimosa and the presence of Mero- 
cythere postangusta in association with Schuleri- 
dea (Eoschulerida) hatei. It coincides with the 
parkinsoni-progracilis {pars) Ammonite zones.

This zone, the upper boundary of which 
appears to lie above the Acuminata Bed at Bath, 
is represented in the Lower Fuller’s Earth (includ
ing the Knorri Clay) of southern England. As 
defined, this zone has its lower boundary within 
the uppermost Bajocian and thus extends through
out the whole of the early Bathonian and into the 
middle Bathonian. Three subzones, under the 
generic designation of Nophrecythere, were estab
lished by Sheppard (1981a), but, following a taxo
nomic revision of Neurocythere Whatley, 1970 
and Nophrecythere Griindel, 1975 by Whatley 
et al. (2001), the zonal name has been changed 
to that of Neurocythere.

N eurocythere rim osa Ostracod Subzone

The subzone is contemporaneous with the 
parkinsoni—zigzag {pars) Ammonite zones. Its 
base is defined by the appearance of N. rimosa 
and its upper boundary is defined by the appearance 
of species characterizing the overlying subzone. 
This is a relatively narrow subzone and includes 
within it only a small part of the Bathonian, 
namely the lowermost few metres of the Lower 
Fuller’s Earth in Dorset and the basal part of the 
Passage Beds in Normandy. The fauna typically 
includes Bairdia hilda, Pontocyprella subaureola, 
Kinkelinella malzi, Tethysia bathonica and 
Palaeocytheridea carinilia.

Schuleridea (Eoschulerida) batei Ostracod  
Subzone

The first appearance of S. {E.) batei defines the base 
of a subzone that is contemporaneous with the 
zigzag {pars)-tenuiplicatilis {pars) Ammonite 
zones. The first occurrence of the index species is 
within the lowest few metres of the Lower Fuller’s 
Earth in Dorset and within the Passage Beds in 
Normandy. The fauna differs little from that in the 
preceding subzone, with Paracypris terraefullo- 
nica, Monoceratina scrobiculata and M. striata 
forming the common elements. The subzone rep
resents about 15 m of the lower part of the Marnes 
de Port-en-Bassin, including the upper part of 
the Passage Beds in Normandy. In Dorset it is 
more usually represented within the 20-30 m 
thickness of the Lower Fuller’s Earth.

M erocythere postangusta Ostracod Subzone

This, the thickest of the three Subzones of the 
rimosa Ostracod Zone, is restricted to the tenuipli- 
catilis {pars) Ammonite Zone. Its base is defined 
by the first appearance of M. postangusta. Other 
characteristic elements of the fauna include 
Pseudoprotocytherel bessinensis, Oligocythereis 
sp., Oligocythereis fullonica, Ljuhimovella sp. and 
Metacytheropteron drupaceum, in addition to taxa 
occurring in the rimosa and batei subzones. The 
upper part of the Lower Fuller’s Earth in Dorset 
(approximately 20-60 m in thickness depending 
on locality), much of the upper part of the Marnes 
de Port-en- Bessin and the lower part of the laterally 
equivalent Calcaire de Caen, Normandy, are placed 
in this subzone.

Praeschuleridea confossa Ostracod Partial 
Range Zone

The base of the zone is defined by the first appear
ance of P. confossa and the upper boundary is 
defined by the appearance of the subsequent zonal 
index. The eponymous zonal index is found in 
association with Praeschuleridea subtrigona sub- 
trigona, ‘Cytheridea eminula'' (of Bate 1969) (a 
species needing revision, but which occurs fre
quently within sediments of middle and late 
Bathonian age), Cytherelloidea catenulata and 
Paracytherideal elegans. Palaeocytheridea carini
lia is a common species here, so too is Morkhoveni- 
cythereis bouvadensis. The zone, which is 
contemporaneous with theprogracilis-subcontractus 
Ammonite zones, incorporates the topmost few 
metres of the Lower Fuller’s Earth and the greater 
part of the Fuller’s Earth Rock in Dorset. In 
Normandy, the zonal index is missing, although 
the remainder of the assemblage characteristic of 
the zone is present. Praeschuleridea confossa 
occurs within the Kent-Boulonnais Province, 
where it ranges into the late Bathonian S. polonica 
Zone of the Grove Hill Borehole, Kent.

Strictocythere polonica Ostracod Zone

This ostracod zone ranges from the morrisi to 
hodsoni {pars) Ammonite zones. Its base is 
defined by the first appearance of S. polonica, 
and the typical faunal assemblage of Terquemula 
chonvillensis, Micropneumatocythere brendae, 
Praeschuleridea subtrigona subtrigona, Lopho- 
cythere batei, Eudechacythere sp., Morkhoveni- 
cythereis bouvadensis, Monoceratina vulsa and 
Ektyphocythere parva. The zone can be recognized 
in Dorset, Normandy and, to a lesser extent, Kent. It 
incorporates the topmost Fuller’s Earth Rock, the 
entire Upper Fuller’s Earth and the lowermost
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Frome Clay in Dorset, and the Upper Fuller’s Earth 
in Kent, where the zone is recognized within the 
Grove Hill Borehole.

As Zone 4 of Bate (1978), the base of this zone 
was defined by the first appearance of Terquemula 
bradiana Morphotype B (now T. chonvilletisis). 
Although Strictocythere polonica has proved to be 
more reliable as an index species, the presence of 
Terquemula chonvillensis remains an important 
feature of this zone.

Freshwater ostracods present in this zone are 
Bisulcocypris anglica, B. ancasterensis, Darwinula 
incurva and Theriosynoecum bathonicum. The ost
racods Platycythere verriculata, Belekocytheridea 
punctata and Klieana levis are common brackish 
water species.

F ossaterquem ula b lakeana Ostracod Zone

The Fossaterquemula blakeana zone coincides 
with the hodsoni (pars) and orbis Ammonite 
zones. The base of the ostracod zone is defined 
by the first appearance of the zonal index species 
in association with the following characteristic 
fauna: Terquemula bradiana, T. acutiplicata, 
Glabellacythere dolabra, Glyptocythere oscillum,
G. guembeliana, Micropneumatocythere brendae,
M. subconcentrica, Schuleridea (Eoschuleridea) 
trigonalis and Acanthocythere (A.) sphaerulata.

Many of the species first appearing in the early 
and middle Bathonian sediments flourish within 
this zone. The boundary between this and the under
lying polonica Zone is interesting in that it rep
resents the mid-point in an evolutionary sequence 
between Strictocythere polonica and Fossaterque
mula blakeana. As the two zones in southern 
England and northern France are represented by 
very different facies types, this evolutionary 
sequence can be regarded as a time-controlled, 
rather than an environmentally-controlled, phenom
enon and in terms of correlation it has proven to be 
very reliable. Glyptocythere oscillum, originally 
used as a zone fossil for Zone 5 of Bate (1978), is 
an important member of the fauna for correlation 
in southern and central England, although absent 
in Normandy. The first appearance of G. oscillum 
may be used to correlate the top of the Upper Estu
arine Series of eastern England with the Oyster Marl 
and the Rhynchonella Bed of the Sharp’s Hill Beds 
and the upper part of the Upper Fuller’s Earth. The 
blakeana Zone spans the Frome Clay (apart from the 
lower part of the Wattonensis Beds at its base) and 
the Boueti Bed at the base of the Forest Marble in 
the Dorset Province. In the Kent-Boulonnais Pro
vince, the upper part of the Great Oolite and basal 
part of the Forest Marble belong in this zone. Beds 
4-21 of the Duntulm Formation (Great Estuarine 
Series) of the Inner Hebrides (Wakefield 1994) are

assigned to this zone on the presence of Progono- 
cythere levigata, P. kingscliffensis and Darwinula 
(= Alicenula) incurvata.

M icropn eu m atocyth ere fa lcata  Ostracod Zone

The first appearance of Micropneumatocythere 
falcata  defines the base of this zone, which 
coincides with the base of the discus Ammonite 
Zone, and is found in association with M. 
subconcentrica, Fastigatocythere juglandica, 
Glyptocythere penni, Lophocythere propinqua, 
Parariscus bathonicus, Glabellacythere dolabra, 
Schuleridea (Eoschuleridea) trigonalis, Acantho
cythere (A.) sphaerulata, Pichottia muris and 
Terquemula bradiana. The precise upper limit of 
the zone is uncertain as the fauna of the Lower 
Combrash has not yet been extensively studied. 
For the present, however, the boundary is drawn at 
the top of the Lower Cornbrash; i.e. at the top of 
the discus Ammonite Zone.

In the Dorset and Kent-Boulonnais provinces 
the majority of the Forest Marble Formation (and 
equivalent strata) and of the Lower Cornbrash 
Member belong in this Ostracod Zone, as also do 
the St Aubin and Langrune members in Normandy. 
Continental deposits of equivalent age contain 
freshwater ostracods such as Theriosynoecum 
kirtlingtonensis, Timiriasevia mackerrowi, Bisulco
cypris anglica and Limnocythere sp. Their presence 
in interbedded marine sediments or washed into 
marine deposits provides a method for correlating 
marine and non-marine strata.

The ostracod faunal association established by 
Ainsworth et al. (1989) for the Bathonian of the 
Celtic Sea and Fastnet basins possesses species 
that enable a correlation of these west of Britain 
units with the established zones of England and 
northern France. Ainsworth et aids, faunal Associ
ation 8 is equated here with the falcata Ostracod 
Zone, Association 9 with the polonica Zone and 
Association 10 with the confossa Zone. The bla
keana and rimosa zones are not presently recogniz
able from Ainsworth et aids faunas, although it is 
probable that the blakeana Zone equates with part 
of Association 9. The rimosa Zone is represented 
in the Celtic Sea and Fastnet basins, by a deeper 
water ostracod fauna (Associations 11 and 12) 
dominated by species of Cardobairdia.

In the Inner Hebrides, in the northwestern part of 
Scotland, the work of Wakefield (1994) indicates a 
probable correlation of part of the Great Estuarine 
Series with the blakeana and falcata zones of 
England and northern France. This would agree 
with a general observation that a north-south corre
lation is more readily observable than an east-west 
correlation. The westward migration of species 
as the Tethys connected with the shallow NW
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European sea resulted in the appearance of species 
at a later date than that recorded further east. For 
example, Strictocythere polonica, present in the 
early, middle and late Bathonian sediments of 
Poland, is restricted to the base of the late Bathonian 
in northwestern Europe. As beds 4-21 of the 
Duntulm Formation, Inner Hebrides, correlate with 
the blakeana Ostracod Zone and as Micropneumato- 
cythere falcata is considered to have evolved from 
M. brendae, then it follows that the presence of 
M. falcata, in Bed 44 of the Duntulm Formation, 
justifies this correlation. This is in spite of the fact 
that palynological dating has suggested a slightly 
older age for this part of the section (basal rather 
than uppermost late Bathonian).

Ostracod palaeoecology
The basic ostracod fauna in sediments of Aalenian- 
Bathonian age remains constant throughout, despite 
the quite variable lithology. Certainly, some species 
are known to be restricted to certain sediment types 
and these probably were bottom dwellers. As the 
majority of ostracods probably lived on aquatic veg
etation, their distribution was affected more by the 
distribution of plants than it was by the sediments; 
an aspect of ostracod ecology that makes them so 
useful in correlation.

Major changes in ostracod faunas are brought 
about by changes in salinity and temperature. 
Here, temperature does not seem to have been a con
trolling factor at any time during the period under 
discussion, but salinity certainly was. Freshwater 
assemblages have been recognized throughout the 
Bathonian and their recognition is of importance 
in interpreting the palaeogeography of the age. 
For example, the close proximity of land to the 
Oxfordshire Bathonian outcrop is demonstrated by 
the repeated presence of freshwater ostracods in 
marine sediments. Likewise, the presence of brack
ish and marine ostracods in the essentially non
marine Great Estuarine Series of the Inner Hebrides 
indicates that fully marine conditions are located 
only a short distance away to the NW.

During both the Bajocian and Bathonian, a size
able delta existed in North Yorkshire, as proven on 
sedimentological evidence. The sandy, high-energy 
fluvial sediments have long since been decalcified 
and no freshwater ostracods remain. South, through 
eastern England, the Bathonian sediments exhibit a 
rhythmic succession of marine, brackish and fresh
water facies that have yielded faunas reflecting 
successive environmental changes.

Much information relating to the North Sea Basin 
remains confidential or unpublished. Although 
palaeontological data are not generally available 
from the North Sea Basin, conditions within the

northern rift grabens were not favourable for the 
preservation of a rich benthic fauna. This was due 
largely to high deposition rates and anoxic bottom 
conditions. The southern North Sea Basin, on the 
other hand, has provided a rich ostracod fauna 
throughout the Jurassic, particularly from the Neth
erlands offshore. Good faunas are also to be found 
offshore west of Britain as testified by the papers 
of Colin et al. (1981), Ainsworth (1986, 1990,
1991) and Ainsworth et al. (1989).

As indicated above, a more positive north-south 
correlation of ostracod faunas is possible when com
pared with that available in an east-west direction. 
This, in part, reflects the disposition of land barriers, 
interconnecting seaways and the development 
of favourable habitats. The eastward marine con
nection with the Tethys Ocean brought about 
the rapid evolution of the Mesozoic podocopids, 
and speciation is regarded as having been an east- 
west initiative.

Taxonomy, morphology and evolution
The identification of a species and its taxonomic 
placement within a genus and subsequently into a 
family is only possible when based on the correct 
interpretation of all of its morphological features. 
Given that details of the carapace reflect the 
genetic make-up of an ostracod, then certain fea
tures will more closely identify its genetic make-up 
than do others. Carapace outline is a starting point, 
but not always definitive. This is also the case for 
surface ornamentation. Genera tend to have the 
same hinge structure, although the same hinge 
type may also be present in other genera. Many 
new ostracod species that evolved in the Bajocian 
share a genetic relationship due to rapid speciation 
from common ancestors. This is revealed by the pos
session of identical internal morphological features 
such as muscle scars, radial pore canals and hinge. 
Grekoff (1956) had already shown that muscle 
scars and hinge types were of importance, and this 
observation was developed (Bate 1963a) by the rec
ognition that, within the Cytheroidea, four primary 
muscle scar patterns existed in the Middle Jurassic. 
The Type A (Progonocytherinae) muscle scar 
pattern consists of a curved row of four adductor 
scars with a rounded antero-dorsal antennal scar 
and an antero-ventral mandibular scar. The Type B 
(Cytherideinae) muscle scar pattern is essentially 
the same except for the fact that the antero-dorsal 
antennal scar is crescent-shaped. The Type C 
(Schulerideidae) pattern places the crescent-shaped 
antennal scar antero-medially in front of the adduc
tor scars, whilst the Type D (Kirtonellinae) pattern 
possesses a U- or V-shaped antero-dorsal antennal 
scar that opens dorsally. Crescent-shaped antennal
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scars open to the anterior. The antennal muscle scar 
represents the attachment point(s) of the antennal 
muscle fibres and only minor variations in the 
attachment pattern have been observed. Genetically 
related species are not only similar in carapace 
outline, prominent shell ornamentation, hinge and 
radial pore canals, but also possess the same type 
of muscle scar pattern. For example, in the 
Schulerideidae, the lineage of Praeschuleridea, 
Eoschuleridea, Schuleridea and Aequacytheridea 
ranges from the Aalenian to the Miocene and 
demonstrates an increasing number of anterior 
radial pore canals through time (Bate 1967a, 
p. 40). All species, in addition to the radial pore 
canals, possess a paleohemimerodont hinge and a 
Type C muscle scar arrangement.

Recently, Whatley & Ballent (1996) and 
Whatley et al. (2001) have conducted a taxonomic 
review of some of the Middle Jurassic ostracod 
genera. In so far as their suggested taxonomic revi
sions impinge on those of this chapter, the following 
comments are necessary. First, the genetically 
related Progonocythere Sylvester-Bradley, 1948 
and Glyptocythere Brand & Malz, 1962 share 
similar carapace outlines, an entomodont hinge 
and a Type A muscle scar pattern. They differ in 
that the carapace of Glyptocythere normally slopes 
less positively to the posterior than for Progono
cythere, the medial concavity of the left valve 
dorsal outline is more exaggerated, the carapace in 
dorsal view more tumid, and the male dimorph 
more elongate and more terminally rounded than 
in the female dimorph. As Glyptocythere polita is 
here considered to unequivocally belong to Glypto
cythere, its placement into Progonocythere by 
Whatley & Ballent (1996) cannot be accepted here.

Sheppard (1981a, p. 59) erected the genus Stric- 
tocythere (subsequently published as Sheppard 
in Brand 1990) for those species of the Progono- 
cytherinae that possess an elongate-oval carapace 
in lateral view, a short caudal process, lack the quad
rate outline, strong ventral overhang and carapace 
convexity in dorsal view of Progonocythere, and 
have a characteristic ornamentation of broad pits 
at the centre of which the normal pore canal 
opening is situated. Sieve plates in the normal 
pore canals are also present. The species assigned 
to Strictocythere (P. polonica Btaszyk, 1959, P. 
praepolonica Dreyer, 1967, P. ?convexa Blaszyk, 
1967 and P. callovica Wienholz, 1968) share these 
features of Strictocythere. The review of Whatley 
& Ballent (1996), in which Strictocythere was sub
sumed into Progonocythere and the diagnosis of the 
latter emended, is not considered to correctly reflect 
the taxonomic status of Strictocythere, which is 
retained as a separate genus of the Progonocytheri- 
nae. Likewise, the Strictocythere polonica Zone of 
Sheppard (1981a, b) is also retained as established.

Whatley & Ballent (1996), in reviewing the two 
alate species of Malzia Bate, 1965a, consider 
Malzia to be a junior synonym of Progonocythere. 
Their observation that this alate genus is sufficiently 
close to the alate species Progonocythere acuminata 
and P. yonsnabensis to warrant placement of Malzia 
into the genus Progonocythere is accepted.

Whatley et al. (2001), reviewing Neurocythere 
Whatley, 1970, and Nophrecythere Griindel, 
1975, consider that Nophrecythere is simply a 
rather more ornate form of Neurocythere. The 
Nophrecythere morphotype is, however, readily 
distinguishable from Neurocythere, even though 
they share a common ornamentation arrangement. 
Admittedly, the difference is largely one of degree, 
but could reflect either a subgeneric status or 
simply a response to environmental conditions. 
This situation is worthy of further examination, 
but, until this is undertaken, their revision is 
accepted here. The early Bathonian Nophrecythere 
rimosa Zone of Sheppard, 1981fi is accordingly 
renamed the Neurocythere rimosa Zone.

Aspects o f  evolution

Apart from the Trachyleberididae, which appear in 
the Bathonian with such genera as Oligocythereis 
and Morkhovenicythereis, and the Limnocytheridae, 
with Timiriasevia, Bisulcocypris, Limnocythere and 
Theriosynoecum that also appear in the Bathonian, 
all other Aalenian and Bajocian families first 
appeared in the early Jurassic. Thus, most of the 
important mid-Jurassic families evolved earlier. 
The degree of development of the Limnocytheridae 
suggests an earlier evolution for the family than ear
liest Bathonian, but evidence for this is lacking and 
the Middle Eastern Triassic record (Gerry & Oertli 
1967) has been corrected by the discovery that the 
sediments concerned are of Jurassic age. On a 
purely taxonomic note, the two principal genera of 
the Limnocytheridae, Bisulcocypris and Theriosy
noecum, differ in that noded species of Bisulcocy
pris possess solid nodes, whereas Theriosynoecum 
possesses large, hollow nodes that open to the 
inside of the shell. Other important families with 
respect to this period of rapid ostracod evolution 
are the Progonocytheridae, the Schulerideidae and 
the Protocytheridae.

The Progonocytheridae constitute an important 
group of ostracods within which there are two 
basic morphological groups: the first is a rather 
quadrate/oval group represented by Progono
cythere, Glyptocythere, Pneumatocythere and 
Micropneumatocythere; and the second has a 
much more elongate carapace as in Lophocythere, 
Fissocythere and Fuhrbergiella. It is possible that 
the family could be subdivided on this basis.
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The original concept of the nominate genus 
Progonocythere was so broadly based that the 
genus rapidly achieved an importance that was 
quite misleading, many unrelated ostracods being 
grouped together under one name. This state of 
affairs led to the family being used as a depository 
for a whole assortment of Jurassic ostracods, and 
this made the family largely unusable. Subsequent 
research has, however, undone much of this early 
confusion and, as a result, the genus Progono
cythere has declined in importance. The closely 
related genus Glyptocythere, with its many short
ranging species, is a more important genus stratigra- 
phically. Both genera appear to have had a common 
ancestor in the Aalenian, that is Progonocythere 
reticulata. This species, first described as belonging 
to the genus Progonocythere, was subsequently 
placed in Glyptocythere Brand & Malz, 1962. 
In fact, it is very difficult to relate this species 
definitely to either lineage, as it has features of 
both Progonocythere (anterior and ventral carapace 
outline) and Glyptocythere (posterior outline) 
(Sheppard 1977). The Progonocythere lineage 
developed through the Bajocian with P. cristata in 
the discites Ammonite Zone and P. yonsnabensis 
and P. acuminata in the humphriesianum Ammonite 
Zone. Glyptocythere first appeared in the form of a 
distinctly recognizable (unnamed) species in the 
uppermost beds of the Upper Lincolnshire Lime
stone (laeviuscula or sauzei Ammonite zones). 
Subsequent species are used here as zonal indices.

Interestingly, the genus Progonocythere is mor
phologically more closely similar to the southern 
hemisphere genus Majungaella than it is to Glypto
cythere. The suggested evolution of this group 
would be for Progonocythere and Glyptocythere to 
share a common ancestor, possibly P. reticulata, 
but with Majungaella splitting off directly from 
Progonocythere lineage no later than the Bajocian. 
The Progonocythere-Glyptocythere lineage is 
characteristically representative of the Tethyan 
Ocean, whereas the Majungaella lineage is restricted 
to the southern hemisphere (East and South Africa, 
Australasia and Argentina; Bate 1977).

The Schulerideidae first appear in Britain with 
Praeschuleridea pseudokinkelinella in the Toar- 
cian. From this the genus became established with 
many short-ranging species appearing throughout 
the Middle Jurassic. Not all species were short
ranging, however, but these are in a minority. The 
genus Schuleridea developed as an offshoot of 
Praeschuleridea sometime in the late Bajocian -  
early Bathonian. The evolution of Schuleridea is 
marked by a progressive increase in the number of 
anterior radial pore canals from an initial count of 
18-30 in its earliest representative. On the basis 
of this increase in the number of anterior radial 
canals, the genus was subdivided into three

subgenera (Bate 1967b, p. 40): Eoschuleridea with 
18-30 radial pore canals; Schuleridea with 
30-60; and Aequacytheridea which has 60-100. 
This time-related numerical increase of the anterior 
radial pore canals is a feature of many Mesozoic 
ostracod lineages, but the reasons for this are not 
currently known. The stratigraphically important 
Middle Jurassic genera/subgenera of this family 
are Praeschuleridea, Eoschuleridea and Eocytheri- 
dea, of which numerous short-ranging species have 
been identified.

Although commonly regarded as a Cretaceous 
family, the Protocytheridae (characteristically pos
sessing a Type D muscle scar arrangement) is con
sidered here to have first appeared in the Upper 
Triassic with the genus Kinkelinella. This genus 
achieved an early importance through the early 
Jurassic with the evolution of many species that 
had either a basic reticulate ornamentation or 
a triangular arrangement of ribs. Initially (Bate 
1963a), the species having a triangular rib ornamen
tation were placed into the genus Ektyphocythere, 
although here and in Bate & Coleman (1975) the 
two morphological groups have only been accorded 
subgeneric status. Both solutions are simply a matter 
of degree and the reader is left to choose whichever 
of the two is the more acceptable. The Ektypho
cythere group of species dies out in the Upper Bath
onian, where it appears to give rise to the genus 
Pseudohutsonia (=  Balowella). Pseudohutsonia is 
common in the Callovian of Britain and Europe, 
but does not appear to reach Canada until the Oxfor
dian. The Kinkelinella group becomes extinct in the 
Aalenian in Britain and does not appear to have left 
any descendants either in Britain or in Europe.

One other family that existed during this time is 
the Cytheruridae, a family that first appeared in the 
Lower Jurassic where it had a rather more positive 
presence than it does in these younger sediments. In 
fact, the Cytheruridae were evolutionarily conserva
tive throughout this period and no new genera 
evolved. The family is, in fact, represented by a rela
tively insignificant number of species of Procytherura 
and of Cytheropteron. Certainly, the dominance of the 
Progonocytheridae could be put forward strongly in 
explanation of this decline both for the Cytheruridae 
and the Protocytheridae. Only the Schulerideidae 
appear to have been unaffected in this way, and, as 
a family, gradually consolidated their position.

Future work

Studies outside of Britain, such as Ainsworth’s 
(1986) Toarcian-Aalenian study of the Fasnet Basin, 
offshore SW Ireland, are essential to the provision of 
a broader picture within this region as a whole. 
Exploration in Cardigan Bay and St George’s
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Channel should provide additional possibilities. The 
non-marine sequences of the Inner Hebrides will 
pass laterally into marine sediments west of Shet
land -  as indicated by the faunas recorded 
by Ascoli (1976) for the Scotian Shelf (offshore 
eastern Canada) -  while samples derived from 
hydrocarbon exploration will also provide important 
information. Data from offshore exploration in the 
North Sea are eagerly awaited, but must first wait 
for confidentiality requirements to be withdrawn.

Perhaps the main task remaining onshore is to 
examine and describe the faunas from the late 
Bajocian that are still largely unrecorded, lithology 
and outcrops permitting. Only after this has 
occurred will it be possible to complete the strati
graphic zonation already commenced, although it 
is likely that most of the stratigraphically useful 
ostracods have probably already been described.

A future taxonomic reappraisal of the Middle 
Jurassic fauna will probably be necessary as more 
species are recorded and evolutionary lineages estab
lished and confirmed. The Middle Jurassic was a 
period that witnessed the explosive generation of 
new genera and the establishment of new family 
groups. The post-Lower Jurassic environment was 
better oxygenated, in part less marine (paralic to 
continental) and made available new niches for 
colonization by westward-migrating species. These 
migrating ostracods established the basis for the evol
ution of the entire Mesozoic and Tertiary podocopids.
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All the specimens illustrated in these plates are deposited in the collections of The Natural History Museum, 
London, their registration numbers being variously prefixed by I, Io, In or OS.

Abbreviations: LV, left valve, RV, right valve, car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view).

Plate 1
1. Kinkelinella (Ektyphocythere) triangula (Brand, 1961)

Figured specimen: OS 9084, LV lat., 540 pm long, x83. Bajocian, Kirton Shale, Kirton in Lindsey, Lincolnshire. 
Diagnosis: Ektyphocythere with prominent triangular ornamentation of coarse ridges breaking down medially to 
produce reticulation. Ventro-lateral border extended below ventral surface, alaeform in large adults. Hinge antimero- 
dont, muscle scars with anterodoral U-shaped antennal scar.
Range: Bajocian. E. triangula Zone, Lincolnshire Limestone and equivalent sediments (Inferior Oolite of the 
Cotswolds) spanning the ilisciles -laeviuscula Ammonite zones.
Remarks: Zonal fossil, of which two subzones are recognized (the Progonocythere reticulata Subzone and the 
Pneumatocythere carinata Subzone).

2, 3. Progonocythere reticulata Bate, 1963ft
Figured specimens: 2, OS 9053, male LV lat., 590 p-m long, x76; 3, OS 9024, female RV lat., 590 pm long, x76. 
Bajocian, Basement Beds, Eastfield Quarry, South Cave, Yorkshire.
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Diagnosis: Progonocythere with strongly reticulate shell surface. Anterior margin uniformly rounded, posterior tri
angular. Hinge entomodont; muscle scars with oval anterodorsal antennal scar.
Range: Bajocian. K. (E) triangula Zone; Basement Beds and Hydraulic Limestone of NE England. Lower part of the 
discites Ammonite Zone.
Remarks: Index species of the P. reticulata Subzone.

4. Pneumatocythere carinata Bate, 1964
Figured specimen: To 1025, female car., rt. lat., 650 pm long, x69. Bajocian, Whitwell Oolite, near Bulmer, 
Yorkshire.
Diagnosis: Pneumatocythere with strongly ornamented carapace comprising prominent transverse ridges in the 
dorso-median part, breaking up into a reticulation at about valve centre. Hinge antimerodont; muscle scars with 
rounded anterodorsal antennal scar.
Range: Bajocian. K. (£.) triangula Zone; Cloughton Formation of NE Yorkshire; Lincolnshire Limestone (Kirton 
Cementstone facies); Scissum Beds, Pea Grit and Lower Limestone of the Inferior Oolite of the Cotswolds. 
Remarks: This ostracod, the index species of the P. carinata Subzone, ranges throughout the upper part of the discites 
Ammonite Zone and throughout the laeviuscula Zone.

5, 6. Pneumatocythere bajociana Bate, 1963a
Figured specimens: 5, Io 551, holotype, male car., It. lat., 800 pm long, x56; 6, Io 552, paratype, female car., rt. lat., 
920 pm long, x49. Bajocian, Yons Nab Beds, Cayton Bay, Yorkshire.
Diagnosis: Pneumatocythere characterized by the large carapace size and associated weak ornamentation. Hinge anti
merodont; muscle scars with large, oval, anterodorsal antennal scar.
Range: Bajocian. K. (E.) triangula Zone; Cloughton Formation of Yorkshire, Lincolnshire and Humberside. 
Remarks: Common in NE Yorkshire and Lincolnshire, but not yet recorded from the Inferior Oolite of southern 
England.

7, 8. Praeschuleridea decorata Bate, 1968
Figured specimens: 7, OS 9100, female LV lat., 660 pm long, x68; 8, OS 9099, male RV lat., 640 pm long, x70. 
Bajocian, Basement Beds, Eastfield Quarry, South Cave, Yorkshire.
Diagnosis: Praeschuleridea with strong ribs diverging down from the dorsal margin, occasionally bifurcating; large, 
five-six-sided pits situated between the ribs.
Range: Bajocian. K. (E.) triangula Zone; Yons Nab Beds, Hydraulic Limestone (Cloughton Formation), Kirton 
Cementstone Series (Lincolnshire Limestone). Inferior Oolite (scissum-laeviuscula Ammonite zones).
Remarks: Restricted to biomicrites and clay lithologies. It has not been recorded from the high energy grainstones 
of the Bajocian. Originally (Bate 196340, this species was assigned to Praeschuleridea ventriosa ventriosa 
(Plumhoff, 1963).

9, 10. Praeschuleridea subtrigona (Jones & Sherborn, 1888)
Figured specimens: 9, OS 9104, female car., rt. lat., 500 pm long, x90; 10, OS 9106, male car., It. lat., 540 pm long, 
x83. Bajocian, Kirton Shale, Kirton in Lindsey, Lincolnshire.
Diagnosis: Praeschuleridea with subtrigonal carapace when viewed laterally, smooth with very fine puncta. Right 
valve more elongate than left, more acuminate posteriorly. Hinge palaeohemimerodont. Muscle scars and radial 
pore canals as for genus.
Range: Bajocian Bathonian. E. (K.) triangula—E. blakeana Ostracod zones; Interior Oolite of the Cotswolds; 
Cloughton Formation of NE Yorkshire and Lincolnshire Limestone; Grey Limestone Series of NE Yorkshire and 
Bathonian of southern England. Scissum-orbis Ammonite zones.
Remarks: In NE Yorkshire the subspecies P. s. magna replaces P. subtrigona subtrigona in the Cloughton Formation 
and P. s. intermedia is the form present in the Grey Limestone Series (humphriesianum Ammonite Zone).

11. Eocytheridea reticulata Bate, 1964
Figured specimen: Io 1065, holotype, female car., It. lat., 590 pm long, x76. Bajocian, Millepore Oolite, Osgodby 
Nab, Yorkshire.
Diagnosis: Eocytheridea with fine reticulate ornament of obliquely transverse and longitudinal ridges. Hinge 
hemimerodont.
Range: Bajocian. Millepore Oolite (Cloughton Formation of NE Yorkshire, and Kirton Cementstone Series of 
Lincolnshire. Pneumatocythere carinata Ostracod Subzone; laeviuscula Ammonite Zone.

12, 13. Cytheropterina comica Bate, 1964
Figured specimens: 12, Io 991, female car., rt. lat., 420 pm long, x 107; 13, Io 994, male LV lat., 530 pm long, x84. 
Bajocian, Kirton Cementstone Series, Kirton in Lindsey, Lincolnshire.

(continued on p. 216)
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Diagnosis: Cytheropteron with deeply sculptured, alaeform extension of ventro-lateral margin; each ala possessing 
large crescent-shaped furrow alluding to a clown’s mouth.
Range: Bajocian. Basement Beds (below Cave Oolite) and Lower Lincolnshire Limestone of Lincolnshire. 
Progonocythere reticulata Ostracod Subzone; discites Ammonite Zone.
Remarks: This species is found only to the south of the Market Weighton Axis. The specific name, and that of the 
associated species C. gravis, was erected at Peter Sylvester-Bradley’s suggestion and typified his sense of humour 
in taxonomy.

14. Acanthocythere (Protoacanthocythere) faveolata Bate, 1963a
Figured specimen: OS 9083, RV lat., 710 pm long, x63. Bajocian, Kirton Shale, Kirton Cement Quarry, Kirton in 
Lindsey, Lincolnshire.
Diagnosis: Protoacanthocythere with honeycomb ornamentation in which spines are developed at the transects of 
individual pits and along marginal borders.
Range: Bajocian. Cave Oolite and Basement Beds and Lower Lincolnshire Limestone. K. (E.) triangula Ostracod 
Zone (P. reticulata to base P. carinata Subzone); discites Ammonite Zone.
Remarks: This species is only recorded to the south of the Market Weighton Axis.

15. Eocytheridea lacunosa Bate, 19636
Figured specimen: Io 960, holotype, female car., It. lat., 690 pm long, x65. Bajocian, Basement Beds, Eastfield 
Quarry, South Cave, Yorkshire.
Diagnosis: Eocytheridea with subquadrate to subrectangular carapace; shell surface coarsely pitted; dimorphic. Hinge 
hemimerodont; muscle scars with anteromedian, slightly kidney-shaped, antennal scar.
Range: Bajocian. K. (E.) triangula Zone, Cloughton Formation of Yorkshire; Lincolnshire Limestone of Lincolnshire; 
discites to laeviuscula Ammonite zones.
Remarks: Differs from E. elongata on ornamentation and presence of dimorphism.

16. 17. Eocytheridea elongata Bate, 19636
Figured specimens: 16, Io 955, LV lat., 810 pm long, x55; 17, Io 954, holotype, RV lat.,view, 910 mm long, x50, 
Bajocian, Basement Beds, Eastfield Quarry, South Cave, Yorkshire.
Diagnosis: Eocytheridea with oval-elongate carapace, posteriorly tapered. Shell surface strongly ornamented with 
large and small, circular pits. Hinge hemimerodont; muscle scars with an anteromedian, oval to slightly kidney-shaped 
antennal scar.
Range: Bajocian. K. (E.) triangula Ostracod Zone, Cloughton Formation of NE Yorkshire, and Cave Oolite and Base
ment Beds south of the Market Weighton Axis.

Plate 2

1, 2. Glyptocythere scitula Bate, 1965a
Figured specimens: 1, Io 1750, holotype, female car., rt. lat., 720 pm long, x63; 2, lo 1754, female LV lat., 750 pm 
long, x60, Bajocian, Bed 5, Grey Limestone Series, Cayton Bay, Yorkshire.
Diagnosis: Strongly dimorphic Glyptocythere with branching and anastomosing ridges radiating from dorsal margin. 
Ventro-lateral and ventral surfaces ornamented with longitudinal ridges. Hinge entomodont; muscle scars with 
rounded, anterodorsal antennal scar.
Range: Bajocian. G. scitula Ostracod Zone (= humphriesianum Ammonite Zone), upper division of the Grey Lime
stone Series of NE Yorkshire.
Remarks: The geographical distribution of this species outside Yorkshire has not been established.

3, 4. Glyptocythere polita Bate, 1965a
Figured specimens: 3, OS 9027, female car., It. lat., 830 pm long, x 54; 4, OS 9026, female car., rt. lat., 880 pm long, 
x51. Bajocian, Grey Limestone Series, Hundale Point, Cloughton, Yorkshire.
Diagnosis: Strongly dimorphic Glyptocythere with shell surface smooth or with occasional wrinkles in dorso-median 
part. Downwardly projected ventro-lateral margin may be extended into thin keel, particularly in female dimorph. 
Hinge entomodont; anterodorsal antennal muscle scar cresent-shaped.
Range: Bajocian. G. polita Ostracod Zone (= top of the sauzei Ammonite Zone), lower division of Grey Limestone 
Series of NE Yorkshire.
Remarks: Whatley & Ballent (1996) placed this species into Progonocythere despite the fact that distinct morphologi
cal features present in species of Glyptocythere do not occur in species of Progonocythere. G. polita, in common with 
species of Glyptocythere, exhibits the strong dimorphism of the genus that does not exist in species of Progonocythere. 
The male dimorph of Glyptocythere possesses a large, elongate carapace, rounded at its anterior and posterior ends,

(continued on p. 218)
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especially noticeable in the left valve. Additionally, the strong dorso-median convexity of the right valve projecting 
above the dorsal margin of the left valve is a characteristic feature of Glyptocythere spp., as also is the rather undulating 
dorsal outline of the left valve. These features are well shown in Mayes (1976). G. polita is retained herein as 
originally described.

5. Fuhrbergiella (Praefuhrbergiella) horrida horrida Brand & Malz, 1962
Figured specimen: Io 2109, female LV lat., 780 pm long, x 58, Bajocian, Bed 5, Grey Limestone Series, Cayton Bay, 
Yorkshire.
Diagnosis: Praefuhrbergiella with coarse, sharp-edged, reticulation. Small marginal spines often present.
Range: Bajocian. G. polita and G. scitula Ostracod zones (= top part of sauzei and humphriesianum Ammonite zones), 
lower and upper divisions of the Grey Limestone Series of NE Yorkshire.
Remarks: In NW Germany, the stratigraphical range of this species is restricted to the romani and blagdeni 
Ammonite subzones.

6. Ljubimovella piriformis Malz, 1961
Figured specimen: Io2106, car., rt. lat., 750 pm long, x 60, Bajocian, Bed 7, Grey Limestone Series, Hawsker, Yorkshire. 
Diagnosis: Ljubimovella with piriform carapace having prominent postero-ventral spine. Antero-ventral spine(s) also 
present. Shell surface smooth.
Range: Bajocian. G. scitula Zone (humphriesianum Ammonite Zone), upper division of the Grey Limestone Series 
of NE Yorkshire. In Germany, it is recorded earlier, from the sauzei Ammonite Zone, which would be equivalent to 
the G. polita Ostracod Zone.
Remarks: This is a rare ostracod that is stratigraphically useful when found. A second species, not yet described, 
occurs in the Bathonian of southern England. The genus appears to be restricted to the Middle Jurassic.

7 -9 , 12. Neurocythere rimosa (Depeche, 1973)
Figured specimens: 7, OS 9064, female LV lat., 540 pm long, x 83; 8, OS 9067, male LV lat., 490 pm long, x 92; 9, 
OS 9065, female car., rt. lat., 500 pm long, x90; 12, OS 9066, male RV lat., 510 pm long, x88. Early Bathonian, 
Lower Fuller’s Earth, Bath, Somerset.
Diagnosis: Neurocythere having three prominent costae; dorsal and ventral costae arched, meeting anteriorly with 
short rib extending out to anterior margin; median costae irregular with expanded diamond-shaped development 
just behind valve centre, apex of diamond joined to dorsal costa by short rib. Intercostate regions coarsely reticulate. 
Eye swelling connected by oblique rib to short anterior rib.
Range: Bathonian. N. rimosa-F. blakeana Ostracod zones. Neurocythere rimosa characterizes the Lower Fuller’s 
Earth of England and the Lower Bathonian of Normandy, but the species ranges up into the Upper Bathonian of 
southern England. As a zone fossil, its acme is in the Lower Fuller’s Earth, where the zone is divided into three 
subzones: (1) an upper M. postangusta Subzone; (2) a median E. batei Subzone; and (3) a basal N. rimosa Subzone 
(Sheppard 1981a, b).

10, 11. Neurocythere bessinensis (Depeche, 1973)
Figured specimens: 10, OS 9061, female LV lat., 600 pm long, x75; 11, OS 9063, male RV lat., 650 pm long, x69. 
Lower Bathonian, Lower Fuller’s Earth, Bath, Somerset.
Diagnosis: Carapace with three prominent costae; dorsal and ventral costae arched, median costa oblique and extend
ing to anterior margin. Intercostal areas coarsely reticulate. Eye node distinct.
Range: Early-middle Bathonian. N. rimosa to base S. polonica zones (= zigzag-morrisi Ammonite zones), encom
passing the Lower Fuller’s Earth and Fuller’s Earth Rock. In Normandy, this species is restricted to the Passage Beds 
and to the Mames de Port-en-Bessin.
Remarks: N. bessinensis has a more limited stratigraphical range than its associated species, N. rimosa.

13, 14. Morkhovenicythereis bouvadensis (Depeche, 1969)
Figured specimens: 13, OS 9092, female LV lat., 600 pm long, x 75; 14, OS 9091, male RV lat., 640 pm long, x70. 
Bathonian, Horsecombe Vale Borehole HV15, depth 46.60 m.
Diagnosis: Morkhovenicythereis with oblique antero-dorsal depression, short postero-dorsal ridge; lateral shell surface 
wrinkled in appearance.
Range: Early-late Bathonian. N. rimosa-F. blakeana zones (= zigzag-orbis Ammonite zones).
Remarks: This species is rather more abundant in the early Bathonian than at the end of its range in the late Bathonian.

15, 16. Merocythere postangusta Sheppard, 19816
Figured specimens: 15, OS 9126, female RV lat., 540 pm long, x83; 16, OS 9127, female car., It. lat., 610 pm long, 
x74. Lower Bathonian, Horsecombe Vale Borehole 15, depth 44.80 m.
Diagnosis: Merocythere of a small size, having narrow posterior end and surface ornamentation of small subcircular 
pits. Hinge hemimerodont.
Range: Early Bathonian. Index species of the M. postangusta Subzone (N. rimosa Zone) and commonly found in the 
Lower Fuller’s Earth of southern England and in the Marnes de Port-en-Bessin, Normandy.
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17. Eoschuleridea batei Depeche, 1973
Figured specimen: OS 9123, female RV lat., 610 pm long, x74. Lower Bathonian, Lower Fuller’s Earth, Horse- 
combe Vale Borehole 15, depth 36.10 m.
Diagnosis: Eoschuleridea with triangular lateral outline and weak occular undulation. Anterior and posterior margins 
compressed. Shell surface weakly punctate more strongly developed at valve centre.
Range: Bathortian. Index species of the E. batei Subzone, where it typifies the basal part of the Lower Fuller’s Earth in 
southern England, and the Passage Beds and basal Marnes de Port-en-Bessin of Normandy (= zigzag-tenuiplicatus 
Ammonite zones).

Plate 3

1, 2. Strictocythere polonica (Blaszyk, 1959)
Figured specimens: 1, OS 9022, female LV lat., 570 pun long, x79; 2, OS 9021, female RV lat., 610 pm long, x74. 
Bathonian, Upper Fuller’s Earth, Horsecombe Vale Borehole, depth 34.90 m.
Diagnosis: Carapace oval/elongate. Shell surface with numerous, large, funnel-shaped pits corresponding to pore 
canal apertures. Sieve plates often present.
Range: Bathonian. Index species of the S. polonica Zone, recognizable at the top of the Fuller’s Earth Rock, Upper 
Fuller’s Earth, Sharps Hill Beds and the Upper Estuarine Series.
Remarks: The association of this species with Terquemula chonvillensis (Depeche, 1969) is an important feature of the 
S. polonica Zone. Bate (1978) earlier referred to T. chonvillensis as T. bradiana morphotype B.

3, 4. Kinkelinella (Ektyphocythere) parva (Oertli, 1960)
Figured specimens: 3, OS 9086, female LV lat., 470 pm long, x95, Bathonian, Lyme Bay Borehole. 4, Io 3982, 
female car., rt. lat., 410 pm long, xl 10, Bathonian, Fuller’s Earth, Bath, Somerset (Blake Collection).
Diagnosis: Small species of Ektyphocythere with triangular pattern of ridges disrupted medially by oblique 
median depression.
Range: Bathonian. This species is of little biostratigraphical importance, but is included here as it appears to be the last 
(youngest) representative of the genus.

5. Lophocythere batei Malz, 1975
Figured specimen: OS 9070, male LV lat., 1100 pm long, x41, Bathonian, Forest Marble, Kirtlington, Oxfordshire. 
Diagnosis: Lophocythere having prominent dorso-median, bifurcate projection; short vertical ribs and pointed 
projections variously developed. Normal pore canal open within a low conical projection. Weak intercostal 
reticulation present.
Range: Bathonian. S. polonica-M. falcata Ostracod zones (orbis-discus Ammonite zones) of the Upper Estuarine 
Series-Forest Marble in England.

6. Theriosynoecum bathonicum Sylvester-Bradley, 1973
Figured specimen: OS 9000, female LV lat., 1100 pm long, x41, Bathonian, Sharp’s Hill Beds, Sharp’s Hill, 
Oxfordshire.
Diagnosis: Carapace having two large reticulate and internally hollow tubercles on posterior half of each valve; two 
more rounded, smooth tubercles in anterior half. Shell surface reticulate.
Range: Bathonian. S. polonica Zone; only recorded from the freshwater facies of the Sharp’s Hill Beds.
Remarks: Theriosynoecum possesses large, turreted and hollow tubercles, while the genus Bisulcocypris (7,8) possess 
(where present) small, solid nodes. The distinction between the two genera is thus clear and should not be confused.

7. Bisulcocypris anglica Bate, 19676
Figured specimen: Io 2277, paratype, male car., It. lat., 1040 pm long, x43, Bathonian, bed Q, King’s Cliffe, 
Northamptonshire.
Diagnosis: Carapace oval/elongate, tapering slightly towards anterior. Ventro-lateral margin strongly convex. Shell 
surface punctate or reticulate, with a small solid node situated in posterior half in male dimorph.
Range: Bathonian. S. polonica-M. falcata zones; Upper Estuarine Series of eastern England, and White Limestone 
and Forest Marble of Oxfordshire.
Remarks: Present in freshwater facies or derived from freshwater sediments and redeposited in a 
marginal-marine environment.

8. Bisulcocypris ancasterensis Bate, 19676
Figured specimen: Io 2282, female car., It. lat., 910 pm long, x50, Bathonian, Bed R, Upper Estuarine Series, 
Ancaster, Lincolnshire.
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Diagnosis: Carapace rectangular. Shell surface punctate/reticulate; three nodes on posterior half and two nodes on 
anterior half; smaller additional nodes occur at extreme posterior and anterior.
Range: Bathonian, restricted to the S. polonica Zone, Upper Estuarine Series of eastern England.

9, 10. Klieana levis Oertli, 1957
Figured specimens: 9, OS 9007, female, LV lateral view, 630 pm long, x 7 1; 10, Io 2522, male LV lat., 740 pm long, 
x61, Bathonian, Upper Estuarine Series, Kings Cliffe, Northamptonshire.
Diagnosis: Carapace oval/elliptical, tapering to the posterior. Ventro-lateral border alate. Shell surface smooth with 
weak striae in dorsal and ventral regions.
Range: Bathonian. S. polonica and F. blakeana zones in England, occurring in the Upper Estuarine Series and the 
Hampen Marly Beds (brackish water facies) and in the Upper Bathonian of Poitou, France (non-marine facies).

11. Micropneumatocythere subconcentrica (Jones, 1884)
Figured specimen: OS 9042, female LV lat., 490 pm long, x 92, Bathonian, Upper Estuarine Series, Dane Hill, near 
Oxford.
Diagnosis: Micropneumatocythere with broadly arched dorsal margin. Weak longitudinal ridges on ventral surface extend 
on to ventro-lateral surface, turning upwards anteriorly and posteriorly. Lateral surface may show weak reticulation. 
Range: Bathonian. S. polonica and F. blakeana zones; marine facies of marginal sediments such as the Upper 
Estuarine Series; common in the Upper Fuller’s Earth.
Remarks: The lateral ornamentation illustrated here is commonly lacking, individual specimens appearing smooth. 

12-14. Glabellacythere dolabra (Jones & Sherborn, 1888)
Figured specimens: 12,1 1851,lectotype, female RV lat., 640 pm long, x70; 13,11859, male car., rt. lat., 730 pm long, 
x62; 14,1 1844, female LV lat., 710 pm long, x63. Bathonian, Blue Fuller’s Earth Clay, Midford, Bath, Somerset. 
Diagnosis: Glabellacythere with robust, dimorphic carapace. Shell surface finely punctate; widely scattered, large, cir
cular pits, each with a circular normal pore canal opening.
Range: First appears in the S. polonica Zone, reaches its acme in the F. blakeana Zone (Upper Fuller’s Earth of 
Midford, Bath) and ranges up into the Callovian (lamberti Ammonite Zone).

15, 16. Schuleridea (Eoschuleridea) trigonalis (Jones, 1884)
Figured specimens: 15, In 49001, female, RV lat., 660 pm long, x68; 16, In 48998, female car., It. lat., 670 pm long, 
x 67, Bathonian, Upper Fuller’s Earth, Vemham Wood, Odd Down near Bath, Somerset (Sylvester-Bradley Collection). 
Diagnosis: Carapace trigonal in lateral outline with dorsal margin stretching in a straight line from umbonate anterior 
cardinal angle to posterior end of valve.
Range: Bathonian. Upper Fuller’s Earth-Forest Marble (S. polonica-M. falcata zones).

17, 18. Glyptocythere oscillum (Jones & Sherborn, 1888)
Figured specimens: 17, OS 9036, male LV lat., 740 pm long, x 61, Bathonian, Horsecombe Vale Borehole 15, depth 10- 
10.30 m. 18,1 1849, holotype, female RV lat., 530 pm long, x 85, Bathonian, Blue Fuller’s Earth Clay, Bath, Somerset. 
Diagnosis: Glyptocythere having surface ornamentation of three lateral ribs separated by two, broad furrows. Median 
rib broken medially, anterior half with rounded swelling at its median end. Ribs broad, rounded.
Range: Found in marine sediments of the Upper Bathonian; its first appearance in Britain provides a datum whereby 
the upper part of the Estuarine Series, the Oyster Marl and Rhynchonella Bed of the Sharp’s Hill Beds and the upper 
part of the Upper Fuller’s Earth may be precisely correlated.

Plate 4

1. Micropneumatocythere quadrata Bate, 19676
Figured specimen: OS 9044, female car., It. lat., 620 pm long, x72, Bathonian, Upper Estuarine Series, Kingscliffe, 
Northamptonshire.
Diagnosis: Micropneumatocythere with subquadrate, rather deep carapace (elongate in male dimorph). Cardinal 
angles prominent. Shell surface punctate.
Range: Bathonian. Restricted to the S. polonica Zone as represented by the brackish marine facies of the Upper Estu
arine Series.

2. Micropneumatocythere falcata Sheppard, 1978c
Figured specimen: OS 9059, female car., rt. lat., 450 pm long, xlOO, Bathonian, Fuller’s Earth, Lyme Bay Borehole, 
Dorset, depth 10.00 m.
Diagnosis: Micropneumatocythere with sickle-shaped dorsal outline in female dimorph; anterior broadly rounded, 
posterior triangular. Shell surface smooth with large, widely spaced pore canals. Several parallel ridges running 
along ventral and ventro-lateral surfaces.

(continued on p. 222)



MIDDLE JURASSIC (AALENIAN-BATHONIAN) 221

Plate 3



222 R. H. BATE

Range: Bathonian. Typifying the Forest Marble and the top part of the White Limestone of Oxfordshire, this species is 
the index species of the M . f a l c a t a  Ostracod Zone. It also occurs in the Duntulm Formation of the Great Estuarine 
Group of Skye, indicating a possible correlation between the succession in Scotland and that of southern England. 
Remarks: The presence of P r o g o n o c y th e r e  le v ig a t a  throughout the Duntulm Formation suggests a correlation with the 
Upper Estuarine Series of eastern England. Thus, the presence of M . f a l c a t a  at the top of the Duntulm Formation would 
support the correlation of the upper section with the Forest Marble of Oxfordshire.

3, 4. Micropneumatocythere brendae Sheppard, 19786
Figured specimens: 3, OS 9048, female LV lat., 480 pm long, x 94; 4, OS 9050, male RV lat., 560 pm long, x 80, 
Bathonian, Upper Fuller’s Earth Clay, Horsecombe Vale Borehole 15, depth 15.10-15.40 m.
Diagnosis: Ornate species of M ic r o p n e u m a to c y th e r e ; reticulation comprising three or four-sided pits. Dorsal margin 
highly arched with steep postero-dorsal slope. Carapace strongly convex with well-developed caudal process. 
Range: Bathonian. S. p o l o n i c a —F. b la k e a n a  zones; Upper Fuller’s Earth, Taynton Stone, Blisworth Limestone. 
Remarks: The holotype was obtained from the Upper Fuller’s Earth at a depth of 23.00-24.90 m in the Swainswick 
Borehole.

5, 6. Glyptocythere penni Bate & Mayes, 1977
Figured specimens: 5, OS 9032, male LV lat., 910 |xm long, x50; 6, OS 7582, female RV lat., 880 pm long, x51. 
Upper Bathonian, Forest Marble, Kirtlington, Oxfordshire.
Diagnosis: G ly p t o c y th e r e  having coarsely rugose and reticulate ornamentation, two median swellings and pinched-out 
ventro-lateral border. Hinge weakly entomodont.
Range: Bathonian. M . f a l c a t a  Ostracod Zone; the species is most abundant at the top of the Forest Marble in a 
marine facies.

7. Fastigatocythere juglandica (Jones, 1884)
Figured specimen: OS 9078, female car., rt. lat., 790 pm long, x 57, Bathonian, Upper Estuarine Series, Kingscliffe, 
Northamptonshire.
Diagnosis: Carapace with strong ornamentation of transverse ridges diverging away from the dorsal margin; coarse 
intercostal reticulae; prominent dorso-median projection in right valve; carapace with strong posterior taper.
Range: Bathonian. P . p o l o n i c a - M .  f a l c a t a  zones.
Remarks: Characteristic of a more marine environment within the Bathonian.

8, 9. Marslatourella bullata Bate, 19676
Figured specimens: 8, In 42446, female LV lat., 640 pm long, x70; 9, OS 9060, male RV lat., 740 pm long, x61, 
Middle Bathonian, Upper Fuller’s Earth, Bath, Somerset (Sylvester-Bradley Collection).
Diagnosis: Carapace bears two stubby, ventro-lateral alae on each valve. Shell surface smooth. Eye tubercles low. 
Range: Bathonian. P . p o l o n i c a - F .  b la k e a n a  zones; present in the brackish water facies of the Upper Estuarine Series 
and of the Hampen Marly Beds. It is also present in the Upper Fuller’s Earth.

10. Rectocythere sugillata (Jones & Sherborn, 1888)
Figured specimen: Io 3930, RV lat., 510 pm long, x 88, Bathonian, Blue Fuller’s Earth Clay, Midford, Bath, Somerset 
(Winwood Collection).
Diagnosis: R e c to c y t h e r e  with surface ornament of irregular ridges, raised areas give shrivelled-up appearance. 
Coarsely pitted in well-preserved specimens.
Range: Bathonian. F. b la k e a n a  Ostracod Zone, where it is common in the Upper Fuller’s Earth. The species also 
ranges up into the Forest Marble (marine facies).

11, 12. Theriosynoecum kirtlingtonense Bate, 19656
Figured specimens: 11, Io 5957, female LV lat., 1030 pm long, x44; 12, Io 5956, male LV lat., 1050 pm long, x43, 
Upper Bathonian, Kemble Beds, Kirtlington Cement Quarry, Oxfordshire.
Diagnosis: Carapace with eight sites of tubercular development on each valve. A maximum of four posterior and two 
anterior tubercles developed in adult instars; remaining sites developed either as low swellings, small nodes 
or dormant.
Range: Late Bathonian. M . f a l c a t a  Ostracod Zone (= d is c u s  Ammonite Zone) at the top of the Forest Marble.

13, 14. Timiriasevia mackerrowi Bate, 19656
Figured specimens: 13, Io 6270, LV lat., 710 pm long, x63; 14, Io 2740, paratype, RV lat., 630 pm long, x71, Upper 
Bathonian, 0.64 m from top of Bed 15, Old Cement Quarry, Kirtlington, Oxfordshire.
Diagnosis: Carapace with greatest height posterior. Anterior marginal furrow. Costae subparallel to margins. Small 
rounded tubercles in anterior and posterior regions.
Range: Bathonian. F. b la k e a n a - M .  f a l c a t a  zones; this species occurs in the lower part of the White Limestone and at 
the top of the Forest Marble in a facies representing a brackish-marine environment with strong freshwater influences.
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Bate (1978, p. 254) commented of the Great Estuarine 
Group succession from the Inner Hebrides, Scotland 
(Fig. 1) that it ‘is so imperfectly known with 
respect to its ostracod fauna that it is one area in 
urgent need of investigation’. This was rectified by 
Wakefield (1991, 1994) in which the largest fresh
water and brackish water ostracod fauna from 
the British Bathonian was described, particularly 
with respect to the number of darwinulid and lim- 
nocytherid species. However, the similarity with 
freshwater and brackish water ostracod assem
blages recorded in the English Midlands, although 
generically high, was specifically low. Studies 
recording freshwater and brackish water ostracods 
from the English Midlands, and therefore of com
parative interest, are those of Bate (1965, 1967), 
Ware (1978), Stephens (1980), Ware & Whatley 
(1980), Ware & Windle (1981), Jacovides (1982), 
Timberlake (1982), Barrington (1986), and Stride
(1994). Figure 2 illustrates the stratigraphical cover
age of these studies and their overlap with the Great 
Estuarine Group succession. The development of 
such brackish water ostracod faunas during the 
Bathonian was discussed in Whatley (1990).

History of research
Prior to work by this author (Wakefield 1991, 1994) 
few detailed records of ostracods were made from 
the Great Estuarine Group, although Stevens (1985) 
described G l y p t o c y t h e r e  r a a s a y e n s i s  from the Gar- 
antiana Clay immediately beneath the Great Estuarine 
Group. The first record of ostracods in what was 
then the ‘Estuarine Series’ simply recorded cyprids 
as being present (Tate 1873). Likewise Hudson 
(1963a) mentions only that ostracods were present, 
although P r o g o n o c y t h e r e  and F u h r b e r g i e l l a  were 
subsequently recorded by Hudson (1966), in what 
was to become the Kildonnan Member of the Lealt 
Shale Formation (Harris & Hudson 1980). Kilenyi 
(1972) reported T h e r i o s y n o e c u m  (now T h e r i o s y n o e -  

c u m  c o n o p i u m  Wakefield & Athersuch, 1990), 
D a r w i n u l a  and C y t h e r i d e a l  from the Kilmaluag 
Formation. Andrews (1984) records T h e r i o s y n o e c u m ,  

D a r w i n u l a ,  S t e n e s t r o e m i a  and two indeterminate 
cytheroidean genera from the Kilmaluag Formation. 
Note that the Kilmaluag Formation was originally 
termed the ‘Ostracod Limestones’ in recognition of

the occurrence of numerous centimetre-thick ostra
cod shell lags (Hudson 1962).

Principal collections
Type material from Wakefield (1994) is housed at 
The Natural History Museum, London (all this 
material has the prefix OS). Samples and residues 
yielding ostracods from that study can be accessed 
via the Department of Geology, University of Leice
ster. A small number of specimens of F r o n s l a r v a t a  

c h a m a e l e o n  and G l y p t o c y t h e r e  i n v e r s a l i t e r a  are 
housed in the Senckenberg Museum, Frankfurt. 
The slides containing this material have the 
prefix SMF Xe 14967 and SMF Xe 14968, 
respectively.

Stratigraphy
The term Great Estuarine Series (Judd 1878) was in 
use until Harris & Hudson (1980) revised the strati
graphy. The seven constituent formations were 
renamed, type sections defined and the succession 
was raised from series to group status. The nomen
clature of Harris & Hudson (1980) is used herein 
(Fig. 3).

The succession has historically been assigned a 
Bathonian age because of its stratigraphical relation
ship with the underlying Garantiana Clay Member, 
Bearreraig Sandstone Formation of Bajocian age 
(Morton & Died 1989) and the overlying Staffin 
Bay Formation of Callovian age (Riding 1992). 
The absence of marine faunas within the Great 
Estuarine Group means that correlation with other 
British Bathonian successions has generally been 
based on lithofacies analysis. Andrews (1985) and 
Andrews & Walton (1990) indicated the lithostrati- 
graphical equivalence of the Duntulm Formation 
and White and Blisworth Limestone formations 
of England ( h o d s o n i ,  m o r r i s i  and s u b c o n t r a c t u s  

Ammonite zones; Figs 2 and 3). The Kilmaluag and 
Skudiburgh formations were correlated by Andrews 
(1985) with the Forest Marble and Blisworth Clay 
formations (o r b i s - h o l l a n d i  Ammonite zones; 
Figs 2 and 3), while Wakefield (1994) indicated that 
the Lealt Shale Formation was lithostradgraphically 
equivalent to the Upper Estuarine Series (now the 
Rutland Formation; see Cox & Sumbler 2002).

From: Whittaker, J. E. & Hart, M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 225-240. 
1747-602X/$15.00 (<) The Micropalaeontological Society 2009.
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Fig. 1. The outcrop of the Great Estuarine Group (shaded black) in the Inner Hebrides of Scotland, showing the 
localities mentioned in the text.
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Fig. 2. Lithostratigraphical correlation of Bathonian strata from the English Midlands highlighting successions from 
which freshwater and brackish-water ostracods have been analysed. The lithostratigraphy of the Great Estuarine Group, 
Inner Hebrides, Scotland, is also shown to enable an approximate correlation with the English successions. English 
stratigraphy after Bradshaw (1978), Torrens (19807?), Boneham & Wyatt (1993), Fenton et al. (1994, 1995), Sumbler 
(1996) and Cox & Sumbler (2002). Although Bradshaw (1978) correlates the Wellingborough Member, through a 
combination of facies analysis and regional mapping, with the Taynton Limestone Formation, correlation of the other 
Rutland Formation ‘rhythms’ is approximate (see discussion in Wyatt 1998). The traditional sub-boreal ammonite zones 
are used rather than the sub-Mediterranean zones applied by Page (1996) for the type Bathonian successions in southern 
Britain. The vertical scale reflects the chronostratigraphical duration of the ammonite zones after Hardenbol et al. 
(1998). Large asterisks (*) indicate ammonite dating evidence. Relevant ostracod studies are indicated by Roman 
numerals: I, Tarlton (Timberlake 1982); II, Kirtlington (Bate 1965; Ware 1978; Ware & Whatley 1980; Jacovides 
1982); III, Shipton on Cherwell (Stephens 1980; Barrington 1986); IV, Ketton Area (Bate 1967; Stride 1994).

However, current dating of the Rutland Formation 
suggests that it is the temporal equivalent to the Cul- 
laidh Shale-Elgol Sandstone-Lealt Shale succes
sion (Figs 2 and 3) (Riding 1982; Fenton et al. 
1994, 1995; Cox & Sumbler 2002).

Supportive evidence for these correlations is pro
vided by Chen & Hudson (1991) who noted that 
the conchostracan Antronestheria kilmaluagensis,

common in the Kilmaluag Formation and with 
single occurrences in the Duntulm and Valtos Sand
stone formations, also occurred in the late Bathonian 
of the Porcupine Basin and the Blisworth Clay in 
Lincolnshire (Fig. 2).

Palynological analyses reported in Wakefield 
(1994) confirmed a Bathonian age based on the pre
sence of the pollen Quadraeculina anellaeformis
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Fig. 3. Ostracod biostratigraphy of the Great Estuarine Group, Inner Hebrides, Scotland. The ostracod ranges are given 
relative to the Great Estuarine Group lithostratigraphy. Correlation to the standard sub-boreal ammonite zones is 
approximate apart from the basal Cullaidh Shale Formation and the Duntulm Formation (see discussion in the text). 
Taxa marked * are only known in the Cullaidh Shale Formation at locality 1 (see discussion in the text). No ostracods 
have been recorded from the Elgol Sandstone Formation.

and the dinoflagellate cyst Hapsidaulax margar- 
ethae. However, Riding et al. (1991) definitively 
dated the Duntulm Formation as being older than 
the discus and orbis zones, and most probably 
being hodsoni Ammonite Zone in age.

Localities

The Great Estuarine Group sensu stricto is geo
graphically limited to the Inner Hebrides of 
Scotland (Fig. 1). Note, however, that Morton 
(1989, 1990) uses the ‘Great Estuarine Group’ as

a sequence stratigraphic unit, his unit E with 
three upward-coarsening genetic sequences. This 
sequence stratigraphic approach has subsequently 
been applied to other non-marine Bathonian succes
sions contained within the contiguous Jurassic 
basins along the western side of the British Isles 
by Trueblood & Morton (1991), Trueblood (1992) 
and Morton (1993).

The Great Estuarine Group sample localities for 
material illustrated in Plate 1 are listed below in stra- 
tigraphical order. The following information is 
given for each locality; geographical location,
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national grid reference, lithostratigraphical position 
and reference to published lithostratigraphical logs.

L o c a l i t y  I . Type section of the Kildonnan Member, 
Eigg (Harris & Hudson 1980). NM 459 870. Kildon
nan Member, Lealt Shale Formation. A measured 
section appears in Emeleus (1997, appendix 1). At 
that time it still appeared that the Algal Bed 
(marker bed between the Kildonnan and Lonfeam 
members) was immediately above a low-angle slip 
plane and had been eroded away. However, 
Hudson & Wakefield (1999) have now recorded a 
complete upper section for the succession. The 
section is exposed at low tide in the boulder beach 
and the amount visible varies as the boulders are 
moved by storms. Fossil preservation, although deli
cate, is excellent with aragonitic shells being well 
preserved (Tan & Hudson 1974; Patterson 1999; 
Holmden & Hudson 2003). See Emeleus (1997. 
p. 24) for a geological sketch map of the fragmented 
exposure at this locality.

L o c a l i t y  2 . North Shore, Eigg. NM 469 904-475 
908. Kildonnan and Lonfearn members of the Lealt 
Shale Formation. A measured section appears in 
Emeleus (1997, appendix 2), which gives a possible 
bed-level correlation to the Kildonnan Member 
type section. The section is exposed at low tide in 
the boulder beach, but is fragmentary owing to the 
large number of Tertiary intmsions.

L o c a l i t y  3 . Allt na h’ Airde Meadhonaich also known 
as the Shieling Burn, Eigg. NM 497 888. This stream 
section, starting at the shoreline, exposes the upper 
part of the Lonfearn Member, Lealt Shale Formation 
through to the base of the Valtos Sandstone For
mation. A measured section appears in Emeleus 
(1997, appendix 3). As with locality 1, aragonitic 
material is well preserved.

L o c a l i t y  4 .  Type section of the Lonfeam Member 
(Harris & Hudson 1980), Rudha nam Braithairean, 
also known as Brothers Point, Trotternish, Skye. 
NG 526 625. Kildonnan and Lonfeam members, 
Lealt Shale Formation. A measured section appears 
in appendix 1 of Wakefield (1991). The Kildonnan 
Member portion of this section is exposed only at 
low tides.

L o c a l i t y  S . Camas Mor, Muck. NM 406 792. Upper 
part of Valtos Sandstone Formation and the lower 
part of the Duntulm Formation. A measured 
section appears in Emeleus (1997, appendix 4). 
Low tides are required to expose the lowest part of 
the Duntulm Formation and the Valtos Sandstone 
Formation.

L o c a l i t y  6 . River cliff of the Bay River tributary, 
Loch Bay, Watemish, Skye. NG 270 537. Duntulm

Formation. A measured section appears in appendix 
1 of Wakefield (1991).

L o c a l i t y  7. Type section of the Kilmaluag For
mation (Harris & Hudson 1980), Port Gobhlaig, 
Kilmaluag Bay, Trotternish, Skye. NG 437 752. 
Only exposed at low tides. A measured section 
appears in Andrews (1984), while a graphical log 
appears in Andrews (1985).

L o c a l i t y  8 . Prince Charles’s Point, Trotternish, Skye. 
NG 376 666. Kilmaluag Formation. A measured 
section appears in Andrews (1984), while a graphical 
log appears in Andrews (1985). These beds were 
placed in the upper part of the formation (Andrews
1985).

Taxonomic considerations

The Darwinulidae

Darwinulids are an ancient asexual group in which 
no definitive male specimens have been recorded 
until recently (Smith e t  a l .  2006). The type species 
of the predominant genus in that family, D a r w i n u l a ,  

has recently been redescribed, such that the original 
diagnosis, particularly with respect to the right 
valve overlapping the left, has been reaffirmed 
(Rossetti & Martens 1996). This revision requires 
that many species previously assigned to D a r 

w i n u l a  -  including all those of Wakefield (1994),
i.e. those that have the left valve overlapping the 
right -  be removed from D a r w i n u l a .  Rossetti & 
Martens (1998) described three new genera within 
the Darwinulidae, namely A l i c e n u l a ,  P e n t h e s i l e -  

n u l a  and V e s t a l e n u l a .  P e n t h e s i l e n u l a  has teeth 
near to the inner margin of the left valve, a small 
tooth at the anterior end of the vetrum, while the 
position of the posterior tooth varies between the 
ventral ( a f r i c a n a  group) and the posterior margins 
( i n c a e  group). V e s t a l e n u l a  has an anteroventral 
tooth near to the inner margin of the left valve and 
an external posteroventral keel on the right valve. 
These teeth while not serving as true hingements 
do prevent the valves from closing too far, as does 
the external keel in V e s t a l e n u l a .  A l i c e n u l a , although 
not originally described as having teeth in the left 
valve, has now been shown to have a low-amplitude 
elongate anteroventral ridge-like tooth near the edge 
of the inner margin and a posterior marginal tooth 
(see images of A l i c e n u l a  l e g u m i n e l l a  in Martens 
e t  a l .  2003), while the adductor muscle scar is posi
tioned more anteriorly of the middle length than in 
either P e n t h e s i l e n u l a  or V e s t a l e n u l a .

Examination by the author of type populations 
from the taxa originally assigned to D a r w i n u l a  

in Wakefield (1994) and from the type level of 
what Bate (1967) named D a r w i n u l a  i n c u r v a ,  has
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confirmed the presence of teeth in similar positions 
to those seen in A l i c e n u l a .  Therefore, all of the 
Darwinulidae included in Wakefield (1994) and 
this work are assigned to A l i c e n u l a .

The Limnocytheridae

Colin & Danielopol (1978, 1980) considered B i s u l -  

c o c y p r i s  a junior synonym of T h e r i o s y n o e c u m ,  

which is followed herein. All limnocytherids are 
known to show wide variation in the development, 
both presence/absence and size, of certain morpho
logical features, in particular nodes and alar projec
tions. Sohn & Anderson (1964) noted the constancy 
in position of the nodes of T h e r i o s y n o e c u m  f i t t o n i  

(Mantell, 1844) throughout its ontogeny, and 
suggested a genetic control, as has Kilenyi (1972) 
for specimens that are now referred to T . c o n o p i u m .  

When defining T . c o n o p i u m  Wakefield & Athersuch 
(1990; figs 6 and 7) noted qualitative differences 
between T h e r i o s y n o e c u m  species in the position of 
pores/nodes and their proposed ‘generic pore-net’. 
However, do Carmo e t a l .  (1999), although correctly 
detailing developmental variation in the nodes 
of T h e r i o s y n o e c u m  k i r t l i n g t o n s e n . s e  Bate, 1965, 
incorrectly, in this author’s opinion, synonomized 
T h e r i o s y n o e c u m  a n c a n s t e r e n s i s  (Bate, 1967), 
T h e r i o s y n o e c u m  a n g l i c a  (Bate, 1967), /'. c o n o p i u m  

and T h e r i o s y n o e c u m  s a g e n a  Wakefield, 1994, all of 
which have overlapping stratigraphical ranges, into 
T . k i r t l i n g t o n e n s e . Although implicitly chastising 
previous authors for ignoring the variable develop
ment of noding in different populations of the 
various species and, therefore, misidentifying 
species, they themselves apparently ignored the 
variation in the relative positions of the nodes in 
each species they wished to synonomize. Until the 
quantitative mapping of this pore-net in these 
species has been undertaken, their original specific 
designations should be retained and are used in 
this publication (see detailed morphometric ana
lysis of T . k i r t l i n g t o n e n s e  in Timberlake 1982; 
manuscript now housed in The Natural History 
Museum, London).

Ostracod biostratigraphy
Wakefield (1994) did not record ostracods from 
either the Cullaidh Shale or Elgol Sandstone for
mations. Recent unpublished investigations by 
the author have recorded A l i c e n u l a  p u l m o  and 
L i m n o c y t h e r e  i n c e r n i c u l u m  in the upper part of the 
Cullaidh Shale at Port na Cullaidh, Elgol, Strathaird, 
Skye (NG 517 138; Fig. 1). Hudson (1962) 
suggested that the Complex Bed (Bed 4) Kildonnan 
Member Type Section, locality 1 (Emeleus 1997, 
appendix 1) may be the lateral equivalent of the

Elgol Sandstone Formation. If this is the case then 
F r o n s l a r v a t a  c h a m a e l e o n ,  L i m n o c y t h e r e ?  s p u m i d a  

and G l y p t o c y t h e r e  i n v e r s a l i t e r a  also range into the 
Cullaidh Shale Formation (Fig. 3), although they 
have only been recorded in this position in the 
Kildonnan Member Type Section (Wakefield 
1994, fig. 46).

The Lealt Shale Formation, by comparison, con
tains the most diverse ostracod fauna from the Great 
Estuarine Group (Wakefield 1994); of the 41 species 
recorded in the Great Estuarine Group by Wakefield 
(1994) 11 occur in the Kildonnan Member, and 15 
occur in the Lonfearn Member. Each member has 
a different ostracod fauna, with no species occurring 
in both members.

The Kildonnan Member is dominated by
A . p u l m o  and L . i n c e r n i c u l u m .  F . c h a m a e l e o n  

occurs in the lower portion of the member. G. i n v e r 

s a l i t e r a , L ?  s p u m i d a  and A c a n t h o c y t h e r e  e l o n g a t a  

are generally characteristic of the central portions 
of the member. P r o g o n o c y t h e r e  m i l l e r i  is strati- 
graphically diagnostic of a single horizon towards 
the top of the member in both the Sea of the 
Hebrides and Inner Hebrides basins (Wakefield
1994) that was interpreted as a regional salinity 
event (Wakefield 1995a).

The Lonfearn Member shows a marked faunal 
change from the Kildonnan Member. The boundary 
between the two members is a distinctive stromato- 
litic limestone that contains numerous horizons 
with pseudomorphs after gypsum, indicating desic
cating conditions across both the Sea of the 
Hebrides and Inner Hebrides basins (Hudson 1970). 
Given the total change of the ostracod fauna across 
this horizon, combined with a ‘marine’ flooding 
surface immediately overlying the stromatolite 
(Wakefield 1995a), it is suggested that this 
horizon is a candidate sequence boundary overlain 
by a candidate maximum flooding surface. The 
‘flooding’ surface contains the highest salinity 
fauna recorded in the Lonfearn Member (Wakefield 
1995a), including G l y p t o c y t h e r e  s u t h e r l a n d i  and 
G l y p t o c y t h e r e  d e x t r a n o v a c u l a .  Immediately above 
this basal level reduced salinity conditions were 
re-established, with A l i c e n u l a  p h a s e l u s , L i m n o 

c y t h e r e  e i g g e n s i s  and T h e r i o s y n o e c u m  f i m b r i a c h e l a  

being dominant. G l y p t o c y t h e r e  s h i e l i n g e n s i s  and 
T h e r i o s y n o e c u m  r a m o c u s p i s  occur in both the 
upper portion of the Lonfearn Member and the 
lower portion of the overlying Valtos Sandstone 
Formation.

The Valtos Sandstone Formation, deposited as a 
series of prograding deltas (Harris 1992), has a 
sparse, long-ranging ostracod fauna, although the 
lower and upper portions are taxonomically distinct. 
P r o g o n o c y t h e r e  l e v i g a t a  makes its first appearance 
in the upper portion (Division F) of the Valtos 
Sandstone Formation (locality 5), interpreted as
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a flooded, brackish-marine, abandoned delta 
top. Similar brackish-marine conditions continued 
throughout most of the Duntulm Formation 
(Hudson 1963a; Andrews & Walton 1990), which 
is dominated by P .  l e v i g a t a , with occasional fresh
water intercalations containing A l i c e n u l a  i n c u r v a .

The ostracod fauna of the Kilmaluag Formation 
is similar to that recorded from the Duntulm For
mation; P . l e v i g a t a  and A. i n c u r v a , with 7. c o n o p i u m  

appearing in freshwater intercalations towards the 
top of the Duntulm Formation. All three species 
occur throughout the Kilmaluag Formation, with
A . i n c u r v a  and T . c o n o p i u m  dominant, and P .  

l e v i g a t a  confined to a small number of brackish- 
marine horizons.

K l i e a n a  w i l l i a m s i  and A l i c e n u l a  c i c a t r i c o s a  

occur towards the top of the Kilmaluag Formation, 
while no ostracods have been recorded from the sub
aerial deposits of the Skudiburgh Formation.

Correlation with other Bathonian 
successions using ostracods

Traditionally, Bathonian stratigraphy in Great Britain 
has been predominantly correlated using ammonites 
referred to the ‘sub-boreal’ scheme of Torrens
(1969) and Parsons (1974, 1977). Ammonites are 
scarce (Torrens 1980b), so applying the ‘sub-boreal’ 
scheme has proven difficult, although not impossible 
(e.g. Boneham & Wyatt 1993). The usual means of 
correlating Jurassic rocks using ammonites has 
proven difficult in the Bathonian, due in part to the 
often marginal-marine deposits of the English 
Midlands. This is also tme of the Great Estuarine 
Group, from which no ammonites have been recor
ded. More recently, Page (1996) has utilized the ‘sub- 
Mediterranean’ ammonite scheme for southwestern 
England (Dorset-Devon). This latter scheme, 
although used in the area around Bath by Wyatt 
(1998), has not been applied in the English Midlands 
or Scotland, a task outside the scope of this chapter. 
Therefore, reference in this chapter is made to the 
‘sub-boreal’ scheme alone.

In an attempt to define a widely applicable biozo
nation scheme for the English Bathonian, Bate (1978) 
produced an ostracod biozonation scheme that was 
subsequently modified by Sheppard (1981b). Shep
pard reduced Bate’s scheme from eight to five zones 
and, although anecdotally noting provincialism of 
some of the ostracod fauna, correlated the Bathonian 
rocks of Dorset and Kent in southern Britain with 
those of northern France. However, the application 
of this zonation scheme was immediately questioned 
by Torrens (1980a). The fauna documented by 
Sheppard (1981a, b) was essentially marine. None 
of the freshwater darwinulid and limnocytherid 
ostracod faunas from the Bathonian was recorded,

although many euryhaline brackish tolerant progono- 
cytherids were.

Wakefield (1994) recorded minimal faunal links 
between the Bathonian ostracod assemblage from 
the Inner Hebrides and the ostracod assemblages 
of southern Britain. However, the similarity was 
most notable with the Rutland Formation (Fig. 2). 
The sampling of Bate (1967) and Stride (1994) 
from the Rutland Formation, as discussed below, 
is placed into the various rhythms of that formation 
using data in Hudson & Clements (2007).

•  M i c r o p n e u m a t o c y t h e r e  f a l c a t a  Sheppard, 1978 
(also known from Oxfordshire, Kent and 
Dorset). This is a zonal index fossil from 
Sheppard (1981b) and is equivalent to the d i s c u s  

Ammonite Zone. In the Hebrides it is recorded 
in the upper parts of the Duntulm Formation, 
which is known to have a pre - d i s c u s  age (see 
previous discussion). However, Sheppard (1978) 
gives a stratigraphical range from the top of the 
White Limestone Formation and throughout 
the Forest Marble Formation, which, given the 
correlation shown in Figure 2, may be consistent 
with the Hebridean occurrences.

• P r o g o n o c y t h e r e  l e v i g a t a  Bate, 1967 (also 
known from Leicestershire, Northamptonshire 
and Oxfordshire). The occurrence of P .  l e v i g a t a  

in the upper Valtos Sandstone, Duntulm and 
Kilmaluag formations (the first two formations 
being dated as h o d s o n i  Ammonite Zone or 
older) does overlap with the h o d s o n i  Ammonite 
Zone dating of Bate (1978, p. 249), although its 
range appears longer in the Hebrides. However, 
P . l e v i g a t a  has been recorded in the lower part 
of the Casterton Rhythm (Stride 1994: sample 
KE5), which may have a p r o g r a c i l i s  Ammonite 
Zone age (Fig. 2), and in the Ketton Rhythm 
(Bate 1967: Bed H), which may have a t e n u i p l i -  

c a t u s  Ammonite Zone age. These age determi
nations are broadly supported by palynological 
evidence (Riding 1982; see also comments in 
Cox & Sumbler 2002).

•  A l i c e n u l a  i n c u r v a  (Bate, 1967) (also known 
from Leicestershire, Northamptonshire and 
Oxfordshire). Bate (1978, p. 222) gives an intra- 
h o d s o n i  Ammonite Zone age. It occurs in the 
Duntulm and Kilmaluag formations (h o d s o n i -  

o r b i s  Ammonite zones; Fig. 3). Its occurrence 
in the Wellingborough Member of the Rutland 
Formation (Bate 1967; Stride 1994), through 
to the Forest Marble Formation (Ware 1978; 
Timberlake 1982), a p r o g r a c i l i s - h o l l a n d i  

Ammonite Zone range, appears slightly longer 
than that recorded in the Hebrides.

• P r o g o n o c y t h e r e  k i n g s c l i j f e n s i s  (Bate, 1967) (also 
known from Leicestershire, Northamptonshire 
and Oxfordshire) occurs in the upper Valtos
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Sandstone Formation through the Duntulm and 
Kilmaluag formations ( s u b c o n t r a c t u s - o r b i s  

Ammonite zones), and in the Rutland Formation 
(Wellingborough Member and younger rhythms; 
p r o g r a c i l i s - s u b c o n t r a c t s  Ammonite zones).

While the ostracod zonation of Sheppard (1981/?) 
may be applicable to the more marine settings of 
southern Britain and parts of continental Europe, a 
greater knowledge of the stratigraphical ranges of 
marginal-marine and of non-marine ostracod 
faunas is required before the scheme can be wholly 
accepted.

In late Bathonian sediments of the Porcupine 
Basin that Morton (1989, 1990), Trueblood & 
Morton (1991) and Trueblood (1992) assign to the 
‘Great Estuarine Group’, Athersuch (1989) described 
L i m n o c y t h e r e  h i b e r n i c a  in association with T h e r i o s y -  

n o e c u m  and D a r w i n u l a  (based on material made 
available to the current author during his BP/NERC 
sponsored doctoral studies, this is most probably 
A . i n c u r v a ) .  Flowever, L . h i b e r n i c a  occurs in neither 
the Great Estuarine Group nor the English Midlands.

Palaeoecology and palaeoenvironments
The seven formations of the Great Estuarine Group 
were all deposited under paralic non-marine-  
marginal-marine conditions; see Hudson (1980) 
and Hudson e t  a l .  (1995) and references therein. 
The majority of the succession was deposited in 
lagoons of varying salinity; predominantly fresh
water in the Cullaidh Shale, Lealt Shale and Kilma
luag formations, and brackish-marine in the 
Duntulm Formation. The Skudiburgh Formation 
was subaerially deposited (Andrews 1985). The 
Elgol Sandstone and Valtos Sandstone formations 
are interpreted as lagoonal deltas (Harris 1989,
1992). Lateral facies variations over the outcrop of 
some 90 km are remarkably small, with several indi
vidual beds, e.g. the algal stromatolite at the top of 
the Kildonnan Member, being traceable over the 
entire outcrop (see also Andrews & Walton 1990 
for a high-resolution facies analysis and correlation 
of the Duntulm Formation).

The majority of palaeoecological studies have 
been undertaken on the Lealt Shale Formation, 
and the Kildonnan Member in particular because it 
is the most fossiliferous portion of the entire succes
sion (Hudson 1963a, b \  Hudson e t  a l .  1995). 
However, a detailed integrated sedimentological 
and palynological study of the Duntulm Formation 
has also been undertaken (Andrews & Walton
1990), while stable isotopic studies have further illu
minated the environmental picture (Tan & Hudson 
1974; Patterson 1999; Holmden & Hudson 2003). 
In particular, the direct relationship of S180  and 
S13C trends between individual beds of the

mussel, P r a e m y t i l u s  s t r a t h a i r d e n s i s ,  have been 
interpreted as indicating direct seawater-freshwater 
mixing as the primary control on species occurrence 
(Tan & Hudson 1974; Hudson e t  a l .  1995), with 
some evaporative influence confirmed by the pre
sence of pseudomorphs after gypsum in the algal 
stromatolite at the top of the Kildonnan Member 
(Hudson 1970).

Detailed palaeoecological determinations of the 
ostracod fauna have only been published from the 
Lealt Shale Formation (Wakefield 1995a), although 
biostratinomic observations have been made in the 
Kilmaluag Formation (Wakefield 1995c). Popu
lation studies of most ostracod species from the 
Lealt Shale, and indeed most of the Great Estuarine 
Group, contain adults, both dimorphs where devel
oped, and many of the smaller juvenile instar 
stages. These studies confirm the quiescent lagoonal 
conditions described by Hudson (1963a, b ) .  Fresh
water ostracods (darwinulids and limnocytherids) 
dominate the Lealt Shale lagoons in association 
with freshwater molluscs (U n i o ) and palynomorphs 
( B o t r y o c o c c u s ) .  Higher salinities were interpreted 
where progonocytherids, G l y p t o c y t h e r e  in particu
lar, occur with P .  s t r a t h a i r d e n s i s .  Hudson e t  a l .

(1995), using integrated palaeoecological analyses, 
show how the entire biota supports such conclusions 
and reaffirm that salinity was controlled via a 
variably open link to marine waters. However, 
analysis of 87S r/86Sr and Sr/Ca ratios, and varia
tions in S180  and S13C, by Holmden & Hudson 
(2003) have indicated that the primary control on 
salinity was not a direct connection to marine 
waters, but rather evaporation of continental water 
as continental Sr signatures are dominant. They con
cluded that the Lealt Shale lagoons were nearly 
hydrologically isolated from marine waters and 
often from riverine influx. The Duntulm lagoons 
were considered to be more open to marine influ
ence. Salinity fluctuations were probably mediated 
by evaporation and precipitation in a seasonal, prob
ably Mediterranean-like climate. Seasonal flooding 
of water from supratidal peripheral marshes was 
also considered likely. Links with open marine con
ditions must also have occurred periodically.

Future research
A glaring omission with respect to Bathonian ostra
cod studies is the Brora Coal Formation that crops 
out along the east coast of Scotland. The formation 
ranges from early? Bathonian to earliest Callovian, 
with the Doll Member, an alluvial plain deposit, 
being entirely Bathonian, while the lagoonal Inver- 
brora Member straddles the Bathonian-Callovian 
boundary. Freshwater ostracods were noted 
towards the top of the Doll Member (Hurst pers.
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comm. 1987 in MacLennan & Trewin 1989). Ostra- 
cods have been recorded from the Inverbrora 
Member at both the Brora Shore Section and at 
Cadh’an Righ near Balintore by MacLennan & 
Trewin (1989), although, again, no taxonomic deter
minations were given.

The widely separated marginal-marine and non
marine successions of the British Bathonian contain 
generically similar, but specifically different, ostra- 
cod faunas. This may have been a result of varying 
hydrodynamic regimes but more specifically water 
chemistry differences. This can only be addressed 
by isotopic studies of shell material, in conjunction 
with detailed morphometric analyses of the ostracod 
faunas and probably organic geochemistry. In part, 
this has already been undertaken in the Great Estu
arine Group (Tan & Hudson 1974; Patterson 1999; 
Holmden & Hudson 2003) and the Brora Coal For
mation (Hendry & Kalin 1997; Hendry et al. 2001). 
The excellent preservation of ostracod material in 
the Rutland Formation (clear, transparent valves) 
indicates that such studies may also be possible in 
that succession as well.

Given the comments earlier and those of Torrens 
(1980a pp. 8-10), I am of the opinion that more 
work is required to improve the correlation of the 
British Bathonian strata in general, and the stratigra- 
phical applications of ostracods in particular. This 
will probably be most successfully achieved by 
employing an inclusive approach where all avail
able data (biostratigraphy of all biotas, lithostrati- 
graphy, sequence stratigraphy, 87S r/86Sr ratio 
dating of definitive marine fossils, e.g. belemnites, 
and, possibly, stable isotopes) are fully integrated.

The editors, particularly Dr J. E. Whittaker, are thanked for 
the invitation to contribute to this publication. The plate 
was electronically constructed at the Natural History 
Museum, London, using the authors original ‘110’ black & 
white negatives. Dr D. J. Home is thanked for invaluable 
discussions on the taxonomy of the darwinulids. Dr R. G. 
Clements (The Department of Geology, University of Lei
cester) is thanked for access to material from the type 
horizon of A. incurva (Bate, 1967). Mr C. Jones and 
Dr C. G. Miller provided access to comparative material 
at the Natural History Museum. Professor A. R. Lord and 
Dr I. J. Slipper are thanked for their editorial suggestions.
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All the specimens figured herein are deposited in The Natural History Museum, London (prefixed OS or Io). 
Abbreviations: car., carapace (It. lat., left lateral view; rt. lat., right lateral view).

Plate 1

1 . A l i c e n u l a  p u l m o  ( W a k e f i e l d ,  1 9 9 4 )

Figured specimen: OS 13897, holotype, adult It. lat., 1073 pm long, x42. From Bed 3h, Kildonnan Member, Lealt 
Shale Formation, Locality 1.
Diagnosis: Elongate subcylindrical carapace, tapers anteriorly. Posterior broadly and asymmetrically rounded, 
anterior appears ovate. Dorsal margin convex. Ventral margin almost straight.
Range: Cullaidh Shale Formation and Kildonnan Member, Lealt Shale Formation.
Remarks: A . p u lm o  differs from A . in c u r v a  (Bate, 1967) in its muscle scars and its lack of a ventral concavity 
(Wakefield 1996). Its posterior is also more asymmetrically rounded.

2 .  L i m n o c y t h e r e  i n c e r n i c u l u m  W a k e f i e l d ,  1 9 9 4

Figured specimen: OS 13825, holotype, female car. rt. lat., 909 pm long, x 50. From 60 cm above the base of Bed 7, 
Kildonnan Member, Lealt Shale Formation, Locality 4.
Diagnosis: Very large subrectangular L im n o c y th e r e  with strong ventrolateral alae, which terminate with a spine. 
Range: Cullaidh Shale Formation and Kildonnan Member, Lealt Shale Formation.
Remarks: Ornamental variation affects the primary muri and the presence of secondary reticulation. This appears to 
be a primary rather than a preservational effect.

3 .  F r o n s l a r v a t a  c h a m a e l e o n  W a k e f i e l d ,  1 9 9 4

Figured specimen: OS 13790, holotype, male car. rt. lat., 955 pm long, x 47. From 35 cm below the top of Bed 3g, 
Kildonnan Member, Lealt Shale Formation, Locality 1.
Diagnosis: Similar to P r a e f u h r b e r g ie l l a  and F u h r b e r g ie l la  (Brand & Malz, 1962), but with more marginal 
pore canals.
Range: Kildonnan Member, Lealt Shale Formation. Possibly the Cullaidh Shale Formation (see discussion in the text). 
Remarks: Highly variable ornamentation. Juveniles show the strongest development of secondary reticulation and 
lateral swellings. Secondary reticulation is rarely developed in adults, while ventrolateral swellings are more elongate 
but less vertically pronounced, and the mid-valve vertical swelling is reduced to a low-amplitude ridge.

4 .  L i m n o c y t h e r e ?  s p u m i d a  W a k e f i e l d ,  1 9 9 4

Figured specimen: OS 13851, holotype, male rt. lat., 691 pm long, x65. From the top 5 cm of Bed 5f, Kildonnan 
Member, Lealt Shale Formation, Locality 1.
Diagnosis: Small punctate and alate L im n o c y th e r e ? with broad U-shaped dorsal sulcate region.
Range: Kildonnan Member, Lealt Shale Formation. Possibly the Cullaidh Shale Formation (see previous discussion). 
Remarks: The alar projection is subparallel to the ventral margin, unlike other species of L im n o c y th e r e  where the alar 
projection is inclined upwards towards the dorsal margin. As such the generic assignment is questioned.

5 .  G l y p t o c y t h e r e  i n v e r s a l i t e r a  W a k e f i e l d ,  1 9 9 4

Figured specimen: OS 13776, holotype, male car. rt. lat., 673 pm long, x67. From 35 cm below the top of Bed 3g, 
Kildonnan Member, Lealt Shale Formation, Locality 1.

(continued on p. 238)
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Diagnosis: Small G ly p t o c y th e r e  with ventrolateral overhang, a prominent plicate rib along the border, and prominent 
dorsomedian inverted U-shaped solum within the reticulation. Alar projection variably developed on ventral surface of 
left valve only.
Range: Kildonnan Member, Lealt Shale Formation. Possibly the Cullaidh Shale Formation (see previous discussion). 
Remarks: Differs from the slightly older G . r a a s a y e n s i s  (Bajocian Garantiana Clay, Isle of Raasay, Inner Hebrides, 
Scotland) in being less elongate, in having a broader posterior compressed marginal zone and a prominent plicate 
ventrolateral border.

6. A c a n t h o c y t h e r e  e l o n g a t a  Wakefield, 1994
Figured specimen: OS 13816, holotype, male car. rt. lat., 891 pm long, x 51. From the top 5 cm of Bed 5f, Kildonnan 
Member, Lealt Shale Formation, Locality 1.
Diagnosis: Large elongate subrcctangular A c a n th o c y th e r e  species. Slight swelling at anterior cardinal angle with 
oblique sulcus immediately to the posterior.
Range: Kildonnan Member, Lealt Shale Formation only.
Remarks: Strongly dimorphic; males more elongate than females.

7. P r o g o n o c y t h e r e  m i l l e r i  Wakefield, 1994
Figured specimen: OS 13874, holotype, female rt. lat., 945 pm long, x 48. From the top 10 cm of Bed 6b, Kildonnan 
Member, Lealt Shale Formation, Locality 1.
Diagnosis: Elongate, strongly dimorphic P r o g o n o c y th e r e .

Range: Only known from a single horizon towards the top of the Kildonnan Member, Lealt Shale Formation, at the 
following localities: Kildonnan Member type section, North Shore Eigg, Allt na’Airde Meadhonaich, Rudha nam 
Braithairean and at the Port na Cullaidh, Elgol foreshore section.
Remarks: A key stratigraphical marker enabling correlation across the entire outcrop of the Great Estuarine Group. 
Differs from P . l e v ig a t a  in being smaller and more prominently micropunctatc. P . l e v ig a ta  has obvious large sieve 
pores, and small anterior and posterior marginal denticles. The posterodorsal slope is steeper in P . l e v ig a t a , while 
the females in P . m i l le r i  taper more to the posterior.

8. G l y p t o c y t h e r e  s u t h e r l a n d i  Wakefield, 1994
Figured specimen: OS 13770, holotype, male rt. lat., 927pm long x49. From the basal 5 cm of Bed 1, Lonfearn 
Member, Lealt Shale Formation, Locality 2.
Diagnosis: Elongate dimorphic G ly p to c y th e r e .  Ventromedian concavity overhung by ventrolateral swelling. Ventral 
and ventrolateral surfaces with six subparallel ribs, posteroventrally three of these ribs are joined together by two sides 
of a square of ribs.
Range: Only known from Bed 1 of the Lonfearn Member, Lealt Shale Formation from the North Shore Eigg and 
Rudha nam Braithairean sections.
Remarks: Wakefield (1994, fig. 11) reported some immature males (A-1) from a population taken from the type level. 
Whatley & Stephens (1977) described precocious sexual dimorphism in the Progonocytheridae, including species of 
G ly p to c y th e r e .  Probably related to G . d e x t r a n o v a c u la .

9. G l y p t o c y t h e r e  d e x t r a n o v a c u l a  Wakefield, 1994
Figured specimen: OS 13764, holotype, female rt. lat., 655 pm long, x69. From the basal 5 cm of Bed I, Lonfearn 
Member, Lealt Shale Formation, Locality 2.
Diagnosis: Medium/large unornamented species of G ly p to c y th e r e .  Ventral and ventrolateral surfaces with four-five 
subparallel ribs, one of which is greatly enlarged to form an alar projection on the right valve only.
Range: Ranges through most of the Lonfearn Member, Lealt Shale Formation.
Remarks: The prominent alar ridge and smaller size clearly differentiate the right valves of G . s u th e r la n d i  and 
G . d e x t r a n o v a c u la .  The left vales are remarkably similar but G . d e x t r a n o v a c u la  lacks the posteroventral square of 
ridges of G . s u th e r la n d i .

10. L i m n o c y t h e r e  e i g g e n s i s  Wakefield, 19956
Figured specimen: OS 13835, paratype, male It. lat., 618pm long, x73. From 20 cm above the base of Bed 7, 
Lonfearn Member, Lealt Shale Formation, Locality 4.
Diagnosis: Medium-large subrectangular, finely punctate and strongly dimorphic species of L im n o c y th e r e . Strong 
ventrolateral alar projection, with hemispherical swelling usually developed to the posterior of the alae. Weak 
median ventral concavity.
Range: Occurs throughout the Lonfearn Member, Lealt Shale Formation.
Remarks: L . in c e r n ic u lu m  (Kildonnan Member) and L . e ig g e n s i s  (Lonfearn Member) do not have overlapping strati
graphical ranges, but are morphologically similar in their early instar stages. In its later instar and adult development 
L . in c e r n ic u lu m  has a more triangular-shaped posterior, is more elongate, is larger and lacks a posterior 
hemispherical swelling.
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Figured specimen: OS 13902, holotype, adult It. lat., 1072 pm long, x42. From 20 cm above the base of Bed 11, 
Lonfearn Member, Lealt Shale Formation, Locality 4.
Diagnosis: Alicenula with arched dorsal margin and concave ventral margin. Elongate subcylindrical carapace. 
Tapers in anterior third of carapace.
Range: Occurs throughout the Lonfearn Member, Lealt Shale Formation.
Remarks: A. phaselus is more arcuate in lateral outline than the other Alicenula species from the Great Estuarine 
Group. Its muscle-scar pattern is the only one found that is symmetrical (see Wakefield 1994, fig. 37).

12. T h e r i o s y n o e c u m  f i m b r i a c h e l a  Wakefield, 1994
Figured specimen: OS 13857, paratype, juvenile It. lat., 655 pm long, x 69. From 5 cm above the base of Bed 8b; 
Lonfearn Member, Lealt Shale Formation, Locality 2.
Diagnosis: Elongate species of Theriosynoecum with four posterior marginal spines usually developed.
Range: Occurs throughout central portion of the Lonfearn Member, Lealt Shale Formation.
Remarks: T. Jimhriachela differs from T. ramocuspis in its lack of spinose cardinal angles, the development of 
secondary reticulation and in the relative positions of nodes in the pore net (see Wakefield 1994, fig. 24).

13. G l y p t o c y t h e r e  s h i e l i n g e n s i s  Wakefield, 1994
Figured specimen: OS 13785, holotype, male rt. lat., 873 pm long, x 52. From the basal 10 cm of Bed 11, Lonfearn 
Member, Lealt Shale Formation, Locality 3.
Diagnosis: Subovate, reticulate Glyptocythere, with prominent rib on the ventrolateral border that occasionally 
becomes subalate anteriorly.
Range: Only known from the type locality (Allt na h’Airde Meadhonaich, Eigg; Locality 3), where it ranges through
out the Lonfearn Member, Lealt Shale Formation and into the basal beds of the Valtos Sandstone Formation. 
Remarks: G. shielingensis differs from G. inversalitera in its much weaker development of the ventrolateral border 
plication and in lacking the dorsomedian inverted U-shaped solum in the reticulum.

14. T h e r i o s y n o e c u m  r a m o c u s p i s  Wakefield, 1994
Figured specimen: OS 13860, holotype, female It. lat., 1018 pm long, x44. From Bed 42a, Lonfearn Member, Lealt 
Shale Formation, Locality 2.
Diagnosis: Elongate species of Theriosynoecum with a single spine on each cardinal angle in the left valve. Up to six 
anterior and seven posterior marginal spines also developed only on left valve.
Range: Ranges through the upper part of the Lonfearn Member, Lealt Shale Formation and throughout much of the 
Valtos Sandstone Formation.
Remarks: T. ramocuspis differs from all the other Great Estuarine Group species of Theriosynoecum in the develop
ment of spinose cardinal angles in the left valve.

15. A l i c e n u l a  p r o t e n s a  (Wakeflefd, 1994)
Figured specimen: OS 13906, holotype, adult car. It. lat., 1182 pm long, x 38. From 3 cm above the base of Bed 3, 
Division F, Valtos Sandstone Formation, Locality 5.
Diagnosis: Elongate, ovate, subcylindrical species of Alicenula. Internally the anterior margin is constricted. Muscle 
scars with 11 segments.
Range: Upper part of the Valtos sandstone Formation.
Remarks: A. protensa is differentiated from congeneric species from the Great Estuarine Group by its more ovate 
outline and by its muscle-scar architecture.

16. P r o g o n o c y t h e r e  l e v i g a l a  Bate, 1967
Figured specimen: OS13374, male car. It. lat., 1018 pm long, x44. From Bed 4, Duntulm Formation, Locality 6. 
Diagnosis: Large Progonocythere with subquadrate, elongate and strongly punctate carapace. Small marginal denti
cles may occur anteriorly at mid-height (four) and posteroventrally (two-three), often on the right valve only. 
Range: Occurs in the uppermost portion of the Valtos Sandstone Formation, and in the Duntulm and 
Kilmauag formations.
Remarks: Adults, especially the males, from the Scottish populations are consistently larger than those in England 
(Wakefield & Siveter 1989).

17. A l i c e n u l a  i n c u r v a  (Bate, 1967)
Figured specimen: Io 2259, holotype, adult car. rt. lat., 1009 pm long, x44. From Bed Q (uppermost bed of the 
Wellingborough Rhythm), Rutland Formation, Kings Cliffe Quarry, Northamptonshire (TL 012 966).
Diagnosis: Elongate, subcylindrical Alicenula. Left valve overlaps right valve around all margins. Greatest overlap at 
ventral concavity.
Range: Duntulm-Kilmaluag formations.

11 .Alicenula phaselus (Wakefield, 1994)
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Remarks: Given the generic reassignment, the type specimen from the Rutland Formation is figured rather than 
material from the Great Estuarine Group. In addition to occurrences in the English Midlands, this species has been 
recorded globally; France (Rohr 1976), Tunisia (Mette 1995) and China (Pang & Whatley 1990). However, the 
lack of images of the adductor muscle scars to confirm that identification is worrisome (see argument in Wakefield 
1996).

1 8 . T h e r i o s y n o e c u m  c o n o p i u m  W a k e f i e l d  &  A t h e r s u c h ,  1 9 9 0

Figured specimen: OS 13463, holotype, male car. rt. lat., 1218 pm long, x 37. From the top 5 cm of Bed 7, Kilmaluag 
Formation type section, Locality 7.
Diagnosis: Elongate, strongly reticulate and dimorphic Theriosynoecum. Ventral surface has four subparallel ribs. 
These continue both anteriorly and posteriorly to form a prominent, concentrically parallel and marginally positioned 
rib pattern. Adults only very rarely have nodes (simple or castellated).
Range: Throughout the Duntulm and Kilmaluag formations.
Remarks: Both /'. anglica and T. ancasterensis resemble T. conopium. All three species display variability in the 
position of pores in the pore net (Wakefield & Athersuch 1990, fig. 6).

1 9 . K l i e a n a  w i l l i a m s i  W a k e f i e l d ,  1 9 9 4

Figured specimen: OS 13809, holotype, male rt. lat., 636 pm long, x71. From 20cm below the top of Bed 7, 
Kilmaluag Formation type section, Locality 7.
Diagnosis: Elonagte, subtrapezoid shaped and reticulate species of Klieana. Strong median concavity overhung by 
ventrolateral swelling. Ventral surface with four-five subparallel ribs, those closest to the ventral margin 
may anastomose.
Range: Kilmaluag Formation only.
Remarks: Possible precocious sexual dimorphism was reported in Wakefield (1994, fig. 30).

2 0 .  A l i c e n u l a  c i c a t r i c o s a  ( W a k e f i e l d ,  1 9 9 4 )

Figured specimen: OS 13908, holotype, adult car. rt. lat., 1006 pm long, x44. From the top 5 cm of Bed 7, Kilmaluag 
Formation, Locality 8.
Diagnosis: Elongate, subcylindrical, anteriorly tapering A licenula. Central muscle-scar rosette composed of a variable 
number of segments, usually 13, with a paired frontal scar and a triangular mandibular scar. Six dorsal scars may 
be developed.
Range: Originally only known from the Kilmaluag Formation at Prince Charles’ Point, Trotternish, Skye, but recently 
recorded from the Kilmaluag Formation at Score Bay, Trotternish, Skye (Clark et al. 2005).
Remarks: A. cicatricosa most closely resembles A. incurva but is slightly larger. The only external morphological 
difference is in the shape of the left valve overlap at the ventral concavity (Wakefield 1994, fig. 42). The muscle 
scars of the two species are markedly different (Wakefield 1996). A. cicatricosa is the first darwinulid described 
with frontal and dorsal scars, although Triebel (1941) described a mandibular scar in Darwinula stevensoni.
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Given the great historical interest in the stratigraphi- 
cal distribution of ostracods in Britain and the fact 
that they were long known to occur in rock
forming abundance in the Upper Jurassic-Lower 
Cretaceous ‘Purbeckian’ non-marine facies, the 
neglect of British Upper Jurassic marine ostracods 
is surprising. Nineteenth and early 20th century 
British workers showed little interest in the Upper 
Jurassic and, as discussed later, it was continental 
workers who were pioneers in this field at home in 
Germany and France, and who later initiated work 
on British sequences. Ostracods are both common 
and diverse in British Upper Jurassic marine sedi
ments, and, although the following chapter can 
only provide an overview of the the most important 
taxa, it is hoped that it will encourage further 
investigation of spatial and temporal distribution 
patterns, especially including offshore sequences, 
to develop a more holistic view of Late Jurassic 
oceanographical and climatological environmental 
conditions.

History of research

During the 19th century, when research on the 
Ostracoda from other stratigraphical intervals was 
beginning, the late Jurassic faunas were virtually 
ignored. Detailed investigations began in the 
1960s, after the increased awareness of the potential 
of ostracods in biostratigraphical and palaeoecolo- 
gical studies. This was despite the fact that a 
considerable amount of research had began in con
tinental Europe a decade earlier, as summarized by 
Kilenyi (1978).

The most detailed work on the British Callovian 
faunas was carried out by Whatley (1965, 1970), 
summarized by Kilenyi (1978). Whatley’s work 
was based on faunas from Dorset, Oxfordshire, 
Bedfordshire, the Isle of Skye and the Moray 
Firth, Scotland. Additional data from Buckingham
shire was supplied by Armitage (1968, modified and 
published for the first time by Whatley et al. 2001), 
from Dorset by Wilkinson (1982), Dorset, Oxford
shire and Bedfordshire by Fuller (1983), and the 
Wessex Basin by Ainsworth et al. (1998).

Information on British Oxfordian ostracod 
associations was first published by Malz (1958a, b) 
and Lutze (1960); in both cases data were restricted 
to the Dorset coast. A more general account of the 
faunas from NW Europe as a whole, including 
southern England, was published by Glashoff 
(1964), although detailed results on English and 
Scottish faunas had to await the findings of 
Whatley (1964, 1965, 1970, 1988), summarized by 
Kilenyi (1978).

A total of 29 species was recorded from England 
and Scotland by Glashoff (1964), although detailed 
stratigraphical information was lacking. These 
included Amphicythere confundens Oertli, Macro- 
dentina tenuistriata Malz, M. pulchra gallica 
Glashoff, Galliaecytheridea dissimilis Oertli, G. 
postrotunda Oertli, Schuleridea triebeli (Steghaus), 
Vernoniella sequana Oertli, Lophocythere multicos- 
tata Oertli, Klentnicella rodewaldensis (Klingler), 
Exophthalmocythere fuhrbergensis Steghaus and 
Mandelstamia rectilinea Malz. Most of these 
species extend up into the early Kimmeridgian.

The genus Progonocythere was discussed by 
Whatley (1964), who erected P. multipunctata and 
P. parastilla from the Nothe Clay and lower part 
of the Oxford Clay of the Dorset coast. Whatley & 
Ballent (1996) further systematically emended the 
genus and its allies. Whatley (1965) also discussed 
Oxfordian faunas from southern and central 
England and Scotland, and included their biostrati
graphical distribution. Scottish associations from 
the mariae-plicatilis ammonite zones of Port-an- 
Righ and Staffin Bay, Isle of Skye, comprise 
species of the genera Lophocythere, Neurocythere, 
Pleurocythere, Pseudoperissocytheridea, Galliae
cytheridea, Polycope, Macrodentina, Eucytherura 
and Monoceratina (Whatley 1965, 1970).

More recently, Wilkinson (1982) discussed the 
Oxfordian faunas from the Winterborne Kingston 
Borehole, Dorset; Fuller (1983) included data 
from Dorset, central England and Melton, York
shire; and Ahmed (1987) discussed faunas from 
south Humberside. Eripleura eleanorae Wilkinson 
and Procytheropteronl elongata Wilkinson were 
recovered from the rosenkrantzi and tenuiserratum 
ammonite zones, respectively (Wilkinson 1987).

From'. WHITTAKER, J. E. & H a r t , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 241-287. 
1747-602X/$15.00 ((') The Micropalaeontological Society 2009.
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Although studies have concentrated primarily on 
systematic descriptions, the biostratigraphical 
potential has been addressed by Whatley (1965, 
1970), Kilenyi (1978) and, for the Wessex Basin, 
by Ainsworth et al. (1998).

Ostracoda from the British Kimmeridgian (sensu 
anglico) received scant attention during the 19th 
century; the only paper to include ostracods was 
by Blake (1876), but he merely listed six species, 
none was described or figured and they must be con
sidered nomina nuda. It was not until the 1950s and 
1960s that work on the Dorset section began. Malz 
(1958a, 6) described several species of Macroden
tina, together with species of Mandelstamia, 
Nodophthalmocythere, Exophthalmocythere and 
Amphicythere. Glashoff (1964) described several 
species from the basal Kimmeridgian of southern 
England, but Galliaecytheridea gracilis Glashoff 
was the only one illustrated. Neale & Kilenyi 
(1961) described several species of Mandelstamia, 
and Wilkinson et al. (1998) discussed its distri
bution throught the geological column with particu
lar emphasis on the Kimmeridgian and Volgian. 
Kilenyi (1965) described the genus Oertliana 
(which proved to be a junior synonym of Dicror- 
ygma Poag).

The papers by Kilenyi (1969) and Christensen & 
Kilenyi (1970) were important not only for their sys
tematic content, but also in terms of their biostrati
graphical application. Early Kimmeridgian 
assemblages were shown to be dominated by 
species of the genera Schuleridea, Galliaecytheri
dea, Mandelstamia, Amphicythere, Macrodentina 
and Exophthalmocythere. The mid-Kimmeridgian 
in southern England was shown to be barren or 
only sparsely populated by ostracods, and the late 
Kimmeridgian was dominated by low-diversity 
faunas including Galliaecytheridea, Dicrorygma, 
Paranotacythere, Prohutsonia and, at some hor
izons, Hechticythere and Klentnicella. A potentially 
biostratigraphically important, although rare, 
species, Paralesleya perforata, was described 
from southern England and continental Europe by 
Witte & Lissenberg (1991).

The work by Christensen & Kilenyi (1970) is 
most notable for its biostratigraphical content, 
including their attempt to correlate sequences 
across northwestern Europe. Five ostracod biozones 
were recognized in the Kimmeridge Clay stratotype 
in Dorset and a sixth was defined by Christensen 
(1974). However, locating the zonal boundaries 
with accuracy was precluded in the middle and 
upper parts of the section, where assemblages are 
of low diversity and patchy distribution. This 
problem was partly overcome by the analysis of 
ostracods in eastern England (Wilkinson 1983a, 6; 
Ahmed 1987). The zonal scheme can be recognized 
throughout England (Wilkinson et al. 1997) and into

the North Sea Basin (Cox et al. 1987; Witte 
& Lissenberg 1994). Some variations in the ranges 
occur in the near-shore facies of northwestern 
France, according to Wignall (1990). The distri
bution of Kimmeridge ostracod associations in 
terms of environmental controls, their relationship 
with oil shale production and their position within 
the trophic structure in Britain were discussed by 
Wilkinson (1983b).

Kimmeridge Clay ostracods are poorly known in 
the North Celtic Sea Basin, but include Cetacella 
paucistriata (Helmdach), a species unknown in 
mainland Britain (Colin et al. 1981).

While discussing the essentially non-marine 
Ostracoda from the ‘Purbeckian’ of southern 
England, Jones (1885) described ‘Cythere 
retirugata7, ‘C. retirugata var. rugulata7 and ‘C. 
transiens’ (Malz 19586 showed that they all 
belonged in the genus Macrodentina). This strati- 
graphical interval was not studied again until 
Anderson (1941) described a number of species 
from the Portlandian at Swindon, the generic pos
ition of which was subsequently modified by 
Barker (1966a, b) and Anderson (1985).

By far the most important work on the Portlan
dian Ostracoda in Britain is by Barker who 
described faunas from Dorset (1966a) and Ayles
bury (19666). In Dorset the first occurrence of 
typical Portlandian species is below the Massive 
Bed at Hounstout Cliff and Black Nore Sandstone 
at West Weare Cliff, in the uppermost part of the 
Kimmeridge Clay Formation. The Portlandian 
fauna is composed of Macrodentina, Galliae
cytheridea, Paranotacythere, Hecticythere, Klent
nicella, Paraschuleridea, Prohutsonia and 
Procytheropteron. As a consequence of the pro
gressively decreasing salinity, marine ostracods 
were gradually replaced by euryhaline and oligo- 
haline species during the late Portlandian and 
early Cretaceous ( ‘Purbeckian Facies’) (Barker 
19666; Anderson 1985; Wilkinson et al. 1997; 
Horne 2009).

Principal collections

The Natural History Museum, London

The Natural History Museum, London, houses coll
ections described by Blake (1876), Kilenyi (1965, 
1969, 1978), Christensen & Kilenyi (1970), Neale & 
Kilenyi (1961) and Barker (1966a, 6) (and bear the 
prefix To’ or ‘In’). All material previously held by 
the University of Hull, such as that described by 
Whatley (1964, 1965, 1970), is also held here, but 
retains the prefix ‘HU’. The assemblage slides for
merly held at the University of Wales, Aberystwyth 
(e.g. Armitage 1968) have also been transferred here.
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The British Geological Survey, Keyworth

The British Geological Survey, Keyworth, is the 
depository of specimens discussed by Anderson 
(1941), and prefixed ‘Mik(J)\ and Wilkinson 
(1982, 1983a,b, 1987; in Cox etal. 1987; Wilkinson 
et al. 1997), prefixed ‘MPA’ or, in the case of type 
and figured specimens, ‘MPK’. Extensive collec
tions that form the basis of conclusions incorporated 
into maps and memoirs are also housed here.

The Forschungs-Institut Senckenherg, 
Frankfurt am Main, Germany

The Forschungs-Institut Senckenberg holds the 
Dorset material described by Malz (1958a, h), 
which bears the prefix Xe.

The Geologischen Staatinstitut 
Hamburg, Germay

This is the depository of the specimens described by 
Glashoff (1964), including material from Hunting
donshire, Dorset, Oxfordshire and the Isle of Skye.

Stratigraphy

A simple outcrop map of onshore Upper Jurassic 
strata is shown in Figure 1. The stratigraphy 
followed in this chapter is given in Figure 2.

Callovian strata crop out almost continuously 
between Dorset and Yorkshire, and are again 
present on the Ron Peninsula near Brora, Suther
land, NE Scotland. The base is defined by the 
incoming of the ammonite Macrocephalus and, 
slightly above this, the kosmoceratid ammonites. 
Thickness varies from about 45 m in Dorset to 
50-55 m in central England and 40 m in Yorkshire. 
The lithostratigraphy of the English Lower 
Callovian was extensively revised by Page (1989).

Following the eustatic low stand of the Batho- 
nian, the Callovian Fleet Member of the Cornbrash 
Formation accumulated in shallow waters associ
ated with the early phase of transgression. These 
sandy limestones and marls, which can be traced 
from Dorset to Yorkshire, are generally less than
2 m thick, but reach 7.5 m in the Dorset-Wiltshire 
area. They are overlain by the Kellaways Formation, 
open-marine, shallow-water clays (Kellaways Clay 
Member), sands (Kellaways Sand Member) and 
indurated calcareous sandstone (Cave Rock 
Member, formerly Kellaways Rock Bed). The 
Kellaways Formation varies from approximately
3 m in Dorset to 25 m in Yorkshire.

The largest part of the Callovian comprises the 
Peterborough Member and Stewartby Member of 
the Oxford Clay Formation, an argillaceous sequence

that accumulated in quiet, shelf environments. In 
general terms, the Lower Oxford Clay comprises 
dark grey, bituminous shaley clays, whereas the 
Middle Oxford Clay is composed of pale grey, cal
careous clay. There are, however, variations in 
colour and silt content, and, at three horizons in 
southern and central England, ammonites are par
ticularly abundant (Comptoni Bed, Acutistriatum 
Band and Lambert Limestone). A major facies 
change occurs in Yorkshire where the coeval 
Osgodby Formation, which comprises calcareous, 
sometimes oolitic, sandstones, sandy limestones, 
silts and marls, accumulated in a nearshore, shallow- 
water, high-energy milieu.

In northeastern Scotland, the Brora Argillaceous 
Formation, comprising shales, sandstones and silt- 
stones, accumulated in the Brora-Balitore 
area. Somewhat similar deposits are found on the 
Isle of Skye and on Eigg (Sykes 1975; Wright & 
Cox 2001).

Offshore, in the Moray Firth, Callovian 
mudstones, siltstones and sandstones are called the 
Uppat Formation. In the northern and central 
North Sea, Callovian deposits are mainly weakly 
calcareous mudstones and siltstones within the 
lower part of the Heather Formation. In some 
areas, sandstone bodies occur, e.g. Grouse and 
Bruce members and the Emerald Formation.

The base of the Oxfordian can be recognized by 
the dominance of cardioceratid ammonites, notably 
Cardioceras and Amoeboceras. In southern and 
central England, this occurs at the base of the 
Weymouth Member of the Oxford Clay Formation. 
These argillaceous deposits, which accumulated in 
shallower and higher-energy conditions compared 
to the Callovian part of the Oxford Clay, crop out 
between Dorset and Yorkshire.

Corallian deposits occur between the Oxford 
Clay and Kimmeridge Clay in southern England 
and in Yorkshire. They form a very variable 
sequence deposited in high-energy, shallow-marine 
conditions, predominantly during the late Oxfor
dian. In southern England, these deposits comprise 
variable and discontinuous grits, sandstones, 
limestones, pisolites, ironstones and mudstones, 
generally separated by lacunae. Lithostratigraphical 
names abound, but for the most part they can be 
placed within the Lower Calcareous Grit, Stour, 
Osmington, Coral Rag, Clavellata, Sandsfoot and 
Ringstead formations (Wright & Cox 2001). In 
Yorkshire, coeval Lower Calcareous-Grit, Coralline 
Oolite and Upper Calcareous Grit accumulated in 
similar conditions (Wright & Cox 2001). In 
central and eastern England, the Oxford Clay is 
overlain by up to 19 m of silty and calcareous mud
stones, with cementstones, called the West Walton 
Formation (Gallois & Cox 1977; Wright & Cox
2001). The strati graphically highest strata in
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Fig. 1. Map of onshore Upper Jurassic (mainly Callovian-Kimmeridgian) strata in the British Isles (after Wright & 
Cox 2001). Darker shading signifies outcrop; lighter shading indicates sediments concealed beneath younger rocks.

central and eastern England are placed within the 
Ampthill Clay Formation. This is a sequence of 
soft and calcareous, occasionally silty, mudstones 
with Amoeboceras, Cardioceras and Perisphinctes 
(Gallois & Cox 1977).

Offshore in the central and northern North 
Sea Basin, the Heather Formation is Oxfordian

in age (Richards et al. 1993), the upper boundary 
being approximately coincidental with the 
Oxfordian-Kimmeridgian stage boundary. The 
coeval Saltire Formation of the Moray Firth 
comprises a similar facies in which sand bodies 
are present, including the Piper and Fulmar 
formations.



Fig. 2. Stratigraphy of the British Upper Jurassic.
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Fig. 3. Distribution of Callovian-Oxfordian Ostracoda in the English succession. The stratigraphic units for the 
central, eastern England and Dorset successions are all formations (e.g. Oxford Clay Formation).

The Kimmeridge Clay Formation oucrops 
almost continuously from Dorset to Humberside 
and the Vale of Pickering, although exposure is 
poor away from the coast. Its base is marked by 
the replacement of Oxfordian cardioceratids (in 
boreal and sub-boreal areas) and perisphinctids (in 
the sub-boreal area) by pictoniids. The concept of 
the stage sensu gallico is based on the erroneous 
positioning of the Kimmeridgian-Portlandian 
boundary by d’Orbigny within the Kimmeridge 
Clay sensu anglico (Arkell 1947; Cope et al. 
1980; Cox & Gallois 1981). Further complications 
have arisen by the use of ‘Volgian’ (introduced 
widely during hydrocarbon exploration of the 
North Sea and based on the Russian sequence that 
is far from complete, in part condensed and early 
Cretaceous in its upper part). The use of ‘Tithonian’, 
mainly by geologists from continental Europe, 
further compounds the confusion. Cope (1995,
1996) attempted to overcome this problem by intro
ducing the ‘Bolonian’ Stage for the Upper Kimmer- 
idgian sensu anglico and Portlandian sensu gallico.

In southern England the Oxfordian-Kimmerid- 
gian (and rosenkrantzi-baylei ammonite zonal) 
boundary is placed at the top of the Ringstead

Coral Bed. In eastern England, the lithological 
characteristics of the Ampthill Clay are similar to 
the Kimmeridge Clay, so that the boundary is more 
difficult to place without biostratigraphical control. 
In parts of eastern England, this problem is com
pounded by the rosenkrantzi Zone being unrecogniz
able or missing. However, the rosenkrantzi-baylei 
zonal boundary is present in the Vale of Pickering, 
South Humberside and offshore in BGS Borehole 
81/41 (Cox & Richardson 1982; Ahmed 1987, 
Cox et al. 1987; Thomas & Cox 1988), where the 
Oxfordian-Kimmeridgian boundary is placed 
above a thin shelly limestone.

The upper stage boundary is an erosion surface 
throughout eastern England, the age of the highest 
part of the Kimmeridge Clay falling within the pec- 
tinatus Zone. In Dorset, however, the succession is 
more complete and the Kimmeridge-Portlandian 
boundary has been placed at the base of the 
Massive Bed at the fittoni-albani zonal boundary 
(Cope 1978).

The Kimmeridge Clay Formation accumulated 
in relatively shallow water, generally below wave 
base. It is composed of a series of small-scale 
rhythms and beds that can be traced throughout
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Fig. 3. (Combined) Distribution of Callovian-Oxfordian Ostracoda in the English succession. The stratigraphic units 
for the Central, Eastern England and Dorset successions are all formations (c.g. Oxford Clay).

southern and eastern England and into the North Sea 
Basin (Gallois & Cox 1974, 1976; Cox & Gallois 
1979, 1981; Cox el al. 1987; Gallois 2000, Gallois 
& Etches 2001). Tyson et al. (1979) considered 
that the grey mudstone-bituminous mudstone-oil 
shale-coccolith limestone cycle was the result of 
vertical movement of the 0 2- H 2S interface in a 
temporarily stratified water column.

Although argillaceous deposits dominate the 
stage, the Lower Kimmeridgian is silty near Mund- 
ford, and arenaceous and ferruginous around, for 
example, Abbotsbury and Elsham. The Upper Kim
meridgian Clay near Aylesbury comprises a 
sequence of silts and clays, which have been used 
to recognize several members (Oates 1991).

In Dorset the Kimmeridge Clay is approximately 
490 m thick. In East Anglia it reaches about 130 m 
around the Wash, but thinning towards the SE due 
to a combination of attenuation onto the London- 
Brabant High and overstepping by the Sandringham 
Sands Formation. In Lincolnshire, the formation 
reaches a maximum thickness of about 135 m at 
Nettleton Bottom, but erosion has reduced it to 
approximately 34 m in the Worlaby ‘G’ Borehole 
and 7.5 m at South Ferriby. However, the thick
nesses of individual beds within the preserved

Kimmeridge Clay suggests that there was relatively 
little or no syndepositional attenuation over the 
Market Weighton Block. In the Harome-Marton 
area of Yorkshire, it is between 254 and 305 m 
thick; estimates by Falcon & Kent (1960) and 
Reeves et al. (1978) being erroneous.

Offshore, in the southern North Sea Basin, the 
Kimmeridge Clay forms the upper part of the 
Humber Group (Rhys 1974; Lott & Knox 1994). It 
is difficult to be precise about its thickness offshore 
owing to inaccurate seismic data. The base of the 
‘Kimmeridge Clay’ of many oil company reports 
is the seismic reflection given by the top of the 
Corallian (Dore et al. 1985). The highest part of 
the Kimmeridge Clay in the North Sea Basin is con
sidered to be of Ryazanian age (Early Cretaceous).

d’Orbigny (1842-1851) defined the Portlandian as 
comprising the Portland Stone and Portland Sand sensu 
Fitton (1836), but his remark that Gravesia is a diag
nostic fossil is erroneous. Arkell (1947) considered 
that the incoming of Progalbenites albani marked 
the base of the stage. This was further refined by 
Cope (1978) and Wimbledon & Cope (1978).

The succession in southern England comprises a 
sequence of sands and marls with harder beds of 
sandstone and cementstone (Portland Sand
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Formation) overlain by cherty and oolitic limestones 
(Portland Stone Formation). The upper boundary of 
the stage is difficult to place in southern England as 
the Portland Stone Formation is overlain by the non
marine limestones and clays of the Lulworth For
mation (Purbeck Group). The Jurassic-Cretaceous 
boundary is usually placed at the Cinder Beds 
Member (Casey 1963; see discussion by Flome 
2009), but Allen & Wimbledon (1991) have suggested 
a lower position. Feist et al. (1995) placed it near the 
base of the Lulworth Formation on the basis 
of charophytes.

In East Anglia, the Roxham and Runcton 
members of the Sandringham Sands Formation are 
placed in the Portlandian (Casey 1973, Casey & 
Gallois 1973). The former member comprises 3 -  
6 m of grey and yellow-green sand with phosphatic 
nodules at the base, and contains a number of 
Portlandian macrofossils characteristic of the 
‘opressus’ Zone. The disconformably overlying 
Runcton Member comprises up to 2 m of green, 
clayey sands with phosphatic nodules, thinning to 
0.15-0.30 m of rolled phosphatic nodules (‘Basal 
Cretaceous Nodule Bed’) at West Dereham. It is 
placed into the preplicomphalus and lamplughi 
Ammonite zones.

The Spilsby Sandstone Formation of Lincolnshire 
is coeval with much of the Sandringham Sands 
Formation. The macrofauna in the Lower Spilsby 
Sand Member is indicative of the Portlandian 
giganteus Zone according to Casey (1973), but 
Kelly (1984) argued that it should be placed 
within the oppressus-primitivus zones. Ammonites 
of the preplicomphalus and lamplughi zones are 
also represented according to Casey (1973).

In the southern North Sea Basin, the Spilsby Sand
stone forms the lowest formation of the Cromer Knoll 
Group (Rhys 1974; Lott & Knox 1994), but, in much 
of the North Sea Basin, the Kimmeridge Clay facies 
extends through into the basal Cretaceous (Richards 
etal. 1993; Lott & Knox 1994).

Ostracod biostratigraphy

The late Jurassic was a time of change in the ostracod 
faunas on a global scale, which is recorded to a certain 
extent in the strata of Britain. Bathonian marine taxa 
had been dominated by those forms that had developed 
an entomodont hinge: the progonocytherids. This 
group had been highly successful as it was able to 
take advantage of niches that had hitherto been una
vailable to the cytheraceans. The stronger calcification 
and an entomodont hinge may represent adaptation to 
high-energy, shallow-water environments. These 
forms continued into the Callovian, but during the 
early Oxfordian lost their supremacy and by the late 
Oxfordian only two genera (Neurocythere and Pro- 
gonocythere) remained extant. By the end of the

Oxfordian, only a single progonocytherid species, 
Neurocythere multicostata, survived in Europe and 
this apparently became extinct in the earliest Kimmer- 
idgian. The family survived into the early Cretaceous 
in southwestern India and Africa. The taxonomy of 
Progonocythere and its close allies has been reviewed 
by Whatley & Ballent (1996).

At about the time ostracods with an entomodont 
hinge began a decline, another evolutionary exper
iment, the amphidont hinge, appeared. This is rep
resented in the shallow-water facies of the late 
Oxfordian of Dorset by two genera with the primitive 
paramphidont hingement, Amphicythere and Macro- 
dentina. It was not until the early Cretaceous, 
however, that this dentition became the dominant 
hinge type employed by ornate ostracods. Other 
changes include the rapid rise to dominance of the 
cytherideidid Galliaecytheridea in the Oxfordian, 
from its small beginnings in the Callovian, the appear
ance of species of Paranotacythere and the increased 
importance of Eucytherura. Schuleridea replaced 
Praeschuleridea, and both Eoschuleridea and Macro- 
dentina sensu lato became common. The first true pro- 
tocytherine, Hechticythere sigmoidea (Steghaus), 
appeared in Britain during the late Oxfordian, as did 
the last pleurocytherine, Klentnicella.

The late Jurassic was also a time of consider
able loss in diversity from a zenith in the Batho
nian to a nadir in the later part of the 
Kimmeridgian (Whatley & Stephens 1977; 
Whatley 1986, 1988, 1990). This was the result 
of continuous high extinction rates and low orig
inations (a trend that was not reversed until the 
Berriasian). This trend is reflected in the ostracod 
zonation recognized herein.

The distribution of Ostracoda in the Portlandian 
remains poorly understood and the Portlandian of 
eastern England is barren. In southern England, 
the marine conditions of the Kimmeridgian gave 
way to the non-marine of the Purbeck Limestone 
Group. During the Portlandian the environmental 
heterogeneity in southern England resulted in the 
introduction of new taxa, but they have a patchy 
distribution both laterally and vertically. Stratigra- 
phically useful, consistently occurring zonal 
markers are few.

Figures 3 -6  summarize the ostracod distribution 
within, respectively, the Callovian-Oxfordian of 
England and Scotland, and the Early Kimmeridgian 
and Late Kimmnergian-Portlandian (pars) of the 
English onshore and North Sea offshore successions.

Ostracod zonation

The relationship between the ostracod zones and the 
standard ammonite chronozones is shown graphi
cally in Figure 7. For the position of the ostracod 
subzones, see the text following.



UPPER JURASSIC (CALLOVIAN-PORTLANDIAN) 249

Fig. 4. Distribution of Callovian-Oxfordian Ostracoda in the northern Scottish succession. Localities mentioned are 
shown in Figure 1.

L ophocythere bradiana -  E ucytherura  

costaeirregularis Concurrent Range Zone

The stratigraphically lowest ostracod zone of the 
Callovian is characterized principally by the last 
occurrences of long-ranging, late Bathonian taxa 
such as L. bradiana, Praeschuleridea batei and 
Palaeocytheridea parabakirovi. Few species make 
their first appearance at the Bathonian-Callovian 
boundary, but E. costaeirregularis is one of them. 
The concurrent range of the two index species is 
confined to the herveyi Ammonite Zone in southern 
and central England.

L ophocythere scabra scabra Range Zone

The first appearance of L. scabra scabra is within the 
koenigi Ammonite Zone, where it is accompanied by 
Fuhrbergella horrida, Fastigatocythere juglandica 
subsp. A of Whatley (1965, unpublished) and

Glabellacythere reticulata. Galliaecytheridea sp. A 
(described in manuscript only as G. fragilis Whatley 
1965, and as G. callovica by Fuller 1983) also 
occurs in the koenigi Zone.

L op h ocyth ere  interrupta interrupta Partial 
Range Zone

Erected by Kilenyi (1978), this ostracod zone extends 
from the coronatum to the lamberti Ammonite Zone 
and can be recognized from southern and central 
England to Scotland. Neurocythere flexicosta lutzei,
N. cruciata intermedia and Lophocythere karpinskyi 
all appear for the first time at the base of the zone. 
Fligher in the zone, Neurocythere dorni, Neurocythere 
caesa and several species of Polycope join this associ
ation. In Scotland a number of species, including Neu
rocythere cruciata alta, are found. This Ostracod 
Zone can be divided into four subzones.
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Fig. 5. Distribution of the Ostracoda of the Early Kimmeridgian (sensu anglico) in the English succession and the UK 
Sector of the southern North Sea Basin.

• Lophocythere karpinskyi Partial Range Sub
zone -  the base is defined by the first appear
ance of the subzonal index in southern and 
central England and Scotland.

• Polycope sububiquita Partial Range Subzone -  
the base of the subzone is recognized by the first 
appearance of the index species within the 
athleta Ammonite Zone in southern and 
central England.

• Lophocythere domi Total Range Subzone -  the 
subzonal index is found in the lamberti Ammo
nite Zone of southern and central England.

• Neurocythere cruciata alata Total Range 
Subzone -  restricted to Scotland, this subzone 
appears to be confined to the lamberti Ammonite 
Zone, although it may extend into the base of the 
mariae Zone. As well as the subzonal index, the 
assemblages are dominated by Pleurocythere 
Caledonia, Pseudohutsonia hebredica, and 
small numbers of Cytherella fullonica and Neu
rocythere cruciata intermedia.

N eu rocyth ere  cruciata  oxford iana  Partial 
Range Zone

This zone, originally erected by Kilenyi (1978), is 
defined by the first occurrence of the index 
species. It is accompanied by a number of taxa 
including Schuleridea triebeli, Pseudoperisso- 
cytheridea parahieroglyphica, Procytherura tenui- 
costata, Cytherella index, Macrocypris aequabilis, 
Progonocythere mu/tipunctata and P. parastilla. 
Two subzones can be recognized.

• Neurocythere oertlii Partial Range Subzone -  
although not common, the incoming of the sub
zonal index is a useful marker for the cordcitum 
Ammonite Zone in Dorset.

• Pleurocythere borealis Range Subzone -  in 
Scotland, the subzonal index and Pleurocythere 
Caledonia are characteristic of a geographically 
restricted subzone of mariae and (?)earliest 
cordatum age.
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Fig. 6. Distribution of the Ostracoda of the Upper Kimmeridgian (sensu anglico) (‘Bolonian’) and Portlandian (pars) in 
the English succession and the UK Sector of the southern North Sea Basin.

Galliaecytheridea dissim ilis Partial 
Range Zone

This zone extends from the glosensis Zone (late 
Oxfordian) to the basal part of the mutabilis Ammo
nite Zone (Kimmeridge Clay Bed 14 of Gallois & 
Cox 1976). The Ostracod Zone can be divided into 
three subzones.

• The concurrent range of Vernoniella sequana 
and Galliaecytheridea dissimilis defines the 
lowest subzone, which extends from the glosen
sis to the regulare Ammonite Zone.

• The Paranotacythere (Unicosta) extendata- 
Macrodentina (Polydentina) pulchra gallica 
Concurrent Range Subzone equates with the 
rosenkrantzi and early baylei Ammonite 
zones. Eripleura eleanorae, Klentnicella rode- 
waldensis and Eocytheropteron decoratum 
are also characteristic of the subzone. From 
the limited data available, it would appear 
that ‘flood’ occurrences (in excess of 75% of

the ostracod population) of Galliaecytheridea 
punctata are also diagnostic.

• The highest subzone extends from the last 
occurrence of M. (P .) pulchra gallica to the 
first occurrence of Macrodentina (Polydentina) 
proclivis proclivis, and equates with the late 
baylei and the cymodoce Ammonite zones 
(Kimmeridge Clay Beds 3-14). Several 
species make their last appearance in the 
subzone, including Macrodentina (Macroden
tina) intercostulata, Mandelstamia angulata 
and Amphicythere pennyi.

M acrodentina (Polydentina) proclivis 
proclivis Partial Range Zone

The ostracod zone was introduced by Wilkinson 
(1983a) to fill the gap between the last occurrence 
of Galliaecytheridea dissimilis and the first appear
ance of Galliaecytheridea elongata. The base of the 
zone is defined by the first occurrence of the index 
species at the base of the mutabilis Ammonite 
Zone (Kimmeridge Clay Bed 15). The top is
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recognized by the appearance of the succeeding 
index species. Several long-ranging species appear 
to become extinct within the zone, including Schu- 
leridea triebeli, Galliaecytheridea dissimilis, G. fra- 
gilis, G. postrotunda and Micropneumatocythere 
edmundi.

Galliaecytheridea elongata Total 
Range Zone

The first occurrence of Galliaecytheridea elongata 
in Dorset is in the middle part of the mutabilis 
Zone (a little below Kimmeridge Clay Zone 22, 
the Supracorallina Bed) (Kilenyi 1969). However, 
in East Anglia and the southern North Sea Basin, 
its first appearance is within Kimmeridge Clay 
Bed 18, although it is rare until Bed 21. The upper 
boundary is difficult to place in eastern England as 
the highest part of the eudoxus Zone comprises oil 
shales from which ostracods are rarely recovered. 
However, it is found a little below the top of the 
eudoxus Zone (Bed 31) and in the Hartwell Bore
hole it is present in Kimmeridge Clay Bed 36 of 
the eiegans Zone, the stratigraphically highest pos
ition yet known in sequences with good independent 
biostratigraphical control (Wilkinson et al. 1997). 
This ostracod zone can be divided into two 
subzones.
• The Galliaecytheridea mandelstami kilenyii 

Total Range Subzone equates with the upper 
part of the mutabilis Zone (Kimmeridge Clay 
Beds 18-23). Galliaecytheridea dorsetensis, 
Paranotacythere (Unicosta) nealei and Macro- 
dentina (P.) proclivis proclivis all disappear 
within the subzone.

• The Macrodentina (Polydentina) steghausi ste- 
ghausi Total Range Subzone extends through
out most of the eudoxus Zone (Kimmeridge 
Clay Beds 24-30). Marcodentina (Macroden
tina) cf. maculata makes its first appearance 
in the subzone, and Cytherelloidea weberi, 
Cytherelloidea paraweberi, Dicrorygma 
(Orthorygma) reticulata, Exophthalmocythere 
fuhrbergensis and Paranotacythere (U.) exten- 
data apparently become extinct within 
the subzone.

Unnamed zone

Above the extinction level of Galliaecytheridea 
elongata, the sequence is characterized by thick 
oil shales. In Britain and the southern North Sea 
Basin, the latest eudoxus and early scitulus Ammo
nite zones (Beds 32-38) have proved generally 
barren of Ostracoda. Schuleridea moderata is 
occasionally present in the mid-scitulus Zone.

Rectocythere (Lydicythere) horrida Total 
Range Zone

The index species is restricted to the latest scitulus 
and earliest wheatleyensis Ammonite zones (upper 
part of Kimmeridge Clay Bed 38-basal 40). Diver
sity is low and R. (L.) horrida often occurs in flood 
proportions, although rare specimens of Paranota
cythere (U.) effusa and Schuleridea moderata may 
occur with it.

M andelstam ia (Xerom andelstam ia) 
m aculata Total Range Zone

In Dorset Mandelstamia (X.) maculata is found in 
the wheatleyensis Zone, where it is restricted to 
the mudstones a little above the Grey Ledge Stone 
Band and just below the Blackband (Kimmeridge 
Clay Beds 41 and 42) (Kilenyi 1969). In eastern 
England the species has also been found in Bed 
40. The ostracod zone equates with the wheatley
ensis Ammonite Zone and possibly the basal part 
of the succeeding hudlestoni Zone. In some instances 
the zonal index occurs in ‘flood’ abundance (Wilk
inson 1983£>). Paranotacythere (U.) effusa, which 
is occasionally found in ‘flood’ abundance, and 
Schuleridea moderata also occur in the zone.

Unnamed zone

Kimmeridge Clay Bed 43 is usually devoid of Ostra
coda. Small numbers of Schuleridea moderata and 
Paranotacythere (U.) cf. nealei have been found, 
but the bed could not be included in any of the 
named ostracod zones.

Eocytheropteron aquitanum  Partial 
Range Zone

The paucity of Ostracoda in the Kimmeridge Clay 
stratotype section prevented Christensen & Kilenyi
(1970) from extending the Mandelstamia (X.) macu
lata Zone upsection to the first appearance of Gal
liaecytheridea spinosa. In order to overcome this 
problem, Wilkinson (1983a) introduced a zone 
based on the first occurrence of Eocytheropteron 
aquitanum in the hudlestoni Ammonite Zone. The 
index species occurs in Bed 44 in Dorset, and in 
Bed 44 and the basal part of Bed 45 throughout 
eastern England and the southern North Sea Basin. 
The upper boundary of the zone can be recognized 
by the appearance of the succeeding zonal index, 
Galliaecytheridea spinosa. Several other species 
appear for the first time within the zone, including 
Prohutsonia pustulata and Macrodentina (Polyden
tina) woottonensis, which are occasionally found in
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‘flood’ proportions. Schuleridea moderata is also 
often present in ‘flood’ proportions, particularly in 
the lower part of the zone.

G a llia ecy th erid ea  sp in o sa  Total Range Zone

In Dorset, this zone extends from the the late pectina- 
tus to the early fittoni Ammonite zones (Kilenyi 
1969; Christensen & Kilenyi 1970). In eastern 
England, the first appearance of Galliaecytheridea 
spinosa is in the latest hudlestoni Zone (Kimmeridge 
Clay Bed 45) and it extends up into the lower part of 
Bed 47 (pectinatus Zone), where it is rare. Eocyther- 
opteron aquitanum apparently becomes extinct 
within the zone, whereas Mandelstamia (Xeroman- 
delstamia) tumida appears for the first time, reaching 
‘flood’ proportions during the early part of the zone in 
eastern England. Schuleridea moderata is present 
throughout the zone and also occurs in ‘flood’ pro
portions at some horizons. These events were used 
by Wilkinson (2008) to identify three subzones.
• Mandelstamia (X.) tumida Partial Range 

Subzone -  this subzone can be recognized in 
southern and eastern England and the southern 
North Sea. Its base is the first upward appearance 
of M. (X .) tumida and its upper boundary is 
defined by the appearance of the succeeding sub- 
zonal indices. Typical species of the subzone, 
which equates with the late hudlestoni and late 
pallasioides Ammonite zones, include Prohutso- 
nia pustulata and Dicrorygma (O.) brotzeni.

• Hechticythere serpentina-Macrodentina (P.) 
rudis Partial Range Subzone -  the subzone has 
been recognized only in southern England and 
equates to the late pallasioides and early 
rotunda Ammonite zones. The First Appearance 
Datum of Hechticythere serpentina and M. (P.) 
rudis defines the base of the zone, whch ranges 
up to the appearance of the succeeding subzonal 
indices. Other species typical of the subzone 
include Paracypris problematica, Klentnicella 
nealei and Hechticythere serpentina.

• Aaleniella inornata/Aaleniella gracilis Total 
Range Subzone -  the total range of the genus 
Aaleniella in the British Kimmeridgian is 
restricted to the late rotunda Ammonite 
Zone, where it is found with species typical of 
the zone, including Paracypris problematica, 
Klentnicella nealei, Hechticythere serpentina 
and Macrodentina (P.) rudis. The subzone 
has been recognized only in southern England.

G a llia ecy th erid ea  p o lita  Total Range Znne

This zone is poorly defined due to the extremely 
impoverished faunas, and can be recognized in 
several localities in southern England. Christensen

& Kilenyi (1970) positioned the lower boundary at 
approximately the ‘Lingula Shale’- ‘Rhynchonella 
Marl’ boundary (i.e. at or near the lower boundary 
of the fittoni Ammonite Zone), although the strati- 
graphically lowest specimen was found in the 
middle part of the ‘Hounstout Marl’ (late in the 
fittoni Zone). Wilkinson et al. (1997) also recorded 
the zonal index in the presumed fittoni Zone in the 
Fairlight Borehole.

G alliaecyth erid ea  co m p ressa  Partial 
Range Zone

This zone was originally defined by Christensen 
(1974). The index species first appears in the 
highest Kimmeridge Clay in Dorset, approximately 
3 m below the Massive Bed and Black Nore Sand
stone (fittoni Ammonite Zone) according to Barker 
(1966a), and extends up into the Portlandian 
(Barker 1966a; Christensen & Kilenyi 1970; Chris
tensen 1974; Wilkinson etal. 1997). Several species 
make their first appearance in the zone, although in 
very small numbers, becoming more numerous later 
in the Portlandian (see later). Two geographi
cally separated subzones were recognized by 
Wilkinson (2008).
• Eocytheridea eusarca Partial Range Subzone -  

this subzone has been recognized only in 
southern England. Its base is recognized in the 
Portland Sand Formation by the presence of an 
ostracod assemblage dominated by species of 
Macrodentina, Hechticythere and Paranota- 
cythere. These taxa are not restricted to the 
zone, however, as they are found in small 
numbers in the Galliaecytheridea compressa 
Zone, below. Species include Macrodentina 
(M.) transiens (particularly in the lower part of 
the zone), M. (D.) retirugata, M. (P.) rudis, 
Paranotacythere (U.) rimosa, P. (U.) caputmor- 
tuum, Prohutsonia elongata and Hechticythere 
serpentina. Galliaecytheridea compressa also 
continues up from below. In Dorset and 
Sussex, the base of the subzone is recognized 
by the incoming of Eocytheridea eusarca and 
Procytheropteron bicostata (both range up into 
the Portland Stone), and the upper boundary is 
defined by the incoming of the succeeding 
index. The subzone falls within the late fittoni -  
late albani ammonite zones.

• Paraschuleridea buglensis Partial Rage 
Subzone. The typical species are as for the 
zone, but the First Apearance Datum of Para
schuleridea buglensis defines the base of the 
subzone. The upper boundary is defined by 
the appearance of the succeding zonal index. 
The zonal index is frequently found in the 
Swindon and Aylesbury districts, as well as in
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the Hartwell Borehole and Bugle Pit. Although 
the subzone can be recognized as far south as 
Portesham (cf. Barker et al. 1975), it has not 
yet been recognized in the Dorset coastal 
section. The subzone falls within the late 
albani and okusensis Ammonite zones.

R ectocythere v iscera lis  Partial Range Zone

The appearance of Rectocythere visceralis is a 
characteristic feature of the Portland Stone Formation 
and coeval deposits in the Swindon-Aylesbury area 
(Anderson 1985). The upper boundary is difficult to 
locate as it merges with the essentially non-marine 
associations of the Purbeck Limestone Group. In 
the Swindon-Aylesbury area, Paraschuleridea 
huglensis and Procytheropteron brodei are also 
characteristic of this level, but range up into the 
basal ‘Purbeckian’ beds. Macrocypris alexanderi, 
Procytheropteron bicosta and Paracypris weedonen- 
sis also occur in small numbers. Cypridea is also said 
to occur (Anderson 1985), although, if this is correct, 
they must be exceedingly rare; even in the lowest 
‘Purbeckian’ beds (Quainton-Stair faunicycles of 
Anderson 1985) they do not exceed more than 8% 
of the assemblage. Fabanella boloniensis appears in 
small numbers within the Portland Stone Member, 
but becomes abundant in the lowest beds of the 
Purbeck Limestone Group (Quainton Faunicycle of 
Anderson 1985). Higher in the sequence (Warren 
and Stair faunicycles of Anderson 1985), species 
such as Damonella ellipsoidea, D. pygmaea, Rhino- 
cypris decipiens, R. jurassica and Theriosynoecum 
forbesi, together with Fabanella boloniensis, 
replace the rare, essentially marine faunas including 
Macrodentina, Paranotacythere and ftechticythere. 
Above the Stair-Swindon faunicycle boundary, 
Cypridea becomes common and the Jurassic marine 
assemblage disappears (Wilkinson 2008). These non
marine associations are discussed by Horne (2009).

Palaeoecology

Callovian

There was a major change in the fauna between the 
late Bathonian and the Callovian in the UK, much of 
which was due to the change in environmental 
conditions occasioned by the Callovian transgres
sion. This, in effect, eliminated many of the 
marginal-marine environments on which such 
dominant Middle Jurassic genera such as Micro- 
pneumatocythere and certain species of Glypto- 
cythere were dependent. In the British context, 
the lack of Callovian-Oxfordian brackish or 
non-marine strata tends to accentuate the change 
in faunas, with the temporary disappearance of 
such taxa as Bisulcocypris, Theriosynoecum,

Timiriasevia and K/ieana. By contrast, many 
marine progonocytherid lineages persisted into the 
Callovian, where, in the form of Neurocythere and 
Lophocythere, they underwent a recrudescence.

The earliest Callovian was a period of shallow, 
but deepening, marine conditions in Britain, when 
arenaceous sediments accumulated. In this respect 
the environment was not disimilar to those that typi
fied the latest Bathonian and it is not surprising to 
find that the marine ostracod genera recorded from 
the herveyi Zone are the same as those of the late 
discus Ammonite Zone, viz. Praeschuleridea, 
Palaeocytheridea, Fastigatocythere, Neurocythere, 
amongst others. The progonocytherids that thrived 
in the shallow-marine waters of the late Bathonian 
formed an important element in the early Callovian. 
Diversity is reduced in the sandier deposits, but it is 
not clear whether this is a reflection of the high- 
energy levels of the environment or a function 
of preservation.

The early Callovian is characterized by such 
species as Caytonidea terraefullonica (Jones & Sher- 
bom), Praeschuleridea batei Whatley, Neurocythere 
bradiana (Jones), Neurocythereis cruciata plena 
(Triebel), Palaeocytheridea parabakirovi Malz and 
Fastigatocythere juglandica subsp. A. Lophocythere 
interrupta interrupta Triebel appears in the mid Cal
lovian and Lophocythere karpinskyi (Mandelstam in 
Ljubimova 1955) together with several species of 
Neurocythere occur in the late Callovian. Lopho
cythere and its immediate allies were systematically 
discussed by Whatley & Ballent (2004). Taxa more 
typical of the Upper Jurassic, such as Galliaecytheri- 
dea, make their first appearance in the Callovian, 
and significant genera include Glabellacythere, 
Pleurocythere, Fuhrbergella, ‘Metacytheropteron ’ 
and Eucytherura.

The continued deepening of the sea and 
consequent change in facies, to one essentially argil
laceous in nature (i.e. the Oxford Clay Formation), 
had a profound effect on the ostracods. Procyther- 
ura became more common, and species of 
Polycope, Macrocypris and Bythoceratina entered 
the area, while, amongst the progonocytherids, 
Neurocythere underwent an important adaptive 
radiation and Lophocythere, although less diverse, 
was very abundant. The more calcareous middle 
and upper parts of the Oxford Clay were deposited 
during a period of improved oxygenation, and ostra
cod diversity increased at this time.

Oxfordian

Deeper, open-marine conditions prevailed during 
the early Oxfordian when the Weymouth Member 
of the Oxford Clay was deposited. The mariae and 
cordatum Ammonite zones are characterized, there
fore, by taxa such as Bythoceratina, Polycope and
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cytherurids, together with Pseudoperissocythere 
and Neurocythere.

The more arenaceous Corallian facies in Dorset 
and southern central England, however, accumu
lated in a more shallow water milieu. Environ
mental conditions were more variable and less 
stable, and as a consequence a diverse fauna was 
established. The.25 species recorded by Whatley
(1965) from the Oxford Clay of Dorset increased 
to 67 in the Corallian. However, within the Coral
lian high-energy deposits, such as the Osmington 
Oolite, yield a relatively low-diversity fauna (19 
species), perhaps as much a function of preser
vation as a reflection of the biocoenosis. Neuro
cythere is represented, but reduced to a single 
species by mid-Corallian times. Galliaecytheri- 
dea, a species that is present in the Callovian but 
poorly represented throughout the Oxford 
Clay, becomes dominant in terms of diversity 
and incidence long before the end of the stage. 
Macrodentina, Pseudohutsonia, Schuleridea, 
Mandelstamia, Vernoniella, Paranotacythere and 
Eripleura are also well represented and the first 
true protocytherine, Hechticythere sigmoidea, 
appeared in the British sequence.

By the end of the Oxfordian there had been a 
very great change in the nature of the fauna, with 
the virtual extinction of the progonocytherids 
(they persisted only in the southern hemisphere) 
and their replacement by cytherideinids, such 
as Galliaecytheridea and other taxa such as 
Macrodentina.

Kimmeridgian  (sensu anglico)

Accumulation of Kimmeridge deposits in Britain 
and the southern North Sea Basin took place under 
shelf conditions. The effects of oil shale production 
on the benthos, including the ostracods, were pro
found. Oscillations of the 0 2-H 2S interface in the 
temporarily stratified water column caused unstable 
environmental conditions leading to an absence of 
ostracods during periods of relative kenoxia, to 
very low diversity and to flood occurrences of 
opportunistic species during periods of oxygen nor
malization. This is particularly noticable in the 
Upper Kimmeridge Clay (Wilkinson 1983b). Depo
sition in the shallower, near-shore waters of the 
Boulonnais was influenced less by dysaerobic con
ditions and, consequently, diversity is higher. The 
ranges of certain species also differ slightly from 
those of Britain according to Wignall (1990).

The early Kimmeridgian of Britain was domi
nated by typical Jurassic marine ostracods such as 
abundant and diverse Galliaecytheridea, Schuleri
dea, Paranotacythere, Macrodentina and Mandel
stamia. The mid-Kimmeridgian, a period of thick 
oil shale accumulation, was generally wanting in

ostracods. Species that were able to tolerate the 
unstable conditions during the late Kimmeridgian 
include Schuleridea moderata, S. triebeli, Parano
tacythere (U.) effusa, Mandelstamia (M.) rectilinea, 
M. (X.) tumida, M. (X.) maculata and Rectocythere 
(L.) horrida.

Portlandian  (sensu anglico)

The Portlandian of Britain was a period of transition 
between the deeper, fully marine waters of the 
Kimmeridgian and the shallow, brackish water- 
freshwater conditions of the ‘Purbeck’. The effect 
of the decreasing salinities on the ostracods was 
recorded by Barker (1966a, b). Marine and slightly 
euryhaline taxa (e.g. species of Protocythere, 
Macrocypris, Paraschuleridea, Paranotacythere, 
Prohutsonia, Procytheropteron and Rectocythere) 
are characteristic of the early Portlandian. They 
were gradually replaced by stenohaline brackish 
forms such as species of Fabanella and Manteliiana 
and, finally, by oligohaline taxa including 
Cypridea, Klieana, Scabriculocypris, Darwinula 
and Rhinocypris (see Horne 2009).

Future research
Although ostracods from the Upper Jurassic are 
relatively well known, there are several areas in 
need of investigation. Much of the early work was 
devoted to systematic description of the taxa, and 
a detailed understanding of the temporal and 
spatial distribution of certain species is still 
lacking. Very little work has been carried out in 
offshore areas and this would prove useful in 
order to identify relationships between associations 
and taxa in mainland Europe, Greenland and into 
Russia.

Systematic problems still exist, particularly in 
such groups as protocytherids and the ‘micro- 
ostracods’. The latter remain relatively unknown 
as they are found within the usually unstudied fine 
fraction after seiving. Latest Kimmeridgian and Por
tlandian ostracods remain poorly described.

Finally, the complex relationships with palaeo- 
environments still remain relatively unknown. 
How do ostracods fit into the trophic structure? 
What strategies were employed, on the one hand, 
to overcome environmentally unstable conditions 
during kenoxia and oil shale accumulation, and, on 
the other hand, how did ostracods adapt to the wide 
variety of more favourable environmental niches 
during the late Oxfordian? The Kimmeridge -  
Portlandian boundary interval and the Portlan
d ia n -‘Purbeckian’ transition would benefit from 
additional study in terms of palaeoecological par
ameters and their control on ostracod associations.
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Explanation of plates

Specimens on these plates with registration numbers prefixed by MPK and Mik(M) are held at the British 
Geological Survey, Keyworth, UK; Io prefixes refer to specimens in The Natural History Museum, London, 
UK, which also houses the former Hull University Collection (prefixed HU).

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view; dors, dorsal view).

Plate 1

1 . P o l y c o p e  s p . c f .  P .  c e r a s i a  T a t e  &  B la k e ,  1 8 7 6

Figured specimen: HU.16.J.2, LV lat., 310 pm long, x 145, athleta Ammonite Zone, Woodham, Oxfordshire. 
Diagnosis: Very small, lenticular. RV slightly more inflated than LV. Anterior margin with well-marked angle at mid
height. Reticulate; muri become parallel to margins peripherally.
Remarks: Distinguished from P. pumicosa by its coarser reticulation.
Range: Polycope cerasia s.s. was described by Tate & Blake (1876) from the Upper Hettangian and Lower Sinemur- 
ian. The present species is restricted to the English late Callovian athleta and lamherti Ammonite zones.

2 .  P o l y c o p e  p e l t a  F is c h e r ,  1 9 6 1

Figured specimen: Io 5030, car., It. lat., 410 pm long, x 110, mariae Ammonite Zone, Port-an-Righ, NE Scotland. 
Diagnosis: Small, subcircular, lenticular. Ornament of weak ribs radiating from a central smooth area, towards the 
periphery the ribs become aligned parallel to the valve margins.
Remarks: Distinguishable from other Jurassic members of the genus by the smooth central zone and radiating ribs. 
Range: Described in Germany from Lias Zeta (Fischer 1961) and the Aalenian (Plumhoff 1963), this species occurs in 
England and Scotland in the athleta and mariae Ammonite zones, respectively.

3 .  P o l y c o p e  s u b u b i q u i t a  W h a t l e y ,  1 9 7 0

Figured specimen: Io 5032, car., rt. lat., 410 pm long, x 110, athleta Ammonite Zone, Woodham, Oxfordshire. 
Diagnosis: Very small-small-subovate to subcircular, smooth-delicately reticulate. Dorsal margin straight or only 
slightly convex.
Remarks: This species is rather variable in size, shape and ornament.
Range: This common and wide-ranging species has been recorded from the mariae Zone of Villers-'sur-Mer (Bizon 
1958) and from a variety of European localities ranging in age from Callovian to Kimmeridgian (Oertli 1959; Glashoff 
1964). In Scotland it ranges through the lamberti and mariae zones of the Hebridean Basin and the mariae Zone of the 
Moray Firth (Whatley 1970), while in England it occurs from Dorset to Yorkshire from the late Callovian (athleta 
Zone) to the late Oxfordian (glosense Zone).

4 .  5 .  C y t h e r e l l a  f u l l o n i c a  J o n e s  &  S h e r b o r n ,  1 8 8 8

Figured specimens: 4, Io 5037, car., It. lat., 770 pm long, x58; 5, Io 5036, LV lat., 720 pm long, x63, coronatum 
Ammonite Zone, Brora, NE Scotland.

(continued on p. 262)
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Diagnosis: Large, smooth, subrectangular form with equally rounded anterior and posterior ends, and with substantial 
RV >  LV overlap. Dimorphism strongly developed.
Remarks: C. recta Sharapova, 1955 and C. ukrainensis are junior synonyms of C. fuUonica.
Range: Although the species is long ranging (Bajocian-Kimmeridgian), it is included here because it is common and 
of potential palaeoecological importance. In the British late Jurassic it occurs in the coronatum and athleta zones of 
England and the Scottish lamberti Zone.

6. C y t h e r e l l a  i n d e x  Oertli, 1959
Figured specimen: HU. 16.J. 15, LV lat., 650 pm long, x69, cordatum Ammonite Zone, Furzey Cliff, Dorset. 
Diagnosis: Medium-large, thick-shelled. RV subovate, dorsally umbonate and posteriorly pointed; left valve subrec
tangular. Smooth.
Remarks: The species was previously described from the Upper Oxfordian of Lieseberg (Oertli 1959) and Madagas
car (Grekoff 1963).
Range: Occurs from Dorset to Yorkshire and ranges widely through the Oxfordian from the mariae to the serratum 
Zone, koldewayense Subzone. Oertli (1959) recorded the species from the Jura and the Paris Basin in the mariae and 
cordatum zones.

7, 8. C y t h e r e l l a  w o l t e r s d o r f i  Oertli, 1959
Figured specimens: 7, HU.16.J.17, RV lat., 640 pm long, x70; 8, HU. 16J. 18, LV lat., 610 pm long, x74, cautisni- 
grae Ammonite Zone, north Dorset.
Diagnosis: Medium-large, subrectangular, smooth, with slightly concave dorsal margin.
Remarks: This species is more elongate than C. index Oertli, 1959.
Range: Restricted to the glosense and serratum (koldewayense Subzone) zones of Dorset. On the continent it occurs 
from the Channel Coast to the Jura (Glashof 1964) from the plicatilis to the decipiens Zone of the Upper Oxfordian.

9, 10. M a c r o c y p r i s  a e q u a b i l i s  Oertli, 1959
Figured specimens: 9, Io 5038, RV lat., 360 pm long, x 125; 10, Io 5039, car., It. lat., 410 pm long, x 110, mariae 
Ammonite Zone, Purton Brickpit, near Swindon, Wiltshire.
Diagnosis: Small-very small, elongate drop-shaped. Anterior margin well-rounded; posterior stongly acuminate with 
subventral apex. Dorsal margin arched with rounded cardinal angles; ventral margin straight-slightly concave. 
Remarks: Can be distinguished from contemporary species of Paracypris, which have the same general outline, by its 
RV >  LV overlap.
Range: mariae Zone in western Scotland and mariae-cymodoce Zone in England.

11. P a r a c y p r i s  a c r i s  Oertli, 1959
Figured specimen: HU.16.J.27, RV lat., 650 pm long, x69, cordatum Ammonite Zone, Furzey Cliff, Dorset. 
Diagnosis: Medium sized. Anterior margin well rounded, dorsal margin strongly convex, ventral margin broadly 
concave and posterior margin sharply pointed subventrally. Smooth-minutely punctate. Inner lamella wide anteriorly 
with numerous very narrow radial pore canals.
Remarks: The British specimens are rather larger and less acuminate posteriorly than the type material from the Upper 
Oxfordian of the Swiss Jura.
Range: Upper Callovian-Oxfordian of England; lamberti-cordatum Zone.

12. P a r a c y p r i s  b a j o c i a n a  Bate, 1965
Figured specimen: HU. 16.J.28, RV lat., 560 pm long, x 80, koenigi Ammonite Zone, Putton Lane Brickpit, Dorset. 
Diagnosis: Medium sized. Narrowly rounded anterior, convex dorsal, concave ventral and bluntly pointed posterior 
margins. Apex of posterior subventral. Smooth-faintly pitted.
Remarks: This species is smaller, less well rounded anteriorly and less pointed posteriorly than P. acris Oertli, 1959. 
Range: This species was first recorded from the Bajocian of Yorkshire and Lincolnshire (Bate 1965). It also occurs in 
the Kellaways Clay of Dorset, koenigi Zone.

13. 14. M o n o c e r a t i n a  s c r o b i c u l a t a  Triebel & Bartenstein, 1938
Figured specimens: 13, Io 5048, RV lat., 800 pm long, x 56; 14, Io 5049, LV lat., 730 pm long, x 62, mariae Ammo
nite Zone, Woodham Brickpit, Bucks.
Diagnosis: Large-very large. Reticulate with large laterally directed spine posteroventrally. Horizontal muri of reti
cular field become riblets dorsally and are strongly depressed ventrally by median sulcus. A tubercle occurs in each 
valve anteromedianly.
Remarks: This species differs from M. stimulea (Schwager, 1866) in being reticulate and in possessing an 
antero-median tubercle.
Range: This species is widespread on the continent from the Liassic to the Oxfordian (cordatum Zone). In Britain it is 
common in the Upper Jurassic from Dorset to Yorkshire and in the Hebridean and Moray Firth basins (coronatum-  
densiplicatum zones).
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15, 16. M o n o c e r a t i n a  s t i m u l e a  (Schwager, 1866)
Figured specimens: 15, Io 5051, RV lat., 600 pm long, x 75; 16, Io 5052, LV lat., 600 pm long, x 75, mariae Ammo
nite Zone, Woodham Brickpit, Bucks.
Diagnosis: Medium sized. Delicately reticulate and punctate with smooth peripheral areas anteriorly and posteriorly, 
and concentric about the base of the strong laterally directed spine posteroventrally. Some specimens almost smooth. 
Median sulcus varies from deep to shallow. Antero-marginal area strongly laterally compressed.
Remarks: in its possession of a strong lateral spine, this species resembles M. scrobiculata Triebel & Bartenstein, 
1938, but it differs in its weaker ornament.
Range: Triebel & Bartenstein (1938) record this species in Germany from the Liassic to the Upper Jurassic. In Britain 
it occurs in the mariae Zone of both England and Scotland.

Plate 2

1, 2. M o n o c e r a t i n a  v u l s a  Jones & Sherborn, 1888
Figured specimens: 1, Io5054, RV lat., 640 pm long, x70; 2, Io5055, LV lat., 630 pm long, x71 ,athleta Ammonite 
Zone, Woodham, Bucks.
Diagnosis: Delicately punctate with strong vertical median sulcus terminated ventrally by U-shaped swelling. Some 
specimens are delicately reticulate anteriorly. No lateral spine.
Remarks: M. ungulina Triebel & Bartenstein differs in being completely smooth.
Range: Lowest Callovian to the Upper Oxfordian (herveyi-glosense zones) from Dorset to Yorkshire; in Scotland it 
occurs in both the east and the west in the mariae Zone.

3, 4 .  D i c r o r y g m a  ( O r t h o r y g m a )  r e t i c u l a t a  Christensen, 1965
Figured specimens: 3, MPK 10052, RV lat., 330 pm long, x 136; 4, MPK 10051, LV lat., 330 pm long, x 136, baylei 
Ammonite Zone, North Wootton Borehole (119.10 m depth), Norfolk.
Diagnosis: Dorsal margin straight and the ornament is reticulate. Anterior margin laterally compressed, well rounded; 
posterior pointed at about mid-height.
Remarks: This species is closely related to D. (O.) brotzeni Christensen and D. (O.) major Christensen. The former 
is more rounded dorsally and postero-dorsally, and the latter is smooth. Christensen & Kilenyi (1970) showed that
D. kimmeridgensis Kilenyi (1969) is a junior synonym.
Range: Upper Oxfordian (regulare-rosenkrantzi zones) and Lower Kimmeridgian (the upper part of the mutabilis 
Zone) of southern England, and baylei Zone-early part of the eudoxus Zone in eastern England and southern 
North Sea. Rare in the Lower and Middle Kimmeridgian (sensu Arkell 1956) of the Paris Basin (Oertli 1957).

5. E o c y t h e r i d e a  e u s a r c a  (Anderson, 1941)
Figured specimen: Mik(M) 725, holotype, LV lat., 1140 pm long, x 39. Town Gardens Quarry, Swindon, Wiltshire. 
Diagnosis: Subelliptical in lateral outline, with convex dorsal margin; surface smooth; hinge hemimerodont. 
Remarks: E. eusarca is a characteristic species of the Portland Stone in Dorset, and the basal limestone of the Purbeck 
Group at Swindon and Aylesbury.
Range: In southern England this species ranges through the okusensis- ‘opressus ’ zones and the Quainton-Stair fau- 
nicycles. It is confined to the early Portlandian in the southern North Sea Basin (Witte & Lissenberg 1994).

6. A a l e n i e l l a  i n o r n a t a  (Kilenyi, 1969)
Figured specimens: MPK 10085, car., rt. lat., 570 pm long, x88, ?rotunda Ammonite Zone, Tisbury Borehole 
(70.65 m depth), Dorset.
Diagnosis: Elongate; caudate; longitudinal riblets dorso- and ventro-laterally disposed. Reticulate, becoming punctate 
in the marginal areas.
Remarks: Kilenyi (1969) erroneously described the species as being smooth.
Range: Late Kimmeridgian in southern England (?rotunda Zone) and Denmark, but Witte & Lissenberg (1994) also 
recorded it from the basal Portlandian of the southern North Sea Basin.

7-10. G a l l i a e c y t h e r i d e a  c o m p r e s s a  Christensen & Kilenyi, 1970
Figured specimens: 7, MPK 10054, male RV lat., 800 pm long, x56; 8, MPK 10053, male LV lat., 880 pm long, 
x51; 9, MPK 10056, female LV lat., 760 pm long, x59; 10, MPK 10055, female RV lat., 710 pm long, x63, glau- 
colithus Ammonite Zone, Fairlight Borehole (364.54 m depth), Sussex.
Diagnosis: An elongate, delicately punctate and strongly dimorphic species with a bluntly pointed posterior and 
straight postero-dorsal margin. Laterally compressed in dorsal view.
Remarks: The lateral and dorsal outline and delicate punctation serve to distinguish this species.
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Range: Latest Kimmeridgian (latest fittoni Zone) and early Portlandian (albani and glaucolithus zones) (Christensen 
& Kilenyi 1970; Kilenyi 1978). It also occurs in the Portlandian part of the Borgium Formation, Denmark, and the 
Portlandian of the Dutch Sector of the southern North Sea.

11, 12. G a l l i a e c y t h e r i d e a  d i s s i m i l i s  Oertli, 1957
Figured specimens: 11, MPK 3679, RV  lat, 550 pm long, x82; 12, MPK 3652, L V  lat., 480 pm long, x94, baylei 
Ammonite Zone, North Wootton Borehole (117.90 m depth), Norfolk.
Diagnosis: Left valve much larger and more rounded than the right.
Remarks: The considerable overlap of the smaller right valve by the larger left, particularly in the female, and the 
strong sexual dimorphism serve to distinguish this species from other members of the genus.
Range: Late Oxfordian (glosense Zone) to the early part of the mutabilis Zone (Oertli 1957; Glashoff 1964; Whatley 
1965; Kilenyi 1969, 1978; Christensen & Kilenyi 1970; Wilkinson 1983a). It has not been found above Kimmeridge 
Clay Bed 15.

13. G a l l i a e c y t h e r i d e a  d o r s e t e n s i s  Christensen & Kilenyi, 1970
Figured specimen: MPK 10057, car., rt. lat., 660 pm long, x68, baylei Ammonite Zone, North Wootton Borehole 
(117.90 m depth), Norfolk.
Diagnosis: An elongate, punctate, species with a convex ventral margin that is obliquely upturned postero-venterally. 
Punctae small, rounded and regularly spaced. Strong overlap.
Remarks: The present species differs from Galliaecytheridea wolburgi (Steghaus, 1951) in being more convex ven- 
trally. Juveniles can be confused with G. eiongata Kilenyi, 1969.
Range: Upper Oxfordian (regulare Zone)-Lower Kimmeridgian (Kimmeridge Clay Beds 1 -22) up to the mutabilis 
Zone in Britain; Lower Kimmeridgian of the southern North Sea Basin (Witte & Lissenberg 1994), Paris Basin (Oertli 
1957) and the Polish Basin (Christensen & Kilenyi 1970).

14-16. G a l l i a e c y t h e r i d a  e i o n g a t a  Kilenyi, 1969
Figured specimens: 14, HU.2.J. 1.8, female LV lat., 700 pm long, x64, mutabilis Ammonite Zone, Black Head, 
Dorset (= holotype of G. trapezoidalis Kilenyi, 1969). 15, MPK 10058, male car., rt. lat., 600 pm long, x75; 16, 
MPK 3654, male LV lat., 610 pm long, x74, mutabilis Zone, North Wootton Borehole (95.10 m depth), Norfolk. 
Diagnosis: A strongly dimorphic species with subtrapeziodal females and elongate, subquadrate males. 
Finely punctate.
Remarks: The strongly developed dimorphism caused some initial confusion, the females being placed in a separate 
species, G. trapezoidalis Kilenyi. The outline serves to distinguish this species from other elongate members of 
the genus.
Range: Common in England and the Danish Basin in the upper part of the mutabilis Zone and eudoxus Zone (Chris
tensen & Kilenyi 1970; Wilkinson 1983a). In eastern England it is known in Kimmeridge Clay Beds 18-31.

Plate 3

1, 2. G a l l i a e c y t h e r i d e a  m a n d e l s t a m i  k i l e n y i i  Wilkinson, 1983a
Figured specimens: 1, MPK 3676, paratype, car., rt. lat., 580 pm long, x 78; 2, MPK 3655, holotype, LV lat., 580 pm 
long, x 78, mutabilis Ammonite Zone, North Wootton Borehole (89.70 m depth), Norfolk.
Diagnosis: An ovate subspecies of Galliaecytheridea mandelstami with a marked posterior cardinal angle; posterior 
extended into a rounded point at mid-height; punctate ornament, coarsest in the mid-lateral area.
Remarks: The present subspecies differs from G. mandelstami mandelstami (Ljubimiova, 1955) in being smaller, 
more elongate and, compared to that figured by Lord et al. (1987), much less coarsely punctate.
Range: Confined to the later part of the mutabilis Zone (Kimmeridge Clay Beds 18-23) in England. Witte & Lissen
berg (1994) recorded it in the Lower Kimmeridgian of the Dutch Sector of the Southern North Sea.

3, 4. G a l l i a e c y t h e r i d e a  p o l i t a  Kilenyi, 1969
Figured specimens: 3, HU.2.J. 1.12, holotype, female LV lat., 700 pm long, x64; 4, HU.3.J.11.5, paratype, male LV 
lat., 780 pm long, x 58, fittoni Ammonite Zone, Hounstout Cliff, near Kimmeridge, Dorset.
Diagnosis: Elongate, smooth-weakly punctate; dorsal and ventral margins straight, subparallel; posterior rounded. 
Left valve only slightly larger than right. Anterior compressed zone reduced.
Remarks: This species is apparently ancestral to Galliaecytheridea compressa Christensen & Kilenyi, 1970, which 
differs in being compressed laterally. Kilenyi used this species as a zonal index, but its very restricted geographical 
range reduces the biostratigraphical usefulness of this species.
Range: Confined to the fittoni Zone in southern England.

(continued on p. 266)
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5 -8 . G a l l i a e c y t h e r i d e a  p o s t r o t u n d a  Oertli, 1957
Figured specimen: 5, HU.17.J.80, female LV lat., 660 pm long, x68; 6, HU.17.J.82, male car., rt. lat., 810 pan long, 
x56; 7, HU. 17.J.79, female RV lat., 670 pm long, x67; 8, HU.17.J.81, male LV lat., 760 pm long, x59, pseudocor- 
data Ammonite Zone, Dorset Coast.
Diagnosis: Carapace elongate oval with almost straight dorsal margin; posterior end rounded; anterior cardinal angle 
rounded, bluntly pointed at about mid-height. Surface finely punctate.
Remarks: This abundant, long-ranging and variable species was divided by Whatley (1965) into three subspecies 
ranging through the British Upper Oxfordian from the cordatum to the densiplicatum Zone, the densiplicatum to 
the glosense Zone and the tenuiserratum to the rosenkrantzi Zone, respectively.
Range: In Britain, the species occurs in all facies of the Upper Oxfordian. It ranges from the cordatum Zone to the 
Early Kimmeridgian baylei Zone.

9, 10. G a l l i a e c y t h e r i d e a  p u n c t a t a  Kilenyi, 1969
Figured specimens: 9, HU.3.J.3.2, paratype, female RV lat., 590 pm long, x 76; 10, HU.2.J. 1.4, holotype, female LV 
lat., 630 pm long, x71, cymodoce Ammonite Zone, Black Head, near Kimmeridge, Dorset.
Diagnosis: Small, subovate, especially in female left valve, densely but very finely punctate species.
Remarks: Although this species is readily separated from adults of G. dissimilis Oertli, 1957, it can be confused with 
instars. It may occur in ‘flood’ proportions in the Upper Oxfordian Ampthill Clay (rosenkrantzi Zone).
Range: Late Oxfordian through to the cymodoce Ammonite Zone in England (Kilenyi 1969; Wilkinson 1983a) 
and into the earliest mutabilis Zone in the southern North Sea Basin (Wilkinson in Cox et al. 1987; Witte & 
Lissenberg 1994).

11, 12. G a l l i a e c y t h e r i d e a  s p i n o s a  Kilenyi, 1969
Figured specimens: 11, MPK 10063, female car., rt. lat., 780 pm long, x58; 12, MPK 10064, male car., It. lat., 
930 pm long, x48. Ipallasioides Ammonite Zone, Tisbury Borehole (55.7 m depth), Dorset.
Diagnosis: Elongate. Punctate central area and smooth periphery. Acute posterior bears two or three small spines. 
Strongly sexually dimorphic.
Remarks: This species can be difficult to separate from other elongate members of the genus when the posterior spines 
are not preserved, but the more acutely poined posterior is characteristic.
Range: Confined to the later part of the pectinatus-earliest rotunda Ammonite zones in Dorset (Kilenyi 1969; 
Christensen & Kilenyi 1970), but the latest part of the hudlestoni Zone-the pectinatus Zone (Kimmeridge Clay 
Beds 45-47) in eastern England (Wilkinson 1983a). Witte & Lissenberg (1994) recorded the species from the 
Upper Kimmeridgian of the southern North Sea Basin.

13-17. G l a b e l l a c y t h e r e  r e t i c u l a t a  Whatley, 1970
Figured specimen: 13, Io 5061, paratype, female LV lat., 670 pm long, x67; 14, Io 5060, paratype, female RV lat., 
670 pm long, x67; 15, Io 5063, paratype, male LV lat., 800 pm long, x56; 16, HU.18.J.11, holotype, female car., 
dors., 670 pm long, x67; 17, Io 5064, paratype, male car., dors., 760 pm long, x59, lamberti Ammonite Zone, 
Staffin Bay.
Diagnosis: A strongly reticulate species with strong sexual dimorphism.
Remarks: This is the only strongly ornate species of the genus.
Range: In England, this widely distributed species ranges from the koenigi to the lamberti Zone; in Scotland it occurs 
in both the Hebridean and the North Sea basins ranging from the coronatum to the lower part of the cordatum 
Ammonite zones.

Plate 4

1 -3 . V e r n o n i e l l a  s e q u a n a  Oertli, 1957
Figured specimens: 1, HU.17.J.49, male LV lat., 490 jxm long, x92; 2, HU.17J.47, female LV lat., 410 p,m long, 
x 122; 3, HU.17.J.48, female RV lat., 450 |xm long, x 100, cautisnigrae Ammonite Zone, Dorset Coast.
Diagnosis: Strongly sexually dimorphic. Left valve more angular than the right; male subrectangular, female subqua
drate. Very delicately punctate.
Remarks: The size of this species appears to increase up-sequence. Vernoniella caletorum Oertli differs in being dis
tinctly pitted and sulcate.

(icontinued on p. 268)
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Range: In England the species ranges from the plicatilis to pseudocordata Ammonite zones (Upper Oxfordian). In the 
Paris Basin Oertli (1957) found it in the basal Kimmeridgian, as well as in the Upper Oxfordian.

4 -6 . N o d o p t h a l m o c y t h e r e  m a r t i n i  (Bizon, 1958)
Figured specimens: 4, HU.17.J.22, LV lat., 590 pm long, x76; 5, HU.17.J.23, RV lat., 520 pm long, x96; 6, 
HU. 17.J.24, A-l instar LV lat., 440 pm long, x 113, plicatilis Ammonite Zone, Dorset Coast.
Diagnosis: Subtriangular, strongly inflated ventrally. Ornament of three (dorsal, median and vento-lateral) broad, 
rounded ribs, bearing numerous spines in well-preserved specimens. Thick shelled with strong amphidont type hinge. 
Remarks: This species has been placed in a variety of genera and occurs widely in the early and mid-Oxfordian of NW 
Europe and the Middle East.
Range: Lower and Middle Oxfordian. In England it ranges from the mariae to the densiplicatum Ammonite zones.

7. R e c t o c y t h e r e  v i s c e r a l i s  (Anderson, 1941)
Figured specimen: Mik(M) 722, holotype, RV lat., 670 pm long, x67. Town Garden Quarry, Swindon, Wiltshire. 
Diagnosis: A species of Rectocythere (placed in Wolburgia by some authors) ornamented with pustules which 
coalesce in the marginal areas to form irregular ribs.
Remarks: Although rare, this is an important index species in the Portland Stone and basal limestone of the Purbeck 
Group in the Aylesbury area.
Range: Portlandian; lokusensis, kerberus-oppressus Ammonite zones and Quainton and Warren faunicycles.

8. P a r a s c h u l e r i d e a  b u g l e n s i s  Barker, 19666
Figured specimen: Mik(M) 724, holotype, LV lat., 750 pm long, x60. Town Garden Quarry, Swindon, Wiltshire. 
Diagnosis: A robust species with a subreniform lateral outline and a smooth lateral surface.
Remarks: This species is characteristic of the Aylesbury area.
Range: Portlandian; patchy distribution in the lokusensis, kerberus-oppressus Ammonite zones and into the Lul- 
worth Formation.

9-12. P r a e s c h u l e r i d e a  b a t e i  Whatley, 1970
Figured specimens: 9, Io 5043, paratype, male LV lat., 790 pm long, x57; 10, Io 5045, paratype, female LV lat., 
720 pm long, x62; 11 HU.17.J.6, holotype, male RV lat., 770 pm long, x58; 12, Io 5044, paratype, female RV 
lat., 670 pm long, x 67, coronatum Ammonite Zone, Brora, NE Scotland.
Diagnosis: A rather elongate and very strongly dimorphic species, with strongly punctate surface; puncta circular or 
oval, widely spaced and distributed uniformly over valve surface.
Remarks: This is the only species of the genus to occur above the Bathonian in Britain. It is a typical form of the 
Callovian in Great Britain, but may also occur in NW Germany in the jason Zone (as Schuleridea sp. 1 of Lutze, 1960). 
Range: In England the species ranges from the macrocephalus to the lamberti Ammonite zones, and in Scotland it 
occurs in the coronatum Zone of the Hebrides.

13, 14. S c h u l e r i d e a  m o d e r a t a  Christensen & Kilenyi, 1970
Figured specimens: 13, MPK 10059, car., rt. lat., 730 pm long, x62; 14, MPK 10060, LV lat., 740 pm long, x61, 
hudlestoni Ammonite Zone, North Wootton Borehole (24.6 m depth), Norfolk.
Diagnosis: An ovate species with rounded posterior and anterior margins. Dorsal margin gently arched. Weakly punc
tate. Precociously dimorphic.
Remarks: This species differs from S. triebeli in being less arched dorsally. It occurs in ‘flood’ proportions at some 
horizons (Wilkinson 1983a, b).
Range: Late Kimmeridgian of Dorset and Oxfordshire, and scitulus-pectinatus zones (Kimmeridge Clay Bed 39-47) 
of eastern England. It is also known in the Bprglum Formation of the Danish Basin.

15, 16. S c h u l e r i d e a  t r i e b e l i  (Steghaus, 1951)
Figured specimens: 15, MPK 10061, car., rt. lat., 530 pm long, x85; 16, MPK 10062, L V  lat., 580 pm long, x78, 
cymodoce Ammonite Zone, North Wootton Borehole (114.90 m depth), Norfolk.
Diagnosis: A weakly punctate species with strongly arched dorsal margin in female; males subrectangular. Preco
ciously sexually dimorphic.
Remarks: The present species differs from the late Kimmeridgian S. moderata in being more highly arched dorsally. 
Range: Oxfordian and early Kimmeridgian in NW Europe, mariae Zone of Yorkshire, the cordatum Zone of Dorset 
and abundant throughout the Upper Oxfordian of England; absent in Scotland. In eastern England, it is present in the 
baylei Zone to the earliest part of the mutabilis Zone (Kimmeridge Clay Beds 1-15) (Wilkinson 1983a). It is known 
from the upper part of the mutabilis Zone (Kimmeridge Clay Beds 22 and 23) in Dorset and the eudoxus Zone (as high 
as Bed 29) in the southern North Sea Basin.

(icontinued on p. 270)
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17. A c r o c y t h e r e  sp.
Figured specimen: HU. 19.J. 18, LV lat., 290 pm long, x 155, plicatilis Ammonite Zone, Warboys, Huntingdonshire. 
Diagnosis: A small subrectangular-subtriangular species with an ornament of strong ribs and intercostal reticulation. 
Remarks: This is the only species of the genus from the European Upper Jurassic.
Range: Oxfordian; densiplicatum-regulare Ammonite zones.

Plate 5

1, 2 .  E u c y t h e r u r a  ( V e s t i c y t h e r u r a )  c o s t a e i r r e g u l a r i s  Whatley, 1970
Figured specimens: 1, HU.18.J.40, holotype, LV lat., 350 pm long, x 129; 2, Io 5074, paratype, RV lat., 360 pm 
long, x 125, cautisnigrae Ammonite Zone, Melton, Yorkshire.
Diagnosis: A small, subquadrate form with an irregular pattern of costate and reticulate ornamentation. A median sub
horizontal rib is the most constant element of the ornament. Prominent hemispherical eyetubercle. Antro-ventral 
margin with three or four denticles.
Remarks: A very common species that occurs as far away as the Prairie Provinces of Canada and which can be dis
tinguished from the numerous contemporary species of the subgenus by its characteristic ornament.
Range: A very common and widespread species occurring in both England and Scotland, and ranging throughout the 
Callovian and into the Upper Oxfordian (macrocephalus-tenuiserratum Ammonite zones).

3, 4. E u c y t h e r u r a  ( V e s t i c y t h e r u r a )  s c o t t i a  Whatley, 1970
Figured specimens: 3, HU. 18.J.37, holotype, LV lat., 390 pm long, x 115, Cordatum Zone, Staffin Bay, Isle of Skye. 
4, Io 5079, paratype, car., rt. lat., 390 pm, x 115, coronation Ammonite Zone, Brora, NE Scotland.
Diagnosis: In shape and outline very similar to E. (V.) costaeirregularis Whatley, 1970, but surface ornamentation 
consists of smooth, broad ribs, smooth-feebly reticulate intercostal areas and rounded tubercles; two prominent tuber
cles in the ocular region, the anterior-most of which is the eye tubercle.
Remarks: This species, which is known only from Scotland, is readily distinguishable from its more heavily 
sculptured contemporaries.
Range: The species occurs in the Hebrides and the Moray Firth areas from the Callovian (coronatum Zone) to the 
Lower Oxfordian (cordatum Zone).

5, 6. E u c y t h e r u r a  ( V e s t i c y t h e r u r a )  h o r r i d a  Whatley, 1970
Figured specimens: 5, Io 5077, paratype, RV lat., 360 pm long, x 125; 6, HU.18.J.50, holotype, LV lat., 360 pm 
long, x 125, mariae Ammonite Zone, Woodham Brickpit, Oxfordshire.
Diagnosis: Characterized by its pronounced caudal process, well-developed hinge ears, denticulate anterior margin, 
and ornament of irregular ribs and reticulatae, with conjunctive and other tubercules.
Remarks: The species occurs widely throughout Great Britain, from Oxfordshire to both eastern and western 
Scotland.
Range: Uppermost Callovian (lamberti Zone) -lowermost Lower Oxfordian (mariae Zone). The species is an excel
lent marker for the Callovian-Oxfordian boundary.

7. E r i p l e u r a  e l e a n o r a e  Wilkinson, 1987
Figured specimen: MPK 5059, holotype, LV, lat., 580 pm long, x 78. rosenkrantzi Ammonite Zone, Nettleton 
Bottom Borehole (172.20 m depth), Lincolnshire.
Diagnosis: A horizontal series of three large fossae associated with the median rib.
Remarks: The present species differs from other members of the genus in the ornament. Kilenyi (1978) confused the 
species with Eocytheropteron decoratum.
Range: regulare and rosenkrantzi Ammonite Zones (Upper Oxfordian)-6ay/ei Ammonite Zone (earliest Kimmerid- 
gian) (Whatley 1965; Kilenyi 1969, 1978; Ahmed 1987; Wilkinson 1987; Witte & Lissenberg 1994).

8, 9. E r i p l e u r a  o b l i q u i c o s t a t a  Wilkinson, 1987
Figured specimens: 8, MPK 5099, holotype, car., It. lat., 600 pm long, x 75; 9, MPK 5100, paratype, RV lat., 570 pm 
long, x79, cymodoce Ammonite Zone, North Wootton Borehole (115.50 m depth), Norfolk.
Diagnosis: A reticulate species with a postero-dorsal inflation from which extend three obliquely disposed 
longitudinal ribs.
Remarks: E. obliquicostata differs from E. eleanorae in ornament and in having straight, subparallel dorsal and 
ventral margins.
Range: Early Kimmeridigian cymodoce Zone (Beds 10-14) (Wilkinson 19836, 1987; Wilkinson in Cox etal. 1987).

(continued on p. 272)
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10. M i c r o m m a t o c y t h e r e  e d m u n d i  Wilkinson, 19836
Figured specimen: MPK 3659, holotype, car. rt. lat., 260 pm long, x 173, cymodoce Ammonite Zone, North Wootton 
Borehole (114.90 m depth), Norfolk.
Diagnosis: A small, punctate species with a drawn-out caudal process and weakly developed ala. Eye tubercle small, 
but distinct.
Remarks: This species may be confused with Saxellacythere saxonica (Schmidt), a member of the Bythocytheridae 
from the Kimmeridigian of northern Germany. That species is larger, differs in outline, particularly when viewed dor- 
sally, and lacks the weak alae.
Range: From the baylei Zone to the lower part of the mutabilis Ammonite Zone (Kimmeridge Clay Beds 1-18).

11, 12. P a r a n o t a c y t h e r e  ( U n i c o s t a )  c a p u t m o r t u u m  (Martin i n  Martin & Weiler, 1957)
Figured specimens: 11, MPK 10066, RV lat., 570 pm long, x79; 12, MPK 10067, car., It. lat., 640 pm long, x70, 
Ifittoni Zone, Fairlight Borehole (364.54 m depth), Sussex.
Diagnosis: A robust species with a deep reticulate sulcus, high dorsal and ventral longitudinal ribs, connected pos
terior of the sulcus by a conspicuous vertical rib. High tubercles in the mid-dorsal and mid-ventral areas, and also 
below the eye tubercle.
Remarks: This species has been confused with Paranotacytere (U.) rimosa (Martin, 1940).
Range: Late Kimmeridgian (Ifittoni Zone)-Portlandian (it is scattered throughout the Portland Sand and Portland 
Stone) in southern England. Witte & Lissenberg (1994) recorded it from the Late Kimmeridgian and Portlandian 
of the southern North Sea Basin.

13. P a r a n o t a c y t h e r e  ( U n i c o s t a )  e f f u s a  Wilkinson, 1983a
Figured specimen: MPK 3670, holotype, LV lat., 440 pm long, x 102, wheatleyensis Ammonite Zone, North 
Wootton Borehole (40.40 m depth), Norfolk.
Diagnosis: A robust, reticulate species with a conspicuous postero-ventral rib joining the main U-shaped rib system at 
a prominant tubercle, partially obscuring the ventral margin. Sulcus smooth. Inverted V-shaped rib associated with 
postero-dorsal tubercle.
Remarks: Paranotacythere (Unicosta) effusa differs from the Lower Kimmeridgian species P. (P.) extendata Bas- 
siouni, 1974, in having a smooth sulcus, a more subdued dorsal rib and short postero-dorsal rib. P. (P.) interrupa is 
smaller and exhibits differences in the disposition of the ribs.
Range: Occurs in the scitulus Zone (top of Kimmeridge Clay Bed 38) and the early part of the wheatleyensis Zone 
(Bed 41) in eastern England.

14. P r o h u t s o n i a  e l o n g a t a  (Barker, 1966)
Figured specimen: MPK 10068, car., rt. lat., 530 pm long, x94, Ifittoni Ammonite Zone, Fairlight Borehole 
(364.54 m), Sussex.
Diagnosis: A strongly tapering species of Prohutsonia with acutely rounded posterior. Surface ornamentation reticu
late. Central sulcus smooth.
Remarks: A rather rare species that seems to be confined to the south of England. The species can be confused with 
Paranotacythere.
Range: Late Kimmeridgian and early Portlandian (latest fittoni-lokusensis zones).

15. P a r a n o t a c y t h e r e  ( U n i c o s t a )  e x t e n d a t a  Bassiouni, 1974
Figured specimen: MPK 10069, LV lat., 380 pm long, x 118, eudoxus Ammonite Zone, North Wootton Borehole 
(87.0 m depth), Norfolk.
Diagnosis: A strongly reticulate species with a smooth sulcus, surrounded by a U-shaped rib system, and a 
postero-ventral tubercle.
Remarks: The present species is the ancestral form of P. (U.) effusa Wilkinson (1983a), and differs in the better- 
formed dorsal rib, less well-formed postero-ventral rib and other minor differences in the disposition of the ribs. 
Range: Geographically widespread throughout NW Europe, but restricted stratigraphically to the Upper Oxfordian 
(tenuiserratum-rosenkrantzi zones) and Lower Kimmeridgian (baylei-eudoxus zones, Kimmeridge Clay Beds 1- 
30). However, in the Volga Basin, it extends up into the autissiodorensis Ammonite Zone (Lord etal. 1987), an inter
val normally barren of ostracods in Britain.

16. P r o h u t s o n i a  p u s t u l a t a  (Kilenyi, 1969)
Figured specimens: MPK 10070, car., It. lat., 530 pm long, x 85, pallasioides Ammonite Zone, Fairlight Borehole 
(391.97 m depth).
Diagnosis: An elongate, sharply tapering species with a reticulate ornament and smooth sulcus. Antero- and postero- 
ventral tubercles are associated with the ventral longitudinal rib.
Remarks: Generally rare, but occasionally it is found in flood proportions (Wilkinson 19836). The species can be con
fused with a Paranotacythere.
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Range: Originally described from the pectinatus and pallasioides zones of Dorset (Kilenyi 1969), it has since been 
recovered form the hudlestoni (upper part of Kimmeridge Clay Bed 44 and the lower part of Bed 45) and the pectinatus 
(Bed 47) zones, in eastern England (Wilkinson 1983a, b). It has been recorded from the base of the Spilsby Sandstone 
(‘opressus’ Zone), but reworking from the underlying Kimmeridge Clay seems probable (unpublished data).

17. P a r a n o t a c y t h e r e  ( U n i c o s t a )  r i m o s a  (Martin, 1940)
Figured specimen: Mik(M) 3272, LV lat., 560 pm long, x 80. Quainton, Buckinghamshire.
Diagnosis: The coarsely reticulate surface ornament extends, uninterrupted, into the central sulcus. Sharp longitudinal 
and vertical ridges surround the sulcus.
Remarks: As Bassiouni (1974) points out, there are taxanomic problems related to this species. A number of similar 
taxa are present in the Portlandian, but poor preservation prevents formal description.
Range: Portlandian; infrequent in the Portland Stone and Lulworth Formation (Quainton-Stair faunicycles). In 
Germany the species ranges from the Katzberg-Folge to the Wealden 1 (Bassiouni 1974).

Plate 6

1, 2. P e d i c y t h e r e  a n t e r o d e n t i n a  Whatley, 1970
Figured specimens: 1, HU. 17.5.41, holotype, RV lat., 350 pun long, x 129; 2, Io 5086, paratype, car. dors., 360 pun 
long, x 125, marine Ammonite Zone, Woodham Brickpit.
Diagnosis: A very small species with drawn-out posterior end angled slightly upwards. Lateral alar spine triangular, 
blade-like with sharp leading edge. Surface smooth but very finely punctate on alae. Hinge with single anterior term
inal tooth in right valve.
Remarks: This distinctive species is the only Jurassic representative of the genus.
Range: Upper Callovian-Lower Oxfordian; lamberti and mariae Ammonite zones of England.

3-5 . P r o c y t h e r u r a  t e n u i c o s t a t a  Whatley 1970
Figuredspecimens:3,Io5070,paratype,femaleLVlat.,350 punlong, x 129;4,Io5069,paratype,maleRVlat.,360 pun 
long, x 125; 5, HU.18.J.30, LV lat., 390 pm long, x 115, plicatilis Ammonite Zone, Dorset Coast, nearOsmington. 
Diagnosis: Small, thin shelled with weak antero-median sulcus. Ornament ranges from smooth to delicately reticulate 
or costate. Hinge feebly lophodont.
Remarks: Very widely distributed throughout the Oxfordian of Great Britain, but absent from the Hebrides.
Range: Oxfordian, mariae-rosenkrantzi Ammonite zones.

6, 7. E o c y t h e r o p t e r o n  a q u i t a n u m  (Donze, 1960)
Figured specimen: 6, HU.2.J. 1.16, car. rt. lat., 570 pm long, x 79, Wheatleyensis Zone, Kimmeridge, Dorset; 7, MPK 
3658: LV lat., 370 pm long, x 122, hudlestoni Ammonite Zone, North Wootton Borehole (30.90 m depth), Norfolk. 
Diagnosis: A punctate species with well-formed alae and thickened ventral rib.
Remarks: Outline and shape of ala distinguishes this species from E. acutissimum (Martin), Cytheropteron n. sp.? of 
Donze (1960) and Cytheropteron sp. of Kilenyi (1969).
Range: Occurs in the hudlestoni Zone (Kimmeridge Clay Bed 44 and lower part of Bed 45) in Dorset (Kilenyi 1969) 
and eastern England (Wilkinson 1983a, b). It has also been recorded from L’ile d’Oleron, near St. Denis (Donze 1960; 
Oertli 1963), and between Cap de la Creche and Boulogne-sur-Mer (Oertli 1963) from the ‘Kimmeridgien moyen, 
partie superieur (toit du ‘Portlandien’ inferieur)’ and ‘Portlandien moyen a superieur’, respectively.

8, 9. M e t a c y t h e r o p t e r o n  s u t h e r l a n d e n s i s  Whatley, 1970
Figured specimens: 8, Io 5083, paratype, female LV lat., 460 pm long, x98; 9, Io 5082, paratype, male LV lat., 
550 pm, x 82, coronatum Ammonite Zone, Brora, NE Scotland.
Diagnosis: Very thin shelled, subrectangular; left valve larger than right. Anterior margin strongly rounded and pro
jecting below the ventral margin. Ornament of weak reticulation. Slight ocular furrow in left valve.
Remarks: Differs from the type species, M. elegans, from the Kimmeridgian of France in being smaller and in its less 
longitudinally aligned ornament.
Range: Callovian. Confined to the coronatum Zone of the Moray Firth.

10. P r o c y t h e r o p t e r o n  b i c o s t a t a  Barker, 19666
Figured specimen: MPK 10065, LV lat., 620 pm long, x 138, late fittoni Ammonite Zone, Tisbury Borehole (depth 
40.50 m), Wiltshire.
Diagnosis: A strongly swollen species, smooth save for a single longitudinal rib just below mid-height and a second rib 
running around the ala.
Remarks: A characteristic species in the Portland Stone.
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Range: Late Kimmeridgian (rotunda-fittoni zones) and Portlandian (okusensis-anguiformis zones) of southern 
England. It has a similar range in Boulonnais and the southern North Sea Basin.

11, 12. M a n d e l s t a m i a  ( M a n d e h t a m i a )  a n g u l a t a  Kilenyi, 1961
Figured specimens: 11, HU.3.J.22.2, paratype, RV lat.,460 pun long, x98; 12, HU.2.J.1.23, holotype, female LV lat., 
450 pm, x 100, cymodoce Ammonite Zone, Black Head, near Kimmeridge, Dorset.
Diagnosis: A very small-small, subtriangular species with a shallow, but well-marked, median sulcus. Ornament irre
gularly reticulate to feebly costate, but smooth peripherally.
Remarks: This species is much smaller than other Upper Jurassic species of the genus and it appears to be restricted to 
Great Britain.
Range: Common in the Oxfordian (cordatum-rosenkrantzi zones) of England and the Lower Kimmeridgian (baylei-  
cymodoce zones) of England; apparently absent in Scotland.

13, 14. M a n d e l s t a m i a  ( M a n d e l s t a m i a )  r e c t i l i n e a  Malz, 19586
Figured specimens: 13, MPK 3667, female LV lat., 610 pm long, x74; 14, MPK 3668, male LV lat., 740 pm, x61, 
mutabilis Ammonite Zone, North Wootton Borehole (108.6 m depth), Norfolk.
Diagnosis: A strongly dimorphic species of Mandelstamia (Mandelstamia). Females subovate, tapering posteriorly; 
dorsal margin straight, ventral margin convex; reticulate ornamentation. Males angular, dorsal margin straight, ventral 
margin sinuous, primary and secondary reticulate ornamentation particularly in the posterior half.
Remarks: The strong dimorphism has caused some confusion, the males and females being treated as separate 
species, but the situation was clarified by Christensen & Kilenyi (1970).
Range: Upper Oxfordian (regulare Zone) (Whatley 1965; Wilkinson 1982) and Lower Kimmeridgian (to the base of 
the autissiodorensis Zone, Kimmeridge Clay Bed 33) of England (Malz 19586; Neale & Kilenyi 1961; Kilenyi 1969, 
1978; Christensen & Kilenyi 1970; Wilkinson 1983a) and southern North Sea Basin (Witte & Lissenberg 1994). 
Christensen & Kilenyi (1970) also recorded it from the Bprglum Formation of Denmark, although they did not 
figure it.

15, 16. M a n d e l s t a m i a  ( X e r o m a n d e l s t a m i a )  m a c u l a t a  Kilenyi, 1961
Figured specimens: 15, MPK 3657, female RV lat., 690 pm long, x 65; 16, MPK 3678, male LV lat., 1060 pm long, 
x48, hudlestoni Ammonite Zone, North Wootton Borehole (35.10 m), Norfolk.
Diagnosis: An elongate species with a broadly rounded anterior, angular posterior and a concave ventral margin that is 
partly obscured by the overhanging inflation of the lateral surface. Reticulate, with strong large circular, oval or irre
gular fossae centrally and delicate puncta peripherally. Strongly dimorphic.
Remarks: The closely related species M. (X.) tumida differs in outline, lacks the ventro-lateral overhang, and posesses 
postero-dorsal and postero-ventral tubercles.
Range: Restricted to the scitulus and wheatleyensis Ammonite zones in Dorset (Kilenyi 1978), but in eastern England 
it is only present in the higher zone (the upper part of Kimmeridge Clay Bed 40 to the lower part of Bed 42) (Wilkinson 
1983a, b).

17. C a y t o n i d e a  t e r r a e f u l l o n i c a  (Jones & Sherborn, 1888)
Figured specimen: Io 5088, LV lat., 610 pm long, x74, coronatum Ammonite Zone, Brora, NE Scotland. 
Diagnosis: Subrectangular, thick shelled with rounded end margins and a coarsely reticulate ornament covering the 
entire carapace. Eye tubercle small but prominent. Hinge antimerodont.
Remarks: This species was originally described from the English Bathonian.
Range: Callovian. In England it occurs in the herveyi and athleta Ammonite zones, and in the Moray Firth it occurs in 
the coronatum Zone.

Plate 7

1, 2. F a s t i g a t o c y t h e r e  j u g l a n d i c a  subsp. A
Figured specimens: 1, HU.19.J.30, female car., It. lat., 800 pm long, x56; 2, HU.19.J.31, male car., It. lat., 950 pm 
long, x47, koenigi Ammonite Zone, Putton Lane Brickpit, near Weymouth, Dorset.
Diagnosis: A subspecies of Fastigatocy the re juglandica characterized by its large size, relatively subdued ornament 
and strongly developed sexual dimorphism.
Remarks: The nominate subspecies is confined to the Upper Bathonian where it is very abundant.
Range: Lower Callovian. Known only from the koenigi Zone of Dorset.
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3, 4. F u h r b e r g i e l l a  h o r r i d a  h o r r i d a  Brand & Malz, 1962
Figured specimens: 3, Io 5123, female car,, It. lat., 620 pan long, x 73; 4, Io 5124, male RV lat, 680 pm long, x 66, 
koenigi Zone, Putton Lane Brickpit, near Weymouth, Dorset.
Diagnosis: Subrectangular, coarsely reticulate with conjunctive spines. A subcentral tubercle is surmounted by a spine 
and a keel like structure overhangs the margin posteroventrally. Eye tubercle prominent.
Remarks: This species was originally described from the Bathonian of Germany.
Range: Callovian and Lower Oxfordian. In England it occurs in the koenigi and the cordatum Ammonite zones of 
Dorset; in Scotland it occurs in the lamberti, mariae and cordatum zones of the Moray Firth and the Hebrides. 
Witte & Lissenberg (1994) recorded it from the Dutch Sector of the southern North Sea Basin.

5, 6. L o p h o c y t h e r e  i n t e r r u p t a  i n t e r r u p t a  Triebel, 1951
Figured specimens: 5, HU.19J.41, female L V  lat., 870 pm long, x52; 6, HU.19.J.44, male RV lat., 990 pm long, 
x45, coronatum Ammonite Zone, Brora, NE Scotland.
Diagnosis: A large species with a well-developed caudal process. Surface ornamentation a complex system of criss
crossing sharp ribs producing a coarse reticulum. Two vertical ribs bound a depressed area that interrupts 
this ornament.
Remarks: This is an important index species for the European Callovian. In Britain it occurs from Dorset to NE 
Scotland.
Range: Callovian; coronatum-lamberti Ammonite zones of Britain and Middle and Upper Callovian of the southern 
North Sea.

7. L o p h o c y t h e r e  s c a b r a  s c a b r a  (Triebel, 1951)
Figured specimen: HU. 19J.32, RV lat., 650 pm long, x 69, koenigi Ammonite Zone, Putton Lane, near Weymouth, 
Dorset.
Diagnosis: Surface ornamented by irregular tubercles, a weak ventro-lateral rib and an anterior rib extending from the 
eye tubercle.
Remarks: Differs from the subspecies karpinskyi in its smaller size and in the fact that its ventral rib is entire rather 
than broken up into discrete tubercles.
Range: Lower Callovian, koenigi Zone of Dorset.

8-10 . L o p h o c y t h e r e  k a r p i n s k y i  Mandelstam i n  Ljubimova, 1955
Figured specimens: 8, Io 5093, female LV lat., 730 pm long, x 62; 9, Io 5090, male LV lat., 840 pm, x 54; 10, Io 
5092, female LV lat., 700 pm long, athleta Ammonite Zone, Cook Hill Brickpit, Dorset.
Diagnosis: A strongly caudate subspecies in which the typical L-shaped anterior and ventro-lateral rib is strongly 
tuberculate where it parallels the ventral margin, and with a rugose lateral ornament of spines, tuberculae and irregular 
reticulae. LV with hinge ears and both valves with a tubercle that projects beyond the dorsal margin.
Remarks: This is a widespread species ranging as it does from Britain, through NW Europe onto the Russian Platform. 
It is frequently known by its junior synonym L. scabra bucki Lutze, I960.
Range: Upper Callovian-Lower Oxfordian. In England it ranges from the lamberti to the cordatum Zone, and in Scot
land, where it occurs in both the Moray Firth and the Hebrides, from the coronatum to the mariae zones.

11, 12. N e u r o c y t h e r e  b r a d i a n a  (Jones, 1884)
Figured specimens: 11, HU.19J.49, female LV lat., 61 pm long, x74; 12, HU.19J.48, female RV lat., 600 pm long, 
x75, macrocephalus-herveyi Ammonite Zone, Shipmoor Point, Dorset.
Diagnosis: A subquadrate, mid-posteriorly caudate species with numerous rather weak longitudinal ribs and rather 
delicate, regular intercostal reticulae.
Remarks: The species resembles N. multicostata (Oertli, 1957), but differs in being more parallel sided, less acumi
nate posteriorly and in that its dorsal rib is less strongly developed posteriorly. It differs mainly from N. caesa subsp. A 
(see below) in that the dorsal rib reaches the anterior margin.
Range: Lower Callovian: herveyi Zone, keppleri Subzone. This species also occurs in the Bathonian.

13, 14. N e u r o c y t h e r e  c a e s a  c a e s a  (Triebel, 1951)
Figured specimens: 13, HU.19J.52, male RV lat., 790 pm long, x57; 14, HU.19J.53, male LV lat., 790 pm long, 
x 57, lamberti Ammonite Zone, Tidmoor Point, Dorset.
Diagnosis: A subspecies in which the ornament of the two valves differs in degree and expression of the ribs and reti
culation, the former being better developed in the right valve and the latter in the left valve.
Remarks: Differs from N. multicostata (Oertli, 1957) in lacking a dorsal rib that extends to the anterior margin, and 
from N. oertlii (Bizon, 1958) in lacking a posterior junction of the median and dorsal ribs.
Range: Callovian. In England occurs in the athleta and lamberti zones.
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15, 16. N e u r o c y t h e r e  c a e s a  subsp. A
Figured specimens: 15, HU.19.J.60, LV lat., 590 pm long, x76; fig. 16, HU.19.J 58, RV lat., 570 pm long, x79, 
cordatum Zone, Furzy Cliff, near Weymouth, Dorset.
Diagnosis: A subspecies of N. caesa characterized by its small size, marked convergence towards the posterior in the 
right valve, acutely pointed and drawn-out posterior, and in the finely reticulate intercostal area.
Remarks: Differs from N. caesa sensu stricto in being less parallel sided, smaller, and in its finer, more delicate inter
costal reticulae. Although the two subspecies overlap in their stratigraphical range, they appear to be 
mutually exclusive.
Range: Upper Callovian-Lower Oxfordian, athleta and cordatum zones of southern England.

17. N e u r o c y t h e r e  c r u c i a t a  c r u c i a t a  (Triebel, 1951)
Figured specimen: Io 5116, female LV lat., 730pm long, x62, coronatum Zone, Brora, NE Scotland.
Diagnosis: A subspecies of N. cruciata in which the cruciate ribs, while evident, are subordinate to a strong, regular 
reticulation that covers the valve surface.
Remarks: N. cruciata cruciata occurs in Scotland and NW Germany, but not in England. Male dimorphs are very rare 
and are not figured here.
Range: In Britain known only from the coronatum Zone of Brora, Sutherlandshire.

Plate 8

1-4 . N e u r o c y t h e r e  c r u c i a t a  o x f o r d i a n a  (Lutze, 1960)
Figured specimens: 1, Io 5112, female LV lat., 550 pm long, x82; 2, Io 5111, female RV lat., 530 pm, x85; 3, lo 
5114, female car. dors., 550 pm long, x82; 4, Io 5113, male RV lat., 640 pm, x70, cordatum Ammonite Zone, 
Purton, Wiltshire.
Diagnosis: A strongly dimorphic subspecies of N. cruciata with well-developed horizontal ribs; costae connecting 
dorsal and median ribs poorly pronounced. Reticulum fine and regular.
Remarks: This is probably the most common Upper Jurassic subspecies of Neurocythere in Great Britain and is also 
widespread in NW Europe.
Range: Oxfordian. In England it ranges from the base of the mariae to the glosense Zone; in Scotland it is known from 
the mariae and cordatum zones of both Jurassic basins.

5 -7 . N e u r o c y t h e r e  c r u c i a t a  a l a t a  (Whatley, 1970)
Figured specimens: 5, Io 5101, female RV lat., 720 pm long, x 63; 6, Io 5104, female car. dors., 710 pm long, x 63; 
7, HU.19.J.69, holotype, female LV lat., 730 pm long, x62, lamberti Ammonite Zone, Staffin Bay, Skye. 
Diagnosis: Characterized by its very strongly alate ventro-lateral rib and rather poorly developed, irregular 
intercostal reticulation.
Remarks: This species has only been found in the Isle of Skye.
Range: Upper Callovian; lamberti Zone.

8-11 . N e u r o c y t h e r e  c r u c i a t a  i n t e r m e d i a  (Lutze, 1960)
Figured specimens: 8, Io 5108, male RVlat., 640 pm long, x70; 9, Io5107, female LV lat, 580 pm long, x78; 10, Io 
5106, female RV lat., 590 pm long, x 85; 11, Io 5109, female car. dors., 590 pm long x76, lamberti Ammonite Zone, 
Tidmoor Point, Dorset.
Diagnosis: This is the most elongate subspecies that is also characterized by its well-developed ribs and deep, rather 
regular intercostal reticulation.
Remarks: Known only from the Coronatum Zone of the Harz Mountains in Germany, but in Britain the species ranges 
up into the Oxfordian.
Range: Callovian-Lower Oxfordian. In England it occurs in the athleta, lamberti, mariae and the lower part ot the 
coronatum Ammonite zones; in Scotland it occurs in the Hebrides and the Moray Firth, and ranges from the coronatum 
to the mariae Zone.

12. N e u r o c y t h e r e  c r u c i a t a  p l e n a  (Triebel, 1951)
Figured specimens: HU.19.J.91, female RV lat., 600 pm long, x75, macrocephalus Ammonite Zone, Shipmoor 
Point, Dorset.
Diagnosis: Ornamentation more subdued compared to other members of the species. The rib extending down from the 
eye tubercle, the median rib and the ventro-lateral rib unite in the antero-median area, from which junction two ribs 
extend to the anterior margin. This conspicuous junction creates an asterisk-like rib junction.

(icontinued on p. 280)



UPPER JURASSIC (CALLOVIAN-PORTLANDIAN) 279

Plate 8



280 I. P. WILKINSON & R. C. WHATLEY

Remarks: Known only from the Upper Cornbrash of Shipmoor Point, in Britain, but in Germany it is also known from 
the Upper Bathonian (Triebel 1951; Lutze 1960; Brand 1990).
Range: Restricted to the macrocephalus-herveyi Zone in Britain.

13,14. N e u r o c y t h e r e  d o r n i  (Lutze, 1960)
Figured specimens: 13, MPK 10079, RV lat., 710 pan long, x63; 14, MPK 10080, LV lat., 560 pm long, x 80, lam- 
berti Ammonite Zone, Walks Farm Borehole (48.45-48.55 m depth), Lincolnshire.
Diagnosis: The median rib is weakly developed and does not extend to the mid-point of the valve, but forms a loop 
with the dorsal rib. Ventro-lateral rib and eye tubercle strongly developed. Carapace strongly reticulate.
Remarks: This species has been previously recorded from the lamberti to mid-mariae zones of Germany.
Range. Upper Callovian-Lower Oxfordian; lamberti and basal mariae zones.

15, 16. N e u r o c y t h e r e  f l e x i c o s t a  l u t z e i  (Whatley, 1970)
Figured specimens: 15, HU.19.J.102, holotype, female RV lat., 630 pm long, x71; 16, To 5120, paratype, male LV 
lat., 890 pm long, x51, athleta Ammonite Zone, Woodham Brickpit.
Diagnosis: A large, thick-shelled, rectangular, strongly dimorphic subspecies of T. flexicosta with four broad, smooth, 
rounded longitudinal ribs and extremely coarse intercostal reticulation. A series of vertical riblets link the median and 
ventro-lateral ribs.
Remarks: This is a very common and easily recognizable species occurring in large numbers in the Callovian of Great 
Britain and Germany.
Range: The athleta and lamberti zones in England. In Scotland the species occurs only in the coronatum Zone.

Plate 9

1, 2. N e u r o c y t h e r e  m u l t i c o s t a t a  (Oertli, 1957)
Figured specimens: 1, HU.20.J. 1, RV lat., 590 pm long, x 76; fig. 2, HU.20.J.2, LV lat., 560 pm long, x 82, plicatilis 
Ammonite Zone, Dorset Coast, near Osmington.
Diagnosis: A subrectangular, caudate species with very strongly pronounced horizontal ribs. Strong ribs are inserted 
between the dorsal and median ribs, and between the median and ventro-lateral ribs. Ribs convergent at the end 
margins. Intercostal areas reticulate.
Remarks: From the Bathonian and Lower Callovian species Neurocythere bradiana (Jones), this species differs in its 
weaker ventral rib, and in being more pointed and convergent posteriorly. Widespread in England.
Range: Upper Oxfordian; densiplicatum-glosense zones.

3, 4. N e u r o c y t h e r e  o e r t l i i  (Bizon, 1958)
Figured specimens: 3, HU.20.J.5, LV lat., 610 pm long, x74; 4, HU.20.J.4, RV lat., 570 pm long, x79, plicatilis 
Ammonite Zone, Dorset Coast.
Diagnosis: Characterized by its very prominent eye tubercle, four equally strong, parallel, longitudinal ribs, and its 
strongly and regularly reticulate intercostal areas. Conjunctive pores pronounced.
Remarks: Also described from France (Bizon 1958) and Germany (Glashoff 1964); in England it is confined to the 
coast of Dorset.
Range: Oxfordian; cordatum and densiplicatum zones.

5, 6. P r o g o n o c y t h e r e  m u l t i p u n c t a t a  Whatley, 1964
Figured specimens: 5, HU. 15.J.l, holotype, LV lat., 450 pm long; 6, HU. 15.J.2, paratype, RV lat., 450 pm long, both 
x 100, plicatilis Ammonite Zone, west of Redcliff Point, near Weymouth, Dorset.
Diagnosis: A small subovate species of Progonocythere with fine punctae over entire valve surface, arranged in an 
approximately concentric pattern and becoming reticulate peripherally.
Remarks: Differs from P. parastilla Whatley, with which it frequently co-occurs in its reticulo-punctate ornament and 
in being less tumid.
Range: From the upper part of the Lower Oxfordian (cordatum Zone, costicardia Subzone) to the lower part of the 
Upper Oxfordian (tenuiserratum Zone, tenuiserratum Subzone); commonest in the densiplicatum Zone.

7, 8. P r o g o n o c y t h e r e  p a r a s t i l l a  Whatley, 1964
Figured specimen: 7, HU.15.J.27-9, paratype, car. It. lat., 450 pm long, x 100; 8, HU.15.J.3, holotype, RV lat., 
490 pm long, x 92, plicatilis Zone, west of Redcliff Point, near Weymouth, Dorset.
Diagnosis: Small, very tumid species with somewhat acuminate posterior. Surface smooth with very fine, irregularly 
dispersed puncta.
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Remarks: Known only from southern Dorset.
Range: Oxfordian; very rare in the upper part of the cordatum Zone and extending up into the densiplicatum Zone, 
vertebrate Subzone.

9-12. H e c h t i c y t h e r e  s e r p e n t i n a  (Anderson, 1941)
Figured specimens: 9, MPK 10071, male (punctate) RV lat., 760 pm long, x59; 10, MPK 10072, female (punctate) 
LV lat., 790 pm long, x 57, both from the glaucolithus Ammonite Zone, Fairlight Borehole (364.54 m depth), Sussex. 
11, MPK 10073, female (smooth) LV lat., 660 pm long, x68; 12, MPK 10074, male (smooth) RV lat., 810 pm, x56, 
both from the pallasioides Ammonite Zone, Fairlight Borehole (396.79 m), Sussex.
Diagnosis: ‘Z’-like arrangement of ribs. Intercostal area reticulate-minutely punctate.
Remarks: The present authors accept Barker’s ( 1966/)j view that Protocythere sigmoidea Steghaus, 1951 is conspecific 
with the present species as the range of variation observed in material from the Portlandian is wide enough to include both. 
Range: Upper Oxfordian (glosense and serratum zones)-basal Kimmeridgian (baylei Zone) and uppermost Kimmer- 
idgian (latest fittoni Zone)-Portlandian (Quainton faunicycle). It has not been recorded from the intervening Kimmer
idgian of England, but Witte & Lissenberg (1994) recorded it throughout the Kimmeridgian of the Dutch Sector of the 
southern North Sea.

13, 14. K l e n t n i c e l l a  r o d e w a l d e n s i s  (Klingler, 1955)
Figured specimen: 13, HU.2.J.18.1, RV lat., 550 pm long, x 82; 14, HU.2.J.18.2, LV lat., 520 pm long, x 87, baylei 
Ammonite Zone, near Kimmeridge, Dorset.
Diagnosis: Acute, Z-shaped, longitudinal ribs, a fine anterior marginal rib; primary and secondary intercostal reticula
tion and a well-developed eye tubercle.
Remarks: Klentnicella nealei (Kilenyi, 1969), from the Upper Kimmeridgian, is more triangular in shape and is 
heavily reticulate. K. rodewaldensis is very rare, and is confined to the uppermost part of the Upper Oxfordian Cor- 
allian and the basal part of the Kimmeridge Clay of England.
Range: Although very rare, it is geographically widespread, having been found in the pseudocostata (Upper Oxfor- 
d\an)-baylei (basal Kimmeridgian) Ammonite zones of Germany, Switzerland, France and England.

15. P a l a e o c y t h e r i d e a  p a r a b a k i r o v i  Malz, 1962
Figured specimen: Io 5125, car., rt. lat., 600 pm long, x75, coronatum Ammonite Zone, Brora, NE Scotland. 
Diagnosis: Ornament comprising a dorsal, median and subalate ventro-lateral ribs, which are narrow with sharp crests. 
Intercostal areas with small costae and irregular reticulae.
Remarks: This species occurs in England, Scotland, France and Germany.
Range: Occurs in the macrocephalus Zone of Dorset and coronatum Zone of Brora.

16, 17. Pleurocythere Caledonia Whatley, 1970
Figured specimens: 16, HU.20.J.32, holotype, female LV lat., 680 pm long, x 66; 17, Io 5137, paratype, male RV lat, 
710 pm long, x63, lamberti Ammonite Zone, Staffin Bay, Skye.
Diagnosis: A thin-shelled species with asymmetrical anterior margin bearing three antero-ventral marginal denticles. 
Ribs narrow and sharp; intercostal areas reticulate.
Remarks: Known only from Port-an-Righ on the Moray Firth and Staffin Bay in Skye.
Range: Upper Callovian-Lower Oxfordian; lamberti-cordatum zones.

Plate 10

1-4 . P l e u r o c y t h e r e  b o r e a l i s  b o r e a l i s  Whatley, 1970
Figured specimens: 1, HU.20.J.22, holotype, female RV lat., 680 pm long, x66; 2, Io 5128, male LV lat., 700 pm 
long, x64; 3, Io 5129, paratype, female LV lat., 680 pm long, x66; 4, Io 5126, male RV lat., 720 pm long, x63, 
mariae Ammonite Zone, Staffin Bay, Skye.
Diagnosis: Thin shelled with very weak longitudinal ribs and smooth-minutely punctate intercostal areas. 
Remarks: Differs from the subspecies carinata (see 5 -7  of this plate) in its weaker and thinner ribs. rfhe species is 
confined to Scotland and the present subspecies to Skye.
Range: Lower Oxfordian; mariae Zone.

5 -7 . P l e u r o c y t h e r e  b o r e a l i s  c a r i n a t a  Whatley, 1970
Figured specimens: 5, HU.20.J.28, holotype, female LV lat., 610 pm long, x74; 6, Io 531, paratype, male LV lat., 
630 pm long, x 71; 7, Io 5132, male RV lat, 640 pm long, x70, mariae Ammonite Zone, Staffin Bay, Skye.
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Diagnosis: Like P. borealis borealis but thicker-shelled and with much more defined, thin, sharp ribs; intercostal areas 
smooth-feebly and irregularly reticulate.
Remarks: Occurs only in Scotland, at Brora and Staffin Bay, Skye.
Range: From the coronation and mariae zones only.

8, 9. P s e u d o h u t s o n i a  h e b r i d i c a  Whatley, 1970
Figured specimens: 8, HU.20.J.66, holotype, female LV lat., 530 pm long, x 85; 9, Io 5142, paratype, female RV lat., 
560 pm long, x 80, mariae Ammonite Zone, Staffin Bay, Skye.
Diagnosis: Subovate-subtriangular, small with ornamentation consisting of irregular ribs; one subventral side and a 
system of radiating ribs originating at centre of dorsal margin; a subcentral, swollen tubercle; strongly dimorphic. 
Remarks: This species has been found only in western Scotland.
Range: In the lamberti, mariae and cordatum zones of Staffin Bay, Skye.

10. P s e u d o p e r i s s o c y t h e r i d e a  p a r a h i e r o g l y p h i c a  Whatley, 1970
Figured specimen: HU.20.J.13, holotype, female LV lat., 470 pm long, x96, cordatum Ammonite Zone, Furzey 
Cliff, near Weymouth, Dorset.
Diagnosis: Surface ornamented by a series of semi-parallel ribs subconcentric about an irregularly reticulate 
central area.
Remarks: The genus is an important Callovian-Lower Oxfordian marker in NW Europe, Russia and the USA. The 
British species is midway in its ornament between Russian and North American species.
Range: Lower-mid-Oxfordian. In England it ranges from the mariae to the densiplicatum Zone, while in Scotland, 
where it occurs in both basins, it is known from the mariae and cordatum zones.

11. A m p h i c y t h e r e  c o n f u n d e n s  Oertli, 1957
Figures specimen: HU.2.J.27.1, RV lat., 760 pm long, x 59, cymodoce Ammonite Zone, near Kimmeridge, Dorset. 
Diagnosis: A strongly punctate species with smooth periphery and with weak paramphidont hinge.
Remarks: The present species differs from A. pennyi in shape, particularly in the less-rounded ventral margin. 
A. sphaerulata has a more angular outline, due to the more prominant, rounded cardinal angles; neither species has 
such strong ornament.
Range: Rare in the very late Oxfordian (serratum-rozenkrantzi zones)-early Kimmeridigian, apparently becoming 
extinct in the cymodoce Zone.

12. A m p h i c y t h e r e  p e n n y i  Kilenyi, 1969
Figured specimen: HU.2.J.1.26, holotype, LV lat., 660 pm long, x68, baylei Ammonite Zone, Black Head, Dorset. 
Diagnosis: Lateral surface densely pitted; ventral over-hang prominant; strongly dimorphic.
Remarks: The present species differs from A. confundens in being more ovate in outline, lacking the conspicuous 
anterior cardinal angle and in having a less coarsely punctate ornament. A. sphaerulata Kilenyi is higher compared 
to its length and finely punctate.
Range: Upper Oxfordian glosense-rosenkrantzi zones of Dorset (Fuller 1983); baylei and cymodoce zones of Dorset 
(Malz 19581;; Kilenyi 1969, 1978) and Norfolk (Kimmeridge Clay Beds 1-8) (Wilkinson 1983a, 1988).

13. 14. M a c r o d e n t i n a  ( M a c r o d e n t i n a )  c i c a t r i c o s a  Malz, 1957
Figured specimens: 13, MPK 10075, LV lat., 720 pm long, x63, cymodoce Ammonite Zone, North Wooton Bore
hole (116.70 m depth), Norfolk. 14, MPK 10076, RV lat., 570 pm, x79, mutabilis Ammonite Zone, North Wootton 
Borehole (88.80 m depth), Norfolk.
Diagnosis: A relatively small, subovate (female)-subrectangular (male) species with straight, sloping dorsal margin; 
posterior end pointed with apex below mid-height. Ornament of indistinct ribs and intercostal puncta. Three subver
tical ribs radiate from a mid-dorsal position and are truncated posteroventrally by two horizontal ribs. Eye spot 
distinctive, elongate.
Remarks: Readily recognizable by its strongly radiate lateral ornament. Although rather rare in the Oxfordian, in the 
Kimmeridgian it is common in England, but virtually unknown elsewhere in Europe.
Range: Upper Oxfordian (glosense)-Lower Kimmeridgian (eudoxus). Originally described from the Corallian of 
Dorset (Malz 1958i>: Whatley 1965) and the type Kimmeridgian of Dorset (Kilenyi 1969, 1-978). In eastern 
England, the species has been recorded from the basal part of the cymodoce Ammonite Zone and across the mut
abilis-eudoxus Zone boundary (Kimmeridge Clay Beds 23-24 of Gallois & Cox 1976), although in small numbers 
(Wilkinson 1983a). v-

15, 16. R e c t o c y t h e r e  h o r r i d a  (Wilkinson, 1983a)
Figured specimens: 15, MPK 3664, holotype, male LV lat., 620 pm long, x 73; 16, MPK 3663, paratype, female RV 
lat., 550 pm long, x 82, scitulus Ammonite Zone, North Wootton Borehole (42.5 m depth), Norfolk.
Diagnosis: Ornament comprises rough, irregular tubercles and coarse reticulation, deep sulcus and large 
subcentral tubercle.
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Remarks: Present in flood proportions in eastern England (Wilkinson 1983ft).
Range: Confined to the upper part of the scitulus Zone in eastern England (Kimmeridge Clay Bed 39 of the Kimmer- 
idge Clay).

1 7 . M a c r o d e n t i n a  ( D i c t y o c y t h e r e )  r e t i r u g a t a  ( J o n e s , 1 8 8 5 )

Figured specimen: Mik(M) 720, car., rt. lat., 880 pm long, x51. Town Gardens Quarry, Swindon, Wiltshire. 
Diagnosis: An angular species with very coarse reticulation, fossae become elongate in the anterior, ventral and pos
terior marginal areas, where weak longitudinal ribs develop. Laterally compressed or concave at mid-length when 
Gewed dorsally.
Remarks: Macrodentina textilis (Jones, 1885) is a junior synonym.
Range: The late Kimmeridgian fittoni Zone, Portlandian (Portland Sand and Portland Stone), and basal Purbeck (where it 
is confined to the Quainton-Stair faunicycles, sensu Anderson 1985).

Plate 11

1 , 2 . M a c r o d e n t i n a  (M a c r o d e n t i n a )  t e n u i s t r i a t a  M a l z ,  1 9 5 8 ft

Figured specimens: 1, HU. 16.J.56, female LV lat., 850 pm long, x53; 2, HU. 16.J.54, male LV lat., 1040 pm long, 
x43, plicatilis Ammonite Zone, Dorset Coast.
Diagnosis: Subrectangular. Strongly dimorphic. Lateral surface smooth or minutely punctate, but with five ribs ventrally 
subparallel to the ventral margin. Hinge paramphidont, well developed.
Remarks: The shape and size of this species changes with time. Older material is smaller and more angular dorsally 
than the younger. The degree of calcification of the valves is also variable and was tentatively linked by Whatley 
(1965) to changes in salinity.
Range: Malz (1958ft) first described the species from the Upper Oxfordian of Dorset. Bizon (1958) found the species 
in the Upper Oxfordian of Villers-sur-Mer, and Glashoff (1964) recorded it from Dorset, NW Germany and Nor
mandy. Whatley (1965) recorded it from a number of localities in Dorset.

3 . M a c r o d e n t i n a  ( M a c r o d e n t i n a )  t r a n s i e n s  ( J o n e s , 1 8 8 5 )

Figured specimen: Mik(M) 3291, RV lat., 630 pm long, x71. Warren House Farm, Stewkley, Buckinghamshire. 
Diagnosis: A relatively small species in which the valves taper strongly towards posterior. Ornamented with large, 
circular pits.
Remarks: This is a geographically widespread species typical of the British Portlandian.
Range: Latest Kimmeridgian (latest fittoni Zone of the Kimmeridge Clay) and throughout the Portlandian (Portland 
Sand and Portland Stone and into the Quainton-Warren faunicycles of the basal Lulworth Formation).

4 .  M a c r o d e n t i n a  ( M a c r o d e n t i n a )  r u g u l a t a  (J o n e s , 1 8 8 5 )

Figured specimens: Mik(M) 3290, RV lat., 770 pm long, x58. Warren House Farm, Stewkley, Buckinghamshire. 
Diagnosis: A species with a weakly pitted lateral surface; ventral ridges prominent.
Remarks: A common species in the area around Aylesbury, but less frequent in Dorset.
Range: This species is present throughout the Portland Stone (lokusensis, kerberus-'opressus' zones) and becomes 
extinct in the basal Lulworth Formation (Stair faunicycle).

5 . 6 . M a c r o d e n t i n a  ( P o l y d e n t i n a )  r u d i s  M a l z ,  1 9 5 8 ft

Figured specimens: 5, MPK 10081, female LV lat., 660 pm long, x 68; 6, MPK 10082, male RV lat., 720 pm long, 
x63, pallasioides Ammonite Zone, Hartwell Borehole (33.0 m depth), Buckinghamshire.
Diagnosis: The three prominant ribs that follow the anterior, ventral and posterior margins are reduced to a single rib 
dorsally. Lateral surface coarsely reticulate.
Remarks: Originally described from the top of the ‘Mittler Kimmeridge’ of northern Germany (Malz 1958ft). 
Range: Upper Kimmeridgian (pallasioides and fittoni zones) and early Portlandian (Portland Sand) of southern 
England.

7 , 8 . M a c r o d e n t i n a  ( M a c r o d e n t i n a )  w h a t l e y i  K i l e n y i ,  1 9 7 8

Figured specimens: 7, Io 5470, paratype, male LV lat., 830 pm long, x 54; 8, Io 5467, holo.type, female RV lat., 
600 pm long, x75, plicatilis Ammonite Zone, Steeple Ashton, Wiltshire.
Diagnosis: A species of Macrodentina (Macrodentina) with rather indistinct surface ornamentation of poorly-aligned 
puncta. Prominent compressed area anteriorly. Hinge paramphidont but only feebly developed. Sexual dimorphism 
strongly marked; female shorter and higher than male and with concave postero-dorsal slope.
Remarks: This species differs from more typical species of the genus in lacking strong punctate or 
reticulate ornament.
Range: Occurring in the Oxfordian of Dorset and Wiltshire, and apparently confined to the tenuiserratum-plicatilis 
Zone.
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9. Macrodentina (Polydentina) proclivis proclivis Malz, 1958/)
Figured specimen: MPK 3563. RV lat., 560 pm long, x80, mutabilis Ammonite Zone, North Wootton Borehole 
(108.60 m depth), Norfolk.
Diagnosis: A small species with a bluntly pointed posterior; weak longitudinal sulcus; very weak and inconspicuous 
ventral and anterior ribs; vertical ribs weak, but slightly thickened subcentrally, coarsely reticulate.
Remarks: With its well-rounded anterior margin and deeply incised reticulation, this species is readily distinguished 
from many others of the subgenus. However, two Oxfordian species have been confused with M. (P.) proclivis pro
clivis in the past, notably an unnamed species with a more rounded posterior (Fuller 1983) and Macrodentina (M.) 
whatleyi Kilenyi, 1978.
Range: Kimmeridgian. Kilenyi (1969) recorded this species from the mutabilis and eudoxus zones of Dorset, but it is 
restricted to the mutabilis Zone in eastern England (Wilkinson 1983a).

10, 11. Macrodentina (Dictyocythere) retirugata (Jones, 1885)
Figured specimens: 10, MPK 10083, female car., it. lat., 710 pm long, x63; 11, MPK 10084, male RV lat., 700 pm 
long, x 64, glaucolithus Ammonite Zone, Fairlight Borehole (364.54 m depth), Kent.
Remarks: See the figure explanation for Plate 10, 17.

12. Macrodentina (Polydentina) steghausi steghausi (Klingler, 1955)
Figured specimen: MPK 3656, RV lat., 460 pm long, x98, eudoxus Ammonite Zone, North Wootton Borehole 
(80.10 m depth), Norfolk.
Diagnosis: Vertical ribs above mid-height and coarse reticulation below. Two weak ventral ribs run parallel to the 
margin. Postero-ventral sulcus conspicuous.
Remarks: The disposition of the lateral ribs and reticulation separates this species from other members of 
the subgenus.
Range: Restricted to the eudoxus Zone in England.

13, 14. Macrodentina (Polydentina) pulchra gallica Glashoff, 1964
Figured specimens: 13, MPK 3662, female LV lat., 640 pm long, x70; 14, MPK 10077, male LV lat., 860 pm long, 
x52, baylei Ammonite Zone, North Wootton Borehole (119.10 m depth), Norfolk.
Diagnosis: A subspecies of Macrodentina (Polydentina) pulchra with a prominent posterior cardinal angle and bluntly 
pointed posterior. Vertical ridge.) extend from the mid-dorsal area, over the lateral surface, to approximately one-third 
height; four longitudinal ribs extend parallel to the ventral margin. Reticulate.
Remarks: The present subspecies differs from P. (P.) pulchra pulchra in having a bluntly pointed posterior, a well- 
formed posterior cardinal angle and more conspicuous ribbing.
Range: Glashoff (1964) recorded this subspecies from the late Oxfordian and earliest Kimmeridgian of France and 
NW Germany, and the Late Oxfordian (decipiens Zone) of Dorset. It occurs in Kimmeridge Clay Beds 1 and 2 
(baylei Zone) in Norfolk (Wilkinson 1983a).

15, 16. Macrodentina (Polydentina) woottonensis Wilkinson, 1983a
Figured specimens: 15, MPK 3671, paratype, RV lat, 600 pm long, x 75; 16, MPK 3672, holotype, LV lat., 650 pm 
long, x69, hudlestoni Ammonite Zone, North Wootton Borehole (24.60 m depth), Norfolk.
Diagnosis: An elongate, punctate species with a straight ventral margin and sloping dorsal margin; obliquely truncate 
posteriorly. Postero-ventral and antero-ventral spines present in instars.
Remarks: M. (P. ) woottonensis differs from other members of the subgenus in its ornamentation and angular shape. It 
is sometimes found in flood proportions.
Range: Restricted to the late Kimmeridgian hudlestoni Zone in eastern England.

17. Exophthalmocythere fuhrbergensis Steghaus, 1951
Figured specimen: MPK 10078, RV lat., 730 pm long, x62, mutabilis Ammonite Zone, North Wootton Borehole 
(88.80 m depth), Norfolk.
Diagnosis: Large postero-dorsal, postero-ventral and antero-ventral tubercles, a large eye tubercle and a subcentral 
tubercle in adults.
Remarks: An easily recognized species with a very wide geographical distribution in Europe and Russia. In England, 
its extinction is in the eudoxus Ammonite Zone of the Kimmeridge Clay (Bed 29).
Range: Upper Oxfordian in Russia (Ljubimova 1955) and southern England (Glashoff 1964; Whatley 1965; Wilkin
son 1982) extending into the early Kimmeridgian (baylei-eudoxus zones) in England, Germany and France (Steghaus 
1951; Klingler 1955; Oertli 1957; Malz 1958b; Kilenyi 1969; Depeche 1985).
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The Purbeck-Wealden of the type areas in onshore 
southern Britain (Fig. 1) encompasses the Berria- 
sian-earliest Aptian stages of the Cretaceous, a 
time span of approximately 21 Ma. At least some 
of the lowest part of the succession belongs to the 
latest Jurassic (Portlandian); how much depends 
on where the Jurassic-Cretaceous boundary is 
placed. Ostracods are frequently diverse and abun
dant in the predominantly calcareous or argillaceous 
units (e.g. Purbeck Limestone Group, Wadhurst 
Clay Formation, Grinstead Clay Formation, Weald 
Clay Group), sometimes forming ostracod lime
stones, but in clays that have undergone pedogenesis 
and in arenaceous facies (e.g. Ashdown Beds For
mation, Upper and Lower Tunbridge Wells Sand 
formations) they tend to be rare or poorly preserved. 
They are essentially non-marine faunas, with only a 
few convincing indicators of direct marine influ
ence. Although their interpretation is difficult and 
has given rise to controversy, ostracods are undoubt
edly the most useful biostratigraphical tool available 
in Purbeck-Wealden sequences. They have also 
been used with some success in correlations of the 
offshore ‘F*urbeck-Wealden’ facies of Portlandian- 
Barremian age found in the Celtic Sea and Fastnet 
basins between southern Ireland and SW England 
(Fig. 1).

History of research
The history of Purbeck-Wealden ostracod studies 
was well reviewed by Kilenyi & Neale (1978) in 
the Stratigraphical Index o f British Ostracoda. 
Since then, the posthumous publication of F. W. 
Anderson’s ‘Ostracod faunas in the Purbeck and 
Wealden of England’ in 1985 presented, for the 
first time, a comprehensive scheme of zones, assem
blages and faunicycles for the whole of the English 
sequence. This represented the culmination of a life
time’s work by Anderson, who through a series of 
classic papers (e.g. Anderson 1941, 1967, 1973; 
Anderson & Bazley 1971; Anderson et al. 1967; 
Anderson in Worssam & Ivimey-Cook 1971) devel
oped four kinds of stratigraphical division based 
on ostracods. In addition to his zonation scheme,

based on the ranges of Cypridea species, he also 
established the concept of faunicycles, based on 
alternations of assemblages dominated by Cypridea 
species (C-phase) with assemblages dominated by 
non-Cypridea species (S-phase). In some of his 
work he used the term ‘beds’ for groups of (usually) 
two-four faunicycles. ‘Assemblages’ were also 
groupings of faunicycles; most of the 15 ‘Assem
blages’ presented by Anderson (1985) comprised 
seven faunicyles. Anderson used these schemes to 
achieve correlations between boreholes and exposed 
sequences in the Weald and Wessex sub-basins; an 
early version of his ‘Assemblage’ scheme was used 
to suggest correlations with other basins (e.g. in 
Europe and North America) (Anderson 1973). Other 
significant publications since 1978 include those 
on the ostracod biostratigraphy of the Celtic Sea 
and Fastnet basins by Colin et al. (1981), 
Ainsworth (1987) and Ainsworth et al. (1987).

Unfortunately, it is now clear that the zonation 
scheme presented by Kilenyi & Neale (1978) was 
based on a misunderstanding of Anderson’s work 
and should be disregarded. Their confusion of 
Anderson’s zones with his ‘Assemblages’ has been 
repeated by other authors (e.g. Colin et al. 1981; 
Colin & Oertli 1985; Colin & Lethiers 1988). A 
detailed review of these problems by Horne (1995) 
compared the various zonation schemes (Fig. 2), 
and showed Anderson’s faunicycles, assemblages 
and even some of his zones to be largely unuseable. 
Concluding that Anderson’s data (as opposed to their 
interpretation) were nevertheless well constrained 
and reliable, Horne (1995) established a revised 
ostracod biozonation for the Purbeck-Wealden 
of England.

Excellent and detailed ostracod occurrence data 
for the Purbeck Limestone Group stratotype 
section of Durlston Bay may be found in the field 
guide of Clements (1993), although unfortunately 
no species were illustrated and no taxonomic treat
ment was ever published. More recently, Horne
(2002) has reviewed biostratigraphical and palaeo- 
environmental aspects of the ostracod assemblages 
of the Purbeck Limestone Group, proposing a new 
palaeobiological approach to the palaeoenvironmen- 
tal interpretation of Anderson’s faunicycles.

From: W h i t t a k e r , J. E. & H a r t , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 289-308. 
1747-602X/S15.00 ,() The Micropalaeontological Society 2009.

mailto:d.j.horne@qmul.ac.uk
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Principal collections

The Natural History Museum, London

Some important early collections are housed here, 
including specimens described by T. R. Jones and 
material studied by P. Sylvester-Bradley. Catalogue 
numbers begin with Io or In.

The British Geological Survey, Keyworth

Housed here are the bulk of F. W. Anderson’s 
material from boreholes and outcrop exposures. 
Catalogue numbers begin with Mik (M). Also of 
considerable importance are several unpublished

diagrams (some of them large and complex) by 
Anderson (see Appendix to Anderson 1985); they 
include:

• sequence of faunicycles in the Purbeck Beds: 
Portland-Cinder beds;

• sequence of faunicycles in the Purbeck Beds 
above the Cinder Beds;

• the Portland-Purbeck transition: details of 
sections at Bugle Pit, North Whitechurch and 
Warren Farm, near Aylesbury; Swindon 
(Wiltshire) and Portesham, Dorset;

• the stratigraphical distribution of ostracod 
species in the Purbeck and Wealden of 
England (C- and S-phase species shown as a 
percentage of the total ostracod fauna).
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Fig. 2. Comparison chart of Purbeck-Wealden ostracod biostratigraphical schemes (modified after Horne 1995).
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• sequence of ostracod faunas in the Wadhurst 
Clay of Sussex and Surrey: detailed correlation 
between the Wadhurst Park, Westfield, Cooden, 
Little Maxfield, Freshfield Lane and Warling- 
ham boreholes;

• sequence of ostracod faunas in the Lower 
Weald Clay (Henfield Phase) of Sussex and 
Surrey: detailed correlation between the 
Ripe, Hailsham, Warlingham and Cuckfield 
boreholes, as well as the Clock House and 
Warnham pits.

The University of Leicester, Department of 
Geology

An extensive collection of Purbeck-Wealden 
material is housed here; catalogue numbers begin 
with UL.

Stratigraphy
Onshore in the UK the Purbeck-Wealden is found in 
two main depositional areas, the interconnected 
Weald and Wessex sub-basins, while important off
shore successions have been described from the 
Fastnet, North Celtic Sea and South Celtic Sea 
basins (Fig. 1). A summary of the stratigraphy of 
the onshore successions is shown in Figure 3. 
Allen & Wimbledon (1991) presented a detailed 
review of the stratigraphy of the onshore British 
Purbeck-Wealden, and discussed correlations both 
within the British sequences and with other Euro
pean Purbeck-Wealden basins in France, The Neth
erlands, Germany and Poland. While some authors 
have used the subdivision of the Purbeck Group (or 
Purbeck Limestone Group) into the Lulworth and 
Durlston formations (Townson 1975; Morter 1984; 
Horne 1988, 1995, 2002; Westhead & Mather 
1996), Allen & Wimbledon (1991) preferred the 
concept of a Purbeck Formation comprising the 
old Lower, Middle and Upper Purbeck divisions. 
For the higher units, the Wealden Supergroup 
(Wealden Series of some authors, e.g. Allen 1976; 
Horne 1995; Wealden Group of Allen & Wimbledon
1991) in the Weald Sub-basin comprises (in ascend
ing order) the Ashdown Beds, Wadhurst Clay, 
Lower Tunbridge Wells Sand, Grinstead Clay and 
Upper Tunbridge Wells Sand formations (collec
tively the Hastings Beds Group) and the Weald 
Clay Group (Weald Clay Formation of some 
authors, e.g. Batten 1998), divided into Lower and 
Upper Weald Clay formations (Gallois & Worssam 
1993; Rasnitsyn et al. 1998). In the Wessex Sub
basin the Wealden Supergroup consists of the 
Wessex Formation, the base of which correlates 
with the middle of the Ashdown Formation, and 
the overlying Vectis Formation, which is at least

partly equivalent to the topmost part of the Upper 
Weald Clay Formation (Allen & Wimbledon 1991).

Horne (2002), correcting an earlier error (Horne
1995), noted that the lithostratigraphical top of the 
Purbeck Limestone Group (Durlston Formation) is 
not synchronous between the Wessex and Weald sub
basins (Allen & Wimbledon 1991); the uppermost part 
of the Durlston Formation in the Wessex Sub-basin is 
chronostratigraphically equivalent to the lower part of 
the Ashdown Beds Formation (Hastings Beds Group) 
in the Weald Sub-basin. In the Wessex Sub-basin, the 
Purbeck Limestone Group stratotype is now believed 
to be almost entirely Berriasian (but see discussion 
later of the Jurassic-Cretaceous boundary). Further 
north, the South Midlands outliers (including the 
‘Whitchurch Sands’) are regarded as approximately 
equivalent to the old ‘Lower and Middle Purbeck’ of 
the Wessex Sub-basin, although the lowest Purbeck 
beds in Buckinghamshire are now thought to be corre
late with the uppermost (marine) Portland beds of 
Dorset (Cox et al. 1994). The Wealden Supergroup 
of the type area begins in mid-Berriasian, and covers 
the Valanginian, Hauterivian and Barremian stages 
(Worssam 1978). On the Isle of Wight the Vectis For
mation may extend into the earliest Aptian (Kerth & 
Hailwood 1988; Allen & Wimbledon 1991), although 
some consider that it may be entirely of Barremian age 
(e.g. Harding & Allen 1995).

Ostracod biostratigraphy
The revised zonation scheme of Horne (1995) is 
adopted here (Figs 2-4). One of the problems 
facing anyone working on Purbeck-Wealden ostra- 
cods is the plethora of species, subspecies and var
ieties that have been described. It has only been 
possible to illustrate a selection of stratigraphically 
significant species in this chapter (Fig. 4; Plates 
1-4), and it was often difficult to decide what 
would constitute a ‘typical’ representative of a 
species group. Anderson (1985) illustrated, by 
means of SEM (Scanning Electron Microscopy) 
images, virtually all of the English subspecies of 
Cypridea and other genera, as well as providing 
detailed range charts for many of them; a copy of 
that publication should therefore be regarded as an 
essentia] companion to this chapter. For this reason, 
and also because I am aware of a need for further 
taxonomic and biostratigraphic revision in the 
future, all but a few of the illustrations herein are 
taken from Anderson (1985) (the negatives were 
kindly made available by the British Geological 
Survey) to provide an unambiguous link with his 
work; many of those illustrated are type specimens.

Occasional marine incursions into the predomi
nantly non-marine Pubeck-Wealden environments 
resulted in the introduction of ostracod taxa witfi^
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Fig. 3. Comparison of the ostracod biozonation scheme with the Purbeck-Wealden lithostratigraphy of the 
onshore sub-basins.



Fig. 4. Ranges of selected ostracod species in the Purbeck—W
ealden of the onshore sub-basins.
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marine affinities that should facilitate correlation 
with marine successions, particularly those of NE 
England. However, attempts to make such corre
lations have met with little success and the 
number of marine incursions may have been 
seriously overestimated, although there is substan
tial evidence for a few, such as those represented 
by the Cinder Beds Member in the Purbeck Lime
stone Group and certain horizons in the Weald 
Clay Group (see, for example, Kilenyi & Allen 
1968). In fact, there seems to be only a single 
reliable instance of an ostracod species that occurs 
in both the Purbeck-Wealden of England and in 
the marine Boreal Lower Cretaceous: Paranota- 
cythere inversa (Cornuel, 1848), found towards 
the top of the Vectis Formation on the Isle of 
Wight, and also in the Barremian of Yorkshire, 
northern Germany and the Paris Basin. The poten
tially useful record of the Early Hauterivian 
marine species Paranotacythere diglypta Triebel 
in the Weald Clay Group (Rawson et al. 1978) 
appears to be a misidentification (Horne 1995).

Theriosynoecum forbesi O str a c o d  Z on e

The base of this zone represents a major and dia
chronous facies change from the marine Portlandian 
to non-marine Purbeck. The index species, 
T. forbesi, is found throughout the zone, except in 
the very lowest part (represented only near the 
margins of the basin and possibly equivalent to 
the topmost Portland Stone Member in Dorset). A 
succession of characteristic Cypridea species is 
used to establish three subzones (C. dunkeri, C. 
granulosa and C. propunctata).

A useful marker within the Cypridea granulosa 
Subzone is the widely distributed but short-ranging 
Cypridea posticalis, part of a characteristic ‘bundle’ 
of horizons, beginning with the Middle Purbeck 
Classopollis decline and followed in succession by 
C. posticalis, the Cinder Beds and a pronounced 
rise in kaolinite compared to other clay minerals 
(Allen & Wimbledon 1991). The C. posticalis 
horizon occurs in both the Weald and Wessex 
sub-basins and in the Lower Saxony Basin 
(Netherlands-Germany; see, for example, Elstner & 
Mutterlose 1996); its apparent extension as far 
as Poland (Bielecka & Sztejn 1966; Sztejn 1991) 
may be based on a misidentification, however 
(Horne 1995). Opinion remains divided on the pos
ition of the Jurassic-Cretaceous boundary (Allen & 
Wimbledon 1991); if placed at the base of the 
Berriasella jacobi Subzone of the Berriasian then it 
approximates to the base of the Purbeck Limestone 
Group and of the Theriosynoecum forbesi Zone, 
but acceptance of the Cinder Beds Member (base 
of the Durlston Formation) or a slightly lower 
horizon as the boundary would make the lower

part of the ostracod zone latest Jurassic (Portlan
dian). Morter (1984) noted the diachronous nature 
of the Cinder Beds transgression, and considered 
this member to be part of a cyclothem that included 
underlying and overlying beds; the base of this 
cyclothem coincides with the occurrence of C. post
icalis, which therefore represents a potentially 
useful biostratigraphical marker of the base of the 
Cretaceous (but note that Clements 1993 placed 
its occurrence about 1 m lower in the Durlston 
Bay stratotype section; see Horne 2002 for further 
discussion). A good ostracod marker for the 
Cinder Beds Member horizon is Galliaecytheridea 
postsinuata, indicative of a marine influence, which 
usually occurs in considerable abundance at this 
level, although its range extends higher and lower. 
At least the C. propunctata Subzone and the upper 
part of the underlying C. granulosa Subzone are of 
Berriasian age.

Theriosynoecum alleni O str a c o d  Z on e

This zone approximates to the Valanginian stage, 
although there seems to be little prospect of reaching 
agreement on the exact position of the stage bound
aries in the Weald (Allen & Wimbledon 1991). The 
index species, T. alleni, is found through all except 
the uppermost part of the zone, where the absence 
of records from the Upper Tunbridge Wells Sand 
Formation may to some extent be the result of 
poor preservation of ostracod assemblages. There 
are two subzones. In the Cypridea menevensis 
Subzone, corresponding to the upper part of the 
Ashdown Formation and the lower part of the Wad- 
hurst Clay Formation, the short-ranging Cypridea 
morula is a potentially useful marker approximating 
to the base of the Valanginian, although it has so far 
only been recorded in the Chilcomb Down Borehole 
in Hampshire (Anderson 1985). The Cypridea bispi- 
nosa Subzone ranges from the upper part of the 
Wadhurst Clay Formation to the top of the Upper 
Tunbridge Wells Sand Formation.

Theriosynoecum fittoni O str a c o d  Z on e

This zone is equivalent to the Weald Clay Group of 
the Weald Sub-basin, encompassing the Hauterivian 
and Barremian stages. The disappearances at the top 
of the zone are indicative of the abrupt facies 
change from non-marine Weald Clay to the overlying 
marine Atherfield Clay Formation (Aptian), in many 
places marked by a burrowed erosion surface. In 
the Wessex Sub-basin this zone extends into the 
earliest Aptian. The succession of characteristic 
Cypridea species through the zone allows its subdi
vision into three subzones, those of C. dorsispinata, 
C. pumila and C. fasciata. The short-ranging Cypri
dea bogdenensis is a potentially useful marker at the
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base of the C. fasciata subzone, probably not far 
above the Hauterivian-Barremian boundary (Allen 
& Wimbledon 1991; Horne 1995). However, 
recent investigations of a new ostracod assemblage 
from the Barremian Upper Weald Clay Formation 
in Surrey have suggested that C. bogdenensis may 
fall within the range of intraspecific variation exhib
ited by C. clavata, a species that Anderson (1967) 
divided into several subspecies, and moreover 
may be conspecific with C. insulae from the Vectis 
Formation of the Isle of Wight; the biostrati graphical 
implications of such an interpretation have yet to 
be resolved.

Ostracod palaeoecology

Excellent reviews of the palaeoecology of non
marine ostracods, with particular reference to 
Purbeck-Wealden faunas, have been written by 
Neale (1984) and Colin (in Carbonel et al. 1988); 
more recently Horne (2002) reviewed the palaeo
ecology of Purbeck ostracods in detail, paying atten
tion to the ecology of their closest living relatives. 
The palaeoecological interpretation of Purbeck- 
Wealden ostracods has long been controversial. 
Many authors (e.g. Bate 1965; Kilenyi & Allen 
1968; Kilenyi & Neale 1978; Horne 1995) have dis
agreed with Anderson’s interpretation of certain 
genera as ‘marine’ (e.g. Rhinocypris, Theriosynoe- 
cum), although he was perhaps more concerned 
with distinguishing between more and less salt- 
tolerant ostracods (S- and C-phase) than with estab
lishing true marine affiliations. Past interpretations 
of Purbeck-Wealden faunas have, perhaps, also 
been influenced by an established view of a 
‘typical’ freshwater ostracod fauna that was based 
too heavily on knowledge of NW European faunas 
and water bodies. A wealth of information has 
been published in recent years concerning living 
non-marine ostracod faunas in other parts of the 
world that might usefully be compared with those 
of the Mesozoic; these include Australia (see, for 
example, De Deckker 1981, 1983), Africa (e.g. 
Martens 1984) and South America (e.g. Martens & 
Behen 1994). Reconsideration of the palaeoenviron- 
mental significance of Purbeck-Wealden ostracod 
faunas will undoubtedly lead to new interpretations 
(see, for example, Home & Martens 1998; Horne
2002), but it is already clear that they are best 
regarded as almost entirely non-marine, bearing 
in mind that this can include saline lakes as well 
as freshwater lakes, and temporary as well as perma
nent water bodies. The alternations of C- and 
S-phase assemblages (which are real, even if 
Anderson’s established faunicycles are unrepeata
ble; Horne 1995) may relate to climatic variation 
that influenced the relative abundance of permanent

and temporary water bodies in the landscape (Horne 
1988, 1995, 2002). Most species of the commonest 
Purbeck-Wealden ostracod, darwinulids such as 
Alicenula (formerly Darwinula -  see Martens 
et al. 2003), limnocytherid cytheroideans such as 
Theriosynoecum, and the cypridoideans Mantelli- 
ana and Cypridea, probably inhabited freshwater 
or slightly saline water bodies. The reproductive 
strategies of Alicenula and Theriosynoecum 
involved brood care of the youngest juvenile 
stages by the adult females; such ostracods are con
fined to permanent water bodies. Mantelliana and 
Cypridea, on the other hand, were almost certainly 
able to lay desiccation-resistant eggs, a strategy 
widely employed by their extant relatives and 
which enables them to colonize ephemeral pools, 
survive long periods of drought and achieve wide 
dispersal (Home & Martens 1998). Some genera, 
such as Fabanella, Galliaecytheridea, Hutsonia, 
Macrodentina, Paranotacythere, Hechticythere 
and Sternbergella, have clearer marine affinities 
and their presence may be indicative of marine influ
ence, but even here caution is advised as, by analogy 
with modem faunas, at least some of them could 
have inhabited inland saline lakes (Horne 2002). 
Only in cases where there is supporting evidence 
from other faunal elements can there be reasonable 
certainty of marine-brackish conditions. One such 
example is Kilenyi & Allen’s (1968) Lower Weald 
Clay Formation associations of agglutinated forami- 
nifera, barnacles, oysters and cassiopid gastropods 
with an ostracod fauna characterized by abundant 
Hutsonia and Sternbergella, together with a 
reduced incidence of Cypridea. Another is the 
Cinder Beds Member of the Durlston Formation, a 
typically oyster-rich shell bed containing an echi- 
noid and an ostracod fauna overwhelmingly domi
nated by Galliaecytheridea postsinuata (Morter 
1984; Anderson 1985; Clements 1993).

F. W. Anderson’s faunicyle-dominated palaeo- 
environmental interpretations were based on mor
phological differentiation of the components of 
ostracod assemblages, and, furthermore, paid no 
attention to the mixing of assemblages resulting 
from post-mortem transport. Many Purbeck- 
Wealden ostracod assemblages contain allochtho
nous as well as autochthonous components. Far 
more sophisticated and meaningful interpretations 
should be possible using a combination of tapho- 
nomic analysis and a palaeobiological approach, 
as advocated by Horne (2002).

Future research

A thorough taxonomic revision of English 
Purbeck-Wealden ostracods, including compari
sons with material from other basins (European
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and further afield) is long overdue. Although it 
presents a daunting task, it is an essential prerequi
site to any new attempts at interbasinal correlations 
using ostracods. To give one example of the type of 
problems that exist, Elstner & Mutterlose (1996) 
have established a Cypridea bispinosa Zone in the 
Berriasian of NW Germany on the basis of C. bispi
nosa sensu Wolburg (1959), which they admit (and 
Anderson 1967 pointed out) is not conspecific with 
C. bispinosa Jones, 1878. Elstner & Mutterlose 
further observe that the English Wealden C. bispi
nosa Subzone (defined by Home 1995) has a differ
ent range (Valanginian) and does not correspond to 
the German zone of the same name. A major hurdle 
is that of deciding how much morphological vari
ation to accept in determining each species; as 
already indicated elsewhere in this chapter, at least 
some of F. W. Anderson’s Cypridea subspecies 
may actually represent members of continuous 
series, possibly reflecting ecophenotypic variation. 
Such problems are not confined to Cypridea; Ander
son’s figured adult female of Theriosynoecum alleni 
(Anderson 1985, plate 7, fig. 15, see Plate 4 ,3  of this 
chapter) does not match precisely the morphology 
of the paratype adult females of that species illus
trated by Pinto & Sanguinetti (1962) (the former 
has a more coarsely reticulate ornament and less dis
tinct nodes, for example), but this may be within the 
range of variation exhibited by the species. Future 
taxonomic revision should, as far as possible, be 
based on analyses of large numbers of specimens 
from many horizons and localities, not just compari
sons of a few distinctive individuals.

The need for improved interpretations of the 
palaeobiology and palaeoecology of Purbeck- 
Wealden ostracods offers considerable scope for 
future research projects. One focus of such studies 
could be a reappraisal of the palaeoenvironmental 
significance of ‘faunicycles’ as proposed by Horne 
(2002), requiring centimetre-by-centimetre sampling 
of appropriate sections and careful analysis to dis
tinguish between autochthonous and allochthonous 
assemblages. Subjecting such data to spectral analy
sis might allow renewed consideration of the sugges
tion of Anderson & Bazley (1971) that faunicycles 
may reflect Milankovitch cyclicity.

The British Geological Survey kindly allowed access to 
Anderson’s material and unpublished diagrams, and gave 
permission for the reproduction of SEM photographs 
(from the original negatives) from Anderson’s 1985 paper.

References

Ainsworth , N. R. 1987. Upper Jurassic and Lower 
Cretaceous Ostracoda from the Fastnet Basin, offshore 
southwest Ireland. Irish Journal of Earth Sciences, 8, 
139-153.

A insw orth , N. R., O ’Neill , M., R utherford , M. M., 
Cla yton , G., Horton , N. F. & Penney , R. A. 
1987. Biostratigraphy of the Lower Cretaceous, 
Jurassic and uppermost Triassic of the North 
Celtic Sea and Fastnet basins. In\ Bro oks , J. & 
Gle nnie , K. (eds) Petroleum Geology of North West 
Europe. Graham & Trotman, London, 611 -62 2 .

Allen , P. 1976. Wealden of the Weald: A new model. 
Proceedings of the Geologists’ Association, 86 (for 
1975), 389-437.

Allen , P. & W imbledon , W. A. 1991. Correlation of 
NW European Purbeck-Wealden (Non-marine 
Lower Cretaceous) as seen from the English type 
areas. Cretaceous Research, 12, 511-526.

Anderson , F. W. 1941. Ostracoda from the Portland and 
Purbeck Beds at Swindon. Proceedings of the Geol
ogists' Association, 51, 373-384.

Anderson , F. W. 1967. Ostracods from the Weald Clay 
of England. Bulletin of the Geological Survey of 
Great Britain, 27, 237-269.

Anderson , F. W. 1973. The Jurassic-Cretaceous tran
sition: The non-marine ostracod faunas. In: C asey , R. 
& RAWSON, P. F. (eds) The Boreal Lower Cretaceous. 
Geological Journal Special Issue, 5, 101-110.

Anderson , F. W. 1985. Ostracod faunas in the 
Purbeck and Wealden of England. Journal of Micro
palaeontology, 4(2), 1 -67.

Anderson, F. W. & Bazley, R. A. B. 1971. The 
Purbeck Beds of the Weald (England). Bulletin of the 
Geological Survey of Great Britain, 34, 1-173.

Anderson , F. W., Bazley , R. A. B. & Shepard- 
T horn , E. R. 1967. The sedimentary and faunal 
sequence of the Wadhurst Clay (Wealden) in boreholes 
at Wadhurst Park, Sussex. Bulletin of the Geological 
Survey of Great Britain, 27, 171-235.

BATE, R. H. 1965. Freshwater Ostracoda from the Batho- 
nian of Oxfordshire. Palaeontology, 8, 749-759.

Batten , D. J. 1998. Palaeoenvironmental implications of 
plant, insect and other organic-walled microfossils 
in the Weald Clay Formation (Lower Cretaceous) 
of southeast England. Cretaceous Research, 19, 
279-315.

B ielecka , W. & Sztejn , J. 1966. Stratigraphy of the 
transition beds between the Jurassic and the Cretac
eous, based on microfauna. Kwartalnik Geologiczny, 
10, 96-115.

Carbonel , P., Colin , J.-P., Danielopol , D. L„ 
Loffler , H. & Neustrueva , 1. 1988. Paleoecology 
of limnic ostracods: A review of some major topics. 
Palaeogeography, Palaeoclimatology, Palaeoecology, 
62,413-461.

Clements , R. G. 1993. Type section of the Purbeck 
Limestone Group, Durlston Bay, Swanage, Dorset. 
Proceedings of the Dorset Natural History and 
Archaeological Society, 114 (for 1992), 181-206.

Colin , J.-P. & Lethiers , F. 1988. The importance 
of ostracods in biostratigraphic analaysis. In: 
D e Deckker , P„ Colin , J.-P. & P eypouquet , 
J.-P. (eds) Ostracoda in the Earth Sciences. Elsevier, 
Amsterdam, 27-45.

Colin , J.-P. & Oertli , H. J. 1985. Purbeckien. In: 
OERTLI, H. J. (ed.) Atlas des Ostracodes de France. 
Bulletin des Centres de Recherches Exploration-  
Production Elf-Aquitaine, Memoire, 9, 148-161.



298 D. J. HORNE

Colin, J.-P., Lehmann, R. A. & Morgan, B. E. 1981. 
Cretaceous and Late Jurassic biostratigraphy of the 
North Celtic Sea Basin, offshore southern Ireland, ltr. 
Neale, J. W. & Brasier, M. D. (eds) Microfossils 
from Recent and Fossil Shelf Seas. Ellis Horwood, 
Chichester, 122-155.

Cox, B. M., G a l l o i s , R. W. & S u m b l e r , M. G. 1994. 
The stratigraphy of the BGS Hartwell Borehole, near 
Aylesbury, Buckinghamshire. Proceedings of the 
Geologists’ Association, 105, 209-224.

De Deckker, P. 1981. Taxonomy and ecological notes of 
some ostracods from Australian inland waters. 
Transactions of the Royal Society of South Australia, 
105,91-138.

D e  Deckker, P. 1983. Notes on the ecology and distri
bution of non-marine ostracods in Australia. Hydrobio- 
logia, 106, 223-234.

Elstner, F. & Mutterlose, J. 1996. The Lower 
Cretaceous (Berriasian and Valanginian) in NW 
Germany. Cretaceous Research, 17, 119-133.

Gallois, R. W. & Worssam, B. C. 1993. Geology of 
the Country around Horsham. Memoir of the British 
Geological Survey, Sheet 302 (England and Wales). 
HMSO, London.

Harding, I. C. & Allen, R. M. 1995. Dinocysts and the 
palaeoenvironmental interpretation of non-marine 
sediments: An example from the Wealden of the Isle 
of Wight (Lower Cretaceous, southern England). 
Cretaceous Research, 16, 727-743.

Horne, D. J. 1988. Cretaceous Ostracoda of the Weald. 
British Micropalaeontological Society Field-Guide, 4.

H o r n e , D. J. 1995. A revised ostracod biostratigraphy 
for the Purbeck-Wealden of England. Cretaceous 
Research, 16, 639-663.

Horne, D. J. 2002. Ostracod Biostratigraphy and Palaeo- 
ecology of the Purbeck Limestone Group in Southern 
England. Special Papers in Palaeontology, 68, 1-18.

Horne, D. J. & Martens, K. 1998. An assessment of the 
importance of resting eggs for the evolutionary success 
of Mesozoic non-marine cypridoidean Ostracoda 
(Crustacea). Archly fiir Hydrobiologie (Special 
Issues, Advances in Limnology), 52, 549-561.

Kerth,M.&Hailwood,E.A. 1988. Magnetostratigraphy 
of the Lower Cretaceous Vectis Formation (Wealden 
Group) on the Isle of Wight, southern England. Journal 
of the Geological Society, London, 145, 351 -360.

K i l e n y i , T. I. & Allen, N. W. 1968. Marine-brackish 
bands and their nticrofauna from the lower part of the 
Weald Clay in Sussex and Surrey. Palaeontology, 
112, 141-162.

Kilenyi, T. I. & Neale, J. W. 1978. The Purbeck/ 
Wealden. In: Bate, R. H. & Robinson, J. E. (eds) 
A Sratigraphical Index of British Ostracoda. Geologi
cal Journal, Special Issue, 8, 299-324.

Explanation of plates

M ART EN S, K. 1984. Annotated checklist of non-marine 
ostracods (Ostracoda, Crustacea) from African inland 
waters. Zoologische Bijdragen, Koninklijk Museum 
voor midden Afrika, Tervuren, 20, 1-51.

M a r t e n s , K. & B e h e n , F. 1994. A checklist of the non
marine ostracods (Crustacea, Ostracoda) from South 
American inland waters and adjacent islands. 
Travaux Scientifques du Musee d'Histoire Naturelle 
de Luxembourg, 22, 1-81.

M a r t e n s , K., R o s s e t t i , G. & H o r n e , D. J. 2003. How 
ancient are ancient asexuals? Proceedings of the Royal 
Society of London, Series B (Biological Sciences), 270, 
723-729.

M o r t e r , A. A. 1984. Wealden Mollusca and their 
relationship to ostracod biostratigraphy, stratigraphical 
correlation and palaeoecology in the Weald and adja
cent areas. Proceedings of the Geologists' Association, 
95, 217-234.

N e a l e , J. W. 1984. The Ostracoda and uniformitarianism. 
2. The earlier record: Cretaceous to Cambrian. (Presi
dential Address, 1982). Proceedings of the Yorkshire 
Geological Society, 44, 443-478.

Pinto, I. D. & Sanguinetti, Y. T. 1962. A complete 
revision of the genera Bisulcocypris and Theriosynoe- 
cum (Ostracoda) with the world geographical and stra
tigraphical distribution (including .Metacypris, 
Elpidium, Gomphocythere and Cytheridella). Escola 
de Geologia de Porto Alegre, Puhlicacao Especial, 
4, 1-165.

R a s n i t s y n , A. P., J a r z e m b o w s k i , E. A. & Ross, A. J. 
1998. Wasps (Insecta: Vespida =  Hymenoptera from 
the Purbeck and Wealden (Lower Cretaceous) of 
southern England and their biostratigraphical and 
palaeoenvironmental significance. Cretaceous 
Research, 19, 329-391.

R a w s o n , P. F., C u r r y , D., E T A L .  1978. A Correlation of 
Cretaceous rocks in the British Isles. Geological 
Society, London, Special Report, 9, 1 -70.

S z t e j n , J. 1991. Ostracods from the Purbeckian of central 
Poland. Acta Palaeontologica Polonica, 36, 115-142.

TOWNSON, W. G. 1975. Lithostratigraphy and deposition 
of the type Portlandian. Journal of the Geological 
Society, London, 131, 619-638.

W e s t h e a d , R. K. & M a t h e r , A. E. 1996. An updated 
lithostratigraphy for the Purbeck Limestone Group in 
the Dorset type-area. Proceedings of the Geologists' 
Association, 107, 17-128.

W O RS SA M , B. C. 1978. The Stratigraphy of the Weald 
Clay. Report of the Institute of Geological Sciences, 
78/11, 1-23.

W o r s s a m , B. C. & I v i m e y - C o o k , H. C. 1971. The stra
tigraphy of the Geological Survey borehole at Warling- 
ham, Surrey. Bulletin of the Geological Survey of 
Great Britain, 36, 1-146.

All illustrated specimens, apart from three, are from the F. W. Anderson Collection, British Geological 
Survey, Keyworth (registration numbers prefixed Mik(M)). The remainder, prefixed Io, are in The 
Natural History Museum, London. Plates 1 -3  illustrate selected species of Cypridea, a genus in which 
few authors have recognized sexual dimorphism; all of the figured specimens are therefore assumed to 
be adult females.

Abbreviations: LV, left valve; RV, right valve; car., carapace; lat., lateral view.
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Plate 1
1. Cypridea tenuis Anderson, 1967

Figured specimen: Mik(M) 2122, holotype, car., rt. lat., 905 pm long, x50. Hythe, Kent.
Diagnosis: Elongate, ovate, smooth Cypridea with rostrum and alveolus extremely reduced; LV >  RV.
Range: Upper Weald Clay Formation, Vectis Formation.

2. Cypridea fasciata Anderson, 1967
Figured specimen: Mik(M) 2116, holotype, LV lat., 825 |xm long, x55. Atherfield, Isle of Wight.
Diagnosis: Ovate Cypridea with weakly convex dorsal and ventral margins; smooth or faintly pitted; rostrum and 
alveolus moderately developed, cyathus absent; LV >  RV.
Range: Upper Weald Clay Formation, Vectis Formation.

3. Cypridea clavata clavata Anderson, 1939
Figured specimen: Mik(M) 2379, car., It. lat., 805 pm long, x56. Warlingham Borehole, Surrey.
Diagnosis: Oblong-ovate Cypridea with prominent rostrum and alveolus, weak cyathus; RV >  LV; surface pitted and 
variously ornamented with tubercles/spines, of which the subcentral one is usually the largest.
Range: Lower and Upper Weald Clay formations.
Remarks: Anderson (1985) recognized eight subspecies on the basis of variations in tuberculation, all of which might 
best be regarded as ecophenotypic variants rather than formal taxa (see also remarks on C. bogdenensis).

4. Cypridea comptonensis Anderson, 1967
Figured specimen: Mik(M) 2395, holotype, LV lat., 1159 pm long, x39. Shepherd’s Chine, Isle of Wight. 
Diagnosis: Ovate Cypridea with strongly peaked dorsal margin and almost straight ventral margin; alveolus and rostrum 
moderate, cyathus indistinct, rounded; faintly pitted and fairly evenly covered with small tubercles/spines; LV >  RV. 
Range: Vectis Formation and upper part of Upper Weald Clay Formation.

5. Cypridea bogdenensis Anderson, 1967
Figured specimen: Mik(M) 2113, holotype, RV lat., 910 pm long, x49. Bogden, Kent.
Diagnosis: Oblong-ovate Cypridea with prominent rostrum and alveolus, cyathus weak or absent; surface pitted and 
with scattered small tubercles/spines, particularly in the posterodorsal region; RV >  LV.
Range: A potentially useful short-ranging marker species in the Upper Weald Clay Formation.
Remarks: It is not clear why Anderson (1967, 1985) considered it a separate species and did not include it with other 
subspecies of C. clavata that occur within the same interval; it may simply be an ecophenotypic variant of C. clavata, in 
which case its stratigraphical value is questionable.

6. Cypridea hispida Anderson, 1985
Figured specimen: Mik(M) 4486, holotype, LV lat., 720 pm long, x63. Hailsham Borehole, Sussex.
Diagnosis: Oblong-ovate Cypridea with prominent rostrum and alveolus, distal extremity of rostrum well separated 
from ventral margin; cyathus weak, rounded; surface coarsely pitted and ornamented with scattered tubercles/spines, 
of which the posterodorsal, posterior and ocular (anterodorsal) ones are usually prominent; LV >  RV.
Range: Upper part of the Lower Weald Clay Formation.

7. Cypridea pumila Anderson, 1967
Figured specimen: Mik(M) 2120, holotype, LV lat., 990 pm long, x45. Portsdown No. 1 Borehole, Hampshire. 
Diagnosis: Ovate Cypridea with weakly convex dorsal and ventral margins; rostrum and alveolus moderately devel
oped, cyathus prominent, rounded; LV >  RV; pitted and with scattered, small tubercles/spines, the posterior ones 
being largest.
Range: Lower Weald Clay Formation.

8. Cypridea marina Anderson, 1967
Figured specimen: Mik(M) 2118, holotype, LV lat., 880 pm long, x51. Tongham Borehole, Sussex.
Diagnosis: Oblong-ovate Cypridea with prominent rostrum and alveolus, the rostrum straightened and distally well 
separated from the ventral margin; cyathus weak, rounded; LV >  RV; surface pitted and ornamented with large 
conical tubercles/spines, particularly in the anterodorsal and posterior regions.
Range: Lower Weald Clay Formation.

9. Cypridea brendae Anderson, 1985
Figured specimen: Mik(M) 4485, holotype, LV lat., 850 pm long, x53. Cuckfield No. 2 Borehole, Sussex. 
Diagnosis: Elongate, posteriorly tapering Cypridea with almost straight dorsal and ventral margins; moderately devel
oped rostrum and alveolus, cyathus weak, rounded; pitted, with prominent tubercles/spines only in the posterior 
region; LV >  RV.
Range: Middle part of the Lower Weald Clay Formation.
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10. Cypridea dorsispinata dorsispinata (Anderson, 1939)
Figured specimen: Mik(M) 538, LV lat., 900 pm long, x50. Henfield No. 1 Borehole, Sussex.
Diagnosis: Oblong-ovate Cypridea with almost straight dorsal and ventral margins; rostrum and alveolus moderately 
developed, cyathus weak or absent; surface faintly pitted and with one, two or three prominent tubercles/spines in each 
valve in anterodorsal and posterodorsal positions; LV >  RV.
Range: Lower half of Lower Weald Clay Formation.
Remarks: Anderson (1985) recognized six subspecies, mainly on the basis of variations in tuberculation, which are 
probably best regarded as ccophenotypic variants rather than formal taxa.

Plate 2
1. Cypridea bispinosa suthrigensis Anderson, 1967

Figured specimen: Mik(M) 2142, holotype, RV lat., 880 pm long, x51. Warlingham Borehole, Surrey.
Diagnosis: Oblong-ovate, posteriorly tapering Cypridea, with straight ventral margin and straight or weakly convex 
dorsal margin; rostrum and alveolus prominent, cyathus triangular, obtuse; surface finely pitted and ornamented with 
up to two large tubercles/spines, one subcentral and one mid-dorsal; RV >  LV.
Range: The species ranges through the Wadhurst Clay, Grinstead Clay and Upper Tunbriodge Wells Sand formations; 
this particular subspecies has been found only in the middle part of the Wadhurst Clay.
Remarks: Anderson (1985) recognized three subspecies: B. bispinosa bispinosa Jones, 1878 has both tubercles,
B. spinosa suthrigensis (illustrated herein) has only the subcentral one, and B. bispinosa birini Anderson, 1967 
has none; whether these are valid taxa with stratigraphical value, or simply ecophenotypic variants, remains to 
be tested.

2. Cypridea recta recta Wolburg, 1959
Figured specimen: Mik(M) 2178, LV lat., 790 pm long, x57. Kingsclere No. 1 Borehole, Hampshire.
Diagnosis: Oblong-ovate Cypridea with almost straight ventral and dorsal margins; rostrum and alveolus moderately 
well developed, cyathus rounded; surface pitted, with or without tubercles/spines in subcentral and posteroventral 
positions; LV >  RV.
Range: Ashdown Beds, Wadhurst Clay, Lower Tunbridge Wells Sand, Grinstead Clay and Upper Tunbridge Wells 
Sand formations.
Remarks: Anderson ( 1985) recognized four subspecies based mainly on the presence or absence of tubercles, two of 
which (C. r. edithae and C. r. inflata) are found only in the Grinstead Clay Formation; it remains uncertain whether 
these are all valid and stratigraphically valuable taxa, or simply ecophenotypic variants.

3. Cypridea lasius Anderson, 1967
Figured specimen: Mik(M) 2406, holotype, LV lat., 920 pm long, x49. Wadhurst Park No. 1 Borehole, Sussex. 
Diagnosis: Oblong-ovate Cypridea with almost straight dorsal and ventral margins; rostrum prominent, alveolus 
particularly long, cyathus rounded; surface pitted/reticulate except for smooth anterior and posterior extremities, 
with small tubercles/spines mainly in the posterodorsal region; LV >  RV.
Range: Wadhurst Clay, Lower Tunbridge Wells Sand, Grinstead Clay and Upper Tunbridge Wells Sand formations.

4. Cypridea vericae Anderson, 1967
Figured specimen: Mik(M) 2158, holotype, LV lat., 920 pm long, x49. Wadhurst Park No. 3 Borehole, Sussex. 
Diagnosis: Oblong-ovate Cypridea with almost straight dorsal and ventral margins; rostrum and alveolus prominent, 
broad, cyathus rounded; surface pitted/reticulate except for smooth anterior and posterior extremities, with four tuber
cles/spines in the posterior half; LV >  RV.
Range: Upper part of Wadhurst Clay Formation.

5. Cypridea paulsgrovensis (Anderson, 1939)
Figured specimen: Mik(M) 2155, RV lat., 970 pm long, x46. Warlingham Borehole, Surrey.
Diagnosis: Ovate-triangular Cypridea with straight dorsal and ventral margins; rostrum and alveolus moderately 
developed, cyathus triangular, acute; surface smooth or finely pitted, without tubercles; RV >  LV.
Range: Ashdown Beds and Wadhurst Clay formations.

6. Cypridea menevensis (Anderson, 1939)
Figured specimen: Mik(M) 4499, car., It. lat., 900 pm long, x50. Portsdown No. 1 Borehole, Hampshire.

(continued on p. 302)
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Diagnosis: Oblong-ovate Cypridea with straight or weakly convex dorsal and ventral margins; rostrum and alveolus 
moderately developed, cyathus triangular; surface finely pitted, without tubercles; RV >  LV.
Range: Ashdown Beds and Wadhurst Clay formations.

7. Cypridea setina acerata Anderson, 1962
Figured specimen: Mik(M) 3204, holotype, LV lat., 1015 pm long, x44. Chilcomb Down Borehole, Hampshire. 
Diagnosis: Ovate Cypridea with gently convex dorsal and ventral margins; rostrum and alveolus weakly developed, 
cyathus indistinct; surface smooth; LV >  RV.
Range: The species C. setina ranges through the upper part of the Durlston Formation, Ashdown Formation and low
ermost part of the Wadhurst Clay Formation.
Remarks: Anderson (1985) recognized nine subspecies on the basis of shape variations; the one illustrated herein is 
typical and is characteristic of the C. menevensis Subzone (Durlston and Ashdown Beds formations).

8. Cypridea brevirostrata Martin, 1940
Figured specimen: Mik(M) 3197, RV lat., 1070 pm long, x42. Chilcomb Down Borehole, Hampshire.
Diagnosis: Ovate-triangular Cypridea with convex dorsal and ventral margins; rostrum and alveolus weakly devel
oped, cyathus indistinct; surface finely pitted, without tubercles; RV >  LV.
Range: Durlston and Ashdown Beds formations.

9. Cypridea morula Anderson, 1971
Figured specimen: Mik(M) 2169, holotype, LV lat., 1215 pm long, x37. Chilcomb Down Borehole, Hampshire. 
Diagnosis: Ovate-triangular Cypridea with convex dorsal and ventral margins; rostrum and alveolus weakly devel
oped, cyathus indistinct; surface pitted and with several swollen, ovate tubercles; LV >  RV.
Range: Ashdown Beds Formation; a short-ranging species so far known only from the Chilcomb Down Borehole in 
Hampshire.

10. Cypridea wicheri wicheri Wolburg, 1959
Figured specimen: Mik(M) 3166, LV lat., 970 pm long, x46. Chilcomb Down Borehole, Hampshire.
Diagnosis: Ovate-triangular Cypridea with straight or weakly convex dorsal and ventral margins; rostrum and alveo
lus weakly developed, cyathus rounded to triangular; surface finely pitted, often with prominent, circular tubercles; 
LV >  RV.
Range: Durlston and Ashdown Beds formations.
Remarks: Anderson (1985) recognized six subspecies, mainly on the basis of variations in tuberculation, which are 
probably best regarded as ecophcnotypic variants rather than formal taxa.

Plate 3
1. Cypridea bimammata prolifera Anderson, 1971

Figured specimen: Mik(M) 3325, holotype, car., It. lat., 1120 pm long, x40. Mountfield No. 3 Borehole, Sussex. 
Diagnosis: Ovate Cypridea with gently convex dorsal and ventral margins; rostrum and alveolus moderately devel
oped, cyathus rounded; weakly sulcate in the anteroventral (post-ocular) region; surface pitted, with tubercles/ 
spines in the subcentral and mid-dorsal regions; RV >  LV.
Range: Durlston Formation and lowermost part of Ashdown Beds Formation.
Remarks: Anderson (1985) recognized two subspecies with identical ranges, but did not illustrate the nominate form,
C. bimmamata bimmamata Harbort, 1907.

2. Cypridea propunctata Sylvester-Bradley, 1941
Figured specimen: Mik(M) 3196, LV lat., 865 pm long, x52. Chilcomb Down Borehole, Hampshire.
Diagnosis: Ovate-subtriangular Cypridea with gently convex dorsal and ventral margins; rostrum and alveolus 
moderately developed, cyathus triangular, obtuse; surface pitted, without tubercles; LV >  RV.
Range: Durlston Formation.

3. Cypridea vidrana Wolburg, 1959
Figured specimen: Mik(M) 3180, LV lat., 1115 pm long, x40. Chilcomb Down Borehole, Hampshire.
Diagnosis: Ovate Cypridea with strongly convex dorsal and ventral margins; rostrum and alveolus moderately devel
oped, cyathus rounded, broad; surface finely pitted; LV >  RV.
Range: Durlston Formation.

(icontinued on p. 304)
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4. Cypridea granulosa protogranulosa Anderson, 1971
Figured specimen: Mik(M) 3155, topotype, LV lat., 1065 pm long, x42. Netherfield Place No. 5 Borehole, Sussex. 
Diagnosis: Ovate Cypridea with straight or convex dorsal and ventral margins; rostrum and alveolus well-developed, 
cyathus triangular, obtuse; surface pitted and with scattered small tubercles; LV >  RV.
Range: A typical ‘Middle Purbeck’ species, ranging through the upper part of the Lulworth Formation and the lower 
part of the Durlston Formation.
Remarks: Anderson (1985) recognized three subspecies of C. granulosa with overlapping ranges; the one illustrated 
here (upper Lulworth Formation-lowermost Durlston Formation, just above the Cinder Beds Member) is typical, the 
other two, C. granulosa granulosa (J. de C.Sowerby, 1836) (upper Lulworth and lower Durlston formations) and C. 
granulosa fasciculata (Forbes, 1855) (uppermost Lulworth-lower Durlston formations), differ in minor details of 
shape and in the size and distribution of the tubercles.

5. Cypridea peltoides peltoides Anderson, 1971
Figured specimen: Mik(M) 3318, LV lat., 980 pm long, x46. Mountfield No. 5 Borehole, Sussex.
Diagnosis: Ovate Cypridea with convex dorsal and ventral margins; rostrum and alveolus moderately well developed, 
cyathus triangular; surface finely pitted, without tubercles; dorsal and ventral margins may show longitudinal rib-like 
swellings; LV >  RV.
Range: Lulworth and lower Durlston formations.
Remarks: Anderson (1985) recognized two subspecies, C. peltoides peltoides Anderson, 1971 and C. peltoides eur- 
ygaster Anderson, 1971. Reference to his original descriptions and illustrations shows them to represent the extremes 
of a variation series; the nominate subspecies is more ovate with indistinct longitudinal swellings, while 
C. p. eurygaster is more oblong and has prominent swellings; they are thus probably best regarded as ecophenotypic 
variants rather than formal taxa.

6. Cypridea tumescens tumescens (Anderson, 1939)
Figured specimen: Mik(M) 540, holotype, LV lat., 1390 pm long, x32. Friar Walden, Upwey, Dorset.
Diagnosis: Elongate ovate Cypridea with convex dorsal and ventral margins; rostrum and alveolus well-developed, 
cyathus triangular, obtuse; dorsal, ventral and posterior margins slightly swollen; surface finely pitted; LV > RV. 
Range: Lulworth and lower Durlston formations; South Midlands ‘Purbeck’.
Remarks: Anderson (1985) recognized three subspecies, of which the nominate subspecies (illustrated herein) is the 
most elongate. They succeed each other stratigraphically without any overlap of their ranges: C. t. acrobeles Anderson, 
1971 (lower), C. t. praecursor Oertli, 1963 (middle) and C. t. tumescens (upper; below and above the Cinder Beds 
Member).

7. Cypridea dunkeri dunkeri Jones, 1885
Figured specimen: Mik(M) 738, RV lat., 840 pm long, x 54. Osmington Mills, Dorset.
Diagnosis: Ovate-triangular Cypridea with straight or gently convex dorsal and ventral margins bearing narrow 
rib-like longitudinal swellings in the right valve; rostrum and alveolus moderately well-developed, cyathus triangular, 
obtuse; surface pitted and with small scattered tubercles; RV >  LV.
Range: Lulworth Formation; South Midlands ‘Purbeck’.
Remarks: Anderson (1985) recognized four subspecies on the basis of variations in shape and tuberculation.

8. Cypridea delicatula Anderson, 1971
Figured specimen: Mik(M) 3170, holotype, RV lat., 1060 pm long, x42. Mountfield No. 3 Borehole, Sussex. 
Diagnosis: Ovate Cypridea with a straight or weakly convex dorsal margin and a slightly sinuous ventral 
margin; rostrum and alveolus weakly developed, cyathus rounded; surface pitted and with scattered small tubercles; 
RV >  LV.
Range: Upper part of Lulworth Formation.

9. Cypridea coelnothi Anderson, 1971
Figured specimen: Mik(M) 3160, holotype, LV lat., 1010 pm long, x44. Netherfield Place No. 5 Borehole, Sussex. 
Diagnosis: Oblong-triangular Cypridea with straight or weakly convex dorsal and ventral margins; rostrum and alveo
lus well developed, cyathus triangular, obtuse; surface pitted and with scattered tubercles; LV >  RV.
Range: Upper part of Lulworth Formation.

10. Cypridea posticalis Jones, 1885
Figured specimen: Mik(M) 1020, lectotype, LV lat., 1085 pm long, x41. Ridgway, Dorset.
Diagnosis: Ovate Cypridea with convex dorsal and ventral margins; rostrum and alveolus weakly developed, cyathus 
small, triangular; surface pitted and with a conspicuous ovate tubercle/swelling near the posteroventral margin; 
LV >  RV.
Range: Short ranging, near the top of the Lulworth Formation.
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Plate 4
1, 2. Theriosynoecum fittoni (Mantell, 1844)

Figured specimens: 1, Io 5568, female RV lat., 1030 pm long, x44; 2, Io 5567, male RV, 1060 pm long, x42. 
Compton Bay, Isle of Wight.
Diagnosis: Oblong-ovate species of Theriosynoecum with approximately parallel dorsal and ventral margins; 
dorsolateral sulci well-developed, anterior marginal area strongly compressed; each valve with nine prominent 
tubercles, including a bifurcating pair immediately behind the sulci; reticulate surface ornament, particularly in the 
posterior half.
Range: Lower Weald Clay, Upper Weald Clay and Vectis formations.

3. Theriosynoecum alleni (Pinto & Sanguinetti, 1962)
Figured specimen: Mik(M) 2958, female RV lat., 870 pm long, x52. Chilcomb Down Borehole, Hampshire. 
Diagnosis: Ovate Theriosynoecum, dorsal and ventral margins posteriorly convergent; dorsolateral sulci well 
developed; anterior marginal area weakly compressed; each valve with up to five subdued tubercular swellings or 
more distinct tubercles; surface reticulate or pitted.
Range: Ashdown Beds, Wadhurst Clay, Lower Tunbridge Wells Sand and Grinstead Clay formations.

4. Scabriculocypris trapezoides Anderson, 1941
Figured specimen: Mik(M) 727, holotype, car., rt. lat., 565 pm long, x80. Town Gardens Quarry, Swindon, 
Wiltshire.
Diagnosis: Trapezoidal species of Scabriculocypris with straight, posteriorly convergent dorsal and ventral margins; 
surface reticulate; LV >  RV, ventral overlap conspicuous.
Range: Mainly Lulworth and Durlston formations, but found as high as the top of the Wadhurst Clay Formation.

5. 7. Theriosynoecum monotuberculatum (Anderson, 1971)
Figured specimen: 5, Mik(M) 3297, holotype, female LV lat., 730 pm long, x62; 7, Mik(M) 3299, male LV lat. 
(paratype), 735 pm long, x61. Kingsclere No. 1 Borehole, Hampshire.
Diagnosis: Oblong-ovate Theriosynoecum with approximately parallel dorsal and ventral margins; dorsolateral 
sulci moderately developed; anterior marginal area strongly compressed; surface reticulate, with a single reticulate 
posteromedian tubercle and a short longitudinal ridge in the ventrolateral region (less distinct or absent in the male). 
Range: Relatively short-ranging in the Durlston Formation.
Remarks: Anderson & Bazley (1971) and Anderson (1985) recognized two subspecies, illustrated as Bisulcocypris 
striata striata (Martin, 1940) and B. striata monotuberculata Anderson, 1971; the specimens illustrated under these 
names by Anderson (1985) are incorrectly labelled, both (reproduced herein) in fact belong to his monotuberculata 
form (Anderson’s interpretation of the sexual dimorphs also appears to be incorrect; the holotype is here regarded 
as the female). I consider the two forms to be valid species of Theriosynoecum (which I regard as a senior synonym 
of Bisulcocypris); T. striatum (not illustrated herein) ranges through the Lulworth, Durlston, Ashdown and lowermost 
Wadhurst Clay formations.

6. Theriosynoecum forbesi (Jones, 1885)
Figured specimen: Io 681, paralectotype, female RV lat., 900 pm long, x50. Ridgway, Dorset.
Diagnosis: Ovate Theriosynoecum with posteriorly divergent dorsal and ventral margins; anterior marginal area not 
compressed; dorsolateral sulci weakly developed; female heart-shaped in dorsal view owing to expansion of brood 
chamber beyond posterior margin in each valve; surface finely pitted, merging into fine concentric ribbing in 
ventral and anterior marginal areas, without tubercles.
Range: Lulworth, Durlston and Ashdown Beds formations; South Midlands ‘Purbeck facies’.
Remarks: Anderson & Bazley (1971) and Anderson (1985) recognized two subspecies; I regard the second as a species 
in its own right, T. verrucosum (Jones, 1885), as demonstrated by Kilenyi & Neale (1978) (who illustrated it as 
Bisulcocypris verrucosa).

8. Paranotacythere cineraria (Anderson, 1971)
Figured specimen: Mik(M) 3268, holotype, LV lat., 575 pm long, x78. Poxwell road cutting, Dorset.
Diagnosis: Triangular Paranotacythere with a straight dorsal margin and convex ventral margin sloping up posteriorly 
to a caudal process well above mid-height; ventrolateral ribs overhang the ventral margin; coarse primary reticulation 
forming predominantly triangular fossae infilled with a weak secondary reticulation.
Range: uppermost Lulworth and lower Durlston formations; maximum abundance in the Cinder Beds Member. 
Remarks: One of several Paranotacythere species which occur sporadically in the Purbeck-Wealden and may be 
indicative of marine influence.

(continued on p. 308)
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9. Galliaecytheridea postsinuata Wolburg, 1962
Figured specimen: Mik(M) 3263, male LV lat., 1140 p.m long, x39. Henfield No. 1 Borehole, Sussex.
Diagnosis: Oblong-ovate Galliaecytheridea with a strongly compressed anterior marginal area; right valve with a 
single, small spine at the posterior extremity; surface smooth or finely pitted.
Range: Uppermost Lulworth and lowermost Durlston formations; attains maximum abundance in the Cinder Beds 
Member.
Remarks: Indicative of marine influence.

10. Hechticythere serpentina (Anderson, 1941)
Figured specimen: Mik(M) 723, holotype, LV lat., 700 p,m long, x64. Town Gardens Quarry, Swindon, Wiltshire. 
Diagnosis: Oblong Hechticythere with moderately developed longitudinal ribs; faint primary reticulation delineated 
by secondary reticulation/pitting.
Range: South Midlands ‘Purbeck facies’; Portland Formation.
Remarks: Found only in the lowermost ‘Purbeck’ strata from the basin margins around Swindon and Aylesbury, as 
well as in the underlying Portlandian; indicative of marine influence.
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The marine sediments of the Lower Cretaceous are 
well represented across England from Yorkshire, 
through Lincolnshire, Norfolk, across the country 
to Devon, Dorset, the Isle of Wight and around the 
Weald in SE England (Fig. 1). All but the lower 
part of the Ryazanian is represented, and much is 
developed in lithologies that are suitable for the 
preservation and extraction of Ostracoda. The 
most significant section is that found in Filey Bay, 
North Yorkshire where the Speeton Clay Formation 
crops out and provides access to most of the Lower 
Cretaceous. However, this is a difficult section to 
work owing to much landslipping and local faulting; 
in addition, some horizons, particularly those with 
high iron content, prove to be barren. The numerous 
publications of Neale and Kaye (see later) show, 
however, that good ostracod assemblages may be 
won from this section. Equivalent levels are found 
in Lincolnshire where the Tealby Clay, Skegness 
Clay and Sutterby Marl formations have all proved 
ostracod faunas. After the Early Aptian transgres
sion, marine conditions were established in southern 
England, which resulted in the deposition of the 
Atherfield Clay Formation, but much of the over- 
lying Lower Greensand is clastic in nature and 
does not preserve ostracods well; the latest Aptian 
and Early Albian are poorly served for recovery of 
ostracods. The Middle and Upper Albian Gault 
Clay Formation in the south provides exquisite pres
ervation of the finest details in most specimens, and 
although the section at Copt Point, Folkestone, Kent 
suffers from some slipping it has excellent macro- 
faunal control. Figure 2 gives a correlation of the 
marine Lower Cretaceous strata across the country.

A significant increase in the knowledge of the dis
tribution of Lower Cretaceous ostracod faunas has 
come from British Geological Survey (BGS) bore
holes located in the North Sea and across the 
country down to the English Channel (Fig. 1). Taken 
together these cover much of the Lower Cretaceous: 
Ryazanian-Early Barremian (BGS Borehole 81/ 
43), Late Barremian-Cenomanian (BGS Borehole 
81/40), Aptian (Southern Water Authority Hoes 
Farm Borehole, BGS Borehole 75/73), and Middle 
and Upper Albian (Selbome, Arlsey, Ely-Ouse, 
Gayton, Marham, Mundford, BGS 72/78 and Skeg
ness boreholes). Only the mid-Barremian is lacking 
published ostracod records from boreholes.

H istory o f research

The earliest research on British marine Lower 
Cretaceous Ostracoda is found in the monograph 
of Jones (1849), which was also the first major 
work on British ostracods in general. Twenty-six 
species and four varieties of Lower Cretaceous 
Ostracoda were identified and arranged in four sub
genera: Cythere, Cythereis, Bairdia and Cytherella 
within the single genus Cythere. This was a taxo
nomic work with good pencil illustrations, but it 
lacked stratigraphical precision; the Lower Cretac
eous specimens were described as being found in 
the ‘Gault at Folkestone’ with no further detail. 
This work was later updated and amended by 
Jones (1870), with additional material from the 
Gault at Folkestone, Leacon Hill near Charing 
(Kent), Upper Greensand of Warminster and ‘Red 
Chalk’ from Speeton. The supplementary mono
graph of Jones & Hinde (1890) contained many 
more sampling localities including the Gault of 
Godstone, Surrey, Meux’s Well, London and the 
Upper Greensand at Ventnor, Isle of Wight. The 
number of Albian species known to workers in 
1890 had increased to 37. Albian faunas from Folk
estone, Kent were described by Chapman & Sher- 
born (1893), and Late Aptian faunas from the 
Bargate Beds of Surrey (Chapman 1894) and Cam
bridge Greensand (Chapman 1898) soon followed. 
It was Chapman who recognized the importance of 
accurate stratigraphical detail, and for the first 
time included an element of biostratigraphical data 
by relating the ostracod distribution to the 10 
Gault biozones recognized at Folkestone at that 
time. The taxonomy in these early publications of 
Chapman has largely been superseded, but some 
of the original names remain valid.

After this enthusiastic start British Lower 
Cretaceous ostracods were not studied in any 
detail for half a century, after which Bartenstein 
(1956) described several species from the Hauteri- 
vian of Lincolnshire and Hughes-Clarke (1957 
manuscript) dealt with Albian Ostracoda in his 
unpublished PhD thesis.

In the 1960s interest in Lower Cretaceous 
Ostracoda was spurred on by the work of Neale 
(1960, 1962), who first described and illustrated 
the ostracod faunas of the Berriasian-Hauterivian

From: WHITTAKER, J. E. & HART, M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 309-343.
1747-602X/S 15.00 (Q The Micropalaeontological Society 2009.
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Fig. 1. Distribution of the outcrop of marine Lower Cretaceous strata in Britain showing locations of published ostracod 
data, including those used to construct Figures 3 and 4. BGS, British Geological Survey; Bh, borehole; Qy, quarry. 
Sources of data: BGS Bh 81 /40 (Lott et al. 1985), BGS Bh 81 /43 (Lott et al. 1986), North Fordon G1 Bh (Neale 1960), 
Speeton(Kaye 1962,1963a-e, 1964a;Neale 1962; Mitchell & Underwood 1999; author’s collection), Sutterby (Kaye & 
Barker 1965), South Ferriby Qy, Hillside Plantation, Elsham Interchange, Bigby Qy, Skegness Bh, BGS Bh 72/78, 
Hunstanton (Wilkinson 1990), Gayton Bh, Marham Bh, Mundford C Bh (Wilkinson & Morter 1981), Ely-Ouse Bhs 2, 
11 (Wilkinson in Bristow 1990), Grantchester, Hauxton, Mildenhall Bh 6 (Wilkinson 1988), Barrington Qy (author’s 
collection), Arlesey Bh (Woods et al. 1995), Compton (Kaye 1964b) Folkestone (Hart 1973; author’s collection), 
SelborneBhs (Woods et al. 2001), Hoes Farm Bh (Bristow et al. 1987) and Chale Bay (Kaye 1965a).'

stages from the Speeton Clay Formation of York
shire. This work continued for many years and 
resulted in a number of taxonomic and palaeoecolo- 
gical publications (Neale & Kilenyi 1961; Neale 
1968, 1971, 1973a, b, 1977a, b, 1978a-d, 1979, 
1980a-c). Kaye (1962 manuscript) carried out

research on the Barremian-Albian part of the 
Speeton Clay and the overlying Hunstanton For
mation -  the ‘Red Chalk’ of Yorkshire -  and later 
went on to describe these and contemporaneous 
faunas from Speeton (Kaye 1963a-e, 1964a, 
1965b), southern England (Kaye 19646, c, 1965d),
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Fig. 2. Composite chrono- and lithostratigraphical correlation of Lower Cretaceous strata across England. Data adapted 
from Dr S. Kelly (pers. comm. 13 March 2006) and Prof P. Rawson (2004, The Speeton Section, TMS Field Meeting, 16 
September 2004).

the Isle of Wight (Kaye 1965a) and Lincolnshire 
(Kaye 1965c, 1966; Kaye & Barker 1965, 1966). 
The Gault Clay of Kent was revisited by Hart 
(1973), who gave the stratigraphical distribution of 
mid-late Albian ostracods together with foraminif- 
eral data. The biostratigraphical results of this fore
going research was summarized by Neale (1978e).

Since that time, several Early Cretaceous faunas 
from eastern England have been discussed in detail, 
particularly within a biostratigraphical context 
(Wilkinson 1988a). Wilkinson (1977) recovered 
material from the Barremian of Hunstanton, 
Norfolk, and later the Aptian of Sussex (Wilkinson 
in Bristow et al. 1987), which were shown to 
compare well with faunas from the Isle of Wight 
and northern France. The temporal distribution of 
Aptian Ostracoda of eastern and southern England 
was outlined by Wilkinson (1996), who discussed 
the consequences of changing palaeogeography on 
the faunas. The stratigraphical distributions of 
Albian associations in eastern and southern 
England have been studied by the British Geological 
Survey (Wilkinson & Morter 1981; Wilkinson 
1982, 1990; Wilkinson in Morter & Wood 1983; 
Wilkinson in Bristow 1990; Woods et al. 1995,
2001). The Albian-Cenomanian boundary in

eastern England has also received attention by 
Wilkinson (19886). The PhD of Mitchell (1993) 
included mid-Cretaceous Ostracoda from Speeton 
in Yorkshire; some of these results were published 
by Mitchell & Underwood (1999).

A number of publications relating to the UK con
tinental shelf and adjacent areas have appeared in 
the last two decades. Wilkinson in Lott et al. 
(1985, 1986) discussed the distribution of Early Cre
taceous ostracods from borehole material of the UK 
sector of the southern North Sea Basin. He showed 
how the faunas could be related to the Yorkshire 
outcrop and to the German sequences, such as the 
Hauterivian and Barremian faunas from Heligoland 
described by Bartenstein & Kaever (1973) and 
Bartenstein & Oertli (1975). The use of ostracods as 
biostratigraphical tools in the southern North Sea 
Basin was shown by Wilkinson et al. (1994) as first 
downhole occurrence, in terms of their relationship 
with the chronostratigraphy, macrofossil biozones 
and key events in other microfossil groups. Ainsworth 
et al. (2000) detailed the biostratigraphy of the 
Britannia Field reservoir, North Sea.

Early Cretaceous ostracods are also biostratigra- 
phically significant in the Fastnet and Celtic basins, 
and a number of species appear to be restricted to
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that area (Coline; al. 1981; Ainsworth 1985, 1986a, b, 
1987; Ainsworth etal. 1985); these faunas show some 
similarity to those of Portugal as described by Cabral 
(1998). Further offshore, Flart & Crittenden (1985) 
recorded a high-diversity but low-abundance assem
blage from the Barremian-Albian stages of the 
Goban Spur, WSW of Land’s End. Unfortunately, 
many of the identifications in that work are tentative 
and it is difficult to incorporate into the present 
scheme. However, they present a useful ecological 
chart of species found in the Barremian and Early 
Albian (Hart & Crittenden 1985, fig. 3).

The above survey briefly outlines the research 
carried out on marine Lower Cretaceous ostracods 
from Britain and its continental shelf; however, a 
considerable amount of research has also been 
undertaken in continental Europe, which has a 
direct bearing on the British succession and 
faunas. Triebel (1938a, b, 1940, 1941) erected, 
and superbly illustrated by light microscopy, many 
German taxa that are important in the British assem
blages. These studies have been continued by many 
workers since then (Bartenstein & Brand 1951; 
Mertens 1956, 1958; Bartenstein 1959; Oertli 
1959; Kemper 1963, 1971a, b, 1975, 1982, 1984, 
1989a, b; Griindel 1964a, b, 1966, 1967, 1969, 
1971, 1973, 1974a, b, 1975, 1978, 1989; Bertram 
& Kemper 1971; Griindel & Kozur 1971, 1972; 
Bassiouni 1974, 1978; Elstner & Kemper 1989; 
Luppold in Mutterlose et al. 2003). Assemblages 
from the Early Cretaceous of northern France were 
discussed by Cornuel as long ago as 1846 and 
1848, and then a century later by Stchepinsky 
(1955), Deroo (1957), Oertli (1958, 1963) and 
Grosdidier (1964, 1965). More attention was paid 
to French Early Cretaceous ostracods during the 
1960s and 1970s, principally by Damotte who pub
lished a considerable number of important studies 
(Damotte 1961, 1968, 1971, 1974, 1976a, b, 1977, 
1979a, b\ Damotte & Grosdidier 1963a, b\ 
Moullade 1963; Damotte & Magniez-Jannin 1973; 
Damotte et al. 1978, 1981; Amedro et al. 1981; 
Babinot et al. 1985). Sauvagnat (1999) has made 
an in-depth study of Aptian and Albian ostracods 
from the Jura Mountains in eastern France and 
NW Switzerland. The Ostracoda of the Aptian 
stratotype in SE France has been documented by 
Babinot (1998) and Babinot et al. (2007). Migra
tion routes within the European province have 
been examined by Donze (1973) and Schudack & 
Schudack (1995). Van der Wiel (1978) dealt with 
evolutionary aspects of ostracods in northern 
France, and Witte et al. (1992) examined the 
Albian-Cenomanian boundary from the eastern 
part of The Netherlands. In the Danish trough, 
Christensen (1973, 1974) showed the usefulness of 
ostracods in a stratigraphical context and related 
his findings to the Speeton succession.

Principal collections
The Natural History Museum, London

The Palaeontology Department houses the material 
described by Jones (1849), Jones & Hinde (1890), 
Chapman & Sherbom (1893), Chapman (1894), 
Kaye (1964b, c, 1965a, b) and Kaye & Barker 
(1965, 1966); they are catalogued in collections, 
their registered numbers prefixed variously by I, 
In, Io or OS. The collections of Neale (1960, 
1962, 1968, 1971, 1973a, b, 1977a, b), Neale & 
Kilenyi (1961) and Kaye (1962, 1963a, b, e, 
1964a) originally held in the University of Hull 
with the prefix HU, have been relocated to the 
Natural History Museum and reregistered with a 
PMHULL or PMOS prefix; both Hull and NHM 
numbers are given in the plate explanations as the 
former gives the physical location in the drawers 
and the latter gives the location in the NHM register. 
PMOS numbers have been allocated to single speci
mens that have been taken from slides with more 
than one specimen; in these cases the PMHULL 
number for the slide covers a range of HU numbers.

British Geological Survey, Keyworth

The collections described by Wilkinson (1977, 
1982, 1988a, b, 1990), Wilkinson & Morter 
(1981), Wilkinson in Morter & Wood (1983), Lott 
et al. (1985, 1986), Bristow et al. (1987) and 
Woods et al. (1995) are registered with the codes 
SAA, SAC, MPA and MPK.

Sedgwick Museum, University of Cambridge

Material from the Bargate Beds of Surrey described 
by Chapman (1894) and from the Cambridge Green
sand described by Chapman (1898) is housed here. 
The catalogue numbers have the prefix B.

University College, London

The material studied by Hughes-Clarke (1957 
manuscript) for his unpublished PhD thesis is 
housed here.

Senckenberg Museum, Frankfurt

Some of the material described by Bartenstein 
(1956) and Kaye (1963a, 1965a-c) from the 
British Lower Cretaceous is housed here, together 
with many important collections of Triebel 
(1938a, b, 1940, 1941), Bartenstein (1959), Oertli 
(1959), Kemper (1971a) and Bartenstein & 
Kaever (1973), from the Lower Cretaceous of 
Germany.
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Stratigraphy
The Early Cretaceous Epoch of the Cretaceous 
Period is subdivided into six stages. In the UK 
these are Berriasian, Valanginian, Hauterivian, 
Barremian, Aptian and Albian. The following 
summary of the chrono- and biostratigraphy is 
according to Gradstein et al. (2005). None of the 
stage boundaries has yet been ratified by the IGU, 
and therefore ■ no Global Boundary Stratotype 
Section and Points (GSSP) have yet been agreed; 
potential sites at the time of writing are given 
below. The southern Berriasian-Barremian (and 
possibly early Aptian) sediments of the Weald, 
Dorset and the Isle of Wight are all non-marine 
(see Horne 2009).

The Berriasian Stage, from 145.5 +  4 to 
140.2 + 3  Ma of duration 4 Ma, is likely to be 
defined by the lowest occurrence of the ammonite 
Berriasiella jacobi. The latest Berriasian overlaps 
with the regional Ryazanian Stage (142-136.5 
Ma) in the Boreal realm. The marine Ryazanian in 
the UK is represented in the lower sections of the 
Speeton Clay D Beds (D8-D5) in Yorkshire and 
the North Sea. Other Ryazanian sediments such as 
the Spilsby Sandstone in Lincolnshire and the 
Mintlyn Member of the Sandringham Sands in 
East Anglia and Bedfordshire have not preserved 
any ostracods.

The Valanginian Stage, from 140.2 +  3 to 
136.4 +  2 Ma, is defined by the lowest occurrence 
of the calpionellid Calpionellites darderi (base of 
Calpionellid Biozone E); followed by the lowest 
occurrence of the ammonite ‘Thurmanniceras’ 
pertransiens. The leading candidates for the GSSP 
are near Montbrun-les-Bains (Drome province, SE 
France) and Canada Luenga (Betic Cordillera, 
Southern Spain). Valanginian sediments with 
marine Ostracoda are present in the cliff sections 
at Speeton (Beds D4-D2E). Other arenaceous 
Valanginian sediments of Lincolnshire (Claxby 
Formation) and Norfolk (Leziate Member of the 
Sandringham Sands Formation) have not 
produced ostracods.

The Hauterivian Stage, from 136.4 ±  2 to 
130+ 1.5 Ma, is defined by the lowest occurrence 
of the ammonite genus Acanthodiscus, especially 
A. radiatus. The leading candidate for the GSSP is 
La Charce village, Drome province, SE France. 
Hauterivian marine ostracods have been recovered 
from the Speeton Clay Formation (Beds D2D-C2) 
in both Yorkshire and the North Sea, and also 
the Lower Tealby Clay Member of the Tealby 
Clay Formation in Lincolnshire.

The Barremian Stage, from 130+1 . 5  to 
1 2 5 + 1  Ma, is defined by the lowest occurrence 
of the ammonite Spitidiscus hugii, and the leading 
candidate is Rio Argos near Caravaca, Murcia

province, Spain. In the UK, marine ostracods have 
been recovered from the Speeton Clay Formation 
(Beds C2C-UB3) from Yorkshire and the North 
Sea, and the Upper Tealby Clay of Lincolnshire.

The Aptian Stage extends from 125 ±  to 
1 1 2 + 1  Ma, the base of which has been suggested 
as the base of the magnetic polarity chronozone 
MOr. A wide-scale marine transgression took place 
in the earliest Aptian in Britain, and resulted in 
more widespread ostracod-rich sediments from the 
Speeton Clay Formation (Beds UB2C-LA5) of 
Yorkshire and the North Sea, the Sutterby Marl 
of Lincolnshire and the Atherfield Formation of 
Sussex, the Weald and the Isle of Wight.

The Albian Stage extends from 1 1 2 + 1  to 
99.6 +  0.9 Ma. A suggested definition of the base 
is the lowest occurrence of the calcareous nannofos- 
sil Praediscosphaera columnata. At the base of the 
Albian are developed many poorly ostracodal 
sediments such as the Sandrock and Carstone for
mations, but by the time of the dentatus Biozone 
the widespread and richly fossiliferous Gault Clay 
Formation was being deposited from East Anglia 
down through the Weald to Sussex and to the Isle 
of Wight. In the north, the equivalent Hunstanton 
Chalk Formation is found in Yorkshire, Lincolnshire 
and parts of East Anglia. At the end of the Albian the 
local Cambridge Greensand and Upper Greensand 
of the south and west return to slightly shallower 
conditions before the onset of the carbonate sedi
mentation more typical of the Upper Cretaceous.

Systematic palaeontology
During examination of musuem collections in the 
preparation of this work it has been found necessary 
to erect two new taxa. There are described here sys
tematically. Abbreviations used are: LV, left valve; 
RV, right valve.

P ro tocyth ere  n od igera  Triebel 
h aren avirid is subsp. nov. (P late 2 , 17)
non 1941 Protocythere nodigera Triebel, p. 382, 
plate 4, figs 38-40.

1978 Protocythere nodigera Triebel, 1941: Neale 
1978e, p. 340, plate 4, fig. 6.

Derivation of name: Latin: harena, sand and 
viridis, green, in reference to this being found 
below the ‘greensand streak’ of Kaye (1963a).

Diagnosis: Protocythere with three longitudinal ribs, 
the ventral rib is pitted, middle and dorsal ribs 
smooth; faint pitting in the intercostal areas; ventral 
longitudinal riblets separated by rows of pits; dorsal 
rib straight, bending down at its extremities.



314 I. J. SLIPPER

Holotype: NHM PMHULL 2045 (HU.16.C.26.3) 
LV, 800 pm long, 520 pm high, 275 pm wide.

Material: NHM PMHULL 2045 (HU.16.C.26.1) 
(paratype) LV; NHM PMHULL 2045 
(HU. 16.26.C.2) (paratype) RV.

Locality: Lower Albian, Speeton Clay, c. 0.15 m 
(6") below the ‘greensand streak’ of Kaye 
(1963a), Bed A5, Speeton, North Yorkshire, UK.

Description: Large, well calcified valves of typical 
protocytherid shape. Anterior margin evenly 
rounded in LV, which continues dorsally to the high 
anterior hinge ear. Dorsal margin is obscured by the 
dorsal rib, which is straight-weakly curved at the 
extremities, and separated from an inflated anterodor- 
sal area by a weak sulcus; dorsal rib merges into the 
posterolateral field. In the LV a broad upturned 
caudal process terminates above mid-height, whilst 
in the RV is more pointed and terminates below mid
height. The ventral margin in the LV forms a broad 
curve from the anterior margin, curving upwards to 
the posterior extremity, slightly obscured by the 
ventral swelling. In the RV, the ventral margin is 
straighter, curving in a shallow arc to the sharp 
caudal process. The median rib is short and stout, 
weakly separated from the higher muscle node by a 
shallow depression; the median rib appears to con
tinue in front of the muscle node and curves down
wards to merge into the ventrolateral rib, which is 
inflated towards the posterior. The dorsal and 
median lateral ribs are smooth, whilst the ventrolat
eral rib carries a distinct row of pits. Some pitting is 
seen in the intercostal areas. In dorsal view, the 
anterior-lateral field is flattened and the maximum 
width is at the muscle node. Ventral view shows the 
ventral surface to have four-five weak riblets separ
ated by weak rows of pits. The hinge in the LV con
sists of two terminal sockets and a thin median bar; 
in the RV are two elongate terminal elements; preser
vation is not sufficient to determine if crenulations are 
present. Muscle scars are not seen.

Remarks: It is the opinion of this author that the 
specimen taken by Neale (1978e) is not conspecific 
with the concept of this species as given by Triebel 
(1941). I have compared the paratypes of Proto- 
cythere nodigera Triebel, 1941 (X/e 1217 and X / 
e 1286) with Neale’s specimens HU.16.C.26.1-3 
and concluded that they are separate taxa, differing 
by detail of ornament on the median and dorsolateral 
ribs. Protocythere nodigera s.s. contains distinct 
rows of pits on these ribs, while the British material 
has pitting only on the ventral rib. It is similar in 
some respect to Protocythere voehrumensis 
Kemper, 1975 which has somewhat reduced 
pitting, but in that species the bowed dorsal rib 
extends above the dorsal margin. In terms of the

nature of the reduced ornament this subspecies is 
similar to the specimen illustrated by Kemper 
(1982, plate 7.1-4, fig. 14, plate 7.1-5, fig. 9, Proto
cythere n. sp. B), but the dorsal rib in that is 
distinctly curved and the left valve hinge ear is not 
so prominent.

Wilkinson (2006) defines a Protocythere nodigera 
Partial Range Zone in the tardefurcata and auritifor- 
mis biozones of the Lower Albian of Britain based on 
its first and last occurrences. No illustrations are 
given, so it is unclear whether this zone relates to 
the nominate subspecies or P. nodigera harenaviridis 
with which it has been confused in the past.

R eh acyth ereis  vex illum  sp. nov. (Plate 3, 5)
non 1940 Cythereis bekumensis n.sp.; Triebel, 
p. 188, plate 4, figs 45, 46, plate 10, fig. 107.

1965 Cythereis bekumensis Triebel 1940; Kaye & 
Barker 1965, p. 384, plate 50, figs 13-16.

1978 Rehacythereis bekumensis (Triebel, 1940); 
Neale 1978e, p. 356, plate 11, fig- 4.

1993 Rehacythereis bekumensis (Triebel); Mitchell 
1993, plate 17, fig. 7.

Derivation of name: Latin: wexillum, a flag. An 
allusion to the frill-like dorsal rib waving like a 
flag in the wind. Noun used in apposition.

Diagnosis: Rehacythereis with frill-like dorsal rib; 
singular node at position of middle rib; prominent 
rounded muscle node not reaching into the anterior 
lateral field; prominent pore conulus; reticulate inter
costal areas; short thick rib below eye tubercle.

Holotype: NHM Io 2648 LV female, 858 pm long, 
510 pm high, 230 pm wide.

Material: Paratypes: Io 2647 RV female, Io 2646 
RV female (poorly preserved), Io 2649 LV male, 
Io 2650 LV (gold coated), OS 9303 LV male, all 
from type locality.

Locality: Late Aptian nutfieldensis Biozone, Sut- 
terby Marl, Sutterby, Lincolnshire.

Description: Well-calcified medium-large sized 
carapace. Broadly rounded anterior margin adorned 
by nine or 10 stout triangular spines on the ventrolat
eral edge, and six-seven smaller bifurcated spines 
above mid-height close to the valve margin; these 
are only seen in well-preserved material. In excep
tional material a backwards-directed spine is seen pro
jecting from the rear of the hinge ear. A distinct eye 
tubercle sits on the lateral surface of the hinge ear, in 
front of which is a shallow depressed area, and 
below which is a short rib descending towards the 
muscle node. The straight dorsal margin slopes 
down to the posterior cardinal angle and is obscured,
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in lateral view, by the thin, raised, frill-like dorsal rib 
that terminates posteriorly in a downwards-projecting 
block that is divided by a vertical cleft. The anterior 
marginal rib is wide and elevated from the anterolat
eral field; it merges into the ventrolateral rib that 
becomes weakly sinusoidal, curving up at mid-length, 
then down to terminate in front of the dorsal posterior 
block; this ventral posterior block is also divided. The 
posterior margin is drawn out to a caudal process 
below mid-height; the ventral portion is weakly 
concvex while the dorsal portion is weakly concave. 
The caudal process is more elongate and lower in 
the RV than in the LV. The muscle node is distinct 
but medium-small in size, smooth and isolated. 
Median rib is absent. Two distinct pore cones are 
present behind the muscle node, that closest to the 
node is set below mid-height, that furthest is at mid
height. The lateral intercostal field is reticulate, 
while the anterolateral and posterolateral fields are 
smooth. Maximum width is at the posterior termin
ation of the ventrolateral rib. Amphidont hinge with 
a small flat-topped anteromediam element in the 
LV. The RV hinge has a smooth anterior tooth, a 
finely crenulate median groove and a high-stepped 
posterior tooth. 28-30 anterior marginal pore 
canals, and n in e -11 posterior marginal pore canals. 
Males more elongate than females.

Remarks: This was described and illustrated as 
C. bekumensis Triebel, 1940 by Kaye & Barker
(1965) and reillustrated as Rehacythereis bekumensis 
(Triebel, 1940) by Neale (1978e). This form was 
then taken as a biozonal index by Mitchell & 
Underwood (1999) for the ‘Mid Lower Aptian’ for- 
besi Biozone-lower deshayesi Biozone. Dr Mitchell 
kindly supplied an illustration of his specimen 
(Mitchell 1993, plate 17, fig. 7), which showed that 
this also does not conform to the concept of C. beku
mensis Triebel. I have examined paratypes X /e 558 
and X /e 557 of Triebel’s material and can state that 
the British specimens differ in the nature of the 
dorsal rib, which is more frill-like, the median rib, 
which is reduced to a node, and the subcentral tuber
cle, which is smoothly rounded; the German material 
has a low dorsal rib, a median rib broken into three 
nodes and a reduced, noded central tubercle. 
Kaye’s original specimens (NHM Io 2646-2650) 
from the Sutterby Marl are taken as the type series, 
Io 2648 is here designated as the holotype, the 
remainder as paratypes including OS 9303 illus
trated by Neale (1978e). The R. bekumensis 
Biozone of Mitchell & Underwood (1999) should 
therefore be renamed the R. vexillum Biozone.

Ostracod biostratigraphy
This stratigraphical scheme here builds on the pub
lished ranges and occurrences of Lower Cretaceous

Ostracoda mentioned in the last two decades of the 
‘History of research’ section earlier in this chapter. 
When the ranges for species are plotted by location, 
it becomes apparent that some first appearance 
datums (FADs) and last appearance datums 
(LADs) are not contemporaneous between locations 
across the country, indicating that diachronism 
is present. For example, the most striking of which 
is the extinction of Rehacythereis luermannae 
luermannae, which has previously been used as a 
biozonal index for part of the Upper Albian 
(Wilkinson & Morter 1981; Wilkinson 1990). This 
species survives into younger sediments progress
ively further south. Given that some diachronism 
is present, the majority of the FADs and LADs 
occur within two or three ammonite biozones 
across the country from the Isle of Wight to BGS 
Borehole 81/40 in the North Sea, sometimes this 
is a result of available section. The ranges given 
here (Figs 3 and 4), are the known total ranges for 
locations of published ostracod data (Fig. 1).

Albian

The very youngest Albian sediments contain a fauna 
that is also found in the Lower Cenomanian. The 
first indications of Albian sediments are shown in 
the south of England by the LADs of Isocythereis 
fissicostis gracilis and Phodeucythere trigonalis 
in the S. dispar Biozone (M. perinflatum 
Sub-Biozone). In the central region (Ely-Ouse 
boreholes) the LAD of P. trigonalis is in the rostra- 
tum Sub-Biozone, and further north, in the Skegness 
Borehole, it occurs in the varicosum Sub-Biozone. 
In the south of England Rehacythereis luermannae 
luermannae persists until the perinflatum 
Biozone, but further north the LAD becomes 
progressively older; C. auritus Sub-Biozone at 
Arlesey, H. varicosum Sub-Biozone from E ly- 
Ouse Borehole 2 to Ellsham Interchange; whilst 
the furthest north, in Borehole 81 /40, it has a 
solitary occurrence in the Middle Albian. Typical 
accompanying forms in the S. dispar Biozone are 
Rehacythereis bemerodensis and Phthanoloxo- 
concha icknieldensis.

The M. rostratum Ammonite Sub-Biozone of 
the S. dispar Biozone can be recognized by the 
LADs of Homocythere lapparenti, Isocythereis 
fortinodis reticulata and Platycythereis gaultina. 
Homocythere lapparenti (Damotte & Grosdidier, 
1963a) has been referred in the literature to
H. barringtonensis (Kaye, 1964c), which is here 
considered a junior synonym. There is some dia
chronism apparent in the LAD of I. fortinodis 
reticulata again persisting in the south longer than 
in the central region (Ely-Ouse 2 -  middle rostra
tum Sub-Biozone) and further north (Skegness 
Borehole -  varicosum Sub-Biozone).
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The M. inflatum Ammonite Biozone is subdivided 
into four ammonite sub-biozones, each of which has 
one or more associated distinctive ostracod LAD. 
The youngest, C. auritus Sub-Biozone, is character
ized by the LADs of Cythereis folkestonensis, 
Neocythere (C.) denticulata and Protocythere rudis- 
pinata. Last appearances of C. folkestonensis concur 
from Folkestone, Arlesey, Ely-Ouse 2, Marham, 
Mundford C and Gayton boreholes, which suggests 
that this is a good datum. N. (C.) denticulata is ance
stral to N. (N .) semiconcentrica and separation of 
the two species relies on careful examination of 
the dentition as externally they are remarkably 
similar; some intermediate forms exist and care 
should be taken when using this index. P. rudispinata 
is never very common.

The H. varicosum Sub-Biozone is not well 
served with ostracod proxies; Neocythere (N.) 
vanveenae ventrocostata has its LAD within this 
biozone, but there are some cautions with this 
species. Griindel (1966) separated this younger 
form from the nominate subspecies by the more pro
nounced ventrolateral ribbing; the transition took 
place in the ‘Mittelalb’ of the Camin 3/55 Borehole, 
Germany. In the UK, the transition is seen to occur 
in the Upper Albian orbignyi-varicosum  sub
biozones (Wilkinson & Morter 1981; Wilkinson in 
Bristow 1990; Woods et al. 1995). However, in 
the south of England at Folkestone, the morphologi
cal difference is not at all apparent and the present 
author concurs with Hart (1973) that Neocythere 
vanveenae s.s. is present throughout the section 
without separation into its subspecies.

The H. orbignyi Sub-Biozone can be recognized 
by the LADs of Saxocythere notera senilis and 
Isocythereis fissicostis fissicostis, although both of 
these events require local qualification. The local 
extinction of S. notera senilis in the Mundford C, 
Skegness and Ely-Ouse 2 boreholes all agree 
on an orbignyi Sub-Biozone age (Wilkinson & 
Morter 1981; Wilkinson 1990; Wilkinson in 
Bristow 1990). However, the LADs in the Gayton 
and Marham boreholes suggest an older datum in 
the meandrinus Sub-Biozone; Wilkinson & Morter 
(1981, P- 169) note that these boreholes did not 
give as complete a cover as Mundford C.

The presence of the D. cristatum Sub-Biozone 
(lowest of the M. inflatum Biozone) and the position 
of the Late-Middle Albian boundary can be 
approximated by the LAD of Protocythere albae, 
although once again some local variations in 
the position of this datum exist. It occurs above 
the boundary in the cristatum Sub-Biozone at 
Folkestone and the Ely-Ouse 2 Borehole, while in 
the Mundford C Borehole it is just below the bound
ary in the E. lautus Ammonite Biozone of the 
Middle Albian. Older occurrences are noted in 
the Marham and Gayton boreholes, but a similar

caution applies for these boreholes as discussed 
earlier for S. notera senilis. A  second species (not 
illustrated here) that is useful for identifying the 
Middle-Upper Albian boundary is the LAD of 
Cytherelloidea chapmani (Jones & Hinde, 1890).

The Middle Albian comprises three ammonite 
biozones, the youngest, E. lautus is not marked by 
a significant ostracod LAD. The E. loricatus 
Ammonite Biozone is subdivided into four ammo
nite sub-biozones, although not all can be identified 
with certainty using top-down occurrences of Ostra- 
coda. The younger sub-biozones of the E. loricatus 
Biozone can be identified by the LADs of Proto
cythere speetonensis, Dolocytheridea (P.) vinculum 
and Neocythere (P.) lingenensis. Dolocytheridea 
vinculum ranges from the lyelli to basal meandrinus 
Sub-Biozones and is the ancestral form to Dolo
cytheridea bosquetiana, which arises in the interme
dins Sub-Biozone; there is some overlap in this 
transition. It is somewhat difficult to distinguish 
D. (P.) vinculum from the A-l stage of D. (P.) 
bosquetiana as both possess the characteristic pos- 
teroventral spine. It may prove that they are conspe- 
cific or that this is an example of peramorphosis. 
Dolocytheridea albensis Kemper, 1975 from the 
Early Albian tardefurcata Biozone of Germany 
also possesses a posteroventral spine.

The older D. niobe Sub-Biozone of the E. lorica
tus Biozone contains the extinction of Isocythereis 
fortinodis fortinodis, as seen in the northerly BGS 
81 /40 Borehole (Lott et al. 1985), but is somewhat 
older in the dentatus Biozone in the Ely-Ouse 
Borehole 11 (Wilkinson in Bristow 1990).

The lowest Middle Albian H. dentatus Ammonite 
Biozone can be discerned by the LADs of Batavo- 
cythere gaultina and Cytherelloidea parawilliamsoni- 
ana. In the Mundford C Borehole, the extinction of
B. gaultina is seen just above the boundary in the 
basal intermedins Sub-Biozone, while nearby in 
the Ely-Ouse Borehole 11 it occurs just below the 
boundary, in the upper H. spathi ammonite 
Sub-Biozone.

The Early Albian is denoted by the total ranges 
of Protocythere nodigera harenaviridis subsp. 
nov. and Pseudobythocythere goerlichi. Neale 
(1978e) gives the range for ‘Protocythere nodigera’ 
from the L. tardefurcata Biozone to the 
D. mammillatum Superbiozone, while Mitchell & 
Underwood (1999) restrict it to the regularis Sub- 
Biozone of the tardefurcata Biozone. Wilkinson 
(2006) uses this as the index species for an ostracod 
range biozone corresponding to tardefurcata- 
auritiformis biozones.

Aptian

While Aptian strata are available from the North 
Sea (BGS Borehole 81/40) through Lincolnshire
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(Sutterby Marl) to the south (Hoes Farm and the Isle 
of Wight), there are fewer localities that have pub
lished stratigraphical ranges of ostracods when 
compared with the Albian. Nevertheless, when 
comparing the LADs of Aptian species across the 
country it appears that diachronism does not cause 
many significant problems; where present, they 
are noted here.

The highest levels of the Aptian contain no in 
situ ostracod faunas, the youngest strata that 
contain a useful assemblage are found in the 
P. nutfieldensis Ammonite Biozone. Dolocythere 
ram, Cytheropteron (I.) exquisitum, Schuleridea 
derooi, Rehacythereis vexillum sp. nov. and 
Rehacythereis sutterbyensis are all found at this 
level from the North Sea Borehole 81/40 down to 
the southern region of Hoes Farm Borehole and 
the Isle of Wight. Saxocythere tricostata tricostata, 
Paranotacythere (P.) luettigi luettigi, Pontocyprella 
rara and Cytherelloidea cf. ovata also have last 
appearances at this level, but are more restricted 
to the more northerly locations of Lincolnshire, 
Yorkshire and the North Sea. Schuleridea derooi 
is the only species to show any diachronism, the 
LAD occurring earlier in the south than in the 
north; the variation is only by a single ammonite 
biozone and is not thought to be too problematic.

The oldest ammonite biozone from the Late 
Aptian (E. martinoides Biozone) has the last occur
rence of Saxocythere tricostata subglabra, the 
ancestral form to the nominate subspecies with 
better developed reticulation.

The Early Aptian T. bowerbanki Ammonite 
Biozone contains the LADs of Paranotacythere 
(P.) inversa tuberculata, Protocythere intermedia 
and Veeniacythereis acuticostata. The LAD of 
Paranotacythere (P.) inversa tuberculata occurs at 
a similar level in both the North Sea BGS Borehole 
81 /40 and the Hoes Farm Borehole, Sussex.

The middle period of the Early Aptian has few 
useful events in this scheme. In the southern 
region forms referred to Veeniacythereis cf. 
blanda become extinct in the D. deshayesi 
Biozone (Kaye 1965a; Bristow et al. 1987). 
Schuleridea hammi LAD is seen in the P. fissico- 
status Ammonite Biozone, having been noted in 
the Skegness Clay and the ‘Upper B Beds’ at 
Speeton by Wilkinson (1996).

Barremian

Sections and boreholes containing Barremian levels 
are restricted to the central and northern regions of 
Lincolnshire (Upper Tealby Clay) and Yorkshire 
(Speeton Clay). The Late Barremian Speeton Clay 
was logged and collected by Kaye in the 1960s, 
and much of his collection comes from the 
‘Cement Beds’ as shown in his figure (Kaye

1963c, fig. 1). However, no stratigraphical ranges 
were published in his work, and no ammonite bio
zones were given, so it is difficult to correlate 
much of Kaye’s work with a modern macrofaunal 
biozonation. Given this, the resolution of the ostra
cod biostratigraphy for the Late Barremian is 
rather poor, and the ammonite biozones of
5. stolleyi, A. inexum, P. denckmani, P. elegans 
and H. fissicostatum are necessarily compressed to 
the concept of the rude-fissicostatum Biozone as 
used by Rawson et al. (1978), as this has been 
used in the past to construct the ostracod ranges.

The extinctions of Veeniacythereis blanda s.s., 
Cytheropteron (C.) reightonense and Apatocythere 
ellipsoidea mark the Late Barremian P. bidentatum 
Biozone. A further group of species that last 
appear in the Cement Beds comprises Protocythere 
triplicata, Paranotacythere (P.) blanda, Apato
cythere simulans, Cytherelloidea pulchra, Schule
ridea bilobata and Schuleridea rhomboidalis. 
Lower in the rude-fissicostatum Biozone is the 
LAD of Paranotacythere (P.) inversa inversa. The 
P. rarocinctum Ammonite Biozone is recognized 
by the LAD of Neocythere (N.) pustulosa, while 
the base of the biozone is marked by Parano
tacythere (P.) ramulosa ramulosa that ranges up to 
the LB5 bed at Speeton.

The lowest Barremian ammonite biozone of
S. (C.) variabilis is characterized by the last appear
ance of Paranotacythere (P.) inversa costata. Kaye 
(1963e) states that it is confined to beds C2 and C3 at 
Speeton (variabilis-marginatus biozones), but Lott 
et al. (1986) demonstrate that it ranges down to the 
base of the of C2-C4 (marginatus-gottschei 
biozones). This ostracod extinction event gives 
the closest approximation of the Barremian- 
Hauterivian boundary.

Hauterivian

As with the Barremian Stage, the available bore
holes and outcrops are restricted to the northern pro
vince of the North Sea BGS Borehole 81/43, the 
beds D2D-D1 of the Speeton Clay in the north 
Fordon G1 Borehole and coastal section in York
shire and the Lower Tealby Clay in Lincolnshire. 
The Late Hauterivian S. (S.) marginatus and
S. (C.) gottschei biozones have few well-defined 
ostracod extinctions; Hechticythere hechti and 
Dicrorygma speetonensis are two shown by Lott 
et al. (1986) to have LADs in this interval. Hechti
cythere hechti also occurs in the Lower Tealby 
Clay at Nettleton, Lincolnshire. The early part of 
the Late Hauterivian in marked by the extinction 
of Euryitycythere parisiorum in the S. (M.) 
speetonensis Ammonite Biozone.

The Early Hauterivian has a distinctive assem
blage of ostracods that make their first appearance
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after the hiatus at the base of the stage, and have 
useful LADs in marking the correlative ammonite 
biozones. The transition from Late to Early Hauter- 
ivian is placed within the S. (S.) inversus Biozone, 
and this is well defined by the last occurrences of 
Schuleridea lamplughi and Paranotacythere (P.) 
anglica within the inversus Biozone. Paranota
cythere (P.) diglypta diglypta becomes extinct in 
the E. regale Ammonite Biozone, and Costacythere 
frankeifrankei and Laevicytheridea kummi mark the 
earliest E. noricum—E. amblygonium biozones.

Valanginian

The Valanginian Stage is known only from the 
Speeton Clay beds D4C-D2E at the type section 
and from BGS Borehole 81/43 off the Yorkshire 
coast. The upper part of the stage is largely 
missing and represented by a condensed fauna, but 
the Early Valanginian possesses a distinctive ostra- 
cod assemblage. Protocythere hannoverana is an 
easily recognized marker for the Polyptychites 
spp.-Paratollia spp. biozones accompanied 
by Paranotacythere (P.) globosa globosa, 
Do/ocytheridea (D.) wolburgi, Paranotacythere 
speetonensis and Schuleridea praethoerenensis. 
Other components accompanying these species 
(not illustrated here) are Paranotacythere (P.) reti
culata (Neale, 1962), Cytheropterina eboracica 
Neale, 1962, Paracypris parallela Neale, 1962 
and Stravia crossata Neale, 1962, with minor Stil- 
lina acuminata Neale, 1962.

Ryazanian

The oldest marine Lower Cretaceous Ostracoda are 
found in the Ryazanian D6 beds of the Speeton 
Clay. A distinct assemblage of Schuleridea juddi, 
Mandelstamia sexti, Galliaecytheridea teres, 
Cytheropterina triebeli and Paracypris caerulea 
with minor Pontocyprisfelix typifies these horizons; 
Paranotacythere (P.) speetonensis originates in the 
Ryazanian and survives to the early Valanginian. 
Neale (1962) noted the similarity of this fauna to 
that of the marine Upper Jurassic of Russia. Cyther
opterina triebeli, S. juddi and P. speetonensis have 
been recovered in the level below 80 m in Borehole 
81/43 in the North Sea (Lott et al. 1986); this 
assemblage equates with the P. albidum Ammonite 
Biozone. Witte & Lissenberg (1994) describe and 
illustrate the same fauna from the Ryazanian of 
the Dutch Central North Sea Graben.

Ostracod palaeoecology
In the earliest Cretaceous, the marine realm was 
confined to the northern basin including the North

Sea, Yorkshire, Lincolnshire and parts of East 
Anglia. To the south at this time was found the non
marine Wealden facies (see Horne 2009). During 
the Aptian Stage a marine transgression inundated 
the southern tracts and led to a north-south 
marine connection, and throughout the following 
Albian Stage the shallow shelf sea gradually 
expanded over much of England.

Temperature

Neale (1978e) suggested that changing water temp
eratures through the Early Cretaceous were reflected 
in some elements of the fauna, such as the 
appearance of the genera Cytherelloidea and Euryi- 
tycythere in the Boreal realm. Cytherelloidea, a sup
posedly thermophylic genus, was present in the 
Tethyan seas in the Jurassic Callovian-Oxfordian, 
but did not reach northern waters until the Valangi
nian. Cytherelloidea ovata was the first representa
tive to reach the British region in the Hauterivian, 
and thus signals the warming of the seas at this time.

Aptian sea-level changes

The most significant changes in the Early Cretac
eous palaeoenvironment took place during the 
Aptian with two major transgressive events, each 
following lowstand conditions. During the regres
sive phases the shallow seas gave rise to arenaceous 
deposits such as the Hythe and Sandgate formations, 
from which few ostracods have been recovered. 
This is due, in large part, to the coarsely clastic 
nature and partial cementation of the sediments 
(Wilkinson 1996), but also to the partial de
calcification and consequent unconsolidated nature 
of the sediments (Kaye 1965a). The Hoes Farm 
Member, Hythe Formation and the Fittleworth 
Member, Sandgate Formation are exceptions and 
are discussed below. However, in the deeper parts 
of the basin to the north, more continuous deposition 
resulted in muds, clays and marls, such as those 
found in the Speeton Clay Formation, where a 
more diverse and abundant fauna has been found.

Wilkinson (1996) gave an overview of the 
palaeoenvironmental controls on the Aptian ostra
cod faunas, and to date this remains the only such 
study; the following is a summary of that work. 
The first transgressive event in the Early Aptian 
fissicostatus Biozone in the southerly Wessex 
Basin signalled the first marine sediments where 
Asciocythere albae is found abundantly in the 
Lower Perna Bed, Atherfield Formation of the Isle 
of Wight. This together with frequent occurrences 
of Schuleridea derooi, Neocythere gottisi, 
Neocythere bordeti, and, more rarely, Cythereis 
geometrica, Cythereis semiaperta, Cytheropteron 
stchepinskyi and Protocythere croutensis is
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reminiscent of faunas from the Paris Basin, Fastnet 
Basin and Celtic Sea, which suggests a rapid estab
lishment of a marine connection of the Wessex and 
Paris basins at that time. The overlying Chale Beds 
contain species of Paranotacythere, which indicates 
a change from brachyhaline-euhaline to fully 
marine conditions.

In Eastern England and Yorkshire at that time very 
similar, low-diversity faunas have been recovered 
from the Skegness Clay and the Upper B beds of the 
Speeton Clay, respectively. Common elements are 
Acrocythere hauteriviana, Schuleridea hammi, Vee- 
niacythereis acuticostata and Pontocyprella rara. 
The sedimentology and low diversity are interpreted 
as indicating low oxygenation (Wilkinson 1996).

The nearshore sandy shelf environment of the 
Lower Greensand generally yields few ostracods; 
however, a limited assemblage has been obtained 
from the lowest Hythe Beds, deshayesi Biozone, 
in the Hoes Farm Borehole in Sussex (Bristow 
et al. 1987). The lower sandier levels contain 
Cythereis sp. cf. beuchlerae, Cytherella cf. ovata, 
Neocythere gottisi, Platycythereis cf. rectangularis 
and Schuleridea sulcata. The silts of the 
fining-up wards sequences additionally contain 
Asciocythere albae cf. rectilinea, Cythereis geome- 
trica and Dolocythere rara. Wilkinson (1996) inter
prets these cycles as minor variations in the shallow 
sea level. The younger Hythe Beds become cemen
ted and are not well suited to ostracod study. An 
exception is the band of Fullers Earth in the Hythe 
Beds in the Hoes Farm Borehole (Bristow et al.
1987) containing a window into the T. bowerbanki 
Biozone where a fauna of cytherurids, Pseudobytho- 
cythere vellicata and Paranotacythere (P.) inversa 
tuberculata is found. Wilkinson (1996) notes that 
absence of Tethyan forms in this assemblage 
suggests that northerly migration had ceased, poss
ibly owing to cooler climatic conditions.

The second regressive phase in the Aptian 
occurred during the martinoides Biozone. In the 
southern realm, the only Ostracoda recovered are 
from the Upper Crioceras Bed at the base of the 
biozone in the Isle of Wight (Kaye 1965a) and 
include species of Cythereis, Protocythere, Neo
cythere, Dolocytheridea and Schuleridea, together 
with Eucytherura chapmani, Dolocythere rara, 
Cytheropteron rugosa, P. vellicata and Paranota
cythere inornata. This is indicative of a mixed 
shallow-water euryhaline and fully marine assem
blage (Wilkinson 1996). The continued shallowing 
sequence in the south yields no ostracods.

The effect of the shallowing seas on the ostracod 
fauna is best seen in the southern North Sea Borehole 
81/40 (Lott et al. 1985) where red mudstones began 
to accumulate as a result of increased oxygenation. 
At the base of the unit, Barremian and Early 
Aptian forms such as Acrocythere hauteriviana,

Veeniacy there is acuticostata, Paranotacythere
inversa tuberculata, Cythereis reightonense and Pro
tocythere intermedia become extinct and are replaced 
by a low-diversity martinoides Biozone assemblage of 
Schuleridea derooi, Rehacythereis vexillum sp. nov., 
Paranotacythere luettigi luettigi and Dicrorygma 
minuta. Wilkinson (1996) showed that with lowering 
sea levels further species are introduced to the 
assemblage, including Neocythere sp. cf. bordeti and 
Infracytheropteron lindumense, followed by 
Saxocythere tricostata subglabra. At the regressive 
minimum (martinoides-nutfieldensis Biozone bound
ary) a new assemblage largely replaces the former, and 
comprises Rehacythereis sutterbyensis, Saxocythere 
tricostata tricostata, Cytherella ovata, Protocythere 
inornata, Neocythere vanveenae ventrocostata, 
Veeniacythereis robusta and Pseudobythocythere 
vellicata. Wilkinson (1996) equates a dominant 
platycopid component in the basal part of the Sutterby 
Marl with lowered oxygenation associated with the 
earliest phase of the earliest nutfieldensis Biozone 
transgression.

Albian -  Cenomanian transgression

The palaeoecology of British Albian Ostracoda has 
not been studied in detail in any published works to 
date. Wilkinson (1988/?) dealt with the latest Albian 
and Early Cenomanian faunas in East Anglia and 
noted that shallow-water indicators such as 
Platycythereis, Dolocytheridea and Neocythere 
(Centrocythere) are frequent in the Upper Albian 
dispar Biozone, but are rarely encountered in the 
younger earliest Cenomanian. Similarly, the 
deeper-water bythocytherids are rare in the Middle 
and Upper Albian, and become more frequent in 
the younger sediments. Thus, the assemblages are 
tracking the sea-level changes from the quiet 
shallow-marine of the Albian through to the Early 
Cenomanian transgression.

Conclusions
A great deal has been published on British Lower 
Cretaceous ostracods since Neale (1978e), mostly 
due to the work of Dr Wilkinson and colleagues 
from the British Geological Survey. This has 
allowed much information from boreholes, both 
onshore and offshore, to supplement the data 
already gained from the outcrops in England that 
were originally studied by Kaye and Neale in the 
1960s. This chapter only presents 73 species out 
of the more than 300 currently known species, sub
species and forms still in open nomenclature from 
the British Lower Cretaceous, and, as such, falls 
far short of presenting a complete picture of the 
fauna for this period. It has concentrated on those
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species that have some stratigraphical significance. 
Even here, by looking in some detail at the country
wide distribution of species, their first local appear
ances and extinctions, problems of diachronism are 
seen, and should be heeded when trying to use or 
erect ostracod biozonation schemes. Taking that 
into account the Ostracoda may still be used suc
cessfully for biostratigraphical purposes to locate 
horizons to a similar resolution as that achieved by 
the ammonite biozones for the Lower Cretaceous.

Future work, therefore, could perhaps attempt a 
more complete survey of currently known Cretac
eous Ostracoda, although this would most probably 
be a book in itself. The palaeoecological aspects 
have largely been relegated either to footnotes in 
published works, which have dealt primarily with 
taxonomy or biostratigraphy, or are analysed in 
unpublished PhD theses, and, with the exception 
of the review of the Aptian by Wilkinson (1996), 
are still wanting. Clearly, there will always be 
room for taxonomic work, as it has been necessary 
to erect two new taxa in this work. In this respect I 
would urge all workers to seek out original type 
specimens with which to make comparisons, or at 
least to use original literature and not to rely on 
the most recent, even if it does have the best SEM 
illustrations, unless types are being reillustrated. 
Future biostratigraphical difficulties to be addressed 
lie mostly in the Aptian Stage where condensed sec
tions, patchy exposure and lithologies that do not 
readily give up ostracods make for challenging work.
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1. Rehacythereis bemerodensis (Kemper, 1971c)
Figured specimen: OS 16519, LV lat., 742 pm long, x61. Cambridge Greensand, Barrington Quarry, 
Cambridgeshire.
Diagnosis: Short and high; dorsal margin convergent with the ventral margin towards the posterior; LV ventral margin 
may be convex; distinct high muscle node with steep posterior slope; mid rib reduced to two low nodes; indistinct reti
culation in intercostal Helds.
Range: Late Albian r o s t r a tu m  Sub-Biozone ( d i s p a r  Biozone)-Middle Cenomanian.
Remarks: Formerly included as a subspecies of R . lu e r m a n n a e , but now considered as a distinct species. Typical form 
of the very latest Albian.

2. Phthanoloxoconcha icknieldensis (Weaver, 1982)
Figured specimen: OS 9980 (holotype), female LV lat., 436 pm long, x 103.8 m above Glauconitic Marl, Lower 
Cenomanian, Pitstone, Hertfordshire.
Diagnosis: Straight, subparallel sides in dorsal view; surface with large pits that form roughly concentric rows towards 
margins but have no regular arrangement in centre of valves.
Range: Late Albian r o s t r a tu m  Sub-Biozone ( d i s p a r  Biozone)-Early Cenomanian M . s a x b i i  Biozone.
Remarks: The genus is distinguished from L o x o c o n c h a  by having a lophodont hinge. The stratigraphically younger 
P . h lu e b e l le n s is  can be distinguished by greater inflation and smaller pits.

3. Cythereis humilis humilis Weaver, 1982
Figured specimen: OS 16525, RV lat., 610 pm long, x74. Albian, a u r i tu s  Sub-Biozone, Gault Clay, 3 m above base 
bed XI of Price, Copt Point, Folkestone, Kent.
Diagnosis: Small C y th e r e is  with dorsal and ventral ribs reduced to rows of spines; small hinge ear; large eye 
tubercle; large rounded muscle node; intercostal field weakly reticulate, anterolateral field with better developed 
reticulation.
Range: Late Albian r o s t r a tu m  Sub-Biozone ( d i s p a r  Biozone)-mid-Cenomanian r h o to m a g e n s e  Biozone.
Remarks: Weaver (1982) noted that this was present in the Late Albian by personal communication from C.S. Harris; 
these Albian specimens, illustrated here for the first time, are slightly larger by about 60 pm length.

4. Neocythere (Neocythere) semiconcentrica (Mertens, 1956)
Figured specimen: OS 9641, female LV lat., 486 pm long, x93. Middle Cenomanian, sample PBH3 (Weaver 1982), 
2 m below Totternhoe Stone, Pitstone, Hertfordshire.
Diagnosis: Concentric ribs on lateral surface, enclosing a central reticulate area; ribs bearing small spines; 
merodont hinge.
Range: Late Albian a u r i tu s  Sub-Biozone ( in f la tu m  Biozone)-Middle Cenomanian r h o to m a g e n s e  Biozone. 
Remarks: Externally similar to N . (C.) d e n t i c u la ta ,  but that species has a strongly amphidont hinge.

5. Planileberis scrobicularis Weaver, 1982
Figured specimen: OS 16522, LV lat., 782 pm long, x57. Albian, Gault Clay a u r i tu s  Sub-Biozone, Barrington 
Quarry, Cambridgeshire.
Diagnosis: Species of P la n i le b e r i s  with relict first-order reticulation on lateral surface in which the fossae bear groups 
of rounded pits; dorsal rib weak with large posterior process.
Range: Albian a u r i tu s  Sub-Biozone ( in f la tu m  Biozone)-Middle Cenomanian r h o to m a g e n s e  Biozone.
Remarks: M d tr o n e l la  m a t r o n a e  illustrated by Wilkinson & Morter (1981, plate 13.2, fig. 2) belongs to 
P . s c r o b ic u la r is .

6. Platycythereis chapmani Kaye, 1964c
Figured specimen: MPK 2818, RV lat., 770 pm long, x 58. Late Albian r o s t r a tu m  Sub-Biozone of the Mundford ‘C’ 
Borehole (92.35 m), Norfolk.
Diagnosis: A prominent thin peripheral rib joined anterodorsally to eye tubercle extends round entire margin, inter
rupted only behind eye tubercle; lateral surface compressed and strongly reticulate.
Range: Late Albian a u r i tu s  Sub-Biozone ( in f la tu m  Biozone)-Early Cenomanian c a r c i ta n e n s i s  Sub-Biozone. 
Remarks: P . la m in a ta  Triebel, 1940, has a separated dorsal rib. P . g a u l t in a  (Jones, 1849) is smaller, and lacks both 
dorsal rib and eye tubercle.

7. Rehacythereis luermannae hannoverana (Kemper, 1971c)
Figured specimen: PMOS 16540 (HU.16.C.8.6), maleLV lat., 801 pm long, x56. Albian, Speeton Clay, South Cave 
near Market Weighton grid ref. (SE) 925326.
Diagnosis: Carapace elongate, straight to weakly concave ventral margin; muscle node and middle rib reduced; thick 
anterior marginal rib; surface smooth or with weak reticulation near middle rib and muscle node; dorsal and ventral ribs 
without spines or frills.
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Range: Upper Albian v a r ic o s u m  Sub-Biozone (in f la tu m  Biozone)—Early Cenomanian s a x b i i  Sub-Biozone. 
Remarks: The smooth specimens illustrated by Weaver (1982, plate 11, figs 20 and 21) in the Early Cenomanian as 
R e h a c y th e r e i s  lu e r m a n n a e  lu e r m a n n a e  correspond to this subspecies. First appearance occurs later in the more 
southerly sections.

8. Neocythere (Neocythere) vanveenae vanveenae Mertens, 1956
Figured specimen: OS 16523, female LV lat., 568 pm long, x79. Albian, a u r i tu s  Sub-Biozone, Gault Clay, 3 m 
above base of bed XI of Price, Copt Point, Folkestone, Kent.
Diagnosis: Concentric ribs on lateral surface, somewhat disrupted centrally; smoothly arched right valve; 
amphidont hinge.
Range: Late Albian o r b ig n y i  Sub-Biozone ( in f la tu m  Biozone)-Middle Cenomanian r h o to m a g e n .s e  Biozone. 
Remarks: Type species of the genus. N . s te g h a u s i  (Mertens, 1956) also found in the Gault Clay, is distinguished by 
very coarse ribbing and greater inflation. The older N . (N .)  v a n v e e n a e  v e n t r o c o s ta ta  is very similar but has more pro
nounced ventrolateral ribs.

9. Cytherelloidea stricta (Jones & Hinde, 1890)
Figured specimen: OS 16521, male RV lat., 691 pm long, x 65. Albian a u r i tu s  Sub-Biozone, Gault Clay, 3 m above 
base bed XI of Price, Copt Point, Folkestone, Kent.
Diagnosis: Laterally compressed; anterior marginal rib continuous with the ventral margin; posterior and dorsal rib 
connected; median rib absent or very weakly developed; short ventrolateral rib.
Range: Late Albian c r is ta tu m  Sub-Biozone (in f la tu m  Biozone)-Late Cenomanian n a v ic u la r e  Biozone.
Remarks: Commonly found in the Gault Clay. C y th e r e l lo id e a  c h a p m a n i  (Jones & Hinde, 1890), also found in the 
Gault Clay is distinguished by its median rib and shorter dorsal rib.

10. Protocythere lineata striata Griindel, 1966
Figured specimen: OS 16524, LV lat., 808 pm long, x 56. Albian, a u r i tu s  Sub-Biozone, Gault Clay bed XII of Price, 
Copt Point, Folkestone, Kent.
Diagnosis: Three prominent longitudinal ribs; riblets well developed on the ventral surface; lateral surface without 
intercostal reticulation.
Range: Albian m e a n d r in u s  Sub-Biozone ( lo r ic a tu s  Biozone)-Middle Cenomanian r h o to m a g e n .s e  Biozone. 
Remarks: Possibly descended from P r o to c y th e r e  a lb a e  Damotte & Grosdidier, 1963 by the addition of ventral riblets. 
First appearance is not well constrained; variable from m e a n d r in u s  Sub-Biozone to a u r i tu s  Sub-Biozone, may be due 
to different interpretations of this subspecies.

11. Dolocytheridea (Puracytheridea) bosquetiana (Jones & Hinde, 1890)
Figured specimen: OS 16528, LV lat., 817 pm long, x55. Albian, 1 m below top of Gault Clay bed VII of Price, 
Folkestone, Kent. NHM.
Diagnosis: Large elongate valves, moderately well inflated; ventral margin straight, anterior bluntly rounded; dorsal 
margin of right valve evenly convex, of left valve with a weak angle separating the straight centrodorsal and poster- 
odorsal margins; lophodont hinge.
Range: Middle Albian in te r m e d iu s  Sub-Biozone ( lo r ic a tu s  Biozone)-Early Cenomanian carcitanensis Biozone. 
Remarks: Juveniles possess a short posteroventral spine and were originally described as C y th e r e  s p in if e r a  Chapman 
& Sherborn, 1893. Adults of D o lo c y th e r id e a  v in c u lu m  and D o lo c y th e r id e a  a lb e n s i s  Kemper, 1975 also have 
this feature.

12. Matronella matronae (Damotte & Grosdidier, 1963a)
Figured specimen: Io 1198, female RV lat., 774 pm long, x58. Albian, Lower Gault Clay, d e n ta tu s  Biozone, 
Culham, Oxfordshire.
Diagnosis: Small smooth M a tr o n e l la  with ragged dorsal and ventral ribs; median rib composed of two or three sharp 
spines; males more elongate than females.
Range: Lowest Middle Albian l y e l l i  Sub-Biozone ( d e n ta tu s  Biozone)-Middle Cenomanian, base of rh o to m a g e n .se  

Biozone.
Remarks: C y th e r e i s  c o r r ig e n d a  Kaye, 1964c was created to accommodate C y th e r e is  r u d is p in a ta  Chapman & 
Sherborn s e n s u  Triebel (1940); topotype material of the latter is conspecific with M . m a tr o n a e . as is Kaye’s material 
from Culham. Also recorded from Albian of western Germany and Late Albian-Early Cenomanian of the Paris Basin.

13. Isocythereis fissicostis gracilis Griindel, 19646
Figured specimen: OS 16533, male LV lat., 432 pm long, x 104. Late Albian, Gault Clay, top of bed XI of Price, 
a u r i tu s  Sub-Biozone, Copt Point, Folkestone, Kent.
Diagnosis: Reticulate I s o c y th e r e i s  f i s s i c o s t i s  with reduced low ribs; ventral rib does not overhang the ventral margin. 
Range: Late Albian c r is ta tu m  Sub-Biozone ( in f la tu m  H i o z o n c ) - p e r i n f l a tu m  Sub-Biozone ( d i s p a r  Biozone).

(continued on p. 330)
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Remarks: Postulated as an evolutionary descendent of I s o c y th e r e i s f i s s i c o s t i s f i s s i c o s t i s  by Griindel (1964/?), Both sub
species may be found in the lower sub-biozones of the in f la tu m  Biozone, although separated geographically, indicating 
that this evolutionary event is diachronous.

14. Cytherella ovata (Roemer, 1841)
Figured specimen: OS 16520, RV lat., 800 pm long, x 56. Albian, Gault Clay Bed XIII (Price), East Wear Bay, Folk
estone, Kent.
Diagnosis: Large, strongly calcified; right valve overlaps left; RV dorsal margin convex, greatest height near to mid
length, straight to weakly convex ventral margin; LV dorsal margin straight to weakly convex, greatest height behind 
mid-length, straight ventral margin; greatest width at two-thirds length; dimorphic, females have inflated posterior 
brood space.
Range: Similar forms occur as low as the Aptian m a r t in o id e s  Biozone; C. o v a ta  s .s . from Early Albian m a m m il la tu m  
Biozone to Maastrichtian.
Remarks: A long-ranging species, common from the Albian onwards, becomes dominant in the marls and chalks from 
the Late Cenomanian and Turonian.

15. Pontocyprella harrisiana (Jones, 1849)
Figured specimen: OS 16531, RV lat., 890 pm long, x 89. Albian, Gault Clay, bed XI of Price, Copt Point, Folkestone Kent. 
Diagnosis: Elongate, moderate-large P o n to c y p r e l l a ; Dorsal margin in LV gently arched, in RV with weak angle at 
mid-length; anterior margin truncate anteroventrally; posterior margin narrowly rounded; ventral margin straight or 
weakly concave in RV, ventral margin rises up at the posterior.
Range: Early Albian d e n ta tu s  Biozone-Middle Turonian.
Remarks: One record from the North Sea has its inception in the Aptian n u t f ie ld e n s i s  Biozone. The Aptian form 
P o n to c y p r e l l a  r a r a  has a more truncate posterodorsal margin.

16. Rehacythereis luermannae luermannae (Triebel, 1940)
Figured specimen: MPK 2808, LV lat., 837 pm long, x 54. Mundford ‘C’ Borehole, 99.36 m, Albian, Gault Clay bed 
11 c r is ta tu m  Sub-Biozone.
Diagnosis: Moderate-large, well calcified; weak intercostal reticulation; small conical muscle node without spines; 
weak median rib composed of several connected nodes; LV with larger faceted hinge ear; vertical rib descends 
from eye to the muscle node.
Range: Middle Albian m e a n d r in u s  Sub-Biozone ( lo r ic a tu s  Biozone)-Late Albian v a r ic o s u m  Sub-Biozone (in fla tu m  
Biozone).
Remarks: Stratigraphically higher occurrences in continental Europe (see remarks for R. lu e r m a n n a e  h a n n o v e r a n a ) .  
Extinction is diachronous, being a younger event in the south than in the north.

17. Phodeucythere trigonalis (Jones & Hinde, 1890)
Figured specimen: OS 16529, LV lat., 505 pm long, x89. Albian, Gault Clay, bed XI of Price, Copt Point, Folkes
tone, Kent.
Diagnosis: Small triangular valves, maximum width in front of mid-length; anterior margin compressed; calcified 
inner lamella very broad at the anterior with 15-17 marginal pore canals; lophodont hinge.
Range: Early Albian l y e l l i  Sub-Biozone ( d e n ta tu s  Biozone) p e r in f la u w i  Sub-Biozone ( d i s p a r  Biozone).
Remarks: P . t r ig o n a l i s  has a greater stratigraphical range in continental Europe: from Late Aptian of Germany to 
Early Cenomanian of The Netherlands.

18. Homocythere lapparenti (Damotte & Grosdidier, 1963a)
Figured specimen: OS 16526, LV lat., 748 pm long, x60. Albian a u r i tu s  Sub-Biozone, Gault Clay, Barrington 
Quarry, Cambridgeshire.
Diagnosis: Ventral rib meeting the anterior margin at one-third height, the posterior end of the ventral rib has three or 
four tubercles; short median rib merges with low muscle node; surface smooth.
Range: Late Albian a u r i tu s  Sub-Biozone (in f la tu m  Biozone)-r o s t r a tu m  Sub-Biozone ( d i s p a r  Biozone).
Remarks: V e e n ia  b a r r in g to n e n s i s  Kaye, 1964c is a junior synonym. H o m o c y th e r e  Kaye, 1963d  has precedence over 
M a n d o c y th e r e  Griindel, 19646 (Malz e t  a l. 2005). Also found in the Late Albian of northern France.

Plate 2

1. Isocythereis fortinodis reticulata Griindel, 19646
Figured specimen: OS 16534, female LV lat., 527 pm long, x 85. Upper Albian Gault Clay, 0.6 m above base of bed 
VII of Price, la u tu s  Biozone, Copt Point, Folkestone, Kent.
Diagnosis: I s o c y th e r e i s  f o r t i n o d i s  with reduced median rib not connected to the muscle node; ventral rib reduced and 
separate from posterior process; reticulation in the intercostal fields.
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Range: Middle Albian m e a n d r in u s  Sub-Biozone ( lo r ic a tu s  Biozone)—Late Albian r o s tra tu m  Sub-Biozone ( d is p a r  Biozone). 
Remarks: An evolutionary descendant of I s o c y th e r e i s  f o r t in o d i s  f o r t in o d i s \  the two subspecies have stratigraphically 
separate ranges.

2. Platycythereis gaultina (Jones, 1849)
Figured specimen: OS 16532, LV lat., 605 p-m long, x 74. Albian Gault Clay, bed I of Price, Copt Point, Folkestone. 
Diagnosis: Small, well calcified, laterally compressed; anterior margin with large clavate spines below mid-height, 
large spines project horizontally from posterior margin; irregular elongate muscle node; median rib absent; surface 
covered with deep irregular reticulation.
Range: Forms similar occur as low as the Aptian n u t f ie ld e n s i s  Biozone, P . g a u l t in a  s .s . from Early Albian d e n ta tu s  

Biozone to Early Cenomanian c a r c i ta n e n s i s  Biozone.
Remarks: P . c h a p m a n i Kaye, 1964c, has a more complete marginal rib and an eye tubercle. P . la m in a ta  Triebel, 1940 
has a separate dorsomedian rib.

3. Cythereis folkestonensis Kaye, 1964c
Figured specimen: OS 16516, RV lat., 941 pm long, x 48. Albian v a r ic o s u m  Sub-Biozone, Gault Clay, base of bed X 
of Price, Copt Point, Folkestone, Kent.
Diagnosis: Large, well calcified; prominent eye tubercle; larger LV with hinge ear; anterior marginal rib continuous 
with ventral rib; longitudinal ribs broken into spines; surface without reticulation, may have isolated tubercles. 
Range: Late Albian o r b ig n y i  Sub-Biozone—a u r i tu s  Sub-Biozone ( in f ia tu m  Biozone).
Remarks: A restricted range and wide geographical distribution makes this a very useful stratigraphical marker.

4. Neocythere (Centrocythere) denticulata (Mertens, 1956)
Figured specimen: OS 16530, LV lat., 718 pm long, x63. Albian Gault Clay, bed VIII of Price, Copt Point, 
Folkestone.
Diagnosis: Concentric ribs bearing small spines on lateral surface, diffuse reticulation centrally; amphidont hinge with 
crenulated posterior tooth in RV.
Range: Late Aptian n u tf ie ld e n s is  Biozone-Late Albian in f ia tu m  Biozone.
Remarks: Type.species of the subgenus C e n tr o c y th e r e  distinguished by details of hinge-right valve has anterior step
like tooth and posterior crenulate tooth; median element in left valve a crenulate bar with knob-like anteromedian tooth.

5. 6. Protocythere rudispinata (Chapman & Sherborn, 1893)
Figured specimens: 5, Io 1189.2, LV lat., 590 pm long, x 76; 6, Io 1189.1, RV lat., 580 pm long, x 76. Middle Albian, 
Lower Gault, Henfield, Sussex.
Diagnosis: Marginal ribs with clavate spines; muscle node with four-live anterior nodes and short central riblets; iso
lated tubercles in intercostal fields, indistinct reticulation.
Range: Early Albian m a m m il la tu m  Superbiozone a u r i tu s  Sub-Biozone ( in f ia tu m  Biozone).
Remarks: Extinction together with C . f o lk e s t o n e n s i s  near the top of the in f ia tu m  Biozone. The lectotype from the Gault 
at Folkestone has poorly preserved dorsal spines.

7. Neocythere (Neocythere) vanveenae ventrocostata Griindel, 1966
Figured specimen: MPK 2809, LV lat., 647 pm long, x70, Late Albian c r is ta tu m  Biozone, Mundford ‘C’ Borehole, 
depth 99.36 m.
Diagnosis: Two distinct separated concentric ribs on the ventral margin in lateral view.
Range: Late Aptian n u t f ie ld e n s i s  Biozone-Late Albian v a r ic o s u m  Sub-Biozone ( in f ia tu m  Biozone).
Remarks: Possibly ancestral to N . (N .)  v a n v e e n a e  v a n v e e n a e , which differs by the reduction in ventral ribbing; 
however, recognition of this older species becomes difficult in the sections in Kent.

8. Saxocythere notera senilis Kemper, 1971a
Figured specimen: MPK 2825, LV lat., 543 pm long, x 83. Albian c r is ta tu m  Sub-Biozone, depth 99.36 m, Mundford 
‘C’ Borehole, Norfolk.
Diagnosis: S a x o c y th e r e  with interrupted dorsal rib, short anterior section runs anteroventrally; middle rib connected to 
muscle node; reduced reticulation on the lateral surface.
Range: Middle Albian s u b d e la r u i  Sub-Biozone ( lo r ic a tu s  Biozone)—Late Albian o r b ig n y i  Sub-Biozone ( in f ia tu m  

Biozonc).
Remarks: The nominate subspecies, from which this is descended, has a greater development of the reticulation.

9. Neocythere (Physocythere) lingenensis (Mertens, 1958)
Figured specimen: PMHULL 2121 (HU.17.C.13.2), female RV lat., 641 pm long, x70. Middle Albian, Speeton, 
Yorkshire.
Diagnosis: Surface with a well-developed honeycomb reticulation; sharp concentric ribs run somewhat irregularly 
parallel to the ventral margin; ventral rib clearly juts out in dorsal view.
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Range: Middle Albian d e n ta tu s  Biozone - l o r i c a t u s  Biozone.
Remarks: Found together with C o r n ic y th e r e i s  c o m u e l i  (Deroo, 1957), is a typical component of the Middle Albian.

10. Isocythereis fissicostis fissicostis Triebel, 1940
Figured specimen: PMHULL 2017 (HU. 16.C. 12.3), female LV lat., 497 pm long, x 90. Middle Albian, c . 1 m above 
the ‘greensand streak’ of Kaye (1963a), Speeton, North Yorkshire.
Diagnosis: Small, elongate, rectangular outline; thin middle rib connected to muscle node at position of greatest width; 
ribs sharp and well defined, ventral rib overhangs ventral margin; distinctly reticulate surface.
Range: Middle Albian s p a th i  Sub-Biozone (d e n ta tu s  Biozone)-Late Albian o r b ig n y i  Sub-Biozone (in f ia tu m  Biozone). 
Remarks: Pronounced sexual dimorphism; males much more elongate than females. The SEM illustrations of Neale 
(1978c) are distorted; the same specimens are reillustrated here.

11. Protocythere albae Damotte & Grosdidier, 1963a
Figured specimen: OS 16518, car. It. lat., 909 pm long (including marginal spines), x49. 0.6 m above base of bed VII 
of Price, la u tu s  Biozone, Albian, Gault Clay, Copt Point, Folkestone
Diagnosis: Large, smooth, well calcified; the short anterodorsal rib slopes strongly downwards, longer straight 
posterodorsal rib follows the dorsal margin. In LV the broadly curved anterior margin is continuous with the 
convex ventral margin; weak pits on lateral and ventral surfaces.
Range: Middle Albian l y e l l i  Sub-Biozone ( d e n ta tu s  Biozone)-Late Albian c r is ta tu m  Sub-Biozone (in f ia tu m  Biozone). 
Remarks: P . l in e a ta  ssp. have well-developed riblets on the ventral surface. P . c o n s o b r in a  Triebel, 1938 has a straigh- 
ter ventral margin and small nodes on the ventral rib. The first and last appearances of this subspecies are not well 
constrained and range over several sub-biozones.

12. Dolocytheridea (Puracytheridea) vinculum Wilkinson, 1981
Figured specimens: MPK 2803, holotype, male RV lat., 690 pm long, x65. Mundford ‘C’ Borehole, in te r m e d iu s  
Sub-Biozone 105.31 m.
Diagnosis: Ovate outline with arched dorsal margin; greatest height and width anterior of mid-length; posteroventral 
spine; 20-22 anterior marginal pore canals.
Range: Middle Albian l y e l l i  Sub-Biozone ( d e n ta tu s  Bmzone) m e a n d r in u s  Sub-Biozone ( lo r ic a tu s  Biozone). 
Remarks: Intermediate between Early Albian D . in te r m e d ia  Oertli, 1958 and Late Albian D . h o s q u e t ia n a  (lones & 
Hinde, 1890), neither of which possess a posteroventral spine in the adult stage, though juveniles of D . h o s q u e t ia n a  
do. The German species D o lo c y th e r id e a  a lb e n s i s  Kemper, 1975 from the ta r d e f u r c a ta  Biozone also has this feature.

13. Protocythere speetonensis Kaye, 1963d
Figured specimen: PMHULL 2099 (HU. 17.C.2.12), paratype, female LV lat., 580 pm long, x78. Middle Albian, 
horizon N5, West Heslerton, North Yorkshire.
Diagnosis: Small, smooth, moderately inflated P r o to c y th e r e  lacking anterior marginal rib; dorsal and ventral margins 
straight to slightly convex, obscured by marginal ribs except in left valve; middle rib straight, merging with indistinct 
muscle node; separate ventral rib concave upwards.
Range: Late Aptian n u t f ie ld e n s i s  Biozone-Middle Albian lo r ic a tu s  Biozone.
Remarks: Typical component of Middle Albian ostracod assemblages from the Early Albian m a m m il la lu m  
Superbiozone onwards.

14. Isocythereis fortinodis fortinodis Triebel, 1940
Figured specimen: PMHULL 2019 (HU.16.C. 13.4), female LV lat., 573 pm long, x 78. Middle Albian, c . 1 m above 
the ‘greensand streak’ of Kaye (1963a), Speeton, North Yorkshire.
Diagnosis: Small, elongate, well calcified with a distinct, smooth, hemispherical muscle node connected to the median 
rib; valve surface smooth; longitudinal ribs well developed; hemiamphidont hinge.
Range: Albian, from s p a th i  Sub-Biozone ( d e n ta tu s  Biozone ) - n i o b e  Sub-Biozone ( lo r ic a tu s  Biozone).
Remarks: Dimorphic, males more elongated. The last appearance datum is not well defined for this subspecies. The 
SEM illustrations of Neale (1978c) are distorted; the same specimen is reillustrated here.

15. Batavocythere gaultina (Kaye, 1963d)
Figured specimen: PMHULL 2033 (HU. 16.C.21.1), paratype, female LV lat., 610 pm long, x 74. Middle Albian bed 
N.5 at West. Heslerton, Yorkshire.
Diagnosis: Small, elongated and straight sided; anterior rib runs obliquely joining the anterior margin above antero- 
ventral angle; median rib crosses muscle node; three longitudinal ribs plus fourth frill-like rib on ventral surface; lateral 
surface reticulate.
Range: Middle Albian l y e l l i  Sub-Biozone ( d e n ta tu s  B i ozone) -  in te r m e d in s  Sub-Biozone ( lo r ic a tu s  Biozone). 
Remarks: Extinction of this distinctive species marks the lowest sub-biozone of the lo r ic a tu s  Biozone.

(continued on p. 334)
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16. Cytherelloidea parawilliamsoniana Kaye, 1963a
Figured specimen: PMHULL 2040 (HU.20.C.23.1), holotype, RV lat., 638 pm long, x71. Middle Albian, c. 2.4 m 
above the ‘greensand streak’ of Kaye 1963a, Speeton, North Yorkshire.
Diagnosis: Three inflated longitudinal ribs and a prominent anterior marginal rib that continues along ventral margin; 
dorsal and middle ribs converge anteriorly; ventral rib separate from posterior node.
Range: Middle Albian d e n ta tu s  Biozone.
Remarks: A restricted vertical range makes this a very useful species. The older C y th e r e l lo id e a  o v a t a  Weber, 1934 is 
similar but possesses a connection between the ventrolateral rib and posterior node.

17. Protocythere nodigera harenaviridis Slipper subsp. nov.
Figured specimen: PMHULL 2045 (HU. 16.C.26.3), holotype, LV lat., 800 pm long, x56. Lower Albian, Speeton 
Clay, c. 0.15 m below the ‘greensand streak’ of Kaye (1963a), Bed A5, Speeton.
Diagnosis: P r o to c y th e r e  with three longitudinal ribs, the ventral rib is pitted, middle and dorsal ribs smooth; faint 
pitting in the intercostal areas; ventral longitudinal riblets separated by rows of pits.
Range: Early Albian la r d e f u r c a ta  3 i \o z o n e - m a m m i l la t u m  Superbiozone.
Remarks: The British material differs from the older nominate subspecies of Triebel (1941) by having a more robust 
middle rib and no pitting on the middle or dorsal ribs. This has previously been illustrated as P . n o d ig e r a  by Neale 
(1978e).

18. Pseudobythocythere goerlichi Mertens, 1956
Figured specimen: PMHULL 2260 (HU.18.C.8.2), LV lat., 420 pm long, x 107. Lower Albian, Speeton Clay, c.
0.15 m below the ‘greensand streak’ of Kaye (1963a), Speeton, Yorkshire.
Diagnosis: Smooth P s e u d o b y th o c y th e r e  with short curved rib in the ocular region; long sinuous ventral rib runs from 
anterior to posterior margins.
Range: Early Albian ta r d e f u r c a ta - m a m m i l la t u m  biozones.
Remarks: Found together with P r o to c y th e r e  n o d ig e r a  h a r e n a v ir id i s  to denote the Early Albian in Britain. It occurs in 
the Late Aptian of northern Germany.

Plate 3

1. Saxocythere tricostata tricostata (Triebel, 1938a)
Figured specimen: MPK 4228, LV lat., 760 pm long, x59. Borehole 81/40, Central North Sea, 71.64-71.74 m, 
sample no. 4907, Upper Aptian grey-brown mudstones.
Diagnosis: S a x o c y th e r e  with three straight, sharp longitudinal ribs and very well-developed reticulation over the 
valve surface.
Range: Late Aptian n u t f ie ld e n s i s  Biozone.
Remarks: Supposed to have evolved from the older S a x o c y th e r e  t r ic o s t a ta  s u b g la b r a ,  which has a reduced ornament.

2. Rehacythereis sutterbyensis (Kaye & Barker, 1965)
Figured specimen: lo 2630, holotype, LV lat., 1100 pm long, x 41. Upper Aptian, Sutterby Marl, Sutterby, Lincolnshire. 
Diagnosis: A large species of R e h a c y th e r e i s  with heavily calcified valves; median rib short divided into spines and 
separate from the muscle node; lateral surface with weak reticulation containing very fine punctation.
Range: Late Aptian n u t f ie ld e n s i s  Biozone.
Remarks: Very restricted range makes this a very useful marker for the Late Aptian n u tf ie ld e n s is  Biozone.

3. Paranotacythere (Paranotacythere) luettigi luettigi Bassiouni, 1974
Figured specimen: Io 2706, RV lat., 462 pm long, x94. Upper Aptian, Sutterby Marl, Sutterby, Lincolnshire. 
Diagnosis: Two strong spines on the posterior part of the upper ventral rib; central part of lower ventral rib is strongly 
convex downwards.
Range: Early Aptian f o r b e s i  Biozone-Late Aptian n u t f ie ld e n s i s  biozones.
Remarks: Described by Kaye & Barker (1965) as O r th o n o ta c y th e r e  in v e r s a  tu b e r c u la ta  from the' Sutterby Marl.

4. Schuleridea derooi Damotte & Grosdidier, 19636
Figured specimen: Io 2676, male LV lat., 760 pm long, x 59. Late Aptian, P . n u t f ie ld e n s i s  Biozone, Sutterby Marl, 
Sutterby, Lincolnshire.
Diagnosis: Ovate S c h u le r id e a  with evenly rounded anterior, compressed anterior marginal zone, convex ventral 
margin in the left valve; moderately pitted surface; weak eye tubercle.
Range: Early Aptian f o r b e s i  Biozone-Late Aptian n u t f ie ld e n s i s  Biozone.

(continued on p. 336)
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Remarks: Characteristic of the Upper Aptian together with P . (P .) lu e t t ig i  lu e t t ig i  and Sa x o c y th e r e  tr ic o s ta ta  s .l. 
(sen .su  la tu ) . This species has been recorded from the Early Aptian f is s ic o s ta t u s  and f o r b e s i  biozones by Wilkinson 
(1996) and Mitchell & Underwood (1999).

5. Rehacythereis vexillum Slipper sp. nov.
Figured specimen: Io 2648, holotype, female LV lat., 858 pm long, x 52, Late Aptian n u tf ie ld e n s is  Biozone, Sutterby 
Marl, Sutterby, Lincolnshire.
Diagnosis: R e h a c y th e r e i s  with frill-like dorsal rib; singular node at position of middle rib; prominent rounded muscle 
node not reaching into the anterior lateral field; prominent pore conulus; reticulate intercostal areas; short thick rib 
below eye tubercle.
Range: Aptian m a r t in o id e s  Biozone - n u t f i e ld e n s i s  Biozone.
Remarks: Previously referred to C y th e r e i s  b e k u m e n s is  Triebel, 1940 by Kaye & Barker (1965, p. 384, plate 50, figs 
13-16) and Neale (1978e, p. 356, plate 11, fig. 10); that species has middle rib divided into three irregular nodes and 
lacks the frill-like dorsal rib.

6. Dolocythere rara Mertens, 1956
Figured specimen: MPK 13485, RV lat., 497 pm long, x90.
Diagnosis: Valve surface without swellings or nodes, covered entirely with reticulation that is irregular in the central 
region; weak, narrow rib around posteroventral margin.
Range: Early Aptian d e s h a y e s i  Biozone-Late Aptian n u t f ie ld e n s i s  Biozone.
Remarks: Originally described from the Albian of NW Germany. Barremian (r u d e - f is s ic o s ta tu m  Biozone) to the 
Aptian. Specimens in the collections at the BGS possess an eye tubercle and may belong to a separate species.

7. Cytheropteron (Infracytheropteron) exquisitum Kaye, 1964a
Figured specimen: PMHULL 2355 (HU. 19.C.3.1), holotype, LV lat., 330 pm long, x 136. c.0.3 m above base of 
Barremian, Speeton, Yorkshire.
Diagnosis: Short rounded alae and coarsely punctate surface.
Range: Hauterivian r e g a le  Biozone-Late Aptian n u t f ie ld e n s i s  Biozone.
Remarks: Type species of the primitive subgenus I n f r a c y th e r o p te r o n  with a hinge bar in both valves and no terminal 
elements. The stratigraphical range has been extended by work in the North Sea (Lott e t  a l. 1985, 1986).

8. Pontocyprella rara Kaye, 19656
Figured specimen: PMOS 16542, e x  PMHULL 2549 (HU.20.C.24.1), paratype, car. rt. lat., 667 pm long, x 67. Lower 
Aptian, Speeton, Yorkshire.
Diagnosis: P o n to c y p r e l l a  with an acute pointed posterior end.
Range: Early Aptian f i s s i c o s ta t u s  Biozone-Late Aptian n u t f ie ld e n s i s  Biozone.
Remarks: Appears a little above the base of the Skegness Clay in the earliest Aptian and persists for much of the stage.

9. Cytherelloidea ovata Weber, 1934
Figured specimen: MPK 5021, RV lat., 787 pm long, x57. Hauterivian C beds, Borehole 81/43, 46.49-46.57 m, 
southern North Sea.
Diagnosis: Pronounced, sharply defined ribs; sinuous median rib connects with posterodorsal node; straighter ventral 
rib connects with posteroventral node.
Range: Early Hauterivian a m b ly g o n iu m  Biozone-Barremian.
Remarks: C y th e r e l lo id e a  cf. o v a t a  s e n s u  Kaye (1963a ) ,  with weak dorsal rib and poorly connected ventral rib, has 
been reported from the Upper Aptian Sutterby Marl (Kaye & Barker 1965) and in Upper Barremian-Upper Aptian 
sediments (Lott e t  a l. 1985).

10. Saxocythere tricostata subglabra Kemper, 1971a
Figured specimen: MPK 4849, LV lat., 746 pm long, x60. Borehole 81/40, central North Sea, 73.43-73.53 m, 
sample no. 4909, Upper Aptian red mudstones.
Diagnosis: S a x o c y th e r e  t r i c o s t a ta  with reticulation reduced to fine pitting.
Range: Aptian m a r t i n o i d e s - n u t f i e ld e n s i s  biozones of the western central North Sea (Lott e t  a l. 1985). Mitchell & 
Underwood (1999) record it lower in the d e s h a y e s i  Biozone at Speeton.
Remarks: First appearance of the genus S a x o c y th e r e  in the uppermost Lower Aptian; S a x o c y th e r e  evolved from 
P r o to c y th e r e  through the addition of distinct reticulation meshes.

11. Veeniacythereis acuticostata (Triebel, 1940)
Figured specimen: PMHULL 1988 (HU. 16.C. 1.1), male LV lat., 760 pm long, x 59. Upper Barremian, Speeton Clay, 
Upper ‘B’ Beds, Speeton, North Yorkshire.
Diagnosis: Three narrow, sharp longitudinal ribs, median rib runs through the adductor muscle node and bends down
wards slightly towards the anterior; ventral margin obscured by a rib on the ventral surface.
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Range: Barremian b id e n ta tu m  Biozone-Aptian b o w e r b a n k i Biozone, also found in the Barremian-Aptian of Germany. 
Remarks: Extinction together with P a r a n o ta c y th e r e  in v e r s a  tu b e r c u la ta  and P r o to c y th e r e  in te r m e d ia  close to the 
Early Aptian-Late Aptian boundary.

12. Protocythere intermedia Kaye, 1963d
Figured specimen: PMHULL 2551 (HU.20.C.26.1), holotype, LV lat., 660 pm long, x68. Lower Aptian, Speeton 
Clay, Speeton, North Yorkshire.
Diagnosis: Few, thin radial pore canals; wide ventral marginal shelf; coarsely denticulate median hinge element. 
Range: Late Barremian b id e n ta tu m  Biozone-Early Aptian b o w e r b a n k i  Biozone.
Remarks: Rare, but extinctions with P a r a n o ta c y th e r e  in v e r s a  tu b e r c u la ta  and V e e n ia c y th e r e i s  a c u t i c o s ta ta  mark 
the Early Aptian-Late Aptian boundary.

13. Schuleridea hammi (Triebel, 19386)
Figured specimen: PMHULL 2396 (HU.19.C.15.3), female LV lat., 800 pm long, x56. Upper Barremian, Speeton 
Clay, Upper ‘B’ Beds, Speeton, North Yorkshire.
Diagnosis: Elongated species without distinct eye tubercle or marginal denticles; strongly pitted; anterior marginal 
zone compressed.
Range: Barremian r u d e - f is s ic o s ta tu m  Biozone-Aptian f i s s i c o s ta t u s  Biozone.
Remarks: Described and illustrated by Neale (1979), LAD marks the f i s s i c o s ta t u s  Biozone. Also found in northern 
Germany.

14. Veeniacythereis blanda (Kaye, 1963d)
Figured specimen: PM HULL 1991 (HU. 16.C.2.1), holotype, L V  lat.,769 pm long, x59. Middle Barremian, Speeton 
Clay, Middle ‘B’ Beds, Speeton, North Yorkshire.
Diagnosis: Smooth surface; inflated longitudinal and marginal ribs; small rib from the eye tubercle reaches towards the 
anterior of the broad, smooth and prominent muscle node.
Range: Barremian r a r o c in c tu m  Riozone - b id e n ta tu m  Biozone.
Remarks: This species occurs abundantly in the Barremian of Speeton. A related form described as V e e n ia c y th e r e i s  cf. 
b la n d a  from the Early Aptian f o r b e s i  Biozone of the Isle of Wight (Kaye 1965«) and the d e s h a y e s i  Biozone from Hoes 
Farm (Bristow e t  a t. 1987) is more convergent posteriorly, eye tubercle and muscle node not as strongly connected and 
the median rib rises up posteriorly.

15. Paranotacythere (Paranotacythere) inversa tuberculata (Kaye, 1963c)
Figured specimen: PMHULL 2248 (HU. 18.C.4.3), lectotype, RV lat., 470 pm long, x 96. Upper Barremian, Speeton 
Clay, c. 0.75 m above Cement Bed a, Speeton, North Yorkshire.
Diagnosis: Lateral surface reticulate, except for median sulcus; distinctly tuberculate; three ventral longitudinal ribs. 
Range: Barremian r u d e - f is s ic o s ta tu m  Biozone-latest Early Aptian b o w e r b a n k i  Biozone.
Remarks: Youngest of the P . (P .) in v e r s a  lineage, with the simplest costation and most developed tuberculation. The 
younger record in the Sutterby Marl by Kaye & Barker (1965) is an incorrect identification and, instead, correctly 
belongs to P . (P .) lu e t t ig i  lu e t t ig i .

16. Cytheropteron (Cytheropteron) reightonense Kaye, 1964a
Figured specimen: PMHULL 2286 (HU. 18.C.21.2), paratype, LV lat., 350 pm long, x 128. Barremian, Speeton Clay, 
Cement Beds, Middle ‘B’ Beds, Speeton, North Yorkshire.
Diagnosis: Short, posteroventrally directed alae; weak median sulcus; subparallel dorsal and ventral margins; short 
row of pits on lateral surface above alae.
Range: Hauterivian r e g a le  Biozone-Late Barremian b id e n ta tu m  Biozone.
Remarks: Differs from C y th e r o p te r o n  a e q u iv a lv e  Bonnema, 1941 in the shape of the alae and lack of distinct posterior 
expansion. Together with the extinction of V. b la n d a , this event is just below the Barremian-Aptian boundary.

17. Protocythere triplicata (Roemer, 1841)
Figured specimen: PMHULL 551 (HU.l.C.31.28), female LV lat., 1010 pm long, x45. Lower Hauterivian, Speeton 
Clay, Bed D2, Speeton, North Yorkshire.
Diagnosis: Inflated carapace with convex dorsal and ventral ribs; median rib constricted behind muscle node; 
smooth surface.
Range: Early Hauterivian a m b ly g o n iu m  Biozone-Late Barremian r u d e - f is s ic o s ta tu m  Biozone.
Remarks: Ancestral to the Early Aptian P . in te r m e d ia ; the latter has a wider ventral marginal shelf, fewer radial pore 
canals and a coarsely denticulate median hinge element.

18. Apatocythere ellipsoidea (Triebel, 1940)
Figured specimen: PMHULL 2412 (HU. 19.C. 18.3), female RV lat., 570 pm long, x79. Barremian, Speeton Clay, 
Speeton, North Yorkshire.
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Diagnosis: A p a to c y th e r e  with an elliptical outline and smooth surface; marginal denticles absent.
Range: Hauterivian g o t t s c h e i  Biozone-Late Barremian b id e n ta tu m  Biozone.
Remarks: Found in the Hauterivian and Barremian of Britain and northern Germany; stratigraphically younger forms 
are larger.

Plate 4

1. Paranotacythere (Paranotacythere) blanda (Kaye, 1963c)
Figured specimen: PMHULL 2241 (HU.18.C.1.1), holotype, LV lat. 530 pan long, x85. Uppermost Hauterivian or 
lowermost Barremian, Speeton Clay, North Yorkshire.
Diagnosis: Tuberculate with prominent posterodorsal tubercle below the dorsal margin; surface ornament of scattered 
large pits.
Range: Barremian v a r ia b i l i s  B i o z o n e - r u d e - f i s s i c o s ta tu m  Biozone.
Remarks: Also found in the Late Hauterivian and Early Barremian of northern Germany.

2. Apatocythere simulans Triebel, 1940
Figured specimen: PMHULL 2406 (HU.19.C.17.2), female LV lat., 670 pm long, x67. Barremian, Speeton Clay, 
Middle ‘B’ Beds, 1 ft above Cement Bed a, Speeton, North Yorkshire.
Diagnosis: A p a to c y th e r e  with ovate shape and truncate posterodorsal margin; surface ornament of small pits; anterior 
and posterior marginal denticuladons.
Range: Middle Hauterivian in v e r s u s  Biozone-Barremian r u d e - f is s ic o s ta tu m  Biozone.
Remarks: Also found in the Upper Hauterivian and Barremian of Germany. Externally very similar to S c h u le r id e a  
r h o m b o id a l i s , with which it coexists; the hinge of A p a to c y th e r e  has smooth terminal elements whereas those in S c h u 
le r i d e a  are crenulate.

3. Hechticythere (Hechticythere) hechti (Triebel, 1938a)
Figured specimen: PMHULL 561 (HU.l.C.31.71), LV lat., 660 pm long, x68. Lower Hauterivian, Speeton Clay, 
Bed D2, Speeton, North Yorkshire.
Diagnosis: Rectilinear outline; straight ribs; subdued central tubercle; dimorphic.
Range: Early Hauterivian a m b ly g o n iu m  Biozone-Late Hauterivian m a r g in a tu s  Biozone.
Remarks: Also found in northern Germany. The illustration of this specimen by Neale (1978c, plate 3, fig. 8) is dis
torted. H e c h t ic y th e r e  Griindel, 1974a is rectilinear, has a separate dorsal rib and a connection of the median and ventral 
ribs anteriorly. A single left valve from the Lower Barremian Upper Tealby Clay was reported by Kaye & Barker 
(1966) but not illustrated.

4. Schuleridea bilobata (Triebel, 19386)
Figured specimen: PMHULL 2388 (HU.19.C.14.1), male LV lat., 990 pm long, x45. Middle Barremian, Speeton 
Clay, Middle ‘B’ Beds, c . 0.3 m above Cement Bed 8, Speeton, North Yorkshire.
Diagnosis: Males with characteristic postero-ventral lobe or lappet in both valves.
Range: Middle Hauterivian s p e e to n e n s i s  Biozone-Barremian r u d e - f is s ic o s ta tu m  Biozone.
Remarks: Also found in the Late Hauterivian and Barremian of Germany.

5. Cytherelloidea pulchra Neale, 1960
Figured specimen: PMHULL 33 (HU.l.C.2.65), holotype, female LV lat., 506 pm long, x89. Upper Hauterivian, 
North Fordon G. 1 Borehole, 681 ft, Yorkshire.
Diagnosis: C y th e r e l lo id e a  with swollen ribs, one anterior and three longitudinal; middle rib indented dorsally by 
muscle scar pit; dorsal and median ribs connected anteriorly; finely reticulate surface.
Range: Late Hauterivian g o t t s c h e i  Biozone-Barremian r u d e - f is s ic o s ta tu m  Biozone.
Remarks: C y th e r e l lo id e a  o v a t a  Weber, 1934, which overlaps in range, is less inflated and has more distinct ribs which 
are separate anteriorly. C y t h e r e l lo i d e a  d a lb y e n s i s  Kaye & Barker, 1966 has a reticulate surface.

6. Schuleridea rhomboidalis Neale, 1960
Figured specimen: PMHULL 60 (HU. 1 .C.2.99), holotype, female car. rt. lat., 740 pm long, x 61. Upper Hauterivian, 
North Fordon G.l Borehole, 657 ft, Yorkshire.
Diagnosis: Rhomboidal shape in left valve, particularly in the female; valve surface smooth or faintly pitted. 
Range: Hauterivian s p e e to n e n s i s  Biozone-Barremian r u d e - f is s ic o s ta tu m  Biozone.
Remarks: A common and distinctive component of Late Hauterivian and Barremian assemblages at Speeton (Neale 
1978e), although restricted to the Late Barremian of the central North Sea (Lott e t  a l. 1985) and not identified in the 
southern North Sea (Lott e t  a l. 1986).

(continued on p. 340)
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7. Neocythere (Physocythere) pustulosa Kaye, 1965a
Figured specimen: lo 2086, holotype, LV lat., 493 pm long, x 91. Upper Hauterivian, Lower Tealby Clay, Nettleton, 
Lincolnshire.
Diagnosis: Small species of N e o c y th e r e  ( P h y s o c y th e r e )  with ornament of weak concentric ribs, each having many 
small pustules along their crests; denticulate median hinge bar in LV with narrow shelf above.
Range: Middle Hauterivian s p e e to n e n s i s  Biozone-Middle Barremian r a r o c in c tu m  Biozone.
Remarks: Similar specimens have been recovered from the Late Aptian of Surrey, differing by having weaker ribbing 
and less strongly developed hinge. The measurements here are calculated from the NHM scanning electron micro
scope; Kaye (1965a) has 0.55 mm and 0.52 mm for his figures 4 and 6.

8. Paranotacythere (Paranotacythere) inversa inversa (Cornuel, 1848)
Figured specimen: PMHULL 2147 (HU. 17.C.25.15), RV lat., 530 pm long, x85. Barremian, Speeton Clay, Lower 
Cement Beds, Speeton, North Yorkshire.
Diagnosis: Reticulate surface, except for the median sulcus; subdued tuberculation.
Range: Barremian v a r ia h i l i s  Biozone nu/e-Ji.s.sicosialurn Biozone.
Remarks: Distinguished from P . (P ) in v e r s a  c o s ta t a  by the complete ventral rib and by the lack of vertical ridges on 
the posterolateral surface. Also found in northern Germany and the Paris Basin.

9. Paranotacythere (Paranotacythere) ramulosa ramulosa (Sharapova, 1939)
Figured specimen: MPK5025, RV lat., 705 pm long, x64. Upper Hauterivian, BGS Borehole 81 /43,30.62-30.69 m 
depth (ex CSB 4619/C2), 80 km ENE Speeton cliffs.
Diagnosis: Four very large tubercles along the ventrolateral margin; anterodorsal tubercle joined to eye tubercle; large 
posterodorsal tubercle behind sulcus; small tubercle at posterodorsal angle; surface finely reticulate.
Range: Late Hauterivian g o t t s c h e i  Biozone-Barremian v a r ia h i l is  Biozone.
Remarks: Distinctive indicator of the Late Hauterivian.

10. Paranotacythere (Paranotacythere) inversa costata (Kaye, 1963e)
Figured specimen: PMHULL 2132 (HU. 17.C.19.1), holotype, LV lat., 539 pm long, x83. Hauterivian, Bed C2, 
Speeton, North Yorkshire.
Diagnosis: Short rib runs from anterior tubercle on ventrolateral ridge towards the large anterodorsal tubercle; long 
keel-like ridge on ventral surface with short ridge running parallel anteriorly.
Range: Late Hauterivian g o t t s c h e i  Biozone-Barremian v a r ia h i l i s  Biozone.
Remarks: The oldest of the P . ( P . )  in v e r s a  lineage evolving from P . ( P . )  d ig l y p ta  by loss of ribbing. Kaye (1963c) 
states that this is restricted to beds C2 and C3 of the Speeton Clay Formation.

11. Euryitycythere parisiorum Oertli, 1959
Figured specimen: PMHULL 75 (HU.l.C. 10), LV lat., 585 pm long, x77. Hauterivian, Speeton Clay, Bed D2D, 
Speeton, North Yorkshire.
Diagnosis: Triangular in dorsal and lateral view, with short triangular alae; smooth valve surface with a small pitted 
area on the dorsal side of the alar swelling.
Range: Early Hauterivian a m b ly g o n iu m  Biozone-Late Hauterivian s p e e to n e n s is  Biozone.
Remarks: Also found in northern Germany, generally rare in Britain, but a good marker for the Early Hauterivian.

12. 13, 15. Schuleridea lamplughi Neale, 1962
Figured specimens: 12, PMHULL 935 (HU. 13.C.3.1 l),paratype, maleRV lat.,740 pm long, x61; 13,PMHULL 937 
(HU.13.C.3.66), paratype, male LV lat., 780 pm long, x58; 15, PMHULL 934 (HU.13.C.3.7), paratypc, female LV 
lat., 740 pm long, x61. Hauterivian, Speeton Clay, Bed D2D, Speeton, North Yorkshire.
Diagnosis: Elongate outline; asymmetrically rounded anterior margin; strong taper towards the posterior; distinct 
caudal process in LV; surface covered with pits.
Range: Early Hauterivian a m b ly g o n iu m  Biozone-Middle Hauterivian in v e r s u s  Biozone.
Remarks: The caudal process distinguishes this from similar species; see Neale (1978h) for internal view. Only 
reported so far from the British Hauterivian.

14. Paranotacythere (Paranotacythere) diglypta diglypta (Triebel, 1941)
Figured specimen: PMHULL 209 (HU. 1 ,C. 13.74), male car. It. lat., 572 pm long, x 79. Hauterivian, Speeton Clay, 
Bed DIB, Speeton, North Yorkshire.
Diagnosis: Sharp, ridge-like costae; distinct dorsal rib projecting above dorsal margin; rounded pits in intercostal 
areas, absent from median sulcus.
Range: Early Hauterivian a m b ly g o n iu m  Biozone - r e g a l e  Biozone.
Remarks: A biozonal index for the Lower Hauterivian, also found in northern Germany, Poland and the Paris 
Basin.
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16. Paranotacythere (Paranotacythere) anglica (Neale, 1960)
Figured specimen: PMHULL 12 (HU. 1 .C.2.33), syntype, female instar LV lat., 440 pm long, x 102, Lower Hauter- 
ivian, North Fordon G.l Borehole, depth 880 ft, Fordon, North Yorkshire.
Diagnosis: Tuberculate, with strong posterodorsal tubercle that projects beyond the dorsal margin; fine longitudinal 
ribs on the ventral surface.
Range: Early Hauterivian amblygonium Biozone-inversus Biozone.
Remarks: Known only from the North Fordon G.l and BGS 81/43 boreholes.

17. Costacythere frankei frankei (Triebel, 1938a)
Figured specimen: PMHULL 465 (HU.l.C.23.41), LV lat., 860 pm long, x52. Lower Hauterivian, Speeton Clay, 
Bed D2, Speeton, North Yorkshire.
Diagnosis: Costacythere with valve surface covered with small pits; bifid anterior marginal denticulations; small 
posteroventral denticulations.
Range: Early Hauterivian amblygonium Biozonc- noncum Biozone.
Remarks: An indicator of the Early Hauterivian in Britain, but in northern Germany and France it is found in the Late 
Valanginian. Costacythere Griindel, 1966 was erected for protocytherids without an anterior hinge tooth in the LV, and 
an anterior marginal rib.

18. Laevicytheridea kummi Triebel, 19386
Figured specimen: PMHULL 39 (HU.l.C.2.72), female RV lat., 790 pm long, x57. Lower Hauterivian, North 
Fordon G.l Borehole, depth 881 ft, Fordon, North Yorkshire.
Diagnosis: Strongly dimorphic, elongate-oval males and rounded sub hexagonal females; valve surface finely pitted. 
Range: Early Hauterivian amblygonium Biozone-noricum Biozone.
Remarks: Also found in the latest Valanginian (Ober-Valendis 2-4) from Germany (Bartenstein & Brand 1959).

Plate 5

1, 3. Dolocytheridea (Dolocytheridea) wolburgi Bartenstein & Brand, 1959
Figured specimens: 1, PMHULL 513 (HU.l.C.28.42), female LV lat., 1080 pm long, x42; 3, PMHULL 515 
(HU.l.C.28.48), male LV lat. 1190 pm long, x38. Valanginian, Speeton Clay, Speeton, North Yorkshire. 
Diagnosis: Large ovate species with a short posteroventral spine; valve surface strongly pitted.
Range: Early Valanginian Paratollia spp. Biozone and Polyptychites spp. Biozone.
Remarks: An easily recognized marker for the Valanginian in both England and northern Germany.

2. Paranotacythere (Paranotacythere) globosa globosa (Neale, 1962)
Figured specimen: PMHULL 348 (HU.l.C. 16.49), holotype, female LV lat., 767 pm long, x59. Valanginian, 
Speeton Clay, Bed D2E, Speeton, North Yorkshire.
Diagnosis: Globose, large median sulcus, widening downwards; ornament of distinct pits on a smooth surface; eye 
tubercle plus one flat tubercle below it, posterodorsal tubercle absent.
Range: Valanginian Polyptychites Biozone.
Remarks: in Germany P. (P.) globosa nodosa Bassiouni, 1974 appears earlier, while P. (P.) globosa filia Bassiouni, 
1974 appears later (Bassiouni 1974).

4, 6, 8. Paranotacythere (Paranotacythere) speetonensis (Neale, 1962)
Figured specimens: 4, PMHULL 375 (HU. l.C.20.21), paratype, female LV lat., 578 pm long, x78; 6, OS 16517, RV 
lat., 550 pm long, x82; 8, PMHULL 377 (HU. 1 .C.20.23), paratype, male LV lat., 580 pm long, x77. Berriasian, 
Speeton Clay, Bed D6A, Speeton, North Yorkshire.
Diagnosis: Ornament of tubercles and ridges; the tubercles form two triangular groups, separated by the median sulcus; 
weak anterodorsal sulcus; ventral rib parallel with dorsal margin; dimorphic.
Range: Late Ryazanian albidum Biozone-Early Valanginian Polyptychites Biozone.
Remarks: Very common in the Berriasian of Speeton.

5. Protocythere hannoverana Bartenstein & Brand, 1959
Figured specimen: PMHULL 566 (HU.l.C.32.18), LV lat. 740 pm long, x 61. Valanginian, Speeton Clay, Bed D3B, 
Speeton, North Yorkshire.
Diagnosis: Protocythere with valve surface covered with strong pitting; median rib divided into two by row of pits. 
Range: Early Valanginian Paratollia Biozone-Polyptychites Biozone.
Remarks: Established as a biozonal index by Christensen (1974), it is common in the Valanginian of Speeton, and in 
Germany it ranges from Mittel Valendis 1 to Ober Valendis 1.
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7, 9, 11. Schuleridea praethoerenensis Bartenstein & Brand, 1959
Figured specimens: 7, PMHULL 522 (HU. 1 .C.29.28), male LV lat., 790 pm long, x 57; 9, PMHULL 530 
(HU.l.C.29.75), female RV lat., 690pm long, x65; 11, PMHULL 527 (HU.I.C.29.60), male RV lat., 750 pm 
long, x60. Valanginian, Speeton Clay, Bed D2E, Speeton, North Yorkshire.
Diagnosis: Very high in proportion to length, valves very heavily pitted, larger pits widely spaced centrally, many 
small pits towards the margins; posterodorsally truncate.
Range: Early Valanginian Paratollia Biozone.
Remarks: Also found in the Valanginian of northern Germany, in the Danish Embayment it is associated with a Ber- 
riasian fauna (Christensen 1974).

10. Cytheropterina triebeli Neale, 1962
Figured specimen: PMHULL 80 (HU.l.C.l 1.6), LV lat., 588 pm long, x76. Berriasian, Speeton Clay, Bed D6A, 
Speeton, North Yorkshire.
Diagnosis: Three or four curved ribs on ventral surface; a row of 13 or 14 polygonal pits on the margin of the alae. 
Range: Late Ryazanian albidum Biozone-Early Valanginian Paratollia Biozone.
Remarks: Characteristic of the British Berriasian together with Galliaecytheridea teres and Schuleridea juddi.

12, 14. Galliaecytheridea teres (Neale, 1962)
Figured specimens: Fig. 12, PMHULL 591 (HU.l.C.36.2), female RV lat., 970 pm long, x46; 14, PMHULL 604 
(HU.l.C.36.61), female LV lat., 820 pm long, x55. Speeton Clay, Bed D6, Speeton, North Yorkshire.
Diagnosis: Flattened anterior marginal rim, small spines at antero- and posteroventral margins, finely pitted, 
marked dimorphism.
Range: Late Ryazanian albidum Biozone.
Remarks: Biozonal index for the Ryazanian. Also recorded from the Danish area.

13. Mandelstamia (Mandelstamia) sexti Neale in Neale & Kilenyi, 1961
Figured specimen: PMHULL 70 (HU.l.C.5.14), paratype, LV lat., 670 pm long, x67. Berriasian, Speeton Clay, 
Speeton, North Yorkshire.
Diagnosis: Short, rectangular Mandelstamia; well-developed eye tubercle; RV terminal hinge elements divided into 
four-five small teeth, LV median bar finely denticulate.
Range: Late Ryazanian albidum Biozone; D6 beds of the Speeton Clay.
Remarks: Differentiated from other species of this genus by lower length/height ratio.

15-18. Schuleridea juddi Neale, 1962
Figured specimens: 15, PMHULL 930 (HU.13.C.2.96), female RV lat., 730 pm long, x62; 16, PMHULL 932 
(HU.13.C.2.100), male LV lat., 844 pm long, x53; 17, PMHULL 906 (HU.13.C.2.5), female LV lat., 728 pm 
long, x62; 18, PMHULL 926 (HU.13.C.2.90), male RV lat., 800 pm long, x56. Berriasian, Speeton Clay, Bed 
D6, Speeton, North Yorkshire.
Diagnosis: Oval triangular, tapering strongly towards the posterior; prominent eye tubercle. Inequivalve and 
dimorphic; females higher than males, with position of greatest height behind that in the males.
Range: Restricted to albidum Biozone of the Ryazanian.
Remarks: Characteristic of the British Ryazanian.
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The Late Cretaceous Epoch, which lasted from 100 
to 65 Ma, was a time of global sea-level rise, which 
reached a maximum at the beginning of the middle 
Turonian (Haq et al. 1987, 1988). The fully marine 
warm conditions on the shelf seas gave rise to abun
dant blooms of calcarous nannoplankton that largely 
formed the resultant Chalk we see today. In addition 
to the coccoliths, the microfauna contains both plank
tonic and benthonic foraminifera, calcispheres, ostra- 
cods and the debris of macrofaunal elements, such as 
inoceramids, echinoids and bryozoans. Within the 
chalk are horizons of marls and flints, the former 
from periods of higher clastic/ carbonate deposition, 
and the latter from precipitation of siliceous-rich 
groundwaters, mostly in burrow systems.

Although the Late Cretaceous seas covered the 
majority of the British Isles, with the exception of 
the massifs in the positions of present-day NW 
Scotland, Cumbria, Cornwall, SW Wales and SW 
Ireland, much of the chalk deposited there has 
been removed by later erosion. The present-day 
outcrop is limited to a broad area from eastern 
Yorkshire through to Lincolnshire, a broad band 
from Norfolk to Dorset, then eastwards through 
Hampshire, and two swathes across the North and 
South Downs flanking The Weald. There are some 
chalk outliers in Devon and chalk is also preserved 
beneath the Tertiary basalts of Northern Ireland 
(Fig. 1). The stratigraphical coverage of the Late 
Cretaceous in Britain is largely complete from the 
Cenomanian to the Campanian; however, only part 
of the Early Maastrichtian Stage is preserved, as 
ice-rafted exotic blocks on the Norfolk coast.

To win ostracods from Upper Cretaceous sedi
ments requires the correct techniques and much 
patience; they are rarely as abundant as foramini
fera, and often the more ornate forms remain 
encrusted in matrix and require careful cleaning. 
For marls and marly chalks of the Cenomanian 
Stage the white spirit method is preferred (Weaver 
1982), while for more porous white chalks glauber 
salt freeze-thaw works efficiently (Slipper 1996, 
1997, 20057>). Once the correct method is applied 
the ostracod fauna is seen to be abundant and 
diverse. The nodular chalks of the lower Turonian 
prove to be the most difficult to study, with the 
lowest diversity and abundance, but all other 
stages readily produce ostracods from both marls

and chalks. All specimens are composed of recrys
tallized calcite and it can, therefore, be very difficult 
to spot internal features such as muscle scars or 
marginal pore canals.

History of research

The earliest records of Ostracoda in the English 
Chalk are given by Lyell (1836) who, in his anniver
sary address, mentioned the occurrence of Cyther- 
ella ovata, and then Williamson (1847) who 
illustrated five species of ‘beautiful Entomostracous 
animals’ from the chalky marl of Charing given to 
him by Mr Harris, a local collector. The Charing 
material was also passed on to T. R. Jones whose 
Palaeontographical Society Monograph systemati
cally described 26 species and four varieties from 
the Chalk of England (Jones 1849). Eleven species 
were described as new and 15 were assigned to 
forms previously described on the continent by 
Roemer (1841), Bosquet (1847), Reuss (1846) and 
Munster (1830). Where Williamson (1847) had 
placed all his species in Cytherina, Jones (1849) 
used the genus Cythere and included Cythereis, 
Bairdia and Cytherella as subgenera. The seven 
plates of pencil illustrations are of good quality, 
often showing internal features or details of orna
ment. The stratigraphical information is rather 
limited; no horizons are mentioned and localities 
are simply given as Grey Chalk and Chalk Marl of 
Dover, Red Chalk of Flamborough Head and 
White Chalk. Most of the ostracods were recovered 
from the ‘Chalk Detritus of Charing’, which is a 
derived sediment containing a mixture of Cenoma
nian and Turonian deposits. Jones presented a synop
tic table and included percentages of species in the 
chalk, ‘Detritus’ and Gault, which was an early indi
cation of a quantitative approach to ostracod studies.

In 1870 Jones made some taxonomic amend
ments in the light of publications from the continent 
by Bosquet (1852, 1854) and Reuss (1855). Follow
ing the classification of Brady (1868), Jones also 
included all species of Cythereis within the genus 
Cythere. A major revision came from Jones & 
Hinde (1890) with their supplementary monograph 
of Cretaceous Ostracoda. Many more localities 
were sampled and 55 species were presented, of 
which 22 were new, with a further 22 varieties;

From: WHITTAKER, J. E. & HART, M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 345-372.
1747-602X/S 15.00 (<0 The Micropalaeontological Society 2009.
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Fig. 1. Outcrops of Upper Cretaceous sediments in England and Northern Ireland, shown with localities mentioned in 
the text.

many of these varieties are now considered distinct 
species. Jones & Hinde’s species were arranged in 
13 genera, Cythereis here being retained as a ‘quasi
generic term’ for subquadrate ornamented forms of 
Cythere. The illustrations were again pencil draw
ings but at a smaller scale and in non-standard orien
tation, a retrograde step for ostracod illustration. In 
addition, some errors had been introduced during 
the process of redrawing the photographically 
reduced plates from the 1849 monograph. The stra- 
tigraphical information, however, was improved 
with the inclusion of macrofaunal biozones in the 
locality descriptions.

The ostracod fauna of the Cambridge Greensand 
at Swaffham was documented by Chapman (1898), 
who recorded 45 species; two new species were

illustrated. Some indication of the relative abun
dances of the various species recovered was given, 
although much of the taxonomy has since been 
revised.

No further systematic work was carried out on 
the British Cretaceous until the 1960s. In the inter
vening period much was written on Upper Cretac
eous Ostracoda in America by Alexander (1929, 
1933, 1934), and in The Netherlands by van Veen 
(1932, 1934, 1935a, b, 1936a, b, 1938) and Bonnema 
(1940-1941).

A century of research had developed new 
taxonomic concepts, and Kaye (1964) revised the 
early work of Jones, Jones & Hinde and Chapman. 
Kaye illustrated many of Jones’ and Jones & 
Hinde’s original specimens where possible,
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supplemented by comparative material from Kaye’s 
own collection. The light microscope photographs, 
while being a more accurate method of illustration 
than the early pencil drawings, lacked resolution 
and depth of focus. Examination of some of these 
type specimens reveals that many of the photo
graphs suffer from excessive cropping, often result
ing in the loss of marginal spines.

The University of London holds an unpublished 
PhD thesis of King (1968) on the Upper Chalk 
Ostracoda; this principally covers the Campanian 
and Maastrichtian of Norfolk. Owing to the frag
mented nature of the outcrops of Chalk in Norfolk, 
the stratigraphical information is rather general; 
the traditional biozonation of Rowe (1900) 
was used.

A small fauna from the Carr’s Glen Shell Bed of 
Belfast was described and illustrated by Keen & 
Siddiqui (1971) as part of a larger study of the 
Upper Cretaceous of Northern Ireland. That work 
showed that the ostracods supported a Cenomanian 
age for the Carr’s Glen Shell Bed.

Neale (1978) illustrated 24 species from the 
Cenomanian-Maastrichtian succession with good- 
quality scanning electron microscope (SEM) 
photographs; this was a significant advance for tech
nical illustration. The data presented therein are 
mostly from King (1968) and at that time much of 
the lower part of the Upper Cretaceous had not 
been investigated in detail.

That position changed with the monograph of 
Weaver (1982) on the Lower Chalk and Plenus 
Marls in which 117 Cenomanian species were sys
tematically described and illustrated with SEM 
photographs, 57 as new species. The lithostratigra- 
phical control is tied to the macrofaunal zonation 
of Kennedy & Garrison (1975) and Hancock 
(1976), and the benthonic and planktonic forami- 
niferal zonation of Carter & Hart (1977). Eight 
localities in southern England were sampled with 
range charts being presented for each, and it was 
shown how correlations may be achieved between 
the various sites using key taxa. Weaver (in Hart 
et al. 1987) also produced a checklist of 36 
species from the Cenomanian, and 18 species from 
the Coniacian-Campanian of the Isle of Wight. 
Many of the latter were left in open nomenclature.

Wilkinson (1988) discussed the biostratigraphy 
and palaeoecology of the ostracod faunas across 
the Albian-Cenomanian boundary sequences 
from Cambridgeshire and western Suffolk, and 
described a new species and one new genus, 
Phthanoloxoconcha.

A shift in direction of Upper Cretaceous ostracod 
studies took place with the contribution of Horne & 
Rosenfeld (in Jarvis et al. 1988), who documented 
the change in the fauna across the Cenomanian-  
Turanian boundary interval at Dover. This represents

the first record of Early Turanian ostracods. 
Horne et al. (1990) followed up the previous work 
and presented a range chart for the Turanian, 
illustrating some of the 28 species recovered. The 
lithostratigraphical control was good, but the logs 
gave no information concerning the macrofaunal 
biozones.

More recent work at the University of Green
wich includes the work of Johnson (1996a, b , 
1998), who studied the biogeographical distribu
tion of Ostracoda in the Plenus Marls during what 
was termed the Cenomanian-Turonian Oceanic 
Anoxic Event. The author has completed a study 
of the Turanian Ostracoda from Dover, where 103 
species and subspecies are documented (Slipper 
1996, 1997); some of this new information is 
included in the accompanying range chart (Fig. 2). 
The response of the ostracod fauna to changing sea- 
levels in the Late Cretaceous has been documented 
by Slipper (1998, 2005a).

Studies at the University of Wales have concen
trated on the Coniacian-Maastrichtian Ostracoda 
of East Anglia, which utilized samples from the 
Trunch Borehole supplemented by outcrop 
samples (Pyne 2002). From that work Pyne et al.
(2003) described 16 new species and one new sub
species, although the biostratigraphical resolution 
is poor. The same authors (Whatley et al. 2003) 
discuss changing oxygenation through the Upper 
Cretaceous of East Anglia with regard to the fluctu
ations in proportions of Platycopina.

There are a significant number of important 
works on Late Cretceous Ostracoda from continen
tal Europe published in the last 50 years that are of 
importance for comparative purposes in France 
(Damotte 1962, 1964, 1965a, b, 1971a, b 1986; 
Donze 1970, 1972; Babinot 1971, 1973, 1980; 
Colin 1974; Damotte et al. 1981; Babinot et al. 
1982, 1983, 1985; Colin & Damotte 1985; Babinot 
& Grosheny 1993), Belgium and The Netherlands 
(Deroo 1966; Bless et al. 1983; Jagt et al. 1987; 
Bless 1988; Nuyts 1990a-c; Witte et al. 1992), 
Germany (Triebel 1938, 1941; Mertens 1956, 
1958; Herrig 1963, 1964, 1965a, b, 1966, 1967a- 
c, 1968, 1969, 1998; Grundel 1968, 1969a, b, 
1970a, b, 1973, 1974a, b, 1975, 1978a, b; Rescher 
1968; Triebel & Malz 1969; Ohmert 1970, 1971, 
1973; Grundel & Kozur 1972; Clarke 1982, 1983; 
Kemper 1984; Schwarzkopf 1991), Denmark 
(Jprgensen 1979), Czech Republic (Pokorny 
1963a-c, 1964a-c, 1965a, b„ \961a-d, 1969, 
1977, 1978a, b, 1979, 1980a-c, 1981, 1984, 1986, 
1987, 1989; Pokorny & Colin 1976), Poland 
(Szczechura 1964, 1965, 1984) and Spain (Swain 
1978; Colin et al. 1982; Rodriguez Lazaro 1988).

The situation of the Late Cretaceous in terms of 
published work has progressed slowly and there are 
many taxonomic problems still to be solved. This
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Fig. 2. Composite chronostratigraphy, biostratigraphy and lithostratigraphy for the Upper Cretaceous.
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brief survey indicates how the applications of ostra- 
cods have developed. The foundations of the mono
graphs of Jones (1849) and Jones & Hinde (1890), 
and their revision by Kaye (1964), have led to the 
detailed taxonomy of Weaver (1982) that has 
enabled correlations to be made across England in 
the lower part of the Upper Cretaceous. More 
recently, Upper Cretaceous ostracods have been 
used as tools to attempt palaeoenvironmental and 
biogeographical reconstructions, in terms of chan
ging oceanic conditions such as fluctuating sea 
levels, energy regimes and oxygenation.

Principal collections

The Natural History Museum, London

The Natural History Museum in London contains 
many useful collections of Upper Cretaceous 
Ostracoda, notably those of Jones (1849), Jones & 
Hinde (1890), Kaye (1964) and Weaver (1982). 
There is also some comparative material from the 
collections of Bosquet and Bonnema. The collec
tions of the University of Wales (Aberystwyth) 
and the University of Hull have been transferred to 
The Natural History Museum. The NHM registered 
numbers are variously prefixed by I, In, Io or OS. 
The ex-Hull collections are now prefixed by 
PMHULL.

The Sedgwick Museum, Cambridge

The Sedgwick Museum at the University of Cam
bridge contains Chapman’s (1898) material from 
the Cambridge Greensand and Keen & Siddiqui’s
(1971) Cenomanian specimens from Belfast.

Other depositories

Unpublished PhD theses concerned with Upper 
Cretaceous Ostracoda are housed at University 
College, University of London (King 1968), the 
University of Greenwich (Johnson 1996b\ Slipper
1997) and University of Wales (Pyne 2002).

In order to study Late Cretaceous ostracods it is 
important to refer to original material, where it 
exists, as many of the early illustrations are of 
poor quality. Many species found in the British 
chalk were first described from continental 
Europe. These collections can be seen at the follow
ing establishments: Bosquet collections (1847, 
1854), Institut Royal des Sciences Naturelles de 
Belgique, Brussels; van Veen (1932, 1934, 1935a, 
b, 1936a, b, 1938) and Bonnema (1940-1941) 
collections, Nationaal Natuurhistorisch Museum 
Naturalis, Leiden, The Netherlands; Damotte 
(1962, 1964, 1965a, b, 1971a, b, 1986) and Deroo 
(1966) collections, Universite Pierre et Marie

Curie, Paris; Pokorny (26 publications between 
1963 and 1987), Charles University, Prague.

Stratigraphy
Significant advances have been made in the quality 
of stratigraphical logs presented for Upper Cretaceous 
studies (Jarvis & Woodroof 1984; Mortimore 1986, 
1987; Robinson 1986; Gale et al. 1987; Mortimore & 
Pomerol 1987; Jarvis et al. 1988; Horne et al. 
1990; Jenkyns et al. 1994; Gale 1995, 1996). This 
has been achieved by logging at a finer scale and 
recognizing detail, such as hardgrounds, fiaser 
marls, burrows and borings, that had not previously 
been recorded. It is now possible to correlate accu
rately over great distances using marker horizons.

In the same issue of the Proceedings o f the Geol
ogists’ Association Mortimore (1986) and Robinson 
(1986) independently erected schemes for the 
lithostratigraphical subdivision of the chalk for 
Sussex and the North Downs, respectively. Gale 
et al. (1987) proposed a rationalization of the two 
systems using only the names that had historical pre
cedence. Mortimore (1987), however, presented a 
correlation of the North and South Downs, using 
his original terminology. This was followed by 
Mortimore & Pomerol (1987) extending the corre
lation to cover the Anglo-Paris Basin; it became 
clear that the scheme for Sussex could be applied 
to most other sites. Gale (1996) rationalized the Tur- 
onian lithostratigraphy, retaining some established 
names, but introducing yet more lithostratigraphical 
terms. The ostracod range data given by Jarvis et al. 
(1988) and Horne et al. (1990), however, are linked 
to the local scheme for Dover of Robinson (1986).

In order to stabilize the proliferation of strati
graphic schemes for the Chalk Group, a meeting 
held in 1999 with the Stratigraphy Commission of 
the Geological Society and the British Geological 
Survey resulted in three main conclusions: (1) The 
Chalk Group is divided into two subgroups, the 
Grey Chalk Subgroup and the White Chalk Sub
group, with the boundary being placed at the 
erosion surface at the base of the Plenus Marls; 
(2) ‘Lower’, ‘Middle’ and ‘Upper’ Chalk should 
not be used in a formal sense; and (3) separate for- 
mational nomenclature is required for the northern 
and southern provinces. A transitional province is 
recognized between the two in eastern England 
(Rawson et al. 2001). A detailed account of the 
litho- and biostratigraphy of key sections in the 
three provinces is given by Mortimore et al.
(2001), the appendix of which contains definitions 
of the Upper Cretaceous stages and substages.

The composite stratigraphy (Fig. 2) for southern 
England and Norfolk has been constructed using 
data from many authors detailed in the following 
sections.
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Litho stratigraphy

The following is a general account of the lithostrati- 
graphy for the south of England after Mortimore 
et al. (2001). The Grey Chalk Subgroup is taken 
from the base of the Glauconitic Marl to the base 
of the Plenus Marls. In the Northern Province the 
Grey Chalk Subgroup contains the Ferriby Chalk 
Formation only, while in the Southern and Transi
tional provinces it contains two: the West Melbury 
Marly Chalk Formation that is overlain by the Zig 
Zag Chalk Formation. The White Chalk Subgroup 
has at its base the Plenus Marls, which were 
divided into beds numbered 1-8  by Jefferies 
(1962, 1963), whose general character is retained 
round the Anglo-Paris Basin, and as such are very 
useful marker horizons. In the Northern Province 
are three formations: the Welton Chalk, Burnham 
Chalk and Flamborough Chalk formations; while 
in the Southern Province seven mappable for
mations are recognized: Holywell Nodular Chalk, 
New Pit Chalk, Lewes Nodular Chalk, Seaford 
Chalk, Newhaven Chalk, Culver Chalk and Ports- 
down Chalk; above these lie the Studland Chalk 
Member.

Biostratigraphy

Since the 1983 Copenhagen meeting on Cretaceous 
stage boundaries, the results of which were pub
lished by Birkelund et al. (1984), there have been 
many studies concentrating on the problems of 
chronostratigraphy. The stage boundary concept 
has moved away from that recommended by 
Hedberg (1976) to one where a stage is composed 
of a package of biozones, and is defined by the 
base of the earliest biozone of the stage; its top 
need not be explicitly stated as it is defined by the 
base of the succeeding stage. In 1992 the Subcom
mission on Cretaceous Stratigraphy formed 
working groups to identify Cretaceous stage bound
ary levels, which could be identified in both the 
Boreal and Tethyan realms, and to choose Global 
Stratotype Sections and Points (GSSP) for each 
boundary. The results of the Copenhagen meeting 
were used as a starting point, and the recommen
dations were presented in Brussels in September 
1995 (Rawson et al. 1996). These propositions 
were submitted to the International Geological Con
gress in 2000 for formal ratification; some of the 
results are presented later. Many of the recent find
ings overturn the Copenhagen decisions; this is a 
very active field, and further changes are likely 
before the ratification process is complete.

There are many problems yet to be resolved, 
but here is presented a summary of the current 
state of Late Cretaceous stages and their zonation 
(see Fig. 2).

Cenomanian. The first appearance of the planktonic 
foraminifer Rotalipora globotruncanoides has been 
chosen (Troger & Kennedy 1996) as the marker for 
the base of the Cenomanian Stage, with the Mont 
Risou section in southern France proposed as the 
Stratotype section. This was approved by the Inter
national Commission on Stratigraphy in December 
2001 and was ratified by IUGS in 2002. The base 
of the Middle Cenomanian is marked by the first 
appearance of the ammonite Cunningtoniceras 
inerme.

Formerly, this stage was identified with the 
appearance of the ammonite Mantelliceras mantelli 
by Birkelund et al. (1984); this appears 6 m above 
R. globotruncanoides in the Stratotype section. In 
Britain, assemblage biozones based on ammonites 
can be applied successfully throughout (Wright 
et al. 1984). Some of the eight biozones shown in 
Figure 2 can be further subdivided, e.g. M. mantelli 
Biozone into a lower Neostlingoceras carcitanen.se 
Sub-Biozone and an upper Mantelliceras saxbii 
Sub-Biozone (Hancock 1991). Possibly, the most 
important subdivisions are those made in the rela
tively long biozone of Acanthoceras rhotomagen.se 
whose base coincides with the base of the Tottern- 
hoe Stone in SE England. The base of the Plenus 
Marls is also the base of the Metoicoceras geslinia- 
num Biozone.

Turanian. The base of the Turonian has been defined 
by the appearance of the ammonite genus Watino- 
ceras (Hancock 1991), and more recently by the 
first occurrence of the species Watinoceras devo- 
nense Wright & Kennedy, 1981 (Bengtson 1996) 
at the base of bed 86 near Pueblo, Colorado. The 
zonation of the Turonian is still uncertain, but the 
traditional system based on brachiopods and echi- 
noids is now being replaced by ammonite and 
inoceramid zonations. Gale et al. (1993) have 
recognized three ammonite biozones in the Early 
Turonian of Eastbourne: Watinoceras devonen.se, 
Pseudaspidoceras flexuosum correlatives and 
Mammites nodosoides. Gale (1996) erected a new 
biozone of Fagesia catinus to be equivalent to the 
P. flexuosum Biozone. These three biozones are 
contained within the Mytiloides spp. Biozone. 
There follows a Middle Turonian biozone of Col- 
lignoniceras woollgari. The ostracod data presented 
here for the Turonian have been obtained from sec
tions near Dover, SE England, where the Lower 
Turonian is condensed by a factor of three compared 
to that at Eastbourne. It is not yet possible to recog
nize the detailed ammonite zonation applicable in 
other parts of the world, but neither is it possible 
to use Inoceramus labiatus as the lowest biozone 
because this shows diachroneity (C. Wood pers. 
comm.). The best solution for the present is to use 
the influx of Mytiloides spp.; although it may not
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agree with the ammonite definition, it can be 
recognized internationally (Hancock 1984).

The subdivision of the Turonian into Early, 
Middle and Late, although still contentious, is 
becoming accepted using the ammonite zonation 
of Hancock (1991). Hancock (1990) has indicated 
the approximate equivalence of C. woollgari and 
Sciponoceras neptuni with the biozones of Terebra- 
tulina lata and Sternotaxis plana. However, the top 
of the woollgari Biozone, as indicated by the 
appearance of S. neptuni, is below the Southerham 
Marls (Gale 1996, fig. 8), while the top of the lata 
Biozone is higher in the sequence, just below the 
Bridgewick Marls (Jenkyns et al. 1994).

Coniacian. This stage was previously defined by 
the first appearance of the ammonite Forresteria 
(Harleites) petrocoriensis (Birkelund et al. 1984; 
Kennedy 1984). The more recent proposal by 
Kauffman et al. (1996) is to use the first appearance 
of the inoceramid bivalve Cremnoceramus rotunda- 
tus (sensu Troger non Fiege), which lies below the 
first occurrence of F. (H.) petrocoriensis. At 
Langdon Stairs, Dover, Gale & Woodroof (1981) 
found a closely allied form of the latter at the level 
of Navigation Hardground 3, while Mortimore 
(1986) shows the first record of C. rotundatus, for 
the Lewes Chalk, at the level of the Navigation 
Marls, above the Hardgrounds. This problem is 
still to be resolved.

In sediments younger than the Turonian, ammo
nites become too rare for useful boundary defi
nitions or biozonation, so other groups such as 
bivalves and echinoderms are employed. The base 
of the middle Coniacian is at the first appearance 
of the inoceramid Volviceramus koeneni, while the 
first appearance of Magadiceramus subquadratus 
marks the base of the Upper Coniacian.

Santonian. The base of the Santonian is not coinci
dent with any of the traditional biozone boundaries; 
the Micraster coranguinum Biozone spans the Late 
Coniacian and the Early Santonian. A combination 
of inoceramid and ammonite faunas is best used 
to define the base of the Santonian; the first 
appearances of the ammonite subgenus Texanites 
(Texanites) and Cladoceramus undulatoplicatus 
(Roemer); see Bailey et al. (1984) and Birkelund 
et al. (1984). Texanites (Texanites) is too rare in 
Britain to be used as a marker (Hancock 1991), 
so, in practice, the entry of C. undulatoplicatus 
defines the stage boundary. This datum was the rec
ommendation of the Santonian working group 
(Lamolda & Hancock 1996), although no Boundary 
Stratotype section was proposed. Currently, 
the Olazagutia section near Bilbao (Spain) is the 
leading candidate for the GSSP section. In the 
Seaford Chalk, Sussex, the first appearance of

C. undulatoplicatus occurs at the level of the 
Michel Dean Flint (Mortimore 1986).

The biozones of Jukes-Browne & Hill (1903) 
are retained for the Middle and Late Santonian: 
Uintacrinus socialis and Marsupites testudinarius 
biozones, respectively.

Campanian. In the sediments of the Lower Campa
nian, belemnites become the most useful group to 
zone the remaining Late Cretaceous. The combi
nation of the first appearance of Gonioteuthis gran- 
ulataquadrata and the extinction of Marsupites 
testudinarius is currently accepted as defining the 
Santonian-Campanian boundary (Hancock 1993). 
The Early Campanian consists of the Offaster 
pilula and Gonioteuthis quadrala biozones, and 
the Late Campanian corresponds to the Belemnitella 
mucronata Biozone in its broad sense. Christensen
(1995) has subdivided the Upper Campanian into 
three local biozones for Norfolk: B. mucronata,
B. woodi and B. minor.

Maastrichtian. The first appearance of Belemnella 
lanceolata is commonly taken to define the 
Campanian-Maastrichtian boundary in northern 
Europe (Birkelund et al. 1984). This is a well- 
defined level as the index species is widespread 
and common in northern Europe. However, Odin
(1996) reported that the first appearance of the 
ammonite Pachydiscus neubergicus was preferred 
rather than the belemnite datum, because it had a 
wide distribution outside the cold temperate realm. 
The Boundary Stratotype Section proposed at 
Tercis-les-Bains (Landes), southern France, was 
ratified by the International Union of Geological 
Sciences in Februrary 2001 (Odin 2001). In 
Britain, the equivalent levels are absent.

The lower Early Maastrichtian of NW Germany 
was subdivided by Schulz (1979) into three Belemnella 
biozones: B. lanceolata, B. pseudobtusa and B. obtusa. 
Christensen (1995), in his tentative correlation of the 
German zonation with the chalks of Norfolk, shows 
that the base of the lanceolata Biozone is not 
exposed. The Sidestrand Chalk Member encompasses 
the topmost lanceolata Biozone, the pseudobtusa 
Biozone and the lower part of the obtusa Biozone. 
Schulz (1979) recorded B. pseudobtusa from the Over
strand Hotel Middle and Upper Mass, and B. obtusa 
from the section at Sidestrand. The upper part of the 
obtusa Biozone correlates with the lower Trimingham 
sponge Beds Member, while the younger chalks all 
belong to the B. sumensis Biozone.

Ostracod biostratigraphy
The range chart presented here (Fig. 3) shows 32 
species selected from 306 species currently known 
from the Upper Cretaceous of Britain. The inclusion
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Fig. 3. Range chart of selected Upper Cretaceous Ostracoda, set against the standard macrofaunal biozonation scheme. 
Ostracod data from King (1968), Neale (1978), Weaver (1982), Jarvis et al. (1988), Wilkinson (1988), Home et al. 
(1990) and Slipper (1996, 1997, 1998), together with previously unpublished data collected by the author.
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of any given taxon was dependent on several factors: 
common occurrence throughout its range; stratigra- 
phically significant for either its first appearance or 
extinction; easily identified; and taxonomically 
sound. Few species were able to satisfy all these 
conditions, so those included here offer the best 
stratigraphical compromise. The most common 
species in the chalk, Cytherella ovata Jones, 1849, 
is excluded due to its long range and therefore, 
limited stratigraphical value. Weaver (1982) 
described new species of Cytherella, but the differ
ences in shape between species of Cytherella are 
subtle, again making them unsuitable for general 
stratigraphical use. At the other extreme, Cythereis 
longaeva longaeva Pokorny, 1963a is a rare, yet 
persistent, component of the fauna and has the 
benefit of denoting the earliest Turonian in 
England and is, therefore, included.

A significant difference between the present 
work and that of Neale (1978) is in the interpretation 
of the ranges taken from King (1968) for the Cam
panian and Maastrichtian. The chalks of Norfolk 
are found mostly in discontinuous coastal sections, 
supplemented by a few quarries and disused pits, 
and, unfortunately, there are no sections that strad
dle the Campanian-Maastrichtian boundary; biozo- 
nal boundaries are also largely absent. The range 
data herein were taken from King’s charts and 
logs, which the author has correlated with the 
marker bands of Peake & Hancock (1970) and 
Wood (1988), thus allowing accurate placement in 
the lithostratigraphical scheme.

The range chart (Fig. 3) is a synthesis of ranges 
taken from King (1968), Neale (1978), Weaver 
(1982), Jarvis et al. (1988), Wilkinson (1988), 
Horne et al. (1990) and Slipper (1996, 1997, 1998).

No attempt has been made to set up an ostracod 
biozonation for the Late Cretaceous as the ranges 
presented here for the Turonian and Coniacian 
stages are based on only a few localities, and corre
lation across the basin, apart from the Cenomanian 
(Weaver 1982), has not yet been tried. Any biozona
tion would therefore be of local use only. In 
addition, there are still insufficient data from the 
Santonian and later sediments. There is also a sug
gestion that some first appearances are diachronous, 
occurring earlier in the west than in the east (Slipper
1998); for example, Imhotepia marssoni multipapil- 
lata (Pokorny, 19647>) occurs in the lowest Myti- 
loides Biozone at Beer, SE Devon, but does not 
appear until the plana Biozone at Dover. Damotte 
(1971a) reported it from the Upper Turonian and 
Lower Coniacian of the Paris Basin.

Some general comments about the vertical distri
bution of the assemblages are worthwhile, however, 
as there are certain horizons where faunal turnovers 
occur before settling down to a more familiar Late 
Cretaceous fauna.

C en o m a n ia n

Although there is little change at the Albian- 
Cenomanian boundary, with only three species 
becoming extinct (Phodeucythere trigonalis, Iso- 
cythereis fissicostis gracilis and Isocythereis fortino- 
dis reticulata), many new genera appear through 
the Cenomanian (Amphicytherura, Curfsina, Idio- 
cythere, Oertliella, Imhotepia, Trachyleberis and 
Xestoleberis). Bythoceratina (B.) umbonata is inher
ited from the Albian and is a characteristic component 
of Cenomanian assemblages. In the Turonian it is 
replaced by B. (B.) umbonatoides (sensu Neale 
1978, plate 14, figs 2 -6 ; Kaye 1964, plate 4, fig. 2; 
non B. (B.) umbonatoides Kaye 1964, plate 4, 
fig. 5). At or close to the level of the mid-Cenomanian 
non-sequence (Hart 2004), 10 species become extinct, 
illustrated here by Homocythere harrisiana. Nine new 
species appear above the non-sequence, including 
Isocythereis elongata and Idiocythere donzei, but 
within the Plenus Marls the species diversity is 
greatly reduced. The geslinianum Biozone contains 
the Last Appearance Datums (LADs) of Isocythereis 
elongata, Idiocythere donzei, Curfsina derooi, Oer
tliella alata, Imhotepia euglyphea and Phodeucythere 
cuniformis; the last named is confined to bed 1 of the 
Plenus Marls. Only the Cytherellidae survive in abun
dance through the Cenomanian-Turonian boundary; 
other survivors include some Bythocytheridae and 
members of the Cypridoidea (Slipper 1996).

T uron ian

The base of the Turonian is within the hard nodular 
chalks of the Melbourn Rock, but with careful 
freeze-thaw processing it is possible to obtain a 
moderately diverse fauna of 16 species in 11 genera; 
Cythereis longaeva longaeva and Parvacythereis 
subparva are found at this level for the first time. 
During the Turonian four genera appear: Golco- 
cythere, Parvacythereis, Spinoleberis and Trachyle- 
beridea. There is an influx of new species in the 
mid-Turonian just below the Glynde Marls; import
ant species appearing here are Neocythere (P.) 
verbosa Damotte (=  Neocythere (P.) virginea 
(sensu Neale 1978)), Cytherelloidea granulosa, 
Planileberis sp. cf. P. cuneata (Kafka, 1886), Maur- 
itsina sp. cf. dordoniensis (Damotte, 1971fo), Nemo- 
ceratina (Pariceratina) tricuspidata (Jones & 
Hinde, 1890), Oertliella reticulata (Kafka, 1886) 
and Xestoleberis bidentata Bonnema, 1941. There 
are two significant LADs at the level of the Bridgewick 
Marl 1 in the basal plana Biozone, that of Mauritsina 
sp. cf. dordoniensis and Planileberis sp. cf. P. cuneata.

C o n ia c ia n

The base of the Coniacian is marked by the incoming 
of Cythereis paraglabrella and Imhotepia marssoni
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anteglabra just below, and of Neocythere (P.) 
virginea and Phacorhabdotus semiplicatus just 
above, the stage boundary. Imhotepia marssoni 
anteglabra, the successor to the Late Turonian Imho
tepia marssoni multipapillata, becomes extinct near 
the base of the Santonian. The commonly occurring 
species in samples from the Coniacian to the Campa
nian are mostly long ranging, but the extinctions of 
certain species can be useful for stratigraphical 
location. However, very few appearances and disap
pearances coincide with any macrofaunal biozone 
boundaries or lithostratigraphical changes.

Santonian

Two species of moderate range are useful in the 
Santonian and younger sediments: Pterygocythere 
hibernica first appears near the base of the corangui- 
num Biozone and Limburgina senonensis is a 
common element of the Upper Santonian and 
Lower Campanian chalk. Pterygocythereis phyllop- 
tera first appears within the Santonian but is 
relatively rare until the Late Campanian. A faunal 
turnover is seen around the level of the socialis- 
testudinarius boundary, illustrated by the loss of 
Pterygocythereis spinosa, Spinoleberis krejcii, 
Neocythere (P.) verbosa and Parvacythereis 
subparva, and an incoming association of Pha
corhabdotus lonsdaleianus and Pterygocythere 
laticristata.

Campanian and M aastrichtian

There are no significant first appearances in the 
Early Campanian, but in the quadrata Biozone are 
found the LADs of, first, Limburgina senonensis 
and then later, near to the quadrata-mucronata 
Biozone boundary, Cythereis paraglabrella.

Within the Upper Campanian and Lower Maas
trichtian various LADs can be related to the lithos
tratigraphical subdivisions as revised by Wood 
(1988). Cytherelloidea hindei and Cytherelloidea 
obliquirugata disappear in the lower part of the 
Beeston Chalk at Catton, Norwich, and Bythocera- 
tina (B.) umbonatoides is lost in the Beeston 
Chalk at the level of flint U (Peake & Hancock 
1970, fig. 6). In the Maastrichtian Sidestrand 
Chalk Member at the level of flint R (Peake & 
Hancock 1970, fig. 7) is the extinction of Pterygo
cythereis phylloptera and the appearance of 
Amphicytherura chelodon. Phacorhabdotus semi
plicatus becomes extinct above at Sponge Bed 
O (Peake & Hancock 1970) in the Trimingham 
Beds Member.

The top of the Maastrichtian is not seen 
in Britain, but none of the species present in the 
stratigraphically highest beds is currently known 
to continue into the Paleocene.

Ostracod palaeoecology
The sediments of the Upper Cretaceous are marine, 
the result of steady sedimentation from a coccolith- 
rich shallow shelf sea. Ostracods can respond to 
many changing factors in the environment, but 
those factors most likely to have influenced faunas 
to any extent are changing water depths, fluctuating 
oxygen concentrations, movements of different 
water masses in response to oceanic opening and sedi
mentary responses to the above, such as formation of 
hardgrounds, or changes in the clastic/carbonate ratio 
influencing the deposition of marl seams. Other 
factors such as salinity and pH are not considered as 
they are thought to have been constant.

When sampling for ostracods in chalk sections it 
is essential to be aware of any burrow systems, as 
these can often extend vertically for many deci
metres; this could result in younger contaminants 
being discovered in older sediments. Even in unbio- 
turbated chalks and marls, where thanatocoenoses 
can be obtained, low carapace/valve ratios indicate 
some post-mortem disturbance.

Wilkinson (1988) considered the palaeoecologi- 
cal implications of the faunas across the Albian- 
Cenomanian boundary and noted that, with the 
Early Cenomanian transgression, shallow-water 
species of Platycythereis, Dolocythere and Neo
cythere (Centrocythere) become extinct. Wilkinson 
(1988), using present-day distributions, suggested 
that the presence of Bythoceratina in small 
numbers in the Lower Cenomanian indicates an 
upper depth limit of 220 m. Wilkinson (1988) con
cluded that ostracod assemblage changes were due 
in part to depth-related environmental parameters 
as well as to evolutionary trends.

Jarvis et al. (1988) examined the response of the 
biota to changing environmental conditions across 
the Cenomanian-Turonian boundary at Dover. It 
is at this level that the ostracods undergo their 
major turnover in species in the Late Cretaceous. 
Horne & Rosenfeld in Jarvis et al. (1988) demon
strated a diversity minimum within the Plenus 
Marls that corresponds to the position of a positive 
513C excursion associated with the Oceanic 
Anoxic Event (OAE) 2. Progressive disappearances 
of ostracods, culminating in bed 4 of the Plenus 
Marls, were interpreted as the result of an expanding 
and intensifying oxygen minimum zone. While 
most of the podocopid ostracods became extinct at 
this level, the platycopid component of the fauna 
survived into the Turonian. It was suggested that 
as platycopid ostracods showed evidence of brood 
care, they were more able to cope with reduced oxy
genation of the bottom waters. Whatley (1991) 
noted that the filter-feeding habits of the Platycopina 
should allow them to survive reduced oxygenation 
by virtue of their being able to pass more water
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over their respiratory surface. Samples from the 
Melbourn Rock indicate that members of the Bytho- 
cytheridae and Cypridoidea were also able to 
survive the boundary event (Slipper 1996).

Examination of faunas across the Turanian -  
Coniacian boundary indicates that some trachyleber- 
idid species are responding to facies changes that 
may represent fluctuating water depths. The hypoth
esis of Hancock (1990) relates the occurrence of 
sequences of'nodular chalks and hardgrounds with 
regressive periods, increased current activity and non
deposition. A low sea-level is suggested for the inter
val across the Turanian-Coniacian boundary, from 
the Bridgewick Nodular Chalks to the Lightpoint 
Hardgrounds. Imhotepia marssoni multipapillata, 
lsocythereis cf. elongata, Cythereis longaeva, 
Cythereis gr. dubiorta, Cythereis zygopleura and 
Idiocythere cf. definita are absent at the Navigation 
Hardgrounds, and are replaced by several new 
species: Cythereis luz.icensis Pokorny, 1965b, Cyther
eis paraglabrella Pokorny, 1965a and Cythereis tria- 
culeata Clarke, 1982. The return of members of the 
former group above the regressive sequence suggests 
that these species prefer deeper outer-shelf environ
ments (Slipper 1998), while the latter group prefer 
shallower, higher-energy conditions.

The earlier Middle Turanian high sea level in the 
biozone of Collignoniceras woollgari, according to 
Hancock (1990), occurs at Dover around the horizon 
of the Glynde Marls. The ostracods at this time show 
the greatest influx of new species. It is proposed that 
this is a response to the higher sea levels allowing 
new species to colonize the more marginal areas 
of the Anglo-Paris Basin. A similar response is 
seen after the Mid-Santonian transgressive peak of 
Hancock (1990), where species of Pterygocythereis 
become common. These alate forms prefer muddy 
substrates, in quiet water, below the wave base 
(Liebau 1980).

Whatley et al. (2003) equate the percentage of 
platycopids in a sample to a scale of palaeo- 
oxygenation with a precision of 0.05 m f 1. They 
conclude that the earliest and middle part of the 
Coniacian, all of the Santonian and much of the 
earliest Campanian were times of very low oxygen
ation, equal in severity to that of the Cenomanian- 
Turonian boundary event. They give the latest 
Coniacian and the Late Campanian as times of 
medium ventilation, and the Early Maastrichtian as 
having well-ventilated seas. These oxygen levels are 
then inversely correlated with height of sea level. 
However, it should be noted that for this work the 
author has sampled the Coniacian and Santonian 
Chalk in north Kent and found a very high specific 
standing diversity of 55 species and a platycopid pro
portion of only 30%, which contradicts the suggestion 
of Whatley et al. (2003) that this was a virtually 
anaerobic time.

Future research

Another revision of the material of Jones (1849) and 
Jones & Hinde (1890) is needed to bring the work of 
Kaye (1964) up to date with stereo-pair scanning 
electron micrographs, together with comparative 
material from the continent. Many of the species 
to be found in the British Upper Cretaceous have 
been described from The Netherlands, Germany 
and France, and it is important that the type 
species are well understood. Perhaps the European 
Ostracodologists’ Meetings will enable new pro
jects to focus on the problems of producing an 
ostracod stratigraphy and taxonomy that spans 
national boundaries.

The Turanian and Coniacian material from 
Eastbourne and the Isle of Wight is being studied 
at present, but many more localities are yet 
needed to obtain an overview of these stages. The 
Santonian is in the early stages of analysis, and 
more sites are needed to expand our knowledge 
of this stage.

With careful and appropriate processing 
methods, such as the freeze-thaw technique for 
white chalks and the white spirit method for marly 
chalks, the ostracod faunas of the Late Cretaceous 
are discovered to be abundant and diverse. There 
is much scope for future studies in the areas of 
evolution, palaeoecology and palaeobiogeography. 
Comparisons of faunas have shown that the British 
assemblages have much in common with areas to 
the east, such as those of northern Germany and 
the Bohemian Basin, yet relatively little in 
common with those to the south and west from 
France and Spain, particularly from the Turanian 
onwards. Further work may explore this pattern 
with the aim of identifying the origins of the 
British Late Cretaceous fauna.

My thanks go to Dr J. E. Whittaker who has produced 
many of the SEM photographs of type specimens that 
appear in the plates, also to Prof. P. Weaver and the late 
Prof. J. W. Neale for supplying their original negatives, 
again allowing types to be illustrated where possible. 
The remainder of the prints have been produced by 
W. Ralph (University of Greenwich). I am grateful to 
Drs D. S. Wray and A. Bruce for supplying samples of 
Santonian chalks. Dr A. Rosenfeld is thanked for providing 
much of the material from the Coniacian that has 
improved the stratigraphical coverage. For help in the 
examination of various collections I thank Mr 
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(Brussels), Dr Th. Lissenberg and Dr L. Witte 
(Haarlem). Mr C. Wood and Prof. A. Gale have been of 
great assistance with their knowledge of the chalk and its 
stratigraphy, the late Prof. J. Hancock added many useful 
comments to the manuscript. For help in the sampling of 
the chalk, much useful discussion and stimulating my 
initial interest in Chalk Ostracoda, I thank Dr D. J. Horne.
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Explanation of plates
All the specimens figured herein are housed in The Natural History Museum, London, their registration 
numbers variously prefixed by Io, In or OS.

Abbreviations: RV, right valve; LV, left valve; car, carapace (It. lat., left lateral view; rt. lat., right lateral 
view; dors., dorsal view; vent., ventral view; int., internal view).

Plate 1
1, 2. Amphicytherura chelodon (Marsson, 1880)

Figured specimens: 1, Io 1560, LV lat., 476 pm long, x94; 2, Io 1561, RV lat., 453 pm long, x99. Chalk, Norwich, 
Norfolk. Kaye Collection, 1963. NHM.
Diagnosis: Dorsal and ventral ribs reach beyond margins, anterior of dorsal rib angled obliquely downwards ending at 
mid-height, posteriorly not connected with median rib; median rib bifurcates anteriorly and is crossed by three- 
four riblets.
Range: Early Maastrichtian; Upper Chalk, Norwich and Ballycastle, Ireland, also from Riigen, northern Germany. 
Remarks: Neale’s (1978, plate 13, figs 11 and 12) specimens with a longer range may be more closely allied to A. 
subchelodon (Clarke, 1983).

3, 4. Phacorhabdotus lonsdaleianus (Jones, 1849)
Figured specimens: 3, Io 1618, LV lat., 500 pm long, x90. Kaye Collection 1963. 4, In 39012, lcctotype, RV lat., 
557 pm long, x81. Chalk, Norwich, Norfolk. Jones Collection, 1870. NHM.
Diagnosis: Dorsal rib with two oblique cross-ribs; anterior rib well developed.
Range: Late Santonian-Early Maastrichtian of Britain, The Netherlands, Riigen, northern Germany and Denmark. 
Remarks: Santonian specimens possess an eye tubercle and a slightly divided anterior rib. These forms indicate a line 
of descent from Imhotepia marssoni ante glabra (Pokorny, 1964f>).

5 -7 . Pterygocythere laticristata (Bosquet, 1854)
Figured specimens: 5, OS 7560, LV lat., 866 pm long, x52; 6, lo 1570, LV dors., 878 pm long, x 51; 7, In 
53249-53.12, RV lat., 874 pm long, x51. Chalk, Norwich, Norfolk. Rowe Collection, 1926. NHM.
Diagnosis: Inflated species of Pterygocythere with short alae, often with a small spine at the distal extremity; dorsal 
margin evenly arched in LV and straight in RV.
Range: Late Santonian-Early Maastrichtian; Thanet, Norfolk and Ballycastle, Ireland, also Limburg, The 
Netherlands and Belgium.
Remarks: A similar form, differing in outline of the dorsal margin and curvature of the alae has been recorded by 
Jarvis et al. (1988) from the Cenomanian of southern England.

(continued on p. 364)
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8-10. Neocythere (Physocythere) virginea (Jones, 1849)
Figured specimens: 8, Io 1562, LV lat., 9, LV int., 810 pm long, x55. Chalk, Magheramorne, Antrim, Northern 
Ireland, 10, In 51656, lectotype, juv. car. rt. lat., 540 pm long, x 83. Chalk, Gravesend. Jones Collection, 1870. NHM. 
Diagnosis: Poorly developed concentric ornament; sinuous ventral margin (viewed internally as lateral tumidity 
obscures outline); posterior cardinal angle marked in RV.
Range: Coniacian-Early Maastrichtian, Mid-Campanian-Maastrichtian of northern Germany. Reported also from 
the chalk of Denmark.
Remarks: A good stratigraphical marker for the earliest Coniacian. The species illustrated by Neale (1978) and Horne 
et al. (1990) as N. (P.) virginea (Jones, 1849) is distinct and has a different stratigraphical range, here referred to N. 
verbosa (Damotte, 1962) q.v.

11, 12. Trachyleberidea geinitzi (Reuss, 1874)
Figured specimens: 11, OS 14584, car. It. lat., 694 pm long, x65; 12, OS 14585, car. rt. lat., 670 pm long, x67. 
Upper Coniacian, Kingsdown, Kent.
Diagnosis: Strong lateral compression of valves; reticulation meshes often indented resembling a floral pattern; dorsal 
and ventral margins strongly convergent towards posterior.
Range: Middle Turonian-Maastrichtian, widely distributed.
Remarks: A representative of the Middle Turanian influx, and ubiquitous in the overlying Upper Cretaceous chalks. 

13, 14. Cytherelloidea granulosa (Jones, 1849)
Figured specimens: 13, OS 7549, male LV lat., 780 pm long, x58; 14, In 53140-1.4, female RV lat. 846 pm long, 
x53. Chalk, Norwich, Norfolk. Rowe Collection, 1926. NHM.
Diagnosis: Pustulose lateral surface, separate ventral rib, no median rib, prominent anterior marginal rib; distinct 
sexual dimorphism.
Range: Middle Turonian-Maastrichtian of Britain and France.
Remarks: Easily identified marker for the Middle Turanian influx.

Plate 2

1, 2. Phacorhabdotus semiplicatus (Reuss, 1846)
Figured specimens: 1, OS 14586, LV lat., 480 pm long, x 94. Upper Santonian, Thanet, Kent. 2, OS 14587, RV lat., 
463 pm long, x 97. Upper Coniacian, Kingsdown, Kent.
Diagnosis: Small size, well-developed uninterrupted marginal ridge running round ventral, anterior and dorsal 
margins where it becomes parallel to the three postero-lateral ribs.
Range: Coniacian-base of Trimingham Beds Member, Lower Maastrichtian of Britain, Coniacian of Bohemia, 
Santonian-Campanian of northern Germany.
Remarks: Distinguished from P. hatavus Deroo by being less inflated, this species enters in the lowermost beds of the 
Coniacian. Forms illustrated as P. ex. gr. semiplicatus by Pokomy (19631?) from the Coniacian of Bohemia, with a 
reduced anterior marginal rib, have also been found in the Santonian Chalk of Thanet.

3, 4. Pterygocythereis phylloptera (Bosquet, 1854)
Figured specimens: 3, Io 1579, LV lat., 645 pm long, x 70; 4, Io 1580, RV lat., 654 pm long, x 69 (measured without 
marginal spines). Upper Chalk, Keady Hill, Londonderry. Jones Collection, 1891. NHM.
Diagnosis: Small compressed Pterygocythereis with prominent eye tubercle; margins of alae spinose; dorsal margin 
with three large spines in left valve; postero-ventral margin has four large spines.
Range: Early Santonian-Early Maastrichtian of Britain, also reported from The Netherlands, northern Germany and 
Poland.
Remarks: Local extinction close to the obtusa-pseudobtusa Biozone boundary.

5, 6. Cytherelloidea obliquirugata (Jones & Hinde, 1890)
Figured specimens: 5, OS 7550, female LV lat., 570 pm long, x79; 6, OS 7566, juv. RV lat., 530 pm long, x85. 
Upper Chalk, Norwich, Norfolk.
Diagnosis: Central rib crosses obliquely from posterodorsal angle towards anteroventral margin; posterior margin 
truncate ventrally.
Range: Middle Turonian-Late Campanian minor Biozone in Britain. Also recorded from The Netherlands and 
Riigen.
Remarks: Comparison with material from the Bosquet collection shows this to be distinct from C. auricularis 
(Bosquet, 1847). Juvenile C. obliquirugata resembles adult C. auricularis, but the latter has greater concavity and con
vexity in the ventral and dorsal margins, respectively, a pointed posterior extremity, and more raised and rounded ribs.

(continued on p. 366)
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7, 8. Bythoceratina (Bythoceratina) umbonatoides (Kaye, 1964)
Figured specimens: 7, Io 1592, LV lat. Lectotype, 625 pm long, x 72. Campanian, Magee, Antrim. Jones collection, 
1891. 8, OS 14588, RV lat., 656 pm long, x69. Upper Coniacian, Kingsdown, Kent. NHM.
Diagnosis: Smooth postero-lateral surface, inflated lateral area in front of deep median sulcus; concentric reticulation 
or pitting covering anterior lateral field; anterior margin compressed.
Range: Early Cenomanian-Late Campanian; widely distributed: Britain, France, The Netherlands, northern Germany 
and Denmark.
Remarks: Neale (1978) illustrated Kaye’s (1964, plate 4, fig. 2) specimen, which is not conspecific with the lectotype 
figured here. Herrig (19671;) gives a good account of the variability of />’. umbonatoides.

9, 10. Cytherelloidea hindei Kaye, 1964
Figured specimens. 9, OS 16541, male LV lat., 705 pm long, x64. Coniacian, Langdon Stairs, Dover, Kent. 10, OS 
7551, female RV lat., 720 pm long, x62.5. Campanian, Norwich, Norfolk. Rowe Collection, 1926.
Diagnosis: Species of Cytherelloidea with ventral rib, anterior marginal rib and sinuous lower dorsal rib continuous; 
separate single median rib ventrally convex.
Range: Middle Cenomanian-Late Campanian of Britain, Campanian of France.
Remarks: Extinction is close to the Campanian-Maastrichtian boundary.

11-13. Pterygocythere hibemica (Jones & Hinde, 1890)
Figured specimens: 11, Io 2207, LV lat., 910 pm long, x49. Upper Chalk, Antrim, Northern Ireland. 12,13, Io 1572, 
740 pm long, x61: 12, RV dors., 13, RV lat. Upper Chalk, Norwich, Norfolk.
Diagnosis: Rounded-subquadrate outline in lateral view; a very strongly curved terminal spine on ala.
Range: Early Santonian-Late Campanian of Britain.
Remarks: A large easily identified, but sometimes rare, indicator of the Middle Senonian. The measurements are 
without terminal spines as these are usually broken; well-preserved material, however, may show a very long 
posterodorsal spine.

Plate 3

1-3 . Cythereis longaeva longaeva Pokorny, 1963a
Figured specimens: 1,2, OS 14589, LV, 887 pm long, x51: 1, lat., 2, vent.; 3, OS 14590, RV lat., 780 pm long, x58. 
Middle Turanian, Akers Steps, Dover, Kent.
Diagnosis: Reticulate Cythereis with four spines on dorsal rib, which is separated from centrodorsal process and from 
median rib; basal surface with five-six longitudinal ridges all reaching the posterior margin.
Range: Turonian-Late Campanian of Britain, France; Turanian and Coniacian of Bohemia.
Remarks: A rare but persistent species useful as a marker of earliest Turanian in southern England.

4, 5. Cythereis paraglabrella Pokorny, 1965a
Figured specimens: 4, OS 14591, male LV lat., 800 pm long, x56, Upper Santonian, Thanet, Kent. 5, OS 14592, 
female RV lat., 743 pm long, x61. Middle Santonian, Seaford Head, Sussex.
Diagnosis: Generally smooth Cythereis similar to C. glabrella Treibel, 1940, but with traces of large reticulation 
meshes above central node; rounded posterior margin.
Range: Latest Turanian-latest Early Campanian of Britain, Late Turanian and Early Coniacian of Bohemia. 
Remarks: Pokorny (1965a) suggests this might be associated with shallow-water sedimentation. It can be distin
guished from Mauritsina lacertosa (Damotte, 1964) by the round muscle node, the ventral rib connected to the 
dorsal edge of the anterior rib and a less prominent posterodorsal process.

6, 7. Limburgina senonensis (Damotte, 1964)
Figured specimens: 6, OS 14593, LV lat., 496 pm long, x91; 7, OS 14594, RV lat., 563 pm long, x 80. Upper San
tonian, Thanet, Kent.
Diagnosis: Small heavily calcified subquadrate carapace with a thick, slightly curved ventral rib running above the 
ventral margin.
Range: Late Santonian-Early Campanian of England; first described from the quadrata Biozone of the Yonne, 
France.
Remarks: A common element of the Santonian Chalk fauna.

8, 9. Parvacythereis subparva (Pokorny, 1967c)
Figured specimens: 8, OS 14595, LV lat., 531 pm long, x85;9,OS 14596, RV lat., 520 pm long, x86(LVandRV 
are from one individual). Lower Coniacian, Langdon Stairs, Dover, Kent.
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UPPER CRETACEOUS 367

Plate 3



368 I. J. SLIPPER

Diagnosis: Reticulation meshes containing papillae; slight median rib isolated from central node and from dorsal rib. 
Range: Turonian-Santonian of southern England and Bohemia.
Remarks: The first appearance of this species, together with Cythereis longaeva, is a good marker for the basal 
Turonian.

10-12. Neocythere (Physocythere) verbosa (Damotte, 1962)
Figured specimens: 10, OS 14597, LV lat., 680 pan long, x66; 11, OS 14598, LV int., 670 pm long, x67; 12, OS 
14599, juv. RV lat., 516 pm long, x87. Upper Turonian, Langdon Stairs, Dover, Kent.
Diagnosis: Small Neocythere with a truncated caudal process; maximum height at mid-length; centrodorsal margin of 
right valve, and ventral margin straight. Ornament of concentric and spiral ribs parallel to valve margins.
Range: Middle Turonian-Santonian of Britain, Coniacian-Santonian of France.
Remarks: The subgenus Physocythere Kaye here includes forms with an accomodation groove, following Mertens’ 
(1956) description of ‘Cythere’, upon which Kaye (1963) based his genus. Neocythere (P.) grekoffi Damotte, 1971a 
is similar to N. (P.) verbosa, but is larger and has the anterior extremity below mid-height.

13, 14. Spinoleberis krejcii Pokorny, 1969
Figured specimens: 13, OS 14600, female LV lat., 543 pm long, x 83; 14, OS 14601, female RV lat., 550 pm long, 
x 82. Upper Coniacian, Kingsdown, Kent.
Diagnosis: Reticulation meshes with second-order microreticulation; median rib irregular, connecting posteriorly 
with dorsal rib; ventral rib not projecting beyond ventral outline.
Range: Late Turonian-Santonian of southern England and Bohemia.
Remarks: A common element of Coniacian assemblages.

Plate 4

1, 2. Pterygocythereis spinosa (Reuss, 1846)
Figured specimens: 1, OS 14602, male LV lat., 734 pm long, x 61; 2, OS 14603, female RV lat., 685 pm long, x66 
(both measured without marginal spines). Middle Turonian, Akers Steps, Dover, Kent.
Diagnosis: Pterygocythereis with prominent posteriorly directed spine arising just behind mid-length below the dorsal 
margin; distinct eye tubercle.
Range: Middle Turonian-Late Santonian of southern England. Turonian of Bohemia. Coniacian-Campanian of 
northern Germany.
Remarks: The last occurence of this species is close to socialis-testudinarius Biozone boundary. Cythereis aserru- 
latoides Bonnema, 1940 from The Netherlands is here considered as a junior synonym.

3, 4. Imhotepia marssoni anteglabra (Pokorny, 19646)
Figured specimens: 3, OS 14604, female LV lat., 580 pm long, x78. Upper Coniacian, Kingsdown, Kent. 4, OS 
14605, female RV lat., 617 pm long, x73. Middle Coniacian, Langdon Stairs, Dover, Kent.
Diagnosis: Imhotepia marssoni with loss of reticulation on anterior lateral surface; small rib anterior and dorsal to 
main anterior marginal rib.
Range: Turonian-Early Santonian of southern England, middle Coniacian of Bohemia, Coniacian-Santonian of 
France, Santonian of northern Germany.
Remarks: This is the culmination of an evolutionary lineage preceded by /. m. multipapiilata, and /. marssoni subsp.-1 
(Pokorny, 19646).

5, 6. Imhotepia marssoni multipapiilata (Pokorny, 19646)
Figured specimens: 5, OS 14606, LV lat., 526 pm long, x 86; 6, OS 14607, RV lat., 492 pm long, x91.5. Coniacian, 
Langdon Stairs, Dover, Kent.
Diagnosis: Each reticulation mesh has one or more papillae present; oblique rib in front of anterior marginal rib; con
tinuous dorsal rib, median and ventral ribs divided.
Range: Late Turonian of England, a single specimen was found from the Coniacian of Dover (6). Late Turonian and 
Early Coniacian of Bohemia.
Remarks: A useful index species to denote the Late Turonian in Britain; it is replaced, in an evolutionary lineage, by 
/. m. anteglabra (Pokorny).

7, 8. Bythoceratina (Bythoceratina) umbonata umbonata (Williamson, 1847)
Figured specimens: 7, OS 13117, LV lat., 600 pm long, x75. Lower Turonian, Abbots Cliff, Dover, Kent. 8, OS 
7554, RV lat., 740 pm long, x61. Middle Cenomanian, Barrington, Cambridgeshire.
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Diagnosis: Parallel ventral and dorsal margins, reticulate surface; often with small hinge ear in LV; flattened 
antero-lateral area.
Range: Albian-Turonian of England, Early-Middle Cenomanian of The eastern Netherlands.
Remarks: Herrig (1966) and Clarke (1983) report this from the Maastrichtian of northern Germany, but their forms 
belong to a different species that possesses a distinct anterior marginal swelling.

9-11 . Isocythereis elongata Weaver, 1982
Figured specimens: 9, OS 9838, paratype, LV lat., 513 pm long, x88. Plenus Marls Bed 1, Upper Cenomanian, 
Buckland Newton, Dorset. 10, 11, OS 9837, holotype, car., 506 pm long, x89: 10, dors., 11, rt. lat.. Basal Upper 
Cenomanian, Bluebell Hill, Chatham, Kent. Weaver Collection, NHM.
Diagnosis: A species of Isocythereis possessing a strong anterior rib with a ridge on its dorso-lateral edge; weak longi
tudinal ribs; elongate muscle node.
Range: Middle-Late Cenomanian of southern England.
Remarks: Often very common, its extinction is useful as a stratigraphical marker at the top of the Plenus Marls.

12-14. Idiocythere donzei Weaver, 1982
Figured specimens: 12, OS 9813, holotype, female LV lat., 571 pm long, x79; 13, OS 9861, female car. dors., 
550 pm long, x82; 14, OS 9815, paratype, RV lat., 539 pm long, x83.5. Basal Upper Cenomanian, Bluebell Hill, 
Chatham, Kent. Weaver collection, NHM.
Diagnosis: Large flat hinge ear, well-developed anterior marginal rib; median rib absent; surface pitted.
Range: Late Cenomanian of England and Cenomanian-Early Turanian of France.
Remarks: A common species, the first appearance of which can be used as a stratigraphical marker for the base of the 
Late Cenomanian.

Plate 5

1, 2. Curfsina derooi Weaver, 1982
Figured specimens: 1, OS 9730, holotype, LV lat., 527 pm long, x85; 2, OS 9731, paratype, RV lat., 500 pm long, 
x 90 (without marginal spines). Plenus Marls Bed 1, Upper Cenomanian, Buckland Newton, Dorset. Weaver Collec
tion, NHM.
Diagnosis: Curfsina with reduced dorsal and middle ribs; two-eight papillae present in each reticulation mesh. 
Range: Late Cenomanian.
Remarks: First appearance of the genus Curfsina. Extinction occurs at thejunction of beds 2 and 3 of Jefferies (1962, 
1963) in the Plenus Marls.

3 -5 . Oertliella alata Weaver, 1982
Figured specimens: 3, OS 9848, holotype, LV lat., 600 pm long, x 75; 4, OS 9850, paratype, car. dors., 650 pm long, 
x69; 5, OS 9849, paratype, RV lat., 539 pm long, x83. 12 m below base of Plenus Marls, Upper Cenomanian, 
Buckland Newton, Dorset. Weaver Collection, NHM.
Diagnosis: Oertliella with pronounced alae; dorsal rib reduced to a posterior node; large muscle node with pitting. 
Range: Middle-Late Cenomanian.
Remarks: A useful marker for post-mid-Cenomanian non-sequence strata, moderately common.

6. Imhotepia euglyphea Weaver, 1982
Figured specimen: OS 9828, holotype, LV lat., 516 pm long, x 87. Plenus Marls Bed 1, Upper Cenomanian, South- 
erham, Sussex. Weaver Collection, NHM.
Diagnosis: Imhotepia with numerous longitudinal riblets between main longitudinal ribs; inflated anterior rib (Weaver 
1982).
Range: Late Cenomanian of southern England.
Remarks: First appearance of the genus Imhotepia in the middle of the Late Cenomanian guerangeri Biozone.

7 -9 . Phodeucythere cuniformis Weaver, 1982
Figured specimens: 7, OS 9570, paratype, LV lat., 445 pm long, x 101. Upper Cenomanian, Buckland Newton, 
Dorset. 8, OS 9571 paratype, car. dors., 472 pm long, x95. Upper Cenomanian, Bluebell Hill, Chatham, Kent. 9, 
OS 9569, holotype, car. rt. lat., 500 pm long, x90. Plenus Marls Bed 1, Upper Cenomanian, Southerham, Sussex. 
Weaver Collection, NHM.
Diagnosis: Phodeucythere with the greatest height at two-fifths length and greatest width behind mid-length; broad 
marginal zone; 12 anterior and five or six posterior marginal pore canals (Weaver 1982).
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Range: Late Cenomanian -  restricted to bed 1 of Plenus Marls, England and France.
Remarks: Very common and extremely useful stratigraphically.

10. Bythoceratina (Bythoceratina) bluebellensis Weaver, 1982
Figured specimen: OS 9585, holotype, LV lat., 560 pm long, x80. Chalk Marl, Lower Cenomanian, Bluebell Hill, 
Chatham, Kent. Weaver Collection, NHM.
Diagnosis: Anteroventral node on the anterior marginal rib, dorsomedian swelling in front of deep sulcus; stout long 
lateral spine (after Weaver 1982).
Range: Middle Cenomanian of southern England.
Remarks: Abundance can vary geographically, but it is a distinctive marker for the Middle Cenomanian.

11. Cornicythereis larivourensis (Damotte & Grosdidier, 1963)
Figured specimen: OS 9725, male LV lat., 511 |xm long, x88. Middle Cenomanian, Pitstone, Buckinghamshire. 
Weaver Collection, NHM.
Diagnosis: Cornicythereis with a ventral rib above ventral margin; elongate muscle node joined to thick median rib. 
Range: Middle Albian-Middle Cenomanian of England, France and The eastern Netherlands.
Remarks: Extremely common and its extinction is useful as a stratigraphical marker for the top of the Middle Cen
omanian. Witte et al. (1992) give a good account of the confusion that has existed between C. larivourensis and 
C. bonnemai (Triebel, 1940); the latter is larger, more elongate and has a thinner median rib.

12. 13. Homocythere harrisiana (Jones, 1870)
Figured specimens: 12, OS 7546, female LV lat., 813 pm long, x55; 13, OS 7548, RV lat., 925 pm long, x49. 
Middle Albian, Speeton Clay, Yorkshire.
Diagnosis: Subrectangular Homocythere with three variable (rounded-sharp) longitudinal ribs; median rib short 
narrow and short, ventral rib weakly defined; elevated pore cones; juveniles smooth-reticulate.
Range: Albian-Middle Cenomanian of England, France and Germany.
Remarks: Malz et al. (2005) have demonstrated that Mandocythere Griindel is a junior synonym of Homocythere. 
Common up to the mid-Cenomanian non-sequence, after which it is replaced by H. inferangulata (Donze, 1972).

14-16. Neocythere (Physocythere) steghausi (Mertens, 1956)
Figured specimens: 14, OS 9643, female LV lat., 692 pm long, x 65; 15, OS 9645, female car. dors., 680 pm long, 
x66; 16, OS 9644, female RV lat. 690 pm long, x65. Chalk Marl, Lower Cenomanian, Pitstone, Buckinghamshire. 
Weaver Collection, NHM.
Diagnosis: Strong lateral concentric ribs, with cross-ribs in centre; anterior and posterior ends broad, smooth 
and flattened.
Range: Late Albian-Early Cenomanian of England and Germany.
Remarks: Common and widespread, with extinction in the earliest Cenomanian.
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The most important onshore Paleogene deposits of 
Britain are the classic sequences of the London 
and Hampshire basins, SE England, which have 
been studied almost since the first interest in 
rocks and fossils developed in this country. 
Ostracods were identified and reported from these 
sequences relatively early (e.g. Jones 1854), follow
ing shortly after the key stratigraphical works of 
Joseph Prestwich published between 1846 and 
1855, although not as early as continental workers 
recorded Cenozoic ostracods (e.g. Munster 1830). 
At the time of writing the authors are not aware of 
any significant published records of British 
Paleogene Ostracoda from outside the classic 
onshore sequences of SE England, and the present 
chapter primarily concerns that region. However, 
the occurrence of ostracods in offshore basins is 
briefly reviewed below.

History of research
British Paleogene ostracods have been studied in 
two discrete time periods, as described by Keen 
(1978). An early phase of pioneering taxonomic 
work is represented, as is so often the case, by 
the efforts of T. Rupert Jones. Two monographs 
(Jones 1857; Jones & Sherborn 1889) and 
smaller works (Jones 1870; Jones & Sherborn 
1887) laid a taxonomic base; the 1857 work 
being the first such treatment of British Tertiary 
ostracods, and following which there was a long 
period of quiesence until the mid-20th century. 
The second, modern phase commenced when 
Bowen (1953) described 14 species of London 
Clay (Eocene) ostracods from boreholes in the 
Enborne Valley, SW of Reading (London

Basin), including a muddled description of his 
own new genus Trachyleberidea that was even
tually emended by Haskins (1963). Eagar (1965) 
made a fuller study of London Clay assemblages 
(29 species) from the Reading area, and 
Gok5en (1971) made a further study of the 
Enborne boreholes and some surface samples 
(26 species). The first comprehensive study of 
Paleogene ostracods since the days of Jones was 
made by Haskins (1962), who described assem
blages from the Hampshire Basin in a series of 
papers (Haskins 1968a-c, 1969, 1970, 1971a, b) 
concluding with a stratigraphical and palaeoeco- 
logical overview (Haskins 1971c). Norvick 
(1969) analysed the taxonomy and distribution 
of ostracods of the Barton Group in the outcrops 
at Barton-on-Sea and Alum Bay. A rather 
broader, less stratigraphical and taxonomic, but 
more analytical, approach to British Paleogene 
ostracods was taken by M. C. Keen, who in a 
series of publications (Keen 1968, 1971,
1972a-c, 1975, 1976, 1977a, b, 1978, 1982, 
1990a, b, 1993; Keen & Gramann 1988a, b) 
investigated palaeoecological and palaeoenviron- 
mental patterns, morphological variation and 
evolutionary lineages, the taxonomy of the 
important genus Cytheretta, and correlations 
with adjacent areas, especially the Paris Basin 
sequence. Of particular interest, Keen (1977a, 
1978) proposed a series of ostracod zones for 
the Paleogene (see later), which were modified 
by King (1981) in respect of the London Clay, 
and later applied to sequences in France, 
Belgium, The Netherlands, Denmark, Germany 
and Poland by Gramann (1988). With hindsight, 
we can say that the second phase of investigations
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as described by Keen (1978, pp. 385-386) ended 
with his own work of 1993. Keen’s work used 
SEM (scanning electron microscope) images, 
whereas Haskins did not have this advantage.

Very little has been published on these faunas 
since 1993, although unpublished data indicate the 
presence of a significantly greater diversity than 
previously documented. A full, modern, monogra
phic treatment of British Paleogene Ostracoda is 
badly needed.

Paleogene ostracods from southern England 
have also been recorded, but not illustrated, by 
Barker (1974), King (1981), Ellison et al. (1994,
2004) and Tracey et al. (2002).

The pattern of research into Paleogene ostracods 
in continental Europe is similar to that in Britain, but 
in both 19th and 20th century cases was earlier. Pub
lications by Triebel (1952) on the Mainz Basin, 
Apostolescu (1955, 1956) on the Eocene of the 
Paris Basin, Oertli (1956) on the Oligocene and 
Miocene of Switzerland, and Keij (1957) on the 
Eocene and Oligocene of Belgium stimulated new 
interest in Cenozoic ostracods, including the 
research in Britain. The work of Keij (1957) was 
particularly important, as this is not only a good, 
well-illustrated monograph (for pre-SEM times) 
but it included British material and many species 
also occur in Britain.

There are serious taxonomic problems outstand
ing from these early periods of research, which are 
of importance because they hinder understanding 
of evolutionary patterns and processes, and also 
the stratigraphical and environmental application 
of the ostracods. A further serious limitation is the 
lack of published information from offshore 
Britain, a reflection of the lack of industrial appli
cation of the group for the interpretation of Ceno
zoic sequences, in contrast to, for example, 
Varol’s (1998) high-resolution calcareous nanno- 
fossil zonation of the Lower Paleocene for the 
North Sea Basin.

Principal collections

N atural H istory M useum , London

The Natural History Museum in London holds the 
collections of Jones, Jones & Sherbom, Bowen, 
Eagar, Gokgen and Keen. The University of Hull 
Collection, containing the material of Haskins 
(1962), is now also deposited in The Natural 
History Museum. The Curry Collection is extensive 
and contains many ostracods, although Dennis 
Curry himself did not study them. The foraminifera 
collection of Murray & Wright (1974) also contains 
ostracods. Some material described by Keen has not 
been deposited. The NHM registration numbers are

prefixed by 1, lo, In or OS. The ex-Hull numbers are 
now prefixed PMHULL.

The British Geological Survey, Keyworth

The British Geological Survey (formerly Institute 
of Geological Sciences) collections hold some of 
the specimens of Jones and some of Keen. Note: 
BGS catalogue numbers cited by Keen (1978) 
MPK1566-MPK1578 are Carboniferous spores in 
the collection, and MPK1579, MPK1595, MPK1607 
and MPK1608 have no deposited specimen.

Stratigraphy

A general account is given below, for more detailed 
information especially concerning minor units not 
discussed in detail here the reader is referred to 
King (2006). The stratigraphical terminology used 
in many of the earlier works has been brought up 
to date.

The Lower Cenozoic sediments of NW Europe 
accumulated in an extensional tectonic context 
with the opening of the North Atlantic (Jurassic- 
Paleocene) and of the Greenland-Norwegian Sea 
(Early Eocene), and with basins first formed in the 
Mesozoic continuing to subside (see Fig. 1). From 
the mid-Eocene onwards basin subsidence occurred 
mainly through thermal relaxation. In contrast, in 
the later Paleogene and Neogene, compressional 
Alpine tectonics dominated the region causing epi
sodic basin inversion, uplift and erosion, although 
sedimentation was essentially continuous in the 
centres of the larger basins. The consequence of 
these events and loss of sedimentary evidence is 
that reconstruction of the original extent of deposi- 
tional patterns and, therefore, of palaeogeography 
is difficult and controversial. Location of shorelines 
is particularly problematic because it is dependent 
on the model of structural evolution followed. 
Equally, the relative roles of regional tectonics and 
eustatic sea-level change in determining sedimen
tation patterns are difficult to discriminate.

The stratigraphical sequence of the London 
Basin has some similarities with coeval deposits in 
Belgium. The Hampshire Basin sequence is longer 
but is similar to that of the London Basin where 
they overlap in time, but it differs from that of the 
Paris Basin. These similarities and differences are 
the result of original environmental and depositional 
patterns, and, naturally, are mirrored in the ostracod 
assemblage compositions. The environmental con
ditions represented by the SE England deposits 
reflect a salinity range from fully marine (in 
neritic and littoral water depths) through brackish 
to freshwater, with ostracods represented in 
most of these environments. Thus, Paleogene
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Fig. 1. Regional context of Paleogene deposition in NW Europe. Boundaries of Paleogene sediments shown here are 
postulated original maximum limits, omitting minor areas of non-marine sediments. Modified from King (2006).

environments were highly variable in time and 
space, with, as a crude generalization, marine 
conditions in the east changing to marginal and non
marine to the west (see later). The sequence also 
changes through time: lowermost Paleocene sedi
ments are absent, the Eocene is well represented 
but is less marine towards the top, while the 
Oligocene is represented only by the older part 
(Rupelian) and is dominantly non-marine in facies. 
The vertical and lateral facies changes in these 
shallow-marine to non-marine sediments were 
early recognized as ‘cycles’ and are now interpreted 
in a sequence stratigraphic context (e.g. Plint 1988);

however, calibration to the global eustatic sea-level 
scale of Haq et al. (1988) can be problematic 
because of the interplay of eustatic sea-level 
change with regional- and local-scale tectonics. In 
this shifting pattern of marine to non-marine facies 
belts the standard time frame based on marine 
plankton (foraminifera, calcareous nannofossils, 
dinocysts) is difficult to apply consistently and 
unambiguously. There are, therefore, outstanding 
problems of correlation of certain units and 
of the time relationships of their biota. These 
problems are not always susceptible to resolution 
by non-biostratigraphical techniques such as
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magnetostratigraphy. In addition, the fact that 
different ostracod species may be more or less eury- 
haline or stenohaline, or respond to other variable 
environmental parameters such as temperature, oxy
genation or substrate, means that species ranges can 
rarely be definitively delimited.

The review of Keen (1978) appeared as the Geo
logical Society of London published its correlation 
of British Paleogene and Neogene deposits (Curry 
et al. 1978). Since then much has changed and a 
new correlation is in preparation. Curry (1992) 
reviewed developments to that time, and King 
(2006) brings that review up to date. The reader is 
referred to King (2006) for a fuller description and 
discussion than can be provided here. In particular, 
the plethora of regional stage names has now been 
rationalized by the International Commission on 
Stratigraphy and by reference to low-latitude

oceanic sedimentary sequences as a standard via 
the application of a range of bio- and other strati
graphic correlation techniques. Problems remain, 
however, because of the variable depositional 
environments represented by the southern British 
Paleogene and because of gaps due to erosion 
and/or non-deposition. King (2006) distinguishes 
an ‘Atlantic province’ in the Western Approaches, 
with good oceanic connections, and a ‘North Sea 
province’ consisting of the North Sea Basin and 
adjacent areas including the London and Hampshire 
basins (Figs 2, 3), with partial and changing links to 
the oceans, in which the standard low-latitude 
marine plankton zonations based on planktonic for- 
aminifera (P zones) and calcareous nannofossils 
(NP zones) can be difficult to apply. Connections 
to the North Atlantic Ocean and, therefore, access 
of water masses with marine plankton, were at

Fig. 2. Distribution of Paleogene sediments in southern England and adjacent areas (outcrop or subsurface occurrences 
stippled). Minor outcrops are omitted. Modified from King (2006).
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Modified from King (2006).

their strongest at times of high eustatic sea level in 
the early Thanetian, mid-Ypresian (highest sea 
level in the Paleogene), early Lutetian, late Lutetian, 
and latest Lutetian-early Bartonian (King 2006).

The onshore British Paleogene occurs primarily 
in the two basinal areas of the London Basin and 
the Hampshire Basin, traditionally regarded as sep
arate entities. King (2006) argues that the sequences
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in the two basins are essentially similar, and that 
their separation by the Weald-Artois High rep
resents subsequent inversion and erosion rather 
than an original structural and palaeogeographic 
separation. He thus regards the two ‘basins’ as effec
tively one and, further, that they are part of the North 
Sea Basin and represent its southerly extension. The 
palaeogeographical pattern implied gives a very 
different reconstruction to that of, for example, 
Murray (1992) and in an ostracod context to that 
of Keen (1977ft) for the Upper Eocene of the 
Hampshire Basin. The lithostratigraphy of the two 
areas is described here in outline only; for further 
detail and references see King (2006).

The London ‘basin’ contains a 250 m-thick 
sequence of Late Paleocene (Thanetian)-mid- 
Eocene (Lutetian) age, deposited mainly in inner 
neritic to coastal plain settings, with a deeper-water 
(mid-neritic) component deposited during the mid- 
Ypresian sea-level high (London Clay Formation). 
The Hampshire ‘basin’ has a 700 m-thick sequence 
of Late Paleocene (late Thanetian)-Early Oligo- 
cene (Rupelian) age deposited under similar con
ditions, including the deeper-water London Clay 
Formation element, but becoming increasingly 
marginal to non-marine and freshwater towards 
the top. The two ‘basins’ are described below as a 
single entity.

The Lower Paleocene is represented only by 
reworked Danian foraminifera. The Upper Paleo
cene Ormesby Clay Formation occurs only subsur
face in East Anglia and is mainly non-calcareous. 
The surface outcrop section commences with the 
Thanet Sand Formation of Kent, which is inner 
neritic in origin and gives its name to the Thanetian 
stage. The Upnor Formation of glauconitic sands, 
pebble beds and oyster beds is transgressive and 
oversteps the western London Basin into the 
Hampshire Basin. Overlying the Upnor Formation 
is, in the east, the Woolwich Formation of marginal 
marine clays and fine sands that interdigitates west
wards, with the Reading Formation of clays and silts 
deposited in a tropical coastal plain.

The Paleocene-Eocene boundary is currently 
considered to fall within the Reading Formation 
(Aubry et al. 2003). There follows a stratigraphic 
break with the overlying Harwich Formation, the 
basal unit of which (Blackheath Member) consists 
of estuarine sands and gravels deposited as 
channel fills. The Harwich Formation marine 
clays, silts and sands represent the first phase of 
early Eocene sea-level rise that culminated in the 
deposition of the mid-neritic London Clay For
mation with good marine plankton assemblages. 
The Harwich Formation becomes coarser grained 
westwards, reflecting shallow sublittoral deposi- 
tional conditions. Both Harwich and London Clay 
formations extend across East Anglia and the

London and Hampshire ‘basins’; the latter is 
especially extensive with lateral equivalents in 
Belgium, The Netherlands and Germany. The 
London Clay Formation is 150 m thick in its 
maximum development in the London ‘basin’, but 
the top is eroded and overlain by estuarine and 
coastal sands of the Bagshot/Virginia Water For
mation. The equivalent unit in the Hampshire 
‘basin’, the Wittering Formation, interdigitates 
with the marginal marine and coastal plain sedi
ments of the lowermost Poole Formation towards 
the western margin of that area. The Poole For
mation itself represents estuarine to coastal plain 
and marginal/marine environments on the western 
margin of the Hampshire ‘basin’, in a lateral equiv
alent of much of the (former) Bracklesham Beds, 
and shoreline conditions can, exceptionally, 
be recognized. The Earnley Formation (=  lower 
Windlesham Formation of the London ‘basin’) of 
early Lutetian age consists of inner neritic glauconi
tic shelly sands, in which the presence of large 
benthic nummulitid foraminifera indicates reopen
ing of marine links to the Western Approaches and 
the Atlantic. The overlying Marsh Farm Formation 
(=  upper Windlesham Formation) is similar, includ
ing a more marine interval with nummulites in the 
eastern Hampshire ‘basin’. The marine Selsey For
mation (mid-late Lutetian), consisting of shelly 
glauconitic sands grading up into shelly clays and 
silty clays, rests transgressively on the Marsh 
Farm and its lateral equivalents. Westwards in the 
Hampshire ‘basin’ the Selsey Formation is replaced 
by the Branksome Sand and Boscombe Sand for
mations of fluvial to marginal-marine origin, with, 
shoreline conditions represented, and which 
overlie the Poole Formation.

The highest unit preserved in the London ‘basin’ 
sequence is the Camberley Sand Formation (mid- 
Lutetian), composed of mainly decalcified, fine 
glauconitic sands, considered to correlate with the 
Selsey Formation and equivalents in the Hampshire 
‘basin’. In contrast, in the Hampshire ‘basin’ depo
sition continued from the late Lutetian to the Rupe
lian (early Oligocene). The Barton Clay Formation 
rests transgressively on the Selsey Formation, and 
the Lutetian-Bartonian stage boundary falls in its 
lower part. In the west, estuarine sands and gravels 
of the Boscombe Sand Formation rest with erosional 
contact on the Branksome Sand Formation, and are 
themselves overlain by the Barton Clay Formation. 
The Barton Clay Formation is rather variable litho
logically, consisting of two depositional cycles 
(Hooker 1986): a lower one of transgressive glauco
nitic shelly clay, silty clays and a glauconitic unit 
with nummulites; and an upper one comprising 
silty clays passing up into sandy clays and storm
generated sand and shell beds. The Becton Sand 
Formation of Bartonian-early Priabonian age
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consists of sandy clays and fine to coarse sands, and 
reflects a transition from marine conditions at the 
base to essentially brackish water towards the top.

At around the Middle-Upper Eocene (Barto- 
nian-Priabonian) boundary there was a significant 
change in depositional conditions, from mainly 
marine in the Bartonian to marginal marine, lacus
trine and freshwater in the overlying Priabonian 
and Rupelian (Early Oligocene) Solent Group. The 
Headon Hill Formation at the base of the Solent 
Group contains seven members of primarily brack
ish origin, but with freshwater limestones; only 
the Colwell Bay Member contains a lower unit of 
open marine origin (Brockenhurst Bed). The 
Bembridge Limestone Formation is a thick lime
stone reflecting freshwater to emergent conditions. 
The topmost unit in the Hampshire ‘basin’ is the 
Bouldnor Formation with cyclic alternations of 
brackish water clays and silts and freshwater clays 
and silts, although one bed contains brackish and 
marine ostracods and molluscs reflecting the close 
proximity of fully marine conditions. The 
Eocene-Oligocene boundary has been placed in 
the Bouldnor Formation, near the base of the 
Hamstead Member, where mammalian fossils and

evidence of a cooling event permit long-range 
correlation (Hooker et al. 2004). The Hampshire 
‘basin’ sequence ends as a consequence of post- 
early Oligocene uplift and erosion.

Ostracods are known from most units that are not 
decalcified (e.g. Reading Formation and weathered 
London Clay Formation are typically barren) and 
reflect the full range of salinity conditions from 
open marine to freshwater.

Ostracod biostratigraphy
The lithostratigraphic terminology used by Haskins 
(1962, 1968a-c, 1969, 1970, 1971a, b), Keen 
(1977/;, 1978) and in the Curry Collection has 
been updated (see Figs 4, 5).

Ostracods can be abundant and diverse in the 
Paleogene. For example, Fisher Bed 21, Selsey 
Formation (formerly ‘Upper Bracklesham Beds’), 
yields an abundant marine assemblage of over 45 
species, although dominated by Cytheretta costel- 
lata costellata and C. forticosta, and representing 
a condensed deposit. By contrast, Keen (1975, 
p. 277, 1977/;, p. 416) records a freshwater
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Fig. 4. Lithostratigraphic terminology of the Paleogene of the Hampshire ‘basin’ and London ‘basin’ and East Anglia, 
comparing previous classification (in italics) with the current terminology.
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Fig. 5. Correlation of Paleogene sediments in southern England and adjacent areas. Geochronology from Berggren 
et ill. (1995). L., Lambeth Group; MONT., Montrose Group. Marginal-marine and non-marine units in the western 
Hampshire ‘basin’ are omitted. Modified from King (2006).

assemblage from the Headon Hill Formation with a 
diversity of two species dominated by Moenocypris 
sherborni at e.95%.

The principle followed by Lyell (1830-1833) 
for subdividing the Tertiary into Eocene, Miocene, 
Older Pliocene and Younger Pliocene, based on 
the increasing proportion of extant mollusc taxa in 
younger strata, applies to all other biotic groups. 
During the Tertiary we see an overall increase of 
extant genera with younger strata, but it is not 
until the Miocene that we can reliably identify 
species that are alive at the present day [e.g. 
Cyprideis torosa (Jones, 1850)]. In this chapter we 
figure examples of Loxoconcha, Cytheromorpha 
and Xestoleberis, among others, species of which 
are extant, and there are many others we have not 
illustrated or discussed. Analysis of the morphology 
and occurrence patterns of these early forms in com
parison with their living descendents would be of 
great interest for understanding the development 
of modern shallow-water faunas.

Ostracod zonations

Keen (1977a) proposed a preliminary system of 15 
ostracod ‘zones’ for the Paleocene-Oligocene of 
the British-northern France area. In 1978 he used 
the zones again, or rather numbers 4-13, as 1-3 
(lower Paleocene) and numbers 14-15 (Oligocene, 
?Miocene) are not represented in Britain. The 
‘zones’ in their original form are curiously con
structed, i.e. zone 6 has three parts each called a 
zone and, similarly, zone 8 has two divisions each 
called a zone. This situation was regularized by 
Gramann (1988), who clearly defined these subdivi
sions as sub-zones, and who combined the Keen 
zones (with the prefix K) with zones for the upper 
Oligocene and Miocene described by Uffenorde 
(1979, 1981, 1986), designated ‘U’ zones, to form 
some semblance of an ostracod zonal scheme for 
most of the Tertiary of NW Europe. The zonal 
scheme was then discussed for southern Britain by 
Keen & Gramann (1988a) and the Paris Basin
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(Keen & Gramann 1988/?). It is worth returning to 
observations made by Keen (1978, p. 443) about 
his zones: ‘Because of the strong environmental 
controls on the appearance and disappearance of 
ostracods, it is usually impossible to pinpoint any 
particular horizon as a junction between two 
zones. Indeed, this would give a false impression 
of the precision of these zones’- ‘Thus any rigid 
application would almost certainly produce diachro
nous boundaries’. The original scheme was in part 
tested by King (1981) in his broad synthesis of 
London Clay stratigraphy and biostratigraphy. 
King comments (1981, p. 125) that ‘the present 
study largely confirms his [Keen’s] work [for the 
London Clay]’. King inserted a further zone, based 
on ‘Echinocythereis sp. A’, between Keen’s 6b 
and 6c, a point noted by Gramann (1988, p. 227) 
who used the first appearance of ‘E. sp. A’ to 
define the base of zone 6c. Gramann (1988) dis
carded Keen zones 14 and 15. Gramann (1988) 
and co-workers used the K and U zones between 
Britain, northern France, Belgium, The Netherlands, 
Denmark, Germany and Poland. Fortunately, this 
was within the context of a major study involving 
correlation by marine plankton, since if used in iso
lation over such a large area the ostracod-based 
zones almost certainly lack reliability in detail.

Keen (1978, p. 391, fig. 2) depicts his ‘Marine 
Ostracod Zones’ in a diagram with two parallel 
schemes for ‘Brackish Ostracod Zones’ and ‘Fresh
water Ostracod Zones’. The brackish water zonation 
is based on five species of Neocyprideis and is cor
related with marine zones 4 -  13, with a gap in the 
Lower Eocene (Ypresian) as a consequence of 
absence of record (=  marine zones 6-C.8). The 
so-called freshwater zones are based on three 
species of Virgatocypris, roughly equivalent to 
marine zones 10-13 with no older record. These 
two additional zonal schemes are not discussed 
and the only hint of confidence levels is in the 
solid or dotted boundary lines. While at first sight 
the overall scheme, with parallel zonal schemes 
for different salinity environments, appears to 
apply the advantages of ostracod habitat patterns, 
in reality the schemes are at best uncertainly corre
lated, have not been thoroughly tested and are of 
doubtful applicability.

Stratigraphic distribution

This summary is based on published sources and 
unpublished data (mainly King 1991, and the Curry 
and King collections). The ostracod assemblages of 
most stratigraphic intervals are still incompletely ana
lysed; a number of previously unrecorded and new 
taxa await documentation. This account is therefore 
only a provisional summary. Author names are 
given for species not figured here.

Keen’s main range chart (1978, tables 1-5) 
included 116 taxa. Their ranges were, unfortunately, 
calibrated to planktonic foraminiferal zones (none of 
which have actually been identified in the Hampshire 
or London basins) and to ostracod zones, rather than 
to lithostratigraphic units. The present range charts 
relate the species ranges to lithostratigraphic units. 
NB. In Keen (1978, fig. 6 ‘Distribution of ostracods 
within the Bracklesham Beds’) part of the figure was 
omitted owing to a printing error.

Some comments have also been included on the 
ostracods of the offshore North Sea Basin and other 
offshore basins, based mainly on unpublished data 
(King Collection) (see Figs 6, 7).

Hampshire and London ‘basins’ and East Anglia. 
The Ormesby Clay Formation is largely decalcified; 
calcareous benthic foraminifera occur in the lower 
part, but ostracods are very rare. A fragment of 
Pterygocythereis sp. has been found in the British 
Geological Survey (BGS) Hales Borehole (Ellison 
etal. 1994).

The lowest unit of the Thanet (Sand) Formation 
with calcareous fossils at Pegwell Bay, the ‘Crepi- 
dula Bed’ at the base of the Pegwell Marls, contains 
abundant and diverse calcareous benthic foramini
fera, but ostracods are apparently very rare or 
absent. The upper Pegwell Marls and lowest Recul
ver Silts at Pegwell Bay are also almost barren of 
ostracods. In the upper Reculver Silts at Herne 
Bay, Keen (1978) recorded eight taxa in the 
‘Arctica morrisii Bed’, dominated by Hazelina tha- 
netensis and Paracytheretta reticosa. A similar 
assemblage occurs in the ‘Eutylus cuneatus Bed’ 
at the base of the exposed section, with additional 
taxa including species of Cytheropteron, Loxo- 
concha and Monsmirabilia. In Bradwell borehole 
217 (Ellison et al. 1994), ostracods are very rare, 
comprising a few specimens of P. reticosa and Pter
ygocythereis cf. heerlenensis.

H. thanetensis was previously known only from 
Herne Bay, but has recently been recorded from the 
lower part of the Ostricourt Sands (calcareous 
nannofossil zone NP8) (Steurbaut 1998, Fig. 9) at 
Templeuve, near Lille (King Collection) and from 
the Thanetian of Chalons-sur-Vesles, Paris Basin 
(Guernet pers. comm.).

Many sections of the Upnor Formation are dec
alcified; oyster shell beds in the Upnor Formation 
in the western Hampshire ‘basin’ (e.g. Clarendon 
Hill A36 road cutting, Alderbury, near Salisbury) 
and western London ‘basin’ (e.g. the A34 road 
cutting near Newbury) contain only Vetustocytheri- 
dea lignitarum (Dollfus, 1877). Calcareous macro
faunas and microfaunas have been recovered 
from recent boreholes in the London area, but the 
ostracods have not so far been analysed. A sample 
in the Curry Collection from the ‘oyster bed’
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Fig. 6. Distribution of figured ostracod taxa from the Thanet Sand Formation to the Becton Sand Formation. Dashed 
ranges indicate cf. or aff. records. Based on published and unpublished data.

at Headley Heath contains 10 taxa, dominated by 
V. lignitarum and including Cyamocytheridea 
spp., Clithrocytheridea faboides, Eucytherura 
perforatina Eagar, 1965, Oertliella aff. aculeata, 
Pterygocythereis cf. heerlenensis, Schizocythere sp. 
and Semicytherura cf. bambruggensis (Keij, 1957).

V. lignitarum is abundant in the ‘Lower Shelly 
Clay’ and ‘Upper Shelly Clay’ (Ellison et al.
2004) of the Woolwich Formation in the London 
area, including the Swanscombe quarry, often 
forming a monospecific assemblage. A thin bed 
with the gastropod Hydrobia in the Swanscombe
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quarry contains abundant Cytheromorpha aillyensis 
(Bignot, 1961). V. lignitarum also occurs in the 
‘Laminated Beds’ and in some localized shelly 
sand units in the London area. The occurrence of 
noded specimens of V. lignitarum, and the associ
ated molluscs, indicate a low-salinity environment, 
but V. lignitarum occurs in fully marine environ
ments at other levels and was evidently a 
euryhaline species. Both these taxa occur in the 
coeval ‘Sparnacian’ facies of the Dieppe area 
and the Paris Basin; however, Guernet (pers. 
comm.) has never found V. lignitarum in fully 
marine environments.

Within the Blackheath ‘Beds’ of the Harwich 
Formation V. lignitarum is recorded from several 
localities, including the shell bed at Abbey Wood 
(SE London). Tilehurst Member (‘London Clay 
Basement Bed’): ostracods are generally rare, and 
diversity is low. Eight taxa are recorded; 
V. lignitarum is dominant. Cytheretta nerva nerva 
is recorded from several localities, including the 
type section at Tilehurst, near Reading.

C. nerva nerva occurs rarely in the basal shelly 
and pebbly bed of the Oldhaven Member at 
Aveley (M25 road cutting), Swanscombe quarry 
and Lower Upnor quarry. A thin clay bed just 
above the base of the Oldhaven Member on the fore
shore at Herne Bay (Bishopstone) contains C. nerva 
nerva, Cyamocytheridea sp. and Clithrocytheridea 
faboides.

Ostracods are common and moderately diverse 
in the Swanscombe Member; approximately 15 
taxa are recorded, including the records of Keen 
(1978) and the Curry Collection from the ‘Harefield 
Bed/Member’. C. nerva nerva and Cytheridea 
unispinae Eagar, 1965 are usually dominant, with 
frequent Clithrocytheridea, Cyamocytheridea, 
Loxoconcha and Schuleridea. Almost all taxa also 
occur in the overlying London Clay Formation.

The Orwell Member is mostly decalcified at 
outcrop and in boreholes. C. nerva nerva and 
Cy. unispinae are recorded in the upper part of the 
Orwell Member (Hales Clay of Ellison et al.
1994) in the Hales Borehole.

Much of the Wrabness Member is also decalci
fied, but calcareous microfaunas occur in some 
shelly drifts around logs. C. nerva nerva occurs 
just above the Harwich Stone Band at Wrabness 
(near Harwich), and Cy. unispinae near the top at 
Walton Naze. C. n. nerva and Cy. unispinae are 
recorded in the lower part of the Wrabness 
Member in a borehole at Bradwell.

The lowest unit of the London Clay Formation, 
the Walton Member (Division A2) is almost entirely 
decalcified. Its lowest part contains a calcareous 
fauna including Cytheridea unispinae in parts of 
the western London ‘basin’ and the eastern Hamp
shire ‘basin’, e.g. at Fulmer (King 1981, fig. 32)

and in the BGS Shamblehurst Borehole (Edwards 
& Freshney 1987). Shelly clay lenses associated 
with logs within the Walton Member in the South 
Ockendon quarry, near Aveley (King 1981, p. 41), 
contain frequent Bythocypris sp.

The main body of the London Clay Formation 
(Divisions A 3-E  of King 1981) contains calcareous 
faunas where unweathered; moderately diverse 
ostracod assemblages occur at most levels. It corre
sponds to the ‘Ypresian’ of Haskins (1968a-c, 
1969, 1970, 1971o-c). King (1991) recorded 79 
taxa from the Hampshire ‘basin’. Most of these 
also occur in the western London ‘basin’ (e.g. 
Eagar 1965; Gok§en 1971); Gokgen’s ‘Bagshot 
Beds’ are, in fact, part of the upper London Clay 
Formation (King 1981). In the deeper-water 
environments of the eastern London ‘basin’ a 
number of additional taxa occur.

Three diffusely delimited depth-related assem
blages can be differentiated in the London Clay 
Formation, characterized by the association of the 
following taxa.

• Inner neritic sands (e.g. the Nursling Member): 
Cytheridea, Leguminocythereis, Oertliella 
aculeata.

• Mid-neritic sandy clays and clays: Cytherella, 
Cytheretta scrobiculoplicata (middle London 
Clay), Echinocythereis (upper London Clay), 
Pterygocythereis laminosa, Schuleridea perfor
ata, Thracella rutoti (Keij, 1957). This assem
blage characterizes much of the London Clay 
Formation in the Hampshire ‘basin’ and 
western London ‘basin’.

• Outer neritic clays: Argilloecia, Bairdia, 
‘Brachycythere\ Cardobairdia, Cytherella, 
Krithe, Oertliella bowerbankiana (Jones, 
1857), Phacorhabdotus. This assemblage 
occurs in the middle London Clay in the 
eastern London ‘basin’ and in offshore bore
holes in the Thames Estuary.

Ostracods are generally common in the 
shallower-marine facies, but in outer neritic clays 
are generally rare (approximately one specimen/ 
100 g sediment), although quite diverse. The first 
or last occurrences of some taxa are approximately 
synchronous within this area, particularly species 
of Cytheretta and Echinocythereis, and have been 
used to define zones (Keen 1978; King 1981, 
1991; Ellison et al. 2004, fig. 28), but most distri
bution patterns are strongly ecologically controlled. 
Many London Clay taxa occur in the Lower Eocene 
of Belgium in similar facies, and the same zones 
can be identified there (Willems 1973; Keen 1978; 
King 1988).

The only interval with calcareous fossils in the 
Wittering Formation is a unit of glauconitic clay 
and silty sand in the middle of the formation
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(Fisher’s bed IV at Whitecliff Bay, the Cakeham 
Beds at Bracklesham Bay). It was included by 
Haskins in the ‘Lutetian’ (see King & King 1973). 
Fourteen taxa are recorded (Haskins 1962; 
King Collection), dominated by Cytheridea and 
Leguminocythereis. When first described (Haskins 
1968a-c, 1969, 1970, 1971a-c) the assemblage 
seemed distinctive, with five new taxa, but 
Cytheridea rigida punctata Haskins, 1969 was 
later recorded from the Earnley Formation, and 
Leguminocythereis bullata Haskins, 1970, Mon- 
smirabilia corpuscula (Haskins, 1969) and Novocy- 
pris [Paracypris] aff. whitecliffensis (Haskins, 
1968) occur locally in inner neritic facies in the 
upper London Clay Formation (King, 1991). This 
emphasizes the difficulties in differentiating 
environmental and stratigraphic controls on ostra- 
cod distribution, and indicates that the Novocypris 
whitecliffensis Zone (Keen, 1978), based on this 
assemblage, is of doubtful validity.

C. rigida punctata and L. bullata are associated in 
the Gentbrugge (‘Panisel’) Formation (NP13) and 
the lower Oedelem (Den Hoorn) Formation 
(NP13-lowerNP14) in western Belgium (King 1990).

The Earnley Formation corresponds to Fisher’s 
Beds VI and VII at Whitecliff Bay, and to part of 
the ‘Lutetian’ of Haskins (1968a-c, 1969, 1970, 
1971 a-c). Ostracods are generally sparse, but diver
sity is relatively high, dominated by Cytheretta, 
Cyamocytheridea, Cytheridea, Leguminocythereis 
and Pterygocythereis. The Curry Collection includes 
approximately 50 taxa from the Earnley Formation 
of Bracklesham Bay. The lower part of the Earnley 
Formation is characterized by Cytheridea primitia 
and Leguminocythereis pustulosa (Roemer, 1838), 
the upper part by Cyamocytheridea spp., L. striato- 
punctata and Schizocythere tessellata (Bosquet, 
1852).

The Windlesham Formation is mainly decalcified, 
but calcareous assemblages occur at some localities 
where it is below the present water-table. At 
Yateley, near Farnborough, rare ostracods including 
L. striatopunctata occur associated with the larger 
benthic foraminifer Nummulites laevigatus, in a unit 
that can be correlated with the upper Earnley 
Formation.

Calcareous fossils occur only in a unit of glauco
nitic sandy clay within the Marsh Farm Formation 
at Whitecliff Bay. The ostracods have not yet 
been studied.

The Selsey Formation corresponds to Fisher’s 
beds IX-XV1I at Whitecliff Bay, and to the 
‘Auversian’ of Haskins (1968a-c, 1969, 1970, 
1971a-c). Taxa cited by Keen (1978, pp. 438- 
439) from the ‘Huntingbridge Beds’ of Studley 
Wood are probably from the Studley Wood Num- 
mulite Bed (topmost Selsey Formation) (Todd 
1990). Approximately 75 taxa occur in the

Selsey Formation (Curry Collection) in contrast 
to Keen’s record of 33 species. In clays and glau
conitic sandy clays, mainly in the lower and 
middle part of the formation, assemblages are 
of relatively low diversity. In some units of 
calcareous silt and fine sands (including the 
‘Miocardia Bed’ and Fisher’s beds 20-21 at 
Whitecliff Bay, and the Studley Wood Nummu- 
lite Bed) ostracods are more abundant and diver
sity is high (c.45 taxa in Curry Collection 
samples from Fisher’s Bed 21). Cytherella, 
Cytheretta, Cytheridea, Echinocythereis, Legumi
nocythereis and Schizocythere are dominant.

The Camberley Sand Formation is very similar 
in lithofacies and stratigraphic context to the 
Selsey Formation. It is almost everywhere decalci
fied, but excavations below the water-table near 
Farnborough have exposed calcareous sands with 
a diverse fauna. The ostracods include Cyamo
cytheridea spp., Cytheretta sp., L. striatopunctata, 
Oertliella aculeata, Pterygocythereis cornuta and 
Schuleridea perforata. The nearby BGS Mytchett 
No. 1 Borehole (Ellison et al. 2002) penetrated 
35 m of the Camberley Sand Formation, with cal
careous faunas almost throughout; the ostracods 
are currently under study.

The lower part of the Barton Clay Formation (the 
former Huntingbridge Division) is partially decalci
fied; ostracods are sparse and diversity is very low. 
Leguminocythereis is dominant. The diversity 
increases from above the Nummulites prestwichianus 
Bed, at the base of Bed A2, and is highest in the upper 
part of the formation (beds E and F) (Keen 1993). 
Approximately 40 taxa are recorded. Cytherella, 
Cytheretta, Cytheridea, Leguminocythereis, Pterygo
cythereis, Schuleridea and Thracella are dominant. 
Ruggieria semireticulata is restricted to beds A 2- 
A3 at Barton-on-Sea and their equivalents at Alum 
Bay; most other taxa are longer ranging.

The Chama Bed (Bed H) and the Becton Bunny 
Bed (Bed J) are the only parts of the Becton Sand 
Formation (including the Chama Sand Formation 
of Edwards & Freshney 1987) with calcareous 
fossils at outcrop. In the Chama Bed Cytheretta, 
Cytheridea and Pterygocythereis are dominant, 
with the earliest occurrence of Haplocytheridea 
debilis. In the BGS Ramnor Inclosure Borehole, 
the overlying interval is calcareous and contains a 
similar assemblage (Keen 1993). The Becton 
Bunny Bed at outcrop near Barton-on-Sea appar
ently contains no ostracods; however, in the 
Ramnor Inclosure Borehole it contains common 
Cytheretta, Cytheromorpha, Haplocytheridea 
debilis and Pterygocythereis (Keen 1993).

The Headon Hill Formation includes a wide 
range of depositional environments, from fresh
water to inner neritic, with a corresponding series 
of ostracod assemblages (Keen \911b). The
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Brockenhurst Bed, a marine transgressive unit at the 
base of the Colwell Bay Member, contains 12 taxa, 
six of which are only recorded (in England) from 
this unit, including Hazelina indigena Moos, 1966. 
The highest diversity is in the polyhaline environ
ments of the Colwell Bay Member, including 
the Venus Bed and Roydon Bed, with more than 
30 taxa, dominated by Haplocytheridea debilis, 
and including common Cyamocytheridea and 
Pterygocythereis. Low-salinity environments in the 
Totland Bay, Colwell Bay and Cliff End members 
contain Cytheromorpha, Cladarocythere and Neocy- 
prideis. Freshwater environments, including fresh
water limestones in the Totland Bay Member and 
Osborne Marls Member, contain Candona and 
Moenocypris.

Freshwater ostracods (Candona and Cypridop- 
sis) occur in some beds of the Bembridge Limestone 
Formation. Neocyprideis is recorded in a clay unit 
within the Bembridge Limestone at Whitecliff Bay 
(Keen 1977b, fig. 1).

Within the Bouldnor Formation, in the Bembridge 
Oyster Bed near the base of the Bembridge Marls at 
Bembridge, a limited brackish-marine assemblage 
(seven taxa) is recorded, dominated by Haplocyther
idea debilis. Most of the Bembridge Marls was depos
ited in freshwater and low-salinity environments, 
with Candona and Cytheromorpha unisulcata 
(Jones, 1856). The Hamstead Member was deposited 
mainly in freshwater enviroments, with Candona, 
Cypridopsis and Moenocypris, but several units (e.g. 
the Nematura Bed and the White Band) contain low- 
salinity mollusc and ostracod assemblages, domi
nated by Hemicyprideis montosa. The Cranmore 
Member yields a brackish-marine assemblage of 
13 taxa, dominated by H. montosa, from the middle 
and upper part of this unit.

Offshore records. In the Central Channel Basin, 
Curry (1962) recorded a diverse ostracod assem
blage (c. 40 taxa) from the upper Ypresian (probably 
NP13) in sea-bed cores. No quantitative data were 
provided. Revision of the taxonomy is needed, 
but the assemblage appears to have closer affinities 
with Lutetian faunas of the Paris Basin than 
with those from the Ypresian of England. 
Several of the taxa have not been recorded from 
England. Sea-bed cores and a BGS borehole that 
penetrated older Ypresian sediments of ‘London 
Clay’ facies were decalcified or yielded only 
foraminifera.

Ostracods occur commonly in the Eocene in the 
western part of the Western Approaches Basin. In 
the Lower Eocene outer neritic calcareous clays and 
marls, Bythocypris, Cytherella, Oertliella and Trachy- 
leberidea occur. The Middle and Upper Eocene are 
represented mainly by inner to mid-neritic carbonates, 
with Bairdoppilata, Cyamocytheridea, Cytherella,

Cytheretta, Leguminocythereis, Paracypris and Schu- 
leridea. Detailed study has not yet been carried out; 
the presence of Henryhowella gr. asperrima (Reuss, 
1850) indicates a not unexpected similarity to 
Eocene faunas from the Aquitaine Basin (Ducasse 
et al. 1985).

The stratigraphy of the Dieppe Basin, an offshore 
extension of the Hampshire ‘basin’ into the eastern 
English Channel, is poorly known. BGS Borehole 
75/38 penetrated silts and fine sands dated as 
Bartonian. Preliminary examination has shown the 
presence of ostracod assemblages dominated by 
Cytheretta laticosta and Leguminocythereis haskinsi 
Keen, 1978, with Ruggieria semireticulata, similar 
to assemblages from the Barton Clay Formation.

Middle Eocene silts and fine sands with inner to 
mid-neritic microfaunas near the SE margin of the 
Faroes-Shetland Basin contain dispersed ostracods, 
including Cytheridea, Leguminocythereis and Schi- 
zocythere tessellata. Upper Eocene sediments are 
generally truncated by a mid-Cenozoic unconfor
mity, but in at least one well they contain frequent 
ostracods, including Bairdia, Eopaijenborchella, 
Loxoconcha, Phacorhabdotus and Thracella.

In the North Sea Basin (offshore areas), Lower 
Paleocene carbonates (Ekofisk Formation) contain 
rare ostracods, mainly Cytherella, Krithe and Phacor
habdotus. Upper Paleocene and Eocene sediments 
(Montrose, Moray and Hordaland groups) were 
deposited mainly in deep-water bathyal environments 
and are generally non-calcareous. A mid-Ypresian 
unit of red and brown calcareous clays near the base 
of the Horda Formation (equivalent to the Rosnaes 
Clay Formation of Denmark) is widespread through
out the North Sea Basin, probably deposited in upper 
bathyal depths. In BGS Borehole 81/46 this unit 
(Unit 3 of Lott et al. 1983) contains a sparse, but mod
erately high-diversity, ostracod assemblage (16 taxa), 
very similar to the deep-water London Clay assem
blage of the same age.

In the southern North Sea Basin, Mid and Late 
Eocene age sediments were deposited in shallower, 
outer to mid-neritic environments, and contain 
calcareous faunas including ostracods. Cytherella, 
Cytheridea and Leguminocythereis are common. 
Hazelina karenzensis Pietrzeniuk, 1969, a charac
teristic species of the Middle Eocene of Denmark 
and north Germany, also occurs. Oligocene sedi
ments (Lark Formation) were deposited mostly in 
deep-water environments: ostracods are represented 
mainly by Cytherella and Krithe.

Palaeoenvironment and palaeoecology
Much is known about global environmental conditions 
in the Cenozoic and the shift from ‘greenhouse’ to 
‘icehouse’ climatic state in the early Oligocene
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which set the scene for the extensive late Neogene 
(Quaternary) glacial advances. A strong global 
warming event is recognized at the Paleocene- 
Eocene boundary (Paleocene-Eocene Thermal 
Maximum (PETM) of Kennett & Stott 1991) and 
is reflected in turnover of marine and terrestrial 
biota, which may be causally related to release 
of carbon from sea-floor methane hydrates (Dickens 
et al. 1995) linked to orbital forcing (Lourens et al. 
2005) or triggered by bolide impact (Cramer & Kent
2005). High atmospheric humidity is postulated for 
this time (Bowen et al. 2004), coupled with ‘extreme 
seasonal contrast at both hemispheres’ (Lourens 
et al. 2005, p. 1086). Carbon isotope evidence indi
cates an abrupt change in deep-ocean circulation at 
the start of the PETM from southern hemisphere over
turning to northern hemisphere overturning (Nunes & 
Norris 2006). Recent work by Tripati et al. (2005) 
suggests that short-lived glacial events occurred in 
the mid and late Eocene associated with ice sheets at 
both poles, but with the cooling limited to high lati
tudes. The transition to ‘icehouse’ conditions may 
thus be better dated as late Eocene. In any case, the 
late Eocene-early Oligocene was a time of many 
major changes, with Australia moving away from 
Antarctica to allow initiation of the Antarctic Circum
polar Current and oceanographic isolation of the 
Antarctic continent, increasing restriction of Tethyan 
circulation in the area of the modem Middle East 
and Mediterranean, and establishment of the modem 
psychrospheric ocean (much discussed in an ostracod 
context by Benson, e.g. 1975,1990). There is no ques
tion that the early Eocene was very warm, and a warm, 
humid model fits well with reconstructions of the 
London Clay depositional environment. Of the ostra
cod genera found in the British Paleogene with 
extant representatives some are certainly warm-water 
taxa (Cytheretta, Paijenborchella, Cytherelloidea). 
Coles (1990, fig. 1), in an overview of Cenozoic 
ostracod patterns in the North Atlantic and adjacent 
areas, notes a dramatic increase in generic and 
especially specific diversity patterns through the 
Paleocene and Eocene with many species originations 
clearly demonstrating highly favourable conditions 
(Coles 1990: shallow-water data except generic 
originations):

LPal UPal LEocMEocUEocLOlig

Species diversity 118 133 267 420 490 406
Species

originations
118 85 231 235 223 203

Generic diversity 49 61 79 94 99 106
Generic

originations (all)
5 11 24 18 8 19

While these data are almost two decades old, 
nonetheless they serve to demonstrate the broad 
pattern of ostracod diversification in shallow 
waters. Equally, although the figures are compiled 
from numerous sources and the time resolution is 
poor, the dramatic increase in specific and generic 
diversity across the Paleocene-Eocene boundary 
reflects warmer, more nutient-rich waters and 
habitat availability as a result of eustatic sea-level 
rises consequent on the Paleocene-Eocene 
Thermal Maximum. Ostracod faunal changes at the 
Eocene-Oligocene boundary have been correlated 
with marine regression and transgression and cli
matic cooling in Europe (Keen 1990a), Gulf Coast 
USA (Hazel 1990) and Australia (Marjoran 1996), 
whereas in Japan the faunal turnover seems slightly 
later (Yamaguchi & Kamiya 2005). The response 
of ostracods, directly and indirectly, to climate 
change in all its forms requires detailed investigation.

We have referred earlier to the significant range 
of environmental conditions that existed in southern 
Britain in Paleogene times, to the fluctuating con
ditions in response to eustatic sea-level change 
and/or local and regional tectonics through time, 
and to clear evidence for a range of salinity con
ditions from freshwater to normal marine and hyper- 
saline. The ostracods reacted to these conditions, 
migrating or colonizing as circumstances changed 
and their physiology allowed, and therefore reflect
ing to some degree their original habitat. Individual 
animals will have died and species become extinct. 
From living taxa we know that individual ostracod 
species can be more or less euryhaline or stenoha- 
line, more or less eurythermal or stenothermal, 
have a range of reproductive strategies even 
within a restricted habitat (e.g. Severn Estuary inter
tidal zone, Horne 1983), in addition to a range of 
infaunal, epifaunal, phytal and other lifestyles. 
Since the review of Keen (1978) was prepared 
there have been enormous developments in our 
knowledge of living ostracods, their anatomy, 
physiology and distributional influences. Thus, 
Keen was able to make empirical observations of 
presence or absence of phenotypic, or presumed 
phenotypic, noding and of smooth v. punctate sur
faces, and to make an assessment of their environ
mental significance on the basis of a perceived 
environmental reconstruction. The reader is referred 
to Keen (1971, 1972a, 1975, 19776, 19906) for a 
series of classic studies of, particularly, the Hamp
shire ‘basin’. In the case of noding in Hemicyprideis 
montosa, Keen (1972a, p. 295) had to make com
parisons with living noded Cyprideis species at a 
time when some opinion believed the node patterns 
to be genetic features. It is now known that in Cypri
deis torosa (Jones) the presence of noding occurs 
as an osmoregulatory response in low-salinity 
and/or low-calcium waters during moulting and is
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phenotypic (Keyser & Aladin 2004; Keyser 2005). 
In the case of Neocyprideis colwellensis, Keen 
(1977b, pp. 421-422) again compared the noding 
with that in Cyprideis and further speculated that 
unornamented forms (as opposed to the more 
common punctate type) occurred in lime-rich 
waters, and that size variations in adult female 
LV’s of 0.75-0.89 mm reflected food supply. 
These observations are linked to assemblage com
position analyses and to environment and salinity 
reconstructions that are of interest, especially as 
the question of autotochthoneity of assemblage 
components is considered. The problem is that 
these interpretations and reconstructions need to 
be reconsidered in the light of modern knowledge 
of ostracod ecology and biology. As we can only 
conjecture that extinct genera such as Hemicypri- 
deis and Neocyprideis have biological and ecologi
cal similarities with supposedly related living 
genera (Cyprideis), their application to environ
mental reconstruction in isolation is limited. In the 
case of noding, the question of whether Cyprideis 
torosa is a valid model for noding in extinct taxa 
can be tested by examining their noded moult 
stages (Keyser pers. comm.). Further, where we 
have representatives of living genera such as 
Loxoconcha, Candona, etc., the species are extinct 
and we need an independent measure of their eco
logical similarity, or otherwise, with extant rela
tives. Loxoconcha, for example, nominally ranges 
from the late Cretaceous, but Loxoconcha sensu 
stricto is considered to originate in the late Oligo- 
cene (Ishii et al. 2005). Thus, new studies of ostra
cod morphological and distributional patterns are 
required in the context of multidisciplinary investi
gations, not in isolation, in order to understand their 
responses to Paleogene environmental change, their 
evolutionary patterns and processes.

Future research
As noted earlier at a regional level the first require
ment is for a thorough modern taxonomic study, 
involving comparative analyses of continental col
lections and taxa. The picture from the classical 
onshore sequences must then be supplemented by 
material from the continental shelf of NW Europe, 
calibrated against the standard marine plankton 
zonations. Similarly, much needs to be done in 
terms of relating the non-marine ostracod record 
to the marine one before any further development 
of parallel, salinity-based zonal systems. Only 
then, when the temporal and spatial distribution 
patterns of the ostracods have been set in a reliable 
chronostratigraphical framework, can a proper 
understanding of cause and effect be developed 
and with it new directions in application (see

earlier). Of great interest in an evolutionary 
context would be comparative studies of Paleogene 
representatives of extant genera.
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Explanation of plates
Taxa illustrated include as far as possible species used for ‘zonal’ purposes and those illustrative of marine- 
freshwater assemblages. Taxa are arranged broadly stratigraphically: Paleocene -  Plate 1; Eocene -  Plates 
1 -7 ; Oligocene -  Plate 7. All the material is from Britain, unlike Keen (1978) who included specimens from 
France and Belgium in his plates. Some type specimens are illustrated and other material figured by Keen 
(1978) has been rephotographed. Note: some material figured by Keen with NHM catalogue numbers has 
not been deposited. Species ranges given are at best approximate, as discussed above, as genuine species 
inception and extinction events are difficult to identify with certainty.

‘Zonal’ species of Keen (1977a, 1978) and Gramann (1988) figured here are: Marine (in stratigraphical 
order) Paracytheretta reticosa, Cytheretta nerva nerva, Cytheretta venablesi, Cytheretta multicostata 
londinensis, Cytheretta scrabiculoplicata, Echinocythereis reticulatissima, Cytheretta eocaenica, 
Cytheridea rigida rigida, Cytheretta cellulosa, Cytheretta laticosta, Haplocytheridea debilis, 
Hammatocythere hebertiana', Brackish Neocyprideis colwellensis; Freshwater Virgatocypris edwardsi.
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All the specimens figured herein are deposited in The Natural History Museum, London, their 
registered numbers prefixed variously by I, Io and OS, or in the case of the ex-Hull University Collection, 
(PMHULL) HU.

Abbreviations: LV, left valve; RV, right valve; car., carapace (It. lat., left lateral view; rt. lat., right lateral 
view; int., internal view).

Plate 1

1, 3. Hazelina thanetensis Keen, 1978
Figured specimens: 1, OS 7658, holotype, female LV, 730 pm long, x62; 3, female RV, OS 7659, 690 pm long, 
x65. Arctica morrisii Bed, Thanet Formation, Herne Bay, Kent.
Original diagnosis (Keen 1978, p. 420): Three longitudinal ribs prominent; surface between them finely punctate; a 
ridge runs parallel to anterior margin and between it and anterior margin, in antero-ventral area reticulation is present. 
Range: Thanetian.
Remarks: Characteristic late Paleocene form. Present in the Thanetian of the Paris Basin (Guernet pers. comm.).

2. Cyamocytheridea magna (Apostolescu, 1956)
Figured specimen: OS 7674, female RV, 830 pm long, x54. Arctica morrisii Bed, Thanet Formation, Herne Bay, 
Kent.
Diagnosis: Large species, with highest point at anterior cardinal angle, carapace tapers anteriorly and posteriorly; 
weak ribs parallel anterior and ventral margins.
Range: Thanetian.

4 -6 . Paracytheretta reticosa Triebel, 1941
Figured specimens: 4, OS 16244, male LV, 840 pm long, x53; 5, OS 16245, LV female, 810 pm long, x 55.5; 6, OS 
7662, RV male, 810 pm long, x55. 4, 5 Thanet Formation, Reculver, Kent (ex-OS 16031, Curry Collection). 6, 
Arctica morrisii Bed, Thanet Formation, Herne Bay, Kent.
Original diagnosis (Triebel 1941, p. 389 [translated]): A Paracytheretta with the following features: the three longi
tudinal ridges do not connect with the anterior marginal ridge. Intercostal areas reticulated.
Range: Thanetian.

7, 9. Pterygocythereis cf. heerlensis (Deroo, 1966)
Figured specimens: 7, OS 7663, female LV, 860 pm long, x52;9, OS 7665, female RV, 860 pm long, x 55. Arctica 
morrisii Bed, Thanet Formation, Herne Bay, Kent.
Range: Thanetian.
Remarks: The surface is not covered with tubercles as previously reported but with short angular spines and compari
son with Deroo’s illustrations (1966, plate 13, figs 290 and 291) indicates that the present specimens are closer to his 
figure 291 than his figure 290; the long posterior spines present in Deroo’s material may be broken in our material. 
Deroo’s material was from the Lower Paleocene (‘Danien superieur’) of Houthem, The Netherlands. A form of P. 
heerlensis with reticulation occurs in the Thanetian of the Paris Basin (Guernet pers. comm.).

8, 10, 11. Cytheretta nerva nerva Apostolescu, 1956
Figured specimens: 8, OS 16246, male RV, 960 pm long, x 47; 10, OS 7672, female LV, 800 pm long, x 56; 11, OS 
7670, female RV, 810 pm long, x55.5. 8, Oldhaven Member, Harwich Formation, Thames Group, A2 road cut, 
Swanscombe, Kent (ex-OS 16052, Curry Collection). 10, 11, (‘Harefield Bed’), Swanscombe Member, Harwich 
Formation, Thames Group, Potters Bar, Hertfordshire.
Diagnosis: Numerous longitudinal ridges of which two are more prominent running from postero-dorsal to antero
median areas, cross-cutting secondary ribs almost as strong as primaries.
Range: ?Thanetian-Sparnacian.
Remarks: Longitudinal ribs supposedly total 13 (Keen 1978, p. 412). Originally described from the Paris Basin, the 
British material differs slightly in strength and development of ornament from French examples, which can have a 
more subdued surface pattern and are a little larger. Guernet (pers. comm.) considers the species to be polytypic 
and polymorphic. Does not occur in Sparnacian of Paris Basin, i.e. Paleocene only (Guernet pers. data).

12. Cytheretta cellulosa Keen, 1972b
Figured specimen: OS 16247, male car., rt. lat., 900 pm long, x 50. Nummulite Bed, Selsey Formation, Bracklesham 
Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Original diagnosis (Keen 19726, p. 300): A species of Cytheretta with 13 rows of pits that converge at the posterior; 
dorsal area is smooth.
Range: Upper Lutetian.

(continued on p. 394)
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Remarks: Described originally from the ‘Auversian’ (upper Lutetian) of Moisselles, western Paris Basin, the species 
is limited to the ‘Auversian’ in range there.

13, 14. Cytheretta costellata costellata (Roemer, 1838)
Figured specimens: 13, Io 3803, female LV, 660 pm long, x 71; 14, OS 16248, female car., It. lut., 700 pm long, x 64.13, 
Fisher Bed 22, Selsey Formation, Bracklesham Group, Selsey, Hampshire. 14, Nummulite Bed, Selsey Formation, Brackle- 
sham Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Diagnosis (Keen 1978, p. 412): Ten longitudinal ridges counted just posterior of centre, surface between ridges 
smooth or finely punctate; four posterior spines.
Range: Lutetian.
Remarks: 13 is the specimen figured by Keen (19721), plate 2, fig. 6; 1978, plate 7, fig. 11); 14 is better preserved.

15. Cytheretta costellata antecalva Keen, 19726
Figured specimen: Io 3823, holotype, female LV, 770 pm long, x58. Chama Bed, Becton Sand Formation, Barton 
Group, Barton, Hampshire.
Original diagnosis (Keen 19726, p. 291): A subspecies of C. costellata characterized by a smooth area at the anterior; 
pits are present between the longitudinal ridges.
Range: Upper Lutetian-Bartonian.
Remarks: Interpreted as a descendent of C. costellata costellata.

Plate 2

1. Cytheretta forticosta Keen, 19726
Figured specimen: Io 3871, holotype, female LV, 790 pm long, x 57. Fisher Bed XVII, Selsey Formation, Brackle
sham Group, Whitecliff Bay, Isle of Wight.
Diagnosis: Oblique LV shape inclined antero-ventrally to postero-dorsally with strong diagonal swelling across valve 
in same orientation; surface otherwise smooth except for postero-ventral ribs; RV relatively more elongate.
Range: Upper Lutetian.
Remarks: Carapace massive. Keen (19726, p. 304) relates/orticoVa to his ‘superspecies C. laticosta’ (see later) and 
the two forms are clearly closely related. Keen (1978, but not 19726) cites ‘three strong longitudinal ridges’ as diag
nostic features but these appear to include the dorsal margin.

2. Cytheretta laticosta (Reuss, 1850)
Figured specimen: Io 3865, female LV, 770 pm long, x58. Upper Barton Clay Formation, Barton Group, Barton, 
Hampshire.
Diagnosis: Oblique LV shape inclined antero-ventrally to postero-dorsally with three ridges of which the strongest 
runs lengthways across the valve, weak punctation present and ventral ribs; RV relatively more elongate.
Range: Upper Lutetian-Bartonian.
Remarks: Described originally from Barton by Reuss (1850, p. 87, plate 11, fig. 13), the original drawing shows three 
ridges and two depressions and it seems likely that it represents the form figured here. C. laticosta is clearly closely 
related io forticosta and to porosacosta. Present in the ‘Ludian’ of the Paris Basin (Keen 1968; Guernet pers. comm.).

3. Cytheretta porosacosta Keen, 19726
Figured specimen: Io 3881, paratype, female RV, 730 pm long, x61.5. (‘Milford Marine Band’), Colwell Bay 
Member, Headon Hill Formation, Solent Group, Milford, Hampshire.
Diagnosis: LV anterior margin more symmetrically rounded than laticosta and forticosta', three longitudinal ridges; 
valve surface punctate.
Range: Priabonian.
Remarks: Youngest member of theforticosta-laticosta-porosacosta lineage.

4. 5. Cytheretta gracilicosta (Reuss, 1855)
Figured specimens: 4, OS 16249, car., It. lat., 590 pm long, x 76; 5, OS 16250, car., rt. lat., 560 pm long, x 80. Barton 
Clay Formation, Barton Group, Huntingbridge, Hampshire (ex-OS 16012, Curry Collection).
Diagnosis: Small species with three longitudinal ridges and strong secondary reticulation.
Range: Upper Lutetian-Bartonian.
Remarks: Our specimens are similar but not identical to material figured as C. gracilicosta (Reuss) by Keij (1957, 
plate 10, fig. 5 -  drawing) from Barton, and the same is the case for material figured by Triebel (1952, plate 5, 
fig. 36 and figs 37-39) from the Mainz Basin. The question of identity with the original species of Reuss is open.

(continued on p. 396)
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6. Cytheretta multicostata londinensis Keen, 1978
Figured specimen: OS 16251, female LV, 900 pm long, x49. (‘London Clay Basement Bed’), Swanscombe 
Member, Harwich Formation, Thames Group, Ruislip Manor, Middlesex (ex-OS 16057, Curry Collection). 
Diagnosis: Large subspecies of C. multicostata Apostolescu, 1956 with 13 longitudinal ribs and strong 
secondary reticulation.
Range: Ypresian.
Remarks: Distinguished from Apostolescu’s material by reticulation between ridges (Keen 1978, p. 412). 6, differs 
from Keen’s figures in having a slightly more strongly developed primary ornament.

7. Cytheretta posticalis parisiensis Keen, 1972b
Figured specimen: OS 7684, male LV, 1020 pm long, x45. Oyster Bed, Cranmore Member, Bouldnor Formation, 
Solent Group, Bouldnor, Isle of Wight.
Diagnosis: Subspecies of C. posticalis Triebel, 1952 with weak surface ornament of rows of punctae 
variably developed.
Range: ?Lower Rupelian.
Remarks: Triebel’s material (Rupelian, Mainz Basin) has weak ribbing in the postero-ventral area. The circular hole 
represents gastropod predation.

8. 9. Cytheretta scrobiculoplicata (Jones, 1857)
Figured specimens: 8, OS 7644, female LV, 830 pm long, x 54; 9, OS 7645, female RV, 830 pm long, x 54. Craig- 
weil Bed, London Clay Formation, Thames Group, Bognor Regis, Sussex.
Diagnosis: Surface covered with strong, even reticulation with prominent ridge running from mid valve area 
to posterior.
Range: Middle Ypresian.
Remarks: Widely distributed in southern England and characteristic of London Clay Formation units B1 - C 1 (King 
1981 and unpublished).

10, 11. Cytheretta venablesi Keen, 1978
Figured specimens: 10, OS 7636, holotype, female LV, 840 pm long, x53.5; 11, OS 7635, paratype, female RV, 
840 pm long, x53.5. Starfish Bed, London Clay Formation, Thames Group, Bognor Regis, Sussex.
Original diagnosis (Keen 1978, p. 412): Tapered towards posterior, surface with a prominent median ridge, but with 
several other weaker longitudinal ridges, surface weakly reticulate, anterior part smooth.
Range: Lower Ypresian.
Remarks: Very short range form characteristic of London Clay Formation unit A3 (Ellison et al. 2004, p. 49; King 
unpublished).

12. Cytheretta carita Keen, 1972ft
Figured specimen: OS 16252, female LV, 930 pm long, x48. Nummulite Bed, Selsey Formation, Bracklesham 
Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Diagnosis: Anterior margin obliquely rounded and orientated ventrally, posterior margin broadly rounded; surface 
smooth with depressions around posterior margin.
Range: Upper Lutetian.
Remarks: Differs from C. rhenana Triebel, 1952 (Rupelian, Mainz Basin) and C. headonensis Haskins, 1968 (Rupe
lian, Hampshire ‘basin’) in outline and posterior ‘ornamentation’. Also occurs in the ‘Auversian’ of the Paris Basin 
(Guernet pers. comm.).

13, 14. Hazelina aranea (Jones & Sherborn, 1889)
Figured specimens: 13,1 1898, lectotype, male car., It. lat., 740 pm long, x62; 14, Io 1493, male RV, 640 pm long, 
x 70.13, London Clay Formation, Thames Group, Piccadilly, London (Jones Collection). 14, London Clay Formation, 
Thames Group, Borehole 42, 21.90 m, of Gok?en (1971), Newbury, Berkshire.
Diagnosis (Keen 1978, p. 420): Posterior margin of both valves truncate, well developed and even reticulation over 
entire surface.
Range: Ypresian.
Remarks: Occurs in London Clay Formation units B2-C1 (King unpublished).

15. Cytheretta cf. rhenana rhenana Triebel, 1952
Figured specimen: OS 16253, male car., rt. lat., 800 pm long, x56. Colwell Bay Member, Headon Hill Formation, 
Solent Group, Whitecliff Bay, Isle of Wight (ex-sample 1498, Murray & Wright Collection), Priabonian.
Range: Priabonian.
Remarks: Figured specimen close to C. rhenana rhenana in outline, lack of surface ornament and size but ventral 
margin lacks the flexure present in the type material from the Rupelian of the Mainz Basin. L/H ratio 1.82 
indicates male.
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1, 2. Oertliella aculeata (Bosquet, 1852)
Figured specimens: 1, OS 16254, female LV, 740 pm long, x61; 2, OS 16255, maleRV, 810 pm long, x 57. Barton Clay 
Formation, Barton Group, Huntingbridge, Hampshire (ex-OS 16012, Curry Collection).
Diagnosis (Keen 1978, p. 418): Medium-sized carapace, strongly ornamented with spines on surface with reticulation 
between them.
Range: Eocene (Britain).
Remarks: Keen (1978, 418, Table 4) gives the range as ‘Paleogene’ with a composite record of Paleocene outside 
Britain and Eocene within. King (unpublished) records the species in the London Clay Formation (Ypresian); the 
specimens figured here are Bartonian.

3. Hammatocythere hebertiana (Bosquet, 1852)
Figured specimen: Io 3772, female LV, 730 pm long, x 60. Cranmore Member, Bouldnor Formation, Solent Group, 
Bouldnor, Isle of Wight.
Diagnosis (after Keen 1972a, p. 302): Species of Hammatocythere with two additional ribs in antero-median area, 
irregular secondary ornamentation between ribs.
Range: Rupelian.
Remarks: Keen’s (1978) figures (plate 10, figs 11, 14; reproduced from 1972a, plate 53, figs 1-4) are described as 
female but are clearly male when compared with the female illustrated here (= Keen 1972a, plate 53, fig. 6).

4, 5. Acanthocythereis spiniferrima (Jones & Sherborn, 1889)
Figured specimens: 4, I 1902, lectotype, RV, 940 pm long, x47; 5, OS 7630, car., rt. lat., 820 pm long, x55. 4, 
London Clay Formation, Thames Group, Piccadilly, London (Jones Collection). 5, Fish Tooth Bed, London Clay 
Formation, Thames Group, Bognor Regis, Surrey.
Diagnosis (Keen 1978, p. 418): Small, surface with numerous small spines with fine reticulation between them. Four 
prominent spines along dorsal margin.
Range: Ypresian.
Remarks: The lectotype (4) has small secondary spines rather than a fine secondary reticulation mentioned in the 
diagnosis and seen in 5 (= Keen 1978, plate 10, fig. 8). Occurs in London Clay Formation units A3-D (King 
unpublished). Present in Ypresian of Paris Basin (Guernet pers. comm.).

6, 9. Pterygocythereis laminosa Haskins, 1968c
Figured specimens: 6, OS 7647, RV, 800 pm long, x 56; 9, OS 7666, LV, 860 pm long, x 52. Craigweil Bed, London 
Clay Formation, Thames Group, Bognor Regis, Sussex.
Diagnosis (after Haskins 1968c, p. 164): Wing edge broken up into eight spines; spines on the lateral surface vary 
from simple bladed spines to small, simple tubercles.
Range: Ypresian.
Remarks: Distinguished by the clear division of the ventral wing into separate spines.

7, 8. Echinocythereis reticulatissima Eagar, 1965
Figured specimens: 7, lo 2804, paratype, car., It. lat., 960 pm long, x47; 8, Io 2803, holotype, RV, 900 pm long, 
x 50. London Clay Formation, Thames Group, Arborfield, Berkshire.
Diagnosis (after Eagar 1965, p. 24): Surface covered with a semiconcentric reticulation, the crests bearing 
small spines.
Range: Ypresian.
Remarks: Characteristic form for upper part of London Clay Formation, units D and E (King 1981; Ellison et al. 
2004). Present in the Ypresian of the Paris Basin (Guernet pers. comm.).

10-12. Pterygocythereis cornuta (Roemer, 1838)
Figured specimens: 10, I 6437, male LV, 770 pm long, x59; 11, OS 16256, male LV, 790 pm long, x57; 12, OS 
16257, male RV, 820 pm long, x56. 10, Colwell Bay Member, Headon Hill Formation, Solent Group, Colwell Bay, 
Isle of Wight (Jones Collection). 11, 12, Barton Clay Formation, Barton Group, Huntingbridge, Hampshire (ex-OS 
16012, Curry Collection).
Diagnosis: Dorsal and ventral margins parallel in lateral view; surface smooth, strong postero-ventral spine at alar 
termination, ridge or ridges on dorsal margin.
Range: ‘Eocene’.
Remarks: Variants of P. cornuta range from the Ypresian to at least the Bartonian. 10, shows a LV with a short curved 
postero-dorsal ridge and hints of fine ribs below. 12, a RV, has the same ridge, but no fine ribs, and two spines at the alar 
termination. By contrast, 11, a LV from the same sample as 12, has two alar spines but bears several blade-like ridges 
along the dorsal margin. This taxon is in need of revision.
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13, 14. Forbescythere bosquetiana (Jones & Sherborn, 1887)
Figured specimens: 13, OS 16258, female LV, 870 pan long, x52; 14, OS 16259, male RV, 1050 pm long, x43. 
Nummulite Bed, Selsey Formation, Bracklesham Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection). 
Diagnosis: Longitudinal ribbing pattern characteristic of Forbescythere visible, but secondary transverse ribs are of 
equal strength and give a reticulate ornamental pattern.
Range: Lutetian.
Remarks: Descendant F. forbesi (Jones & Sherborn, 1887) has more clearly defined primary longitudinal ribs and 
weak transverse secondary ribs (Keen 1976, figs 1-3; see below).

15. Forbescythere forbesi (Jones & Sherborn, 1887)
Figured specimen: OS 16260, male car. rt. lat., 990 pm long, x45.5. Colwell Bay Member, Headon Hill Formation, 
Solent Group, Headon Hill, Isle of Wight (ex-sample 1373, Murray & Wright Collection).
Diagnosis (Keen 1978, p. 418): Several longitudinal ridges slightly stronger than the reticulation which covers the surface. 
Range: Priabonian.
Remarks: Present in ‘Ludian’ of Paris Basin (Guernet pers. comm.).

Plate 4

1. Schuleridea (Aequacytheridea) perforata peiforata (Roemer, 1838)
Figured specimen: OS 16261, male LV, 800 pm long, x56. Nummulite Bed, Selsey Formation, Bracklesham Group, 
Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Diagnosis (after Keen 1978, p. 410): Triangular, tapered posterior lacking postero-dorsal angle, ventral margin 
convex; surface coarsely punctate.
Range: Lutetian-Bartonian.
Remarks: Descendent of S.(A). perforata insignis.

2, 3. Schuleridea (Aequacytheridea) perforata insignis (Jones, 1857)
Figured specimens: 2, OS 7668, female LV, 870 pm long, x52; 3, OS 7667, female RV, 830 pm long, x54. 
Craigweil Bed, London Clay Formation, Thames Group, Bognor Regis, Sussex.
Diagnosis (after Keen 1978, p. 410): Curved postero-dorsal angle, tapered posterior, convex ventral margin; surface 
covered with numerous moderate-size punctae.
Range: ‘Sparnacian’-Ypresian.
Remarks: Present throughout London Clay Formation (King unpublished). Keen (1978, p. 410) notes similarity with 
Aequacytheridea maculata Apostolescu 1956 from the Lower Eocene of the Paris Basin.

4, 5. Schuleridea (Aequacytheridea) perforata headonensis Keen, 1977
Figured specimens: 4, Io 6756, holotype, female LV, 810 pm long, x55.5; 5, Io 6757, female RV, 720 pm long, 
x 64. Oyster Bed, Colwell Bay Member, Headon Hill Formation, Solent Group, Colwell Bay, Isle of Wight. 
Diagnosis (after Keen 1978, 410): Elongate, prominent postero-dorsal angle, blunt posterior, straight to concave 
ventral margin; surface smooth with fine punctae.
Range: Priabonian.
Remarks: Keen (1977b, p. 439, 1978, p. 410) notes differences in female L/H ratio: perforata perforata 1.47, peifor
ata insignis 1.54, perforata headonensis 1.56; however, this is not a stratigraphic (= evolutionary) sequence.

6. Clithrocytheridea faboides (Bosquet, 1852)
Figured specimen: Io 1464, female RV, 540 pm, x 83. London Clay Formation, Thames Group, material of Gokgen 
(1971), Newbury, Berkshire.
Diagnosis (after Keen 1978, p. 406): LV subquadratc, RV more tapered posteriorly, anterior margin obliquely 
rounded, ventral margin concave; surface covered with large punetae arranged in concentric rows.
Range: Yprcsian-Lutetian.
Remarks: Keen’s (1978, plate 4, fig. 17) LV is Bartonian from the Paris Basin and Keij (1957, p. 65) figures material 
from the Lutetian of Belgium.

7, 8. Haplocytheridea debilis (Jones, 1857)
Figured specimens: 7, Io 5940, female LV, 580 pm long, x 77.5; 8, Io 5942, female RV, 540 pm long, x 83. Colwell Bay 
Member, Headon Hill Formation, Solent Group. 7, from Colwell Bay, Isle of Wight; 8, from Whitecliff Bay, Isle of Wight. 
Diagnosis (Keen 1978, p. 410): Small, subtriangular, greatest height in anterior half, ornament of small pits all of 
similar size, two slightly curved depressions run from mid dorsal area at right angles to dorsal margin.
Range: Bartonian-Priabonian.

(continued on p. 400)
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9. Cushmanidea haskinsi Keen, 1977/;
Figured specimen: OS 16262, ?female RV, 570 pm long, x79. Barton Clay Formation, Barton Group, Hunting- 
bridge, Hampshire (ex-OS 16012, Curry Collection).
Original diagnosis (Keen 1977/), p. 439): Elongate carapace, eight-nine faint ridges parallel to anterior margin, large 
anterior and narrow posterior vestibules, radial pore canals simple.
Range: ?Bartonian-Priabonian.
Remarks: 9, is intermediate between C. haskinsi and the lectotype of C. lithodomoides (Bosquet, 1852) drawn by Keij 
(1957, plate VII, fig. 1) in terms of number and strength of the anterior ribs.

10, 11. Cytheridea newburyensis Gdkgen, 1971
Figured specimens: 10, Io 1477, paratype, female LV, 760 pm long, x59; 11, Io 1476, female RV, 770 pm long, x58, 
London Clay Formation, Thames Group, Borehole 1, 760.30 m (Gok^en 1971), Newbury, Berkshire.
Diagnosis (Keen 1978, p. 404): Carapace trapezoidal, elongate, ventral margin slightly convex in LV and straight in 
RV, seven-eight anterior and two-three posterior spines.
Range: Ypresian.
Remarks: Occurs throughout London Clay Formation (King unpublished).

12. Cytheridea rigida rigida Haskins, 1969
Figured specimen: (PMHULL)HU.14.T.8-3135, paratype, female RV, 700 pm long, x63. Fisher Bed XVII, Selsey 
Formation, Bracklesham Group, Whitecliff Bay, Isle of Wight.
Original diagnosis (Haskins 1969, p. 151): Carapace subtriangular and moderately large. Surface covered with fine 
punctation; three swollen ridges run parallel to the anterior margin and a swollen node occurs in the 
postero-ventral region.
Range: Upper Lutetian.

13, 14. Cytheridea intermedia (Reuss, 1850)
Figured specimens: 13, OS 16263, female LV, 760 pm long, x58; 14, OS 16264, ?female RV, 730 pm long, x63. 
Barton Clay Formation, Barton Group, Huntingbridge, Hampshire (ex-OS 16012, Curry Collection).
Diagnosis (Keen 1978, p. 404): Elongate, concave ventral margin, especially in RV; four ridges run parallel to 
anterior margin, 8-10 anterior spines.
Range: Bartonian.

15. Schizocythere batjesi Keij, 1957
Figured specimen: Io 2779, LV, 440 pm long, x 101. London Clay Formation, Thames Group, Arborfield, Berkshire 
(Eagar Collection; 1965, table 1).
Diagnosis (Keen 1978, p. 422): Coarsely reticulate with longitudinal elements tending to be dominent.
Range: Ypresian-Bartonian.
Remarks: Very similar to Keen’s specimens (1978, plate 12, figs 4 and 6) from the Bartonian, but differs in 
detail, especially ventrally, from Keij’s drawings (1957, plate 20, figs 16-18) of the types from the Belgian Lutetian 
(‘Bartonian’ of Keij).

Plate 5

1-3 . Eocytheropteron sherborni Bowen, 1953
Figured specimens: 1, In 46262, paratype, female LV, 730 pm long, x 61.5; 2, OS 16265, female car.. It. lat., 660 pm 
long, x 68; 3, OS 16266, male car.. It. lat., 740 pm long, x 61. 1, London Clay Formation, Thames Group, (Holotype 
from Borehole 34, 32.75 ft depth), Enborne Valley, Newbury, Berkshire. 2, 3; London Clay Formation, Thames 
Group, Nursling, Hampshire (ex-OS16014, Curry Collection).
Diagnosis (Keen 1978, p. 420): Three ridges along ventral swelling, absence of vertical median sulcus.
Range: Ypresian.
Remarks: Present throughout London Clay Formation (King unpublished).

4. Paracytheridea grignonensis Keij, 1957
Figured specimen: OS 16267, LV, 580 pm long, x 77.5. Nummulite Bed, Selsey Formation, Bracklesham Group, 
Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Diagnosis (Keij 1957, p. 161): Postero-ventral spine long, sharp and directed backward; postero-dorsal swelling with 
two transverse ridges; eye tubercle and postero-ventral spine connected by a strongly curved, low ridge.
Range: Lutetian.

(continued on p. 402)
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5. Paracytheridea oertlii Haskins, 1970
Figured specimen: OS 16268, ?female LV, 510 pm long, x87. Nummulite Bed, Selsey Formation, Bracklesham 
Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection),
Diagnosis (from Haskins 1970, p. 19): Pronounced ventral wing with upwardly directed posterior spine, subsidiary 
wing between ventral wing and posterior caudal process; curved vertical anterior ridge, with transverse ridge and 
minor ribs running from this to inflated postero-dorsal area.
Range: Lutetian.

6. Semicytherura cf. forestensis Keij, 1957
Figured specimen: OS 16269, RV, 530 pm long, x85. (‘London Clay Basement Bed’), Swanscombe Member, 
Harwich Formation, Thames Group, Ruislip Manor, Middlesex (ex-OS 16057, Curry Collection).
Range: Ypresian.
Remarks: Keij (1957, p. 146) gives a range of upper Ypresian-Lutetian in Belgium; ornament in Keij ’ s drawing fades 
towards anterior and posterior margins. There is some resemblance to living S. nigrescens (Baird, 1838) to which this 
species may be ancestral.

7. Leguminocythereis striatopunctata (Roemer, 1838)
Figured specimen: I 6455, ?female LV, 1000 pm long, x45. Barton Clay Formation, Barton Group, Barton, Hamp
shire (Jones Collection).
Diagnosis (Keen 1978, p. 416): Ovoid with strong ventral swelling, strongly convex dorsal and ventral margins; five 
strong concentric ridges prominent at anterior but running around entire valve, surface reticulate.
Range: ?Lutetian-Bartonian.
Remarks: Previous records confused. 7, almost identical to figure from Belgian Bartonian (Keij 1957, plate 12, 
fig. 18). Occurs frequently in Lutetian of Paris Basin, also ‘Auversian’ (Guernet pers. com.).

8. Leguminocythereis cf. bicostata Haskins, 1970
Figured specimen: OS 16270, male car., rt. lat., 1060 pm long, x42.5. Colwell Bay Member, HeadonHill Formation, 
Solent Group, Headon Hill, Isle of Wight (ex-sample 1374, Murray & Wright Collection).
Range: Uncertain, specimen Priabonian.
Remarks: Morphologically very similar to Ypresian L. bicostata.

9. Eopaijenborchella cf. lomata (Triebel, 1949)
Figured specimen: Io 2780, male car., rt. lat., 470 pm long, x 115. London Clay Formation, Thames Group, 
Arborfield, Berkshire (Eagar 1965, 24 -  sample 162).
Range: Ypresian-lower Lutetian.
Remarks: The original diagnosis of Triebel (1949, p. 198 [translated]) reads ‘A species of the genus ‘Paijenborchella’ 
with the following features: Dorsal margin curved up in the area of the eyes, behind that area weakly indented [sulcus]. 
Posterior end of ventral margin extended into a triangular point. Flanges completely dissolved into marginal denticula- 
tions. Surface of carapace punctate’. Our material differs from Triebel’s figures (Upper Eocene, The Netherlands) in 
being more coarsely reticulate, having a stronger median ridge, and horizontal caudal process.

10. Monsmirabilia triebeli Keij, 1957
Figured specimen: OS 7637, female LV, 490 pm long, x92. Fish Tooth Bed, Division B, London Clay Formation, 
Thames Group, Bognor Regis, Sussex.
Diagnosis: Rounded outline, shallow furrow behind eye tubercle, anterior and postero-ventral marginal rims present; 
surface finely punctate.
Range: Ypresian-Bartonian.

11. Ruggieria semireticulata Haskins, 1971
Figured specimen: Io 6780, female LV, 860 pm long, x52. Colwell Bay Member, Headon Hill Formation, Solent 
Group, Whitecliff Bay, Isle of Wight.
Diagnosis (after Haskins 1971a, p. 220): Large, subrectangular carapace with faint reticulation fading anteriorly 
where the surface is smooth.
Range: Bartonian-Priabonian.
Remarks: Our material has reduced ornament compared with figures of Haskins (1971, plate 3, figs 28-37) and Keen 
(1978, plate 12, fig. 5).

12. ‘Brachycythere’’ cf. triangularis (Reuss, 1855)
Figured specimen: OS 7673, RV, 1000 pm long, x44. Division D, London Clay Formation, Thames Group, 
Sheppey, Kent (Davies Collection).
Range: Ypresian.

(continued on p. 404)
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Remarks: Brachycythere sensu stricto is probably restricted to the Cretaceous. Tertiary forms assigned to the genus 
require revision both in terms of generic and specific affiliations.

13. Krithe londinensis Jones & Sherborn, 1887
Figured specimen: 1 1899, A-l car., It. lat., 620 pm long, x72.5. Division B/C, London Clay Formation, Thames 
Group, Piccadilly, London (Jones Collection).
Diagnosis (after Keen 1978, p. 408): Dorsal margin convex, highest point LV behind mid-length, posterior margin 
rounded but appears truncated.
Range: Ypresian.
Remarks: Distinctive angled postero-ventral margin.

14, 15. Thracella bartonensis (Jones, 1857)
Figured specimens: 14, OS 16271, male LV, 660 pm long, x68; 15,1 6399, female RV, 620 pm long, x71.5. 14, 
Barton Clay Formation, Barton Group, Fiuntingbridge, Hampshire. 15, Barton Clay Formation, Highcliffe, Hampshire 
(Edwards Collection).
Diagnosis (Keen 1978, p. 408): Straight dorsal margin mostly parallel with ventral margin, highest point difficult to 
locate, female L/H ratio about 2.02.
Range: Lutetian-Bartonian.
Remarks: 14, relatively high posteriorly but L/H ratio correct. Krithe bartonensis in literature.

Plate 6

1-3 . Loxoconcha sulcata Haskins, 1971
Figured specimens: 1, OS 16272, ?male car., It. lat., 470 pm long, x95.5; 2, OS 16273, female LV, 500 pm long, 
x88; 3, OS 16274, female RV, 470pm long, x93.5. (‘London Clay Basement Bed’), Swanscombe Member, 
Harwich Formation, Thames Group, Ruislip Manor, Middlesex (ex-OS 16057, Curry Collection).
Diagnosis (after Haskins 1971a, p. 210): Subrectangular carapace with dorsal and ventral margins almost parallel; 
surface coarsely reticulate becoming finer towards anterior and posterior margins; broad shallow vertical 
sulcus present.
Range: Ypresian.
Remarks: A number of Loxoconcha species occur in the London Clay.

4, 5. ‘’Cytheromorpha' sp. 1
Figured specimens: 4, OS 16275, LV, 770 pm long, x58.5; 5, OS 16276, car., rt. lat., 770 pm long, x58.5. (‘London 
Clay Basement Bed’), Swanscombe Member, Harwich Formation, Thames Group, Ruislip Manor, Middlesex (ex-OS 
16057, Curry Collection).
Range: ?Ypresian.
Remarks: External morphology closely resembles Cytheromorpha macchesneyi (Brady & Crosskey, 1871), a species 
now assigned to Roundstonia (see Brouwers et al. 2000, pp. 136-137).

6. Neocyprideis colwellensis (Jones, 1857)
Figured specimen: OS 16277, male car., rt. lat., 900 pm long, x47.5. Colwell Bay Member, Headon Hill Formation, 
Solent Group, Headon Hill, Isle of Wight (ex-sample 1374, Murray & Wright Collection).
Diagnosis (after Keen 19776, p. 436, 1978, p. 408): Valves of similar size, males and females similar L/H ratios; 
dorsal sulcus; approximately 20 anterior marginal pore canals.
Range: Priabonian.
Remarks: Punctate male form figured, punctate and smooth forms occur. Females very inflated posteriorly. Forms 
with up to 10 phenotypic nodes occur, which Keen (19776, p. 414) interprets by comparison with extant Cyprideis 
torosa’, characterizes his Assemblage IV (9- 16.594).

7. Xestoleberis sp. 1
Figured specimen: OS 16278, car., It. lat., 450 pm long, x98. Nummulite Bed, Selsey Formation, Bracklesham 
Group, Studley Wood, Hampshire (ex-OS 16049, Curry Collection).
Range: Unknown, specimen Lutetian.
Remarks: Distinctive anterior marginal flange.

8-12 . Hemicyprideis montosa (Jones & Sherborn, 1889)
Figured specimens: 8, OS 16279, smooth female car., rt. lat., 800 pm long, x55; 9, OS 16280, noded female car., rt. lat., 
810 pm long, x 54; 10, OS 16281, smooth female car., rt. lat., 810 pm long, x 54; 11, OS 16282, smooth male car., rt. lat.,

(continued on p. 406)
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940 |jun long, x47; 12, OS 16283, noded female car., rt. lat., 790 (cm long, x55.5. Bembridge Marls Member, Bouldnor 
Formation, Solent Group, Hamstead Cliff, Isle of Wight (Murray and Wright Collection), 8, 9, ex-sample 2061; 10, 11, 
ex-sample 2065; 12, ex-sample 2063).
Diagnosis (Keen 1972a, p. 292): Species of Hemicyprideis in which RV has ‘humped’ dorsal margin. RV with 18 
anterior, 4 posterior spines; LV with 6 anterior spines.
Range: Priabonian-Rupelian.
Remarks: Up to nine phenotypic nodes may occur. Discussed in detail by Keen (1972a, pp. 291-295), noding discussed 
only by comparison with C. torosa\ nodose morph cited in assemblages 3 and 4 (c. 3 - 16.5%o).

13-15. Paracyprideis similis Triebel, 1941
Figured specimens: 13, OS 7628, female LV, 630 pm long, x70; 14, OS 7627, female LV int., 610 pm long, x73; 
15, OS 7629, female RV, 650pm long, x68. Cyprina Bed, Division A3, London Clay Formation, Thames Group, 
Bognor Regis, Sussex.
Diagnosis (after Keen 1978, p. 408): Small species, highest point prominent and towards anterior, LV dorsal margin 
inclined steeeply to prominent posterior cardinal angle, RV dorsal outline more rounded; surface punctate.
Range: Ypresian.
Remarks: Described by Triebel from Paleocene of Denmark.

Plate 7

1, 2. Virgatocypris edwardsi Keen, 19776
Figured specimens: 1, Io 6740, holotype, LV, 1130 pm long, x40; 2, lo 6741, RV, 1160 pm long, x39. 
1, Totland Bay Member; and 2, Hatherwood Limestone Member, Headon Hill Formation, Solent Group, Headon 
Hill, Isle of Wight.
Diagnosis (after Keen 19776, p. 429): Outline rounded triangular, dorsal margin with prominent, pointed highest 
point, and ventral margin convex.
Range: Priabonian.
Remarks: Distinctive shape and ornament of fine anastomosing ribs. A freshwater ‘zonal’ marker of Keen (1977a, 
1978).

3. Cypridopsis hessani hantonensis Keen, 19776
Figured specimen: Io 6736, holotype, female LV, 450 pm long, x 100. Hatherwood Limestone Member, Headon Hill 
Formation, Solent Group, Headon Hill, Isle of Wight.
Diagnosis (Keen 19776, p. 429): Small, elongate, small denticles along anterior margin of RV.
Range: Priabonian.
Remarks: Occurs in Keen’s (19776) Assemblage I (0-3%o).

4. Moenocypris sherborni Keen, 1972a
Figured specimen: Io 3678, female LV, 1140 pm long, x39.5. Unio Bed, Totland Bay Member, Headon Hill 
Formation, Solent Group, Paddy’s Gap, Milford, Hampshire.
Diagnosis (Keen 1972a, p. 279): Species of Moenocypris in which posterior part of dorsal margin is almost straight. 
Ventral duplicature with large vestibular areas and numerous radial pore canals.
Range: Priabonian.
Remarks: Characteristic form of Keen’s (19776) Assemblage II (0-3%o).

5. Candona cliffendensis Keen, 1977b
Figured specimen: Io 6744, holotype, RV, 820 pm long, x56. Cliff End Member, Headon Hill Formation, Solent 
Group, Cliff End, Colwell Bay, Isle of Wight.
Diagnosis (Keen 19776, p. 432; 1978, p. 402): Elongate, with smooth larval stages; L/H 2.00.
Range: Priabonian.
Remarks: Occurs in Keen’s (19776) Assemblage I (0-3%c).

6. Candona daleyi Keen, 19776
Figured specimen: Io 6747, holotype, RV, 870 pm long, x 52. Totland Bay Member, Headon Hill Formation, Solent 
Group, Headon Hill, Isle of Wight.
Diagnosis (Keen 19776, p. 432): Highest point near posterior; distinct antero-dorsal notch seen in lateral view; L/H 
1.58; larval stages punctate.
Range: Priabonian.

(continued on p. 408)
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Remarks: Occurs commonly in Keen’s (19776) Assemblage I (0-3%o). The narrow anterior and posterior marginal 
rims are similar to those of living forms of Pseudocandona, e.g. P. rostrata (Brady & Norman, 1889), and this taxon 
may represent modern contamination. This seems unlikely as there is no freshwater source close to the section, in 
which case this represents one of the earliest records of the genus.

7. Ilyocypris boehli Triebel, 1941
Figured specimen: Io3691, RV, 820 pm long, x55. Hamstead Member, Bouldnor Formation, Solent Group, Bould- 
nor, Isle of Wight.
Diagnosis (Triebel 1941, p. 381 [translated]): A species of Ilyocypris with the following distinguishing marks: each 
valve has two vertical sulci starting at the dorsal margin with a conical extension in between.
Range: Rupelian.
Remarks: Occurs in Keen’s (1972a) assemblages 1 and 2 (0-3%o). There is a striking similarity between I. boehli and 
living I. bradyi Sars, 1890, and there is a possibility that the fossil records are modern freshwater contamination; 
however, the species has the same range in the Mainz, Paris and Hampshire basins.

8. Ilyocypris cranmorensis Keen, 1972a
Figured specimen: Io 3695, RV, 730 pm long, x61.5. Hamstead Member, Bouldnor Formation, Solent Group, 
Bouldnor, Isle of Wight.
Diagnosis (Keen 1972a, p. 285): Species of Ilyocypris with weak dorsal depressions; narrow vestibule, long radial 
pore canals; tapered towards posterior.
Range: Rupelian.
Remarks: Occurs in Keen’s (1972a) assemblages 1 and 2 (0-3%o).

9. Cladarocythere apostolescui (Margerie, 1961)
Figured specimen: Io 3709, female RV, 580 pm long, x77.5. Bembridge Limestone Formation, Solent Group, 
Bouldnor, Isle of Wight.
Diagnosis (Keen 1978, p. 406): Female LV with almost straight dorsal margin, L/H ratio of 1.96, posterior margin of 
male asymmetrically rounded.
Range: Priabonian.
Remarks: Characteristic of Keen’s (1972a) assemblage 3 (3-9%o), and Keen’s (19776) assemblage IV (9- 16.5%c).

10. Eucypris sp. Keen, 1972a
Figured specimen: Io 3673, LV, 890 pm long, x50.5. Hamstead Member, Bouldnor Formation, Solent Group, 
Bouldnor, Isle of Wight.
Range: unknown, specimen Rupelian.
Remarks: Appears closely related to E. amygdala (Dollfus, 1877) as figured by Keen (1972a, plate 48, figs 8 and 10).

11. Loxoconcha nystiana (Bosquet, 1852)
Figured specimen: Io 3788, female RV, 600 pm long, x 75. Cranmore Member, Bouldnor Formation, Solent Group, 
Bouldnor, Isle of Wight.
Diagnosis (Keij 1957, p. 142): Dorsal margin long and straight; females dorsally smooth or indistinctly reticulate; part 
of the reticulation arranged in five or six concentric rows, parallel to the anterior and posterior margins.
Range: Rupelian.
Remarks: A particularly smooth specimen figured. Keen (1972a, p.317) relates strength of ornamentation to salinity 
with more reticulate forms occurring in near fully marine conditions.

12. Cytheromorpha zinndorfi (Lienenklaus, 1905)
Figured specimen: Io 3790, male RV, 470 pm long, x 95.5. Cranmore Member, Bouldnor Formation, Solent Group, 
Bouldnor, Isle of Wight.
Diagnosis (Keen 1978, p. 408): Surface reticulate with a short irregular median ridge and longer ventral ridge. 
Range: Rupelian.
Remarks: Widely distributed in western Europe and ?Turkey.

13. Quadracythere keeni Slipper, 1988
Figured specimen: OS 13045, paratype, male car., It. lat., 580 pm long, x 76.5. Bembridge Marls Member, Bouldnor 
Formation, Solent Group, Whitecliff Bay, Isle of Wight.
Diagnosis (after Slipper 1988, p. 41): Species of Quadracythere with ornament of irregular fossae and tuberculate 
muri surrounding the main anterocentral tubercle. Ventral margin strongly sinuous in LV, weakly so in RV. Promi
nent, curved ventrolateral carina partly overhanging ventral margin, curving strongly upwards posteriorly. Dorsolat
eral muri coalesce posterodorsally in an angular projection.
Range: Priabonian.
Remarks: Keen’s (1978, plate 11, fig. 17) Q. nodosa Haskins, 1971 belongs in Q. keeni.
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14, 15. Cytheridea pernota Oertli & Keij, 1955
Figured specimens: 14, Io 3711, male RV int., 740 pm long, x63.5; 15, Io 3712, female RV, 750 pm long, x60. 
Bouldnor Formation, Solent Group, Bouldnor, Isle of Wight.
Diagnosis (after Keen 1978, p. 404): Trapezoidal, highest point just anterior of mid-length, ventral margin of LV 
straight and of RV slightly concave; surface coarsely punctate with cells arranged in four rows parallel to free margin. 
Range: Rupelian.
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The Neogene System of Britain and its surrounding 
continental shelf have received relatively little atten
tion. This is due, in part, to their limited geographical 
distribution, relatively complex stratigraphy and unim
portance in terms of offshore hydrocarbons (Fig. 1). 
However, during the last decade, interest has grown 
as palaeontologists and climatologists work towards 
documenting and reconstructing the warmer climate 
of the Middle Pliocene (Dowsett et al. 1992; Wood 
et al. 1993; Haywood et al. 2000, 2002), thus provid
ing new insight into the mechanisms and effects of 
global warming (Dowsett et al. 1999; Haywood & 
Valdes 2004).

Onshore Miocene deposits are poorly repre
sented, with the exception of the Lenham Beds, 
Kent, and the Trimley Sands, SE Suffolk. Wilkinson 
(1974, 1980) examined samples from the former 
site, but recovered no ostracods. Although Pliocene 
deposits are more common than Miocene in the 
British Isles, they are also of limited extent. Pliocene 
ostracods have only been described from two 
regions on the British mainland -  the diminutive 
St Erth Beds, Cornwall, and the more extensive 
crags of eastern England. ‘Crag’ was an East 
Anglian dialect term for any sand rich in shells 
(Moorlock et al. 2000). Taylor (1824) first applied 
this term in a strictly geological sense, although 
Funnell (1961) extended its use to all formations 
containing such deposits.

History of research

The renowned 19th century malacologist Searles 
V. Wood Snr is known to have collected ostracods 
from the Coralline Crag of Suffolk. Using this 
material Jones (1857) offered, with subsequent 
revisions (Jones 1870), a systematic description of 
species from the Coralline and Walton Red crags 
in a Palaeontographical Society Monograph 
entitled, A Monograph o f the Tertiary Entomostraca 
o f England. Jones & Sherborn (1887), using speci
mens collected by Prof. Clement Reid, described 
several species from the Norwich and Weybourne

crags at Bramerton, Southwold and East Runton. 
Although identified by Brady (in Reid 1882, p. 66), 
these specimens were redescribed and figured by 
Jones & Sherborn (1889) as part of a supplementary 
monograph. Brady etal. (1874),inafurtherPalaeon
tographical Society Monograph, described seven 
species from Hopton Cliff, near Great Yarmouth, 
Norfolk. The Hopton assemblage is most probably 
a Late Pliocene fauna of mixed origin.

Almost 100 years passed before Wouters (1976, 
1978, 1979) and Wilkinson (1980) re-initiated inter
est in the Pliocene ostracods of East Anglia and the 
Low Countries. Wood et al. (1993) undertook a 
palaeoenvironmental reconstruction of the East 
Anglian crags using ostracod transfer function, 
while the Walton Red Crag fauna has now been for
mally described (Horne & Allen 1995; Wood 1996). 
Nonetheless, but for a series of brief descriptions 
(Wouters 1973; Home & Whittaker 1983; Brouwers 
et al. 2000; Wood 2005) and species lists (Lord et al. 
1988; Horne & Allen 1995), our knowledge of East 
Anglian Neogene ostracods remains incomplete.

From SW England, Whatley (in Mitchell et al. 
1973) provided an introduction to the ostracod 
fauna of the St Erth Formation; Maybury (1979,
1985) then undertook a detailed investigation of this 
and contemporaneous Redonian sites in Brittany, 
NW France. Several publications describe the 
palaeontology of this uniquely diverse Late Pliocene 
ostracod fauna (Maybury 1979, 1985, 1991, 1993; 
Maybury & Whatley 1980, 1983a-c, 1986a-d , 
1987a-c , 1988a-e; Whatley & Maybury 1981, 
1983a-c, 1984, 1986a, b, 1987a-c, 1988a-c; 
Harrison et al. 2000).

Principal collections

The Natural History Museum, London

The Jones (1857) and Jones & Sherborn (1889) 
collections are housed here. The primary collections 
and type material from the St Erth Formation 
and Redonian of NW France (Maybury 1979,

From: Whittaker , J. E. & Hart , M. B. (eds) Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 411-446.
1747-602X/S15.00 {(') The Micropalaeontological Society 2009.
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Fig. 1. Regional distribution of the Crag Group (Red, Norwich and Wroxham Crag formations) and the Coralline Crag 
Formation, on- and offshore East Anglia, modified after Mathers et al. (1984) and Moorlock et al. (2000). Inset also 
shows the location of the St Erth Formation, Cornwall.

1985, 1991, 1993; Maybury & Whatley 1980, 
1983a-c, 1986a -d , 1987a -c ,  1988a-e; Whatley 
& Maybury 1981, 1983a-c, 1984, 1986a, b, 
1987a -c , 1988a-c) and the Coralline Crag

Formation (Wilkinson 1974) were relocated from 
the Institute of Earth Studies, University of Wales, 
Aberystwyth, to The Natural History Museum. 
The majority of species described in Wood (1996),
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Wood & Whatley (1997) and Harrison etal. (2000), 
and the enigmatic Irish fauna from the Knocknasil- 
loge Member, County Wexford (Horne & Ken-
1989), are deposited at The Natural History 
Museum. Specimens deposited in this institution 
and figured here have their registered numbers 
prefixed either by I or OS.

Coventry University, Geography Department

The Wood (1993) collection, which includes 
material from the Coralline Crag, Red Crag and 
Norwich Crag formations, is temporally housed in 
the Geography Department, Coventry University. 
Material from this collection, figured here, is pre
fixed by AMW.

British Geological Survey, Keyworth, 
Nottingham

Type material from the Norwich and Weyboume 
crags, originally described by Brady in Reid 
(1882), subsequently redescribed by Jones & 
Sherborn (1887) and figured in Jones & Sherborn 
(1889), are deposited in the Biostratigraphy collec
tions. Taxa described in Wilkinson (1980), Wood 
et al. (1992), Wood & Whatley (1997) and Wood 
(2005) can also be found in this collection. Material 
figured here, which is housed in this institution, has 
registered numbers prefixed by MPK.

Hancock Museum, Newcastle-upon-Tyne

Collected from near Yarmouth, and of uncertain 
Plio-Pleistocene age, the Hopton Cliff fauna 
described by Brady et al. (1874) is deposited here.

Stratigraphy

The stratigraphical relationships of British Neogene 
deposits are presented in Figure 2. The creation of a 
satisfactory regional stratigraphy has been hindered 
by the geographically isolated nature of Pliocene 
sediments and ambiguities with regards to the 
Pliocene-Pleistocene boundary. In 1948 the 18th 
International Geological Congress (IGC), meeting 
in London, decided that the Pliocene-Quaternary 
boundary should be placed ‘at the horizon of the 
first indication of climatic deterioration in the 
Italian Neogene succession’ (King & Oakley 1949). 
At the 27th IGC in Moscow (1984) three options on 
how to define and formally assign a Global-boundary 
Stratotype Section and Point (GSSP) for the base of 
the Pleistocene Epoch were presented. The Vrica 
section in southern Italy was chosen for stratotype 
definition. The GSSP for the base of the Pleistocene 
Series was defined as the base of the marine

claystones conformably overlying the sapropelic 
Marker Bed ‘e’ in the Vrica Section, Calabria, 
Italy. The boundary is located near the top of the 
Olduvai (C2n) Magnetic Polarity Subchronozone, 
with an astronomically calibrated age of 1.81 Ma 
(Aguirre & Pasini 1985; Hilgen 1991; Mauz 1998). 
In the context of the East Anglian succession, a 
1.81 Ma date would place the Pliocene-Pleistocene 
boundary between the Norwich-Wroxham Crag 
and Cromer Forest Bed formations.

The palaeontologically defined Pliocene- 
Pleistocene boundary has been traditionally equated 
with the ‘Ice Age’ and the first appearance of boreal 
taxa in the Mediterranean Sea (Forbes 1846; De 
Stefani 1876, 1891). Consequently, at the 1995 
Berlin International Union for Quaternary Research 
(INQUA) Congress, the INQUA Commission on Stra
tigraphy proposed that the Plio-Pleistocene boundary 
be moved to the Gauss-Matuyama palaeomagnetic 
transition (Partridge 1997; Pillans & Naish 2004). A 
choice of the Gauss-Matuyama reversal (c. 2.5 Ma) 
would place the Pliocene-Pleistocene boundary 
between the ‘Waltonian’ and Sizewell Member of 
the Red Crag Formation, thus maintaining the strong 
historical link with incipient northern hemisphere gla
ciation (Shackleton 1997; Bowen 1999). Neverthe
less, in 1998, this alternative was rejected on a 
formal vote by the Neogene and Quaternary subcom
missions of the International Commission on Strati
graphy (Pillans & Naish 2004).

Miocene

Although extremely rare, strata of Miocene age are 
represented onshore in southern and eastern 
England. The Lenham Beds of Kent consist of dec
alcified ferruginous sands that rest on, and fill, sol
ution pipes in the chalk escarpment of the North 
Downs (Reid 1890; Smart et al. 1966; Balson 
1999a). Similar deposits were also described at 
Beachy Head, near Eastbourne, Sussex (Abbott 
1916; Edmunds 1927; Balson 1999a). Using 
molluscan and bryozoan moulds, the Lenhamian 
assemblage (Harmer 1900a) was correlated with 
the Late Miocene Diestien Stage of northern 
France and Belgium (Reid 1890; Lagaaij 1952; 
Chatwin 1963; Rasmussen 1966; Balson 1999a).

A basal lag of gravel beneath the Coralline 
Crag and Red Crag formations contains abundant 
phosphorite pebbles reworked from the underlying 
London Clay Formation (Mathers & Smith 2002). 
In addition, there are also reworked Miocene 
macrofossils and authigenic concretions of cemented 
sand informally termed the ‘Trimley Sands’ (Balson
1990). The concretions have traditionally been 
called the ‘Suffolk box-stones’ (Boswell 1928) and 
contain a diverse fossil fauna of Late and/or Middle 
Miocene age (Balson 1990; Mathers & Smith 2002).
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Fig. 2. Lithostratigraphical and biostratigraphical correlation of the Upper Miocene and Pliocene succession of the 
southern North Sea Basin. Geochronology and geomagnetic polarity timescale after Lisiecki & Raymo (2005). Standard 
pollen stages and stages of the Netherlands (Zagwijn 1960) and Belgium are tentatively calibrated to the timescale and 
to the Cornish, East Anglian and Kent successions (Zagwijn 1974; West 1980a; Morzadec-Kerfourn 1982, 1997;
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Fig. 2. Lithostratigraphical and biostratigraphical correlation of the Upper Miocene and Pliocene succession of the 
southern North Sea Basin. Geochronology and geomagnetic polarity timescale after Lisiecki & Raymo (2005). Standard 
pollen stages and stages of the Netherlands (Zagwijn 1960) and Belgium are tentatively calibrated to the timescale and 
to the Cornish, East Anglian and Kent successions (Zagwijn 1974; West 1980«; Morzadec-Kerfourn 1982, 1997;
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Miocene strata are represented off-shore by the 
fossiliferous, olive-grey silty calcilutites and calcare- 
nites of the Jones and Cockbum formations, South 
West Approaches Basin (Evans & Hughes 1984; 
Evans 1990), and the predominantly glauconitic 
sands of the Westray-Hordaland Group, central 
North Sea Basin (Gatliff et al. 1994). Of most signifi
cance is the Utsira Formation, an approximately 
400 m-thick marine sand body with clayey-silty 
intervals, that separates the Hordaland Group and 
the Nordland Group in the northern North Sea Basin 
(Gregersen et al. 1997; Eidvin & Rundberg 2001; 
Galloway 2002). Biostratigraphical studies suggest 
that the Utsira Formation is diachronous across the 
late Middle Miocene into the earliest Late Pliocene 
and, therefore, coeval with the Sinclair Formation of 
the West Shetland Shelf (Cameron & Holmes 1999; 
Eidvin et al. 1999; Piasecki et al. 2002).

Pliocene

Although the Crag was first figured by Samuel Dale 
(1730), actually written in about 1676 (Woolf
2003), the first formal description and subsequent 
division of the East Anglian Pliocene succession 
were made by Charlesworth (1835, 1837a, b), Lyell 
(1839) and Prestwich (1849). Although much has sub
sequently been refined or discarded, Charlesworth’s 
(1835) original nomenclature endures. This scheme 
included the diminutive Coralline Crag, which rests 
uncomformably on the London Clay Formation, and 
the younger, more extensive, Red Crag that rests 
uncomformably on the Coralline Crag and earlier 
deposits. Charlesworth (1837a) then established a 
third division above the Red Crag, which he termed 
the Mammaliferous Crag. This was later renamed 
the Norwich Crag by Lyell (1839). As a result of the 
British Geological Survey’s (BGS) ‘East Anglia 
Regional Mapping Programme’, interest in the 
geology of the Pliocene crags has undergone a 
renaissance (Bristow 1983; Cox 1985; Mathers & 
Zalasiewicz 1988; Zalasiewicz et al. 1988; Balson 
1990; Balson et al. 1993; Hamblin et al. 1997; 
Mathers & Smith 2002; Moorlock et al. 2002a, b).

Pre-eminent malacologists acknowledged the 
stratigraphical significance of the Crag fauna (Wood 
1866; Wood & Harmer 1872; Wood 1880), and it

was Harmer (1900a, b, 1902) who first established 
a sequence of stages: Gedgravian, Waltonian, 
Newbournian, Butleyan, Icenian, Chillesfordian and 
Weybournian. His synthesis was founded on the 
belief that the number of thermophilic species had 
declined between the Coralline and Norwich crags.

Funnell & West (1962) and Norton (1967, 
p. 164) cast doubt on the validity of Harmer’s 
stages, which they considered, in part, to be geo
graphically restricted biofacies (Funnell & West 
1977). The analysis of pollen spectra (Beck et al. 
1972; West 1961, 1980a, b) and foraminiferal 
assemblages (Funnell 1961, 1983, 1987) eventually 
lead to the replacement of Harmer’s scheme. Nine 
pollen assemblage stages (sub-stages) have been 
recognized within the Coralline Crag (Gedgravian), 
Red Crag (Waltonian, Pre-Ludhamian, Ludhamian, 
Thurnian) and Norwich-Wroxham Crag formations 
(Antian-Bramertonian and Baventian-Pre-Pasto- 
nian a sub-stages). The Pre-Ludhamian, Thurnian, 
Antian and Baventian stages have also been provi
sionally identified in southern North Sea deposits 
(Cameron et al. 1984, 1992).

Coralline Craft Formation. Balson et al. (1993) were 
first to regard the Coralline Crag as a lithostratigraphi- 
cal unit of formation status. The Coralline Crag 
Formation is a distinctive succession of bioclastic 
calcarenites confined to SE Suffolk and the sea bed 
NE of Aldeburgh. Further east, small, isolated 
bodies of shelly glauconitic sand have also been ident
ified in BGS boreholes some 60-70 km offshore 
(Balson 1989; Cameron et al. 1992). The main body 
of sediment forms a buried ridge, some 15-20 m 
thick, aligned NE-SW  with several smaller outliers 
south of Woodbridge. It comprises three smaller 
units, the phosphorite-rich Ramsholt Member and 
the younger, synchronic, cross-stratified Sudboume 
and variably sorted Aldeburgh members.

These deposits are of Early or mid-Pliocene 
age. Based on calcareous microfossils and dino- 
flagellates, the Ramsholt Member was tentatively 
placed at 3.8-3.6 Ma and the Sudboume Member 
older than 3.3 Ma (Jenkins & Houghton 1987; 
Head 1997). However, the recently described 
marine acritarch Leiosphaeridia rockhallensis, 
which has its type stratum in the Ramsholt

Fig. 2. (Continued) Cameron et al. 1984, 1992; Doppert 1985; Jenkins etal. 1986; Funnell 1987, 1996; Hinsch 1989; 
Hunt 1989; Balson 1990; Gibbard et al. 1991, 1998; Zalasiewicz et al. 1991; Head 1993, 1998a, b; Wood et al.
1993; Lister 1998,2000; Balson 1999a; Cameron & Holmes 1999; Gibbard 1999; Richards etal. 1999; Scourse & Furze 
1999; Moorlock et al. 2000; Preece & Parfitt 2000; Rose et al. 2001; Mathers & Smith 2002; Jansen et al. 2004; Louwye 
et al. 2004a, b\ Maher & Hallam 2005). Foraminiferal subzones FA 1, FA2 and FB are after Doppert (1980). Members 
within the Norwich Crag Formation are: Chillesford, Chillesford Church, College Farm, Creeting, Easton Bav. 
(Bavents), Sidestrand and Westleton. Stage names within the East Anglian and Cornwall and Dutch Pliocene 
successions: Wa, Walton; P-L, Pre-Ludhamian; Lu, Ludhamian; Th, Thurnian; An, Antian; Ba, Bramertonian; P-P, 
Pre-Pastonian; E.o, Elphidium oregonense zone; Ebur, Eburonian.
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Member, has a well-defined range of 4.4-3.9 Ma 
(Head & Norris 2003, p. 3), thus supporting an 
Early Pliocene age. On the basis of molluscs 
(Zagwijn & van Staalduinen 1975; Cambridge 
1977), foraminifera (Doppert 1985; Hodgson & 
Funnell 1987), pollen (Andrew & West 1977) and 
ostracods (Wilkinson 1980; Wood e t  a l .  1993), the 
Ramsholt Member.of the Coralline Crag Formation 
has been correlated with the FB Zone, Oosterhout 
Formation of The Netherlands (c. 5.2-3.6 Ma of 
Jansen e t  a l .  2004a, b )  and the Luchtbal Sands 
Member, Lillo Formation (c. 4.2-2.6 Ma of 
Louwye e t  a l .  2004) and Kattendijk Formation, 
Belgium. Recent evidence from the study of dinofla- 
gellate cysts suggests that the Ramsholt Member is 
younger than the Kattendijk Formation, which has 
been dated at between 5.0 and 4.4 Ma (Louwye 
e t  a l .  2004).

Although few marine ostracods and molluscs 
occur both in the T a p e s  Zone, Tjornes beds, north
ern Iceland and the Coralline Crag Formation 
(Gladenkov 1981; Cronin 1991; Meijer 1993), 
C a l l i s t o c y t h e r e  m u l t i t u b e r c u l a t a  Wilkinson, T h a e r -  

o c y t l i e r e  e p i s t y l i u m  Wood and M a c o m a  o b l i q u a  

(Sowerby) are significant synchronic taxa of the 
Early-mid-Pliocene (c. 4.40-3.15 Ma). The extinc
tion of the ostracod genus F a l u n i a  is also evident 
in both units.

R e d  C r a g  F o r m a t i o n .  The Red Crag was thus named 
because of its ubiquitous yellow and reddish-brown 
coloration, although beneath the water-table these 
ochraceous hues are less marked (Boswell 1928; 
Balson e t  a l .  1993; Bowden e t  a l .  1995). The Red 
Crag is a lithostratigraphical unit of formation 
status (Funnell & West 1977; Zalasiewicz & 
Mathers 1985), composed largely of fossiliferous, 
poorly sorted, cross-bedded siliciclastic and mica
ceous marine gravels, sands and clays (Dixon
1979). Although modified by subsequent 
Pleistocene glaciation events, the Red Crag For
mation occupies much of central and eastern East 
Anglia and the adjacent North Sea Basin 
(Cameron e t  a l .  1984, 1992; Mathers & Zalasiewicz
1988), where it rests uncomformably on Cretaceous 
and Paleogene strata (Mathers & Zalasiewicz 1988).

A high-level outlier of structureless marine 
sands and gravels, the Netley Heath Member, rests 
on the Chalk of the Surrey Downs between 
Guildford and Dorking (Dines & Edmunds 1929; 
Gibbard 1999). The fossiliferous iron-stones of 
this member may have been reworked; however, 
the fauna has been correlated with the Red Crag of 
East Anglia (Chatwin 1927; John & Fisher 1984; 
Balson 1999a). Although the Red Crag can be 
traced westwards as far as Hertfordshire and 
Surrey, much of the succession occupies a series

of NE-trending basins in Suffolk and Norfolk 
(Hamblin e t  a l .  1997).

The lowermost Red Crag forms a small outlier 
2.5 km north of Walton-on-the-Naze, in the cliffs 
of the Naze. North of Aldeburgh, Mathers & 
Zalasiewicz (1988) and Zalasiewicz e t  a l .  (1988) 
recognized the geographically restrictive Sizewell 
and Thorpness members, which are equivalent in 
part to the ‘Lower’ and ‘Upper’ facies of Dixon 
(1979). In NE Norfolk, the sandy and silty clay of 
the Ludham Member has its stratotype at the base 
of the Royal Society borehole at Ludham (Funnell 
1961; Head 1996; Lewis 1999).

Although the classic section at the Naze Cliff, 
Walton-on-the-Naze, Essex was described and 
illustrated in the late 19th century (Prestwich 
1871; Whitaker 1877), this succession still has no 
formal status (Funnell 1996; Head 1998a). A less 
official geolithostratigraphical expression, the 
‘Walton Crag’ or ‘Waltonian Red Crag’, is typically 
applied (Funnell & West 1977; Wood 1996). Within 
the Walton Red Crag an impoverished and poorly 
preserved planktonic foraminiferal assemblage 
makes comparisons with standard marine biostrati
graphies difficult (Funnell 1987). Interregional 
correlation with the late Reuverian B (3.0 to 
>2.6 Ma) and C ( c .  2.55 Ma) sub-stages of The 
Netherlands has been demonstrated (Zagwijn 
1974; West 1980a; Hunt 1989; Funnell 1996; 
Head 1998a, b ) .  Using molluscs and ostracods 
(Hinsch 1989; Wood e t  a l .  1993; Meijer & Preece
1995), the Walton Red Crag is also correlated with 
the FA2 Zone, Oosterhout Formation, The Nether
lands (<2.9 Ma) and the Kruisschans-Merskem 
Sands members, Lillo Formation, Belgium 
(>2.74 Ma: Louwye e t  a l .  2004).

The North Atlantic partial range of N e o g l o b o -  

q u a d r i n a  a t l a n t i c a , which occurs throughout the 
Pre-Ludhamian stage, indicates a Late Pliocene 
age (3.2-2.41 Ma) for the Thorpness and Sizewell 
members (Funnell 1987). The Sizewell Member 
is normally magnetized, and contains pollen and 
foraminifera indicative of the Reuverian C 
(c. 2.55 Ma) and Praetiglian (c. 2.55-2.4 Ma) sub
stages (Funnell 1987, 1996; Gibbard e t  a l . 1991; 
Head 1998a; Jansen e t  a l . 2004a, b ) .  Preliminary 
studies of the dinoflagellates (Zalasiewicz e t  a l .  

1988; Harland e t  a l .  1991) are also consistent with 
a Late Pliocene age; l m p a g i d i n i u m  m u l t ip l e x u m  

suggests an age no older than 2.7 Ma, therefore 
favouring correlation with the Reuverian C (Head 
1998b, p. 206). The Ludham Member of Norfolk 
is of early Ludhamian age, and is thought to be a 
lateral equivalent of the Thorpness Member. Interre
gional correlation with the Late Pliocene Tiglian A 
(c. 2.4-2.15 Ma) Sub-stage has been suggested 
(Funnell 1987; Gibbard e t  a l . 1991, 1998; Head 
19987>; Jansen e t  a l .  2004a, b ) .
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The Thurnian Stage is based on the Ludham 
Royal Society Borehole of Norfolk (Funnell 1961; 
West 1961), and has been variously assigned to 
the uppermost Red and Norwich crags (Funnell 
1995; Moorlock e t a l .  2002a, b ) .  Sediments of Thur
nian age are invariably overlain by the Norwich 
Crag, but have been proved in boreholes in northern 
Suffolk where thick sequences of silt and clay are 
common (Lord 1969; Hopson & Bridge 1987; 
Moorlock e t  a l .  2000). A ‘Thurnian-type’ assem
blage has also been identified in a sequence of 
finely interlaminated and lenticular bedded clays, 
sand and silt recovered from the Ormesby Borehole, 
NE Norfolk (Harland e t  a l .  1991). The Thurnian 
Stage and Tiglian B Sub-stage (c. 2.15-2.05: 
Jansen e t  a l .  2004a, b )  have been provisionally 
paired using pollen, vertebrate and molluscan data 
(Gibbard e t a l .  1991; Funnell 1995).

The ‘Red Crag Formation’ of the SE North Sea 
Basin (Cameron e t  a l .  1984) may correlate with the 
Sizewell Member (Cameron e t  a l .  1992; Cameron & 
Holmes 1999), and is overlain uncomformably by 
the Westapelle Ground Formation (Cameron e t  a l .

1989, 1992). Reverse magnetism and a Thurnian-type 
pollen spectra infers correlation with the uppermost 
part of the onshore Red Crag succession and thus, 
possibly, the Thorpness Member (Cameron e t  a l .  

1984; Moorlock e t a l .  2000).
The S e r r i p e s  Zone, Tjornes beds, Iceland, is dated 

as Late Pliocene ( c .  2.92-2.48 Ma) and is, therefore, 
synchronous with the Pre-Ludhamian Stage of the 
Red Crag Formation ( c .  2.7-2.3 Ma). The cyclical 
and synchronic migration of extant Pacific species, 
e.g. M a c o m a  c a l c a r e a  Gmelin and P a l m e n e l l a  

l i m i c o l a  (Norman), into the North Atlantic and 
southern North Sea lends support to this correlation 
(Gladenkov 1981; Cronin 1991; Meijer 1993).

S t  E r t h  F o r m a t i o n .  Two kilometres SW of Hayle in 
west Cornwall, the St Erth Formation occurs as a 
small, tilted outlier of Pliocene sediment resting 
on an eroded surface of Devonian slates, some 
30 m above sea level. It is up to 7 m in thickness 
and comprises a basal unit of yellow, fine-grained, 
clayey sand overlain by blue fossiliferous marine 
clay (Mitchell e t a l .  1973; Evans 1990). This succes
sion was first described by Whitley (1882), and by 
the end of the 19th century much had been written 
on the marine clay and its fossil fauna (Bell 
1887a, b\ Bell 1898; Kendall & Bell 1886; Milled 
1886a, b ,  1895, 1897).

A review and subsequent re-excavation of the 
site resulted in two multi-thematic accounts by 
Mitchell (1965) and Mitchell e t  a l .  (1973), which 
detailed the sediments and fossils. More recently, 
Roe e t  a l .  (1999), Roe & Hart (1999) and Messenger 
e t a l .  (2005) provide up-to-date and erudite accounts 
of the formation.

Initial palaeontological research indicated a Plio
cene age for this Cornish deposit (Kendall & Bell 
1886; Milled 1895, 1897), while the pollen assem
blage implies correlation with the Late Pliocene 
Tiglian Stage of The Netherlands (Mitchell e t  a l .  

1973; Head 1993). On the basis of rare globigerine 
taxa from the marine clays, a more accurate date of 
approximately 2.09-2.0 Ma was argued by Jenkins 
e t  a l .  (1986) and subsequently reviewed by Head 
(1999). The foraminifera and ostracods of the St 
Erth Formation are closely allied to the Redonian 
fauna as described from a series of basins between 
the Cotentin Peninsula and Vendee region of NW 
France (Funnell in  Mitchell 1965; Margerel in  

Mitchell e t  a l .  1973; Maybury 1985; Maybury & 
Whatley 1986a). The pollen and dinoflagellate cysts 
of the Redon Clay at Landerneau (L. Ill) have been 
attributed to the Tiglian Stage (Morzadec-Kerfourn 
1982) and correlated with the St Erth Formation 
(Head 1993; Morzadec-Kerfourn 1997).

A foraminiferal assemblage, similar to those of the 
St Edh Formation (Jenkins e t  a l .  1986; Cameron & 
Holmes 1999), was described from the Upper Little 
Sole Formation, an offshore ‘blanket-like’ unit of 
sand with subordinate gravel and clay some 50 m 
thick (Pantin & Evans 1984; Evans 1990).

N o r w i c h  C r a g  F o r m a t i o n .  The Norwich Crag is a 
lithostratigraphical unit of formation status 
(Funnell & West 1977; Zalasiewicz & Mathers 
1985; Mathers & Zalasiewicz 1988) comprising a 
widespread sheet of well-sorted, fine- and medium
grained sand with localized beds of clay and 
gravels that disconformably overlay the Red Crag 
Formation. Also named the Mammaliferous 
(Charlesworth 1835; Prestwich 1849) or Icenian 
Crag (West & Norton 1974), the term Norwich 
Crag was introduced by Lyell (1839). In Norfolk it 
is lithologically less distinct from the Red Crag 
Formation; however, in south and east Suffolk 
six members are recognized (Lewis 1999).

In southern Suffolk the stratotype of the Creeting 
Member can be found at Creeting St Mary (Allen
1984). It consists of well-sorted, fine- to medium
grained micaceous sands, overlain locally by the 
argillaceous College Farm Member. Elsewhere in 
SE East Anglia the Norwich Crag is characterized 
by the weakly ochrous sands and subordinate clays 
of the Chillesford Church Member (Mathers & 
Zalasiewicz 1988; Lewis 1999). In the vicinity of 
Chillesford, the Chillesford Church Member is 
overlain by the grey silty clays of the Chillesford 
Member (Zalasiewicz & Mathers 1985; Mathers & 
Zalasiewicz 1988; Zalasiewicz e t  a l .  1991; Lewis
1999). The blue-grey clays of the Easton Bavents 
Member, exposed on the coast north of Southwold, 
resemble those of Chillesford Member and are 
thought to be coeval (Zalasiewicz e t  a l .  1991).
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Also found along the coast and inland around Easton 
Bavents and Covehithe, where they overlie the 
Easton Bavents Member, are the Hint-rich gravels 
of the Westleton Member.

The Norwich Crag Formation is Late Pliocene 
in age (younger than 2.0 Ma: Funnell 1987). The 
Creeting, College Farm and Chillesford Church 
members have yielded pollen assemblages that 
indicate they accumulated during the Antian or Bra- 
mertonian stages. In fact, Funnell (1987, p. 7) 
considered these stages synonymous and thus both 
equivalent to the Tiglian C3 Sub-stage (e.
1.95 Ma) of The Netherlands (Gibbard e t  a l .  1991; 
Zalasiewicz e t  a l .  1991; Head 1998a). The Chilles
ford, Easton Bavents and Westleton members are of 
Baventian-Pre-Pastonian age and probably corre
late with the Tiglian C4c Sub-stage (Gibbard e t  a l .  

1998; Head 1998a; Richards e t  a l .  1999). The 
Baventian is normally magnetized and is likely 
to correspond to the Olduvai Sub-chron (1.95- 
1.79 Ma: Funnell 1987; Maher & Hallam 2005). 
On the basis of clast lithology and palynomorph pro
venance, the early terrace deposits of the Thames, 
which include the Nettlebed Member of the 
Pebble Gravel Formation (Moffat & Catt 1986; 
Gibbard 1999), have been correlated with the 
Norwich Crag Formation (Rose e t  a l .  2001).

Of equal interest are the ostracods of the Chilles
ford Member and the Knocknasilloge Member, 
County Wexford, Ireland (Horne & Kerr 1989). 
Although the Irish fauna is almost devoid of cryo
philic species, not surprising considering its wes
terly location, L e p t o c y t h e r e  r e c u r a t a  r e c u r a t a  

(Jones & Sherborn), M u e l l e r i n a  p l i o c e n i c a  Wood 
& Whatley, T h a e r o c y t h e r e  m a y b u r y a e  Cronin and 
T h a e r o c y t h e r e  sp. are common to both. Collec
tively, these extinct species are indicative of a 
Late Pliocene age. A third fauna from the ‘Middle 
Glacial’ at Hopton Cliff, Norfolk (Wood & 
Harmer 1872; Brady e t  a l .  1874) constitutes a pro
blematical mixture (reworking) of species typical 
of the Norwich and Wroxham crags.

Offshore, the Westkapelle Ground Formation is 
overlain uncomformably by the coeval Smith’s 
Knoll, Ijmuiden Ground and Crane formations, 
which comprise muddy, glauconitic sand derived 
from Britain and The Netherlands (Cameron e t  a l .  

1989, 1992). Dinoflagellate and pollen assemblages 
from the Smith’s Knoll Formation compare with 
the Antian Stage (Cameron e t  a l .  1984; Moorlock 
e t  a l .  2000), while a mollusc fauna similar to that 
of the Baventian-Pre-Pastonian stages was recov
ered from the highly reworked Crane Formation 
(Cameron e t  a l .  1992).

W r o x h a m  C r a g  F o r m a t i o n .  Defined by sites in the 
Wroxham area north of Norwich, the Wroxham 
Crag Formation includes the Bure Valley Beds and

the Weybourne Crag (Reid 1882; Funnell 1961,
1980). The Norwich and Wroxham crags are litho
logically similar, and consist mainly of clast- 
supported, occasionally cross-bedded, gravels, sands 
and clays. The gravels of the Wroxham Crag are 
typically quartzose with persistent R h a x e l l a  chert, 
while the Norwich Crag is Hint-dominated (Rose 
e t  a l .  2001; Moorlock e t  a l .  2002a, b ) .

The Wroxham Crag Formation occurs in north 
Suffolk and central Norfolk (Rose e t  a l .  1996). 
Along the coast of NE East Anglia, laminated clays, 
sands and gravels of the Sidestrand Member (Lewis
1999) rest on an eroded Chalk and older Crag 
surface between Weybourne and Covehithe (West 
1980a). Within this member, a remanie deposit, the 
‘Cromer Stone Bed’, usually marks the base of what 
was termed the Weybourne (‘Sand’) Crag (Wood 
1866; Reid 1882). The presence of the marine 
bivalve M a c o m a  b a l t h i c a  is indicative of Pre- 
Pastonian a age (West 1980a) and suggests corre
lation with the Dobb’s Plantation Member inland 
(Rose e t  a l .  2001). The classic section at Bramerton 
may be congruent with the Dobb’s Plantation 
Member of the Wroxham Crag Formation or the 
Norwich Crag Formation (Rose e t  a l . 2002).

Pollen, molluscs and small-mammal evidence 
from the Sidestrand Member are indicative of the 
late Tiglian C4c (c. 1.85 Ma: Gibbard e t  a l .  1991; 
Head 1998a; Lister 1998, 2000; Preece & Parfitt
2000) or Tiglian C5 sub-stages of The Netherlands 
( c .  1.80 Ma: Gibbard e t  a l .  1998; Head 1998a). 
Offshore, the Sidestrand Member can be correlated 
with the diachronous Yarmouth Roads Formation 
(Cameron e t  a l .  1992; Cameron & Holmes 1999; 
Rose e t  a l .  2001). The presence of E l p h i d i u m  p s e u -  

d o l e s s o n i i  ten Dam and Reinhold in the Yarmouth 
Roads Formation of the Southern Bight suggests 
deposition before or during the Pre-Pastonian 
Stage (Cameron e t  a l .  1992).

Ostracod biostratigraphy
An exchange of fossil specimens between Joseph 
Augustin Hubert de Bosquet and Thomas Rupert 
Jones ( 1857, p. 1) resulted in the first ostracod-based 
biostratigraphy for the Neogene succession of NW 
Europe. In summary, Jones (1857, table 4, p. 62) 
correlates the ‘Scaldisian Beds’ and ‘Diest Sands’ 
of the Antwerp Crag, Belgium, with the Red and 
Coralline crags. Although numerous index species, 
with restrictive stratigraphical distribution, have 
been identified (von Moos 1963; Wouters 1973; 
Wilkinson 1980; Keen & Gramann 1988; Lord 
e t  a l .  1988; Liebau 1991; Wood e t  a l .  1992), 
the first creditable zonation was offered by 
Karel Wouters (1976, 1979). By examining the 
phylogeny of P o n t o c y t h e r e  and M u e l l e r i n a
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species, Wouters was able to differentiate stratigra- 
phical units within the Dutch Pliocene. A second, 
geographically restrictive scheme, based on the phy
togeny of C y t h e r e t t a ,  C y t h e r i d e a , M u e i l e r i n a  and 
selected index species was proposed by Uffenorde 
(1979, 1980a, b ,  1981, 1989). This system was 
later adapted by Gramann (1988) with the introduc
tion of Miocene-age ‘U’ zones in Belgium, The 
Netherlands and Germany (Gramann & Uffenorde 
1988a, 6; Uffenorde 1999). Uffenorde (1986) also 
developed an ostracod ecostratigraphy, which 
reflected the transgressive-regressive phases in 
northern Germany during the Oligocene and 
Miocene.

Although numerous late Neogene species have 
yet to be formally described, several stratigraphically 
important ostracod assemblages and species have 
been identified and subsequently used to date and 
correlate Pliocene successions in SW England and 
the southern North Sea Basin (Wilkinson 1980; 
Wouters 1973, 1976, 1978, 1979) (see Fig. 3).

Wood e t  a l .  (1993) recognized a number of eco- 
zones and hiatuses within the late Neogene succes
sions of East Anglia and The Netherlands. This 
zonation appeared to reflect fluctuations in both sea 
level and sea temperature, and was successfully 
traced between the two countries. Based primarily 
on the phytogeny (and ecophenotypy) of M u e i l e r i n a  

and T h a e r o c y t h e r e  species, Wood & Whatley 
(1996, 1997) undertook further biostratigraphical 
studies of the late Neogene succession of the southern 
North Sea Basin. Five relatively discrete biozones 
were recognized: ?Middle-Late Miocene, T h a e r o 

c y t h e r e  w o u t e r s i - T h a e r o c y t h e r e  b i f o r m i s  Zone; 
Early-Late Pliocene, T h a e r o c y t h e r e  t r a c h y p o r a -  

M u e l l e r i n a  la c u n o s a  Total Range Zone; Early 
Pliocene, T h a e r o c y t h e r e  o e d i c h i l u s - T h a e r o c y t h e r e  

w i t t e i - M u e l l e r m a  p l i o c e n i c a  Zone; Early Pliocene, 
T h a e r o c y t h e r e  b i f o r m i s - T h a e r o c y t h e r e  p r a e c r e n u -  

l a t a  Subzone; Late Pliocene; C y t h e r e t t a - B e a t a m o o -  

s i n a  Acme Zone.
While no formal scheme has yet been proposed 

for the Pliocene marine deposits of Cornwall, a 
high proportion of St Erth ostracods are found in 
the Redonian deposits of NW France (Maybury 
1985; Maybury & Whatley 1988a).

Palaeoecology
The evolving Neogene palaeogeography of the 
North Sea is an artefact of multi-stage rifting, cli
matic fluctuations and eustatic sea-level change 
(Cameron e t  a l .  1992; Gatliff e t  a l .  1994). Situated 
above a subsiding intra-cratonic basin, the North 
Sea Basin formed an elongate embayment with a 
major Neogene depocentre situated along its 
central rift zone. Located on the western margins

of this basin, eastern England was infrequently 
immersed and hence only relatively thin sequences 
of shallow-marine and marginal-marine sediments 
were deposited (Balson 1999b).

Miocene

In the Western Approaches Trough, a rise in eustatic 
sea level commenced in the Late Oligocene, contin
ued until the Middle Miocene and led to the depo
sition of the calcareous marine sediments of the 
Jones Formation. A eustatic fall in sea level during 
the Late Miocene enhanced both current activity 
and erosion on the shelf (Evans 1990), and may 
explain the disconformity between the Jones and 
Cockburn formations. The Cockburn Formation 
appears, in part, to be the product of continuing 
strong tidal currents, which have formed extensive 
sand ridges (Evans 1990).

As with the Western Approaches Trough, sedi
mentation recommenced in the southern North Sea 
Basin, and accelerated in the central North Sea 
Basin, during the late Middle Miocene in response 
to a global transgressive phase (Haq e t  a l .  1987). 
The northern North Sea Basin formed a shallow sag- 
basin during the Early and Middle Miocene, with 
deposition of the mud-dominated Hordaland 
Group (Head e t  a l .  2004). Sediment accumulated 
above the North Sea rift zone and Rhine Graben 
eventually infilling the structure as sedimentation 
outpaced subsidence during the Late Miocene 
(Cameron e t  a l .  1992; Gatliff e t  a l .  1994; Balson 
1999a; Cameron & Holmes 1999). At this time, 
the North Sea Basin was dominated by the offshore 
progradation of a delta system linked to the Baltic 
and German river systems (Jordt e t  a l .  1995). To 
the north, pro-deltaic marine sediment accumulated 
above the Central and Viking grabens, and upper 
bathyal conditions gave way to shallower, outer 
neritic ones (Gatliff e t  a l .  1994; Cameron & 
Holmes 1999; Piasecki e t  a l .  2002). The relative 
abundance of planktonic foraminifera in coastal 
areas suggests open marine conditions and energetic 
vertical water circulation in the Central Graben 
during Miocene times (Eidvin e t  a l .  1999).

Although subsidence and sedimentation rates 
were less pronounced on the western margins of 
the North Sea Basin, sands accumulated in southern 
England in response to the Late Miocene Lenha- 
mian transgression. A shallow, warm-temperate 
water embayment extended across much of Kent 
and East Sussex, although a connection with the 
English Channel is not suspected (Reid 1890; 
Janssen in  Balson, 1990; Wood e t  a l .  1993; Balson 
19996)- In Suffolk, a contemporary phosphatized 
remanie, the ‘Trimley Sands’, was the result of 
reworking in a littoral to shallow sublittoral environ
ment (Balson 1990, 1999c).
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Fig. 3. (Continued) Ostracod biostratigraphy of the southern North Sea and Cornish Neogene. Geochronology and 
geomagnetic polarity timescale after Lisiecki & Raymo (2005); lithostratigraphy of the East Anglian succession adapted 
after Head (19986), Lewis (1999) and Moorlock et al. (2000); ostracod zonation after Wood & Whatley (1996).
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Pliocene

Coralline Crag Formation. Renewed transgressions 
in the late Early (c. 4.37-4.0 Ma), mid- (c. 4 .0 -
3.35 Ma) and Late Pliocene (c. 2.6 Ma) resulted in 
the re-establishment of marine facies in eastern 
England and northern Belgium. The basal transgres
sive deposits of the Ramsholt Member and Luchtbal 
Sands Member, Belgium, may be synchronic and 
represent a sequence boundary that Vandenberghe 
et al. (1998) correlated with Zal; an event dated at 
4.37 Ma (Louwye et al. 2004). The Ramsholt 
Member is extensively bioturbated and was depos
ited in a thermally stratified sea no deeper then 
30 m (Funnell 1967). Suffuse with a diverse invert
ebrate fauna (Hodgson & Funnell 1987; Jenkins & 
Houghton 1987; Tilbrook 1997), the coccolith and 
planktonic foraminiferal assemblages indicate 
weak tidal currents and a remote, northern connec
tion with the Atlantic Ocean (Balson & Long 
1988; Balson et al. 1993). Nevertheless, microfossil 
evidence suggests that warm temperate waters 
(10-18 °C) were able to penetrate the southern 
North Sea Basin (Lagaaij 1963; Jenkins & 
Houghton 1987; Wood et al. 1993).

A hiatus, which might correlate with the Za2 
sequence boundary at 4.04 Ma (Hardenbol et al. 
1998), separates the Ramsholt and Sudbourne 
members (Head 1997). A contemporaneous bound
ary at the base of the Lillo Formation, northern 
Belgium, may equate with Marine Isotope Stage 
(MIS) Gi20, a prominent cold stage (Shackleton 
et a l 1995; Louwye et al. 2004; Vandenberghe 
et al. 2004; Lisiecki & Raymo 2005). The transition 
between the Ramsholt and Sudbourne members is 
marked by a significant turnover in the ostracod 
fauna (c. 50%) and an overall reduction in 
species’ numbers.

The subsequent transgressive event(s) that 
resulted in the deposition of the Sudbourne- 
Aldeburgh members and Luchtbal Sands Member, 
Lillo Formation, most probably post-dates MIS 
Gi20 (c. 4.0 Ma) but predates M G2-M 2 (c.
3.35 Ma: Lisiecki & Raymo 2005). In eastern 
England, increased southwesterly currents, and 
enhanced sediment transportation, resulted in the 
formation of extensive tidal sandwaves (Balson 
et al. 1993; Balson 1999c). Similar linear sand 
ridges exist in the southern North Sea and Dover 
Strait today, the crest of these banks lie at between 
12 and 35 m depth (Cameron et al. 1992; van de 
Meene et al. 1996; Idier et al. 2002; Le Bot & 
Trentesaux 2004). The translation of modern 
sand-ridge geometry and bathymetry onto the Sud
bourne ridge, using the isopach values of Balson 
et al. (1993), would indicate that sea level was 
approximately 17-40 m above present levels. 
However, subsequent episodes of post-depositional

tilting, measuring c. 1 m km 1 (Zalasiewicz et al 
1991; Balson 1999d), and isostatic readjustment 
have distorted base levels across East Anglia (Van 
Voorthuysen 1954; Mathers & Zalasiewicz 1988; 
Arthurton et al. 1994; Balson 1999c; Moorlock 
et al. 2000, p. 86). With so many variables, relative 
movement is notoriously difficult to calculate; none
theless, a first approximation of uplift for coastal 
Pliocene deposits would be between 0 and 12 m 
(West 1972; Zalasiewicz et al. 1991, pp. 98-99).

The mobility of the Sudbourne sand ridge would 
explain the temporary absence of phytal dwelling 
genera such as Xestoleberis and Semicytherura. 
The continued dominance of cytherettid and cyther- 
ideid species is indicative of warm temperate marine 
waters. At greater depth, the relatively stable sub
strate of the Aldeburgh Member supported a fairly 
diverse in situ invertebrate fauna (Balson et al.
1993).

Following deposition of the Sudbourne Member, 
East Anglia became emergent in response to the 
MIS M2 cold stage (3.30 Ma: Lisiecki & Raymo
2005). On the Iceland Plateau an increase in 
ice-rafted debris (IRD) is linked to intensification 
of northern hemisphere glaciation (Flesche 
Kleiven et al. 2002). In The Netherlands, ostracod 
evidence indicates a reciprocal decline in ocean 
temperatures by 5 -6  °C (Wood et al. 1993). This 
had a devastating effect on the Late Pliocene ostra
cod fauna of the southern North Sea. Of the 71 
species identified in the Sudbourne Member only 
23 survived into the Walton Red Crag (Wood
1996). This regional extinction event was not a 
function of changing substrate or palaeobathy- 
metry, as the two facies are alike, but the result of 
a marine regression that trapped the ostracod 
fauna within an increasingly insular and cooling 
North Sea (Funnell 1995).

Red Crag Formation. A major hiatus spanning the 
PRISM2 ‘time slab’ (3.29-2.97 Ma: Dowsett 
et al. 1999) separates the Coralline Crag and 
Walton Red Crag formations with apparently no 
record of the mid-Pliocene global warming 
episode preserved in East Anglia. The Walton Red 
Crag is tentatively placed at between c. 2.9 and 
2.74 Ma, based on comparisons with the marine 
biostratigraphies of Belgium and The Netherlands 
(Hinsch 1989; Wood & Whatley 1993; Meijer & 
Preece 1995; Louwye et al. 2004). The Waltonian 
transgression appears to correlate with MIS G7-G9 
(Lisiecki & Raymo 2005), a prominent Late 
Pliocene (2.80-2.74 Ma) warming event that has 
been identified in the eastern Arctic and north 
Pacific (Maslin et al. 1995; Knies et al. 2002).

The Red Crag at Walton-on-the-Naze consists of 
two high-angled, cross-bedded units of shelly sand 
deposited by successive migrating sand waves in



NEOGENE 423

sublittoral water 15-30 m deep (Dixon 1979; 
Balson 1995, 1999d\ Head 1998b). Driven by 
strong southwesterly currents, the entire succession 
may have been deposited in less than a decade 
(Balson 1997; Head 1998a). Fossil evidence suggests 
that temperatures were only slightly cooler, by 
perhaps 0 -2  °C, than during the Coralline Crag 
(Spaink 1975; Funnell & West 1977; Wood & 
Whatley 1993; Meijer & Preece 1995; Funnell 
1998; Head 1998a, b ) .

The species that dominated (numerically) the 
Coralline Crag survived the M2 cold stage event 
and were able to recolonize East Anglia during 
the Waltonian transgression. If abundance is a 
measure of a species’ success then A u r i l a  s t r o n g y l a  

Wouters, A u r i l a  t r i g o n u l a  (Jones), C l e t o c y t h e r e i s  

j o n e s i  (Wood e t  a l . ) ,  P o n t o c y t h e r e  b o t e l l i n a  

(Jones) and T h a e r o c y t h e r e  t r a c h y p o r a  (Jones) rep
resent the nucleus of an extinct eurytopic fauna 
that dominated the southern North Sea for approxi
mately 1.6 Ma (Wood 1996).

A major regression concludes the Waltonian 
Stage. This event is most probably linked to MIS 
G6-G4, a sustained Late Pliocene (c. 2.74- 
2.66 Ma) cold period evidenced in the Nordic seas 
and North Atlantic (Flesche Kleiven e t  a l .  2002; 
Lisiecki & Raymo 2005). The Pia2 sequence bound
ary has been identified across the southern North 
Sea Basin and can be linked to this episode of 
glacio-eustatic sea-level fall (Hardenbol e t  a l .  1998; 
Louwye e t  a l . 2004; Vandenberghe e t  a l .  2004).

The Pre-Ludhamian Red Crag is tentatively 
placed at between c. 2.7 and 2.41 Ma, an interval 
that includes the first major glacial episode in 
the North Atlantic. Richards e t  a l .  (1999) equates 
the Pre-Ludhamian Stage with MIS <103, while 
the equivalent Dutch stage, the Praetiglian, has 
been assigned to MIS 100-96 (Funnell 1995, 
1998; Gibbard e t  a l . 1998). Undoubtedly, one or 
more of these stages equate with the uppermost 
Waltonian regression and subsequent Pre-Ludhamian 
transgression.

Sedimentation occurred within a series of 
NE-trending depressions; including the Stradbroke, 
Leiston and Ludham basins (Mathers & Zalasiewicz 
1988; Hamblin e t a l .  1997). Offshore sediments also 
occur within a broad trough (Cameron e t  a l .  1992). 
These basins were formed by faulting and sea-floor 
subsidence contemporaneous with sedimentation, 
and would explain the asymmetrical accumulations 
of Red Crag (Bristow 1983; Hamblin e t  a l .  1997; 
Moorlock e t  a l .  2000). Intensive scouring of the 
sea floor by tidal currents further modified these 
structures (Funnell 1972; Gibbard e t  a l .  1998).

A transgressive gravel lag deposit defines the 
sub-Pre-Ludhamian surface across much of East 
Anglia and the southern North Sea Basin 
(Cameron e t  a l .  1992; Balson 1999<7; Moorlock

e t  a l .  2002). The Red Crag Formation shows evi
dence of a shallowing-upwards sequence from 
the subtidal (10-30 m) marine sands of the Pre- 
Ludhamian to the bioturbated, intertidal sand 
ridges and mud-flat facies of the Ludhamian Stage 
(Dixon 1979; Arthurton e t a l .  1994; Balson 1999a; 
Moorlock e t  a l .  2002). The Pre-Ludhamian Red 
Crag is dominated by large-scale tabular cross-beds, 
formed by the southwesterly and northeasterly 
migration of submarine sand waves within a tidal 
dominated marine embayment (Dixon 1979; 
Balson 1999d\ Mathers & Smith 2002). Across 
Suffolk, tidal currents, with velocities of between 
0.2 and 0.8 m-s~' (Dixon 1979), were greatly influ
enced by the NE-trending topography, which 
included an emergent Coralline Crag ridge.

The type Pre-Ludhamian spectrum contains 
pollen that indicates conifer-dominated forest of 
cool, boreal character. A lower diversity dinoflagel- 
lates assemblage has many cold-water elements 
indicative of cool or temperate conditions (Head 
19987>). B a f f i n i c y t h e r e  h o w e i  Hazel, C y t h e r o p t e r o n  

n o d o s o a l a t u m  Neale & Howe, F i n m a r c h i n e l l a  

l o g a n i  (Brady & Crosskey), H e t e r o c y p r i d e i s  

s o r b y a n a  (Jones), K u i p e r i a n a  v e n e p i d e r m o i d e a  

(Swain) and R o b e r t s o n i t e s  t u b e r c u l a t u s  (Sars) dom
inate the Pre-Ludhamian ostracod fauna. This 
assemblage implies that sub-arctic conditions pre
vailed in the southern North Sea, with mean 
summer temperatures (at depth) of only 7 +  1 "C 
(Wood e t  a l .  1993), some 9 °C cooler than present. 
This climatic downturn is also evident in the forami- 
niferal and molluscan assemblages, which show an 
increasing presence of both boreal and sub-arctic 
species of Pacific origin (Long & Cambridge 
1988; Funnell 1995). The existence of a cold-water 
marine fauna within the transgressive sediments of 
the Pre-Ludhamian can only be explained by differ
ential tectonic subsidence of the East Anglian region 
(Bristow 1983; Hamblin e t  a l .  1997).

The Waltonian and Pre-Ludhamian stages of the 
Red Crag are not easily differentiated using forami- 
nifera and pollen (Funnell & West 1977; Funnell 
1987; Zalasiewicz e t  a l .  1988; Horne & Allen 
1995); however, ostracods provide an excellent 
biostratigraphical marker. The sustained cold 
period during isotope stages G 6-G 4 resulted in 
the extinction of the Early Pliocene Waltonian 
fauna, and in the emergence of a distinctive and 
‘contemporary’ cryophilic fauna.

At present, no ostracods have been recovered 
from either the Ludhamian or the Thurnian stages 
of the Red Crag Formation (c. MIS 95-78), which 
have their stratotypes in the Ludham Royal Society 
Borehole, Norfolk. The Ludhamian Stage contains 
pollen of temperate, mixed forest-deciduous forest 
(West 1961; Gibbard e t  a l .  1991). The foraminiferal 
and dinoflagellate assemblages provide evidence of
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a continuing marine transgression, with temperate or 
mild-temperate, open marine conditions and sublit
toral waters of approximately 15 m depth (Funnel 1 
1961; Zalasiewicz e t  a l .  1988; Head 1998a).

A major regression occurred during the Thurnian 
Stage, although there is no direct evidence of glacial 
conditions in the southern North Sea. An impover
ished foraminiferal assemblage and pollen spectra 
signifying oceanic heath type vegetation are com
monly associated with cold phases (West 1961; 
Funnell 1987; Head 1998*). Funnell (1995) 
suggests that this episode may correspond with the 
stronger cooling implied by MIS 82 ( c .  2.15 Ma: 
Lisiecki & Raymo 2005). Low-diversity mollusc 
and dinoflagellate assemblages populated the 
shallow subtidal and estuarine facies of the 
Thurnian Stage as sea level fell (West & Norton 
1974; Head 1996, 1998*). The foraminifera also 
imply a very shallow-marine environment with a 
transitional climate and summer temperatures of 
13 ±  3 °C (Funnell 1961, 1998; West 1961).

The Westkapelle Ground Formation, which 
crops out off the NE coast of East Anglia, has the 
acoustic facies typical of an eastwardly prograding 
deltaic system. Foraminiferal and lithological evi
dence also indicates decreasing water depth, poss
ibly linked to the Thurnian regression (Cameron 
e t  a l .  1984, 1992). Within the northern and central 
North Sea basins subsidence rates were much 
greater; nonetheless, sedimentation rates appear to 
match (Knudsen & Asbjornsdottir 1991; Gatliff 
e t  a l .  1994). Within the northern North Basin, 
there is palynological and foraminiferal evidence 
for successive warm and cool climatic phases 
during the deposition of the Late Pliocene ( c .  2 . 4 -  

1.8 Ma) Nordland Group mudstones (Head e t  a l .

2004); however, precise correlation with the East 
Anglia succession is not yet possible.

S t  E r t h  F o r m a t i o n .  To the west, the Late Pliocene St 
Erth Formation is situated at an altitude of 30-37 m 
OD (Ordnance Datum) on the Cornubian Massif and 
was undoubtedly deposited during a major transgres
sive episode (Evans 1990; Scourse & Furze 1999, 
p. 85). The 81 sO values for MIS 77 suggest the attain
ment of a high global sea level during the Redonian 
Stage (c. 2.05: Lisiecki & Raymo 2005), which led to 
the formation of a shallow embayment in the Hayle 
area and across much of NW France (Morzadec- 
Kerfourn 1997). Ostracod and foraminiferal evi
dence indicates sublittoral waters (< 10m ) with 
sea temperatures 0 -6  °C warmer than present 
(Jenkins 1982; Jenkins e t  a l .  1986; Maybury & 
Whatley 1986a; Houghton & Jenkins 1988).

Palynological evidence indicates that the blue 
clay was deposited in a single, but by no means 
rapid, sedimentary pulse that resulted in an admix
ture of freshwater algae, and terrestrial and marine

palynomorphs (Head 1992, 1993). The presence of 
Holly and the Umbrella Pine suggest mild winters 
(Head 1999, p. 89); while the dinoflagellate assem
blage is consonant with the idea that warm, nutrient- 
rich waters enveloped the Cornubian Peninsula 
during the Redonian Stage (Head 1993, 1999).

Extravagant diversity and exoticism are the norm 
within the ostracod fauna of St Erth; the discovery of 
the recent Australian genus A u s t r o p a r a d o x o s t o m a  

Hartmann attests to this (Whatley & Maybury 
1983a). Such elevated diversity, as seen, for 
example, in the genus A u r i l a , is thought, in part, to 
result from favourable preservation and high indi
vidual abundance (Maybury & Whatley 1986a, 
1988; Harrison e t  a l .  2000). However, it has been 
demonstrated that ocean currents and water-mass 
characteristics exert considerable control on the 
distribution and hence diversity of benthonic ostra- 
cods (Wood & Whatley 1994). If the Cornubian -  
Armorican Massif had been situated at the boundary 
of converging water masses, where pronounced ver
tical circulation and mixing occurred, this would 
have lead to nutrification of the euphotic zone and 
higher primary productivity. Consequently, this 
may have permitted increased niche exploitation 
by benthonic ostracods (Maybury & Whatley 
1986a, 1988a).

N o r w i c h  C r a g  F o r m a t i o n .  The Norwich Crag is 
found throughout Suffolk and Norfolk, but unlike 
the Red Crag sedimentation was not restricted to dis
crete basins as subsidence was much less differential 
(Moorlock e t  a l .  2000; Rose e t  a l .  2002). The two 
formations are separated by a hiatus of some 
100 000 years spanning marine isotopes stages 
77-74. This event is regularly manifested in the 
stratigraphy of the region by a zone of reworking, 
the ‘S c r o b i c u l a r i a  Crag’, which may represent 
the Thurnian regression and subsequent early 
Antian-Bramertonian transgression (Zalasiewicz 
& Mathers 1988).

Pollen assemblages from the type section at 
Chillesford Church Pit and Easton Bavents contain 
a temperate, mixed coniferous-deciduous forest 
flora that can be correlated with the Antian- 
Bramertonian stage (West & Norton 1974; Funnell 
e t  a l .  1979; Funnell 1987). The sedimentary evi
dence from the Chillesford Church and Creeting 
members suggests that tidal sand-flats existed over 
much of Suffolk and western Norfolk (Dixon 
1972; Gibbard & Zalasiewicz 1988; Arthurton 
e t a l .  1994; Moorlock e t a l .  2000,2002a). Fossil evi
dence from Chillesford Church Pit, Easton Bavents 
and Bramerton suggests a gradual cooling and 
shallowing of this epicontinental sea during the 
late Antian-Bramertonian, although sublittoral 
and shallow-sublittoral facies still dominated 
(West & Norton 1974; Funnell e t  a l .  1979;
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Mayhew & Stuart 1986; Zalasiewicz & Mathers
1988). To the SW, around Great Blakenham, 
shallow-water sediments underwent periodic sub
aerial exposure along the western-most edge of the 
southern North Sea Basin, with the subsequent 
development of supralittoral and freshwater pools 
fed by the proto-Thames River (Allen 1988; 
Gibbard e t  a l .  1996; Moorlock e t  a l .  2002). This 
regressive episode is linked to climatic deterioration 
and the progressive insularization of the southern 
North Sea Basin (West & Norton 1974; Gibbard 
1988; Long & Cambridge 1988), culminating in 
the Baventian cold stage (c. 1.95-1.79 Ma).

Although pollen from the Antian-Bramertonian 
stage implies warm terrestrial conditions, ostracodal 
evidence suggests that surface waters (<25 m depth) 
within the semi-enclosed North Sea Basin cooled 
rapidly during winter months to approximately 
2 nC. Fed by northerly currents, many Arctic 
marine ostracods, including B a f f i n i c y t h e r e  h o w e i  

(Hazel 1967), C y t h e r o p t e r o n  n o d o s o a l a t u m  Neale 
& Howe, F i n m a r c h i n e l l a  l o g a n i  (Brady & Crosskey) 
and K u i p e r i a n a  v e n e p i d e r m o i d e s  (Swain) arrived in 
the Southern Bight during the Antian-Bramertonian 
stage. These cryophilic immigrants merged with the 
resident polyhaline (18-30%o) fauna that included 
E l o f s o n i a  sp. cf. p u s i l l a  Brady & Robertson, 
N e o c y t h e r i d e i s  c r e n u l a t a  Klie and L e p t o c y t h e r e  

p s a m m x > p h i la  Guillaume. Dinoflagellate cysts imply 
higher temperatures than the molluscan or ostracod 
assemblages, but it is possible that these are reworked 
(Hamblin e t  a l .  1997; Head 19986).

Sedimentary and seismic evidence from the 
Crane and Smith’s Knoll formations confirm the con
temporaneous growth of an offshore sand bar and 
extensive delta-front facies, fed by the palaeo-river 
system of eastern England. Deltaic sedimentation 
from both the UK and Dutch sectors ultimately 
overstepped, causing a shallowing of Southern 
Bight waters during the Antian (Cameron e t  a l .

1992). Sedimentation was much more restricted in 
the central North Sea Basin, where only distal pro- 
deltaic clays and fine-grained sands were deposited 
(Gatliff e t  a l .  1994).

Although bioturbated, body fossils are generally 
rare within the blue-grey silty clays of the 
Chillesford Church and Easton Bavents members. 
Cold-water molluscs and foraminifera increasingly 
dominate the Baventian assemblages of the 
Ludham Royal Society Borehole, Easton Bavents 
and Covehithe (Funnell & West 1962; West e t  a l .  

1980; Funnell 1987). Pollen from the Ludham bore
hole indicates oceanic-heath type vegetation and 
possible ‘glacial’ conditions (West 1961). A sus
tained regressive episode is envisaged, with a shift 
from sublittoral to intertidal facies (Funnell 1961; 
West e t  a l .  1980; Hamblin e t  a l .  1997). Although 
ostracods are rare, the presence of B a f f i n i c y t h e r e

h o w e i  and C y t h e r e  l u t e a  in the clays at Easton 
Bavents indicates frigid, open-marine conditions 
(Lord e t  a l .  1988). The Baventian is normally mag
netized and is likely to correspond to the Olduvai 
Sub-chron (Funnell 1987; Maher & Hallam 2005). 
Within this sub-chron four peaks occur in the 8 O 
record, corresponding to cold stages 74, 72 and 
70; however, one or more of these could correspond 
to the Baventian cold episode (Funnell 1998).

In the east of the district, within the coastal 
sequence at Easton Bavents, there is evidence of a cli
matic amelioration and a minor marine transgression 
that resulted in the deposition of the Westleton 
Member (Richards e t  a l .  1999; Sinclair 1999). These 
sediments are thought to represent a complex of 
high-energy beachface, shoreface and offshore facies 
that once prograded to the SE in response to current 
action (Hey e t  a l . 1988; Sinclair 1994, 1999; Mathers 
& Zalasiewicz 1996). The geographical relationship 
between the two members is not immediately clear; 
however, the clays of East Bavents Member may 
have been deposited behind a series of protective 
shoreface gravel ridges (Hamblin & Moorlock
1995) . A second discrete intertidal mudflat and associ
ated river system, the proto-Thames, existed in the 
Chillesford region (Moorlock e t  a l . 2000).

T h e  W r o x h a m  C r a g  F o r m a t i o n .  Following the 
Baventian regression and associated periglacial 
activity, marine waters transgressed westwards 
forming a shallow embayment between Weyboume 
and Covehithe during the Late Pliocene and Early 
Pleistocene (c. 1.85-1.80 Ma). This transgressive 
event most probably post-dates the 8 lsO peak corre
sponding to cold stage 70. The Sidestrand Member 
(Lewis 1999), which has been mapped throughout 
north Suffolk and central Norfolk (Rose e t  a l .

1996) , confirms this transgressive relationship on 
the denuded chalk and older Crag landscape (West 
1980a; Mathers & Zalasiewicz 1996). Sea level 
may have risen by approximately 10-15 m before 
receding towards the end of the substage (Gibbard 
& Zalasiewicz 1988); however, it is unclear whether 
these fluctuations were driven by eustasy and/or tec
tonics (Allen & Keen 2000). The sediments of the 
Dobb’s Plantation and Sidestrand members were aug
mented by far-travelled clasts transported into this 
embayment by the ancient Ancaster and Bytham 
river systems (Rose e t  a l .  2001,2002).

The presence of the marine bivalve M a c o m a  

b a l t h i c a , in what was termed the Weybourne 
Crag (Wood 1866; Reid 1882), is indicative of the 
Pre-Pastonian a Substage (West 1980a) and 
suggests correlation with the Dobb’s Plantation 
Member inland (Rose e t  a l .  2001), and the late 
Tiglian C4c (Gibbard e t  a l .  1991; Head 1998a; 
Lister 1998, 2000) or Tiglian C5 sub-stages of The 
Netherlands (Gibbard e t  a l .  1998; Head 1998a).
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This ‘low-boreal’ species is common in the near
coastal waters of the present-day North Sea 
(Meijer 1993). The adjacent land was covered by 
park-tundra-type vegetation (West 1980a).

Intertidal species of mollusc dominate the 
assemblages and suggest shallow, tidal conditions 
(Norton 1967). The foraminiferal assemblage is 
impoverished and contains only cold-tolerant 
species (Funnell 1970); while dinoflagellates are 
also indicative of cool temperatures and very 
shallow waters (Head 19987>). An ostracod assem
blage was recovered from the Weybourne Crag at 
East Runton (Reid 1882) and contained specimens 
of F i n m a r c h i n e l l a  a n g u l a t a  (Sars), H e m i c y t h e r e  

v i l l o s a  (Sars), H e m i c y t h e r u r a  c l a t h r a t a  (Sars) L e p -  

t o c y t h e r e  p e l l u c i d a  (Baird), P o n t o c y t h e r e  e l o n g a t a  

(Brady), R o b e r t s o n i t e s  t u b e r c u l a t u s  (Sars) and S a r -  

s i c y t h e r i d e a  p u n c t i l l a t a  (Brady). A recent faunal 
analogue can be found in the shallow (c. 15 m) poly
haline waters of the southern Skagerrak and western 
Baltic Sea, suggesting that sea temperatures at depth 
were 2 +  2 "C colder than present.

Offshore, the Sidestrand Member can be corre
lated with the diachronous Yarmouth Roads For
mation, a vast complex of marginal marine, delta- 
top deposits (Cameron e t  a l .  1992; Cameron & 
Holmes 1999; Rose e t  a l .  2001). In The Netherlands 
and Belgium marine deposits become the exception 
(Vandenberghe e t  a l .  1998). A regression at the end 
of the Pre-Pastonian a Sub-stage resulted in fluvial 
conditions in northern Norfolk ( c .  1.80 Ma), these 
riverine sediments define the base of the Cromer 
Forest-bed Formation and the Pleistocene Epoch in 
East Anglia (West 1980a; Gibbard e t  a l .  1998).

I. P. Wilkinson publishes with the permission of the Direc
tor of the British Geological Survey (N.E.R.C). A special 
thanks to Dr J. Whittaker who prepared and photographed 
Jones’ type material held at The Natural History Museum, 
London.
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Explanation of plates

Specimens figured here that are deposited at The Natural History Museum, London, have registration 
numbers prefixed by either I or OS. Specimens at the British Geological Survey are prefixed MPK. Some 
specimens are still housed with the author in the University of Coventry and these are indicated with the 
letters AMW.

Abbreviations: LV, left valve; RV, right valve; car, carapace (It. lat., left lateral view; rt. lat., right lateral 
view; int., internal view; post., posterior view).

Plate 1

1, 3. B a i r d o p p i l a t a  s u b d e l t o i d e a  (Munster) s e n s u  Jones, 1857
Figured specimens: 1 ,1 808 (specimen figured in Jones 1857, p. 52, plate 4, fig. 2), LV int. lat.; 3, same specimen, LV. 
lat., 1480 pm long, x30. Coralline Crag Formation, Sutton Knoll.
Diagnosis: A large species of Bairdoppilata with broadly arched dorsal margin, apex anterior of mid-point. Surface 
smooth with numerous, widely scattered pores; LV >  RV.
Range: JOligocene-Early Miocene; Aquitaine Basin, France. Early-mid-Pliocene; Coralline Crag Formation, 
England.
Remarks: Rare Neogene species incorrectly attributed to both Bairdia subdeltoidea (Munster, 1830) and Bairdia 
fusca (Brady, 1866) by Jones (1857, 1870). Bairdia sp. 1 Moyes, 1965, an Oligocene and Lower Miocene species 
from the Aquitaine Basin, France, may be conspecific.

2, 6. I N e o n e s i d e a  r h o m b o i d e a  (Jones & Sherborn, 1887)
Figured specimens: 2 ,1 1885, holotype (specimen figured in Jones & Sherborn 1889, p. 18, plate 1, fig. 3a-c), RV 
A-l int. lat.; 6, same specimen, RV lat., 990 pm long, x45. Coralline Crag Formation, Sutton Knoll.
Diagnosis: An elongate, rhomboidal species of Neonesidea; delicately punctate, more strongly so dorsally.
Range: Early-mid-Pliocene; Coralline Crag Formation, England.
Remarks: A rare species found predominantly as juveniles, first described by Jones & Sherborn (1887) and sub
sequently figured in Jones & Sherborn (1889).

4, 5. P o n t o c y t h e r e  b o t e l l i n a  (Jones, 1870)
Figured specimens: 4, OS 13951, lectotype (specimen figured in Jones 1857, p. 50, plate 4, fig. 4a-c), male car., It. 
lat., 980 pm long, x46, Coralline Crag Formation, ?Sutton Knoll; 5, OS 13952, paralectotype, female RV lat., 
1000 pm long, x45, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A large species of Pontocythere exhibiting conspicuous dimorphism, males greatly elongate. Dorsal 
margin arched about an angular apex situated anterior of mid-length. Surface undulose towards anteroventral 
margin with numerous fine scattered punctae.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; FB Zone, Oosterhout Formation, The Netherlands. 
Late Pliocene; ‘Waltonian’ Red Crag Formation.
Remarks: Differs from P. lithodomoides (Bosquet, 1852) in the angularity of the dorsum and the oblique configur
ation of the ornament with respect to the anteroventral margin.

7, 9. P r o p o n t o c y p r i s  s o l i d a  Ruggieri, 1952 s e n s u  Moyes, 1965
Figured specimens: 7, OS 16542, LV lat., 880 pm long, x 51; 9, OS 16543, RV lat., 870 pm long, x52. St. Erth 
Formation.
Diagnosis: A large, smooth Propontocypris with subtrapezoidal LV and subelliptical RV. Anterior and posterior 
margins rounded; dorsum oblique anteriorly, curved posteriorly in LV but arcuate in RV. Venter with slight incurva
ture in LV, straight in RV.
Range: Late Miocene; Helvetian, France. Late Pliocene; Soustons, France, St Erth Formation, England; Redonian, 
NW France.
Remarks: Propontocypris solida Ruggieri, 1952 of Moyes is regarded as being distinct from P. solida of Ruggieri.

8, 10. C y t h e r e t t a  h a r m e r i  Wilkinson, 1980
Figured specimens: 8, AMW 1.36/844, LV lat., 920 pm long, x50, Coralline Crag Formation, BGS Borehole 
OSC1 /OR7a, Raydon Hall; 10, AMW 1.36/115, RV lat., 950 pm long, x47, Coralline Crag Formation, BGS Bore
hole, OSC1 /OR7a, Raydon Hall.
Diagnosis: Elongate, subovate species of Cytheretta, ornamented with 12 subhorizontal lines of punctae situated 
between the anterodorsal and posteroventral surfaces.
Range: Early-mid-Pliocene; Coralline Crag, England; FB Zone, Oosterhout Formation, The Netherlands. Late 
Pliocene; ‘Waltonian’ Red Crag Formation, England.
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Remarks: Morphological and palaeozoogeographical evidence suggests that Cytheretta hiltermanni Bassiouni and 
C. harmeri share the same phylogeny; however, C. harmeri is differentiated by its broadly rounded anterior and par
allel dorsal and ventral margins.

12. Cytheretta woodiana (Jones, 1857)
Figured specimen: OS 13953, lectoctype (specimen figured in Jones 1857, p. 29, plate 3, fig 2b, f ), male RV lat„ 
1050 pm long, x43, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: Elongate species of Cytheretta, greatest height in front of mid point. Reclined lip-like projection at its pos- 
teroventral angle. Lateral surface reticulate with coarse punctate arranged in longitudinal, shallow arcuate traverses. 
Range: Early-mid-Pliocene; Coralline Formation, England; FB Zone, Oosterhout Formation, The Netherlands; Kat- 
tendijk and Lillo formations, Belgium (Wouters 1978). Late Pliocene; ‘Waltonian’ Red Crag Formation.
Remarks: One of five cytherettid species described from the Neogene of the southern North Sea Basin, Cytheretta 
woodiana distinguished by its greater size and angular, subtruncate posterior.

11, 13. Sarsicytheridea pinguis (Jones, 1857)
Figured specimens: 11, OS 13945, holotype (specimen figured in Jones 1857, p. 43, plate 2, fig. 4e), male RV lat.; 13, 
same specimen, int. lat., 1000 pm long, both x45, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A large elongate species of Sarsicytheridea with subtrapezoidal LV and subtriangular RV; LV > RV 
strongly overlapping. Textured anteroventral margin, can appear lip-like; numerous coarse scattered punctae. 
Range: Early-mid-Pliocene; Coralline Crag Formation, England; FB Zone, Oosterhout Formation, The Netherlands. 
Late Pliocene; ‘Waltonian’ Red Crag Formation, England.
Remarks: This and other Neogene species of Sarsicytheridea have, on occasion, been placed in Haplocytheridea 
Stephensen, 1936. Although the two genera are externally quite similar, Haplocytheridea has marginal denticles, a 
narrow vestibula and non-bifid toothlets.

14, 15. Sarsicytheridea robusta (Wood, Whatley, Maybury & Wilkinson, 1992)
Figured specimens: 14, MPK 9272, holotype, LV lat., 1100 pm long, x 41, Coralline Crag Formation, BGS Borehole 
OSC1 /OR7a, Raydon Hall; 15, MPK 9273, paratype, RV lat, 1110 pm long, x40, Coralline Crag Formation, BGS 
Borehole OSC1 /OR7a, Raydon Hall.
Diagnosis: A large species of Sarsicytheridea with a low length to height ratio; RV subtriangular with arched dorsum, 
LV subquadrate. Coarse scattered punctae developed in adults.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; FB Zone, Oosterhout Formation, The 
Netherldands; Coralline Crag. Late Pliocene; ‘Waltonian’ Red Crag Formation, England.
Remarks: This species differs from S. pinguis (Jones) by its robustness, greater height and the subquadrate outline 
of the LV.

16. Cytheropteron nodosoalatum Neale & Howe, 1973
Figured specimen: AMW 1.11 /761, LV lat., 480 pm long, x94, Norwich Crag Formation, Chillesford Church Pit. 
Diagnosis: A subrhomboidal species of Cytheropteron, posteriorly caudate, dorsum moderately arcuate in RV, gently 
so in LV. Ornament irregularly reticulate, surface densely pitted. Alae moderately inflated with deep sulcus at 
mid-point.
Range: Late Pliocene; Pre-Ludhamian Red Crag Formation; Chillesford Church Member, Norwich Crag Formation, 
England; Tentokuji Formation, NE Japan. Pleistocene; amphi-Atlantic and circum-polar distribution. Recent; 
pan-arctic and amphi-Atlantic distribution.
Remarks: Cytheropteron nodosoalatum occurs today in the shallow sublittoral, stenothermic waters of the Arctic 
Ocean, in temperatures of —0.5 to 9 C.

17. Cytheropteron dorsocostatum Whatley & Masson, 1979
Figured specimen: OS 16545, RV lat., 360 pm long, x 125, St Erth Formation.
Diagnosis: A small, subovate-subrhomboidal Cytheropteron with an ornament of subrounded-elongate punctae, of 
which the vertical component is dominant. Robust, submarginal dorsal rib, commonly divided into discrete nodes in 
the RV. The alae are moderately inflated with rounded margins.
Range: Early-mid-Pliocene; Coralline Crag Formation, England. Late Pliocene; near Algiers, Algeria; St Erth 
Formation, England; Redonian, NW France. Pleistocene; Bristol, Northern Ireland, Scotland. Recent; Atlantic shelf 
between Morocco and the southern Norwegian Sea.
Remarks: Cytheropteron dorsocostatum has been confused with C. nodosum Brady, 1868; however, the former is 
smaller, has a strong sub-dorsal ridge and a vertical element to its ornament.
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Plate 2

1. Kangarina abyssicola abyssicola (Miiller, 1894)
Figured specimen: AMW 1.34/814, male LV lat., 460 pm long, x98, Coralline Crag Formation, BGS Borehole, 
OSCl/OR7a, Raydon Hall.
Diagnosis: Compressed and subovate species of Kangarina with prominent sub-dorsal caudal process. Robust dorso- 
marginal and sinuous ventromarginal ridges, latter terminating posteriorly in spinal process. Secondary ridge, pivoted 
about centre, connecting anterodorsal and posteroventral surfaces.
Range: ?Late Oligocene, Chattiaan, Germany. Miocene; Bersenbriick, NE Germany; FC Zone, Breda Formation, The 
Netherlands; Berchem Formation, Belgium. Early-mid-Pliocene; Coralline Crag Formation, England. Late Pliocene; 
St Erth Formation, England; Redonian, NW France. Plio-Pleistocene; southern Italy and the Aegean. Recent; NW 
Africa-Norway.
Remarks: Cytheropteron sinuatum Lienenklaus, 1894, a species first described from the Upper Oligocene of 
Germany, may be synonymous with K. abyssicola abyssicola (Muller).

2 -4 . Semicytherura paraclausi Maybury, 1993
Figured specimens: 2, OS 14222, holotype, female RV lat., 560 pm long, x 80; 3, OS 14225, paratype, male RV lat., 
600 pm long, x75; 4, OS 14226, paratype, male LV lat., 620 pm long, x73, St Erth Formation.
Diagnosis: Small-medium-sized Semicytherura with a prominent keel-like alar process and posteroventral concavity. 
Ornament of reticulae and (micro-) punctae with three horizontal, anteromarginal ridges.
Range: Late Pliocene; St Erth Formation, England; Redonian, NW France.
Remarks: Semicytherura is the most abundant genus in the St Erth deposits, being represented by 58 species.

5, 7. Aurila strongyla Wouters, 1973
Figured specimens: 5 ,1 820 (specimen figured in Jones 1857, p. 24, plate 2, fig. 5c, d), car., It. lat.; 7, same specimen, 
car. rt. lat., 640 pm long, both x70, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A subquadrate species of Aurila with sinuous ventral margin, incurvature towards the anterior; caudal 
process moderately well developed in the RV and situated beneath mid-height. Valve ornamented with deep, 
elongate-ovate fossae.
Range: Early-Mid-Pliocene; Coralline Crag Formation, England; Kattendijk and Lillo formations, Belgium. Late 
Pliocene; ‘Waltonian’ Red Crag Formation, England; Redonian, NW France.
Remarks: The most prevalent species in the Coralline Crag Formation, often constituting 25% or more of the fauna. 
Specimens recovered from the Late Pliocene, Pre-Ludhamian Red Crag Formation are most probably reworked from 
older sediments.

6. Aurila nilensis Bassiouni, 1966
Figured specimen: OS 15333, LV lat., 580 pm long, x77, Apigne, NW France.
Diagnosis: A subcircular, reticulate Aurila with concentrically arranged fossae. Muri in the central region of the valve 
are broad, imparting a somewhat punctate appearance to the fossae in this area.
Range: Pliocene; Kom el Shelul, Egypt; Samothraki, Greece. Late Pliocene; St Erth Formation, England; Redonian, 
NW France.
Remarks: A dominant member of the ostracod fauna of the St Erth Formation and Redonian Stage of France.

8, 9. Aurila trigonula (Jones, 1857)
Figured specimens: 8, MPK2712, car., post., 540 pm wide, x48, Coralline Formation, Ramsholt; 9, OS 13944, para- 
lectotype (specimen figured in Jones 1857, p. 25, plate 3, fig. Id, e), male RV lat., 740 pm long, x61, Coralline Crag 
Formation, ?Sutton Knoll;
Diagnosis: A large, heavily calcified species of Aurila with primary and secondary punctae; strongly developed ven
trolateral ribs and flat sloping lateral surfaces producing a triangular outline when viewed posteriorly.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; Kattendijk Formation; Luchtbal Sands Member, 
Lillo Formation, Belgium (Wouters 1973); FB Zone, Oosterhout Formation, The Netherlands. Late Pliocene; ‘Wal
tonian’ Red Crag Formation, England.
Remarks: An excellent guide species for the early-mid-Pliocene of the southern North Sea Basin; distinctive in 
appearance, having a relatively short range and abundant throughout the region.

10. Baffinicythere howei Hazel, 1967
Figured specimen: AMW 1.8/750, A-l LV lat., 885 pm long, x51, Norwich Crag Formation, Chillesford Church 
Pit.
Diagnosis: Large, subquadrate-elongate rectangular species of Baffinicythere, with conspicuous, polygonal caudal 
process situated at the posteroventral angle. Carapace reticulate with ovate fossae and a triangular array of 
medioposterior ridges.

(continued on p. 440)
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Range: Mid-late Pliocene; east Kamchatka, Russia; northern Japan; Pre-Ludhamian Red Crag Formation; Chillesford 
Church Member, Norwich Crag Formation, England. Plio-Pleistocene, Flopton Cliff, Norfolk, England. Middle Pleis
tocene, Slindon Sand Member, Boxgrove, West Sussex, England. Late Pleistocene; North Sea Basin and west New
foundland. Recent; NE North America to the Laptev Sea, Arctic Ocean.
Remarks: At present Baffinicythere howei is a sublittoral, euhaline species that occurs in Arctic waters with mean 
summer bottom temperatures of between — 1.5 and 5 ’C.

11, 12. Triginglymus dictyosigma (Jones, 1857)
Figured specimens: 11, OS 1395, lectotype (specimen figured in Jones & Sherborn 1889, p. 24, plate 3, fig. 8a, b), 
female car. It. lat.; 12, same specimen, rt. lat., 750 pm long, x60, Coralline Crag Formation, ?Sutton Knoll. 
Diagnosis: A rectangular species of Triginglymus with obliquely rounded extremities. Valves heavily calcified, with 
weak medio-posterior and anterodorsal sulci; ornament reticulate with deep rounded and subovate fossae separated by 
broad, distended muri.
Range: Early-mid-Pliocene; Coralline Crag Formation, England. Late Pliocene; ‘Waltonian’ Red Crag Formation, 
England.
Remarks: The ornament of T. dictyosigma exhibits phenotypic variance. The surface can appear tegminate, or alter
natively the fossae may coalesce to form deep and sinuous sulci.

13, 15. Aurila sherborni Wood, Whatley, Maybury & Wilkinson, 1992
Figured specimens: 13, MPK 9288, holotype, male LV lat., 887 pm long, x 52; 15, MPK 9289, paratype, A-1 RV lat., 
814 pm long, x55, Coralline Crag Formation, BGS Borehole OSC1/OR12, Raydon Flail.
Diagnosis: A large, punctate species of Aurila with a well-developed smooth, subovate eye tubercle. L-shaped opaque 
patch (in LV) that surrounds the central muscle scars and continues dorsally in a narrow band towards the hinge area. 
Range: Early-mid-Pliocene; Coralline Crag, Formation. Late Pliocene; ‘Waltonian’ Red Crag Formation, England. 
Remarks: The large size and atypical outline of A. sherborni distinguish it from other aurilid species that also occurs 
in the Neogene of the southern North Sea Basin.

14. Finmarchinella logani (Brady & Crosskey, 1871)
Figured specimen: AMW 1.1/771, LV lat., 746 pm long, x60, Norwich Crag Formation, Chillesford Church Pit. 
Diagnosis: A compressed species of Finmarchinella with a weak ornament comprising distended, subhorizontal ribs 
and shallow polygonal fossae separated by narrow muri.
Range: Late Pliocene; Pre-Ludhamian Red Crag Formation; Chillesford Church Member, Norwich Crag Formation, 
England; Gubik Formation, Alaska. Early Pleistocene; Tjornes Beds, Iceland. Late Pleistocene; Champlain Sea, 
eastern North America and Alaska. Recent; SW Greenland.
Remarks: Finmarchinella logani and F. barentzovoensis (Mandelstam, 1957) are most alike; however, the latter can 
be differentiated by its undulose anterior surface, well-developed posterodorsal tubercle and abrupt posterior 
cardinal angle.

16. Muellerina lacunosa (Jones, 1857)
Figured specimen: OS 13947, holotype (specimen figured in Jones 1857, p. 31, plate 3, fig. 5), female car., It. lat., 
760 pm long, x 59, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A species of Muellerina with numerous, rarely coalescent, subcircular fossae set within an undulose 
network of muri, concentrically arranged around a well-developed subcentral tubercle.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; Kattendijk and Lillo formations, Belgium; FB 
Zone, Oosterhout Formation, The Netherlands. Late Pliocene; ‘Waltonian’ Red Crag Formation.
Remarks: Specimens from the Late Pliocene, Pre-Ludhamian Red Crag Formation are most probably reworked. 
Muellerina lacunosa and M. orygyma Wood & Whatley, 1997 have similar outlines; however, M. orygyma has 
fewer fossae and a distended mediodorsal surface.

Plate 3

1, 2. Thaerocythere mayburyae Cronin, 1991
Figured specimens: 1, AMW 1.27/788, female RV lat., 815 pm long, x 56; 2, AMW 1.2/787, male RV lat., 840 pm 
long, x54, Norwich Crag Formation, Chillesford Church Pit.
Diagnosis: An elongate rectangular species of Thaerocythere with connected dorsomarginal and short, oblique poster
odorsal ridges. Reticulum concentrically arranged about prominent subcentral tubercle.
Range: Mid-Pliocene; Tjornes Beds, Iceland. Late Pliocene; Pre-Ludhamian Red Crag Formation; Chillesford Church 
Member, Norwich Crag Formation and St Erth Formation, England; Redonian, NW France. Plio-Pleistocene; Hopton 
Cliff, Norfolk, England and Knocknasilloge Member, County Wexford, Ireland.

(continued on p. 442)
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Remarks: A cryophilic species that first appeared in the Tapes Zone of the Tjornes succession, Iceland (c. 3.40- 
3.15 Ma), and closely allied to another mid-Pliocene thaerocytherid, T. epistylium Wood, 1996.

3. Thaerocythere trachypora (Jones, 1857)
Figured specimen: I 6422, lectotype (specimens figured in Jones 1857, p. 36, plate 3, fig. 9 h, i), female RV lat., 
750 pm long, x60, Coralline Crag Formation, Sutton Knoll.
Diagnosis: Robust, quadrate species of Thaerocythere. Ornament composed of equally well-developed radial and con
centric muri arranged about a solid subcentral tubercle. Muri angled above mid-height from posterior cardinal angle to 
mid-height at the anterior margin.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; FB Zone, Oosterhout Formation, The Netherlands; 
Oorderen Sands Member, Lillo Formation, Belgium. Late Pliocene; ‘Waltonian’ Red Crag Formation, England; FA2 
and FA1 zones, Maasslius Formation, The Netherlands.
Remarks: An excellent guide species for the mid-Pliocene of the southern North Sea Basin. Worn specimens recov
ered from the Pre-Ludhamian Red Crag Formation are most likely reworked from older sediments.

4. Callistocythere multituberculata Wilkinson, 1980
Figured specimen: AMW 1.33/759R, RV lat., 495 pm long, x 91, Coralline Crag Formation, BGS Borehole OSC1/ 
OR 14, Raydon Flail.
Diagnosis: A heavily calcified species of Callistocythere with thickened irregular ribs, coarse reticulation and numer
ous large tubercles.
Range: Early-mid-Pliocene; Coralline Crag Formation; FB Zone, Oosterhout Formation, The Netherlands; Tapes 
Zone, Tjornes Beds, Iceland. Late Pliocene; Redonian, NW France.
Remarks: This species is easily distinguished from other Pliocene species of the genus by its heavy, 
tubercular ornament.

5. 6. Leptocythere maxima Maybury & Whatley, 1980
Figured specimens: 5, OS 11657, paratype, male RV lat., 780 pm long, x 58; 6, OS 11653, holotype, female LV lat., 
800 pm long, x 56; St Erth Formation.
Diagnosis: A large, strongly dimorphic, subreniform-subrectangularLepfocyr/jere with a well-developed reticulate, 
and anterodorsal and posterodorsal sulci.
Range: Late Pliocene; St Erth Formation, England.
Remarks: This species appears to be restricted to the St Erth Formation of Cornwall.

7. Leptocythere psammophila Guillaume, 1976
Figured specimen: AMW 1.10/777, male LV lat., 595 pan long, x76, Norwich Crag Formation, Chillesford Church 
Pit.
Diagnosis: A medium-large, strongly dimorphic species of Leptocythere, ornament varying from fine to coarse 
pitting. Post-ocular sinus weak, dorsomedian sulcus distinct.
Range: Mid-Late Pliocene; Tapes and Mactra zones, Tjornes Beds, Iceland; Pre-Ludhamian Red Crag Formation; 
Chillesford Church Member, Norwich Crag Formation, England. Plio-Pleistocene; Knocknasilloge Member, 
County Wexford, Ireland. Middle Pleistocene; Boxgrove, Sussex and Steyne Wood Clay, Isle of Wight, southern 
England. Late Pleistocene; various localities between northern Spain and Scotland. Recent; Atlantic coast of northern 
Spain-Iceland.
Remarks: With respect to size and ornament, L. castanea (Sars) is very similar to L. psammophila; however, its car
apace is relatively high in proportion to length and noticeably arcuate in lateral view.

8-10. Leptocythere recurata recurata (Jones & Sherborn, 1887)
Figured specimens: 8, AMW 2.5/783, RV lat., 565 pm long, x 80, Coralline Crag Formation, BGS Borehole, OSC1 / 
OR13, Raydon Hall; 9, AMW 2.5/780, ?female LV lat., 600 pm long, x 75, Coralline Crag Formation, BGS Borehole 
OSC1/OR15 Raydon Hall; 10,1 1873, holotype (specimen figured in Jones & Sherborn 1889, p. 21, plate 1, fig. 1), LV 
lat., 580 pm long, x78, Norwich Crag Formation, Southwold.
Diagnosis: A medium-sized species of Leptocythere, reticulate with deep subovate-elongate ovate fossae separated 
by smooth rounded muri. Dorsomedian sulcus distinct, posteroventral ornament commonly suppressed.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; Kattendijk and Lillo formations, Belgium. Late 
Pliocene; ‘Waltonian’ and Pre-Ludhamian Red Crag Formation; Chillesford Church Member, Norwich Crag For
mation, England. Plio-Pleistocene; Knocknasilloge Member, County Wexford, Ireland.
Remarks: Leptocythere recurata recurata is a eurythermic subspecies that occurs throughout the southern North Sea 
basin during the Pliocene. Leptocythere sp. A Uffenorde, 1981, an upper Miocene taxon of Germany, is thought to be a 
separate subspecies of L. recurata.

11, 12. Leptocythere sainterthensis Maybury & Whatley, 1980
Figured specimens: 11, OS 11672, holotype, RV lat., 440 pm long, x 102; 12, OS 11672, paratype, LV lat., 420 pm 
long, x 107, St Erth Formation.
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Diagnosis: A small Leptocythere with valves tapering posteriorly; cardinal angles indistinct. Ornament of first- and 
second-order reticulae with well-developed marginal rim.
Range: Late Pliocene; St Erth Formation; Redonian, NW France.
Remarks: A dominant constituent of the St Erth ostracod fauna distinguished from other Pliocene leptocytherids by its 
tapered outline and compressed margins.

13-15. Kuiperiana paravariesculpta Maybury, 1995
Figured specimens: 13, OS 14652, paratype, female LV lat., 410 pm long, x 110; 14, OS 14648, paratype, male RV 
lat., 510 pan long, x88; 15, OS 14647, holotype, male LV lat., 510 pm long, x89. St Erth Formation.
Diagnosis: A subelliptical, reticulate species of Kuiperiana with large intramural sieve-type normal pores; some with 
conuli. Eye tubercle smooth and connected with the reticulae.
Range: Late Miocene; Helvetian stage, Pontlevoy, France; Tortonian stage, Enna, Sicily and Crete. Late Pliocene, St 
Erth Formation, England; Redonian, NW France.
Remarks: A potentially long-ranging species abundant in the St Erth Formation.

Plate 4

1. Hirschmannia viridis (Muller, 1785)
Figured specimen: OS 16546, male RV lat., 480 pm long, x93, St Erth Formation.
Diagnosis: A reniform, laterally compressed Hirschmannia with pronounced oral incurvature and well-developed eye 
tubercle. Hinge gongylodont with smooth median element.
Range: Late Miocene, Breda Formation, The Netherlands. Early-mid-Pliocene; Coralline Crag Formation, England; 
Oosterhout Formation, The Netherlands. Mid-late Pliocene; Mactra and Serripes zones, Tjornes Beds, Iceland; ‘Wal- 
tonian’ Red Crag and St Erth formations, England; Redonian, NW France. Plio-Pleistocene; Knocknasilloge Member, 
County Wexford, Ireland. Middle-Late Pleistocene; NW Europe. Recent; White Sea, Arctic-southern Britain. 
Remarks: This common phytal species inhabits the sublittoral and littoral zones of NW Europe in euryhaline waters, 
with a mean annual temperature range of 0.5-18 °C.

2. Loxoconcha pararhomboidea Whatley & Maybury, 1988
Figured specimen: OS 12876, holotype, female LV lat., 530 pm long, x84, St Erth Formation.
Diagnosis: A small-medium species of Loxoconcha, like L. rhomhoidea (Fischer, 1855) but significantly smaller, less 
umbonate and with a narrower posteroventral border.
Range: Early-mid-Pliocene; Coralline Crag Formation, England. Late Pliocene; St Erth Formatin, England; Redo
nian, NW France. Plio-Pleistocene; Knocknasilloge Member, County Wexford, Ireland.
Remarks: A size difference between British and French material has been noted, and without exception French adults 
are smaller then their British counterparts.

3. Sagmatocythere paracercinata Whatley & Maybury, 1984
Figured specimen: OS 12116, holotype, female RV lat., 400 pm long, x 113, St Erth Formation.
Diagnosis: A species of Sagmatocythere with a prominent alar process overhanging the ventral margin. Reticulae 
irregular in the alar region. Free margin area flat.
Range: Late Pliocene; St Erth Formation, England; Redonian, NW France.
Remarks: The Loxoconchidae are very diverse in the Upper Pliocene of NW France and St Erth with 75 species/sub- 
species. Sagmatocythere is the most diverse genus of the family.

4. 5. Austroparadoxostoma pliocenica Whatley & Maybury, 1983
Figured specimens: 4, OS 12131, paratype, LV lat., 630 pm long, x71;5,OS 12130, holotype, RV lat., 610 pm long, 
x 74, St Erth Formation.
Diagnosis: A medium-sized paradoxostomatid with two well-developed ridges; one traversing the entire length of the 
ventral margin, the other commencing at the ventral extremity of the caudal process and terminates subcentrally. 
Range: Late Pliocene; St Erth Formation, England; Redonian, NW France.
Remarks: A very rare, but highly distinctive paradoxostomatid. The type species, A. ventromarginalis Hartmann, 
1979, has only been recorded from the recent coastal sediment of west Australia.

6. Schizocythere hollandica Triebel, 1950
Figured specimen: AMW 2.2/855, LV lat., 525 pm long, x87, Coralline Crag Formation, BGS Borehole OSC1/ 
OR 14, Raydon Hall.
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Diagnosis: A medium-sized, subtrapezoidal-quadrate species of Schizocythere. Lateral surface undulose and reticu
late with both primary and secondary costae. Primary costae are sharp, sinuous and subhorizontal; secondary costae 
are short, subvertical and invariable arcuate.
Range: Early Miocene; Vierlandian-Memmoorium stages, North German Basin, NW Germany; FC Zone, Breda 
Formation, The Netherlands. Early-mid-Pliocene; Coralline Crag Formation, England; Oosterhout Formation, The 
Netherlands; Kattendijk and Lillo formations, Belgium. Late Pliocene; St. Erth Formation; Redonian, NW France. 
Remarks: This species differs from S. phocenica Wilkinson by its smaller size and narrow, excavate rather than 
rounded, carinae.

7. Schizocythere pliocenica Wilkinson, 1980
Figured specimen: AMW 1.32/097, RV lat., 615 |xm long, x73, Coralline Crag Formation, BGS Borehole OSC1 / 
OR 12, Raydon Hall.
Diagnosis: A heavily calcified, subquadrate species of Schizocythere with two prominent ventro- and anteromarginal 
ribs and several oblique, distended ridges. Pronounced swelling beneath the posterior cardinal angle.
Range: Late Miocene; FC Zone, Breda Formation, The Netherlands. Early-mid-Pliocene; Coralline Crag Formation, 
England; FB Zone, Oosterhout Formation, The Netherlands. Late Pliocene; ‘Waltonian’ Red Crag and St Erth for
mations, England.
Remarks: This species is easily distinguished from other Neogene species of the genus by its distended, oblique 
lateral ridges.

8, 9. Cletocythereis jonesi Wood, Whatley, Maybury & Wilkinson, 1992
Figured specimens: 8, OS 13949, holotype (specimen figured in Jones 1857, p. 35, plate 3, fig. 9a-d), male car., It. 
lat.; 9, same specimen, rt. lat., 1070 pm long, both x42, Coralline Crag Formation, Sutton Knoll.
Diagnosis: A large subrectangular species of Cletocythereis with large, deep and marginally linked fossae. Antero
marginal rim cut by a series traverse, narrow and elongate fossae. Selvage modified at the anterodorsal angle 
forming a small secondary tooth in the LV.
Range: Late Miocene; Deurne Sands Member, Diest Formation, Belgium. Early-mid-Pliocene; Coralline Crag 
Formation, England; FB Zone, Oosterhout Formation, The Netherlands; Kattendijk Formation, Belgium. Late 
Pliocene; ‘Waltonian’ Red Crag Formation, England.
Remarks: Jones (1857) considered the adults of this species to be conspecific with Cythere macropora Bosquet, 1852, 
while Jones & Sherborn (1889) placed the juveniles in synonymy with Cythereis hoernesi (Speyer, 1863).

10, 11. Echinocythereis laqueata (Jones, 1857)
Figured specimens: 10, OS 13948, lectotype (specimen figured in Jones 1857, p. 30, plate 3, fig. 3a-c), car., rt. lat.; 
11, same specimen, It. lat., 1040 pm long, both x43, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A short, subquadrate, non-spinose species of Echinocythereis that tapers posteriorly. Carapace ornamented 
with numerous, deep, small, subrounded fossae.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; FB Zone, Oosterhout Formation, The Netherlands. 
Late Pliocene; ‘Waltonian’ Red Crag and St Erth formations, England; Redonian, NW France.
Remarks: Although originally described by Jones (1857) from the Crag at Walton-on-the-Naze, recent investigations 
of the type site have failed to recover duplicate specimens.

12. Celtia (Celtia) quadridentata quadridentata (Baird, 1850)
Figured specimen: OS 13946 (specimen figured in Jones 1857, plate 3, fig. 7), LV lat. (incomplete), 510 pm long. 
x88, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: An elongate-rectangular species of Celtia, with subparallel dorsal and ventral margins and triangular pos
terior. Ornament dominated by deep, slit-like fossae, equidimensional towards all but the oral margin. Vcntromarginal 
and median carinae inconspicuous in adults.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; southern Spain and the centra] Tethys Sea. Early- 
Middle Pleistocene; Sicilian stage southern Sicily. Late Pleistocene; Rhone Delta complex, southern France, western 
France and northern North Sea. Recent; Morocco-SW Norway.
Remarks: After re-examining type material, Cythere retifastigata Jones, 1857, a rare species from the Coralline Crag 
Formation is placed in synonymy with Celtia (Celtia) quadridentata quadridentata (see Wood 2005).

13. Falunia sp.
Figured specimen: I 6423, RV lat., 800 pm long, x56, Coralline Crag Formation, ?Sutton Knoll.
Diagnosis: A reticulate species of Falunia with vertically truncate posterior. Ornament of first- and second-order reti- 
culae, feeble subcentral tubercle and two vestigial longitudinal costae; lower structure intersects the posterior margin. 
Range: Early-mid-Pliocene; Coralline Crag Formation, England; Lillo Formation, Belgium (Wouters 1978). 
Remarks: This species is easily distinguished from F. sphaerulolineata (Jones) by its vertical posterior and heavily 
ornate external surface.

(continued on p. 446)
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Figured specimen: AMW 2.13/769, RV lat., 775 pm long, x 58, Coralline Crag Formation, BGS Borehole, OSC1 / 
OR15 Raydon Hall.
Diagnosis: A fragile, trapezoidal species of Falunia with a reclined-truncate posterior. Surface ornamented with scat
tered, fine punctate, feeble subcentral tubercle and two parallel subhorizontal ridges connected posteriorly by short 
subvertical bar.
Range: Early-mid-Pliocene; Coralline Crag Formation, England; Lillo Formation, Belgium (Wouters 1978); FB 
zone, Oosterhout Formation, The Netherlands.
Remarks: After re-examining type material, F. girondica Grekoff & Moyes, 1956 and F. sphaerulolineata are 
considered to be distinct species (see Wood 2005).

14. Falunia sphaerulolineata (Jones, 1857)
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Although their value as palaeoenvironmental and 
palaeoclimatic proxies is widely acknowledged, 
ostracods have traditionally been considered to be 
of only limited use in British Pleistocene biostrati
graphy. To some extent this is due to the patchy 
and fragmentary nature of most onshore Pleistocene 
deposits, precluding the establishment of long, con
tinuous records on which to base species ranges. It is 
also a result of taxonomic continuity; the majority of 
British Pleistocene species are still alive today and 
relatively few extinct taxa, such as might provide 
stratigraphical markers, have been recognized. 
Examples of the latter were discussed by Griffiths 
(2001) in his review of the use of European fresh
water ostracods as biostratigraphic indicators, 
including S c o t t i a  h r o w n i a n a  (Jones, 1850), I l y o c y -  

p r i s  q u i n c u l m i n a t a  Sylvester-Bradley, 1973 and 
A m p l o c y p r i s  t o n n e n s i s  Diebel & Pietrzeniuk, 
1975. The presence or absence of species in any par
ticular stratigraphical or geographical location is 
usually best explained, however, in terms of local 
environmental conditions and/or climate. This 
is true not only of Britain, but of the rest of 
the world in general. An excellent and comprehen
sive recent work, Holmes & Chivas’ (2002) T h e  

O s t r a c o d a :  A p p l i c a t i o n s  in  Q u a t e r n a r y  R e s e a r c h ,  

covers palaeoceanography and palaeoenvironmen
tal analysis (including trace-element and stable- 
isotope techniques) in detail but has no chapter on 
biostratigraphy.

Perceptions of the biostratigraphical value of 
Pleistocene ostracods are changing. Studies carried 
out on ostracod assemblages from new excavations 
of Pleistocene sites in Britain, coupled with taxo
nomic revisions, are revealing a growing number 
of taxa with limited chronostratigraphic ranges. At 
the same time, multidisciplinary studies are advan
cing our understanding of British Pleistocene stra
tigraphy and its correlation with the continuous 
marine oxygen-isotope record. Ostracods both 
benefit from and contribute to this improved strati
graphical framework. In the S t r a t i g r a p h i c a l  I n d e x

o f  British O s t r a c o d a ,  Robinson (1978), while recog
nizing the value of certain taxa in distinguishing 
between ‘early’ and ‘late’ Pleistocene assemblages, 
was mainly concerned with the palaeoenvironmen
tal significance of species. Consequently, the taxa 
selected by us in the present chapter are mostly 
different from those chosen by Robinson. Here we 
present, for the first time, stratigraphical range 
charts for marine-brackish and freshwater ostra
cods in the British Pleistocene. Although many pro
blems remain, new evidence is being acquired and 
collated all the time; an ‘ostracod clock’ will soon 
be recognized as a major application of this group 
in Pleistocene research.

History of research
Early work on British Quaternary ostracods was 
reviewed by Robinson (1978), who drew attention 
to the pioneering 19th century work of George 
Stewardson Brady, Henry Crosskey and David 
Robertson, whose monograph (Brady e t  a l .  1874) 
remains a valuable source of information to this 
day. Eric Robinson’s own substantial role has con
tinued to grow since the publication of his seminal 
Pleistocene paper (Robinson 1978) in the S t r a t i g r a 

p h i c a l  I n d e x  o f  B r i t i s h  O s t r a c o d a ,  particularly 
through contributions to multiproxy studies such 
as those at Sugworth (Robinson 1980), Earnley 
(West e t  a l .  1984), Little Oakley (Robinson 1990), 
Eye (Keen e t  a l .  1990), Woodston (Horton e t  a l .

1992), Waverley Wood (Shotton e t  a l .  1993), 
Norton Farm (Bates e t  a l .  2000) and Barling 
(Bridgland e t  a l .  2001) (see Figs 1 and 2 for geo
graphical and stratigraphical locations).

Other important ostracod faunal studies since 
1978 include those of De Deckker (1979) on the 
West Runton Freshwater Bed (Cromerian), Mitlehner 
(1992) on the Nar Valley Clay (then considered to be 
Hoxnian (Marine Isotope Stage 11 (MIS 11)), now 
thought to belong in MIS 9) and Holmes (1996) on 
the Hoxnian deposits at Clacton. Further refinements

From: W h i t t a k e r , J. E. & H a r t , M. B. (eds)  Ostracods in British Stratigraphy. 
The Micropalaeontological Society, Special Publications, 447-467. 
1747-602X/$15.00 {(') The Micropalaeontological Society 2009.
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Fig. 1. British Pleistocene ostracod localities referred to in the text.

to our understanding of British Pleistocene ostracods 
have included taxonomic revisions (e.g. Athersuch 
et al. 1985), descriptions of new species with poten
tial stratigraphical and palaeoclimatic significance 
(Horne et al. 1990) and greater recognition of the 
need for a palaeobiological approach (Brouwers 
et al. 2000). Huw Griffiths not only contributed to 
multiproxy studies of fluvial deposits, including 
those at Frog Hall Pit (Stretton-on-Dunsmore) 
(Keen et al. 1997) and Purfleet (Schreve et al.
2002), but also recognized the developing potential 
of freshwater ostracods as biostratigraphic indi
cators (Griffiths 2001). He compiled a comprehen
sive database of European Quaternary freshwater 
ostracods (Griffiths 1995) that still constitutes a

valuable resource, although in need of updating; it 
is being used as the basis for Quaternary data entry 
in NODE (Nonmarine Ostracod Distribution in 
Europe), a GIS (Geographical Information System) 
database of living and fossil non-marine ostracods 
in Europe (Horne et al. 1998) that currently holds 
12 000 records, of which some 1300 are Pleistocene 
and 1100 Holocene.

Two benchmark publications, although primar
ily concerned with living ostracods rather than 
Quaternary fossils, are important for providing 
taxonomic stability for the majority of Quaternary 
ostracods species found in the British Isles. These 
are the marine and brackish-water volume in the 
Linnean Society’s Synopses o f the British Fauna
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Fig. 2. The approximate age relationships of the localities shown in Figure 1.

series (Athersuch et a l 1989), and Meisch’s (2000) 
excellent monograph of the freshwater ostracods of 
western and central Europe. Species new to the 
British Quaternary fauna are still being discovered

(some of which are reported herein for the first 
time), however, and taxonomic revisions continue 
to shed new light on relationships and distributions 
(see, for example, Griffiths et al. 1998).
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Principal collections
The Hancock Museum, Newcastle-upon-Tyne

The G. S. Brady collection at the Hancock Museum 
includes fossil material figured by Brady et al. 
(1874), as well as Recent ostracods described by 
Brady in various publications.

The Natural History Museum, London

Important ostracod material in both the Palaeontol
ogy and Zoology collections is housed here, 
including ostracods figured in publications by 
J. Athersuch, W. Baird, D. J. Horne, T. R. Jones, 
J. W. Neale, A. M. Norman, J. E. Robinson, R. C. 
Whatley, J. E. Whittaker and others. The NHM 
also houses important former university collections, 
notably the Hull University Collection (of J. W. 
Neale and students) and the University College of 
Wales, Aberystwyth Collection of MSc and PhD 
material (R. C. Whatley and students). All the 
figured specimens pertaining to this chapter are 
deposited here, their registered numbers being 
prefixed OS.

The Hunterian Museum, Glasgow

Important Clyde Beds (Late Glacial-Holocene) 
ostracod material is housed at this museum.

The British Geological Survey, Edinburgh 
and Keyworth

The collections have useful Pleistocene material 
including much from offshore boreholes.

Stratigraphy
The position of the base of the Pleistocene and the 
status of the Quaternary Period (comprising the 
Pleistocene and Holocene epochs) have been sub
jects of much debate in recent years. The preferred 
classification of the International Commission on 
Stratigraphy (Gradstein el al. 2004) abandons the 
name Quaternary, extends the Neogene to the 
present day and places the Plio-Pleistocene bound
ary at 1.8 Ma. However, Gradstein et al.’a (2004) 
proposals are considered unacceptable by many 
Quaternary scientists and there is a strong case for 
adopting 2.6 Ma, the time of inception of extensive 
northern hemisphere mid-latitude glaciation, as the 
base of the Pleistocene and the Quaternary 
(Bowen & Gibbard 2007). The authors of the pre
ceding (Neogene) chapter (Wood et al. 2009) have 
adopted the 1.8 Ma definition of the boundary, 
incorporating the East Anglian ‘crag’ formations 
into the Pliocene, but appear to accept that this is

also the top of the Neogene. Accordingly, our Pleis
tocene chapter does not deal with the ‘crags’, 
although it is worth noting here that both the ‘Butle- 
yan’ part of the Red Crag Formation and the Easton 
Bavents Clay Member of the overlying Norwich 
Crag Formation contain cold-climate ostracods 
such as Baffinicythere howei Hazel, 1967 (see 
Lord et al. 1988).

The Early-Middle Pleistocene boundary is within 
Marine Isotope Stage (MIS) 19, the Brunhes- 
Matuyama boundary, c. 780 000 years; the Middle- 
Late Pleistocene boundary is at the MIS 6-5e 
boundary at c. 128 000 years (Catt et al. 2006). 
Little is known of Early Pleistocene ostracods in 
Britain; consequently, our coverage in this chapter 
is restricted to Middle and Late Pleistocene, in 
other words from the ‘Cromerian Complex’ to the 
Devensian (Figs 2-4).

Our understanding of the complex and frag
mentary stratigraphy of onshore British Pleist
ocene deposits has advanced dramatically in recent 
decades, but it would be premature to consider that 
all recorded sites and sections can now be attributed 
with absolute certainty to any particular glacial or 
interglacial period, let alone to one of the shorter 
climatic episodes now known to characterize the 
Pleistocene record. Dating of any deposit must be 
consistent with field relationships, and the import
ance of lithostratigraphical logging and field 
mapping should not be underestimated. We are for
tunate that over the last 10-15 years detailed 
archaeological work at sites such as Boxgrove 
(Roberts & Parfitt 1999), as well as investigations 
of the Thames-Medway Valley (e.g. Bates et al. 
2002) and projects such as the Palaeolithic Archae
ology of the Sussex-Hampshire Coastal Corridor 
(e.g. Bates et al. 1997, 2003; Bates 2001), have 
not only led to new detailed mapping, test pitting 
and borehole work, but also to reinterpretation of 
older records (e.g. of the British Geological 
Survey). By law, all sites with archaeological poten
tial are required to have a detailed assessment before 
development (road construction, building, quarry
ing, etc.) can take place; this has led to a great 
increase in the amount of available information, 
which in turn has greatly facilitated the writing of 
this paper. Difficulties are compounded by the 
usual problems of correlating between marine and 
non-marine deposits, although in such cases it is 
often ostracods, which occur in both types of 
environment, that are the most valuable.

Traditionally, Pleistocene stratigraphy has been 
based on biostratigraphical correlations using paly- 
nology, molluscs and insects -  and in marine set
tings, of course, foraminifera -  while ostracods 
were relatively little used. In freshwater and 
brackish-water settings, ostracods and foraminifera 
tended to be used as an afterthought and mainly
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<  11 JO O

5 a  O £  
m m  7) ™

(D O  
m m (/nr)

MARINE-
BRACKISH

WATER
SPECIES

1 S e m ic y th e ru ra  n ig re s c e n s

2 S e m ic y th e ru ra  s e l la

3 H e m ic y th e ru ra  c la th ra ta

4 C lu th ia  c lu th a e

5 R o u n d s to n ia  g lo b u life ra

6 S a g m a to c y th e re  v a r ie s c u lp ta

I  C a llis to c y th e re  c u r ry i

8 S e m ic y th e ru ra  a f f in is

9 L e p to c y th e re  c r ib ro s a

10 S e m ic y th e ru ra  a r c a c h o n e n s is

II  C a llis to c y th e re  d o n o v a n i

12 S a g m a to c y th e re  m a y b u ry a e

13 S e m ic y th e ru ra  ro b e r ts i sp. nov.

14 S e m ic y th e ru ra  c ro n in i sp. nov.

15 B a ff in ic y th e re  h o w e i

PLEISTO
CEN

E



452 J. E. WHITTAKER & D. J. HORNE

Fig. 4. Range chart of selected non-marine (freshwater) ostracod species in the British Pleistocene.
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for palaeoenvironmental reconstruction, often using 
material passed on by mollusc specialists; unfortu
nately, this usually meant material retained on a 
relatively coarse sieve (e.g. 500 p,m), so smaller 
components of ostracod assemblages were over
looked or thrown away. Only when ostracod work 
began to be carried out for its own value, with 
samples collected by and for ostracod specialists, 
were many important, previously unrecognized, 
species found.

A case in point is that of the Middle Pleistocene 
hominin occupation site at Boxgrove in West 
Sussex. Eric Robinson, having already demonstrated 
the potential of ostracods in these deposits (which in 
spite of a diverse vertebrate fauna contain little for 
the palynologists and mollusc specialists), caused 
Mark Roberts, the Director of the site, to invite one 
of us (J. E. Whittaker) to study the ostracods and 
foraminifera. Ostracods turned out to be a diverse 
and useful group at the site, providing evidence of 
marginal-marine, brackish and freshwater environ
ments, including springs emanating from the cliffs 
that backed the coastal plain, and including pre
viously unrecognized (in Britain) species such as 
Scordiscia marinae Krstic & Schornikov, 1993, 
now considered to be indicative of pre-Anglian age.

In spite of the above-mentioned problems it is 
possible to use, with reasonable confidence, the 
Marine Isotope Stages (MIS) as a standard against 
which to compare and correlate discontinuous 
onshore sequences. Advances in biostratigraphy 
and absolute dating have also helped, although the 
application of multiple methods to a particular 
deposit more often than not yields conflicting 
results. In non-marine deposits, reliable amino acid 
racemization dates are now being obtained from gas
tropod (Bithynia) opercula (e.g. Penkman in Preece 
et al. 2007), but marine sites are more problematic; 
early work by Bowen and colleagues (e.g. Bowen 
et al. 1989) produced results that were in some 
cases difficult to reconcile with other age indications 
(see Roberts & Parfitt 1999, with regard to 
Boxgrove). It is to vertebrate biostratigraphy, 
specifically the ‘vole clock’, that Middle Pleistocene 
(Cromerian) sites such as Pakefield and Boxgrove 
owe their accepted dates (see Parfitt et al. 2005 and 
Parfitt in Roberts & Parfitt 1999, respectively); the 
first appearances of certain small mammal species 
(represented by their teeth) are well calibrated by 
independent dating elsewhere in Europe.

The aim of this paper is to provide a benchmark 
for the future contribution of ostracods to British 
Pleistocene stratigraphy. Our new ostracod biostra
tigraphy is set in the framework of Marine Isotope 
Stages and key British climatic stages (e.g. glacials 
and interglacials), following the framework used by 
the AHOB (Ancient Human Occupation of Britain) 
project (AHOB website); in compiling Figures 2 -4

we have taken expert advice and believe our strati- 
graphical scheme to be the best achieveable at the 
present time, but we cannot rule out the possibility 
of modifications as new information becomes avail
able. Recently, Optically Stimulated Luminescence 
(OSL) dating (Briant et al. 2006) of associated clasts 
has been used to try to elucidate the difficult relative 
stratigraphy of the south coast raised beaches; such 
advances, where known, have been incorporated 
into Figure 2.

Taxonomy

Brief diagnoses and descriptions of three new 
species are given in this section.

Leucocythere batesi sp. nov. Plate 1, 12-14. 
Derivation of name: After Martin Bates (Univer
sity of Wales, Lampeter), for his contributions to 
British Pleistocene stratigraphy and archaeology. 
Type specimens: Holotype, female LV, OS 16489; 
paratype, male LV, OS 16490.
Type locality and horizon: EbbsHeet, Kent (51 ° 19'N, 
1 U21'E), Devensian.
Diagnosis: Leucocythere with valve sides of both 
sexes flattened and with a prominent peripheral 
ridge posteriorly and ventrally; anterior marginal 
area compressed with a narrow peripheral ridge; 
variable pitting of valve surface. Female highest 
anteriorly, tapering posteriorly; male elongate and 
subrectangular.
Short description: Female carapace subquadrate in 
lateral view; dorsal and ventral margins fairly 
straight and converging posteriorly; anterior 
margin broadly rounded; posterior margin steeply 
sloping towards a rounded posteroventral corner. 
Swollen continuous ventral, posterior and postero- 
dorsal submarginal ridge, overhanging posteroven
tral margin; narrow anterior submarginal ridge. 
Two dorsomedian sulci, the posterior one extending 
two-thirds of the way to the ventral margin. Orna
ment of small circular pits, variable in extent. 
Male carapace similar to female, but more elongated 
and with parallel dorsal and ventral margins. 
Remarks: European congeners include L. baltica 
(Diebel, 1965) and L. mirabilis Kaufmann, 1892 (two 
species that may be synonymous -  see Danielopol 
et al. 1989), both found in Pleistocene Late Glacial 
sediments, the latter still living. Females of the 
new species differ by being less elongate and 
having a more swollen rim that'often obscures the 
posteroventral margin in lateral view, and in dorsal 
view by the more inflated and truncated posterior.

Semicytherura cronini sp. nov. Plate 3, 7, 8. 
Derivation of name: After Tom Cronin (US 
Geological Survey), in appreciation of his contri
butions to the study of Pleistocene Ostracoda.
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Type specimens: Holotype, female LV, OS 16507; 
paratype, male LV, OS 16508.
Type locality and horizon: Valdoe Pit, West 
Sussex (50°52'N, 0°45'W); Eartham Formation, 
Slindon Sands Member, Goodwood-Slindon Raised 
Beach, Cromerian (MIS 13).
Diagnosis: Dorsal margin gently arched. Reticulate 
ornament subdued in peripheral regions, giving way 
to a smooth surface with circular pits in central 
region of carapace; a distinctive oblique murus 
just in front of caudal process.
Short description: Female carapace in lateral view 
subovate with a prominent, blunt caudal process; 
dorsal margin convex, ventral margin straight; 
anterior margin broadly rounded with anterior extre
mity below mid-height; posterior margin produced 
with caudal process above mid-height. Ornament 
subdued, with distinct peripheral ridges and an 
angular posteroventral indentation. Male carapace 
more elongate, with less arched dorsal margin. 
Remarks: Larger than S. nigrescens (Baird, 1838) 
from which it also differs in being relatively more 
elongate (cf. Plate 3, 9); caudal process more pro
duced and upturned.

Semieytherura robertsi sp. nov. Plate 3, 10, 11. 
Derivation of name: In honour of Mark Roberts 
(Institute of Archaeology, University College 
London), Director of the Middle Pleistocene 
excavations at Boxgrove, West Sussex.
Type specimens: Holotype, female LV, OS 16510; 
paratype, male LV, OS 16511.
Type locality and horizon: Boxgrove, West Sussex 
(50°52'N, 0°42'W); Eartham Formation, Slindon 
Sands Member, Goodwood-Slindon Raised 
Beach, Cromerian (MIS 13).
Diagnosis: Dorsal and ventral margins subparallel. 
Reticulate ornament with longitudinal muri only 
dominant in ventrolateral and posterolateral 
regions; irregular polygonal pattern in anterodorsal 
quarter of carapace.
Short description: Female carapace in lateral view 
subquadrate with a blunt caudal process; dorsal and 
ventral margins almost straight and subparallel; 
anterior margin broadly rounded; posterior margin 
produced into a caudal process a little above mid
height. Ornament a distinctive reticulum with a 
curved, longitudinal, ladder-like pattern in the pos- 
terodorsal region, irregular polygonal around the 
posteroventral indentation; anterodorsal region 
with polygonal reticulum with secondary pitting. 
Male carapace more elongate.
Remarks: A ‘southern/warm’ species apparently 
living today in the Adriatic Sea (Bonaduce et al.
1976) where it has been misidentified as S. sella 
(Sars, 1866) (cf. Plate 3, 13, 14), a similar species 
with a different pattern of ornament (especially of 
the major longitudinal and peripheral muri) and a

differently shaped pinched-in area postero- 
ventrally. Also found in the Holocene of Portugal 
(M. Cabral pers. comm.).

Ostracod biostratigraphy

In contrast to Robinson (1978) who focused on 
palaeoecological assemblages, we present range 
charts based on the established British stratigraphi- 
cal ranges of a selection of marine and non-marine 
ostracods; many of the taxa illustrated by Robinson 
are consequently absent from the present paper. Our 
range charts (see Figs 3 and 4) show continuous 
ranges, but this should not be taken to imply that 
any species will be found in every deposit through
out its range. The occurrence of any given species in 
a deposit is of course influenced by climate (there 
are warm stage and cold stage taxa) and environ
ment (e.g. coastal marine, estuarine, lacustrine, 
fluvial). Figure 5 summarizes the palaeoclimatic 
and palaeoenvironmental implications of the species 
shown on the range charts.

Of the marine-brackish taxa, three are indica
tive of pre-Anglian (MIS 12) age: Semieytherura 
robertsi sp. nov., S. cronini sp. nov. and Baffini- 
cythere howei Hazel, 1967; the last-mentioned is a 
relatively large and distinctive species, also found 
in the Late Pliocene Red Crag Formation and 
extant in cold, high-latitude northern waters, so its 
absence from British post-Anglian cold-stage 
assemblages is somewhat puzzling. Similarly, Semi- 
cytherura robertsi is also known from the Holocene 
of Portugal and the Recent of the Adriatic Sea, but is 
unknown from the British post-Anglian Pleistocene; 
it must be remembered that ostracods lack a plank
tonic larval stage, so that geographical barriers may 
present greater challenges to geographical range 
changes (in response to climate change) than they 
do for other organisms. Of the post-Anglian 
species, some are extinct, such as Callistocythere 
donovani Horne et al., 1990 and C. curryi Horne 
et al., 1990, which are both warm-stage taxa; the 
last appearance of the former is in the Aveley Inter
glacial (MIS 7), that of the latter in the Ipswichian 
Interglacial (MIS 5e). Semieytherura arcachonensis 
Yassini, 1969, on the other hand, is still found living 
on the Atlantic coast of SW France, although in the 
British Isles it is restricted to the Purfleet and Aveley 
interglacials (MIS 9-7). British Late Glacial cold- 
climate species such as Cluthia cluthae (Brady 
et al., 1874) and Roundstonia globulifera (Brady, 
1868) still live in more northerly waters, as does 
Hemicytherura clathrata (Sars, 1866) for which 
there is evidence of local extinction during the 
Early Holocene.

The freshwater range chart (Fig. 4) shows 
more potential to distinguish stages in the Middle
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Fig. 5. Palaeoenvironmental and palaeoclimatic significance of some stratigraphically useful British Pleistocene 
ostracods. Palaeoclimatic significances: Warm 1, not part of modern British fauna but lives further south today; Warm 2, 
extinct, but considered to be a warm indicator by association; None, lives at similar latitudes in or outside Europe today; 
Cold 1, not part of the modern British fauna but lives further north today; Cold 2, extinct, but considered to be a cold 
indicator by association.
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Pleistocene up to MIS 9, but provides little resolution 
in MIS 7-2. Scordiscia marinae Krstic & 
Schornikov, 1993, is a good indicator of pre-Anglian 
age (MIS 13 and earlier). Ilyocypris quinculminata 
Sylvester-Bradley, 1973 and Scottia browniana 
(Jones, 1850) do not survive past MIS 11, while 
Ilyocypris salebrosa Stepanaitys, 1960 and S. 
tumida (Jones, 1850) are not found in deposits 
younger than MIS 9. Ilyocypris salebrosa may, in 
fact, be a good indicator for MIS 9 alone; a species 
with many synonyms (see Whittaker in Bates et al. 
2002), it appears to be extinct in Europe but still 
lives in North America (as Pelocypris alatabulbosa 
Delorme, 1970) and China (Mischke & Schudack 
2001) .

It must be borne in mind that the continuous 
range bars do not imply continuous occurrence, 
and that glacial-interglacial cycles caused repeated 
local extinctions and reappearances of many 
species. It is notable, however, that four cold- 
climate species (Amplocypris tonnensis Diebel & 
Pietrzeniuk, 1975; Ilyocypris schwarzbachi 
Kempf, 1967; Leucocythere batesi sp. nov.; and 
Limnocythere falcata Diebel, 1968), ranging from 
the Hoxnian interglacial (‘Arctic Bed’) (MIS 11) 
to the Devensian (MIS 2), are not known to live 
anywhere in the world today and may be truly 
extinct, although at least one of them, L. falcata, is 
known from Late Holocene deposits in the Arctic 
(Wetterich et al. 2005). Why the Last Glacial 
Maximum should have caused the extinction of 
some of these species, when previous glacials did 
not, is a matter for conjecture, and the possibility 
that they may still be living, undiscovered, at high 
latitudes cannot be ruled out.

Ostracod palaeoecology
The species illustrated herein have been chosen 
for their biostratigraphical value, but they addition
ally have palaeoclimatic and palaeoenvironmental 
significance (Fig. 5). A full treatment of ostracod 
palaeoecology is beyond the scope of this paper, 
and we have limited ourselves to some comments 
about approaches and pitfalls. For further infor
mation, a particularly useful handbook is Griffiths & 
Holmes’ (2000) Quaternary Research Association 
Technical Guide on Non-marine Ostracods and 
Quaternary Palaeoenvironments; Smith & Horne
(2002) offer a recent review of ostracod ecology, 
while Boomer et al. (2003) provide an up-to-date 
summary of techniques in ostracod palaeoenviron
mental analysis, including Quaternary examples.

In order to realize their full potential as proxies 
for environmental and climatic change, it is import
ant that fossil ostracods should be regarded not as 
mere shells but as records of the presence of 
animals that lived and reproduced under particular

environmental conditions. A palaeobiological 
approach, involving continuing studies of the taxon
omy, biology, ecology and distribution of living 
ostracods, is therefore essential to Pleistocene 
work. For a long time the utilization of the marine 
species Roundstonia globulifera (Brady, 1868) as 
an indicator of cold temperatures in the British 
Pleistocene was based entirely on the assumption 
that the modern, circum-Arctic distribution of its 
empty valves and carapaces represented its living 
distribution. Brouwers et al. (2000) were the first 
to establish true living records (based on the occur
rence of ‘soft parts’) of this and other species, 
largely confirming their value as cold-climate 
proxies and improving knowledge of their dis
tribution and ecology. Another Pleistocene 
marine species, Loxoconcha malcomsoni Horne & 
Robinson, 1985 (originally L. cuneiformis 
Malcomson), was thought to be extinct in the 
British Isles (Horne & Robinson 1982, 1985) and 
its occurrence in a channel fill at Earnley was taken 
as contributory evidence for the antiquity of that 
deposit (West et al. 1984). Subsequently, however, 
the discovery of living populations of this species 
on English saltmarshes (Horne & Boomer 2000) 
has, to some extent, negated its biostratigraphical 
value, while at the same time resulting in a 
better understanding of its palaeoenvironmental 
significance.

Reworked ostracods from older strata are a 
relatively common phenomenon in British Pleisto
cene deposits and one that can mislead the unwary. 
It is important, therefore, to always give consider
ation to the taphonomic history of an assemblage 
(Boomer et al. 2003) before proceeding to a 
palaeoenvironmental interpretation that should, 
ideally, be based only on the components of an 
assemblage which show the least signs of post
mortem transport and sorting.

In using fossil ostracods as proxies for past cli
matic conditions, the problem of non-analogue 
faunas is sometimes encountered (as with other 
proxy groups). For example, the marginal-marine 
ostracod assemblage from Boxgrove (MIS 13) 
includes Baffinicythere howei Hazel, 1967, a 
cold-water indicator living now in Arctic waters 
(Horne & Whittaker 1983), and Semicytherura 
robertsi sp. nov., a warm-water indicator found in 
the Adriatic Sea today. Assuming that neither of 
these species has changed its temperature require
ments since the Middle Pleistocene (a reasonable 
assumption, and one that underpins all Quaternary 
palaeoenvironmental and palaeoclimatic analyses 
using biological proxies), their co-existence is 
anomalous as they are not found living together at 
the present day; in other words, the fauna has no 
modern analogue. In such cases other means of 
palaeoclimatic analysis must be sought, such as
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the trace-element and stable-isotope chemistry of 
ostracod shells (see, e.g. Griffiths & Holmes 2000).

Future research
It is clear that a great deal of further work will be 
necessary to test and improve the biostratigraphical 
scheme presented here. Such a scheme relies on the 
accurate identification of species; continuing taxo
nomic revision and harmonization is therefore also 
essential, both within Europe and with areas 
further afield such as North America. In parallel 
with this, other advances will influence the ostracod 
biostratigraphy; key among these is likely to be 
amino acid racemization dating of fossil material, 
which is currently producing good results from gas
tropod (Bithynia) opercula (e.g. Penkman in Preece 
et al. 2007) and has potential for application to 
ostracod shells. With regard to palaeoenvironmental 
and palaeoclimatic applications, two areas are of 
particular note. One is the calibration of a greater 
range of taxa for trace-element and stable-isotope 
analyses of ostracod shells, with palaeoetempera- 
ture and palaeosalinity applications. The other is 
the development of a Mutual Climate Range 
method for ostracods, similar to that already devel
oped and in use for Coleoptera (e.g. Coope 2006) 
and other groups; as a step towards this, a GIS-based 
Mutual Temperature Range method for European 
Quaternary nonmarine ostracods is currently being 
tested (Horne 2007).

We thank Dr E. Robinson for his help, inspiration and 
encouragement in our work on Pleistocene ostracods. We 
are also grateful to Prof. A. Lord for his support and 
advice. Much of what is recorded in this paper would not 
have been discovered but for the seminal work of many 
archaeologists, especially Drs M. Bates, S. Parfitt, 
M. Pope, M. Roberts, F. Wenban-Smith and H. Langford.
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Explanation of plates
The species illustrated in the following three plates are, for the most part, those of real or potential biostrati- 
graphic value in the British Pleistocene. They include freshwater, brackish and marine taxa. A few species, 
however, are included for comparative purposes. All illustrated specimens are deposited in the Department 
of Palaeontology, The Natural History Museum, London (OS numbers) unless otherwise stated. 

Abbreviations: LV, left valve; RV, right valve; car., carapace; lat., lateral view.

Plate 1. Non-marine taxa
1, 2. Scordiscia marinae Krstic & Schornikov, 1993

Figured specimens: 1, OS 16477, female LV lat., 600 pm long, x75; 2, OS 16478, male LV lat., 530 pan long, x85. 
Norton Subcourse, Norfolk, Cromerian (pre-MIS 13).
Diagnosis: Limnocytherid with two distinctive dorsal nodes and curved ventral ridge (‘smiley face’ pattern); ornament 
of rounded deep pits. Valves truncated posteriorly, males more elongate than females, and not inflated as in typical 
Limnocythere.
Range: Cromerian only (MIS 17-13). Pre-Anglian marker species.
Recorded from: Boxgrove, Norton Subcourse, Pakefield, Sidestrand, Valdoe.

3, 6. Limnocythere falcata Diebel, 1968
Figured specimens: 3, OS 16479, female RV lat., 660 pm long, x68; 6, OS 16480, female LV lat., 680 pm long, 
x66. Beeches Pit, Suffolk, Hoxnian (MIS 11).
Diagnosis: Sides of posterior half of carapace flattened and edged by a pronounced rim, which borders the sulci and 
then runs round the posterior and ventral periphery. Anterior with wide compressed area. Ornament of sickle-shaped 
fossae (hence the name).
Range: Hoxnian (MIS 11)-Devensian (MIS 3).
Recorded from: Beeches Pit, Ebbsfleet (Devensian), Marks Tey.
Remarks: Much confused with other Pleistocene limnocytherids. A specimen illustrated under this name from 
Cromerian deposits at West Runton by Robinson (1978) belongs, in fact, to Limnocytherina sanctipatricii, and 
three of the four Hoxnian specimens figured by the same author belong to Leucocythere hatesi.

4, 5. Limnocythere usenensis Karmischina, 1966
Figured specimens: 4, OS 16481, female RV lat., 700 pm long, x64; 5, OS 16482, male RV lat., 780 pm long, x58. 
Norton Subcourse, Norfolk, Cromerian (pre-MIS 13).
Diagnosis: Female with greatest length at around mid-height; pitted/reticulate, with two strongly developed elongate 
nodes in the posterior half, posteroventral margin not compressed; male more elongate and expanded posteriorly, with 
the more dorsal node subdued or absent.
Range: Cromerian (?MIS 17-15).
Recorded from: Little Oakley, Norton Subcourse.
Remarks: A pre-Anglian marker.
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F ig u r e d  sp e cim e n s: 7, OS 16483, female LV lat., 610 pm long, x74; 8, OS 16484, male LV lat., 680 pm long, x66. 
Allhallows, Kent, Purfleet Interglacial (MIS 9).
D ia g n o s is : Female with greatest length below mid-height and with a markedly compressed posteroventral marginal 
area; pitted/reticulate, with or without nodes; male more elongate and posteriorly expanded. Both sexes also have pos
teroventral marginal denticles.
R a n g e : Cromerian (MIS 13)-Recent.
R e c o rd e d  f r o m : Assemblages with both males and females from Allhallows, Boxgrove, Purfleet; female-only 
assemblages are common in Devensian-Holocene deposits.
R e m a rk s :  Both sexes are found in British Middle and Late Pleistocene assemblages, but Devensian-Recent 
populations lack males.

9. Limnocythere suessenbornensis Diebel, 1968
F ig u r e d  sp e cim e n : 9, OS 16485, female LV lat., 540 pm long, x83. Hoxne, Suffolk, Hoxnian (MIS 11). 
D ia g n o s is : Small for the genus. Valves tapering posteriorly and covered in a shallow reticulum all over.
R a n g e : Hoxnian (MIS 11).
R e c o rd e d  fro m : Beeches Pit, Hoxne.
R e m a rk s :  Limnocythere blankenbergensis Diebel, 1968 may be a male or A-l juvenile of this species (see Preece 
et at. 2007 for discussion).

10, 11. Limnocytherina sanctipatricii (Brady & Robertson, 1869)
F ig u r e d  sp e cim e n s: 10, OS 16486, female LV lat., 770 pm long, x58; 11, OS 16487, male LV lat., 800 pm long, 
x56. Beeches Pit, Suffolk, Hoxnian cold climate deposits (MIS 11).
D ia g n o s is : Female subquadrate, greatest length at mid-height; pitted/reticulate with a ventrolateral node behind 
mid-length and a narrow compressed posteroventral marginal area. Male more elongate and expanded posteriorly. 
R a n g e : Cromerian (MIS 17-13)-Recent.
R e c o rd e d  f ro m : Beeches Pit, Ebbsfleet (Devensian), Edinburgh, Powdermill Lane, Star Carr, Warblington-Bognor, 
West Runton, White Bog.
R e m a rk s :  It is the type species of Limnocytherina, which differs from Limnocythere (sensu stricto) solely on appen
dage characters of the living animal (see Meisch 2000).

12-14. Leucocythere batesi Whittaker & Horne sp. nov.
F ig u r e d  sp e cim e n s: 12, OS 16488, female RV lat., 660 pm long, x 68; 13, OS 16489, female LV lat. (holotype), 700 pm 
long, x64; 14, OS 16490, male LV lat. (paratype), 830 pm long, x54.12, Portfield Pit, Brighton-Norton Raised Beach, 
West Sussex, Aveley Interglacial cold stage (late MIS 7 or early MIS 6); 13, 14, Ebbsfleet, Kent, Devensian. 
D ia g n o s is : Female highest anteriorly, tapering posteriorly; male elongate and subrectangular. Valve sides of both 
sexes flattened, with a prominent peripheral ridge posteriorly and ventrally; anterior marginal area compressed 
with a narrow peripheral ridge; pitted.
R a n g e : Hoxnian (MIS 11)-Devensian (MIS 5-3).
R e c o rd e d  fro m : Aldingbourne, Beeches Pit, Ebbsfleet, Marks Tey, Norton Farm, Portfield Pit, Powdermill Lane, 
Warblingon-Bognor.

15. Ilyocypris salebrosa Stepanaitys, 1960
F ig u r e d  sp e cim e n : OS 15865, female (?) RV lat., 800 pm long, x56. Allhallows, Kent, Purfleet Interglacial (MIS 9). 
D ia g n o s is : Dorsolateral tubercle (behind dorsomedian sulci) broad, swollen, anterolateral tubercle (in front of 
dorsomedian sulci) prominent, mediolateral tubercle (between the sulci) subdued; three elongate ventrolateral tuber
cles; reticulate and with peripheral denticles.
R a n g e : Purfleet Interglacial (MIS 9) only.
R e c o rd e d  fro m : Allhallows, Barling, Purfleet.
R e m a rk s :  Extinct in Britain and NW Europe; outside the British Isles it has been recorded under a variety of syno
nyms (see Bates et al. 2002) in the Middle Pleistocene; today it still lives in North America, southern-eastern Europe 
and eastern Asia.

16. Ilyocypris quinculminata Sylvester-Bradley, 1973
F ig u r e d  sp e cim e n : OS 16491, female (?) LV lat., 1000 pm long, x45. Elveden, Suffolk, Hoxnian (MIS 11). 
D ia g n o s is : Five distinct rounded tubercles set in a ‘W’ formation; upper row comprising dorsolateral and anterolateral 
tubercles on either side of a third (mediolateral) situated between the dorsomedian sulci; lower row of two ventrolat
eral tubercles close to mid-length . Also weakly pitted and covered with small spines or denticles.
R a n g e : Cromerian-Hoxnian (pre-MIS 13-MIS 11).

7, 8. Limnocythere inopinata (Baird, 1843)

(continued on p. 462)
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Recorded from: Boxgrove, Copford, Elveden, Froghall, Hatfield, Hoxne, Little Oakley, Marks Tey, Sidestrand, 
Trysull (type locality), Waverley Wood.
Remarks: Somewhat variable in degree of development of the tubercles and spines.

17. Ilyocypris papillata Robinson, 1990
Figured specimen: OS 16492, female (?) LV lat., 920 pm long, x49. Norton Subcourse, Norfolk, Cromerian 
(pre-MIS 13).
Diagnosis: Five tubercles in a ‘W’ formation; the anterolateral one prominent and the dorsolateral one large and 
distinctively teat-shaped, angled slightly backwards, the other three subdued; pitted/finely reticulate, lacking 
spines or denticles.
Range: Cromerian-Hoxnian (?MIS 17-MIS 11).
Recorded from: Boxgrove, Little Oakley (type locality), Norton Subcourse, Sidestrand, West Runton, Woodston.

18. Ilyocypris monstrifica (Norman, 1862)
Figured specimen: 1911.11.8.M3402 (Zoology Department, NHM), lectotype, female LV lat., 770 pm long, x58. 
Fleckley Canal, Leicestershire, Recent.
Diagnosis: Upper row of three tubercles of which the anterolateral and dorsolateral ones are prominent, spinose, the 
middle one subdued; a single, small, lower tubercle a little behind mid-length; pitted, with spines/denticles in anterior 
and posterior marginal areas.
Range: Recent.
Recorded from: There is no certain British fossil record; uncertain Middle Pleistocene records (as /. cf. monstrifica', 
see Griffiths 1995) need re-examination and may be referable to I. quinculminata. Holsteinian (= Hoxnian) records 
from Germany also need verification.
Remarks: Much misidentified in the literature, this species is included here mainly for comparison with I. quinculmi
nata-, I. monstrifica never possesses more than four tubercles, is less spinose/denticulate and is also much smaller.

Plate 2.1-5, non-marine taxa; 6-17, brackish and marine taxa 
1, 2. Ilyocypris schwarzbachi Kempf, 1967

Figured specimens: 1, OS 16493, female (?) LV lat., 720 pm long, x62; 2, OS 16494, female (?) RV lat., 770 pm 
long, x58. Swalecliffe, Kent, Devensian (MIS 5-3).
Diagnosis: Anterior and posterior thirds laterally compressed and bordered by swollen peripheral rims; upper row 
of three tubercles weakly developed, lower row absent, but a distinct tubercle (often thorn-like) is developed on 
the posteroventral rim; pitted, with sparse marginal denticles.
Range: Cromerian (MIS 1 5 -16)-Devensian (MIS 5-3).
Recorded from: Little Oakley, Swalecliffe.

3. Amplocypris tonnensis Diebel & Pietrzeniuk, 1975
Figured specimen: OS 16495, female (?) LV lat., 1870 pm long, x24. Swalecliffe, Kent; Devensian (MIS 5-3). 
Diagnosis: Large, smooth; dorsal margin nearly straight, but highest point of valve situated well behind mid-length; 
posterodorsal margin steeply sloping; anterior margin broadly rounded.
Range: Hoxnian (MIS 11 (-Devensian (MIS 5-3).
Recorded from: Beeches Pit, Ebbsfleet, Fisherton, Powdermill Lane, Swalecliffe.

4. Scottia browniana (Jones, 1850)
Figured specimen: OS 16496, female (?) RV lat., 680 pm long, x66. Norton Subcourse, Norfolk, Cromerian. 
Diagnosis: Thick-shelled, smooth, semi-circular but with distinctly flattened dorsal margin.
Range: Cromerian (MIS 1 7 -13)-Hoxnian (MIS 11).
Recorded from: Bamfield, Clacton (type locality), East Hyde, Hitchin, Hoxne, Little Oakley, Norton Subcourse, 
Pakefield, Sidestrand, Sugworth, Swanscombe, West Runton.

5. Scottia tumida (Jones, 1850)
Figured specimen: OS 16497, female (?) RV lat., 670 pm long, x67. Allhallows, Kent, Purfleet Interglacial (MIS 9). 
Diagnosis: Thick-shelled, smooth and tumid, semi-circular with higher and more rounded dorsal margin.
Range: Cromerian (MIS 17)-Purfleet Interglacial (MIS 9).
Recorded from: Allhallows, Barling, Grays (type locality), Pakefield, Purfleet, West Runton.

(icontinued on p. 464)
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6, 9. Callistocythere donovani Horne, Lord, Robinson & Whittaker, 1990
Figured specimens: 6, OS 13403, holotype, female LV lat., 480 pm long, x94; 9, OS 13405, male RV lat. (paratype), 
510 pm! long, x88. Burtle Beds, Cutley, Somerset, pre-Ipswichian.
Diagnosis: Ornament of swollen ridges and rounded, irregular fossae; anterior and posterior marginal ridges 
prominent. Males more elongate and compressed than females.
Recorded from: Burtle Beds.
Remarks: Because of its association with S. arcachonensis in the Burtle Beds, it is regarded as a warm indicator.

7, 8. Callistocythere curryi Horne, Lord, Robinson & Whittaker, 1990
Figured specimens: 7, OS 13390, holotype, female LV lat., 470 pm long, x96, Burtle Beds, Cutley, Somerset, 
pre-Ipswichian; 8, OS 13393, paratype, male LV lat., 450 pm long, xlOO, Sandettie-Fairy Bank core SG 2VC, 
southern North Sea, ?Ipswichian.
Diagnosis: Anterior and posterior margins thickened into sharp ridges. Pattern of fossae distinctive, especially 
U-shaped fossa posteroventrally (subdivided in some specimens). Males more elongate than females.
Range: Cromerian (MIS 13)-?Ipswichian (MIS 5e).
Recorded from: Aldingbourne, Boxgrove, Burtle Beds, Coney Road, Earnley, East Selsey, Sandettie-Fairy Bank, 
Valdoe, West Street.
Remarks: Although extinct, considered by association with other species to be a warm indicator.

10, 11. Leptocythere cribrosa (Brady, Crosskey & Robertson, 1874)
Figured specimens: 10, OS 13409, female LV lat., 520 pm long, x87, Earnley channel, West Sussex; 11, OS 13414, 
male LV lat., 500 pm long, x90, East Selsey channel (of Whatley & Kaye 1971); both ?Purfleet Interglacial (MIS 9). 
Diagnosis: Subrectangular, tapering behind anterior cardinal angle, ventral margin almost straight; males more 
elongate than females; coarsely reticulate with thickened fossae, with a concentric arrangement towards the margins. 
Range: Purfleet and Aveley interglacials (MIS 9-7).
Recorded from: Aldingbourne, Bridlington Crag (type locality; reworked from older deposits into Devensian), 
Earnley, East Selsey of Whatley & Kaye (1971).
Remarks: Although extinct, considered to be a warm indicator.

12. Cluthia cluthae (Brady, Crosskey & Robertson, 1874)
Figured specimen: OS 16498, female LV lat., 360 pm long, xl25.
Diagnosis: Small, subquadrate with arched dorsal margin; finely pitted, with rounded dorsolateral tubercles in front of 
and behind a shallow dorsomedian sulcus, and a low ventrolateral rib terminating posteriorly in a small tubercle; the 
genus resembles juveniles of other leptocytherid genera.
Range: Devensian.
Recorded from: Scottish Devensian localities, e.g. Ardyne, Errol.
Remarks: A cold indicator still living in Arctic waters; its range outside NW Europe is Pliocene-Recent.

13, 14. Leptocythere steynewoodensis Penney, 1990
Figured specimens: 13, OS 16499, female LV lat., 440 pm long, xl02; 14, OS 16500, male LV lat., 430 pm long, 
xl05. Steyne Wood, Bembridge, Isle of Wight, Cromerian (MIS 13).
Diagnosis: Female with arched dorsal margin and a prominent posteroventral tubercle; male more elongate than 
female and lacking the tubercle; pitted/reticulate, posteroventral region in female only faintly ornamented.
Range: Cromerian (MIS 13).
Recorded from: Boxgrove, Steyne Wood (type locality), Valdoe.

15. Roundstonia globulifera (Brady, 1868)
Figured specimen: OS 16501, male LV lat., 450pm long, xlOO. White Bog, Co. Down, Northern Ireland, 
Devensian.
Diagnosis: Subquadrate with straight dorsal margin; reticulate, with large rounded dorsolateral tubercles in front of 
and behind a shallow dorsomedian sulcus, and smaller ventrolateral tubercles, the posterior one elongate.
Range: Aveley interglacial (MIS 7)-Devensian (MIS 3).
Recorded from: Norton Farm, Portfield Pit, White Bog.
Remarks: A cold indicator still living in Arctic waters today. The Norton Farm and Portfield Pit (MIS 7-6) occur
rences could have been dropped from floating ice.

16, 17. Baffinicythere howei Hazel, 1967
Figured specimens: 16, OS 16502, female LV lat. 910 pm long, x49; 17, OS 16503, male LV lat., 990 pm long, x45. 
Both from Goodwood-Slindon Raised Beach, West Sussex, Boxgrove (16) and Valdoe Pit (17), Cromerian (MIS 13). 
Diagnosis: Large, thick-shelled, subquadrate, female less elongate and more tapered posteriorly than male; coarsely 
reticulate, with prominent anteroventral and posterior submarginal ribs forming a distinct angle near the posteroventral 
corner; eye tubercle prominent.
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Range: Cromerian (MIS 13).
Recorded from: Boxgrove, Steyne Wood, Valdoe.
Remarks: A cold indicator with an Arctic-North Atlantic modern distribution, not living around the British Isles 
today; also found in the Late Pliocene Red Crag of East Anglia. Its occurrence in Cromerian interglacial deposits 
is puzzling. How did it get there and why is it not found subsequently anywhere in Britain?

Plate 3. M arine taxa

1, 2. Hemicytherura clathrata (Sars, 1866)
Figured specimens: 1, OS 16504, female LV lat., 520 pm long, x87, Brighton-Norton Raised Beach, Norton Farm 
BH 1, West Sussex, Aveley Interglacial cold stage (late MIS 7) or early MIS 6; 2, female RV lat., OS 16505, 490 pm 
long, x92, Goodwood-Slindon Raised Beach, Valdoe Pit, West Sussex, Cromerian (MIS 13).
Diagnosis: Large for the genus. Valves highly arched, especially RV. Ornament with characteristic central longitudi
nal rib and distinctive pattern of large angular fossae.
Range: MIS 13-MIS 5e; Devensian-early Holocene?
Recorded from: Aldingbourne, Boxgrove, Bridlington Crag, Burtle Beds, Earnley, Eye, Havant, Norton Farm, Port- 
field, Steyne Wood, Valdoe, Warblington-Bognor, Yeoman’s Road.
Remarks: From its present distribution -  to the north of the British Isles -  it is considered to be a ‘northem/cold’ 
form; nevertheless, it is very widespread in several interglacials. There is some evidence to suggest its disappearance 
from our shores is since the early Holocene.

3 -5 . Semicytherura arcachonensis Yassini, 1969
Figured specimens: 3, OS 13417, female RV lat., 500 pm long, x90; Burtle Beds, Cutley, Somerset, pre-Ipswichian; 
4, OS 13420, female LV lat., 560 pm long, x87; 5, OS 13422, male LV lat., 610 pm long, x75, both Nar Valley Clay, 
East Winch, Norfolk, Purfleet Interglacial (MIS 9).
Diagnosis: Dorsal and ventral margins converging anteriorly. Reticulate ornament with dominant longitudinal muri 
forming ‘ladder’ patterns over most of carapace.
Range: MIS 9-MIS 7?
Recorded from: Burtle Beds, Earnley, East Selsey of Whatley & Kaye (1971), Nar Valley.
Remarks: Extinct in Britain, today. A ‘southem/warm’ species, living today in SW France.

6. Semicytherura affinis (Sars, 1866)
Figured specimens: OS 16506, male RV lat., 520 pm long, x87. Goodwood-Slindon Raised Beach, Valdoe Pit, 
West Sussex, Cromerian (MIS 13).
Diagnosis: Dorsal and ventral margins converging posteriorly. Weakly developed reticulate ornament with dominant 
longitudinal muri over most of carapace.
Range: MIS 13-MIS 7/6.
Recorded from: Boxgrove, Havant, Portfield Pit, Steyne Wood, Valdoe.
Remarks: A ‘northem/cold’ species living in Arctic waters today; also known from the late Pliocene Red Crag of 
East Anglia.

7, 8. Semicytherura cronini Whittaker & Horne sp. nov.
Figured specimens: 7, OS 16507,holotype, female LV lat., 400 pm long, x 113; 8, OS 16508, paratype, maleLV lat., 
410 pm long, x l 10. Goodwood-Slindon Raised Beach, Valdoe Pit, West Sussex, Cromerian (MIS 13).
Diagnosis: Dorsal margin gently arched. Reticulate ornament subdued in peripheral regions, giving way to a smooth 
surface with circular pits in central region of carapace; a distinctive oblique murus just in front of caudal process. 
Range: MIS 13.
Recorded from: Boxgrove, Steyne Wood, Valdoe.
Remarks: Larger than S. nigrescens, from which it also differs in being relatively more elongate (cf. fig. 9); caudal 
process more produced and upturned.

9. Semicytherura nigrescens (Baird, 1838)
Figured specimen: OS 16509, female LV lat., 360 pm long, xl25. Goodwood-Slindon Raised Beach, Valdoe Pit, 
West Sussex, Cromerian.
Diagnosis: Dorsal margin arched. Reticulate ornament very subdued in peripheral regions, giving way to smooth/ 
finely pitted surface in central region of carapace.
Range: MIS13-Recent.
Recorded from: Raised beaches and Pleistocene deposits of British south, west and east coasts.
Remarks: A common phytal littoral ostracod found today in marine and estuarine localities along the coasts of Britain 
and NW Europe.
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10, 11. Semicytherura robertsi Whittaker & Horne sp. nov.
Figured specimens: 10, OS 16510, holotype, female LV lat., 410 pm long, x l 10; 11, OS 16511, paratype, male LV 
lat., 420 pm long, x 107. Goodwood-Slindon Raised Beach, Boxgrove, West Sussex, Cromerian (MIS 13). 
Diagnosis: Dorsal and ventral margins subparallel. Reticulate ornament with longitudinal muri only dominant in ven
trolateral and posterolateral regions; irregular polygonal pattern in anterodorsal quarter of carapace.
Range: MIS 13.
Recorded from: Boxgrove, Steyne Wood, Valdoe.
Remarks: A ‘southern/warm’ species apparently living today in the Adriatic Sea (Bonaduce etal. 1976) where it has 
been misidentified as S. sella (cf. 13,14), a similar species with a different pattern of ornament (especially of the major 
longitudinal and peripheral muri) and a differently shaped pinched-in area posteroventrally. Also found in the Holo
cene of Portugal (M. Cabral pers. comm.).

12, 15. Sagmatocythere mayburyae Horne, Lord, Robinson & Whittaker, 1990
Figured specimens: 12, OS 13415, holotype, female LV lat., 430 pm long, x 105; 15, OS 13416, paratype, male LV 
lat., 490 pm long, x92. Burtle Beds, Cutley, Somerset, pre-Ipswichian.
Diagnosis: Carapace abruptly tapering posteriorly, with a weak alar projection overhanging the posteroventral margin. 
Ornament reticulate with accentuated longitudinal components, fossae subrectangular.
Range: Pre-Ipswichian (MIS 17).
Recorded from: Burtle Beds.
Remarks: Related to the Recent S. multifora (Norman, 1865) and has similar ornament; it differs mainly in the 
tapering posterior.

13, 14. Semicytherura sella (Sars, 1866)
Figured specimens: 13, OS16512, female LV lat., 400 pm long, x 113, Norton Farm BH1, West Sussex; 14, OS 
16513, male LV lat., 400 pm long, x 113, Portfield Pit, West Sussex; both Brighton-Norton Raised Beach, Aveley 
Interglacial cold stage (late MIS 7 or early MIS 6).
Diagnosis: Dorsal and ventral margins subparallel. Reticulate ornament with dominant longitudinal muri, forming 
distinctive oblique ‘ladder’ patterns in anterodorsal quarter of carapace.
Range: Post-Cromcrian (MIS 13)-Recent.
Recorded from: All post-Cromerian interglacial deposits.
Remarks: Today, found in shallow-marine and outer-estuarine localities throughout NW Europe, on silt and sand 
substrates or in sediment trapped in algal mats.

16, 17. Sagmatocythere variesculpta (Ruggieri, 1962)
Figured specimens: 16, OS 16514, female LV lat., 360 pm long, x 125, Goodwood-Slindon Raised Beach, Valdoe 
Pit, West Sussex, Cromerian (MIS 13); 17, OS 16515, male LV lat., 390 pm long, x 115, Brighton-Norton Raised 
Beach, Portfield Pit, West Sussex, Aveley Interglacial cold stage (late MIS 7) or early MIS 6.
Diagnosis: Inflated alate carapace, parallel dorsal and ventral margins and ornament of deep, rounded fossae. 
Range: MIS 13-MIS 7/6-7MIS 5e.
Recorded from: Havant, Norton Farm, Portfield Pit, Sandettie-Fairy Bank, Steyne Wood, Valdoe, Yeoman’s Road. 
Remarks: Related to the Recent S. multifora (Norman, 1865), which is larger, has a more rectangular reticulate orna
ment and a less pronounced alar projection. Presumed extinct; circum-Mediterranean records are from the Pliocene.
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history 345-347, 349 

stratigraphy 349-350 
Croft Borehole 5 
Cross Fell inlier 16, 23, 24, 25 
Crug Limestone Formation 24

Cullaidh Shale Formation 227, 228, 
230, 232

Culver Chalk Formation 348, 350

Devonian 91-110, 92
biostratigraphy 94, 95, 97-98 
palaeoecology 95-96 
principal collections 93 
research

future 98-99 
history 91, 93 

stratigraphy 93, 95 
Dieppe Basin 386 
Dinantian 112

biostratigraphy 119-120 
palaeoecology 121 
palaeogeoraphy 117 
stratigraphy 115-117, 116 

Dobb’s Plantation Member 414, 
418, 425

Doll Member 232 
Donegal Basin, Lower Jurassic 

175, 176
Dounans Limestone Formation

17, 22
Down Cliff Sand Member 183 
Downside Stone 177 
Downton Castle Sandstone

Formation 54, 55 
Downton Group 54, 55 
Drummock Group 25 
Duckmantian Stage 116, 118 
Dufton Shale Formation 23 
Dunlin Group 179 
Duntulm Formation 207, 208, 225, 

228, 229, 232 
correlation 227, 231, 232 

Durham Province 155, 156,
157, 158

Durlston Formation 292, 293, 296 
Durness Group 22

Earnley Formation 378, 379, 380, 
382, 385

East Anglia
Neogene 411 -446, 412 
Paleogene 377, 378, 379, 381 
Upper Cretaceous 347 

Easton Bavents Clay Member 
417-418, 424, 
425, 450 

Edinburgh Formation 24 
Eifelian Stage 93 
Eigg

Middle Jurassic 201 
Bathonian 226, 229 

Ekofisk Formation 386 
Elgol Sandstone Formation 226, 

227, 230, 232 
Elton Group 53 
Emsian Stage 93 
Enborne Borehole 373
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English Channel Basin
Lower Jurassic 175, 180, 184 
Triassic 169

English Midlands, Bathonian, 
correlation 227, 
231-232

Entomozoacean biozones 97-98 
Eocene 378, 379, 380, 387 
Eocytheropteron aquitanum Partial 

Range Zone 253 
Erris Basin, Lower Jurassic 175, 

176, 178
Evolution, Cytheropteron 210 

Cytheruridae 210 
Eoschuleridea 209, 210 
KinkeUnella 210 
Limnocytheridae 209 
Middle Jurassic 209-210 
Praeschuleridea 210 
Procytherura 210 
Protocytheridae 210 
Schuleridea 209, 210

Famennian Stage 93, 94, 96, 97 
Farley Member 52 
Faroes-Shetland Basin 386 
Fastnet Basin 

Bathonian 207 
Lower Cretaceous Marine 

311-312
Lower Jurassic 175, 176, 178, 

179, 180, 182,
183, 184

Purbeck-Wealden 289,
290, 292

Fennian Stage 20, 21, 22 
Ferriby Chalk 350 
Ffairfach Group 23 
Fisher’s Bed 379, 385 
Flamborough Chalk 350 
Fleet Member 243 
Ford Formation 157-158, 157,

158, 159
Forest Marble Formation 202, 203, 

207, 225, 227 
correlation 227, 231 

Fossaterquemula blakeana Ostracod 
Zone 207 

Frasnian Stage 93, 94, 97 
Frodingham Ironstone Member 182 
Frame Clay 203, 207 
Fuller’s Earth Formation 199, 202, 

203, 227, 321 
Fuller’s Earth Rock Member 

202, 206

Galliaecytheridea compressa
Partial Range Zone 
254-255

Galliaecytheridea dissimilis
Partial Range Zone 
251,252

Galliaecytheridea elongata Total 
Range Zone 253

Galliaecytheridea polila Total Range 
Zone 254

Galliaecytheridea spinosa Total 
Range Zone 254 

Garantiana Clay 225, 227, 22<S 
Gault Clay Formation 309, 311, 313 
Givetian Stage 93, 96, 97 
Glaciation, Pliocene 422 
Glauconitic Marl 348, 350 
Gleedon Substage 50 
Glynde Marls 355 
Glyptocythere polita Ostracod Total 

Range Zone 205
Glyptocythere scilula Total Range 

Zone 205 
Golspie Formation 180 
Gorstian Stage 50, 52, 53, 55 
Granthan Formation 203 
Great Estuarine Group 201, 207, 208 

Inner Hebrides 225, 226, 
228-229, 228 

correlation 227, 231 -232 
palaeoecology 232 

Great Ponton Beds 205 
Grey Chalk Subgroup 348,

349, 350
Grey Limestone Series 205 
Grinstead Clay Formation 289,

292, 293
Grove Hill Borehole 207 
Gurrington Slate 95, 97, 98

Habberley Formation 22 
Hales Borehole 381, 384 
Hamburg, Geologischen Staatinstitut, 

Upper Jurassic 
collection 243 

Hampen Formation 202, 227 
Hampshire Basin 373, 374, 376, 

377-379, 377, 379, 
381-384, 386 

Hamstead Member 383, 386 
Hancock Museum,

Newcastle-upon-Tyne 
Carboniferous collection 115 
Neogene collection 413 
Permian collection 155 
Pleistocene collection 450 

Harnage Shales 23 
Hamagian Substage 20,21, 23-24 
Harwich Formation 378, 379, 380, 

382, 384
Harwich Stone Band 384 
Hastings Beds Group 292, 293 
Hauterivian, biostratigraphy 317,

319-320
Hauterivian Stage 293, 295-296, 

311, 313
Headon Hill Formation 379, 380, 

380, 383, 385, 386 
Heather Formation 243, 244, 245

Hemipelagic facies,
Carboniferous 121 

Hettangian Stage 175
biostratigraphy 177-178, 181 
palaeoecology 180, 182 

Hill House Shales 4, 6 
Hirnantian Stage 20, 25 
Hoes Farm Borehole 319, 321 
Holkerian, Stage 116, 118,

119, 120
Holywell Nodular Chalk Formation 

348, 350
Homerian Stage 50, 52, 53 
Horda Formation 386 
Hughley (‘Purple’) Shales 49 
Humber Group 247 
Hunstanton Chalk Formation 310, 

311, 313
Hunterian Museum, Glasgow 

University
Carboniferous collection 115 
Ordovician collection 18 
Pleistocene collection 450 
Silurian collection 47 

Hydraulic Limestone 202 
Hythe Beds 321

Inner Hebrides
Bathonian 225-240, 226 

see also Bathonian, Inner 
Hebrides

Lower Jurassic 180, 183 
Middle Jurassic 201, 207, 208 

Inner Moray Firth Basin, Lower
Jurassic 176, 180, 183 

Inverbrora Member 233 
Ipwichian Interglacial 454

Jet Rock 184
Jurassic, Lower 175-197, 176 

biostratigraphy 177-180 
palaeoecology 180, 180-184, 

182-184
principal collections 175-177 
research, history 175 
stratigraphy 177 

Jurassic, Middle 199-223, 200 
Bathonian, Inner Hebrides 

225-240
biostratigraphy 202-208, 204 
evolution 209-210 
ostracod zonation 202-208 
palaeoecology 208 
principal collections 201 
research

future 210-211 
history 199-201, 225 

stratigraphy 201-202, 203 
taxonomy 208-209 

Jurassic, Upper 241-287, 244 
biostratigraphy 248 
ostracod zonation 248-255 
palaeoecology 255-256
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Jurassic, Upper (Continued) 
principal collections 242-243 
research

future 256 
history 241-242 

stratigraphy 243-248

Kate Brook Slate 95, 97 
Keisley Limestone Formation 24, 25 
Kellaways Clay Member 243 
Kellaways Formation 243, 245,

246, 247
Kellaways Sand Member 243 
Ketton Rhythm 227, 231 
Kilbride Formation 52 
Kildare Limestone Formation 24 
Kildonnan Member 225, 227, 228, 

229, 230, 232
Killey Bridge Formation 24, 25 
Kilmaluag Formation 225, 228,

229, 232
correlation 227, 231, 232 

Kimmeridge Clay Formation 242, 
245, 246-247, 256 

Kimmeridgian Stage 241, 242, 246, 
248, 250, 251

ostracod zones 251,253-254 
palaeoecology 256 

Kinderscoutian Stage 116, 118 
Kinkelinella I Ektyphocythere)

triangula Ostracod 
Total Range Zone 202 

Kirkley Bank Formation 25 
Knorri Clay 206

Ladinian Stage 167, 168 
Lady Burn Formation 25 
Lake District 

Ashgill 25 
Silurian 49, 54, 55 

Lampeter Velfrey Formation 23 
Langport Member 167-168,

169, 170
Langsettian Stage 116, 118 
Lapworth Museum, University of 

Birmingham 
Cambrian collection 2 
Ordovician collection 18 

Lavernock Shales 180 
Lealt Shale Formation 225, 227, 228, 

229, 230, 232 
Lenham Beds 413, 414 
Lewes Nodular Chalk Formation 

348, 350
Leziate Member 311, 313 
Liassic Limestone Unit 182 
Liassic Marl Unit 182 
Liassic Sandstone Unit 177, 182, 183 
Liassic Shale Unit 183 
Lightpoint Hardgrounds 355 
Lilstock Formation 167 
Lincolnshire Limestone 202,

203, 205

Llandeilian Stage 18, 20, 21, 23 
Llandeilo Flags 23 
Llandeilo Limestones 23 
Llandovery Series 48, 49, 50, 51, 52 
Llanfawr Mudstone Formation 23 
Llanfellteg Formation 22-23 
Llanvirn Series 18, 19, 20, 21, 22-23 
London Basin 373, 374, 376, 377, 

377-378, 379, 
381-382, 384-385 

London Clay Formation 373, 378, 
382, 384, 385

London Platform, Lower Jurassic 182 
Lonfeam Member 227, 228, 229, 230 
Long Mountain 53, 54 
Longvillian Substage 20, 21, 24 
Lophocythere bradiana-Eucytherura 

costaeirregularis 
Concurrent Range 
Zone 249, 252

Lophocythere interrupta interrupta 
Partial Range Zone 
249, 252

Lophocythere scabra scabra Range 
Zone 249, 252 

Lossiemouth Sandstone 169 
Lower Ardwell Flags 24 
Lower Comley Limestone 4 ,5 ,6  
Lower Comley Sandstone 4, 5 
Lower Combrash Member 202,

203, 207
Lower Elton Formation 52 
Lower Fuller’s Earth 202, 203, 206 
Lower Greensand Formation 321 
Lower Leintwardine Formation 53 
Lower Lias Group 167, 170, 175 
Lower Limestone Member 93 
Lower Mains Formation 180 
Lower Marls 155 
Lower Nansen Formation 180 
Lower Whitcliffe Formation 54 
Ludfordian Stage 50, 51, 53, 54, 55 
Ludham Member 414, 416 
Ludhamian Stage 423 
Ludlow Museum, Shropshire, 

Ordovician 
collection 18

Ludlow Series 45, 48, 50, 53-54 
Lulworth Formation 248, 292, 293 
Lummaton Quarry 93, 96, 99 
Lummaton Shell Bed 96 
Luxton Nodular Limestone 95 
Lyme Bay Borehole, Jurassic 202

Maastrichtian Stage 347, 348, 352 
biozonation 351 
ostracod biostratigraphy 354 

Macrodentine proclivis proclivis 
Partial Range 
Zone 251

Mains Formation 183 
Maltby Marine Band 120 
Mancetta Grits 4, 6

Manchester Museum, Carboniferous 
collection 115

Mandelstamia (X.) maculata Total 
Range Zone 253 

Marine Isotope Stages 449, 451,
452, 453

Market Weighton High 183, 184 
Marl Slate 157, 159 
Marlstone Rock Formation 183 
Marsdenian Stage 116, 118 
Marsh Farm Formation 378, 379, 

380, 385
Marshbrookian Substage 20,21, 24 
Massive Bed 242, 246 
Meadfoot Beds 93 
Meadowtown Formation 23 
Melbourn Rock 353, 355 
Menevian Beds 1,4, 6 
Mercia Mudstone Group 169 
Merevale No. 3 Borehole 6 
Merevale Shale Formation 22 
Meriden Borehole 22 
Merioneth Series 2, 4, 5, 6 
Merocythere postangusta Ostracod 

Subzone 206 
Micklewood Beds 22 
Micropneumatocythere falcata 

Ostracod Zone 
207-208

Migneintian Stage 21, 22 
Mill Formation 25 
Millepore Oolite 202, 205 
Millstone Grit 113, 116 
Mintlyn Member 311, 313 
Miocene

palaeoecology 419 
stratigraphy 413-414, 414 

Mochras Borehole, Lower Jurassic 
175, 178, 179, 180, 
183, 184

Moridunian Stage 21, 22 
Morphology, Cytherideinae 208-209 

Kirtonellinae 208-209 
Much Wenlock Limestone 

Formation 52
Muck

Middle Jurassic 201 
Bathonian 226, 229 

Mulgrave Member 184 
Mydrim Limestone Formation 23 
Mytton Group 22

Namurian Series 112, 116, 117 
National Museum of Ireland, Silurian 

collection 47 
National Museum of Wales 

Cambrian collection 2 
Ordovician collection 18 
Silurian collection 47 

Natural History Museum, London 
Bathonian, Inner Hebrides 

collection 225 
Cambrian collection 2
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Carboniferous collection 115 
Devonian collection 93 
Lower Cretaceous collection 312 
Lower Jurassic collection 

175-176
Middle Jurassic collection 201 
Neogene collection 411-413 
Ordovician collection 17 
Paleogene collection 374 
Permian collection 155 
Pleistocene collection 450 
Purbeck-Wealden

collection 290 
Silurian collection 47 
Triassic collection 167 
Upper Cretaceous collection 349 
Upper Jurassic collection 242 

Navigation Hardgrounds 355 
Neogene 411 -446, 412 

biostratigraphy 418-419,
420, 421

palaeoecology 419, 422-426 
principal collections 411-413 
research, history 411 
stratigraphy 413-418 

Neurocythere cruciata oxfordiana 
Partial Range Zone 
250, 252

Neurocythere rimosa Ostracod 
Partial Range 
Zone 206

Neurocythere rimosa Ostracod 
Subzone 206

New Pit Chalk Formation 348, 350 
Newhaven Chalk Formation 

348, 350 
Nod Glas Formation 23 
Non-marine facies,

Carboniferous 121 
Norden Slate 97 
Norfolk

Neogene 412, 416-417, 418, 
424-426

Upper Cretaceous 347, 348,
353, 354 

Norian Stage 167, 168 
North Sea Basin

Lower Cretaceous Marine 311 
Lower Jurassic 175, 179,

180, 184 
Middle Jurassic 208 
Neogene 414, 415, 417, 419, 420,

421, 423, 425 
Paleogene 375, 378, 386 
Triassic 166, 169 
Upper Jurassic 247, 250

North Viking Graben 183 
North Wales, Ordovician 22, 24 
Northern Ireland, Upper

Cretaceous 347
Norwich Crag Formation 411, 412, 

414, 415, 417-418, 
424-425, 450 

Nursling Member 384

Oceanic Anoxic Event 347, 
354-355

Oil industry
Lower Jurassic collections 177 
Triassic collections 167 

Oldhaven Member 384 
Oligocene 378, 379, 380 
Onnian Substage 20, 24 
Onny Shale Formation 23 
Ordovician 15-44, 16 

biostratigraphy 19-25 
palaeobiogeography 19 
palaeoecology 25-26 
principal collections 16-17 
research 

future 26 
history 15-17 

stratigraphy 18
Ormesby Clay Formation 378, 379, 

380, 381
Orrin Formation 183, 184 
Orwell Member 384 
Osborne Marls Member 383, 386 
Osmington Oolite Formation 243,

245, 246, 247, 256 
‘Ostracod Limestones’ 225 
Oxford Clay Formation 243, 245,

246, 247, 256
Oxfordian Stage 241, 246, 247, 

248, 249 
ostracod zones 251 
palaeoecology 255-256 

Oyster Marl 207

Pabay Shale Formation 182 
Palaeobiogeography 

Ordovician 19 
Silurian 48-49 

Palaeoecology
Bathonian, Inner Hebrides 232 
Cambrian 6
Carboniferous 120-121 
Devonian 95-96 
Hettangian 180, 182 
Lower Cretaceous Marine

320-321
Lower Jurassic, 180, 182-184 
Middle Jurassic 208 
Neogene 419, 422-426 
Ordovician 25-26 
Paleogene 386-388 
Permian 158-159 
Pliensbachian 183 
Purbeck-Wealden 296 
Silurian 55-56 
Sinemurian 182-183 
Toarcian 183-184 
Triassic 169-170 
Upper Cretaceous 354-355 
Upper Jurassic 255-256 

Palaeogeography, Carboniferous 117 
Palaeontology, systematic 313-315, 

453-454

Paleocene 378, 380 
off-shore records 386 

Paleocene-Eocene Thermal 
Maximum 387

Paleogene 373-409, 375, 376, 377 
biostratigraphy 379-386 
correlation 380 
ostracod zonation 380-381 
palaeoecology 386-388 
palaeoenvironment 387 
principal collections 374 
research

future 388 
history 373-374 

stratigraphy 374-379 
Paper Shale 170, 184 
Paris Basin 374, 375, 376, 386 
Pegwell Marls 381 
Pen-y-Garnedd members 23 
Penarth Group 165, 167 
Pendleian Stage 116, 118, 120 
Permian 155-163, 156 

biostratigraphy 157-158 
palaeoecology 158-159 
principal collections 155-156 
research

future 159 
history 155 

stratigraphy 156-157 
Peterborough Member 243, 245 
Pilton Shales 93, 96, 99 
Plattlane Borehole 166 
Pleistocene 447-467, 448 

biostratigraphy 451, 452,
454, 456

palaeoecology 455, 456 
principal collections 450 
research 

future 457 
history 447-449 

stratigraphy 450, 453 
taxonomy 453-454 

Plenus Marls 347, 348, 349, 354 
Pliensbachian Stage 175

biostratigraphy 178-179, 181 
palaeoecology 183 

Pliocene
palaeoecology 422-426 
stratigraphy 414, 415-418 

Pliocene-Pleistocene boundary 
413, 450

Plymouth Limestone Formation 93 
Pneumatocythere carinata Ostracod 

Total Range 
Subzone 205 

Polzeath Slates 95 
Pontesford Shales 23 
Pontyfenni Formation 22 
Poole Formation 378 
Porcupine Basin, Lower Jurassic 175, 

176, 178
Portland Sand Formation 247-248, 

254, 255
Portland Stone Formation 247-248
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Portland-Wight Basin, Lower 
Jurassic 175 

Portlandian Stage 242, 246,
247-248, 251, 295 

ostracod zones 254-255 
palaeoecology 256 

Portrane Limestone 24, 25 
Portsdown Chalk Formation 

348, 350
Praeschuleridea confossa Ostracod 

Partial Range 
Zone 206

Pre-Ludhamian Stage 423 
Pre-Planorbis Beds 167, 169, 170 
Pridoli Series 45, 48, 50, 54-55 
Progonocythere reticulata Ostracod 

Total Range 
Subzone 202, 205 

Purbeck Limestone Group
248, 255, 289, 292,
293, 295

Purbeck-Wealden 289-308, 290 
biostratigraphy 291, 292,

294, 295 
correlation 291, 293 
ostracod zones 291, 293,

295-296
palaeoecology 296 
principal collections 290, 292 
research

future 296-297 
history 289 

stratigraphy 292 
Purbeckian Stage 242 
Purley Shales Formation 4, 6 
Pusgillian Stage 20, 21, 24

Raasay
Middle Jurassic 200 

Bathonian 226 
Raasay Ironstone Formation 

183, 184
Raisby Formation 157, 158, 159 
Ramnor Inclosure Borehold 385 
Ramsholt Member 414, 415-416, 

422
Rawtheyan Stage 20, 24 
Reading Formation 378, 379, 380 
Rectocythere (L.) horrida Total 

Range Zone 253
Rectocythere visceralis Partial Range 

Zone 255 
Reculver Silts 381 
Red Crag Formation 412, 413, 414, 

415, 416-417, 
422-424, 450, 454 

see also Walton Red Crag 
Red-Grey Member 96 
Redcar Mudstone Formation 180 
Redcliff Formation 245, 246, 247 
Redonian Stage 424 
Reef facies, Carboniferous 121 
Rhaetian Stage 167, 168

Rheinische Friedrich-Wilhelms- 
Universitat, Bonn, 
Institut fur 
palaontologie, 
Cambrian collection 2 

Rhynchonella Bed 207 
Richmond Borehole 199, 205 
Robeston Wathen Limestone 24 
Roker Dolomite 157, 159 
Rora Slate 95
Rorrington Shale Formation 23 
Rushston Brook Bed 6 
Rutland Formation 202, 203, 225 

correlation 227, 231, 232 
Ryazanian Stage 309, 311, 313 

biostratigraphy 317, 320

St Audries Shales 180 
St David’s Series 2, 4, 5, 6 
St Erth Formation 411, 414, 417, 424 
Saltford Shales 180 
Saltire Formation 244 
Sandringham Sandstone Formation 

248, 311, 313 
Sandrock Formation 311, 313 
Sandsfoot Formation 243, 245,

246, 247
Santonian Stage 348, 352 

biozonation 351 
ostracod biostratigraphy 354 

Scalby Formation 203 
Scalpa Sandstone Formation 183 
Scarborough Formation 205 
Schuleridea (Eoschuleridea) hatei

Ostracod Subzone 206
Scotland

Callovian-Oxfordian 249 
Ordovician 19, 22, 23, 24, 25 

Scunthorpe Mudstone Formation 182 
Scythian Stage 167, 168 
Sea-level change 

Aptian 320-321 
Cenomanian 321 
Lower Jurassic 177, 180,

182-184
Neogene 419, 422-423, 424, 425 
Triassic 169-170 
Upper Cretaceous 345, 355 
Upper Jurassic 255 

Seaford Chalk Formation 348, 350 
Seaham Formation 157, 159 
Sedgwick Museum, Cambridge 

Cambrian collection 2 
Devonian collection 93 
Lower Cretaceous collection 312 
Ordovician collection 17-18 
Silurian collection 47 
Upper Cretaceous collection 349 

Selsey Formation 378, 379, 379, 380, 
382, 385

Senckenberg Museum, Frankfurt 
Bathonian, Inner Hebrides 

collection 225

Lower Cretaceous collection 312 
Lower Jurassic collection Ml 
Upper Jurassic collection 243 

Shales-with-Beef Member 182 
Shallow-marine facies,

Carboniferous 121 
Sharp’s Hill Formation 202, 203, 

207, 227
Sheinwoodian Stage 50, 51, 52-53 
Shelve inlier 22 
Shineton Shale Formation 22 
Sidestrand Chalk 348, 354 
Sidestrand Member 414, 418, 425 
Silesian 113

biostratigraphy 120 
palaeoecology 121 
palaeogeoraphy 117 
stratigraphy 116, 117 

Silurian 45-90, 46
biostratigraphy 49-55 
palaeobiogeography 48-49 
palaeoecology 55-56 
principal collections 47-48 
research 

future 56 
history 45-47 

stratigraphy 48 
Sinclair Formation 415 
Sinemurian Stage

biostratigraphy 178, 181 
palaeoecology 182-183 

Sizewell Member 414, 416 
Skegness Clay Formation 309,

311, 321
Skrinkle Sandstone 93, 96, 99 
Skudiburgh Formation 225, 227. 228, 

231,232
Skye

Lower Jurassic 182 
Middle Jurassic 200, 201 

Bathonian 226, 229 
Slyne Basin, Lower Jurassic 175,

176, 178
Smeathen Wood Formation 23 
Solent Group 379, 380 
Soudlcyian Substage 20, 21, 24 
South Wales 

Devonian 93
Ordovician 19, 22, 23, 24 
Triassic 166

Speeton Clay Formation 309, 310, 
311, 313, 319,
320, 321

Spilsby Sandstone Formation 
248, 313 

Sponge Bed 354
Spy Wood Sandstone Formation 23 
Staffin Bay Formation 225, 249 
Staffin Shale Formation 227,

228, 249
Staithes Sandstone Formation 183 
Starfish Beds 25 
Statfjord Formation 180 
Stephanian Series 116, 117
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Stewartby Member 243, 245 
Stinchar Limestone 23, 24 
Stowell Park Borehole 166 
Strictocythere polonica Ostracod 

Zone 206-207, 209 
Studland Chalk Member 348, 350 
Studley Wood Numulite Bed 385 
Sudbourne Member 414, 415, 422 
Suffolk, Neogene 412, 417-418, 

422-423, 424-425 
Sunderland Museum and Winter 

Gardens, Permian 
collection 156 

Sutterby Marl Formation 309,
311, 313 

Sutton Stone 177 
Swanscombe Member 384 
Swanscombe Quarry 382, 384 
Swch George Tuff Formation 23

Taxonomy
Alicenuta 229, 230 
Bathonian, Inner Hebrides 

229-230 
Darwinulci 229 
Darwinulinidae 229-230 
Limnocytheridae 230 
Lower Cretaceous 313-315 
Malzia 209 
Neurocythere 209 
Middle Jurassic 208-209 
Pleistocene 453-454 
Nophrecythere 209 
Penthesilenula 229 
Theriosynoecum 209, 230 
Vestalenula 229 

Taxonomy and morphology 
Ektyphocythere 210 
Glypterocythere 209-210 
Micropneumatocythere 209 
Pneumatocythere 209 
Progonocythere 209-210 
Progonocytheridae 208-210 
Pseudohutsonia 210 
Schulerideidae 208-209, 210 
Strictocythere 209 

Taynton Limestone Formation 202, 
203, 227

Tealby Clay Formation 309, 311, 
313, 319

Telychian Stage 49, 50, 51 
Temeside Shales Formation 55 
Temperature, Lower Cretaceous 

Marine 320
Thar.et Sand Formation 378, 379, 

380, 381, 382
Theriosynoecum alleni Ostracod 

Zone 291, 294, 295 
Theriosynoecum fittoni Ostracod 

Zone 291, 294, 
295-296

Theriosynoecum forhesi Ostracod 
Zone 291, 294, 295

Thorncombe Sand Member 183 
Thorpness Member 414, 416 
Thuringian Assemblage 121 
Thurnian Stage 417, 423-424 
Tilehurst Member 384 
Toarcian Stage 175

biostratigraphy 179-180, 181 
palaeoecology 183-184 

Tortworth inlier 16, 22, 53 
Totland Bay Member 383, 386 
Toumaisian Scries 116 
Transition Beds 22 
Tremadoc Series 17, 18, 19, 20,

21, 22
Triassic 165-174, 166 

biostratigraphy 168-169 
palaeoecology 169-170 
principal collections 166-167 
research, history 165-166 
stratigraphy 167-168 

Trimingham Beds Member 348, 354 
Trimley Sands 413, 414, 419 
Trinity College Dublin

Lower Jurassic collection 177 
Triassic collection 167 

Tunbridge Wells Sand formations 
289, 292, 293, 295 

Turanian Stage 345, 347, 348, 352 
biozonation 350-351 
ostracod biostratigraphy 353 

Tyne and Wear Museums, Permian 
collection 156

Ulster Museum, Belfast, Ordovician 
collection 18

University College Galway, Permian 
collection 155 

University College London
Lower Cretaceous collection 312 
Lower Jurassic collection 177 
Triassic collection 167 

University of Durham, Carboniferous 
collection 115

University of Hamburg, Geologisch- 
Paliiontologisches 
Institut, Ordovician 
collection 18

University of Leicester, Department 
of Geology

Ordovician collection 18 
Purbeck-Wealden collection 292 

University Museum of Natural 
History, Oxford 

Cambrian collection 2 
Ordovician collection 18 
Silurian collection 47 

Upnor Formation 378, 380, 381, 382 
Upper Cornbrash Formation 227, 

243, 245, 246, 247 
Upper Crioceras Bed 321 
Upper Estuarine Series 202, 203, 207 
Upper Fuller’s Earth 202, 203, 

206-207

Upper Greensand Formation 311, 313 
Upper Leintwardine Formation 

53-54
Upper Ostrea Member 227, 228

Valanginian Stage 293, 295, 3/7,313 
biostratigraphy 317, 320 

Valtos Sandstone Formation 228, 
229, 230-231, 232 

correlation 227, 231 
Vanderbecki Marine Band 120 
Vectis Formation 292, 293, 295, 296 
Velfreyian Substage 20, 23 
Visean Series 116

Wadhurst Clay Formation 289, 292, 
293, 295

Walton Member 384 
Walton Red Crag 411,414, 416, 422 

see also Red Crag Formation 
Waltonian Stage 422-423 
Wattonensis Beds 207 
Waulsortian reefs 121 
Weald Clay Group 289, 292, 293, 

295, 296
Weald Sub-basin, Purbeck-Wealden 

290, 292, 295
Wealden see Purbeck-Wealden 
Wealden Supergroup 292 
Wedgenock Borehole 22 
Wellingborough Member, correlation 

227, 231,232
Welsh Basin

Ordovician 16, 19, 23 
Silurian 49, 53, 54, 55 

Welton Chalk 350
Wenlock Series 45,48,50, 51, 52-53 
Wessex Formation 292, 293 
Wessex Sub-basin,

Purbeck-Wealden 
290, 292, 295 

West Melbury Marly Chalk
Formation 348, 350 

West Walton Formation 243, 245, 
246, 247

Westbury Formation 165, 167, 169 
Western Approaches Basin 176, 180, 

386, 415,419
Westphalian D Stage 116, 118 
Westphalian Series 116, 117, 120,121 
Wether Law Linn Formation 52 
Wetherby Member 155, 157, 158 
Weybourne Chalk 348 
Weybourne Crag 411, 418, 425-426 
Weymouth Member 243, 245 
Whitby Mudstone Formation 

183-184
Whitchurch Sands 292, 293 
White Chalk Subgroup 348, 349 
White Limestone Formation 202, 

203, 225, 227 
correlation 227, 231
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White-Leaved-Oak Shales 4, 6 Wittering Formation 378, 379, 380, Yorkshire Province 155, 156,
Whitehouse Group 25 382, 383 157, 158
Whitlandian Stage 21, 22 Woolhope inlier 53
Whitwell Oolite 202, 205 Woolhope Limestone 53
Whitwell Substage 50 Woolwich Formation 378, 380, Zechstein Basin 158-159
Windlesham Formation 385 382, 382 Zechstein cycle 156-159,
Winterbourne Kingston Wrabness Member 384 157

Borehole 241 Wrae Limestone 23 Zechstein Sea 155, 156
Withycombe Farm Borehole 165, Wroxham Crag Formation 412, 414, Zig Zag Chalk Formation

166, 168 415, 418, 425-426 348, 350
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Aaleniella gracilis 251, 254 
inornata 251, 254, 265 

Acanthocythere elongata 228,
230, 237

Acanthocythere (A.) sphaerulata 207 
Acanthocythere (P.) faveolata 204, 

215
Acanthocythereis spiniferrima 382, 

399
Acratia acuta 158 

cf. acuta 161
Acrocythere hauteriviana 321 

michelseni 179, 180, 787, 197 
sp. 269 
sp. A 246

Acutiangulata aequalis 119, 143 
quadrata 119, 143 
sp. 758

Aechmina cuspidata 50, 53, 85 
sp. 25, 53

Aequacytheridea 209, 210 
Aetholicotoxotis nidicola 50, 83 
‘Agnostus tuherculatus' 45 
Alanella sp. 50, 75 
Alicenula 296
Alicenula cicatricosa 228, 231, 237 

incurva 228, 231, 237 
phaselus 228, 230, 237 
protensa 228, 237 
pulmo 228, 230, 237 

Allocythereis combrookensis 168,
173

Amphicythere 242, 248 
Amphicythere confundens 241, 246, 

256, 283
pennyi 250, 251,283 
sphaerulata 250 

Amphicytherura 353 
Amphicytherura chelodon 352,

354, 363 
Amphissites 121 
Amphissites debilis 118, 135 

sp. 119, 120, 135 
778, 135

whickhopensis 119, 135 
amphissitids 120 
Amphitoxotis repanda 50, 52, 75 
Amplocypris tonnensis 447,452,455, 

456, 463 
Anabarochilina 6 
Anabarochilina cf. hicksii 6, 11 

corpulenta 5, 6, 11 
hicksii 5, 6, 11 
primordialis 5, 6, 11 

Anabarochilina? sp. A 5 
sp. B 5

Anabarochilina (Leperditia) hicksii 2 
Antronestheria kilmaluagensis 227

Apatocythere ellipsoidea 317,
319, 335

simulans 317, 319, 339 
Aphelocythere tenuicostata 181, 193 
Archaeocopa 1 
Argilloecia 384 
Asciocythere albae 320 

albae cf. rectilinea 321 
Asturiella cicatricosa 118, 151 
Aulacocythere punctata 205 
Aurila nilensis 420, 439 

sherborni 421, 439 
strongyla 421, 423, 439 
trigonula 421, 423, 439 

Austroparadoxostoma 424 
Austroparadoxostoma pliocenica 

420, 445

Baffinicythere howei 420, 423, 425, 
439, 450, 457, 454, 
455, 456, 463 

Bairdia 120, 159, 178, 309,
384, 386

Bairdia arcuatilis 119, 149 
elongatella 158 
hilda 202, 206 
knuepferi 158, 161 
molesta 181, 189 
ohmerti 787, 189 
orientalis 119, 149 
parva 179 
plebeia 158, 161 
spp. 120, 170, 182 

‘Bairdia' griffithiana 20 
Bairdiacea 183 
Bairdiacypris jonesiana 158 

rectangularis 181, 189 
sp. 168, 173 
triangularis 181, 189 

bairdiids 120 
Bairdioidea 182 
Bairdiolites elevatus 118, 147 
Bairdoppilata 386
Bairdoppilata subdeltoidea 421, 437 
Balticella deckeri 24 
Baltonotella 23 
Baschkirina? spinosa 52 
Batavocythere gaultina 316, 318, 333 
Belekocytheridea punctata 207 
Berolinella steusloffi 55 
Beyrichia 93 
Beyrichia cf. halliana 52 

clausa 50, 52 
devonica 93 
hollii 1
salopiensis 49, 57, 67 
sp. 52

‘Beyrichia ’ admixta 50, 85 
complicata 17 
strangulata 25

Beyrichia (Beyrichia) clausa 1 1  
sp. nov. 1 50, 75 
sp. nov. 2 57, 67

Beyrichiacean gen. nov. F. 50, 75 
beyrichiopsids 120 
Beyrichiopsis 93, 121 
Beyrichiopsis carinata 119, 131 

fimbriata 119, 131 
fortis 119, 131 
lyptopleuroides 119, 131 
plicata 118, 131 

Beyrichona hollii 5, 6, 11 
triceps 21, 22, 33 

Beyrichona (Beyrichia) hollii 2 
Bisulcocypris 209, 230, 255 
Bisulcocypris ancasterensis 204,

207, 221
anglica 204, 207, 221 

Bolbozoella cristata 118, 143 
nodosa 118, 143 

Bollia bicollina 51, 52, 67 
‘Brachycythere' cf. triangularis 382, 

403
1Brachycythere’ 384 
Bradoria 6
Bradoria scrutator 5, 5, 11 
bradoriid? sp. 27, 22 
Bradoriida 1-7, 15, 17, 19, 25 
Bradoriina 1
Brephocharieis complicata 20, 23, 35 
Bullaeferum llandeiloensis 21, 23, 33 
Bythoceratina 255, 354 
Bythoceratina (B.) bluebellensis 352, 

371
umbonata 352, 353, 369 
umbonatoides 352, 353, 354, 365 

Bythocypris 384, 386 
Bythocypris sp. 168, 173 
Bythocyproidea cuneiforma 119, 143 
Bythocytheridae 355

Calcaribeyrichia sp. 52 
sp. nov. 50, 53, 85 
torosa 50, 54, 89 

Callistocythere curryi 451, 454, 
455, 463

donovani 451, 454, 455, 463 
multituberculata 420, 441 

Camptocythere mediofoveolata 181, 
193

Candona 386, 388 
Candona cliffendensis 383, 407 

daleyi 383, 407 
Carbonita 120, 121



Carbonita bairdioides 118, 129 
claripunctata 118, 129 
corrugata 118 
humilis 118, 129 
pungens 118 
salteriana 118, 129 

Cardohairdia 384 
Cardobairdia fastnetensis 181, 189 

sp. A. 181
spp. 178-179, 189, 207 

Catonidea terraejullonica 249 
Cavellina 120 
Cavellina coela 119, 141 

incurvescens 119, 141 
permiana 158, 163 
spola 119, 141 
valida 118, 141 

cavellinids 120, 121 
Caytonidea terraefullonica 247,

255, 275
Celtia quadridentata 420

quadridentata quadridentata 445 
Ceratopsis britannica 20, 35 

coactilis 20 
exaggerata 21, 23, 33 
inflata 21, 35

Cetacella paucistriata 242 
Charitoxotis gravida 50, 77 
circulinid gen. et sp. nov. 43 
Cladarocythere 386 
Cladarocythere apostolescui

383, 407
Cletocythereis jonesi 421, 423, 445 
Clithrocytheridea faboides 382, 382,

384, 401
Cluthia cluthae 451, 454, 455, 463 
Columatia variolata 50, 52, 77 
Colymbosathon ecplecticos 53 
Comleyopsis 2
Comleyopsis schallreuteri 5, 6 
‘Conchoprimitia' sp. 21, 22, 33 
Conchoprimitiella dvfedensis 20, 

23,35
papilalata 20, 23, 39 

Conspicillum bipunctatum 21, 23, 33 
ulularum 21, 23, 33 

Copelandia melmerbyensis 20, 24, 43 
Cornicvthereis larivourensis 352,

371
Cornigerella tuberculospinosa 118,

137
Coronakirkbya cornuta 118, 133 
Corye Hina grandis 119, 137 

reticosa 118, 137 
ventricornis 118, 137 

Costacythere frankei franked 317,
' 320,339 

Craspedobolbina 52 
Craspedobolbina glabra 49, 51 

hipposiderus 49. 51 
impendens 51, 52 
interrupta 49, 51, 52 

Craspedobolbina (Artiocraspedon) 
glabra 63

478

Craspedobolbina (Mitrobeyrichia) 
hipposiderus 63 

impendens 63 
interrupta 67

Crescentilla sp. 1 20, 24, 39 
Cribroconcha 120 
Cribroconcha inflata 118, 151 

insculpta 118, 151 
perplexa 118, 151 

Cristacythere costata 178, 181, 191 
Croftsendiella giffordensis 118, 133 
Cryptobairdia berniciana 119, 149 
‘Ctenobolbina ’ ventrospinosa 24 
Curfsina 353
Curfsina derooi 352, 353, 371 
Cushmanidea haskinsi 382, 383, 401 
Cyamocvtheridea magna 382, 393 

spp. 382, 383, 384, 385 
Cyclotron lapworthi 2, 5, 6, 7, 13 

sp. 1, 5, 6
Cyclotron? sp. C 5, 13 

sp. D 5
Cymabolbina acanthodes 21, 23, 33

susanae 20, 23, 35 
Cypridea 255, 256, 289, 291,

292, 296
Cypridea bimammata 294 

bimammata prolifera 305 
bispinosa 294, 295 
bispinosa suthrigensis 303 
bogdenensis 294, 295, 296, 301 
brendae 294, 301 
brevirostrata 294, 303 
clavata 294, 296 
clavata clavata 301 
coelnothi 294, 305 
comptonensis 294, 301 
delicatula 294, 305 
dorsispinata 294, 295 
dorsispinata dorsispinata 301 
dunkeri 294, 295 
dunkeri dunkeri 305 
fasciata 294, 295, 301 
granulosa 294, 295 
granulosa protogranulosa 305 
hispida 294, 301 
insulae 296 
lasius 24, 303 
marina 294, 301 
menevensis 294, 295, 303 
morula 294, 295, 303 
paulsgrovensis 294, 303 
peltoides 294 
peltoides peltoides 305 
posticalis 294, 295, 305 
propunctata 294, 295, 305 
pumila 294, 295, 301 
recta 294 
recta recta 303 
xetina 294 
setina ace rata 303 
tenuis 294, 301 
tumescens 294 
tumescens tumescens 305

SYSTEMATIC INDEX

vericae 294, 303 
vidrana 294, 305 
wicheri 294 
wicheri wicheri 303 

Cyprideis torosa 380, 387, 388 
'Cypridina’ serratostriata 91 
Cypridoidea 178, 179, 355 
Cypridopsis 386 
Cypridopsis hessani hantonensis 

383, 407
Cyprosina 93 
Cyprosina whidbornei 96 
Cytheracea 179 
Cythere 309, 345-346 
Cythere lutea 425 

redcarensis 176 
retirugata 242 
retirugata var. rugulata 242 
transiens 242 
translucens 176 

‘Cythere’ gravana 21, 24 
Cythereis 309, 345-346 
Cythereis bekumensis 314-315 

cf. dubiorta 355 
folkestonensis 316, 318, 333 
geometrica 320, 321 
humilis humilis 316, 329 
longaeva 355 
longaeva longaeva 352,

353, 367 
luzicensis 355
paraglabrella 352, 353, 354,

355, 367 
reightonense 321 
semiperta 320 
sp. cf. beuchlerae 321 
trianguleata 355 
zygopleura 355 

Cytherella 309, 345, 353, 384,
385,386

Cytherella cadomensis 179, 181, 193 
cf. ovata 321 
concentrica 168, 178 
fullonica 249, 250, 250, 261 
index 246, 250, 261 
ovata 316, 321,329, 345, 353 
praecadomensis 181, 193 
praetoarcensis 181, 193 
spp. 170
toarcensis 179, 181, 193 
woltersdorfi 246, 261 

Cytherellidae 175 
Cylherellina elegans 50, 85 

ruperti 50, 79 
Cytherelloidea 320, 387 
Cytherelloidea catenulata 206 

cf. ovata 319 
chapmani 318 
eastfieldensis 202 
granulosa 352, 353, 363 
hindei 352, 354, 365 
obliquirugata 352, 354, 365 
ovata 317, 320, 335 
paraweberi 250, 253



SYSTEMATIC INDEX 479

parawilliamsaniana 316,
318, 333

pukhella 168, 181, 193 
pulchra 317, 319, 339 
sp. 25/
stricta 316, 329 
weberi 247, 250, 253 

Cytheretta 373, 384, 387, 419 
Cytheretta carita 382, 395 

cellulosa 382, 393 
cf. rhenana rhenana 383, 395 
costellata antecalva 382, 393 
costellata costellata 379,

382, 393
forticosta 379, 382, 395 
gracilicosta 382, 395 
harmeri 421, 437 
laticosta 382, 386, 395 
multicostata londinensis 382, 395 
nerva nerva 382, 384, 393 
porosacosta 383, 395 
posticalis parisiensis 383, 395 
scrobiculoplicata 382, 383, 395 
venablesi 382, 395 
woodiana 421, 437 

Cytheridea 384, 385, 386, 419 
Cytheridea ellipsoidea 165 

intermedia 382, 401 
newburyensis 382, 401 
pernota 383, 407 
primitia 382, 385 
rigida punctata 382, 385 
rigida rigida 382, 401 
unispinae 382, 384 

‘Cytheridea eminula' 206 
Cytheridea? 225 
Cytherideinae 201 
‘Cytherina laevigata' 25 
Cytheroidea 178, 179, 182, 183, 184 
Cytheromorpha 380, 386 
Cytheromorpha aillyensis 382, 384 

unisulcata 383, 386 
zinndorfi 383, 407 

‘Cytheromorpha’ sp. 1 382, 405 
‘Cytheropsis' aldensis 21, 24 
Cytheropterina comica 202, 204, 215 

eboracica 320 
gravis 202 
plana 205
triebeli 317, 320, 343 

Cytheropteron 381 
Cytheropteron byfieldense 181, 197 

dorsocostatum 420, 437 
gwashense 181, 197 
nodosoalatum 420, 423,

425, 437 
prolongatum 251 
rugosa 321 
stchepinskyi 320

Cytheropteron (C.) reightonense 317,
319,335

Cytheropteron (1.) exquisitum 317, 
319, 335 

Cytheruridae 175

Daleiella corbuloides 50, 52, 53, 77 
Damonella ellipsoidea 255 

pygmaea 255
Darwinula 169, 170, 177, 201,

225, 256
Darwinula hettangiana 168, 173 

incurva 207, 229 
major 169 
pungens 129 
rara 168, 173 
sp. cf. D. major 168, 173 
sp. cf. D. sp. 110 168, 173 

Diceratobolbina sp. 49, 51, 52, 63 
Dicrorygma 242 
Dicrorygma minuta 321

reticulata 246, 250, 253, 265 
speetonensis 319

Dicrorygma (O.) brotzeni 251, 254 
Dictyotoxotis incuspidata 51, 52, 69 
‘Dielymella’ praecox 5 
Distobolbina 24 
Dolocythere 354 
Dolocythere maculosa 202, 205 

rara 317, 319, 321,335 
Dolocvtheridea (D.) wolburgi 317, 

320, 343
Dolocytheridea (P.) bosquetiana 316, 

318, 329
vinculum 316, 318, 333 

Dorsoobliquella pulchra 158, 161 
Duplicristata 25 
Duringia 23
Duringia triformosa 20, 24, 39

Easchmidtella 23 
Easchmidtella elementa 20, 35 
Echinocythereis 384, 385 
Echinocythereis laqueata 420, 445 

reticulatissima 382, 399 
Ectodemites sp. 119, 135 
Editia heiroglyphica 118, 143 
Ektyphocythere 178, 179 
Ektyphocythere anterocosta 181, 191 

bizoni 179, 180, 181, 191 
cookiana 166, 168, 173 
debilis 181, 189 
elongata 179
exiloreticulata 178, 181, 191 
frequens 181, 191 
herrigi 178, 181, 191 
intrepida 179, 181, 189 
lacunosa 181, 191 
lanceolata 181, 191 
luxuriosa 181, 191 
moorei 168, 178 
parva 206 
quadrata 181, 191 
retia 178, 181, 191 
sinemuriana 181, 191 
spp. 182
translucens 168, 178, 181, 191 

Elofsonia sp. cf. pusilla 425 
Embryotoxotis convallis 50, 53, 85

‘Entomis' buprestis 2, 5, 6 
migrans 50, 54, 56, 85 
serratostriata 91 

Entomoconchacea 93 
Entomoconchus 121 
Entomoprimitia (Reptiprimitia) 

rabieni 94, 107
Entomoprimitia? sandbergeri 94,109 
Entomozoacea 91, 93, 95-96, 97, 

119, 120
Entomozoe 49
Entomozoe tuberosa 51, 52, 63 
Eoaquapulex 23
Eoaquapulex maccoyii 20, 24, 25 
Eocytheridea 210 
Eocytheridea carinata 205 

elongata 202, 204, 215 
eusarca 251, 254, 265 
faveola 205 
lacunosa 202 215 
reticulata 204, 215 

Eocytheropteron aquitanum 251, 
253, 254, 275 

decoratum 246, 250, 251 
sherborni 382, 403 

Eoparacypris weedonensis 251 
Eopaijenborchella 386 
Eopaijenborchella cf. lomata 

382, 403
Eoschuleridea 248 
Eoschuleridea batei 217 
Equicastanea lappacea 50, 52, 71 
Eridoconcha plerilamellci 20, 35 
Eriella courceyana 119, 139 
Eripleura 256
Eripleura eleanorae 241, 246, 250,

251,271
obliquicostata 271 

Eucrustacea 1
Eucypris sp. 383, 407 
Eucytherura 179, 241, 248, 255 
Eucytherura chapmani 321 

costaeirregularis 249 
horrida 247, 249, 271 
liassica 179, 202 
perforatina 382, 382 
scottia 249, 271 
sp. 202

Eucytherura (V.) costaeirregularis 
246, 249, 271 

Eudechacythere sp. 206 
Euprimites limus 20 
Euryitycythere 320 
Euryitycythere parisiorum 317, 

319,339
Exophthalmocythere 242 
Exophthalmocy there fuhrbergensis 

241, 246, 250,
253, 287

Fabanella 256, 296 
Fabanella boloniensis 251, 255 
Falites 6
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Falites fala 5, 13 
Falunia sp. 421, 445

sphaerulolineata 421, 445 
Fastigatocythere 255 
Fastigatocythere juglandica 200, 

204, 207, 223
juglandica subsp. A 247, 249, 

255, 277
Finmarchinella angulata 426 

logani 420, 423, 425, 439 
Fissocythere 209
Forbescythere bosquetiana 382, 399 

forbesi 383, 399
Fossaterquemula blakeana 204, 207 
Franklinella (F.) latesulcata 94 
Fronslarvata chamaeleon 225, 228, 

230, 237
Frostiella bicristata 50, 55, 89 

cornuta 55
groenvalliana 50, 54, 55, 56, 89 
lebiensis 54 
modesta 55 
pliculata 55

Fuhrbergiella 209, 225, 255 
Fuhrbergiella (Praefuhrbergiella) 

horrida 205, 249 
horrida horrida 204, 205, 217, 

247, 249, 211

Galliaecytheridea 241, 242, 248, 
255, 256, 296

Galliaecytheridea callovica 249 
cf. postrotunda 251 
compressa 251, 254, 265 
dissimilis 241, 246, 250, 251, 

253, 265
dorsetensis 246, 250, 253, 265 
elongata 250, 251, 251, 253, 265 
fragilis 250, 253 
gracilis 242, 246, 250 
mandelstami kilenyii 250,

253, 267 
polita 251, 267
postrotunda 241, 250, 253, 267 
postrotunda s.l. 246 
postsinuata 294, 295, 296, 307 
punctata 246, 250, 251, 267 
sp. A 247, 249 
spinosa 251, 253, 254, 267 
staffinensis 249 
teres 317, 320, 343 

Gammacythere 179, 183 
Gammacythere foveolata 181, 197 

kingleri 181, 197 
ubiquita 181, 197 

Garniella concinna 50, 11 
sp. nov. 50, 19 
spp. 52

Gebeckeria dryslwynensis 18, 20,
25, 43

Geisina 121
Geisina arcuata 118, 120, 129 

subarcuata 120

geisinids 120
Gen. et sp. indet. E., Cambrian 5 
Gen. et sp. indet. F., Cambrian 5 
Gen. nov. A sp. D (Mabillard 1981) 

51, 52
Glabellacythere 255 
Glabellacythere dolabra 204, 207, 

221, 247, 249
reticulata 247, 249, 249, 267 

Glossomorphitine? gen. et sp. nov.
21, 23, 33 

Glypterocythere 201, 255 
Glypterocythere oscillum 202 

costata 205
dextranovacula 228, 230, 237 
guembeliana 207 
inversalitera 225, 228, 230, 237 
oscillum 204, 207, 221 
penni 204, 207, 223 
polita 204, 205, 209, 217 
raasayensis 225 
scitula 204, 217 
shielingensis 228, 230, 237 
sp. 205
sutherlandi 228, 230, 237 

Glyptolichvinella 121 
Glyptolichvinella annularis 119, 131 

spiralis 118, 131 
Glyptopleura 121 
Glyptopleura bemiciana 119, 131 

costata 119, 131 
lirata 119, 131 

glyptopleurids 120 
Golcocythere 353 
Gongylostonyx exaggeratus 50,

52, 71
Gotula gotlandica 20, 24, 43 
Gracquina vannieri 21, 22, 33 
Gramannicythere spp. 179 
Gryphiswaldensia plicata 20, 24 
Gunnaropsis 23 
Gunnaropsis cristata 20 

narberthensis 20, 35 
sp. 1 23 
subvexa 20

Hammatocythere hebertiana 
383, 399

Haplocytheridea debilis 382, 383, 
385, 386, 401

Harperopsis bicuneiformis 20, 24, 43 
decorata 20, 24 
scripta 20, 24, 43 

Hastatellina? sp. 1 20 
Hazelina aranea 382, 395 

indigena 383, 386 
karenzensis 386 
thanetensis 381, 382, 393 

Healdia cornigera 118, 151 
cuneata 118, 149 
dahlgrueni 158, 161 
'penchfordensis' 119 
sp. 151

healdiids 120 
Hechticythere 242, 296 
Hechticythere serpentina 251, 254, 

281, 294, 307 
sigmoidea 246, 248, 256 

Hechticythere (H.) hechti 317, 319, 
339

Hemicyprideis montosa 383, 386, 
387, 405 

Hemicythere villosa 426 
Hemicytherura clathrata 426, 451, 

454, 455, 467
Hemsiella cf. H. loensis 50, 53, 85 

maccoyiana 50, 54, 55, 89 
Henryhowella gr. asperrima 386 
Hermiella inflata 181, 189 
Hesperidellal sp. 43 
Hesslandona 6
Heterocyprideis sorbyana 423 
Hipponicharion cf. eos 11 

spp. 5, 6 
Hippula 25
Hirschmannia viridis 420, 445 
Histina xanios 20, 35 
Hithis 23 
Hollinella 121
Hollinella (Keslingella) radiata 

118, 133
Hollinella (Praehollinella) 

claycrossensis 
118, 133

Hollinellidae 120
Homeoceratopsis 23 
Homeoceratopsis jubata 20, 35 
Homeokiesowia 23 
Homeokiesowia epicopa 20, 33 
Homocythere harrisiana 352,

353, 371
lapparenti 315, 316, 329 

Homocytheridea cylindrica 202 
Hungarella 165 
Hutsonia 296

Idiocythere 353 
Idiocythere cf. definita 355 

donzei 352, 353, 369 
Ilyocypris boehli 383, 407 

cranmorensis 383, 407 
monstrifica 452, 455, 461 
papillata 452, 455, 461 
quinculminata 447, 452, 455, 

456, 461
salebrosa 452, 455, 456, 461 
schwarzbachi 452, 455, 456, 463 

Imhotepia 353
Imhotepia euglyphea 352, 353, 371 

marssoni anteglabra 352, 
353-354, 369

marssoni multipapillata 352, 353, 
354, 355, 369 

lncisurella concinna 118, 151 
Indet. gen. et sp. 119, 139 
Indet. gen. 6 sp. A 181, 193
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Indiana lentiformis 2, 5, 6, 11 
Infracytheropteron lindumensis 321 
Isobythocypris 178 
Isobythocypris elongata 178,

181, 189
spp. 179 

Isochilina 93
Isocythereis elongata 352, 353,

355, 369
fissicostis fissicostis 316, 318, 333 
fissicostis gracilis 315, 316,

329, 353
fortinodis fortinodis 316,

' 318, 333
fortinodis reticulata 315, 316, 

333, 353

Jonesina fastigiata 119, 137 
Jonesites excavata 50, 52, 53, 79 

sp. 49, 53
‘Jonesites' reticulatus 51,63

Kangerina abyssicola 420 
abyssicola abyssicola 439 

Kindlella bituberculata 118, 135 
Kinnekullea comma 19, 20, 25 

intermedia 25 
Kinkelinella 179 
Kinkelinella cf. vitilis 202 

malzi 206 
persica 181, 197 
sermoisensis 179, 181, 197 
tenuicostata 181, 197 

Kinkelinella (Ektyphocythere) 
parva 204, 221 

triangula 202, 204, 205, 215 
Kinkelinella (Kinkelinella)

sermoisensis 202 
Kirkbya 98, 159
Kirkbya cf. symmetrica 118, 133 

flaccida 119, 133 
permiana 158, 161 
quadrata 118, 133 

kirkbyids 120 
Kirtonella reticulata 205 
Klausmuelleria salopensis 1,5,

6, 13
Klentnicella 242, 248 
Klentnicella nealei 251, 254 

rodewaldensis 241, 246, 250, 
251, 281 

Klieana 201, 255, 256 
Klieana levis 204, 207, 221 

williamsi 228, 231, 237 
Klimphores 25
Klimphores morgani 20, 24, 43 

paraspinosus 21, 23, 33 
Kloedenella 121
Kloedenelletina berniciana 119, 139 

ravenstonedalensis 119, 139 
sp. 119, 139 

Kloedenia 93

Kloedenia leptosoma 55 
wilckensiana 50, 55, 89 

Knightina votadiniae 118, 133 
Knoedenellacea 121 
Knoxiella archdensis 119, 147 

cf. rugulosa 119, 147 
robusta 119, 147 

Knoxina spinosa 118, 137 
Krausella variata 20, 24 
Krithe 384, 386 
Krithe londinensis 382, 403 
Kuiperiana paravariesculpta 420, 

441
venepidermoidea 423, 425 

Kuresaaria sp. 50,11 
Kuzminaella 94, 105 
Kyamodes 93

Laevicytheridea kummi 317, 320, 339 
Latebina psuedantra 20, 39 
Laterophores elevatus 21, 23, 33 
Ledahia septenaria 181, 189 
Leguminocythereis 384, 385, 386 
Leguminocythereis bicostata 382 

bullata 382, 385 
cf. bicostata 383, 403 
haskinsi 386 
pustulosa 382, 385 
striatopunctata 382, 385, 403 

Leperditella spp. 21, 22, 24 
Leperditia buprestis 1 

hicksii 1 
solvensis 1, 5, 6 

Leperditia? cambrensis 1, 6 
‘Leperditia’ 21,22 
leperditicopes 45
Leptocythere cribrosa 451, 455, 463 

maxima 420, 441 
pellucida 426 
psammophila 425, 441 
recurata 420
recurata recurata 418, 441 
sainterthensis 420, 441 
steynewoodensis 455, 463 

Leucocythere batesi sp. nov. 452, 
453, 455, 456, 461 

Levisulculus 24
Liangshanella salopiensis 5, 13 
Liangshanella? comleyensis 5, 6, 13 
Liangshanella 6 
Liasina argoviensis 247 

lanceolata 179, 184 
vestibulifera 179 

Libumella marginata 52 
reticulata 119, 135 
sp. 119, 135

Limburgina senonensis 352, 354, 367 
Limnocythere 201, 209 
Limnocythere eiggensis 228,230, 237 

falcata 452, 455, 456, 461 
hibernica 232 
incerniculum 228, 230, 237 
inopinata 452, 455, 461

sp. 207
suessenbornensis 452, 455, 461 
usenensis 452, 455, 461 

Limnocythere? spumida 228,
230, 237

Limnocytherina sanctipatricii 452, 
455, 461

Ljubimovella piriformis 204,
205, 217

sp. 206
Londinia arisaigensis 50, 54, 55, 89 

fissurata 50, 54, 55, 89 
Longiscella caudalis 52 

grandis 49, 51, 52, 63 
‘Longiscula’ smithii 50, 53, 79 
Lophoctenella cf. L. scanensis 50, 

54, 83
Lophocythere 201, 209, 241, 255 
Lophocythere batei 204, 206, 221 

bradiana 249 
cruciata intermedia 249 
dorni 250 
fulgurata 200
interrupta interrupta 247, 249, 

255, 277
karpinskyi 247, 250, 255, 277 
multicostata 241 
propinqua 207 
scabra scabra 247, 249, 277 

Lophodentina 178 
Lophodentina frequens 178 

sp. A. 178, 181, 193 
spp. 178
striata 179, 181, 193 

Lophodentina? sp. cf. L? pulchella 
178

Loxoconcha 380, 381, 384, 386, 388 
Loxoconcha malcomsoni 456 

nystiana 383, 407 
pararhomboidea 420, 445 
sulcata 382, 405 

Lutkevichinella 170, 177 
Lutkevichinella fastigata 168, 173 

hortonae 166, 168, 173

Macrocypris 255, 256
Macrocypris aequabilis 246, 249, 

250, 261 
alexanderi 255 
jonesiana 155

‘Macrocypris ’ vinei 49, 50, 69
Macrodentina 241, 242, 248,

256, 296
Macrodentina cicatricosa 246, 

250, 283 
foveata 251 
klingleri 251 
proclivis 250 
pulchra gallica 241 
tenuistriata 241, 246 
woottonensis 251

Macrodentina (D.) retirugata 251, 
254, 283, 287



Macrodentina (M.) cf. maculata 253 
intercostulatci 250, 251 
rugulata 251, 287 
tenuistriata 287
transiens 251, 254, 287 
whatleyi 246, 287

Macrodentina (P.) proclivis proclivis 
251, 253, 287 

pulchra gallica 25\, 287 
rudis 251, 254, 287 
steghausi 250
steghausi steghausi 253, 287 
woottonensis 253, 287 

Macrypsilon salterianum 50, 54, 89 
Majungaella 210 
Mandelstamia 242, 256 
Mandelstamia angulata 246, 250, 

251, 275 
pulchra gallica 250 
rectilinea 241,246, 250, 256, 275 

Mandelstamia (M.) sexti 317,
320, 343

Mandelstamia (X.) maculata 251, 
253, 256, 275 

tumida 251, 254, 256 
Mantelliana 256, 296 
Marslatourella bullata 204, 223 
Maternella dichotoma 94, 109 

hemisphaerica 94, 109 
matronae 316, 329 

Maternella (Maternella) clathrata 
119, 153

whitewayensis 119, 153 
Maternella (Steinachella)

schindewolfi 119, 153 
seilerensis 119, 153 

Matthoria sp. 5, 6 
Matthorial sp. 11
Mauritsina sp. cf. dordoniensis 353 
Menoeidina lavoiei 52 
Merocythere postangusta 204,

206, 217
metacopes 45 
Metacopida 45, 121 
Metacopina 175, 178, 179, 183, 184 
Metacytheropteron drupaceum 206 

sutherlandensis 249, 275 
‘Metacytheropteron’ 255 
Microcheilinella cf. M. convexa 50, 

IS
nuciformis 158 
ovalis 50, 79 
subcorhuloides 118, 143 

Micrommatocvthere edmundi 250, 
271

Micropneumatocythere 201, 255
brendae 204, 206, 207, 208, 223 
convexa 205 
edmundi 253
falcata 204, 207, 208, 223, 231 
globosa 205 
quadrata 204, 223 
subconcentrica 204, 207, 221 

Moenocypris 386

482

Moenocypris sherborni 380, 383, 407 
Monoceratina 159, 241 
Monoceratina antiqua 119, 147 

cornuta 119, 147 
scrobiculata 206, 247, 249, 261 
sp. nov. 158, 163 
stimulea 249, 261 
striata 206
vulsa 205, 206, 246, 249, 265 
youngiana 118, 147 

Monsmirabilia 381 
Monsmirabilia corpuscula 382, 385 

triebeli 382, 403 
Morkhovenicythereis 209 
Morkhovenicythereis bouvadensis 

' 204, 206, 217 
Muellerina 418, 419 

lacunosa 421, 439 
pliocenica 418 

myodocopes 45, 55-56
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Nanacythere 178 
Nandania asymmetrica 94, 107 
Neckajatia subquadrata 50, 52, 71 

symmetrica 49, 51, 52, 63 
Nehdentomis pseudorichterina 94, 

107
Nemoceratina (P.) tricuspidata 353 
Neobeyrichia confluens 50, 54, 89 

lauensis 50, 54, 85 
nutans 50, 53, 85 
scissa 50, 54, 85 

Neocyprideis 381, 386 
Neocyprideis colwellensis 383,

388, 405 
Neocythere bordeti 320 

gottisi 320, 321 
sp. cf. bordeti 321 

Neocythere (C.) 354
denticulata 316, 318, 333 

Neocythere (N.) semiconcentrica 
316, 318, 329 

vanveenae vanveenae 316,
318, 329

Neocythere (N.) vanveenae
ventrocostata 316, 
318, 321,333 

lingenensis 316, 318, 333 
pustulosa 317, 319, 339 
steghausi 352, 371 
verbosa 352, 353, 354, 367 
virginea 352, 353, 354, 363 

Neocytherideis crenulata 425 
Neokunmingella? sp. 5, 6, 11 
Neonesidea rhomboidea 421, 437 
Neurocythere 200, 206, 241, 248, 

255, 256
Neurocythere bessinensis 204, 217 

bradiana 247, 255, 277 
caesa 249
caesa caesa 247, 277 
caesa subsp. A 247, 277 
cruciata alatci 249, 249, 250, 279

cruciata cruciata 249, 277 
cruciata intermedia 247, 249, 

250, 279
cruciata oxfordiana 246, 249, 

250, 279
cruciata plena 247, 255, 279 
dorni 247, 249, 279 
flexicosta lutzei 247, 249,

249, 279
interrupta interrupta 249 
karpinskyi 249, 249 
multicostata 246, 248, 281 
oertlii 247, 250, 281 
rimosa 204, 206, 217 

Nodibeyrichia pustulosa 50, 55, 89 
pustulosa (gedanensis) 55 
tuberculata 55 
verrucosa 50, 54, 55, 89 

Nodophthalmocythere 242 
Nodophthalmocythere martini 247, 

269
Nophrecythere 200, 206 
Novocypris whitecliffensis 382, 385 
Nudista cariticuspis 51, 53, 67

Octonaria octoformis 50, 52, 53, 83 
Oepikella 24 
Oepikella tunnicliffi 20 
Oertliana 242 
Oertliella 353, 386 
Oertliella aculeata 382, 384,

385, 399 
alata 352, 353, 371 
bowerbankiana 382, 384 
reticulata 353 

Ogmoconcha 179 
Ogmoconcha adenticulata 179 

aequalis 179 
contractula 179, 183 
convexa 179, 181, 183, 189 
gruendeli 179 
hagenowi 178, 181, 189 
transversa 183 

Ogmoconchella 179 
Ogmoconchella amalthei 178

aspinata 166, 168, 169, 170, 177, 
178, 180,181, 182,189 

bristolensis 169 
celticensis 179 
danica 178, 181, 189 
martini 166, 168, 169, 170, 173 
michelseni 178
mouhersensis 178, 179, 181, 189 
propinqua 179 
spp. 179

Ogmoopsis siveteri 20, 24, 39 
Oligocythereis 209 
Oligocythereis fullonica 206 

spp. 179, 206
Oligocythereis? mochrasensis 181,

193
Osmotoxotis phalacra 50, 52, 79 
‘ostracodes’ spp. 21, 22
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Paijenborchella 387 
Palaeocope spp. indet. 21,22 
Palaeocopida 15,45, 121 
Palaeocytheridea 255 
Palaeocytheridea carinilia 206 

parabakirovi 247, 249, 249,
255, 281

Parabolbozoe bohemica 50, 54,
56, 83

Paracyprideis similis 382, 405 
Paracypris 386 
Paracypris acris 247, 261 

bajociana 205, 247, 261 
caerulea 320 
parallela 320 
problematica 251, 254 
sp.? 251
terraefullonica 206 
weedonensis 255 

Paracytheretta reticosa 381,
382, 393

Paracxtheridea grignonensis 
382, 403 

oertlii 382, 403 
Paracxtheridea? elegans 206 

sp'. 197 
sp. A. 78/

Paralesleya perforata 242, 257 
Paranotacxthere 242, 248, 256,

296,321
Paranotacxthere cineraria 294, 307 

diglypta 295 
inornata 321 
inversa 295

Paranotacythere (P.) anglica 317, 
320, 339

blanda 317, 319, 339 
diglypta diglypta 317, 320, 339 
globosa globosa 317, 320, 343 
inversa costata 317, 319, 339 
inversa inversa 317, 319, 339 
inversa tuberculala 317, 319,

321,335
luettigi luettigi 317, 319,321,335 
ramulosa ramulosa 317, 319, 339 
reticulata 320 
speetonensis 317, 320, 343 

Paranotacxthere (U.) caputmortuum 
251, 254, 271 

251, 253, 256, 271 
extendata 246, 250, 251,

253, 271
levis 251 
nealei 253
rimosa 251, 254, 271 

Paraparchitacea 121 
Paraparchites 120, 121 
4Parapyxion’ sp. 27, 22 
Parariscus bathonicus 207 
Paraschuleridea 242, 256 
Paraschuleridea buglensis 251, 254, 

255, 269
ornata 202 
sp. 202

Parasleia angiportuosa 51, 53, 69 
artemon 51, 53, 69 
aff. artemon 53 
degener 53 
diversa 53

Parasleia? grandicalcarata 53 
Paratrachycxthere pseudotubulosa 

178, 181, 197
Pariconchoprimitia improba 20, 23 

oscillata 20
‘Pariconchoprimitia' sp. 21, 22 
Parulrichia diversa 51, 52, 67 
Parvacythereis 353 
Parvacythereis subparva 352, 353, 

354, 367
Pedicythere anterodentina 247,

249, 275
Pedomphalella expraeputia 20, 39 
Phacorhabdotus 384, 386 
Phacorhabdotus lonsdaleianus 352, 

354, 363
semiplicatus 352, 354, 365 

Phodeucxthere cuniformis 352,
353, 371

trigonalis 315, 316, 329, 353 
Phosphatocopida 1 -7  
Phosphatocopina 1 
Phthanoloxoconcha 347 
Phthanoloxoconcha icknieldensis 

315, 316, 329 
Pichottia muris 207 
Piretopsis 23
Piretopsis ranuncula 20, 35 

salopiensis 20, 23, 39 
Planileberis scrobicularis 316, 329 

sp. cf. P. cuneata 353 
Platybolbina 23, 24, 25 
Platybolbina cf. punctata 20 

cf. temperata 20, 24 
spongiosoreticulata 20, 25 

platycopes 45
Platycopina 121, 179, 184, 354 
Platycythere verriculata 207 
Platycythereis 354 
Platxcythereis cf. rectangularis 321 

chapmani 316, 329 
gaultina 315, 316, 333 

Pleurifera 179 
Pleurocythere 241
Pleurocxthere borealis borealis 249,

250, 283
borealis carinata 249, 283 
Caledonia 249, 250, 281 
kirtonensis 205 
multicostata 247 
nodosa 205 
sp. 179, 202

Ploteristes sylvesterbradleyi 51,
53, 67

Pneumatocythere bajociana 202, 
204, 205, 215 

carinata 204, 215 
Podocope 45, 96 
Podocope spp. indet. 27, 22

Polycope 96, 178, 241, 255 
Polycope cerasia 176 

cf. cerasia 247, 261 
pelta 249, 261 
spp. 249
sububiquita 246, 249, 250, 261 

Polyphyma lapworthi 1 
Pontocxprella harrisiana 316, 329 

rara 317, 319, 321,335 
subaureola 206 

Pontocypris felix 320 
Pontocythere 418
Pontocythere botellina 421, 423, 437 

elongata 426 
Praeschuleridea 209, 255 
Praeschuleridea arguta arguta 

181, 193
batei 247, 249, 249, 255, 269 
confossa 204, 206 
decorata 202, 204, 215 
foveolata 181, 193 
pseudokinkelinella 181, 193, 210 
spp. 180, 202 
subtrigona 204, 205, 215 
subtrigona intermedia 205 
subtrigona subtrigona 206 
ventriosa angulata 202 

Primitia 22, 93 
Primitia matutina 17 
4Primitia' grayae 20 
Primitiopsacean gen. nov. J. 50, 71 
Primitiopsis planifrons 53 

valida 50, 52, 53, 83 
Primitivothlipsurella obtusa 51,

52, 69
v-scripta 50, 52, 53, 77 

Procytheropteron 242, 256 
Procytheropteron barkeri 251 

bicosta 251, 254, 255, 275 
brodei 255

Procytheropteron? elongata 241,246 
Procytherura 255 
Procytherura euglyphea 181, 197 

multicostata 181, 197 
spp. 178
tenuicostata 246, 250, 275 

Progonocythere 200, 201, 225, 
241,248

Progonocythere acuminata 205,
209, 210 

bicarinata 205 
cristata 205, 210 
kingscliffensis 207, 231-232 
levigatalOl, 228, 230-231,

231, 237
milled 228, 230, 237 
multipunctata 241,247,

250, 281
parastilla 241, 247, 250, 281 
reticulata 202, 204, 210, 215 
unicarinata 205 
yonsnabensis 209, 210 

Progonocytheridae 201, 255 
Prohutsonia 242, 256



Prohutsonia elongata 251, 254, 271 
pustulata 251, 253, 254, 271 

Propontocypris solida 420, 437 
Protocythere 256 
Protocythere albae 316, 318, 333 

croutensis 320 
hannoverana 317, 320, 343 
inornata 321
intermedia 317,319, 335 
lineata striata 316, 329 
nodigera 313-314, 318 
nodigera harenaviridis subsp. 

nov. 313, 316,
318, 333

rudispinata 316, 318, 333 
speetonensis 316, 318, 333 
triplicata 317, 319, 335 

Protocytheridae 248 
Protocytherura tenuicostata 249 
Pseudbollia aff. subaequata 20 

obsoleta 20, 24, 39 
subeaquata 19

Pseudobythocythere goerlichi 316, 
318,333 

vellicata 321 
Pseudohealdia 179 
Pseudohutsonia 256 
Pseudohutsonia hebredica 249,

250, 283
Pseudoparaparchites styfordensis 

118, 137'
Pseudoperissocythere 256 
Pseudoperissocytheridea 241 
Pseudoperissocytheridea

parahieroglyphica 
247, 249, 250, 283 

Pseudoprotocythere? bessinensis 206 
Pseudulrichia 23, 25 
Pseudulrichia aequinoda 20, 39 

conispina 20, 35 
marri 20, 24

Pterygocythere hibernica 352,
354, 365

laticristata 352, 354, 363 
Pterygocythereis 355, 385, 386 
Pterygocythereis cf. heerlenensis 

381, 382, 382, 393 
cornuta 382, 385, 399 
laminosa 382, 384, 399 
phylloptera 352, 354, 365 
sp. 381
spinosa 352, 354, 369 

Pustulobairdia ?confragosa 119, 149
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Quadracythere keeni 383, 407 
Quadritia 25
Quadritia cf. iunior 25, 43 

iunior 20
Quasillitidae 119, 120

Rectella siveteri 49, 50, 69 
Rectiinariidae 121

Rectobairdia bicornis 119, 149 
cf. magna 118, 149 
cuspidata 118, 149 
dorsennata 119, 149 

Rectocythere 256 
Rectocythere horrida 251, 283 

sugillata 204, 223 
visceralis 255, 269 

Rectocythere (L.) horrida 253, 256 
Rehacythereis bemerodensis 315, 

316, 329
luermannae hannoverana 

316, 329
luermannae luermannae 315, 

316, 329
sutterbyensis 317, 319, 321,335 
vexillum sp. nov. 314-315, 317, 

319, 321,335 
Rhinocypris 256 
Rhinocypris decipiens 255 

jurassica 255 
Rhombocythere 165 
Rhombocythere penarthensis 168, 

169, 173
sp. 169

Richteria serratostriata 94, 107 
Richterina (F.) eocostata 94 

semen 94, 105
Richterina (R.) costata 94, 105 

eocostata 105 
striatula 94, 105 
latior 119, 153 

Rivillina 22
Robertsonites tuberculatus 423, 426 
Roundstonia globulifera 451, 454, 

455, 456, 463 
Roundyella 121 
Roundyella binoda 118, 139 
Ruggieria semireticulata 382, 383, 

385, 386, 403
Rutlandella transversiplicata 179, 

181, 197, 202
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Sagmatocythere mayburyae 451,
455, 467

paracercinata 420, 445 
variesculpta 451, 455, 467 

Sansabella amplectens 119, 141 
Sargentina sp. 118, 147 
Sarmatotoxotis phracta 50, 52, 53, 75 
Sarsicytheridea pinguis 421, 437 

punctillata 426 
robusta 421, 437 

Saxocythere notera senilis 316, 
318,333

tricostata subglabra 317, 319,
321,335

tricostata tricostata 317, 319, 
321, 335

Scabriculocypris 256 
Scabriculocypris trapezoides 

294, 307
Scaldianella simplex 50, 52, 83

Schallreuteria 23
Schallreuteria builthensis 21, 23, 33 

cf. superciliata 21 
superciliata 20, 24, 43 

Schiz.ocythere 385 
Schizocythere batjesi 382, 401 

hollandica 420, 445 
pliocenica 420, 445 
sp. 382
tessellata 382, 385, 386 

Schuleridea 242, 248, 256, 384, 386 
Schuleridea bilobata 317, 319, 339 

derooi 317, 319, 320, 321,335 
hammi317, 319, 321,335 
juddi 317, 320, 343 
lamplughi 317, 320, 339 
moderata 251, 253, 254, 256, 269 
perforata 384, 385 
perforata headonensis 383, 401 
perforata insignis 382, 401 
perforata perforata 382, 401 
praethoerenensis 317, 320, 343 
rhomboidalis 317, 319, 339 
sulcata 321
triebeli 241, 246, 250, 250, 253, 

256, 269
Schuleridea (Eoschuleridea) batei 

204, 206
trigonalis 204, 207, 221 

Scordiscia marinae 452, 453, 455, 
456, 461

Scottia browniana 447, 452, 456, 463 
tumida 452, 456, 463 

Scrobicula indistincta 119, 139 
scabrida 118, 139 
scrobiculata 118, 139 

Scrobiculata monospinosa 118, 139 
Semicytherura 422 
Semicytherura affinis 451, 455, 467 

arcachonensis 451, 454, 455, 467 
bambruggensis 382, 382 
cf. forestensis 382, 403 
cronini sp. nov. 451, 453-454,

455, 467
nigrescens 451, 455, 467 
paraclausi 420, 439 
robertsi sp. nov. 451, 454, 455,

456, 467 
sella 451, 455, 467

Seminolites porosus 118, 151 
Septadella 18
Septadella jackmanae 21, 22, 33 

plicatum 22
Severopsis severopsis 20, 39 
Shemonaella scotoburdigalensis 119, 

143
Shivaella cf. okeni 118, 143 
Shleesha oblonga 118, 135 
Sigmoopsis duftonensis 20, 24, 43 
Signetopsis 49 
Silenis longus 50, 52, 71 

mawii 50, 52, 53, 71 
Sleia ancon 50, 53, 83 

equestris 50, 53, 85
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kochi 55
pauperata 50, 71 
troglodytophila 50, 79 

Spinigerites 25
Spinigerites hadros 20, 24, 43 
Spinoleberis 353
Spinoleberis krejcii 352, 354, 367 
Stenestroemia 225 
Sternbergella 296 
Steusloffina sp. 25, 51, 75 
Stillina acuminata 320 
Stravia crossata 320 
Strepula concentrica 50, 52, 77 
Strictocythere polonica 204, 

206-207, 208,
209, 221

Stroterobolbina floribunda 49, 57, 63 
styliolinids 97 
Sulceila affiliata 119, 141 

inornata 118, 141 
Systenocythere exilofasciata 205 

ovata 205

Tallinnellal tomacina 20, 23 
Terquemula acutiplicata 207 

bradiana 207 
chonvillensis 206, 207 

Tethysia bathonica 206 
Tetracytheridea punctata 202 
Tetradella egorowi 20, 25, 43 
Tetrasacculus cf.mirabilis 118, 133 
Thaerocythere 419 
Thaerocythere mayburyae 418,

420, 441
trachypora 421, 423, 441 

Theriosynoecum 201, 225, 255, 296 
Theriosynoecum alleni 294, 295,

297, 307
ancasterensis 230 
anglica 230
bathonicum 204, 207, 221 
conopium 225,228, 230, 231,237 
fimbriachela 228, 230, 237 
fittoni 230, 294, 307

forbesi 255, 294, 295, 307 
kirtlingtonense 204, 207,

223, 230
monotubercuiatum 294, 307 
ramocuspis 228, 230, 237 
sagena 230

Thlipsura corpulenta 50, 52,
53, 83

martinssoni 51, 52, 53, 67 
Thracella 385, 386 
Thracella bartonensis 382, 403 

rutoti 382, 384 
Timiriasevia 209, 255 
Timiriasevia mackerrowi 204,

207, 223
striatula 168, 173 

Tinotoxotis praegnans 50, 52, 75 
velivoia 50, 52, 53, 75 

Tinotoxotis? sp. 53 
Trachyleheridea 353, 373, 386 
Trachyleberidea geinitzi 352, 363 
Trachyleberididae 209 
Trachyleberis 353 
Trapezilites 6 
Trapezdites minimus 5, 13 
Tribotoxotis dorsistriata 50, 79 
Tricominidae 121 
Triginglymus dictyosigma 421, 439 
Tropidotoxotis arga 50, 52, 71 
Tubulibairdia sp. nov. 57, 52, 67

Uhakiella magnifica 25 
strangulata 20, 25

Ulrichia 93
'Ulrichia’ girvanensis 20 
Ulrichia? bicornis 20, 24, 39 
Undipila cortinata 57, 53, 69 

subspissa 50, 52, 69 
Ungarella latesulcata 97 

stockumensis 119, 153

Varilatella bulbosa 20, 24, 39 
coronata 20, 23, 39

dissita 20, 35 
sp. 24

Veeniacythereis acuticostata 317, 
319, 321, 335 

blanda 317, 319, 335 
robusta 321

Veldotron 6
Veldotron rushtoni 5, 13
Vernoniella 256
Vernoniella bajociana 205 

caletorum 246 
sequana 241, 246, 251,269

Vestrogothia 6
Vetustocytheridea lignitarum 381, 

382, 382, 384
Virgatocypris edwardsi 383, 407
Vitella 23
Vittella fecunda 20, 23, 24, 39 

vatia 20, 35
Vogdesella hemidiscus 20,

24, 43

Waldeckella cicatricosa 94, 109 
erecta 94, 107

Waldeckella? fabaeformis 94, 109 
Waldoria cf.rotundata 5, 13 
Wenlockiella crassula 50, 83 

phaseola 49, 50, 52, 69 
phillipsiana 49, 50, 53, 71 

Wicherella semiora 181, 197 
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This book charts the stratigraphical distribution of ostracods in the Cambrian to 
Pleistocene deposits of Britain and outlines their utility for dating and 

correlating rock sequences, as well as indicating aspects of their 
palaeoenvironmental and palaeogeographical significance. These small 

bivalved crustaceans are the most abundant arthropods in
MS?

the fossil record. Indeed, the stratigraphy of Britain, 
which embraces many type-sequences, provides a 
particularly rich and full record of them, from at least the 

Qasal Ordovician, and from the British Cambrian there is a 
oiostratigraphy based on their 'relatives', the bradoriids and 

„  phosphatocopids. Ostracod distributions demonstrate the ecological 
success story of the group, occupying as they do marine, non-marine 

and even 'terrestrial' habitats. Written by current specialists in the field, 
this book is an authoritative account and will be welcomed by all micropalaeontologists 
and applied geologists in the industrial and academic world alike. It is richly illustrated 
with over 80 plates of electron micrographs and specially drawn maps, diagrams and 
range-charts.
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C o v e r  i l lu s t r a t io n :

B ios tra tig ra p h ic  m a rke r os tracods fro m  (to p  to  b o tto m ) th e  
P le istocene (p re -A ng lian ), O rdov ic ian  (C aradoc) and U pper 
C re taceous (S a n to n ia n -M a a s tr ic h tia n ) o f  B rita in , ju s t th ree  o f  ove r 
c .1 0 0 0  described and illu s tra te d  in th is  bo o k . They are, 
respectively, Scordiscia marinae K rstic &  S chorn ikov, Harperopsis 
scripta (H arper) and Pterygocythereis phylloptera (Bosquet).
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