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I n t r o d u c t io n .

The ammonites dealt with in this paper belong to the family Echioceratidae ( B u c k m a n ,
T.A., 1913),* a varied group of slender, generally evolute forms, usually ornamented by ribs
but very rarely tuberculate. In many members of the family the periphery has only a feeble
keel, but in some a sharp keel, with or without sulci, may be present.
Ammonites of this family have most frequently been recorded as Ammonites raricostatus,
and the raricostate species are by far the best known. The species at present classified with
the Echioceratidae, however, can be roughly grouped, with reference to their form only, as
follows:—
1. Raricostate forms, with strong widely spaced ribs and feeble carina, e.g. A. raricostatoides, A. zieteni.
2. Forms with closely spaced ribs, with carina absent or feeble, e.g. A. viticola, A.
prorsum.
3. Forms with elevated whorls, bearing regular ribs of moderate strength and with
carina and sulci, e.g. A. aplanatum.
4. Forms becoming smooth on the last whorls, which are thin, with an acute keel and
obsolescent sulci, e.g. A. macdonnellii.
Several species of Echioceratidae were described in the early part of last century, by
Z i e t e n (1830), H a u e r (1856), Q u e n s t e d t (1856), and others. When the genus Ammonites
was subdivided, these species were referred to Caloceras by H y a t t (1867), and to Arietites by
W r ig h t (1878) and H u g (1899). The genus Echioceras was created for these forms by B a y l e
(1878).
The family Echioceratidae was created by Mr S. S. B u c k m a n in 1913; the same writer
also named two early genera, Parechioceras and Gagaticeras,-aud subsequently two advanced
genera, Leptechioceras and Paltechioceras. His summary (T.A., 96, 1914) of the species of
Echioceras is the most valuable index to the group.
The Echioceratidae occur in the Lower Lias (Lower Charmouthian, or part of Middle Lias
of some authors). Many of these Echioceratidae have commonly been regarded as occurring in
the raricostatum zone, which was considered to exist between the oxynotum zone and the
armatum zone. Recent discoveries, and in particular the researches of Mr S. §. B u c k m a n (1917
and 1920), have shown this view of the distribution of the family to be erroneous. Largely
from his study of the Echioceratidae collected by the officers of the Geological Survey in the
Pabba Shales of Raasay (Lee, 1920) it has been proved that Echioceratid faunas occur at
* References to literature are given on p. 736 ; in most cases the author’s name and the date only are given in the text. As
frequent reference is made to B uckman’s “ Yorkshire Type Ammonites” and “ Type Ammonites,” parts of which have been
published at various dates, these are indicated by “ T.A.” throughout this paper.
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various horizons, alternating with Deroceratid and other faunas throughout the group of
strata which he has named the Raasayan.
The following Echioceratid horizons have been recognised :—
aplanatum.
macdonnellii.
Armatum and
Raricostatum zones raricostatum.
rhodanicum.
1st Echioceras.
(Gagaticeras.
Oxynotum zone 1Par echioceras.

Further suggestions concerning the distribution of Echioceras faunas and the correlation
of these deposits are given in a later section.
The material on which these studies have been based includes fossils collected by the
writers from most important exposures between Somerset and Yorkshire, but the work has
gained greatly from their examination of several extensive collections. In particular, the
writers are indebted to Dr G. W. Lee for permission to study the ammonites in the collection
of the Geological Survey of Scotland; to Dr F. A. Bather and Dr L. F. Spath for access to
the specimens in the British Museum; and to Mr J. W. Tutcher, Mr S. S. B uckman, Dr W.
D. Lang, and Mr L. Richardson for the loan of their collections. Thanks are also due to Mr
Ttjtcher for the photographs reproduced in Plate III, figures 2 and 3.
General Considerations.

Ontogeny and Classification.—The advances in the systematic investigation of ammonites
during the past half-century have mainly resulted from the application of the principle of
recapitulation; the details of ontogeny have been regarded as affording more or less definite
clues to phylogeny, and thus have been considered as vital facts in constructing classifications.
The application of this method was made, to a large extent independently, by A. H yatt in
America and by S. S. B uckman in this country. Recent workers on the ammonites and many
other groups of invertebrates have generally accepted a similar principle. As Buckman and
others have pointed out, the recapitulation of phylogeny in the ontogeny of a given species is
never quite exact, partly because there is a tendency for certain phylogenetic stages to be
omitted or “ skipped” in the ontogeny of many forms.
Recently Dr L. F. Spath has questioned the validity of these principles, at any rate in
their application to the ammonites, and in his latest works definitely speaks of “ discredited
laws of recapitulation” (1924, p. 194). Spath further suggests that new characters may
appear discontinuously or suddenly in the young; that is, on the inner instead of the outer
whorls of an ammonite, thus reversing the supposed regular sequence of stages in the life-cycle
(1923b, p. 65). It appears to the writers, however, that Spath considers that in certain cases
ontogenetic evidence may assist in the elucidation of phylogeny, since he frequently uses this
type of evidence in constructing his own classifications of ammonites ( 1923b,»vp. 35 and 1923a,
p. 73). As the recapitulatorial hypothesis is so generally accepted, and in the absence of any
real criticism by Dr Spath, there does not appear to be any need at the present time to submit
a lengthy discussion of the problem. Nevertheless, as the writers necessarily base much of
their classification on the interpretation of ontogenetic details, a brief explanation of their
views concerning the limits of such applications appears to be called for.
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In a number of instances the ontogeny of an ammonite shell appears to follow the most
direct line from the earliest stage, i.e. the protoconch, to the adult. In most, if not all,
Mesozoic ammonites the protoconch is a spindle-shaped body with an angustisellate suture
and a depressed whorl. The succeeding whorls are likewise depressed, and the whorl-shape
and degree of involution from that stage onwards are progressively modified to produce the
characters seen in the adult. In such a case, ontogenetic stages are passed through which
only recapitulate phylogenetic stages if the shell in phylogeny has been modified in a similar
progressive way.
In general, the sutural development of an ammonite also represents the most direct series
of changes from the suture of the protoconch to the adult suture; this is borne out by the
close similarity of the sutural development and the “ septal sections ” of an adult septum
( S w in n e r t o n and T r u e m a n , 1918). In fact, with a little experience of sutural developments,
it is often possible to infer the stages that have been passed through from an examination of
the adult suture * ; certain exceptions to the direct sutural development have been noticed
(S p a t h , 1914, p. 341, fig. l), but they are not common. This does not imply that study of
sutural development has no value : the utility often depends on the determination of the
diameter at which certain stages are attained.
Such a direct series in ontogeny may perhaps be considered as an ideal type of develop
ment, since it presumably implies the shortest period of immaturity; when the ontogeny is not
so direct, or, in other words, when stages are passed through in the ontogeny of the shell which
do not appear to be necessary for the development of the adult shell from the embryo, the onto
genetic features which depart from this direct development appear to be of at least two types :
1. Csenogenetic characters, or those which, while having no palingenetic significance, are
important in the fitting of the young animal to its environment.
2. Those palingenetic characters which reflect a stage in phylogeny which was not on
the direct line of development.
Csenogenetic Characters.—Csenogenetic characters are those which have been acquired
secondarily by an embryo, in relation to its larval requirements; frequently, csenogenetic
characters are adaptations to a special mode of life during larval stages. Such csenogenetic
characters therefore occur in the immature stages without having been present in the adult of
any ancestor ; well-known examples are the spines in the Zoaea larva of a crab and the
“ pincers ” on the embryonic shell of Anodonta.
It is important to distinguish between csenogenetic characters as defined above, and
certain palingenetic characters which may be retained in the ontogeny because they are
essential to the survival of the larva.
Palingenetic Characters.—All characters in ontogeny which reflect a stage passed through
in phylogeny should strictly be called palingenetic; but it is obviously difficult when the
development is direct or nearly direct to decide whether certain characters are palingenetic or
not if they fall on the direct line of change from the embryonic to the adult form. The palin
genetic characters to which attention must necessarily be most frequently directed are those
which reflect deviations from the direct line.
For example, in many ammonites there are changes in the rate of coiling and the shell is
frequently excentrumbilicate. It is usually assumed in such cases that the change in the rate
of coiling reflects a change which has been passed through in phylogeny. Similarly, in many

* Examination of the early sutures of even related forms reveals marked differences in the second and third sutures. It
must be remarked, however, that these differences merely depend on the rate at which the changes took place in the septumsecreting surface, the actual changes probably being similar and almost direct in every case.
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species the changes in whorl-shape from the embryo to the adult deviate from the direct series
of changes which might have been expected. Thus, for instance, in the development of many
raricostate ammonites, such as Echioceras raricostatoides, the depressed whorls of the embryo
become steadily elevated, and at the diameter of 4 mm. are almost circular in section; at this
stage the whorl-shape is similar to that of the adult, but before reaching the adult stage a
zieteni-stage is passed through in which the shell is evolute, but the whorl very depressed
(fig. 6). In our view this must be taken to indicate that E. raricostatoides has evolved from
an immediate ancestor with a whorl of this pattern, although at an earlier stage in phylogeny
the whorl was more nearly rounded. In other raricostate Echioceras this zieteni-stage is also
found, but the diameter at which it is attained, and the number of whorls for which it persists,
vary in the several species.
Similarly, the existence of a ribbed stage in the development of various species of Leptechioceras, which are smooth or nearly smooth on the outer whorl, apparently indicates that
the genus originated in a costate Echioceratid ; in the different species there is much variation
in the duration of the ribbed stage, and in the more advanced forms it is reached at a relatively
late diameter and persists for only a short time. In our opinion some species of Leptechioceras
are tending towards the omission from their ontogeny of all traces of the ribbed ancestor,
or, in other words, the ontogeny is tending to approximate to a direct development. Such an
instance may be compared with the cases of lipopalingenesis or skipping of stages met with
in the Liparoceratidse (Trtjeman, 1919, 1922).
In these cases there is a tendency to omit from ontogeny all traces of a phylogenetic stage
in order to produce a short and direct ontogeny.* Nevertheless, such deviations from a direct
ontogeny may be retained if they are useful in the life of the embryo. Perhaps one of the
ultimate problems in the interpretation of an ontogenetic record is the discrimination between
such characters and those caenogenetic characters which have been secondarily acquired.
It must further be borne in mind that the recapitulation of phylogenetic stages in onto
geny may be obscured by different degrees of acceleration of the several biocharacters. In
other words, at a given point in the ontogeny of an ammonite, the several biocharacters
(whorl-shape, periphery, ornament, and suture) have attained certain stages of development,
but it does not necessarily follow that in any ancestor the same stages in these characters
were similarly associated. For instance, in the development of some ammonites a stage
may be reached in which the whorl is depressed, keeled, and costate, but it is not certain
from this grouping of the characters that any ancestor had these characters at one tim e;
presumably, in the ancestry of the species there have been forms in which these characters
were present, but they need not all have been together at any stage, their prasent grouping
being due to differential acceleration in relatively independent features. It is thus conceivable
that in a species in which the ontogenetic characters are all palingenetic, stages may occur in
ontogeny differing completely in appearance from any adult ancestral form.
The palingenetic characters met with in the ontogeny of ammonite shells may therefore
be grouped as follows :—
1. Palingenetic characters which remain in the ontogeny because they fall on the direct
line of development from the protoconch to the adult. If there were no such
thing as recapitulation (or if a species had no phylogeny !), any individual beginning
life as an egg and taking the simplest way to the adult form would necessarily pass
through certain stages which are now rightly regarded as palingenetic.
* It may be noted that such skipping of stages, resulting from this straightening of ontogeny, is different from the skipping of
stages resulting from the mere shortening of ontogeny (acceleration of development or tachygenesis).
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2. Palingenetic characters which represent deviations from the direct line of
development.
(a) Those which reflect recent phylogenetic stages, some of which at least may
reasonably be expected to be skipped as evolution progresses.
(b) Those which are retained because they are of value in fitting the young
individual to its environment.
These two types of palingenetic characters (2, a and b) may be exemplified from the
Echioceratidse. The zieteni-stage in Echioceras raricostatoides and the ribbed stage in
Leptechioceras are probably of the former type ; they appear at differing diameters, in related
species, and are retained for different periods, and it is scarcely conceivable that they can
have had an adaptive value. On the other hand, the smooth depressed embryonic whorls
found in Echioeeratidae and almost all ammonites probably indicate palingenetic characters of
the latter type. Since they are invariably present and are always retained to a diameter of
several millimetres, it is highly probable that this form of embryonic shell is most suitable ;
it is significant also that ornamentation often commences immediately after this stage, some
times as ribs, sometimes as tubercles, according to the degree of acceleration, but acceleration
apparently never brings ornamentation on to these whorls.
Characters of Costation.—The distinction between many species of the Echioeeratidae
depends on the form of the ribs ; especially is this the case with Echioceras. In such species
as E. raricostatoides the ribs are at first fine and numerous, later
becoming widely-spaced, acute, and raised very high above the level
of the side of the whorl, on the body whorl becoming less prominent
and more rounded in form. Changes in rib-form in a typical Echiocerate
Fio. 1.—Sections of portions of
are indicated in fig. 1.
the whorl of Echioceras rari
The writers have found that the distinction of the species of costatoides
Vadasz (T.A. speci
showing the rib-form on
Echioceras has been facilitated by comparisons of the rib-spacing; an men),
outer (a) and the two
important feature is the stage at which the fine ribbing gives place to the
preceding whorls.
raricostation. In making these comparisons it has proved useful to
count the number of ribs per quarter-whorl throughout the growth of the shell. Such ribformulse are given for all the Echiocerates dealt with here; in each case the figures for the
outer whorl are given first, and the counting has proceeded inwards. Where the formula
quoted has been obtained from a published figure it is preceded by the letter F.
In comparing these Echiocerates it has proved useful in many cases to construct a graph
showing the number of ribs per quarter-whorl (fig. 2). Mr B uckman (T.A., 1924) has recently
suggested another graphical method of representing these rib characters. In comparing the
graphs shown in fig. 2, it must be noted that a shell which appears to be regularly raricostate for several whorls (fig. 2, a) will have actually a greater number of ribs per quarterwhorl on the outer than on the inner whorls, although there is of course an actual increase in
the distance between two adjacent ribs ; therefore the number of ribs per quarter-whorl must
be interpreted in terms of the diameter. The appearance of raricostation is also dependent
on the breadth of the whorl; on a broad whorl a given number of ribs will not give the same
appearance of raricostation as on a narrow one.
In the species of Echioceras, Echioceratoides, and Pleurechioceras, the stage at which fine
ribbing gives place to raricostate ribbing, and the stage at which raricostate ribbing becomes
further modified, appear to be the important characters for observation (fig. 2, b and c). The
raricostate stage in some of the more advanced species is shortened, and we regard it as a
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palingenetic character which is being gradually omitted from the ontogeny of the later
members.
Dimensions.—The dimensions of species referred to are given in accordance with the
formula now generally used. The first figure indicates the diameter in millimetres, after
which come in order : first, the whorl-height; secondly, the whorl-thickness without the ribs,
with the thickness over the ribs in brackets if this is notably different; and thirdly, the
diameter of the umbilicus, all these being expressed as percentages of the diameter. Where
the formula has been obtained from a figure of the specimen it is preceded by F.
Nomenclature.—The writers have thought it advisable to name some forty new species
in this family. These have been selected mainly because they appear to be species of stratigraphical value. Unquestionably there are great numbers of other Echiocerates which have

Quarter-whorl Intervals.
F ig . 2.—Graphs to illustrate changes in rib-spacing in various Echiocerates. a, Echioceras raricostatoides Vadasz (figure in

Bayle), a persistently raricostate form; b, E. iridescens Trueman and Williams, holotype; c, Pleurechioceras deciduum
(Hyatt); d, Epechioceras expansum sp. nov., holotype, a form retaining close,ribs throughout.

been examined which might legitimately be admitted to specific rank, and the immensity of
the Echioceratid fauna is yet scarcely indicated by the numbers of figured species.
Sutural Characters.—In general, and especially in relation to the more primitive groups,
the suture line has not proved of very great value in the classification of these forms. The
suture typical of Echioceras is not very advanced ; it has a wide external saddle (ES), rather
flat-topped, with the first lateral saddle (IS) generally higher than ES :^he first lateral lobe
(IL) is usually shallow and small, and the auxiliaries usually few and occasionally somewhat
reclined.* The ES is cut by two notches of varying depth, usually one of these is deeper
than the other, and the saddle has a distinctly bipartite appearance, but the deeper notch
may sometimes be the outer and sometimes the inner. The IL is usually feebly trifid, but
there is a tendency for one of the lateral lobules to develop much further than, the other, and
a bifid appearance is not uncommon ; the bifid stage is occasionally succeeded by a quadrifid
stage (fig. 3).
* The several elements of the suture line are indicated in the rest of this paper by the abbreviations used above.
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These variations in the form of ES and IL apparently have little classificatory significance,
since they are frequently developed differently, not only on different sides of the same suture

F ig. 3. —Suture lines of various Echioceratidffi. All the sutures were drawn at the diameters named. In the case of new species,

the suture is that of the holotype in each case, a, Echioceras seneum sp. nov. ; b, E. elegans sp. nov. ; c, Leptechioceras cf.
macdonnellii (Portlock); d, L. subplicatum sp. nov. ; e, Paltechioceras sp. ; f, P. ebriolum sp. nov. ; g, E. fulgidum sp. nov.;
h, E. lepidum sp. nov. ; i, E. modicum sp. nov. ; j, E. sparsicostatum sp. nov. ; k, Orthechioceras sp. ; 1, L. planum sp.
nov. ; m, E. cf. fulgidum sp. nov. ; n, Paltechioceras sp. (young); o, E. concinnum sp. nov. ; p, E. torquatum sp. nov.

line, but in consecutive sutures on the same side. Asymmetry due to the movement of the
siphuncle from the median line has also been noticed.
In the more specialised genera of Echioceratidse, such as Euechioceras and Vobstericeras,
the suture appears to be subject to less variation within each species; the IL is usually deep
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and narrow, almost as deep as EL, while the IS is not markedly higher than ES. In
Paltechioceras the presence of a peculiarly deep notch on the umbilical side of the ES appears
to be a fairly reliable feature in classification.
G enera

of the

E chioceratid ^e .

Five genera have already been defined by B uckman and others in the family Echioceratidse.
These include Gagaticeras and Parechioceras, two primitive and early genera whose relations
to the main group are uncertain ; Leptechioceras and Paltechioceras, two specialised and late
offshoots; and Echioceras, to which genus all the other species have been referred. This
latter group, however, is obviously too comprehensive, and if such genera as Leptechioceras
and Paltechioceras are to be maintained, further subdivision of Echioceras is necessary. A
preliminary subdivision is indicated below, and a number of new genera are created ; some of
these may require further subdivision in the future.
In making these genera, and in indicating their limits, attention has naturally been paid
as far as possible to the presumed phylogeny of the family. It must be noted, however, that
this family is a very large one, with apparently numerous stocks evolving along more or less
parallel lines. It is not unlikely that in several cases members of different stocks have been
placed in one genus, but these points can only be cleared up by future research, especially by
further detailed collecting as exposures become available. It may be stated, moreover, that
the genera are in most cases much more than mere lineages; the species referred to each
genus probably represent related and parallel lineages.
T able

of

G enera .

E chioceras, Bayle (1878). Genotype, E. rarecostatum Bayle, named by Vadasz E. raricostatoides (1908).
P arechioceras, S. Buckman (1914). Genotype, Amm. finitimus Bean-Blake (refigured T.A., 100).
G agaticeras, S. Buckman (1913). Genotype, Amm. gagateus Y. and B. (refigured T.A., 78).
L eptechioceras, S. Buckman (1923). Genotype, the specimen figured as Leptechioceras macdonnellii (Portlock) in

T.A., 443, J.W.T. Coll.

P altechioceras, S. Buckman (1924). Genotype, P. elicitum S. Buckman (T.A., 483), J.W.T. Coll.
P leurechioceras, nov. Genotype, a specimen identified with Amm. deciduum Hyatt (1867, p. 76) = A. nodotianus

Hauer (1856, vi, 1-3), J.W.T. Coll., No. 33.

E chioceratoides, nov. Genotype, E. regulare sp. nov. (PI. IV, fig. 2), J.W.T. Coll., No. 30.
E pechioceras, nov. Genotype, E. expansum sp. nov. (PI. Ill, fig. 6), J.W.T. Coll., No. 19.
P lesechioceras, nov. Genotype, a specimen identified with A. delicatum S. Buckman, T.A., 96c, 1914, founded on

Dumortier (1867, xxxi, 3-5), J.W.T. Coll., No. 17.

Orthechioceras, nov. Genotype, 0. recticostatum sp. nov. (PI. Ill, fig. 1), J.W.T. Coll., No. 153.
E uechioceras, nov. Genotype, the specimen figured as Leptechioceras aplanatum Hyatt in T.A., 482 (renamed here

Euechioceras nobile, nov.), J.W.T. Coll.

K amptechioceras, nov. Genotype, K. variabile sp. nov. (PI. II, fig. 1), J.W.T. Coll., No. 139.
Metechioceras, nov. Genotype, Arietites tardecrescens Blake (1876, v, 5), Brit. Mus. Coll., No. 17879: this specimen

is identified by us with Caloceras aplanatum Hyatt.

V obstericeras, nov. Genotype, V. jlexicostatum sp. nov. (PI. Ill, fig. 2), J.W.T. Coll.

The two earliest genera, Gagaticeras and Parechioceras do not appear to be directly
related to the later Echioceratidse, from which they differ in the style of ornamentation on
the innermost whorls. These are ornamented by strong and rather widely-spaced head-like
ribs, while practically all subsequent Echioceratidse have an early stage with closely spaced
fine ribs. In Parechioceras also the presence of a somewhat feeble keel at an early stage
suggests that it is not directly related to the later uncarinate species of Echioceras.
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The genus Echioceras, even as restricted by us, is a fairly comprehensive genus, including
those primitive Echiocerates with fine ribbing and their raricostate descendants. The more
primitive members of the genus usually have slender polygyral coils, ornamented by fine ribs
becoming more widely spaced, but not raricostate, and with keel feeble or absent, e.g.
E. gracile, E. robustum, and E. concinnum. These primitive forms are not common in the
material we have examined, except in a few localities, and they appear to be confined to the
lower horizons. The raricostate derivatives of these forms all appear to reach or pass through
a stage with a depressed whorl, which we have called the zieteni-stage. Numerous species
attain the zieteni-stage and do not pass beyond it {e.g. E. raricostatum, E, micvodiscus,
E. zieteni, and E. latidorsatum), but apparently these include members of several distinct
stocks, the stage at which the keel is developed differing in the various groups. From these
zieteni-like forms there apparently evolved, along several separate lines, a number of species
in which the whorl tended to be more elevated {e.g. E. raricostatoides, E. modicum, etc.), and
also forms in which the rounded or subangular whorl lost
its raricostate character by the increase in the number of
ribs on the outer whorls {e.g. E. iridescens, E. fastigatum).
In other species the whorl became distinctly angular, with
occasionally loss of ribs on the outer whorl {E. declivis,
E. Isevidomus).
The genus Pleurechioceras resembles Echioceras in
having a finely ribbed stage succeeded by a more raricostate
stage. In Pleurechioceras the outer whorls become elevated,
and the ribs somewhat more closely spaced, but they remain
very strong; there is a strong keel with a tendency to
develop subsulci. Though apparently close to Echioceras,
Pleurechioceras foreshadows the specialisation later attained
by Leptechioceras and Euechioceras; P. intermedium is
homoeomorphous with certain species of Leptechioceras.
Echioceratoides probably represents an independent Fig. 4.— Development of Echioceras raricosta
stock evolving from the finely ribbed Echiocerates, without toides Vadasz. a, b, First seven chambers ;
the shell at diameter 2*8 mm., showing
passing through a raricostate stage or a stage with depressed c,thed}nearly
round whorl.
whorls. In Echioceratoides the fine ribbing of the inner
whorls gradually increases in strength but never becomes widely spaced, while the develop
ment of a keel on the periphery is retarded as compared with Pleurechioceras and with most
stocks of Echioceras.
Plesechioceras is perhaps allied to Echioceratoides, but differs in retaining finer ribs to
its adult stage, while the keel, though always feeble, is developed early and tends to be
accompanied by subsulci.
Epechioceras is probably a stouter development from a related stock.
The genera Euechioceras, Paltechioceras, Vobstericeras, Kamptechioceras, and Orthechioceras all agree in acquiring keel and sulci at an early diameter, but they are probably derived
from several different stocks of pre-sulcate forms. In Euechioceras the innermost whorls have
the style of costation characteristic of the inner whorls of Plesechioceras. Paltechioceras
represents a parallel development from a stouter stock with stronger ribbing. Orthechioceras
is readily distinguished hy its quadrate whorls and its straight ribs, but it is perhaps
more closely related to Paltechioceras than to any of the other forms. In Paltechioceras,
Kamptechioceras, and Vobstericeras the ribs are frequently irregular.
TRANS. ROY. SOC. EDIN., YOL. LIII, PART III (NO. 34).
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Leptechioceras includes forms with relatively thin whorls and acute, often subsulcate,
venters ; they are probably derived from closely costate forms, but ribs are usually lost on
the outer whorls. Possibly these forms include derivatives of several stocks, most of which
did not attain a definitely sulcate stage.
DETAILS OF SPECIES.
A. Echioceras.
Echioceras raricostatoides Vadasz (1908, p. 373).
Holotype (and genotype), E. rarecostatum Bayle (1878, lxxvii, 2 and 3).
Compare E. raricostatoides S. Buckman (T.A., cdxxv).
Costal Formulae : T.A. specimen : 7 6 6 6 6 6 6 5 5 6 5 5 5 6 5 6 6 6.
Bayle’s fig. - . 5 6 5 5 6 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 4 4 3 3 3.
This name was applied by Vadasz (1908) to certain of the ammonites formerly called
Echioceras raricostatum, which differ from Zieten’s species in having a rounder whorl and

somewhat closer ribbing on the outer whorls. The
Radstock ammonite figured by B uckman is practi
cally identical with the genotype. In this country
E. raricostatoides is not so common as has been
supposed, most raricostate forms being much more
slender in the outer whorls, and differing in rib
spacing in the inner whorls. A form which appears
to be almost identical with this species occurs in
Raasay (Geol. Surv. Scotland, T 4434 D) in horizon
10 of the Pabba Shales. Smaller specimens, which
are closely comparable, are found in Dorset (W. D.
Lang Coll., 5403, from horizon 103).
The sutures of forms referred to this species
show some variation, but in general have the pattern
typical of Echioceras, IL being short and frequently
trifid (fig. 5).

Dimensions.
E. raricostatoides Vadasz, Bayle,
F 90 20 24
62.
E. raricostatoides S. Buckman (T.A.), 107 21 20 (23) 62.
E. cf. raricostatoides (Raasay specimen), 107 19 19 (23) 62.

The changes in thickness of the T.A. specimen,
determined by means of callipers, are indicated in fig. 9.
Development.—The development was studied in a specimen identical with that figured in
Type Ammonites, from the same locality.
The protoconch is of normal form, and in the succeeding whorl the shell is of the very
depressed form characteristic of that stage in most ammonites (fig. 4, a, b).
The whorl-height increases steadily in the inner whorls and at a greater rate than the
whorl-thickness, the whorl becoming relatively evolute and the venter well-rounded. This
stage is most typically shown at. about the diameter of 4 mm. At this stage, slightly
Fig. 5. —Sutural development of Echioceras raricostatoides

Vadasz.
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inclined tine ribs are already present, but they barely reach the periphery. Viewed from
the side, these early whorls appear to have rather wide lateral areas,' an effect which is'
strengthened by the closeness of the ribbing.
From this stage the whorl-thickness increases more rapidly than whorl-height, the shell
becoming more evolute, the venter flatter, and the whorl section somewhat oblong. This
whorl shape is most characteristic between the diameters of 11 and 20 mm. It is the form
of whorl found in the adult of some species of Echioceras, notably E. zieteni, and we may
speak of this as the zieteni-stage in E. raricostatoides. The whorls at this stage have strong
raricostate ribs which project far above the sides of the whorl, and become especially promi
nent at the edge of the periphery, emphasising the effect of the flat venter ; the ribs fade
rapidly on the venter, which at this stage in E. raricostatoides is devoid of a keel.
In succeeding whorls the whorl-height increases more than whorl-thickness and the
whorl becomes steadily more rounded, although for some time an appearance of a flat venter
is produced by the projecting ribs near the peripheral border. From a diameter of 80 mm.
the ribs are notably weaker at this angle, and the whorl becomes distinctly rounded. The

F ig . 6.—Section of the shell of Echioceras cf. raricostatoides Vadasz, showing the form of the inner whorls,
the round-whorled stage, and the depressed zieteni-stage, x 3.

ribs have become less elevated above the shell and have lost the acute form characteristic
of the zieteni-stage (fig. 1).
The carina appears as a distinct keel at about a diameter of 30 mm., but never becomes
prominent nor develops sulci.
Sutural Development (fig. 5).—The first suture has the typical angustisellate pattern;
in the second suture the median saddle has widened. The relatively small change between
these sutures may be regarded as indicating the primitive sutural characters of this group.
In the majority of ammonites a deep external lobe is present by the second suture, and in
some this is already divided by a small median saddle. In E. raricostatoides and many
allied species the corresponding stage is not attained until the fourth suture.
The ES remains entire until the diameter of 3'2 mm. is reached, when a faint notch
appears on the umbilical side. By the diameter of 6 mm. a second faint notch has appeared on
the peripheral side, and the IL is feebly trifid, less feebly on the left side than on the right.
At a diameter of 11 mm. the ES is essentially bipartite, but in the specimen dissected
the peripheral notch on the right ES (left of drawing) has developed further than that of
the left ES, and the ES of the left is higher than the ES of the right. The right IL is
deeper than the left IL, and the median lobe in it is now divided by a small saddle, whereas
the left IL is still simply trifid.
At 25 mm. diameter IS is higher than the ES, and the IL is about half as deep as the EL ;
even in the adult suture the left IL is less complicated than the right IL, and it remains
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essentially trifid, while the unequal development of the lobules in the right IL gives it
a bifid appearance.
E. raricostatum (Zieten, 1830, xiii, 4).
Dimensions: F 32 28 34 (38) 52.

figure shows a small form with distinctly depressed whorl and a flat venter
with distinct carina. The ribs appear to be sharp and widely spaced, the formula for the
outer whorl being 4 4 5 5; thus the ribs are somewhat more widely spaced than at the
corresponding diameter in E . raricostatoides. Apparently this wide spacing is also found
on several preceding whorls. This species recalls the zieteni-stage in E . raricostatoides, but
the carina is more accelerated than in the latter species.
Specimens closely similar to this species occur in the Raricostatus Clays at Timsbury,
near Radstock, Somerset, and in Dorset.
Z iet en ’s

E . robustum (Quenstedt, 1856, xiii, 17).
Dimensions: F 20 20 41

58.

Quenstedt only figured a peripheral view of the species. It is a low-whorled form with
a rounded venter and apparently rather close ribs, which p^ss well on to the venter. A
feeble keel is already present at about 13 mm. Ammonites apparently similar to this are
found at a low horizon in the Pabba Shales of Raasay (Locality 1, T 4309-10 D). In these
specimens the inner whorls are very finely ribbed, and, except for the presence of the keel,
the specimens recall the closely ribbed stage of E. raricostatoides (PI. Ill, fig. 5).

E. gracile (Quenstedt, 1856, xiii, 16).
Dimensions: F 20 20 30 ? 58.

Quenstedt’s figure only shows the peripheral view of the species. The whorl is much
rounder than in most Echiocerates, the ribs appear to be stronger than in E. robustum,
though it cannot be described as raricostate; a definite but feeble keel is present.
Specimens resembling E. gracile are known from Raasay.

E. boreale S. Buckman (T.A., 96c).

Dimensions: 29 19 25 60.
Rib Formula: 9 9 1 8 ------- 1 9 --------- 9 ?8 8 ?9 9?.

This species, founded on a specimen from the Pabba Shales of Raasay, is fairly closely
costate, and the outer whorl somewhat expanded, with more widely spaced and slightly
curved ribs. Periphery feebly arched, with a faint keel, the costae passing on to the venter
and giving rise to faint striae which cross the venter. The holotype is from the Pabba
Shales (Locality 10); a comparable specimen, differing in the rib-spacing on the outer
whorl, is probably from a lower horizon in the Pabba Shales (Locality l).
E. parvum sp. nov. PI. I, fig. 10.
Dimensions: 42 18 23 5 60.

A species with very finely ribbed inner whorls; after a diameter of 15 mm. the ribs
become more widely spaced. On the outer whorl, which alone is well-preserved in the holo-
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type, the ribbing is raricostate, though not very strong. The ribs pass over the edge of the
venter, which has a feeble keel.
Holotype.—A specimen collected in the Pabba Shales of Raasay (“ loose at No. 7 bed,
Allt Fearns” ; Geol. Surv. Scot., T. 4413 D).
E. zieteni (Quenstedt, 1884, xxiii, 27).
Dimensions: F 42 19 30 65.
figured by Q xjenstedt under this

Several specimens were
name; we propose to take this
specimen as lectotype.
This specimen is characterised by a very depressed whorl, with a flat venter and a distinct
carina. Coiling very polygyral. Ribs sharp, especially on the shoulder of the whorl, and
they fade rapidly on reaching the venter.
Comparable specimens are common in the lower horizons with Echioceras in Dorset,
Radstock, and Raasay.
E. microdiscus (Quenstedt, 1884, xxiv, 3).
Dimensions: F 28 20 31 59.
Costal Formula : F 5 5 4 5 6 6 5 6.

Q u en stedt figured several species under this name; the one indicated above is selected
as lectotype. It is a raricostate species having an arched venter, with a feeble keel. The
ribs are sharp and very pronounced on the edge of the periphery. Coiling very polygyral.

E. exortum Simpson).
Figured in T.A., 19.
Compare A. zieteni Quenstedt (1884, xxiii, 31).
Dimensions: F 30 21 (31) 60.

A small raricostate species, uncarinate, with the ribs passing over to the venter, but
terminating rather suddenly and leaving a fairly distinct peripheral zone without costae. On
the edge of the venter the ribs are unusually pronounced.
Specimens referred to this species have been examined from the lowest Echioceras
horizons in the Pabba Shales of Raasay (Locality 1, Geol. Surv. Scot., T 4312 D) and from
Robin Hood’s Bay.
Mr B uckm an (T.A., 19) considered that this species was probably from a low horizon,
and suggested the oxynotum zone. The rather strongly ribbed inner whorls suggest a
relation with the early Echioceratid genera of that horizon.
E. latidorsatum sp. nov. PI. I, fig. 7.
Dimensions:
28 25 25 (36) 60.
Costal Formula: 6 5 5 5 6 5 6 7 8 9 8 7 6.

A raricostate form differing from all the other species described hitherto in having a flat
venter with no trace of keel. The ribs are sharp on the sides of the whorl, and end abruptly
on the shoulder, so that the venter is quite smooth and flat.
At a diameter of 4 mm. the whorl is comparatively broad, with close ribbing. At a
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diameter of about 9 mm. the ribs are more widely spaced, and at about 13 mm. diameter the
raricostate stage is reached.
The suture shows a tripartite ES slightly lower than the IS. The IL is bifid, becoming
trifid, with a long slender median lobule, and is nearly as deep as EL.
Holotype.—A specimen from Marshwood Brickfield, near Lyme Regis. W. D. Lang Coll.,
No. 5922.
E. validum sp. nov. PI. I, fig. 4.
Compare A. zieteni (Quenstedt, 1884, xxiii, 29).
Dimensions (estimated): 50 23 24 (33)

A raricostate form with very depressed whorl resembling E. zieteni, but with a feebly
arched venter and having a faintly developed keel on the cast. In the holotype. the shell is
preserved on the sides of the whorl, where the ribs are very prominent and acute. ES bipartite.
Holotype.—A specimen from the Watch Ammonite Stone of Marshwood Brickfield,
Lyme Regis. W. D. Lang Coll., No. 5924.
E. crassicostatum Trueman and Williams.
Named and figured in T.A., 1925, No. DLIII.
Dimensions: 83 20 18*5 (23*5) 64.
Costal Formula: 6 b 5 4 5 5 4 4 4 5 5 4 5 5 5 5 5 6 7 7 71

A raricostate ^form more slender than E. raricostatoides; raricostate at an earlier
diameter and retaining strong ribs to a late stage. In the early whorls, up to a diameter of
30 mm., the ribs are of the same form as those at comparable stages in E . raricostatoides, but
after that ribs become less acute, though not less prominent. In particular the ribs project
near the border of the periphery, so that the venter appears to be flat along the rib, but is
distinctly arched between the ribs. The keel is a prominent ridge, even on the cast. The
specimen is septate throughout, and traces of another half-whorl are present. The diameter
of the complete specimen would not be less than 120 mm.
Suture of typical pattern : ES lower than IS ; EL much deeper than IL ; IL unequally
trifid. ES only feebly bipartite, the deeper notch on one side being that near the periphery,
on the other that near the umbilicus. Shell thick.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery, Radstock.
S. Buckman Coll., No. 2032.
E. inflation sp. nov. PI. I, fig. 2.

Dimensions:
65 21’5 26 (30) 61.
Costal Formula : 5 4 5 5 4 5 5 4 5 5 5 5 6 6 6 6.

This species agrees fairly closely with E. raricostatoides in coiling; it differs from this,
however, in having a stouter whorl, which has already become inflated at a diameter of
25 mm. The ribs are more widely spaced than in E. raricostatoides, and resemble in form
those described in E. crassicostatum.
The IS is not markedly higher than ES ; IL bifid, much shallower than EL. The ES of
the left side is distinctly bipartite.
Holotype.—A specimen from the Armatus Bed in Rockhill Quarry, near Radstock.
J.W.T. Coll., No. 116.
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E. sparsicostatum sp. nov. PI. II, fig. 8.

Dimensions:

74 23 21‘5 (27) 62.
48 21 27 (31) 61.
Costal Formula: 6 5 5 5 5 4 4 5 4 5 5 5 5 6 6 6 - - 9 8.

A raricostate form which compares well with E. raricostatoides in the coiling of the
outer whorls ; the inner part of the shell is less polygyral. due to the whorl having expanded
earlier than that of E. raricostatoides : the whorl is also thicker at corresponding diameters.
A whorl section passing along a rib would show a flatter venter than in E. raricostatoides,
and the keel is stronger at corresponding diameters. The specimen has three-quarters of a
whorl belonging to the body-chamber.
The suture (fig. 3,j) is of typical pattern; ES slightly lower than IS, ES bipartite, IL
trifid, symmetrical on the left but not on the right in the holotype.
Holotype.—A specimen from the Armatus Bed, Kilmersdon Colliery Quarry, Radstock.
S. Buckman Coll., No. 4036.
E. torquatum sp. nov. PI. I, fig. 1, and text-figs. 3p and 9.
Dimensions:
64 18 21 (23) 67.
Costal Formula: 7 6 6 6 6 5 5 6 6 5 4 5 5 6151 5 5 6 - 7 7 7 ? .

A raricostate form differing from most large Echiocerates in being more polygyral, and
in the regularity of the coiling. Fine ribs are present up to about 5 mm. ; after this they
become more widely spaced, and at about 16 mm. the specimen becomes raricostate. The ribs
are strengthened on the sides of the whorl, and are not very prominent on the shoulder. The
ribs become weaker on the last part of the outer whorl, where the feeble keel also becomes
less prominent. The venter is flattened. The specimen has a body-chamber nearly one and
a quarter whorls long, but no mouth border is present.
The ES of the last suture is tripartite.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 156.
E. notatum Trueman and Williams.
Named and figured in T.A., 1925, No. DLII.
Dimensions:

90 22 21*6 (24*7) 62.
58 22 26 (29) 63.
Costal Formula : 8 7 - 7 ------- 5 6 5 5 4 5 5 5 6 5 5 5 6 - 6 7 7.

This species differs from E. toYquatum in the rib-spacing, but agrees with it in the
coiling of the inner whorls. It also becomes much thicker. The ribbing of the innermost
whorls is less fine than in most 'raricostates. The raricostate ribbing is retained until the
diameter of 65 mm., after which the ribs are more closely spaced and reclined, becoming
more widely spaced again on the last quarter whorl. The ribs on the inner whorls are sharp
on the shoulder of the whorl, and give to the whorl at that stage the appearance of a flat
venter. On the outer whorl this character is less striking. There is a rather sudden increase
in thickness in the last portion of the shell. The keel is very feeble, but the shell is missing.
The IS is slightly higher than the ES in the last sutures, but they are not well shown.
At the diameter of 35 mm. it is seen that the ES is bipartite and as high as IS ; IL trifid,
shallow, about as*‘deep as EL.
Holotype.—A specimen labelled “ Near Bristol, from near Mendips ? ” (probably from
Radstock). S. Buckman Coll. (ex. T. Stock Coll.), No. 4047.

714

DR A. E. TRUEMAN AND MISS DAISY M. WILLIAMS ON

E. modicum sp. nov. PI. I, fig. 8 and text-figs. 7 and 8.
Dimensions:

40 22*5 27 (33) 60.
60 17 22 (24) 65.
Costal Formula : 5 6 5 6 5 5 5 5 5 5 6 5 5 5 6 7 71 8 9 8 8? 8 8 8.

The type specimen is partly phosphatised, with the shell removed from the greater part
of the outer whorl. Venter slightly angular; keel more definite where the shell is preserved
than on the cast. It resembles E. raricostatoides to a diameter of 40 mm.; in the earlier
whorls it is more raricostate than E. raricostatoides, but less so at that diameter. The outer
whorls are less elevated than those of E. raricostatoides. In the holotype the costae of the
latter part of the outer whorl are distinctly reclined, with some irregularity due to injury.
The suture is inclined slightly forward (fig. 3i) ; IS distinctly higher than ES. The IL

chambers ; bt at *5 mm. ; c, at 2 mm. ; d, at 9*4 mm.

is irregularly bifid; ES of the right side cut by a deep median notch; ES of the left side
less regular.
Development.—The development was worked out in a topotype. The protoconch is of
typical pattern, and the succeeding whorls very depressed. 'Costae appear at about 4 mm.,
where they have a distinct inclination (fig. 7). For a little more than a whorl the ribs
are fine and closely spaced, but the spacing gradually becomes more distant until the
diameter of 12 mm., when the shell is raricostate. At an early diameter the whorl is
slightly angular, but the carina remains feeble until the diameter of 20 mm. is reached.
Table of Dimensions.
35
31
27
25
22
19

22
21
22
24
22
24

30 (35)
30 (37)
34 (41)
33 (40)
35 (40)
37 (42)

63
60
60
58
59
58

16
13
9*4
81
51

25
27
29
31
39

38 (43)
37 (40)
44
46
48

59
56
• ••

48
40
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The sutural development is very similar in all important respects to that of E. raricostatoides (fig. 8).
Holotype.—A specimen from the Armatus Bed, Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 119. The appearance and preservation of this specimen closely resembles
that of specimens of E. raricostatoides found in the same bed, and probably these two species
were contemporaneous.
E. iridescens Trueman and Williams (fig. 9, b).
Named and figured in T.A., 1925, No. DLIY.

Dimensions:

91 17 20 (21) 65.
65 17 21 (24) 65.
Costal Formula: 9 8 8 7 6 6 7 7 7 6 5 7 6 6 6 - - 7 7 81 81 8? - 9? - 8 - 7.

In coiling this species agrees fairly closely with E. modicum. It differs from this and
other species described hitherto in being less raricostate in the outer whorls, and in losing

F ig. 9.—Sections of the shells of various Echiocerates. a, E. torquatum sp. nov. ; b,
E. iridescens Trueman and Williams, holotype; c, E. raricostatoides Vadasz
(T A. specimen). All natural size.

F ig . 10.—Sections of the inner whorls of various ammonites. a, Echioceras raricostatoides Yadasz; b,
Leptechioceras planum sp. nov. ; c, Xipheroceras cf.
capricornoides (Quenstedt). Note the polygyral coils
of the latter. All x 10.

the crassicostate style of ribbing at a fairly early stage. Fine ribs appear at an early
diameter (2'5 mm.), where they are closely and regularly spaced, with a slight forward
curve on the side. The crassicostate stage is not reached until a diameter of 25 mm., and
after one or two whorls the ribs again become feeble. The venter has a distinct keel,
especially prominent where the shell is present, but becoming feeble on the last half of the
outer whorl, where a feebly subsulcate stage is attained;
The suture is of typical pattern, but the depth of IL exhibits considerable variation.
The type specimen shows a partly formed last suture, which is only calcified in the lobes
and in the umbilical region ; calcification has proceeded further on the left than on the right
side (S w innerto n and T r u em an , 1918, p. 35).
Holotype.—A specimen from the Armatus Bed of Radstock. S. Buckman Coll., No. 4030.
The pearly lustre shown by this specimen and the general style of preservation appear to
suggest that it was originally deposited in a different layer from the specimens of E. rari
costatoides and E. modicum, now found in the same bed.
TRANS. ROY. SOC. EDIN., VOL. LIII, PART III (NO. 34).
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E. seneum sp. nov. (fig. 3, a).
= Arietites raricostatus Wright (1878, vii, 6).
Dimensions: 50 22 —(26) 61.
Costal Formula : 7 6 7 7 7 7 8 7 8 9 9 8 9 10 11 11 10 9 - 9 - 8.

A raricostate species with straight simple ribs which never become prominent, and
with wide interspaces ; retaining the finely ribbed stage longer than in most species of
Echioceras, and not becoming raricostate until the diameter of about
30 mm. The ribs appear as sharply inclined folds at about the diameter
of 2 mm. (fig. 11). The venter is broad, gently rounded, with a feeble
keel only on the cast.
The sutural development is more accelerated than in E. raricostatoides and E. modicum and
their allies ; the second
and third sutures showing
marked differences (fig.
Fig. 11. — Echioceras seneum 12). This fact, taken with
sp. nov. (Lyme Regis) at the early appearance of E.
diameter of 3*5 mm.
seneum and the later de
velopment of raricostation, suggests that this
species is a member of a different stock from
E. raricostatoides, etc.
The holotype is septate throughout; the
sutures are widely spaced and of typical pattern,
the trifid IL being much shallower than E L ;
IS only very slightly higher than ES, and the
auxiliaries slightly suspensive.
This species is probably very closely related
to E. rhodanicum; D umortier’s figure of E.
3 rd .
rhodanicum differs from the shells referred to
the present species in becoming raricostate at
an earlier stage and in the greater persistence
of the ribs on the venter.
Holotype.—A pyritised cast from Lyme
Regis, probably from the Upper Clays with
Raricostatus (horizon 100 of Lang), figured Fig. 12.—Sutural development of Echioceras seneum sp. nov.
by W right (1878, vii, 6). Brit. Mus. Coll.,
67956. Wright’s figure is not quite accurate, the rib-spacing being incorrect and the
umbilicus too narrow.

E. rhodanicum S. Buckman (T.A., 1914, 96c).
= Amm. raricostatus Dumortier (1867, xxv, 4, 5).
Dimensions:
F 51 22 24 59.
Costal Formula: F 7 8 8 7 1 8 7 7 8 7 8 7 6 8 9.

A raricostate form with flat venter and an almost square whorl, closely resembling
E. seneum, to which it is probably related.
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E. concinnum sp. nov. PI. I, fig. 5, and text-fig. 3, o.
Dimensions: 20 26 38 58.
Costal Formula: 9 8 10 10 10 10 11 - 11 11 -.

The holotype is a small specimen with rib-spacing similar to that of the inner whorls
of E. seneum, but the shell is less polygyral; whorl very depressed.
Holotype.—A pyritised specimen from the bed 99 (Lang) of Lyme Regis. W.D.L.
Coll., 4949.
E . elegans sp. nov. PI. I, fig. 9.
Dimensions: 44*5 23 23 (26) 58.
Costal Formula: 8 7 7 7 7 7 7 6 6 7 7 7 7 8 - 6 1 6 1

A raricostate form, pyritised ; innermost whorls not shown in the holotype. The ribs are
already widely spaced at the diameter of 12 mm., but they become closer on the outer whorl,
where they have a distinct swing forwards. The venter is a low arch and is feebly carinate.
The IL is essentially bifid, and is comparatively narrow; IS slightly higher than ES.
The type is septate throughout.
Holotype.—A specimen from the Upper Clays with Raricostatus (?) of Lyme Regis. Brit.
Mus. Coll., No. 18752.
E. fulgidum sp. nov. PI. I, fig. 12, and text-fig. 3,g.
Dimensions:
70 19'5 20 (21) 67'5.
Costal Formula: 8 7 7 7 6 6 6 6 6 6 6 6 6 6 7 7 t

A slender raricostate form, not quite as slender as E. torquatum. The innermost whorls
are not preserved in the type. At about 13 mm. diameter, where the ribs are first visible,
they are widely spaced, and within half a whorl—that is, at a diameter of 19 mm.—the ribbing
becomes raricostate.
The periphery is rounded, with a faint keel developing.
The suture is of typical pattern ; the IL shallow, bifid, with a tendency to become trifid ;
IS slightly higher than ES.
Holotype.—A specimen labelled “Lower Lias near Whitby.” Brit. Mus. Coll., No. 17424.
E. declivis sp. nov. PI. I, fig. 3.

Dimensions: 30 25 27 52.
Costal Formula: 7 7 7 7 8 8 9 9 10 11.

In coiling and rib-spacing is very near E. seneum, but it differs from it essentially in
having an angular venter.
Holotype.—A specimen from the Upper Clays with Raricostatus (?) of Lyme Regis. Brit.
Mus. Coll., No. 18760.
E. fastigatum sp. nov.
= Arietites raricostatus Wright (1878, vii, 2-4).
Dimensions:
95 20 17 (19) 65.
Costal Formula: 10 7 7 7 6 6 6 6 6 5 6 5 6 5 6 6 6 6 6 8 10 9 9 8 8 7 8 8.
Wright’s figure is not quite accurate in the number of ribs, and the ribs are insufficiently

curved on the outer whorl.
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This is a raricostate species, less raricostate than E, raricostatoides on the outer whorl,
which is distinctly arched. The innermost whorls are very slender and bear closely spaced
ribs, but by diameter 16 mm. the ornamentation is raricostate. At this stage the ribs are
sharp on the sides of the whorl, but on the last half-whorl they are more numerous
and less prominent, and do not project near the peripheral border. The arched venter has a
definite keel. The body-chamber is incomplete, although nearly a whorl of body-chamber is
preserved.
The suture is of the general Echioceras pattern, but is fairly advanced in the complexity
of the auxiliaries ; the IS is not much higher than E S; ES is tripartite, becoming bipartite ;
IL moderately deep, but not so deep as EL.
Holotype.—The specimen figured by W right (1878). Brit. Mus. Coll., No. 38980. The
specimen is recorded as from Lyme (?), but Dr Lang informs us that he is very doubtful whether
it is a Lyme Regis specimen.
E. lepidum sp. nov. PL II, fig. 4, and text-fig. 3, h.
Dimensions: 56 21 21 62'5.
Costal Formula: --------------9 8 7 8 8 8 8 9 10 9 7 9 9 - 7.

This is a slender species which becomes almost smooth on the outer whorl. The inner
most whorls have fine ribbing up to a diameter of about 8 mm. ; after this the ribs become
more widely spaced, and after a diameter of about 22 mm. the ribbing is raricostate, although
the costae are not so strong as in many raricostate forms. After the diameter of 35 mm. the
ribs are represented by low folds, and the last portion of the outer whorl is nearly smooth.
The venter is a low arch, and never develops a keel.
The suture is simple, but has certain characters not found in the majority of species of
Echioceras. The ES is tripartite, the deeper notch being on the umbilical side; IS as high as
ES, bipartite; IL trifid, as deep as EL.
These differences in plan of the suture, and the uncarinate character of the species
suggest that it is a member of a different stock from most Raricostates.
Holotype.—A specimen from the Armatus Bed, Rockhill Quarry, near Radstock. J.W.T.
Coll., No. 159.
E. Isevidomus (Quenstedt, 1884, xxiii, 23).
Dimensions: F 84 21 18 61.
Costal Formula: F 9 9 8 8 8 - 8 8 7 8 9 8 7 7 9 8 7 7 7 7.

There are two species figured by Quenstedt under this name; B uckman chose the one
indicated above as lectotype (T-A., 1914, 96c). This is polygyral, but the ribs are never very
prominent on the outer whorls. On the last portion of the outer whorl the ribs have degener
ated into low folds. This species differs from the primitive raricostates, to which it is related,
in the sharp fastigation of its periphery.
Typical specimens have been seen from the Armatus Bed of Radstock and from the Watch
Ammonite Stone of Lyme Regis. Some specimens from the same horizon at Lyme Regis
suggest a transition to Pleurechioceras.
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E. costidomus (Quenstedt, 1884, xxiii, 21).
Dimensions: F 87 20 25 62.
Costal Formula: F 8 7 7 7 8 7 6 6 C 6 6 6 6 6! 5!.

Quenstedt has figured two different species under this name ; the specimen indicated
above was chosen as lectotype by B uckman (T.A., 1914, 96c?).

It is a raricostate form, with the ribs becoming less prominent on the last whorl. The
whorl is depressed, and the venter a low arch with a feeble keel. This species may be regarded
as closely related to E. zieteni, from which it differs essentially in the obsolescent costse.
Specimens comparable with Quenstedt’s other figure have been seen from the Armatus
Bed of Radstock, and from Dorset.
E. crassum sp. nov. PI. I, fig. 6.
Compare A. costidomus (Quenstedt, 1884, xxiii, 20 only).
Dimensions: 80 19? 19? 56.
Costal Formula : 7 ? 8 ? - - 7 7 ? - - 7 ? --------------9?.

A species resembling E. costidomus, but with a more rounded whorl. The inner whorls
are typically raricostate ; the outer whorl is rather heavy, but the ribs are closer, more curved,
and not so prominent. Keel present, with feeble subsulci.
The holotype (W.D.L. Coll., No. 2656) shows little more than a part of the outer whorl;
a paratype (W.D.L. Coll., No. 2650) shows parts of the inner whorls. The dimensions and
costal formula are from the latter specimen.
The specimens are partly pyritised, from the horizon of the Watch Ammonite Stone (99),
Stonebarrow, Dorset (W. D. Lang, 1914, p. 321).
B. P leurechioceras.
P. deciduum (Hyatt, 1867, p. 76)
= Amm. nodotianus (Hauer, 1856, vi, 1-3).
Dimensions: Hauer’s fig. : F 109
Genotype:
80
Costal Formulae : Hauer’s fig. : F 7
Genotype:

19 15 63.
21 18 63.
8 8 8 7 7 6 7 6 6 7 6 7 6 5 6 6.
11 8 7 6 7 6 7 6 7 6 7 6 7 8 8.

This is a species which has retained the widely spaced ribs characteristic of the genus
Echioceras. The whorl, however, has become higher, a strong keel is present together with
subsulci; it may perhaps be regarded as closer to E. fastigatum than to other Echiocerates.
The ribs are sharp on the inner whorls, but more rounded on the outer.
In the suture figured by H auer the IS is slightly higher than ES, IL is essentially bifid,
as deep as EL.
A specimen identified with this species has been chosen as the genotype of Pleurechioceras ;
it was collected from the Armatus Bed, Kilmersdon Colliery Quarry, Radstock (J.W.T. Coll.,
No. 33). The dimensions and rib-formula are quoted above for comparison ; they agree very
closely with those of H auer’s figure, but the ribs rather suddenly become more closely spaced
on the last whorl (fig. 2, c).
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P. intermedium sp. nov. PI. II, fig. 2.
Dimensions: 82 22 13 59.
27 22 - 50.

This species resembles some species of Leptechioceras in the characters of the outer
whorl, which is becoming smooth and sharply angular. The inner whorls, however, are
rounded at least to 20 mm. and raricostate to nearly 30 mm. The outer whorl shows evidence
of having passed through a subsulcate stage.
Holotype.—A specimen collected at Robin Hood's Bay, Yorks, above the horizon with E.
cf. raricostatoides. D.M.W. Coll.
P. congruens sp. nov. PI. IV, fig. 4.
Dimensions:
86 18 20 63.
Costal Formula : 12 10 10 1 0 ---- 9 - 8 8.

This species is near to P. deciduum in coiling, but differs in being less raricostate, both on
the outer whorl and such inner whorls as are visible in the specimen. The keel is stronger,
but without sulci. The shell is preserved everywhere on the venter of the outer whorl of the
holotype. The sutural characters agree with those of P. deciduum.
Holotype.—A specimen from the Watch Ammonite Stone (Bed 99) of Lyme Regis.
W.D.L. Coll., No. 3495.
C. E c h io c e r a t o id e s .
E. regulare sp. nov. PI. IV, fig. 2.
Dimensions:
57 22*5 22*5 60.
Costal Formula : 11 10 9 8 9 8 9 9 8 8 8 8 8 9 10.

A comparatively slender form, with ribs rather closely and regularly spaced; the ribs are
not very strong, but all are inclined. On the inner whorls the ribs are closely spaced and the
whorls appear rather broad-sided, as in comparable stages in many Echioceras spp. There is
no raricostate stage in this genus, the rib-spacing changing progressively, a character which
differentiates it from Pleurechioceras. The venter is feebly arched at the beginning of the
last whorl (diameter 35 mm.), but on the last portion of the outer whorl (diameter 50-55 mm.)
the periphery is angular, with a feeble but definite keel. Where the shell is preserved, topotypes have a more prominent keel.
ES wide, tripartite; IL narrow, not as deep as EL, trifid becoming quadrifid. IS is not
much higher than ES, thus . differing from many species of Echioceras and resembling
Pleurechioceras.
Holotype.—A phosphatised specimen from the Armatus Bed of Kilmersdon Colliery
Quarry, near Radstock. J.W.T. Coll., No. 30: Several other specimens have been collected in
the same district.
E. prorsum(S. Buckman, T.A., 1914, 96c).
Amm. viticola (Dumortier, 1867, xxxi, 9, 10).
Dimensions:
F 84 18 17 66.
Costal Formula :F 10 10 - - 10 10 - - 9 8 8 8 7 ? 7 7 ? 6 ? .

This species differs from P. regulare in having a somewhat rounder whorl and a more
open coil; the ribs are not so closely spaced on the inner whorls, but there is no suggestion of
a raricostate stage. The venter is arched and has a feeble keel.
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The suture agrees in general characters with that of P. regulare in having ES and IS
approximately equal in height, ES tripartite, IL rather narrow and of similar pattern.
Comparable specimens have been found in the Armatus Bed of Radstock.
E. viticola (Dumortier, 1867, xxxi, 12 and 13).
Dimensions:
F 50 18 18 64.
Costal Formula: F 10 10 10 10 9 8? 8 8 ? 8 7 ? 7 7 ?.

This species agrees with the last in coiling and whorl shape, but differs from it in having
slightly curved ribs without much inclination.
E. edmundi (Dumortier, 1867, xxxix, 3, 4).
Dimensions :
F 56 20 18 63.
Costal Formula : F 12 11 12 12 10 10? 11 11? 9 9 9?.

This species closely resembles P. regulare, but is more closely ribbed, and the keel appears
to be more definite and to be developed at an earlier diameter.
E. vellieatum (Dumortier, 1867, xl, 5 and 6).
Dimensions: F 32 22 23 56.
Costal Formula : F 7 6 6 5 5 6 6 5.

In this species the ribs have a much more pronounced inclination than in the other
species of the genus.
E . rotundum nom. nov.
for Amm. viticola (Reynes, 1879, xxiv, 1 and 2).
Dimensions:
F 44 23 22 60.
Costal Formula : F 8 8 9 7 7 7 8 7 7 7.

This species differs from E , viticola (Dum.) in having a round uncarinate venter.
E. favrei (Hug).
Arietites favrei (Hug 1899, xii, 6).
Dimensions:
I' 52 21 14 59.
Costal Formula: F 11 - 10 10 10 9 8 8 9 8 -7 7 8 8 7 8 81 9 ?.

H ug figured two different species under this name, but the specimen indicated above was
chosen as lectotype by B uckman (T.A., 1914, 96c). This species is near E. regulare in rib
spacing and character of ribbing, but the whorl is thinner, the keel somewhat more pro
nounced, and is present at an earlier diameter (20 mm.). This species appears to be within
the genus Echioceratoides rather than with Euechioceras, in which keel and sulci are much
more pronounced.
Mr B uckman has recorded this species from Scotland (Pabba Shales, Localities 10,11), and
we have examined specimens from the Armatus Bed of the Radstock District.
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D. E pechioceras.
E. expansum sp. nov. PI. Ill, fig. 6.
Dimensions:

35 28 33 57.
25 23 26 58.
Costal Formula: 12 11 10 10 11 10 11 11 11 10 10 9 9 8 8 8 7 ? 7 l

A species similar to Echioceratoides in ribbing and inner whorls, but becoming stout and
bisulcate in the outer whorl.
The ribs are closely spaced, the spacing increasing regularly, inclined. The whorls
increase steadily in thickness, but after a diameter of about 25 mm. there is a sudden swelling
of the whorl.
The ribs do not pass on to the venter. A feeble keel appears suddenly at the beginning
of the last whorl, and a subsulcate stage is reached before the end of the whorl.
Suture simple, ES tripartite, IL bifid. One whorl of body-chamber is present.
Holotype (Genotype).—A specimen from the Armatus Bed of Clandown, Radstock.
J.W.T. Coll., No. 19.
E. P lesechioceras.

P. delicatum (S. Buckman, T.A., 1914, 96c).
Amm. tardecrescens (Dumortier, 1867, xxxi, 3-5).
Dimensions:
F 58 19 15
,,
Genotype: 48 24 20
Costal Formulae : Dumortier’s fig.: 17
Genotype:
17

64.
62.
17 17 14 16 16 14 14 15 15 16?.
15 15 15 15 15 13 14 12 12 10? 10 9.

A rather thin-whorled species with very close ribbing throughout. The ribbing of the
inner whorls is reminiscent of that of the inner whorls of many species of Echioceras, such as
E. raricostatoides, E. modicum, E. seneum, and E. robustum, but there is no raricostate stage,
and the ribs of the outer whorls are much more numerous than in Echioceratoides. The ribs
are slightly curved and somewhat inclined. A keel is present from a fairly early diameter,
but remains small and acquires only feeble subsulci. Shell very thin.
The suture is of primitive pattern, with IS slightly higher than ES, feebly tripartite on
the specimens we have seen, with IL much shallower than EL, fairly wide and faintly bifid.
A specimen, apparently identical with this species, has been examined from the Armatus
Bed of Newtown Quarry, Paulton, Somerset (J.W.T. Coll., N o/17); this specimen is selected
as the genotype of Plesechioceras. Another specimen has been examined from Honey bourne,
Worcestershire.
P. comptum, sp. nov. PI. II, fig. 6.
Dimensions: 48 27 18 54.
29 29 21 53.

A species in which the outer whorls have become almost smooth. The inner whorls are
ornamented by the fine ribbing characteristic of the genus, but at a diameter of 15-20 mm.
the ribs become feeble, and are replaced by rather widely spaced folds, which persist faintly
to a diameter of 50 mm.
^
The holotype is broken and the form of the inner whorls is visible; the whorl is

STUDIES IN THE AMMONITES OF THE FAMILY ECHIOCERATID^E.

723

already higher than wide at a distance of 10 mm., and at that diameter the venter is rounded,becoming angular at a later stage and subsulcate at the last whorl.
This species may be regarded as a development from Plesechioceras parallel to Pleurechioceras intermedium, and to some species of Leptechioceras, which latter it closely
resembles.
Holotype.—A phosphatised specimen from the Armatus Bed of Bowldish Quarry, near
Radstock. J.W.T. Coll., 158.
P. modestum (S. Buckman, T.A., 1914, 96c).
Arietites spiratissimus (Hug, 1899, x, 13).
Dimensions:
F 35 20 20 61.
Costal Formula: F 12 9 9 7 9 9 8 7 7 8 61 8 7 7 7 6 6 61

A small species figured by Hug appears to belong to this genus. Numerous ammonites
from the Pabba Shales of Raasay were identified with this species by Buckman, but the
authors do not feel able to confirm the identification from the material they have seen.
P. schlumbergeri (Reynes, 1879, xli, 20, 21).
Dimensions:
F 42 22 18 57.
Costal Formula: F 13 13 11 12 10 11 11 10 9 8 8 9 7 7 6 6.

A closely ribbed species agreeing with P. delicatum in coiling, but differing in the shape
of whorl. The thickest part of the whorl is nearer the inner margin, and the venter is
slightly angular. Specimens resembling this have been examined from the Evesham Road
Cutting, G.W. Railway, Prestbury, near Cheltenham (L. Richardson Coll.).
P. tardecrescens (Reynes, 1879, xli, 18, 19).
Dimensions:
F 33 23 21 60.
Costal Formula: F 16 16 16 13 12 13 12 11? 12.

A very closely ribbed species, differing from P. schlumbergeri and P. delicatum in being
more closely ribbed and in the shape of whorl; the whorl is nearly rectangular, with an
angular venter and no definite keel.
A specimen from a railway cutting at Honey bourne, Worcestershire, has been identified
with this species (Brit. Mus. Coll., 16718).
F. O r t h e c h io c e r a s .
O. recticostatum, sp. nov. PI. Ill, fig. 1.
Dimensions:
75 20 20 65.
Costal Formula: 11 9 10 9 8 8 9 9 7 7 7 7 7 7 7 6 6 5 6 6 6 6 6 7 1 .

A many-whorled (polygyral) species, with square whorls, very regular, straight, and
almost radial ribs, with keeled and sulcate venter. The inner whorls are depressed, and at
a diameter of 10 mm. the venter is flat and the side ornamented by sharp strong ribs, which
commence at 3 mm. diameter (fig. 13). The ribs become relatively more widely spaced, but
TRANS. ROY. SOC. EDIN., VOL. LIII, PART III (NO. 34).
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remain straight and regular throughout. The periphery acquires keel and sulci almost
simultaneously at a diameter of 20 mm., and except that the sulci become a little more
strongly developed, there is scarcely any further change in the character of the venter.
The suture (fig. 14) is fairly simple, with an irregularly divided ES, with IS about equal
in height; the ES is tripartite, the notch on the umbilical side frequently being fairly deep, a
character seen in other species of this genus and in Paltechioceras, where it is more accentu
ated. IL small, the pattern often differing on opposite sides of the shell.

F ig . 13.—Orthechioceras recticostatum sp. nov. a, Young

shell at 7 mm. diameter ; b, section at 11 mm.

F ig. 14.—Sutural Development of Orthechioceras recticostatum sp. nov.

The development of this genus (fig. 13) indicates that as regards peripheral characters it
is much more accelerated than the genera already dealt with, and must probably be regarded
as a specialised branch of the family. The earliest ribbed stage recalls the corresponding stage
in other Echioceratidse, but the fine ribbing is acquired earlier and soon lost, so that in this
character also this genus must be regarded as relatively advanced.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
•T.W.T. Coll., No. 153. Numerous other specimens a,re known from the same horizon in
various parts of the Radstock district, and from Vobster, Somerset.
0. rctdiatum, sp. nov. PI. II, fig. 9.
Dimensions: 63 20 17 (18) 65.
Costal Formula : 11 10 10 10 9 10 9 8 9 9 8 8 7 7 - 6 7 6 6 7 8 7 8.

A species closely comparable with the last, differing principally in the forward inclination
of the ribs. The early stage with fine ribs is better developed than in O. recticostatum. The
suture has the same characteristics.
Holotype.—A specimen from the Armatus Bed of Radstock. J.W.T. Coll., 28.
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O. alpinum (S. Buckman, T.A., 1914, 96c)r.
Amm. spiratissimus (Hauer, 1856, iii, 1—3).

F 8 1 15 16 73.
61 14 15 73.
Costal Formula : F 18 17 17 14 14 13 13 14 12 13 13 12 12 12 12 12 11 11 10 9.

This species has a narrower whorl than 0. recticostatum and 0. radiatum. The outer
whorls are very slender, with the characteristic form and periphery of this genus. Apparently
the finely ribbed stage is retained to a greater diameter, and the shell is more closely costate
throughout.
0. subquadratum (S. Buckman, T.A., 1914, 96c).
Arietites cf. conybeari (Hug, 1899, xii, 4)
Dimensions:
F 73 20 17 63.
Costal Formula: F 18 13 14 14 14 12 13 12 11.

A species with the whorl higher than in O. recticostatum, wdth inclined ribs as in
O. radiatum, but more closely spaced.
Specimens identified with this species have been obtained from the Pabba Shales of
Raasay (Locality 13). A specimen doubtfully referred to this species from the Armatus Bed
of Radstock (J.W.T. Coll., No. 150) agrees in dimensions but has costae somewhat reclined.
At a diameter of 15 mm. the whorl shape agrees with that of the more quadrate species of
this genus.
G. E uechioceras .

E. nobilc nom. nov.
(For Lcptcchioceras aplanatum S. Buckman, T.A., 482.)

168 18 14 66.
117 19 14-5 62.
90 20 15*5 60.
24? 24 ------- 20 20 19 17 17 15 11 11 11 12 10 10 10 11 10 11 10? 11 ? 10 10?.
Costal Formula : 28
Dimensions :

—

A high whorled, closely costate species, with a strong keel and sulci. The inner whorls
are broad, with fine ribbing, and the ribs are regularly spaced throughout.
We regard this species as a homoeomorph of Caloceras aplanatum Hyatt (1889, p. 147).
H y a tt ’s specimen was from the “ Conybeari Bed ” of W hitby; the type is now in America,
but topotypes have been examined, together with a cast and photographs of the holotype,
which Professor S. H e n sh a w , of the Museum of Comparative Zoology of Cambridge, Mass.,
kindly sent to Mr B uckm an . H yatt ’s species is found to differ from E. nobile in the
character of the inner whorls, which are narrower and more numerous, and are ornamented
with a more “ bead-like ” type of ribbing.
E. cf. ophioides (D’Orbigny).
Compare Amm. ophioides D’Orbigny, 1844, 64, 3 and 4.
Dimensions : F 29 20 20 57.
Costal Formula : F 12 12 15 16 13 12 13 15 13 12.

Mr B uckman identified a specimen from Raasay with this species (Geol. Surv. Scot.,
T 326 E). D ’O rbigny ’s figure shows a small form, with distinct keel and sulci; the inner
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whorls appear to be broad and closely ribbed like those of E. nobile, while the suture also
agrees in the form of the ES and the depth of the IL.
E. oosteri (Dumortier, 1867, xxx, 3 and 4).
Dimensions : F 117 18 15 65.

The whorl-shape and ribbing of this species resemble E. nobile, except that the ribbing
is frequently irregular, adjacent ribs uniting either near the outer or the inner margin
of the whorl.
We have seen no British specimens that can with certainty be referred to this species,
although allied forms are not uncommon at Radstock.
E . angustilobatum sp. nov.
Compare Arietites Bonnardi var. Oosteri (Hug, 1899, xii, 2).
Dimensions: 118 18 16 68.

A species agreeing in whorl-shape and periphery with E. nobile, but slightly more
polygyral. Ribs on the inner whorls are closely spaced and regular, but on the later whorls
the ribs become somewhat irregular, occasionally dividing near the inner margin of the
whorl; adjacent ribs rarely uniting near the outer border of the whorl. This species differs
from E. oosteri in the greater regularity of its ribbing and the greater breadth of the
inner whorls.
The suture has the broad-topped ES characteristic of the genus ; IL nearly as deep as EL,
and exceedingly narrow.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 134.
E. bavaricum (Bose, 1894, lvi, l).
Dimensions:
F8£I 21 15 61.
Costal Formula: F 13 13 - 13 11 11 13 12 11 11 11 11 11 11 12 12 11 11.

This species closely resembles E. nobile, in ribbing, coiling, and whorl-shape; it is
less strongly sulcate.
E. rothpletzi (Bose, 1894, lvi, 5).
Dimensions: F 86 23 16 59.
Costal Formula: F 21 21 19 13 15 - 16 13 13 - 13 12 - - 12 -.

B ose figured two species under this name ; the one indicated here is taken as lectotype.
It agrees fairly closely in coiling with E. bavaricum, but differs in whorl-shape, the thickest
part of the whorl being near the umbilical margin *in E. bavaricum (as in E. nobile) and
nearer the outer part of the whorl in E. rothpletzi.
A closely related form, slightly less costate,, is known from Radstock.

E. boehmi (Hug, 1899, xii, 8).
Dimensions: F 43 21 17 56.

This species agrees with most members of the genus in its ribbing and coiling; at the
stage shown in the type a keel and sulci are present but are less strongly developed. The
inner whorls appear to be thinner than those of other species.
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Specimens resembling H ug’s figure have been seen at Radstock, but they are all' too
thick in the inner whorls.
E. subobsoletum (S. Buckman, T.A., 96).
Dimensions: 129 19 13 65.

The holotype of this species is from the Pabba Shales of Raasay (Locality 10, Scot.
Geol. Surv., T 3662). It consists of portions of two whorls, poorly preserved, but the species
is probably related to E. scoticum. The ribs are not very prominent and are somewhat
irregular, becoming more feeble on the outer whorl. Venter keeled, with shallow subsulci.
A fragment of an apparently similar specimen is known from the Bayliss Hill Cutting,
G.W. Railway, near Honeybourne, Worcestershire (L. Richardson Coll.).
E. scoticum (S. Buckman, T.A., 96).
Dimensions: 127 19 111 651.
86 21 16 60.

A species in which the outer whorl becomes nearly smooth ; costae are well-defined up
to a diameter of 90 mm. The inner whorls have the form characteristic of the genus.
At first sight this species appears similar to certain species of Leptechioceras, but it is
distinguished from them by the form of the periphery, which is keeled and subsulcate,
not sharply angulate as in that genus.
The type specimen is from the Pabba Shales of Raasay (Locality 11, Geol. Surv. Scot.,
No. T 4491 D).
E . quenstedti (Schafhautl, 1851, xvii, 24).
Dimensions:
F 74 21 161 60.
Costal Formula :F 10 8 8 8 7 7 6 8 8 7 7 7 6 7 7 8 7 8 7 1 8 1 8 1 9 1 .

The form and ornamentation of the inner whorls suggest that this species belongs to
Euechioceras. The costse become feeble on the outer whorl, and the venter feebly
subsulcate.
E. insigne sp. nov. PI. Ill, fig. 3.
Dimensions: 170 14*7 13-5 73.

The maximum diameter of this specimen was probably not less than 220 mm.
In rib-spacing and in the characters of the venter this species is near E. nobile ; it
differs from this in its narrow inner whorls. The .type specimen shows portions only of three
whorls, on which the ribbing is generally regular; slight irregularity is seen on the inner
whorl, and at one stage the succeeding whorl is smooth for a short distance, probably
due to injury.
The suture line has deeply indented lobes and saddles ; the right ES is nearly tripartite,
with the deeper notch on the umbilical side, left ES essentially bipartite ; IS slightly higher
than ES ; IL deeper than EL, unequally trifid and tending to a bifid appearance. This suture
is so distinct from that of E. nobile that this species should perhaps be placed in a new genus.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 133.

728

DR A. E. TRUEMAN AND MISS DAISY M. WILLIAMS ON

E. insolitum sp. nov. PI. IV, fig. 3.
Dimensions: 31 32 29 53.

A partly pyritised fragment, collected by Mr K. G. Blair on the Dorset coast,
apparently belongs to this genus. It is interesting since carinate sulcate forms of Echioceratidse have hitherto been unknown in that area.
The specimen resembles E. boehmi, but is stouter at all stages, and the outer whorl
expands rapidly. The periphery on the outer whorl is unusually flattened, this distinguishing
it from all other species we have seen ; it is distinctly sulcate, with a low keel on the cast.
The suture shows a wide ES, distinctly bipartite, with deep and rather narrow IL,
very unequally bifid.
Holotype.—A specimen collected by Mr K. G. B lair at the foot of Stonebarrow, Dorset;
exact horizon uncertain. Presented by Mr B lair to the British Museum (No. 26218).
E . polygyratum (S. Buckman, T.A., 1914, 96c).
Dimensions: 52 20 15 65.

A very polygyral species, placed here on account of its wide and closely ribbed inner
whorls. The holotype (Geol. Surv. Scot., T 330 E) is incomplete, and the form of the
periphery is not seen, but it is presumably carinate-sulcate.
E. dubium sp. nov. PI. II, fig. 3, and text-fig. 15.
Dimensions:

62 22*5 18 58.
30 26 26 53.
Costal Formula: 10 9 9 - - 9 1 9 1 101 9¥ 10 10.

Fig. 15.— Section of whorls
of Euechioceras dubium
sp. nov. x 2.

A species similar to E. boehmi in the coiling and ribbing of the inner
whorls. The outer whorls differ in being less closely ribbed, and the ribs
are not as sharp even where the shell is preserved. The outer whorl has
a keel and shallow sulci. At a diameter of about 20 mm. the shell is
slightly depressed and carinate, the subsulcate stage being attained by
the diameter of 30 mm.
Holotype.—A specimen collected from the Pabba Shales of Raasay.
Geol. Surv. Scot. Coll., No. T 328 E.
H. P altechioceras.

P. elicitum S. Buckman.
Dimensions: 156 17 14 (16) 66.
Costal Formula: 14 14 12 11 10 10 10 10 9 10 9 9 8 9 10 8 7 9 9 8 7 9 9 9 9 8 81

A carinate-sulcate species differing from species of Euechioceras in having strong ribs at
all stages, the inner whorls stouter and narrower. The ribs are frequently reclined, curved,
and show some irregularities on the outer whorls. The figure in Type Ammonites (483) draws
attention to the extreme projection of the ribs on the venter; it must be noted, however, that
this is only seen at the one place where the shell is present; elsewhere the ribs appear to join
rather abruptly to the ridges which bound the sulci.
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The suture is more deeply indentate than in species of Euechioceras. ES unevenly
tripartite, with a very deep notch on the umbilical side ; IL deep, with three deep narrow
notches at the base, but tending to become quadrifid.
P. studeri (Hug, 1899, xii, l).
Dimensions : F 66 21 19 62.
Costal Formula: F 10 8 7 7 6 6 7 - 5 5 - - 6 6 - 7.

This species is more sparsely costate than P. elicitum and the whorl is not so heavy at
the same diameters. The ribs are strong, inclined, and rather widely spaced even on the inner
whorls.
P. dighatum sp. nov. PI. IV, fig. 1.
Dimensions:
116 19*5 19 67.
Costal Formula : 16 14 13 13 12 12 117 107 9 10 97 107 8 8.

This species resembles P. elicitum in coiling and in the characters of the inner whorls,
but it is more closely costate. The ribs are more nearly radial and the keel is not so strong.
The suture also differs slightly from that of P. elicitum, and is not so deeply indented.
The ES is of precisely the same pattern, however, being essentially tripartite, with a very deep
notch on the umbilical side.
Holotype.—A specimen from the Armatus Bed, Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 136.
P. ebriolum sp. nov. PI. IV, fig. 5.
Dimensions:
120 19 16*5 66.
Costal Formula: 16 14 - - 117 10 - - 107 10 - - 9 9 8 9 8 8 9 9 8 8 8.

This species is very similar to P. elicitum in form and rib-spacing of the inner whorls.
On the outer whorls the ribs are more closely spaced, nearly radial and occasionally irregular,
two ribs frequently joining in a peculiar manner on the side of the whorl. On the last part of
the outer whorl alternate ribs become obsolete half-way across the whorl.
The suture is similar to that of P. dignatum, except that the IL is markedly trifid.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 138.
I. L eptechioceras .

L. macdonnellii (Portlock, 1843, xxixA, 12).
Compare L. macdonnellii S. Buckman (T.A., 443).
Dimensions: F 63 26 12 58.

This species has a high, smooth outer whorl. The inner whorls show numerous distinct
ribs, “ close, sharp, and having only a sigmoidal bend ; but in the outer they become gradually
more distant and faint, having sometimes between them other thin and very faint ribs. Of
striae there are only occasional traces ” (i.e. on the cast).
Both the holotype and the specimen figured in T.A. are pyritised casts from Larne,
Antrim, Ireland, and they differ from most ammonites found in this country that have been
referred to this species in the thinness of the whorls. The species occurs, apparently, rarely,
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in the Pabba Shales (Scot. Geol. Surv., No. T 4487). The Scottish specimen does not become
costate until 5 mm. diameter, while the Irish specimens acquire ribs earlier and begin to lose
them by 12 mm.
L . semiornatum nom. nov.
Name proposed for A. macdonnellii Blake (1876, v, 8a).
Dimensions: 73 24 14 67.

This species is somewhat stouter and more polygyral than L. macdonnellii. It retains
moderately strong ribs to a greater diameter (12 mm.), and folds persist on the last whorl.
The shell is preserved at several places on the holotypa and bears faint curved striae.
Holotype.—The specimen figured by B lak e , from Warter, Yorkshire (Brit. Mus. Coll.,
No. 17874). Comparable specimens are known from the Pabba Shales of Raasay (Geol. Surv.
Scot., T 4488 and T 3658) and from Radstock. The second specimen figured by B lake (1876,
v, 8&) is certainly not a young example of this species.
L. meigeni (Hug, 1899, xi, 3).
Dimensions:
F 118 20 11 65.
Costal Formula: F 11? - - 11 11 - - 10 10.

A species with angular and feebly subsulcate venter, and thin whorl, differing from
L . macdonnellii in retaining costation on the outer whorls. This species is recorded from the
Pabba Shales of Raasay and from Radstock.
hugi (S. Buckman, T .A ., 1914, 96c).
Arietites meigeni Hug (1899, xi, 2).

Z.

Dimensions:
F 69 25 15 55.
Costal Formula: F 10 10 9 8 - 7? 8 6 - 7 U ? 5 5 5 4 5 5 61

A thicker form than the last species, with more pronounced sulci. Costation appears to
be similarly retained to the last whorl.
L. nodotianum (D’Orbigny, 47, 1-3).
Dimensions:
138 21 13 62.
Costal Formula: F 15 14 14 14 14 13 14 15 14 14 14 14 13 14? 14?.

D’Orbigny’s figure shows a thin whorled species with a knife-edge periphery, and with
the outer whorl bearing numerous ribs. The specimens identified with this species by Mr
B uckman from Raasay are carinate-sulcate forms nearer to L. meigeni.
L . subplicatum sp. nov. PI. Ill, fig. 4.
Dimensions: 30 25 20 53.
40 22 ? 60.
Costal Formula (commencing at 30 mm.) : 9 9 9 9 8 7 7 7 6 6 7 7 7 7 8 7 .
species, with a thicker whorl than L . macdonnellii. The whorls

A slender
are rather flat
sided; the inner whorls are closely ribbed from 4 mm. diameter, and the succeeding whorls
are almost raricostate to a diameter of 18 mm. From that stage onwards the ribs become

731

S T U D IE S IN T H E A M M O N IT E S OF T H E F A M IL Y EC H IO C ER A T ID ^E .

feeble, and the outer whorl has low folds only. The whorl is angular at a diameter of 18 mm. ;
the outer whorl is angular and without sulci, although similar specimens from the same locality
occasionally show feeble subsulci at a diameter of 50 mm.
The suture has a wide ES, tripartite, and a narrow IL, unequally trifid.
Holotype.—A specimen from the Armatus Bed of Clandown Quarry, Radstock (J.W.T.
Coll., No. 79). Comparable specimens are known from the Evesham Road Cutting, G.W.
Railway, Prestbury, near Cheltenham (L. Richardson Coll.).
L. planum sp. nov. PI. II, fig. 5.

Dimensions: 48 20 16’5 66.
Costal Formula : 12 13 - 12 12 12 11 10 - 10 9 8.

A species somewhat resembling L . subplicatum, but differing in its very polygyral shell,
and in being thin and more flat-whorled. The earliest costae are less closely spaced than in
L. subplicatum, but the subsequent stages are comparable. The slightly reclined ribs are
never strong and become feeble at a diameter of about 30 mm. The periphery is subsulcate
at an earlier diameter than in any specimens of L. subplicatum, but is not so angular at
any stage.
This species is placed in this genus with some hesitation; it is at* most a primitive
member of the group, and from its distribution at Radstock it appears to be of different date.
Holotype.—A specimen from the Armatus Bed of Clandown Quarry, Radstock (J.W.T.
Coll., No. 14). Similar specimens are known from the Evesham Road Cutting, G.W. Railway,
Prestbury, near Cheltenham (L. Richardson Coll.).
L . pumilum sp. nov. PI. II, fig. 7.
Dimensions: 39 27 18? 58.

A more involute species than any of the foregoing; the last whorl is high and rather
thick, with a sharply angular venter. Ribs are not present until a rather late diameter
(4'5 mm.). They are then rather strong, and widely spaced, but become feeble again at
14 mm. diameter. The venter at this stage is smooth and rounded. This is thus the most
nearly smooth species so far known, and appears to foreshadow a possible stage in which
costation is omitted altogether.
Holotype.—A specimen from the Lower Lias of Carsaig Bay, Mull. Geol. Surv. Scot.,
T 2072 D.
J. K amptechioceras .

K. variabile sp. nov. PI. II, fig. 1.
Dimensions: 72 21'5 18 63.

A closely costate shell with broad inner whorls; strong keel and sulci on the outer
whorl. The ribs are inclined and are very irregular from the diameter of 8 mm. Two and
sometimes three adjacent ribs unite near the peripheral border or on the lateral area. The
type specimen is a cast, but shows a marked projection of the ribs on the periphery.
The IS is higher than ES, which is bipartite; IL deep and narrow.
This species appears to be most closely related to Euechioceras, but differs in the
projection of the ribs and in their greater irregularity, as well as in the sutural pattern.
Holotype.—A specimen from the Armatus Bed of Kilmersdon Colliery Quarry, Radstock.
J.W.T. Coll., No. 139.
TRANS. ROY. SOC. EDIN., VOL. LIII, PART III (NO. 34).
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K. Metechioceras.
M . aplanatum (Hyatt, 1889, p. 147).
Compare A. tardecrescens Tate and Blake (1876, v, 5).
Dimensions: Hyatt’s specimen : * 77 20 14? 63.
Blake’s specimen: 76*5 20 17 62*5.

This species differs from E. nobile, with which it may be confused, chiefly in the char
acters of its inner whorls, which are narrow and coarsely costate.
As already noted, H y a tt ’s specimen (the holotype) is in the Museum of Comparative
Zoology, Cambridge, Mass., but the cast and photographs which Prof. S. H ensh aw has kindly
submitted show it to be quite similar to the specimens that are well known from the
“ Conybeari Bed” of the Yorkshire coast.
Specimens from near the base of the Pabba Shales of Raasay have been identified by
Mr B uckman as Echioceras cf. aplanatum. These specimens (Scot. Geol. Surv., Nos. T 4745 1),
4746 D) are neither this species nor E. nobile, but differ from both in their widely spaced strong
narrow ribs on the inner whorls. These specimens appear to belong to a homoeomorphic
species in a different stock occurring at a lower horizon.
L . VOBSTERICERAS.

V. jlexicostatum sp. nov. PI. Ill, fig. 2.

Dimensions:
133 17 14 64-5.
Costal Formula : 17 14 14 - 14? 12 14 13 13 12 12 12 - 11 12 12 10 11 12.

This species has broad inner whorls which increase very slowly in height, so that the
succeeding whorls are narrow. The ribs are inclined and regularly spaced, with a distinct
peripheral projection. There is a strong keel and sulci.
This species differs from other sulcate forms in the style of coiling, and in the form of
the costse, which have a considerable curve on the side of the whorl.
The suture has a broad and unequally tripartite ES, with IS approximately the same
height, IL deep and narrow, trifid.
Holotype.—A specimen from the base of the Lias ( = Armatus Bed of Radstock) at
Vobster. J.W.T. Coll.
S tratigraphical D istribution

of the

Echioceratid/e.

As we have already indicated, the ammonites of this family occur mainly in the group of
Lower Lias strata formerly called the Armatus and Raricostatus zones, which Mr Buckman
has called the Raasayan. The investigations of Buckman showed that at least four horizons
with Echioceras faunas can be recognised in the Raasayan, alternating with horizons with
Deroceratid faunas. These conclusions were reached largely as a. result of the investigation
of the fossils collected in the Pabba Shales of Raasay, but they are confirmed'by the informa
tion available from the study of the sequence in other localities. These studies led Mr
B uckman to enunciate the principle of dissimilar faunas, i.e. that strata characterised by
dissimilar faunas are generally of different dates. The validity of the principle may now be
considered to be well established.
* Measurements made from plaster cast supplied by Prof. H enshaw .
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Nevertheless this principle must be applied with a caution, for it would ultimately lead,
to the suggestion that the ammonite fauna at any one time was identical over the whole of
the British area. Clearly, it is unlikely that at any given time one assemblage pf species
would be found over so great an area. For instance, during the deposition of the Raasayan,
members of the two families Echioceratidae and Deroceratidae inhabited the British region
(and, of course, much of Europe). Ordinarily the ammonites of these families are not found
side by side in any bed, and it appears probable that for some reason they did not associate
in the Liassic seas. Yet it can scarcely be supposed that when an Echioceratid fauna was
dominant it was so widespread that no Deroceratidae were found anywhere in the British area ;
in other words, it is conceivable that in certain cases any two faunal horizons may be actually
contemporaneous. Thus it is likely that Deroceratid faunas were coexistent with some of the
Echioceratid faunas recognised here, but such contemporaneity cannot be proved until our
knowledge of the succession of the faunas is considerably increased.
' Our studies of the Echioceratidae have allowed us to differentiate faunas of apparently
different dates with greater precision than has formerly been possible, and it has naturally
resulted in the recognition of a greater number of faunas. The probable succession of these
faunas is indicated below. Their relations to the intervening Deroceratid faunas are not
considered in this paper, although doubtless when the Deroceratidae have been worked out
in equal detail, the information obtained will make it possible to check the succession that
is suggested here.
Raasay.
The succession of the Echioceratid faunas in Raasay has been described by B uckman
in Lee (1920, p. 69). The Raasayan in that area is unusually thick, probably from 200300 feet, and four horizons were recognised by B uck m an , viz. :
aplanatum
Localities 13, 12
macdonnellii
,,
10, 11
raricostatoides
,,
7, 10
1st Echioceras .
.
.
.
.
Locality 1
The collection of ammonites from these shales was made at a series of localities which
were generally at successive stratigraphical levels, but it is probable that the material
collected at each locality included fossils from more than one faunal horizon. After a re
examination of the material we are of opinion that the succession in Raasay is approximately
as follows; more details will doubtless be revealed by future collecting. For example, there
is evidence of a much lower horizon with aplanatum-like forms than is distinguished here.
Horizon.
Orthechioceras
Eueehioceras
Leptechioceras (macdonnellii)
raricostatoides
ceneum and zieteni
1st Echioceras ( —robustum).

Locality.

Species Recorded.

13 (part)
10 (part), 11 (part),
12, 13 (part)
10 (part), 11 (part)
10 (part)
7 and 8

O. subquadratum.
E. scoticum, E. cf. ophioides, P. ‘Imodestum, E. subobsoletum, E. cf. oosteri.
A. macdonnellii, L. meigeni, L. cf. hugi, E. favrei.
E. raricostatoides, E. cf. zieteni, E. boreale.
E. cf. rhodanicum, E. microdiscus, E. Icevidomus, E. cf.
costidomus, Echioceratoides prorsum, ?Eueehioceras cf.
polygyratum.
E. robustum, E. exortum.

1
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Yorkshire.
In the correlation tables of the Raasayan given by B uckman (1917, table V), the presence
of the aplanatum and macdonnellii horizons at Whitby is noted. In bed 18, Echioceras
( Metechioceras) aplanatum is recorded overlying bed 20 with Leptechioceras macdonnellii.
The raricostatoides fauna was not recognised in Yorkshire. One of us (D. M. W.) has
collected crushed pyritised specimens of E. cf. raricostatoides, which are common in at least
one horizon below bed 20 ; other raricostates (E. fulgidum) are presumed to have come from
Yorkshire. The presence of E. exortum also indicates a lower Echioceras horizon, perhaps
comparable in part at least with the 1st Echioceras horizon of Raasay.
Lincolnshire and Leicestershire.
The raricostatum zone is presum ed to be p resen t on th e evid en ce of records by J. E.
C ross (1875) and H. B. W oodward (1893, p. 174). The w riters, how ever, have not seen any
specim en s of E chioceratidse from these counties. In particular th ey have exam ined m aterial
from th e tunnel heaps at Old D alb y, L eicestershire, w hich contain m aterial from the oxyn otu m
to the jam eson i zone (T r u em an , 1918, p. 101), but not a sin gle specim en of an E chioceratid
am m onite has been seen. It appears probable th a t if E chioceratid faunas are represented
th ere th e y are either very rare or th e strata in w hich th ey occur are very attenuated.

Worcestershire and Gloucestershire.
The ammonites collected in a number of railway cuttings and temporary exposures by
Mr L. R ichardson (1918) afford useful information of the sequence there. From an analysis
of R ichardson 's results, B uckman (1920, table I) attempted the correlation of the deposits in
these areas, but his attention was directed mainly to the Deroceratidan faunas and not to the
Echioceratidse.
Our re-exam ination o f th e am m onites in Mr R ichardson ’s collection show s th a t th e
Echioceratidse are m ore varied than B uckman supposed. The follow in g E chioceratid faunas
are represented :—
1. Plesechioceras spp.
2. Euechioceras (E. subobsoletum).

3. Leptechioceras cf. planum.
4. Metechioceras cf. aplanatum.

B uckman referred th e species of E chioceratidse from th ese areas to his “ 1st Echioceras
h o riz o n ” ( = robustum ), b u t we have seen no evid en ce for th is horizon. There appears to be
represented, how ever, a t B ayliss H ill, H oneybourn e, a low horizon w ith Euechioceras-\ike
form s.

The Radstock District {Somerset).

In th e R adstock d istrict, E chioceratidse are found in tw o beds :
2. The A rm atus B ed, w hich contains num erous D eroceratids and derived Euechioceras
spp., Leptechioceras spp., Echioceras raricostatoides, etc.
1. The R aricostatus Clay, w hich contains fragm entary and badly phosp hatised casts o f
E. zieteni, E. microdiscus, etc.
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The depressed form s found in th e R aricostatus C lays clearly represent a low er horizon
than E. raricostatoides, and probably a horizon below th e E. aeneum horizon ( = E. rhodanicum
horizon o f B uckman). T hey are, how ever, alm ost certain ly later than the E . robustum group,
w hich is presum ably absent from R adstock. A ll other Echioceratidae in R adstock are found
in the A rm atus Bed, ex cep t at Tim sbury, w here th e A rm atus B ed is m issing. These
later E ch iocerates were apparently deposited in lim eston es o f diverse characters and not in
clays like E. zieteni. The distribution of the various faunas in the num erous quarries in
th e R adstock d istrict w ill be described in a forthcom ing paper by Mr J. W . Tutcher and
one of us, b u t it m ay briefly be noticed here th at in th e different quarries around R adstock
th e species o f Echioceratidae are variously associated in th e A rm atus Bed. It is apparent
th a t th ey cannot have been contem poraneous, and th e evid en ce indicates th a t th e sequence
of th ese faunas m ay have been as follow s :—
6. Orthechioceras.
5. Euechioceras.
4. Leptechioceras macdonnellii.
3. L. planum.
2. Plesechioceras.
1. raricostatoides.
Epechioceras and Paltechioceras are probably d istin ctive faunas, but their

above is uncertain.

The Dorset Coast

(see

relation to th e

Lang, 1914, p. 321).

Through th e kindness o f D r W . D. Lang, th e w riters have been able to exam ine specim ens
o f E chiocerates collected on th e D orset coast w ith reference to th eir precise horizon ; a paper
by D r Lang describing th ese strata in d etail is in preparation.
B uckman, after an examination of much less complete material, recognised the presence

of the E. raricostatoides and the E. rhodanicum faunas (1917, p. 83 and 1920, p. 99), but he
noted that there is no room for the higher faunas.
The w riters provisionally su g g est the follow in g grouping :—
No. of Bed.

Species Recorded.

raricostatoides .
ceneum

103, 102
101, 100, 99

zieteni and ? robustum

98

E. cf. raricostatoides, E. cf. microdiscus, E. cf. vellicatum.
Pleurechioceras spp., E. ceneum, E. cf. costidomus, E. cf.
Icevidomus, E. cf. raricostatoides, E. cf. rotundum,
E cf. zieteni, E. validum, E. concinnum, Parechioceras
pauliy Echioceratoides sp.
E. cf. zieteni, E. crassum.

Horizon.

The d iscovery by Mr K. G. B lair of Euechioceras insolitum at th e foot o f Stonebarrow
su g g ests th a t higher horizons m ay be present. T hey m ay, how ever, be represented only by
fragm entary deposits. On th e other hand, it is possible th a t th is species, w hich is n ot know n
from any other locality, m ay occur at som e horizon w ith E chioceras, for there is evidence th at
E uechioceras-like form s are n ot confined to p ost -raricostatoides horizons.
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A suggested correlation of these deposits in the areas named is given below :—
Horizon.

Raasay.

Orthechioceras
Euechioceras
macdonnellii
planum
Plesechioceras
raricostatoides
ceneum
zieteni . . . .
robustum (1st Echioceras) .

X
X
X

Yorkshire.

'x'
i [Metechioceras.]

X

Radstock. Dorset.
ii
i
i
i

X

<1

X
X
X
X

Worcestershire
and
Gloucestershire.

Lincolnshire
and
Leicestershire.

%

X

?

X
X

x

X

X
X
X
X
X

...

%

X
X
X

%

SUMMARY OF NEW NAMES.
P leurechioceras, gen. nov. (p. 706).

Genotype : Ammonites deciduum Hyatt.
E chioceratoides, gen. nov. (p. 706).
Genotype : E.
sp. nov.
E pechioceras, gen. nov. (p. 706).
Genotype : E.
sp. nov.
P lesechioceras, gen. nov. (p. 706).
Genotype : P. delicatum S. Buckman.
Orthechioceras, gen. nov. (p. 706).
Genotype : O.
sp. nov.
E uechioceras, gen. nov. (p. 706).
Genotype : E.
nom. nov. = Leptechioceras
aplanatum Buckman non Hyatt.
K amptechioceras, gen. nov. (p. 706).
Genotype : K.
sp. nov.
Metechioceras, gen. nov. (p. 706).
Genotype: Arietites tardecrescens Blake non
Keynes, etc. = Caloceras aplanatum Hyatt.
Vobstericeras, gen. nov. (p. 706).
Genotype : V.
sp. nov.
Echioceras
sp. nov. (p. 710).
E. L A T I D O R S A T U M Sp. nOV. (p. 711).
E.
sp. nov. (p. 712).
E.
sp. nov. (p. 712).
E.
sp. nov. (p. 713).
E.
sp. nov. (p. 713).
reg u lare

e x pa n su m

r e c t ic o s t a t u m

n o b il e

v a r ia b il e

f l e x ic o s t a t u m

pa r v u m

v a l id u m

in f l a t u m

s p a r s ic o s t a t u m
to rquatum

E

. m o d i c u m sp. nov. (p. 714).

E

. C 0 N C I N N U M sp. nov. (p. 717).

E

. F U L G I D U M sp. nov. (p. 717).

E.
E.

aeneum

sp. nov. (p. 716).

eleg an s

sp. nov. (p. 717).

E.
sp. nov. (p. 717).
E.
sp. nov. (p. 717).
E.
sp. nov. (p. 718).
E.
sp. nov. (p. 719).
Pleurechioceras
sp. nov. (p. 720).
P.
sp. nov. (p. 720).
Echioceratoides
nom. nov. = Ammonites
viticola Reynes (p. 721).
Plesechioceras
sp. nov. (p. 722).
Orthechioceras
sp. nov. (p. 724).
Euechioceras
sp. nov. (p. 726).
E.
sp. nov. (p. 727).
E.
sp. nov. (p. 728).
E.
sp. nov. (p. 728).
Paltechioceras
sp. nov. (p. 729).
P.
sp. nov. (p. 729).
Leptechioceras
nom. nov. = Ammonites
macdonnellii Blake non Portlock.
L.
sp. nov. (p. 730).
L.
sp. nov. (p. 731).
L.
sp. nov. (p. 731).
d e c l iv is

f a s t ig a t u m
l e p id u m
crassum

in t e r m e d iu m

congruens

ro tu n d u m

com ptum

r a d ia t u m

a n g u s t il o b a t u m

in s ig n e

in s o l it u m

d u b iu m

d ig n a t u m

e b r io l u m

s e m io r n a t u m

s u b p l ic a t u m

p l a n u m

p u m il u m

REFERENCES TO LITERATURE.
B ayle, E. (1878), “ Fossiles Principaux des Terrains,” Explic. Carte geol. France.
B lake, J. F., and T ate , R. (1876), The Yorkshire Lias.
B ose, (1894), in Zeitschr. d. Deutsche geol. Ges'ell., xlvi.
B uckman, S. S. (1910-1925), Yorkshire Type Ammonites, vols. i and ii; Type Ammonites, vols. iii, iv, and v(in course of
publication). These works are referred to in this paper as “ T.A.,” with a number indicating the plate or page.
------(1917), “Jurassic Chronology. I. Lias,” Quart. Journ. Geol. Soc., vol. lxxiii, p. 267.

S T U D IE S IN T H E A M M O N IT E S OF T H E F A M IL Y E C H IO C E R A T ID iE .

737

B uckman, S. S. (1920), “Jurassic Chronology. I. Lias, Supplement i,” Quart. Journ. Geol. Soc., vol. lxxvi, p. 66.
Cross, J. E. (1875), “ Geology of North-West Lincolnshire,” Quart. Journ. Geol. Soc., vol. xxxi, p. 123.
D umortier (1867), Jtltndes Paleont. sur les Depots Jurassiques du Bassin Rhone, II.
H auer , F. von (1856), “ Ueber die Cephalopoden aus dem Lias der Nordostlichen Alpen,” Denkschr. K. Akad. Wissensch.

Wien, vol. xi.

H ug, 0. (1899), “ Lias- und Dogger-Ammoniten a. d. Zone d. Freiburg Alpen,” Mem. Soc. Pal. Suisse, xxvi.
H yatt, A. (1867), “ Fossil Cephalopods of the Museum of Comparative Zoology,” Bull. Mus. Comp). Zool., Harv. Coll.,

i, p. 71.
----- (1889), “ The Genesis of the Arietidae,” Smithson. Contrib. to Knoioledge, No. 673.
L ang, W. D. (1914), “ The Geology of the Charmouth Cliffs, etc.,” Proc. Geol. Assoc., vol. xxv, p. 293.
L ee, G. W. (1920), “ The Mesozoic Rocks of Applecross, Raasay, and North-East Skye,” Mem. Geol. Sur. Scot.
------and Bailey , E. B. (1925), “ The Pre-Tertiary Geology of Mull, Loch Aline and Oban,” Mem. Geol. Sur. Scot.
D’Orbigny , A. (1842-9), Paleontologie Fran$aise, Terrains Jurassiques, Cephalopodes.
P ortlock, J. E. (1843), Report on the Geology of the County of Londonderry, etc.
Quenstedt , F. A. (1856), Der Jura.
----- (1883 and onwards), Die Ammoniten der Swdbischen Jura: Der Schwarze Jura (Lias), vol. i.
R eynes, ,P. 0. M. (1879), Monographie des Ammonites (text incomplete).
R ichardson, L. (1918), “ The Geology of the Cheltenham-Stratford-on-Avon Railway—The Lias at the Gas Works,
Gloucester,” Trans. Woolhope Nat. F. C., vol. for 1914-1917, p. 137.
S chafhautl , C. E. L. von (1847), “ Die Stellung der Baierischen Voralpen im geol. Syst. Leon. u. Bronn,” N. Jahrb.,
p. 803.
S impson, M. (1855), The Fossils of the Yorkshire Lias; Describedfrom Nature.
S path , L. F. (1914), “ The Development of Tragophylloceras loscombi,” Quart. Journ. Geol. Soc., vol. lxx, p. 336.
------ (1923, a), “ Shales with ‘Beef/ Part II, Palaeontology,” Quart. Journ. Geol. Soc., vol. lxxix, p. 66.
------(1923, b), “ Ammonoidea of the Gault,” Paloeontographical Society.
------ (1924), “ The Ammonites of the Blue Lias,” Proc. Geol. Assoc., vol. xxxv, p. 186.
S winnerton, H. H., and T rueman , A. E. (1918), “ The Morphology of the Ammonite Septum,” Quart. Journ. Geol. Soc.,
vol. lxxiii, p. 26.
T rueman , A. E. (1918), “ The Lias of South Lincolnshire,” Geol. Mag., N.S., Dec. YI, vol. v, p. 64 and p. 101.
------ (1919), “ The Evolution of the Liparoceratidae,” Quart. Journ. Geol. Soc., vol. lxxiv, p. 247.
------ (1922), “ Aspects of Ontogeny in the Study of Ammonite Evolution,” Journal of Geology, vol. xxx, p. 140.
V adasz, M. E. (1908), “ Die Unterliassische Fauna von Alsorakos im Komitat Nagykukullo,” Mitt, aus dem Jahrb.
d. Kgl. ungar. Geol. Reichsanst., xvi.
W oodward, H. B. (1893), “ The Lias of England and Wales,” Mem. Geol. Survey.
W right, T. (1878, etc.), “ Lias Ammonites,” Palceontographical Society.
Zieten , C. H. von (1830), Die Versteinerungen Wiirt. Stuttgart.
DESCRIPTION OF PLATES.
The present form of the paper is possible owing to the generosity of an anonymous friend, who has defrayed the
cost of the plates; without such illustration the paper would have lost most of its value.
(All figures are approximately natural size, except where the contrary is stated.)
P late

I.

1. Echioceras torquatum sp. nov. Holotype. Armatus Bed, Kilmersdon Colliery Quarry, Radstock, Somerset.
J. W. Tutcher Coll., No. 156.
2. E. inilatum sp. nov. Holotype. 2, c slightly reduced. Armatus Bed, Rockhill, near Radstock, Somerset.
J. W. Tutcher Coll., No. 116.
3. E. declivis sp. nov. Holotype. Upper Clays with Raricostatus ?. Lyme Regis, Dorset. Brit. Museum
Coll., No. 18760.
4. E. validum sp. nov. Holotype. x *9. Watch Ammonite Stone, Marsh wood Brickfield, Lyme Regis,
Dorset. W. D. Lang Coll., No. 5924.
5. E. concinnum sp. nov. Holotype. 6x2. Watch Ammonite Horizon (99), Lyme Regis, Dorset. W. D.
Lang Coll., No. 4949.
6. E. crassum sp. nov. Holotype. Horizon of Watch Ammonite Stone, Stonebarrow, Dorset. W. D. Lang
Coll., No. 2656.
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7. E. latidorsatum sp. nov. Holotype. Marsh wood Brickfield, Dorset. W. D. Lang Coll., No. 5922.
8. E. modicum sp. nov. Holotype. Armatus Bed, Kilmersdon Colliery Quarry, Radstock, Somerset. J. W.
Tutcher Coll., No. 119.
9. E. elegans sp. nov. Holotype. x 1*15. Upper Clays with Raricostatus (100), Lyme Regis, Dorset. Brit.
Museum Coll., No. 18752.
10. E. parvum sp. nov. Holotype, a x *85, bx 2. Pabba Shales, Raasay [“ Loose at No. 7 bed, Allt Fear ns ”].
Geol. Surv. Scot., T 4413 D.
11. E. exortum (Simpson). Pabba Shales, Raasay [Locality 1 = 1st Echioceras horizon]. Geol. Surv. Scot.,
T 4312 D.
12. E.fulgidum sp. nov. Holotype. x ‘93. “ Lower Lias near Whitby”'?. Brit. Museum Coll., No. 17424.
P late II.

1. Kamptechioceras variabile gen. et sp. nov. Genotype, holotype. Armatus Bed, Kilmersdon Colliery Quarry,
Radstock, Somerset. J. W. Tutcher Coll., No. 139.
2. Pleurechioceras intermedium sp. nov. Holotype. Robin Hood’s Bay, Yorkshire. D. M. Williams Coll,
3. Euechioceras dubium sp. nov. Holotype. x '92. Pabba Shales, Raasay. Geol. Surv. Scot., No. T 328 E.
4. Echioceras lepidum sp. nov. Holotype. Armatus Bed, Rockhill Quarry, near Radstock. J. W. Tutcher
Coll., No. 159.
5. Leptechioceras planum sp. nov, Holotype. bx 2. Armatus Bed, Clandown Quarry, Radstock, Somerset.
J. W. Tutcher Coll., No. 14.
6. Plesechioceras comptum sp. nov. Holotype. Armatus Bed, Bo widish Quarry, Midsomer Norton, Somerset.
J. W. Tutcher Coll., No. 158.
7. Leptechioceras pumilum sp. nov. Holotype. Lower Lias, Carsaig Bay, Mull. Geol. Surv. Scot.,
No. T 2072 D.
8. Echioceras sparsicostatum sp. nov. Holotype. Armatus Bed, Kilmersdon Colliery Quarry, Radstock,
Somerset. S. Buckman Coll., No. 4036.
9. Orthechioceras radiatum sp. nov. Holotype. Armatus Bed, Radstock. J. W. Tutcher Coll., No. 28.
P late III.

1. Orthechioceras recticostatum gen. et sp. nov. Genotype, holotype. Armatus Bed, Kilmersdon Colliery
Quarry, Radstock, Somerset. J. W. Tutcher Coll., No. 153.
2. Vobstericeras Jlexicostatum gen. et sp. nov. Genotype, holotype. a x *84. Basal rubble, Lias, Great Quarry,
Vobster, Somerset. J. W. Tutcher Coll.
3. Euechioceras insigne sp. nov. Holotype. a x *83, d x h l. Armatus Bed, Kilmersdon Colliery Quarry,
Radstock, Somerset. J. W. Tutcher Coll., No. 133.
4. Leptechioceras subplicatum sp. nov. Holotype. bx 2. Armatus Bed, Clandown Quarry, Radstock, Somerset.
J. W. Tutcher Coll., No. 79.
5. Echioceras robustum (Quenstedt). Photograph of a cast made from T 4309-10 1> (Scot. Geol. Surv.)
Pabba Shales, Raasay [Locality 1 = 1st Echioceras horizon].
6. Epechioceras expansum. Gen. et sp. nov. Genotype, holotype. b at 24 mm., c at 39 mm. Armatus Bed,
Clandown Quarry, Radstock, Somerset. J. W. Tutcher Coll., No. 19.
P late IV.

1. Paltechioceras dignatum sp. nov. Holotype. ax 1*07. Armatus Bed, Kilmersdon Colliery, Radstock,
Somerset. J. W. Tutcher Coll., No. 136.
2. Echioceratoides regulare, gen. et sp. nov. Genotype, holotype. Armatus Bed, Kilmersdon Colliery Quarry,
Radstock, Somerset. J. W. Tutcher Coll., No. 30.
3. Euechioceras insolitum sp. nov. Holotype. Collected at the foot of Stonebarrow, Lyme Regis, Dorset.
[Not “ in place.”] Brit. Mus. Coll., No. 26218, pres. K. G. Blair.
4. Pleurechioceras congruens sp. nov. Holotype. Watch Ammonite Stone (99), Lyme Regis, Dorset. W. D.
Lang Coll., No. 3495.
5. Paltechioceras ebriolum sp. nov. Holotype. a x 1*09. Armatus Bed, Kilmersdon Colliery Quarry, Radstock,
Somerset. J. W. Tutcher Coll., No. 138.

739

S T U D IE S IN T H E A M M O N IT E S OF T H E F A M IL Y ECHIOCERATIDHC.

INDEX TO GENERA AND SPECIES.
macdonnelliiy fig. 3, c; pp. 699, 729.
{jetieum, figs. 3 a, 11, 12; pp. 716, 735.
meigeniy p. 730.
alpinum, p. 725.
MetechioceraSy p. 706.
angustilobatum, p. 726.
microdiscuSy p. 711.
aplanatum, p. 732.
modestumy p. 723.
Arietites, p. 699.
modicum, Pl. I, 8 ; figs. 3 7, 7, 8; p. 714.
bavaricum, p. 726.
nobiley p. 725.
boehmi, p. 726.
nodotianuSy p. 730.
bonnardi, p. 726.
notatu?riy p. 713.
boreale, p. 710.
oosteriy p. 726.
Caloceras, p. 699.
ophioides, p. 725
capricornoides, fig. 10, c; p. 715.
OrthechioceraSy fig. 3, k ; p. 706.
comptum , PI. II, 6 ; p. 722.
Paltechioceras, fig. 3, e ; p. 706.
concinnum, PL I, 5; fig. 3, o; p. 717.
congruens, PI. IV, 4; p. 720.
ParechioceraSy p. 706.
costidomus, p. 719.
parvumy Pl. I, 10 ; p. 710.
planuirty Pl. II, 5, figs. 3 e, 106; p. 731.
crassicostatum, p. 712.
PlesechioceraSy p. 706.
crassum, PI. I, 6; p. 719.
deciduum, fig. 2, c; p. 719.
PleurechioceraSy p. 706.
polygyratumy p. 728.
declivis, PI. I, 3 ; p. 717.
delicaturriy p. 722.
prorsum, p. 720.
pumiluniy Pl. II, 7 ; p. 731.
dignatum,y PI. IV, 1 ; p. 729.
dubiurtiy PI. II, 3, fig. 15; p. 728.
quemtedtiy p. 727.
ebriolurriy PI. IV, 5; fig. 3 ,/; p. 729.
radiatum , Pl. II, 9; p. 724.
EchioceraSy pp. 699, 706.
rarecostatumy p. 708.
raricostatoidesy figs. 1, 2 a, 4, 5, 6, 9 c ; p. 708,
EchioceratoideSy p. 706.
edmundiy p. 721.
raricostatuniy p. 710.
recticostatumy PL III, 1 ; figs. 13, 14; p. 723.
eleganSy PI. I, 9 ; fig. 3,6; p. 717.
regularey Pl. IV, 2 ; p. 720.
eliciturriy p. 728.
rhodanicumy p. 716.
EpechioceraSy p. 706.
robustum, Pl. Ill, 5; p. 710.
EuechioceraSy pp. 706, 725.
rothpletziy p. 726.
exortuniy PI. I, 11 ; p. 711.
rotundumy p. 721.
expansurriy PI. Ill, 6 ; fig. 2, d ; p. 722.
schlumbergeriy p. 723.
fastigaturriy p. 717.
scoticuni, p. 727.
favreiy p. 721.
semiornatumy p. 730.
finitimuSy p. 706.
flexicostatuniy PL III, 2 ; p. 732.
sparsicostatum, Pl. II, 8 ; fig. 3, j ; p. 713.
spiratissimuSy p. 723.
fulgidurriy PL I, 12; fig. 3, g ] p. 717.
studeriy p. 729.
gagateuniy p. 706.
subobsoletum, p. 727.
GagaticeraSy p. 706.
subplicatuniy Pl. Ill, 4 ; fig. 3, d ; p. 730.
graciUy p. 710.
hitgiy p. 730.
subquadratuniy p. 725.
tardecrescenSy p. 706.
injlatum , PI. I, 2 ; p. 712.
torquatuniy PL I, 1 ; figs. 3 p y 9a; p. 713.
insigne, PL III, 3; p. 727.
validum , PL I, 4; p. 712.
insoliturriy Pl. IV, 3 ; p. 728.
variabiUy PL II, 1 ; p. 731.
intermediurriy PL II, 2; p. 720.
vellicatum, p. 721.
iridescens, figs. 2 6, 9 6; p. 715.
KamptechioceraSy p. 706.
viticoldy p. 721.
IcevidomuSy p. 718.
Vobstericeras, p. 706.
latidorsaturriy Pl. I, 7 ; p. 711.
Xipheroceras, fig. 10, c ; p. 715.
lepidurriy Pl. II, 4; fig. 3, h ; p. 718.
zieteniy pp. 709, 711.
LeptechioceraSy p, 706.
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