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Abstract -- Dice and Simpson Coefficients of similarity are
applied to presence-absence data of genus-level taxa in the principal
Middle Jurassic ammonite areas. ‘'Microconch taxa' are omitted if cor-

responding 'macroconch taxa' are known. On a reconstructed Jurassic
globe, similarities indicate for the Andean faunas during (1) Aalenian:
direct connections to West Tethys and also to North Cordillera fauna;
(2) Lower Bajocian: close connections to both West Tethys and North
Cordillera area, and lower but distinct trans-Pacific seaway to Oceania;
(3) Upper Bajocian: free migration along entire eastern Pacific margin
(including? Antarctic Peninsula), less conspicuous routes to West Tethys
and no trans-Oceanic connections; (4) Lower Callovian (Bathonian not
considered): strong connections to Mexico area and West Tethys, weak
trans-Pacific routes to Oceania and Japan, North Cordillera area poorly
connected; (5) Late Lower-Middle Callovian: main connections to West
Tethys and, secondly, to Mexico area, but isolated from west and north
Pacific margins. Thus throughout Middle Jurassic, Andes Ammonitina were
most closely affiliated to those of (West) Tethys.

Resumen -- Sobre la base de la presencia-ausencia de taxa
correspondientes a la categoria de género, y mediante la utilizacién de
los coeficientes de Dice y Simpson, se establece la 51m111tud composi-
cional entre las principales dreas con amonitas del Jurasico medio
mundial. Se omiten las denominaciones taxonémicas pertenecientes a
microconchas en los casos en los que se conocen las correspondientes
macroconchas. Las similitudes existentes y la paleogeografia del mundo
en el Jurdsico permiten inferir para la fauna de los Andes, durante el
(1) Aaleniano: relacién directa con la fauna del Tethys occidental y
oeste de norteamerica; (2) Bayociano inferior: relacién estrecha con
las mismas 4reas y, en menor grado, con Oceania mediante una via
transocednica; (3) Bayoc1ano superior: m1grac16n libre a lo largo de
la mdrgen oriental del océano Pacifico (incl. penlnsula Antarctica?),
relacién de menor importancia con el Tethys occidental y ausencia de co-
nexiones transocednicas; (4) Caloviano inferior (Bathoniano no incluido
en el andlisis): vinculacién importante con México y Tethys occidental,
débil comunicacidn transocednica con Oceania y Jap6n, escasa conex16n con
el drea nordoccidental de norteamerica; (5) Caloviano inferior tardio-
Caloviano medio: comunicacién principal con el Tethys occidental y,
secundariamente, con México, y ausencia de relaciones con las mirgenes
occidental y norte del océano Pacifico. En consecuencia, durante el
Jurdsico medio en general, la fauna de amonitas del &rea andina estuvo
mis estrechamente relacionada con aquellas del Tethys (occidental).
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INTRODUCTION

In the last dozen years, the Middle Jurassic ammonite faunas a-
long the entire Pacific, from Alaska to the southern Andes, have become
sufficiently well known to permit a quantitative approach to compare the
different regional faunas of the globe, and to estimate the affinities
of the Andean faunas. Ideally, quantitative techniques, i.e. coeffi-
cients of similarity and cluster analysis, should be used to discrimin-
ate distinctive faunistic areas within the entire geographic distribu-
tion by using the data from the many restricted fossil localities (cf.
Waterhouse and Bonham-Carter, 1975). In this study, however, we have
mainly accepted the geographic areas of Jurassic ammonite faunas dis-
criminated by previous authors on a qualitative basis, and we have used
numerical techniques only to assess the degree of similarity and differ-
ence among them.

Since we are here essentially concerned with the relationship of
the Andean ammonite faunas with those of other areas of the world, we
have not attempted for the present time to discuss the validity of ei-
ther the different names previously proposed for palaeobiogeographic
units, their boundaries and ranks, or the supposedly exclusive geograph-
ic or ecologic factors on which the units may be based (cf. Middlemiss
and Rawson, 1971). We have followed Valentine (1968, 1973) and accepted
that the different palaeobiogeographic units are defined by the char-
acteristic taxonomic composition of their faunas.

Since the work of Arkell (1956) which had modified Uhlig's
(1911) scheme, there has been general agreement about the existence of a
Boreal and a Tethyan realm throughout most of the Jurassic and Creta-
ceous. However, no consensus has been reached with respect to the exis-
tence of a Pacific realm and the subdivision of these principal units
(cf. Imlay, 1965; Krimholz et al., 1968; Hallam, 1969; Hallam, ed. 1973;
Khudoley, 1974). We have not followed any author in particular, al-
though in most cases, our 'areas' (a loose term without biogeographic
rank; ¢f. Makridin, 1973) coincide with a formal palaeobiogeographic unit
of a previous author. The 'areas' which are indicated in Text-figures
1-5 naturally differ somewhat for the different stages considered, be-
cause any one of them may be unknown from large regions, or the faunis-
tic boundaries of contiguous areas may shift significantly with time.
The 'areas' used here are:

1/ Andes area -- West-central Argentina, central and northern Chile,
northern Peru.

2/ Mexico area -- Southwest Mexico.

3/ North Corndillerna area/Boreal area -- Aalenian: N.C. area for W.
U.S.A., and S.W. Canada; Bajocian: N.C. area for W. U.S.A.; S.W.
Canada and S. Alaska; Callovian: N.C. Boreal area for W. North
America except Mexico.

4/ Boreal/turasian Boreal area -- Aalenian: B. area for Alaska, W.
Canada, and N. Siberia; Bajocian: B. area for Arctic N. America and
N. Siberia; Callovian: E. B. anrea for Eurasia north of lat. 45-50 N.
and Greenland.

S/ Euwrafrica area -- Europe south of Boreal area and N.W. Africa (West
Tethys).
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6/ S.W. ASIA arnea -- Asia south of the Boreal area, from Turkey to
Himalayas (East Tethys).

7/ 1Indo-East Agnica area -- East Africa, Madagascar, Arabian Peninsula,
India.

8/ Oceania area -- Western Australia, New Guinea, Moluccas.

9/ East Asia area -- Indochina, Philippines, Japan.

We have taken the plate tectonic theory into account and adopted
what we consider a good reconstruction and most useful projection for
the Middle Jurassic globe, i.e. that of Seyfert and Sirkin (1973 fig.
12-1b).

In our study, as in most biogeographic accounts, a single higher
taxon has been used, i.e. the suborder Ammonitina. Yet other higher
taxa would probably have resulted in similar groupings and relationships
since the major palaeobiogeographic areas defined by different higher
taxa have usually been fairly coincident (cf. Hallam, ed. 1973; Water-
house and Bonham-Carter, 1975).

Probably the most important prerequisite for a quantitative com-
parison is the correct choice of the taxonomic rank, so that the data of
presence-absence per area and taxa-in-common between areas are meaning-
ful. In this regard several factors have to be taken in consideration.
First, the chosen taxa should allow ready and reliable comparisons,
between papers of different authors, between more or less thoroughly
studied areas, and between better or worse preserved faunas. In any
circumstance while the first condition can only be met by critical
judgement and a thorough knowledge of the fossils involved, including re-
identification and re-classification through published figures, the last
two would require the examination of all fossil localities and can ob-
viously only be approximated (we have seen many of the most important
localities along the eastern Pacific margin as well as in Northwest
Europe). Second, as pointed out by Arkell (1956, p. 607), the time fac-
tor is of paramount importance because geographic distributions of sing-
le taxa and of entire faunas are changing quite rapidly. Therefore dis-
tributions should be plotted for as short a time interval as possible
(and practical). Ages (stages) seem to be most appropriate (cf. Middle-
miss and Rawson, 1971, p. 209; Johnson, 1971, p. 258).

Although the family level may be considered to best reflect en-
demic elements since their taxonomic rank is assumed to be related to
duration of isolated residence in the area (Ekman, 1953, p. 371), the
phyletic turnover of families would be too low for their consideration
within distinct ages (most ammonite families range through more than one
stage). Furthermore, the small number of families per stage would in-
hibit significant statements about relative similarities between the
faunas (cf. Hallam, 1969).

Consequently this study, as most previous ones on Mesozoic pa-
laeobiogeography, has been based on the distribution of genera and sub-
genera. This is believed to optimize information with due regard for re-
liability of the data (Kauffman, in Hallam, ed. 1973).

The presence-absence data on genus and subgenus distribution have
been essentially restricted, reflecting the very unusual genus-group lev-
el classification of the Ammonitina. Only 'macroconch genera/subgenera',
and taxa including both sexes have been considered. The dimorphic sta-
tus of these ''taxa' and their genus-group level correspondences have been
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established well enough to allow for reduction to the 'true' number of
taxa without loss of information (cf. Westermann, ed. 1969b). It is
well-known that "microconch taxa' are more difficult to identify than
"macroconch taxa', that "macroconch taxa'' are more easily differentiated
sometimes corresponding to more than single "microconch taxa', and that
macroconchs are more easily found than microconchs. Consequently, more
"macroconch taxa'" (females) than '"microconch taxa'' (males) are known.
Therefore the use of 'macroconch taxa" and true dimorphic taxa only is
expected to result in a more simple and natural distributional pattern.

While most genus-group level taxa of Jurassic ammonites are re-
stricted to single substages of the Bajocian and Callovian or to the
Aalenian stage (the units here chosen), the problems of extended verti-
cal range through more than one substage and of regional occurrences in
different substages, or both (e.g. Asthencceras) have to be solved. Be-
cause of frequently unknown regional ranges and/or correlations, the
taxon is counted only once, usually in the substage where it is most pro-
lific and/or wide-spread. The Bathonian stage has been deleted from this
study because of its poor and not yet certain record from the Andes area
(cf. Hillebrandt, 1970).

The numerical comparison of the Ammonitina faunas from the dif-
ferent 'areas' is based on the Sdmpson and Dice Coegficients which re-
late number of taxa-in-common to total number of taxa in different ways.
They are:

Simpson Coeff. ¢ Dice Coeff. ¢
N1 N1 + N2

where C is the number of taxa-in-common, Nj; the total number of taxa in
the smaller fauna and N; the total number of taxa in the larger fauna.
While the Simpson Coefficient (abbreviated S) stresses similarities be-
tween the faunas without reflecting diversity (true or a result of sam-
pling), the Dice Coefficient (D) recognizes also the dissimilarities be-
tween the two faunas by including both in the denominator. The Dice Co-
efficient is therefore also less effected by small changes of informa-
tion in a disproportionately small fauna (the more extreme Jaccard Co-
efficient C/(N; + Nz - C) is not used here; cf. Hughes, 1973, p. 228).
However, the problem of comparing faunas of very different taxonomic di-
versity remains, and both coefficients are therefore given. The degree
of endemism of the single 'areas' is defined by the Endemism Coefgicient
(abbreviated £) which is the number of strictly endemic taxa as a per-
centage of total number of taxa (E/N x 100).

The endemism at the genus-group level of Ammonitina within the
two great Jurassic realms (Boreal and Tethyan) is comparatively low.
The percentages of endemism defining different biogeographic units as
proposed by Kauffman ({n Hallam, ed. 1973) based on Cretaceous bivalves
and accepted by Boucot (1975), for Devonian brachiopods, are therefore
not applicable in this case. The same applies to Johnson's (1971) Pro-
vinecality Index. Possibly because of the particular problem facing the
cephalopod palaeobiogeographer owing to the exceptional possibilities of
post-mortem transport, it may be necessary to include a coefficient of
relative taxonomic abundance in future ammonite studies (i.e., even if
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single occurrences of taxa outside of their 'mormal' province may re-
flect post-mortem drifting of the empty shells the different coeffi-
cients of similarity would include them).

Fossil identifications from the literature have in most cases
been critically evaluated and some of the records are based on our own
unpublished work. Faunal lists alone have been considered unsatisfac-
tory unless there are special reasons for their trustworthiness (scien-
tific authority, independent record by different authors, contiguity
with known distributions, etc.). The data have been compiled from the
works cited by Arkell (1956 and 4n Arkell et al., 1957), from those in-
cluded in both Jurassic Colloquia (Maubeuge, ed. 1964, 1974) and from
the following later sources: Andes -- Hillebrandt (1970), Westermann
(1964c), Westermann and Riccardi (1972a § b, 1975, and unpublished
work); Mexico -- Erben (1956), and Ochoterena (1963, 1966); U.S.A. and
Canada -- Frebold (1957, 1958, 1960, 1961, 1963, 1964a-b), Frebold and
Tipper (1967), Frebold et al. (1969), Imlay (1961, 1962a & b, 1963, 1964a
& b, 1965, 1967, 1973, 1975), Imlay and Detterman (1973), and Westermann
(1964a & b, 1969a); Nonthern U.S.S.R. -- Basov et al. (1967), Dagis and
Zakharov, eds. (1974), Krimholz and Tazychin, eds. (1972), Meledina
(1973, 1974); Japan and Souilheast Asia -- Andal et al. (1968), Sato
(1960, 1962, 1974, 1975), Takahashi (1969); Oceania -- Gerth (1965),
Westermann and Getty (1970); East Agrica, Madagascarn, Arabian Peninsula
and India -- Agrawal (1956), Collignon (1958, 1966), Imlay (1970),
Westermann (1975); Southwest Asia [(and Southeast Europe) -- Assereto et
al. (1968), Bremer (1966), Krimholz (1961), Krimholz and Tazychin, eds.
(1972), Lominadze (1967, 1970, 1975), Seyed-Emami (1971); Ewrope and
Nonthwest Agnica -- Bourquin and Contini (1968, 1969), Busnardo et al.
(1964), Callomon (1968, 1971), Callomon and Cope (1971), Cariou (1965,
1974a & b), Cariou et al. (1971), Contini (1969), Contini and Girard-
Claudon (1966), Dieni et al. (1966), Elmi (1963, 1967, 1971), Geczy
(1967), Geister and Geyer (1968), Huf (1968), Mangold (1970), Mangold and
Elmi (1966), Marchand and Thierry (1974), Maubeuge (1961-69), Morton
(1971, 1972, 1975), Mouterde et al. (1971), Oechsle (1958), Pavia (1971),
Rieber (1963), Ruget-Perrot (1961), Sapunov and Nachev (1959), Sturani
(1964a § b, 1971), Thierry (1968), Wendt (1964), Westermann (1956, 1967,
1975b), Zeiss (1956); Greenland -- Birkelund et al. (1971), Callomon
(1959), Donovan (1957); Antarctica -- Quilty (1970).

AALENIAN

The stage is unknown from the Oceania and Indo-East Africa areas.
Table 1 includes 6 (+ 2) taxa from the Andes area, 3 (+ 1) from the
North Cordillera area, 7 from the Boreal area including South Alaska
where the North Cordillera and Boreal faunas intermix, 8 from East Asia,
9 from Southwest Asia, and 18 from the Eurafrica area (not subdivided).

The only known Andean endemic genus or subgenus is "Hammatocera-
tidae? n. gen." (Westermann and Riccardi, 1972a) resulting in a similar
endemism for the Andes area (15%) as for the Boreal (14%) and East Asia
(12%) areas. The higher endemism of Eurafrica (32%) may be largely ap-
parent and owing to the much better known fauna (and taxonomic split-
ting). The Andes fauna resembles the Eurafrica fauna which includes all
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taxa but the endemic genus most strongly; Staufgenia (Costilelocernas)

and Bredyia are shared between these areas only; the Dice Coefficient

(D) is 0.42 (low due to strong sample size asymmetry) and the Simpson
Coefficient (C) 0.85. Somewhat less closely related is the North Cordil-
leran fauna, south of the Boreal area (D 0.44, S 0.67). Although mod-
erate similarities of the Andean fauna exist to the East Asian fauna

(D 0.43, S 0.5) and Southwest Asian fauna (D 0.40, S 0.5), the taxa-in-
common are all pandemic, so that no trans-Pacific connections are im-
plied (Fig. 1).

The North Cordillera fauna resembles that of Eurafrica closely,
in part by elements missing in the Andes (Graphoceratidae) or shared
only between them (Abbasites). Faunal affinities of western Tethys con-
tinue strongly from Eurafrica through the eastern Tethys (S.W. Asia and
Indochina) to Japan (D 0.82, S 0.9), and from there onward to British
Columbia (D 0.67, S 0.7). 1In the late Aalenian, the Boreal Erycitoides-
Pseudolioceras ['"Tugurites'] fauna of low diversity, is distinct
throughout Alaska, Arctic Canada and northern Siberia. This fauna in-
termingles with the North Cordilleran fauna in South Alaska where it has
furnished the largest Aalenian assemblage of the entire Pacific area,
resulting in an apparent increase of diversity and a distortion of the
similarity coefficients.

LOWER BAJOCIAN (Discites to Humphriesianum Zones)

The substage is poorly known from the East Asia and Boreal areas.
The number of taxa in the different areas and their endemism (E) are as
follows (Table 2): Andes 21-23 (E 10%), North Cordillera to South
Alaska 34 (E 20%), Oceania 9 (E 0), Indo-East Africa area (Kenya, Mada-
gascar) 4-5 (E 0), Southwest Asia 15-17 (E 0), and Eurafrica 35 (E 16%).
Only two genera (Siephanoceras and Sonninia s.1.) are known from East
Asia (Japan). In the Boreal area (Canadian Arctic), the single genus,
AMkellocernas, cannot be dated with certainty (below); it is improbable
that the endemic ‘'Borelocephalites' (N. Siberia) and Cranocephalites (en-
tire Boreal area) make their appearance dlready in the Lower Bajocian.

As indicated in figure 2, the Andean fauna shows equally high
resemblance to Eurafrica and the North Cordillera (D 0.57 § 0.59, S 0.8).
The similarity with Europe is enhanced by the common occurrence of two
or three taxa absent elsewhere, i.e. Zwicherdia, Sonnindia (Fissilobicen-
as) and ? Sonninia s.s.; while the resemblance with the North Cordillera
area is strengthened by two taxa shared only among them, i.e. Docidocer-
as (Pseudocidoceras), and Emileia nov. subgen. (for 'Stephanoceras' gie-
beli Gottsche). Furthermore, the often cited genus Pseudofoites exists
only in the Andes, Oceania, and South Alaska (where it is extremely
rare) ; while the Andes share another taxon, i.e. Sonninia (Papillicenras)
with the North Cordillera and Eurafrica only. The Andes-Oceania resem-
blance (V 0.41, S 0.7) and particularly the Oceania-North Cordillera re-
semblance (D 0.45, S 1.0) are so strong that a trans-Pacific connection
seems probable. Since all Oceanian genera except for Pseudotoites oc-
cur also in the Tethys, and since the rare North American species of
that genus closely resemble the Andean species, a relatively minor faun-
al connection via the southern Pacific would perhaps suffice to explain
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the known distribution.

The North Cordilleran fauna, in turn, is surprisingly similar to
that of Eurafrica throughout the substage (S 0.74, S 0.8) so that the
European ammonite chronozones can be used there (Westermann, 1969); the
two areas share 5 taxa unknown from other areas,i.e. Labyrinthoceras,
Asthenocenas, Pragoppelia, Praestrigites and Hebefoxydites.

The known small East African fauna of 4-5 genera is pandemic and
suggests close interconnection with the Tethys fauna. Toward the East,
the affinities of the Tethys fauna are quite strong to the North Cordil-
lera area (D 0.56, S 0.8), but only weak to Oceania (D 0.37, S 0.9).

UPPER BAJOCIAN (Subfurcatum to Parkinsoni Zones)

Late Bajocian faunas have only recently become reasonably well
known from the eastern Pacific region, but remain unknown from East
Asia. The number of genus-group level taxa and endemism of the areas
are (Table 3): Andes 4-5 (E 0), Cordillera area from Mexico to South
Alaska 9-10 (E 22%), [? Boreal area 2 (E 100%)], Oceania 3-4 (E 0), East
Africa-Madagascar including the Arabian Peninsula 7-9 (E 40%), S.W. Asia
9 (E 0), and Eurafrica 20 (E 30%).

As illustrated in figure 3, the Andean fauna has the strongest
resemblance to that of the North Cordillera area (D 0.62, S 1); they
share Megasphaeroceras known elsewhere only from the Antarctic Peninsula
(needing confirmation). No endemic genus is known. The Andean resem-
blance to the Eurafrican fauna appears to be much lower (D 0.25, S 0.75)
but this is partly owing to numerical asymmetry of known taxa. Similar-
ities, however, are mostly due to pandemic elements and no genus or sub-
genus is shared between the Andes and Eurafrica alone. The Andes-Oceania
similarity is moderate (D 0.5, S 0.7) but owing to pandemic taxa; no
trans-Pacific faunal connection is indicated. The poorly preserved as-
semblage from Elseworth Land, Antarctic Peninsula, with S{ephanoceras s.
1. and Megasphaeroceras, resembles early Upper Bajocian Assemblages from
the Andes, Oregon and South Alaska. This would extend the range of the
'Megasphaeroceras assemblage' from Alaska to Antarctica.

Although the Cordilleran fauna differs significantly from that of
Eurafrica (D 0.34, S 0.6), the two areas also share Parastrenoceras and
Sphaeroceras which are unknown elsewhere. In Eurafrica, these genera are
best known around the Mediterranean, while the parkinsoniids and garan-
tianids so common in northwestern Europe, are notoriously absent from the
entire Pacific area.

The small known assemblage from the Moluccan Islands of Oceania
consists entirely of Tethys genera (the rare Praetulifes occurs also in
Europe but is still unknown from the much less known S.W. Asian faunas,
resulting in lower Oceania-S.W. Asia coefficients, D 0.5, S 0.7). The
East African fauna has a high degree of endemism, in the Ewmoceras as-
semblage, centred on the Arabian Peninsula. Its closest resemblance is
to Eurafrica (D 0.3, S 0.6).

The Boreal area, comprising of the Arctic slopes of America (in-
cluding Greenland) and Eurasia, contains no unequivocal fossil evidence
for the Upper Bajocian, with the probable exception of the uppermost Ba-
jocian. The long succession of endemic genera begins with Cranocepha-
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Lites (and 'Bonelocephalites') probably below the base of the Bathonian,
and the Boreal area soon expands to South Alaska.

Lowen Callovian

The number of genera and subgenera and endemism are (Table 4):
Andes 12-13 (E 8%), Mexico 8-12 (E 0), North Cordillera Boreal area 16-
18 (E 44%), Eurasian Boreal area 14 (E 7%), Eurafrica 20-22 (E 15%), S.
W. Asia 10-11 (E 0), Indo-East Africa area 16 (E 25%), Oceania 9 (E
11%), and East Asia 4-6 (E 0).

The Andean fauna includes only a single endemic genus (unnamed,
for 'Indocephalites' gerthi (Spath) and resembles most closely the Mexi-
can fauna (D 0.70, S 0.87). This affinity is enhanced by the presence
of Eunycephatites s.s. which both areas have exclusively in common, and
by £. (Lilloetia) which is also shared with the North Cordillera Boreal
area (and Japan?). Markedly lower similarities exist to both the south-
ern Eurafrica or western Tethys (D 0.37, S 0.50). However, the latter
resemblance is entirely due to pandemic taxa; all are also known from
Eurafrica, and most of them also from Oceania, so that a direct seaway
between the Andes and Indo-East Africa areas is not required.

Of particular interest is the presence in the Andes of several
exclusively circum-Pacific taxa, i.e. Xenocephalites and Neuqueniceras.
The former occurs from (?Siberia) South Alaska to the Andes and is now
known also from New Guinea (unpublished); the latter is known only from
the Andes and Japan. At least the Neugueniceras distribution implies
trans-Pacific migration since it is absent in the well known contempor-
aneous faunas of the North Cordilleran area, although the connection
could have been via Oceania.

Southern Eurafrica or western Tethys has rather close affinities
to the Indo-East Africa area (D 0.6, S 0.7) which exhibits strong endem-
ism (25%: Pseudoclydoniceras, Pseudomicromphalites in Madagascar and
Cutchisphinates, Epdimonphoceras in Kutch). A moderate faunistic connec-
tion leads from there to Oceania (D 0.4, S 0.55) which has only one en-
demic genus, i.e. Indanites.

The Eurasia Boreal area has a broad overlap with the Eurafrica
and southwest Asia areas, so that its endemism of 7% appears too low.
This is a result of the extensive southward migrations of the Boreal
Cardioceratidae and Kossmoceratidae, so that clear boundaries have to
take relative abundance into account. The fauna of the North Cordillera
Boreal area, however, is distinct from the Eurasia Boreal area (D 0.4, S
0.43) and differs almost entirely from the other areas of the Pacific
margin (e.g. Mexico: U 0.17, S 0.2). In fact, the North Cordillera area
yields the highest endemism (44%) of any area here considered, due in
part to the restriction of some genera, i.e. Warnrenoceras, "Cadoceras",
to the Western Interior of U.S.A. and Canada.

Late Lowen-Middee Callovian

The numbers of genera and subgenera and endemism are: Andes 4
(E 0), Mexico 3 (E 0), North Cordillera 2-3 (E 0), Boreal Eurasia 12-15
(E 8%), Eurafrica 16-17 (E 13%), S.W. Asia 14 (E 0), Indo-East Africa 20
(E 25%), Oceania 6 (E 0), and East Asia 1 (Table 4).
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The Andean fauna consists of pandemic genera which are also
present in the Eurafrican, marginal Eurasian Boreal, S.W. Asian and In-
do-East African faunas; but half of them appear to be missing in Mexico
(note that disproportionate sample sizes result in different Dice Coef-
ficients). Since the North Cordilleran and Oceanian faunas differ en-
tirely, a direct seaway existed between the Andes, Mexico and Eurafrica
areas.

As shown in figure 5, Tethys connected with the highly endemic
Indo-East Africa area which, in turn, formed a simple biogeographic unit
with Oceania (with a much more poorly known fauna). The Eucycloceratin-
ae are typical for this ''Indo-West Pacific Province' which seems to in-
clude also Japan.

The Boreal fauna is now quite uniform with all genera known from
the North Cordilleran also occurring in Boreal Eurasia. No evident
faunal mixture is known between the North Cordilleran Boreal and Mexi-
can fauna, while a broad faunal overlap exist between the Boreal and
Tethyan faunas in Eurasia.

Also noteworthy is the absence of any genus or subgenus restrict-
ed to the Pacific Ocean margins.



(10)

AALENIAN

Boreal

Text-§4igunes 1-5 -- Taxonomic resemblance of Middle
Jurassic Ammonitina at the generic/subgeneric
level between major areas of distribution (see
text). The Dice (above) and Simpson (below)
Coefficients of similarity between area pairs are
indicated numerically and by the relative width of
the bands connecting them, with those of the Andean
area in solid. No directions of.dispersal or
migration are implied. (Base map of the Jurassic
globe adapted from Seyfert and Sirkin, 1973.)
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Geyerina . Praestrigites
e esseemaas R ey »
Hosoureites + | Fissilobiceras -
Prosdemstocoras 5 | ° L L % |mhoptocerss .
Spinammatoceras . Papilliceras .
?hr:i::c. gen. nov. : v Shirbuimia
Erycites + + . + + + | Witchellis .
E;z:i;z:” M . Dorsetensia .
Guhsania
TABLE 3: UPPER BAJOCIAN Fontannesia ?
Alask as
. .13 « § Asthenoceras
conus ATens P g E 'g 4 3 : £ g Strigoceras
subgenus s]121=18 ug: » 2;& & | Hebetoxyites
Trimarginia ' + Poecilomorphus
Oecotraustes . + . 7 | Lissoceras
Cadomites . . ? . . ? + | Toxamblytes
Liroxyites . Bradfordia -
Lrmoceras . . Oppelia -
Telermoceras . Praeoppelia
Kosmermoceras . . Stegoxytes
Thamboceras . Docidoceras
Sohlites . Pseudocidoceras +
Leptosphinctes . - .. . . + |Emileia .
Prorsisphinctes ? . 'E. glebeli’ - -
Strenoceras ? + - Pseudotoites - ' .
Garantiana - + Zemistephanus
Hlawiceras + Labyrinthoceras
Orthogarantiana . ‘| Chondroceras .
Torrensia + ? Schmidtoceras
Homigarantiana M Parabigotites
Parkinsonia + hd Stephanoceras + ?
Durotrigensia * Kumatostephanus
Caumontisphinctes + Skirroceras +
Parastronoceras . . Stemmatoceras ?
Dimorphinites . + Teloceras «
‘Borviocephalites’ . Skolekostephanus
Spiroceras . 3 . . . . Alfeldites
Sphaeroceras S - N Arkelloceras
Megasphaeroceras - . Lupherites
Parachondroceras .
Praetulites R .
Cranocephalites .
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TABLE 4: LOWER CALLOVIAN TABLE 5: LATE LOWER-MIDDLE CALLOVIAN
o -E' ] e g 12 ° o [N 3 -
’ . o | -

reaus S HH BEHRH RS <l A HEEHE

subgenus g2 |zdigl3 s Bals |2 abgenus 3| 8|=8l38|3 |» (2] 8|S
Parapatoceras . + . Bonarellites T
Uxycerites + + + + o+ s 9
Prohecticoceras 2 . . Ankobites ? .
Chanasia + + + Putealiceras 7 0+ . A 4
i'aralcidia
Fulunulites M : M Hecticoceras . « e+
lorioloceras + s Lunuloceras 2 + . +
P’seudoclydoniceras + Brighti
Pseudomicromphalites . rightia o0
Kneraiceras + . + + Kheraites . +
Hacrocephalites L
Indocephalites L . Y Sindeites +
Lurycephalites + e “'Bonarellia” .
Xenocephalites + . . +
Lilloettia v e e 2 Phlycticeras + . -
Chinitnites . Eucycloceras . LI
Iniskinites .
Imlayoceras . . . Idiocyclaceras + L
Warrenoceras . Subkossmatia + .
?8uckmaniceras . -
“1." gertiu - Erymoceras + L S 4 *
"'Cad.’" shoshonensc - Kosmoceras . ¢+ &
Notocephalites + +* .
hepplerites . . o7 Gulielmites . .
Seymourites - . + | Zugokosmokeras -
Gowericeras + + o+ + + "
Sipaloceras * e e e Epicosmoceras h
Catasigaloceras + Stenocadoceras . .
Cadoceras * 7
Paracadoceras - . Longaeviceras +
Chamoussetia . Reineckeia « & 2 . ¢ . +
LEpimorphoceras 7 ? +
Parareineckeia . Kellawaysites e A S A
Lgabrensiceras + Rehimannia - 2R +
Newyueniceras + ? .
Proplanulites ¢ . e e Kinkoliniceras . -
TCutcnisphinctes . Obtusicostites . PO R
Choffatia + 7 - T T 4 .
Parachoffatia + Sivajiceras ? *
Indosphinctes ? LI Binatisphinctes A B *
Subgrossouvria . PO & . 0+ o+ .
Irianites . Flabellisphinctes .
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