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Abstract

Episodes of endemism during Sinemurian—Pliensbachian times are described from synthetic data (publications
and unpublished collections) about ammonite faunas of the western reaches of the Tethys. The Lusitanian, Sub-Betic
and High Atlas basins receive special attention. The study shows that (1) endemism occurs principally in the
Lusitanian and High Atlas basins, which are the most confined palacogeographic structures; (2) it tends to occur
synchronously in different basins but involving different taxa, i.e. it is independent of phylogeny; (3) it is not
obviously correlated with relative sea-level at any given time. However, the fact that episodes of endemism coincide
with second-order regressive phases suggests some connection between sea-level falls, independently of the sea level,
and the development of endemic faunas. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Endemic taxa are confined to clearly defined
regions of the world although these may be of
variable extent. They can be contrasted with (1)
cosmopolitan taxa (also termed ubiquitist or pan-
demic taxa), which are found almost everywhere
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in a given environment (among the ammonites it
is the pelagic forms that tend to be cosmopoli-
tan); (2) circumterrestrial taxa (e.g. circumpolar,
circumtemperate, pan-tropical taxa), which occu-
py almost all of a given environment within cer-
tain latitudes and the distribution of which is gov-
erned more by major climatic factors than by
palaeogeographic constraints. Therefore, a clear
distinction must always be drawn between circum-
terrestrial and endemic distribution since, for the
latter, the palaecogeographic setting is invariably
important. As a corollary, endemism is always
indicative of a confined palacogeographic context.
This study attempts to make use of this reciprocal
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property by using variations in endemic patterns
within a given region as indicators of variations in
the environment, in the broad sense, capable of
affecting faunal dispersion.

The analytical stage of this study involves
quantifying and localising episodes of endemism
in time and space. These data may be read as
signals providing direct information about the his-
tory of biodiversity and indirect information
about the history of the basins that harboured
that biodiversity. Special emphasis is placed on
pinpointing periods when endemism tends to be
synchronous but independent from phylogeny
(different taxa are involved) in several geographi-
cally distinct basins. Only the occurrence of such
episodes can demonstrate that endemism — rather
than a mere palaeobiogeographical curiosity — is
an indicator of trends affecting an entire region,
here the western reaches of the Tethys.

2. The study framework

This study covers just the western reaches of
the Tethys (Fig. 1) during part of the Sinemurian
and the whole of the Pliensbachian. Although
Northwest Europe is characterised from Hettan-
gian times by shelves and shallow basins with rich
ammonite faunas, neritic carbonate platforms in-
herited from the Triassic persisted throughout
most Tethyan regions at least until the onset of
the Sinemurian. These monotonous platforms
were isolated from any pelagic influences and
were not colonised by cephalopods. It was only
with their break-up (Elmi, 1996), which began
during the Sinemurian and was more or less di-
rectly related to rifting of the Ligurian—Piedmont
Tethys, that ammonite faunas invaded and
evolved in the newly formed basins. The Lusita-
nian, High Atlas and, to a lesser extent, Sub-Betic
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Fig. 1. Palaeogeographic reconstruction of the Western Tethys and its fringes (after Thierry et al., 2000, modified) and location
of the main study sectors. The black stars mark the boundary between the Northwest European and Tethyan faunas, which was

particularly sharp in Carixian times.
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Fig. 2. Simplified palaeogeographic map of the North African basins and location of the study sectors (A-H).

basins were the most confined palaeogeograph-
ic structures within this highly complex setting
(Figs. 1 and 2). In this palaeobiogeographic con-
text, Tethyan and peri-Tethyan faunas prove ex-
ceptional material for analysing the chance estab-
lishment and evolution of tropical pelagic bio-
diversity on a vast regional scale of the order of
several millions of square kilometres.

In the study region and on its fringes, sharp
contrasts were found in ammonite distribution
within two separate palacobiogeographic entities
(Hallam, 1973; Dommergues, 1987; Cariou et al.,
1985; Dommergues and Meister, 1991):

(1) A northern fauna occupying primarily the
shelves and shallow basins of Northwest Europe
(Fig. 1) (e.g. Northern Iberia, France, Germany,
the British Isles).

(2) A southern fauna associated mostly with
basins formed by the break-up of Tethyan car-
bonate platforms (Fig. 1) (e.g. Greece, Italy,
Southern Iberia, North Africa).

Viewed at lower resolution, Northwest Euro-
pean ammonites are the southernmost represen-
tatives of the Euro-Boreal faunas (sensu Dom-
mergues, 1987) while the species herein designated
as Tethyan taxa are the westernmost of the
Tethyan (s.l.) faunas, a vast, largely pan-tropical,
faunal group (Cariou et al., 1985; Dommergues,
1994). The boundary between Northwest Euro-
pean and Tethyan faunas (black stars in Fig. 1)
is generally quite easy to trace (Dommergues and

Meister, 1991). This contrasted pattern probably
results from complex interaction between palaeo-
geographic constraints (structuring of the Euro-
pean margin), palaeoecological factors in the
broad sense (detrital influx, current directions,
etc.) and the climatic gradient. Climate was prob-
ably a subsidiary factor, however, as the facies
and faunal boundaries, running diagonally be-
tween 20° and 40° North, are largely independent
of palaeolatitudes (Fig. 1).

Details apart, this palacobiogeographical
framework remains valid for the entire period
under study. By reference to it, it is possible to
identify:

(a) Widespread taxa (Fig. 3). These species (e.g.
Lytoceras gr. fimbriatum (Sowerby); Becheiceras
gr. bechei (Sowerby); Protogrammoceras celebra-
tum (Fucini)) are found, at least in part, both in
Northwest European and Tethyan regions. Only
the distribution of species is considered and not
that of the lineage to which they belong. Thus a
widespread taxon may be part of a genus or even
a family the other representatives of which are
either Northwest European or Tethyan. An exam-
ple is Pleuroceras solare (Phillips), which is found
throughout Northwest Europe but is also re-
ported in some Tethyan regions (e.g. the Sub-
Betic Basin, northernmost Africa). Most other
representatives of the Amaltheidae, the family to
which P. solare belongs, are strictly Northwest
European.
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Fig. 3. Variations in the composition of ammonite faunas in three main regions on the western edges of the Tethys in the early

and mid Liassic. Special emphasis is placed on micro-endemic taxa.

(b) Ammonites endemic to Northwest Europe.
These species (e.g. Tragophylloceras loscombi (So-
werby); Acanthopleuroceras valdani (d’Orbigny);
Aegoceras maculatum (Young and Bird)) occur
in most basins and platforms of Northwest Eu-
rope but are absent or very rare elsewhere.

(c) Ammonites endemic to the Western Tethys.
These species (e.g. Adnethiceras adneticum (Hau-
er); Tropidoceras mediterraneum (Gemmellaro);
Protogrammoceras dilectum (Fucini)) are present
in most basins of Mediterranean Europe and
North Africa but do not occur in more northerly
regions in any numbers.

(d) Micro-endemic ammonites reported only in
restricted palaeogeographical areas. These are
often, although not necessarily, long narrow,
well-bounded basins such as the Lusitanian or
High Atlas basins. These micro-endemic faunas
include the following series of species. Firstly,
Lusitanian species, e.g. Pompeckioceras onchoce-
phalus (Pompeckj), Pseudophricodoceras dayiforme
(Mouterde, Dommergues and Rocha), and Dayi-
ceras splendens (Mouterde). Secondly, Tunisian
species (Northeast Tunisia), e.g. Parasteroceras
rakusi (Dommergues, Faure and Peybernes) and
Arnioceras? fieldingiceroides (Dommergues, Faure

and Peybernes). Thirdly, forms confined to North
Morocco and North Algeria (peri-Rif folds, Rif,
Béni-Snassen, Middle Atlas, Tlemcen area and
Kabily), e.g. Amaltheus idrissiensis nomen nudun
(Elmi and Faugere, 1973; Ouahhabi, 1994).
Fourthly, taxa confined to the High Atlas Basin,
e.g. Gleviceras richei (Rakus), Miltoceras taguen-
doufi (El Hariri et al.), and Dudresnayiceras sues-
siforme (Rakus).

3. Materials and methods
3.1. Chronological resolution

The aim is to quantify and situate in time and
space the episodes of micro-endemism that char-
acterised the Tethyan and peri-Tethyan basins
during a period beginning with the Semicostatum
zone (early Sinemurian) and ending with the Spi-
natum zone (end of the Pliensbachian). The am-
monite zone was chosen as the basic biochrono-
logical unit for the analysis. Its mean duration of
the order of a million years provides a pragmatic
framework for correlations among all of the ba-
sins under study. The sharp faunal contrast be-



J.-L. Dommergues, K. El Hariril Palaeogeography, Palaeoclimatology, Palaeoecology 184 (2002) 407418 411

tween Northwest Europe and the Western Tethys
and the frequency of micro-endemism in the
Western Tethys preclude the use of higher-resolu-
tion biochronological divisions, such as divisions
into sub-zones. Given that the period under con-
sideration spans some 10 million yr, ammonite
zones are sufficiently precise to bring out the
main trends. Moreover, this level of resolution
allows relevant comparison with second- and
first-order cycles as used in sequence stratigraphy
(Hardenbold et al., 1998; Souhel et al., 1998).
Stratigraphical cycles are geological time intervals
between two transgressions or regressions of sim-
ilar order. Several orders of cyclicity are usually
shown on the eustatic charts. According to Hard-
enbold et al. (1998), the average first-order cycle
duration is about 40 Ma and the average second-
order cycle duration is about 7 Ma.

3.2. Data

This study is based on analysis of publications
on the Lusitanian Basin, Sub-Betic Basin and the
various basins of North Africa. It also includes
the scarce data available for the Algarve Basin.
The Lusitanian Basin apart, the study therefore
covers all the available data for the regions be-
tween the Iberian Meseta to the north and the
Saharan basement to the south (Fig. 1). As a
rule, only references with photographs or referen-
ces to accessible collections were included, to en-
sure taxonomy was uniform. This information
from the literature was supplemented by data on
as yet unpublished material from North Africa in
the collections of the Centre des Sciences de la
Terre de I’Université¢ de Bourgogne (France), the
Laboratoire de Géologie des Facultés catholiques
de Lyon (France) and the Département de Géo-
logie de I'Universit¢ Cadi Ayyad de Marrakech
(Morocco).

The following publications were analysed:

(a) for the whole of the Western Tethys and its
fringes: Almeras and Elmi, 1982; Braga et al.,
1988; Cariou et al., 1985; Dommergues, 1987,
1994; Dommergues and Meister, 1991; Dom-
mergues and Mouterde, 1980; Meister, 1987.

(b) for the Lusitanian Basin: Dommergues,
1987; Dommergues and Mouterde, 1981, 1987;

Mouterde, 1955, 1970; Mouterde and Rocha,
1981a,b,c; Mouterde and Ruget, 1967; Mouterde
et al., 1965, 1971, 1983; Phelps, 1985.

(c) for the Sub-Betic and Algarve Basins: Bra-
ga, 1983; Braga and Rivas, 1980, 1985; Braga et
al., 1982, 1984a,b, 1985, 1987, 1988; Dommergues
et al., 1984; Mouterde and Linares, 1979; Rocha,
1976; Rivas, 1977, 1979, 1983.

(d) for the North African basins: Deleau, 1948
Dommergues et al., 1986; Du Dresnay, 1963a,b,
1988; Dubar, 1943, 1948, 1961a,b; Dubar and
Mouterde, 1978; El Hariri, 1998; El Hariri et
al., 1996; Elmi, 1986; Elmi and Benshili, 1987;
Elmi and Faugere, 1974; Elmi et al., 1974, 1998,
1999; Fallot, 1937; Faugeres, 1978; Gelard, 1979;
Griffon and Mouterde, 1961, 1964; Lachkar et
al., 1998; Olivier and Mouterde, 1979; Ouahhabi,
1994; Mouterde, 1965; Mouterde et al., 1986;
Rakus, 1972, 1973, 1979, 1991, 1994; Rakus and
Biely, 1970; Rakus and Zitt, 1993; Raoult, 1974;
Spath, 1913; Termier, 1933, 1936.

3.3. Gaps in the fossil record and limitations of the
method

The main caveat when analysing endemism in
palaeontology is that it is impossible to evaluate
how representative the fossil record truly is (Jan-
vier, 1986). Although we now have a clearer
understanding of the significance of the presence
or absence of fossil remains in some sedimentary
strata in a given basin than formerly (Garcia,
1993; Garcia and Dromart, 1997; Kidwell, 1986;
Kidwell and Flessa, 1996), it remains materially
impossible to apply routine sampling protocols
to fossils, as can be done, at least in theory,
with Recent faunas. Palaeobiogeographic data
are therefore potentially incomplete, often difficult
to quantify, and invariably largely subject to the
hazards of fossilisation and outcrop. Therefore, in
palaeobiogeography, interpretation of an endemic
pattern remains something of a lottery. This being
the case, caution requires that only predominant
trends, based on plentiful evidence, be considered,
avoiding any temptation to generalise from one—
off observations. It is this approach, confined to
the consideration of trends, that is adopted
here.



412 J.-L. Dommergues, K. El Hariril Palaeogeography, Palaeoclimatology, Palaeoecology 184 (2002) 407418

4. Results
4.1. The Lusitanian paradox

All of the palacogeographic reconstructions,
and particularly the summary one proposed by
Thierry et al. (2000), interpret the Lusitanian Ba-
sin as a narrow inlet structure opening south-
wards towards the Tethyan regions (Fig. 1).
This hypothesis depicts this basin as a peri-
Tethyan appendix where one would expect to
find faunas having southern affinities. However,
this is only so from the end of Domerian times
(Spinatum zone) (Fig. 3). For most of the period
considered here the species are in the main wide-
spread taxa, Northwest European taxa or endem-
ic Lusitanian forms related to Northwest Euro-
pean taxa (Dommergues and Mouterde, 1987).
Palaeogeographic reconstruction shows therefore
that this is a basin opening towards the Tethyan
domain but populated by fauna with Northwest
European affinities. This paradox is useful to the
present analysis as the Lusitanian Basin can be
compared with the other peri-Tethyan basins in-
dependently of phylogeny. Comparison with the
High Atlas Basin is particularly interesting as this,
too, is a narrow inlet structure that can be sup-
posed amenable to confinement of populations.

4.2. The nature of endemism

Endemism classically falls into two main cate-
gories. Be it palaco-endemism (relic endemism) or
neo-endemism (endemism by novation), the phe-
nomenon is invariably interpreted as the result of
confinement. Isolation may favour either the sur-
vival locally of relatively primitive taxa that were
formerly much more widespread (palaeo-endem-
ism) or the appearance of new forms which often
develop remarkable adaptations to what may be
highly specific local conditions (neo-endemism).

Most of the instances of micro-endemism ana-
lysed here can be interpreted as neo-endemism,
with the appearance of a species or a small mono-
phyletic group closely related to forms that were
widespread at the same time outside the actual
area of endemism. The clearest exception to this
model is the spectacular development of the genus

Dayiceras in the Lusitanian Basin during the Ibex
zone (mid Carixian). This is an atypical pattern
between palaco- and neo-endemism. While with
the genus Dayiceras, we have in the course of
the mid Carixian (Ibex zone) the localised persis-
tence of the final representatives of the Polymor-
phitidae — a family that was spread widely
throughout Northwest Europe during the early
Carixian (Jamesoni zone) — the phenomenon is
accompanied by astonishing evolutionary dyna-
mism (Dommergues, 1987, 1990). Therefore, in
this case it is impossible, at least at genus and
species level, to speak of primitive forms and
thus of relic endemism.

More generally, the peri-Tethyan micro-endem-
ic lineages undergo active and rapid morpholog-
ical differentiation. These lineages are short-lived,
hardly exceeding the duration of an ammonite
zone (approximately 1 Ma). Peri-Tethyan micro-
endemism is apparently a phenomenon without
lasting evolutionary consequences. With the ex-
ception of one species of Dayiceras, D. polymor-
phoides (Spath), which briefly became established
in Southwest England (Spath, 1920; Phelps,
1985), none of the endemic taxa that appeared
in the peri-Tethyan basins seems to have been
able to sustain competition with more widespread
forms. In short, while these observations confirm
the evolutionary dynamism of marginal popula-
tions, they do not show the phenomenon as gen-
erating evolutionary innovations of interest at
greater spatial and temporal scales.

4.3. Episodes of endemism

The data may be summarised in a figure show-
ing the relative proportions of seven categories of
taxa (widespread, Northwest European, Tethyan,
Lusitanian, North Moroccan and North Algerian,
Tunisian and High Atlas) in the main basins
studied (Lusitanian, Sub-Betic and various North
African basins). This can be done either by con-
sidering the whole of the period (upper part of
Fig. 3) or by decomposing the signal into zones
(lower part of Fig. 3).

Consideration of the period as a whole (upper
part of Fig. 3) shows the following characteristics.

(A) A sharp contrast exists between the faunas
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of the Lusitanian Basin (Al) — which are charac-
terised primarily by Northwest European taxa
and micro-endemic Lusitanian taxa the closest rel-
atives of which are mainly Northwest European
species — and those of the Sub-Betic Basin and the
North African basins (Bl and Cl), which are
characterised above all by Tethyan taxa and by
various micro-endemic taxa (North African basins
only) the nearest relatives of which are generally
Tethyan forms.

(B) A sharp distinction exists between Lusita-
nian and North African faunas (Al and Cl1), on
the one hand, with a remarkable proportion of
micro-endemic taxa and the Sub-Betic faunas
(B1), on the other hand, with no micro-endemic
forms. Apart from the presence of many wide-
spread taxa, the Sub-Betic fauna differs little
from classic Tethyan populations as found, e.g.,
in the Apennines (Umbria—Marches) and in Si-
cily.

(C) Taxa specific to the High Atlas Basin (CI1)
are predominant among the micro-endemic forms
of North Africa (s.1.).

These results can be refined by breaking down
the palacobiogeographic signal into zones thereby
showing a clear temporal structure (lower part of
Fig. 3). Chronologically, we observe the follow-
ing.

(A) Lack of micro-endemism during the early
Sinemurian (Semicostatum to Turneri zones). The
ammonites involved in the early stages of coloni-
sation of the Sub-Betic and North African basins
are either widespread taxa or species spread
throughout the Tethyan regions s.l. There were
no ammonites at this time in the Lusitanian Ba-
sin.

(B) Development of the first, and the most
marked, of the episodes of micro-endemism dur-
ing the Obtusum and Oxynotum zones. This is a
phenomenon found simultaneously in the Lusita-
nian Basin (A2) and in North Africa (C2) where
micro-endemic taxa are reported in the High At-
las (Obtusum and Oxynotum zones) and in Tuni-
sia (Obtusum zone only).

(C) Absence of micro-endemism in the Rarico-
statum zone.

(D) Development of a second episode of micro-
endemism covering the Jamesoni and Ibex zones

in the Lusitanian Basin (A2) but restricted to the
Jamesoni zone in North Africa (High Atlas and
Tunisia) (C2). The endemic trend therefore van-
ishes earlier from the North African basins than
from the Lusitanian Basin where the Ibex zone is
marked by the remarkable development of the
genus Dayiceras.

(E) Absence of micro-endemism in the Davoei
zone.

(F) Appearance of a few micro-endemic taxa in
the Margaritatus and Spinatum zones. During
this period, micro-endemism became rare and
short-lived and, consequently, difficult to interpret
as major trends. There is some contrast though
between the Margaritatus zone when micro-en-
demism is reported in the Lusitanian Basin (A2)
and in North Africa (C2) and the Spinatum zone
where the phenomenon is confined to the High
Atlas (C2).

4.4. Endemism and sea-level changes

The simultaneity of phases of micro-endemism
at the scale of the study region is a sufficiently
well-marked pattern for it not to be ascribed to
pure chance. Nor can it be determined by phyletic
factors, since the taxa implied have affinities either
with Northwest European forms in the Lusitanian
Basin or with Tethyan forms in the North African
basins. It was therefore probably an evolutionary
— possibly adaptive — response (s.l.) to changes in
one or more environmental factors (s.l.) affecting
modes of exchange between ammonite popula-
tions almost simultaneously and throughout the
study region. Of the possible factors, fluctuations
in relative sea level are a priori the most likely to
modify faunal confinement at regional scale. Any
rise or fall in sea level is liable to alter the geom-
etry of basins and more especially that of straits
and shallows, thereby directly affecting the poten-
tial for faunal exchange. For the zone under study
and considering only recent publications, we can
refer to the synthesis by Hardenbold et al. (1998)
proposing a sequence stratigraphy framework for
all of Southwest Europe and its southern edges
(including the Lusitanian Basin) and the sequence
analysis established by Souhel et al. (1998) from
data for the High Atlas of Béni—Mellal. Only sea-
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Fig. 4. (A) Comparison of endemic episodes with first- and second-order sea-level fluctuations proposed by Hardenbold et al.
(1998) and Souhel et al. (1998). (B) Conventional representation of sea-level fluctuations in sequence stratigraphy.
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level fluctuations corresponding to first- and sec-
ond-order cycles are considered here as a break-
down into third-order cycles would include phe-
nomena of shorter duration than the ammonite
zone used here as the basic unit of correlation.
Moreover, while local tectonism, e.g. tilted block
dynamics, is often predominant at third-order
scale, second-order cycles are often controlled by
factors acting at larger spatial scales such as the
region (Jacquin et al., 1991). Second-order cycles
are therefore well adapted to the scale of the ques-
tion considered here.

Fig. 4 provides a direct comparison of the
chronology of episodes of micro-endemism with
that of first- and second-order cycles (major
transgressive-regressive cycles and transgressive—
regressive facies cycles, respectively, in Harden-
bold et al., 1998). Comparison shows that there
is no obvious correlation between phases of
micro-endemism and relative sea level at a given
time. The first major episode (Obtusum and
Oxynotum zones) corresponds to a relative high-
stand after a maximum transgression (second-or-
der), whereas the second (Jamesoni and Ibex
zones) marks a period of relative lowstand, pre-
ceding a maximum regression. There is, however,
a degree of coincidence between the regressive
trends of the second-order cycles and the epi-
sodes of endemism. If we accept such a correla-
tion, the differences in the ages of reversal in
trend proposed by the different authors seem
consistent with the Carixian endemic episode
being briefer in the High Atlas than in the Lusi-
tanian Basin. For the High Atlas of Béni—Mellal,
Souhel et al. (1998) propose a maximum regres-
sion at the base of the Ibex zone, whereas, work-
ing on data for Southwest Europe, Hardenbold
et al. (1998) place the same phenomenon some-
what later, in the upper part of this zone. More-
over, the persistence of a first-order transgressive
trend throughout the period under study is con-
sistent with the weaker evidence of endemism
over time and in particular during the second-
order regressive phase of the Domerian. The
only notable exception to the possible correlation
between second-order regressive trends (R) and
micro-endemism is in the Raricostatum zone.
Although it falls clearly within a second-order

regressive phase, this period is marked by the
total absence of micro-endemism in the study
region.

5. Conclusions

Six main points arise from this study.

(1) Micro-endemism is localised preferentially
in the more confined marginal basins such
as the High Atlas Basin and the Lusitanian
Basin. Therefore, basin geometry seems an essen-
tial factor in determining this type of endem-
ism.

(2) There is a Lusitanian palaeogeographical
paradox. Although palaeogeographic reconstruc-
tions portray this basin as a trough opening
southwards towards the Tethyan basins, most of
its characteristic taxa suggest on the contrary
Northwest European faunal influences.

(3) Peri-Tethyan micro-endemism has no long-
term evolutionary implications. The episodes are
sometimes spectacular but invariably short-lived
and localised. Endemic species seem unable to
withstand competition for any sustained time
from more widespread and probably more gener-
alist species.

(4) A clear time structure can be detected in
peri-Tethyan micro-endemism. Although it often
affects lineages of separate phyletic origins
(Northwest European versus Tethyan), the phe-
nomenon often develops synchronously (e.g. Ob-
tusum, Oxynotum or Jamesoni zones) in what are
both structurally and faunally clearly separated
palaeogeographic entities such as the Lusitanian
Basin and High Atlas Basin.

(5) The phases of micro-endemism are not cor-
related with the relative sea level at a given time.
The main episodes of micro-endemism occur dur-
ing second-order highstands or lowstands indiffer-
ently.

(6) Episodes of micro-endemism tend to coin-
cide with second-order regressive phases. While
this correlation might be evidence of a causal
link between a fall in relative sea level and the
development of micro-endemism, this phenome-
non is difficult to interpret as it is independent
of sea level at a given moment.



416 J.-L. Dommergues, K. El Hariri| Palaeogeography, Palaeoclimatology, Palaeoecology 184 (2002) 407418

Acknowledgements

We thank the Burgundy Regional Council
(France) and the Cadi—Ayyad University (Moroc-
co) for helping to finance this study. We are grate-
ful to Maurilio Gaetani and Neil H. Landman for
their constructive reviews of the manuscript.

References

Almeras, Y., Elmi, S., 1982. Fluctuation des peuplements
d’ammonites et de brachiopodes en liaison avec les varia-
tions bathymétriques pendant le Jurassique inférieur et moy-
en en Méditerranée occidentale. Boll. Soc. Paleontol. Ital.
21, 169-182.

Braga, J.C., 1983. Ammonites del Domerense de la zona Sub-
bética (Cordilleras Beticas, sur de Espafia). Tesis Doctoral,
Universidad de Granada, Granada, 410 pp.

Braga, J.C., Rivas, P., 1980. Protogrammoceras y Fuciniceras
(Ammonoidea, Hildocerataceae) del Carixiense superior en
las Cordilleras Béticas (Andalucia, Espana). Estud. Geol. 36,
169-176.

Braga, J.C., Rivas, P., 1985. The Mediterranean Tropidoceras
(Ammonitina) in the Betic cordilleras. Eclogae Geol. Helv.
78, 567-605.

Braga, J.C., Jimenez, A.P., Rivas, P., 1982. Los Hildoceratidae
del transito Domerense-Toarciense de la Zona Subbética
(Cordilleras Béticas, S. de Espana). Bol. R. Soc. Esp. Hist.
Nat. (Geol.) 80, 133-152.

Braga, J.C., Martin-Algarra, A., Rivas, P., 1984a. Hettangian
and Sinemurian of Bafos de Alhama de Granada, Reference
section for the West-Mediterranean Hettangian (Betic Cor-
dillera, Southern Spain). Geobios 17, 269-276.

Braga, J.C., Martin-Algarra, A., Rivas, P., 1984b. Biostrati-
graphic sketch of the Lower Liassic of the Betic Cordilleras.
In: Michelsen O., Zeiss A., (Eds.), International Symposium
on Jurassic stratigraphy, Erlangen 1-8, 1984. Geol. Surv.
Den. 1, 177-190.

Braga, J.C., Martin-Algarra, A., Rivas, P., 1985. Ammonites
du Lias inférieur (Sinémurien — Lotharingien) de Sierra Ha-
rana (Cordilleres bétiques, Espagne). Cah. Inst. Cathol.
Lyon 14, 85-101.

Braga, J.C., Jimenez, A.P., Rivas, P., 1987. Lytoceratidae
(Ammonoidea) del Lias medio de la Zona Subbética. Bol.
R. Soc. Esp. Hist. Nat. (Geol.) 82, 5-23.

Braga, J.C., Garcia-Gomez, R., Rivas, P., 1988. Some paleo-
biogeographic considerations about the Liassic ammonite
faunas of the Western Mediterranean. Second International
Symposium on Jurassic Stratigraphy, Lisboa 1988, pp. 139—
153.

Cariou, E., Contini, D., Dommergues, J.-L., Enay, R., Geys-
san, J.R., Mangold, C., Thierry, J., 1985. Biogéographie des
ammonites et évolution structurale de la Téthys au cours du
Jurassique. Bull. Soc. Géol. Fr. sér. 8 1, 679-697.

Deleau, P., 1948. Le Djebel Nador, Etude stratigraphique et
paléontologique. Bull. Serv. Carte géol. Algér. sér. 2 17, 1-
124.

Dommergues, J.-L., 1987. L’évolution chez les Ammonitina du
Lias moyen (Carixien, Domérien basal) en Europe occiden-
tale. Doc. Lab. Géol. Lyon 98, 1-297.

Dommergues, J.-L., 1990. Ammonoids, In: McNamara, K.J.
(Ed.), Evolutionary Trends. Belhaven Press, London,
pp- 162-187.

Dommergues, J.-L., 1994. Les faunes d’ammonites pandé-
miques et téthysiennes du Lias confrontées a un modéle de
distribution pantropicale. In: Pallini, G. (Ed.), Proceedings
of the 3rd Pergola International Symposium Fossili, Evolu-
zione, Ambiente. Palacopelagos Spec. Publ. 1, 93-107.

Dommergues, J.-L., Meister, C., 1991. Area of mixed marine
faunas between two major paleogeographical realms, exem-
plified by the Early Jurassic (Late Sinemurian and Pliens-
bachian) ammonites in the Alps. Palacogeogr. Palaeoclima-
tol. Palacoecol. 86, 265-282.

Dommergues, J.-L., Mouterde, R., 1980. Modalités d’installa-
tion et d’évolution des Harpoceratinés (Ammonitina) au
Domérien inférieur dans le Sud-Ouest de I’Europe (France,
Portugal). Geobios 13, 289-325.

Dommergues, J.-L., Mouterde, R., 1981. Les Acanthopleuro-
ceratinae portugais et leurs relations avec les formes sub-
boréales. Cienc. Terra 6, 77-100.

Dommergues, J.-L., Mouterde, R., 1987. The endemic trends
of the Liassic ammonites faunas of Portugal as the result of
the opening up of a narrow epicontinental basin. Palaeo-
geogr. Palaeoclimatol. Palaeoecol. 58, 129-137.

Dommergues, J.-L., Mouterde, R., Rivas, P., 1984. Un faux
polymorphitiné: Dubariceras, nouveau genre d’Ammonitina
du Carixien mésogéen. Geobios 17, 831-839.

Dommergues, J.-L., Fauré, P., Peypernes, B., 1986. Le Lotha-
ringien inférieur du Djebel Oust (Tunisie); description d’am-
monites nouvelles (Asteroceratinae Arieticeratinae). C. R.
Acad. Sci. Paris, sér. 2 302, 1111-1116.

Dubar, G., 1943. Notice explicative de la carte géologique
provisoire du Haut-Atlas de Midelt. Notes Mém. Serv.
Geéol. Maroc. 59 et 59 bis (1949), p. 60.

Dubar, G., 1948. La faune domérienne du Djebel Bou-Dahar
pres de Tadjit. Notes Mém. Serv. Géol. Maroc, 681-247.
Dubar, G., 1961a. Les Hildoceratidae du Domérien des Py-
rénées et I'apparition de cette famille au Pliensbachien infé-
rieur en Afrique du Nord. In: Colloque sur le Lias frangais,
Chambery 1960. Mém. Bur. Rech. Géol. Min. (B.R.G.M.) 4,

245-253.

Dubar, G., 1961b. Sur quelques ammonites du Lias inférieur
du Haut-Atlas marocain. Bull. Soc. Géol. Fr., sér. 7 3, 320—
323.

Dubar, G., Mouterde, R., 1978. Les formations a ammonites
du Lias moyen dans le Haut Atlas de Midelt et du Tadla.
Notes Mém. Serv. Géol. Maroc 24, 1-112.

Du Dresnay, R., 1963a. Les discontinuités de sédimentation
pendant le Jurassique, dans la partie orientale du domaine
atlasique marocain, leurs conséquences stratigraphiques et
leurs relations avec I'orogenése atlasique. Colloque du Ju-



J.-L. Dommergues, K. El Hariri| Palaeogeography, Palaeoclimatology, Palaeoecology 184 (2002) 407418 417

rassique, Luxembourg 1962. C. R. Mém. Inst. Grand Ducal,
pp. 899-912.

Du Dresnay, R., 1963b. Quelques ammonites de la partie in-
férieure du Pliensbachien (Carixien et Domérien pro-parte)
du Jbel Bou-Rharraf (Haut-Atlas oriental). Notes Serv.
Géol. Maroc 23, 141-164.

Du Dresnay, R., 1988. Répartition des dépots carbonatés du
Lias inférieur et moyen le long de la cote atlantique du
Maroc: Conséquence sur la paléogéographie de I’Atlantique
naissant. J. Afr. Sci. 7, 385-396.

El Hariri, K., 1998. Le signal morphologique de I’évolution
chez les ammonites du Lias inférieur et moyen dans des
contextes stratigraphique, paléobiogéographique et paléo-
écologique du Haut-Atlas central (Maroc). These Doctorat
d’Etat Université Cadi-Ayyad, Marrakech, 180 pp.

El Hariri, K., Dommergues, J.L., Meister, C., Souhel, A.,
Chafiki, D., 1996. Les ammonites du Lias inférieur et moyen
de Béni-Mellal (Maroc): taxinomie et biostratigraphie a
haute résolution. Geobios 29, 537-576.

Elmi, S., 1986. Correlations biostratigraphiques et mégasé-
quentielles dans le Jurassique inférieur et moyen d’Oranie,
comparaisons avec les régions voisines. Rev. Fac. Sci. Mar-
rakech, no. spéc. 2, 225-247.

Elmi, S., 1996. Stratigraphic correlations of the main Jurassic
events in the western Mediterranean Tethys (Western Alge-
ria and Eastern Morocco). GeoRes. Forum 1-2, 343-358.

Elmi, S., Benshili, K., 1987. Relation entre la structuration
tectonique, la composition des peuplements et I’évolution;
exemple du Toarcien du Moyen-Atlas méridional. Boll. Soc.
Paleontol. Ital. 26, 47-62.

Elmi, S., Faugere, J.-C., 1973. Les Amaltheidés (Ammonoidea)
du Maroc et de I’Ouest algérien. Interprétation paléogéo-
graphique. C. R. Acad. Sci. Paris, sér. D (276), 1413-1415.

Elmi, S., Faugere, J.-C., 1974. Chronostratigraphie et interpré-
tation séquentielle de la série Lias-Dogger du flanc NW du
Dehar-en-Nsour (Rides prérifaines, Maroc septentrional).
Notes Serv. Géol. Maroc 36, 69-76.

Elmi, S., Atrops, F., Mangold, C., 1974. Les zones d’ammo-
nites du Domérien-Callovien de I’Algérie occidentale. Pre-
miére partie Domérien - Toarcien. Doc. Lab. Géol. Lyon
61, 1-183.

Elmi, S, Alméras, Y., Ameur, M., Bassoullet, J.P., Boutakiout,
M., Benhamou, M., Marok, A., Mekahli, L., Mekkaoui, A.,
Mouterde, R., 1998. Stratigraphic and palacogeographic
survey of the lower and middle Jurassic along north-south
transect in western Algeria. In: Crasquin-Soleau, S., Barrier,
E. (Eds.), Peri-Tethys Memoir 4: Epicratonic basins of Peri-
Tethyan platforms. Mém. Mus. Nat. Hist. Nat. 179, 145-
211.

Elmi, S., Amhoud, H., Boutakiout, M., Benshili, K., 1999.
Cadre biostratigraphique et environnemental de I’évolution
du paléorelief du Jebel Bou Dahar (Haut-Atlas oriental,
Maroc) au cours du Jurassique inférieur et moyen. Bull.
Soc. Géol. Fr. 170, 619-628.

Fallot, P., 1937. Essai sur la géologie du Rif septentrional.
Notes Mém. Serv. Mines Carte Géol. Maroc 40, 1-502.

Faugeres, J.-C., 1978. Les rides sud rifaines. Evolution sédi-

mentaire et structurale d’un bassin atlantico-mésogéen de la
marge africaine. Thése Doctorat Université de Bordeaux,
480 pp.

Garcia, J.-P., 1993. Les variations du niveau marin sur le Bas-
sin de Paris au Bathonien — Callovien. Impacts sur les com-
munautés benthiques et sur 1’évolution des ornithellidés
(Terebratellidina). Mém. Géol. Univ. Dijon 17, 1-307.

Garcia, J.-P., Dromart, G., 1997. The validity of two biostrati-
graphic approaches within a sequence stratigraphic frame-
work: brachiopod zones and marker-beds in the Jurassic.
Sedimentary. Geology 114, 55-79.

Gelard, J.-P., 1979. Géologie du Nord-Est de la Grande Ka-
bylie). Mém. Géol. Univ. Dijon 5, 1-335.

Griffon, J.-C., Mouterde, R., 1961. Sur le Lias de I'unité ex-
terne de la dorsale rifaine, au SW de Tétouan. C. R. Somm.
Soc. Géol. Fr. 5, 136-137.

Griffon, J.-C., Mouterde, R., 1964. Découverte de faunes het-
tangiennes au Sud de Tétouan (Rif septentrional Maroc). C.
R. Soc. Géol. Fr. 2, 61-62.

Hallam, A., 1973. Atlas of Paleobiogeography. Elsevier, Am-
sterdam, 531 pp.

Hardenbold, J., Thierry, J., Farley, M.B., Jacquin, T., De
Graciansky, P.-C., Valil, P., 1998. Jurassique Sequence Chro-
nostratigraphy, Chart 6. In: Graciansky P.-C., Hardenbold,
J., Jacquin, T., Vail, P., Farley, M.B. (Eds.), Mesozoic and
Cenozoic Sequence Stratigraphy of FEuropean Basins.
S.E.P.M. Spec. Publ. 60.

Jacquin, T., Arnaud-Vanneau, A., Arnaud, H., Ravenne, C.,
Vail, P.R., 1991. Systems tracts and depositional sequences
in a carbonate setting: a study of continuous outcrops from
platform to basin at the scale of seismic lines. Mar. Pet.
Geol. 8, 122-139.

Janvier, P., 1986. Comment évaluer les liens entre structures
biogéographiques et événements géologiques? Une analyse
critique des méthodes en biogéographie et paléobiogéogra-
phie. Bull. Cent. Rech. Explor. Prod. Elf-Aquitaine 10, 323—
332.

Kidwell, S.M., 1986. Models for fossil concentrations: paleo-
biologic implications. Paleobiology 12, 6-24.

Kidwell, S.M., Flessa, K.W., 1996. The quality of the fossil
record: populations, species and communities. Annu. Rev.
Earth Planet Sci. 24, 433-464.

Lachkar, N., Dommergues, J.-L., Meister, C., Neige, P., lzart,
A., Lang, J., 1998. Les ammonites du Sinémurien supérieur
du Dejel Bou-Hamid (Haut-Atlas central, Rich, Maroc).
Approches paléontologique et biostratigraphique. Geobios
31, 587-619.

Meister, C., 1987. Comparaison des faunes d’ammonites au
Domérien (Jurassique inférieur) entre le Bassin des Causses
et les cordilleres Bétiques; composition faunique et éléments
de corrélation. C. R. Acad. Sci. Paris, sér. 2 305, 425-428.

Mouterde, R., 1955. Le Lias de Peniche. Comun. Serv. Geol.
Port. 36, 5-33.

Mouterde, R., 1965. Sur quelques ammonites du Lias du Rif.
Remarques paléontologiques. Notes Mém. Serv. Géol. Ma-
roc 184, 225-238.

Mouterde, R., 1970. Cephalopodes. In: Mouterde, R., Ruget,



418 J.-L. Dommergues, K. El Hariri| Palaeogeography, Palaeoclimatology, Palaeoecology 184 (2002) 407418

C., Le lias moyen de Sao Pedro de Muel, deuxieme partie.
Paléontol. Comun. Serv. Geol. Port. 54, 39-74.;

Mouterde, R., Linares, A., 1979. Ammonites hettangiennes de
la Alhama de Granada (Andalousie). Cuad. Geol. 10, 267—
270.

Mouterde, R., Ruget, C., 1967. Le Lias des environs de Porto
de Moz (SW du Plateau de Fatima). Etude du Barranco de
Zambujal de Alcaria. Comun. Serv. Geol. Port. 51, 253-281.

Mouterde, R., Rocha, R.B., 1981a. Atlas des fossiles caracté-
ristiques du Lias portugais, vol. 1 — Lias inférieur. Cienc.
Terra 6, 49-76.

Mouterde, R., Rocha, R.B., 1981b. Le lias de la région de Rio
de Couros (Nord de Tomar). Bol. Soc. Geol. Port. 22, 209—
220.

Mouterde, R., Rocha, R.B., 1981c. Essai de biozonation du
Domérien portugais. Ciénc. Terra 9, 63-68.

Mouterde, R., Ruget, C., Moitinho de Almeida, F., 1965.
Coupe du Lias au Sud de Condeixa. Comun. Serv. Geol.
Port. 48, 5-35.

Mouterde, R., Rocha, R.B., Ruget, C., 1971. Le Lias moyen et
supérieur de la région de Tomar. Comun. Serv. Geol. Port.
55, 55-86.

Mouterde, R., Dommergues, J.-L., Rocha, R.B., 1983. Atlas
des fossiles caractéristiques du Lias portugais, vol. 2 — Ca-
rixien. Cienc. Terra 7, 187-254.

Mouterde, R., Corna, M., Olivier, P., Mourier, T., 1986. Am-
monites d’affinités mésogéennes dans le Lias inférieur des
blocs prédorsaliens du Rif (Maroc). Rev. Fac. Sci. Marra-
kech, no. spéc. 2, 349-367.

Olivier, P., Mouterde, R., 1979. Découverte d’ammonites du
Lias dans la zone prédorsalienne de la région de Jebha (Rif,
Maroc) et ses conséquences. Geobios 12, 615-621.

Ouahhabi, B., 1994. Le Lias moyen et supérieur des Béni-Snas-
sen orientaux et des Zekkara (Maroc nord-oriental). Biostra-
tigraphie; Paléontologie des Hildoceras. These Doctorat
Université de Lyon, 195 pp.

Phelps, M.C., 1985. A refined ammonite biostratigraphy for
the Middle and Upper Carixian (Ibex and Davoei Zones,
Lower Jurassic) in North-West Europe and stratigraphical
details of the Carixian-Domerian boundary. Geobios 18,
321-362.

Rakus, M., 1972. Sur la présence du genre Dayiceras Spath
(Ammonoidea, Cephalopoda) dans le Carixien de Tunisie.
Bull. Lab. Géol. Minéral. Géophys. Mus. Géol. Univ. Lau-
sanne 195, 1-3.

Rakus, M., 1973. Le Jurassique du djebel Ressas (Tunisie sep-
tentrionale). Ann. Mines Géol. 26, 137-147.

Rakus, M., 1979. Evolution et position paléogéographique des
monts d’Oujda au cours du Mésozoique. Mines Géol. Energ.
46, 75-78.

Rakus, M., 1991. L’ontogenése du genre Bouhamidoceras Du-
bar. Bull. Géol. Lausanne 310, 299-307.

Rakus, M., 1994. Les ammonites lotharingiennes du Jebel
Bou-Hamid (Haut Atlas de Rich-Maroc). In: Pallini, G.
(Ed.), Proceedings of the 3rd Pergola International Sympo-
sium Fossili, Evoluzione, Ambiente. Paleaopelagos, Spec.
Publ. 1, 299-316.

Rakus, M., Biely, A., 1970. Stratigraphie du Lias dans la Dor-
sale tunisienne. Notes Serv. Géol. Tunis. 32, 45-63.

Rakus, M., Zitt, J., 1993. Crinoid encrusters of ammonite
shells (Carixian, Tunisia). Geobios M. S. 15, 317-329.

Raoult, J.-F., 1974. Géologie du centre de la chaine numidique
(Nord du Constantinois, Algérie). Mém. Soc. Géol. Fr.,
nouv. sér. 121, 1-163.

Rivas, P., 1977. Los Oxynoticeratidae del Carixiense supérior
(Radstockiceras) en el sector central de las Cordilleras Béti-
cas (Prov. Granada). Cuad. Geol. 8, 159-165.

Rivas, P., 1979. Zonacion del Carixiense en la Zona subbética.
Cuad. Geol. 10, 383-388.

Rivas, P., 1983. El genero Metaderoceras (Eoderoceratacea,
Ammonitina) en las Cordilleras Béticas. Estud. Geol. 39,
387-403.

Rocha, R.B., 1976. Estudio estratigrafico e paleontologico do
Jurassico do Algarve occidental. Ciénc. Terra 2, 1-178.

Souhel, A., El Hariri, K., Chafiki, D., Canérot, J., 1998. Stra-
tigraphie séquentielle et évolution géodynamique du Lias
(Sinémurien terminal — Toarcien moyen) de I’Atlas de
Béni-Mellal (Haut Atlas central, Maroc). Bull. Soc. Géol.
Fr. 169, 527-536.

Spath, L.F., 1913. On Jurassic ammonites from the Jebel Za-
ghuan (Tunisia). Q. J. Geol. Soc. London 69, 540-580.

Spath, L.F., 1920. On a new genus (Dayiceras) from the Lias
of Charmouth. Geol. Mag. 57, 538-543.

Termier, H., 1933. Introduction stratigraphique. In: Lambert,
J. (Ed.), Echinides fossile du Maroc. Notes Mém. Serv.
Mines Carte Géol. Maroc 27, 5-26.;

Termier, H., 1936. Etudes géologique sur le Maroc central et le
moyen Atlas septentrional — tome 3, Paléontologie. Notes
Mém. Serv. Mines Carte Géol. Maroc 33, 1-1566.

Thierry, J. et al. (40 co-authors), 2000. Late Sinemurian (193—
191; Ma). In: Dercourt, J., Gaetani, M., Vrielinck, B., Bar-
rier, E., Biju-Duval, B., Bruner, M.F., Cadet, J.P., Crasquin,
S., Sandulescu., M. (Eds.), Atlas Peri-Tethys, Palacogeo-
graphical maps. CCGM/CGMW, Paris, map 7.



