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10. Yax6u. M. A6epKall, (/Jp. Cep- B.liURHue KJ/u.wama Ha 
11030HenJ!eUCrtiO!Ieii06blX .lfJieKonumOIOI/IUX Ce6ep110U 'IOC
mu PtupoBblX zop (CeBepHoe MapoKKo) u ezo 3oozeozparpu
'lecKuii noomeKcm. BepxHenneucToueHOBbte H ronoueHo
Bbte nonyJUIUHii MneKonHTaJOlUHX ceoepHOH 'laCTH MapoK
KO OTnli'-faJI.HCb pa:moo6pll3HbiM 6.Horeorpa<j>H'IeCKHM npo
HCXO)f(JleHHeM. Y CTaHOBneHbt: caxapCKHe, caxapcKo-Cpe.llH
JeMHOMOpCKHe H caxenCKJie BH.llbl, a TaKlKC HeKOTOpbte 
Q>opMbl, a,llanTHpOBaBWHeCJI K Cpe,llH3eMHOMOpCKOMY KnH
Mary. TianCOHTOJIOrH'tCCKHe ,llaHHbte COBna,llaiOT C pe3YJlbTa
TaMH naneoreorpa<jlH'IeCKHX Hccne,llosaHHH. B paAoHe ne
peceKanHcb nynt naneapKTH'IeCKHX H naneOTpOilH'ICCKHX 
BH.llOB. 3-ro pa3Hoo6paJHe o6ycnosneuo npo.llOnlK.HTe1lbHbtM 
CYXHM nepHO.llOM, KOTOpbtH COBna,llaJI C fl03,llHenneHCTOUe
HOBbiM nocnenC,llHHKOBbiM nepHO.llOM, nocne KOTOpOro HaC
TynHna nnalKHa.R <j>aJa ronoueHa. 3Ta t~na CBJ13aHa c per
peccHeA aHTHUJiKnOHanbHoro nollca, KOTOpbtH nepewen s 
MeHee cyxHe KnHMaTH'.JeCKHe 30Hbt CpC.lllf3eMHOMOpCKOro 
nma. 

Abstract. The North of Morocco was characterized in the 
Late Pleistocene and the Holocene by populating Mammals 
with different biogeographic origin: Saharan species, 
Saharo-Mediterraneans, Sahelians and some forms adapted 
to the Mediterranean climate. The paleontological data tally 
with paleogeographic results; the region was a crossroads of 
palaeartic and palaeotropical species. This variety is due to a 
long period of aridity which coincided with the Late Pleis
tocene post-glacier followed by a humid phase of Holocene 
stemming from the regression of the anticyclonic belt to the 
benefit ofless arid climatic zones of Mediterranean types. 
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Introduction 

The deposits which are the object of this study 
are situated in Northern Rif, North of Morocco, 
and are typically karstic deposits. 

The North of Morocco, contrary to the rest of 
the country, i.e. the center along the Atlantic 
coast and in the south, is unknown and has been 
considered until now as a palaeontologically vir
gin region concerning fossil mammals. Among 
other things there is certainly invaluable data bur-
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ied in the vicinity of the cities ofTetuan, Tangier, 
Chefchauen and Azilah, apart from some scarce 
faunal quotations which Tarradel (1955) men
tioned in a purely archaeological campaign. 

Geological setting 

The first deposit is situated in Chrafate region by 
the roadside between Ketama and Chefchauen, 
External Limestone Dorsal. It is an ancient dis-
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used quarry, two levels of which we have located: 
- Chrafate 1 (CH 1 ), made up of soft, brown 

clay overlain by CH2. 
- Chrafate 2 (CH2), composed of partially hard 

clay which is less dark than the previous one. 
The second deposit is localized in the Ez Zarka 

region south of Tetuan in the Internal Limestone 
Dorsal. It is a quarry that is being exploited to 
produce lime, also made up of levels: 

- ZRK 1: composed of clay rather black 
- ZRK2: overlays the first level, with a dark red 

colour. 
From a geological point of view, the fissures of 

Chrafate deposits cov.er the unit of Jebel Lakraa 
Nappe, which is made up of thick limestone-do
lomitic alternations that are up to 300 m thick, 
with a predominance oflimestone (Jebel Lakrra). 

The Ez Zarka deposits are excavated in the 
Hafa-Ferkennix nappe delimited by several units 
and nappes. 

Palaeofaunistic assemblage 

The distribution of animals is very heterogeneous 
(Table 1 ); however, the study and zoogeographic 
analysis show some tendencies to assemble them 
in nine faunal types: 

- Saharan types distributed in the desert zones 
are considered to be endemic fauna of the Sahara: 
Gazella dorcas, whose present distribution is 
linked to arid bioclimate and Saharan (Sahara of 
the Arabian Peninsula) strata. As to Asellia 
tridens, it occurs in the arid zones ofNorth Af
rica, Arabia and as far as central Asia. 

-Saharan types, in its broader meaning, live on 
all the border of the Sahara as well as the Arabian 
Peninsula: Psammomys obesus. 

- Saharan and Mediterranean types that occur 
in the arid southern zone (semi-desert and 
steppe) of the southern areas of the Mediterra
nean: Gerbillus campestris and Meriones shawi. 

- Sahelean types, live in dry savannahs, distrib
uted in Afro-tropical regions south of the Sahara: 
Lemniscomys barbarus and Arvicanthis niloticus. 

- Tropical types, live in the regions of Africa 
and Eurasia: Panthera pardus. 

- Mediterranean types, live on the boundary of 
the Mediterranean basin, Europe, Asia and non
Saharan North Africa: Mus spretus and Croci
dura whitakeri. 

- Palaearctic types, where we can distinguish 
two groups: those coming from the Maghreb and 
West Europe (remote western Palaearctic): Cro
cidura russula, and those that are distributed in 
North Africa, Europe and Asia (from colder and 
moderate regions of the Mediterranean): Myotis 
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blythi, Apodemus sylvaticus and Eliomys 
quercinus. 

- Endemic types, include very localized spe
cies: Dipodillus maghrebi, endemic types of 
North Africa: Elephantulus rozeti and Macaca 
sylvanus. 

- Cosmopolitan types, whose distribution cov
ers at least three continents (Africa, Europe and 
Asia) regardless of the geographical origin and in 
regions with a very varied climate: Mus 
musculus. 

Comparison 

This particular group reveals a very large variety 
among different palaeontological species local
ized in deposits and those that are encountered 
presently in the same regions. 

As for the Rodents, it appears that the differ
ence is clear-cut while analysing families. Thus, 
Family Gerbilidae is represented by four species 
in the deposits. Apart from the endemic species 
of Dipodillus maghrebi, others are widely dis
tributed in North Africa. Some of them even ex
tend their distribution area to the Arabian Penin
sula and the Middle East, where they seek affini
ties or even origins in central Asia. All these Ro
dents migrated through Saharan paths. We can, 
therefore, distinguish two faunal types according 
to their distribution, and namely, the North Afri
can species Gerbillus and Meriones, native to 
arid environment, presenting adaptive capacities 
to less desert biotopes and also to increasing 
anthropisation of the environment, and Saharan 
species (in broader meaning of the term) Psam
momys, of desert origin with a distribution over 
the North African margins of the great desert. The 
family Muridae presents varied distribution (in
dependent of the bioclimatic variables for 
anthropophile forms). However, it remains rather 
varied in North Africa by comparison with the 
countries situated to the south of the Sahara 
desert ( 18 species in Senegal, Aulanier, 1992). 
The two main paths of migration that opened up 
for all species during certain period of the Upper 
Pleistocene (North-east: Libyco-Egyptian, sub
tropical and south-western path: western Saharan 
way - Francis Petter, 1974; Kowalski and 
Kowalska, 1991) gave rise to the settlement of 
the following species: Apodemus sylvaticus, Mus 
musculus on the Mediterranean coast, and 
Lemniscomys barbarus on the Atlantic front of 
the Sahara desert. At present, the same region 
shows seven species, of which there is Rattus 
norvegicus, which has recently entered and 
spread to all cities situated in the west of the At-



Table 1 
Taxa occurrence 

ORDERS 
Species CHI* CH2* ZRKI* ZRK2* North of Morocco** 

RODENTIA 
Eliomys quercimts + + + + + 
Apodemus sylvaticus + + + 
Lemniscomys barbarus + + + + + 
Mus musculus + + 
Musspretus + + + + + 
Arvicanthis niloticus + + + 
Rattus rattus + 
Rattus norvegicus + 
Hvstrix crista/a + 
Gerbil/us campestris + + + + + 
Dipodillus maghrebi + + + + 
Meriones shawi + + + 
Psammomys obes11s + + 
CARNIVORA 
Panthera pardus + 
Canis aureus + 
Vulpes vulpes + 
Lutra lutra + 
Genetta genetta + 
Herpestes ichneumon + 
Felis libyca 
LAGOMORPHA 

+ 

Leptts capensis + + 
Oryctolagus cuniculus + 
CHIROPTERA 
Myotis blythi + + + + 
Myotis capaccinii + 
Asellia tridens + + 
Rhinolophusferrumequinum 
Rhinolophus hipposideros + 
Rhino/ophus euryale + 
Rhinolophus mehelyi + 
Hipposideros caffer + 
Pipistrellus pipistrellus + 
Pipistre/lus /cuhli + 
Pipistre/lus sa vii + 
Miniopterus schreibersi + 
Tadarida teniotis 
ARTIODACTYLA 
Gazella dorcas + + + + 
Sus scrofa + + + + + 
PRIMATES 
Macaca sylvanus + + + 
INSECTIVORA 
Crocidura russula + + + + 
Crocidura whitakeri + + + + 
Erinaceus a/girus + 
Suncus etruscus + 
MACROSCELIDEA 
Elephantulus rozeti + + 

• Fauna list of Mammals ofChrafate and Ez Zarka deposits. 
•• Fauna list of the present Mammals of the North of Morocco; data obtained from the guiding map of protected areas ( 1996) 
and the catalogue of the wild Mammals of Morocco (Aulagnier and Thevenot, 1986) 
- : rare species and/or not very much localized. 
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EXPLANATIONS TO PLATE I 

Fig. I : M I upper right. Lemniscomys barbarus. ZRK2- 248 
Fig. 2: M I upper left. Arvicanthis niloticus. ZRK I - 1353 
Fig. 3: M I lower right. Dipodil/us maghrebi. CHI -52 
Fig. 4 : M I upper right. Gerbil/us campestris. CHI - 44 
Fig. 5: M2 upper right. Meriones shawi. CH2- 305 
Fig. 6: M I upper right. Apodemus sylvaticus. ZRK I - 408 
Fig. 7: Mllowerright. Musmusculus. ZRK1-192 
Fig. 8: M2 upper right. Eliomys quercinus. ZRK I - 468 
Fig. 9 : M I upper left. Crocidura whitakeri. ZRK 1-1178 
Fig. I 0: M I lower left. Crocidura russula. ZRK 1-1238 
Fig. II: PM upper right Panthera pardus. ZRK 1- 1850 
Fig. l2: PM 2-M3 lower Mac:aca sylvanus CH2 - 786 
Fig.13 : PM 3-M2 lower left Sus sc~fa. CH2- 549 
Fig. l4: C lower Sus scrofu CH2- 551 
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las Moa::~:~~:~ 910. it was only known in port 
cities o _ ·ers Peninsu.la Ten years later, it 
inhabi ~ e Rif. fountains (Cabrera, 
1932). · y Muridae), involun-
tarily · became cosmopolitan. 

An encountered in the same 
Hystricidae, represented by 

·x cristata. It belongs to 
types, and extends up to the 

~!1'1'r.:arv, Myoxidae contribute to this 
div • by a single taxon, E!iomys quer-
cimLS. a rather conservative family and an-
cient · the Maghreb (Jaeger, I 975), but its pre
sent~y genus had not appeared in Morocco un
til the Pliocene or even Pleistocene (Cabrera, 
1932). Then it differentiated there or migrated 
from neighbouring regions to Europe and in par
ticular to the Near East because of climatic fluc
tuations, Saharan effects to which this family is 
particularly sensitive; the Sahara desert often 
acted as a barrier. 

Insectivora occurring in the deposits show 
Palaearctic forms, mainly the Mediterranean 
ones; they are characterized by a very slight pen
etration into the desert borderlines. The Sahara 
constituted an efficient gateway to the migration 
of Paleotropical species (relatively not very nu
merous in western Africa: nine species in Se
negal, eleven in Mali, and twelve in Burkina Fa
so; Nicol and Rathburn, 1990) most of the com
munity of paleartic origin. The two species of 
Crocidura found in the deposits of Ez Zarka and 
Chrafate are extensively sympatric and have a 
larger distribution. However, Crocidura whita
keri is currently absent from the Tangiers Penin
sula, and rare in other localities: regions of AI 
Hoceima and Nador; but Crocidura russula is 
present in the north of the country. 

Two other species of Insectivora are currently 
added to the previous ones; the question of their 
introduction by Man and their mode of recent 
settlement remains open. 

- Suncus etruscus of Mediterranean and Tur
kestanian faunal type, whose distribution is limited 
to the most northern part of the country and spreads 
along the Mediterranean basin to Asia and to some 
sub-Saharan countries (Corbet, 1978). 

-The other species, Erinaceus algirus, belongs 
to the Family Erinaceidae, and is widespread 
throughout the North and reaches pre-Saharan 
regions and as far as Saharan regions, and even 
the Mediterranean coast. It is considered an en
demic species of the Maghreb of Palaearctic fau
nal type (Kowalski and Kowalska, 1991 ; 
Aulagnier, 1992). 

The Chiroptera encountered in the deposits of 

Ez Zarka and Chrafate are represented by two 
species showing a kind of contrast: while Asellia 
tridens is a strictly Saharan species, and therefore 
does not occur in the North of Morocco, Myotis 
blythi is purely paleartic . 

Yet, other species of Chiroptera now live in 
the same region, making this locality among the 
richest zones with 12 species of varied faunal 
types: 

- Palaearctic types, w ith a distribution limited 
to the northernmost part of the country: Pipi
strellus pipistrellus, Pipistrellus savii, Rhinolo
phus hipposideros, Rhinolophus euryale, Rhino
tophus mehelyi, Myotis blythi and Rhinolophus 
ferrumequinum (absent from the Tangiers Penin
sula because of the competition with the impor
tant colonies of Rhinolophus mehelyi and Myotis 
blythi). 

- Mediterranean types: Myotis capaccinii, 
Tadarida teniotis; as to Pipistrellus kuhli and 
Miniopterus schreibersi, they have an extensive 
distribution in Africa and Eurasia. 

- Paleotropicals types: Hipposideros caffer oc
curs in the south of the Sahara, but spotted in 
Tangier (Cabrera, 1932). 

From these distribution we conclude that most 
of the types representing this order belong to 
Mediterranean or paleartic faunal types (Kowal
ski and Kowalska, 199 I), with a wide distribu
tion in Europe and Asia. These are species that 
colonized the Maghreb recently due to their great 
capacity to dispersion, by crossing the Strait of 
Gibraltar or by using the Sicilo-Tunisian path; 
the north of Morocco being closer to Europe and 
Italy than to Egypt, which apparently has no 
paieartic species. 

Macroscelidae represented by Elephantulus 
rozeti, an endemic species of North Africa, and 
the distribution of which covers all arid biocli
matic floors, spreads to the South of the Saharan 
floor without penetrating into the heart of the Sa
hara, and to the North in the semi-arid floor 
(Seguignes, 1983 ), in spite of the predominant 
craggy landscape. Likewise, it spreads from the 
west ofMorocco up to the west of Libya, whereas 
its affinities are definitely palaeotropical. It oc
curs also on the slope of the Atlas Mountains; 
while in the Rif Mountains, it is currently local
ized in the eastern zone of AI Hoceima and in the 
region of Melilla, but they are completely absent 
from the Tangiers Peninsula. 

A species of Lagomorphe Lepus cf. capensis? 
excavated from the deposit ofEz Zarka 2 (ZRK2) 
has not been identified with certainty. On the 
other hand, the present state of the North of Mo
rocco presents two species: 

- Lepus capensis, which lives in Africa and 
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Eurasia, the tropical and sub-tropical zone that 
spreads along Morocco from the Tangiers Penin
sula up to the regions of the Sahara of cosmopoli
tan faunal type. 

- Oryctolagus cuniculus spreads, on the other 
hand, over a more restricted area limited to the 
North African parts and West Europe; it is likely 
that it arrived with Man from Europe heading for 
Africa or vice-versa. In Morocco this species oc
cupies the northern part of the country. 

Primates, with the species Macaca sylvanus 
is endemic of North Africa. Thus, it is classified 
among the Mediterranean Palaearctic fauna. We 
can also find it on the other maritime edge of the 
rock of Gibraltar, whose colonies have been peri
odically enriched by imports of captured speci
mens from Morocco (Aulagnier, 1992). 

The extinction of Panthera pardus from the 
north of the country hardly affected the important 
distribution of other tropical Carnivores in the 
same region and whose settlement dates back to 
a recent past. We note the presence of Canis 
aureus, and Felis libyca, with a large distribu
tion throughout the country. This shows an eco
logical ability that permits them to live in a very 
varied medium, characteristically not very much 
encountered with other group of mammals. Thus, 
the species: 

- Vulpes vulpes, Mustela nivalis and Lutra 
lutra of faunal Palaearctic type are distributed 
from the Tangiers Peninsula up to the Sahara. 

- Genetta genetta and Herpestes ichneumon of 
faunal Palaeotropical type can even reach the Sa
haran areas following hydraulic resources. 

Although it is situated in the north west front of 
Morocco, and even of Africa, this region looks 
like a crossroads; rodents, with the predominance 
of the Saharan and later a Mediterranean type, 
appear more varied. The latter differentiated lo
cally because of the climatic oscillation suitabil
ity. Gerbillidae benefited from steppe strips, or 
even larger desert during the dry periods. 
Muridae, on the contrary, reached this region at 
the time of more humid climatic episodes, treat
ing tactfully an inshore fringe with Mediterra
nean vegetation. 

Compared to the previous order, Insectivora 
were characterized by a much slighter penetra
tion into desert areas. In addition, after their 
settlement by the Libyco-Berber path, the Medi
terranean Maghreb became a speciation home 
and a dispersion center for most species of the 
genus Crocidura during geological times. 

Chiroptera present the same components as 
other orders of Mammals, although their propor
tions are clearly different; the majority of species 
are palaearctic, but an important proportion is 
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Mediterranean, a composition which results from 
a recent settlement in the Maghreb coming from 
South West of Europe because of the great dis
persal ability that characterizes them. They 
settled in areas with moderate climatic vagaries 
of the Mediterranean basin, whereas the cold 
weather of central Europe and the drought of the 
Sahara limit their extension; the present-day dis
ruptions of natural ecosystems, such as monocul
ture, the use of pesticides (Qumsiyeh, 1985), are 
also factors that rapidly modify their area. 

Macroscelida have been isolated from an origi
nal population and became endemic order of 
North Africa. The migration of the latter probably 
used large path, either while following some Sa
haran rivers at the time of periods of very humid 
climate, or while crossing the more humid Atlan
tic coast. 

Carnivores make up the majority of palaeotro
pical taxa, but none of them is Mediterranean: a 
characteristic that can be especially explained by 
the recent development of the Mediterranean 
biome, in comparison to the speed of the specia
tion of large-sized animals, especially with a low 
capacity to the constraints of the medium because 
of their size, on the one hand, and of their status 
as predators that exploit various food resources 
easily, on the other hand. This faunas diverge 
then with the expansion of some species in the 
Maghreb (Genetta genetta, Herpestes ichneu
mon) whereas others such as the panther disap
pear progressively in Europe. 

According to Le Houerou ( 1990), other groups 
of macromammals, in particular Ungulates, are 
mainly tropical; they testify a flourishing past al
ready attested by the fossil forms, now extinct 
due to the effect of both climate (desertification) 
and anthropisation. From the Pan-African forms 
ofthe savannahs of the Paleocene, which invaded 
the whole Morocco, only few species remain in 
the North. This extinction was neither compen
sated by the speciation of Gazelles (Gazella 
dorcas) at the time of desertification nor by the 
migration of rare Mediterranean and European 
forms such as Sus scrofa. The progressive regres
sion of the Ungulate is significant; this is due to 
the low adaptive capacity of these Herbivores 
with respect to the current climatic constraints, 
contrary to micromammals, which are affected by 
the migrations of limited palaearctic and Saharan 
elements or enhanced by the Saharan-Arabian 
belt. They turned out to be more adapted on large 
scale to the current environment and reacted to 
the climatic variations of the Quaternary while 
adapting to the extreme environments by their 
evolutionary dynamism. Moreover, since Ungu
lates are generally associated with the presence of 



a continuous and dense vegetable cover, the 
Maghreb being in this case surrounded by the sea 
and desert, and currently constitutes an inacces
sible island for these animals (Darlington, 1957). 

Conclusion 

The presence at that time of fauna of Saharan ori
gin rules out the idea that the North of Morocco 
is a typically Mediterranean region, as previously 
defined by Smith (1983). Indeed, a study carried 
out in the Maghreb on variations concerning the 
levels and salinities of drained or current lakes 
and their dating by isotopic methods permitted to 
reconstitute their history with certainty since 
2000 years (Fig. 1 ). Thus, it was established that 
a great period of aridity coincided with post-gla
cial period during the Upper Pleistocene, 18 000 to 
12 000 BP during which the North of Morocco 
was considered as Sub-Mediterranean zone 
(Petit-Maire, 1984). Furthermore, everything that 
is related to present Sahara desert, although very 
ancient, cannot make us forget that a desert belt 
already existed in the Miocene (Jaeger, 1975; 
Thomas, 1979) when a community of the Ro
dents, Insectivora, Macroscelida etc. settled in a 
favourable environment to the dispersion or spe
ciation of some taxa. During the Lower Pleis
tocene, the climate was characterized by long, 
arid seasons, alternating with relatively wet ones. 
This climate, which became very arid in the 
Middle Pleistocene, contributed to the diversifi
cation of Gerbillinae. Such diversification 
matches desertification (Ameur-Chehbeur, 
1988), the gradual extinction of the archaic lin
eage and the settlement of Arvicanthis. The 
desert belt, with all its consequences, gradually 
changed at the end of the Upper Pleistocene and 
Holocene (Soltanian-Rharbian). The whole fauna 
of the African Savannas reached North Africa and 
came into contact with the fauna of paleartic 
steppes. The biogeographic regions we distin
guish now were remarkably shifted by the last 
Quaternary pluvial period, dating back to about 

1 0 000 years and permitted the natural irrigation 
of areas that are now desert regions (Petter, 
1974). This change had considerable influence 
on such communities: the arrival of Apodemus 
sylvaticus, Mus musculus, for which the Mediter
ranean line ofNorth Africa constituted a more or 
less wide path of migration depending on cli
matic fluctuations. The arrival of fresh water 
through an important air way above the continent 
may be related to rainfall coming from equatorial 
zones (thus linked to the increase of the inter
tropical face) or from the Mediterranean (in con
nection with the depression penetration of the 
Polar face). The great wet phases ended in around 
4000 BP, with the survival of tropical forms: 
Lemniscomys barbarus, which has survived until 
now. Other species underwent decline and migra
tion in this area Psammomys obesus , Asellia 
tridens, the extinction or total disappearance: 
Arvicanthis niloticus, and the differentiation of 
others: Crocidura whitakeri an Crocidura 
russula. The north of Morocco has become a 
Mediterranean zone (N. Petit-Maire, 1984), 
whose current representatives are pilot: four spe
cies of the insectivora, a specie ofMacroscellida, 
12 species of Chiroptera, a specie of Primates, 
two species of Lagomorpha, two Gerbillinaes, 
seven Murinaes, one Myoxidae, one specie of 
Hystricida, 8 Carnivora and two of Artiodactyla. 
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