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Abstract: Conflicting hypotheses have been fonnulated regarding the origin of wood mouse (Apodemus sylvaticus)
populations in northern Africa. ln this study, the mtDNA restriction patterns of mice (n = 28) collected in Tunisia and
Morocco are compared with those of representatives from southern Europe (n = 102). The neighbour-joining tree con-
finns the existence of the three lineages preyiously found in the Mediterranean area: western, Tyrrhenian-BaIkan, and
Sicilian. The western group is isolated from the two others, with bootstrap vaIues of 89 and 95%. Northern African
patterns are included in the western group. Their variability is low, the same pattern being shared by five Tunisian and
ail Moroccan animais (n = 18), caught either in the north of the country (Cap Spartel) or in the south (Marrakech).
This implies that northern African wood mouse populations have a southwestern European origin and that their pres-
ence in the region is probably recent, which corresponds to both paIeontological data and the hypothesis of
anthropogenic introduction. -

Résumé: Des hypothèses contradictoires ont été fomlulées pour expliquer l'origine des populations nord-africaines de
Mulots sylvestres (Apodemus sylvaticus). Cette note compare les patrons de restriction de l'ADN mitochondrial de 28
animaux capturés en Tunisie et au Maroc avec ceux de 102 individus du sud de l'Europe. L'arbre phylogénétique cons-
truit selon la méthode « neighbor joining » confimle l'existence des trois groupes trouvés précédemment dans le bassin
méditerranéen: un groupe occidental, un groupe tyrrhéno-balkanique et un groupe sicilien. La séparation des groupes
tyrrhéno-balkanique et sicilien de la lignée occidentale est fortement soutenue par des valeurs de bootstrap de 89 et
95 %, respectivement. Les patrons nord-africains se rattachent au groupe occidental. Leur variabilité est très faible, le
même patron étant partagé par cinq animaux tunisiens et par tous les mulots marocains (n = 18), qu'ils proviennent du
nord (Cap Spartel) ou du sud (Marrakech) du pays. Ces observations impliquent que les mulots d'Afrique du Nord
prennent leur origine en Europe du sud-ouest et que leur présence en Afrique est probablement récente, ce qui corres-
pond aux données paléontologiques ainsi qu'à l'hypothèse d'une introduction d'origine anthropique.

Introduction (2000), no studies on the origin of species whose distribu-

tion area includes North Africa have been reported
(Demesure et al. 1996; Dumolin-Lapègue et al. 1997). Nev-
ertheless, exchanges surely took place in the Mediterranean
realm, including North Africa, that can explain the presence
of several species on bath continents as weIl as on Mediter-
ranean islands. Saille of these were probably due to human
econornic activity that occurred throughout the Holocene pe-
riod between European and African coasts of the Mediterra-
nean as weIl as between these continents and islands (Vigne

- 1994). Most of these involve anthropophilic marnrnals such

Recently, the phylogeography of several western Palearctic
,pecies bas been explored with success (e.g., Michaux et al.
1998a, 1998b; Santucci et al. 1998; Taberlet et al. 1998;
Durand et al. 1999; Hewitt 1999; Engelbrecht et al. 2000);
:he existence of suture zones that are cornmon to several
;pecies in spite of their different postglacial recolonization
Jatterns bas been demonstrated and the foIe of the Mediter-
:anean peninsulas as glacial refuges and reservoirs bas been
~stablished. However, with the exception of Castella et al.
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Blondel and Vigne 1993). This hypothesis is the one S1
ported by Saint Girons (1972) and Thaler (1973).

2. It arrived through incidental human introductions. It
possible that wood mice were transported with animal or 1
man food from the Near East.

3. The more likely scenario is that it was introduced
humans from regions closest to North Africa, e.g., Sicily
the Strait of Gibraltar. Indeed, archeozoological (KowaJ
and Rzebic-Kowalska; Jaeger 1975) and archeological (Car
1990) studies attest to contacts between human populati,
from North Africa and southern Spain and Sicily since
early Paleolithic.

The first two scenarios (natural YS. human introducti
are in agreement with paleontological data. However, 1\'1
Filippucci (personal communication) doubts the natural e
ern origin because it seems that ecoclimatic condition!
southeastern Turkey, Lebanon, and Israel were never favl
able to the presence of A. sylvaticus, thUg hindering its ]
sage through this region. Apodemus sylvaticus is replace
the Near East by ailier species more adapted to a dry clir
such as Apodemus mystacinus or Apodemus hermone
(Filippucci et al. 1989, 1996). This assumption is stren
ened by the occurrence of two subspecies of an Apode,
linked fiea in North African wood mice that is not foun
the eastern Mediterranean area: Leptopsylla taschenl
amitina lives in the Iberian Peninsula, southem Fra
Morocco, and western Algeria, whereas L. t. calamana 1
more easterly range covering Sicily, Corsica, and peniru

as the dormouse (Eliomys quercinus) and shrews (Crocidura
suaveolens and Crocidura russula) in the laie Neolithic
period and the bouse mouse (Mus domesticus) and black rat
(Rattus rattus) during the Bronze Age and Roman period,
respectively (Sanges and Alcover 1980; Vigne 1983; Reumer
and Sanders 1984). Similarly, other species such as the
Egyptian mongoose (Herpestes ichneumon), common genet
(Genetta genetta), and Algerian hedgehog (Atelerix algirus)
were introduced into Europe from North Africa. Indeed, no
subfossil records of these species are known in Europe be-
fore the Holocene, while their presence in Africa is reported
since the Late Pleistocene (Kurten 1968; Holz and
Niethammer 1990; Kowalski and Rzebik-Kowalska 1991).

The wood mouse (Apodemus sylvaticus) was also intro-
duced into the main islands; its geographic origin bas been
recently discussed (Michaux et al. 1996a, 1998a, 1998b). ln
North Africa, subfossil findings are not known before 5000-
4300 yeaTS ago (2950-2300 B.C.; Jaeger 1975), and differ-
ent hypotheses (Fig. 1) have been formulated to explain its
presence in the Maghreb (i.e., the Mediterranean part of
Tunisia, Morocco, and Algeria):

1. It arrived through a natural colonization process from
populations established in the Near East (Fig. 1). At the end
of the last glaciation, the present desert regions of northem
Egypt and Libya were not arid (Groves and Di Castri 1991;
Blondel and Vigne 1993), allowing the westward migration
of several mammalian species, possibly including A. sylvaticus
(Arambourg 1962; Kowalski and Rzebik-Kowalska 1991;
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Fig. 2. Map of wood mouse sampling 1ocalities (8) in the western Mediterranean area. For an exp1anation of the aIphanumeric codes
see Table 1. Some North African 1ocalities mentioned in the text but where no animais were trapped are aIso shawn on the map (0).
Localities are as fo11ows: 1, Algiers; 2, Bou1emane; 3, Chaouen; 4, Marrakech; 5, Tangier; 6, Temmerkennit; 7, Toubkal Massif.

-2.00"E +8.00 +18.00

compared with those from western Europe and Italy previ-
ously studied (Michaux et al. 1996a, 1998a, 1998b). ln this
way, we intend to clarify whether North African wood mouse
populations are monophyletic or polyphyletic. With respect
to the latter possibility, we test if subdivision matches the
recognized subspecies or is congruent with the double-
colonization hypothesis (3 + 4 in Fig. 1).

Materials and methods

ltaly as weIl as Tunisia and eastem Algeria (Beaucoumu and
Launay 1990). This suggests that North African wood mice
may have a double European origin.

Morphologically, the North African wood mouse bas long
been considered distinguishable from its European relatives,
being first described as Mus hayi Waterhouse, 1837. ln 1886,
Kobelt considered it to be a subspecies of Mus sylvaticus, an
opinion supported by Saint Leger (1931) and Heim de Balsac
(1936). ln 1963, two new subspecies were described by Saint
Girons and Van Bree (1'963), a small one with large tooth
rows, Apodemus sylvaticus ifranensis, and a larger one with
relatively small tooth rows, A. s. rufescens.

Recently, Sarà and Casamento (1995), after accounting for
allometric and nongeographical variation, reported that Alge-
rian and Tunisian wood mice were morphometrically closer
to those of the ltalian peninsula than to those from Sicily
and surrounding islands (Malta, Pantelleria, Marettimo,
Favignana, etc.). Furthermore, they showed the peculiar sta-
tus of the Sicilian mice, later continned by mtDNA analysis
(Michaux et al. 1998b). This may suggest that North Africa
bas been colonized directly from northem or central ltaly
and not via Sicily, or that another colonization event oc-
correct in Sicily after the passage of mice to North Africa.
However, we must point out that in the wood mouse, mor-
phological differentiation related to allometric change seems
to be independent of the mtDNA characteristics of popula-
tions. Indeed, considerable size variation bas been reported
in populations with the same origin. The insular populations
of Elba, Porquerolles, and Ibiza are probably the most illus-
trativeexamples (Libois and Fons 1990; Michaux et al. 1996b,
1998a).

ln the present paper, the genetic variability of mtDNA in
North African wood mice is described and populations are

A total of 28 wood mice were trapped in North Africa in baited
Manufrance or Sherman traps. Three regions were sampled, de-
pending on the distribution of the subspecies: (i) the Mediterranean
belt in Tunisia and Morocco, mostly near Tangier (locus typicus of
Apodemus sylvaticus hayl'); (il') forests between Ifrane and Boulemane
in the Middle Atlas Mountains, Morocco (locus typicus of
A. s. ifranensis) and in Azrou, the supposed boundary between the
ranges of A. s. hayi and A. s. ifranensis (Saint Girons and Van Bree
1963; Saint Girons 1972); and (iii) the Toubkal massif near Taddert
in the High Atlas Mountains, where A. s. rufescens is present, ac-
cording to Saint Girons and Van Bree (1963).

Previously published data (Michaux et al. 1996a, 1998a, 1998b)
from the European part of the western Mediterranean area were
also included, as weIl as two specimens of the yellow-necked field
mouse (Apodemus jlavicollis) as outgroups. The geographic origin
of the animals is illustrated in Fig. 2 and detailed in Table 1.

Mitochondrial DNA was isolated and processed with two re-
striction endonucleases as described in Michaux et al. (1996a). AlI
distinctive mtDNA restriction fragment patterns were assigned a
number when produced by RsaI or an alphabetical code when pro-
duced by Haelli. Each animal was thus assigned an alphanumeric
code. AlI specimens with the SanIe composite restriction pattern
were considered to have the same mtDNA haplotype.

Genetic distances were computed using Nei and Li's (1979) index
of nucleotide sequence divergence, p. A neighbour-joining tree

@ 2001 NRC Canada
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Table 1. Geographic coordinates and codes for trapping localities.

Locality
code

Longitude
(l/OOth deg.)

No. of
animaisLocality

Latitude
(l/OOth deg.) Date

Bu! 41.41 23.35 November 1995

F2
F4
FIO

42.50
43.51
44.37

3.13
6.81
3.53

February 1993
May 1994
February 1996

6
4
2

CI
C4

42.40
41.38

8.71
9.21

10
3

April 1993
April 1995

Il
12
15
16

42.26
42.88
38.14
44.35

Il.75
Il.09
15.87
7.50

15
2
4

December 1992
December 1992
January 1994
May 1994

Sal
Sa2

40.75
40.82

8.98
9.11

6
3

December 1992
December 1992

Sil
Si2

37.92
37.95

14.40
13.36

3
3

January 1994
January 1994

Pl
P2

38.58
38.96

-8.65

-9.27
March 1996
March 19963

84
87
88
89

42.68
38.70
37.08
39.47

0.18

-0.46

-6.49

-5.83

2
20

May 1995
May 1995
January 1996
March 19963

Mal
Ma2

39.79
39.73

2.87
2.82

3
6

October 1997
October 1997

Bulgaria
Petric

France
Banyuls sur Mer
Estérel
Ispagnac

Corsica
Galeria
Bonifacio

Italy
Tarquinia
Grosseto
Gambarie
Cuneo

Sardinia
Pietro
Santo Antonio

Sicily
Ficuzza
Grateri

Portugal
Setubal
Yale de Guarda

Spain
Torla
Alcoy
Coto Doiiana
Trujillo

Balearic Islands
Lluc
Alamédra

Morocco
Cap Spartel
Azrou
Ifrane
Djebel Tichtrar
Azgour

Tunisia
Zaghouan
Aïn Draham

Ml
M2
M3
M4
M5

35.79
33.40
33.48
33.46
31.42

-5.92

-5.17

-5.02

-4.86

-7.52

7
4
2
3
2

March 1997
March 1997
March 1997
March 1997
March 1997

Tul

Tu2

36.40
36.78

10.14
8.69

January 1995
January 1995

6
4

was constructed from the matrix of the p values. The robustness of
the inferences was assessed through bootstrap analysis (1000
replicates) (Treecon program version 1.2; Van De Peel and De
Wachter 1996).

Results

A total of 130 wood mice representing 29 populations
from the western part of the Mediterranean basin were ana-
lysed (Table 1). Fifty-four different fragments were obtained
after digestion by Haeill and RsaI. Data concernirig differ-
ent fragment sizes are available upon request from J .R.M.

A total of 53 different haplotypes were obtained from the
animals examined (29 for Haeill and 40 for RsaI, Dot in-
cluding those of A. jlavicollis). Some of the se are illustrated
in Fig. 3. No differeQce was observed in the totallengths of

the mtDNA as recalculated after interpretation of each res1
tion pattern, a potential problem raised by Tegelstrôm
Jaarola (1989). The neighbour-joining tree (Fig. 4) shows
the outgroups are weIl separated from all the other aniI
at a high level of divergence (>7 %) and robustly (boots
value = 100%). The other haplotypes are distributed wi
the three distinct clusters aIready described for western Eur
i.e., western (Spain, France, Balearic Islands), Tyrrheni
Balkan (Italy, Corsica, and Sardinia and a Bulgarian haplo~
Be76), and Sicilian groups (Michaux et al. 1996a, 19~
1998a, 1998b). ln Tunisia, four different haplotypes v
found, one of these (Ao54) being the only one presen
Morocco. These haplotypes, which are very similar to f
other, form a well-defined subgroup (bootstrap value = 9
inside the western lineage (Fig. 4), an observation th~
confumed by cytochrome b gene sequencing results (J.R

@ 2001 NRC C2
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Fig. 3. Restriction patterns after Haelli endonuclease digestion
of wood mouse mtDNA. Patterns and localities, respectively, are
as fo)lows: lane 1: A, Il; lane 2: A, 15; lanes 3 and 4: W, Si1;
lanes 5 and 6: Ao, Tu2; lane 7: Ao, Tu!; lane 8: Aq, S7. The
leftmost lane is phage Â DNA digested by Bgl l to produce frag-
ment size markers, some of them indicated by a b1ack triangle
on the left (from top to bottom: 1650, 790, 562, and 366 bp).

unpublished data). The mean intragroup divergence level be-
tweeD haplotypes is 0.76%, significantly lower (t test, p =
0.05) than the phylogenetically re1ated continental groups
(France: 1.19%, p = 0.01; Spain: 0.96%, p = 0.046).

The phylogenetical1y nearest western hap1otype (Bg63)
bas been observed in a mou se from central Spain (S9). Its
genetic distance from the African Ao54 haplotype reaches
1.44%, a divergence 1evel that is usually observed among ani-
mals from the same trapping site (e.g., 1.29% between Aq60
and Ar61 from S7 (Alcoy); other examp1es appear in Michaux
et al. 1996a).

Discussion and conclusions

Our data show that North Mrican wood mice belong to
the A. sylvaticus group, which is weIl separated from the
outgroup A. jlavicollis. Furthennore, they are part of a well-
defined lineage linked to the western lineage of mtDNA
haplotypes and distinct from the Sicilian and Tyrrhenian-
Balkan ODes. The present results are in accordance with
those of Gemmeke et al. (1987), who found that the A allele
of transferrin is shared by Tunisian and western European
(portugal, Spain, France, Gennany) mice, whereas the animals
of the Tyrrhenian-Adriatic region (Italy, Sardinia, Croatia)
are characterized by the presence of the Band C alleles.
These observations strongly suggest that North African wood
mouse populations might have a southwestern European ori-
gin. Indeed, there are no genetic affinities between them and
either the Sicilian, Italian, or Balkan populations. Therefore,
the first three colonization hypotheses (Fig. 1) are not sup-
ported. The phylogenetically nearest European haplotype,

Bg63, was found in the central part of the Iberian Peninsula.
This observation suggests that the introduction probably oc-
curred via the Strait of Gibraltar.

From fuis perspective, the presence of two subspecies of
L. taschenbergi in North Africa is surprising. Their passage
probably happened after their differentiation, which could
have occurred during a Quatemary gl~al episode (Beaucoumu
1976). Consequently, it can be assumed that their presence
in North Africa is the result of a double immigration from
Europe. The presence of L. t. amitina is easily understood.
Indeed, the flea was probably introduced from Spain with
the wood mice.

The presence of L. t. calamana is more complicated and
two hYP9theses can be proposed. (1) This subspecies arrived
recently on secondary hosts such as the bouse mouse and
black rat, which invaded the Mediterranean realm during the
Bronze Age and !ron Age, respectively (Auffray et al. 1990;
Audoin-Rouzeau and Vigne 1994). However, based on fuis
hypothesis, the western flea, L. t. amitina, which probably
arrived in North Africa earlier, could have had time to invade
the eastern regions, considering the absence of its principal
competitor. Therefore, we should find both subspecies in
Tunisia, which is Dot the case. (2) Leptopsylla taschenbergi
calamana could have reached northeastern Africa with its
usual host, A. sylvaticus. ln fuis case, the absence of Sicilian
or Tyrrhenian mtDNA haplotypes could reasonably be ex-
plained by intraspecific competition. Once established, the
resident mice could have been reluctant to accept new invaders,
developing unusual aggressiveness towards the newcomers
and excluding them from the reproductive process (Granjon
and Cheylan 1989). Another hypothesis involves the
progressive elimination of the foreign mtDNA lineages by
assortative matings. ln the bouse mouse, mate-choice deci-
sions depend DOt only on behaviour (preference for the dom-
inant male) but also on genetic determinants (Lenington 1982;
Laukaitis et al. 1997). Similarly, the absence of Tyrrhenian
haplotypes in Sicily bas also been reported (Michaux et al.
1998b), despite the narrow Strait of Messina (3 km).

The analyses reveal also that the North African lineage
ranges ail over the African distribution area of the wood
mouse, i.e., from Morocco to Tunisia and probably through-
out Algeria (mtDNA data are lacking for that country). This
great similarity throughout North Africa was already high-
lighted by the allozymic study of Filippucci (1992) (Nei's
distance, D = 0.008). However, ail ber North African sam-
pIes were collected in the Mediterranean biome and Dot in
the mountains where the above-mentioned subspecies have
been described. Nevertheless, the present data confinn a lack
of variability, even between animals that were caught either
at long distances from each other or in the loci typici of the
North African subspecies, i.e., where some genetic differ-
ences could a priori be expected.

From a taxonomic point of view, the present data rein-
force the opinion of Kowalski and Rzebik-Kowalska (1991),
who, based on morphological characters, invalidated the
taxa A. s. ifranensis Saint Girons and Van Bree, 1963 and
A. s. rufescens Saint Girons and Van Bree, 1963 and consid-
ered that the wood mouse was monotypic throughout the
region. ln fact, the description of these subspecies caused
some confusion, since the limits of their distribution are DOt
clear and do Dot correspond to a geographic or ecoclimatic

@ 2001 NRC Canada
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Fig. 4. Neighbour-joining cree for the 55 wood mouse mtDNA haplotypes indicated by their alphanumeric code (in the first parentheses).
The number of wood mice corresponding to a given restriction pattern is indicated, by locality, in the second parentheses. Locality
codes (see Fig. 2 and Table 1) are shown in boldface type. Numbers over branches indicate bootstrap support (1000 replicates).

Northern
Africa

Q~I 1 1% 1
Tu1(Ao56) (1)

- Tu2(Ao55) (3)

Tu1;~1.2,3,4,S(Ao54) (5;18)

Tu2(Ap54) (1)

France,
Spain,
Portugal
Balearic
Islands

S9(Bg63) (1)

F2(N26) (1)

F2(L27) (1)

F2(C>25) (2)

F2(L25) (1)

F10(Bd74) (2)
IIIl S7(Aq62) (1)

Jj S7(Aq70) (3)

S7(Aq64) (1)
S7(Aq60) (4)

1 r S7(Aq57) (1)
L l . S4(Ax58) (2)

S7(Aq58) (1)

S7(Aq59) (3)

S7(Aq29) (2)

F4(An29) (4)
. S7(As59) (1)

~ S7(A.r29) (1)

- S8(Bf74) (1)

. :M:a2(Bj81) (2)

:M:a1(Br:n79) (1)
~rl :M:a2(B179) (2)

:M:a2(B182) (2)

:M:a1(B180) (2)
. P1,S9(A.r78) (1. 1)

- P2,S9(A.r57) (3. 1)

- F2(R24) (1)

- S7(A.r61) (1)

S7(Aq61) (1)

89

Bu 1(Be76) (1)

Sa2(023) (3)

Sa1(E22) (6)

I2,I6(F22) (2.1)

I1(A4) (4)

I1(A2) (7)

I1(A3) (2)

IS(A17) (4)
--1 I1(A9) (2)

. C1(H18) (2)

C1(H15) (2)

C1(I15) (2)

C1(A19) (4)

C4(Av68) (1)
- C4(A69) (2)

Si2(Ac47) (2)
. Si1("W"52) (1)

Si1(Ab48) (1)

I Si1(Aa48) (1)
- Si2(Aa50) (1)

A. flavicollis .z
A. flavicollis 2

83

Italy,
Corsica,
Sardinia,
Bulgaria

951

Sicily
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types aIready divergent from the other haplotypes. Indeed,
refuge regions such as the Iberian Peninsula are generally
characterized by a high diversity of mitochondrial types
(Avise 2000) that evolved separately, sometimes over a long
period. For example, the level of genetic divergence be-
tweeD the Spanish haplotypes Ar6l and Aq 29 or Aq 59 are
1.64 and 1.6%, respectively, suggesting a separation time of
820 000 - 800 000 years. A reverse situation (i.e., low ge-
netic variability in Europe) bas recently been observed in the
greater white-toothed shrew, C. russula (J.F. Cosson, per-
sonal communication, 1999), supporting Catzeflis' (1984)
opinion about the recent introduction of this species from
North Africa, where the genetic variability among popula-
tions is greater. (2) There was a recent expansion from a
small area of original "inoculation," in which the inoculation
occurred during the Early to Middle Pleistocene, as sug-
gested by the degree of genetic distance. But how can the
fact that this founder population did not invade other North
African regions during a period of at least 600 000 years be
explained, considering that the ecoclimatic characteristics of
these regions in the Pleistocene were favourable for wood
mice (Jaeger 1975; Blondel 1995)? Moreover, this hypothe-
sis is at odds with the paleontological data (Jaeger 1975).

It is concluded that the wood mouse in North Africa origi-
nated from southwestem Europe and is probably a recent
anthropogenic introduction. More samples from southern
Spain would provide information about the precise location
of the source of the immigrants, and data about Algeria
could help to confirm the lack of genetic variability through-
out the African range of the species.
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personal communication, 1999; Burgio 1998) and explains
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