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Abstract The Egyptian weasel (Mustela subpalmata) is a

small mustelid with a distribution restricted to the lower

Nile Valley and the Nile Delta. Traditionally considered a

subspecies of the least weasel (M. nivalis), it is currently

recognized as a separate species based on morphology.

Here we present the first genetic assessment of the taxo-

nomic status of the Egyptian weasel by comparing mito-

chondrial DNA (Cytochrome b gene and control region)

sequences to those of least weasels from the western

Palearctic, with a focus on the Mediterranean region. Our

results provide no evidence to support the view that the

Egyptian weasel is genetically distinct from the least

weasel, as we found that, for both Cytochrome b and

control region, haplotypes were shared between the two

taxa. Specifically, the Cytochrome b and control region

haplotypes detected in the Egyptian weasel were also

present in M. nivalis from Turkey and Malta, two popu-

lations genetically analysed here for the first time. Our

results suggest that the Egyptian weasel is distinct from the

least weasel populations currently living in the Maghreb,

which were inferred to be the result of an earlier colo-

nization of North Africa, but the genetic data alone do not

allow us to determine whether the Egyptian weasel is

native or introduced. Nevertheless, the observed genetic

patterns, together with the weasel fossil record in Israel and

the unique commensal lifestyle of the Egyptian weasel, are

consistent with the hypothesis that the Egyptian population

is a relict of past range expansion from the Levant into

Egypt. We suggest that the large size and characteristic

sexual dimorphism of the Egyptian weasel are likely to

represent ecotypic variation, but genomic studies are

required to clarify the extent of its functional genetic

divergence.
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Introduction

The least weasel (Mustela nivalis Linnaeus, 1766), the

smallest mammalian carnivore in the world, has a wide

Holarctic distribution stretching from northern Africa and
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southern Europe, including most of the larger Mediter-

ranean islands, across Asia–North America (Sheffield and

King 1994). Over this vast range, the species displays

extensive and complex geographic variation in body size,

coat colour and skull measurements, and this has led to

several studies concerning its intraspecific taxonomy and

evolutionary history (e.g. van Zyll de Jong 1992; Abramov

and Baryshnikov 2000; Lebarbenchon et al. 2010), yet

many issues remain unresolved.

The little known Egyptian weasel (Mustela subpalmata

Hemprich and Ehrenberg, 1833), with a distribution con-

fined to the lower Nile Valley and Nile Delta of Egypt, was

traditionally considered a subspecies of M. nivalis (Osborn

and Helmy 1980; Sheffield and King 1994; Kingdon 2001).

Given its restricted and isolated distribution, with the

nearest populations overland in Lebanon and Tunisia, and

being largely a human commensal (Flower 1932; Setzer

1952; Handwerk 1993; Hoath 2009), it has been hypothe-

sized to derive from historical introduction (Frank 1985),

possibly by the Romans (Cretzschmar 1826). On the other

hand, Dayan and Tchernov (1988) suggested that the

Egyptian population is a glacial relict. The Egyptian

weasel tends to be larger than least weasels, except pos-

sibly those from Malta (Thomas 1895; Barrett-Hamilton

1900; Miller 1912; but see Abramov and Baryshnikov

2000). However, it is similar in size to M. nivalis fossils

from Israel—from where weasels are currently absent—

dated to the Natufian (ca. 11,000 years BP), Chalcolithic

(ca. 6000–5300 years BP) and Early Bronze Age (ca.

5000 years BP) (Dayan and Tchernov 1988). The pelage of

the Egyptian weasel shows an irregular demarcation line

between the brown dorsal region and the pale underside, as

well as variable brown patches in the venter (‘‘vulgaris’’

type colour pattern, Frank 1985; see also Niethammer

1973). Similar coat patterns are found in least weasels from

Malta, Sardinia, the Balearic Islands, Turkey, and across

the European mainland from the Iberian Peninsula to

Poland and Bulgaria (Barrett-Hamilton 1900; Abramov

and Baryshnikov 2000).

More recently, the Egyptian weasel has been proposed

as a separate species based on cranial morphometrics,

differences in the degree of sexual size dimorphism, and

body length (van Zyll de Jong 1992; Reig 1997; Abramov

and Baryshnikov 2000; McDonald and Hoffmann 2008).

Both van Zyll de Jong (1992) and Reig (1997) stressed the

importance of assessing the taxonomic status of the

Egyptian weasel using genetic data. However, despite

several recent molecular studies on the phylogeny of the

genus Mustela (e.g. Kurose et al. 2008; Harding and Smith

2009) and on the phylogeography of the weasel in the

Western Palearctic (Lebarbenchon et al. 2010; McDevitt

et al. 2012), samples of the Egyptian weasel have never

been genetically analysed.

The aim of this study was to investigate the phyloge-

netic position and taxonomic status of the Egyptian weasel

using mitochondrial DNA (mtDNA). To this end, we

compared nucleotide sequences of mitochondrial Cyto-

chrome b (Cyt b) gene and control region (CR) of Egyptian

weasels with those of least weasels from across the western

Palearctic, with a particular focus on the Mediterranean

region. Because of its relatively fast evolutionary rate,

mtDNA has been widely used to infer phylogenetic rela-

tionships and to clarify taxonomic issues within species

and among closely related species (e.g. Poulakakis et al.

2005; Whittaker et al. 2006; Tamar et al. 2014). The

rationale for including CR sequences was that in mammals

the nucleotide substitution rate in the CR is higher than in

the Cyt b gene (Pesole et al. 1999), and thus it might

provide improved phylogenetic resolution when divergence

is recent (Garcia-Rodriguez et al. 1998). This study has

practical implications because although the Egyptian

weasel is common and currently not threatened (McDonald

and Hoffmann 2008; Hoath 2009), its limited geographic

range makes it important to assess its taxonomic status,

origin and whether it is a restricted endemic. The results

also contribute to a better understanding of the evolution-

ary and biogeographic history of weasels in North Africa.

Materials and methods

Samples, sequences and laboratory procedures

We gathered samples of the Egyptian weasel (n = 3) and

of least weasels from Turkey (n = 21), Greece (mainland

and Crete, n = 23), Italy (mainland and Sicily, n = 4),

Tunisia (n = 1), Malta (n = 8) and the Balearic Islands

(n = 3). We also included a previously published com-

prehensive set of Cyt b and CR sequences of least weasels

from the western Palearctic (Lebarbenchon et al. 2006,

2010) and additional Cyt b sequences from Poland

(McDevitt et al. 2012) and CR sequences from central

Eurasia (Kurose et al. 2005). Locations and other details of

the analysed samples and sequences are given in Fig. 1 and

Table A1 of Electronic Supplementary Material.

Tissue samples were obtained from road-kills, animals

found dead of unknown causes, live-trapped individuals,

and specimens in institutional collections. Samples were

preserved in a salt-saturated solution of 20 % DMSO in

water or in absolute ethanol and stored at -20 �C. Geno-

mic DNA was extracted from tissue samples using the

DNeasy Blood and Tissue Kit (Qiagen) following the

standard protocol for animal tissue.

We amplified and sequenced the complete Cyt b gene

(1140 bp) with the following two primer pairs which

generated overlapping fragments: L14979 (50-
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CCACTATTCCYACATGGA-30) and H15791 (50-AATG-

TAGTTGTCTGGGTC-30); L15533 (50-CGGTAGAAT-

GRATCTGAG-30) and H16204 (50-CCCTTTGGYTT

ACAAGAC-30) (Fernandes et al. 2008). We also

sequenced the left domain of the CR using the primers

CAN CR F (50-AAACCCCACCRTCAGCAC-30) and

MUS CR R (50-CCGTGACCATTGACTGAA-30) (Costa

et al. 2013). Polymerase chain reactions (PCRs) were

carried out in 15 ll volumes containing 0.6 U of Surf Hot

Taq DNA polymerase (Stabvida), 1X PCR buffer, 2 mM

MgCl2, 0.2 mM of each dNTP (Bioline), 0.5 lM of each

primer and approximately 50 ng of DNA. The PCRs were

performed with an initial denaturation at 95 �C for 15 min,

followed by ten cycles of 94 �C for 30 s, 55 �C for 30 s,

and 72 �C for 30 s, 25 cycles of 94 �C for 30 s, 50 �C for

30 s, and 72 �C for 30 s, and a final extension at 72 �C for

10 min. The results of the PCR amplifications were visu-

alized on 2 % agarose gels, and the PCR products were

purified using ExoSAP (Hanke and Wink 1994) and

sequenced in both directions at Macrogen Inc. The Cyt

b sequences were assembled, aligned, and edited using

SEQUENCHER 4.7 (Gene Codes Corporation). Since insertion/

deletions (indels) led to uncertainty in the CR alignment,

we used M-COFFEE (Wallace et al. 2006), a meta-aligner

that combines the solutions of alternative alignment

methods, to estimate a consensus alignment. We combined

the three top-performing methods (PROBCONS, T-COFFEE and

MAFFT) in a recent benchmark study of sequence alignment

algorithms (Thompson et al. 2011), with MAFFT being

previously shown to be highly accurate when dealing with

indel-rich sequences (Golubchik et al. 2007).

Statistical analysis

Sequence alignments of the Cyt b gene and CR were anal-

ysed with FABOX 1.41 (Villesen 2007) to collapse identical

individual sequences into representative haplotypes for

phylogenetic analysis. Substitution saturation in both data

sets was checked using the index of substitution saturation

(ISS) of Xia et al. (2003) in DAMBE 5.3.74 (Xia 2013); the

null hypothesis of this test is that there is saturation. Selective

neutrality of the Cyt b data was tested with a codon-based

likelihood approach for comparing the number of synony-

mous (dS) and non-synonymous (dN) substitutions per site

(Muse and Gaut 1994; Pond and Frost 2005); computations

of dN and dS were conducted using HYPHY (Pond et al. 2005)

within MEGA 6.0 (Tamura et al. 2013).

Phylogenetic analyses were performed using Bayesian

inference (BI) and maximum likelihood (ML) as imple-

mented in MRBAYES 3.2.5 (Ronquist et al. 2012) and

GARLI 2.01 (Zwickl 2006), respectively. GARLI has been

shown to be one of the most effective ML algorithms in

exploring tree islands and in finding good trees on those

islands (Morrison 2007). As outgroups, we used sequences

Fig. 1 Map showing the location of the samples collected in this

study (black dots) and of previously published sequences included in

the analyses (white dots). Also shown are the distributions of the

Egyptian weasel (dark grey) and least weasel (light grey) in the

Western Palearctic (McDonald and Hoffmann 2008; Tikhonov et al.

2008)
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of mountain weasel Mustela altaica (Pallas 1811), Siberian

weasel Mustela sibirica (Pallas 1773), stoat Mustela

erminea (Linnaeus 1758) and American mink Neovison

vison (Schreber 1777) downloaded from GenBank (acces-

sion numbers respectively for Cyt b and CR as follows:

KC815122, KC815122; HM106317, HM106317;

EF689078, AB049787; EF689073, HM106322). These

outgroups were chosen based on previously published

phylogenetic hypotheses for the genus Mustela (Koepfli

et al. 2008; Kurose et al. 2008; Harding and Smith 2009;

Sato et al. 2012). The Cyt b alignment was partitioned by

codon position. For each data set, analyses in MRBAYES

were conducted with two parallel runs, each with four

Markov chains (one cold and three heated), default heating

parameter (t = 0.1), and 20,000,000 generations. The first

5,000,000 generations were discarded as burn-in phase, and

chains were sampled every 500 generations thereafter. The

entire general time-reversible (GTR) substitution model

space was sampled within the analyses (Huelsenbeck et al.

2004). Convergence was indicated by an average standard

deviation of split frequencies between parallel runs of

\0.01. Support for tree nodes was determined according to

the values of Bayesian posterior probability obtained in a

majority-rule consensus tree (Holder et al. 2008).

For the ML analysis, the best-fit model of nucleotide

substitution was determined using the Bayesian information

criterion (BIC; Schwarz 1978) in JMODELTEST 2.1.7 (Darriba

et al. 2012). The high accuracy and precision of BIC in

evolutionary model selection has been recently demonstrated

(Luo et al. 2010). The selected models were HKY ? I ? G

for the CR and TrNef ? I, HKY and TIM1 for the first,

second and third codon positions of Cyt b, respectively. The

ML analyses in GARLI consisted of ten independent runs,

which were terminated automatically after 5000 generations

with no significant (P\ 0.01) improvements in topology

scoring. To assess confidence in tree topologies, 1000 boot-

strap replicates were executed and majority-rule consensus

trees were constructed (Berry and Gascuel 1996). Consensus

trees were computed with SUMTREES 3.3.1 of the DendroPy

library (Sukumaran and Holder 2010) and visualized and

edited with TREEGRAPH 2.4.0 (Stöver and Müller 2010).

Genealogical relationships among haplotypes were also

inferred using a median-joining network (Bandelt et al.

1999) created in POPART 1.7 (http://popart.otago.ac.nz).

To further investigate the affinities of the Egyptian

weasel with least weasels in neighbouring areas of the

Mediterranean Basin, we computed the net average dis-

tance between populations (Da, Nei 1987) and pairwise UST

(Excoffier et al. 1992) under the Tamura–Nei model (Ta-

mura and Nei 1993) in ARLEQUIN 3.5.2.1 (Excoffier and

Lischer 2010). Statistical significance was tested using

20,000 permutations.

Results

The ingroup Cyt b alignment consisting of 171 sequences of

1117 bp contained 100 (9 %) polymorphic sites, of which

56 (5 %) were parsimony informative, and yielded 65 hap-

lotypes. The corresponding CR alignment, with a length of

509 bp, was composed of 138 sequences that contained 11

(2 %) sites with alignment gaps, 30 (6 %) segregating sites

and 21 (4 %) informative sites, resulting in 57 haplotypes.

New haplotypes were deposited in GenBank (accession

numbers KP455993-KP456013; Table A1).

Several observations indicate that the sequences pro-

duced were mitochondrial and not nuclear-integrated

copies of mtDNA. First, they were unambiguous and

highly similar to published homologous sequences of M.

nivalis (average number of nucleotide differences in Cyt

b and CR: 12.1 and 3.8, respectively). Second, the two

primer combinations for Cyt b gave the same sequence in

each individual. Lastly, the Cyt b alignment did not include

indels and stop codons and showed a bias against guanine

at third codon positions (4.6 % of guanines compared with

22.3 and 13.4 % at first and second codon positions,

respectively) and against second codon position substitu-

tions (average ML pairwise distance of 0.2 % compared

with 0.9 and 8.2 % at first and third codon positions,

respectively).

No substitution saturation was evident for either Cyt b or

CR alignments, as in both cases the ISS was significantly

less than the critical value (P = 0.000), but DAMBE

estimated a greater amount of phylogenetic information in

the former data set. The null hypothesis of neutral evolu-

tion could not be rejected (P[ 0.05) for any of the Cyt

b codons.

The Bayesian and ML inferences of the phylogenetic

relationships of the Cyt b and CR haplotypes are given in

Figs. 2 and A1 of Electronic Supplementary Material,

respectively. The Cyt b topologies were highly congruent

with the exception of a few nodes that had lower support in

each tree. Their overall similarity was 96.3 % as deter-

mined by Compare2Trees (Nye et al. 2006). The CR trees

were less congruent with each other, and the ML tree was

less resolved with nodes with lower support (bootstrap

proportions\0.7). A lower phylogenetic resolution in CR

than in Cyt b of least weasels was also observed by

Lebarbenchon et al. (2010) and this could be due to

homoplasy caused by the high mutation rate of the CR.

The Egyptian weasel showed a single haplotype both for

Cyt b (CB1) and CR (CR1). Haplotype CB1 was also found

in Turkey, Crete, Malta and Minorca, while haplotype CR1

was shared with Turkey, Malta, Minorca, Mallorca, Sar-

dinia and Romania (Table A1). In both BI and ML anal-

yses, haplotype CB1 clustered with haplotypes from

194 Genetica (2016) 144:191–202
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Turkey, Crete, Mallorca, Sardinia, Serbia and Poland

(Clade I; Fig. 2). In the Bayesian tree, Clade I further

grouped with haplotypes from mainland Greece (CB27–29)

and the remaining haplotype from Crete (CB14). Other

clades consistent between the two phylogenetic methods

included haplotypes from Eastern Europe (Clade II), the

Maghreb (Clade III), Turkey–Italy–Sicily–Corsica (Clade

IV) and from across mainland Europe (Clade V; Figs. 2, 3).

Fig. 2 Majority-rule consensus trees of the Bayesian (left) and

maximum likelihood (right) analyses of Cytochrome b haplotypes.

Numbers above branches are, respectively, Bayesian posterior

probabilities and bootstrap values. Haplotype codes are as in

Table A1. The haplotype found in the Egyptian weasel (CB1) is

indicated in bold. Symbols next to clade names correspond to those

used in Fig. 3. Geographic distribution of clades is given on the right

Genetica (2016) 144:191–202 195

123



The Cyt b median-joining network (Fig. 4) revealed a

haplotype genealogy concordant with the phylogenetic

trees, whereas the CR network (not shown) contained

several loops, i.e. equally parsimonious alternative con-

nections among haplotypes, which are indicative of

homoplasies. The Cyt b network displayed more informa-

tion on the relationship between clades and between hap-

lotypes within each clade than the phylogenetic trees.

Pairwise Cyt b Da distances between the Egyptian

weasel and least weasels from neighbouring areas of the

Mediterranean Basin varied from 0 to 1.34 % (Table 1),

well within the range of Cyt b variation observed in least

weasels (Lebarbenchon et al. 2010) and in mammals in

general (Bradley and Baker 2001). Differentiation mea-

sured by UST ranged from zero between Egypt and Turkey

or Malta to 0.89 between Egypt and Sicily (Table 1).

Discussion

This is the first molecular study to assess the phylogenetic

position and taxonomic status of the Egyptian weasel. Our

results provide no evidence to support the view that the

Egyptian weasel, currently classified as M. subpalmata, is

genetically distinct from the least weasel M. nivalis. In the

following, we discuss the implications of the findings of

this study for our understanding of the origin and taxonomy

of the Egyptian weasel.

Origin and history of the Egyptian weasel

Texts from Classical Antiquity show evidence that weasels

were used for rodent control (Frank 1985; Masseti 1995).

In the Near East, rodents such as the house mouse Mus

musculus and the black rat Rattus rattus have been com-

mensal since at least the Neolithic and the Chalcolitic

(Cucchi and Vigne 2006; Ruffino and Vidal 2010). It is

likely that weasels would have been attracted to cultivated

fields and grain storages, as they are today in rural areas

across their range (Sheffield and King 1994). Moreover, the

fact that the only known M. nivalis fossils from Cyprus are

dated to the Late Bronze Age or Early Iron Age

(1600–1050 years BC; Lehmann and Nobis 1979), a period

in which Canaanite-Phoenician trade and presence in

Cyprus intensified (Negbi 1992), may indicate ancient

anthropogenic transport in the eastern Mediterranean.

Therefore, a hypothesis for the origin of the Egyptian

weasel is through introduction from the Levant in the Late

Bronze Age when the region was under Egyptian control

(Weinstein 1981) or later, in the Early Iron Age, as Egypt

remained an important destination for Phoenician trade

(Ballard et al. 2002; Evian 2011), including wildlife

(Goudsmit and Brandon-Jones 2000). Introduction from

Crete, which is relatively close geographically to Egypt

and where the least weasel population shares haplotype

CB1 with the Egyptian weasel, is contradicted by the

absence of haplotype CR1 in the Cretan weasel and by the

Fig. 3 Geographic distribution of the clades identified in the

phylogenetic analyses of Cytochrome b. Black triangles Clade I,

grey circles Clade II, white circles with black dot Clade III, white

pentagons Clade IV, white stars Clade V. Dark and light grey

represent respectively the distributions of the Egyptian weasel and

least weasel in the Western Palearctic (McDonald and Hoffmann

2008; Tikhonov et al. 2008)
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fact that this population has a pelage coloration of the

‘‘nivalis’’ type, in which the demarcation line between the

upper-brown and the lower-white colours is straight (Bate

1905).

The sharing of both CB1 and CR1 haplotypes between

the Egyptian weasel and the least weasel population in

Turkey is also compatible with the hypothesis that the

Egyptian weasel is a relict of past range expansion from the

Levant into Egypt (Dayan and Tchernov 1988), possibly

during a mesic period of the Holocene (Dobson 1998).

Accordingly, the Egyptian weasel is similar in size to M.

nivalis fossils from the Pleistocene–Holocene transition up

to the Early Bronze Age of Israel (Dayan and Tchernov

1988). In contrast, signs of body size reduction in weasels

in the Levant, compared with fossils from the mid-Holo-

cene (Dayan and Tchernov 1988), may be inferred from

fossils from the Iron Age (1200–475 years BC; Dayan

1997) and Hellenistic period of Israel (250–150 years BC;

Bar-Oz and Dayan 2001). This size reduction could be due

to the climatic cooling after the Holocene climatic opti-

mum (Staubwasser and Weiss 2006; Finné et al. 2011), as

size in weasels is positively correlated with temperature

(Marciszak and Socha 2014). Thus, the hypothesis that the

Egyptian weasel originates from an earlier natural colo-

nization is more consistent with the known weasel fossils

in Israel.

The weasel is currently not found in the Levant south of

Lebanon but was present in Israel and Jordan at least until

the first millennium BC (Bar-Oz and Dayan 2001).

Increased aridity in the region during the last two millennia

BC (Kaniewski et al. 2008; Finné et al. 2011) may have

caused the extinction of the weasel in the southern Levant.

Meanwhile, the Egyptian population may have found a

mesic refuge in the Nile Delta and, by establishing a

commensal relationship, would have been able to survive

in an increasingly humanized habitat (Dayan and Tchernov

1988; Dayan 1997). An early onset of commensalism,

when human settlements were still not significantly chal-

lenging habitats, would have facilitated coping with the

subsequent increased urbanization (Bateman and Fleming

2012). To our knowledge, the least weasel is nowhere

commensal in the sense of depending on a human-derived

food supply, and tends to avoid urban environments (e.g.

Baker and Harris 2007). At most, in agricultural

Fig. 4 Median-joining network based on Cytochrome b haplotypes.

Circles represent haplotypes and their size is proportional to the

frequency observed. Coloured pie charts indicate the frequency of

haplotypes in the Egyptian weasel (subpalmata) and in local or

regional populations of M. nivalis. Small black circles represent

hypothetical haplotypes. Dashes on lines connecting haplotypes

represent the number of nucleotide substitutions separating them.

Haplotype codes are given in Table A1. The clades identified in the

phylogenetic analyses are also indicated
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landscapes, preferred habitat includes hedgerows, hedges

with ditches, stone walls, and fences (Moors 1975; Shef-

field and King 1994), that is, movement corridors that

provide protection from predators and access to prey in

fields, meadows and haylofts. Commensalism, as the col-

onization of a new ecological niche, may imply significant

changes in behaviour, ecology and physiology. These

include tolerance to human presence, ability to use

anthropogenic structures for denning, a different foraging

behaviour and diet, smaller home ranges, higher population

densities and hence increased territorial interactions. The

changes in social behaviour associated with a commensal

lifestyle are also likely to require physiological adjustments

to reduce agonistic response (Frynta et al. 2005). Given

that commensalism involves a complex set of adaptations

and has not been reported in least weasels, it seems more

likely that the commensal Egyptian weasel is the result of

gradual evolution of a local population pre-adapted to

disturbance (Dayan 1997; Lomolino and Channell 1995)

rather than descent from introduced weasels.

Fossils could help clarify the origin of the Egyptian

weasel through radiocarbon dating and genetic analyses, or

the age of its commensalism using stable isotopes (Hu et al.

2014). Unfortunately, weasel remains from Egypt are

lacking. Nevertheless, the debate about introduction versus

natural colonization for the origin of the Egyptian weasel

should be further addressed in future genetic studies. Ide-

ally, these should include more samples from Egypt, of the

extant populations in Lebanon and Syria, and of the

available fossils from Israel, Jordan and Cyprus.

Least weasels in the Maghreb

Our results show that the Egyptian weasel is genealogically

distinct from weasels currently living in the Maghreb, a

finding consistent with the fact that the latter have a

‘‘nivalis’’ type coat pattern (Abramov and Baryshnikov

2000). Weasels in the Maghreb formed a separate clade

(Clade III) that also contained a haplotype found in Sar-

dinia (CB18) (Fig. 2). This haplotype in Sardinia is best

interpreted as the result of introduction from the Maghreb,

where it was not sampled or became extinct, since the

haplotype was not found elsewhere other than in Sardinia.

In the median-joining network, the closest haplotype to the

likely ancestral node of Clade III was found in Anatolia

(haplotype CB11), pointing to a Near Eastern origin of the

weasels in Northwest Africa (Fig. 4). The genealogical

relationships of the Maghreb sequences and their relatively

low nucleotide diversity (0.3 %) are more suggestive of a

single colonization. The high number of haplotypes in the

Maghreb, when compared with that on each Mediterranean

island, and the fact that they were not found in the Eastern

Mediterranean seem to support a natural invasion from the

Near East, a possibility already considered by Lebarben-

chon et al. (2010). Moreover, the hypothesis of a recent

demographic expansion for the Maghreb population was

rejected by Tajima’s D (Tajima 1989) and Fu’s FS (Fu

1997) tests (a = 0.05). Thus, overall, our results suggest

that the colonization of the Maghreb is older and unrelated

to the origin of the extant Egyptian weasel. The weasel

fossil record in Northwest Africa is limited and unclear but

the presence of the species in this region in the Late

Pleistocene is accepted by several authors (Romer 1928;

Savage and Russell 1983; Dayan and Tchernov 1988;

Kowalski and Rzebik-Kowalska 1991; Sheffield and King

1994).

Taxonomy and conservation of the Egyptian weasel

Our results suggest that the Egyptian weasel M. subpal-

mata is not specifically distinct from the least weasel M.

nivalis. Indeed, following explicit subspecies definition

Table 1 Pairwise Cyt b Da distances in percentage (below diagonal) and UST values (above diagonal) between the Egyptian weasel and least

weasels from neighbouring areas in the Mediterranean Basin

Egypt Turkey Crete Greece (mainland) Italy (mainland) Sicily Malta Maghreb

Egypt 0.00 0.07 0.27 0.77 0.89 0.00 0.73

Turkey 0.06 0.20 0.11 0.72 0.45 0.13 0.48

Crete 0.04 0.08 0.35 0.81 0.73 0.19 0.71

Greece (mainland) 0.12 0.06 0.09 0.73 0.68 0.53 0.55

Italy (mainland) 1.34 1.18 1.25 1.19 0.82 0.83 0.79

Sicily 0.46 0.30 0.43 0.36 1.39 0.93 0.76

Malta 0.00 0.06 0.04 0.12 1.34 0.46 0.84

Maghreb 0.51 0.41 0.49 0.41 1.49 0.43 0.51

Non-significant values (P[ 0.05) are in italics
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criteria (Avise and Ball 1990; O’Brien and Mayr 1991), M.

subpalmata does not even qualify as a subspecies. The

Egyptian weasel has been proposed as a separate species

from M. nivalis based on cranial morphometrics, differ-

ences in the degree of sexual size dimorphism, and body

length (van Zyll de Jong 1992; Reig 1997; Abramov and

Baryshnikov 2000). However, least weasels show consid-

erable geographic variation in size throughout their range

(King 1989), hence the large size of the Egyptian weasel

needs to be put in perspective. For example, the condy-

lobasal skull length—a measure highly correlated with

body length in weasels (Ralls and Harvey 1985)—is as

different between male weasels from Egypt and southern

Europe as between the latter and male weasels in north-

eastern Europe (King 1989; Abramov and Baryshnikov

2000). Similarly, in both discriminant function and prin-

cipal component analyses of cranial measurements (van

Zyll de Jong 1992; Abramov and Baryshnikov 2000), male

least weasels from southern Europe fell closer to male

Egyptian weasels than to male least weasels from north-

eastern Europe. In contrast, the skull of female Egyptian

weasel falls much further from the range of size variation

in the skull of female least weasel observed throughout its

Holarctic distribution (van Zyll de Jong 1992). Therefore,

the main morphological distinction between Egyptian and

least weasels seems to be a difference in the degree of

sexual dimorphism of size (van Zyll de Jong 1992; Abra-

mov and Baryshnikov 2000). However, there are possible

ecological explanations for the large size of the Egyptian

weasel and the greater size difference between female

Egyptian weasels and female least weasels, compared to

that in the males. Least weasels in the Mediterranean

region tend to be larger than elsewhere (Abramov and

Baryshnikov 2000). This may be due to the absence of a

larger congeneric competitor (the stoat) (Dayan and Tch-

ernov 1988), to energy savings that can be allocated to

growth in temperate climates (King 1989), and/or to allow

exploitation of various large prey (Erlinge 1987; King

1989). In the Egyptian weasel, where the size of both sexes

reaches that of the respective sexes of the stoat of Western

Europe (Miller 1912; Flower 1932), this trend may have

been reinforced by commensalism and access to anthro-

pogenic food sources (Handwerk 1993; Yom-Tov 2003).

Moreover, weasels are polygynous and large size in males

is likely to be an advantage in inter-male competition for

mates (Erlinge 1979; Moors 1980). Thus, abundant food

may allow males to reach their full potential size (Ralls and

Harvey 1985), particularly when other constraints such as

interspecific competition and predation are reduced, and

this could explain the large male size in the commensal

Egyptian weasel. Female weasels attain smaller maximum

sizes than males, which may be determined by their energy

requirements for reproduction: females raise their young

alone and may use the extra energy available to produce

larger litters and offspring in better condition (Erlinge

1979; Moors 1980). Nevertheless, in weasels the sexes

covary in size (Ralls and Harvey 1985) and increased

female size may be a correlated response to selection for

increased male size (Lande 1980; King 1989). This, toge-

ther with food abundance and a wide range of available

prey sizes (Erlinge 1987; King 1989) may be behind the

remarkably large size of female Egyptian weasels in

comparison with females of least weasel across its range,

and the lower sexual dimorphism in the Egyptian weasel

compared with least weasels in the Mediterranean region

(van Zyll de Jong 1992).

Thus, the large size of the commensal Egyptian weasel,

as well as indirectly its characteristic sexual dimorphism,

may be due to the synergy of improved nutrition (Yom-Tov

2003) and reduced competition and predation (Grant 1972;

Angerbjörn 1986; Dayan and Tchernov 1988; Lomolino

2005). The morphological differences of the Egyptian

weasel may therefore simply reflect phenotypic plasticity

rather than genetically based differentiation (West-Eber-

hard 1989; Stearns 1989). However, given the observations

of East and Lockie (1964), the differences in skull shape

(Reig 1997), and studies of morphological differentiation

among geographic populations of other species (e.g. Alat-

alo and Gustafsson 1988; Niewiarowski and Roosenburg

1993), genetic contributions to morphological differentia-

tion cannot be ruled out. Genetic divergence could be

expected due to selection associated with adaptation to

living in and around increasingly urbanized human settle-

ments, as this is likely to involve changes in physiological,

behavioral and social traits (Frynta et al. 2005). Future

genomic studies are needed to clarify the extent of func-

tional genetic divergence and the genetic basis of pheno-

typic differences between Egyptian and least weasels.

Therefore, although our study does not support the

taxonomic distinctiveness of M. subpalmata, evaluation of

adaptive divergence is needed before a definite conclusion

can be made. Genetically isolated populations may share

mtDNA haplotypes due to incomplete lineage sorting, but

ecologically driven adaptive differences may have accu-

mulated (Fraser and Bernatchez 2001). Similarly, due to

their relatively recent origins, commensal and domestic

animals often possess identical or closely related mtDNA

haplotypes to those of their wild ancestors (e.g. Driscoll

et al. 2007; Thalmann et al. 2013), but important differ-

ences in biology may justify their recognition as distinct

species.

While further research is needed to ascertain the taxo-

nomic status of the Egyptian weasel, this study underlines

that it may be a naturally occurring relict as proposed by

Dayan and Tchernov (1988). Being geographically isolated

and occupying a commensal niche, this population became

Genetica (2016) 144:191–202 199
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behaviourally, ecologically and morphologically distinct

among weasels (Handwerk 1993). Given the lack of gene

flow with other populations, its unusual habitat and the

circumscribed range, the conservation of the Egyptian

weasel is warranted. Peripheral populations are often

important in the evolutionary process and may be sites of

future speciation (Lesica and Allendorf 1995). Further

study with a larger sample size and using fast-evolving

molecular markers, such as microsatellites, is needed to

assess the genetic diversity of the Egyptian weasel. For-

tunately, the population is currently faring well and there

are no known major threats (McDonald and Hoffmann

2008). Even if future research were to demonstrate that the

Egyptian weasel is anthropochorous, its biological

uniqueness would still justify its protection as long this

does not negatively affect local native species (Gippoliti

and Amori 2002).
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