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The objective of this multidisciplinary project was to study the
intra-specific morphometric and genetic variability between two adjacent
populations of Mastomys natalensis Smith, 1834 living in different
environments. The study of micro-evolutionary processes at work by using
geometrical morphometrics allowed us to define two groups, characterized by
different features of the skull shape. Using molecular microsatellites analysis,
we showed that the two populations exchanged high gene flow and could be
considered as a single panmictic unit. These results suggest that this
widely-distributed species exhibits a local population-level differentiation in
shape variation of skulls, probably due to different ecological situations. We
speculate that the variability in the cranial characteristics (connected with
the feeding ability) could reveal a local adaptation preferentially based on the
food availability. We propose an explanation linking the shape differences to
the fitness gain in the exploitation of resources available in the two
environments. Since we suggest a potential differentiation process between
populations, we believe that the two groups constitute even better models to
understand the factors involved in the early stages of local adaptations. The
aim of such studies is to provide a better understanding of the economical
importance of this species and its remarkable capability to proliferate.
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Introduction Muridae) is responsible for important
agriculture and public health problems by caus-
The African endemic genus Mastomys, ing significant damages to cultivated fields and

Thomas (1915) or multimammate rat (Rodentia, by transmitting numerous serious diseases (eg,
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the bacteria Yersina pestis, the etiologic agent of
plague and Lassa fever virus) (Monath et al.
1974, Kilonzo et al. 1992, Gratz 1997, Mwanjabe
and Leirs 1997, Demby et al. 2001, Mwanjabe et
al. 2002). Mastomys natalensis Smith, 1834 is a
common anthropophilous species and has the
largest geographic distribution within the genus
(Granjon et al. 1997). It shows all the character-
istics of a pest species: high breeding rate, wide-
spread outbreaks, strong capacity of dispersion
and colonization (Leirs 1995). In Tanzania, some
populations of M. natalensis undergo irregular
population explosions with densities as high as
1400 rats per hectare (Mwanjabe et al. 2002).
Pest control on fields becomes a necessity be-
cause the majority of farmers are smallholders
(Mwanjabe and Leirs 1997). The ecological op-
portunism of M. natalensis and its tendency to
be dominant in the rodent communities define
this species as a good model in the study and un-
derstanding of the distribution mechanisms by
population genetics. Only one population ge-
netic analysis on M. natalensis on a small geo-
graphic scale using microsatellites has been
realized in the past (P. van Hooft and J. F.
Cosson, pers. comm.). Although of great interest
in the frame of pest control and human disease
studies, gene flow rates within and between pop-
ulations of M. natalensis are not well-known.
Variation in phenotypic and genetic traits
across geographic space is an ubiquitous phe-
nomenon exhibited by most organisms
(Monteiro et al. 2003) and the relationship be-
tween genotype and phenotype is a recurrent
question in modern biology. The descriptions of
morphological versus genetic characters in the
patterns of variations within and between popu-
lations are fundamental for defining boundaries
of independent evolutionary units in nature
(Dos Reis et al. 2002a). The study of phenotypic
differentiation is relevant, not only as an ap-
proximation to the underlying genetic differenti-
ation, but also because realized phenotypes
result from the interfacing between
morphogenetic rules, ecological conditions and
deterministic and stochastic evolutionary forces
(Monteiro et al. 2003). For the phenotype, the
material basis of the differences is defined in
terms of size and shape (Monteiro et al. 2003).

With different techniques of geometrical
morphometrics which allow a quantification of
shape variations, some approaches have been
possible in the discrimination and classification
of species (Dobigny et al. 2002, Cordeiro et al.,in
press) and in analysis of shape evolution
(Auffray et al. 1996, Mullin et al. 2004, Taylor et
al. 2005). The geometrical morphometric ap-
proach (Bookstein 1991, 1996, Rohlf 2000) has
already been successfully applied to investigate
aspects of morphological variation in the
echimyid rodent, Trichomys apereoides
(Monteiro et al. 1999, Duarte et al. 2000, Dos
Reis et al. 2002a, b), in Mus musculus (Auffray et
al. 1996, Alibert et al. 1997, Debat et al. 2000), in
Dasymys (Mullin et al. 2004) and in Otomys
saundersiae (Taylor et al. 2005).

The objectives of this study are to elucidate
qualitatively and quantitatively intra-specific
morphological and genetic variability at a
populational scale. Patterns of local variation in
cranial shape among populations of the rodent
species M. natalensis in relation to genetic dif-
ferentiation are investigated using the frame-
work of geometrical morphometrics and
microsatellites analysis.

Material and methods

Samples

Specimens came from the rodents collection of Museum
National d’Histoire Naturelle de Paris. All individuals were
collected in July 2000 at the edge of the Selous Game Re-
serve (Tanzania). Cytogenetic analyses were conducted in
the field and in laboratory for accurate identification of spe-
cies M. natalensis (Denys et al., in press). Two different
habitats have been sampled with the same trapping effort
(100 Sherman traps per locality for three consecutive
nights). The sampling effort yielded 137 Mastomys individu-
als (71 males, 66 females). These individuals came from two
distinct populations separated by 5 km. The first population
(107 individuals) lived in an agricultural area (dry maize
field) close to a village, a typical habitat for the species in
Tanzania. The second population (30 individuals) was lo-
cated in a swampy area with a permanent waterhole in a
“degraded miombo” (savanna of fruit trees), a less typical
habitat for the species.
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Age determination

There are numerous methods for age estimation, both

Geometric morphometric analysis

Skull landmarks

relative and absolute (reviewed by Morris 1972, Pucek and
Lowe 1975, Poulet 1980). Among them, the majority of age
criteria based on external (weight, body length) or internal
morphological (bone development, tooth wear, eye lens
weight) characters have been proven to be imprecise (Le
Louarn 1971, Lalis et al. 2006). Although body weight is not
always directly and linearly related to age in Mastomys, it
can be used as an effective age estimator (Leirs 1995). It
was thus possible to group the animals in three “reproduc-
tive age groups” according to their weight (Leirs 1995): “Ju-
veniles” (animals below 25 grams; they represent the very
young individuals), “Sub adults” (sexually mature, weight-
ing between 25 and 40 grams) and “Adults” (above 40
grams).

Our sampling included 129 individuals for the dorsal
side of the cranium and 104 individuals for the ventral side,
and excluded all specimens with missing landmarks.
Three-dimensional landmarks, assumed to be homologous
from individual to individual, were identified for the dorsal
and ventral sides of the skull. They included points of su-
ture between bones or points of intersection between su-
tures (25 landmarks for dorsal side and 35 landmarks for
ventral side; Fig. 1). Each individual skull was digitalized
for each side with the Reflex Microscope (reflex Measure-
ments Ltd.).

(a) (b)
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Fig 1. Landmark location for a) the dorsal and b) the ventral views of the skull of Mastomys natalensis (Cook 1965). Dorsal
view: tip of the nasals (1), most anterior points at nasal - premaxillary suture (2, 3), anterior projection of zygomatic (4, 5), in-
tersection of premaxilla and frontal (6, 7), nasal — frontal suture (8, 9, 25), suture of premaxilla and maxilla over lachrymal
capsule (10, 11), frontal — parietal suture (12, 13, 24), most medial point at interorbital constriction (14, 15), back of zygomatic
notch (16, 17), intersection of parietal — interparietal and supraoccipital sutures 18, 19), back of the lateroccipital protuber-
ances (20, 21, 22), midpoint of parietal interparietal suture (23). Ventral view: tip of the nasals (1), antero-lateral extremity of
left or right incisive alveolus (2, 3), anterior palatine foramen (4, 5), posterior palatine foramen (6, 7), back of zygomatic plate
(8, 9), intersection between left or right anterior end of molar and mandible (10, 11), intersection between left or right poste-
rior end of molar and mandible (12, 13), suture between jugal and squamosal in the left or right zygomatic arch (14, 15),
front of glenoid fossa on squamosal root of zygomatic arch (16, 17), suture between left or right parietal and squamosal (18,
19), back of external opening of auditory bullae (20, 21), lateral points of sphenoccipital suture (22, 23), styloinastoid foramina
at the posterior border of external auditory meatus (24, 25), anterior extremity of occipital (26, 27), posterior intersection be-
tween foramen magnum and occipital condyle (28, 29), posterior extremity of foramen magnum (30), anterior extremity of fo-
ramen magnum (31), anterior extremity of occipital (32), cranio — pharyngeal canal (33), contact point between palatine and
presphenoid (34), contact point between maxilla and palatine (35).



4 A. Lalis et al.

Morphometric analysis

Ventral and dorsal landmarks configurations were su-
perimposed separately by a least-squares generalized Pro-
crustes algorithm. The generalized Procrustes
superimposition procedure scales, translates and rotates
the configurations to minimize the summed squared dis-
tances between corresponding landmarks (Rohlf and Slice,
1990). The size measurement was calculated by the log of
centroid size, defined as the square root of the summed
squared distances from each landmark to the overall cen-
troid. Landmark configurations were used to compute con-
sensus configuration for dorsal and ventral sides of the
skull for population samples of Mastomys natalensis as the
grand mean of aligned specimens from all populations. Re-
siduals from the mean landmark locations (= Procrustes re-
siduals) together with centroid size constitute the shape
used in the statistical analyses.

Multivariate statistical analyses

The size patterns of variability were analysed by analy-
sis of variance (ANOVA) related to age, sex and locality
(and the interactions). Regression parameters allow predic-
tion and visualization of the shape changes in relation to
the specified variable. We used this approach to visualize
the shape variation along the canonical axes, as well as for
the allometrical patterns modeling (Flury 1984, Airoldi and
Flury 1988) in order to describe the allometry-free shape
differences among populations. These allometry-free pat-
terns were submitted to a discriminant analysis using
multivariate analysis of covariance (MANCOVA) with log10
centroid size as a covariate. The dorsal and ventral views
have been combined on a single dataset for the statistical
analyses (Canonical Variate Analyses) by using the R lan-
guage (R.2.0.1, 2004). Superimpositions and visualizations
were calculated with the ‘Rmorph’ library for R (Baylac
2007). Due to the small samples sizes, shape analyses were
realized using the 10 first principal components (PCs) ex-
tracted from Procrustes residuals which explained 73.8% of
the total variance for the ventral side and 79.4% for the dor-
sal side. This number of PC was selected to minimize the
cross-validated misclassification percentages (Baylac and
Friess 2005).

Genetic markers analysis

Sample collection

We used 31 samples of M. natalensis which came from
the two studied populations (23 for population 1 and 8 for
population 2). Total DNA was extracted from liver and
spleen preserved in 70% ethanol using the Dnease Tissue
Kit (Qiagen).

Microsatellite analysis

For genotyping, we used a set of 10 microsatellite mark-
ers with dinucleotide repeats and specially developed for
Mastomys species (Galan et al. 2004). The microsatellites
were amplified in a single multiplex PCR reaction with the
Qiagen Multiplex PCR kit following manufacturer’s instruc-

tions. The PCR products were tested on monocapillary ABI
PRISM 310 Genetic Analyser and GENESCAN analysis
software (Applied Biosystems).

Statistical analysis of microsatellite data

Mean number of alleles per locus, observed (H,) and ex-
pected (H,) heterozygosity (Nei 1987) were calculated over
all loci at each sampling location using the software
GENETIX v4.04 (Belkhir 2001). Tests for departures from
Hardy-Weinberg equilibrium, for genotypic linkage disequi-
librium and independence between populations, and allele
frequency were performed for all populations using the
probability tests in GENEPOP v3.3 software (Raymond and
Rousset 1995). Markov chain method was used to provide
an unbiased estimation of the exact p-value (more than 5 al-
leles) and to test genotypical divergence among populations
for all loci and population pairs. F-statistics: Fgp (popula-
tion differentiation) and F;q (heterozygote deficit,
Watterson 1978) were calculated according to Weir and
Cockerham (1984) using GENEPOP software, and the sig-
nificance of Fst estimates was determined using a permuta-
tion test implemented in the GENETIX v4.04 package
(1000 permutations, one-sided test of the null hypothesis of
no genetic difference among the groups of populations).

Results

Age determination: “Body weight” method

The individuals were grouped into three age
classes depending on their body weight. The age
class distribution of the two populations showed
that the majority of individuals for the two
samplings belongs to the juvenile class (93/137
individuals). A Fisher exact test of significance
showed that the two populations were not
significatively different in terms of age (p =
0.1079) and sex (p = 0.1138).

Geometrical morphometrics

Size variation

Neither ‘population’ (ANOVA: F=0.2188,p =
0.7896) nor ‘sex’ (F'=2.3874, p = 0.0657) parame-
ters were significant on size differences (Table

1). As expected, centroid size was strongly corre-
lated to age (F = 78.82, p < 0.001).

Shape variation

The results of multivariate analysis of
covariance (Table 1) on geometrical shape with
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Table 1. ANOVA on centroid size and MANCOVA on Procrustes residuals from two populations of Mastomys natalensis. Ventral
and dorsal views were pooled for analyses. Log transformed centroid size was used as covariate to account for allometric effects
of size variation. Significance codes: *##% — (, *** _ (0.001, ** — 0.01, * — 0.05.

ANOVA - centroid size 2 Views (dorsal + ventral)

MANCOVA - skull shape

Variables df F-values P-values Covariates df F-values P-values
Pop 1 0.2188  0.7896 Pop 1 3.1285 0.0009%**
Sex 1 2.3874  0.0657. Sex 1 1.0155 1.0025
Age 2 78.8224  1.588e-15%%* Age 2 6.4956 1.478e-11%%*
Interaction Pop.Sex 1 0.1458  0.8763 Log centroid size 1 0.4159 0.9563
Interaction Sex.Age 2 1.4687  1.5334 Interaction Pop.Sex 1 0.7466 0.6148
Interaction Pop.Age 2 0.0878  0.8756 Interaction Sex.Age 2 1.7014 0.5499
Interaction Pop.Age 2 1.2520 0.1856
“population”’ “Sex”, “age” and “centroid Size” as (Ventral VieW) and 27% (dorsal VieW) of the vari-

independent variables, and their interaction re-
vealed two distinct patterns in shape variation.
The “population” and “age” factors were highly
significant (MANCOVA: F = 3.1285, p < 0.001; F
=6.4956, p < 0.001 respectively). The results for
the “population” parameter presented low
misclassification percentages (dorsal: 25.20%,
ventral: 18.75%) (Table 2). The low overall
misclassification rates were mainly due to the
larger sample size in population 1. The “sex” pa-
rameter was not significant (MANCOVA: F =
1.0155, p = 1.0025) (Table 1). For the ‘popula-
tion’ factor, shape transformations along the
discriminant axe 1 (PC1) accounting for 32%

Table 2. Re-classification percentages of individuals of
Mastomys natalensis to two populations (Popl and Pop2)
according to discriminant analyses of skull shape using
cross-validation.

Variable : population

From/To Popl Pop2 Numbers
Ventral side
Popl 84 5 89
Pop2 16 7 23
Total of missclassified individuals (%) = 18.75
Dorsal side
Popl 92 8 100
Pop2 24 3 27

Total of missclassified individuals (%) = 25.20

ation in skull shape, summarized the variation
in the antero-posterior orientation. PC2 ac-
counted for 11.6% (ventral view) and 8.5% (dor-
sal view) of the variance which illustrated with
lateral deformation at the level of the tympanic
bulla. Figure 2 showed the visualizations of Pro-
crustes superimpositions for the landmarks ac-
cording the “population” (mean shape of
population 1 versus mean shape of population 2).
In ventral view, the population 1 seemed to have
a skull relatively shorter and wider at the level
of the tympanic bulla. Moreover, the posterior
part of cranial shape appeared to be relatively
different between both populations: the orbital
limit of suture between parietal and squamosal
and the extremities of tympanic bullas seemed
to be organized differently in term of space dis-
position (Fig. 2). We also observed that the
lengths of molar rows were different between
the both populations since it is larger in popula-
tion 1 than in population 2 (Fig. 2). In dorsal
view, population 2 seemed to present a longer
and thinner shape than in the population 1 with
a more pronounced rostrum (contact points be-
tween nasal, premaxillary and frontal which
were situated in the back of the skull) (Fig. 2). In
conclusion and according to the results obtained
on the 2 sides, a significant difference in the
skull shape between populations was observed:
a shorter cranial shape for population 1 and an
important difference in the lengths of molar
rows between the populations (Fig. 2).
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Dorsal view

Back view

Lateral view

Fig. 2. Shape transformations of the skull along the discriminant axes for the two populations of Mastomys natalensis. Solid
lines depict group 1; dotted lines depict group 2. Dorsal (a) and ventral (b) sides.

Microsatellite study

Number of alleles and allelic diversity

All microsatellite loci showed a high genetic
diversity: the number of alleles per locus ranged
from 9 to 24 with a mean number of alleles per
locus = 15.3. The mean number of alleles per lo-
cus and per population was of 10.35 (Table 3).
No linkage disequilibrium between loci occurred
for all mixed populations except between the two
loci which displayed a low disequilibrium
(0.0441 < 0.05). However, independence among
loci was assumed in the subsequent analyses.

Intrapopulation genetic diversity

The number of alleles per locus ranged from 7
to 16 for population 1 and from 4 to 12 for popu-
lation 2 with a mean number of alleles per locus
respectively of 11.8 and 8.9 (Table 3). The ex-
pected heterozygosity was relatively high. Ac-
cording to locus and population (mean number =
0.889), it varied between 0.884 and 0.894 (Table
3). Overall, the average values for expected
heterozygosity were similar between localities.

All loci for each population were at Hardy Wein-
berg equilibrium (HWE).

Populational differentiation

F-statistics revealed a non-significant
genotypical differentiation among populations.
The Fgr value was very low (0.00150). The Fig
value underlined the absence of Wahlund effect
(a subdivided population contains fewer hetero-
zygotes than predicted despite the fact that all
subdivisions are in Hardy-Weinberg equilib-
rium). We applied the Fg test to mixed popula-
tions 1 and 2 (= hypothesis of a unique

Table 3. Genetic diversity at sampling sites.

) Mean no. Heterozygosity
Population llele/l
allelerslocus  mxpected (H,) Observed (H,)
1-Village 11.8 0.884 0.895
2-Swamp 8.9 0.894 0.900
Mean 10.35 0.889 0.898
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population) in order to test the heterozygote de-
ficiency. We noticed a heterozygote deficiency
relatively similar or inferior to those observed in
the mean value for isolated populations (Fig
Popl = —0.017 and F;q Pop2 = —0.0025). The hy-
pothesis of a panmictic population between the
population 1 and 2 was confirmed.

Discussion

We have shown that the two populations
were not significatively different in terms of
composition in “age” and “sex”. The data repre-
sented instantaneous samples of the natural
population in a dry period and a drought zone.
We knew that breeding was highly seasonal for
M. natalensis. It usually starts after the rain
season in Tanzania (in April) and lasts until the
dry season (September) (Stenseth et al. 2001),
with some births observed from May to October
(Lima et al. 2003). Adults die after the breeding
season and juveniles usually do not become sex-
ually mature until the next dry season (Lima et
al. 2003). The age composition of our samplings
reflected the biological cycle of the species in
Tanzania. Indeed, the sampling campaign took
place at the beginning of July, while the juve-
niles of the year were present in large numbers.
During the last period (July, August, and Sep-
tember) adults began to die progressively (Leirs
et al. 1990), which explained their small repre-
sentation in July. The campaign, made in July
2003, took place during a dry period (Lalis et al.
2006). The absence of rainfall until July was
probably responsible for an important mortality
in all age classes and an important delay of the
development of surviving juveniles, which ex-
plained the large numbers of sexually immature
juveniles. The observation of no gestating fe-
males during the sampling confirmed the excep-
tional context of the winter 2003, which was
characterized by almost no breeding.

The genetic diversity index is coherent be-
cause H, (expected heterozygosity) values
higher than 0.82 were not special for rodents as
it had already been observed in Apodemus
flavicollis (Gockel et al. 1997), Rattus fuscipes
(Hinten et al. 1999), Peromyscus leucopus (Moss-

man and Waser 2001) and Mus musculus (Yu
and Peng 2002). Such an important genetic di-
versity seems to be related to large density pop-
ulations. In the present study, genetic results
showed that the two populations were not two
isolated populations for breeding. Fg value ap-
peared low and not - significant. The genetic dif-
ferentiation between populations was not
supported by differences in allelic frequencies or
significant deviations from HWE. Therefore, no
clear genetic differentiation between genetic
pools was observed. With the microsatellite
study, it appeared that the two populations ex-
changed high gene flow and could be considered
as a single panmictic unit. The parameters of ge-
netic diversity were probably reduced by the mi-
gration phenomenon. Indeed, P. van Hooft and
J. F. Cosson (pers. comm.) have underlined the
existence of an important migration between M.
natalensis populations in Tanzania. They have
showed that juveniles and adults were responsi-
ble for high migration rates. Leirs (1995) has
demonstrated that the species, used to short
daily distances (10-15 m), was sometimes able
to cover a distance of 100 m per day. Since our
samples were mainly constituted by juvenile in-
dividuals (1 to 3 months), we were in a context
where the migration phenomenon could be im-
portant and could have led to a strong local H,
and a low genetic differentiation between field
plots, which was in agreement with the observed
results.

In geometrical morphometrics, the statistical
results demonstrated that the “sex” variable
was not significant and confirmed the absence of
a sexual dimorphism for our samples. In murids,
sexual dimorphism has rarely been demon-
strated on the basis of classical morphometrics
distance analysis. For M. natalensis of South Af-
rica, Smithers et al. (1979) showed that males
were larger than females by body measurements
but the statistical results were not significant.
Delany (1975) raised an opposite tendency for a
Ugandan population but obtained a statistically
non significant result (females were larger than
males), a point also demonstrated in populations
in Senegal by Duplantier (1988). Size and shape
change across ages. The “age” parameter was
very significant in the both views (for Centroid
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size and Procrustes residuals) and probably cor-
responded to growth allometry. The statistical
results confirmed that the “population” variable
was significant and underlined a significant dif-
ference in the skull structure between popula-
tions. Two sides gave some distinct perspectives
on the variation of cranial shape and on the or-
ganization of morphological variation between
studied populations. On the visualizations, cra-
nial shape of population 1 was observed to be
shorter but higher than the cranial shape of pop-
ulation 2. With the ‘allometry-free’ model, the
hypothesis of allometric differences between
populations is directly tested and cannot explain
the morphological differences between
populations.

Such shape variation confirms the strong
intra specific variability in M. natalensis. Some
differences between populations were situated
in articular zones, especially on the ventral side.
These observations could be related to a differ-
ence in a diet and consequently in a morphologi-
cal adaptation. Indeed, some multiple genetic
and environmental factors influence the cranial
shape but several lines of evidence suggest that
changes in diet and food processing technology
contribute to some proportion of variations in fa-
cial size and shape (Lieberman et al. 2004). Most
experimental data on facial growth responses to
masticatory loading come especially from pri-
mate studies (Beecher et al. 1983, Bouvier and
Hylander 1996). However, some experiments on
rats reveal that the individuals raised on soft
food have smaller jaw adductor muscles, gener-
ate lower mandibular strains, and have signifi-
cantly decreased anterior facial height, shorter
mandibles, and smaller muscle attachment ar-
eas (Engstrom et al. 1986, Kiliaridis et al. 1986,
Yamada and Kimmel 1991). In this study, the
individuals of population 1 (village) feeds
mainly on some maize, rice and seeds, which are
harder than green vegetation and arthropods
that were consumed by population 2 “swamp”.
This could explain the morphological differences
but. Thus, strain and nutrition both influence
jaw size, but only strain affects jaw shape. The
changes in tympanic bulla underline a light
asymmetry between populations. It would be in-
teresting in our case to realize a detailed study

of fluctuating asymmetry, which is generally
considered as the only form of asymmetry that
can serve as a useful indicator of organisms sub-
jected to stress (Palmer and Strobeck 1986,
Leary and Allendorf 1989, Marchand 2003) in
order to know if the ‘village’ population is in a
more stressful situation than the ‘swamp’ popu-
lation.

In summary, with the geometrical
morphometric study, two groups of populations
living in different environments have been
shown to be significantly different, based on
some distinct morphological features. We could
raise the hypothesis of a local adaptation and
morphological differentiation without genetic
structuring. We knew that different anatomic
forms could partition their food resources by de-
veloping local adaptations (variations in feeding
habits and spatial distribution) for the different
habitats they used (Dynes et al. 1999). Indeed,
Patton and Brylski (1987) have shown clearly
body size variation in pocket gophers inhabiting
alfalfa crops versus natural dry environments,
Taylor et al. (2005) have underlined significant
geographical differences in cranial shape be-
tween eastern and western Cape populations of
Otomys saundersiae, occupying distinct ecologi-
cal biomes. Several studies have shown the pres-
ence of local population-level differentiation in
size and shape variation of molars, skulls and
mandibles in mammals (Cardini et al. 2003,
Cardini and O’Higgins 2004, Polly 2007) More-
over, the significant skull shape variation be-
tween populations showed that the
morphological patterns evolved in Arvicanthis
from Sudan are distinct enough to allow identifi-
cation of populations (Rahman Abdel 2005). We
also know already that African murids are able
to vary their diet between seasons which sug-
gests also a remarkable power of adaptation to
local conditions in that group (Gliwicz 1987). In
this study, some individuals would be more
anthropophilic (using classical habitat) whereas
others, pushed by the harsh environmental con-
ditions of a drought (no breeding and intra-spe-
cific competition for food), were able to join a
new habitat (swamp type) like a more humid
area that served as a refuge and would have de-
veloped the first signs of a local adaptation. The
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differences of cranial shape could perhaps re-
flect the local adaptation without genetic struc-
turing, ie morphological differentiation in the
presence of gene flow, as a response to resolve
problems of food availability (Herring 1993,
Wood and Lieberman 2001, Debat and David
2001, Kingsolver et al. 2002, Piersma and Drent
2003, Lieberman et al. 2004). Because we had no
analysis of stomach contents reported to verify
the diet of each population, the explanation link-
ing the shape differences to the fitness gain in
the exploitation of resources available in the two
environments is reasonable but speculative.

In summary, we propose that the widely-dis-
tributed Mastomys species exhibited a local mor-
phological differentiation, probably due to
different ecological situations. We speculate
that the variability in the cranial characters
(connected with the ability of feeding) could re-
veal preferentially a rapid and local adaptation
based on the food availability. Since we sug-
gested a potential differentiation process be-
tween populations, the two groups constituted
even better models to understand the factors in-
volved in the early stages of local adaptations. It
would be very interesting to study these two
populations in more detail to investigate the
intra and inter-population morphological vari-
ability on a local scale and diet. The aim of such
studies would be to provide a better understand-
ing of this economically important species and
its remarkable capability to proliferate.
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