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Summary. - On the basis of chromosomal analyses, Mastomys natalensis has recently been
shown to occur in Senegal. To definitely prove the conspecificity of these animals with specimens from South Africa, where the species has been described, crossing experiments between
individuals from both origins have been conducted. Karyological and biometrical comparisons
between samp!es from these regions have also been performed. They have shown a yery small
chromosomal differentiation between individuals from Senegal and South Africa, and a morphometrical separation that can only be evidenced through multivariate discriminant analyses based
on cranial and mandibular measurements. Crosses between animals from these two origins, as
well as “backcrosses” and crosses between “hybrids” were all fertile, the latter having produced
the largest litters on average. These results confirm the conspecificity of M. natalensis from
Senegal and South Africa, while displaying some minor variations between these populations
from the two extremes of the species’ range.

-

Résumé. - Des populations référables 3 Mastomys natalensis sur la base d’analyses chromosomiques ont été récemment mises en évidence au Sénégal. Afin de prouver la conspécificité
de ces individus avec ceux d’Afrique du Sud, pays oh l’espèce a été décrite, des expériences de
croisements en captivité entre des animaux des deux origines ont été menées. Des comparaisons
caryologique et biométrique d’échantillons de ces régions ont été également réalisées. Ces dernisres ont montré une très faible différenciation chromosomique entre les individus du Sénégal et
d’Afrique du Sud, et une séparation morljhométrique matérialisable uniquement par analyse factorielle discriminante sur un ensemble de mesures crâniennes et mandibulaires. Les croisements
entre individus des deux origines, de même que les croisements en retour et les croisements entre
(< hybrides D ont tous été fertiles, les demiers nommés é M t même ceux ayant produit les portées
de taille moyenne la plus élevée. L’ensemble de ces résultats confirme la conspécificité des M.
natalensis du Sénégal et d’Afrique du Sud, et met en évidence de petites différenciations entre
ces populations situées aux extrémités de t’aire de distribution de l’esp8ce.
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INTRODUCnON
A central tenet of the biological species concept (BSC) is that members of a
species form a reproductive community, the integrity of which is maintained by isoi
Mammalia, t. 60,no 4,1996: 697-706.
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Ming mechanisms against unsettling gene flow from other closelv-related soecies
(Dob’ihansky 1937, Mayr 1942). Many &ticisms of the BSC have focused on &s problem of demonstrating the existence of reproductive isolation mechanisms (reviewed in
King 1993, Sbordoni 1993, Mallet 1995, among others). This problem is more acute in
the case of allopatric populations, which are unable to interbreed by virtue of their
geographic separation. In such cases, captive-breeding provides a means of testing for
the presence or absence of reproductive barriers between populations. However, even
under these conditions, conclusions drawn are equivocal : an absence of reproductive
success in captivity does not necessarily imply an inability to breed in nature ; and
successful inter-breeding does not definitely prove conspecificity, as shown for mammals by the impressive list of interspecies hybrids produced in captivity (Gray 1971),
and even by the known cases of hybrid fertility (Short 1976). Partly based on these
criticisms, a number of alternative concepts integrating new methodological approaches
have been developed (see for instance the multidimensional species concept of
Sbordoni (1993) and the genotypic cluster definition of Mallet (1995)). In these new
frameworks, reproductive data remain of value in the understanding and interpretation
of evolution at the species level, but only as a complement to other data sets.
Our knowledge of the systematics and evolutionary history of the murid rodent
genus Mastomys has improved considerably of late, thanks to the integration of different methodological approaches (see Britton-Davidian et al. 1995, for review). In this
genus, the best tool for unambiguous species characterization remains chromosomal
analysis, as each species seems to be characterized by a specific karyotype. As described in Britton-Davidian et al. (1995), the one of h4. natalensis is typically composed of
32 chromosomes, with an autosomal fundamental number of 54. Nevertheless, intraspecific variation already identified in this species as well as in M. coucha, h4. erythroleucus and M. huberti (Hallett 1977, Duplantier et al. 1990, Lavrenchenko et al. 1992,
Britton-Davidian et al. 1995) raises the question of the potential polytypism in these
species.
In this paper, we examine this question in M. natalensis. This species has recently
been shown to occur in Senegal, where it is represented by exclusively synanthropic
populations in the south-east of the country (Duplantier 1988, Duplantier and Granjon
1988, Granjon and Duplantier 1993). This suggests that its distribution probably covers
almost all Africa south of the Sahelian zone. Cross-breeding experiments between specimens from the two extremes of this range (Senegal and South Africa) were conducted to evaluate inter-fertility ,between them. The results are compared with data from
pairs between individuals from Senegal. Biometric and cytogenetic differences between
samples from Senegal and South Africa are also presented, to quantify the level of
differentiation reached by these geographically distant populations.
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AATERJAL AND METHODS
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Laboratory crossts
Reproductive data for Ak. natalensis from Senegal were generated using livetrapped individuals, which were paired and bred in captivity during three distinct
periods : 1984-1986 (Dakar, N = 12 pairs), 1989 (Mbour, N = 4 pairs), 1990-1994
(Dakar, N = 20 pairs). Pairs were kept in cages with food (commercial pellets) and
water provided ad libitum, and maintained at ambient conditions of temperature, humi-
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dity and fight. Data from pairs that were kept more than two months were considered
(N = 36), this representing the average time between the pairing and the first litter.
The crosses between M. natalensis from Senegal and South Africa were performed using captive-bom progeny of two pairs of each country. The wild-caught parents
originated from Kedougou (Senegal) and Durban (South Africa). Eight of these interregional bidirectional pairs, each involving one individual from South Africa and the
other from Senegal were considered, using the same criterion as for the Senegalese
sample (minimum pairing time of two months). In 4 of these pairs, the male was from
Senegal, in the 4 others from South Africa. These pairs produced litters hereafter referred to as F 1 hybrids. These hybrids were either paired together to establish F2 crosses
(N = 6 pairs), or backcrossed to individuals from Senegal (3 pairs) or South Africa
(3 pairs). All inter-regional crosses were performed in Paris, at a temperature close to
25 OC, with commercial pellets and apple supplied ad libitum.
Cages were checked every second day at the most. The sex-ratio of each litter was
determined as soon as possible in most of the cases, and young were kept with their
parents until weaning. In a few cases, testes were measured when adult males from
these different crosses were sacrificed. This was done to obtain another indirect estimate of male fertility, as it has been shown that fertility impairment is generally associated with a significant decrease in testes size, even at the intraspecific level (Forejt
and Ivanyi 1975).

I

Karyology
Two F 1 male progeny of a cross between a female from Senegal and a male from
South Africa were karyotyped. Chromosome spreads were prepared from bone marrow
cells of yeast-stimulated individuals (Lee and Elder 1980) using the air-drying method
(Evans er al. 1963) and stored at - 20°C in fixative. G-banding was performed following the method of Seabright (1971). Three to four G-banded metaphases were prepared for each animal using a Zeiss Axiophot microscope equipped with a Genevision
analyser. Chromosome pairs were identified according to Britton-Davidian et al.
(1995).
Biometry
Twenty two measurements (Fig. 1) were taken to the nearest 0.1 mm on
100 skulls of adult M. natalensis from Senegal (Kedougou and Bransan, 15 males,
20 females), South Africa (Kwazulu-Natal, 17 males, 13 females) and Tanzania (Chingulungulu and Morogoro, 16 males, 19 females). No attempt was made to account for
age and sex effects, in order to maximise the variability in each of the samples. These
measurements were subjected to principal component and discriminant analyses using
the software programme SYSTAT 61992).
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'RESULTS

Laboratory crosses
In the course of these experiments, certain pairs did not reproduce within the twomonth threshold defined above : only 22 out of 36 (61 %) pairs from Senegal and 6 out
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Fig. 1. - Measurements taken' on skulls and mandibles of M.natalensis.

of 8 (75 3' 6) F1 Senegal x South Africa pairs reproduced, whereas all backcrosses and
F2 crosses were successful.
The results presented in ;Table 1 ioncem only those pairs that actually reproduced.
No difference was found betkeen the $wo types of backcrosses (F 1 x Senegal or F 1 x
South Africa), so the resultsiwere poeled for statistical analyses. The same was done
for the results of both combi$ations in! bidirectional pairings. Backcrosses produced the
smallest litters (5.35 young/litter), whe'reas F 2 pairs gave birth to relatively large litters,
with a mean size of 8.31 young/litter.'Statistical comparisons between these series are
provided in Tab. 2 (Wilcoxon-Mann Whitney test, Siegel and Castellan 1988). The size
of litters produced by the F2 crosses was significantly larger than that of crosses between wild-caught individuals from Senegal or backcrosses.
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Sex-ratios at birth were balanced in all cases (Tab. 1).As for intervals between
litters, the mean values in our experiments ranged between 30.3 days (N = 10, SD =
8.8) for F1 crosses to 46.8 (N = 37, SD = 22.9) for intra-Senegal ones (Tab. 1). The
difference between these two values was the only statistically significant one (t test, p
= 0.034).
The testes of 17 males (4 from Senegal, 2 from South Africa, and 11 F1 hybrids)
were measured following sacrifice. There was no difference (t-test) between the mean
length of testes of parental males (N = 6, t = 15.25, SD = 1.84) and that of F l s
(N = 11, t = 15.32, SD = 1.21).
TABLE 1. - Reproductive data in different samples of M. natalensis (sex-ratio has not been systematically
recorded).
Nb pain

Nb litten

Nb young
born

litter size

+SD

ses-ratio

(do

interval (d) between
litters + SD (sample size)

South-East Senegal

22

58

348

6.052.1

37/52

46.8 5 22.9 (N-37)

Senegal x S.Africa

6

15

93

6.2k3.1

44/49

30.3 5 8.8 @=IO)

" h y b r i d s " ~ "parents"

6

17

91

5.4k2.7

.

44/38

37.15 13.7 @=II)

" h y b r i d s " ~ "hybrids"

6

16

133

a,3t3.4.

-

75/54

38.25 12.5(N=lO)

'

TABLE 2. - Results of pair-wise non parametric Wilcoxon-Mann Whitney tests between litter sizes in different types of crosses of M. natalensis.
Senegal x SouthAfrica "hybrids" x "parents" "hybrids" x "hybrids"
~~

~

~

~

~

~~~~~~~~~

I'

hybrids x " parents "

z = 0.724; p = 0.469

It

hybrids I' x " hybrids "

z = 1.709; p = 0.087

z = 2.484; p = 0.013

z = 0.165; p = 0.869

z = 11123; p = 0.261

It

seiegal x Senegal

I

z=2.744; p = 0.006

i

Chromosomal analysis
The karyotypes of the two mhe F 1 hybrids (Fig.i 2) showed the expected diploid
number for M. natalensis (2n = 32 ; autosomal fundamental number = 54). Chromosome pairs were identified and showed a G-band pattern similar to that previously
published in Britton-Davidian et al. (1995) for this species in Senegal. Two exceptions
were noted in chromosome pairs 3 and 12 which were dimorphic, one member of each
pair corresponding to the G-band pattern of Senegalese M. natalensis. In pair 3, the
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other chromosome member showed an additional segment near the centromere and in
pair 12, a more intense staining of the centromeric region was observed. Both of these
differences are present in the karyotype of M. natalensis from Zimbabwe published by
Lyons et al. (1980). These results suggest that the karyotypes of M. natalensis from
Zimbabwe and from Durban in South Africa share similar G-banding patterns and
show only slight differences with those of M. natalensis from Senegal.
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Fig. 2. - a) G-banded karyotype of a male F1 hybrid. b) Insert showing dimorphism in chromosome pairs 3 and 12. Dashes indicate the position of the centromere ; arrows higlight the
additional segments corresponding to the G-band patterns of the karyotype of the South
African parent.
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Biometrical analysis
,
,'

r

Principal component analysis (PCA) yielded no clear separation between the
3 samples studied (Senegal, South Africa, Tanzania). The use of discriminant analysis

led to better separation between them (Fig. 3), but some overlap was still evident. The
variables that participated the most to the overall discrimination between the three
groups were no 1,4, 8, 9, 13, 14, 15, 16, 17, 21 and 22 (F tests, p e 0.005), indicating
that both differences in size and shape were occurring. Three of the 35 individuals
from Senegal were classified to the inc0rrect.a priori groups (2 to the South African
sample, 1to the Tanzanian one), while 1individual from Tanzania was classified into
the South African sample.

FACTOR( 1 )

Fig. 3.- Scatterplot of the scores of: M. natalensis individuals in the discriminant space defined
by the first two factors ; Individuals from A : South Africa, S : Senegal and T : Tanzania.

:

i

DISCUSSION

!

General censiderations
?

Oliffj( 1953) and Meester (h960) published results on the reproductive performances in.captive colonies of what they called M. natalensis. However, thedocks used
by these two authors were obtained from the vicinity of Johannesburgh and Pretoria
respectively, where only M. coucha has been recorded (Hallett 1977, Green et al.
1980). The animals they studied were thus probably M . coucha, which precludes
comparison with our study.
The rather low reproductive success observed in the case of intra-Senegal pairs
(only 61 96 of the pairs produced at least one litter) may be due to the fact that these

704

MAMMALIA

i

pairs were constituted from wild-caught individuals, whereas the Senegal x South
Africa crosses were performed with captive-bom animals. N. natalensis is known to be
quite aggressive to conspecifics (Hallett 1977, Coetzee 1975, Granjon and Duplantier
1993), and this may be more the case in wild-caught than in captive-bom individuals,
thereby leading to a reduction in mating activity.

I
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:

Conspec$city of M. natalensisfrom Senegal and South Africa
Intraspecific cross-breeding experiments between individuals from allopatric origins have seldom been conducted in African rodents. Petter et a¿. (1969) demonstrated
complete interfertility between Arvicanthis niloticus from Ethiopia and Senegal, as well
as between their progeny. Kaminski et al. (1984) described the same result between A.
niloticus from Senegal and Egypt. Chromosomal studies on specimens from the latter
two countries further demonstrated their karyotypic identity (Volobouev et al. 1988).
The recent experiments of Pillay et al. (1992, 1995) concerned samples from different
populations of Otomys irroratus that were not separated by a very large geographic
distance, but had distinct karyotypes. This chromosomal differentiation resulted in a
severe reduction of reproductive performances in interpopulation crosses, and of hybrid
fitness.
In our case, only slight chromosomal differences have been evidenced by
G-banding. analyses between M. natalensis from Senegal and South Africa (see insert
of Fig. 3). Similarly, our preliminary biometric results indicated no clearcutdifferentiation between samples äf M. natalensis from Senegal and South Africa. While the lack .
of any separation in PCA may be understandable given the difficulties in distinguishing
the different species of the genus by this type of analysis (Duplantier 1988, Dippenaar
er al., 1993), even the use of discriminant analysis (which maximises inter-group separation), did not lead to a complete discrimination among the samples.
The slight chromosomal and biometrical differences we observed are not a priori
likely to induce any post-zygotic barrier to reproduction. However, such barriers may
also originate from genic or behavioural incompatibilities. The results obtained clearly
indicate that no such problems seem to exist. All types of crosses between Senegalese
and South African M. natalensis were successful, particularly those involving F 1
hybrids. Moreover, FI hybrid males had testes of the same size as parental individuals,
suggesting that their reproductive potential was not impaired. Crosses between F 1
hybrids were the most successful in terms of mean litter size. Given the relatively small
samples considered here, this result may be due to chance. The alternative ’hypothesis
would involve “hybrid vigour”, which may correspond to a lower rate of embryo
resorption in these F2 crosses than in the other types of crosses. In preliminary support
of this hypothesis, we obsërved upon necropsy that two F 1 females involved in backcrosses had 11 and 13 embryos, whereas three F 1 females sacrificed after several
months of pairing with :F 1 partners had 7, 9 and 10 embryos. For comparison, Duplantier et al. ($996) foundja mean number of embryos of 8.6 (SD = 2.6) in 30 females of i
M. natalens@from Senpgal.
On theibasis of these results, we conclude that Mastomys from Senegal $nd South i
Africa char4cterized byja diploid number of 32 chromosomes and an autosomal funda- i
mental number of 54 chromosomal arms are conspecific. The small karyotypic and bio- .
metrical differences observed are fully compatible with the concept of genotypic or
morphological clusters described in Mallett (1995). Local differentiation are likely in a
species with such a large distribution area as M. natalensis, and may be promoted by
differences in local ecological situations within its range, without involving the deve-
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lopment of any reproductive barriers. This would be worth testing in such situations as
the one described by Lavrenchenko et al. (1992) in Ethiopia, where 3 forms of Mustomys with apparently similar karyotypes but different hemoglobin patterns, are found.

ACKNOWLEDGMENTS
,
l

We want to express our thanks to H. Bouganaly, J. Cuisin, J.-C. Gautun and M. Tranier for
their help in the animal rooms management, as well as to H. Leirs for giving us two pairs of
South African M. natalensis from his breeding colony in Antwerp, and lending us a series of
skulls of Tanzanian M. natalensis. The Conseil Regional du Languedoc-Roussillon gave fundings
to acquire the Genevision analyser. We are grateful to N. Pillay and L.A. Lavrenchenko for their
helpful suggestions. ISEM contribution no 97-017.

BIBLIOGRAPHY

-

BRI~ON-DAVIDIAN,
J., J.CATALAN,
L. GRANJON
and J.M. DUPLANTIER,
1995. - Chromosomal
evolution in the genus Uastomys (Mammalia, Rodentia) : intraspecific polymorphism
and phylogeny. J
.Ma",.76 : 248-262.
COEIZEE,C.G., 1975. - The biology, behaviour, and ecology of Mastomys natalensis in Southern
Africa. Bull. World Health Organization,52 : 637-644.
DIPPENAAR,
N.J., P. SWANEPOEL
and D.H. GORDON,1993. - Diagnostic morphometrics of two
medically important southern African rodents, Mastomys natalensis and M. coucha
(Rodentia : Muridae). S.Afr. J.Sci., 89 : 300-303.
DOBZHANSKY,
T., 1937. - Genetics and the origin of species. Columbia University Press, New
York.
DUPLANTIER,J.M,, 1988. - Biologie évolutive de populations du genre Mastomys au Sénégal.
T h b e d'Etat, Univ. Montpellier II, 215 p.
DUPLANTIER,
J.M. and L. GRANJON,1988. - Occupation et utilisation de l'espace par des populations du genre Mastomys au Sénégal : étude 3 trois niveaux de perception. Sci. Tech.
Anim. Lab., 13 : 129-133.
DUPLANTIER,
J.M., J. BRK~ON-DAVIDIAN
and L. GRANJON,
1990. - Chromosomal characterization
of three species of the genus Masromys in Senegal. 2.$ïr zool. Syst. und Evol.-forsch,
28 289-298.
DUPLANTIER,
J.M., L. GRANJON
and H. BOUGANALY,
1996. - Reproductive characteristics of three
sympatric species of Mastomys in Senegäl, as observed in the field and in captivity.
Mammalia, 60 : 627-636. .
EVANS,
E.P., G. BRECKON
and C.E~FORD,
1963. - An air-drying method for meiotic preparations
from mammalian testes. Cjtogenetics, 3 : 289-294.
FOREIT,
J. and P. IVANYI,1975. - penetic studies on male sterility between laboratory and wild
mice (Mus musculus L.). Genet. Res., Camb., 24 : 189-206.
GRANJON,
L. and J.M. DUPLANTIER~
1993. - lnterindividual relationships in synanthropic populations of a murid rodent, Mastomys natalensis, in Senegal. Acta theriol., 38 : 39-47.
GRAY,A.P., 1971. - Mammalian hybrids. A check-list with bibliography. Commonwealth Agricultural Bureaux, Farnham Royal, Slough, 362 p.
GREEN,C.A., H. KEOGH,
D.H. GORDON,M. m o and E.K. HARTWIG,1980. - The distribution,
identity, and naming of the Mastomys natalensis species complex in South Africa
(Rodentia : Muridae). J.Zool. Lond., 192 : 17-23.

-.
706

MAMMALIA

HALLE'IT,J.M., 1977. - Cytological and cytogenetical studies on the multimammate mouse, Praomys (Mastomys) natalensis. Master of Science Dissertation, Univ. of the Witwatersrand,
Johannesburgh, 122 p.
-SKI,
M., M. ROUSSEAU
and F. PETTER,1984. - Electrophoretic studies on blood proteins of
Arvicanthis niloticus (Desmarest, 1822). Bioch. Syst. Ecol., 12 : 215-224.
KING,M., 1993. - Species evolution. The role of chromosome change. Cambridge University
Press, Cambridge, 336 p.
LAVRENCHENKO,
L.A., 0,P. LIKHONOVA
and V.N. O z o v , 1992. - Hemoglobin patterns : a possible implication in systematics of multimammate rats Mastomys (Muridae, Rodentia).
Zoologichesky Zhurnal, 71 : 85-93 (in msian, with english summary).
LEE,M.R. and F.F.B. ELDER,1980. - Yeast stimulation of bone marrow mitosis for cytogenetic
investigations. Cytogenet. Cell Genet., 26 : 36-40.
and R.C. GREEN,1980. - G-banding chromosome analysis of species
LYONS,N.F., D.H. GORDON
A of the Mastomys natalensis complex (Smith, 1834) (Rodentia, Muridae). Genetica,
54 : 209-212.
MALLET,
J., 1995. - A species definition for the modem synthesis. TREE, 10 : 294-298.
MAYR,E., 1942. - Sysrematics and the origin of species. Harvard University Press, Cambridge.
MEESTER,
J., 1960. - Early post-natal development of multi-mammate mice Rattus (Mastomys)
natalensis (A. Smith). Ann. Transv. Mus., 24 : 35-52.
OLIFF, W.D., 1953. - The mortality, fecundity and intrinsic rate of natural increase of the multimammate mouse Rattus (Mastomys) natalensis (Smith) in the laboratory. J. Anim. Ecol.,
22 : 217-226. .
PETTER,F., M. QUILICI,P. RANQUEand P. CAMERL~K,
1969. - Croisement d'Arvicanthis niloticus (Rongeurs, Muridés) du Sénégal et d'Ethiopie. Mammalia, 33 : 540-541.
PILLAY,N., K. WILLANand J.MEESTER,1992. - Post-zygotic reproductive isolation in the Afncan vlei rat Otomys irroratus (Muridae : Otomyinae). Israël J. Zool., 38 : 307-313.
PILLAY,N., K. WILLANand J.MEESTER,
1995. - Post-zygotic reproductive isolation in two populations of the African vlei rat Otomys irroratus. Acta theriol., 40 : 69-76.
SBORDONI,
V., 1993. - Molecular systematics and the multidimensional concept of species.
Bioch. Syst. Ecol., 21 : 39-42.
SEABRIGHT,
M., 1971. - A rapid banding technique for human chromosomes. Luncer, 2 : 971.
SHORT,R.V., 1976. - The origin of species. Pp. 110-148. In :Reproduction in mammals. 6. The
Evolution of reproduction. Ed. by C.R. Austin and R.V. Short, Cambridge University
Press, Cambridge.
SIEGEL,S. and N.J. CASTELLAN
JR., 1988. - Nonparametric statistics for the behavioral sciences.
McGraw-Hill, New-York, 399 p.
SYSTATfor Windows, 1992. - Version 5, Systat Inc., Evanston, Illinois, USA.
VOLOBOUEV,
V., E. VIEGAS-PEQUIGNQT,
M. LOMBARD,
F. PETTER,J.M. DUPLANTIER
and
B. DUTRILLAUX,
1988. - Chromosomal evidence for a polytypic structure of Arvicanthis
niloticus (Rodentia, Muridae). Z. für zool. Syst. und EvoL-Jorsch, 26 : 276-285.

;
I

i

l

2
I

I

