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  The population genetic implications of mating system were investigated in Euro-
pean polecat Mustela putorius populations from western France, combining 
radiotracking survey and allozyme variation analysis.  Mating period occurred 
from February to June and polecats showed a strategy of successive polygyny, a 
male consorting with 1.44 females during a brief period (2.9 days).  Relatedness 
was largely sex biased, females (21%) being almost twice more related than males 
(13%) suggesting a natal philopatry.  Nonetheless, breeding dispersal pattern ap-
peared relatively complex.  Males were the sex dispersing but the main strategy 
for male polecats consisted of short-term mating excursions in adjacent females 
ranges whereas long-distance dispersal only constituted an alternative breeding 
strategy.  Despite their allozymic polymorphism level reaching 24% at p<0.05 for 
38 scored loci, populations showed a high heterozygote deficiency as revealed by the 
FIS index averaging FIS = 0.383.  Thus the mating system of such solitary mustelids 
may be poorly efficient to prevent inbreeding within populations.                

     
 
 

INTRODUCTION 
 

   The sexual system has a major influence on the genetic 
structure of wildlife populations.  Monogamy is expected 
to retain high genetic diversity by allowing an equivalent 
share of reproduction among animals.  Far from being 
panmictic, numerous social species are however struc-
tured into small breeding units that are susceptible to 
amplify inbreeding.  Thus, a family effect can affect the 
genetic structure of social species living either in packs, 
such as wolves (Kennedy et al., 1991; Randi et al., 1993; 
Forbes and Boyd, 1996), or in small colonies, such as bad-
gers or mongooses (Evans et al., 1989; Keane et al., 1996; 
Vuuren and Robinson, 1997). Similarly, polygyny may 
increase inbreeding by reducing the effective number (Ne) 
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of breeders.  
    Nevertheless, most of mammals are polygynous species 
showing a male-biased dispersion (Greenwood 1980) and 
the design proves to be quite efficient in reducing the 
heterozygote deficit especially when populations are 
evenly distributed (Gotelli et al., 1994; Keane et al., 
1996).  Although dispersal may be costly, such a sex-bi-
ased strategy may generally favour the inbreeding 
avoidance.  Polygyny however occurs in various patterns: 
there are social groups with a single dominant male as 
well as rather solitary animals mating with several 
females. Close inbreeding is rare in wild carnivores liv-
ing in polygynous or promiscuous social groups mainly 
because social dominance and dispersal may proceed as a 
mechanism of inbreeding avoidance (Frame et al., 1979; 
Packer and Pusey, 1993; Smale et al., 1993; Woodroffe et 
al., 1995; Keane et al., 1996). Besides, intraspecific varia-
tions in mating systems frequently exist within sexes 
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(Zabel and Taggart, 1989; Thirgood, 1990; Herrera and 
MacDonald, 1993; Gompper et al., 1997) and these alter-
native strategies may play a part in inbreeding avoidance 
and heterozygote depletion or excess (Rood, 1989).  Al-
though most solitary carnivores are portrayed as polygy-
nous species, such mechanisms of inbreeding avoidance 
are still poorly known. 
   In polygynous species, sexual selection has also resulted 
in sexual dimorphism for size (Ralls, 1977).  Conferring a 
sexual advantage by being large, sexual dimorphism in 
males is expected to occur when males compete for mate 
inducing a male-biased dispersion.   Subordinate males 
are expected to be poor competitors, thus leaving their 
natal range might benefit from better opportunities to 
acquire matings.  The polecat displays the strongest 
sexual dimorphism among mustelids and this dimorphism 
may be attributed to a strong mating competition among 
males (Poole, 1974).  Indeed, the polecat has very indi-
vidualistic habits exhibiting a strong segregation in the 
habitat use within or even between sexes (Lodé, 1996; 
2000). Although polecats are expected to compete for 
females, little information is known about the factors that 
affect male and female mating patterns.  It could be pre-
dicted that male conflicts result in a polygynous mating 
system with long distance dispersal, thus favouring 
inbreeding avoidance while females could rather show 
natal philopatry.  
   Using a combination of allozymic data and radiotracking 
survey of several polecats, this paper aims to 1) investi-
gate the mating system as revealed by consortship 
behaviour and 2) analyse the genetic consequences of the 
mating system regarding genetic variance, relatedness 
and inbreeding. 

 
 

MATERIALS AND METHODS 

Mating system.   Data from 22 reproductive adult pole-
cats (9 males and 13 females) inhabiting western France 
were used to analyse mating behaviour from 1992 to 
1999.  During every surveyed period, trapping sessions 
were monthly conducted using 20 box-traps in four dis-
tinct areas: 1) Grand-Lieu, swampy meadows alternating 
with deciduous woods, 2) Brière, marshes and peat-bogs, 
3) Brittany riverbank sides and farmland, 4) Anjou: 
deciduous woods (DPN authorisation n° 94162/AUT). 
The range of mean daily temperature was moderate (Feb-
ruary: 2°C, August:21°C) and rainfall reached 750mm per 
year with less than three snowy days. Wild polecats were 
live-trapped, sexed, weighed, and their ano-genital region 
was meticulously examined. Polecats are monoestrous 
and animals are mature in the year following their birth 
(Lodé, 1990; Birks and Kitchener, 1999).  The duration of 
the breeding period and dates of parturition were assessed 
on the basis of change in morphological external charac-
teristics, testes, vulva and teats.  

    Mating behaviour was determined by three lines of evi-
dence: trapping, incidental observations and radiotracking 
locations.  Radiotracked polecats were repeatedly moni-
tored by triangulation (Cf Lodé, 1994; 1995; 2000).  The 
size of the activity area was calculated from the minimum 
convex polygon (Mohr, 1947; White and Garott, 1990). 
Nevertheless, only few data were obtained from one male 
and four females because of dysfunction or loss of their 
transmitter and their data were excluded from the esti-
mation of home-range size. A limitation of the fieldwork 
is that the presence of transient polecats may not be 
detected despite they have a mating activity. Such a case 
is however expected to be rare because polecats showed a 
strong intolerance against congeners (Poole, 1974; Lodé, 
1996).  
    The mating behaviour was inferred from data obtained 
by the radio-telemetry protocol considering the minimal 
consortship duration.  The consortship behaviour con-
sists in a brief diurnal association between an adult male 
and an adult female often resting together in the same den 
during oestrus (Gehrt and Fritzell, 1999).  Polecats are 
usually intolerant and exhibit a strong individual segre-
gation in the use of space and associations between indi-
viduals are restricted to the breeding period (Lodé, 
1996). Most of recaptured females during this period 
exhibited scratches on the neck and on the back resulting 
from the copulation, when the male kept on the female 
with a bite often lasting more than one hour (Lodé, 
1990). Because copulation induces ovulation, breeding 
success depends upon the male tenacity. Because of the 
nocturnal habits of polecats (Lodé, 1995), mating can only 
be indirectly evidenced by the consortship of male and 
female.  Therefore, the consortship behaviour provides a 
good indication of the mating activity (Gehrt and Fritzell, 
1999).  The minimal consortship duration was assessed 
as a number of days during which male and female were 
diurnally associated in the den.  I quantified the number 
of females consorted with each male and the time spent 
consorting was assessed considering successive locations 
on a basis of a minimum of six consecutive fixes per 
days.  
 
Allozyme analysis.    Polecats were sampled between 
1996 and 1999 from six regions of western France, Brit-
tany, Brière, Anjou, Sologne, Vendée, Limousin.  Muscle 
tissue samples were obtained from 91 trapped or road-
killed animals provided by trappers, taxidermists and 
naturalist associations (DPN authorisation n°98/717/ 
AUT).  Crude extracts from tissue, macerated in equal 
volume of distilled water were centrifuged at 10,000g for 
15 minutes at 4°. I performed an electrophoresis of 
soluble proteins by starch gel electrophoresis (Sigma) 
using three buffer systems, Tris-citrate pH6, Tris-citrate 
pH8 and Tris-EDTA-borate pH8 (see Lodé 1998). Slices 
were stained for 24 enzymes encoded by 38 gene structure  
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loci following Pasteur et al. (1987), Murphy et al. (1990) 
and Rothe (1994) procedures.  Loci successfully resolved 
were Aat-1 and Aat-2 (EC 2.6.1.1), Aco-1 and Aco-2 (EC 
4.2.1.3), Ada (EC 3.5.4.4), Ak (EC 2.7.4.3), Ck-1 and Ck-2 
(EC 2.7.3.2), Ddh-1 and Ddh-2 (EC 1.8.1.4), Est-1 and Est-
2 (EC 3.1.1.1), Fumh (EC 4.2.1.2), Gly2dh (EC 1.1.1.29), 
G6pdh (EC 1.1.1.49), Gpi (EC 5.3.1.9), Hk-1, Hk-2 and Hk-
3 (EC 2.7.1.1), Idh-1 and Idh-2 (EC 1.1.1.42), Ldh-1 and 
Ldh-2 (EC 1.1.1.27), Mdh-1 and Mdh-2 (EC 1.1.1.37), Me-
1 and Me-2 (EC 1.1.1.40), Mpi (EC 5.3.1.8), Pep-1 and Pep-
2 (EC 3.4.11.1), Pgdh (EC 1.1.1.44), Pgm-2 (EC 2.7.5.1), 
Pnp (EC 2.4.2.1), Sdh (EC 1.1.1.14), Sod (EC 1.15.1.1), Tpi 
(EC 5.3.1.1), and two non specific proteins. Out of nu-
merous allozymes examined, five of them could not be 
scored consistently and therefore were excluded.  They 
were considered as unsuccessful ones when they showed a 
too diffuse zone of activity or when no activity was de-
tected.   
    F-statistics were assessed using F-STAT (Goudet, J. 
2000. FSTAT, a program to estimate and test gene di-
versities and fixation indices (version 2.9.1. updated from 
Goudet 1995), GENETIX (Belkhir, K., Borsa, P., Goudet, 
J., Chikhi, L. and Bonhomme F. 1996-98, Genetix version 
3.3, Laboratoire Génome and Populations, CNRS UPR 
9060, Montpellier France,) and POPGEN32 software 
(Yeh, F., Yang, R.C., Boyle, B.J. Ye, Z.H. & Mao, J.X., 
1997, Pop Gen 3.2. Mol Biol Biotech Centre, Univ 
Alberta).  The effective number of alleles was estimated 
as in Kimura and Crow (1964) revised by Nei (1987). 
Observed HO and expected HE(n.b). non biased average 
heterozygosities (Nei, 1978) over loci were calculated and 
heterozygote deficiency (inbreeding) was based on the FIS  
index as in Wright (1978) and Weir and Cockerham 
(1984). FIS value was calculated using 1000 permutations 
of alleles within population for each locus (Genetix 
procedure). The relatedness within subpopulations 
(Relat), regarding either males (n = 54) or females (n = 
37), was assessed using Queller and Goodnight's (1989)  

estimator as relatedness = 2 FST / (1+FIT) (with θ, see 
Weir and Cockerham 1984) and using jack-knifing 
procedure over loci RJ (Weir 1996).   
 
 

RESULTS 

Mating system    In male polecat, the rutting period 
began in February as revealed by change in the size of 
testes.  During oestrus, receptive females exhibited a 
strong congestion of the vulva associated with the follicu-
lar maturation. Most of copulations occurred from March 
to mid-April and parturitions, as revealed by recaptures 
of lactating females, happened from May to June.     
    The size of the activity area averaged 2.53km² (sd 1.76) 
in males (n = 8) while the range only reached 0.74km² (sd 
0.25) in females (n = 10). However, movements were very 
contrasted among males. Two types of movements 
characterized the spatial pattern. Numerous repeated lo-
cations in restricted areas were followed by several long 
distance travels. But, while some males returned to their 
previous range, other males were located far from their 
former fixes and five of them left out of the area.  Diel 
movements of males, averaging 152.9m (sd 102.6) were 
larger than those of females averaging 63.2m (sd 51.2) 
(Welch alternate t test = 2.39, df11 p = 0.036) but in males, 
some movements exceeded 6.1 km.  Female polecats also 
displayed series of sinuous small tracks alternating 
with longer straight ones but distances were smaller than 
males and females tended to stay on the same area. 
Oestrous females reduced their nocturnal movement.      
   Most of male polecats moved across several female con-
tiguous ranges but consortship success varied among 
males. The minimal consortship duration ranged from 
one to six days and averaged 2.85 (sd 1.57) (Fig. 1).  Even 
considering mating season and reproductive adults, 
consortship behaviour remained uncommon and only 
represented 4.0% (sd 4.8%) of the survey length.  Male 
polecats successively consorted with an average of 1.44  
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Fig.1.  A. Number of males successfully consorted with females and B. Minimal consortship duration among males in the European 
polecat in western France.  
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Fig. 2. Electrophoretic activity of a polymorphic locus (PGM-2) showing two band pattern for heterozygotes, in Mustela putorius 
populations from France. 
 
females (sd 0.73), but 55.6% of males consorted with a 
single female while 33.3% were with 2 females and only 
one consorted with three females. Each female only 
consorted with a single male. Variations in consortship 
duration tended to be longest when male stayed with only 
one female but the test among males was not significant 
(Kruskal-Wallis = 0.94, p = 0.65).   
 
Genetic variance   Out of 38 loci, nine were found poly-
morphic (23.7%) at p = 0.05 (Ada, Est-2, G6pdh, Mdh-1, 
Me-1, Pep-2, Pgm-2, Pnp and Sdh).  Ada was coded by one 
monomeric locus showing one band or two for heterozy-
gotes.  For Esterase, two zones of activity were found 
corresponding to two monomeric loci of which only Est-2 
was polymorphic.   Only one band was discovered for 
the homozygotes in the dimeric locus of G6pdh.  Hetero-
zygote showed an intense band and two reduced outer 
bands.  Tissue expressed two activity zones correspond-
ing to two dimeric loci (Mdh-1 and Mdh-2), each one 
having a heavy band and a weaker band for homozygotes. 
Two malic enzyme isozymes have been observed with one 
band for homozygotes in Me-1 and three weaker bands for 
heterozygotes. Pep-2 was a dimeric locus and heterozy-
gotes were revealed by one heavy band and two weaker 
ones while Pep-1 most anodal was monomorphic.   Pgm  

 
Table 1. Allelic frequencies and sample sizes for 9 

variable loci in Mustela putorius from western 
France, (a, b and c referred to electrophoretic 
mobility of alleles) 

Locus alleles frequencies N 
ada a 0.495 91 
 b 0.506     
est-2 a 0.105 76 
 b 0.895     
g6pgdh a 0.883 64 
 b 0.117  
mdh-1 a 0.724 87 
 b 0.040  
 c 0.236  
me-1 a 0.714 89 
 b 0.287  
np a 0.560 91 
 b 0.440  
pep-2 a 0.907 70 
 b 0.093  
pgm-2 a 0.861 86 
 b 0.139  
sdh a 0.600 85 
 b 0.400  

Table 2.   Polymorphism, number of alleles, observed (Ho), expected heterozygosity (HE) and FIS index for 9 polymorphic loci 
in six polecat populations from western France  

Population name 
Anjou Vendée Brière Brittany Limousin Sologne 

MEAN 
Values 

Polymorphism 
at 0.05 21% 21% 18.4% 18% 16% 18% 23.7% 

Number of  
alleles 

1.24 1.24 1.18 1.21 1.16 1.18 1.263 

HO  0.065 0.053 0.058 0.030 0.046 0.047 0.051 
Sd  0.159 0.114 0.136 0.065 0.115 0.131 0.0112 

HE (n.b.)  0.077 0.072 0.068 0.059 0.078 0.076 0.082 
Sd  0.160 0.144 0.153 0.128 0.181 0.175 0.163 
FIS  0.165 0.269 0.150 0.508 0.425 0.385 0.383 

N individuals 20 14 12 16 14 15 91 
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was encoded by two loci but one activity zone for monomer 
Pgm-2 was detected exhibiting one band for homozygotes 
(Fig. 2). Pnp coded by one trimeric locus showing a three 
banded pattern. The zymogramme of Sdh consisted of one 
band for one dimeric locus. The less frequent allelic 
frequency only reached 4% for Mdh-1 (Table 1). 
   The observed heterozygosity averaging HO = 0.051, 
ranged from HO = 0.030 in Brittany to HO = 0.065 in 
Anjou (Table 2). The observed heterozygosity showed a 
low level whereas non biased expected heterozygosity 
(mean HE (nb) =0.082) had always a higher value, ranging 
from HE (nb) = 0.059 to HE (nb) = 0.082. By the way, the FIS 
index averaging 0.383 revealed a deficit of heterozygotes 
in every population. The FIS index was 0.425 in Limousin 
and extended to 0.508 in Brittany. The heterozygote de-
ficiency remained lower in Brière with 0.150 but reached 
0.165 in Anjou.  
    The observed mean heterozygosity did not differ 
between males (HO = 0.049, n = 54) and females (HO = 
0.053, n = 37). The estimate of the mean relatedness 
averaged Relat = 17% and RJ = 17.4% (sd 4.0) using jack-
knifing procedure over loci. However, male polecats 
showed a lower level of relatedness reaching only 13.2% 
(RJ = 13.5% jack-knifing sd 4.7,  n = 54). By contrast, re-
latedness was 21.2% in females (RJ = 21.2% jack-knifing 
sd 9.0, n = 37) revealing a great disparity between sexes 
since females were almost twice more related than males 
(Welch's approximate t test =  4.8, df 49 p< 0.0001). 
 
 

DISCUSSION 

Mating system.  The mating system of European pole-
cat is characterized by a strategy of successive polygyny 
and a single male can consort with one to three receptive 
females.  Mustelids have often been portrayed as polygy-
nous species but mating behaviour has rarely been 
reported from wild populations because such observations 
are difficult for most solitary and nocturnal species 
(Hillman and Carpenter, 1984; Sandell, 1986, 1989 Lodé, 
1996).  However, the pattern of space use showing nu-
merous locations on very restricted areas alternating with 
long distance travels is often typically observed in 
mustelids and males generally occupy larger ranges than 
those of females (Sandell, 1989; Weber, 1989, Sasaki and 
Ono, 1994; Birks and Kitchener, 1999; Lodé 1993, 
2000).  During the breeding period, the extent of the 
activity area was directly related to the increase of 
movements.  In stoats, mating season also influences spa-
tial pattern (Sandell, 1983; Robitaille and Raymond, 
1995) and male mustelids often range widely during the 
mating season (Gerell, 1970; Weber, 1989, Robitaille and 
Raymond, 1995; Garin et al., in press).   From results, it 
is suggested that male polecats enlarged their movements 
searching for mate opportunities.  Such behaviour pro-
vided an explanation on the apparent discrepancies in the 

 home range size and of the long-distance travels some-
times exceeding several kilometers in numerous mustelids 
(Gerell, 1970; Skinisson, 1986; Weber, 1989; Samson and 
Raymond, 1998; Garin et al., in press).   Polecats exhib-
ited very solitary habits and the consortship duration 
remained very brief. Radiotracking data revealed that 
multiple consortship males could succeed because they 
resided in the vicinity of several oestrous females.   The 
number of receptive females can be regarded restricting 
on the breeding of males.   Thus it could be predicted that 
the stability of receptive female range affects decisively 
the consortship success of males.  The main strategy for 
male polecats consists of short-term mating excursions in 
adjacent female ranges.   This pattern has already been 
described in male stoats (Sandell, 1983) and, despite 
being rarely reported in literature for free ranging carni-
vores, it could be suspected to be the most frequent strat-
egy adopted by male polygynous carnivores.  Therefore 
male polecats often moved within their range and alterna-
tively can launch upon long distance travels outside their 
range searching for receptive females.  Unfortunately 
how consortship behaviour is related to breeding success 
remains unknown.  Nevertheless, this alternative strat-
egy resulted in few consortships and is expected to be 
poorly efficient. Because they leave their home range, 
these males are presumed to be poor competitors for 
mate.    It remained to be seen whether such males 
avoided dominant males or whether females evicted 
them.   In any cases, such subordinate adults may 
only gain some advantage by dispersing.  Competitive inter-
actions could be costly in carnivores and may favour the 
size dimorphism of polecats.  
 
Genetic variance.  Allozymic variation of polymorphic 
loci were consistent with those reported for carnivores 
(O'Brien, 1980; Simonsen, 1982; Hartl  et al., 1988; Evans 
et al., 1989; Mitton and Raphael, 1990; Kennedy et al, 
1991; Randi et al., 1993).   Despite a high level of 
allozymic polymorphism (24%), polecat populations exhib-
ited a clear heterozygote deficiency.  Although Simonsen 
(1982) found no allozymic variation in seven species of 
carnivores from Denmark, heterozygosity level in polecat 
was within the range reported in most mustelids (Hartl et 
al., 1988; Serfass et al., 1998; Wilson et al., 2000).  The 
heterozygote deficit occurred in every population but in 
polecat, the heterozygosity levels were found to be associ-
ated with habitat diversity (Lodé 1998, 2001).  The strong 
inbreeding as revealed by the FIS index may result from 
mating strategy. The overall relatedness averaging 17% 
in polecat was lower than that observed in carnivores liv-
ing in social groups such as wolves (Relat >25%, Lehman 
et al., 1992).  From relatedness analysis, our results 
suggest that males were the dispersing sex in polecats. 
Breeding dispersal was sex-biased with males being almost 
twice less related than females (13% versus 21%). The 
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general pattern of male-biased dispersal while females are 
more philopatric is often admitted in numerous mammals 
and regarded as favouring inbreeding avoidance (Green-
wood, 1980; Waser and Jones, 1983; Johnson and Gaines, 
1990; Keane et al., 1996).  Nonetheless, from this general 
theme, breeding dispersal patterns showed wide vari-
ations and revealed a more complex situation. In polecat, 
mating short-term excursions were frequent in adjacent 
female home ranges.  Resident males may visit several 
females in contiguous home ranges but returned within a 
few days.  Because of female philopatry, such mating may 
increase inbreeding probability.  Dispersal mechanisms 
are also insufficient to avoid incestuous copulation in 
Black bear (Rogers, 1987).  Natal dispersal in which ju-
veniles search to settle far from their natal home-range is 
often distinguished from breeding dispersal in which 
adults search for increasing their mate opportunities 
(Greenwood, 1980).  Because polecats are mature in their 
first winter, this difference is not obvious.  Inbreeding 
avoidance chiefly depends on long-distance dispersal, 
which has been expected to be the main pattern in polygy-
nous carnivores.  Conversely, short-breeding excursion 
was found to be the main breeding pattern in polecat 
whereas long-distance travel occurs less frequently. 
Patterns of dispersal in breeding mustelids are mainly 
expected to proceed according to the stepping-stone model 
in which sub-population exchanges are favoured in 
contiguous zones (Gadgil, 1971).  Moreover, it could be 
assumed that subordinate males leaving their range for 
better opportunities to mate are poor competitors and have 
a low consortship success. Despite the one migrant per 
generation rule (Wright, 1943; Mills and Allendorf, 1996), 
this breeding dispersal appeared poorly efficient to retain 
genetic diversity. The respective role of competitive 
interactions among males and of female choice in the adop-
tion of these male alternative strategies should be how-
ever detailed.  
   Because of their large sexual dimorphism, their mating 
system and their intolerance, polecats could be considered 
as typical polygynous and solitary carnivores.  Both the 
female philopatry and the fact that resident males suc-
ceed in multiple consortships may result in an increase of 
heterozygote deficit.  Thus the mating system of such 
solitary mustelids may be poorly efficient to prevent in-
breeding.   
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