
Biological Conservation 186 (2015) 28–34
Contents lists available at ScienceDirect

Biological Conservation

journal homepage: www.elsevier .com/locate /b iocon
Adult sex-ratio distortion in the native European polecat is related
to the expansion of the invasive American mink
http://dx.doi.org/10.1016/j.biocon.2015.02.030
0006-3207/� 2015 Elsevier Ltd. All rights reserved.

⇑ Tel.: +34 925 265 767x5777; fax: +34 925 265 766.
E-mail address: rafael.barrientos@uclm.es
Rafael Barrientos ⇑
Departamento de Ciencias Ambientales, Facultad de Medio Ambiente, Universidad de Castilla-La Mancha, Avenida Carlos III, s/n, E-45071 Toledo, Spain

a r t i c l e i n f o
Article history:
Received 30 July 2014
Received in revised form 13 January 2015
Accepted 26 February 2015

Keywords:
Adult sex-ratio
Non-native species
Mustelids
Population decline
Sexual size dimorphism
Tertiary sex-ratio
a b s t r a c t

Biological invasions represent a threat to worldwide diversity, but large scale patterns of their impacts
are rarely reported. The population sex-ratio influences many other population parameters such as the
effective population size, the mating system or the population persistence in the long run. At a local scale,
the presence of American mink (Neovison vison), a successful invader, has been shown to distort the adult
sex-ratio (ASR) in the native European polecat (Mustela putorius). The aim of the current work is to deter-
mine whether this process is generalized across the entire native species range, by studying 71 datasets
and 10,847 polecats with a meta-analytic approach. Datasets were male-biased when these included
adult individuals. The different sampling methods (trapping/hunting, live trapping or road-kills) did
not affect the sample sex-ratio (SSR). The polecat ASR is more skewed toward males in the presence of
American mink, representing a conservation concern due to the reduction of reproductive females. The
potential repercussions of ASR distortion on the effective population size, the mating system or the pop-
ulation persistence are discussed. This is the first time that ASR distortion across the entire range of a
native species is linked to competition with an invasive species.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Global change is causing the sixth major extinction event at an
unnaturally rapid rate (Pimm et al., 1995; Chapin et al., 2000), and
the human-related spread of non-native species is one of the main
drivers contributing to this change (Sala et al., 2000). Nevertheless,
few causal relationships have been clearly identified, as it is diffi-
cult to distinguish the mechanisms, often intercorrelated, involved
in native species declines (Mooney and Cleland, 2001; Roy et al.,
2012). The impacts of invasive species are numerous, including
predation, disease transmission, hybridization and niche displace-
ment via competitive exclusion, which can ultimately drive the
extinction of native biota in the most severe cases (Mooney and
Cleland, 2001). If these impacts affect one of the sexes more
severely, the ‘Adult Sex-Ratio’ (ASR, i.e. proportion of males vs.
females among reproductively mature individuals; also known as
‘tertiary sex-ratio’) of the native population will become skewed
from its basal value (although this is not necessarily 0.5, see
Bessa-Gomes et al., 2004). Despite the vital importance of the
ASR to several evolutionary aspects of animal populations, includ-
ing effective population size, mating system, recruitment rate,
natal dispersal and population persistence in the long run
(Donald, 2007; Wedekind, 2012; Saino et al., 2013), the impact of
invasive species has received little attention in studies of sex-re-
lated behavioral or demographic factors that can lead to ASR dis-
tortions in native populations (Donald, 2007; Wedekind, 2012).
This could be due to the fact that, in contrast to the great deal of
attention that has been devoted to sex-ratio allocation in early
stages (that is, ‘primary sex-ratio’ or the ratio at fertilization, and
‘secondary sex-ratio’ or the ratio at birth; e.g. Clutton-Brock and
Iason, 1986; West and Sheldon, 2002), little is known regarding
the causes of ASR variation (Bessa-Gomes et al., 2004; Donald,
2007; Saino et al., 2013). This lack of studies is probably linked
to the complications of sampling potential breeders from age-
and sex-structured populations (Veran and Beissinger, 2009;
Kosztolányi et al., 2011), as detectability/catchability can differ
between sexes due to sex-related behaviours (Härkönen et al.,
1999; Palomares et al., 2012; Arendt et al., 2014). However, this
gap should be investigated, as sex-related mortality, often associ-
ated with habitat alteration, can imperil population viability after
causing pronounced shifts in the ASR (Donald, 2007; Wedekind,
2012; Lambertucci et al., 2012). Indeed, there is evidence of a
general correlation between ASR distortion and the population
conservation status due to the influence of skewed ASRs in demo-
graphic stochasticity via Allee effects (Solberg et al., 2002; Donald,
2007; Wedekind, 2012).
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The American mink, Neovison vison, is an invasive species wide-
spread in Europe. Its ecology has been well studied in relation to a
sibling species, the European polecat, Mustela putorius, in the
Belarusian population (Sidorovich, 2000a). The invader species is
aggressive, and dominant in relation to smaller, native species
(Sidorovich, 2000a). This is likely the reason behind the decline
in polecat populations in those habitats preferred by the mink
and previously widely used by its native counterpart (Sidorovich,
2000a; see also Sidorovich, 2000a for similar patterns in
European mink M. lutreola and stoat M. erminea declines). Native
females are at an even greater competitive disadvantage due to
their smaller body size (Sidorovich, 2000a). Indeed, there is some
evidence suggesting that the expansion of American mink could
be driving ASR distortion in polecats via sex-related differential
survival. Namely, Sidorovich (2000a) found that, whereas male
polecats remain stable after the expansion of American mink,
female polecats have increased in size. This could be the result of
the disappearance of smaller polecats as female mortality incre-
sased (Sidorovich, 2000a). We, however, must be cautious with
the mechanisms causing ASR distortion, as Sidorovich’s sample
sizes are small. Whatever the reason, the expansion of American
mink has led to an ASR distortion, as the polecat population has
shifted from 59% male to 95% in only 12 years in those habitats
used by minks (Sidorovich, 2000a). Meanwhile, the ASR has
remained stable where the mink is absent. Similar results have
been found in Russian populations (Sidorovich, 2000a).

Here, whether the presence of American mink biases the
European polecat ASR toward males at a continental scale was
examined, as both species are widely distributed in Europe
(Mitchell-Jones et al., 1999; Bonesi and Palazón, 2007). While the
knowledge of such an interaction is not as detailed as in the
Belarusian population, the resulting outcome (i.e. ASR) is available
from many populations. I hypothesize that the process observed in
the well-studied Belarusian population is generalized throughout
Europe, implying that the invasive American mink could be threa-
tening polecat population persistence by distorting its ASR.
Whether the different sampling methods evaluated affect the
‘sample sex ratio’ (SSR, i.e. proportion of males in a certain sample)
is also studied, since some authors have shown consistency in the
SSR among sampling methods (Donald, 2007), and others working
with mustelids suggest that some biases may occur, as SSR may not
be an accurate estimate of actual ASR (Buskirk and Lindstedt,
1989). Most of the literature on ASR concerns single populations,
with a lack of large-scale approaches (Promislow, 1992; Donald,
2007; but see Ibañez et al., 2009; Lambertucci et al., 2012;
Reichard et al., 2014). However, these studies can provide key
insights into both evolutionary and conservation issues, as spatial
ASR patterns may be related to causal factors by removing local-
related effects (Lambertucci et al., 2012).
2. Methods

2.1. Study species

The American mink was introduced in Europe in the early/mid-
twentieth century as a result of escapes from fur farming, and its
intentional release in some countries. It is now naturalized in more
than 30 European countries, as well as in some others from Asia to
South America (Bonesi and Palazón, 2007). Its degree of abundance
and density greatly varies among countries, as do the resulting
impacts (Bonesi and Palazón, 2007). The European polecat is dis-
tributed throughout Europe, from the Iberian Peninsula to Russia,
and Bulgaria to southern Norway and Finland. It is also present
in the United Kingdom, but absent in the Mediterranean islands
(Mitchell-Jones et al., 1999; Fig. 1). The invader species is larger,
and both species present a marked sexual dimorphism (mean
weight, male/female, 1325/781 g for American mink and 1093/
507 g for European polecat; Sidorovich, 2000a; see also Johnson
et al., 2000).

2.2. Sample collection

Data were collected from as many sources as possible to include
the range of different life histories and ecological conditions in
polecat populations across Europe. The scientific literature was
searched, and polecat specialists and curators from museums were
contacted to obtain references or databases. If more than one pub-
lication presented results from the same study area and period,
data from the most complete study or from the study allowing
the extraction of raw data, were used following a similar metho-
dology to other meta-analyses (e.g. Barrientos et al., 2011).

2.3. SSR explanatory variables

Meta-analysis was used to evaluate the factors that can
modulate the SSR in polecat populations. The ‘rate difference’ (%
males � % females in every sample; Table S1) was used as effect size
(Borestein et al., 2009). If this is not homogeneous among the differ-
ent individual studies (see Section 3), explanatory variables must be
investigated (Rosenberg et al., 2000). Namely, we studied five
explanatory variables. Sex-ratio variation throughout the polecat
lifespan was first explored. Thus, (i) the sample ‘age’ was divided
into three levels: ‘cubs’, directly sampled in their litter; ‘juveniles’,
sampled outside of their litter but <1 year old, and ‘adults’, P1 year
old. When samples were not specified as juveniles/subadults, they
were assumed to be adults. If one dataset included samples from
more than one age category, different sex-ratios were calculated
for every level. As age affected sex-ratio (see Section 3), cub and
juvenile datasets were excluded to focus on adult SSR variation in
a second meta-analysis. Two categorical variables were explored:
(ii) the sampling ‘method’. Despite that some authors have shown
consistency in SSR among methods (Donald, 2007), it has been
claimed that fur trapping is a biased method for ASR estimation
in mustelids (Buskirk and Lindstedt, 1989). Thus, the variable
method was separated into three levels: ‘trapping/hunting’, includ-
ing those animals collected for commercial purposes, and poten-
tially the most biased (Buskirk and Lindstedt, 1989); ‘live
trapping’, where the population structure remains unchanged as
individuals are released after trapping (Buskirk and Lindstedt,
1989); and, ‘road-kills’, a very important source of polecat mortality
(Barrientos and Bolonio, 2009; Barrientos and Miranda, 2012) that
can modify ASR due to specimen losses, but which is not affected
by trapping-related biases (e.g. baiting, trapping design). Also, (iii)
the influence of American ‘mink’ presence on polecat SSR was
explored. Its presence was established based on the information
available in the given study, in Bonesi and Palazón (2007) or in
national atlas surveys. Datasets with and without mink and those
with data before and after mink colonization were included. In
the latter cases, the dataset was divided into two and two sex-ratio
rates were calculated, when the species was absent vs. when it was
widespread, removing the transition period. If American mink was
present in some areas and absent in others within a dataset (typi-
cally, country-scale database), the sample was divided based on
its presence/absence (behind/ahead the invasion front). Finally,
two continuous variables were analyzed: (iv) ‘latitude’ and (v)
‘longitude’, as the degree of ASR can vary geographically, linked to
climatic or habitat characteristics (Ibañez et al., 2009;
Lambertucci et al., 2012; Reichard et al., 2014). When the exact
coordinates were not provided in a study, they were calculated
using Google EarthTM. When necessary, values were averaged for
latitude and longitude to obtain a single value per dataset. Only



Fig. 1. The geographic location of the 71 polecat datasets including information on sex-ratio used in the present review. Populations in sympatry with American mink are
represented by circles and those without this invasive species with triangles. The size of the symbols represents the number of individuals included in each polecat dataset,
with <20, 20–50, 51–100 and >100, respectively.
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datasets reporting these five variables and including more than five
specimens were considered, although potential confounding effects
of sample size are controlled with the meta-analytic approach and
formally tested (see below).

2.4. Statistical analyses

The observed values of sex-ratio may be influenced, at any
given locality, by its values at surrounding areas, because of conta-
gious biotic (reproduction, migration) or abiotic (legal framework
on fur farming) processes (Legendre, 1993). In these cases, because
the value at any locality can be at least partially predicted by the
values of neighboring ones, we must control for spatial autocor-
relation (Legendre, 1993). Thus, its potential role was explored
with the routine implemented in the program Spatial Analysis in
Macroecology (version 4.0). As Moran’s I coefficient was not sig-
nificant in any of the considered distances (11, following the
default settings in Rangel et al., 2011, and selected by equal size;
Table S2), we can reject the role of spatial autocorrelation in the
data, and this was not considered further, although latitude and
longitude were retained in the analyses.

Effect sizes and variances were loaded to carry out all analyses
with MetaWin (version 2.1; Rosenberg et al., 2000). A meta-analysis
is a quantitative analysis that allows for the importance of the dif-
ferent studies. It weights the value of different studies on the basis
of their sample sizes and variances, thus providing a balanced effect
for the studied topic (Gurevitch and Hedges, 2001). The variation of
sex-ratio for the entire data set with random-effects modeling was
first assessed, which allows studies that differ in sampling error (as
fixed-effects models do) as well as in random variation in effect
sizes (Gurevitch and Hedges, 2001). Random-effects models are
more appropriate for the analysis of ecological data because numer-
ous complex interactions are likely to result in heterogeneity
among studies (Gurevitch and Hedges, 2001), and they were used
to explore the data structure as well. Confidence intervals (CIs) at
99% for each effect size and randomization tests with 10,000 itera-
tions were used to evaluate the significance level of the test values
(Rosenberg et al., 2000). If the 99% CI does not overlap zero, the
effects are significant at P < 0.01. The total heterogeneity, QT, was
calculated to analyze whether the variance among effect sizes
was greater than expected due to the sampling error (Rosenberg
et al., 2000). A significant QT implies that other explanatory vari-
ables should be investigated (Rosenberg et al., 2000), and thus the
effect size explained by the sample age (QM) and the residual error
heterogeneity (QE) were first assessed, with a categorical model
meta-analysis. A significant QM implies that the independent vari-
able explains a significant amount of the variability, and a signifi-
cant QE means that there is still heterogeneity not explained by
the variable (Rosenberg et al., 2000). The percentage of variation
in effect size explained by age was estimated as QM/QT (Rosenberg
et al., 2000). After excluding cub and juvenile datasets to focus on
adult SSR variation, the resting four explanatory variables were
explored in a similar way, with categorical or continuous model
meta-analyses when appropriate.

As sex-ratio is not a primary result in the reviewed papers, pub-
lication biases are not expected (Donald, 2007). However, the
possibility of publication bias in the sex-ratio were explored with
three different mathematical approaches: construction of a funnel
plot of sample size vs. effect size; use of Spearman rank correlation
between the standardized effect size vs. the standardized variance
across studies (statistical significance indicates that large effect sizes
are more likely to be published than small effect sizes); and evalua-
tion of the Rosenthal (1979) ‘fail-safe’ number, which is the number
of non-significant, unpublished, or missing studies that would need
to be added to the meta-analysis to lose the statistical significance of
its results. If the fail-safe number is >5 times the sample size plus 10
([sample size + 10]� 5), it is reasonable to conclude that the results
are robust regarding publication bias (Rosenberg et al., 2000).

3. Results

A total of 71 datasets from 21 countries across Europe including
10,847 polecats met the selection criteria (Fig. 1, Table S1). In the
meta-analysis without structure there was a significant cumulative



Table 1
Summary of results of random models used to analyze the factors that influence
polecat SSR variation across datasets. The explanatory variables are ‘age’ of
individuals included in the dataset, separated by cubs, juveniles or adults; sampling
‘method’, separated by trapping/hunting, live trapping or road-kills; American ‘mink’
presence, as present or absent; and ‘latitude’ and ‘longitude’. The ‘df’ are the degrees
of freedom. The QM is the heterogeneity explained by the model, the QE is the residual
error variance, and the QM/QE is the fraction of the total heterogeneity explained by
the model.

Variable df QM (p) QE (p) QM/QE

Age 2, 68 10.68 (<0.01) 98.71 (<0.01) 0.10
Method 2, 59 2.57 (0.28) 72.62 (0.11) 0.03
Mink 1, 60 6.46 (0.01) 69.53 (0.19) 0.09
Latitude 1, 60 0.15 (0.70) 75.06 (0.09) 0.00
Longitude 1, 60 0.01 (0.91) 74.84 (0.09) 0.00
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Fig. 2. The polecat SSR (% males � % females) ± SE for the three different age
categories. The number of datasets for every age is also shown.

Trapping/hunting Live trapping Road-kills

%
 m

al
es

 - 
%

 fe
m

al
es

0

10

20

30

40

50

33 11

18(a)

Absence of  mink Presence of  mink

%
 m

al
es

 - 
%

 fe
m

al
es

0

10

20

30

40

50

36

26
(b)

Fig. 3. The polecat SSR (% males � % females) ± SE for the three sampling methods
(a) and for the presence or absence of American mink (b). The number of datasets
for each category is also shown.
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effect size at 99%, as CI did not overlap zero (CI from 25.78 to
38.35). As the test for overall heterogeneity was significant
(QT = 110.07, df = 70, p < 0.01), the influence of age was first
explored. Data showed that the age of polecats included in the
datasets influences the skew in sex-ratio toward males, explaining
10% of the variation (Table 1; Fig. 2). While cub and juvenile data-
sets were not sex-biased (cubs, n = 2, �907.19 to 897.59; juveniles,
n = 7, �8.81 to 47.38), adults were (n = 62, 27.93–41.47). Thus, SSR
variation was studied after excluding cub and juvenile datasets.
Sampling method did not influence SSR (Table 1), as all methods
showed significant sex biasing toward males (trapping/hunting,
n = 33, 21.78–42.87; live trapping, n = 11, 9.28–51.56; road-kills,
n = 18, 26.55–56.77; Fig. 3a). The presence of American mink
biased SSR toward males, explaining 9% of the variation
(Table 1), although both groups of datasets were male-biased (with
mink, n = 26, 31.03–55.08; without mink, n = 36, 18.67–38.65;
Fig. 3b). Whereas the range of natural variation (i.e. in datasets
without American mink) was �56 to 80 (% adult males � % adult
females, mean = 29 ± 4 SE), all polecat datasets in sympatry with
American mink were male biased (range 9–90, mean = 43 ± 4 SE).
The latitude and longitude had no effect on SSR (Table 1, Fig. 4).

The scatter plot did not show publication bias, as the plot was
funnel shaped with a large opening at the smallest sample sizes
(data not shown). Spearman rank correlation of standardized effect
size vs. the standardized variance was not significant Rs = �0.13,
p = 0.26. Accordingly, the Rosenthal’s fail-safe number was
335,689,281, which is larger than 5 times the sample size plus
10 (i.e. 405).

4. Discussion

The aim of the present study was to review how the European
polecat population sex-ratio changes with environmental and
biological factors. Sex-ratio skews toward males in adults, those
shifted ASRs were linked to the presence of invasive American
mink, and sampling method had no effect. The use of large scales
allows to control for confounding local effects (Lambertucci et al.,
2012). Most of the literature on ASR concerns single, local pop-
ulations, with large-scale approaches lacking (Promislow, 1992;
Donald, 2007; but see Ibañez et al., 2009; Lambertucci et al.,
2012; Reichard et al., 2014). As experimentation at large scales is
not feasible, the links between the geographic spread of an invasive
species and the decline of native populations are difficult to con-
firm, and often correlative (e.g. Roy et al., 2012).

However, some evidence may indicate such a link. Namely, the
results from the present continental-scale approach mirror the pat-
terns previously detected in local studies, where the spread of
invasive mink is linked to the retraction of its native counterpart
populations (Sidorovich, 2000a). The American mink impacts the
native polecat (and likely other small mustelids like the
European mink and the stoat, Sidorovich, 2000a), not only via habi-
tat exclusion (Sidorovich, 2000a) or trophic competition
(Sidorovich, 2000b; Sidorovich et al., 2010), but also via ASR distor-
tion after the disappearance of the smallest females (Sidorovich,
2000a). In fact, polecat sex-ratio is male-biased when datasets
include older individuals, likely because males live longer
(Sidorovich, 2000a; Ansorge and Suchentrunk, 2001; Tumanov,
2003). This trend seems to be related to the presence of
American mink, as Ansorge and Suchentrunk (2001) found that
the age pyramid tapers more in populations where this invasive
species is absent, with more females living longer. This suggests
that the premature female mortality could be linked to competi-
tion with invasive species. In fact, no significant sex-ratio biases
were found in juvenile or cub datasets from present work
(although these included only seven and two datasets, respec-
tively). As sex-ratio is male-biased only at the adult stage, it is
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Fig. 4. The polecat SSR (% males � % females) in relation to latitude (a) and
longitude (b). Populations in sympatry with American mink are represented by
circles and those without this invasive species with triangles. The size of the
symbols represent the number of individuals included in each dataset, with <20,
20–50, 51–100 and >100, respectively.
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possible that some factors associated with reproductive costs (e.g.
cub-raising, cub-defense, male harassment) are behind earlier
polecat female mortality in the presence of American mink
(Sidorovich, 2000a), because males do not participate in these
tasks (Lodé, 2001).

The sampling method did not affect the SSR, as the results of all
methods (trapping/hunting, live trapping or road-kills) were male-
biased. The males spend on average 1.3–3.6 times more time
patrolling their home-ranges than females (Lodé, 1999; Baghli
and Verhagen, 2004), which may increase their encounter rates
with both traps and roads. This is because males have home-ranges
2.0–5.3 times larger (Lodé, 1994, 1999; Baghli and Verhagen, 2004;
Rondinini et al., 2006), a potential bias that it is difficult to control
for, as it is common to the three sampling methods. If this fact is
important enough to methodologically bias SSR toward males
remains open. However, two points that limit this potential bias
must be considered: (i) the assumption that the number of traps
in a territory is proportional to territory size is only true if traps
are placed in a grid. If traps are arranged in a line (riparian muste-
lid home-ranges typically have linear shape; Sidorovich, 2000a;
Zabala et al., 2005; Rondinini et al., 2006), animals with smaller
territories will have higher rates of encounter (Buskirk and
Lindstedt, 1989); (ii) Although male home-ranges are expected to
contain more roads simply because they are larger, possibly lead-
ing to higher road-kill rates for males, Rondinini et al. (2006) found
no differences between the sexes in the amount of roads within
their respective territories. On the other hand, the idea that males
may be inherently more curious making them more prone to
trapping (Buskirk and Lindstedt, 1989) is not supported by my
results, as there were no differences in SSR between trap-based
and road-kill-based datasets. To my knowledge, there is no single
study evaluating the ‘curiosity’ in polecats related to sex. The
assumption that males are better at detecting baits appears to be
unsupported by research on sex-related discrimination ability
(Woodley and Baum, 2003; Berzins and Helder, 2008). However,
other additional factors not addressed here may influence male-
biasing in SSR in polecats and other small mustelids, as this is a
general trend in all of these species, including, although to lesser
extent, the American mink (Tumanov, 2003; see also Reynolds
et al., 2013). Thus, it should be admitted that some possible con-
textual factors that might influence SSR like, for instance, season,
intensity and duration of sampling effort or the use of scent attrac-
tants, were not controlled in present work.

To establish the relationship between SSR and actual ASR in
polecat populations was not an aim for the present work, as it is
difficult to precisely census such an elusive species (Buskirk and
Lindstedt, 1989). Despite the fact that some biases may exist (e.g.
sex-related differences in home-range or in activity pattern), these
do not affect my findings, as they are likely the same in all the
studied populations, and, thus, they are independent of the pres-
ence (or not) of mink. Indeed, the three methods here studied
(trapping/hunting, live trapping and road-kills) render similar
male-skewed SSRs. Nevertheless, methodological biases in ASR
estimates have been claimed for some taxa, including mustelids,
suggesting that current SSRs may not be accurate estimates of
ASR. For instance, Mcdonald and Harris (2002) found that whereas
weasels (M. nivalis) presented no differences, trapped stoats (M.
erminea) had a more male-biased SSR than shot ones, suggesting
that sampling method could affect ASR estimates. However, the
lack of knowledge of true ASR remains in this and in most of stud-
ies, because it is notoriously difficult to estimate ASR in the wild
(Veran and Beissinger, 2009, and references therein; see also
Kosztolányi et al., 2011). The only exceptions are closed, isolated
populations, where the sex of all individuals is known (Ewen
et al., 2011; Arendt et al., 2014). Thus, a common approach in
large-scale ASR studies is to complete key parameters like home-
range, life span or sex-specific survival rates with the results from
other studies carried out in controlled, smaller populations (e.g.
Solberg et al., 2002; Palomares et al., 2012). However, the two
major methodologies currently used to fit SSR to ASR are: (i) cap-
ture-mark-recapture methods (Casula and Nichols, 2003; Alho
et al., 2008; Ewen et al., 2011), that allow researchers to account
for individuals that are present but not sampled in a certain ses-
sion. Recently, some authors suggest that estimates of ASR still
need to incorporate unequal detectability/catchability between
sexes into the analyses to get more realistic approaches of ASR
(Amrhein et al., 2012; Pickett et al., 2012; Arendt et al., 2014);
alternatively, (ii) noninvasive methods (reviewed in Waits and
Paetkau, 2005; see also Palomares et al., 2012; Baumgardt et al.,
2013) allow less laborious, and, likely, more accurate sex-ratio
monitoring, as differences in catchability are minimized. These
new methodologies will certainly help to estimate ASR in an
unbiased way in future studies.

Several conservation problems could arise in polecat
populations when ASR becomes distorted, with important conse-
quences for population dynamics (Bessa-Gomes et al., 2004). For
instance, the effective population size is below the total number
of adults, being limited by the less abundant sex (Charlesworth,
2009), and thus current population censuses must be
reinterpreted. Polecats show a polygynous system, with the male
reproductive strategy consisting of short-term mating excursions
in overlapping female home-ranges, including occasional long dis-
tance travel (Lodé, 2001). As every male consorts with 1–3 females,
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and females only mate with a single male (Lodé, 2001), sub-
ordinate males have little access to mating, with the polecat pop-
ulations exhibiting a heterozygosity deficit and strong inbreeding
(Lodé, 2001). Second, not only are the mating encounters reduced,
but these encounters can be more aggressive, with males reducing
female fitness or increasing episodes of infanticide or even female
mortality (Starfield et al., 1995). The marked sexual size dimor-
phism of polecats (males are 1.5–2.0 times larger; Johnson et al.,
2000; Sidorovich, 2000a) could potentiate the negative conse-
quences of sexual encounters for females. Elevated female mortal-
ity creates a male-biased ASR, which intensifies harassment and
feeds back to increased female mortality, until the population is
driven to extinction (see Rankin et al., 2011 for a theoretical
approach). Indeed, most population viability studies in polygynous
mammals suggest that the survival of reproductive females is a key
parameter, and often the most important, in long-term population
persistence (Chapron et al., 2008; Dalerum et al., 2008). However,
to what extend male-skewed ASR can increase male harassment,
and subsequently influence female survival or reproduction, is
not clear, as varies among study species. On one hand, Le
Galliard et al. (2005) experimental manipulation with common
lizard (Lacerta vivipara) supports above-mentioned theoretical pre-
dictions, as increased male-skewed ASR begot an increase in
aggression rates toward adult females, dropping their survival
and fecundity, and threatening population survival. In a similar
way, after the removing of males in a male-biased Hawaiian monk
seal (Monachus schauinslandi) population, both the number of inju-
ries and adult female mortality due to male harassment were
reduced (Johanos et al., 2010). Also, in Trinidadian guppies
(Poecilia reticulata), females that undergo male harassment move
to suboptimal habitats (waters with higher predation risk), but
with lower male abundance to avoid this aggressive behaviour
by males (Darden and Croft, 2008). Notably, this sexual segregation
has been also found in female polecats when harassed by American
minks (as suggested by Sidorovich, 2000a; although this habitat
displacement could be also due to male polecat harassment; see
also Ruckstuhl and Neuhaus, 2005). Finally, Ewen et al. (2011),
and references therein, showed that whereas forced extra-pair cop-
ulation attempts were positively related with male-skewed ASR in
hihi (Notiomystis cincta) populations, ASR had little or no effect on
adult female survival or on the number of fledglings produced per
female in this passerine. Thus, more empirical studies are need to
know the role of different degrees of ASR, the mating system or the
degree of sexual dimorphism in the harassment level and the
potential effects of this behaviour on population dynamics.

Once the population ASR is recognized as a key parameter in
reinforcement projects (Wedekind, 2012; Lambertucci et al.,
2013), hypothetical projects involving the release of females in
order to balance ASR in polecat populations should first remove
the American mink. Reducing current mortality levels is even more
important than reinforcing populations (Lambertucci et al., 2013),
since, otherwise, released females might not live long enough to
fulfill the purposes of their reintroduction (Wedekind, 2012;
Lambertucci et al., 2013). Similar problems have been detected
when European mink has been reintroduced in areas where the
American mink has yet to be eradicated (Põdra et al., 2013).
5. Conclusions

Based on a continental-scale approach, this study shows for the
first time the relationship between an invasive species expansion
and a native species ASR distortion. As experimentation is not
feasible at this scale, the results from the present review do not
indubitably prove that the invasive American mink is affecting
more dramatically European polecat females, thus skewing ASR.
Nevertheless, they suggest that competition after the spread of
the American mink may be contributing to the distortion of ASR
in native polecats, which might threaten population persistence.
The results at a continental-scale mirror those at the local-scale
(Sidorovich, 2000a). Findings from the present study suggest the
importance of monitoring ASR in native species exposed to
biological invasions of competing species in the establishment of
conservation priorities.
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