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Competition is considered to be a major evolutionary driving force within assemblages
of related and morphologically similar species, but it is notoriously difficult to test and
quantify especially amongst species that cannot be easily manipulated in a laboratory
or in the field. By exploiting a re-introduction of Eurasian otters (Lutra lutra ) in the
Upper Thames catchment (UK) in 1999 we performed an experiment to test whether
there was evidence of competition between otters and American mink (Mustela vison ).
Mink and otters are semi-aquatic mustelids belonging to the same guild. Otters are
expected to be the dominant competitor because they are larger and better adapted at
exploiting aquatic resources. Our hypothesis was that mink declines when the density of
otters increases. We measured the effect of competition at the population level, by
observing whether mink distribution and densities changed in an area of 1353 km2 in
association with the arrival of its putative competitor. We estimated distribution and
densities by means of sign surveys and trapping. The results showed that otters were
associated with a significant and rapid reduction in the densities of mink, while mink
occupancy remained approximately the same in an area of 2464 km2 that was used as a
control. We observed that the spatial distribution of the mink population throughout
its decline was influenced by the yearly cycle of mink activities, with areas being
temporarily re-colonized during the dispersal season. Mink is an invasive species in the
UK threatening the survival of some native species. Our findings suggest that the reestablishment of otter populations is likely to lead to a decline of mink that may, in
turn, be beneficial to native species threatened by this invasive.
L. Bonesi and D. W. Macdonald, Wildlife Conservation Research Unit, Univ. of Oxford,
South Parks Road, Oxford, UK, OX1 3PS (laura.bonesi@ncl.ac.uk).

Experimental field manipulations provide the most
convincing evidence for the presence of competition
(Wiens 1989). Their advantage over descriptive or
comparative studies is that they can be conclusive
because they include proper controls. By artificially
increasing (or decreasing) the density of one of the two
competitors, the subsequent fate of the other competitor
with respect to a control can reliably reveal whether or
not there is an effect. The rarity of such studies on
vertebrate populations, and especially on terrestrial
mammalian carnivores, reflects the difficulty of transplanting populations of larger animals due to practical,

ethical and conservation constraints. In contrast, such
experiments are relatively common in studies of plants
and invertebrates where manipulating the system is
easier (Schoener 1983).
In this study, we adopt an experimental approach to
test for competition between two riparian mustelids, the
American mink and the Eurasian otter. While otters are
native to the UK, American mink were introduced at the
beginning of the 20th century, and they are considered a
threat to a number of native species (Craik 1997,
Ferreras and Macdonald 1999) and in particular to a
small and endangered riparian rodent, the water vole on
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which mink heavily predates (Woodroffe et al. 1990,
Barreto et al. 1998). Otters have suffered a sharp decline
up to the middle of the last century due to pollution and
hunting (Chanin and Jefferies 1978). Following reduction in river pollution, otter releases have been extensively used since the 1980s in England to re-populate
areas from where they have disappeared (Jefferies et al.
2000). Understanding the dynamics of interactions
between mink and otter populations is important from
a conservation standpoint because if, following otter
releases, mink decline to densities low enough to allow
water vole populations to survive, then promoting the
otter recovery could be used as a means to ensuring the
persistence of this endangered species as well as the otter.
An otter release program in an area of the UK
previously populated by mink alone made our experiment possible. We compared fluctuations in the mink
population in this area with those of mink in a nearby
area that we used as a control where no otters were
present. Our hypothesis was that mink would decline in
the area where otters were re-introduced, while it would
not decline in the control area, from which otters were
absent. We measured the effect of competition at the
population level, by observing whether mink densities
changed as a result of the arrival of its putative
competitor.

Methods
The study took place in two areas near Oxford (UK) of
1353 km2 (national grid N 220000, S 187000, E 441000,
W 400000) and 2464 km2 (national grid N 248000, S
192000, E 491000, W 447000) respectively (Fig. 1). These
areas are characterized by slow-flowing lowland rivers
surrounded mainly by agricultural land comprising
pastures and cultivated fields. Initially, both areas hosted
populations of mink but no otters were present. Populations of mink in these areas were relatively undisturbed
as no systematic trapping or shooting occurred. During
the course of the study in one of the two areas otters
were released. Following the nomenclature of StewartOaten et al. (1992), from now on we will refer to the area
where otters had been released as the ‘impact’ area and
to the other area with no otters as the ‘control’ area, and
to the event of otters being released as the ‘perturbation’.
Surveys were conducted in both the impact and control
areas before and after the otter release. No signs of otters
were ever found in the control area during the course of
the study indicating that the control area was distant
enough from the impact area to prevent otter colonisation.
The location of the impact area was chosen by the
Otter Trust, the organization that bred and released the
captive otters. We chose the location of the control area
so that it satisfied two requirements: (i) to be nearby the
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impact area to minimize habitat and historical differences, and (ii) to coincide with a sample unit of the
National Otter Survey. The National Otter survey is a
long-term survey that covers the whole of England in
alternate 50 /50 km squares aimed at determining the
distribution of otters, but it also gathers information on
mink. It was started in 1977 and has been repeated every
seven years since that time (Strachan and Jefferies 1996).
Thanks to the information on otter and mink distribution provided by this survey, we were able to frame the
results of our study within a longer temporal scale. All of
our control area and about 40% of our impact area
overlapped with two of the squares of the National Otter
Survey (Ordnance Survey squares SPse and SUnw). We
therefore assumed that the data of the National Otter
Survey was representative of mink distribution in the
control and impact area before the otters were released.
A total of 44 sites was surveyed in each area along
different rivers (Fig. 1) using the established protocol of
the National Otter Survey. Most of our sites did actually
coincide with those of the National Otter Survey. Each
site consisted of a stretch of river 500 m long. It has been
shown that in the study area the average size of a female
mink home range is 2.8 km (Yamaguchi and Macdonald
2003). In the analysis we considered only sites that were
at least 3 km apart because they were highly likely to
host a different individual mink and therefore to be
independent in that sense. Otter and mink presence was
detected through signs, such as droppings and footprints.
These methods are well established to monitor these
species (Mason and Macdonald 1987, Bonesi and
Macdonald 2003).
Both the control and the impact areas were surveyed
immediately before the otters were released, in March
1999, and then at about three months intervals for one
year once the otters had been released; July 1999,
October 1999, January 2000 and March 2000. These
periods were chosen as they correspond to distinct stages
in the yearly cycle of mink. March and October are
periods of great activity in the mink population. Mating
occurs in March and at this time of the year a section of
the male population becomes transient (Dunstone 1993).
In October, the juveniles born in April/May are dispersing. In July and January, the mink population is
relatively stable and no major movements occur. In
July, the newborns are still associated with their mother.
Owing to the nature of the experiment, replication
with randomly assigned treatments was not possible.
Such randomisation is clearly impractical when a large
ecological system is studied, and alternative experimental designs need to be considered. We used the beforeafter-control-impact-pair (BACIP) experimental design
(Stewart-Oaten et al. 1986, 1992). In order to single out
the effect of a perturbation, the form of this experiment
requires (i) to observe the system at least twice, first in
the absence of the perturbation and then in its presence,
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Fig. 1. Location of the impact and
control areas and location of the
sites surveyed (near Oxford, UK).

with all the other conditions unchanged, and (ii) that
samples are collected at a control and at an impact site
simultaneously. Replication comes by collecting such
paired samples a number of times before and after the
perturbation (in our study, one sample is defined as one
visit to all the sites in the studied areas). One then
calculates the differences at each point in time between
the impact and control sites. Finally, a t-test is applied to
assess whether the average of these differences before
(Dbefore) and after (Dafter) the perturbation differ significantly. This approach requires two assumptions:
(i) time and location effects should be additive and
(ii) impact-control differences on different dates should
be independent. We tested the first assumption with the
Tukey test for additivity (Tukey 1949). The second
assumption was not likely to be violated by our data
since no events that could have had a large and longlasting effect occurred at one site but not the other. Such
events are those that Stewart-Oaten et al. (1986, 1992)
identify as being likely to create the conditions for
violating the assumption of independence. We believe
that his assumption is justified for the following reasons:
(i) we tested for trends in the two populations of mink
before the release started and we found that they were
similar; (ii) during the course of the study, there had not
been major factors that could have perturbed the mink
population, such as for example a release from a fur
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farm. Therefore, we assumed that major changes in the
relative mink abundance in the impact area during the
experiment were mainly to be attributed to the presence
of otters.
Given that we were able to carry out only one survey
before the otters were released, we had to adapt the
BACIP design to the circumstances of the present study.
We obtained the data for the BACIP analysis as follows.
First, we assumed that the survey of March 1999 was
representative of the situation before the otter release in
the impact area. Second, we noted that after the otter
release, the mink population in the impact area first
decreased sharply and then became stable. We therefore
assumed that the two surveys of January 2000 and
March 2000 were representative of the population after
the otter release. Third, we estimated the variance in a
stable population from the five surveys in the control
area from March 1999 to March 2000. Fourth, we
applied the t-test to the two distributions, before and
after the otter release, as derived from the knowledge of
the mean and the variance of the difference of the two
populations between the impact and the control areas.
Two years after our study was concluded, in the spring
of 2002, the Environment Agency (UK) conducted a
survey in an area roughly corresponding to our ‘impact’
area (national grid N 234000, S 195000, E 449000,
W 400000). We compared the results of the Environment
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Agency’s survey in terms of percentage of sites occupied
by mink, with the results of our last survey of the impact
area conducted in March 2000.
To make our study comparable with other studies of
competition, we calculated the standardized effect size
(d) as the difference between the means of the impact
(/Yi ) and control (/Yc ) groups standardised by dividing by
the pooled standard deviation (s) and adjusting for a
correction factor that removes small-sample size bias
(J(m)) following Gurevitch et al. (1992).
d

Yi  Yc
J(m)
s

The pooled standard deviation of the impact and control
groups was calculated as:
sﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
(Ni  1)(si )2  (Nc  1)(sc )2
s
Ni  Nc  2
where Nc and Ni are the total number of sites in the
control and impact groups respectively multiplied by the
number of replicates (44 /4) and sc and si are the
standard deviation of the means in the control and
experimental groups respectively. J(m), the correction
factor, was calculated as:
J(m)1

3
4m  1

where m /Ni/Nc /2.
The response was measured in terms of the percentage
of sites positive for mink. A negative standardised effect
size indicates that increased densities of the competitor
are detrimental to the organism’s fitness (Gurevitch et al.
1992).
In the impact area, we repeatedly surveyed on a
monthly basis sites in addition to the 44 surveyed for the
experimental purposes for a total of about 60 sites
(average/61, SD/22) to derive maps of the spatial
distribution of otter and mink. To make sure that we did
not underestimate otter range expansion, we surveyed at
least 3 sites upstream to the last known site where otters
were found during the previous or current survey. The
maps were constructed using ArcView 3.2 (Environmental Systems Research Institute, Inc., Redlands, California) and the range was calculated using the method of
the minimum convex polygons. We used these maps to
quantify the overlap in the distribution of otter and mink
at different times of the year. To do so we overlaid
rasterised maps of otter and mink distribution where
each cell was 500/500 m in size and calculated how
many of these cells overlapped.
We compared estimates of the absolute number of
otters in the impact area with those of mink at the start
and end of the study. We knew precisely the number of
otters that were released and when and we had information on their permanence in the area thanks to censuses
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through molecular marking (L. Bonesi, unpubl.) and
records of animals found dead by road kills and
identified by means of microchips. We estimated the
total number of mink in the impact area by multiplying
their densities by the river length they occupied at
different times. As an estimate of their densities, we
used values obtained on a mink population adjacent to
our impact study area (Yamaguchi and Macdonald
2003).
To estimate mink densities and validate the results of
the sign surveys, we supplemented data with livetrapping data. Trapping took place in the impact area
in March, April, May, June, September, October, and
December 1999 and in March 2000. An average of 259
(SD /199, range: 69 /687) trap-nights (one trap open
for one night) were carried out each month. Between five
and 18 traps were located at each of eight separate
locations in the core activity area for otters. Mink were
anaesthetised using an intra-muscular injection of
0.2 ml kg1 of a 3:2 mixture of medetomidine (Dormitor: Pfizer Ltd, Sandwich, Kent, UK) and ketamine
(Vetalar: Pharmacia & Upjohn Ltd, Crawley, West
Sussex, UK). Anaesthesia was reversed with intramuscular injection of atipamezole (Antisedan: Pfizer
Ltd) administered at 0.5 times the volume of medetomidine. While asleep, mink were measured and implanted sub-cutaneously with a microchip for
identification upon re-capture (Identichip: Animalcare
Ltd, Westmere Drive, Crewe, Chesire, UK).

Results
In total, 17 otters, 11 females and 6 males, were released
at three sites located at intervals of about 7 km. All
otters were between 1.5 and 2 years old at the time of
release. The releases started in April 1999 and continued
until October 1999 (Fig. 2a). During this time, the otters
expanded their range rapidly and by March 2000 they
occupied most of the impact area (Fig. 2b). Three of the
released otters died during the course of the study, one in
October 1999, one in November 1999 and one in January
2000, while two further otters died after March 2000
when the study was concluded (Environment Agency,
unpubl.). Until the end of October 1999 we were able to
track individual otters thanks to identification through
molecular scatology (L. Bonesi, unpubl.). Using this
method and information from otters found dead later on
we found that most of the otters released in the early
months of the reintroduction campaign (8 out of 9) were
still in the area between August and October 1999 (L.
Bonesi, unpubl., Sjöåsen 1996).
In order to ensure that the long-term trends of the
mink populations in the impact and control areas were
similar, we compared them over a period of 21 years
before the experiment started. We found that between
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Fig. 3. Trends of mink in the control and impact areas between
1978 and 1999 obtained from counts of mink signs carried out
during the National Otter Surveys.

Fig. 2. (a) Cumulative number of otters released in the impact
area between March and October 1999. (b) Areas of expansion
of the otters’ range between April 1999 (small polygon) and
March 2000 (large polygon). The range was calculated with
ArcView using the minimum convex polygons method.

1978 and 1999 mink increased in both areas (Fig. 3),
although from the mid-eighties mink increased more
rapidly in the impact area.

Status of mink populations before and after the
release
Upon release of otters, mink declined dramatically in the
impact area and in 12 months the percentage of sites
occupied by mink decreased from 77% to 23% (Fig. 4).
In the same period in the control area the percentage of
sites recorded occupied remained practically unchanged
within seasonal fluctuations, increasing slightly from
50% to 55% (Fig. 4).
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Fig. 4. Percentage of sites occupied by mink before and after
the otters had been released in the control and impact areas
based on sign surveys. The grey area indicates the period during
which otters were released.

The BACIP analysis revealed that the means, before
and after the otter release, of the differences between the
percentage of occupied sites in the control and impact
areas were significantly different (Dbefore /28; Dafter /
/30; t-test /25.9, df /6, pB/0.0001, Fig. 5). The
relatively large standardized effect size of /7.12
13

2002), we estimated the total number of mink in the
impact area in March 1999 and in March 2000. In
March 1999, 203 km of rivers were occupied by mink,
resulting in an estimate of about 60 mink. By March
2000, only 87 km of rivers were occupied, giving an
estimate of 26 mink. At the same time the total number
of otters increased from zero to 17 and, in March 2000,
otters occupied about 125 km of rivers giving a density
estimate of 0.1 otters km 1. A loss of about 30 mink in a
year is relatively large and outside the boundaries of
normal population fluctuations (Fig. 4).

Trapping results

Fig. 5. Mean differences between the impact and control areas
in the percentage of sites occupied by mink before and after the
otters were released. Sample size is four points for each group.
The bars represent the 95% confidence limits.

reflected the significant difference between the control
and impact areas. The Tukey test for additivity, in this
case a simple regression of the differences versus the
average proportion of sites occupied (Stewart-Oaten
et al. 1986), provided no evidence for non-additivity
(F1,2 /7.32, p /0.11).
We were able to record the percentage of sites
occupied by mink two years after our study was
concluded thanks to a survey conducted by the Environment Agency in March 2002 in an area encompassing
most of our impact area (Environment Agency, unpubl.).
This survey found that mink occupied 41% of sites
(n /83 sites), approximately twice the percentage of sites
occupied in March 2000 (23%), but well below the
percentage of sites occupied in March 1999 (77%), just
before the otters were released. In the same area and at
the same time, otters occupied 36% of sites. If rivers that
at the time were at the edge of the otters’ core area,
having only three positive sites out of 26, were excluded
from the analysis (Glyme, Dorn and Cherwell), then the
percentage of sites occupied by otters in their core area
in March 2002 was 48% and that of mink 36% (n/58
sites).

Estimate of the number of mink before and after the
release
Based on the length of river occupied and on a density of
0.3 mink km 1 in the area (Yamaguchi 2000, Thom
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Trapping data confirmed the results of the survey data.
A total of eleven mink was trapped and released in the
impact area between March and May 1999, but only
three mink were trapped afterwards between June 1999
and March 2000. If we take into account the trapping
effort then nine mink in 1,000 trap-nights were trapped
between March and May 1999 and four mink in 1,000
trap-nights were trapped between June 1999 and March
2000. However, the trapping effort for May 1999 was
particularly high (687 trap-nights). Another trapping
and radio-tracking study of a mink population nearby
and simultaneous to our study, reported no substantial
changes in the mink population trapped during these
two periods (M. Thom, pers. com.). This study serves as
a further partial control for our trapping study.

Spatial patterns of distribution
Before the otters were released in March 1999, mink
were distributed widely across the impact study area
(Fig. 6A). By July 1999, four months into the release
program and with nine otters released, mink had
disappeared from almost all the areas where otter signs
had been found during that month (Fig. 6B and 6F). In
October 1999, mink seemed to re-establish in their lost
range and they were found right in the middle of the area
of major otter activity (Fig. 6C and 6G). In January
2000, the distribution of mink became very fragmented
and although signs were still found in the area of major
otter activity mink had disappeared from most of the
area (Fig. 6D). By January 2000 the release had already
been completed and 17 otters were living in the Upper
Thames. In March 2000, the distribution of mink was
still fragmented but mink were found in some areas from
which they were absent in January 2000 (Fig. 6E). The
number of fragments, i.e. sections of river continuously
occupied by mink separated by unoccupied sections,
nearly doubled between March 1999 and March 2000
going from 7 to 13. This indicates that mink were not
only becoming scarcer, but their population was also
becoming more fragmented. The distribution of otters
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Fig. 6. Distribution of mink and otters in the impact area during the course of the experiment.

on the other hand, increased steadily and seemed to
stabilize in January 2000 as no major changes occurred
between January and March 2000 (Fig. 6H and 6I).
These results are quantified in Fig. 7, which shows
that the degree of overlap was particularly low in July
1999 in spite of the fact that otters occupied a substantial
area of the previous mink distribution, while overlap
increased in October when dispersal was occurring.
Fig. 7 also shows that the decline of mink from the
spatial point of view was not continuous.
It seems that spatial segregation of mink from otters
persisted as in March 2002, two years after our study was
concluded, only 24% of sites occupied by mink also had
signs of otters (n /83, Environment Agency, unpubl.).

Fig. 7. Number of pixels of 500/500 m occupied by mink and
otter and number of pixels where the two species overlap
calculated at different times of the year.
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Discussion
This study represents one of the rare cases in which a
perturbation experiment has been carried out on carnivorous mammals to test the effect of competition. Other
studies have recorded population declines upon the
increase in density of a competitor. Amongst canids it
is common that the larger competitor limits the population of the smaller one, as observed for coyotes and kit
foxes (Vulpes macrotis ), coyotes and swift foxes (Vulpes
velox ), and red (Vulpes vulpes ) and Arctic fox (Vulpes
lagopus ; Hersteinsson and Macdonald 1992, White and
Garrot 1997, Kitchen et al. 1999). An example amongst
the mustelids is that of the American mink and the
European mink (Mustela lutreola ) in Estonia and
Belarus, where the former is thought to be at least in
part responsible for the decline of the latter (Maran et al.
1998, Sidorovich and Macdonald 2001). What distinguishes the present study from all the above examples is
that an experimental approach was adopted through the
inclusion of a proper control.
Our results provide strong evidence that otters have a
dramatic impact on mink densities and distribution.
Gurevitch et al. (1992) measured the response of
competition experiments as the biomass of organisms
exposed to different levels of competition, while we
measured the response in terms of percentage of
occupied sites. If we assume that biomass is proportional
to the percentage of occupied sites, we can compare the
effect size found in this study ( /7.12) with that
calculated on average for carnivores ( /0.25, Gurevitch
et al. 1992) and observe that within the context of this
experiment the effect size was exceptionally large. The
intensity and rapidity of the observed effect might have
been partly attributable to the fact that the densities of
otters for the first few months after the release were
relatively high (0.1 otters km1) compared to those
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known for UK wild populations of otters (0.06 otters
km 1 or less in the UK, Kruuk et al. 1993, Harris et al.
1995, although densities of up to 0.2 otters km1 have
been reported in Sweden, Erlinge 1967). Indeed, where
otters re-colonize naturally, mink decline much more
slowly and often to levels that are not as high, loosing
about 30% of the sites in each year rather than 70% as
observed in this study (L. Bonesi, unpubl.). However, we
found that even when otters had spread out, two years
after the release, and reached a more sustainable density,
the percentage of sites occupied by mink was still well
below that found before the release, indicating that in the
Upper Thames region otters were able to produce a
permanent suppression of mink densities even when they
themselves attained lower densities.
It can be argued that another possible explanation for
our results is that the otters have simply displaced mink
away from the water rather than reduced their overall
densities. Although we cannot exclude this hypothesis,
we consider this case to be unlikely. Studies of mink in
the Upper Thames have shown that mink spend 90% of
their time within 10 m of the water edge and that they
avoid open areas (Yamaguchi et al. 2003). In our study
area, away from rivers the landscape is characterised
mostly by open fields, which are unsuitable for mink
(Yamaguchi et al. 2003) and hedges, that could constitute a less favourable but still exploitable habitat for
mink, are often flanked by ditches, which are also used
by otters.
We suggest that the decline of mink was due to
interference competition rather than to exploitation
competition for three main reasons. First, the decline
occurred very rapidly at a time of the year when
alternative food sources for mink such as small mammals and rabbits, were most abundant. Second, observations were made of otters behaving aggressively toward
mink in the impact area (J. Beer, pers. com.). Third, the
two species are carnivores and differ greatly in size
suggesting that they are likely to compete through
aggression (Case and Gilpin 1974, Macdonald et al.
2001). Interspecific aggression and killing is, indeed,
common among mammalian carnivores (Palomares and
Caro 1999) and such behaviours have been observed also
between otters and mink. Otters have been observed
stealing food from mink (Bonesi et al. 2000) and mink
fur has been found in otter spraints indicating that otters
are able to predate on mink (Grigor’ev and Egorov
1969).

Mink yearly cycle and patterns of decline
This study revealed that the decline of mink was not
homogeneous in time and space (Fig. 6A /E, Fig. 7),
suggesting that the decline was affected by mink’s
behaviour at different times of the year. A yearly
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fluctuation in the percentage of sites occupied by
mink, and therefore in their distribution, is expected
(Bonesi and Macdonald 2003) and indeed it was also
observed in the control area (Fig. 4), where peaks were
evident during the mating season, in March, and during
the dispersal season in October. In the impact area,
during the dispersal season mink had re-occupied much
of the ground they lost to the released otters, and their
distribution was more extensive than that of the previous
survey in July 1999. This expansion of range is probably
the result of juveniles dispersing and exploring areas for
establishing new territories. However, many areas that
were suitable for mink before the otters were released
became unsuitable owing to the presence of the otters,
and in fact mink were not able to establish themselves in
many of the areas they explored during October 1999.
By January 2000, the distribution of mink shrunk again
and became fragmented, and, from a comparison of the
data of March 1999 with those of March 2000, it was
clear that mink lost much of their range in the Upper
Thames.
The fact that during the dispersal season, mink are
temporarily capable of re-colonising most of the areas
previously unavailable due to the presence of otters may
have implications for the survival of water voles. During
the dispersal season, which in mink lasts from August to
about November, mink may predate on populations of
water voles from which they have been excluded until
then. Whether this would have an impact on the longterm survival of water voles may in part depend on
which section of the water vole population mink are
likely to impact at this time of year.

Are otter and mink going to co-exist?
The long-term fate of the mink, as determined by the
presence of the otter, is a conservation issue of considerable importance, because in the UK mink is an invasive
species and a major threat to the endangered water vole
and other native wildlife (Craik 1997, Macdonald and
Strachan 1999). In weasels, it has been observed that the
least efficient but larger competitor, Mustela frenata ,
predates on the more efficient but smaller competitor,
Mustela nivalis (Polderboer et al. 1941 in Rosenzweig
1966). This difference between foraging efficiency and
dominance in contests has been suggested to be the
mechanism through which coexistence of carnivores of
the same guild but of different size can be promoted
(Rosenzweig 1966). A similar mechanism could be
present for otters and mink, but with a difference. Otters
are larger than mink, and they are more skilled at
hunting fish than mink are (Dunstone 1983), therefore
more efficient at exploiting aquatic food sources. However, mink have the advantage of being more of a
generalist and therefore able to rely on alternative food
OIKOS 106:1 (2004)

sources, such as small mammals and rabbits; in this sense
they are more efficient as they do not rely on a single
food source. Indeed, it has been observed that mink shift
their niche in the presence of the otter (Clode and
Macdonald 1995, Bonesi et al. 2003). The ability of mink
to exploit alternative food sources in the presence of the
otter may take them further away from the water,
thereby reducing the chances of encounters with otters,
and therefore enhancing the possibility for co-existence.
Following these observations, we can expect that mink
co-existence with otters would depend not only on the
density of otters but also on the availability of alternative
food sources. In their native range, American mink do
co-exist in many areas with the river otter (Lontra
canadensis ). Our evidence suggests that the European
otter will not eliminate the American mink, but that
otters are able to reduce mink densities to about half of
the density that they are able to attain in their absence, at
least in areas characterised by lowland rivers surrounded
by agricultural land such as our study area. Importantly,
otters also induce a fragmentation in mink populations.
These findings are valuable because they allow us to
make quantitative predictions on the fate of mink given
a certain otter density. It is now a matter of establishing
whether the fragmentation of mink distribution will be
high enough and mink densities will be low enough to
allow the co-existence of mink and water voles.
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