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ABSTRACT
1. Demographic data on an invasive species of management concern, the American mink,
are presented. Data were obtained on three feral mink populations in Europe distinguished
by differences in the time elapsed since population establishment.
2. Demographic data are presented in the form of life tables, age–sex distributions and sex
ratios. Mink lived a maximum of 6 years, and mortality of 1-year-olds and adults differed
substantially between populations.
3. The data support the hypothesis that mink populations subject to culling have a higher
proportion of young (less than 1 year old) to adults compared with non-culled populations.
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INTRODUCTION
Demographic data on mammals are difficult to gather, but their availability is often a prerequisite for conservation, management and modelling. Here, we present demographic data
for the American mink, a species native to the Nearctic region, but introduced to many
countries around the world for commercial fur production. We derived demographic parameters using data obtained from culling operations carried out on three island populations of
feral mink. Previous demographic studies on mink have been based predominantly on capture-mark-recapture data where only two age classes can be distinguished, juveniles and
adults (e.g. Gerell, 1971; Smal, 1991). More detailed studies of mink mortality have been
conducted in captivity (e.g. Schneider & Hunter, 1993), but it is not possible to extrapolate
these results to wild or feral populations because they are subject to different selective
pressures. The use of culling data for demographic studies offers the advantage of allowing
precise age assessment and thus calculation of age-specific demographic parameters.
METHODS
Study areas and history of mink populations
We obtained mink carcasses from culling operations on three islands: (i) Hiiumaa (Estonia);
(ii) South Harris (UK); and (iii) North Uist (UK) (Fig. 1). Hiiumaa island (c. 1000 km2) is
part of the western Estonian archipelago in the Baltic Sea, about 22 km from the Estonian
mainland. Having been introduced to fur farms on the island, the first confirmed report of
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Fig. 1. Map locations of the study areas and detailed map of the Hebrides showing South Harris and North
Uist.

feral American mink on this island was in 1983, although escapees are believed to have
established in the wild much earlier than this (Maran, 1991). Captive breeding on the island
ceased in 1996 and the last captive animal was killed in 1998. The Isles of South Harris (c.
300 km2) and North Uist (c. 600 km2) are both part of the Outer Hebrides, off the west coast
of Scotland (Fig. 1). South Harris is connected by land to the larger islands of North Harris
and Lewis. Mink were introduced to Lewis for fur farming where they have been present as
a feral population since at least the 1960s, although they did not reach South Harris until
the 1980s (Vincent Wildlife Trust Survey data, cited in Swan, 1999). The last fur farm on
Harris and Lewis closed in 1961 (Dunstone, 1993). There has never been a fur farm on North
Uist; therefore, mink are thought to have reached the island using the islets of The Sound of
Harris, a strait of c. 15 km that separates the Isle of North Uist from South Harris, as
‘stepping stones’. Although there have been sporadic sightings of mink on North Uist since
the mid-1970s, mink were only confirmed on the island in the summer of 1999 (Harrington
et al., 1999). From North Uist, mink have continued to spread down the Western Isles to
Benbecula and South Uist and are currently the focus of an EU-LIFE-funded cull (Moore,
Roy & Helyar, 2003).
Culling campaigns
Details of the culling campaigns conducted in the three studied areas are reported in Table 1.
Our sample from Hiiumaa included all 41 of the mink captured between December 1998 and
April 1999. Following the removal of 50 mink, the island was believed to be mink-free
(Macdonald et al., 2002); thus, our sample represents 82% of the entire population. From
South Harris, we obtained a sample of 156 mink captured between October 1992 and May
1995 during intensive culling along the south coast in an attempt to reduce dispersal across
the Sound of Harris. Our sample represents about 50% of the total captures. Hudson & Cox
(1989) estimated 15 000–18 000 mink on Harris and Lewis (assuming a sex ratio of 1:1), while
the later estimates of Moore et al. (2003) were between 50% and 70% lower than those of
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Table 1. Details of culling campaigns

Reason for culling
Culling started
Culling ended
Estimated no. mink
No. mink culled
Trap nights

Hiiumaa*

South Harris

North Uist

Eradication
December 1998
December 1999
50
50
∼3850 trap nights

Local control
∼1970
Ongoing
7500–9000 females†
∼750 mink/year†
Variable

Eradication/distribution assessment
October 1999
Ongoing
180–325 females‡
42 in first 7 months
5958 trap nights over 7 months

One ‘trap night’ is one trap out for one night.
*Macdonald et al. (2002).
†Hudson & Cox (1989): these data are for the Isles of Harris and Lewis as a whole.
‡Moore et al. (2000).

Hudson and Cox. From North Uist, our sample included 39 of the 42 individuals captured
throughout the entire island during intensive culling between October 1999 and April 2000.
On Hiiumaa mink were captured using leghold traps, while on South Harris and North Uist
cage traps were used, and in both cases mink were humanely killed following capture.
Age assessment
Mink were aged by Matson’s Laboratory (PO Box 308, Milltown, MT 59851, USA) using
counts of incremental cementum annuli of the upper left canine. Cementum annuli in mink
are quite distinct and the pattern regular, so the method is accepted for ageing this species
(Matson, 1981). The reliability of estimated age was assessed for each tooth during analysis
by comparison with a standardized species-specific model. Reliability was rated as high,
medium or low, corresponding to estimated accuracies of ±0, 1 and 2 years, respectively.
For the purpose of the analysis, we assumed that all mink were born on 1st May (Dunstone,
1993). We define a juvenile mink as one between 3 months and 6 months of age, a subadult
as between 7 months and 1 year, and an adult as 1 year or older. The youngest individual
caught in our study was almost 3 months old; therefore, the data do not include kits (defined
as individuals less than 3 months of age and usually still with their mothers, cf. Yamaguchi
& Macdonald, 2003).
Mink reproduce seasonally and their populations can be defined as ‘birth pulse populations’ (Caughley, 1977), so we expect age distributions of mink measured at different times
of the year to differ, but to be the same when measured at the same time over consecutive
years. For this reason, mink populations are only comparable when considering culling (or
live-trapping) data over the same period. To take these limitations into account, we divided
the year into two parts: before and after breeding. Pre-breeding populations included all mink
culled between November and May (inclusive), i.e. after dispersal (August–October) and
before kits leave the den (mid-end of June) (Dunstone, 1993). Post-breeding populations
included all mink culled between June and October (inclusive). Thus, pre-breeding populations include only subadults and adults (if present kits would have been below ground in dens
and thus not trapped); post-breeding populations may include all age classes except subadults
and would be expected to include a large proportion of dispersing juveniles.
Due to the lack of post-breeding data from Hiiumaa, to be able to compare age and sex
structures of the three populations, we limited this particular analysis to the pre-breeding
populations only.
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Life tables
We used static life tables (Lowe, 1969; Caughley, 1977) where the data describe the age
distribution of a population at a given point in time. We used Caughley’s (1977) method 3
to calculate survival and mortality rates as this method does not require knowledge of the
rate of increase and does not assume a stable age structure. Although this method does require
individuals to be marked at birth, this assumption was fulfilled by the fact that they shared
a common birthdate (cf. McDonald & Harris, 2002). We excluded North Uist from the life
table analyses because the sample size was too small.
As all mink on Hiiumaa were culled between December and April, for this population we
were able to calculate only the pre-breeding life table. Thus, for comparative purposes, for
South Harris we calculated two life tables: one for the year-round data (which allowed us to
assess juvenile mortality rates) and one for the pre-breeding data only (for comparison with
the Hiumaa life table).
We calculated the mean annual adult mortality rate for each population by dividing the
sum of the mortality values (dx) for all adult age classes by the sum of the corresponding lx
values, where lx is the proportion of individuals in the population surviving at the start of the
age interval (Caughley, 1977).
RESULTS AND DISCUSSION
Culling results
On both Hiiumaa and North Uist the bulk of the culling occurred during the pre-breeding
season, while on South Harris mink were culled throughout the year. As expected, the postbreeding sample from South Harris comprised predominantly juveniles with few 1- and 2year-olds (Fig. 2). The very youngest animals of this sample were almost 3 months old and
captured at the end of July. On North Uist, there was limited culling during the summer;
most mink were captured during the intensive culling session beginning in November and
were therefore predominantly subadults (Fig. 2). As has been recorded elsewhere in the UK
(e.g. Yamaguchi & Macdonald, 2003), despite relatively constant culling effort through the
year on South Harris, culling success varied seasonally: most mink were culled during juvenile
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Fig. 2. Number of mink culled at different times of the year in all three populations. The pre-breeding season
(PRE) ranges from November to May, the post-breeding season (POST) from June to October. Numbers in
parentheses indicate the years in which mink were culled.
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dispersal (August–October) with a second minor peak during the mating season (January–
March; Fig. 3).
Age structures and sex ratios
Reliability of the age assessment from cementum annuli was high (±0 years) for 85%, 99%
and 62% of the sample for Hiiumaa, South Harris and North Uist, respectively. Reliability
in all other cases was rated medium (±1 year). The oldest individual caught was a 6-year-old
female captured on North Uist in August (reliability of this age assessment was medium); all
other mink caught on North Uist were 2-year-old or younger. The oldest individuals on South
Harris and Hiiumaa were 4- or 5-year-old, respectively (Table 2).
Limiting the comparative analysis to pre-breeding populations reduced our sample sizes
to 41, 48 and 28 for Hiiumaa, South Harris and Uist, respectively. The pre-breeding age
structure differed statistically between populations (χ2 = 13.53, d.f. = 6, P = 0.04, 3-, 4- and
5-year age classes combined; Fig. 4), being slightly biased towards adult individuals (>1 year
old) on Hiiumaa and towards younger ones (<1 year old) on North Uist, while being almost
even on South Harris (Table 2). The island of Hiiumaa hosted a relatively stable, non-culled
mink population (Macdonald et al., 2002) and exhibited an adult-biased age structure that
can only develop if the population is not affected by regular culling (Whitman, 2003). In

Fig. 3. Number and age of mink culled at different stages of the mink’s yearly cycle on South Harris. Winter:
November to December; mating: January to March; gestation/lactation: April to June; weaning: July; juvenile
dispersal: August to October.

Table 2. Comparison of the pre-breeding populations in the three islands

% Young (<1 year)
Maximum age (years)
Mean age (years)
Sex ratio (males : females)
Culled frequently?
Age of mink populations (years)
Sample size

Hiiumaa

South Harris

North Uist

44%
5
1.54
0.8
No
∼20
41

52%
4
1.15
1.0
Yes
∼30
48

57%
2
0.78
1.5
No
∼5
28
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(a)

(b)

(c)

Fig. 4. Age–sex structures of male (black) and female (grey) mink calculated on the pre-breeding populations.

contrast, the island of South Harris hosted a relatively stable population where mink were
culled annually, but where losses were rapidly replenished by newborns (Moore, Robertson
& Aegerter, 2000). If culling occurs frequently, such as on South Harris, we expect a larger
proportion of younger animals in the population compared with non-culled populations
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(Dunstone, 1993; Sidorovich, 1997; Whitman, 2003). This is effectively what we observed
when comparing South Harris with Hiiumaa (Table 2).
Pre-breeding sex ratios did not differ statistically from 1:1 in any of the three populations
(South Harris χ2 = 0.00, d.f. = 1, NS; North Uist χ2 = 1.29, d.f. = 1, NS; Hiiuumaa χ2 = 0.61,
d.f. = 1, NS) (Table 2). The sex ratio on North Uist calculated on the whole sample was,
however, biased towards males with 2 males : 1 female (χ2 = 4.33, d.f. = 1, P = 0.04, n = 39).
Life tables
The pre-breeding life tables for South Harris and Hiiumaa, respectively are shown in Table 3a
and b. Subadult mortality in the pre-breeding season was high in both populations. Mortality
of 1-year-old mink, however, while very high on South Harris, was low on Hiiumaa, where
having passed the first year of life the chances of getting to be at least 3 years old were
relatively high. Mean adult mortality of the pre-breeding populations was 0.57 and 0.30 for
South Harris and Hiiumaa, respectively. The higher mortality rates of 1-year-old mink on
South Harris compared with Hiiumaa may be partly explained by culling but may also be
due to more intense intraspecific competition due to the higher population density on South
Harris. On Harris and Lewis mink were estimated to be present in their thousands in an area
of c. 2000 km2 (Hudson & Cox, 1989; Swan, 1999), while on Hiiumaa only 50 mink were
present in an area of c. 1000 km2, hence densities on Harris and Lewis were likely to be at
least two orders of magnitude greater than those on Hiiumaa.
Calculation of the life table for the South Harris population based on year-round data is
shown in Table 3c. Of the 97 mink under 1 year, 72 were juveniles and 25 were subadults.
When calculated separately for juveniles and subadults, mortality rate was respectively, 0.65
and 0.16, indicating that juvenile mortality was high as expected and as reported previously
by other authors (e.g. Dunstone, 1993), but that having survived the juvenile stage, the
chances of surviving as a subadult were fairly high. Juvenile and subadult mortality rates
refer to the chance of dying over the 3 months of being a juvenile and the 6 months of being
a subadult, respectively, and are thus greater than that for an adult in real terms. However,
the fact that very few adults were captured in the post-breeding season (June– October, n = 8)
compared to the pre-breeding season (November–May, n = 23) suggests that juvenile mortal-

Table 3. Static life history table of the mink population on the islands of South Harris and Hiiumaa
(a) South Harris –
pre-breeding

(b) Hiiumaa – pre-breeding

(c) South Harris – all year

x

nx

dx

lx

qx

nx

dx

lx

qx

nx

dx

lx

qx

Juveniles
Subadults
1
2
3
4
5
6

–
25
13
4
3
3
0

–
0.48
0.36
0.04
0.00
0.12
0.00

–
1.00
0.52
0.16
0.12
0.12
0.00

–
0.48
0.69
0.25
0.00
1.00

–
18
7
6
6
3
1
0

–
0.61
0.06
0.00
0.17
0.11
0.06
0.00

–
1.00
0.39
0.33
0.33
0.17
0.06
0.00

–
0.61
0.14
0.00
0.50
0.67
1.00

72
25
21
4
3
3
0

0.65
0.06
0.24
0.01
0.00
0.04
0.00

1.00
0.35
0.29
0.06
0.04
0.04
0.00

0.65
0.16
0.81
0.25
0.00
1.00

The first two life tables (a and b) include mink culled during the pre-breeding season only, the last one (c)
includes mink culled all year round between November 1993 and October 1994. Where x = age class;
nx = number of mink in each age class; dx = proportion dying within age interval; lx = proportion surviving at
start of age interval; qx = mortality rate
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ity might have been overestimated in this population. It is possible that juveniles were entering
traps more readily than adults, a phenomenon known to occur in mink (Ireland, 1990),
thereby effectively reducing the probability of trapping adults in the post-breeding season by
occupying all the available traps.
Mink on North Uist: demography of a colonizing population
Mink were confirmed to be present on the island of North Uist in 1999 only a few months
before our sample was collected, thus the population was considered to be still in the
colonizing stages. The North Uist population differed from both the South Harris and
Hiiumaa populations in that it was characterized by young and predominantly male individuals (Table 2). It is possible that these young individuals were ‘dispersers’ from South Harris
and the reason why they were predominantly males may be due to the fact that, in mustelids,
males are expected to disperse longer distances (Biggins et al., 1985) and male mink swim
further (Bjornsson & Hersteinsson, 1991) than females. The capture in early August 1999 of
three females that showed signs of lactating also suggests that mink on North Uist might
have been already breeding.
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