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distribution: are culling campaigns effective?
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Abstract The effectiveness of culling campaigns to

eradicate or limit populations of the alien, invasive

American mink in Catalonia was studied by comparing

the annual relative abundance of culled versus non-

culled populations. We selected three populations that

were culled under government campaigns and a fourth

that served as a control and hence was left undisturbed

(not culled). The study took place between 2002 and

2006 and annual relative abundances were estimated

from trapping with bankside traps. The abundance of

all four populations remained relatively stable

throughout the study period. However, the annual

relative abundance of the culled populations was lower

than that of the non-culled population, which indicates

that culling may have lowered the densities of mink,

although eradication was not achieved. We also

determined the potential distribution of the American

mink in Catalonia by means of a habitat suitability

model. The final aim was to assist in planning this

species’ management. Almost all watercourses in

Catalonia were identified as suitable for the American

mink, with preferred areas located in the northeast. We

recommend that the government and administrations

promote culling campaigns focused on limiting the

spread of the American mink as eradication is likely to

be difficult to be achieved under the current situation.

Target areas should be located on the edges of the

American mink’s range and should be prioritized to

limit the spread of this species to areas in which there

are endangered native species.
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Introduction

Original populations of the American mink (Neovison

vison Schreber, 1777) were distributed throughout

North America, except in the northern part of the

Arctic Circle and the southern United States (Banfield

1974; Linscombe et al. 1982). In the early twentieth

century, American mink were introduced to Europe,

Russia and South America for fur farming (Linn and

Birks 1989; Dunstone 1993). Feral populations

became established and widespread following delib-

erate release (Russia) or accidental escapes (else-

where) (Bonesi and Palazón 2007). In Spain,

American mink were first recorded in the wild in

1978 (Delibes and Amor 1978). Currently, several
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established populations are distributed in the northern

half of the country (Palazón and Ruiz-Olmo 1998;

Ruiz-Olmo et al. 1997).

While in North America some native populations

are suffering a decline (Loukmas and Halbrook 2001),

the American mink has become a serious conservation

problem in Europe, Russia and South America. The

species has an impact on fish, wildlife, and livestock

and game species. It can reduce and locally eradicate

potential prey species, such as the white-clawed

crayfish (Austropotamobius pallipes), the Iberian des-

man (Galemys pyrenaicus), and the south-western

water vole (Arvicola sapidus) in France and the Iberian

Peninsula (Palazón and Ruiz-Olmo 1998; Palomo and

Gisbert 2002); the water vole (Arvicola terrestris) in

the United Kingdom (Strachan and Jefferies 1993;

Barreto et al. 1998; Macdonald and Strachan 1999) and

communities of birds (Craik 1999; Ferreras and

Macdonald 1999; Nosdström and Korpimäki 2004).

Moreover, the American mink can affect the popula-

tion structure of other riparian predators such as the

European polecat (Mustela putorius), the European

mink (Mustela lutreola) and the otter (Lutra lutra), due

to competition and disease transmission. In particular,

mink is considered a vector of Aleutian Disease (ADV)

(Mason and Macdonald 1983; Mañas et al. 2001;

Sidorovich and Macdonald 2001).

Some European governments are developing

American mink control programs to eradicate invad-

ing populations and protect native prey and compet-

ing species. Since 1999, a Spanish program has been

aimed at controlling the American mink, to protect

the European mink. This program is funded under the

aegis of different regional governments and the

Spanish government, and with the help of five

European LIFE programmes (02MNAT/8604 Euro-

pean LIFE Programme 2001–2008, MMA 2008).

To make informed decisions about the manage-

ment and control of the American mink, it is essential

to know the demographic parameters of its popula-

tions, its current distribution and its potential distri-

bution. In Spain, demographic studies of this alien

species are scarce and models that attempt to identify

its potential distribution have not yet been published,

although several studies have described the species’

distribution (e.g. Ruiz-Olmo et al. 1997; Palomo and

Gisbert 2002; Zuberogoitia and Zabala 2003).

This paper studies the relative abundance of four

populations of American mink in Catalonia. Three

populations were subjected to culling meanwhile one

was not culled. Culling was designed, carried out and

funded by the Catalan Government’s Department of

Environment and Housing. Our aim was to estimate the

relative abundance of these populations, and to assess

how successful this particular kind of culling campaign

is in lowering the abundance of mink or eradicating it

locally. In addition, the potential distribution of the

American mink in Catalonia was determined by devel-

oping a habitat suitability model, using geographical

information systems (GIS). The model was developed to

assist in the planning of control campaigns.

Study area

The study was carried out in four areas of Catalonia

(northeast Spain). Mink were culled in three of these

areas, whilst the population was left undisturbed in

the fourth area. The first area was located in northeast

Catalonia (2�500E, 42�100N) along 35 km of the river

Fluvia at an altitude between 20 and 150 m. The rest

of the study areas were situated in central east

Catalonia. The second area (1�520E, 41�320N) com-

prised 30 km of the river Llobregat and its altitude

ranged from 100 to 160 m. The third area (1�450E,

41�510N) comprised 27 km of the river Cardener and

its altitude ranged from 150 to 520 m. The fourth area

(1�530E, 41�490N), corresponding to the non-culled

population, comprised 20 km of the river Llobregat

and 12 km of its tributary the Gavarresa river, with an

altitude between 160 and 350 m.

All of the areas were of similar habitat quality. The

riparian forest found in the areas is dominated by giant

cane (Arundo donax), common bulrush (Typha latifo-

lia), common reed (Phragmites communis), rushes

(Juncus spp.), elm leaf blackberry (Rubus ulmifolius),

dog rose (Rosa canina), white poplar (Populus alba),

field elm (Ulmus minor) and white willow (Salix alba).

As is typical in Mediterranean areas, the strong autumn

rainfalls and subsequent flooding reduce vegetation

coverage in winter. The Eurasian otter and the spotted

genet (Genetta genetta) share the riparian habitat with

the American mink, while European mink are absent

from the area. The main potential prey of mink in these

areas were Cyprinids, Salmonids, the American cray-

fish (Procambarus clarkii) and rodents such as the

house mouse (Mus musculus) and the wood mouse

(Apodemus sylvaticus) (Palomo and Gisbert 2002;

Melero et al. 2008a).
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Materials and methods

Mink trapping

Trapping sessions aimed at culling/eradicating the

American mink have been carried out all around

Catalonia by the Catalan Government’s Department

of Environment and Housing since 1999. These

sessions could be carried out at any time of the year.

We selected data obtained from three of these culled

populations during trapping sessions that took place

in the post-breeding season (July to January) between

2002 and 2006. Animals were live-trapped in single

cage traps (15 9 15 9 60 cm). The number of trap

nights used in each of the three areas varied between

2,750 and 7,500 per year. Traps were placed on both

riverbanks at a distance of 300–400 m approximately

and they were open for a variable number of days at

the time. After immobilization with 0.15 ml of

ketamine (Imalgéne, Rhone Merieux, Lyon, France)

and 0.03 ml of medetomidine (Domtor, Pfizer SA,

Madrid, Spain), animals were humanely killed fol-

lowing ethical guidelines and Catalan and Spanish

laws on the capture and sacrifice of animals and

wildlife.

Four trapping campaigns were conducted on the

Llobregat and Gavarresa rivers (non-culled popula-

tion), between October and December in 2003, 2004

and 2005 (1,876 trap nights each year) and 2006 (750

trap nights). Traps were checked every day for 7-day

periods, with 2–4 days of resting periods between

them. Animals were live-trapped following the

methods described above, but were then released.

After immobilization with ketamine and medetomi-

dine, animals were measured, weighted, sexed and

classified as either a new capture or a recapture.

Captured animals were marked with a transponder

and new captures were distinguished from recaptures

by reading tags with a transponder reader (Trovan

Ltd, Madrid, Spain). After handling and once the

animal had fully recovered, it was released into the

same area in which it had been captured.

Trapping in all the populations was carried out

during the post-breeding seasons, when all animals

were older than 5 months and there were no juveniles

(\4 months old). Individuals were classified by sex

and age (sub-adults: 5–8 months old; or adults

[8 months old) based on the combination of teeth

condition and weight (Maran and Robinson 1996).

Annual relative abundance

The annual relative abundance (RA) of each popu-

lation was determined by dividing the number of

captures (excluding recaptures) by the number of trap

nights per year. By standardizing the number of mink

captured by 100 trap nights, the abundance in

different years could be compared, irrespective of

the number of trap nights used each year.

To observe the effectiveness of culling on the

population, we also calculated the rate of increase in

the relative abundance of each population by dividing

RAt?1/RAt, where RAt is the relative abundance in

year t. This is based on the known model for discrete-

time geometric population growth, in which the

growth rate is calculated for each year (t) using a non-

structured population model (individuals are not

divided into classes or stages) in a randomly variable

environment, Nt?1 = ktNt (Lotka 1925; Morris and

Doak 2002).

Data was lacking in seven out of 20 cases

(4 areas 9 5 years). In these cases, we calculated

the rate of increase in the relative abundance, using

the next year for which data was available (i.e. 2003–

2005 instead of 2003–2004) and then applied an

estimation of rate, based on the formula kt?1 =

kt * kt?1 * kt?2 * … kt?I (Morris and Doak 2002).

Significant differences between the parameter were

tested using a Kruskal–Wallis test.

Potential mink distribution

A habitat suitability model that considered mink

habitat preferences was developed to map the potential

distribution of mink in Catalonia. The model used

geographical information systems (GIS) as a tool.

Three components were considered as determinants of

the mink’s distribution in Catalonia. The first compo-

nent considered categories of land use (CORINE; Land

cover 200 version 1) and reclassified them in terms of

the species’ habitats, preferences and requirements.

We created three habitat preference categories

(1 = unsuitable for mink, 2 = suitable for mink,

3 = preferred by mink), based on previous habitat

suitability studies (Mason and Macdonald 1983;

Melero et al. 2008b; Previtali et al. 1998; Yamaguchi

et al. 2003) and on our own observations. We used

these categories to produce a georeferenced mink

habitat map of Catalonia. The second component of the
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model categorised watercourses in Catalonia (MIR-

AMON, v5.3.Bt., Generalitat de Catalunya) and was

based on the year-round availability of water, as the

species’ presence is determined by the presence of

water. The georeferenced map of watercourses was

reclassified into two classes (0 = land, 1 = water-

course. Finally, the third component was related to the

land’s elevation. A digital elevation model map (DEM)

of Catalonia was reclassified into two classes

(0 [ 1,200 m, 1 \ 1,200 m). The maximum altitude

for mink found in Spain and Catalonia was set at

1,200 meters (data from the Catalan Government’s

Department of Environment and Housing).

All maps were converted from a vector format to

raster maps with a resolution of 100 m and then

reclassified using the rules stated above. Once these

maps had been produced, they were combined into a

single map that represented the potential distribution

of the species. Cells with high values represented

habitat that was more suitable than that of cells with

lower values. This map was overlaid with that which

represents the current distribution of the species,

provided by the Catalan Government’s Department of

Environment and Housing (Fig. 1). All GIS analyses

were made using GIS software packages ArcView 3.2

(Environmental System Research Institute, Inc.,

USA) and GRASS 6.0.2RC4 (SSI/MPBA group,

Italy).

Results

Annual relative abundance

Table 1 shows the annual relative abundance of the

culled and non-culled populations. The average

annual relative abundance of the culled populations

was 1.08 mink/100 trap nights (SD ± 0.47, n = 9)

while that of the culled populations was 2.00 mink/

100 trap nights (SD ± 0.08, n = 4). The annual

Fig. 1 Mink distribution

and study areas. The current

American mink range in

Catalonia is delimited by a

continuous line. The

locations of the river

stretches with the three

culled populations are

marked, the non culled

population is marked inside

a circle. The River Ebro is

highlighted by a dotted line
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relative abundance of the non-culled population

was significantly higher than that of the culled

populations (Mann–Whitney U = 40, P = 0.001

one-tailed). The rates of increase in annual relative

abundance are shown in Fig. 2. Significant differ-

ences were found among all population growth rates of

the study populations (H = 8.62, df = 3, P = 0.04).

The non-culled population showed a mean ratio of

age and sex of 1:1.4:1.6:2.1 (sub-adult female, adult

female, sub-adult male, adult male). Similar ratios

could not be calculated for the culled populations, as

data on the sex and age of captured animals was

missing.

Mink potential distribution

Rasterised and reclassified maps of habitat, elevation

and rivers were used to obtain the potential distribu-

tion map of American mink, which is shown in Fig. 3

and based on the product of three maps: the habitat

map, the elevation map and the watercourse river

map. According to this analysis, the most suitable

areas are found in the northeast of Catalonia (Fig. 2),

which partly overlaps the observed distribution of

mink in the region (Fig. 1).

Discussion

It is generally difficult to eradicate a pest species;

very intensive culling is usually required to drive

abundant and productive populations into decline

(Moore et al. 2003; Gosling and Baker 1989).

Moreover, when a population’s density is artificially

reduced, animals may compensate by increasing their

reproductive rate, and immigration becomes more

frequent, particularly by dispersing juveniles (Birks

and Linn 1982; Macdonald et al. 2000). The culling

program carried out by the Department of Environ-

ment and Housing in Catalonia did not reduce the

abundance or growth rates of mink populations,

which indicates the resilience of these populations to

heavy trapping pressure.

Our data on annual relative abundance and rates of

increase reflect the population dynamics of each area,

as they are the result of births, deaths and migrations

in the area. Although rates of increase of the four

populations varied, they were all close to one

(Fig. 2). This was true in all cases, except the first

culled area between 2004 and 2005, when there was a

marked decrease in the population and a relatively

low growth rate compared to the two previous years

(Fig. 2). In this area, the relative abundance of the

population fell from 1.5 animals captured/100 trap

nights in 2002 to 1.0 captures/100 trap nights in 2005.

There was also a marked decrease in the second

population from 1.7 captures/100 trap nights in

2002 to 1.0 in 2005. However, relative abundances

between 2005 and 2006 did not vary. The relative

abundance of the third population actually increased

between 2002 and 2005. One of the reasons why this

population increased rather than decreasing may have

Table 1 Annual relative

abundance as number of

captures/100 trap nights

between 2002 and 2006 in

the studied areas

Year Area 1 Area 2 Area 3 Non-culled area

2002 1.5 1.7 0.8 No data

2003 No data No data No data 2.1

2004 1.4 No data 1.1 1.9

2005 1.0 1.0 1.3 2.0

2006 No data 1.0 No data 2.0

Reason for trapping Eradication Eradication Eradication Study

Fig. 2 Rates of increase of the relative abundances of each

population (RAt?1/RAt). Circles population 1, rhombus pop-

ulation 2, triangles population 3, and squares non culled

population
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been that trapping effort, although increasing through

the years, did not increase as much as for the other

two populations (data from the Department of

Environment and Housing).

The non culled population was relatively stable. Its

stability may be due to the fact that it was at or near

its carrying capacity. Non-culled populations that

have reached carrying capacity are not expected to

continue to grow in density. However, they may act

as a source of dispersing individuals, which spread

out to new territories. Culled populations would tend

to have less ability to provide individuals that

disperse outside their boundaries, as newborns can

occupy territories that are left empty by culled adults

(Birks and Linn 1982; Macdonald et al. 2000).

Hence, populations at carrying capacity may lead to

the spread of American mink, while culling may

reduce the spread to new areas. From our data, it

seems that trapping had some effect on reducing the

annual relative abundance of mink. Indeed, the mink

abundance of the culled populations was, on average,

significantly lower than that observed in the non-

culled population. However, eradication was not

achieved, even when the density was reduced.

There are instances of culling campaigns that have

achieved the eradication goal. Mink has been removed

from islands (e.g. Macdonald and Harrington 2003;

Moore et al. 2003; Nordstrom et al. 2003; Roy 2006)

and temporarily from several local mainlands

(Reynolds et al. 2004; Strachan and Holmes-Ling 2003).

In a group of islands of the Archipelago National Park

in South-Western Finland (72 km2), a mink eradica-

tion project was carried out using a portable leaf-

blower and trained dogs (Genovesi 2005). No mink

have been trapped since 1998 and the eradication is

considered successful. In Estonia, a mink eradication

project was successfully carried out on Hiiumaa Island

(1,000 km2). During the campaign, 52 mink were

Fig. 3 Map of the potential

distribution of the American

mink in Catalonia based on

the combination of habitat,

elevation suitability maps

for mink and watercourse

systems. The map is the

result of the multiplication

of the reclassified habitat

and elevation map and the

watercourse map of

Catalonia. The map is

drawn at a resolution of

100 m

3882 Y. Melero et al.

123



trapped using leg-hold traps, and the success of the

eradication was monitored through collection of

signs of mink presence during the breeding season

(Macdonald et al. 2002). All these areas have charac-

teristics that make successful eradication possible, as

they are small and have no active mink fur farms.

However, in continental areas, mink eradication has

thus far proven to be more difficult if not impossible

(Nordstrom et al. 2003; Bonesi and Palazón 2007; but

see Zabala et al. 2010). In particular, campaigns

conducted on a large-scale by non specialist trappers

have failed. For example, in the United Kingdom, the

Ministry of Agriculture, Fisheries and Food, failed to

eliminate American mink in the 1960s, despite the

capture of 5,000 mink in England and Wales (King

1983). The same happened in Spain, where more than

1,300 mink were captured during 2003 and 2004, but

mink populations were not particularly affected. In

Catalonia, over 400 mink have been captured between

2002 and 2006. However, these captures do not seem

to have stopped the mink’s spread or have particularly

decreased its overall abundance, as shown by studies

of the Department of Environment and Housing

(Palazón 2006). There are, however, examples of

successful culling even in mainland areas. For exam-

ple, Harrington et al. (2009) demonstrated that mink

removal can be effective at a local level on mainland

sites, and that very low or zero densities could be

achieved while trapping was continued. Zabala et al.

(2010) conducted a culling campaign in northern

Spain. Based on the data they gathered empirically and

on some modelling they argue that eradication of

American mink in continental areas would be possible

for medium to low density populations and estimated

the total cost of eradicating mink from Spain at 11

million Euros. However, up to now, all efforts on

mainland areas have led, at their best, to reduced mink

densities, while, to our knowledge, there is no example

of a mainland population of American mink being

effectively eradicated.

Catalonia hosts one of the five populations of

American mink in Spain (Bravo 2007) and mink are

relatively widespread in the region (Fig. 2). The

extended distribution of the American mink, the need

to improve current trapping efficiency in mainland

areas before attempting an eradication (Zabala et al.

2010; King et al. 2009), and the difficulty in securing

funding for this kind of projects, suggests that, for the

moment, the most achievable aim that could be set

for Catalonia is that of limiting the spread of mink by

carefully selecting target areas for culling, rather than

aiming for a full eradication. Currently, the American

mink is present in the central eastern and central

north-eastern part of Catalonia, where the mink farms

from which it escaped were located (Fig. 1). From

these locations, it would be relatively easy for the

mink to spread to the north along the rivers Muga,

Ter, Tordera, Besos and Llobregat. The north of

Catalonia is inhabited by protected species that are

potential mink prey, such as some species of water-

fowl and the south-western water vole. The otter also

inhabits this area and could possibly slow the spread

of mink, as found in other parts of Spain and in the

UK (Ruiz-Olmo et al. 1997; Bonesi et al. 2006).

However, the otter will not prevent its arrival. To the

south of the region, some natural corridors would

facilitate the invasion of the last strongholds of the

European mink. Indeed, the American mink could

travel along the river Ebro and come into contact with

the last remaining Spanish European mink population

on its Eastern side (Palazón et al. 2003). Worryingly,

some American mink have already been observed

along this river. Given the threat to native species, we

believe that one of the main criteria for selecting

areas where to cull in Catalonia should be that of

limiting the range of expansion toward areas where

particularly endangered native species still occur.

Hence, the best strategy would probably be to target

American mink populations that are located at the

edge of the known range, to create a barrier to

dispersal and reduce the probability of mink coloniz-

ing new areas. Although there is very little informa-

tion on mink dispersal, they are generally considered

good dispersers. They have been recorded travelling

distances of 10 km from their native home range

(Dunstone 1993) and one mink was found 40 km

from its birthplace (Gerell 1970). Thus, trapping

campaigns should consider at least this order of

magnitude of distances when trapping areas are

determined, and should possibly focus on the edges

of the range. Moreover, if edge areas are to be further

prioritized, we believe that efforts should be concen-

trated along routes that would lead to the invasion of

areas where there is the greatest threat to native

species. The habitat suitability model that we have

developed suggests that particularly suitable areas are

located in the north-eastern part of Catalonia, in the

south along the river Ebro, and in the west. Most of
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these areas coincide with areas of greatest threat to

native species.

To sum up, in the continental situation of Catalo-

nia, to protect native endangered species it is very

important to act promptly to limit the spread of

American mink, at least as an interim strategy in the

hope that eradication may 1 day be feasible. For this

region, we strongly recommend concentrating the

culling efforts on the edges of the range of the

American mink, along routes that lead to areas that

host threatened native species selecting eventually

those areas that are particularly suitable for mink.

Special efforts should be made to design the trapping

strategy so that dispersing individuals that are moving

to new empty areas are caught before they disperse.
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mals of Norteamérica: biology. Management and Fisher-

ies, Los Angeles, pp 629–643

Lotka AJ (1925) Elements of physical biology. Williams and

Wilkins, Baltimore

Loukmas JL, Halbrook RS (2001) A test of the mink habitat

suitability index model for riverine systems. Wildl Soc

Bull 29:821–826

Macdonald DW, Harrington LA (2003) The American mink:

the triumph and tragedy of adaptation out of context. N Z

J Zool 30:421–441

Macdonald RA, Strachan R (1999) The mink and the waterv-

ole: analyses for conservation. Wildlife Conservation

Research Unit and Environment Agency, Oxford

Macdonald DW, Tattersall FH, Johnson PJ, Carbone C,

Reynolds J, Langbein J, Rushton SP, Shirley M (2000)

Managing British mammals: case studies from the

hunting database. Wildlife Conservation Research Unit,

Oxford

Macdonald DW, Sidorovich VE, Maran T, Kruuk H (2002) The

Darwin initiative—European mink Mustela lutreola:

analyses for conservation. Wildlife Conservation Research

Unit, Oxford
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