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Abstract Introduced carnivores have had a significant
impact on the fauna of a number of countries, particularly
on islands. In the British Isles, several offshore islands
holding internationally important aggregations of seabirds
and shorebirds support self-sustaining feral ferret Mustela
furo populations, often as the top terrestrial predator.
However, little is known about the interactions between
ferrets and both native and nonnative prey in these
locations. We examined the diet of feral ferrets on Rathlin
Island, Northern Ireland. We determined the frequency of
occurrence of prey items and constructed energetic models
to determine their potential impact on both native and
introduced prey. Rabbits Oryctolagus cuniculus occurred in
75% of scats, while birds, carrion, and brown rats Rattus
norvegicus were important secondary items. There was little
difference between the diets of males and females. Estimates
of the energy requirements of the population at current, and
with hypothetically reduced, rabbit availability revealed the
potential for carrion to maintain the ferret population over
winter. Management options could thus focus on reducing
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anthropogenic food sources as an immediate way of mitigating
the threat to ground-nesting birds, while other strategies,
including eradication, are considered.
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Introduction
The introduction of generalist mammalian predators to new
environments often has significant detrimental consequences
for the native fauna (Veitch and Clout 2002; Courchamp et al.
2003a). These effects are particularly pronounced on islands,
which often support species that are unable to adapt to
increases in predation (Pitta Groz et al. 2002; Courchamp et
al. 2003a; Blackburn et al. 2004). The majority of such
conservation problems have been caused by a few widely
distributed commensal, companion, and domesticated animals
such as cats Felis catus, pigs Sus scrofa, and rats Rattus spp.
(Atkinson 1989; Roemer et al. 2002; Veitch and Clout 2002;
Jones et al. 2008). However, small carnivores such as
mustelids can have similarly devastating impacts where they
have been introduced (e.g., Macdonald and Harrington 2003;
Clapperton and Byrom 2005).
The most significant example of the impacts of feral ferrets
Mustela furo has been in New Zealand, where they represent
both an important economic threat as vectors of bovine
tuberculosis Mycobacterium bovis (Caley and Hone 2005)
and a substantial conservation threat to the native fauna. It is
therefore not surprising that most of the significant studies
into feral ferret ecology and behaviour have been carried out
in New Zealand (reviewed in Clapperton and Byrom 2005).
Although these studies have consistently shown rabbits
Oryctolagus cuniculus to be an important dietary component
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(Murphy et al. 2004; Clapperton and Byrom 2005), ferrets
are opportunistic predators (Smith et al. 1995), and their diet
may vary according to the availability of prey. Consequently,
they have been demonstrated to be a threat to a variety of
ground and burrow nesting birds including shorebirds
(Dowding and Murphy 2001; Keedwell et al. 2002) and
seabirds (Alterio and Moller 1997; Lyver 2000). These
threats have been shown to increase markedly following
declines in rabbit availability after outbreaks of rabbit
haemorrhagic disease (RHD). This occurs because ferrets
switch to alternative prey in the short term, in order to avoid
starvation (Norbury et al. 1998; Rebergen et al. 1998;
Norbury 2001). While predator populations may eventually
decline if prey availability remains low, the reproductive
strategies of alternative prey species such as shorebirds
(Rebergen et al. 1998) or reptiles (Norbury 2001) may not
enable these populations to withstand even a short-term
increase in predation levels.
Although exotic predators can in isolation have severe
consequences for native species, their impact is often
exacerbated when introduced prey species are also present.
This can lead to hyperpredation (Courchamp et al. 1999),
where predator populations eat introduced prey and can
increase substantially above the level that could be
sustained by the native prey base alone. For example, the
Macquarie Island parakeet Cyanoramphus erythrotis coexisted with small feral cat populations for over 70 years, but
the later introduction of rabbits provided a higher yearround food supply, allowed the cat population to increase,
and resulted in the rapid extinction of the parakeet (Taylor
1979). Introduced mammalian prey are present on most UK
islands (Harris and Yalden 2008), and ferrets are also
known to be effective scavengers (Ragg et al. 2000), so
there is the potential for such exogenous prey resources to
subsidise ferret populations, particularly over winter, and
thereby increase the threat to native species.
A number of feral ferret populations exist in the British
Isles (Kitchener and Birks 2008), although there are few
records of self-sustaining mainland populations, with most
appearing to be lost working animals or escapees (Birks
2008; Kitchener and Birks 2008). Similarly, despite having
been present for at least 20 years in the Irish border
counties, the feral ferret population in this region appears to
have spread very little (Buckley et al. 2007). Small
mustelids are frequently killed and sometimes eaten by
other, larger carnivores (Korpimäki and Norrdahl 1989;
Donadio and Buskirk 2006) and must also compete with
other guild members (Erlinge and Sandell 1988; McDonald
2002). Because ferrets are feral rather than truly wild
animals (Kitchener and Birks 2008), they are less wary and
exhibit reduced levels of aggression compared to their wild
ancestor the European polecat Mustela putorius (Poole
1972). Thus, the presence of predators and competitors is
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likely to prevent released/escaped individuals forming
persistent mainland populations, and feral ferrets tend to
be found on islands where other predators are scarce or
absent (Kitchener and Birks 2008). As many of these
islands support internationally important breeding bird
populations (Fuller et al. 1986; Mitchell et al. 2004), ferrets
may pose a significant conservation threat.
Here, we investigate the diet and bioenergetics of feral
ferrets on Rathlin Island, UK, to quantify their impacts and
gain an understanding of the threat posed by this introduced
predator, with varying population sizes of introduced prey.
The relative importance of different resources particularly
over winter, when natural mortality might ordinarily be
higher, can then identify suitable conservation management
strategies, which will be explored, and may be employed to
reduce predator populations and so mitigate conservation
and ethical conflicts.

Materials and methods
Study area
Rathlin Island (55°18′N 06°13′W; 1525 ha) is situated just
over 3 km off the northeast coast of Northern Ireland. The
vegetation is dominated by acid grassland and maritime
heath, with small ponds, flushes, and wetlands. The island
has a year-round population of approximately 85 people
and has been inhabited since Neolithic times. Ferrets were
introduced in multiple releases in the mid 1980s (L. McFaul,
personal communication) in an attempt to control the
introduced rabbit population. A number of small mammals—
brown rat Rattus norvegicus, Eurasian pygmy shrew Sorex
minutus, wood mouse Apodemus sylvaticus, and house
mouse Mus musculus—have also been introduced at various
and unknown times. Most land is grazed by livestock at low
stocking densities. Internationally important populations of
common guillemot Uria aalge, razorbill Alca torda, and
black-legged kittiwake Rissa tridactyla are present throughout
the breeding season along more than 15 km of coastline
(Mitchell et al. 2004), and the island is designated for
protection under a number of conservation instruments.
Scat collection and prey identification
Scats were collected from animals caught in live traps, from
outside the resting sites of radio-collared individuals, and
when found while pursuing other fieldwork. When preserved fish bait had been consumed in live traps, these scats
were discarded. This constituted less than 3% of capture
events. Gut passage time in small mustelids is rapid (Short
1961; Sibbald et al. 1962), and this means that even
multiple meals taken from one large prey item will be
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processed rapidly. However, scats were collected only on
the first day from any individuals trapped on successive
days to ensure larger prey items were not overrepresented.
While scats were also collected on an ad hoc basis, which
may inevitably lead to a degree of nonindependent
sampling, they were not collected from the same locations
on consecutive days, and they were collected throughout
the island so there is no reason to assume they do not
represent a broad range of individuals. Scats were collected
throughout the island during ferret population monitoring
between October and February in 2005 to 2006 and 2006 to
2007 and while monitoring nesting birds between March
and July in 2006 and 2007. Fieldwork was not carried out
in August or September.
Scats were broken down in water and passed through
sieves of 1000, 500, and 106 μm. The remaining residue
for a subsample of 20 scats was checked for the presence of
microscopic remains such as earthworm chaetae (Reynolds
and Aebischer 1991), but as none were found, this was not
investigated further. The material was sorted under a lowpower (×10) dissection microscope to identify guard hairs
and feather remains and other body parts. These were then
identified to species or order following the methods of
Teerink (1991) and Day (1966). Hare and rabbit hairs were
distinguished following the methods of Wolfe and Long
(1997). Any vegetation found was excluded from analyses.
As it was impossible to distinguish between hunted and
scavenged items, all remains are referred to as prey with the
exception of those from large ungulates, which are termed
carrion throughout. As ferret hairs were not found in large
quantities in any scats, they were assumed to have been
consumed accidentally, for example, during grooming, and
so were disregarded (Day 1968).
A subsample of 30 scats was examined closely, and hair
from only one potential mammal prey species was found
within any individual scat. As scats are small compared to
the size of many potential prey items, this suggests that
one scat represents either one complete prey item or the
remains of one feeding session from a larger species
(Day 1968; McDonald et al. 2000). However, different
prey types can have different passage times within the
mustelid gut (Short 1961; Sibbald et al. 1962) and remains
such as eggshell fragments, beetle elytra, feathers, and,
occasionally, livestock hairs were sometimes found alongside mammalian remains in the same scat. As such, these
scats were considered to reveal the earlier consumption of
two separate prey items, so all prey remains were
considered as separate items for the purposes of dietary
analysis. It is possible for an animal to accidentally ingest
a single feather or hair and so a conservative approach was
taken, with these remains only included as prey items
when multiple examples were found alongside mammalian
hair within a single scat.
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Dietary analysis and prey consumption
In common with previous studies of ferrets and other
carnivores (e.g., Smith et al. 1995; Ragg 1998; van Dijk et
al. 2007), food items are presented here as frequency of
occurrence, i.e., the number of scats containing a food item.
In addition, the percentage frequency of occurrence, i.e., the
percentage of the total number of identifiable prey items, is
presented as it represents the minimum number of prey
items eaten (McDonald et al. 2000). Food items were
placed into eight categories based on similarity of digestion
and/or size: lagomorphs, rats, small mammals, invertebrates,
birds, eggs, sheep carrion, and cattle carrion. The latter two
were separated because of the large discrepancy in carcass
weights and thus potential available meals.
Niche overlap between the sexes and years was calculated
using Pianka's measure (Pianka 1973), and as patterns were
consistent between years, data were combined. Radio
telemetry revealed that multiple animals used the same resting
sites either simultaneously or consecutively (T. Bodey,
unpublished data); thus, only those scats collected from
trapped individuals were used to compare diets between the
sexes as a scat outside a resting place may have come from
one of several individual ferrets. Niche breadth was calculated
using Levins's adaptation of the Simpson diversity index
(Levins 1968) and was standardised according to Krebs
(1999). Bootstrapping of dietary parameters, as recommended
by Reynolds and Aebischer (1991), was undertaken using
Gibbs sampling of Markov chain Monte Carlo using a binary
model in Winbugs (version 3.0.2) with 300,000 iterations
after a burn-in of 10,000 iterations. Ninety-five percent
credibility intervals were generated for the percentage
frequency of occurrence of prey items and for niche breadth.
Bioenergetics model
The total quantity of prey required to support the ferret
population was calculated for the ‘autumn–winter’ period
from October to February. Although scats were also
collected during the ‘spring–summer’ period from March
to July, a similar value was not calculated for this time
because of the limited sample size (a result of the demands
of other fieldwork examining the breeding performance of
ground-nesting birds) and the additional assumptions
required to estimate energy requirements in a breeding
population. The field metabolic rate (FMR) of a ferret was
calculated using the equation for all mammals from Nagy
(2005) as FMR=4.82 * (body mass in grams)0.734. Capturemark-recapture studies were carried out on the island, and
data from these were used to calculate both mean ferret
body mass (n=100 animals, T. Bodey, unpublished data)
and population size using Lincoln-Peterson estimators
(Chapman 1951). The latter was averaged over the 2 years
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to obtain a whole island population estimate, enabling
calculation of the population's energy requirements.
The total energy requirement was apportioned according
to the identified percentage frequencies of occurrence of
prey categories within scats, and this was converted to the
number of animals consumed. To examine the potential
impact on alternative prey following a reduction in primary
prey, we calculated similar values based on the maximal
33% decline in the rabbit (taken as lagomorph) population
found following recent severe myxomatosis outbreaks in
the UK (Trout et al. 1992). Increases in secondary prey
consumption were taken at consistent proportions to those
initially found in scats.
Energy content per gram of dry weight (g dry wt) and
metabolizable and dry weight percentages for prey groups
were located in the literature, with an emphasis on studies
using either mustelids (Moors 1977; Davison et al. 1978;
Powell et al. 1985) or other carnivores (Litvaitis and
Mautz 1976, 1980; Konecny 1987; Powers et al. 1989;
Aldama et al. 1991; Ahlstrøm and Skrede 1995, 1998;
Williams et al. 1997), plus additional information on birds
and eggs (Sotherland and Rahn 1987; Votier et al. 2004).
All wet weights were converted to dry weights at 30% as a
mean of study values, and average prey-specific values were
taken as studies reported either broadly or highly similar
values.
At 3400 g, the mean weight of Irish hares (Iason et al.
2008) is considerably greater than the 1600-g median value
for rabbits (Cowan and Hartley 2008). However, given the
much greater preponderance of rabbits both within ferret
diet and on the island itself, a value of 1600 g was taken for
all lagomorphs but was reduced by 25% to 1200 g to
account for unconsumed skeletal components. As ferrets
will only consume edible parts of a large carcass, boneless
weights of sheep and cattle were conservatively estimated
at 20 kg (Newton et al. 1982) and 350 kg (Hall and Putman
2008), respectively. A comprehensive survey of livestock
carcasses was undertaken over the entire island while
carrying out radio telemetry fieldwork. Almost all invertebrate
remains were from coleopterans, and an average weight of
1.5 g was assumed per beetle (Kowalski et al. 1999). Rats
were split from other small mammals with calculations for
the former based on a brown rat weight of 300 g (Quy and
Macdonald 2008). Pygmy shrews and wood mice were
combined into a small mammal category, and a weight value
of 10 g was used based on the proportional representation of
the two species in scats (Churchfield and Searle 2008;
Flowerdew and Tattersall 2008). Based on fragment size and
shape, eggshell was assumed to be from cached seabird eggs
as no species breed over winter, so an average of the weight
of the three principal breeding species on Rathlin—common
guillemot, razorbill, and black-legged kittiwake—was taken
(Sotherland and Rahn 1987), producing a value of 80 g.
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Mean bird weight was derived using principal orders
identified in scats, and then the most frequently observed
species from these orders on Rathlin, i.e., ring-necked
pheasant Phasianus colchicus, mallard Anas platyrhynchos,
common pochard Aythya ferina, and tufted duck Aythya
fuligula (Snow and Perrins 1994; T. Bodey, personal
observation), producing a value of 990 g. As literature
values for metabolizable energy from bird carcasses already
included a correction for indigestible components (e.g.,
Votier et al. 2004), this value was not reduced to exclude
inedible components.
Sensitivity analysis
There was only limited description in the literature of the
variation in the input parameters to the consumption
model. Therefore, the sensitivity of the outputs of the
model to variation in the input parameters was tested by
changing the prey energetic parameter values by ±one
standard deviation (SD) and recalculating the outputs.
Similarly, the mean weight of ferrets, and the percentage
of occurrence, was varied by ±one SD, with the latter
values obtained from the Gibbs bootstrap sampling
outlined in the dietary analysis above. The estimate of
ferret population was altered by ±20%, reflecting known
variation in numbers (T. Bodey, unpublished data). As
published values of prey weights did not contain
associated SDs, and because changes in % weight would
simply have had linear effects on the quantities of prey
consumed (i.e., a 10% increase in weight would lead to a
10% decrease in prey required), such values were not
included in the sensitivity analysis.

Results
Dietary analysis
A total of 267 scats contained identifiable remains out of
274 scats collected (Table 1): 92 were collected during the
2005 to 2006 field seasons (75 autumn–winter, 18 spring–
summer), with 32 assignable to individuals (11 male, 7
female), and 182 (157 autumn–winter, 24 spring–summer)
from the 2006 to 2007 seasons with 76 from known
animals (21 male, 11 female). Lagomorphs occurred in 83%
of all scats, of which rabbits, at 75%, comprised the
majority of prey. Bird remains in the form of feathers and
eggshell (11%), and small mammals (11%) were important
secondary prey items. Carrion in the form of livestock was
also an important food source (11%), with a minor role for
invertebrates.
Diet changed little between study years (Fig. 1a).
Levins's measure of niche breadth varied little between
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Table 1 Representation of prey
items in the diet of feral ferrets
on Rathlin Island

Results of the examination of
the prey remains in ferret scats
collected between October 2005
to July 2007. Major taxonomic
groupings are highlighted in
bold, and bootstrapped
credibility intervals are
included to reflect estimates
of the variability in
sampling errors
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Prey item

Frequency of
occurrence in scats

Percentage frequency of occurrence
(95% credibility interval)

Mammals
O. cuniculus

283
199

87.1 (83.0–90.3)
61.2 (55.8–66.4)

Lepus timidus
R. norvegicus
S. minutus
A. sylvaticus
Unidentified bone fragments
Ovis aries
Bos taurus
Birds
Anseriformes
Galliformes
Charadriiformes
Ralliformes
Passeriformes
Unidentified feathers
Birds' eggs
Invertebrates
Coleoptera
Mytilus edulis

23
24
4
1
3
14
15
30
8
5
3
2
2
4
6
12
11
1

7.1
7.4
1.2
0.3
0.9
4.3
4.6
7.4
2.5
1.5
0.9
0.6
0.6
1.2
1.8
3.7
3.4
0.3

Total no. of identified prey items
No. of scats containing only
unidentifiable items
No. of scats containing ferret hair
Total no. of scats examined

325
7

100

years or seasons, although there is a suggestion that males
may have a broader dietary niche than females (Table 2),
consuming fewer lagomorphs and carrion but with an
increased take of birds and small mammals (Fig. 1b).
However, these differences are small, and this is reflected
in the almost complete dietary overlap between years,
sexes, and between autumn–winter and spring–summer diet
(Table 2).

(4.8–10.4)
(5.0–10.8)
(0.5–3.1)
(0.1–1.7)
(0.1–2.7)
(2.6–7.1)
(2.8–7.5)
(5.0–10.8)
(1.3–4.8)
(0.7–3.5)
(0.3–2.7)
(0.2–2.2)
(0.2–2.2)
(0.5–3.1)
(0.9–4.0)
(2.1–6.3)
(1.9–6.0)
(0.1–1.6)

15
274

representing a potential 2025 MJ of metabolizable energy;
2007 ncarcasses =17, 2295 MJ; cattle: 2006 ncarcasses =2,
4730 MJ; 2007 ncarcasses =1, 2360 MJ). A hypothetical
reduction of one third in lagomorph availability led to an
approximate doubling in the amount of secondary prey
required for all groups if proportional consumption remained
the same (Table 3).
Sensitivity analysis

Bioenergetics model
Mean ferret mass ± SD was 1070  370gðn ¼ 100Þ, yielding
an FMR of 800 kJ day−1, and for the entire autumn–winter
period, an energy requirement of 122 000 kJ per ferret.
Mean population size ± SE over the 2 years was 54±11
individuals, giving a population energy requirement of
6600 MJ for each of the 5-month periods. Based on
percentage frequency of occurrence, the ferret population
consumes considerable numbers of birds, eggs, invertebrates, and small mammals in addition to their main
lagomorph prey (Table 3). However, scat remains suggest
they consume relatively few carcasses in proportion to
their availability on the island (sheep: 2006 ncarcasses =15,

Given the simple nature of the equation, it is perhaps
unsurprising that potential variation in input values led
to substantial effects on the estimated prey requirements
of the ferret population (Table 4). This is particularly
the case given the known variation in ferret population size between years and the large SD associated
with body mass resulting from significant intrasexual
differences in body size. Variables associated with prey
calorific content had least impact, reflecting the broad
agreement within the literature. Potential extreme values
for percentage occurrence of lagomorphs had little overall
effect, whereas large variations were found for minor prey
components.
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Fig. 1 The percentage frequency of occurrence of all prey items found in
ferret scats categorised by species groups for study years (a): Oct 2005
to Jul 2006 (grey bars, n=92) and Oct 2006 to Jul 2007 (white bars,
n=182), and sexes (b): male (grey bars, n=60) and female (white bars,
n=48). Error bars represent 95% Bayesian credibility intervals

Discussion
Dietary analysis and prey consumption
Ferret diet appeared to vary little with time or between the
sexes, with only minor differences in dietary niche width
and almost complete dietary overlap despite including a
range of prey types (Table 2, Fig. 1). Although there may
still be variation in size of rabbits taken with males
consuming more adults, and females more nestlings and

juveniles (Ragg 1998), too few claws and teeth were found
in scats to enable such comparisons to be made in our
study. Studies from New Zealand have suggested some
degree of difference between the sexes (Ragg 1998),
while others found no difference or only minor differences
(Mills 1994; Murphy et al. 2004), the latter a finding
mirrored in the polecat in Europe (Lode 2003). The lower
occurrence of avian remains in scats in both seasons
suggests that predation on birds is incidental, with ferrets
continuing to seek out preferred lagomorph prey. Indeed,
the diet of both the ferret in New Zealand (Clapperton and
Byrom 2005) and the polecat across Europe (Lode 1997)
is relatively uniform, with rabbits often remaining an
important prey item even when they are relatively uncommon
(Blandford 1987).
While it is known that scat analysis contains biases in
the detection of some prey items (Reynolds and Aebischer
1991), few, if any, soft-bodied prey species were available
to ferrets, so this is unlikely to be a problem in this study.
However, it may be that items such as carrion, eggs
(presumably reflecting the consumption of cliff-nesting
seabird eggs cached by corvids during the previous
breeding season), and birds are underrepresented as ferrets
may not consume large quantities of indigestible material
from these sources. Mammalian predators may lick out the
contents of eggs rather than consuming them whole (Green
et al. 1987); birds may be skinned so that few feathers are
consumed (Cuthbert 2003) and feathers may become less
identifiable after digestion (Reynolds and Aebischer 1991).
It is also unlikely that, after opening a livestock carcass,
much hide (and thus hair) would be consumed, particularly
by animals feeding inside the body cavity (Reynolds and
Aebischer 1991; T. Bodey, personal observation). However,
the frequency of occurrence of secondary prey items is
comparable with studies of ferrets in New Zealand with
similar prey availability (Smith et al. 1995; Ragg 1998),
supporting the overall prey consumption ratio identified
here.

Table 2 Dietary niche breadth of feral ferrets on Rathlin Island
Group

n

B

95 percentile range, confidence interval

BA

All ferrets
All males
All females
2005–2006
2006–2007
Oct–Feb
Mar–Jul

325
72
62
119
216
291
44

2.66
3.34
2.76
2.96
2.48
2.68
2.37

2.26–3.14
2.21–4.74
1.88–4.02
2.20–3.92
2.05–3.03
2.24–3.21
1.59–3.62

0.15
0.21
0.16
0.18
0.13
0.15
0.12

O

0.997
0.984
0.969

Levins's measure of dietary niche breadth (B) with bootstrapped credibility interval estimates of the variability in sampling errors; standardised
Levins's measure (BA); and Pianka's measure of niche overlap (O) between the sexes, years, and seasons, calculated from all prey items found in
ferret scats. n is the number of items in the scats examined, with only those collected from known individuals or on known dates included where
appropriate

e

Konecny 1987; f Litvaitis and Mautz 1976; g Litvaitis and Mautz 1980; h Moors 1977; i Powell et al. 1985; j Powers et al. 1989; k Sotherland and Rahn 1987; l Votier et al. 2004;

m

Williams et al. 1997).
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Presented here are prey energy parameters, the theoretical number of prey items required based on relative energetic contributions to the diet, and the number of items that would be required (with
consistent proportions to those initially found in scats) given a 33% decrease in lagomorph numbers reflecting a potential myxomatosis outbreak. Food items are grouped into categories on the
basis of similarity of size and/or digestion. Prey parameter values are averaged from the literature (a Ahlstrøm and Skrede 1995; b Ahlstrøm and Skrede 1998; c Aldama et al. 1991; d Davison et al. 1978;

129
393
3,398
474
3.6
0.2
66,378
501
13.2
4.2
3.1
12.8
8.1
7.1
6.6
45.0
76
233
1,387
280
2.1
0.1
39,267
752
7.8
2.5
1.8
7.6
4.8
4.2
3.9
67.4
6,757
657
60
1,786
147,466
2,580,656
7
5,912
0.79d,h,l
0.86a,b
0.78d,g,h,i,j
0.78d,g,h,i,j
0.86d,f,g,j
0.86d,f,g,j
0.66m
0.75c,d,f,g,h,j
26.3d,e,h
29.0a,b,k,l
23.2d,e,g,h,i,j
23.2d,e,g,h,i,j
26.1d,f,g,j
26.1d,f,g,j
20.2e,m
20.0c,d,f,g,h,j
Bird
Egg
Small mammal
Rat
Sheep
Cow
Invertebrate
Lagomorph

991
80
10
300
20,000
350,000
1.5
1,200

% Occurrence
in diet
Energy from one
prey item (kJ)
Prey weight (wet) (g)
% Metabolizable
Energy values,
kJ/(g dry wt)-1)
Prey category

Table 3 Estimated prey consumption by the ferret population for the period October to February

Estimated prey
items required as
% occurrence in diet

% Occurrence
after rabbit reduction

Estimates prey items
required after rabbit
reduction
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Bioenergetics model performance
As with all bioenergetics models, there are a number of
potential biases as a result of errors in the estimation of
parameter values, and some of these are magnified by the
simplicity of the model presented here. The large variation
in numbers of prey required with extreme values of ferret
weight, and so FMR, is largely a result of the substantial
size variation that is common to all small mustelids (Moors
1980). Although the smaller females will have lower
energetic demands than males over winter, any reductions
are likely to be compensated for by substantially increased
demands during the breeding season (Powell and Leonard
1983). Extreme values for percentage occurrence of minor
prey items also produced greater variation than for
lagomorph prey, reflecting the greater proportional difference
such variation makes to smaller numbers, as well as the
greater degree of uncertainty associated with infrequently
observed prey items. Values for invertebrates, shrews, and
mice appear to be overestimated, but population sizes of all
mammals other than ferrets remain unquantified, and this
study suggests that such prey items, and the impact the ferret
population can have on them, should not be ignored. Extreme
values of ferret population size led to wide variation in prey
consumed. This demonstrates that impacts on prey, particularly
species of conservation concern, may need to be considered
over multiple years to accurately assess the risk posed by a
ferret population, which may fluctuate in size.
Conservation management implications
All islands in the UK on which there are feral ferret populations
also support introduced rabbits, and given the high prevalence
of rabbits in ferret diet, this strongly suggests that such
introduced prey may not only be a potential cause of
hyperpredation (Courchamp et al. 1999) but also is, in fact,
key to the establishment and maintenance of ferret populations. In New Zealand, ferret population dynamics have been
shown to be linked to rabbit numbers (Barlow and Norbury
2001), and severe reductions in rabbit availability through
poisoning or disease can have dramatic impacts on ferret
behaviour. For example, the release of RHD has had
important effects on conservation management as near
absence of rabbits after initial disease outbreaks resulted in
increased itinerancy amongst animals (Norbury et al. 1998)
and in significant diet switching to often highly endangered
secondary prey (Murphy et al. 2004; Norbury and Heyward
2008). While this ability to switch to alternatives can cushion
a predator population against reductions in their principal
prey, the negative effects for alternative prey species are often
severe (Sinclair et al. 1998).
In the long term, a decline in prey will lead to a decline
in the predator population. However, for the secondary prey
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Table 4 Sensitivity analysis for the prey consumption model
Parameter

Range of parameter extremes

% Change in output at parameter extremes

Population size
FMR (kJ day−1)
Dry weight of prey (%)
Metabolizable (%)
Calorific value of prey (kJ [g dry wt]−1)

Bird
Egg
Small mammal
Rat

±20%
±1 SD of ferret weight
±1 SD
±1 SD
±1 SD
±1 SD
±1 SD
±1 SD

−16.7, +25.0
−19.7, +36.9
±10.5
−3.8, +6.4
±6.4
±3.8
±9.0
±9.0

Sheep
Cow
Invertebrate
Lagomorph
Bird
Egg
Small mammal
Rat
Sheep
Cow
Invertebrate
Lagomorph

±1
±1
±1
±1
±1
±1
±1
±1
±1
±1
±1
±1

±4.2
±4.2
±19.8
±3.0
−9.0, +25.9
−49.4, +27.2
−45.0, +17.7
−11.8, +24.3
−30.8, +23.2
−14.6, +32.7
−60.0, +15.7
−3.0, +5.0

% Occurrence in diet

SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD
SD

The percentage changes in output reflect either the population energy requirement (for population size, FMR, dry weight of prey, and
metabolizable percentage) or the number of prey animals required from a specific group (for calorific value and percentage occurrence) at
maximum and minimum input parameters.

that has high adult survival and/or low reproductive effort
such as seabirds and shorebirds (Snow and Perrins 1994),
even a short-term increase in predation may have severe
long-term population consequences and, particularly on a
small island, can rapidly result in extirpation (Taylor 1979;
Mitchell et al. 2004). Thus, the combined presence of
rabbits and ferrets on Rathlin may be at least partly
responsible for the reductions in the numbers of breeding
puffins Fratercula arctica and gulls Larus spp. (Anonymous
2007) and extirpation of Manx shearwater Puffinus puffinus
(L. McFaul, personal communication). This is certainly
consistent with the demonstrated impacts of ferrets on
numerous similar ground-nesting species in New Zealand
(Alterio and Moller 1997; Rebergen et al. 1998; Dowding
and Murphy 2001; Murphy et al. 2004). Such evidence
needs to be considered when assessing the threat posed by
feral ferrets in the UK. For example, it will be important to
monitor ferrets in the Uists, Outer Hebrides, as, assuming
American mink eradication is ultimately successful (Roy
2006; Bodey et al. 2010), they will then be the top terrestrial
predator on these islands.
On Rathlin, the rabbit population suffers from sporadic
myxomatosis outbreaks (R. Green, personal communication),
and so reductions in rabbit availability may be expected to
similarly affect ferret populations here. Although such out-

breaks do not have the same decimating impact on rabbit
populations as seen with eruptions of RHD in Australia and
New Zealand, it is clear that, for the ferret population to persist
at pre-outbreak levels, substantial additional secondary prey
would need to be consumed (Table 3). Given the low
numbers of many accessible bird species currently present
on Rathlin (Anonymous 2007; L. McFaul, unpublished
data), a doubling in the number consumed shows the
potentially serious impact ferrets could have if prey switching
occurred. Although ferret predation on birds may be incidental,
such threats assume greater proportional significance on small
populations (Caughley 1994). In addition, ferrets have been
present on Rathlin for over 20 years prior to the initiation of
this study, and therefore, any initial impacts may no longer be
apparent (Strayer et al. 2006), or our smaller summer sample
sizes may not have accurately reflected consumption of birds
during this period. Equally, ferrets may switch to carrion as it
is simple to access. While this will not increase immediate
losses to bird populations, it does mean that the predator
population, and thus its impact on avian species, will be
sustained despite declines in primary prey. Thus, the presence
of carrion, effectively an extra prey resource, may prevent
either a natural decline or management of rabbit numbers
from allowing ferrets and avian prey to establish equilibrium
(Sinclair et al. 1998).

Eur J Wildl Res (2011) 57:107–117

Both the theoretical and practical examination of hyperpredation is typically based on uninhabited islands
(Courchamp et al. 1999; Roemer et al. 2002), and such
places often have limited or no anthropogenic food sources
available. However, such resources can support increased
predator numbers (Fedriani et al. 2001; Boarman 2003;
Quinn and Whisson 2005), and, on Rathlin, available
livestock carrion would be sufficient to meet the entire ferret
population's energy requirements alongside only a small
quantity of other prey. Numerous individuals were tracked
using radio telemetry to denning sites in close proximity to,
or were actively feeding upon, carcasses (T. Bodey, personal
observation, M Ruddock, personal communication), and
multiple individuals will consume even small carcasses
simultaneously (Ragg et al. 2000). Such anthropogenic food
sources can thus create an additional threat to endangered
prey populations (Fedriani et al. 2001; Boarman 2003) and
further complicate management decisions.
Increasingly, it is recognised that management of both
predators and prey may be necessary to achieve conservation objectives (Courchamp et al. 2003b). Management on
Rathlin could beneficially tackle the combination of ferrets,
rabbits, and carrion. The latter is clearly the most
straightforward, although not without difficulties on a
rugged island. Burial of carcasses might be of limited
impact given the digging capabilities of ferrets. However,
addressing such issues as the accidental or deliberate
provision of supplemental food has potential as a method
for reducing incidental predation on vulnerable avian
populations in this case, and similarly on other inhabited
islands. Direct removal of any combination of ferrets,
rabbits, and also rats to avoid the potential for mesopredator
release (Soulé et al. 1988) is a potential longer term
ambition but is more logistically demanding. The recent
successful eradication of brown rats from the topographically
similar and comparably sized island of Canna in Scotland
(Luxmore 2008) demonstrates the feasibility of this approach. However, community involvement and education
would be essential to ensure any such effort was successful
given Rathlin's larger population and increased number of
stakeholders. Wider public engagement and the provision of
suitable quarantine facilities would also be a prerequisite to
ensure against reinvasion given multiple daily car ferries, the
transportation of many hundreds of tourists and building
materials, and the mooring of private boats. However, these
are not insurmountable, and the potential conservation
benefits suggest such actions should be carefully evaluated.
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