
1 23

Mammal Research
 
ISSN 2199-2401
 
Mamm Res
DOI 10.1007/s13364-015-0244-y

The diet of Danish red foxes (Vulpes
vulpes) in relation to a changing
agricultural ecosystem. A historical
perspective

Sussie Pagh, Rune Skjold Tjørnløv,
Carsten Riis Olesen & Mariann Chriel



1 23

Your article is protected by copyright and

all rights are held exclusively by Mammal

Research Institute, Polish Academy of

Sciences, Bia#owie#a, Poland. This e-offprint

is for personal use only and shall not be self-

archived in electronic repositories. If you wish

to self-archive your article, please use the

accepted manuscript version for posting on

your own website. You may further deposit

the accepted manuscript version in any

repository, provided it is only made publicly

available 12 months after official publication

or later and provided acknowledgement is

given to the original source of publication

and a link is inserted to the published article

on Springer's website. The link must be

accompanied by the following text: "The final

publication is available at link.springer.com”.



ORIGINAL PAPER

The diet of Danish red foxes (Vulpes vulpes) in relation
to a changing agricultural ecosystem. A historical perspective

Sussie Pagh1
& Rune Skjold Tjørnløv2 & Carsten Riis Olesen3

& Mariann Chriel4

Received: 21 October 2014 /Accepted: 24 August 2015
# Mammal Research Institute, Polish Academy of Sciences, Białowieża, Poland 2015

Abstract Rodents and especially voles (Microtus agrestis or
arvalis) make up the basic diet of foxes (Vulpes vulpes) in
Denmark. As the abundance of voles and mice may have
decreased as a result of modern agricultural procedures, this
study investigates potential changes in the diet of Danish red
foxes over the past 4 decades in relation to a changing agri-
cultural landscape. Our study compares the stomach contents
of foxes collected in Jutland during the years 2012–2014 with
a similar study from 1965 to 1970. The results show that small
rodents occur in the stomachs of foxes with the same frequen-
cies today (73 %) as 40–50 years ago (67 %), while the fre-
quency of European brown hare (Lepus europaeus) has de-
creased from 7 to 3 % and the frequency of roe deer
(Capreolus capreolus) has increased from 3 to 18 %. The
changes in the occurrence of brown hare and roe deer in the
diet of foxes during the past 40 years most probably reflect
changes in the populations of the two species. By comparing
digitised orthophotos of six agricultural areas (3.5×3.5 km) of
the past 1974/1975 and present landscapes, it was revealed
that the total area of crop fields, small natural habitats, hedge-
rows and grasslands have remained almost unchanged. How-
ever, mean field size has increased by 48%, and the mean size

of small natural habitats has increased by 15 %; meaning that
the length of field boundaries and the number of small natural
habitats have decreased by 65 and 33 %, respectively. The
distance between natural habitats in the cultivated areas has
become larger during the past 40 years. Overall, the areas of
natural biotopes have remained the same in Denmark during
the past 40 years. Field boundaries on the other hand which
are known to be important vole habitats have become fewer in
the cultivated areas. Despite this, small rodents still occur in
high frequencies in the diet of nowadays foxes. As voles are
sensitive to fragmentation, narrow stipes of permanent grass
should be maintained or even re-established in the cultivated
areas to improve life conditions for small rodents and other
wildlife.

Keywords Food .Rodents .Vole .Microtus .Gamespecies .

Roedeer .Capreoluscapreolus .Europeanbrownhare .Lepus
europaeus . Partridge . Perdix perdix . Fragmentation

Introduction

Intensified farming methods have in a relatively short period
of time altered the flora and fauna of the agricultural ecosys-
tem, in favour of some species and to the disadvantage of
others: European brown hare (Lepus europaeus) populations
have declined throughout most of Europe since the1960s
(Schmidt et al. 2004, 2005; Roedenbeck and Voser 2008;
Reynolds et al. 2010), and populations of grey partridge
(Perdix perdix) have decreased dramatically (Bro et al. 2000;
Potts 1986; Potts et al. 2010; Kuijper et al. 2009; Aebischer
and Ewald 2010; Topping et al. 2010). In contrast, populations
of roe deer (Capreolus capreolus), mallard (Anas
platyrhynchos) and greylag goose (Anser anser) have
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increased (National Danish game bag records, University of
Aarhus (NDGBR)).

The causes of the recent population decline in brown hare
and grey partridge have been linked to anthropogenic changes
of the rural landscape, e.g. loss of habitat diversity and the use
of pesticides (e.g. Potts 1986; Huhta et al. 1996; Smith et al.
2005; Pita et al. 2009; Potts et al. 2010). However, predation,
especially that of the red fox, has also been emphasised as a
reason for the decline in the populations of small game spe-
cies, e.g. grey partridge and brown hare (e.g. Newton 1993;
Reynolds and Tapper 1996; Coté and Sutherland 1997;
Schmidt et al. 2004; Fletcher et al. 2010).

In Europe, the basic diet of the red fox is rodents especially
microtine rodents (Lloyd 1980; Jedrzejewski and
Jedrzejewska 1992; Kauhala et al. 1998; Leckie et al. 1998;
Gołdyn et al. 2003; O’Mahony et al. 1999), which has been
confirmed by diet studies on Danish red foxes living in wood-
lands and rural areas. Bistrup (1890), Jensen and Sequeira
(1978) and Nielsen (1990) found small rodents in 60–80 %
of the scats or stomachs of foxes, mostly field vole (Microtus
agrestis) and common vole (Microtus arvalis). In some habi-
tats, however, e.g. in the Wadden sea, Toendermarsken,
Southern Denmark, rodents occur in lower frequencies, and
foxes there have specialised in waterfowl and sheep carrion
(Meisner et al. 2014).

The density of rodents is generally low in arable crop fields
(Jensen and Hansen 2003; Renwick and Lambin 2011). Ro-
dents are numerous in natural biotopes such as hedgerows,
narrow stripes of grass between crop fields, in pastures and
meadows, and they are sensitive to landscape fragmentation
(Jensen et al. 2014). Many of these natural habitats have dis-
appeared in Denmark since the end of the nineteenth century
and up until today (Levin and Normander 2008). Thus, pop-
ulations of rodents on arable land may show a population
decline similar to that of the brown hare and the grey
partridge.

Foxes like other generalist predators switch to alternative
prey when their preferred prey becomes scarce (Angelstam
et al. 1984; Kjellander and Nordström 2003; Jedrzejewski
and Jedrzejewska 1992; Small et al. 1993; Meisner et al.
2014). The study done by Goszcynski and Wasilewski
(1992) showed that hares probably acted as an alternative prey
for foxes, when voles were scarce, although this was not con-
firmed in the investigation by Panek (2009). Kjellander and
Nordström (2003) found that the annual variation in the num-
ber of roe deer fawns in autumn was positively related to vole
density. In years of high vole density, predation on roe deer
fawns was relatively modest, but in years of low vole density,
predation was more severe. Hence, if voles and mice popula-
tions have decreased on the Danish farmland due to fragmen-
tation and loss of natural habitats, red foxes may have
switched to alternative prey of human interest, e.g. game spe-
cies such as roe deer, brown hare and grey partridge.

The aim of this study was to investigate whether the fre-
quencies of rodents and game species in the diet of Danish red
foxes have changed during the past 40–50 years and to relate
potential differences in the diet to population changes in prey
species and changes in the agricultural landscape.

Methods

Our investigation follows the methods described by Jensen
and Sequeira (1978). Jensen and Sequeira (1978) analysed
285 fox stomachs mainly from the winter period and primarily
collected on Djursland, and in Mid- and Southern Jutland. In
this study, the frequency of prey was based on stomachs with
content.

Material

In the present investigation, the contents of 344 stomachs
were analysed, excluding 28 stomachs from foxes caught in
traps, as these stomachs almost exclusively contained bait
used for trapping. Most foxes were shot by hunters during
the hunting season (n=251), others were road kills (n=33)
and some had an unknown cause of death (n=32). Most foxes
(n=278) were sampled during winter (October–February),
and 34 foxes were sampled during summer (May–September)
and four during spring (March–April). In total, 316 stomachs
(of these 265 with content) from Djursland (n=131, n=100
with content), Mid Jutland (n=73, n=56 with content) and
Southern Jutland (n=112, n=77 with content) were analysed.

Stomach analysis

The stomach analysis was carried out according to classical
and known methods described by Day (1966). Prior to analy-
sis, all stomachs were stored at −20 °C and by −80 °C for at
least 1 week to eliminate the health risk of infection with
zoonotic parasites. Prior to analysis, two samples were drawn
from each stomach to find setae from dissolved earthworms
according to methods described by Harris (1981) and Kruuk
and Parish (1981). Mammal hairs were identified from micro-
scopic characters of hair medulla, scales and cross sections
with the aid of hair identification keys by Debrot et al.
(1982) and Teerink (2004). Other items were identified with
the use of a reference collection or by colleague experts.

Items found in the stomachs were pooled into 16 main
categories as follows: ungulates, other large mammals, lago-
morphs, rodents, small passerines (smaller or equal to the size
of a blackbird), larger passerines (larger than a black bird),
galliformes, anseriformes, other birds, insects, other inverte-
brates, antropogenetic food sources (e.g. from poultry, domes-
tic pigs and mink farms, dog or cat food, and bird seed balls),
fruit, other plant material, garbage and unidentified items. The
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volume of each category in each stomach was estimated by
eye to the nearest 5 %. As the digestion degree of items in
stomachs will be in different stages unlike that of scats, it is
not possible to use correction factors to compensate for diges-
tion. The amount of individual food items ingested is therefore
given in weight calculated by multiplying the percent volume
of the item by the total weight stomach content.

Data analysis

Differences between the two studies (the present study
and that of Jensen and Sequeira 1978) were assessed
using a chi-square test on frequency-of-occurrence data
for each category separately. Frequency of occurrence is
expressed as the number of stomachs containing a par-
ticular category. Stomachs from the winter period were
most numerous in both studies, therefore, when present-
ed for the winter period in the paper by Jensen and
Sequeira (1978), frequencies of the winter period of
both studies were used for comparison.

This study as well as the investigation by Jensen and
Sequeira (1978) only included stomachs with content, offer-
ing the possibility of direct comparison of frequencies of prey;
however, the analysis of seasonal and regional effects and the
influence of cause of death on the diet in the present study also
included empty stomachs.

Using NPMANOVA and PCA (PAST, Hammer et al.
2001), possible patterns in the diet composition (total weight
of stomach content, weight of stomach content of roe deer,
brown hare, rodents, passerine bird, wild galliformes and
wildfowl) of different regions, years and with different causes
of death were analysed. The NPANOVAwas based on Bray-
Curtis with Bonferruni-corrected p values. PCAwas based on
the covariance matrix. Tendencies revealed by NPMANOVA
and PCA were further tested using univariate statistics using
PAST (Hammer et al. 2001).

An index of difference, D=(∑|a−b|)/n, where a is the fre-
quency of occurrence of prey in a prey group of region a, b is
the frequency of occurrence of prey in a group of region b, n is
the number of prey groups (Frafjord 1993), was used to cal-
culate the diet differences of foxes between the three regions
(Djursland, Mid-Jutland and Southern Jutland) in the present
study and to compare it with the D-index between the winter
of the present investigation and the investigation by Jensen
and Sequeira (1978).

Landscape changes from 1974 to 2010

To quantify major changes of the rural landscape over the past
4 decades, relevant landscape parameters focusing on natural
habitats of rodents and small game species were digitised from
orthophotos of the past (1974/1975) and present (2010) land-
scape using ArcGIS 10.2.1.

Historic and modern landscape parameters were digitised
for six study areas (each 3.5 km×3.5 km) including four areas
in Djursland (1974/2010) and two in Southern Jutland
(1975/2010) with half of the study areas having a more inten-
sified land use and the other half having a less intensified land
use and more forestry.

The following parameters were digitised: (1) forest, (2)
crop fields, (3) grass fields used for hay/livestock, (4) perma-
nent grassland (grassland out of production, normally areas
with high grass and scattered bushes and small trees), (5)
meadows (wet), (6) buildings, (7) roads, (8) small habitat
(non-cultivated areas in crop fields often moist patches with
scrub), (9) hedgerows, (10) zones of non-cultivated land be-
tween fields and roads, (11) edge of woods and (12) field
boundaries (narrow stripes of grass between fields). In the
following, permanent grassland, meadows, small habitats,
hedgerows, zones of non-cultivated land between fields and
roads, edges of woods and field boundaries will be defined
together as natural biotopes.

For the calculation of the total area (parameters 1–10) or
length (parameters 10–12) occupied by each landscape param-
eter, the digitised parameters were clipped using the circum-
ference of the areas thereby constraining the total area of all
parameters to 3.5×3.5 km2. To obtain a measurement of the
mean size of each parameter, we only used elements having
their centroid inside the study area.

Results

The mean weight of stomachs was 104 g±105 (±SD). The
mean weight of stomachs with content (excluding empty
stomachs) was 123 g±104 (±SD). The stomachs were from
163 adult females, 149 adult males, five cubs (four females
and one male) and four foxes of unknown sex. The mean
weight of the 80 females was 5.8 kg±1.2 (±SD), and the mean
weight of the 77 males was 6.6 kg±1.1 (±SD).

Mammals

Remains of mammals were found in 238 (89 %) stomachs
with content. Ungulates (roe deer) were found in 46 stomachs
(17 %). Since most stomachs were from the winter period, roe
deer was eaten as carrion most probably from road kills or as
offal left from hunters. Domestic pigs were found in 18 (7 %)
stomachs. Lagomorphs were found in 17 (6 %) stomachs. We
were unable to distinguish between the hairs of rabbits
(Oryctolagus cuniculus) and brown hares, but we considered
all lagomorph hairs to originate from the latter species since
rabbits only occur in small populations in some parts of South-
ern Denmark. Small rodents were found in 194 (73 %)
stomachs. Remains from other larger mammals that were
found in 37 (14 %) stomachs of these 6 sheep (Ovis aries), 4
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mink (Neovison vison), 2 martes sp, 1 badger (Meles meles), 1
fox and 6 cats (Felis catus), could be identified.

In total, 341 rodents were identified; hence, stomachs with
rodents contained 1.76 rodent per stomach. Most stomachs
contained between one and three rodents, four stomachs
contained more than 15 rodents and up to 32 rodents were
found in a single stomach. Most rodents were identified as
microtidae (n=273, 80 % of the rodents). Of these 210 were
identified as field (Microtus agrestis) or common vole
(Microtus arvalis), 5 as European water vole (Arvicola
amphibious) and 11 as bank voles (Myodes glareolus). Only
14 % were identified as muridae: 5 rats (Rattus norvegicus),
30 harvest mouse (Micromys minutus) and 7 Apodemus sp.

Insectivora

No insectivores were found in the stomachs of foxes in this
study.

Birds

Birds were found in 96 (36 %) stomachs with content. Of
these, 35 (13 %) were galliformes, at least 15 (6 %) were
poultry, hence considered as an Banthropogenic^ food source,
leaving 20 (7 %) as wild galliformes. Passerine birds
were the most frequent group of bird species found in
the stomachs, occurring in 30 (11 %) of stomachs with
content. Of these, 8 % were smaller and 3 % larger
passerine birds. Anseriformes (including one domestic
duck) were found in 16 (10 %) stomachs. Other birds
were assigned to the groups columbiformes (n=3) and
seagulls (n=2).

Wild bird species identified from feathers or other remains,
e.g. from bills or legs, were pheasant (Phasianus colchicus)
(n=12), mallard (Anas platyrhynchos) (n=3), teal (Anas
crecca) (n=1), corvidae (n=6) of these one hooded crow
(Corvus cornix) and one eurasian jay (Garrulus glandarius),
common blackbird (Turdus merula) (n=6), fieldfare (Turdus
pilaris), Redwing (Turdus iliacus), song thrush (Turdus
philomelos), house- or/ eurasian tree sparrow (Passer
domesticus/ P. Montanus), one blue tit (Parus caeruleus),
common chaffinch (Fringilla coelebs) and brambling
(F. monti fringilla). Remains of eggshells were found in four
stomachs.

Reptiles, amphibians and fish

No remains of reptiles or amphibians were identified in
this study. Remains of fish were found in eight
stomachs (3 %). In one case, the remains of fish were
found in the same stomach as the remains of a mink;
hence, the fish remains in this case may be remains
from the stomach of the mink.

Insects and other invertebrates

In total, 35 (13 %) stomachs contained invertebrates, most
invertebrates were insects, and especially dung beetles
and ground beetles were common, occurring in 14
stomachs (5 %).

Insects and especially large beetles were found: dung
beetles (12 stomachs), Geótrupes vernalis (one stomach
with 1 individual), Anoplotrupes stercorosus (6
stomachs, approx. 50 individuals) and Geotrupes
spiniger (4 stomachs approx. 10 individuals); and
ground beetles, Carabus hortensis (2 stomachs with 2
individuals), Carabus granulatus, (2 stomachs with 2
individuals), Carabus nemoralis (1 stomach with 1 in-
dividual.), Pterostichus sp (3 stomachs with 3 individ-
uals), Pterostichus vericicoler (1 stomach with 1 indi-
vidual.), Pterostichus niger or P. melanarius (2
stomachs with 2 individuals). Also, larvae of diptera,
Noctuidae sp., Dytiscidae sp., Silphidae sp. and
Nicrophorus sp., were found in few numbers. Earth-
worms or remains of earthworms were found in five
stomachs, remains of a crab in one stomach, parasites
Toxocara canis in five stomachs and Sarcoptic scabei
from auto-grooming in one stomach.

Plant material

Plant material, e.g. leaves from herbs and trees, twigs,
hay, seeds or remains of fruit, was found in most
stomachs (n=202, 76 % of stomachs with content). In
most cases, the plant material appeared to have been
swallowed incidentally along with prey. Grass as well
as fruits may, however, have been eaten deliberately.
Seeds and/or skin and flesh of cherries (Prunus avium),
mirabells (Prunus cerasifera), apples (Mallus sp) and
raspberry (Rubus sp) were found in 51 stomachs.

Anthropogenic food

Remains of food produced by humans were found in 28
stomachs (including 15 domestic hens and one duck). Also
at least one domestic rabbit with an ear tag was found. Bird
seed balls were found in four stomachs and what was consid-
ered to be leftovers from meals in three stomachs and cat or
dog feed in two stomachs. Domestic pigs and sheep have been
included in the section BMammals.^

Other remains

Unidentified remains and garbage were found in 50 stomachs
but made up less than 5 % of the total weight. This could, for
instance, be pieces of plastic, cloth, lumps of fat, gristle and
fragments of bones.
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The diet of foxes in 1965–1970 compared to that
of 2012–2013

Significant differences between the diet of foxes in the two
time periods 1965–1970 and 2012–2013were found in almost
half of the main food categories. The difference in the occur-
rence of ungulates, domestic pig, poultry and insects was
found to be highly significant (Table 1). Ungulates were found
in higher frequencies, and domestic pig and poultry in lower
frequencies in the present study compared to the study con-
ducted 40 years ago. Lagomorphs also occurred in lower fre-
quencies in the present study compared to the reference study.
The overall frequency of rodents did not vary significantly.

Variation in diet between region and research year

Principal component analysis (PCA) showed significance on
the first vector explaining 73 % of the variance. Highest load-
ing values were 0.93 for stomach content, 0.33 for roe deer
and 0.13 for small rodent.

NPMANOVA (one way) showed no significant differences
in relation to region and sex, but significance was found in
relation to research year and death causes (Table 2). Univariate
analysis showed no significance for death cause (Table 2).
Univariate analysis showed that the mean weight of roe deer
was significantly higher in the stomachs of foxes in the winter
2012/2013 than in the winter 2013/2014. Also, rodents oc-
curred in higher numbers in the winter 2012/2013 than in
the winter 2013/2014 (Table 2).

No other tendencies in the amount of main food categories
could be revealed in relation to research year, region and cause
of death or sex.

The D-index within the three regions (Djursland, Mid Jut-
land and Southern Jutland) (D=5.7) was lower than the his-
torical D-index (D=12.40) between the winter diet of the
present investigation and the investigation by Jensen and
Sequeira (1978) (Table 3). The historical D-index was signif-
icantly higher (t test, p<0.02), than the D-index between
regions.

Comparison of landscape parameters from 1974/1975
to 2010

The result of the landscape analysis of the six agricultural
areas showed that crop fields, buildings and roads covered
around 70 % of the areas, woodlands around 20 % and only
10 % of the present agricultural landscape are left for natural
habitats such as small natural biotopes, hedgerows, grass-
lands, field boundaries and uncultivated areas between crop
fields and roads (Table 4). Surprisingly, this had not changed
markedly during the past 40 years. However, the mean area of
crop fields had increased by approx. 48 %, and as a conse-
quence, the extent (m) of field boundaries had been reduced
by 65 % (Fig. 1). Also, the mean size of small natural habitats
had increased by 15 %; hence, their number had decreased by
33 % (Table 4).

Discussion

The study confirms the opportunistic food habits of the red
fox. Microtine rodents, especially field vole and common
vole, are the most frequent prey found in the stomachs of
Danish red foxes. Yet, roe deer carrion, birds, insects, fruit

Table 1 The frequency (in percent of stomachs with content) of main food groups found in the present study and the study by Jensen and Sequeira
(1978)

Prey group Present study 2012–2013 Study 1965–1970 (Jensen and Sequeira 1978) Comparison (chi-square)

Summer Winter Total Summer Winter Total p value Sample

Rodentia 57 76 73 68 67 67 0.05 Winter

Lagomorphs 0 7 6 19 14 15 0.03 Winter

Ungulata 11 18 17 0 3 2 0.0001 Winter

Domestic pig 11 6 7 10 31 27 0.0001 Winter

Poultry 0 7 6 15 28 15 0.0001 Winter

Wild birds 29 31 30 37 37 37 0.18 Winter

Galliformes 4 8 8 – – 6 0.8 Total

Anseriformes 7 6 6 – – 3 0.43 Total

Passeriformes 18 11 11 – – 17 1 Total

Insects 21 4 6 34 19 22 0.0001 Winter

Fruit 18 20 19 10 19 16 0.92 Winter

No. of stomachs 28 233 265 59 226 285

The frequencies of the main food groups of the two studies are compared with chi-square test
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and anthropogenic food also make up an important part of the
diet of Danish foxes.

The diet of foxes is known to vary both between local
habitats and between seasons (e.g. Nielsen 1990; Meisner
et al. 2014). Multivariate analysis (NPMANOVA), however,
showed no significant differences between the regions of this
investigation, and the D-index (Frafjord 1993) showed that the
differences found between the two time periods in this study
were significantly larger than those found between the three
regions. Thus, the differences found between the two
studies are likely to be caused by changes in availability
of prey during the past 40 years. Collecting foxes from
larger regions of Denmark will represent foxes from
different habitats. Therefore, on this larger regional
scale, data on fox diet are not likely to be sensitive to
bias caused by feeding habits of local foxes. A compar-
ison of the data from the present study with that of the
reference study is based on frequencies of food items.
Therefore, there has been no attempt to neither calculate
nor discuss the actual food intake in biomass by the
foxes (Lokie 1959; Putman 1984; Reynolds and
Aebischer 1991; Klare et al. 2011).

The result of the present landscape analysis is comparable
to earlier and larger analyses of the Danish landscape by Levin
and Normander (2008). Around the year 2000, agricultural
areas accounted for approx. 60 % of Denmark, forest approx.
11 %, open natural and semi-natural habitats (dry/mesic, wet
and open grasslands, coastal meadows, scrub heathlands,
mires and dunes) for 10 % and built-up areas approx. 10 %.
In comparison, open areas of natural habitats covered more
than 25 % of Denmark in 1888 (Levin and Normander 2008).

Density-dependent consumption of roe deer

The content of roe deer remains in the stomachs of the foxes
has increased significantly compared to the earlier study by
Jensen and Sequeira 1978. This increase is undoubtedly due to
the increased abundance of roe deer. In Denmark, the National
game bag records of roe deer was 35,000 in 1970 (NDGBR),
and in 2012 around 122,000 (Asferg 2014). The overall in-
crease in the number of roe deer in Europe is associated with
the general increase in woodland areas in the recent decades,
more extensively grown winter cereals and lack of competi-
tion with former more abundant livestock husbandry feeding

Table 2 Results of NPMANOVA and univariate analyses on the weight (g) of prey items in stomachs in relation to region, research year, sex and cause
of death

Variable NPMANOVA Stomach content Roe deer Small rodent

Region (n=3) p≤0.08; F=1.766 NS – – –

Year (n=2) p≤0.002; F=4.769 p≤0.06 NS Mean weight winter 12/13=22.48 g±SD 6.58
Mean weight winter 13/14=11.39 g±SD 3.57
p≤0.001 (Mann-Whitney)

Mean weight winter 12/13=35.96
g±SD 4.28

Mean weight winter 13/14=27.86
g±SD 3.63

p≤0.04 (Mann-Whitney)

Sex p≤0.67; F=0,6163 NS – – –

Death cause p≤0.003; F=2.605 p≤0.16 NS p≤0.62 NS p≤0.11 NS

NS non-significant

Table 3 Comparison of food
frequencies in stomachs from
foxes sampled in the three regions

Prey group Frequency of preygroup in the present study Difference

Djursland Mid-Jutland South Jutland Between regions Historically

Rodentia 80 71 74 6.00 9.00

Lagomorphs 4 9 11 4.67 7.00

Ungulata 24 11 17 8.67 15.00

Domestic pig 5 4 8 2.67 25.00

Poultry 7 2 9 4.67 21.00

Wild birds 46 34 30 10.67 6.00

Insects 5 2 3 2.00 15.00

Fruit 21 12 14 6.00 1.00

No. of stomachs 100 56 77

D-index 5.67 12.40

Historically (Jensen and Sequeira 1978)
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on understory vegetation (Fuller and Gill 2001; Olesen and
Asferg 2006). In addition, a milder climate and less snowy
winters may play an important role in the success and
northern boundaries of the roe deer population
(Mysterud and Østerby 2006).

It should be stated that remains of roe deer found in the
stomachs in this studymainly derive from adult individuals, as

most of the stomachs analysed were from foxes killed during
the winter time, and therefore presumably from carcases. Most
of the roe deer carcases probably derived from fallen roe deer,
road kills or offal from hunters, all likely to be more abundant
nowadays than in 1974. Fox predation on fawns has previous-
ly been found to be related to the density of roe deer
(Panzacchi et al. (2008), it is therefore expected that fox

Table 4 Mean and standard deviation (SD) of parameters of the six agricultural areas of Denmark (each 3.5×3.5 km2) digitised from orthophotos from
1974/1975 to 2010

Digitised parameter Mean 1974 Mean 2010 % difference in
relation to 2010

SD 1974 SD 2010 % of total areal 1974 % of total areal 2010

Forest (m2) 2,415,845 2,756,433 12 2,142,718 2,474,165 20 23

Crop fields (m2) 8,340,846 7,848,793 −6 1,929,182 2,190,127 68 64

Grassfields used for hay/lifestock (m2) 522,430 473,755 −10 141,488 267,993 4 4

Permanent grassland (m2) 113,509 228,002 50 73,768 137,176 1 2

Meadows (wet) (m2) 69,354 73,262 5 0 0 1 1

Buildings (m2) 317,884 401,868 21 131,122 216,239 3 3

Roads (m2) 89,720 93,378 4 21,391 20,530 1 1

Small natural habitats (m2) 30,243 30,579 1 30,243 6523 0 0

Zones of non-cultivated land (m2) 179,581 160,828 −12 68,274 59,156 1 1

Hedgerows (m2) 138,950 152,661 9 36,490 152,661 1 1

Edge of woods (m) 44,167 53,399 17 44,167 35,261

Mean field size (m2) 25,345 48,290 48 6296 9004

Mean size of small natural biotope (m2) 1285 1517 15 456 508

Field boundaries (m) 99,160 59,931 −65 31,045 19,741

No of hedgerows 78 76 −2 15 76

No of small natural habitats 29 22 −33 18 8

Fig. 1 Cultivated landscape (3.5 km×3.5 km) fromMid-Jutland. The digitised parameters show the fragmentation of the landscape, especially due to the
reduction in field boundaries from 1974 to 2010
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predation on fawns has increased, too. However, there should
be no need for concern for roe deer population in relation to
fox predation as the roe deer population has nearly quadrupled
during the past 40 years, despite of predation by foxes.

Fox predation on European brown hare

The frequency of brown hare remains in the stomachs of foxes
in the present study is 50 % below the frequency found by
Jensen and Sequeira (1978). This drop is most probably asso-
ciated with the marked drop in the population of brown hare in
Denmark. The game bag records of brown hare in Denmark
have dropped from around 300,000 hares in 1970 according to
the NDGBR to around 50,000 in 2012/2013 (Asferg 2014).
Game bags are assumed to correlate to the abundance of hares,
although hunters in recent years may have reduced the hunting
pressure on hares to protect the population (Jensen 2009).
Long-term studies of game bag records of foxes in Denmark
and Germany showed negative correlations between the game
bags of hares and foxes (Schmidt et al. 2004; Jensen 2009;
Knauer et al. 2010). In some studies, fox control has shown to
increase the abundance of hares (Panek et al. 2006; Reynolds
et al. 2010).

In a recent investigation by Panek (2013), fox predation on
hares in western Poland showed a type III functional predator
response to long-term changes in hare abundance, i.e. the
graphical relationship between of number of prey consumed
and the density of the prey population is sigmoidal. This
means that foxes at low prey densities will drop hunting ef-
forts on the prey- in this case hares -, preventing the extinction
of hares. With increasing prey density, foxes will according to
the model accelerate their hunting efforts bymore than a linear
relationship; hence, a moderate reduction of the fox popula-
tion may only result in the remaining foxes catching more
hares (Panek 2013). The significant increase in the frequency
of hare remains found in the fox stomachs from 2012 to 2013
may support a type III functional predator response by the
foxes, as game bag records of foxes have dropped by 26 %
from the hunting season 2012/2013 to 2013/2014 (Asferg
2014). The sudden drop in the hunting season 2012/2013
compared to 2013/14 may be due to a widespread outbreak
of canine distemper in Jutland in the summer of 2012 (Asferg
2014; Trebbien et al. 2014). However, more data on the fre-
quency of hare remains in fox stomachs or scats related to the
proportion between abundance of foxes and hares is needed to
reveal if it is a general trend.

The influence of habitat factors on the hare population

Especially crop field size has increased from 1974/1975 to
2010 in the Danish agricultural areas; hence, length of field
boundaries has decreased. In most studies, field size was
found to be negatively correlated with hare abundance, and

the presence of pasture positively correlated with hare abun-
dance (Smith et al 2005). In a Danish investigation (Schmidt
et al. 2004), winter cereals were found to have a significant
negative association with brown hare abundance, whereas
root crop areas were positively related to hare numbers. Fox
predation on hares decreased with increasing habitat diversity,
especially in areas with low hare density (Panek 2009). Also,
Smith et al. (2005) conclude, on the basis of 77 research pa-
pers from 12 European countries, that habitat changes caused
by agricultural intensification are the ultimate cause of the
decline in the hare population. The influence of predators is
reinforced due to loss of high-quality year-round forage and
cover (Smith et al 2005). Parameters such as habitat diversity,
fallow land, vegetation cover and small woodlands are posi-
tively correlated with hare density (Smith et al 2005). The
reduction of the hare population and the following drop of
hares in the diet of foxes are most probably initiated by in-
creasing field size and loss of habitat diversity in the cultivated
areas of Denmark.

Rodents in the diet of foxes

It is not clear from the landscape analysis whether the overall
population of volesmay have changed during the past 40 years
due to loss of natural habitats. On one hand, the area of rodent
habitats such as permanent grasslands, meadows and small
natural habitats has not been reduced significantly during the
past 40 years; on the other, fields have become larger, and
therefore, many narrow stripes of grass between adjacent
fields have disappeared (Table 4, Fig. 1). Therefore, popula-
tions of voles in the cultivated areas have most probably
decreased.

Vole populations are known to exhibit three to four yearly
cyclic population dynamics not only in northern Fennoscandia
but also in Central, Western and Southern Europe (Lambin
et al. 2006; Dell’Arte et al. 2007). Also, it is known that the
occurrence of voles in the diet of foxes is related to the density
of voles (Leckie et al. 1998; Sidorovich et al. 2006; Dell’Arte
et al. 2007). Therefore, the occurrence of rodents in the
stomachs of foxes in the present study and that of Jensen
and Sequeira (1978) could reflect only the instantaneous vole
numbers at the time when the study was carried out. However,
the data from the study by Jensen and Sequeira (1978) are not
expected to be sensitive to yearly cyclic oscillation in vole
abundance, as the study was conducted over a 5-year time
period. Regarding the present study, it is known, from a mon-
itoring study of mice and voles on Djursland carried out by the
Natural History Museum of Aarhus during 14 years, that the
number of field vole in 2012 and 2013 at this locality was
below the maximum voles numbers found in 2005, with 26
and 76 %, respectively (personal communication, Christina
Vedel-Smith, Natural History Museum). The number of voles
on Djursland is expected to mirror vole cycles in other parts of
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the country in vole habitats the same year, meaning that the
number of field voles was above average in October 2012,
while that of October 2013 was below average. The relatively
high frequency of voles found in the diet of foxes in this study
does therefore not seem to reflect exceptionally high numbers
of field voles in the research years. The significantly higher
mean weight of small rodents in the fox stomachs in winter
2012/2013 than in the winter 2013/2014 (Table 2) may reflect
that voles numbers were higher in October 2012 than in Oc-
tober 2013.

The fox population may have been below usual. There has
been a long-term drop in the game bags of foxes in Denmark
during the past 40 years. The National game bag record of
foxes in Denmark reports a reduction in the number of hunted
foxes from around 55,000 in 1974 to just below 40,000 foxes
in 2011 to less than 28,000 foxes in 2013/2014 ((NDGBR),
Asferg 2014). The significant drop in the hunting bags in
2013–2014 is most likely a result of severe outbreak for ca-
nine distemper resulting in marked decrease of foxes in Jut-
land (Trebbien et al. 2014). It is not known if the long-term
drop in the game bag of foxes is due to chance in hunting
pressure on foxes or if the fox population has decreased in
number. It is expected that the number of foxes to share
rodents in an area may affect the intake of rodents per fox.
Although vole numbers most probably have decreased in
the cultivated areas of Denmark, this study show that foxes
are still able to maintain high frequencies of rodents in the
diet in years with moderate to high number of voles. A
study of the dietary structure of foxes in Belarus showed
that foxes will prefer voles rather than other prey, if voles
are present in high numbers even if other prey is available
(Sidorovich et al. 2006).

Wild galliformes in the diet of foxes

The frequency of wild galliformes in the current diet of foxes
was not different from that found by Jensen and Sequeira
(1978). While the National game bag records of common
pheasant (Phasianus colchicus) was almost the same in
1974 (NDGBR) as in 2013/2014, around 700,000 birds, the
game bag records of grey partridge have decreased markedly
from around 200,000 birds in 1974 to 28,000 birds in 2013/
2014 (NDGBR, Asferg 2014). No remains of partridges were
found in the present study. However, it is not always possible
to distinguish between other galliformes and partridges;
therefore, few partridge may have been among the food
items.

Fewer insects in the diet of foxes

Significantly fewer insects were found in the diet of today’s
foxes than that of foxes 40 years ago (Table 1). In both inves-
tigations, insects eaten by the foxes were mostly dung beetles

and larger ground beetles. Although ground beetle popula-
tions may have declined in the Danish agricultural landscape,
the major cause for the drop in insect remains should undoubt-
edly be addressed to fewer dung beetles as a consequence of
fewer pastures with livestock. In Denmark in 1974, there were
approx. 1 million dairy cows all on pasture in the summer
period, and in 2013, this has been reduced to 500,000 dairy
cows and less than 25 % of the dairy cattle are on pastures in
the summer (according to Statistics on agriculture, gardening
and forestry 1974; Knowledge Centre for Agriculture, UHL).
Thus, the areas of traditional cattle-grazed pastures with dung
have declined significantly.

Major switch in anthropogenic food items

From 1974 until today, there has been a major switch in diet of
foxes caused by human activities (Table 1). The reduced oc-
currence of domestic pigs and poultry is due to changed hus-
bandry and stricter regulation on carcase disposal. In 1974, it
was still common to discard dead piglets and hens on the
dunghills behind the farm. Today, it is mandatory to leave
dead piglets and poultry in closed containers to be collected
for rendering by a special collection service. This has reduced
the possibility for foxes to scavenge on offal from animal
production.

Urban areas have become of growing importance for foxes.
Bird seed balls and food for cats, dogs or hedgehogs like, e.g.
leftovers from meals and pet food in the stomachs of foxes in
the present study, indicate that nowadays foxes search for food
around houses.

Concluding remarks

In spite of the reduction in field boundaries in the cultivated
areas, the frequency of rodents was found to be high in the diet
of foxes today as well as in the study 40 years ago. The study
also confirms that consumption on hares and roe deer is den-
sity-dependent. Natural biotopes should be re-established in
the intensively managed agricultural ecosystem to serve as a
refuge for voles and other wildlife. As foxes seem to prefer
voles to other prey, restoring vole habitats may reduce fox
predation on other wildlife.
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