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Abstract. Ecosystem services are the contributions that natural ecosystems make to people. Mammalian
carnivores can provide both positive and negative ecosystem services by consuming pest or game species,
respectively. In this study, we determined the consumption of certain game and pest species for a guild
of sympatric small- and medium-sized carnivores (European badger, red fox, European polecat, stone
marten, stoat and least weasel). We found that game and pest species comprise a notable proportion
of the diet, ranging from 0.0% to 12.6% and from 2.7% to 46.3%, respectively. Furthermore, for all
carnivores we found that the proportion of pest species such as rats and voles (i.e., positive ecosystem
service) was higher than the proportion of game species such as pheasants, partridges and hares,
i.e., negative ecosystem service). Moreover, stoat and weasel did not consume any game species. This
study gives a first overview of the potential ecosystem services through consumption of pest and game
species provided by small- and medium-sized carnivores.
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Introduction
Biological diversity has invaluable intrinsic value, but is also functionally important, as it influences
how ecological systems perform and deliver services to society (Díaz et al. 2018). This component of
diversity that influences ecosystem dynamics and productivity is defined as ‘functional biodiversity’.
Functional biodiversity includes, e.g., pollination of crops by wild pollinators and crop pest control
via natural enemies (Lichtenberg et al. 2017; Eeraerts et al. 2019), both are typical examples of
‘ecosystem services’ (ES). Using the concept of ES is attractive because it helps us to describe how
society is linked to nature and how it benefits from its services (Haines-Young & Potschin 2013).
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Within the ecosystem service context, hunting can be classified as a recreational ecosystem service or
it can be classified as a production-based ecosystem service, depending on the local and national habits
(Schulp et al. 2014). Carnivorous species are often perceived as competitors in hunting game species
(Sillero-Zubiri & Laurenson 2001), or as a limiting factor with regard to the development of favourite
game species populations (Robertson & Rosenberg 1988). From a hunters’ perspective, carnivores
consuming game species (e.g., game birds and hares) are perceived as a negative ecosystem service – a
so-called ‘disservice’. On the other hand, the consumption of pest species such as rats and voles could
be considered as positive ecosystem service near human settlements and in urban areas (Lund 2015)
and for agriculture and horticulture (Jacob et al. 2014). As such, the perception of these negative and
positive ecosystem services is clearly linked to and depends on the motivation or understanding of
different stakeholders (see Swan et al. 2020). Different stakeholders will most probably be unevenly
represented in a human population, so that also the respective weight of the services can be appraised
differently within a given society. Apart from these ES, carnivores can provide other (positive) ES,
such as structuring the whole biological community and causing important changes in terrestrial trophic
dynamics (Tambling et al. 2018) or regulating zoonotic disease reservoirs (Ostfeld & Holt 2004;
Keune et al. 2013; Hofmeester et al. 2017).
Within the scope of this study, we focus on the predation on small game species (pheasant, partridge,
hare) and on pest species (rats and voles) in Flanders. The grey partridge (Perdix perdix, hereafter
named ‘partridge’) is native to but declining in Flanders (Scheppers et al. 2019), in line with the trend
everywhere in Western Europe (Kuijper et al. 2009). However, its decline might have been masked
for years in Flanders via private restocking initiatives. The common pheasant (Phasianus colchicus,
hereafter called ‘pheasant’) is not native to Western Europe, but omnipresent in Flanders due to releases
in the wild for hunting purposes during the sampling period. The European hare (Lepus europaeus,
hereafter called ‘hare’) is native in the study area, however also in decline in Western Europe (Sliwinski
et al. 2019). All three species can be hunted in Flanders during fall and winter, and their hunting rate
is high. During the sampling period 14.387, 22.329 and 14.899 partridges were shot in 2002, 2010 and
2018, respectively, 96.233, 100.946 and 62.288 pheasants, and 39.860, 43.245 and 49.385 hares (INBO
2021).
Brown rats (Rattus norvegicus, hereafter called ‘rat’) are not native to Flanders and are among the most
invasive mammals in Europe (Clout 2002). In general, rat populations flourish near human habitations
(Lund 2015). In a very densely populated region as Flanders that is characterised by a small-scale, highly
fragmented landscape with a dense road network (Pisman et al. 2018), rat populations are expected to
be high, certainly in the countryside where people keep poultry, have a waste pile and all kinds of barns,
providing food and shelter in abundance. Voles (Myodes glareolus and Microtus spp.) on the other hand
are native in Flanders and can occur in high numbers in agricultural landscapes, causing problems to
horticultural crops (Jacob et al. 2014).
There is an increasing scientific interest in the intrinsic biodiversity value and functioning of carnivore
species (e.g., Prugh et al. 2009; Roemer et al. 2009; Ritchie et al. 2012; Tambling et al. 2018). A
common assumption is that carnivores can have a negative impact on game species populations or at
least hamper the hunting harvest of these species (e.g., Tapper et al. 1996; Bro et al. 2000; Reynolds
et al. 2010), whereas it is expected that they have a top-down function in regulating pest populations
(Hanski et al. 2001; Ostfeld & Holt 2004; Tambling et al. 2018; Hoeks et al. 2020; Swan et al.
2020). Indeed, all small- and medium-sized carnivore species occurring in Flanders have a long history
of being heavily persecuted by gamekeepers because of a negative reputation as mammalian predators,
and their control has been practiced for decades to benefit small game populations and allow harvesting
(Reynolds & Tapper 1996). However, empirical studies regarding the consumption of game and pest
species by small- and medium-sized carnivores, are scarce (but see Lanszki et al. 1999; Lanszki &
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Heltai 2007; Posłuszny et al. 2007; Rysava-Novakova & Koubek 2009; Sainsbury et al. 2020).
Hence, the objective of this study is to determine whether small- and medium-sized carnivores, among
which red fox (Vulpes vulpes), European badger (Meles meles), stone marten (Martes foina), European
polecat (Mustela putorius), stoat (M. erminea) and least weasel (M. nivalis), provide negative ecosystem
services (i.e., the consumption of game birds and hares) or positive ecosystem services (i.e., the
consumption of pest species such as rats and voles). We hypothesized the following:
1. We expect that some carnivores will consume more pest and game species than others. For example,
red fox and stone marten, which are known as generalist predators (Ewer 1973; Van Den Berge
et al. 2021), are expected to consume more of the common species (both game and pest species)
compared to more specialized carnivores such as weasel and polecat.
2. We expect that the carnivores in general will consume more pest than game species, as pest species
(e.g., rats and voles) are more abundant compared to game species in Flanders.

Material and methods
Study area and data collection
The study was conducted in Flanders (13,682 km²), the northern part of Belgium. The dominant land
use types are arable crops, pasture, forests and urban areas (Statbel 2020). The small- and mediumsized carnivores we study here are red fox, European badger, stone marten, European polecat, stoat and
least weasel. Of these, only red fox could be hunted or killed intentionally during the sampling period
in Flanders.
Flanders is a densely populated region with a dense road network; thus, gathering samples by collecting
road killed animals is feasible here. In 1997, a network of 123 volunteers and colleagues and a total of
38 collection points was set up covering the whole study area (see Van Den Berge et al. 2021). When
anyone encountered a dead small- or medium-sized carnivore, mostly road killed animals, they could
report it (Fig. 1). Subsequently, a volunteer from the network went to collect the animal carcasses and
took them to a collection point where each specimen was stored at -20°C. Carcasses of the six study

Figure 1 – Overview of the study setup. A. Location of the study area in Europe. B. Location of the
different collection points (n = 38) and collectors (i.e., residences of the participating volunteers, n =
123) during the sampling from 1998 to 2018 in Flanders, Belgium (B).
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species were collected from 1 January 1998 to 31 December 2018. Each specimen was given a unique
ID and the location and date of collection were recorded. Several times a year the collected specimens
were centralized at the Research Institute for Forest and Nature (Geraardsbergen, Flanders), where they
were again stored at -20°C up to the necropsy. From the necropsy, stomachs were isolated, weighted and
refrozen prior to dietary analyses.
Stomach analyses
Before identification of the stomach contents, stomachs were defrosted and an initial inspection
was carried out to identify the presence of liquids or easily soluble food items, such as bird eggs or
breadcrumbs. Stomach contents were then rinsed under a light water stream over a sieve (mesh size
0.5 mm), after which the solid food items were sorted and identified. The food items were determined
macroscopically to the most detailed level possible following reference determination works (Reade &
Hosking 1968; Brown et al. 1998; Teerink 1999) and the reference collection of the Forest and
Nature Research Institute. When necessary, a binocular microscope was used, e.g., for identification of
pieces of eggshells. The following main food types were distinguished:
1.
2.
3.
4.
5.
6.
7.

Edible waste
Non-edible waste
Vegetative bulk material
Fruits
Grains and nuts
Mushrooms
Invertebrates (i.e., Annelida spp., Gastropoda spp., Carabidae spp., Geotrupidae spp., Coleoptera
spp., Forticula spp., Oniscidae spp., Caelifera spp., Bombus spp. and Vespinae spp., Noctua spp.,
Bombycoidae spp. and Tipulidae spp.)
8. Amphibians (i.e., Bufo spp. and Rana spp.)
9. Bird eggs (i.e., Columbidae spp., Passeriformes spp., Gallus spp., Phasianus spp. and Perdix spp.,
Galliformes spp. and Anseriformes spp.)
10. Birds (i.e., Columbidae spp., Passeriformes spp., Gallus spp., Phasianus spp. and Perdix spp.,
Galliformes spp., Anseriformes spp. and Rallidae spp.)
11. Lagomorphs (i.e., Lepus europaeus and Oryctolagus spp.)
12. Rodents (i.e., Muridae spp., Rattus spp., Microtinae spp., Arvicola spp. and Ondatra spp.)
13. Other mammals (i.e., Erinaceus europaeus and Scoridae spp.)
14. Other or undefined vertebrates
Regarding both the birds and bird eggs, we distinguished pigeons and doves, songbirds, chickens,
pheasants and partridges, ducks, rails and undefined birds. Lagomorphs were identified as either hares,
rabbits, or undefined hares and rabbits. For the rodents, we distinguished true mice, rats, voles, water
voles, muskrats and undefined rodents.
For diet studies, two approaches are commonly used, i.e., the analysis of scats and the analysis of
stomachs and intestines. A major advantage of using stomachs is that they allow for a much more
accurate recognition and determination of the consumed food types. In addition, an estimation of the
original volume per food category is possible including the identification of liquid or easily soluble
components. Scat research, on the other hand, has the advantage of integrating different meals in one
sample. It is however more difficult to identify the original food types and it is almost impossible to trace
back soluble food types. In a region where hunting of almost all small- and medium-sized carnivores
is prohibited, such as in Flanders, scats are somewhat easier to collect compared to stomach collection.
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However, compared to scat sampling, with stomach research there can never be any doubt about the
species whose diet is being analyzed and all collected stomachs will fully contribute to the sampling.
Data analyses
Data of the consumed game and pest species were compiled as presence/absence data (p/a). For each
game and pest species, the frequency of occurrence (FO, %) was calculated for each food item as the
number of times a certain food item was identified divided by the total number of stomachs per species.
For the pheasants and partridges, both the presence of feathers and eggs were considered. The sum of the
FO of game species is considered as a proxy for a negative ES, whereas the sum of the FO of pest species
represents a positive ES. For the first research questions, we tested whether pest species consumption
differed between carnivore species by means of a generalized linear model with carnivore species as
fixed factor. For the consumption of game species, the same model was executed. In case of significant
differences, a post-hoc analysis was performed to compare pest or game species consumption between
two different carnivore species. For our second research question, we tested if each carnivore species
consumed more game or pest species by means of generalized linear mixed-effect models. The presence
of game or pest species in the stomach in relation to the consumption in every carnivore species was
modeled as a binomial random intercept model with a cloglog link function (Zuur et al. 2009). The
categorical variable prey species was modelled as a fixed effect, the specimen ID was used as grouping
for the random intercept.
All analyses were performed with R 4.0.3 (R Development Core Team 2020).

Results
From 1998 to 2006, a total of 215 badgers and 186 red foxes were collected with intact stomachs
containing food remains. Between 1998 and 2013, 776 stone martens and 784 polecats with intact
stomachs were collected, and between 1998 and 2018, 62 stoats and 93 weasels with intact stomachs
were collected. In total, 4468 food items were identified in the 2116 stomachs of all the predator species
collected, accounting for 53 different food subtypes. An overview of the FO% of the main food types
per species and the food subtypes is given in Table S1 and Table S2, respectively. For a more detailed
and general description of the study species, their diet breadth, composition and diet overlap we refer
to Van Den Berge et al. (2021). For every small- and medium-sized carnivore species, the FO (%) of
each pest and game species is listed in Table 1.
For testing our first hypothesis, we found that both consumption of pest and game species was significantly
different among carnivore species (X² = 140.2, p < 0.001 for pest species; for game species X² = 60.6, p <
0.001). Post-hoc comparisons are listed in Table 2 and showed that all other carnivore species consume
more pest species compared to badger, fox consumes more pest species compared to stone marten and
less compared to weasel, stone marten consumes less pest species compared to polecat and both polecat
and stone marten consume less pest species compared to stoat and weasel. Concerning game species, we
show that only fox consumes more game species when compared to badger, stone marten and polecat
(Table 2).
Regarding our second hypothesis, we found that consumption of pest species was significantly higher
than the consumption of game species in red fox (estimate = 0.82, SE = 0.27, p < 0.01), badger (estimate =
5.34, SE = 2.61, p < 0.041), stone marten (estimate = 1.87, SE = 0.28, p < 0.001) and polecat (estimate =
1.50, SE = 0.19, p < 0.001). Stoat and weasel were not modeled as these species did not consume any
game species.
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TABLE 1
Frequency of occurrence (FO, %) of each pest (rats and voles) and game species (pheasants & partridges
and hares) found in the stomachs of each small- and medium-sized carnivore species. Negative
ecosystems service is the sum of pheasants, partridges and hares and positive ecosystem services is the
sum of rats and voles.
Small- and medium-sized carnivore
Fox

Badger

Stone marten

Polecat

Stoat

Weasel

Pheasants & partridges

8.4

0.5

1.9

4.1

0.0

0.0

Hares

4.2

0.5

0.5

0.9

0.0

0.0

Rats

17.2

1.1

5.7

12.8

3.2

2.2

Voles

8.4

1.6

6.3

6.3

38.7

44.1

Negative ecosystem service

12.6

1.0

2.4

5.0

0.0

0.0

Positive ecosystem service

25.6

2.7

12.0

19.1

41.9

46.3

TABLE 2
Generalized linear model of the effect of species on the consumption of both pest (rats and voles)
and game species (pheasants, partridges and hares) (pairwise comparisons). Test statistics are given:
estimate, standard error (SE) and adjusted p-value according to Bonferroni correction.
Pest

Game

estimate

SE

p

estimate

SE

p

Badger – fox

-2.74

0.48

< 0.001

-2.851

0.74

< 0.01

Badger – stone marten

-1.74

0.47

< 0.01

-0.807

0.75

0.99

Badger – polecat

-2.26

0.46

< 0.001

-1.691

0.73

0.31

Badger – stoat

-3.41

0.52

< 0.001

13.898

828.37

0.99

Badger – weasel

-3.59

0.49

< 0.001

13.898

676.36

0.99

Fox – stone marten

0.99

0.20

< 0.001

2.044

0.33

< 0.001

Fox – polecat

0.47

0.19

0.18

1.16

0.26

< 0.01

Fox – stoat

-0.68

0.31

0.41

16.749

828.37

0.99

Fox – weasel

-0.85

0.27

0.02

16.749

676.36

0.99

Stone marten – polecat

-0.52

0.14

< 0.01

-0.884

0.30

0.05

Stone marten – stoat

-1.67

0.28

< 0.001

14.705

828.37

0.99

Stone marten – weasel

1.84

0.24

< 0.001

-14.705

676.36

0.99

Polecat – stoat

-1.15

0.27

< 0.01

15.589

828.37

0.99

Polecat – weasel

-1.32

0.23

< 0.001

15.589

676.36

0.99

Stoat – weasel

-0.18

0.33

0.99

0

109.42

0.99
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Discussion
Our study demonstrates that most of the small- and medium-sized carnivores that were included in the
study consume game species as well as pest species. Consumption of pest and game species did differ
between carnivore species, confirming our first hypothesis. In addition, the consumption of pest species
(i.e., positive ES) was clearly higher than the consumption of game species (i.e., negative ES) for all
carnivore species in this study, confirming our second hypothesis. We found that badger, stoat and
weasel consumed no or very few pheasant and partridges and that badger, polecat, stone marten, stoat
and weasel consumed no or very few hares. On the other hand, all small- and medium-sized carnivores
were found to consume both rats and voles.
Red fox consumed the highest proportion of both game and pest species in its diet. Indeed, foxes are
known to be opportunistic omnivores and regularly include a diverse range of birds, hares and small
rodents in their diet (Lanszki et al. 1999; Barrull et al. 2014; Van Den Berge et al. 2021). The diet
of stoat and weasel in continental Europe is known to be specialized towards small rodents, birds and
bird eggs, and to hares and rabbits only to a lesser extent (Lanszki et al. 1999; Elmeros 2006; Van
Den Berge et al. 2021). Hence, the fact that they consumed no game species over the entire study period
is surprising. Badger is often described as a more omnivorous species because its diet mainly consists of
fruits, invertebrates, grains and nuts (Lanszki et al. 1999; Barrull et al. 2014; Van Den Berge et al.
2021), what can be confirmed here, as this species consumed very little game and pest species. Both
stone marten and polecat consumed both game and pest species, but again, for both carnivore species,
more pest than game species were consumed, as could be expected (e.g., Goszczyński 1976; Lodé
1997; Lanszki et al. 1999; Lanszki 2003; Rysava-Novakova & Koubek 2009; Van Den Berge
et al. 2021).
Based on these results we concluded that the predation impact in Flanders on small game species seems
to be limited or even non-existing for stoat and weasel, in contradiction to the often-assumed negative
ES. Hares together with pheasants and partridges as ground-nesting birds are considered to be extra
vulnerable in terms of predation impact on their reproduction and as a consequence on the possible
hunting bag size in autumn, especially from mammals (Reynolds et al. 2010; Roos et al. 2018). The
role of predation is hard to test, because of the paucity of data concerning predation across Europe
(McMahon et al. 2020). However, in this study, we demonstrated the very limited presence of these
game species (or birds’ eggs) in the diet of badger, stoat and weasel. Red fox, stone marten and polecat
consumed small game species to a certain degree. Therefore, from a hunters’ and some other stakeholders’
point of view, this result could be used as an argument, together with social-psychological drivers as
analysed by Swan et al. (2020), to manage generalist carnivores like red fox or stone marten through
intentional killing. However, for polecat, this is hardly defendable as this species is generally in decline
in Europe (Baghli & Verhagen 2003; Croose et al. 2018) and specifically also in our study area
(Van Den Berge et al. 2019). On the other hand, all studied species, although badger to a lesser extent,
appear to be important actors in the top-down control of pest rodents. In a region as densely populated
as Flanders, the regulatory effects of rodent pest species by natural enemies represent important and
valuable positive ES, with a direct effect to an elaborated part of the entire human population.
We conclude that these studied carnivores are at the top of the food web in Flanders where they, with
regard to their dietary ecology, fulfil positive ES rather than negative ES in terms of consumption of
pest and game species. Future social research could explore how various numbers of stakeholders or
residents of Flanders view these species and their apparent impacts with regard to these ES – apart from
their intrinsic biodiversity value and other possible ES.
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