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Zusammenfassung 

Diese Studie beschäftigt sich mit dem Einfluss von Mesoprädatoren (Fuchs, Steinmader, Baum-

marder, Iltis, Marderhund Waschbär, Hauskatze, Igel) auf bodenbrütende Vögel. Die untersuch-

ten Mesoprädatoren (n = 67 Tiere) wurden im Zeitraum von März bis Juni 2020 und 2021 als 

Totfunde gesammelt und deren Mageninhalt in Hinblick auf die Zusammensetzung der Nahrung 

untersucht. Die ermittelten Tierarten aus den Mägen wurden eingeteilt in Kategorien: Pflanzen, 

Insekten, Regenwürmer (Oligochaeta), Froschlurche (Anura), Fische, Hühnervögel (Galliformes), 

Eier, andere Vögel, Hasenartige (Lagomorpha), Kleinsäuger, echte Schweine (Suidae) und Ge-

weihträger (Cervidae) sowie andere Säuger. Insgesamt konnte festgestellt werden, dass die in-

vasive Art Marderhund die meisten Nahrungskategorien pro Magen aufwies, sich somit am op-

portunistischsten ernährt. Der Fuchs zeigte die diverseste Nahrungszusammensetzung, was 

seine generalistischen Eigenschaften verdeutlicht.  Steinmarder und Iltis wiesen ein enges Nah-

rungsspektrum auf. Der Prädationseinfluss von Fuchs und Marderhund auf Vögel war am stärks-

ten.  Anhand der Mageninhalte der Mesopredatoren hochgerechnete Vogelverluste ergab, dass 

demnach pro km² und Tag 0.375 bodenbrütende Vögel vom Fuchs getötet wurden. Dies ent-

spricht 0.06% der gesamten bodenbrütenden Vogelpopulation pro km² und Tag. Dies entspricht 

33,75 Vögel pro km² und Brutzeit (5% der Bodenbrüterdichte). Die Hälfte aller vom Fuchs kon-

sumierten Vögel waren Galliformes, etwa ein Viertel Anseriformes. Insgesamt waren 85% der 

vom Fuchs gefressenen Vogelarten Bodenbrüter.  Einflussfaktoren wie Habitat und Geschlecht 

der Prädatoren wurden ebenfalls untersucht.  Dabei waren weibliche Füchse für etwa zwei Drit-

tel der Tötungen verantwortlich.  
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Summary 

This study deals with the influence of mesopredators (fox, stone marten, pine marten, polecat, 

raccoon, domestic cat, hedgehog) on ground-nesting birds. The animals examined were col-

lected from March to June 2020 and 2021. In total, the stomach contents of 67 animals were 

analysed for food composition. The species identified from the stomachs were divided into cat-

egories: Plants, insects, earthworms (Oligochaeta), frog amphibians (Anura), fish, game fowl 

(Galliformes), eggs, other birds, rabbits (Lagomorpha), small mammals, pigs (Suidae), true deer 

(Cervidae) and other mammals. Overall, it was found that the invasive species raccoon dog had 

the most food categories per stomach, which show the strongest opportunistic behaviour. The 

fox showed the most diverse food composition which highlights its generalist characteristics.  

Stone marten and polecat showed a narrow food spectrum. The predation influence of fox and 

raccoon dog on birds was the strongest. Bird losses extrapolated from the stomach contents of 

mesopredators showed that 0.375 ground-nesting birds were killed by fox per km² and day 

which is equivalent to 0.06% of the total ground-breeding bird population per km² and day. This 

corresponds to 33.75 ground-nesting birds per km² and breeding period (5% of the total den-

sity). Half of all birds consumed by the fox were Galliformes, about a quarter Anseriformes. 

Overall, 85% of the bird species eaten by the fox were ground-nesting birds.  Influencing factors 

such as habitat and sex of the predators were also investigated.  Female foxes were responsible 

for about two thirds of the kills. 
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1. Introduction 

Predation has a regulative effect on ecosystems (Ritchie and Johnson 2009). The dominance of 

mesopredators (predators that hunt but are also hunted themselves by apex predators) like fox 

or martens can lead to imbalance in predator-prey-relationship (Prugh, Stoner et al. 2009). To-

day the most endangered and extinct bird species are ground-breeders (Langgemach and 

Bellebaum 2005). In areas with drained and adjusted landscape predation pressure on ground-

nesting birds is increased in contrast to natural habitats with water points, because of missing 

shelter possibilities (Voigt 2009). Low vegetation height of field crops in early season makes 

nests more visible for predators (Praus 2015). An additional factor of ground-breeding bird re-

duction is the opportunistic feeding behaviour of most carnivorous predators (Lanszki and Heltai 

2007). The diet composition depends on seasonal availability (Papakosta, Bakaloudis et al. 

2010). Carnivorous generalist predators are willing to feed on prey that is available in the mo-

ment. Differences in food composition is contingent on season, habitat, geography and prey 

availability and density (Twining, Montgomery et al. 2019). Medium-sized mammals predated 

nests in 65% of the cases, only 9% of the nests were predated by avian species (Šálek, Svobodová 

et al. 2004). Mammalian predators remove mostly the whole clutch and eat the eggs at different 

places (Voigt and Siebert 2012). Predation was the reason for nest losses in skylarks (Alauda 

arvensis) (76%) and woodlarks (Lullula arborea) (92%) (Praus, Hegemann et al. 2014). Both spe-

cies are negatively affected by landscape degradation and predation in agricultural environment 

(Praus 2015). Martens are responsible for predation on goldeneyes (Brucephala clangula) 

(Kauhala 2004). In breeding season in spring the predation pressure is particularly high, birds 

and their eggs are vulnerable prey for arboreal predators, which represents low risky prey for 

denning females in spring time (Grabham, Ventress et al. 2019). 

In the following, there are some important ground-nesting birds in Germany listed: Greylag 

goose (Anser anser), Eurasian skylark, northern lapwing (Vanellus vanellus) and great reed war-

bler (Acrocephalus arundinaceus) (Fiderer, Göttert et al. 2019) and woodlark (Praus 2015). Al-

most all ground-breeding birds live in cultural landscapes (Grabham, Ventress et al. 2019). The 

laying season starts in April and lasts till July (Voigt and Siebert 2012). Fiderer (2019) observed 

in his study 1796 birds of 31 ground-breeding bird species in his study area in Germany. 65% of 

this observation belongs to waterfowl. In total 6.67 ground-nesting birds per hectare were ob-

served. 
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Since the 1980s the density of red fox (Vulpes vulpes) population is increasing added by invasion 

and expansion of further mesopredators (Voigt, Meinecke et al. 2011). Red foxes are major pred-

ators of ground-nesting colonial birds and their effect on game-bird populations can be signifi-

cant (Drygala and Zoller 2014). Especially in the night time, mammalian predators are responsi-

ble for most predation events (Praus 2015) with an increase in summer month. Island breeding 

ducks are mostly endangered by semiaquatic predators, that can easily get access to the breed-

ing sites (Stier, Zschille et al. 2005). The continuous increase of alien species populations like 

raccoon (Procyon lotor) or raccoon dog (Nyctereutes procyonoides) raise the predation pressure 

on ground-breeding birds even more (Fiderer, Zeller et al. 2019). Raccoons are most responsible 

for predation pressure on waterfowl and foxes on grassland-associated birds species in wood-

land areas (Fiderer, Göttert et al. 2019). The combination of both, increasing invading predators 

and habitat loss can effect farmland birds negatively (Praus 2015).  

 

Overall, decline of ground-nesting birds are mostly affected by habitat loss, decrease of habitat 

quality due to agricultural adjustment of landscapes (Voigt 2009). The agriculturally modification 

of landscapes lead to limited reedbeds along water sides and small habitat patches with higher 

predation pressure (Fiderer, Göttert et al. 2019). The loss of natural habitats and the presence 

of anthropogenic structured landscapes, especially agricultural land, increase predation pres-

sure on prey populations, and prevent these species to ensure high densities (Voigt, Meinecke 

et al. 2011). Important aspects in predation management are water bodies and wetlands 

(Langgemach and Bellebaum 2005), because of drainage and accompanying habitat loss preda-

tion densities rise. Prey availability in agricultural landscapes depends on patterns of agricultural 

production, but also on other land use interests (Baker, Furlong et al. 2006). Ground-breeding 

birds benefited of human impact on natural habitats in form of drainage of marsh and swamp 

land or extensive grassland farming in 1850-1950 (Langgemach and Bellebaum 2005). Galli-

formes prefer crop field for nesting periods (Voigt and Siebert 2012), 59% of all clutches were 

found in agricultural land or grassland, 41% in structured habitats. Declines in wildlife species 

are attributable to deforestation and human-wildlife conflicts (Grabham, Ventress et al. 2019). 

In some cases, hunting on one species, to reduce population density, benefit the increase of 

another competitive species, for example red fox and raccoon dogs (Kauhala 2004). Their quan-

tity is negatively correlated. Nevertheless regulated hunting can be an attractive alternative to 

apex predator conservation, to decimate mesopredator densities (Prugh, Stoner et al. 2009). In 

south Africa top predators were massively controlled because of the high loss of sheep in live-

stock (Lloyd 2007). The problem is that mesopredators in contrast to top predators do not avoid 
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human and urban regions, which leads to higher densities in developed areas (Prugh, Stoner et 

al. 2009).  

To understand increasing mesopredation, the importance of apex predators should be called to 

mind.  The loss of top predators can lead to an increase of mesopredators (Prugh, Stoner et al. 

2009). This outbreak of mesopredators species is called mesopredators release (Ritchie and 

Johnson 2009) and can cause complex changes in ecosystem structures up to local extinctions 

of prey. Top predators (top of food chain, e.g. wolf) regulate the density of mesopredators in 

fact of killing them or expose fear and caution on prey side (Ritchie and Johnson 2009). Because 

of negative effects caused by top predators, that includes killing of stock animals or grazing ani-

mals, competition on hunting game, the popularity with people is harmfully influenced. The an-

thropogenically structures landscape and loss of forests support the decreasing of top predator 

density (Prugh, Stoner et al. 2009). The authors of this study have named two facts according to 

apex predator loss: “First, apex predators tend to require more area than mesopredators and 

are therefore more likely to disappear when habitat is lost” and “Second, large predators are 

likely to encounter high levels of conflict with humans where fragmentation occurs, leading to 

higher levels of persecution”.  

In the following example the complex relation of predation and prey is shown: “Our results are 

consistent with the hypothesis that apex predators’ mesopredators suppressive effects translate 

to population level benefits for a ground-nesting bird” (Gordon, Moore et al. 2017). In this study 

the top predators are the dingoes (Canis lupus dingo), mesopredators the red foxes and the prey 

the ground-nesting birds. The presence of the top predator dingo indirectly supports the pres-

ence of the ground-nesting bird because of the predation on mesopredators like the red fox. 

The avoidance of the fox to share the same area as the dingo, protect the survival of the ground-

nesting bird in this study. “The nesting success of ground-nesting birds should be higher in the 

presence than in the absence of a top carnivore, because top carnivores should reduce meso-

predator abundance and their negative effect on landbird nests” (Rogers and Caro 1998). 

The combination of studies about spatial behaviour of predators and the distribution of ground-

nesting birds can help to derive future management of bird conservation and predator manage-

ment (Fiderer, Göttert et al. 2019). The relation of predators and prey are complex (Langgemach 

and Bellebaum 2005) and solutions to ensure ground-nesting bird survival as well. Predators can 

be regulated by reduction, reproductive inhibition or scaring away with olfactory, visual or 

acoustic triggers (Langgemach and Bellebaum 2005). “The responsibility of conservation is to 

design habitats through appropriate management so that they provide favourable reproductive 
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conditions for target species and predation is reduced to levels that do not threaten popula-

tions” (Langgemach and Bellebaum 2005).  

 

To understand the influence of mesopredators on ground-nesting birds this study is focused on 

the diet composition. Is it possible to manifest conclusions out of stomach content analysis of 

mammalian predators? Is the predation pressure on birds high? How serious is the effect of 

predation to ground- nesting birds? And what is the foresight in this complex relationship re-

garding future population densities? These questions are processed in this stomach content 

analysis of mesopredators in connection to breeding success of ground-nesting birds in the Düm-

mer region (Germany, Region Osnabrück in Lower Saxony). 

 

2. Predators in Germany  

In Germany most mammalian predators underly the Federal Hunting Law (BJagdG (Bundesamt 

für Justiz 2021)) (Table 1). 

Table 1: Groups and families of mammalian predators in the Federal German Hunting law (BJagdG) re-
stricted to the mesopredator species occurring in this work, with dates of allowed hunting periods 

Family: Canidae Family: Mustelidae Family: Ursidae 

Fox (Vulpes vulpes) 

16.06-28.02 

Pine marten (Martes martes) 

16.09-28.02 

Raccoon (Procyon lotor) 

16.07-31.03 

Raccoon dog (Nyctereutes 
procyonoides) 

01.09-28.02 

Stone marten (Martes foina) 

16.09-28.02 

 

 

Polecat (Mustela putorius) 

01.08-28.02 

 

 

Characteristics for mammalian predators (Order Carnivora) are the weak and narrow incisors 

and long and strong canines (Pohlmeyer 2014). The last premolar and the first molar are speci-

fied as fangs. In cultural landscapes they take over important and regulative task in ecosystem. 

The predators profit strongly from agricultural and anthropogenic landscape (Pohlmeyer 2014). 

All animals have to intake food for survival and reproductive success (Hiiemae 2000). There are 

high energy needs for homeostatic mechanisms in mammals (Hiiemae 2000).  
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All predators can adapt to seasonal fluctuations in food resources (Baltrūnaitė 2002) and have 

high seasonal variation in diet composition (Lanszki, Zalewski et al. 2007). In ecologically poor 

landscapes, predators use several specifications (Sidorovich, Krasko et al. 2005). “Generalist 

predators may be more robust in terms of adaptation to change” (Twining, Montgomery et al. 

2019).  The density of prey (Sidorovich, Krasko et al. 2005) and infectious diseases (Voigt 2009) 

drives the predator populations.  

Sympatric living predators share food niche and compete for resources (Drygala and Zoller 

2014), more intense in cold seasons (Baltrūnaitė 2002). The overlap ranges from 50% to 77% 

(Papakosta, Bakaloudis et al. 2010). But dietary overlap is no necessary evidence of competition 

between two species (Papakosta, Bakaloudis et al. 2010). “Competitive interaction depends on 

food resources” (Lanszki, Zalewski et al. 2007). There are other mechanisms that drive separa-

tion of niches like activity time or colonization of different habitats.   

Beside negative aspects of mammalian predators, they are important seed disperser in temper-

ate climate regions because of plant-based dietary items (González-Varo, López-Bao et al. 2013). 

This seed dispersal distances ranges from 7 to 2800m with martens being responsible for short 

distances and foxes of the longest distances. More than a half of seeds dispersed by the fox were 

found more than one kilometre removed in this study. Long-distance seed dispersal is an im-

portant aspect in geneflow among distant plant populations (González-Varo, López-Bao et al. 

2013). Polecats (Mustela putorius) predate rats, that are predators of juvenile ducks (Pohlmeyer 

2014). Thus, polecat populations could enable duck survival. But polecats and other predators 

are endangered because of drainage of wetland, obstruction and pollution (Pohlmeyer 2014).  
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In the following the investigated species and the feeding behaviour is listed to create better 

understanding. More detailed description of the species is found in the appendix.  

2.1. Red fox - Vulpes vulpes 

The red fox is the most frequent predator species worldwide (Kidawa and Kowalczyk 2011) and 

is widely distributed in primary  agricultural and forest landscape (Pohlmeyer 2014). Medium-

sized mammals are the most frequent diet of red fox, followed by plant material (Baker, Furlong 

et al. 2006). Mostly found were Microtus species (Baltrūnaitė 2002). Rabbits compromised about 

70% of the diet, the most important prey in terms of mass (Baker, Furlong et al. 2006). Birds, 

especially Galliformes (Kidawa and Kowalczyk 2011) occurred frequently in the diet of red foxes 

(Dell'Arte, Laaksonen et al. 2007). Plant material is found in every second stomachs of red fox, 

but reveal only sparsely volume (Kidawa and Kowalczyk 2011). 

2.2. Raccoon dog - Nyctereutes procyonoides 

The raccoon dog is an omnivorous carnivore that theoretically competes with the red fox 

(Kauhala 1996). The original heritage is east Asia. They are not able to climb but are good swim-

mers (Pohlmeyer 2014).  This property ensure dietary items like fish and amphibia, latter pre-

ferred in summer (Drygala and Zoller 2014). Besides that, the racoon dog feeds on insects, car-

casses from Suidae and Cervidae, birds, earthworms and plants (Baltrūnaitė 2002). Up to 80% 

of the diet contains vegetarian food (Pohlmeyer 2014). 

2.3. Pine marten - Martes martes 

The pine marten is a solitary predator, that lives nocturnal in forest habitats (Pohlmeyer 2014). 

Pine marten diet is variable, but consists mostly of rodents, berries and Passeriformes (Twining, 

Montgomery et al. 2019). Birds, especially Passeriformes,  made up about 20 % of scat biomass 

in early summer (Helldin 2000). Besides that, Galliformes, Columbiformes, Anseriformes or Ralli-

dae are an avian food source (Twining, Montgomery et al. 2019). The most common small ro-

dent prey are the sibling species of wood mice (Apodemus spp.) (Twining, Montgomery et al. 

2019). A high amount of Microtus species are consumed as well (Grabham, Ventress et al. 2019). 

Pine martens have divers food types including shrews (Soricidae), hares (Lagomorphs), birds, 

insects and berries (Helldin 2000), added with moles, hedgehogs, squirrels and muskrats 

(Sidorovich, Krasko et al. 2005). 
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2.4. Stone marten - Martes foina 

Stone martens are characterised by urban and human-near lifestyle (Pohlmeyer 2014). In agri-

cultural landscapes and forests stone martens can be found as well (Vasileva, Zlatanova et al. 

2005). Plants, arthropods and mammals are found as a diet component in all seasons 

(Papakosta, Bakaloudis et al. 2010). Small to medium-sized mammals like rodents and lago-

morphs formed the greater part of stone martens diet (Rysava-Novakova and Koubek 2009). 

2.5. Polecat - Mustela putorius 

They hunt for terrestrial and arboreal prey almost totally carnivorous (Malecha and Antczak 

2013). Rodents are the dominant dietary group out of mammals in polecats (Malecha and 

Antczak 2013) followed by Lagomorphs and carrion (Lode 1997). One third of the diet is made 

up by birds, especially Passeriformes (Lanszki and Heltai 2007) and Galliformes (Rysava-

Novakova and Koubek 2009). 

2.6. Raccoon - Procyon lotor 

Nowadays raccoons inhabit natural and urban environment (Nowakiewicz, Zięba et al. 2016). 

Habitats with annual water presence were used all year round whereas dry land were used very 

frequently (Fiderer, Zeller et al. 2019). In raccoons diet composition birds were the most fre-

quent vertebrate, followed by small mammals and reptiles (Fiderer, Zeller et al. 2019).  

2.7. Domestic cat - Felis catus 

They hunt not for survival reason because they are mostly well fed by owners (NABU 

Regionalverband Leipzig 2016). Beside small mammals like Microtus and Apodemus species, 

birds are the most important prey (Biró, Lanszki et al. 2005). Passeriformes are the dominant 

bird group (Biró, Lanszki et al. 2005), commonly juvenile birds (NABU Regionalverband Leipzig 

2016). 

2.8. Hedgehog - Erinaceus europaeus 

Hedgehogs are solitary and nocturnal insectivores (NABU Naturschutzbund Deutschland e.V. 

2021). Beside insects, hedgehogs feed on earthworms, spiders, snails, frogs and mice (NABU 

Naturschutzbund Deutschland e.V. 2021). Small birds and their eggs are a dietary item of the 

hedgehogs as well (Deutsche Wildtier Stiftung 2021). The intake of fruits is limited to maggots 

and worms inside (Deutsche Wildtier Stiftung 2021). 
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3. Material and Methods 

Dead mesopredators (dead findings or road casualties) were collected in the closed season for 

hunting in the Dümmer region. In cooperation with the Nature and Environmental Protection 

Association Dümmer (Natur- und Umweltschutzvereinigung Dümmer e.V.) this project was 

started to evaluate the influence of their predator management.  

3.1. Dümmer region 

The Dümmer lake is the second 

largest inland lake of north-

west Germany (Klohn 1990). 

The Dümmer region is charac-

terized by the Dümmer-lake 

and extended Marsh land-

scape (DümmerWeserLand 

Touristik e.V. 2021). The Düm-

mer-lake is 13km² wide and 

because of its low depth of 

1.20m referred as a shallow 

lake (Naturpark Dümmer e.V. 

2021). The natural park of the 

Dümmer extends over 1.152 

km² (Tourist Information 

Dümmerland e.V. 2021). The 

surrounding area of southern 

Oldenburg consists of inten-

sively agriculturally used land-

scape, including district Vechta 

and Cloppenburg (Klohn 

1990). Beside district Diepholz 

(Huntetal, Walsener Teiche), 

there are regions like Damme (Dammer mountains, natural park Dümmer), Lemförde (Hüde, 

Lembruch, Quernheim, Ochsenmoor and the Dümmer-lake), Siedenburg (Siedener marsh) and 

Uchte (Great marsh) (DümmerWeserLand Touristik e.V. 2021). In the district Diepholz the pop-

ulation was 216.886 inhabitants in 2018 (Landkreis Diepholz 2019). The intense anthropologi-

cally land use shaped the persistent landscape (Loxtermann and Bode 1990). There is humid and 

Figure 1: Map of different conservation areas in the Dümmer region, 
blue circled: Dümmer lake; Source:  https://www.nlwkn.nieder-
sachsen.de/assets/image/736/188681 
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temperate climatic conditions with cool summers and mild winters with high precipitation in the 

Dümmer region (Loxtermann and Bode 1990). The dominant landscape type is the extended fen, 

in combination with free water bodies, reedbed areas, wet grassland and alder forests 

(Naturpark Dümmer e.V. 2021). The surrounding zones of the lake are wetlands characterized 

by ecologically valuable bird-areas that were nominated with the title “Europareservat” in 1966 

(Klohn 1990). For several rare and endangered bird species these areas are habitats of breeding, 

living and resting (Tourist Information Dümmerland e.V. 2021). Especially in autumn thousands 

of cranes rest in the Dümmer region on their way to the south (Tourist Information Dümmerland 

e.V. 2021) or use it as a wintering area (Naturpark Dümmer e.V. 2021). The Dümmer is a Natura 

2000 conservation area with rare bird species like black-tailed godwit (Limosa limosa), curlew 

(Numenius arquata), bittern (Botaurus stellaris), lapwings (Vanellus vanellus), snipes (Gallinago 

gallinago) and great crested grebes (Podiceps cristatus) (Naturpark Dümmer e.V. 2021).The pro-

tected area extends over 33 km² according to information from the nature conservancy. The 

following number of avian breading pairs also come from this source as well: 1.000 Anser anser, 

700 Vanellus vanellus, 200 Limosa limosa, 100 Numenius, 70 Gallinago gallinago and 70 Tringa 

totanus. Additional, rich amount of different Anseriformes, Rallidae and Phasianus colchicus. In 

the study of von Fintel (2013) bank voles (Clethrionomys glareolus), the European hare (Lepus 

europaeus), the European roe deer (Capreolus capreolus) and the red fox were the most com-

mon species in the Dümmer region.  

In the past conflicts between industrial agriculture and environmental protection of the Düm-

mer region showed up (Klohn 1990). The lake flooded its banks in the winter month and deposit 

muddy suspended matter and dead plant material on the surrounding fields. This self-purifying 

power was robbed by diking (Klohn 1990). In the 20th century many marsh areas were drained 

(Loxtermann and Bode 1990). In contrast to grass-species-rich meadows separated by hedges 

intensive agriculture in the past made small game species disappear (Loxtermann and Bode 

1990).   In the last half 20th century forests are underrepresented in Dümmer region with highly 

dominated coniferous trees (Loxtermann and Bode 1990). 

Overall, in naturally structured landscape there are more wildlife animal than in low structured, 

intensely used landscapes (Loxtermann and Bode 1990). 
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3.2. Material and Methods 

3.2.1. Material- Mesopredators 

In the hunting closed period dead animals were collected by the Nature and Environmental Pro-

tection Association Dümmer. Detailed information about the cause of death can not be deter-

mined. The time of death is also unknown. In table 1 in appendix the samples are shown with 

the matching collection date and habitat. The sample animals were assigned to different habitat 

types. Distinguished were the habitats agricultural landscape, forest and natural conservation 

are. 

3.2.2. Material- Stomachs 

In total 81 stomachs were collected. 47 samples were collected in spring 2020, 34 in spring 2021. 

Due to poor conditions of the stomachs some had to be discarded. So, 67 stomachs were ana-

lysed, 40 stomachs from 2020 and 27 from 2021. 

3.2.3. Methods 

Before preparation of the samples, the stomachs were stored in -80 °C freezer for 72 hours to 

eliminate the danger from possible viral diseases. Subsequently the stomachs were waterproof-

packed defrosted over night by room temperature in slightly water. After that, the complete 

stomachs and the content were weighted. Retention samples were taken for each sample to 

establish DNA- metabarcoding in the future. The content was washed with sieves (1 mm pore 

size and 0.4 mm pore size). Then, the samples were dried for at least three days at 80° Celsius. 

The samples were sorted in material groups (hair, feathers, bones/teeth, “others” and material 

from the fine sieve) and weighed to establish the dry weight from every diet composition to 

make a fair comparison of the food components.  The samples that are sieved with 0.2 mm 

pores, were examine under the binocular as a random sampling, inspected for bristles of Oligo-

chaeta (“earthworms”). With enlargement 15.625 the sample were searched for earthworm 

bristles (chaetae). To be sure, enlargement 43.75 were used, to detect chaeta structures better.  

Battisti, Giuliano and Balestrieri (2019) were used to detect chaetae.  

Insects were determined with the identification key of Müller (1990). Amphibians and fishes 

were determined with determination key from März (2007). Feathers were identified with iden-

tification key of with Haase, Schlusen and Schwenk (2021), Schubert (2021) and Bergmann 

(2015). Hair samples were investigated macroscopic based on their size and colour. Microscopic 

analyses of hair were also done to examine cuticula and medulla structures. The determination 

was done with the comparison of hair collections from the ITAW and with Teerink (1991). In 
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addition to the hair samples there were many samples with bones or teeth. These information 

were determined with Stresemann (1989), März (2007) and Schaefer (2017).  

The determined stomach contents were collected in groups:  

Plants, Insects, Oligochaeta, Anura, Fish, Eggs, Galliformes, other birds, small mammals, Lago-

morpha and other mammals. For the analysis of frequency of occurrence, the category other 

mammals were separated into Cervidae, Suidae and other mammals. The category other mam-

mals also contained material from the same animal species, presumed self-hair. For the analysis, 

the existing species composition, and the number of individuals with weight indication were 

considered (based on numbers of skulls or extremities). To determine the influence of meso-

predators on bird species, the category other birds and Galliformes were analysed in detail (to 

species level).  

3.2.4. Statistics 

The results were analysed regarding habitat and sex influence. For the data presentation, only 

the four main sample species were used: fox (N=36), stone marten (N=14), polecat (N=7) and 

raccoon dog (N=4).  

For the statistical analysis Kruskal-Wallis H-test was used for parameters weight, number of in-

dividuals and different categories in one stomach depending on predator species. Man-Whitney 

U-test was calculated for the same parameters with influential factors habitat and sex. For the 

parameter frequency of occurrence, the fisher´s exact test was used. All tests were done with 

excel. 
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4. Results 

In the following results the food composition of the different species is shown. Beside the gen-

eral results influences like habitat and sex are added.  

4.1. Overall results 

4.1.1. Stomach content by predator species  

 

Figure 2: Occurrence of bird categories (eggs, Galliformes and other birds) in the mesopredator stom-
achs overall (N= 67) sorted by sampling month (March to June) and year (2020, 2021) 

In April and March, the highest consumption of the category other birds was observed (Figure 

2). Galliformes were found later in the observation period. Eggs were present early in the year 

in 2021 and later in 2020.  

The mean number of different sample categories in one stomach were also calculated. Red fox 

stomachs contained 3.3 different food categories in contrast to a lower number of 1.9 in stone 

marten and 1.6 in polecats. The highest number of food categories were found in the raccoon 

dog´s stomach (6.3 different sample categories). There is a significant difference in the category 

number per stomach between the different predator species (H-Test, H = 168.3, df = 7, p<0.001). 

The predator species differ in mass statistically (H-Test, H = 223.8, df = 7, p<0.001). 
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Looking on the individuals per category in one stomach, there are some variations. The raccoon 

dog had averagely 14.5 insect individuals in one stomach. There is a significant difference in the 

consumed individuals between the predator species (H-Test, H = 169.4, df = 7, p<0.001). More 

than one insect individuum were also found in the stone martens´ stomach. But overall, in all 

four data species stomach with the highest sample size, no more than two individuals per cate-

gory were found.  

The largest component of the categories in the stone martens’ stomachs is the plant category 

followed by insects and small mammals (Table 2). The polecat’s food categories consisted mainly 

of plants, Anura, eggs and small mammals. The components other mammals, other birds, plants, 

and insects account for the raccoon dog´s food composition. The red fox showed a more divers 

spectrum of food categories. Beside plants and small mammals, Lagomorpha and other birds 

were detected.  

Table 2: Composition of the stomach contents (food categories) of the four main predators, Martes 
foina (N= 14), Mustela putorius (N= 7), Nyctereutes procyonoides (N= 4) and Vulpes vulpes (N= 36); the 
percentage indicates what the category composition is in the stomachs of predators 

Sample  
category 

Martes 
foina 

Mustela  
putorius 

Nyctereutes 
procyonoides 

Vulpes 
vulpes 

Overall 

Plants 34,62% 27,27% 16,00% 20,51% 22,35% 

Insects 23,08% 0,00% 16,00% 10,26% 12,29% 

Anura 0,00% 18,18% 8,00% 0,00% 2,23% 

Oligochaeta 0,00% 0,00% 8,00% 5,13% 4,47% 

Fish 0,00% 0,00% 0,00% 1,71% 1,12% 

Eggs 0,00% 18,18% 0,00% 4,27% 3,91% 

Galliformes 0,00% 0,00% 0,00% 7,69% 5,03% 

other birds 7,69% 9,09% 16,00% 11,11% 11,17% 

small mam-
mals 

19,23% 18,18% 12,00% 16,24% 16,20% 

Lagomorpha 3,85% 0,00% 0,00% 11,97% 8,38% 

other mam-
mals 

11,54% 9,09% 24,00% 11,11% 12,85% 

Overall 100,00% 100,00% 100,00% 100,00% 100,00% 

 

Overall, over 60% of the stomachs contained plant material, not known if by accident or tar-

geted. The same tendency can be seen in the main four sample species (Table 3). Most of the 

red fox stomachs contained small mammals (53%). Beside insects, small mammals were found 

in more than one third of the stone marten´s stomachs. In one fourth of the polecat´s stomachs 

Anura, eggs and small mammals were found in equal shares. In 100% of the racoon dog´s stom-

achs plants, insects and other birds were found. A special category is the Oligochaeta. It was not 
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detected in the stone marten´s and polecat´s stomachs. In half of the raccoon dog´s stomachs 

Oligochaeta bristles were found. In one sixth of the red foxes’ stomachs Oligochaeta were de-

tected.  

Table 3: Frequency of occurrence of the main four predator species, Martes foina (N= 14), Mustela 
putorius (N= 7), Nyctereutes procyonoides (N= 4) and Vulpes vulpes (N= 36); The percentage indicates 
in how many stomachs a category was found; the intensity of the red colour correlates with the in-
creased frequency of category findings 

Sample cate-
gory 

% Over-
all % Vulpes vulpes 

% Martes 
foina 

% Mustela 
putorius 

% Nyctereutes 
procyonoides 

Plants 62,7% 66,7% 64,3% 42,9% 100,0% 

Insects 34,3% 33,3% 42,9% 0,0% 100,0% 

Oligochaeta 13,4% 16,7% 0,0% 0,0% 50,0% 

Anura 6,0% 0,0% 0,0% 28,6% 50,0% 

Fish 3,0% 5,6% 0,0% 0,0% 0,0% 

Eggs 10,4% 13,9% 0,0% 28,6% 0,0% 

Galliformes 13,4% 25,0% 0,0% 0,0% 0,0% 

other birds 32,8% 36,1% 14,3% 14,3% 100,0% 

small mammals 43,3% 52,8% 35,7% 28,6% 75,0% 

Insectivora 1,5% 2,8% 0,0% 0,0% 0,0% 

Lagomorpha 26,9% 38,9% 7,1% 0,0% 0,0% 

Cervidae 13,4% 16,7% 0,0% 0,0% 75,0% 

Suidae 4,5% 8,3% 0,0% 0,0% 0,0% 

other mammals 19,4% 8,3% 21,4% 14,3% 75,0% 

 

4.1.2. Calculation of predation effect on ground-breeding bird species 

I have greatly simplified how feeding behaviour from my study affects the number of ground-

breeding birds from literature per km²: 

6.67 ground-breeding birds per hectare are named by Fiderer, Göttert et al. (2019), that results 

to 667 ground-nesting birds per km². In Dümmer region less than 0.5 red foxes per km² are pre-

sent. This study reveals not more than one bird per stomach. For this calculation the categories 

eggs, Galliformes and other birds are collected. This results in a frequency of occurrence of 75%. 

In three fourth of all red fox stomachs birds were found. On one km² calculated, that means: 0.5 

red fox individuals times 0.75 (frequency of occurrence) = 0.375 red foxes eat birds per km². Add 

one individuum per stomach of red fox to this calculation and I get the following result: Per km² 

0.375 ground-nesting birds are killed by the red fox per day. Considering the entire breeding 

period of 90 days, the following results are obtained 33.75 ground-nesting birds per km². 
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4.1.3. Stomach content by bird species 

Overall, in the red foxes’ stomachs five different bird species could be identified (Figure 3). The 

other birds were determined up to order, family, or subfamily. Undetermined components have 

remained in category birds. The structured bars in the diagram show the affiliation of the species 

to the same order (Galliformes) or subfamily (Anatinae). About 50 % of all consumed birds in red 

foxes were classified as Galliformes. 20% of the birds were defined as Anatinae, and 25 % of the 

consumed birds can be summarized as Anseriformes. Alauda arvensis and Paridae belong both 

to the order Passeriformes and made up about 10% of the consumed birds.  

 

 

Figure 3: Proportion of the consumed bird species, orders, and subfamilies by the red fox (N= 36); the 
structured bars in the diagram show the affiliation of the species to the same order or subfamily 
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4.2. Influence of habitat structure 

4.2.1. Stomach content by categories 

The stone marten showed in the agricultural landscape 1.8 different categories in one stomach 

and 2.33 in natural conservation area. The red fox´s stomach consisted of 3.11 different catego-

ries in agriculture and 4.29 in natural conservation. However, statistically the mean number of 

species in the stomach contents does not differ between habitats (U-Test, z=-0.441, p=0.659).  

 

Figure 4: Frequency of occurrence in the red fox (N= 36), in influence of different habitat types (A= 
Agricultural landscape, N= Natural conservation area) 

In the graphic of the frequency of occurrence depending on habitat a higher amount of bird and 

Lagomorpha consumption can be seen (Figure 4). In the agricultural landscape the red fox´s diet 

is more likely linked to Oligochaeta, eggs and small mammals. Statistically, there are no differ-

ences between the habitats detected (Table 4). 
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Table 4: Statistical analysis of frequency of occurrence of all predator species depending on habitat type 
(Fisher´s exact test) 

Categories 
Agricultural area 

(N=41) 
Nature reserve 

(N=23) p 

Plants 25 15 0 

Insects 16 5 1 

Oligochaeta 7 2 1 

Anura 2 2 1 

Fish 1 1 1 

Galliformes 7 2 1 

Eggs 5 2 1 

other birds 12 8 1 

Lagomorpha 10 9 0,396 
small 
mammals 19 6 1 

Suidae 2 1 1 

Cervidae 7 1 1 
other 
mammals  7 6 1 

 

 

4.2.2. Stomach content by predator species 

Overall, all stomachs contained more mass of food in the natural conservation area (Figure 5). 

The stomachs of the stone marten weighed 7 times more in natural conservation, of the polecats 

5 times more and the red fox 1.5 times more. But statistically, there is no difference in the mean 

stomachs weight between the different habitats (U-Test, z=-0.308, p=0.758).  
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Figure 5: Weight of the stomach content in gram of the main three sample species Martes foina (N= 14), 
Mustela putorius (N= 7) and Vulpes vulpes (N=36); depending on habitat A= Agriculture, N= Natural 
conservation 
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4.3. Influence of sex 

4.3.1. Stomach content  

For the parameter sex influence only the red fox sample species is shown. The other species had 

not enough available data. The sex has no influence on the mean number of different food cat-

egories in one stomach (U-Test, z=-1.432, p=0.152). Female fox stomachs contained 3.6 different 

categories, in contrast to 2.8 different categories in male red foxes. The weight of both sexes 

differentiated around 1.95 gram (132.95 gram in female stomachs and 122.00 gram in male), 

there is no statistical difference (U-Test, z=-0.553, p=0.58).  

 

Figure 6: Frequency of occurrence red fox (N= 36) sorted in different food categories, depending on sex 
F= female, pink; M= male, blue 
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Table 5: Statistical analysis of frequency of occurrence the red fox depending on sex (Fisher´s exact test) 

Categories Females (N=22) Males (N=11) p 

Plants 15 8 0 

Insects 9 2 1 

Oligochaeta 5 1 1 

Fish 2 0 1 

Galliformes 8 1 1 

Eggs 3 0 1 

other birds 8 3 1 

Lagomorpha 7 6 0,456 
small 
mammals 12 4 1 

Suidae 1 2 0,252 

Cervidae 3 2 1 
other 
mammals  1 2 0,252 

Male red foxes were more likely to feed on Lagomorpha or big mammals (most probably car-

casses) (Figure 6). Besides that, female red foxes’ food consisted mainly of birds and eggs, small 

mammals, insects and Oligochaeta. Statistically, there is no difference in the frequency of occur-

rence between the sexes in red foxes (Table 5).  

 

4.3.2. Calculation of predation effect on ground-breeding bird species 

To include the sex influence in the calculation of red fox bird predation: 

If there are simplified 667 ground- nesting birds on one km² (Fiderer, Göttert et al. 2019) and 

0.5 red foxes per km² (data from nature conservancy, assumed sex ratio 1:1) than there are 0.25 

female red foxes on one km². The frequency of occurrence of the females is 95 % and the con-

sumed individuals per stomach one. Then there is following calculation: 0.25 x 0.95 = 0.24. On 

one km² 0.24 ground-nesting birds are consumed by female red foxes per day. Considering the 

entire breeding period of 90 days, the following results are obtained 21.6 ground-nesting birds 

per km² and breeding period.  
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5. Discussion 

Firstly, the discussion is about differences and similarities in mesopredation diet composition. 

Ecological aspects like coexistence, neozoan species or impact on birds as a prey are also dis-

cussed. In most comparisons only four predator species were regarded due to the highest sam-

ple size. In calculation of frequency of occurrence depending on habitat or sex, or proportion of 

bird species only the predator red fox was considered because of representable sample size. 

Other predator sample sizes were not sufficiently informative (too less data in the different cat-

egories).  

To manifest conclusions out of stomach content analysis of mammalian predators the methods 

and weaknesses of this study should be analysed critically. The influence of predators was done 

in this study exclusively with dead animals. These animals could have been ill. This could bias 

the results because sick animals do not show normal feeding behaviour. A large part of the ex-

amined stomachs was empty. The next difficulty was the determination of the birds. In the stom-

achs only single feathers were found, which made the identification of the bird species and the 

number of birds difficult. Eggs were almost impossible to determine because of the small quan-

tity of shell pieces. Egg yolks were washed out at sieving process. The diet composition of the 

found dead animals do not reflect the natural feeding behaviour of the whole mesopredator 

population.  

5.1. General discussion  

5.1.1. Diet composition 

The diet composition of the polecat and the beech marten is focused on a few prey species 

(mostly small mammals like Microtus, Myodes species, Apodemus species). In contrast, the fox 

shows a higher variability. Lagomorpha is the main components in red fox food plan. The highest 

variability in diet composition was found in the raccoon dog. 

5.1.2. Small mammals 

All predators have small mammals in common as main food source. They differ though in the 

constitution of small mammal species. In this study there is no species (category small mammals) 

found in the stomachs that is listed in the “Rote Liste Germany” (Naturschutz 2020). In 2020 and 

persisting a decreased population density of small mammals were recorded. Because of floods 

in winter, the populations decreased persistently according to information from the nature con-

servancy of the Dümmer region. In the study of von Fintel (2013) about 75 % of all caught small 

mammals were Clethrionomys glareolus (May to July 2013). In the study from Switzerland of 

Aschwanden, Holzgang et al. (2007) they calculated an average density of small mammals of 
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2.700 individuals per km² (in meadows and grassland 11.000-14.000, in wildflower straps 48.000 

to 63.000 individuals per km²).  

In contrast to that the density of red foxes and mesopredators in general is influenced by the 

predation management of the nature conservancy. The density of mesopredators is correspond-

ingly very low. According to data from the nature conservancy the density of red fox is less than 

0.5 per km². To sum up, there are theoretically enough small mammal individuals to feed mes-

opredators.  

5.1.3. Flexibility and Oligochaeta 

Overall, in one eights of all stomachs Oligochaeta were found. They constitute an easily accessi-

ble food source. Mainly red fox and raccoon dog profit from Oligochaeta as a diet composition. 

Beside the main food sources, worms supplement the diet. An advantage is the high availability 

and reachability. Beside small mammals, Oligochaeta are easy to catch. The red fox and raccoon 

dog have the highest variability in their food composition and can be named as generalists. In 

studies like Kidawa and Kowalczyk (2011), they say that the red fox has abundant and easily 

accessible prey. This statement is linked to my results in Oligochaeta as a food composition. 

Apart from these two species, the stone marten and the polecat are more likely to feed on re-

stricted number of food categories. The number of different categories is under two in marten 

and polecat. This fact can be explained by the smaller stomachs size of these two species. The 

opportunity to feed on more categories is negatively influenced by the limited stomach size. The 

polecats in my study show a lower use of vegetable food compared to the other predator species 

(Malecha and Antczak 2013). The study of Malecha and Antczak (2013) also accentuates my 

findings of anuran food in springtime. All things considered, it can be said that the predators 

feed on more than one diet category and have partially a high flexibility. An opportunistic be-

haviour can be detected. 

5.1.4. Coexistence 

Furthermore, the habitats of the four species differ. Stone martens live in urban areas or agri-

culture (Vasileva, Zlatanova et al. 2005). Red foxes prefer forests and grassland (Fiderer, Göttert 

et al. 2019), racoon dogs water-close areas (Stier, Zschille et al. 2005) and polecats wetland and 

brooks (Pohlmeyer 2014). Therefore, all four sample species share more or less the same living 

area but live in coexistence because of their different niches (habitat and diet variability).  
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5.1.5. Neozoa 

In addition to autochthonous mesopredators in Germany the neozoan species raccoon dog in-

crease the predation pressure on ground-breeding birds (Fiderer, Zeller et al. 2019). This effect 

can be seen in my data too. In every raccoon dog´s stomach birds were found. The variability of 

the food components in the raccoon dog´s diet increase the risk for birds to be caught by avail-

ability. The raccoon dog is not specialized on birds, especially ground-nesting birds, but are able 

and willing to eat them. Like Michler (2017) said, at predation there are quite a few factors like 

availability, ability of use of resources and the necessity. The raccoon dog is because of its high 

prey variability adapted to various food sources.  

5.1.6. Birds as prey 

In the breeding season of birds there were data of birds and eggs found in the mesopredator´s 

stomachs. In my results there is a peak of consumed Galliformes in June. Before, a few Galli-

formes were caught but three times less. Other birds were clearly dominant in March and April 

found stomachs. In median skylarks for example initiate their clutch beginning of June (Praus 

2015). The earliest clutch was found beginning of April and the latest middle July. So, the pres-

ence of ground-breeding birds (Galliformes) in June in my study is comparable with literature 

values from clutch initiation time in Praus (2015). The egg consumption is present throughout 

the springtime in my study. Voigt and Siebert (2012) reveal in their study facts about second and 

third hatching periods during spring and early summertime. Only 50% of the first clutch will sur-

vive in this study. Second and third clutches were successful to 55%. Laying and breeding season 

last in average five weeks Voigt and Siebert (2012). Voigt and Siebert (2012) observed first laying 

phases from beginning of April to July. In my study I was able to identify first egg consumption 

in April 2020 and March in 2021. These results are almost similar to literature values from Voigt 

and Siebert (2012). Several studies (Kauhala 2004, Praus, Hegemann et al. 2014) accentuate the 

fact that mesopredators, and especially the red fox, predominantly prey on parent birds than on 

the chicks or eggs. So, the peak of laying phase was in May in the study of Voigt and Siebert 

(2012) in comparison to my peak in other birds in March and April. I suggest that the findings of 

birds and eggs come from first clutches. The events in other birds were very early in comparison 

to literature values. The consumption of Galliformes were observed later in the breeding season 

(peak in June). That can be explained by literature values from Voigt and Siebert (2012) in aver-

age. The skylark (ground-breeding bird) was predated in the study of Praus, Hegemann et al. 

(2014) throughout the breeding season that lasts from May to June. To avoid nest destroying, 

the skylark has strategies like small clutch sizes, short nesting cycle and nest camouflage (Praus 

2015). Nevertheless, in 70% of all predations the red fox was accounted to that. I found Alauda 

arvensis in a red fox´ stomach on 18th June, that correspond to the results of Praus (2015).  
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5.1.6.1. Ground-breeding birds 

About half of all bird species consumed by the fox in this study belong to the Galliformes. All 

Galliformes, including species Phasianus colchicus and Gallus gallus domesticus, are ground-

breeding birds (Bateman 1988). 25% of bird species proportion is made up by Anseriformes, that 

can make their nests more versatile, but still prefer to breed close to the ground (Bateman 

1988). The only bird family in this study that does not belong to the ground-breeding birds is 

Paridae (5% proportion in results). Excluding the undetermined bird species, about 85% of the 

birds consumed by the red fox are considered as ground-breeding birds.  

5.1.7. Calculation 

But in what amount endangers mesopredation ground-nesting birds? I have greatly simplified 

how feeding behaviour from my study affects the number of ground-breeding birds from litera-

ture per km²: 

Compared to the total number of ground-nesting birds per km², these results are 0.06% per day. 

About 1/17 of the ground-breeding bird density per km² is killed by the red fox in one day. Con-

sidering the entire breeding period of 90 days, the following results are obtained 5% of the total 

ground-breeding bird density per km² and breeding period. On the first view, 5% of the ground-

nesting bird density might not be much, but beside the red fox other mesopredators also feed 

on them. Influences like availability of other food sources, ability to hunt and the necessity de-

termine the issue of predation pressure on ground-nesting birds. Additional, abandoned nests 

according to disturbances, weather influences or more than one meal per night in red foxes can 

decrease the probability of survival for ground-nesting birds. In total, the predation manage-

ment of the natural conservancy at the Dümmer region is successful regarding to the low impact 

of predators on ground-nesting birds.  
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5.2. Influence of habitat 

Now the influence of habitat on the feeding habits of red foxes and stone martens is discussed 

by looking at habitat types and ecological aspects. 

5.2.1. Agrarian landscapes and distribution of prey 

In this study I distinguished two different habitat types. The agricultural landscape is character-

ized by human influence. These areas are unprotected and unstructured. In contrast, natural 

conservation areas are mostly undisturbed by human influence and contain different habitat 

types like water areas. Nevertheless, extensive agriculture with nature-conservation goals is 

done in natural conservation areas. Though, the area is more structured and provides hiding 

places for predators and prey (Voigt 2009). In my study I observed no differences between food 

categories per stomach and weight of stomach content in mesopredators depending on the two 

habitats. Categories like small mammals, eggs and Oligochaeta were more likely consumed in 

agriculture seen in the graphics. The reason for the egg consumption could be lower hiding 

places for clutches of ground-breeding birds in unstructured habitats. Especially in field woods, 

Apodemus flavicollis, Clethrionomys glareolus, Talpa europeaus, Lepus europaeus, Capreolus 

capreolus and Vulpes vulpes are present (von Fintel 2013).  

5.2.2. Natural conservation 

In natural conservation heterogeneous structures support predator and prey populations. For 

prey the structured environment provides hiding spaces and a high variation of food resources. 

“Largest number of detections of ground-nesting birds was also found in flooded grasslands and 

reed swamps” (Fiderer, Göttert et al. 2019). But on the other hand, the resulting higher density 

of prey generates an optimal surrounding for predator species. The heterogeneous structured 

landscape also provides an optimal environment for predators´ hunting strategies. In the Düm-

mer region, red foxes like to occur on the edges of small forests (von Fintel 2013). This promotes 

cover during hunt to avoid detection by prey as well as other predators, including humans. 

5.2.3. Death traps 

In the study of Schmidt and Kuijper (2015) the phenomenon of so-called death traps is pre-

sented. Heterogenous environment support the density of prey because of food availability and 

hiding places. This increases the chance for predators of hunting success. The environment turns 

to a high-risk area although it provides optimal conditions for prey for example the ground-

breeding birds (better hiding of clutch sides). Especially if optimal habitats are small and subop-

timal large.  



26 
 

In agricultural, unstructured, and human influenced areas the environment is suboptimal for 

ground-breeding birds because of missing hiding places (Loxtermann and Bode 1990, Voigt 

2009). In my study the low catch of ground-nesting birds could imply a lower density in this 

environment. The inventory decline of ground-breeding birds can be explained by habitat loss 

and decreased habitat quality made by agricultural usage of land. On the other hand, the higher 

catches in natural conservation areas accentuate the theory of death traps postulated by 

Schmidt and Kuijper (2015). 

5.3. Influence of sex  

The last aspect to discuss is the influence of sex on the feeding behaviour of the fox regarding 

to bird hunting. 

5.3.1. Mating period 

The mating season from the red fox starts in January and February with the rancidity period 

(Kidawa and Kowalczyk 2011). The birth and denning period take place from March and April 

(Pohlmeyer 2014). Red foxes are mammals, so the female part needs to lactate their offspring 

and is involved more intense than the male part. Therefore, the energy consumption for female 

foxes seems to be higher.  

5.3.2. Diet composition and risk factors 

In my study no differences in the diet composition between both sexes can be detected statisti-

cally. But female foxes tend to feed on more different food categories. In total, females feed on 

birds, small mammals and Oligochaeta. Male foxes in contrast feed more on larger animals like 

Lagomorpha or carcasses (Cervidae, Suidae). Fish and eggs were exclusively used by female red 

foxes. Although, both sexes showed almost similar weight of stomach content. Both sexes are 

thus sufficiently supplied with food. “During breeding period female foxes have smaller foraging 

territories and eating more easily accessible prey” (Kidawa and Kowalczyk 2011). The risk factor 

of the food is an important factor for female nutrition. Oligochaeta preferred by females are a 

low risky and easily accessible food source as mentioned before. They are abundant in almost 

every habitat and more readily available for consumption. Grabham, Ventress et al. (2019) re-

vealed in their study the increased use of invertebrates by female red foxes during breeding 

season. Birds and their eggs are also an easily accessible and abundant prey even though the 

search is time-consuming. If frequency of occurrence of eggs, Galliformes and other birds by 

female foxes are added, almost 95 % of the female red foxes’ stomach contained birds. The risk 

to get hurt or killed during hunt is very low. Grabham (2019) suggests that denning females 

change their foraging behaviour while caring for their offspring. In contrast to that, male foxes 

are more likely tend to use high-risky food. The hunt on Lagomorpha is energy-consuming and 
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the success is not guaranteed. The competition for carcasses is also high. Beside different mam-

malian predators, avian predators can compete for carcasses too. The risk is much higher for 

female to cover energy. Carcasses are high risk food (Grabham, Ventress et al. 2019). The energy 

to compete for the prey is higher at carrions than the energy to catch small mammals for exam-

ple. The density of 2.700 individual per km² of small mammal species and easily available ground 

nesting-birds with 667 individuals per km² ensure female feeding.  

5.3.3. Birds and female foxes 

Female red foxes constitute a higher pressure on birds and their clutch in my study. This can be 

seen in different graphics, but these results are not statistically significant. Nevertheless, for 

wildlife management reasons this problem cannot be solved. The sex ratio of red foxes is bal-

anced in nature and the females cannot be specifically removed out of the population to de-

crease predation pressure to birds. The impact on ground-nesting birds in springtime is linked 

to the female foraging behaviour on low-risky food during denning period. Almost every female 

red fox feed on birds while denning season in this study. Problematic is the fact, that the breed-

ing season of birds take also place in this period (March to June). The upbringing of offspring 

conflicts each other. To revive the calculation from before: 

About 0.04% of the ground-breeding bird density per hectare is killed by female red foxes per 

day. Considering the entire breeding period of 90 days, the following results are obtained 3%. In 

contrast to the calculation before with 33.75 killed birds in one km², female red foxes are re-

sponsible for 64 % of all events on birds.  
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6. Conclusion 

The results and the discussion lead to the answer of the previously asked questions in the intro-

duction:  

The effect of predation to ground-nesting birds were shown in a simplified calculation. That 

point up the low impact of predation species on ground-nesting birds. 5% of the ground-breed-

ing bird density per km² is killed by the red fox in one breeding period. The natural conservancy 

at the Dümmer region operates a predation management to reduce the negative influence of 

mesopredators. The calculation in this study shows the success of this project. The impact of 

mammalian predators on ground-nesting birds is very low.  

The development of this relationship between predators and ground-nesting birds will be suc-

cessful if the density of mesopredators will continue to be kept low. The current situation in the 

Dümmer region presents an optimal surrounding for ground-breeding birds regarding to my 

study results.  

To understand the feeding behaviour of mesopredators in the Dümmer region an observation 

over several years and seasons is necessary. Influences like weather conditions, seasonal and 

annual changes in prey availability should be studied.  

Stomach content analysis answer large and clear parts of the question of predation influence on 

ground-nesting birds. Regarding to the difficulties to determine the bird species, DNA analysis 

(Metabarcoding) of the bird material would be an important additional factor. A greater amount 

of sample sizes would be beneficial for better statistical analysis and comparison of different 

parameters. Besides bird material, the impact of vegetarian food components could be deter-

mined as well. The influence of plant-based food is an interesting part that were not mentioned 

in this study.  
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Appendix 

A. Red Fox – Vulpes vulpes 

A general preference for woodlands and an avoidance of wetlands was observed by (Fiderer, Göttert 

et al. 2019). Beside that, urban and suburban habitat is also known for  the red fox (Nowakiewicz, Zięba 

et al. 2016). The total action areas of the red fox is composed by forests (36%), farmland (24%) and 

meadows (11%) (Fiderer, Zeller et al. 2019). Foxes show a high intraspecific variability in habitat 

preference (Fiderer, Zeller et al. 2019) and use of human settlements (Fiderer, Göttert et al. 2019). The 

home range of the red fox is about 190ha (Fiderer, Göttert et al. 2019).   

Foxes have beside odour, a well-developed hearing sense (Pohlmeyer 2014). The mating season take 

place in January and February (Pohlmeyer 2014). Female foxes use already present dens to give birth 

(between March and April) and for breeding (Pohlmeyer 2014).  

In Lower Saxony the density of fox dens is 0.51 per km² (Landesjägerschaft Niedersachsen e.V. 2020). 

In district Vechta 1132 foxes were hunted, in Cloppenburg 1709 and in Diepholz 3574 

(Landesjägerschaft Niedersachsen e.V. 2020).  

The red fox hunts mainly nocturnal (Pohlmeyer 2014) and terrestrial (Lanszki, Zalewski et al. 2007). 

Red foxes hunt solitary (Lanszki, Purger et al. 2019). The feeding style is described as opportunistic  

(Lanszki, Zalewski et al. 2007)  and generalistic (Dell'Arte, Laaksonen et al. 2007) with a wide food 

variety depending on seasonal availabilities (Papakosta, Bakaloudis et al. 2010). In about 90% of fox 

faeces, vertebrates can be detected (Fiderer, Zeller et al. 2019). Medium-sized mammals are the most 
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frequent diet of red fox, followed by plant material (Baker, Furlong et al. 2006). Small to medium-sized 

mammals can be found in most fox food composition with about 50% mass (Borkowski 1994). Rabbits 

compromised about 70% of the diet, the most important prey in terms of mass (Baker, Furlong et al. 

2006). Brown hare and carnivores can be identified in 12% of the stomachs (Kidawa and Kowalczyk 

2011). Other studies show a rarely use of brown hare as a diet source (Lanszki, Kurys et al. 2016). 

Rodents are from great volume and frequency in fox stomach and faeces especially in summer (Drygala 

and Zoller 2014). Mostly found were Microtus species (Baltrūnaitė 2002) (Microtus arvalis, Microtus 

oeconomous, Microtus agrestis (Kidawa and Kowalczyk 2011)) and Apodemus species (Lanszki, Kurys 

et al. 2016). Larger mammals were identified as carrions (Borkowski 1994). Suidae and Cervidae made 

up most carcasses (Baltrūnaitė 2002). Sus scrofa (also piglets (Lanszki, Kurys et al. 2016)) , Lepus 

europaeus and Capreolus capreolus are most frequent larger mammals found in fox diet (Fiderer, Zeller 

et al. 2019). In two studies, the consumption of small mustelids (Martes martes) was observed 

(Borkowski 1994, Dell'Arte, Laaksonen et al. 2007).  

Rarely used diet compositions are domestic fowl (Drygala and Zoller 2014) and arthropods (Papakosta, 

Bakaloudis et al. 2010) including grass hoppers and crickets (Vasileva, Zlatanova et al. 2005). In half of 

fox´s faeces invertebrates can be found, mostly arthropods and earthworms (Baker, Furlong et al. 

2006) and rarely molluscs (Fiderer, Zeller et al. 2019). Reptiles like snakes and lizards and amphibians 

are partly also found (Lanszki, Kurys et al. 2016).  

Birds, especially Galliformes (Kidawa and Kowalczyk 2011) occurred frequently in the diet of red foxes 

(Dell'Arte, Laaksonen et al. 2007). Bird consumption is higher during nesting-period (Lanszki, Kurys et 

al. 2016) in spring because of a better availability (Dell'Arte, Laaksonen et al. 2007). Female foxes rather 

predate birds in pre-breeding period, male foxes in breeding period (Kidawa and Kowalczyk 2011). 

Juvenile birds and bird eggs operate as food source as well (Pohlmeyer 2014). Red foxes are described 

as major predator of ground-nesting colonial birds (Drygala and Zoller 2014). Although the predation 

pressure on ground-nesting birds is focused on grassland-associated bird species near woodlands 

(Fiderer, Göttert et al. 2019).  

Plant material is found in every second stomachs of red fox, but reveal only sparsely volume (Kidawa 

and Kowalczyk 2011). In the study from Lanszki, Kurys et al. (2016) they found one third plant-based 

diet in fox food plan. Sugar beets, fruits and berries portray plant based food of red fox (Pohlmeyer 

2014). Additional, plums, cherries and cereal grains can be found in red fox diet (Fiderer, Zeller et al. 

2019).  

Differences in diet composition can be detected in seasonal change (Lanszki, Kurys et al. 2016) because 

of climatic condition changes (Kidawa and Kowalczyk 2011).  
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B. Raccoon dog – Nyctereutes procyonoides 

Furry farms in Ukraine brought animals to Europe between 1928 and 1955, where some animals 

escaped, reproduced and  invaded in western direction (Pohlmeyer 2014). The raccoon dog lives in 

floodplain or mixed forests in family groups, which hunt their prey exclusively terrestrial (Pohlmeyer 

2014). They are not able to climb but are good swimmers (Pohlmeyer 2014). This property ensure 

dietary items like fish and amphibia, latter preferred in summer (Drygala and Zoller 2014). Beside that, 

the racoon dog feeds on insects, carcasses from Suidae and Cervidae, birds, earthworms and plants 

(Baltrūnaitė 2002). They do not use small mammals intensively, only shrews frequently (Drygala and 

Zoller 2014). The plant-based diet consists mainly of maize, whereby fruits like apples, plums, pear and 

cherries are consumed as well (Drygala and Zoller 2014). Up to 80% of the diet contains vegetarian 

food (Pohlmeyer 2014). In cold areas the raccoon dog is doing hibernation, after that the mating season 

takes time (January and February) with birth period between April and May (Pohlmeyer 2014).  

In district Vechta 39 racoon dogs are hunted in the hunting year 2019/2020, in district Cloppenburg 12 

and Diepholz 89. That is an increase of 7 % compared to the previous year in Lower Saxony 

(Landesjägerschaft Niedersachsen e.V. 2020).   

C. Pine martens – Martes martes 

Pine martens are widely distributed across Europe (Grabham, Ventress et al. 2019). Mating season is 

between July and August with a gestation period with dormancy to April to May (Pohlmeyer 2014). 

The development is paused till spring, to bring offspring in better environmental conditions.  

The hunting strategy is terrestrial (Lanszki, Zalewski et al. 2007) and semi-arboreal (Grabham, Ventress 

et al. 2019). Pine martens diet is variable, but consists mostly of rodents, berries and Passeriformes 

(Twining, Montgomery et al. 2019). The food source depends on availability, for example fruits in 

summer,  and presence (juvenile birds in early summer) (Twining, Montgomery et al. 2019). Birds, 

especially Passeriformes,  made up about 20 % of scat biomass in early summer (Helldin 2000). Besides 

that, Galliformes, Columbiformes, Anseriformes or Rallidae are an avian food source (Twining, 

Montgomery et al. 2019). The most common small rodent prey is the sibling species of wood mice 

(Apodemus spp.) who is present throughout the year (Twining, Montgomery et al. 2019). A high 

amount of Microtus species are consumed as well (Grabham, Ventress et al. 2019) and is the single 

most important food category with more than 20% of scat biomass in all seasons (Helldin 2000). Pine 

martes have divers food types including shrews (Soricidae), hares (Lagomorphs), birds, insects and 

berries (Helldin 2000), added with moles, hedgehogs, squirrels and muskrats (Sidorovich, Krasko et al. 

2005). In small frequency, reptiles, anurans and fish can also be found (Lanszki, Zalewski et al. 2007). 

Pine marten use carrions as a diet source (Twining, Montgomery et al. 2019) mostly in cold seasons to 

ensure survival (Sidorovich, Krasko et al. 2005). There, Suidae and Cervidae carcasses are the most 
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common (Baltrūnaitė 2002). Among the major diet groups, insects and berries are the most variable 

(Helldin 2000). Overall, pine martens are food generalists (Helldin 2000) and opportunists (Lanszki, 

Zalewski et al. 2007).  

D. Stone marten – Martes foina 

The solitary and nocturnal martens consume 50% vegetarian food like berries and stone fruits 

(Pohlmeyer 2014). They hunt terrestrial and in canopy layers (Lanszki, Purger et al. 2019). Almost half 

of stone martens use only one single dietary item, 39% use two items and only 14% use more than 

three (Rysava-Novakova and Koubek 2009). Their feeding behaviour is omnivorous and consists of 

rodents, insects, birds, fish and carrions (Vasileva, Zlatanova et al. 2005). Plants, arthropods and 

mammals are found in all seasons (Papakosta, Bakaloudis et al. 2010). Small to medium-sized mammals 

like rodents and lagomorphs formed the greater part of stone martens diet (Rysava-Novakova and 

Koubek 2009). The most preyed rodent species is the wood mouse (Apodemus sp.), house mouse (Mus 

musculus), brown rat (Rattus norvegicus) and pine vole (Rysava-Novakova and Koubek 2009). Birds 

especially Galliformes and Passeriformes are the second most important food of stone martens 

(Rysava-Novakova and Koubek 2009). Overall, Martes foina shows a high adaptability on food sources 

in seasonal pattern (Pohlmeyer 2014).  

E. Polecat – Mustela putorius 

The polecat inhabited mostly wetlands, trenches and brooks  (Pohlmeyer 2014). They hunt for 

terrestrial and arboreal prey almost totally carnivorous (Malecha and Antczak 2013). Swimming is a 

well-developed property (Pohlmeyer 2014). Polecat´s diet is adapted to wooded mid-European regions 

which consists of two food categories mainly: rodents and anurans (Lode 1997). Rodents are the 

dominant dietary group out of mammals in polecats (Malecha and Antczak 2013) followed by 

Lagomorphs and carrion (Lode 1997). The most predate rodent is from Apodemus species (Lanszki and 

Heltai 2007). Polecats predate juvenile lagomorphs in high amount (Sainsbury, Shore et al. 2020). Frogs 

are the most frequent prey out of amphibia group (Sainsbury, Shore et al. 2020). One third of the diet 

is made up by birds, especially Passeriformes (Lanszki and Heltai 2007) and Galliformes (Rysava-

Novakova and Koubek 2009). This high amount is depending on migration and breeding season in birds 

in summer and spring (Malecha and Antczak 2013).  

In close distance to anthropogenic structures, poultry eggs, slaughter remains and domestic animals 

are consumed by polecats as well (Lanszki and Heltai 2007). Female polecat fed significantly more on 

fish carrions in contrast to males that consume more mammals, invertebrates and plant material 

(Rysava-Novakova and Koubek 2009) 
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The diet composition of the polecat is strongly affected by habitat and seasonal availability (Malecha 

and Antczak 2013). About 60% of polecat diet containing only a single item, 29% containing two items 

(Rysava-Novakova and Koubek 2009). Overall, the feeding strategy is opportunistic (Sainsbury, Shore 

et al. 2020). Some populations act as generalists, some as specialists which indicates their high 

flexibility (Lode 1997).  

F. Raccoon – Procyon lotor 

Raccoons originate from north and middle America and were kept as furry animals in Europe 

(Pohlmeyer 2014). They are so called alien species or neozoa in European landscape and can act as 

competitors for endemic species (Pohlmeyer 2014). Nowadays raccoons inhabit natural and urban 

environment (Nowakiewicz, Zięba et al. 2016) in polygamous family groups (Pohlmeyer 2014). The 

hunting strategy is nocturnal, terrestrial, arboreal and semi-aquatic (Pohlmeyer 2014). Raccoons are 

able to feed on tree-nesting birds because of their arboreal activity (Kauhala 1996).  

In the hunting year 2019/2020 15 raccoons in district Vechta were hunted, in district Cloppenburg 5 

and Diepholz 221. This is an increase of 36% compared to the previous year (Landesjägerschaft 

Niedersachsen e.V. 2020) 

Habitats with annual water presence were used all year round whereas dry land were used very 

frequently (Fiderer, Zeller et al. 2019). Their elongated home ranges are concentrated along the edges 

of water bodies and built a linear distributed pattern (Fiderer, Göttert et al. 2019). Reedbeds are the 

dominant locations of raccoon living (Fiderer, Zeller et al. 2019). According to water affinity, raccoons 

are well-developed swimmers (Pohlmeyer 2014). Sublethal predation effects can be observed on 

waterfowl breeding in reedbeds (Fiderer, Göttert et al. 2019). In raccoons diet composition maximum 

seven categories (average 2,9) are found (Fiderer, Zeller et al. 2019): birds were the most frequent 

vertebrate, followed by small mammals and reptiles. The lowest proportion of raccoon´s diet were 

fish. Inside the invertebrate group molluscs dominate followed by Crustacea and Arthropoda.   

G. Domestic cat – Felis catus 

Domesticated cats are part of the German hunting law §23 (BJagdG), which says that wild animal have 

to be protected against poaching cats and dogs (Bundesamt für Justiz 2021). They hunt not for survival 

reason because they are mostly well fed by owners (NABU Regionalverband Leipzig 2016). 

“Domesticated cats usually have their resource requirements met by their owners” (Dickman and 

Newsome 2015). For native wildlife predators the domesticated cat constitutes a competitor (NABU 

Regionalverband Leipzig 2016). Beside small mammals like Microtus and Apodemus species, birds are 

the most important prey (Biró, Lanszki et al. 2005). Passeriformes are the dominant bird group (Biró, 

Lanszki et al. 2005), commonly juvenile birds (NABU Regionalverband Leipzig 2016). The most hunted 
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birds are blackbirds (Turdus merula), blue tits (Cyanistes caeruleus), barn swallows (Hirundo rustica), 

black redstarts (Phoenicurus ochruros) and house sparrow (Passer domesticus) (NABU 

Regionalverband Leipzig 2016). In most cases, the cats do not fed on them, but bring them to their 

owners (Dickman and Newsome 2015). Domestic animals like poultry, poultry eggs and rabbits were 

found as well in cats diet (Biró, Lanszki et al. 2005).  

H. Hedgehog – Erinaceus europaeus 

They are not taken into consideration of German hunting law. Mostly, they live in human environment 

(NABU Naturschutzbund Deutschland e.V. 2021), because of degradation of structured landscapes 

with hedges and forest edges (Deutsche Wildtier Stiftung 2021). In human settlements there is the 

danger of missing shelter possibilities for hedgehogs in perspective to their hibernation (Deutsche 

Wildtier Stiftung 2021). This event takes place in November, when food resources are limited 

(Deutsche Wildtier Stiftung 2021) and last during bad weather conditions till April to May (NABU 

Naturschutzbund Deutschland e.V. 2021). Every year about half a million hedgehogs die because of 

traffic accidents (Deutsche Wildtier Stiftung 2021). Natural predators of the hedgehog are foxes, 

martens and badgers (Deutsche Wildtier Stiftung 2021).  
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Table 1:Translation of the scientific names in German and English names 

Scientific name English name German name 

Vulpes vulpes Red fox  Rotfuchs 

Felis catus Wild cat Wildkatze 

Erinaceus europaeus Brown-breasted hedgehog Braunbrust Igel 

Martes foina   

Stone marten Steinmarder 

Martes martes   

Pine marten Baummarder 

Mustela putorius   

Polecat Iltis 

Nyctereutes 
procyonoides 

 

Raccoon dog Marderhund 

Procyon lotor   

Raccoon  Waschbär 

Suidae Pigs Echte Schweine 

Cervidae True deer  Hirsche 

Galliformes Chicken birds, game fowl Hühnervögel 

Oligochaeta  Earthworms Wenigborster 

Lagomorpha  Rabbits Hasenartige 

Anura Frog amphibians Froschlurche 

Gallus gallus domesticus Domestic chicken Haushuhn 

Phasanius colchicus Pheasant Jagdfasan 

Anserinae Subfamily: ducks Unterfamilie: Enten 

Anas platyrhynchos Mallard duck Stockente 

Anatinae Subfamily: goose Unterfamilie: Gänse 

Anseriformes Goose birds Gänsevögel 

Limosa limosa Black-tailed Godwit Uferschnepfe 

Rallidae Rails Rallen 

Alauda arvensis Sly lark Feldlerche 

Paridae Tits Meisen 

Microtus Field voles Feldmäuse 

Apodemus Wood mice Waldmäuse 
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Scientific name Englisch name German name 

Myodes Bank voles  Rötelmäuse 

Arvicola Water voles  Schermäuse 

Microtus arvalis Field vole Feldmaus 

Clethrionomys glareolus Bank vole Rötelmaus, 
Waldwühlmaus 

Apodemus flavicollis Yellow-necked mouse Gelbhalsmaus 

Anser anser Grey goose Graugans  

Vanellus vanellus Lapwing Kiebitz 

Numenius Curlews  Brachvögel 

Gallinago gallinago Common snipe  Bekassine 

Tringa totanus Common redshank Rotschenkel 

 

 

Table 2: List of collected animals with sex (f= female, m= male), habitat (A= Agricultural landscape, N= Natural 
conservation area, F= Forest) and date of finding; discarded samples marked in grey (N.A.= not available)  

NO PREDSPEC SEX HABITAT DATE 

1 Vulpes vulpes f A 19.04.2020 

2 Vulpes vulpes m A 02.04.2020 

4 Vulpes vulpes f A 22.04.2020 

5 Vulpes vulpes f A 19.04.2020 

6 Vulpes vulpes f A 13.04.2020 

7 Vulpes vulpes m A 26.03.2020 

8 Vulpes vulpes m A 31.03.2020 

9 Vulpes vulpes f A 31.03.2020 

10 Vulpes vulpes NA NA 12.04.2020 

11 Vulpes vulpes f A 15.06.2020 

12 Vulpes vulpes f N 30.03.2020 

13 Vulpes vulpes m N 27.03.2020 

14 Vulpes vulpes m A 14.04.2020 
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NO PREDSPEC SEX HABITAT DATE 

15 Vulpes vulpes f A 23.04.2020 

16 Vulpes vulpes f N 12.04.2020 

17 Vulpes vulpes f A 16.05.2020 

18 Vulpes vulpes f A 18.06.2020 

19 Vulpes vulpes f A 13.04.2020 

20 Vulpes vulpes f A 10.05.2020 

21 Vulpes vulpes m NA 22.06.2020 

22 Vulpes vulpes m A 06.04.2020 

23 Vulpes vulpes f A 16.04.2020 

24 Vulpes vulpes f A 27.04.2020 

25 Vulpes vulpes f A 27.04.2020 

26 Vulpes vulpes m A 27.04.2020 

27 Vulpes vulpes m A 08.04.2020 

28 Vulpes vulpes f A 01.06.2020 

29 Vulpes vulpes f N 21.03.2020 

30 Felis catus f N 12.04.2020 

31 Martes martes m N 09.04.2020 

32 Martes foina m A 01.04.2020 

33 Martes foina m A 08.04.2020 

34 Felis catus m N 15.06.2020 

35 Erinaceus europaeus NA N 12.05.2020 

36 Procyon lotor m N 22.04.2020 

37 Nyctereutes procyonoides m A 10.04.2020 

38 Martes martes m N 12.04.2020 

39 Mustela putorius m N 10.04.2020 

40 Martes foina m A 19.04.2020 

41 Martes foina m A 10.04.2020 

42 Martes foina NA NA 12.04.2020 

43 Mustela putorius m N 27.03.2020 
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NO PREDSPEC SEX HABITAT DATE 

44 Mustela putorius m N 16.05.2020 

45 Vulpes vulpes f N 07.04.2021 

46 Vulpes vulpes f A 07.04.2021 

47 Vulpes vulpes f NA 30.04.2021 

48 Vulpes vulpes m N 06.04.2021 

49 Vulpes vulpes NA NA NA 

50 Vulpes vulpes NA A 07.03.2021 

51 Vulpes vulpes NA A 07.03.2021 

52 Vulpes vulpes m F 13.04.2021 

53 Vulpes vulpes f A 22.04.2021 

54 Vulpes vulpes f N 30.03.2021 

55 Martes foina m N 24.03.2021 

56 Martes foina f A 24.03.2021 

57 Mustela putorius m N 13.04.2021 

58 Martes foina NA NA NA 

59 Mustela putorius f A 13.04.2021 

60 Mustela putorius f NA 20.04.2021 

61 Mustela putorius f N 21.03.2021 

62 Martes foina m A 13.04.2021 

63 Martes foina m N 16.03.2021 

64 Vulpes vulpes m NA 31.03.2021 

65 Vulpes vulpes m N 20.04.2021 

66 Vulpes vulpes m NA 18.03.2021 

67 Martes foina m A 18.03.2021 

68 Martes foina f N 18.03.2021 

69 Nyctereutes procyonoides m A 16.03.2021 

70 Nyctereutes procyonoides NA A 13.04.2021 

71 Martes foina m A 24.03.2021 

72 Martes foina f A 31.03.2021 
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NO PREDSPEC SEX HABITAT DATE 

73 Martes foina f A 21.04.2021 

74 Mustela putorius m N 06.04.2021 

75 Nyctereutes procyonoides NA A 13.04.2021 

76 Vulpes vulpes f NA 16.05.2020 

77 Vulpes vulpes m NA 24.06.2020 

78 Procyon lotor NA NA 21.05.2020 

79 Mustela putorius m NA 07.03.2021 

80 Martes foina f NA 31.03.2021 

81 Mustela putorius NA NA 16.03.2021 

 

 

Table 3: Number of analysed stomachs of the different sample species 

Sample species 
Number of 
stomachs 

Erinaceus europaeus 1 

Felis catus 2 

Martes foina 14 

Martes martes 2 

Mustela putorius 7 
Nyctereutes 
procyonoides 4 

Procyon lotor 1 

Vulpes vulpes 36 

Overall 67 
 

Table 4: Number of collected and analysed stomachs in total and differentiated in 2020 and 2021 

Total number of stomachs Analysed stomachs 

2020 2021 Total 2020 2021 Total 

47 34 81 40 27 67 
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Table 5: Number and percentage of analysed stomachs in influence of habitat (A= Agricultural landscape, N= 

Natural conservation area, F= Forest) 

Habitat Number of analysed stomachs % of analysed stomachs 

a 39 58,21% 

n 23 34,33% 

f  1 1,49% 

N.A. 4 5,97% 

Overall 67  
 

Table 6: Number and percentage of analysed stomachs in influence of sex (f= female, m= male) 

Sex Number of analysed stomachs % of analysed stomachs 

f 29 43,28% 

m 31 46,27% 

NA 7 10,45% 

Overall 67  
 

 

Figure 1: Insight into the dissection of a stomach from a red fox 
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Figure 5: Hair under microscope, enlargement x100, 
Cuticula structure from bank vole 

 

Figure 2: Bristle of Oligochaeta, enlargement 
43.75, 1.3 mm length 

Figure 3: Bristles of Oligochaeta with sand 
structures, enlargement 15.625, 1.3 mm length 

Figure 4: Hair for sample number 1945 under 
microscope, enlargement x400, Medulla 
structure in black characteristic Arvicolinae 
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Figure 6: Feather from sample number 1645, feathers 
of black-tailed godwit Limosa limosa 

 

Figure 7: Feather from sample number 2908, 
Anas platyrhynchos 

 

Figure 8: Fish scale from Cyprinus carpio 
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