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Abstract Differences in availability of food resources are of-
ten manifested in the differentiation of feeding habits of close-
ly related mammal species. Therefore, we assumed that the
diet composition and trophic niche of house (i.e., highly de-
pendent on human households), feral (i.e. independent on hu-
man households) domestic cats (Felis silvestris catus) and
wildcats (Felis s. silvestris) differs. Based on the literature data
from Europe (53 study sites), we compared the diet of these
three felids analyzed with use of indirect methods (stomach
and scat analyses). In the case of the house cat, we additionally
compared consumption data obtained directly from prey
brought home. Data were expressed as the relative frequency
of occurrence to compare dietary patterns. The main prey of
the three cat types were small mammals in different ratios.
According to the stomach and scat samples, the diet compo-
sition of the cat types showed differences in the consumption
of rodents, insectivores, wild ungulates, and household food,
supporting the Bdietary differences originate from varying
resources^ hypothesis. More opportunistic house cats had a
broader trophic niche than feeding specialist wildcats, while

feral cats had an intermediate position. The trophic niche
breadth of all three cat types increased along a latitudinal
gradient from northern to southern areas of Europe. The pre-
dation of the house cat which was examined from prey
brought home differed from the data obtained by indirect diet
analysis; however, it yielded similar results to the diet of the
feral cat and the wildcat. Due to their high numbers and sim-
ilarity of its diet to the wildcat, house cats are a threat to wild
animals; therefore, their predation pressure needs to be further
investigated.
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Introduction

Discovering the ecological role of the mesopredator species,
especially recognizing the differences and interactions be-
tween foraging habits of these species (MacArthur and
Pianka 1966; Colwell and Futuyma 1971; Pianka 1973;
Schoener 1974), could promote the management and conser-
vation of predator and prey populations (Courchamp et al.
1999; Crooks and Soulé 1999; Nogales et al. 2004; Matias
and Catry 2008; Bonnaud et al. 2010).

Domestic cats (Felis silvestris catus) are popular pet ani-
mals, which have coexisted with humans for thousands of
years (Fitzgerald 1988; Randi and Ragni 1991; Driscoll
et al. 2009). They have populated almost the whole world with
human mediation causing serious conservation problems and
occasionally the extinctions of species (Fitzgerald 1988;
Dickman 1996; Lowe et al. 2000; Medina et al. 2011;
Blancher 2013; Doherty et al. 2014). Several domestic cat
groups could be defined according to the behavior and close-
ness of the association with humans (e.g., farm, stray,
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poaching, or feral; Liberg 1984; Liberg and Sandell 1988;
Pearre and Maass 1998), and these groups have different prey
sources. Cats living around the house, i.e., house cats, depend
largely on the food supplied by the owner (Liberg 1984), but
do not rely on hunting for food (Dickman 1996). However,
house cats are able to readily revert to the feral or wild state
(Fitzgerald 1988; Liberg and Sandell 1988) and maintain their
population without human care and food supply (Liberg 1984;
Biró et al. 2005; Doherty et al. 2015), as they are excellent
hunters (Turner and Meister 1988).

The diet of house cats frequently contains foods originating
from human sources (e.g., pet food, kitchen remnant;
reviewed: Fitzgerald 1988). Although feeding cats might re-
duce their motivation to hunt (Turner and Meister 1988), a
high level of predation is still demonstrated (e.g., Churcher
and Lawton 1987; Woods et al. 2003; Loyd et al. 2013) and
it has been suggested that these cats kill prey independently of
hunger. Beside the household food, the main diet component
contains small mammals (mainly rodents) (Fitzgerald 1988),
but the consumption of small birds (Achterberg and Metzger
1980) or insects (Krauze-Gryz et al. 2012) is also frequent.

The dietary pattern of feral cats is well known from reviews
or meta-analyses performed on data from islands (Canary
Islands: Medina and Nogales 2009, global: Bonnaud et al.
2011; Medina et al. 2011) or Australia (Dickman 1996;
Doherty et al. 2015). The main prey are generally small mam-
mals (consisting also pests), but bird (Liberg 1984; Pearre and
Maass 1998) or European rabbit (Oryctolagus cuniculus;
Corbett 1979; Liberg 1984; Ozella et al. 2016) dominance
and frequent reptile predation (Dickman 1996; Doherty et al.
2015; Lanszki et al. 2016) were also demonstrated.

Wildcats (Felis silvestris silvestris) have disjunctive distri-
bution in Europe due to a strong population decrease as a
result of habitat loss and hunting pressure (Stahl and Artois
1994; McOrist and Kitchener 1994; Yamaguchi et al. 2015).
Recently, the main conservation risk has been hybridization
with domestic cats (Pierpaoli et al. 2003; Yamaguchi et al.
2015; Kilshaw et al. 2016). Competition in habitat use
(Corbett 1979; Biró et al. 2004) and feeding (Corbett 1979;
Biró et al. 2005) could emerge in case of high population
density of feral cats (Woods et al. 2003) in areas with a low
density of wildcat populations. The dietary pattern of wildcat
has been analyzed in several publications; primary foods are
small mammals or rabbits (where it is available) (e.g., Moleon
and Gil-Sánchez 2003; Malo et al. 2004; Biró et al. 2005;
Lozano et al. 2006; Apostolico et al. 2016) and also the role
of some prey types (birds, reptiles, and invertebrates) could be
considerable (Table S1, Online Resource 1).

Our hypothesis (Bdietary differences originate from varying
resources^ hypothesis), based on the literature data, was that
the dietary patterns and trophic niche of the cat types studied
vary in Europe due to differences in habitat use (Corbett 1979;
Turner and Bateson 1988; Lozano et al. 2003; Biró et al. 2004),

associated with varying food resources (Corbett 1979; Liberg
1984; Niewold 1986; Daniels et al. 2001; Moleon and Gil-
Sánchez 2003; Malo et al. 2004; Lanszki et al. 2016). On this
point, the various hunting techniques existing in the Felis ge-
nus and also the dietary opportunism (Corbett 1979; Fitzgerald
1988) have an important role.

We assumed (first prediction) that the diet composition of
the feral cat is more similar to the wildcat (both use similar
resources) than to the house cat. According to this, we sup-
posed that the niche overlap between the feral cat and the
wildcat is high, but moderate between feral and house cat
types. Our second prediction was that the trophic niche of
the facultative food specialist—the wildcat (Moleon and Gil-
Sánchez 2003; Malo et al. 2004; Lozano et al. 2006)—will be
narrow, while the trophic niche of house and feral cats will be
wider, considering that these are versatile generalist (less spe-
cialized) predators, exploiting a wide range of prey (Fitzgerald
1988). We assumed (third prediction) that the tropic niche
breadth depends on the geographic latitude (Lozano et al.
2006), with a varying closeness between the cat types. It is
demonstrated that house cats in contrast with feral cats predate
independently of hunger. The killed prey is consumed only
partially, and it is brought home (Churcher and Lawton 1987;
Fitzgerald 1988; Woods et al. 2003) or left on the predation
site (Loyd et al. 2013). Therefore, we predicted (fourth pre-
diction) that the differences in the food compositions were
determined by direct (prey brought home) or indirect (stomach
and scat analysis) methods, based on the local experiences of
the study by Krauze-Gryz et al. (2012).

The aims of our investigation were (1) to compare the food
composition and (2) trophic niche breadth of the three cat
types, (3) to determine the differences in the trophic niche
breadth in accordance to the geographic latitude based on
the literature data of the stomach and scat analyses from
European habitats, and (4) to explore the differences in the
food composition of the house cat group, using varying
methods.

Materials and methods

Literature compilation and variable selection

We collected dietary data across Europe from literature found
in electronic databases (Web of Science, Scopus,
ScienceDirect) using combinations of the following key-
words: Felis catus, Felis silvestris, domestic cat, feral cat,
house cat, wildcat, wild cat, food, prey, trophic, niche and
Europe, and from additional studies (e.g., PhD theses, archival
published materials). Data compilation was conducted up to
February 2017. Detailed data and full list of references are
given in Table S1 (Online Resource 1).
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We separated three cat types on the basis of the information
found in the publication: (1) house cats which are highly de-
pendent on human households (named in papers also as stray,
pet, or poaching cats), (2) feral cats which are independent of
human households (Liberg 1984; Pearre and Maass 1998),
and (3) wildcats. We have not taken into account the assess-
ment of the hybrid wildcats (Table S1, Online Resource 1), as
well as the ambiguously classified domestic cats.

The sample types used in these studies were scats (n ≥ 75)
or stomach (or gut; n ≥ 22) contents (as the indirect diet anal-
ysis method group). In the case of house cats, a third sample
type, records of Bprey brought home^ (e.g., Fitzgerald 1988;
Woods et al. 2003) were also evaluated (as the direct diet
analysis method). When studies used more than one sample
type, we analyzed each sample type as a separate study
(Fitzgerald et al. 1991; Bonnaud et al. 2011). The sampling
period was annual (samples were collected during all seasons)
or periodic (covering at least two seasons). If a study
contained separate seasonal values but not overall values, we
averaged data across all seasons (Doherty et al. 2015). In the
case of multiple publications, we considered the most recent
one (with larger sample size). We included in the assessment
only publications in which all recognizable food items were
documented. Results from the same study site were pooled to
avoid pseudo-replication (Zhou et al. 2011). Studies where
prey types did not clearly fit the proportion of household food
consumption (Table S1, Online Resource 1) were excluded
from the evaluation.

We only used sources with results expressed as percentage
relative frequency of occurrence of food types (RFO, number
of occurrences of a certain food type divided by the total
number of occurrences of all food types × 100) or those that
containedN data (number of food items for each food types) to
recalculate the RFO. We discarded studies that only reported
data as frequency of occurrence (FO, expressed as the percent-
age of scats or stomachs containing a certain food type) or
biomass estimates (BIO, estimated biomass ratio of main food
types consumed). With the known limitations and advantages
of occurrence data for diet studies (Reynolds and Aebischer
1991), we used RFO data, because these (and/or N data) were
often reported in studies. RFO values are considered to be
highly suitable for inter-population comparisons in diet stud-
ies (McDonald 2002; Clavero et al. 2003; Lozano et al. 2006;
Zhou et al. 2011), although FO data are also widely used
(Bonnaud et al. 2011; Doherty et al. 2015; Soe et al. 2017)
and biomass estimates are also considered to be useful
methods (Reynolds and Aebischer 1991), but the variety of
known calculation methods would make the comparison more
difficult.

We distinguished 11 main food types (categories), namely,
1, rodents; 2, insectivores (shrews and very rarely bats, moles,
and hedgehogs); 3, lagomorphs (and in some cases, other
medium-sized herbivorous mammals, i.e., porcupine and

marmot); 4, carnivores; 5, wild ungulates (consumption from
carrion); 6, household or human-linked food (e.g., domestic
animals, pet food); 7, wild birds (and eggs); 8, reptiles; 9,
amphibians; 10, fish; and 11, invertebrates (arthropods, mol-
luscs, earthworms). The names of the detected species are
shown in Table S2 (Online Resource 2). Plants (as well as
matter originating from litter) were also identified from do-
mestic cat and wildcat diets, but because cats are obligate
carnivores (Bradshaw et al. 1996), these dietary elements were
excluded (e.g., Lozano et al. 2006; Bonnaud et al. 2011;
Hervías et al. 2014; Doherty et al. 2015) from the evaluation.
The occurrence of their consumption is only indicated in the
database (Table S1, Online Resource 1).

Stomach and scat sample numbers (n) in the studies were
divided into classes according to quartiles of a comparative
analysis: 1, ≤ 75 (22–75); 2, 76-137; 3, 138–214; 4, > 214
(215–561). For each geographical location, we recorded
bioclimate, i.e., Mediterranean and temperate (other than
Mediterranean), and included latitude (decimal degrees) taken
from the information given in the studies or from a geograph-
ical database. When samples were collected over a large area,
the latitude was estimated for the largest part of the sample
(Lozano et al. 2006).

For each study, the trophic niche breadth was calculated by
using Levins’ (1968) index: B = 1/Σpi

2, where pi = the relative
frequency of occurrence of the ith food taxa; and standardized
across 11 main food taxa (Krebs 1989): BA = (B − 1)/(n − 1),
rating from zero (dietary specialization) to one (broad diet).
The trophic niche overlap was calculated by means of the
Renkonen index (Krebs 1989): Pjk = Σn(minimum pij,
pik)]100, where Pjk = percentage overlap between cat type
(i.e., house, feral, or wildcat) j and cat type k; pij and pik =
the proportion of resource i represented within the total re-
sources used by cat type j and type k; n = the total number
of resource taxa (= 11), rating from 0 (no overlap) to 100%
(full overlap). Mean dietary data of three cat types were used.

The names of prey animals used in the analyzed studies
were checked (Internet sources: http://www.iucnredlist.org,
http://datazone.birdlife.org/userfiles/file/Species/Taxonomy/
BirdLife_Checklist_Version_90), and the IUCN Red List
categories of species were also added (Table S2, Online
Resource 2).

Statistical analyses

The non-normal dependent variables, i.e., percentage of RFO
data of main food types were arcsin transformed prior to anal-
ysis (e.g., Bonnaud et al. 2011; Díaz-Ruiz et al. 2013).
Variances showed homogeneity for the main food types (i.e.,
rodents, insectivores, lagomorphs, birds, reptiles, and
invertebrates).

In order to test for bias caused by the bioclimate
(Mediterranean or temperate), sampling period (annual or
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two seasonal), sample type (stomach or scat), and sample size
(one to four category) (i.e., whether these variables have an
effect on diet composition; Lozano et al. 2006; Zhou et al.
2011; Díaz-Ruiz et al. 2013; Doherty et al. 2015), the multi-
variate general linear model (GLM) was applied with the cat
type (house cat, feral cat, wildcat) as the fixed factor;
bioclimate, sampling period, sample type, and sample size
category as covariates; and the arcsin-transformed RFO of
each of the 11 food types as response variable (multivariate
test: Hotelling’s Trace).

We used the one-way analysis of variance (ANOVA,
Tukey post hoc test) to explore differences in diet composition
(11 main food types) and standardized trophic niche breadth
(BA) data among three cat types. In the case of the three cat
types, we separately used Spearman correlation to analyze the
statistical relationships among main food types and between
consumption ratios and BA data.

We evaluated associations between geographic (latitude)
distances and standardized trophic niche breadth (BA) differ-
ences (Table S1, Online Resource 1) for dietary data of three
cat types with linear regression and the Mantel test. The sim-
ple Mantel tests were performed in XLSTAT 2014.5.03 ver-
sion, with a significance determined via 10,000 permutation
tests, using Pearson correlation. Where significant correlation
was observed, regression analysis was used to describe the
relationship of the latitudinal values versus the BAvalues, with
the significance determined using ANOVA.

We compared consumption data from the direct method
(i.e., prey brought home) and indirect diet analysis methods
(i.e. stomach and scat analyses) within the house cat type by
using independent sample t test (arcsin-transformed RFO, 11
main food types). We applied hierarchical cluster analysis
(with Ward as the cluster method and Euclidean distance as
the interval of measure, range from 0 to 100; e.g., McDonald
2002) to compare and to visualize the diet composition data
recorded for the three cat types (and direct and indirect sam-
pling methods in the case of the house cat) from the literature
across Europe on the basis of arcsin-transformed RFO data of
11 main food types (same food types as listed previously).

The SPSS 11.5 for Windows and R statistical package (v.
3.2.3., R Development Core Team, Vienna, Austria) were
used for data processing. We accepted a minimum probability
level of P < 0.05.

Results

General overview

We examined 52 publications (72 sites) in total, from which
the data from 39 studies (53 sites; Fig. 1) were used for our
comparative analysis. For each cat type, a relatively large
number (n > 75) of samples were analyzed in year-round

studies (Table 1). The distribution of studies between regions
is slightly unbalanced; relatively, few studies have been con-
ducted on house cats in the Mediterranean area, while there
are more on feral cats in temperate areas. On the basis of
literature reviewed (Table S2, Online Resource 2), in
Europe, house cats, feral cats, and wildcats preyed upon the
following: 35, 14, and 40mammals; 71, 42, and 23 birds; 7, 7,
and 5 reptiles; 3, 0, and 1 amphibians; 1, 1, and 1 fish; and 26,
6, and 9 invertebrate species, respectively. Among these, ac-
cording to the IUCN Red List categorization, all three cat
types consumed two vulnerable and five near threatened spe-
cies (Table S2, Online Resource 2).

We found no significant differences in the consumption of
food types for the three cat types pooled among studies deriv-
ing diet composition from different sample types (GLM,
F1,43 = 0.65, P = 0.776) and sample size (F3,43 = 1.27,
P = 0.297), while bioclimate (F1,43 = 4.51, P = 0.001) and
sample period (F1,43 = 2.89, P = 0.012) had a significant effect
in the case of some less important food types (i.e., bioclimate:
reptiles and invertebrates; sample period: wild ungulates, fish,
and invertebrates). For further analyses, we pooled data with
additional explanation for interpretation results. We detected
significant differences across cat types (F2,43 = 5.35,
P < 0.001).

Differences in the diet of cat types

The diet composition of the three cat types on the basis of
stomach and scat samples differed significantly in four main
food types (Table 2). House cats consumed household food
more frequently than feral cats and wildcats, while wildcats
consumed rodents, insectivores, and ungulates more frequent-
ly compared to house cats. Feral cats consumed rodents and
household food with similar frequency to wildcats, while they
consumed insectivores similarly to house cats.

Compared to temperate areas (T), in the Mediterranean
areas (M), reptiles were consumed more frequently (GLM,
F = 25.24, P < 0.001) by house cats (M: 2.08% vs. T:
0.78%), feral cats (M: 6.90% vs. T: 0.79%), and wildcats too
(M: 4.30% vs. T: 0.03%). Invertebrates (F = 4.78, P = 0.035)
were consumed more frequently in Mediterranean areas by
feral cats (M: 8.99% vs. T: 2.37%) and wildcats (M: 11.09%
vs. T: 0.96%), whereas it was opposite in case of house cats
(T: 4.34% vs. M: 3.39%).

Depending on the sampling period, differences were found
in the case of occasionally consumed wild ungulates (GLM,
F = 5.59, P = 0.024) and fish (F = 16.00, P < 0.001).
Compared to annual (A) studies, in the periodic (P) studies,
ungulates were consumed more frequently by wildcats (A:
0.5%, P: 3.7%), and fish were consumed more frequently by
house cats (A: 0%, P: 9.0%) and feral cats (A: 0.2%, P: 2.0%).
In the case of invertebrate consumption of a wildcat, a
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significant difference was detected depending on the sampling
period (F = 4.73, P = 0.036, A: 6.1%, P: 0.3%).

Consumption of rodents (as main prey type) negatively
correlated with household foods in the case of house cats
(Spearman correlation, rS = − 0.835, P < 0.001), whereas
consumption of rodents negatively correlated with lago-
morphs in the case of wildcats (rS = − 0.578, P = 0.012).

Factors affecting trophic niche

House cats had a broader trophic niche compared to wildcats
(Table 2), while feral cats were closer to wildcats. The trophic
niche overlap between house cat and feral cat and between
house cat and wildcat was 59.9 and 56.4%, respectively; while
between feral cat and wildcat, it was 91.7%.

Standardized trophic niche breadth (BA) negatively corre-
lated with consumption of rodents in the case of feral cats
(Spearman correlation, rS = − 0.927, P < 0.001) and wildcats
(rS = − 0.957, P < 0.001), while BA positively correlated with

the consumption of lagomorphs (rS = 0.491, P = 0.039) and
reptiles (rS = 0.546, P = 0.019) in the case of wildcats or with
birds in the case of house cats (rS = 0.636, P = 0.011).

Latitude negatively correlated with the consumption of rep-
tiles in the case of house cats (Spearman correlation,
rS = − 0.564, P = 0.029) and wildcats (rS = − 0.777,
P < 0.001) and with invertebrates (rS = − 0.677, P = 0.032)
in the case of feral cats.

Negative linear relationships were found between latitude
and BA values in all three cat types (Fig. 2). However, it was
statistically significant only in the case of wildcat (simple
regression analysis, r = − 0.511, P = 0.030), while in the case
of house cat (r = − 0.373, P = 0.170) and wildcat (r = − 0.511,
P = 0.131), the relationship was not significant. The evalua-
tion of the same relationship based on permutation test
(Mantel test) resulted in similar correlation but different prob-
ability, representing a more realistic association. Associations
between latitude distances and BA differences were found in
all three cat types (negative linear relationship), with only

Fig. 1 Study sites across Europe
from which data were used in the
analysis. White circles, house cat
studies; grey circles, feral cat
studies; black circles, wildcat
studies; white circles with dot,
prey brought home studies.
Numbers are cross-referenced
with the studies reported in
Table S1, Online Resource 1
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marginally significant P value in the case of the house cat
(Mantel test, R2 = 0.077, P = 0.050), while the association
was significant in the case of feral cat (R2 = 0.192,
P = 0.029) and wildcat (R2 = 0.295, P < 0.001).

Direct versus indirect diet analysis

Comparing dietary data of house cats from the direct method,
i.e., prey brought home with data from indirect diet analysis
methods (stomach and scat) (Table 2), detection of rodents
(independent samples t test, t23 = 2.89, P = 0.08), insectivores
(t23 = 6.26, P < 0.001), birds (t23 = 4.61, P < 0.001), and
amphibians (t23 = 2.66, P = 0.014) was more frequent in the
case of prey brought home, while household food (t23 = 5.62,
P < 0.001) and invertebrates (t23 = 2.54, P = 0.018) were less
frequently detected. The trophic niche breadth did not differ
significantly in the two diet analysis methods (t23 = 0.870,
P = 0.393). Considering the effect of the source of dietary data
(i.e., direct and indirect analyses; Fig. 3), the diet of house cats
was most different from both the wildcat (Ed = 44.1) and the
feral cat (Ed = 33.0) when analyzed indirectly; however, the
difference was little when only the prey brought home was
considered (Ed = 21.3 and 22.7, respectively).

Discussion

Differences in the diet of cat types

According to our comparative investigation of literature data
based on the stomach and scat analyses, we showed the differ-
ences in dietary compositions of the three cat types, which
confirmed our first prediction. The differences in food re-
sources between settlements (Fitzgerald 1988) and natural hab-
itats (Corbett 1979; Turner and Bateson 1988; Biró et al. 2005)

Table 2 Dietary composition
(RFO, mean ± SE) of different cat
types from the reviewed studies
across Europe (for details, see
Table S1, Online Resource 1)

Food type Domestic cat Wildcat F
value

P Prey brought

House cat Feral cat home

Rodents 39.39 ± 5.54 62.88 ± 8.34 70.19 ± 5.17 6.71 0.003 61.70 ± 3.43

Insectivores 0.72 ± 0.29 1.86 ± 1.33 4.26 ± 0.90 6.94 0.003 7.15 ± 1.51

Lagomorphs 2.68 ± 1.50 10.79 ± 6.42 10.16 ± 4.39 1.63 0.208 3.08 ± 1.77

Carnivores 0.17 ± 0.11 0 0.52 ± 0.23 2.89 0.067 0.11 ± 0.06

Wild ungulates 0.02 ± 0.02 0 0.81 ± 0.37 6.21 0.004 0

Household food 38.53 ± 6.86 3.95 ± 1.56 0.03 ± 0.02 34.99 < 0.001 0.02 ± 0.02

Birds 7.58 ± 1.62 9.14 ± 2.07 5.70 ± 1.12 0.86 0.432 21.86 ± 3.10

Reptiles 1.04 ± 0.38 4.46 ± 2.14 1.92 ± 0.70 1.73 0.190 2.53 ± 1.22

Amphibians 0.45 ± 0.32 0 0.30 ± 0.23 0.73 0.490 1.79 ± 0.59

Fish 1.80 ± 1.31 0.54 ± 0.27 0.01 ± 0.01 1.51 0.233 0.90 ± 0.50

Invertebrates 7.62 ± 2.46 6.33 ± 3.02 5.68 ± 1.98 0.29 0.753 1.00 ± 0.81

Std. Levins’ index
(BA)

0.15 ± 0.02 0.10 ± 0.02 0.08 ± 0.01 4.00 0.026 0.13 ± 0.02

n (study sites) 15 10 18 10

F value of ANOVA statistics (Tukey post hoc test with degrees of freedom = 2) for differences among house cat,
feral cat, and wildcat diets from stomach and scat analyses. Italicized figures show the significantly (P < 0.05)
highest values among cat types. Prey brought home—from direct observations of house cats

Table 1 Sampling description of the diet studies of house and feral
domestic cat types and wildcat in this analysis

Sampling Domestic cat Wildcat

House cat Feral cat
Number of studies

Sample type

Scats 5 7 8

Stomachs (and guts) 10 3 8

Stomachs and scats 2

Prey brought home 10

Sample sizea, b

22–75 3 3 5

76–137 4 2 5

138–214 4 2 5

215–561 4 3 3

Bioclimate

Mediterranean 3 6 8

Temperate 22 4 10

Study period

Annual 20 8 16

Two or three seasons 5 2 2

a Sample size: quartile boundaries
b Sample size: without prey brought home
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resulted in considerable dietary differences between the house
cat and the wildcat. Although, the diet composition of the feral
cat showed moderate characteristics from several points of
view, it was more similar to the wildcat. These diet composition
differences were also manifested in the lower niche overlap
(around 60%) between the house cat and the other cat types
as well as the higher overlap between the two wild living cat
types (over 90%) supporting our first prediction.

The primary prey for all three cat types (in varying degrees)
are rodents, principally the available Microtus and Apodemus
species with high abundance in European sites and partially
rats (Rattus sp.). The secondary item was household food in
the diet of house cat type and rabbits in the diet of feral and
wildcat types. As the consumption of rodents decreased, the
predation of rabbits by wildcats increased, supporting the
finding by Lozano et al. (2006) that the wildcat is a facultative
specialist predator (Corbett 1979; Sarmento 1996; Gil-
Sánchez et al. 1999). In the case of feral cats, in Australia,
Doherty et al. (2015) also found that consumption of rabbits is
negatively correlated with consumption of small mammals. In
the case of house cats, decreasing household food consump-
tion increased the predation of rodents, indicating its opportu-
nistic hunting (foraging) strategy (Turner and Meister 1988).

The consumption of other food types showed no significant
correlation with small mammal consumption in any of the
three cat types. In most cases, we used annual data sets; how-
ever, in some cases, differences in consumption of some less
important food types were dependent on the sampling period.

Apart from the four food types (rodents, insectivores, wild
ungulates, and human-linked food), no significant differences
were found due to the high standard deviance (indicating the
high variability of the food resources and foraging tech-
niques), although significant biological differences were de-
tected between the cat types (Table S1, Online Resource 1).
Basically, all of the cat types frequently consumed birds and
insects with similar prevalence. However, for prey types con-
sumed only occasionally, small-sized carnivores were con-
sumed more frequently by the wildcat. Reptiles (mainly liz-
ards) were captured by feral cats, and fish was consumed
mainly by house cats (Table S2, Online Resource 2). The
difference from the general tendency, e.g., the higher con-
sumption of rabbits (23.3%: Niewold 1986), birds (22.6%:
Achterberg and Metzger 1980), fish (18.1%: Lanszki et al.
2016), and invertebrates (32.0%: Krauze-Gryz et al. 2012),
was detected in house cats. In the case of feral cats, a higher
consumption of rabbits (64.8%: Corbett 1979), birds (22.0%:
Ozella et al. 2016), reptiles (20.9%: Lanszki et al. 2016), and
insects (32.6%: Millán 2010) was demonstrated, while wild-
cats had higher rabbit (73.3%: Corbett 1979), carnivore
(3.6%: Biró et al. 2005), wild ungulate (6.5%: Kozená
1990), bird (16.4%: Biró et al. 2005), reptile (10.3%:
Apostolico et al. 2016), and invertebrate (27.6%: Malo et al.
2004) consumption (Table S1, Online Resource 1).

Trophic niche

We found various prey species in the studies based on scat and
stomach samples in all of the three cat types. Prey diversity was
high in the wildcat diet based on the reviews of European
literature (Apostolico et al. 2016), and similar results were
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Fig. 2 Relationship between latitude and standardized trophic niche breadth in house cat (a), feral cat (b), and wildcat (c) from the reviewed studies
across Europe

Fig. 3 Similarity dendogram of the Euclidean distances among general
diet compositions of house, feral, and wildcat from the reviewed studies
across Europe. In the case of the house cat, two diet analysis methods, i.e.,
stomach (St) and scat (Sc) samples (indirect methods) and prey brought
home (PBH—direct method) were taken into account. Arcsin-
transformed RFO data; cluster method: Ward; 11 main food types

Mamm Res (2018) 63:43–53 49



found in the case of feral cats in meta-analyses from Australia
(Doherty et al. 2015), several islands of the world (Bonnaud
et al. 2011), and at a global range (Fitzgerald 1988). The high
diversity of prey species also exists in house cats, especially in
accordance with home-brought prey (e.g., Woods et al. 2003;
Krauze-Gryz et al. 2012). Several estimations are published on
the negative impact of domestic cats on wildlife representing a
disadvantageous and invasive species all around the world
(e.g., Liberg 1984; Fitzgerald 1988; Dickman 1996; Woods
et al. 2003; Medina et al. 2011; Loss et al. 2013). Vulnerable
species among the prey of house cats [e.g., south-western water
vole (Arvicola sapidus): Woods et al. 2003, red grouse
(Lagopus lagopus scoticus): Corbett 1979], in feral cat [e.g.,
European souslik (Spermophilus citellus): Biró et al. 2005,
yelkouan shearwater (Puffinus yelkouan): Tranchant et al.
2003; Bonnaud et al. 2011], and in wildcat [great capricorn
beetle (Cerambyx cerdo): Moleon and Gil-Sánchez 2003] were
detected in Europe. Although the main prey taxa of house and
feral cats in Europe could be pest species, e.g., rats, voles, and
mice (e.g., Niewold 1986; Tranchant et al. 2003; Biró et al.
2005), occasionally, their preference for more rare species is
also apparent (Lanszki et al. 2016).

Unexpectedly, we showed that all of the three cat types had
narrow trophic niche, which indicates that only a narrow range
of the available food resources is utilized. Nevertheless, house
cats had a broader trophic niche than wildcats, which partially
confirms our second prediction. House cats are more oppor-
tunistic: they consume easily acquirable household food in the
human environment (Fitzgerald 1988), but at the same time,
they follow a facultative feeding strategy (Krauze-Gryz et al.
2012), similarly to the wildcat (Moleon and Gil-Sánchez
2003; Malo et al. 2004). In the case of low small mammal
resources, or in the nesting period of birds, house cats could
switch prey type from small mammals to birds or lizards
(Fitzgerald 1988; Peck et al. 2008). Moreover, the predation
is not always accompanied by consumption in the case of
house cats (Churcher and Lawton 1987; Woods et al. 2003;
Loyd et al. 2013), while wildcats are rather food specialists or
facultative food specialists (Malo et al. 2004; Biró et al. 2005;
Lozano et al. 2006). Feral cats had an intermediate position,
since they rarely consumed household food (Table S1, Online
Resource 1) whereas they predated for survival like the wild-
cat. The trophic niche of the more specialized feral cat and
wildcat was broadened with the decrease in the consumption
of small mammals (the main prey type); additionally, it was
also broader in the case of the wildcat, consuming rabbits and
reptiles more frequently, as was also found by Lozano et al.
(2006). In the case of house cats, the trophic niche was broader
with the frequent consumption of birds, presumably due to
bird feeding (Lepczyk et al. 2008) and migration (Lanszki
et al. 2016), which indicates the importance of this prey type.
In the case of the wildcat, a remarkably broad trophic niche
was found in Spain (e.g., Malo et al. 2004), while an

extremely narrow trophic niche was detected in a study on
house cats performed in Switzerland (Weber and Dailly 1998).

Importance of geographical latitude

Our analysis on the literature data suggested that varying tro-
phic niche breadth along a geographical gradient could be
verified not only in the case of wildcats (Lozano et al. 2006)
but also in the case of feral cats (Fitzgerald 1988) (confirming
our third prediction). In the case of house cats, the lower,
marginally significant negative correlation could be explained
by the consumption of household food in a high ratio inde-
pendently from the geographic latitude. Our results empha-
sized that feral cats have feeding habits (foraging) more sim-
ilar to wildcat than the house cat. However, the similar regres-
sion coefficient and constant values indicate that the frequen-
cy of consuming reptiles and invertebrates increases toward
the southern regions of Europe in the case of all three cat
types, but at a different level, following the diversity increase
of the potential prey species (Fitzgerald 1988; Malo et al.
2004; Lozano et al. 2006). In the case of house cats, other
factors could also have a significant effect, for example,
Fitzgerald (1988) found that the decreasing consumption of
household food could also be the result of lower human pop-
ulation density. Other factors could be the differences of moti-
vation and hunting methods between the three cat types. The
lack of significance in the regressions between BA and latitude
values originates rather from the variation of the data than from
the sample number, indicating that the house cat studies have
more diverse observations. This could be rooted in the more
complex phenotypic composition of the house cat group as an
outcome of the variability of the different cat breeds as a result
of the fast domestication due to artificial selection in the last
200 years (Driscoll et al. 2009; Dickman and Newsome 2015).

Difference between consumption and predation

Our meta-analysis on the literature data confirmed our fourth
prediction that the consumption and predation of the house cat
group differed depending on direct and indirect food compo-
sition analyses, as was expected from the local study pub-
lished by Krauze-Gryz et al. (2012). Hall and Bradshaw
(1998) revealed that in adult house cats, the act of playing
has indistinguishable motivation from predation, as both be-
haviors are similarly affected by hunger and the size of the toy
or prey. Prey size depends on the level of hunger, and it de-
creases with increased hunger. Every object that covers char-
acteristics associated with prey, such as size or texture, could
trigger both predation and playing. If stimulus characteristics
remain unchanged, rapid habituation occurs and playing be-
havior ceases (Hall et al. 2002). In the case of live prey, the
stimulus is strong and the prey characteristics change and
predation occurs, even if there is no need for predation since
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the level of hunger is low. Young cats learn predation through
playing situations. The mother cat introduces the different
prey types early on through a series of situations with dead
prey and later on by releasing live individuals to initiate their
own behavior responses in the young (Turner and Bateson
1988). These habits could result in the separation of predation
due to hunger or other motivations (e.g., play, teaching) in the
case of house cats. Due to the different motivations, predation
is not always followed by consumption (e.g., teaching and
playing) or bringing home of the prey (in the case of playing).

From studies on cats wearing video cameras on collars
(Loyd et al. 2013), it is demonstrated that almost half of the
prey (49%) was left on the predation area, only 28% was
consumed, and 23% was carried home. If the prey brought
home by the house cat is involved in the analysis (our hier-
archical cluster analysis), the difference between the dietary
patterns of the cat types decreases. The differences found
depending on the method confirm the fourth prediction, but
contradict the first one. This indicates the limitations of the
diet composition analysis based on indirect (stomach and
scat analysis) methods in the case of the house cat.
Furthermore, a comparison of the results obtained using
different methods, i.e., diet analyses with questionnaire sur-
veys (Krauze-Gryz et al. 2012) supplemented with applica-
tion of telemetry (Biró et al. 2004) and/or animal-borne
video systems (Loyd et al. 2013) can be realistic in a year-
round study, so seasonal variations may also be detectable.

In conclusion, based on a comparative analysis of
European studies on the diet of domestic (house and feral) cats
and wildcats, the hypothesis that dietary differences originate
from varying resources was supported in the case of the diet
composition and the niche breadth of house cats and wildcats.
The diet of feral cats, considering that they consume their prey,
seems to be similar to wildcats. The Blatitude—trophic niche
breadth interrelation^ prediction was supported, as the niche
breadth decreased with increasing latitude. The results of sur-
veys concerning prey brought home by house cats indicate
that their prey composition is close to the diet composition
of feral and wildcats. Due to the worldwide high numbers
and population densities of house cats as well as the similarity
of their diet to the wildcat, the house cat should be considered
a threat for wild-living animals and therefore their predation
pressure needs to be further investigated.
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