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To demonstrate predation and potential impacts of raccoons on various species, a total of 108 raccoons from
aquatic-associated nature reserves and natural areas in three federal states of Germany, Hesse (n = 36), Saxony-
Anhalt (n = 36) and Brandenburg (n = 36), were investigated from a dietary ecological perspective in the present
study. Fecal analyses and stomach content examinations were conducted for this purpose. Additionally, as a
supplementary method for analyzing the dietary spectrum of raccoons, the parasite fauna was considered, as
metazoan parasites, in particular, can serve as indicators for the species and origin of food organisms. While

stomach content analyses allow for a detailed recording of trophic relationships solely at the time of sampling,
parasitological examinations enable inferences about more distant interaction processes. With their different
developmental stages and heteroxenous life cycles involving specific, sometimes obligate, intermediate hosts,
they utilize the food web to reach their definitive host. The results of this study clearly demonstrate that
spawning areas of amphibians and reptiles were predominantly utilized as food resources by raccoons in the
study areas. Thus, common toad (Bufo bufo), common newt (Lissotriton vulgaris), grass frog (Rana temporaria), and
grass snake (Natrix natrix) were identified as food organisms for raccoons. The detection of the parasite species
Euryhelmis squamula, Isthmiophora melis, and Physocephalus sexalatus with partially high infestation rates also
suggests that both amphibians and reptiles belong to the established dietary components of raccoons from an
ecological perspective, as amphibians and reptiles are obligate intermediate hosts in the respective parasitic life
cycles of the detected parasites. The study clearly demonstrates that raccoons have a significant impact on
occurrence-sensitive animal species in certain areas and, as an invasive species, can exert a negative influence on

native species and ecosystems.

1. Introduction

Invasive carnivorous mammals are suspected to have a significant
impact on various native species such as birds, amphibians, and reptiles.
In the context of scientific research on conservation-relevant, ecosyste-
mic impacts by non-native carnivores, the invasive raccoon (Procyon
lotor) is particularly under scrutiny in Europe (Beasley and Rhodes,
2008; Doherty et al., 2016; Mollot et al., 2017; Nehring, 2018; Demeny
et al., 2019; Oe et al., 2020; Cichocki et al., 2021). However, there are
also divergent studies that do not demonstrate or show a direct influence
on a habitat or organisms, and that no ecosystemic impacts by raccoons

are detectable (Lutz, 1995; Hohmann, 2000; Michler, 2017). This seems
to depend particularly on the respective ecosystem composition and the
available food resources (Stubbe and Krapp, 1993; Hohmann and Bar-
tussek, 2018; Nehring, 2018). The strong population increase of rac-
coons and their ongoing spread (e.g. Cunze et al., 2023) especially in
protected natural areas, increase the predation risk for
occurrence-sensitive animal species. Due to the raccoon’s high dispersal
ability and its dietary ecology, which allows it to inhabit nearly all
natural habitats, it is suspected to be responsible for the regional decline
of numerous native species.

Raccoons generally exhibit an opportunistic, omnivorous, and
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seasonally varied dietary spectrum (Stubbe and Krapp, 1993; Lutz,
1996; Michler, 2017; Hohmann and Bartussek, 2018). According to
Nehring (2018), there is a significant predation pressure when raccoons
occur in high densities or when prey items are concentrated in space and
time, as often observed in small aquatic-associated habitats. Various
studies highlight the substantial alterations in species communities and
ecosystems caused by invasive alien species (IAS) as one of the most
significant threats to global biodiversity, generating substantial eco-
nomic costs (Clavero et al., 2009; Duenas et al., 2018, 2021; Falaschi
et al., 2020; Haubrock et al., 2021; Roy et al., 2023). In most cases, food
resources are utilized based on abundance or ease of accessibility.

Considering the omnivorous and seasonally dependent feeding
habits of raccoons, it is thus logical to perceive raccoons as a potential
threat to native biodiversity (Beasley and Rhodes, 2008; Doherty et al.,
2016; Mollot et al., 2017; Nehring, 2018; Demeny et al., 2019; Oe et al.,
2020; Cichocki et al., 2021). In addition to stomach content analyses,
specific investigations of the metazoan parasite fauna of raccoons can
provide important insights into their dietary ecology. A clear under-
standing of the parasite fauna is essential for analyzing the dietary
spectrum of raccoons, as parasites can serve as bioindicators for the
species and origin of food organisms (e.g. Kleinertz et al., 2012; Klimpel
et al., 2019). While stomach content analyses allow for a detailed
recording of trophic relationships solely at the time of sampling, para-
sitological examinations enable inferences about more distant interac-
tion processes and thus integrate beyond short-term variability in the
food web. Helminths (including Digenea, Cestoda, Nematoda) are
particularly suitable for such investigations due to their different
developmental stages and heteroxenous life cycles with specific, some-
times obligate intermediate hosts (Schnieder et al., 2006; Lucius et al.,
2018), utilizing the food web to reach their definitive hosts.

The aim of the present study was to describe the dietary ecology and
metazoan parasite fauna of raccoons from aquatic-associated nature
reserves and natural areas. Detailed stomach content analyses and the
assessment of parasites as bioindicators aimed to provide insights into
the dietary spectrum and preferences of the examined raccoons.

2. Material and methods

The study areas consisted of geographically distant, aquatic-
associated habitat types. In Northern Germany, the federal state of
Brandenburg (BB) was selected, including the UNESCO Biosphere
Reserve “Elbe River Landscape.” In Central Germany, the federal state of
Hesse (HE) was chosen, encompassing nature reserves in the Spessart
and Wetterau regions, as well as aquatic-associated habitats in Saxony-
Anhalt (ST) (Fig. 1). Between March 2020 and August 2022, 108 free-
ranging raccoons (Procyon lotor) were captured in the federal states of
Hesse (N = 36), Brandenburg (N = 36), and Saxony-Anhalt (N = 36) as
part of regular hunting activities by licensed hunters using legally
compliant wooden box traps. Sampling was conducted in accordance
with applicable legal regulations. An exemption permit for suspending
the closed season was obtained for the state of Hesse, while raccoons can
be hunted year-round in Brandenburg and Saxony-Anhalt. The capture
locations of the animals were recorded by hunters using GPS co-
ordinates. Captured animals were assigned a defined sample identifi-
cation number. Metadata such as capture date, location, etc., were
documented in an accompanying document. Samples were frozen at
minus 20 °C in stable PE bags along with the accompanying sheet until
further analysis.

2.1. Recording of morphometric data, stomach contents, parasitological
examinations and map display

The preparation of raccoons, morphometric measurements, and
preservation of metazoan parasites were conducted following the
methods outlined by Peter et al. (2023). Parasitological parameters
including prevalence, mean intensity, intensity, and abundance adhere
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to the definitions provided by Klimpel et al. (2019). Sample map was
created in Esri ArcGIS (Version 10.8.1) (Fig. 1).

2.2. Food analysis

Stomach and intestinal contents were analyzed following the
methods outlined by Klimpel et al. (2019). Under a binocular micro-
scope, stomach and intestinal contents were sorted in a 200 mm Petri
dish to the smallest possible taxonomic level, and individuals of each
food class were counted. Food categories were dried, blotted, and
weighed. Subsamples for genetic analysis were transferred to 100%
ethanol. Intestinal contents were sieved using an analysis sieve (ISO
3310-1) and water, and analyzed similarly to stomach content exami-
nations. To quantitatively assess individual food resources, Frequency of
Occurrence [F%] and Weight Percentage of Prey [W%] were calculated
following the methods of Klimpel et al. (2019). Plant food components
were morphologically assigned; however, genetic testing was not per-
formed in this regard.

2.3. Species identification

Clearly identifiable fragments of insects and amphibian species were
determined based on morphological characteristics (Kerney et al., 1983;
Engelmann et al., 1986; Sedlag, 1986; Chinery, 1993; Schaefer et al.,
1994; HMUKLV, 2015). Literature for the identification of parasites
included original descriptions and identification keys (Janicki, 1904;
Neumann and Mayer, 1914; Baer, 1932; Peus, 1938; Dawes, 1968;
Sprent, 1968; Pav et al., 1972; Zajicek and Pav, 1972; Priemer and Lux,
1994; Anderson, 2000; Chowdhury, 2001; Beck, 2007; Brinck-Lindroth
and Smit, 2007; Anderson et al., 2009; Heneberg et al., 2016; Doanh
et al., 2023). PCR amplification and sequencing followed the methods
outlined by Peter et al. (2023). Primers and thermocycler settings for the
PCR reactions were systematically selected based on food groups and
parasitic organisms, and carried out following modified established
protocols (Table 1) (Folmer et al., 1994; Tkach et al., 2003; Hebert et al.,
2004; Jones et al., 2008; Pun et al., 2009; Laurimaa et al., 2016;
Nugaraite et al., 2017). The sequenced data of the genetically analyzed
samples were uploaded to the NCBI Sequence Read Archive (SRA) and
are available under the accession numbers given in Table 1.

3. Results
3.1. Morphometric data, ecto- and endoparasite fauna

Out of the total of 108 examined raccoons, 42 individuals were fe-
male and 66 were male. The detailed morphometric data was collected
during necropsy but is not further discussed as no significant association
with parasite infestation could be established. The parasite fauna of the
examined raccoons consisted of 16 different ecto- and endoparasite
species (Table 2). The three parasite species Hymenolepis erinacei,
Physocephalus sexalatus, and Pomphorhynchus laevis were documented
for the first time in raccoons in Europe.

Parasite fauna of Hesse (Table 2): In the study area, the key species in
the group of ectoparasites were Trichodectes octomaculatus with a prev-
alence of 86.1% (with a mean intensity of mI = 40.87), the tick species
Ixodes hexagonus with a prevalence of 41.7% (ml = 7.07), and I. ricinus
with a prevalence of 52.8% (mI = 4.95). Additionally, the flea species
Paraceras melis (P = 19.4%, ml = 1.29) was detected. Key species of
endoparasites were the nematode species Baylisascaris procyonis with a
prevalence of 91.7% (ml = 15.73) and the cestode species Atriotaenia
incisa with a prevalence of 33.3% (mlI = 28.5). Other endoparasitic
species identified in this study for Hessen were the nematode species
Physocephalus sexalatus (Fig. 2H) (P = 13.9%, ml = 27.6) and Porro-
caecum ensicaudatum (P = 13.9%, mI = 7.0), the digenetic trematode
Brachylaima mesostoma (Fig. 2C) (P = 8.3%, ml = 11.3), Euryhelmis
squamula (P = 5.6%, mI = 44.5), as well as the acanthocephalan species
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Fig. 1. Geographic origin of examined Procyon lotor (total N = 108 raccoons).
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Table 1
Overview of used primers, methods and results of genetically species identification including literature sources.
Group Accession Species Primer name/Sequence Thermocycling Query Per. Query Sources
number Cover Ident. Length
[%] [%]
Amphibia SAMN38446839 Rana temporaria LepF1 GTA AAA CGA CGG 60s at 94 °C, 5 x (60s at 98 99.38 650 Hebert et al.
CCA GTA TTC AAC CAATCA 94 °C, 120s at 45 °C (2004)
TAA AGA TAT TGG
LepR1 AGG AAA CAG CTA 120s at 72 °C), 30 x (60s
TGA CTA AAC TTC TGG ATG at 4 °C, 120s at 51 °C,
TCC AAA AAATCA 120s at 72 °C)
5 min at 72 °C
SAMN38446840 Bufo bufo 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 99 100 545 modified Pun
AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACGT 60 °C),
10min at 60 °C
Reptilia SAMN38446841 Natrix natrix UKsnakecyto_F CAA CAT 4 min at 96 °C, 99 99.77 443 Jones et al.
CAA CTT AGC CTT CTC (2008)
UKsnakecyto R GTG GAA 35 x (60s at 94 °C, 60s at
TGG GAT TTT ATC G 50 °C,120s at 72 °C),
3min at 72 °C
Pisces SAMN38446842 Oncorhynchus 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 98 100 567 modified Pun
mykiss AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACGT 60 °C),
10min at 60 °C
Aves SAMN38446843 Gallus gallus BirdF1 TTC TCC AAC CAC 3 min at 95 °C, 100 95.77 449 modified Pun
AAA GAC ATT GGC AC et al. (2009)
BirdR1 ACG TGG GAG ATA 40 x (10s at 95 °C, 45s at
ATT CCA AAT CCT G 60 °C),
10min at 60 °C
SAMN38446844 Sturnus vulgaris AvianCytbF CCC TCA GAA 3 min at 95 °C, 97 98.71 477 modified Pun
TGA TAT TTG TCC TCA et al. (2009)
AvianCytbR CCT CAG AAK 40 x (10s at 95 °C, 45s at
GAT ATY TGN CCT CAK GG 60 °C),
10min at 60 °C
SAMN38446845 Turdus philomelos BirdF1 TTC TCC AAC CAC 3 min at 95 °C, 98 99.19 632 modified Pun
AAA GAC ATT GGC AC et al. (2009)
BirdR1 ACG TGG GAG ATA 40 x (10s at 95 °C, 45s at
ATT CCA AAT CCT G 60 °C),
10min at 60 °C
SAMN38446846 Columba palumbus BirdF1 TTC TCC AAC CAC 3 min at 95 °C, 99 99.57 701 modified Pun
AAA GAC ATT GGC AC et al. (2009)
BirdR1 ACG TGG GAG ATA 40 x (10s at 95 °C, 45s at
ATT CCA AAT CCT G 60 °C),
10min at 60 °C
SAMN38446847 Cyanistes BirdF1 TTC TCC AAC CAC 3 min at 95 °C, 96 99.67 629 modified Pun
caeruleus AAA GAC ATT GGC AC et al. (2009)
BirdR1 ACG TGG GAG ATA 40 x (10s at 95 °C, 45s at
ATT CCA AAT CCT G 60 °C),
10min at 60 °C
SAMN38446848 Pica pica BirdF1 TTC TCC AAC CAC 3 min at 95 °C, 99 98.77 574 modified Pun
AAA GAC ATT GGC AC et al. (2009)
BirdR1 ACG TGG GAG ATA 40 x (10s at 95 °C, 45s at
ATT CCA AAT CCT G 60 °C),
10min at 60 °C
Mammalia SAMN38446849 Microtus arvalis 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 99 98.84 520 modified Pun
AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACGT 60 °C),
10min at 60 °C
SAMN38446850 Oryctolagus 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 100 99.39 490 modified Pun
cuniculus AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACGT 60 °C),
10min at 60 °C
Gastropoda SAMN38446851 Arianta 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 100 96.78 342 modified Pun
arbustorum AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACGT 60 °C),
10min at 60 °C
SAMN38446852 Helix pomatia LCO1490 GGT CAA CAA ATC 120s at 95 °C; 98 94.35 556 Folmer et al.
ATA AAG ATA TTG G (1994)

HCO 2198 ACT AAAAAACCA
GTG GGA CTT CAA AT

35x (60s at 95 °C, 60s at
40 °C, 90s at 72 °C);
420s at 72 °C

(continued on next page)
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Table 1 (continued)
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Group Accession Species Primer name/Sequence Thermocycling Query Per. Query Sources
number Cover Ident. Length
[%] [%]
SAMN38446853  Monachoides LepF1 GTA AAA CGA CGG 60s at 94 °C, 95 99.51 645 Hebert et al.
incarnatus CCA GTA TTC AAC CAA TCA (2004)
TAA AGA TAT TGG
LepR1 AGG AAA CAG CTA 5x (60s at 94 °C, 120s at
TGA CTA AAC TTC TGG ATG 45 °C, 120s at 72 °C),
TCC AAA AAA TCA 30 x (60s at 4 °C, 120s at
51 °C, 120s at 72 °C),
5 min at 72 °C
SAMN38446854  Planorbarius 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 77 97.37 541 modified Pun
corneus AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACG T 60 °C),
10min at 60 °C
Insecta SAMN38446855  Eristalis pertinax 16SA-L CGC CTG TTT ATC 3 min at 95 °C, 98 99.59 492 modified Pun
AAA AAC AT et al. (2009)
16SB-H CCG GTC TGA ACT 40 x (10s at 95 °C, 45s at
CAG ATCACG T 60 °C),
10min at 60 °C
SAMN38446856  Melolontha C1-J-2441 CCA ACAGGA ATT 3 min at 95 °C, 96 100 579 modified Pun
melolontha AAA ATT TTT AGATGA TTA et al. (2009)
GC
TL2-N-3014 TCCAAT GCA 40 x (10s at 95 °C, 45s at
CTA GCC AGA ATC TGC CAT 60 °C),
ATT A 10min at 60 °C
SAMN38446857  Ocypus olens C1-J-2441 CCA ACAGGA ATT 3 min at 95 °C, 98 97.86 568 modified Pun
AAA ATT TTT AGATGA TTA et al. (2009)
GC
TL2-N-3014 TCCAAT GCA 40 x (10s at 95 °C, 45s at
CTA GCC AGA ATC TGC CAT 60 °C),
ATT A 10min at 60 °C
SAMN38446858  Phosphuga atrata C1-J-2441 CCA ACAGGA ATT 3 min at 95 °C, 98 99.47 574 modified Pun
AAA ATT TTT AGATGA TTA et al. (2009)
GC
TL2-N-3014 TCC AAT GCA 40 x (10s at 95 °C, 45s at
CTA GCC AGA ATC TGC CAT 60 °C),
ATT A 10min at 60 °C
Cestoda SAMN38446859  Hymenolepididae ZX-1 ACC CGC TGA ATT TAA 3 min at 96 °C; 100 99.05 1156 Binkiene et al.
spp GCA TAT (2019)
1500R GCT ATC CTG AGG 38x(40sat94°C, 40 s at
GAA ACT TCG 43°C,1min 17 s at
72°C)
10 min at 72 °C.
Digenea SAMN38446860 Euryhelmis WormA GCG AAT GGC TCA 180s at 94 °C; 99 98.52 1137 Nugaraite
squamula TTA AAT CAG et al. (2017)
WormB CTT GTT ACG ACT 40x (30s at 94 °C, 30s at
TTT ACT TCC 56 °C, 120s at 72 °C);
420s at 72 °C
SAMN38446861 Isthmiophora melis BrachylaimalF AAG CAT 98 °C for 10 s, 100 99.64 1125 Tkach et al.
ATC ACT AAG CGG (2003)
BrachylaimalR GCT ATC 40x (50 °C for 20 s, 68 °C
CTG AGG GAA ACT TCG for 90 s, 60s at 72 °C)
Acanthocephala ~ SAMN38446862 Pomphorhynchus LCO1490 GGT CAA CAA ATC 120s at 95 °C; 99 99.49 589 Folmer et al.
laevis ATA AAG ATA TTG G (1994)

HCO 2198 ACT AAA AAA CCA
GTG GGA CTT CAA AT

35x (60s at 95 °C, 60s at
40 °C, 90s at 72 °C);
420s at 72 °C

Polymorphus minutus (Fig. 2E and F) (P = 8.3%, mI = 96.67) and Pom-
phorhynchus laevis (P = 2.8%, mI = 112.0).

Parasite fauna of Saxony-Anhalt (Table 2): In the study area, within
the group of ectoparasites, Trichodectes octomaculatus was detected with
a prevalence of 63.9% (mlI = 27.65), the tick species Ixodes ricinus with a
prevalence of 41.7% (mlI = 3.0), and Dermacentor reticulatus (P = 19.4%,
ml = 6.43). Additionally, the flea species Paraceras melis was determined
with a prevalence of 11.1% (mI = 1.0). Key species of endoparasites
were the cestode species Atriotaenia incisa with a prevalence of 22.2%
(mlI = 24.88), the nematode species Baylisascaris procyonis (P = 88.9%,
ml = 27.81), and the digenetic trematode species Isthmiophora melis
(Fig. 2A and B) with a prevalence of 19.4% (mI = 83.57). The nematode
species Porrocaecum ensicaudatum (P = 16.7%, ml = 8.0), and the
acanthocephalan species Polymorphus minutus (P = 8.3%, mI = 7.67) and

Echinorhynchus truttae (Fig. 2D) (P = 11.1%, mI = 2.25) were also
identified.

Parasite fauna of Brandenburg (Table 2): In the study area, within
the group of ectoparasites, Trichodectes octomaculatus was detected with
a prevalence of 44.4% (mlI = 15.75), the tick species Ixodes ricinus with a
prevalence of 27.8% (mI = 3.3), and Dermacentor reticulatus (P = 2.8%,
ml = 1.0). No flea species were detected. Key species of endoparasites
were the cestode species Atriotaenia incisa with a prevalence of 41.7%
(mI = 112.2) and the digenetic trematode species Isthmiophora melis
with a prevalence of 30.6% (ml = 96.82). Additionally, the nematode
species Porrocaecum ensicaudatum (P = 27.8%, ml = 6.3), Baylisascaris
procyonis (P = 19.4%, ml = 10.57), the digenetic trematode species
Brachylaima mesostoma (P = 8.3%, ml = 3.67), and the cestode species
Hymenolepis erinacei (Fig. 2G) (P = 2.8%, mI = 2.0) were identified.
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Table 2

mean intensity of infection, A - abundance over all examined

prevalence of infection, I = intensity of infection, mI =

number of infected host animals, P =

Parasitological data of Procyon lotor (total N = 108 raccoons, N

animals.

Brandenburg

Saxony-Anhalt

Hesse

ml

P (%)

N

ml

P (%)

N

ml

P (%)

N

0.11

1.00

11.1

1-2 1.29 0.25

19.4

Paraceras melis

Insecta

Ectoparasites

Hesse

7.00
0.92

15.75
3.30

1-80
1-8

44.4
27.8

16

10

17.67
1.25

27.65

1-185
1-5

63.9
41.7

23
15

35.19

40.87
4.95
7.07

1-223

1-5
1-20

86.1

52.8

31

Trichodectes octomaculatus

Ixodes ricinus

2.61 3.00

2.94

19
15

Arachnida

41.7

Ixodes hexagonus

0.03

1.00

2.8

1-27 6.43 1.25

2-383

19.4

Dermacentor reticulatus
Isthmiophora melis®

1-566 96.82 29.58

2-6

30.6
8.3

11

16.25

83.57

19.4

Digenea

Endoparasites

0.31

3.67

0.94
2.47

11.33

44.50

2-26

8.3
5.6

Brachylaima mesostoma
Euryhelmis squamula

11-78

0.06

2.00

2.8

Hymenolepis erinacei”
Atriotaenia incisa

Cestoda

46.75

112.20
10.57

6.30

24.88 5.53 15 41.7 1-576
27.81 7 1-51
1-31

2-92

22.2

9.50

1-92 28.50

33.3

12
33
5

2.06
1.75

19.4
27.8

24.72
1.33

1-174
1-26

88.9
16.7

14.42 32

0.97
3.

15.73

7.00

1-128
45

91.7
13.9

Baylisascaris procyonis

Nematoda

10

8.00

Porrocaecum ensicaudatum
Physocephalus sexalatus”
Polymorphus minutus

27.60 83

96.67

2-88
3-269

112

13.9

7.67 0.64

4-11

8.3

8.06

Acanthocephala

3.11

112.00

2.8

Pomphorhynchus laevis®

1-2 2.25 0.25

11.1

Echinorhynchus truttae

N (raccoons per state):36.

@ New for Raccoons in Europe.
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The identified parasite species I. melis (BB, ST), H. erinacei (BB), P.
sexalatus (HE), and P. laevis (HE) were documented for the first time in
Europe for raccoons in this study.

3.2. Stomach contents

Morphological and genetic stomach content analyses revealed a
diverse food composition in the study areas with a significant predation
on amphibians and reptiles (Table 1).

Stomach contents Hessen (Fig. 3, Table 3): In the study area, the
amphibian species grass frog (Rana temporaria), common toad (Bufo
bufo), and the reptile species grass snake (Natrix natrix) were genetically
and morphologically identified. Rainbow trout (Oncorhynchus mykiss)
was determined as a fish species, and the bird species common starling
(Sturnus vulgaris), common magpie (Pica pica), song thrush (Turdus
philomelos), Eurasian blue tit (Cyanistes caeruleus), and chicken (Gallus
gallus) were unequivocally determined. Genetic identification of insects
was conducted for cockchafer (Melolontha melolontha), carrion beetle
(Phosphuga atrata) and for mammals for European rabbit (Oryctolagus
cuniculus). Gastropoda species Roman snail (Helix pomatia) and Mon-
achoides incarnatus were identified. Morphologically, the yellow-bellied
toad (Bombina variegata) and common newt (Lissotriton vulgaris) were
determined for amphibians. Carabid beetles of the genus Carabus, dung
beetles of the genus Geotrupes, and gastropods of the genera Cepaea and
Lymnaea were identified among insects. Fragments of a thoracic bone
from the family Astacidae were determined as well as specimens of
Gammarus spp.

Stomach contents Saxony-Anhalt (Fig. 3, Table 3): Genetic evidence
was obtained for the bird species common wood pigeon (Columba pal-
umbus) and the insect species carrion beetle (Phosphuga atrata) and
devil’s coach-horse beetle (Ocypus olens) in the study area. Carabid
beetles of the genus Carabus, dung beetles of the genus Geotrupes, and
gastropods of the genera Cepaea and Lymnaea were identified. Mussel
species of the genus Dreissena were morphologically determined.

Stomach contents Brandenburg (Fig. 3, Table 3): Genetic evidence
for amphibian species grass frog (Rana temporaria) and common toad
(Bufo bufo), bird species common starling (Sturnus vulgaris), and
mammal species common vole (Microtus arvalis) was obtained in the
study area. The insect species tapered drone fly (Eristalis pertinax) and
the gastropod species copse snail (Arianta arbustorum) and great rams-
horn (Planorbarius corneus) were genetically identified. Morphologi-
cally, the great diving beetle (Dytiscus marginalis), gastropod species of
the genera Cepaea and Lymnaea, and carabid beetles of the genus Car-
abus and dung beetles of the genus Geotrupes were also identified as
components of the diet. Fragments of a thoracic bone from the family
Astacidae were also determined.

The measured and calculated values of the food components are
listed in Table 3.

4. Discussion
4.1. Food composition and population threat from raccoons

The decline of endangered species is multifactorial and needs to be
assessed in relation to anthropogenically influenced habitat quality,
occurring pathogens, and predation pressure (e.g., Diaz et al., 2019;
Leclere et al., 2020; Pysek et al., 2020). In anthropogenically shaped
landscapes, targeted predation of sensitive species by non-native car-
nivores adds another factor, which can lead to severe consequences and
local extinctions for local populations of endangered species (Ellis et al.,
2007; Nehring, 2018; Oe et al., 2020). In this context, amphibians are
among the most threatened vertebrate classes (Stuart et al., 2004;
Gonzalez-Del-Pliego et al., 2019; Akcakaya et al., 2023) and represent a
particularly complex challenge for conservation due to various reasons.
Conservation measures for amphibians often focus on preserving pop-
ulations in remaining and often genetically isolated habitats. However,
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Fig. 2. Light micrographs of different endoparasite species showing the general morphology of the identified parasites in the investigated raccoons; A/B: Isthmio-
phora melis; C: Brachylaima mesostoma; D: Echinorhynchus truttae; E/F: Polymorphus minutus; G: Hymenolepis erinacei; H: Physocephalus sexalatus.
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Fig. 3. Depiction of the Frequency of occurrence (F%) of prey from surveyed raccoons, Percentages mean: “Prey category found in XX% of raccoon stomachs”.

the interaction of individual habitat patches, serving as stepping stones,
is essential for the stabilization and long-term existence of respective
metapopulations of endangered amphibian populations (e.g. Stokes
et al., 2021). If these habitats are frequented by predators, changes in
abundance, retardation of distribution dynamics, or niche contractions
may result for prey species (Jeffries and Lawton, 1984; Sih et al., 1985).
Raccoons can significantly impair the dynamics and reproductive po-
tential at main and satellite habitats through large-scale predation,

thereby existentially endangering occurring amphibian and reptile
populations. The negative impacts of raccoon predation have already
been demonstrated through case studies (e.g., Wiistemann, 2002;
Schneeweif} and Breu, 2013; Egeter et al., 2015; Nehring, 2018; Oe et al.,
2020; Cichocki et al., 2021). The exponential growth of raccoon pop-
ulations and the effective exploitation of ecological niches in the study
areas, combined with their dietary habits, exacerbate the pressure on
occurrence-sensitive animal species (Nehring, 2018; Salgado, 2018;
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Table 3

Frequency of occurrence (F%) and weight percentage of prey (W%) from surveyed Procyon lotor (total N = 108 racoons: N = 36 Hesse, N = 36 Saxony-Anhalt, N = 36

Brandenberug).
Food type Frequency of Occurrence (F%) Weight percentage of prey (W%)

Hesse Saxony-Anhalt Brandenburg Hesse Saxony-Anhalt Brandenburg

Mammals 8.57 17.14 8.82 5.13 9.24 9.54
Microtus arvalis - - 2.94 - - 6.83
Muroidea indet. 5.71 17.14 5.88 1.47 9.24 2.71
Oryctologus cuniculus 2.86 - - 3.67 - -
Birds 22.86 11.43 8.82 3.07 1.11 2.03
Aves indet. 8.57 5.71 2.94 0.68 0.60 0.62
Columba palumbus - 5.71 - - 0.51 -
Cyanistes caeruleus 2.86 - - 0.46 - -
Gallus gallus 5.71 - - 0.34 - -
Pica pica 2.86 - - 0.78 - -
Sturnus vulgaris - - 5.88 - - 1.41
Turdus philomelos 2.86 - - 0.81 - -
Fish 2.86 - - 1.48 - -
Oncorhynchus mykiss 2.86 - - 1.48 - -
Amphibians 74.29 - 20.59 36.83 - 3.61
Bombina variegata 2.86 - - 2.10 - -
Bufo bufo 17.14 - 2.94 13.32 - 0.42
Lissotriton vulgaris 5.71 - - 1.81 - -
Rana temporaria 2.86 - 2.94 5.45 - 0.52
Rana spp 51.43 - 14.71 14.15 - 2.66
Reptiles 5.71 - 2.94 0.37 - 0.20
Natrix natrix 5.71 - 2.94 0.37 - 0.20
Gastropoda 31.42 34.29 26.47 1.94 9.94 5.48
Arianta arbustorum - - 2.94 - - 0.57
Cepaea spp 11.43 25.71 17.66 0.43 4.97 2.64
Dreissena polymorpha - 8.57 - - 4.97 -
Helix pomatia 2.86 - - 0.64 - -
Lymnea spp 17.14 - - 0.42 - -
Monachoides incarnatus 2.86 - - 0.45 - -
Planorbarius corneus - - 5.88 - - 2.27
Crustacea 5.71 - 8.82 0.35 - 1.53
Astacoidea indet. 2.86 - 8.82 0.33 - 1.53
Gammarus spp 2.86 - - 0.02 - -
Insects 57.14 31.43 58.82 4.84 4.80 5.62
Carabus spp. 28.57 22.86 47.06 2.37 3.14 3.15
Dytiscus marginalis - - 2.94 - - 0.65
Eristalis pertinax - - 5.88 - - 0.46
Geotrupes spp 20.00 - - 1.47 - -
Lepidoptera indet. - - 5.88 - - 1.36
Lithobius spp - 2.86 - - 0.26 -
Melolontha melolontha 2.86 - - 0.03 - -
Ocypus olens - 2.86 - - 1.31 -
Phosphuga atrata 5.71 2.86 - 0.97 0.08 -
Annelidae - 2.86 5.88 - 0.57 1.42
Fruit/Grain 31.43 40.00 67.65 25.28 73.95 63.19
Plant Matter 11.43 2.86 5.88 20.26 0.29 6.55
Mucus/Blood 5.71 2.86 8.82 0.44 0.11 0.83

Kochmann et al., 2021; Cunze et al., 2023).

The results of the present study clearly demonstrate (Table 3, Fig. 3)
that raccoons effectively utilize those food resources in the study areas
that are most abundant in the respective habitats at specific times,
confirming previous statements regarding the preference for prevalent
food resources (Stubbe and Krapp, 1993; Taulman and Williamson,
1994). The choice of habitat also seems closely linked to the availability
of food resources (Fiderer et al., 2019). For example, during the sam-
pling period in the Spessart study area in Hesse, over 400 skinned toads
were counted in 1 day at a surface water area of approximately 2000 m?.
This specialized hunting behavior and the preference for specific prey
confirm previous observations that raccoons can develop specialists
through traditional hunting behavior, which then favor certain food
resources and actively pursue them (Urban, 1970).

The results of the stomach content analysis show a preference for
predominantly animal food components depending on their relative and

temporal occurrence. In the Hessian study area, the Frequency of
Occurrence (F%) for amphibian food sources was determined to be
74.29%, clearly indicating seasonal adaptation to available food re-
sources. The majority of the raccoons studied in Hesse and Brandenburg
came from the spring and summer months, when the amphibians spawn
and are therefore most active. The fact that no amphibians were
detected as food organisms in Saxony-Anhalt may be due to the fact that
no or only very few amphibians are present in the study area. This may
be due to habitat changes, climatic changes and the resulting less
favorable living conditions (Luedtke et al., 2023). Although other ani-
mal groups such as birds, small mammals, or gastropods are represented
in the diet spectrum of the examined raccoons in the three areas, am-
phibians were more abundant in Hesse and Brandenburg. The three
study areas in Hesse, Brandenburg, and Saxony-Anhalt are characterized
by their proximity to water bodies and the presence of numerous am-
phibians, confirming that raccoons primarily feed on the food resources
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available in an area at a given time of year. Accordingly, the impacts of
predation by raccoons in natural areas with extensive aquatic ecosys-
tems are not comparable to those in areas with a lower proportion of
water bodies and amphibian habitats, highlighting the necessity of local
studies.

4.2. Ectoparasites and diet-related endoparasitism

In total, five ectoparasitic species were identified among the 108
examined raccoons from the three study areas. The raccoon louse Tri-
chodectes octomaculatus (ST: prevalence = 63.9%, HE: prevalence =
86.1%, BB: prevalence = 44.4%) was the most commonly found ecto-
parasite species and was identified in all three areas. The high preva-
lence of this species was expected since T. octomaculatus is specific to
raccoons and was introduced to Europe with them from their native
range (Haitlinger and fupicki, 2009). The badger flea Paraceras melis
was detected in Saxony-Anhalt and Hesse. This flea primarily infests the
European badger but can also be transmitted to other mammals
(Ancillotto et al., 2014). Additionally, the tick species Ixodes ricinus was
found in all three study areas. Other identified tick species included the
hedgehog tick I. hexagonus (HE) and the marsh tick Dermacentor retic-
ulatus (ST, BB). All ectoparasite species identified here are already
known to be part of the parasite fauna of raccoons in Germany and
Europe.

The effective utilization of different animal food components is re-
flected in the prevalence of specific endoparasites (Tables 2 and 3).
Many metazoan parasite species require specific intermediate hosts for
their life cycle to reach the definitive host through the food chain. The
presence of such parasites in the examined host is an indication of the
organisms from which the animal must have fed. Compared to stomach
content and fecal analysis as short-term snapshots, the analysis of diet-
related parasite infection provides additional interpretative assistance
to derive recommendations for nature conservation and health-related
management measures (Fig. 4).

Compared to previous studies on the metazoan parasite fauna of
raccoons from Germany (Priemer and Lux, 1994; Lux and Priemer,
1995; Gey, 1998; Renteria-Solis, 2015; Michler, 2017), recent research

Metacercaria

Scarabaeidae

International Journal for Parasitology: Parasites and Wildlife 24 (2024) 100935

shows that the parasite and pathogen diversity of raccoons is increasing
(Keller et al., 2022; Langner et al., 2022; Peter et al., 2023). Evidence of
the expanding parasite fauna of raccoons is also confirmed by studies in
the European context (Karamon et al., 2014; Cybulska et al., 2018; Pirog
et al., 2018; Duscher et al., 2020; Romeo et al., 2021; Lombardo et al.,
2022).

In the present study, the core species in the Hessian study area was
the human-pathogenic nematode species Baylisascaris procyonis (Kaza-
cos, 2016; French et al., 2019) with very high prevalence rates (P =
91.7%). In the study by Peter et al. (2023), a Baylisascaris infection of
raccoons in an adjacent study area in Hesse was determined with a
prevalence value of P = 95% (N = 234). This nematode species was also
identified in 88.9% of the raccoons examined in the Saxony-Anhalt
study area. The prevalence of B. procyonis in the Brandenburg study
area was significantly lower at P = 19.4%. Among the over 120 possible
intermediate hosts of this parasite are birds and smaller mammals
(Kazacos, 2001), which are also natural food resources for raccoons
(Stubbe and Krapp, 1993). Shared latrines are suspected as the main
route of infection, which can also be visited by potential intermediate
hosts (Page et al., 1998, 2016; Kazacos, 2001; Roussere et al., 2003).
Eggs of B. procyonis are excreted with raccoon feces and can survive in
the environment for several years (Kazacos, 2001) until they are
ingested by a potential host and can continue their development.
Especially in urban and agricultural areas where adaptable raccoons
utilize anthropogenic food resources, they reach increasingly higher
population densities. Consequently, there can be an increasing risk of
infection for humans as well as domestic, livestock, and wild animals
with the raccoon roundworm B. procyonis in these areas (French et al.,
2019, 2022; Peter et al., 2023). The distribution of B. procyonis will
further increase with the rising raccoon populations, which can also be
accelerated by the presence of suitable intermediate hosts (Kazacos,
2001; Peter et al., 2023). Future studies should also consider the infec-
tion dynamics in potential intermediate hosts.

Furthermore, L3 larvae of the nematode species P. ensicaudatum were
found in Hesse (P = 13.9%), Sachsen-Anhalt (P = 16.7%), and Bran-
denburg (P = 27.8%). This species mainly parasitizes the small intestine
of birds (Borgsteede et al., 2003). The genus Porrocaecum is the only

Metacercaria

Metacercaria

Fig. 4. Presentation of 4 parasite species not found in the original habitat of raccoons (Brachylaima mesostoma, Euryhelmis squamula, Physocephalus sexalatus, Isth-
miophora melis), their lifecycles and how the raccoon takes over the role as final host within the new environment. IH = Intermediate host, L = larval stage.
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genus of autochthonous bird parasites within the Ascaridoidea that can
be transmitted to mammals (Osche, 1959; Anderson, 2000; Borgsteede
et al., 2003). According to Levin (1961) and Anderson (2000), earth-
worms or bird species of the genera Sturnus and Turdus can serve as
intermediate hosts in the life cycle of P. ensicaudatum. A likely infection
with P. ensicaudatum through intermediate hosts from the family Lum-
bricidae can also be inferred from Wharton’s (1979) studies, which
found gravid female P. ensicaudatum in the small intestine of Corvus
frugilegus. However, in mammals such as raccoons, this parasite does not
develop further but remains free in the intestinal lumen (Osche, 1959).
This is also evident in this study, as this parasite was freely detected in
the small and large intestines, and partially in the stomach of infected
animals. Stomach content analyses indicate that in an infection with P.
ensicaudatum, bird components were detected in the stomach and in-
testinal tract. However, the nutritional ecological calculation of avi-
faunistic food resources ranks the importance of birds as secondary
during the investigated season in the three study areas (Table 3, Fig. 3).

Physocephalus sexalatus is a first record for raccoons in Europe and
was only identified in the Hessian study area (P = 13.9%). This species
uses beetles from the family Geotrupidae as intermediate hosts, and wild
boars serve as definitive hosts, where infection can lead to spiruridosis
(Pav et al., 1972; Chowdhury, 2001). This suggests that the infected
raccoons have utilized Coleoptera as a food resource. This is confirmed,
especially in one examined raccoon, where 42 individuals of P. sexalatus
were identified in the intestinal tract and simultaneously 26 beetle in-
dividuals were detected. The absence of individuals of P. sexalatus in
both Brandenburg and Sachsen-Anhalt is likely because the raccoon is
not an established host of this parasite and had not been identified until
this study.

The second most common endoparasite (Hesse P = 33.3 %, Saxony-
Anhalt P = 22.2 %, Brandenburg P = 41.7 %) of raccoons in the present
study was the cestode species Atriotaenia incisa. The species has already
been detected as a small intestinal parasite in both badgers and raccoons
in Germany (Priemer and Lux, 1994; Peter et al., 2023). Not much is
known about the development cycle, possible intermediate hosts or
triggered diseases and symptoms, but Coleoptera serve as intermediate
hosts in another species of this genus (Gallati, 1959; Loos-Frank and
Zeyhle, 1982; Torres et al., 2001). However, the high infestation
numbers (max. Intensity 576 in Brandenburg) confirm the importance of
the raccoon as host and vector of this parasite.

Cestodes from the family Hymenolepididae are characterized by a
strictly stenoxenous host spectrum. The genus Hymenolepis is unique
among Hymenolepididae because its representatives parasitize hosts
from various orders such as Rodentia and Eulipotyphla (Vaucher, 1982;
Binkiene et al., 2019). Hymenolepis erinacei is another first record for
raccoons in Europe and was exclusively detected in the Brandenburg
study area (P = 2.8%) in this investigation. Hymenolepis erinacei is
considered a widely distributed parasite in European hedgehogs (Pfaffle
et al., 2014; Binkiene et al., 2019). In the life cycle of H. erinacei,
coprophagous insects such as dung beetles (Beck, 2007) and species
from the families Scarabaeidae and Silphidae serve as intermediate hosts
(Valkounova and Prokopic, 1980; Makarikov and Tkach, 2013; Binkiené
et al., 2019). Therefore, infection can only occur through predation by
raccoons on these intermediate or definitive hosts. However, explicit
statements are difficult due to the low infection rates.

Adult digenetic trematodes of the species Isthmiophora melis were
found in the Brandenburg (P = 30.6%) and Sachsen-Anhalt (P = 19.4%)
study areas. The high numbers of adult individuals (max. 566 in BB)
indicate the raccoon’s ecological use of intermediate hosts in the life
cycle of I. melis. In this context, the first intermediate host is the fresh-
water snail Lymnaea stagnalis, while numerous amphibians and fresh-
water fish serve as the second intermediate hosts. The list of definitive
hosts includes more than 30 species of vertebrates, including humans
(Radev et al., 2009; Hildebrand et al., 2015). The ecological in-
vestigations also suggest a possible raccoon infection through interme-
diate hosts of I. melis. In Brandenburg, the Frequency of Occurrence [F
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%] for amphibious food resources was determined to be 20.59%, and for
gastropods, it was 26.47%. Therefore, the studies confirm that the
examined raccoons utilize both gastropods and amphibians, which can
serve as intermediate hosts for this trematode species, as a food resource
and thus could become infected. Since raccoons can act as suitable
definitive hosts for I. melis, as confirmed by the discovery of gravid in-
dividuals of I. melis, the parasites may have accumulated in the intestinal
tract over a longer period, indicating a previous predation event, even
though no amphibians were detected as dietary components in
Saxony-Anhalt.

Brachylaima mesostoma was detected in two of the study areas with
low infestation rates (HE P = 8.3%, BB P = 8.3%). Similar to Isthmio-
phora melis, the life cycle of B. mesostoma involves two intermediate
hosts. Freshwater or land snails serve as the intermediate hosts, while
amphibians, birds, mammals, and reptiles act as final hosts (Heneberg
et al., 2016; Gérard et al., 2020).

Euryhelmis squamula was exclusively identified in the Hesse study
area (P = 5.6%). This species also requires at least two intermediate
hosts during its life cycle. Freshwater snails of the Hydrobiidae family
serve as the first intermediate host, while various amphibians such as the
common frog Rana temporaria act as the second intermediate host (e.g.
Baer, 1932). It is already known that raccoons can serve as definitive
hosts (Peter et al., 2023). The infestation here is also solely explained by
the predation of infected intermediate hosts.

Adult Acanthocephala of the species Pomphorhynchus laevis (P =
2.8%) were only detected in the Hesse study area. Polymorphus minutus
was identified in both Hesse and Saxony-Anhalt with a prevalence of P
= 8.3%. Both species were found freely in the gastrointestinal tract as
well as anchored in the intestinal wall. Adult P. minutus parasitize the
intestines of various waterfowl, while P. laevis is a typical fish parasite.
Both parasite species utilize amphipods and fish as intermediate hosts
(Romanovski, 1964; Itdmies et al., 1980; Gaillard et al., 2004; Koch-
mann et al., 2023). The presence of both parasite species in the exam-
ined raccoons suggests that they must have preyed on infected
amphipods, waterfowl, or fish in the study areas, even if no direct evi-
dence of such species was found in the stomach or intestine, except for
the rainbow trout Oncorhynchus mykiss in Hesse (Table 3) (Itamies et al.,
1980; Pirog et al., 2018). Gammarus spp. was detected as a food resource
in raccoons infected with P. laevis.

Adult Acanthocephala of the species Echinorhynchus truttae were
exclusively identified in Saxony-Anhalt (P = 11.1%). Various salmonids
are known as definitive hosts for E. truttae, while amphipods are also
used as intermediate hosts (Awachie, 1966). This suggests that the
raccoons’ intake and infection occurred through cystacanth-infected
amphipods or predation of fish. However, no corresponding food com-
ponents were detected in any of the infected raccoons at the time of
examination. Nonetheless, the infection indicates a previous predation
event.

Comparing the three study areas, it was shown in the present study
that the same parasite fauna and food components could be identified,
albeit with varying frequencies. The observed parasite fauna is similar to
that of recent related studies (Biedrzycka et al., 2020; Peter et al., 2023),
but shows that there are still gaps in knowledge about parasites that can
be harbored by raccoons. All study areas are characterized by the
presence of water bodies and amphibians. The assumption that raccoons
mainly prey on these sensitive animal species, as they are sufficiently
available at certain times of the year, can be supported by both stomach
content and fecal examinations, as well as by the analysis of the parasite
fauna. In order to protect endangered native animal species, it will be
necessary in the future to identify special management measures in
certain areas to minimize the impact of raccoons on native fauna and
ecosystems.

4.3. Conclusions

Through the examination of raccoons from three different natural
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and water-adjacent areas in Hesse, Saxony-Anhalt and Brandenburg,
nutritional ecology and parasitism could be correlated. The effective
utilization of various animal food components is reflected in the prev-
alences of the identified endoparasites. The specific metazoan parasite
species require certain intermediate hosts for their life cycle to reach the
definitive host through the food chain. If such parasites can be detected
in the examined host, this is an indication of how the animal must have
been feeding. The results of this study confirm that raccoons can indeed
be responsible for the decline of various sensitive native species. For
example, stomach content and fecal analyses revealed amphibian food
components in 74.29% of the examined raccoons in Hesse. It also be-
comes clear that the presence of parasites should be used to interpret
predation events in such studies, in order to explain more distant pre-
dation events. In the 108 examined raccoons from the three study areas,
a total of 16 parasite species (5 ecto-, 11 endoparasite species) could be
identified, of which at least three utilize amphibians as intermediate
hosts, thus indicating that raccoon infection can only be explained by
predation on these hosts. The detection of the parasite species Hyme-
nolepis erinacei, Physocephalus sexalatus and Pomphorhynchus laevis ex-
pands the known parasite fauna of raccoons from previous studies in
other regions of Central Europe and Germany. The fact that the spread of
raccoons in Germany and Europe does not seem to be complete yet,
partly due to their high adaptability and omnivorous diet, is confirmed
in part by the new parasite findings, indicating that raccoons are
increasingly integrating into new areas. On the other hand, this means
that sensitive native animal species could continue to be increasingly
threatened by raccoon predation in the future as they inhabit new areas,
where, for example, very small, local populations of native species
occur. Furthermore, it is necessary to establish management measures
for raccoons in areas where rare species occur in order to ensure the
overarching nature conservation objective of “conservation of endan-
gered species”.

Funding

The present study was financially supported by the German Federal
Environmental Foundation (Deutsche Bundesstiftung Umwelt - DBU
35524/01-43) and the Uniscientia Foundation (project number P
180-2021).

Declaration of competing interest
The authors declare no competing interests.
CRediT authorship contribution statement

Norbert Peter: Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Validation, Writing — original draft, Fund-
ing acquisition. Anna V. Schantz: Conceptualization, Investigation,
Validation, Writing — review & editing, Formal analysis, Methodology,
Data curation. Dorian D. Dorge: Conceptualization, Project adminis-
tration, Software, Supervision, Validation, Visualization, Writing — re-
view & editing, Funding acquisition. Anne Steinhoff: Data curation,
Formal analysis, Investigation, Methodology. Sarah Cunze: Methodol-
ogy, Software, Validation, Visualization. Ajdin Skaljic: Investigation,
Software, Validation. Sven Klimpel: Conceptualization, Funding
acquisition, Project administration, Resources, Supervision, Validation,
Writing — review & editing.

Acknowledgments

We thank all cooperation members of the ZOWIAC Project for the
acquisition of samples as well as support for planning the sampling
strategies. On behalf of all participating hunters, we would like to ex-
press our special thanks to Timo Spaniol, Rudolf Ziegler, Karl-Adam Vey,
Andreas Schafer, Peter Ehrhorn and Holger Galonska for sampling.

11

International Journal for Parasitology: Parasites and Wildlife 24 (2024) 100935

References

Akcakaya, H.R., Neam, K., Hobin, L., Lotters, S., Martel, A., Pasmans, F., 2023. Assessing
the extinction risks of amphibians impacted by infectious diseases. Biol. Conserv.
284, 110205.

Ancillotto, L., Mazza, G., Menchetti, M., Mori, E., 2014. Host specificity of the badger’s
flea (Paraceras melis) and first detection on a bat host. Parasitol. Res. 113,
3909-3912.

Anderson, R.C. (Ed.), 2000. Nematode Parasites of Vertebrates: Their Development and
Transmission, second ed. CABI, Wallingford, Oxon, UK, New York, NY, p. 650.
Anderson, R.C., Chabaud, A.G., Willmott, S., 2009. Keys to the Nematode Parasites of

Vertebrates: Archival Volume. CAB International, Wallingford (UK), p. 463.

Awachie, J.B., 1966. The development and life history of Echinorhynchus truttae Schrank,
1788 (Acanthocephala). J. Helminthol. 40, 11-32.

Baer, J., 1932. Contribution a la faune helminthologique de Suisse. II. Revue suisse Zool.
39, 1-56.

Beasley, J.C., Rhodes, O.E., 2008. Relationship between raccoon abundance and crop
damage. Hum. Wildl. Confl. 2, 248-259.

Beck, W., 2007. Endoparasiten beim igel. Wien Klin. Wochenschr. 119, 40-44.
Biedrzycka, A., Popiotek, M., Zalewski, A., 2020. Host-parasite interactions in non-native
invasive species are dependent on the levels of standing genetic variation at the

immune locus. BMC Evol. Biol. 20, 43.

Binkiene, R., Miliute, A., Stunzénas, V., 2019. Molecular data confirm the taxonomic
position of Hymenolepis erinacei (Cyclophyllidea: Hymenolepididae) and host
switching, with notes on cestodes of Palaearctic hedgehogs (Erinaceidae).

J. Helminthol. 93, 195-202.

Borgsteede, F., Okulewicz, A., Zoun, P., Okulewicz, J., 2003. The helminth fauna of birds
of prey (Accipitriformes, Falconiformes and Strigiformes) in The Netherlands. Acta
Parasitol. 48, 200-207.

Brinck-Lindroth, G., Smit, F.G.A.M., 2007. The Fleas (Siphonaptera) of Fennoscandia and
Denmark. Brill, Leiden, p. 185.

Chinery, M., 1993. Pareys Buch der Insekten: Ein Feldfiihrer der europaischen Insekten,
second ed. Parey, Hamburg, Berlin, p. 328.

Chowdhury, N. (Ed.), 2001. Helminths of Wildlife. Science Publ, Enfield, NH, p. 514.

Cichocki, J., Wazna, A., Bator-Kocol, A., Lesinski, G., Grochowalska, R., Bojarski, J.,
2021. Predation of invasive raccoon (Procyon lotor) on hibernating bats in the
Nietoperek reserve in Poland. Mamm. Biol. 101, 57-62.

Clavero, M., Brotons, L., Pons, P., Sol, D., 2009. Prominent role of invasive species in
avian biodiversity loss. Biol. Conserv. 142, 2043-2049.

Cunze, S., Klimpel, S., Kochmann, J., 2023. Land cover and climatic conditions as
potential drivers of the raccoon (Procyon lotor) distribution in North America and
Europe. Eur. J. Wildl. Res. 69, 62.

Cybulska, A., Skopek, R., Kornacka, A., Popiotek, M., Pir6g, A., Laskowski, Z.,
Moskwa, B., 2018. First detection of Trichinella pseudospiralis infection in raccoon
(Procyon lotor) in Central Europe. Vet. Parasitol. 254, 114-119.

Dawes, B., 1968. The Trematoda: with Special Reference to British and Other European
Forms. University Press, Cambridge, p. 644.

Demeny, K., McLoon, M., Winesett, B., Fastner, J., Hammerer, E., Pauli, J.N., 2019. Food
subsidies of raccoons (Procyon lotor) in anthropogenic landscapes. Can. J. Zool. 97,
654-657.

Diaz, S., Settele, J., Brondizio, E.S., Ngo, H.T., Agard, J., Arneth, A., Balvanera, P.,
Brauman, K.A., Butchart, S.H.M., Chan, K.M.A., Garibaldi, L.A., Ichii, K., Liu, J.,
Subramanian, S.M., Midgley, G.F., Miloslavich, P., Molnar, Z., Obura, D., Pfaff, A.,
Polasky, S., Purvis, A., Razzaque, J., Reyers, B., Chowdhury, R.R., Shin, Y.-J.,
Visseren-Hamakers, 1., Willis, K.J., Zayas, C.N., 2019. Pervasive human-driven
decline of life on Earth points to the need for transformative change. Science. 366,
1327.

Doanh, P.N., Hoa, L.T.K., Hien, H.V., Chinh, N.N., Phuc, P.T.H., Lan, N.T.K., 2023.
Larvae of Spirocerca lupi and another spirurid species in the same dung beetles: notes
on species identification. J. Helminthol. 97, e23.

Doherty, T.S., Glen, A.S., Nimmo, D.G., Ritchie, E.G., Dickman, C.R., 2016. Invasive
predators and global biodiversity loss. Proc. Natl. Acad. Sci. USA 113, 11261-11265.

Duenas, M.A., Ruffhead, H.J., Wakefield, N.H., Roberts, P.D., Hemming, D.J., Diaz-
Soltero, H., 2018. The role played by invasive species in interactions with
endangered and threatened species in the United States: a systematic review.
Biodivers. Conserv. 27, 3171-3183.

Duenas, M.A., Hemming, D.J., Roberts, A., Diaz-Soltero, H., 2021. The threat of invasive
species to IUCN-listed critically endangered species: a systematic review. Glob. Ecol.
Conserv. 26, e01476.

Duscher, G.G., Frantz, A.C., Kuebber-Heiss, A., Fuehrer, H.-P., Heddergott, M., 2020.

A potential zoonotic threat: first detection of Baylisascaris procyonis in a wild raccoon
from Austria. Transbound Emerg. Dis. 68, 3034-3037.

Egeter, B., Bishop, P.J., Robertson, B.C., 2015. Detecting frogs as prey in the diets of
introduced mammals: a comparison between morphological and DNA-based diet
analyses. Mol. Ecol. Resour. 15, 306-316.

Ellis, J.C., Shulman, M.J., Jessop, H., Suomala, R., Morris, S.R., Seng, V., Wagner, M.,
Mach, K., 2007. Impact of raccoons on breeding success in large colonies of great
black-backed gulls and herring gulls. Waterbirds 30, 375-383.

Engelmann, W.-E., Fritsche, J., Glinther, R., Obst, F.J. (Eds.), 1986. Lurche und
Kriechtiere Europas, p. 420. Stuttgart.

Falaschi, M., Melotto, A., Manenti, R., Ficetola, G.F., 2020. Invasive species and
Amphibian conservation. Herpetologica 76, 216-227.

Fiderer, C., Gottert, T., Zeller, U., 2019. Spatial interrelations between raccoons (Procyon
lotor), red foxes (Vulpes vulpes), and ground-nesting birds in a Special Protection Area
of Germany. Eur. J. Wildl. Res. 65, 14.



N. Peter et al.

Folmer, O., Black, M., Hoeh, W., Lutz, R., Vrijenhoek, R., 1994. DNA primers for
amplification of mitochondrial cytochrome c oxidase subunit I from diverse
metazoan invertebrates. Mol. Mar. Biol. Biotechnol. 3, 294-299.

French, S.K., Pearl, D.L., Peregrine, A.S., Jardine, C.M., 2019. Baylisascaris procyonis
infection in raccoons: a review of demographic and environmental factors
influencing parasite carriage. Vet. Parasitol.: Reg. Stud. Rep. 16, 100275.

French, S.K., Pearl, D.L., Sutton, W.B., Peregrine, A.S., Jardine, C.M., 2022.
Environmental factors associated with Baylisascaris procyonis infection from a
population of raccoons in Toronto, Ontario, Canada. Urban Ecosyst. 25, 691-703.

Gaillard, M., Juillet, C., Cézilly, F., Perrot-Minnot, M.-J., 2004. Carotenoids of two
freshwater amphipod species (Gammarus pulex and G. roeseli) and their common
acanthocephalan parasite Polymorphus minutus. Comp. Biochem. Physiol. B Biochem.
Mol. Boil. 139, 129-136.

Gallati, W.W., 1959. Life history, morphology and taxonomy of Atriotaenia (Ershovia)
procyonis (Cestoda: linstowiidae), a parasite of the raccoon. J. Parasitol. 45,
363-377.

Gérard, C., Ansart, A., Decanter, N., Martin, M.C., Dahirel, M., 2020. Brachylaima spp.
(Trematoda) parasitant Cornu aspersum (Gastropoda) en France et risque potentiel
pour la consommation humaine. Parasite 27, 15.

Gey, A., 1998. Synopsis der Parasitenfauna des Waschbaren (Procyon lotor) unter
Beriicksichtigung von Befunden aus Hessen: Inaugural-Dissertation zur Erlangung
des Doktorgrades beim Fachbereich Veterinarmedizin der Justus-Liebig-Universitat
GiefBen. GieBen.

Gonzélez-Del-Pliego, P., Freckleton, R.P., Edwards, D.P., Koo, M.S., Scheffers, B.R.,
Pyron, R.A., Jetz, W., 2019. Phylogenetic and trait-based prediction of extinction
risk for data-deficient Amphibians. Curr. Biol. 29, 1557-1563.

Haitlinger, R., Lupicki, D., 2009. Arthropods (Acari, Mallophaga, Siphonaptera)
Collected from.

Haubrock, P.J., Turbelin, A.J., Cuthbert, R.N., Novoa, A., Taylor, N.G., Angulo, E.,
Ballesteros-Mejia, L., Bodey, T.W., Capinha, C., Diagne, C., Essl, F., Golivets, M.,
Kirichenko, N., Kourantidou, M., Leroy, B., Renault, D., Verbrugge, L.,
Courchamp, F., 2021. Economic costs of invasive alien species across Europe.
NeoBiota 67, 153-190.

Hebert, P.D.N., Stoeckle, M.Y., Zemlak, T.S., Francis, C.M., 2004. Identification of birds
through DNA barcodes. PLoS Boil 2, e312.

Heneberg, P., Sitko, J., Bizos, J., 2016. Molecular and comparative morphological
analysis of central European parasitic flatworms of the superfamily Brachylaimoidea
Allison, 1943 (Trematoda: plagiorchiida). Parasitology 143, 455-474.

Hildebrand, J., Adamczyk, M., Laskowski, Z., Zalesny, G., 2015. Host-dependent
morphology of Isthmiophora melis (Schrank, 1788) Luhe, 1909 (Digenea,
Echinostomatinae) - morphological variation vs. molecular stability. Parasites
Vectors 8, 481.

HMUKLYV, 2015. In: Atlas der Fische Hessens: Verbreitung der Rundmauler, Fische,
Krebse und Muscheln. Hess. Ministerium fiir Umwelt, Klimaschutz, Landwirtschaft
und Verbraucherschutz, Wiesbaden, p. 496.

Hohmann, U., 2000. Raumnutzung und Sozialsystem des Waschbaren in
Mitteldeutschland. Infodienst Wildbiologie & Oekologie.

Hohmann, U., Bartussek, I. (Eds.), 2018. Der Waschbdr, fourth ed. Oertel + Sporer,
Reutlingen, p. 200.

Itamies, J., Valtonen, E., Fagerholm, H.P., 1980. Polymorphus minutus (Acanthocephala)
infestation in eiders and its role as a possible cause of death. Ann. Zool. Fenn. 17,
285-289.

Janicki, C., 1904. Zur kenntnis einiger saugetiercestoden. Zool. Anz. 27, 770-782.

Jeffries, M.J., Lawton, J.H., 1984. Enemy free space and the structure of ecological
communities. Biol. J. Linn. Soc. 23, 269-286.

Jones, R., Cable, J., Bruford, M.W., 2008. An evaluation of non-invasive sampling for
genetic analysis in northern European reptiles. Herpetol. J. 18, 32-39.

Karamon, J., Kochanowski, M., Cencek, T., Bartoszewicz, M., Kusyk, P., 2014.
Gastrointestinal helminths of raccoons (Procyon lotor) in western Poland (Lubuskie
province) - with particular regard to Baylisascaris procyonis. Bull. Vet. Inst. Pulawy
58, 547-552.

Kazacos, K.R., 2001. Baylisascaris procyonis and related species. Parasitic diseases of wild
mammals 2, 301-341.

Kazacos, K.R., 2016. Baylisascaris Larva Migrans, vol. 1412. US Geological Survey
circular.

Keller, M., Peter, N., Holicki, C.M., Schantz, A.V., Ziegler, U., Eiden, M., Dorge, D.D.,
Vilcinskas, A., Groschup, M.H., Klimpel, S., 2022. SARS-CoV-2 and west nile virus
prevalence studies in raccoons and raccoon dogs from Germany. Viruses 14, 2559.

Kerney, M.P., Riley, G., Cameron, R.A.D., Kerney, M.P., Jungbluth, J.H., Cameron, R.A.
D. (Eds.), 1983. Die Landschnecken Nord- und Mitteleuropas: Ein Bestimmungsbuch
fiir Biologen und Naturfreunde. Parey, Hamburg, p. 384.

Kleinertz, S., Klimpel, S., Palm, H.W., 2012. Parasite communities and feeding ecology of
the European sprat (Sprattus sprattus L.) over its range of distribution. Parasitol. Res.
110, 1147-1157.

Klimpel, S., Kuhn, T., Miinster, J., Dorge, D.D., Klapper, R., Kochmann, J., 2019.
Parasites of Marine Fish and Cephalopods: A Practical Guide. Springer International
Publishing, Cham, p. 169.

Kochmann, J., Cunze, S., Klimpel, S., 2021. Climatic niche comparison of raccoons
Procyon lotor and raccoon dogs Nyctereutes procyonoides in their native and non-
native ranges. Mamm Rev. 51, 585-595.

Kochmann, J., Laier, M., Klimpel, S., Wick, A., Kunkel, U., Oehlmann, J., Jourdan, J.,
2023. Infection with acanthocephalans increases tolerance of Gammarus roeselii
(Crustacea: Amphipoda) to pyrethroid insecticide deltamethrin. Environ. Sci. Pollut.
Res. 30, 55582-55595.

12

International Journal for Parasitology: Parasites and Wildlife 24 (2024) 100935

Langner, T., Hamedy, A., Wellner, H., Johne, A., Mayer-Scholl, A., Birka, S., 2022. First
detection of Trichinella spiralis in raccoon (Procyon lotor) in Germany. Vet. Parasitol.
Reg. Stud. Reports 36, 100800.

Laurimaa, L., Siild, K., Davison, J., Moks, E., Valdmann, H., Saarma, U., 2016. Alien
species and their zoonotic parasites in native and introduced ranges: the raccoon dog
example. Vet. Parasitol. 219, 24-33.

Leclere, D., Obersteiner, M., Barrett, M., Butchart, S.H.M., Chaudhary, A., Palma, A. de,
DeClerck, F.A.J., Di Marco, M., Doelman, J.C., Diirauer, M., Freeman, R.,

Harfoot, M., Hasegawa, T., Hellweg, S., Hilbers, J.P., Hill, S.L.L., Humpendder, F.,
Jennings, N., Krisztin, T., Mace, G.M., Ohashi, H., Popp, A., Purvis, A., Schipper, A.
M., Tabeau, A., Valin, H., van Meijl, H., van Zeist, W.-J., Visconti, P., Alkemade, R.,
Almond, R., Bunting, G., Burgess, N.D., Cornell, S.E., Di Fulvio, F., Ferrier, S.,
Fritz, S., Fujimori, S., Grooten, M., Harwood, T., Havlik, P., Herrero, M., Hoskins, A.
J., Jung, M., Kram, T., Lotze-Campen, H., Matsui, T., Meyer, C., Nel, D., Newbold, T.,
Schmidt-Traub, G., Stehfest, E., Strassburg, B.B.N., van Vuuren, D.P., Ware, C.,
Watson, J.E.M., Wu, W., Young, L., 2020. Bending the curve of terrestrial
biodiversity needs an integrated strategy. Nature 585, 551-556.

Levin, N.L., 1961. Life history studies on Porrocaecum ensicaudatum (Nematoda), an avian
nematode. I. Experimental observations in the chicken. J. Parasitol. 47, 38-46.

Lombardo, A., Brocherel, G., Donnini, C., Fichi, G., Mariacher, A., Diaconu, E.L.,
Carfora, V., Battisti, A., Cappai, N., Mattioli, L., Liberato, C. de, 2022. First report of
the zoonotic nematode Baylisascaris procyonis in non-native raccoons (Procyon lotor)
from Italy. Parasites Vectors 15, 24.

Loos-Frank, B., Zeyhle, E., 1982. The intestinal helminths of the red fox and some other
carnivores in southwest Germany. Z. Parasitenkd. 67, 99-113.

Lucius, R., Loos-Frank, B., Lane, R.P., 2018. Biologie von Parasiten. Springer, Berlin
Heidelberg, Berlin, Heidelberg.

Luedtke, J.A., Chanson, J., Neam, K., et al., 2023. Ongoing declines for the world’s
amphibians in the face of emerging threats. Nature 622, 308-314.

Lutz, W., 1995. Occurrence and morphometrics of the raccoon Procyon lotor L. in
Germany. Ann. Zool. Fenn. 32, 15-20.

Lutz, W., 1996. The introduced raccoon Procyon lotor population in Germany. Wildl. Biol.
2, 228.

Lux, E., Priemer, J., 1995. Zur Parasitierung wildlebender Waschbaren unter dem Aspekt
ihrer nordamerikanischen Herkunft. Ver. Ber. Erkrg. Zootiere 37, 429-434.

Makarikov, A.A., Tkach, V.V., 2013. Two new species of Hymenolepis (Cestoda:
Hymenolepididae) from spalacidae and muridae (Rodentia) from eastern palearctic.
Acta Parasitol. 58, 37-49.

Michler, B.A., 2017. Koproskopische Untersuchungen zum Nahrungsspektrum des
Waschbiéren Procyon lotor (Linné, 1758) im Miiritz-Nationalpark (Mecklenburg-
Vorpommern) unter spezieller Beriicksichtigung des Artenschutzes und des
Endoparasitenbefalls. Dresden, Dissertation.

Mollot, G., Pantel, J.H., Romanuk, T.N., 2017. The effects of invasive species on the
decline in species richness. Adv. Ecol. Res. 56, 61-83.

Nehring, S., 2018. Warum der gebietsfremde Waschbar naturschutzfachlich eine invasive
Art ist-trotz oder gerade wegen aktueller Forschungsergebnisse. Nat. Landsch. 93,
453-461.

Neumann, R.O., Mayer, M., 1914. Atlas und Lehrbuch wichtiger tierischer Parasiten und
ihrer Ubertriger mit besonderer Beriicksichtigung der Tropenpathologie, fourth ed.
J.F. Lehmann’s Verlag, Miinchen.

Nugaraite, D., Mazeika, V., Paulauskas, A., 2017. Molecular and morphological
characterization of Isthmiophora melis (schrank, 1788) luhe, 1909 (Digenea:
Echinostomatidae) from American mink (Neovison vison) and European polecat
(Mustela putorius) in Lithuania. Helminthologia 54, 97-104.

Oe, S., Sashika, M., Fujimoto, A., Shimozuru, M., Tsubota, T., 2020. Predation impacts of
invasive raccoons on rare native species. Sci. Rep. 10, 20860.

Osche, G., 1959. In: Parasitenkd, Z. (Ed.), Uber Zwischenwirte, Fehlwirte und die
Morphogenese der Lippenregion bei Porrocaecum- und Contracaecum-Arten
(Ascaridoidea, Nematoda), vol. 19, pp. 458-484.

Page, L.K., Swihart, R.K., Kazacos, K.R., 1998. Raccoon latrine structure and its potential
role in transmission of Baylisascaris procyonis to vertebrates. Am. Midl. Nat. 140,
180-185.

Page, L.K., Delzell, D.A.P., Gehrt, S.D., Harrell, E.D., Hiben, M., Walter, E., Anchor, C.,
Kazacos, K.R., 2016. The Structure and seasonality of Baylisascaris procyonis
populations in Raccoons (Procyon lotor). J. Wildl. Dis. 52, 286-292.

Pav, J., Zbraslav, Zajicek, D., 1972. Epizootologie der Helminthen Ascarops strongylina
(Rud.) und Physocephalus sexalatus (Molin) bei Gatter-Schwarzwild (Sus scrofa L.).
Eur. J. Wildl. Res. 18, 6-15.

Peter, N., Dorge, D.D., Cunze, S., Schantz, A.V., Skaljic, A., Rueckert, S., Klimpel, S.,
2023. Raccoons contraband - the metazoan parasite fauna of free-ranging raccoons
in central Europe. Int. J. Parasitol. Wildl. 20, 79-88.

Peus, F., 1938. Die Flohe: Bau, Kennzeichen und Lebensweise, hygienische Bedeutung
und Bekampfung der fiir den Menschen wichtigen Floh-Arten. Schops, Leipzig.
Pfiffle, M., Cerna Bolfikova, B., Hulva, P., Petney, T., 2014. Different parasite faunas in
sympatric populations of sister hedgehog species in a secondary contact zone. PLoS

One 9, e114030.

Pirdg, A., Kusmierek, N., Popiotek, M., 2018. The occurrence of avian acanthocephalan
Polymorphus minutus (Goeze, 1782) in raccoons (Procyon lotor L.) introduced to
Europe. Ann. Parasitol. 64, 249-252.

Priemer, J., Lux, E., 1994. Atriotaenia incisa (Cestoda), a parasite of the badger, Meles
meles, and the raccoon, Procyon lotor, in Brandenburg, Germany. Can. J. Zool. 72,
1848-1853.

Pun, K.-M., Albrecht, C., Castella, V., Fumagalli, L., 2009. Species identification in
mammals from mixed biological samples based on mitochondrial DNA control
region length polymorphism. Electrophoresis 30, 1008-1014.



N. Peter et al.

Pysek, P., Hulme, P.E., Simberloff, D., Bacher, S., Blackburn, T.M., Carlton, J.T.,
Dawson, W., Essl, F., Foxcroft, L.C., Genovesi, P., Jeschke, J.M., Kiihn, I.,
Liebhold, A.M., Mandrak, N.E., Meyerson, L.A., Pauchard, A., Pergl, J., Roy, H.E.,
Seebens, H., van Kleunen, M., Vila, M., Wingfield, M.J., Richardson, D.M., 2020.
Scientists’ warning on invasive alien species. Biol. Rev. 95, 1511-1534.

Radev, V., Kanev, L., Khrusanov, D., Fried, B., 2009. Reexamination of the life cycle of
Isthmiophora melis (Trematoda: Echinostomatidae) on material from southeast
Europe. Parazitologiia 43, 445-453.

Renteria-Solis, Z., 2015. Disease occurrence in free-ranging raccoons (Procyon lotor) from
rural and urban populations in North-eastern Germany. Dissertation. mbv Mensch-
und-Buch-Verl 94. Berlin.

Romanovski, A., 1964. Life-cycle of Polymorphus minutus. Veterinariya 41, 40-41.

Romeo, C., Cafiso, A., Fesce, E., Martinez-Rondan, F.J., Panzeri, M., Martinoli, A.,
Cappai, N., Defilippis, G., Ferrari, N., 2021. Lost and found: helminths infecting
invasive raccoons introduced to Italy. Parasitol. Int. 83, 102354.

Roussere, G.P., Murray, W.J., Raudenbush, C.B., Kutilek, M.J., Levee, D.J., Kazacos, K.R.,
2003. Raccoon roundworm eggs near homes and risk for larva migrans disease,
California communities. Emerg. Infect. Dis. 9, 1516-1522.

Roy, H.E., Pauchard, A., Stoett, P., Renard Truong, T., Bacher, S., Galil, B.S., Hulme, P.E.,
Ikeda, T., Sankaran, K.V., McGeoch, M.A., Meyerson, L.A., Nufiez, M.A., Ordonez, A.,
Rahlao, S.J., Schwindt, E., Seebens, H., Sheppard, A.W., Vandvik, V., 2023. IPBES
invasive alien species assessment: summary for policymakers. https://doi.org/10.
5281/zenodo.7430692.

Salgado, 1., 2018. Is the raccoon (Procyon lotor) out of control in Europe? Biodivers.
Conserv. 27, 2243-2256.

Schaefer, M., Brohmer, P., Bohlken, H. (Eds.), 1994. Fauna von Deutschland: Ein
Bestimmungsbuch unserer heimischen Tierwelt, nineteenth ed. Quelle u. Meyer,
Heidelberg, Wiesbaden, p. 705.

SchneeweiB, N., Breu, H., 2013. Conservation activities for European pond turtles (Emys
orbicularis) in Germany. Herpetol. Notes 6, 113-115.

Schnieder, T., Boch, J., Supperer, R., Bauer, C. (Eds.), 2006. Veterinarmedizinische
Parasitologie, sixth ed. Parey, Stuttgart, p. 785.

Sedlag, U., 1986. Insekten Mitteleuropas. Enke, Stuttgart, p. 408.

13

International Journal for Parasitology: Parasites and Wildlife 24 (2024) 100935

Sih, A., Crowley, P., McPeek, M., Petranka, J., Strohmeier, K., 1985. Predation,
competition, and prey communities: a review of field experiments. Annu. Rev. Ecol.
Systemat. 16, 269-311.

Sprent, J.F., 1968. Notes on Ascaris and Toxascaris, with a definition of Baylisascaris gen.
nov. Parasitology 58, 185-198.

Stokes, D.L., Messerman, A.F., Cook, D.G., Stemle, L.R., Meisler, J.A., Searcy, C.A., 2021.
Saving all the pieces: an inadequate conservation strategy for an endangered
amphibian in an urbanizing area. Biol. Conserv. 262, 109320.

Stuart, S.N., Chanson, J.S., Cox, N.A., Young, B.E., Rodrigues, A.S.L., Fischman, D.L.,
Waller, R.W., 2004. Status and trends of amphibian declines and extinctions
worldwide. Science 306, 1783-1786.

Stubbe, M., Krapp, F., 1993. Handbuch der Saugetiere Europas: Raubsauger (Teil I). Aula
Verlag Gmbh, Wiesbaden.

Taulman, J.F., Williamson, J.H., 1994. Food preferences of captive wild raccoons,
Procyon lotor, from east Texas. Can. Field Nat. 108, 170-175.

Tkach, V.V., Littlewood, D.T.J., Olson, P.D., Kinsella, J.M., Swiderski, Z., 2003.
Molecular phylogenetic analysis of the microphalloidea ward, 1901 (trematoda:
Digenea). Syst. Parasitol. 56, 1-15.

Torres, J., Miquel, J., Motjé, M., 2001. Helminth parasites of the eurasian badger (Meles
meles L.) in Spain: a biogeographic approach. Parasitol. Res. 87, 259-263.

Urban, D., 1970. Raccoon populations, movement patterns, and predation on a managed
waterfow]l marsh. J. Wildl. Manag. 34, 372-382.

Valkounova, J., Prokopic, J., 1980. Morphology of the cysticercoid of Hymenolepis
erinacei (gmelin, 1789). Folia Parasitol. 27, 53-57.

Vaucher, C., 1982. Considération sur la spécificite parasitaire des cestodes parasites de
mammiferes insectivores. Mémoires du Muséum National d’Histoire Naturelle,
Nouvelle Série, Série A. Zool. 123, 195-201.

Wharton, D.A., 1979. The structure of the egg-shell of Porrocaecum ensicaudatum
(Nematoda: ascaridida). Parasitol. Int. 9, 127-131.

Wiistemann, O., 2002. Amphibienverluste durch Waschbéren und Wildschweine im
Landkreis Wernigerode/Sachsen-Anhalt. Jahresschrift Feldherpetologie und
Ichthyofaunistik Sachsen 7, 157-169.

Zajicek, D., Pav, J., 1972. The intermediate hosts of Ascarops strongylina (rud.) and
Physocephalus sexalatus (molin) in bohemia. Folia Parasitol. 19, 121-127.



