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a b s t r a c t
The European wolf (Canis lupus) is a large carnivore species present in limited areas of Europe with several small populations still being considered as endangered. Wolves can be infected by a wide range
of protozoan and metazoan parasites with some of them affecting free-living wolf health condition. On
this account, an epidemiological survey was conducted to analyze the actual parasite fauna in Croatian
wild wolves. In total, 400 individual faecal samples were collected during ﬁeld studies on wolf ecology in the years 2002–2011. Parasite stages were identiﬁed by the sodium acetate acetic acid formalin
(SAF)-technique, carbolfuchsin-stained faecal smears and Giardia/Cryptosporidium coproantigen-ELISAs.
A subset of taeniid eggs-positive wolf samples was additionally analyzed by PCR and subsequent sequencing to identify eggs on Echinococcus granulosus/E. multilocularis species level. In total 18 taxa of parasites
were here detected. Sarcocystis spp. (19.1%) occurred most frequently in faecal samples, being followed
by Capillaria spp. (16%), ancylostomatids (13.1%), Crenosoma vulpis (4.6%), Angiostrongylus vasorum (3.1%),
Toxocara canis (2.8%), Hammondia/Neospora spp. (2.6 %), Cystoisospora ohioensis (2.1%), Giardia spp. (2.1%),
Cystoisospora canis (1.8%), Cryptosporidium spp. (1.8%), Trichuris vulpis (1.5%), Taenia spp. (1.5%), Diphyllobothrium latum (1.5%), Strongyloides spp. (0.5%), Opisthorchis felineus (0.5%), Toxascaris leonina (0.3%),
Mesocestoides litteratus (0.3%) and Alaria alata (0.3%). Some of the here identiﬁed parasites represent
relevant pathogens for wolves, circulating between these carnivorous deﬁnitive hosts and a variety
of mammalian intermediate hosts, e. g. Taenia spp. and Sarcocystis spp., while others are considered
exclusively pathogenic for canids (e.g. A. vasorum, C. vulpis, T. vulpis, Cystoisospora spp.). This study provides ﬁrst records on the occurrence of the two relevant anthropozoonotic parasites, Giardia spp. and
Cryptosporidium spp., in wild wolves from Croatia.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
The European wolf (Canis lupus) used to be present in most
areas of Europe but during the 20th century it disappeared from
many European countries (Segovia et al., 2001; Stronen et al., 2011;
Szafranska et al., 2010). Nowadays, the wolf is only present in limited areas of Europe and respective populations are still considered
as seriously endangered (Guerra et al., 2013; Segovia et al., 2001).
Wolves in Croatia belong to the large stable Dinaric-Balkan population of calculated 3900 individuals (Kaczensky et al., 2012). In 1995,
when a residual population of only 30 animals was left, wolves
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became a protected species in Croatia. Nowadays its population has
slightly recovered from recent hunting and deforestation, and has
now re-settled in the mountainous regions of Lika, Gorski Kotar and
Dalmatia (Frkovic and Huber, 1992; Kusak et al., 2005). Currently,
the population ranges between 200 and 220 animals (Štrbenac
et al., 2010).
As large carnivores, wolves are natural hosts for a wide range
of gastrointestinal parasites, some of them with zoonotic potential such as Echinococcus spp. (Guerra et al., 2013; Ito et al., 2013;
Schurer et al., 2014) and Toxocara canis (Segovia et al., 2001;
Szafranska et al., 2010). So far, studies on wolf parasite infections were performed in Nearctic (Choquette et al., 1973; Custer
and Pence, 1981; Holmes and Podesta, 1968; Messier et al., 1989;
Samuel et al., 1978) and Palearctic regions (Craig and Craig, 2005;
Guberti et al., 1993; Ito et al., 2013; Papadopoulos et al., 1997;
Schurer et al., 2014; Shimalov and Shimalov, 2000) and para-
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sitoses are increasingly recognized for their profound inﬂuences
on individual or population health (Daszak et al., 2000; Hudson
et al., 2006). Furthermore, parasite-host interactions are shaped
by a multitude of factors, including host availability, parasite
community structure (Jolles et al., 2006; Telfer et al., 2010) and
environmental conditions (Biek and Real, 2010). Moreover, parasitoses are increasingly associated with human-modiﬁed ecological
transition zones (Despommier, 2007) and are of growing concern
for isolated wilderness reserves (Stronen et al., 2011). Parasitic
diseases can therefore severely reduce isolated populations even
within protected geographical areas (see Despommier et al., 2006;
Foreyt and Jessup, 1982; Leon-Vizcaino et al., 1999; Stronen et al.,
2011). As an example, mange due to Sarcoptes infestation is discussed to have substantial impacts on wolf populations in Spain
(Oleaga et al., 2011) as was also reported for red foxes (Vulpes
vulpes) (Al-Sabi et al., 2014; Nimmervoll et al., 2013).
Up to date, some investigations on wild wolf gastrointestinal
parasites have been performed in other European countries, such as
Belarus (Shimalov and Shimalov, 2000), Spain (Segovia et al., 2001),
Portugal (Guerra et al., 2013), Greece (Papadopoulos et al., 1997),
Italy (Guberti et al., 1993), Poland (Kloch et al., 2005; Szafranska
et al., 2010), Latvia (Bagrade et al., 2009) and Finland (Stronen
et al., 2013). Most investigations analyzed hunted or dead animals
(Eleni et al., 2014; Otranto et al., 2007, 2009; Segovia et al., 2001)
or animals kept in captivity (Andre et al., 2010; Erdelyi et al., 2014;
Szafranska et al., 2010). So far, a survey on trichinellosis (Beck et al.,
2009) and on visceral leishmaniosis (Beck et al., 2008) have been
performed in Croatian wolves. The present study aimed to identify gastrointestinal parasitoses of free-ranging and alive wolves
by analyzing a high number of individual scat samples focusing on
both helminths and protozoans. Furthermore, we considered the
role of these wild canids in the maintenance of synanthropic parasite cycles as discussed elsewhere (Guerra et al., 2013; Ito et al.,
2013; Schurer et al., 2014; Segovia et al., 2001).
2. Material and methods
2.1. Faecal samples and study area
In total 400 C. lupus scat samples were collected in 2002–2011
during ﬁeld studies on wolf ecology and behavior in the mountainous areas of Risnjak, Sniezik, Krasno, Paklenica, Suho, Snjeznik and
Nic (Gorski Kotar region, Croatia). All scat samples were immediately ﬁxed in 90% ethanol until further investigation. Fixed faecal
samples were thereafter shipped to the Institute of Parasitology,
Justus Liebig University Giessen, Germany, for further coproscopical analysis. Coproscopical analyses included the standard sodium
acetate acetic acid formalin (SAF) technique applying ethyl acetate
(Yang and Scholten, 1977; Young et al., 1979) for the detection
of parasite eggs, larvae, cysts, sporocysts and oocysts. In addition,
carbol-fuchsin- stained faecal smears according to Heine (1982)
were carried out for the detection of Cryptosporidium spp. oocysts.
Moreover, commercial coproantigen-ELISAs for the detection of
®
Giardia and Cryptosporidium infections (ProSpecT , Oxoid) were
performed. The total subset of samples being microscopically positive for taeniid eggs (n = 7) was further analyzed by PCR and
sequencing in order to identify taeniid eggs to Echinococcus granulosus/E. multilocularis species level.
2.2. DNA extraction from faecal samples
DNA was extracted from faecal samples using the QIAamp DNA
Stool Mini kit (Qiagen, Germany) following glass bead homogenization as described by Nunes et al. (2006). 1 g of ethanol-preserved
faecal samples was weighted into a 15 ml plastic tube, equilibrated
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in phosphate buffered saline at 4 ◦ C overnight, centrifuged and
resuspended in ASL extraction buffer using a glass rod. Then ∼30
glass beads of 4 mm diameter (Carl Roth, Germany) were added. The
sample was homogenized by horizontal vortexing (Vortex Genie 2
equiped with a 13000-V1-15 adapter, MO BIO Labs) and incubated
at 70 ◦ C for 15 min. 2 ml of this homogenate were transferred to a
reaction tube, incubated at 95 ◦ C for 10 min and after full speed
centrifugation (8000 x g, 10 min), and 1.2 ml of the supernatant
was further processed according to the manufacturers protocol by
adding the inhibitor tablet and extracting the DNA.

2.3. Polymerase chain reaction and sequencing
For the molecular characterization of taeniid egg-positive
samples, nested PCRs being speciﬁc for the mitochondrial
12S rDNA of E. multilocularis and E. granulosus sensu stricto
were performed according to Dinkel et al. (1998, 2011) and
Stefanić et al. (2004) with minor modiﬁcations. For the ﬁrst,
cyclophyllid-speciﬁc PCR a revised P60.short.for (according to
von Nickisch-Rosenegk et al., 1999; Dinkel et al., 1998) forward primer (EmgrrnSs: 5 - TGACAGGGATTAGATACCC-3 ) was
used in combination with the reverse primer P375.short.rev (5 TGACGGGCGGTGTGTACC-3 ; Dinkel et al., 2011). For the speciﬁc
nested PCRs we used the following primer combinations: E. multilocularis – Em-nest for (5 -GTGAGTGATTCTTGTTAGGGGAAGA-3 ,
Stieger et al., 2002; Dyachenko et al., 2008) and Pnest.rev. (5 ACAATACCATATTACAACAATATTCCTATC-3 , Dinkel et al., 1998); E.
granulosus – Eg1f (5 - CATTAATGTATTTTGTAAAGTTG-3 ) and Eg1r
(5 - CACATCATCTTACAATAACACC-3 , both Stefanić et al., 2004).
The PCR reaction was performed in a 25 l volume containing
2.5 l copro-DNA, 5 l 5x Hot FIREPol Blend master mix, 0.5 l
7.5 mM MgCl2 (Solis BioDyne, Tartu, Estonia), 0.25 l 10 mM BSA
and 0.5 l of each 10 M primer. Ampliﬁcation conditions for the
ﬁrst PCR were 15 95 ◦ C initial denaturation, followed by 35 cycles
of 15 95 ◦ C, 30 58 ◦ C and 30 72 ◦ C and a ﬁnal extension of
5 72 ◦ C. For the nested PCRs 1 l of the ﬁrst PCR was used at
62 ◦ C annealing for E. multilocularis and 58 ◦ C for E. granulosus.
For a further characterization of Echinococcus-negative samples,
a semi-nested cyclophyllid PCR with the forward primer Cest5
(5 -GCGGTGTGTACMTGAGCTAAAC-3 , Trachsel et al., 2007) and
P375.short.rev was run with annealing at 58 ◦ C. PCR amplicons
were gel-puriﬁed and sent to a commercial service (LGC Genomics,
Berlin, Germany) for direct sequencing. Sequences were analyzed
by BLAST search of the GenBank database.

3. Results
3.1. Wolves
A total of 400 individual wolf faecal samples were collected during the years 2002–2011. The spatial analysis of the tracking data
and the sample distribution revealed the presence of approximaltely 48 packs within the area of investigation. The wolf pack ranges
were estimated by telemetric analyses within the Gorski Kotar and
Dalmatia area (Kusak et al., 2005). Pack territories consisted mainly
of mountainous mixed and coniferous forests, valleys, meadows
and villages. The total wolf population was estimated 220 in the
Gorski Kotar and Dalmatia regions (Štrbenac et al., 2010). In the
Gorski Kotar area, roe deer (Capreolus capreolus), deer (Cervus elaphus), wild boars (Sus scrofa), hares (Lepus europaeus), and rabbits
(Oryctolagus cuniculus) served as prey animals. In Dalmatia, most of
the wolf diet referred to domestic animals (Huber, personal communication).
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Table 1
Prevalence (in percentage) of parasite species found in wild wolves (Canis lupus) faecal samples from Croatia (n = 400; years 2002–2011), and technique applied.
Groups

Parasite species

Prevalence (%)

Technique

Protozoa

Sarcocystis spp.
Hammondia/Neospora spp.
Cystoisospora ohioensis
Cystoisospora canis
Giardia spp.
Cryptosporidium spp.

19.1
2.6
2.1
1.8
2.1
1.8

SAF
SAF
SAF
SAF
SAF/coproELISA
coproELISA

Metazoa

Capillaria spp.
Ancylostoma/Uncinaria spp.
Crenosoma vulpis
Angiostrongylus vasorum
Toxocara canis
Trichuris vulpis
Taenia spp.
Diphyllobothrium latum
Mesocestoides litteratus
Opisthorchis felineus
Toxascaris leonina
Alaria alata

16.0
13.1
4.6
3.1
2.8
1.5
1.5
1.5
0.3
0.5
0.5
0.3

SAF
SAF
SAF
SAF
SAF
SAF
SAF/PCR
SAF
SAF
SAF
SAF
SAF

3.2. Helminth species diversity

3.4. Molecular analysis of faecal samples containing taeniid eggs

In total, twelve helminth species were recorded, with eight
nematode species, at least two cestode species (Diphyllobothrium
latum and Taenia spp.), and two trematode species (Opisthorchis
felineus and Alaria alata) (Table 1). Within the nematode parasites,
Capillaria spp. infections (16%) were most frequently diagnosed in
wolf samples, being followed by ancylostomatids (13.1%), Crenosoma vulpis (4.6%), Angiostrongylus vasorum (3.1%), Toxocara canis
(2.8%), Strongyloides spp. (0.5%) and Toxascaris leonina (0.3%). The
most frequent cestode stages in wolf scat samples were Taenia
spp. (1.5%) and Diphyllobothrium latum (1.5%) eggs. Mesocestoides
litteratus DNA was found with a very low prevalence (0.3%). All
trematode species, namely O. felineus and A. alata, were only sporadically detected in wolf faeces, i. e. at low prevalences of 0.5% and
0.3%, respectively. A complete list of the detected parasite species is
presented in Table 1. Furthermore, illustrations of selected parasite
stages are depicted in Fig. 1. Overall, no acanthocephalan parasite
eggs were found in wolf samples. None of the helminth species
reported here can be considered as a core species (prevalence > 50%)
and only two nematode species, i. e. Capillaria spp. and ancylostomatids, are the component species (>10% prevalence) of the
study. Overall, three snail-borne parasitic infections (A. vasorum, C.
vulpis, A. alata) and two ﬁsh-borne diseases (diphyllobothriosis and
opisthorchiosis) were here identiﬁed, reinforcing the wolf alimentary ﬂexibility and its adaptation capacities to diverse ecosystems.

3.4.1. Molecular analysis of taeniid eggs
All wolf samples containing taeniid eggs (n = 7) were analyzed
by speciﬁc copro-PCRs and molecular sequencing of the amplicons
to clarify from which species (e.g. Echinococcus spp. or Taenia spp.)
they originated. PCR analyses revealed that all faecal samples were
negative for Echinococcus.
Further analysis using a semi-nested cestode universal PCR followed by direct sequencing of the amplicons identiﬁed three of
the seven samples as T. hydatigena and two samples as T. multiceps. From the remaining two samples taeniid DNA could not be
ampliﬁed but one contained DNA of Mesocestoides litteratus.

3.3. Protozoan species diversity
In contrast to helminths, the diversity of protozoan parasites was less pronounced since only six species were found
in total. Thus, ﬁve apicomplexan parasites (Sarcocystis spp.,
Hammmondia/Neospora spp., Cystoisospora ohioensis, C. canis and
Cryptosporidium spp.) and one metamonad species (Giardia spp.)
were diagnosed in wolf samples. Sarcocystis spp. infections were
the most prevalent (19.1%) ones, and revealed as the most prevalent
parasites of the entire study, being followed by the Hammondia/Neospora complex (2.6%) and C. ohioensis and Giardia spp. (both
2.1%). The lowest prevalences were detected for C. canis and Cryptosporidium spp. (1.8%). Comparable to helminth infections, none of
the protozoan parasites represented a core species and exclusively
Sarcocystis spp. was a component species (>10%) in this study.

4. Discussion
Endoparasites of wolves have been investigated in most European countries with endemic wild wolf populations (Szafranska
et al., 2010). However, the vast majority of these studies focused
on metazoan parasites and mainly analyzed necropsied animals
(Abdybekova and Torgerson, 2012; Bagrade et al., 2009; Ćirović
et al., 2015; Craig and Craig, 2005; Guerra et al., 2013; Ito et al.,
2013; Otranto et al., 2007; Segovia et al., 2001). Thus, reports on
free-living animals are scarce (Gori et al., 2015; Stronen et al., 2011;
Szafranska et al., 2010).
So far 72 different parasite species were reported in wolves and
93% of these helminth species were detected via animal necropsies (Craig and Craig, 2005). The helminthofauna of wolves consists
of at least 28 nematode species, 27 cestode species, 16 trematode species and one acantocephalan species (Szafranska et al.,
2010). The repertoire of wolf nematodes identiﬁed in the current
study is in accordance to previous reports (Craig and Craig, 2005).
Overall, Croatian wolves showed rather low levels of parasitic infections. Capillaria spp. (16%) and ancylostomatids (13.1%) revealed
as the two current component nematode species (>10%), which is
in agreement with data from Poland (Szafranska et al., 2010). The
rather low level of ancylostomatid prevalence is in accordance to
studies in Italy, Belarus and Latvia (Segovia et al., 2003; Shimalov
and Shimalov, 2000; Bagrade et al., 2009) but contrasts Spanish
wolves which showed a much higher seasonal prevalence of up to
71.4% (Segovia et al., 2001). However, the current data show ancylostomatids as endemic in the Gorski Kotar region. This may be
based on the variety of infection routes enhancing the chance of
infection. However, it has to be kept in mind that ancylostomatids
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Fig. 1. Depicted illustration of protozoan and metazoan parasite stages identiﬁed from faecal samples of Croatian wolves (Canis lupus): (A) Sarcocystis spp. sporocysts, (B)
Ancylostomatidae egg, (C) Angiostrongylus vasorum larva, (D) Crenosoma vulpis larva, (E) Opisthorchis felineus egg, and (F) Diphyllobothrium latum egg (scale bars 10 m).

also infect dogs and are a cause of zoonosis thereby posing a certain threat on domestic and human population in the investigated
area. It is generally known that wolves and other related canids
are (ﬁnal) hosts of different Capillaria species [C. aerophila (syn.
Eucoleus aerophilus), C. boehmi (syn. E. boehmi), C. plica (syn. Pearsonema plica), C. putorii (syn. Aonchotheca putorii), C. hepatica (syn.
Calodium hepatica)] and of T. vulpis (Bagrade et al., 2009; Craig and
Craig, 2005; Guardone et al., 2013; Segovia et al., 2001; Szafranska
et al., 2010). The current prevalence of Capillaria spp. (16%) was
rather high when compared to studies performed in Canada (0.6%;
Bryan et al., 2012) but low when compared to Latvian data reporting on prevalences of 36.4% and 41.4% for C. aerophila and C. plica,
respectively (Bagrade et al., 2009). Nonetheless, it should be considered that the passage of intestinal parasite stages, such as Capillaria

eggs, frequently found in diverse prey animals, might lead to false
positive animals.
The ascarid nematodes T. canis and T. leonina are well-known to
occur worldwide with T. leonina representing the most prevalent
nematode species (meta-prevalence 73.9%) in tundra wolf populations (Craig and Craig, 2005). In the current study, T. canis, and
T. leonina were rarely diagnosed with 2.8 and 0.3%, respectively.
In the case of T. canis, this may be explained by the relatively
low proportion of pups (<6 months) contributing to the current
study. Another feasible explanation for low T. canis- and T. leoninaprevalences could be that sampled animals belonged to one group
thereby having similar parasite exposure leading to an underestimated prevalence if samples were taken from few wolf territories.
Overall, the low prevalence of these nematodes might reﬂect the
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general good health condition of the wolves and their rather intact
habitat within the mountainous regions of Croatia.
Besides intestinal nematodes we also diagnosed lungworm
infections (C. vulpis and A. vasorum) in Croatian wolves. Both lungworms are capable to induce mild to severe respiratory disease.
In the case of A. vasorum additionally severe cardiovascular, neural, ophthalmic and even systemic diseases have been described in
canids (Chapman et al., 2004; Morgan et al., 2005; Taubert et al.,
2009; Patel et al., 2014) due to its localization in the right heart
and pulmonary arteries (Morgan et al., 2005; Taubert et al., 2009;
Willesen et al., 2008) and ectopic spreading of larvae into different
organs (Kirk et al., 2014; Patel et al., 2014). So far, only few studies
report on A. vasorum infections in European wolves (Spain: Segovia
et al., 2001; Belarus: Shimalov and Shimalov, 2000 and Italy: Eleni
et al., 2014) showing similar prevalences to the current study. In
order to study precise lungworm nematode prevalences in wolves,
other coproscopical methods such as the Baermann funnel technique would have been the gold standard method to be used, but
due ethanol ﬁxation this technique was not applicable. In addition,
A. vasorum infections of other wild carnivores, such as the golden
jackal (Takacs et al., 2014) and foxes (Rajkovic-Janje et al., 2002)
were recently described. Crenosoma vulpis infections in wolves
were reported at higher prevalences from Latvia (9.1%, Bagrade
et al., 2009), Belarus (7.7%, Shimalov and Shimalov, 2000) and the
Iberian Peninsula (10,6%, Segovia et al., 2001). Both lungworms signiﬁcantly rely on snails/slugs as intermediate hosts, nonetheless
wolves are also known to feed on invertebrates. In fact, 9% of the
Croatian wolf diet in the current study consisted of insects (Kusak,
personal communications). Therefore, it is feasible to assume that
wolves would also ingest mollusks as protein source.
The prevalence of cestodes and trematodes was generally low in
the current study, which is in accordance to other reports (Shimalov
and Shimalov, 2000; Ćirović et al., 2015). Molecular analysis of
taeniid-positive samples revealed an absence of Echinococcus infections and proved infections with Taenia hydatigena and T. multiceps
in Croatian wolves. These results correspond to data of Serbian
wolf carcasses with low taeniid prevalences (Ćirović et al., 2015)
but contrast to reports on other European countries (Italy: 33%,
Gori et al., 2015; Spain: 64%, Segovia et al., 2001). The diagnosis of
Diphyllobothrium spp. and Opisthorchis spp. infections in Croatian
wolves furthermore indicated that their nutritional habits obviously include ﬁsh as prey.
In contrast to helminths, little is known on the occurrence
of intestinal protozoan parasites in wild wolves. The most abundant parasites found in this study were Sarcocystis species (19.1%),
reﬂecting that the wolves annual diet mainly relies on deer and
wild boar as reported elsewhere (Bryan et al., 2012; Darimont et al.,
2008). The occurrence of Sarcocystis infections in red deer, fallow
deer and wild boars is generally high with S. cervi and S. miescheriana representing the most frequent species in Europe (Drost, 1977;
Heydorn and Matuschka, 1981). Although the here described prevalence matches to the worldwide Sarcocystis spp. prevalence in
wolves (19%, Craig and Craig, 2005), it proved rather low when
compared to data from Alberta/Southern Alaska (28.2%, Craig and
Craig, 2005) and coastal Canadian regions (43.7%, Bryan et al., 2012).
In contrast to Sarcocystis spp., Giardia and Cryptosporidium infections were barely diagnosed in Croatian wolf samples, both of
which bear a relevant zoonotic potential. Especially in the case of
Cryptosporidium this may be explained by the low proportion of
young pups contribution to the current scat samples. Low prevalences for Cryptosporidium infections in wolves were recently also
reported from Canada (Bryan et al., 2012; Stronen et al., 2011).
In contrast, the current prevalence of Giardia infections (2.1%)
revealed lower than that of Canadian wolves (21.9% and 6.8%, Bryan
et al., 2012; Stronen et al., 2011). The differences may be based on
the immune status and age distribution of Croatian wolves, their

habitats or ecological aspects as postulated elsewhere (Bryan et al.,
2012). Bryan et al. (2012) detected exclusively zoonotic assemblages of Giardia (A, B) but not dog-speciﬁc assemblages (C, D) in
wolf samples. Wolf territory sizes differ considerably within different geographic areas. In consequence, wolf pack home ranges vary
from 100 to 359 km2 with an average of 230 km2 (Segovia et al.,
2003), depending on the animal numbers and prey availability.
Therefore, wolf territories often overlap with managed forests and
farmlands in human neighborhood resulting in direct or indirect
contacts with domestic animals and humans. Since wolves mark
their hunting territories by scats and urine (Zub et al., 2003) and
also prey on domestic animals, parasite transmission might become
a real risk factor for public health and likewise for the wolf population health. Consistently, reports on natural Giardia spp.-and C.
parvum-infections in wild wolves (Kloch et al., 2005; Stronen et al.,
2011) proved horizontal transmission between humans, domestic
animals and wild mammals.
Overall, this study adds additional data to the current knowledge on parasites of wild wolves and calls for more research in this
ﬁeld especially for monitoring reasons and to evaluate the possible
impact of some here described parasitoses on wild wolf population
health status.
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