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Abstract
Changes in land use, habitat fragmentation, and global climate fluctuations are reshaping pathogen circulation dynamics by increasing the
permeability of the interface among wildlife, domestic animals, and humans. In this context, wild mammals play a crucial role as natural
reservoirs for parasites and sources of environmental contamination. The primary aim of this study is to microscopically and molecularly
identify gastrointestinal helminth eggs detected in bear fecal samples, as well as adult parasites found in two dead bears. Baylisascaris
transfuga (23.4%), Uncinaria stenocephala (3%), and Dicrocoelium dendriticum (19.5%) were detected in the 333 fecal samples collected
from four locations. Furthermore, B. transfuga (in both animals), U. stenocephala (in one animal), and D. dendriticum (in one animal) were
identified following post-mortem examinations. This study suggests that bears may act as reservoirs for parasitic agents, playing an active
role in the persistence of pathogens in the environment and their transmission to different hosts. The findings of this study need to be
examined from a One Health perspective, which focuses on biological transmission networks within ecosystems rather than on infection
foci alone, to assess risks to public and animal health.

1. Introduction
Wildlife infectious diseases are a key research focus for protecting and managing wild animal populations. Additionally, the fact that some
pathogens affect both pets and humans in areas where zoonotic pathogens are common underscores their significance [1]. Changes in
land use, habitat fragmentation, and climate are increasing the permeability of the human-animal interface and altering the circulation of
zoonotic pathogens. These changes are driven not only by direct contact with hosts but also by 'indirect spread' through environmental
media such as feces, soil, and water. Therefore, understanding these risks requires a One Health approach that considers pathogen
presence, environmental contamination, and the species sustaining ecological circulation [2, 3].

Brown bears (Ursus arctos) are Türkiye's largest carnivorous animal, and the total bear population is estimated at 17,500 [4]. It is estimated
that between 2,000 and 2,400 individuals live in the most densely populated regions of eastern Anatolia and the Lesser Caucasus. This
figure is believed to be increasing daily [5]. Thanks to their extensive home ranges, long lifespans, and omnivorous feeding habits, brown
bears are among the 'bridge species' that connect various ecological niches. This biological mobility makes them important indicators of
parasitic species and environmental contamination [6]. Although bears play a vital role in providing ecosystem services by dispersing
seeds through their feces, this same fecal matter can become a major source of parasitic contamination in agricultural areas, on livestock
farms, and in recreational spaces. This highlights the critical intersection between bears' restorative role in the ecosystem and the
transmission of zoonotic diseases [7, 8].

Depending on biotic and abiotic factors, infectious forms exhibiting high resistance can remain viable for extended periods in these
environmental matrices [2]. The integration of parasite species with high zoonotic potential into this ecological cycle poses a risk of
spillover infection at the human-wildlife interface through environmental contamination, independent of direct contact [2, 8].

Studies across Europe have identified numerous helminth species in brown bears. These include Baylisascaris transfuga, Uncinaria sp.,
Diphyllobothrium latum, Dicrocoelium sp., and Trichuris sp. [9–12]. Baylisascaris spp. is commonly found in both captive and free-roaming
bears. Currently, there is no evidence that ascarids are pathogenic or that they can infect non-bear mammals, including humans [11, 13–
16]. The species Ancylostoma and Uncinaria have been found in free-roaming black and brown bears in North America and Eastern Europe,
as well as in giant pandas in China [14–17. Due to widespread environmental contamination in sympatric areas, hookworm infections in
bears pose a serious risk to humans [18]. There are very few studies on the presence of Dicrocoelium spp. in bears, and the pathogenesis
of the parasite in this host is not yet fully understood [19–21].

Understanding the dynamics of wildlife-derived parasitic contamination is critical to the development of One Health-focused public health
strategies [3]. There is no comprehensive study on the parasite burden of brown bears in Türkiye. This study aims to reveal the
gastrointestinal system parasite diversity harbored by brown bears and the distribution of these agents in Erzurum, Türkiye, using
microscopic and molecular methods, as human-wildlife interactions become increasingly common.

2. Material and Method

2.1. Study area
Erzurum (39°52′N, 41°17′E) is the largest province in the East Anatolian region (Fig. 1). The province has a predominantly continental
climate, and its varied topography and vegetation provide critical habitats for wildlife. The rugged and rocky terrain in the north, combined
with the high-altitude forested areas, creates an ideal environment for protecting, feeding and sustaining the region's brown bear
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population. This rugged physiographic structure creates micro-ecosystems isolated from human activity and provides safe ecological
corridors where the species' biological cycle can continue. The study area covers the districts of İspir, Oltu, Olur, and Tortum in northern
Erzurum. These districts share similar geographical and climatic characteristics and are home to high bear populations.

2.2. Sampling
Ethical approval

was obtained from the Atatürk University Animal Research Local Ethics Committee (approval numbers 2025/37). All fieldwork was
performed with ethical permits from the General Directorate of Nature Protection and National Parks (approval numbers 2025/19193491).

The sampling period was set between August and October 2025, coinciding with the fruit-ripening period in the region. This timeframe
aligns with the period when bears follow their food sources closest to human habitats and use shared areas most intensively.

The sampling locations were selected based on movement routes, wildlife corridors, and feeding routes that bears actively use. In
particular, land crossings with fruit trees that bears could consume and areas of shared use between humans and wildlife were prioritized.
This approach reveals bears' access routes to these critical resources and allows us to analyze the risk of parasite spread in areas of
intense human activity.

Fecal samples were identified by a diameter greater than 3.5 cm and by the presence of components characteristic of bears' omnivorous
diet, such as wild fruit, seeds, plant fibers, and bone fragments [22, 23]. This identification was corroborated by footprints and claw marks
around the feces. Samples that raised doubts about species identification were excluded from the study. Given the lack of preliminary data
on parasite prevalence in brown bears in Türkiye, the study's sample size was calculated using a power analysis with a 95% confidence
level, a 5% margin of error, and an expected prevalence of 50%. Based on these parameters, the ideal sample size for the target population
of approximately 2,000–2,400 [5] was 323–331. As bear population data are limited, sampling areas were selected from regions with high
levels of bear activity, as reported local people (e.g., by farmers and shepherds). A total of 333 fresh fecal samples were collected from the
districts of Oltu, Olur, İspir, and Tortum in the northern parts of Erzurum province (Fig. 1). To minimize the risk of repeated sampling from
the same individual and ensure the independence of fecal samples, a minimum distance of 2 km was maintained between sampling
points, accounting for brown bears' daily movement capacity and habitat-use strategies. Fecal samples with recorded location data were
transported to the laboratory in numbered ziblock bags and stored at -86°C for at least seven days.

In addition, the study also included two adult brown bears that were found dead as a result of traffic accidents in the Pasinler and Oltu
districts (Fig. 1). Post-mortem examinations were conducted on both animals, and their internal organs were collected. The location and
date of collection for each animal were recorded. The internal organs were placed in labeled Ziploc bags and stored at -86°C for at least
seven days. This procedure was carried out to inactivate any potential zoonotic pathogens and minimize the risk of laboratory
contamination for fecal samples and internal organs [24].

2.4. Microscopic examination
A total of 333 fecal samples were examined microscopically for gastrointestinal helminth eggs using the Benedict sedimentation and
Fülleborn flotation methods (saturated NaCl, density: 1.27) [25]. Eggs were identified to the genus level by microscopic examination.

Following the flotation process, a 2-mL sample was carefully aspirated from the supernatant and centrifuged at 190×g for five minutes.
The resulting pellet was washed twice with sterile distilled water, resuspended in 100 µl of sterile distilled water, transferred to 1.5 ml
microcentrifuge tubes [26], and stored at -20°C until DNA isolation. Adult parasites were collected from the intestines by intestinal scraping
and from the internal organs by macroscopic examination. They were identified at the genus and species level using stereo and light
microscopes (Nikon SMZ 745T and Nikon Eclipse Ci, both from Japan) in accordance with the relevant taxonomic keys [27, 28]. The adult
parasites were preserved in 70% alcohol until molecular analysis.

2.5. Isolation of Genomic DNA
To extract DNA, 25 mg of tissue was collected from the midsection of adult parasites with a sterile scalpel. Before extraction, samples
were mechanically fragmented into small pieces to improve lysis efficiency. A commercial DNA extraction kit (G-spin™ Total DNA
Extraction Kit, Intron, Korea) was used to extract DNA from adult parasites and eggs, following the manufacturer's recommended protocol.
The total DNA was stored at -20°C for molecular analyses.

2.5. PCR Amplification
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As part of the molecular characterization of Baylisascaris spp. isolates, universal primers (JB3 and JB4.5) targeting the partial
mitochondrial COX1 region were used. However, to resolve taxonomic uncertainty arising from high sequence similarity among
Baylisascaris species and nucleotide overlaps in the GenBank database, an additional PCR analysis targeting the partial ITS region was
performed to confirm species identification. Procedures described by Bowles et al. (1994) for the partial COX1 region and by Testini et al.
(2011) for the B. transfuga ITS region were followed. To identify Uncinaria species, the partial ITS-1 and partial ITS-2 regions were amplified
directly using the methods of Nadler et al. (2000a, 2000b) [29–32]. The primer pairs used in the study, along with their specific PCR
thermal cycling conditions, are detailed in Tables 1 and 2, respectively.

Table 1
Primer sets used for amplifying target genes.

Target
gene

Primer
name

Species Sequences (5' → 3') Product size
(bp)

Reference

COX I JB3

JB4.5

Baylisascaris spp. TTTTTTGGGCATCCTGAGGTTTAT

TAAAGAAAGAACATAATGAAAATG

446 Bowles et al. 1992

ITSs 18sF

28sR

Baylisascaris
transfuga

ACTGCTGTTTCGAGACCTTTCGAG

TAGCACCTTCTTTGGACTATAGCC

1177 Testini et al. 2011

ITS-1 93

264

Uncinaria spp. TTGAACCGGGTAAAAGTCG

CGTTTTTCATCGATACGCG

432 Nadler et al,
2000a

ITS-2 623

94

Uncinaria spp. ACGTCTGGTTCAGGGTTGTTT

TTAGTTTTCTTTCCTCCGCT

274 Nadler et al,
2000b

Table 2
Thermal profile of PCR reactions.

Target
gene

Primer
name

Initial
denaturation/time

Denaturation/time Annealing/time Extension Final
extension/time

Cycles Reference

COX I JB3

JB4.5

94°C/5 min 94°C/30 s 50°C/30 s 72°C/45
s

72°C/7 min 35 Bowles et
al. 1992

ITSs 18sF

28sR

94°C/12 min 94°C/30 s 58°C/45 s 72°C/45
s

72°C/7 min 30 Testini et
al. 2011

ITS-1 93

264

95°C/5 min 95°C/1 min 54°C/1 min 72°C/1
min

72°C/5 min 33 Nadler et
al. 2000a

ITS-2 623

94

95°C/5 min 95°C/1 min 54°C/1 min 72°C/1
min

72°C/5 min 33 Nadler et
al. 2000b

2.6. Sequence and Phylogenetic Analysis
Bidirectional sequencing was performed commercially on an ABI PRISM 310 genetic analyzer (Applied Biosystems, Foster City, CA, USA)
using PCR primers. The resulting sequences were visually inspected in Finch TV (Geospiza, Inc., Denver, CO, USA), edited, and aligned using
BioEdit 7.0 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). The aligned sequences were compared with those in the GenBank database
using the BLASTN program (http://www.ncbi.nlm.nih.gov/BLAST/) to identify Baylisascaris and Uncinaria species. Next, phylogenetic
analyses were conducted with 1000 bootstrap replicates, and molecular characterizations were inferred using the Maximum Likelihood
method in MEGA XI [33]. Baylisascaris transfuga sequences were registered in the GenBank database with the following accession
numbers: PV662150, PV662151, PX688262, PZ245420, PZ245421, PZ383878-PZ383885 (partial COX1 region) and PZ322944-PZ322945
(partial ITSs gene region). The Uncinaria species sequences in this study were registered in the GenBank database under the following
accession numbers: OQ773535, OQ773536, OQ773537, PZ323259-PZ323261 (partial ITS-1 gene region), OQ773547, OQ773548,
OQ773549, and OQ773550 (partial ITS-2 gene region).

3. Results
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Microscopic examination of the fecal samples revealed that 82 of 333 samples (24.6%) were infected with at least one species of parasite.
Eggs of Baylisascaris spp. and Uncinaria spp. were detected using the Fülleborn flotation method, whereas eggs of Dicrocoelium spp. were
detected using the Benedek sedimentation method (Figs. 2h-j). The distribution of the gastrointestinal helmint eggs are as follows: 23.4%
(78/333) Baylisascaris spp., 3% (10/333) Uncinaria spp., and 19.5% (65/333) Dicrocoelium spp. The detailed distribution of single and
mixed infections identified in the study is summarized in Table 3. All Baylisascaris spp. samples were subjected to PCR analysis with two
primer sets, and all isolates were identified as B. transfuga. Similarly, all Uncinaria spp. samples identified microscopically were U.
stenocephala, as confirmed by sequence analysis.

Table 3
Distribution of helminth eggs detected in fecal samples.

Parasite species   n   N (%)

Baylisascaris transfuga   333   54 (16.21)

Dicrocoelium dentriticum     40 (12.01)

Uncinaria stenocephala     6 (1.8)

Baylisascaris transfuga + Dicrocoelium dentriticum     23 (6.9)

Baylisascaris transfuga + Uncinaria stenocephala     2 (0.6)

Dicrocoelium dentriticum + Uncinaria stenocephala     2 (0.6)

n: number of fecal samples, N: number of positive samples.

As a result of the necropsies, parasitic infections were detected in both brown bears. Following post-mortem examinations, the following
parasites were identified: Baylisascaris spp. (in both animals), Uncinaria spp. (in one animal) and Dicrocoelium spp. (in one animal)
(Figs. 2a-g). These parasites were found in the intestines and bile duct, respectively. No adult parasites were found in any of the other
organs. Dicrocoelium spp. were identified as D. dendriticum based on morphological characteristics (Fig. 2a). Baylisascaris spp. and
Uncinaria spp. were confirmed as B. transfuga and U. stenocephala, respectively, using morphological and molecular methods.

The Erzurum B. transfuga isolates were 99.2% to 100% similar to one another. Comparative analyses using GenBank reference sequences
showed that the Erzurum isolates shared 99.7% homology with records from the Asiatic black bear (OR131278, South Korea), the sloth
bear (KC543477, Netherlands), and the polar bear (EU628683, China) (Appendix A1). The Erzurum U. stenocephala isolates were 100%
similar to one another and 99% similar to U. stenocephala isolates from island gray foxes (HQ262054 and HQ262055, USA) based on the
ITS-1 region (Appendix A2). The isolates obtained in the current study showed 100% similarity to each other and 96% similarity to U.
stenocephala isolates from wild boars (MT345056, France) in the ITS-2 region (Appendix A3).

4. Discussion
Brown bears are the largest carnivores in Türkiye [34]. With their broad trophic spectrum and high mobility across habitats, they serve as
ecological reservoirs and disseminators of numerous zoonotic and non-zoonotic parasites [8]. There is very scarce literature on the
gastrointestinal helminth fauna of brown bear populations in Türkiye [35]. This study aimed to investigate gastrointestinal helminths in
bears in a region with a high bear population. In this context, the following were detected in fecal samples: 23.4% B. transfuga, 19.5%
Dicrocoelium spp. and 3% U. stenocephala. Post-mortem examinations of two bears also revealed the presence of B. transfuga, D.
dentriticum, and U. stenocephala adults.

Baylisascaris transfuga is generally considered to be low-pathogenic in bears. However, it has been reported to cause granulomatous
peritonitis in a bear cub [36]. Experimental infections in susceptible rodents, such as white mice and Mongolian gerbils, have demonstrated
that larvae migrate from various tissues after infection. These larvae subsequently matured to the third stage, resulting in varying degrees
of visceral, neural, or ocular larva migrans [37, 38]. However, in experimentally infected chickens, no clinical signs were observed despite
the presence of larvae in the tissues [39]. While the zoonotic potential of B. transfuga remains unconfirmed, it is thought that all nine
species of Baylisascaris can cause visceral, ocular, and/or neural larval migration in over 100 species, including birds, mammals, and
humans [13]. Since B. transfuga was found to cause fatal neurological diseases in a colony of Japanese macaques (Macaca fuscata
fuscata) [40], the nematode could likely cause serious diseases in other primates, including humans [41]. Baylisascaris transfuga (Rudolphi,
1819) has been identified through morphological and genetic analysis in numerous bear species [10, 15, 36, 42–45]. Furthermore, infection
with B. transfuga has been observed in zoo-kept bears [46–49]. The prevalence of B. transfuga in bears varies according to seasonal
dynamics, with reported rates ranging from 10.7% to 90.6% [12, 50]. However, no study has examined the presence and prevalence of the
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parasite in Türkiye. In this study, B. transfuga was detected in high abundance in all sampled regions (23.4%) and two bears subjected to
necropsy. Combined with the proximity of brown bears to human habitats and their preference for anthropogenic food sources, the
parasite's wide geographic distribution constitutes a strategic risk factor in the dynamics of environmental spread. The behavioral mobility
of bears in peridomestic sites, beekeeping areas, and recreational sites near settlements leads to the transport of parasite eggs into these
habitats, resulting in significant infection pressure [7, 8]. Given the known high resistance of B. transfuga eggs to environmental conditions,
it is indicate that the risk of infection in contaminated areas may persist for an extended period. Therefore, B. transfuga is not merely a
pathogen specific to wildlife, but rather a risk parameter that must be considered in regions with high levels of wildlife-human interaction
due to environmental contamination.

In the study, the universal primers JB3 and JB4.5, which target the mitochondrial COX1 region, were used for the molecular diagnosis of
Baylisascaris spp. isolates. However, it was determined that the initial sequence data exhibited high homology at critical nucleotide
positions to the B. schroederi and B. transfuga reference sequences in GenBank, resulting in taxonomic ambiguity. The literature reports
that B. schroederi, a parasite of pandas, and B. transfuga, a parasite of bears, are closely related at the mitochondrial genome level
(particularly in the COX1 and NAD1 regions), and that standard sequence analyses make it difficult to distinguish between these two
species [30, 51]. To address this taxonomic complexity and confirm definitive species-level identification of isolates from the Erzurum
region, a species-specific PCR protocol was also used in our study. The data obtained using both primers were deposited in the GenBank
database as B. transfuga.

Six species of hookworms in the genera Ancylostoma, Arthrocephalus, and Uncinaria have been identified in bears [52]. The most important
hookworm species in bears is U. rauschi [15–16]. Uncinaria species are more common in cold climates. Their hosts are domestic and wild
carnivores. Infection occurs when third-stage larvae (L3) in the soil enter a suitable host by skin penetration or orally [53]. Four species of
Uncinaria (U. yukonensis, U. rauschi, U. stenocephala, and U. ursi) have been reported in bears [15]. Uncinaria stenocephala has been
reported in brown bears (Ursus arctos caucasicus) living around the Caspian Sea. Uncinaria yukonensis has been described as the black
bear in North America and Alaska [15, 16, 54, 55]. In addition, Olsen (1968) described a new species of hookworm, U. rauschi, found in
Alaska in both black and grizzly bears [56]. In the present study, morphological and molecular confirmation of U. stenocephala in bears and
in environmental fecal samples suggests that this hookworm species occurs naturally in wildlife reservoirs and can spread via
environmental contamination. While U. stenocephala is primarily recognized as a species that infects dogs and other carnivores, there have
been rare reports of cases in humans associated with cutaneous larva migrans and eosinophilic enteritis, indicating the species' zoonotic
potential [57]. Uncinaria stenocephala adapts well to cold and temperate climates. This increases its persistence in high-altitude and cool
regions, potentially raising the risk of transmission in areas where humans, domestic animals, and wildlife intersect [58]. Studies on
hookworm infections in bears are limited worldwide. However, the presence of Uncinaria species has been reported in brown bears from
various geographical regions. Parasitological studies conducted in Japan have detected Uncinaria spp. in brown bear feces. However,
these identifications were based on morphological findings and were not confirmed at the species level using molecular methods [59].
Similarly, field studies of brown bears in Alaska revealed the presence of Uncinaria spp. eggs, which were identified as Uncinaria sp. without
molecular analysis [60]. Older literature describes infections in bears in North America and Eurasia, referred to as 'northern carnivore
hookworm'. It has been noted that these agents are now associated with U. stenocephala. However, these studies also lack molecular data
[56]. A previous study of brown bears in Türkiye reported parasites only at the genus level, namely Uncinaria spp., based on morphological
findings [35]. The presence of Uncinaria spp. in bears has been detected at rates ranging from 10% to 51.35% [10, 51]. In contrast, there are
very few studies on the presence of U. stenocephala [15]. In this study, a prevalence of 3% for U. stenocephala was detected in the fecal
samples examined; furthermore, adult forms identified in one of the two bears subjected to necropsy and the parasitic structures in the
fecal samples were molecularly identified. Although the dominant hookworm species in brown bears are generally reported in the literature
as U. yukonensis and U. rauchi, the detection of U. stenocephala in this study is particularly noteworthy for its potential public health and
societal risks. The overlap between bear habitats and the shared ranges of domestic and wild carnivores creates a suitable environment
for interspecies transmission (spillover) of this parasite [7–8]. In particular, this species’ resistance to low temperatures allows infectious
larvae to remain viable in the soil for extended periods even under the region’s harsh climatic conditions, thereby establishing a persistent
parasit burden [53]. This environmental risk also poses a threat of cutaneous larva migrans, which could arise from accidental human
infections. Such an interaction pattern highlights that bears not only carry their own parasite load but also serve as strategic sentinel
species, revealing the silent circulation within the ecosystem.

The fact that a parasite reaches sexual maturity within a host and produces eggs is considered a fundamental indicator that the biological
cycle has been completed [27]. In this study, the detection of adult U. stenocephala in brown bears and the observation of eggs of this
species in fecal samples suggest that brown bears may serve as the final host in the local life cycles of U. stenocephala. Although the
presence of eggs in the feces of omnivores is sometimes temporary and linked to the consumption of infected prey, directly detecting
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adult parasites in relevant systems increases the likelihood that the findings reflect an established host-parasite relationship. These data
support the notion that bears may serve as potential reservoirs for these parasites in their wild life cycles.

Dicrocoelium dendriticum is a trematode that requires ants as an obligate second intermediate host to complete its life cycle, and it has a
wide host range. The presence of D. dendriticum has been reported in a limited number of studies conducted on bears [19–21].
Dicrocoelium species were found in bear feces at rates ranging from 3.2% to 71% worldwide [19, 20]. The current study detected adult
forms of D. dendriticum in the bile ducts of a bear that underwent a post-mortem examination, while Dicrocoelium spp. were found in 19.5%
of fecal samples. While the morphological characteristics of the eggs were consistent with those of D. dendriticum, the findings were
recorded as Dicrocoelium spp. due to the limitations of microscopic diagnosis for species identification. The involvement of brown bears in
this parasitic cycle is directly linked to their opportunistic feeding habits and seasonal tendency towards myrmecophagy. The tendency of
brown bears to engage in myrmecophagy is an energy-gaining strategy rather than random behavior. Noyce et al. (1997) found that the
seasonal increase in ant consumption was correlated with both pupa density in nests and a decline in the nutritional quality of alternative
spring food sources [62]. Studies have shown that bears rely on ants as a vital source of protein until high-energy fruits become available
[62, 63]. Brown bears and domestic and wild ruminants share the same grazing areas. This facilitates bidirectional parasite transmission
between the sylvatic and domestic cycles of D. dendriticum in these shared grazing areas. Bears are not merely passive hosts that become
infected solely through myrmecophagy. They are also active biological hosts, dispersing parasite eggs over wide geographic areas thanks
to their high mobility. Eggs shed into the environment via bear feces increase the infection burden on intermediate hosts in pastures,
thereby ensuring the continuity of the trematode life cycle.

5. Conclusion
In conclusion, this study is the first to comprehensively investigate gastrointestinal helminths in brown bears in Türkiye. The findings
suggest that, in addition to their role in ecosystem services, bears may serve as potential biomonitors for tracking the spread of parasites
of zoonotic and veterinary importance. Due to their proximity to anthropogenic habitats and extensive home range capacity, bears have
emerged as a potential threat in terms of spillover risk. These data underscore the strategic importance of understanding pathogen
transmission dynamics in bears, as they are among the strongest biological bridges between wild and domestic life cycles from a
comprehensive One Health perspective. The detection of adult worms in the intestines and of eggs in fecal samples in this study supports
the conclusion that bears are definitive hosts for U. stenocephala rather than incidental hosts where the life cycle is completed. The central
role of bears in the biological cycle of these parasites involves actively dispersing them into the environment, which poses potential risks
to wildlife and public health. Therefore, the impact of bears as ecological reservoirs on environmental contamination should be considered
a critical parameter in regional health management and wildlife control strategies.
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Figures

Figure 1

Study area. Green areas: fecal sampling sites, red stars: location of carcasses.
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Figure 2

Adults and eggs of Baylisascaris transfuga, Uncinaria stenocephala, and Dicrocoelium dendriticum. a. Dicrocoelium dendriticum (yellow
arrows: testes), b. Uncinaria stenocephala(buccal capsule, anterior end), c. Uncinaria stenocephala (oesophagus, anterior end), d. Uncinaria
stenocephala (female, posterior end), e. Uncinaria stenocephala (male, bursa copulatrix), f. Baylisascaris transfuga (anterior end), g.
Baylisascaris transfuga (lips, anterior end); h. Dicrocoelium dendriticum (egg), i. Uncinaria stenocephala (egg), j. Baylisascaris transfuga
(egg).
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