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Abstract We present data on the species composition of hel-
minths in brown bears (Ursus arctos) from the Murmansk
Region, Russia. The absence of any information about hel-
minths of brown bear in the region necessitated the conduct
of these studies. Samples were collected in 2014 and 2015 in
the southern part of the Kola Peninsula from the White Sea
coastal habitats. Annually, in the study area, 1–3 bears are
legally hunted and biological samples for examination are
very difficult to obtain. Therefore, we used fecal samples.
We studied 93 feces and identified parasite eggs identified in
43 of them by morphometric criteria. The surveys revealed
eggs of the following helminths: Dicrocoelium sp.,
Diphyllobothrium sp., Anoplocephalidae, Capillariidae,
Baylisascaris sp., Strongylida 1, and Strongylida 2. These
results represent the first reconnaissance stage, which allowed
characterizing the taxonomic diversity and prevalence of par-
asites of brown bears of the Kola Peninsula.

Keywords Brownbears .Ursusarctos .Parasites .Northwest
of Russia

The brown bear (Ursus arctos Linnaeus, 1758) is a circumpo-
lar species inhabiting the entire boreal zone of Eurasia and
North America. The species spread throughout all taiga forests

of Northwest Russia and is abundant in tundra zone of the
arctic region along the river valleys until the Barents Sea
coast. The brown bear is the common representative of the
regional fauna and a popular game animal. Thus, most of
research has been focused on the population dynamic and
distribution but with a noticeable gap in ecological investiga-
tions and especially on the bear parasite fauna. Previous re-
search has mainly aimed on species of high epidemiologic or
epizootic significance (such as Trichinella spp.). The chal-
lenges for complete helminthological dissection of bears con-
sist in the difficulty of both obtaining the animals and their
examination in the laboratory. Accordingly, data on the para-
site fauna of specific U. arctos populations were acquired
from a limited number of individual animals (Ruhlyadev and
Ruhlyadeva 1953; Worley et al. 1976; Rausch et al. 1979;
Tranbenkova 2006; Catalano et al. 2015).

A universal and widely used non-invasive method for
studying the helminth fauna of different groups of animals,
including the brown bear, is fecal flotation of parasite eggs in
salt solutions (Gau et al. 1999; Esaulova et al. 2012; Vavilova
et al. 2015). In spite of the known shortcomings of this method
(sensitivity, identification to species, problemswith estimating
quantitative indices), it does yield general information on the
diversity of gastrointestinal helminths and the lower limit of
prevalence of the most abundant parasites. It is, in fact, the
only currently available method for studying the parasite fau-
na of the brown bear in this region, given the impossibility of
complete helminthological dissections. At present, the prob-
lem of parasite species diagnosis can also be solved by the
synthesis of flotation and genetic methods of animal feces
analysis (De Ambrogi et al. 2011; Elmore et al. 2013;
Aghazadeh et al. 2015).

Little is known about bear helminths in the Russian
Northwest. Even in whole Russia, this subject has been stud-
ied briefly and randomly only. The results of studies of brown
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bear populations in the region have shown that in the coastal
area exists a population displaying a considerable concentra-
tion pattern connected with local food conditions. Different
sources such as seals carcasses in early spring, meadows with
lush vegetation in summer, and berries in autumn attract bears
to the relatively narrow line of sea coast (Tirronen et al. 2015).
These concentrations may provide stable infection hotbed and
reinvasion but on the other hand these places are of great value
to collect samples and for systematic monitoring.

The aim of this study was to determine the species compo-
sition and prevalence of helminths in scats of brown bears
inhabiting the White Sea coastal areas of the Kola Peninsula.

Material and methods

The study area (Tersky District, Murmansk Region) is situated
in the northern taiga subzone with some forest tundra in the
east. The landscape is uniform, appearing as a rolling plain.
The subarctic climate is under the influence of the White Sea.
Maritime tundra plant communities stretch in a narrow belt
along the sea shore.

Sampling was carried out in 2014 (24.05–02.06; 31.08–
02.09) and 2015 (03–12.07) in the south of the Kola
Peninsula during transect to count brown bears in the White
Sea coastal habitats (Fig. 1). The total length of transects was
453 km. The transects were located along the sea coast, river
valleys, dirt roads, and animal paths. Tracks and scat sampling
points were recorded by GPS devices.

Fecal samples (ca. 10 g) were fixed in 5% buffered forma-
lin in Falcon tubes (30 ml). Sample preservation and DNA
extraction for genetic analysis was performed as described in

Andreassen et al. (2012) and followed the standard protocol
for analyzing nonhuman forensic material (Linacre et al.
2011). The identity of the brown bears was determined by
microsatellite analysis following a modified protocol
(Andreassen et al. 2012) involving pre-PCR processing of
the products and using eight markers (MU09, MU10,
MU23, MU59, MU05, G10 L, MU51, MU50) (Taberlet
et al. 1997).

Altogether, 93 fecal samples were studied by the bench-
top (passive) flotation procedure (Ivashkin et al. 1971;
Zajac and Conboy 2012). The flotation solution was sodi-
um chloride (NaCl) (400 g/1000 ml water) with 1.2 spe-
cific gravity. Procedure: 4 g of feces were mixed with
50 ml of salt; the mixture was strained through cheese-
cloth and then left to stand for 60 min in Falcon tubes.
Surface film was picked up by a wire loop (8 mm in
diameter), mounted on a glass slide and placed under
cover slip; three slides were made for each sample.
Three to four hours later, the supernatant was discarded,
and the sediment was examined under microscope.

The slides were examined under Olympus CX-4 micro-
scope at ×100 and ×400 magnification using facilities of the
Shared Research Center BComplex Fundamental and Applied
Studies of the Function of Live System under Far North
Conditions^ (IB KarRC RAS). All the detected objects were
photographed (adaptor U-TV0.5xC-3, camera Levenhuk
C510 NG, software Toup View Version ×86, 3.5.434).
Identification of parasite eggs was based on available infor-
mation on their morphology and morphometry (Kozlov 1977;
Zajac and Conboy 2012).

Species synonyms for the parasites are given according to
the Fauna Europaea database (Gibson et al. 2014).

Fig. 1 Investigated region scheme map
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Results

We examined a total of 93 brown bear fecal samples and
identified seven morphologically distinct types of helminth
eggs. Because the limitations of the methods in helminth spe-
cies identification, we give here the names of the genus, fam-
ily or order of the detected parasites (Table 1).

Trematode eggs were found in three samples (3.2% preva-
lence), and all of them structurally corresponding to typical
representatives of the genus Dicrocoelium sp. (Fig. 2а). Eggs
were detected through examination of the sediment: small,
dark brown, 41 ± 2 × 25 ± 0.3 μm.

Eggs of cestodes Diphyllobothrium and Anoplocephalidae
were found in three and four samples, respectively. The di-
mensions of Diphyllobothrium sp. eggs were within [67–
71] × [41–50] μm. The diameters of Anoplocephalidae eggs
and oncospheres (Fig. 2с) were 44 ± 4 [37–51] and
13 ± 1 [11–15] μm.

Nematode eggs could be differentiated into four different
morphological types: Capillariidae (1.1% prevalence),
Baylisascaris sp. (37.6%), Strongylida 1 (11.8%), and
Strongylida 2 (5.3%). Capillariidae eggs (Fig. 2d) were re-
trieved from a single sample, and their length and width were
60 ± 6 [65–52] × 26 μm. The criterion for differentiating
Strongylida in our samples into two groups was the size:
Strongylida 1 eggs (Fig. 2f, g) were bigger, [52–90] × [28–
58] μm, and Strongylida 2 eggs (Fig. 2h, i) were smaller.

Genetic analysis revealed sufficient genetic material for
DNA identification in 21 samples (out of 93), which belonged
to 15 individual bears (Fig. 1). Data on parasites from different
samples but from the same animal were pooled together
(Table 1). The 15 individual brownbears in the survey contained
all the egg morphotypes described above. Dicrocoelium,

Diphyllobothrium, Anoplocephalidae, Capillariidae, and
Strongylida 2 were found in singular individuals, the prevalence
of Baylisascaris and Strongylida 1 eggs was 40 and 20%,
respectively. Differences in parasite prevalence between samples
and between individual animals were insignificant (p > 0.05).
Among the three fecal samples from one bear, collected on
01.09.2014 (1 sample) and 11.07.2015 (2 samples), only one
(July 2015) contained Baylisascaris sp. eggs.

Discussion

All trematode eggs found in our study seem to belong to
Dicrocoelium dendriticum (Rudolphi, 1819), which infects the
bile ducts of the liver and gall bladder of its definitive hosts—
herbivorous and carnivorous mammals (Kozlov 1977). The life
cycle of this species involves two intermediate hosts: terrestrial
mollusks and ants. D. dendriticum had previously been found
both in brown bear scats (Esaulova et al. 2010, 2012) and in
dissected bodies (Ruhlyadev and Ruhlyadeva 1953). When the
helminth fauna of U. actors was studied in theVolga-
Vyatkaregion by partial helminthological dissection, the intensity
of infection with D. dendriticum was 101 to 17,000 specimens
(Maslennikova and Kolevatova 2004).

Since the eggs of Diphyllobothrium cestodes are highly var-
iable (Andersen andHalvorsen 1978; Choi et al. 2015), we could
not identify them to species relying just on their morphology.
The brown bear has so far been reported to host five species of
cestodes of the genusDiphyllobothrium:D. cordatum (Leuckart,
1863), D. dendriticum (Nitzsch, 1824), D. latum (Linnaeus,
1758), D. nihonkaiense Yamane et al., 1986, and D. ursi
Rausch, 1954 (Rausch 1954; Rogers and Rogers 1976; Kozlov
1977; Arizono et al. 2009; Catalano et al. 2015).

Among the above species, taxonomic catalogs of fish par-
asites for Karelia and the Murmansk Region report the find-
ings of D. dendriticum and D. latum plerocercoids
(Rumyantsev and Ieshko 1997; Mitenev and Schulman
1999). For D. cordatum (pinnipeds as obligate hosts), the
White Sea has been mentioned as one of the finding locations
(Delamure et al. 1985).

Cestodes D. dendriticum and D. latum are widespread dis-
tributed in the Holarctic region. The second intermediate host
forD. dendriticum, which has been reported frommore north-
ern locations than D. latum, is land-locked and sea-going sal-
monids, whereas for D. latum the main intermediate hosts are
perch, pike, and burbot (Delamure et al. 1985; Scholz et al.
2009). Considering the region and sampling sites, one can
surmise the distribution of D. dendriticum in the area.

Cestodes of the family Anoplocephalidae are common par-
asites of herbivorous mammals. There is no information on the
prevalence of these cestodes in bears (either from feces or from
necropsies). The detection of Anoplocephalidae eggs in carni-
vores’ scats is usually classified as artifacts and attributed to

Table 1 Prevalence of helminth eggs detected in feces of brown bears
(Ursus arctos) from the Kola Peninsula

Fecal samples Bears
N 15

2014
N 34

2015
N 59

All
N 93

n % n % n % n %

Trematodes

Dicrocoelium sp. 1 2.9 2 3.4 3 3.2 1 7

Cestodes

Diphyllobothrium sp. 1 2.9 2 3.4 3 3.2 1 7

Anoplocephalidae 4 6.8 4 4.3 1 7

Nematodes

Capillariidae 1 1.7 1 1.1 1 7

Baylisascaris sp. 9 26.5 27 45.8 35 37.6 6 40

Strongylida1 2 5.9 9 15.5 11 11.8 3 20

Strongylida 2 2 5.9 3 5.1 5 5.3 1 7
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consumption of infected prey (Elmore et al. 2013). The pres-
ence of Anoplocephalidae eggs in bear fecal samples can be the
result of preying on some herbivorous mammals. Neither can
one exclude accidental contamination of the samples with feces
of rodents, which were very abundant in the study area during
the period in question and were infected with cestodes of the
family Anoplocephalidae (Anoplocephaloides dentata and
Paranoplocephala sp.) at a rate of around 30%.

The eggs of Baylisascaris sp. nematodes detected in the
samples probably belong to the widespread ursine specialist
parasite Baylisascaris transfuga (Rudolphi, 1819). This para-
site with a direct life cycle infests animals as they swallow
invasive eggs. Baylisascaris transfuga has been reported from
representatives of the genus Ursus in Europe, Asia and North
America (Kozlov 1977; Rogers and Rogers 1976; Worley

et al. 1976; De Ambrogi et al. 2011; Aghazadeh et al. 2015;
Catalano et al. 2015), both from wild populations and captive
animals (Pasechnik 2010). The prevalence of Baylisascaris
eggs in U. arctos fecal samples ranges from 5 to 50%
(Esaulova et al. 2012; Aghazadeh et al. 2015; Vavilova et al.
2015) and demonstrates a clear seasonal pattern with peaks in
the summer season (Burdelev 1953; Gau et al. 1999).
Parasitological dissections of bears sometimes yielded the
prevalence of B. transfuga infection at more than 75% and
intensity of up to 480 parasites (Worley et al. 1976;
Maslennikova and Kolevatova 2004).

Only one sample in our study contained eggs of the
Capillariidae type (Fig. 2d). The eggs differed in size from
the eggs of Eucoleus aerophilus (Creplin, 1839) and
Pearsonema plica (Rudolphi, 1819), the species previously

Fig. 2 Helminth eggs detected in feces of brown bears from the Kola Peninsula. a Dicrocoelium. b Diphyllobothrium. c Anoplocephalidae. d
Capillariidae. e Baylisascaris. f, g Strongylida 1. h, i Strongylida 2. Scale bar 20 μm
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discovered in U. arctos at dissection (Ruhlyadev and
Ruhlyadeva 1953; Tranbenkova 2006). According to
Esaulova et al. (2010, 2012) fecal samples of brown bear
inhabiting in the Far East contained the eggs of Aonchotheca
putorii (Rudolphi, 1819), a widespread parasite of predaceous
mammals (Kozlov 1977), including U. americanus (Pence
et al. 1983; Foster et al. 2004). Morphologically, the eggs in
our samples were similar to A. putorii eggs.

We subdivided Strongylida eggs into two groups, based ex-
clusively on their size. Larger eggs (Strongylida 1) may belong
to nematodes Uncinaria sp. (Strongylida: Ancylostomatidae)
parasitic on carnivores. Data is available on the prevalence of
four species of this nematode genus in brown bear intestines:
Uncinaria rauschi Olsen, 1968 and U. yukonensis (Wolfgang,
1956) are ursine specialists (the former reported only from the
Nearctic, and the latter from the Holarctic realm),
U. stenocephala (Railliet, 1884) is a Holarctic generalist parasite;
U. skrjabiniMatschulsky, 1949 is a Palearctic species parasitic in
mustelids (Ruhlyadev and Ruhlyadeva 1953; Gubanov 1964;
Rausch et al. 1979; Catalano et al. 2015). Strongylid eggs are
frequently identified in U. arctos scats at a prevalence rate of
nearly 10% (Gau et al. 1999; Esaulova et al. 2012; Aghazadeh
et al. 2015; Vavilova et al. 2015).

We could not identify the exact species of the eggs denoted
here as Strongylida 2. Since bears are omnivorous, their hel-
minth fauna often comprises parasites typical of other animal
groups (Rausch et al. 1979; Gau et al. 1999; Tranbenkova
2006; Aghazadeh et al. 2015). One should also bear in mind
that once on the ground, feces soon get colonized by bacteria
and fungi, and then by nematodes with close trophic links to
soil microorganisms. Fecal samples of bears from the
Murmansk Region were found to contain free-living soil-
dwelling nematodes of families Diplogasteridae, Rhabditidae,
Bunonematidae, which show preference for saprobiotic detritus
and bacterial flora, as well as mycotrophic nematodes of the
genus Aphelenchoides. Many species of non-parasitic nema-
todes feature high rates of individual development, wherefore
larvae and eggs of nematodes of these groups can be present on
the mounts in addition to adult stages. Admittedly, Strongylida
2 eggs can belong to either parasitic or free-living nematodes.

When the study is limited to fecal examination (without
genetic fingerprinting of each fecal sample), not only species
identification by the morphotype of the eggs is problematic,
but also estimation of the parasite’s prevalence in the host
population is rather approximate, since it is nearly impossible
to reliably determine which individual host (or even host spe-
cies) the sample came from. The rare exception here is the
samples collected directly from the rectum of anesthetized
bears (Gau et al. 1999).

In our study, we employed genetic analysis to deal with the
problem of estimating prevalence. Unfortunately, the methods
of DNA extraction from animal feces are not faultless. The
brown bear population of the Tersky District is around 250

animals (Tirronen et al. 2015). We managed to identify DNA
fragments in 21 samples coming from 15 individual bears. Per
sample and per animal estimates of the prevalence of different
morphotypes of parasites were similar. There usually was only
one scat sample per bear. On the other hand, among the three
examined samples coming from one bear, Baylisascaris eggs
were detected in only one sample, although the Bpositive^ and
the Bnegative^ scats were collected on the same day.

Underestimated prevalence levels yielded by coprological
studies may be the consequence of the low Bsensitivity^ of flo-
tation techniques. In the raccoon (Procyon lotor), for instance,
Baylisascaris procyonis eggs were found in 66% of fecal sam-
ples taken from infected hosts (Page et al. 2005). B. transfuga
eggs were not detected in the scats of bears in which the nema-
tode infection was confirmed both by positive PCR tests and
dissection of the intestine (Aghazadeh et al. 2015). Another pos-
sible factor for the absence of eggs from the scats of infected
hosts is the periodicity of egg shedding rates in Baylisascaris
nematodes (Reed et al. 2012). We can therefore surmise that
the actual prevalence of B. transfuga in the brown bear popula-
tion of the Kola Peninsula is similar to known maximums (over
70%). The parasite’s reinvasion success and steadily high abun-
dance are probably promoted by the high local density of the
brown bear population in White Sea coastal habitats, where the
relative abundance of the animals during the study periodwas up
to 7 bears per 10 km2 (Tirronen et al. 2015).

Thus, in our study, brown bears were found to be infected
with helminth eggs of Dicrocoelium (3%), Diphyllobothrium
(3%), Anoplocephalidae (4%), Capillariidae (1%), Bayliscaris
(38%), Strongylida 1 (12%), and Strongylida 2 (5%), which
may belong to 7–10 different species. The main specific feature
of the helminth fauna is the high rate of infection with the nem-
atode Baylisascaris transfuga. The above list is certainly incom-
plete, including only the most common species detectable by the
techniques used in the study. Both extra intestinal (Trichinella,
Dirofilaria) and intestinal (trematodes, Taenia cestodes) parasites
of the brown bear may have remained unaccounted.
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