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Wintering Rooks, Corvus frugilegus (Aves, Corvidae), and their Helminths in Poltava and Kyiv,
Ukraine. Greben, O., Dupak, V., Lisitsyna, O. & Kuzmin, Y. — Observations of wintering rook

populations were carried out from late October till early March in 2020-2021 and 2021-2022 in the cities
of Poltava and Kyiv. In Poltava, rooks made up 95 % of the approximately 50,000 wintering corvids, and

in Kyiv, more than 93 % of the approximately 90,000 corvids. Up to 10 % of the rooks observed in Poltava
were juveniles; no juvenile rooks were observed in Kyiv. Forty-six dead rooks (24 in Poltava and 22 in

Kyiv) collected on the ground at roosting sites were used for parasitological studies. We found 13 helminth
species in the two samples of rooks, 10 species were recorded in each sample. In both samples, nematodes

predominated by their infection prevalence and abundance. At the levels of helminth populations and

infracommunities, the differences between the two samples were mostly influenced by the infection
parameters of the nematodes Acuaria anthuris, Baruscapillaria resectum, Diplotriaena tricuspis, Eucoleus
frugilegi, Microtetrameres spp., and the cestode Spiniglans affinis. In the helminth component community
from Poltava, the evenness and diversity indices were comparatively higher than in the component

community from Kyiv; Microtetrameres spp. was the predominat taxon. In the component community

from Kyiv, E. frugilegi predominated by its infection prevalence and abundance.
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Introduction

The rook, Corvus frugilegus Linnaeus, 1758 is one of the most common bird species in the Palaearctic
occurring from Scandinavia and Western Europe to the Pacific coast in Asia (BirdLife International, 2017).
It nests collectively on the trees in woods, parks, and woodland belts, often near roads and in human settle-
ments. The rookeries may comprise hundreds of nests used by the birds for many years. Rooks may stay near
the rookeries throughout the year (Patterson et al., 1971) or migrate southwards in winter (Little et al., 2001).
In Ukraine, wintering populations of rooks include both local individuals and migrants from other territories.
According to bird ringing data, in 1948-1990, a larger part of the rook population in Ukraine spent the winter
months in Central and Southern Europe, while only 18 % of birds, mostly adults, stayed in Ukraine (Poluda &
Tsukanova, 2012). Published information on the present-day migration of rooks in Ukraine is absent.

Rooks are omnivorous and successfully colonise agricultural lands and human settlements (Benmazouz et
al,, 2021). At present, rooks are not unusual in towns and large cities also in winter time (Jadczyk & Drzeniec-
ka-Osiadacz, 2013; Dobrev et al., 2014) so the abundance of wintering rook populations in cities may reach
thousands of birds (Yanish & Lopariov, 2007). Due to their migrations, colonial life and frequent presence in
the human settlements the rooks may participate in the distribution of zoonotic gastro-intestinal pathogens
(Soderlund et al., 2019).

Helminths infecting rooks in Ukraine and neighbouring countries were intensively investigated mostly
in the second half of the XX century (Kornyushin et al., 1975; Iskova, 1975; Smogorzhevskaya et al., 1978; Sala-
matin, 1999; Spasskii & Oshmarin, 1939; Zekhnov, 1947, 1949; Bernard, 1960; Pemberton, 1960; Chernobaj,
1969; Andreyko & Shumilo, 1970; Baru$ et al., 1972; Rutkowska, 1973; Budkin, 1978). Those studies resulted
in the identification of 68 helminth species infecting rooks, including 26 species of trematodes, eight species of
cestodes, 29 species of nematodes, and five species of acanthocephalans. Most surveys of helminths parasitic in
rooks were performed in the warm seasons, i. e. spring and summer. Only in a few studies, helminths of rooks
were investigated throughout the year or in winter (e. g., Zekhnov, 1949; Williams, 1961; Barus et al., 1972; Rut-
kowska, 1973; Halajian et al., 2011). Barus et al. (1972) reported the differences in helminth fauna of wintering
and nesting rooks in Slovakia and the Czech Republic. No such studies have been yet performed in Ukraine.
Environmental conditions are known to influence the composition and structure of helminth communities in
birds (Bush, 1990). Those conditions are different in cold and warm seasons within the distribution area and in
wintering and nesting sites of rooks. Helminth communities of wintering rooks are of interest, as their compo-
sition demonstrates which helminth species are able to survive in winter, thus indicating the possible localities
of infection during the warm season, and giving potential information on the life span of helminths.

In the populations of wintering rooks, some individuals often die in roosting sites at night (Jadczyk, 1994). Dead
birds fall on the ground and become food for predators and scavengers including stray dogs and cats. These dead
rooks may be effectively investigated by parasitological methods, for low temperature in winter preserves the corpses
and the parasites for several days. In the present study, we investigated the populations of wintering rooks in the cities
of Kyiv and Poltava and collected and identified helminths from dead bird individuals. The analysis of observations
and identifications was focused on the characterisation of rook populations, helminth populations and communities,
and the comparison of their parameters between the two localities. We hypothesised that there were significant differ-
ences in helminth communities of wintering rooks in Kyiv and Poltava; moreover, those differences might be related
to differences in nesting localities of the rooks during warm seasons. The results of the analysis are presented herein.

Material and Methods

The observations of wintering populations of rooks were carried out from late October till early March in
2020-2021 and 2021-2022 in the cities of Poltava and Kyiv. Roosting sites of rooks and other corvids within the
cities were identified; rooks were repeatedly counted in and around the sites. Dead rooks found on the ground
at roosting sites were counted, collected, and transported to the laboratory for examination. In total, 46 rooks
were examined including 24 from Poltava (3 collected in December of 2020; 11 collected in October-December
0f2021; 10 collected in January-February of 2022) and 22 from Kyiv (15 collected in February of 2021; collected
in February of 2022).

In the laboratory, dead rooks were autopsied and examined; helminths were gathered from the digestive
tract and the body cavity of the birds. Collected helminth specimens were fixed and stored in 70 % ethanol and
thereafter examined under the light microscope AmScope T690B and identified based on their morphology.
Before the examination, nematodes were washed in distilled water and cleared in lactophenol (a mixture of
equal volumes of water, glycerine, phenol, and lactic acid). Trematodes were stained with iron acetocarmine,
dehydrated in an ascending alcohol series, cleared in clove oil and mounted in Canada balsam (according to
Lutz et al., 2017). All collected cestode specimens were without proglottids and represented only by scolices;
they were cleared and mounted in Berlese’s medium.
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For each helminth species in each host sample, the infection prevalence, intensity, and mean abundance
were identified following the definitions of Bush et al. (1997). Confidence intervals (95 %) were calculated for the
infection prevalence and mean abundance using the Quantitative Parasitology 3.0 software (Rdsza et al., 2000).
The same program was used for the comparison between the infection prevalence and mean abundance of
each species found in the two samples using the unconditional exact test (UET) and the bootstrap-t test (BTT),
correspondingly. A statistical comparison of the infection intensity in the two samples was not performed
because of the small sample size of infected hosts.

In helminth infracommunities (all helminth specimens in one host individual), species richness (number
of helminth species) and abundance (number of all helminth specimens) were calculated; mean, median and
range were identified for each of the parameters in each sample. A comparison of median values of helminth
species richness and abundance was performed using the Mann-Whitney U-test in the PAST 3.1 software
(Hammer et al., 2001). Calculations of the similarity between the infracommunities based on the Bray-Curtis
and Serensen indices, nMDS, ANOSIM and SIMPER analyses were performed in the PRIMER 6 software
(Clarke & Gorley, 2006). The same program was used for the calculation of the estimated species richness and
diversity indices in the helminth component communities.

Results

Characterisation of wintering rook populations in Poltava and Kyiv

Both in Poltava and in Kyiv, rooks were predominating among the wintering corvids in the
roosting sites. In Poltava, wintering rooks roosted on the outskirts of the city, in the remnants of
the “Hryshkiv lis” woodland (49°35'01.4" N; 34°28'36.8" E). There, the overall number of roosting
corvids was about 50,000; 5 % (about 2500) of them were jackdaws, Corvus monedula (Linnae-
us, 1758). In 2020-2021, we found 35 dead rooks in the roosting site in winter; in 2021-2022,
37 dead rooks were found. On average, 69 rooks died monthly during the wintering season in
Poltava. In Kyiv, corvids roosted on the territory of Kyiv Zoo (50°27'24.3" N; 30°27'58.6" E) in
the winter of 2020-2021. In 2021-2022, the birds were intentionally scared away by the Zoo
staff because they were supposed to spread pathogens among birds in the aviaries and roosted
in Pushkin Park, 1 km away from the Zoo (50°27'26.4" N; 30°27'15.7" E). The total number of
roosting corvids was about 90,000; 8 % (about 7,200) of them were jackdaws, and 0.6 % (about
500) were hooded crows, Corvus cornix Linnaeus, 1758. The total number of dead rooks was not
calculated in the roosting sites in Kyiv.

In the flocks of wintering rooks in Poltava, up to 10 % were observed to be juvenile (sub-
adult) individuals identified by the presence of nasal bristles. In Kyiv, juvenile birds were not
observed in wintering rook population in 2020-2022. In the sample of dead birds collected in the
roosting locality in Poltava, 10 specimens (42 %) were juveniles. Bursa Fabricii was observed only
in four juvenile birds collected in October and November. Probably it is reduced in subsequent
months. No juveniles were present in the sample of dead rooks from Kyiv. Male: female ratio
was similar in the samples collected in Poltava and Kyiv and equalled 0.7:1. Sex of two juvenile
specimens in the sample from Poltava was not identified due to their underdeveloped gonads. In
the sample from Poltava, the weight of collected rooks (20 specimens weighed) was 442 + 13.6 g;
in the sample from Kyiv, the average weight of 9 weighed specimens was 487 +24.2 g.

In three dead rooks (adult males) from Poltava, sharp pieces of plastic were found
in the digestive tract. In those birds, numerous haemorrhages in the intestine walls were
observed and possibly contributed to the death. In other dead rooks, the causes of death
remained uncertain. None of the birds examined post-mortem showed signs of emaciation;
on the contrary, fat was observed under the skin and/or on the surface of internal organs
and on the mesentery of the majority of rooks.

Helminth species, populations and communities in wintering rooks
Forty-one of 46 examined individuals of rooks (89 %) were found infected with hel-
minths. In the sample from Poltava, only one rook was free from helminth infection, 23 in-
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dividuals (96 %) were infected. In the sample from Kyiv, 82 % of rooks (18 of 22 individu-
als) were infected. In total, 427 specimens (289 in Poltava and 138 in Kyiv) of 13 species of
helminths were collected from examined hosts (table 1). One nematode species, Microte-
trameres helix Cram, 1927 was represented by two subspecies, M. helix helix and M. helix
asiaticus. The subspecies were distinguished based on the length of the left spicule, distinct-
ly longer in M. helix asiaticus (fig. 1). One unidentified nematode larva in the intestine of
the host was assigned to the order Spirurida based on the morphology of the anterior ex-
tremity and the oesophagus. Larval nematodes and female specimens found without males
in the proventriculus of separate host individuals were all assigned to Microtetrameres sp.
(table 1). Presumably, those specimens belonged to one or both species of Microtetrameres
found in each locality, however, they could not be identified based on their morphology. In
the further characterisation of helminth populations and communities, all Microtetrameres
spp. are treated as one taxon.

Table 1. Helminth species collected from wintering rooks, Corvus frugilegus in Poltava and Kyiv

Species | Site of infection | n, Poltava | n, Kyiv
Plathyhelminthes, Trematoda
Prosthogonimus ovatus (Rudolphi, 1803) bursa Fabricii 1 (0.35 %) 0
Lyperosomum longicauda (Rudolphi, 1809) liver 0 1(0.72 %)
Plathyhelminthes, Cestoda
Spiniglans affinis (Krabbe, 1869) intestine 18 (6.2 %) 31 (22.5%)
Passerilepis crenata (Goeze, 1782) intestine 1(0.35 %) 0
Passerilepis stylosa (Rudolphi, 1809) intestine 0 1(0.72 %)
Nematoda, Enoplea

Baruscapillaria resectum (Dujardin, 1845) intestine 52 (18.0%) 3(2.2%)
Eucoleus frugilegi (Czaplinski, 1962) oesophagus 37 (12.8 %) 59 (42.8 %)

Nematoda, Chromadorea
Microtetrameres helix asiaticus Oschmarin, 1956 proventriculus wall and mucosa 58 (20.1 %) 3 (2.2 %)

Microtetrameres helix helix Cram, 1927 proventriculus wall and mucosa 17 (5.9 %) 0

Microtetrameres contorta (Weidman, 1913) proventriculus wall and mucosa 0 10 (7.2 %)
Microtetrameres sp. proventriculus wall and mucosa 59 (20.4 %) 27 (19.6 %)
Diplotriaena tricuspis (Fedtschenko, 1874) body cavity 11(3.8%) 1(0.72 %)
Acuaria anthuris (Rudolphi, 1819) gizzard, under koilin layer 30 (10.4 %) 1(0.72 %)
Dispharynx nasuta (Rudolphi, 1819) gizzard, under koilin layer 5 (1.7 %) 0

Spirurida gen. sp. (L3) intestine 0 1(0.72 %)

Note.For each species, the number of specimens (n) is shown as the total number followed by the
percentage in the whole helminth sample in parentheses.

0.5 mm

Fig. 1. Males of Microtetrameres helix Cram, 1927 subspecies: A — Microtetrameres helix helix; B — Microte-
trameres helix asiaticus.
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Trematodes were represented by two species, Prosthogonimus ovatus (Rudolphi, 1803)
and Lyperosomum longicauda (Rudolphi, 1809). Each was found in one host in Poltava
and Kyiv, correspondingly. Fifty-one specimens of cestodes belonged to three species (ta-
ble 1) and infected 13 hosts (28 %) in total. Nematodes appeared to be the most abundant
(374 specimens in total) and diverse group of helminths in examined samples of rooks.
They were represented by eight species and were found in 40 hosts (87 %) in total.

The number of helminth taxa (species and subspecies) was the same in the two ex-
amined samples: 10 in Poltava and 10 in Kyiv (table 1). The trematode P. ovatus, the ces-
tode P. crenata (Goeze, 1782), and the nematodes M. helix helix and D. nasuta (Rudolphi,
1819) were found only in the sample from Poltava, whereas the trematode L. longicauda,
the cestode P. stylosa (Rudolphi, 1809), and the nematodes M. contorta (Weidman, 1913)
and a larval Spirurida were found in the sample from Kyiv only. Six taxa were repre-
sented in both samples; accordingly, the similarity between the samples based on the
Serensen index was 60 %.

The faunistic difference between the samples was found to be lower if the occurrence
of helminths in hosts (infection prevalence) was considered. Each of six out of eight spe-
cies which were unique in either of the two samples infected one host specimen only. The
infection prevalence of such species was as low as 4.2 % (CI 0.2-20.4 %) in the sample from
Poltava or 4.5 % (CI 0.2-22.2 %) in the sample from Kyiv (table 2). Moreover, the mini-
mum value of the confidence intervals of the mean abundance of those species was 0, which
made their presence in the host population statistically uncertain. Therefore, the difference
between the two samples based on the presence/absence of those species may be considered
statistically insignificant.

The infection parameters of some helminth species added to the differences between the
two samples. The infection prevalence of B. resectum (Dujardin, 1845), A. anthuris (Rudolphi,
1819), and Microtetrameres spp. was significantly higher in the sample from Poltava than in the
sample from Kyiv (table 2). Infection prevalence of B. resectum and A. anthuris was still higher
in the rooks from Poltava even when juvenile specimens were excluded from the calculations;
in 14 adult rooks the infection prevalence was 21.4 % and 28.6 %, correspondingly. However,
the differences were not statistically significant (UET p > 0.05). The infection prevalence of Mi-
crotetrameres spp. in adult rooks from Poltava was 78.6 %, similar to that in the entire sample
(79.2 %), and significantly higher than thatin the sample from Kyiv (UET p <0.01). The infection
prevalence of D. tricuspis was higher in the sample from Poltava (20.8 % versus 4.5 % in the sam-
ple from Kyiv); however, the UET did not confirm the statistical significance of the difference.
The infection prevalence of S. affinis and E. frugilegi (Czaplinski, 1962) was somewhat higher in
the sample from Kyiv (table 2). Statistical difference in mean abundance was significant for Mi-
crotetrameres spp. and D. tricuspis; both were more abundant in the sample from Poltava (tab-
le 2). The number of helminth specimens per host in the sample from Poltava was higher also in
B. resectum and A. anturis, while S. affinis and E. frugilegi were more numerous in the studied
rooks from Kyiv (table 2).

Helminth infracommunities (all helminths in each separate host individual) included
1-5 species (mean 2.8; median 3) and 2-36 specimens (mean 12.6; median 10) in the sam-
ple from Poltava. In the sample from Kyiv, the species richness in helminth infracom-
munities ranged from 1-3 (mean 1.8; median 2), and helminth abundance ranged from
1-25 (mean 7.7; median 5). The Mann-Whitney test confirmed a significant difference in
the species richness (p = 0.02) between the two samples, while the difference in helminth
abundance was not significant (p = 0.054). Species richness and abundance in helminth in-
fracommunities from adult hosts in the sample from Poltava (n = 13) were similar to those
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Table 2. Parameters of infection of helminth species collected from wintering rooks, Corvus frugilegus in
Poltava and Kyiv

P, % MA p I
Species Poltava Kyiv  |(UET)| Poltava Kyiv | (grT)| Poltava | Kyiv
P. ovatus 4.2 0 - 0.04 0 - 1[1] 0
(0.2-20.4) (0-0.13) (1-1)
L. longicauda 0 4.5 - 0 0.05 - 0 1[1]
(0.2-22.2) (0-0.14) (1-1)
S. affinis 20.8 31.8 0.46 0.75 141 04 36[4] 44[3]
(8.6-41.5) (15.2-54.6) (0.21-1.54)  (0.55-3.23) (1-5) (1-13)
P. crenata 4.2 0 - 0.04 0 - 1[1] 0
(0.2-20.4) (0-0.13) (1-1)
P. stylosa 0 4.5 - 0 0.05 - 0 1[1]
(0.2-22.2) (0-0.14) (1-1)
B. resectum 45.8 4.5 < 2.17 0.14 0.09 4.7[2] 3 [3]
(26.7-66.1)  (0.2-22.2) 0.01* (1.0-4.75)  (0-0.41) (1-18)  (3-3)
E. frugilegi 54.2 63.6 0.54 1.54 2.68 0.18 2.8[2] 4.2 [4]
(33.9-73.3) (41.8-81.3) (0.83-2.71) (1.55-4.18) (1-9) (1-11)
Microtetrameres 79.2 27.3 < 5.58 1.82 0.04* 7.1[5] 6.7[3.5]
spp. (58.5-91.4) (12.6-50.0) 0.01* (3.54-10.08) (0.5-5.5) (1-34) (1-21)
D. tricuspis 20.8 45 0.12 0.46 0.05 0.04* 221[2] 1[1]
(8.6-41.5)  (0.2-22.2) (0.13-1.04) (0-0.14) (1-4) (1-1)
A. anthuris 37.5 4.5 0.01% 1.25 0.05 0.1 3.3 (2] 1[1]
(20.4-58.5)  (0.2-22.2) (0.58-2.58)  (0-0.14) (1-11)  (1-1)
D. nasuta 4.2 0 - 0.21 0 - 5 [5] 0
(0.2-20.4) (0-0.63) (5-5)
Spirurida gen. sp. 0 4.5 (0.2- - 0 0.05 0 1[1]
(L3) 22.2) (0-0.14) (1-1)

*Significant differences.
Note. Infection prevalence (P) and mean abundance (MA) are shown with 95 % confidence intervals;
infection intensity (I) is shown as mean followed by median in brackets and range in parentheses.

in the sample from Kyiv: range 1-5, mean 2.5, median 2; range 2-36, mean 10, median 6,
correspondingly. Juvenile rooks in the sample from Poltava (n = 10) harboured the most
abundant infracommunities of helminths. There, the helminth abundance ranged from
4-26 specimens (mean 15.5; median 16), while the helminth species richness was close to
that in the whole sample: range 1-5, mean 3.3, median 3.

The resemblance between the infracommunities in the two samples combined ranged
from 0-100 % based on the Bray-Curtis index of similarity. Visualisation of the resemblance
using nMDS (fig. 2) did not demonstrate a distinct difference between the two samples of
infracommunities. However, according to the ANOSIM routine, the difference between
the two samples was slight but significant: ANOSIM R = 0.23, p = 0.002. The same analysis
applied to the resemblance matrix based on the Serensen index of similarity resulted in a
slightly higher difference between the groups of infracommunities: ANOSIM R = 0.24, p =
0.001. According to the SIMPER analysis, the within-the-group average similarity between
the helminth infracommunities was rather similar in the samples from Poltava and Kyiv:
38.4 % and 37.0 %, correspondingly. In the sample from Poltava, the following taxa con-
tributed to the similarity: Microtertrameres spp. (58.2 %), E. frugilegi (18.6 %), B. resectum
(13.2 %), and A. anthuris (6.0 %). In the sample from Kyiv, the following taxa contributed
to the similarity: E. frugilegi (74.1 %), S. affinis (14.4 %), and Microtetrameres spp. (11.5 %).
Four species made the largest contribution (cumulative contribution of 82 %) to the aver-
age dissimilarity between the two groups of infracommunities: E. frugilegi (29.6 %), Micro-
tetrameres spp. (25.6 %), S. affinis (14.2 %), and B. resectum (12.6 %).
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Fig. 2. Two-dimensional view of nMDS distribution of helminth infracommunities of Corvus frugilegus from
two localities.

In both localities, the observed species richness in helminth component communities
was equal. Nine taxa were recorded in each helminth community, considering Microte-
trameres spp. as a single taxon. In the sample from Poltava, the estimated species rich-
ness in the helminth component community was 9 (Chaol, Chao2), 10 (bootstrap), or
12 (jackknifel). In the sample from Kyiv, the estimated species richness was slightly higher
according to some estimators: 9 (Chaol, Chao2), 11 (bootstrap), or 15 (jackknifel). Also,
Margalef’s index of species richness was higher in the sample from Kyiv (1.6) than in the
sample from Poltava (1.4).

In the helminth component community from Poltava, six taxa had an infection preva-
lence higher than 10 % (fig. 3); they constituted 66.7 % of all helminth specimens in the
sample. Microtetrameres spp. predominated in the sample by occurrence (P = 79.2 %) and
relative abundance (31.7 %). In the helminth community from Kyiv, only three taxa had
an infection prevalence higher than 10 % (fig. 3); they constituted 73.0 % of all helminth
specimens in the sample. Eucoleus frugilegi had the highest occurrence (P = 63.6 %) and
relative abundance (33.1 %). Similar relative abundance of the predominat taxon in the
two samples resulted in similar values of the Berger-Parker index of dominance: 0.32 in the
sample from Poltava and 0.33 in the sample from Kyiv. However, the predominat taxon in
the sample from Poltava, Microtetrameres spp. included more than one species; therefore,
the actual dominance in the component community was lower.

Lower dominance and, consequently, higher evenness in the helminth component
community from Poltava compared to the helminth community from Kyiv was confirmed
by the Pielou’s evenness index: 0.72 in the sample from Poltava versus 0.60 in the sample
from Kyiv. The diversity indices in the sample from Poltava appeared to be also somewhat
higher than those in the sample from Kyiv: 1.57 versus 1.32 (Shannon), and 0.72 versus 0.68
(Simpson).
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Fig. 3. Prevalence (A, B) and relative abundance (C, D) of helminths in the samples collected from wintering
rooks, Corvus frugilegus in Poltava (A, C) and Kyiv (B, D).

B. resectum

Discussion

In recent decades, a decrease in the number of wintering corvids was observed in vari-
ous urban localities in Ukraine. In Kyiv, 163.5-170 thousand wintering corvids were cal-
culated in 2004-2005 (Yanish & Lopariov, 2007), while in 2018-2019 their number was
about 140 thousand (Yanish & Dupak, 2020). In the present study, we observed just about
90 thousand corvids wintering in Kyiv. In Poltava, there were about 80 thousand win-
tering Corvus spp. in 2015-2016 and 2016-2017 (our unpublished observations), while
in 2020-2021 we calculated only 50 thousand of these birds. Interestingly, the abundance
of wintering jackdaws and hooded crows remained rather constant during this period in
Poltava. A similar decrease in the number of wintering rooks was recorded in the town of
Melitopol in southern Ukraine: from 30 thousand in 2001-2010 to 15 thousand in 2019
(Koshelev et al., 2020). The reduction in the number of wintering rooks may be either due
to the decreasing migratory activities of birds or because of the reduction of the number of
nesting populations of the rook observed in different parts of its range including Ukraine
(Orlowski and Czapulak, 2007; Kitowski, 2011; Kopylova et al., 2011; Redinov & Petrovich,
2011; Poluda & Tsukanova, 2012; Andryushchenko et al., 2016).

The percentage of juvenile rooks in wintering population in Poltava observed in the
present study (up to 10 %) was slightly higher than that previously observed in Wroclaw
(Poland), 5-6 % (Jadczyk & Jakubiec, 1995). The larger percentage of juveniles in the exa-
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mined sample of dead rooks from Poltava compared to that observed in the population
(42 % vs. 10 %) is apparently due to the high mortality of juveniles. Busse (1969) reported
54-73 % mortality of rooks during the first year of life. The observed absence of juvenile
wintering rooks in Kyiv and their presence in Poltava may be explained by the tendency of
younger birds to cover longer distances during seasonal migrations, especially in northern
regions of Ukraine (Poluda & Tsukanova, 2012).

Previous studies of the helminth of the rook in Ukraine were performed mostly in the
warm seasons; 18 helminth species were recorded: seven trematode species, two cestode
species, seven nematode species, and two acanthocephalan species (Issaitschikoff, 1927;
Cherniak, 1929; Ivanizky, 1940; Vasylevska, 1956; Kornyushin et al., 1975; Iskova, 1975;
Smogorzhevskaya et al., 1978; Smogorzhevskaya, 1990). In the present study, we found fewer
helminth species: only two species of trematodes out of seven recorded previously, and no
acanthocephalans. On the other hand, we first report E. frugilegi, D. tricuspis, M. contorta, and
M. helix asiaticus in Ukraine. Cestodes P. crenata and P. stylosa, and the nematode M. helix
helix were previously recorded in other birds in Ukraine; we found them in the rook for the
first time. Therefore, the present study expands the number of helminths known in rooks
from Ukraine to 24 species. Only two of them, namely, the nematode E. frugilegi and the
cestode S. affinis are specific parasites of the rook (Barus et al., 1972; Salamatin, 1999). All
helminth species found in the present study, except the trematode P. ovatus, are supposed
to be able to survive winter months and resume their transmission in spring. The trematode
P. ovatus was found in the bursa Fabricii of one bird in November. This species cannot re-
main in rooks till the warm season, since the bursa Fabricii disappears in young birds by the
end of the winter. Interestingly, all specimens of cestodes from wintering rooks were observed
to lack strobilae; their growth and reproduction apparently ceased in winter.

A total of 47 helminth species were reported to parasitise rooks in other European
countries. Thirteen of them were found in Moldova (Andreyko & Shumilo, 1970), 22 in the
Czech Republic and Slovakia (Macko, 1956; Barus et al., 1972), 23 in Poland (Rutkowska,
1973), eight in Bulgaria and nine in Romania (Stoican et al., 1972; Chiriac & Udrescu,
1973), and 10 in the United Kingdom (Pemberton, 1960; Williams, 1961). Spiniglans af-
finis, B. resectum, and A. anthuris were among the most common parasites of rooks re-
ported in previous studies. However, S. affinis was previously often identified as Spiniglans
(= Choanotaenia) constricta (see Salamatin, 1999), and B. resectum was often identified as
Capillaria (= Trichosoma) corvorum (see Moravec et al., 1994).

Williams (1961) recorded three helminth species in wintering rooks in the United
Kingdom. Two of them, L. longicauda and P. crenata were present in our material. Species
of cestodes and trematodes found in wintering rooks in the Czech Republic and Slovakia
(Baru$ et al., 1972) were the same as recorded in the present study: L. longicauda, P. ovatus,
S. affinis, and P. crenata. Four of seven nematode species reported by Barus et al. (1972)
were found in wintering rooks from Poltava: B. resectum, A. anthuris, E. frugilegi, and
D. nasuta; all except D. nasuta were also present in the sample from Kyiv. The occurrence
of separate helminth species was similar in wintering rooks from the Czech Republic and
Ukraine. In both countries, L. longicauda, P. ovatus, P. crenata, and D. nasuta were rare,
while S. affinis, A. anthuris, B. resectum, and E. frugilegi were common.

We found nematodes predominating in the total sample of helminths collected from win-
tering rooks. Eight of the 13 species found were nematodes, they were found in 87 % of hosts and
comprised 88 % of all helminth specimens in the sample. A similar predomination of nematodes
was reported in helminthological studies of rooks from different localities in different seasons,
e. g.in the Kherson region of Ukraine (Kornyushin et al., 1975) and in Moldova (Shumilo, 1961)
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in spring and summer, in Poland (Rutkowska, 1973) throughout the year, in Czech Republic
and Slovakia (Barus et al., 1972) both in winter and in the warm season. Interestingly, Barus et
al. (1972) recorded exactly the same numbers of species of nematodes and other helminths in
wintering rooks as we did in the present study: eight nematode species and five species of other
helminths. Apparently, the predomination of nematodes in the helminth samples collected from
rooks is related rather to the diet of the birds than to the season or locality.

We found the differences between the two studied helminth samples in infection pa-
rameters of separate species and in some parameters of helminth communities. In the sam-
ple from Poltava, both the occurrence in the host (infection prevalence) and abundance
were higher in the nematodes A. anthuris, B. resectum, D. tricuspis, and Microtetrameres
spp.» while the infection parameters of the nematode E. frugilegi and the cestode S. affinis
were higher in the sample from Kyiv. At the infracommunity level, quantitative differ-
ences between the samples were strongly influenced by the presence of juvenile rooks in
the sample from Poltava and their absence in the sample from Kyiv. Juvenile rooks from
Poltava harboured more helminth specimens than adult birds from both samples. On the
other hand, age differences between the samples of hosts did not contribute significantly
to the differences in the infracommunity composition. The helminth species richness was
similar in the samples from juvenile and adult hosts, and the parameters of infection in
separate species from Poltava did not differ in juvenile and adult rooks. Therefore, the dif-
ferences between helminth infracommunities from Poltava and Kyiv revealed by ANOSIM
and SIMPER analyses are significant, in our opinion.

A comparison of the infection prevalence and relative abundance of separate helminth
species in each sample and the diversity indices evidenced the higher evenness in the com-
ponent community of helminths in the sample from Poltava compared to that from Kyiv.
Presumably, the component community of helminths in the rooks wintering in Poltava origi-
nated from a less transformed and more “healthy” ecosystem. Almost all helminth species
found in rooks in the present study are heteroxenous parasites; only the nematode B. resec-
tum is monoxenous (Okulewicz & Fronficka, 1998). Transmission of heteroxenous helminths
using invertebrates as intermediate hosts is hardly possible in winter. More likely, the rooks
are infected in the warm season, in nesting sites and during migration. Based on the informa-
tion about helminth infection, one may assume that the summer diet of the rooks wintering
in Poltava includes more orthopterans, the intermediate hosts of A. anthuris and Microte-
trameres spp. (Cram, 1934; Rietschel, 1973; Anderson, 2000) and fewer earthworms, the in-
termediate hosts of E. frugilegi (Rietschel, 1973). Intermediate hosts are unknown for the ces-
tode S. affinis that was more abundant in the sample from Kyiv. However, the related species
S. constricta (Molin, 1858) is known to use darkling beetles (Tenebrionidae) in its transmis-
sion (Gabrion, 1975). Presumably, earthworms and darkling beetles are a substantial part of
the summer diet of rooks wintering in Kyiv. We assume that future investigation of parasites
of rooks in the nesting sites, as well as along migration routes may verify the reasons for the
differences in helminth communities of rooks observed in the present study.
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