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Abstract—The taxonomic diversity of the Hirudinea fauna and its dependence on the ecological conditions
in the Bukhtarma Reservoir (Eastern Kazakhstan) have been studied. The morphological analysis has shown
that these leeches belong to two orders and three families: Rhynchobdellida (families Glossiphoniidae and
Piscicolidae) and Arhynchobdellida (family Erpobdellidae). On the whole, eight leech species from five gen-
era (Alboglossiphonia, Helobdella, Theromyzon, Piscicola, and Erpobdella) have been identified. Among them,
there are three glossiphoniid species (4. heteroclite, H. stagnalis, and T. tessulatum), two species of piscicolids
(Piscicola geometra and Piscicola sp.), and three species of predatory leeches (E. octoculata, E. vilnensis, and
Erpobdella sp.). Possible effects of hydrochemical parameters of the aquatic environment on the species
diversity have been analyzed. Correlation has been revealed between the abundance of species and the phys-

ical and chemical characteristics of the environment.
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Reservoirs are a special category of artificial water
bodies with specific hydrochemical and hydrobiologi-
cal regimes. The main purpose of their construction is
to solve a complex of economic and social problems.
The Irtysh cascade of reservoirs was built in the terri-
tory of Eastern Kazakhstan during the second half of
the 20th century. It includes the Bukhtarma Reservoir,
Ust-Kamenogorsk Reservoir, and Shulbinsk Reser-
voir [1]. The Bukhtarma Reservoir is the largest
among them and functions as the main regulator of the
hydrological level of the cascade. The lacustrine and
lacustrine-fluvial parts of this reservoir are character-
ized by a low concentration of dissolved oxygen and an
excess concentration of heavy metals due to the prox-
imity of mining and nonferrous metallurgy enterprises
[2]. Thus, the most favorable habitats for hydrobionts
are in the northern part of the reservoir where the
mountain landscape prevails, which makes it very dif-
ficult to take samples by standard hydrobiological
methods.

The aquatic fauna of the Bukhtarma reservoir is
distinguished by the maximum diversity among reser-
voirs of the Upper Irtysh basin, which is due to the
diversity of its biotopes [2]. The specific composition
of species in the Bukhtarma Reservoir is explained
both by natural dispersal of species from water bodies

included in it and by the presence of artificially intro-
duced species [3, 4].

Freshwater leeches are an insufficiently studied
and, at the same time, important ecological groups of
hydrobionts. Representatives of the group of free-liv-
ing nonparasitic (microphagous) leeches are of scien-
tific interest as an important link in the trophic chain
of aquatic ecosystems and also as indicators of pollu-
tion in water bodies [5—7]. The main ecological role of
parasitic leeches is regulation of the abundance of host
species. Ulcers, bleeding, and inflammation associ-
ated with the attachment of leeches weaken the host,
because it ensures a supportive environment for bacte-
rial infections. The interest in leech fauna has consid-
erably increased in the recent years because of proba-
ble involvement of leeches in transmission of bacterial
and viral infections [8§—12], blood parasites (including
trematodes, cestodes, and nematodes) [13], and para-
sitic flagellates [14—16], which are considered patho-
genic for aquatic animals.

No object-orientated studies on the leech fauna of
the Bukhtarma Reservoir have been performed to
date. The taxonomic and ecological diversity of
leeches in the reservoir has been investigated insuffi-
ciently. Data on the occurrence of some leech species
were obtained randomly during the research on mac-
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rozoobenthos [17] or fish parasitofauna [17]. Thus,
only preliminary data without any description of the
biology and ecology are available for such species.
Furthermore, the significance of identification of
some species is questionable and needs specification.
The faunistic list of the Bukhtarma Reservoir [18]
included two species of piscine leeches (Piscicola
geometra (Linnaeus, 1758) and Caspiobdella fadejewi
(Epstein, 1961)). However, it is known that the Euro-
pean freshwater leech C. fadejewi has a limited range,
living exclusively in the basins of rivers flowing into
the Sea of Azov and the Black Sea [19, 20], as well as
in the Volga basin [21]. Possibly, C. fadejewi was acci-
dentally introduced in Eastern Kazakhstan with fish,
or this piscicolid species was incorrectly identified. In
the later work [17], C. fadejewi is not on the checklist
of macrozoobenthos, but there are three other leech
species: Piscicola geometra (Linnaeus, 1758), Hemic-
lepsis marginata (Muller, 1774), and Erpobdella octoc-
ulata (Linnaeus, 1758).

The purpose of this study is to obtain more accu-
rate data on the species diversity of leeches in the
northern part of the Bukhtarma Reservoir and to ana-
lyze their ecological and faunistic characteristics.

MATERIAL AND METHODS

The biological material was sampled in August
2015 at three geographic points in the northern part of
the Bukhtarma Reservoir (Fig. 1): near the village of
Novaya Bukhtarma (station 1, 49°36’58” N, 83°31°33” E)
and recreation centers Mokhnatka (station 2,
49°37°01” N, 83°34’18” E) and Goluboi Zaliv (station 3,
49°37’39” N, 83°27"21” E).

Leeches were collected by hand or with hydrobio-
logical nets in the littoral area of the reservoir at the
depths of 0.5—1.5 m. Leeches were quatitavely ana-
lyzed using a hydrobiological frame. All samples were
fixed in 80% ethanol after preliminary anesthesia if
leeches in a low-concentration alcohol solution.

Morphological analysis of the fixed samples was
carried out in the laboratory under a MSP-2 binocular
microscope (LOMO, Russia). Species affiliation was
determined under existing systematic keys [20, 22] in
accordance with the modern classification of the
group. All biological samples were marked and depos-
ited in the collection of the Limnological Institute,
Siberian Branch, Russian Academy of Sciences
(Irkutsk).

The main hydrochemical characteristics of water
(pH, temperature, salt content, and electroconductiv-
ity) were measured in the field, at sampling points,
with a PCSTestr 35 Series multiparametric tester
(Oakton Eutech Instruments, United States).

To evaluate the relationship between the taxo-
nomic composition of leech fauna and the physico-
chemical characteristics of the environment, we used
multivariate statistics. The correlation matrix was con-
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structed based on the Spearman correlation coeffi-
cient [23]. Advantages of the R programming language
with additional function of the gplots package were
used for statistical calculations and visualization of
results [24].

RESULTS AND DISCUSSION

The entire complex of environmental factors has an
effect on the distribution and abundance of leeches,
with water salinity being one of the main factors deter-
mining their composition and abundance [25—27].
Salinity within the range of 100 to 500 mg/L is most
favorable for the living activity of leeches [27]. Ambi-
ent temperature is no less important factor influencing
their distribution, abundance, and physiological state
[28, 29]. In addition, the species composition and
abundance of the leech fauna depend on organoleptic
characteristics of the water, such as its odor, color, and
turbidity [30].

To describe the habitats and reveal potential cor-
relation between the species composition of leeches
and certain hydrochemical characteristics, total water
salinity and temperature were measured at each sta-
tion; in parallel, of conductivity and pH were mea-
sured. The results showed that the parts of the
Bukhtarma Reservoir where leeches were collected
could be regarded as different biotopes with specific
physicochemical characteristics (Fig. 1, table). Station 1
is a water-logged reservoir section with water tempera-
ture of 23.4°C, electric conductivity of 185 mS, and
total salinity of 143 mg/L. This biotope was character-
ized by high water turbidity. Leeches were found in a
free state and on various types of substrates, including
the surface of aquatic plants and snail shells. Station 2
was located near the base of the Mokhnataya Moun-
tain. Samples were taken along the shoreline in the
zone of open water, which was relatively transparent.
The bottom in this zone was stony, and leeches
occurred only on solid substrates. At the moment of
sampling, water temperature was 21°C; electric con-
ductivity, 146 mS; and total salinity, 93.7 mg/L. This
was the only station where water salinity was beyond
the optimum range (table). Station 3 was in another
bay of the reservoir, in close proximity to the dam of the
Bukhtarma HPP. Abiotic environmental factors in this
area were slightly different from the previous biotopes
(see Table). Water temperature was the lowest (18.6°C),
while the values of electric conductivity (172 mS) and
total salinity (134 mg/L) were comparable to those in
the first sample. The water was transparent, the bot-
tom mostly sandy, with well-developed neritic vegeta-
tion. The substrates for leeches in this biotope solid
human-made objects (mainly plastic) and macro-
phytes, with glossiphoniids occurring in their root sys-
tem. Water pH at all stations varied insignificantly,
within the slightly alkaline range (pH 7.6—7.7).

According to the literature, only four leech species,
including C. fadejewi, were previously recorded in the
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Fig. 1. Geographic locations of sampling stations: (/) near the village of Novaya Bakhtarma (49°36'58" N, 83°31'33" E), (2) —
near the Mokhnatka Recreation Center (49°37'01" N, 83°34'18" E), (3) near the Goluboi Zaliv Recreation Center (49°37'39" N,

83°27"21" E).

Bukhtarma Reservoir [17, 18], but the presence of the
latter species is questionable. Our data show that the
species composition of leech fauna in the Bukhtarma
Reservoir has become three times as rich as before and
comprises nine species of parasitic and nonparasitic
leeches from two orders, Rhynchobdellida and Arhy-
chobdellida. The checklist includes five fairly common
species (H. marginata, H. stagnalis, A. heteroclite,
P. geometra, E. octoculata) and two rare species (7. tes-
sulatum and E. vilnensis). Hemiclepsis marginata was
added to the revised species list based on the data by
Devyatkov [17], despite the fact that we have not
found it in the northern part of the reservoir. Further-
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more, there are representatives of two potentially new
species (Piscicola sp. and Erpobdella sp.) that have not
been attributed to any known taxa because of their
specific morphological features.

The Palearctic species E. vilnensis, contrary to the
traditional point of view that it is a typical representa-
tive of upland and mountain regions of Central, East-
ern, and South-Eastern Europe [20, 29], was for the
first time found in Asia. As the geographic range of
research on leeches expands, new data on the distribu-
tion of E. vilnensis appear. For example, it has been
recently recorded in rivers of Odessa and Nikolaev

No.2 2017



ECOLOGICAL AND FAUNISTIC CHARACTERISTICS

(@)

36.2%

(©)

Acneematie| |\ 21%

H. stagnalis

39.4%

T. tessulatum

P. geometra

-~

173

(b)

.

11%

/

A. heteroclite

H. stagnalis

T. tessulatum

11%

T T T

P sp. 0%

P. geometra

22%

(d)

34.8%

1l

1113

Fig. 2. The ratio of species abundance in different leech communities inhabiting the Bukhtarma Reservoir: (a) station 1, (b) station 2,

(c) station 3, and (d) average for the reservoir.

regions of Ukraine [31]. This species is widespread in
the northern part of the Bukhtarma Reservoir (table).

The leech fauna of the Bukhtarma Reservoir
includes both typical representatives of flowing water
bodies (FE. vilnensis) and specific species for waters
with decreased run-off (H. marginata, T. tessulatum,
A. heteroclite, and H. stagnalis). Comparative analysis
of the taxonomic diversity of leech communities
inhabiting different areas of the reservoir revealed
dominance of H. stagnalis and A. heteroclite. Their
average occurrence frequencies were 34.8% and
20.2%, respectively (Fig. 2). Despite the dominant
role of common Palearctic species from the family
Glossiphoniidae, the level of their species diversity
was generally low, regardless of the high abundance of
bivalve mollusks and snails, their potential hosts
(table). Nevertheless, the proportion of parasitic forms
in the community of leeches inhabiting the Bukhtarma
Reservoir was very high (82.0%) (see Fig. 2d), which
may be evidence for the diversity of host organisms in
this water body. In fact, its ichthyofauna is more
diverse than in other reservoirs of the Upper Irtysh
cascade [2], which is attributed not only to the variety
of biotopes but also to artificial introduction of organ-
isms [3, 4].
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The parasitic group of the Bukhtarma Reservoir
includes piscine leeches (P. geometra and Piscicola
sp.), leeches parasitizing waterfowl (7. tessulatum),
and all glossiphoniids parasitizing mainly mollusks.
The proportion of macrophagous leeches (E. octocu-
lata, E. vilnensis, Erpobdella sp.) in the communities is
relatively low, only 18.0% of the total number of sam-
ples (table, Fig. 2d). The atypical ratio of parasites and
benthophages (normally, it must be opposite) is prob-
ably explained by the instable regime of the shore
zone. The northern part of the Bukhtarma Reservoir is
in close proximity to the HPP dam and, hence, is sub-
jectto fluctuations in the water level, which apparently
influences the abundance and distribution of free-liv-
ing leeches, whose habitat is confined to the shore
zone of the reservoir. It is known that large species of
predaceous or macrophagous leeches are prey for fish
and birds [22]. Therefore, if the abundance of the lat-
ter increases, leeches become less numerous.

Statistical analysis has shown that the leech species
diversity was the highest in sample 1 taken near the vil-
lage Novaya Bukhtarma (table, Fig. 2), where condi-
tions for feeding and reproduction of leeches were
favorable (wide shoals, macrophyte beds, and high
density of various invertebrates and fish fry). The
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Fig. 3. Heat map of correlation matrix for the relationship between physicochemical characteristics of the environment and the

abundance of leech species.

qualitative and quantitative parameters of leech devel-
opment were relatively low in the areas with high
anthropogenic load (near the Goluboi Zaliv and
Mokhnatka recreation centers).

It is known that the specifics of leech distribution is
largely dependent on abiotic factors of their habitat
[32]. This is confirmed by the distribution patterns of
leeches in the Bukhtarma Reservoir. Correlation anal-
ysis was performed to evaluate the nature of the rela-
tionship betwen the species abundance and each par-
ticular factor of the aquatic environment. The results
of this analysis are displayed as a heat map (Fig. 3).
The abundance of species sampled in different parts of
the reservoir correlates with the physical and chemical
characteristics of the environment. Four ecological
groups of leeches can be distinguished in the
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Bukhtarma Reservoir, depending on correlation coef-
ficient.

The largest group comprises H. stagnalis, A. hetero-
clite, P. geometra, and E. vilnensis. All these species
show high correlation with characteristics of the aquatic
environment such as electric conductivity (» = 1) and
total salinity (= 1). The coefficient of correlation with
temperature and pH is » = 0.5. (see Fig. 3). This
implies that leeches of this group respond to changing
factors of the aquatic environment in a particular wat:
the abundance of the above species becomes higher
with an increase in concentration of dissolved salts
(total salinity), while changes in temperature and pH
only slightly affect their numbers.

The second group consists of E. octoculata. The
only specimen of this leech species was found in the
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Physicochemical properties of water and species composition of leeches in the northern part of the Bukhtarma Reservoir,

Eastern Kazakhstan

Station
Hydrochemical parameter

1 2 3
Water temperature, °C 23.4 21.0 18.6
pH 7.70 7.67 7.66
Electric conductivity, mS 185 146 172
Total salinity, mg/L 143 93.7 134
Taxon Abundance, ind./m?
Theromyzon tessulatum 8 1
Alboglosiphonia heteroclita 2 7
Helobdella stagnalis 17 1 13
Piscicola geometra 6 2 4
Piscicola sp. 3
Erpobdella octoculata 1
Erpobdella vilnensis 1
Erpobdella sp. 2 2
Number of leeches per station, ind./m? 47 33
Total number of species 7 6

sample from station no. 1, with the highest values of
water temperature, pH, electric conductivity, and total
salinity (table). Correlation analysis has shown that
E. octoculata is characterized by high positive coeffi-
cients of correlation between its abundance and all
these physicochemical parameters (»= 1) (Fig. 3). The
extremely low abundance and occurrence of E. octoc-
ulata in the northern part of the Bukhtarma Reservoir
(table) suggest that this species, the most common in
the Palearctic, prefers environments with high electric
conductivity, total salinity, temperature, and pH of
water. The relatively high values of hydrochemical
parameters at station 1 appear to be at the minimum
level allowing the survival of this leech.

The occurrence and abundance of 7. tessulatum
have relatively low coefficients of correlation with
conductivity and total salinity (» = 0.5) and, on the
other hand, high positive coefficients of correlation
with water temperature and pH (r = 1) (see Fig. 3).
Thus, T. tessulatum responds to a rise of water tem-
perature by increasing in abundance and is less depen-
dent on water salinity. In fact, this species was absent
in the sample taken at the station with colder water
(table).

Another group of leeches includes Piscicola sp. and
Erpobdella sp. As is seen from the pattern (Fig. 3), a
low correlation can be observed between the species
abundance within the group and the electroconduc-
tivity and total salinity of water (» = 0). At the same
time, there is a high negative correlation (» = —1) with
temperature and pH (Fig. 3). Therefore, Piscicola sp.
and Erpobdella sp. become more abundant, when tem-
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perature and pH values decrease and are not sensitive
to changes in conductivity and water salinity. Piscicola
sp. is apparently more sensitive to the temperature fac-
tor and does not occur in environments with water
temperatures above 20°C, while FErpobdella sp.
decreases gradually in abundance as the ambient tem-
perature rises (table). Furthermore, it has been noted
that the ecological preferences of Erpobdella sp. are
radically different from those in other representatives
of the genus (E. octoculata and E. vilnensis) inhabiting
the Bukhtarma Reservoir, which indicates indirectly
its independent taxonomic status.

Therefore, the studied leech species differ in their
responses to environmental factors that either contrib-
ute to their intensive reproduction and, consequently,
high abundance or inhibit their living activity.

CONCLUSIONS

Our investigations have allowed us to update infor-
mation on the species composition of leech fauna in
the Bukhtarma Reservoir. As a result, the species list is
expanded to nine species, including H. marginata
which we have not found in the northern part of the
reservoir. The leech fauna of the reservoir includes
both species characteristic of water bodies with
decreased run-off and typical rheophilic species.
Helobdella stagnalis and A. heteroclite, the most com-
mon in the Palearctic, are the dominant species. The
prevalence of parasitic forms in the leech community
of the Bukhtarma Reservoir may indicate the signifi-
cant diversity of host organisms that, in turn, affect the
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abundance of benthic species (their prey). The poor
species composition and the low proportion of ben-
thophages in the structure of leech fauna are, presum-
ably, a result of the instable hydrological regime in the
shore zone of the reservoir.

It has been shown that the species composition and
abundance of leech faunal communities depend on
ecological characteristics of different areas of the
Bukhtarma Reservoir and that the leech community
can be divided into four groups depending on sensitiv-
ity to physical and chemical factors of the aquatic
environment.
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