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ABSTRACT: Though Ukraine is one of the countries with insufficient water supply, the northern region of
central Polissia has a dense river network. The region’s major rivers — Teteriv, Sluch, Ubort, and Uzh — have
undergone significant anthropogenic change. Water pollution has adversely affected their fauna, including
the Unionidae (Mollusca: Bivalvia). This study has monitored these changes, and was conducted in two
stages. A total of 78 sites with habitats typical for the Unionidae were examined; 45 in 1998-2013, of
which 24 were resampled in 2019-2020, and a further 33 were sampled at the same time. Six native species
generally characteristic of Ukraine (Unio pictorum Linnaeus, 1758, U. tumidus Philipson, 1788, U. crassus
Philipsson, 1788, Anodonta anatina Linnaeus, 1758, A. cygnea Linnaeus, 1758, and Pseudanodonta complanata
Rossmassler, 1835) were recorded. While nearly all sites examined in 1998-2013 held some unionids, by
2019-2020, they were recorded in only 62.5% out of the total number of sites in Sluch River basin, 80%
in Teteriv River, 40% in Ubort River, and 62.5% in Uzh River. The species richness at sites where unionids
were recorded had also declined. Pseudanodonta complanata, recorded in every surveyed basin in 1998-2013,
was not observed at any of the sites examined in 2019-2020. In 23 out of the 24 re-examined sites, the
extinction of one or more Unionidae species was recorded. It is evident that the role of these large mussels
as ecosystem engineers is being compromised.
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INTRODUCTION

Central Polissia is part of the Polissia natural-
geographical region with distinctive natural land-
scapes (POPOV 1968) that are threatened by the ex-
tinction of numerous species as a result of climate
change, infrastructure development, wetland drain-
age, intensive forestry, illegal mining, and unbal-
anced use of resources. The climate and topography
of Central Polissia cause significant watering of the
region. More than 220 rivers run through the area
in full or in part, creating a vast river network. The

OPEN This is an open access article distributed under the terms of the Creative Commons
Attribution License (CC BY 4.0), which permits unrestricted use, distribution, and
ACCESS reproduction in any medium, provided the original author and source are credited.

region’s four largest rivers are Teteriv, Sluch, Ubort,
and Uzh (DANYLOVA 2019). These rivers have under-
gone substantial anthropogenic change, as have the
water bodies that make up their basins. The anthro-
pogenic changes vary in each river basin.

The Teteriv River, a right tributary of the Dnieper
River that flows into the Kyiv Reservoir, is one of the
major rivers in the region. The Vidsichne Reservoir
on the river provides water to the water supply sys-
tem in Zhytomyr. Water from the Teteriv River is also
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used in other cities of Zhytomyr Oblast. Due to flow
regulation and transformation into a reservoir system,
the Teteriv River is now the most tightly regulated
water body in the region. Five small reservoirs have
been built along the river to supply drinking water to
the residents of nearby settlements. There are a total
of 31 reservoirs on the Teteriv River. Large-scale hy-
draulic construction on the river started in the 1930s
and continued until the 1970s. Both large and small
rivers were dammed, and over time, they turned into
an interconnected system of ponds. Lack of current
caused increasing eutrophication of the water bodies,
the accumulation of significant thicknesses of silt,
the depletion of the oxygen regime, and eventually
the extinction of many groups of aquatic organisms.

The Sluch River, a tributary of the Prypiat River,
was considered one of the cleanest rivers in Central
Polissia in the early 2000s. There has been a dras-
tic change: on April 14, 2016, an unknown sub-
stance was released from the Khmelnystskyi regions’
Poninka cardboard and paper factory (YAROSHCHUK
2019). This resulted in mass extinction of fish, cray-
fish, and other species. Use of water, catching fish
and crayfish, and providing water to cattle and poul-
try was forbidden. More recently, it was reported that
pollution has dropped.

Since 2014, illegal amber mining has been taking
place in the Ubort River basin, significantly altering
the region’s natural landscapes (KOBZAR 2016) even
despite the fact that the Polissia Reserve is situated
nearby. Forests were cut down, and water from nat-
ural reservoirs was used to wash out amber. River
shrinkage and complete drying-out have become
quite common. As a result, valuable fish species dis-
appeared.

The Uzh River basin is still being used for min-
ing titanium ore, causing small rivers and wells in
numerous settlements to dry up. It is anticipated
that the region will eventually turn into a desert

MATERIAL AND METHODS

Samples were made to find the six species
of Unionidae native to the region, Unio pictorum
Linnaeus, 1758, U. tumidus Philipson, 1788, U. crassus
Philipsson, 1788, Anodonta anatina Linnaeus, 1758, A.
cygnea Linnaeus, 1758 and Pseudanodonta complanata

Table 1. The study sites

(MOSKVYCHOVA 2013). The current situation in
Central Polissia, which has existed for at least ten
years, has the potential to completely destroy the
natural beauty of this unique region.

Significant changes in the environment of the
Polissia region of Ukraine over the last decade have re-
sulted in large-scale changes in the region’s freshwater
malacofauna (YANOVYCH et al. 2008). The Unionidae
family of bivalves has always been part of the hydro-
ecosystems of Ukraine (BELKE 1853, JACHNO 1870,
RADKEVYCH 1878, KESSLER 1882, LINDHOLM 1929,
PUZANOV 1925, STADNICHENKO 1984), but pollution
of water bodies and disappearance of their typical
habitats have caused a loss of populations, to the ex-
tent that some are becoming endangered. The issue
of preserving the Unionidae and increasing their as-
semblages is a major concern in many European coun-
tries (GEIST & HAWKINS 2016, LOPES-LIMA et al. 2017,
FERREIRA-RODRIGUEZ et al. 2019, REID et al. 2019,
ZAJAC et al. 2019, OZGO et al. 2020).

Until recently, the Unionidae have been the group
of filter feeders with the highest biomass in Ukrainian
river ecosystems, defining the ability of hydroeco-
systems to self-purify. These mussels play the role
of “ecosystem engineers”, create the environmental
conditions required for the existence of other aquatic
organisms (GUTIERREZ et al. 2003, ALDRIDGE et al.
2007, GEIST 2010, CHOWDHURY et al. 2016, RICHTER
et al. 2016, ILARRI et al. 2018), and also act as spe-
cies indicators (NOAA 2015, SHEVCHUK et al. 2021).
The primary goal of this research was to assess the
current state of the Unionidae assemblages in the
river system in Central Polissia, by surveying typi-
cal unionid habitats in the basins of the rivers Sluch,
Teteriv, Ubort, and Uzh in two periods: between the
years 1998 and 2013 (Period I) and between 2019
and 2020 (Period II). The data obtained can be used
to predict potential changes in the local freshwater
ecosystems (JOHNSON et al. 2020).

Rossmassler, 1835) (Figs 1-6). The collection of sam-
ples was carried out in two periods: 1998-2013 and
2019-2020 with the use of the same method (Table
1). The results of 2019-2020 sampling in the basins
of the rivers Teteriv, Sluch, Ubort and Uzh on the ter-

The river basin

Number of sites surveyed in Number of sites re-surveyed

Number of sites first

1998-2013 in 2019-2020 surveyed in 2019-2020
Sluch River 15 9 7
Teteriv River 21 9 11
Ubort River 3 2 3
Uzh River 6 4 12
Total 45 24 33
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Figs 1-6. Species of the Unionidae family: 1 — Unio tumidus, 2 — U. pictorum, 3 — U. crassus, 4 — Anodonta cygnea, 5 — A. anatina,
6 — Pseudanodonta complanata. Scale bar 10 mm
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Fig. 7. Location of the sampling sites in 1998-2013 and 2019-2020 periods (red marks indicate sites of 1998-2013 where
sampling was not repeated in 2019-2020; green marks indicate sites of 1998-2013 re-surveyed in 2019-2020; yellow
marks indicate sites first surveyed in 2019-2020)
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Figs 8-9. Material: 8 — the sampling sites on the Khomora River; 9 — collected material

ritory of Zhytomyr Polissia were compared with the
results of the samples taken in 1998-2013. The mate-
rial was collected by L. SHEVCHUK between 1998 and
2013, and by L. SHEVCHUK and L. BILINA between
2019 and 2020. 24 sites (53% of the total number of
the study sites in 1998-2013) were re-examined in
2019-2020. Where the location of a site sampled in
1998-2013 could not be precisely located, other sites
were sampled nearby. A total of 78 sites were sam-

RESULTS

In 1998-2013, all six species were found in the
Sluch river basin (Table 2) but fewer in the others.
Three species, U. tumidus, U. pictorum and P. compla-

pled overall (Fig. 7). All data relating to the samples
is held in the database GBIF (HARBAR et al. 2021).

The molluscs were collected by hand at the
depth of 0.1-2 m during the warm season (Figs
8-9). Samples were taken three times from an area
of 1 m?. Identification, based on conchology, follows
SHEVCHUK et al. (2019). The occurrence of each spe-
cies was calculated as a percentage of all sites within
each river that were investigated in which the species
occurred.

nata, were found in all four basins. One site in the
Sluch river basin held all six species (Table 3), and
three held five species. Only in the Teteriv was a site

Table 2. Frequency of occurrence of the Unionidae in the water bodies of Central Polissia in 1998-2013

Unionid species Sluch River basin Teteriv River basin Ubort River basin Uzh River basin
U. tumidus 87% 76% 67% 67%

U. pictorum 87% 62% 100% 83%

U. crassus 40% 0% 100% 33%

A. anatina 80% 71% 0% 83%

A. cygnea 33% 38% 0% 0%

P. complanata 33% 5% 67% 50%

Sites 15 21 3 6

Table 3. Numbers of the Unionidae assemblages composed of different number of species in the river basins of Central
Polissia in the periods 1998-2013 and 2019-2020. The aggregate total for each period is also given. The aggregate
difference in the proportion of sites lacking unionids is significant, y> = 15.4, P< 0.001

Number of Sluch River basin  Teteriv River basin  Ubort River basin Uzh River basin Aggregate

species 1998- 2019- 1998- 2019- 1998- 2019- 1998- 2019- 1998- 2019-
2013 2020 2013 2020 2013 2020 2013 2020 2013 2020

6 1 0 0 0 0 0 0 0 1 0

5 3 0 0 1 0 0 0 0 3 1

4 4 4 3 3 1 0 3 1 11 8

3 3 3 9 3 2 1 1 3 15 10

2 4 1 7 5 0 1 2 5 13 12

1 0 2 1 4 0 0 0 1 1 7

0 0 6 1 4 0 3 0 6 1 19

Median 4 1.5 3 2 3 0 3.5 2 3 2
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Table 4. Percentage of the Unionidae assemblages in the water bodies of Central Polissia

Period I (1998-2013)

Period II (2019-2020)

Water bodies

Species % Species %

Sluch River basin U. tumidus 87 U. tumidus 31
U. pictorum 87 U. pictorum 56

U. crassus 40 U. crassus 31
A. anatina 80 A. anatina 37.5

A. cygnea 33 A. cygnea 25

P. complanata 33 P. complanata 0

15 sites examined, encountered at 15 (100%) 16 sites examined, encountered at 10 (62.5%)
Teteriv River basin U. tumidus 76 U. tumidus 50
U. pictorum 62 U. pictorum 80
U. crassus 0 U. crassus 10
A. anatina 71 A. anatina 30
A. cygnea 38 A. cygnea 30
P. complanata 5 P. complanata 0
21 sites examined, encountered at 20 (95.2%) 20 sites examined, encountered at 16 (80%)
Ubort River basin U. tumidus 67 U. tumidus 40
U. pictorum 100 U. pictorum 40
U. crassus 100 U. crassus 20
A. anatina 0 A. anatina 0
A. cygnea 0 A. cygnea 0
P. complanata 67 P. complanata 0
3 sites examined, encountered at 3 (100%) 5 sites examined, encountered at 2 (40%)
Uzh River basin U. tumidus 67 U. tumidus 44
U. pictorum 83 U. pictorum 50
U. crassus 33 U. crassus 31
A. anatina 83 A. anatina 12.5
A. cygnea 0 A. cygnea 12.5
P. complanata 50 P. complanata 0

6 sites examined, encountered at 6 (100%)

16 sites examined, encountered at 10 (62.5%)

found without unionids, and in all others at least two
species were found at each site.

In 2019-2020, occupancy of sites by unionids had
declined in all four rivers (Tables 3 and 4), to a lesser
extent in the Teteriv than elsewhere. Of 24 individ-
ual comparisons (four river systems, six species), 21
show a decline in frequency, three an increase, and
two no change, these being the absence of Anodonta
spp. on both occasions in the Ubort. Given the small
number of sites in each river, particular instances
might arise by chance, but it is notable that P. com-
planata, present in all four rivers in 1998-2013, has
completely disappeared.

A more precise assessment can be made by con-
sidering those sites sampled on both occasions. Full
details of these sites are shown in the Appendix 1.
Table 5 shows the overall balance of losses and gains

DISCUSSION

The Unionidae began to disappear from many wa-
ter bodies in Ukraine at the turn of the century; three

Table 5. Losses and gains, in terms of occurrence, of each
species in sites sampled in both 1998-2013 and 2019-
2020. No change indicates absence or presence on both
occasions

Species Losses Gains No change
U. tumidus 11 2 11
U. pictorum 17 2 15
U. crassus 16 4 14
A. anatina 12 1 11
A. cygnea 13 4 17
P. complanata 18 0 16

by species in terms of occurrence. Overall, the differ-
ence is significant, y> = 19.2, P< 0.001. Only A. cyg-
nea, and to a lesser extent, U. crassus, deviate from the
general trend. These results are in accord with those
shown in Table 4, based on more samples.

species, namely U. crassus, P. complanata and A. cygnea,
were worst affected (SHEVCHUK et al. 2019). However,
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from 1998 to 2013, the Unionidae assemblages (in
terms of species diversity and assemblage density) in
the waterbodies of Central Polissia considered here
were among the best in the country. The Sluch River
basin in Zhytomyr Oblast had the highest rates of
U. crassus (43%) and P. complanata (33%) occurrence
over the indicated time. For A. cygnea, this indicator
was also one of the highest (33%). In Ukraine in this
period, the average values of these indicators were
15%, 10%, and 1%, respectively (SHEVCHUK et al.
2019). These species are now registered in the latest
edition of the RED BOOK OF UKRAINE (2021). It is
notable that at a single site in the Sluch basin, on the
Tnia River, at the village of Sokolov, all six species
were found, and five were found together at three
more, the Sluch River, Baranivka, and Myropil and
in the Smolka River, all in Zhytomyr Oblast. While
no sites with more than four co-existing species
were found in the other basins, all had between two
and four species, except for one site in the Teteriv
basin with a single species, and one that lacked any.
Notably, P. complanata was recorded in all the basins.
As expected, the tolerant species, U. pictorum, U. tu-
midus, A. anatina, occurred at high frequencies in all
basins.

Comparing data collected in 1998-2013 to data
obtained in 2019-2020, it is apparent that the fre-
quency of occurrence has declined overall. Further,
not only were more sites lacking any unionids, but
only one site held five species. The median richness

REFERENCES

ALDRIDGE D. C., FAYLE T. M., JACKSON N. 2007. Freshwater
mussel abundance predicts biodiversity in UK lowland
rivers. Aquatic Conservation: Marine and Freshwater
Ecosystems 17: 554-564.
https://doi.org/10.1002/aqc.815

BELKE G. 1853. Quelques mots. Sur le climat et la faune de
Kamieniec-Podolski. Bulletin de la Société Impériale des
Naturalistes de Moscou 26: 410-437.
https://www.biodiversitylibrary.org/item/107140#
page/416/mode/1up

CHOWDHURY G. W.,, ZIERITZ A., ALDRIDGE D. C. 2016.
Ecosystem engineering by mussels supports biodiversi-
ty and water clarity in a heavily polluted lake in Dhaka,
Bangladesh. Freshwater Science 35: 188-199.
https://doi.org/10.1086/684169

DANYLOVA L. 2019. Rivers flowing into the largest reser-
voirs of Ukraine. Available online at https://uhe.gov.ua/
media_tsentr/novyny/richki-scho-vpadayut-u-naybil-
shi-vodoskhovischa-ukraini (accessed 25 June 2022) [in
Ukrainian].

FERREIRA-RODRIGUEZ N., AKIYAMA Y. B., AKSENOVA
O. V, ARAUJO R., BARNHART C. M., BESPALAYA Y. V.,
BOGAN A. E., BoLoTov L. N., BUDHA P. B., CLAVIJO C.,
CLEARWATER S. J., DARRIGRAN G., DO V. T., DOUDA K.,

of sites has decreased. Given the small number of
samples from some basins, differences between
them are hard to evaluate, but of the two sampled
most extensively, the Sluch appears to have suffered
more than the Teteriv, which now appears marginally
the richer of the two.

Our results confirm a pattern of general decline
in the quality and biodiversity of the water bodies
in Central Polissia over the last decade. Out of 24
sites sampled in both periods, only one, the Teteriv
River, Korchak village site has retained the whole of
its recorded fauna through to 2019-2020 (Appendix
1). The most striking decline is the apparent elimina-
tion of P. complanata. This species, already in the RED
BOOK OF UKRAINE (2021), was already known to
be heading for extinction in Ukraine (KORNIUSHYN
2002).

While the data are scarce, the other two endan-
gered species, U. crassus and A cygnea appear to have
suffered less. When even earlier records are consid-
ered, however, a wider distribution of both species is
shown by data from the 1970’s and 1980’s. A cygnea,
absent from the Ubort basin in the sites considered
here on both occasions, was so recorded earlier. Local
extinctions will have been occurring over several de-
cades. Even the more abundant species, U. pictorum,
U. tumidus, and A. anatina, show great losses. Given
the role of unionids in maintaining water quality, ur-
gent action is needed to reverse these declines.

FROUFE E., GUMPINGER C., HENRIKSON L., HUMPHREY
C. L., JOHNSON N. A., KLISHKO O., KLUNZINGER M. W.,
KoviTvADHI S., KOVITVADHI U., LAJTNER ]J., LOPES-
LIMA M., MOORKENS E. A., NAGAYAMA S., NAGEL K.-O.,
NAKANO M., NEGISHI J. N., ONDINA P, OULASVIRTA P,
PRIE V., RICCARDI N., RUDZITE M., SHELDON E, SOUSA
R., STRAYER D. L., TAKEUCHI M., TASKINEN J., TEIXEIRA
A., TIEMANN]. S., URBANSKA M., VARANDAS S., VINARSKI
M. V., WICKLOW B. J., ZAJAC T., VAUGHN C. C. 2019.
Research priorities for freshwater mussel conservation
assessment. Biological Conservation 231: 77-87.
https://doi.org/10.1016/j.biocon.2019.01.002

GEIST J. 2010. Strategies for the conservation of the endan-
gered freshwater pearl mussels (Margaritifera margari-
tifera L.): A synthesis of conservation genetics and ecol-
ogy. Hydrobiologia 644: 69-88.
https://doi.org/10.1007/s10750-010-0190-2

GEIST J., HAWKINS S. J. 2016. Habitat recovery and resto-
ration in aquatic ecosystems: current progress and fu-
ture challenges. Aquatic Conservation: Marine and
Freshwater Ecosystems 2: 942-962.
https://doi.org/10.1002/aqc.2702


https://doi.org/10.1002/aqc.815
https://www.biodiversitylibrary.org/item/107140#page/416/mode/1up
https://www.biodiversitylibrary.org/item/107140#page/416/mode/1up
https://doi.org/10.1086/684169
https://uhe.gov.ua/media_tsentr/novyny/richki-scho-vpadayut-u-naybilshi-vodoskhovischa-ukraini
https://uhe.gov.ua/media_tsentr/novyny/richki-scho-vpadayut-u-naybilshi-vodoskhovischa-ukraini
https://uhe.gov.ua/media_tsentr/novyny/richki-scho-vpadayut-u-naybilshi-vodoskhovischa-ukraini
https://doi.org/10.1016/j.biocon.2019.01.002
https://doi.org/10.1007/s10750-010-0190-2
https://doi.org/10.1002/aqc.2702

¥4

Molluscs of the family Unionidae in Central Polissia 89

GUTIERREZ J. L., JONES C. G., STRAYER D. L., IRIBARNE O. O.
2003. Mollusks as ecosystem engineers: the role of shell
production in aquatic habitats. Oikos 101: 79-90.
https://doi.org/10.1034/j.1600-0706.2003.12322.x

HARBAR O., SHEVCHUK L., HARBAR D., VLASENKO
R., ONYCHUK I., KOTsYuBA I., KORCHUNOVA O.,
CHERNYCHOVA T., DEMCHUK N., BILINA L., SUsOL T,
CHECHET I., LASARTHUK O. 2021. Database of animal
species of the laboratory of analysis and expertise of bi-
otic resources. Ivan Franko Zhytomyr State University,
Ukraine.
https://doi.org/10.15468/c3yvy5

ILARRI M. 1., AMORIM L., SouzA A. T.,, SOUSA R. 2018.
Physical legacy of freshwater bivalves: effects of habitat
complexity on the taxonomical and functional diversity
of invertebrates. Science of the Total Environment 634:
1398-1405.
https://doi.org/10.1016/j.scitotenv.2018.04.070

JACHNO ]. 1870. Materyaly do fauny malako-zoologicznéj
Galicyjskej. Drukarnia Uniwersytetu Jagielloniskiego pod
zarzagdem K. Mankowskiego, Krakow.

JOHNSON M. E, THORNE C. R., CASTRO J. M., KONDOLF G.
M., MAZZACANO C. S., ROOD S. B., WESTBROOK C. 2020.
Biomic river restoration: a new focus for river manage-
ment. River Research and Applications 36: 3-12.
https://doi.org/10.1002/rra.3529

KESSLER K. E 1882. Report on a journey along the Dnieper
in 1844. Trudy Obchestva Estestvoyspytatelei pry Sant-
Peterburhskom Unyversytete 13: 55-73 [in Russian].

KoBzAR L. I. 2016. Ecological problems of water bod-
ies of the Poliskovo Nature Reserve. Materials of the
International Scientific and Practical Conference:
Modern environmental problems of Ukrainian Polissia
and adjacent territories (to the 30th anniversary of the
ChAES accident): 33-36.

KORNIUSHYN A. V. 2002. On the publication of the com-
position of the metabolic bivalve molluscs of Ukraine
and the strategy of their protection. Vestnyk Zoologii 36:
9-23 [in Ukrainian].

LINDHOLM W. A. 1929. Zur Kenntniss der Malakofauna des
Unterlaufes des Dniepr. Proceedings of the Physics and
Mathematics Department of the All-Ukrainian Academy
of Sciences 11: 227-238.

LOPES-LIMA M., SOUSA R., GEIST J., ALDRIDGE D. C., ARAUJO
R., BERGENGREN J., BESPALAYA Y., BODIS E., BURLAKOVA
L., VAN DAMME D., DOUDA K., FROUFE E., GEORGIEV D.,
GUMPINGER C., KARATAYEV A., KEBAPCI U, KILLEEN 1.,
LAJTNER J., LARSEN B. M., LAUCERI R., LEGAKIS A., LOIS
S., LUNDBERG S., MOORKENS E., MOTTE G., NAGEL K.
0., ONDINA P, OUTEIRO A., PAUNOVIC M., PRIE V., VON
PrROsCHwWITZ T., RICCARDI N., RUDZITE M., RUDZITIS
M., SCHEDER C., SEDDON M., SEREFLISAN H., SIMIC V.,
SOKOLOVA S., STOECKL K., TASKINEN ]., TEIXEIRA A.,
THIELEN E, TRICHKOVA T., VARANDAS S., VICENTINI H.,
ZAJAC K., ZAJAC T., ZOGARIS S. 2017. Conservation sta-
tus of freshwater mussels in Europe: state of the art and
future challenges. Biological Reviews 92: 572-607.
https://doi.org/10.1111/brv.12244

MOSKVYCHOVA A. M. 2013. Zhytomyr deposits: new jobs
or an ecological disaster zone? Radio Svoboda. Available

online at: https://www.radiosvoboda.org/a/24903620.
html (accessed 25 June 2022) [in Ukrainian].

NOAA 2015. NOAA Mussel Watch Program: An Assessment
of Contaminants of Emerging Concern in Chesapeake
Bay, MD, and Charleston Harbor, SC. 2015. National
centers for coastal ocean science. Available at https://
coastalscience.noaa.gov/project/mussel-watch-pro-
gram-assessment-chesapeake-bay-charleston-harbor/
(accessed 24 June 2022).

0zGo M., URBANSKA M. Hoos P, IMHOF H. K,
KIRSCHENSTEIN M., MAYR J., MICHL E, TOBIASZ R.,
VON WESENDONK M., ZIMMERMANN S., GEIST ]. 2020.
Invasive zebra mussel (Dreissena polymorpha) threatens
an exceptionally large population of the depressed river
mussel (Pseudanodonta complanata) in a postglacial lake.
Ecology and Evolution 10: 4918-4927.
https://doi.org/10.1002/ece3.6243

PopPoV V. P. 1968. Physico-geographical district of Rovanieh
of the Ukrainian SSR. Kyiv University, Kyiv [in
Ukrainian].

PUZANOV Y. Y. 1925. Materials for the study of terrestri-
al molluscs of the Crimea. Molluscs of the mountain
Crimea. Biulleten MOYP 33(1/2): 48-104 [in Ukrainian].

RADKEVYCH H. 1878. List of aquatic soft-bodied and leeches
collected in Kharkovskoi and Poltavskoi provinces. Trudy
Obshchestva Yspytatelei Pryrody pry Kharkovskym
Unyversytete 12: 1-2 [in Russian].

RED BOOK OF UKRAINE 2021. [in Ukrainian]

REID A.J., CARLSON A. K., CREED I. E, ELIASON E. J., GELL
P A, JOHNSON P. T. ], KIDD K. A., MACCORMACK T. J.,
OLDEN J. D., ORMEROD S. J., SMOL J. P, TAYLOR W. W,,
TOCKNER K., VERMAIRE ]J. C., DUDGEON D., COOKE
S. J. 2019. Emerging threats and persistent conserva-
tion challenges for freshwater biodiversity. Biological
Reviews 94: 849-873.
https://doi.org/10.1111/brv.12480

RICHTER A., STOECKL K., DENIC M., GEIST J. 2016.
Association between the occurrence of the Thick-shelled
River Mussel (Unio crassus) and macroinvertebrate, mi-
crobial, and diatom communities. Freshwater Science
35:922-933.
https://doi.org/10.1086/687811

SHEVCHUK L. M., VASYLIEVA L. A.,, PAMPURA M. M,
MEZHZHERIN S. V. 2019. Unionidae of Ukraine: resource
assessment (numbers, dynamics of areas, features of re-
production). Vestnyk Zoologii 37: 1-92. [in Ukrainian]
http://mail.izan.kiev.ua/vz-pdf/suppl/s37.pdf

SHEVCHUK L. M., BILINA L. V., KUROVSKA A. YE. 2021.
Damage to the solid body of pearlnets and balls as a sen-
sitive bioindicative indicator. Ekolohichni nauky 5(38):
111-120 [in Ukrainian].

STADNICHENKO A. P. 1984. Fauna of Ukraine (Unionidae,
Cycladidae). Naukova Dumka, Kyiv [in Ukrainian].

YANOVYCH L. M., BiLous L. A., HNETETSKA T. L. 2008.
Qualitative and quantitative changes in the malacocoe-
noses of the Central Polissia as a result of the unsatisfac-
tory ecological condition of the water network. Naukovi
zapysky Ternopilskoho natsionalnoho pedahohichnoho
universytetu imeni Volodymyra Hnatiuka 3(37): 182-
184 [in Ukrainian].


https://doi.org/10.1034/j.1600-0706.2003.12322.x
https://doi.org/10.15468/c3yvy5
https://doi.org/10.1016/j.scitotenv.2018.04.070
https://doi.org/10.1002/rra.3529
https://doi.org/10.1111/brv.12244
https://www.radiosvoboda.org/a/24903620.html
https://www.radiosvoboda.org/a/24903620.html
https://coastalscience.noaa.gov/project/mussel-watch-program-assessment-chesapeake-bay-charleston-ha
https://coastalscience.noaa.gov/project/mussel-watch-program-assessment-chesapeake-bay-charleston-ha
https://coastalscience.noaa.gov/project/mussel-watch-program-assessment-chesapeake-bay-charleston-ha
https://doi.org/10.1002/ece3.6243
https://web.archive.org/web/20211011194040/https://mepr.gov.ua/files/docs/na
kazy/2021/29/%D0%9F%D0%B5%D1%80%D0%B5%D0%BB%D1%96%D0%BA%20%D0%B2%D0%B8%D0%B4
%D1%96%D0%B2%20%D1%82%D0%B2%D0%B0%D1%80%D0%B8%D0%BD%20_%20%D0%B2%D0%BA%D0%BB
%D1%8E%D1%87%D0%B5%D0%BD%D0%BD%D1%8F%20%D0%B4%D0%BE%20%D0%A7%D0%9A%D0%A3_%D0
%BD%D0%B0%D0%BA%D0%B0%D0%B7%20_29.pdf

https://doi.org/10.1111/brv.12480
https://doi.org/10.1086/687811
http://mail.izan.kiev.ua/vz-pdf/suppl/s37.pdf

90 Liliya Bilina, Larisa Shevchuk, Maria Urbanska

> g
YAROSHCHUK O. 2019. How a cardboard and paper factory sus Philipsson, 1788 adults revealed by radio track-
in Khmelnytskyi pollutes the tributaries of the Dnieper. ing. Aquatic Conservation: Marine and Freshwater
Available online at https://rubryka.com/article/yak-kar- Ecosystems 29: 331-340.
tonno-paperova-fabryka-na-hmelnychchyni-zabrud- https://doi.org/10.1002/aqc.3063
nyuye-prytoky-dnipra/ (accessed 25 June 2022) [in Received: Auoust 15th. 2022
Ukrainian]. S Aug ’

. . Revised: November 6th, 2022 / January 31st, 2023
ZAJAC K., ZAJAC T. A., ADAMSKI P, BIELANSKI W., CMIEL

A. M., LIPINSKA A. M. 2019. Dispersal and mortality Publi ;:\iicep telc?: IYIay ZZGnZ’ ;ggg
of translocated trick-shelled river mussel Unio cras- \Q ublished on-line: June 6th,



https://rubryka.com/article/yak-kartonno-paperova-fabryka-na-hmelnychchyni-zabrudnyuye-prytoky-dnipr
https://rubryka.com/article/yak-kartonno-paperova-fabryka-na-hmelnychchyni-zabrudnyuye-prytoky-dnipr
https://rubryka.com/article/yak-kartonno-paperova-fabryka-na-hmelnychchyni-zabrudnyuye-prytoky-dnipr
https://doi.org/10.1002/aqc.3063

91

Molluscs of the family Unionidae in Central Polissia

- + - - + + + + + + + - (3.95.€7.8T ‘Nu1T.80,16) [1dreuyy avryz %
- - + - - + - + - + + + (H.6€.L5.8T ‘NuEO.LTL1S) BIAIUBPYOY TOARY UYAION  °¢
- - - - - - + - + + - + (3.9%.2€.8C ‘N.60:75,05) MST[Od ToATY Yzl '
- - - - - + - - - - - + (H.27.:8€.8C ‘N.S7.95.,05) U21s010y “0Ary Yz I
Cﬁmmﬂ REVIVA| QND
- + - - - - - + - + - - (.0T.5%6LT ‘Nu9¥.LT,1S) Aueydpysng IoAry 110qn ¢
- + - - - - - + + + + + (H1LS8€oLT ‘NULTETLTG) JSAS[O ToATY 1I0q) T
uIseq JoATY u.MOn_D
- - - - - + - - - + - + (61,787 ‘Nu8EST05) AJATeIS T2ATY BYSI] "6
- - - - + + - - + + + - (H.57,5€.8T ‘Nu6T.0T.05) YSUBIWEY TOARY BUBTUWIRY °Q
- + - - - - - - + - + + (4.8€.£€-8T ‘N.T091,05) HAW0IAyZ ‘PARY eueIwEY L
- - + - - + + - + + + + (4.8€.9€,87 ‘N.OF.E1,05) AuBydaILZ I9ATY BAINH  °9
- - - - - - - - - + - + (H.6€15-8T ‘Nu8T:80,05) AD[UBA] TOADY BAINH  °G
- - - + - + - - + - - + (H.0S.:€€-8T ‘Nu6EETo0S) SSALIIRYL TOATY AL “§
~ - + ~ - + - ~ + + - + (2.0T.8€-8T ‘N.ELF1,05) AUBYIOIEZ TOARY ALIORL  °€
- - + + + + - - + + + + (H.60,6T-8T ‘N.8ETT.0S) YBYIIOY TOATY ALIDIDL T
- - - + - + - - + + + + (4.05:9€,8T ‘N6 17 1,05) JAWOIAYZ TOARY ALIOIRL, [
urseq I9ARY ALY,
- + - - + + + + + + - + (H.0T.:8€0LT ‘NuLTHE:0S) BI[OWS TOARY BY[IWS 6
- - - + - + - - - + - - (H.65.5€oLT ‘NuT 1.85.6¥) 1U24ad12( DIARA ToAR] BY2AAdIDT  °8
- - - - - - - + - + - - (FFS.LELT ‘NuS0.TT.0S) YSUSABTIOYSID] “TOARY BIOWOYY /L
- + + + - + + + + + + + (4.60%0.8C ‘N.T#.6T,05) AOIONOS ToATY BIUT, °9
- + - - - - - + + + - + (4.91.80,8C ‘NLST.LT-0G) SUYZIPO[OIN TOATY BIUT, 'S
- - + - + - + - + + - +  (H.208€.LT ‘Nu9ITSE,0S) (SUYATOA-PEIYOAON]) [98BAAZ TOATY UON[S  F
- - - - - + - - - - - + (H,2S.570LT ‘NuTH.SS.6¥) TeqnIT AT YoN[S  “¢
- - - - - + + - + + + + (HLT6ELT ‘NuTEITL0S) BAOUBIEYG TOARY YDO[OPAA T
- + - - - + - + - + - + (H.E70%6LT ‘NUETLTL0G) BJAOUBTRG TOADY UYON[S [
uiseq JI9Ary yonjs
070T €I10C 070T €I0C 070T €I0C 070T €I0C 020T €I0C 070T €10¢
—-610C —8661 —610C —8661 —610C —8661 —610C —8661 —610C —8661 —610C —8661 a11s Surdureg ON

vivup)duiodr g vaudd 'y puyvuD Y7 SNSSDAI *() wnioind :n snprung '

so11s Suridwes pakoAIns-a1 oY) Je ANSISAIP sa1adg

[ XIANdddV


https://goo.gl/maps/RxT3ukRBX4jtGdcB6
https://goo.gl/maps/M5gBYJf4c7tVqYiUA
https://goo.gl/maps/3urNb9KR8Pxke8yg8
https://goo.gl/maps/kCmEZS35PZzcNWS87
https://goo.gl/maps/vWfNgso8bHQ1Jgo97
https://goo.gl/maps/zfWQwkYLB9dBwuMD6
https://goo.gl/maps/tZXhvKgSckzYMwADA
https://goo.gl/maps/vZG3aeZvzgpAAo5A9
https://goo.gl/maps/3qhvAkoRcp9WyAtR7
https://goo.gl/maps/uDN5rYw9HiCed2hRA
https://goo.gl/maps/THGLwecmvT9w3XbQ7
https://goo.gl/maps/j7QGDY7yo2auHuvG9
https://goo.gl/maps/SdmuUW2MR8K97L5y8
https://goo.gl/maps/aUjV8GezGLKrqsJx7
https://goo.gl/maps/s9R61EYD6cuaYkxSA
https://goo.gl/maps/8sSJzuAyGad1kQJT6
https://goo.gl/maps/KKa8CodM3TQjfibCA
https://goo.gl/maps/fBxNSN9WLUoRUAoL7
https://goo.gl/maps/Zsb3D79ySkvhaLnp7
https://goo.gl/maps/VGYzh9Jrrin6Kbcs7
https://goo.gl/maps/N5a3Ay4E2vTFKvnv9
https://goo.gl/maps/p41vBhwfZhEUwJNu7
https://goo.gl/maps/r9qMLru8XjZkFe7W9
https://goo.gl/maps/HGGBRtQH5XmPcg9W9

