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ASSESSMENT OF THE ECOLOGICAL CONDITION OF THE WESTERN BUG RIVER BASIN
ACCORDING TO THE MACROPHYTE INDEX FOR RIVERS (MIR)

A. H. Hexoc, M. B. Boapun, M. JIyzoecvka, O. O. I[voce, 1. M. Hempoouyx. OL[IIHKA EKOJIOI'T9HOI'O CTAHY PI90K
BACEHHY 3AXITHOI'O BEYT'Y 34 IHJEKCOM MAKPO®ITIB (MIR). [{ns 8ionosients ma 36epedicents OnmumaibHo20 exo-
noeiuno2o cmany baceiiny 3axionozo byey neobxionum € 0ompumants cmpameidHux npUHYUNIe payioHarbHO20 NPUPOOOKOPUCTY-
BaHHSA Y Medcax 6000360pis manux piuox. Ha mepumopii Bonuncokoi obnacmi Haubiibuomy anmpono2eHHOMY 6NIUEY NIOOAIOMbCS
piuku-npumoxu Jlyea ma Cmyosnka. J{ano exonoeiuny oyinky AKocmi 600U 3a CMAHOM MAKPOQImis, 0CKIIbKU MaKpopimu 0036075~
10Mb GUHAYUMU CIYNIHb 0e2padayii NOBEPXHesUX 600, nepul 3a éce, 3 No21A0y ix mpopuocmi. st 6UsHAUEHHS eKONOSIMHO20 CIAHY
piuok baceiiny 3axionoeo byey ma 0na nposedennsn 00cniodicerb OVI0 3aKIA0EHO Mpu mecmosi OLAHKU 008 cuHoI0 He menue 100 m.
KOJICHA, HA 080X NPUMOKAX Neputoco nopaoky - piuxkax Jlyea ma Cmyosunxa. /[na eusnauenuss MIR (Maxpoghimosozo inoexcy piuox)
Ha mecmosux OLAHKax pycia Oyno gidiopano 42 inouxamopuux euodie Maxkpogimie ceped skux no 1 eudy nanexcumsv 00 8i00iny
Polipodiophyta ma Equisetophyta, 40 eudie oo 6idoiny Magnoliophyta 3 nux 15 nanexcamsv 0o xkiacy Magnoliopsida, ma 25 nane-
arcamw 0o kaacy Liliopsida. I1io uac npogedentsi 0ocniodxceHs y mexcax mecmosoi Oinsnku pycia piuku Ne 1, 6yno eusenerno 23 euou
Makpoghimis, ceped HUX nepesaicaiomov NPUGEPedCHi POCIUHY MA POCIUHU 3 NAABAIOHUUM TUCMAM, HA mecmosiil Oinanyi Ne 2 susigie-
HO 35 6uodie makpogimis, w0 BIOHOCHO PIBHOMIPHO NPEOCMAsNAIoMb YCi eKono2iuni epynu pociun. Ha mecmositl oinanyi Ne 3, nio
Yac 00Ciodcen s eKonociyHo2o cmany 600u piuku Cmyosnka, 6yno euseneno 19 eudie maxpoghimis, cepeo sKUX nepegaicaioms npu-
bepexcni pociunu. 32iono knacugixayii nokasnuxa MIR, yi piuku nanexcums 00 6000MOKI6 HUSUHHUX, 3 MUNOM Makpogimie — M-
VIII (piuxu opeaniuni). B pesynomami pospaxosanozo (MIR) ecmarnosnerno, wo axicms oou y piuyi Jlyea na mecmosiii dinanyi 1 (c.
3asudig) mae 0obpuii exonociunuii cman MIR cmanosums 39,0, a na mecmosiu oinanyi 2 (cum. Borooumup Boauncokuii) mae 3a0o-
8inbHULl abo nomipHuil exonoeiunui cman MIR cmanosums 31,56, y piuyi Cmyosauka, Ha mecmositl oinanyi 3 (cmm. Yemunye) mae
3a0086inbHUL a60 nomipHull exonoeiunutl cman MIR cmanosums 28,31.

Knrwwuoei cnosa: piuka, 6ioinouxayis, Makpoimu, ekonociunull Cman pivox, iH0eKxc Makpogimie, Kiacu skocmi 600U, eKon02i-
YHa OYIHKA SIKOCME 800U.

A. H. Hexoc, M. B. boapun, M. Jlyzoeéckaa, O. A. Llécv, H. M. Hempoouyx. OLIEHKA 3KO/IOTHYECKOI'O COCTOA-
HHUA PEK BACCEHHA 3AITA/THOI'O BYTA I10 HHIEKCY MAKPO®HTOB (MIR). [[ns 60ccmanosienus u coxpanenus on-
MUMATILHO20 IKOTOSUYECKO20 COCMOsiHUs baccelina 3anadnozo byea neobxooumo npudepicueamvcsi cmpamesuteckux npuHyunos
PAYUOHATLHO20 NPUPOOONONL3068AHUSL 8 npedenax baccelinos manvix pex. Ha meppumopuu Bonvinckoil obnacmu camoe 6onvutoe
anmponozenHoe guAHue okazvieaemcs na pexu Jlyea u Cmyosuka. [lpedcmaeneno 9Kono2uuecKyo OyeHKy Kavecmea 600bl 3d CO-
CMOsSHUEM MAKPODUMO8, NOCKOILKY MAKPODUMbL NO3GONAION ONPeOelumb CIeneHb 0e2padayuu NOGEPXHOCHHBIX 800, npexcoe 8ce-
20, € MOYKU 3penusi ux mpoguueckoeo cocmosinus. [isi onpedenenus: IKOI02UYeCKo20 COCmosiHus pek baccetina 3anadnoeo byza u
0151 nPoBedeHUst UCCLe008AHUL DbLILO 3A10JICeHO 3 mecmogulx yuacmka Onunou He meree 100 m Kajicoblll, Ha 08X NPUMOKAX NEPEO2O
nopsioka — pexax Jlyea u Cmyosnka. /[ns onpedenenus MIR ne mecmoguix yuacmkax pycia 6u.10 omo6pano 42 uHOUKamophuix 6uod
Mmakpoghumos, cpedu komopux no 1 npunaonexcum omoeny Polipodiophyta u Equisetophyta, 40 eudos npunaonesxcum omoeny
Magnoliophyta uz nux 15 npunaonexcum x xnaccy Magnoliopsida, u 25 npunaonexcum x xnaccy Liliopsida. Bo epemsa npogedenus
uccnedosanuli Ha mecmogom yuacmxe pycia peuxku Ne 1, 6vino evisigneno 23 6uoa Makpogumos, cpedu Komopbwix npeobnaarom npu-
OpedicHble pacmenus U pacmeHusi ¢ NIABAIOWUMU TUCIMbAMU, HA MeCcmogom yyacmke Ne2 gviseneHo 35 6udoe makpogumos, komo-
pble OMHOCUMETbHO PABHOMEPHO NPEOCMABIAIOM 6ce dKono2udeckue epynnvl pacmenui. Ha mecmogom yuacmre Ne3, 6o epemsa uc-
Ce008AHUS IKONOSUUECKO20 COCMOsAHUA 800bl peuku Cmyodsnka, onpedeneno 19 6udoe mMakpopumos, cpedu Komopuix npeoonaoarom
npubpedxcuvie pacmenusi. Coenacro knaccugpukayuu noxazamens MIR smu pexu npunaonedcam K 6000MOKAM HUZMEHHbIM, 3a Mu-
nom makpogpumos M-VIII (pexu opzanuueckue). B pesynomame evruucnennozo unoexca (MIR) ycmanoeneno, umo kauecmeo 600bl 6
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pexe Jlyea na mecmosom yuacmke 1 (0. 3asuoo8) umeem xopowiee sxonozuueckoe cocmosanue u cocmasniem 39,0, na mecmogom

yuacmke 2 (nem. Braoumup-Bonvinckuii) umeem yooenemeopumenvroe sxonozuieckoe cocmosuue MIR cocmaensem 31,56; 6 peke

Cmyosanka na mecmosom yuacmke 3 (nem. Yemunye) umeem yoosnremsopumensvroe cocmosanue, a unoekc MIR cocmaensem 28,31.
Knrouesvie cnosa: pexa, 6uounHOUKayus, Makpo@humel, IKOI02UUECKOe COCIMOAHUE PeK, UHOEKC MAKPOPUMO8, KIACC Kauecmed

60()bl, JKoJlI02u4ecKasa oyeHKa kavecmed 8000bL.

Introduction. The river basin, as well as small
rivers located within its catchment area, is an inte-
grated ecological, hydrological, and economic unit
with clear boundaries and a set of natural condi-
tions. Increasing the resilience of the river basin ge-
osystem is impossible without constant monitoring
of the dynamics of natural resources and the factors
of negative impact. A significant part of the water
management complex of the Volyn region is the
Western Bug river basin, which has a significant
degree of development. Also, the state border be-
tween Ukraine and Poland runs along the water-
course, the river is a cross-border, and the tributary
basins are located on the territory of both states.
Therefore, to restore and preserve the optimal eco-
logical condition of the Western Bug river basin, it
is necessary to adhere to the strategic principles of
rational nature management, within the small rivers
catchment areas.

Today, most rivers in Ukraine in general and in
the Volyn region, in particular, are polluted by ordi-
nary human negligence. They play a very important
role in the life of communities, satisfying house-
hold, industrial and technical needs, recreation, etc.
Therefore, the basin of any river due to its economic
use is subject to certain anthropogenic pressures.
Due to this, small rivers are the most vulnerable to
anthropogenic impact. The basins of small rivers
have undergone significant plowing of catchments,
the excessive density of their row crops, reclama-
tion, low forest cover, which intensified the erosion
processes, increased their siltation and overgrowing,
changed the water and physical properties of soils,
thermal and water balance disturbed groundwater, as
well as the conditions of runoff formation [10, 12].
The situation is further more complicated by the fact
that over the past 25 years there has been a tendency
to actively build up the banks and floodplains of
rivers, as well as contrary to the law, agricultural use
of water lands. In this regard, the rivers Luha and
Studyanka, the right tributary of the Western Bug,
flowing through the three southern districts and the
city of Volodymyr-Volynskyi lead to deterioration of
the ecological condition of both the waterway of the
Western Bug and these tributaries, which is rapid
overgrowth. riverbeds, shallowing, and waterlog-
ging. The main sources of anthropogenic impact on
rivers are sewage treatment plants built in the 70's
last century in need of reconstruction, landfills on
floodplain terraces, filtration fields, etc. We should
also underline that in the last twenty years no recla-
mation work has been carried out to clear the silted

sources of rivers, which leads to their shallowing [9,
11, 14]. The problem is exacerbated by the fact that
in recent years there has been strong low water -
rivers are filled only 70% of normal. Thus, there is
no doubt that the assessment of the ecological con-
dition of small rivers, which include Luha and
Studyanka, is important because the water quality of
the Western Bug river itself depends on them, so the
topic is important and relevant.

Several scientific studies are devoted to the as-
sessment of river water quality in the Western Bug
river basin from various aspects. Ecological assess-
ment of water quality of rivers of Volyn region and
their cartographic analysis were performed by V. D.
Romanenko, A. V. Yatsyk, 1. V. Hopchak [7, 15, 16].
Analysis of the geoecological situation and the re-
sults of the ecological assessment of the current
state of the Luha river basin is presented in the sci-
entific works of I. M. Netrobchuk, O. R. Perkhach,
F. M. Kiptach, A. V. Yatsyk, I. V. Hopchak, T. O.
Basyuk, M. 1. Syrotyuk [9, 11, 14, 16, 18]. The im-
pact of the water management complex of Vo-
lodymyr-Volynskyi on the ecological condition of
the Luha River was analyzed by V. O Fesyuk [14].

The analysis of scientific publications on eco-
logical assessment of river water quality, which
were performed by different authors, testifies to
their carrying out mainly on hydrochemical indica-
tors. In this regard, there is a need for environmental
assessment of water quality in some river basins of
Western Polissya, in particular the rivers of the
Western Bug river basin, conducted in the frame-
work of research work of the Department of Ecolo-
gy and Environmental Protection of the Lesya
Ukrainka Eastern European National University, by
the state of macrophytes. Because macrophytes al-
low determining the degree of degradation of sur-
face waters, primarily in terms of their trophic. The
nutrients content in river waters varies in space and
time, which is influenced by many factors: the
river's ability to self-clean, meteorological indicators
and seasons, anthropogenic impact. Chemical and
physical methods (mainly instrumental) of surface
water quality assessment allow determining pollu-
tion during sampling at the same time. While bio-
logical research methods allow determining the im-
pact of pollutants in the long run.

Macrophytes are a mandatory component of the
ecosystems of most reservoirs and watercourses,
they influence hydrochemical and hydrobiological
processes, playing an important and multifaceted
role in the life of the reservoir. First of all, they are
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an important component of the power supply chain
of the hydroecosystem and perform the function of a
mechanical filter, clarifying the water, protecting the
shores of reservoirs from erosion [1, 3, 8, 25, 30].
Also, macrophytes in their tissues can accumulate
significant concentrations of various contaminants -
heavy metal ions, radionuclides, pesticides, etc.
However, in addition to the positive, aquatic vegeta-
tion can play a negative role in the reservoir: sec-
ondary pollution of the reservoir due to the death of
phytomass, or the accumulation of organic matter
due to the ingress of nutrients into watercourses.

Aquatic organisms are exposed to the aquatic
environment, are sensitive to the content of pollu-
tants in water [8, 25, 26, 29]. The method of deter-
mining the macrophytes index (MIR) is based on
studies conducted in European countries. In the
United Kingdom, the Mean Trophic Rank (MTR)
system is widespread, in which 128 species of mac-
rophytes are represented, among which the higher
plants are decisive, and mosses and algae are repre-
sented in smaller numbers. Each species is assigned
the rank of the value of the indicator. This technique
is also used in other countries (Poland, Spain, the
Czech Republic, Russia, Kazakhstan, etc.). The
technique (MTR) has been used in research for
many years. Since 2008, the River Nutrient Macro-
phyte Index system has also been used to monitor
macrophytes in the United Kingdom [2, 5, 6, 17, 27,
28, 29, 30].

In Germany, a methodology has been devel-
oped and tested that allows us to assess the degree
of overall river degradation and is not limited to the
aspect of eutrophication. The System Reference In-
dex (RI) (Schaumburg I in 2004) was developed in
2004. This method is widely used in the river moni-
toring system in Germany to assess the ecological
status of surface waters following the Water Frame-
work Directive. Studies in France are conducted ac-
cording to the IBMR methodology (Haury I in
2006), which combines two calculated bioindication
indicators. One indicator shows the level of the
trophic environment, the another one determines the
degree of ecological tolerance of the species (steno-
and eurybiont). To assess the ecological condition of
the rivers of the Scandinavian countries, an original
method developed by Danish scientists (Baattrup-
Pedersen I in 2001) is used. It is based on Shannon-
Weaver biodiversity indices. The Polish method of
assessing the ecological status of rivers (Mak-
rofitowa Metoda Oceny Rzek (MMOR)) is based on
the English method Mean Trophic Rank (MTR) and
the French method Indice Biologique Macro-
phytique Riviere (IBMR), which have long been
used for research[23, 24, 25]. It was first described
in 2006, and in 2010 it was published in the form of
a textbook . The method is based on the determina-

tion of quantitative and qualitative indicators of as-
sessment of aquatic and coastal macrophytes pre-
sented on the studied segment of the water body.
Based on the results of the study of the species
composition of macrophytes, determine the indica-
tor Makrofitowy Indeks Rzeczny (MIR), which al-
lows for assessing the ecological status following
the EU Water Framework Directive [25, 29, 31].

In Belarus, the assessment of the ecological sta-
tus of rivers is based on the determination of the
biological index of macrophytes according to the
IBMR method [13]. A variant of the classification
scheme of small rivers was created taking into ac-
count the phytocoenotic diversity of vegetation and
assessment of their ecological condition.

In Ukraine, research in this area is conducted at
the Ukrainian Research Institute of Environmental
Problems and is based on the method (MMOR)
(Vasenko O., Korobkova G.), which substantiates
the possibility of using groups of aquatic macro-
phytes to assess the ecological status of forest-
steppe and steppe rivers [4]. Similar studies con-
cerning the assessment of the ecological status of
the ecosystems of the Pripyat basin by higher plants
were conducted by M. O. Klimenko and Yu. R.
Grokhovska [3]. We conducted a study of groups of
aquatic macrophytes to assess the ecological status
of the rivers of Volyn Polissya which are tributaries
of the Pripyat - Turia, Vyzhivka, Tsyru [1, 20, 21,
22,23, 32].

The purpose of article. The purpose of article
aims to assess the ecological status of the rivers of
the Western Bug river basin using bioindication
methods and determination of the Macrophyte Index
for Rivers (MIR).

Materials and Methods. Research methods
are expeditionary, methods of mathematical statis-
tics end bioindication methods and determination of
the Macrophyte Index for Rivers (MIR).

To determine the ecological status of the rivers
of the Western Bug and to conduct research, three
test sites with a length of at least 100 m were laid
each on two tributaries of the first order, the rivers
Luha and Studyanka. The first test section of the
Luha riverbed is located in the village of Zavydiv
village (upper course), the second test section of the
Luha riverbed - in the city of Volodymyr-Volynskyi
(500 m below the discharge of municipal treatment
facilities), the third test section of the Studyanka
riverbed - in the Ustyluh town (lower reaches of the
river).

To determine the MIR (Macrophyte Index for
Rivers), 42 indicator species of macrophytes were
selected, of which 1 species belongs to the division
Polipodiophyta and Equisetophyta, 40 species to the
division Magnoliophyta, of which 15 belong to the
class Magnoliopsida, and 25 belong to the class Li-
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liopsida.

Performed in the river basin field studies allow
to the calculation of the Macrophyte Index for Riv-
ers (MIR), performed by the
formula [25, 29]:

MIR =} (Li- W;-P) /> (Li - P;) - 10,

where

MIR - Macrophyte Index for Rivers;

L; - the quantitative value of the indicator for
the specified species;

Wi - the weighting factor for the species;

P; — the coverage ratio of the specified type on
a 9-point scale.

The MIR can be calculated from 10 (most de-
graded rivers) to 100 (least degraded rivers). In the
case of lowland rivers, the highest MIR cannot ex-
ceed 60. 151 indicator species of macrophytes are
used in the calculation. The methodology limits the
MIR index for 5 ecological status classes for each
macrophytic river type developed according to the
EU Water Framework Directive, where each water
ecological status class corresponds to a status: very
good, good, moderate or satisfactory, bad and very
bad [25, 29,31]. The classification of the studied
sections of the river is done by comparing the calcu-
lated MIR index to the classification indicators that
correspond to the type of river (lowland, upland, or
mountain) and are shown in Table 1.

Table 1
Classification of the MIR indicator to determine the ecological state of rivers [25]
s é Ecological state
Type of macrophytes 2 =
e 2 Very Good Moderate Bad Very
good bad
M-1 Alpine water- o >65,6 | (65,6—50,7> | (50,7-38.8> | (38,8-24,0> | <24,0
courses =
M-II Silicon rivers S gl >61,8 | (61,8—48,1> | (48,1-37,0> | (37,0-23,3> | <233
M-Il | Carbonaterivers | & 5| >554 | (554-42,0> | (420-314> | (314—18,0> | <I8.0
High-rise water- | 2 8
M -1V | courses of low- _‘; S| >483 (48,3-37,7> | (37,7-27,0> | (27,0-16,4> | <164
land character §¢®
| &
M-V ;zrge uplandriv- 5 o465 | 465-37.8> | (37.8-29.0> | (29.0-203> | <203
M - VI | Sandy rivers , >46,8 | (46,8 -36,6> | (36,6 —26,4> | (26,4—16,1> | <16,1
S wn
M-vi | Stonyandgravel |z 81 o001 471 368> | (368-265> | (265-162> | <162
rivers 2 5
M- VIII | Organic rivers < 5[ =445 | (445-350> | (35.0-254> | (254-158> | <I58
]
M - IX Eiﬁ: lowland 27| 2447 | 447-365> | (36,5-282> | (28,2-20,0> | <20,0

To carry out a comparative analysis of the eco-
logical status of water quality of the rivers Luha and
Studyanka by hydrochemical indicators and deter-
mined according to MIR " Macrophyte Index for
Rivers" [25] was used the results of laboratory stud-
ies performed according to guidelines in the instru-
mental and laboratory control of the State Ecologi-
cal Inspectorate in Volyn region [19].

Research results

According to the physical and geographical
zoning, the basins of the rivers Luha and Studyanka,
a tributary of the first order of the river Western
Bug, are located in the southwest of the Eastern Eu-
ropean plain in Podilska physical and geographical
country, physical geographical region - Volyn Up-
land areas (western part), Novovolynsk and Lo-
kachinsky physical-geographical districts. Land-
scape units loodplains and runoff valleys are typical

- Meadow floodplains of small rivers of the Volyn
Upland with grassy - grass - sedge meadows on the
meadow - swamp soils and peatlands, significantly
drained; landscape units of non-terraced slopes -
undivided first and second forest terraces with shal-
low chernozems with low humus and podzolic un-
der arable lands on the site of oak and hornbeam
forests; landscape units interfluve - gently convex
peaks of forest belts, covered in the past with oak
groves with an admixture of other deciduous spe-
cies, on chernozems podzolic and shallow low hu-
mus, plowed [18, 33].

The Luha River is a right tributary of the first
order of the Western Bug river. The catchment area
is — 1351,39 km2, length — 91,39 km. The river orig-
inates in the Lokachyn administrative district near
the Kolpytiv village, in the upper reaches from east
to west, and the middle and lower reaches - to the
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northwest. Near the Ustyluh town, Volodymyr-
Volynskyi administrative district, 569 km from the
mouth, it flows into the Western Bug river. The main
tributaries of the Luha river: the rivers Svinoryyka,
Rylovytsia, Strypa, a stream without a name from
the Kolona village [16, 18]. Valleys with gentle
slopes, width 0,2 — 0,8 km, height 6 - 8 m. The den-
sity of the river network in the river basin is 0,2 km
/ km2, the coefficient of meandering of the river is
1,7, the slope is 0,44 m / km. The floodplain of the
river is the meadow, in some places it is bushy, its
width increases with the length of the river by an
average of 0,4 — 0,8 km. The average height of the
floodplain above the river edge is 0,6 — 0,7 m, the
banks are low, sloping, the bottom is flat, loamy, the
channel is very winding. From the source to the
Stary Porytsk village width does not exceed 5 m,
depth — 1,5 m. To the Ivanivka village river width -
5 - 12 m, depth - up to 3 m, near the village expands
to 16 - 29 m, depth - up to 3,5 m. Between the
Ivanivka village and Volodymyr-Volynskyi city, the
river is 10-25 m. wide and 0,4-1,5 m. deep. In the
area of the Selets village of the river branches into
branches, forming an island of considerable size
(more than 150 hectares). Between Ustyluh town
and Volodymyr-Volynskyi city there are many
ridges and islands [16, 18]. The pool has a drainage
system - Luhivska. The riverbed is canalized, the
river floodplain is mowed and grazed by cattle al-
most to the water's edge, the territory of the basin
has a high degree of plowing and is densely popu-
lated [16,18].

The Studyanka River is also a right tributary of
the first order of the Western Bug. It originates in
Ivanychiv district near the Hrybovytsia village and
flows into the Western Bug south of the Ustyluh
town, Volodymyr-Volynskyi district, 570 km from
its mouth. The catchment area is 136 km2, the
length is 26,5 km, the slope is 1,32 m / km. The
density of the river network in the river basin is 0.27
km / km2, the meandering coefficient of the river is
1,37. The channel is winding, partially straight, the
shores are low, sloping, the valley is located among
the hilly terrain, the floodplain is covered with
meadow vegetation. The width of the floodplain is
400 m, covered with meadow vegetation, the valley
is located in the middle of hilly terrain. The territory
of the basin is densely populated, plowed, there are
trampling and mowing of floodplains, as well as the
significant anthropogenic impact of the mining and
industrial complex, as here are part of the existing
and preserved mines of the Lviv-Volyn coal basin
and heaps. In the pool, there are drainage systems -
Yagidnivska, Izivska, Bugska [16,18].

Ecological and geobotanical studies in the
Western Bug basin, within the test sections of the
Luha and Studyanka riverbeds, were conducted dur-

ing May-September 2019. 3 test sites were selected,
at least 100 m long, located in the upper and lower
reaches of the rivers. Peculiarities of distribution,
species composition of indicator species of macro-
phytes, determined by the Chorna H. A. atlas [24]
and projective coverage of each species in the test
plots are shown in Table 2.

According to the results of the study, 17 species
of macrophytes are common in both studied areas of
the Luha River, which is 41,46% of the total number
identified: Equisetum palustre L., Nuphar lutea (L.)
Smith, Polygonum hydropiper L., Myosotis palustris
( L.), Bidens tripartita L., Alisma plantago-aquatika
L., Sagittaria sagittifolia L., Hydrocharis morsus-
ranae L., Stratiotes aloides L., Potamogeton natans
L., Carex acutiformis Ehrh., Carex riparia Curtis,
Phalaroides arundinacea ( L.) Rausch., Phragmites
australis (Cav.), Lemna minor L., Lemna trisulca L.,
Spirodela polyrrhiza (L.) Schleid.

On the test site Ne 1 Zavydiv village, 18 species
of macrophytes were found in the river basin, but
are absent here: Thelypteris palustris Schott, Nym-
phaea alba L., Myriophyllum verticillatum L.,
Myriophyllum spicatum L., Ceratophyllum demer-
sum L., Ceratophyllum submersum L., Cicutaro L.,
Lysimachia vulgaris L., Rorippa amphibia (L.)
Bess, Mentha aquatica L., Potamogeton acutifolius
Link., Potamogeton lucens L., Carex acuta L., Scir-
pus sylvaticus L., Scirpus lacustris L., Glyceria
maxima (C . Hartm.), Tupha latifolia L., Typha an-
gustifolia L. At the test site Noe 2 Volodymyr-
Volynskyi city downstream, 6 species of macro-
phytes were found, which are characteristic of the
river basin, but are absent in this experimental area
Spach, Polygonum amphibium L., Potamogeton
crispus L., Iris pseudacorus L., Acorus calamus L.,
Sparganium erectum L.

The largest group of macrophyte species in the
Luha riverbed is the coastal air-water vegetation -
24 species (58,54%), which is reflected in Fig. 1.
These are representatives of 16 families - Equiseta-
ceae, Thelypteridaceae, Alismataceae, Iridaceae,
Cyperaceae, Poaceae, Acoraceae, Sparganiaceae,
Typhaceae, Polygonaceae, Apiaceae, Primulaceae,
Brassicaeae, Boraginaceae. Plants with floating
leaves - 10 species (24,39%), belong to 6 families -
Hydrocharitaceae, Potamogetonaceae, Lemnaceae,
Numphaeaceae, Ranunculaceae, Polygonaceae.
Another 7 species (17,07%) - submerged plants be-
longing to 4 families - Hydrocharitaceae, Potamo-
getonaceae, Haloragaceae, Ceratophyllaceae.

According to the study, the flora of the
Studyanka River includes 19 species of aquatic and
air-aquatic plants belonging to 2 divisions (Equi-
setophyta and Magnoliophyta), 12 families, and 15
genera (Table 2). One species belongs to the
Equisetophyta division (5,3%), and eighteen species
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Table 2
Species composition and projective coverage (P) of indicator species of macrophytes
within the test areas of the Luha, Studyanka riverbed
Test area
Ne Type of macrophyte No P Ne P Ne P
1 | % Coeffi ) % Coef- 3 | o Coef-
cient ficient ficient
1 2 3 4 5 6 7 8 9 10 11

Class Equisetopsida
1. | Equisetum palustre L. L+ 2] 3 [+ 2] 3 |+ 2] 3

Class Polypodiopsida
2. | Thelypteris palustris Schott | - | | | + | 7 | 5 | | |

Class Magnoliopsida
3. | Nymphaea alba L. - + | 2 3 - 5 3
4. | Nuphar lutea (L.) Smith + | 7 5 + | 6 5 + | 5 5
5. | Batrachium circinatum (Sibth.)

+ | 4 4 -
Spach
6. | Polygonum amphibium L. + | 4 4 - +
7. | Polygonum hydropiper L. + | 5 5 + -
8. | Myriophyllum verticillatum L. - + | 7 5 -
9. | Myriophyllum spicatum L. - + |6 5 -
10. | Ceratophyllum demersum L. - + 8 5 + |10 5
11. | Ceratophyllum submersum L. - + | 7 5 +
12. | Cicuta virosa L. - + 3 4 -
13. | Lysimachia vulgaris L. - + |5 5 -
14. | Rorippa amphibia (L.) Bess - + | 4 4 -
15. | Myosotis palustris (L.) + | 2 3 + 3 4 +
16. | Mentha aquatica L. - + | 7 5 + | 6 5
17. | Bidens tripartita L. + | 4 4 + |5 5 -
Class Liliopsida
18. | Alisma plantago-aquatika L. + | 5 5 + | 5 5 -
19. | Sagittaria sagittifolia L. + | 7 5 + |10 6 -
20. | Hydrocharis morsus-ranae L. + | 10 6 + | 10 6 + |12 6
21. | Stratiotes aloides L. + [ 10 6 + |10 6 + |12 6
22. | Potamogeton acutifolius Link. - + 1 2 -
23. | Potamogeton crispus L. + 6 5 - -
24. | Potamogeton lucens L. - + | 2 3 + 8 5
25. | Potamogeton natans L. + 6 5 + 6 5 + 7 5
26. | Iris pseudacorus L. + | 2 3 - -
27. | Carex acuta L. - + |10 6 + 7 5
28. | Carex acutiformis Ehrh. + | 7 5 + | 7 5 +
29. | Carex riparia Curtis. + | 6 5 + | 6 5 + | 8 5
30. | Scirpus sylvaticus L. - + 7 5 -
31. | Scirpus lacustris L. - + 6 5 -
32. | Phalaroides arundinacea (L.) n 6 5 n 7 5 n
Rausch.

33. | Glyceria maxima (C. Hartm.) - + |10 6 -
34. | Phragmites australis (Cav.) + |15 6 + |10 6 + 8 5
35. | Acorus calamus L. + 5 5 - +
36. | Lemna minor L. + |10 6 + | 10 6 -
37. | Lemna trisulca L. + 7 5 + 6 5 -
38. | Spirodela polyrrhiza (L.) Schleid | + | 6 5 + | 7 5 -
39. | Sparganium erectum L. + 6 5 - -
40. | Tupha latifolia L. - + | 7 5 + | 7 5
41. | Typha angustifolia L. - + | 6 5 + | 8 5
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(94,7%) belong to the Magnoliophyta division. The
class of monocotyledonous plants is represented by
6 families, 8 genera, and 11 species (57,9% of the
total number of species). The class of dicotyle-
donous plants is represented by 5 families, 6 genera,
and 7 species (36,8% of the total number of spe-
cies). The largest number of species contain the
family Cyperaceae (3 — 15,8%). Other families are
represented by one or two species (84,2% of the to-
tal number of families).

The largest group of plants is coastal air-water
vegetation - 12 species (63,2%). These are repre-
sentatives of 7 families - Equisetaceae, Cyperaceae,
Poaceae, Acoraceae, Typhaceae, Boraginaceae,
Lamiaceae.

Plants with floating leaves 4 species (15,8%)
belong to 4 families - Hydrocharitaceae, Potamo-
getonaceae, Numphaeaceae, Polygonaceae. Another
3 species (15,8%) are submerged plants belonging
to 2 families - Hydrocharitaceae and Ceratophyl-
laceae.

During the research within the test area Ne 1
(Zavydiv village) of the riverbed, 23 species of mac-
rophytes were found - indicators of the ecological
status of river water (Table 2). They are dominated
by coastal plants and plants with floating leaves.

Study of the ecological condition of river water
at the test site Ne 2 (Volodymyr-Volynskyi city), 35
species of macrophytes were found - indicators of
the ecological condition of river water (Table 2).

Here are presented relatively evenly all ecological
groups of plants - coastal, submerged, and with
floating leaves.

Investigating the ecological status of the
Studyanka river water at the test site Ne 3 (Ustyluh
town), 19 species of macrophytes were found - indi-
cators of the ecological status of river water (Table
2). They are dominated by coastal plants, 4 species
of plants with floating leaves, and 3 species of sub-
merged plants.

According to the results of the study, the eco-
logical status of the Luha and Studyanka rivers was
assessed according to the Macrophyte Index for
Rivers (MIR). To calculate the MIR, the formula
shown above was used and the classification table
for 4 types of rivers was used (Table 1).

In the Luha and Studyanka rivers, 41 indicator
species of macrophytes were found in the surveyed
areas, according to the Methodology, the character-
istics of which were used to calculate the MIR val-
ue. For each species of macrophytes, the quantita-
tive value of the indicator (L), weighting factor (W),
(Table 3), projective coverage (%), and coverage
ratio (P) on a 9 - point scale were determined, which
is shown in Table 1.

The results shown in the table show that 41 in-
dicator species of macrophytes have been identified
in the Luha riverbed, the quantitative value of mac-
rophyte indicators varies between 2 - 6 and the
weight coefficient - from 1 to 3.

Table 3
Indicator species of macrophytes [4, 25]
MIR MIR MIR
Class / Plant L | Y, Class / Plant LIw Class / Plant LIw
Equisetopsida Nuphar lutea L. Lemna minor L. 2 12
Equisetum palustre L. | 5 | 2 | Polygonum amphibium L. 4 | 1 | Lemna trisulca L. 412
Polypodiopsida Polygonum hydropiper L. 3 | 1 | Phragmites australis 4 12
Thelypteris palustris 611 Batrachium circinatum 519 Potamogeton acutifolius | 6 | 1
Schott (Sibth.) Spach Link.
Magnoliopsida Rorippa amphibia L. 3 | 1 | Potamogetoncrispus L. |4 | 2
Bidens tripartita L. 2 | 3 | Liliopsida Potamogeton lucens L. 413
glenl;aiop hyllum demer- 2 | 3 | Acorus calamus L. 2 | 3 | Potamogeton natans L. 401
S;Zd{ophyllum submer- 5| 3 ﬁllsma plantago-aquatica 4 | 2 | Sagittaria sagittifolia L. 412
Cicuta virosa L. 6 | 2 | Carex acuta L. 5 | 1 | Scirpus lacustris L. 412
Lysimachia vulgaris L. | 4 | 1 | Carex acutiformis Ehrh 4 | 1 | Scirpus sylvaticus L. 512
Mentha aquatica L. 5 | 1 | Carex riparia Curtis 4 | 2 | Sparganium erectum L. |3 | 1
Mpyosotis palustris (L.) 4l 1 Phalaroides arundinacea 211 Spirodela polyrrhiza 212
L.J. (L.) Rausch. (L.)Schleid.
Myriopfyllum spicatum Glyceria maxima . . 6 |2
L 312 (C. Hartm.) 3 | 1 | Stratiotes aloides L.
Myriophyllym verticil- Hydrocharis morsus-ranae s 312
Jatum L. 512 L 6 | 2 | Typha angustifolia L.
Numphaea alba L. 6 | 2 | Iris pseudacorus L. 6 | 2 | Typha latifolia L. 212
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The results of calculations of the Macrophyte
Index for Rivers showed the following:
MIR (test area 1) =
> (Lix Wi x Py) /> (WixPj) x 10=39,0
MIR (test area 2) =
Z (Li x W; x Pi)/z (Wi X Pi) x 10 = 31,56
MIR (test area 3) =
> (Lix Wy x Py) /Y (Wi x Py) x 10 =28,31
According to the classification of the indicator
MIR [23] to determine the ecological status of the
rivers Luha and Studyanka belong to the lowland

watercourses, with the type of macrophytes - M-
VIII (organic rivers). As a result of the calculated
Macrophyte Index for Rivers (MIR), it was estab-
lished (Table 4) that the water quality in the Luha
River in test site 1 (Zavydiv village) has a good eco-
logical status and MIR is 39,0; and on test site 2
(Volodymyr-Volynskyi city) has a satisfactory or
moderate ecological condition and MIR is 31,56; in
the river Studyanka, on the test site 3 (Ustyluh
town) has a satisfactory or moderate ecological con-
dition and MIR is 28,31.

Table 4

Ecological condition of Luha and Studyanka rivers according to MIR index

Test site of the riverbed Index MIR Ecological condition
1. Zavydiv village (upper course) 39,0 Good
2. Volodymyr-Volynskyi (lower reaches) 31,56 Satisfactory or moderate
3. Ustyluh town 28,31 Satisfactory or moderate

During the research at all test sites, violations
of water protection legislation and partial use of the
river water protection zone for economic purposes
(availability of farm buildings and agricultural
lands) were also revealed; ingress into surface wa-
ters of residential and commercial facilities (cess-
pools), clogging of the riverbed, and in the basin of
the river Studyanka, also, there is man-made relief
(subsidence of the relief over the mine workings, the
presence of waste heaps and dumps).

To determine a more objective assessment of
the ecological status of river water, a comparison of
hydrochemical indicators of surface water quality
(the results of laboratory studies of surface waters of
the rivers Luha and Studyanka performed by the
instrumental laboratory control department of the
State Ecological Inspectorate in Volyn region for
2019 were used) and Macrophyte Index for Rivers
(MIR) as well as assessment of the ecological condi-
tion of the rivers Luha and Studyanka was per-
formed.

Based on the analysis of surface water quality
on the basis of hydrochemical parameters, it can be
stated that the values of mineralization values for
both observation points of the Luha and Studyanka
rivers were fresh hypohaline. According to the com-
ponents of the salt composition, their waters be-
longed to category 1 of class I ("excellent" in their
natural state, "very pure" in the degree of its purity).
The average values of hydrochemical parameters
and blocks of trophosaprobiological and specific
substances of toxic action included the waters of the
Luha River to 4 and 5 categories of water quality
class III ("satisfactory” in their natural state, "pollut-
ed" in purity), and the waters of the river Studyanka
5 category III water quality class ("satisfactory” in
their natural state and "contaminated" in the degree
of purity). In general, the average annual values of

hydrochemical parameters of both observation
points classified the waters of the Luha river into 4
categories ("quite good" in their natural state,
"slightly polluted" in the degree of purity) of the
third class of water quality (“satisfactory” in their
natural state and "moderately polluted" by the de-
gree of purity, the level of trophic - eutrophic). The
waters of the Studyanka River up to the 5th category
("satisfactory” in their natural state, "moderately
polluted" in the degree of purity) of the III class of
water quality ("satisfactory” in their natural state,
"moderately polluted" in the degree of purity, the
level of trophism - eutrophic) .

It is determined that the ecological condition of
the river according to the average annual values of
hydrochemical indicators included the waters of the
Luha River (in Volodymyr-Volynskyi city) to the 4th
category of class III water quality ("satisfactory" in
their natural state, "polluted" in the degree of puri-
ty), and water of the river Studyanka up to the Sth
category of the III class of water quality ("satisfacto-
ry" in their natural state, "moderately polluted" in
the degree of purity, the level of trophic - eutrophic).

According to the ecological status of rivers de-
termined by the Macrophyte Index for Rivers
(MIR), it is established that the waters of the Luha
and Studyanka rivers have a satisfactory or moder-
ate ecological status. This suggests that the research
conducted on test sites and calculations of the Mac-
rophyte Index for Rivers (MIR) are identical and
fully reflect the ecological status of the rivers Luha
and Studyanka determined by hydrochemical pa-
rameters, which allows using this algorithm for oth-
er rivers in the Western Bug basin.

Conclusions. Based on the research, the fol-
lowing conclusions can be drawn:

1. A significant part of the water management
complex of the Volyn region is the basin of the
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Western Bug river, which has a significant degree of
development. Also, the state border between
Ukraine and Poland runs along the watercourse, the
river is a cross-border, and the tributary basins are
located on the territory of both states. Therefore, to
restore and preserve the optimal ecological condi-
tion of the Western Bug river basin, it is necessary
to adhere to the strategic principles of rational na-
ture management, within the catchments of small
rivers.

2. To assess the ecological status of the MIR
index (Macrophyte Index for Rivers), 42 indicator
species of macrophytes were selected, of which 1
species belongs to the division Polipodiophyta and
Equisetopsida, 40 species to the division Magnoli-
ophyta, of which 15 belong to the class Magnoliop-
sida, and 25 belong to the class Liliopsida.

3. During the research within the test area No 1
(Zavydiv village) of the riverbed, 23 species of mac-
rophytes were found - indicators of the ecological
status of river water. They are dominated by coastal
plants and plants with floating leaves. Study of the
ecological condition of river water at the test site Ne
2 (Volodymyr-Volynskyi city), 35 species of macro-
phytes were found - indicators of the ecological
condition of river water. Here we see relatively
evenly all ecological groups of plants - coastal,
submerged, and with floating leaves. Investigating
the ecological state of the Studyanka river water at
the test site Ne 3 (Ustyluh town), 19 species of mac-
rophytes were found - indicators of the ecological
state of the river water. They are dominated by
coastal plants, 4 species of plants with floating
leaves, and 3 species of submerged plants.

4. As a result of determining the ecological sta-
tus of the tributaries of the Western Bug river, ac-
cording to the MIR indicator, it was established that
the rivers Luha and Studyanka belong to lowland
watercourses, with the type of macrophytes - M-

VIII (organic rivers). As a result of the calculated
Macrophyte Index for Rivers (MIR) it was found
that the water quality in the Luha River at test site 1
(Zavydiv village) has a good ecological status and
MIR is 39,0; on test site 2 (Volodymyr-Volynskyi
city) has a satisfactory or moderate ecological con-
dition and MIR is 31,56. The water quality in the
Studyanka River in test site 3 (Ustyluh town) has a
satisfactory or moderate ecological status and MIR
is 28,31.

5. To obtain a more objective assessment of the
ecological status of river water, a comparison of hy-
drochemical indicators of surface water quality and
the results of determining the ecological status of
rivers according to the Macrophyte Index for Rivers
(MIR) will be carried out. It is determined that the
ecological condition of the river according to the
average annual values of hydrochemical indicators
included the waters of the Luha River (in Vo-
lodymyr-Volynskyi city) to the 4th category of class
IIT water quality ("satisfactory" in their natural state,
"polluted" by the degree of purity) water of the river
Studyanka up to the 5th category of the III class of
water quality ("satisfactory” in their natural state,
"moderately polluted" by the degree of purity, the
level of trophic - eutrophic).

According to the ecological status of rivers de-
termined by the Macrophyte Index for Rivers
(MIR), it is established that the waters of the Luha
and Studyanka rivers have a satisfactory or moder-
ate ecological condition. This suggests that the re-
search conducted on test sites and calculations of the
Macrophyte Index for Rivers (MIR) are identical
and fully reflect the ecological status of the rivers
Luha and Studyanka determined by hydrochemical
parameters, which allows the use of this research
algorithm for other rivers in the Western Bug river
basin and is promising during research on other riv-
ers of Ukraine.
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ASSESSMENT OF THE ECOLOGICAL CONDITION OF THE WESTERN BUG RIVER BASIN
ACCORDING TO THE MACROPHYTE INDEX FOR RIVERS (MIR)

Introduction. To restore and preserve the optimal ecological status of the Western Bug river basin, it is
necessary to adhere to the strategic principles of environmental management, and since the river is trans-
boundary and tributary basins are located in Ukraine and Poland, it is important to determine the ecological
status of small rivers. In the territory of the Volyn region, the rivers-tributaries Luha and Studyanka are most
affected by anthropogenic impact. An ecological assessment of water quality based on the condition of mac-
rophytes is given, as macrophytes llow to determine the degree of surface water degradation, first of all, in
terms of their trophic status.

The purpose of article. The purpose of article aims to assess the ecological status of the rivers of the
Western Bug river basin using bioindication methods and determination of the Macrophyte Index for Rivers
(MIR).

Methods. Research methods are expeditionary, methods of mathematical statistics end bioindication
methods and determination of the Macrophyte Index for Rivers (MIR).

Results. To determine the ecological status of the rivers of the Western Bug basin and to conduct re-
search, three test sites with a length of at least 100 m were laid on two tributaries of the first order - the rivers
Luha and Studyanka. To determine the MIR (Macrophyte Index for Rivers) in the test riverbed areas, 42 indi-
cator species of macrophytes were selected, of which 1 species belongs to the division Polipodiophyta and
Equisetophyta, 40 species to the division Magnoliophyta, of which 15 belong to the class Magnoliopsida,
and 25 belong to the class Liliopsida. According to the classification of the MIR indicator, to determine the
ecological status, the rivers Luha and Studyanka belong to lowland watercourses, with the type of macro-
phytes - M-VIII (organic rivers). As a result of the calculated Macrophyte Index for Rivers (MIR), it was es-
tablished (Table 4) that the water quality in the Luha river in test site 1 (Zavydiv village) has a good ecologi-
cal status, MIR is 39,0; and test site 2 (Volodymyr-Volynskyi city) has a satisfactory or moderate ecological
status, MIR is 31,56; in the river Studyanka, the test site 3 (Ustyluh town) has a satisfactory or moderate eco-
logical condition, MIR is 28,31.

Conclusions. According to the ecological status of rivers determined by the Macrophyte Index for Riv-
ers (MIR), it is established that the waters of the Luha and Studyanka rivers have a satisfactory or moderate
ecological condition. This suggests that the research conducted on test sites and calculations of the Macro-
phyte Index for Rivers (MIR) are identical and fully reflect the ecological status of the rivers Luha and
Studyanka determined by hydrochemical parameters, which allows the use of this research algorithm for oth-
er rivers in the Western Bug river basin and is promising during research on other rivers of Ukraine.
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