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Within an integrated ecosystem approach, it is preferable to evaluate the effects of pollution of surface waters through
research on the organisms of fish. The aim of this study was to analyse the impact of a set of water quality indicators on the
homeostasis of fish, in order to determine the response of a hydro-ecosystem to the impact of human activity. Fish samples
were obtained from control catches in 16 control sites located in the rivers of Rivne Oblast which differ in intensity of
anthropogenic load. The researchers observed that increased concentrations of phosphates and suspended substances, heavy
metals, iron, fluorides and nitrogen compounds have violated the environmental state of the examined hydro-ecosystems.
Parameters of the morphological homeostasis were assessed by the levels of the fluctuating asymmetry of the meristic signs
of fish.The scientists recorded significant impairments (within 1V points of body stability) in case of roach and bleak in the
majority of the control sites. We carried out the analysis of cytogenetic parameters of fish homeostasis using a micronuclear
test of blood erythrocytes.The investigation revealed a significant excess of spontaneous mutagenesis (1.1-1.7 times) in
such species as roach, bleak and perch, and this is certainly a clear indicator of unfavourable ecological conditions of the
water environment in seven areas of hydro-ecosystems. Given the results of the analysis, the authors found that different
ecological groups of fish have their own complex and multifactorial processes of morphological and cytogenetic
homeostasis formation. Furthermore, the regression dependences set out in the paper indicated the decisive impact of the
oxygen regime of the water environment (COD, BODs, Oy), pollutants (Cu®*, Zn*, Mn®"), and substances of biogenic
group (NH4", NO,", POy) upon fish homeostasis. differences in scope of homeostasis characteristics of different fish species
were complemented by the differences in the composition of the regression equations. In particular, in case of species that
had signs of homeostasis violation, the equation consisted of a greater number of members. The dependences for
morphological and cytogenetic homeostasis of bleak and roach appeared to multifactorial. This finding suggests that these
species are sensitive local indicators of the water environment both at early and late stages of ontogeny . Finally, as an
outcome of the research we obtained prognostic forms of the relationship between water quality indicators and fish
homeostasis that may form the basis of an environmental assessment method in which fish characteristics are used to assess
the health of hydro-ecosystems.
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Introduction accurate picture (KaradZi¢ et al., 2010), in the case of water acidification

those would be changes in benthic organisms (Halsband & Kurihara,

Unlike conventional methods of biological indication under which
experts rate surface water quality by the signs of irregularities in subsys-
tems, the concept of ecosystem health substantiates quantitatively
variable informative criteria of violations in biological systems, as well
as integrated quantitative values of dose exposure that reflect the effects
of complex water pollution and such water conditions in which toxic
elements and compounds may act (Attri and Depledenge, 1997; Ogden
etal,, 2014; O’Brien et al., 2016).

Certain scientists believe that this integrated system of criteria
evaluation of water quality and hydro-ecosystem health must meet the
following requirements, particularly (1) reflect the details of pollution,
(2) consider the number of the most sensitive indicators at the level of
organism, population and ecosystem (Nunes et al., 2011), (3) consider
functional reserve of the ecosystem to withstand stress (Xu et al., 2014),
(4) maintain its structure and reflect the ability to restore the system after
the effects of negative factors (Gilvear et al., 2013; Deng et al., 2015).

There is no single universal criterion regarding the assessments of
all possible scenarios of change in hydro-ecosystems. For instance,
during the assessment of water eutrophication, the changes in phyto-
plankton community structure allow the researchers to shape the most
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2013; Velez et al., 2016), in the case of toxic pollution those would be
disturbances in the organisms of fish (Lazorchak et al., 2003; He et al.,
2012).

Within an integrated ecosystem approach, it is preferable to evalu-
ate the environmental effects of pollution through research on the orga-
nisms of fish. In particular, such world monitoring systems as Environ-
mental Monitoring and Assessment Program (1992), Mid-Atlantic
Highlands Assessment (1997), European Environment Agency (2003),
Australian and New Zealand Guidelines for Fresh and Marine Water
Quality (2000), Environment Canada (2004), etc. use feedback from
certain functional systems of fish in cases of long-term water pollution,
especially when these are of a toxic nature.

In view of the abovementioned facts, scientists continue to refine
the approaches of systems research on the state of fish at the level of
individuals and offer informative hydro-ecosystem controls (Klymenko
et al., 2016; Gold-Bouchot et al., 2017; Lu et al., 2017; Moran et al.,
2018). Thus, in case of heavy pollution, the body resistance of fish was
determined by their ability to effectively metabolize and remove toxic
substances which enter their body (Boscher et al., 2010; Ramzy, 2014).
Pathological changes in the organisms of fish allowed researchers to de-
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termine the toxicity of the water environment (Torres, 2014), assessing
the cumulative effects (Gutiérrez et al., 2015; Jayaprakash et al., 2015),
and to form an idea of the potential hazards of the substances entering
the water environment, particularly for humans (Dorea, 2008; Cavas,
2011). Redistribution of toxic substances between fish tissues is used to
estimate the timing of contamination of the water bodies (Albalat et al.,
2002).

The aim of our research was to analyse the impact of a set of water
quality indicators of the rivers of Rivne Oblast (Ukraine) upon the
homeostasis of fish, in order to determine the response of the hydro-
ecosystem to the impact of human activity. Therefore, the paper envi-
saged using a combination of representative and relatively simple
(rapid) methods that are able to reflect the effects of the combined
effects of pollution of the hydro-ecosystems and give an integrated res-
ponse regarding their health.

Materials and Methods

Study areas, control catch sites and fish species. The analysis of
water quality and fish homeostasis in rivers of Rivne Oblast was
conducted during the low summer flows in 2013-2015. The research
was conducted within the ecoregion of Europe No. 16 in small and
medium rivers, right-bank tributaries of the Prypiat River.

While choosing the representative control sites we strictly followed
the "Directive 2000/60/EC of the European Parliament and of the
Council establishing a framework for the Community action in the field
of water policy" or, in short, the EU Water Framework Directive (or
even shorter the WFD) which is closely linked with the European
Environment Agency's Monitoring and Information Network for Inland
Water Resources EUROWATERNET which is designed for the analy-
sis of a national water monitoring database and provides a clear distinc-
tion between good and poor quality water (Directive 2000/60/EC).

The fish samples were obtained from the control catches in 16 con-
trol sites located in the rivers of Rivne Oblast (Fig. 1) which differ by
intensity of anthropogenic load (Table 1).

Table 1
Control catch sites in the rivers of Rivne Oblast
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Fig. 1. Situation map displaying the layout of control catch sites
along the rivers of Rivne oblast

Site No. Administrative location and site description The distance from the mouth, km  The geographical coordinates
1 Sluch River, in Bystrychi village, above the wastewater discharge 945 50°52'52.6" N 26°55'24.2"E
2 SluchRiver, in the city of Berezne, 0.6 km below the wastewater discharge 734 51°00'504" N 26°45 35.1"E
3 Ustia River, upper part, natural background, near the village of Ivachkiv 65.0 50°28'49.8"N 26°19'06.2"E
4 Ustia River, in the city of Rivne, below the wastewater discharge 210 50°36'21.7"N 26°15'14.3"E
5  UstiaRiver, in Orzhiv village 0.7 50°45'21.2" N 26°07'37.6"E
6  StyrRiver,0.5km below the industrial wastewater discharge of the Rivne Nuclear Power Plant 1675 51°21'33.2"N 25°50'39.0"E
7 StyrRiver, in Zarichne urban-type settlement, 0.5 km below the wastewater discharge 75.8 51°49'08.9" N 26°08'56.8"E
8  StyrRiver, in lvanchytsi village, river flows to Belarus, 4 km to the border 740 51°50'36.7" N 26°10'00.3"E
9  Zamchysko River, Mala Liubasha village, above the wastewater discharge 215 50°50'334" N 26°29'42.7"E

10  Zamchysko River, in the city of Kostopil, below the wastewater discharge 119 50°53'50.4" N 26°26'24.2"E
11 Stubelka River, Klevan urban-type settlement, below the wastewater discharge 78 50°46'26.5" N 25°5806.8"E
12 IkvaRiver, Sopanivchyk village, on the border with Ternopil Oblast 80.5 50°10'59.9"N 25°43'01.1"E
13 IkvaRiver, 3.2 km below the Dubno wastewater discharge 39.6 50°26'07.5"N 25°44'275"E
14 IkvaRiver, in Torhovytsia village, Mlyniv Raion (district) 15 50°33'40.0"N 25°23'475"E
15  Horyn River, in the city of Dubrovytsia, 0.5 km below the wastewater discharge 104.0 51°34'41.2"N 26°35'339"E
16  Horyn River, in Vysotsk village, at the Ukrainian-Belarusian border 715 51°43'28.9"N 26°40'18.8"E

Samples of the following commonest river fish species in the re-
gion were obtained from the control catches in representative control
sites located in the rivers of Rivne Oblast in the summers of 2013-2015
. Cypriniformes were represented by the following species of fish:
common bleak (Alburnus alburnus (Linnaeus, 1758), common roach
(Rutilus rutilus (Linnaeus, 1758)), common rudd (Scardinius erythro-
phthalmus (Linnaeus, 1758)), silver crucian carp (Carassius auratus
gibelio (Linnaeus, 1758)), common bream (Abramis brama (Linnaeus,
1758). Perciformes were represented by the European perch (Perca
fluviatilis (Linnaeus, 1758)). The sample size for each species was from
16 to 38 fish, with age categories from 1+ to 4+.

Indices of water quality. The analysis of surface water quality in
the studied hydro-ecosystems was conducted according to the following
hydro-chemical parameters: sulphates (SO,2"), chlorides (CI7), ammonia
nitrogen (NH,"), nitrate-nitrogen (NO5"), nitrogen dioxide (NO,"), phos-
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phorus in the form of phosphates (POy"), the rate of chemical oxygen
demand (COD), the rate of biochemical oxygen demand in five days
(BODs), suspended solids (SS), dissolved oxygen (O,), pH, iron (Fe?"),
copper (Cu?"), zinc (Zn*), manganese (Mn?"), fluorides (F,). The data
on these substances in the studied rivers of Rivne Oblast was obtained
as a result of systematic analytical observations made in the State
Surface Water Monitoring Laboratory in Rivne Oblast. The data were
compared with the permissible concentrations of substances in fisheries
(Water Quality Standards of Fishery. Resolution of the Cabinet of
Ministers of Ukraine, 1999).

Indices of morphological fish homeostasis. The assessment of
morphological fish homeostasis was performed by levels of fluctuating
asymmetry (FA) of meristic bilateral symptoms values according to the
measurements of the right and left sides (| R—L|) of fish: the number of
bony spines in the pectoral and pelvic fins; the number of gill rakers on
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the first gill arch; the number of petals in gill membranes; number of
scales in the lateral line; number of scales with sensory tubules; number
of scale rows above and below the lateral line; the number of scales on
the side of the tail fin. The study used relative frequency of asymmetries
(RF) as an asymmetry indicator, which was calculated as the ratio of the
number of signs that show asymmetry to the total number of recorded
signs (Zaharov & Chubinishvili, 2000):
2F teqg Al
T on-k

where Ai is the number of asymmetrical manifestations of the i sign
(number of individuals, asymmetric on the basis); n is the sample size;
k is the number of signs.

The assessment of development instability deviation from conven-
tionally normal state was performed according to the Zakharov-Chubi-
nishvili scale (Table 2).

Table 2
Scale for assessing fish deviations from normal state

T »

No. of - Development Insfa- Quality of Environment

points  hility Indicator, RF
1 <0.30 relatively normal
2 0.30-0.34 initial (minor) deviations from the norm
3 0.35-0.39 average abnormalities
4 040-0.44 substantial (significant) deviations from the norm
5 0.45and > critical condition

Indices of morphological fish homeostasis. Evaluation of cytoge-
netic homeostasis was performed by erythrocyte micronucleus test with
peripheral blood. The blood was taken from the fishtail artery and the
samples included age groups from one-year-old to four-year-old fish.
The staining of blood smears was performed immediately after their
delivery to the laboratory in line with the Romanovsky-Himza method
(The Romanovsky-type stains are neutral dyes used primarily in the
staining of blood smears) (Il'inskih, 1988). Micronuclei were examined
at 10 x100 magnification under immersion microscopy. All kinds of

Table 3

micronuclei and nuclear material were taken into account during the cell
calculation (Ledebur & Schmid, 1973). From 1000 to 2500 cells of
each individual were analysed. The results were expressed in per mille
notation (%o).The research considered that 4%o shall be the level of
spontaneous mutagenesis, which is also substantiated by a number of
authors (Ledebur & Schmid 1973).

Data analysis. All statistical analyses (ANOVA) were performed
in the software package Statistica 8.0 (Statsoft Inc., USA). The data of
research results were presented as the mean value for the sample (M)
and the standard deviation (+ SD).

In order to understand the mechanism of complex impact of hydro-
ecosystem quality parameter indicators upon fish homeostasis, the aut-
hors conducted multivariate regression analysis The results of multiva-
riate regression analysis were assessed with the use of the pleiades cor-
relation method. Apart from the pleiades analysis we have also taken
into account the following parameters: G — pleiade capacity (number of
pleiade members); r — total correlation coefficient of a pleiade; F — Fis-
her criterion value for the pleiade; p — p-level of statistical significance
for the pleiade; B — intercept term; b — regression coefficient of indivi-
dual pleiade members (Hoaglin et al., 2000).

Results

The water quality indicators in the control sites are represented as
average values for particular river hydro-ecosystems by the maximum
and average concentrations of substances that occurred during the years
of observation (Table 3).

Parameters of salt water composition, the content of dissolved oxy-
gen and medium reaction (pH) were within the norm. At the same time,
the surface waters of the rivers of Rivne Oblast are polluted with phos-
phates and suspended solids, heavy metal ions (Cu®*, Zn**, Mn?") and
iron, fluorides and a group of nitrogenous substances. It is important to
bear in mind that the regulations for fisheries do not foresee the valua-
tion of such parameters of water oxygen regime as COD and BODs.

Indices of water quality in river hydro-ecosystems of Rivne Oblast, average for 2013-2015
(data of observation in the State Surface Water Monitoring Laboratory in Rivne region; Repeatability of each indicator, n = 5)

Control Sites #

Suibstance 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
S0O.Z, mg/dm® 554 652 239 525 514 495 593 473 405 330 248 273 508 555 464 560
CI', mg/dm® 234 239 213 274 266 133 163 137 18 141 213 206 139 308 184 198
NH,", mg/dm® 02 03 26 11" 04 03 317 03 10° 417 07 06 03 0.2 0.2 05
NOy, mg/dm® 05 29 31 9.1 72 25 01 29 19° 117 28 6.6 40 33 32 6.2
NO;, mg/dm® 002 005 020" 020° 010" 010° 010" 0100 004 020 010" 030" 020" 010° 010" 010
PO, mg/dm® 01" 02" 20 06 03 028 01" 920 028 120 02" 02° 04 05 11" 04
fnlg,%emnged solids, 109" 135 113 123 1400 117 1090 790 92 1310 22 150 1010 104 900 99
%ﬁ;’ﬁgﬁ%ﬁ“ 106 101 104 101 98 79 88 69 95 75 107 67 71 100 109 100
pH 82 79 82 80 83 8.1 78 78 76 76 80 80 76 79 83 79
COD,mgO,/dm® 266 319 216 319 334 387 414 282 350 396 323 432 394 358 336 305
BOD;, mgO,/dm® 45 57 12 47 34 27 41 22 30 6.3 31 42 37 33 33 35
Fe?", mkg/dm® 258" 299" 284" 155 1257 124" 216" 182" 937" 478" 180" 196" 269" 166" 380" 181"
Cu?, mkg/dm® 147" 1707 223" 349" 3100 295 2177 156" 490" 835 255 93 1000 1007 50 159
Zn?, mkg/dm® 83 192" 197" 409" 581" 170° 135 179° 253" 140" 210" 873 840" 190 260" 244
Mn?, mkg/dm® 360" 420" 370" 427" 1000 178" 290" 259" 383" 423" 120 5177 235 223" 120 350
F, mkg/dm® 27 130" 190" 315" 3000 2177 150" 70" 277" 289" 255 1100 137" 4160 597" 249"

Note: the noted data were checked for compliance with the regulations goveming water use by fisheries (Water Quality Standards of Fishery, 1999) operating in Ukraine

as an official document in the environmental assessment of surface water quality.

Thus, the main reasons that contribute to the deterioration in water
quality in regional rivers include the flow of inadequately treated waste-
water, as well as significant levels of anthropogenic load due to the ur-
banization of the fishing areas adjacent to the channel. Without a doubt,
this situation causes certain hazards in hydro-ecosystems, which in their
combination and interaction with natural hydro-chemical parameters of
natural freshwaters can negatively affect the local biota, including the
representatives of the studied fish fauna.

In order to assess the morphological characters of fish homeostasis
in the river hydro-ecosystems of Rivne Oblast, the authors evaluated
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samples of 6 fish species for 9 bilateral symptoms. Based on the
received results, the researchers calculated relative frequency of
asymmetries (RF) which, in its turn, verifies the levels of fluctuating
asymmetry of morphological characters and indicates the development
instability of fish fauna representatives. Therefore, among the 6 analy-
sed fish species of the studied region, in most cases, roach and bleak
demonstrated the highest levels of fluctuating asymmetry (average rate
of 1V points along the control sites). The morphological homeostasis of
perch and rudd was slightly better, with the average development
instability in the analysed samples of nearly 111 points (Table 4).
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FA averages of bream samples indicated 11 points for the stability of
the species' development in regional river hydro-ecosystems, while the
silver crucian carp sample showed I point respectively. Apparently, dif-
ferent representatives of fish fauna have different sensitivities to envi-
ronmental conditions.

Comparison of morphological fish homeostasis in control sites indi-
cates that the representatives of fish fauna in sites No. 4, 10 and 13

Table 4

demonstrate the highest RF values, and therefore the worst development
instability. This fish reaction shows the enhanced effect of unfavourable
factors in the water environment.

Roach and perch indicated the highest average frequency of nuclear
violations in all control sites (5.22 + 0.29%o and 4.10 + 0.21%o respect-
tively). In case of bleak, its average value for the control sites was 3.76 +
0.25%0 (Table 5)

Results of development instability assessment for studied fish species in the rivers of Rivne Oblast

Fish species and sample size for each species*

Control - -
Sites No. common bleak common roach common rudd European perch silver crucian carp common bream
n=21-27 n=17-32 n=17-35 n=16-32 n=17-38 n=17-22
1 0.38+0.27 042+0.18 033+0.13 0.32+0.16 0.13+0.05 034021
2 0.34+£0.19 045+0.18 036+0.14 0.35+£0.25 0.15+0.08 0.39+0.17
3 0.38+0.23 0.36+0.19 040+0.17 0.34+0.18 019+0.13 034+0.23
4 046+0.22 053+0.19 040+0.21 042+0.21 028+0.13 045+0.15
5 048+0.26 046+0.21 0.38+£0.21 0.38+0.24 024+0.14 0.23+£0.12
6 0.39+0.07 0.37+0.07 0.34+0.06 0.30+0.08 020+0.04 0.34+0.09
7 046+0.10 0.44+0.06 0.34+0.08 0.38+0.08 0.24 £0.06 0.30+£0.05
8 0.33+0.06 0.37+0.04 0.24+0.05 0.42 +0.06 0.19+0.05 0.33+0.06
9 046+0.05 045+0.12 030+0.14 0.33+0.11 017+0.13 0.35+0.13
10 047+0.18 051+0.14 037+0.14 0.44 +0.06 0.32+0.09 042+0.12
11 041+0.07 0.46+0.10 0.39+0.09 0.38+0.08 - 0.31+0.06
12 044 +£0.05 045+0.07 0.47+0.08 0.33+0.04 0.26 £0.02 0.27 £0.05
13 0.49+0.06 047+0.04 0.47+£0.06 0.38+0.07 022+0.04 0.39+0.08
14 048+0.06 042+0.09 042+0.08 0.36+£0.07 0.24£0.07 0.34+£0.05
15 0.26+0.05 0.31+0.06 0.28+0.05 0.32+0.05 0.20+0.04 0.40+0.05
16 0.28 +0.06 0.37+0.07 0.30+0.07 0.31+0.07 - 0.27 +0.06
Note: the sample size for each species varied depending on the number of fish in the catches in control sites; dash indicates that the indicated species was absent from the catches.
Table5
Average frequency of micronuclei in peripheral blood erythrocytes of various fish species in the control catch sites in the rivers of Rivne Oblast (%o)
Control Fish species™
Sites No. common bleak common roach common rudd European perch silver crucian carp common bream
1 2.86+0.26 457+042 238+011 340+029 145+121 183+0.29
2 356+0.23 6.02+0.19 321+017 384+0.15 147+013 160+0.18
3 245+041 3.99+0.56 358+0.32 425+048 161+0.26 218+0.23
4 552+045 6.92+0.89 398+046 5.63+0.62 140+0.19 483+0.37
5 493+0.55 5.96+0.29 301+0.26 418+044 145+0.18 157+0.22
6 266+031 457+0.34 240+017 343+0.23 150+018 332+032
7 352+0.32 5.62+0.59 386+044 473+0.78 189+0.59 423+0.65
8 257+0.35 347045 292024 336051 116+0.17 223+0.16
9 441+044 591+052 327+041 421+048 146+0.27 343+040
10 4.80+0.49 6.78 +0.66 369+058 5.83+0.67 181+0.26 483+054
1 321+062 5.14+0,39 275+041 341+040 - 299+0.22
12 3.79+040 559+049 3.74+040 3.04+0.39 150+0.28 224+0.29
13 470+058 6.19+0.36 387+045 437+041 164+023 383+047
14 481+061 572+0.73 328+049 426+0.37 162+0.26 201+£0.25
15 275%0.32 324+023 260+0.19 457034 120+£0.24 290+0.28
16 354+0.38 382+044 213+041 310+0.33 - 292+034

Note: From 1000 to 2500 blood erythrocytes were analyzed for each fish species; dash indicates that indicated species of fish was absent from the catches.

The average frequency of nuclear violations appeared to be even
lower for rudd (3.17 £ 0.15%c) and bream (2.93 + 0.28%o). The lowest
average levels of nuclear disorders in the control sites along the rivers of
Rivne Oblast were typical for silver crucian carp (1.51 + 0.06%o).

The provided values confirm that there is some excess of spontane-
ous mutagenesis for roach and a slight excess for perch. In addition, in
certain control sites average values for bleak and bream samples sho-
wed excess levels of spontaneous mutagenesis red blood cells (RBCs)
of peripheral blood.

Nonetheless, our results with regard to conducted micronucleus test
of the RBCs of the fish of Rivne Oblast suggest that fish fauna represen-
tatives in seven areas of the studied hydro-ecosystems (sites No. 1, 4, 5,
7,9, 10, 13) out of 16 control sites demonstrated clear signs of nuclear
violations of erythrocytes. In particular, four of the six studied species
(bleak, roach, perch and bream) in the sites No. 4 and 10 showed excess
levels of spontaneous mutagenesis (1.2-1.7 times). We observed excess
levels (1.1-1.5 times) in the control sites No. 5, 9 and 13 in the samples
of three species: bleak, roach and perch. The control site No. 7 appeared
to be one more area where we recorded excess levels of spontaneous mu-
tagenesis (1.1-1.4 times) for three fish species (roach, perch, and bream).

Biosyst. Divers., 26(1)

The next stage of our research was the elucidation of the combinati-
ons of water quality parameters that affect the asymmetry of morpholo-
gical characteristics and levels of nuclear violations of various fish spe-
cies. Thus, in case of bleak the pleiade capacity of the combined impact
of hydro-chemical parameters on the formation of morphological struc-
tures' asymmetry (FA) had 12 members with statistically significant
correlation coefficient r = 0.99. The formation of bleak micronucleus
violations (MN) could be described by a less powerful pleiade (G = 4) with
r=0.85 (Fig. 2). Therefore, the formation of morphological and cytoge-
netic characteristics of bleak in the region, with a sufficiently high pro-
bability, can be described by the following regression equations:

FA=-1.624 + 0.088(NH,") + 0.938(NO,) - 1.415(PO, ) -
—0.016(SS) + 0.001(Fe*") - 0.002(Zn*") -0.001(Mn*") + 0.003(F,) +
+0.479(pH) — 0.019(COD) + 0.156(BODs) — 0.199(0,)

MN = 6.34 - 0.976(NH,") + 9.249(NO") + 0.069(Cu?") — 0.022(Mn*")

In case of roach, the correlation pleiade of the complex impact of
hydro-chemical parameters on fluctuating asymmetry had 10 members
(G = 10) with a statistically significant correlation coefficient r = 0.99.
The micronucleus violations of this species depended on the presence of
more substances in the water (G = 13), with an overall r = 0.99 (Fig. 3).
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Zn,’ a o SS
G=12;r=0.990; F = 14.52; P =0,046; B=-162 G=4;r=0.851; F=6.34;, P=0,008; B=-2.60
Fig. 2. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on bleak homeostasis:
G — pleiade capacity (number of pleiade members); r — total correlation coefficient of a pleiade; F — Fisher criterion value for the pleiade;
P — p-level of statistical significance for the pleiade; B — intercept term; b — regression coefficient of individual pleiade members;

_____ regression coefficients with a P-level of P > 0.05

regression coefficients with a P-level of P < 0.05;

0, -0.032 FA

=

BOD;,

COD

pH
F, NO;
Mn' & PO,

=

Cu,’ ]
G=10;r=0.99; F=3355,P<0.002; B=-0.13 G=13;r=0.99; F=416.32; P=0.003; B=-88.89
Fig. 3. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on roach homeostasis:

the designation corresponds to Fig. 2
The correlation pleiade of the impact of substances present in the

Consequently, the formation of roach homeostasis characteristics in
the regional rivers, with sufficiently high probability, can be described ~ water on rudd fluctuating asymmetry level consisted of four members
(G = 4 with r = 0.77), but for three of them (NH,", Cu?*, BODs) the

by the following regression equations:
confidence probability was insufficient for the equation. The formation
of micronucleus violations for this species of fish was shown by the

FA=-0.134+0.724(NH,") - 0.279(PO,") — 0.008(SS)
+0.002(Cu?") — 0.001(Mn?") + 0.0004(F,) + 0.102(pH)
—0.005(COD) + 0.059(BODs) —0.032(05) pleiade of five members (G = 5 with r = 0.79). However, for four of
them (Fe?", Cu®*, Mn*, pH) the confidence probability proved to be

MN =-88.896 + 7.031(NH,") + 0.201(NO5") — 37.818(PO;)
—0.921(SS) + 0.012(Fe*") — 0.281(Cu?") — 0.028(Zn*") + 0.031(Mn?")
+0.08(F,) + 19.877(pH) — 0.469(COD) + 6.325(BODs) — 7.258(05)

unacceptable (Fig. 4).

Bop, 0.
>
N
/ pH e
f’ &y ,’/
; &/
/ N
i Mn,"* s/ &
@) = =
7 ; Q,‘J g":'
Cu*' Cu," IJ"(:;
G=5;r=0.79; F=348;p=0,004, B=7.76

G=4;r=077;F=374;P=0004; B=027
Fig. 4. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on rudd homeostasis:
the designation corresponds to Fig. 2
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In this case, the regression equation may be as follows:
FA=0.271+0.635(NO,);
MN =7.760 + 5.039(NO,).

The formation of perch fluctuating asymmetry, under the influence
of water quality in the river hydro-ecosystems of the region, was
described by the pleiade of two members (G = 2 with r = 0.75). The
levels of perch micronucleus violations demonstrated dependence on
three water quality indicators (G = 3 with r = 0.71), but two of them
(Zn** and BODs) had poor confidence probability (Fig. 5).

FA

G=2;r=0.75; F=7.81; P=0.006; B=0.35

Therefore, the regression equations for the formation of perch homeo-

stasis characteristics in the rivers of Rivne Oblast may look as follows:
FA =0.35 + 0.002(Cu?") — 0.001(Mn?")
MN =2.86 + 1.42(POy)

The correlation pleiades which described the impact of river water
quality on the fluctuating asymmetry of silver crucian carp had six
members (G = 6 with r = 0.98), a pleiade that described the effects on
nuclear violations had only two members (G = 2 with r = 0.63), with
sufficiently high probability of regression coefficients (Fig. 6).

G=3;r=0.71;F=3.81,P=0.04, B=2.86

Fig. 5. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on perch homeostasis:
the designation corresponds to Fig. 2

F4

=
=
=,
g

G=6;r=0.98; F=38.76; P =0.0002; B =0.04

MN

3

G=2,r=063;F=391;,P=004,B=0.71

Fig. 6. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on silver crucian carp homeostasis:
the designation corresponds to Fig. 2

Consequently, the regression equations for the formation of silver
crucian carp homeostasis characteristics in the rivers of Rivne Oblast
may look as follows:

FA =0.004 + 0.008(NO;) + 0.23(NO;) + 0.001(Cu*)
—0.005(Zn*") - 0.001(Mn") + 0.003(COD)
MN =0.71 + 0.02(COD)
A4

PO

+

G=1;r=055; F=553; p<0.04; B=0.29

The correlation pleiade which described the impact of river water
quality on bream fluctuating asymmetry had only one member (G = 1
with r = 0.55), a pleiade that described the effects on nuclear violations
had three members (G = 3 with r = 0.72), with sufficiently high
mathematical probability of regression coefficients (Fig. 7).

203

Cu,’'
G=3;r=0.72;F=398; p<0.04; B=249

Fig. 7. Correlation pleiades for the impact of hydro-chemical parameters of the rivers of Rivne Oblast on bream homeostasis:
the designation corresponds to Fig. 2
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Therefore, the regression equations for the formation of bream ho-
meostasis characteristics in the river water bodies of Rivne Oblast might
look as follows:

FA=0.29 +0.101(POy)
MN = 2.49 + 8.72(NO5) + 0.03(Cu*)

Thus, the obtained regression dependences suggest that different
species have a complex and multifactorial process of morphological and
cytogenetic homeostasis formation. However, the presence of such
factors as the oxygen regime of the water environment (COD, BOD:,
0,), pollutants (Cu®*, Zn*", Mn?") and biogenic substances (NH,", NO,~
, POy in the vast majority of regression equations is outstanding. None
of the pleiades has established interrelation between fish homeostasis
parameters and salt block substances (SO,>, CI), and it clearly proves
the safety of the concentrations of these substances present in the river
water bodies of the region and the lack of synergistic or additive action
with other quality indicators of hydro-ecosystems.

Discussion

The most relevant finding of the present study is that the research
and analysis of the impact of river water quality parameters in Rivne
Oblast on the homeostasis characteristics of fish fauna representatives
was conducted for the first time. The results of the research lead to the
following conclusions.

Surface river waters are polluted with phosphates, suspended solids,
heavy metal and iron ions, fluorides and nitrogen compounds. This
situation has been observed over the past decades (Statnyk, 1999;
Biedunkova, 2015).

Different representatives of fish fauna have different sensitivity to
environmental conditions. In particular, in our studies, such fish species
as common roach and common bleak have demonstrated morphologi-
cal violations (within the rate of 1V points of the body development
instability); in the present study, we have recorded the development
instability of European perch and common rudd at the level of mainly
111 points, common bream indicated Il points, and silver crucian carp
carp showed | point respectively. The cytogenetic violations were
recorded for such species as roach, bleak and perch; excess levels of
spontaneous mutagenesis ranged from 1.1-1.7 times. Similar results
have been obtained by other researchers (Rodriguez-Cea et al., 2003;
Porto et al., 2005).

Accordingly, morphological homeostasis violations were recorded
in four control sites, cytogenetic homeostasis violations — in seven sites.
Perhaps, if we consider the features of the approaches taken, there is a
chance to receive an explanation. Hence, the rate of cytogenetic homeo-
stasis is an indicator of stress reflecting the favourable environment at
the time of fishing (Al-Sabti & Metcalfe, 1995; Minissi et al., 1996;
Gutiérrez et al., 2015).

The indicators of development sustainability by the FA levels
provide an idea about the conditions in which an organism existed in the
early stages of ontogeny, when the studied traits were formed (Parsons
1990; Swaddle, 2003; Vinohradov et al., 2012).

To the best of our knowledge, the difference between the values of
the studied characteristics for different fish species also draws substan-
tial attention. Thus, homeostasis violations were mainly recorded for
such species as roach, bleak and perch. In some control sites rudd and
bream also demonstrated violations. The homeostasis characteristics of
silver crucian carp were not recorded in any of the control sites. In cer-
tain sites rudd and bream also demonstrated violations. These research
results correspond well to other prominent studies and proves that the
analysis of the characteristics of the homeostasis of various species of
fish is suitable for elucidating the most sensitive local species (Almeida
etal., 2008; Rochetta et al., 2014).

In our studies, morphological homeostasis violations were recorded
in four control sites, cytogenetic homeostasis violations — in seven sites.
This confirmed the unfavourable environmental conditions of the water
environment in the corresponding areas of the studied hydro-
ecosystems at different ontogenetic stages of the analysed fish species.
Many modern scientists believe that this is the effect of combined
ratings of water pollution and the background conditions in which
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harmful elements and compounds act (Arenas-Sanchez et al., 2016;
Kalogianni et al., 2017; Zargar et al., 2017; Hussain et al., 2018).

The multivariate regression analysis of the impact of water quality
on fish homeostasis confirmed that different species have a complex
and multifactorial process of morphological and cytogenetic homeosta-
sis formation. Nevertheless, the obtained regression dependence eviden-
ced decisive influence of such factors as the oxygen regime of the water
environment (COD, BODs, O,), pollutants (Cu?, Zn*, Mn*) and
biogenic substances (NH,", NO,", PO,") on the formation of fish ho-
meostasis. In other regions, similar studies are conducted. At the same
time, the general physiological characteristics of fish (Lemos et al.,
2009; Schinegger et al., 2018) or histological characteristics (Ballesteros
etal., 2017; Dalzochio et al., 2017) are used as indicators. But, we have
obtained regression models for the formation of cytogenetic and mor-
phological homeostasis of river fish in the region under study, for the
first time. We believe that fairly simple mathematical models based on a
comprehensive comparison of surface water quality parameters and
indices of fish homeostasis may be useful for monitoring the river
environment, in particular for forecasting the ecological situation and for
the control of the biotic component of hydro-ecosystems.

Conclusions

The most relevant finding of the present study is that the research
and analysis of the impact of river water quality parameters in Rivne
Oblast on the homeostasis characteristics of fish fauna representatives
leads to the following conclusions: it is worth mentioning that different-
ces in scope of homeostasis characteristics of different fish species were
complemented by the differences in the composition of the regression
equations. In particular, in cases of species that had signs of homeostasis
violations, the equation consisted of a greater number of members.
The dependences for morphological and cytogenetic homeostasis of
bleak and roach appeared to multifactorial. This finding suggests that
these species are sensitive local indicators of the water environment
both at early and late ontogenetic stages. Finally, as an outcome of the
research we obtained prognostic forms of the relationship between
water quality indicators and fish homeostasis that may become the basis
for an environmental assessment method in which fish characteristics
are used practically to assess the health of hydro-ecosystems.

References

Albalat, A., Potrykus, J., Pempkowiak, J., & Porte, C. (2002). Assessment of orga-
notin pollution along the Polish coast (Baltic Sea) by using mussels and fish
as sentinel organisms. Chemosphere, 47, 165-171.

Almeida, D., Almodévar, A., Elvira, B., & Nicola, G. G. (2008). Fluctuating
asymmetry, abnormalities and parasitism as indicators of environmental
stress in cultured stocks of goldfish and carp. Aquaculture, 279, 120-125.

Al-Sabti, K., & Metcalfe, C. (1995). Fish micronuclei for assessing genotoxicity in
water. Mutation Research / Genetic Toxicology, 343, 121-135.

Arenas-Sanchez, A, Rico, A., & Vighi, M. (2016). Effects of water scarcity and
chemical pollution in aquatic ecosystems: State of the art. Science of the
Total Environment, 572, 390-403.

Attrill, M. J., & Depledge, M. H. (1997). Community and population indicators of
ecosystem health: Targeting links between levels of biological organization.
Aquatyc Toxicology, 38, 183-197.

Ballesteros, M. L., Bistoni, M. A,, Rivetti, N. G., Morillo, D. O., Bertrand, L., &
Amé, M. V. (2017). Multi-biomarker responses in fish (Jenynsia multidenta-
ta) to assess the impact of pollution in rivers with mixtures of environmental
contaminants. Science of the Total Environment, 595, 711-722.

Biedunkova, O. (2015). K voprosu jekologo-toksikologicheskih ocenok poverh-
nostnyh vod [On the issue of ecological and toxicological assessments of
surface waters]. Vestnik Brestskogo universiteta: Himija, Biologija, Nauki o
zemle, 1, 5-13 (in Russian).

Boscher, A., Gobert, S., Guignard, C., Ziebel, J., L'Hoste, L., Gutleb, A. C, Cau-
chie, H.-M., Hoffmann, L., & Schmidt, G. (2010). Chemical contaminants in
fish species from rivers in the North of Luxembourg: Potential impact on the
Eurasian otter (Lutra lutra). Chemosphere, 78, 785-792.

Cavas, T. (2011). /n vivo genotoxicity evaluation of atrazine and atrazine-based
herbicide on fish Carassius auratus using the micronucleus test and the
comet assay. Food and Chemical Toxicology, 49, 1431-1435.

Dalzochio, T., Airton, L., Simdes, R., Santos de Souza, M., Zimmermann, G.,
Rodrigues, P., Petry, I. E., Andriguetti, N. B., Silva, G., Gehlen, G., & Basso

Biosyst. Divers., 26(1)


http://doi.org/10.1016/S0045-6535(01)00294-6
http://doi.org/10.1016/S0045-6535(01)00294-6
http://doi.org/10.1016/S0045-6535(01)00294-6
http://doi.org/10.1016/j.aquaculture.2008.04.003
http://doi.org/10.1016/j.aquaculture.2008.04.003
http://doi.org/10.1016/j.aquaculture.2008.04.003
http://doi.org/10.1016/0165-1218(95)90078-0
http://doi.org/10.1016/0165-1218(95)90078-0
http://doi.org/10.1016/j.scitotenv.2016.07.211
http://doi.org/10.1016/j.scitotenv.2016.07.211
http://doi.org/10.1016/j.scitotenv.2016.07.211
http://doi.org/10.1016/S0166-445X(96)00839-9
http://doi.org/10.1016/S0166-445X(96)00839-9
http://doi.org/10.1016/S0166-445X(96)00839-9
http://doi.org/10.1016/j.scitotenv.2017.03.203
http://doi.org/10.1016/j.scitotenv.2017.03.203
http://doi.org/10.1016/j.scitotenv.2017.03.203
http://doi.org/10.1016/j.scitotenv.2017.03.203
http://doi.org/10.1016/j.chemosphere.2009.12.024
http://doi.org/10.1016/j.chemosphere.2009.12.024
http://doi.org/10.1016/j.chemosphere.2009.12.024
http://doi.org/10.1016/j.chemosphere.2009.12.024
http://doi.org/10.1016/j.fct.2011.03.038
http://doi.org/10.1016/j.fct.2011.03.038
http://doi.org/10.1016/j.fct.2011.03.038
http://doi.org/10.1016/j.chemosphere.2017.09.089
http://doi.org/10.1016/j.chemosphere.2017.09.089

da Silva, L. (2017). Water quality parameters, biomarkers and metal bioaccu-
mulation in native fish captured in the llha River, southern Brazil. Chemo-
sphere, 189, 609-618.

Deng, X., Xu, Y., Han, L., Yu, Z,, & Yang, M. (2015). Assessment of river health
based on an improved entropy-based fuzzy matter-element model in the
Taihu Plain China. Ecological Indicators, 57, 85-95.

Directive 2000/60/EC of the European Parliament and of the Council of 23
October 2000 establisying a framework for Community action in the field of
water policy. Official Journal of the European Communites. 22/22/2000. —
L.:327/1.

Dorea, J. G. (2008). Persistent, hioaccumulative and toxic substances in fish: Hu-
man health considerations. Science of the Total Environment, 400, 93-114.

Gilvear, D. J., Spray, C. J., & Casas-Mulet, R. (2013). River rehabilitation for the
delivery of multiple ecosystem services at the river network scale. Journal of
Environmental Management, 126, 30-43.

Gold-Bouchot, G., Rubio-Pifia, J., Montero-Mufioz, J., Ramirez-Miss, N., Eche-
verria-Garcia, A., Patifio-Suarez, V., Puch-Hau, C. A., & Zapata-Pérez, O.
(2017). Pollutants and biomarker responses in two reef fish species (Haemu-
lon aurolineatum and Ocyurus chrysurus) in the Southern Gulf of Mexico.
Marine Pollution Bulletin, 116, 249-247.

Gutiérrez, J. M., Villar, S., & Plavan, A. A. (2015). Micronucleus test in fishes as
indicators of environmental quality in subestuaries of the Rio de la Plata
(Uruguay). Marine Pollution Bulletin, 91, 518-523.

Halsband, C., & Kurihara, H. (2013). Potential acidification impacts on zooplank-
ton in CCS leakage scenarios. Marine Pollution Bulletin, 73, 495-503.

He, M., Luo, X,, Chen, M., Sun, Y., Chen, S., & Mai, B. (2012). Bioaccumulation
of polybrominated diphenyl ethers and decabromodiphenyl ethane in fish
from a river system in a highly industrialized area, South China. Science of
the Total Environment, 419, 109-115.

Hoaglin, D. C., Mosteller, F., & Tukey, J. W. (2000). Understanding robust and
exploratory data analysis. John Wiley & Sons, New York.

Hussain, B., Sultana, T., Sultana, S., Shahreef, M., Ahmed, Z., & Mahboob, S.
(2018). Fish eco-genotoxicology: Comet and micronucleus assay in fish
erythrocytes as in situ biomarker of freshwater pollution. Saudi Journal of
Biological Sciences, 25, 393-398.

Ilinskih, N. N. (1988). Using the micronucleus test in screening and monitoring of
mutagens. Citologija i Genetika, 22, 67-71.

Incardona, J. P., & Scholz, N. L. (2017). Environmental pollution and the fish
heart. Fish Physiology, 36, 373-433.

Jayaprakash, M., Kumar, R. S, Giridharan, L., Sujitha, S. B., Sarkar, S. K., & Jo-
nathan, M. P. (2015). Bioaccumulation of metals in fish species from water
and sediments in macrotidal Ennore creek, Chennai, SE coast of India:
A metropolitan city effect. Ecotoxicology and Environmental Safety, 120,
243-255.

Kalogianni, E., Vourka, A., Karaouzas, |., VVardakas, L., Laschou, S., & Skouliki-
dis, N. (2017). Combined effects of water stress and pollution on macroinver-
tebrate and fish assemblages in a Mediterranean intermittent river. Science of
the Total Environment, 603604, 639-650.

Karadzi¢, V., Subakov-Simi¢, G., Krizmani¢, J., & Nati¢, D. (2010). Phytoplank-
ton and eutrophication development in the water supply reservoirs. Garasi
and Bukulja (Serbia). Desalination, 255, 91-96.

Klimenko, N. A, Pylypenko, Y. V., & Biedunkova, O. O. (2016). Health assess-
ment of hydro-ecosystems based on homeostasis indicators of fish: Review
of approaches. Visnyk of Dnipropetrovsk University. Biology, Ecology,
24(1), 61-71.

Lazorchak, J. M., Hill, B. H., Brown, B. S., McCormick, F. H., Engle, V., Lattier,
D. J, Bagley, M. J,, Griffith, M. B., Maciorowski, A. F., & Toth, G. P.
(2003). Chapter 23 USEPA biomonitoring and bioindicator concepts needed
to evaluate the biological integrity of aquatic systems. Trace Metals and
Other Contaminants in the Environment, 7, 831-834.

Ledebur, L., & Schmid, W. (1973). The micronucleus test methodological aspects
Mutation Research. Fundamental and Molecular Mechanisms of Mutagene-
sis, 19, 109-117.

Lemos, A. T., Rosa, D. P, Vaz, J. A, & Ferrdo, V. M. (2009). Mutagenicity as-
sessment in a river basin influenced by agricultural, urban and industrial
sources. Ecotoxicology and Environmental Safety, 72, 2058-2065.

Lu, Q., Jurgens, M. D., Johnson, A. C., Graf, C., Sweetman, A, Crosse, J., & Whi-
tehead, P. (2017). Persistent organic pollutants in sediment and fish in the
river Thames catchment (UK). Science of the Total Environment, 576, 78-84.

Biosyst. Divers., 26(1)

Minissi, S., Ciccotti, E., & Rizzoni, M. (1996). Micronucleus test in erythrocytes
of Barbus plebejus (Teleostei, Pisces) from two natural environments:
Anbioassay for the in situ detection of mutagens in freshwater. Mutation
Research / Genetic Toxicology, 367, 245-251.

Moran, P., Cal, L., Cobelo-Garcia, A., Almécija, C., Caballero, P., & Garcia de
Leaniz, C. (2018). Historical legacies of river pollution reconstructed from
fish scales. Environmental Pollution, 234, 253-259.

Nunes, E. A, Lemos, C. T., Gavronski, L., Moreira, T. N., Oliveira, N. C. D., &
Silva, J. (2011). Genotoxic assessment on river water using different biolo-
gical systems. Chemosphere, 84, 47-53.

O’Brien, A, Townsend, K., Hale, R., Sharley, D., & Pettigrove, V. (2016). How
is ecosystem health defined and measured? A critical review of freshwater
and estuarine studies. Ecological Indicators, 69, 722—729.

Ogden, J. C., Baldwin, J. D., Bass, O. L., Browder, J. A, Cook, M. 1., Frederick,
P.C., Frezza, P. E., Galvez, R. A., Hodgson, A. B., Meyer, K. D., Oberhofer,
L. D., Paul, A. F., Fletcher, P. J., Davis, S. M., & Lorenz, J. J. (2014). Water-
birds as indicators of ecosystem health in the coastal marine habitats of
Southern Florida: 2. Conceptual ecological models. Ecological Indicators, 44,
128-147.

Parsons, P. A. (1990). Fluctuating asymmetry: An epigenetic measure of stress.
Biological Reviews, 65, 131-145.

Porto, J., Araujo, C., & Feldberg, E. (2005). Mutagenic effects of mercury polluti-
on as revealed by micronucleus test on three Amazonian fish species.
Environmental Research, 97, 287-292.

Ramzy, E. M. (2014). Toxicity and stability of sodium cyanide in fresh water fish
Nile tilapia. Water Science, 28, 42-50.

Rocchetta, 1., Lomovasky, B. J., Yusseppone, M. S., Sabatini, S. E., Bieczynski,
F., Rios de Molina, M. C., & Luquet, C. M. (2014). Growth, abundance,
morphometric and metabolic parameters of three populations of Diplodon
chilensis subject to different levels of natural and anthropogenic organic
matter input in a glaciar lake of North Patagonia limnologica. Ecology and
Management of Inland Waters, 44, 72-80.

Rodriguez-Cea, A., Ayllon, F., & Garcia-Vazquez, E. (2003). Micronucleus test
in freshwater fish species: An evaluation of its sensitivity for application in
field surveys. Ecotoxicology and Environmental Safety, 56, 442—448.

Schinegger, R., Pucher, M., Aschauer, C., & Schmutz, S. (2018). Configuration of
multiple human stressors and their impacts on fish assemblages in Alpine
river basins of Austria. Science of the Total Environment, 616-617, 17-28.

Statnyk, 1. 1. (1999). Vyznachennya rivnya antropogennogo navantazhennya na
basejn richky Goryn [Determination of the level of anthropogenic loading on
the Goryn river basin] Visnyk Rivnenskogo Derzhavnogo Tehnichnogo
Universytetu, 2(1), 88-92 (in Ukrainian).

Swaddle, J. P. (2003). Fluctuating asymmetry, animal behavior, and evolution.
Advances in the Study of Behavior, 32, 169-205.

Torres, L., Nilsen, E., Grove, R., & Patifio, R. (2014). Health status of Largescale
Sucker (Catostomus macrocheilus) collected along an organic contaminant
gradient in the lower Columbia River, Oregon and Washington, USA.
Science of the Total Environment, 484, 353-364.

Velez, C., Figueira, E., Soares, A., & Freitas, R. (2016). Combined effects of sea-
water acidification and salinity changes in Ruditapes philippinarum. Aquatic
Toxicology, 176, 141-150.

Vinohradov, K. P., Sakun, Y. V., Byelousova, K. M., Honcharov, H. L., & Shaba-
nov, D. A. (2012). Viyvchennya fluktuyuchoyi asymetriyi richkovogo oku-
nya (Perca fluviatilis L., 1758) [The study of fluctuating asymmetry of river
perch (Perca fluviatilis L., 1758)]. Biolohiya ta Valeolohiya, 14, 9-17
(in Ukrainian).

Xu, F., Yang, Z., Chen, B., & Zhao, Y. (2013). Development of a structurally dy-
namic model for ecosystem health prognosis of Baiyangdian Lake. Ecologi-
cal Indicators, 29, 398-410.

Zaharov, V. M., & Chubinishvili, A. T. (2001). Monitoring zdorov’ja sredy na oh-
ranjaemyh prirodnyh territorijah [Monitoring the health of the environment in
protected areas]. Centr Jekologicheskoj Politiki Rossii, Mosow (in Russian).

Zargar, U. R,, Chishti, M. Z., Rather, M. 1., Rehman, M., & Zargar, N. (2017).
Biomonitoring potential of a Caryophyllaeid tapeworm: Evaluation of Ade-
noscolex oreini infection level and health status in three fish species of the
genus Schizothorax across eutrophication and pollution gradients. Ecological
Indicators, 81, 503-513.

23


http://doi.org/10.1016/j.ecolind.2015.04.020
http://doi.org/10.1016/j.ecolind.2015.04.020
http://doi.org/10.1016/j.ecolind.2015.04.020
http://doi.org/10.1016/j.scitotenv.2008.06.017
http://doi.org/10.1016/j.scitotenv.2008.06.017
http://doi.org/10.1016/j.jenvman.2013.03.026
http://doi.org/10.1016/j.jenvman.2013.03.026
http://doi.org/10.1016/j.jenvman.2013.03.026
http://doi.org/10.1016/j.marpolbul.2016.12.073
http://doi.org/10.1016/j.marpolbul.2016.12.073
http://doi.org/10.1016/j.marpolbul.2016.12.073
http://doi.org/10.1016/j.marpolbul.2016.12.073
http://doi.org/10.1016/j.marpolbul.2016.12.073
http://doi.org/10.1016/j.marpolbul.2014.10.027
http://doi.org/10.1016/j.marpolbul.2014.10.027
http://doi.org/10.1016/j.marpolbul.2014.10.027
http://doi.org/10.1016/j.marpolbul.2013.03.013
http://doi.org/10.1016/j.marpolbul.2013.03.013
http://doi.org/10.1016/j.scitotenv.2011.12.035
http://doi.org/10.1016/j.scitotenv.2011.12.035
http://doi.org/10.1016/j.scitotenv.2011.12.035
http://doi.org/10.1016/j.scitotenv.2011.12.035
http://doi.org/10.1016/j.sjbs.2017.11.048
http://doi.org/10.1016/j.sjbs.2017.11.048
http://doi.org/10.1016/j.sjbs.2017.11.048
http://doi.org/10.1016/j.sjbs.2017.11.048
http://doi.org/10.1016/bs.fp.2017.09.006
http://doi.org/10.1016/bs.fp.2017.09.006
http://doi.org/10.1016/j.ecoenv.2015.05.042
http://doi.org/10.1016/j.ecoenv.2015.05.042
http://doi.org/10.1016/j.ecoenv.2015.05.042
http://doi.org/10.1016/j.ecoenv.2015.05.042
http://doi.org/10.1016/j.ecoenv.2015.05.042
http://doi.org/10.1016/j.scitotenv.2017.06.078
http://doi.org/10.1016/j.scitotenv.2017.06.078
http://doi.org/10.1016/j.scitotenv.2017.06.078
http://doi.org/10.1016/j.scitotenv.2017.06.078
http://doi.org/10.1016/j.desal.2010.01.009
http://doi.org/10.1016/j.desal.2010.01.009
http://doi.org/10.1016/j.desal.2010.01.009
http://doi.org/10.15421/011607
http://doi.org/10.15421/011607
http://doi.org/10.15421/011607
http://doi.org/10.15421/011607
http://doi.org/10.1016/S0927-5215(03)80153-4
http://doi.org/10.1016/S0927-5215(03)80153-4
http://doi.org/10.1016/S0927-5215(03)80153-4
http://doi.org/10.1016/S0927-5215(03)80153-4
http://doi.org/10.1016/S0927-5215(03)80153-4
http://doi.org/10.1016/j.ecoenv.2009.08.006
http://doi.org/10.1016/j.ecoenv.2009.08.006
http://doi.org/10.1016/j.ecoenv.2009.08.006
http://doi.org/10.1016/j.scitotenv.2016.10.067
http://doi.org/10.1016/j.scitotenv.2016.10.067
http://doi.org/10.1016/j.scitotenv.2016.10.067
http://doi.org/10.1016/S0165-1218(96)90084-1
http://doi.org/10.1016/S0165-1218(96)90084-1
http://doi.org/10.1016/S0165-1218(96)90084-1
http://doi.org/10.1016/S0165-1218(96)90084-1
http://doi.org/10.1016/j.envpol.2017.11.057
http://doi.org/10.1016/j.envpol.2017.11.057
http://doi.org/10.1016/j.envpol.2017.11.057
http://doi.org/10.1016/j.chemosphere.2011.02.085
http://doi.org/10.1016/j.chemosphere.2011.02.085
http://doi.org/10.1016/j.chemosphere.2011.02.085
http://doi.org/10.1016/j.ecolind.2016.05.004
http://doi.org/10.1016/j.ecolind.2016.05.004
http://doi.org/10.1016/j.ecolind.2016.05.004
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.ecolind.2014.03.008
http://doi.org/10.1016/j.envres.2004.04.006
http://doi.org/10.1016/j.envres.2004.04.006
http://doi.org/10.1016/j.envres.2004.04.006
http://doi.org/10.1016/j.wsj.2014.09.002
http://doi.org/10.1016/j.wsj.2014.09.002
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/j.limno.2013.06.004
http://doi.org/10.1016/S0147-6513(03)00073-3
http://doi.org/10.1016/S0147-6513(03)00073-3
http://doi.org/10.1016/S0147-6513(03)00073-3
http://doi.org/10.1016/j.scitotenv.2017.10.283
http://doi.org/10.1016/j.scitotenv.2017.10.283
http://doi.org/10.1016/j.scitotenv.2017.10.283
http://doi.org/10.1901/jeab.2007.103-05
http://doi.org/10.1901/jeab.2007.103-05
http://doi.org/10.1016/j.scitotenv.2013.07.112
http://doi.org/10.1016/j.scitotenv.2013.07.112
http://doi.org/10.1016/j.scitotenv.2013.07.112
http://doi.org/10.1016/j.scitotenv.2013.07.112
http://doi.org/10.1016/j.aquatox.2016.04.016
http://doi.org/10.1016/j.aquatox.2016.04.016
http://doi.org/10.1016/j.aquatox.2016.04.016
http://doi.org/10.1016/j.ecolind.2013.01.004
http://doi.org/10.1016/j.ecolind.2013.01.004
http://doi.org/10.1016/j.ecolind.2013.01.004
http://doi.org/10.1016/j.ecolind.2017.06.025
http://doi.org/10.1016/j.ecolind.2017.06.025
http://doi.org/10.1016/j.ecolind.2017.06.025
http://doi.org/10.1016/j.ecolind.2017.06.025
http://doi.org/10.1016/j.ecolind.2017.06.025

