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Abstract. The article presents the analysis of parameters of the biomonitor species — small-scaled scorpion fish at the dif-
ferent organization levels as part of the study of the current status of fish and their habitat conditions in a coastal zone
of Sevastopol. In spite of the similarity of the size and mass values in species caught in the different bays there has been
found regularity in the fish size: the Balaklavskaya Bay > the Kruglaya Bay > the Streletskaya Bay. The indexes of the
gills and liver of Scorpaena porcus from the Streletskaya Bay were higher in the older fish group compared to those in
other water areas, which was considered as an adaptive response to unfavorable habitat conditions. At the same time, high
values of the hepatosomatic index, fish size and weight, glucose content in blood in this benthic species from the Ba-
laklavskaya Bay indicated a better natural food supply. Thus, the values of the parameters studied in fish from different
bays often differed slightly, which proves the similar living conditions and satisfactory state of the bays of Sevastopol
today. This was also evidenced by the results of a more sensitive analysis - the morphometric parameters of the gills: the
length and width of the filaments, as well as the density of their distribution on the gill arch did not differ significantly in
species of the same size from different bays. However, comparing inter-annual changes in population parameters it was
found that the size of scorpion fish species, especially females, has decreased in 2021 compared to 2017-2019. The fish
weight decreased in the Balaklavskaya Bay by 8-10 g, in the Kruglaya Bay — by 20 g, and in the Streletskaya Bay
in 2021 individuals weighed almost half as much as in previous years. The conducted bioindicative studies have showed
a deterioration of the ecological status of the water areas of the Crimea.
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buoaornueckue XaPpaKTCPUCTHKH qepHOMopcxoifl CKOPIICHbI
u3 npnﬁpemnmx BOJ CeBacTonoJisi B COBpeMeHHLIﬁ Inmepuona

Hamanva Cmanucnasoena Kyzomunosa

Hnemumym buonoeuu 1oacrvix mopeti um. A. O. Kosanesckoeo PAH,
Cesacmononw, Poccus, kunast@rambler.ru

AHHoOTanus. B paMxax n3ydeHnsi COBpEMEHHOT'O COCTOSHHS PHIO M yCIIOBHH MX OOMTaHMs B MpruoOpexHoii 30He T. Ce-
BacTONoONIs OBLT IPOAHANN3UPOBAH KOMIDIEKC ITapaMeTPOB PA3IMIHOTO YPOBHS OpraHU3allUM BHIa-MOHHUTOpA — dep-
HOMOPCKOH cKoprneHbl. HecMOTpst Ha CXOACTBO B 3HAUEHMSAX pa3Mepa M MAcChl y PBIO M3 pa3HBIX OyXT MOXHO OOHA-
PYKHTB TaKyl0 3aKOHOMEPHOCTh B MX BennuuHax: 0. bamakmasckast > 6. Kpyrmas > 6. Crpenenkas. Munexcsr xabp
U TIe4eHH SCOrpaena porcus u3 6yxTbl CTpenenkoil ObLIN BBIIIE Y PHIO CTapIield IPYIIILI 0 CPABHEHHUIO C IPYTHMH
aKBaTOPHSAMH, YTO PACCMAaTPHBAIOCH KAaK aJaNTHBHAS Peakiys Ha HeOIaromomydHsle ycioBws oOutanms. B To xe
BpEMsI BEICOKHE 3HAUCHNUS MHJIEKCA IIEUeHH, Pa3MEpOB M MacChl IO, COEP KaHMUS TITIOKO3EI B KPOBH Y 3TOTO JOHHOTO
Buza u3 banakiaBckoi OyXThI CBHAETENECTBOBAIH O O0Jiee KaUeCTBEHHOH €CTeCTBEHHOM KOpMOBOii 6a3e prr6. Takum
00pa30M, 3HaYCHUS] U3yJaeMBbIX IIAPaMETPOB y PhIO M3 pa3HBIX OyXT YacTO OTIMYAINCH HE3HAYUTENIBHO, YTO CBHIE-
TEJIBECTBYET O CXOJCTBE YCIIOBUI OOWTAaHUS B COBPEMEHHBIH IEPUOA U YAOBIECTBOPUTEIBHOM cocTossHHU OyxT CeBa-
cronoist. O6 3TOM CBHAETEIHCTBOBAIM 1 JAHHBIE aHAIN3a MOP(HOMETPHUIECKUX MMapaMeTpoB Kabp: JIMHA U MIHPUHA
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(bu1aMeHTOB, a TaKKe INIOTHOCTh UX paclpe/eNieHus Ha )abepHOil yre JOCTOBEPHO HE Pa3inyaiuch y OXHOpa3Mep-
HBIX HpECTaBUTENCH U3 pa3HbIX OyxT. OIHAKO IPU CPABHEHHH MEKTOIOBBIX M3MEHCHUH MOMYIISILIUOHHBIX TTapaMeT-
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yMmeHblmiace y pei6 u3 0. banaknaBckoil Ha 8-10 r, y ocobeit u3 6. Kpyrnoii — na 20 1, a epm u3 6. Crpenerkoit
B 2021 r. uMen Bec MOYTH BIBOE MEHBLIE, YeM B MpeAblayliue roasl. [IpoBeeHHbIe OHOMHINKAIIMOHHBIC HCCIIe/0Ba-
HHS CBHICTEIBCTBYIOT 00 YXYALICHUH 3KOJIOTHYECKOro CTaTyca H3ydeHHbIX akBaTopuii Kpbima.
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Introduction

Years of research on the state of fish using the set
of biological parameters is an informative approach
to conduct biomonitoring of various parts of an ecosys-
tem [1]. In our opinion, many physiological parameters
can reflect sensitivity (a response to changes) of bioindi-
cators of various levels of organism organization. When
an animal is taken out of its natural environment, re-
searchers’ first action is to estimate main population
parameters which show the impact of prolonged exposure
to the environment. Physiological and morphological
parameters “speak” about the state of an organism which
experiences not only prolonged (for weeks, months) ex-
posure to the environment but also is affected by short-
term natural and anthropogenic factors. Biochemical in-
dicators are more responsive to rapid changes in the envi-
ronment itself [1] and to processes in which a specimen
itself is involved (feeding, reproduction, etc.).

The way fish respond (most of their responses)
makes them ideal subjects for observation, and analysis
of fish has become a popular approach to detect changes
in the aquatic environment.

The results of scientific observation of the monitor
species - Black Sea scorpion fish Scorpaena porcus —
gave comprehensive information about the physiological
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state of this species and the status of the bays — areas
where fish were caught [2]. The present work is aimed at
studying the current state of the Black Sea scorpion fish
using the set of parameters of various levels of organism
organization.

Matherials and methods

The research subject is the sea scorpion fish, Scor-
paena porcus Linnaeus, 1758. This fish species has
a tall body with a large head covered with numerous
spines and dermal excrescence [3]. As for its body
colour, it has a reddish-brown hue. Scorpaena inhabits
the eastern Atlantic- from the British Isles to Morocco,
the Azores and in the Mediterranean Basin. In the
Black Sea, it is widespread along the entire coast, can
also be found in the Kerch Strait and the Sea of Azov.
It spawns mainly in May and June, although the full
spawning period lasts from April to mid-September.

This species does not have a high commercial value,
but it is a favoured one by hobby-fisheremen [3, 4].

During the spring-summer 2021, we conducted
a study of some parameters of the Black Sea scorpion
fish captured using seines in the following bays of Se-
vastopol: Kruglaya, Streletskaya and Balaklavskaya

(Fig. 1).
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Fig. 1. Scheme of the study area and location of sampling points
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For the period May-June 2021, we analyzed the
blood glucose levels in fish caught in the bays of Sevas-
topol. Live specimens caught in the morning
(6 : 00 am. — 7 : 00 am.) were placed in a bucket for
1-1.5 hours where fish could adapt due to aeration. The
specimens of the scorpion fish were then quickly pulled
out of the water and each of them was punctured in the
caudal artery. We then brought the edge of the reagent
paper to the hole and gently soaked it with blood oozing
from the artery. An “Accu-Chek Active” glucometer
(Germany) was used to determine the concentration
of glucose in the blood. 140 fish were treated according
to the above technique to study this parameter.

Further analysis of the fish was conducted in the
IBSS laboratory. The bioanalysis included length
measurement (Tl-total and Sl-standart lenght), a pro-
cedure of weighing fish and soma and weghing gills,
liver, gonads, heart and spleen. We also determined
the sex of the scorpion and the stage of maturation
of the reproductive products; age of the fish was de-
termined by reading otholits. 325 specimens of S. por-
cus were analysed to draw conclusions from our data
on morphophysiological and population parameters.

The indexes of gills, heart, spleen were calculated
based on the formula organ weight - 100% / fish soma
weight (%).

Hepatosomatic index was calculated based on the
formula: organ weight - 1000 / soma weight (%o).

The morphometric characteristics of the gills:
N — density of gill filament (numbers), a — length
of filament (mm), b — width of filament (mm) were
determined by analogy with our previous studies [5].

To perform statistical analysis of all the morpho-
physiological, biochemical and population parameters,
we sorted the specimens by sex, age and habitat area.
The data obtained were processed and the graphs were
constructed using EXCEL 2016 software.

Results

As for size and weight of S. porcus, their values are
about the same for fish from different bays in coastal
waters of Sevastopol, however, we can rank the fol-
lowing bays in order of decreasing size and weight
of fish from them: Balaklavskaya — Kruglaya -
Streletskaya (Table 1).

Table 1
Size and weight, gill index of scorpion fish from different bays of Sevastopol in 2021
(in numerator — for female, in denominator — for male)
Age, y.o.
Bays Parameter 4 5 6 /
T em 12.6+0.7 13.5+0.5 184+19 17.2+0.7
' 12.3+£0.5 13.9+£0.5 15.2+£0.2 -
Sl cm 9.9+07 10.7+£0.4 146+17 13.7+£0.6
Strelezkaya 9.8+04 10.9+4.3 12.2+£0.2 -
Fish weight, g 40.9+85 42.98+4.9 131.05+45.5 104.2+12.6
' 31.1+3.7 43.4+43 62.4+5.1 -
Gill index. % 45+0.2 4.4+0.2 5.0+04 5.0+0.3
' 41+01 44+01 43%0.2 -
T em 13.6 £ 0.6* 146+1.2 16.0+£ 0.6 18.3+0.7
' - - 154+ 04 159+ 0.6
Sl em 10.8+0.5 11.6+0.9 12.7+£0.5 14.7+£0.5
Kruglaya ' - - 12.3+£0.3 12.7+£0.5
Fish weight, g 46.1+7.3 76.09 + 16.5 77.7+11.4 128.3+154
' - - 63.5+4.6 66.4 £ 6.9
- 41+01 45+01 3.9+07 4.4+0.2
Gill index, % = = 416+01 46+0.2
T em _ 154+ 0.6 17.3+£0.5 19.4+13
' 15.8+0.7 16.8+£0.8 17.8+1.1
Sl em _ 12.2+0.6 13.8+04 15.7+1.03
Balaklavskaya ' 125+ 0.6 13.5+£0.6 142+0.9
Fish weight, g _ 71.9+10.8 113.8+12.7 186.3 +44.9
' 80.5+10.4 103.4+£15.2 120.2 £ 25.9
- 48+0.2 4.0+0.3 4103
Gill index, % - 4.7+02 44201 45+03

* Single individuals or their absence.

Comparative analysis did not show a significant
difference in gill index between fish of different age
from all the mentioned water areas (Table 1). The
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highest values of this parameter were registered among
6- and 7-year-old females from Streletskaya Bay

(5.05 + 0.32% in 7-year-old specimens).
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Interestingly, morphometric characteristics of the
gills such as length and width of filaments, and density
of filament distribution on the gill arch did not differ
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M Balaklavskaya B Kruglaya
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N, number; g, mm; b, mm

significantly from specimen to specimen in the group
we selected for that analysis (Fig. 2).

[ Streletskaya

Filament's parameter

Fig. 2. Morphometric parameters of gills of scorpion fish from different Sevastopol bays in 2021:
N — density of gill filament, number; a — length of filament, mm; b — width of filament, mm

This was the largest sample group consisting
of 6- to 7-year-old females of similar size (Tl 18.1-
25.2 cm, and Sl 14.0-20.2 cm) from the three bays.

It was previously found that integrated pollution
of the bays of Sevastopol led to a decrease in the spleen
index for most fish species of the Black Sea [6]. In addi-
tion, no significant difference was registered between
the values of this index in fish of different sexes [6]. For
that reason, in the present work, the data obtained have
been broken down into groups by age and habitat area.
This breakdown of the data revealed that the spleen
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Spleen index, %
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0.1

0.08
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index was markedly lower in 7-year-old females from
Streletskaya Bay (0.05 + 0.004%). In age and sex
of fish, their habitat and the fact of change in the index
values, there is an analogy between the data on the gill
index and spleen index: both of these indexes changed
in 7-year-old females from Streletskaya Bay, and both
reflect the response of fish to deteriorating environmen-
tal conditions. There was no significant difference be-
tween the spleen index values in other groups (‘age-bay’
combinations) (Fig. 3).

O Balaklavskaya EKruglaya Streletskaya

Age, y. 0.

Fig. 3. Spleen index of scorpion fish from different Sevastopol bays in 2021

This year, similar results have been obtained when
studying this index. In most cases, the heart index was

lower for the scorpion fish from Kruglya and Stre-
letskaya bays (Fig. 4).
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Fig. 4. Heart index of scorpion fish from different Sevastopol bays in 2021
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Taking all three bays together, the highest hepato-  porcus fish from Balaklavskaya Bay, which is true for
somatic index values were registered in Scorpaena  both males and females in each age group (Fig. 5).
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Fig. 5. Hepatosomatic index of Black Sea scorpion fish from different bays of Sevastopol in 2021:

a —female; b — male
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In the period May-June 2021, we analyzed blood
glucose levels in fish caught in the bays of Sevastopol.
The blood glucose level in scorpion fish from Stre-

letskaya Bay was significantly lower than those in
other water areas (Table 2).

Table 2
Blood glucose levels of scorpion fish from the bays with different ecological conditions
Bays
Sex/age Balaklavskaya Kruglaya Streletskaya
Females (6-7-year-olds ) 244 +£0.33 452+0.7 1.37+£0.24
Males (6-year-olds) 7.53+3.64 - 2.46 £ 0.68
Males (7-year-olds) 7.6+2.38 1.63+0.34 -

Nevertheless, among equally aged female fish, the
highest blood glucose level was registered in females
from Kruglaya Bay, and in males from the same bay —
the lowest level.

Discussion

Compared to the size of the scorpion fish in
2017-2019 [7] this species, especially females, has be-
come smaller (4- and 5-year-olds were taken for compar-
ison). “Loss” of weight in fish from Balaklavskaya Bay
was 8-10 g, in specimens from Kruglaya Bay — 20 g,
and for specimens of S. porcus caught from Streletskaya
Bay in 2021 weight loss was almost half of the weight
recorded in previous years.

Changes in the weight of fish organs depend, to
a greater extent, on various environmental factors and
the physiological state of specimens, and this leads to
organ index fluctuations, which has been reflected in
academic literature and our research [8, 9].

There is some evidence that heart index of different
species of the Black Sea ichthyofauna depends on
which ecological group they belong to. There was no
difference in the values of heart index between fish,
including the scorpion fish, of different sexes; a rela-
tioship between changes in heart index and age of fish
has been found: it decreases with age. It is also known
that heart index is an indicator reflecting the response
of fish to pollution of different origins which can occur
in coastal waters, but this response is mixed [8], as we
saw in the course of the year 2021.

We suggest that the decreased spleen index and in-
creased gill weight in 6-7-year-old specimens from
Streletskaya Bay indicate that this water area has an
increased level of pollution. There are some data in the
academic literature confirming our results and conclu-
sion — the effect of exposure to xenobiotics is that the
spleen index (and, cosequently, spleen weight) in
freshwater fish decreases [10, 11]. Also, toxic sub-
stanses accumulate in the gills of fish [12], but the
determining factor in the state of this organ is the oxy-
gen content in the water; and the nature of this rela-
tionship depends on the species’ metabolism, swim-
ming activity and the type of ecological group to
which it belongs [13, 14]. The gill index of the scorpi-
on fish from Streletskaya Bay was also slightly elevat-
ed in the previous years of our research [5, 7], which
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indicates that this water area is facing never-ceasing
anthropogenic pressure.

Thus, we have made an assessment of bottom sedi-
ment pollution levels and their dynamics in the basic
classes of pollutants in Streletskaya Bay over the years.
The assessment has found that, despite the fact that pe-
troleum hydrocarbons levels (OH) in the water were
getting lower from 2003 to 2015, this bay is classified
as heavily polluted. The concentration of chloroform-
extractables (this is a value reflecting the level of organ-
ic pollution in the water area) and the levels of metals,
particularly zinc and arsenic, are still high [15].

At the same time, using various approaches, we
analyzed dynamics of the levels of organic chemicals
in bottom sediments in the modern period and com-
pared the patterns of changes in the state of bottom
sediments in various port areas of the coast of Sevas-
topol, as a result of which it was concluded that the
organic pollution level decreased in Streletskaya Bay
in the period 2009-2015, while statistical analysis re-
veal no differences in the response of the benthic bio-
logical community to the presence of chloroform-
extractables in bottom sediments of Streletskaya, Ka-
zachya and Kamyshovaya bays, given that the last two
of these bays are classified as conditionally clean [16].

There was no difference in the morphometric
parameters of gills, despite the sensitivity of this or-
gan [17, 18], between the scorpion fish samples from
the three bays — a fact indicating the ecologically satis-
factory status of the bays in Sevastopol in recent years.

It is known that the liver and spleen are the main
immunocompetent organs of fish, and the indexes
of these organs can be used to reliably characterize the
physiological state of fish [6, 11, 19]. As a rule, an in-
crease in HSI and a decrease in Sl indicate the phase
of adaptation of fish organisms to various changes in
environmental conditions, including pollution [6, 19-21].
These were the results of our studies of both Black Sea
benthic fish (red mullet, scorpion fish, round goby,
scorpionfish, shore rockling) [2, 6, 19], and freshwater
fish [11, 21].

There are also other data on changes in blood glu-
cose levels in fish from different age groups. For in-
stance, blood glucose level in juvenile carp increases
with age. Although the glucose levels registered were
dynamically increasing, they were within the physio-
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logical limits for this species. These fluctuations are
related to metabolism and are determined by the feed-
ing rate of fish and type of their diet [22].

The high values of the studied parameter in the
scorpion fish from Balaklavskaya Bay can probably be
explained by a higher-calorie diet there. The same sit-
uation was previously noted for fish raised on fish
farms [23]. It has been reported that rainbow trout
have 3.0 mmol/l of glucose in their blood when fed
standard food, 4.0 mmol/l when fed high-protein food,
and 5.3 mmol/l when fed high-carbohydrate food, i. e.
almost twice as much as normal [24]. As we found out
earlier, it is in Balaklavskaya Bay that the S. porcus’s
diet includes mostly fish [25].

Conclusions

1. Based on the analysis of fish size and weight, as
well as gills, heart and spleen indexes of the scorpion
fish, the water area with the most unfavourable habitat
factors — Streletskaya Bay — has been identified.

2. Higher values of the liver index, fish size and
weight as well as blood glucose levels of the scorpion
fish indicated a good-quality natural food supply for
fish in bays (in our study this was Balaklavskaya Bay).

3. Despite the difference in the sensitivity between
the biological parameters chosen for the study of fish,
their use in combination enabled us to draw certain con-
clusions about the condition of the Black Sea Scorpaena
porcus and the ecological well-being of the bays.
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