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Abstract

Aim. The purpose of the research was to study the state of hydrobionts in
the Tyub-Karagan Bay structure by season for a comparative analysis of
their state with previous studies by the authors.

Material and Methods. The conditions of hydrobionts (phyto, zoo-
plankton and macrozoobenthos) of the Tyub-Karagan Bay structure have
been studied for three seasons. Studies were carried out by traditional
methodology.

Results. The species composition of phytoplankton communities in spring
was found to be less constant than in autumn; this is associated with
heterogeneity in external conditions at the beginning of the growing
season. The seasonal dynamics of zooplankton conformed to certain
patterns. As a rule, from the beginning to the end of the growing season
there was an enrichment of species composition and an increase in the
guantitative indicators of zooplankton communities. The highest biomass
was formed by bottom cenoses, where large mollusks play a leading role.
Conclusion. During the 2018 research period, species richness and species
diversity of phytoplankton were at a high level. Representatives of two
categories were observed most often. Blue-green dominated in number,
while diatoms formed the basis of biomass. Species richness and species
diversity of zooplankton was at a low or moderate level and most often
constant. The seasonal dynamics of macrozoobenthos had common and
specific features, depending on the research station location.
Disproportionate changes in the quantitative indicators of bentonites are
associated with a decrease in the average weight of individuals by autumn.
This happened both through the strengthening of the role of small species
and by an increase in the proportion of younger age stages in populations
of bottom invertebrates.
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Pe3iome

Lenblo wnccnepoBaHuii 6bIN10 U3yYeHUE COCTOAHWMA TUAPOOBUMOHTOB B
palioHe cTpykTypbl Tio6-KaparaH no ce3oHam Ans CpaBHUTE/IbHOFO
aHanM3a COCTOAHMA TMAPOOMOHTOB C MpeablaylwuMK UCCNeaoBaHUAMU
aBTOPOB.

Martepuan u metogbl. M3yyeHbl COCTOAHMA MAPOOMOHTOB (dUTO- U
300M/IaHKTOH W MaKpo3006eHToC) CcTpyKTypbl Tiob-KaparaH B Tpex
cesoHax. MWccnesoBaHUA  COCTOSHMA  TMAPOBUOHTOB  NPOBOAM/IUCH
TPAAMLUOHHBIM METOAOM.

Pe3ynbTatbl. BUAoBOM COCTaB GUTONNAHKTOHHbIX COOBLLECTB BECHOM 6bin
MeHee MOCTOAHHbIM, YeM OCEHblo, YTO CBA3AHO TrEeTEePOreHHOCTbIO
BHELLHWX YCNI0OBUI B HaYasie BEreTaLMOHHOIo ce3oHa. Ce3oHHas AMHaMMUKa
300MNAHKTOHA MNOAYMHANACL ONpeaenéHHbIM  3aKOHOMepHOCTAM. Kak
NpPaBWiO, OT Hayana K KOHLY BereTaumMoHHOro Ce30Ha NPOoUCXoAWNIo
oboralwieHMe BWOOBOTO COCTaBa M POCT KONMYECTBEHHbIX MOKasaTenen
300MNAHKTOHHbIX  COObLLecTs. Hanbonee  BbicOKyto  b6uomaccy
dbopmupoBann [OHHbIE LIEHO3bI, TAe BEAYLLYI POJib UIPaau KpynHble
MOJIIOCKM.

3aknoueHune. B nepuoa mccneposaHuin (2018 r.) sugoBoe 60oraTcTBO U
pa3Hoobpasve PUTONNAHKTOHA HAXOOUAWUCb HA BbICOKOM YypoBHe. B
OCHOBHOM 4acTO BCTPEYa/NuCb NpeacTaBUTENM ABYX OTAEN0B: CUHe-
3e/leHble M AMaToMoBble BOAOpOoCanN. CUHe-3eNneHble 4OMUHMPOBaAN MO
YUCNEHHOCTH, @ AMaTOMOBble POPMUPOBANM OCHOBY BMomacchl. Buaosoe
60raTcTBO M pa3Hoobpasue 300MNAHKTOHA B Nepuog UccaefoBaHUM Ha
aKBaTOPWUWM HAaXOAMNOCb HA HU3KOM WU YMEPEHHOM YPOBHAX. Yalle Bcero
BMAOBOW COCTaB 300M/aHKTOHa 6bl1 MOCTOAHHbIM. Ce30HHaA AWHAMMKA
MaKpo3oobeHToca wumena obwme U cneunduyeckne YepTbl, B
33aBUCMMOCTM  OT  CTaHUMM  MccienoBaHU.  HenponopuuoHanbHble
MU3MEHEHUA KOJIMYECTBEHHbIX MOKa3aTesie OGEeHTOHUTOB CBA3aHbl C
YMeHbLUEeHNeM cpefiHein maccbl 0cobei K 0CeHU. ITO MPOUCXOAMNO KaK 3a
CYET YCW/IEHUA PO/IM MESIKUX BMAOB, TaK M 33 CYET yBeNUYEeHUA [0Nn
MIAALWNX BO3PACTHbIX CTagMI B NONYAALMAX AOHHbIX 6€CNO3BOHOYHbIX.

Kntouesble cnosa
3anuB, OGUTOMNMAHKTOH, 300MJIAHKTOH, MaKpPO300HEHTOC, YWUCNEHHOCTb,
6romacca.

2021 Astopbl. K02 Poccuu: 3Konozus, pazsumue. 3TO CTAaTbA OTKPbLITOrO AOCTYyMa B COOTBETCTBMM C ycnosusamu Creative Commons
Attribution License, KoTopaa pa3spellaeT MCMNo/ib30BaHWE, PAcNPOCTPaHEHME M BOCMPOU3BEAEHME Ha /loboM HocuTene Mnpu ycioBuUn

NpPaBW/IbHOTO LUTUPOBAHUA OPUTMHANBHOW PaboTbl.
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INTRODUCTION

Work by the authors in this research domain has been
carried out since seismic survey operations in the region
began, i.e. since the end of the 20th and beginning of the
21st century, and enough has been published as
background to the study results reported here.

Phytoplankton are a plurality of microscopic plants
(especially algae) living in marine and fresh waters and
passively moving under the influence of water currents.

Phytoplankton  includes  protococcal algae,
dinoflagellate diatoms, coccolithophorids, and other
unicellular algae (often colonial), as well as cyanobacteria.

Phytoplankton are the primary producers of
organic matter in these waters and serve as food for
zooplankton and zoobenthos. Rapid reproduction of
phytoplankton causes what is known as "water bloom".

Published studies of the state of phytoplankton in
the study area [1-4] indicate that different types of algae
prevail in numbers and biomass in different years.

Plankton plays an importance role in the nutritional
balance of aquatic ecosystems, being fed upon by many
fish species, whales and certain birds. This fact makes
plankton an essential source of life for all aquatic
ecosystems, seas, oceans, rivers and lakes alike. The impact
of plankton on water resources is so great that it can even
affect the chemical composition of water.

Phytoplankton, bacterioplankton and zooplankton
compose a plankton structural formation. All these
organisms are small, being at most tens of micrometres in
size for algae and a few centimetres for zooplankton. On
the other hand, many animals, even the largest freshwater
daphnia, are much smaller and reach only 5 mm in size.
The organisms that make up plankton are in a constant
state of suspension in the water column. At night
zooplankton rise to the surface layers in seas and oceans
and filter out microscopic algae. In the morning,
zooplankton sink to a depth of 300 metres or more.

The majority of planktonic organisms spend their
whole lives in water columns and are not related to a solid
substrate. However, inactive stages of many of these
organisms in assemble in bottom waters in the winter
period, where they shelter from unfavourable conditions.
There are also some organisms which spend only part of
their lives in the water column. An example s
meroplankton (from the Greek "meros" meaning part). It
appears that the larvae of many benthic organisms — sea
urchins, stars, worms, mollusks, crabs, corals, etc. conduct
a planktonic life, directed by currents and, eventually, find
locations for further habitation. There they assemble at
bottom level and do not abandon their places for the rest
of their life cycle. This life strategy is due to the fact that
bottom organisms have a disadvantage in comparison with
plankton, as they move from place to place relatively
slowly. However, thanks to this planktonic larval stage,
they are drifted by currents over extensive areas, similar to
the seeds of terrestrial plants which are transmitted long
distances by the wind. The eggs and larvae of some fish
also lead a planktonic lifestyle.

However, as noted previously, most planktonic
organisms are real plankters. They are born and die in the
water column, which contains bacteria, microscopic algae,

various animals (protozoa, rotifers, mollusks, crustaceans,
etc.).

Many planktonic crustaceans accomplish vertical
migrations. At night they move up to the upper layer,
where they eat algae. Closer to the morning they move to a
depth of several hundred metres, where they are
concealed from fish in these dark locations. Moreover, low
temperatures reduce metabolism and consequently the
energy rate for maintaining vital functions is lowered. At
depths, the density of water is higher than at the surface
and therefore organisms are in a state of neutral buoyancy,
allowing them to exist in the water column with zero
energy consumption.

Sea water may be coloured not only by algae but
also by the presence of zooplankton. Most euphausiids are
translucent and colorless but some are bright red. The red
ones live in the colder northern and southern hemispheres
and sometime make the whole sea seem red by
accumulating in larger quantities.

The abundance of organisms available as food is
very important for the intensive growth and development
of larvae, as well as fish fry. It determines the degree of fish
productivity.

The authors of the work have been studying
hydrobionts in this region since the time seismic surveys
have been conducted on this structure and many works
have been published relating to the phenomena described
here [3; 5-8].

The benthos is composed of organisms living at the
bottom of water bodies and which are not able to swim in
water for a long period of time. Systematically, it is divided
into plant benthos (phytobenthos) and animal benthos
(zoobenthos).

In contrast to planktonic organisms, benthic
animals and plants do not need to lower their weight, so
many of them, especially those living in coastal areas, are
characterized by structural strength and often heavy
deposits of lime. There are a quite large number of
organisms, mainly crustaceans and worms, which can move
up the water column during the breeding period or for
food. Some species which spend a long period in water can
lead both benthic and planktic lifestyles and belong to the
group of planktobenthos or bentoplankton.

The structure of benthic organisms mainly depends
on the nature of the substrate on which they live, as well as
on light, wave strength, etc. Therefore, there are strong
differences in the structure of similar forms living on soft
ground or on stones, in the surf zone or at depth, in full
light or in the dark. In relation to the substrate, benthic
organisms are divided into the groups described below [9].

Attached organisms (sessile benthos). The bulk of
plant benthos is comprised of attached forms; e.g.
flowering plants which usually are secured into soft ground
with the help of rhizomes and a large number of algae
which attach to a solid substrate with their rhizoids. Among
sessile zoobenthic organisms are sponges, hydroids, corals,
sea lilies, worms, bryozoans, bivalve mollusks, barnacle
crayfish, ascidia and a number of other animals. The
general body shape of attached animals is usually
elongated. Very often they are colonial organisms, such as
sponges, hydroids, corals and bryozoans, which form
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colonies by budding. Their organs of motion are usually
reduced or change their function.

Attached animals, despite their lack of movement,
easily spread due to the formation of free-floating larval
stages carried by currents. Animals can lead a sedentary
lifestyle only in the aquatic environment, as only in it can
they get the food they need in the form of water-borne
plankton or organic detritus descending from above.

Lying organisms. Animals lying on soft ground have
a very wide and low body. Many flat forms are found
among bottom fish, for example flatfish, as well as
cephalopods. Some crabs, bivalves, sea urchins and other
animals also have a flat body shape, some having
outgrowths located in the same plane.

Burrowing organisms. Animals buried in the
ground, the totality of which is called infauna, as opposed
to epifauna, are represented mainly by attached and freely
moving organisms and are found in many groups of the
animal world, mainly among worms, sea urchins,
holothurii, gastropods and bivalves, crustaceans, insect
larvae and a number of other groups. Many animals
immerse themselves in the ground for protective purposes.
They live in passages or tubes, often strengthened by
secretions; the length of the passages sometimes being
several times the length of the organism itself. Some
animals move freely in the ground, absorbing it to extract
the organic matter in it or actively seeking prey.

Burrowing in the ground is associated with a
number of changes in the structure of animals. The
irregular sea urchins which are buried in the sand are
devoid of the Aristotle’s lantern; their needles being turned
into digging organs. The shell of mollusks living in the soil
becomes smooth, thin, not tightly closed; a well-developed
leg lacks a byssus gland; long siphons, often exceeding the
length of the animal itself, are used to communicate with
the external environment.

Boring organisms. Dense sedimentary rocks, those
of limestone, sandstone, slate and even granite, as well as
marble, concrete, brick, wood and mollusk shells are drilled
or bored by such organisms. Marine boring organisms
include certain algae, sponges, worms, mollusks and
crayfish. Drilling organisms usually never leave their home,
increasing their volume as they grow; therefore, they are
essentially prisoners. Food comes from small planktonic
organisms and organic detritus suspended in water. The
presence of free-swimming larval forms, however, allows
the wide spread of drilling organisms.

Free-moving organisms (vagile benthos). Many
animals move along the bottom with the help of variously
arranged limbs; echinoderms have ambulacral legs, a leg
serves as an organ of movement for mollusks and protozoa
move with the help of cilia or pseudopodia. Some plants,
such as bottom diatoms, also have the ability to move.

The development of benthos is determined by the
nature of the grouns, the availability of food and the speed
of the current. Zoobenthos organisms respond slightly to
short-term changes in water quality.

On pure sand, the zoobenthos contains numerous
worms, cryptochiron larvae, midge larvae, etc. With silting
of a sandy bottom, large oligochaetes, mollusks develop
and with silting of a clay bottom, a biocenosis forms
consisting of mollusks, amphipods, shell crustaceans,
numerous larvae of tendipids, etc. The temperature of

water has a great influence on the life of the zoobenthos —
it determines its growth, development, reproduction,
metabolism and biological cycles. In winter, the abundance
of the zoobenthos is insignificant but when the water
temperature rises above 10°C the reproduction of most
bottom invertebrate species begins.

MATERIAL AND METHODS
The object of the study was the region of the Tyub-Karagan
Bay. As in previous years, studies were carried out from
three sides of the Tyub-Karagan structure at equal
distances from the perimeter. Unlike in previous years, no
studies were conducted in the summer of 2018.

Phytoplankton samples were taken from the
surface layer of water and fixed with 4% formalin. They
were then concentrated by the sedimentary method [10-
12]. In laboratory conditions, samples were processed by
generally accepted methods [13-15] and the following
were determined: species composition, species abundance
— million cells per cube m., biomass — mg per cubic metre
of algae.

Zooplankton samples were taken from the surface
layer of water using an Apstein net and fixed with 4%
formalin. Then they were concentrated by the sedimentary
method [10-12] and sent for processing to an accredited
laboratory. In laboratory conditions, samples were
processed according to generally accepted methods [13-
15], the taxonomic composition, abundance (species per 1
m?®) and biomass (mg. per 1 m’) of zooplankton were
determined.

Macrozoobenthos samples were taken from the
sea bottom with a Peterson bottom grab and fixed with 4%
formalin. They were then concentrated by the sedimentary
method [10-12]. In the laboratory samples were processed
by conventional methods [13-15] to the taxonomic
composition, abundance (species per 1 mz) and biomass
(mg. per 1 m).

RESULTS

State of phytoplankton

The results are shown in Table 1 and in Figs. 1 and 2. Table
1 shows the species composition of phytoplankton by
season for the studied period.

As can be seen from this table, the research
recorded 37 species in winter, 31 species in spring and 67
species in autumn, of which 21 species were first detected
by studies undertaken in the previous two years, such as
dinophytic, euglenozoic, myozoic, ochrophytic and
cyanobacteria. The number of species encountered from
winter to spring decreased but by autumn increased more
than twice, due to new species. Moreover, four were found
only during the autumn study period. Briefly, they are as
follow:

e Cyanobacteria — a blue-green algae, or cyanene
which is a category of large gram-negative bacteria capable
of photosynthesis accompanied by oxygen evolution.

e Ochrophyte algae or ochrophytes (lat.
Ochrophyta) — a category of unicellular, colonial and
multicellular algae.

e Euglenozoans (lat. Euglenozoa) — a type of
unicellular protists, which includes a variety of free-living
species, as well as a number of parasites including those
that cause human diseases. The group consists mainly of
monophyletic taxa.

e Miozoa — a taxonomic type within the supertype
Alveolata (Alveolates) (lat. Alveolata) or Alveolobionts,
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which is a prototype (Protista), uniting a number of
taxonomic groups, including ciliates, sporozoans, and
dinoflagellates.

Table 2-3 shows the average abundance and
biomass of the main phytoplankton groups recorded in
2018.

Figures 1 and 2 provide diagrams of the average
abundance and biomass of phytoplankton in the research
area for the study period.

As can be seen from the table and Figure 1, over the
studied period, it outnumbered cyanobacteria with 53.6%
in numbers, and diatoms over 72% in Figure 2.

Table 1. Species composition of phytoplankton in the 2018 seasons [16]
Ta6bauya 1. Buaosoit coctaB pUTONNAHKTOHA No cesoHam B 2018 r. [16]

Taxonomic composition

Number of species / taxa
Konunuectso BMa0B / TaKCOHOB

TaKCOHOMMYECKMI cOCTaB Winter Spring Autumn
3uma BecHa OceHb
Bacillariophyta / lnatomosble 31 18 42
Dinophyta / lnHoduTosbie 2 7 -
Chlorophyta / 3eneHble 3 2 4
Chrysophyta / 3on0TucToE 1 4 -
Cyanobacteria / LinaHobakTtepuun - - 9
Euglenozoa / derneHo3on 1
Miozoa / Muosou - - 10
Ochrophyta / Oxpodutosbie - - 1
Total / Bcero 37 31 67
Table 2. Average abundance of the main groups of phytoplankton in 2018, min.cl/m?
Ta6nuua 2. CpeaHee 3HaYeHUe YNCAGHHOCTU OCHOBHBIX rPYNN GUTOMNAHKTOHA 3a 2018 r., MAH.KA/M>
=
o o o] L) © q—_; T . © % s 5 )
es £z 8§38 2% zg 2% ¥z gz x5 §E 8% &
o = 2 o e S T a 2 e 5 S g = s E o X o O o
5 I o = S ] o = o9 ot S © s = g © ez -
© © = IS 79 c P c o = = e e 2 9o o @ —
L c 2 S < ) >c o o s £ 0 o O = = <
" O = © £ 9 = m c O S I = = = Cc QO c I W = =
ss B8 & S§m &5 %8 °ox S8 24 P
2 =} =1 O w O 0
1 39,1 33,5 0,0 0,0 0,1 0,0 4,5 0,1 31,1 0,0 108,4
2 13,2 77,7 0,6 0,0 0,00 0,0 54 0,1 278,8 0,6 376,4
3 24,6 92,0 5,5 0,0 0,3 0,0 1,1 1,1 216,7 0,0 341,3
4 72,0 47,8 0,0 0,0 1,6 0,0 3,9 0,6 23,9 0,0 149,8
5 69,0 92,0 0,6 0,0 0,00 0,0 2,9 0,1 105,0 0,0 269,6
6 40,2 75,0 1,2 0,0 0,05 0,0 5,5 0,6 101,7 0,0 242,25
7 36,6 11,6 10,0 0,0 0,69 0,0 0,6 0,0 118,3 0,0 177,79
8 40,0 78,5 0,0 0,0 0,00 0,0 3,8 0,6 303,4 0,0 426,3
9 27,1 155,1 3,9 0,0 0,00 0,0 2,8 0,0 66,7 0,0 255,6
Average 402 73,7 2,4 0,0 0,3 00 34 03 1394 01 259,8
CpegHee
Table 3. Average biomass of the main groups of phytoplankton in 2018, gr/m3
Ta6bauya 3. CpesHee 3HaYeHMe Gomaccbl OCHOBHbIX rpynn ¢puTonaaHKTOHa 3a 2018 ., r/M3
8 o ) © © Q < Q & s o
> 3 © D 8 S o 8 o 4 ] 8 3 = o [ 2
yw s < £ o > o > O S I ] = S o L o o 9Q ]
§ 5 s g £z £5 £Y =58 g3 £ v& 3838 2
B I £ 2 a = oo = o9 ez o O o = a2 38 S35 ~
G © c = o & = = Y o c 7 o Q = = = © o © 9 = —_
a5 = o £ 2 o9 FallS g o = = S s £ 9 c 2 B o 1]
i S = 8 I < ™ £ 9 > I W 5 S o & = 2 2
8= g © ce o5 gn °8 &3 *° ¢
1 508,1 31,7 0,0 0,0 0,0 0,00 118,9 1,4 0,5 0,0 660,6
2 53,43 76,1 4,3 0,0 0,0 0,00 57,4 1,4 5,6 8,8 207,03
3 253,4 88,1 1,3 9,7 0,1 0,00 2,8 15,5 1,9 0,0 372,8
4 626,2 49,4 0,6 7,6 0,5 0,00 128,7 8,0 0,2 0,0 821,7
5 247,5 88,1 0,2 0,0 0,0 0,00 31,9 1,4 0,9 0,0 370,0
6 259,7 72,8 0,6 0,0 0,0 0,00 52,9 8,0 0,9 0,0 394,9
7 196,7 8,8 1,9 0,0 0,2 0,00 3,0 0,0 6,2 0,0 225,8
8 296,1 74,0 7,3 0,0 0,0 0,00 40,8 8,0 4,8 0,0 431,0
9 371,2 151,2 0,9 0,0 0,0 0,00 50,5 0,0 1,6 0,0 575,4
Average 3245 71,2 2,0 0,2 0,1 000 541 4,9 2,5 1,0 460,5
CpepHee
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green miozon
dinofit 0,9% 1,3%

28,36%_

cyanobacteria
53,6%

diatoms
15,5%

Figure 1. The number of the main groups of phytoplankton in 2018, in % ratio
PucyHok 1. YncneHHOCTb OCHOBHBbIX rpynn ¢puTonaaHKToHa 3a 2018 r., B % coOTHOLWEHUN

0ch1‘0phyﬁ(‘-_\ cyanobacteria
11% 0,54%

miozon

green
0,43%

dinofit

0,
155% diatoms

72%

Figure 2. Biomass of the main groups of phytoplankton for 2018, in % ratio
PucyHoOK 2. Buomacca 0CHOBHbIX rpynn ¢puTonaaHKToHa 3a 2018 1., B % COOTHOLIEHUN

State of zooplankton the study period, 27 samples were taken and processed.
Like the early years, samples were taken from three sides The results are shown in Tables 4-6 and for clarity,
at equal distances from the Tyub-Karagan structure; during diagrams 3 and 4 are provided.

Table 4. Species composition of zooplankton by season for 2018 [16]
Tabauua 4. Bugosoii coctaB 300M/1aHKTOHA Mo ce3oHam 3a 2018 r [16]

Number of species / taxa
Konunuectso BMA0B / TaKCOHOB

Taxonomic composition

TaKCOHOMMYECKMI cocTaB Winter Spring Autumn
3uma BecHa OceHb
Rotatoria / Konospatku 1 1 2
Copepoda / BecsioHorne payku 4 5 3
Cladocera / BeTBucToycble paqku - 4 -
Others / Mpoune 4 9
Total taxa / Bcero TakcoHoB 7 14 14
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As you can see from this table, the number of species
increases from winter to autumn, except for copepods,
whose number of species decreases by autumn, and
branchy crustaceans which were found only in spring. The
maximum number of other species was found in autumn -
9 species. In winter, in the region studied, 7 species of
zooplankton were found; from the rotifers group and
copepods, Synchaetavorax, Acartiatonsa were found

respectively. In  spring, most often met was
Podonpolyphemoides from the group of branched
crustaceans. In autumn, as in winter, Acartiatonsa was
often found from the copepods group, as well as from the
group of other Cirripediagen. sp. and Hedistedi versicolor.
In spring and autumn, up to 14 species of
Rotatoriaplankters were found — 0.4%, Copopeda — 0.94%,
Cladocera — 0.22%, others — 98.8%.

copepods
13,6%

\

rotifers
2.3%

cladoceran
0,68%

83.,4%
Figure 3. The number of main groups of zooplankton in % ratios by season for 2018
PucyHokK 3. Y1cneHHOCTb OCHOBHbIX FPyMM 300M1aHKTOHA B % COOTHOLIEHWUI MO ce30Ham 3a 2018 r.
Table 5. The number of main groups of zooplankton by season for 2018, species/m3
Tabauya 5. Y1cAeHHOCTb OCHOBHbIX FPYMM 300M1aHKTOHa Mo ce3oHam 3a 2018 r., .=m3/M3
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Figure 4. Biomass of the main groups of zooplankton in % ratio by season for 2018
PucyHOK 4. Buomacca OCHOBHbIX Fpynn 3a0MAaHKTOHa B % COOTHOLWEHMM No ce30Ham 3a 2018 r.

Table 6. Biomass of the main groups of zooplankton by season for 2018, mg/m3
Tabnuuya 6. bromacca OCHOBHbIX rPynM 3a0MNAaHKTOHa No ce3oHam 3a 2018 r., Mr/M3
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From Table 2 it can be seen that the maximum number of
rotifers was found as indicated above and that their
number increases from winter to spring (in spring at station
52021 species/m3 were detected, the lowest abundance at
station 8 being 227 species/ma). The maximum number of
copepods was detected in autumn at station 4 — 4086
specimens/m3, the smallest abundance recorded being 110
specimens/m3 at station 2. A large number of vegetable
crustaceans as rotifers were identified in the spring - at
station 8, 278 specimens/m3, and at station 2-80
specimens/m3. On the contrary, at station 2, the maximum

abundance of other types of extra-plankters was found to
be 116,960 specimens/ms.

Other species prevailed in biomass (Table 5), the
maximum biomass being detected at station 5 with a value
of 3840.06 mg/m3 and at station 2, which revealed the
maximum abundance, biomass was inferior with a value of
2672.98 mg/m”>.

State of Macrozoobenthos
Bottom sediment is a storage zone for pollutants. In this
regard, in our opinion, the study of the state of bottom
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organisms
accordingly.

In this area, macrozoobenthos occurs in five main
groups; worms, mollusks, crustaceans, insect larvae and
others. Worms mainly predominate in numbers and
mollusks in biomass [3, 17-23].

The main indicator of the significance of individual
taxa in productivity in these waters is their frequency of
occurrence. Out of the total species diversity in the

is necessary, which we conduct annually

zoobenthos, only a few, the most massive, can be
distinguished with a frequency of occurrence of at least
30%: in the autochthonous complex among mollusks —
Hypanis angusticostata, among crustaceans — Niphargoides
similis, N. macrurus, Dikerogammarus haemobaphes,
Corophium nobile, Pterocuma pectinata and Stenocuma
graciliodes; from the Mediterranean — mollusks Abra ovata
and the polychaete worm Nereis diversicolor.

Table 7. The species composition of macrozoobenthos by the 2018 seasons [16]
Tabauua 7. Bugosoii coctaB makpo3oobeHToca no cesoHam B 2018 r. [16]

Taxonomic composition

Number of species / taxa
Konnuectso Buao0B / TaKCOHOB

TaKCOHOMMYECKMI cOCTaB Winter Spring Autumn
3uma BecHa OceHb
Vermes / Yepsu 7 6 6
Mollusca / Monntockn 5 5 4
Crustacea / PakoobpasHble 12 15 7
Insect larva / InumMHKM Hacekomoro 2 1 1
Others / Mpoune 1 1 1
Total taxa / Bcero TakcoHoB 27 28 19

From this table it can be seen that the number of species
decreases from spring to autumn, i.e. if in the summer 28
species were found, by autumn 19 species remained.

In winter, there were often found: worms -
Hypaniolakowalewskii; mollusks — Abra ovata; larval insects
Chironomusalbidus. In spring there were often found
worms — Hedistediversicolor worms; mollusks — Abra ovata
and Cerastodermalamarcki; crustaceans — Stenogammarus
(Stenogammarus) similis; larval insects -
Chironomusalbidus. In autumn there were often found:
worms — Oligochaetagen sp.; mollusks — Oligochaetagen
sp.; larval insects — Chironomusalbidus.

As we can see from Table 8, for the studied period
worms predominated in number with 3702 specimens/mz,
then mollusks with 1013 specimens/ m 2 with insect larvae
being third in number with 352 specimens/mz. This is
typical for this region in many stations, the number of
organisms being higher in the winter than in the autumn
season. It is very rare to find other species of organisms in
individual stations. In terms of biomass, worms fell to
second place with 19443 mg/m2 giving way to mollusks in
top place at 81536 mg/m2 and crustaceans in third at
13916 mg/m>.

maggot
6,8%

crustacea

2.4%

mollusca
19.5%

others

—
0,05%

worms
71%

Figure 5. The average number of major macrozoobenthos groups in % ratio for 2018
PucyHoK 5. CpeHsAs YUCNEHHOCTb OCHOBHbIX IPYNn Makpo30obeHToca B % COOTHOLWEHUN 3a 2018 T.
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Figure 6. The average biomass of the main macrozoobenthos groups in % ratio for 2018
PucyHok 6. CpegHsas 61Momacca OCHOBHBbIX rpymnn Makpo3006eHToca B % COOTHOLWeHuM 3a 2018 .
Table 8. The number of major macrozoobenthos groups by the 2018 seasons, species/m2
Tabauua 8. YMcaeHHOCTb OCHOBHbIX rpynn Makpo3oobeHToca no cesoHam 2018 r., 3K3/M2
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Table 9. Biomass of the main groups of macrozoobenthos by the 2018 seasons, mg/m 2
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4 32930 37563 6963 69790 46795 8333 4470 138978 3109 1440 1030 63 0,0 0,6 0,0

5 32257 26990 3721 32850 251750 15837 3576 41240 1 1280 350 40 0,0 00 0,0

6 25670 18973 4942 61130 48677 13870 87710 39355 962 10140 1555 32 0,0 0,0 0,0

7 35753 42132 8646 48050 10125 16907 6287 2650 3932 60 0,00 33 00 00 0,0

8 39170 23500 1862 473210 542460 38950 166 1730 2 560 670 85 0,0 0,0 0,0

9 27690 7526 2785 35730 93440 9100 670 560 15 1270 1960 180 30,0 0,0 0,0
2;’:;?; 19443 / 16,7% 81536 / 70,3% 13916 / 12% 1117/ 0,96% 1,36/0% 116013
CONCLUSION The seasonal dynamics of the macrozoobenthos

It follows from the above that:

The species richness and species diversity of
phytoplankton of the water areas studied were generally at
a high level during the 2018 research period. The species
composition of phytoplankton communities in spring was
less constant than in autumn, due to the heterogenicity of
external conditions at the beginning of the growing season.

The quantities of phytoplankton varied significantly
over the seasons and vyears. Various types of algae
dominated, depending on local habitat conditions.
Throughout the water areas studied, mass algae species
belonged to two categories - blue-green and diatomic. The
species in the first category dominated in number, whiles
the species in the second category formed the basis of the
phytoplankton biomass.

The seasonal dynamics of phytoplankton were
subject to certain patterns. As a rule, from the beginning to
the end of the growing season there was enrichment of
species composition, increase of diversity and growth of
guantitative indicators of phytoplankton communities.

The species richness and species diversity of
zooplankton of the areas studied during the 2018 research
period was at a low or moderate level. Species composition
of zooplankton communities was most often constant. A
certain heterogeneity of the composition of plankton
invertebrate species in spring reflected the heterogeneity
of temperature conditions.

In the space-time aspect, the quantitative values of
zooplankton varied significantly. The dominant position in
zooplankton was occupied by a limited set of typical
Caspian species, including Brachionus quadridentatus
rotifers, copepods Calanipeda aquae-dulcis, Acartia tonsa,
facultative plancters — clam larvae and cirripedia.

The seasonal dynamics of zooplankton were subject
to certain patterns. As a rule, from the beginning to the
end of the growing season there was enrichment of species
composition and growth of quantitative indicators of
zooplankton communities.

An undisturbed structure of species dominance
characterized the zooplankton of Tyub- Karagan Bay in all
seasons. The seasonal dynamics of species dominance
structure indicated a weakening of eutrophication
processes from spring to autumn throughout the water
areas studied.

The seasonal dynamics of zooplankton in 2018
were most often characterized by the same direction,
which indicated the influence of a single factor complex on
the structure of plankton communities.

The highest biomass was formed by bottom
cenoses in the studied area, where large clams played a
leading role.

had common and specific traits, depending on the research
station. Inversely proportionate changes in zoobenthos
quantities are associated with a decrease in the average
mass of individuals in autumn. This occurs both through
the increase in the role of small species and by an increase
in the proportion of younger age stages in populations of
bottom invertebrates.
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