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STUDY OF PHOTOSYNTHETIC PIGMENTS
IN THE HYPERHALINE KUYALNIK ESTUARY AND ITS INFLOWS
(UKRAINE, NORTH-WESTERN BLACK SEA REGION)

Purpose. To investigate the interannual and intraannual analysis of the content of chlorophyll "a", "b",
"c" and pheophytin in the Kuyalnik estuary (KE) and its tides for the period 2008-2012, to evaluate the spatial
distribution of chlorophyll "a™ in the water area of the estuary in different seasons year and reveal the connection
of the specified characteristics with the abiotic factors of the environment.

Methods. Hydrochemical, biological and static analyses. The original geo-informational database of
comprehensive monitoring of the KE basin was used.

Results. According to the results of generalization, analysis and systematization of the experimental stud-
ies materials of the photosynthetic pigments content (chlorophylls ‘a’, ‘b’, ‘c’) and pheophytin (the primary
product of chlorophyll decomposition) in the surface waters of the hyperhaline Kuyalnik Estuary (KE) and its
main water inflows (Velykyi Kuyalnyk river, drainage channels from the Peresyp and Korsuntsivsky ponds)
during the period of low water content in the estuary (2008-2012) the interannual and intraannual distribution of
pigment content is presented, their ratio in the specified water bodies and the spatial distribution of chlorophyll
"a" content in the water area of KE in different seasons of the year are evaluated. It has been revealed that in the
periods of low water content in KE and high salinization of its waters production activity is insignificant, but it
does not stop. Adaptive mechanisms of algal communities in relation to extreme conditions of KE (salinization,
decreasing of water level and increase of water temperature, decreasing of freshwater inflow) are expressed in an
increase in the share of auxiliary pigments (chlorophylls "b™ and "c"). The obtained ratios of pigments indicate
mainly the dominance of diatom algae in all water bodies of the basin during the research period. A correlation
analysis of the relationships between the concentrations of chlorophylls "a", "b", "c", concentrations of different
chlorophylls and pheophytin and between chlorophyll "a" and the main abiotic factors of the environment (tem-
perature, pH, dissolved oxygen in water, BODs, COD, ammonium nitrogen and phosphorus phosphate) were
carried out.

Conclusions. The results of the study of the pigment fund Cl indicate that the characteristics of the con-
tent of photosynthetic pigments and their ratio can be used as integral characteristics of the productivity and eco-
logical state of water bodies.

KEY WORDS: chlorophylls "a", "b", "c", pheophytin, ratio, Kuyalnyk Estuary, inflows, abiotic factor,
interannual dynamics, intraannual dynamics, spatial distribution
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Introduction

An important problem of the XXI century
is the global warming and, as a result, saliniza-
tion and drying of water bodies, salinization and
desertification of territories, as a result of which
there is a serious threat of biodiversity reducing
[1-5]. As the consequence is the increasing of
the relevance of studying the issues of plant re-
sistance to extreme environmental factors.

The concentrations and ratios of plant
pigments, in particular chlorophyll "a", as the
main green photosynthetic pigment in the aquat-
ic environment (phytoplankton, seston) and
auxiliary light-harvesting pigments (chloro-
phylls "b" and "c") are important integral char-
acteristics of the quantitative development and
physiological state of algoflora communities,
their systematic affiliation, reflect the capacity
for production opportunities, allow to judge the
degree of trophicity and the ecological state of
water bodies [6-18]. The presence of chloro-
phyll "b" determines the development of small
flagellated green algae, the massive develop-
ment of blue-green algae was due to the in-
creased content of chlorophyll "a" [16, 18].

In general, the ratio of chlorophyll "a" to
chlorophyll "b" is an important indicator that
characterizes the relationship between the plant
and the environment [16-18]. It is important to

consider that the level and ratio of pigments can
be influenced by both abiotic and biotic factors.
Data on pheophytin content play an important
role in characterizing the physiological state too.
The ratio of the chlorophyll "a" content to the
content of pheophytin (Ca/Cph <1) indicates
the death and decomposition of algae [16, 18,
19].

Actually, data on the chlorophyll "a"
concentration in the water of the hyperhaline
Kuyalnyk Estuary (KE) are extremely limited
[19], and information on the pigments content in
its main inflows (Velykyi Kuyalnyk river, Pere-
sypski and Korsuntsivski ponds [20]) was not
available in the literature.

In this regard, this work presents a spa-
tial-temporal analysis of the photosynthetic
pigments (chlorophylls "a", "b", "c") content
and the primary product of chlorophyll decom-
position — pheophytin in the KE and its inflows
in the period 2008-2012, and based on the re-
sults of monitoring materials summarizing of
the KE ecosystem, an analysis of the relation-
ship between the specified characteristics and
the interdependence of the chlorophyll "a" con-
tent, on one hand, and the main hydrological
and hydrochemical characteristics, on the other
hand, was carried out.

Materials and methods

The analysis was carried out on the basis
of original materials collected during 2008-2012
years in the water of the KE at stations of perma-
nent integrated monitoring in the southern part of
the water area — lower reaches (stations of obser-
vations 5, 6k, 8, 9K), the central part (stations 3,
4, 12, 13) and the northern part of the estuary -
the upper part (st. 14) and in the main inflows -
the Velykyi Kuyalnyk river, Peresypski (st. 9)
and Korsuntsivski (st. 6) ponds.

The map-scheme of the observation sta-
tions of photosynthetic pigments in the surface
waters location in the KE basin is presented on
Fig. 1.

The coordinates of the observation stations
were determined using GPS navigator.

The content of phytoplankton algae pig-
ments was determined by a standard spectro-

photometric method [21] using spectrophotome-
ter ULAB 102.

Water for hydrochemical analysis and de-
termination of pigment content was collected in
plastic bottles usually at a distance of 1,5-50 m
from the shore at a depth 0,2-0,5 m.

Hydrochemical analysis and determina-
tion of pigments (chlorophyll "a", chlorophyll
"b", chlorophyll "c" and pheophytin) were car-
ried out in the "Monitoring™ testing laboratory
of the Physical-Chemical Institute of the Envi-
ronment and Human Protection of the Ministry
of Education and Science of Ukraine and the
National Academy of Sciences of Ukraine (the
laboratory is certified for the right to conduct
measurements in the field of distribution of state
metrological supervision; St. No.: 504/2007
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dated  04/13/2007, RO-409/2010  dated
07/12/2010, RO-066/2014 dated 04/14/2014).

Water temperature was measured using a
TL-4 glass thermometer with the scale of 0,1°C,
pH — using a self-powered pH meter pH-150 Ml
at the time of sampling.

In total, during the research period 49
samples were taken and analyzed for the con-
tent of photosynthetic pigments in the surface
waters of the estuary basin — 36 in the KE and
13 in its inflows.

Simultaneously with pigments concentra-
tion measurements the hydrochemical indicators
(temperature, pH, salinity, dissolved oxygen,
BODs, COD, ammonium nitrogen, phosphate

phosphorus) were measured in all named water
bodies.

To study the relationship between the
specified parameters a correlation analysis (r)
according to Pearson was performed with a sig-
nificance of P = 0,05.

The content of chlorophylls "a", "b", "c"
in the specified water bodies of the KE basin in
the period 2008-2012 years was determined
mainly during the vegetation season from April
to November. In February and April 2009 and
November 2010 pheophytin was also deter-
mined at observation stations 5, 8, and 12 in the
KE water area.
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Fig. 1 — Location of photosynthetic pigments monitoring stations in the water area of the Kuyalnyk Estuary

and its water inflows.
(based on the vector map of Odesa region M 1:50 000, CJSC “ECOMM Co”)

Results and discussion

A feature of hyperhaline KE is the signifi-
cant variability of the water regime. It is charac-

terized by quick fluctuations in water level and
salinity. That was during the period of photosyn-
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thetic pigments research in the summer-autumn
period of 2008-2012 the absolute values of water
salinity at photosynthetic pigments monitoring
stations ranged from 194 to 373%., the average
annual — in the range of 222-289%o.

At the same time, in the first decade of the
XXI century a decrease in the morphometric in-
dicators of the KE was recorded - twice on the
water surface area. Also it was observed an al-
most tenfold reduction of channel runoff (river
runoff — Velykyi Kuyalnyk, Doldoka, Kubanka
rivers, "pond runoff" — the inflow from the Pere-
sypski and Korsuntsivsky ponds) and the switch-
ing mainly to the type of water nutrition due to
atmospheric precipitation [20]. Moreover, in
May-September 2014 the water salinity varied
within extremely narrow limits — 303-323%.. In
order to stop the large-scale degradation process-
es of the KE ecosystem, it was made decision to
fulfill the estuary with sea water starting from
December 2014, in the winter-spring period. Sea
water was supplied from the Odesa Bay through
the pipeline to the southern part of estuary (about
10 million m* annually).

The transportation of sea water from the
Odesa Bay that has taken place in recent years
did not stop, but only slowed down the process of
the KE drying. As a result, ~800,000 tons of salt
entering the estuary with seawater did not possi-
ble to reach a level of water salinity favorable for
the development of biota — the main producer of
the organic matters of medicinal peloids [20, 22].

In the summer seasons of 2015-2016 wa-
ter salinity in the estuary water area varied within
230-381%o, in autumn — within 283-320%o,
reaching 417-448%o in the shallow waters of the
northern part.

The average air temperature for the spring
season of the specified period fluctuated in the
range of 10,2-11,7°C. The warmest was the
spring season of 2012, the average monthly tem-
perature in May reached 19,4°C. In summer the
highest average monthly air temperatures were
characteristic for August 2010 (26,2°C) and July
2012 (25,7°C). The average air temperature in
the autumn period of 2010 was 13,2°C, in 2012 —
14,3°C. The warmest autumn month during the
research period was September 2012.

The average annual air temperature during
this period varied in the range of 11,7-12°C and
exceeded the climatic norm (10,6°C).

The average annual precipitation amounts
in 2008-2009 were lower than the climatic norm,
in 2010 and 2012 they exceeded the climatic
norm and amounted to 742 mm and 526 mm
respectively. Recent years were dry.

Under these conditions the species diversi-
ty of the algae species observed in different years
differed greatly. The most diverse algal flora of
KE was represented in the period of high water
content in the estuary (2004-2006) along the
water salinity gradient of 49,9-153,9%o — 90 spe-
cies (69 diatoms, 16 blue-green and 4 green al-
gae). In 2005-2006 the number of algae species
ranged from 55 to 58 during the period of low
water level in 20082018 from 2 to 12 [20].

Our calculations indicate the existence of a
relationship between water salinity and the num-
ber of algae taxa that appear under these condi-
tions. The relationship between these indicators
was inverse, and at the level of average strength
(r=-0,57, R2=0,95). Rhoicosphenia abbrevi-
ata, Tabularia tabulata, Cylindrotheca closteri-
um, Surirella striatula Turpin, Spirulina
meneghiniana, Achnanthes brevipes, Stauropho-
ra salina, Dunaliella salina were noted among
the species with the highest physiological adapt-
ability and rapid response to changes in the phys-
ical and chemical conditions of the environment.
The last of the mentioned species turned out to be
the most labile. It occurred in the water ecotopes
of the KE basin in the salinity range of 5-345%o.
During the period of seawater supply the number
of species increased slightly due to the genera
Chaetoceros and Coscinodiscus, etc. [20].

The results of photosynthetic pigments
studies in the KE water and its main inflows
are presented in Table 1, hydrochemical analy-
sis of reservoir waters at monitoring stations —
in Table 2. Investigating the concentrations of chlo-
rophylls ("a", "b", "c") in the KE water area during
2008-2012 pp. we received the significant array of
data that testify to a wide range of their indicators:
chlorophyll "a" — from 0,09 pg/dm? to 11,83 pg/dm?,
chlorophyll "b" — from 0,21 pg/dm? to 8,66 pg/dm?,
chlorophyll "c¢" — from 0,86 pg/dm? to 15,95 pg/dm?
(Table 1).

In the water inflows of KE the content of
chlorophylls "a", "b" and "c" varied within the
following limits: the Velykyi Kuyalnyk river —
0,26-12,5 pg/dm?, 0,10-0,55 pg/dm* and 1,11 -
2,03 pg/dm? respectively; Peresypski ponds —
0,29-2.,30 pg/dm?, 0,59-2,38 pg/dm* and 2,45-
8,44 ng/dm® respectively; Korsuntsivsky ponds
— 0,48-2,63 pg/dm?, 1,40-5,02 ug/dm?® and 7,0-
15,20 pg/dm? respectively.

By our opinion the significant variability
of microalgae communities’ photosynthetic pig-
ments concentrations of the shallow KE is related
to dynamic changes in its abiotic conditions un-
der the influence of climatic and anthropogenic
factors.
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Table 1
The pigment content in the KE and its water inflows in the period 2008-2012
Water body Pigments concentration, pg/dms
Sampling date (for KE Ne of the Chlorophyll Chlorophyll Chlorophyll Pheophvtin
observation station) «a» «b» «o» phy
13.05.2008 Velykyrli\ll<etﬁyalnyk 0,60 0,55 2,03 i
KE, st. 12 1,21 1,46 5,95 -
KE, st. 14 1,20 1,46 5,95 -
KE, st. 5 1,30 2,37 8,90 -
KE, st. 3 0,34 - - -
KE, st. 4 0,34 - - -
KE, st. 6k 0,34 - - -
KE, st. 9k 10,44 - - -
Korsuntsivsky 0,48 1,40 7.0 i
ponds, st. 6
Peresyp ponds, st. 9 2,30 1,12 3,30 -
15.08.2008 KE, st. 5 3,43 3,38 8,94 -
KE, st. 12 0,50 0,79 1,90 -
KE, st. 14 0,49 0,79 1,90 -
02.09.2008 Korsuntsivsky 1,66 5,02 7.96 i
ponds, st. 6
24.10.2008 KE, st. 5 2,75 1,80 4,96 -
KE, st. 12 3,11 2,79 8,16 -
KE, st. 14 2,84 2,79 8,16 -
22.02.2009 KE, st. 5 3,82 2,05 14,6 2,35
24.02.2009 KE, st. 8 10,62 5,22 7,1 15,9
05.04.2009 KE, st. 5 2,23 0,71 - 3,38
KE, st. 4 3,69 4,54 15,95 14,15
Korsuntsivsky 2,63 4,60 1520 i
ponds, st. 6
Peresyp ponds, st. 9 1,48 2,38 8,44 3,64
23.04.2009 KE, st. 12 0,18 - - 1,16
Peresyp ponds, st. 9 0,29 - - 1,01
23.05.2009 KE, st. 14 1,20 - - -
03.06.2009 Velykyrli\llzl#yalnyk 131 0.1 113 1,85
02.07.2009 KE, st. 5 1,55 3,03 - -
KE, st. 3 1,96 8,66 - -
14.07.2009 KE st 14 0.49
KE, st. 13 0,09 0,21 1,27 -
29.09.2010 Peresyp ponds, st. 9 0,46 0,59 2,45 -
KE, st. 12 0,21 0,22
14.10.2010 KE, st. 8 0,33 0,55 0,86 0,05
26.11.2010 KE, st. 9x 0,55 0,49 1,38 0,58
05.11.2010 KE, st. 5 1,0 0,44 1,0 1,75
12.11.2010 Verkyrli\IéL:yalnyk 0,26 0,39 111 0,17
25.04.2012 KE, st. 5 44 - - -
KE, st. 12 11,83 - - -
KE, st. 14 8,42 - - -
14.06.2012 KE, st. 14 1,62 - - -
12.10.2012 KE, st. 12 1,72 - - -
16.10.2012 KE, st. 9x 0,92 - - -
18.10.2012 KE, st. 5 1,39 - - -
KE, st. 8 1,16 - - -
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Table 2
The main physical and chemical parameters of the KE and its water inflows
in the period 2008-2012
Bioche- Chemical
Water body Diesolved mical oxygen . —
Sampling (for KE Ne of oxygen, oxygen demand IZ{E?;' Salinity H :,\lnH",\l’ F;?"SP’
date the observation mg O: demand (COD), °oC ' S, %o P / dgms / d?ns
station) /dms (BODs), mg O:
mg O: /dms /dms
1 2 3 4 5 6 7 8 9 10
13.05.2008 | Velykyi 5,39 23,6 46,7 17 21 | 797 431 | 0,063
Kuyalnyk river
KE, st. 12 3,13 32,9 488 23 207 750 | 24,3 0,135
KE, st. 14 4,52 37,3 402 26 253 748 | 29,4 0,073
KE, st. 5 5,80 29,2 231 22 206 7,83 | 33,2 0,079
13.05.2008 KE, st. 3 5,56 46,3 548 22 212 7,42 | 18,17 0,17
KE, st. 4 5,39 42,3 443 23 208 7,45 | 34,12 0,15
KE, st. 6k 4,87 32,9 242 23 200 7,71 | 38,52 1,31
KE, st. 9k 5,39 23,6 176 23 201 7,56 | 55,36 0,19
Korsuntsivsky | ¢ 5 20,9 453 22 11 | 709 013 | 0079
ponds, st. 6
Peresé’tp gonds' 17,74 7.7 15,1 16 23 [780| 013 | 0,294
15.08.2008 KE, st. 5 5,57 34,9 432 32 266 7,04 | 61,1 0,050
KE, st. 12 4,0 43,4 368 33 298 7,18 | 15,7 0,079
KE, st. 14 2,09 42,5 727 35 341 6,97 - 0,155
02.09.2008 | Korsuntsivsky |4 g7 32,9 i 24 11 | 7.99 | 29,96 | 0432
ponds, st. 6
24.10.2008 KE, st. 5 5,57 34,9 452 14 194 [ 7,70 | 61,14 | 0,049
KE, st. 12 4,00 21,2 599 15 254 7,93 | 15,66 | 0,053
24.10.2008 KE, st. 14 3,65 31,8 361 17 267 742 | 8,32 0,155
22.02.2009 KE, st. 5 6,80 2,90 - 2 196 754 | 2,90 0,033
24.02.2009 KE, st. 8 9,40 5,00 - 2 115 754 | 1,17 0,039
05.04.2009 KE, st. 5 7,35 27,8 272 15,3 206 7,41 | 13,51 | 0,026
05.04.2009 KE, st. 4 - - - 15 - - - -
Korsuntsivsky | ¢ 5 5,04 10,3 13 096 |823]| 509 | 0,013
ponds, st. 6
Peres}s’f gonds’ 14,80 3,1 6,3 13 22 | 7610039 | 0139
23.04.2009 KE, st. 12 9,96 245 333 14 215 7,42 | 9,102 | 0,043
Peresztp Sp))onds, i ) i 75 18 i i i
23.05.2009 KE, st. 14 4,52 37,3 402 20 253 7,29 | 29,36 | 0,073
03.06.2009 | ~ Velykyi 153 22,4 47 21 26 | 773 | 1,08 | 0,056
Kuyalnyk river
02.07.2009 KE, st. 5 - - 699 25 235 7,42 | 9,58 0,129
14.07.2009 KE, st. 3 - - 538 22 265 7,19 | 21,46 | 0,132
KE, st. 14 3,65 555 35 299 6,96 | 12,36 | 0,459
29.09.2010 KE, st. 13 4,50 26,3 372 25 299 7,57 | 26,55 | 0,152
Peresz’tp gonds’ 17,70 6,4 11 17 11 | 7930436 | 1874
14.10.2010 KE, st. 12 3,70 21,7 181 12,5 281 7,67 | 12,82 | 0,079
KE, st. 8 4,80 24,1 350 15 266 7,63 | 11,63 | 0,224
05.11.2010 KE, st. 5 2,50 22,8 290 - 280 7,58 | 41,65 | 0,492
12.11.2010 | Velykyi 3,80 10,2 12,8 i 13 | 7830179 | 2,188
Kuyalnyk river
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1 2 3 4 5 6 7 8 9 10
26.11.2010 KE, st. 9k 4,20 22,7 502 12 266 7,67 | 15,43 | 0,673
25.04.2012 KE, st. 5 - - - 25 - 7,34 - -

KE, st. 12 3,96 - - 25 302 7,30 - -
KE, st. 14 4,77 - - 29 341 7,30 - -
14.06.2012 KE, st. 14 - - - 40 373 6,70 | 73,19 -
12.10.2012 KE, st. 12 - - - 19 259 7,65 | 45,08 -
16.10.2012 KE, st. 9k - - - 23 351 7,63 | 42,14 -
18.10.2012 KE, st. 5 - - - 15 141 8,16 | 14,29 -
KE, st. 8 - - - 19 368 7,56 | 18,69 -
o 18
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Fig. 2 — Intra-annual changes of chlorophylls "a", "b", ""c" concentrations in the Kuyalnyk Estuary
(according to averaged data in the period 2008-2010).

The dynamics of synchronous seasonal
changes in the chlorophylls "a", "b", "c" content
in KE in the period 2008-2010 is presented in
Fig. 2. In general, increased concentrations of
chlorophyll were observed in the spring, early
summer, and mid-autumn (Fig. 2) and corre-
sponded to the seasonal trend in the number
and biomass of algae [22].

It should be noted that the presence of
chlorophyll "b" indicates the development of
the flagellated green algae in the research area,
but the chlorophyll "c" — the diatom algae [23].
Thus, the composition of photosynthetic pig-

ments is largely determined by the systematic
affiliation of algae (Table 3).

It should be noted that the part of chlo-
rophyll "c" dominates during all seasons of
2008-2010, which indicates a decrease in pho-
tosynthetic activity during the period of the
estuary salinization, as also indicated by the
degradation of algocenosis [20, 22]. In this
case the adaptive mechanisms of algocenosis
are expressed in the growth of the auxiliary
photosynthetic pigments "b" and "c" role.

In the KE water area the maximum con-
centrations of chlorophyll "b" (8,66 ng/dm?)

Table 3
The content of photosynthetic pigments with different ratios of microalgae groups
in the KE in May 2008 (based on averaged data)
A Chlorophyll | Chlorophyll | Chlorophyll X
Bacillariophyta | Cyanophyta | Chlorophyta «@» by « chlorophyll
% pg/dm?
75 17 8 2,2 18 6,9 10,9
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were observed in July 2009, the minimum (0,21-
0,22 pg/dm?) in September-October 2010. The
maximum concentrations of chlorophyll "c"
(14,60-15,95 pg/dm?) were recorded in the win-
ter-spring period of 2009, the minimum (0,86-1,0
pg/dm?) — in October-November 2010.

During this period an increased amount
of additional pigments (chlorophylls "b" and
"c") was revealed in the waters of high salinity.
The percentage of chlorophyll "b" were 10-
31,6% of the total amount, chlorophyll "¢" —
30,9-71,3%. At the same time, in almost all
years and seasons the importance of chloro-
phyll "c" in the pigment deposits observed.

It was the evidence that the main mass of
the algocenosis of the KE was mainly composed
by diatom algae due to the periods of extremely
high salinity of water (close to 300%o and higher
when in the water area of the estuary dominated
mainly the green flagella and the Dunaliela Sa-
lina Teod. that had been confirmed by the re-
sults of the algal flora is monitoring maintained
in the same time [20, 22, 23].

The ratio of chlorophyll "c" to "a" in the
KE varied during that period from 0,67 to 6,85.
The increase in the ratio is probably associated
with a faster decomposition of chlorophyll "a"
compared to chlorophyll "c¢" [16-19], which al-
lows us to judge about the physiological state of
phytoplankton. The ratio of the chlorophyll "a" to
chlorophyll "b" concentration, which characteriz-
es the potential photosynthetic activity of micro-
algae (the higher the ratio — the higher the activi-
ty), fluctuated in the KE water area in the range
of 0,23-3,14 and in almost 53% of cases did not
exceed 1, that indicates the low potential photo-
synthetic activity of algocenosis in conditions of
low water content in the estuary and high water
salinity.

Another important indicator of the micro-
algae communities physiological state is the phe-
ophytin content [16, 18]. As we mentioned
above, when the ratio of the chlorophyll "a" con-
tent to pheophytin is <1, algae decomposition
processes dominate in the water body. The pro-
portion of pheophytin less than 40% of the total
pigments amount corresponds to the active state
of phytoplankton, an increase in the proportion of
pheophytin to 40-65% already indicates a sup-
pressed state of communities with reduced phys-
iological activity and low production potential,
and with a proportion of > 65%, algae cells no
longer have the necessary photosynthesis poten-
tial [14, 16, 17, 18].

According to the data of experimental
studies in the winter-spring period of 2009 and
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autumn of 2010 the part of pheophytin in the
water area of KE during this period fluctuated in
the range of 2,87-69,30%. At the same time, in
October-November 2010 the share of pheophytin
varied from 2,87 to 23,78% that corresponds to
high production potential and the winter-spring
period of 2009 was characterized mainly by a
decrease in production potential. During thas
period the processes of destruction of microalgae
communities dominated, that was also confirmed
by algofloristic research data [20, 22, 23].

In 2015 and 2016 according to the authors
[19] after filling the estuary in winter and spring
periods with sea water from the Odesa Bay the
concentration of chlorophyll "a" increased slight-
ly and ranged from 1,1 to 57,6 pg/dm?, and the
pheophytin - from 1,0 to 38,4 pg/dm?. The max-
ima of chlorophyll "a" were observed in April (>
25 pg/dm?) and were characteristic for hyper-
trophic water bodies. The analysis of the ratio of
the pheophytin to chlorophyll "a" concentration
shown that in 2015 from July to December and in
2016 from July to November the greatest degra-
dation of microalgae communities was noted.

It should also be noted that in the spring of
2015-2016 we observed the blooming of Dunal-
iella salina in the southern part of the estuary
water area, that is also indicated by the increased
content of chlorophyll "a".

The correlation analysis of photosynthetic
pigment relationships showed that the closest
positive relationship was observed between the
concentrations of chlorophyll "a" and chlorophyll
"b" (r = 0,535). The correlation between the con-
centrations of chlorophylls "a" and "c" was
0,467, and between chlorophylls "b" and "c" —
0,698. The correlation coefficient between the
concentrations of pheophytin and chlorophylls
"a" and "b" was 0,837 and 0,967 respectively.

The time changes of chlorophyll "a" con-
centration in many respects repeats changes in
water temperature and salinity. In April-May
along with the warming and lowering of water
salinity (and as the result increase in the photo-
synthesis intensity) the concentration of chloro-
phyll "a" also increases (Table 1).

Suppression of the algal flora development
in the KE is already observed at a salinity of
200%o [20] (Fig. 3).

For the KE the seasonal spatial differences
in the chlorophyll "a" concentration are quite
typical across the water area (Fig. 4 A, B, C).

Spatial distribution is characterized by
spotting, especially in spring (Fig. 4 A). In-
creased concentrations of chlorophyll "a" were
observed in the spring in the southern, central
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Fig. 3 — Synchronous changes of algae species diversity and water salinity in the KE in 20042018
(according to averaged data during the algal flora research period [20])
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parts of the estuary water area and in the upper
part of the estuary, mainly near mouths of river
(station 14, 3k), near ponds (stations 9k, 6k) and
streams (station 12) enters. In summer the distri-
bution of chlorophyll "a" was more uniform with
a maximum in the central part, in autumn an in-
creased content of chlorophyll "a" was observed
in the shallow water in the top part of the estuary.
In general, the high content of pheophyt-
in in the KE water area (Table 1) indicates that
during the period of the conducted research
(2008-2012) there were unfavorable conditions
for algocenosis, which is completely consistent
with the data of previous research in the first
two decades of the 21st century. [20, 22, 23].
The data we obtained show that the con-
tent of chlorophyll "a" in the water area of the
KE and its main inflows is determined by a
complex of abiotic factors: first of all - lighting
conditions, temperature, oxygen and salt re-
gimes, and the content of biogenic substances.

Thus, according to the results of re-
search in May 2008 the close direct correlation
was registered between the content of chloro-
phyll "a" in plankton and suspended particles
in water of the KE (r = 0,938), ammonium ni-
trogen (r=0,811), silicon soluble in water
(r=0,808) , dissolved oxygen (r = 0,588) and
inversely with BODs (r=-0,715) and COD
(r=-0,582). The similar correlations were
registered in all seasons of 2008, but of differ-
ent strength.

In general, the level of the chlorophyll
"a" content corresponds to the dynamics of
changes in salinity and water temperature (Fig.
5). On the monthly averaging scale the correla-
tion coefficients of the chlorophyll "a" concen-
tration and the salinity and temperature of wa-
ter of the KE are -0,37 and -0,55 respectively
(at 95% level of significance). When the time
scale of averaging increases, the closeness of
the correlations increases too.

Cliloropha "

Fig. 5. The dynamics of average monthly changes: A — chlorophyll "a" and water temperature;
B — chlorophyll "a" and water salinity of the KE in the period 2008-2012

With seasonal averaging the correlation
coefficients were -0,63 and -0,82 respectively
(at the same level of significance). Relatively
low values of the chlorophyll "a" content in
KE water during the study period were due to
high water mineralization, which negatively

affects the development of algal flora [20]. A
significant excess of the chlorophyll content in
the sum with pheopigments in comparison with
the content of chlorophyll "a" in the phyto-
plankton of the KE indicates unfavorable con-
ditions of existence for algoflora.

Conclusions

As a result of conducted research new
data were obtained about the content of photo-
synthetic pigments (chlorophyll "a", "b", "c")
in the KE during the period of low water level
(2008-2012) and its main water inflows, and
about features of the chlorophyll "a" spatial
distribution in different seasons of the year.

The ratio of photosynthetic pigments
and their decomposition products in the period
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of low water content and high salinity of the
KE waters indicate that in such conditions, in
most cases, the processes of destruction of mi-
croalgae groups dominate over the production
processes. The correlation between pigment
concentrations is characterized by high correla-
tion coefficients at the level of 0.467-0.698 in
the long-term aspect.
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A high correlation is revealed between
the main photosynthetic pigment (chlorophyll
"a") and its decomposing product pheophytin
(r=0,837).

Adaptive mechanisms of microalgae
groups in relation to high salinity conditions are
expressed in an increase in the proportion of
auxiliary pigments relative to chlorophyll "a".

According to the results of correlations
between the content of chlorophyll "a" and
abiotic factors of the environment for the
growth of microalgae communities have been

revealed a number of main indicators (tem-
perature, salinity, oxygen regime and regime of
biogenic substances) that significantly affect
photosynthetic activity, KE productivity, struc-
ture and species composition of algocenosis.
The results of the KE pigment fund
study indicate that the characteristics of the
content of photosynthetic pigments and their
ratio can be used to identify periods and zones
of disturbance of ecological conditions in the
reservoir and are sufficiently informative char-
acteristics of the functioning of the reservoir.
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Metoan. ['igpoximiyHi, rizpo6ioyoriyHl METOAM aHallizy, TeoiH(OpMaIiifHUi TPOCTOPOBHI aHami3 Ta
CTaTHCTHYHMH aHaii3. BukopucraHo opuriHaneHy reoindopmaiiiny 0a3y JaHUX KOMIUIEKCHOTO 0araTopiyHOro
(2000-2022 pp.) moHiTopuHTY Gaceiiny KysibHUIIBKOTO THMaHY.

PesyabraTn. 3a pesynbrataMu y3arajlbHEHHs, aHajli3y Ta CHCTeMaTH3allil MaTepialiB eKCIepUMEeHTallb-
HUX JOCIIDKEHb BMICTY (DOTOCHHTETHYHHUX ITMEHTIB (XJI0podiry «a», «by», «c») 1 ¢peoditury (EpBUHHOTO
MPOAYKTY po3many xJopodiny) y moBepxHEBHX Bojax rimeprammaHoro Kysumpaunbkoro mumany (Ki) i #oro
OCHOBHHX mnpurninBax (p. Bemukuit KysmeauKk, kaHanmu ctokiB 3 Ilepecurnceknx Ta KopcyHIIBCEKHX CTaBKiB) Y
nepion HU3bKOI1 BogHOCTI JInMaHy (2008-2012 pp.) mpeacraBineHo MKPIYHUI Ta BHYTPIIIHROPIYHUN PO3IIOALT
BMICTY IITMEHTIB, OI[IHEHO X CITiBBiTHOIICHHS B 3a3HAYEHUX BOJHMX 00’€KTaX Ta MPOCTOPOBHI PO3IOIIT BMiC-
Ty xsopodiny «a» no akBaropii Kit B pi3Hi ce30HM poky. BcTaHoBieHo, o B nepiogu HU3bKoI BogHocTi Kir Ta
OCOJIOHEHHSI MOro BOJ MPOAYyKIiHHA AisJIbHICTh HE3HAYHA, ajle BOHA HE MPUIHMHAETHCS. ANaNTHBHI MEXaHI3MH
BOJIOPOCTEBHX YIPYIOBaHb 11010 eKCTpeMalbHUX yMOB Ki1 (0cOIOHEHHS, OOMITiHHS, ITiABUILEHHS TEMIIEPaTypH
BOJIM, CKOPOUYECHHS MIPUTOKY HPICHUX BOJ) BHPAXAIOTHCS B 30UIBIICHHI J0J JONOMDKHHX IITMEHTIB (XJI0podi-
7iB «b» i «c»). OTpuMaHi CHiBBIAHOIICHHS MIrMEHTIB BKa3ylOTh B OCHOBHOMY Ha JOMIHYBaHHS BOJOPOCTEH
BIJUIITY JIaTOMOBHX Y BCiX BOJHHX 00’€KTax OaceiHy MpOTSIroM Hepioay AociipkeHb. [IpoBeeHO Kopesiiii-
HU aHaNi3 B3a€MO3B’SI3KIB MK KOHIIEHTpAIiAMH XJI0podimiB a, b, ¢; koHmeHTpalisiMu okpeMux XI0podimis i
tdeoditrHy Ta MiX XIOpPOPLIOM «a» i OCHOBHHMH a0iOTHYHUMH YMHHHKAMH CEpeqoBHINa (Temmeparypa, pH,
po3umHeHuit y Bogi kuceHb, BCKs, XCK, azot amowiitanii, hochop pocdarruii, kpemHiit pozunnHmMii). Pesys-
TaTU AOCIIKEHb CBITYaTh PO HU3bKY (POTOCHHTETHYHY IisUTbHICTH BomopocTeil Kit Ta mepeBakaHHS mporecis
JeCTPYyKIii B Mepiosl HU3bKOI BOJXHOCTI Ta OCOJIOHEHHS JIMMaHy.

BucnoBku. Ha nincraBi naHux 0aratopiyHHX CHOCTEPEXEHb JOCIHIIKEHO 3B’SI3KM MIX BMICTOM XJIOPO-
¢biny «a» 1 aDlOTHYHUMH YMHHHUKaMH CEpPEIOBHINA 3POCTAHHSI YIPYIOBaHb MIKPOBOJOPOCTEH Ta BUIIICHO Psia
OCHOBHHX ITOKa3HHUKIB (TeMIlepaTypa, COJOHICTh, KUCHEBUI PEKUM 1 PEKUM OIOTEHHUX PEYOBHH), SIKI CYTTEBO
BILUIMBAIOTh HA (POTOCHHTETHYHY aKTHBHICTh, IPOAYKTHBHICTH KiI, CTpYKTYpY Ta BUIOBUIA CKJIaJ ajJbroLEHO3Y.
Pesynpratu nocinimkeHHs nirMmeHTHoro ¢onay Ki cBiguath mpo Te, o XapaKTepUCTUKU BMICTy (POTOCHHTETH-
YHUX MITMEHTIB Ta iX CIIBBIAHOIICHHS MOXYTh OYTH BUKOPUCTAHI B SKOCTI IHTEIPAJbHUX XapaKTEPUCTHK IIPO-
JTYKTHBHOCTI T4 €KOJIOTIYHOTO CTaHy BOJOHM.

KJIFOYOBI CJIOBA: xzopogin «a», «by, «c», eogimun, cnisgionowenns, Kysanouuyvkuil numarn,
NPUNIUBU, ADIOMUYHI YUHHUKU, MIJCDIYHA OUHAMIKA, 6HYMPIUHbOPIUHA OUHAMIKA, NPOCMOPOBUL PO3NOOLT

Crnncok BUKOPUCTAHOI JIiTepaTypu

1. Didovets I., Krysanova V., Hattermann F. F., Lépez M. del R. R., Snizhko S., Schmied H. M. Climate
change impact on water availability of main river basins in Ukraine. Journal of Hydrology: Regional Studies.
2020. Vol. 32. 100761. DOI: https://doi.org/10.1016/j.ejrh.2020.100761

2. Wernberg T., Smale D. A., Tuya F., Thomsen M. S., Langlois T. J., de Bettignies T., Bennett S., &
Rousseaux C. S. An extreme climatic event alters marine ecosystem structure in a global biodiversity
hotspot. Nature Climate Change. 2013. Vol. 3. N 1. P.78-82. DOI: https://doi.org/10.1038/nclimate1627

3. 3miHa KIiMaTy: HACIIIKU Ta 3aXOJAM amanTarii: aHamirt. nomoBiab. 3a pex. C. I1. Isarroru. K.: HIC], 2020.
110 c. ISBN 966-554-344-2.

4. Muluneh M.G. Impact of climate change on biodiversity and food security: a global perspective — a review
article. Agric & Food Secur. 2021. Vol. 10. N 1. 36. DOI: https://doi.org/10.1186/S40066-021-00318-5

5. Turney C., Ausseil A.G., Broadhurst L. Urgent need for an integrated policy framework for bioiversity loss
and climat change. Nat. Ecol. Evol. 2020. Vol.4. N 8. 996. DOI: https://doi.org/10.1038/s41559-020-1242-2

6. LiZ.X., Gao Y., Wang S., Zhang K., Lin Q., Jia J.J., Lu Y. Lake pigment characteristics and their applicabil-
ity in reconstructing phytoplankton communities under irregular hydrological regulation in a floodplain lake
system. Journal of Hydrology. 2022. VVol. 614. 128575. DOI: https://doi.org/10.1016/j.jhydrol.2022.128575

7. Buchaca T., Kosten S., Lacerot G., Mazzeo N., Kruk C., Huszar V.L.M., Lotter A..F, Jeppesen E. Pigments
in surface sediments of South American shallow lakes as an integrative proxy for primary producers and their
drivers. Freshwater Biology. 2019. Vol. 64. N 8. P.1437-1452. DOI: https://doi.org/10.1111/fwb.13317.

8. Jiménez L., Romero-Viana L., Conde-Porcuna J. M. and Pérez-Martinez C. Sedimentary photosynthetic
pigments as indicators of climate and watershed perturbations in an alpine lake in southern Spain. Limnetica.
2015. Vol. 34. N 2. P.439-454. DOI: https://doi.org/10.23818/limn.34.33

9. Jeffrey S., Wright S. & Zapata M. Microalgal classes and heir signature pigments. In: Roy S., Llewellyn C.,
Egeland E. S. & Johnsen G. (Eds). Phytoplankton Pigments: Characterization, Chemotaxonomy, and Appli-
cations in Oceanography. Cambridge University Press, Cambridge, UK, 2011, P. 3-77.

10. Bacenko O. I'., Bepuidenko I'. A., Bepuuuenko-1{BetkoB JI. FO. ®OTOCHHTETHYHI MIrMEHTH alnbroQopu sK
GlomMapKepH €KOJIOTIYHOTO CTaHy BOAHHUX 00’€KTiB (Ha mpukiani nouusss [yHnaro). [lumanna oioinouxayii
ma exonozii. 2018. Bur. 23. Nel. C.128-145. DOI: https://doi.org/10.26661/2312-2056/2018-23/1-11.

18


https://www.sciencedirect.com/journal/journal-of-hydrology-regional-studies
https://www.sciencedirect.com/journal/journal-of-hydrology-regional-studies/vol/32/suppl/C
https://doi.org/10.1016/j.ejrh.2020.100761
https://doi.org/10.1038/nclimate1627
https://doi.org/10.1186/S40066-021-00318-5
https://doi.org/10.1038/s41559-020-1242-2
https://doi.org/10.1016/j.jhydrol.2022.128575
https://doi.org/10.1111/fwb.13317
https://doi.org/10.23818/limn.34.33
https://doi.org/10.26661/2312-2056/2018-23/1-11

ISSN 1992-4259 Bichrk XapKiBCHKOr0 HaIliOHAIBHOTO yHiBepcuTeTy imMeni B. H. Kapasina.
Cepist «Exomnoris». 2024. Bumyck 31

11. Parparov, A. Water Quality Assessment, Trophic Classification and Water Resources Management Journal
of Water Resource and Protection, 2010. Vol.2. N 10. DOI: https://doi.org/10.4236/jwarp.2010.210108

12.Makri S., Lami A., Lods-Crozet B., Loizeau J.L. Reconstruction of trophic state shifts over the past 90 years
in a eutrophicated lake in western Switzerland, inferred from the sedimentary record of photosynthetic
pigments. J Paleolimnol . 2019. Vol. 61. N 2. P.129-145. DOI: https://doi.org/10.1007/s10933-018-0049-5

13. Szymczak-Zyta M., Kowalewska G., Louda J.W. Chlorophyll-a and derivatives in recent sediments as indi-
cators of productivity and depositional conditions. Marine Chemistry. 2011. Vol. 125. N 1-4. P.39-48. DOI:
https://doi.org/10.1016/j.marchem.2011.02.002

14.Mineeva N.M., Semadeni |. Chlorophyll Content and Photosynthetic Activity of Phytoplankton in
Reservoirs of the Volga River (Russia). Phycology. 2023. Vol. 3. P. 368-381. DOI:
https://doi.org/10.3390/phycology3030024

15. Mineeva N. M. Long-term dynamics of photosynthetic pigments in plankton of a large plains reservoir. Bio-
systems Diversity. 2021. Vol. 29. N 1. P. 10-16. DOI: https://doi:10.15421/01210

16. Medved' V. O. Phytoplankton Spectral Pigment Indices in the Lakes of the City of Kyiv. HydrobJ. 2023.
Vol. 59. N 4. P. 30-46. DOI: https://d0i/10.1615/HydrobJ.v59.i4.30

17.Boulion V.V. Contribution of major groups of autotrophic organisms to primary production of water bodies .
Water Resour. 2004. V. 31. N 1. P. 92-102. DOI: https://doi:10.1023/B:WARE.0000013579.89883.55

18. MuneeBa H.M. PactutenbHbie MUTMEHTHI B Bogie Bomkckux Bomoxpanunuir.M.: Hayka, 2004.156 c.

19. Meniuenp B. 1., Kosansora H. B., [lepestok H. B., Cuiripsos C. M., Uepkes €. A., Menineis C. B., ['azeros
€. 1. biomoriuHi HacmigKK MOMOBHEHHS KysSUIBHUIIBKOTO IMMaHy MOPCHKOIO BOJ00 3 Omeckkol 3aToku. JIro-
Oouna ma oogxinns. Ilpobaremu neoexonoeii. 2017. Ne 1-2 (27). C.35-51. DOI: https://doi.org/10.26565/1992-
4224-2017-27-04

20. Exmuxoronieniist KysimpHuUNBKOTO TMMany: y 8 Tomax. 3a pen.. A. A.-A. Ernana. Tom 2. I'epacumrok B. II.,
Ennan A. A.-A, llluxaneesa I'. M. Bomopocri. 3a pex. I1. M. Llapenko, A. A.-A. Exnana. Kui: Ocsita Yk-
painy, 2021. 438 c.

21. Meroau TiApOeKOJIOTIYHUX JTOCHIPKEHb TIOBepXHEBHX BoA. 3a pexa. B. /. Pomanenka. Kuis: JIOI'OC, 2006.
408 c.

22.Ennan A.A.-A., Shikhaleeva G.M., Tsarenko P.M., Kiryushkina H.M., Gerasimyuk V.P. Seasonal Dynamics
of Algoflora Development of the Hyperhaline Kuyalnyk Estuary (North-Western Black Sea Coast, Ukraine).
Int. J. Algae. 2023. Vol. 25. N 3. P. 223-234. DOI: https://doi:10.1615/InterJAlgae.v25.i3.30

23. Shikhaleyeva G.M., Ennan A.A.-A., Tsarenko P.M., Kiryushkina G.M. Analysis of the Influence of Abiotic
Factors on the Development of Microalgae in the Hyperhaline Kuyalnyk Estuary (Ukraine, the Black Sea
Northwestern Coast). HydrobJ. 2023. Vol. 59, N 5. P. 3-14. DOI: https://doi.org/10.1615/HydrobJ.v59.i5.10

24.Cmso A.B., llluxaneepa I'.H., Daran A.A. MeTOMOJIOTIYHI aCIIEKTH OpraHi3alii reoiHpopMamiiHOl MiATPIM-
KH €KOJIOTIYHOT'0 MOHITOPUHTY Ta OLIHKH SIKOCTI IOBepXHEBUX BOJ (Ha mpukiaiie KysapbHUIBKOTO TMMaHa).
Bu. 3an. Taspiuecvroeo nay. yn-ma imenu B.1. Bepnadcwroeo. I'eoepagpis. 2012, Bum. 24 (63). C. 100-114.

Crarrs Haxiiuia o penakuii 05.09.2024
Cratts pexkoMeHI0BaHa 10 npyky 28.10.2024

19


http://dx.doi.org/10.4236/jwarp.2010.210108
https://doi.org/10.1007/s10933-018-0049-5
https://doi.org/10.1016/j.marchem.2011.02.002
https://doi.org/10.3390/phycology3030024
https://doi:10.15421/01210
https://doi/10.1615/HydrobJ.v59.i4.30
https://doi:10.1023/B:WARE.0000013579.89883.55
https://doi.org/10.26565/1992-4224-2017-27-04
https://doi.org/10.26565/1992-4224-2017-27-04
https://doi:10.1615/InterJAlgae.v25.i3.30
https://doi.org/10.1615/HydrobJ.v59.i5.10

