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INVESTIGATIONS OF INTERCONNECTIONS OF PHYSICAL-
CHEMICAL AND PHYTOPLANKTON CHARACTERISTICS IN THE
NORTH-WESTERN PART OF THE BLACK SEA (ZMIINYI ISLAND
AREA)

The aim of paper is estimation of interconnections of the Danube River runoff, phys-
ical-chemical and phytoplankton characteristics in the north-western part of the Black
Sea on the example of the Zmiinyi Island coastal waters. Material for analysis comprised
results of hydrological and hydrochemical characteristics of marine environment, pho-
tosynthetic pigments concentration and phytoplankton species composition, which have
been measured every decade in one point of coastal waters of Zmiinyi island. The results
of statistical analysis of the data for 2004-2014 on the coastal waters of the Zmiinyi Is-
land located in the north-western Black Sea 40 km far from the Danube Delta have been
considered and analysed in the article. It has been shown that the state of phytoplankton
community characteristics is mostly influenced by salinity, transparency and nitrate con-
tent, whose levels are formed under the influence of the Danube water runoff. Analysis of
phytoplankton community characteristics depending on three types of water masses has
shown that the highest values of biomass and abundance, both in general for phytoplank-
ton and for its separate taxonomic groups have been registered in water masses having
salinity from 10 to 14%o formed under the Danube runoff influence.

Keywords: Black Sea, coastal water, Zmiinyi island, Danube runoff, phytoplankton,
salinity, nutrients, MSFD, TRIX index, Chlorophylls

INTRODUCTION

The Black Sea is vulnerable to pressure of land-based pollution from its catch-
ment area where 23 countries are located that causes degradation of the sea’s aquatic
ecosystem through eutrophication. As was shown in [3, 11], the EU Marine Strategy
Framework Directive (MSFD) [4] aims at achieving or maintaining a Good Envi-
ronmental Status (GES) by 2020 in the territorial waters of the EU Member States.
GES is defined in Art. 3(5) of the MSFD [2] and it must be determined on the basis
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of the qualitative descriptors in Annex I. Pursuant to Art.9(3) of the MSFD, the Com-
mission adopted on 1 September 2010 a “Decision on criteria and methodological
standards on good environmental status of marine waters” [2], which is largely struc-
tured on the basis of the list of descriptors of MSFD.

Eutrophication of the Black Sea and the rivers has harmful environmental, socio-
economic and human health impacts, causing the death of animals and fish, degrad-
ing waters used for both drinking and irrigation, impacting recreation among oth-
ers. Annual economic losses for the Black Sea from environmental problems were
estimated to be approximately 500 million USD in only the fishery and tourism
industries [1].

Results of previous studies of the coastal waters ecosystem adjacent to the Zmiinyi
Island in the Black Sea [6-9] have also shown that the main factor influencing the
North-Western Black Sea (NWBS) water quality is eutrophication caused by nutrients
input from coastal and land-based sources, reaching the sea mainly through river
inrunoff and atmospheric transport. The Marine Research Station “Zmiinyi Island”
of the Odessa National I.I. Mechnikov University (MRS of ONU), active since 2003,
is carrying out a set of hydrological, hydrochemical, hydrobiological and other
observations, that is enabling us to use the TRIX trophic index [12], which integrally
considers four parameters (Chlorophyll a, Total Phosphorous and Nitrogen,
Dissolved Oxygen) to determine sea water quality for living organisms [14].

The objective of paper is estimation of interconnections between the Danube Riv-
er runoff, physicochemical and phytoplankton characteristics in the North-Western
part of the Black Sea on the example of the Zmiinyi Island coastal waters.

MATERIALS AND METHODS

The results of observations of the “Zmiinyi Island” MRS of ONU, situated in the
north-western part of the Black Sea (NWBS) about 35-40 km far from the Danube
Delta (45°15°22.0” N and 30°12°03.8” E), on hydrological and hydrochemical char-
acteristics of marine environment (pH, oxygen, salinity, temperature, transparency),
nutrients (total and mineral phosphorus, nitrite, nitrate, ammonium and total nitro-
gen), photosynthetic pigments concentration (chlorophylls a, b and ¢, Pheophytin,
Margalef’s index) and phytoplankton species composition, abundance and biomass,
which measured every 10-days from May to December during 2004-2014 in the
station ZPR on 2 horizons ( 0 and 8 m) [12, p. 71, fig. 2.19], have been the sources
data for this study. Additionally were used the data on monthly averaged values of
Danube River runoff through the Kiliya Arm, which is regularly measured by the
Danube Hydrometeorological Observatory. Determination of chlorophylls a, b, ¢
concentrations were done using standard spectrometric method [13] Salinity, oxygen,
pH and nutrients were determined using routine methods [5]. Trophic index (TRIX)
was calculated according to the equation [14] in order to determine the trophic level
of coastal waters adjacent to the Zmiinyi Island, which characterized the trophicity
of marine environment: low trophic level (TRIX <4), medium (TRIX=4-5), high —
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(TRIX=5-6) and very high (TRIX >6) that corresponded to the categories of water
trophicity: oligotrophic, mesotrophic, eutrophic and hypertrophic. Water samples-for
phytoplankton determination were sampled and processed using methods described
in[12].

Standard statistical approaches including correlation analysis (p < 0.05) have
been applied to find interrelationships between studied constituents. Significance
tests for comparison of the average values using Student t-test (normal distribution)
have been calculated. All the analyses have been carried out with STATISTICA (ver-
sion 6.1 for Windows, StatSoft, Inc., 1984 — 2004).

RESULTS AND DISCUSSION

Detailed analysis of results of salinity studies in the Zmiinyi Island coastal waters
in 2004-2014 has shown that all the data from the measured series within the limits
10.0-19.2 %o can be divided into three groups connected with three types of water
masses: 1 (10.0-14.0 %o0) — water masses formed under the influence of the Danube
runoff, 2 (14.1-17 %o) — typical well mixed water masses from the NWBS and 3
(>17 %o0) — masses from open waters of the Black Sea. Analysis of mean values of all
the studied characteristics in the Zmiinyi Island coastal waters, which we calculated
for the above mentioned three types of water masses (table 1) has shown significant
differences in the studied characteristics.

At that, big differences were registered for characteristics of phytoplankton and
nutrients depending on the level of salinity. Analysis of characteristics depending on
three types of water masses has shown that increase of the river water runoff brings
down water salinity significantly (2-fold) and increases the content of total, nitric
and ammonium nitrogen in marine water and total N and B of phytoplankton near
the island respectively 2.2, 4.7, 9.5 and 6 times. It has been shown that pollution with
nutrients entering the sea with river water runoff entails more than 4-fold increase in
chlorophyll a concentration.

Analysis of changes in chlorophylls concentrations depending on the Danube
River water runoff has shown that concentrations of chlorophylls a, 6 and ¢ under
low salinity (Type 1) were respectively 4.2; 3.4 and 1.2 times higher than in marine
water (Type 3). The most significant changes in concentration were observed for
chlorophyll a, while chlorophyll ¢ content in waters of any salinity stayed practically
the same. We have already shown that concentrations of chlorophylls in different
types of water were changing similarly to the concentrations of nitrogen compounds,
the values of which reached maximum in water with the lowest salinity (Type 1). So,
we may conclude that pollution with the nutrients entering the sea with the Danube
water entails more than 4-fold increase of chlorophyll a concentration in marine
coastal waters of the Zmiinyi Island.

Analysis of nitrogen compounds content oscillations in the Zmiinyi Island
coastal waters depending on the influence of different types of marine waters and
transformed river waters has shown the existence of close correlative relationships
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between salinity and concentrations of nitric, ammonium and total nitrogen. Phos-
phate content was practically the same for all types of water (7.9-8.3 mkgP/dm?) and
total phosphorus content grew with increase of salinity from 17.7 to 20.7 mkgP/dm?,
which might evidence that the main body of phosphorus compounds was coming

with marine waters and not with river ones.

Table 1

Mean values of surface water parameters near the Zmiinyi Island coast
for 3 types of water masses: 1 (10.0-14.0 %o), 2 (14.1-17 %o) and 3 ( >17 %o)

Parameter/Type of waters 1 2 3 Total
Number of samples 114 357 167 638
Salinity, %o 12.9+0.1 15.7+0.1 17.7+0.1 15.7+0.1
Temperature, °C 19.9+0.5 19.6+0.3 16.4+0.4 18.8+0.2
Transparency, m 3.1£0.2 5.5£0.1 7.0£0.2 5.4+2.4
pH 8.4+0.02 8.4+0.01 8.3+0.02 8.34+0.01
Oxygen, pg/L 8.9+0.14 8.2+0.07 8.4+0.06 8.4+0.05
Oxygen, % 105.7+£1.2 97.6+£0.6 93.8+0.6 98.0£0.5
Ptotal, ngP/L 21.3£1.4 22.4+1.77 23.8+2.2 22.6£1.2
Pmin, ugP/L 10.4+0.9 9.9+1.3 12.2+1.33 10.6+0.81
Ntotal, ugN/L 853.1+84.3 544.7+18.3 496.6+24.9 584.0+19.3
NNO,, ugN/L 114.7+14.8 44.6£5.0 22.14£2.6 50.1+4.0
NNH,, mkgN/L 104.0+£18.5 55.4+6.6 26.2+3.6 52.9+4.7
Chlorophyll a, ng/L 3.3+0.4 1.3+0.1 0.8+0.1 1.6+0.1
Chlorophyll b, ng/L 1.5+0.2 0.7+0.1 0.5+0.04 0.8+0.05
Chlorophyll ¢, pg/L 1.0+0.1 0.7+0.04 0.7+0.07 0.7+0.03
Pheophytin a, pg/L 3,3+0.4 1.1£0.1 0,6+0.1 1.4+0.1
MPDI 3.1+0.05 3,2+0.03 3,3+0.05 3.2+0.03
TRIX 5.6+0.07 5.1+0.04 5.0+0.06 5.1£0.03

Note: MPDI — Margalef’s pigment diversity index

Analysis of distribution of the main characteristics of phytoplankton (abundance,
biomass and species number) for the 12 taxa of microalgae and Cyanobacteria in the
period 2004-2014 has shown the following (table 2).
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Table 2
Average values of abundance (N, cells-10°-m~) and biomass (B, mg-m™)
of the main taxa of phytoplankton registered in water masses of types:
1 (10.0-14.0 %o), 2 (14.1-17 %o) and 3 (>17 %o)

Taxa Parameter Type 1 Type 2 Type 3 Total
Average N 11929+1801 3614+351 19694365 4667410
foral Average B 69424836 41724325 15654226 3988+253
Average N 62644686 21814349 954+140 2539+239
: Average B 4488+765 2602+283 749+134 2409+213
Average N 568+119 254434 132445 273+31
? Average B 1255+227 1214+168 763+167 1095+111
Average N 360+98 268+109 188+113 285+69
’ Average B 57+26 22+11 12+5 31+10
Average N 1262945451 7364213 2984+2018 4315+1547
! Average B 40+17 27+12 72+57 39+13
Average N 584+160 63465 462+71 590+50
: Average B 47+8 64+6 50+7 58+5
Average N 667+468 41£20 6+2 202+127
° Average B 524+368 40+21 8+3 163+100
Average N 38+23 51+48 3+1 20+16
’ Average B 2+0.1 23+8 15+6 17£5
Average N 750+386 211£51 124+17 222+49
’ Average B 77+£65 16+6 72 18+7
Average N 680+102 422+62 393498 461+47
’ Average B 29+6 12+1 6+1 14+1
Average N 0 457+146 55+9.7 256+92
1 Average B 0 9+3 1+0.1 5+2
Average N 1+0.1 643 342 4+1
! Average B 8+2 51428 28+16 39+15
Average N 162+35 165+66 159+74 163+41
. Average B 113475 46126 50+24 64+25

Note: 1 — Bacillariophyta, 2 — Dinophyta, 3 — Chlorophyta, 4 — Cyanobacteria, 5 — Haptophyta,
6 — Euglenophyceae, 7 — Heterokontophyta, 8 — Chrysophyceae, 9 — Cryptophyceae, 10
-Choanoflagellatea, 11 — Ebriodyophyceae, 12 — Ochrophyta.
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Maximal biomass of phytoplankton was observed in the desalinated water
(14.1-17.0 %o) and it was 5 times higher than the maximal values for marine waters
(>17 %o). Species belonging to Bacillariophyta taxon were the main dominant group.

Average biomass value of Dinophyta taxon was lower than that of Bacillariophy-
ta and average number of species was approximately the same. The cells of Chloro-
phyta and Cyanobacteria taxa are small and do not create big biomass. Using aver-
age monthly values for the period of studies (2004-2014) an analysis of distribution
of total phytoplankton biomass and the main taxa in water masses having different
salinity has been performed.

The results of analysis of this data have shown that the average value of total
microalgae abundance and biomass in desalinated water (Type 1) exceeded signifi-
cantly the average abundance and biomass in marine water (Type 3) due to the com-
munity’s specific species composition. Bacillariophyta developed similarly inten-
sively in water of both Type 1 and Type 2, which evidenced the capability of the
majority of those species to withstand salinity oscillations.

Every year in spring and autumn the marine Bacillariophyta species reached the
level of ‘blooming’ due to nutrients inrunoff into the coastal waters of the island with
river water, while freshwater Bacillariophyta were registered only in the moments of
river water impact. Minimal biomass of Bacillariophyta was registered in water of
Type 3 (the highest salinity).

The values of Chlorophyta biomass were the highest in the desalinated water
of Type 1, while maximal Chlorophyta abundance value was registered in water of
Type 2. Changes in Dinophyta practically do not depend on the content of phosphate
and nitrate dissolved in water, as most of the species are not the real autotrophs and
refer to heterotrophic organisms. The maximal values of Dinophyta characteristics
(abundance, biomass and number of species) have also been observed under marine
and river waters mixing. At that, maximal biomass of Cyanobacteria was observed
in marine water (Type 3) while maximal Cyanobacteria abundance value was regis-
tered in water of Type 1. In July-August, 2010 an extreme ‘bloom’ of Cyanobacteria
Nodularia spumigena Mertens et Born. was registered, which spread from Odessa
and deteriorated water quality near the Zmiinyi Island [8]. Every year in spring and
autumn the marine Bacillariophyta species reached the level of ‘blooming’ due to
nutrients inrunoff into the coastal waters of the island with river water. Freshwater
species Chlorophyta, Chrysophyceae, Euglenophyceae and Desmidiaceae (Closte-
rium lineatum Ehr. et Ralfs) were registered only in the periods of the Danube water
runoff impact.

Cross-correlation analysis of physicochemical and hydrobiological data shows
(table 3) that maximal correlation coefficients were registered between salinity
and transparency (r=0.61), ammonium-ion (r=-0.65) and the Danube runoff (r=-
0.49), as well as between transparency and ammonium-ion content (r=—0.53), Chl
a (r=—0.50), Chl b (r=—0.48), Ph a (r=—0.51), TRIX (r=—0.47), the Danube runoff
(r=—0.42), Nvio (—0.43) and B o (—0.41). The statistical interrelations between the
Danube water runoff and other characteristics should be especially underlined. High

40



Bicuuk OHY. Cep.: I'eorpadiuni Ta reonoriuni Hayku. 2015. T. 20, Bum. 4

ISSN 2303-9914

"SUOTB[OLI00 JUBdYIUSIS JO Joquinu oy 1 -JSN ‘10°0>d — p[oq 910N

12 L 8 I 9 (4 L (4 (4 6 9 s m | | oor I € yuey
01 L 9 €1 8 a | L | a | al| s 8 6 (4 (4 € | € I OSN
I | 870 | 00 | 9v'0 | 8T°0—| 8¥°0 | ¥¥0 | SS'0 | S0 | 01°0 | 20°0—| 00 | 900 | SO0 |0€0-| 10— | T€0- 01kyd g
870 | 1 €10 | 9770 | 60°0— | €€°0 | €20 | 670 | 8T°0 | LOO | L1'0 | 610 | 200~ |T00—| 1070 |€P°0—| LEO- 01kyd N
200 | €1°0 I v0°0 | 10— | 92°0 | 100 | ST°0 | 87’0 | L1'0 | 81°0 | IS0 | €1°0—|SI0—|80°0-| TH0—| 6¥°0- O%MM
9v'0 | 970 | +0°0 I | 250 | 6v°0 | 90 | 050 | TS0 | €0°0 | $T0 | T€0 | 8T0 | 97°0 | €TO-| Lb0-| TEO- XL
80— | 600—| TI'0— |TS0-| 1 | LEO |810—|6€0-|0F0—|€I0—| 1T0 | $T°0 | 00— |90°0— | LTO | €€°0 | 0T0 IAdIN
8v°0 | €60 | 970 | 6K0 | LEO | T | €20 | 060 | T6'0 | 800 | SE'0 | 620 | 00 | L0O | 000 | IS'0—| €p0- v yd
PO | €20 | 100 | 9€70 | 810-| €20 | T | LEO | €0 | 100~ | 8¥°0 | 100~ | 80°0 | 610 | ¥0°0 [9T0—| 10— 211D
SS'0 | 670 | STO | 0S0 | 6€0—| 060 | LEO | T | 960 | 600 | LEO | TE0 | 100 | 010 | 1070~ | 8¥°0—| Ip0- q1ud
SS'0 | 870 | 8T0 | IS0 |0v0— | T6'0 | €60 | 960 | 1 | 800 | T€E0 | 0€°0 | 100 | 80°0 |0'0—|0S'0—| 00— At
01°0 | 00 | L1'0 | €r0 | €10~ | 80°0 | 100—| 600 | 800 | T | 6€0 | STO | 100~ | €00 |80°0—|ST0—| 8€0- "IN
200~ | L1O | 810 | #T0 | 120 | SE0 | 8%°0 | L€O | T€0 | 6€0 | T | €00 | 600 | 600 | 9€°0 | €50~ | S9°0- "HN
L00 | 610 | TS0 | TEO0 | ¥T0 | 620 |10°0—| TE€0 | 0€0 | STO | €00 | T | €10 [ €100 |ST0~|I€0~| bE0O- ‘ON
90°0 | 200~ | €10~ | 82°0 | T00-| 00 | 800 | 100 | 100 | 100~| 600 | €10 | T | §9%0 | S00 | ¥00 | 00 g
§0°0 | 200~ | S1T0- | 90 | 900— | L00 | 61°0 | 010 | 80°0 | €00 | 6070 |€100| 90 | 1 | €00 | 80°0- | ¥0°0— '0d
0€°0- | 100 | 800— |€T0-| LZ0 | 000 | ¥0°0 | 10°0~ | 200~ | 800~ | 9€'0 [ST0~| SO0 | €00 | T |L1'0-| ST'0- ‘L
50~ | €°0— | T0— | LPO-| €€0 | IS0 |97°0— | 8¥°0— | 0S°0— | STO- | €5°0— | 1€0~ | v0°0 | 80°0- | LT1°0- | 1 19°0 w'q
1€0- | LE0— | 6V0— | T€0—| 0TO0 |€p°0—| 11°0— | I+°0— | 0F"0— | 8€°0— | S9°0— | b€°0— | ¥0°0 |+0°0—|ST0~| 19°0 I Ayurres
O] o | Ot | x| 1adw | pud |21 | gm0 |20 | N | HN | ON | ™a | fod | 1 | wa | s | sopweisg

¢ 9lqeL

F107-P00T Ul -S.I9)BM [8)SBOI PUR[S] IAUITUZ JY) Ul

SINSLINIBIRYD JO SJUINIYJI0)) UOHEB[IILI0)-SS01))

1
<t



ISSN 2303-9914 Bicuuk OHY. Cep.: I'eorpadiuni Ta reonoriuni nayku. 2015. T. 20, Bum. 4

values of correlation coefficients were registered with transparency (r=—0.43), salin-
ity (r=—0.49) and nitrate content (r=0.51). These interconnections show an important
role of the Danube water runoff in the forming of photosynthesis processes, as well
as salinity and nutrient regime in the marine area adjacent to the Danube Delta.

Close correlation was registered also for the TRIX and such parameters as sa-
linity (r=—0.32), transparency (D) (r=—0.47), concentration of total nitrogen (N, )
(r=0.43) and phosphorus (P ) (r=0.28 ), chlorophyll @ (r=0.52), b (r=—0.50), pheo-
phytin a (r=0.49), MBDI (R=0.52) and B o (r=0.46) that enables us to link the cases
of water quality deterioration near the Zmiinyi Island coasts only with the impact of
the Danube waters, which come up to the island as the result of advective surface
transport.

All the coefficients of correlation for nitrogen compounds and salinity, transpar-
ency and temperature are negative, which shows that concentrations of nitrogen com-
pounds grow with decrease of salinity. At that, the correlation coefficients between
concentrations of all the nitrogen compounds and chlorophylls are positive, which
evidences the predominant role of nutrient nitrogen compounds in phytoplankton
functioning. Correlation analysis of phosphorus concentration changes depending
on salinity (as an indicator of transformed river water spreading in the sea) revealed
no reliable associations. Correlation coefficients of phosphate and total phosphorus
with salinity were very low making -0.04 and 0.04. This way we arrived at grounded
conclusion that river water runoff did not influence concentration of phosphorus
compounds in the sea near the Zmiinyi Island.

Analysis of statistical relationships between water runoff of the Danube through
the Kiliya Arm with physicochemical characteristics of coastal waters in the Zmiinyi
Island area in 2004-2014 has shown a significant negative correlation (r=—0.49).
between average monthly runoff values and marine surface water salinity near the
island It has been shown that under maximal values of river water runoff the salinity
of marine waters went down to 13 %o, while under minimal runoff values it stayed
within the range 15.3-17.4 %o. Analysis of interrelations between the Danube water
runoff and nutrients content in the Zmiinyi Island coastal waters has revealed a close
correlation (r=0.51) between the runoff value and nitric nitrogen content in the ma-
rine surface water. However, practically no correlation has been revealed for other
nitrogen compounds. Analysis of interrelations with phosphorus compounds has re-
vealed very weak negative correlation, i.e. phosphorus concentration went down with
the increase of the river water runoff values. Close correlation was found between
river runoff value and water transparency (r=—0.41, p>0.001), which demonstrated
the reduction of transparency with the increase of runoff. This evidences the fact that
the Danube water carries a lot of suspended matter into the sea. To assess the impact
of nitrogen and phosphorus compounds concentrations on phytoplankton commu-
nity of the Zmiinyi Island coastal waters we have carried out analysis of statistical
interrelations existence between the nutrients concentrations and the phytoplankton
species composition, biomass and abundance, as well as photosynthetic pigments,
which are the generally recognized indicators of phytoplankton community’s status.
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Chlorophyll @ content in the Zmiinyi Island coastal waters corresponded to meso-
eutrophic status. As it has been shown in Table 3, the oscillations of chlorophylls
concentration are statistically connected with the changes in nitric and ammonium
nitrogen content, as well as with salinity values. The closest negative correlation was
revealed between salinity and chlorophylls @ and ¢ (=—0.40 and —0.41).

Rating of statistical analysis results (table 3) for all the in-situ data on the number
of significant interconnections shows that water transparency and TRIX have the
biggest number of statistical correlations (NSC) with the studied characteristics of
marine ecosystem (rank=1, NSC=13). It has been followed by (rank=2, NSC=12)
such parameters as Chl a, Chl b, Ph a, which is the evidence of the fact that these
characteristics depend on big quantity of natural parameters. Further come salinity
(rank=3, NSC=11) and phytoplankton biomass (rank=4, NSC=10). Nutrient com-
pounds of nitrogen (nitrate (rank=5, NSC=9) and ammonium-ion, rank=6, NSC=8)
occupy respectively 5% and 6™ places. Margalef’s pigment diversity index (rank=6,
NSC=8) also ranks no. 6. Then follow phytoplankton abundance and Chl ¢ (rank=7,
NSC=7), Danube runoff (rank=8, NSC=6) and N (rank=9, NSC=5). The least
quantity of statistical interconnections was registered for temperature (rank=10,
NSC=3) and phosphorus compounds (rank=11, NSC=2).

CONCLUSIONS

The studies performed have shown that the state of phytoplankton community,
salinity and nutrient regimes of the Zmiinyi Island coastal waters are mostly
influenced by advective water masses transport from the Danube mouth and the
open part of the sea. At that, the biggest changes happen to salinity and transparency
of marine water, as well as content of nitrate, which evidences the importance and
necessity of their constant monitoring in the open part of the sea, also using the
TRIX.

Analysis of the Danube River water runoff has shown that the river runoff does
not influence the concentration of phosphorus compounds in marine water near the
Zmiinyi Island, however increase of the river water runoft brings down water salinity
significantly and increases the content of total, nitric and ammonium nitrogen and
biomass and number of most of phytoplankton taxa.

Analysis of oscillations of chlorophylls content depending on environmental
factors has shown that the oscillations were connected with changes in nitric and
ammonium nitrogen content, as well as with water salinity, transparency,biomass and
number of phytoplankton. It has been shown that pollution with nutrients entering
the sea with river water runoff entails more than 4-fold increase in chlorophyll a
concentration in marine water near the Zmiinyi Island.
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Pe3rome

Y poboTi po3mIAnaloThCs Ta aHAN3YIOThCs PE3yJbTaTH CTAaTHCTHYHOTO aHallizy
¢izuKo-xiMigHuX 1 ¢itormrankToHHnX ganux 2004-2014 pp. npubepeskHUX BOJ OCTPO-
Ba 3MITHMH, PO3TAIIOBAHOTO B MiBHIYHO-3aXiaHii yacTuHi YopHoro mopst B 40 KM Bix
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nensty Jlynato. [lokasaHo, 1o Ha craH XapakTEepUCTHUK (DITOINIAHKTOHHOIO YIpyIo-
BaHHs HaWOULIbIIE BIUIMBAIOTH COJIOHICTh, MPO30PICTh 1 KOHLEHTpALis HITpariB Ta
aMOHII0, PiBHI SIKMX (OPMYIOTHCS TiJ] BILIMBOM CTOKY JlyHaro. AHaii3 XxapakTepuCTHK
(ITOTIIAaHKTOHHOTO YTPYIOBAaHHs B 3aJIE)KHOCTI BiZl TPHOX THIIIB BOJHHUX Mac MOKa3allo,
10 HAWBUINI 3HAYCHHS OlOMAacH 1 YHCEIBHOCTI (DITOIUIAHKTOHY B ILJIOMY, @ TaK CaMo
OKPEMHUX HOT0 TAKCOHOMIYHHX TPYI PEECTPYBAIKCS Y BoAax 3 coyoHicTiO 10-14 %o, siki
chopMoBaHi Iijl BIUIMBOM CTOKY piuku JlyHai.
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Pesiome

B pabote paccmarpuBaroTCsl 1 aHAIN3UPYIOTCS PE3YJIbTaThl CTATUCTHIECKOTO aHAIIH-
32 (PU3UKO-XUMHYCCKUX W (PUTOILIAHKTOHHBIX MaHHBIX 2004-2014 rT. mpuOpexHBIX BOA
0CTpOBa 3MEMHBIH, PacIONIOKEHHOIO B ceBepo-3anagHoi yactu YepHoro mops B 40 km
ot nenbrhl Jynast. [TokazaHo, 94TO Ha COCTOSTHUE XapaKTEPUCTHUK (PUTOIUIAHKTOHHOTO CO-
o01ecTBa OOJIBIIE BCETO BIUSIOT COJIEHOCTD, MPO3PAYHOCTh M KOHIICHTPAIMS HUTPATOB
1 aMMOHHSI, YPOBHH KOTOPBIX (POPMHPYIOTCS I10J] BO3JEHCTBHEM cTOKa J[yHas. Ananu3
XapaKTEePUCTUK (PUTOIUIAHKTOHHOTO COOOIIECTBA B 3aBUCUMOCTH OT TPEX THIIOB BOAHBIX
Macc 1oKa3ajo, YTO HauBbICIINE 3HAUCHNsI OMOMACCHI M YUCICHHOCTH (PUTOIIAHKTOHA B
LIEJIOM, @ TaK XK€ OTACJIBHBIX €r0 TAKCOHOMHUYECKHUX TPYIIT PErNCTPHPOBAIUCH B BOAAX C
coneHocThio 10-14 %o, KoTopble COPMUPOBAHBI IO BIMUSHUEM CTOKa peku JlyHas.
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