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SUMMARY

Purpose of the work. The study of the long-term changes in Chlorophyll a concentration and
water quality in the Zmiinyi Island coastal waters. Data and Methods. Chlorophyll was
determined using a standard spectrophotometry method. Water quality was assessed using the
TRIX trophic index. The results of study. Chlorophyll a concentrations (0.02-28.03 pg/l)
corresponded to the status of mesotrophic and eutrophic seawaters with maximal annual
average values 1.87, 2.70, 2.05 ug/l in 2004, 2005, 2009 and minimal 0.62, 0.55 pg/l in 2019
and 2021 according. From 2004-2008 to 2018-2021 the average concentration of Chlorophyll
decreased by a factor of 2 (surface) and 1.5 (bottom). The TRIX index range (3.0-7.2)
covered trophic levels from oligotrophic to very hypertrophic, most corresponded to
mesotrophic (43%) and eutrophic (43%) status with a tendency towards improvement of the
condition in 2019-2021. Chlorophyll concentrations and TRIX index closely correlated with
transparency, salinity, total nitrogen and phosphorus readings. Conclusions. The trophic state
of seawaters in the Zmiinyi Island area corresponded to meso-eutrophic status (2004-2021),
with a quality improvement in 2018-2021. Statistical interconnections between Chlorophyll
and TRIX with physical and chemical characteristics indicated a priority contribution of the
freshened Danube waters to the critically high trophic level of seawaters.
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Introduction

The concept of water ecological status is defined in the EU Water Framework Directive (Water
Framework..., 2003) taking into account the features of a biocenosis and an abiotic component
functioning in an ecosystems (hydrology, physicochemical characteristics, pollution etc.) Being an
indicator of phytoplankton development level and allowing you to quickly assess the phytoplankton
biomass spatial distribution and track its changes over time, Chlorophyll @ content in seawater is one
of the important indicators of an aquatic ecosystems ecological status. However, the Water
Framework Directive implementation requires a marine environment quality assessment methods,
which could combine a number of environmental factors expressed in one value, contributing to the
creation of an environmental quality concept understandable to the general public. Therefore, many
European countries express the state of open and coastal waters using the TRIX trophic eutrophication
index (Vollenweider et al., 1988), which comprises 4 parameters: Chlorophyll a, water saturation with
oxygen, total nitrogen and total phosphorus. The TRIX index has been used along with Chlorophyll @
for all European seas in recent years, and since 2003 it is used for assessment of the trophic state of
the Black Sea waters near the Zmiinyi Island (Kovalova et al, 2010; Kovalova and Medinets, 2012).

Data & Methods

In 2004 - 2021, 1070 seawater samples were taken by the staff of the Zmiinyi Island Research Station.
Sampling was carried out regularly from May to December with an interval of 5-10 days from the
surface (0 m) and bottom (8 m) horizons. Chlorophyll a was determined using a standard
spectrophotometry method (Guidelines... 1980) with a JENWEY spectrophotometer. The TRIX
eutrophication index (E) was determined using the formula (Vollenweider et al., 1988):

(E) TRIX = (log [Ch * aD %0 * NT * PT] - [- 1,5]) / 1,2

where: Ch*a — Chlorophyll a, pg/l; D%O - deviation of dissolved oxygen absolute values from 100%
saturation, PT - total phosphorus, pg/l; NT — total nitrogen, ug/l.

The scale of aquatic environment quality according to the TRIX index ranges from O to 10 covering
four levels of trophic state due to eutrophication: low (<4), medium (4-5), high (5-6) and very high (6-
10) .

Results

The analysis of the obtained results on the Chlorophyll @ concentration in the Zmiinyi Island coastal
waters in 2004-2021 (Fig. 1) showed that they varied in the surface and bottom water layers in the
ranges of 0.02-28.03 pg/l and 0.05 -9.87 ug/l respectively, which, according to the classification of
the pelagic ecosystems trophic status (Zaika, 2003) covers the range of mesotrophic and eutrophic
waters. The maximal values for Chlorophyll were determined in the surface water layer in June 2005,
and its lowest reading was registered on the surface and near the bottom in August 2014.

The concentration of Chlorophyll on the surface exceeded its content in the bottom layer 1.6 times; at
the same time the fluctuations of concentration in both layers were sufficiently synchronous, as
evidenced by the high positive correlation coefficient (r=0.60). Changes in Chlorophyll concentrations
in the studied water area were statistically associated with fluctuations in salinity (r=-0.47) and water
transparency (r=-0.42). A tendency towards positive correlation of Chlorophyll with nitrate (r=0.32)
and ammonium nitrogen (r=0.28) was also noted. That is, the main factors influencing the content of
Chlorophyll are the characteristics of hydrological and hydrochemical regime of seawaters. In this
regard, it is likely that the highest average annual Chlorophyll concentrations corresponding to the
eutrophic status of seawaters registered in 2004-2005 (1.87-2.70 pg/l) and in 2009 (2.05 pg/l) are
associated with the more intensive Danube River discharge in those years.

However, in most of the years the Chlorophyll concentration corresponded to mesotrophic status of
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waters and the lowest values were obtained in 2019 (0.62 pg/l) and in 2021 (0.55 pg/l). The decrease
in Chlorophyll concentration over 18-year period of observation becomes clearly visible during
analysis of different periods of studies covering 4-5 years (Table 1).
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Figure 1 Chlorophyll ‘a’ concentration dynamics in the surface and bottom waters of the Black Sea
near the Zmiinyi Island in 2004-2021

Table 1 Mean values of Chlorophyll ‘a’ concentration in the surface and bottom waters of the Black
Sea near the Zmiinyi Island in different periods of observation

Period of Observation Chlorophyll Concentration, pg/l
Surface Bottom Difference Between Surface
and Bottom
2004-2008 1,69 0,95 0,74
2009-2013 1,36 0,89 0,47
2014-2017 1,21 0,97 0,24
2018-2021 0,81 0,62 0,19

From the beginning of our observations in 2004-2008 to the present time (2018-2021) the
concentration of Chlorophyll in the surface water layer has decreased by a factor of 2 and in the
bottom layer by a factor of 1.5. The changes revealed in Chlorophyll content are most likely related to
the decrease in river discharge influence on the water area due to which nutrients inflow into the
adjacent sea area decreased.

Unlike Chlorophyll a, comprehensive seawater state assessment according to the TRIX trophic index
indicates a wider range of changes in water quality in the studied marine area. The dynamics of the
TRIX index in the Zmiinyi Island coastal waters was characterized by fluctuations in the range of 3.0-
7.2 in the surface layer and 2.9-7.0 in the bottom layer covering four trophic categories of waters from
low to very high trophic level (Fig. 2, Table 2).

The highest value of the TRIX index (7.2) was registered in the surface water layer in July 2005 and
May 2017, which indicated a very high trophic level or hypertrophic status of seawaters (Zaika,
2003). In turn, the lowest values of the index were observed in the bottom layer in September 2012
(2.3), as well as on the surface in July 2006 (3.0), which corresponded to a low trophic level or
oligotrophic status of waters.

During the entire period of observation, oligotrophic and hypertrophic status was registered near the
Zmiinyi Island only in 14% of the studied surface water samples and 9% of the bottom water samples.
Most of the determinations of the TRIX index in the surface layer of water corresponded to the
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mesotrophic (43%) and eutrophic (43%) status of water in equal numbers, and in the bottom layer the
samples of these trophicity categories made up together a total of 91%.

Thus, the status of waters near the Zmiinyi Island can be defined as being at the boundary between
medium and high trophic levels. Average TRIX value for the entire observation period in the surface
and bottom water layers was 5.1, which corresponded to the eutrophic status of waters. Moreover, the
trend towards the TRIX values decrease by 0.36 was observed in the surface layer and by 0.08 - in the
bottom layer for 18 years of studies, i.e. the quality of seawater in the Zmiinyi Island area improved,
though slightly.

The TRIX index shows a close positive relation with the content of total nitrogen and phosphorus, as
well as with the concentration of Chlorophyll a. Of special interest is the high negative correlation
coefficients of TRIX with transparency (-0.54) and salinity (-0.46) throughout the entire period of
study. That is, the TRIX trophic index increases with reduction of water transparency and salinity in
the surface water near the Zmiinyi Island. It could thus be concluded that the maximal contribution to
the formation of the worst cases in the quality of the Zmiinyi Island coastal waters is made by the
freshened Danube water reaching the Zmiinyi Island as a result of advective surface transport.
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Figure 2 TRIX trophic index dynamics in the surface and bottom waters of the Black Sea near the
Zmiinyi Island in 2004-2021

Mean annual values of the TRIX index during the longest observation period were at the boundary
between medium and high trophic levels. The highest eutrophic state of waters according to the TRIX
index in the entire water column of the studied area was observed in 2003-2004 (TRIX = 5.8-5.6) and
in 2016-2018 (TRIX = 5.4-5.6). Trophic status decreasing down to mesotrophic level was recorded in
2019-2021 (TRIX=4.5-4.9), which indicated a tendency towards improvement of the trophic status of
waters in recent years. In the period 2019-2021, relative number of samples corresponding to high and
very high trophic status has decreased in the surface layer of water by 25% compared to the average
long-term data (2004-2021), while the relative number of samples with low and medium trophic state
increased by 25% in recent years (Table 2).

Summing up, it can be concluded that for the period of studies, 2004-2021, average annual values of
Chlorophyll a concentrations in most years of observation corresponded to mesotrophic status with a
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tendency to decrease in concentrations in the surface waters by a factor of 2 and in the bottom waters
by a factor of 1.5 in period of 2018-2021 compared to 2004-2008. Fluctuations of the TRIX index
covered the range of trophicity from oligotrophic to hypertrophic waters, but in most observations the
water quality corresponded to mesotrophic (43%) and eutrophic status (43%) with a trend of
improvement in the last three years of observation (2019-2021). Average annual TRIX values during
2004-2021 changed from eutrophic and nutrient-enriched in 2003-2004 and 2016-2018 to
mesotrophic in 2005-2006 and 2019-2021.

Table 2 Relative number (%) of surface and bottom water samples taken from the Zmiinyi Island area
in the Black Sea having different trophic levels depending on the TRIX index values in 2004-2021 and
2019-2021

TRIX Trophic Level Classification of Period of Relative Number of
Values Water Observation Determinations
Surface Bottom
<4 Low Oligotrophic 2004-2021 4 3
2019-2021 10 0
4-5 Medium Mesotrophic 2004-2021 43 41
2019-2021 62 64
5-6 High Eutrophic 2004-2021 43 50
2019-2021 26 34
6-10 Very high Hipertrophic 2004-2021 10 6
2019-2021 2 2

It has been statistically proven that TRIX has close correlation relationships with physicochemical
(transparency, salinity, total nitrogen and phosphorus) and hydrobiological (Chlorophyll a
concentration) characteristics of the marine environment, which suggests that the maximal
contribution to the formation of critically high trophic level in waters near the Zmiinyi Island are
made by the freshened Danube waters that reach the Zmiinyi Island area as the result of advective
surface transport.
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