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An attempt is made to generalize the hydrochemical and hydrobiological results, obtained by the
Southern Scientific Center of RAS and the Institute of Arid Zones of the SSC RAS in the study of the Ta-
ganrog Gulf waters in the winter of 2006-2017, and the distribution of hydrochemical components in snow,
ice and under-ice water, the long-term changes in the salinity of the Taganrog Gulf are traced in detail ac-
cording to two points of the observation, which is of theoretical and practical importance in predicting the
hydrochemical regime, possible structural changes in the hydrobiocenosis and water quality of the water
bodies. The stations most widely provided with data on the content of nutrients (nitrites, nitrates, ammoni-
um nitrogen, dissolved nitrogen, nitrogen, phosphate, dissolved phosphorus, phosphorus, silicic acid)
were compared. It is concluded that an increase in the salinity of the Azov Sea waters causes a steady
trend of a decrease in the level of qualitative and quantitative characteristics of the Taganrog Gulf micro-
zooplankton community, changes are observed in the dominant complex of ciliatocenosis species. The
decrease in the species richness of microzooplankton is mainly due to freshwater and marine species.
This process is probably associated with a negative effect of salinity on the primary production of organic
matter and is part of a cycle of long-period fluctuations in salinity of the Azov Sea.

Key words: Taganrog Gulf, salinity, winter season, hydrochemical regime, monitoring of ciliatoplank-
ton, biodiversity, quantitative characteristics of ciliatocenosis.

[K.B. KpeHeea, T.b. ®unamoea, A.B. KneweHkoe, A.M. KopwyH W3mMeHeHMe rupponoro-
rMapoxXMMnMYecknx ycrnosun TaraHporckoro 3anmsa A30BCKOro MOpA U UX BIIUSAHME HA MUKPO30O-
NJIAHKTOH B 3MMHUI nepuopa]

CpaenaHa nonbiTka 0606LLEHNS TMAPOXMMUYECKUX U MMOPOBUONOIrMYECKUX Pe3ynbTaToB, MOMyYeH-
HbIX FKOXHbIM Hay4HbIM UeHTpoM PAH n UHcTtuTyTOM apugHbix 3oH FOHLL PAH npu nccnegosaHun Bog
TaraHporckoro 3anuea B 3uMHUA nepuog 2006—2017 rr., u3ydeHo pacnpegeneHus rmapoxXmMmnyeckmx
KOMMOHEHTOB B CHEry, BO NbAdy W noaneaHon Boae, no AByM NyHKTaM HabnogeHun getanbHO npocnexe-
Hbl JOMrOBpEMEHHbIE N3MEHEHUSI CONEHOCTU TaraHporckoro 3anuea, YTo MMeeT TeopeTnyeckoe u npak-
TUYECKOe 3Ha4YeHue Npu MPOrHO3NPOBAHUN MMOPOXUMNYECKOTO PEXMMA, BO3MOXHBIX CTPYKTYPHbIX 13Me-
HeHWl B rmapobuoLeHo3ax 1 kayecTBa Bodbl BOAHbIX 06bekToB. CpaBHMBaNMCb cTaHuuK, Hanbornee Lwu-
poko obecrneYveHHble JaHHbIMU MO COAEPXKAaHUIO BUOreHHbIX 3NEMEHTOB (HUTPUTBI, HUTPaTbl, aMMOHWUAHbLIN
a30T, as30T pacTBOPEHHbIN, a30T BanoBbli, docdatbl, Hocdop pPacTBOPeHHbIN, (ocdop BanosBbIN,
KpemHekucriota). CoenaH BbIBO4 O TOM, YTO MOBbILWEHWE COMEHOCTU BOA A30BCKOro MOpPS Bbi3blBaeT
YCTOMYMBLIA TPEHA MOHWKEHUS YPOBHS KAYE€CTBEHHbIX W KONMUYECTBEHHbLIX XapakTePUCTUK MUKPO300-
MMNaHKTOHHOro coobLlecTBa TaraHpOrckoro 3anvea, HabnaalTca U3MEHEHUS B OOMUHMPYIOLLEM KOM-

" The publication is prepared in the part of the analysis of abiotic factors in the framework of the imple-
mentation of the GZ SSC RAS for 2018, No. gr. project 01201363187, regarding the study of microzoo-
plankton within the framework of the implementation of the PFIl Presidium of RAS 1.52 “Ensuring the sus-
tainable development of the South of Russia in conditions of climatic, ecological and technogenic chal-
lenges” (GZ SSC RAS for 2018, No. gr. project AAAA-A18-118011990324-5)”.
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nrekce BMOOB uunuartoueHo3a. CHUkKeHWe BULOBOro GoraTtcTea MUKPO30OMNSIaHKTOHA NPOVUCXOAMUT, B OC-
HOBHOM, 3a CYET NPECHOBOAHBIX U MOPCKMX BUAOB. [aHHbIi NpoLecc, BEPOATHO, CBSI3aH C oTpuuaTesb-
HbIM BO3[E/CTBNEM CONEHOCTM Ha NEPBUYHYIO NMPOAYKLMI0 OPraHMYEeCcKoro BELLECTBA U ABMAETCA YacTbio
LMKna AonronepuoaHbIx koriebaHmin coneHocT A30BCKOTO MOpS.

KnioueBble croea: TaraHpOrckvii 3anve, CONMEHOCTb, 3UMHWIA Nepuon, MAPOXMMUYECKUAN PEXUM,
MOHWUTOPUHI LunmaTonnaHKkToHa, GuopasHoobpasne, KONMYeCTBEHHbIE XapakTEPUCTUKN LMMaToLeHo3a.
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The last decade is characterized by a low flowing of the Don in the result of which
along with a number of other negative consequences the significant reconstruction of
natural systems functioning of the Taganrog Gulf, esturial seashore and Don delta oc-
curs. This is mainly conditioned by the Taganrog Gulf salinity increase, occurring in the
consequence of the Don liquid effluent decrease. In this connection, the goal of this work
was to describe the changes in the hydro-hydrochemical conditions of the Taganrog Gulf
in winter under conditions of low water availability and the assessment of the microzoo-
plankton community response to such changes.

The winter season represents the least studied period of ecosystem development
of Azov sea and the Taganrog Gulf. Notwithstanding that the Azov sea is relatively well-
studied, the information about ecosystem functioning in the winter period is rather poor
[2]. The available data on the state of the Azov sea pelagial cover observations, made in
conditions of mild winters with a relatively weak ice cover [14]. At the same time, the
winter period is one of the most important seasons for understanding the patterns of
functioning and formation of the ecosystem productivity of the Taganrog Gulf and the
Azov sea.

The Southern Scientific Center of the RAS has been conducting winter researches
for more than 15 years on the diesel icebreaker “Captain Demidov” and SRS “Professor
Panov” during the annual winter monitoring of the main parameters of the environment
and biota in the coastal zone of the Taganrog Gulf. The result of this work was the re-
plenishment of the unique database of the Azov sea for the main abiotic and biotic indi-
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cators, detailed analysis and interpretation of the materials are set out in publications [3,
8, 9].

Current climatic changes are reflected at all levels of organization of terrestrial and
marine ecosystems. The Taganrog Gulf was chosen as an object of research, which oc-
cupies a special place in the ecosystem of the Azov sea as an estuary reservoir, the
most important features of which are small depths and the formation of a zone of river
and sea waters, mixing within its boundaries. Besides, it is the most ice-infested region
of the Azov sea, which is explained by extremely favorable conditions for ice formation:
the position of the gulf between the isotherms of January — 5 and — 6° C (the coldest part
of the sea), the flow into the Gulf of the Don river and the shallow waters of the Gulf.
This region is also characterized by the greatest significant load of biogenic runoff and a
pronounced horizontal gradient of salinity [2].

Sampling of microzooplankton, hydrochemical samples and carrying out of re-
searches of thermohaline characteristics of water were carried out from the icebreaker
“Captain Demidov” in late February-early March from 2003 to 2017, and also during on-
shore observations of the Taganrog Gulf from 2012 to 2017 on the network of stations,
located at the southern coast of the Taganrog Gulf (Port-Caton, Chumbur-Spit, Pavlo-
Ochakovo Spit) and at the northern (Beglitskaya Spit, Petrushino, Mikhailovka). Subgla-
cial water samples were selected, where the following parameters were determined: ni-
trites, nitrates, ammonia nitrogen, dissoluted nitrogen, gross nitrogen, phosphates, dis-
soluted phosphorus, gross phosphorus, the dissolved load, suspended substances con-
tent, ionic composition.

A plastic bucket and a Molchanov bathometer were used for the sampling of wa-
ter. Immediately at the station, the air temperature, the water temperature, the concen-
tration of dissolved oxygen were measured. Water samples were taken into polyethylene
bottles and transported in a cold bag.

After the samples filtering, the concentrations of the dissolved nutrients were de-
termined using standard techniques, recommended for use in ocean hydrochemical
studies: phosphates — by the method of Morphy and Riley [13]; nitrite — by the method of
Bandschneider and Robinson [10]; nitrates — according to the method of Morris and Ri-
ley (in the modification of Grasshoff, Strickland and Parsons, Sapozhnikov, Gusarova,
Lukashev) [10]; ammonium ions — by the method of Sagee-Solorzano [12]. The concen-
tration of oxygen dissolved in water was determined by the Winkler method [10]. When
analyzing water samples, the photometer “Expert-003” was used. The pH values and the
water temperature were determined using a HANNA pH meter. Thermohaline character-
istics of water were measured by the oceanographic probe CTD-90 (SeaSun Tecnology
Gmbh).

Collection of plankton samples was carried out by standard methods. Part of the
samples was fixed with an acidic Utermel solution for processing in a stationary labora-
tory of the Institute. Their concentration was carried out by a sedative method. Part of
the samples was examined live on board immediately after sampling or in the laboratory
within 24 hours after sampling. The quantitative registration of the infusorians was car-
ried out by a modified method of N.S. Gaevskaya (1949) [1]. Information on the content
of nutrients in the subglacial water and numerical characteristics of microzooplankton
was processed by mathematical statistics using the data analysis program EXCEL.

Long-term changes in the salinity of the Taganrog Bay were traced in detail by
two observation points, in the area of the Pavlo-Ochakovo spit (11 km from the mouth of
the Don) and the Sazalnitskaya spit (60 km from the mouth of the Don), for which the
dynamics of salinity growth for 16 years, from 2001 to 2017 was determined. Periodic
fluctuations in salinity are associated with intra-annual fluctuations in the costs of the
Don in the phases of floods, the intermittent periods, the associated with them releases
of the Tsimlyanskaya HES, and the overtaking phenomena. Despite such fluctuations,
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there is a noticeable positive trend in salinity at both observation stations. Until the Feb-
ruary 2005 salinity values within the range 4-4,4 %0 were observed at the station Sazal-
nitskaya spit, in May 2015 there was a jump to11 %.. The Pavlo-Ochakovo spit is in the
immediate proximity from the Don delta, therefore the changes in the thermohaline
structure of the Azov sea are manifested later and are not so expressed. From 2002 to
2013 Salinity fluctuated within 0.8-1.3 %o, with short bursts up to 3-4 %.. In 2016, salinity
minima increased on average to 4-5 %.. Against the background of the general trend to-
wards the salinity of the Taganrog Gulf in winter, there are certain differences in the dis-
tribution of temperature and salinity from year to year. So in winter 2013, a water tem-
perature of 0.16° C was observed at the Pavlo-Ochakovo spit and a salinity of 3.84 %o
was recorded, which naturally decreased with the movement towards the north. Kagalnik
up to 0.05 ° C and salinity 0,6 %o, minimum salinity in winter for 2013-2017 on the Pavlo-
vo-Ochakovo spit was 0.8 %o in 2014 (table 1).

The range of salinity change at the easternmost point of coastal observations on
the southern coast (Port-Caton) was from 3.2 to 8.1 %o, at the easternmost station of the
northern coast (Beglitskaya spit) from 3.2 %o to 6.3 %o respectively.

Such significant changes are caused, on the one hand, by the factor of the river flow
volume, the minimum of which occurred in January 2016 (326 m® sec at the closing
post in the Razdorskaya station), and the maximum for the period studied in January
2017 (540 m*/ s). Another factor that determines the presence of a lateral salinity gradi-
ent is that Taganrog Gulf is the most ice-infested region of the Azov sea, and very often
it is covered with ice, while the rest of the sea is ice-free and wind currents form within it.
The trajectory of fresh water, flowing with the drain of the Don River, depends on the
prevailing wind direction and, as a consequence, on the direction of circulation of cur-
rents in the bay, complicated by the conditions of ice formation. In the conditions of the
eastern wind, the fresh water stream is directed along the southern coast, at the same
longitude on the northern coast salinity can be almost twice as high, with the winds of
the western components the most fresh runoff is distributed in the eastern part of the
bay with a small river bend along the northern shore (table 7). This finds a regular reflec-
tion in the hydrochemical characteristics of water.

In February 2014, the nitrite content in the sub-surface water varied from 10.0 to
20.0 ug /|, nitrates from 143.0 to 483.0 pg / |, phosphates from 12.0 to 47.0 ug / |. The
thickness of ice in February 2015 was significant (4.8 — 5.5 cm) in comparison with Feb-
ruary 2007 (0.5 — 1 cm). According to the daily average temperatures of water and air
and the duration of the ice formation, the winter of 2015 (the beginning of the year) is
attributed to cold winters. In February 2015, the content of nitrite in the sub-ice water
varied from 4.0 (Petrushino station) to 24.0 ug / |, nitrates from 1110.0 (Mikhailovka sta-
tion) to 3,090.0 pg /|, phosphates — from 3.0 (Petrushino station) to 77.0 ug /I. The con-
centrations of nutrients were minimal at stations near the northern coast of the Taganrog
Gulf and are maximum at the southern stations of the Pavlo-Ochakovo spit and Chum-
bur-spit. In February 2016, the content of nutrients in the subglacial water changed in
the following intervals: ammonium ions from 60 to 140.0 ug / |, nitrites from 15.0 to 24.0
Mg / |, nitrates from 290.0 to 1120.0 pg / |, gross nitrogen from 910.0 to 2310.0 ug / |,
phosphates from 5.0 to 54.0 ug / |, gross phosphorus from 98.0 to 221.0 ug / |, silicon
from 2100.0 to 7000.0 pg /1 [15].
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Table 1. Summary of the temperature and salinity of water in the coastal zone of
the Taganrog Gulf according to observation data 2013-2017

29-31.01.2013 | 12-13.02.2014 | 19-20.02.2015 11-12.02.2016 20-21.02.2017
L »|S w| O w| 9 w| 9 »
S| s|S|E|5 s |8|E| 5| s|68|E| 5| s [8|E| 5| 5|8 E
= xR Blo|® X A= =} xR A= =} xR A= = X =} =
o - 81=l8 -18lsl S -8l O - |1Qlsl o - 8 =
Stati 5| 2|2|2\g| 2|2|2|g|2|22 5| 2|82 58| 52| ®
ation e | |5|ls|2|E |38l 2| E|3|8| & £ |S|o| g c | © ©
¢ | o |B|B|8| © |B8|B| & | @ |2B|B| O T 2\B| O ‘© B ?
e DS |o|o| P S|v| L | P |S|o e 2 =20 o n = o
g S|E|E = 2|8 =2l & =2l & = | E
® ® ® ® ®
S =2 =| 2 = £ = = =
i =
Beghts_kaya 02 | 63 |w| 2| 01 58 |&| 1] 01 32 Q 1
spit , =
Petrushino 10 | 27 |w|2]| 07 26 |H| 1] 14 1,1 Q 1
I z
Mikhailovka 14 | 1,7 w2 1] 02 0,9 Q 1
=
Pavlo- = o
Ochakovska | 02 (38 |g|1| 1|08 |d|1]00| 1 [5|5] 01 | 43 |w|e6| 13 | 09 | @ | 8
ya spit e Q
(o]
Chumbur 10|25 |2|5] 13 | 76 |w|6| 03 | 22 | 2| 8
spit Q
; (o]
Port-Caton 08|47 |d|1]03 |32 |3|5]| 16 81 |w | 6| 06 44 | 9 8
= Q
, w z
Kagalnik 01|06 || 1[04 06 % 1
Zaimoobryv | 01 |13 0|0

Monitoring of the ciliatocenosis of the Taganrog Gulf showed that there is a stable
trend (2012-2017) of a decrease in the level of qualitative and quantitative characteris-
tics and a restructuring of the planktonic infusorians community structure in winter. In
winter, the community of microzooplankton is formed mainly from species belonging to
the “shallow” size group. In the absence of ice or the emergence of dilutions, the propor-
tion of “large” and “medium” size groups of infusorians increases. In 2003, the dominant
species in the Taganrog Gulf area were Rhabdostyla sp., Tintinnopsis minuta (Wailes,
1925) or small strombidiums. On the whole investigated water area there was a com-
paratively large predator Didinium nasutum (O.F. Muller, 1876). In 2006, the marine
species of Tintinnopsis beroidea (Stein, 1867) and Strobilidium sp. prevailed. In
addition, Euplotes balteatus was met in a significant number (Dujardin, 1841). In
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2012-2014 years small and medium representatives of the Strombidium kind dominated
(Claparéde & Lachmann, 1859). Throughout our the research from 2003 to 2014, in
winter period, 3-4 species of the Codonellidae family were regularly observed in
the Taganrog Gulf area (Kent, 1881). In 2016-2017 years the dominant species in the
Taganrog Gulf area were Halteria grandinella (Miller, 1773) and small strombidiums.
Representatives of the family Codonellidae were completely absent.

Most of the infusorians that occur in the Taganrog Gulf in winter are euryhaline
species that occur throughout the sea area. Considering the seasonal aspect, we can
say that a low temperature regime is not a decisive factor for the infusorians develop-
ment. The presence of food allows the ciliates to develop successfully even under sub-
surface conditions. The number of ciliates in February 2016 ranged from 0.1 to 1.0 mil-
lion ex./m3, an average of 0.6 million ex./m3. The biomass averaged 18.5 mg / m3. The
number of infusorians in February-March 2017 varied from 0.1 to 1.4 million ex./m3, an
average was 0.5 million ex./m3. The biomass averaged 16.2 mg / m3. The observed
decrease is more pronounced than in 2014, when the level of qualitative and quantitative
characteristics development of microzooplankton was 2-12 times lower than in previous
years (Table 2).

Table 2. Dynamics of qualitative and quantitative characteristics
community of microzooplankton in the winter 2003-2017

January February 2003 2006 2008 2012 2014 2016 2017
average,
'g million ex./m* 0.9 4.2 1.9 2.3 1,0 0,6 0,5
N
2 ber of
E numbE 19 24 21 16 14 10 7
species

Comparing the data, obtained with previous studies [4-8, 16], we can say that in
2016-2017 the level of quantitative and qualitative characteristics development is lower
than in previous years of observation. Comparable in terms of the level of our data were
observed only in 2003, after an abnormally cold winter. Both biodiversity and the number
of infusorians in 2003 were slightly higher.

The decrease in the species richness and abundance of microzooplankton was
due to freshwater species (for example, the representatives of the r.Strobilidium (Schew-
iakoff, 1892) and marine species (family Codonellidae), which agrees with the minimum
law of the Remane species (1934) in the critical salinity zone. In combination with the
pronounced tendency to increase the salinity of the Azov sea and the Taganrog Gulf wa-
ters (Figure 1), this allows us to speak of the decisive significance of the salinity factor in
the observed decrease in the density of microzooplankton.
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Figure 1. Dynamics of changes in salinity and density of infusorians in the period
from 2003 to 2017

The value of this factor is confirmed by the literature data. Unfortunately, until
1995 the data on the microzooplankton of the Azov sea have a fragmentary character.
However, there are data on biomass and the number of infusoria species found in the
water area from 1937 to 1949 in the work [11]. This period, as well as the modern one,
is characterized by a pronounced trend towards an increase in salinity. Salinity of the
Azov Sea increased from 9 %o in 1934 to 12 %o in 1952. Also this period is characterized
by the lowest, according to available data, quantitative characteristics of the community
of ciliatoplankton. The average biomass of infusorians in the period 1937-1949 was
16.5 mg / m®. The number of species found in the water area corresponds to the level of
2014 — 14 species. Based on the foregoing, it can be concluded that an increase in the
salinity of the Azov sea waters provides a steady trend of lowering the level of qualitative
and quantitative characteristics of the Taganrog Gulf microzooplankton community.
Changes are observed in the ciliatocenosis species dominant complex. The decline in
the species richness of microzooplankton is mainly due to freshwater and marine spe-
cies. In addition, this process is probably associated with a negative effect of salinity on
the primary production of organic matter [8] and is part of a cycle of long-period fluctua-
tions in salinity of the Azov sea.
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