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VARIATIONS IN MICROBIOLOGICAL
CHARACTERISTICS OF THE NORTH-WESTERN SHELF
OF THE BLACK SEA

The analysis of long-term data on seasonal dynamics of microbiological processes
with taking into account abiotic factors in the north-western part of the Black
Sea is presented. The annual variation of total bacteria number, aerobic oxidation
rate of the organic matter and the rate of carbon dioxide assimilation by
microorganisms is shown. In the surface waters annual dynamics of all micro-
biological parameters had synchronous type and close connection with the water
temperature. In the bottom waters the variations of number and functional activity
of bacteria are connected with hypoxy and anaerobic conditions.
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It is known that in moderate latitudes, where the Black Sea is located, seasonal
variations of physical and biological properties of the upper water layer are pronounced.
For the north-western part of the Black Sea (NWBS) the annual variation of hydrological
and some hydrochemical parameters is described in detail [1, 12, 11], but the information
on annual variability of microbiological processes has not been systematized. At the
same time, for solution of eutrophication problems in the north-western shelf it is
necessary to study the features of organic matter transformation, that requires the total
registration of all changes in annual cycle of bacterial activity. The analysis of the rate
of organic matter mineralisation by microorganisms is necessary for assessment of
processes promoting occurrence of hypoxy and anaerobic conditions.

The present work purpose is obtaining of the ordered characteristics of annual
dynamics of total bacteria number, oxygen consumption rate and carbon dioxide
assimilation by bacteria with taking into account of hydrophysical and hydrochemical
characteristics changes in water masses of the north-western part of the Black Sea.

Materials and methods

The research materials are the authors’ observations in 1983— 1997 carried out in
coastal and open regions of the NWBS. For collecting of dynamic series more than 770
integrated observations on 7 parameters are used. The series include total bacteria
number, oxygen and carbon dioxide consumption by bacteria, temperature, salinity,
oxygen concentration and water saturation with oxygen.

The total bacteria number was determined by directl account method [8] by
microscope with membrane filters “Synpor” Ne 8 (pores diameter — 0,2 mkm). The
determination of organic matter aerobic oxidation rate was conducted in accordance
with the oxygen concentration change in closed water volume placed in conditions as

© Kovalyova N. V., Medinets V. I., Gazyetcwv Ye. I. 215
2000



Kovalyova N. V., Medinets V.  Gazyetov Ye. I.

close to the natural ones as possible, and following the technique [10]. Carbon dioxide
assimilation rate by bacteria was measured by of radiocarbon method [10]. The
determination of hydrochemical parameters was conducted in accordance with the
manual [7].

Results and Discussions

The microbiological regime research in framework of complex ecological monito-
ring of marine environment [3, 4, 5, 6, 9] allowed to receive materials about long-term
seasonal variability of total bacteria number, rate of organic matter oxidation and rate
of carbon dioxide consumption by bacteria in the NWBS. Considering temperature,
salinity and oxygen as the major factors influencing the habitability of marine organisms,
variability of microbiological characteristics has been considered in close connection
with changes of these factors. Taking into account two-layer structure of waters [1, 12]
the analysis of annual dynamics has been conducted for the surface and bottom layers
separately.

Total bacteria number. Determination of this parameter gives notion about regula-
rities of seasonal distribution of microbial population and allows to characterize more
completely the substance transformation processes with participation of microorganisms.
In surface waters the range of average monthly values of bacteria number was 0.9—
2.8 min.cells/ml; in bottom waters this value was even more — 0.33—3.1 min.cells/ml
(Fig. 1). The smallest number of microorganisms in both waters was noted in January—
February. During this period the average monthly concentration of bacteria did not
exceed 1.05 min.cells/ml that corresponds to mesotrophic level of marine waters. It is
necessary to note that low density of bacteria in winter was combined with the maximum
of water salinity (Fig. 2).

Fig. 1. Average monthly values of total bacteria Fig. 2. Average monthly values of salinity
number in the surface (7) and bottom (2) waters in the surface (7) and bottom (2) waters
of the NWBS of the NWBS

An analysis of correlation between these parameters in the surface layer has shown
a close statistical dependence (correlation coefficient — 0,7). In March bacteria number
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in surface waters sharply increased (up to 1,94 min.cells/ml) and corresponded to the
eutrophic level of marine waters. These changes of bacteria number corresponded to
sharp reduction of salinity. Obviously, that the main reason for these changes was the
river inflow. There was observed periodic decreases and increases of bacteria number
well correlated with salinity changes. In June bacteria number reached 2,45 min.cells/ml,
that correlated with the minimum of average monthly salinity and, consequently, with
the greatest influence of fresh waters. In July a small recession of bacteria density was
observed, and in August bacteria number reached the maximum average monthly values
(2,82 min.cells/ml). Unlike spring period, when the increase of bacteria quantity is
connected with inflow of river waters, in summer and autumn big density of micro-
organisms was caused, probably, by a surplus of organic matter collected in ecosystem.

In the bottom layer bacteria concentration during January — June was smaller than
on the surface. But, in August an extremely big burst of the number was observed: it
exceeded the average monthly maximum in surface waters. It is noted that exactly in
August in the bottom waters the minimum concentration of dissolved oxygen was
observed (Fig. 3).

The conducted analysis of the av-
erage monthly values of oxygen and
bacteria number concentration has
shown that the correlation coefficient
between these parameters was -0,82
(statistically reliable with importance
level — 99%). It is possible to consid-
er an increase of bacteria number in
bottom waters in hypoxy state as one
of the factors causing deterioration of
water sanitary condition in summer.

At the beginning of autumn in both
water layers a big number of bacteria
(2,14— 2,45 min.cells/ml) is observed
that correspond to the eutrophic level
of marine waters. Only in Novem-
ber—December there is a gradual de- Fig. 3. Average monthly values of dissolved oxygen
crease of bacteria quantity simulta- inthesurface (7) and bottom (2) waters of the NWBS
neously with increasing of salinity and
concentration of dissolved oxygen. This tendency is characteristic for both surface and
bottom waters.

Bacteria density increase in eutrophication conditions sometimes accompanies with
the decrease of bacteria specific activity, especially the breathing intensity [2]. It, in
turn, results that the rate of organic matter oxidation by bacteria isnot proportional to
the increase of their number. Therefore, bacteria quantity gives only rough notion about
the rate of microbiological processes. A better assessment of organic matter oxidation
processes is made by the breathing intensity or oxygen consumption by microorganisms.

Aerobic oxidation rates of organic matter (OM). Bacteria, first of all, are responsible
for destruction OM collected in ecosystem, and, therefore, microorganisms’ activity
determines an intensity of self-purification processes. The average monthly rate of the
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OM oxidation in surface waters of the NWBS varied from 0,14 mgO~/l/day in February
up to 1.0mg02l/day inJuly and August. The lowest activity of oxidation processes was
observed in winter (Fig. 4), during the minimum of temperature (Fig. 5) and bacteria
density. In March and April the most intensive increase of oxygen consumption rate
was noted. It was growing 2— 2.5 times per month and was 0.41 and 0.71 mgO02l/day
accordingly. The next month’s intensity of the processes continued to increase but
significantly slower than early spring.

Month

Fig. 4. Average monthly values of oxygen con-  Fig. 5. Average monthly values of temperature
sumption in the surface waters of the NWBS in the surface (7) and bottom (2) waters of
the NWBS

The maximum rate of the OM oxidation was registered in July-August when the
biggest values were reached for: water temperature (Fig. 5), saturation degree of water
with oxygen (Fig. 6) and microorganisms’ quantity. The average monthly maximum of
the OM oxidation rate was 1,04 mgO02l/day (as for eutrophic waters). Since September

the OM aerobic oxidation rate was gradu-
ally reducing. The sharpest reduction of this
process intensity was noted in October.
During November and December the OM
oxidation rate was reducing and was al-
ready 3 times less than the summer maxi-
mum. The amplitude between the maxi-
mum and minimum values registered in
February was almost an order of magni-
tude. It is interesting that the annual vari-
ation of average monthly values of the OM
oxidation rate was rather a smooth line
whereas the number of microorganisms
changed spasmodically. At the same time,
arather close statistical relation was noted
Fig. 6. Average monthly values of oxygen DPetween these parameters (correlation co-
saturation in the surface (7) and bottom (2) efficient is 0,7, with probability degree —
waters of the NWBS 98%). The seasonal variation of oxygen
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consumption rate had a synchronous type with temperature changes. The correlation
coefficient between these parameters was 0,77 (probability degree is 99%). The correla-
tion coefficient was received also between the OM oxidation rate and saturation degree
of water with oxygen (r = 0,87). During all period March — August, when the surface
waters were oversaturated with oxygen, the OM aerobic oxidation was the most inten-
sive. Statistical analysis conducted confirms that the OM oxidation process depends on
the temperature, saturation of water with oxygen and density of microorganisms. Due
to the fact that oxygen concentration in the bottom layer of the NWBS frequently was
reduced to the minimum (Fig. 3), its consumption was close to zero. Therefore, an
analysis of the annual dynamics of the OM aerobic oxidation in the bottom waters has
not been conducted.

Carbon dioxide dark assimilation. The rate of carbon dioxide assimilation by
microorganisms characterizes the intensity of bacterial biomass production and
destruction oforganic matter taking place in aerobic and anaerobic conditions. However,
it is necessary to take into account, that carbon dioxide quantity consumed by bacteria
considerably grows with absence of oxygen [10]. Thus, the rate of carbon dioxide
assimilation by bacteria is an indicator of anaerobic conditions m ecosystem. In the
surface layer the average monthly rate of carbon dioxide assimilation varied from 2,51
up to 22.2 mgC/m3day (Fig. 7).

The minimum rate of this process
was observed in period since January till 40
March and was in accordance with the 5
smallest water temperature. Since April
an intensive increase of dark assimilation
processes was observed. It was simulta-
neously with an increase of the, tem-
perature, bacteria number and oxygen
consumption rate. The maximum inten-
sity of carbon dioxide bacterial assimila-
tion in the surface layer was characteris-
tic for July—September. During this pe-
riod the average rate was 19,97—22,20
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monthly values. Fig. 7. Average monthly values of carbon dioxide

In the bottom layer the oscillations assimilation by bacteria in the surface (7) and
of average monthly values of carbon di- Pottom (2) waters of the NWBS
oxide bacterial assimilation were consi-
derably higher than on the surface (2.01—40.00 mgC/m3day). It is remarkable, that
during November-April the intensity of this process in the surface and bottom waters
was practically identical. The pronounced differences were revealed in the period since
May till October. In this way, in May-July the rate of carbon dioxide dark assimilation
in the bottom layer was 2 times smaller than on the surface, and during August—
October, on the contrary, it w'as in 1,5—2 times higher than on the surface (34.2—
40.0 mgC/m3day). Thus, the maximum of bacterial activity in surface waters was in
summer and in the bottom layer in autumn. The maximum values of the rate of carbon
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dioxide assimilation by bacteria in the bottom waters coincided with the sharp oxygen
depression, when the average monthly concentration of oxygen was reduced to 1.36—
2.09 mg/1. A negative correlation was determined between these parameters: r - -0.87.

The analysis of correlation between average monthly values of carbon dioxide
assimilation rate and other parameters of surface waters has shown close statistical
connection with the temperature (r = 0.97), bacteria number (r = 0.79) and oxygen
consumption rate (r =0.78). These results have showed synchronous type of annual
dynamics of all investigated microbiological parameters and their close relation, first
of all, with the temperature. In the bottom layer the most significant coefficients of
correlation were calculated during analysis of interrelation between microbiological
characteristics and the oxygen concentration.

Thus, the conducted analysis has allowed to receive the pronounced annual variation
of microbiological characteristics of the surface and bottom waters ofthe north-western
shelf, which is closely connected with changes of hydrological and hydrochemical
parameters of the environment. The regularities of microbiological parameters changes
in the surface and bottom layers had the following features:

1 In the surface waters the period of the most intensive functioning of micro-
organisms issince April till October, and the maximum number and activity of bacteria
was observed in July — August. In the bottom waters the biggest number and functional
activity of bacteria was in August—October and coincided with the period of strong
oxygen depression.

2. The biggest average monthly values in the surface layer were: for total bacteria num-
ber — 2.5 min.cell/ml; aerobic oxidation rate of the organic matter — 1.04 m g02l/day;
rate of carbon dioxide assimilation by bacteria — 22.2 mgC/m3day. The amplitude
between the maximum and minimum average monthly values for the last two parameters
was an order of magnitude and total bacteria number changed in 3 times. The average
monthly maximum of total bacteria number in the bottom layer was 3.1 min.cell/ml and
was almost an order of magnitude higher than the average monthly minimum. The sharp
increase of bacteria number in hypoxy conditions can result in the decrease of recreational
value of the coastal waters in summer.
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KosanboBa H. B., MegiHeuyb B. I., Ma3zeTos €. I.
Opecbkuii gepxxaBHUiA yHiBepcuTeT, LLeHTp MOHITOPUHTY HaBKOAMLLHbLOTO CepeaoBuLLa,
BYN. [1BOpsAHCHKA, 2, Ofeca, 65026, Y kpaiHa

MIHAMBICTb MIKPOBIO/IOINIYHOI O PEXXIMY BO/f]
MIBHIYHO-3AXIAHOIO LWWE/TIb®Y HOPHOIO MOPH

Pestome

HaBefeHO aHani3 6araTopivyHMX JaHUX WO0A0 Ce30HHOT AMHaMIKN MiKp0o6ionoriyHnX npouecis
Ha ()OHi 3MiHM abiOTUYHUX YNHHUKIB CepefoBULLA Yy BOAAX NiBHIYHO-3axigHOT YacTUHM YOpHO-
ro mops. 3’AC0BaHO PiYHY MIHMAMBICTb 3aranbHOT KifbKOCTI 6akTepiid, WBMAKOCTI aepobHOro
OKWC/IEHHA OPraHiyHOT pevyoBUHY Ta LWBUAKOCTI acMMINALiT BYr1eKncnoTu MmikpoopraHismamu.
B noBepxHeBUX BOAax pivyHa AMHaMiKa BCiX AOCNIAXYBaHUX napameTpiB 6yna CUHXPOHHOH i
3a/1eXKHOI0 Bif Temnepatypu. B npuAoHHMX BoLax 3MiHM KiNbKOCTI Ta ()YHKLiOHaNbHOT aKTUBHOCTI
6akTepill 38’A3aHi 3 riNOKCiiHO-aHaepoBHUMYU YMOBaMMU.

Knto4oBi cnoBa: Mikpo6ionoriyHWiA pexum, opraHiuHa pe4oBuHa, YopHe mMope.

Kosanesa H. B., MeguHey, B. ., MNa3zeToB E. U.
OAEeCcCKUn rocyfapCTBEHHbIN YHUBEPCUTET, LIEHTP MOHMUTOPMHIa OKpYy>KatoLieil cpeabl,
yn. ABopsaHckasd, 2, Ogecca, 65026, YKpanHa

M3SMEHYNMBOCTb MNKPOBNOJIOTMYECKOIO PEXXVMA BO/,
CEBEPO-3AMAAHOIO WWE/Mb®A HEPHOIO MOPHA

Pesiome

MpepcTaBneH aHanW3 MHOTOMIETHUX AaHHbIX O CE30HHON fUHaMWUKEe MUKPOOUONOrMYecKnX
NMpoLeccoB Ha POHE M3MEHEHNS aBMOTMUYECKUX PAKTOPOB B BOAAX CEBEPO-3anafHoli yactu Yep-
Horo mops. MNMoka3aHa rofoBas N3MEHUYNBOCTb 06LLLE YNCNEHHOCTH GaKTepUiA, CKOPOCTH aspob-
HOr0 OKWMC/IEHUS OpraHnyeckoro BEeLLeCTBa WU CKOPOCTM acCUMUNALUWU YTNEeKUCNOTbl MUKPO-
opraHusmamu. B noBepXHOCTHbIX BOAAX rofoBas AMHaMUKa BCEX UCCMeL0BaHHbIX NapameTpoB
6blf1a CUHXPOHHOM 1 3aBUCUMOW OT TemnepaTypbl. B NpugOHHbIX BOAAX U3MEHEHUS YMCEH-
HOCTM U (YHKLWOHANbHOW aKTUBHOCTU 6aKTepuil CBS3aHbl C TMMOKCUAHO-aHA3IPOOHbIMY
YC/IOBUAMM.

KnioueBble C10Ba: MWKPOGMONOTMUECKUI PeXMM, OpraHnyeckoe BellecTBo, YepHoe Mope.
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