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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 m atter 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 know n tha t  in m odera te  latitudes, where the  Black Sea is located, seasonal 
variations o f  physical and  biological properties o f  the upper water layer are pronounced . 
F o r  the north-western part o f  the Black Sea (NW BS) the annual variation o f  hydrological 
and some hydrochemical param eters  is described in detail [1, 12, 11], but the inform ation 
on annua l variability  o f  microbiological processes has no t been systematized. At the 
same time, fo r so lu tion  o f  eu troph ica tion  prob lem s in the north-w estern  shelf it is 
necessary to s tudy  the features o f  organic m atte r  t ransfo rm ation ,  tha t  requires the total 
registration o f  all changes in annua l cycle o f  bacterial activity. The analysis o f  the ra te  
o f  organic m atte r  m ineralisation  by m icroorganism s is necessary fo r assessment o f  
processes p ro m o tin g  occurrence o f  hypoxy an d  anaerob ic  conditions.

T he  present w o rk  p u rp o se  is ob ta in ing  o f  the  ordered  characteristics o f  annua l 
dynam ics o f  to ta l  bac te ria  num ber,  oxygen con su m p tio n  ra te  and  ca rb o n  dioxide 
assimilation by bac teria  with tak ing  into account o f  hydrophysical and  hydrochemical 
characteristics changes in w ater masses o f  the  north-w estern  p a r t  o f  the Black Sea.

Materials and methods

T he research m ateria ls  are the au th o rs ’ observations in 1983— 1997 carried out in 
coastal an d  open regions o f  the NW BS. F o r  collecting o f  dynam ic series m ore  th an  770 
in tegrated observations on  7 param eters  are  used. T h e  series include to ta l  bacteria  
num ber,  oxygen and  ca rbon  dioxide consum ption  by  bacteria ,  tem perature , salinity, 
oxygen concentra tion  an d  w ater sa tu ra tion  with oxygen.

T h e  to ta l  b ac te r ia  n u m b e r  was d e te rm in ed  by  directl acco u n t  m e th o d  [8] by  
microscope with m em brane  filters “S y n p o r” №  8 (pores d iameter —  0,2 mkm). The 
determ ination  o f  o rganic m atte r  aerobic oxidation  ra te  was conducted  in accordance 
with the oxygen concen tra tion  change in closed w ater  volum e placed in conditions as
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close to the na tu ra l  ones as possible, and following the technique [10]. C arb o n  dioxide 
assim ila tion  ra te  by bac te r ia  was m easured  by  o f  r a d io c a rb o n  m ethod  [10]. The 
determ ination  o f  hydrochem ical param eters  was conducted  in accordance with the 
m anual [7].

Results and Discussions

T he microbiological regime research in fram ew ork  o f  complex ecological m onito ­
ring of m arine environm ent [3, 4, 5, 6, 9] allowed to receive m aterials abou t  long-term 
seasonal variability  o f  to tal bacteria  num ber,  ra te  o f  organic m atte r  oxidation and  rate 
o f  carbon  dioxide consum ption  by  bacteria  in the NW BS. Considering temperature, 
salinity and  oxygen as the m ajor factors influencing the habitability o f  marine organisms, 
variability o f  microbiological characteristics has been considered in close connection 
with changes o f  these factors. T ak in g  into account two-layer s tructure  o f  waters [1, 12] 
the analysis o f  annua l dynamics has been conducted  for the surface and  b o tto m  layers 
separately.

Total bacteria number. D eterm ination  o f  this p a ram ete r  gives no tion  abou t  regula­
rities o f  seasonal d is tr ibu tion  o f  microbial p o p u la t ion  an d  allows to  characterize more 
completely the substance transform ation processes with participation o f  microorganisms. 
In surface waters the  range  o f  average m on th ly  values o f  bacteria  num ber was 0.9—
2.8 mln.cells/ml; in bo tto m  waters this value was even m ore —  0.33— 3.1 mln.cells/ml 
(Fig. 1). T he  smallest num ber o f  m icroorganisms in bo th  waters was noted  in Jan u a ry — 
F ebruary . D uring  this per iod  the  average m onth ly  concentra tion  o f  bacteria did not 
exceed 1.05 mln.cells/ml tha t  corresponds to  m esotrophic level o f  m arine waters. It is 
necessary to note tha t low density o f  bacteria in winter was combined with the maximum 
o f  water salinity (Fig. 2).

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

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

An analysis o f  correlation  between these param eters  in the surface layer has shown 
a close statistical dependence (correlation coefficient —  0,7). In M arch  bacteria num ber
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in surface waters  sharp ly  increased (up to 1,94 mln.cells/ml) and  corresponded  to the 
eu trophic level o f  m arine  waters. These changes o f  bac teria  num ber corresponded  to 
sharp  reduction  o f  salinity. Obviously, tha t  the main reason  for these changes was the 
river inflow. There  was observed periodic decreases an d  increases o f  bac teria  num ber 
well correlated with salinity changes. In June  bacteria  n u m b er reached 2,45 mln.cells/ml, 
tha t  correlated  with the  m in im um  o f  average m onth ly  salinity and , consequently, with 
the greatest influence o f  fresh waters. In July a small recession o f  bac teria  density was 
observed, and  in A ugust bacteria num ber reached the m axim um  average m onth ly  values 
(2,82 mln.cells/ml). U nlike  spring period, when the increase o f  bac teria  quan tity  is 
connected with inflow o f  river waters, in sum m er an d  a u tu m n  big density o f  m icro­
organisms was caused, p robab ly ,  by  a surplus o f  organic m atte r  collected in ecosystem.

In the b o t to m  layer bac teria  concen tra tion  during  Ja n u a ry  —  June  was smaller than  
on the  surface. But, in A ugust an extremely big burs t  o f  the n u m b er was observed: it 
exceeded the average m onth ly  m axim um  in surface waters. It is no ted  tha t  exactly in 
A ugust in the b o t to m  waters the m inim um  concen tra t ion  o f  dissolved oxygen was 
observed (Fig. 3).

T h e  conducted  analysis o f  the av­
erage m onth ly  values o f  oxygen and  
b ac te r ia  n u m b e r  co n c e n t ra t io n  has  
shown th a t  the corre la tion  coefficient 
between these p aram ete rs  was -0 ,82  
(statistically reliable with im portance 
level —  99%). It is possible to  consid­
er an  increase o f  bac teria  num ber in 
b o ttom  waters in hypoxy s ta te  as one 
of the factors causing deter io ra tion  o f  
water san ita ry  condition  in summer.

A t the beginning o f  au tum n  in bo th  
water layers a big n u m b er o f  bacteria  
(2,14— 2,45 mln.cells/ml) is observed 
that correspond to  the eu troph ic  level 
o f  m arin e  w aters .  O n ly  in N o v e m ­
ber— D ecem ber there is a gradual de­
crease o f  bac te r ia  q u a n t i ty  s im u lta ­
neously with increasing o f  salinity and 
concentra tion  o f  dissolved oxygen. This tendency is characteristic for bo th  surface and  
b o ttom  waters.

Bacteria density increase in eu troph ica tion  conditions sometimes accom panies with 
the decrease o f  bac teria  specific activity, especially the b rea th ing  intensity [2]. It ,  in 
turn , results th a t  the ra te  o f  organic m atte r  ox idation  by bac te ria  is no t p ro p o r tio n a l  to 
the increase o f  their num ber. Therefore, bacteria quan tity  gives only rough  notion  abou t 
the ra te  o f  m icrobiological processes. A  better  assessment o f  organic  m atte r  ox idation  
processes is m ade by the b reath ing  intensity or oxygen consum ption  by microorganisms.

Aerobic oxidation rates o f organic matter (O M ). Bacteria, first o f  all, are responsible 
for destruction O M  collected in ecosystem, and , therefore, m icroorganism s’ activity 
determines an intensity  o f  self-purification processes. T he  average m onth ly  ra te  o f  the

Fig. 3. Average monthly values of dissolved oxygen 
inthesurface (7) and bottom (2) waters of the NWBS
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O M  oxida tion  in surface waters o f  the N W B S varied  from  0,14 mgO^/l/day in F eb ru a ry  
up to  1.0 m g 0 2/l/day in July and  A ugust.  T he  lowest activity o f  ox idation  processes was 
observed in w in ter  (Fig. 4), during  the m in im um  of  tem peratu re  (Fig. 5) an d  bacteria  
density. In  M arch  and  A pril the m ost intensive increase o f  oxygen consum ption  ra te 
was noted. It  was grow ing 2— 2.5 times per m o n th  and  was 0.41 and  0.71 m g 0 2/l/day 
accordingly. T h e  next m o n th ’s intensity o f  th e  processes continued  to increase but 
significantly slower th an  early spring.

Month

Fig. 4. Average monthly values of oxygen con­
sum ption in the surface waters o f the NWBS

Fig. 5. Average monthly values of temperature 
in the surface (7) and bottom (2) waters of 
the NWBS

T he m axim um  ra te  o f  the O M  ox ida tion  was registered in July-August w hen the 
biggest values were reached for: w ater tem pera tu re  (Fig. 5), sa tu ra tion  degree o f  water 
with oxygen (Fig. 6) and  m icroorganism s’ quan tity .  T he  average m onth ly  m axim um  of 
the  O M  oxida tion  ra te  was 1,04 m g 0 2/l/day (as for eu trophic  waters). Since September

the  O M  aerobic ox idation  ra te  was g rad u ­
ally reducing. The sharpest reduction o f  this 
p rocess  in tensity  was n o ted  in O ctober.  
D u r in g  N ovem ber and  D ecem ber the  OM 
ox ida tion  ra te  was reducing  a n d  w as al­
ready  3 times less than  the sum m er maxi­
m um . T he  am plitude  between the  m axi­
m um  an d  m in im um  values reg istered  in 
F eb ru a ry  was alm ost an o rde r  o f  m agni­
tude. It is interesting tha t  the  an n u a l  vari­
a tion  o f  average m onth ly  values o f  the  OM 
ox id a tio n  ra te  was ra th e r  a sm o o th  line 
w hereas  the  n u m b er  o f  m icroorgan ism s 
changed  spasmodically. A t the sam e time, 
a ra th e r  close statistical re la tion  was noted 
between these param eters  (correla tion co­
efficient is 0,7, with p robab ili ty  degree — 
98%). T h e  seasonal v a r ia t io n  o f  oxygen

Fig. 6. Average monthly values of oxygen 
saturation in the surface (7) and bottom (2) 
waters of the NWBS
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consum ption  ra te had  a synchronous type with tem peratu re  changes. T he  correlation 
coefficient between these param eters  was 0,77 (probability  degree is 99%). T h e  correla­
tion coefficient was received also between the  O M  oxidation ra te  a n d  sa tu ra t io n  degree 
o f  w ater with oxygen (r = 0,87). D u rin g  all per iod  M arch  —  A ugust,  when the  surface 
waters were oversatura ted  with oxygen, the O M  aerobic ox idation  was the  m ost in ten­
sive. Statistical analysis conducted  confirms tha t  the O M  oxidation  process depends on 
the tem perature , sa tu ra tion  o f  w ater  with oxygen and  density o f  m icroorganism s. D ue 
to the  fact that  oxygen concentra tion  in the  b o t to m  layer o f  the N W B S  frequently  was 
reduced to the m inim um  (Fig. 3), its consum ption  was close to zero. Therefore, an 
analysis o f  the annual dynamics o f  the O M  aerobic ox idation  in the  b o t to m  waters  has 
not been conducted.

Carbon dioxide dark assim ilation. T h e  ra te  o f  ca rb o n  d iox ide  ass im ila tion  by  
m ic ro o rg an ism s  charac te rizes  th e  in tens i ty  o f  bac te r ia l  b io m ass  p r o d u c t io n  and  
destruction o f  organic m atter taking place in aerobic and  anaerobic conditions. However, 
it is necessary to take  into account,  th a t  ca rbon  dioxide quan tity  consum ed  by bac teria  
considerably  grows with absence o f  oxygen [10]. T hus ,  the  ra te  o f  ca rb o n  dioxide 
assimilation by bac teria  is an ind icato r o f  anaerobic  conditions m  ecosystem. In the 
surface layer the average m onth ly  ra te  o f  ca rbon  dioxide assim ilation varied  from  2,51 
up to  22.2 m gC/m 3/day  (Fig. 7).

T h e  m in im um  ra te  o f  this process  
was observed in period  since Jan u a ry  till 
M arch  and  was in accordance with the 
smallest water tem perature. Since April  
an intensive increase o f  dark  assimilation 
processes was observed. It was s im ulta­
neously  w ith  an  increase  o f  the, t e m ­
pera tu re ,  bac teria  n u m b er and  oxygen 
consum ption  rate. The m axim um  in ten­
sity o f  carbon  dioxide bacterial assimila­
tion in the surface layer was charac teris­
tic for July— September. D u rin g  this p e ­
riod the average ra te  was 19,97— 22,20 
m gC /m 3/day , th a t  is on o rde r  o f  m ag ­
n itude  higher th an  the  w in ter average 
m onth ly  values.

In the b o ttom  layer the oscillations 
o f  average m onth ly  values o f  ca rbon  d i­
oxide bacterial assimilation were consi­
derably  higher th an  on the surface (2.01— 40.00 m gC/m 3/day). It is rem arkab le ,  that 
during  N ovem ber-A pril the  intensity o f  this process in the surface and  b o t to m  waters 
was practically identical. T he  p ro n o u n ced  differences were revealed in the  period  since 
M ay  till October. In this way, in M ay-Ju ly  the ra te  o f  ca rbon  dioxide d a rk  assimilation 
in the  b o ttom  layer was 2 times smaller than  on the surface, and  during  A ugust—  
O ctober,  on the contrary , it w'as in 1,5— 2 times higher than  on  the surface (34.2—  
40.0 m gC /m 3/day). Thus, the m axim um  o f  bacterial activity in surface waters was in 
sum m er and  in the b o t to m  layer in au tum n . The m axim um  values o f  the  ra te  o f  carbon
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Fig. 7. Average monthly values of carbon dioxide 
assimilation by bacteria in the surface (7) and 
bottom (2) waters of the NWBS
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dioxide assimilation by bacteria  in the bo ttom  waters coincided with the sharp  oxygen 
depression, when the average m onth ly  concentra tion  o f  oxygen was reduced to  1.36—
2.09 mg/1. A negative correlation  was determined between these param eters: r  -  -0.87.

T he  analysis o f  co rre la tion  between average m o n th ly  values o f  ca rbon  dioxide 
assimilation ra te  and  o ther  param eters  o f  surface w aters  has show n close statistical 
connection with the tem pera tu re  (r = 0.97), bac teria  num ber (r = 0.79) an d  oxygen 
consum ption  ra te  (r =0.78). These results have showed synchronous type o f  annual 
dynamics o f  all investigated microbiological param eters  an d  their close relation, first 
o f  all, with the tem perature . In the b o tto m  layer the most significant coefficients of 
correlation were calculated during  analysis o f  interre lation between microbiological 
characteristics and  the oxygen concentration.

Thus, the conducted analysis has allowed to receive the p ronounced  annual variation 
o f  microbiological characteristics o f  the surface and  b o tto m  waters o f  the north-western 
shelf, which is closely connected  with changes o f  hydrological an d  hydrochemical 
param eters  o f  the environm ent.  T he  regularities o f  microbiological param eters  changes 
in the surface and  b o tto m  layers had  the following features:

1. In the surface w aters  the per iod  o f  the m ost intensive functioning  o f  m icro­
organisms is since April till October,  and  the m axim um  n u m b er  and  activity o f  bacteria 
was observed in July —  A ugust. In the bo ttom  waters the biggest num ber and  functional 
activity o f  bacteria was in A ugust— O ctober and  coincided with the  period o f  strong 
oxygen depression.

2. The biggest average monthly values in the surface layer were: for total bacteria num ­
ber —  2.5 mln.cell/ml; aerobic ox idation ra te  o f  the organic m atte r  —  1.04 m g 0 2/l/day; 
ra te  o f  ca rbon  dioxide ass im ila tion  by  bac te ria  —  22.2 m gC /m 3/day. T he  am plitude 
between the m axim um  and  m inimum average monthly  values for the last two parameters 
was an order o f  m agnitude  an d  to ta l  bacteria  num ber changed in 3 times. T he  average 
m onth ly  maxim um  o f  to ta l  bacteria  num ber in the bo ttom  layer was 3.1 mln.cell/ml and 
was almost an order o f  m agnitude higher than  the average m onthly  minimum. The sharp 
increase o f  bacteria num ber in hypoxy conditions can result in the decrease o f  recreational 
value o f  the coastal w aters  in summer.
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МІНЛИВІСТЬ МІКРОБІОЛОГІЧНОГО РЕЖИМУ вод
ПІВНІЧНО-ЗАХІДНОГО ШЕЛЬФУ ЧОРНОГО МОРЯ

Резюме
Наведено аналіз багаторічних даних щодо сезонної динаміки мікробіологічних процесів 

на фоні зміни абіотичних чинників середовища у водах північно-західної частини Чорно­
го моря. З’ясовано річну мінливість загальної кількості бактерій, швидкості аеробного 
окислення органічної речовини та швидкості асиміляції вуглекислоти мікроорганізмами. 
В поверхневих водах річна динаміка всіх досліджуваних параметрів була синхронною і 
залежною від температури. В придонних водах зміни кількості та функціональної активності 
бактерій зв’язані з гіпоксійно-анаеробними умовами.

Ключові слова: мікробіологічний режим, органічна речовина, Чорне море.
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ИЗМЕНЧИВОСТЬ МИКРОБИОЛОГИЧЕСКОГО РЕЖИМА ВОД
СЕВЕРО-ЗАПАДНОГО ШЕЛЬФА ЧЕРНОГО МОРЯ

Резюме
Представлен анализ многолетних данных о сезонной динамике микробиологических 

процессов на фоне изменения абиотических факторов в водах северо-западной части Чер­
ного моря. Показана годовая изменчивость общей численности бактерий, скорости аэроб­
ного окисления органического вещества и скорости ассимиляции углекислоты микро­
организмами. В поверхностных водах годовая динамика всех исследованных параметров 
была синхронной и зависимой от температуры. В придонных водах изменения числен­
ности и функциональной активности бактерий связаны с гипоксийно-анаэробными 
условиями.

Ключевые слова: микробиологический режим, органическое вещество, Черное море.

221


