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INTRODUCTION

A number of studies describing the phytoplankton
growth rates in different areas of the Ocean were pub-
lished in the last decade. The minimal values of the rel-
ative growth rate (0.1–0.2 day

 

–1

 

) were found in the oli-
gotrophic areas, while the maximal ones (1.0–2.0 day

 

–1

 

)
were observed in the coastal areas of high productivity
and upwellings [15, 18, 22, 28, 29]. The data obtained
allow one to conclude that the nitrate/nitrite concentra-
tions in the areas of the photosynthesis are the major
limiting factors of the primary production and the phy-
toplankton growth.

Few studies on the phytoplankton growth rates in
the Black Sea are mainly targeted on the abundant algae
species of nano- and microphytoplankton [2, 3, 12].
The growth rates of nano- and microphytoplankton
may vary in order of magnitute of 10 in the coastal
areas. The minimal values (0.1–0.3 day

 

–1

 

) were
observed in the spring diatom bloom. The maximal val-
ues of 0.90–1.68 day

 

–1

 

 were usual for the prebloom
period [2, 12].

The present study was aimed to assess the bulk phy-
toplankton growth rate and the grazing impact of the
zooplankton, as well as to reveal the major factors gov-
erning these processes in the surface waters of the
Black Sea in the autumn period.

MATERIALS AND METHODS

The investigations were conducted during the inter-
national GEF/UNDP Black Sea Ecosystem Recovery
Project during the scientific cruise of R/V 

 

Vladimir
Parshin

 

 to the Western Part of the Black Sea. The stud-
ies were carried out from September 20 to October, 15,
2005, at 20 stations, both in the coastal and deep-water
regions (Fig. 1).

 

Assessing the phytopankton growth rate and the
zooplankton grazing impact.

 

 The assessing of the
phytopankton growth rate and zooplankton grazing
impact were carried out with dilution method [26],
which is widely used in such kinds of hydrobiological
investigations. The major advantage of this method is
the possibility of assessing the bulk phutoplankton
growth rate and the grazing impact of zooplankton,
mainly microzooplankton. The application of the
method involves three major assumptions. First, the
phytoplankton growth rate does not depend on the sam-
ple dilution factor. Second, the grazing rate of the
zooplankton decreases accordingly to the dilution fac-
tor. Lastly, the grazing rate is constant and is not
affected by the zooplankton abundance in the experi-
mental vial [27].

The water samples (15–20 L) were taken in the
morning (6.00–7.00) or in the late afternoon (14.00–
16.00) from the surface. A water volume of 6–8 L was
sieved through a glass fiber filter (Whatman GF/F;
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Abstract

 

—The results of the studies within the framework of the international expedition onboard R/V

 

Vladimir Parshin

 

 in September–October 2005 are presented. Intensive development of Bacillariophyceae and
Dynophyceae was recorded in the coastal waters of Bulgaria, Turkey, and in the Danube River Delta during the
period of the investigations. The increase in the algae population was accompanied by rising of the Chlorophyll

 

a

 

 concentration up to 2.0–5.5 mg m

 

–3

 

. In the deep water region, it did not exceed 0.54 mg m

 

–3

 

. The phytoplank-
ton growth rate in the surface water layer varied from 0.1 to 1.0 day

 

-1

 

. The phytoplankton growth rate and
NO

 

2

 

+NO

 

3

 

 concentration, as well as the silicon concentration, were correlative, as was described by the Michae-
lis–Menten equation. The phytoplankton growth was affected by the integral impact of basic nutrients. The
zooplankton grazing varied from 0.10 to 0.69 day

 

-1

 

, and the average values in different regions may vary by
1.5 times. The microalgae size range is one of the major factors of the grazing regulation. The rate of the phy-
toplankton consumption was decreasing according the increasing of the largest diatom

 

 Pseudosolenia calcar-
avis

 

 impact on the total biomass of the nano- and microphytoplankton.
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47 mm diameter). The filtration was performed under
low presuure (<0.1 atm) to avoid the breakage factor of
the phytoplankton cells and thus to minimize their
intrusion into the filtrate. The native sample was then
diluted with the filtrate freshly obtained by a factor of
dilution of 1.0, 0.75, 0.50, 0.25 and 0.10 in duplicates.
The factor 1.0 means an undiluted sample, while the
factor of 0.10 means the sample was diluted ten times
with filtrate. The prepared solutions were then placed
into polycarbonate bottles of 1–2 L volume, which
were prewashed with 10% HCl and then with distilled
water. The bottles were incubated for 24 hours on
board, opened for the solar impact, and cooled down to

 

20°ë

 

 by running pumped surface water of the same
temperature. If the solar impact was more than 800 

 

µ

 

E
m

 

–2

 

 s, the bottles were shadowed to decrease the solar
impact by 2–3 times. After the experiment ended, the
water was filtered through GF/F filters and stored in liq-
uid nitrogen until the measurement. The concentration
of Chlorophyll

 

 a

 

 was determined by the fluorometric
method described by standard international protocol
[19]. The fluorometer calibration was performed using
a Sigma Chemical Co Chlorophyll stock solution.

The phytoplankton growth rate was calculated
under the daily increase of Chl

 

 a

 

 in the experimental
bottles. The initial concentration of Chl 

 

a

 

 (Chl

 

0

 

) was
determined only for the undiluted samples, while, for
the diluted samples, it was recalculated according to the
dilution factor (DF) using the equation

 

(1)Chl0
D Chl0  DF.=

 

The Chlorophyll concentration after the experiment
(Chl

 

t

 

) was determined for all the samples. However,
one has to take into account that the final concenration
of Chlorophyll in the bottles with diluted samples
might be overestimated due to the pigment penetration
to the filtrate used for the dilution. Small algae may
penetrate through the filter (Chl

 

filtrate

 

). However, this
value did not exceed 1% in the pure filtrate after
24 hours of incubation under the same conditions dur-
ing the present investigation. This value was taken into
account in the final recalculations:

 

(2)

 

The observed phytoplankton growth rate (

 

µ

 

v

 

) for
each of the 5 dilution treatments was recalculated as

 

(3)

 

The linear regression equations were recalculated to
estimate the interrelations between the observed phy-
toplankton growth rate (

 

µ

 

v

 

), the recalculated (true) phy-
toplankton growth rate (

 

µ

 

) and  the zooplankton graz-
ing rate (

 

g

 

), as:

 

µ

 

v

 

 =–

 

gKP

 

 + 

 

µ

 

. (4)

 

The taxonomic analysis of the nano- and micro-
phytoplankton and the determination of its abun-
dance and biomass.

 

 Water samples of 3–4 L volume
were taken from the surface. The method of reverse fil-
tration with nucleopore filters (pore diameter 2.5 

 

µ

 

m)
was used at most of the stations. The condenced sam-
ples were then fixed using a 1% formaldehyde solution

Chlt
D Chlt 1 DF–( )Chlfiltrate.–=

µv Chlt
D/Chl0

D( ).ln=
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Fig. 1. 

 

The investigation sites.
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and were stored in darkness at 17–18

 

°

 

C for 20–30 days
prior to the analysis. The abundance and linear size of
the phytoplankton were determined for a subsample
volume of 0.1 mL in 3–5 replicates under a light micro-
scope (MBI-3).

The sampling of the phytoplankton along the Bul-
garian coast was conducted by means of the down flux
method. The samples were immediately fixed with a
4% formaldehyde solution and were stored in darkness
in a cool place for 20 days prior to the analysis. The
sunken particles were then concentrated to a 50 mL vol-
ume. The taxonomic analysis and linear size of the par-
ticles were then determined using a Sedjwick–Rafter
camera under a light microscope (Olympus-40). The
volume of the phytoplankton cells was recalculated
according to their geometry. The taxonomic analysis
was conducted according to [16, 33].

 

The mesozooplankton analysis.

 

 The zooplankton
samples were taken using a Juday net (mouth opening
diameter 36 cm; mouth opening square 0.1 m

 

2

 

) on the
Bulgarian coast. The total sampling was performed
from the bottom to the surface. The freshly taken sam-
ples were fixed with a 4% formaldehyde solution. The
zooplankton was sorted by the species and develop-
mental stages using Bogorov’s camera. The abundance
of each species was later used to recalculate the biom-
ass units using Chislenko nomograms [9, 13]. The tax-
onomic analysis was performed using [4, 5, 6].

 

The hydrochemical analyses and light intensity
measurements.

 

 The standard methods were used to
determine the concentrations of nitrates, nitrites, nitro-
gen, phosphates, and silicates in the sea water [19]. The
bulk daily light intensity was recalculated after every
hour of measurements of the solar intensity in the day-
light period by means of a luxmeter (U-116). The tran-
sition coefficient of 

 

10

 

4

 

 = 200 

 

µ

 

E m

 

–2

 

 sec [7] was used
to transform the Lux units into the solar radiation inten-
sity (PAR).

RESULTS

 

The phytoplankton biodiversity and Chl 

 

a

 

 con-
centration.

 

 The dominant species of phytoplankton
observed during the priod of the investigations
belonged to the diatoms (

 

Bacillariophyceae

 

). The
Northwestern shelf diatoms contributed from 71.7 to
92% of the total nano- and microphytoplankton abun-
dance, which was 83.7% on average. In the biomass
units, they formed from 42 to 71% of the total biomass
and 56.5% on average (Table 1). The dominant species
were

 

 Proboscia alata

 

 (Brightw.) Sundström,

 

 Pseud-
onitzschia seriata

 

 (Cl.) H. Perg., and

 

 Pseudosolenia
calcar-avis

 

 (M. Schultze) Sundstrom. This region was
characterized by a relatively low concentration of
Chl

 

 a

 

: from 0.51 to 1.70 mg m

 

–3

 

, 0.87 mg m

 

–3

 

 on aver-
age (Table 1). The only exception was found for station
35, which was situated in the Danube River Delta,
where the diatoms were dominant by abundance

(91.59%), but most of the biomass (64.9%) was formed
by

 

 Dinophyceae

 

 species such as

 

 Prorocentrum micans

 

Ehrenberg,

 

 Protoperidinium 

 

sp., and 

 

Gymnodinium

 

 sp.,
and the Chl

 

 a

 

 concentration reached up to 5.50 mg m

 

–3

 

.
The most intensive development of the phytoplank-

ton community was observed on the Bulgarian coast,
where the Chl

 

 a

 

 concentration varied from 0.92 to
4.33 mg m

 

–3

 

 (2.09 mg m

 

–3

 

 on average) (Table 1). The
diatom species abundance, which was mostly formed
by

 

 Cerataulina pelagica

 

 (Cl.) Hend and

 

 P. calcar-avis

 

,
was on average 79.9% (57.4–88.7%) of the total nano-
and microphytoplankton abundance. However, these
species dominated by biomass only at single stations
(PIVA, 38X). The

 

 Dinophyceae

 

 species were dominat-
ing at the other stations. These species were mostly rep-
resented by 

 

P. micans

 

,

 

 Dinophysis caudata

 

 Kent, and

 

Lingulodinium polyedrum

 

 (Stein) Dodge (Table 1).
Their impact on the total phytoplankton biomass varied
from 15 to 88% (56.7% on average).

In the Southern part of the investigation area on the
Turkish coast, the impact of diatom species on the total
phytoplankton abundance and biomass was maximal.
The diatom abundance varied from 89.3 to 95.2%
(92.4% on average); the biomass varied from 55 to 94%
(80% on average). Only one species of

 

 C. pelagica

 

 was
dominant at all of the stations, and the concentration of
Chl

 

 a

 

 reached on average 4.19 mg m

 

–3

 

 and varied from
2.48 to 5.40 mg m

 

–3

 

.
The deep-water region was also characterized by

diatom species dominating (

 

C. pelagica, P. alata,
P. calcar-avis

 

). Their impact on the total abundance
varied from 41.1 to 86.7% (68.7% on average), and the
impact on the total biomass was 72.6% on average (63–
91%, Table 1). However, the Chl

 

 a

 

 concentration in this
area was the lowest; it varied from 0.39 to 0.57 mg m

 

–3

 

(0.49 mg m

 

–3

 

 on average) (Table 1).

 

The phytoplankton growth rate. 

 

The results con-
cerning the phytoplankton growth rates and the zoop-
lankton grazing rates obtained in the dilution experi-
ments are presented in the Table 2. For each of the
experiments, the linear regression equations were recal-
culated. These equations contain the observed phy-
toplankton growth rate (µ‚), which coordinates with the
dilution factor (DF). The coefficient r2 varied in the
same value span of 0.50 to 0.96 for both the coastal and
deep water regions, and the average values for these
regions differed insignificantly.

The maximal phytoplankton growth rates were
observed close to the Bulgarian coast and varied from
0.17 to 1.00 day–1 (0.53 day–1 on average (Table 1)).
This region was characterized by relatively high con-
centrations of nitrites and silicates, and the average
concentrations were 1.41 and 5.28 µM, respectively
(Table 3).

The phytoplankton growth rates on the western shelf
were approximately two times lower compared to those
on the Bulgarian coast (on average 0.29 day–1). The
same values were observed for the deep water regions,
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and the low nitrate concentration may be named as a
major reason for such phenomenon. The nitrate con-
centration varied from 0.05 to 0.18 µM and was on
average 0.11 µM in the Northwestern part and 0.13 µM
in the deep-water area (Table 3).

The Turkish coast was characterized by both low
nitrate and silicate concentrations and minimal phy-
toplankton growth rates: from 0.01 to 0.28 day–1

(0.18 day–1 on average).
The phytoplankton growth rates did not depend

either on the phosphate concentration or on the nitro-
gen/phosphate ratio (Fig. 2c, 2f). In the meantime, the

Michaelis–Menten equation nicely describes the rela-
tionship between the phytoplankton growth rate and the
sum concentration of nitrates and nitrites (Fig. 2a, 2b).
According to the recalculations, the coefficient of 50%
saturation (Ks) for the nitrogen was 0.33 µM for the
coastal areas and 0.30 µM for all the investigation area.
The most part of the investigation area was character-
ized by lower values of Ks for nitrogen, and only for
some stations along the Bulgarian coast and the Danube
River Delta did they reach or even exceed Ks (Table 3).

The Michaelis–Menten equation was also applica-
ble to describe the interrelationships between the phy-

Table 1.  The true phytoplankton growth rate (µ), zooplankton grazing rate (g), Chl a concentration (Chl), phytoplankton
abundance (A, % of total) and biomass (B, % of total). The data are given for major phytoplankton groups

µ, day–1 g, day–1 Chl, mg m–3 Dominant 
species

The Bulgarian coast (st. Varna, PIVA, PIKR, P4KR, P6KR, 38X)

79.9 ± 10.9 17.0 ± 14.5 3.1 ± 2.7 0.52 ± 0.37 0.32 ± 0.20 2.09 ± 1.29 P. micans, D. cau-
data, L. polyedrym, 
P. calcar-avis, 
C. pelagica

(0.17 – 1.00) (0.10 – 0.60) (0.92 – 4.33)

(35.0 – 84.0) (15.0 – 65.0) (0.0 – 2.0)

The North-Western Part (st. 16, 20, 25, 33X)

83.7 ± 8.6 14.0 ± 6.4 2.3 ± 2.2 0.29 ± 0.15 0.38 ± 0.2I 0.90 ± 0.56 P. alata, P. seria-
ta, P. calcar-avis

(0.03 – 0.42) (0.14 – 0.69) (0.51 – 1.70)

(42.0 – 71.0) (28.9 – 57.9) (0.0 – 0.4)

The Danube River Delta (st. 35)

P. micans, Gimn-
odinium sp., Pro-
toperidinium sp., 
P. seriata

0.33 0.49 5.50

The Turkish coast (st. 0, 0, 2, 5)

92.4 ± 2.9 7.3 ± 4.1 0.3 ± 0.2 0.18 ± 0.12 0.41 ± 0.20 4.19 ± 1.24 C. pelagica, Gym-
nodinium sp.

(0.01 – 0.28) (0.15 – 0.61) (2.48 – 5.40)

(55.0–94.0) (5.8–44.9) (0.0–0.2)

The deep sea part (st. 9, 10, 30, 40X, 41X)

68.7 ± 17.9 30.0 ± 12.2 1.3 ± 2.9 0.29 ± 0.07 0.28 ± 0.19 0.49 ± 0.08 P. alata, P. cal-
car-avis, C. pe-
lagica(0.10 – 0.60) (0.11 – 0.49) (0.39 – 0.57)

(63.0 – 91.0) (9.0 – 42.5) (0.0 – 0.5)

Note: The numbers in brackets are the min-max values.

Adiatom

Bdiatom
----------------

Adinophyta

Bdinophyta
---------------------

Aothers

Bothers
--------------

57.4 – 88.7( )
48.5 ± 21.5

-------------------------------- 11.0 41.5–( )
50.8 ± 20.5

------------------------------- 0.6 8.1–( )
0.8 ± 0.7

-------------------------

71.7 92.0–( )
56.5 ± 13.0

------------------------------- 8.0 24.6–( )
43.4 ± 12.9
---------------------------- 0 4.9–( )

0.1 ± 0.2
---------------------

91.6
35.0
---------- 8.3

64.9
---------- 0.1

0.1
-------

89.3 95.2–( )
80.0 ± 17.3

------------------------------- 4.8 11.1–( )
19.9 ± 17.3
---------------------------- 0 0.6–( )

0.1 ± 0.1
---------------------

41.1 86.7–( )
72.6 ± 15.3

------------------------------- 12.6 53.5–( )
27.3 ± 15.3

------------------------------- 0 6.4–( )
0.1 ± 0.2
---------------------
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Table 2.  The experimental data on phytoplankton growth
rates and zooplankton grazing rates in the surface waters of
the Black Sea in September–October, 2005

Station The linear regression 
equation r2

The Bulgarian coast
pVrn µB = –0.10 DF + 0.29 0.50
P1V µB = –0.20 DF + 0.53 0.55
P1KR µB = –0.60 DF + 1.00 0.83
P4KR µB = –0.55 DF + 0.93 0.78
P6KR µB = –0.18 DF + 0.17 0.90
38X µB = –0.30 DF + 0.18 0.70
Mean 0.71 ± 0.16

The North-Western Part
16 µB = –0.39 DF + 0.35 0.64
20 µB = –0.69 DF + 0.03 0.96
25 µB = –0.14 DF + 0.42 0.77
33 X µB = –0.28 DF + 0.35 0.79
35 µB = –0.49 DF + 0.33 0.77
Mean 0.77 ± 0.11

The Turkish coast
0 µB = –0.39 DF + 0.22 0.93
0 µB = –0.61 DF + 0.28 0.69
2 µB = –0.49 DF + 0.01 0.71
5 µB = –0.15 X + 0.22 0.56
Mean 0.72 ± 0.15

The deep sea part
9 µB = –0.49 DF + 0.60 0.94
10 µB = –0.38 DF + 0.10 0.57
30 µB = –0.11 DF + 0.23 0.57
41X µB = –0.12 DF + 0.24 0.53
Mean 0.65 ± 0.19

Note:  The linear regression equation appears as – µB = –g DF + µ,
where µB observed growth rate, day–1; g—zooplankton
grazing rate, day–1; DF—dilution factor; µ—true phy-
toplankton growth rate, day–1.

               
Table 3.  The concentration of major micronutrients (µM) in the investigated area

Area PO4 NO3 NO2 NH4 Si N

The Bulgarian coast 0.08 ± 0.07 1.41 ± 1.08 0.11 ± 0.09  5.28 ± 3.55 6

(0.03 – 0.23) (0.04 – 2.55) (0.01 – 0.23) (0.05 – 8.55)

The North-Western Part 0.06 ± 0.05 0.11 ± 0.05 0.04 ± 0.04 0.13 ± 0.10 1.38 ± 2.03 4

(0.02 – 0.14) (0.05 – 0.18) (0.01 – 0.09) (0.04 – 0.26) (0.30 – 4.43)

The Danube River Delta (st. 35) 0.39 3.22 0.27 0.19 7.30 1

The Turkish coast 0.03 ± 0.02 0.14 ± 0.04 0.05 ± 0.01 0.28 ± 0.15 0.63 ± 0.39 4

(0.02 – 0.05) (0.09 – 0.18) (0.04 – 0.06) (0.08 – 0.43) (0.45 – 1.09)

The deep sea part 0.08 ± 0.08 0.13 ± 0.06 0.03 ± 0.02 0.12 ± 0.11 0.21 ± 0.16 5

(0.02 – 0.18) (0.06 – 0.18) (0.01 – 0.05) (0.05 – 0.30) (0.09 – 0.40)

Note: The numbers in brackets are the min-max values.

toplankton growth rate and the dissolved silicon con-
centration (Fig. 2d, 2e). The Ks for the silicon in the
coastal waters was 1.79 µM, whereas, for the whole
western part, it was only 0.92 µM. The dissolved sili-
con concentration in the water reached or even exceed
Ks only at several stations situated on the Northwestern
shelf and along the Bulgarian coast (Table 3).

To assess the combined effect of the three main
nutritive element concentrations (nitrogen, silicon, and
phosphorus) on the phytoplankton growth rate, the
multiple regression method was applied. The following
equation was then obtained:

(5)

As could be clearly observed, nitrogen and phos-
phorus were the major limiting factors in September–
October 2005.

There was no evidence of any effect of solar radia-
tion impact (14–34 µE m–2 day) on the phytoplankton
growth rate for the whole period of the investigations
(Fig. 3).

The zooplankton grazing rates. The zooplankton
grazing rates varied from 0.10 to 0.69 day–1; the aver-
age values differed by approximately 1.5 times for the
different areas investigated (Table 1). The absolute val-
ues of the total biomass of the nano- and microzoop-
lankton were mostly governed by the abundance of the
large diatom P. calcar-avis (V = 60000–30000 µm3).
The increase in abundance of this algae significantly
deceased the zooplankton grazing rate (Fig. 4).

The comparison of the average phytoplankton
growth rates and the zooplankton grazing rates clearly
indicates that only on the Bulgarian coast did the algae
grow faster (µmean = 0.52 day–1) than they were con-
sumed by the zooplankton (gmean = 0.32 day–1). The
deep water area was characterized by nearly the same
values of these two parameters, 0.29 and 0.28 day–1,
respectively.

The zooplankton grazing rate (0.38 day–1, on aver-
age) exceeded the phytoplankton growth rate (0.29 day–1,

µ 0.430Si0.297N0.133P0.026   r2 0.70=( ).=
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Fig. 2. The interrelationships between the phytoplankton growth rate and major micronutrients concentrations in the Black Sea: (a)
and (d) ñ data for coastal waters; (b), (c), (e), (f) ñ data for all the investigated area.
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on average) on the Northwestern shelf. Station 35 situ-
ated in the Danube River Delta was characterized by a
high zooplankton grazing rate (0.49 day–1), which
exceeded the phytoplankton growth rate by 1.5 times.

Finally, on the Turkish coast, the zooplankton graz-
ing rate (0.41 day–1) exceeded the phytoplankton
growth rate by 2.3 times (Table 1).

The zooplankton abundance and biomass.
Copepoda, Chaetognatha, and Meroplankton were the
dominating groups in the zooplankton along the Bul-
garian coast. The maximum mesozooplankton abun-
dance of 7564 ind m–3 was observed at the most shallow

station (P3VA). The mimimal values of 2625 ind m–3

were obtained for the most distant station from the
shore (P6KR, Table 4). The other stations were charac-
terized by similar values from 4378 to 4893 ind m–3.
Copepoda had the greatest impact of more than 50% on
the total abundance at every station.

As was observed for the abundance, the maximum
biomass was also found at the shallow station P3VA
(262.72 mg m–3); however, the minimal one, which was
4 times less, was recalculated for the closest station
(PIVA) (Table 4). Chaetognatha (18.12–74.63%,
51.14% on average) and Copepoda (17.10–76.83%,

G
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w
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 r
at

e,
 d

ay
–1

1.0

0.8
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0.4
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0
12 16 20 24 28 32 36
Light intensity (PAR), E m2 day-1

Fig. 3. The solar radiation impact to the phytoplankton
growth rate.

           
Table 4.  The mesozoolpankton abundance (Azoo, ind m–3) and biomass (Bzoo, mg m–3) and relative impact of key zooplankton
groups (%) along the Bulgarian coast

Station Depth, m Layer, m
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Fig. 4. The impact of relative biomass of Pseudosolenia cal-
car-avis to the zooplankton grazing rate on nano- and
microphytoplankton.
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34.79% on average) had the greatest impact on the total
biomass.

DISCUSSION

The investigations were conducted in the period of
the autumn phytoplankton bloom in the coastal waters
of the Western part of the Black Sea. The bloom was
found at most of the stations along the Bulgarian coast
and at some stations of the Northwestern shelf and at
the southern part of the Turkish coast. The diatoms
were the mostly represented bloom algae. Their maxi-
mum impact on the total abundance (92.4%) and biom-
ass (80%) of the phytoplankton was found along the
Turkish coast. In the meantime, in the Danube River
Delta and along the Bulgarian coast, some Dinophyta
species also increased their presence.

The changes in the phytoplankton biomass over the
time period are governed, on the one hand, by the dif-
ference between the phytoplankton growth rate and the
zooplankton grazing rate and, on the other hand, by the
rate of passive sinking of the phytoplankton particles
[23]. Obviously, the incresing of the phytoplankton bio-
mass is possible when the phytoplankton growth rate
exceeds the zooplankton grazing rate. In September–
October, 2005, this was observed only for the station
along the Bulgarian coast. Additionally, higher
nitrite/nitrate and phosphate concentrations were also
determined for this area. These values exceeded the
same obtained for the Turkish coast by 10 times. These
high nutrient concentrations were the main reason for
the increasing of the phytoplankton biomass. In con-
trast, the Turkish coast was characterized by high zoop-
lankton grazing rates, which exceeded the phytoplank-
ton growth rate by two times, and by extremely low
concentrations of the most important nutrients (phos-
phates, nitrates, and silicates). The last could be treated
as a sign of the final stage of the autumn phytoplankton
bloom.

It is well-known that the light, temperature, and
nutrient concentrations are the major factors governing
the phytoplankton growth. The water temperature was
optimal for the phytoplankton growth (about 20°ë) in
the period of the investigations. The values of the daily
solar radiation were 3–6 times higher than the limit val-
ues for the phytoplankton growth (Ik) that were found
for this area earlier [12]. Therefore, we assume the light
was not the limiting factor. Also, the phytoplankton
growth rate did not depend on the solar radiation during
the investigation period. Besides that, the Ik values for
the autumn period are about 10% of the solar radiation,
and the same light intensity could be found at the
depths from 10 to 25 m. Therefore, we assume the same
growth rates for the phytoplankton inhabiting this water
layer as for the surface algae.

The equations that describes the nutrient impact on
the phytoplankton growth rates allow one to conclude
that the last ones were mostly limited by

nitrites/nitrates and silicates concentrations. The only
exception was the stations along the Bulgarian coast,
where the concentrations of these nutrients were higher
than the coefficient of 50% saturation (Ks) and the phy-
toplankton growth was not limited. The low number of
observation in the deep water area did not allow us to
obtain the Ks for nitrogen and silicon for this region.
However, a value of 0.18 µM for the nitrates was found
for the same region and season in the previous studies
[21]. The nitrates concentrations were lower than this
value during the period of the present studies and so
were the phytoplankton growth rates. The observed
average values of Ks for the phosphates were sufficient
or even exceeded the values obtained earlier [8].

Station 35 (the Danube River Delta) was character-
ized by the highest concentrations of phosphates
(0.39 µM), nitrates (3.22 µM), and silicon (7.30 µM).
However, the phytoplankton growth rate was quite low:
about 0.33 day1, which is three times less than maxi-
mum values obtained. We tend to link this fact with the
biomass dominating of some of the dinophyta species,
such as Gymnodinium sp., Protoperidinium sp. and
P. micans. These species are all characterized as mix-
otrophic ones; they use both organic and inorganic
compounds to grow [31, 32]. In addition, it was proved
experimentally that dinophyta species store ammonia
in their cells, while diatoms tend to store nitrates [25].
The concentration of ammonia at station 35 was four
times less than the Ks values obtained for the warm sea-
son for the Black Sea region close to Sevastopol [12].
This limitation, in addition to the organic compounds
being limited, may negatively impact the phytoplank-
ton growth rate.

It is widely accepted that the zooplankton grazing
rate highly depends on the phytoplankton biodiversity,
as well as on both the qualitative and quantitative food
content. During the investigation period, the phy-
toplankton was represented mostly by microphy-
toplankton (>15 µm) and less by nanophytoplankton
(2–15 µm). The impact of picophytoplankton (<2 µm),
which is the main food source for the microzooplank-
ton, was minor, about 10% of the total phytoplankton
biomass [14]. The copepods are major consumers of
microphytoplankton and “large” nanophytoplankton
cells [1, 10, 24, 30]. The copepods dominated by abun-
dance, and copepods and chaetognaths dominated by
biomass along the Bulgarian coast in the period of the
investigations. The chaetognaths are the major second-
ary consumers in marine ecosystems and feed mostly
on copepods [20].

The copepods prefer the phytoplankton cells with an
optimal linear size range of 10–40 µm [1, 10, 17, 24].
The colonial diatoms are the main food source for the
copepods in the Black Sea during the spring phy-
toplankton bloom [10]. We argue for the regression
between the zooplankton grazing rate and the total cell
volume of the dominating phytoplankton species, even
though the analysis of the data obtained did not allow
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revealing such a relationship. However, the linear
regression was significant for the relative abundance of
the largest diatom Pseudosolenia calcar-avis (linear
cell size up to 300 µm) and the zooplankton grazing
rate. The increase of the relative abundance of this spe-
cies negatively impacted the zooplankton grazing rate.
As was shown by T.S. Petipa [10], this phytoplankton
species is the only one that is not consumed by all the
copepodit stages of Calanus helgolandicus.

Summarizing the results of the present investigation,
we conclude that the phytoplankton growth rate was
governed by the concentration of the essential nutriens,
and the zooplankton grazing rate depended on the rela-
tive biomass of P. calcar-avis in the phytoplankton.
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