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Abstract: Annual variations in abundance, biomass, shape and size spectrum of picoplankton (coccoid
cyanobacteria) were investigated to explain the blooming of diatom and dinoflagellates in the surface
mixed layer in the Sinop Bay of the Southern Black Sea during the period between January 1998 and
December 1998. At the end of this study, it was observed that the coccoid cyanobacteria were spherical in
shape and 1.5-2.0 um in diameter. It was determined that picoplankton were predominant m the
phytoplankton, averaging 99.2% of the total phytoplankton abundance. The abundance and biomass of
coccoid cyanobacteria dominated in the picoplankton, averaging 9.1 and 99.2% of the total picoplankton,
respectively. The picoplankton biomass varied between 535 and 13477 mg m—. Cell numbers of coccoid
cyanobacteria were generally high and varied between 1.3x10° in April and 3.3x10° cells L™ in June. High cell
numbers of 2.1x1(° and 2.3x1(’ cells L.~ were also observed in October and December, respectively. A monthly
average of cell number and biomass was estimated as 9.5x10% cells 17" and 3961 mg m™, respectively.
Picoplankton abundances and biomass were not slightly correlated with physicochemical parameters. During
the study period, the abundance (9.0x10° cells L™") and bicmass (3961 mg m ) of coccoid cyanobacteria in the
southern Black Sea was generally more higher than the data for different seasons and areas of other marine
systems. Abundance and biomass in the surface mixed layer in research period, also revealed that picoplankton

cells were more concentrated in the shallow waters than offshore waters.
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INTRODUCTION

The first investigation that discusses the role of the
small fraction in phytoplankton communities in the Black
Sea was published by Zaika and Yashin™. Investigations
of the last few years have shown that the picoplankton in
the oligotrophic waters of the ocean, a fraction of
phytoplankton 2-3 pm in size, often accounts for up to
50-80% of primary production and chlorophyll™®?.
Picoplankton predommates m the phytoplankton and
averages 85% of total amount of algae 1 the open area of
the Black Sea in winter™. Coccoid cyanobacteria
predominates in the picoplankton both in abundance and
biomass. The abundance and biomass
cyanobacteria are on average, 98.8 and 95.0% of total
picoplankton, respectively. The number of picoplankton
cells reaches 1.5%10" cell L™ in the eastern Black Sea in
February™,

Autotrophic picoplankton can constitute the majority
of the biomass and productivity of photosynthetic
organisms in marine and freshwater systems. Indirect
evidenice has indicated that mortality of autotrophic
plecoplankton occurs principally at might m the open

of coccold

ocean, but continuously in coastal water. The
predominant view of the fate of autotrophic picoplankton
production m the ocean 1s that they are consumed by
heterotrophic nanoflagellates™®. Estimated heterotrophic
nanoflagellate bacterivory accounted for 45-87% of
bacterial production in oligotrophic Mediterranean Sea.
Small protists (<3 pm) dominated the bacterivore
assemblage and accounted for more than 90% of the
heterotrophic bacterial consumption'®.

According to Skolka and Bodeanu!”, from the
taxonomic point of view, Black Sea phytoplankton
comprise 1200 species, containing 63% diatoms, 16%
dinoflagellates and 21% species belonging to other phyla.

These are largely euryterm and euryhaline and 15% of the

species are of fresh-water origin. They show a
characteristic regional distribution and ecological
grouping.

It 18 known that Sinop Bay in the Southern Black Sea
(Fig. 1) 1s characterized by unstable hydrological
conditions such as frequent change of onshore-offshore
currents and is characterized as an upwelling area.
Moreover, 1t 1s known that the Bay 18 a area of rapid
succession m the blooms of mdividual species of algae
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Fig 1: The sampling stationz in the Sinop Bay of the southern Black Sea

replacing one another in plankton®? Diatoms and
dinoflagellates in the Sinop bay were more abundant both
qualitatively (96%a) and quantitatively (96%) than the
other taxonomic groups. Diatoms and dinoflagellates were
conspicuous as the two most diverse groups with 49 and
46% in total species number, respectively. Although
diatom s and dinoflagellates were almost equally diverse
groups in terms of species number, the quantitative
proportion of diatoms (75%0) in the total community was
higher than the quantitative proportion of dincflagellates
(21%90)%13,

According to investigation in the period of 1995-1996
in the Sinop Bay®™, the most of the blooming species are
generally boreal-tropical and arcto-boreal forms among
the dinoflagellates and cosmopolitan forms among the
diatoms. It is known that some of the arcto-boreal
dinoflagellates blooming in the Black Sea are
Prorocentrum  balficum (Lohmann) A.R.Loebl. (9.0x10°
cells L™ in July), Heterocapsa triguetra (Ehrenb.)
TR.Stein (6.2x10° cells L™ in March) and Scripsiella
trochoidea (J.R.Stein) A.R.Loebl. (7.8x10% cells L™} in
June) observed in several periods of the year. However,
gome important cosmopolitan diatom forms in
number  are Pseudonitzschia delicatissima (Cleve)
Heiden (9.0x107 cells L™' in April), Cylindrotheca
closterium (Ehrenb.) Reimann and Lewin (7.4x10° cells L™!
in July), Chaetoceros danicum Cleve (2.7x10° cells L™!
in January) and Fseudonitzschia pungens (Grunow ex
Cleve) Hasle (1.2x10° cells L™! in August)®',

To evaluate the spatial and temporal changes in the
abundance and biomass of picoplankton (coccoid
cyanobacteria) and their role, an investigation was carried

out concomitant with blooming of diatom and
dinoflagellatesin the Sinop Bay of the Southermn Black Sea
between January 1998 and December 1998. This
investigation iz one of the first detailed study on
picophytoplankton on the Turkish Black Sea coast.

The Black Sea with a maximum depth of 2258 m, an
average depth of about 1240 m and water volume of
537,000 km®, constitutes one of the world’s largest
inter-continental seas exhibiting anoxic water volume
{(4.6x10° km®, about §7% of the sea volume) below a thin
layer (about 100 m) of oxygenated surface waters. The
cyclonically meandering rim current which is driven by
wind stress and further modified by thermohaline fluxes

and bathymetry is a single basin-scale feature™*",

Biophysicochemical properties of Black Sea:
Vinogradov et al.!¥ separated the pelagic ecosystem of
the Black Sea into two parts; the aerobiotic and
chermobiotic zone. The aerobiotic zone iz reached around
8, (sigma teta) equal to 15.4 unit (about 100-150 m). The
chermobiotic zone includes the suboxic zone just above
the H.S-layer in depths between 80-150 m and the anoxic
or H.S zone below the suboxic layer. The zone which is
permanently formed in the pycnocline iz defined as
oxygen minimum zone. The suboXic zone is generally
located between density surface of 154 and 16.2 and
relatively thin interface (~10-15 m)™'™ The whole deep
basin after the depth of density 16.2 is anoxic because a
sharp halocline established below the Cold Intermediate
Layer (CIL) prevents ventilation of deep waters™.

The distribution of pelagic flora and fauna is related
to the boundaries of the oxygen minimum zone™. The
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surface waters of the Black Sea are biclogically productive
because of high run-off from rivers located on the
north-western part of the basm. About 55% of the
terrigenous matter 1s supplied by the Danube alone and
about 25% is transported by the rivers in the south-
eastern Black Sea. The terrigenous matter deposition is
higher close toshore and reduces transparency and
18 associated with phytoplankton standing crop
particularly in the north-western part of the Black Seal'**!l.
Over the rest of the basin hydrological properties and
phytoplankton crop are more stable and much smaller,
respectively”" *. The depth of euphotic zone (1% light)
in May in the anticyclonic regions and cyclonic region
are around 35-40 m and 30-35 m deep in the Black Sea,
respectively™. Phytoplankton and fishes are absent
below the oxicline, where daytime mesozooplankton
aggregation occurs. The principal components of the
suboxic layer are some zooplankton species such
as Sagitta setosa, Pleurobrachia pileus,
Pseudocalanus elongatus and  Calanus  euxinus',
which have maximum biomass among zooplankton
species of the Black Sea™.

According to the investigation between February
and April 1991, in the Central and the Eastern Black Seal™,
the abundance of picophytoplankton varied from
107 to 107 cells L™ in the water column. The peak of
abundance (6.0x10° cells L™' ) and the minimum
(2.5x10° cells L™ ) were cbserved in the eastemn
Black Sea in February and the center of eastern cyclonic
gyre in late-March, respectively. The major portion of the
biomass of cyanobacteria was present in a layer over the
main picnochne. Picophytoplankton biomass umiformly
decreased from the surface to the picnocline layer and
maximum peak generally occurred i upper mixed layer in
the Black Seal!.

MATERIALS AND METHODS

Studies were carried out between Jamuary 1998 and
December 1998 at 6 stations located mainly in the Smop
Bay (Fig. 1). The studies were combined with
hydrographic and chemical observations in all period. To
count diatom and dinoflagellates, the 5.0 L water samples
were taken with a Hydro-bios universal series water
sampler from mixed surface layer (0.5 m) at sampling
stations (Al, A2, Bl, B2, B3 and B4) in the Sinop Bay of
the Southern Black Sea {(35°07'05" and 35°17' 05" E, 41°57"
05" and 42°01'00" N) at monthly intervals. Samples fixed
in lugol (for 51, 12.5 mL.) were preserved at 2-4°C pending
microscopic examination. For enumeration of the
phytoplankton  species, Uterlunohl Sedimentation
Chambers and Neubauer and Sedgwick-Rafter Counting

Slides were used in combination according to the
dimensions of the organisms™**".

For enumeration of the coccoid cyancbacteria, a
surface water sample of 20-25 mL in volume was fixed by
glutaraldehyde to the final concentration of 1%. The cells
were sedimented in nuclear filters with 0.2 um pores and
stamned with primulin®™. They were previously stained by
Sudan black for recording the filter lummescense. Counts
were made under a epifluorescence microscope at
1000=magnification (oil immersion). Cells less than 2 um
was counted on a part of the filter area corresponding to
variable of filtered water for coccoid cyanobacteria.

The water column was also sampled with Nansen
bottles physico-chemical parameters.
Temperature and salinity were measured with water
quality checker of a U-10 model Horiba. The major nutrient
analyses, inorganic nitrate (NO™,-N)), nitrite (NO™,-N) and
ammonia nitrogen (NH',-N)}; inorganic orthophosphate
phospherus (PO ,-P) were made according to the
standard procedures of Strickland and Parsons™®!,

Spectrofluorometric measurements of chlorophyll-a
used the acetone extracts of membrane-filtered seawater.

to determine

Fluorescense mtensities were obtained at 660 nm emission
and 425 nm excitation wavelengths with a band-width of
60 nm by a Tumner Model 430 Spectrofluorometer.
Calibration was performed with concentrated acetone
extracts of seawater samples which were measured
spectrophotometrically.

The biomass was estimated from counting cells and
their diameters. From the cell count data for each species
transformed 1n this way, the cell volume (biomass) for the
total population 1s calculated using the formula: X V= (V,)
N+ N+ V) (N ) where |V is the total cell
volume, m equals the number of species found, 1
represents species 1 (I =1, 2, ..., m) in terms of its mean
cell volume (Vi) and Ni represents the number of
individuals of species i™. The mean vclume estimate is
then transformed in to a “live weight” estimate after

assuming of a density of L',

RESULTS

Physical structure: During the sampling period, the first
detectable mncrease in the temperature in the surface water
was in April and it continued to increase until August.
The temperatures in the surface water varied between 19.0
and 24.7°C in summer. The maximum temperature was
observed in July and August. After the maximum of
24.7°C in July and August, temperature decreased to the
minmmum value (6.5°C) in March (Table 1).

The salimty varieted between 16.2-18.1 ppt m
the surface waters 1 the Sinop Bay during the sampling
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Table 1: Fluctuations of physico-chemical parameters of the mixed surface layer in the Sinop Bay of the Southern Black Sea between January 1998 and

December 1998

Fluctuations of physico-chemical parameters

Temp. Salinity NO—, NO—, NO 3+ NO—5 PO, NH, 810, Chl-a
M (°C+8D) (pptx8D) (UM=SD) (UMESD) (UM+SD) (UM=SD) (UM=SD) (UMESD) (ug L~'£8D)
J 8.240.12 16.840.12 0.060+0.038 0.213+0.040 0.273+0.039  0.605£0.076  5.555£1.017 5.707£1.359 1.75£0.15
F 7.6+0.21 16.7£0.13 0.168+0.049 0.455+0.093 0.623£0.071 0.443+0.127  3.333+0.989 4.891+1.000 1.13£0.12
M 6.540.32 16.640.41 0.1414£0.021 0.407+0.094 0.548+0.058  0.286+0.075  2.677+0.239 4.62042.663 1.15£0.25
A 7.5+0.43 16.6+0.02 0.037+0.026 0.309+0.020 0.346+0.023  0.224+0.65 9.444+1.189 3.424+0.783 3.75£1.05
M 16.94£1.25 16.240.24 0.049+0.002 0.310+£0.100 0.359+0.05 0.282+0.129  10.000£2.361  4.076+1.033 2.454+0.85
J 19.043.25 16.7+0.35 0.068+0.035 0.261+0.067 0.329+0.051 0.237+0.089  19.722+4.761  4.217+0.902 3.25+0.45
J 24.7+0.76 16.840.12 0.013£0.006 0.276+0.034 0.289+0.020  0.239+0.079  17.222+0.694  3.804+0.587 2.854+0.58
A 24.7+0.12 18.1+0.16 0.045£0.005 0.405+0.059 0.450+0.031 0.289+0.118  15.277=0.861 4.076+0.815 2.294+0.30
S 21.441.31 17.140.64 0.061£0.004 0.642+0.043 0.703£0.023  0.475+0.171 14.166=1.300  4.348+1.576 0.95£0.12
0 19.8+0.43 17.3£0.13 0.071+0.008 1.045+0.088 1.116+0.48 0.722+0.52 8.055+1.928 4.891+1.826 1.78+0.17
N 14.6+0.66 17.240.33 0.093+£0.029 0.282+0.062 0.375+0.045 0.686+0.60 7.500+0.513 8.152+2.011 0.73+0.13
D 11.7+0.33 17.320.57 0.125+0.027 0.184+0.020 0.309+0.024  0.686+0.073  6.388+0.266 12.065+4.859  1.98+0.21

period. The salinity decreased from January (16.8 ppt) to
May (16.2 ppt). Due to heavy spring rains and effect of
fresh water inputs, salinity remained lowest in late spring
(especially in May) (16.2 ppt) (Table 1). The fresh water
originates from major rivers, such as the Danube, the
Dmiester and the Dmnieper, which camry mdustrial and
domestic waste waters, reduce surface salinity and
contribute large amounts of nutrients, detritus and
pollutants. These factors create a large but variable area
with a lower surface salimty, with a reduced transparency
and an increased phytoplankton crop in the north-western
part of the Black Sea™. This section of the Black Sea
receives 87% of the total freshwater input entering the
whole system!'?. Over the rest of the basin, especially in
the southern and eastern part (Turkish Coasts), the
hydrological properties are more stable than in other areas
and the phytoplankton crop is much smaller™'® ¥,

Distribution of nutrients and chlorophyll-a: During the
year, nitrite and nitrate concentrations showed some
fluctuations in the Sinop Bay (Table 1). While the
maxiumum concentration of nitrite in the annual cycle were
observed in February (mean: 0.168 uM), the maximum
concentration in nitrate was observed in October (means:
1.045 uM). After the maximum peak mn October, nitrate
dramatically fell down and subsided the lowest
concentration in December (mean: 0.184 uM) (Table 1).
Like the nitrite and nitrate, phosphate levels were the
highest in autumn and winter (Table 1). Phosphate levels
decreased between January (mean: 0.605 pM) and April
(mean: 0.224 uM) and increased between August (mean:
0.289 pM) and October (mean: 0.722 puM). After the
maximum concentrattion i October, phosphate
concentrations particularly remamed constant i the
period of October and January (0.605-0.722 ul).
Contrary on the other nutrient concentration,
ammorna values were lowest in winter and variations were
more evident during the year. The first detectable increase

of ammonia in the research area was mn April (means:
9.444 pM) and ammoma continued to mncrease umntil
Tune and occurred maximum peak in this period
(means: 19.722 uM). After the peak, it started to decrease
until March (means: 2.677 uM) (Table 1).

Soluble morgamnic silicate concentrations were lowest
during the summer (3.804-4.217 uM) and pealced in early
winter (mean: 12.06 uM) (Table 1). The silicate
concentration was also low in April (mean: 3.424 uM) due
to probably their uptake by diatom P. deficatissima which
occurred very excessive bloom in this period. The
increases in winter (especially in December) were
probably related to the silica that reached the euphotic
zone with remineralization.

Chlorophyll-a concentrations during the sampling
period exhibited a major peak in April (3.754£1.05 png .75
and a minor peak in Junme (3.25£0.45 pug LN
Although variations were not evident, after the mmor
peak, chlorophyll-a  decreased until  September
{0.95£0.12 pg 1.7") and then fluctuated between September
and March The high chlorophyll-a concentrations were
showed m spring (n Aprl) and summer period
(in June) (Table 1). We observed a good correlation
between chlorophyll-a and phytoplankton cell density
(r=0.585, n=72) and biomass (1=0.885, n=72).

Succession and size spectrum of picoplankton (coccoid
cyanobacteria): Cyanobacteria of regular spheroidal
shape (1.0-1.5 pm) among prokaryote cells were domimant.
Moreover, ellipsoid cells (1.0-1.8 pm) occurred often
combined of various length. Shapeless colonies were also
observed containing up to hundreds of spherical cells
each with a diameter of about 2.0 pm. Coccoid
cyanobacteria were characterized by a spherical shape
with a diameter of 1.5-2.0 um in Sinop Bay of southern
Black Sea in the investigation period.

The abundance and biomass of
cyanobacteria predominated 1 the picoplankton,

coccold
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Southern Black Sea between January 1998 and
December 1998

averaging 99.1 and 99.2% of the total picoplankton,
respectively. The average picoplankton biomass varied
between 745 in April and 10833 mg m ™ in June (average
3961 mg m ) during the research period. The average
biomass of coccoid cyanobacteria varied from
96.4 (in February) to 99.9% (in June and December) of the
pleoplankton biomass (Fig. 2).

The highest biomass was observed in June at shallow
station B3 (13477 mg m™") which is one of the intensive
aquaculture areas of the Southern Black Sea. However,
the lowest biomass was observed in April at other shallow
station B1 (535 mg m ) which is cne of the beach area of
the Bay. We also revealed that picoplankton cells were
more concentrated in the shallow water (except January
and October) than offshore waters in the Simop Bay
(Fig. 3).
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Black Sea between January 1998 and December
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Annual variations m surface abundance of
the coccoid cyanobacteria at the monitoring
stations in the Sinop Bay of the Southern
Black Sea between January 1998 and December
1998
During the research period, picoplankton
predominant in the phytoplankton, averaging 99.2% of the
total phytoplankton abundance. The abundance of
cocecold cyanobacteria were generally high mn the mixed
surface layer in the Bay. The abundance of coccoid
cyanobacteria varied between 10°and 10° cells I.™" in the
mixed surface layer. In the Bay, the peak of abundance
(3.3210° cells L") was observed at shallow station B3 in
late June and the minimum was observed at station Bl in
the middle of April (1.3x10°cells I.7"). High cell numbers
of 2.1%10" and 2.3%10° cells L™ ' were also observed in
October (st Al) and December (stB3), respectively. A
monthly average of cell number has been estimated as
9.5%10" cells L.™" in surface waters (Fig. 4 and 5).

The declines of small diatoms were followed by
increases of coccoid cyanobacteria and dinoflagellates in
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the Bay. A relationship seems possible between the
development of P. delicatissima and that of coccoid
cyanobacteria. When the P. deficatissima bloom occurred
m April (all the phytoplankton biomass i April was
almost contributed by this species), cyanobacteria
abundance remained minimal both density and biomass
(Fig. 4). It was smmply due to an association of
cyanobacteria with autumn-winter (plus June) and an
association of diatoms and dinoflagellates with late
summer, winter and spring (for diatoms). A result of the
condition, there was a negative correlation (r = -0.5245,
n=72) between a diatom P. delicatissima and
picoplankton {coccoid cyancbacteria).

The results showed that the mean cell numbers of
diatoms and dmnoflagellates in surface mixed layer were
high in April (3.9x10" cells L") and July (1.1x10" cells L™")
and low in February (9.3%10° cells .™"). The monthly
average cell number was estimated to be 7.3%10° cells .7
1 surface waters. Maximum phytoplankton abundance in
April was only represented by the diatom P. delicatissima

(Fig. 4).
DISCUSSION

To evaluate the spatial and temporal changes in the
succession of coccoid cyanobacteria and their role in the
phytoplankton commumity, an investigation was carried
out to their comect with the bloommg of diatom and
dinoflagellates in the Sinop Bay of the Southern Black Sea
in the period of Tanuary 1998 and December 1998. Also, it
specttum  of the
cyanobacteria. At the end of the investigation, the
average diameter of coccoid cyanobacteria (1.5-2.0 um) in

was determined size coceold

the Sinop Bay was bigger than open waters of the Black
Sea, according to the data on composition and
distribution of picophytoplankton m the open area of the
Black Sea in winter™. But, big size spectrum of coccoid
cyanobacteria can be affect of growth rates in Sinop Bay.
However, picoplankton with a diameter of 2-3 um are
dominant in eutrophic waters of Sevastopol Bay of the
Black Sea™ and in the eutrophic waters of the Baltic
Sea™. Picoplankton in oligotrophic waters generally have
diameter of 0.5-1.0 um®™. As a result, I can say that the
structural-functional characteristics of picoplankton of
eutrophic and oligotrophic waters are not identical,
confirming above international data information.

During the study period, the abundance
(9.0x10° cells L") and bicmass (3961 mg m ) of coccoid
cyanobacteria in the Bay was relatively more higher than
the data for different seasons and areas of the Black Sea
and other marine systems. Abundance and biomass
distribution in the surface mixed layer in research period

(except January and October), also revealed that
picoplankton cells were more concentrated in the shallow
water than offshore waters in the Simop Bay (Fig. 3 and 5).
In late spring n the open waters of the Black Sea, the
amount of picoplankton in the surface layer varied from
10° to 10° cells L7'™. The highest abundance of
picoplankton m the center of the western cyclomc gyre
reached 5.0x10° cells L™ in the maximum surface layer in
summer ). A similar abundance (5.0x10° cells .7*) was
recorded in autumn in the center of eastern cyclonic gyre
in the Black Sea®™. However, abundance of coccoid
cyanobacteria mn surface mixed layer of the Sinop Bay was
higher (1.3x10°-3.3x10° cells L.™") than in the open waters
of the Black Sea (1.5x10%-1.5x10° cells .7, On the
contrary, abundance distribution in the surface mixed
layer in April-May, 1994, revealed that cells were more
concentrated in offshore waters than in coastal regions
under the direct influence of the river Danube!™.

According to Kokurkina and Mikaelyan™, the
abundance and biomass of picoplankton in the eastern
central Black Sea reached 1.5x10° cell L™ and
49220 mg m~ in February, respectively. The high
abundance and biomass of coccold cyanobacteria in the
Bay 1s 1 full conformity with a previous suggestion about
the winter minimum of picoplankton abundance in the
western part of the Black Sea™. It is alse in full
conformity with the concept of the seasonal dynamics of
picoplankton m the temperate latitudes, where the peak of
abundance was observed in summer and autumn and
minimal abundance was observed in winter***]. As stated
by Waterbury et al'™, the abundance of coccoid
cyanobacteria 1s also lunited by temperatures. In like
manner, there is a similar tendency in our data, because
the high and lower abundance of cyancbacteria
(Fig. 3 and 4) was observed at high temperatures m June
(19.0°C) and low temperatures in March (6.5°C),
respectively (Table 1).

It could be said that the decline of small diatoms
such as P. delicatissima was associated with an
increases m coccoid cyanobacteria. A negative
correlation (r = -0.5245, n=80) was observed between a
diatom P. delicatissima bloom and coccoid cyanobacteria
i April. It was sinply due to an association of
cyanobacteria with autumn-winter (plus June) and an
association of diatoms and dinoflagellates with late
summer, winter and spring (for diatoms). In some studies
on picoplankton abundance with excessive bloom of
diatom N. delicatula (P. delicatissima) by Mikaelyan™*’
demonstrated that the abundance in picoplankton was
low during the bloom of P. delicatissima. Considering
the available data on possible heterotrophic feeding
of cyancbacteria, suggests a relationship between
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development of cyanobacteria and that of small diatoms
in diameter such as P. delicatissima. Moreover, the
highest abundance of synechococcus (10° cells 1.7") was
recorded during the spring bloom of large phytoplankton
off the California coast*”. Furthermore, cyanobacteria can
come under intense grazing pressure by phagotrophic
protists in eutrophic systems such as the Black Sea. The
low growth of coccoid cyanobacteria in spring in the Bay
was due to the bloom of a small diatom P. delicatissima
(maximum density 9.0x107 cells .7 at station A1) (Fig. 3).
It can be concluded that the relationship between
cyanobacteria and small diatoms in diameter such as
P. delicatissima is related to inverse association rather
than competition for nutrient. Nonetheless, nutrient
limitation is probably important in the eventual decline of
the coccoid cyanobacteria bloom. Tt is known that there is
a tendency for more cyanobacteria and diatoms with
increasing nutrient™. The results provided in Lake
Kinneret show evidence that (i) non-grazeability of
cyanobacterium  Aphanizomenon ovalisporum Forti
enabled it to gain a competitive advantage over grazeable
phytoplankton and (ii) that nutrient limitation, but not
grazing, was probably important in the eventual decline of
the 4. ovalisporum bloom™,

During the year, nutrient concentrations showed
some fluctuations m the Sinop Bay (Table 1). Although
variations were not particularly marked, all measured
nutrient concentrations (except ammonia) in the surface
water of the Smop Bay were highest in autumn
and winter than in spring and summer (Table 1).
However, while the lowest two value of ammonia were
showed m early spring period (2.677 M) and winter
(3.333 pM), the highest was in Tune (19.722 uM). The
high nutrient content (except ammonia) in winter
and autumn is related to nutrient regeneration, but
the minimums in spring (April) and summer (Tune) is
due to nutrient consumption by phytoplankton blooms
(P. delicatissima, 9.0x107 cells L™"). In the Sinop Bay,
picoplankton abundances and biomass were no
important correlated with physicochemical parameters. In
contrast, in central (17°3) and southemn (20°S) shelf waters
of the Great Barrier Reef, Synechococcus and
Prochlorococcus abundances were better correlated with
salmity, shelf depth and chlorophyll a concentration, than
with concentrations of NH,", NO,™ (i.e., NO, + NO,™), or
PO4_3[49].

The high chlorophyll-a concentration (3.75 ug L' yin
April was perhaps mainly due to excessive bloom of a
diatom P. delicatissima. The other noteworthy feature of
chlorophyll-a 1s that the low concentrations m autumn
and winter were probably due to the complex of
hydrodynamic structure and low temperature and
uradiance, respectively.

ACKNOWLEDGMENTS

We gratefully thank to Hirosli KAWAI Susan
Blackburn, M.I. Dring and Jacco Kromkamp and their
anonymous reviewers for their critiques on the previous
iteration of this manuscript.

REFERENCES

1. Zaika, V.E. and V.A. Yashin, 1984 Luminescent
picosuspension (0.2-2 um) in oligotrophic waters of
the Mediterranean and Black Sea. Dokl. AN SSSR.,
275:1514-1516.

2. Takahashi, M. and T. Hor, 1984. Abundance of
picoplankton m the subsurface chlorophyll maximmum
layer mn subtropical and tropical waters. Marine Biol.,
79:177-187.

3. Takahashi, MK. Y. Kikuchi and Y. Hara, 1985.
Importance  of  picocyanobacterial
(unicellular, blue-green algae) in the phytoplankton
population of the coastal waters of Japan. Marine
Biol., 89: 63-71.

4. Kokwkina, Y.N. and A.8. Mikaelyan, 1994.
Composition and distribution of picophytoplankton
in the open area of the Black Sea in winter. Oceanol.
Eng. Trans., 34: 60-65.

5. Ochs, C., 1997, Effects of UV radiation on grazing
by two marine heterotrophic nanoflagellates on
autotrophic picoplankton. J. Plankton Res., 19:
1517-1536.

6. Chnstaki, U, A. Giuannakourou, F.V. Wambeke and
3. Gregori, 2001. Nanoflagellate predation on
auto-and  heterotrophic  picoplankton 1m  the
oligotrophic Mediterranean Sea. I. Plankton Res.,
23:1297-1310.

7. Skolka, HV. and N. Bodeanu, 1978. The
Phytoplankton along the Roumaman Shore and the
Marine Eutrophication. In: Protectia Ecosistemelor
(Eds. Tonescu et al.), pp: 162-166.

8. Turkoglu, M., 1998. Phytoplankton composition and
effect of ecological factors in middle black sea
(Sinop Peninsula Coast). Fge University, Fen Bil.
Inst., Ph.DD Thesis, Tzmir, Turkey, pp: 1-399.

9. Turkogluy, M., 1999
phytoplankton commumty scructures of the Black
Sea. Ege Umv. I. Fish. Aqua. Sci, 16: 201-217.

10. Tirkoglu, M. and T. Koray, 2000. Ecological and
geographical distribution of the planktomc protista in
the southemn parts of the Black Sea (neritic waters of
Sinop perunsula, Turkiye). Ege Univ. J. Fish. Aquat.
Sci., 17: 161-178.

biomass

Some fluctuations in

1324



11.

12.

13.

14.

15.

16.

17.

18.

15.

20.

21.

22,

23.

FPak. J. Biol. Sci., 8 (9): 1318-1326, 2005

Turkoglu, M. and T. Koray, 2002. Phytoplankton
species succession and nutrients m Southern Black
Sea (Bay of Sinop). Turk. T. Bot., 26: 235-252.
Tirkoglu, M. and T. Koray, 2004. Algal Blooms mn
surface waters of the Sinop Bay in the Black Sea,
Turkey. Pak. J. Biol. Sci, 7: 1577-1585.

Pora, E.A., 1977. Le probleme de 1’eau Saumatre En
General. In: Biologie Des Eaux Saumatres De La Mer
Noire, (Eds. Pora, E.A. and M.C. Bacescu), pp: 7-16.
Oguz, T., P.E. La Violette and U. Unluata, 1992. The
Black Sea circulation: Its variability as inferred from
hydrographic and satellite observation. J. Geophy.
Res., 97: 12569-12584.

Vinogradov, MUE., EG. Arashkevich and
S.V. Tlchenko, 1992. The ecology of the Calanus
ponticus population in the deeper layer of its
concentration in the Black Sea. J. Plank. Res.,
14: 447-458.

Murray, JW., L.A. Condispoti and G.E. Friederich,
1993. Redox Environments: the Suboxic Zone in the
Black Sea. In: Aquatic Chemistry (Huang, C.P., CR.
O’melia and T.J. Morgan, Eds.), Am. Chem. Soc.,
Washington, DC.

Saydam, C., 8. Tugrul, O. Bastirk and T. Oguz, 1993,
Tdentification of the oxic/anoxic interface by
1sopychal surfaces m the Black Sea. Deep Sea Res.,
40: 1405-1412.

Wishner, KJF., CJ. Ashjan C. Gelfman,
MM. Gowing, L. Kamn, A L. Levin, S.I.. Mullineaux
and I. Saltzmen, 1995. Pelagic and benthic ecology of
the lower interface of the eastern tropical Pasific
oxygen minimum zone. Deep Sea Res., 42: 93-115.
Bologa, A.S., M. Usurelu and P.T. Frangopol, 1581.
Planktonic primary productivity of the Romanian
surface coastal waters (Black Sea) in 1979. Oceanol.
Acta, 4: 343-349.

Benli, H.A., 1987. Investigation of plankton
distribution m the southern Black Sea and its effects
on particle flux. Mitt. Geol. Paldont. Tnst. Univ.
Hamburg, 62: 77-87.

Hay, B.J. and S. Honjo 1989. Partical deposition in the
present and holocene. Oceanography, 2: 26-31.
Feyzioglu, AM., 1996, Dogu Karadeniz kiyisal
ekosisteminde fitoplankton dinamigindeki mevsimsel
degisimler. Doktora Tezi, K.T.U. Fen Bil Enst.
Trabzon, Turkey.

Vidal, C.V., 1995. Bio-optical characteristics of the
Mediterranean and the Black Sea, Middle East Tech.
Univ. Inst. Marine Sci., MS. Thesis, Icel, Turkey,
pp: 1-134.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

34.

35.

36.

37.

1325

Niermann, 17, F. Bingel G. Ergun and G. Greve, 1998.
Fluctuation of dominant mesozooplankton species in
the Black Sea, North Sea and the Baltic Sea: Is a
general trend recognizable? Turk. I. Zool., 22: 63-81.
Guillard, R.RI., 1978, Counting Slides. In:
Phytoplankton Manual (Sournia, A., Ed) Unesco,
pp: 182-189.

Hasle, G.R., 1978. Using the Inverted Microscope. In:
Phytoplankton Manual (Sournia, A., Ed.). Unesco,
pp: 191-196.

Venrick, EL., 1978 How Many Cells to Count? In:
Phytoplankton Manual (Sowrma, A., Ed.). Unesco,
pp: 167-180.

Caron, D.A., 1983, Technique for enumeration of
heterophic and phototrophic nanoplankton, using
epifluorescence microscopy and comparison with
other procedures. Applied Environ. Microbiol.,
46: 491-498.

Strickland, I.D.H. and T R. Parsons, 1972. A practical
handbook of seawater analyses. Bull. Fish. Res.
Board of Canada, 167: 1-310.

Smayda, T.J., 1978. Counting Slides. Phytoplanlkton
Manual (Sournia, A., Ed.) Unesco, pp: 273-279.
Holmes, RW., R. Noms, T. Smayda and ECF.
Wood, 1969. Collection, fixation, identification and
enumeration of phytoplankton standing stock.
Recommended procedures for measuring the
productivity of plankton standing stock and related
oceanic properties. Natl. Acad. Sci., pp: 17-46.
Bologa, A.S., 1986. Planktonic primary productivity of
the Black Sea: A review. Thalassia jugosiavica,
21/22:1-22.

Serpopiamu, G., 1973, Les particularites des facteurs
hidrologiques le long du littoral Roumainde la Mer
Noire et leur mfluence sur la reparation et la migration
des poissons industrels. Cercet. Mar. Rech. Mar.,
5:5-144,

Feyzioglu, AM. and 8. Tuncer, 1994. Seasonal
changes at the net phytoplankton living Trabzon
coast of the eastern Black Sea. Turk. I. Biol, 18:
161-171.

Uysal, Z. and HI. Sur, 1995, Net phytoplankton
diseriminating patches along the southern Black Sea
coast in winter 1990. Oceanocl. Acta, 18: 639-647.
Stelmakh, L.V, 1988 The contribution of
picoplankton to primary production and the content
of chlorophyll-a n eutrophic waters as exemplified by
Sevastopol Bay. Oceonol., 28: 95-99.

Larsson, V.E. and A. Angstrom, 1982. Fractionated
phytoplankton primary production exudate release
and bacterial production in a Baltic eutrophication
gradient. Mar. Biol., 67: 57-70.



38.

39.

40.

41.

42

43.

FPak. J. Biol. Sci., 8 (9): 1318-1326, 2005

Sukhanova, IN., M. V. Flint and G.H. Hiebaum, 1988,
Exuviaella cordata Red tide in the Bulgarian Coastal
Waters, May-June 1986. Marine Biol., 99: 1-8.
Ratkova, T.N., 1988. Phytoplankton of the Open Part
of the Black Sea. In: Structure and Production
Characteristics of the Black Sea Planktonic
Commumties, Vinogradov, ML.E. and M. V. Flint, (Ed.),
Nauka, Moscow, pp: 22-36.

Uysal, 7., 2001. Chroococcoid cyanobacteria
Synechococcus spp. in the Black Sea: pigments, size,
distribution, growth and diwnal vanability. 1.
Plankton Res., 23: 175-190.

Zaika, V.E. and 1.I. Malinochka, 1986. Phototrophic
picoplankton in the western part of the Black Sea.
Deposited in VINITI, 8747, pp: 1-8.

Waterbury, 1.B., S.W. Watsor, F.W. Valois and
D.G. Franks, 1986. Biological and Ecological
Characterization of the Unicellular
Cyanobacterium Synechococcus. In: Photosynthetic
Picoplankton (Platt, T. and W.K.W. L1, Eds.) Can.
Bull. Fish. Aquat. Sei., Canada, pp: 71-120.

Shapiro, L.P. and EM. Haugen, 1988. Seasonal
distribution and the temperature tolerance of
Synechococeus in Boothbay Harbor. Marine Eastuar.
Coast. Shelf. Sci., 26: 517-525.

Marine

44,

45,

46.

47.

48.

49.

1326

Kuosa, H., 1991. Picoplanktonic algae in the Northern
Baltic Sea: Seasonal dynamics and flagellate grazing.
Mar. Ecol., 73: 269-276.

Mikaelyan, A.S., 1995. Winter bloom of the diatom
Nitzschia delicatula in the open waters of the Black
Sea. Mar. Ecol. Prog. Ser., 129: 241-251.

Vemet, M., B.G. Mitchell and ©O. Holm-Hansen, 1990.
Adaptation of Synechococcus 1n situ determined by
variability in intracellular phycoerythrin-543 at a
coastal station off the southern California coast.
Marmne Ecol., 63: 9-16.

Stockner, J.G. and N.S. Anta,
picoplankton from marine

1986. Algal
and fresh water
ecosystems: A multidisciplinary perspective. Can. T.
Fish. Aqua. Sci., 43: 2472-2503.

Hambright, K.D., T. Zohary, J. Eastor, B. Azoulay
and T. Fishbein, 2001. Effects of zooplankton grazing
and nutrients on the bloom-forming, N,-fixing
cyanobacterium Aphamzomenon in Lake Kinneret. J.
Plankton Res., 23: 165-174.

Crosbie, N.D. and M.J. Furnas, 2001. Abundance,
distribution and flow-cytometric characterization of
picophytoprokaryote populations n central (17°35)
and southern (20°3) shelf waters of the Great Barrier
Reef. I. Plankton Res., 23: 809-828.



	PJBS.pdf
	Page 1


