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Abstract

Planktonic primary production data from the entire Black Sea are reviewed for the last
- two decades. Surface and vertical profile of data are spatially and seasonally compared

for different significant areas (north-western shelf, western and southern coast, eastearn

8hd western halistatic zones). High production rates, especially in the coastal waters of
BN NW and W Black Sea exhibit large inter- and intraseasonal variations. Such values
glearly reflect meso- and eutrophic feature of these waters. There are major annual
spring (diatoms) and autumn (coccolithophorids) blooms, followed in recent years by
& additional summer (dinoflagellates, coccolithophorids) blooms. The major primary
producers are usually Skeletonema costatum, Chaetoceros curvisetus, Peridinium
Wochoideum, Exuviaella cordata and Prorocentrum micans. Factorial analyses reveal
very high correlation coefficients between chlorophyll a concentration and salinity,
primary production and salinity, and between chlorophyll a concentration and primary
production. The annual cycle of plankton dynamics in the central Black Sea is being
studied by means of an one-dimensional vertically resolved physical-biological upper
ocean model, involving interactions between inorganic N (NOs, NH,), phytoplankton and
herbivorous zooplankton, and detritus.

1, Introduction

Historically, before the last decade maxima in primary production of the Black Sea
occurred twice a year, with a major bloom, mainly diatoms, in early spring, followed by 2
secondary bloom, mainly coccolithophorids, in autumn [26]. Such blooms occurred
mainly in coastal areas. Recently, additional summer blooms composed predominantly of
dinoflagellates and coccolithophorids (Emiliana huxleyi)have increasingly been observed
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[1, 7, 15, 16, 17, 26, 32]. Massive red tides along the Romanian [2, 3, 4, 5, 6] apg
Bulgarian [19, 20, 21, 24, 25] coasts have been reported. Intense blooms of certaj;
plankton species, have also been cited during winter along the western Anatolian cogg

[29].

ssults and discussion

NORTHERN AND WESTERN SHELF: SURFACE, VERTICAL AN
DISTRIBUTION ’ S

primary production (PPS) in Sevastopol Bay is subject to great variation, both
n each season and from season to season [28]. Usually, in such bays as Seva;topol
jelendzhik, the annual cycle of PPS is characterized by three maxima in spring, late
and auturnn3[29]. In the early months of spring (February-March) PPS railged
35 mg C m” d”. Toward the end of this period (April-May) one could observe
blooms of Skeletonema costarum and Chaetoceros curvisetus which were
I ied by PPS of 240-400 mg C m® d' . In summer (June-August), when
lankton was dominated by the pyrrhophyte algae Peridinium trochoideum
cordata and Prorocentrum micans , PPS varied from 14 to 280 mg C Nl ’
';' (October-November), when plankton was again dominated by diatoms PPS;
om 20 to 80 mg C m> d' . In winter (December-January) the potential’ PPS
tuted only 7-8 mg C m™ d' . According to these results this part of the Black Sea
garded as an eutrophic region.
dmum productivity during spring - autumn was found on the NW shelf. High
live areas were also observed on the NE shelf. The next highest values were
a?long the Romanian (western) and the Anatolian (south - western) coasts, and
d into the central region separating the eastern and western gyres [7, 32]. Lil;nited
(i)tr;s[gulg]‘gest that the western Anatolian coast is also a region of relatively high
rophication started in the NW shelf area influenced by high nutrient outflow from
ube and Dnestr rivers, and progressed southward along the western shelf [7,13]
results obtained off Constanta during summer 1977 gave PP values ra,lngh;g
.% 97-825 mg Cm>d" in the upper water layer (0 m) and between 238-243 at
2 ‘results obtained in the same shelf zone off Constanta (0 m) during 1978 ranged
710 67 mg C m™ d”! in December and 71.3 to 1,162.8 in July [8]. Thus, the
ent of photosynthetic assimilation and primary productivity, which is maxir;lum
(July) and minimum in winter (December), closely follows the evolution of
Illtlé(l)l factors (e.g. light and temperature: July = 62,163 Ix, 24° C; December =
. the(fl). M}:)nthly data for primary produ'ction in surface (Om) waters were
Microsf::)rsicore alnd.offshore up to 30 nau'ggal miles zones of Constanta during
. o ger fe(i)l;am ZZIS ft;i(onomlc composition, weight of the major groups) of
B o toa475e45i(1hn/}<;rt1}rlne. Tlg: re-SSul'f? gave mean PPS values that
m? y"' . The variabiiity in cthze;lgvalgfle I T 'Of
. _ . s was. usually correlated with
: ensity and biomass. The highest PPS values in March were correlated
dtl:: ]tJhytoplan.kton biomass reaching 13.9 to 32.2 g m”. This production was
9 b m()) the Idxaton}s ‘S“keletonema costatum, Thalassiosira subsalina and
4 L ggea.ll nl_;;\prll, dla?oms (almost exclusively Skeletonema costatum) had
100 cells I and a biomass 0f 9,978 mg m™® . In May, maximum densities
¢S Were also recorded nearshore and decreased seaward. These data indicate

¢

2. Methodology

Primary production (PP) was measured using two varieties of the "C technique [27]. The
first modification was an in situ determination which was used during Russian ang
Romanian cruises [8, 9, 10, 33, 34]. According to this method two light and one daj
(275 ml (Russia) or 250 ml (Romania)) bottles containing phytoplankton from differep
depths were each inoculated with 3-12 (Russia) or 5-25 (Romania) pCi aqueug
NaH'CO; solution and incubated in situ (at the depths from where they were collected
during half of the light day (usually from noon to sunset). After recovery the bottlg
ware filtered under vacuum through 0.3-0.6 um membrane filters. After filtration the
filters were rinsed five times with 30 ml of filtered seawater. Then they were dried i
open Petri dishes overnight at room temperature and placed into dark vials with 10 ml ¢
liquid scintillator per vial. Activity of the filters was counted with a radiometer RZhS-(
(Russia) and Nuclear Enterprises LSCI manual scintillation counter or a Packard Tri
Carb 3385 automatic scintillation spectrometer (Romania). ‘
The production in the sample per period of day light (12hrs) was calculated using
common formula with correction for dark fixation of carbon dioxide. The value for toté
carbon content in these samples were given by the hydrochemists or were set equal
36000 mg C m™. Results were expressed as mg Cm™ d"' for each investigated depth
as mg C m™ d”! for integrated primary production in the water column (PPI). g
The detection limit for “C determination of PP at a given depth was approximate

0.5 mg C m> d” . Relative errors are very much dependent on the value determined af
usually extended from 5 to 30% for most depths in the euphotic zone. ]
The second technique was a simulated in situ measurement of PP using a ‘
through incubation box in which light conditions were simulated to be like those in
natural marine environment [29, 30, 38]. Two light and one dark glass or plastic bott
(50-250 ml, Ukrainian cruises and 25-50 ml, Turkish cruises) containing samples 1€
different depths were inoculated with 5-20 uCi aqueuos NaH'*CO; solution and expos
to light for 4-8 hrs. After exposure the filtering and counting procedures were the samé
in the first modification. ;
Absolute values of primary production obtained by these *C techniques shol'll
compared only with much caution. The comparison is fraught with difficulties
intercalibration was not performed between the two techniques. Nevertheless: ]
estimates obtained are applicable for description of the distribution and s€ast
dynamics of primary production.
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carried by the Danube and implicitly by the frequent occurrence of intense
on blooms.

est PP values compared to the other sectors occurred offshore of the Danube
reached 1,530 mg Cm™ d"' and 1.6 g C m™ d™'. In this sector, in contrast to
outhern ones, maximum PP was determined in the upper layer between 0 to 5 m
Factorial analysis gave very high correlation coefficients between chlorophyll a
on and salinity (-0.91), between primary production and salinity (-0.94) and
lorophyll a and primary production (0.91), suggesting that the waters with the
r influence had the most biological activities.

data collected in the offshore zone of Constanta between 1977 and 1982 by
the '“C method showed evidence of the highly eutrophic feature of the
Black Sea coastal waters [7]. Estimates of primary production and
on biomass along the Romanian coast in the 1980°s were much higher than in
sious two decades.This was due to a general increase of eutrophication and more
tand intense blooms.

the spatial and seasonal variability of PPS in Constanta shelf waters. Maximum j
during spring was due to abundant development of diatoms, whereas high values gy
early summer were a consequence of the massive occurrence of dinoflagellates. [
area higher values were found nearshore compared with those in the offshore zong
results in the offshore zone of Constanta ranged between 1.7 to 1,938 mg C m™ ¢!y
surface layer and the integrated values (0-50m) ranged between 0.2 to 27.4 g C
[10]. Total annual PP was estimated to be 7,625,000 t C y' in this sector of
Romanian coast. The highest PP occurred in the 0-10 m layer (except for June, whep
maximum value was found at 25 m).

Other results were obtained in 1982 at a distance of 1.2 n.m. off Constanta f
depths of 0,5 and 10 m [11]; analyses of chlorophyll a and microscopic counting
phytoplankton (density and biomass) were performed simultaneously. Mean annua]
values at these depths were 5.2, 1.4 and 1.0 mg C m™ h™ , respectively. The
average integrated primary productivity was 2.3 mg C m™” h™ . Maximum product
rates occurred in late spring and summer during this particularly year (Fig.1). T
vertical distribution of PP showed higher values at 0 m (except in May at 5 and 10 :
respectively). The maximum annual mean value also occurred at 0 m. The higher | s
level in the surface layers (Fig.1), was consistent with 1980 data from the same sect 1
collected down to 50 m depth [10, 11].
The maximum PP in July was due to an intense bloom of the dinoflagellate Exuviel
cordata.
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Figure 1. Annual cycle of planktonic primary productivity at 0, 5 and 10 m
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I PhedGenstantnasistionssbridn 1882 ok LI ling-time surface productivity in the southern Black Sea is modulated by transient

ICs [32]. Species differentiation and competition are evident along the boundary
- Systems. Early summer blooms coincide with peak flood discharges from major
d influence the spread of eutrophication in the basin.

recently, data on optical transparency, phytoplankton biomass and PP were very
t Ior the southern Black Sea [36]. Light penetration is generally limited to upper
1, with the downward attenuation coefficient varying between 0.1 and 0.3 m™ .
' Waters of the region are fed by the riverine input whereas the cyclonically
d open ecosystem is mainly controlled by influx from the oxygenated lower

Comparisons between primary productivities in different areas along the Wh
western Black Sea coast from the region north of the Danube to north of the Bospo™®
can be made with the 1982 data set [12]. The very high values offshore north of
Danube (much higher than those during the last two decades) were due to the infef
eutrophication of the north-western part of the Black Sea as a consequence of ¥
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layers by vertical mixing that is much more effective in winter. However, the input f April 1996
the anoxic layer is limited due to the presence of a strong permanent halocline jj
basin. Halocline coincides with the suboxic zone which is in between the oxic and apq
waters, where intense denitrification and redox-dependent processes also limit nitrg
and phosphorus input to the productive layer [22]. Thus, surface waters are always p
in inorganic nutrients during the stratified seasons because the photosynthetic uptake
exceeds the nutrient input rate in the spring.

The photosynthetic carbon production rate range from 247-1,925 and 405
mg C m” d” in the spring and summer-autumn periods, respectively. '

Relatively high PP rates were observed in the upper euphotic zone to 10-20 m g
these values always showed similar vertical profiles (Fig.3). Below this layer, .
decreased markedly due to light limitation. This was confirmed by the maxim
production P(M) rates, which are the production rates when deep samples are exposed
full light conditions. P(M) rates were similar to the near surface production rates down
the base of the euphotic zone. ;

Production rates P (during true noon) and daily production rates P(D) range
between 1-10 mg C m™> h™" and 2-200, respectively, for the top 10 to 20 m. The highe
rates were observed at a frontal station (off Sinop) in the RIM current region durir
April, 1996. At this location the latteral and vertical transport of nutrients into i
euphotic zone was much more effective than in the cyclonic and anticyclonic regio
(Fig.3).

The depth-integrated production rate was as high as 1,925 mgC m? d*
April, 1996 in the RIM current frontal zone near Sinop, similar to those values obse
on the NW shelf and off the Romanian coast [7] and greatly exceeding those for ft
central Black Sea [36]. The results obtained for the seasons with stratificati
(September-October, 1995 and June-July, 1996) were also relatively high, indicating th
in addition to characteristic spring and autumn blooms, short-term summer bloon
occurred in the Black Sea [7, 15, 16, 17]. These preliminary data indicate th
considerable spatial and temporal variation of primary production exist in the southel
Black Sea as well as the northern and western shelf.
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Primary prod}xction (P), maximum rates (M) and daily rates (D) off Bosporus, Sinop,
; 'r'-' Sakarya and in the western cyclonic region during April and June-July 1996 ( [36] )

2N REGIONS (EASTERN AND WESTERN HALISTATIC ZONES)

1 deficiency of year-long seasonal data for the open sea, it is possible to use the
'3 ata sets [28, 34] to draw conclusion about seasonal changes of PPI within the
i eastern cyclonic gyres.

Iced mixing of the cyclonic gyres in winter was responsible for estimates of PPI
ed to 300-700 mg C m™ d! with a maximum in the centre of the gyre (Fig. 4).
hed a maximum in March with an average of 640 mg C m™d" . Production
€ l_argest (1200 mg C m?d™) in the centre of the gyres, decreasing to 200
_d towards the periphery. The community Nitzschia delicatissima and
@ calcar-avis reached maximum population during this period. In different

_Winter-spring peak of phytoplankton growth in the central area took place either
Y or March.



“ 141

140
500 — T [37]. The autumn ch i istributi
8571 anges in the distribution of vertical phytoplankto i
t
| tern parts of the sea and gradually extended to the east. s i
e ODELLING
= al cycle of plankton dynamics in the central Bl i
. ! : i i ack Sea was recently studied
(\'IE 50 nc-d@ensmna! vertically resolved coupled physical - biological up}}),er ocean
: ! 23]. ’gmi ni)qdel involved interactions between inorganic N (NO; , NH,) phyto
‘ an e . . 2 . > =
%D 3 : rbivorous zooplankton biomasses, and detritus. It simulated
(=9}
i o No. of stations
100 . " 4
] i//’ 24 4125 41¢26 4127 4128 4129
| E : { ! 4

0___I_L_1__I_J_L___l_L_.___I_L____I N O O 6 '
1960 1962 1964 1972 1980 1984 1986 1988 1990 -,

Figure 5. Historical change of summer (May-September) mean primary production in the western (1)
and eastern (2) deep water (>1000 m) regions of the Black Sea (cf. [36] )
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“Dmitri Mendeleev” between July-September 1989 (Data from the NATO
Black Sea joint data bank (METU IMS, Erdemli-Icel, Turkey)
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| h neral increase of eutrophication is reflected by more intense and frequent
1.2+ o ° ankton blooms that have characterized the Black Sea during the last two
— A A
= 1.0} A . ; . o
= A jon to the usual early spring and autumn blooms, additional summer and
08 es even winter blooms have occurred in more recent times.
E 0.6 primary production rates have been registered especially in the north-western
Lc)n . vestern coastal waters.
0.4 NW area, primary production varies greatly seasonally as well as within each
0.2 v X highly eutrophic western coast, e.g. off Constanta, the highest production
- . . L . : es observed in shallow waters reached up to 1,162 mg C m™ d' in July; offshore
0 30 60 90 120 150 180 210 240 270 300 330 360 es reached up to 1,938 mg Cm™ d”' or27.4 g Cm? d' in August.

or analysis revealed high correlation coefficients between chlorophyll a and

ity, primary production and salinity, and chlorophyll a and primary production

¢ the western coast.

production in the centers of the eastern and western halistatic zones were

lly low during late spring, summer and autumn.

ge monthly production values in both gyres varied from 200 to 745 mg C

indicating an increase in this parameter by approximately a factor of two

the last 20 years.

production ranged from 570 to 1,200 mg C m™ d”' on the NW shelf, between

0 500 in the regions of continental slope, and between 100 to 370 in the central

) sea regions.

ecently developed one-dimensional vertically resolved coupled physical - biolo-
pper ocean model predicted primary production values reasonably well for

t periods of the year.

TIME (days)

Figure 8. A composite picture of the distribution of integrated primary production (PPI)
during the year compiled from different data sources (open and solid triangles,
1991; solid circles, 1989; open squares, 1988; plusses 1986; crosses, 1985; open
circles,1984; solid and open reverse triangles, 1978). The data are redrawn from
[36].The continuous line shows the primary production predicted by the coupled
physical-biological model (cf. [23].

The autumn bloom took place sometime between October and December depend
on environmental conditions.

The integrated PPI computed by the model yielded better agreement with:
composite data (Fig.8). The integrated model PPI attained its maximum value of ab
900 mg C m? d' during the period of the March bloom [23]. This compared well ¥
the measured bloom productivity of 400-1,300 mg C m> d" . The spring bloom
followed by the three smaller peaks of about 500-600 mg C m? d! associated ! wledgements
the regenerated PPI in the spring. PPI estimates of about 300-500 mg C m?d'd It 3
May were also comparable with the May, 1988 measurements of 339 and 57ﬁ
Cm?d" at two stations within the Central Black Sea [17]. August to October was '
to be the least productive period characterized by model values of less than 200 mg
d’!, whereas observed values varied from 200 to 500 mg C m?2d" in the same perio(L

This model predicts PPI values reasonably well for most parts of the year ‘
during the autumn bloom season. The maximum model estimate of autumn
200 mg C m™ d”' was somewhat less than the observations.
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