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Abstract

The abundance and population structure of copepods were studied in the southwestern part of the Black Sea in May 1994,
April and September 1995, April, June and September 1996. Vertical distribution and diel vertical migration of copepods
were studied in April and September 1995 and June 1996. In addition, the grazing rates of three size classes of
copepods—300–500, 500–1000 and 1000–2000mm—were estimated in September 1995. The total abundance of copepods
was higher in June samples due to the large contribution of the warm water species,Paracalanus parÕus. Vertical
distribution appeared to be related to season, species, stages of species and the oxygen concentration in the water column.

Ž . Ž .Female, copepodite V CV and copepodite IV CIV stages ofCalanus euxinus and femalePseudocalanus elongatus
Ž .showed strong diel vertical migration from the surface waters to the oxygen minimum zone OMZ . Copepodite stage V of

C. euxinus showed seasonal migration, and was observed in diapaused phase at the OMZ in June and in September
Ž . Ž .samplings. The large 1000–2000mm and medium 500–1000mm fractions of copepods had maximum gut fluorescence

at night. Total grazing represented 32% of daily total integrated primary production. Phytoplankton carbon ingested met all
three fractions of the basic metabolic requirements of the copepod community in the Black Sea.q2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

The Black Sea ecosystem presently faces dramatic
changes in the last decades. Changes in the species
composition and in phytoplankton blooms have taken
place. These changes seem to be connected with the
eutrophication and other types of contaminants from
river, atmospheric and land based sources and new

Žinvader into the ecosystemMnemiopsis leidyi Zait-
sev and Alexandrov, 1997; Mee, 1992; Kideys, 1994;

) Tel.: q90-324-521-2406; fax:q90-324-521-2327.
Ž .E-mail address: sengul@ims.metu.edu.tr S. Besiktepe .

Cociasu et al., 1996; Kovalev et al., 1998; Shiganova
et al., 1998; Moncheva et al., 1998; Kideys et al.,

.2000; Petruanu et al., 1999 . For the better under-
standing of the conditions, some scientific researches
have been conducted at national, regional and inter-
national levels. One of these programs was NATO
TU-Black Sea project and one of the major goals of
this project was to contribute environmental and
oceanographic data to the improvement of the health
of the Black Sea through the application of interdis-
ciplinary ecosystem models of the lower trophic
levels of the biological community. Within this con-
text, the aim of the present study is to report the
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Fig. 1. Sampling stations of this study.w in May 1994,` in
September 1995,̂ in June 1996,e in September 1996,v in
April 1995, 1996. Shown are the 20- and 200-m isobaths.

abundance, diel vertical distribution and grazing
pressure of common copepods on the primary pro-
duction in the southwestern part of the Black Sea.

1.1. Study area

Black Sea constitutes a unique marine environ-
ment. A strong halocline effectively inhibits vertical
mixing. The oxygen supply to the deep waters is
poor. As a result, permanent anoxia exists within
87% of the Black Sea’s volume, making the Black
Sea the largest anoxic basin of the entire world
ocean. The halocline separates the oxic and anoxic
waters and there is a well defined oxygen minimum

Ž . Žzone OMZ between these waters Murray et al.,
1989; Tugrul et al., 1992; Saydam et al., 1993;
¨ ¨ .Ozsoy and Unluata, 1997 .¨

The distribution of the pelagic fauna is related to
the boundaries of the OMZ and divided Black Sea
pelagic ecosystem into two parts: the aerobiotic and

Ž .the chemobiotic Vinogradov and Shushkina, 1992 .
The aerobiotic waters of the Black Sea are biologi-
cally productive because of high run-off from rivers
around the basin. The chemobiotic environment in-
cludes the OMZ and the anaerobic layer. Only very
few species can survive in the OMZ.Calanus euxi-

Žnus, Sagitta setosa Vinogradov et al., 1992a,b; Be-
.siktepe et al., 1998; Besiktepe and Unsal, 2000 and

Ž .Pleurobrachia pileus Mutlu and Bingel, 1999 are
observed in the OMZ.

2. Materials and methods

Copepod samples for abundance and population
structure were collected in the southwestern part of
the Black Sea in May 1994, April and September
1995, April and September 1996. Vertical distribu-
tion of copepods was analysed in April 1995,
September 1995 and in June 1996. Grazing of cope-
pod community was estimated from the samples

Ž .collected in September 1995 Fig. 1 .

2.1. Hydrographic data

During all cruises, depth, and temperature of the
water column were measured with a Seabird-SBE9

Table 1
Sampling depth layers used in this study and their characteristics

Sampling depth strata Depth no. Characteristics of depth strata

From the depth of the 1 mixed layer
seasonal thermocline to the surface

From the depth ofs s 2 s s14.6 refers to the beginning of nitrificationu u

Ž .14.6 to the depth of seasonal thermocline Lipp and Kempe, 1993

From the depth ofs s 3 the majority of nitrification and remineralization ofu

Ž .15.4 to the depth ofs s14.6 organic matter take place Lipp and Kempe, 1993u

From the depth ofs s 4 denitrification processes begin to occur at the depth ofu

Ž .15.8 to the depth ofs s15.4 s s15.4 Başturk et al., 1994¨u u

From the depth ofs s 5 s s16.2 corresponds to the bottom of the OMZ.u u

16.2 to the depth ofs s15.8 This is the daytime aggregation layer for lateu

copepodite stages and the adults ofC. euxinus
Ž .Vinogradov et al., 1992a,b .

OMZsOxygen Minimum Zone.
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Fig. 2. Potential temperature, Chl-a and dissolved oxygen concentration are plotted against depth for 3 sampling months. Horizontal lines
Ž .indicate the sampling depths and the corresponding sigma-theta values for detailed explanation, see Table 1 .

CTD profiler with fluorometer. Dissolved oxygen
concentrations in the water column were determined
by using modified conventional Winkler titration

Ž .method Konovalov et al., 1994 . Chlorophyll-a
Ž .Chl-a samples were collected from the discrete
depths from the surface down to the depth of fluores-
cence minimum. Samples concentrated on GFrF
filters were extracted with 90% acetone solution, and
extracted according to Holm-Hansen and Riemann
Ž .1978 . The fluorescence intensity of the samples

was measured using a Hitachi F-3000 Model
spectrofluorometer.

2.2. Sampling for abundance and population struc-
ture of copepods

Samples were collected by a Nansen Closing net
of 200 mm mesh size in May 1994, and 112mm
mesh size in April and September 1995, April, June
and September 1996 from the different depth layers
beginning of anoxic layer to the surface in the

Ž y3.Fig. 3. Abundance individuals m of copepods during the sampling periods.



( )S. BesikteperJournal of Marine Systems 28 2001 281–301284

southwestern part of the Black Sea. Collected sam-
ples were preserved with sodium borate buffered 4%
formaldehyde-seawater solution until laboratory
analyses. In laboratory, samples were subsampled

with a Folsom Splitter and identified by a stereomi-
croscope. All copepods were enumerated, identified

Ž .to species, staged Boltovski, 1969 and their pro-
some lengths measured under a stereomicroscope.

Ž . Ž .Fig. 4. Seasonal changes in frequency of stage composition of the copepods during the sampling periods. aC. euxinus, b P. elongatus,
Ž . Ž . Ž .c A. clausi, d P. parÕus, e O. similis.
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Ž .Fig. 4 continued .

2.3. Sampling for diel Õertical distribution of cope-
pods

Zooplankton samples were collected from five
different depth layers by a Nansen Closing Net of
112mm mesh size in April and September 1995, and
in June 1996. Samples were taken at 3–4 h intervals
over a 30 h period in April 1995 and a 21-h period in
September 1995 at a drifting station located in the

Ž .southwestern part of the Black Sea Fig. 1 . Before
each tow, the location of the station was fixed and
before net tows, a CTD cast was done to identify
depths of density layers. In June 1996, a 24-h period
was completed from the different stations located in

Ž .the southwestern Black Sea Fig. 1 . The density
Ž .Sigma-theta,s was used to determine samplingu

depth intervals. Density was used because it is re-

lated to the major physical and biochemical charac-
teristics of the water column that may affect the
distribution of mesozooplankton in the Black Sea
Ž .Table 1 .

2.4. Sampling for gut pigment content of copepods

Diel feeding of the copepod assemblages was
investigated using the gut fluorescence method of

Ž .Mackas and Bohrer 1976 . Copepod samples were
Žcollected with a Nansen Closing Net mouth opening

.70 cm, mesh size 112mm via vertical hauls from 50
Ž .m, at which almost the base of the Chl-a Fig. 2 , up

to the surface every 3–5 h in a daily station on
27–28 September 1995. After towing of the net, the
cod end was taken immediately, sieved from 2000
mm mesh to remove jelly-like organisms, fraction-
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ated into three size classes: 1000–2000, 500–1000
and 300–500mm. Among phytoplankton species
Rhizosolenia spp. was very abundant in 200–500
mm size fraction; in order to minimise the Chl-a
contribution of this species to small size gut fluores-

cence, 300mm was chosen for the lower size limit
of small size fraction. Each size fraction was washed
and rinsed with filtered seawater, then were filtered
very gently on the GFrF filters; organisms other
than copepods were removed under dim light before

Fig. 5. Vertical distribution of different developmental stages ofC. euxinus. Abundance is expressed as percentage of total population in the
Ž .water column. Depth intervals are defined in Table 1. The sampling time is presented above thex-axis. a Samples collected during 26–28

Ž . Ž .April 1995; sunsets19:52 h; sunrises06:06 h local time . b Samples collected during 27–28 September 1995; sunrises17:43 h;
Ž . Ž . Ž .sunsets05:47 h local time . c Samples collected during June 1996; sunsets20:47 h; sunrises05:25 h local time .
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Ž .Fig. 5 continued .

freezing aty208C. Duplicate or triplicate samples
were taken for each size class. The sampling process
and fractionation took about 10–15 min. The num-
bers of organisms on the GFrF filters ranged from 8
to 28 for 1000–2000, 8 to 41 for 500–1000 and, 46
to 141 for 300–500mm. Filters with copepod sam-
ples were homogenised in 10 ml of 90% acetone,
and the fluorescence of the filtrate was measured
before and after acidification with 10% HCl using
Hitachi F-3000 model Spectrofluorometer. The gut

Žcontent pigment was expressed as ng pigment Chl-a
.qphaeopigment per copepod individual for each

size class. Copepod sample for enumeration and
identification within 50 m was taken before every
tow for gut pigment content.

2.5. Ingestion

Hourly ingestion rate is calculated from gut pig-
ment content and calculated gut evacuation rate us-
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Ž .Fig. 5 continued .

ing the expressionIsGR, whereG is the level of
Ž y1.gut pigment content ng pigment copepod andR

Ž y1.is the instantaneous evacuation rate h .
Ž .Gut evacuation ratesR were calculated from the

Ž .relationship of Dam and Peterson 1988 , who re-
lated gut evacuation rate to temperature, and showed
no difference between species. The average tempera-

ture was 14.58C in the water column down to 50 m.
Ž . y1Calculated gut evacuation rateR was 2.4 h for

three size fractions. Total ingestion was calculated
by taking into account each size’s average abun-
dance with ingestion rate. These values were calcu-
lated as total pigment, and were converted to carbon

Ž .by using PC Phytoplankton Carbon :Chl-a ratio.
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Fig. 6. Vertical distribution of female, male and total copepodite stages ofP. elongatus. Abundance is expressed as percentage of total
Ž .population in the water column. Depth intervals are defined in Table 1. The sampling time is presented above thex-axis. a Samples

Ž . Ž .collected during 26–28 April 1995; sunsets19:52 h; sunrises06:06 h local time . b Samples collected during 27–28 September 1995;
Ž . Ž . Ž .sunsets17:43 h; sunrises05:47 h local time . c Samples collected during June 1996; sunsets20:47 h; sunrises05:25 h local time .
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Fig. 7. Vertical distribution of female, male, total copepodite stages and metanauplii ofA. clausi. Abundance is expressed as percentage of
Ž .total population in the water column. Depth intervals are defined in Table 1. The sampling time is presented above thex-axis. a Samples

Ž . Ž .collected during 26–28 April 1995; sunsets19:52 h; sunrises06:06 h local time . b Samples collected during 27–28 September 1995;
Ž . Ž . Ž .sunsets17:43 h; sunrises05:47 h local time . c Samples collected during June 1996; sunsets20:47 h; sunrises05:25 h local time .
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Fig. 8. Vertical distribution of female, male and total copepodite stages ofP. parÕus. Abundance is expressed as percentage of total
Ž .population in the water column. Depth intervals are defined in Table 1. The sampling time is presented above thex-axis. a Samples

Ž . Ž .collected during 26–28 April 1995; sunsets19:52 h; sunrises06:06 h local time . b Samples collected during 27–28 September 1995;
Ž . Ž . Ž .sunrises17:43 h; sunsets05:47 h local time . c Samples collected during June 1996; sunsets20:47 h; sunrises05:25 h local time .
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The PC values were estimated from the cell volume
measurements of phytoplankton using carbon-volume

Žrelationship of Strathmann 1967, data from Eker,
.1998 . The grazing pressure on primary production

Fig. 9. Vertical distribution of adult and total copepodite stages ofO. similis. Abundance is expressed as percentage of total population in
Ž .the water column. Depth intervals are defined in Table 1. The sampling time is presented above thex-axis. a Samples collected during

Ž . Ž .26–28 April 1995; sunsets19:52 h; sunrises06:06 h local time . b Samples collected during 27–28 September 1995; sunsets17:43 h;
Ž . Ž . Ž .sunrises05:47 h local time . c Samples collected during June 1996; sunsets20:47 h; sunrises05:25 h local time .
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was obtained by dividing the calculated grazing by
integrated primary production of the euphotic zone
Ž .Yılmaz et al., 1998 .

3. Results

3.1. Hydrography

A well-developed thermocline was defined in the
Ž .warm months, June and September Fig. 2 . The

oxygen decreased sharply at about 14.6 density sur-
Ž .face, and the core of the OMZ-10 mM was

between density surfaces of 15.8 and 16.2 during all
the sampling periods. The depth of Chl-a maxima
Ž y1.0.45 mg l was between 18 and 40 m in April
1995. In September 1995, Chl-a concentration was

Ž y1.the highest 1.9mg l in the surface and declined
towards the bottom layers. In June 1996, the Chl-a

Ž y1.maxima 0.7mg l was below the thermocline
Ž .Fig. 2 .

3.2. Abundance and population structure

In all sampling periods, five copepod species
were observed:Calanus euxinus, Pseudocalanus
elongatus, Acartia clausi, Paracalanus parÕus and

ŽOithona similis. Total copepod abundance total
.copepodite stagesqadults had a maximum in July

Ž .1996 sample Fig. 3 . The most abundant copepod in
all sampling periods wasP. elongatus, except in
September 1995 and 1996. In September 1995, the
abundance ofP. elongatus and O. similis was al-
most the same, accounting for around 41% of the

Žtotal copepod population 965 forP. elongatus and

y3.993 for O. similis out of 2350 individuals m . In
ŽSeptember 1996, almost half, 47% 156 out of 329

y3.individuals m of the copepod population was
made up of A. clausi. C. euxinus accounted for
9–12% of the total copepod abundance in almost all
sampling periods; it accounted for 4% in June 1996
Ž .Fig. 3 .

The percentage contribution of each developmen-
tal stage ofC. euxinus population is shown in Fig.
4a. In April, the population was youngest
Ž .metanauplii, CI, CII and CIII whereas the oldest

Ž .stages CIV, CV, adults made up)60% of the
population in May, June, and September. During the
sampling periods, adults represented 11–27% of the
population and females always outnumbered males.

The percentage frequency of developmental stages
of P. elongatus is shown in Fig. 4b. Total cope-
podite stages formedG70% of the population. Fe-

Ž .males comprised between 13% in April 1996 and
Ž .25% in September 1995 of the population. Males

Žoccurred in high numbers only in April 1996 10%
.of the population , but observed very rarely in the

other sampling periods.
The percentage frequency of developmental stages

of A. clausi is shown in Fig. 4c. Metanauplius
Ž .consisted in the range of 11% in September 1996

Ž .and 27% in June 1996 of the population. In May,
no metanauplius was observed since the mesh size of
net used was 200mm and it would allow them to
slip through. Copepodite stages made up a large
fraction of the population at almost all sampling
periods, except in May when females comprised
47% of the population. Females were generally found
in high numbers than males, except in June when the
number of females and males was almost the same.

Ž y3.Fig. 10. Vertical distribution of total copepod individuals m species in 3 different months. Black bars represent samples collected at the
nighttime and open bars represent samples collected at the daytime.
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Fig. 4d shows the percentage frequency of devel-
opmental stages ofP. parÕus. Copepodite stages
dominated the population in April, June and in
September 1996. In April 1995, adults made up the
)60% of the population. No copepodite stages were
found in May 1994. In September 1995, the stage

distribution was bimodal with the equal percentage
of adults and copepodites. Females always outnum-
bered males.

The seasonal changes in population structure of
O. similis are shown in Fig. 4e. Total copepodite
stages dominated the population in June 1996,

Fig. 11. The diel gut fluorescence for three size fractions of copepods sampled from 50 m to the surface in September 1995. Each point
represents mean values"S.D. Shaded bar along thex-axis indicates the hours of darkness.



( )S. BesikteperJournal of Marine Systems 28 2001 281–301 295

September 1995 and 1996. In April samples, the
adults made up)60% of the population, while no
copepodite stages were observed in May. In May
1994, the mesh size of the net was 200mm, and the
copepodite stages ofP. parÕus and O. similis might
have passed through this mesh size.

3.3. Diel Õertical distribution of copepods

Vertical distribution of C. euxinus was analysed
for female, male, all copepodite stages and metanau-

Ž . Ž .plii stage Fig. 5 . Females, copepodite V CV and
Ž .copepodite IV CIV showed diel vertical migration

pattern. They were at the depth of OMZ at daytime
and the upper layers at nighttimes. There was no
apparent diel vertical migration in males except in
April 1995. CIII, CII and CI showed small-scale
periodic migration between the third layer and the
surface. Metanauplii distributed generally uppermost
three layers.

Vertical distribution of P. elongatus was studied
Ž .as female, male and total copepodite stages Fig. 6 .

The well-defined characteristics of diel vertical mi-
gration of femaleP. elongatus were observed only
in April 1995 sampling. In the other seasons, females
showed limited diel vertical migration pattern, while
the majority of them were in the upper layer at
nighttime, deeper layers in the daytime. Males and
copepodite stages collected in September and June
were found in the intermediate layers as independent
on the diel periodicity.

Vertical distribution of A. clausi was studied as
female, male, total copepodite stages and metanau-
plii stage. FemaleA. clausi showed limited vertical
migration between the first and second layer in April
and in June but this migration was not obvious in
September. There was no apparent diel vertical mi-
gration in male, copepodites and metanauplii stages

Ž .of A. clausi Fig. 7 . They were generally dis-
tributed above the thermocline.

ŽAll developmental stages female, male and cope-
.podites of P. parÕus showed inconsistent vertical

Ž .distribution Fig. 8 . In April 1995, during nighttime
and daytime, their peak in abundance was generally
in the second layer and their maximum concentra-
tions were found sporadically in the third and fourth
layers. In the other sampling periods, they occurred

frequently in the first layer during nighttime and
daytime.

Vertical distribution ofO. similis population was
Žanalysed as adult and total copepodite stages Fig.

.9 . This cyclopoid copepod species showed inconsis-
tent distribution throughout the water column.

Total copepod abundance in the water column at
one nighttime and one daytime is shown in Fig. 10.
In April, the difference of vertical distribution be-
tween nighttime and daytime appeared more clearly
due to the high contribution of strong vertical mi-

Ž .grants i.e. C. euxinus and P. elongatus on the
copepod abundance. In September and June, most of
the copepods live primarily above the OMZ day and
night, and showed small-scale periodic migration.

Table 2
Percentage abundance of three size fractions of copepods sampled
from 50 m to the surface in September 1995

Species 2000–1000 1000–500 500–300
mm mm mm

C. euxinus
Female 28.3 – –
Male 3.3 – –
Copepodite V 43.7 0.7 –
Copepodite IV 14.1 2.1 –
Copepodite III 2.5 7.5 0.4
Copepodite II 0.8 4 4.7
Copepodite I 0.2 1.9 3.3

P. elongatus
Female 3.9 44.8 28
Male – 1.3 0.7
Copepodite stages 1.5 13.2 36.9

A. clausi
Female 1.1 13.6 2.2
Male – 5.9 1.8
Copepodite stages 0.3 4 5.2

Par. parÕus
Female 0.2 – 1.3
Male – – 0.5
Copepodite stages – – 0.9

O. similis
Female – 1.0 10.9
Male – – –
Copepodite stages – – 3.2

Ž .– No individuals observed.
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Table 3
Ž y1. Ž y1 y1.The gut pigment contentG; ng pigment individuals , ingestion ratesI; ng pigment individuals h and the percentage grazing rate of each size fraction of copepod

assemblages during the sampling times in September 1995

Time of day Large size Medium size Small size
y2 y2 y2G I Individual m % Grazing G I Individual m % Grazing G I Individual m % Grazing

Ž . Ž . Ž .19:00 7.8 2.0 18.6 1873.7 13.4 9.1 0.0 21.8 7242.1 60.6 2.0 3.0 4.8 3410.6 6.3
Ž . Ž . Ž .23:30 9.4 3.0 22.6 2863.2 24.9 1.7 1.8 4.1 3536.8 5.6 1.2 0.3 2.9 17852.6 19.6
Ž . Ž . Ž .03:30 11.0 6.0 26.4 926.3 9.4 4.4 2.8 10.5 1937.2 7.8 1.9 1.6 4.6 3536.8 6.3

Ž . Ž .07:30 0.0 0.0 176.3 0.0 0.1 0.1 0.3 1221.1 0.1 0.9 1.1 2.2 3368.4 2.9
Ž . Ž .12:00 0.0 0.0 305.3 0.0 1.2 0.8 2.8 2863.2 3.1 1.2 1.0 2.8 3368.4 3.7

Ž . Ž . Ž .16:00 3.4 3.0 8.2 1557.9 4.9 3.6 3.8 8.6 7409.5 24.1 1.1 0.2 2.6 5894.7 5.8
Ž . Ž .21:00 5.2 0.5 12.6 863.5 4.2 4.5 6.0 10.8 3789.5 15.7 0.9 2.2 2610.5 2.2
Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž . Ž .Average 5.6 4.4 12.6 10.5 1223.7 947 8.1 8.8 3.5 3.0 8.4 7.1 3999.9 2438.0 16.7 21.0 1.3 0.5 3.1 1.1 5720.3 5447.6 6.7 5.9

Gut evacuation rates2.4 hy1; Phytoplankton carbonrChl-a ratios65; Primary productions405 mg C my2 dayy1. Values in parenthesis are standard deviations.
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3.4. Gut pigment content and ingestion rates

A diel gut pigment rhythm consisted of tows from
the upper 50 m, at 4-h intervals, for a 26-h period in

Ž .September 1995. Gut pigment content GPC of the
three size fractions is presented in Fig. 11. All data
represent the mean values obtained from two to three
replicates depending on the abundance of organisms.

Within the large fraction, there was a trend of
increasing gut pigment content during the night feed-

Ž .ing period Fig. 11 . The highest value was reached
Ž .towards the end of darkness at 03:30 . In this frac-

tion, around 86% of species abundance was domi-
nated by the vertical migrant organisms, i.e. female,

Ž .CV and CIV stages ofC. euxinus see Table 2 , and
Ž .during daytime 07:30, 12:00, 16:00 sufficient num-

ber of individuals could not be found for GPC
analysis.

Within the medium size fraction, variation in gut
Ž .fluorescence values Fig. 11 was high especially at

nighttime. The average pigment ranged from 0.1 to
9.1 ng pigment individualy1 and the amount of
explained variance was 78.5% among the GPC data.
However, there was evidence of diel patterns in gut
fluorescence for the medium size fractions.

Within the small size fraction, there was not a
pattern of decrease or increase in gut pigment con-
tent with time of the day; the coefficient of variation
was 32% among the GPC data. The small copepod
species contained very low levels of pigment in their
guts ranging from 0.9 to 2.0 ng pigment individualy1

Ž .Fig. 11 .
The average daily grazing was obtained by the

medium size fraction with 16.7% of primary produc-
tion, and the large fraction had 8.1% grazing on the
primary production. The lowest grazing value was
found in the small size fraction with the value of

Ž .6.7% of primary production Table 3 .

4. Discussion

4.1. Abundance and population composition

The maximum abundance of copepods was ob-
served in June 1996.P. parÕus made up 28% contri-

bution to the total copepod abundance in this season,
whereas they were very rare in the other seasons.

Ž .Greze et al. 1971 have definedP. parÕus as a
Žwarm-water species optimum temperature is be-
.tween 108C and 208C and observed its maximum

abundance in August. There was no consistent pat-
tern of abundance with season; abundance in April
and September 1995 was higher than those collected
in April and September 1996.

Because of the spacing of the cruises it is impos-
sible to identify the generation times of the species.
However, metanauplii ofC. euxinus were observed
during all sampling periods, but they comprised more
than half of theC. euxinus population in April. It
can then be concluded that April is the main produc-
tion season of new generation. During summer, the
percentage abundance of metanauplii fluctuates from
the range of 15–30% of the population; there can be
a subsidiary generation during these periods. Zenke-

Ž . Ž .vitch 1963 and Sazhina 1987 reported thatC.
euxinus reproduce during the whole year and form
5–7 generations in a year.

The total copepodite stages ofP. elongatus, A.
clausi and P. parÕus were dominant in almost all
sampling periods. It is reported that these species
reproduce throughout the year, producing six to nine

Žgenerations in the Black Sea Greze and Baldina,
.1967; Greze et al., 1971; Sazhina, 1987 . In this

study, total copepodite stages ofO. similis were
dominant in June and September samples. Greze et

Ž .al. 1971 observed high number of nauplii and
copepodites in April, June, July, and September and
November; they found the eggs throughout the year
with a peak in July and detected six to seven genera-
tions in a year.

4.2. Vertical distribution

Vertical distribution of the species appeared to be
related to season, species, stages of species and the
oxygen concentration in the water column in the
Black Sea. Among small species,A. clausi and P.
parÕus were observed mostly uppermost three layers
while O. similis were found in the OMZ. Low
oxygen concentration did not appear to restrict the
vertical distribution of O. similis. Similar findings
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have been reported before for Chesapeake Bay by
Ž .Roman et al. 1993 and for eastern tropical Pacific

Ž .by Saltzman and Wishner 1997 . Differences in the
vertical distribution of the stages ofC. euxinus and
P. elongatus have been observed. Female, CV, CIV
stages ofC. euxinus and femaleP. elongatus showed
strong diel vertical migration from the surface waters
to the OMZ, while the majority of the other stages

Ž .remained uppermost three layers; first 100 m .
Data obtained in this study are in agreement with the
previous results from the Black Sea by Vinogradov

Ž . Ž .et al. 1985, 1986, 1990, 1992a,b , Zenkevicth 1963
Ž .and Zagorodnyaya 1970 .

Copepodite stage VCalanus undergoes seasonal
Žmigration during summer and early autumn during

.warmer period in the Black Sea. When some of
them were at the upper layer during nighttime, some
part of the CV population were still staying at the
OMZ as in the diapause period. In June, around 50%
of the CV population was in the diapausing period,
while in September only 13% of the population was
observed in diapausing period. Vinogradov et al.
Ž .1990 reported that 60–75% of stage V remained at
the lower limit of the oxygenated layer at nighttime
in August. The OMZ may be used a refuge from
predation by diapausing stage or vertical migrants as

Ž .pointed out before by Alldredge et al. 1984 and
Ž .Vinogradov et al. 1986 .

4.3. Gut pigment content and grazing pressure

In the present study, gut pigment concentrations
fell between 0.1 and 11 ng pigment individualy1 of
copepod for the 300–500, 500–1000, 1000–2000
mm fractions. These pigment concentrations were
similar to values measured in other field studies of
mesozooplankton grazing. For example, gut pigment
content measured forNeocalanus cristatus CV

y1 Žranged from;1 to 15 ng pigment copepod Tsuda
.and Sugisaki, 1994 .

Our grazing estimates were derived from gut fluo-
rescence method. The degree of pigment destruction
during the digestion processes is highly variable in

Žthis method Dam and Peterson, 1988; Head and
.Harris, 1996 . An average value of 33% has been

Ž .estimated Dam and Peterson, 1988 . No correction
for pigment destruction was made on the assumption
that there was little pigment destruction at the low

Ž y1. Žfood concentration 1000 cells ml Penry and
.Frost, 1991 . The average number of phytoplankton

y1 Ž .cell was 1100 cells ml at the station Eker, 1998 .
Increase in gut pigment concentration at night hours
in the large and medium size fraction was in good

Žagreement with the previous studies Mackas and
.Bohrer, 1976; Morales et al., 1993; Atkinson, 1996 .

However, this increase at night hours was not obvi-
ous in small size fraction.

Daily removal of the primary production by total
Ž .mesozooplankton was 32% see Table 3 ; this corre-

sponds to 128 of 405 mg C my2 dayy1 in this study.
The limited impact of grazing by mesozooplankton
on the primary production has been reported in
several studies for the other regions. Morales et al.
Ž .1991 estimated removal rates of 1–2% of the pri-
mary production in north-east Atlantic, while Dagg
Ž .1993 estimated removal rates of the primary pro-
duction of 6–15% for the subarctic Pacific Ocean.
Other estimates of rates of removal of primary pro-
duction by large copepods during spring bloom
ranged from 4% to 100% dayy1 in shelf waters off

Ž .the New York Bight Smith and Lane, 1988 .
The present study has attempted to estimate com-

munity grazing impact on primary production by
employing measurements of ingestion rates, copepod
abundances and primary production. The variability
in grazing impact during the study was mainly a
result of differences in both copepod abundances and
gut pigment content among the sampling times. Al-
though large copepods showed the highest daily
ingestion rates on an individual basis, the overall
highest grazing on primary production was per-
formed by the medium sized copepods, due to their
numerical abundance. It is calculated that 53% of the
community grazing was due to medium size fraction.

Ž .In contrast to Morales et al. 1991 and Dam et al.
Ž .1993 , whom discussed the relative importance of
small size fraction grazing on primary production in
the North Atlantic, the medium sized copepods graz-
ing was considerably most important among the
three size classes in September 1995 in the Black
Sea. Regarding the estimation of copepod abun-
dances, the small size fraction of copepods only
included those larger than 300mm. Many cope-
podites andO. similis individuals might have passed
through the 300-mm mesh filter and thus have not
been considered in calculating grazing rates. The



( )S. BesikteperJournal of Marine Systems 28 2001 281–301 299

Table 4
Grazing pressure, biomass and basic metabolic requirements of
copepods from the first 50 m in September 1995

Time Large size Medium size Small size
a bof day GP B R GP B R GP B R

19:00 54.3 116.2 7.3 245.7 24.2 2.2 25.5 4.9 0.5
23:30 100.9 169.8 10.7 22.7 22.1 1.8 79.5 21.8 2.1
03:30 38.1 63.6 4.0 31.6 9.0 0.8 25.5 7.9 0.7
07:30 0.0 0.0 0.0 0.4 5.0 0.4 11.8 7.4 0.7
12:00 0.0 0.0 0.0 12.6 16.5 1.4 15.0 8.6 0.8
16:00 18.9 94.1 5.9 97.7 31.4 2.7 23.5 15.0 1.4
21:00 17.0 52.6 3.3 63.6 17.8 1.5 8.9 7.5 0.7

Ž y2 y1. ŽGPsGrazing pressure mg C m day ,BsBiomass mg C
y2 . Ž y2 y1.m , RsRespiration mg C m day .

aThe wet weight of copepods for each size fraction was
calculated by using a constant value estimated by Ukranian Scien-
tists for each stage of the copepod species in the Black Sea
Ž .Niermann et al., 1995 . The dry weight was estimated from the
assumption of 20% of wet weight, and converted to carbon

Žassuming that 40 % of the dry weight is due to carbon Parsons et
.al., 1990 .

b Ž .Respiration rates were estimated using Dagg et al.’s 1982
equation:Rs0.101W 0.884, where R is the respiration rate asmgc

C animaly1 dayy1, W is the animal size asmg C.c

estimated percentage abundance of loss from 300-mm
mesh filter was 15% of the total abundance of
small-sized copepods. When considering this loss,
the ingestion rate of small size fraction was still
lower than that of large size fraction.

The grazing rate estimated in this study is rela-
tively high. For example, the daily carbon ration
ranged from 20% to 70% of the body carbon for
large size fraction, from 10% to 360% for medium
size fraction and from 4% to 310% of the body
carbon for small size fraction. In general, our data
show that the phytoplankton carbon ingested appar-
ently met all fraction of basic metabolic requirement
when respiration rate was estimated using the Dagg

Ž . Ž .et al. 1982 equation Table 4 . These results imply
that the food source of mesozooplankton was mainly
phytoplankton in September 1995 in the Black Sea.
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Başturk, O., Saydam, C., Salihoglu, I., Eremeev, L.V., Kono-¨ ˇ
valov, S.K., Stayanov, A., Dimitrov, A., Cociasu, A., Doro-
gan, L., Altabet, M., 1994. Vertical variations in the principle
chemical properties of the Black Sea in the autumn of 1991.
Mar. Chem. 45, 149–165.

Besiktepe, S., Unsal, M., 2000. Population structure, vertical
Ždistribution and diel migration ofSagitta setosa Chae-

.tognatha in the south-western part of the Black Sea. J.
Plankton Res. 22, 669–683.

Besiktepe, S., Kideys, A.E., Unsal, M., 1998. In situ grazing
pressure and diel vertical migration of femaleCalanus euxinus
in the Black Sea. Hydrobiologia 363, 323–332.

Boltovski, F.D.M., 1969. Identification key for fauna of the Black
and Azov Seas. Free Living Invertabrates, vol. 2, Naukova

Ž .Dumka Publ., Kiev, 536 pp. in Russian .
Cociasu, A., Dorogan, L., Humborg, C., Popa, L., 1996. Long-term

ecological changes in Romanian coastal waters of the Black
Sea. Mar. Pollut. Bull. 32, 32–38.

Dagg, M.J., 1993. Grazing by the community does not control
phytoplankton production in the subarctic Pacific Ocean. Prog.
Oceanogr. 163–183.

Dagg, M.J., Whitledge, J., Iverson, T.E., Goering, R.L., 1982. The
feeding, respiration, and excretion of zooplankton in the Bering
Sea during a spring bloom. Deep-Sea Res. 2, 45–63.

Dam, H.G., Peterson, W.T., 1988. The effect of temperature on
the gut clearance rate constant of planktonic copepods. J. Exp.
Mar. Biol. Ecol. 123, 1–14.

Dam, H.G., Miller, C.A., Jonasdottir, S.H., 1993. The trophic role
of mesozooplankton at 478N, 208W during the North Atlantic
Bloom Experiment. Deep-Sea Res., Part II 40, 197–212.

Eker, E., 1998. Abundance and biomass of micro-nanophytoplank-
ton in the Northwestern and Southern Black Sea in 1995. MS
Thesis in Middle East Technical University, Turkey, 206 pp.

Greze, V.N., Baldina, E.P., 1967. Population dynamics and annual
production of Acartia clausi Giesbr. andCentropages kroyeri¨
Giesbr. In the neritic zone of the Black Sea. Fish. Res. Board
Can., Transl. Ser. 893, 1–32.

Greze, V.N., Baldina, E.P., Bileva, O.K., 1971. Dynamic of
zooplankton numbers and production in coastal area of the

Ž .Black Sea. Sea Biol. 24, 12–49 in Russian .



( )S. BesikteperJournal of Marine Systems 28 2001 281–301300

Head, E.J.H., Harris, L.R., 1996. Chlorophyll destruction by
Calanus spp. Grazing on phytoplankton: kinetics, effects of
ingestion rate and feeding history, and a mechanistic interpre-
tation. Mar. Ecol. Prog. Ser. 135, 223–235.

Holm-Hansen, O., Riemann, B., 1978. Chlorophyll-a determina-
tion: improvements in methodology. Oikos 30, 438–447.

Kideys, A.E., 1994. Recent dramatic changes in the Black Sea
ecosystem: the reason for the sharp decline in Turkish an-
chovy fisheries. J. Mar. Syst. 5, 171–181.

Kideys, A.E., Kovalev, A.V., Shulman, G., Gordina, A., Bingel,
F., 2000. A review of zooplankton investigations of the Black
Sea over the last decades. J. Mar. Syst. 24, 355–371.

Konovalov, S., Romanov, A., Salihoglu, I., Basturk, O., Tugrul,
S., Gokmen, S., 1994. Intercalibration of CoMSBalck-93A
Chemical Data. Unification of methods for dissolved oxygen
and hydrogen sulfide analyses and sampling strategies of
CoMSBlack-94 A cruise report. Erdemli-Turkey.

Kovalev, A.V., Niermann, U., Melnikov, V.V., Belokopitov, V.,
Uysal, Z., Kideys, A.E., Unsal, M., Altukhov, D., 1998.
Long-term changes in the Black Sea zooplankton: the role of
natural and antropogenic factors. In: Ivanov, L.I., Oguz, T.
Ž .Eds. , NATO TU-Black Sea Project: Ecosytem Modelling as
a Management Tool for the Black Sea, Symposium on Scien-
tific Results, vol. 1, Kluwer Academic Publishers, Nether-
lands, pp. 221–234.

Lipp, A., Kempe, S., 1993. The Black Sea. A summary of new
results. Presented to International Advanced Study Course on
Biogeochemical processes, environmentrdevelopment interac-
tions and the future for the Mediterranean Basin. Nice, August
30–September 17.

Mackas, D., Bohrer, R., 1976. Fluorescence analyses of zooplank-
ton gut contents and an investigation of diel feeding patterns.
J. Exp. Mar. Biol. Ecol. 25, 77–85.

Mee, L.D., 1992. The Black Sea in crisis: the need for concerted
international action. Ambio 21, 278–286.

Moncheva, S., Shtereva, G., Krastev, A., Bodeanu, N., Kideys,
A.E., Bayraktar, S., 1998. Vertical distribution of summer
phytoplankton in the western Black Sea during 1991–1995
with respect to some environmental factors. In: Ivanov, L.I.,

Ž .Oguz, T. Eds. , NATO TU-Black Sea Project: Ecosytem
Modelling as a Management Tool for the Black Sea, Sympo-
sium on Scientific Results, vol. 1, Kluwer Academic Publish-
ers, Netherlands, pp. 327–349.

Morales, C.E., Bedo, A., Harris, R.P., Tranter, P.R.G., 1991.
Grazing of copepod assemblages in the north-east Atlantic: the

Ž .importance of the small size fraction. J. Plankton Res. 13 2 ,
455–472.

Morales, C.E., Harris, A.R.P., Head, R.N., Tranter, P.R.G., 1993.
Copepod grazing in the oceanic northeast Atlantic during 6
week drifting station: the contribution of size classes and

Ž .vertical migrants. J. Plankton Res. 15 2 , 185–211.
Murray, J.M., Jannasch, H.W., Honjo, S., Anderson, R.F.,

Reeburgh, W.S., Top, Z., Friederich, G.E., Codispotu, L.A.,
Izdar, E., 1989. Unexpected changes in the oxicranoxic inter-
face in the Black Sea. Nature 338, 411–413.

Mutlu, E., Bingel, F., 1999. Distribution and abundance of
chenophores, and their zooplankton food in the Black Sea: I.
Pleurobrachia pileus. Mar. Biol. 135, 589–601.

Niermann, U., Kideys, A.E., Besiktepe, S., Bodeanu, N.,
Goubanova, A., Khoroshilov, V., Mikaelyan, A., Moncheva,
S., Mutlu, E., Nezlin, N., Petruanu, A., Senichkina, L.,
Shiganova, T., 1995. An assessment of recent phyto-zooplank-
ton investigations in the Black Sea and planning for future.
Report on the Meeting of Marine Biologists in Erdemli,
Turkey, 20 February–3 March. TU-Black Sea Project. METU,
Institute of Marine Sciences, Erdemli, Turkey. 100 pp.

¨ ¨ ¨Ozsoy, E., Unluata, U., 1997. Oceanography of the Black Sea: a¨
review of some recent results. Earth Sci. Rev. 42, 231–272.

Parsons, T.R., Takahashi, M., Hargrave, B., 1990. Biological
Oceanographic Processess. 3rd ed. Pergamon Press, Oxford,
330 pp.

Penry, D.L., Frost, B.W., 1991. Chlorophyll a degradation by
Calanus pacificus: dependence on ingestion rate and digestive

Ž .acclimation to food resources. Limnol. Oceanogr. 36 1 ,
147–159.

Petruanu, M.A., Bodeanu, N., Bologa, A.S., Dumitrache, C.,
Moldoveanu, M., Radu, G., Tiganus, V., 1999. Status and
evalution of the Romanian Black Sea coastal ecosystem. In:

Ž .Besiktepe, S.T., Unluata, U., Bologa, A.S. Eds. , Proceedings
of the NATO Advanced Research Workshop on Environmen-
tal Degradation of the Black Sea: Challenges and Remedies,
Constanta-Mamaia, Romania. Kluwer Academic Publishers,
Netherlands, pp. 175–196.

Roman, M.R., Gauzens, A.L., Rhinehart, W.K., White, J.R., 1993.
Effects of low oxygen waters on Chesapeake Bay zooplank-

Ž .ton. Limnol. Oceanogr. 38 8 , 1603–1614.
Saltzman, J., Wishner, K.F., 1997. Zooplankton ecology in the

eastern tropical Pacific oxygen minimum zone above a sea-
month. 2: Vertical distribution of copepods. Deep-Sea Res. 44,
931–954.

Saydam, C., Tugrul, S., Basturk, O., Oguz, T., 1993. Identifica-
tion of the oxicranoxic interface by isopycnal surfaces in the
Black Sea. Deep-Sea Res. 40, 1405–1412.

Sazhina, L.I., 1987. Reproduction, Growth, Production of Marine
Copepods. Naukova Dumka, Kiev, 156 pp.

Shiganova, T.A., Kideys, A.E., Gucu, A.C., Niermann, U.,
Khoroshilov, V.S., 1998. Changes in species diversity and
abundance of the main components of the Black Sea pelagic
community during the last decade. In: Ivanov, L.I., Oguz, T.
Ž .Eds. , NATO TU-Black Sea Project: Ecosystem Modelling as
a Management Tool for the Black Sea, Symposium on Scien-
tific Results, vol. 1, Kluwer Academic Publishers, Nether-
lands, pp. 171–188.

Smith, S.L., Lane, P.V.Z., 1988. Grazing of the spring diatom
bloom in the New York Bight by the calanoid copepods
Calanus finmarchicus, Metridia lucens and Centropages typi-
cus. Cont. Shelf Res. 8, 485–509.

Strathmann, R.R., 1967. Estimating the organic carbon content of
phytoplankton from cell volume or plasma volume. Limnol.
Oceonogr. 12, 411–418.

Tsuda, A., Sugisaki, H., 1994. In situ grazing rate of the copepods
populationin the western Subarctic North Pacific during spring.
Mar. Biol. 120, 203–210.

Tugrul, S., Basturk, O., Saydam, C., Yilmaz, A., 1992. Changes
in the hydrochemistry of the Black Sea inferred from density
profiles. Nature 359, 137–139.



( )S. BesikteperJournal of Marine Systems 28 2001 281–301 301

Vinogradov, M.Ye., Shushkina, E.A., 1992. Temporal changes in
community structure in the open Black Sea. Oceanology 32,
485–491.

Vinogradov, M.Ye., Flint, M.V., Shushkina, E.A., 1985. Vertical
distribution of mesoplankton in the open area of the Black
Sea. Mar. Biol. 89, 95–107.

Vinogradov, M.Ye., Shushkina, E.A., Flint, M.V., Tumantsev,
N.I., 1986. Plankton in the lower layers of the oxygen zone in
the Black Sea. Oceanology. 26, 222–228.

Vinogradov, M.Ye., Musayeva, E.I., Semeneva, T.N., 1990. Fac-
tor determining the position of the lower of mesoplankton
concentration in the Black Sea. Oceanology 30, 217–224.

Vinogradov, M.Ye., Sapozhnikov, V.V., Shushkina, E.A., 1992a.
The Black Sea Ecosystem. Moskva Russia Nauka Dumka, 112
pp.

Vinogradov, M.Ye., Arashkevich, E.G., Ilchenko, S.V., 1992b.
The ecology of theCalanus ponticus population in the deeper

layer of its concentration in the Black Sea. J. Plankton Res.
14, 447–458.

Yılmaz, A., Polat, C., Ediger, D., Tugrul, S., 1998. On the
Ž .production, elemental composition C, N, P and distribution

of photosynthetic organic matter in the southern Black Sea.
Hydrobiologia 363, 141–156.

Zagorodnyaya, Yu.A., 1970. Feeding habits and migration of the
Ž .Black Sea copepodPseudocalanus elongatus Boeck in win-

ter. Oceanology 10, 35–41.
Zaitsev, Yu.P., Alexandrov, B.G., 1997. Recent man-made changes

in the Black Sea ecosystem. In: Ozsoy, E., Mikaelyan, A.
Ž .Eds. , NATO Asi Series. Sensitivity to Change: Black Sea,
Baltic Sea and North Sea, Kluwer Academic Publishers,
Netherlands, pp. 25–31.

Zenkevitch, L., 1963. Biology of the Seas of the U.S.S.R. George
Allen and Unvin, Rushin House Museum Street, London, pp.
403–426.


