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Few investigations have been carried but in the Mediterranean Sea basin as
yet where direct analysis included production and specific production in populations
of certain planktonic organisms. Among these are the works by Razouls (1972, 1973,
1975), Gaudy (on copepods, 1976), Franqueville (1974), Fenaux (1976) in which
production was estimated by the growth rate. These and some other observations
made in the Mediterranean though being significant are still insufficient to be the
basis for comprehensive estimates of zooplankton production in the basin. There-
fore an attempt was made to calculate the production and specific production (de-
noted by C, i.e. production per unit mass) of major zooplankton groups using the
physiological method proposed by Winberg (1966).

This attempt had the following prerequisites : first, the Institute of Biology
of South Seas has organized a number of expeditions (R/V `Akademik A. Kovale-
vsky", "Professor Vodyanistky" and others) in different regions of the Mediterra-
nean and collected vast material on zooplankton sampled by a single method, by
standard layers, counting- weighting determination with taxonomic and size diffe-
rentiation. The present report is based on the material concerning production ob-
tained from 50 stations during 4 cruises to the Aegean and Adriatic Seas, Tunisian
Strait and Algerian-Provençal Basin (Fig.1, Table 1).

Second, Ivleva (1973, 1981) and other researches from the Institute of Biology
of South Seas were studying in the 70s the metabolic rates of large number of
coelenterates, crustaceans, chaetognaths at different temperature in the Mediter-
ranean and Atlantic. The studies provides equation parameters of relationship
between metabolism and body mass of animals.

Third, relatively reliable data are gained on the food utilization coefficient
per growth - Kz , in the Mediterranean Sea basin in particular (Razouls and
Apostolopoulou, 1977 ; Grézé, 1983).

It resulted in carrying out the computer calculations of basic zooplankton
components' production according to the algorithm made by Zharov. The algorithm
included :

(1) abundance and biomass of various size categories of certain taxonomic
groups ;

(2) relation between metabolism R at given temperature and organism mass w
R=Awb;
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Figure 1 - The map of sampling stations :

1) the 3° cruise of the R/V "Akademik A. Kovalevsk}^'
2 the 12o, cruise of the R/V "Professor Vodyanitsky"
3 the 714 cruise of the R/V "Akademik A. Kovalevsky"
4 the 90th cruise of the R/V "Akademik A. Kovalevsky"



(3) dependence of production P upon metabolism and food utilization coef-
ficient per growth K2

P= R  K2 
1-K2

Production of copepods was estimated accordin& to size groups. It appeared
that despite the high abundance of the microplanktonic group < 0.5 mm (nauplii
and first copepodites of small-size species) their share in the total production is
not great and within the 0-50 m layer it makes about 7 % (Fig.2). Such insignifi-
cant value of this category agrees well with the general law of copepod growth ex-
pressed by an S-shaped curve and with low biomass of the size group. The major
production share falls within the 0-50 m layer containing copepods of the 0.5-I
mm size ; however with increasing depth the tendency is observed of further size
groups domination, mainly of 1-2 mm.

The results of the studies fulfilled in summer, autumn and winter-spring
period in the region from the Agean Sea to Algerian- provençal basin showed that
copepod production within the 0-50 m layer varied between 1.63 and 8.82 mg.m-3
with average value of 4.25 mg.m-3 or 212.5 mg.m- 2 (Table 2). Within the 50-100 m
layer this value amounted to 1.68 mg.m- 3, at 100-200 m it was 0.95 mg.m-3. On
the whole, copepod production within the upper 200 m made 391.5 mg.m- 2 of wet
biomass. The error of this value is limited by 20-25 %.

The values of the specific production C are determined according to the
biomass and production values. In copepods they varied within 4-18 % daily, de-
pending on depth, temperature, size and age composition of the population. Figure
3 shows the decrease of value C which is more distinct in the transition from the
50-100 m layer to that of 100-200 m. This is determined on the whole by the drop
in temperature. Besides, the figure demonstrates the values of the average biomass
and production of copepods varied with depth.

The aboved-mentionned works by French colleagues concerning study of
production in copepod populations showed specific production value being very
close to the author's data. Razouls (1975) considers this value approaches 13-15 %,
Gaudy (1976) defines it in May-June as 12 % on the average for 6 copepod spe-
cies. Thus, other materials on the Mediterranean along with the published data on
other aquatoria with similar ecological conditions (Grézé, 1978 ; Zaika, 1983) are
approximating the author's results according to which the average annual specific
copepod production within the 0-100 m layer makes about 10 % daily.

Analogical calculations were made on euphausiids, amphipods, chaetognaths,
as well as medusae, siphonophores, salps and doliolids.

Production of euphausiids ans amphipods made in average for all regions
0.077 mg.m- 3 within the 0-50 m layer, 0.026 mg.m- 3 within the 50-100 m layer
and 0.013 mg.m- 3 within the 100-200 m layer or 6.5 mg.m- 2 in the entire 0-200 m
layer. It corresponded to 2 % of the copepod production. In chaetognaths the
average total production in the 0-200 layer amounted to about 53 mg.m- 2 while
coelenterates and tunicates, somewhat artificially combined in estimations according
to the common high water contents in the body, yielded still higher production, i.e.
about 133 mg.m-2.
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The size composition of taxons under consideration is, in contrast to cope-
pods, from 2-3 to 10 mm and more. Here in euphausiids and amphipods as well as
in coelenterates and tunicates the main share of production falls within size cate-
gories of 2-3 and 3-6 mm and in chaetognaths - even larger size categories
(Table 3). Just as in copepods, the share of production of large size groups shows
the increase in the lower layer.

Specific production indices in different taxonomic groups vary according to
the habitat layer depth and population composition ; particularly, in euphausiids ans
amphipods C ranges from 0.01 to 0.12, thus averaging almost 0,05. In chaetognaths
C varies from 0.02 to 0.24 and mean weight value for the 0-200 m layer is 0.07.

The group of coelenterates and tunicates exhibited the maximum specific
production of 0.05-0.26 averaging about 0.12 within the 0-200 m layer. It is pos-
sible that these values are closer to the minimum ones since data are available on a
higher specific production in salps. Fenaux (1976) reported of specific production
value 0.27 in appendicularians during winter-spring period. Thus, it may be assu-
med that tunicates demonstrate relatively higher production rate comparing with
other plankton groups.

The production values in different taxonomic groups should not be summed
while analysing the trophic st ructure of planktonic communities, since one group
may contain organisms of various trophic levels. Consequently, bearing in mind the
future target we tried to divide the production of all major planktonic taxonomic
groups into shares formed by phytophags, euryphags and predators.

In this case production or appendicularians, salps ans diliolids, half of the
euphausiid and amphipod production and main part of that of copepods were as-
cribed to production of phytophags. Second half of euphausiid and amphipod pro-
duction together with the production of some part of copepods and certain groups
of animals attributed to the "others" were attached to the trophic level of eury-
phags consuming animal and plant food and detritus. The category of predators
included chaetognaths, siphonophores, medusae, certain amount of the "others"
and copepods.

It is known that many copepods, one way or another, are characterized by
euryphagy, therefore their grouping into three above-mentioned throphic catego-
ries on the basis of the available published data should not be considered as an
exact alimentary characteristic of a given family, but rather as their mean statistical
distribution over trophic levels. However, even such shematization allows to obtain
relatively adequate notions of the production of certain ecological categories in
plankton and, consequently, of the functioning of the entire pelagic system.

As long as the obtained biomass and production values are expressed in wet
weight of organisms having different contents of water, ash and ash-free organic
matter, the comparisons impede understanding of their real ecological significance
within a given ecosystem. That is why their production afterwards was converted in
terms of dry ash-free matter according to numerous published data on the subject,
particularly on the Mediterranean Sea (Mazza, 1964 ; Pavlova, Vityuk, 1967 ; Ivleva,
1981 ; etc.).

The ash-free matter content was admitted as follows : appendicularians,
0.10 ; copepods, 0.14 ; amphipods and euphausiids, 0.19 ; chaetognaths, 0.05 ; salps,
doliolids, 0.02 ; coelenterates, 0.015.
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Results of estimations, generalizing production materials of the total zoo-
plankton in terms of dry organic matter with differentiation at trophic levels, show
(Tableau 4) that within the upper 100 m layer the phytophags form over 50 % of
total production, euryphags - more than 20 % and predators - about 25 %.

With increasing depth the share of predators is growing from 23.9 % 0-50
m) to 30.5 % (100-200 m). Accordingly, the significance of phytophags drops from
54 % in the upper layer to 36 % in the lower one.

Thus, at a depths, certain rearrangement of zooplankton functional organi-
zation occurs, predators using the production of lower trophic levels more effecti-
vely in depth. In the upper layer the ratio of their production to total production of
phyto- and euryphags makes 0.30, growing to 0.40 in the lower layer.

In both cases these indices are very high and, on the one hand, undoubtely
reflect great balance of trophic relations in plankton of the Mediterranean Sea ; on
the other hand, they may indicate insufficiently adequate sorting of zooplankton
according to trophic categories on the basis of the presently available alimentary
characteristics of various species.

Therefore, a more detailed study of trophic relations, food composition and
ration of basic zooplankton components seems to be one of the major tasks of
further investigations of the Mediterranean pelagic ecosystem, processes of pro-
duction, transformation and destruction of organic matter in this system.
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Figure 2 - Distribution of the copepod production by their size groups
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Figure 3 - Biomass (B), production (P) and specific production (C) of copepods in
different layers of the Mediterranean Sea.
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_Expedition Time Region Number Number Water
of
stations

of
samples

layer,
m

"Akademik A. Kovalevsky", the 3 d cruise VII.1960 Adriatic Sea 8 40 0-200

"Professor Vodyanitsky" , the I2 th cruise III-IV.I982 - "	 - I3 79 0-200

- "	 - IV.1982 North Algerian-	 6 30 0-200
Provencal Basin

- "	 - I11.1982 Tunisian Strait 	 5 I4 0-200

"Akademik A. Kovalevsky" , the 71st cruise IX.I972 - " - 9 72 0-500

"Akademik A. Kovalevsky", the 90th cruise IX.I980 - " - 5 9 0- 80

- "	 - IX.1980 Aegean Sea 4 42 0- 25

In all:	 50	 286

TABLE I - MATERIAL USED FOR CALCULATION OF ZOOPLANKTON PRODUCTION



Region Time 0-50 m 50-100 m I00-200 m
B P. C 3 P C B P C

North Algerian-
Provencal Basin IV.I982 56.7 8.82 0.155 10.3 1.47 0.I40 8.6 0.68 0.O60

South Adriatic 1II.1982 54.3 4.08 0.075 14.8 1.12 0.075 9.8 0.89 0.091
IV.1982 26.2 1.92 0.073 10.2 0.88 0.086 7.5 0.7I 0.094

VII.1960 15.7 2.40 0.153 10.3 1.6I 0.156 6.9 1.04 0.149
North Adriatic 111.1982 102.0 6.40 0.062 23.0 I.62 0.070

1V.1982 74.1 6.30 0.085 21.2 1.77 0.083
VII.1960 22.0 3.48 0.157 25.5 4.39 0.172 27.6 2.83 0.I03

Tuni3ian Strait II1.1982 39.3 3.28 0.084 22.7 1.81 0.080 5.1 0.42 0.083
11.1972 I7.2 1.63 0.095 8.I 0.53 0.065 3.0 0.12 0.040

IX.1980 76.5 13.65 0.I78

Aegean Sea ^ 11.1980 29.3 5.24 0.178

Lean 45.2 4.25 0.104 I6.2 1.68 0.I03 9.8 0.95 0.09I

Abs. mean error ±9.76 ±0.81 L0.013 ±2.27 ±0.36 i0.013 ±3.09 -0.33 0.012

% 21 I9 12 14 21 13 31 3 5 13i
Indicee for the 0-25 m Layer were not included in calculation of the mean

TABLE II- BIOMASS (B), PRODUCTION (P) IN mg.m 3 , SPECIFIC DAILY PRODUCTION (C)
OF COPEPODS IN DIFFERENT REGIONS OF THE MEDITERRANEAN SEA BY WATER LAYERS



Rogion T ime
0-50 ni 50-I00 ni I00-200 m

<0.5 0.5-I I-2 2-3 >3	 <0.5	 0.5-I I-2 2-3 >3 <0 .5 0.5-I I-2 2-3 >3

North Algerian-
Provencal Basin IV.I982 2.I 62.2 18.7 10.3 6.7 I.7 45.2 36.2 12.6 4.3 0.9 40.9 29.5 20.4 8.3
South Adriatic II1.1902 1.6 46.7 40.9 4.4 6.4 9.3	 32.9 46.6 8.9 2.3 5.9 29.0 60.3 4.4 0.4

IV. 1982 4.0 51.5 37.4 7.1 - 3 .8 32 .4 53 . 0 8.4 2 .4 3 .3 32 . 6 53 .2 8. 5 2.4
VII.1960 8.6 31.8 52.5 4.9 2.2 7.I	 19.8 57.7 I0.9 4.5 8.4 26.2 56.6 8.8 -

North Adriatic III.1982 I4.9 1.7 38.5 3.2 I•7 4.1 27.7 64.2 4.0 -
IV.1982 5.9 30.4 61.7 1.4 0.6 5.2	 28.2 65.0 1.6 -

VII.1960 17.7 37.4 39.1 4.I 1.7 8.8 20.4 62.0 5.2 3.6 9.5 23.4 54.2 9.8 3.1
Tunisian Strait 11I.1982 2.I 62.6 27.7 5.0 2.6 4.2	 56.5 29.3 5.8 4.2 2.4 37.7 46.8 8.9 4.5

IX. I972 10.0 60.2 26.9 2.I 0.8 II.7 72.8 13.5 I.8 0.2 10.7 40.8 22.I 26.4 -

I,iean	 % 7.4 47.1 38.0 4.7 2.8 6.2	 37.2 47.3 6.5 , 2.8 5.8 32.9 46.0 12.4 2.9
mg • m-3 0.31 2.00 1.62 0.20 0.12 0.I0 0.62	 0.80 0.II 0.05 0.05 0.31 0.44 0.12 0.03

TABLE III_ THE PERCENTAGE OF DISTRIBUTION OF COPEPOD PRODUCTION
BY SIZE GROUPS (mm) IN DIFFERENT WATER LAYERS



Regionn,
ttime Ph

0-50 m
Pe Pc Ph

50-I00 n
Pc Pc

I00-200 a
Ph	 Pe Pc 

I 2 3 h 5 6 7 8 9 IC

North Algerian-
Provencal Basin 259.I 92.5 I74.5 3 5.2 29.9 25.1 9.9 23. I 3.I

1V.1982 3 6.0 12 .9 14.2 4.8 4 . I 2 .7 I.4 3.2 0.4

South Adriatic 172 .9 34.5 17.5 3 6.6 9. 1 12 . I 3 7.3 40.1- 13 •7

1I1.1902 23.6 4.8 2.I 5.I I.) I.7 4.8 5.6 1.9

IV.1982 742 . 1 12 .2 '17.7 17.0 15.9 22 .9 23 .8 2 9.3 I8.3

72.1 1.6 2.3 2.4 2.2 2.0 3.3 4.1 2.6
VII.1960 147.5 46.8 129.I 67.3 13.8 57.4 45.0 29.5 57.8

18.5 6.1 9.7 8.0 I.9 3.7 6.2 3.9 6.5

North Adriatic 20.6 70.2 75.4
11I.1982 3.7 13.1 7.7

IV. 1982 206.9 97.9 5L2 60.9 13.6 17.6

20.8 13.I 5.0 8.5 1.9 2.3

VII. 1960 291.4 188.7 3 17.3 149.3 53.9 190.5 146.4 I12.9 229.8

'18.5 G.9 13 • 5 19.I I4.1 18.0
I7.5 20.7 24.9

Tunisian Strait 271.4 57.7 774.8 71.4 366.5 34.3 16.2 19.0 15.4

1II.1982 22.2 7.3 6.5 9.3 4.6 2.4 2.3 2.6 1.7

Dean	 mg • rn 2 I52.4 73.4 107.6 6L6 20.4 51.4 46.4 42.3 56.3
8.0 3.2 4.0 6.I 5.5 5.120.3 8.3 9.0

io 50.3 70.2 29.5 46.2 15.3 30.5 32.0 29.0 39.0

52.7 36.6 32.9 30.554.0 22.I 23.9 21.0 26.3

TABLE IV - PRODUCTION (IN mg.m 2 ) OF PLANKTONIC PHYTOPHAGS (Ph), EURYPHAGS (Pe) AND
PREDATORS (Pc) BY WATER LAYERS. NUMERATOR - WET, DENOMINATOR - DRY ASHLESS MATTER.


