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Food utilization and energy conversion  

by Black Sea Cladocera populations  

In the upper layers of the Black Sea, down to the 
144 

thermocline, lives a warmth-loving epiplanktonic cegemiem 

cempiex which, by its composite species, reaction to temperat- 

ure, and other factors of the environment, can be looked 

upon as an independent community of pelagic life. It has 

been pointed out in the literature that this planktonic 

community shows condiderable seasonal variability as to 

composition and numerical significance (Petipa, Sazhina, 

Delalo, 1960). In the summer, great numbers of the species 

group Cladocera keep developing along with the warmth- 

loving Centropages krdyeri  and Acartia latisetosa  which 

disappear with the insetting cold. The aim of the present 
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paper is to study the role  of  Cladocera within the indicated 

community. 

Many investigators of the Black Sea zooplankton have 

pointed out that Cladowa are developing in great quantities 

during the warm season, both in the litoral and in the open 

waters of the Black Sea (Zernov, 1913; Kusmorskaya, 1950; Dol-

gopollskaya, 1958; Pavlova, 1961, and others). Table 1 presents 

data concerning the relative importance of Cladocera in the 

numerical quantity and the biomass of zooplankton in the epi-

planktonic complex of the various Black Sea regions and for 

different years. In the coastal waters, as is evident from 

the table, Cladocera represent up to 70% of the general bio-

mass and in the central regions of the Black Sea up to 22%. 

Out of seven Black-Sea Cladocera species described so far, 

only four are found with appreciable frequency: Penilia avi-

rostris Dana,Evadne spinifera 	Mü 1 1er, E. terge- 

stinaClaus, and Podon polyphaemoides Leuk. 

Most outstanding as to their mass are Penilla avi-

rostris  (table 1). Essentially,owing to this species,the 

general number and the biomass of Cladocera increase in the 

litoral waters within the epiplankton community. The numbers 

of the two specievadne are @lightlya;eZi7from the sea 

shore towards the open waters. During the summer, Acartia 	(67) 

clausi Giesbr., also an epiplanktonic species, repre- 

sents up to 20% of the general biomass in this community of 

the open waters. One should probably consider P. avirostris 
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North-west. 
region 
1957  

hum- bio- 
bers mass 

Crimèan 
coast 
1951  

num- bio- 
bers mass 

Central Pegion 

1951 	1957  
- 

n um - bio-l
T
.num- bio- 

bers massi bers mass 

Species 

Penilia avirostris 
Evadne spinifera 
Evadne tergestina 
Podon polyphaemoi- 

des 

18,2 
2,8 
0,3 

0,09 

60,2 
8,6 
0,9 

0, 05 

11,3 
0,6 
0,5 

0,03 

12,4 

42,2 
1,7 
1,4 

0,002 

45,3 

5,6 
1,1 
0,5 

0,02 

7,2 

17,0 
3,4 
1,7 

0,01 

22,1 

5,4 
8,1 
2,9 

0 

16,4 Total 1 21,41 69,7 

5,2 
8,7 
3,1 

0 

17 ,0 

(67) 

and A. clausi, along with Oithona  minuta, to be the predomin-

anit,species among the upper-layer plankton-complex in the 

Black Sea. 
Tablel 

Importance of meree-Im.e.  Cladocera species in the  epi-
plankton communit of the Black Sea in Au:ust  
of the over-all numbers ani t e biomass of zooplank- 

in the 0 - 20 m layer)  

The nutritive value of Cladocera is considerable. On 

the average, their body contains up to 63% albumen and 12,8% 

fat in relation to raw weight. The huge numbers and the high 

calorie content of these organisms attract large shoals of 

plankton-eating fish to places where Cladocera swarm ( Shme-

leva, 1958; Koval', 1965, and others); and for fish larvae 

they, sometimes, represent an essential part of the food ration 

(Pavlovskaya, 1958; Duka, 1959; Sinyukova, 1964, and others). 

In consideration of the above data, it seems worthwhile 

to determine the role of the Cladocera group in the over-all 
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balance of matter and energy for the complex cf plankton 

organisms in the Black Sea  surface waters. 

In order to obtain the food ration quantities by in-

direct methods, without possessing data about the food ac-

tually consumed by the organism, one mostly utilizes the ba-

lance equality according to which the ration energy, at a de-

termined percentage of food assimilability, equale'the sum of 

growth energy and metabolism energy. Energy expended in the 

metabolism process was computed from the quantities of utilized 

oxygen and the magnitudes of growth energy were obtained on 

the basis of experimental data for a 24-hour growth of an or-

ganism; by growth is meal* the increase of the body mass with-

in 24 hours without expenditure for reproduction, and in all 

of the following exposition, we shall use this term as indic-

ated here. The positive possibility to calculate the nutritive 

ration on the basis of experimentally obtained quantities for 	(68) 

oxygen utilization and body growth within a fixed period of 

time was demonstrated on the example of P. avirostris.  The 

rations calculated by balance equality and those actually estab-

lished for this species under natural and laboratory conditions 

turned out to be sufficiently close (Pavlova, 196)4). Posses-

sing average magnitudes for metabolism and groeh within a 

24-hour period, food rations for other *IleZeit:441 Cladocera 

groups encountered in the Black Sea can be calculated. 

Determining the 2LL-hour rations 

Energy expenditure for metabolism was determined on 
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the basis of oxygen utilization for three Cladocera species: 

Penilia avirostris, Evadne spinifera,  and Podon  poinhae-

moides.The data for oxygen utilization intensity for the first 

two species were obtained in 1960 at the occasion of experi-

ments conducted on board the research ship Ukademik A. Kova-

levsky' by the method of closed glass containers. Five to six 
"-- 

times in a 24-hour perioi«, the experimental containers were 

placed on a rope to a fixedèsea 4dh 1bm1 in order to determine 

the average daily quantity of oxygen utilization by a given 

species. For P. polyphaemoides, the experiments were conducted 

in stationary conditions in Skadovsky's apparatus (Shcherba-

kov, 1935). The water for the experiments was filtered through 

a porcelain filter catching all particles over bacteria size. 

Crustaceans of one species and size, with embryos in the egg 

stage, r  were put twice into pure water passed through the 

above4nentioned filter; then they were placed into the experi-',_, 

mental container, 15 to 40 specimens at a time, depending on 

size. Exposure time bl e5Our hours. The oxygen was determined 

by Winkler's method in his micromodification. Container capa-

city was 35 to 42 ml. By means of Krogh's curve, the obtained 

data were reduced to 200  C. 

The experiment results are tabulated on table 2. The 

eventual magnitudes of oxygen utilization for these species 

were calculated by the equation of G.G. Winberg for crusta- 
, 0 81 

ceans: Q = 0,2 	' 	at 20° , where Q is the quantity of uti- 

lized oxygen (in ml), W = weight of the organism (in g) 

Winberg, 1950). 
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The magnitudes of metabolism intensity computed by 

the equation and those determined factually for Black Sea 

Cladocera proved to be of the seine  order. As a consequence 

of keeping P. polyphaemoides for 24 hours in water without 

additional food before the experiment, metabolism intensity 
, 

for this Crustacean was twice as low as calculated by the 

equation. Due to working methods on the research ship for de-

termining metabolism intensity, Penilia  and tvadne  were not 

kept in water for 24 hours before the experiment. 

Table2 

Metabolism intensity of Black Sea 

Cladocera at 200  C 

na  2" 
Hine)] cum] OCT b °Gm cite) tiepuomopelmix 	alto 11,c p 	0 20" C 

( 69) 

Species 

Penilia 	Jtor. 
avirosiris 

Peon polyphar-
moirles 

Evartne Spi/1 ifera 

•rf 
1.71:10 r-1 

1.4O 	ri 

0,005 04/1 
0,032 0,75 

0,0093 
0,0 191  

ayineli:414.4eteg,'47 
The chemical composition of the r4eemeelt organisms 

was determined in the hydrochemical laboratory of the Biolo-

gy Institute of Southern Seas of the Ac. of Sciences of the 

Ukrainian SSR. It was as follows: for P. avirostris:  albumen 

59,8, fat - 12,8, carbohydrates - 19,5, ashes - 7,9% per 

1 g of dry weight, water - 85%; for P.  polyphaemoides and 
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E. spinifera;  albumen - 66,2, fat - 12,9, carbohydrates - 12,7, 

ashes - 9,2% on dry weight, water - 91,8%. Knowing the amount 

of oxygen required for the oxidation of 1 g of dry matter for 

a specific chemical composition, it is possible to calculate 

the quantity of matter which will be oxidized by the oxygen 

utilized by an organism of the given species within 24 hours. 

Calories were calculated from the chemical composition and gave 

the fdllowing results; for Penilia  females - 5,46 kcal, for 

juveniles - 4,46 kcal; Podon  and Evadne  adults - 5,60 kcal, 

juveniles - 4,6 kcal per 1 g of dry matter. When computing 

the expenditure for metabolism, the usual coefficients of in-

complete oxidation of organic matter were utilized; for albu-

men - 1,28, for fat 	for carbohydrates - 1,18. 

Body mass accretion for 24 hours will consist of the 

amount in weight increase of the animal for 24 hours plus the 

organic matter going into the development of Sexual products. 

In order to determine the amount of accretion, it is necessa-

ry to know the growth period and the difference between the 

initial and the final weight of an animal of each species. The 

weight of new-born young (the  mitai,  weight) and the duration 

of periods between the recurrent castings of skin for Penilia  

and Podon  were determined experimentally. For Evadnels  of 

average size, accretion was calculated by formulae taken from 

G. G. Winbergts writings (1966) and V.S. Ten and V.E. Zaika 

(1967). 	dw 	' 	) 1  it 

	

.1  1  1<_ .K, 	 W • 	-- 	kW / 	 b 	- 	; 	k 	-) 	• 	• 

	

1 	 b I 



caicuia or one specimen 

where 
dw 	. is weight accretion of the organism within a 
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time unit, W t  is its initial weight, W ,K, - the final weight 

of the organism, K2 . -the coefficient of food utilization for 
coefficient 

growth, T metabolism/of the organism at weight  W.  Calculat-

ing weight for Evadne  by these formulae, it is assumed that 

is equal to 0,035 mg of raw weight, W t  - 0,0194, T 

0,0147 mg of raw weight, and K2  - 0,25 (as this was ascertai-

ned for Podon  from experimental data). A preliminary computation 

•for the accretion of adult Podon forms from these formulae 

showed that the calculated magnitudes and the ones established 

according to factual data were the same. Consequeritly, one can 

assume with a sufficient degree of certalinty that the calcu- 
, 

lated accretion for Evadne  will be close to the real one. Accor- 
s 

ding to these calculations, the 24-hour growth for'adult Evadne  

specimens represents 0,0004 mg of dry weight. The initial data 

utilized for the calculation of weight accretion for all spe-

cies are shown on table 3. 

Table3 

Increment of organic matter for 24 hours for Black 
Sea Cladocera during the period of active growth 

Il 	40 	4) 0 
HI  e e 	I 	 ci 

0 	-1-) 	41 0 	rJ a) 	rn 0 ar 	ti-Vc/ 	4 
t-4.0
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	Sri° 0 0 	4(-)i st-1 g .

1 
r-I 	-ri 	4-1 r-1 	4-I in 	.fl 	0 	5e. 	c; 	;.., 

• • 0 	I 	co 	I 	-P 	4 to izto 	e co 
• r4 pi 	0 	O+  

.0 n p..› 	....) 	4_, 0 0 prd st)_ 	„le 
•P 	te 	4-,  species 	,4_4' 	b -Q) ctiri ..i ' 	'fi 	o  e '41 ify,  gri
•

K.e,,,...g, to e eci 	•ri 	-r1 	• 	V3 4->CV 	$4 Irl 	• 0 
0 4> 	0 	f-i r-I 	0 110 	0 trà 	orl e-I i4 	(D e 	›m. 

..caktoe 

1 	P. aviroseris 	 0,0002.10 	0,00136 	0,0051 	5 	45 	8 	0,00140 
I'. poiyphae 	dez; ntoi 	0,000059 	0,0(:010 	0,0019 	7 	48 

	
4 	0,00019 

E. spinifera 	0,0001 90 	0,00060 	0,0033 	? 	48? 	3 	0,000,1i, 
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Since fully-formed juveniles are leaving the brood-

pouch of Cladocera at every molting, the quantity of organic 

matter utilized for reproduction is equal to the weight of a 

new-born brood. The computed magnitudes of 24-hour rations for 

juvenile and adult specimens of Black Sea Cladocera as well 

as the correlation of metabolism, accretion and ration are 

presented on table 4. Unassimilated food amounts to 26% of the 

ration, analogous to what was established concerning the assi-

milation capability of P. avirostris  (Pavlova, 196)4 ). 

The adduced calculations corroborate a point of view 

expressed more than once in the literature, namely that in 

natural conditions adult plankton crustaceans consume a great 

quantity of food, and that for many of them the 24-hour ration 

attains one hundred and more percent of their body weight 
■alcci‘st. 

(Cushing, V44-t 	1963; Petipa, 196 )4 ; Pavlova, 1964, and 

others). Water flea Cladocera which are less lively and move 

at a more even pace expend much less energy on metabolism 

in 24 hours than Copepods (Petipa, 1966). Nonetheless, a 	(71) 

great part of the ration energy (32 - )49  %) and of the phy-

siologically useful food (44 - 66%) are utilized for meta- 

bolism by Cladocera. The fact that the amount of oxygen uti-

lization by marine organisms depends on the character and 

the speed of movement has been noted by many authora - (Co-

nover, 1960; Petipa, 1964; Pavlova, 1967, and others ). 

Along with this, it is certain that the manner of feeding of 
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a given animal influences oxygen utilization to a considerable 

degree. It has been noticed that predator crustaceans expend 

a great amount of oxygen not only for their searching and 

preying activity, but also for the assimilation of animal al-

bumen (Conover, 1960). As to the investigated Cladocera, a 

greater energy expenditure for metabolism among the more mobile 

carnivorous species, i.e., Evadne,  is clearly noticeable by 

comparison with Penilia  and Podon,  which swim slowly and eat 

plant food. 

The major part of the physiologically useful ration 

is spent on accretion by sexually immdture organisms (54%). 

Since sexually mature Cladocera simultaneously with molting 

and evacuating the recurrent brood lots continue to grow, up 

to 20% of the physiologically useable ration is expended on 

accretion by adult individuals. A considerable part of the 

nutritive ration goes into the developing of embryos which is 

quite in agreement with the accelerated tempte parthogenetic 

reproduction; within 36 to 48 hours, Cladocera produce 3 to 8 

specimens capable of an independent existence. Greater food 

rations during the reproduction period has been observed for 

marine Copepods, too (Marshall, Orr, 1952; Beklemishev, 1954; 

Petipa, 1959; Delalo, 1961). All in ail, the body mass ac-

cretion within 24 hours for female Cladocera of an average 

size, including reproduction, is as follows: for Penilia 

58,6, for Podon - 46,9, and for Evadne - 33,8 %  of the 

physiologically utilizable food. 
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These are the general rations in percentages of body 

weight for Black Sea Cladocera during the periods of their in-

tensive reproduction: Penilia  - 73, Podon 	71, and Evadne  - 

120. Since all calculations were obtained by proceeding from 

optimal requirements of an organism in food and energy, one 

should suppose that the adduced figures do not represent the 

maximal magnitudes of possible rations. Many investigators 

have noticed that, when great quantities of food are available 

in the sea, marine organisms of various kinds increase their 

optimal rations by several times (excessive feeding). However, 

Black Sea Penilia females, when experimentally fed with small 
;-47171-1-eqe  

floating *Lila/algae up to 8 p, showed that an increased quan-

tity of cell consumption within a certain time unit does not 

exceed a definite limit. Whcuàn our experiments a concentrat-

ion of algae up to 400/5004in/1d was reached, the peniliats 

filtrating apparatus was soon clogged with the algae cells, (72) 

and the little creature, constantly cleaning it with its ap-

pendages, lowered the filtrating speed considerably. And when 

loft in such a concentration for a longer time, the enilia 

stopped filtrating altogether. Therefore, the magnitude of the 

food ration for Cladocera (particularly for Penilia avirostris) 

- at least when fed with algae - is restricted and, probably, 

cannot reach a considerable quantity (up to 370% of body weight), 

as is the case for Copepoda in conditions of food abundance 

(Cushing, 1964). On the other hyld, Cladocera practically do 

501' 
not at all tolerate ie starve. Cladocera, twice carefully 
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24-hour food requirement (in dry matter and calories) and the correlation 
of metabolism, accretion and ration for Black Sea Cladocera ( in % of 

body weight, ration and its physiologically useful part) 
1 	t, ;I 1: '. 
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0,026 

0,004 

45,7 

0,0007 

17,5 

mg 

0,0004 

8,3 

11,4 
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0,00019 

24,0 
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Podon 
polyphaemoides  

females 
% of weight and 

body caloricity 
% of general ration 
% of physiologically 
useful ration part 

Evadne spinifera  
females 

% of weight and 
body caloricity 

% of general ration 
• % of physiologically 

usefUl ration part 

r•-‘  
or- 
rÇj  

r- 

cal 

0,00350 



12 
(7 )4 ) 

washed in sterilized water, were then placed into a vessel 

containing sterilized water. Under such conditions, the cru-
, 

staceans lasted about 24 hours. Therefore, there must alwaNs 

be sufficient food in the sea to secure their normal ration. 

In this connection, an attempt was made to calculate the quan-

tity of organic matter expended by Black Sea Cladocera in the 
ley el.! Yee Pim  

open waters and near the coast during the time of theirtriages-i-seQ. 

development, and to establish the ratio of this quantity to 

the food at hand. 

Food utilization by populations  

Knowing the food quantity consumed by one crustacean 

within 24 hours during the period of active growth and repro-

duction affords the possibility to calculate the general amount 

of organic matter and energy expended by the whole population 

and for everyone of the different investigated species. For 

these calculations, the numerical data of Cladocera at hand 

in the month of August, contained in the materials of the 

synchronized Black-Sea surveys carried out by the Sevasto-

pol Biology Station in 1951 and 1957 were utilized. The aver-

ages of Cladocera numbers according to species were obtained 

from single determinations at several ( 5 to 8 ) stations 

which tried to cover the whole region. The data concerning 

the eastern Black Sea were kindly put at the disposal of our 

organization by the hydro-biological laboratory of the Asov 

and Black Sea Fisheries Research Institute. Table 5 shows the 



13 
(74) 

calculation of food consumption within 24 hours by Cladocera 

populations in the Black Sea. The 24-hour consumption by 

E. tergestina is considered to be equal to that of E.spinifera.  

The highest numbers in all parts of the sea are those 

of Penilia populations which attain 95 000 specimens under 1 m2 

of the 0-to-20 m layer. Populations of the two Evadne species 

are much rarer, and Podon  is altogether seldom found. Conse-

quently, it is Penilia which utilizes the greatest part of or-

ganic matter and energy. Most favourable for the development 

of all kinds of Cladocera is the north-western region of the 

Black Sea (greater quantities of phytoplankton, drainage of 

detritus by the rivers); therefore, the utilization of organic 

matter and energy, falling to the share of Cladocera in that 

region of the sea, is the maximal one by comparison with other 

regions - 1263 cal within 24 hours (see table 5). Due to the 

treating methods of the zooplankton samples taken by these 

synchronized surveys, the size of Cladocera was mostly not 

determined, and it is difficult to estimate the numbers of 

juveniles and adults. In order to determine this correlation, 

a counting of sexually immature and of adult Cladocera was 

carried out in the open waters of the Black Sea at one of the 

24-hour stations (8 series); this was done from the 4th to 

the 5th September, 1960. The Penilia population revealed an 

average of 43% young within 24 hours, the populations of 

Evadne spinifera and E. tergestina  - 12%. This ratio between 

adults and juveniles is assumed for the data on table 5. 

• r •• 
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24-hour food utilization of Cladocera populations  
in the Black Sea during the month of August 1951 & 1957  

(numbers - by individuals; utilization - in mg 
of dry matter & cal, below 1 re of the 

0 - 20 m layer) 	  _ 	 
Cenizal men 	Noelp-weeim Bi.etere X.  

	

eits, po-nainunw 	 pal,( MempimmH1 ton 
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	 i   ;le ken bht.ng  ken 
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Podon 
polyphaefflides 
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I 7609 I 7,1 	81,2 431 0 

Analogous calculations of the utilized food and energy 

quantities can be given for the open Black Sea waters. During 

the first days of September, 1960, the expedition ship 'Aka-

demik A. Kovalevskyt made a many-day station in the central 

part of the western sea region with quite insignificant cur- 

rents; it was studying phyto- and zooplankton along with en- 	(76) 

vironment factors. Table 6 presents the average numerical 

magnitudes of Cladocera populations in that part of the sea, 

together with food quantities utilized by them within 24 hours. 

In order to approximately estimate the part which Cladocera 

appropriate out of the food and energy available in the sea, 

the general seston quantity suspended in the waters of the 

the western half of the Black Sea was calculated. The total 

quantity of organic matter (animate and inanimate) averages 

in this part 16 g of dry matter for 1 m2 below the 0 - 20 m 

layer. Data, giving the composition of the animate organic 



lat.1 

Kcal 

10030 
13300 

70 
510 

550 
1000 

28160 

20,060 
217,380 

• 

1 

(76) 

matter and thd relation of its magnitude to the detritus 

quantity in the surface waters of the Black Sea at the begin-

ning of September, 1960, are presented on table 7. 

Table 	6 

24-hour food and energy utilization by Cladocera  
.0.ulations in Se.tember 160 in the o.en waters 
of the Black Sea  below lm o'te0- èmlayer) 

-Crum 1 AP unpre  na.mnelimption 	I 
• I loi j6:-nu mmm 

e 
AP.41 Fe. 

• m 

Peizif  la avirostris 
Mon °Rh  T -

B3pOCJthleaffiet 

Evadne spinifera 
M0.90/1,b y 
133poc.m e adult 
Evadne  ter gestion 

ORI, y 
1331)0CJI  l.  e adult 

111
:11:1;

%aa 

0,01 	0,081 
0,74 	5,508 

0,660 
.13,200 

31(3,892 

The biomass of tow-net zooplankton and phytoplankton , 

collected with Nansen bathometers, was obtained from treated 

zoo- and phytoplankton samples by the workers of the plankton 

division of the Biology Institute of Southern Seas - T.N. 

Kondratfeva and S.G. Kolosova. Data about the general quanti-

ties of micro-organisms in this region are taken from the 

writings of Y.I. Sorokin (1964). The detritus is calculated 

by the seston diffeTence ddtvened 	Z,,nenko (1965) 
\rece»,,,nCet b,,,r ,e,,tv 	 (01111",,n, 

for the western helLatase by fi'±-;ering water taken with batho- 

meters, to which are added the quantities of phytoplankton 

and micro-organisms (15 700 mg - (107 4- 80 mg)). The dry 
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2,00 
0,27 
0,37 
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Composition and quantity of the seston in the  
central part of the Black Sea below I me of  

the 0- 20 m layer in September, 1960 

l' a 6 a II 	a 7 • 

COCTan  II  RWIWICCTBÙ cecTona  ii  neuTpaahnoik macru 
Ileptioro mop51 Boa, 1 Aft' caw! 0 20 

B cenTaGpe 1960 r. 

--DrUegl,4‘ • Kind of food 	raw 
thu, minut 	

Cierm ucc, irith 	ou  
Ale 	 e33o.m.- weigh+.  3.(v 	âei 

u a
ou 

  en 
pr.21. 	3ommamcou 	 2496 	419 	393 

,rnw-copl. (PIITOILIMIIKT011 	 531 	107 	53 

' 	 400 	80 	73 
IN Vi: Iie kinT(11)‘ e2t. "1  I 	 ___ 	•15513 	114-16 

. 	11  TOI  o 
Total 	

-- 16119 	11965 

weight of zooplankton is assumed to be 18% of raw weight, 

and that of bacteria and phytoplankton - 20%. Average ash 

content of zooplankton was = 12,6% of dry matter in 1960, 

according to data of Z.A. Vinogradova and others (1962). 

As to phytoplankton, ash content was calculated for individual 

taxonomic groups: Dinoflagellata - 29,0, Diatomea and Silico-

flagellata - 57,3, colorless ciliated algae - 20,0 (Lanskaya, 

Pshenina, 1961), Coccolithophoridae - 53,8% of dry weight 

(Lanskaya, Vityuk, Rozhanskaya, 1964). Ash content in micro-

organisms was assumed to be = 9,0% (Workman, Wilson, 1954). 

The tiny detritus particles (up to 10 ‘1) floating freely in 

the surface layer of 0 to 20 m, most probably, consists in 

the main of minute dead phytoplankton which is capable of de-

composing quickly to sizes from 1 to 10 	the ash content of 

this detritus part was supposed to be = 20%, analogous to the 

ash content of minute cilia-moving algae. Ash content in 

r.  
rm, 
Kcal 
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in detritus of sizes 10 - 350 p was 36% (Skopintsev, 1947). 

For computing the caloricity it is supposed that 1 g ashless 

matter of plankton is equivalent to 5,1 kcal (Winberg, 1960). 

In addition to the above, determining the amount of 

food which might be utilized by Cladocera populations was at-

tempted for the same region. According to data of laboratory 

experiments, P. avirostris consumes algae up to sizes 8 p and 

small detritus of the same size.(Pavlova, 1959). From materials 

by T.M. Kondratteva, the general quantity of algae up to sizes , 

8 p was computed. Data about the micro-organism biomass were 

taken from the writings of Y.I. Sorokin (1964). As far as cor-

relations of detritus particles of various sizes are concerned, 

the only data available are for the Indian Ocean (Mullin, 1965). 

On the assumption that the correlation of minute and larger 

seston in the Black Sea is equal to the one of the Indian Ocean, 

detritus particles of size 1 - 10 p would represent 58%, those 

of 10 - 350 p - 39% of the general quantity of organic car- 

bon suspended in the 20 m top layer. Assuming that organic mat-

ter contains 50% C, its total quantity (excluding zooplank- (78) 

ton) below 1 m2 of the 0 - 20 m layer in the central part of 

the Black Sea may be expressed by the magnitude of 5224 mg C. 

Estimating the available food for Cladocera, one can presume 

that 58% of all the carbon will serve to feed  Qnilia 

populations. 

Owing to the peculiarities of their mouth appendages, 

species of the genus Evadne seem to belong to the predators. 
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We inspected the intestine contents of two species - E. spi-

nifera and E. terestina  - from among the material collected 

at the many-day station in 1963 and at the same point of the 

sea where it was done in 1960. In 40 inspected digestive tracts 

only 8 contained food. No vegetative food could be detected in 

these remains; the food lump regularly revealed small particles, 

transparent and non-transparent, very much like chitin, and 

the rest was an amorphous, structureless mass. As this mass 

could in no way be attributed to remains of vegetative origin, 

one can assume with a certain degree of certainty that Evadne's 

 es-sential food consists of zooplankton and detritus. For the 

calculations it W8S accepted that all zooplankton organisms, 

smaller than 0,4 mm (Evadne's  average body size) - eggs, 

nauplius and copepodid stages of Copepoda, Tintinnoinea - may 

consitute Evadne's  food; as to the detritus, from among its 

general quantity they could utilize the medium-size particles - 

10 to 350 fi (Mullin, 1965), which represents 39% of the over-

all quantity of carbon contained in particles from 1 - 500 

(table 8). 
Table8 

Composition and quantity of Cladocera populations' 
food  in the central part of the western half  of the  
of the Black Sea in Sept..1960 L  below 1 m2  Fr—the top 20 m. 

Kind of food 
l fi t.i malt 

all in mg 

Phytop ‘1)wrowi alum, II 
Bact. ban-repini 
zoop. 3oolimawnoti 
Detr. ReTpin,  

T 0 l' 0 

Total 
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Thus, in 1960, the general quantity of dry organic matter in 

the open sea, apt to constitute the food of Cladocera polulat-

ions, is expressed by 15 ) 173 mg or 57 6 03 kcal, which is 93% 

of all the seston in the 0 - 20 m layer. However, utilized 

were all in all by all the populations within 24 hoUrs only 

60 mg of dry matter, i.e., 0,4% of the matter suitable as food. 

It seems interesting, just for the sake of informat-

ion, to calculate that part of the general potential product-

ion of organisms, utilized as food by Cladocera populations. 

It appears that such a calculation is possible on the basis 

of data gathered in 24-hour observations at see—in' 1960 and 

from some sources of the literature. The production estimate 

for bacteria was based on the average 24-hour P/B coefficient 

equal to 0,7 which, in its turn, equals the mean of two mag-

nitudes, adduced in the work of A.E. Kriss (1959); there is 

reason to believe, however, that this magnitude is too low. 

The production of phytoplankton organisms is determined from 

the rate of algal division in cultures (Mikhailova, Lanskaya, 

1960; Lanskaya, 1961, 1965). The biomass accretion of naupliae 

and of copepodid stages of Copepoda, sizes up to 0,4 mm, was 

calculated according to the numerical quantities of these 

forms on three 24-hour stations on the basis of the period-

lengths for every stage from data obtained by L.I. Sazhina 

(1960), and by the weight increase  front stage to stage. The 

hypothesis was that naupliae and copepodids of Copepoda have 

a regular weight accretion with every stage; and it was 
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assumed that minute Tintinnoinea double their weight within 

24 hours. To determine the changes in detritus quantities 

within 24 hours was, unfortunately, not feasible. Results of 

the daily production evaluation of forms consumed by Clado-

cera below 1 m2  of the 0 - 20 m open-sea layer in September, 

1960, are given in table 9. 

Table9 

24-hour prqduction of organisms utilized by Cladocera  
(below 1  in of the 0 - 20 layer of the open waters of 

the Black Sea, in September, 1960) 

Evaluations of the food quantities consumed by Cla-

docera populations in the morth-western regions of the Black 

Sea were also carried out, and the available quantity of 

micro-organisms, calculated from data for August, 1951, was 

40 mg within 1 m3 of the 0 - 10 m layer (Lebedeva, 1957). 

It was assumed that the distribution of bacteria in the layer 

from 0 - 20 m was just as regular as from 0 - 10 m. Data 

concerning phytoplankton quantities were taken from materials 

of bathometer samples (for 1957)  treated by co-workers of the (80) 

phytoplankton laboratory at the Biology Institute of Soutern 

Seas. These samples were taken at the same stations where 

• 	 • 
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numerical quantities and the biomass of Cladocera were com-

puted (see table 1). The available quantity of zooplankton 

organisms was calculated from the data of L.I.Sazhina (1964) 

as being 8,3 g of raw weight below 1 m2  of the 0 - 20 m layer. 

Since there were no data for the detritus, it was estimated 

to be the same as in the central regions, although it would 

seem reasonable to assume that in reality the relatively shal-

low north-western waters with all the river drainage ought to 

contain at least three times more inanimate organic matter 

than the open sea. Based 

seston quantity floating 

the Black Sea in August, 

of dry matter. 

on all this information, the general 

freely in ithe nort-western part in 

1957, was calculated to be  17)  427 mg 

Table 	10 

Food quantities for  Cladocera populations in the  
north-western part of the Black Sea in August,1957  

(below 1 m of the layer 0 - 20 m) 

Kind of food 
Bnit nituui 

etog. (Pwrormanwroll 
e a Balcrepull 

DetreuS )J,eTp nT  
Zoop • 	3oonmanKTon 

NToro  
Total 

The useable food for Cladocera populations was evaluatj 

only for Penilia  and Evadne,  since, the same as in 1957, 

the Podon  population was very small in the north-western part 

of the sea (see table 10). The daily food quantity utilized 

by Cladocera in the north-western part of the Black Sea in 
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August, 1957 (see table 5) represented 1,5% of the general 

quantity of available food. Table 11 gives a picture of the 

24-hour food utilization by all Cladocera populations in the 

Black Sea on a percentage basis in relation to the available 

food. 
Table 	11 

24-hour food utilization by Cladocera populations  
in the Black Sea  ( in % ) 
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In order to evaluate the quantity of utilized matter 

for each of the nutritive components in Cladocera rations 

(algae, bacteria, zooplankton, and detritus), it was necessa- 

ry to adopt a few assumptions. There are no data about the 
pe-t-tedie 

prryce-n4u.a.1 c-cyrréTertna of nutritive components for Penilia  

rations, but it is known that the crustacean indiscriminately 

filters all particles smaller than 8 p ( Pavlova, 1959). There-

fore, the component c,arme1glen_in the ration was supposed to 
e ttl4) 

be analogous to the croema_LItian of food components in the sea (81) 

at the time when observations for Cladocera were recorded. For 
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Evadne  it was assumed that the quantity of utilized detritus 

was equal to the consumed animate food. Cladocera juveniles 

eat bacteria and minute detritus particles. It is presupposed 
r 2Z  

that the r..peeftâel2D of these components in the daily ration 

for the young was equal to 50% of available bacteria quantities 

and 50% detritus up to 10 p. Under these circumstances, the 

daily rations in the north-western part of the Black Sea in 

1957, below 1 m2  of the 0 - 20 m layer should be the following: 

0,33 mg (1,7%) bacterial and 19,37 mg detritus food for young 

Cladocera; 0,3% algae, 1,7% bacteria and 98% of small detritus 

(0,57, 3,23, and 184,9 mg respectively of dry matter) - for 

adult Penilia. Adult individuals of the Evadne  population 

utilized within 24 hours 6,5 mg zooplankton and 6,5 mg det-

ritus. In the central region of the sea, in September, 1960, 

below 1 m2 of the 0 - 20 m layer, juvenile Cladocera consumed 

0,05 mg bacteria and 4,83 mg of detritus. Adult Penilia  util-

ised 0,6% algae (0,28 mg of dry weight), 0,9% bacteria (0,42 mg) 

and 85% detritus (45,9 mg); adult Evadne  - each 4,35 mg zoo-

plankton and detritus. Such a cerelation of nutritive compo-

nents was used for the drawing and for the evaluations of 

table 11. Theseldata (of table 11 and of the drawing) permit 

qt' concluase&at in the Black Sea the significance of Clado- 

cera as consumers of organic matter is not of great consequence. 

In the north-western regions of the sea Cladocera populations 

are much more numerous than in the open waters,which makes 

the role they play in the general balance of matter and energy 
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to be relatively more 0-913-9-140-12442a1e.. It should be noted that 

Cladocera populations satisfy their nutritive requirements 

mainly by the organic matter contalned in detritus and, there- (82) 

fore, the animate component of seston, utilized by Cladocera 

populations, is quite insignificant.(0,4 - 1,5%). At the eval-

uation of the food quantity utilized by Cladocera (in addition 

to detritus) on a percentage basis for the daily production of 

all consumed forms in the central part of the Black Sea, it 

turned out that Cladocera populations eat 0,5% of the up-to-

8-f algae production, 0,8% of the bacteria production, and 

27% of the minute zooplankton organism production. The over-

all quantity of the ration part consisting of animate objects, 

constitutes 4% of the 24-hour production of these organisms 

(see drawing). 

17712  F-113  
.Cyrotmoe noTpeGmeinie cyNor0 opranwieekoro BeinecTila (is 

OT OOTO1111,11a,11,110fi Op0RSI:11,1111) iioiiy.mno  ii 	Cladoccra  R  Leo 

Horo mops' 11 1960 	('lep Ohio CC- 1 ■ 10pH) : 

1 - 	 06111,an cyrwman 	POJLYJ00 0I oIanhI3Mon, 110Tpe6.9 	LIN WI 

ica ou,  2 - 	 npoRyElOol 6RETe0iiii, 3 	Ii0onymoin IsoRnpo; .,:oli 	,- 
mepom Ro 80, 4 	npoRyloismi noonmaphToua pa3mepom Ro 0,1 

24-hour utilization of dry organic matter (in % 
of potential production) by Cladocera populations 
in the central part of the Black Sea in 1960 
(four sectors). 1 - the general 24-hour production 
of organisms consumed by Cladocera; 2 - production 
of bacteria; 3 - production of algae up to 8 p; 
L.  - production of zooplankton up to sizes 0,4mm. 
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In September, 1960, Oikopleura dioica, copepodids of 

Paracalanus parvus  and Acartia clausi  were feeding competitors 

of Ciadocera young and grown Penilia in the epiplankton  corn- 

plex of the open sea; and along with these - all naupliar 

stages of Copepoda which began to feed, the smaller copepodid 

stages of all other epiplankton Copepoda, and to a certain de-

gree - mollusc larvae. If we tentatively assume that the ration 

of these organisms averages 50% of their body weight, then the 

entire quantity at hand will consume 406 mg of dry matter within 

24 hours. And the over-all utilization of nutritive substances 

sube-teercea_ep to the size of 8 to 10 p (including detritus) 

by all the organisms of the epiplankton complex will be ex-

pressed by a magnitude representing 3% of the quantity of nu-

tritive substances available in the sea. These rough estimates 

permit to assume that in the Black Sea the Cladocera populat-

ions are abundantly provided with food, and that their consid-

erable nutritive requirements can be fully satisfied. As we 

already mentioned, these are essentially met by the inanimate 

seston. According to the data of Z.Z. Finenko (1965), the 

quantity of inanimate seston is many times greater than its 

animate portion (85 - 95% of all the organic matter floating 

suspended in the water). It is most probable that this per- 	(83) 

centage quantity comprises some plankton in addition to the 

inanimate part, namely the organisms which cannot be collected 

by zooplankton tow-net methods and, possibly, great quantities 

of ultra-nannophytoplankton which is being destroyed at  fixation.  
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In this case, the quantity of living matter in the Cladocera 

ration might be somewhat greater, but this will not alter the 

over-all picture of Cladocerals nutritive requirements being 

fully assured in the Black Sea. 

• 	 Conclusions  

In the summer, Cladocera populations represent one of 

the preponderant components (both in numbers and in biosmass) 

of the epiplankton community in the Black Sea. 

By the method of closed glass containers placed on 
eue,A4 

fixed wetee+—terverls in the sea, the intensity magnitudes of 

oxygen utilization for three mftereim'e Black-Sea Cladocera spec-

ies were determined. At 200  C, adult females of Penilia avi-

rostris expended on energetic metabolism 0,065, juveniles - 

0,011, Podon polyphaemoides - 0,012,Evadne spinifera - 0,054 

mg 02  per hour for 100 individuals, or correspondingly 6,2, 

0,7, 1,2, and 5,3 cal in 24 hours. 

Based on the quantities of oxygen utilization and the 

weight accretion in body mass of Cladocera, their probable 

rn4ritive rations were evaluated. At the periods of their mes=-  
Yer-yr) 
3ive development, the daily rations of Cladocera populations 

are the following:  P. avirostris - 73, P. polyphaemoides - 

71, E. spinifera - 120% of body weight. 

Owing to the rapid weight increase and parthenogenetic 

reproduction, the average expenditure for  plactic matabolism 

represents up to 50% of the physiologically utilizable food. 

The coefficient of food utilization for growth (K2 ) 

r • 
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for females of all three species in the growing period, 

was equal to 0,25 - 0,26, for Penilia young - 0,53. Of 

the over-all quantity of physiologically useful food, juve-

nile broods utilize for weight increment 54,2%, adult growing 

females - up to 20%. 

An attempt was made to estimate the part of Cladocera 

populations in the general matter-and-energy balance of the 

Black Sea. It appears that they consume up to 2,0% of all the 

available seston mass, and up to 0,8% of its animate component 

in relation to dry matter. 

In September, 1960, the following calculations were 

arrived at in the open waters: the general seston quantity be-

low 1 m2 of the 0 - 20 m layer (16 149 mg of dry matter), 

the food quantity for Cladocera populations (15, 173 mg of dry 

matter), and the magnitude of the potential 24-hour production 

of animate plankton forMs consumed by Cladocera (125 mg of 
") 

dr
. 
 Oy matter). The quantity of dry organic matter utilized by 

Cladocera populations in that region consituted 0,4% of the 

first above quantity, 0,4% of the second, and 4 0% of the 
third quantity. 

In the north-western region of the sea, which is 

characterized both by the greatest numbers and the largest 

biomass of Cladocera populations, these consume within 24 

hours up to 1,5% of the available quantity of all utilizable 

nutritive substances. The part of algae up to size 8  i ,  con-

sumed by Cladocera, represents 3,5% of all the mass available 

(84 ) 
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in the sea, of bacteria - 2,2%, and of detritus - 

This entitles us to conclude that in the Black Sea 

Cladocera are obviously well provided with food, and their 

considerable daily rations are essentially met by the organic 

detritus matter. 
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