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ABSTRACT 

The effects of food concentration on the growth, brood size, fecundity and life span of a 
cladoceran zooplankter, Ceriodaphnia cornuta (Sars) have been studied under ordinary labora­
tory conditions (temperature 25 ± 30 C). Six different food regimes ranging from distilled 
water to highly enriched medium were tested. Starvation affected considerably and animals 
could not survive for more than 24 hours-. The molting, instar duration, growth and reproduc­
tive rates were lowered and life span shortened in diluted medium. The growth and reproduc­
tive rates were the highest in the medium containing moderate quan.tity of food and not much 
differences were noticed in these parameters with very high food level. 

INTRODUCTION 

Enormous amount of literature is available 
on the effects of food quality and quantity 
on various param~tet~ affecting life and 
behaviour of daphnids· both, in laboratory 
and under natural conditions from temperate 
-regions (Ingl~ et ale 1937, Banta -et ale 1939, 
Ryther 1954, Richman 1958, RegIer 1961, HaU 
1964, Hall et .al. 197J), Buikema 1973, Vijver­
berg 1976). At the same time, there is an 
apparant lack 6f information on this subject 
from tropical regions, specially from India. 

The present paper reports the results of 
laboratory studies carried out on the effects 
of food on instar duration, growth rate, 
survival, life span, reproductive rate and 
fecundity of an important cladoceran zoo­
plankter, Ceriodaphnia cornuta (Sars). This 

species occurs abundantly in the ponds of 
this region and contributes significantly to 
the total cladoceran population. 

MATERIALS AND METHODS 

All experiments were carried out under 
laboratory conditions (temperature 25 ± 30 C). 
Stock culture of C. cornuta was maintained 
in laboratory in large enamel bowls. In.order 
to avoid any genetic differences, the entire 
culture was raised gradually trom a single 
parthenogenetic female obtained from. natute, 
so that all animals belonged to the same clone. 
Details of culture procedure of cladocera have 
been described in a separate communication 
(Khan 1983). Culture was maintained in 
water collected from a near "by pond 
(Monohar Das pond) and filtered through 
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No. 25 bolting cloth net so as to remove all 
zooplankton but allow all algae, protozoa, 
bacteria and detritus to pass through. 

Water was changed thrice ~ week. 
Overcrowding was never allowed and when 

number of individuals increased in a bowl, 
they were removed and put in another bowl. 

To study the effects of food quanti ty, 
the following 6 food regimes were tested, 
following Vijverberg (1976) with some 
modifications: 

Food regime 1. Pond water filtered through 
No. 25 bolting cloth 
plankton net. Only zoo­
plankton and larger parti­
cles were removed but 
protozoa, algae and detritus 
remained. This will be 
referred to as pond water . 

Food regime II. The water of food regime 
I filtered thTough 0.6,.,. 
filter paper. 

Food regime Ill. Pond water (Food regime 
I) with additional 100 
algal cellI rol. 

Food regime IV. Pond water with additional 
1000 algal cellI mI. 

Food regime V. Pond water with additional 
10,000 algal cellI ml. 

Food regime VI. Double distilled water. 

Since algal culture was 'not possible in 
the laboratory, algae were collected from 
Monohar Das pond in the following manner. 
-Care was taken, while collecting, to avoid 
the bloom of blue green algae as far as 
possible. A large quantity of pond water 
was filtered through 0.6". filter paper (as for 
food regime II). The algae collected on 
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filter paper were washed in a small quantity 
of water and their concentration (cellsfml) 
was determined as for general phytoplankton 
counting. Then calculated volumes of algal 
concentration was added with the help of 
a wide mouth pipette to various petri 
dishes according to the quantity of water 
present and food level desired. Though this 
was a crude substitute of pure algal culture, 
for comparative effects of different food 
concentrations this gave satisfactory results. 

Experiments were conducted by placing 
newly emerged neonates in small petri dishes 
containing 80 ml of te~t media. Examina­
tion of petri dishes was done daily and 
observations on molting, size increase, 
number of young ones produced etc. were 
recorded. Test medium was also changed 
·at the time of examination. At least 10 
replicates for each test medium were main .. 
tained at a time. The entire experiment 
was repeated three times and means were 
calculated. Statistical analysis was carried 
out following Bailey (1959). 

RESULTS 

Growth 
The effects of food concentration on 

growth rate was assessed by comparing the 
size attained by animals grown in different 
food regimes. In ordinary pond water (Food 
regime I), the animals were found to pass 
through 18 instars (3 preadults and 15 adults) 
and attained a mean length of 0.70 mm in. 
the total life span of 20 days (Table 1). 

In food regime VI (distilled water), 
animals could not survive for more than 24 
hours (mean 20.5 h<?urs) and therefore no 
comparison could be made with others. 
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TABLE t. Number of instars, mean size and life span of C. cornuta in different food regimes 

Food Food 
Parameters regime regime 

I II 

Mean maximum length (mm) 0.70 0.57 
Mean life span (days) 20 14 
Number of Instars 

a- preadult 3 5 
b- adult IS 8 

In food regime II (filtered through 0.6 po 

filter paper), the growth and molting was 
considerably delayed t,han in food regime I 
or any other level studied. Though the 
animals were able to survive upto the age 
of 14 days, only 13 moltings (Table 1) took 
place and final length attained at the end 
of life was 0.57 mm, as compared to 0.70 mm 
in food regime I. 

Food Food Food Food 
regime regime regime regime 

III IV V VI 

0.72 0.77 0.76 0.21 
20 22 23 

3 3 3 
15 18 19 

regime I and III. However, considerable 
differences were evident in the growth of 
animals in food regimes III and IV, but not 
much differences could be detected between 
regimes IV and V. In fact the mean growth 
rate and maximum size attained by the 
animals in food regime V were slightly lower 
than the animals in regime IV. The differ .. 
ences in the lengths of animals of same age 

TABLE 2. Significance test of the differences in length and brood s~ze of C. cornuta grown 
under different food regimes 

Source 

Food regimes 
I and II 

. Food regimes 
II and III 

Food regimes 
III and IV 

Food regimes 
IV and V 

D.F. 

19 

19 

19 

19 

Length 

't'value 

9.11 

1.81 

6.82 

2.01 

From Figure 1 it is evident that the size 
of individuals increased with increasing food 
concentrations. Whereas, the growth rate 
in food regime II was lower than food regime 
I, very little variation existed between food 

Brood size 

Probability D.F. 't' value Probability 
"-

less than 19 8.50 less than 
0.001 0.001 

more than 19 1.70 more than 
0.005 0.005 

less than 19 6.50 less than 
0.001 0.001 

more than 19 1.89 more than 
0.005 0.005 

but of different food regimes were statistically 
tested by 't' test (Table 2). Differences were 
significant at 1 % level between food regimes 
I and II, III and IV, while values between 
I and III, IV and V were not significant. 
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AQ! I1V DAYS 
Fig. I. Relationship between-size and age ·at different food·regimes. 
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Reproduction 

The effects of. food quantity OIl brood 
size (egg/brood) in re1ation to length is shown 
in Figure 2. In all the sets of experiments, 
the brood size increased gradually with 
increasing size upto certain point after which 
it either decrease~ or remained constant. 
In normal pond water (Food regime I), the 
brood size varied between 2.2, produced by 
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the. 4th .instar .female~, to ·lQ,Oproduced by 
the 16th instar female.s (Table 1),. 

In .£Qod -regime II-) the egg ·production WflS­

low and· the ·maximum· bood size· observed 
was 4' in the largest (0.57 mm) and the 
oldest (14 days) female. The tests of signi­
ficance in different food regimes gave similar 
results as for the effects on growth (Table 2). 

The differences were more striking, 

1~~--______ ~ ______ ~ __ ~ ____ ~ ______ ~~ ______ ~ 
0.3 0.4 0.5 

sr.7.~ ~~ ~ 

0.6 0.7 

FiS.' 2. Relationship between size alld brood size at different .food re,imes. 

O.B 
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when the total egg produced by a female in 
the life span was compared. Fecundity 
increased with increasing food concentrations. 

( 

The fecundity of animals in food regime II 
was very low as compared to other food 
regimes (Figure 3). 

Physiological Loogivity 

The mean total life span of individuals 
grown in diffenent food regimes differred 
(Table 1). Like all other parametersJ the 
total life span of the animals in food regime 
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II was only 14 days as compared to 20 days 
in food regime I. Highest life span was 
obs'erved in the animals. ,of food regimes V. 

DISCUSSION 

The effect of food on sizeJ reproductive 
rate and life span was essentially similar to 
those reported by other workers (Brooks 
1946, Ingle et ale 1937, Ryther 1954, Green 
1956J Vijverberg 1976) in the respect that 
these increased with increaSing food levels. 
Complete starvation was fatal to animals and 

III IV v 
FOOD REGIME 

Fig. 3. Total number of eggs produced by a female at different food regimes. 
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they could not servive after 24 hours. These 
results support the observations of Dehn 
(1930) who found that" Daphnia magna could 
not survive for more than 12 hours in 
bacteriologically filtered water. However 
this is contrary to the observations reported 
by Staurt et ale (1931) in case of Moina 
macropa which could survive for four days 
in distilled water. 

The conditions in food regime II, which 
was filtered through 0.6 p. filter paper were 
unique, neither completely "devoid'" of food 
nor with sufficient food and probably 
represented a dilute medium. Many smaller 
organic particles can pass through filter 
paper. Some species of daphnids have been 
found to grow and reproduce, tho~gh 

in a restricted way, in such media (Gellis and 
Clarke 1935, Vijverberg 1976). 

The insignificant differences " between 
growth and reproductive rates of animals 
in food regime I and III, where the difference 
was only additional 100 cells/m~, was probably 
due to the very little amount of extra food. 

The significant difference in life para­
meters of the animals in food regime III and 
IV, where the quantity of extra food added 
w~s 10 times, revealed that a moderate 
supply of food could be favourable. How­
ever, the insignificant differences in the 
growth and reproductive rates and life span 
of animals in food regime IV and V showed 

": that very high concentrations of food did 
not necessarily result in the enormous 
increase in the growth or reproductive 
potential of the animals. Hall (1964) also 
found no effect on the longivity of Daphnia 
galeata mendotae when the food was over 
64 fold range. Vijverberg (1976) also found 
insignificant differences in the growth rate 

14 
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of Daphnia. hyalina at· very high food concen­
trations. 

ACKNOWLEDGEMENT 

The author is thankful to Dr. B. K. 
• Tikader, Director, Zoological Survey of India 

for providing necessary laboratory facilities 
and encouragement. 

REFERENCES 

BAILEY, N. T. J. 1959. Statistical methods in 
biology. The English University Press 
Ltd., London. 

BANTA, A. M., WOOD, T. R., BROWN, L. A. 

AND INGLE, L. 1939. Studies on the 
. physiology, genetics and evolution of 
some cladocera. Pap. Dep. Gent. Curneg. 
Instn. No. 39~ 

BUIKEMA, A. L. JR. 1973. Filtering ·rate of 
cladoceran, Daphnia p~lex as a function 
of body size, light and acclimation. 
Hydrobi%gia, 41 : 515 .. 527. 

BROOKS, J. L. 1946. Cyclomorphosis in 
Daphnia. 1. An analysis of D. retro­
curva and D. galeata. Ecol. Monogr., 
16 : 409-4. 

DEHN VON, M. 1930. Unterschungen uber 
die verdaung bei Daphnien. Z. vergl 
Physiol., 13 : 334-358. 

GELLIS, S. S. and Clarke, G. L. 1935. Organic 
matter in dissolved and colloidal form 
as food for Daphnia magna. P hysiol. 
Zool., 8: 127-137. 

GREEN, J. 1956. Growth, size and reproduc­
tion in Daphnia (Crustacea: Cladocera). 
Proc. zool, Soc. Lond. 126 ; 173-204. 



106 

. HALL, D. J. 1964. An experimental approach 
to the dynamics of a natural population 
of Daphnia galeata mendotae. EcolDgy, 
4S : 94-112. r 

. HALL, D. J., COOPER, W. E. AND WERNER, 

E. E. 1970. An experimental approach 
to the production dynamics and struc­
ture of freshwater animal communities. 
Limnol. Oceanogr., 15 : 839-929. 

INGLE, L., WOOD, T. R. AND BANTA, A. M. 
1937. A study of longivity, growth, 
repr~duction and heart rate in Daphnia 
/ongispina as influenced by limitation in 
quantity of food. J. expo Zool., 76: 
325-352. 

KHAN, R. A. 1983. Population dynamics, 
biology and production ecology of a 
littoral zooplankter, Chydorus (0. F. 
MUller) (Cladocera : Chydoridae). Bull. 
zool. Surv. India, S (1) : 83-90. 

Bulletin of the Zoological Survey oof India 

RYTHER, J. H. 1954. Inhibitory effects of 
phytoplankton upon feeding of Daphnia 
magna with refer~nce to growth ~epro .. 
duction and sur~ival. Ecology, 35: 
522·533 • 

R1CHMAN, S. 1958. The transformation of 
energy by Daphnia pulex. Ecol. Monogr., 
28 : 273-291. 

R'EGLER, F. H. 1961. The relation between 
concentration of food and, feeding rate 
of Daphnia magna Straus. Can. J. Zool., 
39 : 857 -868. 

STUART, C. A., MCPHERSON, M. AND COOPER, 

H. J. 1931. Studies on bacteriologically 
sterile Moina macrocopa and their food 
requirements. Physiol .. Zooi., 4 : 87-100. 

VIJVERBERG, J. 1976. The effect of food 
quantity and quality on the growth, 
birth rate and longivity of Daphnia 
hyalina Leydig. Hydrobi%gia, 51; 
99-108, 


