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This paper highlights the biological aspects of a few sub-tropical cladocerans, Daphnia sirnilis, Moina 
mncrocopa, Simocephalus verulrcs and Ceriodnphnia cornura in relation to varying environmental tempera- 
tures. At all low temperatures, egg production is uniformly low in D. similir, M .  macrocopn and C 
COnUt", whereas higher temperatures favour increased production of eggs in M. macrocopa, D. sirnilis 
and C cornuta. In S. veh~lrcs, on the other hund, environmental temperature resulted in a lowered fecund 
condition. Of the various species studied, the rate of egg production war the highesl in M. nuxrocopa 
fobwed in decrcasing order by D. sirnilis and C cornuta. 

sshchenyal maintains that the efficiency of matter and energy transformation bet- 
ween the aulotrophic and the first heterotrophic level in the aquatic food web de- 
pends largely on the productivity of zooplankton. Laboratory observations on the life 
Vie of selectcd cladocera, the dominant component in zooplankton, help in better 
understanding of the dynamics of zooplankton and is the mainstay of the present 
k~esti~ation. 

, Because of their high capability at all stages in their life history and nutritive 
'mPortan~e for fry and fingerlings, four cladoceran species (D.  sirnilis, S. vemlW 1l.L 
mcroco~a and C. cornutu) were intensively studied. 

2. Materials and methods 
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3. Results and discossion 

neonate after releasc from the brood pouch of the m o t h  passed through a 
varyillg number of pre-adult and adult instars which responded to the surro~,~di,,~ 
temperatures. 

3.1 Number of pre-adult instars 

The results of the present investigalions indicate that the number of pre-adult instan 
at intermediate temperature regimen (18-27°C) varied between 2 and 7 species. ~h~ 
number of such instars was 6-7 in D. sirnilis, 4 in S. vetulus and 2 4  in M. nLacrocop 
and C. cornuta (Table I ) .  Results of rearing at varying temperatures revealed an 
invcrse relationship betwccn temperature and the number of pre-adult instars. Thus. 
while a minimum number of such instars were observed at higher temperature o: 
30-32°C (4 in D. similis, 3 in S. vetulus. 1-2 in M. macrocopa and C. cornuta). a 
significant increasc in the number of pre-adult instars, on the other hand, was re- 
corded in those reared at lower temperatures. Similar results have been documented 
for other cladocerans that were reared at temperatures ranging from 28 to 31°C (4 
pre-adult instars in S. acuiirostratus, 5 in D. carinata, 2 in M. micrura and 2 in C. 
corrruta)'. That the number of prc-adult instars has an interesting relationship witii 
changing temperature could possibly be a major contributory factor to the ubiquil! 
in distvibution oL these important crustacean zooplankton elements, as has been 
pointed by Pennak3 also. 

3.2 Number of adult instars 

Maximum number of adult instars in the cladocerans studied here (Tables I) occurd 
at the intennediate (18-27°C) temperature range (15-16 in D. sirnilis, 8-11 in f. 

vetdw. and 12-14 in M. macrocopa). In C. cornuta, a comparatively lower number 
(8-11) of such instars was recordcd at corre~ponding temperature range (Table 1). 
However, at the lowest temperature range of 10-12"C, the number of adult jutan 
was significantly low (7 in D. similis and 3 in M. rnacrocopa and C. cornuta). In 5. 
vetulus, on the contrary, the number of such instars was interestingly quite at 
low temperature rearinglO. 

An intermediate number of 9 adult instars was recorded a( the higher teln~erat"'~ 
ranges in both D. similis and M. marrocopa, against 13, the highest observed in C. 
cornuta and 6 ,  the lowest recorded in S. vetulus. In allied species investigated at 
comparable temperature range of 28 to  30°C, the number of adult instars reportd 
is fairly comparable (8 in D. carinata, 11 in M. micrura, 8 in S. vetdm and 9 m  C. 
cornuta). However, a difference has been observed in the number of adult instars of 

C. cornuta, against 9 instars reported by Navaneethakrishnan and ~ ichae l '  from uop 
ical conditions (13 instars were recorded in the present investigation). This diffefence 
may be attributed to differences in climatic strains investigated in the two stud'es, 



GROWTH AND FECUNDITY OF CLADOCERA 



v
 

T
ab

le
 U

 

M
ea

n 
pr

ea
du

lt
 a

nd
 a

du
lt

 in
st

ar
 d

ur
at

io
ns

 o
f 

va
ri

ou
s 

C
la

do
ce

ra
n 

sp
ec

le
s 

in
 r

el
at

io
n 

to
 t

em
pe

ra
tu

re
 v

a1
ia

tio
n 

,lm
la

r 
M

ea
n 

m
m

lar
 d

ur
ah

on
 (

D
ay

s)
 

nu
m

be
r 

D
ap

hn
ur

 
S~

m
oc

ep
ha

lu
s 

M
of

na
 

C
en

od
ap

hn
~

a 

A
B

C
D

A
B

C
 

Pr
e-

ad
ul

t 
1 

3.
8 

2 
1.

0 
3 

1.
2 

4 
2.

1 
5 

2.
9 

6 
3.

9 
7 

4.
0 

8 
4.

9 
9 

5.
1 

10
 

A
du

lt 
1 

5.
9 

2 
5.

0 
3 

5.
0 

4 
5.

4 
5 

3.
1 

6 
2.

2 
7 

3.
9 

8 9 10
 

11
 

12
 

13
 

1
4

 
15

 
I6

 



T
sb

le
 U
I
 

A
ve

ra
ge

 
le

n
g

th
 o
f 

se
rl

ou
a 

cl
n

d
o
cs

ra
n

 s
pe
ci
e.
 s

l 
d

if
P

er
eo

t 
in
st
ar
 s

ta
g

e
s

 i
o 

re
le

ti
o
n

 t
o

 t
em

p
er

at
u

re
 r

a
ri

a
li

o
n

 

Zn
rr
or
 

M
ea

n
 le

ng
th

 (
m

)
 

n
u

m
b

er
 

D
ap

hn
ia

 
Si

m
ce

ph
ol

us
 

M
o

in
a 

C
er

io
da

ph
ni

n 

A
 

B
 

C
 

D
 

A
B

 C
 

D
.

A
B

 
C

 
D

 
A

B
 

C
 

D
 



340 Y. R. MALHOTKA AND SEEMA LANGER 

3.3 Duration of instars 

As the juveniles grew, the duration of instars increased (Table II), a phenomenon 
which is not ordinarily influenced by temperature variations. Increase in instar dura. 
tion with age, as presently observed, is in accord with previous records for D. puiex, 
D. magna, D. longispinu, S. acutirostratus and D. carinata inhabiting temperate wat. 
ersi-7. 

Moreover, the first primiparons instar in D. s imih ,  M.  macrocopa and S. vetulu 
lasted longer than their longest pre-adult instar (Table II), a finding true of D. pule2, 
D. magna6, D. carinata2 and S. acuhrostratus8, the cladocerans of both tempcrate and 
tropical regions. Howcver, in C. comuta, thc pre-adult and primiparous instars were 
of equal duration. Similar results have been previously recorded in the case of S. 
kingi2, M. micrura' and C. cornuta4. The relationships between size and number and 
duration of juvenile instars and generation time were discusscd for X species of 
Cladocera by Bottrell". 

3.4 Mode of egg production 

When maintained at the intermediate temperature range of 18-20"C, D. similis exhi- 
bited a bimoaal pattern of egg production--une at the 5th adult insar and the other 
at the 13th adult inslar (Fig. 1) as has been reported for S. acutirostratus alsos. At 
higher and lower temperature ranges on either side of the above regimen, only a 
single peak (unimodal) in egg production at 5th adult instar at dl temperatures except 
at 10-12°C (Fig. 3) was observed in M. macrocopa. These observations are in line 
with those reported in several temperate daphnids, viz., D. pulen5, D. magna6 and 
D. lon~is~ina' where the peak in egg production has been rcported to occur around 
the 5th adult instar, followed by a decrease in the rate of egg production. In contrast 
to these observations, a peculiar pattern of increasing number of eggs till the penul- 
timate instar which has been observed in S. vetulus (Fig. 2) was previously recorded 
in D. carcnata4 and D. lurnholtzi. Although C. cornuta did not exhibit any peak in 
egg production (Fig. 4) like the one reported in S. kingi2, at higher temperatures 
(30-32"C), a bimodal pattern of egg production was, however, observed in the 
species. 

3.5 Egg fecundity 

The results of the present study revealed that during its average life span of s7 
D. sirnilis produced a maximum of 300 eggs at 25-27'12 and a minimum of 107 eggs 
in about the same time at 10-12°C. At higher tenlperatures (30-32"C), a total of 12?. 
eggs were produced in an average life span compressed to 14 days (Table 1). A 
similar nunlerical variation in egg production under varying temperatures was seen 
in M. macrocopa (Table I )  which produced around 300 eggs at 18-20°C and only 
eggs at 25-27"~ in an average life span of 22 days. Likewise, during its average life 
span of 63 days, S. vetuhs produced about 304 eggs (Table 11). C. cornuu l6 
days produced a maximum of 47 eggs at 30-32°C. Obviously, the daphnids were 
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as fecund at lower temperature ranges as at high and higher temperature regimen, 
Earlier reports on egg production of several cladocerans reveal that D. carinafa4 pro. 
duces 142 eggs during a life span of 24 days, D. pukx5 293 eggs during an average 
life span extending almost twice that of D. carinata, S. ucutirostrahrs8 248 eggs in an 
average life span of 44 days, S. 1cingi2-293 eggs in 20.5 days, M. micruralQ1 eggs 
in a life span cxtending 13 days and C. c o r n u t a n 4 2  eggs in 12 days. Thus, D, 
sirnilis, M. macrocopa and S. velulus have high egg production values as compared 
to D. carinata, D. pulex, S. aculirostratus and M. micrura followed by C. cornutg in 
which lowest egg production is rccorded. 

Figures 5-8 show the cumulative frequency of egg production in various species at 
varying temperature regimen and the angle of slope of the regression line (a value) 
indicates the rate of egg production. The rate is unilormly low at low temperature 
in M. mucrocopa (a=1.5439) and C. cornuta (~=1.1925)  in contrast to that observed 
in S. vetulus (a=2.1532) and D. similis (a=1.7402) where low temperature regimens 
significantly favour egg production. The rate of egg production as revealed by the a 
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1 
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Adult instar number Adult instar number 
Rc. 7. Rc. 8. 

F m  7-8. Cumulativr. egg production rn ,&tian to adult instar number in M mocrocopa (Fig 7 )  and C. cornuta (Fig. 8). 

values bear no direct relationship to total egg production in different species. In fact, 
the total number of eggs produced in each species is related to their total life 
span. 

3.6 Effect of temperature on egg production 

The effect of temperature on egg production has been studied by several earlie 
workers. Rerg13 found stoppage of production of egg in D. magna when the temper 
ature remained below 3-5"C for a long period, but noticed reactivation at 6-10"C." 
Tauson14 studied D. pulex and found the temperature between 15 and 25°C to be 
favourable for egg production, but t h e  was a considerable decline above and below 

range. Similar effects at higher temperatures have been reported by McAflhur 
and Baillies. Again a wide temperature range between 10 and 25°C has been re- 
ported to be optimum for egg production in M. macrocopa by Malhotra and LangerI6. 
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The present studies indicate that the number of eggs produced by D. similk, M, 
macrocopa and C. cornuta was very low at lower temperatures. At higher tempera. 
ture range (30-32"C), the brood was 122, 111 and 48 in D. similis, M. ~ c r o c o p a  
and S. vetulus, respectively. C. cornuta, exhibits variation with 47. 

It may therefore be concluded that at all low temperatures the total numbei of 

eggs produced is uniformly low. High temperature favours egg production in D, 
similis, M. macrocopa and C. cornutu. However, an exceptional case is noticed in 5, 
vetulus, where a rise in temperature retards egg production (Table I). 

3.7 Extent of growth during instars 

The progressive increase in the size of the individual at each instar is a measure of 
growth rate. Growth in cladoceraus is accompanied by moulting, after which increase 
in size is rapid. The mean size at each instar against serial instar number for four 
cladocerans is presented in Table 111. It indicates that the growth rate is rapid in the 
pre-adult phase but gradual during the reproductive phase, except in D. similir in 
which species maximum ,growth rate was observed between sixteenth-seventeenth and 
eighteenth adult instar at 25-27T. Regarding the growth pattern the present study 
confirms the existing view that rapid pre-adult growth is a common feature for 
cladocerans irt-espective of climatic  difference^',^ and greater growth in pre-adult in- 
stars compared to adult instars may be attributed to diversion of energy towards 
gonadal maturation in the latter. The extent of growth per instar is said to be posi- 
tively correlated to the food supply4~'7. The results on this aspect will be presented 
in a subsequent communication. 

An analysis of growth rate revealed that in D. similis, maximum growth of 0.25 
and 0.29 mm was recorded between Sixth-seventh and seventh-eighth instars at 1C- 
12°C; between third-fourth and eighth-ninth instars (0.27 and 0.32 mm) at 15-2FC; 
between sixteenth-seventeenth and seventeenth-eighteenth instars (0.23 and 0.25 
mm) at 25-27T; between third-fourth and fifth-sixth instars (0.21, 0.19 and 0.28 
mm) at 30-32°C. In M. macrocopa, maximum growth is between third-fourth 2nd 
sixth-seventh instars (0.16 and 0.17 mm) at 10-12°C and between fourth-fifth instars 
(0.20 mm) at 15-2O0C; between first-second and third-fourth instars (0.19, 0.15 and 
0.18 mm) at 25-27"C, again between first-second and third-fourth and 
instars (0.15, 0:28 and 0.18 mm) a t  30-32°C. In C. cornuta and S. vetulus as well, 
growth rate was often higher during initial instars than in adult instars. These f inh@ 
are in agreement with those of Murugan and sivaramakrishnan2.*, Navaneethak- 
rishnan and Michael4 and Muwgan1'. 

Growth in some cladocerans (S. vetulus and S. cornuta) ceased after a specific size 
was attained whereas in others (D. sitnilis and M. macrocopa) it continued till the 
end. In all the cladoceran species, an increased growth with increase in temperature 
was recorded and is essentially a consequence of shortening of duration of pstars 
Cladocerans, when exposed to low temperature, registered a slow increase in sue but 
usually reached a larger final size than those exposed to higher ternperatme. 
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