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Abstract. Daphnia simi/is Claus is a tropicopolitan and dominant species of temporary
ponds of South India. Laboratory cultures were made to study the longevity, preadult instars,
egg production and growth using different concentrations of rice bran, an agro-industrial
waste which is available readily and cheaply. Rice bran dissolved in pond water resulted not
only in higher fecundity but also in an additional increase in size and as such rice bran may
fonn an ideal nutrient medium for mass production of daphnids. Egg production is 6 times
higher and growth is two fold greater in cultures with rice bran in pond water than in tap water
with rice bran. From the present study it is hoped that, the use of rice bran in mass culture of
Daphnia simi/is will be profitable.
Keywords. Daphnia simi/is; longevity; egg production and body size; rice bran as food;
laboratory conditons.

1. Introduction

In the present day application of biological sciences, Daphnia culture forms an integral
part of the fishery development. The mass cultivation of Daphnia attracted the
attention of many aquaculturists (Banta 1921; Bogatova 1951; Bogatova and Askerov
1958; Ivleva 1973; Murphy 1970; Harvey 1972; Bhanot and Vass 1976). Recently a
successful cultivation of D. magna on rice bran was achieved by De Pauw et al (1981).
Various types of feed are used in the mass culture of Daphnia. Cow-dung, poultry
manure, green algae etc., which are used as feed in Daphnia culture are having high
manure value in agriculture. The cow-dung is also used as a supplementary item for
fire-wood in India. Moreover, cow-dung is in heavy demand for gobar gas plants. On
the other hand the rice bran is an agro-industrial waste which is easily available in large
quantities. It can be applied directly and is available at low price and can be stored for a
long time. Above all rice bran forms an ideal feed for Daphnia enabling better growth
and higher reproduction (De Pauw et alI981). In the present experiment it is therefore
aimed to study the effect of different concentration of rice bran, both in pond water and
tap water on the growth and reproduction of a commonly occurring tropicopolitan
species Daphnia similis Claus.
2.

Material and methods

Ovigerous females of D. similis were collected from a seasonal pond near the
University campus (Lat.: 9° 53' N; Long.: 78° 8' E) and were acclimated to the
163

K Venkataraman, M Kesary and S Krishnaswamy

164

laboratory temperature (28-30°C). Just born neonates were separated from the
mothers and were used for further studies. Table 1 shows the different culture media
and the number of animals reared. The method used by Venkataraman (1981, 1983)
was followed to study the life history. Values obtained at different experimental
conditions were tabulated to find out the differences in growth and egg production
statistically (Analysis of variance; Zar 1974),size at birth, average life span, number of
instars, instar at initial reproduction (primiparous instar) and total number of eggs
produced.

3.

Results

The survivorship curve of Daphnia cultured at different experimental conditons are
shown in figure 1. Average life span is observed to be higher in pond water with 3
different concentrations of rice bran than in other culture media. In the present study
the number of preadult instar vary between 3-4 and the adult instar vary between

Table l. Laboratory culture of D. simi/is under different
experimental conditions.
Number of animals

Medium

10
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10.
10
10
10
10
10

Pond water
Pond water + 250 mg/l rice bran
Pond water + 500 mg/l rice bran
Pond water + Iro:l rng/l rice bran
Tap water
Tap water + 250 mg/l rice bran
Tap water + 500 mg/l rice bran
Tap water + lro:lmg/l rice bran
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Figure 1. Survivorship curve of D. simi/is cultured under different experimental conditions.
P. Pond water; T, tap water; Rb, rice bran.
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8-22. Mean duration of first adult instar during which the females are primiparous is
distinctly longer than the longest preadult instar.
Egg production is based on the mean number of young animals released from the
brood pouch during each instar (figure 2). Maximum number of eggs have been
obtained only during the earlier phase oflife which gradually declined during the later
stages. D. simi/is cultured in pond water with rice bran has a higher rate of
reproduction (a = 7·98 in 250 mg/l pond water + rice bran; a = 30·50 in 500 mg/l pond
water + rice bran; a = 19·65in 1000mg/l pond water + rice bran) than in tap water with
rice bran (a = 0·272 in 250mgjI; a = (}70 in 500mgjI and a = 5·701 mg/l) (figure 3).
Table 2 shows the number of eggs produced in a life span of D. simi/is under different
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Figure 2. Comparison of egg number in relation to instar number of D. simi/is under
ditTerent experimental conditions.
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Figure 3. Regression analysis shows the cumulative egg number in relation to instar number
of D. similis cultured in ditferent concentrations of rice bran with pond water and tap water.

Pond water
Pond water + 250 mgJI rice bran
Pond water + 500 mgfl rice bran
Pond water + 1000 mgJI rice bran
Tap water
Tap water + 250 mgfl rice bran
Tap water + 500 mg/I rice bran
Tap water + 1000 mg/l rice bran

Experimental conditions

11
18
22
20

12
10
8

3(1)-4(9)
3(1)-4(9)
3(1)-4(9)

No. of adult
instars

4(10)
3(2)-4(8)
3(3)-4(7)
4(10)

No. of preadult
instars
0-470(3)
0-749(2)
0-722(2)
0-600(2)
0-289(2)
0-226(1)
0-389(2)
126
429
642
658
86
8
34

Maximum growth
increment
Total no. of
(mm)
eggs
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1
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Mean values of preadult instars (number of animals in parentheses), adult instars, maximum growth increment
(number at which instar number in parenthesis), total number of eggs, longevity and size at death of D. similis under different
experimental conditions.
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culture media. The differences in egg production at each instar under different culture
conditions are statistically significant for D. similis (table 3).
The differences in size of individual at each instar are calculated as growth rate. The
mean size of D. simi/is at each instar under different culture conditions were shown in
figure 4. From the figure it is observed that the growth rate is exponential at the earlier
phase of the life cycle and on the onset of reproduction it showed only a gradual
increase.

Table 3. Analysis of variance: Differences in the number of egg production in relation to adult
instar number of D. simi/is under different experimental conditions.

Experimental conditions
Pond water + rice bran 250, 500, 1000 mgjl
Tapwater + rice bran 250, 500, 1000 mgjl
Pond water + rice bran 250 mgjl, tap water + rice
bran 250 mgjl, pond water alone.
Pond water + rice bran 500 mgj1, tap water + rice
bran 500 mg/l, pond water alone.
Pond water + rice bran looomgjl, tap water + rice
bran looomgjl, pond water alone.

Degrees
of
freedom

'F' value

Probability

2, 52
2, 18

4·789
12·503

(}05"
(}005"

2,35

53·095

(}005"

2, 32

1(}872

(}005"

2, 36

29·267

(}005"

"Significant. " Highly significant.
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Figure 4. Mean body size in relation to instar number of D. similis cultured in different
experimental conditions. a. 1000 mgjl rice bran + pond water; b. 500 rng/l rice bran + pond
water; c. 250 mgjl rice bran + pond water; d. pond water alone; e. 250 mgjl rice bran + tap
water; f. 500mgjl rice bran + tap water; g. lOOOmgjl rice bran + tap water.
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Discussion

The observations on longevity show that 50 %of D. similis were survived for 10-15 days
in tap water with rice bran and 30-35 days in pond water with rice bran (figure I).
Females cultured in plain tap water lived for one day and in plain pond water 20 days.
The same animal cultured in rice bran with pond water lived more number ofdays than
in tap water with rice bran and plain tap water or plain pond water (table 2). A review
ofliterature shows that in D'.lonqispina (Ingle et aI1937), D.pulex (Arnold 1971)and in
D. similis and D. cephalata (Venkataraman 1983) the survival values are higher at low
food levels. Ingle et al (1937) and MacArthur and Baillie (1929) on the other hand
reported that longevity was controlled by temperature. But Arnold (1971) found a
striking influence of food type on longevity with reference to D. pulex at 20°e. He
found the highest longevity of animals fed with green algae as food and medium values
in medium food concentrations. He also found the lowest values oflongevity with blue
green algae as food as found by Porter and Orcutt (1980). In the present study, D.
similis showed a higher life span in 3 different concentrations of rice bran with pond
water than in rice bran with tap water (table 2). This type of highest longevity in pond
water with rice bran may be due to the quality of the medium which contains other
inorganic substances which may be absent in tap water.
It is of interest to compare the number of preadult instars of D. simi/is under different
culture media. The results show that the preadult instars vary between 3-4 (table 2).
Among daphnids both variable and constant number of preadult instars have been
reported by many authors. Anderson (1932) found a constant number of juvenile
instars in D. magna reared in Banta's manure-soil medium, but a variable number
when reared on an oat meal modification of Banta's medium. However, Anderson et al
(1937) and Anderson and Jenkins (1942) used an unmodified Banta's manure-soil
medium and found a variable number of juvenile instars for D. pulex and D. magna.
The variation in number of eggs produced in a life span of D. similis is marked
between different culture conditions. The mean total number of eggs produced by
D. similis, when cultured in pond water with 1000mgjI of rice bran is 658 in a life span
of 33 days (table 2), which is almost 3 times greater than the same species cultured in
modified Banta's medium (213'66 eggs in a life span of 37 days) (Venkataraman 1983).
Statistical analysis (ANOVA) of the egg production under different experimental
conditions shows that the differences are highly significant (table 3). The regression
analysis of cumulative number of eggs produced under different experimental
conditions shows that the rate of egg production is higher in animals cultured with
pond water than in animals cultured with tap water plus rice bran (figure 3).
The number of eggs produced by an adult Daphnia of any size depends upon food
intake (Hebert 1978). Evidences to support this view among cladocerans have been
given by Dunham (1938) and Anderson and Jenkins (1942). Adult females without
eggs are common in food limited laboratory populations (George and Edwards 1974).
Number of experimental studies (Ingle et al 1937; Richman 1958; Hall 1964) have
shown that there is a direct relationship between food supply and the number of
progeny produced by a female during her life time. However, there is a lower limit to
food level below which no egg production occurs and there is also an upper limit above
which egg number fails to increase (Richman 1958).Other environmental factors such
as oxygen concentration and pH (Fox et a1195l; Kring and O'Brien 1976; Ivanova
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1969), light regime (Buikema 1973) and temperature (Bums 1969; Kibby 1971;
Venkataraman 1983) may cause variation in egg number.
As in other Cladocera, Daphnia undergoes a series of moults, growth occurring
shortly after each moult. The growth curves of D. simi/is as shown in figure 4 are similar
to that of other temperate and tropical cladocerans (Banta et a/1939; Richman 1958;
Hall 1964; Venkataraman 1981, 1983). In the present study the maximum growth
increment occurred between 1-3 instars (table 2). Analysis of the data on life cycle of
some tropical Cladocera reveals that maximum growth occurs in the early preadult
instars (Murugan and Sivaramakrishnan 1973; Venkataraman 1981, 1983). A sudden
decrease in somatic growth after reaching maturity as was found in the present study
has also been mentioned by Anderson (1932), Kryutchkova and Sladecek (1969) and
Wegelenska (1971). This may be partly an effect of gonad production, since
Kryutchkova and Sladecek (1969) showed the adult Daphnia used 66-75 % of their
absorbed energy for egg production.
The size at death of femaies at different culture conditions vary. The size at death of
animals cultured in pond water with rice bran is higher than the animals cultured in tap
water (table 2). Hebert (1978) found that the size reached by individuals of a particular
species depends upon their food supply and when the food supply is meagre, adults
cease to grow on reaching maturity. When the food is abundant growth continues
throughout life. Vijverberg (1980) found that the growth is mainly a function of
temperature, age, food conditions and maximum size of the species concerned.
Thus from the above mentioned observations it may be concluded that rice bran
with pond water increases life span, total number of eggs and size of D. simi/is under
laboratory conditions.
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