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ABSTRACT 

Katre, S. and Reddy, S.R., 1977. Laboratory studies on food intake, growth and conversion 
efficiency of Palaemon lamarrei in relation to body size. Aquaculture, 11: 247--261. 

The effects of body size on the food intake, growth and conversion efficiency of the 
freshwater prawn Palaemon lamarrei have been studied. In captivity, fed on a restricted 
diet of the muscles of the fish Gambusia affinis, moulting in these prawns occurred once 
in 18 + 5 days at a temperature of 26 f 1°C. The importance of these cast moults, con- 
tributing a sizable amount of organic matter to the detritus deposit of freshwater habitats 
has been indicated. In a log-log system, both food intake and growth per day, represent- 
ed as a percentage of body weight, showed an inverse relationship to the body size. Ani- 
mals in the size range of 600-800 mg exhibited the highest conversion efficiency. The 
present study indicates that these prawns can be successfully reared and grown under 
laboratory conditions. 

INTRODUCTION 

Growth rates of larger crustaceans like decapods are mostly studied on the 
basis of measurements of increase in length or diameter of the organism. Ex- 
cept for the work of Delmando and Rabanol(1956), on Penaeus monodon, 
other studies on growth rates of Indian species of marine and freshwater 
prawns, described in the Prawn Fisheries Bulletin (1969) of India, are based 
on the length frequency distributions of the animals in their respective habi- 
tats. Cole and Waugh (1959) considered that the measurements of growth, 
based on increase in length or diameter of the body, cannot be taken as real 
indices of growth. Subsequently, Sitaramiah (1966) quantified the growth rate 
of Puluemon lumarrei under laboratory conditions in terms of weight. Since 
Marshall and Orr (1960) remarked that the food of crustaceans is only im- 
perfectly known qualitatively and hardly known at all quantitatively, a large 
number of quantitative studies on food intake, growth and conversion effi- 
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ciency of several crustaceans have been carried out: Cakanus (Paffenhoffer, 
1971), Diuptomus (Comita, 1964; Richman, 1969), Artemia (Sushtchenya, 
1962; Reeve, 1963; Mason, 1963; Khmeleva, 1967), Daphniu (Kryutchkova 
and SladeZek, 1969), Crangon (Regnault et al., 1974) and the review by New 
(1976). However, in Indian species of freshwater decapod crustaceans studies 
of this sort are wanting. In the present investigations, food intake, growth 
and conversion efficiency of the freshwater prawn Palaemon lamarrei were 
studied quantitatively with particular reference to the effect of body size on 
the parameters. 

MATERIAL AND METHODS 

Experimental animals 

Puluemon lamarrei (H.M. Edwards) grows to a maximum length of 80 mm 
and has a wide distribution in the freshwater habitats of India (De Man, 
1908; Kemp, 1915; Panikkar and Aiyer, 1939; Patwardhan, 1937; Chopra 
and Tiwari, 1947). For the present study, prawns of different body sizes 
were collected from the Bellandur tank (near Bangalore, South India). Test 
individuals were starved for a period of 3 days prior to the start of the exper- 
iment. Two series of experiments were set up. In one series, 33 individuals of 
different initial wet body weights, ranging from 60 mg to 5.30 g were 
selected and reared individually in battery jars (surface area: 78.6 cm* ) con- 
taining 500 ml of filtered fresh water at an ambient temperature of 26 + 
1” C. In the second series, the prawns were reared in four groups of ten each, 
each group consisting of individuals of approximately the same body weight. 
These were reared in larger aquaria (surface area: 471.6 cm* ) with condi- 
tions as in Series 1 and proportional volumes of water (500 ml/prawn). The 
water in the experimental aquaria was aerated every day for 6 h and the 
water was changed once in a fortnight. 

Food and feeding procedure 

Chopped pieces of muscles of the fish Gambusia affinis were offered as 
food to the test individuals in both series. A surplus amount of food was 
offered every day in the early hours of the morning. The prawns were al- 
lowed to feed for a duration of 4 hours, at the end of which the remaining 
uneaten food was removed. The amount of food eaten was determined by 
subtracting the amount of uneaten food from the amount of food offered. 
The uneaten muscle pieces were blotted between two sheets of filter paper 
till dry and then weighed. Thus errors in weight, which may have been 
caused by the absorption of water by food while in the aquaria, was mini- 
mised. Prawn growth, in short term experiments of 4 weeks, is known to be 
affected by the form of diet (Forster, 1972). In the present 
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experiments, feeding was continued for a period of 100 days, at the end of 
which the individuals were sacrificed and the final weight changes recorded. 
Average daily food intake (mg), food (mg) - [body weight (100 mg))-’ - 
day-‘, average daily growth (mg), growth (mg) - [body weight (100 mg)]-’ - 
day-’ and conversion efficiency, expressed as K, = daily growth (mg) X 

loo/daily food intake (mg), have been calculated for determining the 
correlations with the body size of the animal. 

Collection of mods 

During the loo-day experimental period, the moulting frequency of each 
prawn in Series 1 was recorded. The moults produced by the prawns in the 
second series were recorded and weighed as and when cast. The weight of 
each cast moult was determined separately after blotting the adhering water. 
At the end of the loo-day experimental period, the wet weights of all the 
moults produced by each animal were added to the total increase in wet 
weight of the individual prawn to calculate total growth. The individual 
moults were dried overnight in a hot air oven at 95°C and weighed. The dry 
weight of each exuvium was then expressed as a percentage of the final dry 
weight of the animal. 

RESULTS AND DISCUSSION 

Survival rate 

Out of the 33 prawns of Series 1, 60.6% of the individuals survived till the 
end of the experiment. In the second series, however, there was heavy mor- 
tality, mostly due to the cannibalistic behaviour of the individuals compris- 
ing each group. The survival rate of prawns at the end of the experiment in 
Series 2 ranged from 25 to 40% of the initial number. 

Moulting frequency 

Except for the prawns numbers 1 and 25 all specimens in Series 1 moulted 
three to nine times during the loo-day experimental period. Needham (1946) 
observed that ecdysis in crustaceans occurred only in the early hours of the 
morning. During the present studies also, Palaemon lamarrei was always ob- 
served to moult at night. Table I presents the moulting frequency of prawns 
which survived for more than half of the experimental period. These results 
indicate that, at a temperature of 26 + 1” C with 4 h of feeding per day, the 
moulting of P. lamarrei occurred once in 18 days with a standard deviation 
of 5 days (range: 11-25 days). Each cast moult averaged 14% (? 6%) of the 
animal’s dry weight. There was no apparent correlation of moulting frequen- 
cy with the size of the prawn. A similar observation was made in Euphausia -. 
pacifica by Lasker (1964). He reported that E. pacifica moulted once in 5 f: 
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TABLE I 

Moulting frequency of Palaemon lamarreii reared individually (Series 1 averages are given f 
SD) 

Prawn Final animal Number of Average dry Time alive Average Moults as a 
number dry weight moults weight per in labora- moulting percent of ani- 

(mg) produced moult (mg) tory (days) frequency ma1 dry weight 

2 24.50 8 5.52 100 12.50 22.50 
3 22.50 7 2.98 100 14.28 13.30 
4 21.00 6 2.20 100 16.66 10.50 
5 14.30 3 4.20 91 30.33 29.40 
7 34.30 8 2.85 100 12.50 8.60 
8 58.20 9 6.13 100 11.11 10.50 
9 71.70 6 10.08 100 16.66 14.10 

10 115.20 5 9.16 100 20.00 7.90 
11 34.50 7 6.78 100 14.28 19.70 
13 70.10 5 10.34 100 20.00 14.30 
14 32.30 4 8.30 80 20.00 25.00 
15 170.00 6 11.46 100 16.66 7.10 
16 110.20 7 9.52 100 14.28 8.60 
17 80.40 6 12.50 86 14.33 16.30 
18 67.80 6 6.08 100 16.66 9.00 
19 170.00 7 16.51 100 14.28 9.70 
24 223.40 4 37.15 100 25.00 16.60 
26 331.80 4 41.85 100 25.00 12.40 
28 352.40 6 38.25 100 16.66 10.80 
29 380.30 4 40.17 100 25.00 10.50 
30 338.50 4 50.20 78 19.50 20.90 
31 829.70 6 115.21 100 16.66 13.90 
32 552.90 3 134.50 57 19.00 24.20 
33 2 514.00 4 146.38 100 25.00 9.30 

(days) 

Average 18.20 + 14.40 f 
4.89 6.32 

1 days and that each cast moult averaged 10% of the animal’s dry weight. Six 
other species of Euphausia are also reported to produce moults equivalent to 
nearly 10% of the animal’s dry weight (Jerde and Lasker, 1966). In a related 
freshwater prawn, Macrobrachium rosenbergii, Raman (1967) found that 
moulting took place at irregular intervals; roughly one moult for every lo- 
-mm increase in size. In the same species Rao (1967) reported that immature 
males moulted six times per year while females moulted only five times. 

Feeding behaviour 

Marshall and Orr (1960) stated that a prawn can touch food with its an- 
tennae and yet be unable to find it. In contrast to this, Ling (1962) working 
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on the giant freshwater prawn Macrobrachium rosenbergii, reported that the 
prawn located the food material by the sense of touch. In the present series 
of experiments, as soon as the food material was dropped into the aquarium 
the prawn grabbed and started “nibbling” at the food. Within a week, the 
individuals were sufficiently trained to even snatch the food as it was being 
dropped. As the test prawns were fed daily at a regular time of the day, 
prawns would anticipate the onset of feeding and come towards the surface 
of the water to snatch the food. Perhaps sight and chemoreception have 
important roles to play in the feeding behaviour of P. famarrei. 

Food in take 

All the prawns studied in the present experiment (Series l), showed lower 
consumption of food on the day of moulting. Thus moulting seems to act as 
a depressant to feeding. Similar observations were also made in Euphausia 
pacifica (Lasker, 1966). While reviewing the studies on feeding in aquatic 
invertebrates, Monokov (1972) reported that daily food consumption may 
change depending on the size of the animal. The daily food intake of Palae- 
mon lamarreii also depended on the size of the animal. Per day, a larger prawn 
consumed more food than a smaller prawn; for example, a prawn weighing 
87.10 mg consumed 25.84 mg of food as compared to 97.54 mg of food 
consumed by another prawn weighing 3.29 g (Table II). Even when the 
daily food intake was computed against actual body weights of the individu- 
als (i.e. excluding the moult weights) a similar direct relationship between 
the body size and daily food intake was noticed (Table III). The same trend 
was also exhibited by the prawns fed in groups (Series 2; Table IV). From 
the mathematical study of food consumption in various crustaceans as a 
function of body weight, Sushchenya and Khmeleva (1967) also showed, 
that under a given set of conditions, the food intake increases with increase 
in body weight. During the present study, when the daily food intake was 
expressed as a percentage of body weight the rate of food intake was found 
to be inversely proportional to body sizes. The value decreased from 38% for 
a prawn weighing 80 mg to 3% for a prawn weighing 5 g (Table II, see also 
Table III). The regression equation calculated by the method of Draper and 
Smith (1966) was as follows. 

Log (daily food intake (mg) - body weight (100 mg)- ’ * day- ’ ) 
= 0.9928 - 0.6261 (log body weight (mg) - 2.679) (Fig. 1). 

Working on Calanus helgolandicus, Paffenhoffer (1971) also reported that in 
a log-log system, grazing and ingestion rates per unit body weight decreased 
almost linearly with increasing body weight. 

Growth 

Moulting occurred frequently even when the animals were fed for not 
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TABLE III 

Food intake, growth and conversion efficiency of Palaemon lamarreii reared individually (Series 1). Averages of 
different weight ranges of individuals that survived for the entire experimental period are given. Growth and conver- 
sion efficiency values are calculated using the true final weights of the animals excluding the moults. Numbers indica- 
ted in parentheses are the number of individuals in the particular weight ranges 

Weight Initial 
range weight 
(mg) (mg) 

Final 
weight 
(me) 

Average 
weight 
(me) 

Food 
intake/ 

day (mg) 

Food Growth/ Growth/ Conversion 
intake/ day average efficiency 
average (mg ) weight (96) 
weight (Xv,) 
(a) 

< 200 97.00 i 129.00 f 113.00 * 30.11 f 
(5) 38.99 53.90 45.19 4.35 

200-400 296.67 * 353.33 * 325.00 f 41.26 i 
(6) 65.58 72.30 72.22 3.01 

400-800 583.33 ? 706.67 2 645.00 f 61.98 f 
(3) 189.29 128.97 158.75 23.71 

8O(tllOO 1 017.50 + 1077.00 r 1047.25 f 94.34 ? 

(4) 73.98 95.13 67.26 5.06 

29.16 i 
a.70 

13.22 * 
2.76 

9.41 +_ 
1.45 

9.05 f 
0.92 

0.32 f 
0.26 

0.57 f 
0.46 

1.57 f 
0.75 

1.55 f 
0.95 

0.27 + 
0.18 

0.17 f 
0.11 

0.21 * 
0.13 

0.15 ? 
0.09 

0.99 t 
0.75 

1.34* 
0.96 

2.42 t 
1.63 

1.74 f 
1.10 

TABLE IV 

Food intake, growth and conversion efficiency of Palaemon lamarreii fed in groups (Se- 
ries 2). The values in parentheses indicated in the second and third columns represent 
the corresponding percentages as in the seventh and ninth columns of Table II 

Average body weight 
and range 
(mg) 

Average daily 
food intake 
(mg) 

Average daily 
growth 
(mg) 

Average conversion 
efficiency (K, ) 
(%) 

115.90 
(92.20-136.40) 

150.30 
(121.20-183.00) 

506.90 
(344.70-586.20) 

976.50 
(865.00-1130.00) 

18.72 
(16.13) 

26.20 
(17.43) 

27.20 
(5.37) 

87.20 
(8.93) 

0.50 2.60 
(0.43) 

1.44 5.30 
(0.96) 

0.97 3.50 
(0.18) 

1.29 1.30 
(0.13) 

longer than 4 h/day. At the end of the experimental period, total growth was 
determined by adding the total wet weights of all the exuviae produced by 
each prawn to the total increase in wet weight of that individual. The record- 
ed values of per day growth were very low, ranging from 0.02 to 4.50 mg 
wet body weight (Tables II and III). The percentage rate of growth in rela- 
tion to body weight showed a linear inverse relationship in a log-log system. 

Log (growth (mg) * body weight (100 mg)- ’ - day- ’ ) 
= 1.4202 - 0.4766 (log body weight (mg) - 2.7235), (Fig. 2). 
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1 

Log Y = 0.9928- 0.6261 (Log X -2.679) 

I IIIII 
50 100 

1 I I l1Illl I I I I 
500 1000 5000 

Body weight (mg) 

Fig. 1. Regression line indicating the relationship between the body weight of Palaemon 
lamarreii and daily food intake. 

The growth rate decreased from 0.62% for an individual weighing 87.10 mg 
to 0.12% for an individual weighing 3.29 g. In Macrobmchium brevicornis, 
Rajyalakshmi (1961) reported that the specific growth rate was highest in 
the young and decreased with age (size). Growth was observed to bear an 
inverse exponential relationship to size in M. rosenbergii (Rajyalakshmi, 
1964; Bhimachar, 1965). George (1959) also observed that in Metapenaeus 
monoceros growth rate decreased in larger specimens. To compare the pre- 
sent values of growth rates with those obtained for Palaemon lamarreii by 
Sitaramiah (1966), relative growth rates in percentages per day were also 
calculated using the method detailed in Fisher (1950) (Table V A). These 
values ranged from 0.048 to 1.95%. The average values for different weight 
ranges of prawns were calculated and are represented in Table V B. On the 
whole, the values are comparatively low but indicate that the daily relative 
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Log Y= 74202- 0.4766 (Log X- 2.7235) 

Body weight (mg) 

Fig. 2. Regression line indicating the relationship between the body weight of Palaemon 
Zamarreii and daily growth. 

growth rate also bears in an inverse relationship to body weight. 
The same species of prawn fed ad libitum for 85 days, with an initial 

weight per individual of 0.0366 g and absolute growth rate of 0.0007 g, a 
calculation, as below, shows a relative growth rate of 1.1357% per day as 
compared to the tabulated value of 2.69% (see Sitaramiah, 1966). If mi = 
initial weight, 
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TABLE V A 

Relative growth rates of Palaemon lamarreii reared individually (Series 1) 

prawn 
number 

Time 
alive in 

Live weight of prawn mf/mi Relative growth 
Initial (mi) Final (mf) rate (%/day) 

2 100 60.0 114.2 1.908 0.646 
3 100 70.0 125.9 1.748 0.587 
4 100 95.0 113.2 1.192 0.175 
5 91 90.0 126.1 1.403 0.372 
6 33 100.0 190.0 1.900 1.950 
7 100 190.0 192.8 1.928 0.656 
8 100 160.0 255.2 1.592 0.465 
9 100 220.0 336.7 1.531 0.427 

10 100 270.0 340.5 1.261 0.232 
11 100 270.0 347.5 1.285 0.258 
13 100 270.0 356.7 1.321 0.279 
14 80 300.0 352.5 1.175 0.202 
15 100 350.0 558.8 1.592 0.465 
16 100 400.0 526.7 1.317 0.276 
17 86 450.0 590.6 1.311 0.315 
18 100 500.0 706.5 1.413 0.346 
19 100 450.0 815.6 1.812 0.596 
20 31 700.0 764.8 1.093 0.298 
21 31 750.0 792.8 1.058 0.182 
23 35 850.0 896.8 1.055 0.153 
24 100 800.0 998.6 1.248 0.222 
25 100 900.0 1 353.1 1.503 0.408 
26 100 980.0 1 117.4 1.140 0.137 
27 31 980.0 1 048.2 1.069 0.216 
28 100 1 100.0 1 287.5 1.170 0.157 
29 100 1 090.0 1 310.7 1.204 0.186 
30 78 1 100.0 1 425.8 1.287 0.324 
31 100 3 040.0 3 421.0 1.127 0.120 
32 57 3 200.0 3 374.5 1.058 0.099 
33 100 5 320.0 5 585.5 1.049 0.048 

laboratory 
(days) 

(mg) (mg) 

TABLE V B 

Effect of body size on the relative growth rate of Palaemon lamarreii reared indi- 
vidually (Series 1) 

_~ 
prawn numbers Weight range Total number Relative growth rate 

(mg) of animals (%/day) 

2-7 50-150 6 0.490 f 0.210 
8-11,13-15 150-350 7 0.334 f 0.111 

16-25 400-900 10 0.312 f 0.135 
26-30 950-l 100 5 0.206 f 0.023 
31-33 3 000-5 300 3 0.089 f 0.052 
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In (mi + number of days X absolute growth rate per day) - mi 
x 100 

number of days 

In (0.0366 + 85 X 0.0007) - In 0.0366 
= x 100 = 1.1357. 

85 

The low values obtained in the present experiment (averaging 0.363) in com- 
parison to the recalculated value of 1.136% of Sitaramiah (1966) may be due 
to the controlled feeding schedule adopted during the present study, in con- 
trast to the ab libitum feeding adopted by Sitaramiah (1966). The low 
growth rate may also be due to high temperature, characteristic specific 
growth rate cycle and/or confinement to the aquaria, as suggested by other 
workers (Pearson, 1939; Hudinaga, 1942; Marshall, 1945; Lunz, 1958; Cos- 
tello and Allan, 1959; Eldred et al., 1961). 

Conversion efficiency 

The efficiency with which Palaemon lamarreii converted food material into 
body substance, ranged from 1 to 8% when fed individually (Tables II and 
III). The values did not show any appreciable change when the animals were 
fed in groups (Table IV). When represented in a loglog system, the values 
of conversion efficiency of the prawns in Series 1 bore a complex relation- 
ship to the body weight of the animals. 

Log conversion efficiency (%) = 0.4538 + 0.5805 (log body weight (mg) - 
2.4602) (Fig. 3 A). 

Beyond the maximum level, the regression analysis showed a slight decline in 
conversion efficiency, in relation to the body weight. 

Log conversion efficiency (%) = 0.5809 - 0.285 (log body weight (mg) - 
3.0788) (Fig. 3 B). 

However, this decline is not statistically significantly different from zero. 
The values of conversion efficiency indicate that P. Zamarreii of the size range 
of 600-800 mg converted food most efficiently. On the whole, the present 
values of conversion efficiency seem to be rather low, but are comparable 
to gross efficiency values obtained for adult Daphnia pulex (range: 0.43- 
1.25%) reported by Richman (1958). 

McLeese (1972 a and b) has stressed the importance of rearing decapods 
under laboratory conditions to ensure better growth of these animals. But he 
reported heavy mortality of the lobster Homarus americanus in captivity, 
although the food offered was sufficient, and attributed this mortality to the 
phenomena of both moulting and non-moulting. During the present study, 
however, a survival rate of 61% was obtained for Palaemon lamarreii even 
when the prawns were fed for only 4 h a day. It is likely that, if food is of- 
fered ad libitum, the survival rate would be even higher. The cannibalistic 
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- A:L‘J9 Y=O.4538+ 0.5805 (Log X-2.4602) 

B: Log Y= 0.5809-0.2855 (Log X-3.0788) 
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Fig. 3. Regression lines indicating the relationship between the body weight of Palaemon 
lamarreii and conversion efficiency (K, = increase in body weight (mg) X lOO/food intake 
(mg)). 

behaviour observed among P. lumarreii reared in groups may also be due to 
the restricted feeding schedule adopted during the present experiment. Per- 
haps, on ad libitum diet, this mortality due to cannibalism can be overcome. 
It is suggested that these prawns can be successfully maintained and grown in 
captivity. 

The dependence of metabolism on the body size has long been recognized 
as a variable of importance when comparing physiological activities of ani- 
mals (Von Bertalanffy, 1951). Pduemon Zamarreii in the size range 600-800 
mg exhibited the best conversion efficiency and hence this would be the 
ideal size range for conducting feeding experiments. 

The moulting process in crustaceans has been correlated with changes in 
their metabolism, rate of tissue growth and behaviour (Bittner and Kopanda, 
1973). Since Puluemon Zumurreii exhibited moulting at regular intervals, the 
moults themselves can probably be used to estimate the biomass of these 
prawns (see also Lasker, 1966). During the present study, the prawns fed 4 h 
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a day exhibited a low relative growth rate of 0.363%, underwent moulting 
once in 18 + 5 days and each cast moult averaged 14% of the animal’s dry 
weight. Since moulting is correlated with growth, it is conceivable that P. @- 
marreii fed food ad libitum and exhibiting a relative growth rate of 1.357% 
(Sitaramiah, 1966), would moult more frequently. Very frequent moulting 
would thus be adding a sizable quantity of organic matter to the detritus of 
a freshwater habitat. The quantity of organic matter added to the detritus 
deposit would, however, depend on the density of population of the prawns 
and the nutrient condition of the habitat. The importance of such organic 
detritus deposits in the sea has been discussed by Parsons and Strickland 
(1962). Dense deposits of these prawn moults would render the freshwater 
bottom sediments rich in chitin and protein and Sai Sastry (1973) has re- 
ported that such bottom material, rich in chitin and protein can be used as 
a good source of raw material for preparing various animal feeds. 

Further work on the feeding regime is in progress, to determine the ideal 
density and feeding schedule that should be adopted to ensure best survival 
and growth of Palaemon lamarreii in captivity and to promote the value of 
these freshwater prawns commercially. 
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