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Summary 
The effects of eleven chosen feeding levels ranging from 0 to 198 mg damp dry (plant) 
Ceratophyllumlg live snail /day on the absorption, conversion and metabolism of the 
snail Pi/a globosa (of 1·9 g body weight) have been studied . Absorption rates increased 
from 3·0 to 21·0 mg dry food /g live snail/day in snails fed 3-4-28'8 mg dry foodl 
g live snail/day. In these snails, absorption efficiency decreased from 87·5 to 73·0 %. 
Conversion rates increased from 0·3 mg/g/day for snails receiving 23-4 mg/g/day to 
2·7 mg/g/day for those fed maximum amounts, and the efficiency (K2) also increased 
from 1·9 % to 13·0 %. When compared to other gastropods, Pi/a globosa appears to 
be a poor convertor. Dudng 30 days' starvation, the test individuals lost 4·4 mg 
dry body substance/g/day i.e. the maintenance cost was 14·7 cal/g live snail/day. The 
SDA increased by four times for those feeding on maximum rations in comparison 
to those receiving about 5 mg/g/day, i.e. the energy cost for converting food was 
increased four times. 

Introduction 
Food intake has been shown to be one of the most important factors which determines 
the rate and efficiency of conversion (Ricker, 1946). In recent years, effects of feeding 
rate on conversion efficiency have been studied in a number of fishes by several workers 
(Gerking, 1955, 1971; Davies, 1963; Pandian, 1967; Pandian & Raghuraman, 1972; 
Davis, 1968 ; Brett, Shelbourn & Shoop, 1969; Hari Sethi, 1970). Barring a few 
workers (Gerking, 1955 ; Davies, 1963; Pandian, 1967), most of them have not con­
centrated on absorption. Secondly, these authors have chosen either carnivorous 
species or predominantly herbivorous omnivorous species, and fed them with animal 
food. Comparative work on the effects of feeding rates on absorption and conversion 
on the macrophytic herbivorous molluscs is totally wanting. Working on different 
species of Aplysia, Carefoot (1967, 1970) studied the effect of quality of food on 
absorption with reference to calorific content and amino acids. The present paper is 
a preliminary note concerning the effects of feeding rate on absorption and conversion 
in the freshwater snail Pila globosa red on the aquatic weed Ceratophyllum. 

Correspondence : Dr T. J. Pandian, Zoology Department, Madurai University P.G. Centre, Sri 
Palaniandavar Arts College, PALNT, Tamil Nadu, India . 



276 E. Vivekanalldan, M. A. Haniffa, T. J. Pandian and R . Raghuraman 

Materials and methods 
The snails were collected from Lake Idumban Kulam (palni) and reared in large 
aquaria in the laboratory (Haniffa & Pandian, 1974). Eleven groups each containing 
five individuals of about 2 g were recruited and kept in separate aquaria of 3-1 capacity. 
Experimental ind ividuals were fed for a period of 30 days on Ceratophyllurn at pre­
viously chosen feeding levels ranging from 0 to 198 mg damp dry plant/g live snail/day. 
Every day a control sample was dried to measure the corresponding water content of 
the damp dry food plant supplied. Unconsumed plants were removed every day and 
weighed to estimate the exact amount of food consumed. Appropriate corrections 
were made for tbe amount of plant substance produced due to photosynthesis during 
the experimental period in the test aquaria. Faecal pellets were collected every day by 
filtering the entire aquaria with minimum disturbance to the test individuals. The 
'sacrifice method' (Maynard & Loosli, 1962) was used to measure the initial and final 
dry weight of the experimental animals. 

The test individuals, their faeces and Ceratophyllum were dried at 105°C to constant 
weight in order to present data on absorption and conversion in terms of dry weight. 
Dry weight of food consumed minus dry weight of faecal pellets defaecated yielded 
the amount of dry food absorbed; the final dry weight of test individuals (indusive 
of shells) minus the respective initial dry weight of test individuals gave the amount 
of dry food converted. 

Results and discussion 
The rate and efficiency of nutrient matter absorbed and converted by the snails 
feeding on different rations are given in Table 1. The absorption rate steadily increased 
from 3·0 to 21·0 mg dry food/g live snail/day in the snails fed 3-4 to 28·8 (= 161 ·1 mg 
damp dry plant/g live snail/day) mg dry food/g live snail/day. Absorption efficiency, 
the amount absorbed as a percentage of Ceratophyllum consumed, progressively 
decreased from 87'5% to 73·0% (Table I). Since the test individuals did not accept 
more than 161 mg damp dry Ceratophyllum (28·8 mg dry plant/g live snail/day) 
under the laboratory conditions, it is very likely that the efficiency does not decrease 
below73%. 

Table 1. Pi/a globosa: rates and efficiencies of absorption and conversion as function of ration levels. 
Each value represents the average performance of five ind ividuals fed for 30 days at 28°C 

Absorption 
Feeding rate rate (mg dry Change in weight Metabolic rate Absorption Conversion 
(mg dry plant/ plant/g live (mg dry weight/g (mg dry weight/g efficiency efficiency (%) 
g live snail/day snail/day) live snail/day) live snail/day) (%) (K2) 

0 0 -4-4 4·4 
3-4 3·0 - 2 ' 1 5 ·1 87·5 
7'0 6·1 -1,8 7·9 86'0 

10·6 9'1 -2'1 11'2 85 ' 8 
14'0 11 ' 1 -2'0 \3·1 79'7 
18·7 \3·8 -2'1 15'9 79 '4 
20·6 15·7 +2'4 \3·3 76 · 3 15 ·0 
23'4 17 · 6 +0·3 17 ' 3 75'3 1'9 
25 ·8 19·1 +1·7 17·4 74 ·0 9·1 
27·4 19·7 +1'4 18'3 72·1 7·3 
28 ·8 21·0 +2·7 18·3 73 ' 0 13·0 



Energy transformation, Pila globosa 277 

The efficiency values available for macrophytic herbivorous animals are 78 % 
for the angelfish Holocanthus bermudancis (Menzel, 1959), 69 % for the urchins 
Strongylocentrotus intermedius (Fuji, 1967), and 70 % for the gastropod Tegulafune­
bralis (Paine, 1971). The efficiency values reported by Carefoot (1967,1970) for differ­
ent species of Ap/ysia fed several species of sea weeds range from 15 to 84 %. Most of 
the values obtained for Pila globosa fall within the values reported for other herbivor­
ous animals and give experimental evidence for the first time that feeding levels do 
not alter the absorption efficiency; this supports a similar finding of Conover (1966) 
for the microphytic herbivorous copepod Calanus hyperboreus. 

The gain in body substance increased from 0·3 mg/g/day for Pila globosa receiving 
23·4 mg/g/day to 2·7 mg/g/day for those fed maximum rations (Table 1). Conversion 
efficiency also increased from 2 % to 13 % (Table 1). The efficiency values reported for 
gastropods range from 20 to 28 % for Tegula (Paine, 1971) while those reported by 
Carefoot (1967, 1970) for different species of Aplysia are from .20 to 84 %. Pi/a globosa 
appears to be poor convertor (Fig. 1). FrO. 

The form'2l.a ~nergy balance is I = 1*+ C + R, where I is the intake of 
food, <J.O" . C, the conversion ancr-R, the metabolism (Petrusewicz & 
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Fig. 1. Pi/a globosa: effect of feeding rates on growth (conversion), metabolism (maintenance+ 
Specific Dynamic Action) and output of faeces in young snails fed Ceratophy/lum for 30 days at 28°C. 
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MacFadyen, 1970). Since I, A and C are estimated for Pila globosa, R has been calcu­
la.ted and given in mg dry substance oxidized/g li ve snail/day (Table 1; Fig. 1). Starved 
Pila lost 4-4 mg body substance/g/day, wnich represents the minimum energy cost 
of maintenance (Brody, (968). Data on maintenance requirement of snai ls are totally 
wanting but tnose available for fish range from 2·1 mg/g/day for the herbivorous Ush 
Tilapia mossambica (Pandian & Ragnuraman, 1972) to 6·2 mg/g/day for the carn i­
vorous fish Poecilia retieulata (Davis, 1968). Since 42 % of the present animal weight 
represents the shell, which is known to contain only about 1·1 % organic matter 
(Vinogradov, 1953), the shell may not have lost significant energy during starvation. 
Therefore, the matter lost by Pila globosa due to starvation may be entirely from the 
oxidation of soft tissue, which is known to contain 3682 ± 441 callg dry weight 
(Pandian et 01., 1974). Hence, the energy cost of maintenance of Pila globosa is 
(4'4 mg x 3682 cal/g ~) 14·7 callg/day. Taking the expenditure of 4·8 cal energy as 
equivalent to I ml of oxygen uptake (Engelmann, 1966), the minimum oxygen uptake 
of P. globosa can be calculated to be 0·13 ml O./g/h, which compares well with the 
values reported for other snails, e.g. Helieella (Kienle & Ludwig, 1956). 

Having estimated the minimum maintenance energy cost for Pila g/obosa, the 
level of Specific Dynamic Action (SDA), an extra heat increment incidental to the 
nutritive process in total, and including the energy cost of excretion of the end products 
(Brody, 1968), at each i?tion level has been calculated and is represented in Fig. I. 
The SDA is found to tie increased nearly four times at the maximum level of feeding 
in comparison to that at about 5 mg/g/day ration level, i.e. the energy cost for con­
verting food has increased four times (see Fig. 1). 
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