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Abstract. Increase in food supply produced elevated values of several parameters in energy
budget of both normal and starved individuals (P<O·OOI). Starvation accelerated the rates
of feeding, absorption and metabolism (3 times) and conversion (IY.. times; P<O·OOI). Pila
globosa starved for a month lost 79·5 mg dry weightjg live weight and the recovery periods
to attain the original body weight were estimated as 66, 72, 88, 32, 28 and 23 days between 8
and 20% rations.
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1. Introduction

This paper is in continuation of a series on food utilization in freshwater snails
exposed to different rations (Haniffa and Pandian 1974; Vivekanandan et al 1974;
Haniffa 1982), food combinations (Haniffa et al 1984; Haniffa and Sethuramalingam
1985), crowding and water level (Haniffa 1980) and aestivation (Haniffa M' A,
unpublished results). Starvation is by definition a condition in which the animal's
ration is not sufficient to balance its basal demand for energy. Under this condition
the reserve food energy within the body is utilized in order to make good the
difference between ration and respiratory loss (see Bayne 1973). Studies on the effect
of starvation on metabolism of molluscs are well documented (Martin and Goddard
1966; Emerson 1967; Emerson and Duerr 1967; Stickle and Duerr 1970; Uma Devi et
al1986), but that on food utilization is meagre (Haniffa and Mullainathan 1982). The
present work examines the effects of starvation on mortality, weight loss and food
utilization in a freshwater snail Pi/a qiobosa.
2. Material and methods

Active individuals of P. globosa were collected from the pond Idumban (Palni, Tamil
Nadu) and acclimated to laboratory conditions. About 150 snails of 12± 2 g live
weight were recruited after 12 h of exposure to air (Haniffa 1978a) and introduced in
groups of 25, into 6 glass aquaria (251 capacity). Water was changed once in two
days and the snails were starved for a period of two months; every week, mortality
rates and weight losses were recorded. Fifty snails, starved for a month were divided
into 10 groups, each containing 5 individuals and kept in troughs of 5 1 capacity.
Experimental snails were fed on Chara fragilis at chosen feeding levels ranging from
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2-20}~ of their respective live weights. Everyday a control sample of 5 g food plant
was dried at 85°C and weighed to measure its water content. Fifteen such starved
snails were dried and weighed to determine the initial dry weight. Unconsumed plant
was removed daily, dried and weighed to estimate the amount of food consumed.
Faecal pellets were collected daily by filtering the water from the entire trough
through a fine sieve of 160 11m. This experimental setup was maintained for a period
of one month.
The scheme of energy budget followed here is a slightly modified IBP formula
(Petrusewicz and Macfadyen 1970).

C (consumption) = P (growth) + R (metabolism) + F (faeces).
The sacrifice method (Maynard and Loosli 1962) was followed to estimate the initial
and final dry weight (inclusive of shell) of the test snails. Following the same
procedure energy budget was estimated for normal P. globosa and a comparative
analysis was made between starved and normal snails.
3.

Results and discussion

The data presented in table 1 show the mortality rate and weight loss of one month
starved P. globosa. Survival was 99'6% for one week-starved individuals and it
decreased to 70'6~/~ for the 7 week-starved snails. Total mortality during the tenure
increased from 0'4% in the first week to 29·4% in the last week and mean mortality
estimated after one month starvation was 10'5%. Following the least mean square
method, the slope was calculated as 1·032 (Y = 1·032x + 0'072). Analysis of correlation
coefficient confirmed that increase in the period of starvation resulted in heavy
mortality (P < 0'01). As the test individuals were forced to starve, it is possible to
suggest that the absence of food energy and the utilization of body reserve during the
course of starvation resulted in mortality (Uma Devi et al 1986). Weight loss via
metabolism (shell and body tissue) amounted to 2·65 mg dry weight for one month

Table 1. Effect of starvation on survival and weight loss of the freshwater snail
P. globosa.

Mortality
Period of
starvation
(weeks)

Survival

Week

Total

(%)

(%)

(%)

Shell

Flesh

1
2
3
4
5
6
7

99-6
97-8
93-9
89·2
83-3
76·9
70-6

0-4
1-8
3-9
4·7
5·9
6'4
6·3

0-4
2·2
6·1
10-8
16·7
23-1
29·4

1-20
0·74
0-62
0-39
0-33
0-23
0-32

3-01
3-21
1·70
0-71
0-59
0·54
0-006

4-21
2·96
2·32
1-10
0·92
0·77
0·33

-0-676
<0·001

-0-956
<0-001

Weight loss (mgdryjg live snail)
Total

Correlation coefficient

r-0-987
P<o-OOI

0-845
<0·01

0·987
<0·001

P<Q-OI, Significant; P<0-OQ1, Highly significant.

0-899
<0-001
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starved P. qlobosa and this accounted for 0'74 mg loss of shell weight/g live snail/day
i.e. those snails which survived one month starvation, exhibited 25% decrease in shell
weight. Increase in starvation period resulted in a loss of shell weight from 1·2 mg in
the first week to'0'32 mg in the 7th week (P<O·OOI). According to HanifTa (1978b),
shell weight of P. qlobosa which successfully survived 5 months of aestivation
exhibited 5'25~'~ decrease in total shell weight. P. globosa is capable of aestivating for
a period of 5 years (Hyman 1967) but starvation is not possible beyond 90 days.
Hence the weight loss via metabolism during starvation is comparatively more.
Working on the mortality rate of Lymnaea stagnalis, Jose et a! (1968) reported that
pond snails can survive a starvation period of 6 weeks by utilizing the reserve food
energy. Urna Devi et al (1986) reported that the tropical intertidal gastropod Morula
qranulata can be subjected to prolonged starvation of 70 days.
Increase in food supply/day enhanced the energy budget of P. qlobosa. Feeding
rate of normal P. qlobosa increased from 2·2 mg/g/day at 2~,~ to 18·4 mg/g/day at
20% ration level (figure 1). Corresponding increases in the rates of absorption and
metabolism were from 1·7- 13·7 mg/g/day and 4·2 -11·4 mg/g/day. The gain in body
substance increased from 0:5 mg at 10% to 2-2 mg/g/day at the maximum ration level
of 20%. Feeding rates estimated for one month starved P. globosa at different ration
levels ranged from 5·1 to 53·3 mg/g/day (figure 1). Starvation caused about 2 times
increase in food consumption; it might have stimulated the nerve centres controlling
the appetite and in response to this the snail consumed more food.
Both normal and starved P. globosa showed weight losses at lower rations (2-8%).
For feeding rates of 12·1 and 20·9 mg/g/day, a gain in weight of 0·5 and 1·2 mg/g/day
was' observed in normal and starved snails respectively. Maximum growth rate was
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Figure 1. Effects of starvation on the rates of physiological energetics of P, qtobosa.
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2·2 mg/g/day in normal snails and it increased to 3·4 mg/g/day for the starvec
P. globosa (figure 1). Haniffa and Mullainathan (1982) have also reported enhancement of conversion rate in the freshwater snail Viviparus variatus as a function 01
starvation.
Vivekanandan et al (1974) reported 14·7gcaljgjday as the minimum energy cost 01
maintenance of P. globosa exposed to starvation and 67·4 gcaljgjday as the maximum energy cost of living for an active P. globosa fed ad libitum on Ceratophyllun.
demersum at 28°C. Considering the calorific content of P. globosa as 3682 ± 444 g caljg
dry weight (Haniffa 1978b), the energy lost through metabolism in one month
starved P. globosa in the present investigation amounted to 9·8 gcaljgjday. When
compared with normal snail, the metabolic level of one month starved P. globosa was
lowered by 1l7th. The metabolic level of the aestivating snail was lowered by 1/18tt
of that of the normal snail (Haniffa M A, unpublished results). Similar observation,
on the capacity of the snail to lower its metabolic level have also been reported ir
P. virens (Meenakshi 1964), P. ovata (Visser 1965) and A1orula granulata (U rna Dev
et all986).
Increase in ration level caused rapid decrease in metabolism in normal snails but
the decrease was slow in starved P. globosa (table 2). Starved snails also showec
higher metabolic cost of 69-79% of consumption or 92-97% of absorption at higher
rations (12-20%) than normal snails (62-71% of consumption or 84-93% 01
absorption). Hence it is possible to suggest that higher metabolic cost may be
responsible for poor conversion efficiency in starved snails.
Increase in food supply enhanced the conversion efficiency from 5'6-12'1% ir
normal and 5,7-8-4% in starved P. globosa. Starvation elevated the values o.
conversion rate though the conversion efficiency actually showed decreases (table 2).
Net conversion efficiency in the present investigation ranged from 5·6-13·0 and frorr
3'0-8'4% for normal and starved snails respectively. Increase in ration level caused ~
decrease in absorption efficiency from 83-74% and from 93-76% in normal anc
starved P. globosa (table 2) respectively (Vivekanandan et al 1974; Haniffa 1982).
Absorption efficiency values reported for gastropods range from 73-88% for
P. globosa (Haniffa 1982), 57-89% for Littorina littorea (Grahame 1973), 73-88% for

Table 2. Effect of ration level on elliciencies of absorption and conversion and recovery period
to attain original weight by starved P. globosa.
Ration
level
(%)

2
4
6
8
10
12
14
16
18
20

Absorption
elliciency (%)
Normal

Starved

83-4
82·6
84-4
80·6
78·8
76·7
75·2
73·6
74·4
74·2

92·7
84·6
8Q-7
82·6
78·7
81·7
79·8
78·4
77-1
75·6

Starved

Total loss of
body weight
(mg dry/g
live snail)

5·7
4·5
3·7
3·0
7·5
7·5
8·4

79·5
79·5
79·5
79·5
79·5
79'5
79·5
79·5
79·5
79·5

Conversion
efficiency (%)
Normal

5·6
7-4
7·7
13-0
12·1

Recovery
period (days)

66
7~

72

88
32
28
23
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Gyraulus conoexiusculus (Vivekanandan and Pandian 1976) and 64-80% for
V. variatus (Haniffa and Mullainathan 1982).
Elevations in the rates of feeding, absorption, metabolism and conversion as a
function of ration level in normal and starved P. globosa were statistically significant
(P < 0'001). Starvation accelerated the energy budget of P. globosa and Student's t
test confirmed that this elevation was statistically significant (P < 0·001; figure 1).
Regression equations were fitted by the method of least squares and the coefficients
were used in analysis of variance (Zar 1974). It was confirmed that feeding and ration
level significantly influenced the absorption efficiency (P < 0·05 and < 0'01) and
conversion (P < 0,05) but the difference in metabolic rate (as percentage of
consumption or absorption) was not significant (P > 0,05) as a function of feeding or
ration level (table 1).
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