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Aerial respiration of Cerithidea (Ce rith ideop silia) cingulata (Gmelin)
and Cerithium coralium Kiener in relation to body weight
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Abstract. An exponential increase in oxygen consumption was observed with increase in
size of Cerithidea cingulata and Cerithium coralium at 25°C. The band (b-l l values were
calculated for both. The aerial regression values were compared with aquatic values.
Keywords. Aerial respiration; cerithiids; aquatic respiration; body size; Cerithidea
cingulata; Cerithium coralium.

I.

Introduction

Population of cerithiids form an important part of the total animal biomass of the
backwater system of Bhimilipatnam, 35 km from Visakhapatnam. Therefore, the
impact of these animals on the energy and nutrient budgets of the ecosystem needs
to be investigated. The present investigation is a part of the study representing the
effect of body size on the aerial respiration of C. cingulata and C. coralium. Moreover, these cerithiids inhabit different regions of backwater system: C. coralium
towards wave-swept regions and C. cingulata towards more exposed area.
Investigations on the aquatic and anaerobic metabolisms of these cerithiids have
already been reported (Prabhakara Rao and Prasada Rao 1981a,b).
2. Material and methods

The animals collected from the backwaters of Bhimilipatnam, were kept in the
laboratory for 24 hr in running seawater (32%). They were not fed before and
during, experimentation. Respiratory measurements were made using Warburg
Respirometer (B. Braun, Apparatebau. Melsungen) (Umbreit et a11959) with 25 ml
flasks. Potassium hydroxide solution (10%) was used to absorb carbondioxide. The
bottom of the flask was wetted with Whatman 42 filtered seawater. Aerial oxygen
consumption was determined at a constant temperature of 25°C. Preliminary
experiments showed that the aerial oxygen consumption was fairly constant for 24
hr after acclimation of 3-4 hr. Single animal was used in each experiment. Respiratory measurements were taken every 2 hr interval over a period of 6 hr. In
smaller animals, readings were taken after 6 hr and the average hourly oxygen
consumption was calculated. After the experiment, the soft parts were removed after
breaking the shell and dried to a constant weight at 110°C. Sixty animals were used
for the experiment and they were assorted into 14 (dry weight of soft parts ranges
from 11 to 167 mg) and 11 (dry weight of soft parts ranges from 8 to 73 mg) size
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groups in C. cingulata and C. coralium respectively. Animals of about the same
body weight were all averaged into-different size groups and only the average body
weight and hourly oxygen consumption were considered for the presentation of the
data and statistical analysis. The allometric equation O2 = a W b (Zeuthen 1953)
was used to express the relationship of oxygen consumption to size. The regression
values were calculated using the method of least squares (Snedecor and Cochran
1967). The regression lines were fitted for the calculated values and the observed
values were plotted over them. For comparing the regression coefficients, t values
were calculated following Student's t test (Goulden 1962).

3. Results
In both the animals, a positive correlation was obtained when oxygen consumption
was plotted against body weight on a double log plot (figure 1) and a negative linear
correlation was observed when the plot was drawn for metabolic rate against body
weight (figure 2). Oxygen consumption increased with increase in weight in both
the animals and exhibited an exponential relationship. A regression value of 0.756 .
was observed for C. cingulata and 0.8943 for C. coralium. The corresponding
regression value for weight specific oxygen consumption is -0.244 in C. cingulata
and -0.1057 in C. coralium. The former positive values represent b and the latter
negative values correspond to (b-1). These values with their standard errors are
furnished in table 1.
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Figure 1. Relationship of oxygen consumption (aerial) and body weight in Cerithidea
cingulata (0) and Cerithium coralium (e).
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Relationship of metabolic rate (aerial) and body weight in Cerithidea

cingulata (0) and Cerithium coralium (e).

Table 1. The coefficients of weight specific oxygen consumption of C. cingulata and
C. coralium and comparison with other regression coefficients.
No.

Cerithidea
cingulata
r:0.97v3
Sb :0.05439 14

Cerithium
Co ralium
r : 0.9802
Sb : 0.05284 11

b

0.7560

0.8943

(b-I)

-0.2440

-0.1057

Aquatic values of
C. cingulata:
0.6518
C. coralium:
0.7667

Poikilotherms
Hemmingsen:
0.75

Mollusca:
0.7

0.0060
0.1103
0.1000

0.0560
1.02%
0.1000

0.1000

0.1042
1.9158
0.1000

0.1443
2.7309
0.1000

0.1943
3.6771
0.1000

0.1985
3.7566
0.1000

0.1276
2.4148
0.1000

Common

regression
value of
Patella:
0.6958

0.0602
1.1068

Under each animal is given the correlation coefficient and the standard error of the regression
coefficient; Under each comparison are given the differences in the regression coefficients, the z-value
and the probability of obtaining a t value greater than or equal to the observed value.
t value for C. cingulata and C. coralium at 0.1000 level of significance: 1.8238.

4. Discussion
The ability of poikilotherms to respire both in air and water was first reported by
Raffy (1933) and in some of the Iittorines by Fisher et al(1933). Later aerial oxygen
consumption was demonstrated in many other molluscs (Newell 1979; Houlihan
1979; Widdows et a11979; Griffiths 1981). In the present investigation both the
animals exhibited aerial respiration but they showed changes with the weights. It is
evident that the oxygen consumption per unit time is less in smaller animals, but the
metabolic rate or weight specific oxygen consumption is high for smaller ones and
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less for larger ones. The aerial oxygen consumption exhibited an increase with
0.756 and 0.8943 power of the body weight and the weight specific oxygen
consumption with -0.2440 and -0.1057 power of the body weight in C. cingulata
and C. coralium respectively.
The b values of C. cingulata and C. coralium show a departure from the 'surface
law of Bertalanffy (1957) who proposed a quantitative relationship between
metabolism and growth in various animals. A comparison of the b values of both
the animals reveals that the value of C. coralium is significantly different (p<O.I)
from that of C. cingulata (table 1). Similar relationship has also been observed in
aquatic rates of respiration of these cerithiids (Prabhakara Rao and Prasada Rao
1981a). They have reported regression values 01'0.6518 for C. cingulata and 0.7667
for C. coralium for aquatic respiration. It is apparent from the comparison of
aerial and aquatic regression values (table 1) that the regression values of aerial
respiration are significantly different (P<O.1) from that of aquatic respiration in
both the animals. According to Zeuthen (1947), the b value for molluscs was 0.7
but Hemmingsen (1960) reviewed the literature on this aspect and a b value of 0.751
was proposed for poikilotherms. A comparison of the aerial regression values of
both the cerithiids with that of 0.7 for molluscs of Zeuthen (1947) and 0.751 of
Hemmingsen (1960), shows no significant difference (p>O.I) for C. cingulata, while
significant difference (P<O.I) was observed for C. coralium. Davies (1966) made
intraspecific and interspecific comparison of Patella species, P. aspera and
P. vulgata from different levels and found that there was no significant difference
in the effect of body weight on the metabolic rate. Therefore, a common
regression coefficient of 0.6958 was adopted by him. This value (0.6958) was
compared with the aerial regression values of the cerithiids. In C. cingulata, no
significant difference was found (P>O.I) but in C. coralium, there was a significant
difference (P<O.I) (table 1). However, it is clear that the regression value of
C. cingulata is not significantly different and that of C. coralium is significantly
different when compared with other regression values (table 1) showing species
specificity as reported earlier for aquatic respiration (Prabhakara Rao and Prasada
Rao 1981a).
Murdoch and Shumway (1980) measured the aerial and aquatic oxygen
consumption of six species of chitons in relation to size and habitat. They observed
that the regression values of aerial respiration (0.62-0.82) were found to be higher
than that of aquatic regression values (0.37-0.48) in all six species. Toulmand
(1967) also observed low b values in water (0.34-0.55) than in air (0.62- 0.79) in
several species of Littorina. In the present investigation, the results of high aerial
regression values than that of aquatic, corroborates with those reported by
Murdoch and Shumway (1980) and Toulmand (1967). They suggested that this
variation might be due to their difference in the respiratory surfaces exposed to
water or air.
From a comparison of aquatic (Prabhakara Rao and Prasada Rao 1981a) and
aerial rates of respiration, it is clear that the aquatic rates are higher than the aerial
rates. Similar increase of aquatic rates were observed in Mytilus edulis,
M. galioprovincialis, Cardium edule and Modiolus demissus (Widdows et aI1979).
Micallef (1967) stated that the ability of the species to utilise atmospheric oxygen
was one of the factors to determine their distribution. Murdoch and Shumway
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( 1980) reported that high shore chitons had higher or equal respiratory rates in air
than in water, while low shore chitons had higher aquatic than aerial rates of
respiration. Therefore, from the higher rates of aquatic respiration in cerithiids, it
is obvious that these animals are more adapted to aquatic respiration than to aerial
respiration. In the habitat, these animals have adapted to take aerial oxygen
during low tide period. Figure 1 also shows that the aerial rates of C. cingulata are
higher than that of C. coralium. This might be due to its distribution: C. cingulata
is more adapted to take aerial oxygen, because of its distribution towards more
exposed areas, whereas, C. coralium is less adapted to aerial respiration because of
its distribution towards wave-swept regions in the habitat. Similar habitat
relationships were also reported by Sandison (1966) in Thais lapillus. Littorina
littorea. L. littoralis, and L. saxatilis: Micallef (1967) in Monodonta turbinata,
Gibbula umbilicalis, G. cineraria and Callistoma zizyphinumi, Boyden (1972) in
Cerastoderma edule and C. glaucum; Coleman (1973 and 1976) in Mytilus edulis
and Modiolus modiolus; Bannister (1974) in Patella caerulea and Pilusitanica:
Bayne et al (1976) in Mytilus californianus; Branch and Newell (1978) in Patella
cochlear, P. oculus and P. granularis; Houlihan (1979) in Cerithidea obtusa,
Cassidula aurisfelis and Nerita articulata and Murdoch and Shumway (1980) in six
species of chitons.
Coleman (1973) observed low rates of respiration in Mytilus edulis during
exposure to air and correlated this reduction in metabolism of M. edulis to the
saving of energy and food reserves. However, Kuenzler (1961), Houlihan (1979)
and Griffiths (1981) made it clear that aerial respiration also plays a significant role
in meeting the energy demand of the animals during aerial exposure when there is
the occurrence of neap tides. Further investigations on the study of energy budget
of these animals during aerial exposure are in progress.
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