
J .  N A R A ,  31, (1984) 109—122

A  Comparative Study of the Morphometries and the 

Proximate Composition of Two Edible Molluscs 

C ra sso strea  cu cu la ta  (Born) and P ern a  p ern a  (L)

B y

W . M . In d r a s e n a *

ABSTRACT

The morphometries and the bio-chemical characteristics of the common oyster, C ra sso t re a  

c u c u la t a  (Born) and the mytilid, P e r n a  p e rn a  (L) were studied.

In the oyster, the length was found to be positively correlated with breadth and total 
body weight. There was also a positive relationship between the total body weight and the 
total muscle weight. In the mytilid the total body weight was positively correlated with 
length and total muscle weight. The muscle weight was also found to be highly correlated 
with the length. In both animals the relationship between the length and the total body 
weight was curvilinear. In the oyster, the protein content was found to increase with the 
total body weight and the total muscle weight. In the mytilid the protein content increased 
not only with the total body weight but also with the length. In both animals, the relative 
content o f  protein is higher than that of carbohydrates, lipids and ash.

Introduction

The oyster, C r a s s o s t r e a  cu cu la ta  (Born) and the mytilid, P e r n a  p e rn a  (L) are both edible, 
bivalve molluscs. C ra s s o s t r e a  cu cu la ta  is characterised by strong chomata which circle the 
entire margin of both valves. The right valve is flat and carries many growth squamae. The 
left valve has a large attachment area and on the surface a number of non appressed growth 
squamae and a series of rough irregular rounded dichotomous radial folds.

P e r n a  p e r n a  is elongate, trigonal and large in size and is commonly known as “the 
brown mussel”. The valves are strongly inflated particularly at the anterior region. The 
shell is covered with a thin brown periostracum and the interior is pearly. The brown 
colour is more pronounced at the ventral and posterioventral margin. The beak is close 
to the anterior margin and the ventral margin is entire.

* National Aquatic Resources Agency, Crow Island, Colom bo 15, Sri Lanka.
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Mitchiel (1915), showed that the glycogen content o f oysters changes with the seasons. 
Their chemical contents were also found to vary with the seasons, but not with the 
size or weight. Masumoto et al (1934) working on the oyster, Ostrea gigas reported that 
the glycogen, fat and total nitrogen content also showed seasonal fluctuations which correlated 
with the reproductive cycle.

Other workers who have studied the bio-chemistry of bivalves include Hatawa (1952), 
Venkataraman & Chari (1957), Collyer (1959) Giese (1969), Kaister et al(1969), and Idler 
et al (1972). Certain morphometric parameters for Mytilus viridis o f  Indo-Pacific region have 
been given by Kew et al (1972).

Until now very few biological studies have been carried out on Sri Lankan marine 
bivalves.

Perera & Arudpragasam (1966) worked on the animals living in association with
C. cuculata. Pinto & Wignarajah (1980) who worked on the ecology o f C. cucidata have 
shown that the largest number o f living oysters along with spat occur during the month 
o f April in the South West parts o f Sri Lanka. This study was undertaken to obtain infor­
mation regarding the morphometries and the bio-chemistry o f C. cuculata and P. perna as 
related species have been reported to be rich sources o f protein.

Materials and Methods

Oysters and mytilids o f medium size were collected from the Negombo reef. They 
were brought to the laboratory immersed in sea water. The parameters such as total body 
weight, length, weight without shell (total muscle) and maximum breadth were measured. 
The fresh muscle was then transferred to individual foil containers and placed in a oven 
maintained at 80°C. After 2-3 days, when their weight was more or less constant, they were 
powdered and transferred to clean, dry, glass vials and stored in a dessicator.

For the determination of protein content, Biuret reagent was used (Rayment, 1964) 
Total carbohydrate content was determined according to Dubois, 1956. The total lipid content 
was obtained using chloroform-methanol extraction method according to Floch (1957) and 
ash content was obtained according to the method adopted by Giese, 1967. The water content 
was obtained by weighing before and after drying the muscle.

Results

The relationship between log-length and log-total body weight is shown in Fig. (1) and 
the relationship of total body weight and total muscle weight is shown in Fig. (2). The 
correlation coefficient, slope, regression equations and the significance of relationships of 
length and breadth, length and muscle weight are shown in Tables (1) & (2).
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9  Crassostria cuculata 
O  P . pema

Fig. 1
P. perna

* 2.14W =0.668 L
(Cor. coef, ■=0.943)

u. cuculata

W °=12.25L0,725 
(Cor, coef. =0,543)

pig. i . _  Relationship between Log-length and Log-total body weight of C. cuculata andP . perna.
Fig. 2.— Relationship between total body weight and total muscle weight.



TABLE 1

REGRESSION EQUATIONS, CORRELATION COEFFICIENTS, SLOPES AND SIGNIFICANCE OF MORPHO­
METRIC RELATIONSHIPS OF CR ASSOSTREA CU CU LATA

1 1 2  A COMPARATIVE STUDY OF THE MORPHOMETRICS AND THE —  PROXIMATE

Relationship slope correlation Regression Significance
coefficient equation

I. Length &  breadth 0.6191 0.6401 y = 0 .6191x4-0.79 S

2. Length &  body weight 4.61 0.324 y = 4 .61x4-16.36 N S

3. Length &  muscle weight 0.409 0.390 y =0.40x4-1.1 N S

TABLE 2

REGRESSION EQUATIONS, CORRELATION COEFFICIENTS, SLOPES AND SIGNIFICANCE OF MORPHO
METRIC RELATIONSHIPS OF PER N  A PER N  A

Relationship slope Correlation Regression Significance
coefficient equation

1. Length &  breadth 0.067 0.8414 y = 0 .067x4-1.5076 S

2. Length &  body weight 10.535 0.9399 y =0.9399x4-30.99 S

3. Length &  muscle weight 2.954 0.6926 y = 2 .95x4-8.002 S

Chemical composition of the muscle

The chemical composition of the muscle of the oyster, C. c u c u la t a  and of the mytilid,
P .  p e r n a  is shown in Tables 3 and 4 respectively. The relationship of the total muscle 
weight to protein, carbohydrate, lipid ash and water are given in Figs. 3,4,5,6, and 7 res­
pectively.
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Fig. 3

Fig. 4

Fig.' 3 .— Relationship between total muscle weight and protein content o f C. cuculata and P. perna.
Fig.- 4 ,— Relationship between total muscle weight and carbohydrate eontent of C. cuculata and P. perna.
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Fig. 5

Fig. 6

P  perna
y =  0.01 x +  4.03 

(Cor. coef. 3.078)

C. cuculata 
y. *= 0.12 x +  6.8 

(Cor. coef. 3.06)

C. cuculata

P. perna

Fig. 5.— Relationship between total muscle weight and lipid content of C. cuculata and P. perna
Fig. 6.— Relationship between total muscle weight and ash content of C. cuculata and P . perna
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Fig. 7

P . perna
y  =  -0.21 x +  74.1 

(Cor. coef. == -0.38)

C . cuculata 
y =  -0.25 x +  71.9 

(Cor. coef. =  -0.03

C . cuculata

(P. pema)

Fig. 8

C . cuculata 

y =  -0.14 x +  61.1 
(Co. coef. =  -0.17)

P . perna

y =  -2.91 x +  63.3 
(Cor. coef. =  -0.71)

C . cuculata 

P . perna

F ig. 7.—  Relationship between total muscle weight and water content o f C. cuculata and P . perna. 
F ig. 8.—  Relationship between water content and protein content o f C. cuculata P. and pema.
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T A B L E  5

r e g r e s s io n s  e q u a t io n s  a n d  t h e ir  s i g n i f ic a n c e  o f  r e l a t i o n s h i p s  o f  t h e  t o t a l  b o d y

W E IG H T  W IT H  B IO  C H E M IC A L  C O M P O N E N T S  O F  C. cuculata

Relationship Slope Correlation
coefficient

Regression
equation

S ig n ifica n ce

I. Protein &  Total body weight.. 3.168 0.7007 y = 3 .168x4-42.09 S

2. Carbohydrate &  Total body weight -0.0169 -0.052 y =  -0.01x4-15.5 N S

3. L ip id  &  Total body weight .. -0.265 -0.476 y =  -0.21x-i-8.152 N S

4. A sh  &  Total body weight 0.026 0.218 y= 0 .09 6 x+ 5 .34 N S

5. W ater &  Total body weight .. : . , -1.579 -0.366 y =  -1.579x4-178.2 N S

, T A B L E  6

R E G R E S S IO N  E Q U A H Q N S  A N D  T H E IR  S IG N IF IC A N C E  O F  R E L A T IO N S H IP S  O F  T H E  
W E IG H T  W IT H  B IO -C H E M IC A L  C O M P O N E N T S  O F  P . P E R N  A

T O T A L  B O D Y

Relationship ' Slope Correlation Regression 
coefficient equation

Sign ificance

1. Protein &  Total body weight 0.518 0.841 y = 0 .518x4-48.1 S

2. Carbohydrate &  Total body weight -0.148 -0.413 y =  -0.148x4-11.74 N S

3. L ip id  &  Total body weight .. -0.361 -0.512 y =  -0.362x4-31.49 N S

4. A sh  &  Total body weight 0.023 0.288 y=0.0234-x3.4 N S

5. W ater &  Total body-weight .. . . -0.115 -0.734 y =  -0.1154-75.09 S

The regression equations, slopes, correlation coefficient and significance of relationships 
o f the length with protein, carbohydrate, lipid, ash and water are shown in tables 7 and 8  
respectively;

, T A B L E  7

R E G R E S S IO N  E Q U A T IO N S , S L O P E S , C O R R E L A T IO N  C O E F F IC IE N T  A N D  T H E IR  S IG N IF IC A N C E  O F  
R E L A T IO N S H IP S  O F  T H E  L E N G T H  W IT H  B IO -C H E M IC A L  C O M P O N E N T S  O F  C R A S S O S T R E A  C U C U L A T A

Relationship • ‘ Slope Correlation
coefficient

Regression
equation

Significance -

1. Protein &  ldngth 1.667 0.240 y = l . 667x4-49.59 N S

2. Carbohydrate &  Length -0.358 0.472 y =  -0.358x4-10.93 N S

3. L ip id  &  Length -0.717 -0.3339 y =  .-2.717x4-37.65 N S

A . A sh  &  Length—  _  ... .. . .. • 0.484. .0,2521 . _ y=0 .484x 1-3.75 . n s  .

5. W ater &  Length — -2.980 -0.372 y =  -2.98x4--88.259 • '" 'N S
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T A B L E  8

R E G R E S S IO N  E Q U A T IO N S , S L O P E S . C O R R E L A T IO N  C O E F F IC IE N T S  A N D  T H E IR  S IG N IF IC A N C E  O F  
R E L A T IO N S H IP S  O F  T H E  L E N G T H  W IT H  B IO -C H E M IC A L  C O M P O N E N T S  O F  P . PER N  A

Relationship Slope Correlation
coefficient

Regression . 
equation

Significance

1. Protein &  Length . . •• 0.6465 0.1378 y = o ! 6465x4-53.6 ' ns

2. Carbohydrate &  Length -0.5513 -0.0465 y =  -0.551x4-20.77 N S

3. L ip id  &  Length -3.919 -0.3682 y =  -3.919x4-43.299 N S

4. A sh  &  Length . . 0.370 0.348 y = 0 .37x4-2.176 N S

5. W ater &  Length , . -1.5171 -0.82 y— -1.511x4-80.324 ,  ' S '  -

The regression equations, slopes, correlation coefficient and the significance o f relation­
ships o f the breadth with protein, carbohydrate, lipid, ash and water contents are shown in 
Table 9 and 10. 4

T A B L E  9

R E G R E S S IO N  E Q U A T IO N S , S L O P E S , C O R R E L A T IO N  C O E F F IC IE N T S  A N D  T H E  S IG N IF IC A N C E  O F  T H E  
R E L A T IO N S H IP S  O F  T H E  B R E A D T H  W IT H  B IO -C H E M IC A L  C O M P O N E N T S  O F

CR O SSO STREA C V C U LA T A

Relationship Slope Correlation 
coefficient.

Regression,
equation

Significance

1 Protein &  Breadth 0.993 0.165 y=0 .993x 4-51.94 N S

2. Carbohydrate &  Breadth -0.083 0.031 y =  -0.083x 4-16.84 N S

3. L ip id  &  Breadth .. -1.917 -0.257 y =  -1.917x4-30.46 N S

4. A sh  &  Breadth 0.297 0.163 y=0 .279x 4-5.42 N S

5. W ater &  Breadth -1.179 -0.168 y =  -1.179x 4-75.854 N S

T A B L E  10

R E G R E S S IO N  E Q U A T IO N S , S L O P E S , C O R R E L A T IO N  C O E F F IC IE N T S  A N D  T H E  S IG N IF IC A N C E  O F  T H E  
R E L A T IO N S H IP S  O F  T H E  B R E A D T H  W IT H  B IO  C H E M IC A L  C O M P O N E N T S  O F

PERNA PERNA

Relationship Slope Correlation
coefficient

Regression
equation

Significance

1. Protein &  Breadth 0.646 0.137 y=0 .646x 4-53.6 N S

2. Carbohydrate &  Breadth -0.413 -0.123 y =  -0.413x 4-14.73 N S

3. L ip id  &  Breadth .. -6.075 -0.481 y =  -6.075x 4-38.5? N S  '

4. A sh  &  Breadth .. -0.502 -0.136 y =  -0.502x 4-5.13 N S

5. W ater &  Breadth -3.456 -0.306 y =  -3.456x 4-78.4 N S
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The relationship between protein content and water content is shown in Figure 8 . 
Regression equations* slopes, correlation coefficients and the significance o f the relationship 
o f water with percentage lipid in C. cuculata and P. perna are shown in Table 11.

T A B L E  11

R E G R E S S IO N  E Q U A T IO N S , S L O P E S , C O R R E L A T IO N  C O E F F IC IE N T S  A N D  T H E  S IG N IF IC A N C E  O F  T H E  
R E L A T IO N S H IP  O F  W A T E R  W IT H  P E R C E N T A G E  L IP ID  IN  C. C U C U L A T A  A N D  P . P E R N A

Relationship Slope Correlation
coefficient

Regression
equation

Significance

C . cuculata 1. L ip id  &  water -0.494 -0.358 y —  -0.494x +86 .1 N S

P . perna 2. L ip id  &  water 0.003 0.088 y=0 .003x +21.5 N S

Discussion

Merphometrics :

According to Fernando (1970), the bivalve molluscs show an increase in length which 
is accompanied by an increase in total body weight. In the present study, the mytilid show a 
significant relationship between the length and total body weight, length and breadth and length and 
total muscle weight. The regression analysis shows that in oysters, the correlation coefficient 
between total body weight and length is 0.3126 with a non significant positive relationship 
between the two parameters. This correlation coefficient is even higher than the above value 
when the graph is curvillinear (The relationship between Log-weight and loglength). This 
result is seen more clearly for mytilids than for oysters. This may be due to the fact that 
the true total body weight o f the oyster was difficult to ascertain as complete extraction o f  
the oyster from the substratum was very difficult. The relationship between total body weight 
and length for Crassostrea cuculata was very similar to that obtained by Wilber (1966) for 
Ostrea.

Increase in shell length for both oyster and mytilid is seen to be accompanied by 
an increase in total body weight. Total muscle weight also increases significantly, with 
increase in total body weight in both organisms. These conclusions for the mytilid are similar 
to these shown by K ow  et al (1972) who analysed the morphometric parameters o f M . viridis 
o f  the Indo-Pacific region.

Chemical composition o f body Muscle :

From the present study it is evident that the total muscle weight, total body weight 
length and breadth each separately had a nonsignificant negative relationship with percentage 
water content.

In the case o f mytilid, the relationship between total body weight and the percentage 
water content were found to be statistically significant at 5% significant level. This negative 
relationship may be due to the substitution o f synthesized bio-chemical components in place 
o f water. This phenomenon has been reported also for fish by Zaitesey et al (1969).

Total muscle weight, total body weight, length and breadth separately had a positive 
relationship with percentage water content. Percentage water content decreases with increase, 
in protein content (Fig. 8). This could be explained on the basis that synthesized amino 
acids may replace water in intesticial tissues.
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Total muscle weight, total body weight, length and breadth each separately had a 
nonsignificant negative relationship with percentage carbohydrate content. However the total 
carbohydrate content of both oyster and mytilid, when compared with that o f fishes is rather 
high. This is probably because both mytilid and oyster are filter feeders feeding mainly on 
algae, phytoplankton and other small organisms.

All these parameters show nonsignificant relationships with lipid content although the 
lipid content decreases with increase in size and the weight of the body. When the lipid 
contents o f the oyster and the mytilid are compared it is seen that in the oyster, the lipid 
content is greater than in the mytilid.

In both animals the ash content increased non significantly with length, breadth, total 
muscle weight and total body weight. They live in aquatic environments and therefore they need to 
osmoregulate. For this purpose they have to obtain various ions from the environment 
and retain these ions in the blood and body fluids. These ions are proportionately more 
in large individuals and therefore the ash content will be more in large animals. That various 
ions K , Na, Ca, Mg, P, are retained in this manner in Mytilus edulis have been reported 
by Robertson (1949) and Robertson (1964).

Comparison o f bio-chemical components in both animals :

A  considerable proportion of the percentage dry weight in both animals is protein 
and there is no significant difference in percentage protein in the two organisms. There is 
also no significant differences in the percentage lipid content in both animals. Similarly there 
is also no significant difference in the percentage water content in both animals.

The range of protein as percentage dry weight is wide (oyster, 45%-78%; mytilid 
54% -78% ) when compared with other bio-chemical components (Table 12).

TABLE 12

RANGE OF BIO-CHEMICAL COMPONENTS

Bio-chemical
Component

C . cuculata P . perna

Dry Wet Dry Wet

1. Protein . .45.0% — 78.0% 13.5% — 17.5% 54.0% — 78.0% 15.1% — 19.9%

2.. .Carbohydrate .. 1 .8% — 22.0% 0 .4 % —  6 .5 % 6.0 % — 21.0% 0 .7 % —  5 .4 %

3. L ip id .; ;. 8 .9 % — 37.6% 2.0 % — 11.1% 5 .6 % — 34.4% 1 .6 % —  9 .0 %

4. A sh .. 2 .2 % — 13.2% 0 .4 % —  2 .9 % 1 .8% —  7 .1 % 0 .4 % —  1 .9%
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