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ABSTRACT

Chatterji, A., Ansari, Z.A., Ingole, B.S. and Parulekar, A.H., 1984, Growth of the green
mussel, Perna viridis L., in a sea water circulating system. Aquaculture, 40: 47—55.

Growth of the green mussel, P. viridis L., was studied in a sea water circulating system
for 12 months. The maximum growth rate was recorded during March—May, coinciding
with the maximum abundance of phytoplankton, The other hydrological parameters did
not show any marked correlation with growth rate, which was chiefly influenced by the
availability of food. A significant relationship was noted between the shell length and
total weight of the mussel, i.e.

W =3.7522 L1307

The maximum growth rate (91.62%) was recorded at an early stage and was followed by
a sharp decline to 5.78%. The growth pattern of the mussel fitted well with the von
Bertalanffy growth equation:

Lt=110 (1_e—o.uu (t+o.osao))

INTRODUCTION

The green mussel, Perna viridis L., is widely distributed along the Indian
coasts. It contributes to a sustenance fishery, particularly along the south-
west coast (Jones and Alagarswami, 1973). Mussels are a cheap source of
protein and have been cultured with great success at various places in India
(Qasim et al., 1977; Nagappan Nayar, 1980; Parulekar et al., 1982). Much
information is available on green mussel ecology and various attempts have
been made to study the cultivation problems. Most of the earlier works re-
port on natural bed or open sea mussel culture but this study describes the
growth rate of mussels in an unfiltered sea water circulating system.

MATERIALS AND METHODS

Mussel spat measuring 5—10 mm in length were collected from a natural
bed during March 1982, cleaned, and_ allowed to attach to a rope hanging

0044-8486/84/$03.00 © 1984 Elsevier Science Publishers B.V.



48

from a raft as described by Qasim et al. (1977). About 100 individuals were
attached to a rope and ten such ropes were transferred to a 10 m? fibre-glass
experimental tank containing sea water pumped daily by a stainless steel 15
HP centrifugal pump (Chatterji et al., 1983). Transplanted mussels on ropes
were monitored regularly and mortality, if any, recorded. However, mortali-
ty observed was negligible.

Hydrological parameters of the tank sea water were determined fortnight-
ly using the methods of Strickland and Parsons (1968). The phytoplankton
cells were counted by collecting 250 ml sea water samples from the inlet
supply line of the fibre-glass tank. Lugol’s iodine (0.5 ml) solution was added
immediately and a subsample of 1 ml was withdrawn into a Sedwick Rafter
cell for estimating total counts.

Monthly samples of 20 tank mussels were taken at random and measured
to the nearest 1 mm with Vernier Calipers and the weights determined with
a single pan Sartorius balance. The specimens were discarded after recording
the measurements. The relationship between total length and mussel weight
was worked out by regression analysis (least square method). The weight
of each individual at each length interval was calculated by the allometric
equation W = g Lb (where W is the weight of the mussel, L the length anda
and b are additive and multiplying constants, respectively) and the length—
weight curve was plotted.

Mean monthly length attained by the mussels was calculated and specific
growth rate (G) for each month was found by the following formula:

G =[(logeL,-logeL,)/(T,- T))] X 100 (Bal and Jones, 1960)

where L, and L, are the lengths at the times 7, and T\, respectively. The von
Bertalanffy growth equation was fitted to the total length as described by
Chatterji et al. (1979).

RESULTS

The hydrological factors and their relationship with growth rate of the
green mussel are shown in Fig.1 and the the specific growth rates are given in
Table I. Growth rate was maximum during March—June and lowest during
September—October; this coincided with the abundance of phytoplankton
cells which was highest during March—May and lowest during the monsoon
(June—September). There was a subsequent increase in the post-monsoon
(October—June) resulting in a further increase in the growth rate during the
post-monsoon.

Although water temperature did not show any consistent relationship
with the growth rate, a high temperature during April--May coincided with
a high growth rate in the same period. Salinity was found to be positively cor-
related with the growth rate of the mussel. High growth rate coincided with
high salinity (Fig. 1). Dissolved oxygen, however, did not show any consis-
tency in relation to mussel growth.
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A significant relationship was found between mussel length and weight
which can be expressed as W = 3,7522 L*%? A smooth curve in Fig. 2
shows that increase in weight in relation to length is not apparent up to the
length of 10 mm but is significant above 10 mm.

Seasonal growth has also been studied from the mean length attained by
the green mussel in different months of the year, and the values of growth
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Fig. 1. Hydrological factors and growth rate of Perng viridis.

TABLE 1

Average observed length and specific growth rate in each month

Month Average observed Length determined by Specific growth
length (mm) growth equation (%)
(mean + S.E,) Lt = Ly (1-e~ K(t—to))
March 8+ 1.089 12.6 91.62
April 20+ 2.178 22.6 43.83
May 31+ 2722 319 35.48
June 40 + 3.267 403 18.23
July 48 + 4.356 478 13.61
August 55 + 3.049 544 10.35
September 61 + 3.484 60.2 7.87
October 66 + 3.158 65.6 8.70
November 721 5.336 70.2 8.00
December 78 + 2.831 74.5 7.41
January 84 + 6.969 78.2 5.78

February 89 + 2,069 81.7 -
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increment and relative growth as percentages of increment in total length are
shown in Fig. 3. A rapid growth rate (in length) observed at an early stage
was followed by a gradual decline in growth rate in the later stages (Fig. 3).
Specific growth rate also decreases, from 91.62% to 5.78% (Table 1), as the
length increases.
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Fig. 2. Shell length and total weight relationship of Perna viridis (mean ¢+ S.E.).
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Fig. 3. Seasonal change in growth increment and relative growth rate (expressed as per-
cent of total length per annum) of Perna viridis.
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Fitting the growth equation to the length

The method developed by Ford (1933) and Walford (1946) of plotting
Lt + 1 against Lt was followed here to fit the growth equation. The ultimate
length attained by Perna viridis L. is determined graphically at a point where
the length at Lt equals the length at Lt + 1. A line at 45° drawn through

the zero point intersected the curve and this point of intersection indicated
the asymptotic length (Lqy) (Fig. 4).
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Fig. 4. Ford-Walford plot of growth of Perna viridis.

Fitting the von Bertalanffy growth equation

The von Bertalanffy growth equation is expressed as:
Lt = Ly (1-eK(t~t))

where Lt is the length at time ¢, L, is the asymptotic length, e is the base of
the natural logarithm, K the coefficient of catabolism, t the time of observa-
tion, and t, the age at which the mussel belongs to zero mm size.

The values estimated for the parameters are: Ly = 110 mm; K = 0.1124;
to = —0.0889. t, is calculated by the following formula given by Ricker
(1958):

to = [(loge Ly + Kt;)—loge Lal/K

The value of log e La + Kt, is the Y-axis intercept (4.69) in Fig. 5, where
log e (La - Lt) is plotted against mean monthly length. Substituting these
values in the above formula, ¢, = —0.0889 and the growth equation could be
expressed as:

Lt= 110 (1_8——0.1124 t+ 0.0889))



52

The theoretical length in each month determined by this formula showed a
close agreement with the average observed length attained by the mussel
(Table I). It clearly indicates that the von Bertalanffy growth equation des-
cribes the growth of Perna viridis L. adequately as the mussels were taken
from the same environment throughout the period of study.

Loge (L& —L 1t}

i 1 1 2 " 4

—po—o 10 20 30 40 50 60 70 80 90 100
Length {mm}

Fig. 5. Log e (La ~ Lt) plotted against length for estimation of ¢, in Perna viridis.

DISCUSSION

Bivalve growth has been studied successfully in waste recycling waters
(Mann and Ryther, 1977) and in an upwelling aquaculture system (Roels et
al., 1975) using phytoplankton cells injected into the medium for food. In
the present study, the mussels only had access to the natural phytoplankton
available in unfiltered sea water.

The interaction of salinity, temperature, availability of food and current
in a particular environment is complex and it is difficult to estimate the
exact effect of a particular parameter on the growth rate. However, the
growth rate was found to be related to the availability of phytoplankton
which forms the main food of the mussel. Raft-grown mussels have higher
growth rates than mussels in natural beds (Mason, 1971; Qasim et al., 1977),
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possibly because they are freely suspended in the water column and there-
fore have more access to phytoplankton food. In contrast, mussels in natural
beds are overcrowded, stratified, and only have access to food in the water
immediately above them. This probably results in a decreased growth rate.
Mussel growth is reduced when food is scarce (Parulekar et al., 1982). Fur-
thermore, Seed (1976) observed that mussels in the upper littoral zone
showed a lower growth rate than sublittoral mussels, probably because the
latter are constantly submerged and therefore feed longer. Changes in salini-
ty and temperature significantly affected green mussel growth in the present
study. This reinforces previous work by Flaws (1972), Dare and Davies
(1975), Newell (1976), Qasim et al. (1977) and Hickman (1979).

Bivalve growth rate can be measured by the shell length increment time.
The growth rate is faster at an early age than in the iater stages of the life
cycle (Hickman, 1979). The present study indicates that the metabolic activ-
ity is reduced with age, which accounts for the decrease in growth rate from
91.62% to 5.78%.

The relationship between length and weight was found to be significant
(r = 0.93) in mussels measuring more than 10 mm in length. The calculated
b value is not significantly different from 1.3007, which indicates isometric
growth of the mussel. The b value calculated by other workers for the green
mussel varies from 2.4 to 4.5 (Rao et al., 1975; Shafee, 1976).

A comparison of the growth of green mussel in three different environ-
ments (floating raft, circulating sea water system and a natural bed) is given
in Table II. The average annual growth observed in the natural environment
was 60 mm while mussels grown on a raft showed an annual growth of 92.7
mm and in circulating unfiltered sea water 89 mm. This indicates that in a
circulating system the mussels adapted well to the changing conditions in
the laboratory and the growth was comparable to mussels grown on rafts in
the open environment. However, in view of the fact that the establishment
and operation of a circulating sea water system involves high capital and re-
curring costs, the applicability of the results of the present study to commer-
cial production of mussels needs careful evaluation for economic feasibility.

TABLE I

A comparison of the mean monthly growth rate of Perna viridis in different environments

Habitat Annual mean Source

growth (mm)
Intertidal natural bed 60.0 Qasim et al. (1977)
Subtidal raft culture 92.7 Parulekar et al. (1982)

Laboratory circulating seawater 89.0 Present study
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