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ABSTRACT 

Estimations of surface chlorophyll a and pheo-pigment concentrations were made at two stations (10 and 
20m) in the inshore waters off Cochin which are correlated with related environmental parameters. In 1987 
the maximum chlorophyll a production in both the stations was during pre-monsoon (2.3 and 2.1 mg/m3) 
while in 1988 it was during post monsoon period (3.4 and 3.2 mg/m5). In general a considerable reduction 
in overall production was noticed in 1987 over 1988, particularly during both monsoon and post-monsoon 
periods. The total annual chlorophyll a production was found to be 38.4 mg/m3 in 1987 whereas in 1988 
it was 62.2 mg/m5 adding stations I & II together. The total annual pheo-pigment production was estimated 
to be 37.2 mg/m3 for stations I and II put together in 1988, contributing about 62% of chlorophyll a. As re
gards the environmental parameters, nutrients, especially phosphate showed positive correlation and 
nitrite negative relation to chlorophyll production. Variations in the observed values during 1987and 1988 
are attributed to the intensity of monsoon rain fall and the freshwater discharge from the river and lake 
system. 

INTRODUCTION 

Extensive studies have been carried out on 
various aspects of primary production and 
related parameters in the Cochin back waters 
and Vembanad lake (Qasim et al., 1967, 1969, 
1973;Gopinathan,1972,1874;Nairef«/.(1975). 
Gopinathan (1981) measured the primary 
production of the inshore waters off Cochin 
based on organic carbon(14C) and cell counts. 
Nair et al. (1985) have examined the chloro
phyll and pheo-pigment contents in the wa
ters of fishing grounds off Cochin for post-
monsoon seasons in 1980,1981 and 1982. In 
recent years the remote sensing technology is 
used as the most powerful tool for scanning 
surface chlorophyll over vast areas for which 
the acquisition of sea truth data on chlorophy-
all is very essential and useful (Narain et al, 
1985; Neera Chaturvedi et al. ,1985; Dwivedi 
et al., 1985). However, so far there is no infor
mation on the seasonal fulctuations in the rate 

of production based on chlorophyll a in the 
inshore fishing grounds off Cochin. The pres
ent account embodying the result of an inves
tigation of primary production and related 
parameters in the sea off Cochin during 1987 
and 1988 is expected to fill up the gaps in our 
knowledge. 

MATERIAL AND METHODS 

The study was carried out in the inshore 
waters off Cochin upto 20 metre depth zone 
during 1987-'88. Two stations were fixed, one 
at 10 metre and the other at 20 metre depth in 
the fishing grounds. Weekly/fortnightly sur
face collections were made during the year 
1987 for the study of chlorophyll a, tempera
ture, salinity and oxygen. Observations on 
pheo-pigments and nutrients (phosphate and 
nitrite) were also made during the year 1988 in 
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addition to the above parameters. Chlorophyll 
a and pheo-pigments were determined by 
trichromatic method of Richards and 
Thomson as modified by Parsons and Strick
land (1963) and estimated using the revised 
formula of Strickland and Parsons (1968). Oxy
gen, salinity and nutrients were determined 
by standard methods. 

The data obtained have also been pooled 
for three seasons i.e., pre-monsoon (February 
- May), monsoon (June-September) and post-
monsoon (October-January) and the results 
are also discussed. 

STATIONI (10m) 1987 SURFACE 

RESULTS 

Temperature 

The monthly variations of surface tem
perature recorded from two stations (10 and 
20 m) for the years 1987 and 1988 are given in 
Figures 1,2,3 and 4. The temperature in station 
I during 1987 fluctuated from 26°C in August 
to 31.6°C in April whereas the minimum and 
maximum temperature recorded for 1988 in 
10 m station were 24.6° C in July and 30.9° C in 
April respectively indicating a lower trend of 
temperature in the latter year. A marked in
crease in temperature by about 3.5° C was 
observed in July, 1987 in station I (28° C) 
compared to the same month in 1988 (24.6° C). 
The seasonally pooled average data (Fig.5) for 
1987 in station 1 showed maximum of 30.5° C 
during pre-monsoon followed by 29.2° C 
during post-monsoon and 27° C in monsoon 
period. Though more or less the same trend 
was maintained during pre- and post mon
soon periods, in 1988 above 1° C decrease in 
temperature was noticed during monsoon 
(Fig. 8). 

At station II the surface temperature in 
1987 ranged from 26.6° C in August to 31.4° C 

J F M A M J J A S O N D 
MONTHS 

§§ Chlorophylla mg/m3 , a—A Oxygen ml / I 

x—xTemperature °C, o o Salinity °/0o 

Fie. 1. Monthly variations of cholophyll a temperature, 
salinity and oxygen at station I (10 m) during 1987 
(surface). 

in April while during 1988 the range was 24.5° 
C in July to 30.5° C in March. As seen from 
Figure 7, the temperature was maximum 
during pre-monsoon period. The tempera
ture curves for station II in both the years (1987 
and 1988) showed a similar trend, they being 
maximum during pre-monsoon months ex
tending upto May, minimum during mon
soon and moderate during post-monsoon. But 
slight drop in temperature (about 1.5° C) was 
noticed during the monsoon period in 1988 
than the corresponding period in 1987. 

Salinity 

The monthly and seasonal data (Figs. 
1,2,5 and 6) in station I clearly indicated that 
there were distinct monthly and seasonal 
va-iations in salinity during 1987 and 1988. 
The significant variation in salinity in the 
surface waters at station I in 1988 over 1987 
was a sudden drop in salinity during May and 
the fluctuations during monsoon and post-
monsoon periods. The salinity values recorded 
during August and September 26%o and 
27 %o respectively) were higher than the val
ues of corresponding months 21%o and 19%o 
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in 1988. The annual range in salinity in station 
I during 1987 was 21.2 %o injuly to 35%o in 
March and in 1988 it was 19.1 %o in September 
to 35.5 %o in January and April. 

The seasonally pooled data (Figs. 5& 6) 
showed that in station I there were variations 
in salinity during the two years. The pre-
monsoon and monsoon salinity values were 
lower in 1988 than 1987. However, the post-
monsoon period recorded higher valueinl 988 
than the corresponding period in 1987. A 
decrease in salinity of the order of 3.7 %o 
during monsoon (June-September) period was 
observed in 1988 over that of 1987. 

The monthly salinity fluctuations in 
station II (20 m) during 1987 and 1988 are 
given in Figures 3 & 4. As in station I, here also 
the monthly variations were quite pronounced 
between the two years. The salinity value in 
1987 ranged from 26%o in June-August 135 %o 
in April, the range in 1988 being 17.1 %o in July 
to 35.3 %o in April. The highest values re
corded during 1987 were during March and 
April whereas the maximumsalinity observed 
in 1988 were during April and October. In 
1987 the salinity started to decrease from June 
reaching its minimum in August and again 
reached the maximum in the pre-monsoon 
period while in 1988 the reduction in salinity 
was noticed from April and reached the mini
mum in July. However, from August on 
wards the salinity values increased until the 
maximum of 35.3%o has attained in April. The 
seasonal trend in salinity was the same as in 
station I for both the years; reduction in values 
was found during 1988 (Fig. 8). 

Oxygen 

Dissolved Oxygen did not show much 
fluctuations in the surface waters at station I 
during 1987 and 1988 (Figs. 1&2). However, 

STATIONI (10m) 1988 SURFACE 

J F M A M J J A S O N D 

Months 

0 Chlorophyll a mg/m3, A—'Oxygen ml/1 

D Pheo-pigments mg/rr?, x—xTemperature°C 

E3 Phosphate ftq a t / I , ° — o Salinity %o 

| Nitrite fig at/1 

Fie. 2. Monthly variations of cholophyll a, pheo-pigments 
temperature, salinity phosphate and nitrates at 
station I (10 m) during 1988 (surface). 

STATION I I ( 2 0 m ) 1987 SURFACE , . „ ~ 

x xTemperature °C, o °Sal in i ty% 0 

Fie. 3. Monthly variations of cholophyll a, temperature, 
salinity and oxygen at station II (20 m) in 1987 
(surface). 
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STATIONH(20m) 1988 SURFACE 

J F M A M J J A S O N O 
Months 

El Chlorophylla mg/m», o—o Oxygen ml/1 

Qpheo- pigments mg/ms, x—x Temperature °C 

E3Phosphate pg at/1, °—° Salinity %o 

• Nitrite fx% at/1 

FIG. 4. Monthly variations of cholophyll a, pheo-pigments 
temperature, salinity, phosphate and nitrate at 
station II (20 m) in 1988 (surface). 
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FIG. 5. Seasonal variations of chlorophyll a ̂ temperature, 
salinity and oxygen at station 1 (10 m) during 1987 
(Surface). 
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FIG. 6. Seasonal variations of chlorophyll a ,temperature, 
salinity and oxygen at station II (20 m) in 1987 
(surface). 

STATION I (10m) 1988 SURFACE 

Prt.monsoon Monsoon Post-monsoon 
(Fob.-May) (Jun.-S.pt) (Oct.-Jon.) 
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* — 4 Pheo-pigments mg/m3, x—xTemperature °C 

•—"Phosphate ugat. / l , o oSalinity %0 
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FIG. 7. Seasonal variations of chlorophyll a, pheo-pig
ments, temperature, salinity, oxygen, phosphate 
and nitrate at station I (10 m) in 1988 (surface). 
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STATION H (20m) 1988 SURFACE 

Chlorophylls! mg/m 3 , A—A Oxygen ml/1 

* - - * Phoo- pigments mg/m3, x—X Temperature *C 

• — • Phosphate ĵg at/I . 0 — o Salinity %. 

D O Nitrite fig at/I 

FIG. 8. Seasonal variations of chlorophyll a, pheo-pig-
ments, temperature, salinity, oxygen, phosphate 
and nitrate at station II (20 m) in 1988 (surface). 

some variations in oxygen content could be 
noticed during monsoon months. The oxygen 
values fluctuated from 3.5 ml/1 in June to 4.5 
ml/1 in August during 1987. During 1988 oxy
gen content did not fluctuate much except a 
high value of 6.4 ml/1 during September. The 
minimum value of 3.3 ml/1 was recorded in 
May. The values of dissolved oxygen for the 
seasons were 3.7,4.1 and 4.1 ml/1 during 1987 
while 3.7, 4.4 and 3.8 ml/1 were the corre
sponding seasonal values during 1988 (Figs. 5 
&6). 

In station II (20 m) during 1987, the 
oxygen values varied from 3.7 ml/1 in June to 
4.6ml/l in January/December (Fig.3) indicat
ing less fluctuations. But during 1988 distinct 
monthly as well as seasonal variations were 
noticed (Fig.4). Three peaks were observed, 
4.6 ml/1 in March, 4.9 ml/1 in July and 
5.8 ml/1 in September. A sudden decrease 

from4.9ml/l in July to3.8ml/l in August was 
noticed here. The oxygen concentrations for 
three seasons during 1987 (Fig.7) were almost 
equal. The oxygen value observed during 
1988 monsoon period was higher than the pre 
and post-monsoon periods (Fig. 8) 

Phosphate 

The data on inorganic phosphate in 
station I during 1988 (Fig.2) showed moderate 
primary and secondary peaks during mon
soon and post-monsoon periods. The P04 

ranged from 0.04 ug at/1 in April to 1.2 ng 
at /l in June. The values for pre-monsoon, 
monsoon and post-monsoon seasons were 0.26, 
0.45 and 0.37 ug at/1 respectively. 

In station II (20 m) there were three 
distinct seasonal peaks noticed (Fig.4). The 
maximum value of 1.7 ug at/1 was during 
April which happened to be primary peak; the 
secondarypeakbeingduringJuly-August. The 
third consistant peak was during October-De
cember. Unlike in station I the maximum 
seasonal P04 value of 0.90 ug at/1 observed 
here was during post-monsoon period; the 
other seasonal values being 0.74 and 0.70 ug 
at/1 for monsoon and pre-monsoon periods 
respectively (Fig.8). 

Nitrite 

The nitrite concentration in station I 
showed two peaks (Fig.2); one during April-
May and the other during June-July. The 
highest value of 1.4 ug at/1 was in April. The 
nitrite values were almost nil during the post-
monsoon periods. 

In station II (Fig.4) the distribution of 
nitrite appeared to be of less magnitude rang
ing from nil to 0.36 ug at/1 when compared to 
station I especially during monsoon months. 
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The maximum concentration of 0.36 ng at/1 
was during July. Most of the values noticed 
during post-monsoon months were nil as in 
station I. 

Chlorophyll a. and pheo-pigments 

The pattern of monthly distribution of 
chlorophyll a for 1987 and 1988, and the data 
on pheo-pigments for 1988 are given in figures 
1-8. 

At station I (10 m) during 1987 the sur
face chlorophyll a production showed wide 
monthly fluctuation (Fig 1). The chlorophyll a 
values indicated three seasonal peaks, a high 
primary peakduringpre-monsoonand secon
dary and tertiary peaks of low orders during 
monsoon and post-monsoon periods respec
tively. The highest value of 3.6 mg/m3 ob
tained here was in March while the lowest 
value of 0.24 mg/m3 in May. The seasonal 
chlorophylla production in monsoon months 
was not of high magnitude (ranging 0.64 mg/ 
m3 in June to 2.4 mg/m3 in September) averag
ing 1.6 mg/m3 for the season. The average 
value for pre and post-monsoon periods were 
2.3 and 1.9 mg/m3 respectively. The total 
annual chlorophyll a production registered 
was 23mg/m3 with a monthly average of 2 
mg/m3 (Table 1). 

The chlorophyll a and pheo-pigment 
composition in station I during 1988are shown 
on Fig. 2. The rate of production in terms of 
chlorophyll a at the surface during this period 
indicated two peaks; one in May -June and the 
other with high amplitude during September-
October. The chlorophyll a values ranged 
from nil in August to 8 mg/m3 in October. The 
monsoon values recorded were moderately 
high (3 mg/m3) on average. The maximum 
production occurred during post monsoon 
period (3.4 mg/m3) in contrast to the maxi
mum production in 1987 during pre-mon-
soon. More or less similar values (3 and 3.4 

mg/m3 respectively) were found during 
monsoon and post/monsoon periods. The 
total annual chlorophyll a during this year 
was 33 mg/m3, the average monthly value 
being 2.8 mg/m3 (Table 1) indicating an in
crease in production over 1987. 

The pheo-pigment concentration in 
station I during 1988 showed two peaks; Feb
ruary and August-September (Fig. 2). The 
values fluctuated from nil to 7.5 mg/m3, most 
of the values confining to zero. In August 
when chlorophyll a was nil the pheo-pig
ments at the rate of 3 mg/m3 were recorded. 
The total yearly pheo-pigment prod uction was 
20 mg/m3 with monthly average of 1.7 mg/m3 

constituting 60% of the chlorophyll a produc
tion (Tablel). The seasonally pooled data has 
shown that maximum pheo-pigment produc
tion was during monsoon and minimum 
during post-monsoon period. 

During 1987 at station II (20 m) the 
surface chlorophyll a production indicated 
two seasonal peaks, a primary peak during 
pre-monsoon and the other during post-
monsoon (Fig. 3). The magnitude of produc
tion during monsoon months was very poor 
ranging from 0.24-0.80 mg/m3 (Table 1). The 
maximum production (3.6 mg/m3) was no
ticed during April while the other two high 
values were 2.9 and 2.64 mg/m3 during Febru
ary And December respectively. The maxi
mum seasonal production recorded here 
(2mg/m3) was also during pre-monsoon pe
riod as in station I the other two values for 
monsoon and post-monsoon being 0.51 and 
1.7 mg/m3 respectively. The annual 
chlorophyll a production here was 15.4 mg/ 
m3 with mean of 1.54 mg/m3 indicating lower 
trend than at the 10 m station. The total 
average annual production for stations I and II 
together for 1987 was found to be 38.4 mg/m3. 
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TABLE 1. Distribution ofchlophyll a and pheo-pigment in the inshore surface waters off Cochin during 
1987 and 1988 

Months 

January 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

Station I 

Chlorophyll a 
(mg/m3) 

3.01 
2.14 
3.60 
3.23 
0.24 
0.64 
1.92 
1.49 
2.40 

-
2.48 
1.84 

1987 

Station II 

Chlorophyll a 
(mg/m3) 

0.56 
2.85 
1.21 
3.60 
0.53 
0.40 
0.80 
0.60 
0.24 

-
2.00 
2.64 

Station I 

Chlorophyll a 
(mg/m3) 

1.28 
1.44 
1.62 
1.04 
4.48 
4.41 
2.10 
0.00 
5.61 
8.01 
1.87 
1.45 

1988 

Station II 

Pheo-pigments Chlorophyll a 
(mg/m3) 

0.00 
5.85 
0.00 
1.28 
0.68 
0.00 
0.00 
2.88 
7.48 
0.00 
0.00 
2.00 

(mg/m3) 

0.48 
0.56 
2.56 
1.52 
2.68 
3.24 
3.32 
1.36 
0.00 
5.34 
2.67 
4.14 

Pheo-pigments 
(mg/m3) 

0.56 
1.52 
1.84 
3.77 
1.72 
0.00 
0.08 
0.00 
6.14 
0.00 
0.00 
1.60 

Total 
Mean 

22.99 
2.09 

15.43 
1.40 

33.31 
2.78 

20.17 
1.68 

(60%) 

27.87 
2.32 

17.23 
1.44 

(62%) 

The monthly variations in chlorophyll a 
and pheo-pigments in 20 m station during 
1988 are shown in Figure 4. Three peaks were 
observed in abundance of chlorophyll a. The 
maximum production of 5.3 mg/m3 and 4 
mg/m3 were noticed during October and 
December respectively. The lower values were 
recorded during pre-monsoon period ranging 
from 0.5-15 mg/m3. Consistantly moderate 
values of 2 mg/m3 (average) were observed 
during the monsoon months. Nil value of 
chlorophyll a was noticed during September 
(the only collection that could be taken during 
that monthdue to prevailingincliment weather 
conditions). Seasonally pooled data showed 

maximum production (3.2 mg/m3) in post-
monsoon period while the other two seasons 
(monsoon and pre-monsoon periods) showed 
more or less same magnitude of production 
(about 2 mg/m3) with monthly mean of 2.3 
mg/m3. The total average annual production 
in 1988 in both the stations put together would 
be 61.2 mg/m3 indicating higher magnitude of 
production than 1987. 

The pheo-pigment distribution at sta
tion II (20 m) during 1988 ranged from zero to 
6 mg/m3 in different months (Fig.4). It showed 
two peaks, a high peak (6 mg/m3) in Septem-
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ber and a moderate one during April. The 
highest peak coincided with nil chlorophyll a. 
The total yearly pheo-pigment production was 
17.2 mg/m3 with monthly average of 1.4 mg/ 
m3 contributing 62% of chlorophylla (Table 1). 
The seasonal picture (Fig. 8) had shown that 
there was no direct relationship between 
chlorophyll a and pheo-pigment production. 

DISCUSSION 

Primary production and standing crop 
of phytoplankton of the west coast of India 
have been studied by Subrahmanyan (1959) 
and Nair et al. (1968). Radhakrishna (1969) ex
amined these in Alleppey coastal waters. Shah 
(1973) has studied the chlorophyll a from in
shore waters of Cochin. Chennubhotla (1969) 
and Subrahmanyan et al. (1967) have studied 
the biomass and the total cells of phytoplank
ton of the west coast of India. Gopinathan et al. 
(1974) investigated the phytoplankton stand
ing crop in the inshore areas of Cochin. All 
these investigationsrevealedthatall along the 
west coast of India phytoplankton production 
is at its highest during the southwest mon
soon. Varshney et al. (1983) in their study of 
primary productivity in near shore waters of 
Thai, Maharashtra coast have shown that 
chlorophyll a maximum were spread over the 
July/August period and that correlation be
tween nutrients and production was very low 
suggesting that instantaneous concentration 
of nutrients was insignificant. However, 
during the present investigations an entirely 
different picture of productivity in terms of 
chlorophyll was obtained in the sense that 
monsoon maximum was not obtained either 
in 1987 or 1988. Radhakrishna (1989) has 
reported high phytoplankton production 
during post-monsoon months extending upto 
March-April and low in the southwest mon
soon from thecoast of Maharashtra. Dehadrai 
and Bhargava (1972a) made measurements of 

chlorophylla for a period of 9 months. (Sep
tember, 1969 to May, 1970) in the coastal wa
ters from Goa to Bombay. According to them 
during the period November-January, (post-
monsoon) chlorophyll a was found to increase 
at most locations ranging from 2.4 to 18.8 mg/ 
m3. 

Contrary to usual monsoon maximum, 
a considerable reduction in magnitude of pro
duction in both the stations was noticed in 
1987. This can be attributed to the late onset of 
monsoon and also scanty rains experienced 
during this year as evidenced by the June to 
August rain fall data in this area (1,063 mm in 
1987 against 1,634 mm in 1988 which is consid
ered to be normal). 

During the present investigation the 
data for 1987 from two stations (10m and 20m) 
indicate that the surface chlorophyll a is sub
jected to monthly variations between the sta
tions. The highest production (3.6 mg/m3) in 
10m station was recorded during March when 
the salinity was at its maximum (35%o), the 
temperatureat31°Candthedissolved oxygen 
content at 3.7 ml/1 while in station II, 35.3%o, 
30.9°C and 4.1 ml/1 were the corresponding 
values for salinity, temperature and oxygen 
respectively where the chlorophyll a was 1.2 
mg/m3- The monthly fluctuations of 
chlorophyll a production along with hydro-
graphic features in station I (10m) than in 
station II (20m) may be due to the proximity of 
the former to the estuarine conditions. 

The seasonal data for 1987 (Fig. 5) 
showed that chlorophylla production was 
high during pre-monsoon and comparatively 
low during monsoon months. The station II 
recorded half the production at station I though 
more or less the same stabilized hydrographic 
conditions prevailed in both the stations dur
ing monsoon period indicating no influence of 
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hydrographic factors on chlorophyll a pro
duction. 

It has been seen from the present stud
ies that unlike the year 1987,1988 with timely 
occurrence of the southwest monsoon and 
subsequent normal hydrographic conditions, 
presented ideal situations for the cyclical 
changes in the trend in primary production. 

In the present study (1988) the produc
tion of chlorophyll a in station I (10m) has 
indicated three peak periods, a minor peak in 
January-May, a moderately high peak during 
May-June and a high peak during September-
October. Gopinathan (1981) (MS) has pointed 
out three peaks of phytoplankton production 
in 10m stations, first peak in April-June, sec
ond in August-September and the third in No
vember-December from the same area. The 
high production that occurred during mon
soon months might have been due to falling in 
salinity and temperature (salinity from 34.5 to 
19.6%o and temperature from 30.9 to 24.6° C). 
The phytoplankton bloom noticed (from a 
single observation as mentioned elsewhere) 
during September in station I might probably 
be due to wave action caused by strong wind 
and rain that experienced during the day of 
observation which might have carried down 
the rich estuarine phytoplankters to this re
gion from the adjacent backwaters. In 10 m 
station pheo-pigments showed no correlation 
to chlorophyll a. 

Gopinathan (1981) has indicated two 
phytoplankton production peaks during Janu
ary and May from 20 m station of this area 
during 1976-'77. But on the contrary, the pres
ent study revealed four peaks of chlorophyll a 
production in 20 m station during 1988; the 
first in March, the second during May-July, 
the third in October and the fourth in Decem
ber. High production occured here also as in 

station I during October when salinity was at 
its maximum( 35%o and temperature at 25°C). 
The marked seasonal changes in salinity, due 
primarily to the monsoonal climate appeared 
to be responsible for triggering the blooming, 
of plankton during May-July period. 

The earlier surface chlorophyll a values 
of 1.93 mg/m3and 3.18 mg/m3 in 10 and 20 m 
stations respectively reported by Nair et al. 
(1985) from this area during 1980 December, 
were comparable with the present values ob
tained in December, 1988 (1.5 mg/m3 in 10 m 
and 4.2 mg/m3 in 20 m stations). They also 
obtained values such as 1.98 mg/m3 for 
chlorophyll a and 1.44 mg/m3 for pheo-pig
ments inl 0m station and 1.60mg/m3 for Chlo
rophyll a and 1.05 mg/m3 for Pheo-pigments 
in 20 m station during October, 1981. Here, in 
1988 higher values of chlorophyll a (8mg/m3 

in 10 m and 5.34 mg/m3 in 20 m) were re
corded in the corresponding month with no 
pheo-pigments in both the stations. However, 
in a study off Cochin under a Joint Remote 
Sensing Programme (Narain et al., 1983) higher 
chlorophyll a value of 6.4 mg/m3 was ob
served in October, followed by sharp fall 
during November, (1.7mg/m3) and Decem
ber, (1.4mg/m3) from this region. Again the 
reported valuesofNairetal. (1985)duringNo-
vember, December, 1981 and November, 1982 
were also almost comparable with the corre
sponding present monthly values obtained in 
1988. 

According to the coverage of Qasim et 
al. (1978) from Dabhol to Tuticorin during 
March, there has been large variations in the 
magnitude of chlorophyll a from station to 
station in the inshore waters itself within a 
short time frame. The chlorophyll values were 
found to range from 0.05 to 4.18 mg/m3 with 
an average of 0.655 mg/m3. Such variations in 
the inshore waters in a short time frame cannot 
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be attributed to diurnal variability. Invariably 
the chlorophyll values have been proportion
ate with carbon production indicating a strong 
positive relationship binding it with nutrient 
related factors rather than seasonal or diurnal 
fluctuation. 

It is very evident from seasonal data 
presented in figures 5,6,7 and 8 that among the 
environmental parameters examined, phos
phate (inorganic) and nitrite appeared to have 
directly influenced the chlorophyll a produc
tion in the inshore waters of Cochin. The 
present study indicates a general positive rela
tionship between inorganic phosphate and 
chlorophyll a production confirming the ear
lier studies that it is the nutrient availability of 
the ambient waters that governs the instanta
neous rates of chlorophyll and carbon produc
tion (Fig.8). Qasim et al. (1969) have stated that 
while there was a close correlation between 
the cycles of phosphorous and organic pro
duction in the backwaters, nitrogen was com
pletely independent of productivity rhythm, 
for most part of the year there was little or no 
nitrite in the water. In the present investiga
tion too while no effect of nitrite could be no
ticed in station I, in station II a close negative 
correlation was found between nitrite and 
chlorophyll a production. Pillai et al. (1975) 
have reported from Cochin backwaters that 
while the nitrite did not show any relation
ship with primary production rates, the phos
phates showed negative relationship and that 
increase in primary production rates was as
sociated with low organic phosphate during 
the post-monsoon period. 

It is possible to conclude that regenera
tion of nutrients consequent on monsoon re
lated factors followed by stability of water 
column coupled with abundant sunlight, trig
ger the chlorophyll production while intense 

grazing accounts for abrupt increase in pheo-
pigment production resulting in partial or 
sometimes total depletion of the phytoplank-
ton standing stock in the inshore waters of 
Cochin. 

ACKNOWLEDGEMENTS 

The authors wish to express their thanks to Dr. 
P.S.B.R. James, Director and to Dr. K. 
Radhakrishna, Assistant Director General, 
I .C. A.R., for evincing keen interest in this study. 
Thanks are also due to late Shri C.P. Rama-
mirtham, Principal Scientist for providing the 
hydrographic data and to Dr. A.V.S. Murty, 
Principal Scientist forgoing through the manu
script. They also wish to thank Dr. K. J. Mathew, 
Scientist for the helps rendered while prepar
ing the manuscript. 

REFERENCES 

CHENNUBHOTLA, V.S.K. 1969. Distribution of phytoplank-
ton in the Arabian Sea between Cape Comorin 
and Cochin. Indian /. Fish, 16 <1&2): 129-136. 

DEHADRAI, P.V. AND R.M.S. BHARGAVA 1972. Distribution 
of chlorophyll, carotenoids and phytoplankton 
in relation to environmental factors along the 
central west coast of India. Mar. Biol., 17:30-37. 

DWIVBDI, R.M., BEENA KUMARI AND A. NARAIN 1985. Phy
toplankton pigment mapping from Nimbus- 7 
CZCS Data. Proc. Seminar on Remote Sensing in 
Marine Resources, April 17-18, Cochin (ISRO, 
ICAR,Min.Agr.). 

GOPINATHAN, C.P. 1972. Seasonal abundance of phyto
plankton in the Cochin backwater. /. mar. biol. 
Ass. India, li Q): 568-577. 

GOPINATHAN, C.P., P.V.R. NAIR AND A.K. KESAVAN NAIR 
1974. Studies on the phytoplankton of the Cochin 
backwater-a tropical estuary. Indian J. Fish., 21 (2): 
501-513. 

GOPINATHAN, C.P. 1981, Studies on Phytoplankton in the 
Estuarine and Marine Environments. Ph.D. The
sis, University of Cochin. 

236 



CHLOROPHYLL fl AND PHEO - PIGMENT AS INDICES OF PRODUCTIVITY 

PlLLAI,V. KuNJUKRISHNA., K.J. JOSEPH AND A . K . KESAVAN 

NAIR 1975. Plankton production in the Vemba-
nad Lake and adjacent waters in relation to the 
environmental parameters. Bull Dept. Mar. Sci., 
University of Cochin, 7 (1): 137-150. 

NARAIN, A. 1983. Jointexperiments programme in remote 
sensing of marine fish resources. National Natural 
Resources Management System, National Seminar, 
May 10-12,1983. 

NARAIN, A. etal. 1985. Remote sensing of ocean colour and 
targeting of fish schools from airborne sensors. 
Proc. Seminar on Remote Sensing in Marine Re
sources, April 17-18, Cochin (ISRO, ICAR & Min. 
Agr.). 

NAIR, P.V.R., S. SAMUEL, K.J. JOSEPH AND V.K.BALACHAN 

DRAN 1968. Primary production and potential 
fishery resources in the seas around India. Proc. 
Symp. Living Resources of the Seas Around India, Co
chin, 184-198. 

.NAIR, P.V.R., K.J. JOSEPH, V.K. BALACHANDRAN AND V.K. 

^ PILLAI 1975. A study on the primary production in 
the Vembanad Lake. Bull. Dept. Mar. Sci., Un iver-
sity of Cochin, 7(1): 161-170. 

NAIR, P. V. R., V. K. PILLAI, V. K. BALACHANDRAN, K. N. 

KURUP AND G. SUBBARAJU 1985. Chlorophyll con
centrations as an index of maximum sustainable 
yield - a case study in remote sensing. Proc. Sixth 
Asian Conference on Remote Sensing, Hyderabad. 

NEERA CHATURVEDI, MANAB CHAKRABORTY AND A. NARAIN 

1985. Application of Landsat MSS data in ocean 
colour sensing. Proc. Seminar on Remote Sensing in 
Marine Resources, April 17-18, Cochin (ISRO, ICAR 
& Min. Agri.) 

PARSONS, T.R. AND J.D.H. STRICKLAND 1963. Discussion of 
spectrophotometric determination of marineplant 
pigments with revised equations for ascertaining 
chlorophylls and carotenoids. J. Mar. Res., 21: 
155-163. 

QASIM, S.Z. 1973. Productivity of backwaters and estuar
ies. In: Biology of the Indian Ocean, Ecological Slu -
dies - 3 B. Zeitzschel (Ed.), pp. 143-154. 

QASIM, S.Z. AND CV.G. REDDY 1967. The estimation of 

plant pigments of Cochin backwater during the 
monsoon months. Bull. Mar. Sci., 17(1): 95-110. 

QASIM, S.Z., M.V.M. WAFER, SUMITRA VIJAYA RAGHAVAN, 

JOSEPH P.ROYAN AND L. KRISHNAKUMARI 1978.' Bio

logical productivity of coastal waters of India 
from DaBhol to Tuticorin. Ind. J. mar. Sci., 7:84-93. 

RADHAKRISHNA, K. 1969. Primary productivity studies in 
the shelf waters off Alleppey, south-west coast of 
India, during the post-monsoon, 1967. Mar. Biol., 
4:174-181. 

RADHAKRISHNA, K. 1989. Fishery oceanographic condi
tions off th e coast of Maharashtr a. Mar. Fish. 
Infor. Serv.J & E Ser, 93:14-15. 

SANKARANARAYANAN, V.N. AND S.Z. QASIM 1969. Nutri

ents of the Cochin Backwater in relation to envi
ronmental characteristics. Mar. Biol., 2:236-247. 

SHAH, N.M. 1967. Certain features of diurnal variation of 
phytoplankton pigments in the Arabian Sea off 
Cochin. Pro. Symp. Indian Ocean., Nat. Inst. sci. 
India, Bull, 38:727-732. 

SHAH, N.M. 1973. Seasonal variation of phytoplankton 
pigment and some of the associated oceanogra-

hic parameters in the Laccadive sea off Cochin. 
In: The Biology of the Indian Ocean., 175- 185, B. 
Zeitzschel (Ed.). 

SUBRAHMANYAN, R. 1959. Phytoplankton of the waters of 
the west coast of India and its bearing on fisher
ies. Proc. Symp. Algology, 292-301. 

SUBRAHMANYAN , R. 1959a. Studies on the phytoplankton 
of the west coast of India. Part I and II. Proc. Indian 
Acad. Sci., 50. 

SUBRAHMANYAN, R. 1960. Observations on the effect of the 
monsoons in the production of phytoplankton. /. 
Indian Bot. Soc., 39 (1): 78-89. 

SUBRAHMANYAN, R. 1967. Studies on the phytoplankton of 
west coast of India. Part IV. J. mar. biol. Ass. India., 
7 (2) .-406-419. 

STRICKLAND, J. D. H. AND T. R. PARSON 1968. A practical 

Hand Book of sea Water Analysis. Bull. fish. res. 
Bd. Canada, 167 (1968) 311 pp. 

237 


