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Seasonal changes in the concentrations of chlorophylls and carotenoid were studied in the
estuariue complex of Goa at 14 stations. Annual mean concentration of chl. @ was 305 442 and
412 mg/m® in Mandovi estuary, Cumbarjua canal and Zuari estuary respectively with a peak
in May. Chl. g increased towards the mid reaches of Mandovi estuary. Chl. b ranged between
0 and 5-48 mg/m3 while chl. ¢ varied between 0 and 10 mg/m? Annual mean of chl. ¢ was 2-28,
2.69 and 3.03 mg/m? in Mandovi estuary, Cumbarjua Canal and Zuari estuary respectively.
Carotenoid values were low and ranged between 0 and 3-6 m-SPU/m? with the peak in May in
close relation to chl. @ Annual mean for Mandovi estuary, Cumbarjua canal and Zuari estuary
was 1-10, 128 and 145 m-SPU/m? respectively. Ratios of chl. ¢ to a and carotenoid to chl. a were
mostly less than unity except on few occasions. It was noticed that Mandovi waters are signi-
ficantly different from those of Cumbarjua canal and Zuari estuary while no such difference was
noticed between that of Cumbarjua canal and Zuari estuary indicating that the latter influences
the chlorophyll concentration in the canal.

in Cumbarjua canal. Stations 1 and 2 were operated

water on the west coast and Vellar estuary aong both the banks and hence were numbered A
A on the east coast have been studied fairly and B. Stations 5 and 9 were located in the mixed
extensively. However, very little work has been zone, i.e. at the openings of the canal on either side.

MONG the estuaries in India, Cochin back-

done on other estuaries of India including the
estuaries of Goa. The earlier work™ includes
chlorophyll distribution at one station each in
Mandovi and Zuari estuaries and its diurnal varia-
tions. In the present communication, seasonal
changes in surface phytoplankton pigments of the
estuarine complex of Goa are presented in view of
their importance in photosynthesis.

Samples were collected once in a fortnight for
recording surface temperature, dissolved oxygen,
salinity and pigments from June 1971 to May 1972.
Salinity, oxygen and chlorophyll (chl.) were esti-
mated by the usual methods as described by
Strickland and Parsons’. Carotenoids were calcu-
lated from the formula given by Parsons and
Strickland® wherein the optical density at 510 nm

Description of area — Fig, 1 shows the location was omitted. The fortnightly values of chlorophyll

of the 2 estuaries and the connecting Cumbarjua
canal
funnel-shaped and separated by a small ‘Cabo’
ridge. A fairly good account of the description is
given by Parulekar and Dwivedi®.

Goa receives 809, of its annua rainfall (3000 mm)
from June to August. But Mandovi gets fresh water
throughout the year through its tributaries while
Zuari receives most of its freshwater during the
monsoon. In Cumbarjua canal, water enters
through Zuari during the high tide and reaches as
far as its mouth in Mandovi and at the low tide the
flow is almost reversed®. The estuarine system
receives domestic sewage and also wastes from the
boat yards, etc. at different places. The depth in
the complex ranges from 2-5 to 12 m.

Materials and Methods

In this estuarine system 12 stations, almost
equidistant from each other, were fixed within a

distance of approximatedly 50 km (Fig. 1). There
were 5 stations in Mandovi, 4 in Zuari and 3

Present address; Central Institute of Fisheries Education,
~ Versoa, Bombay.

and carotenoids were pooled for calculating the

in Goa, The mouths of the 2 estuaries are monthly mean values. No observations could be
made during March.

Fig. 1 =« Estuarine system of Goa showing the location of
12 sampling stations
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Attenuation coefficient (k) was calculated by the
formula k = 1-5/D as given by Qasim et 4l.? where
D is the Secchi disc reading in m. The whole year
was divided into 3 seasons — monsoon (June to
September), postmonsoon (October to January) and
premonsoon (February to May).

Results and Discussion

Chlorophyll a— Mogthly agd stationwise varia-
tions of this pigment are shown in Figs. 2 and 3.
A clear seasona cycle was noticed with maximum
chl. a concentration in the premonsoon followed by
monsoon agd postmonsoon. The peak was seen
in May just before the monsoon. Earlier, maximum
chl. a was reported® in May in both the estuaries.

Cumbarjua canal had the maximum concentration
(11-86 mg/m® of chl. a followed by Zuari and
Mandovi estuaries. In Mandovi, chl. a igcreased
towards the upper reaches. Between stations
1A, 1B and 2A and 2B, no significant diffe-
rence in chl. a concentration was qoticed except
in September when at station 1A, it was low (0-56
mg/m®) while at station 1B it was relatively high
(605 mg/m3). Similarly, in January chl. a was
high at statiog 2A than at 2B. In Zuari estuary,
chl. a was high at station 9, particularly during the
monsoon.
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Fig. 2= Monthly variations of chl. a and total chlorophyll
at all the stations
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Fig. 3 — Stationwise variations _of chl. a and total chloro-
phyll during different seasons
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Annual mean concegtratiog of chl. a was 3:05
(£2:1), 442 (£3-23) aqd 4-12 (+ 2.65) mg/m3 in
Mandovi, Cumbarjua canal and Zuari respectively.
Wide variations (10-12 times) were seen in Zuari
during mogsoon and postmogsoon. In Mandovi
during premonsoon aqd iq Cumbarjua during the
monsoon, the fluctuations were of the order of 10
times. During the rest of the period fluctuations
of the order of 3-6 times for the entire area were
observed. A t-test between the mean chl. a values
iq different sections indicated that the variatiogs
were significant at a probability level of 0-05. Chl. a
values were significantly differen: be.ween Mandovi
and Zuari and Magdovi agd Cumbarjua canal which
might be the result of differeqt phytoplanktoq popu-
lations or perhaps due to the differences iq the en-
vironmental conditions of the 2 estuaries. Differences
between Zuari agd Cumbarjua canal, on the other
hand, were not significant. This indicated that
Zuari influenced the Cumbarjua cana in chlorophyll
distribution, probably because water flows iqto the
cana from ZuariS,

Concentration of chl. a in this system compared
well with those of Kille backwaters of Porto Novo
where a maximum of 12.7 mg/m3 was recorded by
Bhatnagarl®, Krishnamurthy recorded chl. a con-
centration to be 21-5 mg/m3 in Porto Novo waters,
and recently as high as 39-8 mg/m? of chl. a was re-
corded!® in Vellar estuary. In Cochiq backwaters's
the concentration was fougd to be 57 mg/m3 in
November and 7-34 mg/m3 in July.

Chlorophyll b — Chl. b congcentration was low
(<1 mg/m3; Table 1) aqd varied widely. In
Mandovi, its concentration increased towards the
mid-reaches except at station. 1B where og one
occasion it was unusually high (5-49 mg/m3).

In Cumbarjua cand the maximum was qoticed
in December and migimum iq July and April, agd
the chl. b coqceqtration was generally higher than
in Maqgdovi estuary.

In Zuari, chl. b maximum was noticed in May.
From July to November, the concentration was low
(Table 1). Unlike in Mandovi chl. b concentration
in Zuari iqcreased towards the mouth region. In
general, higher values of chl. b were observed in
Zuari than in Magdovi and Cumbarjua canal.

When compared with chl. a chl. b coqceqtration
was always very low except on some gccasions when
it reached a cogceqgtration of 5-49 mg/m3. Chl. b
concentration was maximum in postmonsoon aqd
minimum in monsooq. In Cochin backwater it
ranged between 0 agd 2.74 mg/m3 during monsoon4
while in Vellar estuary a concentration of 13-4 g/
litre was recorded in July by Krishnamurthy
and Sundararaj'?.

Chlorophyll ¢ -Monthly mean values of chl. ¢
are given in Table 1. Chl. c distribution was
irregular with annual mean values of 2.28 mg/m?
in Mandovi, 269 mg/m? in Cumbarjua cana agd
3-03 mg/m® in Zuari. In Mandovi, the peak was
noticed iq January at most of the stations while iq
Cumbarjua cana agd Zuari, the maximum concen-
tration was obtained iq February. Like chl. a, chl. c
coqcegtratioq aso increased towards the upper
reaches in Mandovi. In Cumbarjua canal, stations
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TABLE 1 — DISTRIBUTION OF Cu. D, cu. ¢ AND CAROTENOIDS

Stations
Month*
1A 1B 2A 2B 3 4 5 6 7 8 9 10 1 12
CHL. b (mg/m?®

1971 003 000 (mefm?)

June 0-35 005 o012 047 013 021 071 075 001 228 027 025 166
uly 0-00 025 013
ug. 043 w®w 00l 009 wmw o1 000 ©11 045 000 W)l Q04 011 0.74

Sept. 0-04 549 -1 024 114 06l 235 08 118  0.00 07 029 046  0.52

OCP. 064 06 006 08 061 113 08 074 029 041 078 365 075 046

Nov. 0.57 (47 0-2 045 089 141 065 059 0.81 056 058 000 000

Dec. 0.69 092 077 093 087 062 015 205 054 2.05 022 15 041 1.56

1972

m 039 007 000 o047 053 047 138 (056 14 002 141 o058 042 103

Eely 0.64 043  0.72 009 101 073 115 128 016 113 089 067 9000 1.5

April 073 000 04 000 121 000 051 0.05 000 029 001 037 0-00 0.00

May 088 (12 o000 082 014 000 034 o042 119 164 207 255 163 1.3

- CHL. C (mg/m?)

June 131 0.74 28 181 28 (7 377 22 196 000 353 318 28 0-00
uly 5.5 1.73 138 377 384 2.2 5.03 2.86 143 01 0.00 16 105 191
ug. 000 48% 114 w®w 000 w® 00 mW HE 006 q11 ww 09 1.56

Sent. 0.00 0-00

Ot 093 117 149 027 051 168 185 086 006 000 008 55 014 108

Nov. 3.52 0.22 000 o027 1-82 074 229 102 376 3.36 2.86 0.78 6.27 3.85

Dec. 279 2.2 375 249 129 285 579 58 456 998 079 982 162 1.94

1972

gm 292 251 264 302 400 54 729 391 540 395 545 517 4.4 2.65
eh. 3.21 2.61 2.76 2.72 4,06 4.06 4.81 6.23 5.13 8.23 572 713 53 4.95

April 33 12 068 1441 966 261 018 195 34 900 456 355 095 1.09

May 144 252 154 169 213 202 000 001 532 187 533 733 54 106

CarOTENGI D (m-SPU/m3)

1971 1-2 2:5

June 072 146 15 1.28 1114 o7 1117 182 1.89 000 9000 187 1.38 0.64

July 125 093 138 223 1.6 600 164 111 000 000 0.62 0.54

Aug. 192 152 077 227 077 169 348 0.00 153  3.58 23 2.89

Sept. 1.3 0-45 0.37

Oct. 031 2w ®B® 036 B804 108. 148 044 088 041 048 21 061 0.48

Nov. 04 0.29 0.46 1.06 0.89 1.69 0.34 018 079 0.55 0.24 144 146 0-88

Dec. 045 058 055 041 103 075 103 193 039 031 126 057 114 0-84

1972

m. 04 11 105 078 062 08 062 08 139 (044 068 191 256 0.83

Feb. 108 026 098 068 074 0.64 046 022 18 272 245 283 292 221

April 118 096 077 09 17 13 181 179 248 187 264 251 2 530

May 153 19 153 081 168 268 355 341 248 228 130 196 {23 0.87

*No dda for Mach 1972

6 and 7 showed high values throughout the year
but at station 8 high values were seen from November
to February and also in May. During the other
mouths it was almost negligible. In Zuari, low
concentration was observed in the monsoon while
in, post and premonsoon periods, the water was rich
inchl.c. High values of chl. ¢ in Zuari and Cum-
harjua canal may be due to high suspended sediments
including dead chlorophyll and degraded products
having more chl. ¢ than chl. a as pointed out by
Humphrey®. High values of chl. ¢ (18:66 mg/m?)
were noticed in Cochin backwaters during
monsoon. Krishnamurthy** reported chl. ¢ values
ranging between 270 and 26-5 pg/litre in Vellar
estuary.

Ratios of chl. ¢ to chl. a4 were fluctuating as also
noted by Qasim and Reddy™ in Cochin backwaters
and Yentsch and Scagel'® in waters of East Sound,
Washington. This ratio indicates the physiological
state of phytoplankton population and for a healthy

crop it is less than unity. In this estuarine system
this ratio was generally less than one except during
the postmonsoon months.

Distribution of total chlorophyll (a+4-b+-c) was
similar to chl. a being maximum in May and mini-
mum in August at most of the stations (Figs.
2 and 3). Variation in the estuarine system as a
whole was large (O-20 mg/m?). Annual mean values
for Mandovi, Cumbarjua canal and Zuari sector
were 601 (+ 4.02); 7-86 ( + 5:08) and 8-12 ( + 5-54)
mg/m® respectively showing that Zuari had more
chlorophyll concentration while Mandovi the least.
The t-test at 0-05 P level on the data of total
chlorophyll has again confirmed the significant
variations between Mandovi and Cumbarjua canal
and Mandovi and Zuari estuaries. No significant
variations were noticed between the Canal and
Zuari chlorophyll  concentration. This, therefore,
also indicated the different ecological conditions
in this estuarine system.
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Plant carofenoids -Monthly variations of carote-
noid (0-3-6 m-SPU/m?) are given in Table 1. Peak
concentration was noticed in May when trere were
maximum chl. a and c in the water. In August
and September too, the values were high. Mini-
mum values were no'iced in postmonsoon months.
Annual mean values for Mandovi, Cumbarjua cana
and Zuari was found to be 1-1, 1-28 and 1:45
m-SPU/m® respectively. This showed the highest
concentration in Zuari and lowest in Mandovi as
in the case of total chlorophyll. Further, stations
3 and 4 in Mandovi, station 7 in Cumbarjua canal
and stafion 12 in Zuari, showed maximum annua
mean. The carotenoid values in this estuarine
system was relatively less when compared to other
Indian waters. It ranged between 5 and 8
m-SPU/m3 in Cochin backwaters and 0 to 525
m-SPU/m® in Porto Novo waters'l.

Ratio of carotenoid to chl. a was mostly less than
1 except in August and September when it was high
(3 to 10.54) at certain stations. This high ratio
may be due to the stirred up sediments and degra-
dation product of chl. a which increases the caro-
tenoid value as suggested by Qasim and Reddy
who also reported high ratio between 1:98 and 3-05
in Cochin backwaters during monsoon months.
Krishnamurthy and Sundararaj'? found this ratio
to be less than 1 in Porto Novo backwaters.. In the
Goa waters, this ratio remained less than 1 for the
most part of the year indicating active physiological
state of phytoplankton.

Chlorophyll and environment — The water tempe-
rature ranged between 24+0° and 31-8°C and dissolved
oxygen content varied between 1:93 and 7-3 ml/litre.
Temperature is known to affect only indirectly
through metabolism while oxygen is the direct result
of photosynthesis.But no correlation with chloro-
phyll was noticed in this case.

Salinity, however, is an important parameter in
an estuarine environment. Its variations were
large depending on the season, being highest
(36:77%,) in premonsoon and lowest (0-12%,) in
mosoon. Salinity was aways higher in Zuari and
least in Cumbarjua canal. In Cumbarjua canal
where salinity was low, the chlorophyll concentra-
tion was more but when chl. a was plotted against
salinity no correlation was seen for the entire
estuarine system.

Other important factors are light penetration and
turbidity. As calculated by Secchi disc readings
the attenuation coefficient (k) was high throughout
the year as shown below :

Season k (range)
Mandovi Zuari  Cumbarjua canal
Premonsoon 5-55-0-49 7-50-0-74 417-0-67
Monsoon 4:69-1-43 8:82-1-12 5:17-1-94
Postmonsoon 3-75-0-48 3-75-0-65 4-69-0-81
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High turbidity in this system is caused by
suspended material and affected the chlorophyll
estimations.  Since the dead chlorophyll and its
degraded products present in suspended matter are
simultaneously estimated, increased chlorophyll con-
centrations were estimated. This might be one of
the reasons for higher values of chlorophyll in
Cumbarjua canal and Zuari estuary.

Chlorophylldistribution showed differencesinspace
and time in the estuarine complex of Goa, The
distribution was irregular with fluctuating pigment
ratios but the values were comparable with those of
other estuaries and backwaters of India. The
difference in chlorophyll concentration from one part
of the estuarine complex to the other makes it an
interesting study. Since this study was confined to
surface waters only, a detailed investigation of
plant pigment from the entire water column
is warranted.
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