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Abstract 

Measurement on primary production, phytoplankton biomass, POC and PON were made for 
a period of ten months at a coastal station and for fourteen months at two estuarine stations in 
Goa (west coast of India). Irrespective of surface and bottom, chlorophyll a ranged from 0.07- 
2.68 mg/m3 at the coastal station at off Cabo (Stn 1); 0.01-4.33 mg/m3 at Mandovi (Stn 2) and 
0.16 to 3.95 mg/m3 at Zuari (Stn 3). PP varied from 0.5 - 54.69 mgC/m3/hr at Stn 1,0.19-67.69 
mgC/m3/hr at Stn 2 and 0.17-63.24 mgC/m3/hr at Stn 3. Column productivity ranged from 
18.98 to 795.52 mgC/m2/hr (av: 206.21 mgC/m2/hr) at Stn 1,1.46 to145.98 mgC/m2/hr (52.78) 
at Stn 2 and 6.71 to135.34 mgC/m2/hr (av: 69.98) at Stn. 3.Column chlorophyll ranged from 
4.35 to 36.23 mg/m2 (av: 6.19 mg/m? at Stn 3. Phytoplankton biomass in terms of cell density 
was high in surface waters at Stn 1 and in bottom waters at Stn 2 and 3. Seasonwise surface PP 
was high during premonsoon at Stn 2 (av: 50.61 mgC/m3/hr) and at Stn 3 (av: 46.72 mgC/m3/ 
hr) and post monsoon at Stn 1 (av : 18.68 mgC/m"/hr). Estimated division rate of phytoplankton 
ranged from 0.12 to 10 (av: 1.8), 0.11 to 5.9 (av:0.9) and 0.15 to 0.63 (av:0.32) per day respectively 
for Stn 1 ,2  and 3. Spatial and temporal difference in surface Chl a and PP between the three 
stations was found to be significant (P-0.01). 

Introduction 

Estuaries are complex ecosystems and 
their constantly changing environment has 
proved to be an important area of study. 
The Mandovi-Zuari estuarine complex situ- 
ated at lat. 1S025' - 1S030'N and long. 73O45' 
- 73'59'E is one of the unique tropical 
estuarine systems along the west coast of 
India. The influence of southwest mon- 
soon results in dramatic changes in the 
overall function of these estuarine ecosys- 
tems. The primary producers (phytoplank- 
ton) are capable of taking up dissolved 
organic carbon and incorporating into 
particulate organic carbon that forms the 

energy source for organisms at higher 
trophic levels. Information on primary 
productivity and community structure of 
phytoplankton from these estuaries is lim- 
ited (Bhattathiri et al., 1976; Devassy 1983; 
Devassy and Goes, 1988,1989). Qasim and 
Sen Gupta (1981) have studied some envi- 
ronmental characteristics of this ecosystem. 
The aim of the present investigation was 
to supplement information on primary pro- 
ductivity, chlorophyll a and related aspects 
in relation to other environmental param- 
eters within this estuarine complex. An 
attempt has also been made to compare 
the observations with a coastal station 
along Goa coast. 
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Material and methods 

Investigations were carried out for a 
period of ten months from St 1 (off Cabo) 
and fourteen months from St 2 (Mandovi) 
and St 3 (Zuari) during 1997-98 (Fig. 1). 
Water samples were collected from surface 
and bottom using 5 1 Niskin (PVC)- sam- 
pler. Immediately after collection a known 
volume of water was fixed with Lugol's 
solution and preserved in neutralised for- 
malin for enumeration of cell density and 
identification of major groups/species. For 
Chl a, known volume of water sample was 
filtered through a Whatman GF/F 
filterpaper (47 mm diam. 0.7 pm pore size) 
and pigments were extracted in 90% ac- 
etone. Fluorosence was measured on a 
Turner Fluorometer which was calibrated 
by chlrophyll a standards (Sigma). The 
values were expressed as mg m-3. Primary 
productivity (PP) measurements were 

r.Pi 

Fig.1 - Map showing station locations 

made using the "C technique introduced 
by Steemann Nielson (1952). Immediately 
after collection the samples were passed 
through 200 pm nylon bolt net to minirnise 
the possibility of grazing by zooplankton 
during incubation. The radioactive carbon 
in the form of sodium bicarbonate (5 pCu/ 
d) was added to duplicate samples in light 
and dark bottles. Appropriate neutral den- 
sity filters were used for bottom samples. 
The bottles were incubated under natural 
light condition for 4-6 hrs duration on deck. 
Water in the incubation chamber was 
changed at frequent intervals to maintain 
the temperature. After incubation the con- 
tents were filtered onto a membrane filter 
(0.45pm) and subjected to acid fuming. The 
filters were analysed for "C uptake rate 
using liquid scintillation counter (Tri - 
CARB 2500 T R Packard). The values were 
expressed as mgC/m-3/hr-1. Particulate 
organic carbon (POC) and nitrogen (PON) 
content was determined by filtering known 
volume of water through a previously 
combusted GF/F filters (47mm diam.) and 
analysed on Perkin Elmer CHN analyser. 

Results 

Monthly variations in Chl a, PP and cell 
density in surface and bottom waters at 
different stations are given in Fig. 2 and 3. 

ChZorophyIZ a 

Surface chlorophyll values were high 
during post monsoon at all the three sta- 
tions. Mean for the entire period of study 
is given in Table 1. Greater fluctuations in 
chlorophyll content were recorded in bot- 
tom waters at all the three stations. At both 
surface and bottom on an average low 
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Table 1 - Mean value of various'parameters at Sts 1,2 and 3 (Depth range from 14 - 18 at St 1 , 2 4 5  m at St 2 
and 2.5 to 4.5 m at St3) 

Parameters Depth St.1 St.2 St.3 

Chl a (mg/m3) 

Cell density(nos X104/1) S 
B 

C : Chl a ratio (mgC hrl/mg Chl S 
B 

Phaeopigments (mg m-3) 

POC (mg m-3) 

PON (mg m-3) 

C : N ratio S 
B 

Temp°C S 
B 

Sal Ym S 
B 

NO3-N (p moI/l) S 
B 

values were observed during monsoon at 
St 2 and 3 and premonsoon at St 1. (Table 
2). Column chlorophyll n ranged from 4.35 
to 36.23 (av. 18.02) mg/m2 at St. 1, 0.06- 
12.62 (av. 4.53) mg/m2 at St 2 and 0.9 to 
25.2 (av. 6.2) mg/m2 at St. 3. 

tions. Highest cell density of 2.19 x 104 and 
3 x 104 cells/l at St 1 was observed for 
surface and bottom during May 98 and 
Oct. 97 respectively. At St. 2 surface waters 
recorded highest cell density (1.98 x 104 
cells/l) during April 98 and bottom waters 

Phytoplankton cell density (2.16 x 104 cells/l) during Nov. 97. Corre- 

Difference in cell density was not re- sponding values at St 3 were 2.02 x 104 

corded on an average basis between sta- cells/l and 3.46 x lo4 cells/l during May 
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cies represented by siIicoflagellotes and 
blue-green algae. Seasonal contribution 
(>5%) of dominant groups is given in Table 
3. Chaetoceros sp. dominated at St 1 (35%) 
during premonsoon and Coscinodiscus sp 
(49%) during postmonsoon. At St 2, 
Coscinodiscus sp dominated during all the 

5 ~ 9 7 0  N 5 J 9 0 F  bl b* J  J A S 0  
Months 

- . - . -. . - .. .... - .............. .... 

Fig.2 Morltlzly variatioizs in PP, Chloroplzyll a aild 
Cell density in surface waters (a- Stn 1, b-Stn 2 
and c-Stn3) 

98. Irrespective of surface and bottom, on 
an average the postmonsoon period re- 
corded a cell density of 0.78 x lo4 cells/l 
and premonsoon 0.68 x lo4 cells/l at St. 1. 
At St. 2 and 3 premonsoon period recorded 
a mean cell density of 1.28 and 1.09 x 10" 
cells/l respectively. Corresponding cell 
density at St. 2 and 3 during postmonsoon 
and monsoon were 0.85 and 0.73 x lo4 and 
0.28 and 0.37 x lo4 cells/l respectively. 

Phytoplankton species composition 

A total of 49 species belonging to differ- 
ent genera were recorded during the pe- 
riod of study. Of these, 36 species belonged 
to diatoms 7 to dinoflagellates and 6 spe- 

three seasons (Premonsoon - 47%, mon- 
soon - 31% and post monsoon - 25%). 
Rhizosolenia sp, also forined a dominant 
group during postmonsoon at St.2. At St. 
3, Thalassionema sp. dominated during 
premonsoon and monsoon and Pleurosigma 
during postmonsoon. 

SO7 0 N D J98  F M A M 0 

Months 

5 . 9 7 0  N D J - 9 8 F  M  A Y i J A S 0  
Month* 

L . ... - ....... - . -- . -- .- .. -. .. 
... 

S 9 7 O  N D J 9 8 F  M A M J  J  A S  C  
Months 

.- . . . . . . . . .  . 

Fig.3 Monthly variations in PP, Chlorophyll a and 
cell density in bottom waters (a- Stn 1, b-Stn 2 
and c-Stn3) 
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Table 2 Seasonal variations i n  PP (mgC/m3/hr), Chl and 
Phaeopigments (mg/m3) at stations 1,2&3 

Stations PP ChIorophyII Phaeopigments 

Premonsoon 

IS 11.41 0.93 0.01 

B 1.21 0.30 0.15 

2s 50.61 1.58 0.20 

B 3.30 1.50 0.12 

3s 46.75 1.50 0.00 

B 3.62 1.12 0.24 

Post Monsoon 

1s 18.68 1.35 0.34 

B 25.15 1.71 0.04 

2s 31.06 2.22 0.29 

B 12.04 1.58 0.12 

3s 29.03 2.13 0.22 

B 7.72 1.63 0.56 

Monsoon 

2s 7.52 1.08 0.37 

B 0.57 0.27 0.16 

3s 24.30 1.70 0.09 

B 5.73 0.62 0.14 

Pnemay produc fivify 

Average PP values for surface and bot- 
tom waters at different stations are given 
in Table 1. A major peak in PP value has 
been recorded in surface waters at all the 
three stations during December with cor- 
responding increase in chlorophyll content. 
At St. 2 surface waters recorded a second 
peak in March and a third one in May. 
Similarly at St. 3 second peak was in March 
and third one in August. PP values were 
generally high during premonsoon in bot- 
tom waters at all the stations. Seasonwise 

PP was high during postmonsoon at St. 1 
and premon-soon at St. 2 and 3 (Table 2). 
Integrated PP values fluctuated from 0.19 
- 7.96 (av. 2.01) gC/m2/day at St. 1,0.02 to 
1.46 (av. 0.53) gC/m2/day at St. 2 and 0.07- 
1.3'5 (0.7) gC/m2/day at St. 3. The annual 
net primary production works out to be 
632.9 gC/m2 at St. 1, 224.9 g/m2 at St. 2, 
and 299.67 gC/m2 at S. 3. 

Scatter diagram of chl a, phytoplankton 
cell numbers and primary production ver- 
sus salinity at different stations are given 
in Fig 4. It shows that phytoplankton popu- 
lation was high at a salinity range of 26- 

Fig.4 Correlation of Salinity with PP, Chl a and cell 
density (a-Stn 1, b-Stn 2 and c-Stn 3) 
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36%0 at St. 1 and 3 and 22-36%0 at St. 2. carbon. Phytoplankton carbon was esti- 
mated from Chl a using the conversion 

'I'he turnover time scales of phytoplank- factor 1 mg chlorophyll = 50 mg carbon 
ton carbon in the study area are derived (Tranter, 1973). The turnover time scales 
from the column primary production rate averaged 3.12 at St.l,3.29 at St. 2 and 3.31 
and the standing stock of phytoplankton at St.3. The division rate of phytoplankton 

Table 3 Seasonal contribution (>5%) of major species. Total number of cells* is given in parenthesis 

Pre-monsoon 

Major Groups Stn 1 Stn 2 Stn3  
(5.42 x 104/1) (10.17 x lo4/l) (9.7~104/1) 

Chaetoceros sp 35.4 14.18 
Coscinodiscus sp 16.5 14.84 
Leptocylindrus danicua 15.02 
Pleurosigma elmgatum 8.3 10.34 
Nitzschia sp 5.0 12.23 5.9 
Thalassionema sp 6.29 15.5 
Unidentified algae 9.5 
Nm'cula sp 6.5 

Monsoon 

Major Groups Stn 1 Stn 2 Stn 3 
(2.56 104/1) (2.98x104/ 1) 

Chaetoceros sp NS 30.59 12.74 
Fragilaria oceanica 13.1 
Thallasiothrix frauenfel$ie 11.95 7.09 
Gyrosigma sp 9.42 
Thalassionerna sp 7.49 20.4 
Skeletonema costaturn 6.88 7.54 
Chaetoceros sp 7.43 
Unidentified algae 6.17 
Biddulphia sp 5.01 

Major Groups stn 1 stn 2 stn 3 
(5.42 x 104/1) (10.17 x 104/1) (9.7~104/1) 

Coscinodiscus sp 
Chaetoceros sp 
Planktoniella sol 
Rhizosolenia sp 
Eucampia 
Pleurosigma elongatum 
Surirella 
Nitzschia sp 

*Surface & bottom together NSno sampling during monsoon at stn 1 
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ranged from 0.12-10 (av. 1.83 div/day) at 
St. 1; 0.11-5.9 (av: 0. 9l/day) at St. 2 and 
0.15-0.63 (av : 0.32 div/day) at St. 3. 

Parficulate organic carbon and nitrogen 

Information on particulate organic car- 
bon (POC) is helpful in estimating the 
biogenic carbon available for the organ- 
isms at the higher trophic levels. Average 
for surface and bottom waters at different 
stations is given in Table 1. Monthly varia- 
tions are given in Figs. 5 and 6. Particulate 
organic carbon and nitrogen content were 
generally high in bottom waters at all the 
three stations. In surface waters highest 

S s 7 q  PJ L . 9 8  F K A M 0 
Months 

5 9 7 5 0 ' 4  5 . 9 8 '  Y i hfl J i S 6 

Months 
d 

5": N O D . - P 8 F  M A M J . A S 0 

Months 
~ .- . - -~ 

Fig.5 Monthly variations in POC, PON and TSM 
in sltrface waters (a- Stn I ,  b-Sfn 2 and c-Stn3) 
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---. 
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Fig.6 Monthly variations in POC, PON and TSM 
in bottom wafers (a- S fn  1, b-Stn 2 and c-Stn3) 

value (1071.5 mg/m3) recorded in Sept. at 
St. 1 and in June (3949 and 2234 mg/m3 ) 
at St. 2 and 3. Integrated POC was 144 g/ 
m2 at S. 1; 60.73 g/m2 at St. 2 and 84.01 g/ 
m2 at St. 3. Percentage contribution of 
phytoplankton carbon to POC amounted 
to 6.3 at St. 1, 5.2 at St. 2 and 3. Bacterial 
carbon contributed 3.1% at St.1, 1.18% at 
St. 2 and 1.25% at St. 3. 

Particulate organic nitrogen (PON) con- 
tent was maximum in Dec. (569 mg/m3) in 
surface waters at St. 1 and the correspond- 
ing values at St. 2 and 3 were in June (536 
mg/m3) and Sept. (944.6/mg/m3) respec- 
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Table -4 Correlation between different parameters in surface waters at the three stations 

Parameters Stn 1 (n=9) Stn 2 (n=13) Stn 3 (n=13) 

r value P r value tl r value D 

Chl a /Temperature 

Chl a/Salinity 

PP/Temperature 

PP/Salinity 

Cell density/Salinity 

Cell density/Temp 

PP/P04 

PP/C:Chl a ratio 

PP/P04 

Cell density/TSM 

Cell density/PO, 

tively. In bottom waters it was maximum 
during May 98 at St. 1 and June at St. 2 
and 3. Integrated PON averaged 28.7 g/m2 
at St.1, 7.6 g/m2 and 13.8g/m2 at St. 3. 
Mean values of total suspended matter 
(TSM) in surface and bottom waters for all 
the three stations are given in Table 1. 

Monthly variation in C : N and C : Chl 
ratio is given in Fig. 7 and 8. On an average 
C : N ratio was 4.84; 8.06 and 5.85 in sur- 
face waters respectively at St. 1, 2 and 3. 
The corresponding values for bottom wa- 
ters were 6.8; 6.64 and 5.99 (Table 1). How- 
ever, extremely high value of 43.1 and 120 
in bottom waters at St. 1 and 2 were not 
considered for averaging. 

C : Chl a ratio in surface waters was 
always higher than that of bottom waters 
(Table 1). The specific productivity in sur- 
face waters on an average was 16.19 at St. 

1 S 9 7 O N D J - 9 8 F M A M O  1 
I , Months I 
L i 

I 
b I 

6 9 7 0  N D J 9 8 F  M A M  J J A S O  

1 .  
Months 

- - - 

1 ~ 2 5 . ~  at St. and 24.93 at St. 3. In bottom Fig.7 Monthly variations in C:Chl a and C:N ratio 
waters without considering the extremely in surface waters (a- Sfn I ,  b-Stn 2 and c-Stn 3) 
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- .. - 
BIG Chl raho 
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FigB Montllly variations in C:Chl n and C:N rntio 
in bottom waters. (a- Stn 1, b-Stn 2 and c-Stn 3) 

high value (at St. 1 and 3) it was 8.86 at 
St.1, 5.33 at St. 2 and 3.37 at St. 3. 

Statistical analysis 

Regression analysis has been carried out 
to find out the relationship between vari- 
ous parameters and the results are given 
in Table 4 and 5. In surface waters Chl a 
indicated a linear relationship with tem- 
perature at all the three stations. Correla- 
tion of PP with temperature and salinity 
and that of salinity with chlorophyll was 
significant at 1% level at St. 2. PP also 
showed a good relationship with tempera- 
ture at St. 2. At St 1 PP was found linearly 
correlated with PON. 

As far as bottom waters are concerned 
the relationship between PP and Chl a was 
positive at all the three stations, and it was 
sigruficant at 5% level (p = 0.05, r = 0.5) at 
St. 2. Temperature and salinity indicated a 
linear relationship with chlorophyll a at 
1 % level at St. 2. CelI density was positiv- 
ely correlated with salinity at St. 2 and 3. 

Table 6 Correlation between different parameters in bottom waters at the three stations 

Parameters Stn 1 (n=7) Stn 2 (n=12) Stn 3 (n=13) 

r value P r value P r value P 

Chl a /Temperature 

Chl a/salinity 

PP/Temperature 

PP/Salinity 

Cell density/Salinity 

Cell density/Temp 

PP/P04 

PP/C:Chl a ratio 

P P / m  

Cell density/TSM 

Cell density/PO, 
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When regression analysis has been car- level whereas between St. 1 and 3 only 
ried out by combining both surface and spatial difference was significant at 5% 
bottom values a negative correlation was level. 

observed between and nutri- Season-wise difference in surface PP 
ents at all the three stations, whereas, it between the three stations was highly sig- 
was positively correlated with salinity and nificant during premonsoon (p<0.001, f 
temperature. However, this relationship 

28.83, d f 2,3) and the difference between 
was sigrufrcant at 1 % level at St. 2 (p. > 0.01 

St. 1 and 3 was comparatively higher than 
r = 0.57 and 0.6 n = 25). Cell density was St.1 and 2. Difference in surface PP during 
linearly correlated at 1 and 5% level with 

post monsoon was significant at 5% level 
total suspended matter respectively at St. 

(P<0.05, f 4.17, d f 2,4). 
2 and 3. 

PP and chlorophyll a values from all the 
three stations were subjected to Anova (two 
way without replication) to find out 
whether the spatial and temporal differ- 
ence is significant or not. Spatial and tem- 
poral difference in surface chlorophyll was 
highly significant (P - 0.001, f 9.84, d f 2, 
13 and f 7.86, d f 13,26) whereas the differ- 
ence in bottom chlorophyll was sigruficant 
only at 5% level (p < 0.05, f 4.18, d f 2,13 
and f 4.83, d f 13,26) 

Spatial and temporal difference in sur- 
face PP between the three stations was 
highly sigruficant. (P<0.001, f 15.67, d f 2, 
13 and f 5.22, d f 13, 26 respectively). 
However, level of sigruficance was more 
between St. 1 and 2 as compared to St. 1 
and 3 or St. 2 and 3. Between St. 2 and 3 
temporal differences in PP were observed 
at 1% level (p<0.01, f 4.5, d f 13, 13). In 
bottom waters spatial difference in PP 
between the three stations were significant 
only at 1% level (p<0.01, f 6.06, d f 2,13) 
and temporal difference was at 0.1% level 
@<0.001, f 5.57, d f 13,26). Between St. 1 
and 2 the difference was significant at 0.1 % 

Discussion 

Range and mean chlorophyll a content 
in estuarine and coastal waters of Goa have 
been reported as 0.3-11.3 mg/m3 and 1.94 
mg/m3 (Verlencar, 1984, Verlencar and 
Qasim, 1985). Surface productivity values 
were lower than that of Ashtamudi estu- 
ary (Nair et al., 1984), Vashisti estuary (Nair 
et  al., 1998) and Kadinakulam estuary 
(Nandan and Azis, 1994). Column chloro- 
phyll and primary productivity values 
recorded in the present study agree well 
with the earlier reported values (Devassy 
and Goes, 1989). Observation of high sur- 
face Chl a during post monsoon in the 
present study agrees with the earlier ob- 
servation (Goes, 1983). A threefold increase 
in total suspended matter in the Mandovi- 
Zuari estuarine system has been observed 
in the present study as compared to earlier 
observation (De Souza et  al., 1981). POC 
content recorded in the present study 
agrees well with the earlier reports 
(Verlencar and Qasim, 1985). Availability 
of nutrients has been recognised as one of 
the major factors controlling primary pro- 
duction. Obvious difference was not ob- 
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served in nutrient level (mean) between 
the earlier and present observation. Nair 
et al. (1983) and Nair and Thampi (1980) 
reported higher productivity in bottom 
waters at Ashtamudi estuary and in tropi- 
cal higher productivity in bottom waters 
at Ashtamudi estuary and in tropical ar- 
eas. In the present study high productivity 
has been recorded in bottom waters dur- 
ing postmonsoon at St. 1 as compared to 
surface waters. Although photosynthesis 
is light dependent, there is a limit at which 
photosynthesis become light saturated and 
in bright light the surface water seems to 
receive illumination above the saturation 
level for most of the phytoplankton thus 
inhibiting the photosynthesis. In such a 
situation maximum photosysthesis occurs 
beneath the surface layers depending upon 
the light intensity. This can be one of 
the reasons for greater productivity in 
bottom waters at St. 1 especially during 
postmonsoon. 

Nair et al., (1983) reported maximum 
production in surface waters during 
premonsoon and monsoon because of tur- 
bidity of waters and during postmonsoon 
in bottom waters due to greater penetra- 
tion of light. The same trend has been 
observed in the present study with high 
values (mean) in surface waters at all the 
three stations during premonsoon and 
monsoon periods and in bottom waters 
during post monsoon. The specific pro- 
ductivity recorded in the present study ap- 
pears to be comparatively higher than the 
specific productivity range (0.5-15.29) and 
mean (4.7) reported earlier (Gonzalez - 
Podriguez, 1994). 

Nitrate generally shows a negative cor- 
relation with salinity (Phillips, 1972) has 
been noticed at the two estuarine stations 
in the present study. Nair e f  al., (1998) 
reported a negative correlation of chloro- 
phyll with salinity. Chlorophyll and cell 
density showed positive correlation with 
temperature and salinity at all the three 
stations and this relationship was greater 
at St. 2 as compared to St. 1 and 3. In the 
present investigation, PP was linearly cor- 
related with PO, at 5% level in surface 
waters at St. 2, however when surface and 
bottom values were combined PP and Chl 
were found negatively correlated with 
nutrients except at St. 2 whereas PP showed 
a linear relationship with PO,. An increase 
in potential productivity at higher tempera- 
ture and decrease in productivity with 
seasonal decrease in temperature along an 
Australian estuarine gradient and the dif- 
ficulty to separate the role of temperature 
in regulating productivity from the simul- 
taneous influence of nutrient concentra- 
tion and light has been reported 
(O'Donohue and Dennison, 1997). PP was 
negatively correlated with temperature and 
salinity at St. 1. Whereas this relationship 
was positive with temperature at St. 2 and 
3 and negative with salinity at St. 1. Influ- 
ence of temperature and salinity on PP and 
phytoplankton growth has been reported 
earlier (Purushothaman and Bhatnagar, 
1976, Nair et al., 1998). Mallin (1994) re- 
ported the underlying influence of salinity 
on productivity in estuaries on the east 
coast of United States. Gessner and 
Schramm (1971) reported the importance 
of salinity as an ecological factor in con- 
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trolling the abundance of phytoplankton 
organisms in estuaries. Though the avail- 
ability of nutrients has been recognised as 
one of the major factors controlling pri- 
mary production, the present observation 
supports the marked influence of salinity 
on phytoplankton growth and photosyn- 
thesis at the estuarine stations. However, 
factors influencing the productivity are 
many, a more detailed investigation along 
with application of multiple regression 
analysis is suggested to get a clear picture 
on the productivity of this complex estua- 
rine system. 

References 

Bhattathiri, P.M.A., V.P. Devassy and R.M.S. 
Bhargava. 1976. Production at different trophic 
levels in the estuarine system of Goa. Indian. J. 
mar. Sci., 5 : 83-86. 

De Souza, S.N., R.S. Sen Gupta., S.Sannzgiri and 
M.D.Rajagopa1. 1981. Studies on nutrients of 
Mandovi & Zuari River System. Ibid, 10 : 314- 
321. 

Devassy, V.P. 1983. Plankton production associated 
with cold water incursion in the estuarine en- 
vironment. Mahasagar, 16 (2) : 221-233. 

--- and J. I. Goes. 1988. Phytoplankton community 
structure and succession in a tropical estuarine 
complex (west coast of India). Estuar. Coast. Shelf. 
Sci, 27 (6) : 671-685. 

-- and -- 1989. Seasonal pattern of phytoplank- 
ton biomass and productivity in a tropical es- 
tuarine complex (west coast of India). 
Proc.lndian.Acad.Sci.Plant Sci. 99 (5) : 485-501. 

Goes, J.I. 1983. Studies of the carbon assimilation 
patterns and biomass production in marine 
phytoplankton. M.Sc Thesis, University of 
Bombay, Bombay. 

O'Donohue, M.J. H and W.C. Dennison. 1997. Phy- 
toplankton productivity response to nutrient 

concentration, light availability and temperture 
along an Australian estuarine gradient. Estuar- 
ies. 20 (3) : 521-53. 

Gessner and Schramm, 1971. Salinity-Plants. In : 
Marine ecology Vol 1 (part 2) edited by 0.Kinne 
Published by Willey Interscience, London p. 705- 
820. 

Gonzalez-Podriguez, E. 1994. Yearly variation in 
primary productivity of Marine phytoplankton 
from Cabo Frio (RJ. Brazil) region. Hydrobiologia. 
294 (2) : 145-156. 

Mallin, M.A. 1994. Phytoplankton ecology of North 
Carolina estuaries. Estuaries. 17: 561-574. 

Nair, N.B and D M. Thampi. 1980. A textbook of 
marine ecology (India : The Macmillan com- 
pany of India Ltd) p. 352. 

----- ., K. Dharmaraj., P.K. Abdul Azis., 

M.Arunachalam., K.K.Kumar and  N.K. 
Balasubramaniyam. 1983. Nature of primary 
production in a tropical backwater of southwest 
coast of India. Proc. Indian Natl. Sci. Acad. B; 
49(6) : 581-597. 

----- , P.K. Abdul Azis., K. Dharmaraj., M. 
Arunachalam., K.K. Kumar and N.K. 
Balasubramaniyam. 1984. Ecology of Indian 
estuaries V: Primary production of the 
Ashtamudi estuary, Southwest coast of India. 
Proc.lndian Acad. Sci (AnimaLSci). 93: (1) 9-23. 

Nair, V.R, S. Mustafa., P.Metha., K. Govindan., M.J. 
Ram and S.N. Gajbhiye. 1998. Biological char- 
acteristics of the Vashishti estuary, Maharashtra. 
1ndian.J. mar. Sci., 27 : 310-316. 

Nandan, S.B and P.K. Abdul Azis. 1994. Primary 
productivity of the retting zones in the 
Kadinakulam estuary, southwest coast of 
1ndia.Mahasagar 27(2):97-103. 

Phillips,F.F. 1972. Sediment transport of estuary 
entrance shoals and formations of swash platfo- 
rms Journal . sedimentary petrology. 42 : 858 - 863. 

Purushothaman,A and G.P.Bhatnagar.. 1976, Pri- 
mary production studies in Porto Novo waters, 
S.India. Arch.hydrobio1, 77 : 37 - 50. 



Primary producti~fy in Mandovi-Zuari estuaries in Goa 13 

Qasim, S.Z and R.S.Gupta. 1981. Environmental 
characteristics of the Mandovi-Zuari estuarine 
system in Goa. Estuar. Coast and Shelf Sci. 13 : 
557 - 578. 

Steeman-Nielsen,E 1952. The use of radioactive 
carbon (14c) for measuring organic production 
in Sea. Journal. Dzt .Conseilpour. Exploration de la 
Mer. 18 : 117 - 140. 

Tranter, D.J. 1973. Seasonal studies of a pelagic 
ecosystem (Meridian 110 E) in: The Biology of 

the Indian Ocean. vold. edited by B.Zeitzsche1 
( Springer verlag, Berlin), 487 - 520 

Verlencar,X.N. 1984. Dissoloved organic nutrients 
and phytoplankton production in the mandovi 
estuary and coastal waters of Goa.Mahasagar, 
17 (3) : 141 - 149. 

----- and S.Z.Qasim. 1985.Particulate organic matter 
in the coastal and estuarine waters of Goa and 
its relationship with phytoplankton production. 
Estuar. Coast. Shelf Sci. 21(2) : 235 - 243 


