
N ANNOPLANKTON is known to form an im-
portant part of phytoplankton standing stock
i n  nearshorel$2 a n d  offshore+*  w a t e r s .  A l -

though some work has been done off Goa regarding
phytoplankton standing stock ard chlorophyll esti-
mations  no attempt has been made to quantify
the relationship between nannoplankton and net
phytoplankton in this area.

To relate productivity from the primary to secon-
dary trophic  levels, it is useful to have an estimate
of community production. One method of estimat-
ing such production is to determine oxygen diffe-
rences over a 24 hr period. The method has been
used by Odum and Hoskin’  in shallow waters and
Sugiuras  in oceanic regions.

The present investigation is a preliminary attempt
to relate standing stock and productivity estimates
of both nanno and net phytoplankton to zooplank-
ton estimates and community production in the
estuarine and neritic waters of Goa. For the pur-
poses of this study, nannoplankton is defined as
photosynthesizing organisms which will pass through
a 60 pm  mesh net.

Materials and Methods
Two stations were chosen for investigation. One

at the mouth of the Mandovi river (Verem, Fig. 1)
where conditions are estuarine and the other in the
nearshore region off Bogmalo. Depth at Bogmalo
varied between 10 and 15 m depending on the drift
of the beat.  Depth of the euphotic  zones at both
the stations was 4 and 4.5 m respectively. Diurnal
studies were carried out at both the stations.

Surface water was sampled every 3 hr for the
determination of l*C assimilation, chlorophyll, phyto-
plankton abundance, oxygen, salinity, nitrate, phos-
phate and temperature. For the estimations, a 10 1
sample was divided into 2 portions. One portion
was subsampled per se for chlorophyll, phytoplank-
ton and l*C assimilation and the other was filtered
through a 60 pm  net prior to similar subsampling.
Chlorophyll, nutrients, oxygen, salinity and r*C
assimilation were estimated following the methods
of Strickland and Parsonsg.  To measure 1% fixa-
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Nannoplankton appears to be an important part of the phytoplankton standing stock in these
estuarine and neritic waters and may be responsible for up to 90% of primary production in the
region studied. Zooplankton species distributions indicate a mixing of estuarine and neritic
waters. The influence of the Mandovi-Zuari estuary is felt as far south as Bogmalo. Results
showing apparent respiration dominated community production at one station (Bogmalo) are
discussed as a function of zooplankton and phytoplankton standing stock values.

tion, samples inoculated with 14C-labelIed  sodium
bicarbonate were incubated in a deck incubator
for 6 hr. Radioactivity fixed  by the phytoplankton
was detcrmircd  usirg a thin-wirdow GM counter
with an tfficicncy  of 2.45%.

Phytoplanktcn  s t a r d i r g  sicck eslirratcs  w e r e
made cn 500 ml filtered an.d  unfiltered water samples
fixed with 0.5 ml Lugol’s iodine and settled for
48 hr. Frcm  a final v-oh-me  of 20 ml, 1  ml sub-
sample was taken  for counting in a Sedgewick-Rafter
counting chamber. Duplicate counts were made
for each sample  which gave a standard deviation of
& 15%.

Zooplankton samples were taken with a 300 pm
net fitttd wil h a Rigosha TSK flowmeter. A 3-5
min horizontal haul was taken  for each sampIe.

To estimate standing stock from the above data,
caloric values for 2 species of algae were estimated.
Unialgal cultures of Chlorella  sp. and Tetraselmis
gracilis,  grown at a light intensity of 12000 lux at

Fig. 1 -Location of the 2 stations
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room temperature in Erdschreiber medium, were
used for caloric determinations by the Kazinkin and
Tarkovskaya methodlO. Average caloric value for
both species was 2300 k 10%  Cal/g  dry weight for
cells in the exponential phase of growth, Using
the Platt and Irwin’+  factor of 11.4  calories/mg  C
for phytoplankton, the carbon content per cell was
calculated as 61.97~ 10-E  mg C/cell from the cul-
ture.
ResuIts

Table 1 shows nutrient, salinity and temperature
data for the two stations. Plankton counts are
presented in Fig. 2.

The null hypothesis that there is no significant
difference in abundance of nanno  and total phyto-
plankton is tested by analysis of variance on the
2 groups for cell count and chlorophyll data.
Results indicate that there is no significant diffe-
rence between nanno  and total phytoplankton
abundance and the 2 groups of data are, therefore,
discussed as samples from one population where
nannoplankton are dominant organisms.

Tetraselmis  gracilis and Chlorella sp,  are the
dominant members of the phytoplankton popula-
tion both at Verem and Bogmalo. Ezqlena  sp.
and Synechocystis sp. are recorded at Verem.
Diatoms, (Nitzschia seriata, Fragillaria ocealzica,
Navicula  sp., Chaetoceros sp,  and Coscinodiscus sp.)
constitute about 3-5%  of the population at Bogmalo
and about l@15o/0  of the population at Verem.
Except Coscisodisczts  sp., representatives of these
species are found in both filtered and unfiltered
samples.

1%  assimilation values (Fig. 3) tested by analysis
of variance show no significant differences in assimi-
lation by nanno  and total phytoplankton.

Date

30.9.73

1.10.73

26.9.73

27.9.73

TABLE l- D IURNAL CHANGES IN
TEMPERATURE , SALINITY AND NUTRIENTS  FOR

VEREM  AND BOGMALO

Time Temp. Sal. PO4-P NOa-N
W4 (“‘7 (so) ((*g-at/litre)  (pg-at/litre)

VEREM  (MANDOVI  ESTUARY )

1 ml 294 32.16 1.225 0.162____ _-  ~.
1 3 0 0 fi6i 33.68 0.875 0.108
1 6 0 0 30.2 26.89 0.875 0.288
1 9 0 0 30.0 14.42 0.613 0~288
2 2 0 0 29.0 18.42 o-355 O-108
0100
0 4 0 0
0 7 0 0
1 0 0 0

29.0 32.25 0.613 0.82
28.5 31.36 I.05 0.648
28.0 22.57 O-787 0.738
29.0 - 0.525 0.108

OFF BOGMALO (NEAR SHORE WATERS )

1100 29.0 33.4 2.04 0.212
1 4 0 0 29.0 34.13 I.7 0.69
1 7 0 0 29.0 34.13 I.7 0.431
2 0 0 0 28.0 33.86 1.36 0.862
2 3 0 0 28.0 30.21 2 . 7 2 0.172
0 2 0 0 2 8 . 0 28.08 1,27 0.603
0 5 0 0 28.1 32.79 1.27 0.862
0 8 0 0 28.5 31.27 I.02 0.603
1100 29.0 32.7 1.19 0.431

Fig. 2 -Diurnal variations of different parameters at the
2 stations

There appears to be no consistent variation with
time of day for cell counts or chlorophyll at either
Verem or  Bogmalo. The peaks in chlorophyll values
at Verem (1600 and 0400 hrs, Fig, 2C)  ale  not
reflected in the cell counts and appear to be more
closely related to tidal cycles rather than the time
of day with maxima appearing just before the
low tide. Zooplankton data, on the other hand,
show a correlation of biomass with the time cf
day (Fig. 2D). At Verem, for example, tidal fluctua-
tion appears to have little effect on the standing
stock values. Copepods  ale  dominant in all samples
(Table 2).

Oxygen measurements taken over the 24 hr cycle
have been used to calculate community production
(corrected for diffusion) at Bogmalo by the method
of Odum and Hoskin  (Fig. 4). Due to the con-
stant and rapid flow of water at Verem, the diffusion
constant is both erratic and high and it is, therefore,
not possible to estimate community production in
this way at this station.

Discussion
Fig. 2 indicates that nannoplankton is responsible

for most of the primary production in both near-
shore and estuarine waters in this region. These
results are in general agreement with seasonal studies
from the Cochin backwaters12113  and reports from
other tropical and temperate regions3J4.

Higher values of total chlorophyll (Fig. 2C)  appear
to be associated with the ebb tide at Verem, as
earlier reportede. The peaks in chlorophyll at this
estuarine station are not substantiated by either
cell count determinations (Fig. 2B) or productivity
estimates (Fig. 3, 1600 hrs). It is possible that the
resuspension of bottom, deposits such as dead a l g a l
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Fig. 3 - % assimilation rates at Bogmalo and Verem [Values of production are. integrated over the 24 hr cycle]

TABLE ~-DIURNAL  CHANGES IN PERCENTAGE OF DOMINANT COPEPOD SPECIES AT THE 2 STATIONS

Verem

Date Time C e n t r o -  Pseudo- O i t h o n a
Pages diapto- rigida
tenui- mus
remis a u r i v i l l i

30.9.73 1300 2.75 1.83 0.9
1 6 0 0 0.11 11.72 0 . 2 9
1900 - 0.28
2 2 0 0 - 58.84 077

1.10.73 0 1 0 0 - 65.18 4.65
0 4 0 0 5.78
0 7 0 0 2-25 7.72 oT4
1 0 0 0 2.98 13.46 23.18
- - - -

Off Bogmalo

Date Time Centro- Pseudo- Oithona Euterpina  Temo- Pseu- Acrocalanus
Pages diapto-  yigida acuti- ya tur- dodi-
tenui-

gracilis
mus frons binata apto-

remis aurivilli mus
meri-
toni

26.9.73 1 1 0 0 89.4 0.16
1 4 0 0 52.7 0.89

7% . 15.$3  .
7 1 1

1700 10.54 3.83 10.15 11.3 -
2 0 0 0 54.96 5.69

28>6
7;7 ;;.“9: - -

2 3 0 0 54.8 1.36
27.9.73 0 2 0 0 78.62 1.22 - z z r z

0500 71.95
6-82

- -
0 8 0 0 4 0 . 4 6 - - 1 1 2004
1 1 0 0 80.15 - 11.03 - - - -

material due to the reversal of current direction
a!  this time results in high chlorophyll values.

Data on community production at Bogmalo (Fig.
4) where values have been corrected for diffusion,

Goedheerl5  for example, has reported that chloro-
phyllide, a chlorophyll derivative, may sometimes

show an apparent excess of respiration over photo-

be estimated as an equivalent amount of chloro-
synthetic oxygen production over most of the period

phyll a in spectrophotometric observations.
of the investigation. The diffusion constant (k) for

Total the period for the euphotic  zone is 11.25 g 0 m-2
biomass values of zooplankton (Fig. 2D) show a hr-1. These values are higher than those reported
correlation with time of day, apparently being less
affected bv tidal influences. 0.2 BDGMALO

Zooplankton data (Table 2) show the presence of
similar species in  both Verem and Bogmalo. There 0

appears to be some mixing of neritic and estuarine
72

waters in this region, the influence of the Mandovi-
P 0.2

Zuari  Estuary being felt as far south as Bogmalo. g
Euryhaline species such as Psetidodiaptomzcs  awivilli 0”
endemic to estuarine waters ale  found in fairly high
concentrations at both Bogmalo and Verem, whereas 12m 2om lirn O L O O 0 8 0 0

Euterpina  aczdifrolzs  which may be here regarded
TIME IN  HOURS

as an indicator of higher salinity waters is found Fig. 4 - Community production calculated from the oxygen
only at Bogmalo. differences over 24 hr cycle at Bogmalo
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by Odum and Hoskin  for shallow water regions
and may possibly be due to wind and wave action
in the area.

14C  production values integrated over the experi-
mental period at Bogmalo is 0.053 g C  m-2 day-1
(Fig. 3) which is considerably lower than the average
for the Arabian Sea reported by Ryther and
Menzell6.  Similarly phytoplankton cell counts (Fig.
2B) are low whereas, zooplankton biomass is rela-
tively high.

In order to compare the standing stock of phyto-
plankton and zooplankton, biomass values have
been computed as mg C per litre. For zooplankton
1 ml displacement volume has been regarded as
containing 65 mg C as estimated by Cushingl’.
The experimentally determined caloric values for
Tetrasehis  and Chlorella in exponential stages of
growth in culture yield, an average of 61.97 ~10~~
mg C per cell. In conjunction with the cell count
data, this factor has been used to calculate valu.es
of cell carbon per litre at both Bogmale  and Verem
(Fig. 5).

Two main assumptions are implicit in this ana-
lvsis. The first is that in a natwal population all
pllytoplankton  elements have a similar carbon con-
tent .  The data of  K&chum  and Redfield  and
Richmanls show that negligible differences exist
between caloric values of chlorophycean flagellated
and non-flagellated organisms in culture. Parsons
et  ~~2.20 have found that  marine phytoplankters
grown under similar conditions of light, temperature
and nutrients have very similar organic composi-
tions. It seems reasonable, therefore, to infer that
phvtoplankton  sampled at any one time of day
from the same water mass is likely to have a similar
history and, therefore, a similar organic carbon
content.

The second assumption is that cells in the natural
environment have the same carbon content as those
in culture. No calibrated method exists, as yet,
for discriminating between the contribution of
organic carbon by viable algal cells and detrital
matter in samples from the environment. No ?t-
tempt has been made in the present investlgatlon
to estimate caloric values of natural phytoplankton
,populations.

The inverted biomass histogram at Bogmalo
(Fig. 5) provides an explanation-for the respiration
dominated community production shown in Fig. 4,
and suggests that the energy budget of the zoo-
plankton trophic  level at Bogmalo is likely to be
supplemented by detrital and bacterial components
of this ecosystem at this time of the year. In this
connection it is interesting to note that the biomass
of the benthic communities cf the area also show an
inverted pyramidal st ructure21.

At Verem, on the other hand, phytoplankton
standing stock in terms of mg C is at least 10 times
higher than the zooplankton standing stock except
during the period of maximum vertical migration.
However, unless zooplankton is grazing at maximum
efficiency on phytoplankton it is doubtful whether
phytoplankton alone can supply the total energy
requirement of the zooplankton ttophic level even
at Verem at this time of year.
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Fig. 5 - Phytoplankton  and zooplankton standing stock
data expressed as mgC  1-l  at Bogmalo and Verem

Ryther and Menzells  have reported that living
phytoplankton in the Arabian Sea represents no
more than lo-20%  of total organic matter except
under conditions of a phytoplankton bloom and
have pointed out the implications of this as regards
food available for zooplankton. The data pre-
sented here, based on 2 diurnal studies, suggest that
detrital matter may similarly play an important
role in the community structure  of the 2 areas
sampled in the Goa waters. Further studies are in
progress to test this hypothesis.
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