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During a 12-month investigation in Dona Paula Bay, nannoplankton (passing through a
60 ym mesh) was found responsible for almost 100°, of CO, fixation except during 3 months.

In Feb. 1975 and Jan. and Feb. 1976 chain-forming net phytoplankton was dominant.

Extra-

cellular fixation in the in situ incubated samples varied from 0 to 22-1 mg C m=3 h-! (0 to 409,

of particulate fixation).
filtered than in unfiltered samples.
months of study.

ENERALLY photosynthesizing  unicellular
G algae liberate extracellular matter into their

environment during €O, fixation and this
represents a loss of energy.  Such excretion under-
estimates total (O, fixation where standard
radioactive techniques? are uscd to  measure
photosynthesis?%. It has been suggested that
phytoplankton preduces a large part of the dissolved
organic matter in the sea®® and that the release
of extraccllular matter forms an important link
in the flow of encrgy from viable algal cells to
bacteria in the water column®™8 This would enable
a greater production of hacterial bicmass in the
water column which, in addition to the algae, weuld
be available as energy for the next trophic level.

To assess the total primary trophic level pro-
ductivity it is necessary to have information about
cxtracellular as well as particulate fixation. Deter-
mination of extracellular fixation rates for 1 yr
would give some idca of the net production of
dissolved organic matter through phytoplankton
activity over a seasonal cycle. The importance
of such mectabolites has been discussed in terms of
species sucéession and the exclusion of zooplankton
bv phytoplankton?®.

Nannoplankton are important contributors to
primary production in various aquatic environ-
ments!® 12, Earlier studies in Indian waters have
shown that nannoplankton may be responsible
for more than 609, primary production?®13 although
their contribution to total biomass fluctuates
seasonally1®. If nannoplankton were found to be
important contributors to particulate fixation in
Goa waters, any extracellular fixation would be a
consequence largely of the same organisms.

The null hypothesis set up for the first part of
this investigation was that there is no difference
in primary production or cell numbers between
filtered and unfiltered samples (Hy: w filtered = u
unfiltered). The sccond part consists of the esti-
mation of rates of extracellular fixation in relation
to environmental parameters.

In Jaun, and Feb. 1976 per cent extracellular release was higher in
No difference was found in these groups during the other

Materials and Methods

Dona Paula Bay, a part of the cstuary of the
river Zuari was chosen for this study. Samples
collected once a month from Jan. 1975 to March
1976 were filtered through a 60 p mesh bolting
nvlon to separatc the nannoplankton fraction.
Filicred and unfiltered water was sub-sampled for
cell counts and CO, fixation. Oxygen content and
nutrient estimations were also carried out.

¥CO, fixaticun — Triplicate samples were taken
for cach st of filtered and unfiltered fracticns
resulting in a total of 6 light and 6 dark bottles
cach containirg 125 ml of fluid. 4 pCi of NaH“CO,
was mtroduced into cach bottle. A 160°ml aliquot
frem each bottle was filtered using 4 045 2 membrane
filter at the end of a 3 hr in sitie incubation. The
filtrate (50 ml) was acidified and acrated for 45
min to remove inorganic *CQ,. Following ncutra-
lization to pH 9, a 100 ul aliquot was counted in
a dioxan based scintillation cocktail at 849, cffi-
ciency. The filters were counted using a similar
geometry. ’

An ampoule from the same batch was diluted
with distilled water to a volume of 125 ml and a
50 ml aliquot was treated in the same way as the
samples. Radioactivity fixed into extracellular
products was corrected for both background and
any organic 1C present in the ampoules.

For ccll counts, 250 ml samples were taken in
duplicate from filtered and unfiltered water. Lugol's
jodine (0-5 ml) was added to the samples prior to
withdrawing a 1 ml aliquot into a Sedgewick-Rafter
cell for counting. All counts were done on the day
of sampling and cach value presented in the tables
15 the average of 4 determinations.

Species diversity indicies have been calculated
according to the Shannon-Weaver cquation. To
facilitate comparison between water masses the
Equitability Index (EI) of Heip!? was also obtained.
This index is derived and varies between 0 and 1
depending on the dominance of species.
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Among the nutrients, PO,-P was estimaterd accord-
ing to Murphy and Riley?®, NO,-N by the spectro-
photometric mezthod of Bendschneider and Robinson?®
and NO;-N according to Koroleff®.  Other esti-
mations were made following the methods in Strick-
land and Parsons®.

Results and Discussion

The null hypothesis that there is no difference
between filtered and unfiltered samples is tested
by analyses of variance using particulate fixation
and cell count data (Fig. 1 and Table 1). Signi-
ficant differences are found on only 3 occasions
iFieb. 1975, Jan. and Feb. 1976 (3% <P<19%)].
These results show that for the greater part of
the vear nannoplankton arce responsible for almost
all the primary production in this arca. Only at
certain times of the year, as mentioned above,
nct phytoplankton are domirant in the primary
trophic level. Previous workers have also shown
that nannoplankton are important contributors
to organic production in both offshore and nearshore
environmentsi:18,

Lowest specices diversity (Table 1) and EI ere found
during Feb. 1975 pulse of Leplocylindrus minimus and
Rhizosolenia sp., the Jan. 1976 pulsc of Chactoceros
spp and Melosira sp., and the Feb. 1976 bloom of
Chaetoceros sp. alone. Except in these 3 instances
there was no marked difference in filtered and
unfiltered samples in so far as the occurrence of

Pleurostgma sp. and 2-celled filaments of Skeletonema
costalum were found in filtered samples in addition
to other morc common species like Tefraselmis
gracilis, Cryptockrysis viresemns, Chlovella sp. and
smaller diatoms such as Navicula spp, Nitzschia
seriata and Nilzschia closterium. The March 1975
peak in cell counts (Table 1) comprised largely of
Nitzschia and Skeletonema costatum and there was
no significant difference between filtered and un-
filtered samples in either cell counts or ¥CQ, fixation
(Fig. 1 and Table 1). Unidentified flagellates
less than 10 wm were present in all samples.

It is apparent from the data presented here that
several species of nannoplankton exist concomi-
tantly with net phytoplankion in populations
dominated by the larger organisms.  In Feb. 1976,
for example, EI for the filtered sample is 0-42
indicating the presence of more species than in
January (EI 0-306; Table 1) in a population domi-
nated by Chaetoceros (EI 0-097 for the unfiltered
sample). The same is true of the Leplocylindrus/
Rhiizosolenta bloom of the previous ycar (Feb. 1975)
which is followed by the nunnoplankton bloom of
March 1975 (Table 1).

Lower nitrate values (Table 2) were associated
with the presence of smaller-celled organisms during
this study. From April to Aug. 1975 when NOg—N
values were low, total phytoplankton populations
were composcd chiefly of nannoplankton organisms
(Table 1). From Sept. to Nov. 1975 (Table 2) when

spectes  was  concerned.  Nifzschia  longissima, nitrate values showed an increasing tendency,
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Fig. 1 — Particulate and extracellular organic fixation at Dona Paula (All values in mg C m™® hr-?)
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TasL 1 — SpEcIEs DIVERSITY INDICES

aND CeLL CounTts, DoNa PaurLs Bay

(Hs has been calculated according to Shannon and Weaver, the Equitability Index according to Heip??)

Month of Cell counts x 10%litre Equitability Hs Dominant forms
sampling
Filtered ‘Whole Filtered Whole Average
(mean %) (mean 4 %)
1975
Jan. 0-25.1.23 0-26.:-23 0-52 28 Several
Feb. 1-8:-15 7:7.+40 0-19 1-8 Leptocylindrus sp. Rhizosolenia
sp.
March 109442 97412 0-38 35 Nitzschia sp. Skeletoneima  cos-
tatim
April 1-545 2:0=9 0-45 33 <10 um, Navicula sp. Nitzschia
sp-
May 8630 1-24-37 04 33 Several
June 03227 0-44:35 0-69 22 do
July 0-84-50 0-5.£32 0-56 2:7 do
Aug. 23446 1-731:26 0-35 2:9 do
Sept. 2-54+44 2-54-44 0-28 21 Skeletonema costatum, <10 mp
Oct. 1-3-34 0-74+43 0-35 27 S. costatum, <10 pm
Nov. 27451 23417 0-38 2 do
Dec. 0:6--53 11450 0-56 2:6 Several
1976
Jan. 3-04-34 7-:0+9 0-306 0-39 0-33 1-7 <10 pm, Chaeloceros sp.
Feb. 24436 7-9.-34 042 0-097 0-13 1-6 Chacloceros sp.
March 0352 0-22-40 0-69 2-2 Several
TaBLe 2 — HyproLogicAL DATA AT Doxa PavLa, Goa For THE DURATION OF STUDY
Date Temp. Oxygen pH Salinity ug-atom/litre
°C ml 11 oo
rO,-r NO,-N NO,-N NH,-N
1975
15 Jan. 28 6 81 354 1.74 1-22 688 292
15 Feb. 23 45 79 35-5 0-58 019 694 0-63
15 March 29 58 79 357 0-97 0-67 3-99 1-86
13 April 31 48 77 337 1-16 (59 1.57 0-39
14 May 32 39 79 326 1-05 0-65 1-88 2:72
13 June 30-5 3-8 81 348 0-81 0-02 0-21 011
20 July 282 45 8 10-7 0-27 0-19 1:32 069
15 Aug. 285 46 79 10-4 113 0:32 1-94 1-14
15 Sept. 28 4-8 79 69 0-85 037 2-11 1-79
15 Oct. 27 62 82 20-5 063 0-32 294 0-88
15 Nov. 26 37 79 29 1-42 34 2:44 3-94
15 Dec. 265 59 8 32-1 1-83 0-66 4-14 6-14
1976
13 Jan. 285 45 8 323 1-18 0-64 4-59 1-93
15 Feb. 26 4-4 7-8 32:22 1-41 033 2-18 3:38
15 March 29 37 — — — — — —

Skeletonema costatuzm was found in fairly large
numbers in the cell counts {7 to 159, of the total).
The pulses of net phytoplankton such as Leplo-
cylindrusjRhizosolenia (Feb. 1975) and Chacloceros
(Feb. 1976) followed at higher NO3 N concentrations.
The work of Eppley ef al.2? has shown that half-
saturation constants of nitrate uptake varied pro-
portionately with cell size and inversely with specific
growth rates. The differences in nitrate concen-
tration in the cnvironment may explain the shift
in species composition over the year in the data
presented here. In this connection it is interesting
to note that the half-saturation constant experi-
mentally determined by Eppley ef al.*? for Skele-

lonema costatum (0-5) is numerically Letween the
value for Leplocylindius and Rhizosolenia {1-3, 1-7)
on the one hand and the much smaller Isocknysis
galbana and Coccolithus <p. (0-1) on the other.
Qasim ef al.?® working with organisms isolated frem
the Cochin backwaters Lave also fcund that suc-
cession of species can be explained on the basis of
the half-saturation constants of NO;N uptake.

The range of particulate 1CQ, fixalicn in {his
study varied frem 5 mg C m= hr in Jan. 1975 to
175 mg Cm=® hr? in March 1975 (Fig. 1). Extra-
cellular fixatien ranged frcm 0 mg C m3-hi-! in June
1975 to 221 mg C m™3hr-tin Nov. 1975. Expressed
as a percentage of the appropriate value for parti-
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culate fixation, extracellular fixation thus varicd
from 0 to 40%,. Routine estimates of particulate
fixation in this arca would, therefore, be expected
to underestimate total primary production by
0 to 409,

There was an inverse relationship between per cent
extracellular release (Fig. 1) and phytoplankton
abundance. Similar results have been reported
from the Cochin backwaters* and from other aquatic
environments?25, For the data presented here
higher cell numbers during the blooms of Feb. and
March 1975 and Jan. and Feb. 1976 have probably
resulted in lower production of extracellular matter.
During May to Aug. 1975, whereas total cell counts
were low, particulate fixation and relative extra-
cellular fixation varicd a great deal and values for
extracellular fixation probably depended on light
intensity in these monsoon months rather than
cell numbers. That light plavs a causal role in
extracellular fixation is well documented®28. In
samples exposed to swrface light intensity there
was an inverse relation between per cent extra-
cellular release and instantaneous particulate fixation.
Similar data were reported by Watt? and Thomas3.

The extent of extracellular fixation did not vary
significantly between filtered and unfiltered samples
over most of the year. During the diatom pulses
of Jan. and TFeb. 1976, however, relative extra-
cellular fixation was slightly higher in filtered
samples. This was probably a stress reaction by
the nannoplankton to the removal of a large fraction
of the total phytoplankton population by filtration.
Where almost all the organisms were nannoplankton,
as was the case over the rest of the vear, gravity
filtration would nnt matcriallv affect cell density
and, consequently, there would be no significant
diffecrence in the production of extracellular matter
between filtered and unfiltered ~samples.

During the period of incubation of samples it is
possible that a certain portion of liherated organic
matter is heterotrophically consumed by bacteria.
Thus, the values of extracellular fixation presented
here are likely to be the difference between algal
excretion and bacterial consumption. i.e. net cxtra-
cellular  fixation. Bacterial consumption would
either be estimated as a part of particulate carbon
retained on the filters or as inorganic ¥CO, lost
during acid treatment. Extracellular fixation by
algae and the subsequent consumption of such
products by bacteria may facilitate such bacterial
growth in the water column. This biomass would
be available as an energy source for the next trophic
level. It is known that zoea stages and copepodites
feed on bacteria as well as nannoplankton and such
a bacterial biomass, in addition to detritus, may
well support greater amounts of secondary and
tertiary production than has hitherto been supposed
on the basis of phytoplankton data and daylight
zooplankton biomass values?”.

In the absence of data on the night-time vertical
migration of zooplankton in Dona Paula Bay no
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attempt could be made to compute tertiary pro-
duction in the area. Such a computation would
also requirc an estimate of the generation times
of warm water zooplankton, their grazing and
natural mortality rates and data regarding bacterial
biomass and its contribution to the environment.
The data presented bere do, however, suggest that
tertiary production calculated from photosynthetic
phvtoplankton data alone*® is an underestimate
as the contribution of bacteria to the primary trophic
level has not been taken into account.
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