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ABSTRACT

The phytoplankton and zooplankton from the paddy-cum-prawn culture
fields from 4 areas in and around the Cochin backwaters were studied. Total i
phytoplankton counts in the seasonal and perennial fields in all the areas
showed good similarity with maximum during the monsoan period but with
considerable fluctuation in abundance. Highest average count of 4617 cells/I
with minimum fluctuation was observed in the seasonal fields in area 2. The
high concentration of nutrients in these fields, did not appear to exert any
adverse effect on phytoplankton since maximum number of genera and uniform
abundance were observed here. Zooplankton counts in all the areas were
generally low.

Quantitative and qualitative aspects of phytoplankton and zooplankton
in the &4 areas showed that the striking regional differences in salinity and
nutrient concentrations have not exetted appreciable effect on them to
demarcate these regions on the basis of such differences. (More frequent
occurrence of wunialgal blooms and total absence of zooplankton in many
samples at the station close to the effluent discharge site of a fertilizer
factory in area 2 however suggests adverse effect of extreme concentrations
of nutrients (NOgz, 539.0; NO3, 312.5; POy, 2195.0 and NHy, 3980.0 L g at/l.),
although it seems to det diluted to safer limits by the time it reaches the.
seasonal fields. Otherwise, the impact of the regional differences in the
estuarine environment in all the areas studied appear less in the lower trophic
Ievel.)The study also indicates that the cause for the variations in the tertiary
production, especially of prawns in the different regions cannot be ascribed
to excess nutrient concentrations either directly or by affecting primary
and secondary praduction.

Key-words: Phytoplankton, zooplankton, prawn culture, Cochin backwater.

INTRODUCTION

Various authors (Nair and Tranter, 1971; Gopinathan, 1972; Pillai
and Pillai, 1973; Devassy and Bhattathiri, 1974; Purushan, Balachandran
and Sakthivel, 1974; Joseph and Kunjukrishna Pillai, 1975; Kumaran and
Rao, 1975; Madhupratap and Haridas, 1975; Rao, Madhupratap and Haridas,
1975 and Haridas, 1982) have studied in detail the primary production
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and zooplankton distribution of the main backwater system around Cochin,
but the prawn culture fields in this area were not extensively studied
until recently. In view of the growing importance of prawn culture in
these fields a general ecological study was taken up. The environmental
characteristics of these fields were described by Nair, Sankaranarayanan,
Gopalakrishnan, Balasubramanian, Lalithambika Devi, Aravindakshan and
Krishnankutty (1988). Qualitative and quantitative aspccts of phytoplankton
and zooplankton in the seasonal and perennial prawn fields of the Cochin
backwaters in relation to the environmental parameters are described
in this paper.

MATERIAL AND METHODS

Seasonal and perennial prawn culture fields north of Cochin backwaters
in the Vypeen Island close to the Azhikocde entrance (area 1), those south-
east of Cochin backwaters in the Tripunithura region (area 2) and a refe-
rence field of perennial nature situated close to the harbour entrance
(area 3) were selected for the study (Fig.1). Data were also collected
from the harbour entrance (area 4). Area 2 is close to a fertilizer factory.
The rivers discharge into these areas are the Periyar in thé north; Muvattu-
puzha and Meenachil rivers in the south. Sea water influx to these fields
1s through the Cochin harbour and Azhikode entrance.

Sampling was done between December, 1980 and March, 1981 in the
fields with seasonal prawn culture; and till November, 1981 in the perennial
fields in areas 1-3 and at harbour entrance in area 4. Monthly collections
were taken from 28 stations of which 9 stations were in the seasonal
fields in areas 1 and 23 3 stations in the perennial fields in areas 1, 2
and 3. The remaining 16 stations were located in canals adjacent to the
fields through which the water enters the culture fields, near the effluent
discharge point of the fertilizer factory in area 2 and at harbour entrance.
Callections were taken on the days when the high tide fell on early morning
hours. Phytoplankton was sieved from 30 litres of water using a balting
silk of 0.069 mm mesh. Zooplankton samples were collected with a HT
net of 0.33 mm mesh. The standing crop of phytoplankton was estimated
using a Sedgwick Rafter counting system and the number of cells per
litre of water was computed. The zooplankton was sorted out into major
taxa and their values were computed for 100 m®. Phytoplankton and zoo-
plankton groups representing more than 10% are shown separately and
others are pooled together. -

RESULTS AND DISCUSSION

The phytoplankton concentrations in the seasonal fields in area 2
on an average (seasonal) was more than twice (4617 cells/l) than in area
1 (1949 cells/b). In the perennial fields the average count for the year
was 1804 cells/l in area 1 and 1786 cells/l in area 2. Maximum of 26448
cells/l was recorded at the effluent discharge site. Perennial field in area 3
also showed high phytoplankton cell counts (4690 cells/I) as in area 2.
A dense Fragilaria bloom of 2.345x10° cells/l was observed in area 4
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Fig.1. Station location map (EDS — Effluent discharge site)

during August. The occurrence of such postmonsoon blooms seems to be
characteristic of this region (Gopinathan, Nair and Nair; 1974, and Venu-
qgopal, Haridas, Madhupratap and Rao, 1979). The averall trend in the
abundance of phytoplankton was similar at all the stations. Phytoplankton
counts in all the areas except in the seasonal fields of area 2 showed
pulses of production followed by a decline in abundance. The cell counts
were higher during the monsoon months in all the areas (Fig.2). The seasonal
fields in area 2, however, maintained almost uniformly high counts which
were due to the rich nutrient content from the effluents discharged from
the nearby fertilizer factory.

The large number of genera and their greater abundance in the seasonal
fields in area 2 (Table II, Fig.3) indicate better environmental conditions
than the seasonal fields in area 1 for phytoplankton growth. The higher
concentration of nutrients in the seasonal fields in area 2 (Table [) arising
from their proximity to the fertilizer factory did not appear to exert



GOPALAKRISHNAN et al

88

ol 5Eh 08y o8y 08" 08'L  Sh'¢ L'y 5Ly o'¢ 5L 0"y . *Od
Go'LL 0822 0§02 0€°ZL Ov'iZ  0L8 0504 058 oL 090t 092 05 « ON
0c'6Z 0.0 0zt 08'0  08'Z 0§ 0Ll 040 06°0 06°1 op°0 0c°z W ON M
006l 0€1Z 0Ll 0991 €1°Z¢ 0561 0572 00'9 09y 00'8 091 099, (/. by P
CE9L whlg O0v0Z 00" Ol D6'6L  0€LL  I9°LE 076 66wE 020z 09°CL w5
0'¢ 0L 0Z°% $9°7  S¢h oL DES 5e¢ GLg 02°¢ ooy sz'L . Od
0S°LL  ©9°SL 0§l 02'9L  DOOL  O0O'L  Ond az'y 0z°9 0901  09°¢¢  0Z°6Z .« TON 3
oLl 0wl 08'0 oL 0Z°% 05l DSl 09'0 0zZ'L 05°L 08°L ov's . ON M
009l 0¢°'B og'cl DS 09wz 00y 082 09°9 02'¢ 09°LL 006l  0g€z (/e bisN P
pEL ogwl oLy 08¢  0€0  Ov6L 00°6L 0827  0{LZ  D69Z  00°€L  08'% © ageg M
00°0ZL  0O°SEL 0L 00°0LL 0006 00°0L  O00°0S  00°S6LZ  00°9ZpL  00°hEé  00°698i 007091 W '0d g
D006 00°S6  0S°E  05°ZZ  OD'SL 0067 OS°L 05'Z61 0070  DS°ZLE  00°0B  06°L6 « TON m.m
00°0Z 00°0{/  0$0lL 000l D00'D6 000 00 00°SLL  00°69  00°6E$  00°S9  00°SZ s ION Z3E
00°0L9 00°L29L 00°€9Z  00°0Z  00°S49 00'0LL OO'Oyhl 00'S8  00°086S 00°0SSS 00°S8SL  00%609 1/ BN ® B 8
00'L  05'8 06°0 08'0  0£7  D6€  06% 0£'8 0579 0s'¢ 00z 050 0%s ‘B ™
oz o9 0£'lL 0902 06 0L GY'9 099 vz 0s*z 0o'L 08 w "0d g
ov. OvOL  0€'BL D9  OwSZ  Ov0  avD ov 0 01’0 ovs 09'eL 9771 w ON O
'z o0l Sz 0L 09 08D 060 050 050 00°L <8z 08z . ON 8
ar's  ovl 0£'97  Ow'§Z 06°l9  Q0°C 0Ll ap°L 05'Z go'lz  00°0Z Gyl 1/ bhdthN 2.
o'l 0% 00°L o0 090 Ov8 06l 0ZLl 06l 06'ZL 0L 09°0 ogs 2 M
ar9 ¢8'z  Ov'LL  @8°LC  OvOL OB e
00 0Z'6L 0862 097  0C6 A W ON § ™
05°0 59"y ovg 0622 $5°Z 08z . N B8
0gL 098 DE'99 OL66L  0s'Le Owel 1/ brithN 2
Qs*'sL  0Z'LL  0¢'SL OlL Obg 090 agg =
g7 061 ) 06’z 0§l 0TC 6L 05°¢ 0s°L 00° | 0sL 51z W "0d
08's  06°B 08'9 0z’. 0064 6zl 0T¢ 05'¢ 05y 05y 05°L 056 w SON @
0S'0 050 s 0 0$'0 0§00 0§D 050 05°0 050 05°0 <10 001 . ION 3
og'L  OL¢ 0s°s 0 0z8lL SLv sz 05'Z 05°0 051 ) ¢e'¢ (e bRCHN 2
s 0L 09°L o'y OL'L 0967 08'0¢ 066z  00°8Z  00°6Z 099l OB g 2 B
m
00'Z ovL 1al 5170 51°0 W tod »
chrL el 082 002 056 w SON & =
05°0 5¢°0 05°0 09°C 001 w ON B
0z°¢ se°L 08¢ 0£°6 g¢c 1AebiN 3
o8z 00°.Z  0§°ZZ OL°LL OWE ageg 2
120 d3s oNY IC NAC AYW ddY UYIN Q34 NYC o3a AON 5
SYIUOW JUBJayIp JB SBIJR JUII94IP Ul SIUSLIINU pue Ajules — [ ajqe]




2

T0

E 5 8 8

58582388

o G

PLANKTONS FROM PADDY-CUM-PRAWN CULTURE FIELDS 89

Fig.2. Phytoplankton cells — number/litre. In.
TPN PER — Tripunithura perennial, AYY PER —Ayyampilly peren-
nial, TPN SEAS — Tripunithura seasonal, AYY SEAS — Ayyampilly
seasonal, EDS — Effluent discharge site, and RAMAN — Raman-
turuth.
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Fig.3. Percentage composition of phytoplankton genera.
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Table Il —Number of phytoplankton genera in different areas at different

months.
Effluent
Month Area 1 Area 2 Discharge Area 3 Area 4
Seasonal Perennial Seasonal Perennial Site
Nov 7 4 14 7 6 9 7
Dec 14 4 6 1 1 - 3
Jan 9 4 9 7 1 4 -
Feb 12 4 11 6 6 7 1
Mar 15 9 14 8 (N 11 3
Apr - 11 15 10 5 37 8
May - M - 5 - 11 6
Jun - 7 - 10 - 6 9
Jul - 11 - 9 6 9 6
Aug - 6 - 6 7 5 6
Sep - 7 - 1" 6 10 4
Oct - 6 - 6 8 é 6

any adverse effect on phytoplankton since maximum number of genera
and uniform abundance were observed there. The occurrence of mass
fish mortality reported by Venugopal, Remani, Saraladevi and Unnithan
(1980) from area 2 is probably caused by the indiscriminate discharge
of other toxic substances. The adverse effect of nitrate, phosphate and
ammonia concentrations in the range of 7.5-312.5, 7.5-2195.00 and 20.00-
3980.00 ug at/l respectively obtained at the station near the effluent
discharge site (Nair, Sankaranarayanan, Gopalakrishnan, Balasubramanian,
L alithambika Devi, Aravindakshan and Krishnankutty, 1988) is reflected
in the quantitative and qualitative nature of the phyto and zooplankton
(Figs.2-4 & Table II). In contrast to the zooplankton that was either absent
or poorly represented, phytoplankton abundance showed considerable increase
although the average number of genera pbased on monthly samples was
jower than in other regions. Unialgal bloom conditions are more frequent
here than in other regions indicating that the conditions prevailing here
allow only the growth of the more tolerant species suggesting lowering
'of water quality. Low diversity and unialgal blooms are possible symptoms
of eutrophication which generally accompany over fertilization. But some
of its well defined characteristics and the other concomitant effects
such as excessive dead and decaying matter, anoxic conditions in the
water and mud, etc. are not observed at the effluent discharge site. High
concentration of ammonia noticed here also does not appear to be the
result of degradation process accompanying eutrophication. The pH values
were also only mildly acidic in most samples. It was pointed out that
the effluent, probably contained high concentrations of ammonia in a
relatively non toxic unionised form (Nair, Sankaranarayanan, Gopalakrishnan,
Balasubramanian, Lalithambika Devi, Aravindakshan and Krishnankutty,

1988).

Fragilaria was the dominant genus in the seasonal fields of areas
1 and 2 during November-April. Postmonsoon dominance of Fragilaria
was noticed in the perennial field of area in August. The bloom noticed
at the harbour entrance (area &) with a count of 2.345x 10° cells
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per litre during August was mainly constituted by Fragilaria (98%). Other
genera associated with this bloom were Oscillatoria, Thalassiossira, Coscino-
discus, Skeletonema and Chaetoceros together forming 2%. In October,
Fragilaria constituted 85%, Synecococus 8%, Coscinodiscus 3%, Oscillatoria
2%, Nitzschia and Gyrosigma 1% each, in the same area. Similar unialgal
bloom conditions of low density were observed in other areas. In the peren-
nial field of area 1 during August, Fragilaria constituted 76%, Nitzschia
9%, Gyrosigma 8%, Coscinodiscus 4%, Oscillatoria 1.5% and Thalassiossira
1.5%. During the premonsoon period the diatom Skeletonima costatum
is often responsible for the major bloom in the Cochin backwaters (Gopi-
nathan, Nair and Nair, 1974). According to them the monsoon maximum
was often brought about by the dinoflagellate Prorocentrum micans and
Ceratium furca along with Skeletonema costatum. Concentrations of Oscil~
latoria were also reported during the monsoon and postmonsoon periods.
The monsoon maxima noticed in July in the perennial field in area 2 was
represented by Skeletonema (55%) and Eucampia (40%), whereas significant
occurrence of Oscillatoria was noticed during August to February. Succes-
sion of blooms of Coscinodiscus sp. was noticed in Cochin backwaters
in the salinity range of 0-25 ppt by Qasim, Bhattathiri and Devassy (1972),
The only dominance of Coscinodiscus (75%) observed in the present study
was in the perennial field of area 2 during May when the salinity was
8.4 ppt. Thus it appears that in the Cachin backwaters algal blooms are
caused by different species in different years. During the period under
study Fragilaria was the most dominant species in all the areas, followed by
Oscillatoria. High nutrient concentrations and low salinity, appear to be
favourable for the formation of Fragilaria blooms as it was noticed in all
the areas of study. The range of variations in chlarophyll 'a' in areas 1
and Z was 1-25.63 mg/m? and in area 3 it was 1-125 mg/m?. At the effluent
discharge site it was between 6.4-224.28 mg/m?®. At the harbour entrance
the range was 1-19.22 mg/m?® The variations in chlorophyll 'a' values
in the prawn culture fields were reflected in the phytoplankton counts.

Zooplankton was very poorly represented in the samples from all
the areas. Earlier observations at Ramanthuruthu (area 3) also showed
the scarcity of zooplankton in the culture fields (Haridas - personal commu-
nication). Present study showed the total absence of zooplankton mostly
during November & December except in area 4. Figure 4 gives the percent-
age compaosition and total abundance of zooplankton arganisms in different
manths. Zooplankton abundance showed marked fluctuations at all stations,
but their absence in the samples was more conspicuous at the station
near the discharge site. Area 4 showed maximum abundance. The seasonal
fields in both the areas 1 and 2 generally maintained qreater abundance
of zooplankton compared to the perennial fields.

Zooplankton composition in general showed dominance of amphipods
in area 1 and copepods in area 2. Decapod larvae including post-larvae
of penaeid prawns were present in good numbers in most of the months
in areas 1 and 3. This is also a reason for the successful prawn fishery
of these regions.

The average benthic biomass in the seasonal and perennial fieids in area
T was 51.2 and 51.9 g/m? respectively. The seasonal fields in area 2 had an
average biomass of 83.2 g/m?. The corresponding average biomass in area 3
was only 6.4 g/m®. The low benthic biomass in areas 1 and 3 during the
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growing season of prawns is due to predation. The lower abundance of
prawns in area 2 supports this view. Among the seasonal fields area 1
showed highest prawn production {772.2 kg/hec.) and the lowest was in area
2 (100.6 kg/hec.). Area 3 had 820.6 kg/hec.

Qasim, Wellershaus, Bhattathiri and Abidi (1969) have estimated net
primary production in the lower reaches of the Backwater. Haridas (1982},
Nair and Tranter (1971), Madhupratap and Haridas (1975), Madhupratap,
Rao and Haridas (1977) have studied the zooplankton of the area. They
have, in general, reported high zooplankton production during the pre-
monsoon period and very low production in the low saline periods. The
ratio of secondary production to primary production at the lower reaches
of the estuary was reported to be 12.5% by Madhupratap, Rao and Haridas
(1977). Thus an excess of basic food is available for alternate utilization
in the estuary which is contributed to the detritus. The higher percentage
of prawns (60 to 70%) from the total annual fish landings -of the Kerala
Backwaters (George and Sebastin, 1970) shows the importance of organic
detritus in the food chain. Even though Qasim and Sankaranarayanan (1972)
reported that significant amount of detritus entered the backwaters from

T COFE_PECAro0r
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other sources, contributions from the primary and secondary producers
also formed rich sources of food for prawns and other benthic feeders.

Variations in the prawn production in different areas investigated
during the present study do not thus appear to be due to variations in
production in the lower trophic levels or due to scarcity of food. As pointed
out by Sankaranarayanan, Kumaran, Balasubramanian, Rosamma Stephen
and Panampunnayil (1982); Nair, Sankaranarayanan, Gopalakrishnan, Bala-
subramanian, Lalithambika Devi, Aravindakshan and Krishnankutty (1988)
and Krishnankutty (1986}, salinity may be a deciding factor in prawn pro-
duction in the Cochin backwaters since other major ecological factors
in all the areas studied appear to be favourable for prawn production.
But neither the phytoplankton abundance nor the species diversity seem
to have been effected by the lower saline conditions. Studies by Qasim
(1973) and Qasim, Wellershaus, Bhattathiri and Abidi {1969) showed that
phytoplankton production increased during monsoon. The effect of salinity
appears to be more pronounced only from secondary trophic level onwards.
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