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Temperature, salinity, pH, dissolved oxygen, inorganic phosphate, ammonia, nitrite and nitrate of seasonal and per
ennial prawn culture fields from 3 areas of Cochin backwaters are studied. Area 1 is a region least affected ecologically
and the salinity values> 10x 10-3 occur here during December to June. Area 2 which is near to the location of effluent
discharge from a fertiliser factory shows high concentration of nutrients with low prawn production. Area 3 is most fa
vourably situa~ed to resist ecological distortions because of its proximity to the sea. The results indicate that the fields in
areas 1 and 3 have environmental conditions highly suited for prawn culture whereas in area 2 the salinity conditions

are not very conducive for prawn growth.

of the Azhikode entrance where the northern
branch of the Periyar river discharges. Area 2, 15
km southeast from the Cochin harbour entrance is
in the vicinity of a fertilizer factory. Area 3, near the

In Kerala traditional shrimp culture is practised in
the low lying fields adjacent to the backwaters.
These fields fall into 2 categories, the seasonal fields
and perennial fields. In the seasonal fields paddy is
grown during monsoon months (June to September)
when the backwater system is fresh water dominat
ed. Soon after the monsoon when the water be
comes brackish, the postlarvae and juveniles of
commercially important prawns migrate into these
fields in large numbers and they are trapped through
suitably located sluice gates. They are allowed to
grow and periodically harvested until the season
ends in April. The perennial fields where prawns are
raised round the year are deeper than seasonal pad
dy fields and are comparable to the prawn culture
fields of Singapore 1. The yields from these fields arc
generally higher than those of seasonal fields2.

In view of the importance of backwaters for large
scale culture of prawns a detailed ecological investi
gation of 3 regions in the Cochin backwaters, has
been undertaken. The study is primarily aimed to
assess the environment's impact on the prawn pw
duction. Data are also collected from the neighbour
hood of the harbour mouth area, which forms the
main outlet into the sea, to enable comparison with
the chosen area to understand the role of tidal and
monsoonal flushing and the resiliency of the back
water ecosystem to pollution.

Materials and Methods
Prawn culture fields 1 - 3 selected for the study

are shown in Fig. 1. Area 1 is located about 20 km
north of Cochin harbour entrance in the proximity
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Cochin harbour entrance is a reference station for
the purpose of comparison.

The Cochin backwater has geographical contigu
ity with the northern part of the Vembanad Lake.
The main river discharges into the region of study
are from Periyar in the north and Muvattupuzha and
Meenachil rivers in the south. The backwater has a

permanent connection with the sea at Cochin and
Azhikode through which seawater enters the back
water, and its extensive ramifications and intricate
system of canals feed paddy-cum-prawn culture
fields as well as the perennial prawn fields.

Monthly samples were taken from 28 stations
from different fields in the 3 areas (Fig. 1). In areas 1
and 2, the fields studied included one perennial field
each and in area 3 the sampling was possible in the
only perennial field available. Sampling was done
between December 1980 and March 1981 in the

fields with seasonal prawn culture; it was however
continued till November 1981 in the perennial fields
in areas 1 - 3. Water samples were collected from
the surface and bottom during high tide. Surface wa
ter samples were collected using a clean plastic
bucket and the bottom samples with a cascella type
sampling bottle. Water samples were analysed using
standard methods3• Horizontal tows were made
with a square net of 625 cm2 mouth area and the fil
tering cone made of 200 ;tm mesh. Phytoplankton
was collected by filtering 30 1of water through a 55
;tm mesh bolting silk. Benthos samples were collect
ed from the core samples taken in the upper 10 cm.
As the prawn fields and adjacent canals were shal
low (1 - 3 m), the environmental data did not show
any significant vertical variations, therefore, surface
and bottom values were averaged. Since seasonal
prawn fields studied in each area were closely locat
ed, the above mentioned average values did not
show any appreciable difference, from field to field.
Hence values from seasonal fields of each area were

put together and their average taken for interpreting
the result. The values noted from the effluent dis
charge of the fertilizer factory located in area 2 are
treated separately.

Results and Discussion
Monthly variations in major physico-chemical

parameters estimated in areas I to 3 and from efflu
ent discharge site and from the barmouth are given
iH Figs 2 to 5. Seasonal prawn production is shown
in Fig. 6.

The environmental data presented here and their
bearing in relation to the prawn production in the
prawn fields are discussed from 3 perspectives-(a)
spatial variations in the salinity conditions, (b) in re
lation to primary production and (c) the environ-

mental impact arising from the industrial develop
ment.

In the prawn fields of areas 1 to 3 the monsoon
brings out changes from nearly marine conditions
during the premonsoon period to fresh water condi
tions during the monsoon season. Physico-chemical
conditions in the backwaters, connected canals and
the adjacent paddy fields of the regions of study are
controlled by tides4•

The importance of temperature and salinity in the
survival and growth of prawns was discussed5-7.
The annual variation in temperature in the area of
study was small (- 5°e) to affect the environment.
In all the 3 areas, the temperature was low during
December to February and showed increasing trend
afterwards. This was followed by a decrease during
monsoon months and again an increase during later
months at some stations. The fields in all the areas
showed similar seasonal variation in temperature.

Salinity of the water increased from December
through May from 11to 31 X 10-3 in area 1, from 5
to 17.3X 10-3 in area 2 and from 13 to 27.9 X 10-3
in area 3. Higher salinity conditions (> 10 X 10-3)
developed in areas 1 and 3 during December and
salinity values remained high (> 30 X 10-3) till
June. Whereas in area 2 salinity values > 10 x 10-3
were only observed from January with a maximum
of 17.3x 10-3 during March. The erratic pattern in
the salinity distribution may be due to the effect of
the freshwater discharge through the river. After
December the rate of freshwater discharge from the
rivers decreases thereby increasing the salinity in
the system. Depending on the distance from the
backwater the salinity varied from station to station.
The variation with distance was maximum during
December/January (- 9 X 10-3) and minimum ( <
5 X 10-3) in March. Nair and Kutty7 have found that
the growth of Penaeus indicus is significantly high in
salinity of 10x 10-3 for postlarval stages and
30 x 10-3 fot juvenile prawn. Postlarvae and juve
niles are mainly recruited in these fields in large
numbers from NovemberH• Therefore, the condi
tions for the growth of postlarvae and juveniles of
various species of penaeid prawns in areas 1 and 3
are more conducive from December than in area 2.
Higher salinity values observed in area 1 are largely
due to the influence of the estuarine system main
tained by the Azhikode inlet and the less amount of
fresh water discharged from the northern branch of
Periyar river. Lower salinity values observed in area
2 are partly due to the Chitrapuzha river water influ
ence and also partly due to the lesser tidal volume
from the river mouth to this area due to the shallow
ness of the backwater in this region. The environ
mental conditions in area 3 have not been discussed
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Figs 2 and 3-Distribution of various physico-chemical parameters in seasonal (brpken lines) and perennial culture fields (solid lines)
in areas 1 (2) and 2 (3)
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Fig. 4-Distribution of various physico-chemical parameters in area 3 (solid lines) and at bannouth (broken lines)

Fig. 5-Distribution of various physico-chemical parameters at the effluent discharge site
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in detail as the area has already been studied by San
karanarayanan et al.9.

Low pH values were observed during monsoon
months. In area 2, the pH generally remained lower
than the other two regions. These low values may be
due to the effect of the effluent discharged from the
fertilizer factory,

Dissolved oxygen content of the water body
showed wide fluctuations with tide and with varying
rate of tidal flow. Seasonal fields being shallow,
showed low oxygen when compared to the perenni
al fields. This may be due to the decomposition of
organic matter present at the bottom. In areas 1 and
2 lower oxygen concentration observed during the
period December to Aprjl may be due to high mic
robiological activity.

The highest values of phosphate in area 2 ob
served during December to March may be due to
the discharge of larger amount of effluents contain
ing phosphate4. High concentration of the phosph
ate was followed by an abundance of phytoplankton
and presumably the subsequent decrease in the con
centration of phosphate may be due to its utilisation
by phytoplankton. The high phosphate concentra
tion observed in area 2 is contributed by the effluent
discharged from the fertilizer factory, whereas its in
fluence is high in the seasonal fields which are more
close to the factory site ( - 8 km). As is to be expect
ed there is a steady decrease in the nutrient levels
with distance from this source.

Unlike inorganic phosphate, the ammonia con
centration in different fields showed an annual pat
tern of distribution (Figs 2 to 5). In the area 1, the
ammonia concentration was low (0.5 to 2.5 ,ug-at.l-I)
during the pre monsoon months and with the onset
of the monsoon it reached its peak (18.1 /-lg-at.l- 1) in
June. In the seasonal fields, during the pre monsoon
months the ammonia concentration was higher
compared to perennial fields. This may be due to
the effect of rich organic manure applied in the cul
ture fields. As it was in area I, during the premon
soon months the ammonia concentration in area 2
also remained comparatively low and with the onset
of monsoon (June) the values increased. At the efflu
ent discharge site (area 2) the ammonia concentra
tion was very high during most of the year. As was
the case with phosphate, the concentration of am
monia also gradually decreased downstream from
the discharge point. The high values of ammonia ob
served in areas 1 and 3 and barmouth during the
monsoon months might be due to the heavy fresh
water discharge. But in area 2, other than the mon
soon the effect of the effluent from the fertilizer fac
tory is responsible for the high concentration of am
moma.

28

The general trend in the nitrite-nitrogen distribu
tion showed lower values during December and
higher values during October-November in the dif
ferent areas except in area 2. The higher value ob
served in October/November may be due to the lo
cal regeneration and the lower value encountered in
December may be due to utilization. In area 2 the
nitrite distribution was mainly influenced by the ef
fluent discharged from the fertilizer factory.

The nitrate-nitrogen values in the culture fields
showed an increasing trend during the monsoon
months due to fresh water discharge. The low nitr
ate concentration during the remaining period was
due to less land drainage and high production.

Data on various nutrients (Figs 2-5) indicate that
they are not limiting the primary production in the
various environments studied. There was an in
crease in the inorganic phosphate concentration in
area 1 from December to April (0.1 to 3.5 ,ug.at.l-I).
The increase in nutrients is due to the turnover rate
within the system exceeding the advective supply
from the external sources4, Upper reaches of the
southern arm of river Periyar contain high amounts
of phosphate due to the discharge of the effluents
from the fertilizer factory4. However, little of this
enters in these prawn fields as can be seen from the
data. As the system is shallow the vertical mixing in
duced by tidal flow and wind will hasten the recycl
ing process. Since the system is shallow, it is be
lieved that one of the major factors governing the
distribution of nutrients may be the variations in the
regenerative property of the bottom mud rich in or
ganic matter due to biological and chemical oxida
tion. In shallow systems the major recycling of nu
trients is affected through sedimentslO• In area 2 as
well as in the factory site the nutrients' concentr
ations were high throughout the year as a result of
the effluents discharged from the fertilizer factory.
Therefore it becomes difficult to draw the seasonal

picture in this region.
Among the biological features, phytoplankton

concentration (cells.I-I) in the perennial fields of
area 1 showed 2 peaks, one in May (7436) and the
other in September (5661); peaks were observed in
July (10072) and in April (5398) in the perennial
fields of area 2 also. In the seasonal field highest
concentration (15380) was observed in April. At the
effluent discharge area, the phytoplankton concen
tration was very high throughout (15000 - 25000).
Likewise, area 3 also had high phytoplankton con
centrations with peaks in May (22516), July (14223)
and November (13939).

Chlorophyll a content forms an index for the
amount of phytoplankton in the pelagic zone which
varied from 4.8 to 8.3 ,ug.I-J in the seasonal fields of

it
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Fig. 6-Monthly prawn production in the culture fields of areas
I and 2

low (6.4 g.m-2). In area 1, benthic biomass dec
reased from February perhaps due to predation; In
area 2 the highest biomass was observed during
April when the system becomes more saline and the
benthic community consisted of brackish water
forms. As the prawn population was low in the area
the predation was also kept at a lower level showing
a higher biomass.

The prawn production in various fields indicate
that the highest production was in the seasonal fields
of area 1 (Fig. 6). The maximum production (362
kg.ha-1) was in February. The lowest catch « 40
kg.ha-1) was in December. In the perennial fields of
the same area the higher prawn production (> 60
kg.ha -I) was found to occur during January to April
with a peak (125 kg.ha-1 ) in January. In the seasonal
fields of area 2 the prawn production varied from 2
to 41 kg.ha-' (Fig. 6). In this area also the higher
prawn production was observed during February
and March. In the perennial fields of this area,
prawn production was higher and it varied from
< 5 kg.ha-1 to 70 kg.ha-1 with a maximum produc
tion during January to April.

Phytoplankton counts and the chI a concentration
in all the areas showed that these areas are rich in

phytoplankton population. A comparative study.re
veals that the maximum phytoplankton production
is seen in the site near the effluent discharge area
and in the fields of area 2. Though the primary pro
duction and the benthic biomass are high in area 2
the prawn production does not seem to be very en
couraging, as in the other 2 areas.

The low prawn production in area 2 (Fig. 6) may
be due to (i) the possible lethal effects of the effluent
discharged on the biota and (ii) to the less saline
conditions of the region. The primary and secon-
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area 1, whereas it varied from 6.4 to 19.2 .ug.l~l in
the perennial fields. Maximum chi a concentrations
were observed during August to October and in
March. The high concentration during August to
October is due to the effect of the land drainage
bringing in nutrients during the monsoon. Nutrient
concentrations also indicate high values during
these months. The second peak observed in March
is due to the blue green algal bloom as a result of
rapid regeneration of nutrients during this period. In
area 2 the-chl a content varied from 4.3 to 15 .ug.l-1
in the seasonal fields and from 9.6 to 25.6 .ug.l-1 in
the perennial fields. In this area also the peaks were
more or less in the same period. Very high chI a va
lues were observed in the effluent discharge area
(6.4 to 224.3 .ug.l-I). Among the culture fields, area
3 showed maximum chl a concentration (128 j.A.g.l-I).
In all the culture fields the phaeophytin values
were high. As the system being shallow the degrada
tion products of chlorophyll such as phaeophytin,
phaeophorbidae are found from the biogenous det
ritus and stirred up sediment.

The zooplankton population was highest (52662
specimens. 100 m-3 in January), in area 1; mostly
constituted by gammarid amphipods (75%) during
January to March. The population was very poor
both in the perennial and seasonal fields in Decem
ber and as the season progressed the population in
creased. In area 2, the zooplankton population was
totally absent in December in the seasonal fields and
during December and January in the perennial
fields. In this area, eventhough amphipods were
present throughout the season, copepods were
found to be the most dominant group contributing
more than 50% of the total zooplartkton population.
At the effluent discharge area the zooplankton was
sparse, except for the sporadic occurrence of co
pepods and cladocerans. In area 3 also the zoo
plankton community was very poor (10-484 speci
mens. 100 m-3), mostly represented by decapod lar
vae. In general, in all the areas the zooplankton
community was represented by one or two groups
during the low salinity regime and the zooplankton
increased as the salinity increased. The dominant
groups in the zooplankton of the areas were copep
ods, amphipods, fish larvae and decapod larvae.

Benthic biomass in area 1 showed an average of
51.2 g.m-2 and 51.9 g.m-2 in the seasonal and per
ennial fields respectively. Maximum biomass was
observed during December (207.6 g.m-2) and mini
mum in February (2.7 g.m-2). In area 2 the average
biomass was 83.2 g.m-2 in the seasonal field and
less in the perennial field. Maximum biomass was
observed (189.1 g.m--2) in April and minimum (3.3
g.m-2) in January. In area 3 the average biomass was
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dary trophic levels and the benthic production in

this region do not indicate any possible bad effect of
the effluent in the seasonal and perennial culture
fields as can be seen from the high production at dif
ferent trophic levels. The effluents discharged into
the river, about 8 km upstream, get diluted by the
time they reach the culture fields. High phytoplank
ton production in the effluent discharge area rule
out any possible lethal effect of the effluent on phyt:
oplankton. Ammonia in unionised form, which is
considered injurious to organisms II, perhaps does
not exist in marked levels although it exists as am
monium ion. The mortality of fishes reportedl2 ear
lier from the vicinity of the factory may be due to the
increase in the unionised form in the effluent. In the
study area pH of the waters is not high « 8) and the
percentage of the unionised form is kept relatively at
a lower level, thereby the lethal effect is rninimised
in all these culture fields. Moreover, during the peri
od of observation there is no instance of mortality of
animals in the river where the effluent is discharged
or in any of the culture fields. There is also no report
of any permanent ecological distortion.

Salinity conditions clearly indicate less tidal vo
lume influx into the system. As the tidal volume is
less 13 the prawn larvae and juveniles entering the
system with the tide, may be less as compared to
other areas. Low benthic biomass observed in areas

1 and 3 may be due to the predation by the prawn
population. The low prawn production in area 2 in-
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spite of high benthic biomass indicates that salinity

conditions in this area are not very congenial for
prawn growth.
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