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EREFACE

Successful planning and utilization of the vast
brackishwater areas inland bays, tidal pools, lakes and backwaters
along the entire coastline of India for cultivation of prawns
under controlled conditions requires very urgent consideration in
the context of increased food production in the country. Although
a small portion of these areas, especially those in Kerala, are
being utilized for capture of prawns by a special indigenous
proéess called filtration, vast stretches of these backwaters and
estuaries still remain unattended. These areas in most cases
provided biologicaliy potential environment for healthy growth of

many a species of fishes and prawns.
BACKGROUND

Existing method of culture were largely based on
empirical knowledge. Lacking a scientific basis as such methods
did, they were often wasteful and suffered severe Ilimitation.
Modern methods of fish and prawn culture based on scientific
research, have revolutioned the industry in recent years and not
only extended its scope to cover the whole country but led to
increased fish and prawn production. An understanding of +the
biological capability of the water in the perennial and seasonal
culture ponds, and the nature and extent of the influence of the
abiotic factors on the production of organisms in the primary
level of food chain would contribute +to effectively implement
management measures in the stocking strategies and in the

evaluation of economics of production of prawns.



It is against this background that the present topic of
investigation "“Studies on the ecology and production of algae in

prawn culture systems" was selected.

Investigations were carried out on the hydrological
characteristics, seasionality in the concentration of nutrients,
algal production and nutrient enrichment aspects in prawn culture
ecosystems during the three monsoon season, viz., pre-monsoon,
monsoon and postmonsoon period of 1986 and 18987. Three different
prawn culture ecosystems were selected for the present study viz.,
a perennial prawn culture pond of Central Institute of
Brackishwater Aquaculture (referred to as CIBA pond in the text,
area 0.6 ha), perennial canals in the coconut grove where prawns
are farmed (referred to as COCO field in the text, area: 1.0 ha),
and a seasonal culture pond locally called POKKALI field (area,

0.8 ha), all of which are situated at Narakkal near Cochin.
The thesis is presented in five Chapters.

In Chapter I, a review of the status of shrimp
aquaculture in the artisanal sector is included in order to assess
the trend in recent production, demand and export of these

organisms in Kerala State.

Chapter 11 presents an introduction to +the +topic of
study. A review of relevant works done in the same field is made
in order to bring an awareness of the present status of our
knowledge on the subject, and also stress the importance of such
study for shrimp aquaculture operations in the coastal bodies of

water on scientific lines. The material and methods adopted in the
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+“jeld collections and laboratory analyses, and also in the

experimental work are presented in this chapter.

RESULTS of investigations carried out during 1986 and
1887 on the variations in the hydrological characters, nutrient
4istribution, production and distribution of algae and
~xperimental aspects of nutrient enrichment of the medium on algal
production along with the results of statistical analyses are

pres=nted in three parts under Chapter III.

Spatial and +temporal variation in the distribution of
vdrological properties such as salinity, dissolved oxygen,
emp=zrature, hydrogen-ion concentration (pH) and redox potential

(Eh) in the three culture systems are described in Part - 1. Part
I1 deals with the pattern of distribution of the available
aqutrients such as reactive phosphate (PO ), nitrite (NO ), nitrate
{NOB) and ammonia (NH4) of water in the icosystems. 2
The magnitude of gross primary production (GP) and net
primary production (NP) was estimated and the results presented in
“art - ITI(A). Nature and extent of variation in the
concentration of Chlorophyll a, b, ¢ and carotenoids, and their
‘0oss. ble ratios were estimated and presented in Part - III(B). 1In
Part - II1I(C), results of observation on the seasonal numerical
varicztion of algal cells during 1987 are presented and explained.
tesults of computer analyses of the correlation between ecological
and rroductivity parameters are presented, and the significance of

corre¢ lation by multiple regression analysis highlighted in Part -

TITI(T). In Part - III(E) an assessment of the status of
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production at primary level has been made through NP:GP ratio,

assimilation number and ratio of Chlorophyll pigments.

In order to delineate the effect of fertilisation on the
primary production in the culture ponds, nutrient enrichment
experiments were conducted under jin situ during pre- and post-
monsoon seasons (1987-'88) and in vitro during monsoon season.
Nutrients such as nitrogen, phosphorus and silica and trace metals
such as zinc, manganese, molybdenum, cobalt, copper, iron and EDTA
were employed in the experiment individually and in combination.
ANOVA technique was used to test the significance of the effects
of treatments. The results of the experiments and statistical
interpretation of the findings form the subject matter of Chapter

Iv.

In data on the above aspects, whenever necessary are
given in tabular and graphical forms for effective representation

of the results.

In Chapter V (DISCUSSION), an overall assessment of the
interrelations between abiotic environmental factors and
productivity has been attempted, and a critical evaluation of the
implication of primary productivity on the economic production of
prawns under farming presented and both the above aspects

discussed in detail.

An executive summary of the results of investigation is
presented in the final section of the thesis which is followed by

a detailed list of references on the subject matter.
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CHARTER - 1
BEVIEW OF THE STATUS OF SHRIMP AQUACULTURE
IN THE ARTISANAL SECTOR

Aquaculture has gained momentum throughout the world
during recent decades which is probably unparalleled in other
branches of food production. Cropping fish, prawn and other
- aquatic organisms for food is to a large extent based on very old
methods. All the traditional methéds together with their modern
high technology counterparts are commonly described as

aguaculture.

Aquaculture is the farming of aquatic animals and plants
for commercial purposes. Aquaculture, as a promising primary and
alternative agricultural enterprise and as a source of livelihood
for people, has grown considerably in recent years. Its role in
integrated rural development, generation of employment and earning
of foreign exchange is being increasingly appreciated aroﬁnd the

world, particularly in developing countries.

The annual world wide harvest of fishery products from
our oceans has more or less remained static for the past few years
at about 70-72 million tonnes. Yet the population has crossed the
6 billion mark and is expected to double in the beginning of the
next centuary. Hence the demand for fishery products has
increased with increasing population and income. In order to meet
the demand for fish in the world, fish production must double its

kpresent level of catch by the year 2000. Both researchers and



producers are striving hard to develop useful techniques to meet
this goal through fish and prawn farming apart from

diversification of capture fisheries.

Aquaculture industry 1is well its way to solving the
problems of production and growing demand for animal protein.
Aquaculture produced about 10.2 million tonnes of fish and other
aquatic products equal to 13%¥ of the total world fisheries
harvest. Interestingly all the first five leading coutries such
as China, Japan, India, South Korea and Phillipines are in Asia,
and account for 75% of total global aquaculture production. 1t
the world’s aquaculture production is projected for the year 2000
based on productivity growth, it will amount to about 22.2 million
tonnes or about double the present level of production. At this
rate, aquacultuie will account for approximately 25% of the total

contribution of world fisheries production.

The fisheries resources are renewable and are available
year after year, if their stocks are suitably utilized and
managed. Increasing and indiscriminate fishing in both marine and
contiguous coastal waters considerably dwindle the marine fishery
vield. Due to increasing demand for prawn in overseas market, the
fishermen explore even the undersized prawn for 1local market.
This indiscriminate fishing, especially in the nursery areas,
considerably reduce +the adjoining marine prawn fishery. This
emerging danger due to over exploitation of spwaners and nursery
population should be properly adjudicated and remedial measures
such as aquaculture oriented fishery management aspect should be

developed to rehabilitate the fishery potential, and procure



maximum sustainable harvest.

Export earning of India from processed seafoods touched
an all time high of Rs. 461 crores in 1986-87, involving a
quantity of 86,160 tonnes. Out of this, frozen prawn/shrimps
constituted 57.32% in quantity and 82.03% in value. Compared to
the year 1886-87, during 87-88, export of seafood registered an
impressive growth rate of 13.21% in volume and 15.31% in value.
Tolal export during 1987-88% reached an all-time high of 97,179
tonnes. From 461 crore in 1986-87, export earnings from sea food
reached the level of Rs. 531 crores during 1987-88. It touched to

the tune of Rs. 5898 crores during 1988-89.

Kerala, the land of ’'Palms and Canals’ is equally well
known for its fishery wealth. Despite the fact that Kerala
possesses only one tenth of the coastal line of India it 1is the
major fish producing state in the country with an area of 33, 364
sq.km. and a coastal line is that 586 KM long. Total continental
shelf area is about 40,000 KM. There are 44 rivers in Kerala of
which 41 flow westward, discharging their contents into the
Arabian Sea, thus enriching the southwest coast. Kerala has the
highest fishermen population in the country with 6.40 lakh people
engaged in fishing industry of these, 1,31,101 fishermen are
engaged in actual fishing operation. They operate about 3018

mechanised boats and 268271 non-mechanised boats.

Marine fish production in Kerala has witnessed many ups
and down in the last decade. Shrimp landing has also shown wide

fluctuation as can be seen from the summary statement below:-



INDIA
Year  Total Marine  Prawn Landing Marine Export
Landings Quantity Value

X1000 T X1000 T T X1000 Rs.
1980 1249.8 170.7 75,542 2188756
1981 1378.5 144.9 765,375 2867128
1982 1420.6 161.9 75,136 3422429
1983 1548.4 166.9 86,169 3623231
1984 1630.6 182.0 89,912 3859983
1985 15634.7 189.0 80,588 3756683
1986 1707.9 212.1 89,283 4826841
1987 1647.5 199.6 89,125 4895540

KERALA

Year  Total Marine  Prawn Landing Marine Export
Landings Quantity Yalue

X1000 T X1000 T T X1000 Rs.
1880 279.5 54.3 28,138 883122
1981-82 304.8 21.9 31,901 1242952
1982-83 348.4 32.3 32,946 1383385
1983-84 383.0 26.2 32,514 1402609
1984-85 377.4 37.8 30,385 1402456
1985-86 320.9 28.2 30,043 13830984
1986 1707.9 212.1 34,212 1640146
1987 1647.4 199.5 34,874 1866178
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The stagnation point in shrimp production from our vast
‘4nshore resources through capture fisheries has driven us to
‘explore the ways and means to increase fish production by
‘resorting to scientific shrimp farming in our hitherto utilized
brackishwater areas. It is worthwhile to mention that India is
endowed with highly productive areas such as mudflats, swamps,
marshy lands, " lagoons, mangroves, backwater and estuaries.
Abounding this, it is estimated that about 0.80 million ha
backishwater area, is identified as suitable for aguaculture

practices.

‘RThe economic details of the traditional paddy field
cultivation reveal that the preposition of paddy cultivation and
prawn cultivation are still encouraging if properly managed and
operated. On comparing the two, it is evident that almost double
the profit is realised by way of traditional prawn culture than
that of paddy cultivation. It also reveals that more or less
equal quantity of prawn and fishes are exploited through the
traditional operation, the increased yield of prawns being mainly
contributed by penaeid prawns and fishes such as mullets,
" milkfish, pearlspot and telapia. Among pravwns, HMetapenaeus
dobsoni (52.63%) Penaeus indicus (37.59%) Helapenaeus momocerQs
(9.02%) and Penaeus mopodon (0.75%) are exploited in the order of
preference. Most of the prawns are caught by way of filteration
through sluice gates during favourable tides of the full moon and
new moon phases. Several other harvesting methods such as cast
netting, gill netting, dragging, scooping and hand picking are

also employed during the terminal fishing time.
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Analysis of the data from the view point of production
shows that the system is still capable of producing a potential
yield of 665 kg. of prawns and 750 kg. of fishes from unit area
{ha). Nevertheless, if we exclude the cost of fishes, the sale
sproceeds from prawn viz. 256 kg. of penaeids and 410 kg. of
metapenaeids from unit area could not balance the expenditure
%Ioading to the endeavour in a team position. This seems to be
obviously due to the spiralling rates of lease amount prevailing
4n the system especially during recent Yyears. Again, +the
prepondence of low priced prawns over the quality prawns can also
be attributed to be another factor. This situation calls for
‘ grgent and pragmatic implementation of measures at least +to
ﬁaintain the statusque of the system. Thus it becomes imperative
to undertake need based research pertaining to this field to find

out a variable alternative.



CHAPTER - Il
INTRODUCTION

Prawn farming in ponds has a long history of empirical
development and ’green-thumb’ expertise, but the scientific
:1nvestigation and documentation are relatively far from complete.
The availability and growth of micralgae/phytoplankton is the most
critical aspect of fish production in ponds culture. The
phytoplankton growth and the interlinked ecological factors in

fish ponds is of concern to the fish farmers the world over.

The requirement of studies on the biology and ecology of
the phytoplankton of the various estuarlie systems in India include
those of Iyangar and Vengatraman (1951) for the Cooum estuary; Roy
(1954), Devasundaram and Roy (1954), Patnaik (1973) on the
planktonic algae of Chilka Lake, and Dutta et al. (1954), Roy
(1949 & 1955), Shetty et al. (1961), Gopalakrishnan (1971) in the
Hoogly estuary. Seshadri (1857) studied the seasonal organic
production in relation to environmental features in Zuari and
Mandovi estuaries. Krishnamurty (1964) studied the nutrients in
relation to plankton production in the inshore and estuarine
waters of Porto Novo and Krishnamurty and Shantharam (1974) and
Shantharam et al. (1975) gave a descriptive account of the species
distribution and quantitative ecology of phytoplankton of the same
region. Dehadari (1970), Dehadari and Bhargava (1972) reported the
range of primary productivity of Goa estuarine complex.
Krishnamurty and Viswanathan (1968) measured primary productivity

in the Bombay Harbour. Venugopal (1969) estimated primary



of the Vellar - Coolrum estuarine system and

1) for the Killai Backwaters.

Untawale and Parulekar (1976) studied the ecology of
es in the estuarine of Goa. Krishnamurty and Sundaraj
aa#e an average primary production rate for Pichavaram
froves _and Gopinathan and Rajagopalan (1983) for the mangroves

system of the Andaman - Nicobar area.

Some studies were undertaken on +he hydrographical
ondition and trace metal concentrations (Ganapathi and Raman,
973; Sharma et al., 1982; Satyanarayana et al., 1985),
g tribution and abundance of Oscillatoria nigroviridis (Premila
and Umamahaswara Rao, 1977) and on blooms of Skeletonema cogtatum
Ganapathi and Raman, 19879) and a detailed investigations to
?Valuate the ecological effect of pollution on phytoplankton
;onmunities of the Visakhapatnam Barbour in recent year

iUnamahaswar Rao and Mohanchand, 1988) and distribution of
%nmtiéulate matter by Sarma et al., (1989).

A detailed examination of the temporal dynamics of
Phytoplankton has been made in Mondovi - Zuari estuarine complex.
In addition, phytoplankton communitj structure and succession were
discussed in relation to the prevalent environmental conditions
(Devassy and Goes, 1988). Also include primary production

recently by Sumitra-Vijayaraghavan and Krishnakumari (1989).

The Cochin estuaries system have been studied
intensively by Qasim and Reddy, (19687) for plant pigments; tidal

amplitude (Qasim and Gopinathan, 1969), organic production



:-i- et al., (1969); salinity tolerance of phytoplankton (Qasim
., al., (1972), seasonal abundance of phytoplankton (Gopinathan et
., 1974; Joseph et al.,1975, contribution of homoplankton (Qasim
al., 1974; Vijayaraghavan et al., 1974) and on primary

;roductivity of the entire estuarine system (Nair et al., 1975).

Detailed description of the environmental condition and
?@ther particulars of the backwaters are reported earlier
iifi(Ralxam.’n.z"t'.l'mn and Jayaraman, 1963; Wellershaus, 1971; Qasim, 1872).
‘Extensive hydrographic data have been collected (George and

;Krishnakartha, 1963; Desai and Krishnankutty, 1967; Qasim and

inathan 1969; Shynamma and Balakrishnan, 1973; Balakrishnan and
ﬁhyn;mma, 1976) and nutrient distribution (Joseph, 1974,
reedharan and Mohammed Salih, 1974; Lakshmanan et al., 1987).
onsiderable amount of work in relation to primary productivity
éhas been done by Qasim et al. (1969), Qasim (1973, 1879),
Gopinathan et al. (1984) and Rajagopalan (1985).

The estuarine system of Cochin includes a system of
;inter-connected lagoons, bays and swamps, penerating the main land
1n1th innunmerable prawn culture fields, both seasonal and
;perennial ones, enclosing many islands in between, and with a
 tota1 area approximately amounting to 500 sq.km. The backwater

around Cochin is located along lattitude 9 58’N and longitude
76 15’E, and this part of the estuary form a more or less a north
- ward extension of +the Vembanad Lake. The upper reaches of

backwater are connected to +the Arabian Sea by a Channel, about
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m wide. These regions are relatively deeper, with depth
%tanging from 5-15 m and are marked by constant flushing with flood
'gnd ebbtides with a maximum range of 1 m. The lower reaches of
the estuary are shallower, with very little tidal influence and

‘have low =malinity.

The estuarine system has two permanent openings into the
‘;Axabian Sea - one at Cochin and the other at Azhikode. There are
five major rivers which empty into the backwater system through
their tributories and branches. On the southern half, +the river
- Pamba and Muvattupuzha join the Vembanad Lake. On the northern
érhalf, the river Periyar Jjoins the backwaters through its
“tributories. All the rivers periodically enrich the area by
‘ bringing along with them nutrient-rich water and considerable
quantity of particulate organic matter. The northern half of the
estuary has high saline concentration and high tidal amplitude
fbecause of the two openings to the sea whereas in the lower
reaches, especially in the southern area, the tidal amplitude and
; salinity are lower. The various environmental parameters are
greatly influenced by the tidal rhythm. In the backwater, +the
‘tides are of a mixed, semi-diurnal type with a maximum range of

1 m.

The chief characteristics feature of the estuary is that
during the monscon months, it receives a considerable amount of
freshwater from +the rivers and other sources and the habitat
becomes highly turbid. The total annual average rain fall of the
. Cochin area is about (3200 mm) of which nearly T6% occurs during

- the months from May - September.
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gulture systems

The dynamic environment of the estuarine system of
hin and the connected backwater play a significant role in the
fishery of the area in general and the prawn fishery in
rticular. In recent years, due to high demand for prawns,
fforts are being made to augment their production +through
tawn/shrimp farming. It is estimated that about 5120 ha. of

l1tivable fields are situated in and around the Cochin estuarine

Several publications namely, Qasim et al. (1969), Qasim
Gopinathan (1969); Qasim and Shankaranarayanan (1872);
C inathan et al. (1974); Nair et al. (1875); Pillai et al.
Madhupratap et al. (1977) provide information on the
: robioclogy and ecology of the Cochin Backwater and adjacent
jéas, but aimed accounts dealing with productivity parameters of
;awn culture system situated in the estuarine complex are
i ited. The main objective of this study is to assess the
ductivity of the seasonal and perennial culture ponds through
ata our primary production in detail and related hydrological
roperties of the ponds since estimation of the biologicail
city of the water in the ponds is a prerequisite in

etermining the stock strategies and in the evaluation of the

Abiotic factors

Abiotic factors particularly chemical characteristics of

environment exert profound influence on the growth and
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wval of aquatic organisms. The culture ponds are mostly the

sion of the estuarine and backwater system, and are therefore
cted to wide variation in the environmental condition when
j”pared to the sea. Regular monitoring of the environmental
:nditions therefore become essential to understand optimum
vironmental condition for the culture of the organisms. In
pth investigations on the fluctuations of hydrological
aoperties such as salinity, dissolved Oxygen, temperature,
?drogen—iron concentration (pH) and Redox potential (Eh) as well
as the nutrients such as nitrates, phosphates and silicates
?sential to phytoplankton assumes importance as they play a major
?la in regulating +the growth, abundance, recruitment and

stribution of the fauna and flora in a given culture ecosystem.

. Estimation of primary production is of considerable
%sic value because of its significance to fisheries science and
roblem connected with aguatic ecology. In the studies related to
?ﬁmrine or estuarine food chain in the culture ecosystem, the
?imtimation of standing crop of phytoplankton is a pre-requisite
f%ince animals need food for growth and survival and therefore the
~‘chlorophyll estimation indicate total plant material available at
the primary stage of food chain. Further, availability
phytoplankton pigments, and the possible ratio between different
 pigments and the taxonomic identification of phytoplankton

- species, play major roles in the assessment of production in the

oulture ecosystems.
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1i) Algal population

It is well known that the most important factors which
iead to the occurance of fish and prawn in an aquatic environment
is the availability of food and hence basic productivity controls
the distribution and abundance of the organisms cultured.
Phytoplankton, mainly constituted by diatoms, dinoflagellates,
blue-green algae and a variety of minute forms called
nanoplanktons are +the primary producers in the culure systems.
The utilization of +the organic materials produced by them is
carried out by zooplankton and both form the forage of prawns and

fishes.

Enrichment studies:

A significant input of enriching substances into the
estuarine environment inevitably induces a modification in the
ecosystem. This in turn influence the energy circuit and food web

as well as the structure and dynamics of the animal communities.

In view of this, an indepth study on the fluctuations in
hydrography and availability and abundance of nutrients, and their
linkage on the production and population characteristies of algal
communities has been taken up in selected prawn culture ponds in
and around the estuarine habitat at Cochin and the results

presented and discussed, and conclusions drawn in the document.
STUDY AREA

The present investigation was carried out at Narakkal

(76 14’E Long., 10 O8’N Lat.,), a fishing hamlet in Vypeen
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d about 10 km north-west of Cochin, Kerala (Fig. 1). The
strip enclosed within the Arabian Sea on the western side and
Vypeen Channel, a branch of the Cochin backwater system on the
tern side, is characterised by several low-lying fields and
conut groves, interconnected by brackishwater canals. The
als are connected to the Cochin backwater system through a gut
‘1ocated at the mouth of estuary, in the south and by another at
gAzhikode at the northwern end of the island, vwhich facilitate
ientry of tidal water. Three different prawn culture ecosystems
were selected for the present study viz., a perennial prawn
culture pond of Central Institute of Brackishwater Aguaculture
(referred +to as CIBA Pond in the text, area 0.6 ha), perennial
canals in the goconut grove where prawns are farmed (referred to
as COCO Field in the text, area: 1.0 Ha) and a seasonal culture
-pond locally called POKKALI Field (area, : 0.8 ha), all of which

are situated at Narakkal_near Cochin.

The experimental pond (Plate - Ia) selected for the
study (0.6 ha. area) is connected to the mainfeeder canal by a
wider sluice gate. The average depth was found to be 100 cm. The

pond is stocked predominately with prawns and chanos.

The canals in the coconut grove (Plate - Ib) are
primarily dug - up between rows of coconut treas to irrigate the
grove, but the waterbody is profitably utilized as a culture
system by trapping seeds brought in by the tide, and allowing them
to grow within the canals. The canals are connected to be
mainfeeder canal by a small inlet. The depth of these canals

ranges from 40-50 cm. Water circulation was found to be
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%1@1atively low when compared to the other two culture system. It

“had an area of about 1.0 ha.

The _’pokkali’ field, (Plate - Ic) located further away
from both the canals of the coconut grove and the experimental
pond, 1is used for culture of fish and prawns from Decemeber to
April, during which period, the saline nature of water in
conducive for qulture. The culture is wound up by April when the
field is utilized for cultivating a special variety of paddy
called ’pokkali’. The mean depth of the field was found to be 50
cm and it had an area about 0.8 ha. Though further away from the
other two cu;ture systems, it is connected by the same feeder

canal that supplies water to the other two culture systems.

HYDROGRAPHY

Therg are a number of reports on the prawn culture
practices in Kerala (Panikkar, 1937; Menon, 1954; Gopinath, 1856,
George et gl.,. 1960; George, 1974; Gopinathan et al., 1982) but
they are mainly concentrated on the biological aspects of shrimp
culture, The culfure ponds are mostly the extension of the
estuary and backwaters, and therefore subjected to wider variation
in environmental conditions when compared to the open sea. A
regular monitqring of the environmental conditions therefore
becomes essential to understand the optimum environmental
conditions for the culture of prawn. Physico-chemical factors,
such as temperature, salinity, dissolved oxygen, PpH and Eh was

carried out during the period of investigationms.
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Water temperature influences the bio-chemical reactions

microbial release of nutrients taking place in the pond

3mosystem, as well as the physiology of fauna. The pond having
?ihe optimum height of water, the bottom water will be less warm
fthan the surface water, which exposed to the Sun. Such variation
1will not be felt much in shallower ponds. As temperature

increases, the ability of water to dissolve oxygen decreases.

The degree of salinity in water reflects geological and
hydrological conditions. Farmers should have a through knowledge
of the salinity profile of the tidal water of the site before
selecting the site for construction of farm. It should also be
ascertained that there is no chance of large scale fresh water
influx to the farm as sudden fall in salinity would give stress to

the prawn.

In a normal pond, +the oxygen producing and consuming
processes keep a dynamic balance which maintains the concentration
of dissolved oxygen within the range tolerable +to all +the
organisms. Concentration of dissolved oxygen decreases with

increasing temperature and salinity.

Water that contains dissociated or free hydrogen and
hydroxyl ions which give an acidic or neutral reaction to water
depending upon their relative concentration pH of the water which
is influenced by the soil pH and concentration of carbon dioxide,
carbonates and bicarborates in the water. Phytoplankton and other

aguatic vegetation remove carbondioxide from the water during
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photosynthesis, so the pH of a body of water rises during the day

and decreses during the night.

Material and Method:

The following parameters were measured during sampling
at fixed time of 0600 hrs for a period of two years from January
86 to December, 1987. The termperature was measured in situ with
the help of an ordinary thermometer. Salinity of water was
measured by Mohr-titration method (Strickland & Parsons, 1968).
Dissolved oxygen content estimated by Winkler method (Strickland &

Parsons, 1968) with due precaution.

pH was measured using a digital pH meter, and Eh was
also measured by the same instrument but using an Eh electrode

specifically designed for this purpose.
AVAILABLE NUTRIENTS

The plant life in seawater reqguire certain

micronutrients for their growth. The most important
micronutrients are compounds of nitrogen and phosphorus. Those

type of organisms which have siliceous frustules (diatoms) also
require a supply of silicon. The principal inorganic form of
nitrogen is as nitrates, mnitrites and to a certain extent as
ammonia. Inorganic phosphate exist in the seawater practically as
orthophosphate. The principal sources of silicate in the ocean,
are river run off and the glacial weathering of rocks. The growth
and sedimentation of siliceous plankton 1is the principal

biological processes stripping silicon from the ocean.
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Tidal water is one of the sources which supplies
‘nutrients to the pond ecosystem. Land run off through river
:discharge and consistant incursion of sea water have profound
influence on the nutrient concentration of the tidal water prawn
fields around the Cochin and Azhikode bar mouths which also are
| highly productive because of the influence of the Pampa and the
Periyar rivers and the constant incursion of sea water through the

two bar mouths.

Some work has been done on the estuarine by
Suryanarayana Rao and George (1859); Krishnamoorty and Vincent
(1981); De Sousa et al. (1881). Sarala Devi et al. (1883);
Lakshmanan et al. (1987) but the prawn culture systems in this
area around Cochin were not extensively studied until recently by

Gopinathan et al. (1982) and Gopalakrishnan et al. (1988).

Material and Methods

Sampling was done between January to December, 1986 and
1987 in the perennial ponds; and from January to May 1986 as well
as 1987 in the seasonal pond in 4 sites. Samples were collected

in the morning 0600 hrs. and analysed immediately.

For the determination of inorganic nutrients nitrate-N,
nitrite-N, ammonia-N, phosphate-P and silicate-Si the method given

in the FAO Technical Paper No. 137 (1975) was adopted.

ALGAL PRODUCTION

Considerable amount of work on productivity studies in

Cochin backwaters has been done by Qasim et al. (1969) Qasim
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38, 1979) Gopinathan et al. (1874) and Nair et al. (18756).

3
rding to them the gross production ranged from 0.35-1.50 gC/m
Ry . The estimated annual gross production for the entire

pbanad Lake comprising about 300 KM is about 1,00,000 tonnes of

bon (Nair et al., 1875).

Several attempts have been made to relate productivity
%@rameters with that of potential yield or optimum sustainable
;ield (Subramanyam, 1959; Prasad and nair, 1963; Nair et al.,
1969; Prasad et al., 1979; 1970; Qasim et al., 1978). It has been
bbserved by Steemann Nielsen and Jensen (1857) that the landings
of commerical fish catch in intensity exploited water is about
0.4% of the organic matter produced by the phytoplankton. A
maximum sustainable yield of 0.2% would be a more realistic
estimate which would amount to just about 5 million tonnes of fish

for the EEZ (Nair and Pillai, 1983).

In +the case of prawn culture systems the carrying
capacity of the pond depends mainly on its primary production,
which is the organic matter produced in the pond in the form of
microflora including phytoplankton, benthic algae and photo
synthetic bactefia using the radient energy of the Sun and the
nutrients available in the pond. The floras thus formed is the
food of the fauna of the pond directly and indirectly. Growth and
production of prawn in the pond varies according to the level of

primary production.

Based on the degree of Primary Productivity, prawn
3

fields has be classified as: highly productive ( 1500 mg C/m /day)
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moderately productive (500-1500 mgC/m /day) 1low productive
; 3

(500 mgC/m /day), (Gopinathan et al., 1982).

The rate of primary production can be measured either
directly or indirectly by estimating the standing stock of
phytoplankton and using a conversion factor. . For direct
estimation, +the production is either measured experimentally by
enclosing water samples in bottles or by utilising difference in
the water masses during a certain period by measuring the property
at the begining and the end of this period. All of the pioneer

works concerning productivity were based on the standing stock.

In recent years, the concentration of pigments active in
photosynthetis, primarily chlorophyll has been employed as an
jndex of the standing stock of plants and also as a means of
estimating the rate of primary production (Ryther and Yentsch
1857). Consumption of carbon dioxide (Atkins, 1922) or nutrient
salt (Steele, 1958; Cooper, 1957) as a means of measuring primary
production have also been used. Daily variation +the oxygen
content of the water between morning and afternoon has also been
used as a means of estimating the organic production in certain

marine acreas (Dedosov, 1858).

The plant pigment content of phytoplankton assumes great
importance in productivity studies because of the use of these
compounds for estimating the primary production and gross
photosynthetic potential. Either total pigments, total
chlorophyll, or +the single pigments may be measured. Pigment

analysis primarily chlorophyll determinations, have been used in
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%;mcent year (Krey, 1958). The spectrophotometric +technique
%ﬁntroduced by Richards with Thompson (1952) with subsequent
Erevisions (Parsons and Strickland, 1968) have long replaced +the
:less accurate standardisation procedure of visual matching of
. pigment extract with standard methyl sulphate and potassium

chromate (Barvey, 1534).

The conversion factors as given by Cushing (1958) for

plant pigment unit and that of chlorophyll is as follows:-

1 P.P.U.

1"

3.9 - 5.2 pe Carbon

1 pe- Chlorophyll = 13.6 - 17.3 ne Carbon
Using HBarvey's (1934) method, Subramaniyam (1959) made
quantitative determination of the standing crop of phytoplanktion
of the west coast. He found that the standing crop in terms of
carbon varies from 0.06 g to 12.28 g over a metre square area of
the sea surface with the highest values during the south-west
monsoon. From these measurements he concluded that the west coast

of India is one of the highly productive regions of the world.

A close relationship usually exists between the
concentration of chlorophyll a in the culture pond and the total

abundance of phytoplankton.

Material and Methods

Samples of water for measuring primary production were
collected from surface in the ponds in the morning at 0600 hrs and

jncubated in situ for 6 hours regularly and data collected for a

period of two years (1986 to 1987).
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Primary production measurements were made using Grander
and Gram’'s (1927) light and dark bottle method as described by
Strickland and Parson (1968). Dissolved oxygen was estimated by
Winkler’s titration method from which gross and net photosynthesis

3
were calculated and expressed as mgC/m /day.

Productivity was calculated as follows:-

Light bottle dark bottle

Gross primary production

Light bottle - initial bottle

Net primary production

Production A = 02 (ml) x 0.5898
P-Q.
Productivity in mgC/m3/day = A x 10 x 1000
T

PQ (1.25)

T (duration of the experiment)

10 (assumed that photosynthesis takes place for 10 hours during a
day)

For the estimation of phytoplankton pigments, one litre
surface samples were collected and filtered +through Millipore
filters (type HB, 47mm, 0.45 micron pores) and dissolved in 10 ml
of 90% acetone and stored under refrigeration over night. The
acetone extract was centrifuged at 3000 rpm for 5 minutes and the

sample analysed spectrophotometrically;

The spectrophotometric method described by Timothy
Parson et al. (1984) with modification was followed for evaluating
different fractions of chlorophylls viz., chlorophyll ’a’, 'b’,

'e', and also carotenoids.
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Calculation
(Ca) Chlorophyll a = 11.85 E - 1.54 E - 0.08 E

664 647 630
(Cb) Chlorophyll b = 21.03 E - 5,43 E - 2.66 E

647 664 630
(Cc) Chlorophyll ¢ = 24 .52 E - 1.67 E - 7.60 E

630 664 647
mg Chlorophyll/m > =Cx v x 10

V x 10

Where v is the colume of acetons in ml (10 ml),
V is the volume of seawater in litres.
(Cp) Carotenoide = 7.6 (E - 1.49 E )
480 510
ALGAL POPULATION

There are several aspects of phytoplankton ecology that
need elucidation such as factors 1leading to succession of
phytoplankton to changes in environmental conditionms. Answers to
these involved problems could be obtained £hrough experimental
étudies employing laboratory culture of selected phytoplankton
organism. One of the pre-requisites for such studies is to know

the distribution pattern of phytoplankers.

Species composition of phytoplankton communities in the
pond is important because different taxa of planktonic algae
present different dietary values in various development stages of
fish or zooplankton. In general, phytoplankton species occurring
in culture ponds includes members of Chrysophyta (diatoms and
golden brown algae), Chlorophyta (green algae), Cyanophyta (blue-

green algae) Pyrrophyta (dinaflagellates) and some flagellates.
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The phytoplankton species composition in ponds may vary
from few to a large number of species. The species diversity
_concept developed by Margalef (1858) for phytoplankton, is useful
in describing the significance of species abundance in relation to
the stability of the phytoplankton community. In general, higher
species diversity indicates a greater stability in a given
ecosystem (Odum, 1971), because the fluctuation in abundance of
individual species would have influence on the entire community

than the system of lower diversity.

In this area +the prawn culture system was not
extensively studied until recently. In view of the growing
importance of prawn culture in these system, a general ecology
study was taken up. The enviromnmental characteristics of these
systems were described by Nair et al. (1988). Qualitative and
gquantitative aspect of phytoplankton and zooplankton in the
seasonal and perennial prawn culture system of Cochin backwaters
in relation to the environmental parameters were described by

Gopalakrishnan et al. (1988).

Material and Methods

Sampling was done early in the morning from fixed
stations in the ponds. During 1986, surface samples were brought
to the laboratory and examined the phytoplankton in live condition

and data recorded. Qualitative and quantitative studies on algae

were carried out by "counting chamber method" during 1987.

The model now in common use is a combined plate chamber

consisting of a top cylinder of 50 ml capacity and a bottom plate
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chamber. The principle is to remove the upper part of the
chamber (the sedimentation cylinder) after sedimentation leaving
organisms in the bottom part, which can directly be examined under
the microscope and enumerated. An aliquot of 25 ml of the sample

was used, and Lugol’s Iodine was used as preservative.

ENRICHMENT EXPERIMENT

In most fish ponds, nutrient enrichment by artificial
fertilization is commonly practiced in order to increase fish
production (Shen 1876; Hepher 1962; Chiou and Boyd 1874). As a
result, the phytoplankton species diversity is minimized in the
nutrient enriched system, which lead to relatively wide population
density. The individnal species of phytoplankton in fertilized
pond water often undergo rapid cycles of population bloom, and
massive die-off and may cause oxygen super-saturation as well as
severe oxygen depletion. Excessive blooms of blue green algae

frequently occur in nutrient rich water.

Since ponds which are managed, are often fertilized,
putrients concentration 1is generally high and phytoplankton
productivity greater than the average natural waters. Boyd (1973)
reported that chlorophyll concentration in a series of fertilized
ponds than those in the unfertilized ponds. He also observed that
chlorophyll values in fed catfish ponds averaged 102 mg/L,

stimulated mainly by the nutrients released from the feed.

Studies on nutrient limitation have also shown that for
marine coastal waters nitrogen in the form of nitr;te and nitrate

is wusually the important limiting nutrient for the survival and
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irowth of phytoplankton biomass (Berland et al., 1980; Nixon and
?ilson, 1983; Canaco et al., 1887). For brackish waters,
phosphorus may play an important role, especially if fresh water
inflow is high the case in Trandheim fjord (Sakshaug & Myklestad,
1973), the inner part of Manreille Bay (Berland et al., 1980),
Bothnian Bay, located at the northern part of the Baltic sea
(Alassarela, 1979) and Chesapeake Bay during winter (D’Elia et

al., 19886).
Material and Methods

In vitro nutrient enrichment experiments with the

natural population of phytoplankton from the culture pond were
carried out during August, 1987 which represent the period
monsoon. Water from the surface of the culture pond was collected
early in the morning and maintained in circular type ten litre
capacity tank. Experiments were conducted under the glass-roof
laboratory of the hatchery of the Central Institute of
Brackishwater - Agquaculture (formerly Marine Prawn Hatchery

Laboratory).

Nutrient experiments were performed in situ during the
post-monsoon period of December, 1987 and pre-monsoon period of
March, 1988, using +twenty five litre capacity plastic tubs

encircled by a net fixed in the culture pond (Plate - 1d).

Nutrients were added to the 20 litre sample, alone and
in combination, to the water at the beginning of the experiments
follows: 500 pg/l nitrogen, 1000 pe/l phosphorus and 5000 ne/l

'silica. For EDTA and tracemetal additions the amounts used are of
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10 pg/l zinc, 100 pg/l manganese, 5 pg/l molybdenum, 5 pg/l
cobalt, 5 pg/l copper, 1300 pg/1 iron and 1300 pg/1 iron and 1300
pe/l EDTA. Effects were measured with treatments such as N, P, 5,
N+P, N+5, P+S, N+P+S, T, N+P+S+T and along with the non-treated
one. Phytoplankton biomass as well as their production was
measured through the content of chlorophyll ’a’. Effects of
treatment were also tested statistically for individual sampling

on each date.

In general, the significance of prawn culture fishery
and prospects and management were those of Muthu (1978b); Rao

(1980); Silas et al. (1981); Silas (1983) and George (1983).



CHAPTER - IIl
RESULTE
EART - I : HYDROGRAPHY

Monthly mean variation in the hydrographic parameters in
the CIBA pond* such as salinity, dissolved oxygen and temperature
during 1986, and salinity dissolved oxygen, temperature, hydrogen-
jon concentration and redox potential during 1987 are presented in
Table -~ 1 and Fig. 2. Observed distribution pattern of these
parameters in the COCO field** are presented in Table - 2 and Fig.
3. Results of observation on the hydrographic parameters in the
POKKALI field, which was limited to the premonsoon season of 1986

and 1987 are presented in Table - 3 and Fig. 4.

Salinity: -
(i) CIBA pond:-

During 1986, the salinity values ranged between 3.31 and
23.45%., with high values recorded during the premonsoon season.
The values gradually increased from January, and after reaching a
peak in the May (23.45%.) declined to 4.30%. in July with the
onset of monsoon. A secondary peak was observed in December.
Lowest salinity condition was recorded in November, and in
December the values recorded was 13.62%..
% Abbreviation of the prawn culture pond belonging to the Central

Institute of Brackishwater Aquaculture used in the text.

x%x Abbreviation of canal system among coconut plantation used in

the text.



TABLE - 1

Distribution of hydrographic parameters in
the CIBA pond during 1886 and 1887
(Monthly mean value)

Salinity Dissolved Water pH Eh
3 oxygen temperature
(X 107 ) (ml/1) ( C)

Jan. 1986 17.87 3.60 310

1887 18.18 3.34 28.5 4. 40 137
Feb. 1886 21.84 3.56 32.0

1887 22.489 3.40 30.0 7.54 132
Mar. 1886 23.07 4_39 33.56

1987 20.72 2.53 31.0 7.87 157
Apr. 19886 23.31 4 57 34.0

1887 17.41 3.39 30.0 8.13 169
May 1886 23.45 4 .30 34.0

1987 15.40 3.44 306.0 8.22 175
June 1886 8.50 3.16 30.0

1887 5.23 6.96 30.0 T.77 168
July 1886 4 30 3.10 30.0

1987 3.78 4. 86 28.0 7.73 231
Aug. 1888 4 .54 2.57 30.0

1887 4.25 3.08 28.0 7.75 254
Sep. 1886 5.96 3.20 30.0

1387 4. 38 2.61 30.0 7.62 267
Oct. 1886 3.34 5.61 31.0

1887 3.31 2.92 30.5 6.91 275
Nov. 1888 3.31 4.74 31.0

1887 2.89 2.83 30.0 7.53 269
Dec. 1886 13.62 5.77 : 31.0

1887 4,38 3.40 30.0 7.64 267



TABLE - 2

Distribution of hydrographic parameters in the
COCO field 1886 and 1987
{Monthly mean values)

Salinity Dissolved Water pB Eh
3 oxygen temperature
(X 107 ) (ml/1) ( C)

Jan. 19886 17 .54 2.65 31.0

1887 18.03 2.34 28.0 7.40 124
Feb. 13886 18.10 2.17 32.0

1987 23.41 2.33 29.5 7.37 127
Mar. 1886 20.85 3.56 33.0

1887 18.62 3.28 30.5 7.66 144
Apr. 1886 22.41 3.71 34.0

1987 16.42 2.20 30.0 7.62 168
May 1886 22.88 3.75 34.0

1887 14.88 1.70 30.0 7.65 176
June 1986 8.32 8.53 28.0

1887 4. B9 3.55 28.5 7.48 163
July 1886 4.35 4 .34 30.0

1887 2.81 4 34 27.0 7T.72 221
Aug. 1888 4 .58 2.82 30.56

1887 4. 01 1.81 27.5 7.58 243
Sep. 1986 5.10 5.06 23.5

1887 4.15 1.22 29.0 7.44 263
Oct. 1966 3.40 5.04 31.0

1887 3.07 1.5C 28.5 6.80 253
Nov. 1886 3.11 3.58 31.0

1887 2.51 1.73 28.0 7T.28 272
Dec. 1986 13.66 2.34 30.0

1887 3.88 1.83 28.0 7.45 283



TABLE - 3

Distribution of hydrographic parameters in the
POKKALI field during the premonsoon period
of 1986 and 1987
(Monihly mean values)

Salinity Dissolved Water pB Eh
oxygen temperature
(x 103)  (ml/1) ( €)
Jan. 1986 18.15 4.31 31.4
1987 21.98 3.31 28.0 7.31 123
Feb. 1986 21.75 3.83 32.0
1987 22.49 3.79 30.0 7.486 125
Mar. 1866 23.35 4.51 33.0
1887 20.76 2.52 30.5 7.76 145
Apr. 1986 23.35 4.51 34.0
1987 17.861 4.51 28.0 7.85 172
May 1986 23.55 4.35 34.0
1987 15.21 2.49 29.0 7.68 178
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During 1987, +the recorded range in salinity values was
between 2.89 and 22.49%.. However, monthly mean of salinity
distribution evinced variation when compared to the previous year.
Peak value of salinity was recorded in February (22.49%.) which
gradually showed reducing tendency towards a secondary peak the
salinity of the pond decreased to 2.89%. in November with the

advancement of monsoon and evinced on increasing trend in

December.

Premonsoon Monsoon Postmonsoon
1886 17.88 - 23.45%. 4.30 - 8.56%. 3.31 - 13.62%.
1987 15.40 - 22.49%. 3.78 - 5.23%. 2.89 - 4.39%.

(ii) COCO field: -

During 1986, +the salinity, values ranged between 3.11
and 29.48%. with high values recorded during the premonsoon
season. The values gradually increased from January, and after
reaching a peak in May (22.98%.) declined to 4.35%. in July. A
secondary peak was observed in September. Lowest salinity was
recorded in November, and in December the value recorded was

13.66%. .

During 1987, +the recorded range in salinity was between
2.51 and 23.41%..  However, monthly pattern of salinity
distribution evinced variation when compared to the previous year.
Peak value of salinity was recorded in February (23.41%.) which
gradually showed reducing tendency towards July (3.91%.). After

recording a secondary peak the salinity of the pond decreased with
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the occurence of monsoon to 2.51%. in November and evinced on

increasing trend in December.

The range of salinity values during the three seasons of

1986 and 1987 in the COCO field is summarised below:

Premonsoon Monsoon Postmonsoon
1986 17.564 - 22.98%. 4 35 - B8.32%. 3.11 - 13.66%.
1987 14.88 - 23.41%. 3.91 - 4.89%. 2.51 - 3.96%.

(iii) POKKALI field: -

During 1986, +the salinity values ranged between 18.15

and 23.55%. with high values recorded increasingly during
premonsoon. During 1987, the recorded range in salinity values
was between 15.21 and 23.35%.. However, the monthly pattern of

salinity distribution evinced variation when compared +to the
previous year. Peak value of salinity was recorded in February
(22.49%.) which gradually showed reducing tendency towards monsocon

season.

Dissolved Oxygen: -
(i) CIBA pond:

During 1986, +the disscolved oxygen values ranged between
2.57 and 5.77 ml/1. The values gradually increased from January,
and after reaching a peak in May (4.80 ml/1), declined to 2.57 ml
in August with the onset of monsoon. A secondary peak was

observed in October with an increasing trend again in December.

During 1987, the recorded range in dissolved oxygen
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values was between 2.53 and 6.96 ml/1. However, monthly pattern
of dissolved oxygen evinced variation when compared to the
previous year. Peak value of dissolved oxygen was record in June,
on the preexisting condition of the premonsoon prevailed and non-
occurence of monsoon in June and gradually decreased with the
onset of monsoon and a recording peak in December (3.40 ml/1) with

an increasing trend.

The range is dissolved oxygen values during the three

seasons of 1986 and 1887 in the CIBA pond is summarised below:

Premonsoon Monsoon Postmonsoon
1986 3.56 - 4.90 ml/1 2.57 - 3.16 m1/1 3.20 - 5.77 ml/1
1987 2.53 - 3.44 mi/1 3.08 - 6.96 ml/1 2.61 - 3.40 ml/1

(ii) €COCO field:

During 1986, the dissolved oxygen values ranged between
2.17 and 5.06 ml/1. The values gradually increased from January
and after reaching a peak in May (3.75 ml/1l) declined to 2.92 in

August. A secondary peak was observed in September.

During 1987, +the recorded range in dissolved oxygen
values was between 1.70 and 4.34 ml/]}. However, monthly pattern
of dissolved oxygen distribution evinced variation when compared
to the previous year. Peak value of dissolved oxygen was recorded
in March (3.28 ml/1) which gradually showed reducing tendency. A
secondary peak value was recorded in August on +the pre-existing

condition of the premonsoon season prevailed in August.
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The ranged in dissolved oxygen values during the three

seasons of 1986 and 1987 in the COCO field are summarised below:

Premonsoon Monsoon Postmonsoon
1986 2.17 - 3.75 ml1/1 2.53 - 4.94 ml/1 2.34 - 5.06 ml/1
1987 1.70 - 3.28 ml/1 1.91 - 4.34 m1/1 1.22 - 1.93 ml/1

(iii) POKKALI field:

During 1986, +the dissolved oxygen values ranged between
3.63 and 4.51 ml/1. During 1987, the recorded range in dissolved
oxygen values was between 2.49 and 4.51 ml/1. However, monthly
pattern of dissolved oxygen distribution evinced variation when
compared to the previous year. Peak value of dissolved OXYEEeIL Was
recorded in April (4.51 ml/l) which gradually showed reducing

tendency.

Temperature:

(i) CIBA pond:

During 1986, +the temperature values ranged between 30
and 3£>C, with high values recorded during the premonsoon season.
The values gradually increased from January, and after reaching a
peak in April and May (3£>C) declined to 36 C in the monsoon
season. A secondary peak of increasing tendency was observed in

the postmonscon.

During 1987, +the recorded range in temperature values
o
was between 28 and 31 C. Monthly mean of temperature distribution

followed the some pattern when compared to the previous year.
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The range in temperature values during the three season

of 1986 and 1987 in the CIBA pond is summarised below:

Premonsoon Monsoon Post monsoon
1986 31 - 34 C 30°C 30 - 31°C
1987 28.5 - 31°C 28 - 30 C 29 - 31°C

(ii) €OCO field:

During 1986, +the temperature values ranged between 30
and 34°C, with high values recorded during the premonsoon season.
The values gradually increased from January and after reaching a
peak in April and May (34°C) declined to 30°C in +the monsoon
season. A secondary peak of increasing tendency was observed in

the postmonsoon.

During 1987, the recorded range in temperature was
<
between 27 and 30.5 C. Monthly mean of temperature distribution

allowed the same pattern when compared to the previous year.

The range in temperature values during the three seasons

of 1986 and 1987 in the COCO field is summarised below:

Premonsoon Monsoon Postmonsoon
1986 31 - 34 C 29 - 30 C 30 - 31.C
1987 28 - 36>C 27.5 - 29°C 29 - 30°C

(iii) PORKALI field:

During 1986, the temperature values ranged between 31.5

and 34°C. During 1987, the recorded range in temperature values
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was between 28 and 30.500. However, monthly mean of temperature
evinced variation when compared to the previous year. Peak value
of temperature was recorded in march (30.500) which gradually

showed reducing tendency.

Hydrogen-ion concentration: -

(i) CIBA pond:

During 1987, the recorded range in hydrogen-ion
concentration values was between 7.40 and 8.22. Peak value of

hydrogen-ion concentration was recorded in May (8.22).

(ii) COCO field:

During 1987, the recorded range in hydrogen-ion
concentration values was between 7.29 and 7.66. Peak value of

hydrogen-ion concentration was recorded in March (7.66).
(11ii) POKKALI field:

During 1887 premonsoon season, the recorded range in
hydrogen-ion concentration values was between 7.31 and 7.76 with

a&eak value in March.

Redox potential

(1) CIBA pongd:

During 1887, +the recorded range in redox potential

values was between 132 and 269 with an increasing trend observed.
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(i1) COCO field:

During 1987, the recorded range in redox potential

values was between 124 and 272 with an increasing trend observed.

(i1i1) POKKALI field:

During 1987 premonsoon, +the recorded range in redox

potential values was between 123 and 179 with an increasing trend

observed.
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EPART - 1l : NUTRIENTS

Mean monthly distribution of nutrients in the CIBA pond
such as inorganic phosphorus, dissolved silicon, nitrite, nitrate
and ammonia during 1986 and 1987 are represented in Tablé - 4 and
Fig. 2. Observed distribution pattern of these parameters in the
COCO field are presented in Table - 5 and Fig. 3. Results of
observation on the nutrients in the POKKALI field - which was
limited to the premonsoon season of 1986 and 1987 are presented in

Table - 6 and Fig. 4.

Q2
i
5
S
[

Inorganic phosphorus:

During 1986, +the inorganic phosphorus content in water
ranged between 1.58 and 3.36 pg—at/l, with high values recorded
during premonsoon season. The values gradually increased from
January, and after reaching a peak in May (3.36 pg-at/l) declined
to 1.45 pg-at/l during August. A secondary peak (2.39‘ peg-at/1)

was observed in November.

During 1987, the recorded range in inorganic phosphorus
content was between 1.40 and 5.30 pg-at/1. The values gradually
increased from January, and after reaching a peak in May
(3.16 pg-at/1) declined to 2.63 pg-at/l during June. A secondary
peak was observed in July (5.39 pg-at/l) with a subsequent

increase except in October (2.12 pg-at/1l).



TABLE - 4

Concentration of nutrients in the CIBA pond
during 1886 and 1987
(Monthly mean values)

*  Ammonia Phosphatle Silicate Nitrite Nitrate
rg at/1 g at/1 peg at/1 pe at/1 pe at/1

Jan. 1986 4.12 1.58 19.40 0.87 11.75
1887 4.84 1.40 29.85 1.36 12.980

Feb. 1886 4.57 2.02 20.00 1.06 8.84
1987 5.88 z2.21 32.87 1.00 6.00

Mar. 1886 5.40 2.27 24 .30 0.87 4.80
1987 5.07 2.25 24.75 0.72 5.88

Apr. 1886 7.81 3.20 15.00 1.65 7.00
1887 8.98 2.89 10.43 1.84 8.82

May 13886 10.87 3.36 12.70 2.12 16.02
1887 18.46 3.18 8.70 2.37 10.48

June 1986 6.67 2.73 11.10 2.16 6.94
1987 22.80 2.63 10.80 5.10 8.52

July 1986 2.76 1.74 4 .85 2.30 B.70
1887 7.15 5.39 30.50 3.16 5.80

Aug. 1986 2.55 1.45% 26.10 1.22 26.80
1987 6.256 2.05 37.186 1.22 5.32

Sep. 1986 1.42 1.98 13.37 0.980 3.00
1987 2.33 2.15 43.00 0.10 2.41

Oct.. 1986 1.51 1.84 31.20 0.85 6.05
1987 4.83 2.12 43.10 0.56 4 .27

Nov. 1886 1.85 2.38 26.50 1.10 4. 85
1987 6.33 2.35 30.80 0.76 4.31

Dec. 1986 2.43 1.04 17.30 0.80 7.05
1987 6.01 2.486 28.27 0.97 .17



TABLE - &

Concentration of nutrients in the COCO field
during 1986 and 1887
(Monthly mean values)

Ammonia Phosphate Silicate Nitrite Nitrate
re at/1 pe at/1 ng at/1 re at/1 ng at/1
Jan. 1886 4 57 1.81 20.80 1.1%6 B8.91
1887 10.04 3.03 31.00 1.40 T.50
Feb. 1886 5.5b 2.41 20.05 1.30 7.47
1887 8.82 2.70 28.30 1.35 5.18
Mar. 1986 7.45 2.85 20.10 0.87 6.32
1987 7.70 3.20 13.85 1.10 6.7T7
Apr. 1886 8.80 3.44 13.50 1.47 6.35
1887 11.48 3.21 9.50 1.55 7.35
May 1986 13.15 3.03 12.10 1.87 8.75
1887 15.22 2.86 g8.45 1.80 8.02
June 1886 7.87 3.35 10 .35 2.15 7.36
1987 17.78 4.21 7.85 2.03 10.24
July 1986 5.45 2.66 4 57 2.02 8.10
1887 15.60 6.76 21.00 1.66 12.77
Aug. 1886 £.60 2.56 28.865 1.3G 23.88
19887 17.32 4.76 38.850 2.05 4.12
Sep. 1986 4 .87 2.82 21.40 2.056 7.85
1887 2.78 4.02 33.85 0.80 2.76
Oct. 1986 7.02 5.00 23.30 1.22 4. 58
1987 6.35 4.01 34.78 0.85 5.87
Nov. 1886 5.70 4. 60 22.256 Z2.40 5.50
1887 8.81 2.82 31.15% 0.85 41
Dec. 1888 4.22 2.24 16.50 1.00 5.30
1887 6.82 2.72 28.20 0.85 4.74



TABLE - 6

Concentration of nutrients in the POKKALI field
during the premonsoon perioed of 1986 and 1987
{Monthly mean values)

Ammonia Phosphate Silicate Nitrite Nitrate

neg at/1 re at/1 pg at/1 pe at/1 pe at/1

Jan. 1986 4. 85 2.00 20.50 1.256 16.55
1387 8.40 Z2.36 23.55 1.30 20.11

Feb. 18886 5.10 2.34 20.35 1.45 8.87
1587 8.45 2.48 27.00 1.80 12.78

Mar. 1986 6.00 3.07 24 .80 1.61 7.02
1887 7.20 4 27 14.70 2.03 S.17

Apr. 1886 89.75 3.63 15.65 1.85 B.76
1387 7.47 3.04 11.10 3.05 11.83

May 1988 8.35 2.90 12.05 2.45 11.03
18867 8.51 2.65 10.10 2.80 10.41
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Premonsoon Monsoon Postmonsoon
1986 : 1.58 - 3.36 1.45 - 2.73 1.04 - 2.39 pg-at/1
1987 1.40 - 3.18 2.05 - 5.39 2.12 - 2.46 Pg~at/1

Dissolved silicon:

During 1986, +the dissolved silicon content in water
ranged between 4.85 and 31.20 pg-at/l. The values gradually
increased from January and after reaching a peak in March (24.30
peg-at/l) declined to 4.25 pg-at/1l during July. High values were
recorded in August (26.10 pg-at/l), November (26.50 Pg-at/l) and

the highest in October (31.20 pg-at/1).

During 1987, +the recorded range in dissolved silicon
content was between 9.70 and 43.10 pg-at/l. The values decreased
from February (32.87 pg-at/l) onwards and reached 9.70 upg-at/l
during May. Subsequently the values increased and reached a peak

in October (43.10 pg-at/1l) with a reducing tendency.

Premonsoon Monsoon Postmonsoon
1986 12.7 - 24.3 4.85 - 26.10 13.37 - 31.20 pg—at/l
1987 9.70 - 32.97 10.90 - 37.16 28.27 - 43.10 Fg—at/l

During 1986, the nitrite content in water ranged between
0.87 and 2.30 pg-at/1. The value decreased from February (1.00
peg-at/1) to 0.87 pg-at/l in March and increased gradually and
reached +the peak in July (2.30 pg-at/l) with a subsequent

decrease. A second peak was recorded in November (1.10 pg-at/1).
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During 1887, the recorded range in nitrite content was
between 0.10 and 5.10 pg-at/1. The values decreased from January
(1.36 pg-at/1l) to 0.72 pg-at/l in March which gradually increased
to a peak in June (5.10 pg-at/l) with a subsequent decreasing to

0.10 pg-at/l in September and subsequently an increasing trend.

Premonsoon Monsoon Postmonsoon
1886 0.87 - 2.12 1.22 - 2.30 0.80 - 1.10 pg-at/1
1987 0.72 - 2.37 1.22 - 5.10 0.10 - 0.97 ug-at/1

Nitrate:

During 1986, the nitrate content in water ranged between
3.00 and 26.80 npg-at/1. The values decreased from Janunary (11.75
peg-at/1l) to 4.80 pg-at/l in March and reached a peak in May (10.02
pre-at/1). A subsequent increasing trend and a peak in August
(26.8 png-at/1l) was recorded. A secondary peak in nitrate content
was observed in October (6.05 pg-at/l) and a +tertiery one in

December (7.05 pg-at/1).

During 1987, the recorded range in nitrate content was
between 2.41 and 12.90 pg-at/l. The values decreased from January
(12.9 pg-at/1l) to March (5.98 pe-at/l). A subsequent increase and
a peak was recorded in May (10.48 pg-at/l) with subsequently
decreasing trend +to 2.41 pg-at/l in September which gradually

increasing and a secondary peak in December (5.17 pg-at/1).

Premonsoon Monsoon Postmonsoon
1886 4 80 —- 11.75 6.84 - 26.8B0 3.00 - 7.05 pg-at/1

1987 5.8986 - 11.80 5.30 - 9.52 2.41 - 5.17 pg-at/1
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Ammonia:

During 1986, the ammonia content ranged between 1.42 and
10.60 pg-at/l, with a high values recorded during premonsoon
season. The values gradually increased from January (4.12 pg-at/1)
and showed a peak in May (10.67 pg-at/l) and subsequently declined
to September (1.42 ug-at/l). With subsegquent increase in trend, a

secondary peak was observed in December (2.43 pg-at/l).

During 1987, the recorded range of ammonia content in
water was between 2.33 and 22.80 pg-at/l. However, mean monthly
distribution of ammonia content evinced variation when compared to
that in the previous year. The values increased from January
(4.94 pg—at/l) onwards and reached a peak in June (22.80 Pg—at/l).
A secondary peak was observed in November (6.33 pg—at/l) and 1in

December the value recorded was 6.01 npg-at/1.

Premonsoon Monsoon Postmonsoon
13886 4.10 - 10.67 2.55 - 6.67 1.42 - 2.43 Pg-at/l
1887 4 57 - 16.46 6.25 - 22.80  2.33 - 6.33 Pg—at/l
COCO FIELD

Inorganic phosphorus

During 1986, +the inorganic phophorus content ranged
between 1.91 and 5.00 pg—at/l. The values gradually increased
from January (1.91 pg—at/l) to a peak in April (3.44 pg-at/1l) with
subsequently decrease in trend and a secondary peak in October

(5.00 pg-at/1) with a subsequent decreasing trend.
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During 1987, +the recorded range of inorganic phosphorus
content in water was between 2.70 and 6.76 pg—at/l. The wvalues
decreased from January f3.30 pg—at/l) and incyeased subsequently
and showed a peak in April (3.21 pg-at/l). A second peak was

observed in July (6.76 pg-at/1l) and subsequently decreased in

trend.

Premonsoon Monsoon Postmonsoon
1986 1.87 - 3.44 2.50 - 3.35 2.24 - 5.00 pg-at/1
1987 2.70 - 3.21 4.21 - 6.76 2.72 - 4.02 pg-at/1

Dissolved silicon:

During 1986, the dissolved silicon content ranged
between 4.57 and 28.65 pg-at/l. The values decreased from March
(20.10 pg-at/1) to July (4.57 peg-at/1l) and subsequently increased
and showed a peak in August (28.65 pg-at/1). A second peak was
observed in QOctober (23.30 pg-at/l) with a subsequent decreasing

in trend.

During 1987, the recorded range of dissolved silicon in
water was between 7.95 and 36.95 pg-at/l. The values decreased
from January (31.00 pg-at/1) to June (7.95 pg-at/1) and increased
subsequently and showed a peak in August (36.95 npg-at/l). A
secondary peak was observed in October (34.78 peg-at/1) with a

subseguent decreasing in trend.

Premonsoon Monsoon Postmonsoon
1986 12.10 - 20.80 4 57 - 2B.65 16.50 - 23.30 pg-at/1

1987 9.45 - 31.00 7.95 - 36.95 29.20 - 34.78 pg-at/1



41

During 1986, the nitrite content ranged between 0.97 and
2.40 pg-at/l. The value decreased from February (1.30 pg-at/l) to
March (0.87 ng-at/l) and. subsequently increased and showed a peak
in June (2.15 pg-at/l). ~Subsequently it showed fluctuations and a
secondary peak in September (2.05 pg-at/l) and a teriery one in

November (2.40 npg-at/1)7:

During 1987, +the recorded range of nitrite content in
water was between 0.80 and 2.05 pg-at/l. The values decreased
from January (1.40 pg-at/l) to March (1.10 pg-at/l) and
subsequently increased and showed a peak in June (2.03 pg-at/l).
A subsequenf secondary peak was observed in August (2.05 pg-at/1)
with a subsequent decrease. An increasing trend was observed from

October onwards.

Premonsoon Monsoon Postmonsoon
1986 0.97 - 1.87 - 1.30 - 2.15 1.00 - 2.40 pg-at/1
1987 1.10 - 1.80 1.60 - 2.05 0.80 - 0.95 pg—at/l

Nitrate: -

During 1986, the nitrate content ranged between 4.59 and
23.92 pg-at/1. The values decreased from January (8.91 pg-at/l)
to March (6.32 pg-at/l) and gradually increased and showed a peak
in May (8.75 pg-at/l) and a secondary peak in August (23.80 pg-

at/l) with a decrease in: trend.

During 1987, +the recorded range of nitrate content in

water was between 2.76 and 12.77 pg-at/l. The values gradually
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increased from February (5.18 pe—at/l) and showed a peak of
maximum in July (12.77 pg—at/l) with a decrease in trend. A
secondary peak was observed in October (5.87 npg-at/1) with

subsequent increase in trend.

Premonsoon Honsoon_ Postmonsoon
1986 6.32 - 8.91 7.36 - 23.98 4.58 - 7.85 pg-at/l1
1987 5.18 - 9.02 4. 12 - 12.77 2.76 - 5.97 pg-at/l

Ammonia:

During 1986, the ammonia content ranged between 4.22 and
13.15 pg-at/l with high values recorded during pemonsoon season.
The values gradually increased from January, and after recording a
peak in May (13.15 pg-at/l) declined to 4.87 pg-at/l in August. A

secondary peak was observed in October (7.02 pg-at/l).

During 19887, the recorded range of ammonia content in
water was between 2.78 and 17.78 pg-at/l. However, mean monthly
distribution of ammonia content evinced variation when compared to
that in +the previous year. The values decreased from January
(10.04 pg-at/l) to March (7.70 pg-at/l) with a subsequent increase
and showed a peak in June (17.78 pg-at/1l). A subsequent secondary
peak in August (17.32 pg-at/l) and a tertiery one in November

(8.81 pg-at/1).

Premonsoon Monsoon Postmonsoon
1986 4. .57 - 13.15 5.45 - T7.8B7 4.22 - 7.02 pg-at/1
1887 7.70 - 15.22 15.61 - 17.78 2.78 - B.8B1 pg-at/l
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POKKALI FIELD

Inorganic phosphorus

During +the premonsoon season of 1986, +the inorganic
phosphorus content ranged between 2.00 and 3.63 pg-at/l. The
values gradually increased from January (2.00 pg-at/l) and showed
a peak in April (3.63 pg-at/l) with subsequently a decrease in

trend.

During 1987, +the recorded range of inorganic phosphorus
content in water was between 2.36 and 4.27 pg-at/l. The ~values
gradually increased from January (2.36 pg-at/l) and showed a peak

in March (4.27 pg-at/l) and subsequently a decrease in trend.

Dissolved silicon:

During the premonscon season of 1986, the dissolved
silicon content ranged between 10.10 and 27.00 pg-at/l. The value
increased from January (23.00 pe-at/l) and showed a peak in

February (27.00 pg—at/l) and subsequently a decrease in trend.

During 1887, +the recorded range of dissolved silicon
content in water was between 12.05 and 24.80 Pg—at/l. The values
decreased from January (20.50 pg-at/l) and increased and showed a

peak in March (24.80 pg-at/l) and subsequently a decrease in

trend.
Nitrite:

During +the premonsoon season of 18986, the nitrite

content ranged between 1.30 and 3.05 pg-at/l. The values
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increased gradually from January (1.30 pg-at/1l) and showed a peak

in April (3.05 pg-at/l) and subsequently a decrease in trend.

During 1987, +the recorded range of nitrite content in
water was between 1.25 and 2.45 pg-at/l. The values gradually
increased from January (1.25 pg-at/l) and a peak in May (2.45 peg-
at/1). -

Nitrate:

During the premonsoon season of 1986, +the nitrate
content ranged between 8.17 and 20.11 pg-at/l. The values
decreased gradually from January (20.11 pg-at/l) to March (9.11
pg-at/l) and subsequently an increase in April (11.83 pg-at/l1)

with a decrease in trend.

During 1987, the recorded range of nitrate content in
water was between 7.02 and 16.55 pg—at/l. The values gradually
decreased from January (16.55 pg-at/l) to March 7.02 pg-at/l) and

subsequently an increase in trend.
Ammonia:

During the premonscon season of 1986, +the ammonia
content ranged between 4.895 and 9.75 Pg-at/l. The values
gradually increased from January (4.85 Pg-at/l) and showed a peak

in April (8.75 pg-at/l) and subsequently a decrease in trend.

During 1887, +the recorded range of ammonia content in
water was between 7.20 and 8.51 pg-at/l. However, mean monthly

distribution of ammonia content evinced variation when compared to -
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that in the previous year. Ammonia content was observed to vary
between 7.20 pg-at/l in March and 8.45 pg-at/l in February. A

peak value was recorded in May (8.51 pg-at/1l).



TABLE - 1

Magnitude of Primary productivity mg C/ms/day

{(Monthly mean values)

POKKALI Field

Mar.

Apr.

May

Jurn.

Jul.

Aug.

Sep.

CIBA Pond

Gross

Net.

.14
.36

.61
.56

.34
.45

.15
.50

.68
.07
.50
.84
.33
.84

.54

3.64

.94
.14

COCC Field
Gross

Net

Gross

Net

.81 2572.
.87 15079.

.75 4002.
.45 11834.

.42 4145,
.81 11934.



x 1000 mgC/ m3

Fig. 5. GROSS PRIMARY
PRODUCTIVITY

—— 1986
~--- 1987

L—1 1 1 COCO FIELD
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A-S O N D
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PART - IIl (A) : PRIMARY PRODUCTIVITY

Results of observations on the variation in the rate of
primary productivity during 1986 & 1987 are presented in Table - 7

and Fig. 5.
(i) CIBA pond:

During 1986, +the values of Gross primary productivity
ranged between 2154.77 and 8182 mg C/m3 /day . The primary
productivity rate gradually increased from January (2154 .77
mg C.ms/day) to reach a peak in April (3894.84 mg C/ms/day). This
condition of high rate of production prevailed upto June and
subsequently a high value of T7110.96 mg C/ms/day was recorded in
August. A tertiary peak was recorded in September (8182.96
mg C/m3/day). The production rate declined drastically in October
(2858.87 mg C/m3/day) and in December (4037.88 mg C/m3/day) a high

increase in the value was recorded.

During 1987, +the observed values of Gross primary
productivity ranged between 2179.74 and 683968.56 mg C/m3/day. The
prroduction rate gradually increased from January (2178.74 mg C/m3/
day) and showed a peak in April (6886.50 mg C/m3 /day) which
evinced a declining itrend till August (2857.54 mg C/m3/day) with
the onset of monsoon. A secondary peak was recorded in September
(3537.34 mg C/m3/day) and a tertiery one in November (3073.34 mg
C/mB/day). The peak period of primary production was observed to

be during the months of July-September in 1886, where as it was

during April-June in 18B7.



47

(ii) COCO field:

During 1986, the values of Gross primary productivity
ranged between 2072.67 and 7396.83 mg C/m3/day. The productivity
rate gradually increased from January (2072.67 mg C/m3 /day) to
reach & peak in April (3358.84 mg C/m3/day). This condition of
high rate of production prevailed upte June and subsequently a
high value of 7386.83 mg C/m3/day was recorded in Aungust. A
tertiery peak was recorded in September (6646.42 mg C/m3 /day).
The production rate declined drastically in October (3216.55 mg
C/m3 /day) and in November (2178.74 mg C/m3/day) with a slight
increase in the value 1in December (2787.21 mg C/m3 /day) was

found.

During 1887, +the observed values of Gross primary
productivity ranged between 821.87 and 15007.77 mg C/mzyday. The
production rate gradually increased from January (4824 .02 mg C/m3/
day) and showed a peak in April (14541 .03 mg C/m3 /day) whrich
evinced a declining trend in May (12685.39 mg C/ng/day). A
secondary peak of high production rate was recorded in June

5G07.77 mg C/m:3/day} which declining drastically in July

[y

{

(i

~

85 .00 mg C/m:3/day) 1111 October (821.86 mg C/m3 /day) and

t

subseguently increased to a tertiary peak in December (1572.27 mg
™ s 3 xd . - 3 3 =]

C/m~/day ). The peak period o¢f primary production was observed to
be during the months of July - September in 1988, where as it was

during April - June in 1887.
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(iii) POKKALI field:

During the premonsocon season of 1886, the observed value
of Gross primary productivity ranged beiween 2384.14 and 4853.75
mg C/m3/day. The production rate gradually increased from January
to April and a peak of high production rate of 48538.75 mg C/m3/day

which subsequently decrease in the trend.

During 1987, the recorded production value ranged from
1250.67 and 15865.87 mg C/m3/day. The productivity rate increased
from January and showed a production rate of 15865.67 mg C/m3 /day
in April and subsequently a decrease in trend. High production
rate of 15805.867 mg C/m3/day was reached comparatively to that in

the previous year (4858.75 mg C/m3/day).

PART - III (B) : CBLOROPHYLL ‘a’

2 b

Measurement of variation in chleorophyll 'a’ content was
carried out in the three culture ponds selected for the study.
Observations were made during 1986 and 1987 in the CIBA pond and
COCO field and the results are presented in Table - 8 and Fig. 6.
However, +this study was 1limited to the premonscon months of

January - May in the POKKALI field during 1886 and 1887.
(i) CIBA pond:

During 1886, the content of chlorophyll ‘a ranged
between 14.15 and 44.75 mg Chl/m3. Its concentration gradually
increased from January (14.15 mg chl/m3) and reached a peak in May

(44.75 mg chl/h13). It evinced a decline trend from June and



TABLE - 8

Concentration of Chlorophyll ’a’ (mg Chl/m3)
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan. 1986 14.15 9.58 16.54
1887 7.489 7.34 13.42
Feb. 1886 21.55 14 .81 23.41
1887 11.78 10.38 14.80
Mar. 1986 28.66 21.71 32.07
1887 27.58 18.81 22.78
Apr. 1886 35.82 28.858 35.88
1887 26.84 26.74 34.54
May 1986 44 .75 34.86 35.86
1887 45 . 85 45.12 42 .17
Jun. 1886 44 56 33.71
1987 11.75 10.11
Jul. 1986 30.85 24 .75
1887 16.61 18.78
Aug. 1886 36.863 29.84
1887 18.47 4. 56
Sep. 1986 38.44 18.69
1987 16.056 7.43
Oct. 1986 24.89 15.20
1887 10.91 13.13
Nov. 1886 17.60 10.62
1887 3.20 6.85
Dec. 18886 14 .17 §.52



Fig-6 CONCENTRATION OF CHLOROPHYLL g

— 1986
--= 1987
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subsequently showed a secondary peak in September (38.44 mg chl/m?

after which the values were observed to decline.

’

During 1987, +the observed values of chlorophyll ‘a
ranged from 7.49 and 45.85 mg chl/m3. Its concentration gradually
increased from January (7.48 mg chl/m3) and showed a peak in May
(45 .85 mg Chl/m3 } and the value drastically declined with +the

onset of monsoon in June (11.75 mg chl/m3). The chlorophyll ’a’

jo

value subsequently increased in July (16.67 mg chi/m3 ) and
established till September. After evincing a decline in November
(9.20 mg chl/m3 } the value increased to 12.30 mg chl/m3 in

December.

(i1) COCO field:

During 1886, +the content of chlorophyll ’a’ ranged
between 8.53 and 34.86 mg chl/m3 . The chlorophyll content
gradually increased from Januvary (85.58 mg chl/m3) and reached a
peak in May (34.86 mg chl/m3). It evinced a decline till July
(24.75 mg chl/m3 } and subsequently increased and bshowed a
secondary peak in August (29.84 mg chl/m3) followed by a decrease

in trend in the rest of the year.

During 1887, +tihe observed values of chlorophyll ‘'a’
ranged from 6.88 and 45.12 mg chl/m3. Its concentration gradually
increased {from Jdanuary (7.34 mg chl/m3) and showed a peak in May
(45.12 mg chl/m3). It evinced a drastic decline with the cnset of
monscon in  June (10.11 meg chl/m3 ). The content evinced a

secondary peak in July (18.79 mg chl/m3), and subsequently a
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tertiary was observed in October (13.13 mg chl/m3 ). After
recording a low value of 6.88 mg chl/m3 in November, its

concentration increased tc 15.84 in December.

(iii) POKKALI field:

During the premonsoon season of 1886, the content of
chlorophyll ’'a’ ranged between 16.54 and 35.86 mg chl/m3 . Its
concentration gradually increased from January (16.54 mg chl/m3 )

and reached a peak in May (35.96 mg chl/m3).

3 3

During 1887, ~values of chlorophyll ’a’ was observed to
be between 13.42 and 42.17 mg chl/m3 . The content gradually
increased and showed a peak in May. Its concentration was
relatively low during all the month of the premonsoon season in

comparison to that of the same period in 1886.

PART - 1III (C) : CELL COUNTS

Enumeration of cells were made in the three culture
systems during 1987. The results of observation carried out
during a1l the months in the CIBA pond and COCO field, and during
the premonsoon season in the POKKALI field are presented in Table

- 9 and 10 and Fig. 7.

(i) CIBA pond:

During +the premonsoon season, numerical abundance of
diatoms was recorded (monthly mean 5431 cells/2bml) when compared
to that of the dincoflagellates (2005 cells/256ml) and the blue-

green algae (473 cells/2bml). During monsoon season cell count



TABLE -
Estimation of phytoplanktons (cells/25 ml) during 1887

{Monthly mean values)

Febr. DIN

Mar. DIN

Apr. DIN

May DIN

Jun. DIN

DIA

Oct. DIN

CIBA pond
980 830
15 8
704 18
3688 2323
1091 -
2137 3745
13 168
572 714
218 44384
10000 8000
20230 10880
- 78
6131 5261
634 2850
- 32
82 21
318 284
43 346
8230 3285
66 73
80000 88
2066 2419
249 182
2340 205%
2204 482
188 -
25000 2050

*¥Excludes

unidentified

BGA



TABLE - 10

Seasonal pattern of distribution of phytoplanktons (Cells/25 ml)

CIBA pond 27157 10028 2367 6847 -- 318 2562 8901893 37636
COCO field 22342 2177 810 8232 -- 316 1083 88 7968
POKKALI field 26086 1525 1863 - - - - - -



MONSOON POST MONSOON

1987 PRE MONSOON

S%

DIATOMS

DINOFLAGELLATES

BLUE GREEN ALGAE

CIBA POND
COCO FIELD

POKKALI FIELD
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was relatively low, and the monthly mean count of diatoms was 2282
cells/25ml and blue-green algae 106 cells/25ml. Dinoflagellates
were totally absent in the collection. During the postmonsoon
season, sporadic occurrence of bloom of dinoflagellates 22548

cells/25ml and blue-green algae 8408 cells/2bml.

(ii) COCO field:

During the premonsoon season diatoms were numerically
abundant (monthly mean No. 4468 cells/25ml) followed by the
dinoflagellates (1635 cells/25ml) and the blue-green algae (162
cells/Z2bml). Cell count was relatively low during the monsoon
season when the diatoms recorded a numerical value of 2744
cells/25ml, blue-green algae 105 cells/25ml and dinoflagellates
were absent in the samples. During the postmonsoon season, the
monthly mean values of diatoms was 270 cells/25ml, dinoflagellates

22 cells/25ml and blue-green algae 1882 cells/25ml.
(iii) POKKALI field:

During the premonsoon season, preponderance of diatoms
with their bloom was recorded (17217 cells/25ml). Numerical value
of dinoflagellates was 305 cells/25ml and that of blue-green algae

was 372 cells/2b6ml.

PART - III (D) : STATISTICAL ANALYSIS

In order +to assess the correlation and extent of
influence between the parameters studied, the following characters

b

were selected and correlation coefficient ’r' was calculated.
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19886 1987
1. Salinity 1. Salinity
2. Dissolved oxygen 2. Dissolved oxygen
3. Temperature 3. Temperature
4. Ammonia 4. pH
5. Phosphate 5. Eh
6. Silicate 6. Ammonia
7. Nitrite 7. Phosphate
8. Nitrate 8. Silicate
g. Primary productivity g. Nitrite
10. Chlorophyll ’a’ 10. Nitrate

11. Primary productivity

12. Chlorophyll &’

13. Cell count

The result of these parameters during 1986 in the CIBA

pond are presented as correlation matrix in Table - 11.

Salinity was positively correlated with temperature
(r=0.67) and ammonia (r=0.70). Temperature was positively
correlated with ammonia (r=0.69) and phosphate (r=0.48). Ammonia
was positively correlated with the phosphate (r=0.58), nitrite
(r=0.53) and chlorophyll ’'a’ {(r=0.48). Phosphate was positively
correlated with nitiite (r=0.41) and chlorophyll *a®  (r=0.54).

Silicate was negatively correlated with nitrite (r=0.63). Primary

b 3

productivity was positively correlated with chlorophyll a

(r=0.41}.



TABLE - 11

CIBA pond, 1886:
MEAN AND STD. DEVIATION OF DIFFERENT CBARACTERISTICS

CHR # MEAN S.D
1. Salinity 12.765 8.4650
2. Dissolved Oxygen 4.098% 1.283
3. Temperature 27.667 3.031
4. Ammonia 4. 325 2.84%6
5. Phosphate 2.136 0.844
6. Silicate 18.443 7.812
7. Nitrite 1.343 0.594
8. Nitrate 8.5056 8.648
S. Primary Productivity 3677.522 1900.445
10.Chleorophyll ’a’ 29.387 11.045
CORRELATION MATRIX

1 2 3 4 5 6 7 8 g 10
1. 1.000
2. 0.181 1.000
3. 0.672 0.217 1.000
4. 0.703 -.012 0.696 1.000
5. 0.3b4 0.058 0.487 0.584 1.000
6. -.141 0.217 ~-.188 -.373 -.154 1.000
7. 0.004 -.180 0.230 0.539 0.416 -.637 1.000
B. -.160 - 380 -.034 -.079 -.180 0.200 0.014 1.000
8. 352 - 183 -.257 -.259 -.101 -.345 0.136 0.225 1.000
10. 0.014 - 372 0.267 0.498 0.543 -.381 0.601 0.171 0.417 1.000
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The results of these parameters during 1987 in the CIBA

pond are represented as correlation matrix in Table - 12.

Salinity was negatively correlated with redox potential

(r=0.87). Dissolved oxygen was positively correlated with ammonia
{r=0.45) and nitrite (r=0.58B). Temperature was positively
correlated with ammonia (r=0.52). Bydrogen-ion concentration was

negatively correlated with silicate (r=-.54) and positively with
the primary productivity (r=0.68) and chlorophyll ’a’ (r=0.61).
Redox potential was positively correlated with silicate (r=0.45)

and negatively with nitrate (r=-.50).

Ammonia was negatively correlated with silicate (r=-.53)
and positively with nitrite (r=0.78) and primary productivity
(r=0.65). Phosphate was positively correlated with primary
productivity (r=0.42). Silicate was negatively correlated with
nitrite (r=-.50), nitrate (r=-.43) and primary productivity
(r=-.68). Nitrite was positively correlated with nitrate (r=0.60)
and primary productivity (r=0.55). Primary productivity was

positively correlated with chlorophyll ’a’ (r=0.66).

The results of these parameters during 1886 in the COCO

field are represented as correlation matrix in Table - 13.

Salinity was negatively correlated with dissolved oxygen
(r=-.40) and positively with temperature ({r=0.76) and ammonia
{r=0.41). Dissolved oxygen was positively correlated with
phosphate (r=0.41) and primary productivity (r=0.58). Temperature
was positively correlated with ammonia (r=0.67). Ammonia was

positivly correlated with primary productivity (r=0.58). Silicate



"if(m-; po d s 1 . 87 P :
MEAN AND STD. DEVIATION OF DIFFERENT CHARACTERIGSTICS

CHR # MEAN 5.D
1. Salinity 10.284 7.765H
2. Dissolved Oxygeun 3.8086 1.5653
3. Temperature 25.292 1.351
4. pH 7.685 0.364
5. Eh 208.667 56.330
6. Ammonia 8.089 6.103
7. Phosphate 2.586 1.241
B. Silicate 27.669 14.652
§. Nitrite 1.579 1.527
10 . Nitrate 7.014 4.040
11.Primary Productivity 3857.662 1689.417
12.Chlorophyll ’&’ 18.333 10.9887
13.Cell count 17680.500 41111.800
CORRELATION MATRIX
1 2 3 4 5 6 7 8 8 10 11 12 13
1 1.000
2 0.030 1.000
3 -.393 0.322 1.000
4. 0.329 0.284 0.035 1.000
5 -.872 -.235 0.237 -.350 1.000
6 - 021 0.453 0.528 0.337 -.345 1.000
7 - 176 0.117 0.064 0.266 0.068 0.173 1.000
8 -~ 267 -.380 -.175 ~.540 0.456 -.537 -.041 1.000
g -.088 0.580 0.285 0.340 -.289 0.788 0.185 -.503 1.000
10. 0.346 0.325 -.064 0.283 -.505 0.458 -.003 -.438 0.602 1.000
11. 0.162 0.388 0.374 0.683 -.332 0.653 0.428 -.689 0.551 0.394 1.000
12. 0.335 -.034 -.010 0.610 -.217 0.260 0.269 -.351 0.082 0.207 0.662 1.000
13. -.113 -.171 0.141 -.443 0.178 0.073 -.031 G 076 -.150 -.141 0.023 0.225 1.000



TABLE - 13

COCO field, 1986:
MEAN AND STD. DEVIATION OF DIFFERENT CHARACTERISTICS

CHR # MEAN S.D

1. SBalinity 12.041 8.018
2. Dissolved Oxygen 3.510 1.022
3. Temperature 28.188 2.540
4. Ammonia 6.865 2.862
5. Phosphate . 3.030 0.850
6. Bilicate 17.8086 6.838
7. Nitrite 1.565 0.538
8. Nitrate 8.364 5.867
9. Primary Productivity 2793.159 1601.082
10.Chlorophyll ’'a’ 21.188 8.286

CORRELATION MATRIX

1 2 3 4 5 6 7 8 9 10
1. 1.000
2. -.408 1.000
3. 0.761 -.046 1.000
4. 0.410 0.084 0.672 1.000
5. -.354 0.418 0.093 0.215 1.000
6. -.187 -.142 -.148 -.201 0.185 1.000
T. -.3bb 0.315 -.187 0.215 0.236 -.328 1.000
8. -.158 -.170 -.124 -.044 -.053 0.417 -.075 1.000
9. -.268 0.588 -.289 0.002 -.031 -.272 0.451 0.122 1.000
10. 0.165 0.131 0.331 0.596 0.079 -.366 0.281 0.356 0.325 1.000



54

was positively correlated with nitrate (r=0.41). Nitrite was

positively correlated with primary productivity (xr=0.45).

The results of these parameters during 1887 in the COCO

field are presented as correlation matrix in Table - 14.

Salinity was negatively correlated with redox potential
(r=-.86) and positively correlated with primary productivity
{r=0.55). Dissolved oxygen was positively correlated with
hydrogen-ion concentration (r=0.44), ammonia (r=0.44), nitrite
(r=0.43) and nitrate (r=0.68) and negatively correlated with
silicate (r=-.44). Hydrogen-ion concentration was negatively
correlated with silicate (r=-.45). Redox potential was positively
correlated with silicate (r=0.44) and negatively with primary

productivity (r=-.68).

Ammonia was positively correlated with nitrite (r=0.84)

and nitrate (r=0.41). Phosphate was positively correlated with
nitrate (r=0.44). Silicate was negatively correlated with nitrate
(r=-.48), primary productivity (r=-.72) and chloréphyll 'a’

(r=-.53). Nitrite was positively correlated with nitrate (r=0.48)
and primary productivity (r=0.41). Nitrate was positively
correlated with primary productivity (r=0.42) and cell count
{(r=0.40). Primary productivity was positively correlated with
chlorophyll ‘a’ (r=.48) and cell count (r=0.48). Chleorophyll '3’

was positively correlated with cell count (r=0.51).

The results of these parameters during 1886 and 1987 in
the POKKALI field are presented as correlation matrix in

Table - 15.



IABLE - 1%

COCO field, 198T:
MEAN AND STD DFVIATION OF DIFFERENT CHARACTERI TICS

CHR # MEAN S8.D

1. Balinity 9.866 7.620
2. Dissolved Oxygen 2.346 0.988
3. Temperature 25.292 1.351
4. pH 7.457 0.282
5. Eh 202.125 57.145
6. Ammonia 10.812 5.567
7. Phosphate 3.687 1.411
B. BSilicate 23.9824 12.661
§. Nitrite 1.333 0.643
10 . Nitrate 6.720 3.080
11.Primary Productivity 5945 303 5863.281
12.Chlorophyll ‘&’ 15.448 12.188
13.Cell count 3974 .583 5511.0564

CORRELATION MATRIX

1 2 3 4 5) 6 7 8 9 10 i1 12 13
1. 1.000
2. 0.110 1.000
3. -.404 0.021 1.000
4. 0.226 0.445 -.234 1.000
5. -.863 -.332 0.258 -.238 1.000
6. -.014 0.446 0.034 0.295 -.247 1.000
7. -.378 0.332 -.063 0.077 0.212 0.257 1.000
B. -.2B4 -.441 -.259 -.453 0.440 -.375 0.0566 1.000
9. 0.122 0.434 -.077 0.332 -.307 0.847 0.087 -.2983 1.000
10. 0.089 0.685 -.016 0.319 -.347 0.417 0.445 -.485 0.488 1.000
11. 0.551 0.338 0.266 0.385 -.682 0.318 -.200 -.722 0.411 0.427 1.000
12. 0.280 -.027 0.062 0.266 -.213 0.075 -.006 -.503 0.043 0.326 0.482 1.000
13. 0.271 -.0B87 0.066 0.17% -.205 0.083 0.001 -.386 0.314 0.405 0.498 0.511 1.000



TABLE - 15

POKKALI field, 1986 and 1887:
MEAN AND STD. DEVIATION OF DIFFERENT CHARACTERISTICS

CHBR # MEAN S.D

1. BSalinity 20.841 2.803
2. Dissolved Oxygen 3.787 0.784
3. Temperature 27.375 3.387
4. Ammonia 7.388 3.376
5. Phosphate 2.876 0.706
6. Silicate 17.980 10.062
7. Nitrite 1.870 0.876
8. Nitrate 11.771 4.120
§. Primary Productivity 5738.785 5170.904
10.Chlorophyll ’&’ 27.170 10.883

CORRELATION MATRIX

1 P 3 4 5 6 7 8 9 10
i. 1.000
2. 0.402 1.000
3. 0.513 0.568 1.000
4. -.021 0.074 0.058 1.000
b, 0.194 -.088 0.236 0.430 1.000
6. 0.220 0.185 -.08% 0.442 -.048 1.000
7. -.381 -.083 0.005 0.315 0.302 -.386 1.000
8. -.158 -.037 -.522 0.027 -.469 0.186 -.282 1.000
8. -.535 -.535 -.251 0.102 0.575 -.454 0.683 -.297 1.000
10. -.181 0.062 0.480 -.016 0.238 -.422 0.537 -.578 0.344 1.000
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Salinity was positively correlated with temperature
(r=0.51) and negatively with primaryf productivity (r=-.53).
Dissolved oxygen was positively correlated with temperature
(r=0.56) &and negatively with primary productivity (r=-.50).
Temperature was negatively correlated with nitrate (r=-.52) and
positively with chlorophyll ’a’ (r=0.48). Phosphate was
negalively correlated with nitrate (r=-.46) and positively with
primary productivity (r=0.57). Silicate was negatively correlated
with primary productivity (r=-.45). Nitrite was positively
correlated with primary productivity (r=0.68) and chlorophyll ’a’

(r=0.53). Nitrate was negatively correlated with chlorophyll ’a’

(r=-.57).

After having obtained the results of the affinity of
these parameters through correlation matrix, determination for

b

primary productivity, chlorophyll 'a’ and cell count was studied

using a multiple regression model and through selected parameters

obtained after screening. Coefficient of correlation being an
index of affinity, it could be taken as the degree of
determination.

The determination for the parameter primary productivity
during 1886 in the CIBA pond is presented in Table - 16. The
derived coefficient of multiple regression for +the selective
paramters such as ammonia, silicate and nitrate on primary
productivity was : R - SQUARE = 0.38 which indicate that only

about 3B% of the variation is accounted for.



TABLE - 16

RESULTS OF MULTIPLE REGRESSION WITH BESPECT IQ
PRIMARY PRODUCTIVITY. CIBA POND . 1986.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE 5.E

B 1 -288.0289 122.081
B 2 -137.8682 46.278
B 3 66.712 38.414
A = 6832.58500

R-SQUARE = .3822738

CHAR # MEAN S.D.
1 Ammonia 4. 324 2.847
2 Silicate 18.442 7.812
3 Nitrate 8.5056 8.648

4 Primary Productivity 3677.522 1900. 445
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The determination for the primary productivity parameter
during 1987 in the CIBA pond is given in Table - 17. The
coefficient of multiple regression (R ) for the selective variable
such as phosphate, silicate and nitrite on priméry productivity

was observed to be significant (R - SQUARE = 0.66).

The determination for the parameter primary productivity
during 1986 in the COCO field is presented in Table - 18. The
coefficient of multiple regression (R ) for the selective variable
such as salinity, dissolved oxygen, temperature, nitrite and
nitrate on primary productivity was significant (R - SQUARE =

0.73).

The determination for the primary productivity parameter
during 1987 in the COCO field is represented in Table - 18. The
coefficient of multiple regression (R ) for the selective variable
such as temperature, redox potential, silicate and nitrite on
primary productivity was observed to be significant (R - SQUARE =

0.80).

The determination for the primary productivity during

the premonsoon season of 1886 and 1887 in the POKKALI field 1is

given in Table - 20. The coefficient of multiple regression (E )
for the relative variable such as salinity, dissolved oxygen,
ammonia, rhosphate and nitrite on primary productivity was

significant (R - SQUARE = 0.85).

The determination for chlorophyll 'a’ concentration

during 1886 in the CIBA pond is represented in Table - 21. The

coefficient of multiple regression for relative variable such as



TABLE - 17

RESULTS QOF MULTIPLE REGRESSION WITH RESPECT TO
PRIMARY PRODUCTIVITY. CIBA POND ., 1887.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE 5.E
B1 501.576 180.521
B 2 ~-66.525 17.378
B 3 213.544 189.483
A = 4063.82500

R-SQUARE = .6617126

CHAR # MEAN S.D.
1 Ammonia 2.586 1.240
2 Bilicate 27.688 14.651
3 Nitrate 1.578 1.5627

4 Primary Productivity 3857 .682 1689.417



TABLE - 18

RESULTS QOF MULTIPLE REGRESSION WITH RESPECT TOQ
PRIMARY PRODUCTIVITY, COCO field, 1966.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE S.E

B1 184.576 48.058
B 2 1374.863 243.487
E.3 -528.088 132.385
B 4 1104.721 394.375
B 5 83.240 35.035

A = B8150.82100
R-SQUARE = .7376117

CHAR # MEAN S5.D.
1 Salinity 12.040 8.017
2 Dissolved Oxygen 3.508 1.021
3 Temperature " 28.187 | 2.540
4 Nitrite 1.564 .538
5 Nitirate 8.363 5.867

68 Primary Productivity 2793.158 1601.082



TABLE - 18

RESULTS QF MULTIPLE REGRESSION WITH RESPECT IQ
PRIMARY PRODUCTIVITY. COCQ field. 1987.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE S.E

B1 1502.283 511.308
B 2 -60.351 13.106
B 3 -182.2386 60.181
B 4 1471.485 1001.880

A = %-1B170.55000

R-SQUARE = .8008136

CHAR # MEAN 5.D.
1 Temperature 25.281 1.350
2 Redox Potential 202.125 57.144
3 ©Silicate 23.823 12.561
4 Nitrite 1.332 .642

5 Primary Preoductivity 5345 303 5863. 281



TABLE - 20

RESULTS OF MULTIPLE REGRESSION WITH RESPECT IQ
PRIMARY PRODUCTIVITY. POKKALI field., 1966 & 1987.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE 5.E

B1 -767.681 140.816
B 2 %-1503.085 434 .680
B 3 -446.6508 102.663
B 4 46980.763 534.315
B b 3062.603 547 .985

A = %-11228.27000
R-SQUARE = .8525248

CHAR # MEAN 5.D.
1 Salinity 20.841 2.802
2 Dissolved Oxygen 3.786 .784
3 Ammonia 7.398 3.375
4 Phosphate 2.875 .705
5 Nitrite 1.868 .B876

6 Primary Productivity 5738.7385 h170.804



TABLE - 21

RESULTS OF MULTIPLE REGRESSION WITH RESPECT IO
CHLOROPHYLL ’a'., CIBA POND, 1886,

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE 5.E
B 1 4.587 Z2.307
B 2 8.466 3.278

A = 8.18317
R-5QUARE = .4618655

CHAR # MEAN S.D.
1 Phosphate 2.135 .843
2 SBilicate 1,343 .583

3 Chlorophyl &’ 28.3%70 11.666



TABLE - 22

RESULTS OF MULTIPLE REGRESSION WITH RESPECT IO
CHLOROPHYLL ’a’, CIBA POND. 1887,

RESULTS OF MULTIPLE REGRESSION

———— - ————— ————— ———— - — ——— -
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CO-EFS VALUE S.E

B1 2.751 0.690
B 2 0.341 0.100
B 3 1.401 0.485
B 4 3.022 1.410
B 5 0.618 1.982

A = 101.27550
R-SQUARE = .5744502

CHAR # MEAN S.D.
1 Salinity 10.284 7.765
2 Redox Potential 208.666 56.329
3 Ammonia 8.083 6.103
4 Phosphate 2.586 1.240
5 Nitrite 1.578 1.527
6 Chlorophyll ’a’ 18.318 10.9889



TABLE - 23

RESULTS OF MULTIPLE WITH RESPECT IQ
CHLOROPHYLL ’a’., COCO FIELD. 1986.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE S.E
B1 1.629 0.388
B 2 -0.688 0.185
B 3 0.934 0.211
A = 14.45795

R-SQUARE = .7056823

CHAR # MEAN S.D.
i Ammonia 6.864 2.961
2 Bilicate 17.806 6.838
3 Nitrate 8.363 5.867

4 Chlorophyll ‘’a’ 21.190 g.283



TABLE - 24

RESULTS OF MULTIPLE REGRESSION WITH RESPECT IQ
CELL COUNTS. COCO FIELD. 1987.

RESULTS OF MULTIPLE REGRESSION

CO-EFS VALUE S.E

B 1 %-3781.617 1151.299
R 2 -649.565 283.328
B 3 -188.611 76.485
B 4 6557.996 2469.469
B 5 985.475 391.308

A = 8850.07800
R-SQUARE = .6228953

CHAR # MEAN S5.D.
1 Dissolved Oxygen 2.345 . 888
2 Ammonia 10.812 5.567
3 Silicate 23.923 12.5861
4 Nitrite 1.332 .642
5 Nitrate 6.720 3.089

6 Cell Count 3974.583 5511.054
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phosphate and nitrate was : R - SQUARE = 0.46 which indicate that

only about 46% of the variation is accounted for.

The determination for chlorophyll ’a’ concentration

during 1887 in the CIBA pond is represented in Table - 22. The
coefficient of multiple regression for relative variable such as
salinity, redox potential ammonia, phosphate and nitrite was

significant (R - SQUARE = 0.57).

3 s

The determination for chlorophyll a concentration
during 1986 in the COCO field is given in Table - 23. The
coefficient of multiple regression for the selective variable such
as ammonia, silicate and nitrate was significant (R - SQUARE =

0.71).

The determination for chlorophyll ’a’ concentration
during 1887 in the COCO field was formed to be not significant.
The determination for cell count during 1887 in the CIBA pond was
also formed to be not significant. However, the determination for
cell count during 1887 in the COCO field is presented in Table
24 . The coefficient of multiple regression for the selective
variable such as dissolved oxygen, ammonia, silicate, nitrite and

nitrate was significant (R - SQUARE = 0.862).

PART - II1 (E) : ASSESSMENT QOF THE STATUS OF PRODUCTION

N.P : G.P. Ratio:

Calculated monthly ratio of net primary productivity +to

gross primary productivity for the three culture system during



TABLE - 25

Primary productivity (NP : GP ratio)
{Monthly mean values)

CIBA pond COCO field POKKALI field
Jan 1986 0.92 0.74 0.89
1887 0.94 0.94 0.93
Feb 1986 0.87 0.80 0.78
1887 0.82 0.91 0.89
Mar. 1986 0.91 0.90 0.74
1987 0.90 0.98 0.85
Apr. 1986 0.88 0.84 0.81
1987 0.98 0.87 0.81
May 1986 0.95 0.90 0.91
1987 0.985 0.96 0.98
Jun. 1986 0.88 0.80
1987 0.91 0.99
Jul. 1986 0.69 0.70
1987 0.89 0.88
Aug. 1986 0.91 0.84
1987 0.79 0.90
Sep. 1986 0.92 0.87
1987 0.78 0.81
Oct. 1986 0.78 0.58
1987 0.8] 0.67
Nov. 1886 0.72 0.67
1887 0.81 0.63
Dec. 1986 0.78 0.63
1987 0.86 0.70
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TABLE - g6

Assimilation number
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan. 1986 15.32 23.20 14.90
1987 30.70 68.85 9.57
Feb. 1986 12.23 16.63 11.93
1987 22 .68 61.68 7.50
Mar. 1986 10.57 12.57 10.70
1987 17.98 67.68 11.50
Apr. 1986 10.80 11.18 13.48
1987 23.75 53.83 38.45
May 1986 8.43 8.35 12.48
1987 14 44 28.17 28.75
Jun. 1986 9.09 10.59
1987 31.35 136.27
Jul. 1986 ' 15.50 . 30.79
- 1987 31.40 g9.88
Aug. 1986 18.00 14.50
1987 17.81 38.25
Sep. 1986 21.52 9.50
1987 22.31 11.64
Oct. 1986 11.40 21.40
1987 23.20 6.30
Nov. 1888 17.20 21.75
1987 39.66 15.71
Dec. 1986 28.78 30.94

1987 27.85 8.76
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1986 and 1987 are represented in Table - 25. The computed ratio
(Monthly mean values) was found to fange from 0.68 and 0.95 during
1986 and 0.78 and 0.98 during 1887 in the CIBA pond. In the COCO
field calculated ratio ranged between 0.58 and 0.90 during 19886,
and between 0.63 and 0.88 during 1887. The values ranged between
0.74 and 0.91 in 19886, and between 0.88 and 0.98 in 1987, during

the premonsoon seasons in the POKKALI field.

Assimilation pumber:

Results of the calculated assimilation number (the ratio
of carbon fixed/chlorophyll ’a’) during 1886 and 1887 in the three

culture systems are presented in Table - 26.

In the CIBA pond the assimilation number varried between
8 43 and 2B8.78 during 1986, and between 14.44 and 39.88 during
1987. The some value were observed to range from 8.35 to 30.84
during 1886, and from 6.30 to 136.27 during 1987 in the COCO
field. The same ratio varied between 10.70 and 14.90 in 1986, and
between 7.50 and 38.45 in 1987 during the premonsoon season in the

POKKALI field.

RATIO OF CHLOROPHYLL PIGMENTS

Measurement of other pigments such as chlorophyll ’b°,
*c’ and carotionoids was undertaken in the three culture systems.
Observation made during 1986 and 1887 on the concentration of

chlorophyll 'k’ are presented in Table - 27 chlorophyll c in

Table - 28 and carotincids in Table - 29.



TABLE - 21

Concentration of Chlorophyll ’a’ (mg Chl/m3)
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan 1986 0.39 1.16 0.67
1987 1.53 1.97 3.51
Feb 1986 1.23 0.29 0.64
1987 1.31 1.85 2.64
Mar. 1986 1.29 1.28 1.41
1987 3.44 3.03 2.19
Apr. 1986 1.47 3.71 0.27
1987 2.08 3.41 0.27
May 1986 5.02 1.39 0.88
1987 3.96 2.87 2.74
Jun. 1986 1.88 0.93
1987 1.22 1.07
Jul. 1986 2.34 2.863
1987 2.33 6.58
Aug. 1986 2.18 3.00
1987 3.37 1.563
Sep. 1886 9.76 3.51
1887 3.55 1.73
Oct. 1986 5.89 4.62
1987 3.67 3.66
Nov 1886 0.77 2.72
1987 6.28 5.92
Dec 1986 0.985 1.68
1987 5.22 3.84



IABLRE - 28

Concentration of Chlorophyll ’¢’ (mg Chl/m3)
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan 1986 2.13 1.20 0.55
19867 0.60 0.38 0.41
Feb 1986 2.07 1.06 0.87
1387 2.00 2.91 2.29
Mar. 1986 1.45 1.52 4.68
1987 2.41 2.67 1.70
Apr. 1986 4.02 2.41 5.08
1887 5.05 3.07 2.49
May 1986 2.96 4.15 3.60
1987 3.51 4.42 2.48
Jun. 1886 6.53 4.57
1987 2.09 3.79
Jul. 1986 5.12 1.51
1987 5.33 3.086
Aug. 19886 4.07 1.05
1887 1.45 1.27
Sep. 1986 3.78 1.03
1987 3.14 1.09
Oct. 1986 0.96 1.27
1987 3.14 1.70
Nov. 18988 1.15 0.27
1987 0.48 0.41
Dec. 189886 1.00 1.14
1987 4.73 2.23



TABLE - 28

Concentration of Carotenoids (MSPU/m3)
(Monthly mean values)

___...——-__.-___._.—____.____._..__————-_..—___.—_--—_———————____.___._.———-_-__

CIBA pond COCO field POKKALI field
Jan 1986 0.34 0.35 0.94
1987 4.11 4.68 7.36
Feb 1986 3.28 2.46 3.85
1987 0.16 1.00 4.22
Mar. 1986 4.21 3.45 6.30
1987 8.73 3.56 3.85
Apr. 1986 7.13 6.82 6.55
1987 5.40 3.98 8.13
May 1986 8.83 8.47 7.89
1987 2.41 5.44 4.93
Jun. 1886 7.31 4.64
1987 3.60 3.40
Jul. 1986 B.47 4.04
1987 4.23 5.69
Aug. 1986 6.33 4.59
1987 5.61 0.69
Sep. 1986 7.45 7.27
1987 6.92 1.72
Oct 1986 4.62 4.89
1987 4.20 1.37
Nov 1986 3.07 2.84
1887 2.10 0.88
Dec 1986 3.64 0.97
1987 4.52 4.60



TABLE - 30

Chlorophyll ’b’/’a’ ratio
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan 1986 0.01 0.11 0.03
1987 0.20 0.26 0.25
Feb 1986 0.05 0.01 0.02
13987 0.13 0.22 0.16
Mar. 1986 0.04 0.06 0.04
1987 0.13 0.16 0.35
Apr. 1986 0.04 0.12 0.00
1987 0.06 0.15 0.13
May 1986 0.11 0.03 0.02
1987 0.09 0.05 0.0b6
Jun. 1986 0.03 0.02
1987 0.10 0.10
Jul. 1986 0.07 0.10
1987 0.12 0.47
Aug. 1986 0.05 0.09
1887 0.20 0.33
Sep. 18986 0.24 0.16
1987 0.21 0.23
Oct. 1986 0.22 0.30
1987 0.17 0.21
Nov 1886 0.04 0.43
1987 0.69x% 0. 88%x%
Dec 1986 0.05 0.16
1987 0.42+ 0.24
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* Mean value of bloom Lynbya included.
%% Mean value of unidentified BGA included.
+ Mean value of bloom Microcystis included.




TABLE - 31

Chlorophyll ’c’/’a’ ratio
(Monthly mean values)

CIBA pond COCO field POKKALI fleld
Jan 1986 0.13 0.12 0.03
1987 0.08 0.04 0.02
Feb 1986 0.09 0.07 0.08
1987 0.20 0.13 0.14
Mar. 1986 0.04 0.06 0.15
1987 0.08 0.16 0.07
Apr. 1986 0.190 0.07 0.13
1987 0.17 0.13 0.06
May 1986 0.06 0.11 0.09
1987 0.16 0.10 0.11
Jun. 1986 0.14 0.13
1987 0.23 0.32
Jul. 1986 0.16 0.056
1987 0.33 0.45
Aug. 1986 0.05 0.03
1987 0.08 0.27
Sep. 1986 0.09 0.05
1987 0.38 0.10
Oct. 1986 0.03 0.02
1987 0.44% 0.14
Nov. 1986 0.06 0.02
1987 0.04 0.05
Dec 1986 0.07 0.11
1987 0.38 0.13

% Mean value of bloom Peridinium included.



TABLE - 32

Carotenoids/Chlorophyll ’a’ ratio
(Monthly mean values)

CIBA pond COCO field POKKALI field
Jan 1986 0.02 0.03 0.05
1987 0.54 0.63 0.55
Feb 1986 0.14 0.18 0.186
1887 0.01 0.10 0.27
Mar. 1986 0.14 0.15 0.18
1987 0.30 0.18 0.15
Apr. 1988 0.19 0.22 0.18
1987 0.17 0.16 0.53
May 1986 0.19 0.23 0.21
1987 0.05 0.12 0.11
Jun. 18886 0.16 0.13
1887 0.38 0.36
Jul. 1886 0.27 0.36
1887 0.26 0.34
Aug. 1886 0.16 0.14
1987 0.33 0.14
Sep. 1986 0.19 0.27
1987 0.42 0.31
Oct. 1986 0.18 0.32
1987 0.49% 0.10
Nov. 1986 0.16 0.25
1987 0.22 0.13
Dec. 1886 0.28 0.08
1987 0.36 0.26

* Mean value of bloom Peridinium included.
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The ratio of chlorophyll ’hL’/’a’ during 1986 and 1887 is
represented in Table - 30, chlorophyll ’¢c’/’a’ in Table - 31 and
carotinoid/chlorophyll ’a’ in Table 32. In the present study
chlorophyll ’a’ concentration always exceeded that of chlorophyll
'b’, ’¢’ and carotinoids. The chlorophyll ’b’/’a’ ratio was found
high in November 1887 in the CIBA pond is indicative of +the
occurrence of bloom of blue-green algae. Similar cases of high
chlorophyll ’c’/’a’ ratio and carotinoids/chlorophyll ’a’ observed

in the CIBA pond during October 1987 were due to the bloom of

dinoflagellates.



CHAPTER - 1Y
ENRICHMENT EXPERIMENT

Results of enrichment experiment (in vitro) employing

treatment with nitrate, phosphate, silicate aﬁd tracemetals,
individually, and in combination using the water of CIBA pond
during monsoon season of 1887 is presented in Table - 33. ANOVA
technigque was employed to test the significance of the effects of
treatment. It was observed that addition of phosphorus and

tracemetals individually resulted in a significance in the mean

’ ’

chlorophyll a values. The calculated °'F’ - value Was

significant at 5% level (Table - 34).

Results of enrichment experiment (in situ) employing

treatment with nitrate, phosphate, silicate and tracemetals
individually, and in combination in +the CIBA pond during
postmonsoon season of 1887 is presented in Table - 35. ANOVA

technique was employed to test the significance of the effects of

treatment. Addition of all nutrients including tracemetals
resulted in a significant increase in the mean chlorophyll ‘a’

values. The calculated ’F’ - value was observed to be highly

significant at 1% level (Table - 36).

Results of enrichment experiment (in situ) employing

treatment with nitrate, phosphate, silicate and tracemetals
individually, and in combination, in the CIBA pond during
premonsoon season of 1988 is presented in Table - 37. ANOVA

technigue was employed to test the significance of the effect of



TABLE - 33

Results of enrichment experiments - I
Chlorophyll ’a’ concentration after enrichment in
CIBA pond* in August
(MONSOON SEASON)

(Chlorophyll a mg/mB)

.87 5.110 3.2520 .0567 4.4170 1.8800 .0000
5

.0770 .786 10.2800 . 5840

0

6 0
. 1000 .000 0.4300 0.0650 0.4300

2 0
.296 1.3120 5.925 0.56920
0

.146 .2310 0.0770

6
2
0

.0100 0.030 1.8880
0
0 .0040 1.7770
3

1
2
1 0
0 .592 0.4220
.8440 0.0500 2
0 0
8 0

. 8870 .55650 2.5450 1.1810 0.0000

* Due to rain and concomitant land runoff, in vitro experiments
were conducted.

N = Nitrogen, P = Phosphorus, S = Silica, T = Tracemetals
NPS = Nitrogen, Phosphorus and Silica

NPST = Nitrogen, Phosphorus, Silica and Tracemetals.



TABLE - 34
Anova Table of enrichment experiment - 1

SOURCE D.F SUM. S5QR MEAN. SQR F-VAL REMARKS
TREAT 6 34.854 5.809 1.28 N.5
REPLIC 6 81.9560 13.658 3.01 SIG (5%)
ERROR 36 163.393 4. 539

MEAN COMPARISONS REMARKS
R1--R2 N.S
R1--R3 S1G
R1--R 4 N.S
R1--R5 N.S
R1--RS6 SIG

R1--R7 N.S



Results of enrichment experiments - II
Chlorophyll ’a’ concentration after enrichment in CIBA pond
(in situ) in December (POST MONSOON SEASON)
(Chlorophyll a mg/m3)

- -.._....._......_........-......._—_._.-__.-....._...._._—..-—_—..._-———_—.——._._—_...-—..__--.._-—_._....—_—-...._...-.__.-.__._-.__—_—_—
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.2735 1.9530 2.2495 1.9520 2.3710
17.12.87 1.0655 1.5770 1.8655 4.5010 6.7110 7.2245 4.5800 75.0915

.2495 5.5240 8 .1370 5.0935 5.5280
.7870 5.6870
.2205 11.2140

.4635 B8.5675

2
7
2 8
2 .7745 8.4330 8.7295
.1840 5.4510 5.6900 3
7 4
5

7 5
7 7

.B980 8.1130 13.0685 4.5010 8.4905 9.1215
8 9

.4115 13.6610 .0825 10.2275

N = Nitrogen, P = Phosphorus, S = Silica, T = Tracemetals
NP = Nitrogen and Phosphorus

NS = Nitrogen and Silica

PS = Phosphorus und 8ilica

NPST = Nitrogen, Phosphorus, Silica and Tracemetals.



TABLE - 36
Anova Table of enrichment experiment - II

__..._.__.____—..__—._____-___-__._—_._.-_..__.__—-—__—__-————-______.___.-———_.‘

SOURCE D.F SUM. SQR MEAN. SQR F-VAL REMARKS
TREAT 9 399.319 44.369 16.156 HI.SIG(1%)
REPLIC B 291.262 48.544 17.67 HI.SIG(1%)
ERROR 54 145.321 2.747

MEAN COMPARISONS REMARKS
T1--T2 SIiG
T1--T7T3 SIG
T1--T74¢4 SIG
T1L--T25 51G
T1--Te6s6 SI1G
T1--T7T7 SIiG
T1--TS8 SIG
T1--TS9 SIG
T1--T10 S51G
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(in situ) in March (PRE MONSOON SEASON)
(Chlorophyll a mg/m3)

Date Control N P 5 NP NS PSS NPS T NPST
16.3.88 0.8480 1.3615 1.8580 5.5260 6.0410 2.2505 0.8475 0.6630 0.8095 1.6765
17.3.88 1.2620 1.4585 1.6585 7.0665 6.6710 7.4415 1.2180 0.9130 2.0550 .5420
18.3.88 3.1665 2.6990 2.0015 7.7705 7.9195 8.1755 2.4710 1.6970 2.2700 2.7440
16.3.88 3.1110 2.6515 1.9510 6.8470 7.5425 9.3605 2.5870 2.1320 2.5125 3.0525
20.3.88 0.4145 2.3430 1.2765 0.5540 1.3170 1.2160 0.8700 1.2775 1.4605 1.3217
21.3.88 0.7905 5.4510 3.9085 2.B045 3.2380 3.5155 4.2075 11.2990 2.8045 14.3363
00 3. .88 1.1060 7.1860 B8.4135 6.1995 9.0040 4.5030 7.8960 10.1910 4.5010 16.4735
25.3.88 1.7760 NIL 0.2960 0.3555 0.2960 0.2960 0.2960 2.9625 NIL 1.7775
26.3.88 NIL 0.0075 0.0075 NIL NIL NIL NIL 1.1850 NIL 0.5925
27.3.88 0.0530 NIL 0.0590 0.0580 0.0570 NIL NIL 0.1185 NIL 0.1775
28 3.88 0.0130 0.2670 0.8120 0.2490 0.8425 0.5155 0.3645 0.5910 2.0425 2.4765
29.3.88 1.B8365 5.8500 2.7445 1.6185 2.3905 0.8400 0.2165 1.1425 0.2565 5.7855
30.3.88 0.7315 2.2835 7.9030 3.2560 5.7120 2.8470 2.5890 9.5965 2.0125 16.8215
3 5 9

B8 0.7765 5.8245 16.2325 8.9805 15.88670 .5905 10.3795 6.1955 18.1905

N = Nitrogen, P = Phosphorus, S - 8ilica, NP = Nitrogen and Phosphorus,
NS = Nitrogen and Silica, PS = Phosphorus and Silica,
NPS = Nitrogen, Phosphorus and Silica, T = Tracemetals,

NPST - Nitrogen, Phosphorus, Silica and Tracementals.
, , el Aiade OiolCa anl EEEETETLERS




TABLE - 38
Anova Table of enrichment experiment - III

SOURCE D.F SUM. SQR MEAN. SQR F-VAL REMARKS
TREAT 9 272.326 30.258 4.28 HI.SIG(1%)
REPLIC 13 1078.815 83.070 11.76 HI.SIG(1%)
ERROR 117 826.274 7.062

vt v - —— - ————— O — - — S . A - —— - —— — —— . M i i - — A - i e —— e —— ——

MEAN COMPARISONS REMARKS
T1--T2 N.S
T1--T3 SIG
T1--T#4 S1G
T1--TH5 SIG
T1--TE®6 SIG
T1 --T7 N.S
T1--T28 SIG
T1--T789 N.S
T1--T10 SIG



61

treament Addition of all nutrients including tracemetals resulted
in a significant increase in the mean chlorophyll ’a’ values. The
calculated 'F’ - value was highly significant at 1% level (Table -

38).



CHAPTER - ¥
DISCUSSION

The culture pond and connected field and canal system

studied are mostly the extension of the estuarine and backwater

systems, and are therefore subjected to wide variation in the
environmental condition. In these culture systems which are
dynamic ones, and in which the monsoon rains trigger changes from

the marine conditions prevailing the during the premonsoon season
to the freshwater condition during the monsoon period and with a
gradual but progressive recovery of saline condition during
postmonsoon months. It has been established that abiotic factors,
particularly chemical characteristics of the environment exert
profound influence on the growth and survival of aquatic organisms
such as algae. Hence, in the present study, attention has been
focused to elucidate +the nature and extend of +the physical-
chemical envirommental features, and their bearing on the primary
productivity in the three selected tropical ecosystems,. viz., a-
perennial prawn culture pond, canals among the coconut grove and

a seasonal prawn - cum - paddy field at Cochin during 1986 and

1987.

Since the nutrients are the main sources for primary
producers, special emphasis has been given +to study the
availability of nutrienis boih qualitatively and quantitatively in
the culture ponds. Further enrichments were also conducted to
analysis and understand the significant of the nutrients in +the

primary productivity.
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Detailed description of environmental features and
nutrient distribution in the Cochin backwater have been reported
earlier. (Ramamirthan and Jayaraman, 1963; George and
Krishnakartha, 1963, Desai and Krishnankutty, 1867; Qasim, 1869;
Wellershaus, 1871, Qasim and Wyatt, 1972; Shynamma and
Balakrishnan, 1873, Mohammed Salih, 1874; Balakrishnan and

Shynamma, 1876; Lashmanan et al., 1882, 1987).

William, 1860, Zein - Eldin and G@Grifith, 18689,
Vankataramaiah et al. 1874; Sreekumar Nair and Krishnankutty,
1975, Suseelan, 1878; Sankaranarayanan el al. 1982; Gopinathan et
al. 1882; Nair et al. 1988, have stressed the importance of
salinity and +temperature in the survival and growth of prawns.
The present observation clearly indicate that high salinity
prevailed in the ecosystems during the premonsoon. Low salinity
values recorded in the monsoon season was mainly due to the
monsoon rains and the ensured in flow of waler. The recovery of
salinity was observed during the postmonsoon season in all the
culture ponds during both the years. Towards +the end of

pestmonsoon season, the salinity range observed in the ponds was

in accordance with the reguired optima for the growth of prawns.

According to Suseelan (1878), the minimum survival level

of oxygen content for Penaeus indicus range between 1.48 ml/1 and

3.80 ml/1 among early jureniles and subadults. The dissolved
cxygen content of water in all the ponds was mostly above 30%
saturation level. However, relatively lower saturation values

( 3 ml/1) during postmonsoon period of 1987 in the CIBA pond and
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COCO field were also observed when the ponds were of freshwater

dominated.

In brackishwater aquaculture a regular exchange between
tidal water and pond water is highly essential to maintain optimum
temperature requirement by +the organisms. The preferred
temperature range of the medium for prawn culture was observed to
be 28 - 32°C (Suseelan, 1978). Water temperature in all the ponds
ranged between 27 - SJ,C during different months of 1986 and 1987.
Due +to the prevalent nature of the habitats which 1is +1iropical
variation in the temperature of water was observed to be narrow.
However, +the observed range was found to be within the optimum

level for the growth of prawns.

During the present investigation, the observed range of
pH was 7 and B8 indicating the alkaline nature of the
environment. However, low pH value ( 7.0) recorded in the month
of October in the ponds could be backtraced to the large scale

influx and leaching activity during the monsoon months.

The oxidation reduction potential (Eh) exhibited a
ranged of 130 to 270 MeV with an increasing trend from premonsoon
season to the postmonsoon seasoun. The observed values in the
water did not evince a reducing condition as observed in the mud
by Sankaranarayanan et al. (1982). Eh values were observed to be
in the range of 47 to +06 in the prawn culture systems arocund

Cochin earlier (Sugunan and Pillsei, 1884).

Distribution of nutrients in the prawn culture ponds has
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been studied earlier (Sankaranarayanan et al., 1982; Gopinathan et
al., 19882, Nair et al., 1988). During +the present study,
concentration of nutrients in differeni ponds was investigated.
In the CIBA pond, the ammonia content was found 1o be higher
during the premonsoon season with a gradual increasing trend

subsequently. The observed tendency can be attributed to the fact

that local matter and metabolites from the organisms get
accumulated. If {fluctuates highly and irregularly during the
other seasons. Similer observation of high ammonia concentration

in premonsoon season and fluctuation in other seasons were
observed in the COCO field also. In the POKKALI field also the

ammonia concentration was high during the premonsoon season.

Inorganic phosphate in the water showed a relatively

high values ( 2 pg at/l) in most of the months. Highest values

were recorded during monsoon season in all the ponds. Bowever
hiigh values of inorganic phosphate were recorded in the
postmonsoon season alsc in the COCO field. George and

Krishnakartha (1963) and Qasim and Wyatt (1872) reported June and
July as period of higher possible concentration in this estuary.
The phosphates level showed a general increase during the SW
monsoon period in the prawn culture fields (Sankaranarayanan et
al., 1882). Results obtained during the present study agree with
these results. High values of phosphate in water could be
attributed to the common use of fertilizers in the situated fields
adjusted +to the culture ponds, and leaching activitly during the

monsoon months.
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Gopinathan et al. (1974, 1984) observed the silicate
values were found +to be high during June - August in Cochin
Backwaters. However, it was observed during the present stiudy
Lthat there was no such high concentration of silicate confined to
monsoon season but it was irregular throughout the year in the
prawn culture ponds. The dissolved silicon showed wide range of
values between 4 to 43 pe at/l in all the culture pond during
different months. The <chief source of silicate is from the
sediment and soil of the ponds and presumed to be brought down by
runoff. However +the available silicats values ranged within the

optimal level for phytoplankters.

Gopinathan et al. (1882) recorded ihe nitrite content of
the water, in general was very low ( 1 re at/1l) in +the prawn
culture fields. Nitrite values in the CIBA pond varied between 1
and 5 pg at/l throughout years. Relatively high values were
recorded during the monsoon pericd and low values recorded in the
postmonsoon season. In the COCO field nitrite values ranged 1
peg at/l1 during the premonsoon seasons. High values were also
recorded in the period monsoon. Distribution of nitrite in water
in the postmonsoon was found to be irregular. In the POKKALI
field nitrite concentration ranged 1 pe at/l during the period of
cbservation. The distribution of nitrite suggest that the
riverine inputs are more and a regenerative source exists within
the culture system. Low values in the postmonsoon season were due

to depletion of nitrites by phytoplankters.

Nitrate concentration ranged widely in the ecocystems
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during the period of study. In the CIBA pond, the values ranged
between 4 - 12 pg at/l during the premonsoon season and a higher
ranged of 5 to 26.8 pg al/l during the monsoon and a higher ranged
of & to 26.8 pg at/l during the monsoon and relatively a lower
ranged of 2 to 7 ypg at/1 during the postmonsoon. In the COCO
field, +the range in the concentration of nitrate was between 2.76
and 23.98 peg at/l with high concentration during monsoon period.
In +the POKKALI field higher range of 8 to 20 pe at/l of nitrate
concentration was observed. The features are very similar to
those observed for the nitrite distribution in the culture ponds.

These results agree with those observed in the prawn culture field

by Gopinathan et al. (1882) and Sankaranarayanan et al. (1882).

Primary preduction in the Cochin Backwater Area has been

studied in general earlier (Qasim et al., 1969; Gopinathan, 1872,

Qasim, 1873, 1879; Devassy and Bhattathiri, 1874; Joseph and

Kunjikrishnan Pillail, 1875, Kumaran and Rao, 1875; Nair et al.,

1875, Gopinathan et al.,1884), and extensive investigation on this
aspect in the adjasent prawn culiure fields are limited

t al., 1888). Even in

t al., 1982; Gopalakrishnan

(Gopinathan
ithese studied, and comprehensive attempt on the phytoplankton

preduction in  the different types of prawn culture systems are

lacking. Hence, in the present investigation, an atlempt has been
made to determine the different productivity indices, and the
relalionship of different variables responsible for the

phytoplankton production by statistical analysis.

Gopinathan t al. (1884) have observed two seasonal

peaks of primary production, a primary one daring monsoon season
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and a secondary peak during the postmonsoon period in the Cochin
Bakwater. In the present study it was observed that the annual
cycle of gross and net primary productivity showed two peaks
during 1986 and 1887. Maximum primary productivity was recorded
during April (Premonsoon season) and the secondary peak was
observed during the postmonsoon period (September) in both CIBA
pond and COCC field. In +the POKKALI field maximum rate of
primary production it was recorded in April. High rate of
produciivity has been recorded with the infiux of inshore water
into the culture ponds was relatively high. 11 was also observed
that the 1low rate of productivity was due to 1low rate of
replenishment by water or by the influx of freshwater. The
present study substantiates the earlier observation that the
culture ponds located at Narakkal in between Cochin and Azhikode
bar mouth is relatively high productive ecosystem, (George et al.,

1968; George, 1874; Pillai and George, 1974, Gopinathan et

I
=

i882). The advantage of the presence of twe opening to the sea
within a short distance through which there is a regular incursion
of salinewater and also periodical enrichment from the run off
from Periyar river and seascnality could be the causative factor
for high rate of production. However, the higher values noticed
during the premonsoon seascon in both COCO field and POKKALI field
during 1887 presumably due to very lower level of water (< 0.5m)
and more 1light penetration and temperature as observed in the
culture ponds. The observed seasonal peaks of primary
productivity in culture ponds agree with the observation made by

Gopinathan et al. (1884) in the Cochin culture.
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Since chlerophyll ’a’ is one of the major indices of the
standing crop of phytoplankton, +the estimation of this pigment
along with +that of primary productivity is expected +to give a
general idea of variation in the magnitude of production.

{(Gopinathan t al., 1984). During +this period of study,

-~

*

concentration of chlorophyll ’a’ always exceeded that of other
piements. Being a major constituents, distribution of chlorophyll

’ »

a2

alone was computed and compared with that other productivity

indices.

Maximum concentration of chlorophyll *a’ values was
recorded during the premonsoon season of the years in all the
ponds. High chlorophyll concentration were usually observed with

bloom of single species such as Nitzschia closterium and

Skeletonema costatum during the premonsoon season {(up to 45 mg

chl/m 3). In general, +the concentration of chlorophyll 'a’ was
found +to be high throughout the year in all the culture pongs
( 7 mg chl/m3). Periodical development of bloom such as diatoms
during premonsoon season, blue-green during monsoon and
dinoflagellates in the postmonsoon, coupled with the abundance of
nanoplankters contributed to relatively high concentration of

chlcorophyll ’a’ throughout seasons.

The results of enumeration of phytoplankton cells
revealed that abundance of diatoms during the premonsoon season in
all +the ponds. Relatively low cell counts was recorded in the
MONSOON SEeAaSon. However, in the postmonsoon period, sporadic
occurrence of dinoflagellates and blue-green algae were observed

in CIBA pond on account of the favourable condition such as low
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salinity, high nutrient concentration and moderate temperature.
Abundance of diatoms during the premonsoon season in the
indicative of the establishment of +1rue marine environmental
condition in the culture system. Qualitative and quantitative
estimation of phytoplankters revealed that they were abandant in

the POKKALI field, followed by CIBA pond and COCO field.

Statistical analyses of +tLhe data was attempted +to
elucidate the correlations and inter dependence of abicotic and
biotic factors observed during the study. The hydrelogical
factors and nutrients were reckoned as ithe independent variables
and primary productivity indices as the dependent variables. The
correlation coefficient Dbetween the independent variable and
production indices were computed, and the variables which were

found to be not significant deleted to determine standard

regression coefficient for productivity indices vyiz., primary
productivity chlorophyll ‘a’ and numerical analysis of
phytoplankters.

In +the CIBA pond, during 1986, ammonia, silicate and
nitrate gave significant multiple correlation coefficient. These
variables gave coefficient of determination of 0.38. About 38B%
of the variation in primary productivily was explained by all
these parameters. During 19887, phosphate, silicate and nitrate
gave significant values and about €66% of the variation in primary

productivity was explained by these factors.

In the COCO field during 1886, salinity, dissolved

oxygen, temperature nitrite and nitrate showed significant



71

multiple correlation. ~ About 73% of the variation in primary
productivity was explalned. During 1987, temperature redox
potential, silicate ' and nitrite gave a coefficient of
determination of 0.800. These variables together contributed to

80% of the variation in primary productivity.

In the POKKALI field, salinity, dissolved oxygen,
ammonia, phosphate, and silicate gave a multiple correlation
coefficient of 0.85. These variables together contributed to 85%
of the variation in primary productivity during the premonsoon of

1986 and 1987.

Fluctuation in the concentration of chlorophyll 'a’ was
positively correlated to the distribution of phosphate and nitrate
during 1986. These variables gave a coefficient of determination
of 0.46. During 1987, salinity, redox potential, ammonia,
phosphate and nitrate together explained about 57% of the
variation in chlorophyll 'a’ production in the CIBA pond. During
1986, in the COCO field, ammonia, silicate and nitrate showed
significant multiple correlation coefficlient. These variables

gave a coefficient of determination of 0.70.

Values of Cell counts in the CIBA pond was found to be
not significant which imples that it irf not dependent on the
cortributing variables. However, in 1887, in the COCO field,
dissolved oxygen, ammonia, silicate, nitrite and nitrate together

was responsible for 62% of the variation in cell counts.

From the standard regression coefficient it can be seen

that the “contributing variables” evinced difference during
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different periods of the two years. Difference between culture
ponds, was also evident from the data. The multiple regression
analysis proved that these culture ponds were independent, and the
contributing parameters also evinced variatiorn. As opined by
Geopinathan et al. (1984), +the dynamic nature of these ecosystems
coupled with its topographical features are responsible for such

seasonal and spalial variation of the "variables".

The significance of nutrients based on data on primary
productivity and chlorophyll ’a’ concentration was also attempted
in this study. Ketchum et al. (1958) had put fTorward that the
ratio of N.P: G.P. was indicative of the actual physiological
states of phytoplankion population, which occur due to nutrients
availability or deficiency. At times of nutrients deficiency the
ratic would approach zero. In the present study the ratio was
found to be within the range of 0.58 and 0.99 (Table - 25). These
values agree with the abrivation of Qasim et al. (1888) for +the
Cochin backwater where N.P : G.P. ratio was found to be within the
range of 0.55 and 0.75 and with that of the observed ranée of 0.40
to 0.80 by Vijayalakshmi, 1886 for the Vellar estuary. The
observed values, during this present study signify +that the
available mnutrients are rich in concentration in all ithe culture

pronds.

Assimilation number {(the ratio of carbon
fixed/chlorophyll 'a’) were calculated based on data of primary
productivity and concentration of chlorophyll 'a’ (meg C/mg Chl

'2’). A nutrient relationship could be understood from the annual

numerical value of assimilation number. Curl and Small (1865)
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suggested that assimilation ratio of 0-3 1indicate nutrient
depletion; ratio of 3-5 boderline nutrient deficiency and 5-12
indicate nutrient rich water. Radhakrishana et al. (1878)
observed that the assimilation number in the north eastern Arabian
Sea varied from 24 at the deepest station to 208 at the inshore
station. At the offshore stations, +the assimilation number
averaged to 22 (range 11-34). In the present observation +the
anpnual numerical number betlween 8-138 in ponds in different

seasons Jlend support to the fact that the culture system is rich

in wmutrient concentration. It is also observed that fluctuation

3 >

in productivity rate was not only dependent on chlorophyll a

concentration but also due to other accessory pigments.

An attempt was made to assess the possible ratios among

the estimated chlorophyll pigments and its biclogical

3 s

a’ concentration

significance. In the present study chlorophyll
always exceeded +that of chlorephyll ’b’, ‘¢’ and carotenoids.
However, in certain circumstances chlorophyll b/a ratio was found

to be high during the concurrence of the development of bloom and

ithe monsoonal rain {(Table - 30). The blue-green algae Lynbya
aeruginea bloomed in November 1887. The observed values of

chlorophyll b/a which was 1.04 was indicated as monthly mean value
of ©$.68 in Table - 30 during November in the CIBA pond. In COCO
field, +the unidentified blue-green algal bloom was also accounted
and presented as 0.86 (monthly mean value) during November. In

the CIBA pond the observed ratio of 0.68 for the bloom Microcystis

aerugingsa during December was presented the monthly mean value of

0.42 in Table - 30. 1In another instance, the ratio of chlercophyll
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'¢’/’a’ was found to be pronounced concomitant development of
dinoflagellates in the CIBA pond during October 1887 (Table - 31).

The observed ralio of 0.82 of the bloom Peridinium pallidum was

presented as the monthly mean value of 0.44 in Table - 31. The
obtained ratio of Carotinoids/chlorophyll ’'a’ 0.48 in October also

coincide with the bloom of dinoflagellates (Table - 32).

Studies on nutrient limitation shown that for marine
coastal waters nitrogen is usually the most limiting nutrient for
potential phytoplankton biomass formation (Burland et al., 1880,
Nixon and Pilson, 1883; Caruco gL_gl., 1987). For brackishwaters,
phosphorus may play an important role, especially if freshwater
inflow is high, as, for example, is the case in Trondhein fijord
(8akshaug and Myklestad, 1873), the inner part of Marseille Bay
{Burland et al., 1980), Bothnian Bay, located at the northern part
of the brackish Baltic Sea (Alasaarela, 1978), and Chesapeake Bay

during winter (D'Elia ei al., 1886).

An attempt was made during the present study +to test

which nutrient may limit potential biomass accumulation in the

culture ponds. Statistical analysis (ANOVA +technique)} was
conducted to examine the influence of nutrients, individually and
in combination. Production was measured by means of chlorophyll

’ ’

i

In vitro experiment during monsoon season showed that
prhosphate and tracemetals individually gave significant values.
The calculated F ratio is significant at 5% level. The high rate

of wutilization of phosphate by blue-green algae during monsoon
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season contributed +to this significance. It supports the view
that an increase in phytoplankton biomass through the growth of
blue-green algae was due to the addition of phosphate +to tithe

samples {(Graneli, 1978, 1884).

During in siluw experiment carried out in the post

monsoon period, all the nutrients including tracemetals gave h

[

11
L
-

significant results. The calculaled 'E’  value is highly
significanl atl 1% level of significance. During premonsoon season

alse all the nutrients gave highly significant results at 1%.

Significance of treatment with nutrients during
rostmonsoon were presumably due to the concentration of nutrients
relatively lesser than that of +the premonsoon condition.

Generally, an input of nutrients enhanced the concentration of the

chlorophyll 'a' to same extent, and response of phytoplankton to
nutrients lead 1o growth are productlon. Similer results of
obtained during the premonscon seasorn. Hence, it is concluded

that enrichment of the culture ecosystiems during the periods of
active farming praciise such as premonscon and postmonscoon seasons

would ensure enhanced production rate.

T

AN EVALUATION OF POTENTIAL YIELD AND CONCLUSION

Knowing the primary production and the qguantitative

Lransfer belween tLrophic levels, +1he potential production of
Tish/prawn in an area - both first stage carnivores (Zooplankton
feeders) and predators can be estimated.
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Slobodkin (1861) indicated a <value of ecological
efficiency at about 10%. Shaefer (1965) considering the effect of
ecological efficiencies ranging from 10 to 20% noted an order of
magnitude of increase in the production of fish at +1he fifth
irophical level. In general, the trophic levels included are-
aulotrophs and saprophages at the first irophic level,‘herbivorous
organisms al the second trophic level, omnivorous organisms at the
third +trophic level, wprimary carniveres at the fourth level,
secondary carnivores at the fifth level and tertiary carnivores at

the sixth level (Pelipa et al., 1870).

Ryther (1969) considered the number of trophic levels in
three communities which may be described as of oceanic,
continental shelf and upwelled. In these communities ecological
efficiencies at each trophic level were assumed to be highest when
governed largely by phytoplankton/herbivore associations and
lowest for communities in these which were secondary and tertiary
carnivores. Consequently a 10,15 and 20% efficiency was assigned
to be oceanic, coastal and upwelling food chains respectively.
From this Ryther estimated the potential fish production of
36,000,340 and 0.5 mg C/m3/hr. for the upwelling, shelf and

cceanic areas respectively.

Several attempts have been made to relate productivity
parameters with that of potential yield or optimum sustainable
yield (SBubramanyam, 1858, Prasad and Nair, 1963; Nair et al.,
1868, Prasad et al., 1878, 1870, Qasim et al., 1878). It has been

postulated by Steeman Nielsen and Jensen (1857) that landings of

commercial fish catch in intensely exploited water is about 0.4%
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of the organic matter produced by the phytoplankton. However Nair
and Pillai (1983) observed that a maximum sustainable yield of
0.2% would be a more realistic estimate for the EEZ of INDIA which

would amount to just about 5 million tonnes of fish.

An attempt has been made +to compute the potential
{fishery yield from primary production from the CIBA pond and that
of COCO field and POKKALI field at Narakkal. Total primary
production during the present study in the CIBA pond amounted +to

5000 g C/m3/year (b ke. C/m3/yr) in each year.

Since prawns are carnivores and they have been culiured
in a closed system the energy conversion could be as high as 30%
if not more. So it is postulated that a minimum yield of 20% is
possible to be harvested at the third trophic level where the

crustaceans occur in a cleosed system.

Total primary production during this

study (biomass) = b kg/m3/yr.
Taking 30% ecological efficiency at

the second trophic level for 0.6 ha = 30 x 5 x 6000
{8000 m ) pond 100

20% ecolegical efficiency at the = 20 x 8000

third trophic level 100

sustainable yield would be 1800 kg/0.6 ha./yr.
{3000 kg /ha./yr.)

It is possible ito obtain a yield of 3000 kg. of prawn or
fishes at the third trophic level from one ha. pond. Therefore
the possibility of getting a guantum of harvest amounting 1800 keg.

for 0.8 ha. pond is expected.
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However in intensly stocked closed ecosystem as the CIBA

pond exploited seasonaly a 4% yield in terms of carbon produced
appear to be more reasonable. This would amount tc 2000 kg. of
prawns or fishes at this trophic level. Hence the possibility of

getting a harvest of 1200 kg. {for 0.6 ha. of the pond is withiun

the pessible limits.

in otherwords, since the culture practice is such that
prawn larvae are stocked at a rate of 50,000/ha. and with & normal
survival rate of 40% would result in a harvestable production of
200 kg. per crop (ie. 20000x10 g based on an average weight of
each ©prawn). Maximum three harvests of 600 kg. 1is the average
vield at present. Hence stocking can be made to utilize the
available primary producers in full in the culture pond and

increase production.

In +this context it can therefore be concluded that it
may be possible to increase the fish and prawn production by
scientific planning and management of the existing prawn culture

systems for which this document would form a scientific base.
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SUMMARY

A knowledge of the biotlic and abiotic factor influencing
the cultivable speclies prawn is a prerequisite for tﬁe management
of economically successful culture. A period of two years study
during 1986 and 1887 has been made to investigale +the existing
prawn culture systems in the Cochin estuary at Narakkal. Three
different prawn culture systems namely, CIBA pond, COCO field and
POKKALI fied were selected which offered an excellent opportunity
to study the different environmental conditions such as
hydrography and nutrients and on the standing crop in terms of
primary productivity, chlorophylls, and cell counts. A
statistical analysis was conducted to cxamine the affinity of

various hydrological and productivlitiy parameters.

The present observation clearly indicate that the ponds
are highly influenced by environmental factors like tide
influence, seasonality, run off, agricultural and industrial
activities etc. On the basis of the overview 6f these
investigation salinity varied from 5-20%., dissolved oxygen from
3-5 ml/1, temperature from 28-3300, pH from 7.5-8.0 and Eh from
130-250 mV are found to be favourable environmental conditions and

conducive for culture practice.

The annual ranges in nutrient concentration clearly show
the richness of water in the culture systems. Nutrients in
general were high during monsoon season. Ammonia varied from 4-16

pe-at/1, phosphate from 1-3 pg-at/l, silicate from 7-40 pg-at/1,



80

nifitefrom 1-5 pg-at/l and nitrate from 5-25 pe-at/l  were

accounted for.

The annual range of gross primary productivity ranged
from 2000 +to 15000 mg C/m3/day, concentration of chlorophyll a
from 7-45 mg C/m3and the total cell counts clearly establish that

these culture ponds are high productive systems.

Statisticual analysis revealed that each culture system
were independant. The contributing parameters also varied on

account of the dynamic nature of the estuarine.

Enrichment of the culture ecosystems during the period
of active opocration such as pPremonsoon and postmonsoon ensured

enhanced primary production.

A critical assessment of ihe pPrimary productivity and
its implication on the economic production of prawns in +the
culture pond was also included. These encouraging results of this
research programme offer considerable scope for improvement

through planned scientific methods.
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