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PREF ACE

' Zesophysiology' involves the study of the
interactions of ecological characteristics with the
physiclogy of the animal i{nhabiting a particular niche,
In the tyrical estuarine areas, land run off and heavy
precipitation esrecially during monsoon, bring about a
drastic chance in the ecosystem and also result in heavy
siltation, adsorption/desorption, precipitation/
remobiliration phenomena in additiomn to 1r9n, manganese,
humic and fluvial eycles, These phencmena alter the
rvhyveicochenical naeué; of the estuarine ecosystem, The
egtuarine zone serves ag a ‘sink' of pollutants, metals
and organic debris subject to the topography, type of the
catchm-nt area, nature of rock formations, and the nature
and th~ extent of industrial activity in the viscinity,
™e fauna snd the flora inhabiting the estuarine ecosystem
have to cither 'adapt'! their physioclogical mechanisms or
'‘migrate' to the more conducive habitat or get perished
unfer th- ~hanged ecological conditions, The study of
interactisns of various vhysicochemical characteristics
of the acngystem with the animals adaptive physiological
mechanisme in sity provides a more authentic, direct and

realisti- approach to the cause-effect relationship,.



The Cochin backwaters and the coastal inshore sea
off Cochin, the area investigated during the present study,
are generally under heavy rainfall during soutlwest monsoon
period znd to a leaser extent during northeast monsoon, The
Cochin hackwater receives water from many rivers which
origiqahn from western ghats, This estuarine ares has
permanent ‘connections with the Arsbian see through Cochin
and Azhikode barmouths, ‘Siltation' in the estuarine and,
to some extent, in the nearshore area occurs in the pre- and
postemonscon periods whereas 'flushing® of the riverine
material takes place mainly during the monsoon period, The
sediments of the area are kive:inp as well as marine in

oriqgin,

“resence of a major portg, Udyommandal Industrial
compler, shipping activities, rare-carth mining eommlex
and ghip traffic and their activities alonn with domestic
pollutisn in the viscinity of this estuarine complex serve
as a sigrnificant pathway for the entry of indugtrial
effluents containing polychlorinated hydrocarbons, heavy
motals and other chepicals, Fertilizer aprlication in the
paddy fields, retting of coconut huek, dredging, other
human activities, weathering of rocks and erosion also
contribute to affect this ecosyste: quite often, aAll

these ‘actors have pronounced effect during active monsoon



and to a lesser extent during postemonsoon vhen freshwater
and seawater churning and dynamics alter the estuarine
ecosyste: significantly, through sorption/desorption,
flocculation/deflocculation and related phencmena.
Assoclated with these are the ‘upwelling' and the ‘sinking’
phenomena in the nearshore sea, Keeping in view all these
factors, it is presumed that the physicochenical imbalance
occurs in the ecosystenm of the Cochin backwater during
monsoon and poste-mcnsoon season, The nearshore marine
area too is presumed to depict seasonal physicochemical
varistions though to & relatively lesser extent, The
drastically altered estuarine ecosyste- may stress
physiological mechanisms of the harbouring fauna which has
to either ‘adapt' or 'escape’ to the favouratle niche,

" o5t penaeld prawns including 2, indicus, which 1is
the targct snecies of present investications, show
protracte’ breeding season often extending throughout the
year, “he I, Indicyg bPreeds and spawns in the sea in
relatively deeper waters upto 50«60 m depth zone of the
inshore continental shelf, Thersupon, post-larve enter
the estuaries and backwater arcas in large numbers and
grow ranidly. These areas serve as natural nurseries for
the juveniles, The eurvhaline nature of those prawns
enable than to colonize the estuaries and bhackwaters,

The animal then again *migrate’ to sea for maturation and

spawming, The reason(s) for such migratery behaviour in



their life cycle, which may be of ecophysiological nature,
is not known at present,

# perusal of the literature shows that mes£ of the
crustacean research work has been on general physioclogical
aspects. The works of iravis, Call, Greenasway, !luner, Graf,
“roghan, Jross, Panikkar, Parry and Robertson need a srecial
mention, ‘Though the crustacean research work related to the
eff~ots oo various physicochemical parameters has alsc been
afequately known, but most of it has been carried out in
the la.oratery where simulation of natural nhysicochemical
dynanics Lecomes a limiting factor in obtaining the true
picture of the ecophysiological interactions cccurring in

nature,

“he indepth study of the existing literature reveals
that most of the work relates to physiclogy or ecology and
that tos, of fragmented isolated thrusts to unravel the
basic princirles governing the rhysiology of animals, For
better success of the aguaculture in any ecosvstem, under-
standing of the scientific knowledge prertaining to the
marnipulation of ecclogical conditions, an? the inteqrated
factors a'fecting on the physinlogical svatems of the
inhabiting fauna of a particular niche is a primary
requisite, There is a considerable lack of concerted and
integrated ecophysiological apnroach to visualigze the



40 aity dynmamics in the ecosystems. It bacomes more
pertinant in view of the priority being accorded to the
intensive aguaculture, The evereincreasing demand of
finfish ancd shellfish has to be satizfied through

intensive aquaculture as the marine capture fishery is
stagnating between 1,4 to 1,6 million 4T for the last six
years, “hough India hes developed sguaculture technolegy
for various species groups in the seventies, yet their exist
biotechnical and economic obstacles to production efficiency
upgrading, Optimal balanced nutrition for varicus larval
stages, disease and disease eontrol, reproductive endocrie
nology, moulting physiology, and ecophysiological
interactions are some of the major areas of biotechnical

ignorance,.

"Studies on ecorhysiology of P. indicus H. Milne
Edwardg in the groweout systen. " « a research project
investi~ated by the candidate, the results of which are
enbodied in the present thesis, is a part of the well
coordinatod strategy of the CAS inm Mariculture to develop
manipulative mastery over physiology and hioloﬁy of the
animal, “his assicnment was prompted as relatively meagre
availability of maturing and mature P. indicus in
estuarine territory coupled with declined fishing activity
during monsoon in the cosstal shelf areas serve as a major



constraint for the sound aquaculture industry to sustain
itself, as mature P. indicus is a pre-requisite for the
mmwwmhwmm«;uwmm
throughout the year,

In the present study, the main exphasis was to find
cut if scascnal and ecosystem specific variations of calcium,
magnesiurn, phosphorus, copper and sinc in the water and the
sediment has any role to play in altering the concentration
of these clements in different tissues of intermoult
E. indicus a» evidenced by the seasonal studies in the G oW
out and the marine ecosystems,

\iﬁa@ candidate, after passing M,Sc, (Honours school)
Zoology (intemology and Cytogemeties) from Fanjsb University,
Chandigarh in April, 19681, joined CAS in Mariculture at OMFR
Institute as a Senior Research Fellow in October 198,
During the first semester, the cendidate underwent an
intensive course work in mariculture comprising of the
following aspects: Biclegy and culture of fishes,
crustacean:, molluscs, seaweeds and live-food organisms,
biochemistry, statistics, research methodologies, farme
engineering and acuaculture menagement, The special sudbject
1.8, "Ecophysiology of Crustaces® was studied in detail
during the second semester, In the mean time, relevant

sclantific literature ceollection and standardization of
e ' . K

B



research methodology was carried cut, At the end of the
second semester, the candidate passed the ™,.D, qualifying
examinaticn conducted by the Cochim University of Seience
and Technology. The field and the analytical work related
to the topic of research was carried cut from November 1982
to Cetober 1984,

The entire thesis comprises of only one Chapter
having an introduction, material and methois, results,

discussi-n, gsusmary, anc references.

'Introduction’ describ~s secuentially, the
importance of acuaculture, traditional acnaculture practices,
penaeid life cycle, and geological nature and description of
the ecosystems, Thereafter, meteorolocy ant seasonal water
dynamics of the ares, resultant ‘smmal changes in physicoe
chemical characteristics of the water and the sediment, and
description of the literature relevant to each ecosysten is
presented, Subsequently, relevance and scope of the present
investigations, review of the closely reilated ecophysicloe
gical works and their drawbacks, and the csscription of the
work carricd out during present investigaticon are

presented,

'".aterial and Methods' describes the general

description of the work carried ocut including sampling



frequancy; description of each ecosystem and sampling
stations; metecrology parameters, sampling strategy,
sampling and preservation of water, sediment mnd prams
in the growecut and the marine ecosystems, Sampling of
prawms include the hasmolymph and the tissue collection
as well, Thereafter, analytical methods of various
physicochemical parsmetars of the water and the sediment
are separately described, Subsequently, methods of
analysis of calcium, uﬁqaecim. copper and zinc in water,
sediment, hasmolymph and tissues are presented. Methods
for analysis of phosphorus in the haemolymph end the other
tissues is given at the end,

"Fhysicochemical and biological parameters in the
grow-ocut ecosystem™ « the firat sub=heading under ‘Results’®
= includes physicochemical paraneters of water, physico=
chemical parameters of sediment, bioelements in various
tissues of male P. indicus end bicelements in various
tissues of female P. lndicug in & sequential manner,
Subsequently, similar pattern is followed for the .
descripticn of results cbtained in the marine ecosystem.

In 'Ciscussion’, the *Results’ of the present
investigations are discussed in the licht of the available
relevant J.itaraturc, and bioelement interactions between



the ecosystem and the animal sre explained, The sex-specific
and the eccsystem specific 4differences are discussed wherever
they occurred,

The 'Summary’, of the contents of the reszearch work
presented hitherto, has been reported after 'Discussion’,
The 'References' forms the last part of the thesis,

Louthwest monsoon exerts a profound influence on the
hydrology ¢f the estuarine ecosystem, fcollowed by northe-east
monsoon, the influence of which is relatively very less,

The marine ecosyster, though presumably influenced by the
monsoon in the surface layer, remains more or less stable
near botton as evidenced by the results, -ith the advent

of susmer season, almost marine conditicns nrevail in the
estuarine _ochin backwater harbouring grow=cut ecogystem,

The eccphysiological interactions and tiscue metal concen-
trations depicted very little ecosystemegpecific differences
during nonemonsoon period but significant écesyutm-lpeeiﬂc
differenceswere noted during monsoon and postemonsoon
period, ‘exespecific differences within each of the
ecosystoms were insignificant, in ceneral, though exceptions

were there,

ine relatively stable tissue biceelement concentra-

tions in the marine ecozystem as compared to the Grow=out



ecosysten during monsoon and post-monsoon period seems to
Justify animal'’s preference for the marine ecosystem as
it c=n keep ef; stress and strain and thereby avoid
wasteful expenditure on active ion- and ommowregulation
and rather, utilize and concentrate all energies at its
disroszal for gonad development,

“he results of the investigations have enhanced our
knowledge on the physicochemical characteristics of the
ecosystems studied during present investi ation, and the
interactione of various metals in the envirorment with

t-ose 1n the different tissues of P, indicus.
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INTRODUCTION

Agquaculture was in vogue for several thousand years
(3>509 BC) and the first ever thesis on this subject was
pﬁbn&mﬁi in 47 BC by Fan Li (D111 , 1867, The basic
factors for revival of aquaculture industry are rapid
ropulati-n qrowet, food shortare, stacnatin~ fisheries
production, 1nsu§f1cient agriculturel proiuction te cope
with the high raﬁb of human ropulation grovth, and awareness
and denand for maiatials that make life botter., Acuaculture
will not be a §anacea fér‘humaﬁ»nutritianal nroblems but it

can and must contribute to ward off the swoctre of hunger,

Janan, Tailwan, Philio-ines and China are the
ploneers to give fregh impetus to molern scicntific
intensive aguéculture lesding to a lucrative business,
Several . ostérn nations have also shown keen interest and
curiosity of late., Tradiitional aquacultufa has been
practis < since long in the coastal lowelyving estuarine
regions +ithin India (Muthu, 1978 ., India has developed
aquaculture technology for various snecles oroups in the
seventies, but there exists biotechnical an’ economic
obstaclez to production efficisncy upgralingese “ubstantial
improvements at various levels ¢of intensity are needed to

have control over reproductive bioclogy tc produce off-spring



during any season, Optimal balanced nutrition for various
larval stages, disease and disease control, reproductive
endocrinology, moulting physiclogy, and ecoshysiological
1:termims are same of the major areas of hiotechnical

ignorance.

Most of the commercial penaeid prawns including
B. indicus show protracted breeding season, often extending
throughout the yéF. The Indian white prawn, P. indicus
breed and spawn ivi the sea in relatively deeper waters upto
5060 m cepth mone,of the “‘mshore ground (deeper in relation
to the arca of normal existance). Thereupon, post larvae
enter the estuaries and backwater areas in large numbers
ané grow rapialy; These areas serve as natural nurseries
for »t:he juveniles, The euryhaline nature of these prawns
enables them to colonize the estuaries and backwaters, In
the traditional culture operations, these naturally oecurring
postelarvae and juveniles are trapped in the brackishwater
inpoundments and allowed to grow for short poriods before
they are caucht, The ponds are constructed in suitakhle
coastal brackishwater areas where there is a qeod tidal
range and an abundant supply of prawn seed, This type of
pram culture is practised in the brackishwater ‘bheries’
in Yest Zencal, and in the 'paddy fields'! an® ‘perennial
pravm culture fields' adjoining the Vembanad Lake in
Kerala, The fislds are connected Dy canals to the Vembanad



Lake and are subjected to the tidal influence, The largest
and the relatively &eeper impoundment at Idvanakadu,

Vypeen Island (Fig, A) was selected as the growe-out
ecosystem becsuge the probabllity of getiing maturing or
mature 2. jndicug throughout the year, at the site, was

mora,

The ecosystems dealt with during present investi-
gation comprise §f a groweout ecosystem (Fig.A) at Vypeen
Island connected imly to the Cochin backwaters through
canals and a marine ceocystm (Fig. B) consisting of the
inshore area off Cochin corresvonding to arout 30 m depth
isoline.

- Codhin backwaters which includes Vembanad Lake
(Fig, 4) 13 a typical tropical estusry lying at 76°10' ¢to
76°30° latitude and 9°30°' to 10°10° longitude and extends
into the central part of Kerala state, It runs almost
parallel to the mainland with a depth rmc of 1.9 ¢t0 12m
{Shynamma and Balakrishnan, 1973) and canprises of total
arez of 300 square kilometers extending from Alleppey in
the south to Ashikode in the north, The Cochin backwaters
13 well comnected with the rivers originating from the
wastern Chats in the east and flowing tovards the west,
such ac ' smba and Muvattupuzha joining Verbanad Lake in

the southern half and Periyar river with its tributaries



on the northern half, These rivers traverse through the
Prmim formations in their upper reaches snd recent
alluvium in the lower reaches supplying the dissolved and
s0lid material to the backwaters especially Zuring the
monsoon mcnths (Murthy and Veerayya, 1981), cSilting in
the estuarine portion occurs during pre- and poste-monsoon
while flushing of the river material tak-s place during
the monsoon period (Gopinathan and Casim, 1971)., Bottom
sediments of the :’*nmarine region comprise of the sediment
load broucht fmv ?thei rivers as well as mzterials transported
from the zsea into the'utéary during pre- and post-monsocn
through tidal eﬁrrmu_. The fact that materials from
inshore r=gion find their way into the estuary is also
confirmed by the radicactive tracer studies (Gole and
*i’arama. 1966), The clay mineral assemblace of Pamba
river from source to mouth comsiste of nredominantly
kaolinite group of minerals with subordinate amounts of
montmorillonite and {llite, Cross mineraiogy of other
contributing rivers is considered to be the same as the
mineralogy of Psmba river sediments except for minor
differences {Aswathanaraymma, 1964), Additionally, Kerala
is a zone of intense weathering, The role of rivers in
transrorting material from continents to occans is
paranount (Goldberg, 1976), They carry mctal in solutiom,
absorbed in 4{norganic solids, as metallic coating on
solids, in orgemic solids and in detrital crystalline



material (Gibbs, 1973), Human activities, weathering of
rocks and other natural phencnena also constitute an
imrortant pathway for the entry of metals into the acuatic

environment,

“ochin backwaters hag two pormanent connectione to
the seat the 450 m wide and 12 m deep main entrence to the
Cochin "artoury and the szhikode bar-mouth further north,
It form: an extendive ané an important nursery ground for
the penaeid mrawns?(ﬁhynamma and Balakrishnan, 1973) and
is the site of traditional and extensive acu:culture,

é-!istcric#lly, there are evidences to belleve that
in the nast, the area presently coversd by the backwater
and the lan «strip in betwesn backwater and the sea was
submergad under the sea. lLater on, <ue to scme natural
céuaea. huge masses ¢f sediment micht have g0t denosited
in between the present backwaters and the ces. This has
been proved by the boring experiments (3ristow, 1938),
Hurty gt al. (19€4) hypothesize that the entire area
between the foot of hills of Western Chats and at about
75 m depth off the coast was a deep basin, which got
subsequently filled up with mud and sand, over which a
sandy crust was formed in some places,

secording to Sanksranarayanan and asim (1969),

the average maximum atmospheric temperature ranges from



28 to M°C and minimum from 20 to 25°C at Cochin backwaters,
The daily temperature has a maximum in AprilMay and minimum
in July/sugust, Annual rainfall 4is about 3200 mm of which
75% occurs during southwest monsoon period, The prevailing
winds are southwesterly during monsoom and northeasterly
during late Uctober and lovember, for the rest of the year
wind direction keeps changing, Haximum solar radiation
rzachrg the surface from Decembsr to March; and minimum from
June to iawtember:% U'ndervater 11lumination 1s least during
monsoon months bec;usa of turbidity, Tices are of mixed
type, nrofominantly diurnai whose maximum range 4s about 1 m
(Sankaransraysnan and Casim,1969),

“he Cochin backwaters an? the coantal inshore waters
cff Tochin are su-ceptible to the influence of the two
monsoons (<20 et al., 1968). As a result of freshwater run
of f from rivers, the local precipitation znd incursion of
cocl soxvater towards the estuary during the monsoon period,
a tonous of lesa dense, less galine, oxyvrsnated warm water
of about 10 m thickness extends over more “ense, highly
saline, poorly oxygenated and cool continental shelf waters
(a0 gt al., 1968), According to Ramamirtham and Jayaraman
(1960), the main circulation in the “rablan :ea results in
the esta-lishment of a surface current - lon the “est coast
which roverses itself in the course of the year, This

strean i southerly when the circulation in the open part



of the /rablen Sea is clockwise and northerly vhen the
circulaticn is counter clockwise. Associatoed with these
drifts are 'upwelling' and 'sinking' phencmena, The
existence of these phencmena has been pointed cut earlier
by Sastry and Myrlend (1960), ‘'Upwelling' occurs along the
coast during peak southwest monscon periscd, The drastie
decreasc in temperature (6-7°C), cambined with oxygen poor,
upwelled oters could be probably the result of upwelling
phenomenon (fiuaa;:*rthma. 1967), The intensc upwelling
brings up nutrien%- f.mm the deeper layers resulting in
high procuctivity (aubrd:maayan o +1953), These above
mentioned phencmena of Monal‘ramful an upwelling in
both the ocosystems results in the seasonal variation of
physicochenical and consequently, biological characteristies
in the’ﬁﬁtuary and the adioining inshore waters,

he Cochin backwaters and the a‘ioining inshere
areas are¢ loshed by heavy rainfall from June to Auqust
(southwest monsoon) and with mild, less freocuent rainfall
from Nowesber to January (northeast mons-onl, Consequently,
there 1z & tremendous rate of water cutflow in the rivers
which pour into the Vembanad estuary during the monsoon and
thereby, brings alongwith industrial effluents containing
polychlorinated hydrocarbons, hecavy metals and other
materials from Udyogamandal Industrial Comnlex, in addition

to sile, clay, municipal diacharges and atnospheric



contribution, Retting of coconut husk, shipyard activities,
regular ship traffic, port activities, chipring off and
painting activities on ships, and dredging activities
contribute to alter the ecosystem of the area (Venmjopal

et al., 19%2; Rajendran and Kurian, 1986), “redqging in
estuaries -articularly disturbz sediments wi<h their
contained métala and produce a chance in the chemical
propertics of the metals and the potential chance in its
bilological availab%l.lty (erton, 1977), Seasonal changes
in runeoff (’ankarmarayanan gt al., 1978) zlso affects the
total level of metals in the marine envircnment, The
Vembanad estuary is the place efmixing of freshwater and
seavater an’ thie may result in varicus phrnomena such as
siltation, flocculation/deflocculation, desorntion/adsorption
c?apsnmf; unvon the regulating “actors (Qourg, 1981), These
phenamcna —ay sionificantly alter the ecosvstem indirectly
via chan o irn varicus physicochemical charncteristics of

the wator ond the gediment,

fhysaicochemical characterisztics have been worked
out in the estuarine complex of Cochin back aters by many

workers,

‘anamirtham and Jayaraman (1963) exanined temperature,
salinity, =nd dissclved oxycen in the water of Cochin

cackwaters around ~1llingdon Island and ohscrved that tidal



exchan-os across the channel are fairly hich, as also the
influx o7 freshwater, The diurnal varizsti-ns of some
physicochomical factors of the water in the Cochin
backwaters during southwest monsocn werrs vomort-d by

“hynamma and Dalakrisiman (1973), falinity, temperature

and &irmolved oxygen in the Tochin bacrk -tors were studied

by Haridss gt ale (1973) during pre-mons: n, monsoon and

nogteriniomn perjod,  snsari (1974) noto -aat, in ceneral,

AR

3‘.
bhottor erature was high in the »re-- +mn months in

the © 1 2vaf lake and remorts® hich sens o -1 variatien of

Zochin Dackwaters i- - lsrien 0 envie
ronmen . 0 sharacteristics wer. owamino 0 sa%aranarayanan
and ol (1969) who noted low nutrisnt  lios Curing nree

monzere o wied and hich values Jurine cor o n and rogte

estuari o zommlex of Torhin, lalr ot 21, 1075 ) studied
— e,

primary crofuction in the waters of the o hanad Lake,

o s m of Cochin

Y ar anaravanan
(19775, nrard and Sajaneral (1974 not o ride variations
of mue oavhate which reveglsd a decr-o-irn trend from

marine oo ostuarine zone, and its concrrt o oiion was high



during monsocn and low in the pre= and post-monsoon pericds,
sankarsenarsysnsn snd Pansmpummayil (1979) studied organie
carbon, nitrogen and phosphorus in the sediments of Cochin
ackwaters,

Manikoth (1975) studied the “A{stribution of calcium
in water of Cochin backwaters, Re#o gt al. (1982) investi.
gated the seasonal variations of calcium in water, sediment
znt Jifferent tipsues of Denagus indicus collected from a

H
nerennial brackish water prawn culture pond near Cochin,

rarticulate cnppar and zinc in the waters of Cochin
Lockvaters were examined by Tankarsnavavanan and Stephen
{1975) who reported sicmificant concontrations of coprer
at’ the river mouth, [ajendran and Turian (1926) described
conner and zinc in water and sediment of Cochin backwaters
’a-:?:ilse surveying these metals in the gm&omt and the
oyster, CLassostiel MACIAZE

inshore and estuarine waters along the central west coast

Termmer content in the

of india was reported by Sankaranaravanan and Feddy (1973a),

Distribution of copper in th- sediments of Vembanad
leke was reported by Murty and Veeraoyva (1271) who observed
shat river gands contain very lov o roontraticons of commer,
“rnucopal et ale (1982) noted prevailinc nhvsicochemical

~nditicns and 'backland' influence 1o covern seasonal



variations of trace metals in the sediments of Cochin
backwaters and reported that the baremouth recion showed
an increase in metal content of sediments in the poste

FONSOO S2880N0,

Considerable gnount of litersture is availahle with
regard to physicochemical pararmetersg of »nter and sediment

in tha ormnstal, especially inshore, areas,

mmixthgm and Jazmr:man (1952) ohserved that the
infilw-oe of seutﬁwst monsoom on roastal weters is very
rrofoumd vhile thét of the northeast mons~-n is at best
indirect and aisc menitioned urwelling snc sinking procersses
along the continental shelf waters off Cochin coast,
amamirtham and 531!: (1964) noted that thro stability in the
m;eéiam surface layers of srabian Sea of Cochin is high,

but the bottom waters over the shelf are unctable, Vertical

turbulence during monsoon and earlyerost-monsoon and
regroration of stable conditions by the ~rmoet of winter are
indicated in the ccastal “ra>ian zea, and hinh stability
values durino winter and summer seasons aro ntated to be
suficirnt to immobilize the bottom nutrients(Ramanirtham
and Xair, 1964), Temperature, salinisv, “ianolved oxygen
and® wator-masg characteristics of the inshnre waters of the

west o~ ot were described by ‘amamirtham and Tatil (1965)

Aurin-: ~ro=-monsoon season, LUrwellino onhoaomennn and winter



conditions were noted by Remmirthen (1967) aleng the west
coast during mensoon ad post-memsoon period, Reo g§ al.
(1968) examined temperaturs and salinity of surface waters
ﬂm“mm&:ﬁm Seasonal variations in the
hydrographie festures alomng the scuthwest coast of India

were noted by Rso and Ramamirtham (1976),

Frimary produgtion in the seas around Indis was
reviewed by Nair ‘;.5197‘). Primary productivity in the
southesst a8 well as the northeast Arsbian Sea was
deseribed by Mu’t n “.(19?0) and Radhakrishna
2 als (1978) respectively,

Total phosphorus content in the waters of the
Arabisn Sea along the west coast of India was given by
Sankaranarsyansn and Reddy (1970), Distribution of
inorganic phosphate in the upper ‘u column in aifferent
regions of northern Indian Oceun was studicd by Anand and
Jayarssen (1972) who reported that the concentration of
inorganic phosphate increased in almost all the regions
during the southwest monsoon period and this rising tread
was maintained during momths ismediately following it,

Distribution pattern of phosphate in the sediments
of the western continental shelf of India in relation to
the hydrographic features of the overlying waters was
discussed by Rac gt al. (1978) who mentioned that phosphate



cantent exhibits an increasing trend away from the coast,
Marchig (1973) described the distridbution of calcium and
mnagmesiun in the western continental shelf of India,

Lonper content in the inshore and rcstuarine waters
along the central west coast of India was studied by
Sankaransrayanan and Reddy (1973}. The proceszes leading
to the incorporation of copper in the sediiments of the
wastern cmﬁtinanﬁaz shelf of India were roported by Hac
et al. (1974), ?épc@ elements in the marine environment of
the weat coast of xnéidlvgre described by . reekumaran
et al, (1968), Murty g% al. (1980) con.iccred removal of
corpar in association with hydroxide of ferric and manganese
as the most mfféctive nrocess in the ncareshore regions for
thé incorporation of trace elements in non=lithogenous

fraction of sediments of western continenial shelf of

India, A ‘

It becomes quite clear, fram the iitarature cited
hithertc, that the sufficient but fragmentcd work on
varicus asrects of vhysicochemical characteristics has
alreadty been carried out and that these characteristics
exhibi+ rarked zeasonal varistion subject o land runeoff,

local nrecipitation and other factors,

The relatively dry summer spell upito May is

folloved by a short period of heavy monscon which contributes



about three fourths of the ammual rain<all {(av., 3200 mm),
The res:ultant heavy run off and local precipitation
compounded with other physicochemical phenomena alter the
,marine rhise of the estuarine growout ecosvstem into an
almost ifrcshwater phase, The marine ecosvstem undergoes
relatively mild alteration as vertical mixinq of less
saline surface waters with the deeper salinc water is

restricted,

Sy suéd;n and drastic alteration of the ecosystem
strezsece various ﬁhygimloﬁical rhenomena of the inhabiting
flora and tauﬁq. Th§ sffess&a fauna eithor 'adapts' to the
chang~d ~cosystem or ‘migrates® to more concducive ecoloqgical
niche., e nenaeid prawn, P. indicus, a crrmercially
iméertanﬁ srecieg comrisging aout 6% of the prawn catch
’1n India ies extensively cultured in the brackishwater fields

aeid catceh from Xerala

of Kerala (5ilas, 1983), The :
conestitutes 46,97% (52633 MT) Q?’Zh@ total renaeid production
of 1,12 laxh tomnes in Indla. (MFI =35, 1%?2).‘ searcity

of maturine and mature F. indicus in estuarine waters and
its relotively easy avallahility in 2530 m deénth on the
continer+al shelf of the rabian sea lead us to nresune

that the 'micratory’ beshsviocur of the animal sets in at

the initi~tion of its reproiuctive develorment, This is
suprort~’ by Rao's (1967) observatirn thot [, indicug

migrate biack to the sea from their nursery orounis in the



estuaries as they approach adult hood, George (1962)
studied breeding of penzeids in the Cochin backwaters
and opined that spawning activity is closely related

to the changes in salinity, whereas Rao (1968) opined that
there scems to be no clear relationship between salinity
and spamning. Imai (1977) stated that the heqginning

of the immature stage is said to be durin~ the period
when the penaegd prawns shift their grovino places from
the conntal teg%an; to recions in the rpen s~as, He
(Imai, 1977) futthef said that the penael’ gonads are
either immature or ﬁave just started to moture in the
bays or eﬁtuaries but Spauainﬁ does not take place theres,
Correlnti n between water temerature and snawning has
been rﬁﬁﬁrtea by a number of workers (Lindner and
Andersen, 19569 Eldred gt gl., 19617 Cummings, 1961y
‘nd 1éy1l gt ale,:1963), It has been shovn that the
intenzive snawning activity is generally related to rise
in watei temperature, Rao (1968) Opineé that s»awning
geems to be not influenced by the temmerature since
temperature variation in the tropical waters is not
sirni icant, But Imai (1977) stated that there is no
definite explenation of the factors contributing to the

movement of prawns from nursery to open se2 and viceeversa,

kmauavailability of maturing and mature P, indicus

in estuarine waters compounded by the cdecline in fishing



activity in the coastal shelf areas during the monsoon season
is a major constraint for the sound acuaculture industry to
sustain itself as availability of mature D. indicus 1s a
pre-recuisite for controlled spawning and hatchery
production of prawn seeds throughout the year,

The fact that maturing and mature L. jndicys are
availeble nrimarily in the 25«30 m depthezcne off Cochin
lead us *o presume that acme pvhysicochemical parameters of
the esturzine acgﬁymtaﬁ or their evnergistic effect aaias
to alter, fireet1§ ag indirectly, the eccsystem and thereby

inhibit the normal maturation nrocess in the estuarine gone,

"W~ present work wae unlertaken to understand the
crustace ecclogical niche of Fo ipdicus and its intere
acticﬁs with the sa;mal*s rhysiology. Fost of the crustacean
regearch: work has éither been ¢n qeneral nhvsioclogical aspects
such as moulting ahé osmoereculstion or ecological aspects,
Though tere iz sufficir-nt literature, mort of the work
has beo carried out in the laboratory wh-re simulation of
in ity ~ctural physicochemical dynamics becomcs a limiting
factor in obtaining a true picture of the ee&physioloq{g&l
intersctions occurring in the ecozystem, ¢wis and lave
(1082) gu--osted that the amount of the motal taken from
the watre intc the blological material 1es alzo a2 function
cf the noture of the enviromment and the »hivziological

requirenonts of the orcganism, Feasonal chances in



envirommental factors are known to affect the rate of
metal intake by the organisms (Volfe and Rice, 1972),
The interactions of the organism with the environment
m< the sediment becomes important in understanding the
uptske of trace metals (Pellenbarg, 1978),

In the present study, the main emphasis wvas to
£ind out if seasonal variaticns of ealc:iwa. magnesium,
phosphorus, copper and zinc in the water and the sediment
have any hmeﬂabt role to play in sltering the concent.
ration of these c).nanu in different tiasues of the
pravn B, indigus as evidenced by the seascnal studies in
the grow.out as well as the marine ecosystem,

. There are basically three reservoirs for metals
in the marine enviromment: water, sediment,and biota,
‘Metal levels in t:hnn reservoirs are determined by a
complex eqguilibrium governed by varicus vhysical, chemicsl
and biological factors (Murrey and Murrey, 1973), Seasomal
variation in metal concentration in the enviromment and
in the orgenism may be related to the seasonal changes in
land drainage and thus metal import into estuarine systems
(Brvan, 1973),

Very few attempts have been made to study the
effect of envirommental metal concentrations on the animal

tissue concentrations,



The only directly ralat~d work is of -ao gt al. (1982)

y

who studlic’ seasonal variations of calcium lovele in the
exogkeleton, muscle and haemolymph of Pgpaeus jndicus in
relation "o the variations of water terperature, salinity,

pi’! and czlciun in the water ané rH and® caleium 4n the

observed (2t calcium content of the rnond water and the
haemolym-: show & Zirect relationship with Talinity, Dall

b
(1?55} sl d calcium metabolisn of lotaren we species and

o % B
ohserved thit calelum was lost rapidly in caleium low
artificizl seawater and most of the loes w-z —ade good within
twenty Tour hours, Greenaway (1972) examined calcium

requlotion in the freshvater crayfish

palllpes «n cbeerved that calcolum turnover wag very low

and the rormal balance was negative for much of the winter
intermoul: stage, “aleium and magnegium in the rnvironment

and the cxoskeloton of decapod crustaceans vas remorted by
Gibbs a. .ryan (1972). Colvocorresses gt l. (1974)
reported that cyclic aeasonal variation in ~a ecaleium and

magnesiu. ¢ the blue crah, HMan'te

exhibit .y dbvious seasonal tron’s an’ no ~l-ar relationship
with salinity was found, Peduction in rol-tive caleification
was descrii- 7 as an adapration to the emce-tration of
caledum ecicting in the environment inhabhite? by Cravfish

#41le - ake, 19767 'ills ot al,, 1978). “hichibu(1979)



reportsd calcium concentration chances in the aesthetic
hairs of crayfish caused by the envircnmental salinity
shifts, “‘egulation of bleod ions in Zgrcinug maenag

in normal ad dilute seawater was reported by Tanders(1980),
Creenaway (1988) reviewed the calcium balance and moulting
in crustzcea, Uptake and turnover of raciocwactive calcium

in the crayfish was reported by lMiyazaki and Jozuka (1964),

in relatdecn to copper and zine, most of the work
t
[
is on wurely p’:‘s?s;alpg;ical agrects and, toat too, mainly

on toxicity,

iewis and Cave (1982) revicwed th- literature in
relatisrn tc copper in the marine environmeont, Jolvocorresses
and- lynch (1975) noted variaticns of coroer and zine in
gorum s:; the blue crat, Sallingcctes soplius and observed no
siemifi-cnt carral&tim with envircnmental salinity, Bryan
vulgaris

and exnlained that increase in sea water =inc concentration

(1984) ptudiad the zinc requlation in Hom:

did not a'rreciably affect zinc concentration of the blood,

abdrminal muscle and gonad,

“atkar gt al, (1981) studied the iztribution of
copper an  zinc in water, sediment and crustaceans in the

Bombay arbour Pay. wWhite and  ainbow (1972} noted the

ability o7 :alaemon glecans to regulate thec internal



concentration of trace metal over a wide rance of external
trace metal concentrations, “hite and lalnbow (1524)
stuii=d tha eoffects of tamperature an® zinc concentration

on the reculation of zinc concentration in

Rajan 2% al. (1986) noted the offects of scason, weight,
sex and roproductive cycle on zine concentration in the

soft tissucs of a mussel M « “hiber (1979)

sucaest < the ocourrence of hi-her levels ~f metals in
orcanls-g nt% certa‘n tires of the year, ~tkavick and
Stepanvuk (1270) shaﬁed that the =seascna?! rariation oF some
trace moctola in shrimp is very =ronouncs” cocecially during

the bhreciing season,

it hecemes ~iite arrarent €from the noailahble
literature that the eccrhyriolorienl ermrosch to ecosyster
dynanice was rarely followed and, therefore, the rregent

attemmt 153 bheen made,

no present investioation was carricd out in two

SO IOt

its life L., a crowecit ecosyater cormri-ice of 176
hectars cgtuarine impoundment located at avanakadu on
vypeen Izland and connected to the estuarins covrlex of
Cochin backvaters which renaing marine Jdominnted from

Hovember Lo ay, and a nmarine wcogv&tﬂﬁ lesatsd at about 36 m

depth in :tho inchore area off Tochin whero —atoration



ad spaming usually cocur, more or leas, during most
part of the year,

Therefore, the stress in the present investigations
wvas on the astudy of seasonal dynamics of physicochemical
characteristics and metals in water and sediment in each
ecosysten, Subsequently, the effect of seasonal variation
Oof each metal in water and sediment, on the seasonal metal
dynamics in mele and female prewn [, ipndicus was worked out
in the W’V&‘g ecosystems,



MATERIAL AND METHOLS

segular fortnightly samples of water, sediment

' and prauns of male (Fig.C) and female (Fic, 7) Eenagus
indicug of maturing or mature size were collected in the
growecut {(7stuarine) as well as the marine ecosystems for
the periecc of two years (fram November 1972 to Cctober 192%4)
to study the interactions of various physizochemical
paramet:ors and ad@g of the trace metalr wit™ the bicelements
of the a~imal, Askpf§wns‘are penthic or onismeg, it was
consider mﬁra-approériate t0 collect ater sanples from
just 30 o abgveitha base of thé wateé—cmlaxn in both the
ecosyste~z, ~‘he water samples were analysc’ for temperature,
disgolv~< oxy-en, pd, Sh, salinity, net nii ary productivity,
nitrate, nitrite, avmonias, calciur, magnesiun, total
ﬁ%ggwhqrgf, copper ané zine, ‘ediment sa les were analysed
for temmoopture, vH, Eh, talcium, magnesiv, total
phosphorur, copper and zinc, Cimultanesursls, Jifferent
tissues(eroskeleton, muscle, hepatopancre:s and ovary/testis)
and haemolymph of the prawn samples wer- subjected to
analytical methods to find out their caleiur, magnosium,

rhogphoran, copper and zinc content,

The grow-out ecosystemn is an ecctoarine impoundment
of anout 176 hectares located at Edavanaka’u in Vypeen Island

near Cochin (Fig. A)le This is connectsd t¢ the Vembanad



76°8 o’ 12’ 14
s N T ! !
\ 7
| 7
v ‘
~—
N v |
, MUNAMBAM | {
1
10F A
—_— » |
1 1
N |
\ |
. \
4 \
W \
" 1
PALLIPPURAM |
« {
g ; \\
w AN
[ |
e
) KUZUPAILLY ¢
¢ 7 \ \
, } \ \
" \
ek { \
. . 1 \
Station I — = ' ¢\
» II Al ';e \
\ "|ED:A KAD \
) I [1 “D \
\ /’
4 : \
L}
4k - NAYARAMBLAM
]
@ kN
2/ «
o
P-4
Q
«
¥
@
10'F g
COCHIN HARBOUR d =
[Z===]vYPEEN- MunaBAM ROAD m %
, COCHIN
58 5L i

FI1G. A- MAP SHOWING THE GROWOUT ECOSYSTEM



estuary through a net work of a few canals (Figq, A2)., The
average <eopth of the estuarine impoundment is about 1.5 m
and the ticdal amplitude is anout 0,5 m, Three research
stations representing the approximate total area of the
growmcut inpoundment were selected, keeping in view
various f.ctors, to carry out the seasonal variation
studies, These were station I, station I7T and station

IIT Ui . )

=) aarin$ ecesystem (Fig, B) 1liez at about 30 m
depthezone on thescentinental shelf of sravian “ea Off
Cochin,  hree stations i,e, station IV, station V and
gtatien 7T(ria,8) were 1éenﬁified for recular sampling
of watcr, sediment and male and female -, iniicus in the
marine {%ﬁﬁ“%tﬂm; This area iz considered to represent
the Gﬁ‘*“&ﬁ greunas for maturation and snawning of prawns
thouch the outer limit extenis upte 57-60m onthezone as

report«. by “ao (1978),.

HETH Y TORT, PASAMETE

A

|m

1t monthly cata relating to maxirmimm and minimum
aarial tourerature, humidity aqﬁghpinfall ras reqularly
collect~’, to have the general seascnal nicture of
local clinate, from the Hetecrolony le-ar mirnt, Covernment

of Iniia's local data recording centre at ~chin airePort,

N T )



FIG. B - MAP SHOWING THE MARINE ECOSYSTEM, COCHIN
BACKWATERS & CATCHMENT AREA



Samples of water, sediment, and male and female
LQ indicug (intermoult stage) of maturing or mature size
were collected seguentially, every fortnight, from eash
ecosysten during high tide period oaly, as copper
concentration 1s known to vary om a tidal basis (Young
¢t 2les 1977 Zirino gt ales 1978), Sawpling was ususlly
carried out emboard & dug-out Canoe (Tig, E) and
ressarch vessel ReVe Cadalmin (Fig. ¥) at the grow=out
amd the marine oéocxnﬂt respectively,

 yor omygen analysis, 128 ml 'Corning’ reagemt bottle
with a bBOD at@m:wu used, The bottlea were washed twice
| with the asbient water before sampling, Care wes takem to
ensure £illing of water into the bottle with airebubble fres
unagitated water. Then,the bottle was stoprared inside the
water column, 1 ml of Winkler A(20% ag w/v Mangsnese chlerids)
and 1 ml of wWinkler B (4,1 ¢ NaOH + 78 g KI in 100 ec water)
were added using the automstic pipette inmediately after
removing the stopper of the bottle., Subsequently, the BOD
stopper wes secursd without trapping smy air-bubble d the
precipitate was dispersed unifommly throucheut the bottle



by shaking, The fixed samples were kept in a covered
rack to nrevent evaporation,

ater samples for ast primary procductivity studies
vere collected in the sume way as for the dissolved oxygen
but for the addition of Winkler A & B using ‘Light and
vark® bottle method (Strickland and Farsons, 1968), Only
‘light' bottles were used in the present investication as
emphasi~ :asg tc know the rate of net primzry nroduction
only.  he be*tlis were stoopered inside the waterecolumn
without trawning any lirnbnbblé. Heagent bottles of 125 m)

canacity were ased as 'Light' bottles,

~ater semples for temparature, talinity, pi, Eh,
nitrate, nitrite ané ammonia were ccllected in 2 1 narrowe
mouth polypropylene (1AC, 1975) bottles precleaned twice
with the arnbient waﬁer. The bottle was “inred to Just 30
on above the bottom 1n 2 closed condition and then, it was
opened to let the water in uncer mismm « conditions,
Ince £11ind, 4t was taken out, capped and rtored in a
vaMen-bf*v after recording the water te rorature, Water
samles ‘or caleium, macnesiun, total rhos-liorus, coprer
and zinc wvere alss collected similarly excent that these
samples wrre acidified to about pt 4, can~=d and stored

in a wo enebox,



Jater samples were analysed for p and Eh
immediately after resching the laboratory., Thereafter,
water zamles were either preserved or analysed as early
as possil>le for variocus parsmetsrs, Licht bottles for
net primary productivity studies were kept in the shade
near window for 24 hours before analyais,

SapupLIve Or SEDIMENT

;;edﬁaengi samples for temperature, nii, Eh, caleium
magnesiurs, tatal %hbbpharuz. copper and zinc were collected
with the help ©f a Van Veen grab (Fig. ¢) lowered from the
dug-out Canoce using polypropylene rope, “he grab was
hauled up once it penetrates the bottom, Thereunon,
sediment sample was collected at random from inside the
orab and wml&d ;up in 200 ml capacity wide-mouth polypro
pylene :cttle, capped air-tight after notinc the temperasture
and stored in a wooden~box,

“ediment samples were analysed for -H and Ih
immediatcly after reaching the laboratory, ubsaeguently,
these were dried in hoteair oven at 100°C for 24 hou:.
Thereupw:, sediment sanples were cocled to ro termerature,
powdered with agate mnftar. put into small nolythene bans
along witi: date, station and gample numb-r information,

sealed and =ztored in a desiccator for metal analysis,



SAMILING (5 PRAWKS

"he Indian white prawn, D. indicus of intermoult
stage an” ~aturing or mature size were coliected with the
help of stake nat, every fortnight preferal:ly on fulle
mocn and newemoon days, immediately after the water and
the sediment sampling. The moult staging vas done by
referrinc to the methods described by cheer (1960). It
involve haﬁﬁutmuch feeling of the cararace and the
rostrus, ﬁﬁéihanéelans examination of the setae of the

uronoc,

e maturing or mature prawns werr: collected based
on the * ronomical characteristics of o jnicus described
by .#&80 iiﬁ?ﬁj.:'ih§ female prawms (i iqg, ., belonced to
140 to 200 mﬁ size ran—e and had licht yellow to dark
creen colour of ovary along the midedorsal line; and male
prawns ( i, C) belonged to 110 to 160 mm cize rance and
had wihits terminal ampoule of vas deferens one on each

zide o o thoracic reglcn,

HAEMOLY o0 COLLACTION
—

Tach prawn was washed with the a=bi-nt medium before
taking out hiaemolymph 80 as to clear of 7 any extraneous
material sticking to the arthroiial metbhra -~ or the carapace,
A 1 ml ~lass syringe with Mo 22 hypofermic necdle was used

after wa-hing with an anticoagulant (3¢ a-uous TrieSodium



citrate) for haemolymph collection from each prawn, The
haemolymph was taken out either after plercing the
postericr wall of the heart along the midedcrsal line by
insertin: the hypodermic needle throuch the arthrodial
membrans connecting the carapace and the first tergite or
by plercing the dorsoclateral wall of the carapace, The
haemolymrh was transferred to 2 ml screw=canmed vial
precleancd with an antiecoaculant, The vial vas numbered
and storod inéchigled condition in arn ice=:ox, Thereafter,
the numored @ra&ﬁg were wrapred in aluminiom foil ané put
into a nolythene bag, which was, in turn, ~ut into another
polythen. bage A label canteining the relevant 1nformgt1cn
wag plac:d in the ~uter bag which was ti~»zly tied with a
rubbar bhond andfﬁtﬁxad in aﬁ iced icewboy, 211 haemolymph
5mmplvs ﬁﬁll%éteﬁ were preserved in the freazer after

reachin. the laboratory.

AISoUL L CTION

e prawn samples were dissected inv=diately after
reaching the laboratory for different tis-uees (Viz,
exoskeleton, muscle, hepatopancreas and ovary/testis), The
haemolymh and the tissue portions of the warious animals
were pooled up for analysis, “he tissue ~amlos were Kept
on tin fcil nieces and dried overnicht in an hotealr oven

at 80°C, _.ubsequently, 4dried tissues were ~ocled to room



temperature, powdered in agatee-mortar and put in small
polythens bacs containing relevant scientiic information,
Therezfter, these bags were sealed and stored in a

desiccator for further metal analysis,

%E‘ﬁ*‘??:ﬁ" IM OTHE MAQTINT BCOSYITIM

LA ThnE the ot RS T Ay
S OMPETI T ATIR
. J

ater samples for tomperature, szlinity, dissolved
orysen, =, Yh, net primary prouctivity, rnitrate, nitrite
and amoria were iak@n with the help of a ".=~gen bottle
(¢ige '/« /Mansen bottle is a reversing bottle fitted with
two nlu- ralyes -on each end of the MNansen cvlinder. The
valves ar: onerated synichronously by =canc ~F a connecting
(metallic’! rod fegtened to the clamp that =-~ires the bottle
to the dircerope, Wwhen the bottle is lowers?, this clamp
i3 at the lower and‘and the valves are in ¢-~ oren position
(Fiq, ''=1) mo that %he water can pags throu ' the bottle.
;‘f’he water sanmler 4s held in this positisy ‘v the release
mechanis - ich passes around the wire-ronc/, Nansen
bottle - lowered after fixing 4t to the ~etallic winche
wire in ~uch a way that sample is ccllected “rom about 30 cm
above botiom of the water column, & mescen-or was then
forced ihrrurh 4the water column, ‘The messeoncer strikes the
release, tho water sampler fall over and *urns through 180°C

(Fice ‘i=1}, shute the valves which are the held cloged by
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a lockin- device, and reversed the attached reversing
thermometer too, Hansen bottle was winched up onboard

and the sample aliguots were taken,

“ater samples, thus ccllected from the Hansen
bottle, wore used for determination of all vhysicochemical
paramet-rs but for metals, 7The methodolo v esployed for
nreservi-~ the samles till analysis was the same as the

methode uned {n the groWweout ecosystem,
S
: TR
gﬁgrgsamgles for calciurn, magn siws, total phospherus,

copper . zing analysBis were rollected wi:h the help of
VVan-'rr' nolyprorylene water campler (is, I) having
least = +allie parts, It was lowered down irom the
regearc: v$sse1’Cadalmin alonnside a polynronylene rope
in open <-ndition. After lowering it tc juct 30 cm above
sea flov:, a messenger was forced throunh the water column,
It striu.;, resultinq in wnlocking of the =nring which in
turn clooe” the sampler tightly, Thereaftar, it was
rauled u~ onboard and the water was transferced to 21
narrow mouth polypropylene bottle, acidifi~d to pH 4.0,
capped ol stored in a wooden-boxe rurther laboratory

tregtment was similar to the aoroweout scoovghen,

EoMPLIN o BERIMERT

“odiment samnles were ccllecte” on? siored in &
$

similar oy, after recording seciment temrorature, pH and



Eh, a8 onrriad gut in the growsout ecOsystem, In this case
the Vi Veen grad was lowered from the research vessel
cadalmin using jockey pulley (Figs F=1), As soon as the
sea bottom was reached, the winch brake was applied, ihe
‘heuling up of the gradb was commenced immediately as aay
‘delay o8 the bottom will increass the wire angle, causing
‘the grab t© be pulled out cbliquely.

mwwﬂwtw and of maturing ox
wature size m cclw td.th the help of a trawlemet
operated from Re Ve amm at each of the researsh
atetionn, Trawling time per unit hmul never exceeded
twenty ﬁ.mm, m prawns were sorted out immediately
after hauling, The further treatment for collection of
hasmolynph and m samples and their presexvation was
the seme as described sarlier in the grow-out ecosystems

A 0=50°C high precision thermometer was dipped into
water (unacldified) contained in 2 1 narrowsmputh POlypro=
Pylene bottle immediately after its sanpling at the growsput
ecosystem and the tenperature was recorded, At the
marine ccesystem, water temperature was noted on the
reversing thermometer attached to the hansen bottle



HYD oo™ 100 CORCERTEATION (pH)

Jater samples collected in 2 1 polynromylene bottles
(unacidificd) were used for electrometric »i' dotermination
utilizin~ lico pHemeter model LI-10T havin: a alaes
electrode md a calomel electrode, The inctiument was
calibrated :ith the helﬁ‘of pii buffers, ~“ter trking the
pt-meter >rading, the inegitu ni was calculat-d using the

formulas { lockes, 1969)s

i
R

+ 0,018 {t

o = pil .
in-gity i urad 2=ty)

YT e
& otk

ty = temperature in situ

+t. = measurement temmerature,

cter samples caliect@ﬁ in 2 1 polvriorylene bottles
{unaci i @ <) were used iét clectremetric " Jotermination
utiliziﬁ*’ 1ice pH meter mo'el [ I=107 havin 2 nlatinum
electroic on’ a calorel electr-de, ©h roa ings were taken

after caliiration.

17°% ml '‘corning' reacent bottles havino precipitated
water = 17 were used for oxvien analysis, cracitional

-

Ankler —-=hof with azide modiflication was o Lo Jetermine



’“ dissolved oxygen content, The outline of the method
{PA0, 1975) is as followss

The precipitate was dissolved in the laborastory
1 ml of 1+1 sulphuric acid, The sclution was
%ﬂrtted acvainat sodium thicsulphate solution, Starch
was used as an endepoint indicator. Sodium thiosulphate
Mizm wvag standardised during every set of titration

%ﬂiﬂg 0,075 W potasaim icdate, Then the dissolved oxygen

mtratim iwas icalculateé using the formulas
*;

Cxygen (ml/1) = 2393
o 4. Ev-z)
Where,
a = V¢1m of sodium thiosulphate consumed in ml,
F = ﬁéémglity of sodium thiosulnhate solution,
V = Volume of Winkler bottle in ml,

t
E . b

\ater samples ccllected in 2 1 polypropylene bottles

%f‘;ﬁwzéifiad) were used, HNitrate was estimated using
gadniun reduction colusn (Solyom and Carlberg, 1975),
kittuts is reduced to nitrite almost quantitatively by
yalga ¢ cadmium column (Fige 9., The nitrate is then
ﬂ’m&, according to the cla. szical Griess's reaction,
:1'3 outline of the method followed (ral, 1975) is



75 ml of the water sample was run through the

: .huamateﬁ calimium columm, First 10 ml of the sample
flowing through the column was discarded and the next
10 ml vas used to wash the Frlenmeyer flask, Then 50 ml
_ was collected in two flasks of 28 ml each, ~o 25 ml of
- the reducnd sample and the blank sample, 0.5 ml

| sulphanilamide reagent (prepare;z by dissolving 8 g of
sulphanilaaide in a mixture of 20 ml concentrated
hydrocinloric acid and 420 ml of water) was adied, After
not less than 3 minuf;é;s at;h not longer than 7 minutes,
CeS ml o :aa-(l-rs‘aphth;}'lﬂ)-ethy;ene dlamine sclution
(preparco: by dissolving 0,8 g HNED in water and making up
to 500 ml) was added to. the samples The absorbance was
_measured a5ainst the blank ia the ECIL Senior Cpectrow
photametcr 5 B65D at 545 mm,

{
~ater samples collected in 2 1 polvrropylene

bottles (unacidified) were used, Nitrite was determined
by the Azodys method (Bendschneider and Roninson, 1952),
The det-:mination of nitrite {s based on the classical
Qriess's rcaction in which the nitrification at PH 1,5«2,0
is diazotised with sulphanilamice, resulting in a diaso
compound, which in turn is coupled with Ne{l=napthyl)e
ethylene Cianine to form a highly coloured azo=dye with

L S



an absorpticn maxima at 545 nm that s measured
spectrophiotometrically,

The methodology used was the same as for the
daternination of nitrate after reducing the samle through
the smalramated cadmium reduction column (FAQ, 197S),

Jaten samples collectel in 2 1 polyrropylene
bottles (mwéﬂuﬁ;ﬁ) were used, Ammonia was determined
followin: the :bhancluhvpochletxtc method (é?éelatzmo; 1969),

~ The follwinq‘mﬁi;hot&eiogy was employed in the analysis:

‘0 50 ml of the sample and the blank (having
éistlllaé water), aéded succescively, 2 ml of phenol
solution {gfep;areé by dissolving 10 g of ~henel in 100 ml

of methancl) and 2 a}l of 0,5% godium nitrorrusside solution
| {prepared by diasolﬂnq 1.¢g sodium nitropruccide in 200 ml
| @1st111cC water) were added. o the samplc, S ml

exidizin: rcagent [ prepared by mixing 100 ml alkaline

_ soluticn (prepared by dissolving 100 g trirodium citrate
aﬂd 5 g of sodium hydroxide in 500 ml of water) and 25 ml
of scdium hypochlorite solution which was more than 1.5 E/
m alsc added mixing thoroughly after each addition, The
colour was allowed to develop at room temperature for 1
hour, The absorbance was measured against the blank in the

| RCIL Senior Spectrophotometer GS 865 D at 640 mm,



 BET pen oY PRCDUCTION

et primary production was estimated by ‘Light and
Dark bottle' technigue (Stricklend snd Parsons, 1968), The
dissolved oxygen values were taken for the Initial bottle
{(18),

After keeping .in labcratory for 24 hours the water
samples collected in the 'Light and the ark' bottles were
fixed usin: linkler L and “inkler B solutions. The diffe
erences f*tv@zd;en ‘%aight' and 'Initial' boitles were taken

as net produgtion, The calculation was done as followss

Net Primary Production (mgC/m®/d) = 605 €/7V 1o Vo) 7
where, :
£ = “£% cactor determined through sodium thinsulphate
standardization,

. ® ‘{f }t 3 " i
V‘w) and (1) ™ swzm;{thiwulphate titre values cbtained
from the “itrations of *Light'® and 'Tnitial! bottles

respectively,
PC = Photosynthetic Tuotient (here taker as 1,2),

TOTAL 107 . HORUZ

‘ater samples collected in 2 1 polypropylene bottles
(acidified) were used, The modified method of “urphy and
iley {1962) was followed for the estimation of total
phosphorug, The outline of the method is presented belows



To 3% ml sample in a 120 ml Zrlenmeyer Flask, 0,35 ¢
of Potassium peroxydisulphate vas added, and boiled gently
in a electric heating mantle until the volume ig S«7 ml,
After conling it to room temperature, the sclution is
diluted to 35 ml again with distilled water, Added to it,
1 ml o7 the acidemolybdate sclution (prepared by mixing
200 ml of 9,1 N sulphuric acid with 45 ml ol 3,073 M
ammonium hieptamolybdate solution and then adding 5 ml of
001 ¥ p:::’sa,%,:iim a:gti-mmyltartarate solution) and mixed
wells ihen 41%m1 6f the ascorbic acid scluticn was added
to ite Ihe biue colour of the sanple was measured in the

LCIL Senior Spedtrophotometer GY 865 D at 882 nm after five

minutes.
LAY T e T CHERI AT fat ZTIRE O L IRENT

A O=80°C high precision thermometer was inserted in
the sediment sample contained in the Van veen ~rab immediately

after it was hauled up omboard and the termeorature was noted,

HYD.we .l oo CONCENC&ATION (pH)

Sediment samples collected in air-ticht 200 ml wide
mouth polynropylene bottle were used, The oM of the sediment
was determined using Elico piH meter model 17.10T and the
method followed was similar to water pH esnalrels,



Sediment samples collected in airetioght 200 ml widew
mouth polypropylene bottle wers used, The 'h of the sediment
was estinsted using the same Zlico pH meter bHut with a

platinum electrode following water Fh met:odology.

~

ZOTAL oo CHORUE

Total Photptma was determined by prolonged nitrice
perchloric aeid hq;b digestion of dry finely nowdered sediment
sample of kna!il weicht taken from sealed polyprooylene bag
in a d@sim:até; This brings all phosphorus into solution

~except thét h@rldﬁ in resistant silicate lat*ice structural

sites, “he outline of the method (rYAC, 1975) is as follows:

0.5 ¢ dried finely powdered sediment sample was
taken in a 100 ml Xjeldhal flasky and threy small acide
washed ¢lasnebeads, \‘2 ml goncentrated nitric acid and 2 ml
of concentyated perchloric m& ware adied. ‘he sediment
sample was then heated to dry, After coolin:, dilute
sulphuric acid (prepared by diluting 50 ml concentrated
sulphuric acid to 1000 ml) was added to the sediment, It
was then ‘i:-ailgfs slowly for 10 minutes, . fter cooling, the
’ sclution vas filtarm using moistened Whatman 42 filter

"@;m intoc a 250 ml velumetric flask and e’iilutgd to 250 ml,
To 5 ml of this solution, 25 ml of water, 5 drops of 0.4 M



ascarbic acid and 1 ml of sulphuric acid-anmonium molybdate
solution (prepared as for the total phosvhorus estimation
of water) were added, After 5 minutes, the absorbance was
measured on :CIL Senior Spectrophotometer model CS865D at
882 nm against distilled water as blank, .71¢ rosults were

calcula:od from the equaticn:

a
nards
j i
-i total concentration of rhos~ orus in ug/c
- . ,
a <’ values.obtained from the curve, in ug/0.% g

b « swmple welcht in g

ANALYETO T cﬁml‘g‘% VMACHESTIN, CCINIR A 7T YN L ATTR
SEDIM 1. L VARIOUS TisSULS CF B, INDICT . "

v  PerkineElmer 2380 Atomic sbsorption ‘pectrophotoe

‘meter {(i'1i0,K) incorporated with aitomatie curve correction

microprocessor technology was utilized for metal analysis,
The lignt source used was an intesitron ‘iocllow Cathode

Lamp (iiv.) s Air-acetylene was the oxidant-ucl combination

- with a ¢» ~cible 10 ow burner heal and an impact bead of
pyrex, Ho instrument was used for analy-is subj-cot to
the operational as well ar standard conditions laid out

% in the : erkine'lmer manual,



While carrying out amalysis, the following
additional precautions were takens

interferences (i,e. Chemical, Ionimation and

Hatrix) and background absorption, if any, were corrected
after chocking the standard conditions, In case of the
matrix interference, s:bnﬁaréa were matched, as closely

as possible, to the samples, Always used ceionized double
glass ﬁ&st&ufeé water, Used proper number (usually two) of
- calibraticn Stm&wdl. and alsc check standards (falling
in the midﬁl;t of thaﬁr'négé being covered by calibration)
to make aur§ thtt the analysis will be accurate, The
blank was a rWntaﬂv: of the sample matrix, vhenever
sewple vas digéated, the blank contained s}l the resgents
used in the mpli preparation., The burner and the burner

head assenbly was cleaned regularly,

TO 1,249 g of CaCGS. added 50 ml of éeimim water,
ma then added to it drop wise a minimum volume of Hel to
effect conslete solution of the calcium carbonate and

diluted to 1 litre with deionized water,

Tissolved 1 g of magnegium ribbon in a minimum
volume of (1+41) Hel snd Ailuted to 1 litre with 1%(VA)



Hel having 0,1% Lanthanum as chloride,

Diszolved 1 g of copper metal in a minimum volume of
(1+1) HO, and diluted to 1 litre with 1% (VA) HNO,,

%‘é"

~

Dissolved 0,5 g zinc metal in a minimum volume of (1+1/
Hel and diluted to 1 litre with 1% (VA) Hcl,

e,

PilPal L TON

s STANCARD S LU IONS

?rapnzéﬁignitubie dilute standards fram the stock
soluticns éescribadkunder the standard conditions for esch
element, adjusting the pH of standards to n'! 4,0 with
‘ hydrochlorie ncia; Added incremental amounts of these
dilute standards to the distilled water (containing 1%
xﬁnthanum in case of calcium) to prepared working standards
containing 0, 2, 5 and 10 Lg/l of the elements of interest,

In case of copper and zinc, the incremental amounts
of their dilute standards are added to the sxtracted ses~
water tc rrepare the working standards centaining 0, 2, S
and 10 ug/l of the element of interest. 7o 750 ml of the
workins standard, added 20 ml of methyl isowbutyl ketone
(MIB:) and then 7 ml of the 1% Ammonium pyrrolidine
dithiccarbamate (APDC) solution, and ecuilibrated for 30

minutes on a mechanical shaker. Separated the organic layer



in polypropylene bottle and analysed within 3 hour of
extraction,

“he working standards were prepared fresh every time

and were used as calibration as well az check standards,

d.fied seawater sample (pH 4,0) was diluted with

distilled watgr (Having 1% lanthanum) 80 =2t to place the
element cmceitratim within a suitable analytical range,
The calmratim ptmdlxds as well as the mamples were
aspiratcd under standard conditions (422,7 nm wave length;
0.7 nm slit widt;.!;:}il\n described in Perkinellmer manuel,

. The slicic ionization in the flame was controlled by the
additicn of an alkali salt (0,1% potassium as chloride),

The concentrations were then calculated as followss
%

Elemant (ug/ml) = (ug/ml in sample solution). (d.f£,)
e
 d.f. = dilution factar, if used

= final volume of diluted sl
Volune of aligunat taken for dilution .

Acidified seawater sample (pH 4,0) was diluted with

distilled water 80 as to place the elemental concentration
ﬁth in a suitable analytical range, The procedure



followed was similar to that of calciun except that the
wave length of 285,2 nm was uged and lanthanun addition

was not carricd out,

COPPER 1D ZINC

seidified water szamples (pH 4,0) contained in 2 1
narrow mouth polyprcpyiene bottles were used, Took 750 ml
aliquet dnto 1 1 polypropylene flask and added 35 ml of
HIEBK :ml,&daq by 7 ml of 1% 29.:C golution (¥/V) in distilled
water (?ﬁ’&p‘éﬁ%ﬁ éhe APLC solution with an ecqual volume of
MIBK, ail%wasi the vhases to separate and retained the
aquous r‘za&a) md equilibrated for 30 minutes on a mechanical
shaker, amm«! the orgmnic layer in a ~olyvronviene
bogtle. it was ,ﬁﬁizated ad analysed preferably within
3 hour of extractim and the agquous layer was saved for
‘the prepiration of standard solutions, The slit width
was 0,7 nm for comer angd zinc, The operating wavelengths
for commeor and zinc analysis were 324.2 ' and 213,9 nm

respectively, The calculation of metal concentrations

were ~arri-d out as for calcium,

METAL 50 IX¥SIS OF SEDIMENT OAPLES

Ionited 1 g of the dri~d4 and finely powdared
sediment sample in silica crucible at 700°C for 24 hour,
thereafter, sediment sample was cooled to room temperature

and tran. ferred to a 100 ml beaker, :dded to it, 10 ml



{3+1) Hol and heated st 60=80°C for ome hour, Dscanted
the supernatent 4into a 250 ml volumetric flasgk and
potained, - dded to the residue, 10 ml aqua~regia and
svaporated to dryness Ain a fum-hood, iapeated the
aidition of agua regla and evaporation to drynesse
Dissolved the residue in a mintsum smount of licl and
~ transferred to a 160 ml bpaker alongwith the acid extrect,
Diluted it with dlstilled watex, filtered and made O
volume in a 2;9 ml volumstric flask,
4

The phocessed sanple solution was diluted,
whenaver negessary with éistilled water to bring the
c@mﬁ:&ﬁeﬁ aﬁ the alerent of interest into a suitable
corcentration xaw&. Tor the dstermination of calcium
the final Allution contained 1% lanthanum o prevent
potential anfonic interferences, IOr copper and zming,
APDO=MIEK extraction was f:&tti&d out, The procedure
followed for analysis of calcium, magnesium, copper
and zinc was ssme as described for metal snalysis of

water,

Known weight (usually 1 ¢g) of dried and ~
finely powdered ¢issue Ox known volume (045 ml)
o hsemolymchwas taken in a silica esuwible
covered with silica lids end transferzed ts a



cool muffle furnace and slowly raised the temperature to
450.500°C, Ashed overnight, removed sampleg to let it
cool to room temmerature, Then added cautiously 2 ml HNO,y
and swirled, Lvaporated carefully just to dryness on warm
hotplate. Tranzferred to conl furnace, slowly raised the
temperature to 458=500°C end held at this terperature for
1 hour, Again removed the crucible and cocled it,

Repeat: < 404 treatment, as and when neceszarv, to obtain
clearn, ?:@tiica}ly carbon frec ash, Adced 10 ml 1 N Hel
ana éis:wlvié the ash by heating cautiocusly on a hot plate,
Trmsf»::s."méﬁ%tcr 25 ml vbl#netric flask and «ided Fel as
NeCes8IYe Cd%led and diluted to volume (17AC, 1980),
tetal analysis was carried ocut after further suitable
dilutiea/axttéetign of the digerted sample and procedure
followed was same as for metal analysis of water, The

results vere expressed in dry weight or volume basis,

i

PHOSIIY 0 ANALYSIS TN HMAFMOLYMPH AND O L0 TISSUES

estimeted by Lowery et al.'s (1954) method using phosphoe

molybdate and ascorbic acid,

70 the welched dry tissue zamrle or haemolymph of
known v tune, added ashing mixture (containing 70% per-
chloric 2cid and 20 N sulphuriec acid), '~ated the mixture

in an hot-alr oven at 95°C for 2 hour, £-llawed by heating



to 185°7 for ancther two hour, The mixture was cooled to
roam te:porature, and to the cooled, wet ashed sample,

added mixture of ammonium molybdate and ascorbic acid,
Imnediately mixed thoroughly and placed the tubes at 37°C
for two hioure. The optical density was recorded when the
sanples were cool on ECIL Senier Spectrophotometer at 882 mm,
The phosinhiorus was expressed on czr:y welght i:ésis or volume
basis (in case of blood) anc values were the mean of

triplicate ani\lysi‘s.
i :

¥

SIATIZITU, o # LYSIS

A11 ﬁhé ';tatiatieal snalysis were cacried out
aceording to %eﬁe‘:or and Cochran (1967). enthly mean
and stanvard dav;ia;;ona were calculated for all the
parameterz, Correlations between all the physicochemical
and biolocical parsmeters were computed at .egional Computer

Centre, “overmment of Indla, Chandigarh,



RESBULTS

“easonal variations of different physicochemical
paramsters in the grow=out a2s well as the marine ecosystems
are gcowerned by seasonal rainfall during monsoon and
therefore, for conveniance, season-wise Cescription was
adhered to, An year has beer classifi~d arbitrarily as
follows:

’;
1. Monaoon p?rieﬁ (June, July and early  .u-ust)
2. ?Qﬁi%%‘&bm period (Late sucust, Sentonbor and Cetober)

3. ’smwmm period (November to tay)

‘casonal variations of metecroclosical parameters
such as maximum md minimun aerial tewwerature, rainfall
and huricity, as reported by the local of:ice of Meteorology
Lepartment fram November 1982 to October 1954, are given in
ficure 1.1 to 1.4 to have an icea of the seasonal climate

at Cochin,.

ihe results obtained at the groweout as well as
the marinc eccsystem depnict very minor ini:ei:fr-station
differrn~os within the each ecosystem, ‘herefore, to
avoll romeatative descrintion and for the sake of
convenlionce & brevity, seasonal trends of various

physicochomical and biological parsmeters have not been
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ftasenib@d at each station of a particular ecosystem. 7The
?tlua: mentioned in the text, though almost similar at all
Qimtsieaa. refer to Station I(representing the groweout
seosystan) snd station IV (representing the marine
“scosysten), The monthly mean and standard deviation
{valnis ol all the physicochamical and biclogical paraneters
&t each station studied during present invostigations are
‘given in iable IA; to VI Gpe The research ‘ata of seasonal
variation stuéy wgs statistically analysed at Regional
Comput:r mvtﬁe. Chanaiwarh tc see if any significant
correl sti fns*”axist amongst various parancters, The
cerrelations uith ‘r* value equal to or more than 0,28
were foumi to ba signifiﬂant. The *si'mificant' correlate
fons mentisoned in the text should be taken as significant
at all io three research stations of the narticular
ecosystem, “he correlation values of varicus physicochee
mical ~arameters of the growsout ecosyster are given in
Table ~I1 ., VII B & VII C (station I)y VIII ., VIII B and
VIII C( tation I1)y and IX A, TxX B and 7. . (station III),
The eorrolatinon values of the variocus vhysicochenical
parancters of the marine ecosystem are i en in the table
¥ oA, 77 and X C (station IV)p XI A, XI B and XI C

(stati~n V) and ¥II A, XII B and ¥II_C (station VI),

* positive correlations means that the rats of increase/
decr-ass Of two parameters is directly proportional to
cach othol,

* Negative correlation means that the rate of increase/
decrzuse of two parameters is inversely rrorortional
€0 each other,



BHYSICC S TTCAL PAPAMITERS OF WATER®

The results of the data en temperature, pHe Eh and
dissolved axygen are givem in Figures 2.1, 2,4 and 2.7

~

‘afwaturc values of water ware high from November
82 to ray 1983 (30.05 to 31,50°C) and subsecuently, low
values wero r?ordcd upto Cctober ‘83(2’1 0C to 28,80°C),

In the subseqs ¢ year too, valuss were low from July ‘84

te ~eptmz '84 m& minima were noticed in Jyne '%3
{(27,00%C) and sgpgﬂbw ‘84 (28.25"3). Terperature showed
significant peﬁ;t:ﬁé correlation with salinity, h, calcium
~ and nxnesium of watery and with tewverature, calcium smd
magnesium of eediment. It depicted significant negative
~eorrelation with rainfall, pH, net primary productivity,
Bitrite, smonia, copper and zinc of watery and with pH,
total phosphorus, copper and sinc of sediment.

Tissclved oxygen concentration was relatively low
from early monsoom to late monsocn period (iiay te October)
but for the month of July in both 1983(2,99 to 3,47 ml/1)

*for correlation values see table VII A(station I),
VIII aA{station 1I) and IX A{station III),
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PHYSICOCHEMICAL PARAMETERS (WATER)
STATION 1II
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PHYSICOCHEMICAL PARAMETERS (WATER)
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md 1984 (3,11 to 3,80 m1/1), Values ranged between 3,65
to 4,53 ml/1 during rest of the study periocd, It

exhidited significent positive correlation with net primary
prodactivity, nitrite, smmonis, totsl phosphorus, copper
md ninc of watery sad with phosphorus of sediment,

HY"ROGEN ION CONCENTRATICN (pH)

pH remained less than 7,97 from November 82 to May
83, and fred !?ovm '83 to June '24 but higher values
were recorde dnriag monsoon and postemonsoon period [/ i.e,
from Jume t¢ ober '@3 (2,02 to 8,82) and from July to
October ‘84 (a.xz to a,n),? The maxima were noticed 4n
July *83 (8.82{” Macast *84 (8,72), pH has siomificent

A
positive correlatien with rainfall, net primary productivity,

ritrate, smmonia, copper and sminc of water; and with pH,
total phosphorus, copper and szinc of sediment, It showed
sicnificant negative correlation with temperature, salinity,
Eh, calcium and magnesium of water; and with te persture,
caleium and magnesium of sediment,

Eh values were less than %0 av during monsoom period
(4,0, from July to September) and minime of 47 and 42 mvV
was observed in Aucust month each of 1983 and 1984
respectively. The values ranged between 142 to 230 mV
except Cetober '83 (115 av) in rest of the study period,



Redoxmpotential cbserved sicnificent positive correlation
with temerature, salinity, dissolved oxyger, calciun and
magnesiun of water; and with temperature, calcium and
magnesium of sediment, The values showed significant
nejativ: correlation with rainfall, pii, ne: primary
productivity, nitrate, \monia. copper ani zinc of waterp

and with tntal phosphorus, copmer and zinc of sad iment,

“he éresglta of the data on net primary productivity,
nitrate, nit:itc. amnonia and total nhos—horus are presented
P
in Filgurcs 263, ?.5 and 2,8

BoT pood, ¥ DACE

Net primary productivity values ere more than 1280
mgc/hgffz during monsoon period (i.,e. June and July) 4n both
the years and maxima of 1497 and 1628 mgiﬁngﬁi were recorded
in June mronth each of 1983 and 1984 respectively, Values
for all c<iher months fluctuated between 623 to 1040 chzhzld.
it showed significant positive correlation with ratnfall, pH,
nitrate, nitrite, ammonia, copver and zinc of water; and with
pH and toral phosvhorus of sediment. The values depicted
significant negative correlation with terparature, salinity,
-isgolved oxygen, Eh, calcium and magnesium of water; and

with temrorature and th of sadiment,



EIIRALE

Nitrate concentration was more during monsocon and
postemonsoon period ({,e, June to Sentermber) in both the
years, =nd maxima of 323 and 31‘7/\@/1 wern noticed in July
83 and July °*84 respectively, Nitrate values fluctuated
betwern 21 to 62 /uq/‘.l for all other monthe of the study
period, It shoved sionificant positive corr-lation with
rainfell, pH, net primary productivity, nitrate, ammonia,
copper and zi%c og water, It has simificont ne~ative
correlation w?_th temperature, salinity, éissclvezs oxygen, &
Eh, o:lrium éd ;gugnesmm of watery; and with te-merature,

calcium and macnmesium of sediment,

Hitrite content showed minor veriation and flucte
uated botweon 2,9 to 9.5/19/1 from Hoverber '82 to Cctober
'24 and no seasonal trend was observed, It exhibited
significent positive correlation with rainfall, net
primary rroductivity, nitrate and copper of wvater, It
depicted simificent negative correlation with temperature,
salinity, Jissolved oxygen, calcium and magnesium of water;

and with temperature of sediment,

‘mmonia values were high ( > 115,&5/1) duﬂng monsoon

period (i,e, June to September) in both the years and maxima



of 268 and 195 mug/l were noticed in July menth each of 1983
and 1984 respectively, The values recorded for other months
varied between 16 to 46/ug/1. Mammonia depicted significant
positive correlation with rainfall, pH, net primary producte
ivity, nitrate, copper and zinc of watery and with pH, total
phosphorus and copper -of sediment., It showed significant
negative correlation with temperature, salinity, dissolved
oxygen, I, galcium and macnesium of watery and with

teperature of sediment,
z H
i

YCTAL 3&;@9§&RU5

fotalipﬁbsphorus showed fluctuating values but

relatively higher values were recorded in ! ay (113/uq/1) and
June (@7/u§/17:6f§1983, and in April (99/uq/1), May (96/ug/1)
and June (93/ug/1) of 1984, The values in rest of the period
ranged hotween 55 to Bs/ug/l. It depicted sionificant
positive correlation with salinity, calcium and magnesium

of waterp; and with calcium and marmesium of sediment, It
showed nimificant negative correlation with dissolved oxygen

of water; and with copper and zinc of sediment,

The results of the data on zalinity, calcium, magnesium,

copper and zinc are presented in :iqures 7.3, 2.6 and 2.9
SALINITY

salinity increased from November '82 (7,5%,) to

february '83 {(33%,) and thenceforth, remaincd steady upto May



(32,8%,) followed by a uniform sharp decreese during monsoon
period (5,5%, in July), Subsecuently, it showed a minor
decrease upto September and ther-after, increased gradually
t0 a maximum value of 32,5%, in éay '84 followed by a sharp
uniforn decrease to 3,5%, by July (monsocn period), There-
upon, it incressed gradually to 11.5%, by October '84.
Salinity exhibited siomificamt positive correlation with
temperature, Eh, total phosphorus, calcium and magnesium
of water; and with temperature, calcium and magnesium of
sediment, §It éepictad slgnificant negative correlation
with rain{ _‘:‘141, pH, net primary productivity, nitrate,
nitrite, maﬁia, copper and zinc of watery; and with pH,
total rhmzﬁmm, copper and szinec of sediment,

’-‘, H

-alcium concentration increased from November '82
(90 mg/1) to February ‘83 (372 mg/1) and after that,
varied a little upto May (375 mg/l), Su}nswga_mtiy. it
decreass~d during monsoen to a minimum value in August
(15 mg/1). In the subsequent vesr tco, calcium values
were hich from February to May, There-fter, it sharply
decreazed during monsoon to 42 ma/l (July) followed by a
gradual increase to 13% mg/l1 by October, alcium showed
simificaont positive correlation with temrerature, saliniey,
Eh, total rhosphorus and macnesium of waterg and with

magnesium of sediment, It exhibited sionificant negative



correlation with rainfall, pH, net primary productivity,
nitrate, nitrite, ammonia, copper and ginc of watery and
with pl, total phosphorus, copper and sine of sediment,

Magnesium increased from November ‘82 (280 mg/l)
to February ‘€3 (1190 mg/l) and thereafter, the level
varied 2 little upto May (1178 mg/l), Subsemuently, it
dmaasgﬂ?éu%nq monsoon to & minimum value of 72 mg/l
in %ugugﬁi In the subsecuent year too, low magnesium
values &Je ;'ecordcé dﬁring monsoon period (130 mg/1 in
Ju1y'*e€§°£éiloned by a gradual increase to 423 mg/1 by
October, IMagnesium showed significant positive correlstion
with tenpwatﬁ;;, salinity, Enh, total phos-horus and caleiwm
of watery =nd with temperature, calcium and magnesium of
sediment, It depicted significant necative correlatiom
with rainfall, pH, net primary nroductivity, nitrate,
nitrite, amonia, copper and ginc of water; and witﬁ pH,
total phosphorus, copper and zinc of sediment,

Coppexr values were high during monscoon and poste

monsoon period / d.e, from June to Cotober (7,50 to 9,30
/ug/l) in 1983, and from July to September (6,93 to 8.62/ug/1)

in 19647 and maxima occurred in July *53 (3,30mg/1) and



Mgust ‘a4 (e.ﬁz/aq/l). Values of copper varied between
4,18 to 5,98 Mg/l except November (6.36/.1«;;/1) in rest of
the study periocd, Copper showed significant positive
correlation with pH, net primary productivit, nitrate,
nitrite, ssaonia and sinc of water; and with ni, total
phoaphorus, copper aad zinc of sediment, It depicted
significant negative correlation with tenperature, salinity,
dies¢lvec axygen, Eh, calcium and magnesium of waterp and

with teverature, calcium and magnesium of sediment,

- inc &@ieted ihcreaseé values c‘lﬁ:ing monsoon and
DOS LmICHISOON pgpigé [ i.e, from June to Tctober (7,92 to
13.35/uc;f1} in 1583, and from July to “e~tember (7,97 to
8.84,0%5’/1) in 19817 and maximam values of 13,35 and
B.34 ,w;;-/l ware recorded in July '83 and Aucust 'S4
respectively, It varied between 5,30 to 7,10 /Ag/l during
all othcr months of study, Zinc has shown significent
posltive correlation with pH, net primary productivity,
nitrate, ammonia and copper of watery and with pH, total
phoschorus, copper and zinc of sediment, It depicted
signiii ant necative correlation with terperature, salinity,
dissoclved oxygen, Eh, calcium and magnesivm of watery and

with tomrerature, calcium and magnesium of sediment,



The results of the data on temperature, pH and Eh
are given in Figures 3.1, 3,3 and 3,5

Temperature r.;ccdad during monsoon and post mensoon
period was low and varied a little from June (29,20°C) to
’Octcbar '53 (2?.35‘5). and from July to Cctober "84, It
was ml&tivs}.yfhig}%: and depicted minor fluctuations in
rest of the gioﬁ (30,82 to 31,90°C). Temperature has
s hown aignifzt gcsitiw correlation with =salinitv, ¥h,
calcium and :alqnaim of wuter; and with calcium and
magn ~sium of sadinqm It depicted significant neqgative
 correlation with runfau. pi, net primary productivity,
nitrate, nitrite. ammonia, copper and zinc of watery; and

with ni, total phosphorus, copper and zinc of sediment,

HYDRO ™ ION CONCENTRATION (pH)

pil values remained low alkaline from November to May
but hioh alkaline values were recorded during monsoon in
both the years [1.0. during June (7,82), July (8,10) and
August (7,22) in 1983; and during July (7.87), August(8,02)
and Cesterber (7,90) in 19847, The valu-s fluctuated
betwarn 7,32 t0 7,77 4in rest of the pericd, pH showed

*For correlation values see table VII 4(station I),
VIII A (station II) and IX A{station ITI)
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significent positive coerelation with rainfall, pH, net
primery productivity, nitrate, smmonis, copper anéd zinc
of water; amd with total phosphorus, copper and zinc of
sediment, It depicted significant negative correlstion
with tenerature, salinity,Eh, calcium and magnesium
of watery; and with calcium and magnesium of sediment,

*h values fluctusted batween =122 to =172 mV during
both the ve és csxcept for a high value ir “pril *'83
(=198 m m values of «60 and =50 mV during early
monsoon (J‘mm) of 1983 and 1984 respectively, It
exhibit~a si@iﬂscﬁmt negetive correlation with rainfall

and net wxmury produets.vity of water,

The results of the data on calcium, magnesium,
total phosrhorus, copper and zinc are presented in

Figures 3,2, 3,4 and 13,6

Caleium concentration showed continuous increase
'fram 11.25 (November '£2) to 29,50 mg/¢ ( pril 's3) and
subsecgumtly,: decreased to 11,80 mg/q by ~uqust, Thereafter,
it varird little upto December (11,50 mc/g). In the next
year ton, higher values recorded in april (28,00 mg/g) and



May (29,00 mg/g) decreased subsequently to 11,75 mg/c in
Aucust followed by little variation upto Cctober (11,25 mg/g).
Calcium denicted simmificant positive correlation with
temperature, salinity, redox=potential, total phosphorus,
calcium and magnesium of water and with termerature and
magnesium of sediment, X It showed sicmificant negative ‘

correlation with nitrate and copper of --atar; and with pH,
total rhosphorus, copper and sinc of sediment,

The vglues of magnesium increased Trom 5.60{Novesber
'32) to 1".&@ mq/g in March '83 which vari=< little upto
May (11,90 mg/gﬁ}‘..[ Subsequently, it uniformly decreased
during monsoon am‘ﬂu (5.15 mg/g in “ugust) and remained
low upto December, In the subgequent irear too, high values
were recorded dn April (12,10 mg/qg) and 'ay (12,20 mg/q).
Magnesiun showed significant positive ecorrelation with
temperature, salinity, Eh, total phosphorus, calcium and
magnesium of waterg and with temperature an’ calcium of
sediment, It depicted significant negative correlation with
pii, nitrate, copper and zinc of watery and with pi, total

nhosphoris, coprer and zinc of sediment,

FOTAL 0o CHCIUS

iigh values of total phosph-rus werc recorded from

May to ctober '892 to 1515 /ng/g) in 1883 and from July to



Octaber (240 to 147¢ jo/g) in 1984, Values were low and
fluctusted betwesn 717 to saaﬁq/q except February '83

(821 pq/g) in rest of the study period, Total phosrhorus
showed sionificant positive correlaticn with pH, net
primary productivity, nitrite, ammonia, copper snd zine of
water; and with pH, copper snd zinc of sediment, It
exhibited significant negative correlation with temperature,
salinity, dissolved oxygen, Eh, caleium and magnesium of
watery and éwit?? temperature, calctum and magnesium of
sediment, }; :

Hich ?upu of coprer were noticed in “ovember '82
(66.63/&9;/5){5%;: 's2 (63.31 mg/g), from June to
Cotober (60,79 to 74.72,5/9) in 1983, and from Auqust to
October (52,51 to %.Sofuq/q} in 1984, The maximmm level
was seen in August 1983 (74.12/xg/g) and September '84
(69.50f;r;;/g). The values fluctuated botwm 39.42 to
59,04 ﬁxg/gz in rest of the study period, Comner denicted
significant positive carrelation with pH, nitrate, ammonia,

Tg
i

,C

coprer und zinec of watery and with pi, nitrate, ammonia,
copper and zinc of watery and with pH, total rhosphorus

and zirc of sediment, It exhibited sicni“icant negative
correlation with temperature, salinity, *h, total rhoaphorus,
caleium and magnesium of water; and with tomarature,

calcium and magnesium of sediment,



EEEE
Zinc concentratiens cbserved were in low profile

from Jamary to June (42.54 to 61.72 4q/q) in both the
Years of study; but relatively higher vn_lne: were
recorded during Novesber *82 (86,70 ma/g), December ‘82
(69,55 mg/g), from July to December (65,42 to 81.52 ng/g)
in 1983, and from July to October (63,97 to ”.”ﬂq/g‘)
in 1984, ?inc has exhibited significant nositive correletion
with nitrate. cogpar and zinc of water; and with pH, total
phosvharus 4 copper of sediment, It has shown sigaificant
nenative Qlltim with temperature, zalinity, pH, Ehy

otal phosrmerut. culcim and magnesium of water; and with

terperature, ¢Q1¢d.m and magnesium of sediment,

The results of the data on calcium in haemolymph,
exoskeleton, muscle, hepatopaacreas snd testis are presented
in Flgures 4.1, 4.2 and ‘QS

Calcium coneentration of haemolymph increased from
0s405 mg/ml (November 1922) to 0,755 ma/ml in March 1983

N correlation values see table VII B, VII C (station 1)y
gi‘: B, *’nz Cistation z:). IX B, IX C (station III),



;1

followed by a little decrease upto May., Subsequently, it
sharply decreased to 0,395 mg/ml in September and thereafter,
little varistion oceurred upto December., In the subsecquent
year too, low values were recorded during monsoon period,
Hasnolymph calciwg depicted significent positive correlation
with salinity of water; and calcien of water, sediment,

muscle, hepatepancreas and testis,

EXCOKLL Tul

:E&M« hrn

xaleiua foncentration of exocskelecton remained high
and varied betwuu 106 to 119 mg/g from Hovember 1982 to
May 1933 but for :?!!,hrch 1983 (99 mg/q), Subsecuently,
relatively deereased values were found durinc June (94 mg/g),
July (21 ms/2) and August (102 mq/g) only., In the subsequent
year too, lccressed values were recorded curing monsocn
periocd, xoskeletal calcium denicted significant positive

correlati:n with salinity and caleium of water,
USCLE

Calcium ooncentration of muscle increased gradually
from 3,129 (November 1982) to 4.389 mo/z in “ay 1983 except
for a decreased value in March 1983, Thereuron, it decreased
to 3,098 mg/g by September followed by little variation upto
Cecember, In the next year too, calcium values decreased

curing monsoon and late monsoon period only, It exhibited
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significant positive correlation with salinity of water;
and calcium of water, sediment, haemolymph, hepatopancreas
and testis,

HEPAT CDANCREAS

Calcium values of hepatopancreas remained relstively
low(8,484 to 9.556 mg/g) except from February to May *83
when hich values (9,633 to 10,774 mg/q) were recorded, In
the mhs&qaéxt ygar too, high values of calcium were
recorded fr:c# Ftbma:y to June. Hepatopancreatic calcium
depicted sij »F'.i!’:‘icmt,positive correlation with salinity
of waterg mé cnlcium of water, sediment, haomolymph,
muscle and taﬂ:in.x

TESTIO

“alcium concentration increased gradually from
1.872 (¥ovember '82) to 2,355 mg/g in May 'S3 followed by
a uniform decrease to 1,861 mg/g ‘by micust, Subsequently,
it slichitly increased to 1,946 mg/g by ecember, In the
subsecuent yeaé too, calcium content decreased during
monsown period, Testiculasr calcium showed sigmificant
positive correlation with salinity of water; and calcium
of wator, sediment, haemolymph, muscle and henatopancreas,



The results of the data on magnesium in haemolymph,
exoskeleton, muscle, hepatopancreas and testis are given in
Fim% 501; 5.2 and 503

Magnesium concentration increased gradually from 74

(November 3982::) to 133/;|g/m1 in “arch 1983 followed by
minor v-fiatia;n upto May (132 /ug/ml). “ubsecrquently, it
decreased to ‘:g /ug/!nl by Aixgust followed bv little variation
unto Cctob@r;{}?:h}{ the subsecuent year too, low values were
recorded éuxi;!q mqocn periocd. Haemolymph macnesium depicted

significant mitivq cérraletiﬁn with salinity of water; and
7 macnegsium of watei. sediment, exoskeleton, muscle, hepatos

pancreﬁs end testis,

EXOSKELITCH

“he concentration of marnestum in exoskeleton remained
high and rluctuated between 7325 to 8173 ut/g excent for July
(6670 poy/) during the first year of study, Tn the subsequent
y2ar too, oxoskeletal magnesium decreased during July(6798 /ug/g)
and Asucust (6845 /I.tg/g). It exhibited sicnificant pnositive
correlatinn with salinity of water; and ma-mesium of water,

haemolymrh and tesatis,
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MUSCLE

Hagnesium level was found to be decreased from
7allng/§ in November '82 to 705/ug/b in Uecember ‘82 and
thereafter, it uniformly increased for rest of the period
showing maximam value of 1299/uq/q in April '83 followed
by & decrease to 787/uq/b in Mgust, Thersafter, it
varied a little upto October (795,ng/§). In the subsequent
year tco, values decreased during monsoon nericd, Muscle
magnesium;shoyod sionificant positive corr~lation with

salinity pf water; and magnesium of water, sediment,

oh, hepatopancreas and testis.

Lo A
i .

llagnesium of hepatopancress varied little during
Kovember and December °82 (1653/ag/g) aftorvhich, it
increased to 2557/ug/§ in Harch '3 follcwed by a dacrease
to 2444/ng/g in May, Subsecuently, it decrecased to 1674

/ug/g by -agust followed by minor variatirm upto December

(1671 mg/g). In the subsequent year too, values daecreased
durin: monsoon period, Hepatopancreatic magnesium showed
significant positive correlation with salinity of watery
and namesium of water, sediment, haemoclyvmmh, muscle and
testis,
TESTIC

Zamesium level of testis increased from 764/uq/g
in Hovember *82 to 1074/ug/g in April '73 followed by
little varlation till May {1958/ug/g). Subsequently, it



decroased to 150/ug/é by Aucust., Thenceforth, a little
variation occurred upto lovember 1953 (?67/ug/h). In the
following year too, decreased values were noticed during
monsoon period, It depicted significant positive corre=
lation with salinity of water) and nagnesium of water,

scdiment, haemolymph, exoskeleton, muscle and hepatopancraas,

ELOS FHORUS

The rgsulée of the data on nhos~horus in haemolymph,
&xsﬁk&letan.iémscle, hepatopmereaz & tesztis are civen in

4B

RS T s
TN (51 5T

Haemolymph phosrhorus ghowed low and fluctuating
values (39 to 53 ug/ml) but for the hish concentrations
reccrded in June 1933 (Sslug/hl) and June 1884 (64/ug/h1}
curing the study periocd,

Lo S LETON

ixoskeletal phosphorus deplcted low values in July
1503 <12004/ug/§). July 1984 (11799,ug/@) and Auqust 1924
(12142/ug/g) but fluctuated from 13729 to 16726 pg/g in
rest of the study period, It depicted sionificeant positive
rrelation with salinity of water anc phosphorus of testis:
an showed s=ignificant negative correlation with rhosphorus
of sediment,
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MUSCLE

High phosphorus valuees were recorded during June (5154
/uq/q) and July (5170/14;/9) in 1983; and during June, July and
September in 1984, In rest of the study period, fluctuating
and low values were observed, Muscle phoszphorus exhibited
sionificant positive correlation with phosnhorus of sediment;
and siomificent negative correlation with phoaphorus of
testin,

e P SRR Y
HEP ALy FE Lo 2

g
}?‘fwspkégs values increased from 1275 mg/g in November
g2 to ”Q33ﬁcf§ in March '83 followed by a little decrease
upto ay (2019 /aq{é). Subsequently, it decreased to 1678/
) /ug/g by ‘ungust i‘ﬂlim«a by minor variaticn upto December (1699
/nr}/g). In the subsequent year too, valuss decreased during
monsoom period, Hepatopancreatice phosshorus depicted signie
ficant positive correlation with salinity of water; and
phosphioue of water, excskeleton and testis; and showed

significant negative correlation with nhcos-horus of sediment,
TESTIS

thosphorus of testis increased ora‘ually from 5792 /uq/g
in November *82 to 7166 ug/g in April 'S3 and a minor
decrease occurred in May (6772mg/g) followed by a decrease
to 5793 mo/g by September '23, Subsequently, it increased
to 5874 /ug/g by December, In the following year too, values



decreased during monsoon period, Phosphorus exhibited ‘
sicnificant positive correlation with salinity of water;
and phosphorus of water, exoskeleton and hepatopancreas,

COPEER

The results of the data on copper in haemolymph,
exoskeleton, muscle, hepatopancreas and testis are cgiven
in figures ?.;, 7e2 and 7,3

IAEMCIYL 1]

Cﬁppﬁfegcmtratmn of haewolymph fluctuated in

the rangs of 310_6}.9 to 115.0 /.u;s/al from Yovember 1982 to June
1983 and th@reattu‘, increased to 128,48 jmg/ml in July
followed by a d.éraau to 112.2/.\9/:::1 by Sr-tember, In the
subgsecuent year too, high values were recorded in June
(12&.1}1@,&51). July (128.8/1;;&11) and Auruet (120.7/@/1\\1)

only. ilaemolymph copper showed no sicnificant correlation,

Ealolole LN

“here was a gradual increase in exoskeletal copper
concentration from 15.‘7}:@:/9 in November 1982 to 23.2/ug/g
in May 1983 followed by a cﬁecreasq te 14,6 /M9/g by July,

It increased to 16.9 Ag/g in Magust and thereafter, varied
a little upto Cctober. 1In the subseruent year toé, it

decreased during monsoen period, Ixoskeletal COPDer ggnicted

significant positive correlation with salinity of water.
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MUSCLE

Copper concentration of muscle showed minor
fluctuations (17.1 teo 19.5 mg/g) from Kovember '82 te
October '23 but for increased values in June (23.gnlq/b)
and July (24,7 B9/gle  In the following year teo, high
values were recorded during momsoon period, It showed
significant negative correlation with correr of

hepatopanereas and testis,

HERATCT 28 PAS

epéo;aancteatic copper remained relatively high
and fluctuated batweon 1929 to 2102 mg/y fram November '82
to Cetohor '83 bqt, for decrcased values in June (1779 jg/g)
and July <1saa/ug/%) In the subsecuent vear too, decreased
copper concentrations were recorded during monscon peried,
It showed sionificant positive correlation with copper of

tﬂgtiso

AECTE

“opper varied a little (99,5 to 105,9 jmg/g) from
Rovember 82 to May 1983 followed by a decreased value in
June (71,9 /ug/g) which increased to 10é.‘?/~xg/g by Cctober,
In the subsequent year too, values decreased during June
and July only, It showed significant positive correlation
with salinity of water and copper of hepatopancreas; and
deplcted zimificant necative correlation with copner of

water =nd muscle,



ZINC

The results of the data on zinc in hagmolymph,
exoskeleton, muscle hepatopancreas and testis are given
in Floures 8,1, 8,2 and 8,3

«inc concentrations of haemolymph remained low from
Rovamber 1982 to October 1983 but for increased values 4n
July (17;3/\:9/!11) August (17.2/&;/&1) and Sep tember (16,4

pag/ml), éxn the subsequent year too, Coprer concentration
mermé ﬂurinq monsoon period only, Haemolymph sinc
showed éigniﬂpant positive correlation with zinc of water,
sediment aﬁé';’;‘u;gzscle.

EXOSK 1. °CN
“xogkeletal ginc content fluctuatéﬁ in the range

of 40,7 to 48,9 /ug/q from November 1982 to March 1983 and high

values were recorded during April and May (56,3 pa/g)

follove: by a decrease to 43,2 /ug/g- in July, Subsequently,

it increased to 48,3 /ug/q by Cctober, In the subsequent

Year toc, it decreased during monsoon, It showed

significant negative correlation with zine of haemolymph,

“inc concentration depicted fluctuating trend (40.0
to 46.7 Wq) from November 1982 to Cctober 1983 but for
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high values in June (SZ.Q/ng/Q) :nd.July(Sl.j/nq/b). In
the subsacuent year too, high valucs were observed during
monsocn neriod only. Zine of muscle showed significant
positive correlation Qith zinc of water and haemolymph,
and zi-ni‘icant negative correlation with sine of

hepatepancreas,

“ine values of hepatopancreas exhibited fluctuating
trend (6542 to§692/ng/b) from November '£Z to Cctober '83
!

but for I

pncentrations in June (565 /1:5;/{;), July (618
.T ‘§g(518/n§/Q). In the suhsequgnt year too,

values were iw, m;ing méneoon pericd, i nmatopancreatic

Me/g) ans

zinc ghowed si@;ﬁhmt positive correlation with zine of
testis;y and significant negative correlation with zine of

muscle,

TESTIC
inc showed minor variations (77,1 to 82.3/xg/g)
from Noverber '82 to Hay '83 but decreascd to 69,9 /ng/g
in June followed by an increase to 77.3/,1:;/’9 by Cctober,
In the subsequent year too, it decreased during early momsoon
period. it depicted significant positive correlation with

sali water and sinc of hepatopancrrasy and signifi.

cant tive correlation with zine of vater and haemolymph,



“he results of the data on calcium in hasmolymph,
exosk«lceton, muscle, hepatopancreas and ovary are given in
Figut&s 4.7‘ 4.3 and \‘Q’D

HEAROE L #MPH

Zalciun concentration of haemolymph increased from
0.423 mi/nliin November 1982 to 0,801 mg/ml by Hay 1983 and
stxbamemté it sharply decreased to 0,393 mg/ml by July
1983 followed ﬁy a little variation upto Cctober 1983, In
the subs &qumt ym t00, the values sharply decreased during
June, July anﬁ Arxgust followed by a little variation upte
Cctober, ’‘iaemolymph calcium exhibited sirmificant positive
correlati-n with salinity of water: an® cislcium of water,

sediment, muscle, hepatopancress and ovary,

EXOSHEL: I UN

~alcium showed fluctuating values (27 to 12% mo/q)
from Urvember 1982 to Tetober 1924 and no zoasonal variation
was cberrved. It showed sicnificant rositive correlation

with onlcium of ovary at station I and TT only.

* For correlation values see table VII B, vil C(station I);
VIII 7, VIII C (station IT), 1IX B, I¥ ¢ (atation III),
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Calcium increased gradually from 3,100 mg/g in
Hovember '82 to 4,258 mg/g in March '83 followed by a
decrease to 3,145 mg/g during September. In the subs ectent
Year toc, calclum values decreased during monsoon period,
It depicted significant poeitive correlation with salinity
of watecry and calcium of water, sediment, heamolymph,

henatopancreas and ovary,

Hoonlioy G HNERY Aii

alﬂium§Valu$s were low and fluctuoted between 7.416
to 8.3&5 ma/y cx%apt from February to ilay during the first
year of study vhqaéhigh values (9,655 to 10,393 mqg/g) were
recorde’, In the ;gbtequent year too, hish values were
observed from February to May, Hepatopancroatic calcium
showed simificent positive correlation with ~alinity of
watery and calcium of water, sediment, hasmolymph, muscle

and ovary,.

OVALLY

Calcium concentration increased gracdually from
14954 mo/o in November '82 to 2,246 mg/c in Farch ‘63
anc aftorv-ards, varied a little upto May '72 followed by
a decr-ase to 1,970 mg/¢ by .ugust '£3, . ubzequently, 1t

varied a little upto December, In the subsecuent year too,



it cecreased during monscon resulting in 1.954 mg/g by
Aucast 1984 followed by little variation upto Cctober.
Calcium of ovary depicted significant nositive correlation
with aalinity of watery and calefum of water, sadiment,

haemolymph, muscle and hepatopancreas.

MaGNI38

The results of the data on rernesium in haemolymph,

excskeleton, muscle, hepatopancreas zn’ ovary are aiven in

filoures 547, Se¢7 and 5,0

f %

Error LYMPH

L

ragnesium éqg‘e;mtmtim of haemolymrh incressed
aradually from 72/‘14:;/%1;1 in November 19352 to 158/).4;/1211 in
tlarch 1983 followed by a little decrease upto May 1983
(14¢ /Aﬁfgﬁﬁl) and further sicnificant cecrcase to 76 /ug/ml
by Julye Thereafter, it varied little uptc Cctober, In
the Zcllowing year too, magnesium values decreased during
monsion period, Haemolymph magnesium showed sicnificant
nositive correlation with zalinity of water; magnesium of

water, sediment, exoskelcton, muscle, hepatopancreas and

Exoskeletal mamesium content remained high and
fluctuated between 7334 to 8176 /ue/o from November 1982 to
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October *8)3 except from June t0 August when decreased
values (6343 %o me) vere noticed, In the subsequant
year, decrossed values were cbeerved &uring July (ll:?,nq/q)
and Aagust (ﬂ”/ng/g). It dapicted significant positive
correlation with salinity of water; and magnesium of water,
sediment, hammolymph, muscle, hepatopancress and m.

HUSCLE

Hagmesium concentration of muscle was low during
November (629u0/q) ead Decesber 82 (811/u0/q), followed
by a unifoom lngm to 1282 ug/g by April 's3, Subsequently,
1t decressed agfin $o 842 ug/g by July 'e3, Thereafter, it
showed a minor Mnu upto Decenber 83 (m,nq/q). In 1984
t00, low values wers Fecorded &uring June, July snd August,
 followed by s little varistion wpto Octcber, It showed
significant positive correlation with salinity of water; and
magnesium Of water, sediment, hacmolymph, excskeleton,
hcpatmin and ovary,

Hagnesium content incressed gradually from z“?pg/g
in November '82 to an/uvg by March '83), Subsequently,
it varied a little upto May *83 (2452 /Aq/q). followed by
a decrease to 1651llq/q ‘by Magust ‘83, Thenceforth, it
slightly incressed upto October, In the following year
too, hich values were recorded in April and May (zsﬂ,uq/g)



which thercafter decreased to 1692 /uq/q by August 1984,
Magnesium of hepatopancreas showed significant positive
correlation with salinity of watery and magnesium of water,
sediment, haemolymph, exoskeleton, muscle and ovary,
SYARY

Masmesium {ncreasged uniformly from 7e1 ,ug/g in
November 19282 ¢o 941,&97@ in March 1983, Thereafter, 1t
Femained almost steady upto May followed by a decrease to
757 /ug/g; by August, Subsequently, 1t varie® s little upto
Octcber, 1In thfg following year too, values decreased during
June and Jnly. mesimx bf ovary showe? girnificant positive
eorrelation with salin:tty cﬂ' water; mamesium of water,

!eﬁiment.. ‘aamalymph. .excskeleton, muscle an ' henatopancreas,

BHOSPHORYS

" The results of the data on phogrhorus in haemolymph,

exoskeleton, muscle, hepatopancreas and Ovary are presented
in Figures €,7, 6.8 ana 6.9

Phoswhorus values depicted fluctu-ti-ns from November
mz to Cctober 1984 but no seasonal trend was noticed except
Ent the values were maximum in June 1983 (57/&9/5:1) and June
BM (eo,un,ﬂm). Phosphorus levels varied botween 41 to s2

Ml in rest of the study period, It showed no significant
mﬂlﬁﬁ«h



Excskeletal phosphorus depicted fluctuating values

. from Novesmber '82 to October 'S4 but no seasonal trend was
observed axcept that values decreased during momsoen of 1983
£ 1.0, June (11913 m0/9) and July (12034 ug/Q)P. ALl values
during other months varied from 13719 to 16934 mg/ge It
depicted no significant correlation,

HuScLE

?homhorﬁ: in muscle showed fluctuations from November
'a2 to ¢ ctobexg 24 but RO seascnal trend was noticed except
that rel tival;y hiqhu values were recorde during monsocn
period of 1983 JJune (5380mg/g), July (4830ma/g) 7 and
1984 [ June (Szzéfﬁ@q). July (4820/51;1/9)7‘ Fhosphorus
values ranged between 4000 to suo,ug/q in rest of the study
period, It showed significant positive correlation with
phosphorus of sediment,

Phosphorus of hepatopancreas increased from 1637 po/g

in November '8° to ZOQGﬂq/q in March ‘83, It varied a
little in “pril 'S3 followed by a decrease to 1661 mg/g by
July., Subsequently, it resained steady upto December (1677
/9/9). 1In the subsequent year too, it decreased during
June and July fellowed by almost steady values upto

October ‘c4. Hepatopancrestic phospherus showed significant
positive correlstiom with salinity of water, and phosphosrus
of ovary,



OVAR

L ]

Phosphorus of ovary increased from 4760/ug/g in
November 1982 to 5260/ug/§ in February 1923 and thereafter,
varied little upto ltay (sto/ug/g) followsd by a uniform
decrease to 4760/ug/§ by July, It remain~? almost steady
upto Hovember 1983 (4780/ug/g). In the following yvear too,
values cdecrcased during wonszon period an?l subsecuently,
varied a little upto Cctober, Phosphorus of ovary devricted
siomificant vositive correlation with salinitv of water;

and phosthorus of water and henatornancreas,

ot
b

COpPDER
TR i

-ne results of the data on coprer in haemolymph,
exoskeloton, muscle, hepatopancreas and ovary are presented

in Jigures 7.7, 7.8 and 7.9

wopner content of haemolymph increcased gradually
from 10045 (liovember 1982) to lzé.z/ug/1nl in June 1983
but a suvseguent, sharrer increase to a maximum value of
137.6 /ug/hl was noticed by .wgust followed by a sharp
decrease to a minimum value of 99.4/ugﬁﬂl by Lovember 1983,
In the feollowing year too, it increased shorrnly Jduring

July and ugust resulting in a maximum value of 135.9/ngAn1
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in Auust which thereafter, decreased W Gctdbertiﬁs.&/agﬁnl).

Cormer Of haemolymph szhowed zimmificmnt positive correlstion
with copper of water and muscle; and simmificeant negative

corronation with coprer of henatopancreas,

0 Cotocber

[ B

g &

Eyi op LETON

xoskeletal copper content depicted fluctuating values
(12,8 to 20.1mg/g) from ilovember ‘24 and no
seasnal trend was observed, It showed no simificant

correlation,

S . T

“omver values remained low (17,7 to 2044 ma/c) excent
1ly} when hich walues

¢uring monsoon period (i,e. June an
(2745 te 2446 ma/q) were recorded ‘uring the first year of

In the subsequent vear teoo, hi< values were observad

BV,
coppor depicted sicnificant positive correlation with coprer

curing June {23.1/ug/g) and July (zé.i/ur/a) only. Muscle
of vater and haemelymphy and sienifi-ant n cative correlation

comner of heratonancreas,

with
MR E AL
erer content ghowe! fluctuatin. —alues (2011 to
2 to Uay "7 andt subsecuently,
alue (1778

Z?f;i‘»’f?/az:*f/r'} from liovesmher
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In the following vear tor, it decreased during
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monsoon pariod (i.e. June and July). Hspatopancreatic copper
showed significant negative correlation with copper of
hasmolymph and muscle,

SARY

Copper concentration of ovary increased graduaslly
from 183.9 /g in November 1982 t0 217.7m0/g in May 1983
mdé subsequently, it decreasedﬁoma&/nve by July folleowed by
8 little variation upto October (182,80 /ug/g). In the next
year toc, decreased values occurred from June to October,
Copper of ovary ghewed siognificant positive correletion
with saiinity ajﬁiter.

The results of the data on zinc in haemolymph,
axoskeleton, muscle, hepatopancreas and ovary are given in
?1@&3 8‘7: 8.8 m ';9

LLAEMOLYE I

“inec values remained low (11,1 o 13.3/:9/11!1) from
November 1982 to May 1983 and high values (16.4 to 10.?M1)
were recorded from June to September 1923, The maximum value
was recorded in July 1983 (18,7 /ug/inl). In the subsequent
year too, hich values were recorded fram July to September
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(17.1 to 18,1 a9/ml) and the maximum value occurred in
August (za,a,-mx). Hasmolymph sinc showed sigmificant
positive correlation with sinc of water, sediment and
muscle; and significant negative correlation with salinity
of watex, and zinc of ovary,
EXOSKELETON

Zine concentration of exoskeleton showed fluctuating
values (36,8 to 52.3/49/q) from dNovember ‘62 to October *84
and no seasonal trend was cbserved, Exoskeletal zinc showed
significent positive correlaticn with salinity of water,and
sinc of eurygs%nd significant negative correlation with
zine of hameiyapi.

MUSCLE

Zine values were relatively low from November 22
to May '23 and from August to October ‘83, Increased
values were recorded during June (sS.GS/Bg/q) and July
(Sz.saﬂq/g). In the subsecuent year too, high values
were recorded &uring June (ss.w,uqm and July (SS.OGNQ).
Zinc of muscle depicted significant positive correlation
with zinc of water and haemolymph,

Zinc values were found to de hich and fluctuated
(654 to 731/ng/q) from November '82 to Octcber '83 except



for the months of June (596ug/g) and July °*83 (6435 mg/g)
in the first year of study when the concentrations were
relatively low, 1In the second year too, decreased values
were rec&:dad during June and July only, Iiepatopancrestic
gine showed no simificant correlastion,

- QVARX

Zinc increased from 124.3 mg/g in November ‘82 te

149.ﬂ/ug/g m February '83 followed by a little variation
upto May (149.7/nq,/q) Subsequently, it decreased to 124,2

/uq/g by Ju@ Thexsaftex. it remained almost steady upte
October, In t,he r:ext year too, values decreased during
June and July M thereatter, remained steady, Z4ine of
ovary depicted simificmt positive correlation with
salinity of water, and zinc of sxoskeleton; and significant
negative correlation with z2inc of water, sediment and
haemolymph,



™he results of the dats on temperature, pi, 5h and
dissolved oxygen are presented in Figures 2,10, 2,13 and 2,16

FEAPEATV

Relatively decreased values of temperature were recorded
from June to October {23.50 to 25,25°C) during both the years
of study mnd ‘mm values of 23,75 and 23,50°C were obsexrved
in fugust of?% 208

3 and 1984 respectively, Temperature values
were hich ané flﬂctpatd between 26,25 to 28,75°C during all
other montha, It mibited significant positive carrelation
with oxygon, pH and Eh of watery and with termmerature, pH
and magresium of sediment, It showed sionificant negative
correlation with rainfall, primary productivity, nitrate,
nitrite, ammonia, copper and zinc of water; and with Eh,

total phosphorus, copper and zine of sediment,
580,

Dicsolved oxygen level remained low (< 1,69 ml/1) Surimg
monsocn &l early postemonsoon (i,e. July to September) in
both the vears of study and minima of 0,58 and 1,37 ml/d
were recorded in August of 1983 and 1984 respectively. It
increased and fluctuated betwesn 2,32 to 4,40 ml/1 in rest

* Pex mrel?ucn values see table XA (Station IV), XX A
(Station V) and XII A(station VI)
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PHYSICOCHEMICAL PARAMETERS (WATER)
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PHYSICOCHEMICAL PARAMETERS (WATER)
STATION YV
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PHYSICOCHEMICAL PARAMETERS (WATER)
STATION VI
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of the stady period, Dissolvefl oxygen of vater showed
significant positive correlagion with temperature, pH amd
Eh of watery and with temperature, pH and calcium of
sediment, It depicted significant negative correlation
with rainfall, primary produetivity, nitrate, nitrite,
amnonia, copper and ginc of watery and with Eh, total
phosphorus, copper and zinc of sediment,

HYDRCC T 1771 CONCEMTRATION (pH)

r{ values were relative low (7.42 to 7.47) during
monsoon ;w-riq% i.,e, during July and Sumust in 1983 and
from June tai;guggst in 1984, It flucatuat~d in the range
Of 7,52 10 7482 éqr;im; rest of the astuwly »eriod, pH o
water shood 51@3.!%;::3:31: positive correlation with
temmerature, dissolved oxygen and Fh of watrry and with
termperature, pli and magnesium of sediment., It exhibited
significant negative correlation with rainfall, primary
productivity, nitrate, nitrite, ammonia, corper and gine
of watery; and with Eh, total phoaphorus, copper and sinc
of sediment,

RIDOALwPCI NTIAL (ER)

Lh values were less during monsoon moriod in 1983
Jowly (55 mv), August (92 mv) and Septembar (80 nv)_7
and 1984 /rugust (95 mV) and September (75 mv)_/, It



Femained hich and fluctuated Detween 122 to 182 mV in
rest of the study period except May '83 (110 mV), Eh

of water exhibited significant positive correlation with
temperasture, dissclved oxygen and pH of water; and with
temperature and pH of sediment, It showed sicgnificant
negetive correlation with net primary productivity,
nitrste, nitrite, smonia snd sinc of watery and with Eh,
total phomphorus, copper and zinc of sediment,

The results of the data on net primary productivity,
nitrate, nitrite, ssmonia and total phosphorus are given
in Figures 2,11, f.14 and 2,17

ET PRIMARY PR

Net primary pré&iztiﬁty of water showed fluctuating
values from November *82 (810 ugChafﬂ) to June '83(784
ngt:/nz/d).' Thereafter, it sharply increased to a ,
maximum value of 1499 mgC/m3/4 in July and decreased
gradually to 966 mgC/m3/4 by October, In the subsequent
year too, high values were recorded during monsoon and
postemonsoon period [/ i.e, Quring July (1499 mgC/nz/d).
Migust (1346 mgC/n3/a), September (1346 moC/3/a) and October
(965 mgc/A3/8)7, It showed sinificant nositive correlstion
with rainfall, nitrate, nitrite, ammonia, copper and zinc
of watery; an” with Eh, total phosnhorus, coprer and sinc
of sediment, It depicted sionificant necative correlation



vith temperature, salinity, dissolved oxygen, pH and th of
water; and with temperature and pH of sediment,

KIIRATE

Ritrate values were cbserved to be relatively less
(<55,m9/1) from November to May and higher valuas with
maxima in JSuly '83 (322/34/1) and July '84 (311,@/1) were
recorded from June to September during both the years of
study, GHitrate depicted significant positive correlation
with rainfall, net primary productivity, nitrite, total
phosrhorus, magia. copper and zinc of watery and with th,
total p‘*x@sﬂhom; eeppar and zinc of sediment, It exhibited
significant n&gati?.e;‘c?}rrelatian with temperature,salinity,
dissolved oxygen, pﬂaﬂd Eh of watery an? with temperature,
pH, calcium and magnesium of sediment,

ITRITE

Nitrite values were high from May tc Zeptember in
both the years of study axcept January '83 (12.8/59/1)
and maxime of 21,4 and 17.2ﬂg/1 were recorded in Aucust

‘83 and July '84 respectively, In rest of the study
period, values were relatively low and ranced detween 2,7
to 9.4 /;s:;/l. Ritrite showed sicnificent poeitive
correlation with rainfall, net primary productivity,
nitrate, ammoniea, and zinc of watery and with Eh,



Y
>

total phosphorus, copper and zinc of sediment, It exhibited
significant negative correlation with temperature, disselved
cxygen, pH snd Eh of water; and with magnesium of sediment.
Jmmonia values remained high from June to September
in both the years of study end maxima were observed in
rugust ‘63 (78,ug/1) and July '8¢ (83mg/1). In rest of
the pericd, values showed variations from 8 to 3 g/l
asmonia exhibited significamt positive correlation with
rainfall, net ;rhury productivity, nitrate, nitrite,
copper and zmg;%l watery end with Enh, total phosphorus,
copper and zine ef -M. It showed siconificant negative
correlation with tmmre, pH and Eh of water; and with
temperature, pH and ameum of sediment,

PHOBPHORUS

Total pheosphorus mexima of 195 and 194,!9/1 in July
month each of 1983 and 1984 respectively, decressed to
minima of 105 and ”/uq/l in September monith of the
respective year, It fluctuated between 103 to :sa,-g/x
4n rest of the period, Total phosphorus depicted signi-
ficant positive correlation with rainfall and nitrite
of water, It depicted significant negative correlation
with total phosphorus and copper of sediment,



The results of the data on salinity, calcium, magnesium,
copper and sinc are presented in Figures 2,12, 2.15 and 2,18

SALINITY

Zalinity vas a little low from September (32,93%,) to
November (32,79%,) in 1983 and from June (31,77%,) to August
(33,14%,) in 1984, It remained high (33,79 to 35,11%,) ad
showed little varjation in rest of the study period but for
November and December '82, Calinity exhibited signifi-amt
positive correlation with dissolved oxyce , calcium and
magnesiun of {ctar: and with temperature, calcium and macnesium
of 36:&%@5}%;5? 15 showed significant necative correlation with
rainfali, neﬁ ptiumry productivity, nitrate, copper and sine
" of water; and with Th and zinc of sediment,

. x
5

Calcium levels were observed to be hizh except for the
monsoon months of June (34 ma/l) and July *24 (374 mg/1)
and the values fluctuated between 404 t0 432 mg/l in the
rest of the study veriod, Calctium denicted si-nificant
pozitive correlation with salinity of watery and caletiwm
of water md sediment, It depicted si-nificant negative

correlatiom with rainfall and =inc of water,



3 &

Magnesium levels recorded were high except for the
monsoon months of June (1115 mg/l) and July *s4 (1059 mg/l),
and the values fluctuated between 1137 to 123 mg/l in rest
of the study period, Magnesium exhibited sicnificent
poaitive correlation with salinity of water; and calcium of
water and sediment, It depicted sionificant neastive
correlation with rainfall,

wpp&; showed minor variation from November 82 to
July ‘&3 (5.2%@ S.#ﬁq/l) and higher velues wers recorded
in august (7.6/uq/1q39 September (1.1/@«;5/1) an2 Ceotober(6,3
/il ﬁubcmentl;. low values occurred from November '83
to May *04 (5,0 to s,iﬂq/l). Thereafter, higher values were
recorded from June (6,8 ma/l) to September (6,7mg/1) with a
maximum in July (Q.B,ng/l). It, again, decreased to S.Cpg/l
in Cctober, Copper depicted significant nositive correletion
with rainfall, net primary profuctivity, nitrite, ammonia
and gzinc of water; and with &h, total phos—horus, copper and
zine of sediment, It showe® simifi-ant negative correlation
with terperature, salinity, dissolved oxygen, t*h and pH of
water; and with temperature, pid and calcium of sediment,



4.5

Zinc was 7,5,u9/1 in November 'S2 and subsequently,
remained low (4.7 to 6,1.M9/1) upto June '83 followed by
higher valuss (7,4 ¢to 9.7M9/1) wpto November '83, In the
subsequent year toc, values were low up to May ‘54 and
higher values (7.7 to 10,9 mq/1) occurred from Jume to
October '74, The maximum values were recorded in September
‘a3 (9.7,&1@/1) and July '8¢ (10.9/\1;1/1). Tinc showed
significant positive correlation with rainfall, net primary
mr&*xxcti*fity, nitrate, nitrite, amwmonia anc copper of waterp
and with “h *total phosphorus, coprer and zine of sediment,
It dep:lc*ad siqaiﬂcant negative correlati~-n with temperature,
salinity, &ismiv\ag oxygen, pH and 2h of watery and with
temperature, pH, calcium and magnesium of sediment,

The results of the data on temperature, pH and Eh
are prescnted in Figures 3,7, 3.9 and 3,11

“emperature showed minor variatic-ns from November 'a&2
(28,2°2) +o April '83 (28.50°C) but decreased, subsequently,
to a minimum value of 25,00°C by Auqust followed by a gradual
increecse to 29.,00°C by December, Thereafter, values varied

* Por correlation values see table X Al{station IV), XI A
(station V) and XIT A(station VI),



a little upto April 'S4 (28,00%C), Subsecuently, it
decresscd gradually to a minimmm value in “ugust (24,20°C)
tollowed by a gradual increase to 25,70°C by Oetoder,
Sediment tanperature exhibited significsnt positive
correlation witﬁ tenperature, salinity, dissolved oxygen,
pH and Eh of water; end vith pH, and megriesium of sediment,
It depicted significent negative correlation with rainfall,
net primary productivity, nitrate, nitrite, amontia, copper
and sinc of watery and with Eh, total phos-horus, copper
and sinc of sediment,

pi of sadimgn;t fluctuated between 7,00 to 8,00from
November '82 to Octeber ‘84 but no seasonal trend was
obgserved, It showed significant positive corrslation with
temperature, dissolved axygen, pH and Eh of water; and with
terperaturc of sediment, It depicted significant negative
correlaticn with net primery produetivity, nitrate,
nitrite, ammonia, copper and zinc of weter; and with Zh and

copper of zediment,

Th values were relatively high (=277 to =320 m¥)
during monsoon period (f,e. July and August) each in 1983
and 1924, It remained low anxi showed fluctuating values
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PHYSICOCHEMICAL PARAMETERS (SEDIMENT)
STATION Vv

FIG. 3.9
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P

(«137 to =235 mV) Wit for December *83 (=255 mv) in rest
of the study pericd., Ih showed sitnificant positive
correlation with rainfall, net primary procuctivity,
nitrate, awnonia, copper and zinc of water; and with total
phoaphorus, copper and zinc of sediment, It exhibited
significont negative correlation with tenmerature,salinity,
dissolved oxygen, pH and ©h ofF watery an< with terperature

and pil of sediment,

The éeaulta of the data on calciu, mamesium,
total phwswh&?ﬂbg copper ani zinc are ~reszmmted in “igures

3.3, 3,10 and 3,12

oot
[}
v
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R ———————

“alcium showed fluctuating valuse (32,3 to 37,5 mo/g)
excopt Tor a slightly low value in July '04 (30,2 mg/g)
witlout any zeasonal trend from Novembher '%2 to Cctober '84,
fediment “alcium denicted sicmificant positive correlation
with ngli-ity, dissolved oxynen, calcium rrd macnesium of

water, It showed si-nifi-ant necative correiation with



Hagnesivum concentrations of sediment were observed to
be relatively low during June '83 (11,2 mg/g), July ‘83
(14,3 my/g) end July ‘84 (14,1 mg/Q)e It showed higher values
fluctuating between 1i.6 to 17,8 mg/g in rest of the study
periocd, It depicted significant positive correlation with
temperature and pH of water; smd with temperature of sedimsnt,
Te depicted significant negative correlation with rainfall,

nitrate and amonis of water,

TOTAL: 3 s%ﬁﬂﬂs
nj}} oy

.i"aulplw.phm: values were high in Hovember ‘82
imaap;;xs;;}. frua August to November (1057 to Ias/uq/g) in
1983 an< from July to Oetober (1027 to 1635/\19/@ in 19847
and maxima were rocarﬂ:od in Aucust '23 (mééﬁgfq) and
September '84 (1638 /m/g). The values fluctuated between
583 to ?55ﬁg/q durinc rest of the months, Total vhosphotus
of sedimont showed sicnificant positive correlation with net
primary ~roiuetiidty, nitrate, copper an® zinc of waterp
and with Eh, copper snd sine of sediment, It depicted
significant negative correlaticn with terrerature, dissolved
oxyser, 7. o Eh and total phosphorus of watery and with

temperature, pH and magnesium of sedirvent,



Copper values were high from Magust to October
(47.4 to 51 .7Mg) in 1983, sad from July to Oetober (50,3
to ss.s/ug/g) -in 1984 with maxima in September '8) (M.?ﬂ/q)
and Septenber '04 (65.5A19/g)e The values were low, end
fluctuated in the range of 30,0 to 46.4 /m/q for remaining
months, CSediment copper showed significant positive
correlation with net primery productivity, nitrate, ssmonis,
copper and zinc of waters amd with Eh, total phosphorus and
zine of aea:;mt. It depicted significant negative COrre=
lation wimwm, disselved oxygen, pH, Th and total
phosphorus of v#;tgn and with temperature, pH md mamesium
of sediment, y

Z1xc

zinc values were high during Novenber and December in
1982 and from July to December each in 1983 and 1984, The
maximun values were recorded in Septamber 'S3 and August ‘84,
The valucs recorded were low in rest of the study period,
Zine of sediment showed significant positive correlatiomn with
net primary productivity, nitrate, smmonia, copper and szine
of watery and with Eh, total phosphorus, and copper of
sediment, It depicted significant negative correlation with
tenperature, salinity, dissolved oxygen and pi! of watery
and with temperature of sediment,



‘
é’-w

The results of the data oan calcium in haauolymph
excskeleton, muscle, hepatopancreas and testis are presented
in Figuresg 4.4, 4.5 and 4,6

Hasmolymph calcium concentrations were high and
fluctuated between 0,738 to 0,761 mg/Aal during the first
year of study except zg: decreased values (0.713 to 0,718 mg/l)
during kovember and December in 1982; and September and October
in 19683, iIn the seocond ywjtw, decreased valuss occurred
from June to August, It a:m:.bitad significant positive
correlation with salinity of water; calcium of water, sediment,
muscle, hepatopancreas and testis,

Calcium values ranged between 113 to 132 mg/g from
Bovember 'iZ to Cctober ‘S84 and no seasonal trend was
ochserved, It exhibited no significant correlation,

MUSCLE
Caleium depicted minor variations (4.096 to 4.360 wmg/g) |
from November '82 to October 'S4 and no seasonal trend was

* For correlation values see table X B, X C (station IV),
XI B, XI C (station V) XII B, XII C (station VI).
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cbserved, Calcium of muscle depioted significant positive
correlation with salinity of water; and caleimm of water,
hasmolymph and testis,

-—

Caleimm values fluctusted in the range of 10,083
' t0 11,15¢ mg/g from November *82 to October 'S4 but no
seasnal trend was recorded, lHepatopancreatic calcimm
showed simificant positive correlation with caleiwm of
water, haemolymph and testis,

ﬁucimdmem minor variations (2,108 to 2,270
»9/¢) from November *82 to Octeber 'S4 and no seasonal
trend was cbeerved. Calcium of testis showed significmnt
positive correlation with salinity of water; calcium of
water, sodiment, hasmolymph, muscle and hervatopancreas.

MAONESIUM

The results of the data on wmagnesium in hasmolymph,
excakeleton, muscle, hepatopancress and testis are presented
in Plgures 5.4, 5.5 s S.6

Heagnesium values fluctusted in the range of 139 to 160
/a3/nl from Hovember ‘82 te October 'S4 and nc sessonal trend



was cheerved., Hasmolymph magnesiwms shoved sigaificant
positive correlation with salinity of watery magnesivm of
water, excskeleton, hepatopancreas, muscle and testis,
EXOSKELETON

-

Exoskeletal magnesium values fluctuated in the range
of Tii8 tasm,‘q/utmmm ‘82 to Cotober '84 ad no
seasonal trend was recorded, It exhibited sionificant
positive correlation with salinity of water; magnesium of
water, hasmolymph and testis,,

MUSCLE

Magnesium @cpicud minor variations (1245 to 1364
/uq/g) £rom Rovember 82 to Octaber 'S4 but for a decreased
value in July 's4 (1160/:q/g) and no seaszonal trend was
noticed, Muscle magnesium showed significent positive
correlation with salinity of watery magnesium of water,
haemolymph, hepatopancress and testis,

»acmesium showed minor variations (2514 to 2690 /ng/q)
from November '82 to Octcber 'S4 but for a decreased value
in July (2389/uq/g) and no seasonal trend vas recorded,
Hepstopencreatic magnesium showed significant positive corse
elation with salinity of watery magnesium of water,
hasmolymph, muscle and testis,
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86718
Kagnesiun depicted miner fluctuations (980 to 1091
M) from Kovember '82 to October ‘84 but for relatively
decreased values in Degember ‘82 (”IM) and July 'S4
(994m9/g) and no sesscnal trend was resorded, Magnesium
of testis showed significant positive correlaticn with
salinity of watery magnesium of water, sediment, hesmolymph,

muscle and hspatopancreas.

T

he Tesilts of the data en phosphorus in haemolywph,
exogkaloton, mgic, hepatopancress and testis are presented
in Figures 6.4, ﬁ;s s 6.8
HARMOREMEHL

Yhosphorus values fluctusted (39 to 51 ﬁg/hl) very
often from November '82 to October 'S4 Dut no seasonal trend
wvas recorded. Hesmelywph phosphorus showed no significant
correlation,

Lxoskeletal phosphorus concentrations depicted minor
variation (15350 ¢o moso,uq/q) from November '82 to October
‘04 and no sessonal trend was recorded, It depicted
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significant positive correlation with salinity of water
and phosvhocrus of testis,
MUSCLE

Fhosphorus eoncentrstions of muscle remained low and
fluctuated between 5120 to Sﬁaﬁ/q except for slichtly
increased valuss in July '8) (SMM) and June 'S4
(5400 /ug./g). It exhibited significant positive correlation

with phoschorus of watery and significant negative correlation
with salinity of water,

Phosphorus £§mama in the rangs of 1860 to 2135
/ng/g fram hovember "8;2 to Ceteber ‘94 and no seasonal trend
was aoticed, Hepatopancreatic phosphorus showed significant
positive correlation with salinity of water and magnesium
of testis., It depicted no siymificant correlation,

IESTIS

Fhosphorus depicted minor variations from Novesber *82
(7020/&;;/@;3 to May *84 (7156/&::/9). but decrsased to “Oo’q/‘g
in June followed by little variation in July (6660 /aq/q)..
Subsequaently, it increased to 7078 ﬁg/g by “ctober ‘84,
FPhosphorus of testis exhibited sionificant positive
carrelaticn with salinity ©of waterp phoa-horus of
exoskeleton, hepatopancreas and muscle,



GOVTER

e results of the data on copper in heasmolymph,
excskeleton, muscle, hepatopancreas and teastis sre presented

-

Copper shoved minor variations fram Hovember *92
(115.3M1) zo June '83 (116,39/51) but thereafter,
uniformly increased to 13845 /ﬂﬁ/ﬂl by august followed by
uniform decrease tO 116.4 ,ng/nl by Cctober. In the
subse~uent yuu‘?; 0o, high values were recorded during July
(138.5 /nl) and Rugust (13645 sg/al)s iamolymph coppers
showed significant pasitivo corzelation with copper of
water, sediment and waclm and significant negative corre-
lation with salinity of water.

ENCEKIL I TUH

Copper showed minor .£luctuations (20,8 to z‘.zpq/q)
grom November ‘82 to Cctober ‘84 snd no seasonal trend was
recorded, Lxoskeletal Copper depicted no sicnif iceat

correlation,

g:;g%cm
Coprer showed minor fluctuations (21.9 and 23.0 fg/q)
from Noverber to Junes but increased valueg were recorded in
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July (26.&”;) and August (24,9 /ag/g) followed by decressed
values, Thereupon, increased valuss were moticed during Jwme
aud July months of the subsequent year. Musele copper showed
significant positive correlstion with coppar of hasmolymph,

-

Hepatopancreatie copper concentraticns remained high
and fluctuated in the range of 1973 ¢to 2129 ,wlg except for
the relatively decreased values im August ‘83 (1927 ,ng/q)
and July 34 (1954 pg/q). It showed no sicnificant
correlation, 3

Copper showed minor vartstions (110,1 to 118.1 sa/g)
from November '82 to Oetobex 'S4 and no seascnal trend was
cheerved, It showed ne sicnificsnt correlation,

A 4.0

The results of the data e zinc in hassolymph
exoskelcoton, muscle, hepatopancreas and testis are presented
in ?Wm 8.49 3.5 and 'ﬁ‘

2ine depicted minor variations from November '82
m.s,ng/mz) 0 June °'83 (12.8 /ug/ml) and subsequently,



increased to 1!.1/uq/hx by August followed by a decrease
te 1).8’:/-1 in September, In the following year too,
increased values were chaerved during momsoca. period,
Hasmolymph zine exhibited significant positive correlation
with ginc of water, sedimens and muscle,

EXOSKEIEION

Zine values fluctugted in the rance of 53,1 to 87.4
/ng/q from Hovember '82 to October 'S4 and no seasonal trend
was recorded, Exoskeletal zinc depicted no significant

correl aticon, E.

i

e

MUSCLE |

Muscle cmm&ﬁima of minc remained relatively low
and depicted minor fluctuations (50,1 to 52.1 mg/g) frem
Rovember '82 to October '83 except for slichtly incressed
values in July (s:.&Mg) and Mgust (56,0 ﬂq/q). In the
subsequent vear, incressed zinc values were recorded
during Muly., Muscle sinc showed significant positive
ecorrelaticn with zinc of water and haemclymphy and
sigmificant negative correlation with zine of hepatopancreas,

HEPATCPANCREAS

Zinc showed minor variations from November °82 to
May '83 (679 to 712 ug/g) but low levels vere noticed during
Juns (ﬂﬁ,ﬁq/q), July (ﬂzﬂg/g) and mgust(esaﬂg/g)
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and thereafter, ummmuxmwm
(687 mg/9)s In the subsaquent year teo, low values were
recorded during memsecon period, Hepatopancreatic sine
showed significent positive ecrrelation with minc of hage
molymphy snd sigai{ficant Regative correlation with sine of
auscle,

3ESTIS

Zine depicted minor variations (86,0 vo 93.0,&3/;)
fram November 82 to Cotober ‘64 and no ssasonal trend was
observed, 2 of testis showed neo significent correlation,

The results of the data on calefum in hsemolymph,
exoskeleton, museles, hepatopancrsas and Ovary are givenm in
Pigures 4,10, 4.11 and 4.12

H

In the first year, calcium eoncentrations increased
gradually frem 0,710 mg/ml in November to 0,748 mng/ml 4n
February and subsequently, remained hi¢h and varied g little
upto August (0,748 mg/ml), Decreased levels of caleiwm

* For mhrton values (r) see Table X B, X ¢ (station 1v),
XX By, &I C istation V)y and XXX B & XII ¢ (station V1),
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were noticed in September (0,714 mgAal), October (0,721 mg/m1)
and November (0,722 mg/ml), In the secend year, decreased
valucs were Tecorded in June (0,682 mo/al), July (0.67¢ mg/al)
end Ausust 0,713 mg/ml). Hasmolymph calciva exhidited
sionificant positive correlation with salinity of water;
calcium of water, sediment, muscle, hepatopancreas and ovary,

Y vy
5 '_{,;;, & &

Calcium concentrations showed f luctuating levels
(114 to 136 mg/g) fram November '52 to Cetober '84 snd no
searcnal trend wis observed, :xoskeletal calcium showed
signifi-ant pa:!é‘n correlation with calcium of ovary,

yuecrs

Talcium showed fluctuating values (4.141 te 4.390
®g/g) fram November '82 to October '84 and nc seasonal trend
was recorded. MHuscle calcium depieted significant positive.
correlation with salinity of waterr and calcium of water,
haemolymph, hepatopancreas amd ovary,

Low values of calciws were recorded fram August te
Octeber (10,041 to 10,323 mg/g) in 1983, and also during June
(10,234 mg/g) amd July (10,296 mg/g) in 1984, cCaleium
¢oncentration remained relatively high (10,546 to 11,223 mg/g)



in rest of the menths, Hepatopancrsatic calcium showed
significant positive correlaticm with salinity of water;
and calciun of hasmolymph and muscle,

SNRx

Calcium remained almost steady from Novesder '82 so
OCetober ‘54 (2,231 %o 2,3 ae/y) and showed little sessonal
varistions, Caleitm of ovary showed significant positive

correlation with salinity of watery; and calcium of water,
haemolymph, exoskeleton snd muscle,

- “R‘w‘-ﬁw‘

The results of the data on magnesium in haemolymph,
exoskelaton, muscle, hapatopancrtn and ovary are prncntd
?‘W&ﬁ 5.16‘ 5‘11. anad Sle

Relatively low values of magnesjum were recorded ia
November ma/uwx) and December (146/39/::11) in 1982,
September to November (142 to 149 pig/nl) in 1993, and
during June (143 mg/ml) and July (144 /w/ml} in 1984,
Magnesivm levels were high ané ranged betwecn 152 to 158

,uq/al in rest of the study periocd, Haemoly ph magnesiwm
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showed sionificantly positive correlation with salinity of
water; magnesium of water, sediment, mh,hnmmmm
and overy,

Magnesium values were relatively low Suring nm
‘g2 (sm«tﬂq/q). July (OMM} and August (emxﬂ/g)
in 1983 and during June (8039 ,ug/q) and July (7863 /ug/g)
in 198¢. ’agnesium levola were slightly hich and varted
between 2137 to 8354 /ag/g in rest of the period, Exoskeletal
magnesium Qﬂu.hitod significant positive correlation with
salinity M m-n magnesium of water, sediment, muscle,
hepatopancreas mad vary.
Muscle

Hagnesium concentrations remained high and fluctuated
between 1221 to 1357 NG/C except far the low value of 117
Be/g in June 'S4, and no seascmal variation was obsarved,
Magneaium of suscle depicted sicnificast positive correletion
with salinity of water; and magnesiwm of water, hasmolymph,
exoskeleton, hepatopancreas and ovary,

Magnesiom values were low during November and Decembder
(2591 mo/g) in 1982 July (zssz,ng/q) md 2ugqust (2356 pag/q)
and Aucust (2856 ,\tg/g) in 1923; and in June (2500 M}. July



(2419 pa/g) and august (2550 mg/glin 1984, It vas hich
for the rest of the period and ranged Detween 2594 to
2728 pc/g, Hepatopancreatic magnesium showed significant
positive correlation with salinity of water; and aagnesium
of hasmolymph, exoskeleton and muscle,

AR

Marmesium showed minor variations ranging between
980 to 1035 /uq/g and no seasonal trend was recorded,
Macnesiwn of ovary showed significant positive correlation
with salinity of water; and magnesium of water, haemolymwph,
exoskeloton and méh.

PHOS PHORD'S

The results of the data on phosshorus in haemolymph,
excskeleton, muscle, hepatopancreas and ovary one given in
Figures 6,10, 6.11 and 6,12

Thogrhorus depicted erratic values from liovember *82
to Ueotobor ‘84 and no seasonal trend was noiiced except that
a low value of SSﬂgﬁnl was recorded in iay '53, The
values rancoed between 39 to Gﬂﬁg/ml in rest of the period,

Haemolymnh phosphorus showed no sicnifieant correlatiom,
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Fhosphorus concentration showed fluctuating values
from Hovember '82 to Cctober '84 and no secascmal trend was
noticed excopt that decreased values were recorded in mensoon
of 1924 /Uune 15098 J39/9,~July 15042 /aq/qj. Values ranged
between 15080 to 17052 A/ in remaining mcuths of the study
period, Ixoskeletsl phosphorus depicted sionifiemmt positive
correlation with salinity of watery and phosvhorus of ovary,

—

KUSCLE

?%mg;ahorns; showed minor fluctuations from November ‘52
to Cetober 94 Qad‘?:aa senrzonal trend was cbsorved except that
values were slichtly high during monsoon of 1983 L™ dualy
(5340 ug/), August (5300 mg/g) 7 and 1984 /(5300 nasw),
July (5360 mg/g), August (5320 ma/g)./. The values ranged
betwean 5020 to 5240 /ug/g in rest of the =tudy period,
¥uscle phosrhorus showed significant negative correlation
with salinity of water; phosphorus of hepatopancress and

Ovarys

Phosphorus increased gradually from 2050 /:g/g in
Hovember '22 to 2320/;q/q in May '83 and thereafter,
decreased to 2005/:@/@ by Aucust., Subsequantly, it increased
to 2130;1@/@ by Oectober, In the subsequent year too, low



values occurred during monsoon period (1595 /ag/q in July).
Hepatopancreatic phoaphorus depicted significant positive
corrslation with salimity of water; and significamt
negative correlation with phesphorus of muscle,
970153 4

“hogphorus varied a little from November ‘82 to
Cctober 'S4 and no seasonal trend was recorced except
that valurs slightly decreased during monscon perjed of
1983 (July 5260/;9/9) and 1584 {(June 5240 /w;;/g. July
5200 /;g/g)‘ 7Values ranged between 5260 to 5320 /ug/q in
rest of the study period, Thoasphorus of ovary exhibited
significant posigtvc correlation with salinity of waterp
phosphorus of m&dﬁm and hepatopancreas, It showed
significent negative correlation with phosphorus of
muscle,

COPLER
The results of the data on copper in haemolymph,
exoskel ton, muscle, hepatopancreas and ovary afe
presentedd in Figures 7.10, 7,11 and 7,12

1OLY el

Copper values were hich during ~ucust (141.1 /ng/bl) :
and September (136.9/)1;/!!11) in 1983 and during July
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t:u.4mx:. August (Jﬂ.‘tpﬁl) and Septamber (126.9
pio/al) in 1984, It remained low and fluctuated betwesn
113.5 o :a:.:/aw in rest of the period of ebservation,
Hasmolymph copper Cepicted sionificent pesitive correlation
with copper of water, séliment and muscler and niepiﬂemt
aegative correlation with copper of hepatopancress,

Copper showed minor variation from lovember '82 ¢o
October "84 and sll values fluctuated detween 17,8 ¢ 32,9
ps/ge It icted no seasomal trend and showed no
- significant mzchﬁm.

pusclE
Copper values were high during monscon of 1983

L0, July (23.2pm9/9), Mgust (24.5 ug/g)7 and 1984
L1.0. Sune (23,7 mg/g), July (25.9 m0/g), August (22,7
ﬂq/g),?. Copper values remained low (18,4 to 21.2N')
in rest of the months, Muscle comper depicted gionificant
positive correlation with copper of water and hasmolymph,
It showed significant negative correlation with salinity
of watery copper of hepatopancreas and ovary,

HEPATCL/UICREAS

per values were low during July (2078 /ug/q) ad
August £2€3‘?O/ug/q) of 1983, and during July (°067 ,eq/g)



and September (2077 mg/g) of 1984, For the rest of the
pericd hich values between the range of 2101 to 2167 pg/3
have been recorded, Hepatopancreatic copper exhibited
significant pgnitin correlation with galinity of water;
and signiiicent negative correlation with copper of
sedingnt, haemolymph and muscle,

UARY

Copper showed minor verfations (212.4 to 221.5 Ag/g)
fram Hovember ‘82 to October 'S4 and no seasonal trend was
recorded, Coéper of ovary showed significant positive
correlation with salinity of water; and copper of muscle.

&ES

T™he results of the data on ainc in haemolymph,
exoskeloton, muscle, hepatopancreas and ovary are
presented in Pigures 8,10, 8.11 and 8,12

Zine concentrations of haewolymph were high fram
July to Septamber each in 1983 (15,3 to 19.8 jg/ml) and
1984 (14.6 to 19.0/3%1). Values were low, fluctuating
between 12.4 to 13.‘7/.\9/\»1 in rest of the study pertod,
Haemolymph #inc showed significant positive correlation
with zinc of water, sediment and muscle,
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EXOSXEIETON

Zinc depicted very miner variationz (49,5 to 33,3
/m;/g) fram November °B82 to Octoder '84 and no seasonal
trend was recorded, It showed no gionificant correlation,

MUSCLE

Zinc values increased szli-htly during July (52,0
/uq/g) and August (54,6 /ug/tgr! in 1983, an? during July
(3449 po/c) in 1984, The values remained low and
fluctuated bgtween 47,4 toS$1.5 mug/g in rest of the study
period, Mtu&lg ginc exhibited gsignificant positive
correlation with sinc of water and haemolymphy and
significant noqaéivc correlation with zinc of hepatopen=
creas snd overy.

Zine showed minor fluetuations from November '82
(73‘/@5[@) to May '83 {val\ag/g) and subsecuently, ¢
decreasod to 679 ,ng/q by August '83, Tt increased to
724 /ug/g in September. In the next year, decreased
values were recorded in June (677ma/g) and July (684 po/g)
only. iepatopancreatic zinc showed significant positive
correlation with salinity of water, and zinc of ovaryy
and sicnificant negative correlation with zinc of muscle,



Zinc showed slightly low levels during July (144,3
ﬂ;/q) and August (14&.2Nq3 in 19837 and during July
(14440 00/g) in 1984, In rest of the study peried;values
fluctuated between 149.7 to 183.3 a0/h, Zinc of evaery
exhibited significeant positive correlation with salimity
of water and zinc of hepatopancreas, It showed significant
negative correlation with sinc of water, sedinent and

muscle,



FPhysicochemical parametere are ~oveorned by
seasonal rainfall during monsoon and postemonscon in
both the ecosystems and therefore, as alr-a%y mentioned
in the '"esults', 1in the discussion nart tos, season-

wise dercription 4{s adhered to,

In the grow-out ecosystem, temperature, salinity

and disnolved oxyoen of water and temmerature of sediment

daecreonn O ;.ﬁ‘::t-.éirin:i?; monsgom and pogtenconsomn seriod in the

nres 0’ Ttedy.’ reshwater runeoff from riv-ors and local

nreci-itavion bring about decrease in +- - rature and

salini , .he low dissolved oxyaen encrmbores during

P

monsg N oMmd postemonsgoon period de due to the increased

decomrosition 0f higher lovels of orqanic sbris at bottom,
the hior amount of organic debris is “o:i~d as a

resulc of hich productivity rate and subr~ uent dsath snd
decay{ ochford, 1951), The increased contont of silte
load in uhe river water and resniration ~° increased

biomass “uring monsoon and nostemonscon are the additional

A

causes o7 dissolved oxygen Jdenletiorn { wrmamma and
zalakrisiman, 1973), amamir+ham and oonraman (1963)

degeril <l forrersture, salinity and discclvad oxygen of



the Codhin backwaters and obsetved that gpart from the
influence of monsoon rains and the considerable mmount

of evaporation during hot mamths, the influence of various
type of phanomena in the Arshian Sea such as ‘upwelling’,
‘sinking’, ‘coastal piling’ ete. sre consideradbly affecting
the characteristic varistions in the hydrographical amd
associated conditicns in this ares, Sakaransraysnan and
Casim (1969), while studying the nutrients of Cochin
backwaters in relation to envirommental characteristies,
noted that chmqn in water temperature, salinity amd
diss0lved m‘n were small during the pre-momsoon period
and large during monsoon period, chynamma and Balakrisimen
(1973) also observed that dissolved oxygen values remained
low auring monsoon period while investigating diurnal
variaticns of some physicochemical factors of Cochin
backwaters, Ansari (1974) recorded high water temperstures
and salinity concentrations of water in the Vembanad lake
during presmonsoon pericd similar to those recorded during
present investigation, wWhile desg¢ribing the seasonal
distribution of water temperature, salinity snd disgolvad
oxyoem in the inshore waters of Karwer Bay, Annigeri(1968)
also recorded lowest temperature and salinity during
southuest monscon, Nagarajaish snd Gupta (1983) has
reported that the monsoon and the freshwater discharge are
the main factors which regulate differamt physicechemical



parameteacs of an estuary while studying the physicochemical
characteristics of brackishwater ponds along Nethravatd
estuary, Mangalore,

The marine ecosystem, in the presemt study, too
showed low water temperature and dissolved oxygen during
monsoon and post-monsoon pariod but salintity level was not
affected mach, The incursion of coel, pooTly oxygenated
waters into the continental shelf during monsoon ané post-
monscon period as reported by Ramamirtham end Jayarsman
(1960) m- account for ths present observetion, High
salinity mm waters were also observed by Sankersneraysnm
and Casin (1969) in the inshore waters of Cochin area étrm
nonscon mmmmwud. Gopinathan and Joseph
(1980) have reported low temperature and dissolved oxygen,
and high salinity during monsoom and post-monsoon period
in the inshore waters off-Karwar cosst. While investigating
physicochemical parameters in the inshore region of Kerwar,
Annigeri (1972) reported higher range of dissolved oxygen
than those observed in the presemt investication, This
disparity may be relasted to the nature of the sediment and
the prevalence of more reducing conditions nesr bottom off
Cochin,

The higher decrease in water temperature and
dissolved oxygen ia the marine ecosystem vhen compared to



the growsocut ecosystem Auring monsoon and post-monsoon may
be related to the relative shallowness, and the regular
mixing of water (Que to the tidal influance) in the grow.
out ecosystem and incursion of offshore waters and
mongsoonal stratification” (Rasmsirtham & Nair, 1964) in the
marine ecosystem,

The prevalemce of highly saline stable inshore waters
brought in by the offshore incursion (Rasmsmirtham and
Jaysraman, 1960) and restricted vertical mixing of stratified
vaters (lamsmirtham and Nair, 1964) sccount for slmost
normal salinity of seawster in the marine ecosystem, whereas
in the growout systuu. mtming of almost freshwater
conditions daring mm m; post-monscon periocd sre
related to hesvy precipitation and local riverine run-off
(Rammuirtham snd Jaysraman, 1963), The relatively low
Ai ssolved oxygen values recorded in the marine ecosystem
when compared to the grow.out ecosystem Auring non-monseon
pericd are presumed to be related to the reduction of
increased content of dead snd decaying matter which got
sccumlated due to increased rate of its 'sinking' to sea-
floor which, in turn, is Que to the presence of enermous
ssount of overlying waters in the marine ecosystem, The
vertical mm: is relatively very less in the grow.
out ecosystem of the present study, The ‘sinking’



phenomenon compounded with the incursicn of poorly
oxygenated offghore waters as reported by ~amamirtham
snd Jayaranan (1960) explain the scute oxyjen depletion
in the nmarine ecosystem during monsoom and post-monsoon
period,

-

Prasad (1982), Sreenivasan (1982) and Sugunan
(1973), while investigating ecology of brackishwater
culture ponds near Cochin, have reportec water and sediment
to be of more alkaline nature during monsoon and poste
monsoon 9&1@&. In the present study, increased hydrogen-
ion ecme:emtr;!ion of water and sediment rocorded in the
growsout &?033’5;65!2 during monsoon and nosi-monsoon period
may be related to' the removal of carbondioxide which is
assimilat~d due to increased photosynthetic activity of
the gystem during that time (Sreenivasasn, 1532). 1Im the
present case the hydrocen icneconcentration did not behave
congervetively as obserwved in Cironde and "harsnte
estuaries in France by Martin g% al. (1972),

In the marine ecosystem, relatively low hydrogen-
ion concemtration noted in the water and the sediment
during monsoon may be due to the increarss’ sedimentation
and subso-uent reduction of orranic debric resulting in
relatively more reducing conditions near bot*om, Such

characteristics were also reported by ~amarmurthy (1963)



while studying hydrology of the inshore waters of Karwar,
Annigeri (1972) described seasonal hy roloqical variations
in the inshofe region of Karwar during monemcnsoon period
and reported pH renge similar to the preseat findings,
Sankaranareysnan and Tasim (1969) havé alro remorted
decreascd pH values in the inshore area of Cochin durimg
monsoon and goct-nansoea period, Radhakrisman (1978)
carried out hydrological studies in the inshore waters of
Mangalore with an emphasis on the effects of the southwest
monsoon ‘nd reportaed decreased pH values Suring southwest

mongoon noriod,

-he difference in seasonal beh.vicur of pH between
both the ac&sysédﬂséuxing mongoon and nostemonsoon period
may be ‘ue to the nrevalence of freshwatcr conditions in
the backwaters and incursicn of poorly oxvgenated offghore

waters in the marine ares,

“he low redox-potential values of the water and the
sedimen® rocorded in the present investi~ation during
monscon nrried in both the ecosvstems secems consistemt
with the occurrence of relatively reduced conditions
due to the increased rate of death and cecay of organic
debris “uring that period as alread; discussed., While
studyin: ocology of prawneculture brackichuater ponds

around ‘ochin, Pgulinose gt sl. (1921), Srernivasan (1982)



and sugunan (19€3) have reported seasonal redomepotential
trend similar to present findings in the croweout ecogystem,
Unfortunately, there is little record of recox~potential
analyszis related to the marine ecesystem }n the litersture,

The extent of-increase of nitrate, ovonia and net
primery prouuction was considerable, wher-:i~ nitrite and
total phozrhorus showed fluctuating but mdldly increrased
valuez “uring monsoon and post-monsoon period in both the
ecosystems, These parameters show noneconservative behaviour,
Incursior oF nutrient rich offshore water= into inshore area
as well ars $he freshwater discharge and lan’ run-off from
the catc%ﬁéﬁt“area in the vicinity are the main casuses for
higher concentration of nutrients and net nrimary vroduction
during monsoon énﬁ post-monsocn veriod in hoth the ecosystems,
But the explanation of varicus authors (“wins and Spencer,
1967; an“aranarayanan and Casin, 1969; nair gt al., 197%)
that such an increase of nutrientsd is sntirely due to freshe
water “ischarge and land run-off, based on the fact that
minimal values occurred during marine con/itions period in
estuarine area and thereby, imrlyin- little marine
contribution is not consistent with the rregent finding of
Tecording similar seasonal behaviour of nutrients and net
primary nroduction 4in both the ecosystems,  his suggests
that both the ecosystems may have =imilar contributary

sources, "hias is supported by the observ:iii-nm of




Moo

Ramamirtham and Jayarauan (1963) who, while studying
hydrology of the Cochin backwaters during monsoon and
post-menscoon period, reported that the bottom water of
the estuary is the sane as the upwelled water of the

Arabjian :ea which has spread over the continental shelf,
Rair gt al., (1975), descridbed nutrients and primary
productivity in the Vembanad Lake and emphasized that the
distribution of nutrients is largely dependant on the

marine influence and the freghwater -‘Uscharge.

'hilﬁ‘gxamininq the distribution of »rimary produ=
ction anc ;héract@ristics of nutrients in Zochin area,
various suthcrs“(ﬁaniknth and “alih, 1974; lair gt fales
1975; culinose gf ale., 19817 and ireenivasan, 19682) have
reported the results similar to those recordad in the

grow=out ecosystem during present study,

“he fluctuating values of nitrite recorded during
present study seems to be related to its transitional
nature in the nitrogen cycle {("akestraw, 1935), The
nitrite ~slucs recorde? by Sreonivasan (1277}, while
investi ating ecoloqay of culture pondg in vreen Islend,
were extremely higher (976/uq/1) than the oresent obsere
vation in the crowout ecosysten, thoucgh the seasonal trend
was similar in both the csses, The relative shallowness

(dernth 40 cm) of the ponds studied by “reenivasan (1982)



may be the cmuse of hicher values noted by him,

Sankaranarayanan and Casim (1969) reported flucte
uating but relatively hicgher values of nitrite during
monscon and postemonsoon period in the inshore area off
Cochin, ~ubrshmany an (1959) and Annigeri (1968, 1972)
also reported values similar to the present findings in

the inshore areas of israbian Tea.

~he noting of an average of 43/u§/1 and Sv/nq/l
nitratc and ammonia respectively, and recor?ing of
significant positive correlation between thém by
3harqava;§;w;;, (1978), while carrying out productivity
studies from Qctaber to December in the column-waters

i{n aravian Sea, compare fairly well with the present

resuliz in the marine ecosystem,

frequent oscillations of total phosphorus noted
durina ~resent study are indicative of the regeneration
of phos-hate phosphorus from the botton s~iments
(“ankaranarayanan and Casim, 1659), Incroase of total
phéspharus noted during monsocn and pogt-monsoon during
present study may be due to the greater silteload in the
estuarine ecosystem at that time (~ apkarsnarayanan and
Gasin, 1969). According to Ansari and @ aiagopal (1974)

large cuantity of allochthonous rhosphate which finds its



way into the estuary may be responsible for high values of
phospherus, even in the inshore waters during the monsoon
pericd, NRagsrajaieh and Gupts (1983), while studying
physicochenical characteristics of brackishater ponds
along Nehtravati estuary, Mangalore,recorded a nutrient
pesk during June which is consistant with the present
findings in the grow=out ecosystem but their cbservation

of relatively low phosphate phosphorus values during monsoon

is not consistant with the present findings,

“he range and seasonal variation of ~hosphorus
describa® by ﬁira{ieus authors (“amamurthy, 1963 Anand
and Javaramwm, 1972 Annigeri, 1972 Sankaranarayanan and
Reddy, 1977b; Bhargava et al., 1978; and Dadhskrishnas 1978)
in the inshore areas of Arablan Sea along the Yest coast
of India, are in agreement with the present results in the

marine ccocystem,

Lair gt al. (1975) and Faulinose ¢t gl. (1981)
noted zeazonal variation of primary produciion in the
Cochin backwaters and the prawn culture ponds near Cochin
respectivoly and reported considerably hish values during
monsoon and post-monsocn pericd as compared {0 NON-MONSOON
period znd this supports the present similar finding 4n the
growsout ccosystem, ?sharqava ot 8l. (1972) and Radhskrishna
et al. (1978) carried out primary oroductivity studies in



the Arabian “ea and reported hicher primary productivity
values during monsoon and post-monsoon pericd which suppert

present findings®’ in the marine ecosystem,

'as elucidated by the foregoing discussion, 4t is
clear that when rainfall occurs during monsoon and poste
monsoon neriod, the increased freshwater run-off from the
catchment area alters the physicochemical characteristics
of the wator and the s~diment in the orowecut ecosystem
and affrcts to some extent the marine ecosvatem too,
Incursin %5 offshore waters into the inchiore area during
monsoon an§ post-monsoon period govern the variations of
physiccchenmical parasmeters in the marine =cosystem though

ite iniluence 15 the backwaters is not ruled out,

"hile comparing the seascnal variation of physie
cochemical ~arameters in the groweout and the rarine
ecosystems, it becomeg clear that the physicochemical
conditions remain similar and littlewchan--3 in both the
ecosysteoms Juring none-monscon period and that the major
noticable variations are encountered only during monsoon

and porr-ncnsoon poriod in both the ecosy-toms,

A2 s3linity in both the ecosystems devnicted

of the phy icochemical parameters discusse” hither to, it

becomes more appropriate to restrict the discussion of



varistions of a particular metal in the tissues of

E- ingicus with the variations of salinity of water and
with these of the particular metal in the water and the
sediment, rather than to discuss variations of each metal
in the tissues of P. Andicus with each of the physico-
chemical parameters(though correlation values for all the
physicochomical and the biological parameterz in both the

ecosystems are presented in the correlation tables).

“s1-ium o the water and the sedimsnt in both
ecosystems ﬁ@%aved conservatively i,e, po-itively correlated
with :%al:iaiétyf(";i“eebla VIT 2 To YIT1 A). fut cuantitatively,
the calciuwn of the water and the sediment behaved quite
different.y ﬁurinﬁ monsoon and nostemonscon neriod in both
the ecou tems. Calcium decreased in almost direct propo-
rtion to the Gecrease in =alinity in the roweout ecosystem
as evi‘ernced by its significant correlation with salinity
{.able I7 . to 1X A), The sudden and =harp Jdecrease
during monooon is relatsd to the local precinitation end
freshwatcr runeoff, Rao gt ale (1982), described seascnal
variation of calcium in water, sediment an! tissues of

from a brackishwater pond, and recorded low

Lenagus
calcium crntent in water from ™uqust to rimvemher whent the
salinity 23 also low and noted uniformly increased

caleium ~-neentrations from “escember to Mo, concommitant



with the increased salinityy and also noted 2z direct
relationchin between the calcium content and salinity of
the pond watsr, Gupta and Kaik (197°1) renorted that

when the rivers get filled with freshwator zlmeost to their
mouths Muring monscon period, calcium concsntration
decreases Lo near z3ero with decrease in salinity, Manikoth
(1975), «hile investigatin. variations of calcium concente
ration in the Cochin backwaters, obsgerve:’ ‘hat the calcium
decrease in Airect proporticn to decreace in salinity,
which derende unon rainfall and lecal pr-sinitation.

*hile f%wf?igé caleium and masmasium concr-moration {n the
nearshor - Tﬁ§$r; of “oa, Yalk (1%77°) =u o 2tod, on the
basiz of . r findin-s in the ‘uwari rstuary ﬂaf, that the
contribaion of caleium content from the river water is
negliait=l-, ‘his supports our findincs in ¢hes crowe-out
ecosystsr 2 very low valuee of calzium £+ noted éuriné

peak monsoon when it i3 flooded with freshwater,

in the marine ecosvate, the docr-27: in rcalcium
content o7 the water durin~ monzoon and rontemongocn neriod
wag less though 1t denicted simnificant prritive correlation
with s=zlinity (Uable ~ 2 to "IT A), The ~inor decrease
durinc wonsoon and post-monsoon neriod may e related to

relativels little vertical mixing of =tr--41 i-°, less saline

surface witor with the highly saline botiw: vaters, While



studyinc the variations of calcium and mameosium concent-
raticn in the nearshore waters of Goa durins the none-monsoon
period, talk (1978) reported constant valucs in the pree
monscon ~ericd comparable to the ocsanic onos but noted
variations during the poste-monsoon period., ..agvi ana

Reddy (1979) described the variations of calcium content

of the - ctors around the laccadives (Arabian ~eca) and
reporte conservatice bshaviour of calcium st the depth
commarenle 7o the present investi ation, Gu-ta gt al. (1978)
investi - »t 7 fluoride, calcium and rarmegium in the Horthern
Indian f%ﬁé and reported averace calcium onoontration of

4 32; 5 ‘f;f*f!l.

Qﬁimgnt{calcium. in the ~rouweout ~cnavstem, showed
sirniiicomt rositive correlation with wator ~aleium (Table
VIT 2 to I 3} and it constantly increased ‘uring stable
conditicons ~eriod and Jecrease” durinc th transition,
monscon and poste-monsoon neriods, The Jilution effect
due to increased water outeflow nrobably o-lains Aecroase
of sedinmeon: csalcium during mensoon and »octe-rnnzoon periods,
“hile ¢ oi7rinc seasonal variat! ns of gefimrnt calcium in a
brackizsi=stor nrawneculture flel! ~ear “ccrin, “ao et al.
(1982) conoorved that sediment  alcium was - oryino between
5.1 and 7.1 mg/g U 4dn most of the months o cent from

January :o ‘arch when it was rclatively lov (4,9 and 3.8 mg/g D,



|
ooy

Though the present results too agree with their (Rao

2t al., 1982) observation that the total calcium content
of the bhottom 801l of the pond wae alwayrs hicher than in
the ovorlying water, vet the rance of valucs of sediment
calcium (10,8 to 29,5 mg/g D) noted durin~ present
investi-ztions are considerably higher than these reported
by them, “he reason for recording decrezseo? sediment
calefum vzlues from January to March even: ~hen the salinity
as well as the calcium content of the overlving water
showed o uniform increesse hag not been mentioned by them
(a0 gt al., 1982). while investicating -hvsicochemical
featur- sf;gﬁils in certain orawn fiel s =2round “ochin,
Frasad (1972) reported that exchanceable ~ation, ~alcium,
showesd = “ofinite pattern of variation vith zeason in all
the estuarine ecosystems, The decline in the exchangeable
cation values after the onset of monscon in June has been
explainod by him (ifrasad, 1982) to be dusr to the reduction
in salinity and the leaching of exchangea:le cations as

they &re water soluble in nature,

“pasonal stability of sediment calcium in the
marine ~osystem is due to the rresence of hinhly saline
waters noar bottom throuchout the yvear, Thouch there is= a
com-lete lack of informaticn reqarding seassnal studies

of sedimsnt calcium of inshore areas, yet 'ac's (1979)



ebservation, while investigating aistribution of calcium
carbonate, calcium and magnesium in sediments of the
porthern half of western continental shelf of India, that
the near shore sediments contain 5% calcium content
support the prasant_}nvustigttions. The rance of values
reported by Nair gt al. (1971),while describing calcium/
macnesium raties in the sediments on the cntinental shelf
off Bombay, agree well with the present findings,

1+ beccmes quite clear that there is little
variati-n of calcium annually both in the water and the
seciim%méin, +he marine ecosystem put the annual variation
of calcium :::f the water and the sediments in the or ow=out
ecosystoi: Are governed by water run~off and local

precipitation.

“he ran~e of haemolymrh ~aleium values (423 to 761
/ug/ml) noted during the present investicaticns in the inter-
moult male and female L, indicus in both the scosystems are
camparzble to the observations of various authors (Travis,
1955y Dursey and Lane, 1971; sharmantier, 1972; Greenaway,
1972, 19763 Hagerman, 1973: wright, 1979, 19303 Sparks and
Greenaway; 1984) on haemolymph calcium in the intermoult
cmstammz; pelonging to ten aieferent srocies, Their
reportod values rance from 452 to 54e/ug/m1. The present
investi~ations are supported by the findincs of “ao g ale

(1982), who described the ceasonal f£luctuation of



hasmolymph caleium in Penasus indicus. They (Rao gt al.,
1982) found no appreciable difference between the two

sexses and that the distribution pattern in different
months wes also, more or less, similar, The concentra-
tion of total calcium in.the hasmolymph of male and
female [, jndicug in both the ecosystams during the
present investigations remained above than that of the
surrounding medium throughout the period of study., This
probably reflects the contribution of non-icnic calcium
to the total bleod caleium, It 18 known that in the
erustacemns ad§pted to normal ssawater, about 20% of the
blood calcium i; bound in an indiffusible “orm probably
to blood rooteins (obertson, 1960by Treenavay, 1976;
7anders, 1980), Iﬁ is likely that this bound caleium

is a conztant value, even in crustaceans =‘apted to
dilute ccavater (Creenaway, 1976), The findings of

lac gt al. (1982}, while studying seasonal fluctuations
of haemolvmph calcium of P, indlcug in the ~stuarine pond,
that haesmolvmph calcium remains always at a higher level
than the calcium in pond water support the nresent
results, ‘arious authors(Vinogradov, 1953; rosser, gt fles
1955; ~obortson, 1957 1960by Dall 1965a, by 1974; Dehnel,
1967; “M:sey and Lane, 1971f Fngelhardt an: iehnel, 1973;
Balazas gt al. 19747 Colvocoresses gt al., 1974y Kannan,

1982) have recorded haemolymph calcium of intermoult



crustacesns te be always above that of the medium, The
significant positive correlation of hammolymph calciwm

of male and female . indicus with the calcium of water
and sediment in both the ecosystems (Teble VII B to XII B)
during the present investigations show that a unit change
of calcium in the scosystem due to a decrease in salinity
brings about a comparable change in the haemolymph caleium,
Rao gt al. (1982) also reported that calcium content of
pond water and hasmolywmph of P. indicus showed a direct
relationship with salinity., The change in the total
calcium of jthe haemolymph of Canest Daguius. S mAgiatsr
and mm with & change in salinity has been
reported by var;m sathors (Engelhardt and Delmel, 1973;
Dall, 1974y and Gresnaway, 1978),

Thomgh the calcium concentration in haarolymph of
both male end female P. indicus depicted significant
positive correlation with salinity and calcium of water,
caleium of sediment and with calcium of muscle, hepatow
pancreas and testis/ovary of P. indicug in each ecosystem .
(Table VIZI B to XII C) during present investigation, yet
the quantum of varistion which oceurred only during monseon
and post-monscon was significantly higher in the groweout
than in the marine ecosystam, This is directly related
to the quantum of decrease of salinity and calcium of the



water #nd the sediment in each of the ecosystems, Rao gt 3).
(1982), vhile studying seasonsl fluctuations in calclum
levels in the exoskeleton, muscle and haemolymph of P. indicus
reported low haemolymph calcium values (790 to 380 mg/ml)
Murinc monsoon and post-monsoon period and high haemolymph
calcium values (540 to 800 mg/sl) in the non-monsoon period.
This su~orts the higher cuantum of variz i-n of haemclymph
calciur noted only durng monsoon and post-monscon during

the mro oont investigation, The observati-n of Kannan (1992),
on _gyll: cerrata that thouch total calcivm of haemolymph

is alvm %iQEe:, vet the fres calcium oono-ontration 4n the
Baemelyroon is lowsr than the aabient meoium inclicating
active i n uptzke cven at normal salinitles. all (1981),
while ¢ ovina Géﬁetefulatery ability an” juvenile habitat
nrefer noc in some penaeid prawns, alseo mentionesd active
reculzti n of caleium by penaeids in hwrosaline conditions,
ihe [. joodcus, in the present study, may be resorting to
incrsas 4 actifg reculation of haemolysrh calcium when low
salinitisn are encountered in éhe ecosvotom, razsive ionic
equili-iia do not, in general, exist betwn the medium and
crustac - body fluids even when these ar- isotonic

{ oherts-~-, 19¢%a), In the “ecapcds, in neral, the
requlati-n of the blood fonic levels 1= oo oomlished by
artiv: ot ake of ions from the medium, ~+io71ly through

the «ill~ {.obertson, 1960a, lockweod, 1742, .mith and



Linton, 1971). All this suggests existence in this species
- P. dndicus, of extremely efficient mechanisms of ionic -
and osmotioc-regulation capable of maintaining large
concentration differences between the haemclymph and the
arbient medium even in the most ailute media studied,

The rate of active uptdke.;f caleium from the medium into
the hasmolymph sppears to increase with the decrease in
calcium concentration of the ambient mediun as noted from the
sessonal calcium values of the haemolymph and the medium
éuring the nresent investigations in the roweout ecosysten,
£imiler finéing?of increase in rate of urtaxe of calcium by
_areinus 7 ‘?w;th the decrease in ambicnt medium calcium

concentration was reported by “anders (16R7), This establie

shes the ﬁuryhaline{nature of . jfodicus. -t appears that

the animal regulates its haemclymph calcium concentration

at all #he salinities studied Suring the nrosent investie
cations, {ince the cuticle of the exoskele'.on is permesble,

{t iz to ho exrected that some calejum ions are incorporated
directly from the seawater (“4cdy, 1967), ctive requlatiom

of calciwn un'er low salinity conditions van also noted by
creenowav(1976) and Price Sheets and Dendin~er (1983) in
carcipus seanas and Callinectes gapidus res-ectively. Greenaway
(1976) opined that the active reculation & mears to get

etimulat- by a fall in salinity rather th>n a change in



the concentration of calcium of the medium,

It can be inferred that scarcity of mature or
maturinc . indicus especially during menszoon and poste
monsocn period in the eptuarine area may be due to the
stress of decrease in salinity of the medium (which
regulates and controls other physicochemi~zl characteristics)
and the concommitant decrease in calcium o7 water and
sedimant, L. indicus moves to more conicive, less enerqy
spensiin . and,presumably, less stressful —-rine acosystem
where croreage in salinity or decrecse in caleium of water
and secdinent even during monsoon and post-rnonsoon is very
little, ‘f-‘anikkar‘) (1962}, while studvinc tha osmotic
tehaviour of shriﬁps and prawnz irn relatin to their
biclory “nd culture, has indicated thst o~morequlation in
dilute mia 18 lesseefferctive in fully Jevcloped individuals
especially in their reproductive phase an considered
this foature as one of the princival facti~rg which forces
them to micrate back to sea, 7Truchot (1075) and waterman
(1940) romorted that 4n portunida, calciur is the critical

ion in the haemolymph, In the tronics, salinity is
found to rlay a major role in timina th~ r-nroduction of
marine invertebrsates especially in the r arshore and

estuarins animals (¢illay and “alr, 1°71), The stable



physicoshemical characteristics of the sea favour

‘homing' of adult and maturing B. indicuc to the marine
ecoeystam, It is presumed that the penacld prawns, in
general, tend to spend maximum energy cn crowth and
reprocuctive activity and try to curb wast~ful expenditure
of ener~y by movinc towards the sea (Imai, 1977)., The
prescnt investications are supported by tho finding of
‘taples {'970) who has shown that a mar Zall in
=alinity causes emigration of the larger maturing banana
Qg;ggiggg;g to hich saline water and that

this belaviour is closely associated with seasonal heavy

rains, 0 sex=smecific seasonal differencss of serum
caleium vore noted by Colvocoresses ct ale (1974) and

also Juring the present study,

Theuch the exoskeletal celcium of nizle and female

Pe incicun

showed relatively lower values in the grow-
out ecomrotem in the monsocn months Jurin. the present
investi -tions, yet, ne simificant seoasonal trend was

noted, e seaszonal exosgkeletal calcoium veoriations of

e : noted by a» et al, (1992) “luctuated

betwe:r 101e3 t0o 151.2 me/g  in males, and between

90,6 to 143,0 mo/g ' in femaless mné this is comparable

to the cxoskeletal calcium values of male (51 to 119 mg/c



DW) snd famale (87 to 123 mg/g DW) B, indichs noted during
the present investigations; however the range of values

is lowver in the present studies, There is little sex
specific seascnal exoskeletal calcium concentration
differences noted by Rao gt al. (1982) es well as during
present investigations., The low sxoskeletal calcium values
noted during the monsoom and post-monsomm in the preseant
study may be related to the decrease in calcium of hasmolymph
a8 well as water and sediment during the same period, The
observation of Mills and Lake (1976), while working on
calcium concentrgtion in the crayfish, that excekeletal
calcium is rcl&td ‘¢ the swount of available calcium in
the water in vhich they inhabit, confirmes the present
findings, The eclci\ﬁ content Of the pond water and the
sediment and the salinity of water remained high during
nonemcnsoon period in the present study when haemolymph
calcium was alse high, During monsoon, when there was an
apprecishle fall in the salinity, calcium of the water and
the sediments, and the hasmolymph of D, indicus, the
calcium of exoskeleton too decreased but not significant
{Table VII B to IX C), That the reduction in relative
calcification is an adaptation to the low calcium
concentrations 4n the waters {nhabited by the cray-

- £4sh has been reported by Mills and lake (1276) and

Mills gt al. (1976), It is stated thet the initial



hardenin: after ecdysis often results from the utilization
of the stored caleium, but the main calciication of the
endocuticle uses calcium and other salts o-tained from the
external m dium (Passanc, 1960, Dall, 1965b), This may be
the reason for minor insionificant decrense noted during
present seasonal studies, Haefner (1964}, investicated

haemclvymh calcium fluctuations of C

and snvironmental rcxlinity and
proposoc that crabs in lower salinity scsvuster possess
1lihter @Eﬁ&kel@tﬁnwthan theilr counterparts in the high
salini:y seawater. 7Travis and Friberg (1963), while
carrying out micro-raéiomr@ghia studies con the ewoskeleton
of the crayfish, Orconectes virilis alsc ~ronosed that the
amount of calcium accumulated in exow an” sndocuticle is
dependent on the concentration of calciun in the
envircrment and the number of sites which wmuld serve as
nuclel for calcium crystal formation, 'he nurely
protective and shapinq nature of the evorik-leton might

be a2 rormelling reason to brar uron the mal~ or female

: to cater fully to its calcium =-=ds even in peak

monscon noriod, The observation of "all (1265b), while

studyvin- calcium metabolism in M =Tees that the




“bound* caletum in the cuticle Ssrves an immortant
structural role, asnd is therefore not available for
exchance ,confirm little seasonal variation in cuticle
calcium recorded dnring_fhe present invecti-ations in the
grow=cut ccosystem, 1In the groweout ecosystem, the animal
may be either opting for the prolongaticn of the inter.
moult poriod to suit the onget of favourahle ecological
conditi~ns or for active uptake, conservotisn ang storage

of coeiym nrior to ecdysis,

e 1ittle seasonal variation in s-nsxeletal calcium
ef . ini-us noted MNLin~ the nresent frcr=ti-atinng in
the ~ari=e écaﬁystew iz related to little ~-aa0mal variation
Of =2l ium in the ses vater, the sediment, ang the haemolymph
of . inicus. There s N9 need for the :nimal teo conserve
Or reul~te calcium as the mhy%irarh#mi*ﬁl'ﬂﬂramaters
Femalr more or less constant in the marin- mooeystem, “hen
the valuce of exoskeletal calcium of Sein itcus in the marine
|CCHTEY e 1n comparee with those 4{n 1~ FrT=0ut ecosystem
Mring the hon-monsoonal Period, it beoors - ~lear that the
values nczed in the marine econyvstem We€IT, in general,
alvays hioher even at the same salindity, hie may be
relst«3 to the Cifferential calcium concantration in the

Fesmeoti » ecosysten,



fac ot al, (1982, deseribed seasonal vagiation of
muscle calcium in Egnaeus indicys and recorded range of
values comparable to those noted during rresent investi.
gation in the groweocut ecosystem, Thedr (ao 2t al.,1982)
observation that the calcium in the muscle of female prawn
was generally lower than in the males, supnort the present
data of little sex-specific eeasonal muszcle calecium
concentrition differences, The seasonal t“r-nd of variation
of calaium in the muscle of male or female -~rawn in the
groweout ecosystem wag similar te that ef ~nlcium of the

water anc the sediment of envirenment an- to the haemolymmh

of P, i ‘Pas depicted by the sioni fe-ant correlation

(Tables I7 2 to “1X C)_?ﬁ This reflects t--t the calcium
of the murcle cells ig rartially derlete” “rem {ts optimum
levels ‘ount at normal salinity, hile studving calcium
levels in the exoskel-ton, herstopancress ane ahdominal

ctes nugio, Branmnon

and ao (1979) noted decrease in caleium content of the

muscle of the crass shr D

muscle o' control animals kept for 106 ~“=v- under lahoratory
conditicns having dilutec seavater(10%, salinity) containing

only one <-urth the ealeium of oceanic vator,

“houch muscle calcium shows~ ririicant positive
correlotion with caleium of the vater and the gsediment in

the mzrine ccosystem (rfable I o to XII '}, vet the



eomparative quantum cf its seasonal variation was little,
reflecting, theredy, the seasonal stability of calcium
concentration of the water and the sediment, and of the
hasmolymph of P. indicus im the present study, Though
there is little direct evidence in supprert of the present
findings, yet the findings of Rao gt al. (1932) during

the marine phase of the estuary (i,e, non-rmonsoon period)
are conzistent with the present observations in the

marine ~ooovstem, As compared to the groveout ecosystem,
seazen~l variations in mascle calcium vzlv o —ere relatively
hicher i~ the marine ecosystem, The conc.~tual compartment~
ati~n -~ ~=lciur, in the animazl and the «oviornal merdium, into
the ~xi mal seawater, haemolymph, haemcl»mh bathed

oraans om0 the henatomancreas has been dorcoribed by Price
Sheets 17 Dendinger (19983}, vhile studyins ~=2lcium
deposi i into the cuticle of the blue ~ra, _zallinectes
gapiius rolated to external znlinity, T noting of
calciun values in hasrolymh, sxoskeleotor, muscle and

A

aonad o water and szediment calciam vars uring present
stusy oo irms the concept of compartmentsiion described

by rri- meets and Dendinoer (10737, T noolicible sexwe
gr-ci i ~easonal difference of muscle cal-ium concentration

of ;. in dcus, within cach ecosystem, un’=rlines the

aimilsy moeds in both the soxes,



Though there is little work carrisc out on the

lines =imilar to the present seasonal study, y»t the range

and e (1979) (7,50 to 8,64 mg/g DW) in the agrass shrimp,
pucie, agree well with the vrasent values of

henato-mnoreatic calcium of 2, indicuys in both the ecosystems
(7,40 “c 11,22 mg/g W), Dall (1965 h), -Miile studving

calciuwn metabolism of M 8D, renorted 8,17 mg/g

D) eslcium in the digestive ~land which i comparable to

the ~r-omnt findings,

o

e little seasonal voriation of “wwstopancreatic
calcivs in the marine ecosystem reflectes ~7oh:le seasonal

calrius omeentrations of the water and 7o zediment which

g con. ilrmed by the simmificent positive correlation of the

heratorooreatic calcium with caleium of haemolymph, weter
and soo iment (Lable » 3 to "Il ). In the other hand, the
srasonal variations of hegatepancrestic caloium in the
Crowmoun aopiystem were consi srable as oormared to the
marine ~oosysten end it too roflected tronds of calefium

in haes ~lymph, water and sediment as corn irmed by the

sirni ° it positive correlations (Ja-le 21 0 to I¥ ),

ka3

Bo so wgocific hematonancrratic caloiur ~oncentration

L g recorded within each ecogvsten during present



study underlines ¢e similar physioclogical role of

hepator nereas,

casonal variation in calcium levsls im the
ovary @i. testis showed little quantitati~ differences
within coch ecosystem and their significin: rnositive
correlx.iong with calcium of haemolymph, ' ~ter and
s&éimfﬁt {iable VII & to “II 7) in both ++~ ~cosystems
make it o0tly clear that the calcium has -~ similar rele

toe nlay in the orna's of both sexes and @ 7, its

A

i

alat s FAFELS Ao denents unen the caleius 1owel

&

n the

¥

hagre Ty Yetoh the poonvotorenmerdd

i iTferences of
cal-ive sonecentratinone in the oonads re st much (1.86
to 2,30 = /4 and 2,10 to 7,32 mefe in the -~roweout

»

anc ti L wine scosyotem roztoetively:, ot the suantum

of sl vardlation iz much nigher in 4 ‘roweout

o)

e

o

comeco o, This ds related 1o 0t Woter roance of
eascrsl voariation of caleiur of haemalvy ., water and

fiedime b s cevreared RO the orale marin. oo TEYETOM,

~ile summarizine, it may be sai” %t the
varisri v of tissue calecium contents ars » "an~tion of
the o1 L concentrations in the water — *he zediment
in the -articular ecosystem, he varisti ns occur mainly

durin 0 onerdod of freshuater Jle-hares ond heavy



precipitation and the ecosystemspecific differences are
consideranle during this period, There are little sex-
specific calcium concentration differences within each

ecosysten,

Macnesiwm of the water and the sediment in the grow-
eut as well as the marine ecosystems behaved conservatively
but the cusntitstive sesecnal variastion in the twe ecosystams
was cuite different Auring monsocm snd pcst-monsoon period,
The sudden decrease in magnesium content of water in direct
proporticn to the gec:euo in salinity in the groweout
ecosystem during aénaom is due to the local precipitation
ané frzagh-ater runeoff, There is paucity of literature on
seasonal variation of xiames:mm in the Cochin backwaters,
Gupta and l'alk (1981) studied the scasonal variations of
magnesium content in the Mandovi and Zuari river systems
(Goa) an< reported that the macnesium aprears to take some
part in the biogeochemical cycleg of the rivere and behave
as a congervative parameter. They (Gupta and iaik, 1981)
cbserved least values durino monsoon which are comparable
the values of present findings, Generally, it is difficult
to draw comparisons between different estuarles as Jdistri.
pution of the chemical species are reculatsd by freshwater
run-off, scawater inflow, evaporation, precinitation, and

the nature of the catclment area (Perkins, 1976),



Bromrdy

Magnesium has also been reported to behzvs in a conser-

vative way in Chikugegawa river estuary, -anan (Hosokawa,

1970)

. “ediment magnesium in the grow-out scosystem

behave” rsasonally just as magmesium of -ater and this

too is rolated to the dilufion effect ~aunad by

increszad vater dnflow during monsoon ans —oszt-monsoon

peric - hien decreased values were noted, infortunately

ther
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literature on zeasconal stur of maconesium in

?»A\n
e
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In the warine ecosvete, the r-1-:ively minor

in masnesl

k]
¥

m of water may be cur o0 relatively

[
f

idng of the atratifl @ less -olire zurface waksr

v

Ve
po.n

oo anse, highly saline, nutricn-rich vatere which

~

ocrury e near bottow snace. Ubservaticns of falk (1978),

caonal variation of magnesium in the nearshore waters
»o o uring nonemonsoon neriod, are ceuorally same as

rvad in the marine ecesvsfem during oh- comparable

rerios’ of the present study. ‘here wac a little defresse

in man

Preas:

of i

g e F
i‘;li;fa
sedim

is «=

saium of sediment during monsoon =orind in the

@ study which is attributable to 1i-1ls Ailution

swreclying vaters which showed rostrictsd mixing
127 galine surface vaters, [eascorsl =tudy on the

~vo raemegsium in the inshore waters o7 Arabian fea

moin,  liowever, fan (19772) ha reported the



magnesium to range from 1 0 1,5% in the nearshore
sedimants of the northern half of western continental
shelf of India, This range of value is in general
agreament with the range of values (1,46 to 1,78%) noted
during present investigasion in the marine ecosystem,

From the cbservations recorded, it is found that
there is little seascnal variation of magnesfim both in
water and sediment in the marine ecosystem whereas anmual
variation of magnesium Of water snd sediment in the grow-
out ecosystem is profoundly influenced by the freshwater
run-off and 1«.--: precipitation,

Hagnasium concentraticms of hammolymph, exoskeleton,
siscle nd hnpctopanerm too showed very little, insigni.
ficant senepecific differences within a particuler ecosystem
Just a8 in the case of calcium, The range of magnesium
concentration values of testis {760 to 1074 /ag/g W) and
ovary (737 te 941 ug/qg DW) in the growe-cut ecosystem,
as well as of testis (958 to 1091 Aig/g DW) and ovary
(980 to 1035 mg/g DW) 4a the marine ecosystem too showed
not much quantitative differences within a particular
ecosysten, This implies a similar physiological role of
magnesium in male and femele P, indicus. Therefore, further
discussion shall be general rather than semespecific,



Haemoclymph magnesium of P, ipndicus showed wide
range of seasonal variation mainly durin: monsoon and
post-ncnsoon period in the groweout ecosvsiem whereas
the rance of seasonal variastion of haemolymph magnesium
in the marine ecasy:tumf;ns, more or less, very little.
This can be congidered to be the range of normal fluctua=
tions at seawater salinity, and thereby, coxnibiting
relativaly stable milieu of the marine ecosvstem, The
findinc of similar positive correlations (. able VII B
to “II ) 4in both the ecosystems explains that the nature
of resnonue t; the seasonal variation of ~irreicochemical
charactrristics by the variocus tissues of . indicus is
gimilar in the grc;%-wt and the marine scoovstems, But
cuantit-tively, the wide rance of seasoral variation of
haemolymh magnesium recorded during monzo-n and poste
monsorn »-riod in the growe-out ecosyste, in contrast to
the sta>l: haemolymph madmesium values ir the marine
ecosyst~ , is a function of the suantum o variation of
salinity which requlates macnesium of —at-r and sediment,
PFricemihects and Cendinger (19283} investi ated magnesium
depociiisn in the cuticle of the blue cra:, _allinectes
sapicdus in relation to the external salinity, anéd found
that nhaooawlymph magnesium exhibit higher concentration

in high zalinity and lower in low salinitvy, This



supports similar seasonal varistion of hmem~lymph macnesimm
recorced ‘uring present investication in oither of the
ecogyst-ms, Colvocoresses gt al. (1974) cdescribed
seasonal variation of serum constituents of the blue crab,
Sallinectes gapicdus and noted that the s-rum magnesium

was maintained hypoionic €0 the environmen:t of salinities
over 7.,, and hyperionic below that point y which 48
comparacle to present results, The ranne of haemolywph

s

marm v values (72 to 1@0,uy@aj recer < Juring present

3

tusl = in oth the ecosystemsz are corrov2lc to the
ebgervotion of “mnders (1972) in &

45 to 120 ag/ml) and Zarcinus maenag (70 ‘o 183 pg/ml).
the conoontration of haemclymph magnesiur of I, dncicus

P

in botlh the ecosystems always remained 1.0 than that of

> the behaviour

Ind

the sy ommnding water medium in contrast
of cal~ium, in the present studv, which =z found to be
always “iher in haemclvmph than 4n the = ium, ’anders
(1977} r-morted that thourh marnesium i ~un’ant 4n
seawoico o, it 13 excreted by most crustacs s resulting 4n
haemcl ~mhh 1levels lewer than that of the ~xt-rnal medium,

Lea uo tteneiz is the only animal that -cfually has a

hizher 2ovel of macnszium in it2 haemcl-— & than in the
anbient oofium (Caterman, 1960), The ¥no - Jepressent

effoct - mammesium on nervour and neurc—uomalar activity



Pais
and its necative correlation with metaboclic rate (Watermsn,
1960) may be the reasons for active excr-‘ion of macnesium
at all the salinities studied Auring present investigatiom,
At the freshwater concentrations of macnccium in the medium,
haemolvrph magnesium becé&aa relatively l-ssz hypotonic
thourt: it is found to be highly hypotonic st normal
salinities, a3 evidenced by the haemolymrh macnesium
levels - hich is about cne-seventh of the -nesium
concent ztion in the medium, Zut almest “lving of the
haemo b magnesium concentration durin- :~tive monsoon,
when o mium?cf the ambient water is « - caching near
zero veoinars  in the growecut ecosystem,brin. out the
consorvriive naturé‘af the animal with r 70 to magnesium,
n diluts ssawater, the excretion of m=cv. cium in the urine
by tha ntennal gland decreases or ceases -~ nletely but
it is zlwavs maintained below that of tie =m~J3ium as has
been ro—crted by ~anders (1972}, while irnv-rticating

ionic ro ulation in the mangrove cras,

TR

rusntsoia from 100% to % sesvater, he congervation of

R =

maon-nlium assumes sigmificance as some ~i inal level of the
haemcl s ~h mammesium has te be maintaine or the stability

a

of nolrntides of haemolymph (lair an’ o0 iclde,1976),

it may be presumed that the sicmi‘icantly

decrean ivalent cationz such as calcivm 0’ mamesium



in the haerolymph during monsoon and postemonsoon period

in the croweout ecosystem serve as a constrzint for proper

oxygenation of haemolywph, @:@&cially in large size prawns

where rocuirement is more, because these ~alts are known to

raise the oxygen affinity (-mterman,1960),

“he range of seasonal variation o exogkeletal
magn-aivm (6343 to 817§/ug/g ) w&a much larager in the
grov=cu* than in the marine ecosystem (7712 to 8354/nq/g DW).
Relativ ly little seasonal variation recor -7, %ye to the
relative ztabilitg; in the rmarine ecosvei -~ 25 in contrast
to the ran-e of wiée variations recordsd in the arow-out
ecog ot mainly durine monsoon and nﬁﬁé—~tﬁﬁawn. But
natures ~7 the rempcnse{te variationsin b b the acosystems
is =irilar to that of the hazemolymnh mir~ cium as shown by
the =i nilicant positive correlation valiurs of exosksletal
magnesivm with other rarameters (Table 71 to “II C),
Thers iz little work to suprort the nres-r: findinas hut
the ran-c of exoskeletal mameszium valu s o nrded during
present investications agree well with thv~~ reported by
Huner ot gl. (1976, 1979) in the intermcul’ _rconectes
¥lriliz, _rocambarug alleni,Pclarkil an” _nacus californiensis.

The derr-ase in exoskeletal marcnesium with the decrease of

magnesiur in the medium Aduring present stu'v is due to the

fact that —ost of the minerals incorporat+? in the new



exogkeleton after mouliing oome from the surrounding
medium cnly; and food, resorption from the nl? exoskeletom
and othsrr crustacean stores are considere’ to be of
seconcary nature (Craf, 1978), This is clsc supported

by the vorks of various~zuthors (¥leinholz and sourquin,
1951y Gurselman, 1953y ~cbertson, 1960b; ~cht, 1975s and
Craf, 1972) whe studied exoskeletal cealcium in crustaceans
anc n~io o surrounding seawater to be the ~ain scurce for

the mircslization of the new excskeletor,

e mgscle. heratorancreas and -~ 237 of male and
female _, indicuﬁ showed no gexesnecific - ~nal A{fferences,
just 27 »r haemolymph ang exoskeleton, 1+ 5 ~articular
ecosvaiom JAuring %ha present investi-st! v, “ut the ranqge
of zoarrmal variation of macnesium in th  roweout acosystem
(mus-1-, 79% to 1299/uqu 2y henatomancr on, 1657 to 25%7

/ug/q 3 ovary, 757 to gél/uﬂ/g Mg teatin, 750 to 1074/uq/q
Jwer - ruch larger than the same in the  rine ecosystenm
{muscle, 1160 to 1364/uq/g Livg heratomancroass 2419 to 2728

/ug/q : ovary, 980 to 1335/ua/§ Ly testis, 958 to 1091

/ugfg Je "his is prr-sumably, releted tc “hr seasonal
stability of the marine ecosystem in ¢ - riseon 0 the
aroveout ccosystem which showed wide ran- nf variations
canecially Auring monscon an® nostemnonsc - -ericd as
explair~® carlier, But nature of the rr-r nse to variations

in botl the ecosystems is, in ~eneral, =i~ ilar as proved



by the correlation valu:=s (Table VII B to *

is scorciny of information on these lines,

II C),

There

The similar trend of macmesium v-riations ¢n

various tissues though quantitatively 4diffcrent, follow

the mamm~sium variations in the haemolymmh

‘5~”hi Ch' in turn.

iz influenced by the mamesium in the arbir-nt medium and

the gediment,
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source of input but suqésted decomposition of organie
matter as an input source, while carrvinc out seasonal
study on the primary preduction in the Verbanad Lake,

Rair gt al. (1975) also reported that hich concentration
of phosphorus occur eith;r during the monscon or the post-
monsocn period, bhut their recording of rhosrhorus values
even upto 6eq/ug/1 during monsoon is si'nificantly higher
than thrroe recorded in the present investi-ntion,
~aar=jrish and Gupta (1923), have descrii2 ssasonal
variaticn of physicochemical rarameters irn the Nethravati
egtuar, Tansaiére and reported rancge of ~csmhoruszs values
gimiler Lo the present findinss but their ~-servation of
low valur-s durina ménsean is unusual, i~ may be Sue

to the nture of the hycrobicloaical featurr-s of the overe
lyinc vitars and the texture and mineralo~ical compositicn
of sedlinvnts, But sediment of the oroweonit acosystem showed
hich values during transition, monsoon arn” ~rstemonsoon
period in the present study, “he phosrnhorus in the
s=diments of Cochin backwaters have alsc “~»n de-~ecribed by
Murty o Veerayya (1972) and Ancari and f%aﬁapal (1974).
Ansari end -ajacopal (1974) noted hich v-1:i»n Suring the
monsocn and low in the pree and postemonss n neriods,
Their ( ncari and [ajagopal, 1974) oberrv -i-n that release

of phor-hate from mud takes plsace durins the monsoon period



supports the present findings of noting Jrooroasing trend
during lote monsoon and post-monsoon after roaching a peak
value in carly monsoon period implying, thor by, that a
part of tha phosphorus was released to the overlying
waters ‘uring late monsoon and post-monscon weriod.
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In the marine ecosystem, increased total
phosrhorus values in water during monscon and early
post-monsoon is primarily due to the incursion of nutrient~-
rich of“=shore current into inshore area { amamirtham and
Jayaranan, 1963) of the marine ecosyster and, to some
extent, is due to increased flow of silt-loaded organic
matter -rousht in along with water run-c’” in the surface
layers ~f the waterecolumn, Jankaranars-=nan and Reddy
(1979} -—a7ined total phosphorus content - the waters of
arabian ea alono the west coast of Inis =n? obrerved
that it ar always more than “Q/us/l in r - 2r “ochin shelf.
8L er e rance of phosnborus report 7 v nnigerd
(1977,, ile investicating physicochericsl ~arameters of
“arvar  ay during nonemonsoon rsriod acre well with the
preser’ “indings of comparable neriod, recording of
increaro. nhosphorus concentrations durin: monsoon and
nosteronsoen by snand and Javaraman {12772 in the northern
Tndtar o-an, also supmort our findinos, he increased
tatal rm~o-horus of sediment, in the marins eoCosysten,

noted urine late monsoon and nostemonsson in the present

study ro’lacte the presence of increascd wunts of organic

-

Aehr!i~ s+ nottom which is the consecucrs - of Increase in

I3

srimary nwroduction and its subsecuent “eatl L decay and

sinkir~, infortunately, ther: is no rocrr’ of seasonal

5



study for total phosphorus in sediment of continental
shelf vaters of west coast of Indis, but the range of
phosphorus in sediments of the western continental shelf
of India as reported by *ac gt ). (1975) arree well with

-~

the nresent results,

" slatively hicher values of tornl ~osphorus in
water on’, to a8 little extent, in sedimert noted in the
marin. 5 in the ~rowecut ecosystes at ony time of the
vear oo to be related to the incressc.  ater blomass
avalls 1lity in the marine eccaysten wiic r~z2ults in
inor-as  Ceath and Jecay and 'sinkino' ~f -~o--canic debris,
Tt ryoolin in the %;ghar rate of ﬁeenﬁnaﬁiiien of ocraganie
feliric loaing to high@r toral vhosphrrs oontent in the
“un water in the marine ecosvster, hins is

»

su-~ortoo hy the “act that o in the ~orlns ocosystem

always r -ained lower than that in thes cr—e.out pcosystem
ams + 00 v ,imnly the presence of more r- woinc conditions

-

i £Y. cine sooszyatom,  Curty and Vesoon

ra (1272)

e T b emb om emmmariessn of dhe shes ot o walues in the
e gedimente with fhimes din o ~ 19 sediments
SRS IR s madimente in tho sstuy-ncis rocion compare

v owith the sediments in the innooo shelf region,



hosphorus, though known not to have much
physiolc ical immortance like other icn:s riyuiied furing
present ‘nvestication, vet it ia of sirniri-ance being
a part of calcite chemistry, Jalcite, '~ structural
materiszl of decapod integument, contains more than 99%
of its rineral content as calcium carberate, but also has
marmesium carbonate and calcium phosrhate 25 essential

From the

minor win-ral constituents ( ichards, 1¢

ry

"

ft
-

ulis Clzcussed hitherto, it brcomes ! ar that the

sestomal variation of calcium and mammeszium iz gimilar,
an” o~ uentlv, therefiore, the srasor-l vwariation of
rhos~lour has to be understond in that conteoxte SeXe
seecifis ifferences observed were nil, neunpredicable
gse23on .. riation of haemolymph phosnhorusz recorded
urine ~regent investioation in both th- sooayvstems, most
roz5ibly, reflects the erratic seasonazl v-oriation of
vhognhorus in the medium, “he insienicicm 1y increased
harmal - = phosrhorus noted “uring mern-~-= months may be
due o v increase of nhosrhorus in th- 0 ~“ium and the

godinast in both the econvatems,

he relatively lower exoskelr-tnl ~“c-horus values
recor. o uring monsoon and moatemonsoon coriad in both
the rcosvetems may be relate” to relstively lower values

of csloium and maon-sium in the exogkel-'-= at that time



as noticed during prasent study, and it iz indirectly
sunpori? by its significant positive corr-iation with
salinicy { able VII B to %11 B}, The vilu~ns noted

durin~ nrosent investioation were commarai:le to those
reportod by Dall (19653.uﬁ) in

D<) an’ ‘uner gt al., (1979) in Penaeys o=
(6,07 w0 12,00 ma/ag DW).

5ne (4,95 mg/g

houch muscle phosphorus showed crratic seasonal
rarist ] on, yet relatively hicher valuss » ° in the
men-~orn nd pogtemonsoon especially in o Trweout
recsvzl o may be due to similar behoviour o0 -hezrhorus
in oo ium and the hasmolyin-h, he ainence of the

Synatic oheemical esuilibrium by the anir -iih the

=oomwstoc ray exnlaln dnoreased values i n ‘reshwater

e relatively low henatomancreontiis ~ro-rhorus
valu-r r ~orded Jurding monsoon and roste g-oon neriod dn
the ro ot ecosvsten may be related tc o0 - Jrerease in
calciu- ! macnesium in the heratoman - - 28 noted during
nresonl otudy, he calcium in the he-rv - m-reas is known
to o0 ooored as caleium rhos-hate arsnul ~cher et 8le,
1974) o) ite variations are smticinate” - e emulated

by th« . = stapancr z2tic nhoerhorus too, “n the marine



ecosysten hepatopsacreatic showed, more or less,

uniform values throuchout the study perio? soinciding with

the sear~nal stability of the henatopancr--tic calcium as
already noted and discussed during present study.’

-

in the grow~out ecosystem, the rclatively lower
values o testicular phosthorus noted duri-~ monsoon and
poster i neriod are contrary to the © r-ase of
rhosriy o7 in the medium and the sediment, his shows that

the incrs oo An the mediuam and the sedimees

7
]
3

not a“fect

Ltesticr:l © shoschorus, n the other Yo, ~-=ticular

% ~ I ok s » E - ey o G e ey
s ek varisticn Sesmz relate’ vo b armal
vard ot =7 calcfum an ! man zium oas b ~pt b the

corral Lo ovaluss (la le VIT L £n e he testicular
rhogs-lof concentraticon in the marire oo ntes can be

said “ ¢ U owe remained uniform, I

4]

v oo related o
the o ooonal stability o7 the marine eecr =0 m,  Just ae
in tho rooeout eccsvster, the lncrease of osrmhorus in
the = 0 and the sgediment in the marins -~ ~vstem does
not zo.o 0 atfzct the testicular rhoarte uring

" e am - e R 3
MON3c 1 1 nogtenonsoon neriod,

crisn phosrheorun choygss Somd e 4 LA B

Cerrerts e 10 0f the nopesonaoon valoes urine monsoon,

noSlen o T un anG even in ovenhio eCor ~onths in the

Troveci, Corystem, yet ite simificant o1 ive correlation



with salinity (Table VII B to IX B), fust like teaticular
caleium in the groweout ecosystem, ralat- it to the s~asonal
variati n of calcium and magnesium, The increase of
phosrboruz in the medium and the sedimen* “~ns not affect

ovarine rnhosphorus too.

»

-n the marine ecosystem ovarian - -~-horus remained

ot
o
[¥™
b
-
4,

ju7t as the testicular phosgnhoro -, and it may be

:hility ~7 s ecorvatem but

Aus o o0 -eneral seazonal ot

Fdy

the iro2 ios of shesphorus in the wediur o2 the sediment
Toen et o fact the gvarines ~hWeoashorus o itie monsoon and

o meriond,

e in&xpliéable searcnal benavicoor of ~hoasphorus
in sovr 00 the tissues, which is norrally anticinated to be
a furn-2in of ~hosphorus varistion in ¢ oroosvater, 18
surmcriad by the similar observation of ner ot al. (1979)

cur callforniensis,

cint the variations of ~hosrheorus 1ow-le are

e

who, =holo working on phos-~horus in

178L Y to exrlaln,

«7 the arowsout ecosvater, ocomr. 7 the vater and

the g lnnt remained low and unifors ' = swonsnon and

o
221

»

neot-lonroon period when noneoongservetiv- Cotaviour of

corver o= rmulte arnmarent (i,0, corrmer ~oooemtrations



increased with decrease of salinity), The distributiom
éf trace metals in the zediments of Cochin hackwaters
follow a pattern similar to that in the vater, and is
controlled by the formation of trace metal enriched clay,
silt and orqanic particles ;nd their subzecuent redistrie.
bution in the sediment by water movement -nd bioturbation
(R&fen ran and Xurian, 1986), The major wariations in
phy=ircchemical conditions within the entuaries give rise
to ths ~omazibility of noneconservative o aviour of scome
of th- “irnolved gubstsnces during the mifiﬁﬁ of river
an ©oa akers i%ﬁ;tsn, 1972!, The prezonce of flocculated
s8iltelc isd organic matter rich in these iolements in
the "r ruater runoof%, a nart of which sinks to the
bottor, -rnbably causes increase in corrrr concentration

s

in the ater and the sediment, Presenc: o Udyogamandal
Infustriz1l Complex and other industrial activity in the
vieinity Mescharging their ~ffluents in t e rivers

flowiro into the Cochin backwaters may 2l-c nartly account
for hi-lur copper valuss during runeoff - ricd as

efflu rr vich gsediments are “eflocculat~ =n. flushed out,
This i~ sunmorted by the work of Venurcorol o . {1922)
who v woried that the main effluent di o orse sites at
Udyeoosmo~al Industrial Zermrlex contain oi-~ificant amount

cf cr-rier Furing the monsoon geaszon, o2u Iine muds are



known to serve as ‘sink’' of riverine metals (Matkar gt al..
1981). The incursion of mutrient rich offshore waters even .
in the Cochin backwaters during monsoon and poste-monsoon
period (Cankarsnaraysnan and Casim, 1969) may also contribute
to increase of copper concéhtrations 4in the water #ad the
sediment though to a limited extent, Theres i3 no seasonal
study reported on copper in water from this area, Rajendran
and Xurian (1986), while studying seasonal metal pollution in
Cochin hackwaters, reported relatively verv low values (0,10
to 1.20‘,1;{;/1) but the type of water sample used (filtered/
unfiltercd) wes not specified and concluded that there is
little eviience of any overall seasonal pattern, The low
values noted by them ‘(iajendran and Kurian, i206) may be e
to collection of surface water samples which might have been
£1lterad before snalysis as compared to unfiltered bottom
water samples used for analysis during present invesatigation,
But little seasonal variation recorded during their study
(Fajendran ané Kurian, 1986) agree well wiih the uniform
values renorted during the present study involving the
compara - le nonemonsoon period, The pregen. ressults fall in
the ran~e of copper values (0,9 to 13.7/uf- /1) described, by
Sankarsnarayanan and Stephen (1978), in the waters of Cochin
backvater, though their work i1is not =z scasonal study,
The res:lts (6,93 to 9.30/1g/l) cbtained uring



freshuater phase of the cstuary (memsoom and post-acnsoon
mwhmnumm-mtnmu&m .
Turekim's (1971) finding of 700 mag/1 copper cemesntration
nmwxzmmm The significant negative
m%m%mmummtmwum
estuarine growecut ecosystem (Tables VII A 0 IX A) noted
during preseat investigation is confirmed by the recording

of similar noneconservative behaviour of copper in estuarine
wvaters by Sundarsraj and Kriskms mrehy (1672), while study.
ing trace metal levels in the sediments of the Cochin bagke
vaters, Vemugopal gt al. (1982) moted copper to shew scme
degree of seascmal varfations and opined that porbably pre-
velling physicochemical ponditions and 'backlend’ influence
govern the varistions, He (Venugopal 8% al.,1982) recorded
pmmmmmumugmmw
monsoon scason with higheet value fn Noverber and considered
Upstrean Scurces to contribute comsidersbly and indicated
motal ainking in the ares of confluence of seawater and freshe
water, Rajendran and Xurisn (1986) investigated seasonsl
vuguzmamamsumummmm
that although there is a monthly variation in metal COROMELT At~
ion, there is 1little evidence of any ov-rall seasonal pattera
in sediment, But their conclusion manates from the period
involving non-mensoon period and June menth of the memsoon
period only. The range (30=83 m9/g DW) of copper values




in sediment of the Vembanad lake reported by Murty amd
Veerayya (1981), sre generally similer to the range of
capper valuss noted during the present inwvestigation,
Their (Hurty and Veerayys, 1981) cbservation that copper
has a significant correlgticm with organic matter of the
sediments is indirectly confirmed by the higher copper
cencentrations recorded during present investigation as it,
too, coincides with the increase in total phosphorus of
sediment during monsoon and post-monsoon period,

In the marine ecosystem, higher values of copper
noted during 1:5%& monsoon and .wt-noasom period in the
wntar\mﬁ sediment may be related to the urwelling of
nutrient rich offshore waters, increased primary production
and the consequent increased sinking of orcanie debris, The
presence of silteloaded wquﬂc matter,aleng with freshwater
run-off in the surface layer (Vemagopal gt al., 1982)
which becomes less saline during monsoon dse' contribute to
increased lavels in Mﬁmatw and sediment as a resuit
of sinkzng of silt. Release Of copper from coastal sediments
a8 sugcested by Boyle gt al. (1981) to explain the cbserved
sarichment. of copper in coastal waters during heavy runeoff |
pcrtoé;énu Bot hold goed because in the present study eopper
values in the sediment alsc showed a concomittant inereoase
during monsoon mdvmt-mmem period, Xnaier and Martin



(1973) cbestved that copper values sre also associated with
nearshore upwelling of waters, There is no comparable
seasonal variation data of copper in water or sediment of
the Indien waters, But the range of copper values in the
marine ecosystem reccrded during the presemt investigatioms
are consistemt with the findings of Rajendran gt al. (1982)
who reported that copper in surface water of the inshere
areas of western Bay of Bengal varied from 3,50 to 6,62
,ug/l. Jegatheesan and Vmgepa).m— (1973) reported 0,50 to
12,00 )\g/l copper concentration in Porto Novo waters,
Singbal and amuqiry (1977) reported 1,70 te 7.96Fq/1
copper concentration in Arabisn sea waters, The finding of
“emanov et al, (1977), that copper concentrations im the
Aegean Cea varied seasonally, with the winter values higher
than those of spring and summer, support present results of
higher copper values during late momsoon and post-monsoon
period in the marine ecosystem, While reviewing copper in
the marine environment, lewis and Cave (19292) reported
nearshore seawater copper concentration to range between
6.30-3.36‘,3;;/1 and 0-2500/;@/1 in the Mediterranean and the
adjacent seas respectively, Hoff (1978) described copper
in the nearshore waters snd chserved that concentrations of
copper were increased Sath by 5t, Lawrence river water sad
by upwelled subsurface water, Similar phencmenon may be



possible in recording of high value of oopper in the
present study of marine waters, Seasongl fluctuastions of
copper are known to occur due to fluctuations in run-off,
with f{ncressed values in the Spring and summer at the time
of heavy spring run<off- (Chow mmd Thompson, 1954y Thomes
snd Grill, 1977 Pester and Morris, 1971 Arnese, 1976),

There is paucity of information on seasonal study
of copper in sediment in the inshore aress of Indien waters,
While studying partition patterns of copper in the sediments
of the weatam continental shelf of India, “ac gt al.(197¢)
Teported an mmnw of 193.8/ug/g DW copper in the sediments
of the shelf regiom off Cochin, The coprer values recorded
during the armt investigation are far loss than those
reported by Rac gt al. (197M). while working on copper
content in the inshore sediments of Gulf of Xutch ,Murty st al.
(1978) recorded a ramnge of 18 to 63 u9/9 U7 which 1is
consistant with the values of copper in sediment recorded in
the present study, The cbsetrvetion of Murty = al. (1978)
that coppor and minc co-vary with each other in a simificant
manner in the sediments of Gulf of Kutch supnort the present
result of getting similar sionificant positive correlation
betwee copper and sine of sediment (Table X \ to XII A)
but the range of copper values (!mzeﬁpgfg DW) noted by
then were mich higher then the values (30.66.5 /9/g DW) recos
rded here. The higher values noted by them, (Murty &k al..1978)



the body surface incressesif the concentration of the water
is raised, confirms sionificant positive correlation of
copper in the water amd the haemolymph (“able VII B to XII
B) in the present study, But the quantum of increase of
hamolymph copper concentrzation comparable to the qusntum
of increase of copper in the adient medium was less
siggesting, thereby, that either the sheccption was
Testricted or that only a fraction of the abserded copper
&ppeara in the haemolymph, or that rctive axcretion of the
absorbed metal was resorted to, Bryan (1968) suggested
that copper is gmlntea in all species of decapods sad
that the removal of excess copper from the body can ocour
in the fasces, in the urine, or across the body surface,
While studying rmhum and accumulation of copper in
Ealascn alsgans. ¥hite and Rainbow (1982) chserved that
the animal can easily regulate body concentrations upto an
increasse of zoaﬁqﬂaepp«mt&m&m Copper is
Sssential metal to crustaceans as it is utilized as e
prosthetic group in the structure of haemocyanin (Lentie
md Vanquickenborne, 1974), The decresse in salinity
affects oxygen comsumptioa throngh osmotic atress (Weiland
®ma Mangum, 1975y Gilles, 1977) snd increases copper
texicity (HolmeJensen, 1948) whereas higher levels of
topper in fraoshwater cuuses reproductive impairment, decresse
in growth, protein contemnt and glutemic oxaloacetate trans.
Suinsse activity in Daptnis (Blesinger and Chritensen, 1972),



Bay be relsted so the discharge of Indwstrial offluents frem
the se ealled Industrial Capital (Dambay) of India,
Paropkari g al. (1980) alee reported similar range (18 %o
$3 M9/ D¥) of copper values in the selimmmts of Gulf of
Kutelis. It has Deen suggested that the fanershelf sediments
six regularly vith the sstusrine sediments (uiler and
Torstner, 1975 Salemons and Meok, 1977 Marty and Vesrayye,
1981), The slightly higher values of sedimmmt cepper
noted 4n the nacine then in the groweout scosysten in the
presant stady are confirmed by the chservation of Murty
and Vestagys (1981) whe, while studying the dietributien
of trave metals ia the sedinmmts ¢of Vesbanad lake, reported
that the copper in sediments of estuery showed lower
mmmwmummmmu
sedinents,

In the groweont and the marine ecesystems, the
higher hammolymph copper valunes regorded during monsoon snd
postemonsocn period in both male end female R, indiges o
the presmmt study nay be due 50 the higher copper eoncent-
rations in the esbient water and bottom sediments, Cepper
is thoughtto be abserded both vis the stomach and dizectly
from semwater scross the body surfese (Srymm, 1968), Nis
(Bryan, 1968) cbeervation that the smount of copper and
sine which can be sheorded directly from seavater across



the body surface incresses{f the coneentration of the water
is raised, confirms sionificant positive correlation of
copper in the water amd the haemolymph (Table VII B to XII
B) in the present study. But the quantum of increase of
hasnolymph copper cencentration comparable to the cusntum
of increase of copper im the ambieat mediun was less
suggesting, thereby, that either the shsception was
Testricted or that enly & fraction of the absorbed copper
tppears in the haemolymph, or that rotive excretion of the
sbsorbed metal was resorted te, Brysn (1968) suggested
that copper is regulated in all species of decapods smd
that the removal of excess Copper from the body can occur
in the fasces, in thg urine, or across the body surface,
While studying rcgulitien and accumalation of copper in
Ealasmon alegans, “hite and Rainbow (1982) cbserved that
the animal can easily fequlate body concentrations upto an
MamwxmﬂmmmmmW. Copper is mn
essential metal to crustaceans as it is utilized a8 @
prosthetic group in the structure of heemocyanin (lontie
méd Vanquickenborne, 1974), The decresase in salinity
affects pxygen comsumption through osmotic atress (Weiland
wd Manguwn, 19757 Gilles, 1977) end increases copper
toxicity (HolmmJensen, 1948) whereas higher levels of
topper in freshwater causes reproductive impairment, decrease
dn growth, protein content and glutemic oxaloacetate trans.
Sminase activity in Japhnis (Biesinger anc Chritensen, 1972),



the body surfsce increasesif the concentration of the water
is raised, confirms sionificant positive correlation of
copper in the water and the haemolymph (Table VII B to XII
B) in the present study, But the quantum of imcrease of
hasmolymph copper cencentration comparable to the quantum
of increase of copper in the asbieat medive was less
suggesting, thereby, that either the sheorption was
Festricted or that enly a fraction of the absorbed ceopper
Sppeara in the haemolymph, or that rotive excretion of the
sbsorbed metal was resorted te, Brysn (1968) suggested
that copper e regulated in all species of decapods and
that the ramoval of excess Copper from the body can ocour
in the fasces, in th;s urine, o acress the body surface,
While studying regulation smd accumilation of copper in
Ealasmcn glagang., “hite and Rainbow (1982) chserved that
the animal can easily requlate body concentrations upto an
increase of 100 g/l copper in the medfum, Copper is an
‘essential metal to crustecemss as it 1s utilized es .
prosthetic group in the structure of haemocyanin (Lontie
md Vanquickenborne, 1974)., The decresse in salinity
affects pxygen consumption through osmotic atress (Wedilamd
od Mangum, 1975y Gilles, 1977) snd increases copper
toxicity (HolmmJdensen, 1948) whereas higher levels of
®opper in freshwater amuses reproductive impairment, decresse
An growth, protein contemt and glutemic oxaloacetate trams.
minase activity in Dapimis (Biesinger and Chritensen, 1972),



the body surface incresse:if the ememntration of the water
is raised, confirms sionificant positive correlation of
copper in the water and the hasmolymph (Table VII B to XII
B) in the present study, Bux the quantum of increase of
hasmolymph copper cencentzation comparable t0 the camntum
ofimwoc!whmﬂzmmwu less
suggesting, theredy, that either the sheorption was
rm:&u&detmﬂhazrmimnthmm
Sppearz in the hasmolymph, er that sctive excretion of the
sbsorbed metal was resorted to, Bryan (1968) suggested
that copper e regulated in all species of decapods sad
thatt!urmiefmnm!rmthuhodyeam
in the fasces, in the urine, er across the body surface.
While studying regulation amd accumilation of copper in
Ealasecn alagens, White and Ratnbow (1983) chsarved that
She animal can easily regulate body concentratioms upte an
increase of 100 mg/1 copper in the medtum, Copper is an
fmuu metal to crustacomns os it is utilized as e
Prosthetic group in the structure of heemocyanin (Lontie
=4 Venquickenborne, 1974), The decrease in salinity

4 Mangum, 1978y Gilles, 1977) end increases copper
Sexicity (HolmeJensen, 1948) whereas higher levels of
m in fraslmater causes reproductive impairment, deoresse
#n growth, protein contemt and glutemic exaloacetate trans.
Sainese activity in Daphnis (Blestnger and Chritensen, 1972),



These three sbove mantioned negative effects in the eontext
of the prasent findings of almost freshwater conditions and
increascd copper concentration during monsocn and poste
monsoon period in the oroweocut ecosystem may explain the
supposed trigoering of sgtress mechanism in mature or maturing
E. indicus which results in their migraticn to high salinity
i.e, to the less demending marine environment for further
feproductive development, The presence o° postelarval and
juvenile staces of P, indicus in the estua-ine area even
durinc monsoon and postemonsoon period (Cecrge, 1962)
anpears "o be ralated to the more efficient and active
repulaters capabilities development by the animal during the
postelirvial stages, as it is known that the oiclogical effect
£ coppor in f%iffeéant durin- different narts of the life
history o marine organisms (iewis and Cave, 1972) and
that tho romlatory capabilitiecs are a fun-tion of develop-
mental staco (Lewis and Cave, 1972), Mair -n? ¥rishnankutty
(187%) Jdr-rribed varying effects of salinity on the growth
of the juveniles of B, indicus from the o-hin backwaters
and suc-roted that physielogical chances nc well as a oradual
change to stenchalinity may be the reasons for seamward
micration of this snecies, The increases concentration of
copper in the haemolymph implics the irncresne in haemocyanin
content o7 haemolymph which may be rela'r” to increased

metabolic :nd osmo-requlatory activity (7avlor et al.,19A%),



Though there is little work on seasonal studies of
hasmolysph copper, yet the values rercrted by Eryan (1968)
in Carcipus masnas, Ruoeourus Rernhardus and Jangek RASNINE!
(63,7 to 89,0 mg/mal); and Djangmah aad Crove (1970) 4n
SEmotn wyulaaris (41 to 159 mg/ml) are comparable to the
present findings., Sanksransrsyanan, gt al. (1978) noted
seasconal change in the concentration of copper and simc

in 2 oyster. Sassosties madragensis from the Cochim
backwaters which they related to monsoonal changes in fresh-
water run=off from areas receiving industrial and domestic

wastes,

“he renge of sessonal excskeletal copper values
recorded Maring ;;rueni: investigations in the grow-out
(13.8 o 23,2 m9/g D¥) and the marine (12,9 to H.2p09/g DW)
ecosystems and amongst male (14.6 to 24,2 ug/g DW) snd female
(12,9 to 20,3 fa¢/g DW) showed little sex~cpecific or ecosy-
stemespocific differences indicating, thereby, that the
effects of copper variations in the ecocy tems and in the
hasmo lymnh have little to 4o with the exoskeletal copper
concentrations, It is subatantiated by the insignificant
correlation values (Table VII A to XII C} toe, Though
there is pamucity of directly related works, yvet the exoskeletal
cOpper values reported by Brysn (1968) in rup

(2.0 t:a&.",ng/q ng Won (1973) 4in crabs (4.1 to 9.2



/29/9 F¥) and Horowits amd Presley (1977) in Rock shrimp
(16,3 ,neyg DY) confirms the present findings,

The relatively higher mascle sopper concentration
values of male and tm__z, Jndicua noted in the growe
out md the marine ecosystems during monsoon period in
the present study may be due to the simnltanecus incresse
of haemolysph copper concentrations which is, in turn, a
function of copper in the water and the sediment, But the
qumtug of increase was not more than eout 10% of the
range of musclq;; copper valuez noted in the other seasons,
The incroased vilues noted might have been due to the
residual effect of haemolymph copper which supplies muscle
tissue, Though t’hexi'e is little work to sunvort the present
findings, yot the values of muzcle copper reported by
Eryan (1962) in Carcinus maanas (7.5 me/g ©), Corvstes
sassivelomnus (8.0 mq/g F¥)y Horowits and Presley (1977)
in Brown shrimp (:4.:,nq/q DW) and Rock shrimp (31.3pqlg
DW)p zZinde gt al. (1976) in Mataosnasus ffinis and
Esnasué monodon (2143 & 28,9, m0/g DW)  Ishii gt al.(1978)
in Eenacus lsponious (14.0 M0/ ™)y Stickmey gt ale (1975)
in Pepasus asectus end Paassus Astiferuss (16.0 & 18.0Mmq/g
Dw) and Lgndg (1977) in Penass lapcnicus (14.0mg/g TW) are
carparable to the present findings, Brysn (1968), while
studying copper in tissues of Qecapods, mentioned that
muscle copper shows the least varisble concentrations md



that, it is barely affected when encess metal is injected
into the hammolymph, He (Brysm, 1968) opined that the
muscle, in which the constancy of the concentration of metal
sesms tO be important, may itself be adble to regulate against
sny changes in hasmolymph conpentration of metal.

Brysn. (1968) found that muscle emxchanges metal with the
hasmolymph rather slowly, aad this presumably helps to
protect the tissue from amy sudden fluetuations in the
hasmolymph concentrations, +n insionificantly small increase
in muscle copper concentration was recorded during heavy
freshwater discharge time by Goon (1973), while studying
copper concentrations in body meat of the blue crab,
Sallincgtes gapidus. He (Boon, 1973) sugoeste® that the copper
mcmtratim of mah depends to some extont on the season
too,

In both the grow=out as well as the nmarine ecosystems,
slichtly decreased hepatopancreatic copper values noted during
monsoon and poste-monsoon period does not deserve much delibere
ations as the extent of decrease was insi-nificant (< $%),

It can be best explained to have remained scasonally uniform,
The sex=spacific differences within an ecosvstem were little.
The heratcpancreas seems to be not involved in the regulation
or storage of copper when increased haemolymph copper levelsare
encountered éuring monsoon and post-monsoon period, It 4s
therefore inferred that abeut 20% incresse of copper in



haemolymph during monsoon and post-monsoon period, which is
a functicon of increase in smbient copper lovels, may be
within the 'safe' physiological limits, The copper storage
function of hepatcopancreas when excess copnar is present in
the sambient medium (Brydh, 1968) is not noticed in the
present study as sesasonal variation of hepatopmncreatic
copper was little, Though, there is little related work,
yet the values reported by Bryan (1968) in Anstroo
pallipes, Crangem yulGaris, Salathes acummifers snd Liomsrus
yulgaris (335 to 603 Pq/q ¥i) are comparable to the present
findings,

The relatively uniform and statle copper concente
ration values 4n wary in the marine ecosvsten (212,4 to
221.5 po/g DW) recorded during present investigations make
it elear that water and haemolymph copper varfiations do not
affect those of the ovary., DBryan (1964, 1367) reported that
concentration of metal remains fairly constant snd, like
those ©f muscle tissues, are not markedly influenced by the
haemolymph metal concentration, The relatively lower values
noted in the grow=out ecosystem (182,8 to 217.7 mg/g °W)
during monsoon and post-monsoon period may be due to the
resorrtion of the ovarian tissue or stagnation of ovarien
development a8 with the onseot of monsoon the increase of

copper in the haemolymph should have caused concurrent



increase of copper in the ovary, But on the contrary,
decreas« in coprer concentration of ovary is noted which
can harren only under resorptive conditions., The maturing
or mature prawns caught during monsoon ans nostemonsoon
period in the growe=out ecosystem are nresumed to ba
primarily those which could not have set uron "micration

to marino -aters" due to enclesed nature of the large water
body ©f ths growsout ecosystem, On being ~onfronted with
unfavours-le ecosystem conditions, these rramns might have
storras or reversed the maturation process to conserve
ener«<y, 1w ovarian tissue may be more ju iciously utilised
for, presumably, increased metabolic and ormoere-sulatory
activitics during monsoon and postemonsocr —=ricd, <1his is
indir-ctly suprorted by the findincs of ran (19268) who,
while stu’vying einc and coprer in decarods, noted that
ovary itself contained relatively less copner (9mg/g

F+) but 17 mature eqgs are also analyser it is found

to be verv high (39 ne/g i7)e The findincs of copper

in the snerm motility indtiating factor relonsed from

the ec -z of the horse-shoe crab, Limulus polvphemys
(Claprer ond Erown, 1980) give more siomificance to the
present observation of recording higher coorer levels during
nonemons o N period in the grow-out ecosyszts, ‘he migration
of pravm= tO marine areas for maturation an’ spawning, as

noted in the present study of ., Andicug, may be tuned to



the role of eopper to facilitate perfect hich efficiency
fertilization. 7The values recorded during present investie
gations agree well with those of Bryan (1964, 1967, 1968) in
nigacis and Portunus puber (15.0 to 18.0 ;mg/g ),

Consistently higher and uniform testicular copper
values in the marine than in the growsout ecosystem Of the
present study may have a role to play in the testicular
development {n the estuarine conditions of the grow=out
ecosysten, The low copper levels noted during monsoon and
postemonsoon period m the grow-out ecosystam, when increess
in haemclymph copper is coneurrently noticed, may have
reasons and constraintas na;!.hr to ovary development es
already discussed, The reported finding of 3iesinger and
Christensen (1972), that in freshwater conditions higher level
of copper causes reproductive impairment and decrease in
growth in Daphpis indirectly support present results, The
comparahle values in testicular tissues of crustaceans are
reported by Sryan (1964, 1967, 1968) in Hgmarus vulceris,
Eertumue puber and Portunus dupsrator (8.0 to 17.0mg/g F¥),

Relatively higher values of zinc in water recorded
during monsoon and put-mm in the grow=out ecosystem
may be due to heavy run-off resulting in the presence of
flocculated silteloaded organic matter rich in trace
elements (anapathy gt al., 1968; George and “awker, 1981)



a part of which may sink to the bottom, a8 well as “.“,
the incursion of off-shore waters nesr bottom even in the
estusrine area (Sankaransraysnan and CQasim, 1969), Coine
ciding with the primary production peak in the groweeut
ecosysten, wninc of sedimmnt is also found to be increased
during late monsoon, postemonscon period and even upto
November & December momths in the present study, The
deflocculastion and flocculation of muds of the effluent
discharge area of Udyogamandal Industrial Cmploxxiothtt
industrial activity in the catchment srea of rivers cantri-
buting to “ochin backwaters, and sinking of a pert of the
organic matter rich silt to the estuarine floor probably
help in making the zinc noneconservative, “he exnperiments
on silt pickeup showed that suspended silt affect the smount
of zinc in solution in seawater and that the uptake is
dependant m.the silt-load (Canapathy gt al.,1968),
Flocculation and sedimentation of colloidal and fine
material in suspension may cause a net settling of trace
elements (.ver, 1972)., 7race elements may underge net
sedimentation in estuaries even if they have undergone
initial desorption (Turekian, 1971).Rajendran and Kurian's
(1986) su-nesticn that the distribution of trace metals,
including zinc, in the sediments follow a eimilar pattern
to those in the water and is controlled by the fermation



of trace metal enriched clay, silt and erganic particles
in the Cochin backwaters, support the present findings.
The range of ginc values (0,69 to 4,00 m0/1) in water
reported by them (Rajendran snd Xurian, 1986) were not
mich difierent from the range of inc values (5,30 to 7,10
/A9/1) revorted during camparsble period in the grow-out
ecosysten during preseat investigation, Their (Rajendram
and XKurian, 1986) recording of zinc in sediment of Cochim
bPackwaters ranging between 0,50 to 3,21 /aq/g D vap
axtramely low sas compared to the values (42 to sx/ug/g D)
noted during present investigation, Their (Rajendrsn and
Kurian, 1956) observatiom that there is little evidence
of any overall seasonal pattern of zinc in sediment agree
well with the present finding of noting little variation
during ccemarable nonemomsoon period, The period of
significant seasonal variation of zinc, i,e, monsoon and
postemonzoon period, as borne ocut by the present study
was not covered by them, Venugopal gt al. (1982) investie
gated the zinc levels {n sediment over an vecar at four
stations on the northern limb of Cochin backwaters and
found zinc to vary with seasons and stations, 7 heir
(Venu-opal gt al., 1982) cbservation of peax sinc values
in sediment at Cochin barmouth during monscon and post-monsoon
period confirms present values, The minor differences ia

values o7 zinc between differsnt stations in the present



study micht be due to varying silt-load in d4different
locations (Canapathy gt Al., 1968), Though Sankaranarsysman
and Stephen's (1978) work was not sesascnal, yet the values
reported by them (9.4 mg/1) st a station near the grow-ecut
ecosystan of the present study, were not much differemt

tri:u the range of sinc values (5,30 to T.mﬁq/l) encountered
during the present study, The present results show that in
the fresiwater phase of the estusry (monsoon and post-monsoon)
zinc concentrations (7.92 to 13,35 mg/1) were consistent with
the average riverine sinc concentrations (10A10/1) reperted
by Riley and Chester (1971), ¥hile studying zinc in water

in the icmbay Harbour Bay, Matkar and Pillai (1975) reported
higher values (31,35 to 32,92 /ng/l) durinc monsoon period as
campared to the nonemonsoon period (2,65 to zz.sa/uq/n.
Though the values noted by them (i‘atkar and Pillai, 197%)
‘wa‘e generally higher than the range of wvalues (5,30 te
13,38 /ug;g/l) noted during present investioation, yet the
increase  concentrations observed during freshwater run-off
period in soth the studies support the present findings,

The relicively higher zinc values in waters of groweout
(5430 to 13,35 mg/1) than in the marine ecosystem (4.7 to
10,9 ﬂM3 are supported by the finding of Braganca smd
Sanzgiry (1980) who indicated that higher ginc concemtrations
occurred near the river mouths, and opined that the inflowing

river vwater is richer in sinc, Increased =inc values in



sediment noted during freshwater run-off period may slso be
due to the ability of sinc to be increasingly adsocbed by
solid iron particles and its precipitation to the floer
(kajendran and Kurian, 1986), Bourg (1982) chbserved that
the major variations in physicochemical eonditions within
estuaries give rise to the possibility of non-conservative
behaviour of some of the dissolved substances during the
mixing of river and seawater, Bourg (1991) also cbserved
that marine waters contain lower concentrations of trace

metals than estuarine waters,

In thé marine ecosysten, ginc concentrations remained
low (4,7 o 6,1 /a«.;:/l) during nonemonsoon pericd but increased
values (7,4 to 10.9)\1@/1) occurred durinc monsoon and poste
monsocn neriod, This seasonal phenomencn seems to be
relatedf;thse incursion of nutrienterich offshore waters
which hez been reported by -amamirtham and Javaraman, (1963),
The conse-uent increased rate of sedimentation during and
after the primary production peak, i,e. sinking, may also
be the cause of higher zinc values in sedirent during late-
monsoch, postemonscon andé even in November . ecember months
of the nonemonsoon period, ’he encounter of hioh sediment
zine valuss upto November or Lecember month of the none
monsaon neriod, even thouch primary production has fizgzled
out lon¢ bofore, may be due to the resicdual effect of inshore



incursion and ‘sinking’ phenomencn, Values reported dy
varicus authors (Jecathessan and Vemmgopalan, 1973 Zingde
&t al., 1976; Singbal and Saasgiry, 1977) in the inshece
waters of the west coast of India vary from 2.8 to 42.4
/ngll and these are mueh higher tham the range of values
(4.7 te aa.‘i/ug/l) noted in present study of the marine
ecosystem, The higher values noted may be due to the
difference in processing and snalytical methodolegy, Rajendran
st al.(1982) reported soluble zinc in the inshore waters to
_range boiween 3,75 tc; 46.25/36:/1. Danielsson (1980) reperted
zinc in water of Indian Ccean at 24 m depth to vary from 0,2
to 13,ug/1 which is not much different from present findings,
The recording of widely differing zinc levels in seawater
are not exnlicable as Brewer (1975) too, while reviewing ginc
in seawater, reported zinc levels to rance bstween 15 and ¢80
/ug/l. and cancluded that although considerzbhle variability
exists in the zinc dutributien, few coherant explanations

have been offered to describe thiz variarility,

In the marine ares, though seascnal study on sine
of sediments ig lacking, yet some :o).ivmt: works are availe
able, Zinc in the Arabian sea sediments are reported to
range from 16.3 to 51,1 mg/g W (Sreekumaran gf al..1966),
Sarma gt al. (1968) reported zminc in the coastal sediments

in the srabian Sea near Tarapore to rance from 41,8 to



€5.0m0/g We Murty gt al. (1978) reported sediment zinc to
range fram 48 to 113 mg/g W in bulk sanple basis in the
inshore sediments of Gulf of Kuteh, The range of values
reported by rFaropkari gt ale (1980) vary from 48 to 114 mo/g
DWe The range of values 139,30 te 66,91 ug/g OW) reported
during present investigation are in general agreement with
the above mentioned works of various suthors in the Indiam
waters,

The seasonal behaviour of haemolymph zinc during the
present study was similar to that of haemolymph copper though
the levels of h;mlmh zinc were only 10=20% of the range
of haenolywph copper values, This is reletsd to the
importance of aeppe;f as a prosthetic orcup in haemocyamin,
The similar seasonal behaviour of both, coprer and zinc cmm
be traced to similar s-asonal bshaviour of th-se ions in the
medium and the sediment, Sex~specific di:ferences of
haemolvrmh zinc during present investinati-ng were little,
While studying zinc regulation in the lobster, [omarug
yuloarig, -ryan (1964) observed that no civious differences

in sinc levels between the sexes exist,

In both the ecosystemz, the higher hasmolymph zine
values of 7, indicus recorded during latewmonsoon and early
post-monsoon period may be related to the higher zinc levels
in the anbient water and the bottom sediments, These findings



are supported by the correlation values of the pressnt study
(Table VII B to XII B) and also by the cbservation of Bryma
(1964, 19566, 1967) who stated that the amcunt of sinc which
can be absorbed directly from seawster across the body
surface increases if the concentration of the water is
raised, =ryan (1968) cbserved that animals which feed on
worms from gsediments may hsve a considerable intake of sinc,
The P. Jndigus, too, is a detrital feeder (Gopalskrishnan,
1952) and exhibit higher concentrations of zinc when there
is simultaneous increase in the zinc of water and the sediment,
Zinc may be abeorbed via the stomach and directly across the
body surface (Bryan, 1964), But the cuantum of increase of
haemoly~ph zinc (sbout 20%) coemarable to the cusntum of
increase in zinc in the medium (1007) Auriny heavy freshe
water discharge in the present study when comared to none
monsocn values was less sugresting, thereby, that either
the absorption wes restricted to or that cnly a fraction of
the absorbed zine is made to arpear in the haemolymph or
active excretion of the absorhed metal was resorted to, The
presence of metalloeproteins, which are not normally
saturated, in the haemolymph may help to »ind increased

zinc levels and the dynamic ecuibrium with the medium may
be attained through active excretion throuch urinary gland
or acroes body surface (Bryan, 1968), The values noted

during present studies (10,8 to 19,8 ag/ml) compare favourw
ably with those reported by Pryan (1968) in jstelecvalus



ssutemdentatus, Corystecs cassivelaupus, SEancon yulcaris,
and Piluminus hirtellus(9.,5 to 23.0

ﬂ?/q Dl

Emxoskeletal sinf values noted in the groweout
ecosystem showed consistently varisble values without any
seasonal trend but slichtly lower values noted during monsoon
may be related to the decreased mineralization or demineras-
lization of the emakchtén during that period as discussed
previocusly in connection with calcium, magnesium and
phosphorus leyvels. Bryan (19682), while studying zine ia the
shells of ﬁac;pods, reported that amounts of zinc in the
exoskeleton are vgxi&bla and this is consistent with the
varin‘;}lesaeasonalsvaluu noted in the present investigation,
Bryan's (1964, 1966, 1967) cbservation that much of the sine
iz adsorbed to exoskeleton and as a result, the exoskeletal
concentration increases if that of the water is increased,
does not apnly to present findincs as the a’zorbed sine may
not be & factor in the results of present investigations as
the animals used were washed with tap water prior te

dissection,

The general uniform exoskeleta! zinc values recorded
in the marine ecosystem in the present inve:ti-ation may be
re jated teo poor demineralizaticn of the exoskeleton as in



the case of the growwout ecosystem, But the range of values
Fecorded are camparable to those of Bryan (19638) in Palinurus
Yulgaris and m hirtellug (16,0 & 17.0 pg/g %),

Lownan gt al. (1970) in shrimps and prawns (17 to 190/uq/g
DW and 15 to 120mg/g DW Tespoctively); Horowitz snd

Freeley, (1977) in brown shrimp (28,3 pa/c %)) and Ray

sk al. (1980) in Pandalys pontagui (78.0mq/g Di),

“he significant positive cari'elaticm of mascle aine
with that of zine of water and haemolymph in both the
ecosystems (T&b_le VII B to XII C) show that variations of
zinc 4in water ;ffect directly the variati-ns of muscle
zing, hut caantatively the increase durinc high discharge
time of monszoon anﬁrwt-mmsom was not »-prociatle (~10%
above the normal nonemonsoon levels), he ‘rapcrted obhger-
vation of ryan (1964), that when zinc concentration in
seawatcr i5 increased from 5 to 100/.\g/1, the muacle is not
aprrecia ly affected, lend credence to the present findincs,
Zinc in muscle tissue 1s often associated with the enzyme
carbonic anhydrese (Keilin and “ann, 194C), The higher @sele
zinc values when compared to that of haemolymph may be
related to higher (1030 times) carbonic anhydrase activity
in the muscle tissue (Fercuson gt al.,1937) though probably
not all of this zinc is associated with carronic anhydrase,

Carbenic anhyirase in the haemolymph may only be associated



with cellular elements which are very few (Bryan, 1964),
The slichtly lower ramge of muscle sinc vﬁuﬁ; noted in the
groweout ecosysten when compared to the marine ecosystem
during ncnemonsocn pariod may be related to the presence

of higher smcunts of detrital material in the marine
ecosystan, The range of sinc values similar toc presemt
investigation (40,9 to 56,0mg/g DW) have been reported by
Bryan (1968) in Crapoon yuloaris, Balasmcpotos yarisns amd
Bortunug decurator (14 to 1S mg/g F¥): Lowman gt al. (1970)
.f.n shrimrs(44 to 130mg/g W)y Zingde ot al. (1976) gn
Penaeus mepodon (21.5 to 70.0 mg/g 7)) and lgtepenseus
atfinis {sa.aﬁq/g DW)y Horowitz and Presley (1977) in

Rock shrimp and Brown shrimp respectively (47.7 & 56,3 m9/9
D)y and Ishii gt al. (1978) 4in Pgnacus jsponicus (63.0,\1#;;

) e

ihe recording of relatively lower h-natopancreatic
zinc values, similar to the behaviour of hepatopancreatic
copper, daring momsoon and early post-monsoon period when
water medium, sediment, hasmolymph and muscle tissues showed
increascd levels camnot be explained satisfactorily with
the present data, The contradietory behaviour of
hepatopancreatic zinc is pusegling, 7The only probable
hypothesis may be that, during high freshwater 4ischarge
when zinc levels in water and sediment increases to almost



double its nonemonsoon levels, the animals prevent the
absorpticn of metal ion across the gills or general body
surface as a precaution, The ginc taken up :leng with

food may be utilized, via the hepatopancrecas, for maintaining
relatively higher heamolymph zinc levels in that period,
Gryan (1968), while studying zinc in decepoda, pointed out
that drcapods even under normal conditions receive more zine
than they require. and, therefore, the process of zinc
eliminaticn is probably more important tha- that of sbsore
ption; and aleo suggested that it seems more likely that the
enercy utilized for zinc reculation is directed towards
removin. or preventing of zine than towarde absorption, The
rance o values noted.durinc present inve-ti-ation (565 to
?Bifuifg 7!) are comparable to those rerorted by Bryan (1968)

Lal ¢+ Dalasmonetes varians and [slinurus vulosgis
(64.G - 1&%;0’1@/@ g}‘g).
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“he tecticular zinc remained unifcr- throughout in
both the ecosystems, 7This suggests that the te-tis are
elther almost impermeable to zinc or that zinc reculation is
hizhly «7ficient, Eryan (1968) described the effects of zine
injecting in [enagus galiforniensig an’ renorted little
change in testicular zinc concentration when haemolymph zine
is consl era ly increased, In the present investigation too,

increas< in haemolymph zinc had little =ff=rt on testicular



zinc, The range of testicular sinc values noted during
present study (69,9 to sz.l,ng/g D) are comparable to
those reported by Bryam (1968) in Cancer

RuREE (130 to 27.0mg/g FW),

éelativ.ly lower ovarian zinc values recorded in
the gromout ecosystem from July to Tecember during the
present investication 1s similar to the seasonal behaviour
of ovarisn copper in the growecut eccsysteny and it may be
related to raabrptian of the ovarian tissue and reversal
of ovary Jovelopment process as, rather unexmactedly,
ovarian ~inc decre;sas at a time when incr-ase in zinc of
water, sodiment and haemolymph 1z recorderi, This is
plausitle only under resorptive conditions as discussed

earlier ir case of ovarian coprer,

“he relatively uniform ovarian zinc values noted
in the merine ecosystem (140 to 153.3/ug/§} imply that
ovarian zinc is independant and unaffected by the scasonal
variationg of zinc in the medium and the sediment, Brymn
(1964, 1567), while studying zinc reculation in ovary,
observed that concentration of zinc remains “airly constant

and is not markedly influencad by the haeclymph zine,



The ovarisn zinc values nrt-~a during the present investi.
cation (142,2 to 153.3 po/g DW) compare well with those of
Eryan (1964, 1968) in justropotamobius

fortunus puber (26,0 to 87.0ma/g F¥) and Ray gt al. (1980)
in the egos of Eandalus montacud (100,0mq/g Dw),




SUNNARY

mwmmww as availability of
maturing and mature ¥, indicus in the estuarine srea is
meagre ﬂ‘m mmmmmmiuxy
during monsocn and post-monsocn period vhen freshwater
runeoff and local precipitation, presumsbly, csuses
drastic alteration of physicochemical dynamics of the
estuarine area, Therefore, in the Present investigation,
sasasonal variation of physicochemical Parmmeters and some
of the metals in water and sediment in the marine and the
estuarine aress were studied, But the erphisis was to

the growe-cut (representing estusrine ares) ad the marine
(representing merine area) eansystaens,

The growsout scosystun, studied is an estuarine
impoundment of 76 hactares, 1.5 m deep in Vypeen Islmnd
and comnocted to the Vembanad estuary through a netework
of a fow cenals. The marine ecosysten lics at about ¥ m



depthescns on the omtinental shelf of redism Sea off
Cochin, Three sampling stations were fiwed in each
ecosysten, Samples of water, sediment and male and
female F. indicus (intermoult) were collected fortnightly,
Water samples ware collected sbout 30 on sbove the ses-
ar estuarine~fleor in beth the scosystem as penseids sre
known t0 be benthie,

Water vas analysed for temperaturs, dissolved
oxygen, pH, Eh, salinity, met primary productivity,
nitrate, nitrite, smmomia, calcium, magnesium, total
phosphorus, W and minc, Sediment samples were
analysed for temperature, pl, Eh, calcium, macnesium,
total phosphorus, W and zinc, CDifferesnt tissues
viz, excskeleton, muscle, hepatopancreas, ovary/testis
and the haemolymph of male and female P. indicug were
analysed for calcium, magnesium, phosphorus, copper snd
sinc content, |

. The results of seascnal variation study of two
years (November *82 to October '84) showed that the phy-
‘sicochemical ‘eonditions, in general, renained same in
both the ecosystems during nonemonsoon period but majer
noticable varistions occurred when considersble rainfall
. poured Auring monsoon snd postemonsoca period, The
pWsimMn&@ parameters generally recovered to their
pra-aonsoom level by the end of post-monsccn peried,



In the growe=cut acosysten, fresh watar run-off
from the catclment area and the local precipitastion
during monsoon and postemonsoon had enormous dilution
effect on the pre-monscocnal marine waters of Cochin
backwaters resulting Lir decreased salinity of water;
and calcium and magnesium of the water and the sediment,
The decrcased temperature and Eh of the water and the
sediment were noticed during monsomn and pozt-monsoon
period, ‘he conziderably increased nutrients, copper
and ginc, cbserved during monsocon and po:t-monsoon
period resulted in increased primary production as a
result of which ecosystem became more alkaline as showmn
by high values of pH during same pariéd. “he erratic
fluctuations of nitrite were recorded, Total phosphorus
showed increased values during transition period and
sarly monsoom, 7The dissolved oxygen level showed, more
or less, uniform values but for a minor decrease during
monaocn, The increased primary production caused
inerease in mzmmt"'dnth and decay' and ‘sinking’,
This resulted in increased level of total phosphorus,
copper an:l gine 4n the sediment during mansoon snd poste
monsoon 88 recorded im the present study., It is

explained that the fresh water discharge brings along-
with suspended silt rich in mutrients snd organic



matter, to which copper amd sine sre, presmmedly,

adsozbed, A part of this silt settles 4owh on estuarine
floore Besides, the presence of a major port, Udyogesandal
Industrial Complex, Shipyard mnd shipping activity, Raree
earth mining eamplex and other Industriasl and gecwchemical
activitics alongwith domestic pollution, and flushing of
these srea also contribute to incresse the metal and
mtrient levels éuring monsoom and post-mounsoon,

In the marine ecosysten, the seascnal variatioms
of salinity, calcium sand magnesium of water, and calcium
and magncsium of sediment sre found to be little, The
considerable decrease of water temperature, dissolved
oxygen and Ih was netim during momsoon and post-monsocn
period. Relatively low pH was recorded during momsoon and
post-monzomm period, The considerably increased nutrients,
net primary production, copper and sinc recorded in the
marine ecosystem during memsoon and post.mansoon period
might be partly due t0 the 'sedimentation’ of ergsmnie
matter rich silt of riverine origin and ‘sinking' of
organic debris, It is cbserved that the incursiom of
offashore wataers are of primary siomificance and the
effect of freshwater discharge and local precipitation
is not cuite spparent in the marine ecosystem. The
marine ecosystem, in compariscn to the grow-cut ecosystem,
provider a relatively stadble ssasonal picture,



While comparing the seascmal variastiom in both
the ecosystems, the following aspects become clear,

Both the ecosystems showed decrease in temperature
of water md sediment during momsocn and postemansoen but
the quantus of dmm;m omsiderably higher im the
aﬂh&%htﬁ.m:ﬂnﬂtm The pH of water
and gediment showed steble values in the marine ecosystem
vith & little decreass during monscon period, wharess
considersble increase of pH was noticed during monseon
and post-monsocn period in the grow-out ecosystem, The BB
in both the ecosystems behaved in a similar fashion all
round the year. The level of dissclved oxyaen was consideradly
higher in the groweout than in the marine ecosystem and the
quantum of seasonal decrease of dissolved oxygen was
relatively mild {n the groweocut ecosystem, The ralinicy,
calocium and magnesium of the water and the sediment showed
considerable mm:o to almost freshwater values during
monsoon and postemonsocn in the groweout ecosystem, in
contrast to the stable seasonal values recorded in the
marine scosystem, The behavisur of net primary production,
nutrients; total phosphorus, copper and minc of water snd
sedinent was similar im both the ecosystems,

“he results of present study showed that the seasenal
variations of biowelements, in different tizssues of male and



female B, indicus, were littles during non-monsoon period and
the variations, whatsoever, recorded, occurred mainly during
nonsoon and/or post-momsoon peried emly.

The behavicur of ealciom and magnesium in the tissues
was similar to that of the same in the watar and the sediments
of both 'tzm ecosystems, During nonemansoon period, calcium
md magnesium variation in water, sediment snd variocus tissues
was little in both the ecosystems, Considerable decrease of
each ¢f these metals was noticed in the water, sediment and
hasmolynpl, mgh. hepatopancreas and gonad of male md
female §. jodicus during monsoon and g n period in
the groweout ecosystem only, 7The mlkalml calcium showed
little decrease during monsoom and poste.monsoon period, The

marine ecosystem showed relatively stable seasonal magnesiva
values in vater, sediment and verious tissues of P. indigup.
There were no sexsspecific differences in either of the
ecosystuns,. Calcium was found to be alvays hicher (n the
hasmolymph than in the arbient medium but the reverse was
true for nagnesium,

“he hasmolymph phosrhorus showed ecratic seasonal
variation in baf;h the eccsystems, The relatively lower
values of exoskeletal phosphorus were noted during momsoon
and posti-nonscon in both the scosystems, Huscle phosphorus



mmummm though alightly higher
values were noted iu the monsoon and postemansoon sspecially
ia the growecut ecosystem, Phosphorus values of hepatos
pancreas d testis/ovary were low during mensoon and poste
monsoon period im the grow.cut ecosystem whereas, in the
marine ecosystem there was no much change in the values.
There was little effect of sessonsal variation of total
phospicrus in water and sediment on the veriations of the
;m,nmmﬁm«wumm.

. The sessonal behaviour of copper and sinc in
verfous tissues of male md female 2. indicus ves similer
48 beth fhe ecosystams, Increased levels of these metals
1n hesmolysph and muscle were noted during memsocn and
post-monsoon in both $he ecesystems. Exoskelestal copper
and ginc levels were recorded to de, more or less, seasonslly
uniform in both the ecosystems, The hepatopancrestic copper
m»-tmumm'm. Copper snd sine
levels ia’m ovariam tissue remained seascnally uniform
in the sarise ecosysten, In the growsout ecosystem, relat-
ively lower levels of copper mmd zinc ware noted Suring
monsoch and gest-monsoin peried, The testiculer copper smd
sinc, tot,behaved like ovarian tissue, The seasonsl variastion of



coppar and sinc in the hasmolymph and the muacle are
significantly correlated to variations of the same in
water sand sediment in both the ecosystems,

In general, tho‘M£m seasonal tissue levels
of calalam and magnesium noted in the marine ecosyatem
suggest that the animals were bathed in s stable
unaltersd milieu involving least stress en camo-regulatory
activity, On the other hand, the drastic alteration of
the groweocut ecosystem during heavy fresh water discharge
time, make the ecosysten stressful for [. indicus. The
anim;l has to.ksep on attaining the dynamic chemical
equilirrium with the anbient medium,

+he findings of present study haes its own inbora
limitetions, However, it may serve as the baseline in yive
information which can be utilized as a springboard to
launch more useful ip yitro studies to uncerstand the
operating physiological princinles and tc arrive at

definite conclusion,
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Jan. 30,55 26,21 L, 34 7492 200,9 675.5 24,78 3.13 29,12 70,73
. (0.15)  (1.96) (0.11) (0,07  (15.9) (16,5) (0s41)  (0,09) (4 ,48)  (1.83)
Fep, 1420 - 88 4,00 7.80 157.5 684 .5 29,68 2,66 16,27 66,3
0.00) %3.36) (0.15)  (0,95) (7.50) (4,5) (5.60), (0,12) (0.53) (5.9§)
March 31,25 3480 3.98 737 152.5 682.5 51469 2.5 45,5 85,08
9 (0625) 0.35) (0.26) (0.92) (22.%) (9.5) (8,51 (0.57) (15.4) (4,16)
April 1410 .36 4 7480 167, 660,90 «29 6.16 5.2 79.67
0,10) 8,31) (8.13) (0:15) (7°5§ (24,0) %3.11) (0.56) (8.71 (3.47)
s May 3150 2,68 024 755 160,490 1027,0 26,26 8.45 46,06 113,12 |
(0.00) 0.36) 0e29) (0.10)  (10,90) (215,9) (1.90)  (0,95) (7.7) (26432)
June .85 2172 3026 8,35 165.0 1497.5 149,06 7,98 183.33 87,46
(0:35)  (443) (0.18)  (0.15)  (20.0) (+a5) (43,98) (1.81) (60,97) (15.06)
3 July 28,65 5460 4,09 8.82 75.0 1350.0 23.1% 4,33 268,65 59,52
(0.05)  (3.18) (0.16)  (0,07) (30.0) (178,0) 12.,85) (1,20) (%.5) (3.71)
Aug, 28,80 076 2.99 8,52 47,08 920,0 11+37 8e 231.16  70.88
€ (0.90) ?2.93) (0e14)  (0.12)  (7.5) (75.0) 16,81) (0,23) (56.97) (6,.54)
Sept, 27.15 1.89 3.48 8.15 60,0 1040,0 278,65 9627 183.76 58,M
(0e%45)  (0.,0%) (0e23)  (0410) (15.0) (90,0) (99.40) (0,94) (104461) (2.72)
Oct. 28,50 5.26 3,60 8,02  115,0 1015.0 779 891 16.68 83.37
(0,50)  (0.91) (0.12) (0l12) (20.0) (25.0) 5.61) (1.59) (3.5)

(0.75)



TABLE-I 3,
( S}ge%:v );- values of various physicochemical Parametres at Station-I{Edvankadu,Vypeen Island)

IN WATER [ IN SEDIMENT .
M c c Zinc Sed,Temp. pH Eh .AMAm_M%zn?%.m__.mc orus_
. %mgsli Eugsﬂ (0.) (emV) ug/g
4 Nov. 89.69 277,56 6,36 5.61 B.e2  7.52 127.50 11204,50 5614 .5 7.5
9 (5.51) (4, 04)  (0.43) (0.31) (0.17y (0.02) (2.50) (80.5) ~ (164.5) (18,5)
8 Dee. 17582  SWLh B 5,98 6,14 31,50 7,60 147,5 12397.5 5830.5 803,
2 (30.07) (93.63) (0.14) (0.16) ~(0,00) (0.05) (22.50¥(1443,5) (218.5) (7.0
— Jan. 301,47 3.4 5.1k 6,66 31,10 7,67 150,00 21681.05 8076.5 722.5
(22,6) (70,73 (0429) (0.,21) (0.10) (0.02) (10400)(3135.5) (677.5) (12.5)
Feb. 72,42 1183.86 4,8 6,62 1.90  7.45 152,50 26182.C 11829.0 821,0
1.55) (13.13) (0.42) (0.52) 10,10) (0.00) (17.,50) (1063,0)(289,0) (25.0)
March 88,69 1216.80 4. 41 6,40 1675 7652 167,50 28252,0 12380,0 785 .0

4.02) (12.60) (0.29) (0,08) (0.25) (0.,07)(7.50) (1357.0) (439,0) (10,0)

April 83. 1201.1% 5,32 6. 175 745 195,00 29421.50 12338, 786,
! 18.?3) (32,93) (0.?3) <o.§§> %0.25) (0.,05)(15.00)(130%.0C) (623°5§

May ?ZS;SK 1176066 5,34+ 7,10 1,75 752 150,00 26467.5 11852.5 1041,5

9 (13.13)  (0.82) (0.28) 10.25) (0.02) (5.00) (1€ 49.5) (301.5%  (173.5)
June 249,77 781,92 Belt6 10,63 29420 7.82 60,00 23531.,5 90660 1515.0C

. (50,94) (159.48) (0.39) (1.53) (0,30) (0.07) (15.00)(3413.5) (923.0) (133.0)
Jul 66,38 201,70 9.30 13.3%  29.35 8,10 140,00 1326%+.5 6835.0 1478,

Y (35?55)(11h.58).(o.32) (o%ag (0.5) (0.05) (25.00)(1245.5) (637.5) (31.5)

3 Aug. 16461 69,84 8.76 12,53 29.85 7.82 160,00 10822,00 5169,0 1317,0
e (0.79)(20.88)  (0.52) (0,593 (0.35) (0.07) (15:00)(325.00) 1700) (g o)
Serpt, 21,88 68,04 8.58 10.44 29,85 7,70 175.C0 10482,5 L955,C 1095,
® (0.61) (1.44)  (0.28) (0,77) (0?35) (0.,10) (15,00) (730.5§ (120.0) (78,5

Oct, 60.5% 189,54 750 782 29,05 7,52 122, P 10559.5 5198.5 892.0
(10.52) (32.9%) (0.38) (0.83) (0.45)(0,12) (12.50) (156.0) (119.5) (27.0C)



Yr, Month

Nov.

1
9
] Dec-
2

Jan.
Feb,
March
April
8 May
June
July
Aug,

Sept.

Octo

66,63
(0.78)

63,31
(0.15)

57030
(2.83)

50,39
(1.3&)

43,06
(1.88)

?glg§>

47470
(3.06)

60, 79
(2.85)

72,05
(0.37)

7ho 72
(1.23)

70, 04
(0.39)

rarye
(1.35)

60.36
(4,%)

47.55
(2.12)

Lo,54
(1.12)

46,77
(1.16)

45,81
(0.60)

51,03
(2.46)

6542
(3.,02)

7543
(3.10)

81,52

(0.59)

77+ 18
(1e75)

L*%3231&
“%3283>

620,17
(45,92)

7?2.80
34.37)
786.49
(5.35)
801 .91
(1%,57)
5.8
(5.65
623.15
(59,03)

39341

(26,07)
71 4N
3.900)

380,91
(7.27)

L06,.46
(9.98)

72432
(1.%3)

79.80
(0.65)

104,48
(1%,00)

1?3233)

158,16
(2.67)

151,42
(6,96)

146,5
(2.40

103,80
(10.62)

76,55
(2.10)

81446
(2.00)

77.18
(1.72)

8l Mt
(1.%40)

41,72
(1.52)

41,81
(2.33)

50.38
(1 « 90,

o6
G:3

46,
(h.;g)

49,93
(1.25)

45,11
(2.53)

57.32
(1.26)

‘50081
(1.36)

Lo, 41
(2.96)

)410'039
(2.01)

45435
(3.32)

100,50
(h°9§)

104,07
(1671)

104,14

(0.29)

112,141
(2.47)

115,57
(1.89)

119,26
(2.141)

119,58
(2,29)

124417
(1.28)

133,
(2412
137.64
(1.79)

120,21
(2.76)

107,50
(2.26)

106458.50

(12154 ,49)

97552.50
(2121.49)

123318,50
(2102.49)

125287,

110831,00
(138h3,99)
106641, 00
(7678099)

121891,50
(2448,49)

96034%,50
(683,49)
87102,00
(151,00)
91992,50
(9252,49)
111362,50
(1849,49)

119651, 00
(5830.00)

7651 .00
(203.70)

733+.50
(206.50)

7936.50

(188,50)

8176,00
(143,00)

7786,50
(152.50)

7872.50
(178,50

7996.50
(?§1.50)

6807, 00
(342,00)
6343,00
(302,00)

6981, 00
(86,00)

7398, 00
(156,00)

7968,50
(127.50)

14707,50
(1083.50)

16077 ,50
(1435,59)

15866.50
(1012,50)

13797.50
(351.05)

17001 .00
(1553.00)
15692.50

(5%3,50)
15684 ,50
(1035,70;
11901,00
(1083,59)
(815,9n)
14416,50
(968,57)

14057, 00
(590,00)

16771.,50
(553.50)



TABII -1 Dl

Female

Mean )
various Tissue Parametres of/ Penaeus

) -
(St.Dev,))=values of indicus at Station-I(Edvankadu,Vypeen, Islaﬁdﬁ

~~EXOSKELETONw =/ am e oo MUSCILE a e e e e oo [ommm e HEPATOPANCREA S wcc oo
Yr, Month Copper Zine Calcium Magnesium %hosp?ozug Covrer Zine Caleium Magnesium Phosphorus
Ug/g
1 Nove 18,34 LO,Lg 100,00 829,20 4L3L5.,50 17,95 Lh,e5 76851 ,00 1687,50 1637.5C
g (0461) (0,93) 15.00) (39.C0)  €i10.50) .(0.57) (1.12) (€7,00) (31.50) <9£.55)
> Dece 15,80 45,00 170,00 811,50 4218,00 20,40 43,60 7535400 1764,5C 1778450
(1:13) (4.,11) T{20,00) (31.50) (151.00)  (0,25) (1.25) (90, 10) (33.57) (15,590}
Jan. 17.49 49,32 3433,00 913.50 L405.,50 18,79 47,7 - 7675,50 1864,00 1779,50
(2487) (1:30) ~(376400) (28,50) (L48,50) (o.ug) (1.19) (105,§o) (29,00) (ﬁ5.5%>
1 Feb, 16,48 L4,18  3906.50 1343,00 4326,50 19,81 49,25 9655 .50 2306.50 2005450
(1.05) (1.53) (1%2,50) (30, 00) (313,50) (1.86) (o.5§) (308,5n) (57.50) (12.50)
March 15.81 48,21  4258,00 1212,00 4832,50 18,26 46,67 10393,00 2479,.50 2096450
9 (0.03) (0.65) (27, 0) (72.00) (115.50) (041) (2.82) (578, 00) (60.50) (32.57)
April 16,42 L4, 99 LL05,00 1282,50 4089,50 19.89 43,93 10186,00 2480450 2091 .50
(1.06) (1.42) (92,00) (33.50) (238,50) (0.55) (3.20) (563,0C0) (132,50)  (46,50)
May 20,06 47,51  4220,00 1164400 L715,00 19,26 50,56 9986, 00 452,50 1935.50
8 (0e12) (1.,05) (52,00) (22,00  (200,00) (O.41) (0.91) (217,00) (62.50) (57.50)
June 15,55 40,88  3743,00 1007.,50 5383.§o 24,58 55,36 8308,00 2061.50 1507,00
(1.88) (1.62) ~(1%8.00) (27.50) (3%.,50 (Co?4) (1.58)  (339.00) (107.50) (58,00)
3 July 15.26 38,34 325.50 842,00 k872,00 23,7 53454 7706450 1769,00 1661,50
(f.13) ?1080) 58450)  (12,00) (157.00) (0.79) 10.76) (112,50) (ﬁh.oo) (31,50
Aug. 16.58 40,38 3205.,50 811,00 L437,00 19,71 L9.,18 416,50 1657,00 1676,50
& (0.91)  (0,53) "(5.50)  (20.00) (112.00)  (0.76) (Do) (76,50) (6,00)
Sept. 16,70 46,7 145,50 799,50 746,00 18,77 L4 .58 7732400 1673.59
(0.25) (1.20) %15.50) (14.,50) (129,00) (1.15) (C,96) (87,00) (55.50)
Oct. . o O4 50 1.00 Lok o000 19,97 46,09 8079, 00
o 2?.22) (5.59) B}Z;.go) Zzz.oo) (88,00) (1.51) (1.22) . Aubh)




\S}g?ggv. ))=vaJ ues of varioys ‘issue Parametresg of Egnmmim at station~I(Edvankadu,‘.’}’peen Islang)
.................... EMALE _--_-__-----k-_-_-__--_---~-/----~__---_--_---M AL Bee
-HEBATOPANCREAS-/ ............... OVARY wee oI [mmmma DT BLOD e TTTTTTT
Tr.Montn Copprer Zine Cal ciun M %@pqivm Phosmhor:«
(ug/g (ughl )
1 Yove 213,50 628,50 195Y 400 781.50 756400 183.826 124,55 405,71 k.30 %1431
9 47.,50) (k;50) (9,00) (3.50) (4,00) 0.29) (0.29) (2.43) (4y17) (2.16)
3
2 Dec. 2077,50 683, 00 1963.50 812,0 Lghg,50 188,17 127,08 Y5h L6 74496 47,83
(67.50) (30,00) (12,50) (16,00) (36,50) (1.67) (1,.22) (4, 01) (1.523 (1,65)
Tan, 2039,00 661,50 2038,20 876,50 507,00 203.36 1;6.95 606, 08 101,17 Se16
(2+.50)  (22.50) (49.00)  (20.50) (39.20) 6412) V1.33) (32,92) '{8.3C  13.01)
1 Peb, 2011,00 709.50 2187,50 941,50 5260,50 217.94 148,00 722.83 123,24 Lo,97
(13.00)  (1%,50) (31.50) "(12,50) (20.50)  (o,5) (0u3%)4 (12,85) (2.132 (1:39)
Hareh 2130,00 665.CC 2046, 00 979450 5305.50 21867 149,96 755451 13310 L5, 05
5 43,50) (8,00) (8,00) (19 650) (9.50) (Ce 3? (0.33) (9.96) (1.64) (2,97)
Anril 209L4.50 662, G0 2289,50 964,50 5299, Co 218,34 149,59 735 .91 134,98 43,90 11C,
(20,50) (23.00) (=8,50) (8.,50) (24,00} (o.9f) (0.65) (%,28) (3.68) (5.65) (2.5
May  2137.50 731.C0 2243, 00 95900 5209.50 21771 148,7 725,01 132,50 57.33 114,77
(31,50) (37.00) (7sC0) (84,00) (11,50) (Oelt1) (0,32) (3.47) (3.10) (5.15) L2,
'»Tune 1921 050 596-50 2156.00 891000 5017050 195090 1”208 )T7301O 10703 63°n8 11
(52.50) (37.50) (20,00) (27.20) (106,50) (7,455 (ﬁou9 (43.35) (8,828 (5.§5) (&
2 July TE75450 645,50 2038.50 799,00 L7472, 00 183.C0  12% 05 407,71 83.65 474,39 127
(60,50) (32,50) (20,50) (16,20) (21,00) (7 L) (1.09) (=,7¢) (7.50) (L, 20 {1
Aug, 2013,00 654400 1970.50 759,00 4722,50 181,06 123425 406,32 76409 9,81 12
(35.00) (5.00) (16,50) (7.00) (1.,50) (0027) (0.69) (2.84) (3.35) 2.36) (
Sept, 2071.50 655, 00 197700 752,50 4723,50 181,01 122.5% 395,85 72.53 43,00 11
(15,50) (7.00) (16,20) (10,50} (5.50) (0e1lt) (0,20) %Oqe ? (C.L9) (3,7%) (7.7
Oct. 2109.50 702,00 1963.50 778:50  L749,00 182,80  103,7 3%.58  oL.51 46,05 156
(18,57) (28,00) (17.50) /<5.50) (4400} (D.65) (0.33? (1.51) (1.87) (2.12) {n.




TABLF -1 Fq

(Steggv )gsvalues of various Tissue Parametres of male Penseus indicug at Stafion-I(Edvankadu,Vypeen Island)

Yr,Month Z Caleiun Mgene " ; pe Zir Calcium Magnesium Phosphorus Copper Zinc
(ug§m15 | (ug ‘

g
Nove 10,79 111968.20 7511,.50 15515.00 15.67 45,56 3129.,50 781,50 4409,50 17.64% 43,30

N oo =

(0.34) (2353,20) (83.50) (370.00) (0.73) (0.61) (35.59) (32,50) (90,590) (0.78)  (0,36)
Dec. 13.35 106980.90 8011.00 1446450 17,85 43,73  3108,90 705,70 4296,50 18625 40,9
(0.39) (5455.99)  (143,09) (519.59) (0.,40) ?1.f5) (34e00) (51,00) (381,50) (0,99) (1.%1)

Jan. 11,39  114982,00 8186.50 16183,70 16418 48.97 3304,00 835,50 LW4o5,00 1925 L1441
(0.91) (17858,00) (241.50) (658,00) (0.,75) (2.58) ?89.00) (33.50) (210.00)  (0,41) (2.5%)

Febe 12.36 119291.50 7547.90 16671.50 18437 140,69 3786.00 968,50 U421 ,00 19,5 42,09
(0.58)  (859.49) (205.99) (5%43.50)  (0.19) (2.56) ~(208.00) (5%4450)  (92.90) (0,83) (2.%%)

1 March 11,14 99988,50 7649,50  16350,00 19,95 49,40 3452.00 1128,50 4%4189,00 1947 45,59
(0635)  (125%.49) (403.50)  (860,00) (0:99)  (2.15) 7(96.70) (L44,50) (340,20)  (1,.26) (3228)

April 11,26 112188,00 7705,00 14505,00 21,00 50478 U245,00 1299,00 4171 .00 18.65 45,67
(0699) (6756,49) (2710,00) (380000)  (0.85) (2.50) (151.90) (19400)  (104400) (1.29)  (0.189)

May 12,36 112613,00 8173,90 16220400 23423 56433 4389,00 1210,50 L4282,00 18,81 45,78
9 (0:59)  (9199499) (92,00) (595:00) (1.05) (6e15) %76.00) (25.,50)  (437.00) (0,52) (1.79)

June 13.43 94299.00  7325,00 14510450 20419 53.04 42,50 1011,00 5154,50 %3.91 52,78
10

(1.95) (1885,99) (80,00) (612.50) (1.76) (3,10) (38,50) (28,20) (160,50) 06) (1.55)
July 17.27 9N432,50 6670,50 12004 0 14,6 43,2 732.00 4450 173,00 24, 1.71
8 (0096) (3%08.#9) (2h2.§o) (108.'0) (1.03) (g.og) ?1?7.00) 9}30350) %75§oo> (1?%8) %0.77>

Aug, 17.25 101973,50 7538,50 14020400 16.95 14,70 3309.50 787,50 4730,00 17.89 L§,67
& (0631) (3057.49) (28,50) (1895.,00) (1.52) (1.55) ?6#.50) (18,50) (85,00) (0.53) (3,18)

Septe 16442 118364450 7929,50 1 903400 15,46  50.87 3098,00 809,00 4297,00 18,38 L4 97
(0.97)  (10002.%9) (235.50) %963.00) (1.51) (2.33) "(17.00) (25,00) (452,00) (0.83) (2.17)

3 Oct. 11.43 108713,00 8100.00 48,29 3102.00 795,00 4333,
¢ (1.0%) (633%?&9) (205.00) 00) (15.00)\r411a.

6287.,00 16,06
(553,00) (0.37) (1.1u) (108,




(S%? ev.)g-values of various Tissue Parametres of male Penpeus indicus at Station-I(Edvankadu,Vypeen Tsla;

Yr.Month

Nov. 7720.50 1667.50 1728, 00 2037.C0 660,00 1872,50 764,00 5792,00 103,60 o6
(103.50) (57.50) (113,00) (50.00) (4,00) (3.50) (%.00) (g?;.oo) (2?06) ’(/g.ebg)

Dee. 7659.50 1663.50 1740,00 1972.00 686,50 140,00 798,50 55 7,00 105,2 80430
(234.50) (,TL*‘SO) (36.,00) (85.00) (3.50) (20.00) (7.50) (e?oo) (5?? (2.?&)

J [ 066. 1 V7Q 0 7 oCO 0. 0 8. 0 [ ] 8 * ® (] L ]
an ?3#8.?8) ?é?.gm }138.00) 12?53 ??30 8) 2<§‘2,§8> ?go?go) 61%2.88) 233&? ? 218 ,22)

Feb. 9696.50 2221,50 1961.50 1987.00 674400 2230,50 963,50 6719.00 101,60 80,64

] (149450) (103,50)  (9,50) (89.,C0)  (25,00) (44,50) (4e50) (174.00)  (1.85) (2,00)

e TR 300y TINE T 590y2110:03, 170908, Be® B Bls

April 10183,50 «50 2012,00 1929.00 671,50 2344,50 10%:,00 66,00 07. RN
P (529?5%) 2%159{3.50) (64,00) 13.00) aa?SO) 13.?’0) ??foo) 7297.00) 21'.722 ?12)

May 9631,50 2444.50 2019,50 2102,50 678,50 2355.50 1056,50 7112.00 105457 82476
(52,50) (32.50) 5 ,.50) (37.50)  (29.50) (12,50) (25.50) (38,70) (2,52) (1.08)

June 8484,50 2062,50 1930,00 1779400 661,00 2125,50 936,00 6584+.00 91,493 69,86
(366.50) (1'121.50) (34,00) (64400) (2,00) (68.50) (33.00) (1%.00) (4.50) (3.08)

July 7708,50 1780,50 1800,00 1843,50 678,50 1973,50 823,50 6126.00 97.1¢ 72.96
d (160.?0) (3&.?0) (15.00) (145,50) (5.50) (35.50) (25.50) (87,00) (1.51)  (1.21)

L ] © [ J 6. h ® 6
Mee Teee0y T8I0y 163559 139643 530015200 06 59233y %:Zy Bl

3.29
. ) .00 5793.,00. 97,21 . 98,19
Sept. 1153):88) 1@22;?» 1 1??:?8) %2115%? 63.88) }%SQES) 7?%;00)5251%'38) 1({%3;2) 736;5)
" . W00 661,00 1869.C0 747,50 . %, .
Oct. zgg:gg) 1’(722:38) 1??;.;8) 2?200) (2.00) (16,00) (6,50) (36,00) (0,60) (1.64)

Vo Vo B




Mean )
(St.Dev.))=values of various physicochemical Parametres at Station-I(Edvankadw ,Vypeen Island)

Yr, Month
1 Nov.
9
8 Dec.

. S

Jane
Feb,
March
1
April
M
9 &
June
8
July
A Aug,
Sept,
Oct.

................................... IN WATER e oo mm oo m e e s e mme oo
W.Temp Sali?ity

(0 )
30.7%5
(0,25)

1.25
0.25)

1400
0,50)

0.75
0.25)

0e50
0050)

1,00
0+90)

1400
(8.50)

{0:50)

©:%

28,
0:3)

28,25
(0.25)

29450
(0.50)

9076
(0.51)

14456
(1.18)

22.19
(1,56)

24,21
(0906)

55
1451
0473)

32 7;

(039

19.72
(5.45)

.60
3:62)

4o 71
(1.46)

10,25
(1.99)

11.46
(0.71)

(m17

4,04
(0.19)

4,27
(0.52)

4,50
(0.35)

4,36
(0,20)

L,
(03?5)
55

04 09)
ER
(0.423
<3222>
(0226)
3o
0.36)

%.80
O¢3l)
4,27

(0.15)

TABLE.I A,

Eh Pr. Prog
(mV) (mgC/m</4a)
772 162,50 830,00
(0.12)  (7.50) (45,00)
7.82 187,50 g42.50
(002) (2.,50) (10.50)
7480 230,00 758,00
(0.05) (15,00) (85.00)
7672 7450 628,00
(0,07) (g.sg (15,00)
780 190,00 801 .50
(0,05) (us.oo) (91,50}
7,67 177,50 850,00
(0.02) (7.50) (135.00)
777 155.00 101%.,00
(0.02) (10,00) (249,90)
7.77 165,00 1625,00
(0,07)  (30.,00) (10.00)
8. 0 90. 6 o
(0.55) (25,00) %33 00)
8.72 42,50 1029,50
(0.07) (7.50) (6#?5%)
8,42 724,50 850,00
(0.12) (12.,50) (16,00)
812 142,50 805450
(0,07) (12.50) (58.50)

Nitrate Nit 0sphorus
(u§515

27,81
(4.77)

20,90
(0.%1)

oL, 48
(1.99)

26,81
(2.12)

6.99
1.50)

%1.30)

28,62
(3.83)

140,16
(w72,01)

1648
504+

258,26
(8492)

192,01
(33.17)

oL
(21.66)

4,06
(1,04)

L.82
(0.C2)

4,48
(0.6%)

?0.35)

(0 57)

l+029
(0.53)

6.55
(0037)

(0.60)

(6 L5)

5410
(0.26)

5 .48

(2.00) (26,62)

16,76
(1.66)

26,79
(3.64)

27.
(h7g8)

254
533

28,
(325

1.35
3.20)

29.24
(0430)

%32.%7)

194,9
(9.29)

160,42
(6.9%)

116,57

42,06

4,32
(0.17) (7.31)

69.19
(5.25)

55«77
(3.19)

5971
(3.77)

7680
(3.38)

67+
(1 .9%)

99. 97

96,81
(16.36)

9%21 W85

79481
(9.63)
7791
(1.4%)

61.18
(2.24)

61479
(3.62)



TABLE.I B,

(5228, y3=values of vartous physicochemical Parametres at Station-I(Edvankadu,Vypeen I'sland)
.............. IN WATER - e e e e e e e TN SED~TMENT = m oo oo
Yr, Month ¢ L c = OCTe p (T-%)' c uMg T
1 o (5135 3835 t6s) 680 s (5.9 1(3?539“%335?0)5 195100 7570%0)
g Dec 25?23?) PR e .20 5. &) 82:?&’25‘5?:88)5 (o2220) %%
~ GBS T B, N5 6% B339 3% 130, B3,
R WD & W0 BE, 72 5000 3 e D) 1B,
g teTen 3383 REAC SRS A T 0:50) 15000y 5525, Tonnesn) lemesy 7%
LW RS W%, B, Be30)  (6500) 4257 90)2008k 09, 1203150 (3029
o TR W W, G, n (61620 (10,0020 5200y B108:8, 71730
Tune 0. ) 199:22) <‘6:’3*2> (gf§§> 55 Zélfgaf?%?go) 855:20) ?333:38) (31:69)
8 Ty 6522 (€085 (7153 %) 0.2 ?6%7)“86%)1%;35?80)@53188) Crog 90y
e Wl Grah (&8, (6:5%) %8:32) (6et2) 15:20) "1585:20) 55 RIS
‘o Semts 117:k0 g onh &%, BT, (62530)" 535750 1920808 111639, 136300
et T2, %?823?) 323 <%:§Z> 3505 (o 1%56?80)”(3?32?8) tee 5y 9?;5?80>



TABLE-T c,

M
( S:?gev.)g.values of various physicochemical/Tissue Parametres at Station-T(Edvankadu,Vypeen Island)

meememmccacenenmnemasea=IN TISSUES OF FEMAIE PENAEUS TNDTICUS=cmmw e cm e e ee e =
SEDZTEMENT mv/mmm e e e e m m e BLOOD mee = = e m e e e e R EXOSKETETON = cm e = e e

Yr, Month Copper.Zinc Caleium Magnesium Phosphorus Copper Zinc Calelum Magnesium Phosphorus
(ug/g’ (ug/ml) (ug/g)

1 Nove 56.21 72,26 346415 76446 L6416 99,0 +1 11,44 95731450 7792400 14182,00

9 (0e74)(2.21)  (2.00) (1.02) (2.78)  (4e07) (1.701) (2518.50) (247,10) (333.70)

8 Dec., 53431 69.69 Wi2.13 81430 We,21 103,59  11.72  101730,00 8025400 15518400

(0.,66) (2.44} (16.82) (3.,12) (1.93) (3.19) (0sO4) (2475,99) (186,20) (22%,20)

Jan. 56496 61.72 477,141 96,30 50,4 104,22 11.56 108991,50 7817,.50 14582,20
(2.81) (2.25) (31.%) (5.15) (2.15)  (0,07) (135) (11350.49) (122,50} (641,70)

Febe 5%e4 58467 525,8%  103.1 52400 109,67 12.85  108006,00 7936.00 16131.00

1 (1.97) (2026) (9.39) (7.25? (2s34) (6,80 (1.11) (11475.00) (83.50) (64+1,00)

March 51.6% 60,94 ; 601+ 134485 41¢53 1134 12,43 112841,00 7930,00 14382,50
(1.70) (2490) (3.29) (2.89) (1,90} (1,27 (0.49)  (1498,49) (215 .90) (575.50)

April 45,46 57,19 726,98 148,15 42,84 119,59 11.5%  136034,00 7588,50 13907.00
’ (1.952 (2.23) (13.79) <5.2o§ (2.56) (1.65) (0.09) %uoee,99) (234450) (383,00)

M 49,69  57.73 738,99 150,38 43,66  124.34% 11,85  123016,00 775%65 0 152837,00
i (3¢26) (1.79) (1%433) (5,28) (3.51) (4eN9)  (0.39) (5695.00) (158.50) (52,20)

7 June rEpes e 155 5225?33) "Bersy G BN Bas Beead 55y Bnosl
YRR G5 BeD 6%y G5 88 R B @65 6By
s ??%?» 79y 3858 330 L@ZZ,Z) 132585 o5 "N %?32%) 1220229
R B B8 OBH 0H 0W3 UB IS BRI

Oct. o S1 1e 64 €5 79.88 Lhe15 105,8 11.86 10813450 7595 « 00 13825,00
ot ??.1&) 7(o?§u) 3(1.05) (?.us) (3.99) (3.68 (099) (U540.49) (159599}“www£550,




(S%e%gv )ﬁ-values of various Tissus Parametres of female Penaeus indicus at Station~I(Edvankadu,Vypeen

Island)
-~ ~EXOSKELET ONen/ oo MUSCLE = e e oo Y S HEPPATOPANCREAS -~ oo ___
Yr.Month Copper Z2inc Caleiupy Magnesium  Phoaphorus Copper Zinc Calcium Magnesium Phosnhorus
(ug/g) |
1 Nov., 18,72 ?6.79 310%,00 47,00 4.006,00 17420 46,56 7951 ,00 1779.00 1606,50
9 (1.75) 15.38) (52,00)  (6.00) (161,00) (0s2%) (0.36) (7167.00) (64,20) (8,507
8
3 Deec., 18,11 42,91 3197.50 794,50 486,00 1912 47,26 741,00 1746400 1677,50
(0c28)  (5.L9g) (17:50)  (10,50) (149,00) (0,60) (0,41) (78.00) (21,00) (16,50)

Jans 15,35 47,01 362,00 873.50 4789,50
= (1.61)  (5,38) ?53.00) (28.50) (hé?So)

]
(
Feb, 18.36 46,64  3u23.50. 946450 %293,50 20.31 47,78 8046,50 1809.50 1821.00
1 (0,92) (0,70) (5.50) (20,50)  (44,50) (0.14) (1.07) (96.50)  (25.52) (15.00)

March 16,81 51,48 3793.00 1125.00 4117,50 19432 L4645 8807.50' 2129,00 184,00
(1.60) " (1,65) (176.00) (59,00) (168.,50) (0.89) (2,89) (240450} (155, 00) (5.00)

«01 Wh.83 7697.00 1687.00 1751400
«67) (1.10) (118,00) (11.00) (31.00)

7 AP 18 7108 (o) 137609 Bty 2% 81315 %) Tendy B
o ks, 28 uam.00 €55 B 1317, vreey, Bndo) Bandy B
W BB UBR WS Eu, G QD BT 8 15
A ) Gsi8)  BIS B, Wpranse R
e 1672, G5 5??21?8) g 120) 1523?68? .55 %?ZE%) 7%?&.080>1?19§I§g> Rescds
Semte 7%, 73 21523 (rar00) Soreed) e “‘?5?50)7?35?&?0)1?32388)' '8e5:25)

Octs 16436 Y89  3165,00 775+ 00 L 774,00 18.98 46097 7557,00 1682.00 1672,00
(Oelt2)  (1.48) (10.00)  (19,00) (96.00) (0.79)  (3.49) (39.00) (4.00) (17,00)



TABLE.TI E

%ﬁanpev y=values of various Tissue Parametres of Egnagua_indiggs at Station-I(Zdvankedu,Vypeen Islund)

................. FEMATL E_--_-_------_--__-___---_--____-/--__---_,-_-_--M AL B e e
~~JEPATOPANCREAS -/ oo o e e OVARY e e e e oo f e e BLOOD e e e e
Yr.Month _Copper . Zipc Calcigm agnesium Phosphorus Copper Zinc C 1 ' Pho
(ug/g) ug/ml
1 Nove 2082,00 741.00 1972,00 775,00 4776.50 184,60 125, 70 387.43 20,94 42,80 105.2%
9 (50,00  (22.00) (8,00) (21.00) (ko500 (04350 (0.06) “(10.98) (1.45) (2.32)  {1.99)
Q
2 Deec. 2119.00 664,00 1982° 0 830,20 Lgh7.00 187,25 127.29 396,42 82,4 Lo.57 113.5
> (45,00)  (10,00) «50) %11 C0)  (18.00) (0,713 (0.32) “{6.97) (0.91) (8.48) (.20
Jan. 2007,00 646,50 2053,50 8,50 h986.5o 19183 130,29 L66.,42 83,80 L5436 109,75
(18,00) (7950> (gﬁ.,o) E.So) 59:57)  (1.45) (0,900 (42.00) (%.00) (é 18) - (2.89)
Fet, 2120,00 634,00 2126,00 896,50 5078.00 1454 135.08 516,47 91.99 9435 112
1 - (47,00 (5.00) (12.50)  (11.57} (9.00) (0.15: (0.10) " (24,312 "(3.76) 1.01) (3, 095
March 2102,20 701,00 2216.,50 932,50 5205,00 21 96 14,51 701,98 115.17 50.16 112,54
9 (17.29) (29,0 <43°50> 14.50)  (W6.00)  (Llhg) (5.02) (1u.51)  (Bosh {1.98%) (2.29)
Anril 2116,00 719.00 2268,00 5 50 5254050 218,00 149,02 745,71 134.59 L2, 04 116,34
Pr 22, °0) (21.C0) (11.00) (7,50) (1%.50) (0.75) (0473) (7.20) %6.09) (1.50)  (2.n0)
May . 22C0,5C 695,00 2262,50 9@7 50 529%450 217.75 149.13 709,20 141,22 52.00 114436
9 (33.50) (53.002) (11.50) (5.50) (23.50) (1e1) (1.62) <2u.2 ;) (3.34)  (2.46) (3.89)
June  1866,00 606,50 2147,00 874,50  4989.00 195,39 1 1.49  L480e70 109,19  64.2 120,09
(40,00) (22" 50)  (37.00)  (16.50) (95.00) (7.5%) 5.00) (35.))\ (11.04) (5 1u) (7.392
Jmly 972,50 603 50 2201,00 792,00 4731.5C 181.60 123,70 395,40 83.9% 5 128,26
) (1é°50) (5500 (2200 (6 Gesey (o (k) (3.35)  (5.5%) %3.Ju) (2.32)
Auge 21534.50 678,50  1954,50 1067.50 L4732,00 1R2.51 123 7. 378,37 83.08 50,83 120,70
(13.50)  (5.50) (3:.50)  (7.,50) (11.00)  (2.95) (0.57) ~“(%.11) (3 L0;  (1.85)  (3.76)
Septe 2022,50 672,00  1977.00 780,50 L4784,5C 185,21 125,04  L402.L44 20,12 46,90 11547 1
(35.50) {(40.00) (8.,00) (9,50) (23,500 (1.03) (1.19)  (8.94)  (0.33) (7.17) (7.8}
Oct. 2120.,50 683, 1985,00 802.00 4792,00 184,76 125.75 Wi3.'e oL, 02 LW, 15 1084
’ (3395%) (18 00) %3500) (4.00) (18 00) (0.80) (C.19)  (5.17) {1,620 (2.,08) (1.




( S‘t"fs‘e'v.)jcnlues of various Tissue Parametres of male Penseus dndicus at Station-I(Edvzankadu,Vypeen Islane

~BLOOD =/ e o ~EXOSKELETON- - - e e oo o [mmmm e MUSCLE

1 Nov. 10.67 121136450  7693,00 14725, co 18,45 47,79 087.00 1061,00 4369,50 1%.32  L43,.e8
J (0,80)  (2457.49) (152.00) (210,00)  (0.50) (0.84) (47.00) (7,00) (155.50) (0,83) (0,45)

8
Dee, 10, 113386650 9778,00 15769.50 20, 50431 147,00  1099,00 4277,00 18, 42,12
3 (o.gg) (7338.%9) (83.00) '(623,50) (1231) (1.?3) 3(32.50) (11.00) (341.00) (ofgo> (1456)

Jan. 11,10 108987.50 7937.50 16495,50 19,04 48,31 706C0 906,50 4832,50 20, 40,72
" (1.35)  (333.%49 (83450) (Eg9.oo) ?0.59) (1.16) (25,00) (35.50) (?83»50) (o.gg)% (1454)

Febe 11.35 115670,C0 7904, 00 15065,00 23,11 49,5 82,00 951,50 'LW691,50 17469 41,40
(0.1+0) (5123.99)  (59,00) (82,00) %0.75) (o.ge) 3?67000) (1.50) (56.50) (0.7) (2,0%)
March 11.11  126662,00 8179450 14780,50 23,74 47,56 697,00 1112.00 4081,00 17,96 42,72
(0036) (8285.99) (32.50) (613,50) %0.90) (1.39) %1&9.00) (69.00) (133.50) (0:57) (2.,19)

4pril 11.85 112429,C0 7925 .00 15981.50 21,99 5296 4133,50 1158480 4966450 21.87 49,5
P (0.89) (5002.99) (136,00) (353.50) (1412) (0,59) (138.50>(3h.50) (251.50)  (1.31) (0.83)

M . o «00 6050 o 2018 W1h1,50 1220,50 4788,00 20,8 L6471
9 TV 103 13g8ens, 78831300, 0735223y sh3,, 5.5 w59 (2h50)  (75.00) (o) (ool
June 13.48 93214,00 7211.50 13789,00 19,65 47,05 ?579.50 1039.C0 506650 23;2; 53034

(0.63) (3700,90) (237.50) (343,00) (1.28) (1.56) 161,50) (47,00) (91.50) (0 (1.59)

8 a 17605 89234,00 679650 11799, 00 1705  L4O,54 213400 820,00 5181,50 26,38 54 Lo
d (0.81) (3#?5000) (39,50) (222.00) (0.85) (1.58) 3(#3.00) (19,00) (133.50) (1.33) (1,02)

Adug. 16,15 92492,00 684550 12142,50 17,35 6476 079400 775,00 4995,00 2004 51,97
. (0.20) (2927,00) (296,50) (293.50) (0.33) 0.80) 3('372.00) (6,00) (60,00) (1.56) “(1.51)

Septe 15,63  105838.50 7724.50 14285.50 19,45 41,56  3121.00 784400  5183,00 18,39 45,03
oTer (0479) (229§?h9) (171450) (310.50) (5.149) (1.38) 169.00) (9,00) (35.C0)  (0,99) (254)

Octe 11,70 1 6.CO0 7979.,50 161 8,50 18,34+ 49,40 292,50 800,50 L817,50 20,45 LT /A
¢ (0e94+) (3233.99) (W4 550) (536.50) (1.10)  (1,50) 3(97.50) (11,50) (100,50) (0.78) (0.58)

-



Mean

(St.Dev.))=values of various Tissue Parametres of male Penaeus indicus at Station-I(Ed

TABLE .1 G,

vankadu,Vypeen Island

Sept.

Oct.

7271.00
(215,00)

7644,50
(100.20)

7669.59
(73.50)

8009, 00
(3. 60)

8734,50
(416,50)

9698, 00
(166,00)

9639.50
(73250)

8467.00
(529,00)
7769.50
(75.50)

2973450
(13220

7591.50
(137.50)

7696, 00
(183.00)

1607,50
(62,50)

1671 ,590
(73.50)

1662,50
(33.50)

1849,.50
(34,50)

2107.50
(126,

2516.5'

(101.50)

2540, 00

(101,00)

2049,50
(98,50)

1776450
(66.50)

160950
<S§?5§>

1€61.C0
(121.00)

1655,50
S

1618,50
(24,50)

1699,50
(b1 220)

17586,00
(38,00)

1858,00

(17.00)
1938,00
(33 200)
2119,00
(65? )
1970,50

(45,50)

1832,00
(16,00)

1719.50
(34,50)

1648,00
(19,00)

1690,00

(58.,50)

1658,50
??o.?o)

2016.50
(30.50)

2084.00
(9.00)

2003400
(33.00)

195100
(36,00)

2060450
(4,.50)

2102,50
(15.,50)
1791,00
(99,00)
1868,50

(25.5¢)

1919.50
(?1.5%)

193%,00C
(24 ,00)

1961.50
(16,50)

642,50
(13.50) (12,00)

675.50  1946,00
(3.50) (25.50)

46450 2041 ,50
(5.50) (17.50)

692,00 2064,.50
(10,00)(21.50)

677,00 2181,00
(4.00)  (58,00)

651¢50 2313,00
(12,50) (?7?00)

1902,00 767.00

(17,00)

800,00
(38.50)

827,50
(30,50)
869,50
(8,50)
960,50
(26,50)

998,50
(19.50)

683,00 2355,00 1030,50

(10,00) (14,00)

565,00 2148,00
(36.,00) (62,00)
618,50
(5.5C)

618.5C
(20,50)

649,50
(11.50)

46,50
(5.50)

(15,00)

(20.00)
1922,00
(18,00)

1915450
07.5%)

(17.50)

851650
(32,50)

1909,0C 758,00

(17.00)

1898,00 755,.5C

(7.50)
776,00
(8,00)

771650
(10.?0)

5979.50
(38,50)

6158,00
(60,00)

6641 ,00
(145,00)

6798.50

('49.50)

6952 ,00
(37.00)
6433,50
(95.50)

6058950
(80,00)

5913.50C
?3330)

5897,00
(78.,00)

5921,50
39:20)

100,21
(2.57)

101 .15
(2,00)

106,40
(1,02)

1(5.8
(0491

103,
v(o?hgg

e

107,24
(1.49)

92,43
(7.79)
92.L7
(3.69)

102.9
(0053>

99,83
(1.30)

104,3
(2.1%)

79426
(1.52)

80,71
(1.07)

7796
(1.18)

81.5%
(1.20)

83.88
(0.26)

81'81
(0433)

86480
(1.65)

He o 25
(5.52)
76,L2
(1.75)
79430
(3.15)
81.
C0:23)
83,15

(.62)



Mean

(St.Dev) )-values of various physiecochemical Parametres at Station-II(Edvankadu,

TABLE.II A

1

7ypeen Island)

%. Month

5 Nov.

Z“Dee.

Jan,
1 Feb.
March
q.April
. May
s June

July
> Aug,
J

Sept.

Oct.

(oc5

to:
0.45)
31.30
(0.00)

?82??)

1.20
0690)

1.25
0.25)

110
0.10)

31.00
(0.50)

28,65
(0.35)

28.6?

28,80
(o.zo)

29.15
(0.45)

28,50
(0,50)

tiy

é:3

15.16
(2.61)

26,19
(1.98)

«96
Goie)
3.80
0.35)
%3 036
0.91)

32.68
(0,36)

2.7

(4.35)
5¢71

(3.23)
1.96

(0.59)

1,92
(0.03)

5¢26
(0.95)

<mi/1>

4,40
(0.25)
3.6+
(0.10)

CRD)

3.57
(0°O7)

(0.17)

olils
(3:06)

317
(00,27)

?6?3)

?.60
0.15)
2.7
(0428)
3.32
(0.17)

3.15
(0,00)

pH

7672
(0.07)

777
(0.,07)

787
(0.07)

782
(0.02)

7490
(o 00)

7477
(0.07)
772
(0.75)

8.32
(0.22)

8,82
(0.12)

8.77
(0,07)
8032
(0.12)

7697
(0.07)

th
(mV)

155 .00

(5.00)

180,00
(5.00)

182,
(12.?)

167,50
(2,50)

170,00
(15,00)

1.
(10230)
182,5
(7.5)

177.50
(12. g)

107,50
(17.5)
57¢5
(2.5)

6745
(2.5)

97.5
(1705)

Ppr.Pr

12,50
27.g0>

777.00
(3.00)

681,00
(6.00)

692,50
(2,50)
788. m
(103,00)
762.50
Lh.05)
1023 0
(192,0)

1521 ;
(76,5
1461,

(77.5
963,00
(48,00)
1037.5
(107,5)

935,00
(30,00)

NO, NO, NH,, T.P,
‘ (ug/1)

L J 012 Q 6 720 6
?3.33> ?1.77) (uo?s) (5.32
16,47 o1k 28,96 56405
(0.99) (0.20) (5.22) (1.7
23.34 29.9 67,
(o %9) (o.? ) (2.25) (192
27.83 2,54 18,27 6,
(5. 65) (0.4+1) (0.53) (1.?33
47, 2.40 52, 77.36

(7.&3) (045) (13.86) (3.,93)
2,30 4,96 b, Ol 79,00
0.87)  (0e1l) 2.69) (5.52)

26,90 8.39 41,96 103.7
(1.55)  (0.4%) (6.51) (28.87)

141,77 757 173.41 88,404

(43.67) (1.93) (56.78) (11.20)

07.36 257. Yo 6141

%11 91) %1.1&) A1) (13, 03

299,40 8o11 19h 31 69,98

(20.84)  (0.,70) (24,8Y4) (3.36

275,61 819 153, 1% 61,1

(90,09) (0.25) (59.69) (2,27
66,09 6.28 81.3
(29.35)  (1.16) (5, 76? 1.9°

P



TABLE-II B,

(gi?gev.)g-values of various physicochemical Earametres at Station-II(Bdvankadu,Vypeen Island)
y i IgaWATER_---a ........ 2---/ ........ e IN SEDIMENT ..... T TR T Pt
onth cium esi per i Se . { h gnesium T, ‘hosphcrus
eI S CT7svmee ™ P G Tag/e)
Nov, 90.48 277,C0 6.22 5.89 31,10 742 132,50 11086.5  5854,C 796,05
(5464) (13.60) (0,26) (0.C4) (0.10)  (0,07) (2,50) (198.5) (200,0) (13,5
Dec. 173.C7 55%., 48 5 .67 6.C9 1.85 7.42 160,00 13588.5  5538.5 799.5
(28.25) (94.u8)  (0,42)  (0.,36) 0.15) (0,02) (10,C0) (1052057 (320,5) (5.5)
Jan 300,29 943,20 5.26 6.85 %1.25 7,47 160,00 22466,5 6941 .5 M, 0
(22.86) (71.77) (0o21) (046)  (0.425) (0,02) (15.00)  (1824,5) (1C01.5) (13,0
Febe 70,67 1184,70 L. 48 6.96 31,80 7,42 150,00 29247 .5 10912,0 828,C
1,24) (13.48) (0033)  (0414)  (0,C0) (0.,02) (10,C0) (1892,5) (1193,C) (35.0)
March %ag.h 1217.60 4,30 6.22 31.75 7.52 17750  30542.5  12089.0 76145
3.67 (11.39) (0,29) (0,20) (0.25) (0.C2) (32.5) 1397.5) (730.C) (33.5)
April 384,96 1201.99 4,90 6.35 31.65 7.40  207.5 0351.0  12439,0 825,C
(10.49) (33.25) (0,20) (0.39) (10.15) (0,0) (22.5) 764, C) (W52,0) (23,0)
May %76.5? 1176.9 5.3& 6e 75 31,50 7,47 155,0C 29030,C 12108.5 107545
5459 (12.83 (0.47) (0.37) (0,50) (0612) (10.,C0) (112.C)  (114.5) (16545
June 2L8,86 784,76 8429 10,C5 29,25 7.72 8540 216015 11C17.5 1531,5
(52.41) (157433)  (0.40)  (D.18) (0:25) (0,12) (20.00) (2753.5) (1223.5) (116.5)
July 67.43 203,38 9okt 12,54 29.35 8015  145.0 12918,C  6529,C 1385.5
(36605) (114,49)  (0.21) (0.69) - (0.15) (0,10) (5,00) (1022.0) (611,0) (31.5)
Aug, 16457 ~ 70,26 9,11 11.74 29.35 8405 165,00 1%047.5 5106,C 124340
(0.73) (21.16) (0s21) (0,56) (0,15) (0.10) (5.0) 3072.5) (187,0) (53,0)
Sept, 22,44 68,40 8489 9,94 29,75 7.82 175,00 11078.C L843,5 986,5
P (1.15)  (046M4) (0,30)  (0o5%)  (0.25) (0,07) (15.00)  (163.C0) (100,5) (75,52
Oct. 60,57 188,24 7.56 794 29,00 7,15 115,00 10174%.5 5135.C 905,0
(9.55) (33.59) (0.13) (0.98) (0.,50) (0,00) (10,C0) (340.,5) (140,0) (62,0



TABLE.TIY <

(g:i‘gev‘)gavalues of various physicochemical/Tissue Parametres at Station-IT(Ndvankadu,7ypeen Island’

.................... IN TISSUES OF FEMALE PENAEUS INDICUS=smwau oo s e

= =SEBIMENT e/ mm e BLOOD = e e e e f o e FXOSKELETONm m v = e - .. }

¥Yr, Month € YA C Magne gis C Z Caleium Mazpesium  Phosphorus

EuifgS (ugjml% (uge/lg‘)
1 Nov, 68,12 72.26  359,9 76,93 41,77 97073 1180 106079.,50  7585,50 14877,50
9 (1.27)  (1.63) (1.57 (1.47) (3.37) (4.58) (0.32) (5537.49) (357,50) (967,500

B Dec. 62,57 69.26 387.56 71431 42,78 102.16 11,77 100542,50 314%2,00 15476,50
2 (0.61)  (3.33) "(26,38) ( 1. % (6.64+) (3.37) (0.38) (2870.49) (199,00) (653,50)
Jan, 56,44 58416 605,87 110,97 46,32 10191 11.68 131478,20 791,50 14229,00
(2.50)  (3.77) (39.86) (23.49) (4 14) (2.02)  (0.18) (13053.90) (42,50) (535,70

Feb, 49,89 47,57 770,2 147,61 50,54 110.05 12.76 115515.00 7642.00 14643,00

4 (025)  (2.42) (9,79 (3.83) (1.81) (2.51) (0.8+) (6988.,90) (203,900) (692.00)
March 45,30 42,56 791,22 156,62 41,91 116087 11.95 116831,/00 7646.50 15692,00
(1.65)  (1.02) (6.72) (2.15) (2.%5)  (1.55) (1.47) (18460.00) (321.50) (5%49,00)

April 42,7 48,01 787,65 155,45 u£.79 122,%1 11.99 110781.00 793u.50 15920,.50
9 (0.17) (0.95) (18.79) (6.,00) (4. 64) (1.5%)  (0.545) (765%.99) (2 G.50) (1322.50)
May 46,85 Y549 766.62 150,02 5&.79 120.%1 12.42 114013.50 8231.00 15254%,50
(2,900  (1.18) (9.80) (2.38) (4+,39) (1.87) (0.47) (5800.,%49) (188,00) (560,90)

June 63,57 55.5% 570,26 96,03 62.53 129.40 14,15 98282.50 8095 .50 14193,00

& ?1.39) (3.91)  (W1.6+) (12.39) (9.%) (4+e53) (o) (1851,49)  (1%6,50) (550.70)
July 70.82 70430  359.97 71.05 48,81 136,75 17.75 849,50 6528,50 11397.00
(1.63) 4e183  (4452)  (0.40) (9.36) (2.60) (1.60) (4739.40) (318.50) (452,20)

Aug, 73.14 80.11 355.96 81,96 47,29 136,93 18.32 10LO47,00  7199,00 13912,50

3 g (1.66) (2462} (1.58)  (2.51) (0,89) (3.39? (0.34) (2702.20) (185.50) (1777.50)
Sept. 69,55 78.31 380,81 83, M 45,21 122.51 16.05 101515.50  7771,50 14884 ,50
(1.10) (1e83) (17.66) (5.26) (6.06) (6.16) (0.72) (12522 49) (292,50) (239.50)

Oct. 70,82 76,3g ?86.96 81, 42,85 109436 12,00 111568,20 7592,00 14771 ,59
(2.63)  (1.55) T(5.48)  (0.36 (0.79) (2.58) (0.05) (6753.00) (162.00) (662.50)



TABLE-IT D,

(Sbéeggv )g'values of various Tissue Parametres of female Penaeus Indicus at Station-II(Edvankadu,Vypeen
. . ’ Islang.
==X OSKELETONm o / e o oo MU L e e e e S HEPATOPANCREAS ;e oo o
Ir.Month Copper _2i pc __C ( C 2 Caleium  Marnesium Phosrhorus
I Nove 17.41 45,47  3126.50 832,00 4197,50 19.29 472,42 7577.00. 1809,50 1833.00
3 (0.98) (1.31) 7(8.50) (15.00)  (133.59) (0.86) (1,96) (8,00) (15,59) (52,00)
3 .
Dec. 17418 41,30 220,00 834,50 4356.,50 1731 5,40 7670,00 1799,59 1723.,00
o (077 (1.72) 138,00) (49.50)  (121.50) (0.36)  (2.01)  (342.00) (25.59) (52.00)
Jan. 16,49 417,14 29,00 823,50 413,50 19.80 49,34 7769.50 1855,50 1717420
(1.20Y (0.35) %?13.00) (27.50)  (428,50) (0.7%) (1.03)  (124.50) (1% f50> (37,00)
Feb., 17.70 43,30 L067.00 968,00 4583,00 20688 L6 .41 G654, 00 2229,20 2076450
(0.76) (2.65) (152.00) (27400)  (416490) (0493) (3.22) (305,20) (111.70) (101,50)
March 1 7030 1"’71026 L)-%()LFQ 0eC 1 08)'4'050 )'0'214>O. 00 1 9.24'0 )+)+936 10222 .!"O 214'500 00 2209050
(1.63) (1.30) 33:00) (58,50) (345,00) (106) (2.24)  (458,50) (65.,00) (60,50)
&pril 195,39 44,62 4306,50 1233.50 5503.00 19 1% 47,40 oL 2,50 2286.50 2135.00
_ (0473) (4.05) (156450) (46.50) (232.90) (1.20) (0.24)  (86.50) (77.50) (1.00)
May 18,40 50.97 4193,50 1204.00 4720,00 18.79 49,40  10978,00 2526,00 2093400
S (111) (2,30) (83550)  (Wk,00)  (126400)  (0s40) (1.67) (437.00)  (6+,00) (10000)
June 17.3% 45,60 42400 1109.90  5177.50 23,07  Sh4.9 9169.5° 2061 .50 1854,C0
(0.40) (ho11)  T450,00) (40.00) (140,50) (1.89) (1.31) (575 .50) (107.50) (31,00
July 1382 39,83 219:5C 919,50 5429,00 24,90 53,7 780,00 1807.00 1618,50
d (0.88) (3,70 (34.50) (55450) (131,00) (1,206) (1.15)  (140.00) (W3,70; (27.50)
Aug, 15,22 36.92  3089,00 900,50 L4528, 00 19,95 50.25 43,00 1713.20 1791,50
(1.32) (2,57) 7(20,99) (55.50) (289.00)  (1.42) (0.61)  (q10h.0°) (19.20) (123.57)
Sept. 17.42 Wh,18  3117.50 770,00 L7701 ,00 20,04 48,93 760%,50 1669.59 755600
(1130 (0.9%) ~(22.50) (25.90)  (66.00) (0.37) (0.61) (13€.52) (16,50 (21.52)
Oct. o «50 «00 818,50 Lé04,50 17,84 L4, 7649 .50 1723450 1696450
o }8.§§> 1+%2?83) 3223.00) (12.?0) (289.?0) (0.39)  (1.95)  (111.50) <29f??)‘myﬁm( !




TABLE-IT F,

——

lElgz’jDe,‘,‘)))-svatlues of various Tissue Parametres of male Penseus indicug at Station-II(Edvankadu,Vypeen Island)
o --‘BL;OD--/.-5 --------- g---nnxostnETON ..................... Y S MUSCLE wmaemcmm o m e e
r.Month 17Q Calcium Magnesium P ) ; ' - . .
; ue/ml 15292.00 <
P WEEY RIS wae BB TS BN BB W DD
2 e B R T RS BB B WL LR k) sz s
e s 3970 (1830000 (1039720) 5:8) "853 135050 (Ihedo)  Crai3sd 52 13:2%)
1T 050 e W G0 B3 W) 8% 5% B, 36230 16236
tareh 12 ) 1(\1333?53? (T30  Waalaey  qouas &%) %J§§:§8> RIS IR A
9 it 83 1996330 Qom0 Ba52) Gah 2% 83:00) ‘oria0)  (anes3d %% (325)
YD U TR GRS G TR RS B 6D N
Tune a0 16320:50) (3350505 amsdy 3433 28 123 (a5 GosdS B3Ry Bk
s TN GRLI D%y "I, B R, Boses "tneoy ey E) T
e 0B Bt TND VRIS 138030 W% W, g 2.2 v
3 TP RS BN WY W% @B WEP WD BN wh uk
o Gy BRS W RS WL E% R @i @3 e ek



1

9

Nov, 7335050
(97.50)
Dec., 481,50
(61.50)
Jlno 7767050
(73.50)
Fe'b. 82180;0
(677.50)
March 9634,50
(259,50)
April 9989,50
‘ (2354,50)
May 10137.00
(392.00)
June 9038,00
(375,00)
July 7878,00
(36.00)
Aug, 1e
& 05509
Sept. 7733.00
(1 %9.00)
OCto 7630.00
(135,.00)

1752,00
(28,00)

1789,C0
(29,00)

1845,00
(4+9,00)

80,50
252:20)
2609,50

(??.go)
465,50

(52.50)

2397.00
(22.00)

2068,00
(125,00)

1773050
(31 e50)

1222,00
31.00)

1698,50
(19.50)

1743.50
(49,50)

1618.00
(20,00)

1716450
(18,50)

1786450
(38.50)

1881,00
(67.,00)

1971.00
(57.,00)

199150
(26.50)

2059,00
(105,00)

1770,00
(55.00)

1685,00
(40,00)

SO0
1973225,

1670,50

(22.50)

1648,00
(23,00)

2017,00
(61.00)

2002,00
(18,00)

1990,50
(25.%0)

205750
(10,00)

2065 ,50
(13?53)

1964.50
(78.50)
2051,00
(33,C0)
1787.,00
(58,00)

1923.50
(8253)

1255:89)

T80303°
2018,00
(31.00)

646,00 1875.00 767.501

(7,00)

(3.00)

(10,50)

678,50 196,00 992,00

(5.50)

(25.00)

(11.,00)

662,50 2130,00 898,00

(5.50)

(5%, 00)

(30,00)

685,00 2306.,00 982,50

(9.00)

12.00)

(3.50)

669,00 2354,00 1030,00

(26,00)

14, 00)

(16,00)

669,00 2362,00 1058,00
16,00} (31.C0)

688,00 2342,50 1026,00

(10,00)

(10,00)

17.50)

569.50 2075.50

(37.50)

(84.,50)

616,00 1898,50

(27.00)

(14,50)

%8:3) 0¢335

678,00 1845,50

(6,C0)

(3.50)

685,00 1856.00

(16,00)

(13.00)

(8,00)
910,00
(26,50)

796,00
(23.00)

3529
753,00
(18,00)

742,50
(4,50)

587700
(21,00)

5852, C0
(23,00)

6090,00
(41,00)

6881.00
(332,00)

M417450
(27.?0)

7239,50
(33?30)
7129.,50
(10.50)
6879,50
(200,50)

6271 ,50
(112,50)

80,0
29.00

6079, 00
(66.00)

5912.00
(37.C0)

101,44
(0,63)

104, 61
(0.83)

107.66
(n.88)

107,20
(2.76)

104,60
(2.85)

105,30
(1.8%)
109,96
(1.21)
92,94
(4. 45)

% .6
(o.g+)

02,
036}
99.57
(0.21)
103.01
(1.7%)

80470
(1.05)

80,
h.;g)

75«7
(0,76)

79,31
(0.36)

82,
(1.?2)

78,
(0:80)
85 46
(2.32)
73.8%
(5.90)

75 + 60
(1.8%)

6481
0.33)

77+
(122

81.15
(0.51)

“



TABLE-IL§2

(Sléfg‘ne‘v.);-Values of various physicochemical Papametres at Station-II(Edvankadu 4Yypeen Island)
....................................... IN WA e 1 5 e 5020 2 0 £ 2 o 0 e e
Yr,. Month W,T init Ei gg??roa. Nitrate RItrite  ~Kmmonia ~F.Phosphorus
RS % il ¢ 5 R = 1 SR <SR O PN 0 oD
1 Nov, 30,05 9,97 3.4 7.7 150,00 842.50 25.%  5.20 19.33 67.79
9 ° (0e25) (0.32) (0,19) (0,10) (10,00) (27.50) (048)  (1.26)  (1.8%) (2.36)
g Dec. 1625 14,61 4,17 7.80 185.00 828,50 21.82 4,94 24415 61,15
3 0e25) (1.21) (0.47) (0.05) (5,00) (16,50) (1.51)  (0.,20) (4+,02) (0.46)
Jan. 31,00 22,28 4,32 775 225,90 787,50 27,29 4,00 28,12 57.03
0.51)  (1.87) (0¢27) (0.05) (10,00) (72.50) (3.85)  (0.82) (6.36) (1.89)
Feb, 30,75 24,21 4,32 775 172,50 658,00 29,20 RAN 22, 7 .28
1 © 0.25)  (0,06) (0307) (0610) (2.§o> (15,00) (2.55) 3(0.10) (2033) (2.14)
March 30,50 0440 097 785 190,00 800,900 6663 L4,8% 28,38 65.29
?o.so) ?2.o9> ?0.03) (0,10) (25.00) (90,00) %0.85) (0,09)  (4,9%) (1.19)
April 31,00 05 .60 7.6 180,00 689,50 2.46 4,24 L. 86 9%,
’ P 3(o.oo) 8,75) 0+10) (0.13) (10,00) (u.go 0.39) (0.48) (3.68) (26??3)
May 1,00 3.23 3ol 777 152,50 1004,50 018  6.04% 42,95 96.30
8 0,50) (0.89) (0.39) (0s02) (12,50) (243,50) %3.%6) (0el)  (1.47) (11?95)
June 0,00 19,72 .55 7.72 162,50 1608,00 143,96 8,09 141,91 93,87
) 0:50)  (5.45) %0.31) (0,07)  (22.50) (23.,00) %u9.51) (0.,25) (31.26) ($§.58)
July 28,75 3.60 L, O 8e35 97.50 1364,50 311,69 5,63 216481 79
(0.75)  (1.62) (0.21) (0.20) (25250) %26.50) (1.56)  (1.15) (11.57) (5,33)
Aug, 28,7% 4,73 3.06 872 52,50 998,50 246,98 543 177,26 71480
€ (0.25) (1.46)  (041) (0.02) (7.50) (52.50) (8451) (3.%8) (3.92) (6.33)
Sept, 28,25 10,28 %.92 B47 75,00 830,50 191 11 L4727 120,46 63.18
(0.25) (2.,02) 0,17) (0.12) (15.00) T12.50) (26.97) (1.00) (29.31) (2.24)
Oct, 29.50 11.25 4,03 8,20 145,00 5 57.39 5.36 L 61.78

677.50 5¢02
(0,50)  (0.9%) (0,08) (0.05) (15,00) (32.50) (18.76) (1,01) (7.46) (3.61)



TABLE.II B,

<§iaﬁev. y=values of various physicochemical Parametres at Station-II(Edvankadu,Vypeen Island)
Yo Momth GoiniiIEIT IN WATERmcmemccacmem/cecmn e e cccmne—— IN smf‘nmm-é --------- Vi o ———
_als%nm7_§xng§1um ‘Q?§§7i7“1n£' _%ggjamna pH <Ebv) _alsé4mL___J%§g§§§ym_.__4_,9§nhezy
; Hove 12315? %35°g;) (0. 09) <§‘%ﬁ> B:§§> ?6?32> 1%?503031%§é§§g0) ??331§o> 7?§i?go)
LD B Wl W W3 Bl e, IgEomoiese) sso 3;?80,
e S A <Z,§§) @i sy Wy 18025805 G Gheoo
1 e W G {5553y Too0) 0% B }ZZ,§8>’?§?§“§8) (155.00) 7‘?;2%5?0)
R (3 4 &2 @3 @ B8 % o 21181?1"88) Ges00) Gz
o TR Bty 0 Bk @B & 0RL 19'28808‘3 (21200
e e BRI t6:20) 30 AR G020 020 (1325:00)  Ca3:20)
o U Bie U é."??,-) ?o‘.‘&n RN E"Z:??» %%8?1335’ ?23.‘3 §8> (20:20)
e S0 Wb B S Gh BREG I08
(15.12) (50.19) (0.16) (0,22) (0.15) (0.05) (12,50) (720.00) (14%.50) (33.00)
Septe 117.48 370,07 7093 _ 8420 28,80 797 182,50 10941,50 R692.50 1369.00

(23.00) “(73.46)  (0.33) (O.hk) (0,20)  (0.07)  (7.,50) (114.,50) (100450) (71.00)

Octe 135.55 431,26 5.48 5,82 e15 147,50 11899,00 5655.00 PBLe50
(1%4,83) (G6.91)  (0.44) (0.30) %0.55) (g ?g) (17.50) (1054,00) (185.C0) (64.50)



Mean

TABLE .IX c,

Yo, Month ot BN o/ et W P R o T e s
5 Zeh B TR Bk OGNS W By 1Res, wnm,
3 Dec Qe ool 08y Bfs W3, B L3, eSO B e o
Jan. 61,66 62,63 497,46 101,37 50,43 101.81 12,23 103985.50 7767,50
(1.28) (3.22) (26.71) (5.53) (2.15) (1.38)  (0,29) (6345.49) (72,50)

, T BRB% T8 %R TR 1% 138 13y ey,
B N e SR 10 N 8 S N L B SR AP
 IUERES BB 88 G wn iR i u
C (1627)  (0:57) (15.85)  (4.61) (4e51) (2.9 (0.33)  (9457.90)  (73.50)

. ium" 22333) %522’2) %%:22% {33051 (?.’é%g Q3 Gion 1(?77-3219*1903) 98250
oG 7?1’.167) ot { S (5333 3255 4355 TR B
Lo R B BN Tl SNBSS B UERD 89
P GR B85 BB Bl &% WBY U8 unse BER
ot Chive T80 R B B BHS BB BRSBTS

(St.Dev');-values of various physicochemical/Tissue Parametres at Station-II(Edvankadu,Vypeen Island)

12851.20
(362,20)

16104,00
(8104,00)

14841,50
(900,50)

14311,50
(13l+66.501

- 15173.50

(317.50)
13696,50
(32.50

15162.00
(523.00)

13256,00
(396.00)

15003.00
(610%00)

15880,50
(949,50)

14642,00
(700.00)

(57'5 0) D ‘L;j*,{,.f:;';::;" ;




Mean

(St.Dev )gsvalues of various Tissue Parametres of female
OT e °

Yr.Month.

4

March.
April
Mgy

June

July
Augo
Sept,

Oct.

Island)
~~EXOSKELETON = ma e / o oo AR (03 1 Y A B PATOPANCFEAS o oo
Copper _Zinc Calciym Magnesiwm ghggnh%zn§ Copper Zine - Caleiim Mapneslgg__}&mm;mgzg
ug/g
779 42,40  2930,50 748,00 4210,00 18.95 L5,.89 7999.50  1691.50 1665,50
(Ca6%)  (0.77) (82.55) (33.00) (185,50) (0.60) (2.%8) (5.50) (6.50§ (4400)
1925 42,50 3181 .50 77%2.50 4510,00 17.60 46,49 7653.50 1706.50 1677400
(0.29)  (2.61) “(63.50) (26.50) (155.00) (1.37) (0.85) (20,50) (5,50 (%,00)
15.49 L, 05 3 7450 867,5C 4556400 18.38 49,06 7865.0C  1776,00 175700
(0.85)  (2.15) %55.’0) (16,50) (7.00) (1.%3) (0.25) (95.00)  (15.00) (§3.50>
1460 47,04 384,00 929,00 4335,50 16429 L4, 64 79%.5C  1800,00 1214.,50
(0.64) (0.91) 135.00) (164,00) (379,50) (0e3%) (0.70) (13.56) (31.00)  (10.,50)
15.98 %48,35 868,0C  1086,50 981,50 21.20 4,60 9124.0C 2169,00 205%,0C
(1.50)  (1.51) 1301.00) (52,50) %2%6.50) (0e5%)  (1.66) (457.00)  (189,00) (132.00)
17032 49,0k 4066,50  1163,00 4818,50 21,50 48,99 9211,00 243,50  o147,50
(06497)  (3437) (251.50)  (33.00) (205,00) (2.15) (0.4€) (2493) (52.50) (49,50)
1558 55,46 L4088, 00 124G,50 4716,00 20,61 L6,94 1025%,50 2518,50 2106,00
(0.35) (2.99) (125,00) (34.50)  (120,00) © (Ce83) (1.5%) (360,50)  (99.52) (15,00)
23.50) 6,34 3718,50 - , %u,g§> %2989) ezso.oo ) 1229.50) }766.0§

[ ] 8 [ 3 L] L L3 [ ] O * [

22) (1.38) (15%,50) 1?25.88) %33&.?8) 0 1.58 291,0 5450 83,00
16415 9.16 276,50 905,00 5285,00 263+ 55.82 756+.50  1676,50 1630,00
(0e33) 12.22) ? 8,50) (36,00 (143,00) (1.09) "10,36) (2of50) (3.50) (3?00)
1727 W4, 99  3106.00 788.50 4796450 21465 51.87 7566.,50 1683,50 1640,00
(1e14)  (2.67) (39.00) (21,50)  (3%,50) (0e71) (1.55) (5.50) (4+.50) (9402)
1718 47,79 208¢ 00 762.00 5006450 18.71 46,97 7606,00  1702,00 1693,00

(1.78)  (3.43) 140, 00) (8,00) (1?8.?0) (1,06) (0.26) (18,07) (8,00} \2g§oo)
1610 45,25 212,50 766,20 L 50 18,42 48,89 7622.C0  1678,00 1708,50 .
(0.32) (2.59) 137,50) (15.20)  (173.50) (0.11)  (0.74)  (26,00)  (3.00) (15.50) "

'I‘ABI.E-.II'D2

Penaeus indicug at Station-II(Edvankadu,Vypeen



TABID.IY E,

(ggagev.)g-values of various Tissue Parametres of Penmseus indicus at Station-II(Edvankadu,Vypeen Island)

....................... FEMAL Bamam oo oo e MOA L T oo

: ~=HEPATOPANCREAS S/ m— e e e e e e e OVAR Y e e e e [ e m e DLOM e e

Yr.Month _Copper Zinc Calcium M rug Covper Zine Calcium Magnesium Phosvhorus Coprep

1ug7g§ (ug/ml)

Nov, 2092.50 683,00 1976.,50 773,50 4781,50 181,37 124,61 390,80 72,02 L7403 124,18

; (25.,50)  (29.,00) (5,50) (10,50) (1%.50) (0.31) (1.16) (6.61)  (O,L4)  (1.90) (5.00)

8 Dece 2106550 647,50 2003,00 814,50 4819.50 185.1% 125.29 403,31 12 49,73 100.87
3 o¢ (32.50) (28.50) (1Lk,00) (6.50) (9.,50) (1s01) (2,32 (§.1h) (0.72)  (2.45) (3.C9)

Jan. 2024,00 660,00 2087,50 852.00 4933.50 188,77 130.91 L68.54% ge.oo 43,91 107,69
(26400}  (26,00) (28.,50) (7.00) (35.%0) (Ce 7&+) (Ce76) (41.60) (8.16) (6.36) (2.26)

VoFeb. 2168,50 692,50 2143.50 885,50  5034.50 19440 134.59  513.87  95.60 8,18 111,76
(36.,50) (38.50) (1a.fo> (5.,50) (21.50) (1.07) (0,90) ~(16.26) 13.37) ,00) (1.91)

March 2133.50 656,50 = 2253.,50 941,00 = 5174,00  200.9 142,56  709.70 122,17 46,77  115.59

(é $0)  (17,50)  (24,59) “(17.00) (W5,00)  (5,5%) (3.78) (4,23} (8.08) (1.62) 56.7u)

9 April 2023.50 689,50, 2279,50 968,00 5257400 216,70 150452 M9.67 1 7.67 56483 120,90
(32,50) (30,00) (18.50) "(6,00) ~(13,00) (2.55) (1.23) (2.52) %2.16) (4,65 (1.23)

May 2196.00 728,00 2280,00 971.00 & Ok,50 219,42 148,56 666,42 139,06 50432 112.53
(32.50) (40,00} (9,00)  {11.00) %33.50) (0e75), (0.92) (55.52) %3.18) (7.91) (3.39)

8 June 1877.50  590.50 2122.,50 869,50  L4988,50 21044 132,05 396,36 95 .21 61,95 118,13
(48,50)  (33.50) (42,50) (24.50). (95.50) (5.95) 6.86) (6.,88) (15.03) (4.52) {(8,35)

July 2000400  671.50 1926,50 778.50 L775.50 188,74 122,79 392,33 76,56 47,02 125 .49
(25.00)  (22.50) (11.50) (10.50) (67.50) (2.81) (0,07) ~(10.15) (0.29)  (5.44) L,28)

Aug, 2013,00 651,50 1941,00 761,00 4767,50 183,27 124651 88,88 78,57 47,38 118,78

L (26,00)  (22,50) {12,07) (%.00) (24.,50)  (0.h49) (3.77) 4,60)  (0,39) (o.éo) (1.§3>

Septe 2101.00 668,00 197150 781,50 L4769,00 183,61 125.82 426,97 &1, L1 ,2 116,49
(17,00) (25,00) (8.50)  (10.50) (26.00) (1.37> (1.46) (1.50) (1?%5) <2.?u) (7.82)
Octe 2105,00 €57.50 1988,50 785.00 4786450 185,67 122,57 L26.40 82,22 1434 W50 |
© (29.00)  (11.50) "(2.50) "(11.00) (25.80) (1.29) (1.39) (1.25) (4,07 5(1§8u> 9% «26)



( St’fﬁ:g.);-valueé of various Tissue Parametres of male Pepnaeus jindicus at Station-II(Edvankadu,Vypeen Islan
BlOMa/wnnnccwmmcm e e - EXOSKELETON=c e ~camemn - ———- /e m———— e MUSCIEwe mmcuememrencemm— c———
Yr.Month Zigne 18
Zugﬁml)
1T Nove 10.22 121023.50 7801.00 15216600 17,03 46,67 3%11.50 762,00 L4451,00 17.86 W5 .24
9 (0.26)  (2828,49) (155.00) (399.,C0) (0,10) (1,C0) ~(66.50) (9,00) (208.00) (0.90) (0,95)
8 Dee. 10,21 113944.,50 8090,50 15950,00 9.5% L6.34% 294,00 992,00 942,00 18699 L41,5L
3—— (0e34)  (1729.49) (65:50) (995,00) (0,60) (3?16) (61.C0) (18,00) (304,00) (1.417 (0.86)
Jan. 11,40  124435.,50 7901,00 17029,00 20,05 5§3.10 277.00 869,00 L089,50 19,18 L4 ,72
0 (0.46) (10083.49) (56,00) (86.,00) (2.60) (3.3&) 6.00) (27,00) (25%,50) ?0.57) (142%)
Feb, 12418  111888,50 79560,50 15148,00 20,19 51.62 367,00 946,50 L8100 21.21 45,82
(0s56) (6475.49)  (205.50) (203,00) (1.74%) (2.66) 181.00) (13.50) (98,00) (1.67) (2.,04)
1T Mareh 11497  124097,C0 8105,00 16579.50 18,06 50.56 701450 105250 ¢+ LML 50 17,10 L46,00
(0s5%)  (4843.99) (140,00) (9654.50) (0,39) (1.38) T17.50) (39.50) (378,50)  (0072) (3:57>
April 1081  110989,00 7993,50 16637,00 18,93 518 785450 112850 L4980,50 21401 L4, 71
P (o:1h) (2446.90) (hg.so) (182.00) (1.99) (0¢65) ?55°50) (16,500  (162.57) (1.76) (1,.8%)
9 May 11417 12214G,50  82G8,00 15704,00 22,78  54%.31 L071.50 1279,50 5158.50 19.09 48,06
T l0l6n) | (5200049) (419000 | 1501°00) <oche) (ai3k) (vilsa) 152038 (189.50) (0.30) (2.42)
June 13.84%  94255.,00 496,50 13279, 18091 Who23  4217,00 108100 5192.50 23.87 53,71
8 (1.71) (4511699) (1u5f50) ?31&.50) (1.37) (2,70) (221.00) (38.90) (Wk.50) (1,09) (1.52)
July 16.i1 91576,50  6641,50 11145,00 16,06 8,28 3499,50 924,50 5099.00 24465 54,99
(0,04) (3055°ﬁ9) (252350) (200300) (0,12) (1,50) (1&3150) (20,50} (149,920) (1.&5) (1.35)
% Aug. 17.25  102384.50 7080,00 1269850 17,01 43,78  3191,00 817.50 4781450 18.60 50e77
(0e31) (3028,49) (135.70) (1131.50) (0,28) (1.37) (24400) (21,50)  (133.50) (0,93) (1,0%)
Septe 16055  112187.00  7784,50  13926,00 18,24 48,04 314050 787,00 5009.90 17.81 46,58
(1¢58) (6763.99) (169.50) (970,00) (1,28) (2.12) (46,50) (8,00)  (36,00) (0486) (1,05)
Octs 11417 122969450 812000 15930,00 19.86 48,29 9.50 816600 4584,50 17,42 47,39
(0:%9) (55#6.29) (36°50> (28%.00) (3959) (0s65) %&8.50) (27,00} (69,50) (0,52) (0,96)

TABLEIT F,




TABID.IY E2

()égagev.)g-values of various Tissue Parametres of Penaeus irdicus at Station-II(Zdvanrkadv,Vypeen Tsland)

....................... FEMAL Bacm e el M A L T ———————

: ~=HEPATOPANCREAS 2/ m - e e e e e OV AR Y e e e [ e BLOM e e e

Yr.,Month Copper Zinc Calcium M ras Covper  dine  Calcium  Marnestum Phosvhorus Coprer

(ug7g§ (ug/ml)

Noy, 2092.,50 683.00 1976.50 77350  L781,50 181,37 124,61 390.80 72,02 L7,23 174,18

; (25.50)  (29,00) (5.50) (10.50) (1u.55> (0.31) (1.16) {(6.61) (O.bk)  (1.,20) (5.C0)

8 Dece 2106050 647.50 2003,00 814,50  4819,50 185,14 125,29 403,31 %12 L9,73 100,87
2 ° (32.,50)  (28.50) (1%,00) (6.?0) (9.50) (1.01) (§.32) (9.1%) (0.72) (2.45) (3.09)

Jan. 2024,00 660,00 2087,50 852,00 4933.50 188,77 130.91 L68.54% ea,o0 43,91 107.69
(26400) (26,00}  (28.52) (7.00) (35:50)  (Co74) (Ce?6) (41,60} (8.16) (6.36) (2.26)

1 Febs 2168.,50 692,50 21L43.50 885450 503450 194,40 134.59 513.87 95.60 3,18 111,76
(36.50) (38.50) (15.50) (5.50) (21.50) (1.07) (0,90) (16.26) f3.37) 4,00) (1.51)

larch 2133.50 656,50 2253,50 941,00 5174400 200,93 142,56  709.70 122417 L6,77 115459
(49.50) (17,500  (34.59) “(17.00) (45 ,00) (5.5&) (3.78) (4,23} (8.05) (1.62) 56.7u)

9 April 2023.50 689,50 , 2279,50 968,00 5257400 216,70 150,52 77,67 137,67 56.83 120,60
(32,50} (30.003 (18.50) (6,00) ~(13,00) (2.55) (1.23) (2.52) 12.16) (4.65) (1.23)

May = 2196.00 728,00 2280,00 979,00 530k.50 219,42 148,56 666,42 139,06 50,32 112,53
(32.50) (40,00} (9,00)  {11.,00) ?33.50) (0e75), (0.92) (55.52) %3.18) (7.91) (§.39)

8 June 1877.50 590.50 2122.50 869,50 L988,50 210,44 1 2.5 396,36 95 .21 61.95 118,13
(48,50)  (33.50) (%2.50) (24.50) (95.50)  (5.95) 6.86) (6,88) (15.03) (k.52) {8,35)

July 2000,00  671.50 1926,50 778.50 77550 188,74 122,79 392,33 76,56 47,02 125 .49
(25.00)  (22.50) {(11.50) (10.50) (67.50) (2.81) (Ce07) (10.15) (0.29) (5.14) {L.28)

Aug. 2013,00 651,50  1941.00 761,00 4767.50 183,27 124,51 BE.88 78,57 47,38 118,78

L4 (26,00)  (22,50) (12,00) ' (%.00) (2%,50)  (0,49) (Ce?77) (4,60) (0,39) (0,80) {(1.53

Septe 2101.00 668,00  1971,50 781,50  4769.,00 183,61 125.82 426,97 81,73 41,29 116,49
{(17.00) (26,00) (8:50) (10.59) (26.00) (1.37 (1.46)  (1.50) (1.08) (2.14) (7.82)

Octe 2105,00 €57.50 1988,50  785.00 478650 185,67 122,57 426,40 82,22 51434 93.50
(29.00) (11,500 "(2.50) (11.00) (25.50) (1.29) (1.39)  (1.25) (b0 " (anew) {5.96)



TABIEIT F,

(&Mﬁg.);-nlues of various Tissue Parametres of male Penaeus indicus at Station-II(Edvankadu,Vypeen Island

3%11.50 762,00

1 Nove 10422 121023,50 7801.00 15216600 17,03 46,67 L51,00 17.86 W5 .2h
9 (0.26)  (2828.L49) (155,00) (399,C0) (0,10) (1,C0) (66,50) (9.C0) (208,00) (0.90) (0,95)
8 Deece 10,21 113944.,50 8090,50 15950,00 9.5 W63 - 294,00 792,00 942,00 18,99 L1,.54
3 (0e34)  (1729.49) (65:50) (995.00) (0,60) (3?16) (61.00) (18,00) (304,00) (1,41 (0486)
Jan. 11,40 124435,50 7901,00 17029,00 20,05 53.10 277,00 869,00 4089,50 19.18 kL ,72
(0.46) (10083.49) (56,00) (86.00) (2,60) (3.3u) %6.00) (27.,00) (25%,50) (0.,57) (1.2%)
Feb, 12,18 111888.,5C 7956,50 15148,00 20,19 51.62 367,00 946,450 L e4100 21.29  ¥5.82
(0e56) (6475.49)  (205.50) (203.,00) (1.74) (2.66) %51.00) (15.50)' (98,00) (1.67) (2.04)
T March 11497 124097,00 8105,00 16579,50 18,06 50.56 701,50 1052,50 © W41k ,50 17,10 46,00
(0s5%) (4843,99) (140,00) (964,50) (0639) (1.38) (17,50) (39.50) (378450) (0o72) (3.57)
April 10681  110989,00 7993.50 16637,00 18,93 51,8 785450 1128o50 LUYB050 21401 Lk
(0c1%)  (2446.90) (hg.SO) (183000) (1.93) (o.6§) ?55.50) (16,500  (162.57) (1.76) (1.84)
9 May 11415 122149,50  8208,00 15704.00 22,78 54,31 k071,50 1209,50 5158.50  19.05 48,06
(0e64)  (8204043) (M16,00)  (291.00) (0,60) (2.16) (76.55) (254,50) (159.50) (0.35> (2.142)
June 13.8% 94255,00 7496,50 13279.D 18,91 W4,23  4217,00 1081,00 5192.50 23.87 53,71
8 (1.71) (4511099) (145.50) (31%:59) (1.37) (2.70) (221.00) (38,00) (L4.50) (1.09) (1.52)
July 1641 9157650  6641,50 111L45,00 16,06 8,28  3499.50 G2%,50 5099.70 24,65 54,99
(0004)  (3055.89)  (252.50) (200000) (0u12) T1.50) ~(143.50) (20.50) (1192000 (1.47) (1.3%)
% dug. 17.25 102384.50 7080.00 12698,50 17.01 L43.78 3191.00 817.50 L781450 18,60 50477
(0e31) (3028.49)  (135.70) (1131.50) (0.28) (1.37)  (24¢00) (21,500  (133.50) (0,93) (1,9%)
Septe 16655  112187.90 7784,50 13926000 18,2% L48,04% 314050 787,00 5009.,00 17,81 46,58
(1.58) (6763.99) (169.50) (970,00) (1.28) (212) (46,50) (8,00)  (36,20) (0,86) (1,09)
Octs 11417 122969450 812000 15930.00 19.86  L48.2 9.50 816000 ~ L4584,50 17.42  L47.39
(0659) (55#2.39) (36050) (23%.00) (1659) (0.62) %&%.50) (27,00}  (69.590) (0.,52) (0,96)



Mean -

(St.Dev.)g'V‘luea of various Tissue Parametres of male Perpens indicug at Station-TI(Edvankadu,Vypeen Isla;

Yr.Month

1 Nov,

8
3 Dec.

Jan.

Feb,

Mareh B 2%

April

-l

Cz s

7606,50
(138,50)

7614,00
(60,00)

7827,50
(67,50)

804+4,50
(68,50)

70.50
375:29)
0256,00
289,

8 June 8467,00
(351.00) (87,50

.Tuly, 7112050

h (

71.50)

Au * 7575.«)
8 (103.00)

(137.00)

Oct. ﬁZSOSO

(22.50)

R ENe 8 )

1634,00
(36,00)

1687, 00
(58,00)

1 ® 0
(35250
1818,50
(22.5%)

2076,50

101.50)

50
1%.0)

2543400
(91300)

2030450

1698,50
(162.5%)

$2:563

1683,50
(65?5%)

1656.50
c%.sg)

+«00
A

1 <00
(3200
1773.00
e

1825,50
(2.53)

205289

781858
214,50
(91,50)
g 3282§3>

1645450
(g'gsg)

1682,00
(41,00)

1682,50
(11.50)

1802,00
(146.00)

TABIE.II G,

------ werecnneee EEPATOPANCREASua e v e nmman o e

ug
1989.50
(25,.50)

2061.50
(27.50)

2031.00
(116.00)

2004, 00

(31.00)

%\1»3.60
135138

00,50
16.50)
1750, 00
(60,00)
1503509
A3

20 50
(31 509

2057,00
(93.00)

[ mmme e TESTISmme v o s s e o e e
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G55 2Bl W AN 1w 3
Gs% W BT TS 1y s,
U5 R GBI T B s,
(030 *U7:00 "ELE BN s w2
1520) tonsty  182:30, 350 3 Bess
353700 @5 to200) ey, SO I
@50 "Bl BEN B, I B8,
(3533 "Tae00y 78900, T0%E 1% (o5
(730 1910850 73639 9034259 tocas egs
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1

Mean

TABLE.III A

(St.Dev.))'valueS of various physicochemical Parametres at StationdII(Edvankadu,Vypeen Island)

Yr. Month
1

Nov.
8

2. Dec.

Jan,

Feb,

March

April

June

July
Aug,
Sept.

Uete

(%

30.%
(0.45)

1.30
0.00)

055
0.15)
310,20
(0,00)
1.25
0:25)
31.10
(0610)
31.00
(0.50)

28,65
(0435)
28,65
(0,05)
28.4Y4
(0.15)

29,15
(045)

28.50
(0,50)

@0

774
(0.34)

15.11
(2,58)

2641k
(1.96)

32.94
(0oki+)

%0035)
%3-3#

3271
(Ol )

26,78
(0.63)
5¢M
(3.23)
1.98
(0.59)

1.93
(0,02)

5.28
(0.,97)

<m§/1>

L.10
(0.25)

3.78
(0e14)

4,08
(0.16)

3467
(0.00)

4,02
(0.09)

5451
(0.12)

3.36
(0.11)

304
(0.,10)
3.48
(0,02)

pH

7067
(0,92)

7077
(0.97)

777
(0.07)
782
(0,02)

7487
(0.,07)

770
(0,00)
7495
(0420)

8.80
(0e15)
9.00
(0:15)

8452
(0.12)

8,12
(0.02)

780
(10.05)

ch
(mV)

182,50
(12.5)

197.50
(17.50)

155.00
(30,00)
152,50
(7.50)
172.50
(7.50)
160,00
(5.00)

190,00
(20,00)

205,00
(30,00)
105.00
(40.00)

55600
(10,00)

67.5
(7.50)

107,50
(17.50)

Pr.PrOd.
(mgC/m2/4)

890, 00
(20,00)

787,50
(27.50)

693,50
(11.50)
711,00
(13.90)
775450
(32,5)
739,00
(45,90)
1068450
(225050)

1554,
(60,50

1354%,00
(44,00)

966,00
(21,00)

1027,00
(71.00)

975.50
(39.50)

N03 NO, NH, T.P,
(ug/1)
20.32 6.16 19.71 76.26
(2.87)  (0.11) (0,76) (5,66)
16,86 .79 27,94 64, 8¢
(2.61) (8 &+) (1.50) (1.47)
26,25 4,15 5+96 A1
(1.09) (0.18) %2.#9) (6412)
27,55 3oM 22.65 67412
(3.88)  (0.69) (1.,16) (4+,29)
L4 52 2.7 51¢56 82,6
(5.60) (0.00) (10,38) (1 .78)
4,68 5.48 %6.M 70.29
1.17) (1.35) 2,95) (7.95)
28,79 8.33 L7,0% 122,02
(1.85) (0o1%4) (5.7) (15.89)
6.9 152,16 83.18
<33 01) (1.15) (k2.,80) (12.08)
311.12 6.55 236,26 67413
(13.16) (0.92) (12.87)  (5.19)
276.31 691 172.98 71485
(19.87)  (0.57) (18.17)  (4,.64)
270,98 8600 15%,51 63,31
(63.73) (0.67) (ks.2?)  (1.70)
5729 L, 11 30,47 68,63
(15.82) (0.83) (6.12) (2.50)



TABLE-III Bl

(St'Dev.);-values of various physicochemical Parametres at Station-III(Edvankadu,Vypeen Island)

Mean
Yr, Month 5;"""I§ NATER'""E """"" 2""/ """""""""
%m??l) ug/1
1 NOV. 90.’4'2 270092 6o «80
9 (5.32) (14,52) (0.23) (g.35)
Dec. 172481 5""3031 505"" 6017
3 i (27.66) 232.13) (0.19)  (0233)
ane. 29?071 01"1 l'.’o 6. 2
, (22.56) (7?.76) (o.gt) (0?19)
1 Fev, 6941 1185,76 4,59 6485 -
0.26 (11.48)  (0.56) (0ck3)
‘March 389,30 1216, M 4,39 5.58
9 (5.15)  (13.43)  (0.62) (0.26)
April «10 12012 4,99 6. 61
Pril 3Bil00) (33035 (030 (ocaa)
Hay 75.32 11770 5069 6071
8 5.83)  (12.3%)  (0.73) (0.58)
J\me 2""801 8 781 068 8059 100&
3 (50.29) (160.28) (0.3%) (1.23)
July 68,50 203.1% 9451 13,04
(32.34) (114,65) (0.23) (0.19)
lug. 1701 700“0-3 9.141" 11.88
(1.37) (20,00)  (0.54) (0,56)
Septe 22,00 69.%40 8,90 o+6
(0,95) (0,66) (Oolt+) ?1.#1)
Oct, 61,06 188, 74+ 7.28 6.88
(11.06) (33.40)  (OE%) (0.3%)

30,60
(0.%4+0)

32,00
(0.00)

1.25
0.25)

1.80
(%.oo)

31.
(0.2

1.
@15

190

5:50)

29.
(g.gg)

29,35
(0.35)

29,00
(’0050)
2908

(O.Sg)

29,
0%

0.1

702
(0,02)

747
(0,02)

745
(0.05)

7637
(0,07)

742
(0.02)

7037
(0,02)

7.47
(0.17)

8,10

125,00 11486.,0
(10.00) (49%4,0)

140,00 14383,9
(5.00) (1538.0)

155,00 23526.0
(10.00) (1764,0)

1%2,5 29142,
(2.50) ?;97.§)

160,00 30417.0
(25,00) (272.5)

205,0 0006,0
(15.00) (819.,070)

135.00 294%0,900
(10.,00) (368,00)

20166,00

575645
(102,5)

567540
(665 .,0)

86775
(1 837.5)

12192,0
(167,00)

12516,
(100.5%

12402.5
(289.5)

12152,
555

8260,00

60,00
(0.05) (5,00) (3368.0) (1415.0)

822 155,00 11420,5 5269.0
(0.07) (15,00) (524,5) (276.9)

157.50 10280,0 4877,
(7.50) (412.5) (6;-5

65 170,00 11031.0 L89%,0
0.00) (5.00) (ﬁ:'h.o) (sgfo)

7,45 105,00 1041%,0 5137.0
(0.5) (10,00) (99,00) 5(?&2.00)

7090
(0?05)

C T
(€£V) zugjgg '

799.,0
(46,0)

802,0
(18,0)

A5
(10.5)

819,
(6.5

760.5
(25.5)

805.
(6.5

1041,0
(154,0)

1488,5
(101.5)

451,90
(43,9)

1254.,5
(62,5)

?583Z§>
<D
w2

Sl



TABLE- I11 c,

(S}éfg‘gv.)g-values of various physicochemical/Tissue Parametres at

StationHI(Edvankadu,Vypeen Island

16286, 00
%1 ,00)

14577,00
(246,00)

14583,50
(641,50)

16457,50
(214,50)

16551450
(593.50)

15018,50
(324%,50)

15817,50
(77.,50)

141 64,50
(254 ,¢

11455,00
(401,00)

13508.50

(701.50)

14917,.50
(172.59)

15071 ,50

........ IN FEMALE PENAEUS B
=ewSED IMENT e/ eacm o e e e oo e = eBLOM eem = oo e Jommm e e -EXOSKELETON
fr. Month ¢C VA C C Z Cal M
Euﬁ? g) (ug/ml (ug/g
é Nove 664,30 69,30 390,25 7761 35,82 104,82 11.50 100991.50 7%52,50
. (1.89) (0.82) (1.89) (2.12) (3.36) (0.67) (0,07) (2649,49) 170,50)
2 Dece 63,66 70,75 406,97 84,95 49.31 97484 13,13 115913.C0 8385,00
(3.51) (2.85) (1.48) (1.50) (2.83) (1.09) (0.26) (16240.99) (236,00)
Jan. 55.48 56,89 607.7% 100,95 5177 108470 12,33 120659.00 7844,50
(1.00) (4,59) (37.74) (9.547) (2,37) (0.97) (0.15) (1791.99) (95.50)
Febe 52,28  46.91 722,31 13611 42,82 103,40 12,71 100218.00 7795,.50
(0.85) (0.75) (27.86) (&k.C7) (2.1%) (3.5%) (1.04)  (4403,00) (155.50)
March 43,33 L2, 787491 151,91 L8,84 117.15 12.9% 111451.50 8095.00
(1.15) (1.23) (7.77)  (1.42) (1.30) (1.66) (0.50) (2000,49) (gg?oo)
April 40.59 45,78 797,09 146,42 49,00 118.25 12.89 106650,C0 7935.00
(1.16) (1.15) (27.7%) (3.04) (0.82) (2.40)  (0.,W4)  (6774+,99) {119.00)
May 45,86 “hh45 736,20 147,31 45,39 123.42 12,22 122141,00 8084,50
(1.80) (1.16) (4,22) (2.,13) (1.05) (2.11)  {0437) (3200.00) ( 139,50)
June 600,89 52.78 642,35 113662 64 31 133.28 15,19 96840.50  7333,50
(1.75) (4,150  (52,03) (10,88) (4.23) (341)  {1.35) “(1437.49) (23&.503
Jul 0 67.58 452,51 81411 50,28 138.45 19,14 88687.90  6548.50
! 7 ??,85) 23.87) M1.16)  (5.4%) (1.89) (1.88) (0.19) (3266,00) (316.50)
Aug. 72.1% 78,17 358,34 75«92 L ,33 136,48 17.37 95518.50  6996.50
(1.66) (3.8 ) (10.80) (3.47) (2.15)  (kes4)  (1,19) (2773.49) (148.50)
Septe 66495 77,16 79,02 74,18 43, 124,42 15,91 114029,.00 7897.00
(1.50) (1.98) 12.561) (1.72) (?.g?) (u.9§> (o.;+) (102%&00)(2?8.mﬁ
Octe 6€7.01 75,36 7731 78480 42.33 108430  13.15 115766.50 7695,00
(2.%0) (1.55) (6.86) (2.67) (4.15) (3.45) (0.31) (2554,.49) (159,00)

(462,50)



TABIE-IIT n

(ggagev )g.values of various Tissue Parametres of female Penmeus indicus at Station-III(Edvankadu,}fy%ee
[ * ._S an‘
= JEXOSKELETON -t/ = mm et eam MUSCIE m e m e e m et e e e HE~PATOPANCRLAS - - -.
Yr.Month Copyper _2Zinc _ Calcium Magnesiym g;(ogyh%mg Copper Zinc: Calcium Magnesium Phogphorug
ug/g
4 Nov. 19,02 3293,50 757,50 4881 ,00 1796 L5,67 749400 173%,50 1716050
(0.07) (55.50) (3.,52) (32,00) (0.56) (3,11 (76,00) (50,50) (12,50)
2 Dece 16,87 3062.50 803,00 749,00 20,76 45,11 7535.00  1785.00  1787.00
(0.53) (87.50) (21.00) (218,00) (0e91)  (0,76) (110.00)  (40,09) (38,00)
2 gan. 18,07 3429000 940,00 477,50 16484 W50k 7617.90 1853.00 1736450
(0.22) (112420) (27,00} (82.50) (0.,48) (1.62) (277,00) (62.00) (56.50)
Febe 17,37 3892,90 1107.00 4648,50 16.39 L6,80 10030.00 2328,50 201 4,50
(1.18) (127.00) (38.00) (387.50) (0,%9) (1.96) (183.290) (15.50) (20,50)
1 March 16427 4264450 1292,50 4549.50 19.83 49,89 10278,50 2570.50 2077.00
(0u9k) (33,50) (22.50) (85.50) (0.52) (0.04)  (402,50) (74,50) (42,00)
April. 16,78 432050 1260,00 4584,50 1791 L6,47 10091.50 2432,00 2091,50
(2.11) 424500  (64400) (240,50)  (0.5%) (1.09) (437,50) (41.00) (46,50)
9 May 18430 3911.00  1227,00 L4768,00 17.8% L7.78 10180.00 2L426,50 2035 .CC
(1.15) (166400) (18.00) (151400) (1.10) (1.60) (635,00) (35.50) (57,50}
June 16483 3838,00 940,50 5192,00 23.11 53.61 7997.00 1977.50 1815,00
(0.35) (147,00) (46.50) "~ (57,003 (1.4+) T(3.22) (153,00)  (91.50) (110,00)
July 14,47 256,50 802,50  515L,50 24,52 50,60 7680,50 1746,00 1646400
8 (0.32) 98,50) (16.50) (187.50)  (1.21) (0.87) (33.50) (36.00) (8,00.
Aug, 17.26 3169,50 808,00 5095 .00 19,67 47,07 M1 .50 1667 ,00 1719,50
g (0656) (78.50) - (172,00) (253,00) (0.78) (0.11) (26.50) (1%,00) (25.50)
Septs 17,62 31141 ,50 764,00 4972,50 18.44% L7485 7639450 1696.00 1667,50
3 (1.28) (25,50 (10,000 (112.50)  (1.12) (1.91)  (101.50) (25.00) (57.50)
Octe 15.90 3178400 2450 4465,50 17.5% 46,79 7715 .00 1725 .00 1611.00
© (6.97) (13.00) '(73.50)) (92.57)  (1:09) (1:98) (10600 (31.00) (7.00)



TABIL.ITIT E

Mean

(St.Dev );ava]ues of various Tissue

Parametres of Pepaeus ipdicus at Station-TII(Edvankadu,Vypeen Island)

N e e et s e ey

. e RS B s o S e e e

Yr.Month _C Zi Caleis ng Caleium N% n%g lém Phogvhorus Conrer
Zuzsgg ug,/ml;

1 Nov. 2159.00 674,50 1966.,50 765,00 L4 666,00 184:68 120.51 03,28 75,80 45,66 109 o
g (h.oo) (23,50)  (11.50)  (11,00) (153000) (1.49) (0.65) (12.33) (2.65) (5 .48) (2 .5
Dec, 2176450 658,50 1958,70 821,50 4785 .50 183,26 125.76 Li19.52 82,42 47,17 111.uf
2 (41.50) & 50)  (4,00)  (19.50) (2%a50) (12513  (1.01) (%.95) (1.97)  (0u7?) {2900
Jan. 2127.50 691,00 2019,00 881,50 4869,00 191,37 134,17 680,96 96,81 L0, 68 110,16
(17.50) (23.20) (39.09) (22.59) (15.,00) (3, 81) (2.76) (109, 17)(6.64) (1.50) (6e31)
Feb, 2052450 683,00 2190,50 942,50 5080050 209,21 144,98 676,59 122,91 49,28 115 460
(3.5o§ (10,00) (L9450)  (8.,50) (35.50) (5,.06) (2.26) (27980) (4.56) (0690) 10415
1 March 2110450 681,50 2247450 986,00 523%,00 219«04 150,91 738,14 127,96 69,90 115,682
(84450, (42,50)  (16650) (12.00) ho,oo) (0620)  (1638) (7.70) (6.59) (22,50 (3,20}
April 21%6.50 677,00,  2284,50 969,00 5308,50 220666 147,00 755 23 136, 98 42,64 113.72
(31.50) (8400) (6,50) (5,00 (24450) (1.10)  (1.33> 3) % (2.46) (L4,56)
9 May = 2156400 716,00 2238,00 946,00 5262,50 218,87 149,09 731.2/ 129.10 45,2 11771
(9400) (23,00) (Sooo) (8.20) (4.50) (0638)  (0662) (7.58) (8.,65) (3.3%5) (Zo4)
June 1807,50 575.00 2162,00 896,00 514950 212,40 13344 606 42 110,37 61.47 115.°C
(2,50) (32.20)  (16400) (32,00) (35.50)  (3.94) 2.99) (39.14) (/985) (2.99)  (5.37)
July 1921.50 627650 2073°uo 814,50 4965 50 191,08 122.78 W4 00 82,30 L7,.66 13233
S (72.50)  (30,50) (6620)  (20,50) (74,50) (2 ,u1> (2.60) (31.43) (6613) (5.48) fe.oz)
Aug. 2060.00 643,50 1976650 774,50 L4787,00 182,15 122,76 431.30 74.59 42,20 123425
(83400} (5,50) (12.59) (9.50) (29,00) (1.36) (Colt9)  (8,00) (3.85) (3.35) (3.40)
3 Septs 1987.00 699,00  1978.50 772.50  4732.00 181426 121,26 415,41 83,67  LF.16 110,60
(38,20) (12,00) (5.50) (10,50) (13,00) (1,08 (1.48) (2.94%) (2.82) (3.01 Cro1h)
Octs 2017450 660,50 1954600 787,50 1473700 185,26 125.43 W21,23 84,51 L9,.31 102,27
(3865C)  (12.50)  {18.00) (6.59) (31.00)  (0.51) (0,70) (3. 35) (3.9u) (2.9%) (5433



TABIE-III F,

(sﬁeﬁgv );-values of various Tissue Parametres of male Eggggus indicus at Station-TII(Edvankadu,Vypeen Island
L ] ®

-BLOG)--/-.-- ----------- -----EXOSKELETON ----------------- / ------------------ HUSCIE----. NS NS WD D D up WD MY w0

Yr.¥Month _2 Cs
Zug’ml’

z/g
Nove 11.8 107380000 8089.50 15168650 17.95  51.2 8450 729,00 14326,50 18.16 4,96
> (0.5?) (22%6.99) (64,50) (956.§o) (1.27) (0.‘+53) ?27.50) (1%600)  (107,50) (0,82) (3.81)

1
9

8 Dee, 11,11 105 95900 7333.,50 1"-2689% 18,22 \"9026 111450 773400 'S 000 17.23 10'50 9
2 (0.68) ( 099) %120.50) (323.00) (0.36) (1.02) 36.,50) (22,00) 42,00) (0,91) (1.41)

Jan, 13.16 96219450  7632,50 17028,00 18,02 45096 3305400 902,50 L488,50 19,75 46,39
(0.78)  (904.49)  (3713,00) (187,00) (2,5%) (3,53) %09.00) (37.50)  (53.50) (0,11} (1.55)

Febe 10,92 119291430 8317,00 15121,50 17, 41,80 500 1053,50 WaM .50 17,34 42,77
¢ (0038) (859.#9? (?oz.oo:x (1016,50) }o.g) (2,32) (262,00) (()ao.g'o) (246,50) (1.39) (0.37)

Maroh 12,67 105802400 7848,00 15861450 18437 41,490 856400 1227,50 4324,00 18,87 47431
(0e18)  (4158,99) (205300) (363.,50) (1.&6) (3:75) 3(?.3:53.00) (82.50) (330.00) (1,99) (2.?3)

April 12, 114274,00 7705,00 16380,00 18,5 45066  L4214,00 1294,00 4575,50 19,40 43,68
pri (0e58 (8679499) (210,00) (95 ,00) (2.9&) (3.48)  (1,00) (l?;.oo) (5250) (3.95) (8.50)

May 11.89 102083,00 8323.00 1703%,50 23,15 52e3%  4215,50 1224.,00 4588,00 18,57 45,32
9 (0625)  (3348,599) %58.000 (410,50)  (0.79) (6.09) (19950)  (44,00) (199,00)  (1.26) (0,16)

J 15.22 MIU9.50  7014,00  15053.50 19416 48,64 14093,00 1078.,50 5509.00 23.6 28
une (1.55) (3995.39) (201,90) (9.?0_ (1622) (3.78) (?gg.oo) (91,50) (185,00) (?.313) %1. )

8 July 19.25 89579400  6380,00 12011.,50 15, 7+31 429,50 925,50 5292.50 26,60 78
(0e%0)  (2763.99) (35.00) (886,50) (1,05 (?.sg) %65.50) (35.50) (1955070) (124) %.ho)

duge, 17034 103922,00 7431,50 13258,00 18, L6, 139,50 8400 L4682,50 20,17 48,56
g (0.80) (11508.,00) (113.%0) (%g‘oo) (1.?%) (2.3%) %@.So) Z?s.oo) (1#0350) (1428) (238)

3 Septe 14,17 102173450 7879,00  15491,00 16.58 42,76 054,50 150 4314,00 19,92 43,18
(0.23) (325;:}»9) (236,00) (E;s.oo) (0.76) (1.58) 60,50)  (4,50) (a‘-»z.oo) (?.55) ﬁ” .00)
46033 234600  79%,50 L

(350400) (0.76) (1.99) 186.,00) (29.50) (217.50) (1.85) (3.17)

FNas . hOS DNOM ODNNE Z NQo C R gnes s 3:0'04!0 3 "'.’ z L]

2 8130,00 1
(0e65)  (2639.49) (7185,.00)



Mean

TABLE~IJI Gy

)
(St. Dev.))-values of various Tissue Parametres of male Penneus indicus at Station-III(udvankaau,Vypeen Islan

Yr.Month

1 Nove 7582.00 1684,50
) (4,00) (1.50)
8 Dec. 7571.50 1660,50
2 (146450) (37.50)
Jan. 8100,50 1842.50
(139.50) (5%,50)
1 Feb., 10061.00 2274,00
(214,00) (60,00)
March 10552050 2532000
9 (131.50) (59,00)
April 10337050 2557000
(381.50) (61.00)
o May 9980,00 2418,50
(235,00) (43.50)
June 7987,00 1857.50
3 (263.00) (126550)
July 7576,00 1680,50
(28,00) (4, 50)
Aug.  7555,.50 1687,00
(59.57) (19.00)
Sept. 7589. 1690, 50
© / o))? ?"9/
gCto 7f63n30 17310
T.500 (29,207

1650450
(5.50)

1693.50
(1% 50)

171.00

(10. 300)

191250
(+3,50)

2021450
(6,50)

2071,50
(77.50)

1985 600
(7,00)

7F1.00

(37.00)

1663450
(12 50)

1667.50
57.50)
|68‘+.OO
(35.C7)
164 10 00

(™~
\/c-r

2067,50
(38.50)

207850
(31,50)
2005,00
(51.00)
1943,50
(3250)

2015,50
(29553)

50
(23653)

2069,
(15,00)

1727.50
(17.50)

1871.50
(22,.,50)

2010,00
(33.00)

1987.00

(32.00)

201750
(JP“F( /

663,50 1887,50
(14.,50) (3.50)

631,00 1948,00
(12.00)
666,00 20 )
(32. 00) (Eg 20)
64+9.50 2258,.50 .
(3.50) (29.50)

625.50 2345,00
(13.50) (go?

50 2348,00
?g3sg) %6.00)

688,00 2342,00
(21.07) (27,00

598.50 21 0
(29,50) ( 8.20)

636.50
2.50

646,00 1857,50
(3.00) (6»5%)
679 IRL"OoSO
(/.50) (e, )O‘

626,00 1272,

(8,00 \ahaﬂc\

(32.00)

19 %36,50)

75450
(8.,50)

790,50
?15550)

877,00
(28,00)

959.50
(1.50)

1021 go

(9.50

1032,00
(23,00)

1021,50
(23.50)

915,50
(30.50)

814,00
(25.00)

754,00
(11..00)

07400

ra:.ﬁc\

5150
\*‘1‘05’(\

5840450
(4+,50)

5840,C0
(30,00)

619 .00
(75.00)

7161,.50
(¥21,50)

7140, 00
(45,00)

745,00
(96.00)

7123400
(35.00)

6392.00
(202.00)

5957.
(18.00)

59020/ 0
16.50)

5950500
11 CO)
.,-'n

(u 509

104,18
(2.35)

106,22
(1.26.

101,61
(1.83)

104,76
(3.51)

107,18
(1466)

101,00
(2.66)

1006
(1.67)

76,C6
(1.39)

80,75
(1.21)

81,56
(2.69)

80,25
(1.,64)

80,95
&.,47)

81.51
(1.97)

81.36
(2.58)

6%9.10
(3.23)
71478
(2.00)
76,7%
1.89)
NG

L VRl
{(p V20
e W <l

g
(1.62)



TABLE-IIL A,

E1Ira:g__ﬁixxi%g§7é?m9nia:jilEnganhgzna
u

(S)tIeDev ) )-values of various physicochemical Parametres at Station-III(Edvankadu sV¥ypeen Island)
) IN HATER
Yr. Month. _mamn-_ﬂalinﬁ.y 0x
(0g) o)~ (wllD) o (mV) <me°f w373)
1 Nov, 0075 10,06 1".15 770 160. 804,00
9 0.25)  (0419) (0,05) (0.10) (15,00) (39,90)
8 Dec. 1.25 14484 4405 7.82 182,50 828,00
--’xm———-c 0025) (o.9h) (0.10) (0.02) (2,50) (36400)
Jan. 1.00 o 4,10 77 227,50 754,50
0650) (1.46) (0,20) (0.5) (7.50) (60.50)
; Fev. 0.75 24,43 % 767 167.50 667,00
0625)  (0417) 0. 17) (0.02) (7.50) (20.,90)
March 30.50  30.68 790 192,50 725,50
2 %0.50) (2.49) (o.15) (0.05) (32.50) (15.50)
8 April 31,00 33,90 3.90 770 182,50 792,00
(0,00) (0.75) (0.20) (0,05) (7.,50) (107,00)
May 31,00 .69 .6 7677 162.50 810,50
u (o.so) %2.35) (0.59) (0.02) (7.50) (67.50)
J'une 300 00 1 9. 30“"8 707 1 700 7560
(0.50)  (5.51)  (0.20) (0,07)  (10,00) (62,00)
July 28,75 3.61 4,02 8,57 105.00 1336,50
(0.79)  (1.64) (0,08) (0,17)  (20900) (231.50)
dug, 28,75 ko7 3618 9.02 67,50 1315 00
(0:25) (1 u§> (0.35) (0.07) (7.50)  (30-00)
Sept. 28,25 10 30 75 8,50 77,50 870,00
(0,25) " 1499) %0935) (0015) (7.50) (127,00)
Oct. 29.50 11435 8,02 122.50 878,50
¢ (0650) (009%) (0,09) (0.12) (12. 50) (1%,50)

0.81 )+081 1 03 67079
%3.33) (0.63) (1,92 (2.61)
21,70 3.56 60417
(1.77) %o 33) 7.38) (1.74)
27.5 L0 0,61 59,95
(1.91) (0.25) 2.14%) (2.52)
25,97 51 23.11 73430
&e21)  (0.67) (2370) (1.%8)
42,9 2,40 5.98 66.93
(3:.65) (0.13) 1.49) (6.51)
29,60 4.2 32.90 92,96
(0.82) (1.07) (1.48) (27.21)
27.30 7e12 93.62
i dan @ $iH
134.63 8el+1 138,80 100,81
(M4.79)  (0.56) (41.35) (5.86)
07.71 6.97 206,10 126,18
4.58) (0.,15)  (12.66)  (16.70)
248,32 4,53 159.10 77.65
(23.86) (040) (21.36) (1.18)
187,30 .06 81, 62,18
(22.82) 0.12) (6 75) (1.75)
59.15 3.28 6+, 68
(1h.3o) %o.ou) %6.39) (1.27)



TABLE.III B,

(gzigevo);-values of various physicochemiecal Parametres at Station
Yr. Month 5--'-"-'f-'IN WATERE """" 2'"'/'555:5;55:"'55'—-'
(mg/1) (ug/1) (0g)
é rove R 8920 165%6) tr92) 010 (625
3P GhEn 6, o) 1602y .5, (6252
Jan. 3. 783:3)) %61.’;2) 6731) 1.2 (520)
1 rev. RS B @) t6722) 0:5%) (o:25)
eren BRI %S, bz, Gy 6% 1549,
o TN BB 4l 42, N0 (6352)
DRt A 639 %%y 5 (6:00)
8 U RETR 7193,y 7289, 033 %25 N
(16.23) (53.88) (0.27) (0.55) (0,25) (0,05)
SRt ooy 371378, o) Cormy 232, (6259)
e Redd &5 & & B 6005

IN SEFIMENT o oo oo oo
_Eh Caleium Magnesium  T.Phosphorus
(~mV) (ug/g}
152,50 11047.50 5371.50
(7.50) (67.50) (26,.50)
15750 11841,00  €241,00
(12.52)  (251.50) (701.00)
160,00 15055,00 7740,C0
(10,00) (2060,00) (331.50)
145,00 20860,00 904,00
(25,00) (975.00) {(61.,00)
170,00 23545,00 113.21,00
(10.00) (1%405,00) (891,00)
190,00 29439,00 12266,00
(5.00) (41, 00) (324,00)
170.C0 29247,50 12125,00
(25.00) (902.5%) (530,C0)

«00  22456,50 8602,50
z§o.oo) (250.50)  (1090,50)

120,00 15805.50  6533.50

(25.00) (1909.§o) (h%g.50>

137.50 10879,00 551%.50

(7.50)  (366.00) (369.50)

175400 10979.50  53.56450
(5.00) (130,50) 1(81.50)

137.50 11445 .00 .00
?z2?50> (103.00) %38?00)

~III(Edvankadu,Vypeen Island)

833,50
(29.50)

738,50

(15,50)
48,50

(3%,.50)

779.00
(36.C0)

774,00
(18,00)

730,00
(15,00)

708,00
(10,00)

771.590
(20.50)

984,50

(20%,50)
1476.,00

(34%,00)

1255.50
(62.50)

896.50
(17.50)



TABLE.ITI C2

Mean

(St .Dev )g-values of various physicochemical/Tissue Parametres at Station-ITI(Edvankadu,Vypeen Island)

..................... IN TISSUES OF FEMALE PENARUS INDICUSac e e e cmem e e
~ = SEDYEMENT w o -/ m e e e o ~BLOOD m s c e me e [ommm e ~EXOSKELETON - e e e e
Month C Z Calcinm Mggnegig? %gggngm;g Copper 2Zing Calcium I”‘%ﬂ%&%m_ghas_mm
Eugigs ug/ml ug/g
1 Nov. 69.11 72.23 360,32 77.390 37481 99.40 10,99 105246,00 8012,00 15879,50
9 (1.13)  (1,10) (11.17) (2.15)  (2.36) (2.5%) (0,35} (4,00) (127.00) (158.50)
3 Dec. 65,08 70e8% 373,81 79,31 47,82 101,56 10,77 101730,00 8120, 00 14:086,50
3 (1.41)  (1.59) (3.63) (1.13) (1.65) (2:31) (1,09) (2476.00) (301,00) (344,50)
Jan. 63,76 63.69 497,36 100,34 52,43 103493 12,00 99536,50 7892,50 152,00
(1.99)  (2.2%) {18.61) (3.95) ~(1.80) (2,617 (0.,55) (895.50) (52.50) (151,00)
Feb, 56,29 5716 544,65 109,71 48,80 107,52 12,36  109991,50 8037,00 16806,00
(CaB6)  (1.76) ~(23.80) (3423)  (3.64) (1.85) (0,98) (13460.50) (86.00) (134,00)
1 March53. 65 52.20 68}‘5‘.27 1 8.56 l+20 78 111‘*‘.0 13026 121 298050 80%.50 1579’4’000
(0:69) (2.25) (47.88) %5.1o> (3.38) (1.09) (0.39) (9955,50) (159,50) (164,00)
April.50.03 49,99 * 769,83 151479 51430 119055 11,60 110473,00 8039,00 14322,50
9 (0s65) (1.34) (11.65) (2.61) (2.13) (1.29) (0,26) (2952,00) (e5,00) (568,50)
May. U5.,90 45,92 780,77 152.84 47,39 120,45 11,11 97195,00 7959, 00 15479,50
(1.05) (1.57) (13.59) (450) (1,00 (2.89) (0.55) (2228,00) (136,00) (360.5%)
J 94e60  57.09 539,32 95,79 53.21 123.64% 13,80  86861.50 7555 «50 13470,00
8 ane 4,09) (4.40) (79.87) (22.35) (0,96) (1.92) (1.01) (120.50) (62.50) (355.00)
July 68.22 7062% 346,28 76,11 584,66 130423 18,63 96529,00 6681450 14588,50
Y4 (2,26  (2.57) "(2.13) (1.66) (1.51) (3.31 (0.81) (1995,00) (453,50) (282,52)
Auge 73.16 79,51 350,10 78,81 48,60 138037 17,91  98205,00 6385,00 14339,50
?0.98) (0.82) (0.65) (1.32) (7.85) (2.41)  (0.42) (534D,003 (63,00) (393.?0)
Septe 66,80 77,07 360,90 78¢9E 41,92 122,28 16,21 121871.,00 7213450 19162450
(2,13) (1.38) "(7.38) (0.hL8) (3.73) (4,03) (0.66) (3550,00) (109,50) (70.50)
Octe 63087 70,96 363.5% 81,08 45,03 108,65 12,10  109276,50 7695 . 00 15304,50
¢ (8.91) (1.66) (1.60) (3.30) (1.95) (3e11)  (C.84%) (3935.5C) (259,00) (329050>



TABIE-ITIT D2

(S)é‘f%gvb)gzvalues of various Tissue Parametres of femsle Penagus indicus at Station-III(Edvenkadu,Vypeen Islupd
--EXOSKELLTON e - - - / ............... MUSCLE s e e e e e e e e e e e Y ZSSU S IEPATOPANCEEAS m o s v e e =
Yr.Month _Copper Zipc Calcium ~Magnegium Phosphorus. Conp-er Zing Caleium Macnesium  Poosrhorus
(ug/g)
4 Nov, 17,07  LO.G4 225,00 780,00 4689,50 19.2% 47,00 7681 .00 1653,0 1710450
9 (0.76) (4.53) (231,00) (24400) (151,50) (1.10) (0523 (166,000 (66,70 (37.572
8 Dec. 17.01 W5.62 182,50 770400 464950 20,39 49,86 7#79 oo 167970 1€98,70
e S (0632) (3.79) %6& 50) (11.00) (85,50) (0.9%) (0.,29) (155,00 (31.70) (14,003
Jan. 17.87 41,38 ?285,00 838,00 L4257, 00 19,85  L4,68 777050 1791,00 176,00
(Colt2) (1) (34%.,00) (27,00) (82,00) (0 49) (1.47) (123,50) {(30,C0) (4L0,00)
Feb. 17.30 50614 407,50 894,50 L4L758,00 20,79 L3.84 8041 ,50 1746, 00 12Lk7,50
1 012)  (1,20) (20,50) (2og5>> (1200,00) (0. 84) (1.39) 129,50) (59,00) (57.500
March. 17.30 5148  3538,50 1004.,50 436,50 18,85  LB.M42 8631450 1658, 00 1G€5,CN
9 (0.04)  (1.35) (77,50) (19.50) %118°50) (0M0)  (1.05) (164,50) (85400) (109,00}
April. 18451 50416  LOOY%,00 1134.50 4018,00 23.15 48,63 9219,00 2410400 2105 50
(0elt5) (1e)  (11600) (B1,50) (200,00) (1.,19) (0.57) (123,00) (66,C0) (9450)
May. 51647 53489  L4381,50 1216,50 4780, C0 20066 48,50 978,00 2407, 00 2131.50
a 4 (o.u2§ (0.98)  (33.50)  (26.50) (15.00) (0.512 (1.05> (253,00) (111.20)  (36.00)
June 14,70 43,92 3836,00 1181,00 5368400 2u.9§ .83 2901 ,50 2264,C0 1G8E,20
(0.42) (3.81) (132,00) (32.Vo) (150,00) (0.5 (1 60) (33u 50)  (151,00) (25, o)
Y July 15,67 L3114 294,00 929, 51C1.50 25¢22 56456 7801 .C 1791,00 1698,C0
(0.25) (L) %132 00) (24 50> (113,50} (1.,07) (0.98) (58,C0) (24, 00) {(17.50)
Auge 17,10 L6 63 113,00 815450 L5 78,00 18,96 51.23 466,50 17144 CO 164750
(0ek3)  (0.87, (32,00) (31.50) (140,00)  (C.21) (1.}44) (105,50 (20,07 (6,00)
Septe 17,29 49,93 3855.,50 774,50 L4995, 00 18,79 L8,.86 7710, CO 1645 ,50 1606.20
(1e11) (1:19)  (206.50) (9450 (48,00) (0.68:) (1.1)  (1e6.0n)  (5.50) (13.50)
Oct. 16,63 46,89 3291.50 781,00 L4768,50 20,46 Wi .82 M37.50 1638,50 171%,50
(1e1%) (1.48) (27450) (1C,00) (149,50) (0.71) (C.8%) (209, 50 (57.507 (16.5°



TABIE-TIT E

‘2
(S}éfggv.)g-values of various Tissue Parametres of Pepaeus indicus at Station-III(Bdvankadu,Vypeen Island)
................. FEMAL EBomamem e e /e e e M A L P oo
~HEPATOPANCHREASa/ marem s = e e e m e e “OVARY e o e e e [~ ———— ~BLOOD e e e
Yr.Month _Copper _2Zinc C Z C M 1 c
: ug/ml
1 Nove 2131400 678,50 1974,00 4682,00 184437 126039 = 386,37  91.59 = 43.15 114,76
g (16400) (15.590) (12.00)  (0,59) (0.79) ~ (6.19) “(1.9%) (3.97) (S.Sé)
Dece 200150 671,50 2018,50 4757.50 186,16 127,45 407,31 96,02 L4, ,83 107,05
3 (23+50) (33,50) (23,507 (1.,01) (1.16) (9.86) (1.46) (3.35) (1.60)
Jan. 2044,00 658,50 2103,50 449,00 192.41 131¢y L4, 97  K.F 41,66 113.6
2 (34,00) (12,50} (35.,50) (3%,00) (1.03) %2005) (L3.52) (3.21) (1..4.8) ‘(5§91
1 _
Feb, 2190,00 668,50 2152.00 4988,00 14,7 136, 508,61 97.56 47,78 110,02
(9.00)  (19.,50) (24,00) (o.o&) (0. (17.87) (2.07) (2.62) (%,60)
MaI'Ch,2128.50 701 «00 22’4'2.00 50800% 21%09 1)4'5926 719-30 119096 14‘7-80 120.0
9 - (W4,50)  (3,00) (16,000 k4, 4.70) (15.e4) (7.48)  (1.65) (1.22
April 2057.50 707,50 , 2277,50 5173600 218,00 148,04 741,71 137.3% 54,17 111.71
P (9.50) (23.50) 24,000 (Ce75)  (1.75)  (1.43) %3.78) (4+,02) (1.29)
y ... 2189,00 744,00 2280,00 5270,00 216,82  149.13 691,56 143.32 LR,18 118,60
® may.’ “(30000) ' (2%.00) (27,00)  (2,34)  (2.62)  (42.61) (3.3%)  (1.00)  (4.94)
0, 1813,00 583,00 2100,00 5190.00 19%.89  134,9 431,54 98,80 58,71 115,56
June. (23,00) (40,C0) - (77.00)  (7.05) (3950? (35.60) (15.62) ~(6.,23) (7,25)
L L 201450 6564650 1929.,50 4826,00 184,33 = 126,07 384,40 81,00 52423 128,90
July. (28,50) (17.50) ¢ (42,C0)  (1.15) (1.40) ~(2.25) (4.,35) (2.05) (2.45)
r 2068,50 672,50  1938,00 4738,50 182,72 123,96 405.23 88,82 42,27 120,782
Aug, (10,50)  (13.50) (4+.50) (1.24)  (0,18) (19.95) (0.64) (2.27)  (2.47)
= 2105400 660,00 1972,00 4739,50 185.49 125,71 H3%,71 94,26 45,23 114,75
Sept. (54,00} {(%,00) (39.50> (0.75 (2.58> %5.&3) (4+.84) (3.05) (2.,08)
Octe 2117.50 691,50  1987.00 790,00 4800,00 185.55  126.51 455,31 93,31 L5, 81 109 ¢ M
(12.50)  (18,57) (16,00) (0.39) (2.65) “(7.83) "(1:.i6) (1.66) (2.40)



TABLE.ITI F2

(Stngzg );-values of various Tissue Parametres of male Penaeus indicus at Station-III(Edvankadu,Vypeen Island)

%

«-BLOOD = =/ e e mem e e e -EXOSKE

Yr.Month Cgl
ug/ml

Nove 9.89  122197,90 8103.50 1512500 16069 44,80 461400 767,50 4296,50 17678 L4648
; (0e74)  (3234¢00) (1u9o§o) (252,00)  (0.26) (1.5%) 1218.90) (16.50) (381°%O) (1.95) (3.,07)

8 Dec, 11410 121909.00 7938,50 15430,00 19:49 46,55  3158,50 799,50 4354400 19614 41,90
3 (0.83) (3215,00) (74.50)  (317,00) (0.63) (1,05) %23.59) (13.50)  (139400)  (0,20) (1.52)

Jan. 10.79  114288,50 7938,50 16510,00 16089 47,80 46450 849,00 4080, 00 19431 L8,6%
(0e5k) (uk65.56> (115.50) (595.,00)  (0.4%) (3.05) 3 101f"o) (26.00) (235.00) (1.62) (1.11)

Febs 10,91  128877.50 8006,00 15829.00 17,72 49,08 346,50 887,00 ' L826,50 19.% 47,36
(0.52) (3265.50) (88,90) (886.00) (0677) (2.13) ?51050) (23.00)  (91.50)  (1.81) (1.55)

Mareh 11.96  122531.50 8055,00 1631050 18,45 49,64 782450 1009,00 4591 .50 18.26 47,23
(0.67) (3889.50) (160.00) (415,50) (1.30) (0.79) %158020) (34.00) (78.55) (0.72) (0439)

April 10.20 120658,50 8118.00 15980,00 18,90 5110  4124,50 1162.00 4828,00 22,10 48,08
(0,66) (1742,50) (200,00) (265.00) (1.96) (1.56)  (93.50)  (13.00) (375.90)  (1,43) (2,54)

May 12.1 106610600 8114,00  16575,00 23,22 52.58  4403,00 124,00 Lou5 00 17.'&% 47,70
7 (0422 (5209,00) (105:00) (365,00) (%.75) (1.89) (12,20) (22,00) (114.90) (0.50) (1.,45)

June 12,71 96142,00 7426.00 13470,00 19.32 44,30  4083.50 1167,00 4248, 00 24413 53,31
(2.,07) (1311,90) (213.,90) (655.00) (1.48) (0.85) (134.50) (%3,.90) (292.00)  (1.36) (D.86)

LETON—cme e e e e Y J U, MUSCLE == wmmm e e e e o e e

Ca Nos nhoris

(48252 210 S £ 0126 (152

8
July 1%.85 89973,50 6668450 1255050 15,55 LO,O4 580,50 985,50 5301,50 26,18 53,77
(0.49)  (2580.50) (125.50) (h15.56) (0.39) (3.10) T{3135.50) (gg.so) (53.50) (1.97) <?.u1>

Augo 16067 9U524,00  7324,00 13630,90 16,20 47,70 141,50 869.50 4760,50 21.19 49,00

\ £ (0.82) (1908,00) %270.00) (37300) (0,26) (1.25) (123,50) (29¢§o) (13uo§o) (1.76)  (144)

S to 1 6057 98788050 7931 -50 1)+ 7.00 1 6.81 10'5.25 3 30.50 83 .OO 5332. (X) 1 7. 71 )4'608}4'
eP (1.21)  (643.50)  (83,50) (283.00) (0.63) (3.69) %117.50) (33,00) (83,00) (1.23) (2,91

Octe 11e49  106590,00 8043,00 15525, 16691 43,91 93.00  789.50  4800.00 18,39 47.97
© (0:65) (4655,00) (98.50) (E?z,sg? (0o2%) (1,04) %35.00) (25,50  (15,00) (1.24) (0-58?



TABLE-TIT E,

(S?"ggv.ﬁ.values of various Tissue Parametres of Pepgeus indicus at Station-III(Bdvankadu,Vypeen Island’
.................. FEMA L Boeome oo e e /e e M A L B
«HEPATOPANCREASa/ meree e e e e “OVARY e e e e o e e e “BLOOD m e e e e

Yr.Month C 21 C M C yA C M i Ph C
ug/g ug/ml
1 Nove 2131.00 678,50 1974,00 978.00 4682,00 184,37 126039 386,37 91,59 L3.15 114,76
g (16,00) (15.50)  (4,00) (3.00) . (12.00) (0:59) (0.79) ~ (6419) (1.6%) (3.97) (S.Sé)
Dece 200150 671,50 2018.,50 812,50 4757.50 186,16 127,45 L07,31 96,02 L4, 83 107,05
3 (33050  (33.59)  (10.,5C)  (1050) (23,507 (1.01) (1.16) (9.86) (1.46) (3.35) (1.60)
Jan. 2044,00 658,50 2103,50 866,50 4849,00 192,41 131¢h L6497 %P L1,66 113.6
2 (34.00) (12,503 (35,50) (14.50) (3%,00) (1.03) ?2,,0‘)“) (43.52) (3.21)  (1.48) (5.¢1
1 N
Feb., 2190,00 668,50 2152,00 890,00 4988,00 194,77 136, 508,61 97,56 47,78 110,02
(9.00)  (19.50) (6.00) {3.00) (24,00) (o.o&) (0.5 (17.87) (2.07) (2.62) (4, 60)
March. 2128.50 701,00 2242,00 946,50 5080, 00 21?,96 1U45:26 719,30 119,96 47,80 120.0
9 (W4,.50) (3.00)  (29.,00) (15.50) ~(16,00) L.49)  (4.7C0) (15.24) (7.48) (1.65) (1,22
&4pril 2057.,50 707,50 , 2277.50 966,00 5173400 218,00 148,04 741,71  137.,3% 54,17 111,71
P (9.50)  (23.50) (3.52) “(1.00) (24,00) {(Ca75)  (1.75)  (1.43) %3078) (4+,02) (1.25)
, .., 2189,00 744,00 2280,0C 967,50 5270,00 216.82 149,13 691,56 143,32 L48,18 118,60
e May.” (30.00) (25,00) (9,00) (%+.59) (27,00)  (2.34) (2.62) (42.61) (3.1%) (1,00) (1.9%)
0, 1813,00 583,00 2100,C0 868,00 5190.00 199.89  134,9 431454 98,80 58,71 11556
June. (23.00) (40,00} (65.00) (36.00) (77,00) (7.05) (3.50? (35.60) (15.62) (6,23 (7,25
Lo 20M4,50 656650 1929,50 762,00 4826,00 184,33 126,07 384,40 81,09 52423 128,50
July. (28,50) (17.52) (11 650)  (7.00)  (42,00) (1.15) (1.40) (2.25) (4,35) (2,09) (2.,45)
s 2068,50 672,50  1938,00 761,00 4738,50 182,72 123.96 405.23 88,82 42,27 120472
Aug, (10,50)  (13.50)  {11.00; (2.00) (4+.50) (1.24)  (0,18) (19.95) (0.64) (2.87) (2.47)
2105,00 660,00 1972,00 782,50 4739,50 185,49 125,71 434,71 %426 L5.23 114,75
Sept. (54,00} 4,00 (17.00) (13,592 (39.50) (0,75 (2.58) %5.#3) (Le84) (%.05) (2.oé)
Oct. 2117.50 691,50  1987,00 790,00 4800,00 185,55 126.51 uL59,31 93.31 L5 .21 101
(12,50)  (18,59) (11.00) " (6.,00) (16,00) (o.§9) (D.65)  (7.83) (1%16) (1.66) (2.40)



Mean

(St Dev,);-values of various Tissue Parametres of male

IroMODth

1 Nov.

9
8 Dec,
3

———

Jan.

Feb‘
Mareh
April

9 May
June

July
Aug,

Septo

Oct.

-:.BLOOD hadk -/

(0,22

&

Cal

Gie/ad)

989  122197,00
(0a74)  (323%.20)

11410 121909,00
(0s83) (3245.00)

10. 114288,50
(oudh) (W465.50)

10491 128877,50
(0¢52) (3265,50)

11.96 122531.50
(0:67) (3889.50)

10.20  120658,50
(0.86) (1742,50)

12.1 106610600
(5209.00)

12.71  96142,00
(2,07) (1311,90)

15.85  89973,50
(0.49) ?3520550)

1 60 6? 9"4'5214'0 00
(0.82) (1908,00)

16457 98788,50

(1.21) (643,50)

106590, 00
0330505

11t
<o,2§>
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(1u9c§o) (252,00)
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793850 16510000
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(88.00) (886,00)
8055600  16310,50
(160.920) (4115,50)
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811400  16575,00
<1o5:oo) (365400)
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(213.20)  (&55.00)
6668,50  12550,50
(125.50) (412 .%0)
7%2u.oo 13630,20
2700,00) (87,00)
7931.50  14937.00
(83,50) (2&3;.00)
8043,00 1 525,50
(90,50) (312q50)

TABLE-IIIEé

L4 .80

16069 h61.00
(0:26) (1.5%) 218,09)
19.49 h6055 158,50
(0:63) (1,085) ?23.55)
16089 L47,80  3346,50
(0st4) (3,05) 101)."0)
1772 49,08 346,50
(0677) (2,13) 51050)
18, 49,64 782,50
(1.32) (0.79) 158.30)
18090 51410  4124.50
(1.96) (1.56) (93,50)
23+22 52,58  4403,00
(8.75) (1.89) (12.90)
19.32 44,30  4,083,50
(1:88) (6:32) (134.50)
1555 LO, 04 580650
(0.39) (3.10) 135,50)
16620 47,720 3141,50
(0426) (1,.25) 123,50)
16481 45,25  3330,50
(0.63) (3,69) ?117.50)
16691 43,99 93,00
(0,2%) (f.ou) 35?00)

767650 4296,50
(16.50)  (381,50)
799450 4354,00
(13.59)  (139,00)
849,00 4080, 00
(26.00) (235.20)
887,00 ; 4826,50
(23.00) (91,50)
1009,20 4591,50
(34.00) (78,50
1162,00 4828,00
(13.00)  (375,00)
1241,00 Lous .00
(22,00)  (114.00)
(43.90)  (292.90)
985,50 5301950
(Sﬁ.so) (53.50)
869.50 4260.50
(29,50)  (134,50)
833.00 5332,00
(33000) (83,00)
789.50 4800.00
(25,50 (15400)

ggngggg_ingiggg at Station-III(Edvankadu,vypeen Island)

—-----.‘--—--Qu._.--,‘ -

1’4’6 . ‘+8

(1.35) (3,07)
14 41,90
(0,20) (1,52)
1931 L8,6%
(1.62)  (1.11)
19.% L7,36
(1.51)  (1.55)
18.26 47,23
(0,72) (0439)
2,10 48,08
(1.43) (2.54%)
17 492,90
(0.50) (1.45)
2441 53,31
(1,35 (8.86)
26,18 53,77
(1.97) ($.h1)
21,19 49,00
(1.76)  (144)
17,71 46,84
(1.23) (2,97
18439 L7,.97
(1,2%)

(0.589
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Mean

(St.Dev );avalues of various Tissue Parametres of male Pepteus indicug st Station-III(Edvankadu,Vypeen,Island
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(265450)
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8875, 00
(412450)

7777.50
(162450)

7504650
(1 73050)
Septe 7690,CO
(149,00)
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(16&.50)

8

June
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Aug,

Octo

——— HEPATOPANCREAS - - -
(55.,50) . (36.,00)
1679,50 1599.50
<§3.so> (13?.?0)
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(15.50) (69 .50)
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2003,00 1 .00
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2386,50 2008,00
(56,50) (30.00)
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-
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TABLE.IV A
Mean
(St.Dev.) 3"’31“98 of various physicoehemical Parametres

at Station-IV(Open sea at zom depth)

Yr. Month W.Temp, Sa%:nity Oxygen pH Eh Pr.Prod. Nitrate Nitrite Ammonia T .Phosphorus
(0g) (%) (m1/1) (mV) (mgC/m2/4) (ug/1)
' Nov. 28,00 32, 2,99 7.85 1.1 810,00 23.66 12,8 8412 137.87
g (0.,50) (0.123 (0.46) (0,05) (10.80) (1.32) (3?%8) (h.6g) (2.65) ?13.51)
é Dec, 28.75 32.46 4.20 7.92 152,50 627,50 35.84 3.06 14,69 110,31
—— (0.,25) (0,03) (0.05) (0,07) (2.50) (12.5) (5.50) (0,61) (1.24) (7416)
Jan, 28,75 N o6 7,92 142,5 672,50 15, 2,79 17,80 137.5
(0.25) 8.ou) (3.20) (0?02) (7.50) (42,50) (2.3?) (0.04Y (1,38) (3.99
Feb, 28,50 4,49 2,95 7, 147,50 688,00 17,1 5.5 12.81 147,85
1 (0650) %0.33) (0.60) (8?00)(22.5) (10,00) (h.e?) (0,36) (0.66) (0.49)
March 28,7 4432 SU 7,92 137,50  6410.00 17.1 5.76 16,50 153,
e (0e25) 0.?1) %0.23) (0,07) (%.So) (64+400) (0,01) (0.65) (2.24) (8451
April 27,75 4 47 «81 787 155,00 697,50 22,16 «79 18,46 158.56
9 Y (0.75) %o.h?) %0.31) (0,02) (10,00) (3362) (1.66) (?.68) (2.38) (12.38)
May 26,40 34,15 3.57 7¢72 110,00 76150 52,50 21.81 27.78 148,87
(0.60)  (0,15) (0.03) (0,02) (15.90) (23.50) (11.14) (1.33) (3.99) (3e74)
Jun 25.25 35 .04 3.26 757 142,50 784,50 203,20 17,16 45,08 155.95
8 © (0:25) (0.11) (0s05)  (0,07) (17.50) (90,50) (73.95)  (3.42) (1,36) (15.39)
J ® ® [ [ ] ® [ ]
R @88 05 W% 3:8) "% BBy 133 43, 1%3:63)
Auge 23.75 3%.50 0,58 742 92,50  1346.50 259,51 21.42 78,52 120,54
(0,25) (0.38) (0,04) (0,07) (17.5) (98.50) (4, 04)  (1.25) (4.65) (4,25)
Septe 24,50 2,94 1.46 7,60 80,00 1105,00 181.6 1125 51,5 105,62
(0,00) %0.05) (0oO4) (0.,00) (5.00) (39,00) (13.8%) (L48) (13.61) (1.16)
Octe 25,25 25 2,54 7.80 122,056 965,00 40,83 5.95 12,76 125,63
(0,25) 3%0.15) (0,20) (0.05) (17.50) (9.00)  (4.3€) (1.52y (3.79) (15.29)
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Mean
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TABIE-III G
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)g-values of various Tissue Parametres of male Penseus indicus at Station-III(Edvankadu,Vypeen,Island
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(1.,16)

101,11
(0.33)
104%,11
(0.,€6)
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TABLE.IV a 1

(Szfla)gv.))-values of various physicoehemical Parametres at Station-IV(Open sea at Zcm depth)
Month W,Temp, Sa%:nity Oxygen pH Eh Pr.Prod. Nitrate Nitrite Ammonia T .Phosphorus
(0g) (%) (m1/1) (m7)  (mgC/m2/43) Cug/1)
Nov. 28,00 32. 2,99 7.8 1.1 810,00 23,66 12,8 8412 137.87
(0.50) (0.133 (0.46) (0,05) (10.30) (1.32) (3.48) (\+.6g) (2.65) %13.51)
Dec, 28,75 32.46 4.20 7.92 152,50 627,50 35,84 3.06 14,69 110,31
(0.25)  (0,03) (0,05) (0,07) (2.50) (12.5)  (5.50) (0.61) (1.24) (7416)
Jan, 28,75 3.9% 366 7,92 142.5 672,50 15, 2,79 17,80 137.5
(0.25) OeOlt) (0.,20) (0?02) (7.50) (42,50) (2.12?) (0.04Y (1.38) (3.99
Feb., 284,50 L4 49 2 7o 147,50 688,00 17,1 5¢5 12.81 147,85
(0,50) 0.33) (O?ZO) (3?00)(22.5) (10,00) (l+.813) (0.36) (0.66) (0.,49)
March 28,7 4.32 1N 792 137,50 610,00 17,44 576 16,50 153,
(0.25) 0411) %0.23) (0.07) (3.50) (6400) (0,01) (0.65) (2.,24) (8451
April 27,75 Y47 «81 787 155,00 697,50 22,16 e79 18,46 158.56
(0.75) 0.47) %0.31) (0,02) (10,00) (MQ62) (1.66) (?.68) (2.38) (12.38)
May 26,40 34,15 3.57 772 110,00 761,50 52,50 21,81 27,78 148,87
(0.60)  (0415) (0,03)  (0,02) (15,00) (23.50) (711.14) (1.33) (3.99) (3.74)
J 25,25 35.04 3.26 757 142,50 784,50 203,20 17.16 k45,08 155.95
e (0:25)  (0.11) (0s05)  (0.07) (17,50) (90.,50) (73.05)  (3.42) (1.36) (15.39)
T8 dn¥ 0 &8 W% B8 "9%%, Ry B 1%y 153
Aug, 23.75 34,50 0,58 7.42 92,50 1346,50 259,51 21.42 78,52 120,54
(0.25) (0.38) (0.04) (0.07) (17,5) (98,50) (1%, 04) (4 e25)  (4.65) (4,25)
Sept, 24.50 2,94 1.46 7.60 80,00 1105,00 181.6 11.25 515 105,62
° (0,00) %0.05) (0eO4) (0,00) (5.,00) (39,00) (13.8%’) (H8) (13.61) (1.16)
Octe 25.25 33.25 2,54 780 122,06 965,00 40,83 5.95 12.76 125,63
(0,25) %0.15) (0.20) (0.05) (17.50) “(9.00) (4.3€) (1.52Y (3.79) (15.29)



. TABLE-IV B

1

(St.Dev. )g-values of various physicochemical Parametres at Station-IV(Open sea at ?C m depth)

Mean
Yr, Month -5 ------
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(1.39)
Mareih Y144
(0.35
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TABLE-IV C,

P

(Slge%gv );svalues of various physicochemical/Tissue Parametres at Station-IV(Open Sea at ""m depth)
............ IN TISSUES OF FEMALE PENAEUS INDICUS-ecccccmcmmmo e e e o m
..... SEdTIEMENT--/--------_---_--.BLoaD-__-------__-_--------/-------_-_EXOSKELETON---------_-
Yr, .Month C Z c c Z c M 1
. Eug? gg ug/ml ug/g
4 Nove M.31  51.78 710,38 147,93 60,0k 11577 13.56  118023.,50 8074,00  15806,00
9 (1e84) (3.39) (0,28) (0.56) (5.69) (1.52) (0.37) (11600,50) (89,00) (165.C0)
8 Dece 38458 51.M 715.94 146, 55 .87 114,81 13,15 114%119,50 &188,00 16060, 00
(1.80) (2.43) (10.51) (0,16 (2.35) (2,05) (0.6+)  (W2u4.50) (53.00)  (185,C0)
Jan, 34,82 5%.27 736,49 152,73 51.6 120,26 1%.28 121442,00 8348.50  16311,5C
4.32) (4,91) (0.86 (0,18 (0.18 (1.72) 0,39) (5010.,00) (114,50)  (666,50)
Feb, 2.94% W1,77 48454 155,22 7.00 118499 13.77 119749.00 8225.50 17080, C0
1 %3979) (0.98) (7,27) (1.50) 4a17) (1.84 0,58)  (1404,00) (53.50)  (35.00)
Mareh 29,97 39.31 Tle e 15k ,L3 2,22 121.9% 13,15 124408.00 8362.00  16960.00
9 (4,49) (5.,12) (2.39) (0.,49) (4.06) (2.33) 0.21) (563,00) (89,C0) (285.C0)
April. 42,30 39,30 = 748410 1551 L, 91 118,69  13.41 120911,50 8246.50  16946,50
(2.%6) (6.46) (10:30) (2.13 (2.42) (3.26) (8.&5) (2533.50) (68,50) (171.50)
® May 43,00 39.66 741605 153,75 337 121,45 13,66 119611.50 8140,00  17110.00
(k.55) (8.48)  (3.25)  (0,60) 2.04) (1.06)  (1.10)  (4066.,50) (75.00) (135,00)
3 Jure 33,74 43,76 760,47 157,70 L, 60 116431 127 116666.50 8214,50  16852,50
7¢56) (2.48) (2,49 (0.52) (1.65) (0.96)  (0.,60)  (2951.50) (49,50) (42,50)
July 40,11 44,82 758451 157,22 52476 12301 15.34% 119331.50 8060,00 16950,C0
(5.30) (2.64) (6,18) (1.28 (1.58) (4e 77 (1.40)  (2213.50) (75.C0) (5.00)
Auge 47,39 44,96 748475 155431 56410 141 41 19.85 114680,C0 801,00  17200,C0
(34C0) (1,.L7) (8.35)  (1.77) (3.27) (1.42 (0.49)  (565.00) (107,00} (45,00)
Septe SHe+ 51,12 71490  148,2 46,26 136,88 16,76 126997.00 8190,50  17076.50C
(2.12)  (O41) (1.19) (0.20 (3.11) (7:53)  (0.79)  (10652,00) (4%,50) (98,5C)
Octe 49499 L2,.80 721.6 49,6+ 47,12 121,32 14,22 118278,00 8238,52 16710,C0
(6.84) (4,55) (3,36 (0.69) (1.%0) (5.3&) (0.2%)  (3400.00) (5%.55)

(35.00) . R



TABLE.IV D

1
(S}gi’ggv.)g-values of various Tissue Parametres of female Penaeus indicus at Station-IV(Open sea at ""m gernth
~==EXOSKELETON == /e e e oo e MUSCLE me e e ee e A zE:iATopANCREAS--------
Yr.Month Copper 2Zinc  Caleium » N s g/rtils Copper Zinc Calcium Magnesium Phosphorus
' ug/ g’
1 Nove 21,17 52,10 L4261,50 1252.00 5245,00 20,80 48,10 10582,00 2591 .50 20514900
9 (0.39)  (0.43) (22.50) (4.00) (10,00)  (0.65) (0.24)  (97,00) (4450 (5.00)
8 Dpec. 1¢7 5258 4230,00 1247.00 5179000 21,22 50,16 10351 .50 2591 .00 2085 ,50
2 ¢ 0.75) (0.26) (11.00) (16,00) (15,00)  (0.25) (0,18) (437,50) (20,00) (3.50)
~ Jan. 19,32 50.58 4282,50 1254400 5226,00 19,59 47.99  10634,00 2619,50 2143,50
(1e11)  (0.95) (14,50) (11.00)  (8.00) (0.97) (0.65) (38,00) (7050§ (14,50)
Fets  20.67 50,20 4336,50 1306.50  5230.00 19,06 L47.48 11706,00 2667,00 2215,00
e 1) (BSB (13.50) (5000 (o Tl THRS%0  2667.00 (30250)
March 21.0%  54.7%  4394,50 1344,50  5209,50 20,24 49,02 10625 ,50 2728,50 2181,00
(0.39) (0.29) (31.50) (9.50) (25450) (0.40)  (0s31) (53,50) (12.50) (31.00)
T Aprid 20.58 53411 h%?S.SO 1?50.50 5204400 21012 4748  14114.00  2712,00 2181.,00
(1.37) (0.7) 10.50) (16,50) (30.00) (0s3%) (0,86) (18,00) (17, 0) (12.00)
May 20,76 51428  14339,00 1332.00 5241,00 20,09 50,10 10779,00 2703,50 2228,50
9 (1.91) (0.35) (2Lk.00) 17,00  (22,00) (0.3%) (0.47) (188,00} (15.50) (5.50)
June 20,82 53,26  4338.00 1357,00 5206.50 21,05 49,96  10854.00  2621,00 2113450
(0e39) (8.61) %9.00) (12.00)  (31.50) (0.07) (0.38)  (100,00)  (28.00) (35?50)
July  21.29 51,32 L4346,00 1301.00  5343,50 23,21 52,04 10999.50 2552,10 205€,00
3 (Ce65)  (0,11) (21.00) (15,00) (25,50) (0.86) (1.41) (145.50y  (11.50) ?15.00)
Aug. 20,73  52.21 4 13450 131550 5301,50 24,52 53,68  10659,50 2556,00 2004450
(0u41)  (0,03) %23.50) 19.50) (37.50) (1.33) (1.01) (173.%0) (13.20) (51.553
SePt. 17,893 51,60 L30 +50 1297.00  5192,50 20,99 51.,2% 10806,00 2594,50 2065,50
3 e (0s4+7) (0,04 %u?.so) (18.00) " (17.50) (0.57) (0.39) (45.00) (7.590) (81,00)
Octe 19,01 52.66  4303,00 135%000  5162,00 1999 ~ W9.94%  10348,50 2624, 00 2129,00
(0s66) (0,19) %10.00) (9.08) (13.00} (0,57) (0.51)  (99.50) (5,00) (60,00)



TABIE-IY’Ei

Mean

(St .Dev ))=Va1u63 of various Tissue Parametres of Pepaeus indicus at Station-IV(Open Sea at 30m devth)
...................... FEMAL E--_-__-----____-,-------_---/-----~-----------M AL Boommema.
~~HEPATOPANCREASw/ - < - mm e - e e e OVARY oo oo oo 77T BLOOD

Yr.Month Coprer Z2inc  Calciun “QznQsux1JﬂxxunLJ;uL__Jx&x;_ing_ Calcium Magnesiun Phosvhorus Copner

Nove 2141450 724,50  2231,%0 9944 70 5218,00  212.44% 147,15 713,38 144,10 42,06 115 .15
(10.50) (6.50) (13,50)  (%,16) (3.00) (0e91) (1.80) (2.71) (1.56) (1.22) (1.69;

;
9

2 Dec, 2147,00 723,50 2257,50 1022,9 5248,50 214,36 1h9,16 71481 141,17  Lo.k49 116453
2 (16,00) (1.53) (20.50) (9035§ (7.505 (0.38‘ 1671) (10 %3) (1 78) (o.+1) (2.§+>

T Jan. 2181.00 726°SO 2324,00 1023,27 5286.,00 216,38 15J 10 8.93 150,76 45,49 116,25
(29,00) (7,50} (?u 00) (3o96) (1,00) (v,og) (1.;&) %1 93) (2.17) %1. (0.295

Fete 2174400 733,00 2306050 1006, 70 5297.50 218,25 151,20 749,40 153 85 46,61 113.09
(10000) (5,00) (8,50§ (19416)  (17.50)  (0.38) (136 (2.47) (3.12) (3.26) (1.23)

Marcn 2160,00 735,00 2320,50 990,16 5312,50 216,95 152 92 M5.05 157.2%5 40,83 1174545
= (29,00) (11,00) 4.50) (5.79) 2 50) (1.43)  (1.%)  (4.93) (2.69) (2.50) (2.Cn,

April.2165,50 743,00 2308.00 1019.24 5300050 217.79 151,08 7hh.oo 149,57 51,70 117,40

9 (9.50 (14,00} %11.00) (5.40) (6.50) (0.79) (155)  (8.49) (1.,30) (1.55) (C.32)
May. 2112,00 725,50 2304,00 102942 528600 21706 149, 7&5 88 15 L4 .56 117,91
(27.20) (9650) (6.00) (10411 (11.00) (2, 112 (onea? %1 100 (2.31) (2.5%)

June. 2134,00 712,00 2274,00 991,88 5282,50 216,05 148,09 761.13 156077 9489 116441

8 (15,00) (3.00) (11,00) (6.43) (1,50 (1.57) (0.23) (2.77) (0.45) ? uu) (1.524

July. 2100,00 695,00 2285,50 978, 5200.50 214463 147,90 760,47 158,33 41.78 126.5
(12,00}  (11.00) (1.50) (3.08 (17.50) » (0,68 (0.55)  (9.23) (1.24) (0,03) (%, 96j

Aug, 2090,50 679,50  2292,50 1004%.48 5278,00 217,28 148436 751,76 154.75 43,08 138,
3 (22.50) (14,50)  (17.50)  (8.86) (7,00) (0:55)  (0.99) (9.36) (3.78) (1.43) (1, 60

Septe 2137450 724,50 230%,00 1018,7% 5300,00 217038 151487 715,90 151,38 51,60 128.02
© (5.,50) (5.50) 6,00) (3.38) (31 00) (0,06)  (1.06) (1.19) (3.29) (5. 170 (4,24

Oct. 2117~50 716050  2329,00 1021.1% 529 50 217.75 150.5% 718,63 149,01 L 116,25
¢ (5.50) (4,50) 2:020) (3,72 % (1.19) (1.09) (2.3%) (3 34 %3 76) (2.2



Mean

(5t Dev.)g-values of various Tissue Parametres of female

Yr.Month Copper

1 NOV'

3

5 Dec.
J& .
Feb.
March

LN

pril

May

June
July

Aug,

Octo

~~<EXOSKELETON-../

...................... MUSCLE

TABLE.IV D,

2117
(0.39)

1477
0e78)

19,32
(1e11)

20.67
(0.89)

21404
(0.39)

20,58
(1.37)

20,76
(1.91)
20,82
(0e39)
21.29
(0a65)

2047
(o.h%)

17.893%
(o.h?)

19.01
(0 66)

Zinc  Calciupy ﬁﬂaxnﬁaimn_nhn?

52410
(0.43)

2.58
%0.26)

50.58
(0.95)

50920
(1.66)

51o7u
(0.89)
53611
(8.75)

51428
(0.35)

26
%8.61)
51.32
(0411)

52421
(0,03)

1460
%0.0M)

52466
(0:19)

4261,50
(22,50)

L230,00
(11.00)

4282,50
(14,50)

u336¢~0
(82509

4394 .50
(31,50)

4398,50
?10.20)

4339,00
(3&.00)

23830

L4346,00
(21.09)

4313450
%23.50)

L30 +50
83:28)

4303,00
%10.00)

1252,00
(4,00)

1247,00
(16.00)

125400
(11.00)

1306,50
(13.50)
134,50
(9.50§

1350450
%16.?0)

1332,00
17.00)

1357.00
(12,00)

1301,00
(15,00)

1315450
19.50)

1297,00
(18,00)

1354900
(9.00)

Penaeus indicyg at Station-IV(Open sea at “"m 4
.......................... zafbATopAncnnAs--------
phorus Copper Zinc Calciym Magnesium Phosphorus
ug/g)
5245.,00 20,80 48,10 10582400 2591,.50 2051,90
(10,00)  (0.65) (0.24) (97,00) (u.Soi (5.00)
5179,00 21,22 50,16 1035150 2591 .00 2085 .50
(15,00) (0.25) (0,18) (457,50) (20,00) (3.50)
5226,00 19,59 47.99  10634,00 2619,§o 2143,50
(8,00) (0.97) (0.6 (38,00) (7,50 (14,50)
5230.00 16,06 47,48 11706.00 2667,00 2215 .00
(5.00) (0028) (1.1%)  (110,00) (18,00) (30,00)
5209.50 20,24 Lg,02 10625 ,50 2728,50 2181,00
(25450) (0.40)  (0.31) (53.50) (12.50) (31,00)
5204400 21,12 4748 11114%.00 2712,00 2181,00
(30,000  (0.3%) (0,86) (18,00) (174 20) (12.00)
5241,00 20,09 50,10 10779.00 2703.50 2228,50
(22.00) (0.3%) 1(0.47) (188,00}  (15.50) (5.50)
5206,50 21,05 49,96  1085% .00 2621,00 2113.50
(31.50) (0,07  (0.38)  (100,00) (28.00) (35350)
5343.50 23,21 52,04 10999.50 2552,10 2056.00
(25.50) (0.86) (1.%1) (145,50  (11.50) (15.00)
5301,50 24,52 53,68 10659 ,50 2556,00 2004%,50
(37.50) (1.33) (?.01) (173.%0) (13.90) (51f5%>
5192.50 20,99 51.2% 10806,900 2594.,50 2065 .50
(17.50) (0.57) (0.39) (45 ,00) (7.50) (81,00)
5162,00 19,99 49,94  1034%8,50 2624 ,00 2129,00
(13,00}  (0.57) {(0.51) (99.50) (5.0C) (60,00)

enth



(g‘éagev )gavalues of various Tissue Parametres of Pepaeus indicus at Station-IV(Open Sea at 30m devth)
1 [

=~EPATOPANCREAS -/ e e OVARY e e e o Y A ~BLOOD e e e
¥r.Month Coppar Zine Caledym Magnesium Phosphorus Copper Zinc Calcium Magnesiim Phosphorus Coprer

Nove 2141,50 724,50 223150 994,70 5218,00 212,44 14715 713,38 144,10 42,06 115,15
(10,50) (6.50)  (13,50) (L416) (3.00) (0e91) (1.80) (2.71)  (1.56) (1,22) <f.6§)

1
9 .

S Dec. 2147,00  723.50 2257.,50 1022,9 5248,50 214,36 149,16 7L, 51 M1,17 Loy 11645
e (16,00)  (1,50) (20.50) (9035? (7.503 (0933) (171 (10.43) (1,78) (0.%1) (2.§§>

O Ten mom 726050 Theely 199337, g286.00 ey a0y 73 ol Y, 16E
RGeS BRY avege 1weno, G953 R 32 Tanke, 193ess, G5 13
T BNS WS % 9 EE AT BB M, "R WS
o TPRRRER BRI, 20000 10192 W55 W N, M, vesr AR

May. 2112,00 725,50 2304400 1029.2 5286,00 217.6 149, 745,88 153,25 LY 56 117,91
(27.20) (9¢50)  (%,00) (10411 (11.,00) (2.11) (0,83? (3.09) %1.10) (2.31) (2.5%)

June. 2134,00 712,00 2274.00 991,88 5282.,50 216,05 148s09 761,13 156,77 .89 1164%1
8 (15,00)  (3.00) (11,00)  (6,43) (1,50 (1.57) (0.23) "(2.77) (045)  T0.M}) (1.525

July 2100,00 695,00 2285,50 978, 5200,50 214,63 147,90 760,47 15843 41,78 126.5 "
(12,00}  (11.00) (1,50) (3,08 (17.50) » (0,68 (0.45)  (9.23) (1,2%) (0,03) (u.96?

Auge,  2090,.50 679.50  2292.50 1004.48  5278,00 217,28 148,36 751,76 15%75 43,08 138454

3 (22.50)  (14,50) (17.50)  (8,86) (7.00) (0.55)  (0.99) 1(9.36) (3.78) (1.43) <1-60§
Septs 2137.50 724450  2304%,00 1018.7% 5300,00 21738 151,87 715,90 151.38 51.60 128,03

PE 5SS (5:20) “Te. 695 (3:38) o160y 207238 (1206) "(12179) '339) " 3%y 1233

Octe 2117.50 716,50  2329,00 1021.14% %ﬁ9§6§0 217.75 150.5% 718,63 1

116,29
(5.50) 4e50)  {9,00) (3.72)

49,01 h%.01 -
(1.19)  (1.09) (2.38) (3.34)  (3.76) (2.28)



TABLE.IV p 1

(S}gfggv.)g-values of various Tissue Parametres of female Penag;;sj._ndlm at Station-IV(Open sea at *op denth
== =EXOSKELETON—m /e e o MUSCLE e e e [ e zEfEATOPANCREAS--------
Yr.Month Copper Zinc,  Calciunm JWM%QE/ON)JS Copper Zine Caleciym Magne sium Phosphorys
' ug/g.
1 Nove 21,17 52,10 4261,50 1252,00 5245.,00 20,80 48,10  10582,00 2591,50 2051,00
9 (0.39)  (0.43) (22.50) (hh60) (10,00)  (0,65) (0.2Y) (97.00) (%2503 (5.00)
8 Dec. 21.77 52.58  4230,00 1247.00 5179000 21,22 50,16 10351.50  2591,00 2085 .50
2 O whishy 1835 (11.00) (16,000  115.00) (01%5) Zocigy (437,50)  26.60) (3.50)
~ Jan. 19,32 50.58  4282,50 1254400  5226,00 1959 47,99 10634%,00 2619,50 2143,50
(1e11) (0.95) (14%.50)  (11.00) (8.00) (0.97) (0.65) (38,00) (7,50 (14,50)
Fets  20.67 50,20 4336.50 1306450 5230,00 19,06 L7.48  119%06.00 2667.00 2215 4,00
; (0e89) (1.56) (8.50§ (13.50)  (5.00) (0.28) (1e14) (110,00) (18,00) (30,00)
March 21,04 5Fe7h  U394,50 13##.%0 5209.,50 20,24 49,02  10625,.50 2728,50 2181,00
(0e39) (0.29) (31.50) (9.503 (25.50)  (0.%0) (0631)  (53,50) (12,50) (31.00)
1 April 20,58 53¢11 4378,50 1 50e50  5204,00 2112 47,48  14144.00 2712600 2181,00
(1.37)  (0.7) 10,50) ?16,50) (30.00) (0.3%) (0,86) (18.,00) (174 20) (12.00)
M&y 20.76 51028 "0'3 9000 1 32.00 52)+1 +00 20‘09 50010 10779900 2703.50 2228.50
9 (1.91)  (0.35) (2&.00) 17.00)  (22,00) (0.34)  (0.47) (188,00) (15.50) (5.50)
June  20.82 53,26  4338,00 1357,00  5206.50 21,05 49.96 10854400 2621, 00 2113450
(0e39) (8.61) %9,00) (12,00) (31.50) (0,07 (0.38)  (100,00) (28.00) <35550)
July 21,29 51.32  4346,00 1301.00 5343,50 23,21 52,04 10999,50 2552,10 205 €, 00
3 (Ceb5) 1(0,11) (21.07) (15,00) (25.50)  (D.86) (1.41) (1L45,.50) (11.50) ?15.00)
Aug. 20,73 52,01 4313.50 1 15450 5301,50 24,52 53,68 10659 ,50 2556,00 2004%,50
(0k1) (0.03) ?23.50) 19.50) (37,50) (1.33) ,(%.01) (173.%0) (13.00) (51?55)
SePts 17.89} 51,60 4303.50 1297,00 5192,50 20,99 51,24  10806,00 2594,50 2065,50
3 7 (0al+?) (0,04) %h;.so) (18,00) "~ (17.50) (0.57)  (0.39) (45 .00) (7.50) (81.,00)
Octe 19,01 52,66 u?03.oo 135%00  5162,00 L 10348,50 262%,00 2129,00

19.99 9.94
(0.66) (0,19) 10,00) (9,00) (13,00) (0.57) (0.51) (99.50) (5.00) (60,00)



TABIE-IV B

(gifgev.)g'values of various Tissue Parametres of Pepseus indicus at Station-IV(Open Sea at 30m deoth)
...................... FEMAL E----_-----_-----------~-~---/---—-------------M AL Bae .
==~HEPATOPANCREASa/ - e OVARY et e e e e e e oo Y BLOOD e e

Yr.Month Copper Z2ing Calcium Mg o Co Calcium Magnesiym Phosphorus Copoer
1 Nove 21W1,50 724,50 2231,%0 994,70 5218,00 212,44 147,15 713,38 144,10 42,06 119.15
S (10:50) (6,500  (13,50)  (%,16) (3,00) (0.91) (1.80) (2071)  (1.56) (1.29) (#.69‘
8 Dec., 2147,00 723.50  2257,50 1022,9 5248,50 214,36 149,16 71k, 81 M1.17  Y2.h49g 11645
< (16400)  (1,50) (20.50) (90353 (7.505 (0.38) (1s71)  (10.%3) (1.78) (0.%1) 2.23)
J an 21 81900 726950 2 2‘4‘000 102 .27 5286.00 21 69 8 150010 Vi 9.9 150o76 l+5.1+9 116-25
(29,00) (7,505 (?uooo) (%.96) (1.,00) v.o%) (1.5%) %1.93) (2.17) (1.84) 0.29§
Febe 2174,00 733,00 2306.50 1006, 70 5297.50 218,25 151,20 7h9,40 153.85 46,61 113402
(10600)  (5,00) (8;50? (19.16)  (17,50) (0e38)  (1.36) (2.47) (3412)  (3.26) (1.23)
1 March 2160.00 735400 2320,50 990,16 5312,50 216,95 152.92 45.05 157.% 40,893 11745
(29,00) (11.,00) 4.50)  (5.79) (2.50) 1.43) (1.%)  (%.93) (2.69) (2.ho) 2.0,
April.2165.50 743,00 2308.00 1019.24 5300,50 217,75 151,08 44,00 149,57 57,70 11740
9 (9.503 (14,00} %11.00) (5.40) (6450) (0:79)  (1.55)  (8.49) (1.30) (1.55) (c.a2)
May. 2112,00 725,50 2304,00 102942 5286,00 217,67 149, 745,88 153,25  L4,56 117491
(27.00) (9450)  (6,00) (10,11 (11.00) (2.11? <o¢si? (3.%%) %1.10) (2,31)  (2.5%)
June. 2134,00 712,00 227%,00 991,88 5282.50 216,05 148,09 761,13 156,77 9,89 116441
8 (15,00) (3.C0)  (11,00) (6.,43) (1.50 (1.57) (0.23) (2.77) (0.,45)  (0,4}) (1.52)
July. 2100,00 695,00 2285,50 978, 5200,50 214,63 147,90 760,47 158,33 L1,78 126.5
(12,005  (171,00) (1.50) (3,08 (17.5%) (0,68 (0.45)  (9.23) (1.24) (0.03) (l+.96j
Auge 2090.50 679,50 2292.50 100%.48 5298,00 217.28 148,36 751,76 154,75 43,08 138454
3 (22.50)  (14,50)  (17.50) (8.86) (7,00) (0.55)  (0.99) 1(9.,36) (3.78) (1.43) (1.60?
Septe 2137450 724,50 2304.00 1018.7% 5300,00 217038 151487 715,90 151.38  51.60 128,03
¢ (5,50) (5,50 %6.00) (3.38) (21.00) (0,06) (1.06) (1,19) (3.29) (2.17) (4,24
Octe 2117.50 716,50 2329,00 1021.1%  5293,50 217, 15054 718,63 149,01 43,01 116,25
© (5.50) (h.go) 9?00) (3.72) (u.éo) (1.13% (1.09) (2.36) (3.3 %3.76) (2,29§ :
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Station-IV(Open sea at>c m depth)

1274,50
(10.50)

1263,00
(12.00)

1267.50
(2050)

1335450
32505

1%6h.50
10,50)

5193,50
(19?50)

5162,50
(21,50)

5222,00
(26,00)

5184+.52
(50.50)

1332,50 5215450
(13,50) (29.50)

1310.00 5254,00
(14400) (20.00)

1322,00 5234,00
%1 3+00) (0?00)

1298,00 5370,00
(13.00) (25.00)

1327.0C 07,00
8.00) 5?11050)
1362450 5235,50
%u.so) (2%.50)
1322,00 549 .00
500y 217 8o

hade 2 L T T YL TOX gy

21. 50610
(o.gZ) (0:56)
2,64 50,31
(0,68) (1.32)
2,06 52,1
(1.68) (0,149
22,44 50,45
(0009) (0:89)
2241 50.68
(181 (2.,19)
22.5% 51,25
{1:09) (0,40)

22,99 51,96
(0636) (0.57)

22.90 51,00

(1.05) (0,33)

26,40 67

(1 005) %%. 7
24,92 56,06

<o.2§) (1.55)
22035 51.85

(0.,0C) (1,07)
21.90 §

2.06
(0.45) (0.58)
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(St Dev_ ) ~Values of various Tissue Pa‘rametres of male Penaseus indicus ﬁt Station-IV(Open sea atz0 m denth)
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(S’;fggv. )g-values of various Tissue Parametres of male Pepaeus indicug at
«BLOODmwe/mccmmmcmmeaa e ~EXOSKELETONe e munm e e e Y MUSCIE e e
Yr Month(u ne m P . esium
1 Nov. 11.6% 132211,00 7759e00  16267,00 21.2 SHe75  1302,00 1274,50 5194,50
| ow i s oy e G0 G S
2 (0,11)  (5528.50) (36,00  (98.50) (0.65) (0.153 (40,00)  (12,00) (19.50)
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TABLE-IV'Fl

Station-IV(Open sea at>C m depth)

21.87 50,10

(0e84) " (0.56)
2,64+ 50,31
(0,68) (1.122)
22,06 52.1;

(1.68) (0,49
22,4 506145
(0,09) (0.89)
22,1 50.68

(1481 (2.19)
22.5% 51,25
{1e09) (0,40

22,99 51496
(0.36) (0,57)

AR

%16:?) s
T6i08) sy
{o:30) tio
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Jan,
+ FYeb,
March

April

June
July
Aug.
Septe.

Octo

\
j-values of various

TERIDLIV G

1

112,28
(1.61)

116,08
(1.33)

115.76
(0.08)

115,
(0.85

118,

(0439

116,08
(0,29)

11541
(2.30

112.53
(1.38)

11%,22
(1.53)

115,.8
(0.58)

Tissue Phrametres of male Penaeus indicus at Station=-IV(Open sea at20 m depth)

88,95
(0.41)

88,91
(1,0)

90,36
(0.,12)

89,23

(0,10)
8844k
(2.90)

87.32
(0.65)

91,54
(3.21)
92,89
(0435)

92,79
(1,95

90,85
(0.89)

88493
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90,58 i
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Mean

TABLE -IV A2

(St Dev’)-values of various physicochemical Parametres at Station-IV(Open sea a% zom depth)

X_E_Q Month w.Tem
&
1 Nov. 27025
(0e25)
g Dec. 28,50
3 (0,00)
Jano 28.25
(0,25
Feb, 28,75
1 (0025)
March 28.25—
(0.25)
9 April 27,50
(0.50)
May 26,25
(0.25)
June 4.7
® (0035
July 24,25
(0.25)
L Aug. ?.50
Septo 2\4‘025
(0.25)
Oct. 25.25
(0625)

2.79
0.25)

3.82
0.12)

e 77
0.12)

9«07
0.02)

5.0
0.19)

35411
(0.01)

o %
4225y
%0.97)

3.1%
0.39)

L+,02
0,02)

16:%)

pLEss,

2.57
(0617)

070
0.55)

.69
0o 04)

16255)

o6
o.‘195 )

4 40
(0,08)

0?77
0.12)

%o°1o)

(5:20)

e37
(o?ha)

1,84
(0.59)

2,32
(0?19)

Prod
e Ny )
7.82 148,00 735 .00
(0.02) (8400) (10.5)
175,00 711,00
(o 05) (10,00) (17 00)
7.71 150.00 729,50
(0.07) (10,00) (1? go)
7,72 152,50 630.
(0.02) (7.%0) (?5.oo>
7.82 17750 628,00
(0,07) (7,50) (23,00)
7,70 182,50 722,50
(0.10) (7,50) (82.50)
7,60 140,00 807,50
(0,05 €15,00) (67.50)
7.47 170,00 909,50
0.02) (10,00) (135.5%)
7.42 125,00 1540,00
(0.07) (35 00) (170,00)
745 1% 39,50
(0,05) (20.00) 105,00)
7452 «50
(o 02) ??oooo) (38f5%>
7.67 145,00 966,00
(0.02) (30,00) (21.00)

24,15

(2.63)

5 ot
"*002)

?1’23>

30.88
(3.29)

(3131?

33.00
(4, 46)

55079
(13 36)

166481
(48,36)

%3%2;2)

220, 74+
(25 %)

201,76
(26.,71)

85,21
(33.93)

ug/1l

7+88
(1.%0)

733)

L, 65
(2,08)

7.96
(0.45)
9.37

(0.96)

6.18
(0.24)

14,02
(1.30)

11.81

(1.66)

1724
(1,00)

14,56
(2.91)

10,85
(1.10)

6141
(0e17)

1636
3 3

1
(h 65)

2%2 69)

(1?h6)

%2.7h
1.00)
23.7M

(3.23)

b,
(%.sgg
62,00
(2.74)

83431
(7.86)

7 .71
(8.43)

53.4
(5270

19.99

(1.54)

110499
(9.06)

106,06
(11.27)

103,24
(11495

130,86
7.08)

137452
(9,65)
146, 7
(1.46)

141.35
(e 033

158434
(16.99)

194,68
(24,59)

129,64
(9.46)

98,0+
(7.10)

9429
9.15)



TABIE.IV B,

Mean )
(St ngo))zvalues of various physicochemical Parametres at Station-IV(Cpen Sea at 2o m depth)

........... IN WATER

Ir, Month Qalsinm_ﬁ%xnsniumL _nnpaz;_,lngz
(mg/1

1 Nov. 409,06
g (3.31)
3 Dec. )+230
(0.59
(1.56)
FEb. ’-%38 10-
(o.hé
1 March 438,09
( 3.44)
April u38.u2
Mgy L34 L2
(0.97)
June
8 ?19.u8)
July 7)4'09
Y 14, 13)
Au 417,69
(7.9%)
Sept, 425,06
(1.57)

Oct ¥Baly

C 2
(ug/1)
1153.42 5,03 7.17
(8,02)  (0479) (0.,04)
1190, 64+ 5,13 5.98
(5.4C) (0,19) (0?13)
122#.58 5465 6.08
(4,90)  (0.18) (0o3Y4)
1234.64 5,08 6,97
(0,58) (0.13) (0913)
1233.58 4,72 5e 61
(7.86)  (0.40) (0,93)
1236636 5,92 5,41
(O°8h§ (0329) (0,19)
1228,20 5,38 6.24
(6.76)  (0.55) (0.60)
1115.86 84 6
(52.06) (1.60) 720?56)
1059,14 8.80 10,
(33.82)  (0,6%) (o? 1)
1165,0 7.88 10,27
(15,55 (0.24) (0.8%)
1195.32 6. 8,82
QC6; (00373) (0028)
1200. 5.58 8,02
(5.38) (0,26) (0,18)

ﬁ.d..!’.g.m.p.._ pH Eh_
(0C ' (V)

27,50
(0.50)

29,00
(0.00)

28,60
(0.10)

29,40
(8.10)

28,80
(0420)

28,00
(0650)

26430
(0.30)

2
©:%)

635 7

24,
(o. 5?)

25.00

(0:20)

<gIZ§>

777 210.00 36790,50
(0.17) (15.00) (250,50
7077 255,00 36956,50
(0.07) (10,00) 3(?§h7550)
7.67 200,00 0.00
(0.02) (15.00) 3@%.00)
760 170,00 35440,00
(0.50) (5.,00) 3(858 00)
7.52 62,50 451,50
(0202 }12 50) %805 Sg)
7.67 7.50 36406.50
(62023 | 12.50) (520050)
757 162.,5C 5708,50
(0.,02) (17 50) (1516,50)
760 200,00 2717.00
(0. 05) (30,00) T1398,00)
277.50 0207,00
(0.02) (32.50) ({2188,00)
747 20,00 4658,50
(o 02) %5 00) ?u?? 5%)
230,00 %612# .50
(0 02) 10.00) (59%,50)
7.62 187,50 661,50
(0.02) (7.?0) 3%89 Sg

14806.50
(61.50)

19275.00
(100,oo>

16224%,00
(179.00)

16623,00
(145,00)

16030.,00
(85,00)

16020,50
(125.50)

15940, 00
(68,00)

147%3,50
(518?5%)

14103, 00
(258, 00)

15520,00
55.00)

15690, 00
(50,00)

1586
(gu63oo)

1057.50
(59.50)

Bke 00
(+.00)

956.50
(91.50)

764,50
(40,50)
752050
(9,50)
833,0C
(gg.oo)

767,50
(26.50)

78
(222509

1027.,50
(182.50)

1589,00
10?.00)

1635 50
(107.50)

1322,50
%7.50)



Ir.

1

9
8

[ QE—

Mean

TABLE IV A,

(St Dev.)=731UB8 of various physicochemical Parametres at Station-IV(Open sea a¥% zom depth)

Month W.Tem

(7]
Nov. 27,25
(0.25)
Dec, 28,50
(0,00)
Jan . 28. 25
(0.25)
FObo 284 75
(0:25)
March 28.25A
(0.25)
April 27,50
(0.50)
May 26,25
(0.25)
J une 4.5
(0.25)
(0.25)
Aug‘ %.50
Se pto 2’4—0 25
(0.25)
Oct . 25 25
(0.25)

2.79
0.25)

%O 12)

Lo 77
0.12)

5407
0,02)

. o .

0.19)

35411
(0.,01)

h.gz)

1.77
1.52)

%0.97)

3.14%
0.39)

4,02
0,02)

16:%)

2.57
(0617)

16755)

.69
0o O4)

?6.25)

59

0,15)
4,140
(0,08)

077
0.12)

%0010)

(0:30)

37
(o?ha)

1.84
(0.59)

2032
(0.19)

= §2V) (m

7082 1‘"’8.00
(o.oz) (8400)

175,
(o 05) Z?o.oo)

7.71 150.00
(0.07) (10,00)

7.72 152,50
(0.02) %7.?0)

7.82 177,50
(0.,07) (7.?0)

7.70 182,50
(0,10) (7.,50)

140,00
615.00

170600
(1 0,00

125,00
(35 00)

7060
(0,05)

74147
0,02)

7142
(0.07)

745
(0.05) <20.oo)

7452 0 00
(o 02) ??o.oo)

7.67 145,
(0.02) (gg.oo)

Pr.Prod

§a7m27d)

735400
(10.5)

711,00
(17.00)

729,50
(1?.?0)

630,
(?5.00)

628,00
(23,00)

722,50
(82.50)

) (67.;0)

909,
) (13555)

1540,00
(170.00)

1339,50
?185?00)

109%5.50
(80,50)

966,00
(21.00)

%.15
(2.63)

35 .44
(4+,02)

1.1%
7.60)

30,88
(3.29)

353

33.00
(4.%46)

55.79

(13.36)

166481
(48.36)

%$§Z§l>

220, A+
(25%)

201,76
(26.,71)

85,21
(33.93)

7488
(1.40)

%6?33)

4,65
(2,08)

796

(0.45)

9.37
(0.36)

6.18
(0.24+)

14,02
(1.30)

11..81
(1,66)

1724
(1,00)

14,56
(2.91)

10,8
(1 .1%)

6.141
(0s17)

1 6.3
<3 33>

(h 65)

2
%2 69)
23.85

(1.#6)

2. M
1.00)

23.71
(3.23)

(%“BS?

62,00
(2.4)

83.31
(7.86)

75 .71
(8.43)

X
W

19.99

(1.54)

110499

106,06
(11.27)

103,24
(11.9@;

130,86
7.08)

137,52
(9,65)

146,71
(1.46)

141,43
(4,08

158434
(16499)

194,68
(24,50)

129,64
(9.46)

98,04
(7.10)

9429
9.15>



TABIE.IV B,

(St}fggg )ggvalues of various physicechemical Parametres at Station-IV(Cpen Sea atzom depth)
........... IN WATERe e/ e o o - IN DB 11 U
pH E Ca T,FPhospho
(o] ' (-mV) (ug/g)

Nove 409,06 1153.L42 5.03 717 27.5C 777 210,00 36790,50 14806.50 1057.50
(3.31)  (8,02)  (0.79) (0.04) (050)  (0417)  (15,00) (250,503 (61.50) (59,50)

Dec. 423, 1190,64+ 5,13 5.98 29,00 7077 255.00 36956.50 15275.00 B4 00
(0.59 (5.4C)  (0,19) (0?13) (0,00  (0,07) (10,00) (1547.50) (100,00)  (i,00)

Jane L34e68 1224,58 5,65 6.08 28,60 7.67 200.0C_ 37530.00 16224,00 956,50
~ = (1.56) (4,900 (0.18) (0e34)  (0.10) (0,02) (15,00) (35.,00) (179,00) (91.50)

Feb, 4381 1234. 64 5,08 6,97 29,40 7.60 170,00 35440,00 1662 ¢ 00 264,50
(016 (0e88)  (0,13) (0?13) (3.10) (0,50) (5.00) ~(858.00) (1#5?00) (uo.§o>

1 March 438,09 1233.58 4,72 5 e 61 28,80 7.52 262.50 451,50  16030.00 752450
( 3.4%) (7.86) (0.40) (0,93) (0,20) (0.02) (12.50) 1805.50) (85.00) (9,50)

April 438,42 1236436 5,92 5,41 28,00 7,67 137.50 36406450 16020,50 833, 0C
9 i (0e33) (o.8h§ (0.29) (0,19) (0,50) (0402) %12.50) (520,50) (125.56) (58,00)

M L34 42 1228,20 5,38 6.24 26430 757 162,50 5708,50  15940,00 767,50
= (8.97) (64,76) (0.35) (0.60) (o.go) (0.02) (17.50) {1516.50) (68,00) (26.50)

Jun R 1115.86 6,84 7,67 25.75 7.60 200,00 2717.00 14743,50 789,50
8 ® ??3.33> (52,06) (1.60) 30.56) (2.25) (0.05) (30,00) 711398.00) (518?50) (25.50)

July, 374, 1059,14 8.80 10, 24,7 747 277,50 0207,00  14103,00 1027,50
) v 1&.?3) (33.82)  (0,6%4) (o? 13 (0.25) (0.,02) (32.50) 2188,00) (258.00) (182,50)

duge 417,69 11€5,0 788 10,27 24,25 7e47 20,00 4658,50 15520,00 1589,00
& (7.94) (1§?55? (Ce2l)  (0.84)  (0.25) (0,02) %5.00) %h35.5%) (55,00) (?og.oo)
Septe 425,06 1195,32 6.
pt (1.57) (1?26% €
o el 12098

w oo = Ef
g
Q
”~~
2
!Lg
o <
Q
N
&
[
N
°
-3

8,82 25.C0 - 7,47 230,00 6124,50 15690, 00 1635450
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Mean

(St.Dev,)g'V&lueS of various Tissue Parametres of female Pepaeus indicus at

TABLE.IV D

Station-IV(Open sea at 30m depth.

..... EXOSKELETON --.-_-------_-------MUSCLE_-----------_-----_/-----------_---HEPATOPANCREAS--_-----.
Yr.Month Cgpper Zinc Calcium Mggnggium__%hg7pygzu§__gggner Zinc Calcium  Magnegiim Phosphorus
ug/e
1 Nov. 21,56 51,98 L185.50 1261450 5142,00 21,06 51450 10478,00 2552,50 2057,00
g (1.38) (0:59) (10,50) (16:50)  (12,00) (Osl1)  (0,12) (65,00)  (14.50) (16.20)
3 Deec. 21.60 52.81  4229,50 1279,50 5103.50 20,16 L9,92 10617,00  2697,50 2120,50
(Oe1l) (0a83) (11,57)  (45.50) (28.50) (0.78)  (0.61) (26,00)  (23,50) (2u,50)
Jan. 20,92 52,53 4279,50 1263.50 . 51464 C0 18,36 Lo ks 10517850 2572,50 2115.,C0 ¢
(0.56) " (0.21) (15.50) (17,50’ 1(50,00) (o,%s) ?1.06) (99050} (8.50) (66400) ‘
1 Feb, 22,91 50,26 L 37¢50 1305,00 513850 19093 48,35 10212,50 2835,00 2119,50
(0eOk) ~ (0.37) ?8.50) %10000) (13.50) (0.36)  (0.h2)  (336.50) 62 00) (23.55)
March 20,40 51,96 L 61,50 1342,00 215.00 20, M 5102kt 10531.00 2627,50 8108,00
9 > (0e4) ~ (1.42) %7.50) 6.00) %31.00) (1.10)  1(0.60) (16%.00) {(17,50) (23,00)
April 19.70 52,69 L4385,50 1 25,C0 5123.00 21.00 45,89 10824,00 2570400 2075 .00
(0.83) (0.27) ?29.50) %39.00) (26?00) (0.22) (0.43) (28,00) (11,00) (6.60)
8 May 20,23 49,47  4370,50 1255,.00 200,00 21.28 49,77  11079.00 2618,50 2126,70
(0,91 (1.,09) ?2&.50) (26,00) %13.00) (0,16) (?.56) (33?00) (29.5%) (35,00}
Jun 22,08 53,25 4290450 1179.00 5301450 23,67 51491 10405,00 2500,50 20774CC
N ° (0o lh4) ?0.38) (19.50)  (10,00) 1716,50) (?.29) 1.94)  (293,00) (88.50) (36400)
July  21.32 52,01  4141,00 12 7400 5365.50 25.96 53¢9 10292,50 219,50 1993450
(0.65) " (0438) (23,00) 2,00) (%2.50) (0:58) (1.639’) (64,50) (49,50) ?35-50)
dug, 21,08 50,96 4195,00 1221,50 5327,50 22,70 50.45  10694,00 2550,50 2059.00
(Oolelt) ~(0457) (17,00} (42,50) (?7.50) (1.27)  (1.91)  (47,00) (34.50)  (28,00)
Sept. 19.87 52,25 4300,50 1296450 215,50 20,00 0.67 11116.50 260300 2143,00
(0e33) ~(0,62) %25.50) (18.50) 5(30.50) (Oe8Y%) %0.29) (52,50) (32?00) (13.90)
Oct. 22,23 51,07 4322,50 1300,00 5089450 21.19 50,60  10665.00 2629,C0 2185,50
(0:61)  (0.46) (12,50) (31.00) (%.50) (0.76)  (0,96)  (53,00) (10.00)  (10.50) o



TaBILE-IV E

2
(Dlée%gv )anvalues of various Tissue Parametres of Penaeus indicus at Station-IV(Open 3ea at30 m n depth)

........................ P AL e e e e e e S e M A D D e
~=HEPATOPANCREAS-/ mom e e = e OVARY e e e e e e [ e —————— RLOOD mm e e e e e e

{r.Month. C Z Cal } R C er Zinc C 1 s T 5 Cam

(ug?gg ?ugsrﬂ;

| Nove  2125.50 716,50 2286.§O 990,50  5267.00 216437 149,67 732,49 148,43 Wem2 11%.89
3 (15.50) (3.50) (6,50 (5.50)  (4,00) (0.83) (2.31) (2.93) (2,47) (36317 147
3 Dec., 21600C0 734,00 2%09,00 1007,00 5296,00 219. ? 152,08 747,78 154,48 51.83 115.0
3 (9,00) 7e00) 3.,00)  (5,00) (3.97) (0,03 (C.66) (211} (1,91) {(0.65) 1.31
T Jan.  2162.00 729,00 2312.00 1018,50  § 13,50 220,35  152.47 746,99  160.30 L 115 .8
(2%,20) (6,00 .oo) (1.,50) E (0.63) (6,16 (9°6h5 (1.66) %u 71) €141
Feb. 2164,50 732,50  2322.,50 102350 5318.00 219,96 15%1 757,86 152,41 L5415 11441
(6,50) (3.50) (7.50) (Y%, 50) (12,020) (1.#2) (E.u5> (5.91) (1.96) (1.u3 (C.3%
March 2118,50  748o50  2319.00 1027.50 5320,50 218.71 155,03  758.51  157.89 .38 11546
areh 21829 T3220 A%y B39 S 25 “lodse) Bdy udny 0%y i (205
April 2082,00 719,00  2323.00 1025.50 5317.50 221,60 153,43 762,48 158,64 9497 11644
’ (7.00) (Le00) 2:,00) (54500  (11.50)  (1.