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INTRODUCTION

Biol_o:!.en productivity can no longer de considered
a matter of simple academic fnterest, but of unquestionsd
importance for survival., fThe profuctivity and harvest of
most of the world's tdmatrtd and aguatic environments
sust be inoreased if the world population &s to have any real
hope of having snough t0 eat. This increase is not possidle
unless we gain & much better understanding of the processes
which contro} productivity at the level of primary producers.

The primary productivity of an ecosystem, or any part
thereof is defined as the rate at wiich radiant energy is stored
by photosynthetie and/or chemosynthetic activity of producer
organisms in the form of organic mudstances which can be used
as food and fuel materials, The four major successive steps
in the production process are the following.

i. QOrops Primary productivity is the total rate of photo -
synthesis, corrested for the organic matter used up in respiration.

™hie is also known as total assisilation.

2, Kot prigazy proguctivity is the rate of production of
organic matter in plant tissues in excess of respiratory utilisation

by the plants. This &8s also called apparent photoaynthosis or
net assimilation,
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3. Het compunity productivity 1is the rate of storage
of organic matter not used by heterotrophs during the period

under considoruticn.

4. Secondary productivity is the rates of energy storage

’ at cﬁiwnor level.

Primary productivity &{n aquatic aystems provides the
base of food web unpon which all higher levels of the ecosysten
depend. lindeman (1942) (35) developed & trophic dynamic model
of an l@uuuo scosyster and introduced the oanpcpt of “energy
flow" to describe the efficiency of energy transfer from one
trophic level to the other. Some of the primary productivity
1s s me of erergy for the next grasing level in the food
chain. Phytoplankton communities, bod.d_aq roqn;rtng & portion
of their sutotrophis production for respiration must also reserve
a portion of it for the maintenance of their community structurs
(18, 7).

/

Lakes can be classified as oligotrophic (low productivity),
noaatr;:phlo (medtum productivity), eutrophic (high productivity)
and finally a dog stage (dystrophic) in whiech the lake has
almost been filled &n by wesds and the prcéunuﬂty'hu been

grestly decreased (13).
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Jactors affecting primsry prodycticy.

Primary profuction in an aquatic ecosysten depends
upon light intensity, salinity and availability of mutrients
and trace elements to the phytoplanktons.

Jighis Light being & dasic requirement for photosynthesis,
primary production depends upto a large extent upon its
{ntensity. In a typioal oxygen bottle experizent Gaarder and
oran (1927) (13) were adle to denote a depth, whers the apount
of t)2 produced dy photoaynthesis during the course of the ex-
periment was exaetly bslanced by the amcumt of oxygen consumed
by respiration. This depth vhere no effective production
occurs, but where respiratory and photomynthetic aotivity Just
talance, has been termol as the compensetion depth. Its cxtent
depends on the transparency of tho water. Light is very raptdly
reduced in the ser, deing partly absorbed and partly scattered.

Jenkin (19%7) (27) working with the diatom Coscinodiscus
axcentricus cbserved that productivity of phytoplankton attains
a8 linear relationship upto light intensity of S000 Lux amg
reaches saturation at 20,000 lux, beyond which iight dacomes
inhibitory for photosynthesis.

Not only the intensity of 1ight, dut also the nature of
slectro-magnetic solar mdiation changes while passing through

a vertical water column in lake or in ocean. The intensity of a
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beam of light entering water at right angles or nomal
to the surface of water is given by

=S
I' - Ioc_

or mto-hnt. - ns,

wvhere I° is the intensity of the beam as 1t crosses the water
surface, I' is the intenaity at depth s and n a constant for
any given wavelength, termed the extinotion coefficient.

The abporption and transmission of 1138& by pure water
is given in Table~A. This can be expressed in teras of extinction
coeffictent 1 or as percentile transmission (100e ) or pir..
centile absorption J100{1-8")7, the depth s Deing taken as one

netre.

The Table~A denotes that the transmission is lov and the
extinciion coefficient high &in the infrareds there is a rapid
inorease in transsission botwesn 740 and 700 nm and again at
600 nm to 580 nm in the orgnge (26). The transmission is maximal
in a region about 460 na in the dlue, and falls very sliowly in
the violet, and more rapidly in the ultraviolet. However, the
above relationship derived for pure water may not hold good for
lake or ocean mater which is very turbid contatining organio,
inorganic mudstances and microorganisms.

Vith the marked differentigl absorption of wavelengthe of
1light in the sea, marine algae are not only adapted to photosynthesis
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2abde - A
The absorption and tremsuiesion of light in mﬂ_ wator.
Wave length Extinotion coefficient Percentile ghsovption
—— {a) 100 (1-0"")
820 2.,42 91.4
800 2.24 8344
780 2.3¢ 90. ¢
160 2.4% 91.4
740 2.16 88,%
720 1404 64.5
700 0.598 45.0
680 0.455 58,6
680 0.370 31.0
640 0.510 26.6
620 0.273 235
6900 0.210 19.0
%80 0.078 T. 0
SE0 0.040 3« ®
540 0,030 % 0
520 0.016 1 &
S00 0.0075 0.7
460 0.0050 O, 52
460 0.0054 0. 52
440 0.0078 0.
420 0.0088 0. 92
400 0.0134 1. 63
500 0.02%% 2. 0
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at low light intensities having higher chloerophyll

content but also possess carotenoids of different absorption
saxima for efficient adbsorption of light at wavel engths not
available for ohlprophyll abtorptton at 4ifferent depths.

Senmperatyre: While light intensity must be of major signi-~
ficance in relation to primary production in the see, other

factors may also play a part. Teuperature is probadly of
1ittle direct importance for productivity since low temperatures
reduce the respiratory needs of the plant cells and higher
temperatures increase respiratory requirements. It is obvious
that photoaynthonie occurs at high efficiency 4n vtho Antarctio
vhere the tnp-utum nay de p&zmently below O*C and equally
well in tropical rezioms whers tenperaturss apprbaoh SOfc (45).
On mudflats in tropical region much higher tamperatures may be
experienced for at least part of the day. Experimentally it has
besn shown that in fkeletoneps 4Lincreased temperature may have a
divect effect on photosynthetic rate, provided light saturation
16 achieved (10).

Balinitys Salinity varistions can bBe shown experimentally to
have an offocct on vhato-ynthen'c rate. The marine phytoplanktons
are adapted to 4ifferent saline environments. For example, durl
and MoLeod (1961} (10) foand that Skeletoneys had an optimum rate
of photosynthesis at salinities ranging betwesn 15§ and 29%..
though the process could go on over as wide a range as 11%, to
40%, . Brasrud (1961) (5) Gemcnstrated that scme species of dino-



007

flagellates 1ike Cepratiun, Peridinjus, Exerocentruy
reproduce nore actively at lowered salinities.

Nutrients:
Phosphorus: For many years the concentration of tﬁ; mjor
plant nutrients, nitrate and phoaphate has bun recognised
as one of the major factors limiting primary production &n
the oceans. The cycle of phytoplankton growth in temperats
latitudes with the marked apring and autumn peaks and the
depression of profuction during summer has Deen linked with
changes in nutrient levels. Several investigators (Cooper, 1933)
(9), (Hazvey, 1955) (23) bave shown that lack of nitrate and
phosphate, whichever is in shortest supply ssts as & marked brake
on phytoplankton production. The cleareat demonatration of the
relationship betwesn a constant supply of nitrate and phosphate
and primary production $s provided by the major upwelling areas
such as those of West Africa, Off Chile and Peru, and off the
coast of California. In each region the relatively high con-
centrations of nitrate and phosphato are accompanied dy rich
growths of phytoplanktons (22).

schindler (1971) (49) and Schindler et al. (1972) (50) have
shown conclusively that in a group of small lakes of various types
used specifically for nutrient studies, phosphorus was the
nutrient which cmld moat often be called the "limiting faotor”
for the growth of phytoplanktons and thus for euatrophication.
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Work of Ketchum (1939) (31) has demonstrated that the
growth of Ritasghis 4s unaffected as long as about 16 mg
of phuphuto-)hmom/-’ are present. akooncentration of
S ng/a’ the rete of cell division fall off very rapidly.

It 418 to ba hoted that the growth determining intermal
phosphorus s mauni on the uptake rate which in tuwn is
dependent on external phosphorus concentratios. The uptake
rate has 1ts owa set of controllimg faotors. It is noted that
the absence of external phosphorus is not an indication of
phosphorus lisitation for phytoplankton decause of their
ability to store phosphate (43).

It is apparent that although inorganie orthophosphate may
be in short mupply, soluble and colloidal organic phoaphates are
part of the norsal suxyme complement of algal cells, and some |
phytoplankton make use of phosphatase to hydvolyse organie
hoaphates in the wter (43).

Jiirogans FNitroges s another major limiting mtrient for
primary production im oceans ss well as in csrtain fresh wter
systens (10, 45, %0). As with other major mtrients, the absolute
requirement for nitrogen has deen studied om several levels in
order to explains a) temporal and spatial variations in rate of
production cdserved i nature and, b) the relstive distridution
of phytoplanktemie species. Active ressaréh ias oconcerned with
specien variations 4n the concentmtion dependency of nemdrane
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transport for the wvarious combined nitrogen forms, rates

of incorporation of nitrogen into cellular components, and
the relationships between uptake, assimilation and growth in
terms of cell mumber, cell nitrogen and total biomass. 4ll
of these relaticnships and processes are strongly conpiod to
other factors which vary within the physical system, such as
light intonaity and quality, tempsrature, ocontentration of
other nutrients and growth factors, and the eff'ects of higher

-
rs

trophic levels (43).

Phytoplanktons can take up combined nitrogen spocies at
extrenoly low (0.1 ul) concentrations and against the negative
gradient of ion indicating the occurance of active tranaport.
Vhen nitrate is present in larger apounts, luxury consumption
or uptake in excess of the requirements for growth can ocecur,
resulting in internal pools of unrsduced nitrate (7).

The often quoted CiNiP ratio of 100:15:1 for phyto-
plankton has been examined (43). Since cell sise and cell carbon
increases during phosphorus limitation, the CsP ratio rises to
48011 and H3P ratio rises to 35:1. The 10041531 ratio is reached
vhen the cells are phosphorus limited at one-half to threc-fourths
of maxinus growth. The ratio of NiChlorophyll-a remains constant,

Minor nutrientgt From the laboretory obdservations on primary
production in ses~water, it has become obvious that a number of

other elemants normally present in trace amounts in sea-water
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are also essential %0 healthy plant growth. Iron, manganess,
copper, sinc, codalt and molyddenum are usually considered as
lisiting trace slements (45). As the knowledge of the con-
centrations of thess slements in the sea at different localities
i very scanty, it is not essy to assess the nﬁiting nature of
each olement on the productivity. The position is complicated
by the fact that some of thess elemonts such as Mn and Fe ocour
to a greater extent ss particulate matter varying in sise froa
colloidal aggregstes 0 particles that may bc'.romm by normal
filtration. Indeed the amount of true ionic iron which can exist
in sea-uater is oxtremely small., Algal cells can make use of
small particulats forms, for example of iron, and therefore, the
guestion of whethor such elements sver decome limiting is even
mord doudtful (45). |

Hubbunt and Rodsan (1963) (24) have mugzested that the
sporadic blooms Of neretic species in the open sea may be occasioned
by the temporary presence of larger quantitiss of iron or similar
nutrients which normslly limit their distridution. Bowever, the
experiments of NeAllister gt al (1961) (36) have shown that
blooming of coastal plankton specios is not limited by trace metals
like Fe, Cu, and Mn. Therefore it is extremely difficult to assess
whether in particular any trace slement is limiting in nature.



011

Jethods for study of primsry prodyction

There are several methods for study of primary
production. However, s few inportant sethods to study prisary
production in Lsolated saxples of natural communities have been
mentioned belov. \

Neaguzenent of atanding erops Standing crop refers to the part
of blological production Der unit area or por unit volume that
is physically present as biomass and that is not lost in respi-
ration. Standing crop measuressnts over a period of tine give
an indirect measure of productivity in terms of yield. Plankton,
sicoroscopic floating plants and snimals, can be collected in a
plankton net and may be counted under a mtioroscops or weighed.

The anmual production of most aquatie macrophytes can
generally de estimated matisfactorily by maximal auaonll' biomsss
sneasurenents. Howsver, biomass fis not directly indicative of the
gross production, or the net production (60, 61) and for better
understanding, weasurensnts of photosynthetic and respiratory

rates are required.

subsauples of & phytoplankton population 4a light and dark bottles
are hanged for a certain period during the day time, the initial
concentration of dissolved oxygen {cq) can be expescted to fall

to a lower value (03) in the darkened bottles by respiration and
to be changed to another value {cy) in the olear bottles according

]/
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to the difference between photoaynthetio production and
respiratory consmaption (54). If other proossses involving
oxygen (eg. photowoxidative consumption) ars sbasnt or oan

be neglected and £1f 1t im assumed that respiratory consumption

is not altered by illumination, then the difference (oy - ©5)
represents the respiratory activity per unit volume over the

tine interval involved, the difference (c, = ©4) the net rhoto-
synthetic activity and their mum (o5 = 01) ¢ (o - 02) = (o3 - ¢,),
the gross photosynthetic activity. On this bamis 1t is possidle
to estimate approximately the gross photosynthesis directly from
the difference on concentration, between the olear and dark
bottles, dut further imowledge of the initisl concentration is
needed for estinmates of respiration and net photosynthesis, since
respiration ss measured with this technique represents comsunity
respiration, rathey than 'phytoplankton respiretion’ alone. The
above method and its applications have been descrided in detasl
by Strickland and Pareons (1968) (56).

ahe %o 1500t and dark bottle teohniouer In the ¢ technique,

the "c is incorporated into the organic matter of phytoplanktons
during photosynthesis and the rate of incorporation measures the
primary productivity. If the total coz content of experimental
Yo, 18 added to
14

C 4in the plankton after

water s knowm and Lif a definite amount of
wter, then dy Qeteraining the content of
 the experiment, the total amount of carbon assizilated can de
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calculated. It is only necessary to sultiply the amount

o Y founa with a factor corresponding to the ratio between
the total CO, of the water and the total %00, added at the
beginning of the experiment. The excellent sensitivity of the
asthod can be incrsased further by applying ssveral corrsction
factors (54).

Sxvgen verms %0 nethotologys Tere 1s uncertatnty as to
whother the radicearbon method measures net photosynthesis or
something betwesn the net and gross photosyathesis (55). FPization

“’c from bicarbonate 40es not give a true measure of total

of
carbon fixation 4if organic compounds are assinilated at the same
time. There is incressing evidence that photoassimilation of |
organic compounds by algae may sometimes de appreciable. During
the experimental period some amount of “c-hbollad organic com-

pounds such as glycolate may de excreted ocut of algal cells (52).

In the oxygen method as mentioned above, gross photosynthess
can bs ascertained, howver, with the assumption that the rate of
respiration remaius the same in light and dark. Net photoaynthesis
cannot be assestsd very correctly becaunse of community respiration
and any attempt te ssperate phytoplanktons from sooplanktons may
damage the former. However, in short term experiments community
respiration can bds kept at & lovw pace. Provided that primary
production msasiremsnts are made for ssall duration, the oxygen

method sesems the more veliable (57).
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In the present experiments, the oxygen method for
detersining photosynthetic rate has deon rfollowed dune to
convenience in its handling in the field.

In an aquatic ecosystem, the amount of organic satter
produced by the marginal macrophytes may be far greater than
that produced by the pl.mitenm rann (1979) (39) has reviewsd
the productivity in coastal water and estuarine saerophytes.
Most of his estinates of net primary profuction by macrophytes
are higher than the dpper sstismates of 500 d:/?z/yur for
estuarine planktons {(40). Vasaman and Ramus {(1973%) (58) suggest
that the msximun potential production of green macro alga fodjup
Srasgdle ie about 4.7 td}/uajynr in Long island scund. Manm
(1972) (38) states "seawseds, ses grasses and mangroves are
such more productive than phytoplankton in the immediste vicinity

of the const. Thetr rate of carbon fizstion on a unit area dasis,

may be an order of megnitude greater than the phytoplankton, and
thay are sufriciently wvidespread on a glodal scale, for it to be
reasonably certain that an understanding of the food chains dased
on marine macrophytes is essential 2o an understanding of coastal

scosystens®,

Ine orop growth yetas The crop growth rate L.e. daily rates of
change in biomass ultimately depend on photosynthetic capacity

bat many other Pfactors, such as Diomass, self-shading, variations

Y
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ia irradiance and proportions of non-photoayanthetic tissue

are involved. The emergent Dlants possess a high growth rate

(25-48 g ary nuht/aa/day) during the peak sesson of thelir

growth, whereas tho'nuburgod Plants during their peak growing
seasons have a reduced rate of growth (2-10 g ary mat/nzld.r) (60).

Annus} _production of biogass; Many suthors {Setdel, 1959) (51),
(Kvet, 1971) (34), (Boyd, 1969) (4) have reported that biomasses

of asrial shoots of emergent plants in temperate zone range from
1.5 -~ 3.5 kg dry mtht/uzlyur. T™he species involved include
Zutouus uabellatus. Fhoageites cowmanis, Jchognoplegtus Jacustris,

Sparganius execiug and Jyphg anggstifolis. All thess have extensive
rhizome aystems which were not alwmys ssmpled, bdut there is enough

date ia the litermature to show that the underground parts are
often two to five times the wveight of aerial parts (59). Kaul
(1971) (30) found aerial shoot biomasses of Tyrbs angugtega and
Phraguites communis of 3.5 ~ 4.7 Kg dry Mthﬁ/tzlym in Kashmir
lakes.

On the othorhand the mubmerged plants produce at a rate of
0.5 Kg dry mat/na/you in temperate sones. Unfortunately thers
is not sufficient information on the diomsss of tropical submerged
fresh water plants except those of otus {1957) (42), Ganapsti
(1971)(15), Gopad (1973) (20). The marine submerged macrophytes
1ike kelps and giant kelps f.e. brown algae of the genera Laginsris
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and W achicve annual net production in the

range of 1000 ~ 2000 g0/n°. In tropicsl marine water the

turtle grass Thalassis msy have an snmual produotivity of
500 - 1500 /s’ (40).

A good deal of information exists as to the chemical
composition of xator plants. 3ome quite atriking differences
- batwsen aquatic and terrestrial plants ssem to sxist and curious |
digaivilavities batueen fairly closely related species are well
~documentad. The potossium content of aquatie angicaperns is
11ttle greatsr than that of tersostrial. The sodium content
is upually varisble, usially dut not slusys less than potassiums (25).
cuctni and magnesium content of sguatie azorophytes sonetines
differ from that of terrostrial plants. Cs is generally acou-
sulated $n aquatic plants as Caoy (25).

Phopphorus and nitrogen are genarally belisved to be the
sost fupostant liwiting elements 4% fresh waters. Expsrimental
atndien suggest that when the nitrogen contant of the dry matter
is below 1.3%, the eloammt is limiting in the presence of abundant

phosphorus and shen the phospharas econtsnt is below 0.13%,
phosphorus is linidiag in oresence of adsguate nitrcgen (16).
In most analysie of wmter ;i‘lantn. 1ron 1¢ aomevhat in oxcess of

manganese in sent@ast to land plants {25).
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Saline snvironment of marine aqustic plants
poses a probles in their mineral uptake and distribution,
which differs from that of terrestrial plants and fresh-
water aquatic macrophytes. Narine macrophytes are ospadle
of regulating mineral uptake and maintaining ionic balances
in the cells. However, unfortunately due to lack of enough
data, it is not pousidle to attridute the extent of :?o:l.c of

individual salts in maintaining ionic balance in the cells
of aquatic smorophytes.

The present atudy prisarily aias at the following:

a) $he Estimation of the net primary production by phyto-
planktons of the lake Chilka in the month of June 1977.

b) The corrslation of primary production with environmental
parameters like matrient status, trace element contents
and salinity level of lake water.

Besides studying the above parameters attempts have also
been made to measures standing crop of a few seleocted widespread
sacrophytes. A few important chemical constituents of above
macrophytes have also besn analyeed. The physiogmaphy of the
lake, the wideapread flora and fauna of the lake have not deen
studiediin detail.
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The lake Chilka, situated in the State of Orissa,
is s brackish water lagoon on the east coast of Indian
peninsula (Pig. ). ). The geographical position of the lake
is between latitudes 19° 28' and 19° 54' X and longitudes
85% 6' and 85¢ 35' E. Ite area is about 350 sq. miles.

The lake conaists of two partss 1) an outer channel
opening into the sex, 11) and the main body of wmter. The
cuter channel is peculiar 4in that, it runs parallel to doth
lagoon and ses for some wides defore joining the latter.
Its total length £ about twelve miles and the breadth is
nearly one mile. The actual mButh of this channel changes
from time to time both 4in posttion and sige. On several
ocoasions the mouth 1s completely blocked.

The main area of Ghn chtm lake {» the real lagoon |
and 1t 1s roughly pear shaped. The length of the lake is forty
niles. The broadest point in the lake lies in Puri distriot
‘at the north-eastern extremity.

JIslands of thg lake:s In the main area of the lake there are
a number of rocky islands. Naladan is the largest 1:1&6; being

covered with marshy grasses, its area being eight square miles.
The lake has several other islands 1like Chiregua, Badakuda,
Sankuda, Samal, EKalijai, Malati Kuda, Baruni Kude etc. On



Fig. 13 Index map showing the position of the
lake Chilka in Indian peninsula.
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only one island Samal there is inhabitation and the
village is also calied Samal. This island is having a
fov cultivated fields and the major ocoupation of the
inhabitants is fishing.

The island Badakuda ie full of wild plants belonging
to Leguninosas, Verbenaceae, Utricacers, Passifloracese,
Solanaceas and Canvolvulaceae stc. There is a deserted
building in this island. Similer kind of vegetation is
also found in Wa. the sister island of Badakuda. The
- Chiragus island {Chsdhaihaga) locks brownish white, due to
continued deposition of faeces of mumercus dbirds who take
shelter especislly 4in winter on this small deautiful stone
bdody. The island Kalijai, which 4is of tuated at the Southern
side of the stretched are of Jatis kills 4s & deautiful islma4,
which divides the lake into a northers wider cuter dody andas
southern narrowsy, relatively undisturbed water day. This
island has A temple called Xalijai, The island s also coversd
vith wild flora, belonging to leguminosas, convolvulaceae,
verbensceae, labiatae and solanacese stc. The Gopakuda islang,
situated near Khallikote, is very close to the western dank
of the lake. This 1sland is having & fov mango trees, which
obstruct the narrow water channel at the western side of the
island, vhen viewed from the lake and therefore the island
looks like the shore of the lake, The islanis of the cuter



channel including Baruniknda are having sand banks.

They support & scanty growth of shorxt grasses. Howevey,
Baruni Kuda is thickly ocovered with grasses and supports
& few stunted shrubas.

Shoress The shores of the Chilka lake have considerable
variety of chamcters. At some places the slops of thov
shore towards the edge of the lake &s covered with smooth
gresn grass fields and leafy tress. The major vegotation
the shore is mesophytic, with a few zercphytie plants
oresping in the areas which are covered with sand dunes.

Shore Aine indegs One aspect of shore line which is of
sigoificance 18 Lta developssnt, which s a potential offect
of 1ittoral processes in the lake, with the area remaining

constant. This measure is stated as If = .:.'-. + When

A = ares Of the lake , L = shore line and Dy = shore line
index. In other words it is the ratio of lemgth of the shore
1ine to the length of the circumfersnce of a oircle of ares
QM to that of the lake. Chilks lake has the shore line of
1352 miles vith shore line tndex (D) = 1.75, vhich reflects
the high magnitude of littoral processes on the lake shors.

At the northern end of the main ares, the silts are

brought down Dy hmnches of Nahanadi river of which moat impor-

tant is the river Daya. A narrov stream salia also joins the
lake at the northern part.

20
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Bottons The bottom of the main ares is wuddy, while
that of outer chamnel is sandy. The mud forms two quite
distinot laysrs, one of shioh practically remains undisturbed,
while the other is usually held suspended in water and only
deposited in very gheltered places or at winter season, vhen
there is practioally no wave in the lake dus to very low |
wind velocity. The floating layer is of course very finely
divided and therefore nt_d.nn wvater wvith a dirty clay colour.
Its occasional deposititn is an unfavouradle factor in the
1ife of many sessile org;n!.aia. The permanent layer is gray
and of a clayey consistency. It is mixed with a consideradle
amount of decayed organic matter which sowetimes stains it
black. In the immor part of tho cuter channel there is a
groat aizture of mud and sand, some of the latter being dlack
and extremsly heavy. Iz the ocuter part of the ocuter channel
that runs parallel to the Bay of Bengal, the dottom 18 composed
of alwost pure yallow sand.

Depths Depths of the lake measursd at different parts during

the month of Juns 1977 shov & wide variation. The lake is quite
shallov &n the northern part. The depth of this area ranges
betwean 0.5 metre and 1 metre. The deeper part of the lake

1108 near Kalijai and towards Rambha bay whers the depth is

2 metres or mere,; 2.75 metres being the sacimmms The depth



of the middle part of the lake is roughly 1.5 metres
but at some places 1t ranges between { and 2.4 metres.

The depth of the lake steadily starts declining
after Haladban towards north. Thus the main water dody of
the lake can be divided broadly into tvwo parts: %the shallow
northern part and deeper southern part.

In many parts of the lake, especially in desper parts,
the aquatic vegetation is scanty. However, in less deeper
parts of the lake an adundant amount of the vegetation ocours.

nontly‘ia north-vestern parts of the lake the species
Rotamogeton pectinatus, L. with slender gress-like leaves
grow luxuriantly and makes a thick interwoven network in which
fishes and other aquatic flore and fauna take shelter. This
plant dies in rainy season. The new growth appears in autu-n.‘
This plant fhowers in Decemdber, and fruits are very such intact
with the plants, upto the month of April.

Desoription of Potapogston pectinatia: be
The above species belong to the family of Haiadacese.

Steps Stem is filiform, copiously dicholomously bmchod. 1
¢0 6' in height, gladrous, green.
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Leavess PFiliform, submergsd, alternate, 1" to 6" in length,
ubont O.1" in breadth, green, slightly thickened inrolled
margins, 1-5 nerved, stipules adnate to the leaf sheath.

Inflorescence: Flowers interruptedly whorled in a aspike,
length of the spike is 0.2" to 1",

overs: Flowers disexual, sepals 4, anthers 4, sessile.

Fruits: Drupules, odovoid, ventrally sliightly convex, with
strong lateral ridges. The sesd gemminates vhile still attached
to the fruit 4in the parent plant.

In south sastern, scuth-western, as well as Salaban
eide of the laks the species Balophila ovata, Caud is widely
distridbuted. The adove species creeps along the bottom sendinrg
up at short intervals stems of four t0 aix inches high. This
" species dears relatively large ovate leaves which form a fav-
curite slelter for a fev sessidle animals. BSmall portions of
this plant which float on wator get detached by wave action, by
divi..ng ducks and other water-birde. This plant 4is found at
all the times of the year.

Description of Gplobils grata, Omud:

Class: NMonocotyledones.

Onrder: Hydrocharideae

Tribes Thallassieae (Hydrooharitaceae)
Salt mter submerged plants, proatrate.




Leavens In pairs, nlnnatol.y;mﬁod. oval in shape,
penninerved, petiocled, thin, colour varies from whitish
green to green. ' |
Eloysrs: Unisemual, solitary.

FXale Lloyerss FPedicelled, lomis, petals O, anthers 3,
alternate with sepals, anthers sudsessile, linear cblong;
extrome.

Female fiowerss Gessile, sepals 3, minute, ovary beaked,
one celled, inferior, style 3, filiform, ovules 2-seriate on
(2) parietal placentas..

Fiudts: Included, subglobose, besked.
Jeeds: !!mé. mﬁglobono; testa menbrancus.

_ Amnong ssmdaquatic flowering plants by far the nélt
coupicum s tho emergent reed Phragaites karka, Trin, that
covers north-western parte of the lake beyond Kalupara. This
reed i 8190 found 4n Nalaban and occurs scantily in sanlmdﬁ
near Rambha areas During rains it reaches a height of three
metres. Half of tlu adove aquatic flowering plant, emerges
above wmater surfece. The plant also exhibits tillering hadit.

Description of Phragnites karks Trin.

T™is species belongs to family Gramineae and group

Arundinese (reeds).

zy
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Tall, large grasses, 5' - 10’ in height.
Stemi Close jointed hollow stems, green, emergent,
sxhihite tillering habit.,

Lssveg: Stiff, erect, almost sudbmerged, 1' - 2' in length
and 1" in breadth, tapers upwards.

JIntioreacsnces A psnicle, erect, lanceolats.

Plower: Spikelets grey, glunmes,linear, lanceolate, pedicels
gladbrous. | |

Other aéeﬂpuons of the flower could not be made,
becsuse of nonavailability of fresh flowers.

One econowd cally 1pbrt§nt vo&otation of the lake is th
red algs Gracilaris, an uportant source £0r agar-agar production.
It grows nostly on the rock surfaces. It occurs sdbundantly at
Pathara and to 8 lessor degree at Kalijai, Jatia hills, Badakuda
and Sankuda.

Species of Dinofliagellates, have a wide occurwnce in the
lake. Diatoms constitute the benthic flora.

Oscillatorig ocours very abundantly floating freely in
the lake.

Another important algal vegetation is Spirogzyys which
adheres to the rock substratum or to some submerged plants.
Submerged rocks and stones are usually coated with eimple and
branched filamentous algas, dut theiy growth is not always

luzuriant.
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The lake fauna can be groupsd under the following
headingsf1)s

1. *d fauna

2, Sand fauna

Je B&k fauna

4. Veed fauns

S TPree svimming organisms

6. Planktons.
1. Nud faung: MNud fauna constitutes & vezry important part
of the feuna, becamse & major proportion of the bottom of the
lake is covered with nnd.. Among the mud-dwellers are included
coelenterates, polychast worms, a large proportion of the
mollunses, Decapeds and other srustacean worms. Dead shells

of mollusce are abundantly found in the mud.

2. fand fgunss The arenicolous animals of the lake are mainly
confined to the cuter part of the ocuter chanmnel. 3Iponges, Oli-
gochaete wormm, polychaeta, decapod, crustacesa and molluscs

also ocour abundantly in this pat of the lake.

S¢ [Rock faunas ‘The occurence of rock fsuna is relatively much
smallor compared to other kind of fauna. General sponges, CO=-

sleonterates, molluscs ocour on the rook aurface of the lake.

4. VYepd fguna: The woeds like Halophila ovats, and Potapogeton
Reotinatus offer shelter to the majority of the weed fauna.



Young fishes and orabs, take shelter in the thickly
woven network of Potagogeton. Colenterates and sponges
adhere to the leaves of Halophils.

5. Zree pwimping oxgsnismgs These include fishes, string~
rays, crustaceans and ctenophores. White jelly fishes with

long tentacles ars alsc seen floating in water. VUWater Birds
ovim in the lalke sometines in groups and can sink {n water
and hide for sometime. They generally take shelter on the
rocks of the lake.

6. Plapktons:s  Copepods and larval molluscs greatly predomi-
nate the planktonic fauna.
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EATERIALS AND MXESHODS

the nethod followed &in deternination of dissolved
oxygen is a modification of classical Winkler's procedure (56).

300 ul BOD bottles were rinsed with lake mter four
times, before being filled up. BOD bottles vere then filled
with ourtyco lake water and extreme cars was taken, sd that

no water budle remained inside the dottle. As s00n as wvater

wag collected, the bottle was tightly stoppered inside the wmater
and then brought out of lake vator.

Reagents

. Fanganese sulrhate resgent: 365 g of WnSO0..H,0, vas
dissolved in diatilled water and sade upto one litre.

2. Alksline 10dide moiutiony 500 g of sodium hydroxide was
diasolved in 500 n) of diatilled wmater. 300 g of potassiue
iodtde was dissolved in 450 =l of distilled water. Both the
svlutions were mixed and atored in dark in a browmn opaque bdottle

A standard 0.01 ¥ eodiun

thiosulphate soluntion was prepared.
4. Qtepch indicgtor solwtion) 2 g of soladle starch was
suspended in 300 nl of distilled water. 20% solution of BalH
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was added to it with vigorous stirring, until the /
solution become clear, and the solution was allowed %o
stend for 2 hours. Concentrated HC1l was added to the above
solution until 4t became just acidic to litwus paper. 2 ml
of glactial acetic acid was then added to the sdbove solution,

and dfluted to one litre with distilled water.

Erocedure

Stopper was yemoved from the completely filled BOD

bottle, 1.0 ml of nnso‘ reggent was added to it followed by

1.0 ul of alkaline iodide solution. The bettle was restoppered
fmmediatoly and the contents of the bottle were mixed thoroughly
by shaking until the precipitate manganous-sanganic hydroxide
wAs evenly disperesd. The prescipitate was then allowed to
settle and 2.5 ml of concentrated HCl was added to the dottle
by opening the stoprer and again restoppered and mixed thoroughly
by shaking until the precipitate was completely dissolved.

50 ml of sbove solution in BOD bottle was taken out by
8 50 vl pipette:s 5 ml of starch indicator was added to the abows
50 ml solutfon and this forms & blue colour of starch 1odide.
This was titrated against 0,0V N m28205 solution taken in a
10 al durette having graduation of 0+05 ml until s colourless
end point was resched.
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Salculations

I? X 4s the al of ¥a 5,05 solution used,
VSO ml 48 the amcunt of solution taken for titration,

0.01 is the noreslity of 3028203 sohit&m,
| t!un. N

 mg0,/11tre = X2 0,01 X 100028
" S0 x 298/%00

ncozli: = 1000 :-goz/n_tu.

| A modified method of Bendschmeider and Rodinson for - -

amalysis of sea water was followved {56).

Samples wore oollected from the lake water in 3500 ml
polythylene bottles. It was filterod through s millipore set.

The sauples were stored not more than twelve hours after
collection.

Reagents |
Sulphanilsnide solution: S g of sulphanilamide was dissolved
in 300 sl of wmter and 50 vul of concentrated IiCl was added to

it with stirriag. The above golution was diluted to 500 ml
and stored.

of reagent was diassokved in 100 ml of distilled water and
diluted to 500 sl.
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Ixocsdure

" 40 ml of the willipors filtered lake wter vas
taken in & 50 ml graduated flask and diluted to about 46 ml
with distilled water. 1.0 ml of sulphanilamide solution wes
added to 1t and mixed thoroughly and allowed to react for
5 atnutes. Then 1 =)l of Haphthyl ethylens nldn. solution
was sdded to 4t and thoroughly mixed. The sample was diluted
to 50 ml. A red coloured solution was forxmsd which was
oompleted in 10 minutes. The optical density of the above
solution was meastred et 547 nn. The dlank wes determined by
repeating the above procedufe with distillied water.

A standard curve was prepared using mz as standard
reagent. The caloulation was wmade as ug ~ xo; - §/ul.

Determination of Mitrate (NG) 1n lake wetor.

A nodified method of Morris and Riley was followed for
the determination of Nitrate (no;) (s6).
Saapie sollection and ptorsge,

The sanples wers collected in 300 m) of polythelens
bottles. The collscted water ws filtered through a millipore

set. The sampPles were not stored more thas 12 hours after
colisction.

kY
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JRsegents

1+ A concentrated ssmonium chloride solution was

prepared in 4istilled water and stored in a plastioc dottle.
‘2. guiphepileside solutioni 5 € of sulphanilastde wes

dissolved &n 300 al of distilled water followed by 50 ml of

con. HCL with stirring. The adove solution was diluted to

500 ml by distilled wter. |

‘3. Sednium-cosper £4lings colupnt Alloy of cadmium-copper
was filled 4in uwpte 10 om of glass tube of | cm Giangeter. Care

was talten that the filings wera compact.

4 X , o b g0,
0.5 g of the above reagent was dissolved in 500 ml of distilled

water and stored in a dark dottle.

Rrocedure
100 =l of gillipore filtered laks water was taken and

to it 2.0 ml of conoentrated emmomium ¢hloride sclution was
added. The adovs solution was mixed and them pwured successively
in volumes of 5, 5, 10 and 20 ml of the sample into the column,
alleving each vslume t0 be drained, befors adding the next. The
elustes weres diseardod. This ensured replacenent of the solution
tn the columa, if eny, with the now ssuple. 40 ml of reduced
saaple was collooted from the coluen in & 50 wl of measuring
greduated Tlask.
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To 1t 1,0 ul of sulphanilanide solution was
sdded soon. The reagent was allowed to react for five
minntes and not morve than eight minates. 1.0 ml of Napthyl
ethylene diamine solution vwas added to £t and wes mized
thoroughly by shaking. The solution was diluted to 50 md
by adding distilled water. The colour reactisn was complete
after 15 minutes. The optical density was weasured at 543 mm.
Blank waa propared by repeating the above process with distilled
-water inntead of laite vater.

Sizce the above method NGy vas reduced to NO,, the
uo; deternined wsprosented total lo; and 30'2" present in water.
Therefore, first BO; s determined and thes this amount was
deducted from total N0, detormined after reduction to represent

the amount of no; that was reduced to N0,

“he prossdure followed mas & modified mothod of Murphy
and Xiley (56). The sensitive range of the method is 5 ug to
150 ug P/1itre. However, precision is at 1O ug/litve level.

The sanpling of lake water was done &n 300 ml, Polythelene
bottles, rinsed twice with the lake woter to be anilysed. 1the
analysis was done within 12 hours of ocollection of samples.

Reagents
1. Jamopins molybdate solutioni 15 ¢ of aswonium molybdate was
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dfssolved in 500 ml of distilled water. It was atored
in plastic bottles.

2. miphuric scid scluthoni 140 ml of eom, H_S0, wes
added to 300 wml of distilled wter. The solution was cobled
snd.ws stoxred in & glass bottle.

3. Assorbic agid solutions 27 g of sscordic acid was
dissolved 1n 500 ml of distilled water. The solution was

;toiod in room texperature not more than ons week.

4. Rotteppiup antimony tartarates 0.354 g of potassium
antimony tartarate was dissolved in 250 ml of water. It wms
- stored in a plastic bottle.

5. Eized resgents 100 ml of ammorium molybdate, 250 ml of
- salphurio scid, 100 nl of ascordic acid, and 350 ml of potassium
tartarate, wers mixzed togeter. It was not stored more than
€ houra.
Erecedure

40 ml of millipore filtered water was taken in s 50 aul
graduated flask. 6 ml of mixed resgent wes sdded to it and
diluted to 50 ml. 4ifter 15 mizmutes, & blus solour was formd,
wore official demsity was measured at 885 nm, The dlank ws
repsated as above wdth distilled water instead of lake wator.

Salinity of the lake was dstersined by the apecific con-
ductivity of lake mater measured by & conduectivity hridge.

£



Solleetion of mcmpls

1Lake water was collectod in 200 ml polythelens
‘bottles rinsed thrice by the lake witor, the conductivity
of which wna %o be detormined.

A The specific conductivity of standard sea water was
doternined by the conduetivity bridge 4n mMho, %The specific
conduotance of leks water was also measured by the adove
conductivity bridge. Then they were converted in torms of

salinity as % of standavd sen mter, ™o noraal salinity of
stindard sea wmatey is 35X,

The purcentage of salinity of ses water caloculuted for
lake wmater was ea_mutsa o g of calt presant per litre of lake
vater (gran/lttre dencted as 4,).

The tracs olomente Zn, Cu, and Fe vers dstormined by
atomic adsorption spectrophotometro.

The weter cample was coilected {n 500 ml polythelene
bottlos from different psrts of the lakes 1§ @l of conscentrated
8280‘ wvas added t¢ water ig order {o check the adsorption of
traoe netals by poiythelene contatner.

35
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Erocedure . s
Bach samnle was filtered by millipore sot. The
pillipore filter wan not tonched by hand or metallio forceps.

7or the detormination of esach trace olemsnd apecific
catholes were introduced. The atoeic absorption spectrophotos
meter was supplicd with air-scetylens fuels

50 ml of water samples were taken in vory neatly cleaned
100 ni beakers and the volume was reduced to exaotly 10 ml.
Then the samplea wele snalysed by atouic abaorption spectsro «
photometsr. The values obtsined were divided by 5 to dotermine
the roal content of trace elements of kske water moasired in PPN,

f. Concsntrat #.,80 AoRe « G 1. »

2. Pgesiion sizture; Ten nrtncfxzso‘ and one part of Cu 80,
wore nivdd thoroughly snd was grinded to powder form. Them 0.1
part of selenium metal powler was added mixed thoroughly and
stored in adbotile.

%« Stenderd stoit .4 nl of above conemtirated nzso‘ ms
dlesclived in 100 m) of distilled water. 7The normelity of the

aoid waz exactly deterxined by titmating against standard sodium
cardonate ualng methyl orange as indicator.
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a) 0.5 g of bromooresol gresn was dissolved in 10 md)
of 0.1 (N) NaCli and made upto 500 m) with distilled water.

») 0.25 g of methyl red was dissolved 4a 7.5 sl of 0.1 (¥)
NaOH and eade upto 250 a) by distilled wmter.

e) 150 m} of bromocresol gresn solution, 50 ml of methyl
red solution were mixed together and made upto 400 ml. with
absolute aleshol. It was stored iz & brown stoppered dottle.

5. Boric acid pelytions S50 g of doric acid was diesolved in
S00 ml of doiling distilled water, and made upto 2500 al. To

this 50 ml of aized {ndicator ms added and 1t was stored 4in a
browm opaque M&fﬂ.ﬁ.

6. Sodium hydrexide: One kg. of NEaOE was added slowly with
stirring to 2 Mtres of distilled water. It was allowed to stand
overnight. It was filtered through glass wool and stored in a

brown bottle.

Eregeduze
0.1 g of &xied and powdered plant materisl was weighed

into & 30 ml Kjeldal's flask. A pinch of digestion mixture

and 2,5 =l of concentrated H 50, were added. The flask was then
kept on a digestion hoating chamder and was heated till the
forthing um./ ¥hen the digestion was complete and solution
becane clear, the flask was taken out of the chamber and cooled.
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The digest was transferred to distillation unit with

four washings. 10 ml of NaGH solutiom was added to it.
Asmonia was stesm dtstilled for five minutes into 10 mloof
boric acid solutiom. The colour of boric acdd turmed green
during amsonis distillation and after the distillation ws
conplete, 1t wan titrated against 0,08 L8 SO‘. t0 a pink
end point,

Calonlations N¥ = 34 x K x Titration value X 100
Wedght 40 ng.

vhen N = Homality of H, 50, (o.05%).

The leaves of potopegaton pectizatus, Hslophilis gvate
and the green pesl of emergent hollow stems were separated from
the plants. Chlorophyll from 100 mg of the green leaves or
peels wers extracted in 10 ml of 80% acetons and centrifuged,
with parafilm covering the mouth of the ceatrifuge tubes in oxder
¢0 check svaporation of acstene. The optical density was measured
taking 80% uoetone as blank, at 64_9 nn and 665 om. The total
chlorophyll content was estimated ascoxding to Arnon(2).

t. &) 25 g of wmonium molyddate was &tssolved fn 150 ml of
wter. It was honted t0 60°C and cooled.
b) 1% al eea. Ha80, was added to 150 ml of distilled water

and was coovleds-
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o) BNoth the abovs solutions were mixzed, colled, made
upto S00 =l by distilled mter.

2. 7o 300 ml of distilled water in a beaker 15 g of sodium
bisulphate, 1.5 g of sodivm sulphite, and 0.5 g of i-amino-2-
Bapthol sulphauie acid were added in mcoession. The total
volune was made upto 500 sl.

S. Ones triscid mixture of nitrie acid, perchloric «oid and
sulphurio acid was preparsd im the ratio of 2013531.5.

Eressdnze

0.5 g of dried and nowdered plant utom was digeated
in 12 ml of tri acid sixture. The above Algestion wms Carried
oot in digestion heating chemdor. Vhen the digestion was
complete, the dizest ws transforred to a 2% ml volunetrie
flask with four washings and was sads upte velume by double
distilled water.

2 ml of the 8liguot was taken out of 25 al flask into a
50 a1 vqlﬁnotric fiaak. It was diluted Dy adding 25 ml of wter.
Then 2 ml of reagentol was added followed dy 2 nl of reagent-2,
The content of the flasks were chilled in f¢e cold water and a
blus solour developed completely after 1% mimutes. The sample
was made upto 50 ml by adding distilled mater. The optical
density was metmured at 660 am.

K PO, was used as standard reagest.
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100 ng of dry powdered plant material was digested
with HC1 and was filtered through No. 44 Vhatwan filter paper
into & 50 ml flagk and made upto volume. The final extract
contained 1% BC1. .-

The extrasts wers then compared in the flame photometer
for X and Ca against standayd solutions containing sxactly the

same anount of hyédrochloric soid.

Regnesiun wis determined 4n plant paris collorimetrically
using Xg so‘ as standard resagent.

' Norsan's Eesgents 100 g of sodium acetate and 30 ml of acefic
s0ié were disuslved 4in diastilled wmater and mads upto 1 lisre.

Iartarste xeegants 10 g of sodium hydvogen tartarate, 10 g of
sanitol, 2.5 g of hydrasine sulphate wers disselved 4in 1 litre
of water.

Sodjun hydroxides 150 ¢ of purs sodium hydroxide pellets were
diasoived 4n { 1itre of distilled water.

Rxe reegents 0.09 g of thiasol yellow wes dissolved in 1 Jitre
of distilled water and 2 drops of sodium hydroxide was added $o
4¢ and filtered after 24 hours.

£/7.°



Dre solyents GO0 m) of m-butyl ;{;uho'a. wvas mixzed
with 400 »l of ethyl alcohol.

Eagnesium stock yemgants  4.034 g of pure WgSO,.TH.O was
dissolved in one 1itre of Morgan's reagent,

Nasnesiun standard splutions 50 ml of atook solution was
diluted to one litre vith Forgan's reagent.

Iri scid mizture: One tri acid sizture of nitric acid,
perchlorie te“ and suiphuric soid was prepared in the ratio
of 2013:11.5.

£xocedure

0.5 g of dried and powdered plant material wms digested
in 12 wl of tri aocid sizture. After the oompletion of digestion,
the digest was transferred to a 29 ml volumetric flask with four
washings, and was stde upto volume dy doudble &istilled water.

An Oliquot of 15 ul was taken and 5 ml of tartarate
reagent 5 ml of 4ye veagent and 20 ml of sodium hydroxide ware
added to 1t muccessively with stirring and left over might. 50 md
of dye solvent was added to it mixed thoroughly and phase sepa-
ration was allowed to take place. After 30 mimites, the upper
layer was decanted off to a comieal flask containing 0.9 ml of
acetone. It was compared with colour of standards uﬂhtn
30 sinutes.



/2

0.5 g of plant materisl waps digested 4n by tri acid
sixture of B :o,axczo“:nzse‘ = 201511.5. After the completion
of digestion, the digest was transferred to a 25 ml volumetrie

ﬁuk vith four washings and was made upto velume by doudle
distilled water and filtered.

Fo and ¥n ware dsterained by atomic ahsorption spectro-

photometer from the above extrect, supslying sirc-acetylens
fuel. |

Sanpling of waSer Vater was collected from mrface and desired
depth by & water samples and light and dark 0D bottles wers
filled 4n, taking care thsat uo atr bDuble remsined tnside the
bottles. One fnitiel bdottlo (IB) of wuter was also collected.

Sxosatars

Dark botiles wers painted black and alzo were coversd Wy
aluminius folls: Thess light and dark dottles were hanged in
the lake in duplicate at desired depths by & thresd. The depth
profile of productivity vas studied, where the depth of the lake

was 1 motres or aore. The bottles were illuaminzated for § hours

and sometimes 6 Roure. iftar the axposurs period, oxygen was
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fanediately fized in both 18ght bottles (LB) and dark
bottles (DB) by the NnSO, and alkaline KI as described for
oxygen aralysis. '

Oxygen of an initial BOD bottle (IB) filled during
sample collection was also fixed while hanging the light and
dark botunﬁta the lake:. The precipitates were dissolved in
‘2.5 m) of con. HCL and then titrated againat 0.01 (X) sodium

thioslphate solution as described before for oxygen mxmu (s56).

galoplationsy?

Gross photosynthesie « Titration value of 1ight bottle (LB) -
?itration valus of dark dottle (DB).

Net photosynthesis = Pitration value of 1ight bottle (1B) -
Titration value of inttial bottle (1B).

Community respirgtion = Titration value of initial bottle (IB) -

Titration value of dark bottle (DB).
uozl,lua/neu = Titration value x normslity of ¥a S 0 x 1000 x 8

223 ,
N1 of solution take for titration x 298 x durationm
500

of exposure in hours.

uozln’ our = mgo0,/litre/hour x 1000.
Assuming that photoaynthetic quotient to be unity for phytoplanktons,

nac/tn’/han: = 0.575 x uog-’/hmr (54).
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The standing crop of four species of squatic saoro~

phytes: Ealophils gvats, Botamogeton Dectipatue, FPhrassites
Jerks spd Gracilarzia were detaersined, by uprosting the plants.
These plante weve uprootod, frox 0.25 o2 of lama arse aeagared
by one wooden freme, specifically designed foy it. Thess planta
wers wagshed in the lake water and then driel and dry weight was
taken. Thess chservations were made at different varts of the
lake and from sach place five replicates wers taken, In a few
solected piscen of the laks, a#spnnz w3 rpeated after one
nonth, to study ﬂie growth rate of two spesius. The bionans

was expreausd &a grewm 4ry ul@t/ua of land ares.

ihlls moving 12 a2 notor boat or coualry boat in the lake,
the boats wers giogped at ths dosired apote of the lake and
arxchored to Prevent drifting. The heavings wers takan by the Brunton
Conpass and the positione wers plotted on the map of ths lako. At
some selected places depending upon the depth, locality and
socesuibdility te the place, station nusbers were denoted. From
thess selected apots, produotivity measurensat and chesical analysis

of sater ete., wers done.



BESULTS

_ The primary production of the lake wae studied
at different parta of the lake by hanging 1light and dark
bottles 4n the hk‘éo desoribed in the chapter of materials
and methods.. Due to several limitations, primsry production
in all parts of the lake could not be studied. The cuter
channel, because of {ta low depth in the month of June, could
not be surveyed at all due to ita inacoessidility from the
main dbody of the lake. The study of different kind of depth
profile for primary production was dane in a fev selected and
eadlly accessible sites. Primary production studies in the
northern part of the lake where the depth was less than t meter,
[eould not be dons at very many places. It'was confined to e
few places, easility accessible by a country bdoat.

13 & SN 13 X ] | @iy 2Rl

Gross photosyntheais, nat photo-

synthests and community respiration, expressed as }mc/l./hour are
given in Table-f. A comparison of the data shows that net and
gross photosynthoesis was lowest in t’holuillddlo part of the lake
(station Nos. 17=33). The same uroﬁ,biat h’tdur in the southern
part of thonlako (station Nos. 1-16) and highest in the northern
part of the lake (station Nos. 34-39). From station Nos. 1-33
the comsunity respiration invariably equalled the net photo-



synthesis. The same was appreciadly lower than net
photosynthesie in the northern part of the lake (station

Nos. 34-39)( rv7-1).

L0

» e Q

)

B pethod

Rat photosynthesis in the lake; Three sste of experiments

wers done to calidrate the method for astudy of depth profile.

2X: Ay Of

Two convenient atations were chosen for mch calidration

study {Table=2).

In the first set of experiments, the samples wers
collscted in light and dark dottles from difforent depths (i.e.
surface, one metre and one and half metres) dy s water-sampler

and wvere hanged at corresponding depth.

In the second set of experiments, samples were collected
from different depths and were hanged at the surface of the
lake. .

In the third set of axperiaents, the light and dark
bottles were filled with surface water and hangedat different
depths.

As shown in Table-3, the net and gross primary production
and community rup&ntion rates were sasme in water samples
collected from different depths and hanged at the surface {sescond
set of experiments). Eowsver, when they were hanged at depths
from which they were collected, the net and groass primary photo-
symthesis were reduced whersas the respiration rete remained



the same (first sot of experiments). The samples colleoted
from the surface and hanged at different depths (third set

of experinments) exhibited the same rate of photosynthesis and
Tespiration as those of the samples collected at different
depths and vh}augvod‘at eorresponding dgpthc._ | o

The sbove observations showad that the distribution
of planktons through the vertical oclusn was uniform and the
reduced rate of pliotoaynthaau at different depths was due to
limi tation of light intensity. However the respiration rate re-
axined almost constant, “v all doptht measured.

Therefore, for further experiments on photosynthesis,
the 1ight and dark bottles wers filled in with surface water and
hanged at different depths to study the limitations of net photo-
synthesis by light intensity. |

Study of depth profile of net photosynthesigs Based on con-

clusions drawm trcn‘tho above experinents, further experiments
on depth profile of net photosynthesis were conducted by hanging
the bottles filled with surface water, hanged at aifferent
depths. The results of study of depth profile of net photosyn-
thesis has been tadbulated in Bable-5. The net photosynthesis
decreased with inorsased depth. At one metre depth, the photo-
synthesis decreamed by more than half, and at 1.5 metre depth
at some places ﬂwtouynthuu still oould de observed at a much
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reduced rate ;nﬁ some other places it could not be observed
at all. The total net photosynthesis of the one square setre
of water column was highest at the northern part of the lake.
The lowest net photosynthesis was recorded at the middle part
and highesta t the northern part of the lake.

loulation of total net photosynthesis of the lake Caloula-

tions of totel net photosynthesis of the uhvper day and average
primary production /azlday during the month of June 1977, have
been made 4in Table«d, It indicates that tofal net rhotosynthesis
of tho lake /day was 768675 XgC/dsy and aversge net primary pm-
éuction by phytoplanktons of the lake was 1.14 cC/uzldcy. It

is to be noted that the caloulations of the area of the lake
excluded the outer channel and other shallow parts of the lake,
where productivity could not de nuomd./

~

Ritrite and nitrate concentrations meamired in different

Parts of the lake are given in Table-5. The KO, concentration
mi;ohtinly hte'hér in the northern part of the lake ranging
from 18 ugh/iitre to 36 ugh/iitre (station Nos. 31-39). It was
relatively lower in the southern part of the lake ranging from
12 ugh/litre to 20 ugh/litre (stetion Nos. 1-16). Nitrite level

was Delow the esnptitivity limit of the detection of the procedurs
folloved, in the middle part of the lake (station Nos. 17-30),
and st mouth of the lske near Arakakuds. ' |
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e nitrate emontﬁuon vas nﬁn higher than
that of nitrite. The xcg was highest in the northern part
of the lake ranging from 69 ugh/litre to 245 ugh/ittre (station
noa.' 31-39). _'rh- nitrate was relativd y lower in the scuthern
part of the lake ranging from 58 ugh/litre to 81 ugh/litre
(station Fos. 1-16). It was lowest in the middle of the lake
whers 188 concentration ranged from 8 m/utro_ to 20 ugh/1ite

{etation Kos. 19+%0), uo‘,’ oconcentration near lake mouth was

also low 4.e. 12 ugh/Jitre.

The level of soluble inorganic phosphate in almost all
parts of the lake (where phosphorus content was measured ) was
found to be beyond the limit of detection dy the methodology |
followsd. Other methods which were moro sensitive for detection
of thosphorus could not de followsd, 4due to the nonavailadility
of required fnstruments.

SAJIRITY OF LAKE WARER.
Salinity of the lake measured in Sune 1977 is given &n
Table~6 and Pigure 3.

A doetailed study of asalinity of surface samples measured,
Teovealed that the snlinity was highest in the middle of the lake,
and it further fncreasad towards the outer channel connecting .
the uh with the Bay of Bengsl. Since entrance area near
Vagarsukh to the outer channel was very shallow, during the period
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of survey the motor boat could not enter it and therefore

| the salinity of the channel could not be seasured. BHowever,
the mouth of the lake at Arskakuda could de approached by
land route and salinity at the south was almoat equivalent
to sea water. The lowest salinity was recorded from extreme
northern part of the lake, where the rivers Daya and Bhargavi
bring water into the lake.

e lovest salinity recorded in the northern part of
the lake ranged from 10.2%, to 11.6% (station Nos. 34-38).
The higher salinity recorded in the southern part of the lake
ranged from 16% to 16.83 (station Nos. te16), The highest
salinity was found to be in the middle part of the lake ranging
from 17.6% to 287, (station Nos. 17-33). fThe salinity at
Avakakuda, the lake mouth was 35%,. '

The oxygen concentrations at different stations of the
lake deternined from surface water sanples, are given in !'ahlo-?.
The soludility of oxygen is affected dy the salinity. Higher
the salinity, lower the solubility. '

A comparison of oxygen concentration at different stations
of the lake showed that the middle part {station Nos. 17-30),

exoept & few atrotches around NHaladan, was relatively lower in

SV
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)
oxygen concentration. The southern part of the lake

(station Foe. 1=16) wassdightly higher in oxygen than the

middle part. Dissolved oxygen conoentration was found to

be highest in the northern part of the lake.(station Nos. 31-%3).

Only a few trace elements (Pe, Zn and Cu) have been

neasured from surface samples of lake water.

Iron eone

centration ssasured by atomic adsorption spectrophotometer
ranged from 0,72 to 0.52 PPM and is given {n Table~8. 1Iron
conoentration wvas found quite variadle at different stations.
However, & higher iron ooﬁccn_tnticn vas recorded from Kalupars,
Balugaon, Kalsban, mouth of the river Days and iaband complex
of Sanakuds, Badkuda and Samal located et tha scuthern part of

the laks.
Zipc content of theg lake water; The concentration of sine

recorded at differcnt parts of the lake sre tadbulated in
Tatle~9. 2inc concontration was found to be higher near Rambha
area of the lake and relatively lower near Ealupams region. The
lowest concentration was recomded from the middle part of the
lake. 7The sinimum and maximus zinc concentration determined
from lake water was 0,025 and 0.19 PPN respectively.

S/



Copper concentration in lake wate Concentration

of copper measured at different parts of the lake are given
in Table~10. %The copper conaentration was found to de unifora
at different parts of the lake. Highest concentration of
copper was Pecorded from atretches of Balugaon and llahhn._
The sinimum and maximum copper content determined from lake |
water was 0,02 PPR and 0.04 PPE respectively.

oxygens The diseolved oxygen, nitrite and nitrate contents
vere measured in samples collected from surfaces and fros one
metre and 1.5 motre depths at three easily actessidble selected
places of the 1lake, The distribution of the adbove soludble nfor
components was found to de almost uniform in & verticsl water
column (Table~11)i This indicated a thorough vertical mixing

of water.

The gross photoaynthesis of the lake has been correlated
with the nutrient status, salintty level and other trace element
contents of lake water (Table-12). The productivity is positively
correlated with nitrogen content of‘ lake water (correlation co-
efficlent » 40,9602). It ia sleo positively correlated with
iron content of lake water{correlation cosfficient = +0.6433).

It 1o negatively correlated with salinity level of lake water
{correlation coeffioient = ~0.8666). Productivity has not been



significantdy correlated with zinc and copper eoncen-

trations of lake wator.

Standing crop expressed ss gram dry uuht/mz of

land area of thres angiospersic species Li.e. Potanogeton
Reotinatus. Halophila ovats and Phragaites Eaks and one

species of red alga Gracilaria was messured inm the month of
Juns 1977, at different easily accessidle parts of the lake.

The red alga Gracilarig vas found attached to the substratums

of rosk surface. The places from which the macrophytes are
collected have besn allocated the status of substations as

ghown in Table-1J and Pig. 9 . Among the macrophytes the reed
svarp Phrpgrites produced the highest anount ranging from 880 g
dry weight/s° 1and sres to 1440 g dry weight/s® of land ares.
W came second in the production list whose primary
production ranged from 540-T50 g dry weight/a® of land area.

The third macrophyte, a red alga produced 132-480 g dry weight/’.
The fourth macrophyte Halophils ovata had the production capacity
ranging from 80 to 196 g dry ui.ght/nz of land ares.
Dhe crop growth rate of mecgrophytess Due to difficulties in
easy access to parts of the lake where Phrazmites and Gracilarie

grovs only the growth rate of Halophila and Potapogeton conld
be neasured. The cdeervations wers taken during the month of
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June 1977, from aifferent parts of the lake in five

replicates and average figures were calculated. The net
produotion during one month was divided by thirty to give
prisary productzon/n /day. As given in Table-14, Halophila
gvats bad the net primsry production rate of 0.556 g dry
n!.ght/- /day, vhereas W had the prodnotion rate of
2.03 g ary weight/n> /4ay.

) The chlorephyll
contents of thres agustic angiosperms are given in !'.(‘abh-i'S.
The variation in chlorophyll contents among the aquatic angio-
sperms was 25% or less. The chlorophyll content of the emergeat
flesd swanp Fhragpileg was obtained fr6m the green pesls of the
emerging feeda. The chlorophyll content of other two plants was

detersined from the leaves.

Hitzogen gontent of meorophytep; Table-16 records the nitrogen

content of four sacrophytes. The nitrogen content was lowest

(1.5%) 4in Phregmites, the smergent plant and highest (1.95%) in
2otegogeton, the sudbmerged one.
Ehasphoms content of wetepeplants; The phosphorus content o

the macorophytes are given in Table-17. The variation in phosphorus
content was quite significant which ranged from 0,06% for
2hraguites to 0.255% for Halophila.

NP xstio of macroghytest NiP ratio of the mscrophytes are



recorded in Table~18. The variation in the ratio was
more than three fold, the lowest being 7.2 and highest

being 25.0.

Potassium, calcium and magnesium content of aguatic

haorophytes: Potasaium content of aquatic angiosperms ranged
from 0.45% to 2.4%. However, the submerged red slga Gracilaria

was having a very high potassium content (12.2%).

Calcium content of aguatic macrophytes ranged from
0.15% to 0,35%.

Magnesium content of agquatic angiogpena ranged from

0.7% to 1.357% whereas Gracilaria possessed & low Mg content (0.57%).
The CatMg ratio ranged from 0.140 to 0.491 (Table-19).

Iron and manganese content of agquatic macrophytes: The range

of iron content of aquatic macrophytes was from 0,03% to 0,74%
vhereas that of Mn was £rom 0.,013% to 0.102%. The Mn:Pe ratio
of plants ranged from 0.028 %0 0,433 (Tadble-20).



Net photo-

Station Groas photo Community
No. -ynth - synthesis rnptrauon
pcclllhr) (pec/1/nr) (pec/2/nw)

1. 50 100 50
2, 45 90 45
8. 40 - 80 40
5. 45 90 45
1. 40 80 40
10. 45 90 45
15. 35 T0 35
17. 20 ) 20
19, 20 40 20
22, 15 30 15
2%. 10 20 10
24. 20 40 20
28, 25 50 25
2. 20 4 20
st. 40 80 4
33, 35 70 35
34. 347 574 227
35. 310 510 200
%6, 298 498 200
. 320 5% 210
38, 340 560

&Y



Station Vater Desoription Depth  Depth

Net Groas Communi ty
Ko. depth of the o2~ from at
(4t the  periment itk  hiah """"";a f‘,:“‘ respiration
statign ' samples ssmples
iy | waples s (ptc/l/hr)(wﬂ/hr)(pccll/hr)
: = - llected hanfod»
(1) (2 (3 (&) (5)  (6) n (8)
1. 1.5 Samples colle- Sur- Sur- - S0 100 50
: oted from di- face face
fferent depths
and hanged at
corresponding
depth. (Expori~
‘ment set up-f)
te 1.5 w0 f = fn ) 20 10 50
1. 1.5 =0 0= . . 1:5m 1.5 m. 10 60 S50
2. 1.9 =d0~  Surface Surface 45 90 45
2. 1.8 “d0= 1 me tmes 15 N 60 45
2e 1.5 -do- ‘ 1.5m 1.5 m. 5 50 45
fe 1.5 Samples colle- Sur- Sure S0 100 50
: cted from di- face face
fferent depths
and hanged at
surface.(Bxperi~
ment set upe2)
1. 1.9 -l Qe 1 = «d 0w 50 100 - 50
1. 1.9 Q= » 1.5 B, =do= S0 400 50
2. 1.5 wl O~ Surface «dOm 45 90 45
2. 1.5 «Q0= tme  =do- 45 90 45
2e ‘os wdOw ‘05 2 =40« 45 90 45
1. 1.5 BSamples colle~- Sur- Sar- 50 - 400 50
cted from the face faoe
surfaces and
hanged at diffe~
rent depths.
1. 1.5 (E‘P:d::" w3 odo- 4 & 20 70 50
1. 1.5 =dO= wdo=- 15 ma 10 60 50
2. 1.5 ol O «d0= Surface 45 90 45
2. 1.5 ol Ow il 0w 1t m. 15 60 45
50 45

* 2e 1.9 o= «40., 15 me 5




Station Depth at Het pho- Het photo Net pho- Het pho- Aversge Total net
Xo. the sta~ toaynthe synthesis tosynthe toaynthe net pho- photosyn-
tion sie at at 1 me sis at sis at 2m. tosynthe thesis of
(metre) wsurface depth. ; ;:t:‘ depth. ais. ;:c:‘:::
(pac/1/h) (poO/AMD) (1 o/ /) Gt/ 1/r) uac/a/mr)prommetive
pagity.
fe 2.00 50 20 - ] 25,0 37.5
2. 2.00 45 15 5 o 21,6 32.4
4. 1.50 40 19 5 - 20.0 30,0
Se 2.25 45 15 S o 21.6 32.4
Te 1.00 40 15 - - 27.5 27.5
10. 2.50 50 20 10 0 26,6 9.9
1. 3.00 35 15 5 o 18.3 27.45
15. 2.90 35 15 5 4] 18.3 27 .45
Total 254.6
. ————————— .
17. 2,70 20 S 0 o 12.9 12.5
19. 2.60 20 5 0 s 12.5 12.%
22, 2.00 15 S ] (\ 10.0 10.0
23 2.20 15 5 4] 0 $0.0 10.0
24 1.00 20 5 - - 12.5 82.5
28, 1.50 25 5 (] - 15.0 15.0
29. 1.50 20 S 0 - 12.5 1245
3. 1.50 40 1 4 - 18.0 27.0
b ) 1.50 75 10 0 - 22,5 22.%
Total 134.50
‘ aeln 14.95
4. 1.00 347 221 - - 284.0  284.0
5. 1.00 310 190 - - 250.0 250.0
S6. 1.00 298 190 - - 244.0 244 .0
3. 1.00 320 200 . - - 260.0 260.0
’80 ‘!.N 3‘0 2'0 - - 2?500 2’!5.0
Total 1313.0
mean 262.6




An; of the northern part -
Area of the middle part -
Ares of the southern part .‘

189 sq. kllometres
%46 aq. kilometres
136 8¢ kilometres

gq l:umtm

Total area of the lake

Net productivity in the northern
part/n*/nour

Total net produotivity of the
northern part

Total net productivity of the
aorthern part during 135 heur
photoperiod

Net protuoctivity in the uiddle
purt/nzlhmr

Total net produotivity of the
xiddle part

Total net productivity of the
uiddle part during 13 heur
photoperiod

Not productivity in the southern
part/a/nour

Total net productivity of the
niddle part

262.6 Igc

262.6 x 189000000
49651400000 mgC/h
49631.4 XgC/h.-

49631.4 x 13 = 643208 xgC/day.

14.95 naC

14.95 x 346000000
$172700000 ngC/n
5472.7 XgC/he

5172.7 x 13 = 67245 KgC/day,

31.8 mgC

3‘05 b ’m
43524800000 ngC/n

4324 .8 KgC/h. (cont*a)
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Iadle = 4 (ocont'a)

Total net productivity of the
southern part during 15 hear :
photoperiod = 4324.8 x 13 = 56222 xgt/any.

Hence total net productivity of the lake . = 768675 XgC/dny.

Aversge net primary profuctivity _ 2
of the lake = 768675000 g¢/671000000 n°
e .14 lc/lz/uy,




Station No, | mtrsu Hitrate Station No. ltrt:'itcr ’ llihito

(uat/2)  (uen/1) - (uen/1) (nen/1)
1. S 12,0 81,0 21, Below the limit 20.0
- of deteotion.
2, 18,1 6040 22, O . 8.0
3. P 18,7 5200 25b =jon B 8.0
4. ' 18,5 61.0 4. =fOw : 11.0
S, 18.7 62,0 25. ‘ edn 1940
6. : 17.% 60,0 26, «dOw 19.0
7. | 16.0 60,0 2. ~dp= 12.0
8. 150 58,0 28, S 1240
9. 15.0 58,0 29: (- 18.0
10, : 15.0 60.0 30, ~do=~ 20.0
T 16.0 61,0 31, 18,0 95.0
12. 20.0 64,0 32, 18.0 . 89.0
13, 14.0 60,0 33, 19.0 90.0
1“. - 15.0 62.0 344 $5.0 . 240.0
15. 17.0 59.0 35, 2,0  210.0
16, 18.0 67.0 %6. 3140 200.0
7. Below the limit,, . 1. 35.0 = 240.0
of detection. '

18, ~d0~ 1.0 8. 36.0 235.0
19. o= 12,0 ». 3500 240.0
20, = O 13.0 40. Below the 1imit 12.0

of detection.




Station No. Salintty Station No. Salintty
(%) (%)

1. 16.0 21, 19.0
2. 16,0 22, 19.0
3. 16.2 23, 19.0
4. 16,2 24, 22.0
5. 16.2 25. 22.2
6. 16.0 26, 23.0
7. 16,2 21, 28.0
8. 16.4 2. 22,2
9. 164 29. 22.4
10, 16.4 30. 22.6
1. 16,2 . 19.0
12. 16.2 32, 19.0
13, 16.4 3. 18.0
14, 16.6 34. 1.2
15, 16.8 35, 11.6
16, 16,8 6. 1.4
17. 7.8 7. 10.8
18. 17.6 8. 10.6

4 “19. 17.8 9. 10.2

- 20, 18,0 0. 35.0




Station Dissolved  Salinity at

Percentage of

Solubility of
No. oxygen the station, oxygen at corr~ saturation.
Si3y at SvCs
(ae0/)) (%) (Reoy D)
R T.5 16,0 6.85 109
2. 7.3 16.0 6.85 106
3 7.2 16.2 6.85 105
4. 7.0 16.2 6.85 102
Se 1.0 16.2 6.8% 102
7. 6.9 16.2 6.8% 104
8. 6.8 16.4 6.85 99
10, 6.8 16.4 6.85 99
1. 6.6 16.2 6.85 96
13. - 6.8 - 1644 6.85 99
15, | 6.6 16.8 6.80 97
16, 6.7 16.8 6.80 99
17. 6.4 17.8 6.T1 95
18, 6.3 17.6 6.7 94
19 6.5 17.6 6.7 97
239' 500 '900 6-7' 89
24. 7.2 22.0 6.64 108
28, 6.8 22.2 6.64 102
29, 6.8 22.4 6.64 102
1. 8.0 19.0 6.70 119
3. 8.2 19.0 6.70 122
33, 8.0 16.0 6.85 17
M. 9.2 1.2 7.06 130
35 9,1 11.6 7.06 129
56. 9.0 1.4 7.06 27
3. 9.2 10.8 7.06 10
8. 9.2 10.6 T.14 123




Iron concentration (PPM)

1 8 0.16

2, 0.17

3 0.16

4. 0.18%

50 ’ 0.15
1. 0.20

8. 0.21
10, 0.20
1. 0.19
13. 0.17
15, 0.16
1. 0.16
18, 0.14
19. 0.13
20. 0.12
22 0.13
2%, 0.1
24. 0.20
25. 0.20
26, 0.20
28. 0.20
29. .19
31, 0.16
33 0.16
4. 0.%2
35. 0.30
36, 0.2
”' 0017
38, 0.16
». 0.15




Station No. Zine concentration (PPN)
1e 0.190
2¢ 0.150
e 0.140
4. 0.095
5 0.090
Te 0.095
8. 00070

10 0.050
11, 0.040
13, 0.030
15, 0.0%
17, 0,030
19. 0.020
20, 0.025%
22, 0.030
2%. 0.035%
24 0.0%0
25. 0,035
26, 0.030
28, 0.040
29. 0.070
-1 1% 0.07%
3. 0.12%
4o 0.120
35. 0.120
96+ 0.120
b 0.010
B. 0.060
. 0.060

06
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Station Ne. Copper concentretion(PPN)

R PR 04020
2 00
3 ' : o 0002’
4 04020
Se .. 0.025
7. . 0.020
8, | . 0.02%
10, 0,025
", 04020
13, . 04028
15, . 0.020
7. . 0.028
19, 04020
2. S 0.020
2. . 0.040
23, . 0.038%
2. 0,035
25, 0.0%0
26,  0.020
8. 0.025%
2. 0.020
3. 0.025
"33 0.020
34. 6.025
5. 0,020
36, 0.025
. 0.020
38. 00035

3. o  0.02%




o
(na/%)

Station Dissolved Concene Concen- Conoen=
BNo. subdstance. tration at tration at t¢tration at
nrtau-r 1. dogth« 15 m, dggth.

1. ao; 84.0 82.0 8%.0
 (pes/1)

%0, 12.5 12,5 13.0
(ugs/1)

oz 7.5 T.4 1.3
{ »g/1)

2. u;b}' 60.0 60,0 61.0
(sng/2)

xo; 18.7 18.0 18,0
(uclll)

02 7.3 Te2 7.1
( wg/1)

5. ROC 62.0 60.0 61.0
(pen/1)

xo; 18,7 18.5 18.0
(pen/2)

T«0 7.0 6.9




Station Gross photo-

cencotre.
gg‘: + 10';)

§35.0
18.7
9.7
80.7
16.0
75.0
76.0
12.0
’2 ‘0
8,0
8,0
1.0
1240
18,0
113.0
109.0
215.0
2‘2.0
231.0
ﬂs.o
71,0

Salindty
Ry

16.0
16.0
16.2
16.2
16.2
16.4
16.8
17.8
17.8
19.0
19.0
22.0
22.2
224
19.0
16,0
11.2
11.6
14
0.8
10.6

)

0,130
0.150
0.03%
0.090
©.095
0.050
0.0%
0.030
0.020
0,030
0,020

0.0%0

0,030
0.040
0,070
0.07%
0,125
0.120
0.120
04010
0,060

Copper
$22))

0.020
0.020
0.020
0,025
o .ow
00025
0.020
0.025
0.020
0.020
0.035
0.035
0.02%
0.020
0.025%
0.020
0.025
0.0
0.025
0.0
0.02%

Iron
(reN)

00‘6
00'7
0015
0.16
0.20
0.20
O.16
0.16
0.3
0.13
0.13
0.20
0.20
0.19

0.16
0.52
0.50
0.29
017
00‘5

Ro. aynthesis

- RO YaE)
1. 100 |
2 90

$e 8

5. 90

7. 80

10. 100

15. 70

17. 40

19, 40

22, %0

23, 20

24, 40

28, 50

2. 40

1. 80

53 70

4. 574

56. 810

36. 498

1. $30

38. 560
Correlation
coefficdent of
indepondont
variables with

produstivity.

+0.9602

«0.8666 40,2505 <0.1007 «0.6433
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Serial No. Speclies Sabstation ‘s::;xg;::t :ro?‘ aey
veight/!
1. Eslothild a 14
2. g0 A 130
3e ’ d 0w A, 180
4, (o A‘ 100
S5 , o Ow ‘5 120
“Te " L, 85
8, ' =30 “8 180
9 Rstmsction 3 150
10, ~doe 3 750
IR R T By 700
'3_- ~40s ' 35 650
4. . =do- Bg 540
15, . =80e B, 630
16. Prracd tag ¢, 1440
18. 0w o 93 900
19. wiow c‘ ' 880
- 20 : =8O es 1120
- 2%, _— cG 900
22, . Gxasilaris 5 132
24. «dG= n, 168

25. B ' D, - | 132
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Zable - $4
Rate of nst privery progg_gﬁen by two macrophytes ﬁgﬂug the mopth
of June 1977,

o~

Species Subw Biomass

Bionass Net privary Rate of
;:-tzon ﬁ‘thﬁ on the 30th production  prisary
. 1977“”' . Juno 1977 0 in one month grodnouaua
(¢ ary wi/sd) (s dry wt/a®) (g axy wt/n) (g dry wt/n"/dny)

Ealohls 4, 100 e “ 48
dow s, 114 130 16 0.5%
~d0- Ay 176 196 20 0.60
Total 1.67

| Pean 0.556

fotal Y Qw
Hoan 2.,0%
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able = 15
Chlor 1% content of acuatic ogperna
Serial Species Chiorophyl)l content
No. : (,l‘o Guq/t frosl “o)
1. Halophile 677
2. Potawogaton 517

Se Ehracplicg 661




- ﬁ‘tﬁr n

5’;&“ Spardes poremman
te Halophile 1.69
2. Botsxogeton .99
3. Eorarmites. .50
‘ Grectiszie t.70
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Serial ' ,7 ?ho-phoiu:
Yo. Species percentage
1. palomhils 0,255

2. potamasoton o160 -
3. Phregpitee 0.060




Seriel

Xo. Spesten B/P ratte
1. 2atamcgeton 12,2
2. Hslothile 7.2
3 Earagmiles 25.0

4. Sassilazis 12.6

074
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5l.  Bpecies Potasstum  Caleium  Mugmesium  CasMg
¥o. (%) (%) (%) ratio
Y« _Ehregmites 0.45 0.15 0.T0 0.214
e —W .67 0:16 115 0.140

4. _Sracijaxis 12,20 0.20 0.57 0.491




S8l.Ko. Species

Vnsh

%?) (%) ratio
te fhregaites 0.0 0.0130 0.433
2. Potamogeton 0.0 0.0198 0.048
. Halophils  0.740 0.1020 041437
4. graotlgeda  0.276 0.0140 0,081
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DISCUSSION

Iy [+ 1 .

A study ofv primary production in the lake reveals
that the rate of respiration eqials the rate of net photo-
synthesis in most of the atations examined except station
Ho. 34-38, vhere it is less (Table-1). This shows that the
high rate of reapiration from station Nos. 1 to 29 is perhaps
due to high gooplanktonic 02 uptake. The lower rate of respie-
ration than net photosynthesis at station Nos. 34-38 is perhaps
due to reduced presence of sooplankton in this area. However,
minerslization may be ahother important factor for such dis-

orepancy which has not been taken into accouat,

Prom Tadble-2 4t is apparent that there is a thorough
vertical mixing Hf water and therefore the planktons are almost
evenly dispersed in it and productivity at higher depths should
be lisited by 3ight sintensity. It is apparent from Tadle-3
that photosynthetic sones are limited to 1.5 m dépth at some
places and to | n only at some other places.

The northern pert of the lake (station Nos. 34-38) is
highly productive (262.6 mgC/n’/nour) as compared with the rest
of the lako (Table=3). THis may be due to higher nutrient
statns (coefficient of correlation = +0,9602) and low salinity
levels {coefficiont of correlation = «0.8666), probably caused

77
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by fresh water along with nmutrients coming £ rom the River

Days. The reduced productivity rate of 31.8 uc/-a/hour in
the southern part (station Nos. 1-16) and 14.9 m/lzlhour

in the middle part (station Nos. 17-33) of the lake is probabdly
due to lower nutrients and higher salinity lovele which may

be inhibitory to algal growth (Table-12). Table-4 indicates
that total net production dy the phytoplanktons of the lake
per day is 7686795 KgC, measured 4n the month of June 1977. The
average net primsary productivity by the phytoplanktons of the
~lake 18 1.14 30/12/60,,1. Bowever, in absence of studies on
seasonal variation of primary 'produo{:i.on. the above figures
cannot be taken as representative rate of daily net primary
production.

Thus though a wide spread variation in the productivity
of the lake does exist, the lake oan be divided broadly into

northern eutrophio and socuthern mesotrorhic rcgzoua(ﬁy(_zz), p

N9, and NO. content of the lake water.
§94 ond HO, co :

The lake Chilka water has been analysed for estimation

of BOZ and no; fros surface samples. Howsver, NE, estimation
has not been 4done due to certain practical difficulties. ¥While
comparing the southern part of the lake with the middle of the
lake uo; and ao‘z' concentrations are fairly higher in the former
(Table~5). The net productivity in the southern part of the
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lake is alao higher than that of the niddle of the lake.

In the northern part of the lake, the uo; and so;
content is higoest, whore the net photosynthesis is also
highest (Table~12). The higher nitrogen content in this low
lying area may be due to high wave action whieh is adble to mix
water thoroughly with the soft bottom of the lake. Sewage
affluents froms the river Daya, perhaps also contridutes nutrient

for higher algal growth 4n this region (Mg. 3-).

~ ‘Thus a closer survey of Ro:‘,'  and xo; content, and
primary prodn_pucn in the leke rovetls a positive correlation
{(cceffictout of correlation = +0.9602),awong them although the
reasons why there eoxiats a differential distridbution of the adbove
nutrients in the lake remain practically unresolved.

Soluble inorgxanic phosphorus content of iake water.

The method of satimation of soluble fnorganic phosphorus
was after strtckhmd and Parson (1968) (56), the sensitive ran-
ge ofwnich lies above 3 y@/utu. Iake water colleoted from
different parts of the lake during June 1977 vhen analyszed by
above method failed to detect any phosphorus. This indicates

that soludle inorganic phosphorus level might be below 3 Pg/ntrn

of lake water.

Masolved orgzanic phosphorus comprises a signiftocant
fraction of the total phosphorus present in naturel waters. In



one esutrophic lake of Michigan dissolved organic phos-
phorus plus polyphosphate levels measured, ware 70 ng04/
1itre, in contrast to inorganic orthophosphate concentration
of 5-10 Pgi‘o‘/litm (52). 1In the light of the .s;m work

in Lake Michigan it is probable that organio yhcophoﬁzn -mm
unfortunately could not be determined due to certain experi-
zental constraints, may also be present in the lake Chilka i.l:
& higher proportion. |

It is also possible that in the lake Chilka inorganic

phosphorus level might have decreassd during the month of
June 1977, below the detection limit due to Sts consumption by
algae and other neraphytu.' The ahove proposition is supported
by Rigler (1954) (46) and Kuensler gt a} (1963) (33), who have
also reported that inorganic phosphorus falls delow the detection
1init during saximal algd growth, Therefore the uiilisation
‘of dissolved organic phosphorus may be of great importance,
particularly during periods when inorganic phosphorus levels may
become low encugh to limit algal growth (6=¥2). The exact

extent of linitations of productivity dy phosphorus alone or
phosphorus and nitrogen together in the lake Chilka remains un-
known. This problem probadly may be resolved by adding nitrogen
and phosphorus to m: spscifically selected and well protected
parts of the lake. A thorough study of seasonal variation of
mtrients and primary production of the lake should be made before

reachi T T " ision.

17
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Salintty of the leke.

Salinity of the lake water measured from surface
samples indicate that the northern region of the lake has
the lowest ealinity (10.2% - 11.2% ) (Teble-6). This is
perhaps due to constant addition of sewage from the river
Daya at this regiom. The high ealinity (17.84, - 28%,) recorded
in the hdddl'o part of the lake ias )robcﬁl.y due to influx of |
sea ufar from tho outer chamnel to this mgzon 61' the lake.
!‘hi tnéroaaad gradient of distridution of salinity towards the
south of the lake aipﬁortc the above proposition. However a
atudy of the gradtent of salinity in the cuter channel {tself
has not deen boasibh because of constraints in communiocation
to the outer channel, as the entrance to 1t near Magarsukh is
very shallow and only can be approached during the rains. The
southern part of the lake has the lower salinity (16%, - 16.8%,)
than the middle part, because of the latk of thorough mixing
of water of the southern part with rest of the lake. It also
lacks communication with the ses which keeps the southern part
of the lake at lower and uniform salinity level (F:7-3).

Annadale and Kezp (1915) (1) have observed a notadble
change in the salinity of the lake, in Rambha Bay of the lake
during the month of July. Salinity of the lake fn the month of
July was higher than any other month of the year, which indficated



082

a considerable influx of salt water from the soa into

the lske. Ramanandam gt al {1964) measured the salinity

of lake Chilks in different seascns and observed that in
October the entirs water of the lske was almost fresh. The
salinity variatiocns in the lake were mcinly influenced by

£1004 wnters of the Daya river during the above month. 1In
February the salinity was higher than in October which indiocated
that flood wmtor had stopped coning into the lske. The Snflux N
of sea wter through the mouth of the lake had also degun in
this month, During NMay the salinity was maxismm Sn the whole
iake. However, the riss in salinity wes not guch 42 Ramdha bay.
This was due to restricted nature of this ares as 1t was
surrounded by islands and also it was far away from the lake
south. Ia this month the main ares of the lake was distinctly
brackish and the oﬁt.r channel wap actually filled with sea

water.

It -h probable that the salinity is affected to a large
extent by f1004 water in monseon season. The rivers of Mahanadi
complex bring to the lake by far the grester pert of fresh watey,
that affect the salinity. An dmportant factor of local changes
in salinity $s the direction of the wind. Tides might be
affecting the salinity of the lake, particularly in lean seasons.
In & lagoon of the sise and siicllownsap of the Chilka lake, eva-

9L



poration sust, espscially in tropical climate, de more
than considerable and doubtless might be playing a great
part in salinity level of the lake.
Salinity and primazy. production.

Salinity has some effects on productivity rates of
individual epecies (5, 10) but the variations in salinity in
the sea are so amall that this factor probadly may not de
important in oceanic productivity. However, the variation in
salinity in the lake Chilka is relatively much more than in
the sea. Therefore 1t makes it possidle to study the effect
of salinity on the primary productivity in a asatural ecosystem.
The productivity in the lake ia highest in the northern part
of the lake where the salinity recorded is lowest (Table-12).
I‘l the southern part of the lake the productivity is lower than
the northern part of the lake while salinity is correspondingly
higher. In the middle of the lake the productivity is lowest,
while the salinity reocorded is highest. Therefore eslinity is
negatively correlated with productivity in lake Chilka (coeffi-
eient of correlation = ~0,8666).

However, the productivity also positively correlated with
no‘z’ and no; present in water. Therefore it is d1fficult to
determine the extent of effects of sslinity on photosynthesis

of phytoplanktons. 7The study of seasonal variations of salinity,

sutrients and productivity &s iikely to help in the understanding
of relationship of productiv ty with ealinity



and nutrients, in this natural ecosystem. EHowevery the

study of species distridbution and their photosynthetd
responses to environmental faetor--u'ke sslinity and nutrients
at different parta of the lake must be dons defore coming to
any kind of conclusion.

Of all the chemical subatances present in natural waters,
oxygen is one of the most significant. It 4s significant both
as regulator of metadolio procesass of community and ordmim
and as an indicator of lake conditions. The rate atwhich
atzospheric oxygen passes across the air-wmater interface and
becomes dissolved in the water is dependent upon & number of

factors. Inoressed wave action or other disturbances at the lake

surface results in greater passage of gas into solution (26).

Oxygen in natural water may also bs derived from photo-
synthetio sotivity, of higher plants and photeplanktons. 1In the
lake chnn the southern parte contain 6.7 ¢t0 7.5 mg dissolved
0,/1itre, which 4s higher than the middle of the lake. In the
latter part of the lake, dtssclved oxygen content is relatively
lowor, except strstches of Nslaban. The net photosynthesis by
phytoplanktons 4is also relatively low in this ares.

In the northern part of the lake the oxygen ooncentration
is very high and attends high ntuntior;. ™is is because of
highest met photosynthesis in thig part of the lake dy photo-
planktons.

£



Oversll tht oxygen concentration in the lake is
related to the net photosynthesis by phytoplanktons and
aquatic mmorophytes. S!.ndc the wave aotion im the lake
has not been quantitised, it has not been possible to cor-
relate it with dissolved 02.

Study of depth profile of distridbution of dissolved

substances have not been done at all the stations of the lake.
Three esasily aeoeutbh places ¢6f the lake have dDeen chosen

to study it due to lack of time and resources. Table-1i shows
that NO;, N5, and dissolved oxygen are evenly distributed
throughout the depth profile of water column at all the three
staticns. VWind asction and consegquent wave aotion ia appre-
ciably high in the lake and this leads to a thorough vertical
nixing of lake water remulting in almost uniform distridution
of soluble components. It may be conocluded that there may not
be any vertical stratification in the lake.

o 8 a
The trace slensnts are conventionally considered to de

thoss which exist at concentration of { mg/kg or less (5, 6).

Jxons Of differsnt trace elements iron is of particular

interest decause of its importance as a vital element in res-

piratory and photosynthetic processes of plants and anirals,

9
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and because of its part in many chemical reactions ,"“ -
water. Iron is found widely in nature, umally as either
bivalent Fo'@ or trivalent Yo' '. The bivalent ferrous
state is soludble, but only under an-aerobic conditions. In
the presence of oxygen the trivalent tort‘!.c‘fon is present
a8 a colloidal complex in combination with other inorganic
1oms (55).

Iron concantration appears higher in the northern part
of the lake (Table-8) andrelatively lower in other portions
of the lake. The higher iron concentration present in the
northern part of the mg aay bes attributed to their influx
through the sewaga of the River Daya. In other parts of the

lake distribution of iron s nmore or less homogsneous.

~&ings Zinc 1s an iwmportant essential trace slement for plant
and anieal growth both 4n terrestrial and aquatic ecosystems.
The concentration of sinc in ses water ranges from 1-50 ug/litre,
the mean value being close to 3 ug/litre (17).

Zinc concentration in the lake Chilka {Table-9) ranges
from 0,02 PPN to 0.19 PPM. The distridution of sinc is highest
in the southern parts of the lake, comparatively lower in the
northern part of the lake and lowest in the middle of the lake.
Thus the distridution pattern of sine appears to be different
from that of iron and the adove kind of distridution of sino
remains unexplained.



Loppers Copper is an important trace selement for dio-
logical syatem and ocours in traces in agquatic enviromment.
Copper is present in sea water at & level of 1.0 ug/litre (17).
In high concentration, it is toxic to marine organisms. At
normal occanic comcantrations no such toxtcity is of course
observed.

In the lake Chilka Cu is having uniform distridution at
different parts of lake, which ranges from 0.02 PPR to 0.04 PPN
(Table~10). Only a higher concentration of Cu is found at the
stretches of Balugaon and Nalaben (0.04 PPK).

The question, "How puch iron and other trace elements
are available for algal uptake® is diffioult to answer. Huldert
and Rodman (1963) (24) have suggested that the sporadic dlooas
of neritic species 1in the open sea may be ocoasioned by the tem~
porary pressnce of larger quantities of iron. However, there
are reports contrary to the above proposition {36).

In the lake Chilks, iron content is higher in northern
part of the lake, shere productivity ia also higher and reverse
is the case &n rest part of the lake (Table=12). This suggests
a positive correlation of primary production with iron content
of waser (correlation coefficient = +0.64335), However, since
in the siddle and socuthern part of the lake nitrogen and other
factors are also leiting, 1t 15 d1fficult to predict if iron
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is also limiting or not. Since in this lake the iron
content is not very low, limitations of primary production
by 4iron appears unlikely. However, the availadility of fron
to the biological system has not been studied and therefore

no definite conclusion oan be made.

The concentration of since in the lake is consideradbly
too high to 1,1;;11: phytoplankton growth, However, it will be
premature to conclude and confirm the adbove statement since
tho-;vulabtuty of sinc to the plant growth in the lake &a

not known.

Since onlf‘ traces of Cu can sustein plant and animal lives
the presence of 0,02 PPX to 0,04 PPH of Cu 4in the lake may not
iimit phytoplankton productivity.

Exoduotion by pacrophytes.

Standing orop measured in the month of June 1977 may not
represent tho anmual primary production of maorophytes, since
the season of their peak produoction in the lake is not l;nown.

On the basis of standing crop measured in the month of June 1977,
the profuoctivity by Halophils ovata is the lowsst and that of
Ehraguites is the highest (Table-13). The adove observations

is in accordance with the previous reports (60) that prisary
production of smergent plants ars higher than that of submserged
plants. '
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The dally rate of net primary productior of two
aquatic weeds of Halophilg and Potsmogeton msamured in the
month of June is 0.556 g dry uight/lzldcy and 2,0% g 4dry
veight/u>/aay, respectively (Tadle-14). The erop growth rate
.of Halophila appears t0 De very low as compared with the
reported rangs of primsry production by macrophytes (2-10 g dry
mat/nzldsy) (60). Howsver, the above values cannot be taken
as representative datly net production of macrophytes on annual
basis since the monthly variations of biomass have not been |

taken into ccqounh
Chenical ecology of macrophivies.
the occurence and luzuriance of the urlodc species of

higher plants in lakes is regulated to & considerable extent by
mtaont and trace slements. The inter-relations of such factors

in nature are very complicated.

In the lake Chilka among angiospermic species Halophile
Syats and Potsgogaton pectinatys are sudbmerged types and thraguites
Karka is emergent ons. The red alga Gracilaris is also s submerged
type of macrophyte. '

Gerloff and Krombhols (1966) (16) have observed that for

s sabmerged plant Vallisnoris agmerjcansg the oritical content of
nitrogen 1s 1.3% § and for phosplioma 0,155 P. Amdng the angio-



spermic plants Phragwites Karky bas lowest nitrogen

content (1.50%) and Potamozetop has the highest (1.95%).

The red algs Gracileris has 1.70% nitrogen{Tebio-16). Thus
nitrogen in Phrasgites Xarke is slightly above the critiocal
value (1.3%) reportsd by Cerloff and Kromdhols (1966) (16),
although in the northern part of the lake whers the above plant
grows luxuriantly 4t is not limitinzg in water as mentioned in
Table-6. On the other hand Potagogeton which grows luxuriantly
in the aiddle part of the lake, (which 1s deficient in nitrogen)
contyim highest amount of"nitr'pm 1.0, 1.955. The red alga
Gracileria contains 1.70% N which is almost eguivalent to that
of Hajophily ovata which contains 1.697% N,

Prom the above obimatzon. it uium: that nitrogen
ey not be limiting for the growth of emergent reed Phragmites
Kazks in the lake. The appliocadility of oritical value of
nitrogen content derived by Gerloff and Krombhols (1966) (16)
for submerged water plants {n atudying emergent species like
Ehrammitep Karkg with greater amount of none-nitrogenous supporting

tissue may not ba valid.

The emergent plant Phragyites Karika also contains lowvest
amount of phosphorus i.e. 0,06% which is even leas than half of
critical amount A(BJS%) deternined by Gerloff and Kromdhols (16)
for snglosperzic submerged aquatic macrophytes (Tadle-17).
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However, rest of the submerged macrophytes studied have P
content above oritical value, except the red slga Oracilaris
which approaches the critical level having 0.135% P. As
phosrhorus in water 4is delow the sensitivity 1imit of the
procedures followmd, it is not possidle to study the limitations
of mucrophytes by phosphorus. Besides nitrogen and phosphorus
contants of sediments have also not been studied. The ratio
of mean nitrogen -‘bé mean phosphorus contant of the macrophytes

rnngok from 7.2 %o 25.0 (Table~18). Phpagmi tog due to its very

low P content has the bighest value of NP (25.0).

The above elements (as evident from tadles 19 and 20) are

lowest in Phragmites Karka (the emergent reed) and highest in
the submerged plant figlophils ovata among the angiospermic plants.

A very high content (12.2%5) of potassium has been recorded
fron the red alga Gracilaria. High potassium content for marine
algs Sargassup flicifolium (5.73 = 7.63%) and for Ulivs laotuca
(3.835%) and for a Nalophytic plant Acanthus ilicifolig leaves
(2.81%) bave been reported dy Joshi (1976) (28) and Joshi and
cowda (1975) (29). fShe exact nature of potassium uptake and its
relation with other metadolic pz-o“n.n of red alga Qruoilaris
needs further investigationas.



Magnesium content of aquatic angiosperss is higher
than the red alga Gpycilaria. The level of magnesium is
fairly higher than the level of calcium in contrast to fresh
water macrophytes where the situation s quite reverse. 1The
CaiMig ratio of macrophytes inveatigated in the lake ranges fros
0.140 to 0,491, On the other hand &n fresh water plants the
above ratio ranges from 4 to 6 (25). Gow calcium and high

magnesium contents for marine algae Sarzaspus dlicifoliim and
Ulva lactuca have besn reported by Joshi (1976) (28). Thus a

low calcium content in plants investigated (Table~13) growing
in saline conditions may be due to low rate of absorption of

Ca in puoinoo of other salts.

Iron and manganese are udhblc to water plants in reduced
1ake sediments. The iron and mangansse contents (Table-20) of
energent reed Fhrigpites Earka are very low but MniPe ratio is
high; In other macrophytes Pe and Rn contents are relatively
higher, but NniPe ratic is relatively lower. In all sanples
analysed MniPe ratio was found t0 be much lowsr tham unity. The
above observations are in conformity with previous observation (25)
that in water plants iron is somevhat in excess of panganese as
is ordinarily the case in inorganic materials of lithosphere.

On the other hand ¥MniVe matioc is quite higher in land plants
( Average 4.5 in Bowen's observations) (3). The series of emergent
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Junciform plants studied by Mayer and Gorham (1951) (41)
have a higher ¥miPe ratio (2.56) ‘thnn 4o suduerged and
floating leaved plants, and in this respect more like land
plants. However 1;: the present iaveatigation the emergent
resd Phrageiteg slithough possess high NniPe ratio (0.433),
among the agquatic macrophytes anslysed; it falls far bdelow
the values observed (41) for emergent plants.



SUNNARY

The lake Chilks 4s aituated in the sust comst of
Indian Peninsula., The area of the lake is 5% square niles
and the maxinus dopth recorded im the month of June 1977 4s
2.75 motren. The lake water is brackish and the lake is
oonnscted with thessea by an outer channel. The lake possesses
s zumber of islands $a its water dody, the Naledan being the
largest $siand (8 aguare miles).

The net primary productivity by phyteplanktons of
northern part of the 1ake is highest (262.6 mgl/a’/hour). e
same for the stuthern part and middle part of the lake is
31.8 neC/n/bour and 14.95 gC/n>/hour respectively. The high
productivity at the northers part of the lake is probadly due
%0 higher levels of nitrogen and low salinity. The higher level
diesolved oxyges in this region corresponds to high protuctivity.
T™he total primary production by the phytoplaaktons of the lake
1s nearly 768675 X0/day mecsured In the sonth of June 1977. The
average primary production of the loke is 1.14 g0/s’/day. Though
o wide spread varistion fa the produotivity of ths lake does
exiat, the lake san de broadly divided into the rorthern sutroghioc
ond southern mesotrephic rogion.

The nitzegsa level {xa; + 50"2) in the northern part of
the lake is highest renging from 109.0 t0 275.0 ugl/litre. The
nitrogen at the southern parzt of the lake is lowesr and ranges
frem 75.0 to 95.0 wgh/litze, vheress same at the middle part of
the lake £s lovest ranging from 8 ugii/litre te 18 ugi/litre.



The salinity of the lake ranges from 10.2% at

the northern part te 355 at the mouth of the lake, where
it is connected with the ssa. The lowest slinity recorded
is 4n the northera part of the lake, ranging from 10.2% to
11.6%. The higher salinity vecorded at the southern part of

the lake reanges from 16% to 16.8%. The highest salinity
| found to be in the siddle part of the lakes ranging tm‘
17.6% to 20%,

The phospherus content of the lake ie below the sensitivity
limit of the method followed. The Liron contemt of the lake ranges
from 0.12 to 0,52 PPN. It is quite varishle at different staticms.
However, & higher ivon concentmation wes recorded from Kalupare,
Balugaon, Naladam, mouth of the River Daya and island complex of
Sanskuda, Badakuds and Samal, located in the southern part of
the lake.

The sine smasentration in the lake ranges from 0,025 to
0.19 PPK. The higher levels of xzinc occur in the southera part
of the lake.

The copper comtent of the lake vanges from 0.02 to 0.04 PPK.
The copper conesntration 1is aluost unifora in the lake.

Oxygen cemsentration of the lake ranges from 6.0 to
9.2 ug0,/1. The northern part of the lake somtains highest amount
of oxygen (8.0 « 942 mgd,/11tre). The level of dissolvdl oxygea
in the southern part of the lake is relatively lower (6.6 - 7.5



uo./utn). sherens the same for the middlc part &
lowest (6.0 « 6,8) oroeps et the stretches of Mzlchum.

The standimg crop of macrophytes messure in the

woutk of Juns 377 runges Srom So.to 10 g 4y Mﬂt/u?‘ of
1sud ares for the sukmerged plemt Jlaiophils Fvasss 630750 ¢
dry weight/a® of 1223 avos for emergent resd Fhrscmites kszka
and 132-480 g 8zy weichi/a® of land ares for the submerged red
alge Gxgoilapig. The rato of uvt primary production in the
month of Juns 1977 s 0.556 ¢ dry wetsht/»?/fay for Ealorhils
and 2.03 g dry weiedd/n%/ary for Potancsetop.

Yor all the ecastituents of snglosperaie plants analysed
.9, %, P, Z, O3, Xz, Fu and Ko the emergent veed Phregmiies iatks
i» lowsat and sxeedt for nitrogen, and the sabdmerged plaat
Ealophile gvate 4e hizhest., The wubmerged pilant Potagogeton
peatinatus containa highest 2mount of mitproges. Among ths aquatiec
merophytos N3P ratio ranges from 7.2 to 25, Cailig ratioc ranges
fzom 0.140 to 0,49%, whereas Mn:Fo iatio ranges from 0,028 to
0435,
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CONCLUSION

Primary profuction atudies of the lakes reveals
that the produstivity is dependent upon salimity and nitrogen
level of wmater. %The phosphorus content of water ms too low
to be detected by the method followed. However, in order tb
definitely satablish the eatent of linitations of primary
production dy the mtrients, it i desiradle $0 selectively
adé adove mutrisnts into some protected parts of the lake ’ﬂ‘tct
(to prevent mixing of wmater with rest part of the lake). the
study of primary production of above water may be able to
establish its extant of limitation by the nutrients in the lake.

Salinity of lake water Mas been found to be negatively
correlated with productivity of the lake, Howsver, as discussed
above, nitrogen lavel of lake water is positively correlated with
productivity. Tharefore, 1t is difficult o determine the
sxtont of effest of salinity on photosynthesis of phytoplanktons.
The studies on seasonal variations of saliniiyy nutrients amd
productivity Are likely to help 1ia the understanding of the
relationshiy exiating between them.

The northern part of the lake is very shallovw. This may
be due to heavy sutrophication caused dy higher rete of primary
productivity in this regicn both by phytoplanktons and aquatio



ascrophytes. The allts drought into the lake by the
River Deys falling at this region of the 1ake may slso be
partly vesponsidble for 1¢s shsllownsss.

mc' dionsan of macrophytos meagured is the lske only

reprecsnts thelr standing orop and for sa understanding of
their samual net production & thorocugh study of sessonal
variation in dismiss produnotion should ke sade. In this

study, aa attespt Kas desn made $0 1dsatify Gracilavig Pede

iz the laks. The Adove alga L& taportant for ager egay
production, The lake Chilks provides saple opportunity to
study the suvirotmental factors affecting Qrecilapis production
40 a natural ecouystes. Nurther stidies o prisary productioa
by Sxpatlaris o58 be made to vimunlise 1f cae agar msnufacturisg
plant ocan be sxtadhiished near the lake Chilksm,
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Fig. 23

Map of the lake Chilka showing positions

of different stations and substations. Gross
productivity by microphytes (ugC/1/hr.) and
standing crop of macrophytes (g dry‘wt./nz)

 during June 1977 have been denoted beside

respective station and substation.

(0)
(o)
(o)
(L)
(A)

Productivity by microphytes.

Standing crop of Hglophilg gvatg.
Standing orop of Egtgmogston pectingtug.
Standing orop of Phragmites karkg.
Standing crop of Gracilaria.
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Fig. 3¢ HMap of lake Chilka denoting the
salinity level ( % ) at dtﬂorent
stations of the lake.
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