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ABSTRACT

Agquaculture or culturg Pisheries has hit the scene in develop-
ing countries in the last decade. It was received with gresat snthu=
siasm by one and all as it promised to)supplement ths need to pro-
duce additional fish protein for the rapidly increasing population.
Although the increase in production of the protein from aquaculturse,
in the past few years has been significant the overall figures have
been much less than anticipated. This is, by and large, to the un-
written and highly site=specific production technology in this field,
Moreover the wealth of information needed to such problems do not
exist for species of interest to developing countries, and wherever
it does, sustained figures have never been bbfained. All the more,
unlike agriculture there is nof}strong base of ressarch knowlsdge for

aquaculturs.

The present investigation therefors, is a compilation of the
results of detailed analysis of most of the important characteristics
affecting fish production in a region like Nagalande The esxperiments
were so designed as" to enable the transfer of the &@phnologlcal unde=
erstanding not only to the State Government™ 1nN£He reglon but also to
the fish Farmers. Two sets of aquatic systems‘mere 1centlfled for
this purpose (i) the natural fish ponds and (il) the cmrcular plas‘
tic pools. In'both theses systems differential Pertillzat;on wers
administered in addition to supplementary feed in some, to enable
the possibility of achieving the highest yield of fish in a particu=
lar set of such fertilizer combinations. The fish used in thess sys-

tems was confined only to one species Labeo rchita, commonly called

Rohu, possibly the :tastiest of all Indian major carps.

The study was broadly classed into the abiotic and biotic come

ponents, like physico=chemical parameters and the phytoplankton and
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zooplankton components respectively for the structural understanding
and primary production for the functional aspects. These were than

correlated to the fish growth and production levels.

The Pirst chapter in the thesis dsals therefore primarily with
the physico=-chemical observation and their interpretation in the
various aquatic systems undertaken. It was observed that all the
ponds and pools undertaken maintained a steady state equilibriuh in
relation to the physico-chemical factors in addition to the mainten=-
ance of weil matked buffering capability. However, in Experimental
Fish Pond=2 and Circular Plastic Pool=4, most of the values were on
Athe higher side. The other systems had a magnitude of fluctuation
very narrow, though in all of them the values obtained have been
shown to be very condueive for fish production. Moreover, the indi-
vidual physico~chemical parameters analysed revealed a maintenancs
ofia mesceutrophic condition‘and not a highly eutrophic one as would

normally be expected in such tropical situations.

The second chapter dealing with the biota as the next structu=
ral component namely phytee and zooplankton revealed that algal
succession is altered dus to Fertilizétion. The phytoplankton analy-
sed both at generic and higher levels indicated that the system con-
trolled the development of blue-gfeen algas while at the same timse
helping in the development of some of the eutrophic gensra amoﬁg
green algase. This seemed to bs an excellent inherent quality as ths
latter group is known to be efficient primary producers. The study
of these autotrophs confirmed the physico-chemical paramsters in that
the systéms.weré never allowed to reach higher levels of esutrophica~
tion but having all the.qqalitiaqzoF a eutrophic status under con;
trol. Tge abundance in,number.waé however more in the pools than in

7

the ponds. As far as zooplankton was concerned they seemed to be in%
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synchrony with the abundances of phytoplankton. The group rotifera
dominated in both the ponds and pools while protozoa though far less
possessed larger numbers atleast 1in the organically manured ponds
and pools. There was a cleér cut ssasonality in their behaviour and

the number obtained were at levels essential for fish production.

The third chapter in the thesis was confined to the undsrstan-
diﬁg of the fPunctional aspects of the autotrophs-~primary production.
The dstermination of primary production in fish ponds besides giving
information on the magnitude of organic production has its practical
considerations. Primary production is the basis of the whole biogsnic
metabolic cycle, and therefore the relative proportion of their va;-
ues would help in understanding higher trophic levels. In the present
investigaticon it was seen that the highest values obtained wers in
Expsrimental Fish Pond=2 among the ponds and Circular Plastic Pocl=2
among the. pools. The ranges in their values gither in the ponds or
pools were indicative of high production and is in line with such
fertilized systems both in the tropic and the world. The levazls
though indicative of the eutrophic naturg were not equal to higher
records of values as in usual sutrophic systems in the tropics. In
addition, whenever respiration exceeds production which was observed
mcTe than oﬁce over the different ssasons in the different pbnds and
pcolswas ancther indication of eutrophication. The inorganic fertili=-
zers alone, when administered were sesn not to have any significant
results but certainly organic fertilizer along with supplementary
feedings were sSeen to enhancse the production levels in both ths ponds
and pools wherever administersd. Once again it was seen that primary
production levels behaved as well,as that of established squilibrium

systams.

The last chapter of the thesis was related to fish growth and
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production. It was seen that the fertilized fish ponds revealed much
higher growth rates than the control. MoreoVer, in these fertilized
ponds, the sixth month and the twelfth month was observed to be pha=-
ges of sudden exponential increases in weight. Experimental Fish
Pond=2 again revealed the maximum growth rate as far as mean weight
was concsrnede. Such was not observed in the mean length of fish
among the diffsrent ponds, though Experimental Fish Pond=2 had the
maximum length. The Circular Plastic Pools though showed after the
twelfth month a similar phenomena of increase was not significahtly
different from each other. The rate of survival among the fishses in
the different systems was again seen to be maximum in Experimental
Fishbpondﬂz and the lowest in Experimental Fish Pond=3, the former
being nearly 70%‘énd the latter with only 50%. Here again as in the
primary production values, the inorganic fertilizer sesmed to inhibit
the growth rate of the Fishgs. Howevar, the organic fartilized sys=~_
tem rsvealed higher mortality. A similar observation was also seen
among the Circular Plastic Pools. The production or the fish yield
was also calculated during the study period and again the highest
value obtaingd was sesn in Experimental Fish Pond«2. Among ths Plas;
tic Pools it was Circular PFlastic Pool=~4, and since the stocking
dengities wera very high the figures though incorporated havse, not
been used for comparision. The ponds reveasled nearly six times the
production Figures of - India though not near to the maximum record
available. Both inﬁreased growth rates and higher yields from the
present study reveal that maximum oute=put can bs obtained by a jud=
icious combination of organic and inmorganic fertilizers along with
supplémentary feed, Howsver this study has helped in the understan=-
ding that quite high fish yield can be obtained by simple scientific
management even with monoculture of an economicélly important fish

like Labego rohita in places like Dimapur, Nagaland.
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With the knowledge of these four sections it was seen finally
to correlate aﬁd integrate all of these for a total comprehension
of the ecosystems, hslping in understanding higher fish yields.
Though thess individual components rsvealed an existence of a cyclic
developmsnt of the pulses of the various factors undertaken,the ini=
tiation or termination got displaced over annual periods. Therefore,
statistical correlation bstween these pulses were found out to enabls
the integration and also anyons factor responsibles for a number of
variables; As would be expected phytoplankton and primary productie
vity had significant correlations and very little effect of other
abiotic factors was seen on the functioning of the systems or in
relation to fish gromth and yield. Moreover, nutrients did ﬁot play a
.significent role and it was observed that there was hardly any major
dif ferances amongst such correlations between the different systems.
The varicus corrslations that have obtained, howsvser, has bsen discu-

ssed and implications drawn upane.

Finally,1t was calculated to see, how much of theg primary pro-
duction or the autotrophic biomsss as it were, gol converted into
fish flesh sxpressgd as yield. In the present invaestigation it uas
tbserved that such conversions sven-in the control’pond wss auite
high and significantly so in the fertilized ponds. Though higher
production/ha was seen in Experimental Fish Pond=2 the conversion
helped us to show that Experimental Fish Ponds=2 and 3 both had the
same conversion figures. This indicated that fish producticn alone
is not a correct measure but in addition such conversion valuss hel=~
ped in understanding the basic ecological theories that opsrate in
such escosvstems, Mdreover_annual pioduction is fhsor@tically end
empirically a better predictor of fish yisgld From aquatic bodias
than other suggested relationships betwesen fish yield and environ-

mental uariables.'
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Knowing that both fish yield and conversidn are encouraging
from the present study én economics was worked out for ths applica-
tion of such a study in atleast the region under consideration.
Experimenfal Fish Pond=2 and Circular Plastic Pool=4 were found to
be ths most profitable venturss undertaken and even though these
had the.makimum inputs of expenditures thay out-rankéd the others
in terms of their out-put of fish. All these hslped us‘in arriving
at a certain gensralised recommendation for implemsentation in fish

ponds in Nagaland.
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 GENERAL INTRODUCTION .



GENERAL INTRODUCTION

Aquatic ecosystemsdiffer in many ways by their abiotic and
biotic oharactéristics due to their distinct structure and funct-
ional components. It is usually, therefore, of interest to the
academics pfimésily to uﬁderstand the ecological theory and metho=-
dology concerning.the dynamics of spatio-temporal system and in
particular of aquatic acosystems interacting over space and tima.
Studies in such systems become relevant to inland waters and fish-
eries for optimi;ing social benefifs and maintaining a balance bet-
wgen land=water and man-=resource interactions. Aquatic ecosystems
at ény given time are at different adaptive states dus to natqral
processegs Or man-indﬁced process; Human interaction may occur at
different intensities (primitivel rurdl, urban-indust:iql) or
scales dspending on the levsel of scientific and technological accur
ltufation. These interactions may be directly with the interest in
fhé'large scals development of aquaculturs as a managsable food

production system.

The escalation of development efforts in culture fisheries
stems by and large, from (i) the need to produce additional fish
protein t0 meet the demand of rapidly increasing population, (ii)
the fact that production from aquaculture_is related to managaable
inputs, for example, in the cont:ol‘of the production.prdcess;
aquaculturs is less susceptible‘théh capture fisharies to unpred=
' ictébie Hatural influences, énd'(iii)'the leVeliing of f of world

catch from conventional capture fisherias.,.

Although the increaSe in préduction from aquaculture, in the

past few years has been significant in some countries, the overall
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gfowth rate has been less than anticipated. The factors: which account
for the slow growth are characteristics of emerging industries, an.
amalgamation of technical, economic, institutional and cultural bar-
rier. To date, tachnical problems have received the most attention
and biologists have by and large, dominated the aéuacultural-ﬁield.
Inadequatse attention has been devoted to other equally important
problem arsas and to the interplay among them. In éome respebt, dev-
elopment related activities are ahsad of science and technology in
intérnational'aquacultural efforts as a result of strong interest in,

need for and potenﬁial of controlled fish production.

‘The technical problems are perhaps the sasisst to identify.
Traditionally, aquaculture has besn restricted lérgely to Asia whers
practibas'have been developed through trial and error and passed on
thfough generatidns. Existing productipn methodology is empirical,
with a narrow scientific basses. Production technoloéy is unuwritten
and highly site specific and is passed from produoef to producer in
an informal base with few exceptions, the wealth of information nee=-
ded to tackle such problem areas does not exist Fdr species of inte~
rest to develbping countries and even if it doss for certain speciés
is very sketchy. Thé gréwing realization of the urgent neea of such
a data bass has'precipitated, repeated recommendations for nationél

and international support of relevant research in developing countrisgs.

Td be respaonsive to these needs,'researEh programmes‘musﬁ not
only focus- bn immediate requiremenﬁs Eut also antiéiﬁate thure
broblems that may Be created by internal and external influences on
thé industry.-Gn the bases of problems that ars béginning'to surface,
it_qén be anticipated that expansion of aquaculture will be limitéd
Ey scafcity of resogrces used in agriculture and husbandry of terre-

strial animals liks land, water, feed and fertilizer. Continuing
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incpease in production will then have to be achieved by increasing

production per unit of the scarce resource.

Such #esearch and management gaps:in India were sought to bs
bridgéd by‘£he creation of Central'Inland‘Fisheries Ressarch Insti=-
tute and other state level research orgénizations..The ob jectives
were well defined inter alia, inblﬁded?Studiés of trophic structure
and function oflfreshméter 9cosystems, material recycling, physico-
chemical Featqres, eéoiogiaél production functions, fish behaviour,
recruitment and qther bopulation parameters and development of mana=-
‘gemant principles with a view to achiéving optimum Fish‘productiviﬁy
and fish yield. However, though individual experiments have revealed
the possibility of large scale production to meet the nesds of thg
_countfy.through such institutions yet; because of .the existence of
pﬁorly co~ordinated short term{} and inadequate effort() does not allow
the.produoer-to get the‘néeded information. Further, a constraint on
multidisciplinary anproacheé tO'dévelopment is one of the several
reasons aguaculture has not de&eloped at anticipated rates through=
out the country as India. This is primarily due (7 to the FaiﬂDUre
of funding agencies  to support such apprbaches ﬁioposed.'Morébverg
unlike agriculture, a strong basé research knowledge does not exist

for aquaculture.

The goal of national development ﬁlan or the contegi onfﬁhich
aquaculture is to be practised and the role it is intended to play,
will détermine thé type of aguacultural systems.to‘be used..Added to
this will be the natUre of the research required to-suppprt énd im="
prOVe‘thQ_ChQSéﬂ syStem and the overall infrasﬁrucﬁure and policies
requiréd to suécessfully underpin'dBVSloﬁmant, Beéause.complementary
and competitive relatignghip eXist'between éqyaculﬁure aha other

sect@ps,of 2conomy, a realistic appraisal of anuacultures development



prospects requires an examination of more than historical trends
from which extrapolation are mads. The dynamics of qhange in any
economy suggests that thepe are some arsas Frbm wﬁich forces that
influence aquacultural development .emanates.‘Theée could be the
relative economics of rearing and marksting of wvarious species, the
relative sconomics of agriculture and other sectors that sither re-
quire the same input used by aguaculture or compete with it in the
game market plaée and finally the expansion of‘pon;agriculturai sec=

tors that produce positive or negative impact on aquaculture.

The extent to which aguaculture will successfully compete for
limited resources depsnds in part on the relative efFicieﬁcy with
‘which @qyacultural'produéerfconvert inputs ihto products and upon
the extent to,mﬁiqh integrated agro-fish farming system lead to com-
plimemtarineSS‘in piécé of cenflictse. All these considerations imply
“that a bread economic view of aguaculture's fFit} in'eacﬁ bountry.ig
likely to 'yield a more realistic appraisal of tHe sectors poﬁential

than would a view that is anything else.

It was with this idea that the present-investigation was initi-
”ated. The drsas in the ~—general plan of mork'?br,échieﬁing the objs-
,Ctivés were (i) to identify and clariéy ecosystems such as fish ponds
and Circdlar'Plaatic Pools and theif dynamic inherent patterns of
behaviounﬁﬁtilizing the'knowledge of both their struoturéi and func-
tional components; (ii) to be able to use the application of this
‘science in the management of inland fisheries partipulanlyiin a reg=-
ional contexts -and (iii) finally to attempt to éharacterize some
types of aquatic systems ﬁapturbéd and mahipulated to consider how

the potential fish yield can be changed for the better.
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BACKGROUND OF THE REGION

LOCATION

The State of Nagaland lies betwesen 93°20' to 95°15'E latitudse
and 2596' to 27°4'N longitude and enclosss a total geographical area
of 16,626 sg. km. With the exception of some Flat»aréas in the foot
hills, the State .is mostly hilly. These rolling hills, with terraces
cut across the lower slopes, the narrow glens at their basa, the
mountain summits clothed with profuse vegetation comprising of dive-
'rse‘flora blooming in their vefaant colours are panoramic views of _
~ the State. 'Saramati! is the highest peak situated 3840.5 m above ths-
" sea level, while Kohima is the capital of the State which is at an

altitude of 1444312 m (Fig. 1).-

PHYSIOGRAPHY

The entire geological structure of Southern, Central and_Ncr-
- thern Nagaland is essentially the same. Southern Nagaland is governed
by the'Disahg and thegéérail serieé df(roéks. The Disangs conforming
to the oldégfrrocké are dominant towards the sast bstween Japfu and
»Saramaﬁi'étian'altitudeASF 34000 to 4,00d ft, but the Barail series
are abundant towards the*westJ”Disang series exhibits their splintery
gray shales interbeddad'm;th:héfd bands of fine grained flaggy sand.
stOnee.vDisang beds generally dip at staep'angles; The sfructure is
soft. Their éplinﬁafy éharacter has resulted in freguent landslides.’
The Barail series céhpfise of Fineégrained'sand—stones,.hardnbluish_
grays thin bedded and ﬁﬂaggy in nature. Towards the 50yth-West, the‘
Bafail e*hibits‘the'Formétion of massive sand-stone but the shalg) is

absente.-

Soil vary according to altitudes,'Dh moqntaianops, soil



Fige 1 = Map of iNagaland,
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generally exhibits organic matter with heavy texture varying from
high tclmediumr Lower slopes and the base hava scanty-undergrowth

and a shallow texture, uhile on the foot hilié, so0ils are generally
poor and light and eentain 1ow organic hatter varying from loamy to
sandy. Generally, soils are acidic'and'made up of P.20.5 to K.20.0,
Alluv1al eoils are oomparatlvely more Fertlle although such Format-
ions are dlmlnutlve belng conflned to the banks of Barak and Dhan31r1

. I

rlvers. .

CLIMATE

The climate is warm and sub-tropical in the foot hills, moder-
ate and submontane in the mid-slopes and cool and temperate at higher
hills} The average temperature in winter and summer'seasons uery from
59C to 25°C on the hills and 12°C to 34°C at the foot hills. The ave=
Tage rain?allais_around ZOOC mm~spread over six months between May
and Dgtober. The Foot hills afford a corridor.tolAssam being conti=-
guous, to the plains, share a tropical weather. Dlmapur and the areas
along the ‘road to Kohlma, upto Med21phema where the verltable ascent

starts into the hills is hot and malarious a contrast,oF the hills,

VEGETATION

The Statevie rieh;in>FOrest~reeourees€ The'reserved and prot-
ected arsas constitute 17.7% of the total geographieai area. Vegeta=~
tioq:yerias frum alpine-to sub-himalayan and-ﬁrcm_tropical to sub-
LPOplCal and also temperate. It is mainly classified as wet evergreen,

sub- troplcal wet hllls, wet temperate and conlfers.

The plaln belt on the North= West abounds in wet evergreen veg-
etatlon, the main spe01es belng Nahor, Sam, Poma, Khokan, ‘A jhar,
Makal,;Amanr“and H.allo-ng° This zonegconstltutes'a tropical broad leaf :

vegetation The sub-trepical VQgetation.thrives at an altitude rang=
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ing from 1000 to 4000 ft, characterized by species such as Chestnut

(Castanstis spp.), Michglia Champaéé; Schima wallichii, Albizzia

spp. and membsrs of Msliaceag. Pine forests are Fddnd Over éé'aititude’
varying From 3000 ft fo 4000 ft but confined only to the South- Eastern
'Chakhesang' region, oak and rhododendron are also aSSOClated with 1t.

The wet temperate is wldespregd on a 5000 ft elevation where Betula,

Rhododendron, Magnolia and 3ugleans egla are the main sp901es. Thef
vegetation is found mostly im moist and swampy places. Generally,

Nagaland resembles closely that of the:sub=himalayan t}pé of vegetation.

FAUNA

As-NagaLand constitutes a heeting ground of the sube«himalayan
slements,'Indian, Chiness and Burmese type of fauna Qverlah and ihé-.
:e?ofe'it.is as hﬁch varied. Rhinoceros along with the mpnkey and
jackal‘tfibes éfe not only dwindled but those présenffaré;sparsely
ldistributad, The otharé cbmpr%ée of‘wild buFfaloés;.bigs, baaré‘aﬁd
antlers etc. but the present gémes vary to équi;;els,Abat;,Qtters and
musk#fét, Snakes are common and‘mada;up of viper, kraites, raﬁ-snakes,

grass snakes and cobra.

Thg lower’hills Have a reduced Qarigty of birds and fowls but
the.best“species-Still’abound at higher altitudes which include ths
*patridge;_wérb:lér, robin, woodpecker, hornbill, pheasant, swift,.
hawk and énipé. More domesticated in'tﬁe lower hills-ats. the spéfrows,

sun-birds, parrots stc.

FISH CULTURE

The State has enormous fish culturable water arsas, though the
prasently utilised water is estimated to be 9.0 hectarss and 645 hec=
tares under the State and private farms r93pectively. The present

stUrge of interest in fish cultures has brought additional cultivable



arsas resulting in an increase in the demand for fish ssed. But there
gxists a significant gap in the supply positions of fish sesds. Eff=
ort8 are being made by the State Fishery Department to produce suffi=
cient quality fish seeds to cater to the fish farmers, and in addi-
tion to the constructions of maore demoﬁstraﬁion farms to impart the
kﬁowledge and basic technigues of management of fish culture practi=-
CeSe Recently in addition to the culture of fish in ponds, the paddy-
cum=fish culture has created a bopular stride among the fParmers pér-

tigdularly in Kohima Districts.

STUDY SITE

—

ocation: The present study was conducted st Dimapur in Kohima Distr-

ey S =

For

ct. It lies botween latitude 9394BJE.and5lohgitUd9525°51'Nféndiis at
én elevafion of 198 me The climéte is warm and subetropical with the
average fémperature ranging betwssn 12°C and 34°C_quing‘tHe winter
and summer’aéasons; Dimapur is at the foot hills and is 2 hours drive
““down) the hills from Kohima. o o
_“F0urfFish'ponds were selected from the State farms at Fish
Brooder's cum-experimental farm and at Jorpukhri fish éeed.prodpction
Férm. The water surface areas of thesevfour,expe:imentai.fish\ponds
varied From;D;DDQ to.D,OZS hectares and the meanmq§pth ofrthe mater
ranged between 1.5 m,during'mohsoon and 1.0.m in winter Sqasoné, In
‘édditidﬁ'to"thaffouf experimental fish ponds, five circular plastic
pools were also simultaneously taken for a detailed éfﬁdy of fish
growth -under differsntial fertilization in thess sy§t9m5, The control
circular plastic pool, pool-l and pool-3 sach had a diameter of 135
cm and a height of 105 ém. The water depth wgs_maintained at a co&-
stant'levél of 85 cme Each pool had a totél water volume of 1217 li-
tres. Pool=2 had the same diameter as the others, but had a heigﬂt |

bF_1}D cms. The depth of water in this pool was maintained at 120 cm.
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The total volume of water was 1718 litres. Pool«4 had 165 cms and
105 cm as its diametsr énd debth respectively with a water depth of

75 cm. The total water volume of this pool was 1604 litres (Plate-
1 and 2 and Table=l). | o
MANAGEME NT ’

All the ponds werse réinfed and cdmpletely independent without
inlets or outlst and were well exposed to sunlight. The initial pond
managemenémmas iimited to clearance of all existing predatory fishes
by draining the pond and drying it. Thersafter water from the adjoi=~
ning ponds was pumped into. the respective ponds through a siBVB'p:q—
venting fish to enter. The cifcularAplastic pools were filled with

water from thess ponds similarlye.

Fertilization: Fertilization of the ponds and pools wers then sxecu=-

ted. The organic Pertilizer added J%é?cowdugg and the inorganic fer-

tilizer was a mixture of three agricuitural Pertilizers N.P.K.
(18:8:4). The organic maéﬁt@ was distributed squally at the Ffour
corners of the ponds while N.P.K. was first dissolved in a buckst of
water and then spread over the maﬁer surface. Both fertilizers were

then given as per programme at regular intervals (Table=~I).

One pond was maintained as control where no fertiliZer'nof
suéplemen%ary feed was administered. Thres ponds (1,2 gnd 3) received
cowdung (organic manulre) @ 26,666 kg/ha/yr and ponds ‘1 and 2 ih adde
ition recsived NeP.K, @ 888 kg/ha/yr. Ponds 1 and 2 received o ow-
dung in monthly instalmaqts @ 19.0 and 31.0 kg respectively, while
NePKe was applied at quarterly intervals @ 1.3-and(ﬁod kg reépecti- :
vely. Pgnd=3 was treated only with cowdung given @ &2,0 kg-ﬁer ﬁonﬁh.
Similarli; one cigpular plastic pool was maintained as control. Pboi-
1'reCGivedHho fartilizers but the fishes were fed daily with rics

bran as supplementary feed. Pocls 2 and 4 received both organic



"

PLATE 1 § The Cxperimental Fish Ponds.
1« Control pond.
2+ Cxporimental Fish Pondet,
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PLATE 1Cnu:3s Experimental Fieh Ponde2.
4. Experimontal Fish Ponde3.



contd.

PLATE -1
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PLATE 2 ¢ The filve Circular Plastic poola.
CP = Cirecular Plastic pools.



PLATE -2
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manure (cow-dung) @ 26,666.0 kg/ha/yr and N.P.K. @ 888,0 kg/ﬁa/yr,
while Pool=3 was treated only with N.P.K. @ 888.0 kg/ha/yr. Pools 2
- and 4 were treated with cow~dung @ 0.3 and 0.45 kg respectively per
month, while Pool=3 received only N.P.K. @ 0.889 kg per month and
Pool-4, in addition to o:ganic manureﬁ was treated with N.P.K. @

D.19 kg per month (Table=I).

Supplementary feed: Supplementary feeding in the form of rice bran

was supplied daily to the fish ponds and pools wherever 80 chossn at .
1% of the body weighte. In the experimental ponds only Pond=2 was sup=-
plied\with ricg bran, whereas all the qur circular plastic pools
received supplementary feedse« The rate of feeding was executéd after
each monthly fish growth rate sampling and the amount of Faed’requi-
red was worked out progressively. This amount was then given daily
%or the following month. The total Quantity of feed given was calcu=-

lated and also in terms of kg/he/yr (Table~IT).

Fertilizers, both organic énd inorganic and supplemsntary feed
were calculated at kg/ha/yr. For the ponds the area was calculated.
simply by  multiplying the length and breadth and for the pools,
the area was calculated by ths use of the ﬁobmula7rr2. Both were

subssquently converted to hectares.



PHYSICO=CHEMICAL FACTORS



INTRODUCTION

Since the time of Forel (1892-1895) when orickf

cal observations were made, there is nothing worth theimention;'til}
Caspari (1910) and_Mutthweki (1918) who Formuiated_a set of criteria
or categorization, either for the:bottom deposits or for the thermal
stratification.of water.respectively. Kemmerer et. QL.,'(1923) 'pra-
bably, were the first to identify a thermal stratification with

depth and Fdllowed by Atkins (1925), and though retaining the term

"thermocline", introduced epithalassa for the uppef stfatum; and
hzgethalassa,?or the lowsr stratum of oceans. Lundquist . qf
(1927) brought'about the classification bassed on bottom deposits
whlle Stromsten (1927) was oF the view, that only heavy winds could

disturb waters below 20 m depthe

THe‘interplay of factors, was probably 5irst reported by
Wisbe (1930) who revealsd pH and carbonates directly proportional to
sach Other.:Rdttner (1931), has been one of the earliest wofkers in
the tropics, whare he did identify a thermal stfatification.in places
like Java and'Sumatfa. The concept dF metal‘mnetic‘d*ygen'deficif
goes to Strom (1931) and Kusnetzove and Karsinkin (1931) respectl-
vely. The earllest troplcal studies in Africa, dates. back to 1933,
when WOrthlngton and Beadle, proved the non=existence of the therm-
oclines. In Indla, the work of Pruthy (1933) could be the earllest,
though, other than the monthly observations, no 1ntrlcate relatlon—
ships were discussed. It was Hutchinson (1938) who attributed a
'hypollmnetlc oxygen deficit, as an indicator bf‘the trophfe status
of a laka. The absorptlon of light enargy by the partlculate matter

in aquatlc bodies was revealed in detail by James and Blrge (1938).

Phosphorus as an important limiting factor, was revealed as

sarly as 1940 by Deevey, and simultaneously in India on other
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hydrological factors by Ganapati (1940, 1941 and 1943), It was only

- from 1942, when the causative factors for the nutrient complexes and

release from the sediments, their interplay with bxygan concentration

levels, identification of spring turnover and summer stratification,

accompanied by an. increased level of COz_and related substances; with

a decreasse in‘pH was identified (Aberg and Rodhe, 1942; Mortimer,

1942). Since then, relatlonshlp between two Factnrs or more, started

;pourlng 1n limnology, either directly or 1nd1rectly, prOVlng to be

'1ndlcas of lake productivity (Moyle, 1946 Genzalves and Jashi, 19475

Edmonbson,'19485-0hle, 19525 Komarousky, 19533 Lauff, 1953; Wallen,

1955- Ganapatl, 1955 and 1959 ).

It was in the late Plftles, that'the’importahce of one or ‘more

nutrients being responsible for the blOth elaments, thelr rise and
iFall indlcatlve oF ‘the levels of presence and utlllzatlon was obsar-
aved (Hutchlnson, 1957 and Uallentyne, 1957) The erratic fluctuations
af these nutrients being affected by ralnFall, was>revaaled by’TuCker
'(4?582. Galdman;(1960), attributed the importance of minor hutfients

"respohsible for the different rates of carbon fixation, while Shapird

(1960) attrlbuted rapid eutrophication due only to metalimnetic dep-

letlon of dlssolved oxygen. This was confirmed by Lund et. g_., (1963)'
”who ravealad that ‘the upper zones .of . hypollmnlon has consumptlonquft'
'.‘oxygan, two or three times faster than the lowerzones. wgtzel (1966)

‘attrlbuted differential patterns of thermal stratlflcatlon whlle

Hussalny (1967)arevealed turbid waters, being warmer than clear ones.

"The chemical characteristics of the surFace waters belng closely re-
‘lated to the soil characteristics of their dralnage ba81ns, was’

detailed by Keup (1968) and Vollenweider (1968) This sedlment-watar

interFaca, aﬁfacting tha whole column of ‘water, has been well docu-
mented by Golterman (1969). Vi jayaraghavan et. ale, (1959) Kalﬁf

(1970) and King (1970) attributed carbon as the ultimate limiting
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nutrient in relation to that in the form of dissoclved carbohydratss
released and utilized. This was supported by Kerr et. al., (1970)
and Lange_(19?0)'who identified carbon, rather than nitrogen and
phosphorus to limit production, The.diFFerent forms of phosphate and
that of chelation was identified by Stumn and Morgan (1970). However,
Sreenivasan (1970), Timms (1970) and Vijayaraghavan (1971) considered
oxygen deficit as a Factor to éa'reckoned.with_in production. The
‘concepts of nitrification and .denitrification in lake sediments éffé
scting the total biota was shown by Chen et. al., (1972), Keene*
(1973), TFan and Overbeck (1973). Lasenby (1975) and Wetzel (1975)
éttributed turbulencse patterns of waters tq be related to oxygéh,

and cqrrélated with average secchi disc depﬁh. The lakeumate; as the
largééf pool of nitrogen and the sediments as the reservoir of phos-
phorus was revealed by Serruya gt. al., (1975}, while Sreanivaean
(1975)vattributed trace slements to.be of greater imbortance than

major nutrisnts.

The late seventies have been a period of utilising the factors
;dentifiéd;ithéir permgtations and combinations in the manipulation
expe#iments, either at microcosm or macrocdsm levels and were more so
in fish ponds (Garith, 1976; Blinn, 19763 Cheng and Tylep, 19763
Alfred and Chellspa, 1977; Allen and Ocevski, 1977 Schindler,.{977;

Alfred gt. al., 1978 and Dhillon, 1978).

'Ajreviéwidé.the preséht status on limnology in India based
pbimarily oh publications iﬁ Hydrobiologié is excellently given by
Gulati and Wurtz (1980). They have identified 325 paperé'oF‘Indian.
work upto 1979, and have reuealed that two=-thirds appééredAin‘the
last ohé,decade alone. Simultansously, Michael (1980) had ;eviéwed
till that date, as far as possible all Indfan fresﬁwater igvéstiga—

tions.
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Thess foregoing review of literature, though inclusive of both’
lerge and small watef bodies, yet it was felt to identify those works
which have a direct relationship to fish ponds. The effect of fertili-
sation.and supp;ementary feedings, on the basic physico=chemical fac=
tors in Fish-pgmds and other such works of direct importance are thoSe
of Uilladolid et. al., 1954; Depasse, 1956' Swlngle, 1957 and Michael,
1969, who have 1dentifled elther pH, carbon-d10x1de and other physico=
chemical Factors as llmltlng Factors in the role of fish culturs.
Burdach gt. alw, 1972°'Ru530 et. al., 1977; Colt et. al., 1978 and
Tamasso et. al., 1979, similarly -had identified the buFFerlng capa-
c1ty 1n a, fish pond and the role ‘of ammonia and nitrate 1n Farmlng
and.hUSbaQernof freshwater fishegs. An overall revieu oF‘the effect
of the.physigo-chehical_Factors in both~%ertilised and non;Fértiliéed
ponds ip;fﬁa;a‘haVe been well compiled and documéﬁtéd'by Jh;hgran

(1950),ﬁ,
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MATERIALS AND METHODS

Ten phy81co-rﬁemloal parameters were undertaken for a detailed
investioation in the four experimental ponds and Flve plastic pools.
The period of study -was from October, 1979 to Marchy 1981, Water
Samples were collected‘weekly, at the differsnt experimental ponds
and circular plastic pools for analysing these ten parameters. The
time of collection was always confined to the morning hoors Just
after suihrise (0600 hrs. to 0900 hrs;). All weekly samplings wefe:
brought to@ethéfﬁos monthly averageé.FOr the sake of conveniencs
and brevity and the Figufes représent the seasonal Qariations monthe
wise.

Two set of water samples were collected in 125.ml ground glass
'stoppered bottles and fixed for oxygsn and cafbon-dioxide~é%élysis.'
For the other sgt, water was taken into poly*hnne bottles oF S00 ml
and closed tightly For nutrients analy81s and also for’ pH, Total

,alkalinity and Conduct1v1ty analysis.

;Air femperature was measured with the help of an ordinary
mercury thermomster at about 1 m above the surface oF'wéter'at_the
differehnt stations.ATHe water tempsrature was taken with a simiior
thermometer at thenwater.surface and readings wepo‘immediately
recordeo. | | |

'*Ail other factors were analysed in the laboratory'withih one
hour of'colleotion. pH and Conductivity wsers reao‘oFF from a TOSHNIWAL
pH METER (Model No. CAT. CL=43) and ELICO CONDUCTIVITY BRIDGE (Modsl
No. Type CM 82) respectively. For oxyqen, the samples whlch ‘were lee¢
in the field was Further reacted as per Azide - (Asterberg) method and
with the help of the unmodlfled ernkler s technique was estlmated
(Amerlcan Public Health A83001at1on, 1965)ﬁ Corbon-dloXLdeland alka=

linity were determined in the usual may'oftep'welch (1948y;
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Nitrate was estimated by phenol-disulphonic acid method,
while_phosphata was by the Stannous Chloride and Molybdaté method
both after the Amsrican Public Health Asscciation §1965)? Silicate
was estimated after Mackersth (1963), though -the Sténdaids wers

prepared aftsr Golterman and Clymo-(1968).
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RESULTS

Experimental Fish Ponds
In the four experimental.Fiéh ponds, ten physico~chemical
factors werse undertaken for a detailed investigation for sighteen

months'(Uctober, 1979 - March, 1981).
Temperaturs. : : -

The air temperature for both the cycles were moré or less ths
sams -with the miniﬁum being recorded in December or January, nearly
18,59C and the maximum in September with the temperaturs around 34°C.
As with air temperéture, the water temperature recorded, though with
a variation of +1 and usually on the positive side was minimum in
the months‘of December and January and the maximum in Septembery
recording.19.3°C and 35.5°C respectively. This phenomenon of water
temperature was seen to be more or less consistent in all the experis
mental ponds undertaken (Fige 2). '
pH |

The next abiotic factor pH, was seen to be mostly on ths alka-
lihe side in all the four experimental ponds undertaken, with. the

minimum values touching neutral and if lowsr, only very :slightly..

CONTROL POND : In the control pond, pH ranged between 6,7 and 7.2

unitss During the first annual cycle in this pond the'mihimum was in
MérCh-Ké.G?UnitS) and ﬁhe maximum in April (7.3 units), 'while during
the'éécomd cycle the minimum was in November (6.9 uhits) énd ths max=
ihum‘iﬁ Decgmbér (74 units), though the variation .in the!lattarvwas
very insignificant. However, throughout the péridd of investigation;A
the pH in this pond oscillated around 7.0 units. An}overéllApigture
of the fluctuation showsd an increase in the minter.and rainy months

with a drop in the summer months (Fige 2)e-

EXPERIMENTAL FISH POND=1 : The pH recorded, in experimental fish

pond=1 was definitely alkaline, mith the lowest being recorded in



Flge 2 = Showing tha seasonal rhythmicity of
ths physicoeghemical parameaters {in
the Control and Experimantal Flsh Pondse

EP = Experimental fish Ponds.
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the months of Sepﬁember.(7,1 units), while the maximum was 8.0 units
in the month of December, during the first annual cycle, In the next
six months' there was very little change, with the pH oscillating
around 7.3+0.2 units, with a maximum of 7.5 units rscorded in 3qn-
uary. The trend of fluctuation seasonuwise was like the control ppnd

(Fige 2).

EXPERIMENTAL FISH POND=? : pH revealed maximum in contrast to all

the other ponds thfoudhout the period of investigatiaon and normally
oscillated aroundVB.Dtp.1 units, and hence only alkaline. The maxlmum
pH wes:recorded in December with 8.3 units, while the minimum in
March with 7.5 units, during the first annual cycle. The next cycle
recorded minimum in March with 7.7 units and maximum in Dscember with
B3 units._Here also as in the previous ponds, the trend;of fluctua=

tion was similar with a winter maxima and summer minima.(Fig.12).

EXPERIMENTAL FISH PDND-3 : It revealed s gradual trend OF increase

in pH wlth the mlnlmum in Octobsr as 6.9 unlts till it touched a peak
1n January wlth 8.0 unzts. Thersafter it 0801llated around 7 2+U 2
duxlng the flrst_anndal cycle. Similarly, the second cycle,.aleo
fevealed the same trend of fluctuation but with the maximum and minie
mum in February and January'dith 7¢2 units and 6.8 unite respectively

(Figo 2). . i
Conductivity

CONTROL POND : Conductivity was the next abiotic factors In the con-

trol pond it never exceeded above dO.D mmho/cm and not bslow l? mmho/
cme fhe lowest record in the cdntroljpdnd was observed in January and
the highest-cdnductivity in March with 39.3 mmho/ca”durihgathe first
annual cycle. December and March recorded minimum and maX1mum with
24, 7 and 36,2 mmho/cm respectively in the senond cycle. The seasonal

trend of Pluctuation revealed a summer maxima and winter minima (Fige2)s
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EXPERIMENTAL FISH POND=1 : The Conductivity in this pond=1 shouwed

more or less a similar trend of fluctuatian seasonally, to that of
~the control pond, This pond however, recorded higher ranges of con=.
ductivity, the minimum and maximum being 19.1 mmho/cm in February |
and 43.2.mmho/cm in May during the first annual cycle. The months h’
of Deoemoer ahd,Fébruary recorded minimum and maximum of 30.0 and 
4243 mmhofem respeotlvely, in the second cycle. Though the trend
showed a clear cut winter minima, the summer did not reveal 31gnlfij
cant increasse as in the other ponds except that, the onset of spring

did show a rise in the conductivity values in this pond (Fige. 2). .

EXPERIMENTAL FISH PDND-2 : It recorded the maximum conductivity in

relatioh‘to all the cother ponds. The lowsst value observed was ih_
Jaouary with 29.5 mmho/om and the maximum with 52.5 mmho/cm in Seoi
tembar duriog fhé first annual cycle. In-the'next cycle January aod
October recorded the minimum and maximum with 29 0 and 43.0 mmho/cm
respeotlvely. The seasonal trend of Fluotuatlon was however 81m11ar

to the other ponds (Fige 2).

EXPERIMENTAL FISH POND=3 : It revsaled a range of Pluctuation 1n

conduct1v1ty From 19. D ‘to 43 7 mmho/cm throughout the pgriod of in=
‘vestlgatlon. It was howsver seen, that ‘the minimum and the maximum
ranges were recorded during the first annual cyclos in November and
‘May respeotiveiy;41n the.second cycle the lowest range was observed
_io‘Déoemoer'with 25;5 mmoq/cm which thereafter recorded a sSteady .
trend of increase to touch.o peak of 39.5 mmho/om in Matob; Once
_égain the seasonal trend of fluctuation wasksihilar'to the other

ponds (Figs 2). , _
- Total alkglinity

CONTROL POND : Total alkalinity as the next abiotic Factog rangsed

betwsen 80.0 mg/l and 190.0 mg/l in the control pond. The minimum was

sden in December and the maximum in March during'the'First'annual
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cycle. The second cycle revealed a minimum in November and a maximum
in January wlth 78.0 and 130.0 mg/l respectively. The fluctuation of
total‘alkalinl@y, in addition recorded smaller peaks of increased
values in the honths of May, August, October and February :and a fall
imn November,- April, June, September and March of the study perioda
Generally, the trend could be seen_to be as minter minima and spring

maxima with a smaller peak of increase in the rainy season (Fige 3).

EXPERIMENTAL FISH POND-1 : The total alkallnlty ranged betwsen 90 D
and 200.0 mg/l. The minimum recorded during the Flrst annual cycle o
was in Uotober,,whlch therea?ter, increased gradually to touch a .
peak in Maroh.aIn the next cycle, November.and January reoorded~mini-
mum and max1mum with 97.5. and 1400 mg/l respectlvely. Be81des, the
maximum and minimum peaks recorded smaller peaks of 1norease ‘were

also seen ‘in May and August, whereas their fall were observed in

April, July and October durlng both. the oyoles. The seasonal trend

revealed a spr;ng~max1ma and winter mrnlma~(Flg, 3 ).

: EXPERIMENTAL FISH POND-Z : It revealed hlgher values oF alkallnlty

and that too 51gn1F1cantly, over all the other ponds. The minimum was
recorded in November wlth 99.5 mg/l and the maximum peak oF ‘nearly .
272 G mg/l was observed in August during the first annual oycle. Nove=
ember and March recorded the mlnlmum and maximum wlth 95 D mg/l and E
21D D mg/l during the second cyole respectlvely. It was seen that-the
months oF March, July and February also recorded smaller peaka, while
their Falls wers observed in April and Ootober during both bhe cycles
in addition to the maximum and minimum reoorded.‘The.mlnter minlma in
the seasonal trend of fluctuation as observed inethe other.oonds was

also seen here, -though the maxima was in summer (Fig. 3).

EXPERIMEN%AL FISH PDND-B : The total alkallnlty ranged between 80.0

mg/l recorded in Novembsr as minimum, to a max1mum oF 128 D mag/1 in



fige 3 « Shouwing the ssasonal rhythmicity of
tha physicoeschaemical parameters in
the Control and Experimantal Fish Ponds.

EP = Experimental Fish Ponds.
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August during the first annual cycle. In the second cycle, the maxi=
mum and minimum raoges were almost'coneistent to that of the first
cycle with 88.0 mg/l in January and_116.o mg/1 in February. B8esides,
the maximum and mioimum ranges recorded, it further showed peaks of
almost equal magnitude in January and May, while their falls were
regietered'in April, June and Novembervdoring the study period. A
similar trend of an overall seasonal Fluctuetion as obssrved in the

other ponds for this factor was seen here also (Fige 3).
o ' Carbon«d10x1de , :
CONTROL PGND : The next factor was ‘carbon-dioxide which recorded a

minifum in May with 5.0 mg/1 and in February with 3.3 mg/l during
first aod eecond cycles respectively._The maximum recorded for both
the Cycies were in December end_March with a concentration of 22.0
mg/1l and only 9.0 mg/1 respectively. It was further observed that
smaller peaks in carbon—dlox1de concentratlon were encountered in
the months oF Aprll, July; oeptember and January, while the falls
ware reglstered in January, March, May and Novembsr in addition to

the maximum and minimum recorded For the entire perlod (Flg. 3)s

EXbERIMENTAL FISH POND«1 : In the experimental pohdei, the range_of
variations For C02 wsre not so‘epparent as 'in the cohfro;.pOHd. The
dinimud of 5.0 mg/1 was recorded in May and in Febtuary during both
the cycles. The makimum was recorded in july and March wifh nearly
10.0 mg/1 during both the cycles respectiVel%; The Fluctuatione
Further.reVealed smaller peaks in addition fo the maximum and mini-
mum,'in thes months of October, January, April, 3June and September
 and their falls in December, March, May, August and October for both
the cycles (Fig. 3). | |

EXPERIMENTAL FISH POND=~2 : The carbon=dioxide concentration in the
experimental pond«2, was more or less similar to that of pond=-=1,

however, with a slight increase in both the minimum and maximum
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values. The lowest values of 6.0 and 5.5 mg/l was seen in December
and february during thé first and second cycles respectively, while
a maximum of 19.0 and 13.0 mg/l was recorded in March during both
the cycles. In addition to the maximum and minimum recorded, carbon-
dioxide concentration showed smaller peaks in May, August, November
and January while they fell in April, June and October during both
the cycles. In any case this pond like the other abiotic factors,
for carbon~dioxide also was sesn to be maximum in comparison to all

‘the other ponds undertaken (Fig. 3).

EXPERIMENTAL FISH POND=3 : It recorded the maximum and minimum care

bon-dioxide values in August and December with 17.0 and 6.5 mg/l
during the first annual cycle respectively. The second cycle recar-
ded 10.0 mg/l in January as maximum and 4.0 mg/l in February as the
minimum Vaers.‘In addition to the peak values recorded, smaller
peaks of magnituds were élso pobserved in the months of 3danuary,
March, May and March, while their falls were registered in April,

June, September and November durirg both thé‘cycles‘(Fig.»B).
Dissolved Oxygen

CONTROL POND : Dissolved oxygen as the next abiotic factor resvealsd

‘a range of fluctuation from 6.0 to 13.0 mg/l in the control pond.
During the first annual cycle the' months of August and September
recorded maximum and minimum with 12.0 and 6.2 mg/l respectivaly.
In the next cycle January recorded 13.0 mg/l as maximum and October
with 7.4 mg/1 as the minimum., The fluctuation of dissolved oxygen
in addition to their maxima showed peaks of lower magnitudes in‘

the months of October, December, March and May (Fig. 3).-

EXPERIMENTAL FISH POND=1 : In this experimental pond=1, the maximum

values were seen to be almost equal to that of the control pond,
yet the minimum recorded in June was just 3.0 mg/l during the Fifst

annual cycle and 7.5 mg/l in March during the next cycle. The
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maximum values in both the cycles were. 12.0 mg/l in March and 15.0
mg/l in January. In additien to the peak recorded, the months of

October, May, August and December revealed smaller peaks (Fige 3).

EXDERIMENTAL-FISH POND=2 : It revealed that the minimum and maximum

values of oxygen variations weré the least in comparison to other
ponds observed. It recorded a maximum in October with 10.8 mé/l and
minimum in April with;7.0 mg/1 during tﬁe first annual cycle. The
next cycle showed 11.4 mg/1 in January as the maximum and 7.6 mg/1
in March as tHe minimum oxygen valuesf Begides thess, smaller peaks

were observed in the mohthslof'lune and Novembe;‘only (Figs 3).

-EXPERIMENTAL FISH POND=3 s In this experimental bond-B, the range

'during'the first annual cycle was minimal as it‘was seen to be bet-
ween 6.0 mg/l and 9.0 mg/1l, the former values as the minimum recor=-
ded in September and tﬁé latter as the maximum in December. Howsver,
the range in the second cycls was quite significant in fhat the mi=-
nimum of 7.0 mg/l was nécdtded in October, while it was nearly 16,0,

mg/l in January as the highésf values recorded (Fige. 3).°

' After these abiotic:ifactors, the seasonal fluctuation of the
three major nutrients were analysed. These nutrients were’Silicate,

Nitrate and Phbsphatgﬂ

CONTROL POND : Silicate in the contrdl pond was sesn to vary between

nil values and 10 mg/l. These hil-ValuEs were reqdrded in Dacember;
April and September during the Firét annual cyqle.and D9Cember of

the sedqnd cycle. The ﬁ%imum vélues of silicate in.tﬁé éontrol pond
wers observed.in'May ahﬁ November with 10.7:mg/l énd49,12‘mg/l dur-
ing thevFirst'and second cycles respectiuely..The seasonal trend of

fluctuation showed a summer maxima.and a winter minima (Fig. 3).

EXPERIMENTAL FISH POND=1 ¢ The silicate values in :this experimehtal

'popd¥}¢was never below 0.2 mg/l as recorded in December-and April
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during the first annual cycle and in December during the next cycle.
The maximum of nearly 43.0 and 21.0 mg/l was recorded in July and
November during the first and second cycles respectively. The trend
of seasonal fluctuation revealed a summer maxima and winfer minima

!\Fig. 3)0

EXPERIMENTAL FISH POND~2 : In this experimental pond-2, highly sig-
'niFicant Valuesvof Silicate were obtained. Though, ih one instance

a minimum of only 2.0 mg/l was recorded in February durlng the Flrst
oyole,zit\nas 18 0 mg/l in October during the next cycle. The maxi-
mum valuss obtained were in May and March wlth 83 0 mg/l and 63 mg/l
during the flrst and second cycles respectively. These were undoub -
tedly high and obvigusly recorded the hlghest values in comparison

to all the other ponds. The seasonal trend of flootuation>was similar

to pond=1 (Fig. 3).

EXPERIMENTAL FISH POND=3 : The experimental pond=3 had comparatively
low Silicate values but was more or less like that of.pond-1. The
hihimum values were 0.5 mg/l or nil as seesn in September,and December
‘during the first and second cycles respeotively. The maximum values
‘were 26.0 mg/l in June, while it was 33 0 mg/l in March durlng the
Flrst and second cycles respectively., The seasonal trend of fluctua=-

tion was similar to the other ponds (Fig. 3).

Phosphate
" CONTROL POND : The next major nutrient analysed was Phosphate, which

ranged between 1.0 mg/l and 15.0 mg/l. These as minimum and maximum
values were recorded in June and Augost respectively during the first
annual cycle in this control pond. Similarly, during the second
cycle, the minimum of 2.0 mg/l ano a maximum of 12.0 mg/l was ssen
in March ahd January respectively. In addition to the maximum peaks
recorded during the entife period, peaks aof smaller magnitudes wers
regisﬁereo in the months of January, April and December, while thsy

fell during the months of June, September and. February (Fige 3).
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EXPERIMENTAL FISH POND=1 ¢ In experimental pond=1, the minimum valus

of Phosphate dropped low and recorded 0.5 mg/l in Octoher during the
first annual cycle, but was nearly»&.b mg/l in March during the next
cycls. The maximum was however -25.0 mg/l in April, but it was only
10.0 mg/l in December during the first and secand cycles respectively.
' Abart from the peaks recorded, smaller peaks wsre seen in the -months
of September and Decembsr, while their falls weré prominently seen

in May, October and February during the sntire periad (Fig. 3).

EXPERIMENTAL FISH POND=2 : The experimental pond=2 shoued the maxi=
mumtvélues of Phosphate. The minimum value however £ouched neérly

240 ﬁg/l in Februéry during the Pirst annual cycls and was nsarly

“640 mg/l in November during the next éycle. A maximum of 46.0 mg/l

was recorded in September and 32,0 mg/i in February during the first
and sscond cycles respecti&ely. The fluctuation of Phosphate over the
seasons showsd additional paaks in Febrﬁary, May anleanuary.and_Falls

'in’March;.June, Octobsr and March (Fige. 3).

EXPERIMENTAL FISH POND=3 : In experimental pond=3, Phosphate showed

the miﬁfmal values of 0.5 mg/l in the first annual cycls as seen in

'; March, whlle it was nearly 4,0 mg/l again in March durlng the second

cycle. The max1mum houever, was recorded in April with 32 0 mg/l and
in February wlth 16.0 mg/l durlng the first and second cycles respe=-
.ctlvely. Further, the trend of fluctuatlon in addition to the maximal
_valué:fecorded, smaller peaks were'registered in February, August'and
7jénUary;ithle:the decreasing values were seen in March, May, Octo-
Jber ahd-Mafch during both the cycles (Fig. 3).

Nitrate
.Tha last major nutrient undertaken was Nitrate. It was found

that the fluctuation of this nutrient throughout the period of study -

was qdnsiderably less and mostly oscillated around the minimal valuses

reCordedl,irrespective af the different ponds undertakens
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"CONTROL POND : The nitrate values 1n the control pond ranged between

0.02 and 0.16 mgq/1 and was found to oscillate more on the minimal side
during the first annual cycle. In the naxt cycle the nitrate valuoes
osc}llated betwaen 0,032 and 0.039 mg/l. Excoept Fop the peak in Oct=
ober no significant increase or docrecasc in .nitrate concgntration

was observed in the control pond (Fige 3)w

EXPERIMENTAL FISH POND=1 : A similar dbservation was also sean in

experimontal pond=1, in that the values ranged between 0.02 to 0.15
mgfi and the nitrate levels oscillated around the minimal values
tﬁﬁcﬁghdut the period of study. With the axception of the peak in
Novembar and a smaller ane in February dufing the first annuéi

cycle (Fige 3).

EXPERIMENTAL FISH POND=2 : In the experimental pond-2 a similar .
ﬁréﬁd of fluctuation in the nitrate levels was observed tﬁoughrtho
minimﬁm.énd maxihum'lGVGls recorded were a 1ittlelhigher. Further,
,thééé.ﬁére also thé maximal rocords among the othor ponds undgr
.éohsiderafion. It rangéd botwoen 0.05 té 0.17'mg/15 the formoer. 'Boing
tha;mihimum lovol rocorded in February and tho latter as tho maximum
'chordod‘in November during the first annual cycls. Dufihg phé.éécf,
ond cycle the nitrate léuols worc almost consistentfwiﬁﬁ a miﬂ;@um
of 0.04 mg/l in January and the ma*imum oF D.dé mg/l in OctobGQ; In
addition to the poak values recorded, there was a’ trond of increéée
thOUgh'OH smaller magnitudes in the months‘of;MarQh, May and August
during the-First annual cycle while the next cycle did not give any

gsignifiicant increasc in nitrate levels (Fig. 3).

EXPERIMENTAL FISH POND=3 : The exporimental pond=3 rcvealed the
loast nitrate level of all the ponds, with the range betwsan. 0,02
éndhdsp7~mg/lp_The maximum nitrate level was recorded- in May and the

minimymiin_February during the first annual cyclce Thcwnext~cyq1cl
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recorded ths maximum and minimum in January and Descember with 0.05
and 0.03 mg/l respectively. It was further observed that a trend of
fluctuation on the increase was seen in the months of March, July,

November and March during the entire study period (Fig. 3).

Circular P;astic Pools s Temperature

| The air temperature for both the cycles revealed a more o:f
'iess gimilar trend of fluctuation. A maximum ef 34°C and a hinimuﬁ
of 18.,3°C in the months of Septembsr and January respectively duri@g
the first annual cycle was recorded. During the nexf cycls a maximum
of 27.3°C and a minimum of 18.5°C was recorded in Dc@ober‘andAjanua:y.
respéctively. The water temperature also revealed a similafzpatterﬁi
of fluctuatlon, following closely the air temperature with a varia-
tion of +1 0 and normally oscillating on the positlve sidg. The max-
imum was recqrded in September with 35°C and a minimum wltthQ@S?Cf
in Jéhuary dﬁring the First annual cycle. In the ﬁext cyblP<OchQQ§
racorded the max1mum mlth 28 30C and January with 19.5°C aa;tha ‘ |

minlmum (Fig. 4).

CONTROL pPoOL : pH
. The' next abiotlc Factor analysed was pH which was mostly on

the alkallne side 1n all the pools. In the control pool, pH Fluctua-
ted around 7 0 unlts. The month of August recorded the maxlmum wlth
71 units and the minimum of 6.6 units in Septomber durlng the Pléft
ahd@al qycle. In the next_cycle January recorded the max1mum w;thf7:§<
uﬁits, mhile October recordedvthe-minimum with-6.5iunit34%kﬁ Overéii
picture of the fluctuation, showed a winter and summef”ﬁé%iﬁé‘and

spring minima (Figs 4).

GIRCULAR PLASTIC POOL=1 : The maximum pH recorded was in August regi-
sterihg=7;6WJUnits and the minimum with 7.{ units in April during the
First annual qygle; ODctober recorded the hfmimumvnf 6.6 units and a

- maximum of 7.4 qhité iﬁiFebruary during the second cycle. The pH:



Fige 4 = Showing the seasonal rhythmicity of
tha physicowchemical paremeters in
the Control and Circular Plastic Pools.

CP = Circular Plastic Pools.
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variations in this pool was very insignificant, houwsver it oscillated
around 7.Dtp;4 throughout the period of investigation. The trend of

seasonal Pluctuations was similar to that of the control pool (Fig.4).

CIRCULAR PLASTIC PGOL-Z.: The pH veriations in pool=2 fPluctuated bet=-
wesn 7.0 and 8;0 units; Tmis pool recorded the maximum with 8.1 units
in Uoﬁobor and the minimum with 742 units in July during the first
amnuai cyclol During the next cycle the maximum of 8.1 units was re=
corded in'JahuarQ while in Novembor tho minimum fecord of 71 units
was observed. The seasomal trend oF fluctuation reyealed a spring
maxima and winter minima during the first cycle while the maxima was

fecoroed in winter with autumn minima during the second cycleN(Fig.d).

CIRCULAR PLASTIC PDOL-3 ¢ pH in the circular plastic pool= 3, oscille

ated around 7 2+D 3 throughout the perlod of study, wlth the month
of Maroh reoording the maximum of 8.2 units whlle July recorded the
minimum with T 2 units during the first annual cycle. In the next
cycle. JanUary recorded the maximum with 7, 9 units and Octaober .as the
mlnlmum~w1th 7.4 unitse The seasonal- Fluctuatlons revealed a winter

maxima and siUmmer minima in this poo; (Fige 4).-

CIRCULAR PLASTIC PUUL-4 : pH fluctUaéed between 7.5-and 8.5 units.
~_durimovthe entire périod oF_investigation.-Tho maximum was recorded
in March with 844 units which was also the highest for all the other
pools and the minimum was 7.2 in May during the first anpual cycles
In the nqkt:cycre the’makimum recorded was in Jandary with 8.2 onits
and the minimum in Dcfober witHf7.3 unifs{ The gsasonal ?luctoation
was similar to that of pool-BC(Figg 4) .

CONTROL. POOL/ Conductlvitv ,
ponduct1v1ty as the next abiotic factor analysed The control

pand rerrded a minimum of 8.9 mmhos/cm in October which steadily
increased till February to record the'maximom of 116,7 mmho/cm during

thae first annual cycle. In the next cycLe,;howévor, it fecorded a
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maxima though of lower magnitude with only 29.0 mmho/em and a minimum
of 2%1.6 mmhof/cm in March and February respectively. The trend of sea=
sonal fluctuations revealed more or less a winter maxima and summser

minima (Fig. 4).

CIRCULAR PLASTIC POOL=1 : The circular plastic pool=1 recorded a

minimum in October with 8.5 mmho/tm which’ﬁhereaﬁter increased grade
ually to record a maximum in January with 68m§ mmho/em during the
first annual éycle; However, in the second cycle, the maximdh in
January was. only 31.5 mmho/em and minimum in Novfhber with 2440 mmho/
cme, The trend of fluctuations of conductivity oscillated bstwgen the
minimﬁm recordy. but never exceeded beyond 39.3 mmho/cm with the only
exception of the maximum recorded for the entire study periods The
trend of sesasonal fluctuation was also like that of the centrol pond

CIRCULAR PLASTIC POOL=2 : Conductivity in pool=2 recorded minimum in

October with 13.6 mmho/cm which thereafter increased gradually to
attain the maximum ifA February with 76.9 mmho/cm. Howsver, during the
remaining periods of the first annual cycle the fiuctuations oscilla=
ted between 35.7 to 48.7 mmho/cm. In the next cycle it raﬁged between
2746 mmho/cm recorded in Nouemﬁér as minimum and 38.7 mmho/cm as maxe.
imum in Januarye. In this pool the trend of seasonal fluctuation was

similar to that of the control poaol (Fige 4).

CIRCULAR PLASTIC POOL=3 : Conductivity values likeswise recorded a
minimum in Octcber with 8¢8 mmho/cm in the pool=3 also. It thereaftsr
fallowed a pattern of increase fill it recorded a maximum in Januat?
with 9447 mmho/cm and followed a trend of decrease fluctuating bst-
ween 3%:0 and 49,0 mmfio/cm during the first annual cycles The fluc=
tuatlon recorded during the second cycle ranged between 28.6 mmto/cm

in November as the minimum and 3%9.6 mmho/cm in October as the maximum.
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This pool also revealed the same pattern of seasonal fluctuations

i

like that of the control pool ('Fig.‘ 4y

CIRCULAR PLASTIC PDOL 4: Thee mlnlmum conduct1v1ty recorded was in

Dctober ‘with 13 5 mmho/cm, whlch thereaFter increased to register

a rlse in: trend wlth 7D 0 mmho/cm in January and the following month
of February recorded the max1mum with 116 5 mmho/cm for the first
cycle. Thereafter, it fluctuated between 24,0 and 59,0 mmho/cm dur- .
1ng the remalnlng perlod oF ‘the Flrst annual cycls. In the next

cycle the range of fluctuation was more or less uniform, oscillating
around 33. 6 mmho/cm as mlnlmum and 41 . 0 mmho/cm as maximum, in Decem—
ber and Dctober respectlvely. The phenomenon of seasonal Fluctuatlon

trend as observed in the control pool was also sesn here (Fige 4)

CONTROL POOL : Total Alkallnlty
' The next ablOth Pactor analysed was total alkalinlty. In the‘

control pool total alkallnlty was recorded as minimum in October

and maximum 1n Aprll recordlng 68 6 mg/l and 176.0 mg/1 respectivelyg
durlng the Flrst annual cycle. In the next cycle, March recorded theﬁ
maximum and November as mlnimum?mlth 86.0 mg/l and 66,0 mg/l respege

tively. The fluctuation of total alkalinity Furtherfreveaied smellen

oeaks in the months of December, September and JanUary~and:ehowed a..
seeeonal'trend‘of fluctuation with spring haxima-andlautumn:minimaﬂ

(Fra. e

CIRCULAR PLASTIC POOL - 1 : The taotal alkallnlty ranged betwean 70 0

and 188 O mg/l throughout the perlod of study . In this pool, the
minimum-was seen in February wlth 79 0 mg/1 whlle almost two peaks
of equal magnltude were recorded in March and Aprll ‘with 188 0 mg/l
‘and 184 D mg/l respectlvely during the Flrst ennual cycle. In the
next cycle however, the maximum was only 99.0 mg/l and mlnlmum with

_70 o0 mg/l in October and November respectlvely. In addltlon to the

maxrmal and mlnimal Valuee recorded in this pool, the Fluctuatlon



Figs 3 « Showing thae seasonal chyihaicity of
the physicowchamical parameters in the
Control and “ircular Flastic Pools.

CP = Circular Plastic Pools.
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further recorded peaks of smaller magnitudes in the months of April,

- June and January (Fige 5).

CIRCULAR PLASTIC POOL=2 : The fluctuation in total alkalinity levels

during the first annual ¢yc1e ranged from 82.0 mg/l to 200.0 mg/1.
The maximum and minimum levels were recorded in May and February
:espeétively. In the nextAcyole the méximum was.seen in October with
134.0 mg/l and minimum in February with 84.6 mg/l. In addition to the
maximum and minimum recorded, the Fluctuafion further registersed sma=-
l%sr peaks in the months of December and April. The trend of fluctu=-
ation seasonally revealed a spring and autumn maxima and winter

minima (Fige 5).

CIRCULAR PLASTIC POOL=3 : The total alkalinity encountersd in circu=-

lar plastic pool=3 revealed a wide range of fluctuation in thaﬁ the -
lowest was 56.0 mg/l in August and the maximum in March with 150,0
mg/l during the first annual cycle. In the next cycle the minimum

was in February with 52.0 mg/l and the maximum in January with 109.0
mg/l. In additipn to these values recorded in this pool, Ehe fluctu;
ations FurtHér revealed smaller peaks in November, June and Janhuary..-
The seasonal trend of fluctuatiaon. more or less revealed a spring |

“maxima and summer minima (Fig. 5). )

CIRCULAR PLASTIC POOL=4 :' It also showed a similar pattern of fluc-

tuation to that of the pool=3 and ranged betuween 70.0 mg/l and 158.0
' mg/l. The minimum and max1mum were recorded 1n July and Aprll reSp-
'ectlvely during the Flrst annual cycle. Durlng the second cycle,
February recorded the minimum Wlth 6640 mg/l and the max1mum in qu-
uary with nearly 124.0 mg/l. The Fluctuatlons in the éikalinity
levels in this pool further recorded peaks of smaller magnitudes in

the months of March and Septembers The seasonal Pluctuatlon revea=

led a spring and autumn maxima and .summer minima (Fig. 5).
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Carbon dioxids

'COMTRDL PUDL Carbon-d10x1de in the control peol was observed to

Fluctuate between 1.6 mg/l and 23.5 mg/l throughout the study period.
Durlng_the flrst annual cycle-the-maXLmum and minimum were-recorded
.in April and August ‘with 23,5 .mg/l and 2.0 mg/l respectively. During
the.seeondchcle_thegoarbonédioxide level.wae mors or less consis-
tent, osoillatlhg,around:the maximum_as~eeen in October with s,o'mg/l
with the exceotion oF'the minimUm<reeorinh'February with 1.6 mg/l. -
In addition to the peaks and. mlnlma recorded, the Fluctuatlon showaed
Smaller peaks in October, Feerary ‘and March wlth a drop in November,
May and December for -the entirs perlod.‘The trend oF sgasonal fluc-
tuations revealed a morsg orhlees spring and autumn maxima and winter

and summer mingma (Fig. 5).

CIRCULAR PLASTIC DDDL-1A§'The carooo;dioxide level was maximum in
Ootober recordlng nearly 18.0 mg/l and the minimum wlth only 4,0
mg/1l in November durlng the flrst annual cycle. In the next cycle
February recorded 12,0 mg/l as the maximum, while 6.0 mg/1 was the
mimimUm in Marohf‘Furtheré smaller pesks wsre recorded io‘April,
3une,fseptember}and becemoer‘and a Fall in:March, May and‘Dctober
in addltlon to the maxlmum and mlnlmum levels recorded. The'seaso-
nal trend of Fluotuatlons revealed a mors OF less sprlng and autumn

maxima and wlnter minima in this pool.(Fige 5)«

CIRCULAR PLASTIC POOL =2 : In relation to all the other'pools'uhder

cons;deration, this pool recorded the "highest CarbDﬂ-ledee 1evels
which touched 45 Q mg/l mhlle the minimum was only 645 mg/l durlng
the entire perlod of 1nVestlgatlon. The month of August recorded

32.0 mg/l.as maximum and December as the mlmrmum‘wlth only 6.5 mg/l
during the fPirst annual cycle. In the oext cycle a makimum of(ﬁs;o
mg/l was recorded.in February and the minimum in Novemoer with only
9.0 mg[l; The FluetUatione'oF carbon-dioxide further reuealed“smaller

peaks in the months of February and April while they fell in May,



October and Marche. The trend of seasonal fluctuations maore or less
revealed a spring and summer.maxima and winter minima in this pool

(Figs 5).

VCIRCULAR PLASTIC'POOL—} ¢ The carbon-dioxide level in pool+3 also

revealsd a similar.trgdd of fluctuation to that of pool=2, .though
the_maximal‘and minimal -levels obtaimed during the first annual cycle
was only 28.0 mg/l in May aﬁd-é.a mg/1 in February. It was in the
second cycle that a maximum of nearly 40,0 mg/l was recorded in Fabe
ruary and the minimum in March with only 3.4_mg/l. In addition to
these values recorded, the fluctuations of this gas, showed poaks

of sméller,magnitudes ionarch, August and September and their falls
in December, June and October throughout the study period..The trend
of seaéonality revealed a more 0r~les§ spring and summar maxima and

winter minima in this pool (Figf,s).

CIRCULAR PLASTIC POOL=4 : In this pool two pesks of almost squal

magnitude as maxima were registered in April and August witg nearly.
32.0 mg/l, while the minimum was ssen in November with only 3.4 mg/l
during the first annual cycle. During the next cycle the minimum
level was B.4 mg/l as recorded in January and the maximum in February
with 36.0 mg/ls Furthermbre, smaller peaks were recorded in March,
May and October and a drop in the months of July, September and March
during both the cyclaes. The trend of seasonal fluctuations revealed

a spring maxima and winter minima (Fig. 5).

CONTROL POQOL: Disgolved exygen
The dissolved oxygen content in the control pool recorded a

maximum in August with 12.3 mg/l and a minimum in April mith 3.3
mg/1 during the First.annual cycle. In the next cycle, March recor=
ded 12,2 mg/l and October with B.OAmg/lan the maximum and minimum

levels respectivelye. In addition. to the peaks recorded the seasanal

trend of fluctuations revealed a summer maxima and winter minima (fig.5)..



42

CIRCULAR PLASTIC PODL 1 : It reg*ﬁtered in the month of May as the

maximum oxygen Values with 8.4 mg/l and September as the minimum
with only 3.6 mg/l durlpg_the_F;rst énnual cycle. The month of March
in the secdnd cycle reoofded_B.? mg/1l as maximum and the minimum was
.in November and February recording 4.7 mg/l. The seasonal trend of

fluctuations revealed a summer maxima and winter minima (Fige %)

CIRCULAR PLASTIC POOL=2 : The month of March recorded the maximum

peaks with 9.8 mg/l and 6.7 mg/l during both the first and second
cyclese The months of April and February recorded the minimum qith
2.8 mg/l and 3.1 mg/l respéctively for both the cycles, In this pool,
the fluctuations wers not-so apparent and was found oscillating

mostly around the maximal range (Fige 5).

CIRCULAR PLASTIC POOL=3 : The dissolved oxyaen in pool=3 revealed

that thé v~lues were normally on the maximum side as recorded in
October with 10.0 mg/l. The minimum was only 2.05 mg/l recorded in
Sépﬁember during the first annual cycle. In the next cyc}e théony-
'gen,valuQs-ranged between 3.3 and 1i.35 mg/l“and<the fluctuation was
usually oh the minimal range. The maximum and minimum were récorded
in Méiqh and_january respectively, The seasonal trend of f;ucﬁuation'

revealsd a similar trend to that of pool=2 (Fige 3.

CIRCULAR PLASTIC POOL=4 : This pool recorded a maximum'in'october

wlth 11, 3 mg/l and a minimum in dune with 5 7 mg/l durlng the first
annual cycle, In the second cycle the months of March and October
recorded 6.6 mg/l and 1.7 mg/l as maximum and minimume The trend of
seasonal Fluctuations reﬁealed a more or less suhmer ﬁaxima_and win=-

ter minima in this pool (Fig. 5).

The maJor nutrlents analysed 3n *hese circular plastlc pDOIS

were Slllcate, Phosphate and N\trate.
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Silicats

CONTROL _POOL : The control ple revealed very_insignificant Silicats
levels throughoﬁt the périod of étudy, except in the month of Jan=
uary where a record maximum 05:37.9rmg/l was observed. However, nil
values were seen in<Mapch, Juﬁ?, August and Septgmbep during the
first aHHUal'cycle;fIn the next cycle silicate levels oscillated
betwesn 0,19 mg/l»énd nil Qaiues-which was.fecorded in December,
February aqd Marqh. The t;end‘of flﬁctUaEiom revealed very slight

increase during the spring seasons (Fige. 5).

CIRCULAR PLASTIC POOL-1 : This pool recorded maximum silicate levels

:in‘January with 43.6 mg/l and the minimum-in‘Septeﬁber with only 0.2
mg/l_dgripg the First annual cycle. The trend of fluctuation in poolsl
was usgaily'on_the maximum range. During the second cycle silicate
leysls Osqiilated betwesn a minimum'range of 0,1‘mg/1 and 31.9 mag/l.
The maximuhléﬁd mihimum were fecbraed in January and Décember respece
tively. The seaéqngl trend of fluctuations revealed winter maxima

and summer minima (Fig. 5).

CIRCULAR PLASTIC POOL=2 : In ‘this pool-2, maximum'silicate level

was recorded in Aprll with 46.1 mg/l followed by a gradual decrease
in the Folloulng months to record- the mlnlmum level in July with 7, 1
mg/l durlng the first annual cycle. In the next cycle the maximum -
31llcate level rpcorded was 54.7 mg/l in January and the minimum was:
seen to be in December with only O. 1 mg/l. The trend of seasonal
fluotUatlon oﬁ 8111cate revealed a spring and winter maxima ‘and*

summer minima in this pool (Fig. 5).

CIRCULAR PLASTIC POOL=-3 : The silicate level in pool=3 recaorded a
maximum peak with 44.4 mg/l in Dscember and recorded nil values in
April during the first annual nglé; In the secﬁnd4cycle a peak was

sesn in October with 52.0 mg/; but:a record of only 0.1 mg/l in
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February was seen as the minimum.. The seasonal analysis recorded

winter and autumn maxima and summer minims (Figs 5)

CIRCULAR PLASTIC POCOL-=4 ¢ In this poal, the silicate levels registe=
red during the first annual cycle a maximum of 42.6 mg/l in Septem=-
ber and the minimum with only 0.1 mg/l in Juna. In the second cycls
October recordsd the maximum and February the minimum with 54,2 mg/1
and 23.1 mg/l‘respectiuély. The trend in the seasonal fluctuations

revealed an autumn maxima and winter minima (Fig. 5).

CONTROL POOL @ | Phosphate
The next major nutrient analysed was phosphate. In the con-

trol pool, November recofded the minimuh with 2.4 mg/l and April the
maximum with 29.5 mg/l.;It was: howsver observed that the phosphate
level oscillated usually on the minimal side during the first annual
c?cle. In the next cycle maximum was 14.3 mg/l in February and the
minimum with 4.9 mg/lzin December. An overall oicture of the sesasonal
Pluctuation of -this nutrient revealed a spring maxima and winter

minima (Fig. 5)-

CIRCULAR PLASTIC POOL=-1 : In pool=1 comparatively higher phosphate

levels were recorded than the control. The maximum with 32.3 mg/l was
recorded in April and the mimimum was 4.2 mg/l in November during

the first annual cycle. In the second cycle the phosphate lavel was
more or less consistent nbrmally'oscilléting around the maximum range
that was recorded iniFebfuary“mith 1763 mg/l while the minimum was
6.6 mg/l in December. The trend of éeasonal'FlUCtuation"fn this pool

also revealed a spring maxima and winter minima (Fig. 5).

.

CIRCULAR PLASTIC POOL=2 % The level of ‘phosphate in this pool was

higher thar in pool=1: The minimum and maximum were recorded in Dec=
ember and ‘May with 2.9°mg/l and 35.2 mg/l during the first annual
cycle respectivelye. The month of March recorded the minimum with 6.7

mg/1l and the maximum in December with 26.1 mg/l during the second
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cycle. The seasonal fluctuations revealed a more or less summer

maxima and winter minima (Fig. 5).

CIRCULAR PLASTIC POOL=3 : It recorded & maximum and minimum of phos=

phate levels inuthe:months of April and August recording 45.0 mg/1
and B.O‘mg/i reseectively during the first annual cycle. In the next
cycle the maximum was'in January with 18.6 mg/l and the minimum in
March with 6.0 mg/l. The seasonal trend of fluctuations in this pool

revealed a summer maxima and winter minima (Fige 5).

CIRCULAR PLASTIC POOL=4 : The phosphate level in the pool=4 revealsd

" a peak 4n'April reeording 4846 mg/l and the minimum was seen to be
51 mg/l in October during the first annual cyclee. It was observed:
that the phosphate ranged with the exceptlon of the peak, bstwesn

5 1 mg/l and 13.9 mg/l. In the next cyc]e the meximum was recorded
in JanUary wlth 22.9 mg/l and the minimum was 3.2 mg/l in March. The
trend of seasonal fluctuation in thls pool revealed spring and early

autumn maxima and winter minima (Flg. 5).

CONTROL POOL : trate
Finally, the last major nutrient analysed was Nitrate. The

control peol recorded a maximum in.February with 0.08 mg/l and the
minrmum in Novembsr with only O.D1’mg/l. In the next cycls the maxi-
mum and~mrnimum ievels were recorded in November and January with ..
0.03 and"D,UZ mg/1l during the:second cycle respectively. An overall
picture of the seasonal trend of fluctuation revealed a sprine max€

ima and winter minima (Fig. 5).

CIRCULAR PLASTIC POOL=1 : The nitrate level in pool-1 recorded the

maximnm in April with 0.1 mg/l and the minimum in October with only
O 02 mg/l during the first annual cycle. In the next cycle the
nitrate levels were maxrmum in February with 0.04 mg/l and the minie

mum wlth 0.03 mg/l 1n October. .The seasonal trend of Fluctuatlon

revealed a sprlng maxima‘and~w1nter minima (Flg._S)A
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CIRCULAR PLASTIC PDUL?2%§ The minimum nitrate level was recorded in

Fehruary with 0,03 mg/l and the maximum in April with 0.08 mg/l
during the first annual cycle.‘The months of December and January
recorded the maximum and the minimum ﬁitrate ievelsifespectively
with 0.07 mg/l and 0.04 mg/l during the second cyole. The ssasonal
trend of fluctuation revealed a summer maxima and winter minima

(Fige 5).

.CIRCULAR PLASTIC POOL=3 : The nitrate level in pool=3 revealed a

peak in April recording 0.17 mg/l and the minimum in December with
onlf, 0.04 mg/l during the first annual cycle. In the next cycle the
maximum was recorded in February and the minimum in January with
0.07 mg/l and D.02 mg/l respectively, The trend of seasonal fluctua-=
tioﬁ revealed a spring maxima and winter minima during the first

and second cycles (Fige 5).

CIRCULAR PLASTIC POOL=4 : In this pool, the nitrate levsel @as‘maxif
mum in April with 0.19 mg/l and the minimum in December with only
0.03 mg/l during thelFirst annual cycle. In the second cycle the
maximum and minimum levels Qere recorded in March and January with
O.DB‘mg/l and 0.04 mg/l respectively. An overall picture 0F thé
seasonal fluctuation trehd revealed a spring maxima and winter

minima in this pool (Fige 5).
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 DISCUSSION

Water in general has a twofold effect within ity (i) through
it's physioal properties acting. as a medium for the locomotion of
plants and animals and (ii) through it's chemical property as a bea-
rer of nutrients producing from inorganic to organic, a basis of
_primery:production setting a sequence oF reactions for secondary or

tertiary production useful to man.

It was; therefore, that the present investigetion was under=
taken to elucidate the resulting pattern of observetions'influencing
in:fundamental ways both phyéieal and ehemicai“cycles qouerning thse
production and utilizatlon in natural systems like ponds and near to
natural systems like plastic pools. WOrks in India and others. throu-.
ghout the world have helped us to take cognizanoe of the priorities
needed for the present 1nvest1gat10n sven with the. handlcap of the

remoteness of the region and the absence of sssential facilities.

A total oﬁﬁten physico—chemioal parameters were:undetteken.
for seasonal studies under the general physical and chemical aspects
of these ponds and pools Por one complete annual cycls and a half of
the othere. femperature of the air end water were the physical Faotors
along with pH and specific conductivit}, the latter two to help in
observing the buffering capabilities and ionic¢ mobility respectlvely.
Oxygen and carbon~dioxide mepe theAgeses undertaken, the.latter Te-
flecting the carbonate molecules.also.in terms of alkalinity and

finally phosphate, silicate and nitrate were the nutrients analysed.

The atmospheric temperature being common for all the systems,
both ponds and pools, was seen to play a dirvect effsct on the water
temperatures. September or Octobsr was commanly observed to be levels

of maximum of water temperature, while January the minimum.
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pH as thse next factor, reflecting the Hydrogen ion concentra=
tion of the environment is also useful for determining the hardness
and softness of the water. The most important aspect of pH in such
studies is that it varies Qith the concentfation of carbon=diexide.
The changes in one. affecting the other in a non-linearity OF“rela;'
tioﬁship between the two.parameters is well documented (Verduin;

19563 Beyer and Odum, 1959, 1960; Lyman, 1961).

The pH in both the experimental fish pbnds and Cirgular plésé
tic poolé was'maintained throughout the study period on the alkalihe
side. Even in the control systems of both, the values which touched
. the iéweereVels though acidic was very near.té neutrals The buffer=
ing capability was very well documented in the present study ih that
irrgspective of differential fertilization and in the different syéif
tems the values fluctuated between 7 or 8 + 0.5 pH unitss Further,
the maximum records touchecd in all the systems were usually found to
be in the winter months of Decehber or January and probably extending
to a little in spring. Similarly the least values observed were just
after the peak summer periods, September, DctOber‘and'just before the
onset of winter in a few instances like Novembsr. In any case experi=
menﬁal'Fiéh'pond-Z‘and circular plastic pool-4 ténded to oscillate

always on the highser side.

This is understandable as not only pH and carbon-~dioxide are
interrelated but a more or less direct relatiohghip exists between
pH and oxygsn. All these factors intefplay with each other prevenéing
wide fluctuation in pH as the méters in these hilly regions which
tend to be acidic, react very well to fertilization keeping the
waters just above the ngutﬁ%l simultaneously preventing the culmi=
nation of eutrophication indicative of the rise and fall of algal

populations. This factor alone gives us an idea that fertilization
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leveis at the rates as given in the present investigation could
safely be administered as it helped in the total buffering capabi=-

lity of the system.

As warmer waters can disgolve less amounts of gases than a
cooler one, the.high temperature by turning out carbon-~dioxide may
be increasing the pH value. But the fall in pH value that invariably
follows the vernal. maximum is not accqmpanied by a similar Féll in
the temperature. In fact, when the pH is falling, the temperathe
may still be risinge. Furthermo;é ih thevwintgr months mhen the pH
fecorded.their peaks, the tempsrature iQVariably registered a fall,
This clearly indicated that the temperature changes do not control,

at least diraﬁtly, the changes in the pH valua.

Specific bonductivity measured in terms of m mho/cm was defi-
nitely on the lomeﬁ side in coﬁpariaon to tronical éituaﬁions, It
ranged from as low as 17 m mho/cm to a little over 50 h mhq/cm(in
the“ékberimental fish ponds, while the range was much larger in‘the
circularApiastic paocls where the lowest was aroundra.O m -mho/cm and
the peak value a little higher than 115 m mho/cme. In the experiﬁen-
‘tal fish ponds, fertilization did not effect to a large ekténf the
conductivity changes'and were probably the saﬁe as for the COnﬁrqi
excepﬁ[in pond-Z_whicH recarded the peak value. Similarly, it was
- more or less/so, for the circular plastic poals and:excépt for the
peak Qalue of the first annual cycle between the control and circular
vpiastié pool=4. This,bool—d tendedvto posséss_higher_conductiviﬁy
. values thfbughout in relation to the ﬁthen pools, which'were more Or
.less 81mllar to the control pool. The higher values in the experlmen-
tal Flsh ponds wers normally sgen.to be in sprlng and early summer
“seasons with the lowerfall in wlntern This trPnd was however not

clearcut i~ the pools where, though ‘the peak values were in January,
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the least observed were gither in Dotober or November. It was there~
fore observed that no uniformity ex1sted betwsen the two systems in

their seasonal fluctuations for this =zbiotic factor.

Specific conductivity as a factor is usually taken up as an
indicator for assessing the trophic statUs of freshuwater systems. As
| this is related to salts in the water, it is primarily a measurs of
resistance to electrical flow. In the present investigation the val=-
ues could be attrlbuted to that in meso-eutlophlc situations (Vollen-
weider and Frei, 1953, Juday and Birge, 1933). This indicates that
the ponds were rsacting to{Fertilizetion just as the pH buFFerlng

capability and even for specific conductance was in equilibrium,

Total alkalinity as the next factor had more or less a spring
or summer maxima and a definite winter minima irrespective of the
systems and Fertilizations. Such accumulation of large quantities of
bicarbonates during summer may be possibly attributed to the libera-
tion of carbon dioxide in the procese.ofﬁdecomposition of the bottom
depositse. This is understandable, as soch a phenomenon would result
in the conversion of lneoluble carbonates of calcium ihto soluble
bioarbonates; In any case the higher.valoee.do not lndlcate a trus
tropical situation oF eutrophioation.‘This’aspect is interesting as
.}the ponds and pools situated at lower altltude in the present inves-
tlgatlon wlth Fertlllzatloh measures oF management and espec1ally |
thnt of phosphete and hltrates ehould have booeted the values oF the
total alkallnlty, whlch in these cases do not show elgnlficant incr-
eases as in no case it BXLBBdEd 300 mo/l and with the other hlgher
values operating between 100 mg/} tu 200 mg/l. The malntenaﬂce or
~such a constaricy of valuogs Jrroepeutlve of leFerentlal Fertlllzation
: could be attributed possibly to the bhuffering capeblllty of the syse

tem indicative of the;pH‘es~seen in- the present :investigation to have
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very minor fluctuation oF”valoes in their seasonality. Again Experi=--
mental Fish Pond<2 and Circular Plastic Pool=2 similarly showed

fluctuation at higher total alkalinity levels.

Wallen (1955) considers the importance of alkalinity in view
oFAirs relationship with available carbon=dioxide Forlphotoaynthesis
and because of its use as an indicator of produotivity.lThe.valuos
of total alkalinity of 100 to 300 mg/l indicated tho'ponds to bas.
nutrient rich and of hard water type and according to Barrastt (1953)

such waters ars often the beét fish producsrs.

As that of alkalinity, oarbon-dioxidefaiso followed a similar
pattern. This is typical betwesn the relationship'of alkalinity and
carbon~dioxide and possibly to the inverse relationshipvof pH. Mosfly
the sumner months shooéd an increase in values while wintsr the lower
records; In.oontrast to the.control pond the Fertilized*ponds wers
mOre.steady in théir carbon-dioxide'leVels and again'Ekoérinental
r1sh Pond=2 showsd maximal levels in rolatlon to the others except
p0351bly for the highest record in the control pond. In contrast, the
01roular plastlc pools had a wids?t range of Fluctuatlon and the peak
values. obtained in fertilized pools mere nearly tmo to three tlmes
hlgher that observed in the Fertlllzed fish ponds. The oontrol pool
was more or less similar to that oF the control pond. A 51mllar sum-
merllnorease with a winter decrease was also seen in these pools with

circular plastic bool-Z snoming higher magnitudes of fluctuation.

The free carbon-dioxide in waters formed carbonic acid (HZCOB)
which results in a changs o% pHe In: the present investigation the
increases in summer months could also be attributed to the increased
metabolic rafé of phytoplankton and probably reflecting their respi-
ration é% the decomposition level though not taken up in the present

study. Both these criteria relating to its depletion or build up is
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probably reflective of the oxygen values. It has been well understood

Pl -~

>

that oxygen depletion in the bottom and Carbon dioxide aocumulatibn
are the results of eutrophication. Stum and Margan (196?) stated that
with mounting anaerobiosis of the hypolimnetic waters, the shiFf to

a greater degres of sutrophy is speedily.sffected. However, the
fluctuations seemed to mainﬁain a steady state in-the systamsvgtudied

for this abiotic factor-. -

Dissolved oxygen in eithsr the experimental fish ponds or cirs
cular plastic pools fevealed a .typical tropical situation showing - -
an inverse relationship to carbon dioxids, in that the Hiéhef valqegﬂ
were obtained in winter and the lower recordsvin summer. In Fact'a
near to'mirror.image was obtained betmeenithésé-two ébi§t1¢ factors.
The_valuesvdbtained were definitely lowst than that wquldﬁbe>expéc-v‘
ted in_Satufated,conditions as 15 mg/l was the highest fééofd'fé Eé
obtgiﬁed. In fact the lower values were much below ééﬂ-mg/l as-in'
the'casé:oF circular plastic pools. One observafidn¥is.that a clear
decféase~inbvalue.was sean due £o Fertilizatibn botH in the ponds.
and pools. in contrast ﬁd the control systems; Fgrther,.in the pohds
the ualues‘were.just a littls lower than that of the coﬁfrbl Syéteﬁé
but a definite drop'in'vélues were seen in the fertilized circular
plastic pools..The mirror image ~ between carbon dioxide and oxygsn
becomes more clear cuf~aS-in the experimental fish ponds the values
were more or less the éame‘For.both the abiotic factors but in the
bircuiaf plastic poolé;ucarbon dioxide values were prominently high

'in_confrast to the,oxygéﬁzvélues,y

Low oxygen concentration is usually associated with higher org= .
anic matter. Changes"ihmdiésQIVEd Oxygen,are ihtimately,as§poiatéd
with bioohemibal changes. and are brought about primarily by the oxi-

dation of organic matter accumuléted.(Streeter_amdiﬁheips. 19253
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Butcher gtesal., 1927; Wiebe, 19273 Blum? 1957 Petﬁat, 1959; D1iff,
19603 and Foldats, 1962). In the present investigation it appears
that the oxidizable organic matter go mdre ar less hand in hand with
the water témperature as is evidenced by the inversely propor%ionate
Qalues of water temperature to-the dissolved oXxygen. Aocording,to
Klein, (1957) when a rise in temperature occurs andepecially iﬁ such
inVBstigatibns as the present ons whérs accumulation of organic mat-~
ter is aided by the addition of fertilizers both organic and incrga=~
nic, there is not only disséppearance of oxygen due to the lower
solubility of this gas at higher temperature but also therse is an
.increased rate of utilization of dissolved bxygen by the various bio;
chemidal reaction which proceeds much faster at higher temperatures,
The increase in qugén during the winter months could be attributed,
deFinitelygto'theflowerAtemperature and in addiﬁion to the prolific
growth of phytoplanktonic alges. Sreenivasan (1966) and Sahai and
Sinha“(1969).wofking on différent freshwater bodies lend support to
this viém. In fact oxygen. deficit is known to be a characteristic
Feature of any. productlve laks, especially in the tropics, and it
would be all the more SO in the Fertlllzed Fish ponds and circular
plastic pools (Sreenivasan, 1970; and Timms, 1970). Though these werse
the genénal abiotic factors dF pfime importance in such studies, the
identification of the réléﬁéhéa of chemical factors and in particular
the major nutrients is more essantial. Ons of these is silicats which
is uaually present in the form oF amorphous silicon or polymerlsed
_3111010 acld. It is known that once it is solidified and deposited,
the amorphous 31llcon does not act as a source aupply during defici=-
ency {(Lewis, 1961). Howsver, as saon as the cells particularly of
diatoms, die, silicic acid begins to leach out and is utilized ther-
efrom. In the Fertiiized expesrimental fish ponds, the silicate vale

ues showed drastic increases in contrast to the control pond, This
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was all the more evidéhf as sesn in Expérimental Fish Pond=2 which
was neérly six to.eight times that of the control, while the other
two.ponds.were jdét two or three times ~that of the confrol system.
The diséppearance of silicate dufing certain times recorded as nil
could possibly be attributed to the sarlier mentioned phenomena for
this nutrient. However, in the Circular Plastic Pools the differencs
in the concentration of silicate among the fertilized systems as
opposed to the controi was not as significant' as seen for the ponds.
There was no consistency in their seasonality of fluctuation though
revealing more or less peak values in summer months, with winter as
the least record in the case of the ponds whereas it was January and
Noﬁémber respectively for the pools. Such biological utilization
coﬁld be attfibuted to the lack of stratification in the water col-
umn, low temperature and low light levels during winter., Rineﬁics'of
reactive silicon utilization for freshwater' (Kilham, 1975)and marine
(Harrison, 1974) diatoms follow Michaelis-Menten Kinetiqé.—At'ldw
ambient reactive silicon concentration, the growtﬁ ratelof'a diatom
species can be described by a hyperbolic Function (Parker et.al.,
19773). Lund (1969) used the decrease of diséblved_silica cortent of
water for assessing production. Also Kilham (1971) wﬁile proposing
his hypothesié concerning silicaiand ﬁhe Freusaﬁér:planktonic dia-
toms suggested a strong oorrslatiqn Uetweéh-daminancg of épeci?ic_
distoms and the silica content of water. Zafar (1967) and Singh
(1960) rapdftedvﬁﬁat silica did not become a limiting factor in their
studies.tHQWéver}fsdma Measu;e of silica demand could be used as an
index of fricreasing envf}onmental enrichment on eutrophication. From
the prséent,sfudy it was very clear that the rate of dissolved silica
relsdse was much greater during the warmer temperaturs (Téssenow,
1966) thdugh the dissélution of this nutrient was greatly accelerated

by the disruption of diatom frustules by zooplankton (Beklemishev,

19613 and Tesssnow, 1966) possibly around the same time.
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The next major nutrient was phosphate and the importance of
this nutrient.need not be overemphasized (Stewart and Rohlich, 1967
Vollenweider, 19683 Shanon and Brezonick, 19725 and Golterman, 1975).
It's role in fish ponds particularly is all the more important as
with fertilization, the disappearance of this nutrient into the sed-
iments, the movement to and From_sediments in addition to the miner-
alization process of the aquatic organisms all seem toAplay'an inte=-
grated role towards the enhancement of fish growthe. In the present
investigation the values obtained were significantly high as would
normally be'expeoted for. eutrophicated fish pends in contrast_to,the
low values obtained in both the different' control systems. Though a
clear cut seasonality did not emerge in their fluctuations, yet
generally they sesmed ‘to show a summsr maxima and winter minima irr;
espective of differential fertilization. It was once again observed
that experimental fish pond-2 seemed to possess higher levels of
phosphate and circular plastic pool=4 similarly though the latter

did not have higher values than the former system&

' This'large amount of phosphate gettino stored in the sediment»"
and as in the present 1nvestlgatlon even under strong anoxic condl-
tlons ‘relatively small amounts get released ThlS however represents
a potentlal danger as far as eutrophlcatlon prooesses are Concerned
if it is not simultansous with the Feedlng oF Flsh. Rigler (1972)

.- States that there mlght possrbly be three meohanlsms for the return
of phosphate phosphorus to solution= (i) direct release oF phosphate
by:oltraplankton, (ii) excretion of phosphate by zooplankton and'
,(iii)tenzymatio hydrolysis of organlc phosphate oompGUnds excreted
by organisms or produced by autolysis or deconposition‘oﬁfdsad plan=-
ktone | n |
'ﬁhosphorus is assumed to be reoyoled-rapidiy and continued

additions of thess nutrients are not nmecessary to sustain high”levels
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of primary production. However, due to its rapid loss in the bottom
mud even in highly fertile fish ponds, high level of photosynthesis

depend upon periodic addition of phosphorus.

The last nutrient analysed in these systems‘mas nitrate. This
is indigative of the*nitroéen richness in any aguatic system and is
primarily attributed to animal origin (Thresh et. al.,1544). The ni-
trate values obtained in these systems were quite low and there‘was
hardly any significant difference between the higher or lomer records.‘
This was true not only betwsen the pdnds and the p0ols,_but also ba=
tween themselves irrespectiva of fertilization with very littla;sig-
nificant changes of either increase or decrease from that of thé—
control. The pattern.of fluctuation was more of less similar tb.fﬁat
of phosphate though not very clear Cut. In the ponds and pools the Q
low nltrate content without great magnitudeg of Flurtuatlon could
probably be related to the low‘ave:age oxygen concent:ation which is
not aufficient to 6xidize' biologically the ahmonia produced which
is gne possibility of increasing the nitrates in water. This probably
seems to be in accordanﬁé:with the observation of Butcher gt. al., -
(1927, 1928), Berg (1943), Ganapati (1943) and Zafar (1964). In fact
Ganapati (1943) and Zafar (1964) have recorded low nitrate contenf |
in deficient oxygen troplcal waterse. Further, increase oﬁ'nitfate-
metabolism due to sgasonal increase in standlﬁg crops of autotrophlc
organisms have been determlned to causs a decreased nitrogen (Atklns,

1932; 1933; Taylor and Welch, 1970).

On a general analysis these physico-chemibal parameters analy~
sed revealed that the amount of Fertlllzers used was probably the
gptimum levels irraespeotive of the comblnatlon. This ‘was certalnly

indicated by the marked buffering capablllty wlth_SLinflcant increg=

ases of carbon=dioxide levels and lowsr values of oxygen. It seemed
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that'alsteedy state equilibrium was msintained with the factors
showing a.magnitude "of Fiuctustion which is known to be conducive
for Fish..Ampng‘the nutrients also phosphate was possibly the onlf
one to reveal levels of signiFicanee if at ail and therefore contr=-
olling the biota‘as it were by'maintaining their levels around a
thresholdAValue."In comparison among themselves however most of
these vsiues were seen to be always on the higher side in Experimen=-
tal Fish Pond-2 and Circular Plastie Poole=d4. Tt seems therefors that
supplementary feeding in addition to both organic and 1n0rganlc fer=-
tilizatlon doss play a role 1n aFFectlng the ablotic components of
such systems. In the present anaStlgatlDH Experlmental Flsh Pond=2
and Circular Plastic Pool 4 had all these three comblnatlons (organlc
and 1norgan1c fertlllzers and supplementary Feed) mhlle in ths

others 1t was only one or two of these.



Aberg, B. &
We Rodhs

Alfred,
NeTe Chellappa

Se Kaur &
MiPs Thapa

Allen, H.l. &
B.To DCQVSki

A.PHoAG

Atkinsy WeReGoe

Bardachy. JeE ey

JeHe Rythser &
W.OorMCLarth

BBlemiShBV,C.w.

Barg, K

Berret,«P$Hw

Beyars, R,J.‘&
H.T+ Odum

:]-Re'Bo &

1942

1977

1978

1977

1965

11925

1932,
1933
1972

1961

1943

1953

1959

1960

58 -

REFERENCES

L

Uber die Milieufactoren in einigen Sudschuwe

dischen Ssen. Symbolae Botanicae Upsalignses,
5:1-256,

Absence of primary DrOdUCthﬂ in a shallow
oligotrophic pond. Verh. Internate. Uerelnq
lenol. 20:2737=2742,

The role of nutrients and their effects on
the biota in freshwater lentic.systems. Int,
Confers of Water Poll. Ress Bangkoky Wat. -
Poll, RBSO’ 1:133=139,

Limnological studies in a largse, deep, oligo=-
trophic lake (Lake Ohrid, Yugoslavia)s A sum=
mary of nutritional radlobloassay responses
of the pelagial phytoplanktone. Hydrob;ol091a,
53:49=544

Standard methods for the examination of water
and wastewater, 12th ed.-

Seasonal changes in phosphate content of sea

water in relation to the .growth of the, algal
plankton during 1923 and 1924, J. Mars Biol.
Asss U.K. 13, 700-720 (p. 719)e =~

The chemistry of sea water in relation to
productivity of the sea. Science progrey
XXVIT :298=312, -

Agquacultures: The Farmlng and- husbandry of
Preshwater and marine organisms.. W1ley Inter=-
Science. New York, N.Y. 868 P.P..

Superfluous feeding of the marine herbivores
zooplanktone Rapps Ps=V.e Raundy, Cons._Int.
Explor. MBro, 153 108 113«

Physiographical studies on the River Sugaas.
Folia limnol. Scande,: 1:1=174."

Relationship between alkalinity and absorp-
tion and regeneration of added phosphorus in
fertilized trout lakes. Trans. Amare Fish.
Socey 822 78-79. '

The use bF‘carbon—dibxideAto construct pH
curves for the measurement of productivity.

Limnol. Bceanogre, 4:499-502.

DiFFerentiél titration with strong acids or
bases Uss water for productivity studies.
Limnoles Ucea%ogr., 5:229-230. .



T. Tompkins &

A.Je Stewart

Blum, J.L, 1957
BUtCher, RoWQ{ 1927

FaToKo peﬂtelow
& JaWel s WQOdley

, 1928
g ”
Casperi, W.A. 1910
Chen, Ral., 1972

DeRe Keansy &
J+G+ Konrad

1976

Cheng,'D.M.H. &

PsA. Tyler

Colt, Tede & -.1978
GeTghobanoglous . -
Desvey, E.5. 1940
DePassa, P. 1956
Dillon, P.Je, 1978

D.5. Jaffries,
WeShyder, R.Reid,
NéDe¢ Yan, D.Evans,

J.Moss & W.A.Scheider

Equndson,wlf. 1948

Foldats, Ee 1962

Forel, F,A. 1892
1695

59 .

Sgasonal light characteristics for a neuwly
formed reservoir in south-western U.S5.A.
Hydrobiologia, 51:77-84.

An acological study of the algae of the sal-

" ine River, Mlohigan. _ydrobloloqla 9(4) 367 =

408.

The diurnal variation of the gaseous consti-
tuents of river waters. Blochem. Jey, 2718945«
957.

The diurnal variation of the gaseads cdnéfié
tuents of river waters. Part IIT. Biochen.
309,22:1035“1047.

Degposits of the Scottish freshwater lochs.

In Murray and Pullar's Bathymetrical Survsy
of the Scottish fFresh-water Lochs, 1:1261-274.

Nitrification iﬁ_sediments of selected Wis=
consin lakese J. Environ. Qual., 1:157-154,

Nutrient economics and trophic status of
Lakes Sarell and Crescent, Tasmania. Aust.
Je Mar. freshwater Res., 27:151=163.

Chronic exposure of channel catfish,
Ictalurus punctatus, toc ammonia. Effect on
growth and survival. Aquaculture 15:353-372,

Limnological studies in Conngcticut. V. Con-
tribution to Regional. lenology. Am. JOur.
Sci., 238:717= 7&1. : :

Monographle piscicole de la brovince orien=
tale. Bulls Agric. Congo.rBelge. XVII, No.4.

Acidic preClpltathﬂ in South= Central Ontario:
recent observations. J, Fish., Res. Bd, Can.,
35:809=-8154 ' _ [

¢

Ecological applications of Lansing's physio-
logical work on longevity in Rotatorla.

’_801ence, 108:123=126,

La concentracion de oxlgeno dlsuelta en lass
aguas negras. Acta. biol, Venezuel. 3(10):
149-159, .

Le Leman° Monographle lenologlque. Tome I.

Geographie, Hydrographie, Geologie, Cllmato-
logie. dydrologle. Lausanne, Feo Rouge, 543 pp.

Le Leman: Monographle lenologlque. Tome. IT.
Mecanigue, Hydraulique, Thermique, Optique,
ACDyut;qqe, Chemie. Lausanne, F. Rouge, 651 ppoe



Ganapati, S.VUs"

Gari th ’ Ae

Goldman, C.Re

Golterman, Hil.,
ad.

RQS. Clymo.

Gonzalves;LeEs &
D.8. Joshi

Gulati, R«Ds &
Ge Wurtz=Schulz

Harrison, P.J.

1940

1941

1943

1955

1959

1976

1560

1969

1975

1968

1947

1980

1974

60

The ecology of a temple tank containing a
permanent bloom of Migrocystis aerug;nosa
(Kutz) Henfre J. Bom. Nat. Hist. S0C., 42°
65=775%

Sgasonal changes in the physical and chemical
conditions of a garden pond containing abun=
dant aquatic vegetation. J. Mad. Unive, 13:
55“69-

An ecological study of a garden pond contain=
ing abundsnt zooplankton. Proc. Acad. Sci.,
17:41-58%

Diurnal variations in dissolved gases, hydro=-
gen ion concentration and some of the impor=-
tant dissolved substances of biological sig-
nificance.in three temporary rock pools in
stream bed at Mettur Dam-e Hydroblologla, 72
285=303-

Ecology of tropical waters. Proc. Symp. on
Algology, New Delhi (ICAR) 200-218.

Seston dynamics and Tripton sedimentation in
the pelaqgic zone of a shallow gutrophic laks.
Hydrobiologia, 51(3):225~231.

"Molybdenum as a factor limiting primary pro-

ductivity in Castle Lake, California”.
Science 132:1016=1017,

Methods for Chemical Analysis of Fresh Waters.
Int. Biols Program Handbook 8. Oxford, Blac=-
kwell Scientific Publications, 172 pp.

Physiological Limnolaogy, An approach to the
Physiolaqy of Lake Ecosystsems. ElseVLer,
Amsterdam. 489 pp.

Methods for Chemical Analysis of Freshwaters.
IBP Handbcdok No. B8, Blackwell Scientific
Publications, Oxford.

Fresh water algée'neér Bombays I« The sesaso=

-nal succaession of the algae in a tank at

Bandras Js Bombay nat. Hist. Soc., 46(1):
154~176.

Remarks on the presént status of ‘limnology
in Indla‘based mainly on the Indian Publica-

tions in Hydrobiologia and suggestions for -
future approach. Hydrobiologia, 72:211=222.

Continuous culture of the marine diatom
Sketetonegma costatum (Grev) Cleve under
silicate 15m1tat10n, PheDs Thesis, Univ.
Washington; Seattle 140 p.



Hussainy, Se.V.

Hutchinson,G.E,

James, H.R. & =
E.A. Birge

Jhingran, V.G.

Juday, Co &
E.A, Birgs

Kalff, Jo
Keensy, DeRe

Kemmefer, Gey
JeFs Bovard &
We.Rs Boorman

Kerr, P.C.
D.F. Paris &
D.L. Brockuway

Keup, L.E.
Kilham, P. .
Kilhamy S.Se
King, Dol

Kleiny, Lo -

1967

1938

- 1957

- 1938

1980

1933

1970

1973

1923

1970

1968

1971

1975

1970

1957

61

Studies on the Limnology and primary produc=
tion of a tropical Lake. Hydrobiologia, 30
(3-4): 335=352.

On the re1atwon betuween oxygen deFlClt and
the productivity and typoiogy of lakes. Int..
Rev. Gesamten Hydrcbiol.

A treatise on Limnology. Vol.I., Geography,
physics and chemistry. John Wiley and Sons,
Inc., New York, N.Y. 1015p. -

A laboratory study of the Absorption of light

by Lake Waters. Trans. Wis. Acad. Sci., Arts,

Lete, 31:1=154,

Fish' and fisheries of India. Hindustan Publi-
shing Corporation, New Delhi (India)f

The transparsncy, the colar and the specific
conductance of the lake waters of northeas='
tern Wisconsin. Trans. Wisconsin Acad, Sci.,
Arts and lett. 28:205-259.

TNutrient llmltlﬂg factors in an arctic tunn
dra pond™. ECOlOgy 52:655=659,

The nitrogen .cycle in sediment- water systems.
Je Envi-ane Quallty, 2:15- -29, :

‘Northwestern Lakes of the United States:

Biological and Chemlcal Studies with Refersnce
to Possibilities in Production of Fish. Bull.
U So BUI'. FlSho, 3951 140.

The interrelationship of carbon and phospho=-
rus in requlating heterotrophic and autotro-
phic populations in aquatic ‘ecosystems. U.S.
Gov. Print. Off., Washington D,C. 53 Pe '

Phosphorus in Flowlng waters. Water Res.,
2:373~386,

A hypothesis concerning silica and the fresh=
water planktonic diatoms. Limnol. Oceanogr.
16:10"1 8.o

Kinetics of silicon-limited growth in the -
freshwater diatom Asterlonella Formosa. Je
Phycolc 11 396 399- i

The rols oF carbon in eutrophlcatlon. JeWater
Pollut. Contre Fed., 42¢ 2035- 2051, .
Aspects of riuerupqllutlon. Butterworths
Scisntific Publications. Landen, "621 ppe.

1yCrogre, 36:336=355..



Komarovsky, B

Kusnetzow, S.I.
G.S. Karzinkin

Langg, We.

Lasenby, D.C.

LaUFF, G.H.' ~_‘

Lewin, J.C.

Lund,. J.W.G..

-

ackereth
ortlmer

323

Lundguvist, G.

Lyman, Jd.

Macke_re‘bh ’ Fed ._H .

Michagl, R.Ge

Mortimer, CoHe

1953

1931

1970

1975

1953

1961

1969

1963

1927

1961

1963

1969

1980

1942

62

A comparative study of the phytoplankton of
several fish ponds in relation to some of the

.pssential chemical constituents of the water.
~ Bull. Res. Counc. Israel, 11(4):379-410.

Direct Method for the Quantltatlve Study of
Bacteria'in Water and 3ome Consideration on
Causes which produce a zone of oxygen-minimum
in Lake Glubokoji. Zentralbl. f. Bakt.,
Parasit. u. InFektionskr.; B3:169=174,-

Cyanophyta-Bacterla systems: Effects of added
carben compounds or phosphats on algal growth
at low nutrient concentratlons. J. Phycol.,
62 230~234.

Development of oxygen deficits in 14 southern
Ontario lakes. Limnol. Oceanogr., 20(6): 993-
999. o

A contribution to water chemistry and phyto=-
plankton. relationships of Rogers Lake,
Slathead Country, Montana. Proc. Montana

Acade Scilaey 13:5~19,

The dissolution of silica from diatom wallss
Geochime Casmochim. Acta., 21:182-195.

Phytoplankton=In. "Eutrophication causes,
Conseguences, correctives- Natlonal Academy of
Sciences, Washlngton.

Changes in depth and time of certain chemical
and physical conditions and of the standlng
crop of Asterionella formosa Hass, in the
north basin of Winderemere in 1947. Phil.
Trans. Re. Soc. Lond Ser. B 246: 255-290.

Boderrablagerungen und Entwlcklungstypen der
Saen. Die Binnengewasser, Bd. II 124 pp.

Changes in pH and total C02 in natural waters.
Limnol. Oceanogr,, 6:80-82%

Some_methods of water analysis for Limnolo=-

gists. Scientific Publication No;21, Fresh=-
water BlOl. Assoce, "Ambleside. 70 pp.

Seasonal trends in physico=-chemical factors
and plankton of a freshwater fish pond and

their role in fish culture. Hydroblologla,

33z 144»160.

A historical resume of Indi&n limnology.
Hydrobiologia, 72:15720. '

The sxchange of dissolved substances-bétwean
mud and water in lakes. Je. Ecol.,29:280-329,



+
}

MD’le’ JeBoa
Muttkowski;ReAe
OhlBg-W.

01iff, WeDs

parker, C;Bog

R0=C6 ~HOChn, R.A.

Paterson, J<A.

Craft,.L.S.Lane,

1946

1918

1852

1960

(1977)

Ro\/\lo StaVI‘OS',_ HoGa
SUQQ, \joTo White"
hurst, R.D.fFortner

& B.Le Weande.

Pettet, -Aelede-

Pruthi, H.S.

Rigler, .FeHe.

Russo, ReCe &
R.V. Thurston

Ruttner, F..

Sahai, R. &
A.B. Sinha

Schindler, R.W.

Serruya, Ce,
Ue Pollingher &
M. Gophen

1959

1933

1972

1977

1931

1969

1977

1975

63

Somé indices of lake productivity. Trans.
Amer. Fish. Soc., 76:322=334..

The Fauna of Lake Mendota = -A Qualitative and.

Quantitative Survey with Special Reference to
the Insects. Trans. Wis. .Acad. .Sci., Arts,
Lete., 19:374-482.

Pie hypolimnische kohlendioxydrakkumulatioﬁ
als produktionsbiologischer Indikator. Arche.
Hydrobiol., 46:153~-285.

Hydrobiological studies on the fugela River
systems. Part 1..The main Tugela River..
Hydrobiologia XLV(3=4):281-385,

Changes in dissolved organic matter, photo-
synthetic production and microbial community
composition in Lake Bonney, .South Victoria
Land, Antarctica. In "Adaptations within
Antartic ecosystems. £Ed. G.A. Llano: 873-890.
Proceedings of the third S.C.A.R. Symposium

on Antarctic biology. Smithsonian Institution,
Washington.

Pollution and the oxygen content of river
waters. Proc.-Linn. Soce. Lond.,170(2):170.

Studies on the bionomics of freshwaters in
Indiae I.:Seasonal changes in the physical-
and chemical condition of the waters of the
tank in the Indian Museum Compound. Int. Rev..
gese -Hydrobiol. Hydrogr. 28:46=47, .

A dynamic view of the phosphorus cycle in
(ed.) The Environmental Phosphorus Handbooke.,

The-acute toxicity of nitrite to fishes

Pages 118=131 in R.A. Tubb, ed. Recent advan-
ces in fish toxicology. U.5. Environe. Prot.
Agency Ecol% . Res. Ser. EPA=600/3-77-085,
Corvallis, Oregon.

Hydrographische und hydrochemische Beabachtu=
ngen auf Java, Sumatra, und Bali. Arch. Hyd=-"
robiols. Suppl. 8:197=454,

Investigations on bio=ecology of inland waters
of Gorakhpur (U.P.), India. I. Limnology of
Ramgarh Lakee. Hydrobiologia, 34:433<447.

Evolution of phosphorus limitation in lakes.
Science 195:260«262.

"N and P diétributioh inm Lake Kinneret

(Isréel) with emphasis on dissolved organic
nitrogens Oikos, 26:1-=8.



‘Shanon, E.E. &
- Pe.Ls Brezonik -

Shapiro,vj,

Singh, Ucpo

Sreenivasan, A.

Stewart, KeMs &
G.A. Rohlich

Streetery, H.W. &
E.B. Phelps

Strom, K.M.

Stromsten, F.A.

&

Stumm
Morgan

SUJlngle, ~H .SO

Tan,‘ T.L. &
J. Overbeck.

.Taylor, M'p. &
£.8. Welch

Tesssnow, U.

1972

1960

1960

1966

1970

1975

1967

1925

1931

1927

1970

1957

1973

1970

1966

3231-136.

64

Relationships between lake trophic state and
nitrogen and phosphorus loading rates.
Environ. Sci. Technol. 6:719=725,

The cause of a metalimnetic minimum of diss-
olved oxygen. Limnol. Oceanogr., 5:216-227.

Phytoplankton ecology of the inland waters
of Uttar Pradesh. Proc. Symp. Algology, ICAR.
Negw Delhi, 243«271.

Fish produotlon in. some rural demonstration
ponds in Madras (India) with an account of
the chemistry of water and seoilé FAO Fish.
Rep., (44). Vol. 3:179-197.

Limnology of tropical impoundments, A compa=
rative study of the major reservoirs in
Madras State (India). Hydrobiologia, 36(3=4):
443=469,

J. Mar. biol. Assoc., India 7:1.

Eutrophication- A Revisw = A Report to the
State Water Quality Control Board, California,
No., 34, 188 nn, .
A study of the pollutici and natural purifi=-
cation of the Ohio River. III. Factors con-
cernad in the phenomena of oxidation and re-
aeration, U.S. Publ. Hlth. Serv., Publ. Hlth.
Bull. No. 146:1=75,

Feforvatn: A physiographic and biological
study of a mountain lake. Arche. Hydrobiol.,
22: 491=536,

Lake Okobiji as a Type of Aquatic:Environment.
Unive Iowa Studies in Nat. Hist., 12:3=52,

quatic Chemistry = Wiley, Interébiéncé 585b.

Relationships of pH of pond water’ to thelr
suitability for fish culture. 9th pacs Scie.
Congr.-Bangkok, Thailand.

Dkolglsche Untersuchungen ubsr nltratredUZLB-
rende Bakterien im Wasser des Pluss-secs
(Schleswig=-Holstein). Z. Allge: Mikrobiol.,
13:83-94,

Morris Reservoir Study: Part II,: Effects of
thermal stratification and nutrient availa-
bility on the production of resérvoir phyto=
plankton. 34ps

Untersuohungen uber dan Kieselsaurehaushalt
der Binnengewasser., Arch, Hydrobiol. Supple.,



Thresh, J.C., 1944
E.V. Suckling

& J:F. Beals

Timms, B.V. 1970
Tomasso, JeRey 1979
BsBA. Simco &

KoBo DaViS

Tucker, D.S. 1958

Ualleﬂtyne, J-Ro 1957

Verduin, J. 1956

UijayaraghaVan,S. 1971

» . s 1969
P .Navaneethakri-
shnanm & R.G.

Michael.
Villadolid,D.V., 1954
Pe¢Rangoniban & :
T.G. Megia

1968

Vollenweider,

ReAe

- 1953‘
& M. Frei

Wallen', I.E. 1955
Welch, P.S. 1948

Wetzsl, R.G. 1966

65

The examination of water supplies. Ed. Taylor;
Eov"]ng 1949

Chemical and zooplankton studies of lentic
~abitats in north eastern New South Wales.
Aust. J. Mar. Fresh Wate. Res., 21:11=33.

Chloride inhibition of nitrite-induced methe-
moo7ob1nem1a in channel cat fish (Ietalurus
punctatus). J. Fish. Res. Board Can. 36¢
1141-1144,

The distribution of freshwater invertebrates
in ponds in relation to annual fluctuations
in the chemical composition of the water.

Je Anime. Ecol., 27:105-123,

Principles of Modern Limnology. Amer. Scien=
tlst, 45:218=244,

Energy fixation and utilization by natural
communities in Western Lake Erie. Ecology,
37:40=50,

Studies on the diurnal variations in physico-

- chemical ard bhiolnninal factors in Teppakulam

Tanke Proc. Ind. Acad. Scie., 44B:63=73,
Diel cycle of dissolved carbonhdrates in two
freshwater ponds. Proce. Ind. Acade. Sci.,

70B:157=168.

The role of pH in pond fertilization. Proc.
Indo=Pac. Fish. Coune. 5th meeting Technical:
paper=3. ' .

Scientific fundamentals of the eutrophication
of lakes and flowing waters, with particular
reference to nitrogen and phosphorus as fac=
tors in eutrophioation. Organization for
economic cooperation and development publi-
catlon. DAS/CSI/68=27 Paris, France. 182 pp.

Vertikale und zeitliche Vertellung der Leit-
fahig keit einn eutrophen Gewasser WaBrend
der sommer stagnatlon. Scheiz., A. Hydrol.,
153158167, : T

Some limnological considerations in the pro-
ductivity of Oklahoma farm ponds, J, Wilde
life Mgmta., 19(4) 450=462, .

Limnological Methods. Dhlladg;phia, 381 ppe
Variations in productivity of Goose and hyp-

ereutrophic sylvan cakes,y Indianas Invest,
Indiana Lake streams 74



\fJetZel, RQGO' 1975
Wieba, A.He 1927
1930

WOrthnwgton, E.B.1933
& L+Cs Bgadle

Zafar, A«R. 1964

1967

66

Limnology = W.8. Saunders Co.; Philadelphias
743 PPe

Biolbqical survey of upper Mississipi with
special reference to pollutions Bulls U.S.
Bur. Fish., 43(2)2137=167.

Investigation on plankton on fish ponds.
Bulle UeSs Bureau of Fisheries, 46:137=176,

Thermoclines in Tropical Lakas. Nature, 129'
55=58,

On the scology of algas in certain fish ponds
of Hyderabad, Indiae. II. Distribution of uni=
cellular and Colonial fPorms. Hydrobialogia,
243556~ 566. .

On the ecology of certain Flsh ponds of
Hyderabad, India. III. The periodicity.

_ Hydrobiologla,,BD 96=-112,



- PHYTOPLANKTON AND ZOOPLANKTON



67

INTRODUCTION

It was not till the middle of the last century that the exis-
tencec of plankton in équatic systems was Known. Studies in the
oceans weré the earliest avallable works on plankton. In fact the
usage of the term "plankton™ has come down over the century since
the time of Hensen (1887, 1895) who was an Oceanographer, attribu-
ting all heterogenous assemblages of minute organisms under this
terms ‘The earliest Indian work was on rotifers by Anderson (1889),
Apstein (1896) was probably the first to study the plankton in
freshwaters in particular the inland lakes. Schrater and Kirchnmer
wa(1896) introduced the term pleuston to designate the whole biologi-
cal communities associated with air-water interface. The knowledgg
of the presence of a range in the size of these piénktonic organiéms
was ‘discovered by Kofoid (1897). Daday (1898) described many new

spooiésfof  Cladocera, Copepoda and Rotifera from oriental regions.

Since then, works all over the world took an impetus and
~various theories were propognded.such as the floatation theory aFfef
Wesenberg-Lund (1900) and its contradiction by Lauternborn (1900).
The idea of a genoticazly related phenomena for cyclomorphosis par-

'ticularly in Daphnia was shown by Waltereck (1908, 1909, 1913 and
1928). The effect of énvironmental factors also contributed to such
phenomena was outlined by Ostwaldt (1902). Lohmarn (1908), shawed
the existence of the smallest gr;up of plankton referred to as
"nannoplankton". Naumann (1917) introduced the term neuston to des-
ignate the assemblage of m%croorganisms associated with surfacs

film of the waters.

The geographical distributiony, diurnal movements, the eFféct'
of light, the seasonal variations and organic matter as a factor,

all responsible for either the growth, the reproduction and distrie
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bution were initiated in the very early part of this century (West
and West, 19123 Dice, 19143 Ruttner, 1914; Prasad, 1916; Jennings,

1918).

The idea of the trophic status of plankton, the feeding beha-
“viogur of zooplankton‘and stgdies on the feeding apparatus of some
méjor groups wsre also done in the early 1900's (Naumann, 1921, 1923
and 1929; Nordquist, 1921; Birge and Juday, 1922; Sterch, 1924, 1925
Schmidt, 1928:; Utermohl, 1925). Around the same time the importance
of nutrients and temperature as limiting factors on the growth of
plankton were done by Pgarsal (1923), Strom (1924), Mac Arthur and
Baille (1925), Coker and Addlestone (1938). Such works continued in
var;ous regions énd latitudes of the world (Krastz, 1931; Krogh ‘aend
Berg, 1931; Ruttner, 1931; Sewell, 19343 Seymour=Swaell, 1934; Van
Oyes, 19345 Gunther, 1936; Hauer,’1937 and 19383 Rosenburg, 1939;
Ganapathi, 1941). It was only Hutchinson in the year 1941 who first
revealed the concept of ecosystem based on all these studies that
physical and chemical and biological processas have an inter-rala~-

>

tianship both temporally and spatially.

It was then that subsequent works were aimed at finding out
the causative factor or factors responsible for ths growth and sus-
Xenance of groups of phytoplankton or zooplanktaon, their interpre-
tation for the rise and fall of 50pulation, in particular the algal
blooms and the intricate relationship between the species of phyto-
plankton and zooplankton with the idea and rate of both coloniza~
tign and succession (Edmondson, 19443 1945 and 1946; Hutchinsaon,
jééa; Pennak, 1944; Brooks, 1947; Nygaard, 1949; {955; Plesw and
Pahnak, 1549; Gerloff gt. al., 19503 1952).

All the above studies were done on natural freshwater systems

and interpretation based purely on observations as Begurring in
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nature. It was therefors felt by worksrs that due to the complica=-

ted ‘phenomena of natural ecasystem, it would be ideal to set up

T \/-.f-»’\——

near~to~natural expsriments and to identify ene Factor and its
gffects on another. Such a thinking took a gieat stride in the sub=
sequent<€mo decades slong with the general obssrvations in other
systems (Canter and Lund, 1951; Welch, 1952; Ganapati st. al.,1953;
Ruttner, 1953; Vaas and Sachlan, 1953; Villadolid st. al., 1954;
Nelson and Edmondson,.1955; Fogg, 1956; Rigler, 1956; Rodhe et. al.,
1956; Edmandson, 19573 Gerloff and Skoaq,1957gb; Pennak, 1957; Ban=-
forth, 1958; Provasoli, 1958; Kuznetsdv; 1959; Shroder, 1959; Vaas
and Vaas=Van Ovan, 1959;.Goiterman, 1960 Patrker; 1960; Michasl,
1962 and 1964; Pomeroy gt. al., 1962; Stéeman Nielsen, 1962;

Steeman Nielsen and Jorgerisen, 19623 Venkataraman, 1962; Strauskraba,
1963, 1965 and 1967; Hobbis, 5964; Zafar, 1964; fogg, 1965; Wetzel,
1965, 1966 and 1972; Hbracek and Hbrackoba=Essldva, 1966; Gilbert,
1967; Vi jayaraghavan, 1967; Corjunova, 1968; Stagenberg, 1968;

- Vollenweider, 1968; Castenholz, 196%9; M c Queen, 1969; Michasel,1969;
Butler et. al., 1970; Munawar, 1970; Vi jayaraghavan, 1970; Wojcik,
1970). '

The last decade beginning in 1970, thoiigh, has been a period
of intensive limnological work all aver the globe, yet, it was pri=-
marily directed towards the understanding of pollution in aquatic ¢
éyspéms. In this respect, works on plankton donevin oligotrophic

‘systems in contrast te eutroééic ones, the idsntification of indi—

.cator species, the eFFect oF manlpulatlon 1n terms of addition of
nutrients and in partlcular Fertlllzers 1n Flsh ponds, the 1life
history patterns and the developmental stages in relatlon to abiotic
fPactors, the effect of acidification and most of all, the influence
on the biota, particularly phytoplankton and zooplankton in relation

to the nature of effluents from the establishment oF'indUStries, the
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accumulation and biological magnification in groups of plankton by
pesticides, were all part of the genefal limhologicai studies (Fitze-
gerald, 1971; FfFogg, 19713 Folt, 1971} Hagedorn, 1971; Kristiansen,
1971; Navansethakrishnan and Michael, 1971; Reynolds, 1971; Abelio-
vich and Shilo, 1972; Green, 19723 Kryuchkova, 1972; Saunders, 1972;
Sorckin and Paveljeva, 19723 Burgis, 1973; Fogg st.al., 1973; Pennak,
197%® Shapiro, 19733 Tilzer, 1973; Wolk, 1973; Droop, 1974; Hutchin-
son, 1975; Lewkowicz and Lemkomicz, 1975 Reynolds and Walsby, 1975;
Watzgly, 1975; Baegg, 19763 Burns, 19763 Ferrante, 1976; Gresn, 19763
Jacobson ahd‘Comita, 1976; Munawar and Munawar, 1976; Zaret gt.al.,
1976; Brown and Sibert, 1977; Hbracek, 1977; Alfred st.al., 1978;
Boers and Carter, 19783 Vincsnt, 1978; Yan and Stokes, 1978; Venkata=
ramah and Jdcb, 19793 Zagorodnyaya, 19793 Cooney and Gehrs, i980;
Fallon and Brock,.19803 Fernando, 1980; Gilbert, 19803 Lei and Armi=-
tage, 1980; McCracksn gt.al., 1980; Pourriot gt.al., 1980; Swar and

Fernando, 1980; Venkataraman and Jcb, 1980,

Though Indian works and especially Indian authors working on
freshwater systems in India havs come in the above mentioned liter-
ature in various aspects, the revigw of Gulati and Wurtz (1980) and
Michael (1980) cover a detailed account of the Indian works in this
field. The foregoing literature though includes the works on the -
genaeral population dynamics of phyto~ and zooplankton in fregshwater
ponds andbalso their role in fish ponds, particularly with the addi=
tion of fertilizers, yet certain works stand out as éigniFicant
contributions. Moreover, the understanding of these biota in fish
ponds, with known quantities of nutrient additions eitker in
terms of inorganic orjorganic fertilizers, and their inter-~

relationships with a possible incrsase in fish yield is quite w3ll
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documented (Swingle and Smith, 1939:; Ball and Tanner, 19513 Nelson
and Edmondson, 1955: McIntire and éond, 1960; Hall et.al., 1970;
Yao=Sungling, 1976; Oglesby, 1977; Boyd and Sowles, 19783 Shroeder,
1978; Willemsen, 1980; Boyd, 1981 -3 Boyd et. al., 1981.vTh9
Indian works where phyto- and zooplankton dynamics related to
various abiotic factors along with fertilization levels and fish
production have been documented conclusivély in the compilations

by Jhingran (1980).
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MATERIALS AND METHODS

Water samples for phyto- ahd zooplahkton were collectsd only
from the surface at the four sxperimental ponds and five circular
plastic pools. The periodicity of collection was weekly and done
always in the morning hours (0600-0900 hrs). At each station sam-
ples were collected by filtering a volume of 50 litres of water
from the experimentalvponds and 25 litres from the circular plastic
pools, through a bolting silk net of mesh size 25 He These wqu‘*
brought to 50 ml and 25 ml respectively and preserved in 4% ngmalin.

_ Such weekly samples from all the ponds and poois were coll-
ected for one and a half annual cycle (October 1979 = March 1981).
A well shaken sample from the 50 ml and 25 ml preserved collection
was drawn with the help of a wide-mouthsd pipette and transferred
into a counting cell (Sedguwick=-Rafter Plankton counting cell) of a
1 ml capacity graduated into 1000 squares. After covering it Qith
a large rectangular coverslip, counts wers made after "Utermohl®
(1958) of all organisms present at random in 100 squares. Indivie
duals and colonies were counted as such, while filamentous algas
were counted by their approximate length being kept ungform. ALl
these were presented numerically upto the genus level and placed
under the appropriate family and class. Threae such coumts were done
fqr gach weskly sample and an average count svolved. Such wegekly

sample counts were determined as monthly averages.

The generic identification of phyto=- and zooplankton wers
done with the help of Smith (1950), Pennak (1953), Edmondson (195%),

Ngedham and Needham (1962).

The computation for the numbers of phyto- and zooplankton

ger litre at different experimental fish ponds and circular plastic
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popls was evaluated by the fiormula =

where n

a

(a x.1000) C
1

number of plankton per litre of original water

average number of plankton in all counts in
Sedquwick Rafter cell,

volume .of original concentration in ml.

yolume of original water expressed in litres.
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RESULTS

The biota taken for detail investigations in the four expari=
mental fish ponds and in the five circular plastic pools can be
broadly classed into Phytoplankton and Zooplanktone. In all the pondg
irrespective of the fertilization, six classes of phytoplankton were
represaented. The class Chlorophyceas comprised of the familiss
Chlamydomonaceas which had only one genus, Chtamydomenas, Scenedes~

maceas comprising of Scengdesmus and Actinastrum, Ogcystaceae rep=

resented by Ankistrodesmus, Tetraegdron, Selenastrum, Cegasteriae

and Pachycladon, Desmidiaceas by Cosmarium, Closterium, Staurastrum,

Docidium and Anthrodesmus, Dictyosphasriaceae comprised of a singLe

genus Dictyosphaerium, Ulotricaceae by Ulothrix, Zygnemataceae by

Spirogyra, Volvocaceae represented by two genera Volvox and Pando=

ring, Hydrodictyaceas with. a single genus Pediastrum and similarly

the family Protococaceas with Protococcus and Coelastraceae with

Coelastrum-.

The next class Euglenophyceae comprised of two families
Euglenaceae represented by two genera Euglena and Phacus and the
family Peranemaceae with Urcoslus. The class Bacillaripphyceas
comprised of two families Naviculaceae represgnted by three genera
Nayigula, frustulia and Pinnularia and Ffagg£gagiaceae represented
by a single genus Synedra. The class Xanth%pmyceae oqmprised of
éwo’Families Xanthophyceae and Tribonemataceas with a single genus

sach, Botryococcus and Tribgonema res;:ect:’.ue].yt?3 Dj,nephyceas was rae=-

pressnted by three families Ceratiaceae, Gymnodiaceae and Glenc=
diaceae. Each of these families comprised of only one genus,

Cegatigm; Gymnodinium and Glenodinium respectivselye. Though these

are the general phytoplankton of the ponds, yet all genera wers

not present together and only some genera occurred and dominated

&t the diffsrent ponde during the study perioad.
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Uf the "six classes, Chlorophyceag rspresented the largést

number of families as seen in all the four experimental fish ptﬁda
. . ) e

irrespective of differential fzrtilizetian.,

CONTROL POND ¢ In the control pond, the class Chlorophyceae duringF

‘the first annual cycle, showed a maximal peak in the month of ODec-
ember fecording nearly 20,500 units/litre and a minimum ®f 4,800
gnits/iitre in June. During the second cycle the maximum occurred
in December recording 12,328 units/litre and a minidum of 3,420
units/litre in November When this claeg.ﬁhiorOphycaae
was seen as a relative percentage among the diﬁferent‘classes, it
indicated a maximum of nearly 83.4% in April during the.first ann=
ual cycle, and nearly 68% in the monﬁh of February during the sec-
ond Cyclé. Even though the actual Numbers fOr bLath the cycles in=
dicated the month of Decemb=zr as maximum yet as a relative parcen=-

tage they were only 66=-56% respectively (Fig. B).

In the same control pond when thé class Chloropﬁyceae was
broken down intoc families, i1t was seen to comprise.of eleven fami=-
lies. These families were Chlamydomonaceae, Scenedesmaceas,
Oocystaceae, Desmidiaceas, Dictyosphaeriaceae, Ulotricacéaa,
Zygnemataceae, Volvocaceas, Hydrodictyaceas, Protoccocaceae and

Coglastraceass

The family Chlamydomonaceae reprssented by a single genus

Chlamydomonas revealed a peak of 9;800 vnits/litre in February
and recorded nil values dﬁring June, July, September in the first
annual cycle. In the next cycle it recorded 5,600 units/litre in
January as the maximum and nil value in December. The family
Scenedesmaceae in the control pond recorded a maximum ef 4,880
units/?itre in April and with nil value in September during the

first annual cycle. The month of December during the second cycle

&
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Fige 6 = Showing the histograms reprosenting
thae ssasonazlity of the relative percent
abundanrce of tha major phytoplanktonic
groups in the Contral and Experimental
Fish Ponds, D

EP = txperimantal Fish Ponds,
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showed a maximum gf 5,928 units/litre which dropped to nil value in
October. In the first annual cycle, a tendency to increase was seen
in December and a subsequent fall the following month! with a.steady
increase till April and then a fall to nil values. A similar trenq

was also segn during the second cycle. The genmys %gqnsqsgmus TeCOT=

ded peeks of abundance in April with 4,880 gqitg/%itre and December
with 5,800 units/litre and minimum in Octeber with 200 units/litre
and Janyary with 860 units/litre during the first and second cycles

respectiVely, Actinastrum revealed peaks in March with 2,040 units/

1jitre and November recording 480 units/litre during the first and
second cyclee The months of June and December recorded 200 units/
litre and 128 units/litre as the minimum during the first and the

8acond cycle.

The next family Oocystaceae showsd a trend of in;@aase simie
lar to Scenedesmaceae in its bimodality with Dscember aﬁd April |
showing maximum beaks during the first annual cycle, with the sxce=
ption that December had a larger peak of Haarly 5?560 gnits/litre,
while April revealed a little lowsr than 4,000 qn;ts/kitre. Nil
valye was pecorded in the month of September im the Pirst annual
gycle. A peak of 2,200 units/litre in Decamper end a minimum value
6? 440 units/litre was observed during the seéond cycle.'Ankistro-
desmUS revealed peaks of abundance §n April m;th 3»?60 ynits/litre
and in December 1,400 unlts/lltre during the Firab end segond cycls.
The minimum was recorded in Noyember with 218 ynitaflitre and March ‘
with, 320 um%ts/litre and was absent for six %onths during both the
Gw@&es. Tg}gae@gon recorded maximum in Noq;mber and January with
800 gnitsgg{tre and 1,420 units/litre dupigg the firat and second
cyeles. The menth of December with 20 unité/%&tne and October with
88 units/litré recorded tae ﬁinimgm durimg:tﬁe Pirat gnd second

qyg;e and was absent for sevan mphtbs dun%gg'ggth the gygles.
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Sélensstrum revealed Decembef as ths maximum with 3,320 units/litre

and minimum in February representing 160 units/litre during the
first annual cycle. During the second cycle it was present only in
the months of November and February registering 120 units/litre and

280 units/litre respectively. Pachycladon was pressnt only in the

month QF October with 33 units/liﬁre and November with 400 units/

litre during both the cycles.

The family Desmidiaceae recorded small péaks.o? abundancs
in November and December representing 2,500 units/iitrad each foll-
owed by a second maximum peak with nearly 5,800 units/litre in
March. The lowest value of 100 units/litre was recarded in January
during the First annual cycle. In the second cycls, November recor-
ded nil value®s, This was followed by a sudden increase in Decembef
to 1,400 units/litre, a subsequent fall the next month and a rise
thereaftsr to form a peak in March with nearly 1,680 units/litre.
The genus Cosﬁarium was recorded only once in October with 60 units/
litre and was totally abéent during the remaining periods of both
the cycles. The genus Closterium revealéd peaks of abundénce in
April registering 2,400 units/litre and minimum in Augqust recérding
50 units/litre during the first annual cycle. In the next cycle a
maximum was recorded in March with 1,000 units/litre and a minimum
in Fabruary with 440 units/litre and was absent in November.
Staurastrum recorded peaks of abundance in the month of March reg-
istering 3,960 units/litre and 680 units/litre during the first
and second cycle and a minimum in October with 106 units/litre and
January with 160 units/litre. It was absent for sesven months during

both the cycles,

The Pamily Dictyosphaeriaceae repressented by a single genus

Distyosphaerium was absent throughout the period of investigation-

with only an exception during the second cycle when it recordsd



79

1,020 units/litre in October. The family Ulotricaceae was also rep=-
resented by a single genus Ulothrix which occurred only four times
throughout the study period, with the month of January recording a

peak of 400 units/litre.

The family Zygnemataceae represented by Séirogzra occurraed
only twice, in the first annual cycle. This genus recorded less

than 100 units/litre on both occassions.

Volvocaceae as the next family occurred during tee first
cycle with 1,000 units/litre in October but fell to a valee of 10
times lowsr the following month. It thereafter disappeared from
the system to reoccur only in the month of May and steadily incre-
ased to reach a peak in August with 1,100 units/litre. During the
segond cycle it occurred only in October and February with the
latter month recording 160 units/litre. The family Volvocacsae
was represented by‘two genera, Volvox and Pandorina. The genus
Volvox was recorded only in May with 440 units/litre during the
first annual cycle. In the next cycle October and February were
the only months to register their occurfenoe recording 60 units/
libre amd 160 units/litrs respectively. The gpnys Pandogina showsd
@ moek in August with 1,100 units/litre and a minimum ie:November
registering 100 units/litre and was absent from December. to May
duging the first annual cycle. In the next cycle they were entirely

absent,

Hydrodictyaceae represented by a single genus Pediastrum

was prpesent tﬁroughout the period of investigation, During the
Pirst %nneal cycle, two peaks were registered a small one in Dscem=
ber with ngarly 2,860 units/litre and a largef peak in April rec=
arding 3,2C0 units/litre. In the second cycle, a maximum peak of

2,800 units/litre was recorded in December, The minimum counts were
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160 uhits/litre and 400 units/litre in March and November during

the.first and second cycle%.respectively.

The family Protoccccaceae represented by Protopcaceas ocour=

red in the system only on two occassions during the first annual
cycle, registering a consistent number of 1,400 units/litre sach

in November and Decembar,

- The last family undser the class Chlorophyceae was Coelastra-

ceae also represented by a single genus Coelastrum which occurred
only on one occassion in the month of August with 50 units/litre
and was totally absent during the remaining period of investigatioh

(Table=I1I).

The class buglenophyceae recorded a peak of abundance in May
registering 24,760 units/litre and a minimum in June with 360 units/
litre during the first annual cycle. In the second cycle, the month
of October recorded the minimum density with 560 units/litre and
thereafter increased gradually to record a peak in January repres=-

enting 13,120 units/litre (Table=~III).

The relative percent abundance of the ciass Euglesnophyceae
Pollowed a trend more or less similar to their actual numbers. The
-months of May and June recorded the maximum and minimum with 72%
and»S.O% respectively duriné the first annual cycle. In the next
cycle a maximum of 4640% was recorded in January and a minimum of

6,6% in October (Fige 6).

Euglenophyceae was represented by two families, Euglenaceas

with thres genefa, Euglena, Phacus and Trachalqmonas.and the family

Peranemacéae by a single genus Urcoelus. The family Euglenaceée re=
corded a maximum peak of abundance in May representing 24,760 QnﬁB/

litre and a minimum in July with only 120 units/litre during the
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Seasonal sbundence of phytoplankton, their cglasses, rmu-az rose
pactive genera and the total phytoplankton (units/litre) in the
Control pond,

{A) CHLOROPHYCEAE (C) BACILLARIOPHYCEAE

1. Chlamydomanaceas/Chlamvdononas 23. Naviculecese

2. Scensdosmaceae ' 29. Navigula

3. iganadesnus 30. frustulis

4. igkinaatrunm 31 Pianulacia

5. Uocystaceae 32+ Fragillariaceae/3ynadea
6. Ankistrodesnus

7. Igtzaadean (D) MYXOPHYCEAE

:' %m‘m 33, Oscillatoriaceas

« Eaghyvgladon

34+ 3pizuling

10. Desmidiaceas ’

11 : 35« Zhomnidium

12' e 36e Rivularisseee/Rivulazia
1; i 37. Chrsogoccacase

o 2tgurastnun
14. Dictyosphaerizeeas/Digtygunhaarium ;:'
. ’ « Daclamonedia

15. Ulotricacsas/ W PR e e

16+ Zygnematacess/ipirpavra 41

17« Volvocacoas ‘2' %g‘tm

18+ Yglvox e

19. Zandexdina

21. Protococaceae/Protnccocus 43. Xanthophycoae/39kzvogoccus
22, Coelastraceas/Coslastrum 44, Tribonemataceas/Igpibhongma
(B) EUGLENOPHYCZAR |

23+ Euglenaceae (F) DINOPRYCEAE

24. Lyglena 45, Cerstliaceas/Cgzativa
25. [hagus 46+ Gymnodiaceass/Symnodinium
26+ Lzashglomonas

27. Peranemacese/Urcaslus
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first annual cycle. In the second cycle, January recorded the maxi-
"mum and October as the minimum registering 12,860 units/litré and
560 units/litre respectively. The family Peranemaceae revealed a
peak in October with 12,666 units/litre and minimum in August with
300 units/litre. Howsver, this family was absent in the months of
March, April, May, June and September during the first annual cycls.
The months of December and Novembér recorded the maximum and mini=-
mum abundances representing 2,600 units/litre and.BD units/litre
respectively during the second cycle. This family was.absent during

October, February and March of the second cycls.

The genus Euglena showed maximum peaks of abundance in May
recording 24,760 units/litre and a minimum in August with only 400
units/litre during the first annual cycle; In the second cycle Jan=
uary recorded the maximum with 12,000 units/litre and a minimum in
February with 220 units/litre. Phacus recorded a peak of abundance
in January with 3,100 units/litre and July as the minimum with 120

units/litre and absent in the months of February and May during

the first annual cycle. Trachelomonas was abssnt in both the cycles
_except in the month of September recording 160 units/litre. As cnly
one genus Urocoelus was presént under family Peramanaceae, hence

the seasonality trend of the family and the genus was the same

(Table-III).

The class Bacillariophyceae recorded peaks of abundance in
November and January both recording 1,150 ynits/litre and 1,040
units/litre during the first and second cycles respectively. The
months of December recorded 40 units/litre as minimum and was ab-
sent in April and July during tﬁe first annual cycle. The next
eycle recorded minimum values of 80 units/litre in November and cw-.

was absent in December and February (Tabie-III). The percentags

abundance of this class Bacillariophyceae regprded maximum in June
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with 7.4% and minimum in December with 0.2% during the first annual
cyclee In the next cycle maximum and minimum percent gbundance was

recorded as 8.1% and 1.3% in Octobsr and November respactively (Fig.6).

The =lass Bacillariophyceas was reprasented by two families

Naviculaczae, repreéented by three genera, Navicula, f:uétgl;g and
Pinnularia and the family Fragillariaceas by a single genué quedra.
The:Family Naviculacseas recorded a maximum peak of abundance iﬁ~“;
September with 9520 units/litre'and January with 1,040 units/litre
during the first and second cycles. The minimum was recorded in’
December with 40 units/litre and November with 80 units/litre and
was absent in April, July, Decsmber and February during both thse
cycles. The family FragiZlariaceas recorded maximum in May with 360
units/litre and minimum in August with 90 units/litre during the
Pirst annual cycls. In the next cycle, the family Fragizlaéiaceaa
was recorded only in October. The gsnus Navicula constituted the
most dominant forms under this class _and recorded peaks in Novembser
and January represehtiﬁg 800 units/litre and 640 units/litre resp-
ectively during the first annual cycle. The minimum was recordsd

in December with only.aq units/litre, and was abssnt during April
and June. In tHe next c;Cle, Febpuary recorded 1,040 units/litre
‘and was absent during the remaining periods. The genus Frustulia
was absent almost throughout the 'sntira first half of the Pirst
annual cycle, appearing only in June and recﬁrded a peak in Septem=~
ber representing 520 units/litre. In the next cycle, October recor-
ded 520 units/litre as maximum with the minimum in November as 80
unita/litre and absent in December, January and February, Pinnularia
was recorded oﬁly once in the month of September during the first
annual cycle and in the next cycle only in March. As thedra was
the only gsnus under the family Fragijlariaceag, it Follo@ed‘the

same trend (Table-III).
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The class Myxophyceae had a maximum peak of abundance recor-
ding 6,440 units/litre in March and a minimum in April with 280
units/litre during the first annual cycle. In the second cycle a
maximum was recorded in January with 2,900 units/litrs and a mini=
mum in February with 640 units/litre and was absent in Dgcembsr
(Tablg=III). When the class Myxophycéae as a psrcentage of total
phytoplankton was ssen, the month of August recorded the maximum
with 27.4% and minimum in April with only 1.3% during the first
annual cycle. In the second cycles the maximum and minimum werse
recﬁrded in November and January with 13.4% and 5.1% respsctively.

(Fige 6).

‘Four families were represented under this class viz. Oscill-
atoriaceae, Rivulariaceae, Chroococceas and Ngstocaceae. Tha family
- Oscillatoriaceae recorded a maximum peak of abundance im August
witH;J!BQDAunits/litre and a minimum in April recording 280 units/
litféjduring the first annual cycle. In the second cyéle,it was
reéﬁféad'oﬁly in October with 320 units/litre. The family’ Chroococ=-
ceceaé:racdrded peaks of abundance in ths month of Janyary recording
3,000 units/litra,and 1,300 units/litre dufing both the first and
second cycles respectively. Thay recorded a mimimuym in Jyrme and
Nevember with 480 units/litre sach and was absent for six months
in both the cycles. Rivulariaceae and its single gemus Riyularig
wes recorded only once in November with 80 units/litre throughout
tha period of study. The family Nostocacsae recorded g peak of
abundance - in Decembar with 2,600 units/litrs and.minimum in fFebr=
uary recording 360 units/litre during the F%rst annual cycle. In
the second cycle January and November recorded the maximum and mi-
pimum with 1,600 units/litre and 320 units/;itre respectively and

was abssnt in December (Table=III).
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The genera Spirulina and Phormidium of the family Oscillato-

riaceas recorded peaks of abundances>in August recording 690 units/
litre and 700 units/litre respectively. Sgirulina in the second

cycle was totally absent while Phormidium was recorded only in Oct-

ober with 320 units/litre. The genera Coalo;ghagrigm and Merismopedia

of the family Chroococcaceae recorded peaks of abundances with 4,200

ynits/litrs and 2,240 units/litre respectively in the month of March

during the first annual cycle. Coelosphasrium agajn recorded a peak

%n.january with 960 units/litre and Merismopedia was recorded only

once in thé month aof January during the second cycle. Anabaena cone=
stituted the major form under the family Nostocaceas and recorded a
maximum of 1,800 units/litfe in September and 1,600 units/litre in
JaUUary during the first and second cycles respectively. Nostoc was
present only on four occassions, of which December recorded 1,360

units/litre and February recorded 120 units/litre (Table=III).

The class Xanthophyceae registered a peak of abundance in
January recording 3,500 units/litre and was absent in December,
" February, March, April and May and reapheared inmn June to form a
-smaller peak with 1,640 units/litre in Septemben during the first
annual cyclse. In the second cycle it recorded a maximum in March
withk 1,520 units/litre. When the relative percent abundance of this
&lass was segen it followsd more or less a similar trend to their

actual numbers (Table-IIl and Fig. 6).

" The class Xanthophyceas was represented by two familiss,

Xanthophyceae by a single genus Botr yococeus, which recorded a

[awe-e]

maximum and minimum in January and Dctober recording 3,500 units/

litre and 400 units/litre respectively during the first annual cy-
cles In the second cycle a peak was registesrad in March with 1,520
units/litre and was absent in Novemhsr, Deaember,'January and feb-

ruary. The family Tribonemataceae was also rapressented by one genus
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Tribonema recorded only in Novembery July and October during both
the‘cyclés (Table=111), The relative paercent ébugdance-of'this class
Xanthophyceae revealed a maximum and a minimum 0f 11.5% and 1.7% in
January and.Octobar during the Pirst anmual cycle and'in the next
cycle recorded a maximum and minimum registering 8.0% and 6.8% in

March and October respectively (Fig. 6).

The class Dinophyceas revealed peaks-of abundance in December
and March recording 2,180 units/iitre and 2,020 units/litre Tespec=
tively dUring tﬁe_First and second cycles, A.minimuh of 140 units/
litré was recordéd in May and July and was absent in March, April
- and June during the first annual cycle., In the next cycle, Novaember
racarded 400 unité/litre as minimum and was aﬁsent in December
(TableaIII). When the relative percent abundance of the class Dino=
phyceas was seen, the maximum was recorded in August with 12.0% and
October with 23.8% respectively during the first and second cyclses
respectively. A minimum of 0.5% and 4.9% was recorded in May and
January respectively duriﬁg the first and second cycles (Fig. 6).
The single genus Cgratium of the family Ceratiaceas Fofmed a major
portion ther this class. The months of Decembsr and March recorded
the maximum peaks of abundance representing 2,180 units/litre and
1,840 units/litre during the first and second cycles respectivaly.
A minimum of 160 units/litre was recorded in Fgbruary and was absgnt
in March to August during the first annbal cycles In the next cycle
November recorded the minimum with 400 units/litre and was absent

in Decembsr. Gymnodinium of the family Gymnodiaceas recorded a peak

in August with 1,800 unite/litre and a minimum in July with 140
units/litre and was absent for six months during the first annual
c¢ycle. In the naxt cycle Oétober_was the only menth to register a
count of 360 units/litre and was abseént there after. When the total
phytoplankton and its seasonal abundance was seen, it revealed a

winter maxima and summer minima (Table~III).
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EXPERIMENTAL FISH POND=1

The class Chlorophyceas 1iks“the control pond constituted the
majar bulk of phytopiankton in-the expsrimental fPish pend-1. The class
recorded maximal psaks in August and February representing nearly =
31,200 units/litrs and 34,000 units/litre during thg first and second
cycles. The minimum values were -recorded in December and November re-
g;séerihg nearly 4,000 units/litre and 6,800 units/litre during both'

the cycles respectively (Table=IV).

When this class Chlorophyceas was calculated for the relativs
parcent abundance it followed more or less a similar pattern to their
actual numbers, in that, the month of Auqust revealad 82.1% aburdance
while October revealed 72. 27 abundance during both the cycles.: How=
ever, Uctober and March registered the minimum percent gbundancs rep=-
resented by 26.6% and 27.3% during the first and sscond cyc;es respe«
ctively (Fig. 8). o

The class Chlorophycaae when broken into families, was seen to
be repressnted by eight Familiee, These'ﬁanilies were Chlamydomonaceas,

mgpresented by a single genus Chlamydomoqg_, Scenedgsmaceas by two

genera Scenadgsmys and Actlnaetrum, Docyetaceae by seven genera,

ﬂnslstrodesmus, Ietrasdron, Salenaetrum. Pachycladon, Kirchneriella
Chodetglla and Cergsterlas. The Famlly Desmldiaceae was ‘reprgsented..-

by Cogm: rium, Cloetgglum and Staurastrum, whlle Dictyosphaeriaceae
by a single genus 1ct¥oeghaer1um and Ulotrlc ‘aceas with Ulothrlx,
the Pamily Volvocaceas had two genera~Yolvox and Pandoring, whlle

the last family Hydrodloﬁyaceae was;repregented again by a singls
Qenus Padigstryme. ’

The .Family Chlamydemonaceae represented by a 8ingle genus
ghggmzdgmgngs rgcordsd maxxmal peaks in the manth af March. represen-

A T s it

ted, by 8 660 unlts/lltre and 2,700 units/lltre durlng the First and



 TABLE=1V

Sqasonal abunﬂanos of phytoplankton, their elassn. famili=s, rose
psctive genera end tha total phytoplankton (units/litra) in the
Exparimantal fish pondet,

(A) CHLOROPHYCEAE (C) BACILLARIOPHYCEAE
1+ Chlaemydomonaceae/Chlamydozonas 28. Naviculacaae ‘
2+ Scensdesmaceas 29, Haxigula
3. dganadesaus 30. Frustulia
4. fptinaatrue 31. Binqulagia
S. Uocystacess 32. Fragillariaceae/3yladra
6. Ankiatzedaseus S
7. Istraadcen S (D) MYXOPHYCEAE
8. ialanaatzum e 33, Oscillatoriacesas
. Laghvcladon T 34. dpiruling -
10. Kixchnarialla 35. Dhormidium
11. Chedatella G 36, vulariscenss/Uyyulazia
12. Cardaataziag S 37. Chroococacane
13+ Uasmidiscoas S aelg "
14. Comparium R
5. Clastaziua - 40. ‘ostocacass
16¢ Stauzaatrun R 1. Ansheana
17. Dictyocpheeriaceas/Uickyaahanklia 42, sqatac
18, Ulotricacess/Ygthrix -
19. Yolvocaceas ' s '(E) XANTHOPHYCERE
n - .
:" .\:ﬂm . 2. Xanthophyceas/Sqlrycpoccus
® Im.ilﬁ .
Tribonenmat :
22, Hydrodictyacuae/Podiestrum 44, Tribon ecess/Lrihonena
15) euseidenveene R (F) d1oPHYCEAE
23. Euglenaceae o o 45. Ceratiscess/Cerstiua
24. fuglana ' L 46+ Gymnodiaceas/Syanadinium

25, Phegus . N 47, Glenodiacese/jlanadiniva
26. Izachalomonas - |
27. Peranemacaaa/Urgoalus



TABLE « 1Y

v

1980=81

JuN

8).No. ocY NOV DEL JAN FEB MAR APR MAY hiTN AUG SEP act NDY DEC JRN FEB MAR

{A) 4740 6880 4000 25920 8%00 21620 416000 49560 9080 11340 351200 2800 10080 6800 7120 1010606 34400 9740
1. 360 0 600 a 560 BBED 280 4200 2780 2800 3200 ) 8OO 720 1048 2140 0 2700
2 2660 2520 976D 9400 2120 5380 1200 5620 2060 1400 8800 0 D 3640 2560 2760 21000 0
3. 2440 2320 1440 7040 1380 3380 104D 4940 4900 920 8800 o 0 3640 1840 2360 21000 0
4 o g 328 2560 740 2000 148 480 140 480 0 o 1] o 720 400 0 i)
5, a 960 520 2560 1480 1260 10280 3980 9280 1720 3760 240 60 160 2720 1140 B 1260
8. 0 0 0 0 1340 1408 9040 2520 520 560 0 0 60 0 1120 420 3] 0
T 0 480 520 2580 120 160 488 480 0 700 1200 240 1] 0 1040 560 1] 740
8. 0 0 D i} 0 0 340 9808 i) 460 2000 1) o g 560 1] o 280
e 0 a 0 ) o 0 0 g ] 0 ] g 0 0 0 140 0 240
10, 1] a 7] o ) 0 g a v) 0 560 0 0 160 0 0 o o
11. 0 480 ] a 1] a 0 0 0 D 0 0 0 ] 0 0 0 g
12. 0 0 5] 1) n g 200 0 0 0 g 0 o 0 0 0 o 0
13. 460 0 0 5760 950 2000 24D0 1900 940 680 4000 1280 7340 680 o0 4520 D 2400
{4, ] 8 4 0 8 a 0 0 0 0 o 0 140 0 0 o ! 0
15, 460 0 B 5760 740 740 1720 720 240 680 2560 960 7200 480 D 116 0 1760
18. o 0 0 g 220 1240 680 1180 700 0 1440 320 0 0 0 350 0 640
17, g 0 o 0 0 2300 a 480 0 g 3840 0 ) 0 o o ) 760
18 0 1680 o i g 0 8o 't} Q 240 0 0 0 80 0 0 0 0
19, 0 1440 B 0 2220 0 a 0 220 880 0 120 0 480 0 1080 400 0
20, 0 g g 0 2460 o o ) k! 0 i) 120 0 0 4] 280 400 0
21, 0 1440 0 0 60 0 0 a 2230 880 D 0 0 480 1] 780 g 0
22, 1260 480 9120 8000 9940 2020 1760 3380 2140 3620 7600 1440 18890 9040 41200 4480 {3000 2620
(8) 540 1380 2200 4160 4500 30400 2880 4500 1340 1980 0 1880 9280 19508 {040 6620 14040 21300
23, 540 560 1480 4140 9500 20800 2120 3140 0 1980 0 1880 2280 1280 1048 64520 13600 21300
24, $40 o 0 4160 1500 20480 9460 2540 g0 o 0 478D 2280 920 0 6620 43600 21300
25, 0 560 920 0 0 320 1160 840 g 1980 0 1) a 340 1040 0 o o
26, v} o 560 0 0 o 0 a 0 ¢ 0 120 o 8 0 1] 0 0
27 8 720 720 o 0 9400 760 1360 1240 0 ) 0 0 240 o a 440 o
(c) 880 1120 -840 B 0 3940 0 1180 7] 460 2560 280 1020 160 320 900 1600 80
28, 860 480 520 o 0 3200 ¥] N“mm 440 380 2540 280 1020 160 320 900 160D 80
29, 760 A80 520 0 g 3200 g 180 240 188 340 9 720 160 320 908 1600 80
30. 128 g 0 ] o 0 i) 1] 0 160 1600 280 i) o 0 0 0 W
31, D 0 ] o 1] o 0 o 240 420 0 0 300 0 D it 0 ]
32. 0 640 320 o G 760 0 0 0 80 0 g o 3] g 0 D 0
{p) 640 0 1520 18680 1048 2940 1800 1160 1540 160 304D 480 300 1660 6640 2740 0 4500
33, 480 0 160 0 e 0 o 0 1540 0 3040 480 n 0 0 0 0 220
34. 0 ] 160 a o 0 0 0. 840 0 1400 0 0 0 D 0 g 220
33, 480 ) 0 n 0 o g v} 730 0 1440 480 )] ) D o 0 o
35, 160 0 D o 0 ) 0 3] .0 0 n a 1) 800 320 o g o
37, 0 0 49350 135580 980 2320 180 1120 Mo 0 o o 0 7920 5040 2500 0 1000
38. o 0 440 7040 440 1580 960 480 ‘0 0 0 1) 0 B 2720 1520 ] 400
3%, 0 a Y20 8640 340 760 840 640 Wm 0 ) o 0 720 2320 980 0 400
40, 0 o a 4] an 640 0 1040 0 140 0 D 300 140 1280 240 0 3280
49 a 0 o n 60 640 0 1040 ‘a 160 0 g 300 0 1040 240 8 3280
424 0 0 a 1] 0 0 0 1) g 0 B 0 a 140 240 1) 0 g
(£) 8580 4240 o 0 o g 760 0 41490 1000 1200 o 0 2700 0 ) 280 0
43, y 42490 0 ] 1] ) 760 D 4120 4008 o 0 g 1380 0 0 o ]
44, 8580 0 o 0 ] o g o 0 0 1200 0 0 1320 o] 5] 280 1]
(F) 2400 480 680 g 80 2500 0 720 0 ) a 0 280 4420 2640 560 2160 4]
45.. 2080 480 680 5] 80 920 0 0 a 0 a 0 280 198D 264D 560 160D i
46 320 0 ) o D 4580 8 g o 0 g o 0 i) 0 D g 0
47, 0 0 o 0 ] a 0 220 0 ] 0 o g 240 0 8 360 o
TOTAL 1 17780 14900 9240 45760 41120 61440 21440 27920 16560 14940 38000 05440 13960 14240 17740 20920 52480 35620
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second cycles respectively. However,. it recorded nil values in Nov-
embst, -January and September during the First“annualﬁcyéle and feb=~

ruary of tHe second cycle.

The next family Scenedesmaceae which was mainly constituted
by the genus Scanedésmua,registered a maximal peak repressnting 9,600
units/litre in January, while it recordsed nil values in Segptember
during the Fiﬁsf,annual cycle. Nil values were recorded again in
October gnd March with a maximal peak of a higher magnitude rscorded

in February representing 21,000 units/Iitre.,

The- family Oocystaceas was mainly represented by the genera

Ankistrodesmus, Tetrasdron and Selenastrum, while the other genera

mentioned earlier appeared sparssly and insignificantly. The maximal
peak of this family Oocystaceas was recorded in April registering
‘10,280 units/litre of which the major bulk was constituted by the

genus Ankistrodesmus, howsver it recorded nil valuss in October dur-

ing the first annual cycle. During the second cycls nil value was

recorded in February and thes maximal peak was recorded in Decsmber

representing 2,720 units/litrs. The genus Ankistrodpsmusvrecorded a
psak of abundance in April with 9,040 units/litre and a minimum in
July repressnting 560 units/litrs and was absent in Octoberuto Jan=
uary,tAugust and Decembar during the first annual cycle. In the next
eyels ths maximum was registered in December necording 1,120 units/’
litre and a ﬁinimum in October with 60 units/litrs and was absent in
November, february and March. Tgtragdron recorded a maximum in Jan-
vary with 2,560 units/litre and a minimum in Fébruary representing
120 units/litre and was absent in the months of October and June
dyering the first annual cycls. In the second cycle, December énd Jan=.

Ya

ry recorded ths maximum and minimum representing 1,040 units/litre
abd5560 unita/litre respectively and was absent in Octaber, Novembsr
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and February. Selsnastrum had a peak of abundance in August with

2,000 units/litre and a minimum in April recording 360 units/litre
and was absent from October to March, June and Septamber during the
first 6yclew.The moﬁths of Decembser and March rescorded 560 units/
litre and 280 units/litre as maximum and minimum during the second

cyole and was absent in October, November and February.

The family Desmidiaceas was represaented mainly by two genera

Clogterium and Staurastrum. The maximal peak was constituted by

Closterium alons recording nearly 5,760 units/litre in January while

the other months wers well rspresented by both the genere Closterium
and Stadrastrum-though the latterwgenué constituted the major bulke
Nil values wers recorded in November and Decémher during the first
annual cycle. Similarly during the secbnd cycle, a maximal peak of
7,3401units/litre wa§ represented din October by two genera Cosmarium
and Closterium of which the latter contributed the largest number in
Octaober and the family recorded nil in Descember and February.
Cosmarium was totally absent during the first cycle and was present'
only in October with 140 units/litre during the second cycls.
Glosterium recorded a peak in January and a minimum in ane repres-
enting 5,760 units/litre and 240 units/litre during the First'annual
cyole and was absent in November and December. During the sscond cy=-
cle October recorded: a maximum with 7,220 units/litre and a minimum:
in November registering 680 units/litre and was absent in Dgcaember
and February. Staurastrum recorded peaks of abundance. in August and
Maroh representing 1,440 &nits/litreVand 640'units/11tre respectively
dﬁfing the first and sscond cyclés. The months o?‘February with 220
Jhits/litre and»Jénuarx‘with 360 units/litre was recorded as ths mi-
nimum. It was absent from October to January, July, October to Dac~-

ember . and Februafy-dunfng bath the cycles.. .

The.FamiiwaictyosphaeriaCQae which was representaed by a single
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genus Dictyosphaerium occurred in the system only on thres occ...

ions, March, May and August of which 3,840 units/litre répresented
the maximal peak in August during the first annual cycle. In the
gegand cycls it was absent throughout the period of study except in

March which registered 760 units/litre.

Similarly the family Ulotricaceae represented by a single
gengg'Uloﬁhrié occurred sporadically with insignificant numbers
exgept for the month of November which recorded 1,680 Qnits/litre as
the maximum and was absent totally during the other periods with'the
axception in April. and July during the first annual cycle. During
the second cycle however, it was totally absent, except in Novembar

registering only 80 units/litre.

The family VUolvocaceae was represented by two genera Yolyox
apd Pandorina, of which the latter was more abundant numerically.
However, the maximal psak during the first annual cycle was contri=
buted by VYolvox representing nearly 2,220 units/litre while the other
periods were mainly constituted by Pandorins. However, during the
second ecycle, Pandorina mainly attributed the maximal peak recording
nearly 1,060 units/litre in January and recorded nii values for seven
months dur’ng the first annual cycle and October, Decembaer and March

during the sscond cyclse.

The last Pamily Hydrodictyaceae encountered under the class
Bhlorophyceae in this experimental fish pond~1 was represented by a

single genus Pegdiastrum, which numerically formed the sscond major -

constituent of the phytoplankton and was well reprssented throughout
the period aof investigatién. The maximal peak was recorded in January
registering nearly 8,000 units/litre and a minimum of 480 units/lit:é
in November during ths Firét annual cycle. The maximal peak was rec=

srded in February with nearly‘13,DUO units/litre and a minimum in
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Novembe: registering 1,040 units/litre during the second cycle

(Table=1V),

The next class Euglenophyceae constituted the second largest
phytoplankton among the other classes. Tﬁe maximal psak was recorded
in March registsring 30,400 units/litre and in August nil value. was
recorded during tha firét annual cycle, whereas during the second
bycle the month of March registered the maximum with 21,300 units/

litre and Dscembsr recorded 1,040 QnitS/litrs as the minimum (Table<N).

When the class Euglenophypeaa was seen as a relative pércent
abundance it followed more or less a similar pattern to their actual
ﬁumbers'with March registering 49.5%, whils March again of the second
cycle recerded 59,8% (Figf 6). This class comprised of twa Families
tuglenaceae represented by three genera tuglena, Phacus and Irache~
;pmpnas and thse family Peransmaceae by a single genus U:goe%gsfmthe
féﬁi;y Eugleﬁaceaelfécorded a maximum peak of abundance iﬁ:M;fch rep=
resenting 20,800 units/litre and a minimum'in June with 80 units/Litre
and was absent in the month of August dgring the Fi:st qnngal éyclet
In the next cycle the maximum and minimum were recorded in March with
21.}00 units/litre aﬁd 1,040 units/litre in Decambert The family
Peranemaceas recorded a peak in March with 9,600 Uni@i/litya and was
absent Por six months during the first annual cycle. In the second
.cycle it was recorded only in November and Jgnuary Qith 240 units/

litre and 440 units/litre respectively (Table-IV).

Eyglsna'constituted the dominantﬂgenus. The maximal peak was
in March witb.QO,QBD units/litre but was recorded nil in November,
December,TJUIy}and'Aud&st_during the first annual chleﬂ During the
aspond-cyéie; however, the genus Euglsna alons formed the peak in
March with 2i;300_uni€§/1itrs.andjgaéordgd nil in December. The genus:

Phacus recordéd;a‘maximumfof 1,980 units/litre.ih July and recorded:
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nil in Octobsr, January, February, Juns, August and Sgptember during
the first annual cycle. The months of Ngvember and December of the

second cycles were the only two occasions to record their occurrence

(Table=~1V).

The class Bacillariophyceas registefed a makimal peak in
March recordiné 3,960 units/litrs and recorded nil in January, feb-
ruary and April during the first annual cycle. The class was pressnt
throughout ths second cycls with the month of fsbruary as the maximal
peak (1,600 units/litre) and the subsequent month of March registered
the minimum with only 80 units/litre (Tabls-IV).

When the relative pefcent abundance of this class Bacillario=-
phyceae was seen, it recorded a maximum of 9.,1% and a minimum of 2.8%
in December and Junme during the Ffirst annual cyclee. In the next cycle
October and March recordsd the maximum and minimum witﬁ 7.3% and 0,3%
respectively (Fige 6). The class Bacillariophyceae comprised of two
families Naviculaceae, which recorded a maximum psak of abundance in
March with 3,200 units/litre and a minimum in September with only 280
units/litre during the first annual cycle. In ths second cycle, Feb=-
ruary and March recorded the maximum and minimum with 1,600 units/
litre and 80 units/litre respectively. The family Fragi lariaceae wis
represented by a single genus Synsdra which recorded a peak of abun-~
dance in March with 760 units/litre and a minimum in July with B0
units/litre and was absent in October, January, February, April, May,
June, August and September during the first annual cycle. In the sec-

ond cycle they registsred a total absence (Table=IV).

The genus Navicula during the first cycle rogse to a maximal
peak in March representing 3,200 units/litre. Similarly in the sacand

cycle Navichg recorded the maximal peak in February registering 1,600

units/litre. The genus Frustulia and Pinnularia were sporadically
. Iamaceaec iasnsansned .
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repressnted throughput theistgdy,géribd._The former genus recorded a
maximum of 1,600 units/litre in.Aﬁgust and occurred oniy in July
September and October of the first annual cycls and was totally absent

during the sscond cycle. The lattsr genus Pinnularia cccurred only in

June and July registsering ZDD,units/litre and 120 units/litre respec-
tively and was absent during the rest of the'First cyclse. In the next
cycle October was the only occasion to record its occurrence with 300

units/litre (Table=IV).

The next class Myxophyceas recorded a peak in January repres-~-
snting nearly 15,680 units/litre and nil in November durihg the first
annual cycie. In the mext cycle, nil value was recorded ih FebfﬁérY'
and a maximum peak in Decembsr rapresentinglé,éaO units/litre (Téble-
1V). The class Myxophyceas whenAobsarved as a rslative percent aan-
dances in relation to all tﬁe other classes present, it followed a
similar pattern to their actual.npmbers with January and December

recording a maximum of 34.3% and 37.4% dﬁring the first and second
cycles (Fig. 6); Unddr this class four families were recorded,

Oscillatoriaceae represented by two genera, Spirulina and Phormidium;

Rivulariacseas by a single genus Rivularia; Chroococcaceae by two ge-

nera, Coelogphaerlum and MerlsmoDedia and Flnally Nostocaceae also
with two gensra, ﬂggggggg and Nostoce The Family Usc1llat0r1aceae
recorded peaks of abundance in Auguat and March recording 3,040 units/
litre and 220 units/litrévrashectivély durfhg the first and second
cyclese. The minimum values were recorded in December with 160 units/
litrs and nil from Dctobar to February in the second cycle. The Fam~
ily Rivulariacsas wlth 1ts 31ngle genus Rlvularla was recorded only
once durlng the Flrst annual cycle in Dotober and in the second cyecle,
November recorded a max1mum wlth BDD unlts/lltre and was absent in
Octobery Januaryy Febrqary~andAMarch. The family Chroococcaceas rev-

saled a maximum peak of abundance in Janudry with 15,680 units/litre
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and was absent in October, November,; June to September during the
first annual cycle. In the second cycle a peak was recorded in Dec=-
smber with 5,040 units/litre and was absant in October and February.
.The Family Nostocaceae recorded maximum in May with 1,040 units/
litre and a minimum with 60 units/litre in February and was abssent
from October to January, April, June, August and September during
the first annuél cycle. In the next cycle a pesak was'registefed in
March representing 3,280 units/litre aﬁd a minimum with 140 units/ ~

litre in Novembsr and was absent in February (Table=IV).

The two genera Spirulina and Phormidium of the family Oscil-

latoriaceas appeared and disappeared intermittegntly. The maximum were
recorded in the same month of August registering 1,600 units/litre
and 1,440 units/litre respectively for both cycles. The family Chro-

coccaceae represented by two genera Coelosphaerium and Merismopedia

reveaied maximum peaks in January rspresenting 7,040 units/litre and
and 8,640 units/litre respsctively. Both gensra were absent in Octo=-
ber, November, June to September during the first annual cycle. Simi=-

larly during the sacond cycle, Coslosphaerium and Mgrismopedia ross

to a peak in Decembsr recording 2,720 units/litre and 2,320 units/

litre respectively.

Anabasna and Nostoc under the family Nostocaceae occcurred spo-
radically throughout the psriod of study. Anabasna was mors dominant

in comparison to Nostoc. Anabaena registered a maximum peak with

1,040 units/litre in May and was recorded only in fFebruary, March and
July. Howsever, the genus Ngstoc was absent throughout the first anﬁ-
ual cycle. During the second cycle Anabasna revealed a maximum peak
of abundance in March with 3,280 units/litre, while Nostoc recordsd

a maximum in December with 240 units/litre (Table=IV).

The class Xanthophyceae_revealed a maximal peak of abundancs
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in October recording 8,580 uhits/iitre and was absent in December,
January to March, May and September in the first cycle. The maximal
peak in the sscond cycle was registered in Névember with 2,7DQ units/

litre and was present only in February (Table=IV).

The class Xanthophyceae recorded maximum relative percent
abundancs in October with 4B8.3% and November with 18.9% and the mi=-
nimum in August with 3.2% and February with 0.5% during the first
and second cycles respsctively (Fig. 6). Under this class two fami=--
lies were rscorded, Xanthophycsae repfesented by Botrvocgcecus - and

-

Tribonematacsas fsprasented by Tribonsma.

The genus Botryococcus recorded maximum in November with /7.~

4,2&D.units/litre during the first annual cycle. However, it occurred
bnly once during the second cycle in November representing 1,380 units/
litre. Triboenma occurred in Octobser and August, the latter recording

1,320 units/litre (Table=~1V).

The class Diﬁophyoeae‘shOwed a peak in March with 2,500 units/
litre and was absent in January, April; June to September during the
fFirst annual cycle and March during the second cycles. The month of
December revealed the maximum with 2,640 units/litre and minimum in
October with 280 units/litre (Table=~IV). When the class Dinophyceas
was analysed for their relative percent abundance it followed a trend
similar to their actual numbers. The months of Octobsr and December
recorded maximum of 13.5% amd:14w9% respectively and the minimum in
February and October with¥057%‘aﬁd 2.0% during the first and second

cycles respectively, (Fig. 6).

The class1Dinophybeée‘éomprised of theee families, Ceratiacsads

.-represanted by a single’ genus Ceratium, Gymnodiaceaa by Gymnodinium

and Glénodiacéae by Glenodinium. The family Ceratiaceas revealed a
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maXimum and minimum in the months of October with 2,080 units/litre
and February with 80 units/litre during the first annual cycle. In
the second cycle December and October recorded the maximum and mini-
mum with 2,640 units/litre and 280 units/litre respsctively. The.
"‘family Gymnodiaceae was only recorded in the months of October and
March and was entirsly absent for the rest of the study periods.
Similarly the family Glenodiacsae was recorded only in May with 720
units/litre during the first annual cycle and in the second cycle
November and February recorded their presence in this pond. As dach

Family were represented by a single genus, the trend was same.

A spring and summaér maxima with a winter minima was observed
in the presant pond, when the total phytoplankton in this system was

observed (Table=IV).



EXPERIMENTAL FISH POND=2 -

In the experimental fish pohdéz the same six classes of Phy=-
toplaﬁkton wers repreéented. Of these classes Chlorophyceas was ths
most impofﬁéthgroup both in numbers‘and percent abundance in the
present pond. Tha populatibn displayed a bimodal pattern of fluctua«
tion with October réoording a sﬁall peak of 63,600 units/litre mhigg‘
then'gradualiy decéeas§d and thereafter increassd to reach a maxiTéiz
peak of abundance of 3,98,715 units/lifre in March and persisted till
June. It then fell down to register the minimal peak of 3,040 units/
litre in July during the firSt annual‘cyqle. The population thersaf-
ter increased théir humbers to reéchJa peak again in March recording
24,780 units/litre'witﬁ fhe previogé“mpnth of February recording the

minimum of 6,240 units/litre (Table=V).

When the relative percent abundance of this class was seen in
relation to the others for both the cycles, Chlorophyceas revealed &
maximum of 72.2% abundance in March and the minimum was recorded in
January with only 11.0%, Though July was the minimum count in num=
bers, yet it registered a higher psrcent gBundaﬁce as 38.6% during
the first annual cycle. October of the second cycle recorded the max-
imum with 70.5% abundance though the maximum numbers were in March
which showed only 54.7%. Théfminimum was registered in the month of

February as 10.0% (Fig. 6):"

The class Chlorophyceae constituted the largest number of fam=
ilies and genera. Ten families represented by a total of eightsen
genera were prssent in this class.alone. The family Chlamydomonacease

and its single genus Chlamydomonas recorded s peak of abundance in

March and a minimum in July repressnting 3,75,645 units/litre and
760 units/litre respsctively during the first annual cycle. In the

next cycls a peak was registered in March with 20,020 units/litre



TABLEaY

Sesacnal shundance of phytoplankton, their classes, fanilics, rose
pective 3snera and the tota phytopiankhan nnits/hhn in the
Exporimsntal Pish ponde2,

(A) CHLOROPHYCEAE {C) BACILLARIOPHYCEAL

1« Chlamydomonacans/Chlaaydamonas 28, Haviculaceae

2. Scansdssnacess ‘ 29. Navlcula

3. joanadasmua 30. fruatulia

4. jotinaatous M. Blandlazia

3. Docystaccae 32, FragiZlarisceas/3yoedra
:: W - (D) MYXOPHYCEAL

8¢ 3glanaatrsm 35, Oncillatorisceas

9. Cariastarias 34. iplxulina -

10. Paghyaladen 35. Jagillatoxia

11, Deamidiaceae 36, Chapnldiun

12, Cosmazium 37 fivulariaceas/3iyulazia
13. Claatarium 38, Chrococcacaae

14. 3tauraatzum - 3% Hagissooadia

15. Dictyosphasriaceae/2ickyosphaspiem 40. Logloaghaaxiua

t6. Ulotricaceas 41. Nostocacese
17. Ylgkthrix 42. Anghagna

18, Homidiun 43 aakec

19. Hydrodictyeceas/Podi atrun (£) XANTHOPHYCEAE

20, Volvocsecsee/Pandoring 44, Xanthophyceas/igtrvacosaus
21+ Coslastraceas/Guglaatiui 45. Trihonematacess/Iribonena
22, Protococceceas/Bratacoccus A6e Chlorothieiscese/Ophigcviium
(D) EUGLENDPHYCEAE

23+ Cuglenacess (F) DINOPHYCEAE

24. Juolana 47. Ceratisceae/Caratium

25. fhagus 48, Gymnodiaceas/3ymnodiniim
26+ Iraghalononaa 49. Peridiniacess/2eridinium
27, Peranamacess/Uzcoslus '
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with a minimum in January with 1,620 units/litre. The family Scene-
desmaceae recorded a peak in Ocﬁobervwith 21,900 units/litre and a
minimum in December with 160 units/litre during the first annual
cycle. In the next cycle November reoorded tne maximum with 3,920
units/litre and January as the minimum4with 580 units/litre and was
mhasent in December. Scenedssmaceas was repressnted by two genera

Scenedesmus and Actinastrum. Scenedesmus was more prevalent and con-

stituted a maximum peak in October with 21,900 units/litre which
thereafter fell to 160 units/litre as minimum in December during ths
first cycle. Similarly in the second cycle it was maximum in November

(3,920 units/litre) and minimum with 80 units/litre in January. It

was absent in December. The genus Actinastrum was very infrequent in
their occurrence. Their presence were confined only to the months of
A November, December and March with the latter recording a maximum of
2,394 units/litre and April and May, whileljahuary was the only month
with nearly 500 units/litre during the next cycle. The family Oocys=
taceae recordsd a peak in March with 12,654 units/litre and a minimum
with 120 units/litre in December during the first annual cycle. in
the next cycle Decembsr recordeu ths maximum and february the minimum

with 180 units/litre and 160 units/litre respectively (Table=V).

The family Oocystaceae isas repressnted oy Ankistroge:smus,

Tetraedron, Sglenastrum, Cerasterias and Pachycladon. Ankistrodesmds

was the most abundant and recorded March as the maximal peak with
11,970 units/litre. December of the second cycle recorded the maximal

peak of 1,800 units/litre and was absent from October to Februsry,

June to September during both the cycles. Tetraedron recorded peaks
in August and November with 960. and 520 units/litre during the first

and second cycles. Selenagstrum recorded two peaks one in April and

the other in August,ithe:lattar with 2,880 units/litre as maximum

during the first annual cycle,., The genus was not represented during
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the second cycle. tgriasterias and Pachycladon appeared only once in -*

January and March during the first cycle only and with the exception
of October of ths second cycle which.recordsd 400 units/litre.for

Pachycladon (Tablg=V).

The family Desmidiaceae recorded maximum in March with. 4,218
units/litre and in December wich 2,400 units/litre during the first
and second cyclses respectlvely. May recorded 86 units/litre and Jan=

uary with 120 units/litre as the minimum for both the cycles.

The family Desmidiaceae was represented by three genera

Cosmarium, Closterium and Staurastrum. OF these Closterium and

Staurastrum constituted the major bulk, whersas Cosmarium was recor=

ded only in November_(ao units/litre) thfoughout the entire period
of study. The family Desmidiaceae recorded a maximal peak in March
(4,218 units/litre) that persisted till April and then fell to 8,611
units/litfe in May which was the minimum and was absent in December.
HowBVQr,_duping the second cycle, December registered 2,400 units/
litre as maximum and dropped to f20 units%litre in January as mini-

‘mum, The genera Clostsrium and Staurastrum recorded maximal peaks of

abundance in March and February represaenting 3,192 units/litre and
1,560 units/litre”respgctively during the fPirst annual cyclna. During

the next cycle, the genus Closterium recorded a maximum of 2,400

units/lit:e in Decembar and a minimum of 120 units/litre in January.
staurastrum during the same period showed a maximum in October : (800
units/litre) and 160 units/litre as minimume. The family Dictyosphas=~
riaceae was recorded only in the months of November, April, January
and February. Simi;arly ﬁhe.Family Ulotricaceas was present only in

November, Juns, October and Novpmber during both the cycles.

The family chtyosphaerlaceae represented by only Oicty;

rium was recorded only four times throughout the study perlééi"
B

3,
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recorded 2,180 units/litre as maximum in April and 1,600 units/litre
in January during the first and second cycles besides November of
the first cycle and February of the second cycle when they occhred
with less numbers. Similarly the family Uiotricaceee - represented
by Ulothrix and Hormidium had Septembef and Octobser as the only tuwo
occasions to register their presence. The family Hydrodictyacsas re-
corded peaks of abundance in October with 9,840 units/litre and min-
Jimum in May with B0 units/litre and was absent in June during the
first annual cyclé. In the second cycle October recordsed the maximum
peak with 4,640 units/litre and January with 900 units/litre as the

minimum and was absent in November and Februarye.

The family Volvocaceae was present only on two occasion each
during both the cycles. May recording 4,138 units/litre and Descember
with 1,800 units/litre in the first and second cycles respectively.
Coelastraceae was recorded only in August Qith 960 units/litre and
800 units/litre in January during the first and second cycles respe-
ctively. Finally the family Protococcaceae was recorded in the months
of October for both the cycles with 20,640 units/litre and 480 units/

litre.

Pandorina of the family Volvocaceas, (oslastrum of Coelastra=-

ceae and Protococcus of Protococcaceaes occurred only sporadically

during the study period and formed a meagre population percentags.

The exception was Pandorina and Protococcus which recorded 4,138

units/litre and 20,640 units/litre in May and October of the first
cycle (Table=V).

The next class tuglenophyceae showed a maximum peak of abun-
dance in February recording 1,44,040 units/litre which persisted till

April though in'decreasing order and recorded the minimum in May re-

presenting.only 713 units/litre in the first cycles. During the second

c
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cycle it revealed a steady increase in numbers to touch a maximal
peak in February recording 52,360 units/litre and with Nbvember rec=-
ording a minimum of 1,120 units/litre (Table=V). When fhis class
Eﬁglenophyoeae was seen for their relative percent abundancse in re-
lation to the other classes, a maximum of 64.9% abundance was recor-
ded in January while the peak month of February recorded only 42.3%
which constituted the largest number of individual counts. May rec-
orded 1.8% as minimum during the first cycls. The second cycle foll-

owed a similar trend to their actual numbers (Fig. 6)

The class Euglenophyceae in this pond=2 was constituted by

two families, Euglenaceae represented by Euglena, Phacus and Trache-

lomonas and the family Peranemaceas represented by a single gsnus
UrcOelus, The Famiiy Euglenaceas followed a trend similar to its
class for ihe first cycle. In the second cycle a peak of 50,440
units/litre was fecorded in February and a minimum in November with
1,120 units/litre..The family Peranemaceae and its single genus
Urcoelus recorded a peak in August with 4,320 uhits/litre and a min=
imum of 360 units/litre in October. In thé next cycle February was
ths only month to record fhe presence of the family with 920 units/
litre (Table=V).

The genus Phacus recorded a maximal peak of abundance in Feb~-
ruary with 1,40,600 units/litre and a minimum in'May with only 713
units/litre during the first annual cycie. In the next cycle February
recorded the maximum peak with 47,000 units/litre and a minimum in
November with 1,120 units/litre. The genus Euglena revealed a maximum
density in January and March representing 29,000 units/litre and
14,920 units/litre respectively during both fhe cycles. Nil values

were recorded in May, June, July and August during the first annual

cycle and November of the second cycle. Trachelomgnas occurred only
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iﬁ April with 2,800 units/litre and Jume with 1,800 units/litre dur~
ing the first annual cycle. December of the second cycle was the only

month of its occurrence (800 units/litre) (Table=V).

The next class Bacillariophyceae recorded a maximum density in
October registering 27,80Q units/litre which fell to a minimum aof B86
units/litre in May and recorded nil value- in February during the
first cycle. However, February of the second cycle recorded a maximum
peak with 2,800 units/litre and minimum in October with 400 units/

litre and was absent in November and December (Table=~V).

When this class Bacillariophyceae was analysed for their rela-
tive eercent abundance it followed more or less a similar pattern as
their actual numbers. October and February recorded 22.5% and 4.5% as

maximum during the first and second cycles respectively (Fig. 6).

The class Bacillariophyceas comprised of two families,

Naviculaceae represented by three genera Navicula, frustulia and

Plnnularla and Fragi-lariaceas by a 31ngle genus Synedra. The family
Nav1culaceae recorded peaks of abundance in October and February
representing 27,800 units/litre and 2,800 units/litre respectively
during the first and second cycles. The months of May and January
represented the minimum with 86 units/litre and 660 units/litre dur=-
ing the first and second cycles respectively. The family Fragi laria-
ceae was recorded only once in August with 1,920 units/litre during
the sntire psriod of investigation (Table~V). Navicula constituted

_fhe most dominant genus under this family Naviculaceag. Uctober reg-~
‘fetered the maximal density representing 225 units/litre and February
registered 960 units/litre respectively during the first and second
cycles. Frestugigirecorded maximum in -August and february recording
44440 units/litra and 1,840 units/litre respsctively during both the
cycles. Pinnularia occurred only three times during the entire period

(Table=U).
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The next class Myxophyceas was made up of the second largest
number eof families and genera. It was represented fhroﬁghbut the
period of study with the exception of February. The class recorded
its maximal density in October representing 12,840 units/litre with
another smallar peak.in June recording 10,710 units/litre during the
first annual cycle._During the second cyclse it gradually increased
to touch a maximal peak in Dscembsr recording 14,200'units/litrs and

fell to a minimum of 320 units/litre in March (Table=V),

The class Myxophyceaes in respect of their relative percent
abundance among the other classes, shouwed a maximum of 35.2% in June
whereas the peak month Octobser revealed only 10.4% abundance and the
minimum uas‘in March with only 1.1% during the first cycle. In the
next cycle a maximum and minimum were recorded in November with 48,0%

and February 1.3% respectively (Fig. 6 ).

The class Myxophyceae was comprised of four families and esight
gensra. Of these families and genera, the family Chroococcaceas con=

stituted the largest. Under this family the genus::Coelosphasrium was

more dominant than Merismopedia. The family revealed a psak in Octo-

ber recording 12,740 units/litre and minimum in July with 1,400

units/litre during the first annual cycle. January, Febfuary and

March of the second cycle recorded nil, while the maximum was in Dec=
. N

embeér with 1,800 units/litre represented by only Merismopedia. The

family Oscillatoriaceae recorded a peak in Juns and a minimum in Oct-
~ober representing 3,120 units/litre and 100 units/litre respectively

» during .the first anmual;cyclé. In the 'second cycle February recorded
a maximum of 800 units/litre and-October with 200 'units/litre as min-
imum. The=ﬁamily»Rivulariaceae~mas'present only in May with 252 units/
_1itre and was absent :otherwise. The family Chroococcaceae recorded
psaks of abundance in October . with 12,740 units/litre and October

with 2,160 units/litre during-the first ‘and second cycles. The minimum
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uas recorded in December with 1,600 units/litre and November 1,040
unlts/lltre durlng the Flrst and second: cycles respectlvely. The fam=
ily Nostocaceae recorded a peak in December wlth 1, 800 unlts/lltre

and January as minlmum wlth 400 unlts/lltre and was absent in Dctober,
November, February to Aprll, June, September durlng the first annual
cycle. fn the second cycle'a peak was registered in Dgcember with

12,400 units/litre and recorded absent_in-February and March (Table=V).

The family Nostocaceas was represented by two genera Anabaena

and Nostoc. Anabaena revealed infrequent occurrences during the . first
cycle registering in December 1,800 units/litre and 684 units/litre

in May. Their occurrences wers recorded during the major part oF the
sscond cycle with December recordlng 12,400 unlts/lltre andumne absent.
in February and March. The genus Nost0c was present only once in Jan-
uary recording 400 units/litre and was totally absent durlng the sec-
ond cycle. The Famlly Rlvularlaceae represented by a 31ngle genus
Rlvularla occurred only in May (252 units/litre) throughout the

perlod oF study. The Famlly Dsc1llator1aceae was represented by

three genera Splrullna, Osc1llator1a and Phormldlum. OF these genera,

Phormldlum constltuted the domlnant genus mlth a maX1mum record in

Juns representlng 1,800 unlts/lltre whlch Fell to 320 unlts/lltre in
September as minimum during the Flrst annual cycle. Durlng the second

cycle they were present only ‘in October and»Februaryarecordlngt2000'

énd 800“units/litre_reSpectiver{‘Dsdillatoria\was present ohiy'ih'
June with 1,320 units/Iitre and March (320 Unrts/litrey duringdthe
first ‘and second cycles. The genus Spiruling was rsporded only fﬂ?
September with 720 units/litre {Table=l). )

The class Xanthophyceae was”present only on four occasions
durlng the Flrst cycls and recorded two oeaks of max1mal abundance

ons. ln Dctobar reglstarlng 8 640 unlts/lltre and then a: hlgher peak
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in May recording 8,991 units,litre. During tne s2czend cycle however,
they were well repraesented throughout except “edruazy. -t was obser=
ved that their numbers increased steadily ©ill osaniary revealing a

maximum agensity of 3,200 units/iitre (Tahle~V}.

When the class Xanthophyczae was seen ss a relative percent
abundance in comparison to the other six classes encountered in this
expsrimental pond=2 it followed a trend more or less similar to their
actual numbers with May and January registering maximal percent abu=
ndance of 22.7% and 18.6% during the first and second cycles respec=
tively}‘The minimum percent abundanée were recorded in July (4.6%)

and March (0.8%) during both the cycles (Fige. &..

Thres families were encountered under this classa Tﬁe family

T

Xanthophyceae was represented by Botryccoceusy Tribonematacsae by

Tribonsma ~nd Chlorothiaciacea~ by Ophiocytium, The family Xanthoph-=

yceae with its single genus Botryoceccus during the first annual

cycle and recorded only in Novembsr and May wepresenting 2,200 units/
‘litre and 8,892 units/litre respeciively. In the second cycle it was
recérded only in the month of Decsember with 2,400 units/litre. The
family Tribonemataceae again with ite sihgle genus Tribonema was
absent £hroughout the first annual cynie with the exception of the
monfh of May recording 99.units/litréo In the secend cycle a maximum
of 3,200 units/litre was registered-in Janhafy,and March recorded

the minimum with 360 units/litre and was acsent in December and Feb-

ruary. The family Chlbrothiaciaceae and ite single genus Ophiocytium
recorded a peak of 8,640 units/litre in Octcber and a count of 360
units/litre in July during the fizst annual rycle and in the next

cycle it was totally absent (Table=V).

The last class encountered in this pond was D!nophyceae. It
recorded maximal denéity in March repressntira 2:394 uiits/litre with

a minimum record of 200 units/iitre in January and was atagnt for
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seven monthsg during the first cycle. During the second cycle; January
Tecorded maximum with neariy 1,160 units/litre and also a smaller
peak in Octobsr with nearly T?DDD_units/litrep March recorded minimum
counts representing only 480 unité/litre and was absent during the

other periods (Table=V).

When their relative percent abundance was seen, September
“recorded the maximum with 1.7% abundance, though they wers constitu=
ted by a very low number of individual counts in/compafiéoh to the
peak month of March which pecprdea a bercént abundance ©of only 0.4%
during thé first annual cycle. However, the second cycle Fblldwea a
trend similar to their actual nﬁmbers Qith January recording maximum

with 647% abundance (Fig..6).

The class Dinophyceae was represented by thres families with
one genus each. The family Cer-tiaceae represented by Cefatigﬂ was
the dominant form under this class and had a maximum in Match regog=
ding 2,394 units/litre and was p:esent_ohly in October,; Januaty and
May during the first annual cYcle, In‘ﬁhe next Cycle Januéry recorded
the maximal peak with.1,160vunité/litre and was presént only in Oct=

ober and March. The -ganus mehodiniuﬁ*(Gymhddiniceae) and Peridinium

(Peridiniaceas) registered their hfesenoe only once during both the

8ycles., Gymnedinum occurred in September recording 480 units/litre

and Peridinium in Octobsr representing only 200 units/litrs.

When the total=phytoplankton was observed for its seasonal.
trend oF*Fluctuatioﬁs; irrespective of the'genera present under them
iflrevaaled a spring maxima and winter minima'during both the cycles

(Tablg=V).
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EXPERIMENTAL FISH POND«<3

In this experimsental fish pond=3, the class Ehlordphyceéé was
also the most dominaht,phytoplankton and was constituted by eleven
famiilies represented by twentytwoc genera. In tarms of maximum humbérs
of abundance, November rezorded the marimum (47,853 units/litre) and
January (25,320 units/litre) during the first and second cycles res=-
pectively. The minimum was in January with 3,480 units/litre and

February with 1,280 units/litre during both the cycles (Table-UI).

When the relative percent abﬁndance of this class Chlorophy-
coae was observed it showed in the First cycle a maximum of 79.2% in
November, though the month of May alsc showed a percentage of 79.1%
abundance but were far less in numerical counts. March constituted
76.0% abundance which had a very low count of individuals than the'
peak month of January which shnwed only 39.7% atundance dﬁring the

second. cycle (Fig.®6).

The family Chlamydomonacsae and.Scenedesmaceae recofd&g peaks
of abundance in April and Jahuary -during both cycles resﬁectiveiy.
The former Famiiy recorded 2,240 units/litre and 5,600 units/litre,
while the latter had 4,900 units/litre and 9,600 units/litre respec-
tively during the first and second cycles., The family Chlamydomonaceae
recorded a minimum in Februaryvmifh 40 units/litre and Scenedesmaceas
in January with 300 units/litre during the First annual oyeis. The
minimom record was in the month o® ODctober with 680 units/litre and

320 units/litre faor Chlamydcmonacsae and Scenecesmacezac. respectively

The family Docystaceae recorded peaks of abuﬁdanbé in Auguét'
with S,000 units/litre and in November with 3,600 units/litre during
the first and second cycles respectiVelya It recorded a minimum of
240.unitéZIitre in January aﬁd 40 units/litre in March during both

the cvytles.
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LaBLE=V]

Snwml. abundanac of phytoplankton,
- total phytoplankton

aontal fion

(A) CHLOROPHYCEAE

1+ Chlamydomonaceae/Chlamydomonas

2, Scensdesmnaceas
3. Jgenadasmus
4¢ Agtinastrum
« Oocystaceae
8. Aokighrodesnys
7. Iatzaadeon
8+ Jslanastzun
9« Lariaaterias
10+ Sashvgladen
11+ Desmidiaceae
12. Cosmaziue
13+ Cloataziun
14. Jtauzastzum
5. Deanldiun
16+ Cegidiun
17. Anthzadesnua

18, Dictyssphaeriscese/Dictyogohagriun (o

19, Ulotriesceae/Ulothrix

20. Zygnemataceae/3pigogyra
21. Volvocaceae

22+ Yolvox

23. Fandopine

24, Hydrodictyaceae/Padiagtzun
25. Protococcaceae/Protogocous
26+ Coelastreceas/Coglastrum
(B) EUGLEMOPHYCEAE

27+ Euglenaceae

28+ Ehagua

29. Qualana
30e Paranemaceas/lzgaglus

:ho?r cl

(¢)
31.
32.
33.

es, familiesn, respece
ltn) in the Experie=

BACILLARIGPHYCEAE
tlaviculaceae

frustudia
S ULTEEY

34. tavicula

35.

36
(®)

36,

FragiZlariscess/jynadea

MYXOPHYCEAE
Oacillatoriaceas

37. saizulina
30+ Ehormidium

3%.
40,

fivulariccess/Alyulazia

Chrascoccacaae

41. laxlasopedia
42, Loslosphagrium

434

Noatocacase

44, Aqgbasna

45,

45,
47,
48,

{F)
4%,
50.
5.

Hgstec

) XANTHOPHVYCEAE

Xanthophyceass/294RY0CO0RYS
Tribonomataceae/Igibonama
Chlorothiciacess/lUghigoytium

DINOPHYCEAE

Ceratiaceas/Capatium
Gymnodiaceas/Gymnadinium
Glenediaceas/Glanadiniun
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The Famlly Desmldlaceae recorded peaks of abundance 1n the
.month of November durlng ‘both the oycles representlng 5,000 unlts/
litre and B,ZOG,unlys/lltre.respect;uely.,A mlnlmum record of 240
units/litrs anq'aob Units/1itre were'fegistered:in'sentemberrand
March.during the FirséﬁandrseCOnd'dyclea reenectively.

.

The Famlly Dictyosphasriaceas was recorded: only in the months

of February and March during both the cycles.

lhe Pamilies Uldtricaceae andeygnemataceaa;were also present
only in'the'months of Oetpber and Decemberfduring the entirs period
of study. The family Uolvdeaceae fecorded peaks. of abundance'in:Sep~.
tember recording 2,720 units/litre and a minimum iIn October.ulfhujéD
units/lifre during the first annual cycle. ln the next cycle January;

and March ‘were the dnly'monthswit‘mas recordede.

Tne'Family-Hydrddictyacwae revgaled a naximum;in~Noyenber with
6 400 units/lltre and a minimum in. March with 219 unlts/lltre during
. the Flrst annual cycles In the next cycle November and Dacember rec~
orded-a maximum peak Wlth 10,800 un;ts/lltre and a minimum in March -
with l 120 units/litre. Ths family’Protoboecaceae was recdrded only
in Aprll with 50 unlts/lltre durlng both the Cycles. The Family Coe~
1astraceae in the first cycle, revealed a peak of abundance in Novemv
ber wlthA34,253.units/litre and recorded a minimum in April with 10

units/litre and'wae'tdtally sbsent during the second cycle (Table=VI).

Under the‘Family"ScenedGSmabeae; Scenedesmus gn d Actlnastrum

were PSPrBSBHtSd. Scenedesmus constufufed ‘the seccnd largest rurm

and- recorded maximal- peak in April (6 700 unlts/lltre) and showed nll
values in November and September durlng the first cycle. In the ssc=
ond cycle it occurred only on two occa31ons, January and March (9 600

unlts/lltrel and (1,400 unlts/lltre). The denus Actlnastrum was Tep-

resented very 1nFrequantly in wovember, December and Aprll, WIth
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November beihg the maximum’ (480 units/litre). Sinmilarly during the
second cycle; November, December: and Mazch rescreed their presence,.

with March as the maximum with 1,920 uniis/litre.

The.family Oocystaceae was reprecsantied oy five genera,

Ankistrodesmus, Tetrasdron. Selanasirum, Cerasteries and Pachycladon..

of thése-ganera,'Tatraedrbn"was the dominant genus which revealed a .

peak of abundance in AuéuSt recording nearly 1,000 units/litre and a
minimum of 200 unlts/lltre in December. They were absent in October,
November, January, June "and July during the first cyclse. Durlng the
second cycle, twb’equal peaks of abundances were registered in Nov=-

ember and DecemberAbotH with 3,600 units/litre which wag followed by

a Fall:in March'recording only 40 units/litre and was absent in Feb-.

ruary. The genus Ankistrodesmus occurred more during the first cycls
than that of the sscond cyclee The peak of abundance was in November
recording 720 units/litre which fell to 60 units/litre in ‘April dur=

ing the first cycle. January was the only month to registser their

presence throughout the second cycle. Selgnostrum also had a similar
trend of Fluctuation'with August registering the maximal peak of
2,000 units/litre and a minimum of 140 units/litre in October. During

the second cycle they were totally absent. The genus Cgrastgrias and

Pachzcladon revealed peaks of nearly 1,008:-units/litre in August dur=
ing thgéfifst annual cycle'and-wés totally absent‘during the second

cyble.

The Family'Desmidiéceae was represented by Cosmgpium, ClOStév

riUm; Stadrastfdm; Desmidium,.Docidium-ahd Anthrodesmus. ar thase

genera, Closterlum formed the largest number under this Famlly wlth

November showing the maximal peak of 5,000 unlts/lltrs and a smaller
peak in February with 4,060 units/litre. This fell to a minimum of
40 units/litre in September and was abssnt.in June during the first

annual cycié;'Duﬁfngfthe‘SBCOnd cycle itrsteadily increassed again to
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touch a peak (640 units/litre) in November and then recorded nil
values, only to appear again in March with 160 units/litre. Stauras-
trum also had a similar trend of fluctuation with May recording max-
imum of 1,660 units/litre which declined to 100 unité/litre in July
during the first amnual cycle. However, in the second cycle it reg-
istered two subsequent counts of 1,600 units/litre in November and
December. Cosmarium was present only in October, December, April and
August with the month of December showing a peak of abundance of 920
units/litre and the minimum with 10 units/litre in April. During the
second cycle they were totally abssnt from this system. Ths gensra

Docidium and Amthrodesmus occurred on single occasions in October

and April recording 760 units/litre and 30 units/litre respactively.

The genus Anthrodesmus reappsared again in March recording 240 uynits/
litre during the end of the second cycle; Pandorina was Found'to
occur infrequently and the month of September recorded a maximum with
2,720 units/litre and registered again only in March with 420 units/
litre during both the cycles. Volvox was registered only in October:
and January during the first and’SBCond cycles (Table=VI),

The next class after‘Chlorophyceaa,Was Euglenophyceae which
regi;tered a maximal peak bf abundance in Auqust recording 4,900
units/litre and nil values in November and January. During the\sécond
cycle, however, they wsre prssent therghout the. period with January
and October recording the maximum and minimum abundance mith 11,200

units/litre and 280 units/litre respectively (Table=VI).

When the class Euglenophyceae was sesn in ralation to their
relative parcent abundanne among other classes, the manth of May of
the first cycle recorded 20.9% as maximum though numerically they
constituted a very low count in comparison to the peak month of Aug=

ust which showsd only 13.3%. Similarly the month of December showed

a relative percént abundance of 30,2% while the peak valus recorded
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in January revsaled only 17.6k. The minimum percent abundance was
recorded in December with 0,5% and October with 9.2% during the

first and second cycles respectively (Fige 6)s

Under the class Euglenophyceae two families were represeoted,
Euglsnaceas by the gensra Phacus and Euglena and Peranemaoeae by a
single gehus Urcgelus. Of these geners, Eygleha constituted the major
bulk under this classs The family Euglenaceas recorded maximum peak
of abundance in August with‘4,9DD unite/lftre and a minimum in Decem-~
ber with 200 uhits/lirre durrng the first annual cycle. In the next
cycle, a peak was recorded in January with 11,200 units/litre and a
minimum in October with 280 units/litre. The family Psranemaceas
with ifs single genus Urcoslus recorded peaks of abundance in June
with 3,200 units/litrs and a minimum in February with 200 units/lltre
during the first annual cyclee. In the second cycle two squal peaks
wgre recorded in November and Pecember registering nearly 3,200 units/
litre (Table=VI). The genus Phacus recorded peaks of abundance in
Auguet and January with 2,800 units/litrs and 3,600 units/litre res-
pectively during the first and secondhoyoles, They were &dbsent in
November, January, June and September during the first cycle and in
December and February in the second cycle. Euglena revsaled a peak
in August, reglsterlng 2, 100 units/litre and a minimum in December
with 160 units/litre and was absant in November, January, February,
June ahq~September dorlng the first annual oycle. In tha;next.cycle
a peak was registered-in January with 7;6b0 unite/litre ahdinil in

October (Table=VI).

BecillagiodHYCeaG was the next class found in this experimen-A
tal fish pond whloh showed a max1mal peak of abundance in June recormﬁ
dlng 6 ODD unlts/lltre and February regorded the minimum of 40 unlte/

lltre. It was absent in Dotober, January and May durlng the first

cycle. In the next cycle the/ were present throughout the period of
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investigation. The month.of November reqgistered the maximal peak of
52,880 units/litre which_ﬁhen steadily decreased in number till March
£o record only 60 units/litre as the minimum (Table~VI). When the
class Bacillariophyceae was observed for their relative percent abun=~
dance it followed more or less a similar pettern to their actual num=-
bers. For both the cycles the mgntﬁsoé June and November recorded
13.2% and 60.,5% as maximum and in  Fabruary - (0.2%) and March

0.6% as minimum respactively (Fig. 6).

Bacillariophyceae consisted of two families Naviculaceae rep=

resented by three genera, frustulia, Pinnularia and Navicula and the

family Fragillariaceae by a singlé genus Synedra. The family Navicu-
laceas recoraed peaks of abundance in JuneAwith 6,000 units/litre and
in November with 52,880 units/litre during the first and sscond cy-
cles. A minimum of 50 units/litre was recorded in April and 40 units/
litre in February during bath the cycles respectively. The family
Fragillariaceae was totally absent during the first annual cycle and
recorded theif presence only in December and February of the second
cycles The maximal péék observed in June was constituted solely by
the genus Navigula and so was the case for the pesak of November as

sesn during the first and second cyclaslﬁTable-UI).

Frustulia occurred only .in December, Fabrﬁary and March during
the first cycle with Decsmber recording the maximum of 800 units/litre
In the second cycle, January pecorded the maximal- peak of abundance

with 2,400 units/litre and a minimum of 1,600 units/litre in Decam=-

bery"ThBVgenus Pinnularia occurred once . in both the cycles, in

August and November (Table=VI).

Myxophyceae:was the next class which revealed a peak of abun=-
dance {12,640 units/litre) in December and reccrded nil value in

May. The following month, June then showed a smaller peak with nearly
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10,000 units/litre which decreased the following month to rise again
to register the highest peak in August with 14,000 units/litré during
Athe first annual cycle. During the second cycle they appeared only in
January with 7,600 units/1i£re and March with 1,140 units/litre
(Table-VI). When their relative percent abundance was calculated in
relation to the other six classes encountered in this pondy the class
#evealéd a maximum of 55.4% in September and January with 11.9% dur-
ing the first and second cycles. The relestive percent abundance of
this class Foilomsd a more or less similar patfern as to their actual
numbers during the second cycle (Fige. 6)¢ The class Myxophyceae con-
sisted of four Families, Dscillato;iaceae represented by two genera,

Spirulina and Phormidium; Rivulariaceae by a single genus Rivularia,

Chrooccoceas by two genesra, Marismopedia and Coelosphaerium and fin=

ally Nostocaceas by two genera Anasbzona and MNostoc. Spirulina revea=

led a psak of abundance in Deéember with 10,000 units/iitre and rece~
orded their presence only in October, January, February and August

while the feméining periods thsy were totally absent. Phormidium on

the other hand occurred only in December recording 120 units/litre.
Rivularia occurred in February with 1,040 units/litre and September

with 6,240 units/litre and was absent for the other periods of inves=

tigation. The genera Marismopedia and Coalosphaerium constituted the

ma jor bulk of phytoplankton of this class Myxophycesae. Marismopedia

showsd a peak of abundance in June with 6,000 units/litre and a sma=
ller peak in August with 4,100 units/litre. November recorded a mini=-
mum of 400 units/litre and was absent in December, January; Febfuqry,

i
i

May and Septembef. Coelosphasrium récorded a maximum peak in Septam-

ber with 4,600 uhits/litre and a smaller peak prior to the maximal
peak in ARugust mith 4,300 units/litre and February recorded the mini-
mum of 136'units/litre. Anabaena occurred only in December, January

and Auqust and was absent otherwise, with August recording as the
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maximum with 1,900 units/litrs., Finally Hostoc occurred only in

December with 160 units/litre (Table=Vl),.

Thé class kanthophyceae recorded a maximum peak of abundancs
in August registering 4,300 units/litre and recowded nil values in
April, May and July though the lowest minimal record was in March
with 360 units/litre during the first annual-cycle. During the second
cycls a peak of 6,800 units/litre was obtained in January and recor-'
ded. nil Vaiﬁes in Decsmber and February, and March recorded only 180

units/litre (Table=VI),

When this class was sesn for their relative percent abundanbe,
‘October registefed 13.8% despite being numerically lower than thg
peak caunts of August which revealed anly 11.6% and so was the cass
with Dctober éﬁbwing.1i,6% higher than the maximal peak.ragistered
for the month of January with“nly-1D.6%. Thé minimum was in NoQamber

(1.5%) and March (1.6%) during the first and second bycies (Fige 6)e

The class Xanthophyceae consisted of three families in this

pond., THQ families were Xanthophyceae represented by genus Botmococgus

Tribonémataceae by Tribonema and Chlorothiaciaceae:by Ophiocytiume

Thé Féaiiy Xanﬁhophyceae recorded a peak of maximum-abuhdapcewén Aué-
ust with.a,}do units/iiﬁée'énd recorded a minimum of 360 units/lifre
in March duringxthe first annual cycle..ln the second cycle January
recorded a peak with 3,200 units/litre and a minimum in Mé;bh with

180 units/litre and was absent inﬂDctober, Novembser, December and
Februany._The.FamilyrTriboﬁemataceae was recorded dﬁly once in Octo-
ber with 240 units/litre during the first annual cycle. In the next
cycle a peak of abundance was recorded in January mifh.B,éDD units/
litre and a minimum in Dcfober with 360 units/litre and was absent

in the months of December, February anc March. ihe family Chlorothia«\

ciaceas wav recorded in Septemuer with 1,760 uqits/litre during the



118

first annual cycle and in the next cycle disappeared from the systém
entirelys As sach family had only one genus each, they followed the

similar trends of fluctuation as the family (Table-UI).

The class Dinoph?ceae revealed a peak of abundance in Juns
recording 16,800 units/litre and April recording minimal count of
200 units/litre; They were abgent in May and August during the Fifst
annual cycls. During the second cycle January revealed the maximum
with 10,400 units/litre and October as the minimum with 560 units/

litrs. It was recorded nil in February and March (Table=Vl).

When the relativexperoent abundance was seen, the first annual
cycle followed moré or less a trend similar to their actual numbers.
The peak month revealing 37.2% abundance and April as‘the minimum
with only 1.3%. In the second cycle, however, October showed 18.2%
abundance higher to that of the maximai peak of January which recor-

ded only 16.4%, and the minimum in November with 1.4% (Fig. 6).

The class Dinophydeae consisted of thrse families, Ceratiaceas

represented by Ceratium, Gymnodiaceae by Gymnodinium and Glenodiaceas

by Glenodinium. The family Ceratiaceae revealed peaks of gbundance in

June recording 7,200 units/litre and a minimum in July with 120 units/
litre and was absent in November, May and August during the first
annual cycleses In the nexﬁ cycle, January reporded the ﬁaximum repres-
enting 5,200 units/litre and October with 560 units/litre as ths min-
imum and_was absentbin ODecember, February and March. The family
Gymnodiaceae reﬁealed a peak in Decembser with 6,720 units/litre and

a minimum in July with 840 units/litre during the first annual cycle.
In the second cycle, it was recorded only in December and January
reoording 3,200'unit5/litre and 5,200 units/litre respectively. The
Pamily Glenodiaceas had a peak of abundance in June with 2,400 units/

litre and a miﬁimum in February and July recording 40 units/litre and
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was absent for seven months auring the first annual cycle{'DUring
the:second byclg;.it disappeared entirely, As thesse families had one
genus each, théy,ﬁol;owed a similar trend of fluctuation to that of

the family (Table=Vi).

The t0téi bhyﬁoblankton in this system followed a winter

maxima and  spring, and .autumn_minima {(Table=VI).
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PHYTOPLAMKTON. 3. CIRCULAR PLASTIC POOLS

Phytdpiankfbh encountered in alibﬁhé five circular biastic
pools irreSbégéiﬁé of their fertilization were also constituted of
six classesti= thiorophyceae; Euglenophypéae; Bacillafiophyceaa;

Xanthophyceae, Dinophyceas and Myxophyceas.

CONTROL-POUL : In the control pool the claés Chlorophyoeae was 8N
countered as the most. dominant and was predominantly represented

by two genera Chlamydomonas and‘PediéstrUm. The class Chldrbphyceaé

during the'First annual cyéle recorded a maximum peak of abundance
in September registering 30,440 units/litre and a smaller peak in
March with“27,76ﬁ units/litre and December recorded the minimum with
‘ SBD units/iitre. During the second cycle, October registered a psak
with 14,800 units/litre and a smaller peak in January with 10,100
uhits/litre, while the subséq'ant-month of February recorded a mi=

nimum of 3,240 units/litre. '

When the relatiﬁe percent abundénce of the class was seen in
relation to the other classes it showed a maximum of 69.4% in Ndvé
ember, though individual counts obtained in September was much hig=
her, which recorded only 32.2%. The minimum of 2.8% was recorded in
June, during the first annual cycle. In thae next cycle March revea=
led a maximu&AoF 92,0% while the peak month of Ucttber registered
only 51.0% and the minimum was recordedfin Februafy with 57?2%

abundance (Fig. 7).

The class Chlorophyceae.in this control pOoi was constituted -

by nine families and sixteen gerera. Tho family Chlamvdemonaceas

with its aingle'éguus Chlamydqmohas recdrded:a peak of abundance. in
Sepfembér-reprasenting 29,600 units/litre and a minimum in Decegmber

recording only 60 units/litre and was absent in April and June
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Fige 7 » Shouwing histograms representing the
seasonality of the ralativs percent
sbundance of tha major phytoplanktonie
groups in the Control and Circular
Plastic Poolae.

CP « Ciroular Plastic Pools.
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during the first annual cycle. In the next cycle January and febr-
uary récorded the maximum and minimum with 5,900 units/litre and

390 units/litre respectively and was ‘absent in Neovember and March.

The family Scenedesmaceae was represented by two genera,

Scenedesmus and Actinast}uh, both of which recorded their peaks of

abundance in July, recording 3,360 units/litre and 1,760 units/

litre respectively in the first annual cycle. The genus Scenedesmus

revealed a minimum of 100 units/litre in October and Actinastrum ip

December with only 40 units/litre.during the first annual cycle.. In

the next cycle Scenedesmﬁs recorded a maximum in October with 3,200

units/litre and Actinastrum in December with 400 units/litre. The
former recorded a minimum of 710 units/litre and the latter with

50 units/litre both in March.

The family Cocystaceae,ﬁecorded a peak of abpndance in Novem=
ber with 3,320 units/litre and was absent in fﬁg months of May,
June, August ana September during the first annual cycle, January
of the second:cycle revealed a maximumﬂdensiﬁy of 2,300+uni£s/litre

and was absent in February, The family was represented by ‘four ‘gen=

era,_fgpgggqpqp, Ankistrodesmus, Sele nastrum andTPaohyp;ann.

JTetraedron revealed maximum densities in November and January reco-

rdiﬁg_3,180;units/litre and Z,ZDD'unifs/litre during the first  and
second cycles respectively. The months of December and March recdf-
"ded the minimum with 260 units/litre and 150 units/}itre respecti~-

‘vely., Pachycladon recorded twa equal peaksfinlﬁanhary and November

“with 200 units/litre during the first and se¢ond cycles respecti-

vely and was absent Ffom March to October and December to March

dufing'both'the cycles. Seleanastrum recorded peaks of abundance in
“Aprilwith 1;4809units/lifre-dhd with 1,200 units/litre in October
'dﬁring the first and secodd‘c@élééiréspectively, The months of Dec-

~ember with 20 units/litre .and in March with 660 units/litre revealed
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the minimum counts durirg the first an.second cycles., The genus

Ankistrodesmus was recorded only in the months of October and March

c¢uring the first annual cycle . in the next cyc.e it was present in

March only.

The family Desmidiaceae was represented by the genera

| " Closterium, Staurastrum and Cosmarium. The family revealed’peeks of

abundance in November and October recordlng 2,760 unlts/lltre and
3,000 unlts/lltre during the first and second cycles respectlvely.
The month oF,December registered the minimum with 80 units/lltre

and November with 500 units/litre during both the cycles.

The genus Closterium revealed a peak in November recording

2,100 units/litre and a minimum in December with 20 units/litre and
was absent in february, March, June, July and September durlng the
first annual cycle. In the nevt cycle a maximum of 1, 200 unlts/lltre

_was registered in October and a minimum of 200 unlts/lltre 1n Nouem-

ber and epsent in December. Staurastrum recorded peake of abundaece
in July with 1,760 units/litre and oaﬁober with 1,800 units/litre
during the first and second cycles reseectively. A minimum ef 60
uhite/litre and 300 qnits/litre was recorded in Deeember and Noveme
ber‘dpring eoth the cycles. Cosmarium was recorded only in November
with 180 units/litre and was absent during the rest of the investi?i

gation period of both the cycles. -

. The family Ulotricaceae represented by a single gehws

Phenmidium was recorded only in November with 240 units/litre and

400 units/lifre during the first and second cycles. It was absent -

dQﬁimggthe other months of both the cycles.

The Family'Hydrodictyaceeevwes also represented by a single -

genus Pediastrum. It revealed a maximum of 2,320 units/litre in

February and a minimum of oniy 60 units/litre in December during
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the first annual cycle and was absent in Cctober and August. In the
second cycle January recorded a peak with 1,100 units/litre and Feb-
ruary and March recorded the minimum mlth 300 units/litre and was

absent in October and November.

The family Volvocaceae representad by a single genus Pandorina
was recorded only in September with 4,720 units/litre and in March

with 600 units/litrs.

The family Coelastraceae had a single genus Coelastrum recor-

ded only in Octeber with 720 units/litre and was absent during.the

other manths of both the cycles (Table=VUII).

The class Euglenophyceae recorded g peak of abundance in May
representing 58,240 units/litre and in December with only 100 units/
litre as the minimum during the fir st annual cyele. In the next cy-
cls the months of October anc February recor.ed the maximum and mi=
nimum with 8,400 units/litre and 960 unlts/lltre respectlvely. Theye

were absent in June and March during both the cyeies (Teble-UII).

The relative percent abundance of this class revealed a maxi=-
mum ard minimum in May with 75.9% and in March with 0.6% during the
first annual cycle. In the next cycle December and February recorded

the maximum and minimum with 36.8% and 11.2% respectively (Fig. 7).

The class Euglenophyceae comprlsed of two Famllles, Euglena=
ceae and Peranemaeeae. The Famlly Euglenaceae recorded a peak in May
representlng 57 480 unlts/lltre and a minimum in December repressn~
ting 100 units/litre and was.absent in June during the first annual
cycles. In the second cycle Octoher and February recorded the maximum
and minimum registering 5,300.units/litre,ahd,96G‘units/litre’res-
pectively and was abcent in March. The genus Euglena recorded a max-
imum of £°,920 - units/litre -ir May and .a minimum.with 40 units/litre

in December and was absent in June during the first annual cycle.
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TABLE=VIL
Spasonal abundange of phyteoplankton, their al.uu; familicas,rose
poctive genara and the to phytopimkun {uni ts htn) in the
Control poole.
(A) CHLOROPHYCEAE (C) BACILLARIOPHYCEAE

1+ Chlamydomonacese/Chlanydamenas  23. Naviculaceae
km

24, |
26, Tragi_lariascess/3yngdsa

(D) MYXOMIYCEAE
27, Oselillstoriacease

29,
30.
31« ©
32. Logls
33, Ny

(E) XANTHOPHYCEAE
34, Xanthaphy

;2. Tribonematacea
(F) DIROPHYCEAE

36« Ceratisceas/
37. Gymnodiaceas/.
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In the next cycle October and February recorded the maximum and mi-
nimum represen£ing 2,400 units/litre and 320 units/litre respecti-
vely and was absent in November and March. The genus Ehapus recorded
_éAﬁeak in July with 1,760 units/litre and a minimum in December with
only 60 units/litre during the first annual cycle and was absent in
Jgne. IQ the next cycle the maximum and minimum counts were recor-

ded in October and February representing 3,600 units/litre and 640

pnits/litre respectively and was absent in March. Trachglomonas was
_recorded only in February with 560 units/litre and was absent during

both the cycles.

The Fémily Peranemaceae with a single genus'gggggigg recorded
a- maximum peak of abundance in May recording 760 units/litre and a
minimum in October wifh 100 units/litre and was absent in December,
.february to April, June to September ouring the Firét énnual cycle.
The’nethcycle, October and D:cember recordec the maximum and,miniu
mum repfesenﬁing 2,400 units/litre and 300 units/litré respeétively

and was absent in . February and March (Table~VII).

Théihekf class.Bacillariophyceae recorded peaks of abundancs
in Juiy:ﬁegistering»4,760 qnits/litre and in October with 1,200
uﬁiﬁs/litfe dg§iﬂg tHe first .and second cycleé. The_mohthsioffDecem-
be; with 20 units/litre'and February with 100 unité/litre were reco-
rded as the m@nimum;during thé first and sedond'éyd;esland absent in

November, March, August .and March dufing both the cycles:(Table-UiI).

The relatiya perdent abundance of the class was pebdrdeﬂ maxi-
mum in July with 8,3% and a minimum in May with 0.7% during the first
- annual cycle. In the next cycle the max imum and minimum were recor=

“Hed in Degember and February with 6.3% and 1.2% respectively (Fig.?).

“This. class Bacillariophydeae was comprised of two ﬁahiliéé,

Naviculaceas and Fragillariaééae. The family Naviculapeaé'fépofded
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a.peak in July representing 1,760 units, litre and a minimum of 20
units/litre in Decenber and was absent in the months of November,
March'and August during the first annual cycle} In the.next cycle

a maximum peak of abundance mas-reccrded in Gctober with 1,200 units/
litre and a minimum in‘December with 100 units/litre and was abeent
inm March.'The family Naviculaceae comprised of two genera of which
Navicula recorded a peak in July with 1,760 units/litre and}a mini-
mum-in December with 20 units/litre and was abeenr in October, Nov~
ember, March and August during the first annual cycle. In the next
cycle it was recorded cnly-in November and February._frdstulla was
preeent'only inADctober during the first annual cvcle; In‘the next
cycle 1t recorded a maximum of 1,200 UﬂltS/lltrB in Dctoben and Noy-
ember as the minimum wlth 200 unlts/lltre and was absent in February
and March The Famlly Fraglh\arlaceae-w th a cw'xgle genusg. ynedra

was recorded cnly once- in Apr’l with 440 un1+ /lltre (Table~ UII)

The clasa Myxophyceae comcrlsed of three Famllles and five
genera. It reccrced a peak in March reglsterlng 34 800 unlte/lltre
and a mlnlmum in December mlth 200 unlts/lltre and was absent in
January and Aprll durlng the Flrst annual cycle. In the next cycle
October reccrded the peak wlth 3 800 unlts/lltre and Fabruary as
tha mlnlmum w1th 110 unlts/lltre and was absent 1n November, January

and March (Table UII)

~ When the class Myxophyceae was seen with resbectwto their re-
lative percent abundance it recorded a maximum of 60.3% in October
and 4.6% in-May as the minimum during the first annual cycls. In

the next. cycle October registered 13.2% as the maximum and February-.

as the minimum with only 1.3% (Fig.7 ).

‘=The-?amily Oscillatoriaceae was renresentediby"tmc'genera,~
Phormldlum and Sglrullna. The ~enus Phcrmrdlum was recorded only in
Uctober mlth 100 unlts/lltre and in Nouember wlth 280 unlts/lltre



128
Similarly Spirulina was recorcec only in Fejfuary with 110 units/

iitre. The family Chroococcaceae represented by two genera,

registering 3,520 units/litre and in October with 7,400 units/Titre
during-the first and second cycles. ineir minimum was recorded. in
the months of December representing 2C0 units/litre and 300 units/

litre respectively. The genus [Merismopedia revealed a peak in July

recording 2,240 units/litrs and a minimum in December with 200 units/
litre and was absent from January to June and‘September duringfthef
first annual cycle. In the next cycle it was found only in December

with 300 units/litre. The genus Coelosphaegégm recorded a peak in

June. of 3,000 units/litre and a minimum in February with 640 units/
litre and was absent from November to January, March, April‘and Sep=
tember during the first arnual cycle. Tn - the next cycle it was

recorded only in October with 2,400 units/iitve.

3iThe famiiy Nostocaceae represented by a:single genﬁs Ahaﬁaena
récbfdéd a peak in March registering 34,800 units/litre and a mini=
mum in May wifh 2,560 units/litre and was absent for eleven-mpﬁths

during both the cycleé (Table-UII).

The class Xanthophyceae recorded peaks of abundahce in June
registering 46,000 units/litre and in February with 4,300 units/
litre during the first and second cycles. It recorded minimum counts
in Oétober witﬂ 100 units/flitre and 200 units/litre during both the
firs# and second‘cyciés respectively and was ébseﬁt'?of.éévén months

during both the cycles (Table=VII). .

“When the relative percent abundance of the class Xanthophyceas
was observed, the months of June and February recorded the maximum
with 82.8% and 49.3% respectively during the first and second cyolés.

The minimcn was seen in March with -0.2% and again in March with 4.8%

durihg both the cycles (Fige 7).
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The family Xanthophyceae represented by a single genus

Botryoceecus recorded a maximum peak of abundarce in June with

469800 units/litre and a minimum.in,Dctober'repﬁesenting 100 units/
litre . and was abSent ib fheAﬁenths of beeember; Cenleny, July, end"
August duringthe?i:stqannual cycle. In %he seccnd crcle February

recerded the.ﬁaximal peak with.d,BOd units/litre and the.minimum in
Mareh with 200 units/litre and was absent in Oetbber, Decembsr and~
Jenuary.vThe family Tribonemataceae with a eingie genus Tribonema

was.:recorded in March and April and was absent during the’ remalnlng

period’ of both the cycles (Table UII)

The ciass Dinophyceae was sporadically represented. It recor=-
ded a maximum in November with 500 units/litre and a minimum in Jan=-
uary with 100 uynits/litre gnd in‘May with édD units/litre and was
absent in the other months during the FuTSE annual cycle.'lnlthe
next. cycle November recorded ©.400 units/litre as the maxibbb and
Merchkfhe minimum.wibh 110 units/litre and was absent in December

and February (Table=VII).

‘When the relative percent of the class was observed it recor=
ded a maximum percent abundance in the months of Juhe'end'Feerarf
recording 82.8% and 49.3% respectivelyﬂduring the first and second
cycless The minimum was recorded ln March with 0. 27 and mrth 4a 87

in the first and second cycles (Flg. 7)

The family Ceratiaceae and its single genus Ceratium was rec-
orded in November and January with 340 units/litre and 100'unite/
litrevend was absent ofherwise, during the first annual cycle. In
the next cycle. November registerad 1, 4OG'unit3/iitrejehd‘March with
110~ unlte/lltre and was absent in October., December and January.

The Famlly Gymnodlaoeae with its singie genus uymnodlnlum was pra=-

sent only rn Nevember with 1o01un1ts/lltre anb~May‘w1th 240.un1ts/ -
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litre. During the second cycle October was the only month to record

their presence with 800 units/litre.

Whan the total phytoplankton was observed Tor i1ts seasonal
trend of fluctuation irrespective of the genera presant under them,

it revealed a summer maxima and winter minima (Tabie-VII).
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CIRCULAR PLASTIC POOL=1

£

The most dominaét class of Phytoplankton encountered in this
pool=T was also Chlorophyggae. It had a small peak in Cctober, then
régistered a gradual Fali’thg following month and increased again to
touch a maximal peak in Mérch recording 72,360 units/litre and théreu
after récorded the miﬁimal in June representing 180 units/litre dur-
.ing the first annual cyclé. In the next cycle thecindividual counts
were more or less predominantly-on éhe highér side with December re-

cording 30,720 units/litre as maximum (Table=VIII).

When the class Chlorophyceae was anaLysea for théir relative
percent abuédahce, during the first annual Cyoge;vootober recorded a
maximum of B7.4% while the peak month recorded anly 85,3% and a min-
imum was obserQed in June represenfinm 13.7%. During the second cycle
February reéorded the maximum with 87.2% while the peak month revea-
led only 7448% and the minimum was in January recording 46.2% abun-

dance (Fige 7).

The class Chlorophyceae in this pool-1 was represented by ten

families.comprising of fifteen genera. The family Chlamydomonaceas

represehted by é singlé genus Chlamydomonas revealed a peak of abun=.
dance in May and February recording 13,040 units/litre and 5;600
unit;/litré during the first and second cycles, The minihum was rec=
ordéd in Juns representihg.100 units/litras and March with 2,520
unité/litre'during ﬁhe first and second cycles., The family Scenedes-
.maceaé.bonsfituted the most dominant form in terms of abundance and
.churrence in relétion to all the other ?amilies. Two genera were

represented under this family, Scensdesmus and Actinastrum and in

particular Scenedesmus conéﬁituted the major bulk. The family Scsne=
desmaceae recorded peaks of abundance in March representing 67,560

vunits/litre énd a minimum in January with 480 units/litre and was
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Ssasonal abundance of phytaoplankton their classes

TASLE=V11L

famill »

paspactive genara and the totsl phytoplankton (unita/litre
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absent in December, June and July durlng the first annual cycle. The
months of December and'March'dUring the,second cycle recorded maximum

and minimum with 23,700 units/litre and 2,500 units/litre respectively.

The genus Scenedesmus recorded a maximum in March representing
66,650 units/litre and a minimum with 480 units/litre in January dur-
ing the first annual cycle. In the next cycle a peak was registered
in December with 23,700 units/litre and a minimum in March with 2,500

units/litre. Actinastrum recorded a peak in March with 960 units/

litre and a minimum in September with 200 units/litres In the next,
cycls November was the only month to record its'presence representing

2,400 units/litres

The Family Oocystaceae was represented by three genera

Ankistrodesmus, Tetraedron and Selgnestrum and revealed maxima and

minima in Maykand June recording 3,520 units/litre and 60 units/litre
and tecorded nil values in January and April during the. first arnual.
cycle. October and January of the second cycle showed maximal and mi=
nimal counts representlng 4, 400 unlts/lltre end 300 unlts/lltre ress="

pectlvely. The genus Anklstrodesmus recorded peaks DF abundance 1n

October with 1 , 960 unlts/lltre and in March w1th 3,500 unlts/lltre
durlng the first and second cycles. The months cF March wlth 520
unlts/lltre and December also wlth 520 unlts/lltre recorded the mini~

mum For both the cycles. Tetraedron recorded maximum and minimum in

December with 3, 200 unlts/lltre and June wlth 60 unlts/lltre durlng
the Flrst annual cycle. In the next cycle October reglstered maximum -
wlth 2, 200 unlts/lltre and a minimum in December with 240 units/litre

in February" andaﬁarch;xSelenestrum_was~reccrded only in October,

Marchy July]and>September:during”tpezﬁirstmannual“cycle; The month of
July- registered the max imum with 2,400 units/litre. In: the next cycle’
December te~orded 560 units/litre and Februery‘mith*am«unlts/iitre .

and was ‘absent in October, January and March. -
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The family Desmidiaceae recorded a peak maxima in May with
2,450 units/litre and recorded nil values in January, February and
April during the first annual cycle. They were however present thro=-
Jghout the second oyole with maxima'and minima in October and Febru-
ary representlng 3,800 unlts/lltre and 80 units/litre respectlvely.

The genera represented under thls family were Closterium, Staurastrum,

CoSmarium'and Desmidium. Of these, Closterium and Staurastrum solely
oonstftuted.the peaks of ooth the cycles, while Cosmarium and |
Desmldlum occurred only once throughout the period of study. The

genus Closterlum revealed a maximum of 1,640 unlts/lltre in May and

a mlnlmum of 20 unlts/lltre in June during the Flrst annual oyole.
In the next oyole the maximum and minimum were recorded in October

wlth 1 400 unlts/lltre and 80 unlts/lltre in February. Staurastrum

reoorded max1mum in 3uly and October reglst 1ng 1 80D units/litre
and 2 400 nlts/lltre durlng the first and second cycles respeotlvely.
The Famlly Ulotrlohaeoeae represented by Ulothrlx ocourred once sach
for both the cycles reoord;ng 1,280 units/litre in May and 40 units/

litre in January,

The family Uolvooaoeae was represented by Eagggggga and showed
a maximum in Aoril and minimum in August representing 2;350 units/li-
tre and SDG units/litre respectively. It occurred only once durino
the second cycle in Deoember with 520 units/litre. The family Hydro:

dictyaceae with a single genus Pediastrum, however, ooourred more

abundantly and was recorded as maximum in May wlth 4,895 units/litre
and was absent in December, January, February and June during thev
first annual cycle. During the next cycle February recorded maximum

with 8,200 units/litre and minimum in January with only 280 units/

‘litre. The family Micratiniaceae represented by a single genus

Micratinium was present only once in May (44C units/litre) throughout
the period of study. Similarly the family Coelastraceae represented

by Coelastrum was present only in October (800 units/litre)(Table=VIII).
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The next classiEuglenophyceée.showed maximum in November with
a record of 4,260 units/litre’ and a minimum in June reﬁresenting only
90 uﬁits/litré and was absent in February during the first annual
cyclg. October and Febfuary'of the second cycle was recorded as max-
imum and minimum represénting 9,000 units/litre and 120 units/litrs

respectively (Table-VIII).

s When the class Euglenophyceas was séen as to their relative
.pefcent abundancs in relation td the Other‘ciasses encountered in |
%this pool=1 it showed 39.4% as haximum in January while the peak’
-moﬁth recorded 0nly118.1% and the minimum was recorded in March with
" anly j.S%, while the minimum individual counts'reoorded*in»June
showed 6.8% abundance during the first annual cycle. Howsver in the
second>cyqle'their relative parcént abundance followed a trsnd simi-

lar to their actual numbers (Fig. 7 ).

The class was constituted by two Famflies Euglénaceae and
Peranemaceae. The family Euglenaceae recorded peaks of abundancs in
Noverber and October representing 6,100 units/litre and 9,000 units/
litre during the first and second cycles. The months of June and Dec=-
ember necarded a minimum witﬁ 90 units/litre and 480 units/litre in
both thé cycles respectively. Euglenacaae was repressented by two do-
minant genera Egglena'and PhaCus whiéh4shbwéd peags of. abundances in
Uctober and November recording 2,700 uﬁits/litre and 3,580 units/
litre respectively and was absent in February and June during the
first aﬁnual.cycle. In the next cycle Euglena recorded maximum in
January with 3,300 Qnits/litré while Phagus in October recordsd
6,800'units/litpe. The family Péranémaceae rgpresented by Urcoelus
recorded a maximum in July with 800 units/litre and a minimum in
‘November with 160 units/litre and was ahsent in December to June and

August dur®ng the first annual cycles In the next cycle Februéry and
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March recorded 120 units/litre and 280 units/litre and was absent

during the remaining periods (Table-VIII).

The next class Bacillariophyceae reccrded maximum in February
with 3,600 units/litre and minimum in March with 36C units/litre and
recorded nil In January, April, June énd August of the first annual
cycle. November recorded 680 Qﬁits/litre'as maxima and January Gith
200 units/litre as the minima and was absent in October, December

and February during the second cycle (Table-VITIIj.

When the relative percent abundance of this class Bacillario-
phyceas was seen in relation to the other classes it followed a trend

‘more or less similar to their actuals' numbers (Fig. 7).

This class was represented by two families Naviculaceae and
Tabellariaceas. The former family was represented by two genera

Navigcula and fFrustuliage. Navicu.a was recorded in October, November,

December, March, May, July and September. The month of May as the
maximum Tecord with 1,040 units/litre was during the first annual
cvclea Tn the next cycle, November represented the maxima with 680
Aunitsflitre and January as the minimpm'with 200 units/litre and was
absent in December and February. Frustulia was present only in the
months of November, July and September and in the second Cycle'recor;
ded their praesence only in Novemﬁer, The family Tabellariaceas rep¥

resented by a single genus Tabellaria occurred only once throughout

the entire period of study recording 3,600 units/litre in February

{Table=VIII).

The next class Myxophyceae recorded a maximum peak of abund-
ance in March and a smaller peak in July registering 10,840 units/
litre and 5,600 units/17tre -espectjvely and was absent in January

and April ‘iring the first ann al cycle. The r inths of December and
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March recorded maxima and minima registering 9,860 units/litre and

240 units/litre respectively during the sacond cycle (Table=VIII).

When the class Myxophycsae was seen.in respect to their rela-
tive percent abundance, June recorded the maximum with 77.2% end the
minimum in October withonly 0.6% during the first ahndal cycle. The
next cycle revealed January as haximum with 28,.,6% dnd March with

only 1.4% as the minimum (Fige 7 )

The clase Myxcphyceae-ccmprised of four families; Oscillato-

riaceae represented by genera Oscillatoria, Phormidium and Spirulina.

It vas ObserVEd that these genera were very insiQniFicanle'repres_

Aented, except for the genus Dscrllatorla which recorded 1, BDD units/

_11tre in Octcber and was absent during the other perlods. The next
Famlly Rlvularlaceae represented by a sinogle genus Rlvularla occurred
only once in June throughout ths period of stndy. The genus Spirulina
- occurrsd durlng the month. of November (300 units/litre)Aehd March
-(480 unlts/lltre) during the first annual cycle. In the next cycle
:lt occurred in December with 940 units/litre and January Qith 60
unlts/lltre. The Famlly Chrcoccocaceae revealed peaks of abundance

in July recording 2,800 units/litre and January 2,600 units/litre
during the first and second cycles. They were recorded absent in
-Nbvember; December, January and April during the first cycle and
October, November and March during the second cycle. The genera under

this Famiiy were Merismopedia, Coelosphasrium and Polycistis. OF

these genera, Merismopedia and Coslosphaerium constituted the major

bul& of individuai forms while Polycistiéicccurred only once in Feb=

ruary and was ﬁcﬁaily-abeent during the remaining periods.

The next family NOStOCBCBaB recorded maximum 1n March and in

December reglsterlng 9 BDO unlts/lrtre ana 1,600 units/litre durlng
: L

the first andxsecond cycles anc¢ recorded tne m-nimum in February
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(50 units/litfe) and March.with 240 units/litre and was absent for
eight months during both tﬁe cyCle; Tmo genera uwere represented under
this Family; The genus,Nﬁstoc occurred only in Movember and was ent-
irely absent during the remaining periods; The genus ﬁﬂggggﬂg_régisf
tered a maximum in March aﬂd‘ﬁinimum in,Febeary recording .9,800
units/litre and S50 units/litre and was present for five months dur-
ing the first cycles In the next Cycle'it récorded a peak of 7,600
units/litre in December and a 6iﬁimum.in March with only 240 units/

litre and was absent in October (Table=VIII).

] The next class Xanthophyceae recorded two peaks of abundance
in February and a smaller peak in May representing respectively },BDD
units/ifﬁfe and 3,280 units/litre. April recorded a minimum with only
'640 uﬁits/litre and was ébsent in October, December, January, March,
Juﬁé, ﬁbﬁ&gf Eﬁd.éeptEﬁber during the first cycle. During the-secénd
fcyéle'ﬁhey were absent from OctoberAto December and reappeared in
January ta record a maximum of 1,700 units/litre, which thereafter
Vgrédually decreased to touch a miniﬁum of 940 units/litre in March

“(Table=VITI).

When the class Xanthophyceae was seen in relation to their
relative percent abundance it followed a more or less similar trend

to their actual numbers {Fig. 7).

The class was represented by three families with one genus
each. The family Xanthophyceae represenfed-by a genus Botryococgus,
Tecorded the maximum in Fébruary registering 3,800.uhits/litre and
January with 1,700 units/litre during the first and second cycles
and was present only for six months dqring_botg the cycless The
family Tribanemataceae with a Single>genuémffibonema‘mas recarded
in April‘with'6&0 units/litre and February with 320 units/litre

during the First and second cycles fespectively and was absent
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during the other months. The family Chlorothiciaceae with a single

genus Ophiocytium was recorded only in November registering 1,400

units/litre (Table=VIII).

_ The cléss Dinophyceae recorded peaks of abundance in Decehber
and March with 200 units/litre and 4,000 units/litre respectively
during the Firét énd second cycles. The months of June with 30 units/
_litpe and February with 960 units/litre were.the’only months to re-
cord its presence. The relative percent abundance of this class fol-

lowsd a trend more or less similar to their actual numbers (Fig.¥).

‘The class Dinophyceas in this pool was represented by a single
family with a single genus, Ceratium and recorded their maxima and
minima similar to the family in both the cycles. When the total phy-
“ﬂoplankton was ogserved for their seasonél trend of fluctuation it

revealed a winter and spring m-xima and summer minima (Table=VIII).
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CIRCULAR PLASTIC POOL..2

The most deminant phytoplankton in this pool=2 sncountered
was also Chloropﬁyceae. It was observed that lay anrd February of the
first annuél cycle fecordéd the maximal peak and minimum record rep-
resenting 1,711,280 units/litre and 141 units/litre respectively, In
the next cycle March and Decsmber recorded maximum and minimum #&th

59,520 units/litre and 680 units/litre respectively (Table=IX). .

IWhén the class Chlorophyceae was seen in relation to their
relative percent abundance it revealed a maximum percent abundance
in-May and a minimum in January constituting 85.7% and dnly 8.3%
during the First annual cycle. The months of October and December
recorded maximal and minimal percent abundance registering 71.8% and
14.,7% in the second cvole (Fig. 7). Chlorophyceas in this pool=2 was
represented by seven families -nd thirtean ge era. The family Chla=

mydomonaceas comprised of a single genus Chlamydomonas, revealed -

peaks of abundance in May and March representing 38;63D and 15,680
units/litre during the first and second cycles., The:miniﬁum counts
mare‘récorded in February with only 24 units/litfé-ana?was absent in
April duringfthe first annual cycle. In the next éyclé December rec=

orded 200 units/litre as the minimum.

' The'family Scenedesmaceas. was represented by Scenedesmuys and

Actinastrum and- revealed peaks in May and March representing 79,920

units/litre and 29,760 units/litre, while their minimum counts wére
seen in February and December:recording 66 units/litre-.and 480 gnits/

litre respectively during the first and second cycle. The genus"

Scenadesmus constituted the major bulk of individual counts while

Aéﬁigggttdm was infrequently represented throughout the period of

studye Scenedesmus recorded peaks of abunoance in May with 79,600

units/litre and in March with 29,760 units/litre during the First
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TABLE=1X

Seasonal sbundance of phytaoplankton, their cl Pamiligs
respegtive genera and uh: total phyteplankton mi:.a/utu 1n

the Circular Plastic Poole2,

{(A) CHLOROPHYCEAE

{C) BACILLARIOPHYCEAE

1. Chlamydomonaceas/Chlgmydomonas 22. "avisulaceae

2. Sceancdesmacesas

3. Zganedasays

4. Astinaetnum

5. lUopystacease

6. Ankistrodasaus

7. Iakzagdeon

8. 3glanastrum

9. Baghveladen

10, Jesmidiaceas

1. Slastexiun

12. Cosmarium

13, Staurastrun
14, uUlotricacess/Hopmidium
15. Velvocaceas/Pandorina
16. Hydrodictyacese/Eadigstrum

(8) CURLENOPHYCEAL

17. Cuglenaceas
18, fuglana

19. Bhacus
20, Paranemaceae/Urcaslus

23. Javdcula

24. [puatulla

25. Fragilleriasceas/3yngdra
26+ Coseinodiscaceas/Cyglotalla

(0) MYXOPHYCEAE

27. Uscillatoriacese
28, Phomidiun

29, 3plauling

30. Chroococcacsas
31. dazismopadia
32. Goglosphaarium
33, Hoastocaceae

34. Hagstos

35. Anghaana

(E) XANTHOPHYCEAE

36, Xanthophyceas/Bgtrvococcus
37. Tribonemataceas/Ipibanama
38

(F) DINGPHYCEARE

38, Coratiacess/Cozatium

39, Gymnodiacese/Gymnodinium
40, Peridiniacese/Paridinium
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and second cycles. The months of February registered 66 units/litre

and“Decenber with 48C units/litre as the minimum during both the cy-

cleso The genus Actinastrum was present oniy in Lne months of Decem-
”bern May and September during the first annua' CYuLG: In the next
nycle NUV@WDGL recorded the maximum representlng 3 040 unlts/lltre“
and the meanum iri January with 280 unlts/lltre and was absent in
0ctober, Decembsr and M rchoe The famlly Occystaceae represented by

Anklstrodesmus, Tetraeoron, Selenastrum and Dachycladon and revaaled

peaks of abundance in May and November repreeentlng 6, 320 unlts/lltre
and 3,360 unlts/llfre respecti uely durlng the Flrst and second cyclses.
March recorded minimum mltn only 200 units/litre and was absent in
Februafy‘and qeptember during the'Plrst annual cycle. In the next
cycle October recorded a mlnlmum DF 143 unlts/lltre and was absent in

December. Anklstrodesmus,recorded_neaxs in August and March represafts

ting 4,400 units/litre andVT.ZUD.unite/litre cduring the first ‘and -
second cycles reSDectiVely, Teiraedron showed two peaks, in December
with 1,480 unlts/lltre and.Mdy with 1,560 units/litre during the

first cycle. In November it ‘was 2,24D-units/litre in -the next cyclee
Sglenastrum was represented only in the first -annual cycle with May

recording a maximum of 3,64D‘unite/litfen Pachycladon was recorded

only-im:July throughout the period of study. The next family Desmi=

diacéae7repfesentedibw_three.genera, Closterium, Staurastrum and

g_"_sma*ri'um;re‘vealed- maximum feaks in April with 13,800 undts/litre-

and mJnlmum In-July with 72 units/litre and wers seen absent in Febw
ruary and AuQust.during the first annual cycle., November of tHe next
cycle revealed a maximum of 4,480 units/litre and was-absentfin Dec=-"

embero The .ganeta - Closterlum and St aurastrum showed -peaks aof ebunda

ance ;n\Aprllﬁrecbrdlng,9,600 and 4,2QO unlts/lltre’reSpectlvely“ 2
ddringﬂthe Pirsit arnual ‘cvcle and similarlv March of “the secénd cycle
recorded mrximal peaks for .botk genere representing 2,880 and 1,280
units/litre. The. month of November was the only .month to record ths °

{



143

Qccurrenca 0F Cosmarigm and so was the case with the family Ulototri-
caceae represented by ﬂgrm;diuma The.Family Volvocaceas represented
by Pandeorina revealed a peak in May with 2,320 units/litre and mini-
mum ih July with 48 units/litre but was entirely absent duging the

second cycle. The last family under this class Chlorophyceae was

Hydfodibtyaéeae and was also constituted by a single genus Pediastrum
and;wés weil repressented in both the cycles. The month of May recor=
‘ded the maximal peak of abundance registering 40,960 units/litre and
a minimum in February with 51 units[litre and was absent in Juns,
July and September during the first annual cycle. In the next cycle
Mérch recorded 7,680 units as maximum and January with 1,005 units/

litrs as minimum and was absent in December (Table=IX).

Euglehophyceae as the next class in this pool=2 recorded max-
ima and minima in May and February repressenting 24,040 units/litrs
ahd 42 units/litre in the first annual cycle. In fhe next cycle Feb=
fuafy and December revsaled maximal ana minimal counts recording

29,000 units/litre and 1,460 units/litre respectively (Table=IX).

When this class was seen for their relative bercent abundancé
in relation td the bthér classes, January recorded a maximum with
87.7% and July as the minimum with 4.4% abundahce in the first cycle.
The next cycle; maxima and minima were observed in February with

63.8% and January with 19.6% (Fige.. 7).

The class coﬁsists of two families, Euglsnaceas and Psrangma=-
ceas. The family Euglenaceas récorded peaks of abundance in the
months of May with 22,920 upits/litre and ‘in February with 29,000
units/litre during the first and second cycies and its minimum counts
were recorded in February and December repreéénfihg 42 units/litre
and 1,460 units/litre respéctively dUringtthe Firat~aﬁd.8960nd-cycles,

The family Peranemacsae was prééent only during the”%ifst annual
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cycle with the months of May recording the ﬁaximum peak representing
1,120 units/litre and a minimum with 66 units/litre in July. Euglena
had a peak in May with 22,600 units/litre and March with 12,480 units/
litre in tﬁe first énd'secbnd cycléé and was ébsent'in Mar;h;.June
and Septembgsr during the first Cycle._EQgggg except for its absence
in September was well repressnted with April recording 12,200 units/ -
Litre as maximum and February as minimum with.only_15 units/litre

during the  first annual cycle. Fébruary and December in the second

cycle represanted the maximum and minimum with 18,400 and 280‘uhits/

litre. Trachelomonas was present only on two occasiens during the
‘Pirst annual cycle registering 5,280 units/litre in September and in
December with 800 units/litre. In the next cycle only December  and

January‘shomed their presencs (Table=IX).

The next. class Bacillariophybeae was predominantly represented
during the first annual cycle with September as .the maximum recording
. 74840 units/liﬁre and minimum in February with 63 units/litre énd was

absgnt in Juna. During'the second cycle, Februéry”énd"MarCh"mefé_thg_

only occasions to register their presence (Table=IX).

When the relative perqént abgndanqe gF this(claés Bacillario=
phyceae was -sgen ih_reléfion to the other qlasses, the month- of July
.reqorded-the'maximum percent abundahce with 49.4% énd the minimum
with 0.2% in May during the first annual cycle.TIn'the.néxt cycls

March and February recorded 2.6% and 1.4% abundéhce'(Fig. 7).

The class Bacillariophyceae was COmprlsed of three families,
Navicqlaceae! Fragi- larlaceae and. 80301nodlscaceae. The family Navi=-
culaceae recurdsd peake OF “maxTinum sLuldaiice im b-eptgmbar wethy T 4840
leUSfllt¢B and March with. 2,240 unlts/lltre durlng the first and
second cycle. -The month Df February wltn 63 Uﬂle/lltre and 640 units/

lltrg reoo;ded the mlnlmum dUr;ng the Flrst and second cycles
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respectively and was absent in June during the first annual cyclej
and in October to January during the second cycle;_The family Fragi=
ariaceas with a single genus Synedra was recorded only durlng the
Flrst annual cycle in the months of Dctooer with 840 unlts/lltre and
December wlth 1,280 unlts/lltree The family Coacrnodlscaceae repres-

,ented by Cyclotella was recorded only in July with 2 240 unlts/lltre

and was absent durlng the other months of both the cycles.

The family Naviculaceae was represented byttwo gensra ofa
which Navicula constituted the dominant form, with peaks of abundmpe_
in Seprember recording 3,680 units/litre and a sme;leripeak,in Dec:
ember with 1,400 units/litre. Minimum counts were in February4@i§h
cnly 63 units/lirre and was absent in March,vMay, June and July dur=-
ing rhe»Fireb annuel'cycle.lln the next cycle March and February re=
corded 2 240 units/lltre and 320 unlts/lltre respectlvely\ Frustulla
recorded September as the maximum wlth 4,160 unlts/lltre and was: -
present only in Dgcember, March and Maye. February was the enly ogca-

_gion to record their occurrence during the second cycle (Table?ix).

Tbe‘next-class Myxophyceae recorded peaks af abundance in'
Septemhbsr representlng 14,680 unlts/lltre and a mlnlmum count oF 111
‘units/litre in February and was absent in July durlng the Frrst ann-
ual cycle. Durlng the second cycle November had 3 psak of 4 32D'unrts/
Alltre and a minimum of 360 unlts/lltre in December and was absent 1n

October and January (Table-IX)

The olass-Myxopbyceae revealednpeak yoF relatlve percent abUn—
dance ip February recording 30, 07 and a minimum oF 1.5% in April
during thE‘FlrSt annual cycle. In the next cycle the maximum and
minimum relative percent abundance were observed in November with"r

11,8% and"March with only 2.9% (Fig. 7;.
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The class was represented by'fhree families with Sik genera.
Under the family Nostocaceae, Anabasna occurred in abundance both in
terme of counts and in their occurrence. September recorded a peak
of B,UdD units/litre and a minimum of 24 unifs/litre in February and
was absent from October to January, July and August during the first
annual cycle; November, Dacember and January wsre the only months
during the second cycle to register their presence in the system with

November recording 960 units/litre as maximum and January 260 units/

-Litre as the minimum counts.

The family Chroococaceae was represented by Coelosphasrium

.which recorded a peak of 7,600 units/litre in August amd with orly

87 units/litre in February and was absent during the major part of
investigation. During the second cycle January was the only month

in which 4t .occurred. Merismopedia also recorded a peak in November

with 1,280 units/litre and March with 2,560 units/litre during the
first and second cycles and was present only ianoVember,>Decembem,
March of the first cycle and January and March in the second cycils.

The Family4DSCillatDriaceée had two genara. Phormidium revealed a

maximum in December with 680 units/litre and Spirulina in November

with 3,360 units/litre during both the cycles (Table=IX).

The next class Xanthophyceas was very insigniFibantly rTepregs=-

" ented except for ﬁhevpeék recorded in Decembser with 1,240 units/litre

and a minimum in ‘February With 12 units/litre during the first annual

tycle. In the next oyClBﬁBanUaryfénd February were théfnnly months to

~record their presence. (Table=IX).

The class revealed a maximum of 7.7% relative abundance in

March and a minimum of ‘0,9% in April during the first cycle. The

next cycle recorded 2,7% and 1.2% in Jahuary and February as the

s

maximum and minimum (Fig, 7).
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Two genera, Botryococcus and Tribonesma were represented under

this class. Botryocaccus was present in December (1,240 units/litre)

and in January (260 units/litre) during the first and second cycles
respectively. Tribonema had a peak in April (360 UHits/litre) and a
minimum in February (12 units/litre) during the first cycle. In the

second cycle it 'was recorded only in february (Table=IX).

The class Dinophyceae occured very sporadically. Septémber and
December recorded 10,560 and 20 units/litre as ma*imum and minimum
respectively during the first cycle..In the next cycle October rec=
orded a minimum (280 upits/litre) and a maximum in December (2,120
ynits/litre) dnd was absent in February and March (Table-IX)5 The
class revealed a maximum relative percent abundance in September
with 19.4% and a minimum in-December with only 0.1% during the first
cycle, Deoembérlof the second cycle recorded maxima with 45,9% and a
minima in October with 1.5% (Hig; 7); The class was represented by
three families with one genus each{ Ceratium, Gyﬁnodinium and Peri=-
dinium. The genus Ceratium (Ceratiaceae) Dccured'Very sparsely and
recorded a maximum in Seﬁtember (5,280 units/litre) and a minimum
in December (20 units/litre) durihg the first cyclee. In the next cy-
cle a peak was recorded in December (1,680 units/litre) and a'mini-

mum in November (960 units/litre). The genus Gymnodinium (Gymnodia=-

ceae) was recorded in August (5,600 units/litre)-ahd September
(5,280 units/litre) during the first annual cyclee In‘the next cycle,
Nbvember recorded a peak (960'unit$/litre) and a minimum in January

(160 units/litre). The genus Pgridinium (Peridiniaceas) was recorded

only in October (280 units/litrs) dufing the entire period of study.

When the total phyﬁoplankton was seen for its ssasonal trsnd
of fluctuation it revealed a summer maxima and spring minima

(Table=IX).
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CIRCULAR PLASTIC POGL<3

The class Chlorophyceas was encountsred as the most dominang
Fapm in this pooi. It.recordedbpeaks of abundance in May regis-
“aning 4,39,640 units/litre and in January with 60,040 units/litre
Tgning the First and second cycles. The months of August and Dscember

recorded the minimum representing 4,355 units/litre and 1,080 units/

litre respectively during the first and second cycles (Table=X).

The class Chlorophyceae recorded relative percent abundancs,
maximum in -April with 96.1% and in January with 89% during the first:
and second cycles. The minimum was registered in December and Febru=

ary representing 52.7% and 51.6% respectively (Fig. 7).

The family Chlamydomonaceae represented by a singls gequ

Chlamydomonas recorded peaks of abundance both in the months of Oct«-

ober with 38,800 units/litre and 30,400 units/litre during the first
and second cycles« The months of Auqust with 760 units/litre_and Feb=
nuary with BDolunité/litre recorded the minimum during the first and

cscond cycles respectively and was absent in Decembar.

The family Desmidiaceae revealed .pssks in the months of Jung
and July of the first annual cycle with nearly A,DDD’units/litre and
aon§ with the second peak reaching 5,880 units/litre in the month of
March oﬁ.éﬁé égpond cycle. They wsre absent in March and April of the
first.cyclé, while a low count of 440 uhits/lifre was sesn ih the

second cycle. This family was represented by three geneﬁé Closterium;

Cosmarium and Staurastrum. Of these, Cosmarium occurred only once
throughout the study period in the,month of November of the first

annual cycle recording 120 units/litré~~Clostefiumiéhowedra trend

similar to the family while Staurastrum though had 'a peak similar to

the family for the first annual Cyclé revealed a peak of 1,600 ynits/
1itre in the month of February of the second cycle. Their minimum

counts and their non-~occurrences fallowed that of the family,
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TABLE=X

Seasonal abundance of lankton as, Pamilies, respec~
:%v' w-.;';‘ tha to t::ytlplunltta.%unitn litre) in the Circular

astic “3e
{A) CHLOROPHYCEAE (C) BACILLARIGPHYCEAE

1+ Chlamydomonaceas/Chlamydouanas 27, Yaviculacsas

2. Scenadesmaceae 28, Javigula

3. igenadesmuys 29, Fruatulis

4 Agtinestrum 30, iitzachiaceas/iikzaghia
5, ODocystaceas 31, Tabellariaceas/Ighellazia
6. fnkiatrodegnus

" s e

8. Jglenagtrun p * QeSS =

33. Chroocacceceae
9. ddzchoarialls
34. Uqrismopadia

10, Depsmidiacess
1. Clgsteriun ;:* Palygiatis
12. Cosmaziuva + Coslosphaexium
13. SSausastoum 37. lostocaceae
14, Dictyosphasriscess/Dighvasahaesium ~o° Afakasa
15. Ulotricaceas 3%, laatac
16+ Uathals (E) XANTHOPHYCEAE
::- rﬁu 40, Xanthephycese/SgtIvacoccus

" S— 41+ Tribonemateceas/Iribongma
19, Yalwax '
20+ Panderiia (F) DINOPHYCEAE
22 R‘mm,w A3, w““',w

(8) CUGLENDPHYCEAE
23. Euglesnaceae
24. Lualana

25. Bhaqua
26+ Parsnemaceas/Yrcoslus
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The Family Scenedesmaceae'represented by two genera Scenedesnue

and Actlnastrum recorded peaks of abundance in Aprll representlng

3,98, 400-. unlts/lltre and March with 20 280 unlte/lltre durlng the
first and'eecond cycles respactively. The months oF‘AUQust with 1,040
units/litre and December- with’ 440 unlts/lltre represented the minimum

durlng the first and second oyole and was absent in February (Table-X%

The genus Scenedesmus recorded a peak in April with 3,98,400

units/litre and a minimum in August with 760 units/litre during the
first annual cycle, In the next cycle March recorded a meximumlof
20;280'units/LfEfe.and a minimum in Dacember with 440 units/litre

and‘was”abeent in February. Aotinastrum recorded a maximum and mini-

mum in March and August repreeentlng 6,360 units/litre and 280 unlts/
litre respectively durlng the Flret annual cycle. They werse ebSent

from October to December and Aprll to Julye. In the next cycle January
recorded a eount of 320 unlts/lltre and wes absent From October to_-

December and February and March. .

The family Oocystaceae revealed a peak of abundance in October
reoordrng 5,720 units/litre and a minimum in August representing 320
'units/litre during the first annuei oycle respectively and was abeent
in January and‘July. In the next cycle a peak uae registered in March
with 4,040 units/litre and a minimum in January with 720 units/litre

¢

and was absent in December.

The- genus Ankistrodesmus recorded peaks of abundance in June

and October reglsterlng 4, 800 unlts/lltre and 1,840 unlts/lltre res-
pectlvely durlng the flrst and second cycles. It revealed a minimum
“of 300 unlte/lltre in March and was absent in December, January,
April, July and August durlng the Flrst cycle. In the next cycle a
minimum of 280 unlts/lltre was registered in 4arch and was absent in

Ngvamber to-January, Tetraedron~recorded Dctober_as the maximum with
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1,600 units/litre and was absent in January, February, April, June tao
September during the first annual cycle. In the next c&cle a maximu@
of 2,960,units/litfe were registered in March and was absent in Dec-
ember and February. Selenastrum recorded a maximum in April with
5,600 units/litre and was ébsent in November, Jaﬁcany, March-'May‘tc
o

July during the first annual cycls. In the second cycle it was reccr— N

ded only. in October with 300 unlts/lltre. The genus Klrchnerleng_was

recorded in March with 2,000 units/litre and was absent from October

i

to February, April to Saptember dufing the first annual cycle. In the

next cycls it was recorded only in March registering 800 units/litre.

The family Dictyosphasriaceas with a single genus Dictyosphase-=

rium was absent during boﬁhlthe cycles with the exception of Januéry

which recorded a count of 1,000 units/litrs.

The family Ulotricaceae represented by two gensra Qigggggiéhd
Hormidium revealed a maximcm in July registering 2,000 units/litre }
and ‘a minimum of 800 uniés/lifra‘in June and was :absent' in Octcber,‘
Decembsr to May, August acd Septémber>du;ing‘the first annual cycls.
In the next.cycle it was present cnly in:NOVembér representiné 3,380
uriits/litre. The genus Ulothrix followed a trénd of abundance to that
oF‘the Famiiy,'while the écnus Hordidium-wés recorded dnce in chem-<
Ber with 880 units/litre and was ehtifély absent during the remaining
months -of both thc cycless The family Hydrodictyaceas represented by

a single genus Pediastrum recordeéd a maximum psak of abundance in May

representlng 1,89,800 unlts/lltre and a mlnlmum 1n chember wlth cnly
‘600 unlts/lltre durlng the first annual cycls. In the next cycle a
maximum peak was reglstered in March reccrdlng 13 340 units/litre and

a minimum in Decembsr mlth only 200 unlts/lltre. The family Micros=

poraceae with a single ‘genus Mlcrospcra was present only in the month

of Decembe= with 480 unlts/llt”e (Table-x)
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The class Euglenophyceae constituted the second largest group.
It recorded maximum and minimum densities in Aﬁril and August_rspreéé
enting 12,960 units/litre and 600 units/litre respectively during the
first annual cycle, In the next cycle the maximum was recordsd in
March with 6,680 units/litre and the minimum in December with 880

units/litre (Table=X).

When the relative percent of Qhe class was seen it recorded a
maximum of 23.7% in December and a minimum of 1.6% in May during thé
Firét}annual cyﬁle. In the next cycle the maximum and ninimum was
reopfded in February with 35.5% and January with 3.7%‘abundance

(F_igb ‘7" )o

TheAFamily Euglenaceaes recorded peaks of abundancs ih the
months of April with 12,960 units/litre and in Mareh with 6,320 units/
liﬁre during the first and second cycle.s The honths oﬁvﬁugﬁst and
December represented the minimum counts with 600‘unit§/litfe and 880
units/litre respectively during the first and:secoﬁdiéyclsa“fhe fami<
ly Peranemaceae represented by a single genus Urcbeluéfreéﬁrded maxi«
mum.in May ‘with 55,20 units/litrs during the first annual cycls and
wésgabsent for eight months during the first annual cycles In the
next cycle it was recorded only in December (680 units/litfe) and

March (360.qnits/litre).

The -ganus Euglena constituted the dominant form and recorded
peaks of abundancs in April'with 10,400 gnits/litre and in March with
6,320 units/litre and their minimum in August with 600 units/litre
and Novsmber mith 140 pnits/litre, during the first and-second cycles
respectively. Phacus fegistered two nearly édual.beaks in Juns with
2,800 units/litre and:in September with 2,680 units/litre and was

absent for six months during both the cycles (TablefX).

The next class Bacillariophyceae recorded a maximal density
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in‘Nevember’recistering 2,440 units/litre and a minimum in August
with 240 units/litre and was absent in March, May, 3June and July
during the.firet annual cycle. In the next cycle December recorded a
marimum with 1,520 unitS/litre and a minimum -in November with 260

units/litre and was absent in February (Table=X).

The class Bacillariophyceas revealed a maximum relative abun=-
dance representing 9.9% and 27.9% in November and December and their
minimum was recorded in April with 0.3% and in October with 1.1%

during the first and sscond cycles respectively (Fig. 7).

The class Bacillariophyceae comprised of three families,
Naviculaceas represented by two genera Navicula and Frustulia, the
family Nitzschiaceae by a single qenus Nitzchia and Tabellariaceas

also by a single genus Tabsellaria- Of these families Naviculaceas

ccnstifutcd the most dominant fgrm under this class and recorded
peaks of abundance’ in Novembet and December representing 2,440 units/
litre and 15520'unit3/1itre'during the first and second cycles. Ths
months of Augbstiwithféae'uhits/iifre and November with 260 units/
litre was recorded as the minimum and wae absent;in the months of
March, May to July, October and February during the first and second
cycles reepectlvely. The Famllles Nltzschlaceae and Tabellariaceae
were recorded only obce each the Former during Octdber @ith,SéD

unlts/lltre and the latter in December wlth 640 units/litre during

both the cycles.

Navicula reccrded two beaks bf abundance in february and April
wlth 1 600 unlts/lltre and a minimum in August wlth 240 unlte/lltre
and was, absent in December, March, May, 3une and July durlng the
Flrst annual cycle. In the next cycle January recorded a maximum with
1,240 unlts/lltre and a mlnlmum in chemeer with 260 unlts/lltre and

was absenc in October and February. Frustulla was recorded only in
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November and December registering 1,280 units/litre and 480 units/
litre during the first cycle.aln the next cycle December was the

2nly occasicn to register their presence (Table=X).

The class Myxophyceée fecorded a peak of abundance in Jahuary
with 10,600 units/litre and a minimum in May with 1,160 Unité/litre
during the first annual cycle. In the next cycle a maximum‘was recor-
ded in January with 2,760 units/litre and a minimum in FeErUary reg=

istering 820 units/litre and was absent in March (Table=X).

The maximum relative percent abundance of this class was ssen
in August with 35.5% and in December with 29.5% during the first and
second cycles. Their minimum was recorded in May with 0.2% and in

October with 2.1% (Fig. 7).

Three families were represented under the class Myxophyceas.
They were Dscillatoriaceae;-Chroococcaceae and Nostocaceae. The fam-
ily Oscillatoriaceae occurred only five times with a peak in July
with 2,000 units/litre. Nbétocaceae recorded a peak in December reg-
istering 6,160 units/litre and a minimum in September with 360 units/
litrs during the first annual cycle. In the second cycle December and
January represented the maximum and minimum with 6,160 units/litré
and 230 units/litre respectively and was absent for eight months dur~
ing both the cycles. Anabasna revealsd a peak of abundance in Decembsr
with 5,520 units/litre and a minimum in September recording 360 units/
’litre during thé first annual cycle. In the next cycle, Descember rec-
orded the ‘peak’ with 1,610 uhits/litra and January as the minimum4witﬁ
280 units/litre and‘waé absent for eight moﬁths during both the cyc-
les. The Qenus Nostoc was recorded only in December with 640 units/

litrs

The family Chroococcace-s recorded peaks'oF abundance in Jan=

uary with 10,600 units/litre and 2,360'unit3/litre respectively
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during the first and second cycles. It recorded minimum in February
with 1,200 units/litre and 720 units/litre in November during both

‘the cycles. Merismopedia recorded a peak in January registering 4,200

units/litre and a minimum in August with 2,840 units/litre and was
absent from October to Decembsr and February to July during thé First
annual cycle. In the next cycle the genus was recorded only in Novem-
ber with 720 units/litre and January with 1,560 units/litre.

Polycistis was recorded only in February with 1,200 units/litre dur-

ing the entire period of study;'Coelosphaerium recorded a peak in
January registering a count of 6,400 Qnits/litre\and a.minimum in
October with 1,280 units/litre during the first annual cycle. In the
secondAcycle it was recorded only in October with 1,040 units/litre

and January with 800 units/litre (Table=X).

The class Xanthophyceae recorded maximum abundance in May and
January representing 11,200 units/litre and 920 units/litre during
the first annual cycls. The months of February with 400 unité/litrs
and November, December with 360 unité/litre sach recordéd the minimum
for both the cycles and was absent from November to January, April,

June to August and March during.both the cycles (Table=X).

The class XanthOphyceaé revealed a'ma*imum_percent abundance
with 5.7% and 6.6% in September and December and their minimum was
recorded in October with only 0.9% and in January with 1.4% during
the first and second cycles (Fig. 7). The class Xanthophyceas was
comprised of two Families-Xanthobhyceae and Tribonemataceae. The fam=

iiy Xanthophyoeée represented by a Single genus Botryoce ccus revealed

a peak of abundance ‘in May regiStering 11,200 units/litre and a min=-
imum in Marech with BDD:uhits/litre and .was recorded absent during ¥he
other months of the first annual cycle. In the next cycle it was rece

‘orded only once in January with 920 units/litre. The family
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Tribonemataceae was also represented by a single genus Tribonema and
was recopded only in the months of Saptember with 1,900 units/litre,
and also in October and February with 600 units/litre and 400 units/
litre respectivsly and was absent dufing the other months of the

first cycle. In the next cycle February registered 800 units/litre 

as maximum and was absent in January and March (Table=X).

The class Dinophyceae in this pool was not well represented
and was recorded only in the months of October, December.and November
recording 240 units/litre, 640 units/litre and 780 units/litre resp-

ectively during both the cycles.

The relative percent abundance of the class revealed October
with 0.4% and December with 1.8% during the first annual cycls. In

the next cycle November recorded 4.4% (Fig. ).

The class was comprised of two families Ceratiaceae and Gym=
nodiaceas. The family Ceratiaceae was represented by a single genus
Ceratium and Qaé recorded only in October, De¢ember and Novembsr re-

bording 720 uhits/litrs'as maximum counts. Similarly Gymnodinium was

recorded only in the months .of December with 16@Aunits/litre and

B

November with 60 units/litree

When the total phytoplankton was ssen for its seasonal trend
of Fluctuatidn-it‘showed a late autumn and spring maxima and a summer
minima during the Fifst'énnual cycle. In the next cycle the increased

trend was obssrved during thefwinter mqnths{(TabieiX).
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CIRCULAR PLASTIC POOL=4

The phytoplankton population in this pool~4 was also mainiy
soretituted by the class Chlorophyceas. They were the most abundant
forms throughout the psrioed of study. It flourished profusely in
Sénua:y and March to.touch a maximal density in April recording
24,483,200 units/litre and persisted till Junme though in decrsasing
~order and recorded a minimum in July registering 1,ﬁ80 units/litre
during the first annual cycle. In the next Cyclg the maximal Hensity.
was obserﬁed in January recording 32,840 units/litre and a minimum

in March representing 17,680 units/litre (Table=XI).

zThe class Chlorophyceae recorded almost squal maximum relative:
ﬁercent abundance ‘in March with 99.8% and in April with 99.,7% and a -
minimum'in'SeptemEer with 46.8% durinn ths first énnuél cycle. In -
the -next c cle, the~ma*imum arnd minimum were r=corded in January and

October representing 60.7% and 32.1% respectively (Fig. 7).

The family Chlamydomonaceae représented by a singié'genﬁé
ChlamYdoﬁbnas recorded maximum in April with 3,00,240 units/litre
and minimum in July with only 180 units/litre during fhé First:énnual
cycles In the second cycle January and November recorded maximum and
minimum dengityyrecording;13;400 units/litre and 2,046 units/litre
respectively. The family Scenedesmaceae represented by two genera

Scensdesmys. and Actinastrum, revealad peaks of abundancs in April

with 21,00,560 units/litre and November with 15,960 units/litre
dufing.thelfirst.and second cycles respectively. Minimum counts
duriné the first annual cycle was obéerVed in July recording 200
units/litre and in the next cycle in January with 1,000 units/litre

sivd was absent‘ih December (Table=XI).

Scanedesmus constituted the dominant pooulation recording

maxima in April with 20,999,040 wunite/libro and in Ngve‘,,b_er recording
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LARLE=X]

Ssasenal abundance of phytoplankten, their classes, familics, respe-
gtive ganara and the total phytoplankton (un:.taluzn) in tha Circular
Plastic Pool=4,

(A) CHLORGPHYCEAE (c) BACILLARIOPHYCEAE
~ te Chlsmydomonaceas/Chlanvlemenas 23. Naviculaceas
2+ Scensdasmacass 24, Navigula
3. dganadaaius 25. Lxuatulia
4. Aghinastzum 26. Fragillariaceas/3ynsdes
5. Uocystaceas »
6o Ankiakrodasme (D) MYXOPHYCEAE
7. Latraadran 27, Oscillatoriscese/jpizulina
8« iglanastzum 28, Chroacoccaceas
9. Uasmidiaceas 29. Aazimmanedia
10. Lloatacium 30. Zoalasphaszium
11. iLauraskzum 31. Nostocaceae/Anabaana
120 Liotyosphoeriacese/2igtyamhaszius | :
13. Ulotricaceas (£) XANTHOPHYCEAE 5
t4. Jlakheix | 32, Xanthophyceas/3gtzyvagoscus
15. Haraidium 33. Tribonemataceas/Izihonsma
16, lygnemataceas/3pirocyxa
17. Volvooaceas/Pgndorina (F) DINOPNYCEAE
18, Hydrodictysceas/Padiantzum 34+ Ceratiacese/Caratium

35, Gymnodiaceas/Jymnadinium
(8) EUGLENDPHYCEAE '

19, Tuglenacaoas
20. Suglana

21. Bhagua
22. Paranemacess/Urcaslus
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15,560 unité/litre‘aa rhé,peaks in the first anc sacond cycles resp-
eutiuely. Actinastrum recorded a maxima and minime in June with 4,000
inits/litre and in February with 600 units/iitre and was absent in
Qaﬁdbarg Novamber, May, July and August during the first cycle and

tre next cycle recorded once only in the month of Jctober with 800

units/litres

The’Family Oacystaceae represented by three genera Ankistro=

desmus, Tetraedraon and Sslenastrum recorded two maximum peaks in

January and May with 8,160 units/litre and minimum in July with oniy
160 units/litre during the first annual cycle. In the next cycle.
November recorded total absence while December recorded the maximum,

registering 8,000 units/litre constituted by a singie genus Tetraedran

and-tha minimum in March with 480 units/litree The genus Ankistrodesmus
recorded peaks of abundance in May reglsterlng 4,000 unita/iitra and
in January wlth 74320 uni® . s/litre durlng the t#irst and second cycles
respectively. The months of December and October«recdrded‘the mifi-
mum , redresanting 300 units/iifre and 700 units/lrtre.reSpédtiUely‘
and was present only for eight mdnths durrng both the cyéias.
ietraedron recorded a peak in Uctober-registering 4, DOO'units/iitra
and a minimum in August with 80 unlts/lltra durirg the first - anfdal
cycle. In the next cycle December recorded the maximum count - wlth

8,000 ‘units/litre and January as the minimum wifh only 160 units/

litre. Selanastrum recorded a peak in January representing 2,240
units/litre and a minimum in August with only 194 units/litre during
the first annual cycle. In the second cycle it was rtecorded only in

the month of October with 300 units/litres

The Famin Desmidiacesae was represented by two genera;

Closterium and Staurastrum. The family recorded maximal densities in

January with 5,760 units/litre and in December with 7,200'units/litre

during the first and second cjcies, while AUQUSt and March recorded
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minimum represehting 80 units/litre and 800 units/litre. Staurastrum

constituted the major bulk of: individuals under this Family'mith its
neak in January'mith 3,520 units/litre and.nil in February during the
rirst annual cycle. October and January of the second cycle recorded
equal peaks with 2,600 units/litre and were absent in November and

=Februa:yu Closterium also recorded a peak in the first cycle in Jan-

uary with 2,240 units/litre and December with 6,800 units/litre in
the next cycle and was recorded absent in May to August, February and

March during both the cycles.

" The family Dictyesphaeriaceae represented by a single genus

Dictyosphasrium was. recorded only in the months of February, Junse,
August and March during both the cycles. The genus however recorded

a high count in June representing 2,580 units/litre.

The family Ulotricaceee fepresented by “wo genefa Ulothrix
and Hormidium were found only in February and March during the wholae
period of study and so was the case with Spiroqyra under the Familf
Zygnemataceas present only in Merch recording 240 units/litre. Uolﬁd-‘
caceae represented by a single.denus Pendorina was predominantly
represented during the first annual cycle. It had maximal den31ty in
January with 20,480 unlts/lltre and a minimum in March wlth 160 unlts/
-litre and was abssnt in December, February and September durlng the'
first annual cycle. In the second cycle it was recorded only in Dctn
ober with 600 units/litre. The last family under this class was |

Hydrodlctyaceae represented by'Pedlastrum and revealed maximal den-.

sities in April wlth 75, 200 units/Iitre and January with 6,880 unlts/
litre during the Flrst and second cycles. Their minimum was recorded
in July with‘éo units/litre during the first annual cycle and in the
next cycle December with 1,200 units/litre (TaEle-XI).

The. laSSagggiEndeyceae in this pool cunstituted the second
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largest population. It recorded maximal densities in December and
Uctobsr representing 23,600 units/litre_and 51,600 units/litre during
the first and second cycles respectively. The months of July with 300
units/litre and March with 2,3201units/litre represented the miﬁimum

counts during the first and second cycles (Table=XI).

Thé class Euglenophyceae revealed maximum relative percent
abundance in September with 48.4% and the minimum in March and Apfil
recordihg 0.1% sach during the fi:sst annual cycle. In the next cycls
December recorded the maximum with 56.3% and March as the miﬁimum

with only 6.3% (Fig. 7).

The class Euglenophycsae wés.represented by two famiiigs

Euglehaceae and Peraﬁemaceaé; The family Euglenaceas comprised OF

two genera Euglsna and Phacus énd ravealed a maximum deﬁéity in Sép-g
tember recording 24,000 units/iitre and a smaller peak ih:Decemb@r;.w
with‘20,220 units/litre anc recordéd a minimum inIJUly Qiﬁh iny%12d
units/litre during the first annual cycle. In the next cycle Octobeff
and December fégisferedxpeaks of abundances recbrding'SU,BOO,Unifs/
l;t;e.and 44,000 units/litre and the minimum in March with only 2,320
uh££é/litre. The family Perénemaceae had one genus Urcoslus and rec-
ordéd a peak of abundance in December with 3,380.units/litre and a
minimum in July with 180 units/litre and was absent fromsrégruary to
June énd'Seﬁtembe; during ths first annual cycle. In the sééohd”dyéle
the mdﬁtﬁs'éf October and November were the only months “to record
their presence with 800 units/litre and f;160 units/litre respecti;‘

vely (Table=XI).

The genus tuglena was well represented throughout the period
of investigation with peaks of abundance recorded in the months of
December and October registering 19,420 units/litre and 18,500 units/

litre during the first and _second cycles., The months of July and
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February recorded 60gunits/litre and 5,280 uhits/iitre as the minimum
~during the fifst'and éecond Cyc;es respectively. Eggggg recorded peaks
of maximum abundance in September with 15,200 units/liﬁfe and in Dec~
amber with'35,60ﬁ units/litrg‘ddring the first and second cycles res-
peétively. A hihimum of 60 units/litre was récofded in July and their
absgnce 1in Januafy during the first énnual'chle. In the next cycle

a minimum of 1,280 units/litre was registered in March (Table=XI1).

The class Baciliaribphyceae was not well represented through-
out the period of stu&y in fhis pool, Its maximum densities was rec-
orded in Octobsr Qith 3,560 units/litre and in February with 2,880
units/litre during the first and second cycles. They wsre absent from
January to April, July and Aqust during the first cycle and in Dec~

ember during the second cycle (Table=XI).

When the class .Bacillariophyceas was sean for its relative
percent abundance with the other classes a maximum of 15.2% and min-- -
inum of 1.+5% was recorded in October and May respectively during.the
first annual cycle. In the sedgnd'oycle a maximum oF'S.S% and a min=

imum of 0.7% was recorded in February and November respectively (Fig.7)

The class Bacillariophyceas compriséd{of.twO‘Families,
Naviculaceae represented by two genera Ngyicula and.Frusﬁuiia and
the family ?ragi_lariaceae with a single‘géhus Synedra. The Faﬁily
Naviculaceae recbpded_peaks of abundancas in September with 2,400
unitaflitrg and_ih February with 2,880 Qﬁits/litre during the first
and:secpnducyCle% The months of November with 1,400 units/litre and.:
280 units/litre rebresented the minimuM'Fbr~both the cycles.-They_
were absént'ﬁfom Jaﬁuary to ApriL; July;'ﬂugust and December during

thh_théiperiods of study (Table=XI.).

The genus Navicula recorded a peak in September with 2,400

units/litre and a minimum in Novembsr with 720 units/litre during
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the first annual cycle and was abssent in the months of January to
April, June to August. In the next cycle the month of March recorded
the maximum with 1,360 units/litre and the minimum in November with
280 units/litre and was absent in December. frustulia was recorded
enly itn Junme with 1,600 units/litre during the fi;gﬁ.énnqal cycles
In the second cycle February and March only reﬁorded their occurr-

ence represented by 2,240 units/litre and 560 units/litre respectivaly.

The family Fragildrfaceae. represented by a single genus
?xnedgg was rscorded in October (1,520 units/litre), November (680
units/litre) and October (280 units/litre) and was absent during

the remaining months of both the cycles (Table-X1).

‘ The class Myxaphyceae revealed maximum densities in January
and February registering 31,360 units/litre and 10,720 Uﬂits/litre
respectiv-ly during the first and secohd cyclesf Their minimum den=
sities were recorded in July with 60 units/litre and 1,800 units/

litre in October during the first and second cycle and was absent

for seven monthe during both the cycles (TablerXI).

The class Myxaphyceae recorded a maximum and minimum relative
percent abundance in January with 10.6% and 0,1% in April during the
first annual cycle. In the next cycle the maximum was recorded in

November with 7.8% and the minimum in March with 4,5% (Fig, 7).

Myxophycese was comprised of three families Uscillatoriaceae,
Chroococcaceae and Nostocaqeaa. The family Oscillatoriaceas was rep=
resented by a .single genus Spirulina which was recorded only in Nov=-

ember and February representing 480 units/litre each. The family

Chroococcaceas was represented by two genera Coglosphasrium and

Merismopadia,ait showed a maximum density in Junejéégisféring 2,800
units/litre and the minimum in December with 820 units/litre and was

absent for eight months during the first annual cycle. In the next
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cycle a maximum was registerec in February with 9,280 units/litre
and & minimum in October with 1,800 units/litre and was absent from

Nosembexn to January (Table=XI)-

The gcnu Coel

L0
=

ggiggg&gmlmas registered only on two occagsians
recording 820 uni.ts /litge and 720 units/litre in December and April
guring the first annual cycle. In the next cycle a peak Wwith ?,280
units/litre was recorded in February gnd a minimum in Octqbep.with,

1,200 units/litre and was absent from November to January. The genus

Meriémopedig was also recorded only on two DccasiDDS'during thelfirst
annual cycle in the month of April with 960 unlts/lltre and May wlth
2, BDD unlts/lltre. In the next cycle October reglstered 600 unlts/
litrs and'Marph‘wlth 1,440 un;ts/l;tre and was absagtlfrom'Novembeg

to February (Table=XI).

The‘ciéss Dinéphyceae revealed a peak in May‘recofding 2,}2U

.units/litréAand the minimum in March with only 120 uﬁits/litre during
She first annuél cycle. They were ébsent for seyen~momth§; During 'the
escond cyclae, - March recorded 6,480 unlts/lltre and February with 4, 32

ng_unlts/lltre and was absent from Octaobsr to January (Tabla XI)

When the relative percent abundance of this class was sean,
July recorded the maximum with 21.7% and the minimum was in March
with only 0.1% during the first annual cycle. In the next cyclse March.

recorded 17.5% as the maximum and February 9.8% as the minimum (Fig.7?).

The class was represented by tuo ?émilies with one genus gach.
The Family Ceratiébeéc;reprééehtédvby'Ceratium'ocquerdrthrioe and
recbrded a maximum in November registerinQIBQU units/litre and a
minimum iﬁ March with 120 units/iikre durihgléhe ﬁirsf éﬁnual cycle.
In the next cycle it nceurred twice with 6,480 cnits/litre in March

~and a minirm in Fébruary registering 4,320 units/litre. The family
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Gymnodiaceae réppesented by a single genus Gymnodinium was.registered
only in May énd‘July recofding 2,320 units/litre and 400 units/litre

during the entire investigation (Table-XI).

When the total phytoplankton was séen For'itsAseasonal trend
of fluctuation irrespective .of the gengra pressnt under them, it
revealed a spring maxima and more or less a summer minima during the
first annual cycle. The next cycle showed an incresase during the win=

ter months (Table-XI).
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The zooplankton recorded in the present investigation was
represented by four major groups;-;Clagocera, Copepoda, Rotifsra and

Protozoa. Cladocera'wés_represented by Ceriodaphnia, Moina, Bosmina,

Simocephalus énd Diaphanbsomau Copepoda by Cyclops and Diaptomus;

Rotifera by Asplanchna, Filina, Anuraesopsis, Polyarthra, Ksratélla,

Lecane, Notholca, Trichocerca, Pleosoma, Hexarthra, Brachionus,

Chromoqaéter,‘Colurella'and Cephalodsella; Protozoa by Trichodina,

Coleps, Diffluaiz, Arcella and Diaphorodon. Though these were the
oﬁes present in the exberimental ponds yet all genera were .not pre=-
sent together and only some occurred and dominated at the different

ponds during the present study.

CONTROL POND : The control pond registered four genera under .the

Jﬁrbupxtiédobera. THe ge nus: Ceriodaphnia recorded a maximum peak in
Apfil representiﬁgAB,ZDD units/litre and recorded a minimﬁm of 20
units/litre in Septémber during the first annual cycle. In the next
bycle Dctobgr recorded 16 units/litre and were absent for the remain-
ing periods, The genus Mgiﬂé recorded a peak in November with 333
units/litre and a minimum in january with 10 units/litre during the
first annual cycle. In the second cycle March représented 52 units/
litre as the'maximum and nil in November and February. The genera

Bosmina and Simocephalds recorded 20 and 190 units/litre in December

and November reépectiuely and were absent throughout the entire

period of study (Table-XII).

The group Copepoda was representec by two genera Cyclops and

Diaptomus,'qulqps showed a bimodal peak with maximal abundénce, one

in winter and the other in: summer at least for the first annual cycle,
with second peak moved earlier to Spreng during the second cycle.

Diaptomus also showed a winter and summer maximal abundance for the

1
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first annual cycle and with the second peak in garly spring of the

second cycle.

Cyclops showsd a maximum ébundance in Cecember and March rep-
~esenting 1,700 units/litreland 529 units/litre in the first and
second cyolgs respectively and the minimum was recofded in July with
93 unité/litre and November (93 units/litre) for the first and second
éyclest The'genus Diaptomus revealed a peak in December recording
1,880 units/litre and a minimum in July with 79 units/litre during
the first annual éycle. In the next cycle é peak was registered in
March rep;ésenting 386 units/litre and a minimum. in November recor-

ding 77 units/litre (Table=-XII).

Eleven gensra of Rotifera were recorded in. this pond.

Asplanchna showed a -spring maxima and winter minima during the first -

annual Cycleg byt the next cycle recorded their complete absence.

filina, Polyarthra, Keratelia ahd Trichocerca recorded peaks with

maximal abundances in winter with summer minima. Brachionus revealed
a bimodal psak ©6f maximal abundance in winter and spring during the

first &nd second cycles. Anuraeopsis showed a late spring maxima and

winter minima (Table~XII).

A‘Aspianchné'had its maximum numbers of abﬁndancé in the month
of Apfil>C1,180iunits/litre)'and December with 40 gnité/litre a$ min-
.'imum aaiingfthe first annual cycle and wasvrecorded‘ﬁil;throughqﬁt
the secqhd'cyélengilina recorded peaks of abundance in Nogember
(1;050 Uhits/liéfe)1and February (480 units/litre)'dur;ng”thé First

and‘second'cybles. The genera Polyarthra and Keratella recorded max-

imal’ peaks of abundance in the months of November (500 units/litre
and 1,010 units/litre) and December (1,200 units/litre and 1,800

units/litre) during the rirst and Second dyClgs :aspectiveiyg

Trichocerc. recorded maximal peaks of abundance in the”hﬁnfhs 0F
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October (1,067 units/litre and 680 units/litre) for the first and
second annUal'cyclee reepectiveiy,‘The minimum was recorcded in Deceme

ber with 60 units/litre and January with 80 units/litre during the

first and second cycles. Brachionus recorded peaks of abundance in
December (1,980 units/litre) and April (1,520 units/litre) for the
first annual cycle and in March (760 units/litre) during the second

cycle. Anuracopsis showed maximal peaks oF'abundance in May (1,540

units/litre) and in February (480 units/litre) during the first and
sagcond cycles. Lecane was insigniFicantlv representead during the

first cycle, howsver, reccrded a peak: of abundance in the second

cycle in December (800 Units/litre); Notholca was recorded in October,
December, May and September with the maximal peak in May (260 units/
litre) during the first annual cycle_and inuthe.next cvcle it'was
recorded only.in February <320Aunite/litre). The genera Plsosoma and
HexXafthra were recorded only ir April and May 480, 550 unlts/lltre)
and (480 units/litre) reeeecﬁivelyﬂ(Table-XII), -

1

The group Protozoa was represented by four genera, Trlchodlna,

Coleps, DlFFluq1a and Dlaphorodcn. The genue Trlchodlna revealed a

wlnter max1mal peak cF abundance and nll values durlng the summer.

leﬁlugla showed a peak oF max1mum abundance in wlnter and early

sprlng durlng the Flrst and eecond cycles. olege revealed a eprlng

E

and wlnter peak and the genus Dr;phorcdon wae recorded only ‘in sarly

summer cf May (240 unlts/lltre)

Trichcdina shoMed*fts maximumfnumbers of abundancs in the ~ 7 -

‘months of Novembeér (280 unlts/lltre) and December (1,200 unlts/lltre)

in the Flret and’ seccnd cycleso DlFFlugla reccrded its maximum abun-

dafice in October (1, 167 unlts/lltre) and March - (1,360 units/litre)
dur}ngyﬁhe ﬁmret-annual cycles In -the second cycle it showed their
peaks -of abundahcs in October (1,160 units/litre) and March (280
units/litre) (Table=XIT). ;o
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When the groups -of zooplankton were seen for their ssascnal
fluctuations irrespective of the genera present under them, Cladocera
showsd a fluctuation abundamce as spring and summer maxima and winter
minima, Cooepoda reyealed a uinterdand.Spring maxima and summer mini-
moe The group Rotlfera showed a sprlng maxima and autumn mlnlma,

while Protozoa raVealed a sprzng and autumn maxima and summer minima
1

(Table=XII).

When the relative percent_abundance of- these groups were ssan,
Cladocera registered maximum‘in March with 24.3% and a minimum in
January with only 0.3% during the first cycle. In the next cycle March
and December recorded the maximum and minimum with 1. 9% and O, 67 Tes=
pectlvely. Copepoda reglstered maximum percent abundance 1n June and
March recordlng 70.7% and 34, 2/ respectlvely durlng the Flrst and
second cycles. The minimum was seen in April with 3 6n and~December
w1th Se 9% durlng fhe First and second cycles..?otlﬁera recorded 91.5%
in Aprll and 71 35 1n December as max1mum durlng both the. cycles and
_mlnlmum in June mlth 29, 3% and November wlth 35 8% durlng the Flrst
and second cycles respectlvely; The group Protozoa recorded 41 77 and
42 8% as maximum in October durlng ‘both the cycles and the minimum in
'December with 1. 4% and March with 10. 4% durlng the Flrst and second

cycles respectlvely (Fig. 8 ).

When the zooplankton and ltS seasonal abundance was sean they

showed a blmodal peak oF abundance one 1n wlnter and the other in

(g

sprlng durlng ‘the Flrst and second cycles and a mlnlma in summer

(Table-XII)
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Fige 8 » Showlng histograms raprasenting the
saasvnelity of the rslative percent
sbundanca af tha major zooplanktanic
groups in tha Control and Experimen
tal Fish Pandae

£P = Exparimental Fish Ponds,.
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EXPERIMENTAL FISH POND-1

The Fouf groups, of zpoplankton recorded in this pond-1 wers
Clsdocera, Cepepoda;ARotiFera and Protozoa. The group Cladocsra was

represented by four genera Ceriodaphnia, Moina, Sosmina and Diapha-

nosoma. Ceriodaphnis showed a bimodal peak with maximal abundance in
winter and 'summer months and minima in spring and autumne Mgina rev=-
saled a summer minima and winter maxima. The genera Bosmina and,

Diapnanosoma wsere recorded only once during the winter months.

Ceriﬂdgphnia recerded;a,maximum peak of abundance ih May, reg=-
istering 1,260 units/litre and a smaller eeak’in November with 520
units/litre with a minimum in April of only 47 unitS/iitre during the
first annual cycle. In the second cycls, Novemoef recorded the maxi-
mum and March as the minimum with 154 units/litre and 28 units/litre
respective’y and was absent in Octobser. The genus Moina rscorded a
peak in Nevember with 280;units/litpe;and 54 units/litre during the
First and second cycles respectivelya. The mdnths of December and Jan-
uary recorded 20 units/litre and 26 dnits/lifre reapectively as the

minimum during the same perlod Bcanlna and ngphanosoma occurred
SR TTE.,

only in November with 1,120 units/litre and the latter with 60 Unlts/

litre during both the cycles. (Table=XIII).

‘The group Cepeedda'was‘represented by two gensra, Cxeloés and
Diaptomus. The‘genus CxclOQS reyealed,a“summer_maxima and winter mia
nima. _1§gggmgg sinilariy shomed a winter ninina and summer maxima.
_1g;gg§ recorded peaks of abundance in July and February recordlng
14,453 unlts/lltre and 340 unlts/lltre reepectlvely during the first
and second cycles. The months OF September with 17 unlts/lltre and
Dctober with 85 unlts/lltre reeorded the mlnlmum counts durlng the

first and second cycles. Dlagtomus recordea peaks af abundance in

July regisvering 14,084 unlts/thre and in March with 309 units/Alitre
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during the first and second cycles. It recorded a minimum in September
with 15 units/litre during the first annual cycle and October with 121

snits/litre as the minimum during the second cycle (Table=XIII).

\Tém genera of the group Rotifera were represented in this pond.

-

ghranchne was recorded only during the autumn and summer months.

(4]

N

Filina revealed a summer maxima and winter minima. The gesnera Anurags

opsis and Chromogaster recorded summer maxima and winter minima.

Polyarthra revealed an autumn maxima and spring minima. The genera

Keratella, Lecaneg and Trichocerca revealed a fluctuation teend of

autumn maxima and winter minima. Brachionus recorded a summer maxima

and winter minima, while the genus Notholca was recorded only once

in December with 160 units/litre.

Asplanchna wae rerorded onlv in October and April repreéenting
40 units/iitre and 440 units/litre and in Octeber with 440 units/
litre during the first and second cycles and was absent during.the
other mcnths of both the cycles. Filina was recorded in Dctober,fﬂprflﬁ
and June during the first annual cycle, with the month of June récor-
dingva'maximum representing ﬁ,ADD units/litre during the first annual
cycle. in the next cycle the months of November with 80 unifs/litre

and March with 300 units/litre were recorded. Anuraeopsis recorded a

.peak of abuhdénpe in MéQ'mith'é;BBO units/litre and a minimum in April
with 240 qnits/litre duringltﬁe.First“aﬁnual cyclé and was absent in
the months qf:November?“Decgmber and Mérch. In the second cycle Jan~
uary recordéd“the maximﬁh:ahd Nﬁvemﬁer and February recorded the
minimumfwith:T,ZGO units/}itrarand 520 units/lit?e respectively. It

was abéaht,in¢Decgmbe:f Chrqméqaster was reéordéd in May with 1,460.

unitg/litfe and was abéent during ths other months of both the cycles.

Polja#thré recorded 2 peak of abundance in September registering 1,880
units/litr and a minimum in D- zember with 240 umits/litre and regis=

~teredi£ﬁé{f'uc¢prnence four times  during the Firét annual cycle. A
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‘peak was recorded in October with 1,340 units/litre and 320 units/
litre in November and December during the second cycle and was absent

from Jenuary to Marche.

Kgratella revealed a peak in May recording 2,040 units/litre
and the minimum in March recording only 140 units/litre and was‘abeent
~from Novembsr to february and 3une to August during the first annual
cycle._ih fhe next cycie October recorded the magimum{representing
12,780 units/litre énd a minimum in February recording 280 units/litre.
Lecehe revealed peaks in Jude registering 72C units/litre and in Oct-
Lober'wiﬁh.éao units/litre‘dUring”the first and second cycles and re-
corded minimum in sépgémbe}"mith dnly 4 units/litre and Novembsr with
180 uhite/litre during the first and second cycles respectively.

Trlchocerca recorded peaks of abundance in August recordlng 2,400

unlts/lltre and Brachlonus in the same month with 4,800 unlts/lltre

durlng the Flrst annual cycle. The month of Aprll revealed the minimum

For Trlchocerca recording only 40 unlts/lltre and for Brachlonus in

February with 224 unlts/lltre durlng the first annual Cycle. These
tmo genera recorded peaks of ahundance in Octobsr representlng 2,&60
units/litre and 1,160 units/litre during the second annual &ycle

(Table=XIII).

The group Protozoas was repreeented by four genera, Trichodina,

Difflugia, Arcella and Diaphorodon. Trichodina was recorded only in
epring end autumn months and waS‘absent durine winter and eumher.
Difflugia revealed summet and- winter maxime . Arcella waszrecorded
only in Aufumm; Summer and Spring and Q;égnggggég revealed spring

occurrsnos and complete disappearance during the other seasons.

. Trichodina was recorded in March with 760 units/litrs and in

Sepfember with 160 umits/litre and was absent during the other months

of the first annual cycle. In he next cycls Dctober'registered'
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with 240 units/litre., Difflugié showed higher individual counts in
April and July recording 520 units/litre each during the first ann-
_“uglﬁéyple butAoccurred only once in January with 1,520 units/litre
;duriné;the second cycle:. Arcella was recorded in October with 240
:Unité/lit;e and in July representing 1,660 units/litre and was absent

“during the other months of the first annual cycles. In the next cycle

only the month of March recorded 140 units/litre. Diaphorodon recor-

ded a maximum count of 520 units/litre in February and in April with
440 units/litre during the first cycle and in the next cycle January
and March revealed their presence recording 160 units/litre gach

(Table=XIII).

When the groups of zooplankton were seen for their ssasonal
fluctuations irrespective of the genera present under them, Cladocera
revealed summer and winter maxima and athmn minima. Copepoda revsa=-
led a trend of summer maxima and winter minima., The group Rotifera
showed a bimodal peak of fluctuation with spring and autumn maxima
and winter minima and Protozoa recorded a summer maxima and winter
minima during the first annual cycle and in the second cycle the

peak shifted to early spring'(Table-XIII).

When the relative percent abundance uf the groups wWsry seey
the ssasonal trend of fluctuations followed more or less a similar
pattern to.their actual numbers. The group Copepoda revealed a maxi=-

mum of 78.4% in July and 32.5% in December during the firat and sec-

ond cycles. The months of September with‘D.7% and October with 2.0%
rep#esented the minimum percent abundance. Rotifera recorded a maxi-
mum in September with 96.1% and a minimum in July with only 15.7%
during the first annual cycle. In the next cycle October and Jénuary
recorded the maximum representing 95.6% and 50.9% respectively. The

group Protozoa registered a maximum in April recording 27.6% and a
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minimum in September with only 3.2% during the First annual cycle.
In the next cycle January with 41.2% and October with 7.2% recorded

the minimum percent abundance (Fig. 8},

When the total zooplankton and its seasonal abundance was
seen for both the cycles, it revealed‘a bimodal peak-bf abundances

with spring and summer maxima and winter minima (Table«XIII).
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EXPERIMENTAL FISH POND=2

The four groups of zooplankton recorded in the pond—Z were

Cladocera, Copepoda, Rotifera and Protozoa.

The Cladocera though present in mdst of the study periods con=-

stituted only a meagre zooplankton population. In this pond only two

genera wsre represented, Cariodaphnia and Maina. The former genus.
reco;déd a peak of abundance in April and the latter in June recor=-.
ding 340 uhits/litre and 459 units/litre respectively. during the first
annual cycle..In tﬁe second cycle Mérch and October registered the .

maximum abundance with 78 Units/litre and 53 units/litre respeotively.;

Ceriodaphnia:revealed spring maxima and summer minima, whereas Moina
recorded” a3 summer maxima and winter minima during the entire period -

of study (Table=XIV).

‘The. group Copepoda was represented by two genera, Cyclops and

Diéptﬁmué. chlops showsed maximal abundance in summer and-hinimuﬁ in
Qiﬁtef; It recorded maximum abundance in June (6,7924units/iif:e) and
recorded minimum in July (187 units/litre),during the first annual
cycle. Qiggggigg’reCOrded a peak of abundance in Jung (6,277 units/
liﬁre) éhd minimum in July (113 unité/litré) IH the second cyéle
r@w wmrrcbu maximan Lin Matcl (500 ullll,ta/l.l.tlu) end Diaptomus in
November (338 unlts/lltre) and their mlnlmum in December recording

140 units/litre and 86 units/litre respectlvely (Table-XIU).

The group Rotifera constituted the most important zooplankton

population in this pond and mas comprised of elevan genera viz.,

Asplanchna, Lecane, Anurasopsis, Polyarthra. Kerateglla, Trichocercas,

Pleosomg;{chromoqéstar, Filiha, Colurella and Brachionus. Asplanchna

was recorded only in January (400 units/litre) and December with (800
dnits/lifrp) dufing the entire neriod of study. Lecans revealed a

peak of abundance in spring and was absent in winter and summer months
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during the fipst annual cycle. In the next cycle October and November
rezourded 560 ynits/litre and 320 units/litrs and were absent for the
reinaining periocds. The genera Anurasopsis, Polxarchra, Keratella,

T e e -

Trizhocerca, Chromogaster and Brachionus revealed epring and wintsr

Taxlma and summel minima.

The moest dominant genera recorded were Brachionus, Trichocerca@

Keratella, Anuraeopsis and Polyarthra, while the other genera wers

'ecantily repreSented. Asplanchna, Lecaoeg Pleosoma, Cbromocaster,

_Flllna afd Colurella were only once or twice recorded durlng beth ths

cycles. Brachlonus recorded ﬂll values in October and gradually incr-
eased and pereleted throughout the first annual cycle wlth,May regle-
'teringfthe:maxlmom peak of abundance (7,139 units/lirre) which there=-
‘after decreased to record a minimum in july {360 uoite/litre) .In the
next cycle December revealed maximum'(z,éou unlLs/lltre) and a minimum

in Novembel (320 units/litre) a-d was absent in February. TrlChOCBrCG

registsrsed a small peak in November (1 800 Udlts/lltre) whlch there-
after decrsased to record nil in February. In March it revealed the
maximum oeak of abundance representing 2,736 unite/lltre and was
abseot.ﬁor the remaining months of the first annual cycle, December
of the second cycle registered a maximum of 1§ZOO unifs/litre and re=
corded nil in October and February; Keratella recorded maximum in
March (20,178 units/litre) and a,minimom in November with 540 units/
litre and occurred only on thrse occasions during the Firet annual

cycle. In the next cycle, it was only present in March (7?0 unlts/

litre). Anurapopsis recorded two peaks of abundance in Novehber C&ZQO
units/litre) and April with 2,060 units/litre during the first cycle

and was recorded only in October with 400 units/litre during the sec-

ond cycle. Polyarthra revealed peaks of abundance in November (1,700
unite/litre)'aod<March (1,368 units,iivre,; anc were absent during the

summer and autumn months during “te first annual cyclee In the nekt
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- . ® - s - - - fq
rveie it was present only in Dacembesr (2,630 UﬂlCS/lltrB) and January

Py

G500 units/litre) (Table=XiV).

?inallys the group Protozoa which was zvregulariy present was
"ausgs3nted DYy four genera. lricnocina recorded peaks of sbundance
..TLne wintér months and minimum im ¢psing and aubimna ﬂEQEilQ was
cecorded only in June during the entire period of study, Difflugia
rgvealed maximum abundance in spring and winter months and absence
absent during the other seasons, it occurred in March and April rec=
ording (274 units/litre) and (1,520 units/litre) and remained absent
during the other months e the first annual cycle. However, it reapp-
earaed again in Fehruary {2,640 urnits/litre) and March (320 units/
litre) during the first annual cycle. In the next cycle, the only

months of Octobsr and January recorded their presence regiétering

600 unitS/“itre and 3,760 unit./Litre respectivelys, ITrichodina rag=

istered a peak of abundance in October (3,940 units/litre) and in
January (1,960 units/litre) during the first and second cycles res-
nectively and was r»rscorded present only on thres occasioens during

both the cvcles (Table=XIV).

When the major gr oups of zooplankton and their trends of sea-
sonal fluctuations wers obsQrVBd, Cladocera and Copepoda recorded a
summer maxima and wintef‘minimao Rotifera however‘showed-a spring
and winter maxima and summer and autumn minima and Protozoa revealed

a trend of early spring maxima and summer minima (TableéXIV).

When the percentage abuncance of these groups were seen, the
group Cladocera revealed a maxima with 5,5% in September despite its
lean population over the psalk month which showsd only 2.4% in June.
However, March of the second cycle recoxded 3.1%'abundan§e as maxi=-

mum in conFormity with the peak population recorded. Copepoda
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revealed maxima in June with 63.4% and minima in December with only
1. 9% during‘the first annual cycle. The months of December -and Nov -
zmber recorded the minima ard maxima with 2.8% and 40.4% abundance.
Rotifera recorded a maximum of 92,7% in chémberp while tée'ﬁeak'
morthr of March was only.82q9%, In the second cycle however the re=-
-laffye‘pércemt abundahcé Followed a trend more or.less similar to"
'theit actual nuﬁbers. Protozoérrevealed a maximumfoﬁ:64,4% in Octobsr
'thoth in terms of population abundance it was relativeiy smaller to
thé%peék mbnth of Fébruary mhich recorded only 55.7%;'Similarly dur=-
ing the second cycle, February recorded 92.5% and January only 65.5%
(Fig. 8)s o

When the total zooplankton and its trend of fluctuation was
obse;yed it revealed a winter and spring maxima-and summgr minima

(Tablg=XIV),
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EXPERIMENTAL FISH PJINO-3

This pond was also ssen to comprise of four major groups of
zosplankton. The group Cladocera was renresentea by three generaj

feriodapniia

which recordec wintsr and spring peaks during the first
aanual cycle and was absent during autumn and winter months during
the second cycle. Moina revealed peaks of abundance in spring and

autumn with winter minima. Diaphanosoma: was only rscorded in April

(14 units/litre) during the first annual cycle. Ceriodaphnia was most

abundant in the months of May (270 unlts/lltre) and in December (340
units/litre) and recorded a minimum of 7 units/litre during the Flrst
annual cyclee. In the next. cycle it was recorded only in March repre-
senting 73 units/litre. Moina recorded peaksAeF”abundance in thel

months of April (150 units/litre) and in October (100 units/litre)

during the first and-eecond'cycles. 'ne monghs of July and March re;
corded mirimum oounts}uith 7tunits/litre and.ZB units/litre respec= 1

tively during the first and second cyclés (Table=XV). -

The group Copepoda was represented by two:genera, Cyclogs‘and
DlaQaOmUS~ Both these genera had more oOr less a 31mllar’trend of.
abundance recordlng max1mum in the months oF May (1 030 unlts/lltrs)
and (999 unlts/lltre) respectluely during the First” annual Cycle.Ths‘_
nﬂnlmum count oF ngnggg was reglstered 1n Maroh with 86 units/lltre--
‘and _iggtomus in July with 125 unlts/lltre during the same period
Slmllarly9 February recorded the maxlmum peak of abundance recordlng
.,720 unlts/lltre and 1 320 unlts/lltre respectlvely. The mlnlmum
count of nglgp_ was.recorded 1n Narch wlth 13 unlts/litre and

D1ag omus. also in March with 94 UnltS/lltre durlng the same perlod‘

The two genera revealed a seasonal trend of Fluctuatlon W1th sprlng

i

maxima and summer minima (Table XV)

fhe;group Rotifera constituted the mdst ‘dominant zooplankton
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in this pond and consisted of tuwelve genera. Keratella recorded a

. . \ - ! N . . : ) i
winter maxima and summer minima. Brachionus showed a trend of seaso-

nal fluctuation with summer and winter maxima and spring minima. The

genus Trichocerca showed a summer and winter maxima and autumn and

sprihg minima. The genera Fi;ina, Pleosoma, Colurella, Cephalodglla

and Notholca were represented very insignificantly and reoorded mosg=

tly during the spring seasonse. Anuraeopsis though scantilyeredresenf

ted showed maximum abundance in late spring and wintsr season during

the first annual cycle. Polyarthra revealed a winter maxima and sume

mer minimae. Lecans revealed a trend of incrsase during the winter -
months and summer months and Asplanchna was sparsely represented in

both the cycles with the exception of February of the second Cycie.

The genera Filina and Colurella wers recorded only in. thse
month of April representing 1,600 units/litre and 110 units/litrs

respectiveiy. ‘Asplanchna was preSent only in January with ZODidhits/

lltre durlng the Flrst annual cyclee In the second cycle 1t recorded
a peak iIn February registering. 1 320 unlts/lltre and a minimum in
Octobsr with only 240 unlts/lltre. Lecane revealed a peak of abunda=
nce in December and February recording 240 units/litre and 800 unlts/

lltre durlng the first and second cycles respectively. Anuraeop81s‘

was reglstered only in the months of Dctober, November, February and
May recording 320 units/litrs in Dctober as the maximum during the
first annual cycle. In the next cycle also NOVemeer and March recor-
ded 160 units/litre and 40 units/litre respectively. Polyarthra rev-
ealed a peak in October with 2,520 units/litre and a minimum in Feb=
ruary with ]2b units/litre and was recorded only on three occasions
duridg theifirst annual cycle. The month of January during the second
cycle recorged'2,400 units/litre and was abssent.during the remaining
periods. Keratglla showed peaks of maximum abundance in the months

of January with 840 units/litre and December with 5,200 units/litre
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during the first ‘and second cycles. Tha-monthS'OF-Apr114with_j?ﬂ
units/litre and October with 560 uhits/litre recorded the minimum
during the first and second cycles. Trichocerca recerded a peak in.
June with 3,200 units/litre and a minimum in Aprii with 50 units/
litre and was absent in January anrd September during the First:anné'»
ual cycle. In the next cycle, the month of December registered 4,800;
unité/litre as maximum énd_was present only in February and March
recbrding,Bao units/litre and 120 units/litre respectively. The geﬁ?"‘

era Plposoma and Cephalcdglla were recorded only in Dctoberuregisf$

erin§~660 Unifs/litre and 440 units/litre respectively. Brachionus
wasnﬁell represénﬁed over the entire period and recorded peaks of
abundance in June with 5,600 units/litre and November with 2,980
unité/litre durihg the first and second cycles. The months of July
and March registered *“he minimum ~~or-ts with 20 ppite/litre and 6d e
units/litr3 during the first . .d seoond'cycle respectively. The

genus Notholca was totally abssnt in both the cycles with the only‘:
exception of the month of May which recorded 140 units/litre'(Tablééf
xv);: '

The group Protozoa was represented by three genera Trichodina;,

Difflugia and Diaphorodon, all well repressnted during both the cyc=

les in terms of their occurrsnce. Of these three genera,nTriohodiﬁé

and Difflugia constituted the dominant forms. Trichodins revealed a

spring and autumn maxima and summer minima, while Difflugia was pre=

dominantly a summer occurring form with nil values recorded in:the

other seasons. Diaphorodon more or less revealed a summer and winter

maximas

The‘genUs'Trichbdiha;rBCOrded.peaks of abundance in January

andADecémber réprdséntiﬁg‘dBD units/liﬁfe and 1,600 units/litre duf-
ingfthe_ﬁifét'and second cycleé'and'the:months of February and October

recorded tre minimum with 4C ~rits/litre and 160 units/litre during
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the First and second cycles respectively and was recorded only on
four occasion during the first cycle. Difflugia was recorded only in
April, May, July and Augustdduring tha first annual cycles The maxi-

mum psak of abundance was recorded in August registefing 5,100 units/

litre. Diaphorodon was recorded onlyAin the months of Dctober, Dec=
embsr, May'andijanuary doring both fhe cycles. The maximum was recor=
ded in May representing a ooUnt of 6,300 units/litre and in January
with 1,600 units/litre during the first and second cyclss fespeoﬁi—'

vely (Tabla=XV).

When the group Zooplankton was seen for their seasonal fluc-
tuations, Cladocera and Copepoda revealed a winter maxima and summer
minima., The group Rotifera showed a bimodal peak of abundance with
summer and wlntsr maxima and sprlng minima and Protozoa showed more

or less a summer max1ma and winter minima (Table=XV).

When the relative percent abundance of the groups were obser<
ved Cladocera Followed a trend more oOr less 31m11ar to thelr actual'
numbers representing 6e.6% and 20.7% as maximum in January and March
dufing the.firet and second'cyoies'and{their minimum recorded in:
NOVmeer Wlth D.6% of both the oyoles. Copspoda recorded a maximum
of 61.8% in September and 38,2% in February durlng the first and
seoond cyclas. The minlmum was reoorded ln August wlth Te 97 ~ Dec=
ember wlth 1 6% durlng the Flrst and seoond cyclese Rotlfera showed
mexinom in June and Dgcember racording 91,6% and 864.5% durlng the
Firet and second cycles.iThei;'minimUm was\reoorded in September
wlth 1444% and February WIth 55,3% durlng both the oycles. The group
Protozoa reoorded 54, 3% as the max1mum 1n May and 2.4% in February
as the minlmum durlng the Flrst annual cycle. In the next cycle Jan=
uary and Fabruary recorded the max1mum and mlnlmum repreaentlng 1849%

and 6.5% respectively (Fig. OB;.
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When the total zooplankton and its seasonal abundance was

observed it revealed winter and summer maxima and spring minima

(Table=XV).
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The Zooplankton recorded in the circular plastic pools wers
represented by four major grOUps-\Cladocera, Cooepoda, Rotifera and

Grotozoas Cladocera was represented by Cerlodaphnla, Morna, gosmina

and Dlaphanosoma. Copepoda was represented by two genera, yclogs

and Dlagtomus. Rotlﬁera constltuted the largest number oF genera,

Asplanchna, Flllna,_Anuraeop31s,‘Polyarthra, Keratella, Notholca,

Pleosoma,'ChrOngaster, Ascomorpha, Brachionus,.Ce helodella,

Colurella and Lecane. Protozoa by Coleps, leflug;a, Trlchodlna,

Arcella and Dlaphorodon. Though these were the ones recorded in the
present lnvestlgatlon not all genera were present together and only

‘some occurred and domlnated at the dlfferent pools.

CONTROL POGL

The control pool comprised of two genera, Ceriodaphnia and

Moxna undet the group Cladocera, whlch revealed a summer maxima and

sprlng ‘minima. Cerlod thla recorded a peak of abundance in July re-

glsterlng 320 unlts/lltre and in March with 52 unlts/lltre during

the Flrst and second cycles and was recorded absent From October to
Juns, Auguat and September during the first annual cycle and in the
next cycle in the months of December to February. The genus ﬂg;gg

was reCOrded only in November, July and August representlng 157 units/
lltre, 800 unlts/lltre and 480 unlts/lltre respectively during the
Flrst annual cycle. In the next cycls the months oF Dctober and Nov=
ember reglstered equal counts of 13 units/litre and a minimum of. 4
unlts/lltre in January and was abeent in December, February and |

March (Table=XVI).

The group LCopepoda was repreaentedc by two genera Cyclops and

Diaptomus. 'he group constituted the second largest counts of organ-
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isms. Both genera recorded peaks of abundange in July with 2,420
units/litre and 640 units/litre and also their minimum in January
“reoofninn 100 units/litre and 91 units/litre during the Fifst annual
oycle respectlvely. ngkgg* recorded a peak durlng the second cycle
in Dctober wlth 179 unlts/lltre and a minimum in December with 37
'unlts/lltre and was absent in the monthv of February,,whlle the genus
: Dlagtomus recorded a peak 1n October and a minimum in Decembar reco-
- rd1ng 147 unlts/lltre and 28 units/litre during the second cycle and

was absent in February (Table=XVI).

The group Rotifera was recorded as the most domlnant zoeplan-
kton in thls control pool. Lecane showed a summesr maxima and_u;nter

minima,. Anuraeop31s revealed peaks of abundance in late spring and

autumn with winter minimae. Polyarthra recorded a winter maxima and

summer minima. Kgratella showed a winter abundance and their total

absence in spring and summer months. ITrichocerca recorded a summer

and winter maxima and spring minima. Chromogaster, Filina, Ascomorpha

were predominantly recorded during the spring and summer months.

Brachionus revealed a summer maxima and winter minima during the

first annual_cyele and the minima in winter during the sgeond‘eycle.

Among these genera, B8rachicnus was sncountered as the most

dominant zooplanktdn_and recorded a peak of abundance in June with
24,000 units/litre and a minimum in November with 180 units/litre
during the first ennual cycle and was absent in December, January,
ARugust and September. In‘the second cycle October reeorded'é_maximum
with 1,600 units/litre and a smaller peak in January w;£h 1,200 units/
litre and a minimum in December representlno 300 unlfs/lltre. Trich-
ocerca rvecorded a minimum in November with BU units/litre and there—
.aFter daséppeered, ee Teappear only again in May and followed a sim=

i;er trend‘*illmit regisﬁered e peak in Septem' =r represanting 1,280
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uni*e/’itre during the first annual cycle. The month of January recs
or ded the max1mum with 900 units/litre and was absent in December,

. s J'W{P rﬂm’\’ el
Te y”ary and March durlng the $s5ona F;:

U]
(J‘

Cleass
E”'aeQ951s.revealed a

7~

r e

psak in May wlth 1 DDD unlts/lltre and & minimum TH Deoeﬁber r8cor=
di~g only 60 units/litre during the first annual cyole; DuFing tHs
sgcond cycle it occurred only in December and January recording 700

units/litre and 200 units/litre respectively. Ascomerpha was recorded

only in May with 160 units/litre ano September with 720 units/litre
and was absent during the other monthsFof both the cycles. Notholca
wae.recorded in Noyember and May during the first annual oyole;repre-
senting 180 units/litre and 120 units/litre and during the second
oyCIe onlyfin November with 300 units/litre. ‘Filina reoorded a peak
in February and a minimum in January reoording 680 uniﬁs/litre and
100 units/lltre. 1t was also found only. in August and September dur=-
_1ng the Pinst annual cycle and was totally abeent in the second oyole.

Poryarthra was recorded only in the months oF November, February, May

during the Flrst cycle and was totally absent during the second cycls.
!he month oF February recorded the peak with 320 units/litre and

November wlth only 80 unlts/lltre. The genus Chromogaster was present

only in Aprll with 280 unlts/lltre and was absent during the other
months of both the cycles (Table=XVI).

The group Protozoa was represented in this control pool during
both the oycles.in'the months of March, May, September, October, Jan-
uary., February and March. Protozoa comprised of five genera, Cole ER

Trichodina, Arcella and DlFFlugla. Uf these genera (Coleps oonstltuted

the major bulk of organisms and was recorded in September with 680
unitsylitre and March with 200 units/litrelduring'the first annual
cycle and was absent from October to February and April to August.
In the next oyoie it registered a peak w.ta 7,800 units/litre in Oct-

ober and a minimum in February with 200 units,litre and was absent in
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NOVmeer and December. Trlchodlna, Arcella and leflugla Wers recor=

ded only in May representlng 480 unlts/lltre, 540 unlts/lltre and 440
unlts/lltre respectlvaly and wore totally absent during the other

months of both the cycles.. (Table-XUI)

When ths four groups~6€;zodbiahkton iﬁ this control pool were
sean for their»ssaéonal tfend'oﬁ Fiucﬁhatidns ir;éépective.of the
different genera reCdrded undef_%hem,.tladoaera and Copappda revealed
a summgr maxima and winter minima and their toﬁal absencs duriﬁé the:
spring months. The group‘RotiFera revealed a bimodal peak of abundaw
nce with summer and autumn maxima and spring minima. Protozoa showed

tendency to incrsase during autumn and spring seasons (Table-XUI)

When the relative percent abundaﬁce of the groups wers obser=-
ved, Cladocera recorded a maximum in August with 23.0% thoUgh the psak
month showsed only 20.0% duriné the first annual cycle; In the second
‘cycle the percent abundance fiqures Follo@ed a trend more or less si~
milar tb the actual numbers. Copepoda recorded a maximum of 51.4% in
July and 10.2% in March during the first and second cycles. However,
the minimum was recorded with 28.8% in November'though constituted
larger numbsers of counts than that of January which revealed 46446%
during the first annual cycle. In the next cycle December recorded
the minimum with 3.9% abundancef”The group Rotifera constituted 100%
- abundance in the months of December, February, April and June and a
~minimum in July recording only 2846k during the first annual cycls,
In the next cycle December end October recorded the maximum and mini-
mum with 96.1%_and 50.6% respectively. The group Protozoa revealed
its percent abundance mors or less similar to their actual numbers
with the months of May and Octobsr recording as maximum with 21.9%
and 41.3% during the ﬁirét and second cycles respectively (Fig. 9 ).
When theg total.zooplanktbn énd-its seasonal abundance was sesn it

revealed a summer maxima and winter minima (Table=XVI).

i
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Fige 9 = Showing histograms representing the seasoe
nality of the relativae parcent abundance of
the major zooplanktonic groups in ths
Control and ths Circular Plastic Poola.

CP = Circular Plastic Poola.
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CIRCULAR PLASTIC POOL <]

The zooplankton in teis peoi-1 also'comprised of four major
groups: Cladocera, Copepoda, Rotlfera and Protozoa. The group Clado=
cera in .this pool was very 1n81gnlflcant and revealed a more oOr less
summer maxima and wlnter mlnlma. It was absent during the autumn and

spring seasans, Cladocera was represented by three gensra: Ceriodaph-

nia, Molna and Slmoceghglus. Cerlodaghnla was recorded in the months

of October with 4 enlts/lltre, January with 240 units/litrs, Novembsr
with 20-units/lit:e and Maroh with 26 units/litre and was abssent dur~
ing the femaining months onboth the cycles. Moina recorded a peak of
abundance in May representing 4,260 units/litre and a minimum of 6 |
units/litre,inANovember_during the first annual cycle. In the second
cycle a peak of only 59 units/litre and a minimum of 13 units/litre
was recorded in Novemder.and October respectively. The denus Simoceg=
ghélds was recorded only once throughout the entire period of inees~
tlgatlon recordlng 1,880 units/lltre in the month of May - durlng the
-Flrst annual cycle (Table=XVII).

The group Copepode.was well repressnted with the only sxcep=-
tion eF April and May that recorded their absence. The grqdp.revealed
eeake af abundance in>spring and winter and wes minimdmnin the summer
months. Copepoda was represented by two genera Cxclogs and _igggomus
and both revealed peaks of abundance in-May recordlng 2,095 units/
litre and 2,495 units/litre and minimum in~Deeembe}'with 16 units/
litre_and 9 units/litrs respectively during the first annual cycle.
Czclogs.had a peak of abundancs in Nouember with 339 dnits/litre and
a minimum in January with 22 units/litre during the seeond cycle and
similarly in the same cycle Diaptaomus recorded a peak and a minimum
in COctober and January recording 2Q9 ynits/litre and 19 units/litre -

respectively (Table=XVII).
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The group Rotifera comprised of the largest number of genera
and constituted the largest number of 1nd1u1dual forms whlch persis=

ted and Flourlshed during the entlre perlod of study. Rotlfera was

-represented by Asplanbhna wbleh_enbmed thelr'abundancexuuglng the
spring eeasons and abeenee invsunner'and winter meH%hs. Lecane was
recorded only once during the entlre perlod oF both the cycles with
"the exception of March recordlng 520 unlts/lltre. The genera Anurae-

opsis, Trlchocerca, Hexartkfra -and Flllna recorded peaks of abundance

‘during the summer and winter mbntne and recorded very lean popula=

tion during the other seasons, Brachionus revealed a summer maxima

‘and winter minima. Keratella, Notholca #nd Cephalodella were recorded

4'only during the second cycle in the winter months,

The genus Asplanchna revealed a peak in.Aprii.with 640 units/
litre and a minimum in 3June with’?O_units/litre dufing the first ann-
ual cycle and alsoboccUrred in May with 480 units/litre..fn the next
cycle if.was recorded only in»Februa:y with 120-units/11tfe, The gen=

era Anurgeopsis with 2,000, units/litre, Polyarthra with 600 units/

flltre, Brachlonus wlth 3,120 unlts/lltre; Hexarthra with- 240 units/

blltre, Filina with 3, 640 unlts/lltre and TrlbhOcerca with 3,120 units/

gvlltre recorded as max1mum peaks of abundance in the same month of May

: durlng the Flrst annual cycle. Durlng the next cycle. they ‘recorded

_thelr peaks at leferent intervals. Trlchocerca recorded a maximum

in: Dctober wi th 1, 6DD unlts/lltre and a minimum ln January reglster-
ing 320 unlts/lltre. Slmllarly, the genus giiiga recorded maximum end
minimum counts 1n Dctober and’ January representlng 2,200 units/lltre
and 240 unlts/l;tre respectlvely during the eeebnd cycle and Brachio=
nus revealed a maXimum and minimum in-Octobep»and Debembepnprresen-
ting 3,800 unita71itbe:and 320 units/litre during the eame’beriod
(Table=XVI1). |
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The‘last4grcup of zocplanktcn in this .peol. was Protozoa and

_was qqite signiFiCantly‘represented by four genera, Coleps, Tricho=

diﬁa,{ArceLiafand Difflugia. Colecs recerded'abundance during -the
autumn months and was absent in'eummer.lArCellaurestricted their
occurrencse durimg the winter mcnthe.buf-with-a~peak,recorded in syme

mer duringfthe Firet’annual-cycle, In the second cycle they wers re=-

corded once in Octobser and was absent the .other months.tTrichodina
was also erratically“recreSented during both the cycles.tDifFLugia
was recorded Only'in-January:and March during the first annual :cycla-

In the next cycle it revealed a winter abundancs..

Colegs1recorded equal peaks of abundance in the.months of Nov-
ember and Dcccber-representing 15400 units/litre sach during the
first and second cycles and*reveaied a minimum in September with 400
unlts/lltre and February with 120 unlts/lltre during the Flrst and
sgcond cycles reSpectlvely and was absent in Dctober, February to
July, December and January during both the cycles. Trlchodlna recor-
ded peaks of abundance in Aprll ‘with 440 unlts/lltre and 320 unlts/
litre in February during the first .and second cycles% The minimum
was both in November with 120 units/litre sach dqrind the first and
eecond cycles. Arcella recOrded July as the maximum and June as the
minimum registering 440 units/litre and 30 nnits/litre during the
First‘annual cycle and in fhe“next cycle Dcfober recorded 600 units/
litre and was absent durlng the remalnlng parlods. The genue DlFflu-
gia was pressent durlng the first annual cycle, only in the months OF
January with 220 units/litre and March with 720 unlts/lrtre, In the
second cycle;‘February registered the maximum recording 5,680 units/
litre and Decembsr revealed a minimum countlwith 1,320 units/litre

and was 35350t~i” Dctcber and November (Table-~XVII).

The four groups of zooplankton}irreSpective of the .genera

recorded under them revealed an almost eimflar-trend of seasonal
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fluctuation, Cladocera, Copepoda and Rotifera showed a more or less
summer maxima and winter minima. Protozoa revealed a summer minima

and winter maxima and also recorded peaks of abundance during

autumn (Table=XVII).

When_fne‘diﬁferent groups relative percent abundance was ssen,
Cladocera was ebserved to follow a trend more or less similar to |
their actual numbers. The months.of May and November recorded 28..5%
and 4;5% during the first and second cycles. The group Copepoda reg-
istered a 100% abundance in February though the peak month of May
recdrded only 21.3% during the first annual cycle.. In the second"
cycleMrhe relatiye percent abundance followed a trend similar to
their actual numbers. The maximum and minimum recorded wers 31.3%
and 0,8% in Novembsr and January respectively. The group Rotifera
revealsd a maximum in April with 89.0% and mlnlmum in- November with
6e4% of the Flrst cyclee. The second . cycle showed a max1ma and minima
during October and February recaording 75. 3m and-17., 4% raespactively.
Protozoa recorded a maximum percent abundance in November represen=-
ting 86.1% and a minimum in June with 2.6% during the:first-annual .
cycla. In the sscond cycle the month of February recorded the maxi-

mym with 76.,2% and a minimum in November recording 1844% (Fige 9).

When the total zooplenktcn and itsjseasonai éldcruation mas
seen it reveaied a bimodal peak of abundance in summer and autumn
with a winter minima. However, the trend of fluctuation was seen
with a peak formation in. the garly Sprlng durlng the second cycle

(Table-XVII)
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CIRCULAR PLASTIC POOL=2

The‘groups dF_zooplankton recorded in this pool was also simi=-
lar to that of pool=1 and wae represented by Cladocera, Copepoda,
Rotifera and Protozoa. The group Cladocera was very pogrly represen-~
ted in their abundance and occurrence and comprised,pf two gensra

Cegriodaphnia which was recorded during the months of- October, Novem=

ber, Decembsr and May showing as the maximum of 40 units/litre and
recorded a minimum of 7 units/litre in Neyember. It wae also present.
in the months of October and December during the first annual cycle.
The only months of January and March of the second cycle recorded 14
units/litre and 336 units/litre reSpectively.eﬂgggg recorded a peak.
of abundance in September registering 299 units/litre and a minimum
in April with only.4 units/litre during the first annual cycle. In
the next cycle October registersed the maximum with 774_units/li£re1
and Jandary as the minimum witn 78 units/litre and uwas recorded .only

six times during both the cycles (Table=XVIII).

The group Copepoda was represented by twoe genera Cyclops and

Dlaptomus..Cyclqps revealed a wlnter maxima and summer mlnlma.v'
Dlagtomue recorded blmodal peaks of abundance 1n wlnter and autumn

. with summer minima durlng the Flrst annual cycle..In the next cycle,-
however, the peak .of abundance shifted to early Sprlng.-The genus .
Cyclops constituted the dominant Form and revealed peaks -of abundance.
in November with 1,326 unlts/lltre and in. March with 2,088 UﬂltS/ll*‘J7
tre and minimum in February recordlng 13 units/lltre and in December
mithnSQ»units/litre during the first and second cycles respectivelyr'
Qgggﬁgmggﬂsimllarlyxreeprded.peake*ofrabundance'in November and Marcn
repreSBnting 15,142 units/lltre and 1;416~pnits/litre during the

first and second:cycleee'The months dFAFepruarv'and December reqdrded
5 units/litre and 66 units/Tit~= 'as minimum duving the first and

second cycles (Table=XVIII).
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The group Rotifera constituted the most dominant zooplankters

in this pool and was represented by eleven genera. The genasra Aspla=-

nchna, Polyarthra, Notholca, Cephalodella and Brachionus recorded
their peaks of abundance during the autumn months and minima during
the spring seasons. Leeahe and Colurella wers recorded only in Jan=-

uary with 160 units/litre and June with 300 units/litre respectively

during the entire period of study. Anuraeopsis revealed a winter and
spring maxima and summer minima. Keratella recorded winter occurrsncs

and absence during the other seasons. Trichccerca showed a summer and

sarly spring maxima and autumn minima. Filina showed a summer maxima
and winter and autumn minima during the first annual cycle, while in

the next cycle recorded peeks of abundance during winter.

The genus Asplanehna was present in the months of May, Juns

and August and was absent during the remaining period. It recorded a

peak of 4,u00 units/litre in August. Similarly Lecane was recorded

only ;h Jenuary with 160 units/litre. Anuraqueis recorded peaks of"
abundence in April and November representing ﬁ,BDD units/litre and
1,120 units/litre during the first and second eycLes and recorded
mihimum in the months of December regisﬁefing 1,320 units/litre and
2DD units/litre during the Firét ahd_second cycies ahd"beeides thess

menﬁhs’they were recorded twics dufing beth the-c?cles. Polyarthra

recorded peaks of abundance in Seetember with 1,440 enits/litre ahd
in November with 1,920 units/litre and minimum in March with 100
unlts/lltre and January with 240 unlts/lltre durlng the Flrst and
second cycles respectlvely and besides these months they occurred
only thrlce during the first and second cyeles° Kerate;;g_was present
only ih.the months of December with 800 qhits/iitre?andIZDD Units/

litre during the first and second cycles‘respeotively;'Trichocerca

1uvaaled a- ‘peak of abundance in June recording 1, 600 unlts/lltre and

a minimum i, February with only 21 unlts/lltre durlng the Flrst
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annual cycle and was absent for six months.iDUring the second cycle
March recorded 2,560 units/litré and January 1,720 units/litre and
was absent from October to December and February. Notholca was feco-
rded only in the months of November with 350 units/litre and February
with only 12 units/litre during the first annual Cyclé. In the next
cycls October recorded 560 ynits/litre and was entirely absenfldeihg
the reméining periods. Filina recorded peaks of abundance in May with
2,000 units/litre and in December with 440 units/litre during the

first and second cycles and in addition to these manths they wers

recorded thrice during both the cycles. Brachionus recorded a peak

in November registering 980 units/litre and a minimum in February
with only 24 units/litre during the first annual cycle and was absent
in the months of January, March, April, August and September. In the
next cycle, March registsred a maximum reoording 3,840 units/litre

and a.minimum in February with 320 units/litre. Cephalodella was rep-

resented only in October and in December with 640 units/litre and 280

units/litre and was absent during the other months of both the first

and second cycles (Table-XVIII).

The group Protozoa was represented by five genera; Coleps,

~,

Trichodina, Arcella, Difflugia and Diaphorodon. Of these genera;

Coleps eonstituted the dominant form: and revealed psak of abundance
in June recording 1,800 units/litre énd.a minimhm in February with
111 units/litre and was repreéented oniy'Four times dhring the first
annual cycle. In the éecdndrcycle, jaﬁuéfy regiétered a peak-with’760

~units/litre and February with 560 units/litre and was absent in Octo-

ber, January and March.‘Trichodina was entirély absent during the
first annual cycle and was réédrdéd'énly in November registering 1,120
units/litre and December with 200 unitsjiitre in the second cycls.

Arcella was pressent only in the months'othuly”aﬁd August recording
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18 unlts/lltre and 1,200 units/litrk’ during the first annual cycle
and was absent durlng the entire second cycle. Qiﬁﬁiggig and _&ggbo-
rodon wers regletered in November with 460 UﬂltS/lltrB and in- Decem-
ber with 44@ unlts/lltre during the first and second cycles respec=
tively and was absent during the other months of both the'oyclee

(Table=-XVIII).

VWhen the group Cladocera was seen for“its relative oercenf
abundance among the other three groups, the months of September and
November recorded an equal magnitude of abundance with 9.,2% and the
months of Aprll and December recorded the ‘minimum with 0.1% and 1.9%
dur;ng the first and second cycles respectiysly. Copépoda’ recorded
ma%iﬁum in March with 64.8% and ~February with 48.8% and minimum in
Dctcber with 2.2% and December with 4.5% respectively during>£he
first and second cyclgs. The group Rotifera constituted the hlghest
relatlve percent abundance recording 91. 4% and 72.7% in May and Dec-
ember and with 30.6% and 25.6% as minimum in the monthe of February
durlng the first and second cycles respect;vely. Protozoa constltuted
a'10d% abundance in January and a minimum In july with 6.2% during
the.%irst annual cycls. In the second cycle February registersd tne

maXimdm with 25.6% and a minimum in November with 13.2% (Fig. 9).

‘When the total zooplankton was seen for their seasonal Fluc-

tUatlDﬂS 1t revealed a summer maxima and spring minima (Table- XVIII)



CIRCULAR PLASTIC POOL=-3

The major groups of zooplankton registered in this pool wé;%_
also CladoeeragvCopepoda,‘RotiFera and Protozoa. Dfifhese-groupsw;-'
Rotifera constituted the dominant form both in-term of individual
counts and occurrence. The group Cladocera was represenﬁed bydthree

generas Ceriddaphnia, Moina and Simocephaluse The genus ﬁeriodéphﬁié

was recorded only in November repressnting & count of only ™17 uhifé?
litre and was absent during the remaining periods of both thedcycies;
The genus Moina revealed peaks of abundance during the early winter .
months with November recording a maximum of 229'units/li£re and a
minimum in March with only 28 units/litre during the ﬁirst annual
cycles and was absent in the months of February and Aprll to Septemben ‘
In the next cycle Octobser recorded the peak with 15 080 unlts/lltre
and March as the minimum with only 39 UﬂltS/lltre and - was%absent 10,

October, December and February. Simocephalus was recordedionlw*dhee

with a count of 2,000 units/litrs in November and was totally absent

during the other months of both the cycles (Table—XIX).

4

The group Copepoda was represented by only two genera xcloga
and _;ggtomus both of them revealed an autumn max1ma and ‘summer m1n1~ff“
ma. Cyclops recorded peaks of abundance in February with 1,200 units/
litreiend October mith 1,482 units/litre and mihidumdih Jdly'(SS
‘units/litre) and January with 274 units/litre.ddring‘the'Pirst and
second cycles respectively. Diaptomus recorded a peek ithetober Qiﬁh'
798 units/litre and a minimum in March recording 77 units/iitre dur=-
ing the first annual cycle. In the next cycle October recorded a maxe=
imum wlth 1,482 unlts/lltre and a minimum in December reglsterlng 200

units/litre (Table=XIX).

t

The group Rotifera constituiea cne most dominant'zodplankton

and was rej cesented throughout :he period of s.udys Rotifera was
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comprissd of nine genera, Anuraesopsdis recorded an autumn and spring.

peak, with winter and summer minima during the first annual cycle.

In the next cycle it was recorded only in October. Polyarthra was
confined to the winter and spring bccurrence and showed summer minima.
Kgratella revealed a peek in winter and was absent during spring and

summer during the first annual cycls. In the next cycle a peak ‘was

seen in March and was absent in the winter months. Trichocerca reve-
aled summer maxima and spring and autumn minima. Notholca was rscor=
ded only .on two occasions during the first annual cycle in-winter

.and was absent throughout the remaining periods of both the cycles;

Filina revealed spring and autumn peaks and winter:min;ma.nBrachionus
recorded a bimodal peak in summer and winter and autumn minima during

the first annual cycle. In the next cycle it recorded a winter maxima.

Colurella and Asplanchina wers present only “n the summer months,

The genus Anuragopsis revealed a peak in»September registering
2,860-units/litre and a minimum in December with 360 units/litre dur-
ing the first annual cycle. In the next cycle October recorded 440

unlts/lltre and was absent during the remaining months. Pclyarthra

Showed peaks DF abundance in May and february representing 680 unlts/
lltre and-.200 unlts/lltre respectlvely during the first and second

cycles. The months of March and December recorded mlnlmum counts with
200 unlts/lltre and 160 unlts/litre respectively durlng the Flrst and
second cycles. Keratella recorded a peak in November wlth 560 unlts/
lltre and a minimum in December with 200 units/litre durlng the first
cycle. In the next cycle March repressented the max1mum wlth 1,760

unlts/lltre and minlmum in November with 260 unlts/lltre. Trlchocerca

revealed -a peak in April with 4,800 unlts/lltre and a mlnimum in Wune
with 320 unlts/lltre durlng the first annual cycle and was absent
from November to January. In the next cycle February reg;steged the

maximum witn 2,400 cnits/litre and a minimum in November with 80
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units/litre and was absent in October and Jenuary. Notholca was reg-
istered only in the months of November and December recording 1,160
enits/litre and 320 units/liﬁre and was absent in- the other months
of_both the cycles, Filina showed a peak in September with 9,440
units/iitre and a minimum in.December with 320 units/litre during the
first annual cycle and was absent in the months of October, November,
Februery, Juns and July..In the second cycle a maximum and minimum

was rscorded in October with 440 units/litre and November with 280

unlts/lltre and was absent from December to March._Brachlonus recor-:
ded a maximum peak in Aprll registering 5, 600 unlts/lltre and also a
smaller peak in June with 4,800 unitsflitre and a mlnlmem %n January
recording. 200 units/litrs during the first annual cycle. In the nexc
cycle the months of February and Decembar rééotded;fhe maximum and
minimum with 4,400 units/lLitre and 1,040 uhits/iifreiféepécﬁfﬁely:

Colurella revealed a peak in July with 3,800 units/litre and a mihi;
mum In June recordlng 240 unlts/lltre and was absent from October to
May and. August during the Flrst annual cycle. In the next cycle it

was totally absente.- Asglanchna was, also recorded only durlnq ‘the

first annual cycle in the months of October, - July ‘and September rap=
resenting 720 units/litre, 1800 un;ts/lltne,and 366 unlts/litre ree-
pectively. (Table=XIX). '

The group Protozoa was represented by Foer genera Caleps8 which

constltuted the domlnant form and Trlchodlna, Arteella and Difﬁiugia.

' Colegs was represented only during. the late summsr of the first ann-

ual cycls and in the next cycle in early spring. Tnlchodlna was resw-

tricted only to the summer months, while Arcella in winter and a peak
in summer and Difflugia revealed an occurrence only during the autumn

months.

Coleps recorded peaks of abundance in June with 7,600 units/
Iitre and in September with 6,480 units/litre and a minimum in July

recording 5,800 units/litre and was absent from October to May and
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August during the first annual cycle« In the next cycle it was recor=

ded only in March with 880 units/litre. Trichodina was registered only

in the months of May with 640 units/litre and September with 840 units/
litrs and was absent during the remaining months of both the cycles.
Arcella revealed a peak with 960 units/litre in August and a minimum
with 40 uniﬁs/litre in Decambéf during the first annual cycle and uwas-
absent thrﬁughout the second cycle. Difflugia was registered only in
the months of October and December recording 200 units/litre ard

14,640 units/litre during the first and second cycles respectively

(Table=XIX).

When the groups of zooplankton were sesn for their seasdnal
trend of fluctuation irrespective of the gsenetra recorded under them, .
Cladocera showed a winter and late autumn,Maximé and summer minima.
Copepoda revealed an autumn maxima and summer minimas RO6tifera revea=-.
led peaks of abundance in spring and summer, and winter minimas The.

group Protozoa revealed a summer maxima and spring minima (Table=XIX).

When the groups relative percent abunddnce were seen, Cladocera
recorded a maximum in:OCtober with 12.1% and a minimum in January with
0.8% during the Firét annual cycle. The months of November and March
racorded the maximum and miniQO with 31.4% and 0.7% respectively
during the second cycle. Copepoda showed maximum percent abundance in
the months of February with 44.5% aﬁd October with 4847% during the
first and second cycle and minimum in July with 0,7% and Dscember with
with 2.8% réspectively. Rotifera was solely represented in the month
of April and constituted 100% abundance and with a minimum in June
of only 40.3% during the first annual cycle. In the next cycles they .
recorded 87.1% in December and March with 16.6% as maximum and mini=
mum resbectiﬁeiy- Pnotbzda recorded maximum in Jume and December with
57.0% and 87.1% and the minimum in December and March with 1.1% and

1646% during the fifst and second cycles respactively (Fig. -9.).
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When the total zooplankton and its seasonal trend of fluctua=
tion Mas segn it revealed a summer and winter maxima and spring'min—

ima (Table-XIX)o
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CIRCULAR PLASTIC POOL~4

Four major groups of zooplankton were also represented in this

pool=4. They wers Cladocera; Ecpepoda, Rotifera and Protozoa.

The group Clad0cera was represented by two genera Cerlodaphnla

‘and M01na, but was very 1n51gnlflcantly represented and occurred only
"in the months of November, "January, March and April during the first

cycle and recorded maximum density in March and minimum in Aprll._{

. During thse second cycle they wers present only in the months of Jan-

uary ¥0 March. Ceriodaphnia was recorded only in November:wlth 519

unite/litre:and'in'january with 113 units/litre and a maximum density
;_in-March rebording 1‘92D.units/lltre and was recordsed abeent thrbugh-
- put, tha perlods of the second cycle. The genus Moina revealed a peak
in January reglsterlng 1 143 unlte/lltre and a minimum in March wlth
only 80 unlte/litre and was absent in October, December, January ‘and
Aprll to September durlng the First annual cycle. In the second cycle
the month OF March reglstered the ‘maximum. w1th-648'un1ts/11tre and a
4m1n1mum oF 59 unlts/lltre in January and was’ absent From Dctober ‘to

December (Table-XX)

The group Copepoda was represented by ‘two genera Cy ng' and
» Diant mgw and revealed their abundance in Aprll and mlnlmum in Febru-
ary and was absent in the months of February, May and June during the
Flrst annual cycle. In the naxt cycle March and October recorded the
maximum and minimum abundance and was absent in December._The genua
"Cyclogs revealed a%winter-maxima and spring minima'and ih the autumn‘
~-a tendency to 1ncrease. It recorded a peak of abundance in January
- registering 1, 782 unlts/lltre and a minimum in July with 40 units/
litre during the Flrst annual cycle.,In the next-cycle a max1mum anek
zcmlnlmum was reglstered in the months of March w1th 1 579 unlts/lltre

and Octaber with - 91 unlts/lltre and ‘was absent in February, May, June

and December durlng both the cycles.



212

TIonRtddta *6l
TITSE *61 SRR 1S

WYL *u T—
VYOS 91 Y %
vozoioue (q) VY
ve34T08 ()
TREETIYT oy
TEETSTS ¢
vaod3de3 (8)
TUTOH *z
TYUTREEYISS -4
YHII00 1D (V)

Tk T,

Sy=T004 IYYSEYY JETNOITY
Oy3 ut (ea3Tr/ejTun) uciuerdonz TR0 BNy pue Bxeush
Sgdnast Jofew ayoyy fuolyuerdonz JO BOWRpPUNGE TRUOSBOQ

XX=a vl



1980-81

GCT NOV DEC JAN FEB NMAR

1979-80
MAR

-

Jan

- S
-

JUN JW. AUG sv¥

APR  MAY

Noy  DEC

Slet0, OCT

A

|

3 c! g §§ g aguzg‘ee%gno o oooe
B og N 'E 3 gacogneuaoc o oooce
- - e 9

& on E g; g egcgagnaéea g gaeo
Cc o0 0 ee § eaeocacageo § gaee
o o0 E §§ g oeeaggnncee § geoo
e oD 2 4 é agaoa:uoioa é éaaa
oo E gn 2 oauaaeeogue o oo
oo ! Ba g .gggo!eigaa g guoa

a6 3§ § OSCegeggee § soge
dadded b i el b o
@ oo oo g oggRogegEee § °§E°
BTRREETETETY
GESEE RETTTTROERTECRR”
#00 ¢ oo g spegpeergees ccon

BRERMEITH VS
TOTERRETTTTRRTRT ! T
PRRERY B AIRERASR™" 3 "%
it %} i Dbt 1 Nl

* & k3 L. B 3 s EY L 2
LR X nn»‘sé:ég:é

(a)
(8) 1
(»)
19.

Sed
——

TOTAL 2360 5384 2974 31487 6080 4810 10116 5120 17200 360 3904 2593 2543 3803 1200 5736 6280 8076

e

- Aoy o

o e ap




213

Diaptomus recorded a peak'in April registering 2,613 units/
litreland'a minimum in july with 40 units/litre during_the first ann-
ual .cyclee In the next cycle March and October revealed the maximum
and minimum density representing 1,769 unlts/lltre and 52 unlts/

blltre respectlvely (Table=XX).

The'group Rotifera was encountered as the most domlnant zoo-
'”plankter | ‘in their occurrsncs. The group was represented by ele-

-ven genera. Asplanchna was reCOrded only in the months oF November,

*March and- February durlng both the cycles, eglsterlng 239 unlts/lltre
520 unlts/lltre and- 2 080 unlts/lltre reepectlvely— Lecgne was reco—
rded in, February with 440 unlts/lltre, June and August wlth ADD unlte/
litre sach. during the Flrst .afinual cycle. In the next cycle January
ecorded the maximum with 640 ‘units/litre and a mlnlmum in October
swlth 200 unlts/lltre =and was. absent 1n November, .December and Febru-
“ary. An ra80931s recorded a peak in June with 1,000 unlts/lltre and
a mlnlmum 1n August mlth 423 unlts/lltre and b981des this they wers
reglsteredzonly fourxtlmes durlng-the_ﬁrrst annual cycle,aIn;the next:
cycle it was recorded only in Dctober registering'GDD units/Iitre.

Polyarthra revealed peaks of abundance in January and March registe-

ring 2 080 unlts/litre .and” 240 units/litre durlng the first and sec- .
ond‘cycles respectively. A minimum of ZDO-unlts/thre in August and
80 units/litre in January was recorded during the first and second
cycles. Keratella revealed peaks of maximum den81t1es in the months
of February with 1, 600 unlts/lltre and wlth 1,920 units/litre during
the first and second cycles respectively. A-minimum_of 240 units/

litre and 320 units/litre was recorded in December and March TespeC=

tively during both the cycles. Trichocerca'shdmed maximum density in
April. registering 1,760 units/litre and a minimum in July recording
only 40 units/litre during the first.annual cycle. In the next cycle

November regietered:1;000 units/litre as the maximum and January as
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the minimuim with 360 units/litre. The genus Trichogerca was also
recorded présent in the months of November,; December, May, Juns and
August durihg the first cycle. Notholca was recorded in November and
Warch wlth equal peaks representing 280 unlts/ll+re and was absent
during the other perlods of both-the Cyclas. Filina recorded maximum
peaks of abundance in June representing 12,608 unicsylitre and'in
March with 1,520 units/litre. It recorded minimum in November with

B0 units/litre during the first annual cycle and was absent from Oct-

ober.to Februa?y,during the second_cycle. Brachionus recorded psaks
oF'abuncanCB_in February and September registering 3,440 unitc/litre
and'z,dDD unitS/litre.ahd a_minimum in July with only 60 uniﬁé/litga
during;théxﬁirétnannual,cycle. In the next cycle March registered £he'
peak with 2,320 vnitsflitre and October as the minimum with 200 units/
' Jitre-iﬂd“was absent in Octdbéf; June and November during both the

cycles.,The genara Colurellg and~-Ascomorpha were recordsed 0ONce dur-

ang the Flrst annual cycle in arch with 240 units/litre" and May with
3, 440 unlts/lltre reospectively and was totally absent durlng the
pther months of both the cycles (Table xx)

The group Prot@zoa=was represented by the gensra Coiegé;

Tpibhodina, Arcella and Dif?lﬁlia, Thé gQroup recorded maximal demsi=
ties in,january and minimum in July during the first annUal‘cycLe;
In the second cycle‘January recorded 3;000 units/litre as thccpéak

and Decembem_with &l@vunits/iitre as the minimum.

Tﬁe"genera Arcella and.DiFFlugig'recardgdf%héimfmaxiMal‘ceaks
of abundance in Jenﬁéry registering 3,040 units/fifnecand 15,680
Unlts/litre durlng the first annuwal cycle and recorded their mlnymum
counts in July with 40 unlts/lltre and - November wlth 240 unlts/litre
durlng the Flrst and second cycles respectlvely. In addltlon to the
max1mum and mlnlmum recorded months, ‘the genus Arcella was present_
only an:MapcthAprllvand,May and was absentgdurlng thejother:months;

“of Both the cycles, while Difflugia besides "the mbnths of NoVember
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and January was absent throughout the other months of both the cycles.
The genus Cclegs_réccrded peaks of abundance in August registering
2,320 units/litre and in January with 7,000 units/litre during tme
first and second cycles. The months of Dctcber with 600 units/litre
and December with 400 units/litre recorded the minimum counts of these
forms during the first and second cycies. They also occurred in the
months of December (800 units/litre), October (1,200 units/litre) and

November (1,200 units/litre) during both the cycles. Trichodina was

found present cdlygduring the Fifct'annUai cycle with the mcnth of
June and Novsember fepresenting the maximum and minimum registering
2,800 units/litre and B0 units/litre and was totally absent during
the secomd cycls (Table-XX)m, ‘ | '

When the relative percent abundance of the diffsrent grodps
wers seen, Cladocera showed a maximum of' 41.6% in March. and a minimgm
of 1.5% in April during the first annual cycle. In the next cycle,
‘March and January recorded the maximum and minimum representing 7. 47
and 1 07 reSpeCthBly- The group Copepoda revealed a maximum abundance
in Dctober with 504.8% and in December with only 3. 1% as mlnlmum during
the first annual cycle. The months of March with 37 7% and October
with 651% represented thc maximum and minlmdm durlng the second cyocls.-
Rotifera registered'a'maximum relative bé}cenc ébundance in February
cBCQ;ding.ioo% and a minimum in October with cnly 23.7% during chc
'Fiféﬁ>amnudL cycles In the nexticycle maximum peccent ébundance was
'SQQm-in December with 66.7% and a~minimum of 42.7% in Oztober. The
group Prctozoa constltuted a maximum of 59, 4% in August and only 9. 5%
1n Aprll during the first annual cycle. In the next cycle the maximum

and mlnimum relative psrcent abundance was registered in January wlth

52,4% and November with 31.5% (Fig. 99).

When the total zooplankton was seen irrespective of the groups. -
and genera present under  them it.rcvealcd‘a summer and winter maxima -

and spring and autumn minima (Table=XX).
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DISCUSSION

After the consideration of the basic physical and chemical
nature of the fish ponds énd pools _it was felt to observe the liv=-
ing things'namély the'biota in these ecosystems. This helps in un=-
derstanding the spatial and temporal relationships through which
groups of individual forms of either the same or diﬁferent species
are formed and their linkages into ecological patterns and associa=-
tioné, It is weil documanted that several environmental Factops
either by themselves or in cohbinations interact to regulate this
ASpatial and temporal growth of biota, yet it was needed at this stage
to understand their basic dynamics of the biota itself and their

interactions,

With the aboue in view the biota in the present investigation
of the fish pondé and pools wers brqadly categorised into two major
groups, the phytoplankton and zooplankton. The dynamics of both of
these two groups have been confinéd to the results obtained from
their'ogcurpences from the suphotic zones in the different systems

under study.

When'the phytoplankton associations were observed in‘the diFF;
sraent Systemé it was seen that Chlorophyceae was tHe dominant group‘
present in all_fhe fertilized ponds and pools and Euglenophycéae
‘came next in imporfahce. Howeﬁer, in the control systems both in the
ponds and:pools'Euglenophyceae was the dominant group with Chlorophy-
ceae cohing negt in importance,.Beﬁween these two groups itself thers
is a clsar évidence of a successional pattern being altered because.
of fertilization measures and'it ssems that irrespective of the fer-
tiiiiatioh.such a chahge is quite 6bV£mm even in those systems

where only supplementary feed as administered.
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The third dominant group of phytoplankton was Myxophyceas and
this occupied the same position for all the ponds and pools. There
sesmed to be no changs in its dominant role sven with fertilization
though of course there was definitely an increase in their numbers
en fertilization, yet with the simultaneous increase of the two do-
minant groups Chlorophyceae and Euglenophyceae they came third in
importance. Among the Circular Plastic Pools, Bacillariophyceae occ=
upied the fourth position and was so found irrespective of fertili-
zation measures and also in the control. However, though this occu~
‘pied the fourth position as abundant forms in Experimental Fish Ponds
1 and 3, yet they formed the last in the centrel and only second to
the Experimental Fish Pond=1. The last two groups Xanthophyceae
‘and Dinophyceae alternated over the seasons, dominating each other
:and since their numbers were very low thev did. not seem to play a
very significant role in affer®“ing the dynami-~s of the eystem. Their
'iow.abuhdances were found both in the Experimental Fish Ponds and

Poolse.

One observation arising out of such an analysis of the major
groups of phytoplankton is that though there is a shift from the .
Euglenoids to the abundant form of green aigae (Chlorophyceae) From
natural systems to fertilized ones, yet the blus-green (Myxophyceae)
whlch are an indicator of eutrophic 81tuat10ns seem to be relegated
to the third position inspite of fertilization measures, probaely
feFlecting the equilibrium attained in such acidic waters wheee a
QelEamaEE£ained.buFFer operates, not allowing the excese of alkalie
nity to form the usual bloom and crash of blue~green algae. This in=
dlcated that the presant Fertlllzatlon management is quite adequate
Fortthe control of such noxious blue-green algae to develop to only
an. extent required and rot to levels as obtained glsewhere in fish

ponde and .n particular the plains of India. Bacillariophyceae or
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diatoms add to the above contention in that the situations are not
highly eutrdphic and there exiets a negative relationship between
Dindphyceae or desmids. It hae been suggestad as early as 1946 by
Allen that thse phenomenon of mutual exclusion occurs between diatoms

and dinoflagellates.

When these major groups are broken down into their respective
genera that they comprise of, it was clearly observed that amdng

Chlorophyceae the genera, Chlamydomonas and Scenedesmus invariably

occupied the first two positions in all the systems undertaken_for
the present study. Moreover tnere was a drastic increase in their
numbers in the fertilized ponds and pools, and in fact these twe
gensra alene decided the dominance of tne group. One dbserVes’nere
ttat thbughothe general blue=-green algae was kept quitse dnder:con-

trol, yet among the grean algae, the two gensra Chlamydomonas and

Scenedesmus were abundant and ars known as inoicators OF‘eutrophica-
tidn«”ThereFere, in theee ponds and pools, Fertilization"dees incre=-
(ase the eutropnic.statuS of theisystemé not necessariiy by the usual
eutredhib group, but even at generic levels of usually a'Olrgotro-
phic greUpm'This sort of a phenomena is not very new in acidie waters
whlch are perturbed since the minor shlfts at generlc level could be
attrlbuted to the increasse in amplltude of the turnover rates, which
over the seasons,bse explalned by the dlver51ty of’ phytoplankton pop—
ulatlons with a decrease of total blomass (Javornlcky and Komarkova,
1978). Mdreover lt is known that green algae and dlatoms are more
efficient produeers than»blue-greens and dinoflagellates (Findenegg,
1965°"and Pyrina, 1966) Tt is therefore a beneficial aspect that
even eutrophlc genera grow abundantly 1n Flsh ponds than the blue=-
greens which effect prlmary productlon levels de01d1ng the produc=

tion of hlgher : trophlc levels whlch in the present case 'is fish.
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The other observations from the present investigation was the maxie
mum numbers of genera present under Chlorophyoeae than in any other
- groups Moreover there was a clear inverse relationship to the seaso=-

nality.of these dominant genera under Chlorophyceae like Chlamydomo—

‘nas;. Soenedesmus and Anklstrodesmus with that of the genus Nav1oula

'oF BaCLIlarlophyceae. Though the numbers of abundance were Far less
t;n'the latter yet it seemed that there was a clear cut 0801llat1ng
.rhythmicity in the:successional pattern of these different genera to

: ereate a primary production level possibly at equilibrium throughout

. the annualloycle. This was true irrespective of Fertilization;

except- that in intense fertilized ponds and pools or in those whers
ino:ganic and organic fertilizers and supplementary feedings were
administered showed that the field rhytnms seemed to possess an in-
hersnt rhythmicity more or less similar betwesn systems except, pro-
bably with the differences of magnitude (Enright, 1970 and Gliwicz,
1975). | | |

. Such increases in amplitude of turnover rates during the sea=
sons ‘and. between the systems could also be a cause of the altered |
diVersity ot phytoplankton population and the uniform population of
blue=-greens must probably possess low value of turnover“ratesvaur-
ther, that diverse populatlon of phytOplankton probably belng more
intensely consumed by predators and so sustalned 1n actlue phase of

growth could p0551oly be a Factor to be reokoned wlth.

In a simple analysis: of the above, the asSemblages.oF many
speoiés]genera,oould concievably operate as a’singLetunit with a
unique chythmicity. It is knopn_that'COBXistenoe of potential oompe-’“
titors atfthese:leﬁeis of statistical svidences thatlcompetition'is
usually avoioed’(Hutoninson;ﬂ1§61).:Furthef~kinetios dominance»of

oo~dominant speoies,as:in the present study espeoiaily Chlorophyoeae,
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Euglenophyceae and Myxophyceae as higher hierarchical groups, and

mhile‘Chlamydomonas, Scenedesmus, Etuglena and Coelosphaerium at gen-

erlc levels has been suggested as one mechanism for avoiding or min-
imising'oompetition in an environment where nutrient souroe is oéh:
tinuous as in the Fertllized ponds and pools where there was a requ=-
_zlar administration of fertilizars (williams, 1971; Eppley gg.g_g.,
“1971) Although changes in species composition and total bionass
accompanylng such eutrophloatlon processes can be strlklng to the
most oasual aye, the ultlmate env1ronmental Faotors llmltlﬂg the
changes often remaln unclear and dlsputed, as do.the blologlcal
interactions attendlng changes in species domlnanoe durlng the same

perlod.

iWith this ‘knowledge of the phytoplankton and biota in the
Flsh ponds and pools, the 1mmed1ate hlgher tvcphlo level the Z00=
plankton a.d their dynamlcs in relation to both the prev10us levels
and the next hlgher~trophlo levels 1s to be,understood, Thls 1s all
the more necessary slnoe'they do not only grazedon thalphytoplankton
‘but also have their own level of produotion as food for the hlgher

animals.

In the present investigation four major groups of zooplankton
were identified and they ware Rotifera, Copspoda,. Protoioa and Clae
dooera. 1t was obserued that the group Qotlfera in both the ponds
and pools lrrespeotlve oP fert:llzatlon wes the m03t domlnant Z00=
plankton group encountered They were Followed by Copepoda in all
the Experlmentel Flsh Ponds and thougn they did also show in the
Circular - Plastlo Dools, Control 2 and 3, yet they were replaced by
Protozoa in pools 1 and 4. Cladooera and Protozoa were quite less
in numbers in comparlson to the other groups in the Experlmental

Fish Ponds and wgre present in that order poth 1n the oontrol and
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pond 1. However, they exchanged their positions in ponds 1 and 3. In
the Circular Plastio Pools, Clsdooera'mas encountered as the least,

while Protozoa occupied the third positior in all the Circular Plas-
tic Pools sxoept in pools 1'ahd_4 as mentioned earlier which was

replaced .by Copepoda.

In the pressnt-systems undertaken a clear obssrvstion of a
numerical supsrlorlty of the group Rotlfera over othsr ma jor groups‘»
oF zooplankton was seen, which is by ltsle an lndloatop for the |
eotrophlo status of the systéms as this corroborates the view of
Nordqoist (1921) whsre Rotifers were always sésn~tp_dominate in rich
organio ?oeshwster systsms{_Copepoda as the nex£1msjo;~oroup in all
the Experimental Fish Ponds and Circular Plastic ﬁoois is also an
1nd1oator of eutrophlcatlon though prlmarlly 1t is the specias which

deoldss the occupanoy of such systems, wnich in the present investi=-

gatlon_was found to be domlnated by the genus oyoLops‘and Diaptomus.
The_gfoup protozoa espsoially in Experimental FishiPonds 2 and 3 'is
unosfstanable as both supplementary feeding snd‘oowouhg or oganic
manure could have contributed to their enhancement in numbsrs. Simi=
larly in Clroular Plastic Pools 1 and 4, thls group Protozoa was

very. hlgh 1n numbers, probably attrlbuted to 81mllar management prac-
tice. ThlS presenos of the group Protozoa 1n large numbers esp301ally
in ponds and pools whe;o supplsmentary Feedlnq ‘was given alone or 1n

oomblnatlon of Psrtlllzers oould probably have served -as a very good

substrate for their growtha

' On further analysis it was seen that most of the Rotifer gensra
were abundant in the winter months along with Protozoa, the latter
which s%arted increasing from the autumn months. Cladocera and Cope—
pbdavwere'usually present as summer nccurring forms. This sort of a

lrhythmioity‘in their-behaviour and the successional seasonality of
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sabundances seemed to follow a pattern parallel! to the group of phy=-
toplankton over the season with éach group occupying a.special fee-
ding ecological niche as it were. (Q;s phenomena of tha requlation
which affects the Fecundity\oﬁ the zooplankton duerprimarily to food
éntake may not be instantansous and it is probably here‘thatlthe

undeflying phenomena of zooplankton*dynamics are hidden.

As .phytoplankton and zooplankton are dependent on each other,
,zbopléhkton graziné on the Former;enhaﬁces the process.of Frécturing
the Fruéﬁuie which might add to the autochthondus input -(Ferrante
ahd“Péfkéﬁ; 1977 ) However the generation rates of this having more
'-,orwleé§7the Qamg‘time SC?l? the,zooplanktoﬁ‘suppresses the aigae té
1:15¢ levels if not itself being grazed by small fish (Steel, 1975).
Further the éggregation of zooplanktén and especially fhéif adultsh
in the narrow ;5he in light intensities at the surface waters may bs‘
ZinvblVed and contribute to a large extent toAsuch'population réguia-
tioﬁ;.. | |
BidlbgiCal Factors such as predation erbéoek and'Hrbéckoua-
‘Esslova, 19603 Brooks and Dodson, 1965), starvation (Warren, 19003
Von~ Dehm, 1930) and inter or intraspecific competltlon (Frank, 19523
Parker, 1960) haVS been suggested as ‘important factors in requlating
the blrth-and.death prooesses which on balance account for the obse-
rved density of these orgaﬁisms. In addition it has been well docu=

mented that Cladocera have a maximal feeding rate only  at certaln

Optlmal pH (Ivanova, 1969 and Walter, 1969).

ThOUgh.Many-PaotOrs contribute to an understanding of the pop-

ulatibn'dyhamib§“of iooplankton, yet in fish ponds whieh are managéd,

the allochthondus component is of greéf conCern%\In particular

S

Qrganipsmanurfﬁg effects the developnent of zooplank€6n and has been
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emphasized not only in pond farms (Lewkowicz et. al., 1975) but also

attempts have been mads to utilize such.alloghthﬁnbué materials in
mass developing of zooplankton as fish food_(Barthelmes! 1969). In
addiﬁion a chain of rsactiﬁns are set when ready organié éubstanqes
is introduced fnto the waters which is utilised by all trophic lev-
els with a stimulating influence on the development of phytoplankton
which get released after mineraliiation.(Schaperclaus, 1961 Ljachnf
owio, 19623 and Huet, 1970)‘utilized by zooplankton aﬁd sqbsequentlx
by Fish, T |

This phénomenon especially in managed ecosystems is assumed
that any organism would not.become dependsnt on a rare element for
its existence. It is, therefore, frequently seen that organisms nﬁt
only take up a given slement bqt utilize it to its maximum in éome
fashion. However; it is possible and sven plausible that.the givaﬁ
element may be taken up and used to control or limit the uptake of
anothe; element by substitution processes.'All theée pquably reflef
cts the differences in the seasénal dynamics of these'gfoups that
have been studied; Howeye; furthe;,information on natural variations
on dynamics and specieé compositién:ié needed.before cﬁanges in zoo~
,plankton or phytoplankton accompanying fertilization experimeqts may

be accurately interpreted.
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INTRODUCTION

It is usually those flora which possess the gresn pigment
chlorophyll, that can utilise the radiant solar enerqy to creats
from simple inorganic substances, new organic materials involving
high snergy bonds. This is referred to, as photosynthesis, or the
conversion of carbon-dioxide, watsr and the kinetic energy of sun-
light, into free oxygen and sugars, which is an energy binding re-
duction. It is for this reason, that gresn plants are distinguished
as autotrophs and in energy terms called enderogonic. This autotro=
phic component of any ecosystem are the producers and form the first
link of a food chaine Their importance on land, as open ecosystam,
need no elaboration and all the more is so vital in aquatic bodies
which are closed ecosysfems. It is therefore, the rate of produc-
tion or tHe»primary productivity, which establishes the total life

in an aguatic system,

-

These are only possible: depending on the algae or the taotal
phytoplankton in waters. At any given time therefors, regardless of
the taxonomic position$ of the phytoplankton, a population belongé
to three overlapping groups of metabolic éctivities: (a) Active or-
ganisms =~ whsre cell number increases, (b) Neutral organisms -
where cell number are more or less constant and (c) Tnactive organ=~
isms = where cegll numbers mostly decreasing, degenerating or decay-'
ing. Thersfore, primary production will be affected by the respec=-

tive proportion of these three groups.

The sarliest understanding of some Fundamentél processes in
plants was by Priestly (1772), followed by the effect of light by
Ingen=Housz {1779). Absorption of‘carbon-dioxide and evoluticn of
oxygen was reported by Senebier (1783, 1788 and 1800) and Ingen-
Housz (1796) and the first quantification by de Saussurse (1804).
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The identification of the pigment chlorophyll and coinming the word
was after Pelletier and Caventou (1818), though Grsw in 1682 had

recorded green and yellow pigments in leaf extracts.

Since then, light and carbon~dioxide being important for pho=-
tosynthesis advocated by some, as the former and others the latter
took place (Gilby, 1821; Daubeny, 1836; Berzelius, 1837a,b; Mohl,
1837, 1845, 1851 and 1855; lLeibig, 1840, 1843a,b; Dumas and Boussi=
ngault, 1841; Drapsr, 1843 and 1844; Kutzing, 18433 Hunt, 1848;
Cloez and Gratiolst, 1850). The extraction of the pigment either
yellow-blue, yellow, brown seemed to bs the next stage in the study
of photosynthesis (Fremy, 1860 and 1865; Boussingault, 1864, 1868
and 1869; Cohn, 1865; Rosanoff, 1867; Millardst, 1869; Timiriazeff,
1669, 1871, 1877, 1883 and 1889; Van Tisghem, 1869 and Sorby, 1873 ).
It was then that the physical and optical nature of chloroplasts was
seen, and that the posaibility'of carpohydratas being formed, and
further that a direct relationship existed between oxygen evolution
and carbon-dioxide absorption was revealed (Boshm, 1873; éorby,1873;
Bernard, 1878; Weber, 1879; Stakl, 1880a,b; Schwarz, 1881; Detmer,

1882; Sachs, 1887; Engelmann, 1894).

From tnis time onwards, till the early part of the praesent cen=
tury, various experiments were conducted ﬁo find the photosyﬁthetic
rates, They were done by varying light intensities, the use of diff=-
srent gases and in isolated chloroplasts (Girard, 1884; Kreuslsr,

1885 and 1890; Meyer, 1885; Bonnier and Mangin, 18863 Forbe, 1887;
Schutt, 1888a,b; Rsinks, 1893; Saposchnikoff, 1893 and 18%94; Marcacci,
18953 Ewart, 1896, 1897a,bsy Pfeffer, 1900; Blackman and Mathaei,1905
and. 1911; Kniep and Mindér,;1909; Mitscherlich, 1909 and 1921).

Though Johnson {1903) pioneered the light and dark bottle method it

was Osterhout and Hass (1917) and later Warburg (1919) who used phy-

toplankton and the Winkler's method for an indirect estimation aof
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It was thersafter that work on aquatic macrophytes and phyto-
planktoh in relation to various factors and in particular nutrients
and their effects on the producer organisms wsrTs undertaken (Ruttner,
19213 Briggs, 1922; Blackman, 1923; Putter, 1924; Ggardar and Gran,
19273 Thisnemann, 19273 Marshal and Orr, 1928; Strom, 1928; Rawson,
1930; Wiebe, 19303 Emerson and Arnold, 1932; fFritsch, 1931; Bifge
and Juday, 1934; Harvey et., al., 1935; Gaffron and Wohl, 1936;

Jenkin, 1937 and Mortimer, 1950 and 1955).

In the fifties, isolated chloroplasts known to use NADP and the
discovery of cytochrome F was revealed (Arnon, 1951; Hill and Scar-
isbrick, 1951; Vishniac and Ochoa, 1951). Mofeover, dark respiration
was found cut by Webster and Frenchnel (1952), when simultansously

the C14

method was discovered by Steeman Nielsen (1952) for regular
analysis of the photosynthetic rate of planktonic algae. The oxygen
deficit, as an index of aquatic productivity was shown by Hutchinson
(1938) which was opposed by Rawson (1939) wnho attributed other mor-
phological, adaphic and climatic factors for primary production.
Riley (1940), was the firsit to idertify reciprocal relationship bet-
ween chlorophyll and productivity and Ruben st. gl., (1941) revealsd
that oxygen evolved from water and not carbon;dioxide, during the
process of photosynthesis. Brown (1953) confizms Ruben's Finding and
since then, works on isolated chloroplasts and algae were taksn up
with greater earnastnass to identify the causative factors for the
increase or decrease in photosynthetic rate {Arnon et. al., 1954;
Fogg and Wolf, 1954; Dysens,. 1955; Fogg and Westlake, 1955; Kratz
and Mysrs, 15553 Rodhe, .1955 and 1962; Northcate and Larkin, 1955;
Steemeh Nielsen and Al Kholy, 19565 Hutchinson, 1957; Arnon, 1958;

Ryther and Yentsch, 1958).

The concept of nutrients limiting production and the experi-

ments directed towards understandihg<of both the quality and quantity
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responsible under field and laboratory conditions wers initiated in
the sixties of the presant century. Some of thege were the ideﬁtifi-
catioq of molybdenum, phosphorus or nitrogsn and chelated iron, all
directly or indirectly affecting carbon fixation (Goldman, 19603
Steele and Yentsch, 1960; Evans, 1961 Rodhe, 1962; Schelske gt.al.,
1962; Talling, 1962; Yentsch, 1962; and Rodhe gt.al.,1966). It was
alsﬁ during this period that the importance of the pigments in the
chloroplasts and their association with light intensities wsre shown
(Beyers et.al., 1963; Chance and Borner, 1963; Margalef, 1963a,b and
1968; Petterson and Parson, 1963; Yentsch and Menzel, 1963; Brouwn
steale, 1964; Jorgensen, 1964; Kandler, 1964; Steele, 1964; and

Steeman Nielsen and Park, 1964).

Talling (1965) identified a population density less pronounced
in equatorial lakes, while others attributed extracellular release
to be a signiPicant portion for the total carbon fixed (Fcgg ete.al.,
1965; Wetzel, 1966a,b, 1967 and 19685 Dumont, 1968; Hamilton, 19693
Qasim gt.al.,1969; Vijayaraghavan gte.al.,1969; Adams, 1970; King,
1970; Golterman, 1971; Hickman, 19713 Sakamotao, 1971; Schindler and
Holmgran, 1971). After the identification of causative factors, exp-
griments both af micro~ and macro levels wers conducted. This was
done in terms of permutation and combinations of varying amounts of
dutrients and the manipulation of water bodies, to sse the increass
or decrease of the standing crop, directly related to the carban
fixed (Fes, 19733 Schindler and Fee, 1973; Stross st.al., 1973; Sch=-
indler, 19743 Goldman and Amezaga, 1975; Saunders gteal., 1975;
Allen and ONcevski, 19763 Berman, 1976; Sreenivasan, 19763 Tilzer and

Schwarz, 1976; Alfred and Chellapa, 1978).

The above works revealed the causative factors in the eutroph-
ication preccess; thus classifying water bodies as highly productive.

This helped in identifying not only the aeffects of additive phenomena
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of allochthonous material, but also the recycling nature within the
system was understood. It was with this idea that in the late seven-
ties, work was initiatedAon the relationship of the production effi-
ciencies to that of bacteria=plankton (Berman, 1976; Haniffa, 1978
Matsdyéma and Shirouzu, 19783 Jana, 1979; Khan and Zutshi, 1980;

Rishi and Kachroo, 1981).

As mentioned in the earlier chapters in addition to ths Indian
works, the review of Gulati and Wurtz=Schulz (1980) and Michael (1980)
reveal sither one or more of the above mentioned phenomena studied
elsswhere and available for Indian latitudes too. Further, a total
analysis of primary production, with importance and relevance at the
different latitudes and eltitudes of the globe has been wonderfully

brought in a concise form by Westlake gt.al., 1980 and Brylynsky 1980 .

In addition to the foregoing review of literature, where the
opafation of primafy production and its importance either in fish
ponds or in largsr lakes, have been seen it is felt to identify as=
pebts of primary production particularly in relation to fish yield.
Such>works on intensive fish culture ponds where primary productivity
Ahas heen shown to be the one orifarié related to total fish produc-
tion exist (KXhan and Siddique, 1971; Goodyear gt. al., 1972; Wolny
and Grygierek, 19723 Mellack, 19765 McConnell gt. al., 1977; Oglesby,
1977; Pedro Noriega=Curtis, 19793 Ofur Zur, 1981; Hecky st. al.,

198135 Yanlingling gt. al., 1981).
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MATERIALS AND METHODS

Despite the various techniques evolved for the estimation of
primary productivity in freshwaters viz. light:and dark bgttle tec-
hniQde;.chlorophyll methqd; C14 methad, ATP measurements and dissol=~
;ﬁed:fnbfganic ;arbon method, yet for the remoteness of the region,
.and‘tﬁé:sifgétion of our laboratory and along with‘the establishment
of the new Dapértment, we could not qnde;take all these;-due tg the
1épk oF‘Faciiities, %nstfumentation and- personnegl. Therefors, the
present investigation wés confined only to thev“light and dark bot=-
ztle techhique" after Gaarder and Grann(T927)..The esfimation of
OXygen was done by the usqal unmodified WTinkle:'s method with the

incorporation of Azide modification {APHA, 1975).

:?for fhe above estimation, w@ter,sémdiés‘werézcoriected from
thglsurface in 125 ml glass stoppered light and ﬂgrkfbottles from
Béch of the:pcnd"and ppol . They‘were-idcubated:iﬂj§i£g~Fof)24 hrs.
iSimgltanepygly,Afsplicétes of water samples were taken Frﬁm each
pond and-pqql, where the bottles were left for incubati;n_at the
~ same timé‘béfiod for estimation og the‘initial oXygen Qaiﬁas, thch
were fixed at the site with manganous sulbhate gna'alkaiine_ioqida.
so}utiohs, before returning to the labqratdry for oxygeh.tiﬁration
and estimgtion.'Similarly, the incubated light and Qéfk‘bottles were
collééted.fﬁe next day -and immediately fixed and then”rgtqfnad fo

the laboratory for final oxygen estimations.

The results of thé titrations.were conuerted to grosé oxygen
production (light bgttlev— dark bottls), net oxygen production
(light botflé - initial bottle), and the respiratory oxygen uptaks
_(f%it;al bottle -;aark bottle). The oxygen values in mg/litre wefa
converted to' mg C[M3 by multiplying it with a factor of 375.36

v,

(Vollenwsider, 1971).
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ESULTS

« T aca——

Primary productivity estimations were conducted in all the four
experimental fish ponds and five circular plaétic pools. Both gross
primary productivity and net primary productivity were investigated
and their results expressed as mg C/MB/day..Though respiration values
were also Calbulated.it was not incorporated because net primary pro-
ductivity reflected the overall respiration of the community, along

with gross productivity values.

CONTROL POND : It was .seen in 'the control pond that gross primary

productivity values were nearly 4,000 mg C/MB/day and represented

the maximum as recorded in October, while the lowest value.of 675 mg
C/MB/day was ‘recorded in June during the first annual cycle. In the..
second cycle gross primary productivity values were above 4,000 mg
C/MB/day as recordsd in tﬁe month- of December and.the minimum valus.
of nearly 1;200 mg C/MB/day in the previous month. of November;..The
fluctuations further revealed peaks in the months of January, Ménph,
August, October and March, while gradual falls were observed in Dsec=
ember, February, May, September and February during the first and
second cycles in addition to the maximum and minimum values reqqfded.
The general trend of. fluctuation was observed to be summer minima,

with frequent peaks during the rest of the season (Fig.10).

The net primary productivity values similarly for the first
annual cyéle showsd a maximum of nearly 3,000 mg C/M3/day in Octobser,
but recorded nil values in June and July. Howsver, during the second
cycley net primary productivity values in this control pond, rsgist=
gred a minimum of 600 mg C/MB/daysin Octobsr and February and touched
a peak- in March with nearly 2,000 mg/C[M?/day. In addition to the
maximum.and minimum. values recorded, the months of March, May, August

and November registered psaks of net primary productivity during both
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Fige 10 = 3Shouing tha magnitude of fluctuations
ssasonally of Gross primary productivity
and Net primary productivity {n the (ontrol
and Experimantal Fish Ponde,

EP = Experimantal rt-h“Ponda.
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- the cycles. The net prcdgctivity values were therefore nearly 49.6%?

that of the gross productivity irrespective of the seasons (Fig.19.

EXPERIMENTAL FISH POND=1 : In this pond the maximum gross primary
productiviﬁy Velue' wae recorded in April registering around 3,000
'mg C/MB/day, but it fell tola low level in July -with 600 mg C/Mj/
day durinc the first annuel cycle.'In the next cycle it was the
month_olecccber which showed the maximum value of 2,500 mg C/M3/day
and Merch recordeduthe‘minlmum value of 750 mg C/MB/dayi-Further,
smaller peaks were also cbserved'invDecember, August, DeCember and
February with;similaf minima in November, September and January for

both the cycles (Fige10).

Net- primary productivity values as observed wsre maximum in.
October recording 1,950 mg c/M3/day and with a minimum value of only
37 mg C/M /day in Septembsr durlng the first annual cycle. In the
second cycle homever, a minimum value of 150 mg C/M /day was recor-
ded 1nzMchh,,whlle the maximum net p;lmary prcduct1v1ty in this
pond was seen in Nceemberlrepresenting 1;13Q mg'C/@B[cay.lfhe Fluc-
tuations further revealed peaks in the mcnths.OFtDecember, Maroh,
Augnet-and.February'with‘S fall in chember, April; June and Decam-
ber in'addition-tc the maximum and miniMum recorded“Fcr both the
cycles. In this pond.the net prlmary productlvlty was 39.1% of the

gross prlmary productivity 1rrespect1ve cF the s8880NSs (Flg.10)

EXPERIMENTAL FISH POND=2 : The gross primary productivity values in

thls pend showed ‘the- hlghest Vaer in comparlscn to all the other

'ponds, recordlng a maximum of -5, 4DD mg C/M J/day- in March, whlle the
lcmest valus was obtalned in August with only 713 mg C/MB/day during
the first annual cycle. Slmilarly, during the second cycle an almost

‘equal: magnituds.. OF gr.oss prlmary product1V1ty as maximum was obtai=--

ned in Octeber recording 5,255 mg C/M /day wlth ‘a drep- to 975 mg
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3 in -
C/M”/day as minimum/the subsequent month of November. In addition
to the maxima and minima recorded, the following months were seen
to have peaks of lower magnitudes in October, January, May, Decemf

ber and February with a fall in December, June, January and March

during both the cycles (Fig.10).

In the same pond the net primary productivity values obtained,
however, wers not so significantly high in relation to the values
obtained for the other ponds. The maximum value DF_nearly 3,000 mg
C/Mz/day was recorded in May'énd in the subsequent month of Junse
dropped to nil value ering the - first annual cycle., The month of
October during the second pycle registered the maximum value of
2,400 mg C/MB/day, but tHe subseguent months of November and January
recorded nil values. Similar peaks of smaller magnitudes wers also |
observed dqring both the cycles in October, March and December and
their falls in December? February and Sgptémber? The nat prima;y

productivity was 45.1% to that of gyross primary productivity (Figl®).

EXRERIMENTAL FISH POND=3 : The gross primary productivity value in

this pond més recbfded maximum in October represénting 3,000 mg C/
MB/day and minimum values of 150 mg C/MB/day in July during the
first annual cycle. In the next cycle, the month of October again
'recgpded theAmaximal peak yalﬁe'of 3,200 mg C/MB/day, while in March
nil values were recorded. The tréndvdf ?luctuegiohs further recorded
peéks inﬁthe}months oF,April,AJuné,{August, December and February
and with a fall iq‘Ndvembep!lﬂay! September and November in addition
to the minimbm ahd maximym fééopdéd:incIQSiﬁe of both the chles
(Fig‘.-Af‘-l-Pi);'- o -‘ |

The maximum Heﬁ priﬁary productivity in this pond was rscor=’
ded in Dgﬁober as 2,SQD mg CZMB/day émd a drop ﬁo nil value in July.

du:;ﬁg the first annual cycle. In the second CyCIe, the net primary



248

productivity values were maximum in February recording 1,700 mg c/
Mz/day but again fgll to nil values in November, December and March.
In addition to the maxima and minima, comparatively smaller peaks
were also observed in the months of March, May, Dctcber and January,
while their Fells were recorded in December, April, June, November
end March during both the cycles over the season. The net primary
productivity percent values in this pond was 35. 17 observed. to- that

of gross primary productivity irrespective of the seasons (Flg 10),

The primary productivity values in the five circular plastic“
pools showed relatively lower values of productivity in releticn:tp.

those obtained in the ponds.

CONTROL POCL : In this controlxpoo;}‘tne;néXimun:Qalue of gross pri-

mary productivity was obtained in Merch.ehoming nearly 3,000 ncwc/.
M}/dey and a minimum of 450 mg C/Mz/dey in Auguet during the first -
annual cycLe, March of the'second-cycle.reccrdedti,dﬁqemg C/M?/déy

as the maximum and Noyember the minimum valuye QF‘T,35Q,mg C/M?/deya%
The'Fluctuations,in.addition'to the peaks. and minimal levels, shdwed'
peaks cf lgwer;megnitudes in Octobsr, January, June, Octbber and
December.Similarly they fell in December, Februery, April, chember

and January during the first and- second cycles (Fig,ld).

The maximum value of net. prlmary-product1v1ty ues recorded in
March with 1,163 mg C/M /day, and thereafter ‘a- gradual dscrease till
it recorded nil value in May during the Flrst;annual cycle,‘In the
next cycle, maximum net primary productivity wasjcbteined in Deceméﬁ
ber recording 1,426 mg C/M3/day and showed'nil-vaer“'in November,
The trend of fluctuation over the entire perlod of study further
recorded peaks in December,. February, Dctober and March, whlle thelr/

falls werse registered in January, Novewber and January durlng the

ﬁiret anc second cycles. It-was therefore observed that the net
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Fige 11 = Showing the mannitude of fluctuations
seasonally of Greas primary productivity
and Nat primary produntivity in the
Control and Circular Plastic Poolsa.

P = Circular Plsatic Pools.
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primary pfoductivity was 26.6% of the gross primary productivity

irrespective of the seasons (Fig.17).

POOL~1 : The gross primary productivity was seen to be maximum in
this pool in March recording 2,740 mg C/MB/day and dropped to a mi-
nimum of 450 mg C/MB/day in May during the first annual cycle. In
the next cycle, October and January recorded the maximum and minimum
values with 2,470 mg C/M>/day and 1,126 mg C/M°/day respectively.
Peaks of lower magnitudes wers also observed in October, January,

July and March while they fell in November, february, August and

February during both the first and second cycles (Fig.11).

Simiiarly in this pool=1,; the maximum and minimum values of
net primary productivity wére obtained in April and May recording
nearly.1,426 mg C/Mz/day.and nil values respectively during the
first annual cycle. In the second cycle February recorded maximum
values of 975 mg C/MB/day but nil values during January and March.
The trend of fluctuations was further seen to have smaller peaks in
October, December, June and July with a fall in November, February
and August during the first and second cycles. In this pool also
the nmet primary productivity showed 26.4% similar to that of the

control pool (Fige T1).

POOL=2 ¢ The maximum value of gross.primary productivity during the
first annual cycle was obtained in May registering 3,190 mg C/MB/day
and the minimum value in August with only 262 mg C/MB/day. During
the second cycle hows er, the maximum peak was recorded in November
which was 4,542 mg C/Mj/day and a minimum of 1,538 mg C/MB/day in
February. The fluctuations further revealed peaks in the months of

February and Marech and with a fall in December, April and January

(Fig. 11).
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The maximum value for net primafy productivity in this pool=2.
was observed in November of the first annual cycle recording nearly
770 mq C/MB/day but recorded nil values in December, July ana August
during the same period. In the second cycle however, the mafimum net
primary productivity reached a'peak of 1;652 mg C/MB/day in November
wHile the subsequent month of December.recorded a minimum of 375 mg
.C/M3/day. In addition to the maximum and minimum recorded, the trend
ih the fluctuations of net primary productivity revealed smaller
peaks in January, March, Méy and October and falls in Febrqary, Junse
and December. The net productivity was observed to be 24.8% to that

of -gross primary productivity in this pool (Fig. ).

POOL=3 :In this pool February and August registered the maximal and
mihimal values of gross primary productivity recording nearly 2,928
mg”C/MB/day and 450 mg C/MB/day during thes First annual cygie resp-
ectiQely‘ In the second cycle,>the maximal and minimal values Qere
obtained in Octobser and March recording 1,689 mg C/MB/day gﬁd nil
values respectively. The trend of seasonal fluctuation in_adaition
to the maximum and minimum recorded, revealed peéks of smaller mag-
nitude in 9ctober, May and -February and falls in Deqembsr; April,

Jume and January during the first and second cycles (Fig.1ﬁ).

The net primary produ?tivity was observed as maximum during
the Firstoahnﬁal cyclé in March recording ﬁ,SBB mg C/M:/day, H ow=
sver it recorded nil values in December,AAppil,AMay and August.

' During the second cycle February recorded-675 mé C/M3/day:as maxi-
mum and Debember and March were nil. The net primary proddcfiVity
fluctuation aléqfrecorded’peaks in Dctober; 3uly-and*Dctober during
‘the first and secoﬁd cycles. In this pool, the net primary produc-
-tivity percent value was the highest with 27.4% to that of gross

primary productivity irrespective of the seasohs’CFig11ﬁ)w
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POOL=4 ¢ In this pool=4, a gradual trend of increase in the gross
primary productivity from October where ths minimum value recording
630 mg C/Mj/day touched a peak of nearly 3,080 mg C/Mz/day in Feb-
ruary during the first annual Cycle; The next cycle revealed Febe
ruary and December as maximum and minimum values recording 2,702
mg‘C/Mz/day'and 1,052 mg C/Mz/day respectively. The trend of seaso=-
nal fluctuation in addition to the maximum and minimum recorded,
revealed pesaks of smaller magnitudes in January, April, Juhe and
November énd a fall in March, May, August and March during both

the first and second cycles (Fig.11).

The net primary productivity ia this same pool showed a maxi-
mum in February recording 1,426 mq C/MB/day and niliin April, May
ahd‘Juné Hdriaé the first annual cycle.!DuringAthe‘s@cond_cy?le,
maximdﬁ:ne£ primafy productivity value was obtained;iﬁ January as
1,425‘mg C/M>/day and minimum in November with nearly 150 mg C/M>/
déy.'Tha Fluchatidns further revealed'émaller peaks infthe‘months
QFAJ?ﬁuajy énd-défober and they fell in March and Febfuary during
'5oth ﬁhé cycless The net primary p?oductivity percent yalues was
22;3%V£0 thatuof_the gross primary prdductivity.irrespective of the

seasons (Fige11).
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DISCUSSION

Primary productivity is’the basic enerqgy source for metabolic
processes occurrlng in the blosphere. The amount of incoming radlant
engrgy which is transformed into chemlcal gneraqy by the photosynthe
tic proceSSes, determlnes the product1V1ty of the eCOsttem._Thls,
in any aquatlc system:involves the reduction of carbon-d10x1de to
produce organic materials, cemmonly eaLled as autotrophic prodectlen,
Thebeﬁope, primary productivity in aquatic sysfems_depends primerily
on the photosynthetic activity of autotrophic organisms. Howsver,
thieris eontroiled by the interactions of many factors, physical,

the'nqtrient level and the structure and function of the biota itself.

Ihe gross primary productivity and net primary productivity
Values@ib the present investigation was ealculatedeefter analysis by
ﬁhe c;aSsical light and dark bottls method‘(Gaandei and. Gran, 1927).
Tﬁobgh the methed has its own drambacke{ our idea was to-Find'obb
the”telative_breportioh not only betwean the systems under consider=-
atlon but to arrlve at conclusions based on the correlatlon between

these values and: fish growth over the seasong.

Thelgrnss primary productivity values ranged from 0 mg C/M3/day
to nearly 5500 mg c/M>/day in the Experimental Fish Ponds. Though in
Experieental Fish Ponds-=1 and 3, the Fluetuetion and the fange of
theee gress primary productivity valuses eeemed te.be more-or less
the sams, they‘Mere alae the lowest records of ell the bebds bnder-
teken. inefact these two pende revealed values even lower than the
control pond in certaln months. The maximum range and the highest
value was- seen in Experlmental Fleh Pond=2. In any case all the val=
ues observed were true of sutrophic situation. As far as their sea=~

sonality was concerned, all of them irreepectiﬁe of fertilization,
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revealed a more or less a spring and autumn maxima and a summer

minima.

In contrast to the gross primary productivity values in these
fish ponds the net primary productivity valuesfrevealed far less,
and in most cases neérly half of what was.obserVed as gross primary
prodﬁctiVity. Once again Experimental Fish Ponds=1 and 3 showed the
values far less than the control pond. In Fact:pondjé,also févealed
at certain occasions lesssr values tHén thaf of the control pond,
though not as significant as the others.vTha seasonality in théir
fluctuation was however similar to that Oflgfoss primary productivi-
ty. In most cases the nmet primary productivity QéiﬁesAtouéﬁéd“nil.
Such:instances indicate that respiration exceeds prbduétion; Similar
values have been recorded by Prowss (1969), Ganapati and Sreenivasan
(1970) which also ravealed the eutrophic nature of the'system'poh-
cernaede

In contrast to-thé Experimental Fiéh Ponds, ths FiVe Circular
Plastlc Pools showed gross primary product1v1ty Values much less than
the,“xperlmental Fish Ponds, The range was however on the higher side
in relatlon to the eutrophlc systems and here agaln wlth the excep=-
tion oF Clrcular Plastlc Pool=2, the other pools: shomed values les-
ser-than the“oontrol pool. The seasonality of fluctuation however |
was - 31mllar to that of the Experlmental Fish Ponds. In these pools
1t was howeVer observed that the minimum and the max1mum gross prl-
mary product1V1ty values ranged from 2740 mg C/M /day to 4541 mg
c/m’/day.

The net primary productivity values wers deFinitely low and in
fact not only half, but in certain cases even lomer than half of the
gross primary product1v1ty values in these Clrcular_Plastlc Pools.

Though Circular Plastic Pool=2 did reveal higher values, it was not
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very significant from that of the maximum values obtained, eithér in
the control pooi or the other Circular Plastic Pools. Tﬁe sgasonality
of net primary productivity was more OT lesg similar to their gross

primary productivity values,

The gross primary p:oductivity values in Experimental Fish Pond
2 of hearly 5500 mg C/MB/day and the control pond as 4204 mg c/M3/
day; théjiétter value which was more or less similér to the Circular
Pié§tié.Pool~2 as 45471 mg C/MB/day was nearly the same as reported
by several workers on organic production in fish ponds. Hepher (1962)
observed é production rate in fertilized ponds ranging betwsen 3000
mg C/M’/day to nearly 6000 mg C/M>/day. However, Sreenivasan (1964)
gave a maximuﬁ production figure of 13,700 mg C/Mz/day,,though Boyd
(1973) found in ponds where artificial diet and fertilizers uwers
used, the production being in the range of 1000 mg C/M3/day to. 2700
mg C/M?/day._Similarly Nuriga=-Curtis (1979) found higher rates of
production. with the maximuh range of BSDO,mg_C/MB/day with an avsrags
- of nearly . 5000 mg C/MB/day in mahured ponds._pfur,Zur;(1QB1) has re= -
ported the highest production figures in fish ponds to.nearly. 10,090
mq C/Mz/day and has ‘attributed two main reasons, either to the hig=-
herwavailabLé nutrient and/or to the constant rich supply of carbone-
dioxide_to the water by fish respiration. It is howsver known that
highef_production levels in fish ponds comes directly or indirectly .
from the results of unutilized food and fish excrement..In addition,.:.
it is suggested that turbulence in such fish pands producéd, cansta=" -
ntly brings up algae from the deeper zones to the surface waters
where light conditions are optimal, thus accounting for greater pro=-:
duction (Boyd, 1972). This is further documented by the fact that.
succession in algal spgcies into various assemblages im diffgrent

seasons would be indicative of maximal peaks at differfent times of
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the year.within the same system {Schelske and Stromer, 1971). It has
been pointed out by Hulbert gte. al.,(1960), Menzel and Ryther (1961a)
and Prasad and Nair (1963) that in tropical waters production is
moderate throughout the year with little qscillation. Average
chlorophyll concentrations as observed by various workers were much
higher in the fertilized ponds than in the unfertilized ponds, and
as there is a correlation between the standing crop of phytoplankton
(Chlorophyil content) and primary production (Edmondson, 1955; Gessner
1949; Manning and Juday, 1941; Ryther and Yentsch, 1958) one would
expect higher production in these ponds and pools receiving larger
amount of fertilizers; but such was not aluways the case as encoun=-
tered in the present'investigation, even though chlorophyll estima= -
tions have not been done. The reason for this may be.in the fact
that an increase in the standing crop reduces light penetration and
S0 photcsyhthcs%a decrea®e& ‘n the deeper layer to an.extent that
leads to a netﬁloss in production when the whols water column is

v

summed. (Donald gt. al., 1970).

Such,Vapiatibn in prima:y production is due probably to the

Pact that the photosynthesis under completely natural conditions is
highly variable from time to time and place to‘place, moreover. any
sample of water which is enclosed in a bottls is obviously not under
natural conditiﬁn. It is subject to much reduced turbulence and the
largé glass surface surrounding it provides a favourable attachment
substrafelfor_baqterial;deVslppment,ATheSa-two factors are probably
of prime importance in reducing.the photoesynthetic rate below that
which is likely to,occur under natural conditions and in increasing
the resgiration~rate.abova.that;whi6h3is representative of the natue .-

ral community.

In the present investigation respiration excesding production
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is seen more commonly and especially the net primary productivity
values both in the Experimental Fish Ponds and Circular Plastic Pools
mefe recorded nil at various occasions. Photorespiration (Goldswor=-
thy, 1970) is a mechanism kHOmn to cause -an apparent decrease in the
net:photosynthetic rate also called photoinhibition. The oxidation
of bhotosynthetically produced glyco;até, consume oxygen and produ=-
ces carbon-dioxide in the light, leading to an apparent decrsase in
the obsegved photosynthetic rate. It is known that the photosynthe-
tic rate aécreases with time if light is optimum and continuous
(Lex at. QL.,1971; ODohler and Koch, 19723 Van den Oriesche and “
Bonotto, 1972). However since primary production within the subsur=
face laysr of optimal light sxhibits such a great regionai'variéfion
relatively its determination should be valuable in particular for
tﬁe bioldgical characterization of differsnt matgrs énd in such

small man made scosystem.

The results of the present investigation have however shouwn
that the kinetics of photosynthesis in the Experimental Fish Ponds
and Circular Plastic Pools in thesse regioﬁs are fundamentally §imi-
laf to that observed slsswhere in the world, while tropicél ponds
may tend to have absolute rates of photosynthssis, ih'éehpral, wﬁe-
ther Fertilized.or not the functioning of,these water‘bodies ane

alike throughout the world,

Quantitative studies have bsen made for enhancement of primary
production by enrichment with inorganic salts (MenzalAgg.‘QL., 1963
Tranter_anvaewal, 1963 Ichimu:a, 19675 Thomas, 1969;;E§pley et.
aley1971; Thomas gg..gi.,1974;-Dunstan and Tenore;-f972§”Ryther3é§§
al.,1972). HOLu.ev.e-r,.', the present in,uesti_gati_on ‘has clearly revealed
an inbppase in.primary'production lévéis Béth gross ;and net in the

fish ponds and plastib‘pools due to organic wastes and especially
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cow-~dung as exemplified by the maximal records of these values of
primary productivity in pond=2 and pool=-2. In addition to cow=dung
a9 an organic fertilizer by itself there seemed to be certain inhi=
bition when this was used along with inorganic fertilizers (N.P.K.).
In such cases the levels decreased both at gross and net levels of
primary production as seen for pond=1 and pool=4. However, péndf2_
did have NPK as inorganic Fertilizer_inAadditiﬁn to organic manure
as cow=dung and such an inhibitory effect is probably overcome by
supplementary feedings. This, -if true, should have had maximal pro-
duction levels similarly in pool=4 which was only second to the pool
2. The reasons For-suqhwdiFFerences is_not very clear épt‘and would
probably be attribuﬁed to the fact that allochthonous materials gdd—
ed to-any system-if it is near to natural as in the case of dug pdt
ponds would be diFFerent to 1abqratory experiments as Circular Plas-
tic Pools, where the turnover »f nutrients to a large extent depsnds
upon the §oillqﬁ an aquatic system which was not aVailablevinﬁthe

pools,

‘ i‘The determination of primary production in fish ponds besides
giving inForMatibn on the magnitude of organic production 'has its
practical considerations. Fertilization of fish ponds has become a
common practise in many parts of théfworld. By increasing the prod-
uction of autotrophs through fertilization there may bé a considera=
ble increase in fish.production, although much remains to be learnt.

about the optimum amount and frequency of fertilization.

Stricfly interpreted the producfion of a water bday can be a
question only oF-that organic substance which is formed by photo-
autotropﬁic and chemo-autotrophic piantslin additiqn to the inorga-
nic nutrients and the ensrgy irradiated into the watér, Primary pro=-

duction is therefore the basis of the whole biogenic metabolic cycle
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with the remainder being consumption or debay. Therefore it should
be particularly noted that so far as sonsumers are concerned it is

a question not of true production at that level but probably the re-
construction of oréanic substances already present in the system
enhancsd fo larger levéls of quantities by ths influence of man or

fertilization as in fish ponds (Schwoerbsl, 1970).

The choice of suitable biological methods for such practical.
studies‘in India is always a compromise betwsen money and accuracy
oF.the results. It is quite impossible to choossa method in a.giyen_
situation (the remoteness of ths region), which really measuses_the
degree of trophy because this would refer to the rate of organic:
matter supplied by or:is present 1in a water pody per unit time. In
other words ForAsuch applied studies, the FUndamental}aspscts of a
measure which would differentiate between the rate of autochthonous
ptodyqtion‘and the rate from alloohthqnous sources. In the. present
investigétion a remote»understanding fo this coﬁcept has been in the
idea of maintaining control_systems indicative possibly of the abovs
Phenomena.:Still ons would' not be able to deFinitely identify the
oontriﬁutiogs ﬁo-prodﬁction of'allochthonous.materials probably due
to the time dependent bshaviour of'astotrophic-qrganisms and to the
dynamic: nature of primary production processes (Denman, 1977). This
is dus te the complicated processesspf~photosynthesis involving sev<".
gral diﬁﬁarent pigments which vary with systematic groups. Moreoverf
the same pigment may also_ocsﬁr in different in vivo forms when they
aremassqciaped withumacrpmslgdu;p sdmplexes in diffsrsnt ways .in

bioiogicaxjmembfanes;_

The present aquatic systems both fish ponds and circular plas-
tic pools- investigated for primarv production 1eVels "simulated well

to that of established squilibvium systems. This was probebly |
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indicative that. the actual or potential productivity of such neuw
systems are greater during the first few years. Subsequently a bal=-
ance may be struck between the allochthonous nutrients, their assi=

milation and subsequent store or relsase thereafter.
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INTRODUCTION

Biological studies of fish and in particular culture aspects,
abound in literature for freshwater, brackish and marine systems from
Qarious countries..Though such studies are sssential prerequisites
for é'prOper ynderstanding and managemsnt of Fisheries4in any region
or country, ﬁhr the present invéstigation only those which are imme=-

diately pertinent have been reviewed below.

The.eérliast attempt ot fish culture in freshwater ponds was
uysually an all Qt non=-response, primarily due to lack of causative
Factors‘baing identified in the reguiation of Fish Qromth. It was
known that the fish was: produced for Food in ponds in China in 500
8 C.‘The record of such a practice in Chlnese llterature -is after Fan
Lai 1n 475 B C. entitled "the classic of fish culture"_ In addition,
the transportatlon of smallfry in bamboo baskets wrltten in 1243 by
Chow Mlt of the Sung dynasty has been elaboratsly outllned in hls
book WKwel Sln Chak Shik -and the; earllest record of collectlon of
carp Fry From rivers along with methods for rearlng them in ponds. is
descrlbed in a Complete book of agrlculture by Hew (1639) All thess
thres reFerences have been quated by Hora .and Pillay (1962) in the
"Introduction to a Handbook of Fish Culture". The Chinese with such
backgroqnd:and experience gained through genépatiohs carried theit
traditional knowledge of cépp-culture to chuhtriss like Malaysia;

Taiwan, Indonesia and Théilaﬁd mheregthey migrateduénd settled.

| The Flsh culturs praotlces in the Indlah'sub-contlnent does
not lack Far behlnd that oF ‘the Chinese. The earllest record, indica=-
'tlve BF Flsh cultured in reservolrs is mantloned 1n Kautilya! s
"Arthaaaatra" §321 and 300 B C ). Here a mentlon oF p01son1ng fish
in raservolrs ih time oF wars by secret means is 1nd1cat1ue of this

Flourlshlng culturs of fish . .(quoted by Hora and Pillay, 1962). The
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other document of such practices in fish could be traced to the gncy= - -
clopedia of King Somesvara called "Manasoltara® compiled in 1127

(quoted by Hora and Pillay, 1962) described the methods of fattening

- fish in ponds.

Sincexithen, thcugh no records are'evailabley however from
time immemorial, methods for collecticns oncarp.spawns from rivers’
and stocking the freshwaters and particulerly mérm’weter ponds:adjciﬂ
ning sach house was passed down from generatlon to generatlon. It wes
not - untll the end of tha 19th century, that thls practlce spread

gradually to other States of Indla.

The esarliest work to be traced For Indlan warm-water Flsh cul-
ture 13 that of Prashad (1919) whc brlefly descrlbed condltions of
. gcarp culture and mortallty of Fry. The early twentleth century was'

_conflned to ‘workers other than Indlans like Brlthwhlstle (1931) who

?ﬁﬁldentlfledsSandy soil ponds to yleld hlgh quallty fish Flesh. The

management of Flsh ponds in China where the bottom mud after dralniné"
of the water was used as fertilizers for figlds was ehown by defman

(1934),

The sarliest information on the Fertilizatidn of fish pdnde’
and in particular inorganic Fertilizers;ICOuid be traCed to Swingie
and Smith (1938, 1939, 1941 and 1942), Howsll in (1942) related ths
productlon of Flsh in "Both Fertlllzed and unFertlllzed fish ponds.
SWLHQIB and Smith (1947) with thelr 1mprovement in technolOQy pr0ved
that a hlgher productlon could be achleved by a comblnetion DF Orga-

nlc and 1norganlc fertilizers. Ness (1949) reV1ewed such fertlliza-
tlon practlces in Flsh ponds partlculerly in Europe. Ball (19&9 and
1950) described the eFFects oF Fertlllzatlon and produetlon of fish -
which gaue comparatlvely hlgher yleld in CDﬂuraat_tO the unfertili~’

zed ponds and lakes.
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The beginning of fifties was marked by the inco:po:étion of
various nutrients to small bodies of water to understand the mechanism
of increased fish production (Probst, 1950; Ball and Tanner, 1951;
Barrett, 1953; Nelson and Edmondsbn,1955; Hepher, 1958 H Bank? 1959;
Shaperciaus, 1959, 1966; and McIntre and Bond, 1960). It was Alikunhi
(1952) who described the qualitative gompoéition of food for spauwns
and fry of Indian major carps. Maciolek (1954) and Mortimer and Hic-
kling (1954), provided a total review of artificial fertilimation of

lakes and ponds .

The classification of cultured fishes according to their fee-
ding behaviour in surFace, column or bottom waters was identiFied by
Das and Moitra (1955). The Corfectidn of acidity of water by the app-
libation of Lihé was’ identiFied by Wurtz in (1956). The éorrection by
lime and the?additionﬁof Fertili;ersvélong with -supplementary feeding
in the form of silkeworm pupaé in Japanese ponds, éiving risé ta an
increased production of fish was shown by Shimadata (1957). Simulta-
ngously, Ka@amoto (1957) idenﬁifiedlthe imeptanﬁélgf stqcking deﬁ?
sities of Fiéh in pqnds. o | | | o

'Thersafter a real ecological understanding in relation fo the
stocking of fish with the right combination, ;atio‘and rate of sfoc-
king enabling to realise a fish biomass,»equivalent,tﬁ the "carrying
capacityﬂ of that environment was identifiaed (Yashoug, 1959§.Hickling,

Thg direct pelationsﬁip~or'bothvphyto— and zooplankton in
relation £p nutriegt%,andvtrout ﬁréduqtivitymmasLshqwnkby Weatherly
and Nigolls (1955) and Smith_(195T5;18iﬁce tHgn, the,totality of such
. cultural aépect§ wqgg5ndt}bﬁ;y.identified, but alse diFFerenf systems

were'provided'For the,diffgrent agesﬁof the fish, like nursery, raea-.

' ring ahdAstoQking ponds. and detailed work on the stocking rate, growth,
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~mortality, feeding regimes and production have been done by numerods
workers both in India and abroadr(Alikdhhi, 1952; Alikunhi gt. al.,
1955; Ibrahim, 1957; Chaudhuri, 1960; Hora and Pillay, 1962; Laksh-
manan gte ale, 1967, 1968; Lihg, 1967 éhell, 19673 Huet, 1?70;
Hickling, 1971; Alikunhi et. al., 19713 Wlodek, 1971; Sneed gt. al.,

1972; Singthg._gL.,1972;'Sharma et. al., 1975 and Jhingran, 1975).

Workers therefore; started the use of nutrients and did var=-.,
ious permutations and cSﬁbinaﬁionSaeither individually or in combi=-
nation, responsible for increased growth of Pish (Hepher, 1952,
1958, i962, 1963; Wrobel, 1962; Hickling, 19625 Janecek, 19633 Sch=
aperglaUS,_1966;-8anerjea and Mandal, 1965; Baner jes and Bgnerjee,
19673 G?ocﬁe 1966; Wolny, 1967; Lin and Chen, 1967; Fijan, 1961;-u
Rabanal, 1967; Prowse, 1968; Yankavichuyts, 1970; Lin, 1970; Donald
et. al.,1970; Wood Carle gt..al., 19713 Parova, 1971 bolish;hpk
gt al.,1974; Wahby, 1974; Dimitrov, 1974; Saha gt. al.,1976; Boyd,

-

19763 Boyd gt. al.,1978; Grover st. al.,19763 Rzanicanin st. al.,

19773 Lewkowicz gte al.,1977; Sen gte al.,1978; Mi-El Samra gt.al.,

The polycultufé:df fishes ideﬁtified by Indian fish culbtur=-
ists paved a new possible méchanism for increased production by
Utilization of all available scological niches in a pond commonly
geferred”to as composite fish culture (Hora and Pil;ay,'1962).
Numerous workers have-studiea such composite fish cdlture ?ﬁ mana-=
ged systsms.with addition of Both organic and inorganic Fertilizsrs
'and;supplementary feedings and have resulted in high prodgction
(Chimit, 19613 Ling, 19613 Rabanal, 19683 Swingle, 1968 and Yash=
cuvy 1968, 1969). | N o

The usse of;arﬁiﬁibial Feeding or supplementary food and such
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practices have been very well reviewed {Hora and Pillay, 19623 Ling,
1967;:Shell 19673 Hickling, 1971; Khan, 1971 and Sneed et. al.,1972ﬁ
In Indla, partlcularly with the identification of the For8901ng tec-:
hnology, max1mum Flsh productlon has been obtalned. Thls has been
obeerVed From an applled angle of achieving the highest yleld wlth
the manlpulatlon of organlc and inorganic fertilizers and supplemen-
tary feeds, Moreover the combination of Indian major carps end exotic
eafps heve;been tried out andrhigH production.ﬁigures.haﬁe been shown
in experlments conducted at the Cuttack Experlmental Statlon (Laksh-
manan et. al., 1971; Slngh st. al., 1972‘ Sinha et. al., 1972, 19733

Chaudhurl et. al., 1974, 19753~ and Chakrabarty gg. g;., 1975).

The use of organlc Fertlllzers alons and the 1ﬁeortance and
the eFFlcacy of applying organlc manure in the form oF sw1ne, poultry
wastes yleldlng high Flsh production and in addltlon malntalhing cat-
tle and poultry farms as a concept of total 1ntegrated agro- cosystem
was not only 1dentlflgd but became an accepted technlque in many parts
oF the world (Bardach gt al., 1972°.SchrOeder, 1974 1975a,bs Sharma,
1974° Buok ets als, 1976° RappapOrt gt. al., 19773 Stlckney et. al.,
j978° Rappaport and barlg, 1978 -3 Nabila, 1978-'Pedro-Nor1ega-"””w
Curtls, 1979)., | - )

A comprehenslve plcture af fish prOdUCthn in Iﬂdla is out-
llned and compiled in a most readable form with comparatlve Flgures

for the leFerent states of India by Jhlngran (1980)..

WLth thlS 1n background the present 1nvestlgat10n was carried
out in a reglon where no data. ex1sts,hnamely the State of Nagaland,
elther For actual or potentlal fish productlon. Slnce the experlmental
lstatlon was at a lOmer altltude and ‘the work being OF a ploneering

naturs, only one sp901es oF the Indian major carp, Labeo rohlta (Rohu)

was taken up to study 1ts growth rate and productlon in the ponds and

in 01rcular plastic pools under leFerentlal nutrlent manlpulations.z
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MATERIALS AND METHODS |

After the'inifiaivﬁénagement of the experimental ponds and

plastic pools werse completed, fingerlings of Labeo rohita (Rohu)

were stocked during the 6th and 7th of October, 1979. The finger-

lings stocked were thres to four months old, which were reared from
spawﬁs prodUced by hypophysation conducted during the months of June
and July at the fish farm where the experimental ponds wers chossn.
Prépr to stocking, the fish fingerlings wers netteq with a nursery

nez and almost equal length and weight were sélected at random sam=-
plinges These selected fingerlings were then subjected to the analy-.

sis of length and wsight measurements with the help of a Yamato

Balance and graduated measuring board (Plats=3),

. The procedure smployed for estimating the weight of the spe-
cimens was done with the help 55 a thin plastic basin whose weight
were taken sarlier. Five specimens were then transferred into the
basin and p;aced on the balance and the weight noted. The weight of
the Fishlwas the final weight minus the weight of the plastic basin.
An average was worked out for each individual. The fish were immed=-
iately transferred into a plastic bucket containing water. The indi-~
vidual lengths were noted by placing it over the graduated board..
The total, nesded for stocking wsre all likeswise analysed for length.

and weight and released fnto the ponds and pools.

Thereafter, monthly samplings of about 30% of the stocked
fish from each pond and pool were done to check their growth rate.
The methods employed for estimating the length and weight were the
same, howsver, subsequsnt measurements of weight was done for indi-
vidual specimense. The values thus obtaimed for both the parameters
were broﬁght under an average which constituted the growth rate of

the fish population For. that purticular momth under consideration.
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Plate 3 : The experimontal fish species Lgbgo rohita.



PLATE -3
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After rearing them for a period of eighteen months (October,
1979 to March, 1981) the entire stock was recovered after draining
‘the ponds and pools and thelfinal‘data on length and weight, survi-
ival and production were calculated for respective ponds and pools.
The gross production of fish in the four experimentai ponds and five
Vpifcular-plastic pools wers Calculated-?rbm the mean gross grouwth -
and survival of the fish. The net production figures were calculated
én'the basis of the final weight minus initial weight multiplied 'by
the number. of survivors. These figures were then*computad fd produc=

tion in terms of kg/ha/yr.
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RESULTS

For the finmal production and yield of Labeo rchita, “he growth

rate was studied, in relation to its length and weight over the sea-
sons.. The average length and weight of the fish stocked initially in
all the ponds and plastic pools constituted 8.9 cm and 9.7 gm respec=-
tively. Eightsaen months of rearing was done to observe their growthe«
rate in the different systems under the different manipulation of
nutrient additions. In certain months the average length and weight
of fish recorded is less than the previous month probably on account

of inadequate sampling size hauled.

7

CONTROL POND : In the control pond when the growth in length was

observed it revealed a very slow trend of increase throughout the
pariod of gtudy with the"exceptidh of the manths of February during
the first aﬁnual cycle and November and February of the second cycle.
These months recorded sudden spurts of increase by 3.74, 4.5 and 4.6.
cm. respectivély‘(Fig.‘12)¢*Thé monthly average of length fncrement
was only 1.7 cm. The total gain in length betwswn the initial and
final was 20.7 cm . " Similarly the wsight incresient showed
a gradual'inérease'till'May,gwhile~the subsequent month of Juneg rec-
orded a two-fdld increase (10.76 gm) during the first annuzl cyclei
The month of MNovember recorded a maximum ifcrease of 10842 gm,which
thereafter maintained a steady increase till harvest. recording 389,65
am (Fig;~13). In the eighteen-mOnths~of7growthVthe'monﬁhly average
increment of weight was 21;6rgmnﬁlt'was observed that the trend of
increase was slow during-the iAitial. 3=4 months and the enhanced
growth was discernible téwards: the end: of’ the rearing pesriod. OFf the -
150 fingerlings stocked in this.control’ pondy only 76 numbers werse
harvested at the end of ‘the study period indicating a survival psr-

centage of only 50.6%. The gross production-in this pond was 29.6kg.
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figi 12 « Showing the menthly arowtherats in langth
(cn) of Lahao rohita in the Control and the
Exporimantal Fish Pondae

0w zxpuupﬂ,m Fish Ponda,
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Figs 13 = Showing the monthly growtherate in waight

{9) of Lobao rahita in the Control and the
Experimental Fish Ponds,

P w Exparimontal Fish Ponda,.
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This pond yielded a net production of 1,374 kg/ha/yr and a gross
nroduction of 1,41Q kg/ha/yr (Table=XXI).

EXPERIMENTAL FISH.PDND~1 : The - -increase in length of the fish in this

pond was seen to be quite steady during the initial 5=6 months. The
maximum enhancement was recorded in April with 3.62 cm and in Novem=-
ber with 8.7 cm during the first and second cyclas respectively (Fige
12).A1t attainéd an averags length of 38.6 cm and recorded a mean
gain of 30 cmf‘The montnly average increment was 1.7 cm {(Table=XXI).
When the weight was analysed it showed a very slow increase till
March, but the subsequent month of April recorded a triple fold en=
hancenant with 77.0 gm; ghich thereafter continued in a progressive
fashion during the first annual cycle. Thé months of November, Jan-
uary and March recorded maximum snhancement with 95.68, 95.4 and
82.433 gm gespectiVely during the second cyple. A mean weight of 625.8
gm was attained at the end of the experiment (?ig, 13)s The monthly
average increment of weight of fish in this pond was 34.2 gm. As in
the control, the growth enhancement was more progressive towards

" the end of the rearing periadse. At the end of the eightsen months of
rearing{ 72 fishes were harvested out of 106 fingerlings stocked,
recording a 6?,9% surviVal%»fhe gross praoduction was 45,05 kg in this
pond,iWhen production Figurés were worked out, it revealad a Qross
praduction. of 3,337 kg/ha/yr and a net prnduction of 3,285 kg/ha/yr.
In term of production, the fishes in this pond=1 recorded the sscond

highest yield next only to pond=2 (Table=XXI).

EXP@RIMENTAL FISH PGNDiZH: The i'ncrease in Length of the fish in
this pond was seen to follow & steady and continuous trend of incres
ase with maximum enhancement recorded in September, October and Naov=-
ember registering 4.64, 3.7, 4.36 cm respectively during the first

and second Cyclés._It attained a maximum average length of. 45.4 cm



JARLL=XX1

Detalls of fish growth, survival and production of
habas rohita in Control and Cxperimental Fish Pondas

EP = Exparimgntal Fish Pends,
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at the end of the réaring period. The mean gain in length between
theiiﬁitisl and -harvest was 36.5 cm and a monthly average increment
of 2.1 cm (Fig. 12). When the gainvin weight was seen, it showed a
steady increase From October to March with the following month of
Apfil'reéisfering nearly a four-fold increase and thereafter conti=-
nued ﬁfogressively'on the increase with the month of October and
November regisfering the maximum enhancement with 155.9 and 113.31
qm résbectively during the period of étudy (Fig. 13). On harvest an
.average MBight of 904.26 gm was attained. The mean gain in weight
betweén the initial and harvest was 894.56 gm shoMing a monthly ave-
ragelincraase of 49;7 gn (Table=XXI). The numbers of fishss harvested
'aftér eightesn months of rearing was 102 out of 140 Fihgerlings
stockéa. it recorded the highest survival percentage of 72.8% in
felafiqn to all the other ponds and yielded'a gross production of
92.2 kge When the net and gross production was seen.for this pond,
a yield of 4,390 kg/ha/yr as gross production and»a;344 kg/ha/yr as
the net production was obtained (Table?XXI)g The Fishes in this pond
registered the maximum gréwth rate and prﬁduction in comparison to

all the other ponds;

EXPERIMENTAL FISH POND=3 : The growth in length revealed a more or
less similar trend like that of pond-Z. The maximum enhancement of
length was registeredlih June with 4.25 cm. The fish in this pond
attained an average length of 40.42 cm on harvest, thus showing é
mean gain in length of 31.52 c¢m batween the initial stocking and
Fihal harvest. It réueéled,a monthly average increasse of 1,75 cm
(Fig. 12). The ‘gain in meight when é?en‘in this pond showed a grad-
ual initial ihcreésé;}kﬁefeéktér'a“fapid énhqheement més régiétered.
tili harvest, with maxiﬁum Meiéht.incfeaga_feporded in the months
of October and‘November fepresenting 1%0}6 gm and 129.9 gm respec-

" tively during the second cycle (Fig. 93). On harvest an average
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weigﬁt of 773.9 gm was attained. The mean gain in weight between the
initial and harvast was 764.21 gm, thus showing a monthly average
inéfément of 42.5 gme The number harvested after eighteen months QF-
rearing wefe only 143 out of 284 fingerlings. The survival percen=
tage recorded in this pond was the lowest with only 50.3%. A gross
produgtion of 11046 kg was achieved in this pond.. Whenﬂfhe produc;
tion figures were worked out% it showed a gross production of 2,633
'kg/ha/yr and a net production of 2,601 kg/ha/yr.for this.pbnd. Herey
though the survival percentage was more or less similarlto.the con=
ﬁrol.pond, yet it revealed nearly 4 times ths. gross préauctibn and

double in terms of yield to that of the control (Table=XXI).
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CIRCULAR PLASTIC POOLS

The increass in length and weight of the fish in the fivs
circular plastic paols did not show significant growth over the
entire ssason irrespective of the differsntial fertilization, in

contrast to the experimental pounds. ' : .

CDNTROL POCL : In the control pool, the trend of increase in length

was more Or less steady during the entire period of rearing. It at-
tained an avaerags length of only 18.43 cm at harvest, showing a mean
gain of 9.53 cm and a manthly averags increase of only 0.5 cm (Fig.
14). Similarly the increase in weight revealed a very slow enhance-
ments AN average meight of 145.83 gm was achieved at harvest, shou=-
,ing-a mean gain of.only 136.2 gm and a monthly.average increment of
7.6 gm (Figs 15). The number harvested after sightesn months of rea-
ring was 14 out of 20 fingerlings_.initially stocked. The survival
percentage in this pool howeﬁer, recorded the second highest Figure
wlth 7Dm next only to pool 1. The gross and net productlon 1n this
pool were 2, 041 and 1.905 kg reSpectlvely after the end oF the Tea-
rlng perlod (Table«XXII) '

CIRCULAR PLASTIC PDOL-1 : In thlS pool the Flsh attalned an average
length OF 22 14 cm reglsterlng a mean galn OF 13.24 ¢m in elghteen
months'oﬁi;earlng and showed a monthlv 1ncrease of only D 7 cm- (Fld.
14) When the welght galned was obaerved 1t recorded 3 11ttle hlgher
than control. It attalned an average welqht oF 230 0 gm and a mean
oain of 220. 3 gm. The monthly auerage increment was 12. 2 gm (Flg.
dei Dut oF 20 Flngerllngs stocked 16 were harvested glVlng a sur;
v1val percentage oF 80/. Thls pool recorded the hlghest surv1vel
percentage 1n comparlson to the other pools. The Flnal grose and nee
productlon in thls pool were 3 680 and 3 524 kg respectlvely (Table-
xx11)



Fige 14 » Showing thas monthly growtherate in length
(em) of Lahao pohita in the Control and
the Circular Plastic Pools.

CP = Cigcular Plaastic Pools.
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Fige 15 » Showing tho monthly growtherasts in waight
(g) of Lahgo gohita in the Control and the

Circular Plastic Poola.

CP = Circular Plastic Poola.
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1A3LE=XXIL,

Diptalls of fish growth, survival end production of
Labas rohita in the Control and Circular Plastic Pools,

CF = Circular Plastic Poola.
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CIRCULAR PLASTIC POOL=2 : The fish in pool=2 revealed a steady incr-

sase in length and weight and their growth was more pronounced during
 fhe second cycle. It attained an average lengthvof 20423 cm révealing
a mean gain of 1#.33 cme It recorded a monthly average incraement of
6.62‘cm (Fig. 14); The increase in weight was very steady during the
initial 3-4 months, thereafter the trend was progressive towards the
: Qnd‘of rearingt The maximum enhancement was resgistered in October
with 50.0 gm_(rigg 15): The number harvested wac 18 out of 30 stocked,
thus showing a survival of only 60% and yielded a gross and net pro-

duction of 4.348 and 4.174 kg respectively (Table=XII).

CIRCULAR PLASTIC POOL=3 : The fish in this pool also revealed a simi-

‘lar trend of enhancement in length and weight, and rate of incrsass
wasiﬁore discernible towards the later stages of study. It recofdsd
an avgrage‘length of 22.02 cms and a mean gain’oF;33.12 cms betwsesn
wfhé;iﬁiﬁial ahd'harvest Tﬁe monthly average increase was only (.72
cms (Fié.;TA)‘ The increass in welght was steady, with ths months of
November and March reglsterlng the maximum enhancement of 21 25 gm
and 30 gm respectively (Fig. 15)« An average weight of 186,25 gm was
obtained and“a hean gain of-176.55 gm was observed, It registered a
‘montﬁly évefége waight'ihcrement of 9.8 gm. Out of 20 fingerlings
stocked only 12 wers harvested ;howing a survival of 60% . .
A ?inal érosé and net prodqction.obtaine& in this pool was 2,235 ard
2.119 Kg ‘réspectively (Table-XXII).

CIRCULAR BLASTIC POOL=4 : The Fish in this pool similarly showed a

‘gradual inCraasé in length and weight though thé enhancement was more
COnépiCupus waéfds the Qnd of the étudy périod. Ths'inc:ea§é in
length Qas véry gradual with a more or less same rate of increase
.éach month. The fish attained an aVerage length of 22.9 cm on harvest

reveallng a mean gain of 14,0 cm and a monthly average 1ncrease of

70 8 cm (Flg. 14)
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The increase in weight was very gradual in the initial months
OF'Dctober to Maroﬁ, thereafter the weight increment was very progr-
essives The maximum enhancement was registered in May and July with
10 gm sach during the %irst annual cycle. However, in the next cycle
the weight increass was maximum in Dscember and February with 30.83
and 33.33 gm respectively (Fig. 15). The fish attained an aVeragé
weight of 254.16 gm on harvest revealing a mean;gain of 244.46 gm.
The monthly average increment recorded was 13453 gm (Table=XXII). On
harvest only 19, fishes out of 30 Fingerlings initially stuckad sur-~
vived, thus showing a survival of only 63.3%. This pool recorded &*w;
highest production in comparison to all the other pools. It yielded

a- gross and net production of 4.827 and 4.643 kg respectively
(TableéXXII).
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DISCUSSION

Fish culture is the art of raising and growing fish under con;
trolled cbnditions‘in order to achisve the maxiﬁum yield.'Although
the supply of animal protein in»Indié ié far below the demand, it is
only recently Ehat sufficient intsrest has generated towards devel=-
oping fish culture in the counfry. During the last two decades it
has baen very well dbcumented and concluded that fish-culture has 4

bright future in this land.

The productivity of most ponds in India is very high and the
growth of the diFFerént cultivated species of fish has proved to be
excellent..Moreovér, the growing season for fish is more than twice
that in European countries. Further, the economics of fish culturs
operations, appear to be favourable and the protein food produced in
-these ponds is less expensive than in ofher sectors of animal hus=

bandry.

There is. hardly any species of fish that cannot be cultivated
under some condition or the other, but the basic consideration is of
species that -is ‘worthuhile for culture under diFférent situations. -
The criteria for selection of such a species would be (i) itsAnatural
adaptibility1to grow fasty (ii) its food habits adapted to ths fypes'A
of living organisms present in the system; (1ii) ability to adapt to
.crowded conditions especially at high stocking density.rates; (1v)
the tolerance of low dissolved oxygen content as and when it occurs;
(v) easy handling and harvesting; and (vi) reproduction under con=

trolled cgnditionsg

It was with this idea,in the ‘region under”consideration, that

the fish LabBO'rOhitak(Rohu) was taken up for.the present ihvestiga~7

tion. This species is considerad as the tastiest of all®the Indian.
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Major carps and it is a quick growing spacies, be;ng a column feeder..
Growth of 35 cm to 45 cm is normally expected in the first year from’
a well stocked pond. This species is known to have been used exten=

sively in piscicultural practices for a long time in the East Indian
States of VWest Bengal, Orissa and Bihar though the origin is largely

unknown .

In the present investigatiaon, two sets of experiments ware con=-
ducted, on the growth, mortality and production on this species 'of

fish Labso rohiﬁa one in a natural conditions of dug out fish ponds

and the othep in Circular Plgstic Poolse. The results analysed revea-
led that in terms of mean gain in weight and mean gain in lengfh, |
all the thres fertilized fish ponds had much higher growth rates in.
contrast to the control. Morsover, it was observed that the sixth
month was the turning point for anA exponential increase in mean
weight for the three Expsrimental Fish Ponds'(Experimenpal Fish Ponds
1, 2 and 3) which were fertilized and the next phase of such a spuf£‘
gained in the meaﬁ weight occurred aFfer_the twelfth monthe In con=
trast, the control pord though did have a spurt after the twelfth.
month{ sq@dén;y fell in the subsequent month to rise thereaftsr neér
thé levels achieved in the thres Experimental Fish Ponds. The maxi;
mum iqcrease in the mean weight was observed in EXpa;imental“Fiéh
Pond-Z with-nearly 900 gme. This was about three times as much as
that in the control pond, followed by Experimental Fish Ponds 3 and
1, which was only double of that of the control pond. The mean gain
in weight which.approkimated nearly 900 gﬁ for the study period of
aighteén m@nths,is7héér the figUfes.attributed'to good productioh by

otherfworkers5(Alianhi; 19S7; 19663 3Jhingran, 1968).

The mean gain in length.and the increment over the season was

segen to have very'liftle difference among the three Expsrimental:
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Fish Ponds=1, 2 and 3, which showed howsver nearly a one-third inpru
sase in relation to the control. In case of mean gain in length the
C}Fougﬁ1month seamed to be a tﬁrning point for a sudden spurt in the
increase of their length which theféaftér followed a steady trend
of increase though with minOp.fluctuat}phé. As in the cass' of gain
in mean weight, the ﬁean géin in lehgth recorded maximum was in
Experimental Fish Pond=2, followed again by Experimental Fish'Ponds-

N

3 and 1.

5

1n contrast to the Experimental Fish Ponds in the Circular Pla=-
stic Pools, the mean gain in length and weight showed a steady incr--
sase from the initial to the end. There ié some indication after ths
twelfth month to have a second phase of a spurt of increase in
weight and this was true For.all the pools including the controle.
Unlike the Fish ponds, the meamn gain in weight attained after eigh-
tesn months in the plastic pools were not very significantly differ=
ent Frbh that of fhe control. The ﬁaximum was however seen in Circu=-
" lar Plastic Pool=4 which was nearly 245 gms followed by Pool=2 and
Pool-1.more or less equal and only 10 gm to 15 gm less than Pool-d,"
and fimally Pool=-3 and the control pool which showed nearly 100 gm
less. A more or less similar situation was seen for the mean gain in
length. Pool=4 had a mean gain in length of 14.0 cm followed by Pool-
1 of 13:qm and Pool=3 and control showing nearly 10 cm. The only
interesting aspect as seen in Pool=3 was fhat,thpugh the méanWéain
in weight was very nsar the control, theilength.bbtained was”homeﬁer.

near the highest attained of all the Circular Plastic Pools.

~In Pakistan the gfowth of Rohu is :gported-as'ééo,gmAunder stoc-
king density of 178 to 1332/ha (Rabanal, 1968)s Similar growth rates
are indicated in India under stocking densities of 3,750 and 3,385/

ha by Alikunhi (1957) and Hora and Pillay (1962). Howsver in the
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absence of surviVai rates, these stocking rates are considered vsry
low 'when compared.Qith the present study. The percentage survival in
the present investigation among the ponds was seen to-ﬁe the highest
in Experimental Fish Pond-2, accounting for 73% followed. by Pord=1

which was ngarly 68%,VHomaver, pond=3 and .control was only 50% sur=
vival and if_is iﬁterésting to note that in pond-=3, this 50% survi;
val aCcQunted for the mean gain in weight and length és the»second

highest .

Uery-little information is available on the growth rates in
relation tO‘Fertilization. In.thé present study Experimental Fisﬁ
Pondéz”which-possessed maximuﬁ values was the oné in which both'afga-
Hic and"inoyganio Pertilizers in addition to SQpplementary feeding

. Were administered. In pond=1, where only organic ‘and inorganic Férﬁi—
lizers were given‘did"not show any significant increase in comparison
to the other ponds though well above the average obtained elssuhers
for this species; The organic fertilized pond, pond=3 definitely
showed higher growth rates both in terms of length and Qeight. THe
only conclusioﬁ to such differential growth rates as observed in the
present investigaﬁion could probably be attributed tp'the one common
factor NPK as -inorganic fertilizer which seemed to inhibit some phy=
siological response for the usual growth.and mortality‘eVéﬁ-though
the food available in the ponds were more or less the same in”terms

of the general biota.

0On a similar analysis in the plastié pools it was seen that the
Circular Plastic Dﬁbl~1 revealed 80% survival Fqlldwed by cbnfrol
pool with neariy 70% survival. All the"oﬁher three pools had nearly
60% survival each,.with:pool~4 showing a -little higher than 60%. Once
again as in Expeéiméntal Fish -Pond=2, Circular Plastic Pool=4 which

was given organic and inorganic fertilizers and supplementary feeding
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shomed the maximum growth rateleven with a lowasr comparative survi=
val rate. Pool=2 which was given only organic fertilizer and supple=-
me ntary Feedlng came second only to pool= 4 and probably could be
attrlbuted to the same phenomena as in the Flsh ponds., In fact supp-
lementary feed alone as in pool=1 revealed the highest survival pesr=-
centage with pool-3 as fourth, where inorganic fertilizers and euppa

lementary feed wgre given.

Both these systems revealed whether large or small and whether
artificial or natural, inorganic fertilization does tend to inhibit
the actual growth of the fish at least as far as its size was con-

cernsad.

PRODUCTIUN := In fish culture experiments it is the yield or produc-
tion whioh is mare important than the growth rate. However these
figures are arriqed at primariiy by the peroentage survival along
with the mean growth attained. Whether for the total period under
consideration oF eighteen months or per annum, it was sseen that once
again among.the EXperimentai Fish Ponde,.Pond-2 revealed the-marimum
gross and net fish production. This is underetandmxm as both the
growth rate and the percentage surv1ual was the hlghest in this pond.
The gross and net produqt;on figures for the elghteen.months period
was 65§5.G kg/ha and 6516.0 kg/ha, while the annUal‘produotion was
4390.0 kg/ha/yr as gross and 4344.0 kg/ha/yr as net;‘Thie was foll=
owed by Experlmental Fish Pond-1 wlth gross- and net produotlon For
eighteen month period as 5005, D kg/ha and 4927.0 kg/ha respectlvely,
while the annual figures were 3337. 0 kg/ha/yr as gross and 3285. o :
kg/ha/yr as net productlon, followed by Experimental Fish Pond-3,
whloh qavs a gross and net productlon Flgures oF 3950.0 kg/ha and
3902 0 kg/ha for 18 months respectlvely and the. annual gross and net
produotlon was 2633 0 kg/ha/yr and, 2601 , 0 kg/ha/yr. Flnally the
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control pond revealed a gross production of 2115.0 kg/ha/18 months
and a net ‘production of 2062 kg/ha/18‘months, while it was 141040
kg/ha/yr as gross and 1374.0 kg/ha/Yr as net production. In Expefi-
mental fish Pond=2, the fish production showed nearly 3.5 times that
of control pond. It is here that Pond=-1 becausé of its higher perc-
snt survival came sebond in term of production in contrast to
Pond=-3 which is far low due to low percent survival in that pond.
Once again organic and inorganic Fertiiization and supplementary

feeding revealed maximum production figures.

‘Sweh prdduétion figures for the plastic pools becomes fadumd
dant.as the stocking densities/hectare-were very high, therefore the
produbtion Pigﬁres were only cohﬁined to the gross and net produc-
tion as (kg/pool) as attained per pool. These figures are more appr=
opriate as they follow the growth rate as well as.the incorporation
of survival perbéntage is taken account OF; The Highest yield was in
Circular Plastic Pool=4 with” a gross production of 4.82 kg/18 months
and 342 kg/yr and a net production of 4.64 kq/18 months and 3.09 kqg/
yr, followed by Pool-2 with a gross production of 4.34 kg/for 18
monthé-and'2.89 kg/for one year, and a net production of 4,17 kg/18
months and 2.78 kg/yr. Pool=1 followed thersafter with gross prdauc-
tion of 3.68 kg/18 months and 2.45 kg/yr and a net production of
3.52 kg/18 months and 2.34 kg/yr. Pool-3 revsaled a gross and net
production . of 2.23 kg/18 months, 1.48 kg/yr!and 2.11 kg/18 months,:
1441 kg/yr respectively and finally the control pool gave a'gross
and net productioh of 2.04 kg/18 months;fT.BB kg/yr and 1.90 kg}18

months, 1.27'kg/yr respectively.

Very little information is availabls on such monoculturs exper-
iments as most studies, incorporating fish culture practices have

usually,if not always been on polyculture. In any case in India;Fish
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yields from Expsrimental fish Ponds have shouwn a phenomeﬁal increase
from the modest ﬁroduction of 600 kg/ha/yr {Jhingran, 1969) more than
a decads ago to about 9000 kg/ha/yr and 5893 kg/ha/6 months in rec-
ent years (Jhingran, 1980): The figures obtained around the last de-
cade for culture of Indian major carps aslone rangés from 1437 to
2975 kg/ha/yr, where inorganic and oraganic Fertilizers were applied
along with supplementary feedings (Lakshmanang_t_.gl.,1971;,Singh et.
ale,1972)s The same worksers reported around 2234 to 4210 kg/ha/yr
for composite fish culture using similar organic and inorganic ferte
ilizers.with suppleﬁentary feeds Works on Indian major carps im very
recent times have been shown by Das gt. al.,(1980) to be 4063.5 and

3841.5 kg/ha/13 months as gross and net praduction respectively.

However, in the present investigation it was seen even in ths
control pond a gross and net producﬁion of 2115 and 1374 kg/ha/yr
bbtainedloan be considered as high yield, as Sreenivasan (1964) rep-
orted 1400 kg/ha/yr as an average production for seven ysars in an
unfertilized tropical pond in South India to bs high in comparison

to the Indian averagse.

The highest production in the present investigation is defini-" -
tely related to organic manuring and such reports are in éxistence-'
earlier and especially in Indian and Chinese fish ponds (Hickiing,
19623 Hora and Pillay 19623 Lin, 1966; Rabanal, 1966; Bardach gte.

al., 1972).

In Chinese ponds where only animél manures, compos® agﬂ“oﬁfal
were édﬁinistered, an average,production of 3000 kg/ha/yf) and a
maximum of 7500 kg/ha/yr had been obtained in Central China (Yashouv,
?96%),5In Israsl it was seen for common carps, thatAFerﬁilization

increased production to nearly for times and supplementary feeding
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with cereal_grains increased it by fiftesn times (Hepher, 1967).
Simiiar reports in some former Congo ponds with ﬁery_little man;t
gement produced 100 to 1000 kg/ha/yr (mainly Tilapia) while these
ponds giﬁh intensive management and supplementary feed prdduced
nearly 4000 kg/ha/yrt(Huet, 1957). It is known that unfertilized
ponds in the tropics neariy produces BOO.kg/ha/yr but if management
is‘done properly to the eXtenf as aeen in Jaya‘Fish ponds that gvan
a suppliipf minerals from tne hot springs have been rgported to

produce fish nearly 10,000 kg/ha/yr (Mortimer and Hickling, 1954).

S In the present investigation, the attributes are very true

“in that maxrmal production levels have definitely been found in the

~

"~ ponds and pools where both organic and 1n0rgan1c fertilizers and

supplementary feads’ were admlnistered 'However, organic Fertillz‘é

tion wiﬁhf dpplementary feeds seemed to enhance production levels
and 1t ‘is knpmn that leFerent Fertlllzers have d1FFerent produc-

41apac1ty (Mortlmer and Hickling, 1954 Edmondson et.-al 1956) :

In addltlon, probably some of the synerglc eFFects between the'
fertilizers themselves in SUCh closed ecoeystems as ponds ‘and pools
can aFFect the produotlon Flgures. ThlS may be true in the present
1nvest1gat10n as in both the experiments, a control was maintainad
and Hence the only factor causing variation could be attributed.to
the type of fertilization since all other enVironmentalAFacpors'
were’gimilar. Reporfs exist for Intense organic and chem1cal’fertib
lization of Fish ponds .without -supplementary feedSy where the? are
comparable to yiglds attained m&th conventidnal feed (Tan, 1970;
Yashouv and Halevi, 1972° Schroeder, 1974 Schroeder’and'Hepher,

19763 Moav gt. al.,1977‘ Wolhfarth 1978)

. The other aspect, furthermore is that organic fertilie
zers . as’ manure for fish ponds invsriably affects the biolo=

gical and chemical condition of fish ponds as such, that the manure is
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digested by, and the nutrients thereby. fixed by miCro&fgan%;ms'that
ib'tﬁrn are consumed by the Fish (Schroeder, 1975). In‘conﬁrastlcﬁe*
.micéilfertilizers alone or in combination would probably ihcrease
the phytoplankton to cause a self=-shading effect thereby.reducing
primary production which in turn affects the production of the fish.
In oyt investigation probably this last aspect may have coms into

play to a large extents

Increased gromth~r§te of fish in suﬁh monoculture or higher
yields in term of production from the pfesentbstudy does revegl that
maximal output in terms of fish yield was due primarily to thg j&di-
cious’ gdministering of both organic and inorgenic fertilization and
to supplement the biota so created in the pond for food,by feed esven
if it is only rich in cérbohydrate content (Rice bran) in the preseht
iqvestigation, HoweVen fish production of an individusl pohd being
High or low in a particular yean could be due to ranqom variation of
the organic development'mithin the waters of individual ponds (Wolhe
farth and Moav, 1968; Bupk, 1970). In addition,aé in the present
experiment, when ponds and haols were taken simultaneously for a study
me'caﬁnnt eliminate the'bhaﬁce factor that may be in pperation like
(i) the differences in the_%iming of the degree of colonization of
flora ahd Fauna_in the difﬁérent ponds, and (ii) the difﬁerances.in
rates of the available nuwtrient besing cycled through the individual
systems. Whatever the case may-be in a region at the foot hills of
Naéalandg these experimeﬂtslhave proved beyond doubt  that very high

production figures can be obtained by simple scientific management

oF»Fish.ponds gven with monoculture of species liks Labgo rohitae.
This has encoutaged us to go further te the various attriEUtes,res-
ponsiblé Fo: tﬁé functioning oF-suchrecoéystems and we hope to con-
duct polyeultuné (compoéite Fish»cultgpe) with such rgndomized block

design expsriments,
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GENERAL DISCUSSION ANO RECOMMENDATION

After completion of such a study for fish growth and yield in
fertilized experiméntél fish ponds and circular plastic pools and
obtaining the results of the analysis of the physico~chemical para-
meters,'the biota and the primary production relations,.it}mas ﬁelth:

see the intricats méchanisms-affacting one another and primarily their

effect on the growth of the selected species Labeo rchita. This was

found primarily essential to determine the cause and effect in such
man-made ecosystems in order to be able to predict in the future the

events that occur in such manipulated and perturbed aquatic systems.

The present. investigation revealed an existence of a cyclic
development of the pulses of the various factors undertakan individj
ually for the detailed seasonal study. However, the time in which the
annual pulses were initiated or terminated, get displaced to soms
extent. In addition, the magnitude of a pulse also vary considerably
from one season to the other. It was, therefore, felt that ths inco-
rporation of the statistical analysis of correlation coefficient be="
tween all these variables would possibly highlight the causative -
Factof.or factors responsible for phyto- or zooplankton growth;“priQ

mary production and fish production,.

A perusal of the Tables-XXIII, XXIV, XXV arid. XXVI ‘which show
these correlation coefficients, identifiss the intricate relationships

between the variables at statistically significant levels.:

In the experimental fish ponds undsrtaken for the present
study, the correlation.observed in the control paond was seen between
phosphate and both total:?eoplahkton and_totai plankton at P*0.05
level positiQely° Stmiler p&sitivé‘relatioﬁshipé'Bxisted and waa-

highly sicnifiénnt (PSD;DJ) between total phytoplankten-and oxygen.
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TABLE=XXIIX

Corrslation table, showln; tha correlation coafficliants
among tha physicsO = chaomical and primsry productivity and
biota underteken for the Control and IUxperimantal Filsh Ponds.

A = Gross primary productivity 1 « Alr temperature
B = et primary productivity 2 = dJater temperature
3 o« pH

L « Total phytoplankton 4 « Conductivity

D » Total zooplankton % « Total alkalinity
£ = Total plankton 8 « Carhon dioxide

T = Gxygen
f = Mgan langth (Pish qgrowth) 8 « 3ilicate

G » Mean weight (Pish growth) 9 « Phosphate
4 10 « Nitrate

£P = Exparimantal Fish Ponds.
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TABLEXAIV

Correlation table showing the corrslation coafficionts,
smong the primary productivity ond blological parameters
for the Control and Experimantal Fish Ponda,

Gross primary biﬁduakivity 1 = Ngt prlagfy productivity

A=

B » liat primery productivity 2 = Total phytoplankton

C »~ Total phytoplankton 3 » Total zooplankton

D « Total zooplankton = 4 » Total plankton .

€ « Total plenkton | 8 « Mean length (Pish growth)

F = Mean longth (Plsh growth) & = Mgsn weight (Pish growth)

R - AP
EP = Experimantal Fiash Pende.
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TABLE=XXV

Correlation table showing the correlation coefficients
among the physico=chemical and primary productivity and
biocta undertaken far the Control pool.

A= Gross primary productivity 1 « Alr temperature

Be et primary productivity 2 « Water temperature
Ce Total phytoplankton 3 = pH
De Total zooplankton 4 = Conductivity
E~ Total plankton 5 « Total slkalinity
F = Mgan length (fish growth) 6 « Carbon=dioxide
G = Mepan weight (fish growth) 7 = Oxygen

8 - Silicate

9 « Phosphate

-
o
]

Nitrate
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CONTROL POOL
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TABL Em XXV Contd.

Correlation tabla showing tha correlation coafficionts
smong the physicoechemical and primary productivity and
biota undertaken for the Circular Plastie Poals,

A = Gross primery productivity lee Alr temperature

8 = Net primary produntivity 2 = Water ta"perature

£ = Tatal phytoplankton : - ?m&uetmny

D » Total zooplankton 5 « Total alkalinity

£ = Total plankton 6 = Carbonedioxide
T = Oxygen

F = Mean langth (fish growth) o _ g414000e

G « Haan weight (fish growth) 9 « Phosphate
10 = ¥itrate

o - cuctixat Plastic fPools.
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TABLE=XXVI

Correlation table showing tha corralation coefficiants
among the primary productivity and biological paramsters
undortaken for the Control and Cireular Plastic Poola.

A = Gross primary productivity 1 « fat primary productivity
8 = et primary productivity 2 = Total phytoplankton

£ = Totasl phytoplankton 3 = Total zooplankton
D « Total zooplankton 4 = Total plankton
E » Total plankton 5 =« Maagn length (fish growth)

F = Mgan length (Fish growth) 6 = tean weight (Pish growth)

CP = Cireular Plastic Pools.
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¢ (+) (+)2* (=) (=) . (#) (e)o* (+) (s)
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0,945 0,968

Ch=2 CP=3
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In Experimental Fish Pond=1, gross primary productivity was
negétiuely éorrelatedfﬁith carbon=dioxide at P20,05 level. Total
alkélihity’wés correlétéd at very significant levels (P>0.01) posi~
tively with'both-total phytoplankton and total plankton. Similarly
total zobplaﬁktoh was related with air and water ﬁemperatgre; andl
silicate-at pP>0.01 levels. In this pond, conductivity was seen to
be related to total plankton and mean length and nitrate with'meani

length and mean weight all positively at P>0.05 lQVBlQ

In Experimental Fish Pond;z, net primary productivity mith
nitrate was highly significant and so also total zooplahkton with
air temperature, the latter as seen in Experimental Fish Pond-1.
Further, oxygen with total phytoplankton and carbon-didxida with
.total plankton was positively significant at P>0.05 levéls and simi-
larly conductivity with mean length and mean weight, and nitrate

with mean weight.

Finally the Experimental Fish Pond=3 had very little corre-
lafion and was observea only between conductivity with both gross
and net primary productivity which was positively significant at
P>0.05 level, while pH was negative with msan length and mean weight

of the fish at the same level of significance.

In addition to the correlation between the physiéo-chemical
factors aﬁé the biota, phyto= and zooplankton, their totality, pri=
mary productivity both gross and nst primafy productivity and the‘
fgromth bF Fish in terms of iﬁs length and weight were also anal?sed

for correlation amongst themselves.

It was seen in all the Experimental Fish Ponds, mean length
with mean weight of the fishes were highly positively correlated at

P’DJD1 lavz21l, Simiiarly gross n2rimary productivity with net primary
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productivity was correlated except that in Experimental Fish Ponds=1
and S;the Ievel of significance was lowsr. High level of positive
significanbe befween total phytopiankton and total plankton were sesen
in all the ponds except in the control pond, where the level was at
P>O,DS. Similarly total zooplankton and total plankton was positiv-
ely correlated.in all the ponds except in pond-3., The lavel of sig-
niFicéncéﬂobserved in Experimental Fish Ponds=2 and control was at
P>0.01, but at P>0.05 lsvel in Experimental Fish Pond=1. In addition
£0 tﬁe corfelations, total zooplankton with gross primafy producti=-
vity, in the control pond and total zooplankton with total phytopl-
ankton in Expserimental Fish Pond=2 werse positiveiy significant at
P50;O1 level. Finally the control pond showed negative relationship

at P>0.05 bstwesn total phytoplankton and mean length ef the fish,

In the Circular Plastic Pools the correlation coefficient were
gimilarly observed between gross and net primary productivity, phy-

sico=chemical parameters and the biota.

In the control pond the only statistical significance obsstved,
was - between air and water temperature both with net primary produ=
ctivity negatively at P>0.05 and with total zooplankton positively
at the same level., Similarly both air and water temperatures are
highly significant positively with total plankton at P>0.01 1lsvel.
The - : air temperature with phytoplankton was much more significant
(P>0.01) than water temperature with total phytoplankton -(P>0.05)
both, however, positively. Therefore, generalilly the biota -was positi-
vely significant both with atmospheric and.water temperature but

negatively with net primary productivity.

In Circular Plastic Pool-1, there were only two éignificant

correlations. Net primary productivity with carbon-dioxide was
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highly and positively significant (P>0.01), while total plankton

and nitrate was negatively significant at P>0.05 levsels.

In Circular Plastic Pool=2, as in the control bond, net prie-
mary productivity with air temperature was negatively significant
at P>D.053.Similar negative significances were obssrved betwsen mean
length and pH and mean weight with oxygen. Though mean length and
oxygen aléo had a negative relationship the significance was at P>
0.01 . level. The others which wsere significantlwere positive at P>0.05
bomprising of total phytoplankton with total alkaliniﬁy, total plan-
kton with total alkalinity, mean weight both with nitrate and con-

‘

ductivity.

In Circular Plastic Pool=3 similar to the contrgl pool, total
zooplankton was significant with both air and water temperature pos-"
itively at P>0.05. In this pool, both total phytoplankton and plank-
tonxgm@‘pqsitively gsignificant with phosphate at P>0,05 levsl whilé
with nitrate at P>0.01 level. Total zooplankton with pH and silicats,
and the mean lengﬁh with total alkalinity were all negatively signi=~
ficant at P$O,DS level.

The last Circular Plasfic Pool=4, like the control poo1 ghowaed
a negative correslation between net primary productivity with both aifA
and water temperaturs. This pool showed a relationship bestwsen con=
ductivity and both gross énd net primary productiﬁity positively at
highly significaﬁt levels (P>D,D1).~Further,in this pool, all the
three nutrients aﬁalysed, silicate, phosphate, nitrate and élkalinify
were all seen to be significantly corrslated to both total phytopl-
ankton and total plankton at P>0.,01" level. Finally, both the mean
length and mean weight wern negatively correlated with oxygen at
P 0401 levele In additien to the significances of the nutrients, total

phytoplankton-and total planktan wgésimilaf topool=3, except that in
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the latter only phosphate and nitrate were found to be correlatsd,
and in pool=2 to alkalinity though the significance was lower. In
contrast, pool-1 showed a negative relationship between tptai plane

kton and nitrate..

Al

When the correlation among the biotic factorsuwere sgen, it
was observed that in all the pools ﬁhe mean length with mean weight"
of the fish, and total phyteplankton with total plankton were seen to -
be positively significant at P>0.,01 level. Similarly a correlation
egisted betwsen gross and net primary productivity in all thg Circu-
lar Pléstic Pools except in pools«1 and 3. In addition, in the con=
trol pool, total zooplankton and plankton were significantly relatod -

at P>0.,05 level positively.

These various correlation cosfficient when observed, it was
generally seen that irrespeotive of Fertilization: in all tha'gonds
and pools, the méah'length and mean Qeight of fish was significant
‘in that no.effect played on their growth rates betwsen these systems.
In addition,it was the total phytoplankton and productivify which
revealed some relationship as these corrslation showed that totai
plankton was significantly correlated with total phytoplankton and
therefore gross primary produbtivity and net*primary'productivity;
It was only in Expérimental Fish Pends=1 and 2 and control Circular
Plastic Qoolgﬁhat total zooplankton was related in sﬁch'a manner.-
Among the nutrients only Circular Plastic Pools=3 and 4 affected to
a large sxtent. the total phy&oplankton. However;‘in,Ekperiméntal'Fiéh
Ponds-T and 2 and Circular Plastic Pool=2, nitrate was seen to

effect the mean weight of the fishas.

It is known that’ plaRrktom biomass is higher in fertilized

than unfertilized systems (Manning and Juday, 1941; Gessner, 1949;
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Edmaonson, 19555 Ryther and Yentsch, 1958) and as observed in the
praesent inyeétigétioh where photosynthesis was related to the produ-
ction Figures_but'signiFiCant; levels were not obtained as would be
expected in pondg or pools receiving larger amount of fertilizsrs.
Light penetration could be one factor which is inverssly related to ‘
plankton standing crop and therefore photosynthesis, leading to a

loss of net production.

Another observatiom seen in the present study was a relation-
ship éf total alkalinity to total phytoplankton as in Circular Plas~
tic Pool=2 and Experimental Fish Pond=1., This total alkalinity aqgain
in pond-=1 and pool=3 was corrslated in two different ways, in the
former positive, while in the latter negative. The reason could be
attributed to that of photosynthesis mentioned above, which is known
té convert bicarbaonates to carbonates and the result of settling of
the latter, indicated by a decrease in alkalinity. Therefore, a
strong stratification of bicarbonate is indicative of high photosyn-
thetic rataé in any biotope. Further,when the bicarbonate alkalinity
is high and the'trophogenic zone is productive, a relatively small
Vlowering of pH occurs resulting in well buffered waters (Hutchinson,
.1957) as sasen in most of the prssent systems. This may be true pro=-
bably tola larger extent in Experimental Fish Pond=-1 and;Circular
Plastic Pool=2, In addition,as the temperature of the water rises,
ifs capgcity to dissolve carbon~dioxide decreases and part of the
free carbon-dioxide is given off. Therefore,the equilibrium. of the
;éafbomate-bicarbonate system is dependent to é large extsnt in the
éaébon-dioxide tension in the water. Lowsering of this teﬁsion is
- known fo cause transfer of bicarbonate to carbonate part of which
: may:be precipitated (Pia, 1933), A continuous process going on in

this Fash@on could probably be a result of the equilibrium state of
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pHe The main reasons probably for higher production in the more ‘in-
tensely fertilized ponds and pools could be the result of higher
amaount aof nutrients that comes directly or indireotly‘and in addi-~
tion from unutilized food and fish excrement. All this gnables the
possibilities of a constant supply of rieh carbon-dioxide to watér
by active fish respiration. This abundant éupply of cappon-dioxide
could effect the ponds and pools ecology by keeping the pH ‘constant
and especially .during noon tiﬁe, indicating that in intensely manu=
red ponds énd pools, food utilization beCOmes less efficient beyond
certain optimal levels (Smingle, 19473 Kuentzel, 1969; BOyd,v1973;

Rappaport and Sarig, 1975, 1979).

Even average higherftemperatures are to some degree moré fav-
ourable to photosynthesis. The limitation on primary production that
are imﬁoéed by, nitrients would often render temperature effect unim= -
portant in greatly changing natural production. In the present inve-
stigation the productivity patterns dominated‘by the regular enrich-l
mént, prabably shortens the time requifed for nutrient depletionfih
relation to photosynthetic'rate. THereFore, the differences in, mean .
temperature ‘could effect largely the metabolic processes that govern

nutrient cycling than on photosynthesis itself.
5

.Thé rale of nutrients and especially those that were under=-
takeh for fhe present investigation was seen - to play very littls
role»e*cept’with nitrate to-the growth of the fishes and even as a
lihiting factor for phytoplankton, but with the only expepticn in
Doolssé and‘ 4 whefe positive significant correlations exiéted..In
case of,phosphate, again thevsignificancg was among thess two pools
and to some exteﬁt in the control pond. . It is seen that Fé:tilization
has deFinitély a higher percentage of phytoplankton dénsitiés' 

(Hepher,‘1963; Dobbins and Boyd, 1976)-ahdltherefofe in cass OF.



326

phosphorus,. an appreciable amount of this nutrient when added Cbuld
be iﬁitialiy absarbed by the plankton community in a feuw hours. Hance,
its utilify is made available oniy when the plankton dies,which in a
natqfal system usually gets locked up in the secCiments. Howsyver,very lit=
tle attributes could be assigned tothe role of its limitation in nature
ih the sysfems studiéd. As consumers of particulate phosphorus,-
,Fishés probably conﬁributelfo remineralization in a manner similar
to the pésitive faet Sack af zooplaﬁkton grazing bn algae. Sincs
Fishés alsg prey on behthic_and littoraed. organisms, the low buf
relatively constant level of phosphorus excreted:may-act.to stabilisse
plankéonic_cycie which might othérwise exhaust available phosphorus
and dgpend di:ectly‘on remineralization thfough decoﬁpdsition of aiefi
lochthonous sources as in the present investigatibn! in.additibn to
sedimehtapy'gene:ation as in the fish pqusQ This,theréﬁbre,leads to
a reali?a£ion that. nutrient concentratioﬁiat the qual half uptake
maximai,rates do not necessarily reflect the growth‘capabilities of
thé bidta and in particular phytoplanktoh (Caperon, 1972§ Fuhs EE.QL.
’1972; Rhee, 1973; Chisholm, 1974; Eppley and Renger,:1974), This is
primarily due to the meil documented hyperbolic’relationship betwesn
growth and the intracellulér concentration of nutrients in a'wide
varisty of éutotrdphic species, and the recognition that algal gromth
rates are regulated more by intracellular reservoirs and only indi?

rectly by external nutrient concentrations. . (Caperon, 1968;.Drup,1968).

Though; thess were the intricate relatinnships between the
abiotic and»bibtic'Fagtors_and'especially the autotrophs and inver=
tebrates fauna, of whiCﬁ the latter seemed to = play little effect
ﬁn the growth of thE'vertebraée biota namely, fish, An ordinarily
observed phenomena in tha_ﬁresent investigationiwas the existence of

a steady linear growth of the fishes which did not simultaneously
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»

synchrbniée with the other factors undertaken. This probably reflects
that the Fluctdatihg‘trend of seasonality in an aquatic system to a
largs exfenf Has probably to be correlated with much shofter time
intervalsdefﬁish growth. Such would indicate the Céusatiue factor

- or factors respomsible for the sudden SDUft in gro@th rate as obser-
ved in the weight of the fishes in most of the ponds. Further,such
factorial relationships may not reveal a true picturs to the intils
cate enerqgy conversion Valueé which decides the growth of a harbi=

voreg or carnivore.

It was, therefore, felt necessary to observe if there existed
a relatdonship in conversion of autotrophic production to fish flesh
and, if so, whether effeoted by diFFerential‘Fertilization. In the
presentfinvesﬁigation this could only be calculated for the ponds as
" pools had higher stocking densities of fish showing very higﬁ brod-
.uctivity figures. Table=XXVII reveals such a phenémena. A perusal
of this shows that in the control pond the conversions (1=-3%) were
very near to the figures as indicated by Odum (1960.) in natural éyé#
tem, where 1-2% is regarded ésrhigh yields. It therefors,seems that
sven under natural conditions without any inputs, iF the stocking
rate is optimum as in the present investigation, fish could convert
autotrophic production for high yields in a rggion like Nagaland.
However, in observing the conversion values of the fertilized ponds
it was sean that Experimental Fish Pond«2 showed 658540 Kg/ha/18
months that was higher than pondu1 (5005 kg/ha/1ﬂ months}. (Table~XXI),
yet in both the ponds the gorwversions were more or less the_same;

The cunversion percent in Experimental Fish Ponds=1 and 2 was.4f6 §0
7.6% and 4.3 to 7+1% respectively. Pond-3 had however the lowest .
cbnversion (3.3 to 6.,0%) though higher than the Confrol (1.8 to 3.0

%);,Tharefore,it is safe to say that a combination of fertilizers
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both inorganic and organic is better than the individual fertiliza-
“tion (organic manuring-only). However,looking back on the survival
rates it seems that if a constant maintenance -of a higher rate of
survival is there, the single fertilizer as used in pond-3 would also
very nearly squal those which were fertilized both orgahically and
inorganically along with supplementary feeding. This indicatés that

a2 detailed study is needed to look into the intricats mechanisms of
fish which from our present knowledge could bé attributed, in the"
,organicAhanufed pond, to higher removal of oxygen by anaerobiosis
whiCh'addea into play on addition of organic manuré, In the present
investigation it helps us to indicate the lower levels of organic
manuriﬁg‘at larger space time inte;vals which might'inhibit the mdf-
ftality figures of Pish. Whatever the case may be, in the present
study, fertilization of ponds and pools resultad in higgef phytoplan=
“kton productigity (Hspher, 196") aﬁd subsequent increass in fish
productibn/hsétareZ(Smith and Swinglse, 1938; Swinglé'and Smith;19&7;
Hall gg.g;;,f§70lmpHendépson gg.ggj;(1970),has also suggested that.
Fish yield may,inc;éase'as a 5bwerffunction of primary producti=-
vity. Sreenivasan (1964a) has-also found that Fish production in
tropiéai ponds- was highser with the'highestVIGVQl of primary ﬁfpdub;}‘“
tivity. In the present investigation the groés photosynthesis measu=-
rements appear to be the most pradtical'fndices on which to“base;
such fighing potentiale. The géneraiity that fish yieldvmayzbe ppedir~
ctad:frqm gross. photosynthesis has bean adéﬁuately estabiisﬁed; |

Goodyear gt.als,(1972) demonstrated that the yield of mosquito fish

(Gahbqsia”affip;s) and gross photosynthesis ware closely dorrelated, .
Wolny and Grygiengk (1972) showed the same for young cafp ngriﬁas :
carpio. Mellack (1976)<in the analysis of'data.oF_SreeniVasah's
(1972):F0und“a_conﬁincing correlation for fish yield and gross pho=

tosynthesis in a series of tropical fish ponds.



330

The percent conversion of gross primary productivity to fish
yield is better understood as a logarithmic increase in fish yield
for every arithmetic increase in primary productivity. This implies

that percent conversion increases, as primary productivity increases.

- This is very well seen in the present investigation.

In the recent review af the relationship between fish yisld

and primary production, Oglesby (1977), Mellack (1976) have concluw
-ded'that annualvproduqtion is theoretically and empiricaliy a better
predictor OFTFish yield from aquatic bodies than other suggested re-

lationships between yield and environmental variables.

It was left now to understand after the presentuinvestigation
the ecohoﬁics of the study and its application for immediate use in
af-iegSt’thé'regidh under consideration. Tables-XXVIII and XXIX, :
gives a broad understanding of a balance sheet and economic Feasibﬂ;“
lity of this study for redommendatioh to local fish farmers as would
be»ekpected.»Experimental Fish Pond-2 and Circular Plastic Pool=%
were the most profitable systems seen. Surprisingly snough,these two
sygtemS'had.the.maximum’inputs of expenditurse in contrast to the 

ers.

E:
Wity
-

other ponds and pools as both organic and inorganic’FertilizersyQ‘
applied in addition to supplementary feeding. The addition of wpK
aléné ahd‘édbpiemeh£éfy ?éedihg as in pool=3 showed a Very unprifit=
able venture where the net profit was even lowser than the control
pool. In the ponds,there were vefy littls differences between the
6rganié fertilized ones and organic: and inorganic fertilized ponds.
In any case such data not being available for Nagaland, reveals'§;L;
aculture in freshwater systems is highly a profitable venturs an&
could even-ba started with as low an expenditure of Rs.1000/= to Rse
3000/~ with an anticipated return of more than ten times the invest=

ment.
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AL EwX

An incomewaxpanditures atatemsnt:. of acoounts shouing
tho economics of fish yleld in tho diffaront Exparle
mantal Fish Ponds,.

EP » Exparimesntal Fish Pondse

An incomo=oxpanditure atatement: of accounts showing
the sconomics of fish yields in the different Circular
Plastic Poolsa.

CP » Circular Plastlie Fools.
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- The prsseﬁt study though,has tried to understand the acadsmic
prespective in such ventures it is gratifying to note that anlgxtpn-
sion to the fish farmefs would have profitable returnég This is all
the mors so in.a region 1iké the state of Nagaland which has vary
little rssource oF_its own and has to depend to a large sxtent on

import of the necessary food for daily consumption.

The regommendation of this study will be interpreted %h the
local languages and propagated to one and all in the region which

comprise of the largest composition of tribal sub-sects.

RECOMMENDATIONS

1. Stocking ponds constructed should bs in the rangs of 140 m2 to

300 m2,

2. For low altitude like Dimapur a stocking density of 10,000 fing~
erlings/hectare is optimums

3. Supplementary feeding around 1,000 kg/ha/yr given at 1% body
weight daily is sssential.

4, Organic fertilization alons at the rate of 25,000 kg/ha/yr and
above, can'be given in smaller quantities admlnlstered over lar-
ger spaced time intervalss

5. Inorganic fertilizars NPK (18:8:4) at the rate of approximately
900 kg/ha/yr may or may not be administerad.

6o The‘spawn to fry or even fingerling stages could bs easily stoc-
ked in plastic pools with the above managem#ént recommended for
ponds and utilized as and when required for stocking ponds.

7s Prefarably such pools can be maintained anly with organic ferti=-
lizars with supplementary feeding.
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