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ABSTRACT 

Aquaculture or culture Fisheries has hit. the scene in develop­

ing countries in the last decade. It ufas received luith great enthu­

siasm by one and all as it promised to supplement the need to pro­

duce additional fish protein for the rapidly increasing population. 

Although the increase in production of the protein from aquaculture, 

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-

ujritten and highly site-specific production technology in this field. 

Moreover the u/ealth 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 obtained. All the more, 

unlike agriculture there is noQstrong base of research knowledge for 

aquaculture. 

The present investigation therefore, is a compilation of the 

results of detailed analysis of most of the important characteristics 

affecting fish production in a region like Nagaland. The experiments 

were so designed aŝ  to enable the transfer of the jiigp̂h no logical und­

erstanding not only to the State Government' i-n...,the region-tiiit also to 

the fish farmers. Two sets of aquatic systems were ridentifi.ed for 

this purpose (i) the natural fish ponds and ,(ii) the circ-u^ar plas­

tic pools. In both these systems differential fertilization were 

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 these sys­

tems was confined only to one species Labeo rohita. commonly called 

Rohu, possibly the tastiest of all Indian major carps, 

The study was broadly classed into the abiotic and biotic com­

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 luere than 

correlated to the fish growth and production levels. 

The first chapter in the thesis deals therefore primarily u;ith 

the physico-chemical observation and their interpretation in the 

various aquatic systems undertaken. It u/as observed that all the 

ponds and pools undertaken maintained a steady state equilibrium in 

relation to the physico-chemical factors in addition to the mainten­

ance of UJBII marked buffering capability, Houjever, in Experimental 

Fish Pond-2 and Circular Plastic Pool-49 most of the values ujere on 

the higher, side.. The other systems had a magnitude of fluctuation 

very narroiu, though Iri all of them the values obtained have been 

shoiun to be very conducive for fish production, Moreover, the indi­

vidual physico-chemical parameters analysed revealed a maintenance 

of. a mescButrophic condition and not a highly eutrophic one as ujould 

normally be expected in such tropical situations, 

The second chapter dealing uiith the biota as the next structu­

ral component namely phyto* and zooplankton revealed that algal 

succession is altered due to fertilization. The phytoplankton analy­

sed both at generic and higher levels indicated that the system con­

trolled the development of blue-green algae while at the same time 

helping in the development of some of the eutrophic genera among 

green algae. This seemed to be an excellent inherent quality as the 

latter group is known to be efficient primary producers. The study 

of these autotrophs confirmed the physico-chemical parameters in that 

the systems were never allowed to reach higher levels of eutrophica-

tion but having all the qualities of a eutrophic status under con­

trol, The abundance in number was however more in the pools than in 

the ponds. As far as zooplankton was concerned they seemed to be in'-' 



synchrony ujith the abundances of phytoplankton. The group rotifera 

dominated in both the ponds and pools ujhile protozoa though far less 

possessed larger numbers atleast in the organically manured ponds 

and pools. There uias a clear cut seasonality in their behaviour and 

the number obtained were at leuels essential for fish production. 

The third chapter in the thesis ujas confined to the understan­

ding of the functional aspects of the autotrophs-primary production. 

The determination 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 biogenic 

metabolic cycle, and therefore the relative proportion of their val­

ues ujould help in understanding higher trophic levels. In the firesent 

investigation it uuas seen that the highest values obtained tuere in 

Experimental Fish Pond-2 among the ponds and Circular Plastic Pool-2 

among the pools. The ranges in their values either in the ponds or 

pools were indicative of high production and is in line luith such 

f&rtilized systems both in the tropic and the world. The levels 

though indicative of the eutrophiic nature were not equal to higher 

records of values as in usual eutrophic systems in the tropics. In 

addition, whenever respiration exceeds production which was observed 

mere than once over the different seasons in the different ponds and 

pcolswa.s another indication of eutrophication. The inorganic fertili­

zers alone, when administered were seen not to have any significant 

results but certainly organic fertilizer along with supplementary 

feedings mere seen to enhance the production levels in both the ponds 

and pools wherever administered. Once again it was seen that primary 

production levels behaved as well,as that of established equilibrium 

systems. 

The last chapter of the thesis was related to fish growth and 



production. It was seen that the fertilized fish ponds rev/ealed much 

higher groujth rates than the control. Moreover, in these fertilized 

ponds, the sixth month and the twelfth month aias observ/sd to be pha­

ses of sudden exponential increases in vueight. Experimental Fish 

Pond-2 again reuealed the maximum groiuth rate as far as mean weight 

was concerned. Such was not observed in the mean length of fish 

among the different 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 significantly 

different from each other. The rate of survival among the fishes in 

the different systems was again seen to be maximum in Experimental 

Fish Pond-2 arid the lowest in Experimental Fish Pond-3, the former 

being nearly 70% and the latter with only 50%, Here again as in the 

primary production values, the inorganic fertilizer seemed to inhibit 

the growth rate of the fishes. However, the organic fertilized sys-. 

tarn revealed 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 obtained was seen in Experimental Fish Pond-2. Among the Piss-

tic Pools it was Circular Plastic Pool-4, and since the stocking 

densities wera very high the figures though incorporated have-not 

been used for comparision. The ponds revealed nearly six times the 

production figures of India though not near to the maximum record 

available. Both increased growth rates and higher yields from the 

present study reveal that maximum outrput can be obtained by a jud­

icious combinati'jn of organic and inorganic fertilizers along with 

supplementary feed. However th.is study has helped in the understan­

ding that quite high fish yield can be obtained by simple scientific 

management even with monoculture of an economically important fish 

like Labeo rohita in places like Dimapur, Nagaland. 



With the knoujledge of these four sections it o/as seen finally 

to correlate and integrate all of these for a total comprehension 

of the ecosystems, helping in understanding higher fish yields, 

Though these individual components revealed an existence of a cyclic 

development of the pulses of the various factors undertaken,the ini­

tiation or termination got displaced over annual periods. Therefore, 

statistical correlation betiueen these pulses weire found out to enable 

the integration and also anyone factor responsible for a number of 

variables. As uuould be expected phytoplankton and primary producti­

vity had significant correlatioas and very little effect of other 

abiotic factors ujas seen on the functioning of the systems or in 

relation to fish grouuth and yield. I^oreover, nutrients did not play a 

significant role and it ujas observed that there luas hardly any major 

differences amongst such correlations betu/een the different systems. 

The various correlations that have obtained, hoaiever, has been discu" 

ssed and implications draiun upon. 

Finally,it mas calculated to see, hou; much of the primary prO" 

duction or the autotrophic biomass as it were, got converted into 

fish flesh expressed as yield. In the present investigation it u;as 

observed that such conversions even "in the control pond o/as quite 

high and significantly so in the fertilized ponds. Though higher 

production/ha uJas seen in Expe-rimental Fish Pond-2 the conversion 

helped us to shouj that Experimental Fish Ponds=2 and 3 both had the 

same conversion figures. This indicated that fish production alone 

is not a correct measure but in addition such conversion values hel­

ped in understanding the basic ecological theories that operate in 

such ecosystems. Moreover annual production is theoretically and 

empirically a better predictor of fish yield from aquatic bodies 

than other suggested relationships betiueen fish yield and environ­

mental variables. 
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Knowing that both fish yield and conv/ersion are encouraging 

from the present study an economics ujas ujorked out for the applica­

tion of such a study in atleast the region under consideration. 

Experimental Fish Pond-2 and Circular Plastic Pool-4 ujere found to 

be the most profitable ventures undertaken and even though these 

had the maximum inputs of expenditures they out-ranked the others 

in terms of their out-put of fish. All these helped us in arriving 

at a certain generalised recommendation for implementation in fish 

ponds in Nagaland. 

..*« ,'rm2-,-r-

. • « • • 
i**.*' •;•;, 

v « » » * * 
'uv*'-̂ * . 

-IS:' 



ECOlLiOGICJlK^ S T U D I E S O N L A B E O R O M I T A 

l A f l T i l S P E C I A I L . R E F E R E N C E : T O 

O R O m r T H A N D P R O D U C T I O N I N N A G AIL,AN D F I S H P O N D S . 

NEIVISELIE SIMON DZUVK 

DEPARTMENT OF ZOOLOGY 
SCHOOL OF LIFE SCIENCES 

. .SUBMITTED IN FULFILMENT OF THE REQl/IREMENT OF 
THE DEGREE OF DOCTOR OF PHILOSOPHY 

l O 

THE NORTH-EASTERN HILL UNIVERSITY 
SHILLONG-793001 

INDIA 
AUGUST, 1982 



*̂**r:-v^ 

& . • • • • 

S,A«'^t 

> • ^ 

• ^ ^ ^ < 

' - ' l ^ 

, , * * • - ' * 

li'-

Q w ^ « ««' 



Gxama NEHU Phone : 23390 

NORTH-EASTERN HILL UNIVERSITY 

Dx, 3.R.B, ALFRED, 
Reader in Zoology. 

Department of Zoology, 
School of Life Sciences, 

Shillong-793014. 

I certify that the thesis entitled "ECOLOGICAL STUDIES 

0"̂  LajJ-BO. rohita WITH SPECIAL REFERENCE TO GROWTH AND PRODUC­

TION IN NAGALAND FISH PONDS", submitted by Neiviselie Simon 

Dzuvichu for the Degree of Doctor of Philosophy of the North-

Eastern Hill University, Shillong embodies the record of 

original inv/estigatipn carried out by him under my supervis­

ion. HiB has bean ciuly registefed and the thesis presented is 

uiorthy of being considered for the aiuard of Ph.D.Degree. This 

work has not been submitted for any Degree of any other Uni­

versity. 

DATE 

PLACE he S u p e r v i s o r 



ACKNOWLEDGEHEI^ITS 

I wish to acknouiledge my profound gratitude to Dr» 3.R.B. 

Alfred for the expedient guidance and supervision during the 

period of investigation and also for the help and emendation in 

the final analysis, 

I oujB my indebtedness to Professor R. George Michael for 

initiating me into this field of Science. 

I am grateful to Professor M.K, Khare, Head, Department. 

of Zoology, for providing the necessary r-equirements, The faci­

lity and assistance extended to ma by the Nagaland Fishery 

Department's officials are gratefully acknowledged. 

Thanks are also due to the North-Eastern Council for the 

financial support given under the Scheme "Hydrobiological cond­

itions for fishery development in the North-Eastern Region". 

Finally, I wish to record my profound gratitude to my 

parents for their endeavours and encouragements for my educati­

onal persuits, and to my u/ifa for her loving solicitude, appre­

ciations and encouragements, 

^S^om^<^ 

N e i v i s e l l e Simon DzUvichli 



Inner cover page • • • • • • , 
S u p e r v / i a o r ' s C e r t i f i c a t e • • • , . , 

AcknoLuledgements • • • . i , ' , 

GENERAL INTRODUCTION . . . . . / • 

BACKGROUND OF THE REGION . . . . . . . 

STUDY SITE . . . . . . 

CHAPTER I : PHYSICO-CHEMICAL FACTORS 

Introduction ... ••• 

Materials and Methods •.. 

Results ... .•• 

Discussion. ••« ... 

References ••• ••• 

CHAPTER II : PHYTOPLANKTON AND ZQOPLANKTQN 

Introduction ••• ... 

Materials and Methotis «... 

Results ••• '••• 

Discussion ... ... 

References ••• ••• 

CHAPTER III PRIMARY PRODUCTION 

Introduction .»• ••• 

Materials and Methods ... 

Results ... ... 

Discussion ..• ... 

References ... . • • 

CHAPTER 1\} : FISH GROWTH AND PRODUCTION 
Introduction ••• ... 

Materials and Methods ... 

Results ... ... 

Discussion ... ... 

References .... ... 

GENERAL DISCUSSION AND RECOMMENDATIONS 

1 

il 

iii 

1 

5 

9 

15 

19 

21 

47 

58 

67 

72 

74 

216 

224 

238 

243 

244 

253 

261 

276 

281 

284 

297 

306 

315 

7WW 



1. 

2. 

3. 

4. 

5. 

6 . • 

7. 

8,' 

9. 

10. 

11 . 

12. 

13. 

14. 

15. 

FIGURES 

Map .of Nagaland ... *.• 

Air teniperature, water temperature, pH and 
conductivity in the control pond and expe­
rimental fish ponds ... ' ••• 

Total alkalinity! carbon dioxide, oxygen,: 
phosphate, silicate and nitrate in the control 
pond and experimental fish ponds, ... 

'Air temperature, ujater temperature, pH and 
conductivity in the control pond and circular 
plastic pools. ».. ••• 

Total alkalinity, carbon-dioxide, oxygen, 
phosphate, silicate and nitrate in the control 
pool and circular plastic pools. ... 

Relative percent abundance of phytoplankton, 
class-Luise in the control pond and experimental 
fish ponds. ... »»* 

Relative percent abundance of phytoplankton, 
class-ujise in the control pool and circular 
plastic pools. ... • • • 

Relative percent abundance of zooplankton, group-
ujise in the control pond and experimental fish ponds 

Relative percent abundance of zooplankton, 
group-ujise in the control, pool and circular 
plastic pools.- ,., ., 

Gross and Net primary productivity in the 
control pond and experimental fish ponds. «, 

Gross and Net primary productivity in the 
control pool and circular plastic pools. ., 

Groiuth-rate of Labeo rohi^ta i n leng th i n the 
c o n t r o l pond and exper imenta l f i s h ponds. . , 

Growth-rate of Labeo ro_hit.g. i n weight i n the 
c o n t r o l pond and experTrnental f i s h ponds. , , 

Growth-rate of LaJ3_e_o rohi^ta i n leng th at the 
c o n t r o l pool ancT c i r c u l a r (J las t ic poo ls . . , 

-Growth-rate of L_abeo. r_o_hita, i n weight at the 
c o n t r o l pool and c i r c u l a r p l a s t i c poo l s . . , 

Facing 

6 

22 

26 

34 

38 

76 

121 

171 

194 

245 

249 

285-

286 

292 

293 

^ / / / / / / 



TABLES. 
Fa c i n g 

I : Physical characteristics and fertilization 
schedules for experimentals fish ponds and 
circular plastic pools. *.. 13 

II : Supplementary feed for Experimental fish 
ponds and circular plastic pools. ... 13 

III : Classes, families, genera and total phyto-
plankton, seasonally in the control pond.. 81 

lU : Classes, families, genera and total phyto-
plankton,. seasonally in the Experimental 
fish pond.r-'l . ... •.• . 88 

\} ', Classes, families, genera and total phyto-
plankton, seasonally in the Experimental 
fish pond-2. .•. ... 89 

\ll : Classes, families, genera and total phyto-
plankton, seasonally in the Experimental 
fish pond-3.. ... ... 110 

UII : Classes, families, genera and total phyto-
plankton seasonally in the control pond... 125 

Ulli : Classes, families, genera and total phyto-
plankton, seasonally in Circular plastic 
pool-T ,,, ... 132 

IX : Classes, families, genera and total phyto-
plankton, seasonally in Circular plastic 
pool-2 ... ... 141 

X : Classes, families, genera and total phyto-
plankton, seasonally in Circular plastic 
pool-3 ... ... 149 

XI J C l a s s e s , f a m i l i e s , gene ra and t o t a l p h y t o -
p l a n k t o n , s e a s o n a l l y i n C i r c u l a r p l a s t i c 
p o a l - 4 . . . . . . 158 

XII : Groups, genera and total zooplankton, sea­
sonally in the control pond. •». 167 

XIII : Groups, genera and total zooplankton, sea­
sonally in the Experimental fish pond-1... 173 
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GENERAL INTRODUCTION 



GENERAL I IMTRODUCTIO_i\l 

Aquatic ecosystemsdiffer in many ways by their abiotic and 

biotic characteristics due to their distinct structure and funct­

ional components. It is. usually, therefore, of interest to the 

academics primarily to understand the ecological theory and metho­

dology concerning the dynamics of spatio-temporal system and in 

particular of aquatic ecosystems interacting over space and tims. 

Studies in such systems become relevant to inland o/aters and fish­

eries for optimizing social benefits and maintaining a balance bet-

uieen land-ujater and man-resource interactions. Aquatic ecosystems 

at any given time are at different adaptive states due to natural 

processes or man-induced process. Human interaction may occur at 

different intensities (primitive, rural, urban-industrial) or 

scales depending on the level of scientific and technological accu? 

Ituration. These interactions may be directly uuith the interest in 

the large scale development of aquaculture as a manageable food 

production system. 

The escalation of development efforts in culture fisheries 

stems by and large, from (i) the need to produce additional fish 

protein to meet the demand of rapidly increasing population, (ii) 

the fact that production from aquaculture is related to ma.nageable 

inputs, for example, in the control of the production prdcess^ 

aquaculture is less susceptible than capture fisheries to unpred­

ictable natural influences, and (iii) the levelling off of ujorld 

catch from conventional capture fi&heries., 

Although the increase in production from aquaculture, in the 

past fauj years has been significant in some countries, the overall 
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groLuth rate has been less than anticipated. The factors ujhich account 

For the slouj groujth are characteristics of emerging industries, an. 

amalgamation of technical, economic, institutional and cultural bar-

riero To date, technical problems have received the most attention 

and biologists have by and large, dominated the aquacultural field, 

Inadequate attention has been devoted to other equally important 

problem areas and to the interplay among them. In some respect, dev­

elopment related activities are ahead of science and technology in 

international aquacultural efforts as a result of strong interest in, 

need for and potential of controlled fish production. 

The technical problems are perhaps the easiest to identify. 

Traditionally, aquaculture has been restricted largely to Asia luhere 

practices have been developed through trial and error and passed on 

through generations. Existing production methodology is empirical, 

with a narrouj scientific base. Production technology is umurittsn 

and highly site specific and is passed from producer to producer in 

an informal base with fetu exceptions, the luealth of information nee­

ded to tackle such problem areas does not exist for species of inte­

rest to developing countries and even if it does for certain species 

is very sketchy. The groo/ir.g realization of the urgent need of such 

a data base has precipitated, repeated recommendations for national 

and international support of relevant research in developing countries. 

To be responsive to these needs, resaarcb programmes must not 

only focus" on immediate requirements but also anticipate future 

problems that may be created by internal and external influences on 

the industry. On the bases of problems that are beginning to surface, 

it can be anticipated that expansion of aquaculture uiill be limited 

by scarcity of resources used in agriculture and husbandry of terre­

strial animals like land, oiater, feed and fertilizer. Continuing 



increasa in production luill then have to be achieved by increasing 

production per unit of the scarce resource. 

Such research and management gaps in India uuere sought to be 

bridged by the creation of Central Inland Fisheries Research Insti­

tute and other state level research organizations. The objectives 

Luere uiiell defined inter aliaa included studies of trophic structure 

and function of freshujater ecosystems, material recycling, physico-

chemical features, ecological production functions, fish behaviour, 

recruitment and other population parameters and development of mana-

gemsnt principlas uuith a vieuj to achieving optimum fish productivity 

and fish yield, Houjever, though individual experiments have revealed 

the possibility of large scale production to meet the needs of the 

country through such institutions yet, because of the existence of 

poorly co-ordinated short termQ and inadequate iaffortQ does not allou/ 

the producer to get the needed information. Further, a constraint on 

multidisciplinary approaches to development is one of the several 

reasons aquaculture has not developed at anticipated rates through­

out the country as India. This is primarily due Qp to the failQure • 

of funding agencies to support such approaches proposed, Moreover 

unlike agriculture, a strong base research knoujledge does not exist 

for aquaculture, 

The goal of national development plan or the context on uihich 

aquaculture is to be practised and the role it is intended to-' play,. 

ujill determine the type of aquacultural systems, to be used,. Added to 

this oiill be the nature of the research required to support and im-" 

prove the chosen system and the overall infrastructure a:nd policies 

required to successfully underpin development. Because complementary 

and competitive relationship exist betiueen aquaculture and other 

sectors.of economy, a realistic appraisal of aquaculturefe development 



prospects requires an examination of more than historical trends 

from Luhich extrapolation are made. The dynamics of change in any 

economy suggests that there are some areas from uuhich forces that 

influence aquacultural development emanates. These could be the 

relative economics of rearing and marketing of various species, the 

relative economics of agriculture and other sectors that either re­

quire the Same input used by aquaculture or compete with it in the 

s.ame market place and finally the expansion of non-agricultural sec­

tors that produce positive or negative impact on aquaculture. 

The extent to luhich aquaculture luill successfully compete for 

limited resources depends in part on the relative efficiency with 

Luhich aquacultural producer -convert inputs into products and upon 

the extent to ujhich integrated agro-fish farming system lead to com-

plimentariness in place of conflicts. All these considerations imply 

that a broad economic vievu of aquaculture's 'fit' in each country Is 

likely to yield a more realistic appraisal of the sectors potential 

•than lUQuld a vieuj that is anything else* 

It ujas with thia idea that the present investigation was initi­

ated. The areas in the general plan of work for/achieving the obje-̂  

qtives were (i) to identify and clarify ecosystems such as fish ponds 

and Circular Plastic Pools and their dynamic inherent patterns of 

behaviour utilizing the knowledge of both their structural and func­

tional components; (ii) to be able to use the application of this 

science in the management of inland fisheries particularly in a reg­

ional context; and (iii).finally to attempt to characterize some 

types of aquatic systems perturbed and manipulated to co.nsider how 

the potential fish yield can be changed for the better. 



BACKGROUND OF THE REGIQN AND STUDY SITE 



BACKGROUND OF THE REGION 

LOCATION 

The State of Nagaland lies between 93°20' to 95°15'E latitude 

and 25°6' to 27°4'1M longitude and encloses a total geographical area 

of 16,626 sq. Km» Wl^h the exception of some flat areas in the foot 

hills, the State.is mostly hilly. Th-ese rolling hills, with terraces 

cut across the loujer slopes, the narroai glens at their base, the 

mountain summits clothed ujith profuse vegetation comprising of dive­

rse flora blooming in their uerdant colours are panoramic uieu/s of 

the State. 'Saramati' is the highest peak situated 3840.5 m above thfe-

sea levyel, while Kohima is the capital of the State which is at an 

altitude of 1444>12 m (Fig. l). 

PHYSIOGRAPHY 

The entire geological structure of Southern, Central and Nor­

thern Nagaland is essentially the samis. Southern Nagaland is governed 

by the Disang and the.:Barail series of rocks. The Disangs conforming 

to the oldes'f rocks are dominant towards the east between Hapfti and 

Saramatiat an altitude of 3^000 to 4,000 ft, but the Barail series 

are abundant tswards the 'west.- Disang series exhibits their splintery 

grey shales interbedded with hard bands of fine grained flaggy sand 

stones. Disang beds generally dip at steep•angles. The structure is 

soft.. Their splintery character has resulted in frequent landslides.'' 

The Barail series comprise of fine-grained'sand^stones, hard bluish 

grey, thin bedded and fteggy in nature.. Towards the South-West, the 

Barail exhibits the formation of massive sand-stone but the shal^ is 

absent.-

SOIL 

Soil vary according to altitudes. On mountain tops, soil 
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generally exhibits organic matter ujith heawy texture varying from 

high tc medium,, Loujer slopes and the base hav/e scanty undergroujth 

and a shallouj texture, luhile on the foot hills, soils are generally 

poor and light and contain louj ori^anic matter varying from loamy to 

sandy. Generally, soils are acidic and made up of P«20.5 to K,20,0, 

Alluwial soils are oomparatiuely more fertile although such format­

ions are diminutive being confined to the banks of Barak and Dhansiri 

rivers. 

CLIHATE 

the climate is ujarm 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 ujinter and summer seasons vary from 

5°C to 25°C on the hills and 12°C to 34°C at the foot hills. The ave­

rage rainfall is around 2000 mm spread over six months betuueen May 

and October. The foot hills afford a corridor to Assam being conti­

guous, to the plains, share a tropical o/eather. Dimapur and the areas 

along the road to Kohima, Upto Medziphema where the,veritable ascent 

starts into the hills is hot and malarious a contrast of the hills. 

]/EGETATION 

The State is rich in forest resources.. The reserved and prot­

ected areas constitute 17».7/o of the total geographical area, l/egeta-

tion varies rruin ylpine to sub—himalayan and from tropical to sub­

tropical and also temperate. It is mainly classified as luet evergreen, 

sub-tropical, ujet hills , ,iuet .tempera.te and conifers. 

The plain belt on the North-West abounds in vuet evergreen veg­

etation, the main species' being Nahor, Sam., Poma, Khokan, Ajhar, 

Makai, .̂ Amari ,and Hallongo This zone constitutes a tropical broad leaf' 

vegetation The sub-tropical vegetation thrives at an altitude rang-
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ing From 1000 to 4000 ft, characterized by species such as Chestnut 

(Castanopsis app.), MichBlia champaca» S_ch.ifna wallichi_i, Albizzla 

spp, and members of Ms^iaceae. Pine forests are found ov/er ah altitude 

varying from 3000 ft to 4000 ft but confined only to the South-Eastern 

'Chakhesang' region, oak and rhododendron are also associated uuith it. 

The met temperate is ujidespregd on ^ 5000 ft elevation where Betula, 

Rhododendron, Magnolia and Ougleans req;ia are the main species. The 

vegetation is found mostly in moist and suuampy places. Generally, 

Nagaland resembles closely that of the: sub-himala yan type of vegetation. 

FAUNA 

As Nagaland constitutes a meeting ground of the sub-himalayan 

elements, Indian, Chinese and Burmese type of fauna overlap and the­

refore it is as much varied. Rhinoceros along uiith the monkey and 

jackal tribes are not only dOiindled but those present are sparsely 

distributed. The others comprise of luild buffaloes., pigs, bears and 

antlers etc. but the present games vary to squirrels, bats,etters and 

musk-rat. Snakes are common and made up of viper, kraites, rat-snakes, 

grass snakes and cobra. 

The lower hills have a reduced variety of birds and fou/ls but 

the best species still abound at higher altitudes which include the 

patridge, luarb^ler, robin, woodpecker, hornbill, pheasant, swift, 

hawk and snipe. More domesticated in the lower hills afe the sparrows, 

sun-birds, parrots etc. 

FISH CULTURE 

The State has enormous fish culturable water areas, though the 

pr-asently utilised water is estimated to be 9.0 hectares and 645 hec­

tares under the State and private farms respectively. The present 

sSrge of interest in fish cultures has brought additional cultivable' 



areas resulting in an increase in the demand for fish seed. But there 

exists a significant gap in the supply positions of fish sseds. Eff­

orts era being made by the State Fishery Depiartment to produce suffi­

cient quality fish' seeds to cater to the fish farmers, and in addi­

tion to the constructions of more demonstration farms to impart the 

knoiuledge and basic techniques of management of fish culture practi­

ces. Recently in addition to the culture of fish in ponds, the paddy-

cum-fish culture has created a popular stride among the farmers par­

ticularly in Kohima Districts. 

STUDY SITE 

Location; The present study mas conducted at Dimapur in Kohifna Distr­

ict, It lies between latitude 93?48'E and -longitude 25°5i'N and is at 

an elevation -of 198 m. The climate is warm and sub-tropical ujith the 

average temperature ranging between 12°C and 34°C during the luinter 

and summer seasons. Dimapur is at the foot hills and is 2 hours drive 

dowfîS the hills from Kohima. 

"Four fish ponds were selected from the State farms at Fish 

Brooder's cum-experimental farm and at 3orpukhri fish seed production 

farm. The water surface areas of these four ,experimen tal. f ish ponds 

varied fromr 0.009 to 0,028 hectares and the mean depth of the luater 

ranged between 1.5 m during monsoon and 1.0 m in. winter seasons. In 

addition to the Tour experimental fish ponds,, five circular plastic 

pools were also simultaneously taken for a detailed study of fish 

growth under differential fertilization in these systems. The control 

circular plastic pool, pool-1 and pool-3 each had a diameter of 135 

cm and a height of 105 cm. The water depth was maintained at a con­

stant' level of 85 cm. Each pool had a total water volume of 1217 li­

tres. P06I-2 had the same diameter as the others, but had a height 

of 130 cms. The depth of water in this pool was maintained at 120 cm, 
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The total volume of water oias 1718 litres. POQ1-4 had 165 cms and 

105 em as its diameter and depth respectively aiith a luater depth of 

75 cm. The total u/ater volume of this pool ujas 1604 litres (iP-i.a±i3-

1 and 2 and Table-I ). 
MAMAGEFIENt 

All the ponds luere rainfed and completely independent without 

inlets or outlet and mere luell exposed to sunlight. The initial pond 

management 'tuas limited to clearance of all existing predatory fishes 

by draining the pond and drying it. Thereafter ujater from the adjoi-r 

ning ponds ujas pumped into, the respective ponds through, a sieve pre­

venting fish to enter. The circular plastic pools, mere filled mith 

ujater from these ponds similarly. 

Fertilization; Fertilizatibn of the ponds and pools were then execu­

ted. The organic fertilizer added Luaa, cou/ducig and the inorganic fer­

tilizer ujas a mixture of three agricultural fertilizers N.P.K. 

(18:8;4). The organic ma'nî |)B was distributed equally at the four .-

corners of the ponds while N.P.K. was first dissolved in a bucket of 

water and then spread over the water surface. Both fertilizers were 

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

One pond was maintained as control where no fertilizer nor 

supplementary feed was administered. Three ponds (l,2 and 3) received 

cowdung (organic manuC^s) © 26,666 kg/ha/yr and ponds 1 and 2 in add­

ition received N.P.K, @ 888 kg/ha/yr. Ponds 1 and 2 received cow-

dung in monthly instalments @ 19,0 and 31.0 kg respectively, while 

M.P.K. was applied at quarterly intervals ® 1.3 and ̂ 3.0 kg respecti­

vely. Pqnd-3 was treated only with cowdung given ® ̂ 2>,0 kg per month. 

Similarly.^ one cirpular plastic pool was maintained as control, P'ool-

1 received ho fertilizers but the fishes were fed daily with rice 

bran as supplementary feed. Pools 2 and 4 received both organic 
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manure (couj-dung) d 26,666.0 kg/ha/yr and N.P.K, ^ 888.0 kg/ha/yr, 

ujhile Pool-3 u/as treated only luith N.P.K. @ 888.0 kg/ha/yr. Pools 2 

and 4 ujere treated with coai-dung @ 0,3 and 0.45 kg respectiv/ely per 

month, Luhils Pool-3 received only N.P.K. @ O.gB-9 kg per month and 

Pool-4, in addition to organic manure was treated with N.P.K, @ 

0.19 kg per month (Table-l). 

Supplementary feed; Supplementary feeding in the form of rice bran 

mas supplied daily to the fish ponds and pools ujher.ever io chosen at' . 

/\% of the body u/eight. In the experimental ponds only Pond-2 was sup­

plied Luith rice bran, whereas all the four circular plastic pools 

received supplementary feeds. The rate of feeding was executed after 

each monthly fish growth rate sampling and the amount of feed requi­

red was worked out progressively. This amount was then given daily 

for the following month. The total quantity of feed given was calcu­

lated and also in terms of kg/ha/yr (Table-Il).. 

Fertilizers, both organic and inorganic and supplementary 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 the use- of the fojomulaT/r . Both were 

subsequently converted to hectares. 



PHYSICO-CHEMICAL FACTORS 



INTRODUCTIOi 

Since the time of Forsl (1892-1895) ujhen ori^Wa\' limng^o^i-

cal observations were made, -there is nothing ujorth the 'mention, till 

Caspari (1910) and Muttkqujski (l918) who formulated, a set of criteria 

or categorization, either for the bottom deposits or for the thermal 

stratification of water respectiuely. Kemmerer e^, a_l,., (1923) pro­

bably, were the first, to identify a thermal stratification with 

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

"thermoqline", introduced epithalassa for the upper stratum, and 

hypothalassa for the lower stratum of oceans, L'undquist • . •.! 

(1927) brought about the classification based on bottom deposits 

luhile Stromsten (1927) was of the uiew, that only heav/y winds could 

disturb waters below 20 m depth. 

The interplay of factors, was probably "irst reported by 

Wiebe (1930) who revealed pH and carbonates directly proportional to 

each other. . Ruttner (1931 ),, has been one of the earliest workers in 

the, tropics, where he did identify a thermal stratification in places 

like 3aua and Sumatra. The concept of metalimnetic oxygen deficit, 

goes to Strom (1931 ) and Kusnetzove and Karsinkin (1931 ) respecti­

vely. The earliest tropical studies in Africa, dates back to 1933, 

when Worthington and Beadle, proved the non-existence of the therm-

oclines. In India, the work of Pruthy (1933) could be the earliest, 

though, other than the monthly observations, no intricate relation­

ships were discussed. It was Hutchinson (1938) who attributed a 

hypolimnetic oxygen deficit, as an indicator 6f the trophic status 

of a lake. The absorption of light energy by the particulate matter 

in aquatic bodies was revealed in detail by James and Birge (1938). 

Phosphorus as an important limiting factor, was revealed as 

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

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

release from the sediments, their interplay with oxygen concentration 

levels, identification of spring turnover and summer stratification, 

accompanied by an increased level of C0„ and related substances, with 

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

194.2). Since then, relationship between two factors or more, stbrted 

pouring in limnology, either directly or indirectly, proving to be 

indices of lake productivity (Moyle, 1946; Gonzalves and 3oshi., 1947; 

Edmondsor;), 1948; Ohla, 1952; Komarovsky, 1953; Lauff, 1953; Wallen, 

f95'5; Ganapati, : 1955 and 19'59), 

it was in the late fifties, that the importance of orie or more 

ri'utriehts being • responsible for the biotic elements, their rise and 

fall, indicative of the levels of presence and utilization was obser­

ved (Hutchinson, 1957 and l/allentyne, 1957), The erratic fluctuations 

of these nutrients being affected by rainfall, was revealed by Tucker 

(<1958), Goldman (i960), attributed the importance of minor nutrients 

responsible for the different rates of carbon fixation, while Shapiro 

i(l960) attributed rapid eutrophication due only to metallmnetic dep­

letion of dissolved oxygen. This was confirmed by Lund et̂ » g_l«, (l963) 

who revealed that the upper zones of hypolimnion has consumption; of 

oxygen, two or three times faster than the lower zones, Wetzel (1966.) 

attributed differential patterns of thermal stratification while; 

Hussainy (1967) revealed turbid waters, being warmer than clear ones. 

The chemical characteristics of the surface waters being closely re­

lated to the soil characteristics of their drainage basins, was 

detailed by Keup (1968) and V/ollenweider (1968), This sediment-water 

interface, affecting the whole column of water, has been well docu­

mented by Golterman (19'69)', Uijayaraghavan e U al,,, (1969), Kalff 

(l97D) and King (,197 0.) attributed carbon as the ultimate limiting 
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nutrient in relation to that in the form of dissolved carbohydrates 

released and utilized. This was supported by Kerr et̂ . al,»» (l970) 

and Lange (l970) luho 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 (197D) and l/ijayaraghav/an (1971 ) considered 

oxygen deficit as a factor to be reckoned ujith in production. The 

concepts of nitrification and .denitrification in lake sediments aff­

ecting the total biota was shown by Chen et. al.., (l972), Kaenay 

(1973), Tan and Overbeck (1973). Lasenby (1975) and Wetzel (1975) 

attributed turbulence patterns of waters to be related to oxygen, 

and correlated with average secchi disc depth. The lake water as the 

largest pool of nitrogen and the sediments as the reservoir of phos­

phorus was revealed by Serruya B_t_. al_o, (''9'75), while Sreenivasan 

(1975) attributed trace elements to be of greater importance than 

major nutrients. 

The late seventies have been a period of utilising the factors 

identified, their permutations and combinations in the manipulation 

experiments, either at microcosm or macrocosm levels and were more so 

in fish ponds (Garith, 1976; Blinn, 1976| Cheng and Tyler, 1976; 

Alfred; and Chellapa, 1977; Allen and Ocevski, 1977; Schindler, 1977; 

Alfred et,, ai_., 1978 and Dhillon, .1978). 

A review on the present status on limnology in India based 

prifnarily on publications in Hydrobiologia is excellently given by 

Gulati and Wurtz (T9B0). They have identified 325 papers of Indian 

work upto 1979, and have revealed that two-thirds appeared in the 

last one decade alone. Simultaneously, Michael (l980) had reviewed 

till that date, as far as possible all Indian freshwater investiga­

tions. 
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These foregoing review of literature, though inclusive of both 

large and small uiater bodieSj, yet it vuas felt to identify those ujorks 

which have a direct relationship to fish ponds. The effect of fertili­

sation and supplementary feedings, on the basic physico-chemical fac­

tors in fish ponds and other such ujorks of direct importance are those 

of V/illadolid et_. al,., 1954; Depasse, 1956; Sujingle, 1957 and Michael, 

1969, ujho have identified either pH, carbon-dioxide and other physico^ 

chemical factors as limiting factors in the rqle of fish culture. 

Burdach et_. al_.,, 1972; Russo et., al., 1977; Col.t et_. :al.., 1978 anc^ 

Tamasso et_. al», 1979, similarly had identified the buffaring capa­

city in a fish pond and the rols of ammonia and nitrate in farming 

and husbandry of freshujater fishes. An overall reuieuJ of the effect 

of the physico-chemical factors in both fertilised and ngn-fertillsad 

ponds in: India have been luell compiled and documented by Jhingran 

(1980). / -• 
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nATERIALS AMD METHODS 

Ten physico-chemical parameters were undertaken for a detailed 

investigation in the four experimental ponds and fiv/e plastic pools. 

The period of study uiaa from October, 1979 to Marchs, 1981. Water 

Samples ujere collected lueekly, at the different experimental ponds 

and circular plastic pools for analysing ttiese ten parameters. The 

time of collection u/as always confined to the morning hours just 

after aunrise (06D0 hrst to 0900 hrs.). All lueekly samplings uief& 

brought together as monthly averages for the sake of convenience. 

and brevity ahd the figures represent the seasonal variations month-

wise. 

Two set of water samples were collected in 125 -ml ground glass 

stoppered bottles and fixed for oxygen and carbon-dipxide analysis, • 

For the other set, water was taken into polythene bottles of 500 ml 

and closed tightly for nutrients analysis and also for pH, Total 

.alkalinity and Conductivity analysis. 

• Air temperature was measured with the help of an ordinary 

mercury thermometer at about 1 m above the surface of water at the 

different stations.. The water temperature was taken with a similar 

thBrmometer at the water surface and readings were immediately 

recorded. 

All other factors were analysed in the laboratory within one 

hour of collection. pH and Conductivity were read off from a TOSHNIWAL 

pH METER (Model No. CAT. CL-43) and ELICO CO'MDUCfl V/ITY BRIDGE (Model 

i\Jo, Type CM-82) respectively. For oxygen, the samples which'were fixed-

in the field was further reacted as per Azide (Asterberg) method and 

with the help of the unmodified Wrinkler's technique was estimated 

(American Public Health Association, 1965).- Carbon-dioxide and alka­

linity were determined in the usual way after Welch (19^)'. 
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Nitrate was estimated by phenol-disulphonic acid method, 

while phosphate was by the Stannous Chloride' and Molybdats method 

both after the American Public Health Association (l965). Silicate 

was estimated after Mackereth (1963), though -the standards \Kere 

prepared after Golterman and Clymo (1968). 

file:///Kere
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RESULTS 

Experimental Fish Ponds 

In the four experimental fish ponds, ten physico-chemical 

factors luere undertaken for a detailed investigation for eighteen 

months (October, 1979 - March, 1981). 

Temperature. 

The air temperature for both the cycles luere more or less the 

same ujith the minimum being recorded in December or January, nearly 

18,5°C and the maximum in September ujith the temperature around 34°C. 

As mith air temperature, the water temperature recorded, though ujith 

a variation of +_1 and usually on the positive side mas minimum in 

the months of December and January and the maximum in September, 

recording 19,3°C and 35.5°C respectively. This phenomenon of luater 

temperature u;as seen to be more or less consistent in all the experi­

mental ponds undertaken (Fig, 2). 

pH 

The next abiotic factor pH, luas seen to be mostly on the alka­

line side in all the four experimental ponds undertaken, ujith- the 

minimum values touching neutral and if louier, only very slightly. 

COIMTROL POND : In the control pond, pH ranged betuieen 6.7 and- 7.2 

units. During the first annual cycle in this pond the minimum was in 

March "(6.6 units) and the maximum in April (7.3 units), ."mhile during 

the second cycle the minimum vuas in November (6.9 units) and the max­

imum in December (7.4 units), though the variation in the-latter mas 

very insignificant. Hooiever, throughout the period of investigation,. 

the pH in this pond oscillated around 7.0 units. An overall picture 

of the fluctuation shoiued an increase in the winter and rainy months 

with a drop in the summer months (Fig. 2). 

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

pond-1 was definitely alkaline, with the lowest being recorded in 
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the months of September (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 record,ed in Jan­

uary, The trend of fluctuation seasonwise was like the control pond 

(Fig. 2). 

EXPERIMENTAL fISH P0ND~2 : pH revealed maximum in contrast to all 

the other ponds throughout the period of investigation and normally 

oscillated around 8,0+0.1 units, and hence only alkaline. The maximum 

pH was 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 DBcomber with 

8,3 units,. Here also as in the previous ponds, the trend of fluctua­

tion was similar with a winter maxima and summer miaima (Fig, 2), 

EXPERIMENTAL -FISH PdND-3 : It revealed a gradual trend of- increase 

in pH with the minimum in October as 6.9 units till it touched a peak 

in Danuary with 8.0 units. Thereafter it oscillated around 7,2+,0.2 

during the first annual cycle. Similarly, the second cycia, also 

revealed the same trend of fluctuation but with the maximum and mini-f 

mum in February and January with 7,2 units and 6,8 units Respectively 

(Fig. 2), ~ 
Gonductivity 

CONTROL POND : Conductivity was the next abiotic factor. In the con­

trol pond it never exceeded above 40,0 mmho/cm and not below 17 mmho/ 

cm. The lowest record in the control pond was observed in January and 

the highest conductivity in March with 39.3 mmho/cm during the first 

annual cycle, December and March recorded minimum and maximum with 

24.7 and 36.2 mmho/cm respectively in the second cycle. The seasonal 

trend of fluctuation revealed a summer maxima and winter minima (Fig,2)< 
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EXH.ERIMENTAL FISH POND-1 : The Conductivity in this • pond-1 shoiued 

more or less a similar trend of fluctuation seasonally, to that of 

the control pond. This pond hoiuever, recorded higher ranges of con­

ductivity, the minimum and maximum being 19.1 mmho/cm in February 

and 43,2 mmho/crri in May during the first annual cycle* The months 

of December and. February.recorded minimum and maximum of 30,0 and 

42.3 mmho/cffi reapactively, in the second cycle. Though the trend 

showed a' clear cut winter minima, the summer did not reveal signifi­

cant increase as in the other ponds except that, the onset of spring 

did shouj a rise in the conductivity values in this pond (Fig. 2). 

EXPERIMENTAL FISH P0l\ID-2 : It recorded the maximum conductivity in 

relation to all the other ponds. The lou/est value observecj was in 

3anuary with 29,5 mmho/cm and the maximum with 52,5 mmhp/cm in Sep­

tember during the first annual cycle. In the next cycle 3anuary and 

October recorded the minimum and maximum with 29,0 and 43,0 mmho/cm 

respectively. The seasonal trend of fluctuation was however similar 

to the other ponds (Fig, 2). 

EXPERIMENTAL FISH P0:ND-3 ; It revealed a range of fluctuation in 

conductivity from 19,0 to 43*7 mmho/cm throughout the period of in­

vestigation. It was houjever seen, that the minimum and the maximum 

ranges were recorded during the first annual cycle» in November and 

May respectively. In the second cycle the lowest range was observed 

in December with 25i5 mmho/cm which thereafter recorded a Steady 

trend of increase to touch a peak of 39.5 mmho/cm in March. Once 

again the seasonal trend of fluctuation was similar to the other 

ponds (Figi 2). 
Total alkalinity 

CONTROL POND : Total alkalinity as the next abiotic factor ranged 

between 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 ZJanuary ujith 78,0 and 130.0 mg/l respectively. The fluctuation of 

total alkalinity, in addition recorded smaller peaks of increased 

values in the months of May,. August, October and February.arid a fall 

.in November,•April, 3une, September and March of the study period, 

Generally, the trend could be seen .to be as winter minima and spring 

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

EXPERIMENTAL FISH POND-1 : The total alkalinity ranged betujeen 90.0 

and 200.0 mg/l. The minimum recorded during the first annual cycle 

vuas in Octob'er,-which thereafter, increased gradually to touch a 

peak in March.;In the next cycle, November and January recorded mini­

mum and maximum with 97.5 and 140.0 mg/l respectively. Besides, the 

maximum and .minimum peaks ^recorded smaller peaks of increase were 

also seen in May and August, whereas their fall were/pbserved in. 

April, 3uly and October during both the cycles. The sea'sbhal trend 

revealed a spring mdxima and winter minima (Fig. 3).^ 

EXPERIMENTAL FISH POND-2 : It revealed higher values of alkalinity 

and that-too significantly, over all the other ponds. The minimum was 

recorded in November with 99.5 mg/l and the maximum peak of nearly 

272.0 mg/l was observe.d in August during the first annual cycle. Nov­

ember and March recorded the minimum and maximum with 95.0 mg/l and ' 

210,0 mg/l during the second cycle respectively. It was seen that the 

months of March, 3uly and February also recorded smaller peaks, while 

their falls were observed in April and October during both the cycles 

in addition to the maximum and minimum recorded. The winter minima in 

the seasonal trend of fluctuation as observed in- the other, ponds was 

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

EXPERIMENTAL FISH P0ND»3 : The total alkalinity ?angBd between 80.0 

mg/l recorded in November as minimum, to a maximum of ^28,0 mg/l in 
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August during the first annual cycle. In the second cycle, the maxi­

mum and minimum ranges mere almost'consistent to that of the first 

cycle ujith 88,0 mg/l in January and 116.0 mg/l in February. Besides, 

the maximum and minimum ranges recorded, it further shoiued peaks of 

almost equal magnitude in Oanuary and May, aihile their falls were 

registered in April, June and Wouember during the study period. A 

similar trend of an overall seasonal fluctuation as observed in the 

other ponds for this factor luas seen here also (Fig. 3 ) . 

£axb.o.n-,d,i o.x.i.d̂s 

COJ\rrROL POND % The next factor uias carbon-dioxide which recorded a 

minimum in May with 5,0 mg/l and in February wi'th 3.3 mg/l during 

first and second cycles respectively. The maximum recorded for both 

the cycles were in December and March with a concentration of 22.0 

mg/l and only 9,0 mg/l respectively. It was further observed that 

smaller peaks in carbon-dioxide concentration were encountered in 

the months of April, Ouly.i September and Oanuary, while the falls 

ware registered in January, March, May and November in addition to 

the maximum and minimum recorded for the entire period (Fig* 3)i 

E-X_PERI.Î JE.NTAL_ ..FISH _P0ND-1 : In the experimental pohd^i j the range of 

variations for CO2 were not so apparent as in the control pond. The 

minimum of 5*0 mg/l was recor^ied in May and in February during both 

the cycles* The maximum was recorded in Duly and March with nearly 

10,0 mg/l during both the cycles respectively. The fluctuations 

further revealed smaller peaks in addition to the maximum and mini­

mum, in the months of October, Oanuary, April, Dune and September 

and their falls in December, March, May, August and October for both 

the cycles (Fig, 3 ) . 

E_XPERIM.ENTAL FIS_H_ Pp.ND-2 : The carbon-dioxide concentration in the 

experimental pond~.2> was more or less similar to that of .pond-l , 

however, with a slight increase in both the minimum and maximum 



28 

values. The loiuest values of 6,0 and 6.5 mg/l luas seen in December 

and February during the first and second cycles respectively, while 

a maximum of 19.0 and 13.0 mg/l vuas recorded in March during both 

the cycles. In addition to the maximum and minimum recorded, carbon-

dioxide concentration shoujed smaller peaks in May, August,- November 

and January o/hile they fell in April, Dune and October during both 

the cycles. In any case this pond like the other abiotic factors, 

for carbon-dioxide also ujas seen to be maximum in comparison to all 

the other ponds undertaken (Fig, 3 ) . 

EXPjER_IMEIMTAt. .FI SH P0j\ip."3 5 It recorded the maximum and minimum car­

bon-dioxide values in August and December ujith 17.0 and 6,5 mg/l 

during the first annual cycle respectively. The second cycle recor­

ded 10.0 mg/l in January as maximum and 4.0 mg/l in February as the 

minimum values. In addition to the peak values recorded, smaller 

peaks of magnitude were also observed in the months of January, 

March, May and March, while their falls were registered in April, 

June, September and November during both the cycles' (Fig,-3). 

Dissolved oxygen 

Ĉ ONTROL POND : Dissolved oxygen as the next abiotic factor revealed 

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 respectively, 

In the next cycle January recorded 13,0 mg/l as maximum and October 

with- 7.4 mg/l 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). 

EX.PE;RIHENTAL FISH P0_Np-_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 first 

annual cycle and 7.5 mg/l in March during the next cycle. The 
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maximum values in both the cycles uJere 12.0 mg/l in March and 15,0 

mg/l in January. In addition to the peak recorded, the months of 

October, "̂ ay;, August and December revealed smaller peaks (Fig, 3 ) . 

E XfîE RI KEN T A L_ FIS H_. P 0_ND •-_2, ; It revealed that the minimum and maximum 

values of oxygen variations ujere the least in comparison to other 

ponds observed. It recorded a maximum in October ujith 10..8 mg/l and 

minimum in April luith 7.0 mg/l during the first annual cycle. The 

next cycle shouued 11»4 mg/l in January as the maximum and 7.6 mg/l 

in March as the minimum oxygen values. Besides these, smaller peaks 

uiere observed in the months of Dune and November only (Fig. 3). 

• EXPERIM.ENTAL ,FIS H. _P0ND-A I In this experimental pond-3, the range 

during the first annual cycle a/as minimal as it was seen to be bet-

ujeen 6.0 mg/l and 9.,0 mg/l, the former values as the minimum recor­

ded in September and the latter as the maximum in Decsmber. Hoaiever, 

the range in the second cycle luas guite significant in that the mi­

nimum of 7.0 mg/l ujas ceoorded in October, luhile it was nearly 16,0. 

mg/l in January as the highest values recorded (Fig. 3). 

After^ these abipti;c;'̂ ;f!act0rs, the seasonal fluctuation of the 

three major nutrients luere analysed. These nutrients o/ere Silicate, 
{ 

Nitrate and Phosphate. '. . • 

.Q-OJilĴ.OL̂.-PPlND. ° Silicate in the control pond aias seen to vary between 

nil values and 10 mg/l. These nil values were recorded in December,, 

April and September during the first annual cycle and December of 

the second cycle. The m^imum values of silicate in the control pond 

were observed .in May and November with 10.7' mg/l and 9.12 mg/l dur­

ing the first and second cycles respectively. The seasonal trend of-

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

F_X,P.E.RI ÎF NXA L ._F ÎS Ĥ  .P_0 J\ID;-.1. : The silicate .values in this experimental 

pond-l.was never below 0.2 mg/l as recorded in December-and April 



30 

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 3uly and 

iMouember during the first and second cycles respectively. The trend 

of seasonal fluctuation revealed a summer maxima and ujinter minima 

(Fig. 3). 

g.XPERI.nE.NTAL flSH P0ND-2. ' In this experimental pond~2, highly sig­

nificant values of Silicate ujere obtained. Though, in one instance 

a minimum of only 2.0 mg/l luas recorded in February during the first 

cycle, |Lt UJas ,1B .0 mg/l in October during the next cycle. The maxi­

mum values obtained u/ere in Tlay and March ujith 33.0 mg/l and 63 mg/l 

during the first and second cycles respectively. These uuere undoub­

tedly high and obviously recorded the highest values in comparison 

to all the other ponds. The seasonal trend of fluctuation luas similar 

to pond-1 (Fig, 3 ) . 

LXPERINENtAL. FISH PGND.̂ 3 : The experimental pond-3 had comparatively 

low Silicate Values but was more or less like that of pond-1, The 

minimum values aisre 0.5 mg/l or nil as seen in Sap tember. and December 

during the first and second cycles respectively. The maximum values 

luere 26.0 mg/l in Dune, while it was 33.0 mg/l in March during the 

first and second cycles respectively. The seasonal trend of fluctua­

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

CO_NTRO_L 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 Oune and August respectively during the first 

annual cycle in this control pond. Similarly, during the second 

cycle, the minimum of 2.0 mg/l and a maximum of 12.0 mig/l was seen 

in March and January respectively. In addition to the maximum peaks 

recorded during the entiTe period, peaks of smaller magnitudes were 

registered in the months of Danuary, April and December, while they 

fell daring the months of June, September and . February (Fig, 3,). 
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EXPERIMEWTAL FISH POND-1 : In expsrimental pond-1, the minimum value 

of Phosphate dropped low and recorded Q~,5 mg/l in October during the 

First annual cycle, but was nearly 4,0 mg/l in Inarch during the next 

cycle. The maximum was houjeuer 25.0 mg/l in April, but it was only 

10,0 mg/l in December during the first and second cycles respectively. 

Apart From the peaks recorded, smaller peaks were seen in the months 

of September and December, while their falls were prominently seen 

in May, October and February during the entire period (Fig, 3). 

EXPERII^ENTAL FISH P0ND''2 : The experimental pond-2 showed the maxi­

mum values of Phosphate. The minimum value however touched nearly 

2^0 mg/l in February during the first annual cycle and was nearly 

6,0 mg/l in November during the next cycle. A maximum of 46,0 mg/l 

was recorded in September and 32,0 mg/l in February during the first 

and second cycles respectively. The fluctuation of Phosphate over the 

seasons showed additional peaks in February, May and Danuary and Falls 

in Inarch,. June, October and March (Fig, 3). 

EXPERIMENTAL FISH P0iMD-»3 : In experimental pond-3,' Phosphate showed 

the minimal values of 0,5 mg/l in the first annual cycle as seen in 

March, while' it was nearly 4»0 mg/l again in March during the second 

cycle,. The maximum however, was recorded in April with 32«0 mg/l and 

in February with 16,0 mg/l during the first and second cycles respe­

ctively. Further, the trend of fluctuation in addition to the maximal 

value recorded, smaller peaks were registered in February, August and 

January, while the decreasing values were seen in March, May, Octo-

:ber and March during both the cycles (Fig, 3). 

Nltrata 

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

that the fluctuation of this nutrient throughout the period of study 

was considerably less and mostly oscillated around the minimal values 

recorded, irrespective of the different ponds undertaken, 



C£j\[T_R̂ L̂ _POiND : The nitrate values in the control pond ranged bo'tu/een 

0,02 and 0.16 mg/l and was found to oscillato more on the minimal side 

during the first annual cycle. In the next cycle the nitrate values 

oscillated betvueen 0.032 and 0.039 mg/l. Except for the peak in Oct­

ober no significant increase or decrease in nitrate concentration 

tuas observed in the control pond (F"ig. 3). 

CXPCRinENTAL FISH P0i\ID«-1 : A similar observation uias also seen in 

experimental pond-1 , in that the values ranged betujeen 0.,Q2 ho 0.15 

mg/i and the nitrate levels oscillated around the minimal values 

thr^oughout the period of study. With the exception of the peak in 

Ngvember, and a smaller one in February during the first annual 

cycle (Fig, 3). 

EXPERIMENTAL FISH POND-2 : In the experimental pond-2 a similar 

trend of fluctuation in the nitrate levels was observed though the 

minimum and maximum levels recorded luore a little higher. Further, 

these luore also the maximal records among the other, ponds under 

consideration. It ranged betuueen 0,03' to 0,17 mg/l, the fdrmd'r. being 

the minimum level recorded in February and the latter as the maximum 

"recorded in November during the first annual cycle. During the sec­

ond cycle the nitrate levels uiere almost consistent, ufith a minimum 

of 0,04 mg/l in 3anuary and the maximum of 0.06 mg/l in October. In 

addition to the peak values recorded, there was a' trend of increase 

though on smaller magnitudes in the months of March, May and August 

d,uring the first annual cycle while the next cycle did not,give any 

3ignifleant increase in nitrate levels (Fig. 3). 

EXPERIMENTAL FISH POND-3 : The experimental pond-3 revealed the. 

loaai.,!.nitrate level of all the ponds, vuith the range betujeo.n..-0.02 

and-.O.O? mg/l. The maximum nitrate level was recorded in May and the 

rairiimum in February during the first annual cycle. The next, cycle-
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recorded the maximum and minimum in January and December u;ith 0,05 

and 0.03 mg/l respectiuely. It was further observ/ed that a trend of 

fluctuation on the increase ujas seen in the months of March, July,--' 

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

Circular Plastic Pools ; Temperature 

The air temperature for both the eycles revealed a more or 

less similar trend of fluctuation, A maximum of 34°C and a miniraura 

of ia,3°C in the months of September and January respectively dur$.ng 

the first annual cycle luas recorded. During the next cycle a maximum 

of 27',3°C and a minimum of 18,5°C was recorded in October and 3anUary 

respectively. The ujater temperature also revealed a similar pattern 

of fluctuation, follouiing closely the air temperature with a varia­

tion of +Jl .0 and normally oscillating on the. positive side,. The max­

imum vuas recorded in September with 35°C and a minimum with^ 20.5?C, 

in January duri.ng the first annual cycle. In the next cycle Octpbe:̂ . 

recorded the maximum with 2a,3°C and January with 1;?, 5?,C as; the 

minimum (rig. 4). 

COMTROL POOL J gH. 
The next abiotic factor analysed was pH which was mostly on 

the alkaline side in all the pools. In tho control pool, pH. fluctua­

ted around 7.0 units. The month of August recorded the maximum with 

7,1 units and the minimum of 6.6 units in September during the first 

annual cycle. In the next cycle Oanuary recorded the maximum with 7,G'': 

units, while October recorded the minimum with 6.5 units. An overall 

picture of the fluctuation, showed a winter and summer maxima and 

spring minima (Fig. 4). 

CIRCULAR PLASTIC POOL-1 : The maximum pH recorded was in August regi­

stering 7i 6 I: Unl ts and the minimum with 7,1 units, in April during 'tho 

first annual cycle. October recorded the minimum of 6,6 units and a • 

maximum of 7.4 units in. February during the second cycle. The pH • 
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variations in this pool was vary insignificant, houjaver it oscillated 

around 7,0+0.4 throughout the period of investigation. The trend of 

seasonal fluctuations was similar to that of the control pool (Figi4). 

CIRCULAR PLASTIC PBOL-2 : The pH variations in pool-2 fluctuated bet'̂  

vuean 7,0 and 8,0 units. This pool recorded the maximum, with 8,1 units 

in October and the minimum with 7»2 units in 3uly during the first 

annual cycle* During the next cycle the maximum of 8,1 units was re­

corded in January while in November the minimum record of 7.1 units 

was observed. The seasonal trend of fluctuation revealed a spring 

maxima and winter minima during the first cycle while the maxima was 

recorded in winter with autumn minima during the second cycle (rig.4)« 

CIRCULAR PLASTIC POOL-3 : pH in the circular plastic pooi^3,. oscill­

ated around 7,2+_0,3 throughout the period of study, with the month 

of March recording the maximum of 8.2 units while July, recorded the 

minimum with f»2 units during the first annual cycle. In.the next 

cycle January recorded the maximum with 7,9 units and October as the 

minimum with 7.4 units. The saasonalrfluctuations r.evealed a winter 

maxima and summer minima i'n this pool (Fig. 4).-

CIRCULAR PLASTIC POOL-4 : pH fluctuated between 7,5.and 8.5 units 

during the entire period of investigation* The maximum was recorded 

in March with 8,4 units which was also the highest for all the other 

pools and the minimum was 7,2 in Nay during the first annual cycle. 

In-the n^xt; cycle the maximum recorded was in January with 8.2 units 

and the minimum in October with 7.3 units. The seasonal fluctuation 

was similar to that Of pool-3 i^iQf 4),-

CONTROL POOL/; Conductivity 

Conductivity as the next abiotic factor analysed. The control 

pond reoorded a minimum of 8,-9 mmhos'/cm in October which steadily 

inc reased t i l l February to record the maximum of 116.7 mmho/cm during 

the first annual cycle. In the next cycle, however, it recorded a 
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maxima though of loiuer magnitude uuith only 29,0 mmho/cm and a minimum 

of 21.6 mmho/cm in March and February rBspactiyely., The trand of sea­

sonal fluctuations revealed more or less a winter maxima arid summBi? 

minima (Fig, 4). 

CIRCULAR PLASTIC POOL-1 : The circular plastic pool-̂ l recorded a 

minimum in October with 8.5 mmho/cm tuhich thereafter increased grad­

ually to record a maximum In January with 68..5 mmho/cm during the 

first annual cycle. However, in the second cyclei the maximum in 

January was. only 31.5 mmho/cm and minimum in No\jjS'mbBt with 24«0 mmho/ 

cm.. The trend of fluctuations of conductiuity oscillated; between the 

minimum record, but never exceeded beyond 39.3 mmho/cm; with the only 

excsption of the maximum recorded for the entire study period* The 

trand of seasonal fluctuation was ala.o like that of the control pond 

(F-ig. 4).. 

CIRC UL AR PL AS TIC ..P OOL-2 : Conductivity in pool-2 recorded minimum in 

October with 13.6 mmho/cm which theireaftar Increased gradually to 

attain the maximum in February with 76*9 mmho/cm. However, during the 

remaining periods of the first annual cycle the fluctuations oscilla** 

ted between 35.7 to 48*7 mmho/cm. In the next cycle it ranged between 

27.6 mmho/cm recorded in November an minimum and 38.7 mmho/om as max-. 

imum in January. In this pool the trend of seasonal fluctuation was 

similar to that of the control pool (Fig, 4). 

CIRCULAR PLASTIC POOL-3 : Conductivity values likewise recorded a 

Inimum in OctdbGr with 8.8 mmho/cm in the pool-3 also. It thereafter 

followed a pattern of increase till it recorded a maximum in January 

with 94.7 mmho/cm and followed a trend of decrease fluctuating bet­

ween 3'V.O and 49.0 mmho/cm during the first annual cycle* The fluc­

tuation recorded during the second cycle ranged between 28.6 mmho/cm 

in November as the minimum and 39.6 mmho/cm in October as the maximum. 

m 
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This pool also revealed the same pattern of seasonal fluctuations 
i 

like that of the control pool (Fig. 4). 

CIRCULflR PLASTIC PD0L°-4; The minimum conductivity rBcorded tuas in 

October oiith f-3,5 mmho/crrt, which thereafter increased to register-

a rise" in- trend ujith 70.0 mmho/cni in January and the folloujing month 

of February recorded the maximum with 116.5 mmho/cm for the first 

cycle. Thereafter,. it fluctuated between 24.0 and 59,0 mmho/cm dur-• 

ing the remaining period of the first annual cycle. In the next 

cycle the range of fluctuation was more or less uniform, oscillating 

around 33.6 mmho/cm as minimum and 41,0 mmho/cm as maximum, in Decem­

ber and October respectively. The phenomenon of seasonal fluctuation 

trend as observed in the control pool was also seen here (Fig. 4)> 

CONTROL POOL I Total Alkalinity 

The next abiotic factor analysed was total alkalinity. In the 

control pool, total alkalinity was recorded as minimum in October 

and maximum in April recording 68.6 mg/l and 176.0 mg/l respectively 

during the first annual cycle. In the next cycle, March recorded the 

maximum and November as minimum,with 86.0 mg/l and 66.0 mg/l respec­

tively, The fluctuation of total alkalinity further rsvealed stnaller.. 

peaks in the months of December, September and Oan-uary and; showed a 

seasonal trend of fluctuation with spring maxima and i^utumn minima. 

(Fig. 5). ' 

CIRCULAR PLASTIC P00L°1 : The total alkalinity ranged between 70.0 

ahd 188.0 mg/l throughout the period of study. In this pool, the 

minimum was seen in February with 79.0 mg/l while almost two peaks 

of equal magnitude were recorded in March and April with 188,0 mg/l 

ahd 1.84.0 mg/l respectively during the first annual cycle. In the 

next cycle however, the maximum was only 99.0 mg/l and minimum with 

70.0 mg/l in October and November respectively. In addition to the 

maximal and minimal values recorded in this pool, the fluctuation 
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further recordad peaks of smaller magnitudes in the months of April, 

June and January (Fig, 5). 

CIRCULAR PLASTIC POOL-2 s The fluctuation in total alkalinity levels 

during the first annugl cycle ranged from 82.0 mq/l to 200.0 mg/l. 

The ma><imum,and minimum lev/els ujere recorded in May and February 

respectively. In the next cycle the maximum mas seen in October with 

114.0 mg/l and minimum in February o/ith 84,6 mg/l. In addition to the 

maximum and minimum recorded, the fluctuation further registered sma-

lier peaks in the months of December and April. The trend of fluctu­

ation seasonally revealed a spring and autumn maxima and luinter 

minima (Fig. 5 ). 

CIRCULAR PLASTIC POOL-3 : The total alkalinity encounterad in circu­

lar plastic pool-3 revealed a uuide range of fluctuation in that the ' 

louiBst mas 56,0 mg/l in August nnd the maximum in March with 150,0 

mg/l during the first annual cycle. In the next cycle the minimum 

mas in February mith 52.0 mg/l and the maximum in January mith 109.,Q 

mg/l. In addition to these values recorded in this pool, the fluctu­

ations further revealed smaller peaks in November, 3une and January;.-

The seasonal trend of fluctuation, more or less revealed a spring 

maxima and summer minima (Fig, 5 ) . 

CIRCULAR PLASTIC POOL-4 ; It also shomed a similar pattern of fluc­

tuation to that, of the pool-3 and ranged betmeen 70.0 mg/l and 15S.0 

mg/l. The minimum and maximum mere recorded in July and April, resp­

ectively during the first annual cycle. During the second cycla,; 

February recorded the minimum mith 66.0 mg/l and the maximum in J'î n-

uary mith nearly 124.0 mg/l. The fluctuations in the Alkalinity 

levels in this pool further recorded peaks of smaller magnitudes in 

the months of March and September. The seasonal fluctuation revea­

led a spring and autumn maxima ond summer minima (Fig. 5).-.. 
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Carbon-dioxide 

> - II II »l«.M^ 

CONTROL POOL-. ; Gartjon-dioxidg in the control pool luas observed to 

fluctuate betu/een 1.6 mg/l and 23.5 mg/l throughout the study period. 

During the first annual cycle the maximum and minimum ujefe recordad 

in April and August LUith 23.5 mg/l and 2.0. mg/l respactlvely. During 

the seeond .cycle the carbon^dipxide level uias more or less consis­

tent, oscillating around : the maximum as. seen in October vuith 8,0'fng/l 

with the exception of the minimum record' in February luith 1,6 mg/l. 

In. addition to the peaks and.miniffva recorded, the fluctuation shouied 

smaller peaks in October, February and March with a drop in Nov/ember, 

May.and December for the entire period. The trend of seasonal fluc­

tuations revealed a more or.less spring and autumn maxima and uiinter 

and summer min|ma (Fig. 5). 

CJRCULAR PLASTIC POOL-1 : The carbon-dioxide level was maximum in 

Optober recording nearly 18.0 mg/l and the minimum with only 4.0 

mg/l in November during the first annual cycle. In the next cycle 

February recorded 12.0 mg/l as the maximum, while 6.0 mg/l was the 

minimum in March. Further, smaller peaks were recorded in' April, 

3une, September and December and a fall in March, May and October 

in addition to the maximum and minimum levels recorded.'The seaso­

nal trend of fluctuations revealed a m,ors or less spring :and:. autumn 

maxima and winter minima in this pool.(Fig, 5). ^ 

CIRCULAR PLASTIC POOL-2 ; In relation to all the other pools under 

consideration, this pool recorded the highest carbon-dioxide levels 

which touched 45.0 mg/l while the minimum was only 6.5 mg/l during 

the entire period of investigation. The month of August recorded 

32.0 mg/l.as maximum and December as the minimum with only 6.5 mg/l 

during the first annual cycle. In the next cycle a maximum, of 45.0 

mg/l was recorded in February and the minimum in November with only 

9.0 mg/l. The fluctuations of carbon-dioxide further revealed smaller 

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



October and March.. Thetrend of seasonal fluctuations more or less 

revealed a spring and summer maxima and ujinter minima in this pool 

(̂ ig. 5). 

CI_R.CULA_R_ .PLji.ST.IC.„P0.0_L-3 l The carbon^dioxide level in pool*3 also 

revealed a similar trend of fluctuation to that of pool-2» ,though 

the maximal and minimal levels obtained during the first annual cycle 

was only 28.0 mg/l in May and 6,4 mg/l in February. It was in the 

second cycle that a maximum of nearly 40,0 mg/l was recorded in Feb­

ruary and the minimum in March with only 3.4 mg/l. In addition to 

these. Values recorded, the fluctuations of this gas, showed peaks 

of smaller magnitudes in March, August and September and their falls 

in December, Oune and October throughout the study period. The trend 

of seasonality revealed a more or less spring and summar maxima and 

winter minima in this pool (Fig,. 5). 

CIRCULAR PLA3TIC POOL-4 : In this pool two peaks of almost equal 

magnitude as maxima were registered in April and August with nearly. 

32.0 mg/l, while the minimum was seen in November with only 3.4 m=g/l 

during the first annual cycle. During the next cycle the minimum 

level was 8.4 mg/l. as recorded in January and the maximum in February 

with 36,0 mg/li Furthermbre, smaller peaks were recorded in March, 

May and October and a drop in the months of Ouly, September and March 

during both the cycles.,The trend of seasonal fluctuations revealed 

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

CONTROL POOL; Dissolvgd oxyqen 

The dissolved oxygen content in the control pool recorded a 

maximum in August with 12.3 mg/l and a minimum in April with 3,3 

mg/l during.the first annual cycle. In the next cycle, March recor­

ded 12,2 mg/l and October with 8,0 mg/l as the maximum and minimum 

levels respectively. In addition to the peaks recorded the seasonal 

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



42 

CIRCULAR PLASTIC POOL-1 : It regrustered in the month of May as the 

maximum oxygen values ujith 8.4. mg/l and September as the minimum 

ujith only 3.6 mg/l during the. first annual cycle. The month of March 

in the second cycle recorded 8.2 mg/l 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 luinter minima (f̂ ig« 5 ) . 

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

peaks u/ith 9.8 mg/l and 6.7 mg/l during both the first and second 

cycles. The months of April and February recorded the minimum luith . 

2.8 mg/l and 3,1 mg/l respectively for both the cycles. In this pool, 

the fluctuations luere not so apparent and was found oscillating 

mostly around the maximal range (Fig. 5). 

CIRCULAR PLASTIC P00L~>3 ; The dissolved oxyqen in pool-3 revealed 

that the values ujere normally on the maximum side as recorded in 

October luith 10,0 mg/l. The minimum was only 2i05 mg/l recorded in 

September during the first annual cycle. In the next cycle the oxy­

gen values ranged betujeen 3,3 and 11.35 mg/l and the fluctuation, luas 

usually on the minimal range. The maximum and minimum were recorded 

in March and 3anuary respectively. The seasonal trend of fluctuation 

revealed a similar trend to that of pool«'2 (Fig, 5),; 

CIRCULAR PLASTIC P00L-"4 : This pool recorded a maximum in October 

with 11,3 mg/l and a minimum in 3une with' 5.7 mg/l during 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 minimum. The trend of 

seasonal fluctuations revealed a more or less summer maxima and win­

ter minima in this, pool (Fig, 5 ) , 

The major nutrients analysed in the.̂ e circular plastic pxDOls' 

were Silicate,;Phosphate and Mitrate, 
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PANIgOL.,_P.g_OL- ' The control pool revealed very insignificant Silicate 

levels throughout the period of study, except in the month of Jan­

uary Luhere a record maximum of 37.9 mg/l luas observed. HoLuevar, nil 

values ujsre seen inMarch, 3une, August and Septembar during the 

first annual cycle; In the .next cycle silicate levels oscillated 

betvueen, 0.19 mg/l and nil values ujhich was recorded in December, 

February and Harch. The trend of fluctuation revealed very slight 

increase during the spring seasons (Fig, 5). 

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

in January with 43.6 mg/l and the minimum in September with only 0̂ .2 

mg/l during the first annual cycle. The trend of fluctuation In pool-l 

was usually on the maximum range. During the second cycle silicate 

levels oscillated between a minimum range of 0.1 mg/l and 31.9 mg/l» 

The maximum and minimum were recorded in January and December respec­

tively. The seasonal trend of fluctuations revealed winter maxima 

and summer minima (Fig, 5). 

CIRCULAR PLASTIC POOL-2 : In this poolrj, maximum silicato level 

was recorded in April with 46.1 mg/l followed by a gradual dacrease 

in the following months to record the minimum level in July with 7,1 

mg/l during the first annual cycle. In the next cycle the maximum ̂  

silicate level recorded was 54.7 mg/l in January and the .minimum was • 

seen to be in December with only 0.1 mg/l. The trend of seasonai 

fluctuation of silicate revealed a spring and winter maxima and- -

summer minima in this pool (Fig, 5).. 

CIRCULAR PLASTIC POOL-3 : The silicate level in pool-3 recorded a 

maximum peak with 44.4 mg/l in December and recorded nil values in 

April during the first annual cycle. In the second cycle a peak was 

seen in October with 52.0 mg/l but a record of only 0.1 mg/l in 
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February u/aa seen as the minimum.- The seasonal analysis recorded 

Luinter and autumn maxima and summer minima (i'ig*- 5). 

CIRCULAR PLASTIC POOL-4 : In this pool, 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 June. In the second cycle 

October recorded the maximum and February the minimum luith 54.2 mg/l 

and 23.1 mg/l respectively. The trend in the seasonal fluctuations 

rev/ealed an autumn maxima and ujinter minima (Fig, 5). 

CONTROL POOL : Phoaphata 

The next major nutrient analysed was phosphate. In the con­

trol pool, November recorded the minimum with 2.4 mg/l and April the 

maximum with 29.5 mg/l. It was. however observed that the phosphate 

level oscillated usually on the minimal side during the first annual 

cycle. In the next cycle maximum was 14.3 mg/l in February and the 

minimum with 4.9 mg/l in December. An overall picture of the seasonal 

fluctuation of this nutrient revealed a spring maxima and winter 

minima (Fig. 5). 

CIRCULAR PLASTIC POOL-I ; In poal-1 comparatively higher phosphate 

levels were recorded than the control.- The maximum with 32.3 mg/l was 

recorded in April and the minimum was 4.2-mg/l in November during 

the first annual cycle.^ In the second cycle the phosphate level was 

more or less consistent normally oscillating around the maximum range 

that was recorded in February with 17 ,.3 mg/l while the minimum was 

6.6 mg/l in December. The trend of seasonal fluctuation in this pool 

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

CIRCULAR PLASTIC .P.Q.0£'.2.:'- The level o f phosphate in'this pool was 

higher than 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 respiBctiuelyw. The month of March recorded the minimum with 6.7 

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

maxima and winter minima (Fig, 5j. 

CIRCULAR PLASTIC P00L-'3 : It recorded a maximum and minimum of phos­

phate levels in the months of April and August recording 45.0 mg/l 

and 8.0 mg/l respectively during the first annual cycle. In the next 

cycle the maximum luas in January ujith 18,6 mg/l and the minimum in 

March uiith 6.0 mg/l. The seasonal trend of fluctuations in this pool 

revealed a suraffiar maxima and winter minima (Fig. 5). 

CIRCULAR PLASTIC P00L«-4 l The phosphate level in the pool-4 revealed 

a peak in April recording 48.6 mg/l and the minimum was seen to be 

5.1 mg/l in Optober during the first annual cycle. It was observed 

that the phosphate ranged with the exception of the peak, between 

5»1 mg/l and 13.9 mg/l. In the next cycle the maximum was recorded 

in January with 22.9 mg/l and the minimum was'3.2 mg/l in March. The 

trend of seasonal fluctuation in this pool revealed spring and early 

autumn maxima and winter minima (Fig. 5). 

CONTROL POOL : Nitrate 

Finally, the last major nutrient analysed was Nitrate. The 

control pool recorded a maximum in February with 0,08 mg/l and the 

minimum in November with only 0,01 mg/l. Ih the next cycle the maxi­

mum and minimum levels were recorded in November and January with 

0.03 and 0.02 mg/l during the second cycle respectively. An overall 

picture of the seasonal trend of fluctuation revealed a spring max­

ima and winter minima (Fig, 5). 

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

maximum in April u/ith 0,1. mg/l and the minimum in October with only 

0.02 mg/l during the first annual cycle. In the next cycle the 

nitrate levels were maximum in February with 0^04 mg/l and the mini­

mum with 0.03 mg/l in. October.\The seasonal trend of fluctuation 

revealed a spring maxima and winter minima (Fig,. 5) 
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gj_RC.liUA._Pj-A_S_Tj_C__P,gO_L_°2_̂ ; The minimum nitrate levyel was recorded in 

February with 0.03 mg/l and the maximum in April uuith 0.08 mg/l 

during the First annual cycle. The months of December and Danuary 

recorded the maximum and the minimum nitrate lev/els respectively 

uuith 0.07 mg/l and 0.04 mg/l during the second cycle. The seasonal 

trend of fluctuatidn revealed a" summer maxima and winter minima 

(Fig. 5 ) . • 

-Q-lR_0LLLAR_.-PL_A3TIC,̂ Pp0L-3_ : The nitrate level in pool-3 rev/ealed a 

peak in April recording 0,17 mg/l and the minimum in December mith 

Qnl,y;, 0.04 mg/l during the first annual cycle. In the next cycle the 

maximum luas recorded in February and the minimum in January luith 

0.07 mg/l and 0,02 mg/l respectively. The trend of seasonal fluctua­

tion revealed a spring maxima and winter minima during the first 

and second cycles (Fig, 5). 

CJ R C UL A R _P_L A ST I C P Q 0 L a 4 : In this pool, the nitrate level was maxi­

mum in April with 0.19 mg/l and the minimum in December with only 

0.03 mg/l during the first annual cycle. In the second cycle the 

maximum and minimum levels were recorded in March and January with 

0.08 mg/l and 0.04 mg/l respectively. An overall picture of the 

seasonal fluctuation trend revealed a spring maxima and winter 

minima in this pool (Fig. 5). 



47 

.DISCUSSION 

Water in general has a twofold effect within it; (i) through 

it's physical 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 

primary:; production setting a sequence of reactions for secondary or 

tertiary production useful to man. 

It was, therefore, that the present investigation was under­

taken to elucidate the resulting pattern of observations influencing 

in ' fundamental ways both physical and chemical cycles governing the 

production and utilization 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 cognizance of the priorities 

needed for the present investigation even with the.handicap of the 

remoteness of the region and the absence of essential facilities, 

A total of ten physico-chemical parameters were undertaken 

for seasonal studies under the general physical and chemical aspects 

of these ponds and pools for one complete annual cycle and a half of 

the other, temperature of the air and water were the physical factors 

along with pH and specific conductivity, the latter two to help in 

observing the buffering capabilities and ionic mobility respectively. 

Oxygen and carbon-dioxide were the gases undertaken, the latter re­

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 direct effect on the water 

temperature. September or October was commonly observed to be levels 

of maximum of water temperature, while January the minimum. 
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pH as the next factor, reflecting the Hydrogen JLon concentra­

tion of the en\/ironment is also useful for determining the hardness 

and softness of the ujater. The most important aspect of pH in such 

studies is that it varies ujith the concentration of carbon-dioxide. 

The changes in one affecting the other in a non-linearity of rela­

tionship betujeen the tujo parameters is luell documented (Uerduin, 

1956| Beyer and Odum, 1959, I960; Lyman, 1961).' 

The pH in both the experimental fish ponds and circular plas­

tic pools ujas maintained throughout the study period on the alkaline 

side. Even in the control systems of both, the values which touched 

the loujer levels though acidic ujas very near to neutral* The buffer­

ing capability uuas very a/ell documented in the present study in that 

irrespective of differential fertilization and in the different sys­

tems the values fluctuated between 7 or 8 +_ 0.5 pH units. Further, 

the maximum^ records touched in all. the systems ujere usually found to 

be in the uuinter months of December or January and probably extending 

to a little in spring. Similarly the least values observed uuere just 

after the peak summer periods, September, October and just before the 

onset, of li/inter in a feuj instances like November. In any case experi­

mental fish pond-2and circular plastic pool-4 tended to oscillate 

always on the higher side. 

This is understandable as not only pH and carbon-dioxide are 

interrelated but a more or less direct relationship exists between 

pH and oxygen. All these factors interplay with each other preventing 

wide fluctuation in pH as the waters in these hilly regions which 

tend to be acidic, react very well to fertilization keeping the 

waters just above the neutril 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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levels at the rates aa given in the present investigation could 

safely be administered as it helped in the total buffering capabi­

lity of the system, 

As Luarmer uuaters can dissolve 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 

folloujs the vernal, maximum is not accompanied by a similar fall in 

the temperature. In fact, luhen the pH is falling, the temperature 

may still be rising. Furthermore in the winter months ujhen the pH 

recorded their peaks-, the temperature invariably registered a fall. 

This clearly indicated that the temperature changes do not control, 

at least directly, the changes in the pH valuo. 

Specific conductivity measured in terms of m mho/cm uuas defi­

nitely on the looie.r side in comparison to tronical situations. It 

ranged from as lou/ as 17 m mhp/cm to a little, over 50 m mhq/cm in 

the experimental fish ponds, ujhile the range ujas much larger in the 

circular plastic pools ujhere the lowest luas around 8.0 m mho/cm and 

the peak value a little higher than 115 m mho/cm. In the experimen­

tal fish ponds, fertilization did not effect to a large extent the 

conductivity changes and luere probably the same as for the cbntrol 

except in pond-2 which recorded the peak value. Similarly, it was 

more or less so, for the circular plastic pools and except for the 

peak value of the first annual cycle between the control and circular 

plastic pool-4. This.pool-4 tended to possess higher conductivity 

values throughout in relation to the other pools, which were more or 

less similar to the control pool. The higher values in the experimen­

tal fish ponds were normally seen to be in spring and early summer 

seasons with the lowerfall in winter^ This trend was however not 

clearcut i-- the pools where, though the peak values were in January, 
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the least observed ujere either in October or Nouember. It luas thera-

fore observed that no uniformity existed between the tiuo systems in 

thair seasonal fluctuations for this abiotic factor. 

Specific conductivity as a factor is usually taken up as an 

indicator for assessing the trophic status of freshiuater systems. As 

this is related to salts in the water, it is primarily a measure of 

resistance to electrical flouj. In the present investigation the val­

ues could be attributed to that in meso-eutrophic situations (l/ollen-

Lueider and Frsi, 1953? 3uday and Birge, 1933)'. This indicates that 

the ponds uiere reacting to fertilization just as the pH buffering 

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 process of decomposition of the bottom 

deposits. This is understandable, as such a phenomenon would result 

in the conversion of insoluble carbonates of calcium into soluble 

bicarbonates. In any case the higher values do not indicate a true 

tropical situation of eutrophication. This aspect is interesting as 

the ponds and pools situated at lower altitude in the present inves­

tigation with fertilization measures of management and especially 

tfclftt of phosphate and nitrates should have boosted the values of the 

total alkalinity, which in these cases do. not show significant incr­

eases as in no case it (axcBsded 300 mg/l and with the other higher 

-values operating between 100 nig/3, l<-> 200 mg/l.. The maintenarrce or 

such :a nons-t-ency oF values- IrrGspective-of differential ̂  fertilization 

could be attributed pos_sibl y to the • buf f ering capability.of the sys­

tem indicative ,of the; pH as--s,een in the present anves-tigation to have 
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very minor fluctuation of values in their seasonality. Again Experi--. 

mental Fish Pond-2 and Circular Plastic Pool-2 similarly shomed 

fluctuation at higher total alkalinity levels, 

Wallsn (1955) considers the importance of alkalinity in view 

of its relationship mith available carbon-dioxide for photosynthesis 

and because of its use as an indicator of productivity.;The values 

of total alkalinity of 100 to 300 mg/l indicated the ponds to be 

nutrient rich and of hard u/ater type and according to Barrett (1953) 

such uuaters are often the best fish producers. 

As that of alkalinity, carbon-dioxide also follooied a similar 

pattern. This is typical betmeen the relationship of alkalinity and 

carbon-dioxide and possibly to the inverse relationship of pH. Mostly 

the summer months shouued an increase in values while u/inter the loiuer 

records* In contrast to the control pond the fertilized ponds ujere 

more steady in their carbon-dioxide levels and again Experimental 

Fish Pdnd'-2 shouJed maximal levels in relation to the others except , 

possibly for the highest record in the control pond. In contrast,, the 

circular plastic pools had a wider range of fluctuation and.the peak 

values obtained in fertilized pools were nearly two to three times 

higher that observed in the fertilized fish ponds. The control pool 

was more or less similar to that of the control pond. A similar sum­

mer increase with a winter decrease was also seen in these pools with 

circular plastic pool-2 shoujing higher magnitudes of fluctuation. 

The ftes carbon-dioxide in waters formed carbonic acid (H^CO,) 

which results in a change of pH. In;- the present investigation the 

increases in summer months could also be attributed to the increased 

metabolic rate of phytoplankton and probably reflecting their respi­

ration at the decomposition level though not taken up in the present 

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

that oxygen depletion in the bottom and Carbon dioxide accumulation 

are the results of eutrophication. Stum and Morgan (1962) atatedjthat 

ujith mounting anaerobiosis of the hypolimnetic maters, the shift to. 

a greater degree of e.utrophy is speedily , gffeqted. Houjever, the 

fluctuations seemed to maintain a steady state in the systems studied, 

for this abiotic factor-. 

Dissolved oxygen in either the experimental fish ponds or cir-* 

cular plastic pools revealed a typical tropical situation shoiuing 

an inverse relationship to carbon dioxide, in that the higher values 

u/ere obtained in winter and the loiuer records in summer. In fact a - ' 

near to mirror image was obtained between these two abiotic factors, 

The values obtained were definitely lower than that would be expec­

ted in saturated, conditions as 1 5 mg/l was the highest record to be 

obtained. In fact the lower values were much below 2.0 mg/l as in 

the case of circular plastic pools. One obseruation is that a clear 

decrease in value was seen due to fertilization both in the ponds 

and pools in contrast to the control systems. Further, in the ponds 

the values were just a little lower than that cf the control systems 

but a definite drop in values were seen in the fertilized circular 

plastic pools. The mirror image between carbon dioxide and oxygen 

becomes more clear cut as in the expsriraental fish ponda the values 

were more or less the same for both ths abiotic factors but in the 

circular plastic pools, carbon dioxide values were prominently high 

in.contrast to the. oxygen- values.'- P 

Low oxygen conce^ntratioh is usually associated with higher org­

anic matter. Changes in dissolved oxygen are intima^tely .associated 

with biochemical changes, and are brought ab.Qut primarily by .t-he oxi­

dation of organic matter accumulated -.(Streeter gnd' Phelpg, 1925; 
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Butcher £t..al,., 1927; Wiebe, 1927; Blum, 1957; Pettet, 1959; Oliff, 

1960; and FoldatSj, 1962). In the present investigation it appears. 

that the oxidizable organic matter go mare or less hand in hand ujith 

the water temperature as is evidenced by the inversely proportionate 

values of luatar temperature to the dissolved oxygen. According to 

Klein, (1957) when a rise in temperature occurs and especially in such . 

investigations as the present one ujhe.re accumulation of organic mat-' 

ter is aided by the addition, of fertilizers both organic and inorga­

nic, there is not only dissappearance of oxygen due to the loiuer 

solubility of this gas at higher temperature but al30 there is an 

increased rate of utilization of dissolved oxygen by the various bia-

chemical reaction which proceeds much faster at higher temperatures, 

The increase in oxygen during the winter months could be attributed 

definitely to the lower teroperature and in addition to the prolific 

growth of phytoplanktonic algae. Sreenivasan (1966) and Sahai and 

Sinha (l969).working on different freshwater bodies lend support to 

this view. In fact oxygen deficit is known to be a characteristic 

feature of any productive lake, especially in the tropics, and it 

would be all the more so in the fertilized fish ponds and circular 

plastic pools (Sreenivasan, 1970j and Timms, 1970), Though these were 

the general abiotic factors of prime importance in'such studies, the 

identification of the relevance of chemical factors and in. particular 

the major nutrients is more essential. One of these is silicate which 

is uSjUally prejSjsot in the form of amorphous silicon or polymerised 

silicic acid. It is known that once it is solidified and deposited, 

the amorphous silicon does not act as a source supply during defici­

ency (Lewis', 1961), However, as soon as the cells particularly of 

diatoms, die, silicic acid begins to leach out and is utilized ther­

efrom. In the fertilized experimental fish ponds, the silicate val­

ues showed drastic increases in contrast to the control pond. This 
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ujas ail the more evident as seen in Experimental Fish Pond-2 which 

UJBS nearly six to eight times that of the control, ujhiie the other 

two-ponds were jiist two or three times .that of the control system. 

The disappearance of silicate during certain times recorded as nil 

coLild possibly be attributed to the earlier mentioned phenomena for 

this nutrient. Hooieuer, in the Circular Plastic Pools the difference 

in the concentration of silicate among the fertilized systems as 

opposed to the control 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 

Mouember respectively for the pools. Such biological utilization 

could be attributed to the lack of stratification in the water col-

umn, low temperature and low light levels during winter. Kinetics of 

reactive silicon utilization for freshwater' (Kilham, 1975) and marihe 

(Harrison, 1974) diatoms follow Michaelis-Menten Kinetics. At low 

ambient reactive silicon concentration, the growth rate of a diatom 

species can be described by a hyperbolic function (Parker et »al,*., 

1977a). Lund (1969) used the decrease of dissolved silica coritent of 

water for assessing production. Also Kilham (l97l) while proposing 

his hypothesis concerning silica and the freshwater .planktonic dia­

toms suggested a strong correlation between dominance of specific 

diatoms and tha- ariiic'a content of water. Zafar (1967) and Singh 

(T960) reported that silica did not 'become a limiting factor in their 

studies»-,H.oujevery some measure of silica demand could be used as an 

ind'ex̂  of iricrsasing environmental enrichment on eutrophication* From 

thB present study it was very clear that the rate of dissolved silica 

release was much greater during the warmer temperature (Tessenow, 

T966) though the dissolution of this nutrient was greatly accelerated 

by the disruption of diatom frustules by zooplankton (Beklemishev, 

19611 and Tessenow, 1966) possibly around the same time. 
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The next major nutrient aias phosphate and the importance of 

this nutrient need not be overemphasized (Steujart and Rohlich, 1967; 

l/ollenujeider, 1968; Shanon and Brezonick, 1972; and Golterman, 1975)-. 

It's role in fish ponds particularly is all the more important as 

ujith fertilization, the disappearance of this nutrient into the sed­

iments,, the movement to and from sediments in addition to the minar° 

alization process of the aquatic organisms all seem to play an inte­

grated' role toLuards the enhancement of fish groujth. In the present 

investigation the values obtained ujere significantly high as mould 

normally be expected for. eutrophic.ated fish ponds in contrast to. the 

louj values obtained in both the different' control systems. Though a 

clear cut seasonality did not emerge in their fluctuations, yet 

generally they seemed to shoui a summer maxima and tuinter minima irr­

espective of differential fertilization. It ujas 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 getting stored in the sediment-

and as in the present investigation even under strong anoxic condi­

tions relatively small amounts get released. This hoaiever represents 

a potential danger as far as eutrophication processes are concerned 

if it is not simultaneous aiith the feeding of fish. Rigler (l972); 

states that there might possibly be three mechanisms for the return 

:of phosphate phosphorus to solution- (i) direct release of phosphate 

by ultraplankton, (ii) excretion of phosphate by zooplankton and 

(iii ) enzymatic hydrolysis of organic phosphate compounds excreted 

by organisms or produced by autolysis or decomposition of.'4sad plan^ 

kton. 

Phosphorus is assumed to be recycled rapidly and continued 

additions of these nutrients are not necessary 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 le\/el of photosynthesis 

depend upon periodic addition of phosphorus, 

The last nutrient analysed in these systems ujas nitrate. This 

is indicative of the 'nitrogen richness in any aquatic system and" is 

primarily attributed to animal origin (Thresh e_t_. al,.j1544). The ni­

trate values obtained in these systems mere quite louj and there was 

hardly any significant difference betiueen the higher or loiuer records. 

This Luas true not only betujeen the ponds and the pools, but also ba-

tujeen themselves irrespective of fertilization oiith very little, sig­

nificant changes of either increase or decrease from that of the-

control. The pattern of fluctuation mas more or less similar to that 

of phosphate though not very clear cut. In the ponds and pools the . 

louj nitrate content ujithout great magnitude of fluctuation could 

probably be related to the louj average oxygen concentration which is 

not sufficient to oxidize biologically the ammonia produced which 

is one possibility of increasing the nitrates in water. This probably 

seems to be In accordance with the observation of Butcher et. al •« 

(1927, 1928), Berg (l943), Ganapa.ti (1943) and Zafar (l964). In fact 

Ganapati (l943) and Zafar (1964) have recorded low nitrate content 

in deficient oxygen tropical waters. Further, increase of nitrate 

metabolism due to seasonal increase in standing crops of autotrophic 

organisms have been determined to cause a decreased nitxogen (Atkins, 

1932; 1933; Taylor and Welch, 1970). 

On a general analysis these physico-chemical parameters analy­

sed revealed that the amount of fertilizers used was probably the 

optimum levels irrespeotive of the combination. This was certainly 

indicated by the marked buffering capability with significant incre­

ases of carbon-dioxide levels and loujer values of oxygen. It seemed 
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that a steady state equilibrium oias maintained o/ith the factors 

shoujing a magnitude of fluctuation ujhich is knou/n to be conducive 

for fish. Among the nutrients also phosphate luas possibly the only 

one to reveal levels of significance if at all and therefore contr­

olling the biota as it luere by maintaining their levels around a 

threshold value. In comparison among themselves houjever most of 

these values were seen to be always on the higher side in Experimen­

tal Fish Pond-2 and Circular Plastic Pool-4. It seems therefore that 

supplemehtary feeding in addition to both organic and inorganic fer­

tilization does play a role in affecting the abiotic components of 

such systems. In the present investigation Experimental Fish Pond-2 

and Circular Plastic Pool-4 had all these three combinations (organic 

and inorganic fertilizers and supplementary feed) luhile in the 

others it was only one or toio Of these. 
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INTRODUCTION 

It mas not till the middlG of tho last cen'tury that the exis-

tehco of plankton in aquatic systems u;as knoiun. Studies in the 

oceans uere the earliest av/ailable ii;orks on plankton. In fact the 

usage of the term "plankton" has come douun over the century since 

the time of Honsen (1887, 1895) ujho was an Qceanqgrapher, attribu­

ting all heterogenous assemblages of minute organisms under this 

term* The earliest Indian mork ujas on rotifers by Anderson (1889), . 

Apstein (1896) was probably the first to study the plankton in 

freshuyaters in particular the inland lakes, Schrater and Kirchner 

,,(1896) introduced the term pie us ton to designate the vyhole biologi­

cal communities associated with air-u/ater interface. The knowledge 

of the presence of a range in the size of these planktonic organisms 

was discovered by Kofoid (TB97), Daday (1898) described many new 

8pdoies§of Cladoccra, Copepoda and Rotifera from oriental regions. 

Since then, works all ov/er the world took an impetus and 

various theories were propounded, such as the floatation theory after 

Wesonberg-Lund (1900) and its contradiction by Lauternborn (1900), 

The idea of a genetically related phenomena for cyclomorphosis par­

ticularly in Daphnia was shown by Waltereck (1908, 1909, 1913 and 

1928). The effect of environmental factors also contributed to such 

phenomena was outlined by Qstwaldt (19Q2). Lohmahn (1908), showed 

the existence of the smallest group of plankton referred to as 

"nannoplankton". Naumann (l917) introduced the term neuston to des­

ignate the assemblage of microorganisms associated with surface 

film of the waters. 

The geographical distribution, diurnal movernents, the effect 

of light, the seasonal variations and organic matter as a factor, 

all responsible for either the growth, the reproduction and distri-
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bution ujere initiated in the very early part of this century (West 

and Wast, 1912; Dice, 1914; Ruttner, 1914; Prasad, 1916; Dennings, "̂  

'1918). . 

The idea of the trophic status of plankton, the feeding beha­

viour of zooplankton and studies on the feeding apparatus of some 

major groups tuera also done in the early 190D's (Naumann, 1921, 1923 

and 1929; Nordquist, 1921; Birge and 3uday, 1922; Starch, 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 Pearsal (1923), Strom (1924), Mac Arthur and 

Bailie (1925), Coker and Addlostone (1938). Such works continued in 

various regions and latitudes of the world (Krastz, 1931; Krogh and 

Berg, 1931; Ruttner, 1931; Sawell, 1934; Seymour-Swall, 1934; Uan 

Oye, 1934; Gunther, 1936; Hauer,'l937 and 1938; 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 processss have an inter-rsla-

tionship both temporally and spatially. 

It was then that subsequent uiorks were aimed at finding out 

the causative factor or factors responsible for the growth and sus-

îgr»,aa.Ci6' of groups of phytoplankton or zooplankton, their interpre­

tation for the rise and fall of population, in particular the alyal 

blooms and the intricate relationship between the species of phyto™ 

plar^ton and zooplankton with the idea and rate of both coloniza­

tion and succession (Edmondson, 1944; 1945 and 1946; Hutchinson, 

1944; Pennak, 1944; Brooks, 1947; Nygaard, 1949; 1955; Plew and 

Pannak, 1949; Gerloff o^. a U , 1950; 1952). 

All the above studies were done on natural freshwater systems 

aac/ interpretation based purely on observations aa [fiĉ guiTing in 
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nature. It luas thereforB felt by u;orkers that due to thle complica-

tad phenomena of natural ecoayatem, it would be ideal to set up 

naar-to-natural experimshts artd to identify one factor and its 

effects on another. Such a thinking took a great stride in the sub-

sequent tujo decades along u)ith the general obsaruations in other 

systems (Canter and Lund, 1951; Welch, 1952j Ganapati 8t_. al. ,1953; 

Ruttner, 1953; l/aas and Sachlan, 1953; Uilladolid et,. al.., 1954; 

Nelson and Edmondson, 1955; F"ogg, 1956; Rigler, 1956; Rodhe et. al., 

1956; Edmondson, 1957; Gerloff and Skoog,1957a,b; Pennak, 1957; Ban-

forth, 1958; Provasoli, 1958; Kuznetsbv^ 1959; Shroder, 1959; \lasi3 

and V/aas-Van Oven, 1959; Golterman, I960; Parkeri 1960; Michael, 

1-962 and 1964; Pomerdy et_, al.., 1962; Staeman Nielsen, 1962; 

Steeman Nielsen and Jorgehsen, 1962; l/enkataraman, 1962; Strauskraba, 

1963, 1965 and 1967; Hobble, 1964; Zafar, 1964; Fogg, 1965; Wetzel, 

1965, 1966 and 1972; Hbracek and Hbrackoba-Essldva, 1966; Gilbert, 

1967; l/ijayaraghavan, 1967; Corjunova, 1968; Stagenberg, 1968; 

Vblleniueider, 1968; Castenholz, 1969; n c.Queen, 1969; Michael,1969; 

Butler Bt__. al_., 1970; Munau/ar, 1970; Ui jayaraghavan, 1970;, Wojcik, 

1970). ^ 

The last decade beginning in 1970, thaugti* has been a period 

of intensive limnological work all over the globe, yet, it was pri­

marily directed towards the understanding of pollution in aquatic • 

systems. In this respect, luorks on plankton done in oligotrophic 

systems in contrast.to eutrophic ones, the identification of indi­

cator species,, the effect of manipulation in terms of addition of 

nutrients and in particular fertilizers in fish ponds, the life 

history patterns and the developmental stages in relation to abiotic 

factors, 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 

file:///lasi3
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accumulat ion and b i o l o g i c a l m a g n i f i c a t i o n i n groups of p lank ton by 

p e s t i c i d s s , were a l l pa r t of the general l i m n o l o g i c a l s tud ies ( F i t z ­

g e r a l d , 1971; Fogg, 1971j F o l t , 1971; Hagedorn, 1971; K r i s t i a n s e n , 

1971; Navaneethakrishnan and M ichae l , 1971; Reynolds, 1971; A b e l i o -

v/ich and S h i l o , 1972; Green, 1972; Kryuchkoua, 1972; Saunders, 1972; 

Sorok in and Paue l jeva , 1972; B u r g i a , 1973; Fogg _at. e d . , 1973; Pennak, 

1973^f'S^hapiro, 1973; T i l z e r , 1973; Wolk, 1973; Droop, 1974; H u t c h i n ­

son, 1975; Lavukoiuicz and Leujkoujicz, 1975; Reynolds and Walsby, 1975; 

Wetze l , 1975; Begg, 1976; Burns, 1976; Fe r ran te , 1976; Green, 1976; 

Dacobson and Comita, 1976; Munauuar and Muhaiuar, 1976; Zaret e t«a l^ . , 

1976; Brown and S i b e r t , 1977; Hbracek, 1977; A l f r e d e t .a j l ^ . , 1978; 

Boers and Car te r , 1978; V incen t , 1978; Van and Stokes, 1978; Uenkata-

raman and 3cb, 1979; Zagorodnyaya, 1979; Cooney and Gehrs, 1980; 

Fa l lon and Brock, 1980; Fernando, 1980; G i l b e r t , 1980; Le i and Armi-

t a g e , 1980; McCracken ^ t ^ . a l , . , 1980; Pour r i o t at^.al^., 1980; Siuar and 

Fernando, 1980; Uenkataraman and Dob, 1980, 

Though Ind ian ujorks and e s p e c i a l l y Ind ian authors ujorking on 

freshuiater systems i n I nd ia have come i n the above mentioned l i t e r ­

a tu re i n var ious aspec ts , the reuietu of Gu la t i and Wurtz (1580) and 

Michael ( l980) cover a d e t a i l e d account of the Ind ian morks i n t h i s 

f i e l d . The f o rego ing l i t e r a t u r e though inc ludes the works on the 

general popu la t i on dynamics of phy to - and zooplankton i n freshuiater 

ponds and a lso t h e i r r o l e i n f i s h ponds, p a r t i c u l a r l y w i t h the a d d i ­

t i o n of f e r t i l i z e r s , yet c e r t a i n works stand out as s i g n i f i c a n t 

c o n t r i b u t i o n s . . Moreover, the understanding of these b i o t a i n f i s h 

ponds, w i th known q u a n t i t i e s of n u t r i e n t a d d i t i o n s e i t h e r i n 

terms of i n o r g a n i c or organic f e r t i l i z e r s , and t h e i r i n t e r ­

r e l a t i o n s h i p s w i th a poss ib le inc rease i n f i s h y i e l d i s q u i t e snail 
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documented (Sujingle and Smith, 1939; Bal l and Tanner, 1951; Nelson 

and Edmondson, 1955; Mclnt i re and Bond, 1960; Hall .e_t,. a^ . , 1970; 

Yao-Sungling, 1976; Oglesby, 1977; Boyd and Soujles, 1978; Shroeder , 

1978; Willemsen, 1980; Boyd, 1981 I Boyd et_. a l . . , 1981. The 

Indian works ujhere phyto- and zooplankton dynamics r e l a t e d to 

var ious a b i o t i c f a c t o r s along luith f e r t i l i z a t i o n l e v e l s and f i sh 

product ion have been documented conc lus ive ly in the compi la t ions 

by 3hingran (1980) . 
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MATERIALS AND METHODS 

Water samples for phyto- and zooplankton ujere collected only 

From the surface at the four experimental ponds and flue circular 

plastic pools. The periodicity of collection was ujeekly and done 

aloiays in the morning hours (0600-0900 hrs). At each station sam­

ples ujere collected by filtering a volume of 50 litres of vJatsr 

from the experimental ponds and 25 litres from the circular plastic 

pools, through a bolting silk net of mesh size 25 p. These mere 

brou-ght to 50 ml and 25 ml respectively and preserved in 4^ formalin. 

Such meekly samples from all the ponds and pools aiere coll­

ected for one and a half annual cycle (October 1979 - March 1981). 

A luell shaken sample from the 50 ml and 25 ml preserved collection 

ujas draujn with the help of a luide-mouthed pipette and transferred 

int.o a counting cell (Sedgwick-Rafter Plankton counting cell) of a 

1 ml capacity graduated into 1000 squares. After covering it ujith 

a large rectangular coverslip, counts were made after "Utermohl" 

(1958) of all organisms present at random in 100 squares. Indivi­

duals and colonies were counted as such, luhlle filamentous algae 

were counted by their approximate length being kept untfjorm. All 

these Luere presented numerically upto the genus level and placed 

under the appropriate family and class. Three such counts were done 

fQV each weekly sample and an average count evolved. Such weekly 

sample counts were determined as monthly averages. 

The generic identification of phyto- and zooplankton were 

clone with the help of Smith (1950), Pennak (1953), Edmonrfaon (l959), 

N^edham and Needham (1962). 

The computation for the numbers of phyto- and zooplankton 

ger litre at different experimental fish ponds and circular plastic 



73 

pppls uias evaluated by the formula -

n = 
(a X. 100Q) C 

where n = number of p lank ton per l i t r e of o r i g i n a l water 

a = aVBjrage number of p lankton i n a l l counts i n 
Sedgii/ick Raf ter c e l l . 

C = volume of original concentration in ml. 

1 = volume of original water expressed in litres. 
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RESULTS 

The biota taken for detail investigations in the four e^peri-n 

mental fish ponds and in the fiv/e circular plastic pools can be 

broadly classed into Phytoplankton and Zooplankton. In all the pond§ 

irrespsctiuB of the fertilization, six classes of ph)(toplankton vueire 

represented. The class Chlorophyceae comprised of the families 

Chlamydomonaceae uihich had only one genus, Chlamydomenas, Scenedes-

maceaa comprising of Scenedesmus and Actinastrum, OQcystaceae rep-? 

resented by Ankistrodesmus, Tetraedron, Selenastrum, CBlaster!as 

and Pachycladon. Desmidiaceae by Cosmarium, Closterium, Staurastrum, 

Docidium and Anthrodesmus, Dictyosphaeriaceae comprised of a single 

genus Dictyosphaerium, Ulotricaceae by Ulothrix, Zygnemataceae by 

Spiroqyra. Uolvocaceae represented by tiuo genera \Jol\JOX and Pando"^ 

rina« Hydrodictyaceae luith, a single genus Pedjastrum amd similarly 

the family Protococaceae vuith Protococcus and Coelastraceae ujith 

Coelastrum. 

The next class Euglenophyceae comprised of tujo families 

Euglenaceae represented by tujo genera Euqlena and Phacus and the 

family Peranemaceae with Urcoelus* The cla&S' BaciHapijOphyceae 

comprised of tiuo families Naviculaceae represgnljed by three genera 

Ns|yicula« Frustulia and Pinnularia and rragill,ar|aceae represented 

by a single genus Synedra* The class XanthOjpljyceae of^mprised of 

tujo families Xanthophyceae and Tribonemataceae uiith a single genus 

each, Botryococcus and Tribonema respectively,^ Dlj,nQpli}ĵ -ceae was re­

presented by three families Ceratiaceae, Gymnodiaceae and Gleno-

diaceae. Each of these families comprised of only one genus, 

Ceratium, Gymnodinium and Glenodinium. respectively. Though these 

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

not present together and only some genera occurred and dominated 

•at the different ponds during the study period. 

file:///Jol/JOX
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Uf the -six classes, Chlorophyceas rspreaented the largest • 

number nf families as seen in all the four experimental fish pcnda 

irrespective of differential fartilizstinn. 

CONTROL PONO : In the control pond, the claes Chlorophyceae during^' 

the first annual cycle, shoujed a maximal peak in the month of Dec­

ember recording nearly 20,500 units/litre and a minimum if 4,800 

units/litre in Oune. During the second cycle the maximum occurred 

in December recording 12,328 utiits/lltrs and a minimum of 3,420 

units/litre in November When this ci^^g CJilotop>>yce€ie 

mas seen as a relative percentage among the different classes, it 

indicated a maximum of nearly 83.4^ in April during the first ann­

ual cycle, and nearly 68% in the month of February during the sec­

ond cycle. Even though the actual nuritbt=ro fOt- both the cycles in­

dicated the month of Oecembsr as maximum yet as a relative paxoen-

tage they luere only 66-56% respectively (Fig, "5). 

In the same control pond vjjhen the class Chlorophyceae ujas / 

broken dou/n into families, it was seen to comprise of eleven fami­

lies. These families were Chlamydomonaceae, Scenedesmaceae, 

Oocystaceae., DesmidiaceaB, Dictyosphaeriaceae, Ulotricaceae, 

Zygnemataceae, l/olvocaceae) Hydrodictyaceae, Protoccocaceae and 

Coelastraceae. 

The family Chlamydomonaceae represented by a single genus 

Chlamydoroonas revealed a peak of 9,800 units/litre in February 

and recorded nil values during 3une> 3uly, 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 cf 4,880 

units/litre in April and u/ith nil value in September during the 

first annual cycle* The month of December during the second cycle 
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shoujed a maximum qf 5,928 units/litre which dropped to nil value in 

Octgber. In the first annual cycle, a tendency to increase ujas seen 

in December and a subsequent fall the folloujing month, with a steady 

increase tij,l April and then a fall to nil values. A similar trend 

vyas also segn during the second cycle. The genius ^Genedesmt^s recor­

ded peaks of abundance in April uuith 4,880 yqit,9/|,itre and December 

uij-t̂  5,800 units/litre and minimum in October ujj,th 200 ynits/litre 

and January luith 860 units/litre during the firat and second cycles 

respectively. Actinastrum revealed peaks ir> March vuith 2»040 units/ 

l,̂ tre and November recording 480 units/litre during the first and 

second cycle. The months of 3une and December recorded 200 units/ 

litre and 128 units/litre as the minimum during the first and the 

second cycle. 

The next family Oocystaceae shoiued a trend of inpoease simi­

lar to Scenedesmaceae in its bimodality with December and April 

showing maximum peaks during the first annual cycle, wi,th the exce­

ption that December had a larger peak of nearly 5,560 units/litre, 

while April revealed a little lower than 4,000 uni^ts/litre. Nil 

valye was recorded in the month of September in the first annual 

g.ycle. A peak of 2,200 uoits/litre a,n Oecea}b8r arid a minimum value 

of 440 units/litre was observed during the second cyole, Ankistro­

de sm us revealed peaks of abundance ^n April %i%\% 3fL?S0 yryits/litre 

and in December 1,400 units/litre during the lijrats arjd seqond cycle. 

The minimum was recorded in November with 2t7.D yni^ta/litre and March 

with, 320 Uf?iits/litre and was absent for six months during both the 

e'yi?,les» Tetsaedrpn recorded maximum in Noyembsr and January with 
• •; "HjTW'tJy p i.iM~i !i 

800 u n i t s / a , i t r e and 1,420 u n i t s / l j . t r e dur ing bl^e f i r s t and second 

c>yc'!,B3. The mpnth of December w i t h 20 units/|,J.tBie and October w i th 

8gt, u n i t s / l i t r e recorded the minimyro dur ing t'b.e f i r s t gnd second 

py&l,e and was absent f o r seven months d u r i n g ' b g t h the gy.cles. 
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Selsngstrum reuealed December as the maximum u;ith 3,320 units/litre 

and minimum in February representing 160 units/litre during the 

first annual cycle. During the second cycle it a/as present only in 

the months of November and February registering 120 units/litre and 

280 units/litre respectively* Pacĥ _ĉ lâ dp_n mas present only in the 

month of October with 33 units/litre and November ujith 400 units/ 

litre during both the cycles* 

The family Desmidiaceae recorded small peaks.of abundance 

in November and December representing 2,500 units/litre.: each foll-

oujed by a second maximum peak vuith nearly 5,800 units/litre in 

March. The loiuest value of 100 units/litre u/as recorded in January 

during the first annual cycle. In the second cycle, November recor­

ded nil values'. This aias folloaied by a sudden increase in December 

to 1,400 units/litre, a subsequent fall the next month and a rise 

thereafter to form a peak in March with nearly 1,680 units/litre. 

The genus Ĉ ĉ smâ rijjm̂  uuas recorded only once in October luith 60 units/ 

litre and vuas totally absent during the remaining periods of both 

the cycles. The genus CJo3t_erJLjj_m_ revealed peaks of abundance in 

April registering 2,400 units/litre and minimum in August recftrding 

50 units/litre during the first annual cycle. In the next cycle a 

maximum luas recorded in March with 1,000 units/litre and a minimum 

in Tebruary 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 seven months during 

both the cycles. 

The family Dictyosphaeriaceae represented by a single genus 

Pi»tyosphaeriurn was absent throughout the period of investigation 

with only an exception during the second cycle when it recorded 
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1 ,020 units/litre in October. The family Ulotricaceae luas also rep­

resented by a single genus Ulothrix ujhich occurrsd only four times 

throughout the study period, luith the month of Danuary recording a 

peak of 400 units/litre. 

The family Zygnemataceae represented by Spiroqyra occurred 

only tiuice, in the first annual cycle. This genus recorded less 

than 100 units/litre on both occassions. 

Uoluocaceae as the next family occurred during the first 

cycle Luith 1,000 units/litre in October but fell to a value of 10 

times loujer the folloiuing 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 ujith 1,100 units/litre. During the 

second cycle it occurred only in October and February uji th the 

latter month recording 160 units/litre. The family Uolvocaceae 

ujas represented by tujo genera, \lol\jox and Pandorina, The genus 

V/olv/ox uias recorded only in May ujith 440 units/litre during the 

first annual cycle. In the next cycle October and February were 

the only months to register their occurrence recording 60 units/ 

litre and 160 units/litre respectively. The gengs Pandorina showed 

a peak in August with 1,100 units/litre and a minimum in November 

^iglstering 100 units/litre and was absent from Decemberv to May 

during the first annual cycle. In the next cycle they were e.ntirely 

absent, 

Hydrodictyaceae represented by a single genus Pediastrum 

was present throughout the period of investigation. During the 

first ^nnual cycle, two peaks were registered a small one in Decem­

ber with nearly 2,860 units/litre and a larger peak i."̂  April rec­

ording 3,200 units/litre. In the second cycle, a maximum peak of 

2,800 units/litre was recorded in December.. The minimum counts were 

file:///lol/jox
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160 units/litre and 400 units/litre in March and Nowember during 

the first and second cycles, respectively. 

The family Protoccccaceae represented by Protoccacsae :aĉCTjTr-

red in the system only on two occassions during the First annual 

cycle, registering a consistent number of 1,400 units/litre each 

in November and December. 

The last family under the class Chlorophyceae ujas 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 investigation 

(Table-Ill). 

The class Euglenophyceae recorded a peak of abundance in f^ay 

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-Ill). 

The relative percent abundance of the class Euglenophyceae 

followed a trend more or less similar to their actual numbers. The 

months of May and June recorded the maximum and minimum with 72^ 

and 5.0J6 respectively during the first annual cycle. In the next 

cycle a maximum of 46.0^ was recorded in January and a minimum of 

6,6% in October (Fig. 6 ) . 

Euglenophyceae was represented by two families, Euglenaceae 

with three genera, Euqlena, Phacus and Trachelpmonas and the family 

Paranemaceae by a single genus Urcoelus. The family ETuglenaceae re­

corded a maximum peak of abundance in May representing 24,760 units/ 

litre and a minimum in July with only 120 units/litre during the 
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^ ^ ĝs ̂ ^ ifj^ 1 ^ i ^ ^ ^ - 1 ^ ijjjf •^23-1^ i i ^ j | ! ^ ' ^ j ^ 

if i 15-i'il^n:- 1 I 
IQ-Cl ̂ S-SS fc||B fS ' f i O 
F TSPfjB " " • ' w ^ SW'IP TWir ??MP WJJJt ^PWr ' P V 

^Sl* 

@tG'$3 ^S (SS'td^OCS'^S^Si9C>3l9C$t9£l'C^C3^0'€$ 

^ 

t&G 
*B5 W I S 

"€2̂  'W$ C3 "̂ ^ d^ d- 5© ̂ i^ ieimmmmts epi'€if#is ^ m m m m 
® 'P|f^'»«» •• « «» w^ m 

^ ^ ' ^ ^ ^ ^ 2 y ^ r ' " ' • ' * iSSS ' * ' * ^ ^ t ^ ^MS ^'^^^^ ^ ^ S ^ ^ ^ i l S r ^ ™ " ^ w i r 3P^y "flPP Wm/IF ^MPW •WPF' ^ E S E ^l"Pi^ ^^flP" ^"gjF WiW- SXS^ M^E ^^^ ^ ^ a S S r 3E^!f' m T y ^•W^ I S ^ ^ " ^ s^ '^ a W ^ ^flPr Jjtwjy I M ^ ^ 7 P J P T T S K J S ^ I ^ ^ ^ " 1 ^ T P * ^ yilff ^ ^ J ^ww ^E l̂lg ^pwy 

, mm: 

^w" 2 2 ^ 'Wff' ^ E TfiS; ̂ " ' '- 2L • ' • • ^ "^w •̂ w*"* ^ iw "tfE ^"W ^ f iff JHH^ ^bb ^^^k Jii^± iMMft̂  ^Hn. j j i i ^ ^rii^, ^ H ^ ^Mi* AuiĤ  
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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/litre and 

560 units/litre respectiv/ely. The family Peranemaceae revealed a 

peak in October luith 12,666 units/litre and minimum in August with 

300 units/litre. Houjeuer, this family ujas absent in the months of 

March, April, liay, 3une and September during the first annual cycle. 

The months of December and Wowember recorded the maximum and mini­

mum abundances representing 2,600 units/litre and 30 units/litre 

respectively during the second cycle. This family ujas absent during 

October, February and March of the second cycle. 

The genus Euqlena shoujed maximum peaks of abundance in May 

recording 24,760 units/litre and a minimum in August uuith only 400 

units/litre during the first annual cycle. In the second cycle Jan­

uary recorded the maximum tuith 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 cydle. Trac_hB 1 q_mona.s was absent in both the cycles 

except in the month of September recording 160 units/litre. As only 

one genus Urocoe1us was present under family Peramanaceae, hence 

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

(Table-Ill). 

The class Bacillariophyceae recorded peaks of abundance in 

November and January both recording 1,150 units/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 the first annual cycle. The next 

cycle recorded minimum values of 80 units/litre in November and?t̂Tjr:î  

was absent in December and February (Table-Ill). The percentage 

abundance af this class Bacillariophyceae re'cTorded maximum in June 
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uuith 7.4?S and minimum in December with 0»2% during the first annual 

cycle. In the next cycle maximum and minimum percent abundance was 

recorded as 8,15̂  and 1.3% in October and November respactiuely (Fig.6). 

The class Bacillariophyceae was represented by two families 

Nauiculacsae, reprasented by three genera, Mauicula, Frustcjlia and 

Pjnnularia and the family Fragillariaceaa by a single genus Synadra. 

The family Naviculaceae recorded a maximum peak nf abundance In 

September with 920 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, 3uly, December and February during both the 

cycles. The family Fragi^lariaceae recorded maximum in May with 360 . 

units/litre and minimum in August with 90 units/litre during the 

first annual cycle. In the next cycle, the family Fragi^lariaceae 

was recorded only in October. The genus Navicijla constituted the 

most dominant forms under this class.and recorded peaks in November 

and January representing 800 units/litre and 640 units/litre resp­

ectively during the first annual cycle. The minimum was recorded 

in December with only 40 units/litre, and was absent during April 

and June. In the next cycle, February recorded 1,040 units/litre 

and was absent during the remaining periods. The genus Frustulia 

was absent almost throughout the 'entire first half of the first 

annual cycle, appearing only in Ouno and recordecf 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 only once tn the month of September during the first 

annual cycle and in the next cycle only in Maixih. As Synedra was 

the only genus under the family Fragi^lariaceae, it followed the 

same trend (Table-Ill). 
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The class Myxophyceae had a maximum paak of abundance recor­

ding 6,440 units/litre in March and a minimum in April luith 280 

units/litre during the first annual cycle. In the second cycle a 

maximum aias recorded in 3anuary with 2,900 units/litre and a mini­

mum in February with 640 Units/litre and luas absent in December 

(Table-Ill). When the class Myxophyceae as a percentage of total 

phytoplankton vuas seen, the month of August recorded the maximum 

uiith 27.4^ and minimum in April with only 'l .3% during the first 

annual cycle. In the second cycle the maximum and minimum were 

recorded in November and 3anuary with 13.4^^ and 5^^% respectively, 

(Fig. 6 ) . 

Four families were represented under this class viz. Oscill-

atoriaceae, Rivulariacaae, Chroococceae and Noatocaceae. The family 

Oscillatoriaceae recorded a maximum peak of abundance in August 

with 1,390 units/litre and a minimum in April recording 280 units/ 

litre during the first annual cycle. In the second cycle.it was 

recorded only in October with 320 units/litre. The family^ Chroococ-

cace=ae= recorded peaks of abundance in the month of 3anuary recording 

3,000 units/litre and 1,300 units/litre during both the first and 

second cycles respectively. They r&corded a minimum in 3une and 

November with 480 units/litre each and u;as absent for six months 

in both the cycles. Rivulariaceae and its ^sdngle genus Rij^ularia 

luaa re:Corded only once in November with 80 units/litre throughout 

the pe.-riod of study. The family Nostocaceae racorde^d a peak of 

abundance in December with 2,600 units/litre and minimum in Febr­

uary recording 360 units/litre during the first annual cycle. In 

ths second cycle Oanuary and November recorded the maximum and mi-

fiimum with 1,600 units/litre and 320 units/litre respectively and 

vuas absent in December (Table-IH). 

http://cycle.it
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The genera Spirulina and Phormidium of the family Oscillato-

riaceae recorded peaks of abundances in August recording 690 units/ 

litre and 700 units/litre respectiwely, Spirulina in the second 

cycle was totally absent while Phormidium was recorded only in Oct­

ober with 320 units/litre. The genera Coelosphaerium and Merismopedi.a 

of the family Chroococcaceae recorded peaks cf abundgnces with 4,200 

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

during the first annual cycle. CoeIqsphaeriujn, aga^n recorded a peak 

ĵn 3anuary with 960 units/litre and Merismopsdia was recorded only 

once in the month of January during the second cycle. Anabaena con­

stituted the major form under the family Nostocaceae and recorded a 

maximum of 1,800 units/litre in September and 1,600 units/litre in 

January during the first and second cycles respectively. Nostoe, was 

present only on four occassions, of which December recorded 1,360 

units/litre and February recorded 120 units/litre (Table-Ill). 

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 reappeared in June to form a 

smaller peak with 1,640 units/litre in SeptembeP during the first 

annual cycle. In the second cycle it recorded a maximum in March 

with 1,520 units/litre. When the relative percent abundance of this 

J;̂ las3 was seen it followed more or less a similar trend to their 

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

The class Xanthophyceae was represented by two families, 

Xanthophyceae by a single genus Botr^ryococous, which recorded a 

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

litre and 400 units/litre respectively during the first annual cy­

cle. In the second cycle a peak was registersd in March with 1,520 

units/litre and tuas absent in November, Deqember, January and Feb­

ruary. The family Tribonemataceae was also represented by one genus 
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Trib^onema recorded only in Nouember,-. Duly and October during both 

the cycles (Tabla-III)» The relative percent abundance of this class 

Xanthophyceae revealed a maximum and a minimum of 11 ...5̂  and 1 ».7% in 

January and October during the first annual 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 Dinophyceae revealed peaks of abundance in December 

and March recording 2,180 units/litre and 2*020 units/litre respec-

tively during the first and second cycles, A minimum of 140 units/ 

litre vuas recorded in May and 3uly and vuas absent in March, April 

and 3une during the first annual cycle. In the next cycle, November 

recorded 400 units/litre as minimum and ujas absent in December 

(Table-Ill). When the relative percent abundance of the class Dino­

phyceae uias seen, the maximum ujas recorded in August ujith 12.0% and 

October uiith 23.8% respectively during the first and second cycles 

respectively. A minimum of 0,5% and 4.9% uuas recorded in May and 

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

The single genus Cgratium of.the family Ceratiaceae formed a major 

portion u'hder this class. The months of Oecembsr and March recorded 

l̂ he maximum peaks of abundance representing 2,180 units/litre and 

1,840 units/litre during the first and second cycles respectively. 

A minimum of 160 units/litre u;as recorded in February and o/as absent 

in March to August during the first annual cycle,' In the next cycle 

IMoOember recorded the minimum u;ith 400 units/litre and was absent 

in Dacember. Gymnodinium of the family Gymnodiaceaa recorded a peak 

in August ujith 1,800 units/litre and a minimum in 3uiy u/ith 140 

units/litre and ujas absent for six. months during the first annual 

cycle* In the next cycle October, luas the dnly month to register a 

count of 360 units/litre and was absent there after. When the total 

phytoplankton and its seasonal abundance luas seen, it revealed a 

Uiinter maxima and summer minima (Tabie-IIl). 
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EXPERIMENTAL FISH POND-I 

The class Chlorophyceae 'like the control pond constituted the 

major bulk of phytoplankton in the experimental fish pond-1. Theclasa 

recorded maximal peaks in August and February representing nearly 

31,200 units/litre and 34,000 units/litre during the first and second 

cycles. The minimum values oiere recorded in December and Nov/ember re­

gistering nearly 4,000 units/litre and 6,800 units/litre during both" 

the cycles respectively (Table-IW). 

When this class Chlorophyceae was calculated for the relative 

percent abundance it folloiued more or less a similar pattern to their 

actual numbers, in that, the month of August revealed 82.1^ abundance 

lyhil© October revealed 72.2^ abundance during both the cycles. Hbiu--

eve-r, October and March registered the minimum percent abundance rep­

resented by 26,S% and 27,3^ during the first and second cycles respe­

ctively (Fig. fl), 

The class Ghlorophycege u/hen broken into families, mas seen to 

bgi represented by eight families. These families were Chlamydomonaceae, 

r(g,prasentBd by a single genus Chlamydomonas. Scenedesmaceae by two 

gen9r|5 Scsnedesmus and Actinastrum, OocystacBae by seven genera, 

Anl^istf odesmus, Tetrqedron. Selenastrumo Pa ch vol a don. Kirchneriella. 

Ch ode toll a and Cerasterias. The family Des.midiac9as wgs represented.::-' 

by Cosm^riumt Clost^rium and Staurastrumt while Dictyosphaeriaceae 

by a single genus Pictyosphaeriurn and Ulotric 'acsae with Ulothrix* 

the family Uolwocaceae had two Qengra.-^yolvox and Pa_nd,orina< whils-, 

the last family Hydrodiotyaceae was. repre.sented again by a single 

Qe.nus. Pgdia^strgm. 

the family Chlamydomonaceaa represented b,y a aingle genus 

Ch1amVdomqnas recorded maximal peaks in the month of March represen-

tad-by 8,660 units/litre and 2,700 units/litre during the first and 
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second cycles' respectively. Houjewer.,. it recorded nil values in Nov­

ember", • January and Sepiteniber during the first annual cycle and Feb­

ruary of the second cycle* 

The next family Scenedesmaceae uihich u/as mainly constituted 

by the genus Scenedesmus registered a maximal peak representing 9,600 

units/litre in January, while it recorded nil values in September 

during the first annual cycle'. Nil values were recorded again in 

October and March with a maximal peak of a higher magnitude recorded 

in February representing 21,000 units/litre. 

The family Oocyataceae was mainly represented by the genera 

Ankistrpdesmus. Tetraedron and Selenastrum, whila the other genera 

mentioned earlier appeared sparssly and insignificantly.. The maximal 

peak of this family Oocystaceae was recorded in April registering 

10,280 units/litre of which the major bulk was constituted by the 

genus Ankistrodesmus, however it recorded nil values in October dur­

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

recorded in February and the maximal peak was recorded in December 

representing 2,720 units/litre. The genus Ankistrodesmus recorded a 

peak of abundance in April with 9,040 units/litre and a minimum in 

Duly representing 560 units/litre and was absent in October to Dan-
'•J 

Uary,' August and December dur ing the f i r s t annual c y c l e . I n the next 

cyc le the maximum was r e g i s t e r e d i n December reco rd ing 1,120 u n i t s / 

l i t r e and a minimum i n October w i t h 60 u n i t s / l i t r e and was absent i n 

November, February and March* Tetraedron recorded a maximum i n Jan-

Ua»y w i t h 2,560 u n i t s / l i t r e and a minimum i n February rep resen t i ng 

120 u n i t s / l i t r e and was absent i n the months of October and June 

du r ing the f i r s t annual c y c l e . In the second c y c l e , December and Ja.n-

iiar,y recorded the maximum and minimum rep resen t ing 1,040 u n i t s / l i t r e 

aod. 560 u n i t s / l i t r e r e s p e c t i v e l y and was absent i n Og^trber, November 
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and February. Selenâ atrmri had a peak of abundance in August oiith 

2,000 units/litre and a minimum in April recording 360 units/litre 

and was absent from 0cto6er to March, 3une and September during the 

first cycle. The months of December and March recorded 560 units/ 

litre and 280 units/litre as maximum and minimum during the second 

cyole and ujas absent in October, November and February. 

The family Desmidiaceae was represented mainly by two genera 

Closterium and Staurastrum. The maximal peak was constituted by 

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

the other months were well represented by both the genera Closterium^ 

and S^taurastrum though the latter genus constituted the major bulk. 

Nil values were recorded in November and December during the first 

annual, cycle. Similarly during the second cycle, a maximal peak of 

7,340 units/litre was represented dn October by two genera Cosmarlum 

and Closterium of which the latter contributed the largest number in 

October and the family recorded nil in December and February. 

Coamarium was totally absent during the first cycle and was present 

only in October with 140 units/litre during the second cycle. 

Cĵ q̂sterium recorded a peak in January and a minimum in Dune repres-

onting 5,760 units/litre and 240 units/litre during the first annual 

cyole and was absent in November and December. During the second cy­

cle October recorded: a maximum with 7,220 units/litre and a minimum. 

in November registering 680 units/litre and was absent in December 

and February.. Stâ urastr.um recorded peaks of abundances, in August and 

March representing 1,440 units/litre' and 640 units/litre respectively 

during the first and second cycles. The months of February with 220 

u.Pii-ts/litre and 3a.nu.ary. with 360 units/litre was recorded as the mi­

nimum.., It was absent fr.om, October to Oanuary, July., October to Dec­

ember and Februafy during both, the cycles i. 

The family.Dietyosphaeriaceae which was represented by a single 

http://3a.nu.ary
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genus Di_ctyo^sphaerium occurred in the system only on three occ 

ions, Harchp May and August of luhich 3,840 units/litre represented 

the maximal peak in August during the first annual cycle. In the 

3e(5Qnd cycle it wa? absent throughout the period of study except in 

March ujhich registgped 760 units/litre. 

Similarly thjs family Ulotricaceae represented by a single 

genus ' Ulothrix occurred sporadically luith insignificant numbers 

ej<9ept for the month of November ujhich recorded 1,680 units/litre as 

the maximum and ujas absent totally during the other periods uuiththe 

exception in April, and 3uly during the first annual cycle. During 

the second cycle houjev/er, it uias totally absent, except in November 

registering only 80 units/litre. 

The family l/oluocaceae vuas represented by tujo genera Wolvox 

and Pandorinai of vuhich the latter luas more abundant numerically. 

tHoujQVer, the maximal peak during the first annual cycle was contri-

Iputed by î jA;£><. representing nearly 2,220 units/litre luhile the other 

periods ujore mainly constituted by Pandorina. Hou/ev/er, during the 

second cycle, Pandorina mainly attributed the maximal peak recording 

nearly 1^060 units/litre in January and recorded nil v/alues for seven 

months dur'̂ ng the first annual cycle and October, December and March 

during the second cycle. 

The last family Hydrodxctyaceae encountered under the class 

®hlar(?!?)hyceae in this experimental fish pond-1 luas represented by a 

single genus Pediastrum, luhich numerically formed the second major 

constituent of the phytoplankton and aias ujell represented throughout 

the period of investigation. The maximal peak luas recorded in January 

registering nearly S,000 units/litre and a minimum of 480 units/litre 

i,n November during the first annual cycle. The maximal peak was rec-

erded in February with nearly. 13,000 units/litre and a minimum in 
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Nouember registering 1»040 units/litre during the second cycle 

(Table-IU). 

The next class Euglenophyceae constituted the second largest 

phytoplankton among the other classes. The maximal peak uias recorded 

in March registering 30,400 units/litre and in August nil value, was 

recorded during the first annual cycle, whereas during the second 

cycle the month of March registered the maximum with 21,300 units/ 

litre and Dscembsr recorded 1 ,040 units/litre as the minimum (Table-*^). 

When the class Euglenophyceae luas seen, as a relative percent 

abundance it folloiued wore.or less a similar pattern to their actual 

numbers aiith March registering 49,5/^, uihile March again of the second 

cycle recorded 59,8^ (Tig. 6), This class comprised of two families 

Euglenaceae represented by three genera Euqlena* Phacus and Trache-

3,omonas and the family Peranemaceae by a single genus Urcoelus. The 

family Euglenaceae recorded a maximum peak of abundance in March rep-

reiaenting 20,800 units/litre and a minimum in Dune with 80 units/litre 

and uias absent in the month of August during the first annyal cycle. 

In the next cycle the maximum and minimum were recorded in March with 

;J1,300 units/litre and 1,040 units/litre in December, The family 

Peranemaceae recorded a peak in March with 9,600 units/litre and was 

absent for six months during the first annual cycle. In the second 

cycle it was recorded only in November and Oanuary with 240 units/ 

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

Euqlena constituted the dominant genus. The maximal peak was 

in March with 20,480 units/litre but was recorded nil in November, 

December,.Duly and AugUst during the first annual cycle. During the 

ascond cycle, howev,a]?>, the genus Euqlena alone formed the peak in 

M|irch with 21,300 unit;.s/lit:rB and. recorded nil in December. The genua 

Phacus recorded a maximufri,9f 1,980 units/litre, in Duly and recorded-



nil in October, January, February, June,' August and September during 

the first annual cycle. The months of November and December of the 

second cycles u/ere the only tujo occasions to record their occurrence 

(Table-I\y). 

The class Bacillariophyceaa registered a maximal peak in 

Inarch recording 3,960 units/litre and recorded nil in January, Feb" 

ruary and April during the first annual cycle. The class ujas present 

throughout the second cycle ujith the month of February as the maximal-

peak (1,600 units/litre) and the subsequent month of Inarch registered 

the minimum with only 80 units/litre (Table-IU). 

When the relative percent abundance of this class Bacillario-

phycsae was seen, it recorded a maximum of 9,^% and a minimum of 2.8^ 

in Decembgr and June during the first annual cycle. In the next cycle 

October and March recorded the maximum and minimum luith 7.3^ and 0.3^ 

respectively (Fig, 6 ) . The class Bacillariophyceae comprised of tujo 

families Naviculaceae, which recorded a maximum peak of abundance in 

March u;ith 3,200 units/litra and a minimum in September with only 280 

units/litre during the first annual cycle. In the 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 was 

represented by a single genus Synedra which recorded a peak of abun­

dance in March with 760 units/litre and a minimum in July with 60 

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 registered a total absence (Table-IU). 

The genus IMavicula during the first cycle rose to a maximal 

peak in March representing 3,200 units/litre. Similarly in the pacond 

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

units/litre. The genus Frustulia and Pinnularia were sporadically 
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represented throughout the-study period. The former genus recorded a 

maximum of 1,600 units/litre in August and occurred only in 3uly 

September, and October of the first annual cycle and ujas totally absent 

during.the second cycle. The latter genus Pinnularia occurred only in 

3una and Duly registering 200 units/litre and 120 units/litre respec­

tively and mas absent during the rest of the first cycle. In the next 

cycle October itias the only occasion to record its occurrence with 300 

units/litre (Tabla-IV/), 

The next class Myxophyceae recorded a peak in January repres­

enting nearly 15,660 units/litre and nil in Nouember during the first 

annual cycle. In the next cycle, nil value iwas recorded in February 

and a maximum peak in December representing 6,640 units/litre (Table-

IV). The class Myxophyceae uahen observed as a relative percent abun­

dances in relation to all the other classes present, it folloujed a 

similar pattern to their actual numbers with January and December 

recording a maximum of 54.3^ and 31,A% during the first and second 

cycles (Fig. 6), Undelr this class four families uiere recorded, 

Qscillatoriacaae represented byi two genera, Spirulina and Phormidium; 

Rivulariaceae by a single genus Rivularia; Chroococcaceae by tiuo ge­

nera, Coelosphaerium and Merismopgdla and finally Nostocaceae also 

with two genera, Anabaena and Nostoc* The family Oscillatoriaceae 

recorded peaks of abundance in August and March recording 3,040 units/ 

litre and 220 units/litre respectively during the first and second 

cycles. The minimum values we're re'corded in December with 160 units/ 

litre and nil from October to February in the second cycle. The fam*̂  

ily Rivulariaceae with its single genus Rivularla was recorded only 

once during the first annual cycle in October' and in the second cycle, 

November recorded a maximum with 800 units/litre and was absent in 

October,' 3ahuary, February, and March. The family Chroococcaceae rev­

ealed a maximum peak of abundance in January with 15,680 units/litre 
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and ujas absent in October, No\/ember, 3une to September during the 

first annual cycle. In the second cycle a peak ujas recorded in Dec-

amber ujith 5,040 units/litre and luas absent in October and February. 

The family Nostocaceae recorded maximum in May luith 1,040 units/ 

litre and a minimum tuith 60 units/litre in February and ujas absent 

from October to Oanuary, Aprils Oune, August and September during 

the first annual cycle. In the next cycle a peak was registered in 

March representing 3,280 units/litre and a minimum luith 140 units/ 

litre in No\/ember and luas absent in February (Table-IU). 

The tujo genera Spirulina and Phormidium of the family Oscil-

latoriaceaa appeared and disappeared intermittently. 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 tujo genera Coelosphaerium and Merismopedia 

revealed maximum peaks in Oanuary representing 7,040 units/litre and 

and 8,640 units/litre respectively. Both^ genera were absent in Octo-

.ber, November, Dune to September during the first annual cycle. Simi­

larly during the second cycle, Coelosphaerium and Merismopedia rose 

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

litre respectively. 

Anabaena and Nostoc under the family Nostocaceae occurred spo­

radically throughout the period of study. Anabaena luas more dominant 

in comparison to Nostoc. Anabaena registered a maximum peak with 

1,040 units/litre in May and was recorded only in February, March and 

3uly. However, the genus Nostoc was absent throughout the first ann­

ual cycle.. During the second cycle Anabaena revealed a maximum peak 

of abundance in March with 3,280 units/litre, while Nostoc recorded 

a maximum in December with 240 units/litre (Table-IU). 

The class Xanthophyceae revealed a maximal peak of abundance 
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in October recording 8,580 units/litre and ujas absent in December, 

3anuary to March, May and September in the first cycle. The maximal 

peak in the second cycle was registered in November mith 2,700 units/ 

litre and luaa present only in February (Table-IV). 

The class Xanthophyceae recorded maximum relative percent 

abundance in October luith 48,3i^ and November with 18.9% and the mi­

nimum in August uiith 3.2% and February with 0.5% during the first 

and second cycles respectively (Fig. 6 ) , Under this class two fami--

lie-s were recorded, Xanthophyceae represented by Botryoc&ecus and 

Tribonematacaae rsprosented by Tribonema. 

The genus Botryococxniis recorded maximum in November with ^ . 

4,240 units/litre during the first annual cycle. However, it occurred 

only once during the second cycle in November representing 1,380 units/ 

litre. Triboenma occurred in October and August, the latter recording 

1,320 units/litre (Table-Il/). 

The class Dinophyceae showed a peak in March with 2,500 units/ 

litre and was absent in January, April, 3une JO September during the 

first annual cycle and March during the second cycle. The month of 

December revealed the maximum with 2,640 units/litre and minimum in 

October with 280 units/litre (Table-IU). When the class Dinophyceae 

was analysed for their relative percent abundance it followed a trend 

similar to their actual numbers. The months of October and December 

recorded maximum of 13.5% and.14.9% respectively and the minimum in 

February and October with 0,7% and 2.0% during the first and second 

cycles respectively , (Fig, 6), 

The class Dinophyfceds-comprised of theee families, Ceratiaceae 

represented by a single genus Ceratium, Gymnodiaceae by Gymnodinium 

and Glenodiaceae by Glenodinium.. The family Ceratiaceae revealed a 
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maximum and minimum in the months of October luith 2,080 units/litre 

and February oiith 80 units/litre during the first annual cycle. In 

the second cycle December and October recorded the maximum and mini­

mum ujith 2,640 units/litre and 280 units/litre respectiuely. The 

family Gymnodiaceae luas only recorded in the months of October and 

March and was entirely absent for the rest of the study periods. 

Similarly the family Glenodiaceae ujas recorded only in May ujith 720 

units/litre during the first annual cycle and in the second cycle 

November and February recorded their presence in this pond. As each 

family oiere represented by a single genus, the trend ujas same. 

A spring and summer maxima aiith a winter minima uias observed 

in the present pond, oihen the total phytoplankton in this system uias 

observed (table-IU), 



EXPERIMENTAL FISH P0MD_~2 

In the experimental fish pond-2 the same six classes of Phy-

topiankton were raprssented. Of these classes Chlorophyceae uias the 

most important group both in numbers and percent abundance in the 

present pond. The population displayed a bimodal pattern of fluctua­

tion ujith October recording a small peak of 63,600 units/litre uuhich 
- c/ 

then gradually decreased and thereafter increased to reach a maximal' 

peak of abundance of 3,98,715 units/litre in Mar.ch and persisted till 

3une. -It then fell doiun to register the minimal peak of 3,040 units/ 

litre in Duly during the first annual cycle. The population thereaf­

ter increased their numbers to reach a peak again in March recording 

24,780 units/litre with the previous month of February recording the 

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

When the relative percent abundance of this class luas seen in 

relation to the others for both the cycles, Chlorophyceae revealed a 

maximum of 12,2% abundance in March and the minimum was recorded in 

January'with only ^^^Ufa, Though Ouly was the minimum count in num­

bers, yet it registered a higher percent abundance as 38,6^ during 

the first annual cycle. October of the second cycle recorded the max­

imum ujith 70.5^ abundance though the maximum numbers were in March 

which showed only 54.7/S. The minimum was registered in the month of 

February as 10.0% (Fig, 6), 

The class Chlorophyceae constituted the largest number of fam­

ilies and genera. Tan families represented by a total of eighteen 

genera were present in this class alone. The family Chlamydomonaceae 

and its single genus Chlamydomonas recorded a peak of abundance in 

March and a minimum in Ouly representing 3,75,645 units/litre and • 

760 units/litre respectively during the first annual cycle. In the 

next cycle a peak was registered in March with 20,020 units/litre 
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Bsaaonal iibundanoo af phytoplankton. thmit elaftsds* fseil l lsftt s^^t* 
paetivtt Qensra ancj the t o t a l phytoplankton ( y n i t a / i i t r t ) i n ttm 
Cxporia«nt«l f i sh pond«2» 

( A ) CMkOROPHyCeAC 

1 
2 
3 
4 
S 

7 
8 
9 
10 
11 
12 
13 
14 
15 
14 
17 
18 
if 
20 
21 
22 

(B) 
29 
24 
25 
26 
17 

Chlamydoaonaoaatt/SfitaffiYiflligyiit 

flBttrinmlitTtfi 
C}Qcy8tao3a0 

Oaamidiaeaaa 
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luith a minimum in January a/ith 1 ,620 units/litre. The family Scene-

desmaceae recorded a peak in Qctober uuith 21,900 units/litre and a 

minimum in December with 160 units/litre during the first annual 

cycle. In the next cycle iMovember recorded tne maximum with 3,920 

units/litre and Oanuary as the minimum with 580 units/litre and o/as 

?>'-tsent in December. Scenedesmaceaa was represented by tujo 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 the 

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 

ujas absent in December. The genus Actinastrum was very infrequent in 

their occurrence. Their presence were confined only to the months of 

November, December and March with the latter recording a maximum of 

2,394 units/litre and April and May, while January was the only month 

with nearly 500 units/litre during the next cycle. The family Oocys-

taceae recorded 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 December recordeu the maximum and February the minimum 

with 180 units/litre and 160 units/litre respectively (Table-W). 

The family Qocystaceae was represented by Ankistrodenriius, 

Tetraedron, Selenastrum, Cerasterias and Pachycladpn. Ankistrodesmus 

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 February, 

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. Selenastrum recorded two peaks one in April and 

the other in August, the, latter 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. Ceriast.erias and Pachycladon appeared only once in 

3anuary and March during the first cycle only and tuith the exception 

of October of the second cycle ujhich recorded 400 units/litre for 

Pachycladon (Table-l/). 

The family Desmidiaceae recorded maximum in March Luith 4,218 

units/litre and in December oii-jh 2,400 units/litre during the first 

and second cycles respectively. May recorded 86 units/litre and 3an-

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

The family Desmidiaceae tuas represented by three genera 

Cosmarium, Closterium and Staurastrum. Of these Clostsrium and 

Staurastrum constituted the major bulk, uihereas Cosmarium mas recor­

ded only in November (40 units/litre) throughout 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/litre in May ujhich was the minimum and was absent in December. 

Hoiuever, during the second cycle, December registered 2,400 units/ 

litre as maximum and dropped to 120 units/litre in January as mini­

mum* The genera C^losterium and Staurastrum recorded maximal peaks of 

abundance in March and February representing 3,192 units/litre and 

1,560 units/litre respectively during the first annual cycln^ During 

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

units/litre in December and a minimum of 120 units/litre in January. 

Staurastrum during the same period shoa/ed a maximum in October (800 

units/litre) and 160 units/litre as minimum. The family Dictyosphae-

riaceae was recorded only in the months of November,, April, January 

and February. Similarly the family Ulotricaceae was present only in 

November, Dune, October and November -during both the cycles, 

*-t̂ 3̂  

The family Oictyosphaeriaceae represented by only Dict;/̂ oBp 

rium was recorded only four times throughout the study peri 
^ 
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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 vuhen they occurred 

with less numbers. Similarly the family Ulotricaceos represented 

by Ulothrix and Horm.idi.um had September and October as the only two 

occasions to register their presence. The family Hydrodictyaceae re­

corded peaks of abundance in October luith 9,840 units/litre and min-

.imum in May with BO units/litre and was absent in June during the 

first annual cycle. In the second cycle October recorded the maximum 

peak with 4,640 units/litre and January with 900 units/litre as the 

minimum and was absent in November and February. 

The family Uolvocaceae was present only on two occasion each 

during both the cycles. May recording 4,138 units/litre and December 

with 1,800 units/litre in the first and second cycles respectively. 

Coelastraceae was recorded only in August with 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 ^/olvocaceae, Coalastrum of Coelastra­

ceae and Protococcus of Protococcaceae occurred only sporadically 

during the study period and formed a meagre population percentage. 

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 Euglenophyceae 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 cycle. During the second 
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cycle it rev/ealed a steady increase in numbers to touch a maximal 

peak in February recording 52,360 units/litre and with Wouember rec­

ording a minimum of 1,120 units/litre (Tabla-U). When this class 

Euglenophyceae was seen for their relative percent abundance in re­

lation to the other classes, a maximum of 64.9|̂  abundance u/as 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 ^ ,8% as minimum during the first cycle. 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-

l.omonas and the family Peranemaceae represented by a single genus 

Urcoelus. The family Euglenaceae followed a trend similar to its 

class for the first cycle. In the second cycle a peak of 50,440 

units/litre was recorded 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 units/litre and a min­

imum of 360 units/litre in October. In the next cycle February was 

the only month to record the presence of the family with 920 units/ 

litre (Table-U). 

The genus Phacus recorded a maximal peak of abundance in Feb­

ruary with 1,40,000 units/litre and a minimum in May with only 713 

units/litre during the first annual cycle. 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 the cycles. Nil values 

were recorded in May, 3une:, 3uly and August during the first annual 

cycle and November of the second cycle. Trachelomonas occurred only 
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in April oiith 2,800 units/litre and Dune luith 1,800 uni.ts/litre dur­

ing the first annual cycle. December of the second cycle luas the only 

month of its occurrence (800 units/litre) (Table-l/). 

The next class Bacillariophyceae recorded a maximum density in 

October registering 27,800 units/litre luhich fell to a minimum of 86 

units/litre in May and recorded nil value.- in February during the 

first cycle. Hoo/ev/er, February of the second cycle recorded a maximum 

peak ujith 2,800 units/litre and minimum in October o/ith 400 units/ 

litre and luas absent in November and December (Table-W). 

When this class Bacillariophyceae ujas analysed for their rela­

tive percent abundance it folloiued more or less a similar pattern as 

their actual numbers. October and February recorded 22.5?o and 4.55̂  as 

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

The class Bacillariophyceae comprised of tuio families, 

Naviculaceae represented by three genera Navicula, Frustulia and 

Pinnularia and Fragirlariaceae by a single genus Synedra. The family 

Naviculaceae 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 Danuary 

represented the minimum ujith 86 units/litre and 660 units/litre dur­

ing the first and second cycles respectively. The family Fragilaria-

ceae lUas recorded only oncg in August uiith 1,920 units/litre during 

the entire period of investigation (Table-l/). Navicula constituted 

the most dominant genus under this family Naviculaceae. October reg­

istered the maximal density representing 225 units/litre and February 

registered 960 units/litre respectively during the first and second 

cycles, Frustulia ^recorded maximum in August and February recording 

4,440 units/litre and 1,840 units/litre respectively during both the 

cycles, Pinnularia occurred only three times.during the entire period 

(Table-U). 
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The next class Myxophyceae luas made up of the second largest 

number of families and genera.. It ujas represented throughout the 

period of study Luith the exception of February. The class recorded 

its maximal density in October representing 12,840 units/litre luith 

another smaller peak in June recording 10,710 units/litre during the 

first annual cycle. During the second cycle it gradually increased 

to touch a maximal peak in December recording 14,200 units/litre and 

fell to a minimum of 320 units/litre in March (Table-W). 

The class Myxophyceae in respect of their relative percent 

abundance among the other classes, shoo/ed a maximum of 35.2/S in Oune 

whereas the peak month October revealed only 10.4/S abundance and the 

minimum ujas in March ujith only 1.1/̂  during the first cycle. In the 

next cycle a maximum and minimum were recorded in November with AB,0% 

and February 1,3% respectively (Fig. 6 ). 

The class Myxophyceae was comprised of four families and eight 

genera. Of these families and genera, the family Chroococcaceae con­

stituted the largest. Under this family the genus Coelosphaerium was 

more dominant than Merismopedia. The family revealed a peak in Octo­

ber recording 12,740 units/litre and minimum in 3uly ujith 1,400 

units/litre during the first annual cycle. Oanuary, February and 

March of the second cycle recorded nil, while the maximum was in Dec-

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

family Oscillatoriaceae recorded a peak in June and a minimum in Oct­

ober representing 3,120 units/litre and 100 units/litre respectively 

during the first annual cycle. In the second cycle February recorded 

a maximum of 800 units'/litre and-October with 200'units/litre as min­

imum. The family Riwulariaceae was present only in May with 252 units/ 

litre and was absent otherwise. The family Chroococcaceae recorded 

peaks 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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uias recorded in December with 1,600 units/litre and iMouember 1,040 

units/litre during the first and second cycles respectively. The fam­

ily Nostbcacea^. recorded a peak in December aiith 1 ,800 units/litre 

and January as minimum luith 400 units/litre and ujas absent in October, 

iMov/ember, February to April, Oune, September during the first annual 

cycle. In the second cycle a peak was registered in December with 

12,400 units/litre and recorded absent in February and March (Table-U), 

The family Nostocaceae waiS" represented by two genera Anabaena 

and Nostoc* Anabaena repealed infrequent occurrences during the.first 

cycle registering in December 1,800 units/litre and 684 units/litre 

in May. Their occurrences were recorded during the major part of the 

second cycle with December recording 12,400 units/litre and u»Ve absent 

in February and March, The genus Nostoc was present only once in Jan­

uary recording 400 units/litre and was totally absent during the sec= 

end cycle. The family Riv/ulariaceae represented by a single genus 

Riv/ularia occurred only in May (252 units/litre) throughout the 

period of study. The family Oscillatoriaceae was represented by 

three genera Spirulinao Oscillatoria and Phormidium. Of these genera, 

Phormidium constituted the dominant genus with a maximum record in 

June representing 1,800 units/litre which fell to 320 units/litre in 

September as minimum during the first annual cycle. During the second 

cycle they were present only 'in •Qbtob-er and ••F-ebru'ary-recording, 20.0.. 

and 800 . units/litre, respectively *' Oscillatoria' "was present' only' in 

June with 1 ,320 units/litre and March (-320 Units/litre)' during 'the 

first and second cycles. The genu's Spirulina was recorded only in 

September with 720 units/litre (Table-U)'. 

The class Xant-hophyceae was present only on four occasions 

during the first cycls and recorded tujo peeks of maximal abundencs 

one in- October registering 8,640 units/litre and then a higher peak 
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in l̂ ay record ing 8,991 u n i t s / l i t r e :J Dur'ir;g tns aacond cycle houjever, 

th:ey uuere luell r ep resen ted throughout exospt .-'ebiiLary.. " t ujas obser ­

ved t h a t t h e i r numbers inc reased s t e a d i l y t i l J . ..anuary r e v e a l i n g a 

maximum a e n s i t y of 3,200 u n i t s / l i t r e (Table-1/.! ,-

When the c l a s s Xanthophyceae UL̂as seen as a r e l a t i v e percent 

abundance in comparison t o the other s i x c l a s s e s encountered in t h i s 

exper imental pond-2 i t folloLued a t rend more or l e s s s i m i l a r to t h e i r 

a c t u a l numbers oiith May and 3anuary r e g i s t e r i n g maximal pe rcen t abu­

ndance of 22.7^ and 18,6% during the f i r s t and second cycles r e s p e c ­

t i v e l y . The minimum percent abundance were recorded in Huly (4.6%) 

and March (0.8%) d u r ing both the cyc les (Figo 6]\, 

Three f a m i l i e s tuere encountered under t h i s c l a s s . The family 

Xanthophyceae luas r ep resen ted by Botryccocc-us-a Trib'onRmataceae by 

Tribonema nnd Ch lo ro th i ac i acea - by Ophiocytiun\» The family Xanthoph­

yceae luith i t s s i n g l e genus BotryocBc;cjJs during the f i r s t annual 

cyc le and recorded only in November and May r e p r e s a n t i n g 2,200 u n i t s / ' 

l i t r e and 8,892 u n i t s / l i t r e r e s p e c t i v e l y ^ In the second cycle i t oias 

recorded only in the month of December vuith 2,400 u n i t s / l i t r e . The 

family Tribonemataceae again Luith i t s s i n g l e genus Tribonema was 

absent throughout the f i r s t annual cycle ujith the except ion of the 

month of May record ing 99 u n i t s / l i t r e . In the second cycle a maximum 

of 3,200 u n i t s / l i t r e luas r e g i s t e r e d in Oanuary, and March recorded 

the minimum with 360 u n i t s / l i t r e and ujas absent i n December and Feb­

r u a r y . The family Ch lb ro th i ac i aceae and i t s s i n g l e genus Qphiocytium 

recorded a peak of 8^640 u n i t s / l i t r e in October and a count of 360 

u n i t s / l i t r e in July during the f i r s t annual cycle and in the next 

cycle i t was t o t a l l y absent (Table-l/)o 

The l a s t c l a s s encountered in t h i s pond a/as Dinophyceae. I t 

recorded maximal d e n s i t y in March r e p r e s e n t i n g 2-394 u i i t s / l i t r e with 

a minimum record of 200 u n i t s / l i c r e in January and was absent for 
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seven months during the first cycle. During the second cycle, January 

recorded maximum ujith nearly 1,160 units/litre and also a smaller 

peak in October luith nearly TyOOO units/litre^ Inarch recorded minimum 

counts representing only 480 units/litre and mas absent during the 

other periods (Table-y). 

When their relative percent abundance was seenj, September 

recorded the maximum luith 1.7% abundance, though they uiere constitu­

ted by a very louj number of individual counts in comparison to the 

peak month of March uuhich recorded a percent abundance of only 0i4/̂  

during the' first annual cycle. Houjever, the second cycle fbllouied a 

trend similar to their actual numbers vuith January recording maximum 

ujith S,l% abundance (Fig,.6). 

The class Dinophyceae ujas represented by three families ujith 

one genus each. The family Cer-tiaceae represented by Gefatium. uJas 

the dominant form under this class and had a maximum in March recoii-

ding 2,394 units/litre and uias present only in Octbberj Januaty and 

May during the first annual cycle. In the next cycle January recorded 

the maximal peak with 1,160 units/litre and ujas present only in Oct­

ober and March. The genus Gymnodiniunf' (Gymnddiniceae) and Psridinium 

(Peridiniaceae) registered their presence only once during both the 

sycles. Gymnodinum occurred in September recording 480 units/litre 

and Peridinium in October representing only 200 units/litre. 

When the total -phytoplankton was observed for its seasonal. 

trend of fluctuations, irrespective of the genera present under them 

it revealed a spring maxima and ujinter minima during both the cycles 

(Table-\y). 
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EXPERIMLIMTAL FISH P0f\ID-3 

In this experimental Fish pond'-3j, the class Chloroph yceae was 

also the most dominant .phytoplankton and ujas constituted by eleven 

families represented by ta/entytLUo generao In tsrms of maximum numbers 

of abundance,, November reoorded the maximum \47\jS53 units/litre) and 

Danuary (25,320 units/litre) during the first and second cycles res­

pectively. The minimum was in January mth 3-,4ao units/litre and 

February vuith 1 j280 units/litre during both the cycles (Table-\il). 

When the relative percent abundance of this class Chlorophy-

ceae was observed it showed in the first cycle a maximum of 19,2% in 

November, though the month of Hay also showed a percentage of 19t^% 

abundance but luere far less in numerical countso March constituted 

76,0% abundance which had a very low count of individuals than the 

peak month of Danuary which shnujed only 39„7% abundance during the 

second, cycle (Fig„6). 

The family Chlamydomonaceae and Scenedesmaceae recordjBr̂  peaks 

of abundance in April and Dahuary during both cycles respectively. 

The former family recorded 2,240 units/litre and 5,600 units/litre, 

while the latter had 6;,.900 units/litre and 9,600 units/litre respec­

tively during the first and second cycles. The family Chlamydomonaceae 

recorded a minimum in February with 40 Onits/litre and Scenedesmaceae 

in 3anuary with 300 units/litre during the first annual cyeie* The 

minimum record 'jjas in the month o^ October wjfc'' ̂ ^^ units/litre and 

320 units/litre far Chlamydcmonacsae and Scenedesmaceae. .tB-s,:pe-ct:iv.e.ly 

The family Oocystacaae recorded peaks of abundance in August 

with 5,000 units/litre and in .November with 3p600 units/litre during 

the first and second cycles respectivelyo It recorded a minimum of 

240 units/litre in 3anuary and 40 units./litre in March during both 

the cycles, 

file:///47/jS53
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The family Desiriidiaceae, recorded peaks of abundance in the 

month of November during'b'oth the cycles representing 5,000 units/ 

litre and 3,200 ,units/litre^ respectiv/ely... A minimum record of 240 

units./litre and 400 units/litre were registered^ in September and 

March during the first and second cycles respectively. 

The family Dietyosphasriaceag was recorded only in the months 

of February and March during both the cycles. 

The families Ulotricaceae and-Zygnemataceae. .were also present 

only in the months of October and December during the entire, period 

of study. The family Uolvdcaceae recorded peaks of abundance in Sep­

tember recording 2,720 units/litre and a minimum in October with 160 

units/litre during the first annual cycle. In the next cycle January 

and March were the only months It was recorded.. 

The family Hydrodictyacuae revealed.a maximum.in November with 

6,4Q0 units/litre and a minimum in.March with 219 units/litre during 

the first annual cycle. In the nex-t cycle Mo.vsmber and December rec­

orded a maximum peak with 10,800 units/litre and a minimum in March 

with 1,120 units/litre. The family, Protococcaceae was recorded only 

in April with 50 units/litre during both the cycles. The family Coe-

lastraceae in the first cycle, revealed a peak of abundance in. Novem'-

ber with 34,253 units/litre and recorded a minimum in April with 10 

units/litre and was totally absent during the second cycle (Tgble-Vl). 

Under the family Scenadesmabeaa, Scenadasmus ajÔd, Actinastrum. 

uTexB r'spressatsc}. Sc,enede;3mus ooniatrtuted the second ilra.rjĝyt rorm 

and- recorded maximal-peak in April (6 j,70'0 ̂ units/litre) and showed nil 

values in IMovember and September during the first cycle. In the sec­

ond cycle it occurred only on two occasions j, O.anuary and March (9,600 

units/litre) and (l,400 units/litre). The genus Actinastrum was rep­

resented very infrequently in November, December and April, with 
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Noweraber beihg the maximum' (^^80'units/litre) •• Siriilarly during the 

second cycle, NovBrnber, December'anb March ""eccrJeo. their presence,. 

with March as the maximum with 1,920 uni::s/litre; 

The.family Oocystaceae was represarted by five genera, 

BiLKi§i££2£§J2iL2,i' T̂ ŝ traê dronn Selsnas brum-; Cerasterias and Pachycladon.. 

Of these genera, Tetraedron iuas the dominant genus luhich revealed a 

peak of abundance in August recording nearly 1,000 units/litre and a 

minimum of 200 units/litre in December. They a/ere absent in October, 

November, January, 3une and Ouly during the first cycle. During the 

second cycle, two' equal peaks of abundances uiere registered in Nov­

ember and December both ujith 3,600 units/litre which was followed by 

a fall in March recording only 40 units/litre and was absent in Feb- / 

ruary. The genus Ankigtrodes;.mus occurred more during the first cycle 

than that of the second cycl9.< The peak of abundance was in November 

recording 720 units/litre which ''ell to 60 units/litre in -April dur­

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

presence throughout the second cycle. Selanostrum 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 Carasteriaa and 

Paqhy.cladqh revealed peaks of nearly 1,000 'unlts/litre in August dur­

ing '.the first annual cycle and was totally absent during the second 

cycle. 

The family Desmidiaceae was represented by Coamarium, Clostsr 

rvijjm̂i St auras tru'm. D.esmidi um 9 D̂ oc id iurn -. a hd AntKrodesmus. Of these 

genera, Glosterium formed the largest number under this family with 

November showing the maximal peak of 5,000 units/litre and a smaller 

peak in February with 4,060- units/litre. This fell to a minimum of 

40 units/litre in September" and was absent,.in. Oune during the first 

annual cycle.' Dufang.'the' second cycle it :S;t:Ba,dily increased 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 ujith 160 units/litre. StauraS" 

trum also had a similar trend of fluctuation luith f̂ ay recording max-

imurn of 1,660 units/litre which declined to 100 units/litra in 3uly 

during the first annual cycle. Houjever, in the second cycle it reg­

istered tujo subsequent counts of 1,600 units/litre in November and 

December. Cosmari_um aias present only in October, December, April and 

August with the month of December shoiuing a peak of abundance of 920 

units/litre and the minimum with 10 units/litre in April. During the 

second cycle they were totally absent from this system. The genera 

D̂ ocldium and Anthrode^smus occurred on single occasions in October 

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

The genus Anthrodesmus reappeared again in March recording 240 units-/ 

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, l/olvox was registered only in October 

and January during the first and second cycles (Table-Wl). 

The next class after Chlorophyceae was Euglenophyceae which 

registered a maximal peak of abundance in August recording 4,900 

units/litre and nil values in November and January. During the second 

cycle, however, they were present throughout the.period with January 

and October recording the maximum and minimum abundance with 11,200 

units/litre and 280 units/litre respectively (Table-Ul). 

When the class Euglenophyceae was seen in relation to their 

rplat.ive pflroent flbundpinnn amono nther nlaasSi?, the tncTpth af Hay of 

the first cycle recorded 20,9^ as maximum though numerically they 

constituted a very lo\u count in comparison to the peak month of Aug­

ust which showed only 13.3/S, Similarly the month of December showed 

a relative percent abundance of 30,2^ while the peak value recorded 
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in January ravealsd Qnly/17«6/S, The minimum percent abundance was 

recorded in December tuith Q»5% arid October with 9,2/S during the 

first and second cycles rsspectiv/sl.y (Tig, 6). 

Under the class Euglenophyceae tujo families ujere represented, 

Euglenaceae by the genera Phacus a.nd Euqlena and Peranemaceae by a 

single genus Urcoelus. Of these genera, Euqlena constituted the major 

bulk under this class.- The family Euglenaceae recorded maximum peak 

of abundance in August luith 4,900 units/litre and a minimum in Decem­

ber with 200 units/litre during the first annual cycle. In the next 

cycle, a peak was recorded in Oanuary with 11,200 units/litre and a 

minimum in October with 280 units/litre. The family Peranemaceae 

with its single genus Urcoelus recorded peaks of abundance in June 

with 3,200 units/litre and a minimum in February with 200 units/litre 

during the first annual cycle. In the second cycle two equal peaks 

wgre recorded in Mov/embar and Pecamber registering nearly 3,200 units/ 

litre (Table-Vl). The genus Phacus recorded peaks of abundance in 

August and January with 2,800 units/litre and 3,600 units/litre res­

pectively during the first and second cycles. They were absent in 

November, January, June and September" during the first cycle and in 

December and February in the second cycle. Euqlena revealed a peak 

in August,registering 2,100 units/litre and a minimum in December 

with 160 units/litre and was absent in November, January, February, 

June and .September during the first annual cycle. In the next cycle. 

a peak was registered in January with 7,600 units/litre '̂ nd nil in 

October (Table-Ul). 

^0:ciXla^iop,Hyc&a& was the next class found in this experimen­

tal fish pond which showed a maximal peak of abundance in June recor­

ding 6,000 units/litre and February recorded the minimum of 40 units/-

litre. It was absent in October, January and May during the first 

cycle..In the next cycle ;they were present throughout the period of 
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investigation. The month of Nouember registered the maximal peak of 

52,880 units/litre luhich then steadily decreased in number till March 

to record only 60 units/litre as the minimum '^Table^UI) •» When the 

class Bacillariophyceae ujas observed for their x̂ eJ.ative percent abun­

dance it folloujed more or less a similar pattern to their actual num­

bers. For both the cycles the monthsof 3une and November recorded 

13.2^ and 60,5?S as maximum and in Fsbrun.ry (.0,2%) and March 

0.6% as minimum respectively (Fig. 6). 

Bacillariophyceae consisted of tujo families Naviculaceae rep­

resented by three genera, F_rustulia, Pinnularia" and Navicula and the 

family Fragillariaeeae by a single genus Syngdra. The family Navicu­

laceae recorded peaks of abundance in 3une with 6,000 units/litre and 

in November luith 52,880 units/litre during the first and second cy­

cles. A minimum of 50 units/litre ujas recorded in April and 40 units/ 

litre in February during both the cycles respectively. The family 

Fragillariaeeae was totally absent during the first annual cycle and 

recorded their presence only in December and February of the second 

cycle. The maximal peak observed in 3une o/as constituted solely by 

the genus Nav.icula and so luas the case for the peak of November as 

seen during the first and second cycles ,,(.Table-l/1). 

Frustulia occurred only in December, February and March during 

the first cycle ujith December recording the maximum of 800 units/litre 

In the second cycle, January recorded the maximal-peak of abundance 

mith 2,-400 units/litre and a minimum of 1,600 units/litre in Decem­

ber. The genus Pinnularia occurred once in both the cycles, in 

August and November (Table-Vl). 

Myxophycaae: luas the nex.t class Luhich revealed a peak of abun­

dance. (12,640 units/litre) in December and recorded nil value in 

May. The. foll'O.vuiing. month,. June then shovued a bmaller peak with nearly 
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10,000 units/litre iuhich decreased the follouiing month to rise again 

to register the highest peak in August with 14,000 units/litre during 

the first annual cycle. During the second cycle they appeared only in 

January with 7,600 units/litre and March with 1,140 units/litre 

(Table"*l/I )• When their relative percent abundance was calculated in 

relation to the other six classes encountered in this pond,- the class 

revealed a maximum of 55.4/o in September and Oanuary with 11,9/S dur­

ing the first and second cycles. The relative percent abundance of 

this class followed a more or less similar pattern as to their actual 

numbers during the second cycle (fig, s). The class Myxophyceae con­

sisted of four families, Oscillatoriaceae represented by two genera, 

Spirulina and Phormidium; Rivulariaceae by a single genus Rivulariat 

Chrooccoceae by two genera, Merismopedia and Coelosphaerium and fin­

ally Nostocaceas by two genera Anabaona and !̂ ios_t̂ .̂ SpjrUlina revea­

led a peak of abundance in DecGmber with 10,000 units/litre and rec­

orded their presence only in October, January, February and August 

while the remaining periods they 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 Merismopedia and Coelosphaerium constituted the 

major bulk of phytoplankton of this class Myxophyceae. Marismopedia 

showed a peak of abundance in 3une 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, February, 

May and September. Coelosphaerium recorded a maximum peak in Septem­

ber with 4,600 units/litre and a smaller peak prior to the maximal 

peak in August with 4,300 units/litre and February recorded the mini­

mum of 136 units/litre. Anahaena occurred only In December, January 

and August and was absent otherwise, with Auguist recording as the 
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maximum aiith 1,900 units/litre. Finally Noŝ toc occurred only in 

December with 160 units/litre (Table-l/l), 

The class Xanthoph yceae recorded a maximurr peak of abundance 

in August registering 4,300 units/litre and reco/.-dad nil walues in 

April, hay and Duly though the lowest minimal record vuas in March 

i-L/ith 360 units/litre during the first annual cycle. During the second 

cycle a peak of 6,800 units/litre was obtained in January and recor­

ded. nil v/alues in December and February, and March recorded only 180 

units/litre (Table-l/l). 

When this class was seen for their relative percent abundance, 

October registered 13.8/S despite being numerically lower than the 

peak counts of August which revealed only 11.6^ and so was the case 

with October showing ^^>6% higher than the maximal peak registered 

for the month of Oanuary with •"nly 10,6/o. The minimum was in November 

{^ ,5%) and March (1.6;̂ ) during the first and second cycles (Fig, 6 ) . 

The class Xanthophyceae consisted of three families in this 

pond. The families were Xanthophyceae represented by genus BotiyQC"Oxxyus 

Tribonemataceae by Tribonema and Chlorothiaciaceae by Ophiocytium, 

The family Xanthophyceae recorded a peak of maximum•abundance in Aug­

ust with 4,300 units/litre and recorded a minimum of 360 units/litre 

in March during the first annual cycle. In the second cycle Oanuary 

recorded a peak with 3,200 units/litre and a minimum in March with 

180 units/litre and was absent in October, November, December and 

February. The family Tribonemataceae was recorded only once in Octo­

ber with 240 units/litre during the first annual cycle. In the next 

cycle a peak of abundance was recorded in Oanuary with 3,600 units/ 

litre and a minimum in October with 360 units/litre and was absent 

in the months of December, February ano March. The family Chlorothia­

ciaceae wat̂  recorded in September with 1^760 unite/litre during the 
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first annual cycle and in the next cycle disappeared from the system 

entirely. As each family had only one genus each^ thsy folloiued the 

similar trends of fluctuation as the family (Table-'V/l). 

The class Dinophyceae revealed a peak of abundance in June 

recording 16,800 units/litre and April recording minimal count of 

200 units/litre. They Luere absent in May and August during the first 

annual cycle. During the second cycle January revealed the maximum 

with 10,400 units/litre and October as the minimum with 560 units/ 

litre. It u)a3 recorded nil in February and March (Table-l/l). 

When the relative percent abundance was seen, the first annual 

cycle followed mor§ or less a trend similar to their actual numbers. 

The peak month revealing 31,2% abundance and April as the minimum 

with only 1.3/S. In the second cycle, however, October showed 18,2% 

abundance higher to that of the maximal peak of January which recor­

ded only 16,4%, and the rtiinimum in November wi ch 1,4% (Fig. 6 ) , 

The class Dinophyceae consisted of three families, Ceratiaceae 

represented by CBratium, Gymnodiaceae by Gymnodinium and Glenodiacsae 

by Glenodinium, The family Ceratiaceae revealed peaks of abundance in. 

Oune recording 7,200 units/litre and a minimum in Ouly with 120 units/ 

litre and was absent in'November, May and August during the first 

annual cycle. In the next cycle, January recorded the maximum repres­

enting 5,200 units/litre and October with 560 units/litre as the min­

imum and was absent in December, February and March, The family 

Gymnodiaceae revealed a peak in December 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 

recording 3,200 units/litre and 5,200 units/litre respectively. The 

family Glenodiac.eae had a peak of abundance in June with 2,400 units/ 

litre and a minimum in February and July recording 40 units/litre and 
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lyas absent fo.r aeven months auring the first ann'Jal cycle. During 

the second C7cle; it disappeared entirely. As tnsse families had one 

ganus each, they,.-folloLued a similar trend of fluctuation to that of 

the family (Table-yi.yi 

The total phytoplankton in this system folloiued a uuinter 

maxima and spring, and . aiutumn-rminima (Table-l/l). 
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PH-Y-tO-PL A ̂mTO-l̂ l• ; •_.C-I RGUL AR PL AST IC POOLS 

Phytoplankton encountered in all the fiue circular plastic 

pools irrespBcti\/e of their fertilization ujere also constituted of 

six classes;- ChlorophycBaBj, Euglenoph yceae ̂  Bacillaf iophyceae / 

Xanthophyceaei Dinophyceae anoi Ml'xopbycBae. 

CONTROL POOL : In the control pool the class Chlorophyceae ujas en~ 

counterad as the most, dominant and vuas predominantly represented 

by tuio genera Chjamydomonas and Pediastrum. The class Chlorophyceae 

during the first annual cycle recorded a maximum peak of abundance 

in September registering 30,440 units/litre and a smaller peak in 

March luith 27,761 units/litre and Decembsr recorded the minimum u)ith 

580 units/litre. During the second cycle, October registered a peak 

luith 14,800 units/litre and a smaller peak in January o/ith 10,100 

units/litre, uuhile the subseq 3nt month of February recorded a mi­

nimum of 3,240 units/litre. ' • 

When the relative percent abundance of the class luas seen in 

relation to the other classes it shoiued a maximum of 69-,4/S in IMou-

ember, though individual counts obtained in September '(liias much hig­

her, which recorded only 32.2/b, The minimum of 2'.8/S was recorded in 

Oune, during the first annual cycle. In the next cycle March rev/ea"-

led a maximum of 92,0% while the peak month of October registered 

only 51,0^ and the minimum was recorded in February with 31\2% 

abundance (Fig. 7 ) . 

The class Chlorophyceae in this control pool was constituted • 

by nine families and sixtesn gsnei-a'. The f'ami-lV QhVaffVy<i-onKJfiaceae 

with xta ainglR genus C_h lam ydomonas recorded a peak of abundance in 

S&ptember- representing 29,600 units/litre and a minimum i.n Dec.eniber 

recording only 6Q units/litre and was absent in April and June 
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during the first annual cycle.. In the next cycle January and Febr­

uary recorded the maximum and minimum liiith 5,900 units/litre and 

300 units/litre respectiuely and ujas 'absent in Nev/ember and March. 

The family Scenedesmaceae luas represented by tujo genera, 

5cenede3m_û s and Actinastrum, both of ixihich recorded their peaks of 

abundance in Duly, 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 in 

December luith only 40 units/litre during the first annual cycle.. In 

the next cycle Scenedesmus recorded a maximum in October vjjith 3,200 

units/litre and Actinastrum in December ujith 400 units/litre. The 

former recorded a minimum of 710 units/litre and the latter with 

50 units/litre both in March. 

The family Oocystaceae ':'ecorded a peak of abundance in NQvem-!' 

ber o/ith 3,320 units/litre and ujas absent in the months of May, • 

Oune, August and September during the first annual cycle, January 

of the second cycle revealed a maximum density of 2,300 .units/litre. 

and Luas abseRt in February, The family ujas represented by/four-gen­

era, Tstraedron, Ankistrodesmus, Sele nastrum andPachycladon, 

Tetraadron revealed maximum densities in November and January reco­

rding 3,180 units/litre and 2,300 units/litre during the first and 

second cycles respectively. The months of December and March recor­

ded the minimum ujith 260 units/litre and 150 units/litre respecti­

vely. Pachycladon recorded tujo equal peaks in January and November 

uiith 200 units/litre during the first and second cycles respecti­

vely and Luas'absent from March to October and December to March 

during both the cycles. Selanas^trum recorded peaks of abundance in 

• April-uj.ith 1 ,480 units/litre a'nd uiith 1,200 units/litre in October 

du'ring the first and second c'-'cles respectively. The months of Dec­

ember ujith 20 units/litre and in March with 660 units/litre revealed 
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the minimum counts during the first ard second cycles. The genus 

Anj<_istr0desmus ujas recorded only in the months of October and March 

during the first annual cycle . In the next cycle it ii/as present in 

March only. 

"• " The family Desmidiaceae luas represented by the genera 

Closterium, Staurastrum and _Qj3_s_rn_a_ri urn. The family rev/ealed peaks of 

abundance in Npuember and October recording 2,760 units/litre and 

3,000 units/litre during the first and second cycles respectively. 

The month of^December registered the minimum uuith 80 units/litre 

and November luith 500 units/litre during both the cycles. 

The genus Cl_osterium_ revealed a peak in November recording 

2,100 units/litre and a minimum in December ujith 20 units/litre and 

\juas absent in February, March, Oune, July and September: during the 

first annual cycle. In the nê 't cycle a maximum of 1,200 units/litre 

ujas registered in October and a minimum of 200 units/litre in Novem­

ber and absent in December. Staurastrum recorded peaks of abundance 

in Duly luith 1,760 units/litre and October uuith 1,800 units/litre 

during the first and second cycles respectively. A minimum of 60 

units/litre and 300 units/litre o/as recorded in December and Novem-* 

ber during both the cycles. Cosmarium u/as recorded only in November 

luith 180 units/litre and tuas absent during the rest of the investi- • 

gat.ion period of both the cycles. 

: The family Ulotricaceae reprssented by a single genus 

Phormidium oias recorded only in November tuith 240 units/litre and 

400 units/litre during the first and second cycles. It luas abSB:nt • 

durl-ng, the other months of both the cycles. 

The family Hydrodict yaceae mas also represented by a single. • 

genus Pediastrum. It revealed a maximum of 2,320 units/litre in 

February and a minimum of only 60 units/litre in December during 

file:///juas
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the first annual cycle and luas absent in Dctober and. August.. In the 

second cycle January recorded a peak Luith 1.,100 units/litre and Feb­

ruary and March recorded the minimusn ujith 30G units/litre and was 

absent in October and Nov/ember, 

The family ^oluocaceae represented by a single genus P-andorina 

ujas recorded only in September with 4,720 units/litre and in March 

ujith 600 units/litre. 

The family Coelastraceae had a single genus Coelastrum recor­

ded only in October with 720 units/litre and was absent during the 

other months of both the cycles (Table-l/Il). 

The class Euglenophyceae recorded a peak of abundance in May 

representing 58>, 240 units/litre and in December with only 100 units/ 

litre as the minimum during the first annual cycle. In the next cy­

cle the months of October anL February recor̂ -'ed the maximum and mi­

nimum with 8,400 units/litre and 960 units/litre respectively. They • 

were absent in June and March during both the cycles (Table-l^II ) • 

The relative percent abundance of this class revealed a maxi­

mum and minimum in May with 75.9/S and in March with 0,61̂  during the 

first annual cycle. In the next cycle December and February recorded 

the maximum and minimum with 36,8% and 11,2% respectiuely (Fig, '?). 

The class Euglenophyceae comprised of two families, Euglena-

ceae and Peranemaceae. The family Euglenaceae recorded a peak in May 

representing 57j480 units/litre and a minimum in December represen­

ting 100 units/litre and was.absent in 3un& during the first annual 

cycle. In the second cycle 'October and: February recorded the maximum 

and minimum registering 5,300 units/litre and .9-60 units/litre res­

pectively a-.nd was absent in March. .The. genus Euqlena 'recorded a max­

imum of 5 ',920 • units/li'tre ir M.ay and a, minimum-with 40 .units/litre 

in December and was absent in 3une during the first annual cycle, 
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In the next cycle October and February recorded the maximum and mi­

nimum representing 2,400 units/litre and 320 units/litre respecti­

vely and Luas absent in November and March, The genus Phacus recorded' 

a peak in Ouly o/ith 1,760 units/litre and a min.lmum in December with 

only 60 units/litre during the first annual cycle and luas absent in 

Oune. In the next cycle the maximum and minimum counts mere recor­

ded in October and February representing 3,600 units/litre and 640 

units/litre respectively and ujas absent in March. Trachslomonas luas 

recorded only in February ujith 560 units/litre and mas absent during 

both the cycles. 

The family Peranemaceae luith a single genus Urcoelus recorded 

a maximum peak of abundance in May recording 760 units/litre and a 

minimum in October luith 100 units/litre and was absent in December, 

February to April, Oyne to September curing the first annual cycle. 

The next cycle, October and Drcember recordeo the maximum and mini­

mum representing 2,400 units/litre and 300 units/litre respectively 

and was absent in February and March (Table-UII ) . 

The next class Bacillariophyceae recorded peaks of abundance 

in Ouly registering 1,760 units/litre and in October with 1,200 

units/litre during the; first and second cycles. The months of Decem­

ber with 20 units/litre and February with 100 units/litre weire reco­

rded as the minimum during the first and second cycles a'nd absent in 

November, March, August and March during both the c ycles-. (Table-l/II ). 

The relative percent abundance of the class was recorded maxi­

mum in Ouly with '8,J% and a minimum in May with 0.7^ during the first 

annual cyc.ls» In ,tbe next cycle the maximum and minimum were recorr-

•CJed in .December and February with 6.3% and 1,2^ respectively (Fig,'?.). 

•Tttis. class Bacillariophyceae was comprised of two families, 

Naviculaceae and Fragillariaceae. The family Navicula.ceae recorded 
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a.peak in July representing 1,760 units, litre a.̂ d a minimum of 20 

units/litre in December and aias absent in the months of No\/ember, 

March and August during the first annual cycle. In the next cycle 

a maximum peak of abundance ujas recorded in October ûith 1 ,.200 units/ 

litre and a minimum in December ujith 100 units/litre and uuas absent 

in March.' The family Nauiculaceae comprised of tujo genera of which 

iMavicula recorded a peak in Ouly tuith 1,760 units/litre and a mini­

mum in December luith 20 units/litre and was absent in October, Nov­

ember, March and ^ugust during the first annual cycle. In the next 

cycle it was recorded only in November and February. Frustulia tuas 

present only in,October during the first annual cycle. In the next 

cycle it recorded a maximum of 1,200 units/litre in October, and Nov­

ember as the minimum with 200 units/litre and luas absent in February 

and March. The family Fragil^iariaceae.: ujith a single genus. S'ynedra 

Luas • recorded only once in Apr" I o/itti 440 unit"i/litre (Table-UII ) .• 

The class Myxophyceae comprised of three families and five 

genera. It recorded a peak in March registering 34,800 units/litre 

and a minimum in December with 200 units/litre and was absent in 

January and April during the first annual cycle. In the next cycle 

October recorded the peak with 3,800 units/litre and February as 

the minimum with 110 units/litre and was absent in November, January 

and March (Table-UIl). 

When the class Myxophyceae was seen with respect to their re­

lative • percent abundance it recorded a maximum of 60.3^ in October 

and 4.6/5 in-May as the minimum during th.e first annual cycle. In ' 

th,e next cycle October registered 13.2?2' as the' maximum-^nd February-

as the minimum with only 1 .3/S (Fig. 7 ). , 

' The' family Oscillatoriaceae was rehres-snted' by• two genera., • 

Phormidium and Spirulina. Th-e -̂ enus Pjiô jsidijî  û as recorded ,p,nly in 

October with 100 units/litre and in November with 280 units/litre 
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Similarly Spirulina ujas recorded only in Fearuaiy ujith 110 units/ 

litre. The family Chroococcaceae represented by tvuo genera, 

Coelosphaerium and Mer_i_3mppedia recorded peaks of abundance in Duly 

registering 3,520 units/litre and in October ujirh 2,400 units/litre 

during the first and second cycles. Tneir minimum luas recorded, in 

the months of December representing 200 units/litre and 300 units/ 

litre respectively. The genus- l̂ ê rismopedia rev/ealed a peak in Duly 

recording 2,240 units/litre and a minimum in December uuith 200 units/ 

litre and tuas absent from Oanuary to Oune and September during the' 

first annual cycle. In the next cycle it mas found only in December 

Luith 300 units/litre. The genus Coelosphaerium recorded a peak in 

Oune. pf 3,000 units/litre and a minimum in February luith. 640 units/ 

litre and ujas absent from IMouember to January, March, April and Sep­

tember during the first annual cycle. T n the next cycle it luas 

recorded only in October iuith 2,400 units/litTeo 

The family Nostocaceae represented by a single genus Anabasna 

recorded a peak in March registering 34,800 units/litre and a mini-' 

mum in.Mâ y UJith 2,560 units/litre and uuas absent for eleven months 

during both the cycles (Table-lil I). 

The class Xanthophyceae recorded peaks of abundance in' June 

registering 46,000 units/litre and in February ujith 4,300 units/ 

litre during the first and second cycleSo It recorded minimum counts 

in October luith 100 units/litre and 200 units/litre during both the 

first and second cycles respectively and luas absent for seven months 

during both the cycles (Table-yil ). • 

When the relative percent abundance of the class Xanthophyceae 

luas observed, the months of Oune and February recorded the maximum 

ujith.82.8^ and 49.3/2 respectively during the first and second cycles. 

The minimi_,.n uias seen in March uxith 0,2^ and again in March ujith A.8% 

during both the cycles (Fig, 7 ). 
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The family Xanthophycaae represented by a single genus 

BotryocroccLts recorded a maximum peak of abundarce in June ujith 

45,nG00 units/litre and a minimum in, October rep:,esenting 100 units/ 

lit:.'e,and luas absent in the months of December^ ~£.r,n':^yp 3uly, and 

August during the'•":'-rst annual cycle, in tiie sencnd cycle February 

recorded the maximal peak ujith 4,300 units/litre and the minimum in 

March ujith 200 units/litre and a/as absent in October, December and 

January, The family Tribonemataceae oiith a single genus Tribonema 

Luas.. recorded in March and April and lyas absent during the remaining 

period of both the cycles (Table-l/II )... 

The class Dinophyceae ujas sporadically represented. It recor­

ded a maximum in November ujith 500 units/litre and a minimum i.n 3an= 

uary luith 100 units/litre qnd in May ujith 240 units/litre and,was 

absent in the other months during the rvrsc annual cycle. In the 

next cycle November recorded ' .400 units/litre as the maximum and 

March the minimum o/ith 110 units/litre and tuas absent in December 

and February (Table-l/II). 

When the relative percent of the class ujas observed it recor-' 

ded a maximum percent abundance in the months of June and February-

recording 82.8/^ and 49.3% respectively during the first and sec:ond-

cycles. The minimum was recorded in March ujith 0',2/S and ujith AM8% 

in the first and second cycles (Fig. 7 ) , , 

The family Ceratiaceae and its single genus Caratium mas rec­

orded in November and January u/ith 340 units/litre and 100 units/ 

litre and Luas absent othero/ise, during the first annual cycle. In 

the next cycle. November registersd 1,400 units/litre and March with 

1 TO units/litre and was absent in October., December and January.-

The family Gymnodiaceae with its single genus uymnodinium was pre-. 

sent only in November with 150 units/litre ano May with 240 .units/ 
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llt.r-9.« During the second cycle October mas che onj.y month to record 

their presence 'djith 800 units/litre. 

Whan the total phytoplankton was observed "or its seasonal 

trend of fluctuation irrespectiv/e of the genera presant under them, 

it revealed a summer maxima and aiinter minima (Table-'UII ) « 
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CIRCULAR PLASTIC POOL-1 

The m.ost dominant class of Phytoplankton encountered in this 

pool"1 was also ChlorophyQeae. It had a small peak in October,; then 

registered a gradual fall 'the folloujing month and increased again to 

touch a maximal peak in March recording 72,360 units/litre and there­

after recorded the minimal in June representing 180 units/litre dur­

ing the first annual cycle. In the next cycle the individual counts 

vuere more or less predominantly-on the higher side luith December re­

cording 30,720 units/litre as maximum (Table-l/IIl). 

When the class Chloroph yceae uuas analysed for their relative 

percent abundance, during the first annual cycle-, October recorded a 

maximum of 87.4^ luhile the peak month recorded only 85.3^ and a min­

imum u/as observed in Dune representino 1.3.7/0. During the second cycle 

February recorded the maximum 'jjith 87,2^ a/hile the peak month revea­

led only 74.8/S and the minimum a/as in January recording 46,2^ abun-^ 

dance ( Fig, 7 ). 

The class Chlorophyceae in this pool-1 vuas represented by. ten 

families comprising of fifteen genera. The family CKlamydomonaceae 

represented by a single genus Chlamydomonas revealed a peak of abun-. 

dance in May and February recording 13,040 units/litre and 5,600 

units/litre during the first and second cycles. The minimum u/aS rec­

orded in June representing 100 units/litra and March luith 2,520 

units/litra during the first and second cycles. The family Scenedes-

maceae constituted the most dominant form in terms of abundance and 

occurrence in relation to all the other families, Tiuo genera luere 

represented under this family, Scenedesmus and Actinastrum and in 

particular Scenedesmus constituted the major bulk. The family Scene-

desmaceae recorded peaks of abundance in March representing 67,560 

units/litre and a minimum in January ujith 480 units/litre and mas 
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absent in December, June and July during the.first annual cycle. The 

months of December and Harch during the second cycle recorded maximum 

and minimum with 23,700 units/litre and 2,500. units/litre respectively^ 

The genus Seenedĵ sjnû _ recorded a maximum in March reprffssnting 

66,600 units/litre and a minimum ujith 430 units/litre in January dur-! 

ing the first annual cycle. In the next cycle a peak luas 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/litre.- In the next.; 

cyclie November was the only month to record its'presence representing 

2,400 units/litre. 

The family Oocystaceae was represented by three genera 

AnkistrQdesm^us , Tetraedron and SeJ.gji_e_str u(U. and revealed maxima arid 

mi.nima in May and June- recording 3,52iD' units/litre and 60 units/litre 

and recorded nil values in January and April' during, the.' fi-rst annual,.. 

cycle.' O'ctober and January of the second cycl^ showed' maximal and mi­

nimal counts representing 4,400 units/litre' and 300 units/litre rear' 

pectively. The genus Anki-strodesmus recorded peaks' of abundance in 

October with 1,960 units/litre and in March with 3,500 units/litre 

during the first and second cycles. The months of March with 520 

units/litre and December also with 520 units/litre reborded the mini.-. 

mum for both the cycles, Tetraedron recorded maximum and minimum in 

December with 3,200 units/litre.and June with 60 units/litre during 

the first annual cycle. In the next cycle October registered maximum • 

with 2,200 units/litre and a minimum in December with 240 units/litre 

in February and -M'arcH', S'Bia_neatrurri was: recorded only in October, 

MarC'hV July' and S'eptembefr. during the . fi'rst... annual' cycle,- The month of 

July registered the maximum with 2,4'00 units'/litre, In- the next cycle 

December recorde'd 56Q units/litts" and February with HQ uiilta/lltira . 

and wa.s 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 hooiever present thro-

jghout the second cycle luith maxima and minima in October and Febru­

ary representing 3,800 units/litre and 80 units/litre respectively* 

The genera represented under this family Luere Closterium, Staurastrumg 

Cosmarjum and Desmidium. Of these, Closterium and Staurastrum solely 

constituted the peaks of both the cycles, while Cosmarium and 

Desmidium occurred only once throughout the period of study. The 

genus Clqste^rium rev/ealed a maximum of 1,640 units/litre in May and 

a minimum of 20 units/litre' in 3une during the first annual cycle. 

In the next cycle the maximum and minimum were recorded in October 

with 1,400 units/litre and 80 units/litre in February. Staurastrum 

recorded maximum in Ouly and October registering 1,800 units/litre 

and 2,400 'nits/litre during the first and second cycles respectively. 

The family Ulotrichaeceae represented by Ulothrix occurred once each 

for both the cycles recording 1,280 units/litre in May and 40 units/ 

litre in January. 

The family l/olvocaceae was represented by Pandor^ina and showed 

a maximum in April and minimum in August representing 2,360 units/li­

tre and 300 units/litre respectively. It occurred only once during 

the second cycle in December with 520 units/litre. The family Hydro-

dictyaceae with a single genus Pediastrum, houjever, occurred more 

abundantly and was recorded as maximum in May with 4,895 units/litre 

and was absent in December, January, February and June during the 

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 \-']a\ 1^4^) units/litre) throughout 

the period of study. Similarly the family Coelastraceae represented 

^V CoeJ.̂ a_strum was present only in October (800 units/litre )(Table»l/IIl). 
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The next class Cuglenophyceae shoiued maximum in November with 

a record of 6,260 units/litre'and a minimum in Dune representing only 

90 units/litre and ujas absent in February during the first annual 

cycle, October and February of the second cycle 'jjas recorded as max-

JLmum and minimum representing 9,000 units/litre and 120 units/litre 

respectively (Tablg-\/III). 

:; When the class Euglenophyceae luas seen as to their relative 

percent abundance in relation to the other classes encountered in 

this pool-1 it shoiued 39,4/? as maximum in January luhile the peak 

month recorded only.18,1^ and the minimum oias recorded in March with 

only 1.5/0, luhile the minimum Individual counts recorded in June 

shoiued 6,8^ abundance during the first annual cycle-, Hoaiever in the 

second cycle their relative percent abundance followed a trend simi­

lar to their actual numbers (Fig, 7 j. 

the class was constituted by two families Euglenaceae and 

Peransmaceae. The family Euglenaceae recorded peaks of abundance in 

November and October representing 6,100 units/litre and 9,000 units/ 

litre during the first and second cycles. The months of Dune and Dec­

ember recorded a minimum with 90 units/litre and 480 units/litre in 

both the cycles respectively. Euglenaceae was represented by two do­

minant genera Euqlena and Phacus which showed peaks of abundances in 

October and November recording 2,700 units/litre and 3,580 units/ 

litre respBctively and was absent in February and June during the 

•first annual cycle. In the next cycle Euqlena recorded maximum in 

January with 3,300 units/litre" while Phacus in October recorded 

6,800 units/litre. The family Peranemaceae represented by Urcoe1us 

recorded a maximum in July with 800 units/litre and a minimum.in 

November with 160 units/litre and was absent in December to June and 

August dur-'ng the first annual cycle. In the naxt cycle February and 
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I'̂ arch recorded 120 units/litre and 280 units/litre and ujas absent 

duT;i;ig the remaining periods (Table-WIII ) . 

The next class Bacillariophyceae recorded maximum ,in February 

•i,':.th .3.;,6u0 units/litre and minimum in March Luith 3 6C units/litre and 

recorded nil in January, April, June and August of the first annual 

cycle-o November recorded 680 units/litre as maxima and January with 

200 units/litre as the minima and tuas absent in October, December 

and February during the second cycle (Table-l/II I). 

When the relative percent abundance of this class Bacillario­

phyceae Luas seen in relation to the other classes it folloLued a trend 

mere or less similar to their actuals' numbers (Fig„ 7 ):. 

This class ujas represented by ta/o families Naviculaceae and 

Taballariaceae .• The former family liias represented by tiuo genera 

_Nav_icula_ and Frustulia. Nav/icux.a o/as recorded in October., November,, 

December, Nâ rch,, May, July and September-. The month of May as the 

maximum xecord with .1,040 units/litre was during the first annual 

cycle« In the next cycle, November represented the maxima with 680 

units/li'tre and January as the minimum 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 presence only in November.. The family TabeTlariaceas rep­

resented by a single genus Tabellaria occurred only once throughout 

the entire period of study recording 3,600 units/litre in February 

(Table-UIII). 

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 unlt^/lTtre respective? y anrf û as absent In January 

and April Jring the first ann al cycle. The r inths of December and 



.137 

March recorded maxima and minima registering 9,860 units/litre and 

240 units/litrs respectively during, the second cycle (Table-WI11 ). 

When the class Myxophyceae luas seen, in respect to their rela­

tive percent abundance, 3une recorded the maximum luith 11,2% and the 

minimum in October aiithonly 0.6% during the first annual cycle. The 

next cycle revealed January as maximum with 28,6% dnd March luith 

only 1,4% as the minimum (rig, 7 ), 

The class Myxophyceas comprised of four families; Oscillato-

riacsae represented by genera Osci Hat oris» Phormidium and Spirulina» 

It Luas observed that these genera tuere very insignificantly repres­

ented, except for the genus Oscillatoria which recorded 1,800 units/ 

litre in October and was absent during the other periods. The next 

family Rivulariaceae represented by a single genus Rivularia occurred 

only once in June throughout the period of study.. The genus Spirulina 

occurred during the month- of November (300 units/litre) and March 

(480 units/litre) during the first annual cycle. In the next cycle 

.it occurred in December with 940 units/litre and January with 60 

units/litre. The family Chrooccbcaceae revealed peaks of abundance 

in Duly recording 2,800 units/litre and January '2,600 units/litre 

during the first and second cycles. They were recorded absent in 

•Wavember, December, January and April during the first cycle and 

October;, November and March during the second cycle* The genera under 

this family were Merismopedia;, Goslosphaerium and Polycistis. Of 

th-esQ. genera. Merismopedia and Coelosphaerium^ oonstitutecf the tTTa-jnx' 

bulk o'f individual forms while Polycistis occurred only once in Feb­

ruary and was totally absent during the remaining periods. 

The next family Nostocaceae recorded maximum in March and in 

December registering 9,800 units/litre ano 7.:,60[L. units/litre during 
V • 

the first and! second cycles anc recorded the nunimum in February 
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(50 units/litre), and March 'jjith 240 units/litre and luas absent for 

eight months during both the cycle^ Tujo genera were represented under 

this family. The genus N_o_stgo occurred only in Movember and was ent­

irely absent during the remaining periods,. The genus Anabaena regis­

tered' a maximum in March and minimum in February recording .9,800 

units/litre and 50 units/litre and ujas present for fiue months dur­

ing the first cycle. In the next cycle it recorded a peak of 7,600 

units/litre in December and a minimum in March with only 240 units/ 

litre and a/as absent in October (Table-UII I ) . 

The next class Xanthophyceae recorded to/o peaks of abundance 

in February and a smaller peak in May representing respectively 3,800 

units/litre and 3,280 units/litre. April recorded a minimum luith only 

640 units/litre and uuas absent in October, December, January., March-, 

3une, August and September during the first cycle. During the second 

cycle they luere absent from October to Decernber and reappeared in 

January to record a maximum of 1,700 units/litre, which thereafter 

gradually decreased to touch a minimum of 940 units/litre in March 

•(Table-Uill). 

When the class Xanthophyceae was seen in relation to their 

relative percent abundance it follouisd 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 represented by a genus Botryococcus 

recorded the maximum in February registering 3,800 units/litre and 

January with 1,700 units/litre during the first and second cycles 

and was present only for six months during both the cycles* The 

family Tribonemataceae with a single genus Tribonema was recorded 

in April with 640 units/litre and February with 320 units/litre 

during the first and second cycles respectively and was absent • 
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during the other months. The family Chlorothiciaceae oiith a single 

genus 0pjii_o_cyj:_iujn̂  was recorded only in November registering 1,400 

units/litre (Table-VIII). 

The class Dinophyceae recorded peaks of abundance in December 

and March with 200 units/litre and 4,000 units/litre respectively 

during the first and second cycles. The months of 3une o/ith 30 units/ 

litre and February ujith 960 units/litre were the only months to re­

cord its presence. The relative percent abundance of this class fol­

lowed a trend more or less similar to their actual numbers (fig,'I'), 

The class Dinophyceae in this pool was represented by a sirigle 

family with a single genus, Ceratium and recorded their maxima and 

minima similar to the family in both the cycles. When the total phy-

'toplankton was observed for their seasonal trend of fluctuation it 

revealed a winter and spring m-ixima and summer minima (Table-V/II I ). 
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CIRCULAR PLASTIC POOL-.2 

The most dcminant phytoplankton in this pool-2 encountered 

luas also Chlorophyceae. It oias observed that i'lay and February of the 

first annual cycle recorded the maximal peak and minimum record rep­

resenting 1.71,280 units/litre and 141 units/litre respectively. In 

the next cycle March and December recorded maximum and minimum %%^^ 

59,520 units/litre and 680 units/litre respectively (Table-IX). , 

When the class Chlorophyceae o/as 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 only 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 cycle (Fig, 7), Chlorophyceae in this pool'-2 ujas 

represented by seven families n̂d thirteen ge-era. The family Ghla-

mydomonaceae comprised of a single genus Chlamydomonas, revealed" 

peaks of abundance in May and March representing 38^^690 and 15,-68b 

units/litre during the first and second cycles. The minimum eoLints 

were recorded in February o/ith only 24 units/litre and ̂ujas absent in 

April during'the first annual cycle. In the next cycle December ij-ec-

orded 200' units/litre as the minimum. 

The family Scenedesmaceae^ vuas represented by Scenedesmus and 

Aetinastrum and-revealed peaks in May and March representing 79,920 

units/litre and 29,760 units/litre, while their minimum counts u/e're 

seen in February and December•recording 66 units/litre and 480 units/ 

litre respectively during the first and second cycle. The genus• 

Scenadesmus constituted the major bulk of individual counts luhile 

Aetinastrum u/as infrequently represented throughout the period of 

study, Sc6nedesmus recorded peaks of abunaance in May aiith 79,600 

units/litre and in March ujith 29^760 units/litre during the first 
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• \ . - i ' % 
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1 * ChIa«vdB»«iacaaa/Chi j^ydoianMa 22» 

2« Sc«f%i»do«ai«e«o« 23 • 
3 . 3 
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QftoiXlatori«o»ao 

Otrwicooe«eaa« 

ffoatOGseoo* 

^fHftfllUfH. 

it) XMOTHOPHYCCAC 
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and second cycles. The'months of February registered 66 units/litre 

and •December ujith 48G units/litre as the minimum during both the cy­

cles, The genus A£t_i_nastjjjm_ was present only in tne months of Decem­

ber;. May and September during the first annual cycle. In the next 

oycie Novembei- recorded the maximum representing 3^040 units/litre 

and the minimum iri January uuith 280' units/litre and was absent in 

October, December and March. The family Oocystaceae represented by 

Ankistrodesmus, Tetraedron, Selenastrum and Pachycladon and revealed 

peaks of abundance in l̂ ay and November representing 6,320' unitsAi'tre 

and 3,360 units/litre respectively during the first and second cycles. 

March recorded minimum mith only 200 units/litre and was absent in 

February and September during the first annual cycle. In the next 

cycle October recorded a minimum of T43 units/litre and was absent in 

December. flnkistrode?!mus recorded-oeaks in August and March rapresaH^ 

ting 4,400 uni1:s/litrB a'nd • 1 ,2 0 0 units/litre during the first 'and ' 

second • cycles respectiv^ely., ' Tetraedton shoiued tujo peaks, in December 

with 1,480 units/litre-and-May with'i^SeO units/litre during the 

first cycle. In Wovember it 'was 2,240 units/litre in the next cycle. 

S_e_l_3_̂naŝtr̂urn was represented only in fhe first annual cycle with May 

recording a maximum of 3,640 units/litre - Pachycladon was recorded 

only-'in':-July throughout the period of study. The next family Oesmi-

diâ e'ae '-rep're-aented . byl three. gener,a» Closterium,. St aura's t rum and • 

Co''smarium revealed ma.xim.um peaks in April with 13,800 .units/lit're • '' 

and minxinum. "i;:j'-J,uly with 72 units/litre and were seen absent in Feb­

ruary and August d-uring the first annual cycle, Wovembe.r of the next' 

cycle revealed a maximum of .4^480 units/litre and was absent In Dec-" 

embero The qenefra '-Closterium -and S_t_a_y££st_rurn_ showed'-peaks • of abund­

ance in-Aprll.recordrng 9,600 and 4,200 units/litre respectively'' - • 

during .the first annual cvcle and similarly March of the second cycle 

recorded mrxim-al' peaks fcr-both genera rGpresenting 2,880 and '1 g.280 

uni-ts/;l.it,rB» The, month of ...November was the only.month to record the ' 
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occUTrence of Cqsmarium^ and so was the case ujith the family Ulototri-

caceae represented by Hormidium. The family Wolvocaceae represented 

by Pandorina revealed a peak in May u/ith 2,320 units/litre and mini­

mum in 3uly ujith 48 units/litre but ujas entirely absent during the 

second cycle. The last family under this class Chlorophyceae ujas 

Hydrodictyaceae and was' also constituted by a single genus Pediastrum 

and was lyeil represented 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 Oune, 

3uly and September during the first annual cycle* In the next cycle 

March recorded 7,680 units as maximum and January with 1,005 units/ 

litre as minimum and was absent in December (Table-IX). 

Euglenophyceae as the next class in this pool-2 recorded maxr 

ima and minima in May and February representing 24,040 units/litre 

and 42 units/litre in the first annual cycle. In the next cycle Feb­

ruary and December reuealed maximal and minimal counts recording 

29,000 units/litre and 1,460 units/litre respectively (Table-IX). 

When this class was seen for their relative percent abundance 

in relation to the other classes, Oanuary recorded a maximum with 

87,7^ and Ouly as the minimum with 4.4/S abundance in the first cycle. 

The next cycle, maxima and minima were observed in February with 

63.8?^ and January with 19.6?S (Fig.. 7), 

The class consists of two families, Euglenaceae and Peranema'-

ceae. The family Euglenaceae recorded peaks of abundance in the 

months of May with 22,920 units/litre and in February with 29,000 

units/litre during the first and second cycles and its minimum counts 

were recorded in February and December representing 42 units/litre 

and 1,460 units/litre respectively during the first and second cycles. 

The family Peranemaceae was present only during the first annual 
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cycle aiith the months of May recording the maximum peak representing 

1,1,20 undts/litTe and a minimum uuith 66 units/litre in July. Euqlena 

had a rpeak In May with 22,600 units/litre and March with 12,480 units/ 

litre in the first and second cycles and was absent in March, Dune 

and September during the first cycle.. Phacus except for its absence 

in Septembe.r was wall represented with April recording 12,200 units/ 

litre as maximum and February as minimum with only 15 units/litre 

during the first annual.cycle. February and December in the second 

cycle represented the maximum and minimum with 18,400 and 280 units/ . 

litre. Tr_ac_h_e 1 omonas was present only on two occasiens during the 

first annual cycl,? registering 5,280 units/litre in September and in 

December with 800 units/litre. In the next cycle only December'and 

Oanuary showed their presence (Table°IX ) . 

The next, class Bacillariophyceae was predominantly represented 

during the first annual cycle with September as the maximum recording 

7,840 units/litre and minimum in February with 63 units/litre and mas 

absent in Oune. During the second cycle, February and March were the 

only occasrona to register their presence (Table-IX). 

When the relative percent abundance of this class Bacillario­

phyceae was seen in relation to the other classes, the month of Ouly 

recordedthe maximum percent abundance with 49,4^ and the minimum 

with 0.25̂  in May during the first annual cycle. In the next cycle 

March and February/recorded 2.6^ and 1.4% abundance (Fig, 7). 

The class Bacillariophyceae was comprised of three families, 

IMauiculacsae, Fragi-lariaceae and. Coscinodiacaceas. The family Nav/i-

culaceaa racunJaU' p^&K^, or nia.xlintim Bbundanco- if> b-etiiiowbeX' uytt\% "fsB^O 

t̂ rTirs/Iitiit) ancf March ;With, 2,240 units/litre during the first and 

second cycle-r The month of February with 63 units/litre and 640 units/ 

litre recorded the .minimum dU'ring "the firkt and second cycles 
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respectively and ujas absent in 3une during the first annual cycle 

and in October to January during the second cycle. The family Pragi-

lariaceae with a single genua Synedra uuas recorded only during the 

first annual cycle in the months of October with .840 units/litre and 

December with 1,280 units/litrso The family Coacinodiscaceae repres­

ented by Cyclotella was recorded only in July, with 2,240 units/litre 

and was absent during the other months of both the cycles, 

The family Naviculaceae was represented by two generra of 

which Navicula constituted the dominant form, with peaks of abundance 

in September recording 3,680 units/litre and a swaller peak.in Dec­

ember.with 1,400 units/litre. Minimum counts were in February with 

only 63 units/litre and was absent in March, May, June and Huly dur­

ing the first ahnual cycle. In the next cycle March and Febr^uary. re­

corded 2,240 units/litre and 320 units/litre respectively-^ Frustulia 

recorded September as the maximum with 4,160 units/litre and was 

present only in December, March and May. February was the only oqca-

.Sion to record their occurrence during the second cycle (Table-IX). 

The next class Myx.ophyceae recorded peaks of abundance in 

September representing 14,680 units/litre and a minimum count of 111 

units/litre in February and was absent in July during the first ann­

ual cycle. During the second cycle November had a peak of 4,320 urrits/. 

litre and a minimum of 360 units/litre in December and was absent in 

October and January (Table-IX). 

The plass Myxophyceae revealed peak of relative percent abun­

dance in-February• recording 30,0% and a. minimum of ^,3% in April 

during the first annual cycle. In the next cycle the maximum and 

minimum relative perdeht abundance were obser-ved in November with' 

11 f8% and"M.a"rch with only 2.9% (Fig, 7). 
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The class was represented by three families ujith six genera. 

Under the family Nostoeaceae, Anabaena occurred in abundance both in 

•uerrns of counts and in their occurrence. September recorded a peak 

0̂ '̂ 8,000 units/litre and a minimum of 24 units/litre in February and 

;j;as absent from October to January, July and August during the first 

annual cycle. November, December and January a/ere the only months 

during the second cycle to register their presence in the system luith 

November recording 960 units/litre as maximum and January 260 units/ 

litre as the minimum counts. 

The family Chroococaceae o/as represented by Coelosphaeriurn 

.Luhlch recorded a peak of 7,600 units/litre in August and uuith only 

87 units/litre in February and ujas absent during the major part of 

investigation,. During the second cycle January uJas the only month 

in Luhich It occurred. Merismopedla also recorded a peak in November 

luith 1,280 units/litre and Ma^ch with 2,560 units/litre during the 

first and second cycles and ujas present only in November,, DecerhbeT.-, 

Inarch of the first cycle and January and March in the second cycie-. 

The family Oscillatoriaceae had tujo genera. Phbrmidium revealed a 

maximum in Dec-ember luith 680 units/litre and S.pirulina In November 

Luith 3,360 units/litre during both the cycles (Table-IX). 

The next class Xanthophyceae oias very insignificantly repres­

ented except for the peak recorded in December with 1,240 units/litre 

and a minimum in February uiith 12 units/litre during the first annual 

cycle. In the next cycre- January and February were th-a only months to 

record their presence. (Table-IX). 

The class rbvealed 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 2,1% and •X*2%' in January and February as the , 

maximum and minimum (Fig, 7). 
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Tujo genera, Bq_try.qcpccus and T_rJ;.bo_n8ma_ vuere represented under 

this class. B_ot_r_y_o_cgccus mas present in December (l,240 units/litre) 

and in January (260 units/litre) during the first and second cycles 

respectively. T̂ r_i.bonenia. had a peak in April (360 units/litre) and a 

minimum in February (12 units/litre) during the first cycle. In the 

second cycle it ujas recorded only in February (Table-IX). 

The class Dinophyceae occured very sporadically. September and 

December recorded 10,560 and 20 units/litre as maximum 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 

units/litre) and aias absent in February and March (Table-IX). The 

class revealed a maximum relative percent abundance in September 

with 19.4^ and a minimum in-December ujith only 0.1^ during the first 

cycle. December of the second cycle recorded maxima with 45.9^ and a 

minima in October with 1.5^ (•'ig. ?)• The class was represented by 

three families with one genus each, Ceratium, Gymnodinium and Peri^ 

dinium. The genus Ceratium (Ceratiaceae) occured very sparsely and 

recorded a maximum in September (5,280 units/litre) and a minimum 

in December (20 units/litre) during the first cycle. In the next cy­

cle a peak was recorded in December (l,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) and September 

(5,280 units/litre) during the first annual cycle. In the next cycle, 

November recorded a peak (960 units/litre) and a minimum in Danuary 

(160 units/litre).. The qenus Peridinium (Peridiniaceae) was recorded 

only in October (280 units/litre) during the entire period of study. 

When the total phytoplankton was seen for its seasonal trend 

of fluctuation it revealed a summer maxima and spring minima 

(Table-IX), 
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CIRCULAR PLASTIC POOL-3 

The class Chlorophyceae Luas encountered as the most dominant 

"••'vRi in this pool. It recorded peaks of abundance in May regis-

"'•;.v:v.'.ng 4i,39,640 units/litre and in January with 60,040 units/litre 

'̂ jx'.ing the First and second cycles. The months of August and Decembeir 

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 abundance, 

maximum in April ujith 96,1^ and in January uiith 89^ during the first 

and, second cycles. The minimum aias registered in December and Febru­

ary representing 52,1% and 51.6/S respectively (Fig, 7 ) , 

The family Chlamydomonaceae represented by a single genus 

Chlamydomonas recorded peaks of abundance both in the months of Oct­

ober ujith 38,800 units/litre and 30,400 units/litre during the first 

arid second cycles. The months of August aiith 760 units/litre and Feb­

ruary ujith 800 units/litre recorded the minimum during the first and 

£3Cond cycles respectively and was absent in December. 

The family Desmidiaceae revealed ..pieeks in the months of Dune 

and Ouly tff the first annual cycle with nearly 4,000 units/litre and 

above with the second peak reaching 5^880 units/litre in the month of 

March of.the second cycle. They were absent in March and April of the 

first cycle, while a low count of 440 units/litre was seen in the 

second cycle. This family was represented by three genera 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/litre-. Closter-ium 'showed a trend 

similar to the family ujhile Staurastrum though had -a peak similar to 

the family for the first annual cycle revealed a peak of 1,600 Units/ 

litre in the month of February of the second cycle. Their minimum 

counts and cheir non-occurrences followed that of 'the family, 
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The family Scenedesmaceae represented by tujo genera Scenedesmus 

and Actinastrum reco-rded peaks of atpundance in April representing 

3,98,400-units/litre and March with 20,280 units/litre during the 

first and' second cycles respectively. The months of August luith 1,040 

units/litre and December, luith 440 units/litre represented the minimum 

during tha first and second cycle and was absent in February (Table^x)* 

The genus Scenedesmus recorded a peak in April with 3,98,400 

units/litre arid a minim'um in August with 760 units/litre during the 

first annual cycle. In the next cycle March recorded a maximum.of 

20,280 uhits/rit'fe and a minimum in December with 440 units/litre 

and was absent in February. ĉ_t̂ ij_â strurn recorded a maximum and mini­

mum in MarcK and August representing 6,360 units/litre and 280 units/ 

litre respectively during the first annual cycle. They were absent 

from October to December and April to July. In the next cycle January 

recorded a count of 320 units/litre and was .absent from October to 

December and February and March. 

The family Oocystaceae revealed a peak of abundance in October 

recording 5,720 units/litre and a minimum in August representing 320 

units/litre during the first annual cycle respectively and was absent 

in January and July. In the next cycle a peak was registered in March 

with 4,040 units/litre and. a minimum in January with 720 units/litre 

and was absent in December. 

The genus Ankistrodes^mus, recorded peaks of abundance in June 

and October registering 4,800 units/litre and 1,840 units/litre res­

pectively during the first and second cycles. It revealed a minimum 

of 300 units/litre in March and was absent in December, January, 

April, July and August during the first cycle. In the next cycle a 

minimum of 280 units/litre was registered in March and was absent in 

November to- January. Tetraedron- recorded October as the maximum with 
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1,600 u n i t s / l i t r e and oias absent i n J a n u a r y , F e b r u a r y , A p r i l , 3une to , 

September d u r i n g the f i r s t annua l c y c l e . I n the nex t c y c l e a maximum 

of 2 ,960 u n i t s / l i t r e a/ere r e g i s t e r e d i n March and ujas absent i n ' Dec­

ember and F e b r u a r y . Se lenas t rum reco rded a maximum i n A p r i l vuith 

5,600 u n i t s / l i t r e and luas absent i n November, J a n u a r y , March,: May t o 
•1; 

Duly during the first annual cycle. In the second cycle it ujas vecot^^ 

ded only, in October ujith 300 units/litre. The genus KirchnerielI'a; ujas 

recorded in March with 2,000 units/litre and tuas absent from Octob^t,, 

to February, April to September during the first annual cycle. In"the 

next cycle it was recorded only in March registering 800 units/litr'e. 

The family Dictyosphaeriaceae with a single genus Dictyosphas-^ 

rium ujas absent during both the cycles u/ith the exception of Danuary 

luhich recorded a count of 1,000 units/litre. 

The family Ulotricaceae represented by two genera Ulothrix and 

Hormrdium revealed a maximum in 3uly registering 2,000 units/litre 

and a minim'um of 800 units/litre in 3une and was absent' in October,' 

December to'May, August and September during the first annual cycle. 

In the next-cycle it was present only in November representing 3,380 

unit's/litre. The genus Ulothrix followed a trend of abundance to that 

of the family, while the genus Hormidium was recorded p.hce .in Novem- • 

5er with 880 units/litre and was entirely absent during the remaining 

months of both the cycles* The family Hydrodictyaceae represented by 

a"single genus Pediastrum recorded a maximum peak of abundance in May 

representing 1,89,800 units/litre and a minimum in November with only 

600 units/litre during the first annual cycle* In the next cycle a 

maximum peak was registered in March recording 13,340 units/litre and 

a minimum in December with only 200 units/litre* The family Micros-

poraceae with a single genus Mierospora was "present- only in -the m.onth 

of Decembe-^ with 480 units/litre (Table-X). 
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The class Euglenophyceae constituted the second largest group. 

It recorded maximum and minimum densities in April and August repres­

enting 12,960 units/litre and 600 units/litre resjoectively during the 

"irst annual cycle. In the next cycle the maximum mas recorded in 

March with 6,680 units/litre and the minimum in December ujith 880 

units/litre (Table-X). 

When the relative percent of the class was seen it recorded a 

maximum of 23.7/J in December and a minimum of ^ ̂ 6% in May during the 

first annual cycle. In the next cycle the maximum and minimum was 

recorded in February aiith 35,5^ and Danuary uiith 3.7^ abundance 

(Fig.a). 

The family Euglenaceae recorded peaks of abundance in the 

months of April with 12,960 units/litre and in March with 6,320 units/ 

litre during the first and second cycles The- months of August and 

December represented the minimum counts with 600 units/litre and 880 

units/litre respectively during the first and second cycle* the fami­

ly PeranerTiaceae represented by a single genus Urcdalus recorded maxi­

mum-in May with 55,20 units/litre during the first annual cycle and 

was. absent for eight months during the first annual cycle.- In the 

next cycle it was recorded only in December (680 units/litre) and 

March (360 units/litre). 

The gantia Euglena constituted the dominant form and recorded 

peaks of abundance in April with 10,400 units/litre and in March with 

6,320 units/litre and their minimum in August with 600 units/litre 

and IMouember with 140 units/litre, during the first and-second cycles 

respectively, Phacus registered two nearly equal, peaks in Dune with 

2,800 units/litre and in September with 2,680 units/litre and was 

absent for six months during both the cycles (Table-X). 

The next class Bacillariophyceae recorded a maximal density 
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in November registering 2,440 units/litre and a minimum in August 

ujith 240 units/litre and was absent in March, May, 3une and Duly 

during the first annual cycle. In the next cycle December recorded a 

maximum ujith 1,520 units/litre and a minimum in ^Jouember with 260 

units/litre and was absent in February (Table-X). 

The class Bacillariophyceae rev/ealed a maximum relative abun­

dance representing 9*9% and 21*9% in November and December and their 

minimum was recorded in April with 0.3/S and in October with 1.1^ 

during the first and second cycles respectively (Fig, 7 ) , 

The class B^acillariophyceae comprised of three families, 

Naviculaceae represented by two genera Navicula and Frustulia, the 

family Nit2schiaceae by a single genus Nitzchia and Tabellariaceae 

also by a single genus Tab'ellaria - Of these families Naviculaceae 

constituted the most dominant d̂irm under this class and recorded 

peaks of abundance'in November and December representing 2,440- units/ 

litre, and 1,520 units/litre during the first and second cycles. The 

months of August-'with-240 units/litre and November-with 260 units/ 

litre was recorded as the minimum and was absent-in the months of 

March, May to Ouly, October and February during the first and second 

cycles respectively. The families Nitzschiaceae and Tabellariaceae 

were recorded only once each, the former during Octotrer with 560 

units/litre and the latter in December with 640 units/litre during 

both the cycles, 

Navicula recorded two peaks of abundance in February and April 

with 1,600 units/litre and a minimum in August with 240 units/litre 

and was absent in December, March, May, Oune and Duly during the 

first annual cycle. In the next, cycle January recorded a maximum with 

1 ,240 units/litre and a minimum in November with 260 units/litre and 

was abseni. in Octobar and Febiuary, Frustulia was recorded only in 
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iMov/ember and Dscember registering 1 ,280 units/litre and 480 units/ 

Ixtre during the first cycle. In the next cycle December ujas the 

Only occasicn to register their presence (Tab.le-X)o 

The class Myxophyceae recorded a peak of abundance in Danuary 

u;ith 10,600 units/litre and a minimum in May oiith 1,160 units/litre 

during the first annual cycle. In the next cycle a maximum was recor­

ded in 3anuary ujith 2,760 units/litre and a minimum in February reg­

istering 820 units/litre and vuas absent in March (Table-X). 

The maximum relative percent abundance of this class was seen 

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 Oscillatoriaceae, Chroococcaceae and Nostocaceae. The fam­

ily Oscillatoriaceae occurred only fiue times with a peak in 3uly 

with 2,000 units/litre. Nostocaceae recorded a peak in December reg­

istering 6,160 units/litre and a minimum in September with 360 units/ 

litre during the first annual cycle. In the second cycle December and 

Oanuary represented the maximum and minimum with 6,160 units/litre 

and 230 units/litre respectively and was absent for eight months dur­

ing both the cycles., A_ri_ab_aajia. revealed a peak of abundance in December 

with 5,520 units/litre and a minimum in September recording 360 units/ 

litre during the first annual cycle. In the next cycle, December rec­

orded the peak'with 1,610 units/litre and Danuary as the minimum.with 

280 units/litre and o/as absent for eight months during both the cyc­

les,, The genus Nostoc was recorded only in December with 640 units/ 

litre 

The family C.hrooc.occace-e recorded peaks of abundance in Dan­

uary with 10,600 units/li;tre and 2,360 units./litre respectively 
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during the first and second cyclas. It recorded minimum in February 

uiith 1 ,200 units/litre and 720 units/litre in November during both 

the cycles, MBrismopedia recorded a peak in January registering 4,200 

units/litre and a minimum in August with 2,840 units/litre and ujas 

absent from October to December and February to Ouly during the 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 units/litre, and a minimum in 

October with 1,280 units/litre during the first annual cycle. In the 

second cycle 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 cycle. The months of February with ,400 units/litre 

and Nouember, December with 360 units/litre each recorded the minimum 

for both the cycles and was absent from November to January, April, 

June to August and March durihg-both the cycles (Table-X). 

The class Xanthophyceae revealed a maximum percent abundance 

with 5tl% and 6,6% in September and December and their minimum was 

recorded in October with only 0.9^ and in January with 1.,4?S during 

the first and second cycles (Fig, 7)« The class Xanthophyceae was 

comprised of two families Xanthophyceae and Tribonemataceae', The fam­

ily Xanthophyceae represented by a single genus B otryoca ecus revealed 

a peak of abundance in May registering 11,200 units/litre and a min­

imum in March with 800 units/litre and was recorded absent during irhe 

other months of the first annual cycle. In the next cycle it was rec-

ôrded only once in January with 920 units/litrs. The family 
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Tribonemataceas uias also represented by a single genus Tribonema and 

aias recorded only in the months of September with 1,900 uni'ts/litre, 

and also in October and February uiith 600 units/litre and 400 units/ 

litre respectively and ujas absent during the other months of the 

first cycle. In the next cycle February registered 800 units/litre. 

as maximum and o/as absent in Oanuary and March (Table-X).. 

The class Dinophyceae in this pool Luas not LUBII represented 

and ujas recorded only in the months of October, December.and November 

recording 240 units/litre, 640 unit^/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 luith '] ,Q% during the first annual cycle. In 

the next cycle November recorded 4,4V̂  (F"ig. • ) . 

The class a/as comprised of tuio families Ceratiaceae and Gym-

nodiaceae. The family Ceratiaceae aias represented by a single genua 

Ce rati urn and ujas recorded only in October, Decerpber and November re­

cording 720 units/litre as maximum counts. Similarly Gymnodinium luas 

recorded only in the months of December ufith 160, units/litre and 

November with 60 units/litre. 

When the total phytoplankton was seen for its seasonal trend 

of fluctuation it showed a late autumn and spring maxima and a summer 

minima during the first annual cycle.. In the next cycle th.e increased 

trend was observed during the :wir!ter months .(Tabla-X). 
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QIRCULAR ..PLASTIC POQL-4. 

The phytoplankton population in this pqol-4 was also mainly 

•junstituted by the class Chlorophyceae. They luere the most abundant 

forms throughout the period of study. It flourished profusely in 

January and March to touch a maximal density in April recording 

24,83,200 units/litre and persisted till Oune though in decreasing 

order and recorded a minimum in 3uly registering 1,080 units/litre 

during the first annual cycle. In the next cycle the maximal density 

luas observed in January recording 32,840 units/litre and a minimum 

in March, representing 17,680 units/litre (Table-Xl). 

The class. Chlorophyceae recorded almost equal maximum relatiuis 

percent abundance in March with 99»8/S and in April with 99,1% and a'-

minimum in September with '46.8^ durino the first annual cycle. In '• 

the next c 'cle, the maximum and minimum were rscorded in January and 

October representing 60.7^ and 32.1/S respectively (Fig, 7). 

The family Chlamydomonaceae represented by a single genus 

Chlamydomonas recorded maximum in April with 3,00,240 units/litre 

and minimum in July with only 180 units/litre during the first annual 

cycle. In the second cycle January and November recorded maximum and 

minimum density recording 13,400 units/litre and 2,046 units/litre 

respectively. The family Scenedesmaceae represented by two genera 

Scenedeamus.and Actinastrum, revealed peaks of abundance in April 

with 21,00,560 units/litre and November with 15,960 units/litre, 

during the first and second cycles respectively. Minimum counts 

during the first annual cycle was observed in July recording 200 

units/litre and in the next cycle in January with 1,000 units/litre 

otvd ujoa absent in December (Table-Xl). 

S_c_a.nedB.smus constituted the dominant pooulation recording 

maxima in April u/iLli 20y99,040 uriitc/iitto oi.cJ in M0v/eii»ti.8r recording 
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15,960 units/litre as the peaks in the First ano second cycles resp-

eccively. Actinastrum recorded a maxima and minima in 3une luith 4,000 

-ini cs/litre and in February o/ith 600 units/'litre and luas absent in 

October;, Nouember, May» Ouly and August during the first cycle and 

i;'":B next cycle recorded once only in the month of October luith 800 

j.iits/litre. 

The family Oocyataceae represented by three genera Ankistro-

dê rnuŝ , Tetraedron and Selenastrum recorded tujo maximum peaks in 

January and May. tuith 8,160 units/litre and minimum in Ouly with only 

160 units/litre during the first annual cycle. In the next cycle 

November recorded total absence uihile December recorded the maximum* 

registering 8,000 units/litre constituted by a single genus Tat.ra'edrQn 

and the minimum in March luith 480 units/litree The genus Ankistrodesmus 

recorded peaks of abundance in May registering 4f000 units/litre and 

in January with 7,320 units/l.i.iTe during the '̂irst and second cycles 

respectiuelyo The months of December and October recorded the mifli-

mum, representing 300 units/litre and 700 units/litre r,especti\/ely 

and was present only for eight months during both the cycles. 

L?JL£.§̂ jiE.SLO. recorded a peak in October registering 4,000 units/litre 

and a minimum in August with 80 units/litre during the first- annual 

cycleo In the next cycle December recorded the maximum count'with 

8,000. units/litre and January as the minimum with only 160 units/ 

litre. Selenastrum 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 recorded only in 

the month; of October with 300 units/litre, 

The family Desmidiaceae u/as 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 cycles, while August and March recorded 

http://cycle.it
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minimum representing 80 units/litre and 800 units/litre. Staurastrum 

constituted the major bulk of individuals under' this family luith its 

aeak in Oanuary 'jjith 3,520 units/litre and nil in February during the 

first annual cycle« October and January of the second cycle recorded 

equal peaks lui th 2,600 units/litre and ujere absent in November and 

February-. Closterium also recorded a peak in the first cycle in Jan­

uary Luith 2,240 units/litre and December with 6,800 units/litre in 

the next cycle and ujas recorded absent in May to August, February and 

March during both the cycles. 

• The family Diet yosphaeriaceae represented by a single genus 

Dictyosphaerium oias-recorded only in the months of February, Oune, 

August and March during both the cycles. The genus hoiuever recorded 

a high count in 3une representing 2,680 units/litre. 

The family Ulotricaceae represented by tujo genera Ulothrix 

and Hormidium oiere found only in February and March during the aihole 

period of study and so luas the case with Spiroqyra under the family 

Zygnemataceae present only in March recording 240 units/litre, l/olvo-

caceae represented by a single genus Pandorina o/as predominantly 

represented during the first annual cycle. It had maximal density in 

January with 20,480 units/litre and a minimum in March with 160 units/ 

•litre and. was absent in December, February and September during the 

first annual cycle. In the second cycle it was recorded only in Oct­

ober with 600 units/litre. The last family under this class was 

Hydrodictyaceae represented by •*Pediastrum and revealed maximal den­

sities in. April with 75,200 units/litre and January with 6,880 units/ 

litre during the first and second cycles. Their minimum was recorded 

in July with 60 units/litre during the first annual cycle and in the 

next cycle December with 1,200 units/litre (Table-Xl). 

The lass'Eu^ienophyceae in this pool constituted the second 
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largest population. It recorded maximal densities in December and 

October representing 23,600 units/litre and 51,600 units/litre during 

the first and second cycles respecti\/el,y. The months of July aiith 300 

units/litre and March o/ith 2»320 units/litre represented the minimum 

counts during the first and second cycles (Table-'Xl). 

The class Euglenophyceae re\/ealed maximum relative percent 

abundance in September with 48.4?S and the minimum in March and April 

recording 0,^% each during the f?rst annual cycle. In the next cycle 

December recorded the maximum Luith 66,3/S and March as the minimum 

ujith only 6,3% (Fig. 7). 

The class Euglenophyceae luas represented by tu;D families 

Euglenaceae and Peranemaceas. The family Euglenaceae comprised of 

tujo genera Euqlsna and Phacus and rsuealed a maximum density in Sep­

tember recording 24,000 units/litre and a smaller peak in, December. • • 

ujith 20,220 units/litre and recorded a minimum in 3uly with Dnly.V:1.20 

units/litre during the first annual cycle. In the next cycle October 

and December registered peaks of abundances recording- 50,800 units/ 

litre, and 44^000 units/litre and the minimum in March uiith only 2,320 

units/litre. The family Peranemaceae had one genus Urcoelus and rec­

orded a peak of abundance in December a/ith 3,380: units/litre and a 

minimum in Duly luith 180 units/litre and ujas absent from February to 

3une and September during the first annual cycle. In the second cycle 

the months of October and November were the only months to record 

their presence with 800 units/litre and 1,160 units/litre respecti­

vely (Table-Xl). 

The genus Euqlena 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 Duly and 
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February recorded 60 units/litre and 5,280 units/litre as the minimum 

during the first and second cycles respectively. Phacus recorded peaks 

of maximum abundance in September ujith 15,200 units/litre and in Dec-

amber with 35,600 units/litre during the first and second cycles res­

pectively. A minimum of 60 units/litre was recorded in Ouly and their 

absence in January during the first annual eye la. In the next cycle 

a minimum of 1,280 units/litre was . registered inTlarch (Table-Xl). 

The class Bacillariophyceae was not well represented through­

out the period of study in this pool. Its maximum densities was rec­

orded in October with 3,560 units/litre and in February with 2,860 

units/litre during the first and second cycles.. They were absent from 

January to April, 3uly and August during the first cycle and in Dec­

ember during the second cycle (Table-Xl). 

When the class .Bacillariophyceae was seen for its relative 

percent abundance with the other classes a maximum of 15.2?S and min-- • 

inum of 1 .J5/S was recorded in October and May respectively during the 

first annual cycle. In the second cycle a maximum of 6.5/2 and a min­

imum of Q,l% was recorded' in February and November respectively (Fig,?). 

The class Bacillariophyceae comprised of two families, 

Naviculaceae represented by two genera Navicula and .Frust.ulia and 

the family Fragi-lariaceae with a single genus Synedra. The family 

Naviculaceae recorded peaks of abundann« i.n Sspf.ember -wit-h 2,4tJ0 

L/n.itrf/lltr« and in February with 2,880 units/litre during the first 

and second cycle. The months of November with 1,400 units/litre and.' 

260 units/litre represented the minimum- for both the cycles. They 

were absent from January to April., July, August and December during 

both the periods of study (Table-Xl). 

The genus NaviGula recorded a peak in September with 2,400 

units/litre and a minimum in November with 720 units/litre during 



1.63 

the first annual cycle and ujas absent in the months of January to 

April, June to August. In the next cycle the tnonth of March recorded 

the maximum with 1,360 units/litre and the minimum in November ujith 

280 units/lit??e and was absent in Oecembero Frustulia vuas recorded 

only in Oune o/ith 1,600 units/litre during the first annual cycle. 

In the second cycle February and March only recorded their occurr­

ence represented by 2,240 units/litre and 560 units/litre respectiuoly. 

The family FragiMriraee-a-e-,, represented by a single genus 

Synedra mas recorded in October (l,520 units/litre), November (680 

units/litre) and October (280 units/litre) and was absent during 

the remaining months of both the cycles (Table-Xl). 

The class Myxophyceae revealed maximum densities in January 
if 

and February registering 31,360 units/litre and 10,720 units/litre 

respectiv ly during the first 3nd second cycles. Their minimum den­

sities uuere 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 months during both the cycles (Tabl9-?XI). 

The class Myxophyceae recorded a maximum and minimum relative 

percent abundance in January with ^Q,6% and 0,^% in April during the 

first annual cycles In the next cycle the maximum was recorded in 

November with 7.8^ and the minimum in March with 4,5^ (Fig. 7 ) . 

Myxophyceae was comprised of three families Osciliatoriaceae, 

Chroococcaceae and Nostpcaceae. The family Oscillatoriace^ae was rep­

resented by a ..single genus Spirulgna which was recorded only in Nov­

ember and February representing 480 units/litre each. The family 

Chroococcaceae was represented by two genera Coe 1 osphae:riurn and 

Merismopadia. -It showed a maximum density in June registering 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 registered in February with 9,280 units/litre 

and a minimum in October with 1,800 units/litre and was absent from 

NoiBT.bsr to January (Table^XI )-> ' 

The genus Coe 1 ospha_9j_i_û m_ was registered only on two occacsions 

recordr.ng 820 units/litre and 720 units/litre in December and April 

curing the first annual cycle. In the next cycle a peak with 9,230 

units/litre was recorded in February and a minimum in October with 

1p200 units/litre and was absent from November to Oanuary. The genus 

Merismopedig luas also recorded only on tujo occasions during the first 

annual cycle in the month of April with 960 units/litre and May with-

2,800 units/litre. In the next cycle October registered 600 units/. 

litre and March with 1^440 units/litre and was absent from Wousmber 

to February (Table-Xl). 

The class Dinophyceae revealed a peak in May recording 2,320 

units/litre and the minimum in March with only 120 units/litre during 

the first annual cycle. They were absent for seven months. During the 

PGcond cycle, March recorded 6,480 units/litrq and February with 4,32 

4.o3'20 units/litre and was absent from October to January (TablerXl). 

When the relative percent abundance of this class was seen, 

3uly recorded- the maximum with 21.75̂  and the minimum was in March 

with only 0^1% during the first annual cycle. In the next cycle March 

recorded Mc5% as the maximum and February 9„8^ as the minimum (Fig,7)< 

The class was represented by two families with one genus each. 

The family Ceratiaceao represented by Ceratiurn opcurred thrice and 

recorded a maximum in November registering 300 units/litre and a 

minimum in March with 120 units/litre during the first annual cycle.. 

In the next cycle it- occurred twic? I'rlth 6^480 units/litre in March 

and a rainir im in February registering 4;,320 units/litre. The family 
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Gymnodiaceae representgd by a single genus Gymnpdinium u/as registered 

only in Î ay and "Duly recording 2,320 units/litre and 400 units/litre 

during the entire investigation (Table-Xl). 

When the total phytoplankton ujas seen for' its seasonal trend 

of fluctuation irraspectiue of the genera present under there, it 

revealed a spring maxima and more or less a summer minima during the 

first annual cycleo The next cycle shoiued an increase during the u)in-i 

ter months (Tabls-Xl). 
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The zooplankton recorded in the present investigation luas 

represented by four major groups;- Cladocera, Copepoda, Rotifera and 

Protozoa. Cladocerao/as. represented by C^r i_o d_ap_h,n i_a , dSiOS.* • ?_SSi2i:IIi,» 

Sirnocephalus and Di^aphanpsoma.- Copepoda by Cyclops and Diapt omus; 

Rotifera by Asplanchna, Filinat Anuraeopsis, Pp__ly_ar_t̂h_râ» Keratella, 

Lecane, Notholca, Trichocerca, Pieqsoma, Hexarthra » Brachionus, 

Ch_rom_qpaster, C_ô l_urBlla and Cephalodella; Protozoa by Trichodina, 

C_ole_p̂ s_, Diffluqia'a Arcella and Diaphqro_don« Though these tuere the 

ones present in the experimental ponds yet all genera were not pre­

sent together and only some occurred and dominated at the different 

ponds during the present study, 

CONTROL POMP : The control pond .registered four genera under .the 

group Cladocera. The genu^- Ceriodaphnia recorded a maximum peak in 

April representing 3,200 units/litre and recorded a minimum of 20 

units/litre in September during the first'annual cycle. In the next 

cycle October recorded 16 units/litre and were absent for the remain­

ing periods. The genus Moina recorded a peak in November with 333 

units/litre and a minimum in Danuary with 10 units/litre during the 

first annual cycle* In the second cycle March represented 52 units/ 

litre as the maximum and nil in November and February, The genera 

Bosmina and Sirnocephalus recorded 20 and 190 units/litre in December 

and November respectively and were absent throughout the entire 

period of study (Table-XIl). 

The group Copepoda was represented by two genera Cyclops and 

Diaptomus, Cyclops showed^ a bimodal peak with maximal abundance, one 

in winter and the other in summer at least for the first annual cycle, 

with second peak moved earlier to Spring during the second cycle, 

Diaptomus also' showed a winter and summer maximal abundance for the 
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first annual cycle and luith the second peak in early spring of the 

second cycle^ 

Cyclops shoujed a maximum abundance in December and March rep­

resenting 1,700 units/litre and 529 units/litre in the first and 

second cycles respectively and the minimum was recorded in Huly oiith 

93 units/litre and Nov/ember (93 units/litre) for the first and second 

cycles. The genus Dia-ptomus revealed a peak̂  in Decembei? recording 

1,880 units/litre and a minimum in July luith 79 units/litre during 

the first annual cycle. In the next cycle a peak mas registered in 

March representing 386 units/litre and a minimum: in November recor­

ding 77 units/litre (Table-XII) . 

Eleven genera of Rotifera ujere recorded in this: pond.. 

Asplanchna shooJed a spring maxima and ujinter minima during the first 

annual cycle, but the next cycle recorded their complete absence. 

F^ilina, Pplyarthra > Keratella and Ir_i.chgcerc_a recorded peaks luith 

maximal abundances in uuinter luith summer minima« Brachjonus revealed 

a bimgdal peak of maximal abundance in oiinter and spring during the 

first and second cycles. Anuraeopsis shoiyed a late spring maxirria and 

ujinter minima (Jable-XI I ) . 

Asplanchna had its maximum numbers of abundance in the., month 

of April (-1,180 units/litre) and December ujith 40 units/litre as min­

imum during -the first annual cycle and ujas recorded nil throughout 

the second cycle.' Filina recorded peaks of abundance in November 

(1,050 units/litre) and February (480 units/litre) during the first 

a.nd'second cycles. 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 trie first and Secoi'xdl c^c Les .respectively. 

Trichoqerc. recorded maximal peaks of abundance in the months of 
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October (l,067 units/litre and 680 units/litre) for the first and 

second annual cycles respectively.. The minimum'UJBS recorded in Decem­

ber Luith 60 units/litre and January a/ith 80 units/litre during the 

first and second cycles. Brachionus recorded peaks of abundance in 

December (l,980 units/litre) and,April (1,520 units/litre) for the 

first annual,cycle and in March (760 units/litre) during the second 

cycle. A_nuraeopsis shouted maximal peaks of abundance in May (l,540 

units/litre) and in February (480 units/litre) during the first and. 

second cycles. Lecane uias insignificantly represented during the 

first cycle, houjever, recorded a peak of abundance in the second 

cycle in December (600 Units/litre). Notholca aias recorded in October, 

December, May and September uuith the maximal peak in May (260 units/ 

litre) during the first annual cycle and in the next cycle it ujas 

recorded only.in February (320 units/litre). The genera Pleosoma and 

Hex'a.rth'ra ingre' recorded only ir. April and May '̂ AB.O, 560 units/litre) 

and (480 "units/litre) respectively. (Table-XIl). 

The group Protozoa was represented by four genera, Trichodina, 

Coleps, Dif f.luqia and Djaphorpdon. The genus Trichodina revealed a 

ujinter maximal peak of abundance and nil values during the summer. 

Diffluqia shoLued a peak of maximum abundance in winter and early 

spring during the first and second cycles. Coleps revealed a spring 

and Luinter peak and the genus Diaphorodon was recorded only in early 

summer of May (240 units/litre), 

Trichodina shou/ed its maximum numbers of abu'ndance in the-'- ' 

months of November (280 units/litre) and December (1,200 units/litre) 

in the first and second eyeles»• 'Diff 1 uq 1 a recorded its maximum abun­

dance in October (l ,167 units/litre) and March ' (l ,360 units/litre) 

during the first annual cycle.' In the second cycle it showed their 

peaks of abundance, in; October (i ,1 60 unrts/li'tre )' and March (280 

units/litre) (Table-XIl). / 
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When the groups -of zooplankton mere seen for their seasonal 

fluctuations irrespective of the genera present under them, Cladocera 

showed a fluctuation abundance as spring and summer maxima and u/inter 

minima, Copepoda revealed a a/inter and. spring maxima and summer mini-

man The group .Rotifera shoujed a spring, maxima and autumn minima, 

aihile Protozoa revealed a spring and autumn maxima and summer minima 
i • '•' 

(Table-XIl). 

When the relative percent abundance of these groups vuere seen, 

Cladocera registered maximum in March a/ith '24.3% and a minimum in 

January luith only 0,3/2 during the first cycle. In the next cycle March 

and December recorded the maximum and minimum ujith 1.95̂  and 0,6/2 res­

pectively. Copepoda registered maximum percent abundance in June' and 

March recording 70.7/2 and 34,2/2 respectively during the first a.nd 

second cycles. The minimum was seen in April ujith 3,6/2 and December 

with 5.9/2 during the first and second cycles, Rotifera recorded 91,5?2 

in April and 71 ,35̂  in December as maximum during both. the. cycles and 

minimum in 3une ujith 29,3% and November vuith 35.8%.* during the first 

and second cycles.respectively. The group Protozoa recorded 41^7% and 

42,8% as maximum in October during both the cycles and the minimum in 

December u/ith 1.4% and March uJith 10,4% during the first, and second 

cycles respectively (Fig, 8 ). 

When the zooplankton ..and its seasonal abundance oias seen they 

shoujed a bimodal peak of abundance one in winter and the other in 

spring during the first and second cycles and a minima in summer 

(Table-XIl). 
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E-XPgRMENlAL /I5H .PGND~1 

The four groups, of ZDoplankton recorded in this pond-l luere 

Cladocera, Copepoda,.. Rotifera and Protozoa. The group Cladocsra was 

.capresented by four genera Ceriodaphnia, Moina, B̂ osmina, and Diapha-

ng_s_qmâ » Ceriodaphnia ahouj.ed a bimodal peak ujith maximal abundance in 

ujinter and 'summer months and minima in spring and autumn. Moina rev­

ealed^ a summer minima and winter maxima. The genera Bosmina and,-, 

Diaphanosoma were recorded only once during the uuinter months, 

C.srlotj.siphnia recorded a maximum peak of abundance in May» reg­

istering 1,260 units/litre and a smaller peak in November with 520 

units/litre with a minimum in April of only 47 units/litre during the 

first annual cycle. In the second cycle, Novemoer recorded the maxi­

mum and March as the minimum lyith 'CA units/litre and 28 units/litre 

respective'.y and was absent, in October., The genus Moina recorded a 

peak in November with 280: units/litre^ and 94 units/litre during the 

first and second cycles respectively,. The months of December and Jan­

uary recorded 20 units/litre and 28 units/litre respectively as the 

minimum during the same period* Boa win a. and Diaphanosoma occurred ' 

only in November with 1,120 units/litre and the latter with ^0 units/ 

litre during both the cycles.(Table-XIII). 

The group Copepoda was represented by two genera, Cyclops and 

Diaptomus. The genus Cyclops revealed a summer maxima and winter mi­

nima. Diap.tomus similarly showed, a winter minima and summer maxima. 

Cyclops recorded peaks of abundance in 3uly and February recording 

14,453 units/litre and 340 units/litre respectively during the first 

and second cycles.. The months of September with 17 units/litre and 

October with 85 units/litre-recorded the minimum counts during the 

first and second cycles, Diaptomus recprdea peaks of abundance in 

July regisoerinig 14,084 units/xitre and in March with 309 units/litre 
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during the first and second cycles. It recorded a minimum in September 

luith 15 units/litre during the first, annual cycle and October uuith 121 

Linits/litrs as the minimum during the second cycle (Table-XI II ). 

Ten genera of the group Rotifera were represented in this pond. 

••.splarchns luas recorded only during the autumn and summer months* 

n.__lina_ revealed a summer maxima and luinter minima. The genera Anurae-p 

£p̂ i_s_ and Chromoqaster recorded summer maxima and winter minima. 

E-9Xy£Lr-t-b.r,g- revealed an autumn maxima and spring minima. The genera 

Ksratellat Lecane and Trichocs.rca revealed a fluctuation tpend of 

autumn maxima and luinter minima. Brachionus recorded a summer maxima 

and winter minima^- ujhile the genus Notholca Luas recorded only once 

in December ujith 160 units/litreo 

Asplanchna uja? recorded on! v in October and April representing 

40 units/litre and 440 units/lftre and in October with 440 units/ 

litre during the first and second cycles and was absent during the-

other months of both the cycles. Filina was recorded in October, April 

and 3une during the first annual cycle, with the month of Hune recor­

ding a maximum representing 1,400 units/litre during the first annual 

cycle. In the next cycle the months of November with 80 units/litre 

and Harch with 300 units/litre were recorded, Anuraeopsis recorded a 

peak of abundance in. May with 6,880 units/litre and a minimum in April 

with 240 units/litre during the first annual cycle and was absent in 

the months of Novembers December and r%rch. In the second cycle 3an^ •' 

Uary recorded .the maximum.and November and February recorded the 

minimum with t,200 units/litre and 520 units/litre respectively. It 

was abse-.nt in December. Chramoqaster was recorded in May with 1,460. 

units/litre and. was absent during the other months of both the cycles. 

Pol'/arthra recorded- a peak of abundancE .'''̂  September registering 1 ,.880 

units/litr. and a minimum in D-cember with 240 uhits/litre and regis­

tered, their occurrence four times during the first annual cycle. A 
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peak ujas recorded in Qctobsr ujith 1,340 units/litre and 320 units/ 

litre in November and December during the second, cycle and aias absent 

from January to March. 

KB_ria,tel_lj_ revealed a peak in May recording 2,040 units/litre 

and the minimum in Harch recording only 140 units/litre and a/as absent 

from November to February and 3une to August during the first annual 

cycle. In the next cycle October recorded the maximum representing 

.2,780 units/litre and a minimum in February recording 280 units/litre. 

Lecane revealed peaks in 3une registering 720 units/litre and in Oct­

ober Luith 840 units/litre during the first and second cycles and re­

corded minimum in September aiith only 4 units/litre and November ujith 

180 units/litre during the first and second cycles respectively. 

T_richocs_rĉ a. recorded peaks of abundance in August recording 2,400 

units/litre and Brachionus in the same month with 4,800 units/litre 

during the first annual cycle. The month of April revealed the minimum 

for Trichocerca recording only 40 units/litre and for Brachionus in 

February with 224 units/litre during the first annual cycle. These 

tujo genera recorded peaks of abundance in October representing 2,460 

units/litre and 1,160 units/litre during the second annual cycle 

(Table-XIil). 

The group Protozoa ujas represented by four genera, Trichodina, 

Qjffluqia, Arcella^ and Diaphorodon. Trichodina was recorded only in 

spring and autumn months and ujas' absent during luinter and summer. 

Difflugia revealed summer and luinter maximg,. Arcella mas recorded 

only in Autumn, Summer and' Spring and Diaphorodon revealed spring 

occurrenoe and complete disappearance during the other seasons. 

Trichodina luas recorded in Inarch ujith 760 units/litre and in 

September aiith 1 60 units/litre and mas absent during the other months 

of the first annual cycle. In he next cycle October registered 
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with 240 units/litre. Dif_flu.gi-a shoujed higher individual counts in 

April and July recording 520 units/litre each during the first ann­

ual-' cycle but occurred only once in Danuary with 1,520 units/litre 

during the second cycle-. A.rcella was recorded in October with 240 

units/litre and in Duly representing 1,660 units/litre and ujas absent 

during the other months of the first annual cycle. 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 each 

(Table-XIIl). 

When the groups of zooplankton were seen for their seasonal 

fluctuations irrespective of the genera present under them, Cladocera 

revealed summer and winter maxima and autumn minima. Copepoda revea­

led a trend of summer maxima and winter minima. The group Rotifera 

shoujed 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-XIIl). 

When the TglaL'̂ îvo percent abunddrtce uf ttie gi-Oupa were seen, 

the seasonal 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 Ouly and 32.5/2 in December during the f̂ irat and S,RC-

ond cycles. The months of September with 0,7% and October with 2,0% 

represented the minimum percent abundance. Rotifera recorded a maxi­

mum in September with 96.1/S and a minimum in Ouly with only 15.7/S 

during the first annual cycle. In the next cycle Octobar and January 

recorded the maximum representing 95-.6/2 and 50,9fo respectively. The 

group Protozoa registered a maximum in April recording 21,6% and a 
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minimum in September with only 3.2/o during the f i r s t annual c y c l e . 

In the next cycle January a/ith 41 .2/S and October ujith 1,2% recorded 

the minimum percen t abundance ( f i g , s ) . 

When the t o t a l z'ooplankton and i t s seasona l abundance a/as 

seen for both the c y c l e s , i t re\yealed a bimodal peak of abundances 

ujlth spr ing ' and summer maxima and winter minima ( T a b l e - X I I I ) . 
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EXPERIMENTAL FISH POND-2 

The four groups of zooplankton recorded in the pond-2 uJare 

Cladocera, Copepoda, Rotifera and Protozoa. 

The Cladocera though present in most of the study periods con­

stituted only a meagre zooplankton population. In this pond only two 

genera luere represented, Ce.riqclaphnia and Mqina. The former genus. 

recorded a peak of abundance in April and the latter in Dune recpr- . 

ding 340 units/litre and 459 units/litre respectively•during the first 

annual cycle. In the second cycle March and October registered the ... 

maximum, abundance luith 78 units/litre and 53 units/litre respectively. 

Ceriodap_hnla^ revealed spring maxima and summer minima^ mhareas,Tloina 

recorded" a summer maxima and vuinter minima during the entire period -

of study (Table-Xll/). 

The group Copepoda was represented by i:ujo genera, Cyclops and 

Diaptomus. Cyclops shoujed maximal abundance in summer and minimum in 

uiiriter. It recorded maximum abundance in Dune (6,792 units/litre) and 

recorded minimum in July (187 units/litre) during the first annual 

cycle. Diaptomus recorded a peak of abundance in Dune (6,277 units/ 

litre) and minimum in 3uly (113 units/litre). In the second cycle 

C ycJ,op3 î onnrrlcU iiidximuiii in MalCh (500 MI li Ls/litie) end Djaptomus in 

November (338 units/litre) and their minimum in December recording 

140 units/litre and 86 units/litre respectively (Table-XIl/). 

The group Rotifera constituted the most important zooplankton 

population in this pond and was comprised of eleven genera viz., 

Asplanchna, Lecane, Anuraeopsis, Polyarthra o Keratella, Trichocerca, 

Pleosoma,. t^hromoqaster, Filina, Colurglla and Brachionus. Asplanchna 

was recorded only in 3'anuary (400 units ./litre) and December wi-th (800 

units/litrp) during the entire oeriod of study^ Lecane revealed a 

peak of abundance in spring and was absent in winter and summer months 
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during the fiirst annual eyelet. In the next cycle October and November 

recorded 560 units/litre and 320 units/litre and luere absent for the 

r-Binaining periods^ The genera Ajiu-ĵaegj3.si_ŝy EE.ly.i.̂ ihj'J.? Keratella f 

T.EA'̂ IISRJJIP,!,? Ohromoqaster and Brachioinu^^ revyealed spring and luinter 

maxima, and summex- minima o 

The most dominant genera recorded ujere Brachionus, Trichocercaj 

Keratella, Anuraeqpsis and Polyarthra» lyhile the other genera mere 

scantily represented. Asplanchna» Lecaheg Pleos.oma, Chromoqaster, 

Filina arid Colurella luere only once or tiuice recorded during both the 

cycles, Brachionus recorded nil v/alues in October and gradually incr­

eased and persisted throughout the first annual cycle ujith May regis­

tering 'the maximum peak of abundance (7,139 units/litre) vuhi.ch there­

after decreased to record a minimum in 3uly (360 units/litre)..In the 

next cycle December revealed maximum (2j,6uu uni"cs/litre) and a minimum 

in IMovembei.- (320 units/litre) aid ujas absent in February. Trichocerca 

registered a small peak in November (1,800 units/litre) aihich there­

after decreased to record nil in February. In March it rev/ealed the 

maximum peak of abundance representing 2,736 units/litre and tuas 

absent for the remaining months of the first annual cycle. December 

of the second cycle registered a maximum of 1,200 units/litre and re­

corded nil in October and February. Keratella recorded maximum in 

March (20,178 units/litre) and a minimum in November aiith 540 units/ 

litre and occurred only on three occasions during the first annual 

cycle. In the next cycle, it was only present in March (720 units/ 

litre). Anuraeopsis recorded tujo peaks of abundance in November (̂ 2Q0 

units/litre) and April with 2,060 units/litre during the first cycle 

and uJas recorded only in October with 400 units/litre during the sec­

ond cycle. Polyarthra revealed peaks of abundance in November (l,700 

.units/litre) and March (,1»368 units/xitre; ana were absent during the 

summer and ciUtumn months during the first annual cycle. In the next 



lai 

'":ycle it a/as present only in '')-9C3rnb8r \2^6JL iiniis/litre) and January 

(600 units/litre) (Tabla-XIU)o 

Finally 5, the group ProtJzoa 'ajhich was u.tregularly present was 

'. sj.rcjsgnred by four genera.-̂  Lc.i'̂ilSPjrJIs', recorded peaks of abundance 

..r. zns Luxnter months and iTi.i.nimunfi in epi-ing and autjmno Arcella luas 

;,;t̂ corded only in June during the entire period of study, Diffluqia 

revealed maximum abundance in spring and u/inter months and absence 

in the summer months, Diaphorodon recorded spring abundance and was 

absent during the other seasons. It occurred in March and April rec­

ording (274 units/litre) and (I552O units/litre) and remained absent 

during the other months of the first annual cycles Houjever, it reapp­

eared again in February (2^640 units/litre J and March (320 units/ 

litre) during the first annual cycloo In the next cycle, the only 

months of October and January recorded the.i-X presence registering 

600 units/.,itre and 3^760 unit '/litre respectively, Trichodina rBq-

iatered a peak of abundance in October (3^940 units/litre) and in 

January (ls,960 units/litre) during the first and second cycles res­

pectively and was recorded present only on three occasiO:ns during 

both the cycles (Table-XIl/), 

When the major groups of zooplankton and their trends of sea­

sonal fluctuations were observed, Cladocera and Copgpoda recorded a 

summer maxima and winter 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 (Table-XIV). 

When the percentage abundance of these groups were seen, the 

group Cladocera revealed a maxima with 5o5% in September despite its 

lean population over the peak month which showed only 2.4/2 in June. 

However o March of the second cycle lecoxded 3 ,V/> abundance as maxi­

mum in conpbrmity with th° peaK population recordedo Cope.poda 
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rev/ealed maxima in June ujith 63r.4/S and m.\nima in December with only 

•11,9/̂  during the first annual cycle., The months of December and IMov-

â Dber recorded the minima and maxima ujith 2.8"̂  and 40.4/b abundance. 

Rocifera recorded a maximum of 37.^1% in Ncuemberp a/hile the- peak 

mor.th"/- of March vuas only 82 r9̂ .̂ In the second cycle home^er the re­

lative percent abundance folloujed a trend more or. less similar to' 

their actual numbers. Protozoa revealed a maximum of .64.4?S in October 

though in terms of population abundance it was relativaly smaller to 

the peak month of February ujhich recorded only 55.1%^ Similarly dur­

ing the second cycle^ February recorded 92.5/^ and 3anuary only 65.5% 

(Fig. 8 ) . • 

When the total zooplankton and its trend of fluctuation ujas 

observed it revealed a luinter and spring maxima-and summer minima 

(rabls-XIl/.), 
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EXPERIMENTAL FISH PJWD-3 

This pond ujas also seen to comprise of foijr major groups of 

zooplanKuono The group Cladocera was reprssentso by three genera-; 

Csrioda£̂ .inî _ ujhieh recorded luintar and spring peaks during the first 

a.inual cycle and was absent during autumn and ujinter months during 

the second cycle. Mpina revealed peaks of abundance in spring and 

autumn with winter minima,. Diaph-ano.soma- was only recorded in April 

(14 units/litre) during the first annual cycle. Ceriodaphnia was most 

abundant in the months of May (270 units/litre) and in, DecembBr (340 

units/litre) and recorded a minimum of 7 units/litre during the first 

annual cycle. In the next, cycle it was recorded only in March repre­

senting 73 units/litre. Moina recorded peaks of abundance in the 

months of April (150 units/litre) and in October (lOO units/litre) 

during the first and second cycles. Vne moncns- of July and March re-? 

corded minimum counts with 7 ufiits/litre and. 28. units/litre respec- • 

tively during the first and second cycles (Table-Xl/). ' 

The group Copepoda was represented by two genera, .Cyolops and 

PiSfiiSSJrls.' Both these genera had more or less a similar trend of-

abundance recording maximum in the months of May (1,030 units/iitre),^ 

and (999 units/litre) respectively during the first annual bycle.,'Ihe 

minimum count of C yclops was registered in March with 8.6. units/litre 

3^d Diaptomus in July with 125 units/litre .during the same period, 

Similarlys February recorded the maximum peak of abundance recording 

1,720 units/litre and 1,320 units/litre respectively. The minimum 

count of Cŷ cl.qps was recorded in March with 13 units/litre and 

DjJaptomus also in March with 94 units/litre during the same period^-

The two genera revealed a seasonal trend of fluctuation with spring 

maxima and summer minima (Tabla-Xl/). 

Thfc Igroup Rotif era conafltute.d ..the most dominant zooplankton 
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in this pond and consisted of ta/elve genera. Keratslla recorded a 

winter maxima and summer minima. Brae hi onus shoujed a trend of seaso­

nal fluctuation luith summer and uuinter maxima and spring minima* The 

gerius Trichocerca shoiued a summer and a/inter maxima and autumn and 

spring minima. The genera Filina» Pleosoma, Colurella« Cephalodella 

and Notholca luere represented usry insignificantly and recorded mos­

tly during the spring seasons. Anuraeopsis though scantily represen­

ted shoujed maximum abundance in late spring and ujinter season during 

the first annual cycle. Polyarthra revealed a uiinter maxima and sum­

mer minima. Lecane revealed a trend of increase during the ujinter 

months and summer months and Asplanchna luas sparsely represented in 

both the cycles with the exception of February of the second cycle. 

The genera Filina and Colurella were recorded only in. the 

month of April representing 1,600 units/litre and 110 units/litre 

respectively. Asplanchna was present only in January with 200 units/ 

litre during the first annual cycle. In the second cycle it recorded 

a peak in February registering,1,320 units/litre and a minimum in 

October with only 240 units/litre. Lecane revealed a peak of abunda­

nce in December and February recording 240 units/litre and 800 units/ 

litre during the first and second cycles respectively. Anuraeopsis 

was registered only in the months of October, November, February and 

P̂ ay recording "320 units/litre in October as the maximum during the 

first annual cycle. In the next cycle also November and March recor­

ded 160 units/litre gnd 40 units/litre respectively. Polyarthra rev­

ealed a peak in October with 2,520 units/litre and a minimum in Feb­

ruary with 120 units/litre and was recorded only on three occasions 

during the ,first annual cycle. The month of January during the second 

cycle recorded 2,400 units/litre and was absent.during the reraaining 

periods. Keratella showed peaks of maximum abundance in the months 

of 3a'nuary with 840 units/litre and December with 5,200 units/litre 
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daring the first and second cycleso The. months of April, with 12:0 

units/litre and October inith 560 units/litre recorded the minimum 

during the first and second cycles o Trlahoceroa_ recorded a peak in-.. 

3une with 3̂ ,200 units/litre and a minimi'm in April with 50 units/-

litre and wâ s- abs^ent in January and September during, the first-ann­

ual cycle. In the next dycle, the m'onth of December registered 4,.800 

units/litre as maximum and.was present only in February and March 

recording ,840 units/litre and 120 units/litre respectively. The gen­

era Pleosoma and CBphalDdBlla^. ujere recorded only in October, regist" 

ering 660 units/litre and 440 units/litre respectively. Br.achionua 

was well represented over the entire period and recorded peaks of -;-

abundance in June with 5,600 units/litre and IMov/ember with 2,980 

units/litre during the first and second cycleso The months pf .3uly 

and March registered t.he minimum -̂:i:r':'̂  •.•:^':'-] 20 units/litre and 60 

units/litr3 during the first i d second cycle respectively. The 

genus Motholca was totally absent in both the cycles with the only 

exception of the month of May which recorded 140 units/litre (Table-. 

X \ l ) . 

The group Protozoa was represented by three genera Trichodinai 

Djffluqia and Diaphorodon, all well represented during both the cyc--

les in terms of their occurrence. Of these three genera, Trichodina 

and Diffiuqia constituted the dominant forms, Trichodina revealed a 

spring and autumn maxima and summer minima, while Djffluqia was pre-

dominantly a summer occurring form with nil values recorded in the 

other Seasons, Diaphorqdon more or less revealed a summer and winter 

maxima. 

The genus Trichodina| recorded peaks of abundance in Danuary 

and December repres-entihg 480 units/litire and 1,600 units/litre dur­

ing the first, and second cycles and the months of February and October 

recorded trie minimum with 40 •.:r'.i.ts/litre and 160 units/litre during 
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the Pirst and second cycles respectiualy and was recorded only on 

four occasion during the first cycle. Diffluqia ujas recorded only in 

April, May, 3uly and August during the first annual eycie* The maxi­

mum peak of abundance was recorded in August registering 5,100 units/ 

-'•^^^s* Diaphorodon u/as recorded only in the months of October, DQC* 

ember, May and Danuary during both the cycles. The maximum vuas recor-' 

ded in May representing a count of 6,300 units/litre and in January 

ujith 1,600 units/litre during the first and second cycles respecti-

uely (TablB-X\y). 

.When the group Zooplankton was seen for their seasonal flue- -

tuationa, Cladocera and Copepoda revealed a a/inter maxima and summer 

minima. The group Rotifera shoujed a bimodal peak of abundance uiith 

summer and u;ihtar maxima and spring minima and Protozoa ahoujed mora 

or less a summer maxima and uiinter minima (Table-^XV). 

When the relative percent abundance of the groups oiere obser-

v/ed: Cladocera folloiued a. trend more or less similar to their actual 

numbers representing 6,6% and 20.7^ as maximum in January and March 

during the first and second- cycles and their minimum recorded in 

November with 0.6^ of both the cycles. Copepoda recorded a maximum 

of 61,85̂  in September and 38,2^ in February during the first and 

second cycles. The minimum ujas recorded in August luith ^ ,9% Dec­

ember with ^06% during the first and second cycles.- Rotifera showed 

maximum in June and December recording 9^,6% and Q6*5% during the 

first and second cycles. Their minimum was recorded in September 

with 14.,4/S and February with 5'S,3% during both the cycles. The group 

Protozoa recorded 54.3^ as the maximum in May and 2.4/5 in February 

as the minimum during the first annual cycle..In the next cycle Jan­

uary and February recorded the maximum and minimum representing 18»'9^ 

and 6,5% respectively (Fig, QS). 
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When the total zooplankton and its seasonal abundance was 

observed it revealed ujlnter and summer maxima and spring minima 

(Table-Xl/)o 
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The Zooplankton recorded in the circular plastic pools oiere 

represented by four major groups—Cladocera, Copepoda, Rotifsra and 

Protozoa. Cladocera ujas represented by Cerip,daqhnia t Mpi^na, 8 osmina 

and Diaphanosoma. Copepoda luas represented by two gBnera9 Cyclops 

and Dlaptomus. Rotifera constituted the largest number of genera, 

Asplanchna, Filina 9 .A£Hjraj8£2s_is_, Polyarthra^, Keratella* Notholca» 

Pleqsoma , Chrqmqqaster,^ Ai^comorpha , Br.achî nu_s_, . Cephalodslla 1 

Colurslla and Lacane. Protozoa by ColepSg Pif f 1 uqia j'.• Trichodinat 

A re el la and Diaphorodon. Though these ujere the ones recorded in the 

present investigation not all genera luere present together and only 

some occurred and dominated at the different pools. 

CONTROL POOL 

The control pool comprised of tujo genera, Ceriodaqhnia and 

Mq.ina. under the group Cladocera, oihich revealed a summer maxima and 

spring minima. Ceriodaphnia recorded a peak of abundance in 3uly re­

gistering 320 units/litre and in March with 52 units/litre during 

the first and second cycles and was recorded absent from October to 

3une, August and September during the first annual cycle and in the 

next cycle in the months of December to February. The genus Moina 

was recorded -only in November, Duly and August representing 157 units/ 

litre, 800 units/litre and 480 units/litre respectively during the 

first annual cycle. In the next cycle the months of October and Nov­

ember registered equal counts of 13 units/litre and a minimum of 4 

units/litre in Oanuary and was absent in December, February and 

March (Table-XUI). 

The group -Copepoda was representedc by two genera Cy^^lops and 

Diaptpmus. 'he gpoup constituted the second largest counts of organ-
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isms. Both genera recorded peaks of abundance in July oiith 2,420 

units/litre and 640 units/litre and also their minimum in January 

•.reoording 100 units/litre and 91 units/litre during the first annual 

cycle respectively. Cyclops recorded a peak .during the second cycle 

in October with 179 units/litre and a minimum in December luith 37 

units/litre and was absent in the month- of February, .while the genus 

Diaptomus recorded a peak in October and a minimum in December reco­

rding 147 units/litre and 28 units/litre during the second cycle and 

was absent in February (Tabls-XUI). 

The group Rotifera was recorded as the most dominant zodplan-

kton in this control poolo Lecane showed a summer maxima and. winter 

minima. Aji_u_rasOfiŝ is_ revealed peaks of abundance in late spring and 

autumn with winter minima. Polyarthra recorded a winter maxima and 

summer minima. Keratella showed a winter abundance and their total 

absence in spring and summer months. Trichocerca recorded a summer 

and winter maxima and spring minima. Chromoqasterg Filinai Ascomorpha 

were predominantly recorded during the spring and summer months. 

Brachionus revealed a summer maxima and winter minima during the 

first annual cycle and the minima in winter during the second cycle. 

Among these genera, Brachionus was encountered as the most 

dominant zooplanktdn and recorded a peak of abundance in June, with 

24p000 units/litre and a minimum in November with 180 units/litre 

during the first annual cycle and was absent in December, January, 

August and September. In the second cycle October recorded a maximum 

with 1,600 units/litre and a smaller peak in January with 1,200 units/ 

litre and a minimum in December representino 300 units/iitrQ., Trich­

ocerca recorded a minimum in November udth 80 units/litre and there­

after ^i s^PP'^^^^<^i *° Teappear only again in f'ay and followed a. sim­

ilar trend /ill it registered e peak in Septem' 3r representing 1,280 
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i.i nits/lit re during the first annual cycle. The month of Danuary recr 

crded the maximum' iliith 900 units/litre and mas absent in December, 

. ebx'jary and March during the second cycle» A-n e-r-ef-gc(f3-s- rs- rev/ealed a 

psaK in May ujith 1,000 units/Iitfe and a mihim'um in De'c'e'iflbif̂  ricSr-

di.-g only 60 Cjnits/litre during the first annual cycle." During the 

second cycle it occurred only in December and January recording 700 

units/litre and 200 units/litre respectively. Ascomorpha luas recorded 

only in May uuith 160 units/litre and September with 720 units/litre 

and luas absent during the other months of both the cycles. Notholca 

uuas recorded in November and May during the first annual cycle .repre­

senting 180 units/litre and 120 units/litre and during the second 

cycle only in November oiith 300 units/litre. 'Filina recorded a peak 

in February and a minimum in January recording 680 units/litre and 

100 units/litre. It uias also found only in August and September dur­

ing the f.-'rst annual cycle and luas totally absent in the second cycle. 

Polya.rthra ujas recdrded only in the months of November, February, May 
• • . . . - • . ' 

during the first cycle and luas totally absent during the second cycle. 

The month of February recorded the peak luith 320, units/litre and 

November ujith only 80 units/litre. The genus Chromoqaster o/as present 

only in April ujith 280 units/litre and ujas absent during the other 

months of both the cycles (Table-Xl/l). 

The group Protozoa was represented in this control pool during 

both the cycles in the months of March, May, September, October, Jan­

uary, February and P^arch, Protozoa comprised of five qenera» Coleps, 

Trichodina» Arcella and Diffluqia» Of these genera Coleps constituted 

the major bulk of organisms and was recorded in September with 680 

units/litre and March with 200 units/litre during the first annual 

cycle and was absent from October to February and April to August. 

In the next cycle it registered a peaK wx-cn 'i ̂ 8 00 units/litre in Oct­

ober and a minimum in February with 200 units,litre and was absent in 
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November and December. Triohodina,. A-.rcjgll'a and -Pif f luqia ujere recor­

ded only In Î ay representing 480 unit''s/litre'> 240 units/litre and 440 

units/litra respectively and .jijore. totally absent during the other 

months of both the cycles (Table-Xl/I) i 

.̂VJhen the four groups- of zoopiankton in this control pool («©TB 

seen' for their seasonal trend- of fluctuations irrespective of the 

different genera recorded under them, Cladocera and Copeppda reveaied 

a summer maxima and winter minima and their total absence during thê  

spring months. The group'Rotifera revealed a bimodal peak of abunda­

nce Luith summer and autumn maxima and spring minima-. Protozoa shooied 

tendency to increase during autumn and spring seasoris {table-Xl/I). 

When the relative percent abundance of the groups oiere obser­

ved, Cladocera recorded a maximum in August with 23iO/S though the peaPc 

month showed only 20.0/^ during the first annual cycle. I,n the second 

cycle the percent abundance figures followed a trend more or less si­

milar to the actual numbers, Copepoda recorded a maximum of 51,4^ in; 

3uly and 10.2/2 in March during the first and second cycles. However, 

the minimum was recorded with 28.8/S in November though constituted 

larger numbers of counts than that of January which revealed 46,4/S -

during the first annual cycle. In the next cycle December recorded 

the minimum with 3,9% abundance,"'The group Rotifera constituted 100^ 

abundance in the months of December, February, April and 3une and a 

minimum in 3uly recording only 28,, 6% during the first annual cycle, 

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 more or less similar to their actual numbers 

with the months of May and October recording as maximum with 21,9̂ 2 

and 41 *3/S during the first and second cycles respectively (fig, 5 ) . 

When the total zoopiankton and its seasonal abundance was seen it 

revealed a summer maxima and winter minima (Table-XVI). 
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CIRCULAR PLASTIC POOL-1 

The zooplankton in this .p.og.l-l also comprised of four major 

groups: Cladocera, Copepoda-, Rotifera and Protozoa. The group Clado-

cera in ..this pdbl luas very 'insignificant and revealed a more or less 

summer maxima and winter minima. It luas absent during the autumn and 

spring seasons, Cladocera ujas represented by three genera: Ceriodaph-

ni.at Moina and Simocephalus. Ceriodaphnja luas recorded in the morrths 

of October with 4 units/litre, January with 240 units/litre, Mouembsr 

with 20 units/litre and March with 26 units/litre and was absent dur­

ing the remaining months of both the cycles. Moina recorded a peak of 

abundance in May representing 4,260 units/litre and a minimum of 6 

units/litre/in November 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 November and October respectively. The genus Simoce-

phê lus was recorded only once throughout the entire period of inves­

tigation recording 1,880 units/litre in the month o.f May during the 

first annual cycle (Table-X\/II). 

The group Copepoda was well represented with the only excep­

tion of April and May that recorded their absence. The group revealed-

peaks of abundance in spring and winter and was minimum in the summer 

months. Copepoda was represented by two genera Cyclops and Diaptomus 

and both revealed peaks of abundance in May recording 2,095 units/ 

litre and 2,495 units/litre and minimum in December with 16 units/ 

litre and 9 units/litre respectively during the first annual cycle. 

Cyclops had a peak of abundance in November with 339 units/litre and 

a minimum in January with 22 units/litre during the second cycle and 

similarly in the same cycle Diaptomus recorded a peak and a minimum 

in October and January recording 209 units/litre and 19 units/litre 

respectively (Table-XUIl). 
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The group Rotifsra comprised of the largest number of genera 

and constituted the largest number of individual forms ujhich persis­

ted and flourished during the entire period of study, Rotifera uJas 

represented by Asplanchna vuhich shovited their abundance during 'the 

spring seasons and absence in summer and ujinter months. Lecane luas 

recorded only once during the entire period of both the cycles ujith 

the exception of March recording 520 units/litre. The genera Anurae-

opsis t Trichocerca» Hexarthra -and Filina recorded peaks of abundance 

during the summer,and winter rhGnths and recorded Very lean popula­

tion during the other seasons. Br'achxonus revealed a summer maxima 

and winter minima. Keratella» Motholqa. and Caphalodella luere recorded 

only during the second cycle in the winter months, 

The genus Asplanchna revealed a peak in April with 640 units/ 

litre ,and a minimum in 3une with 70 units/litre during the first anr>-

ual cycle and also occurred in May with 480 units/litre. In the next 

cycle it was recorded only in February with 120 units/litre-. The gen­

era Anuraeopsis with 2.000.units/litre, Polyarthra with 600 units/ 

•litre, Brachionus' with 3,120 units/litre, Hexarthra with 240 units/ 

litre, Filina with 3.̂ ,640 units/litre and Trichocerca with 3,120 units/ 

litre recorded as maximum peaks of abundance in the same month of May 

during the first annual cycle. During the next cycle they recorded^ 

their peaks at different intervals, Trichocerca recorded a maximum 

in October with 1,600 units/litre and a minimum in January register­

ing 320 units/litre. Similarly, the genus Filina recorded maximum and 

minimum counts in October and January representing 2,200 units/litre 

and 240 units/litre respectively during the. s.econd cycle and Brachio­

nus reveaied a maximum and minimum in October and Debefriber represen­

ting 3,800 units/litre and 320 units/litre during the same period 

(Table-XUIJ;). 
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The'last group of zooplankton -in this pool. a/as Protozoa and 

was quite significantly represented by^ four genera,., ColepS;, T:richo~ 

difiay' Arcella and Diffluq.ia.« Colsps recorded abundance during the 

autumn months and mas absent in summer. Arcella restricted their 

occurrence during the ujinter months, but ujith a peak. recorded in sum­

mer during the first' annual cycle. In the second cycle they luere re--

corded once in October and luas absent the. other months.. Trichodina 

luas also erratically represented during both the cycles., Diffluqia 

Luas recorded only in January and March during the first annual cycl.e-. 

In the next cycle it revealed a winter abundance.., 

Cqleps recorded equal peaks of abundance in the. months- of IMoŵ  

ember and October representing 1,A00 units/litre each during the 

first and second cycles and. revealed a minimum in September luith 400 

units/litre and February luith 120 units/litre during the first and 

second cycles respectively and ujas absent in October., February to 

July, December and January during both the cycles,,̂  Trichodina recor­

ded peaks of abundance in April ujith 440 units/litre and 320 units/ 

litre in February during the first and second cycles.. The minimum 

u)as both in November with 120 units/litre each during the first and 

second cycles. Arcella recorded July as the maximum and Dune as the 

minimum registering 440 units/litre and 30 units/litre during the 

first annual cycle and in the next cycle October recorded 600 units./ 

litre and was absent during th© reiriainiag parioda. The geoue Diff lu­

qia was present during the first annual cycle, only in the months of 

January with 220 units/litre and March with 72.0 units/litre. In the 

second cycle, February registered the maximum recording ,5,680 units/ 

litre and December revealed a minimum count with 1 ,320 units/litre 

ahd was absent in October and November (Table-XV/II). 

The fo.yp groups of zooplankton irrespective of the genera 

recorded under them revealed an almost similar- trend of .seasonal 
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fluctuation., Cladocera, Copepoda and Rotifera shoujed a more or less 

summer maxima and luinter minima* Protozoa revealed a summer minima 

and ujinter maxima and also recordi^d peaks of abundance during 

autumn (Table-Xy/I I). 

When the different groups relative percent abundance was seen, 

Cladocera luas observed to follouj a trend more or less similar to 

their actual numbers. The months of May and November recorded 28,5% 

and A,5% during the first and second cycles. The group Copepoda reg^ 

istered a 100% abundance in February though the peak month of May 

recorded only 21.3/S during the first annual cycle.., In the second 

cycle the relative percent abundance follouued a trend similar to 

their actual numbers. The maximum and minimum recorded, were 31'.3^ 

and 0,8% in November and January respectively. The group Rotifera 

revealed a maximum in April ujith 89.0% and minimum in November with 

6»4% of the first cycle. The second cycle sh.OLued a maxima and minima 

during October and February recording 75.3% and 17,4%:7respectively». 

Protozoa recorded a maximum percent abundance in November represen­

ting 86,1% and a minimum in June luith 2.6% during the^ first annual . 

cycle. In the second cycle the month of February recorded the maxi­

mum Luith 76.2% and a minimum in November recording 18,4% (Fig, 9), 

When the total zooplankton and its seasonal fluctuation uuas 

seen it revealed a bimodal peak of abundance in summer and autumn 

liiith a winter minima. However, the trend of fluctuation u;as seen 

with a peak formation in the early spring during the second cycle 

(Table-XUIl). 
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CI R C UL A R. P L A S T I. C,...g.Opljij: 

The groups of zooplankton recorded in this pool ujas also simi­

lar to that of pool-1 and was represented by Cladocera, Copepoda, 

Rotifera and Protozoa. The group Cladocera ujas very poorly represen­

ted in their abundance and occurrence and comprised of tiuo genera 

Ceriodaphnia which luas recorded during the months of- October, Novem­

ber, December and May shoiuing as the maximum of 40 units/litre and 

recorded a minimum of 7 units/litre in Nou.ember. It was 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.- Moina 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 registered the maximum with 774 units/litre . 

and Oanuary as the minimum witn 78 units/litre and was recorded ;Only-

six times during both the cycles (Table-Xl/II I ). 

The group Copepoda was represented by two genera Cyclops and 

Djaptomus. Cyclops revealed a winter maxima and summer minima. 

Diaptomus recorded bimodal peaks of abundance in winter and autumn 

with summer minima during the first annual cycle. In the next cycle,-

however, the peak of abundance shifted to early spring. The genus . 

Cyclops constituted the dominant form and revealed,peaks of abundance 

in' November with 1,326 units/litre ^nd in March with 2,088 units/li-' 

tre and minimum in February recording 13 units/litre and in December 

with 59 units/litre during the first and second cycles respectively^-

Diaptumus-similarl y recorded peaks of abundance in IMovember and March 

representing 1,142 units/litre and 1,416 units/litre during the 

first and second cycles- The months of f^sbruatv and December recorded 

5 units/litre and 66 units/lit-^g as minimum during the first and 

second cycles (Table-XUIII). 
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The group Rotifara constitutsd the most dominant zooplankters 

in this pool and ujas represented by eleven genera. The genera Aspla-

nchna •, Po_l̂ Vj.rt]Tr_â , iH9.t.!i2i?̂ » CsflhalojdejLJLa, and Bra.chî o_nus_ recorded 

their peaks of abundance during the autumn months and minima during 

the spring seasonso Lec:a,n__a and Colurella_ ujere recorded only in Jan­

uary with 160 units/litre and Ouhe with 300 units/litre respectiv/ely 

during the entire period of study. Anuraeopsis revealed a winter and 

spring maxima and summer minima. Keratella recorded winter occurrBnce 

and absence during the other seasons. Trichocerca showed a summer and 

early 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 peaks of abundance during winter. 

The genus Asplanchna was present in the months of May, 3unB 

and August and was absent during the remaining period. It recorded a. 

peak of 4s>u00 units/litre in August. Similarly L_ecane_ was recorded-

only in January with 160 units/litre. Anuraeopsis recorded peaks of 

abundance in April and November representing 4,800 units/litre and 

1,120 units/litre during the first and second cycles and recorded 

minimum in the months of December registering 1,320 units/litte and 

200 units/litre during the first and second cycles and besides these 

months they were recorded twice during both the cycles* Polyarthra 

recorded peaks of abundance in September with 1 ,;440 units/litre and 

in Nov/ember with 1,920 units/litre and minimum in March with 100 

units/litre and Oanuary with 240 units/litre during the first and 

second cycles respectively and besides these months they occurred 

only thrice during the first and second cycles. Keratella was present 

only in the months of December with 800 units/litre and 200 units/, 

litre during the first and second cycles respectively. Trichocerca 

vtivualed a- peak of abundance in 3une: recording 1,600 units/litra-.-and 

a minimuiT) i.i February with only 21 units/litre during the first 
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annual cycle and aias absent for six months .During the second cycle 

March recorded 2,560 units/litre and January 1,720 units/litre and 

Luas absent from October to December and • February. Notholca luas reco­

rded only in the months of November ujith 350 units/litre and February 

vuith only 12 units/litre during the first annual cycle. In the next 

cycle October recorded 560 units/litre and was entirely absent during 

the remaining periods. Filina recorded peaks of abundance in May uiith 

2,000 units/litre and in December with 440 units/litre during the 

first and second cycles and in addition to these months they uisre 

recorded thrice during both the cycles. Brachionus recorded a peak 

in Nowember registering 980 units/litre and a minimum in February 

Uiith only 24 units/litre during the first annual cycle and a/as absent 

in the months of January, March, April, August and September. In the 

next cycle, March registered a maximum recording 3,840 units/litre 

and a minimum in February with 320 units/litre. Gephalodella was rep­

resented only in October and in December with 640 units/litre and 280 

units/litre and was absent during the other months qf both the first 

and second cycles (Table-XUIII). 

The group Protozoa was represented by five genera; Coleps, 

Trichodina» _A_rce_lla., Diffluqia and Diaphorodon. Of these genera,' 

Coleps constituted the dominant form: and revealed peak of abundance 

in June recording 1,800 units/litre and a minimum in February with 

111 units/litre and was represented only four times during the first 

annual cycle.. In the second cycle, January registered a peak with 760 

units/litre and February with 560 units/litre and was absent in Octo­

ber, January and March. Trichodina was entirely absent during the 

first annual cycle and was recorded only in November registering 1,120 

units/litre and December with '200 units/litre in the second cycle. 

Arcella was present only in the months of July and August recording 



204 

18 units/litre and 1,200 units/litr'b'tiUring the first annual cycle 

and ujaa absent during the entire second cycle. DifFluqia and Diapho-

rodon mere Tegistsred in NovembeT ujith 460 units/litre and in Dpcem-

ber u/ith 440 units/litre during the first and second cycles respec­

tively and mas absent during the other months of both the cycles 

(Table-Xiyill). 

When the group Cladocera uJas seen for its relative percent 

abundance ampng the other three groups, the months of September and 

November recorded an equal magnitude of abundance luith 9,2% and the 

months of April and December recorded the "minimum uiith Q»^% and ^.9% 

during the first and second cycles respectively. Copepoda' recorded 

maximum in March uui th 6A,8% and •; Februairy luith 48,8^ and minimum in 

October ujith 2.2?̂  and December ujith 4.5^ respectively during the 

first and second cyclgs. The group Rotifera constituted the highest 

relative percent abundance recording 91,4^ and 12»7% in May and Dec­

ember and ujith 30,6% and 25.6/S as minimum in the months of February 

during the first and second cycles respectively. Protozoa constituted 

a 10Q% abundance in January and a minimum in Duly luith 6,2% during 

th§ first annual cycle. In the second cycle February registered the 

maximum luith 25.6% and a minimum in November luith 13.2% (Fig. 9 ) , 

When the total zooplankton was seen for their seasonal fluc­

tuations it revealed a summer maxima and spring minima (Table-XUIII ). 
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CI_RXUL AR PL_AS_TI,.C . POOLj-3: 

The major groups of zooplankton registered in this pool tuere 

also Cladocera, Copepoda, Rotifera and Protozoa. O.f. these groups •.. 

Rotifera constituted the dominant form both in term of indi'W.idu.'al 

counts and occurrence. The group . Cladocera ujas represented by th-ree 

genera J Ceriodaphnia, noina. and 5imocaph.alu&« T'he genus Ce.ri:odaphrfî â., 

uias recorded only in November representing, a count of only "t17 u'hita/ 

litre and was absent during the remaining periods of both the cycleSi 

The genus Moina revealed peaks of abundance during the early uiinter 

months u/ith Wouember recording a maximum of 229 units/litre and a 

minimum in March luith only 28 units/litre during the first annual 

cycle and ujas absent in the months of February and Apt'r-1 to SefptembefV-

In the next cycle October recorded the peak uiith 1>080 units/litre 

and March as the minimum with only 39 units/litre and ujas absent iip 

October, December and February. Simocephalus mas recorded only: once 

with a count of 2,000^ units/litre in November and oias .totally absent 

during the other months of both the cycles (Table-^XIX). ' 

The group Copepoda was represented by only two genera Cyclopa -' 

and Dlapt omus b oth of them' revealed an autumn maxima and 'summer mini-.", 

ma. Cyclops riscorded peaks of abundance in February with 1 ,200 units/ 

litre and October with 1,482 units/litre and minimum in Duly (55 

units/litre) and January with 274 units/litre during the first and 

second cycles respectively. Piaptomus recorded a peak in October with 

798 units/litre and a minimum in March recording 77 units/litre dur­

ing the first annual cycle. In the next cycle October recorded a max­

imum with 1,482 units'/litre and a minimum in December registering 200 

units/litre (table-XIX). 

The group Rotifera constitutsa cne most dominant zooplankton 

and was rei-cesented throughout :he period of ŝ udy-i Rotifera was 
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comprised of nine genera j A in u r_a e__q p_s_îs_ recorded an autumn and spring. 

peak,: oiith ujinter and summer minima during the first annual . cycle. 

In the next cycle it oias recorded only in October, Polyarthra luas 

confined to the uuinter and spring occurrence and sho'ajed summer minima. 

K_8_r.at.el̂l̂a_ revealed a peak in a/inter and luas absent during spring and 

summer during the first annual cycle. 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. Notholea was recor­

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 minima..Brachionus 

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 Asplanchna were present only 5n the summer months. 

The genus Anuraeopsis revealed a peak in September registering 

2,860-units/litre and a minimum in December with 3 60 units/litre dur­

ing -the first annual cycle. In the next cycle October recorded 440 

units/litre and. was absent during the remaining months. Polyarthra 

showed peaks of abundance in May and February representing 680 units/ 

litre and ,200 units/litre respectively during the first and second 

cycles. The months of March' and December recorded minimum counts with 

200 units/litre and 160' units/litre respectively during the first and 

second cycles. Keratella recorded a peak in November with 560 units/ 

litre and a minimum in December with 200 units/litre during the first 

cycle.. In the next cycle March represented the maximum with 1,760 

units/l,itre. and minimum in November with 260 units/litre. Trichocerca 

revealed a peak in April with 45BOO units/litre and a minirnuni in .Tone 

with 320 units/litre during the first annual cycle and"was absent 

from November to January. In the next cycle February registered the 

maximum witn 2,400 units/litre and a minimum in November iwith 80 
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units/litre and luas absent in October and January. Mothoica ujas reg­

istered only in the months of Nov/ember and December recording 1 fT60 

units/litre and 320 units/litre and ujas absent in the other months^ 

of both the cycles, Filina shoujed a peak in September with 9,440 . 

units/litre and a minimum in December tuith 320 units/litre during the 

first annual cycle and oias absent in the months^ of October, Nov/ember/ 

February, Oune and Ouly. In the second cycle a maximum and minimum 

UJBS recorded- in October u-'ith 440 units/litre and November with 280 

uniits./iitre and ujas absent from December to March:. Brachionus recor-. 

ded. a, maximum peak in April registering 5,̂ 600 units/litre and also a' 

smaller peak in 3une aiith 4,800 units/litre and a minimum in January 

recording 200. units/litre during the first annual cycle. In the next 

cycle the months of February and Decambar recordad" the maximum and 

minimum uuith 4,400 units/litre and 1,040 units/litre respecti\/eiy» 

Coluxella revealed a peak in Duly with 3,.:B00 units/litre and a minl-^ 

mum in June recording 240 units/litre and was absent from October to 

May and.: August during the first annual cycle. In the' next cycle it 

was totally absents A9p_lanch_na was also recorded only during the 

first annual cycle in the months of October,. 3uly and September rep­

resenting 720 units/litre, 1800 units/litre and 366 units/litre res­

pect iualy (Table-XIX). 

The group Protozoa was represented by four genera Coleps which 

constituted the dominant form and Trichodina, Ar-cella and Difflugia. 

Coleps:. was represented only during, the late summer of the first ann­

ual cycle and in the next cycle in early spring. Trjchodina was res­

tricted only to the summer months, while Arcslla in winter and a peak 

in summer and Diffluqia^ revealed an occurrence only during the autumn 

months, 

Coleps recorded peaks of abundance in June with 7,600 units/ 

litre 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 aiith 880 units/litre. Trichodina ujas registered only 

in the months of May with 640 units/litre and September with 840 units/ 

litre 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 units/litre in December during the first annual cycle and was 

absent throughout the second cycle. D.iffluqia was registered only in 

the months of October and December recording 200 units/litre anrd 

14,640 units/litre during the first and second cycles respectively 

(Table-XIX). 

When the groups of zooplahkton were seen for their seasonal 

trend of fluctuation irrespective of the genera recorded under them, , 

Cladocera showed a winter and late autumn maxima and summer minima. 

Copepoda revealed an autumn maxima and summer minima* Rdtifefa revea­

led peaks of abundance in spring and summer^ and winter minima* The 

group Protozoa revealed a summer maxima and spring minima (fable-XIX). 

When the groups relative percent abundance iŷ re seen, Cladocera 

recorded a maximum in October with 12.1% and a minimum in Oanuary with 

0,Q% during the first annual cycle. The months of Noveimber and March 

recorded the maximum and minimum with 31,4/^ and 0*7% respectively 

during the second cycle. Copepoda showed maximum percertt abundance in 

the months of February with 44.5% and October with 48*7% during the 

first and second cycle and minimum in Duly with 0*7"'̂  and December with-

with 2.8% respectively. Rotifera was solely represented in the month 

of April and constituted 100% abundance and with a minimum in 3une 

of only 40.3% during the first annual cycle. In the next cycle they . 

recorded 87*1% in December and March with 16.6% as maximum, and mini­

mum respectively.. Protozoa recorded maximum in 3une and December with 

57.0% and 87*1% and the minimum in December and March, with 1.1% and 

16•;.6% during the first- and second cycles respectively (Fig, 9 )» 
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When the t o t a l zooplankton and i t s ssasonal t rend of f l u c t u a ­

t i o n Luas seen i t rev/ealed a summer and lu inter maxima and sp r ing min­

ima (Tab le -X IX ) . 
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CIRCULAR PLASTIC POOL-4 

Four major groups of zooplankton luere also represBnted in this 

pool-4. They ujere Cladocera, Copepod.a, Rotifera and Protozoa. 

The group Cladocera luas represented by tujo genera Ceripdaphnia 

and Mpina, but vuas uery insignificantly represented and occurred only 

in the months of November, Danuary, March and April during the first 

cycle and recorded maximum density in March and minimum in April. 

During the second cycle they ujere present only in the months of 3an-

uary to March. Ceriodaphnia u;as recorded only in November a/ith 519 

units/litre and in January luith 113 units/litre and a maximum density 

in M̂ arch recording 1,920 units/litre and luas recorded absent through­

out/the periods of the second cycle. The genus Moina revealed a peak 

in Danuary registering 1,143 units/litre and a minimum in March with 

only 80 units/litre and was absent in Octoberr December, January and 

April to September during the first annual cycle. In.the second cycle 

the month of March registered the maximum with 648 units/litre and a 

minimum of,5? units/litre in January and was abgent,from October to 

December (Table-XX). 

The group Copepoda was represented by two genera Cvcĵ dps and 

DigptoqCis and revealed their abundance in April and minimum in Febru­

ary and was absent in the months of February, May and 3une during tha 

first annual cycle. In the next cycle March and.October recorded the 

maximum and minimum abundance and was absent in December. The genus 

Cyclops revealed a winter maxima and spring minima and in the autumn 

a tendency to increase. It recorded a peak of abundance in January 

registering 1;.,782uhits/litre and a minimum in Duly with 40 units/ 

litre during the first annual cycle. In the next cycle a maximum and;-

minimum was registered in the months of March with 1 ,57'9 units/litre 

and October with 91 units/litre and was absent in February, May, Dune 

and December during both the cycles, 
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Diaptomus recorded a peak in April registering 2,.,613 units/ 

litre and a minimum in July ujith 40 units/litre during the First- ann­

ual ,cycle. In the next cycle March and October revealed the maximum 

and minimum density representing 1,769 units/litre and 52 units/ 

litre :Tespectiv8ly(TablB-XX). 

the group Rotifera luas encountered as the most dominant zoo-

plankter in their occurrence. The group ujas represented by ele­

ven genera."Asplahchna mas recorded only in the months of November, 

Na'-pch and February during, both the cycles, Egistering 239 units/litr^-

520 units/litre and 2,080 units/litre re&iDectiuely• Lecane a>as reco­

rded in,February mith 440 units/litre, Oune and August ujith 400 units/ 

litre each during,the first annual cycle. In the next cycle January 

recorded the maximum luith 640 units/litre and a minimum in October 

with 200 units/litre and was absent in-November, December and Febru­

ary. Anuraeopsis recorded a peak in 3une oiith 1 ,000 units/litre and ' 

a. minimum.'in August -ujith" 423 units/litre and besides this they were 

registered only four -times during the first annual cycle. .In the next-

cycle it was recorded only in Octbber registering 600 units/litre. 

Polyarthra irevBaled peaks of abundance in January and March registe­

ring 2,080 units/litre and 240 units/litre during the first and sec­

ond cycles respectively. A minimum of 200 units/litre in August and 

80 units/litre in January was recorded during the first and second 

cycles. Keratella revealed peaks of maximum densities in the months 

of February with 1,600 units/litre and with 1,920 units/Htra during 

the first and second cycles respectively. A minimum of 240 units/ 

litre and 320 units/litre was recorded in December and March respec­

tively during bgth the cycles. Trichocerca showed 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 registered 1,000 units/litre as the maximum and January as 
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tha minimum ujith 3 60 units/litre. The ganus Trichocsrca ujaa also 

recorded present in the months of Nowember^ December, Na'y, 3une and 

August during the first cycle-. Not hole a was recorded in November and 

March ujith equal peaks representing 280 units/litre and ujas absent 

during the other periods of both the cycles. Filina recorded maximum 

peaks of abundance in June reprasentinq 12.,60Q units/litre and in 

March. Luith 1,520 units/litre. It recorded minimum in November u/ith 

80 units/litre during the first annual cycle and ujas absent from Oct­

ober to February during the second cycle- Brachionus recorded peaks 

of abundance in February and Saptsmber r&gietaring 3,440 units/litre 

and 2,400 unitg/litre and a minimum in July ujith only 6Q units/lifcta 

during the. first annual .cycla. In the next cycle March registered the 

peak u>ith...2,320...tioits/litre and -OGtober as the minimum aiith 200 units/ 

l.itr»:.-arT>d"~M>a8 absent in October, Dune and November during both, the 

cycles. The qanara- OolurelIq and~".As_Gom_̂ orq̂ ha. u/e-rg-Tecotdgd once dur­

ing the first annual cycle in, i .arch ujith 240 units/litre and ' May uiith 

3,440 units/litre respectively and ujas totally absent during the . 

other, months of both the. cycles (Table-XX). 

The group Prot'dzoa tuas represented by the genera Coleps i 

Trich'odina» Arcella and Diffluqia» The gr'oup recorded maximal •densi­

ties in January and, minimum in July during the first annual cycle. 

In _t:hB se'Gond cycls January recorded 3,000 units/litre as the ..peak 

and December- tuith 400 /Unit.s/litre as the minimum. 

The genera Arcella and Diffluqia recorded tiheir maximal peaks 

:of a'b:u;ndance in J.anuar'y registering 3,,040 units/litre and 1'5;,680 

units/litre during the fixst annyal cycle and recorde'd their minimum 

•counts in July uiit'h 40 units/litre and Nowember uiith 240 units/litre 

duri'ng the firat and second cyGles resipectiv/ely. In addition to the 

maximum an-d minimum recorded months,, the genus Arc ell a -mas .pr-ssê nt . 

only l.'n March;,,.. April; and May and ujas absent- during the other;:months ,• 

-of both the cycleS;, while Diffluqia besides "the months of Nov/ember 
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and January was absent throughout the other months of both the cycles.. 

The genus Coleps recorded peaks of abundance in August registering 

2,320 units/litre and in January ujith J,000 units/litre during the 

first and second cycles. The months of October ujith 600 units/litre 

and December ujith 400 units/litre recorded the minimum counts of .these 

forms during the first and second cycles. They also occurred in the. 

months of December (800 units/litre), October (1,200 units/litre) and 

November (.1,200 unita/litre) during both the cycles. Trichodina ujas 

found present only during the first annual cycle with the month of 

June and November representing the maximum and minimum registering 

2,800 units/litre and 80 units/litre and ujas totally absent during 

the second cycle (Table-XX).. 

When the relative percent abundance of the different groups 

were seen, Cladocera showed a maximum of 41.6% in March and a minimum 

of \,5% in April during the first annual cycle. In the next cycle, 

March and January recorded the maximum and minimum representing 7»4% 

and 1.0/S respectively. The group Copepoda revealsd a maximum abundahce 

in October with 50,8/2 and in December with only 3.1% as minimum during 

the first annual cycle. The months of March with 37.7% -and October 

with 6*1% represented the maximum and minimum during the second cydfe. 

Rotifera registered a maximum relative percent abundance in February 

recp.rding, 100% and a minimum in .October with bnly 23,7% during the 

first annual cycle. In the next cycle maximum percent abundance was 

seen in December with 66.7% and a minimum of 42.7% in October. The 

group Protozoa constituted a maximum of 59.4% in August and only 9.5% 

in Apri^ during the first annual cycle. In the next cycle the maximum 

and minimum relative percent abundance was registered in" January with 

52.4% and November with 31.5% (Fig. (J9 ). • 

When the total zooplankton was seen irrespective of the groups. 

and genera present under thefn it. revealed~ 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 and pools it ujas felt to observe the liv­

ing things namely the biota in these ecosyste'ms, This helps in un­

derstanding the spatial and temporal relationships through uuhich 

groups of individual forms of either the same or different species 

are formed and their linkages into ecological patterns and associa­

tions, It is UJBII documented that several environmental factors 

either by themselves or in combinations interact to regulate this 

spatial and temporal groo/th of biota, yet it luas needed at this stage 

to understand their basic dynamics of the biota itself and their 

interactions« 

With the above in vieuj t^e biota in the present investigation 

of the fish ponds and pools u/ere broadly categorised into ta/o major 

groups, the phytoplankton and zooplankton. The dynamics of both of 

these tiuo groups have been confined to the results obtained from 

their occurrences from the euphotic zones in the different systems 

under study. 

When the phytoplankton associations u/ere observed in the diff­

erent systems it luas seen that Ehlorophyceae luas the dominant group 

present In all the fertilized ponds and pools and Euglenophyceae 

came next in importance. Hoaiever, in the control systems both in the 

ponds and pools Euglenophyceae uuas the dominant group uiith Chlorophy-

ceae coming next in importance. Betiuean these ttuo groups itself there 

is a clear evidence of a successional pattern being altered because 

of fertilization measures and it seems that irrespective of the fer­

tilization such a change is quite ©bvt-ous e-Ven in those systems 

where only supplementary feed as administered. 
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The third dominant group of phytoplankton was MyxophycBae and 

this occupied the same position for all the ponds and pools. There 

seemed to be no change in its dominant role even vuith fertilization 

though of course there was definitely an increase in their numbers 

on fertilization, yet o/ith the simultaneous increase of the tiuo 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 control 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 numbpf̂ s were very low they did, not seem to play a 

very significant role in affer-̂ .ing the dynami-^s of" the system. Their 

low abundances were found both in the.Experimental Fish Ponds and 

Pools. 

One observation arising out of such an analysis of the major 

groups of phytoplankton is that though there is a shift from the . 

Eugl'enoids to the abundant form of green algae (Chlorophyceae), from 

natural systems to fertilized ones, yet the blue-green (Myxophycsae) 

which are an indicator of eutrophic situations seem to be relegated 

to the third position inspite of fertilization measures^ probably 

reflecting the equilibrium attained in such acidic waters where a 

well^maintained.buffer operates, not allowing the excess of alkali^ 

nity to form the usual bloom and crash of blue-green algae. This in­

dicated 'that the present fertilization management is quite adequate 

for the control of such noxious blue-green algae to develop to only 

ah. extent required and not to level? as obtained elsewhere in fish 

ponds and n particular the plains of India. Bacillariophyceae or 
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diatoms add to the abov/e contention in that the situations are not 

highly eutrophic and there exists a negative relationship betujeen 

Dinophyceae or desmids. It has been suggested as early as 1946 by 

Allen that the phenomenon of mutual exclusion occurs betiueen diatoms 

and dinoflagellates. 

When these major groups are broken doLun into their respecti\/e 

genera that they comprise of, it luas clearly observed that among 

Chlorophyceae the genera, C_hl̂ am̂ ŷ domonas and Scenedesmus invariably 

occupied the first ttuo positions in all the systems undertaken for 

the present study. Moreover there ujas a drastic increase in their 

numbers in the fertilized ponds and pools, and in fact these tujo 

genera alone decided the dominance of the group. One observes here 

that though the general blue-green algae ujas kept quite under con­

trol:, yet among the green algae., the tujo genera Chlam ydomonas and 

Scenedesmus were abundant and are knoujn as inoicators of eutrophica-

tion. Therefore, in these ponds and pools, fertilization does incre­

ase the eutrophic status of the systems not necessarily by the usual 

eutrbphic group, but even at generic levels of usually a Oligotro-

phic group* 'This sort of a phenomena is not very neuu in acidic maters 

which are perturbed since the minor shifts at generic level could be 

attributed to the increase in amplitude of the turnover rates, ujhich 

over the seasons,be explained by the diversity of phytoplankton pop­

ulations ujith a decrease of total biomass (Javornicky and Komarkova^ 

1978). Moreover it is known that green algae and diatoms are more 

efficient producers than blue-greens and dinoflagellates (Flndeneggj, 

1965j' and Pyrina,';;19-66),. It is therefore a beneficial aspect that 

even eutrophic genera gfouj abundantly in fish ponds than the blue-

greens which effect primary production levels- deciding the produc­

tion of higher trophic levels which in che present case is fish. 
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The 'Other observations from the present investigation luas the maxi­

mum numbers of genera present under Chlorophyceae than in any other 

groups Moreover there u;as a clear inverse relationship to the seaso­

nality of these dominant genera under Chlorophyceae like ChlamydomO" 

nas,. Scenedesmus and An_kjL_s_t,rodesm_û 3̂  ujith that of the ..genus IMavicula 

of Bacillariophyceae. Though the numbers of abundance u;ere fair less 

in the latter yet it seemed that there ujas a clear cut oscillating 

r.hythmicity in the • successional pattern of these different genera to 

create a primary production level possibly 'at equilibrium throughout 

the annual cycle. This ujas true irrespective of fertilization, 

except•that in intense fertilized ponds and pools or in those where 

inorganic and organic fertilizers and. supplementary feedings • u;e.re 

administered shoiued that the field rhythms seemed to possess an in­

herent rhythmicity more or less similar betujeen systems except, pro­

bably with the differences of magnitude (Enright, 1970 and Gliuiicz;, 

1975). 

Such increases in amplitude of turnover rates during the sea­

sons and. betiiieen the systems could also be a cause of the altered 

diversity of phytoplankton population and the uniform population of 

blue-greens must probably possess louj value of turnover T.ates. Fur­

ther, that diverse population of phytoplankton probably being more 

intensely consumed by predators and so sustained in active phase' of 

gr.oojth could possibly be a factor to be reckoned with. 

in a simple analysis of the above, the assemblages of many 

species/genera could concievably operate as a single unit with a 

unique rhythmicity. It, is known that coexistence of potential compe--

titors at these levels of statistical evidences that competition is, 

usually avoided (Hutchinson, 1961 )... Further kinetics dominance of 

co-^dominant species as in the- present' study especially Chlorophyceae, 
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EuglBnophyceae and Myxophyceae as higher hierarchical groups, and 

ujhile Chi am y.dojTip_na s, Sji£n£.de_s_rnL[s_i, Eugle.na, and Coelosphaeriufn at gen­

eric levels has been suggested as one mechanism for avoiding or min­

imising competition in an environment luhere nutrient source is con­

tinuous as in the fertilized ponds and pools where there aias a regu­

lar administration of fertilizers (Williams, 1971; Eppley et_»a_l.»» 

.1971). Although changes in species composition and total biomass 

accompanying such eutrophication processes can be striking to the 

most casual eye, the ultimate environmental factors limiting the 

changes often remain unclear and disputed, as do the biological 

interactions attending changes in species dominance during the same 

period, 

With this ".knoujledge of the phytoplankton and biota in the 

fish ponds and pools, the immediate hig^^er tfcphic level, the zoo-

plankton a.d their dynamics in relation to both the previous levels 

and the next higher trophic levels is to be understood. This is all 

the more necessary since they do not only graze, on the' phytoplankton 

but also have their own level of production as food for the higher 

animals. 

In the present investigation four major groups of zpoplankton 

uuere identified and they ujere Rotifera, Copepoda,. Protozoa and Cla-

docera. It tuaa ob-snruBd that the group Rotifera in both the ponds 

and pools irrespective of fertilization was the moat dominant zoo-

plankton group encountered. They were followed by Copapoda in all 

the Experimental Fish Ponds and though they did also show in the 

Circular Plastic Pools, Control, 2 and 3, yet they were replaced by 

Protozoa in pools 1 and .4. Cladocera and protozoa were quite less 

in numbers in comparison to the other groups in the Experimental 

Fish Ponds and were present in that order ooth m the- control and. 
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pond 1. i-iouueverj they exchanged their positions in ponds 1 and 3* In 

the Circular Plastic Pools, Cladocera aias encountered as the least, 

uihile Protozoa occupied the third position in all the Circular Plas­

tic Pools except in pools 1 and 4 as mentioned earlier ujhich u/as 

replaced.by Copepoda, 

In the present systems undertaken a clear observation of a 

numerical superiority of the group Rotlfera ov/er other major groups 

of zooplankton luas seen, oihich is by itself an indicator for the 

eutrophic status of the systems as this corroborates the vieiu of 

Nordquist (1921 ) luhere Rotifers were aluuays seen tp dominate in rich 

organic freshujater systems. Copepoda as the next major group in all 

the Experimental Fish Ponds and Circular Plastic Pools is also an 

indicator of eutrophication though primarily it.is,the species which 

decides the occupancy of such systems, lunich in the present investi­

gation ujas found to be dominated by the genus Cyclops and Diaptomus« 

The group Protozoa especially in Experimental Fish Ponds 2 and 3' is 

understahable as both supplementary feeding and coiudung or oganic 

manure coUldhave contributed to their enhancement in numbers. Simi­

larly in Circular Plastic Pools 1 and 4, this group Protozoa was 

very high in numbers, probably attributed to similar management prac­

tice. This presence of the group Protozoa in large numbers especially 

in ponds and pools .u/heiO. suppl-ementary feeding oias giyen alone or in. 

combination of fertilizers could probably have served'as a.very good 

substrate for their groiuthe 

Oh further analysis it uias seen that most of the Rotifer, genera 

mere abundant in the luinter months along tuith Protozoa, the l-atter 

which started increasing from the autumn months. Cladocera and Cope­

poda ujere usually pre^pnf. as summe'^ nccurrT ng forms,. This sort of a 

rhythmicity in their behaviour and the success!onal seasonality of 
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^abundancBS seemed to follouj a pattern parallel to the group of phy— 

toplankton over the season ujith each group occupying a, special fee­

ding ecological niche as it mere. Ih,i,s phenomena of the regulation , 

Luhich affects the fecundity of the zooplankton due primarily to food 

intake may not be instantaneous and it is probably here that the 

underlying phenomena of zooplankton dynamics are hidden. 

As . phytoplankton and zooplankton.are dependent on each other, 

zooplankton grazing on the former enhances the process of fracturing 

the frustule which might add to the autochthondus input (Ferrante 

and PajrkeT, 1977). Houjeuer the generation rates of this having more 

or.less the same time scale the zooplankton suppresses the algae to 

louj levels if not itself being grazed .by small fish (Steel, 1975). 

Further the aggregation of zooplankton and especially their adults 

in the narrouj z.one in light intensities at the surface ujaters may be 

involved and contribute to a large extent to such population regula­

tion. 

Biological factors such as predation iHrbacek and Hfbackova-

Esslova, 196Q; Brooks aqd Dodson, 19 65), starvation (Warren, 1900; 

Uoh Dehm, 1930) and inter or intraspecific competition (Frank, 1952; 

Parker, I960) have been suggested as important factors in regulating 

the birth and death processes iiihich on balance account for the obse­

rved density of the.se organisms. In addition it has been luell docu­

mented that Cladocera have a maximal feeding rate only at certain 

optimal pH (ivanova, 1969 and Walter, 1969). 

Though many- factors contribute to an understanding of the pop­

ulation dynamicS~of zooplankton, yet in fish ponds ujhich are managed, 

the allochthondus component is of great concern*^ In particular 

prganip manu'ri'ng effects the develop:nent- of zooplankfidh: and has been 

http://the.se
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emphasized not only in pond • farms • (Leiukoujicz e_t_. al_,, 1975) but also 

attempts have been made to.,utilize such allochthonous materials in 

mass developing of . zooplankt.on as fish food . (Barthelmes, 1969). In 

addition a chain of reactions are set 'jjhen ready organic substances 

is introduced into the maters o/hich is utilised by all trophic leu-

els ujith a stimulating influence on the development of phytoplankton 

ujhich get released after mineralization (Schaperclaus, 1961; Ljachn-

oiuic, 1962| and Huet, 1970) utilized by zooplankton and subsequently 

by fish. 

This phenomenon especially in managed ecosystems is assumed 

that any organism ujould not become dependent on a rare element for 

its existence. It is, therefore, frequently seen that organisms not 

only take up a given element but utilize it to its maximum in some 

fashion. Homever, it is possible and even plausible that the given. 

element may be taken up and used to control or limit the uptake of 

another element by substitution processes. All these probably refle­

cts the differences in the seasonal dynamics of these groups that 

have been studied. Houjever further .information on natural variations 

on dynamics and species composition is needed before changes in zoo-

plankton or phytoplankton accompanying fertilization experiments may 

be accurately interpreted. 
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O.ikos, 35 :31 "48.. 



230 

LeujkQUjicz, M. & 1975 
S . LsLukoLuicz 

The r o l e o f z o o p l a n k t o n i n s e l f - p u r i f i c a t i o n 
o f the pond a f t s r f i v e years o f f e r t i l i z a t i o n 
a i i t h sugar a /as tes . P o l . A r c h , H y d r o b i o l . , 
22S211-326. 

L j a c h n o v i c , U . P . 19 62 

Lohmann, H, 1908 

Mac A r t h u r , 3 . W . 1929 
& W.H.T. B a i l l i s 

McCracken, n . D . , 
R. Middaugh & 
R.S . Middaugh 

Mclntire, C.D, 
& C.E. Bond 

McQueen, D,3, 

1980 

Organiceskoe udobrenie prudov. Uopr-Rybn-
Chozj Belorusi, 4, 73-100. 

Untersuchungen zur Festeilung dea vollstan-
digen Gehaltes des Meeres an Plankton. 
Wiss'ensch. Meeresuntsrs. 10:131-370. 

Metabolic activity and duration of Life I 
influence of temperature on longevity in 
Daphnia magna. Hour. exp. Zool,,- 53:221-242. 

A chemical characterisation of an algal 
inhibitor obtained from Chlamydomonas. 
Hydrobiblogia, 70:271-276. 

1960 Effects of artificial fertilization on plan­
kton and benthos abundance in four experimen­
tal ponds, Oregon Agr. Exp. Sta. Techn* Bull. 
No. 1423:303-312. 

1969 Reduction of zooplankton standing stocks by 
predaceous r.wpiqos bicuspidatus thomasi in 
Marion Lakey Britisn Columbia, OT Fish. Res, 
Bd. Car da, 26:1605-16'3. 

M i c h a e l , R.G. 1962' Seasona l even ts i n a n a t u r a l p o p u l a t i o n of 
t he . c l adoce ran Ceri^odaphnia c o r n u t a Sars and 
o b s e r v a t i o n s on i t s l i f e c y c l e . 0 , Z o o l , 
Soc . I n d i a , 1 4 : 2 1 1 - 2 1 8 . 

1964 D i u r n a l v a r i a t i o n o f the p l a n k t o n c o r r e l a t e d 
Luith p h y s i c o - c h e m i c a l , f a c t o r s i n t h r e e d i f f ­
e r e n t ponds , Ph*Di T h e s i s , U n i v , of C a l c u t t a , 
1964, pp 7 5 - 1 1 5 . 

1969 Seasona l t r e n d s i n p h y s i c o - c h e m i c a l f a c t o r s 
and p l a n k t o n of a f r e s h i u a t e r f i s h pond and 
t h e i r r o l e i n f i s h c u l t u r e . H y d r o b i o l o g i a , 
3 3 : 1 4 4 - 1 6 0 . 

Munaiuar, M, 

& 

I . F . Munavuar 

Naumann, E. 

197 0 

1976 

1917 

L i m n o l o g i c a l s t u d i e s o f f r e s h i u a t e r ponds o f 
Hyderabad, I n d i a . I'» The B i o t y p e , H y d r o b i o ­
l o g i a , 35 (1 ) : 1 2 7 - 1 6 2 , 

A lakeu j ide s t u d y o f p h y t o p l a n k t o n b iomass arid 
i t s spec ies c o m p o s i t i o n i n Lake E r i e , A p r i l * * ' 
December 1970,. J, , . F i s h , Res, B o a r d . C a n , , 
3 3 : 5 8 1 - 6 0 0 , 

B e i t r a g e zur k e n n t n i s des T e i c h n a n n o p l a n k t o n s 
I I , ,,Uber das Neuston des Suss iuassers , Bi-ol« 
Z b l , , 3 7 : 9 8 " ' ' n < 



2.31 

NaufTiann.., E. 

Navaneethakri" 
shnan, P, & 
R.G. Michael 

1921 SpaziellB Untersjchungen Uber die Ernahrung-
sbiologie dea Tieriaciier, Limnoplanktdns. I. 
Uber di8'i"achnik des Mahrungseriuerbs beiden 
•Cladoceren und inre BeaeutUng fur die Biologie 
der GeujassertypeHo Lunds Jniu o Arsskr. n.f., 
Avd. 2., 14n-48.„ 

1923 Spezi-alie Untersuchungen i'her die Ernahrung^ 
sbiologie des Tlerischen Lin-inoplanktons-. II. 
Uber den Nahrungdinerb und die naturliche 
IMahrung der Copepoden und der Rotiferen dea 
Limnopianktons o Lunds Univ . Arsskr. n-. f., 
Avd. 2, 19;3-17. 

1929 Grundlinian der experimentellen Planktonfor-
schung. Die Binnengs'juasser, Bd. l/I. 100 pp., 

1971 Egg production and groujfch in Paphnia carjL.nata 
K i n g . Prqc 
1 1 7 - 1 2 3 . 

Indo Acao. S c i . , L X X I I I X 3 T " B 

Nsedham, 3.G, 
P.R. Nsedham 

N e l s o n , P.R'. & 
W-,T» Edmondson 

& 1 9 6 2 

1955 

o 

A guide t o t h e s t u d y o f Freshiuater B i o l o g y * 
Ho lden -Day , I n c . p San F r a n c i s c o . . 108 pp.. 

L i m n o l o g i c a l e f f e c t s o f f e r t i l i z i n g Bare Lake , 
A laska^ F ishc B u l i » _ 1 0 2 , U,S. F ish and W i l d ­
l i f e S e r u i c B - W o l , 56-

Nygaard , G-, 

O g l e s b y , R..T, 

1949 H i y d r o b i o l o g i c a l s t u d i e s on some Danish ponds 
and l a k e s . Pa r t I I o The q u o t i e n t h y p o t h e s i s 
and some ne'oj o r l i t t l e knoujn p h y t o p l a n k t o n 
o r g a n i s m s . Kongelo Danske U i d e n s k , S e l s k a b . 
B i o l . S k r i f t . ,"^7(1 ) , 293 p p . 

1955 On the p r o d u c t i v i t y of f i v e Danish LUaters', 
U e r h . I n t . Uero L i m n o l . , 12S123-133.. 

1977 R e l a t i o n s h i p s of f i s h y i e l d t o l a k e s p h y t o ­
p l a n k t o n s t a n d i n g c r o p , p r o d u c t i o n and mor -
phoedaph ic f a c t o r , , 3, F i s h . Res-. Bd.. C a n . , 
3 4 ; 2 2 7 1 - 2 2 7 9 . 

O s t i u a l d t , W. 1902 

P a r k e r , R.A. 1960 

Zur T h e o r i e des P lank tons o B i o l . Z e n t r a ' l b l . - , 
2 2 ; 5 9 6 - 6 0 5 , 609 -638 . 

C o m p e t i t i o n betaieen S^imocephalus^ v e t u l u s and 
Cyc lops v i r i d i s . L i m n o l . OceanogrT^ 5 ( 2 ) : 
1B0-.189. • 

P e a r s a l l , W.H. 1923 

Pennak, R.W. 1944 

A t h e o r y of d ia tom p e r i o d i c i t y . 3 . E c o l . , 
11 s i 65.-1 8 3 . 

D i u r n a l movement of Z o o p l a n k t o n Organisms i n 
Some Co lo rado mou^)•fca^n Lawas-. Ecology-, 25 : 
387-403-



232 

Pennakj, R.W, 1953 Freshujater I n v e r t e b r a t e s of t h e Un i t ed S t a t e s . 
•The Ronald Press C o . , Neai York 769 pp . 

1957 Spec ies c o m p o s i t i o n o f l i m n e t i c z o o p l a n k t o n 
c o m m u n i t i e s . L i m n o l . and Oceanogr* 2 . 

^ 1973 Some ev/idence f o r , a q u a t i c macrophy tes as 
r e p e l l e n t s f o r a l i m e t i c s p e c i e s of D a p h n i a . 
I n t . Rev-, g e s . H y d r o b i o l . , 582569-576 . 

P h i l i p o s a , M.T. 1960 Freshijuater p h y t o p l a n k t o n of i n l a n d f i s h e r i e s . 
P r o c , Symp. A l g o l o g y , I .C . A .R . , Neiu D e l h i , 
1959, p p . 2 7 2 - 2 9 1 . 

P leu j , W.F. & 1949 A s e a s o n a l I n v e s t i g a t i o n of t h e V e r t i c a l 
R.W. Psnnak Movements o f Z o o p l a n k t e r s i n an I n d i a n a L a k e . 

E c o l o g y , 3 0 : 9 3 - 1 0 0 . 

Pomsroy, L.R., 1962 Excretion of phqsphate and soluble organic 
H.M.. Matheujs & phosphorus compounds by zooplankton. Limnol. 
H.3. Nin Oceanogr.i 6;50-55. 

Pourriot, R.,- 1980 Hatching of Brachionus rubens O.F. Mu.ller 
C. Rougier & resting eggs (̂ oTTf ers )"THydrobiologia, 73:. 
D. Benest 51-54. 

P r a s a d , B . 1916 3 , A s i a t i c Soc , B e n g a l . , 1 2 : 1 4 2 - 1 4 5 . 

P r e s c o t t , G.W. 1960 B i o l o g i ' ^ a l d i s t u r b a n c e f r e s u l t i n g f rom a lgae 
p o p u l a t i o n s i n s t a n d i n g w a t e r s . S p l , P u b l . 
No. 2 , Pymatun ing L a b o r a t o r y o f F i e l d B i o l o g y 
2 2 - 3 7 . 

P r o v a s o l i , L . 1958 N u t r i t i o n and eco logy of P ro tozoa and a l g a e . 
Ann. Rev. M i c r o b i o l . 1 2 : 2 7 9 - 3 0 8 . 

P y r i n a , I . L . 1966 P e r v i c n a j a p r o d u k c i j a f i t o p l a n k t o n a I v a n s k o g o , 
Ryb inskogo i Kufbysevskogo v o d o c h r a n i l i s c a v 
z a v i s i m o s t i o t n e k o t o r y c h f a c t o r o v . j[_n: P r o d -
u k t i v h o s t 1 kruqov_arqt._.p.rqani_cB3koqo v e s c e s -
t y a V9 unut_re^nnych vodsemach. Moskva, pp 2 4 9 -

R e y n o l d s , C ,S , 1971 The eco logy of p l a n k t o n i c b l u e - g r e e n a lgae i n 
t h e Nor th S h r o p s h i r e meres'. F i d . S t u d . , 3 : 
4 0 9 - 4 3 2 . 

A.^.E. Walaby 
& \975 Water b l o o m s . B i o l , Rev. 50 :437-^481. 

R i g l s r , . F ,H. 1,956 A t r a c e r s t u d y o f the phosphorus c y c l e i n 
l a k e l u a t e r . EcQl,ogy, 3 7 : 5 5 0 - 5 6 2 . 

Rodhe, ,W., . . 1956 The p r i m a r y p r o d u c t i o n and s t a n d i n g c rop of 
R.,A. V d l l e n u j e i - - p h y t o p l a n k t o n . P e r s p e c t i v e s i n mar ine b i o l o g y . 
d e r "4 /^.Nauu/erk Symp. S c r i p p s I n s t . Oceanogr . , U n i v . C a l i f . 

Rosenberg , M, 1939 A l g a l p h y s i o l o g y ana q r g q n i c p r o d u c t i o n . 
Ann. A p p l . ' B i o l , , 2 6 ( l )" 1 72-1 7 4 . 



233 

Ruttner, F. 1914 Die Uerteilung des Planktons in Sussojasserseen. 
AbderhaldBH Fortschr. 10, 

1931 Hydrographische und hydrochemische Beobach-
tungen auf 3aua, Sumatra und Bali. Arch. f. 
Hydrobiol., Suppl, Bd. Mill., pp* 197-460. 

_̂_„_„«_ 1953 Fundamentals of Limnology. University of 
Toronto Press. 307 pp. 

Saunders, G.W, . 1972 The transformation of artificial detritus in 
Lake mater. Mem. 1st. Ital. Idrotaiol., 29 
(Suppl.):261-2BB. 

Schapsrclaus, W« -1961 Lehruch der Teichujirtschaf t Berlin-Hamburg 
P. Parey l/erl. 

Schroder, R. 1959 Die l/ertikaliuanderungen des Crustaceenplan.k-
tons der Seen des sudlichen Scha/arziualdBS. 
Arch. Hydrobiol. Suppl. 25. 

Schroeder, G.L. 1978 Autotrophic and heterotrophic production of 
mic roo rgan i sms i n i n t e n s i v e l y manured f i s h 
ponds and r e l a t e d f i s h y i e l d s . A q u a c u l t u r e , 
145303-325 . 

S c h r o t e r , C. & -1896 Die V e g e t a t i o n der Bodensees . L i n d a u , Boden-
0 . K i r c h n e r see F o r s c h . , 9 , T 1 . 1 : 1 - 1 2 2 , T 1 . I I s i - 8 6 . 

S e i u e l l , R,B.>S, 1934 S t u d i e s on the b ionomics o f f r esh tua te r s i n 
I n d i a , I I . On the fauna o f t he tank i n t h e 
I n d i a n Museum Compound and s e a s o n a l changes . 
I n t . Rev. g e s , H y d r o b i o l & H y d r o g r . , 3 1 ( 3 - 4 ) : 
3 6 . 

Saymour^-Seaisl l , 1934 A s t u d y of t h e fauna o f the s a l t l akes . , 
R .B .S . C a l c u t t a . Rec. I n d i a n M u s , , 3 6 : 4 5 - 1 21 . 

S h a p i r o , 0 . 1973 B l u e - g r e e n a l g a e : Why t h e y become d o m i n a n t . 
S c i e n c e , 1 7 9 : 3 8 2 - 3 8 4 . 

•S ingh, li..R. I 9 6 0 P h y t o p l a n k t o n ecolo^gy of t he i n l a n d luaters 
o f U t t e r P radesh . P roc , Symp. A l g o l o g y , ICAR 
IMeui D e l h i , 2 4 3 - 2 7 1 . 

S m i t h , 'G.M. 1950 The f r esh -uJa te r Algae of t h e Un i t ed S t a t e s , 
2nd ed.. Neiu Y b r k , McGra iu -H i l l Book Co.,, u i l , 
719 p p . . . .̂  

Sprokin, Y.I, & 1972 On the quantitative characteristics of the 
E.B. Paveljeva pelagic ecosystem of Dalnee Lake (Kamchatka). 

Hydrobiologia, 40:519-552. 

iS'tagenberg., M, 1968 Toxic effects of Microcystis aeruqinqsa Kg. 
extracts on .Da_p̂hni_a_ lonqispina O.F. Muller 
and Eucvpris V/jrens 3urine. Hydrobiologia, 
32:81-87. 



234 

S t e e l , 3,A. 

Steemann-
Nia lsen , E. 

E.G. Dorgensen 

1975 The management of Thames *-alley reservoirs. 
IJater Research CentTe Synp^siumr, The effects 
of" storage on 'jjater qualitvo Medmenham. 

1962 On the maximum quantity o^ plankton chloro­
phyll per surface unit of .ake or the sea. 
Int. Rew. ges» Hydrobiol., 47:333-338. 

1962 The physiological background for usingChlo-
rophyll measurements in hydrobiology and a 
theory explaining daily variations in Chlo­
rophyll concentration, Arch. Hydrobiol., 58: 
349-357. 

Storch, 0. 

Straakraba, M. 

1924 Morphologie und Physiologie der Fangapparate 
der Daphniden. Erg. u. Fortschr. d. Zool. 6, 

1925 Der Fangapparat von Di_a_£t̂ ornus_. Ztschr. vgl. 
Physiol. 3. 

1963 Share of the littoral region in the producti­
vity of tujo fish ponds in southern Bohemia. 
Rozpravy Ceskosl. Akad. l/ed, Rada Matem. 
Prir. l/ed, 73(l3), 64 p. 

1965 The effect of fish on the number of inverte­
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IMTRODUCTION 

It is usually those flora luhich possess the green pigment 

chlorophyll, that can utilise the radiant solar energy to create 

from simple inorganic substances, neuj organic materials inv/oluing 

high energy bonds. This is referred to, as photosynthesis, or the 

conversion of'carbon-dioxide, water and the,kinetic energy of sun­

light, into free oxygen and sugars, Luhich is an energy binding re­

duction. It is for this reason, that green 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 chain. Their importance on land, as open ecosystem, 

need no elaboration and all the more is so vital in aquatic bodies 

ujhich are closed ecosystems. It is therefore, the rate of produc­

tion or the ..primary productivity, which establishes the total life 

in an aquatic system. 

These are only possible, depending on the algae or the total 

phytoplankton in waters. At any giuen time therefore, regardless of 

the taxonomic position^ of the phytoplankton, a population belongs 

to three ov/erlapping groups of metabolic activities: (a) Active or­

ganisms - where cell number increases, (b) Neutral organisms -

where cell number are more or less constant and (c) Inactive organ­

isms - where call numbers mostly decreasing, degenerating or decay­

ing. Therefore, primary production will be affected by the respec­

tive proportion of these three groups. 

The earliest understanding of some fundamental processes in 

plants was by Priestly (1772), followed by the effect of light by 

Ingen-Housz (l779). 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 Saussure (1804). 
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The idsntification of the pigment chlorophyll and coining the u/ord 

Luas after Pelletier and Cauentou (1818), though Grsuj in 1682 had 

recorded green and yellou; 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; Leibig, 1840, 1843a,b; Dumas and Boussi-

ngault, 1841; Draper, 1843 and 1844; Kutzing, 1843; Hunt, 1848; 

Cloez and Gratiolet, 1850), The extraction of the pigment either 

yellouu-blue, yellouj, brouin seemed to be the next stage in the study 

of photosynthesis (Fremy, 1860 and 1865; Boussingault, 1864, 1868 

and 1869; Cohn, 1865; Rosanoff, 1867; Millardet, 1869; Timiriazeff, 

1869, 1871, 1877, 1883 and 1889; l/an Tieghem, 1869 and Sorby, 1873). 

It uias then that the physical and optical nature of chloroplasts ujas 

seen, and that the possibility of carbohydratss being formed, and 

further that a direct relationship existed between oxygen evolution 

and carbon-dioxide absorption uias revealed (Boehm, t873; Sorby,1873; 

Bernard, 1678; Weber,. 1879; Stahl, 1980a,b; Sch'-uarz, 1881; Detmer, 

1882; Sachs, 1887; Engelmann, 1894). 

From this time onwards, till the early part of the present cen­

tury, various experiments were conducted to find the photosynthetic 

rates. They were done by varying light intensities, the use of diff­

erent gases and in isolated chloroplasts (Girard, 1884; Kreusler, 

1885 and 1890; Meyer, 1885; Bonnier and Mangin, 1886; Forbe, 1887; 

Schutt, 1898a,b; Rsinke, 1893; Saposchnikoff, 1893 and 1894; Marcacci, 

1895; Ewart, 1896, 1897a.,b; Pfeffer, 1900; Blackman and Mathaei,1905 

and.1911; Kniep and Minder, 1909; Mitscherlich, 1909 and 1921). 

Though Dohnson (1903) pioneered the light and dark bottle method it 

u/as Osterhout and Mass (1917) and later Warburg (1919) who used phy-

toplankton and the Winkler's method for an indirect estimation of 
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It mas thereafter that a/ork on aquatic macrophytes and phyto-

plankton in relation to various factors and in particular nutrients 

and their effects on the producer organisms luere undertaken (Ruttner, 

1921s Briggsp 1922j Blackman, 1923; Putterp 1924? Gqardar and Gran, 

19275 Thienemann, 1927? Marshal and Orr, 1928; Strom, 1928; Raujson, 

1930; Wiebe, 1930; Emerson and Arnold, 1932; Fritsch, 1931; Birge 

and Juday, 1934; ' Haruey et_. al.., 1935; Gaffron and Wohl, 1936; 

Jenkin, 1937 and Mortimer, 1950 and 1955). 

In the fifties, isolated chloroplasts knoiun to use NADP and the 

discovery of cytochrome F ujas revealed (Arnon, 1951; Hill and Scar-

isbrick, 1951; Wishniac and Ochoa, 1951). Moreover, dark respiration 

ujas found cut by Webster and Frenchnal (1952), luhen simultaneously 

the C method luas discovered by Steeman Nielsen (1952) for regular 

analysis of the photosynthetic rate of planktonic algae. The oxygen 

deficit, as an index of aquatic productivity tuas shoujn by Hutchinson 

(1938) which oias opposed by Ramson (l939) who attributed other mor­

phological, adaphic and climatic factors for primary production, 

Riley (1940), was the first to identify reciprocal relationship bet­

ween chlorophyll and productivity and Ruben e_t_, §JL,., (1941 ) revealsd 

that oxygen evolved from water and not carbon-dioxide, during the 

process of photosynthesis. Brown (1953) confiirns Ruben's finding and 

since then^ works on isolated chloroplasts and algae were taken up 

with greater earnestness to identify the causative factors for the 

increase or decrease in photosynthetic rate (Arnon e_t_. aJL_» f 1954; 

Fogg and Wolf, 195^; Dysens,. 1955; Fogg and Westlake, 1955; Kratz 

and Myers, 1955; Rodhe ,,..1955 and 1962; Northcote and Larkin, 1956; 

Steeman Nielsen and Al Kholy,, 1956; Hutchinson, 1957; Arnon, 1958; 

Rythsr and Yentsch, 1958), 

The concept of nutrients limiting production and the experi­

ments directed towards understanding of both the quality and quantity 
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responsible under field and laboratory conditions were initiated in 

the sixties of the present century. Some of these mere the identifi­

cation of molybdenum, phosphorus or nitrogen and chelated iron, all 

directly or indirectly affecting carbon fixation (Goldman, 1960; 

Steele and Yentsch, 1960; Evans, 1961; Rodhe, 1962; Schelske et .al;», 

1962; Tailing, 1962; Yentsch, 1962; and Rodhe Bt_,al., 196 6). It was 

also during this period that the importance of the pigments in the 

chloroplasts and their as'sociation ujith light intensities ujere shown 

(Beyers et.al«, 1963; Chance and Borner, 1963; Margalef, 1963a,b and 

1968; Petterson and Parson, 1963; Yentsch and Menzel, 1963; Brotun 

Bt_.al.», 1964; Jorgensen, 1964; Kandler, 1964; Steele, 1964; and 

Steeman Nielsen and Park, 1964), 

Tailing (l965) Identified a population density less pronounced 

in equatorial lakes, ujhile others attributed extracellular release 

to be a significant portion for the total carbon fixed (fcgg £t_»al,., 

1965; Wetzel, 1966a,b, 1967 and 1968; Dumont, 1968; Hamilton, 1969; 

Qasim Bt_.al,. ,1969; Ui jayaraghavan £t_,al.», 1969; Adams, 1970; King, 

1970; Golterman, 1971; Hickman, 1971; Sakamoto, 1971; Schindler and 

Holmgran, 1971)» After the identification of causatiue factors, exp­

eriments both at micro- and macro levels a/ere conducted. This luas 

done in terms of permutation and combinations of varying amounts of 

rlutrients and the manipulation of ujatar bodies, to see the increase 

or decrease of the standing crop, directly related to the carbon 

fixed (Fee, 1973; Schindler and Fee, 1973; Stress Bi..al̂ ., 1973; Sch­

indler, 1974; Goldman and Amezaga, 1975; Saunders at^.a^., 1975; 

Allen and Ocevski, 1976; Berman, 1976; Sreenivasan, 1976; Tilzer and 

SchLuarz, 1976; Alfred and Chellapa, 1978). 

The above ujorks revealed the causative factors in the eutroph-

ication process^ thus classifying water bodies as highly productive. 

This helped in identifying not only the effects of additive phenomena 
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of allochthonous material, but also the recycling nature ujithin the 

system ujas understood. It uias ujith this idea that in the late seven­

ties, ujork uias initiated on the relationship of the production effi­

ciencies to that of bacteria-plankton (Barman, 1976; Haniffa, 197B; 

Matsuyama and Shirouzu, 1978; Dana, 1979; Khan and Zutshi, 1980; 

Rishi and Kachroo, 1981). 

As mentioned in the earlier chapters in addition to the Indian 

works, the revieuu of Gulati and Wurtz-Schulz (1980) and Michael (l980) 

reveal either one or more of the above mentioned phenomena studied 

elsewhere and available for Indian latitudes too. Further, a total 

analysis of primary production, oiith importance and relevance at the 

different latitudes and altitudes of the globe has been wonderfully 

brought in a concise form by Westlake et.al.» 1980 and Brylynsky 1980 

In addition to the foregoing review of literature, where the 

operation of primary production and its importance either in fish 

ponds or in larger lakes, have been seen it is felt to identify as­

pects of primary production particularly in relation to fish yield. 

Such works on intensive fish culture ponds u)here primary productivity 

has been shown to be the one criteria related to total fish produc­

tion exist (:<han and Siddique, 1971; Goodyear et. aJL_., 1972; Wolny 

and Grygierek, 1972; Mellack, 1976; McConnell gt_. al.., 1977; Oglesby, 

1977; Pedro Noriega-Curtis, 1979; Ofur Zur, 1981; Hecky et. al., 

1981; Yanlingling et,. aL. ,.1981). 
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MATERIALS AND METHODS 

Despite thg various techniques evolved for the estimation of 

primary productivity in freshujaters viz. light and dark bottle tec-

14 

hnique, chlorophyll method, C method, ATP measurements and dissol­

ved inorganic carbon method, yet for the remoteness of the region, 

and the situation of our laboratory and along luith the establishment 

of the neuj Department, uje could not undertake all these, due to the 

lack of facilities, instrumentation and personnel. Therefore, the 

present investigation was confined only to the "light and dark bot­

tle technique" after Gaardsr and Gran (T927), The estimation of 

oxygen was done by the usual unmodified Wrinkler's method uiith the 

incorporation of Azide modification \(APHA, r975), 

For the above . estimation, water . sampilos were -collected from 

thf surface in 125 ml glass stoppered light and tlark. bottles from 

jBach of the pond 'and pool . They uuere incubated în situ for 24 hrs. 

Simultaneously, replicates of luater samples were taken from each 

pond and pool, where the b-ottles were left for incubation at the 

same time period for estimation of the initial oxygen values, which 

ware fixed at the site with manganous sulphate and a.lkaline iodids 

solutions, before returning to the laboratory for oxygen . |sitration 

and estimation. Similarly, the incubated light and dark bottles were 

collected the next day and immediately fixed and then returned to 

the laboratory for.final oxygen estimations. 

The results of the titrations were converted to gross oxygen 

production (light bottle r- dark bottle), net oxygen production 

(light bottle - initial bottle), and the respiratory oxygen uptake 

(i-oitial bottle -dark bottle). The oxygen values in mg/litre were 

converted to'mg C/M by multiplying it with a factor of 375.36 

(l/ollenweider, 1971), 
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RESULTS 

Primary productiwity satimations ujare conducted in all the. four 

experimental fish ponds and five circular plastic pools. Both gross 

primary productivity and net primary productivity were investigated 

and their results expressed as mg C/M /day.. Though respiration values 

luere also calculated it luas not incorporated because net primary pro­

ductivity reflected the overall respiration of the community, along 

oiith gross productivity Values. 

CONTROL POND ; It ujas seen in the control pond that gross primary 

productivity values a/ere nearly 4,000 mg C/M /day and represented 

the maximum as recorded in October., a/hile the lotuest value of 675 nrg 

C/M /day uias recorded in dune during the first annual cycle. In the „ 

second cycle gross primary productivity values mere above 4,00Q mg 

C/M /day as recorded' in the month of December and.the minimum value. 

of nearly 1,200 mg C/M /day in the previous month- of' November. The 

fluctuations further revealed peaks in the months, of January, March, 

August, October and March, u;hi.le gradual falls uuere. observed in.Dec­

ember, February, May, September and February during the.first and 

second cycles in addition to the maximum and minimum values rec.Qrded. 

The general trend of fluetuat.ion luas observed to he summer minifia, 

with frequent peaks during the rest of the session (Fig.lO), 

The net primary productivity values similarly for the first 

annual cycle showed a maximum of nearly 3,000 mg C/M /day in October, 

but recorded nil values in June and July. Houjever, during the second 

cycle, ne;t primary. produet-ivity values in this control pond, regist­

ered a minimum of 600 mg C/M /day in October and February and touched 

a peak in March uji.th nearly 2,000 mg/C/M. /day. In addition to' the 

maximum and minimum' values recorded, the. months of March, Ma.y, August 

and November registerad: peaks of net primary productivity during both 
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the cycles. The nefc productiwity values were therefore nearly 49,6^^ 

that of the gross productivity irrespective of the seasons (Fig.lCj, 

EXPERIMENTAL FISH P0[\ID-1 ; In this pond the maximum gross primary 

productivity value aias recorded in npril registering around 3,000^ 

mg C/M^/day, but it fell to a louj level in 3ulyujith 600 mg ZfV?I 

day during the first annual cycle. In the next cycle it uuas the 

month of GctobBr uihich shoujed the maximum value of 2,500 mg C/M /day 

and March recorded the minimum value of 750 mg C/M /day*•Further, 

smaller peaks aiere also observed in December, August, December and 

February ujith similar minima in Novembe.r, September and Oanuary for 

both the cycles (Fig,|0), 

Net primary productivity values as observed oiere maximum in-

October recording 1,950 mg C/M /day and with a minimum value of only 

37 mg C/Fl /day in September during the first annual cycle. In the 

second cycle houjever, a mini-rnum value of 150 mg C/lVl /day luas recor­

ded in. Ma-r.Gh,- ujhile the maximum net primary productivity in this 

pond ujas seen in November representing 1,130 mg C/M /day. The fluc­

tuations further revealed peaks in the months o? December, March, 

August and February ujitk a fall in November, April, Oune and Decem­

ber in addition to the maximum and minimum, recorded'for both the 

cycles. In this pond, the net primary productivity uuas 39,1?S of the 

gross, primary productivity irrespective of the SB:a3on3 .(Fig..TG). 

EXPERIMENTAL FISH POND-2: : The gross- primary productivity values iii 

this .pond sKouued the highest value in comparison to all the other 

ponds, recording, a maximum of 5,400 mg C/M /day in March,, uihile the 

lomest Value ujas obtained in f\ugust with only 713 mg C/M /day during 

the first annual cycle. Sinri-lar-i~y, during the sBcond cycle an almost 

equal-magnitude,,, of . g.r.qs.s primary productivity as maximum was obtai-' 

ned in October recording .5',,255 mg C/M /day with~¥ drop- to .975 mg 
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in 
C/M /day as minimum/the subsequent month of Novemberi In addition 

to the maxima and minima recorded, the folloiiiing months ujere seen 

to hawe peaks of loujer magnitudes in October, January, f'̂ ay, Decem-

ber and February aiith a fall in December, June, January and March 

during both the cycles (Fig.lO). 

In the same pond the net primary productivity values obtained, 

hooieuer, were not so significantly high in relation to the values 

obtained for the other ponds. The maximum value of nearly 3,ODD mg 

C/M /day luas recorded in May and in the subsequent month of June 

dropped to nil value during the first annual cycle. The month of 

October during the second cycle registered the maximum value of 

2,400 mg C/M /day, but the subsequent months of November and January 

recorded nil values. Similar peaks of smaller magnitudes were also 

observed during both the cycles, in October, March and December and 

their falls in December, February and September, The net primary 

productivity ujas 45.1% to that of ^ross primary productivity (FigjP), 

EXPERIMENTAL FISH P0l\lD-3 : The gross primary productivity-value in 

this pond a/as recorded maximum in October representing 3,000 mg C/ 

M /day and minimum values of 150 mg C/M /day in July during the 

first annual cycle. In the next cycle, the month of October again 

recorded the maximal peak value of 3,200 mg C/M /day, aihile in March 

nil values ujere recorded. The trend of fluctuations further recorded 

peaks in the.months of April, June, August, December and February 

and ujith a fall in November^ May, September and November in addition 

to the minimum and maximum recorded inclusi.ue of bpth the cycles 

(Fig,1,nO^. 

The maximum net prima-ry productivity in this pond ujas recor­

ded in October as 2,500 mg C/M /day and a drop to nil- value in July 

during the first annual cycle. In the second cycle, the net primary 
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productivity values were maximum in February recording 1,700 mg C/ 

^ /day but again fall to nil values in November, December and March. 

In addition to the maxima and minima, comparatively smaller peaks 

atere also observed in the months of T-larch, f'lay, October and January, 

aihile their falls luere recorded in December, April, Dune, November 

and March during both the cycles over the season. The net primary 

productivity percent values in this pond was 35.1^ observed to'that 

of gross primary productivity irrespective of the seasons (Fig.10), 

The primary productivity values in the five circular plastic 

pools shoujed relatively loujer values of productivity in relation tp 

those obtained in the ponds, 

CONTROL_ PÔ D̂ L̂  : In this control, pool^ the mQXJjaLUTi value crP -gr-o-s-s' pri­

mary productivity oias--obtained in March shouiing nearly 3,000 mg C/ 

M ./day and a minimum of 450 mg C/M /day in August during the first •; 

annual :cycle. March of the second- cycle recorded 3,45.0 mg C/M-/day 

as the maximum and November the minimum value of 1,350 mg C/M /day.--" 

The fluctuations in addition to the peaks and minimal levels, shooied 

peaks of lotuer. magnitudes in October, January, June, October and 

December, Similarly they fell in December, February, April, November 

and January during the first and-second cycles (Fig.-t-l), 

The maximum value of net. primary productivity ujas recorded in 

March Luith 1,163 mg C/M /day, and thereafter'a gradual dscrea-se- till 

it recorded nil value in May during the first ;annual cycle. In the 

next cycle, maximum r>et primary productivity Luas obtained in Decern;-*;. 

ber recording 1,426 mg C/M /day and shoujed nil value' in November^ 

The trend of fluctuation over the entire period of study further 

recorded peaks in December,. February, Octob.er: and'March, aihile their 

fails oiere registered in January, Wovember and January duTing the . 

first ano second cycles. It u,ds therefore observed that the ngt 
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primary productivity Luas 26»6% of the gross primary productivity 

irrespective of the seasons (Fig.IT). 

POOL.-J I The gross primary productivity mas seen to be maximum in 

this pool in March recording 2,740 mg C/M /day and dropped to a mi­

nimum of 450 mg C/M /day in May during the first annual cycle. In 

the next cycle, October and Oanuary recorded the maximum and minimum 

values Luith 2,470 mg C/M /day and 1,126 mg C/M /day respectively. 

Peaks of loujer magnitudes ujera also observed in October, Oanuary, 

3uly and March luhile they fell in November, February, August and 

February during both the first and second cycles (Fig.ll). 

Similarly in this pool-1, the maximum and minimum values of 

net primary productivity were obtained in April and May recording 

nearly 1,426 mg C/M /day and nil values respectively during the 

first annual cycle. In the second cycle February recorded maximum 

values of 975 mg C/M /day but nil values during Oanuary and March. 

The trend of fluctuations ujas further seen to have smaller peaks in 

October, December, Oune and Ouly ujith a fall in November, February 

and August during the first and second cycles. In this pool also 

the net primary productivity shoujed 26.4?o similar to that of the 

control pool (Fig, T1). 

POOL-2 : The maximum value of gross primary productivity during the 

first annual cycle o/as obtained in May registering 3,190 mg C/M /day 

and the minimum value in August uyith only 262 mg C/M /day. During 

the second cycle hoiue er, the maxinium peak luas recorded in November 

3 3 

ujhich vuas 4,542 mg C/M /day and a minimum of 1,538 mg C/M /day in 

February. Thê  fluctuations further revealed peaks in the months of 

February and March and ujith a fall in December, April and Oanuaty 

(Fig.ll). 



251 

The maximum value for net primary productivity in this pool-2 , 

ijuas observed in November of the first annual cycle recording nearly 

770 mg C/H /c^y but recorded nil values,in December, Duly and August 

during the same period. In the second cycle houjever, the maximurh net 

primary producbivity reached a peak of 1,652 mg C/M /day in November 

ujhile the subsequent month of December recorded a minimum of 375 mg 

C/M /day. In addition to the maximum and minimum recorded, the trend 

in the fluctuations of net primary productivity revealed sm'aller 

peaks in January, March, May and October and falls in February, OUna 

and December. The net productivity ujas observed to be 24.8^ to that 

of gross primary productivity in this pool (Fig. H ) . 

POOL"3 ':In this pool February and August registered the maximal and 

minimal Values of gross primary productivity recording nearly 2,928 

rhg C/M /day and 450 mg C/M /day during the first annual cycle resp­

ectively. In the second cycle, the maximal and minimal values oiere 

obtained in October and March recording 1,689 mg C/M /day and nil 

values resp'ectlvely. The trend of seasonal fluctuation in addition 

to the maximum and minimum recorded, revealed peaks of smaller mag^ 

nitude in October, May and-Februa.ry and falls in December, April, 

Oune and Oanuary during the first and second cycles (Fig. f^). 

The net primary productivity was observed as maximum during 

the first- annual cycle in March reqcDTding 1 ,538 mg C/M,/day, houj­

ever it recorded nil values in December, April, May and August. 

3 ' 

During the second cycle February recorded 675 mg C/M /day as maxi­

mum and December and March oiere nil. The net primary productivity 

fluctuation also recorded peaks in October, Ouly and October during 

the first and second cyclBS-, In this pool, the net primary produc­

tivity percent value ujas the highest luith 27,4/b to that of gross 

primary productivity irrespective of the seasons (Fig. Tl). 
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POOL-4 I In this- pool-4, a gradual trend of increase in the gross 

primary productivity from October where the minimum value recording 

630 mg C/M /day touched a peak of nearly 3,030 mg C/M /day in Feb­

ruary during the first annual cycle. The nsxt cycle revealed Febr 

ruary and December as maximum and minimum values recording 2,702 

mg C/M /day and 1,052 mg C/M /day respectively. The trend of seaso­

nal fluctuation in addition to the maximum and minimum recorded, 

revealed psaks of smaller magnitudes in January, April, Dune and 

November and a fall in March, May, August and March during both 

the first and second cycles (Pig.ll ). 

The net primary productivity in this same pool ahoujed a maxi­

mum in February recording 1,426 mg C/M /day and nil-in April, May 

and June during the first annual cycle. During the' second cycle, 

maximum net primary productivity value ujas obtained, in Oanuary as 

3 "5 

1,426 mg C/M /day and minimum in November with nearly 1 50̂  mg C/M / 

day. The fluctuations further revealed smaller peaks in the months 

of January and October and they fell in March and February during 

both the cycles-. The net primary productivity percent values uuas 

22>3^ to that of the gross primary productivity irrespective of the 

seasons .(Fig»,11), 
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DISCUSSION 

Primary productivity is'the basic energy source for metabolic 

processes occurring in the biosphere. The amount of incoming radiant 

energy ujhich is transformed into chemical energy by the photosynthe-

tic processes, determines the productiwity of the ecosystem. This, 

in any aquatic system. involves the reduction of carbon-dioxide to 

produce organic materials, commonly called as autotrophic productip,n. 

Therefore, primary productivity in aquatic systems depends primarily 

on the photos ynthetic activity of autotrophic organisms. Houjever, 

this is controlled by the interactions of many factors, physical, 

the nutrient level and the structure and function of the biota itself, 

The gross primary productivity and net primary productivity 

values in the present investigation mas calculated, after analysis by 

the classical light and dark bottle method (Gaarder and Gran, 1927). 

Though the method has its oujn drawbacks, our idea uias to find out 

the telativB, proportion not only betujeen the systems under consider­

ation but to arrive at conclusions based on the correlation betiueen 

these values, and fish groiuth over the seasons. 

The grogs primary productivity values ranged from 0 mg C/M /day 

to nearly 5500 mg C/M /day in the Experimental Fis.h Ponds, Though in 

Experimental Fiah Ponds-1 and 3, the fluctuation and the range of 

these gross primary productivity values seemed to be more or less 

the Same, they .luere also the loaiest records of all the ponds under­

taken. In fact these tujo ponds revealed values ewen lower than the 

control pond in certain months. The maximum range and the highest 

value ujas-seen in Experimental Fish Pond-2. In any case all the val­

ues observed aisre true of eutrophic situation. f\3 far as their sea­

sonality luas concerned, all of them irrespective of fertilization, 
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revsaled a more or less a sprLng and autumn maxima and a summgr 

minima. 

In contrast to tha gross primary productivity values in these 

fish ponds the net primary productivity values revealed far less,, 

and in most cases nearly half of ujhat ujas observed as gross primary 

productivity. Once again Experimental Fish Ponds-1 and 3 shoujed the 

values far less than the control pond. In fact pond-2 also revealed 

at certain occasions lesser values than that of the control pond, 

though not as significant as the others. The seasonality in their 

fluctuation aias houjever similar to that of gross primary productivi­

ty. In most cases the net primary productivity values touĉ êd nil, 

Such instances indicate that respiration exceeds production-* Similar 

values have been recorded by Proujse (1969), Ganapati and Sreenivasah 

(197Q) ujhich also rQi/ealed the eutrophic nature of the system, con­

cerned. 

In contrast to the Experimental Fish Ponds, the five Circular 

Plastic. Pools shoujed gross primary productivity values much less than 

the ilxpsrimental Fish Ponds, The range ujas houuever on the higher side 

in relation to the eutrophic systems and hare again uiith the excep­

tion of/Circular Plastic Pool-2, the other pools. shoWed values les­

ser than the control pool. The seasonality of fluctuation hoiuever 

ujas similar to that of the Experimental Fish Ponds. In theSe pools 

it Luas houjever observed that the minimum and the maximum gross pri­

mary productivity values ranged from 2740 mg C/M /day to 4541 mg 

C/W-'/day. 

The net primary productivity vaiuea. wave definiteiy louj and in 

fact not only half, but in certain cases even loujer than half of the 

gross primary productivity values in these Circular Plastic Pools. 

Though Circular Plastic Pool-2 did reveal higher values, it was not 
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very significant from that of the maximum walues obtained, either in 

the control pool or the other Circular Plastic Pools, The seasonality 

of net primary productivity uuas more or less similar to their gross 

primary productivity values, 

The gross primary productivity values in Experimental Fish Pond 

2 of nearly 5500 mg C/M /day and the control pond as 4204 mg Zf^f . 

day, the latter value which mas more or less similar to the Circular 

Plastic Pool-2 as 4541 mg C/M /day was nearly the same as reported 

by several uuorkers on organic production in fish ponds. Hepher (l,962) 

observed a production rate in fertilized ponds ranging betmeen 3000 

mg C/M-̂ /day to nearly 6000 mg C/M /day, Hoiuev.er, Sreenivasan (l964) 
-t 

gave a maximum production figure of 13,700 mg C/M /day,.though Boyd 

(1.973) found in ponds uihere artificial diet and fertilizers ujere 

used, the production being in the range of 1000 mg C/M /day to 2700 

mg C/M /day. Similarly Nuriga-Curtis (l979) found, higher rates of 

production ujith the maximum range of 8500, mg C/M /day with an average 

of nearly. 5000 mg C/M /day in manured ponds. Of ur Zur : (l';9:81 ) has re- • 

ported the highest production figures in fish ponds to nearly. 10,090 

mg C/M /day and has attributed two main reasons, either to the hig­

her available nutrient and/or to the constant rich supply of carbon-' 

dioxide to the water by fish respiration. It is however known that 

higher production levels in fish ponds comes directly or indirectly 

from th.e results of unutilized food and fish excrement,-. In addition,.: 

it ig suggested that turbulence in such fish ponds produced, consta-' 

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 species into various assemblages in dif-fgrent 

seasons ujould be indicative of maximal peaks at different times, of 
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tha year within the same system {Schelske and Stromer, 1971). It has 

been pointed out by Hulbert et, a^.,(l960), Menzel an d Ryther (l961a) 

and Prasad and Nair (1963) that in tropical waters production is 

moderate throughout the year mith little oscillation. Average 

chlorophyll concentrations as observed by various ujorkers luere much 

higher in the fertilized ponds than in the unfertilized ponds, and 

as there is a correlation betujeen the standing crop of phytoplankton 

(Chlorophyll content) and primary production (Edmondgon, 1955; Gessner 

1949j Manning and 3uday, 1941; Ryther and Yentsch, 195B) one would 

expect higher production in these ponds and pools receiving larger 

amount of fertilizers; but such was not always 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 

30 phot-craynth^sia d0crea»«& in the deeper layer to an extent that 

leads to a net loss in production when the whole water column is 

summed. (Donald 91« al^., 1970), 

Such Variation in primary production is due probably to the 

fact that t.he 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 bottle is obviously not under 

natural condition. It is subject to much reduced turbulence and the 

large glass surface surrounding it provides a favourable attachment 

substrate for bacterial develppment. These two factors are probably 

of prime importance in reducing the photosynthetic rate below that 

which is, likely , to (-occur under natural conditions and in increasing 

the respi:ratiqn. rate. above that :Which is representative of the natu-. 

ral community, 

In the present inyastigation respiration exceeding production 
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is S8sn more commonly and especially the net primary productivity 

values both in the Experimental Fish Ponds and/Circular Plastic Pools 

mere recorded nil at various occasions, Photorespiration (Gdldsujor-

thy, 1970) is a mechanism knoujn to cause an apparent decrease in the 

net photosynthetic rate also called photoinhibition. The oxidation 

of photosynthetically produced glycolate, consume oxygen and produ­

ces carbon-dioxide in the light, leading to an apparent decrease in 

the observed photosynthetic rate. It is known that the photosynthe­

tic rate decreases with time if light is optimum and continuous 

(Lex et_. al.. ,1971; Dohler and Koch, 1972; l/an den Driesche and 

Bonotto, 1972). However sines primary production within the subsur­

face layer of optimal light exhibits such a great regional variation 

relatively its determination should be valuable in particular for . 

the biological characterization of different waters and in such 

small man made ecosystem. 

The results of the present investigation have however shown 

that the kinetics of photosynthesis in the Experimental Fish Ponds 

and Circular Plastic Pools in these regions are fundamentally simi­

lar to that observed elsewhere in the world, while tropical ponds 

may tend to have absolute rates of photosynthesis, in general, whe­

ther fertilized or not the functioning of these water bodies are 

alike throughout the world, 

Quantitative studies have been made for enhancement of primary 

production by enrichment with inorganic salts (Menzel .^. aX» $ 1963j 

Tranter and Newell, 1963; Ichimura, 1967; Thomas, 1969;, .Eppley et̂ . 

a„l. ,1971; Thomas et.. al. ,1974; Dunstan and Tenore, 1972; Ryther at; 

al_.,1972). However,, the present investigation haa clearly revealed 

an increase in primary production levels both gross ̂ and inet .i>n the 

fish ponds and plastic pools dua to organic wastes and especially 
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couj-dung as exsmplifisd by the maximal records of these values of 

primary productivity in pond"2 and pool-2. In addition to coiu-dung 

aa an organic fertilizer by itself there seemed to be certain inhi­

bition uuhen this vuas used along mi th 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. Hoa/ever, pond-2 

did have NPK as inorganic fertilizer in addition to organic manure 

as couĵ -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 uuhich was only second to the pool 

2. The reasons for such differences is not very clear cut and ujould 

probably be attributed to the fact that allochthoao-us materials ̂ dcJ-

ed to any system if it is near to natural as in the case of dug out 

ponds ujould be different to laboratory experiments as Circular Plas­

tic Pools, where the turnover nf nutrients to a large extent depends 

upon the soil of an aquatic system ujhich luas not available in the 

pools * . ; 

The determination of primary production in fish ponds besides 

giving information on the magnitude of organic production has its 

practical considerations. Fertilization of fish ponds has become a 

common practise in many parts of the oiorld. By increasing the prod­

uction of autotrophs through fertilization there may be a considera­

ble increase in fish.production, although much remains to be learnt 

about the optimum amount and frequency of fertilization. 

Strictly interpreted the production of a aiatsr body can be a 

question only of that organic substance aihich is formed by photo-

autotrpphic and chemo-autotrophic plants in addition to the inorga-

nic nutrients and the energy irradiated into the water. Primary pro­

duction is therefore the basis of the ujhole biogenic metabolic cycle 
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uiith the remainder being consumption or decay. Therefore it should 

be particularly noted that so far as consumers are concerned it is 

a question not of true production at that level but probably the re­

construction of organic substances already present in the system 

enhanced to larger levels of quantities by the influence of man or 

fertilization .as in fish ponds (Schujoerbel, 1970), 

The choice of suitable biological methods for such practical. 

studies in India is aluiays a compromise betvueen money and accuracy 

of the results. It is quite impossible to choose a method in a given 

situation (the remoteness of the region), which really measures the 

degree of trophy because this would refer to the rate of organic. 

matter supplied by or is present in a water body per unit time. In 

other words for such applied studies, the fundamental aspects of a 

measure which would differentiate between the rate of autochthonous 

production and the rate from allochthonous sources. In the.present 

investigation a remote- understanding to this concept has been in th©' 

idea of maintaining control systems indicative possibly of the above 

phenomena. Still one would' not be able to definitely identify the 

contributions to production of allochthonous materials probably due 

to the time dependent behaviour of autotrophic organisms and to the 

dynamic;, nature of primary production processes (Denman, 1977). This 

is due to the complicated processes, of photosynthesis involving sev-' 

eral different pigments which vary with systematic groups, Moreover 

the same pigment may also, occur in different Ln vivo forms when they 

are. associated with macromoleeule complexes in different ways.in 

biological:, membranes. 

The present aquatic systems both fish ponds and circular plas­

tic pools- investigated for primary nrodi.ict'ion levels simLila'ted well 

to that of ©atablishecf B<:}uilib""ium systems. This was probably 
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indicative that, the actual or potential productivity of such neu) 

systems are greater during the first feuj years. Subsequently a bal­

ance may be struck betiueen the allochthonous nutrients, their assi­

milation and subsequent store or release thereafter, 
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INTROpUCTIOiM. 

Biological studies of fish and in particular culture aspects, 

abound in literature for ffeshiuater, brackish and marine systems from 

various countries. Though such studies are essential prerequisites 

for a proper understanding and management of fisheries in any region 

or country, f.or the present investigation only those ujhich are imme­

diately pertinent have been reuieiued belouj. 

The earliest attempt of fish culture in freshwater ponds ujas 

usually an all or non-response, primarily due to lack of causativ/e 

factors being identified in the regulation of fish groujth. It uJas 

knoLun thgt the fish uuas produced for food in ponds in China in 500 

B.C. The record of such a practice in Chinese literature is after Fan 

Lai in 475 B.C. entitled "the. classic of fish culture". In addition, 

the transportation of small fry in bamboo baskets luritten in 1243 by 

Chouj Mit of the Sung dynasty has been elaborately outlined in his 

book '!Kujei Sin Chak Shik'' and the earliest record of collection of 

carp fry from rivers along .oiith methods for rearing them in ponds is 

describld in a, complete book of agriculture by Hew (1639), A H these 

three references have been quoted by Hora and Pillay (1962) in the 

"Introduction to a Handbook of Fish Culture", The Chinese with such 

background and experience gained;through generations carried their 

traditional knowledge of carp culture to countries like Malaysia^ 

Taiwan., Indonesia and Thailahd where they migrated, and settled, 

The fish, culture practices in the Indian sub-continent does 

hot lack far behind that of the. Chinese. The earliest record^ indica­

tive of fish cultured in reberv-o.irs is mentioned in Kautilya's 

"/̂ r.th-ae.ag.trei" ^321 and 300 B,Ci).. Here a mention of poisoning, fish 

in .rQ;se.r..voijy,S;. 4n ti'die of wars by secret means is indicative of this 

flourishing culture qf fish.(quoted by Hora and Pillay, 1962). The 
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other document of such practices in fish could be traced to the ency­

clopedia of King Somesuara called "Monasoltara'' compiled in 1127 

(quoted by Hora and Pillay, 1962) described the methods of fattening 

fish in ponds,. 

Since then, though no records are available, hoiueuer from 

time immemorial, methods for collections of carp spaujns from rivers 

and stocking the freshmaters and particularly luarm water ponds adjoi* 

ning saich house luas passed dooin from generation to generation. It uj,a-3 

not until the end of the T9th century, that this practice spread 

gradually to other States of India. 

The earliest ujork to be traced for Indian oiarrn-'tjuatar' fish cul­

ture is that of Prashad (l919) who briefly -described conditions of 

carp culture and mortality of fry. the early- twentieth century was 

confined, to workers other than Indians like Brithwhistle (1931 ), who 

liaentTfiedf^ahdy soil ponds to yield high quality fish flesh. The 

management of fish ponds in China where the bottom mud after draining, 

of the water was used as fertilizers for fields was shown by Hoffman 

(1934). ' 

The earliest information on the fertilization of fish ponds 

and in particular inorganic fertilizers^ could be traced to Swingle 

and,Smith (1938, 1939, 1941 and 1942), Howell in (l942) related the 

production of fish in both fertilized and unfertilized fish pondsi 

Swingle arid Smith (1947) with their improvament in tacHnroidgy pfbvdd 

that a Highar production could be achieved by a combihatioh 6t Orga­

nic and inorganic fertilizers, Ness (1949) re\/iewed such fBftiiiza-

ti&n practices in fish ponds paftioulafly in EurpFier.' Ba'ii, •(1949. and 

1950) dqscrifeed the effe-cts of fertilization and p'rddaction of fish • 

which gaV-B co'niparative'ly hf'gher yield in contras?!?. to' the unfertili­

zed ponds and lakes. 
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The beginning of fifties mas marked by the incorporation of 

various nutrients to small bodies of uiater to understand the mechanism 

of increased fish production (Probst, 1950; Ball and Tanner, 1951; 

Barrett, 1953; Nelson and Edmondson,1955; Hepher, 1958 ; Bank, 1959; 

Shaperclaus, 1959, 1966; and Mclntre and Bond, I960). It luas Alikunhi 

(1952) luho described the qualitative composition of food for spawns 

and fry of Indian major carps. Haciolek (1954) and Mortimer and Hic-

kling (1954), provided a total revieiu of artificial fertilictation of 

lakes and ponds. 

The classification of cultured fishes according to their fee­

ding behaviour in surface, column or bottom oiaters ujas identified by 

Das and Moitra (1955). The correction of acidity of water by the app­

lication of lime mas identified by Wurtz in (T956), The correction by 

lime and the addition of fertilizers along with supplementary feeding 

in the form of silk-uiorm pupae in Japanese ponds, giving riae^ to an-

increased production of fish was shown by Shimadata (1957). Simulta­

neously, Kawamoto (1957) identified the importance of stocking den­

sities of fish in ponds. 

Thereafter a real ecological understanding in relation ,to the 

stocking of fish with the right combination, ratio and rate of stoc­

king enabling to realise a fish biomass, equivalent to the "carrying 

capacity", of that environment was identified (Yashouv, 1959; Hickling, 

1962, 1967). 

The direct relationship of both phyto- and zoopiankton in 

relation to nutrients and trout productivity was shown by Weatherly 

and Ni:,cqlls (195,5) and Smith (l 951 ). Since then, the totality of such 

cultural aspects were-nat ôhly identified, but also different systems 

were provided for the: different ages, of the fish, like nursery, rea­

ring and stocking ponds.and detailed work on the stocking rate, growth, 
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m o r t a l i t y , f e e d i n g reg imes and p r o d u c t i o n have been done by numerous 

worke rs bo th i n I n d i a and abroad ( A i i k u n h i , 1952; A l i k u n h i et^. a l . » , 

1955; I b r a h i m , 1957^ C h a u d h u r i , 1960 ; Hora and P i l l a y , 1962; L a k s h -

manan et. . a l ^ . , 1967 , 1968; L i n g , 1967.; S h e l l , 1967; H u e t , 1970; 

H i c k l i n g , 1 9 7 1 ; A l i k u n h i et , . a l . . , 1 9 7 1 ; Wlodek, 1 9 7 1 ; Sneed ^ . a l . . , 

1972; S ingh._e t . a l . , 1972; S harm a at , , a j ^ . , 1 9 7 5 and D h i n g r a n , 1 9 7 5 ) . 

Workers t h e r e f o r e , s t a r t e d t h e use o f n u t r i e n t s and d i d v/ar- ., 

i o u s p e r m u t a t i o n s and c o m b i n a t i o n s : e i t h e r i n d i v i d u a l l y or i n c o m b i ­

n a t i o n , r e s p o n s i b l e f o r i n c r e a s e d groiuth o f f i s h (Hepher , 1952, 

1958 , 1962 , 1963; W r o b e l , 1962; H i c k l i n g , 1962 ; Danecek, 1963; Sch -

a p e r c l a u s , 1966; Baner jea and Manda l , 1965; Bane r jee and B a n e r j e e , 

1967; Gvoch, 1966; Wolny , 1967; L i n and Chen, 1967 ; F i j a n , 1 9 6 1 ; . 

R a b a n a l , 1967; Proiuse, 1968; Yanka\ / i .chuyte , 1970; L i n , 1970 ; Donald 

et,. a l j , , 1 9 7 0 ; . Wood C a r l e ^ . a l , . , 1 9 7 1 ; P a r o v a , 1 9 7 1 ; P o l i s h c h u k 

g t . a l . . , 1 9 7 4 ; Wahby, 1974; O i m i t r o v , 1974; Saha e ^ . a l . . , 1 9 7 6 ; Boyd , 

1976; Boyd et, . a l . , , 1978; Groyer et , . a l _ , , l 9 7 6 ; .Rzan ican in et;,. a l . , 

1977 ; Leujkou/icz e t . a l . . ,1977.; Sen e,t.. a l . . , l 9 7 8 ; M i - E l Samra g t . a l , , 

1 9 7 9 ) . . 

The p o l y c u l t u r e of f i s h e s i d e n t i f i e d by I n d i a n f i s h c u l t u r - . 

i s t s paved a neai p o s s i b l e mechanism f o r i n c r e a s e d p r o d u c t i o n by 

u t i l i z a t i o n o f a l l a v a i l a b l e e c o l o g i c a l n i ches i n a pond commonly 

r e f e r r e d t o as compos i te f i s h c u l t u r e (Hora and P i l l a y , 1 9 6 2 ) . 

Numerous u jorkers have- s t u d i e d such compos i te f i s h c u l t u r e i n mana­

ged systems w i t h a d d i t i o n of b o t h o r g a n i c and i n o r g a n i c f e r t i l i z e r s 

and- supp lemen ta r y f e e d i n g s and have r e s u l t e d i n h i g h p r o d u c t i o n 

( C h i m i t , 1 9 6 1 ; L i n g , 1 9 6 1 ; R a b a n a l , 1968; S w i n g l e , 1968 and Yashr 

o u v , 1968, 1 9 6 9 ) . 

The use of , a r t i f i c i a l f e e d i n g or s u p p l e m e n t a r y food and such 
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practices have bsen vary well revieiued (Hora and Pillay, 1962| Ling, 

1967; Shell, 1967; Hickling, 1971; Khan, 1971 and Sneed et.. al..,l972). 

In India, particularly luith the identification of the foregoing tec­

hnology, maximum fish production has been obtained. This has been 

observed from an applied angle of achieving the highest yield with 

the manipulation of organic and inorganic"fertilizers and supplemen­

tary feeds. Moreover the combination of Indian major carps and exotic 

carps have been tried out and high production figures have been shown 

in experiments conducted at the Cuttack Experimental Station (Laksh-

manan et_. al.., 1971; Singh et,, al.., 1972; Sinha et_. al^., 1972, 1973; 

Chaudhuri et_. al_., 1974, 1 97-5; • and Chakrabarty et,. "aT"., 1 976). 

The use of organic fertilizers alone and the importance and 

the efficacy of applying organic manure in the form of swine, poultry 

wastes yielding high fish production and in addition maintaining cat­

tle apd poultry farms as a concept of total integrated agro-ecosystam 

was not only identified byt became an accepted technique in many parts 

of the world (Bardach £t_, al_., 1972; Schroeder, 1,974, 1975a,b; Sharma, 

1974; Buck et̂ . al.., 1976; Rappaport et_, al,., 1977; Stickney B_t_. al..., 

1978; Rappaport and Sarig, 1978 ; Nabila, 1978;; Pedrp-Norie-ga- ' 

Curtis, 1979). 

A comprehensive picture of fish production in India is out­

lined and compiled in a most readable form with comparative figures 

for the different states of India by- Hhingran- (198Q).. 

With this in background the present investigation was carried 

out in a region where no data exists, namely the State of Nagaland, 

either for actual-, .or., potential fish production. Since the experimental 

station was at a lower altitude and the work being of a pioneering 

nature, only one species of the Indian major carp, Labao rohita (Rohu) 

was taken up to study its growth rate and production in the ponds and 

in circular plastic pools under differential nutrient manipulations. •. 
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nATERLALS .AND METHODS 

After the' initial management of the experimental ponds and 

plastic pools, liiere completed, fingerlings of Labeo. rohita (Rohu) 

were stocked during the 6th and 7th of October, 1979, The finger-

lings stocked were three to four months old, luhich luerq reared from 

spawns produced by hypophysation conducted during the months of June 

and July at the fish farm aihere the experimental ponds mere chosen. 

Prior to stocking, the fish fingerlings were netted with a nursery 

net and almost equal length and weight were selected at random sam--

pling. These selected fingerlings were then subjected to the analy--

sis of length and weight measurements with the help of a Yamato 

Balance and graduated measuring board (Plate-S)* 

The procedure employed for estimating the weight of the spe­

cimens was done with the help of a thin plastic basin whose weight 

were taken earlier. Fiv/e specimens were then transferred into the 

basin and placed on the balance and the weight noted. The weight of 

the fish was 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, needed for stocking were all likewise analysed for length 

and weight and released into the ponds and pools,. 

Thereafter, monthly samplings of about 3Q^ 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, however, subsequent- measurements of weight was done for indi­

vidual specimens*. The values thus obtained for both the parameters 

were brought under an average which constituted the growth rate of 

the fish papulation for- that particular mocrth under consideration, 
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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 the final data on length and lueight, survi­

val and production mere calculated for respective ponds and pools. 

The gross production of fish in the four experimental ponds and five 

circular plastic pools mere calculated from the mean gross groujth 

and survival of the fish. The net production figures aiere calculated 

on the basis of the final ujeight minus initial weight multiplied 'by 

the number of survivors. These figures oiere then computed to produc­

tion in terms of kg/ha/yr. 
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REsuirs 

For the final productio'n and yield of Lab.go,. rohita» '̂ he growth 

rate mas studied,, in relation to its length and ujsight ousr the sea­

sons,. The auerage length and lueight of the fish stocked initially in 

all the ponds and plastic pools constituted 8.9 cm and 9,7 gm respec­

tively, Eighteen months of rearing mas done to observe their growth* 

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. 

COMTROL POND : In the control pond when the growth in length was 

observed it revealed a very slow trend of increase throughout the 

period of study with the exception of the months of February during 

the first annual 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. respectively (Fig., 12). The monthly average of length increment 

was only 1,1 cm. The total gain in length betwewn the initial and 

final was 20.7 cm i Similarly the weight incretrfent showed 

a gradual increase till May,-/while the subsequent month of D'One' rec­

orded a two-fold increase (TO,76 gm) during the first annual' cycleV 

The month of November recorded a' maximum increase- of 1'0B,'2: gm,which 

thereafter maihtained a steady increase till harvest: recording 389,-65 

gm (Fig, 13), In the eighteen months of growth the monthly average 

increment of weight was 21 .6'gm.s-11 was observed that the trend of 

increase was slow during the initiai: 31-4 months and the enhanced 

growth was discer.nibie tdtuards; the.' end̂  of th'e rearing period. Of the 

150 fingerlings st'bcked in this, control, pond,? only 7 6 numbers were 

harvested at the end of the study period indicating a survival per­

centage of oniy 50m£%» The gross production in this pond was 29,6.kg, 
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This pond yielded a net production of 1 ,574 kg/ha/yr and a gross 

production of 1 ,4'iQ- kg/ha/yr (Table-XXl), 

EXPERIMENTAL FISH. POND^I ; The incrB'ase in length of the fish in this 

pond Luas seen to be quite steady during the initial 5-6,months. The 

maximum enhancement was recorded in April mith 3.62 cm and in Novem­

ber with 8.7 cm during the first and second cycles respectively (Fig.. 

12). It attained an average length of 38.6 cm and recorded a mean 

gain of 30 cm. The monthly average increment luas 1.7 cm ;(Table-XXI ). 

When the lueight was analysed it shoujed a very slouj increase till 

March,, but the subsequent month of April recorded a triple fold en­

hancement with 77,0 gm, which thereafter continued in a progressive 

fashion during the first annual cycle. The months of November, Jan­

uary and March recorded maximum enhancement with 95.68, 95.4 and 

82.-33 gm respectively during the second cycle. A mean weight of 625.8 

gm was attained at the end of the experiment i.Fig, 13). 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 periods.- At the end of the eighteen months of 

rearing, 72 fishes were harvested out of 106 fingerlings stocked, 

recording a 61,9% survival^ The gross production was 45.05 kg in this 

pond. When production figures were worked out, it revealed a gross 

production.of 3 ,337 kg/ha/yr and a net production of 3,285 kg/ha/yr. 

In term of production, the fishes in this pond--1 recorded the second 

highest yield next only to pond-2 (Table-^XXI ).. 

EXPERIMENTAL FISH POND-2 : The- increase in length of the fish in 

this pond was seen to follow a steady and continuous trend of incrs!?' 

aae with maximum enhancement recorded in' September, October and Nov­

ember registering 4.64, 3,7, 4.36 cm respectively during the^first 

and second cycles. It attained a maximum average length of 45*4 cm 
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at the and of the rearing period. The mean gain in length betujeen 

the initial and harvest was 36.5 cm and a monthly average increment 

of 2.1 cm (Fig. 12). When the gain in lueight luas seen, it shoiued a 

steady increase from October to ilarch with the folloiuing month of 

April registering nearly a four-fold increase and thereafter conti­

nued progressively on the increase vuith the month of October and 

November registering the maximum enhancement ujith 155.9 and 113.31 

gm respectively during the period of study (Fig. 13). On harvest an 

average weight of 904.26 gm was attained. The mean gain in weight 

between the initial and harvest was 894.56 gm showing a monthly ave­

rage increase of 49,7 gm (Tabla-XXl). The numbers of fishes harvested 

after eighteen months of rearing was 102 out of 140 fingerlings 

stocked. It recorded the highest survival percentage of 72.8^ in 

relation to all the other ponds and yielded a gross production of 

92.2 kg. When the net and gross production was seen,.for this pond, 

a yield of 4,39n kg/ha/yr as gross production and 4,344 kg/ha/yr as 

the net production was obtained (Table-XXl). The fishes in this pond 

registered the maximum growth rate and production 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-2. The maximum enhancement of 

length was registered in 3une with 4,25 cm. The fish in this pond 

attained an average length of 40.42 cm on harvest, thus showing a 

mean gain in length of 31,52 cm between the initial stocking and 

final harvest. It revealed a monthly average increase of 1.75 cm 

(Fig. 12). The gain in weight when seen in this pond showed a grad­

ual initial increase, thereafter a rapid enhancement was registered 

till harvest, with maximum weight increase recorded in the months 

of October and November representing 170.6 gm and 129.9 gm respec­

tively during the second cycle (Fig. ̂ 13), On harvest an average 
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l ue igh t o f 113.9 gm luas - a t t a i n e d , Ths mean g a i n i n a/e ight betuueen the 

i n i t i a l and h a r v e s t oias 764.21 gm, thus abpiuing a month ly average 

i n c r e m e n t o f 42 .5 gm. The number h a r v e s t e d a f t e r e i g h t e e n months o f 

r e a r i n g u/ere o n l y 143 ou t o f 284 f i n g e r l i n g s . The s u r v i v a l p e r c e n ­

tage reco rded i n t h i s pond luas the lo iuest o j i t h o n l y 50.3%, A gross 

p r o d u c t i o n o f 1 1 0 , 6 kg was ach ieved i n t h i s pond., When the p r o d u c ­

t i o n f i g u r e s u/ere ujorked o u t , i t shooied a g ross p r o d u c t i o n of 2,633 

k g / h a / y r and a net p r o d u c t i o n of 2 ,601 k g / h a / y r . f b r t h i s pond . H e r e ^ 

though the s u r v i v a l pe rcen tage mas more or l e s s s i m i l a r t o the c o n ­

t r o l pond, ye t i t r e v e a l e d n e a r l y 4 t imes the g ross p r o d u c t i o n and 

double i n terms of y i e l d t o t h a t o f the c o n t r o l ( T a b l e - X X l ) . 
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CIRCULAR PLASTIC POOLS 

The increase in length and ujeight of the fish in the fiue 

circular plastic pools did not shouj significant growth ouer the 

entire season irrBsp8cti\ye of the differential fertilization, in 

contrast to the experimental ponds, 

CONTROL POOL : In the control pool, the trend of increase in length 

was mors or less steady during the entire period of rearing. It at­

tained an average length of only 18.43 cm at harvest, shoujing a mean 

gain of 9,53.cm and a monthly average increase of only 0.5 cm (Fig. 

14). Similarly the increase in weight revealed a very slou: enhance­

ment, An average lueight of 145,83 gm u/as achieved at harvest, shom-

xng a mean gain of. only 136,2 gm and a monthly average increment of 

7,6 gm (Fig, 15). The number harvested after eighteen months of rea­

ring was 14 out of 20 fingerlings initially,stocked, The survival 

percentage in this pool however, recorded the second highest figure 

with 70/0 next only to pool-1 , The gross and net production in this 

pool were 2.041 and 1,905 kg respectively after the end of the rea­

ring pe,ripd (Table-XXII ), 

CIRCULAR PLASTIC POOL-1 : In this pool the fish attained an average 

length of 22,14 cm registering a mean gain of 13.24 cm in eighteen 
. y . • . . - - , . • - . 

months of r e a r i n g and showed a monthly increase of on ly 0,7 cm ( F i g , 

1 4 ) , When the weight gained was. pi>«e-i*ved, i t recorded a l i t t l e h igher 

than c o n t r o l . I t a t t a i n e d an average weight of 230.0 gm and a mean 

gain of 220,3 gm. The monthly average increment was 12.2 gm ( F i g , 

1 5 ) . Out of 20 f i n g e r l i n g s s tocked , 16 were harvested g i v i n g a su r ­

v i v a l percentage of 80? .̂,, This pool recorded the h ighest s u r v i v a l 

percentage i n comparison t o the other poo l s . The f i n a l gross and net 

p roduct ion i n t h i s pool were 3*680 and 3.524 kg r e s p e c t i v e l y (Tab le -

XXII).:-
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CIRCUL AR PL A5TIC P0gL_-2_ ; The fish in pool-2 rav/ealed a steady incr­

ease in length and weight and their growth uuas more pronounced during 

the second cycle. It attained an average length of 20.23 cm revealing 

a mean gain of 11,33 cm. It recorded a monthly average increment of 

0,62 cm (Fig, 14), The increase in weight was very steady during the 

initial 3-4 months, thereafter the trend was progressive towards the 

end of rearing. The maximum enhancement was registered in October 

with 50,0 gm (Fig, 15), The number harvested was 18 out of 30 stocked, 

thus showing a survival ofonly 60% and yielded a gross and net pro­

duction of 4.348 and 4.174 kg respectively (Tabls-XIl). 

CIRCULAR PLASTIC P00L-'3 : The fish in this pool also revealed a simi­

lar trend of enhancement in length and weight, and rate of increase 

was 'ittore discernible towards the later stages of study. It recorded 

an average length of 22^02 cms and a mean gain of '13,12 cms between 

the initial and harvest. The monthly average increase was only Q-.72 

cms (Fig, 14), The increase in weight was steady, with the months of 

November and March registering the maximum enhancement of 21,25 gm 

and 30 gm respectively (Fig, 15). An average weight of:186,25 gm was 

obtained and a mean gain of 176,55 gm was observed. It registered a 

monthly average weight increment of 9,8 gm-. Out of 20 fingerlings 

stocked only 12 were harvested showing a survival of 60%. 

A final gross and net production obtained in- this -paol u*as 2.»'2?'5 arwt 

2,119 kg respectively (Table-XXll). 

CIRCULAR PLASTIC POOL-4 : The fish in this pool similarly shoujed a 

gradual increase in length and weight though the enhancement was more 

conspicuous towards the end of the study period. The increase in 

length was very gradual with a more or less same rate of increase 

each month-. The fish attained an average length of 22.9 cm on harvest, 

revealing a mean gain of 14,0 cm and a monthly average increase of 

0,8 cm (Fig, 1 4). 
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The incrsase in ujeight ujas very gradual in the initial months 

of October to March, thereafter the 'ueight increment was very progr­

essive. The maximum enhancement ujas registered in May and 3uly tuith 

10 gm each during the first annual cycle. HoujeuRTj in the next cycle 

the lueight increase ujas maximum in December and February with 30,83 

and 33,33 gm respectively (Pigo 15). The fish attained an average 

weight of 254.16 gm on harvest revealing a mean gain of 244.46 gm. 

The monthly average increment recorded u/aa 1.3*S3 gm. (Table-XXIl). On 

harvest only 19, fishes out of 30 fingerlings initially &tx>uU,ad sur­

vived, thus showing a survival of only 63.3^. This pool recorded ̂ bhs.. 

highest production in comparison to all the other pools. It yielded 

a gross and net production of 4.827 and 4.643 kg respectively 

(Table-XXIl). 
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Drscussioi\] 

Fish culture is the art of raising and grooiing fish under con­

trolled conditions in order to achieve the maximum yield. Although 

the supply of animal protein in India is far beloiu the demand, it is 

only recently that sufficient interest has generated toiuards devel­

oping fish culture in the country. During the last two decades it 

has been very aiell documented and concluded that fish-culture has a 

bright future in this land. 

The productivity of most ponds in India is very high and the 

groii/th of the different cultivated species of fish has proved to be 

excellent. Moreover, the growing season for fish is more than twice 

that in European countries. Further, the economics of fish culture 

operations,, appear to be favourable and the protein food produced in 

-these ponds is less expensive than in other 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 ujorthaihile for culture under different situations, 

The criteria for selection of such a species would be (i) its natural 

adaptibility to grow fast; (ii) its food habits adapted to the types 

of living organisms present in the system; (iii) ability to adapt to 

crowded conditions especially at high stocking density rates; (iv) 

the tolerance of low dissolved oxygen content as and when it occurs; 

(v) easy handling and harvesting; and (vi) reproduction under con­

trolled conditions.: 

It was with this idea,in the region under' consideration, that 

the fish Labeo rohita (Rohu) was taken up fp"r the present investiga­

tion. This species is conslder-^d as' the tastiest of all • the Indian 
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Hajor carps and it is a quick groujing spscies, being a column feeder... 

Grovjjth of 35 cm to 45 cm is normally expected in the first year from 

a ujell stocked pond. This species is knoa/n to have been used exten­

sively in piscicultural practices for a long time in the East Indian 

States of West Bengal, Oris.sa and Bihar though the origin is largely 

unknown. 

In the present inv/estigation, two sets of experiments ujare con--

ducted, on the grooith, mortality and production on this species of 

fish Labeo rohita one in a natural conditions of dug ou*t fish ponds 

and the other in Circular Plastic Pools, The results analysed revea­

led that in terms of mean gain in weight and mean gain in length, 

all the three fertilized fish ponds had much higher growth rates in 

contrast to the control. Moreover, it was observed that the sixth 

month was the turning point for an exponential increase in mean 

weight for the three Experimental Fish Ponds (Experimental Fish Pond^ 

1,2 and 3) which were fertilized and the next phase of such a spurt 

gained in the mean weight occurred after the twelfth month.. In con­

trast, the control pond though did have a spurt after the twelfth. 

month, suddenly fell in the subsequent month to rise thereafter near 

the levels achieved in the three Experimental Fish Ponds. The maxi­

mum increase in the mean weight was observed in Experimental Fish 

Pond-2 with nearly 900 gm. 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.approximated nearly 900 gm for the study period of 

eighteen months is near the figures attributed to good production by 

other workers .(Alikunhi,, 1957, 1966j Jhingran, 1968), 

The mean gain in length.and the increment over the season was 

seen to have very little difference among the three Experimental^ 
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Fish Ponds-1 J, 2 and 3, uuhich shouued hotueuer nearly a one-'third incr­

ease in relation to the control. In case of mean gain in length the 

r]fautth month seemed to be a turning point for a sudden spurt in the 

increase of their length ujhich thereafter folloujed a steady trend 

of increase though ,ujith minor fluctuations. As in the case- of gain 

in mean uueight, the mean gain in length recorded maximum was in 

Experimental Fish Pond~29 folloujed again by Experimental Fish Ponds-

3 and 1. 

In contrast to the Experimental Fish Ponds in the Circular Pla­

stic Pools, the mean gain in length and weight shoujed a steady incr--

ease from the initial to the end. There is some indication after the 

twelfth month to have a second phase of a spurt of increase in 

weight and this was true for all the pools including the control, 

Unlike the fish ponds, the mean gain in weight attained after eigh­

teen months in the plastic pools were not very significantly differ­

ent from that of the control. The maximum 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-4, 

and finally 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 cm and Pool?-3 and control showing nearly 10 cm. The only 

interesting aspect as seen in Pool-3 was that, though the mean gain 

in weight luas very near the control, the length obtained was howeveT 

near the highest attained of all the Circular Plastic Pools, 

In Pakistan the growth of Rohu is reported as 680 gm under stoc­

king density of 178 to 1332/ha (Rabanal, 1968), Similar growth rates 

are indicated in India under stocking densities of 3,750 and 3,385/ 

ha by Alikunhi (1957) and Hora and Pillay (l962). However in the 
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absence of suruiual rates, these stocking rates are considered uery 

louj luhen compared ujith the present study. The percentage survival in 

the present investigation among the ponds aias seen to be the highest 

in Experimental Fish Pond-2, accounting for 73^ folloiued., by Pohd-1 

ujhich ujas nearly 68%, Houjev.er̂  pond-3 and control was only 50% sur­

vival and it is interesting to note that in. pond-3, this 50% survi­

val accounted for the mean gain in uueight and length as the second 

highest, 

l/ery little information is available on the groo/th rates in 

relation to fertilization. In the present study Experimental fish 

Pond-2 u/hich possessed maximum values was the one in which both orgB-

nic and inorganic fertilizers in addition to supplernentary feeding 

.uiecQ administered. In pond-1 , where only organic and inorganic ferti­

lizers were given, did not show any significant increase in comparison 

to the other ponds though well above the average obtained elsewhere 

for this species. The organic fertilized pond, pond.-3 definitely 

showed higher growth rates both, in terms of length and weight. The 

only conclusion to such differential growth rates as observed in the 

present investigation could probably be attributed to the one common 

factor NPK as inorganic fertilizer which seemed to inhibit some phy^ 

siological response for the usual growth and mortality even though 

the food available in the ponds were more or less the same in terms 

of the general biota. 

On a similar analysis in the plastic pools it was seen that the 

Circular Plastic Pool-I revealed 80% survival followed by control 

pool with nearly 70% survival.. All the^ other three pools had nearly 

60% survival each, with, pool-4 showing a little higher than 60%. Once 

again as in Experimental Fish Pond-2, Circular Plastic Pool-4 which 

was given organic and inorganic fertilizers and supplementary feeding 
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showed the maximum growth rate even mith a loujor comparative survi-!: 

ual rate. Poolr2 which mras given only organic fertilizer and suppls'-

mentary feeding cams second only to pool-p4 and probably could be 

attributed to the same phenomena as in the fish ponds. In fact supp­

lementary feed alone as in pool-1 revealed the highest survival 'per­

centage with pool-3 as fourth, where inorganic fertilizers and supp­

lementary feed i4BTre 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

cerned. 

PRODUCTION :- In fish culture experiments it is the yield or produc­

tion which is more important than the growth rate. However these 

figures are arrived at primarily by the percentage survival along 

with the mean growth attained. Whether for the total period under 

consideration of e.ighteen months or per annum, it was seen that once 

again among the Experimental Fish Ponds,' Pond-2 revealed the maximum 

gross and net fish production. This is understanctebJLfl a.s both the 

growth rate and the percentage survival was the highest in this pond, 

The gross and net production figures for the eighteen months period 

was 6585,0 kg/ha and 6516,0 kg/ha,, while the annual production was 

4390.0 kg/ha/yr as gross and 4344.0 kg/ha/yr as net. This was foll-

oujed by Experimental Fish Pond-1 with gross'and net production for 

eighteen month period as 5005.0 kg/ha and 4927.0 kg/ha respectively^ 

while the annual figures were 3337.0.kg/ha/yr as gross and 3285,0 

kg/ha/yr as net product,ion, followed by Experimental Fish Pond-3, 

which gavs a grogs and net.production figures of 3950,0 kg/ha and 

3902,0 kg/ha for 18 months respactively and the annual gross and net 

production was 2633,.0 kg/ha/yr and 2601 ,0 kg/ha/yr. Finally the 
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control pond rev/ealsd a gross production of 2115.0 kg/ha/l8 months 

and a net -production of 2062 kg/ha/l8 months, ujhile it ujas 1410,0 

kg/ha/yr as gross and 1374.0 kg/ha/yr as net production. In Experi­

mental Pish Pond-2sp the fish production shoiued nearly 3.5 times that 

of control pond. It is here that Pond-1 because of its higher perc­

ent survival came second in term of production in contrast to 

Pond-3 which is far looi due to louj percent survival in that pond, 

Once again organic and inorganic fertilization and supplementary 

feeding revealed maximum production figures. 

S\uch production figures for the plastic pools becomes redum* 

dant as the stocking densities/hectare ujere very high, therefore the 

production figures u/ere only confined to the gross and net produc­

tion as (kg/pool) as attained per pool. These figures are more appr­

opriate as they follouLi the grotuth rate as aiell as. the incorporation 

of survival percentage is taken account of. The highest yield ujas in 

Circular Plastic Pool-4 ujith' a gross production of 4,82 kg/l8 months 

and 3i2 kg/yr and a net production of 4,64 kg/T8 months and 3.09 kg/ 

yr, folloujed by Pool-2 ujith a gross production of 4.34 kg/for 18 

months and 2.89 kg/for one year, and a net production of 4,17 kg/l8 

months- and 2,78 kg/yr, Pool-1 folloiued thereafter with gross produc­

tion of 3,68 kg/l8 months and 2.45 kg/yr and a net production of 

3,52 kg/18 months and 2,34 kg/yr, Pool-3 revealed a gross and net 

production.of 2.23 kg/l8 months, 1.48 kg/yr and 2,11 kg/l8 months, 

1,41 kg/yr respectively and finally the control pool gave a gross 

and net production of 2.04 kg/18 months, T,.35 kg/yr and 1.90 kg/l8 

months, 1,27 kg/yr respectively, 

Uery little information is available on such monoculture 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 Experimental Fish Ponds have shoujn a phenomenal increase 

from the modest production of 600 kg/ha/yr (Uhingran, 1-969) more than 

a decade ago to about 9000 kg/ha/yr and 5893 kg/ha/6 months in rec­

ent years. (Ohingran, 1980)^ The figures obtained around the last de­

cade for culture of Indian major carps alone ranges from 1437 to 

2975 kg/ha/yr, u/here inorganic and organic fertilizers luere applied-

along ujith supplementary feedings (lakshmanan e-t.al»i1 971; Sinqh fet, 

al_.,1972). The same workers reported around 2234 to 4210 kg/ha/yr 

for composite fish culture using similar organic and inorganic ferti-

ilizers luith supplementary feed. Works on Indian major carps in. very 

recent times hav/e been shown by Das et. al,»»(l980) to be 4063,5 and 

3841.S kg/ha/l3 months as gross and net production respectively. 

Houjever, in the present investigation it was seen even in the 

control pond a gross and net production of 2115 and 1374 kg/ha/yr 

obtained can be considered as high yield, as Sreenivasan (1964) rep­

orted 1400 kg/ha/yr as an average production for seven years in an 

unfertilized tropical pond in South India to be high in comparison .. 

to the Indian average. 

The highest production in the present investigation is defini­

tely related to organic manuring and such reports are in existence 

earlier and especially in Indian and Chinese fish ponds (Hickling, 

1962; Hora and Pillay 1962| Lin, 1966; Rabanal, 1966; Bardach et,. 

al..,, 1972). 

In Chinese ponds luhere only animal manures, compos* and offal 

were adrainist'ered> an average, production of 3000 kg/ha/yr, and a 

maximum of 7500, kg/ha/yr had been obtained in Central. China (Yashouv, 

1-966)., In Israel it vuas seen for common carps, that fertilization 

increased production to nearly foQr times and supplementary feeding 
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u/ith cereal, grains increased it by fifteen times (Hepher, 1967), . 
. . ' ' ' 1' 

Similar reports in some former Congo ponds with y;,ery. little mana-

gement produced 100 to 1000 kg/ha/yr (mainly Tilapia) while these 

ponds ujith intensive management and supplementary feed produced 

nearly 4000 kg/ha/yr (Huet, 1957), It is knovun that unfertilized 

ponds in the tropics nearly produces 300 kg/ha/yr but if management 

is done properly to the extent as seen in Java fish ponds that even 

a supply: of minerals .from the hot springs have been reported to 

produce"fish nearly 10,000 kg/ha/yr (Mortimer gnd Hickling, 1954), 

In the present investigation, the attributes are very true 

•in that maximal production levels have definitely been found in the 
\ ', • •„ •';:•• 

ponds and. pools where both organic and inorganic fertilizers and 

supplementary: feeds wore, administered," HoiuBvar, organic fertllii -

tion ujith'.,,;s.applementary feeds seemed to enhance production levels 

and it 'ia known that different fertilizers have different produc-

tive;;.:papacity (Mortimer and Hickling, 1954; Edmondson et. • al,j 1956)«".. 

In addition, probably some of the synergic effects between the 

fertilizers themselve.s in such closed ecosystems as ponds and pools 

can affect the production figures. This may be true in the present 

investigation as in both the experiments, a control was maintained 

and hence the only factor causing variation could be attributed to 

the type of fertilization since all other environmental factors 

were'similar. Reports exist for intense organic and chemical ferti­

lization of fish ponds -without supplementary feeds,- where they are 

comparable to yields attained with conventional feed (Tan, 1970; 

Yashouv and Halevi, 1972; Schroeder,- 1974; Schroeder and Hepher, 

197 6; Moav £t,al., 1977; Wolhfarth,, 1978). 

The other aspect, furthermore is that organic fertili­

zers as manure for fish ponds invariably affects the biolo­

gical and chemical condition of fish ponds as such,that the manure ia 
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digested by, and the nutrients thereby, fixed by microorganisms that 

in turn are consumed by the fish (Schroeder, 1975).. In contrast che­

mical Fertilizers alone or in combination mould probably increase 

the phytoplankton to cause a self-shading affect thereby-reducing 

primary production luhich in turn affects the production of the fish. 

In out investigation probably this last aspect may have cbme into 

play to a large extent* 

Increased groujth-rate of fish in such monoculture or higher 

yields in term of production from the present study does reveal that 

maximal output in terms of fish yield mas due primarily to the judi­

cious' administering of both orgar>ic and inorganic fertilization and 

to supplement the biota so created in the pond for food»by feed even 

if it is only rich in carbohydrate content (Rice bran) in the present 

investigation, Houieveiv fish production of an indi-vidusl pood belrvg 

high or louj in a particular year̂  could be due to random variation of 

the, organic development vuithin the maters of individual ponds (Wolhr. 

farth and Moav, 1968; Buck, 1970). In addition#as in the present 

experiment, mhen ponds and pools mere taken simultaneously for a study 

me cannot eliminate the chance factor that may be in operation like 

(i) the differences in the. timing of the degree of colonization of 

flora and fauna in the different ponds,, and (li) the differences in 

rates of the available nutrient being cycled through the individual 

systems.. Whatever the case may-be in a region at the foot hills of 

Nagaland:, these experiments have proved beyond doubt that very high 

production figures can be obtained by simple scientific management 

of fish ponds eve'n mith monoculture of species like Labeo rohlt.a;. 

This has encDuraged us to go further to the va.rio.us attributes .res­

ponsible for the functioning of such ecosystems and me hope to con­

duct polycultur.B (composite fish culture) mith such randomized b.lo:ck 

design e'xperiments,, 
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GENERAL DISCUSSION Ai\iD RECOnrCNDATION 

After completion of such a study for fish growth and yield in 

fertilized experimental 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 was feltto 

see the intricate mechanisms affecting one another and primarily their 

effect on the grooith of the selected species Labeo rohita» This UJBS 

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 undertaken individ­

ually for the detailed seasonal stud y. Hoaiever, the, time in which the 

annual. pulses mere initiated or terminated., got displaced to some 

extent. In addition, the magnitude of a pulse also vary considerably 

from one season to the other. It ujas, therefore, felt that the inco­

rporation of the statistical analysis of correlation coefficient be-' 

tujeen all these variables ujould possibly highlight the causative ' 

factor or factors responsible for phyto- or zooplankton growth, -pri­

mary production and fish production. 

A perusal of the Tables-XXI II , XXIV, XXA/ and XXUI which show 

these correlation coefficiGnts, identifies the intricate relationships 

between the variables at. statistically significant levels.^ 

In the experimental fish ponds undertaken for the present 

study, the correlation•observed in the control pond was seen between 

phosphate and both total zooplankton and. total plankton at P^O.05 

level positivelyo Stfiil.lcr- positive ' relationships existed and woa ' 

higlnly sirnificnnt (P>0*Q.!) ) between total phytopla.nktcn and oxygen* 
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0.025 
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0.249 
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<•) 
0.256 

( - ) 
0.490 
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0.400 

0.061 

( - ) 
0.971 

0.120 

0.962 

0.219 

0.419 

0.018 

0.061 

0.279 

0.294 

0.291 

( - ) 
0.424 

( - ) 
0.971 

0.220 

0.115 

0.089 

( - ) 
0.142 

0.101 

o.on 

0.Q56 

0.292 

0.069 

0.011 

0.069 

0.001 

0.049 

( - > 
0.159 
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TffltE*XXVCoakd. 

Covmlatiisn t ^ l 9 ahdvdlnQ tho eorr^latlofi eaefl^oiani« 
•mm^ th9 pHy»lef}«eh«Riie«I and primary productivity an̂ i 
biota undortakan for ttia Cireitiar PXaatie ^9oia« 

ft * Ciroaa primary preilyctivity 

8 «• ^ t primary prc^uetivity 
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E • Total plankton 
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TA8L£»XXVI 

CecroJlatii^ri t i^ ig ^homing ths oortalstion e(i«ffi6i»nt« 
aim&ng th;» primary productivity and biiiio<|iGal pttrMi«i»r« 
un^ttrtaHin for th« ContrPi and Cireulsr Plaatlo PeK}ia» 

A * Groaa primary produetivity 1 
B * ?*Bt primary productivity 2 
C «* TeteX phytopiankton 3 
Q • Totai zoopiankton 4 
t « Totai pXar^ton f 
f « HMkfi ian^th (f iah growth) 6 
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Total phytopUinkton 
Total 20i^iankton 
Totai piat^ton 
^ a n iangth (f iah growth) 
Haan nN^ght (f iah growth) 
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CO«^TROL POOL C P - 1 

1 t . i 3 t 4 I rrn \ ^ \ 2 \ , \ .[ . \ . 

a 

c 

i 

r 

( • ) • • (^) ( - ) ( • ) <+) ( * ) 
0.675 0.009 0.056 0.002 0.035 0.148 

<-) (-) (-) U) U) 
0.248 0.318 0.283 0.121 0.170 

( * ) ( * ) * • ( . ) ( - ) 
0.372 0.986 0.131 0.172 

( • ) • < - ) ( - ) 
«, ' . 0.519 0.005 0,046 

( - ) ( - ) 
: . Q.122 0.166 

0.945 

( * ) ( * ) <-) ( • ) ( - ) ( - ) 
0.455 0.135 0.364 0.036 0.139 0.163 

w <-) (-) (-) (-) (-) 
V 0.211 0.261 0.258 0.325 0.342 

( * ) ( • ) • • ( • ) ( • ) 
0.227 0.972 0.015 0,006 

- ' W (*) (•) 
0.446 0.284 0.249 

( • ) ( • ) 
0.089 0.071 

0.968 
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A 

3 

0 

Z 

f 

(•)•• (•) (-) M M M 
0.726 0.191 0.093 0.179 0.083 0.131 

(•) {*) U) (*) (*) 
0,028 0.067 0.032 0.249 0.334 

0.349 0.997 0.133 0.086 
V I * - ( • ) ( * ) < * ) 

0.411 0.263 0*280 
(•) M 

i , - 0.153 0.103 

0.954 

•̂̂ HM" 

A 

a 

c 

0 

e 

F 

(O (.) (-) (-) (-) (-) 
0.262 0.051 0.123 0.053 0.450 0.444 

. ( . ) ( - ) ( - ) ( - ) ( - ) 
0,376 0.130 0.269 0.282 0.294 

( • ) ( • ) • • ( - ) ( - ) 
. . . < 0.239 0.990 0.178 0.203 

: i ( • ) ( • ) (+) 
Q.246 0.142 0.095 

' " . ( - ) ( - ) 
0,157 0.179 

^̂- : : ; • . ( • ) • • 

0.989 

CP-4 

4 

. (•)•* (*) (*) M M (•) 
" 0.605 0,090 0.281 0.088 0.110 0.072 
i 

i 

t 

t 

( - ) ( * ) ( - ) ( - ) ( . ) 
0.184 0,400 0.183 0,092 0.022 

( • ) ( * ) • * ( - ) ( - ) 
0.173 0.999 0,164 0.233 

< * ) < - ) ( - ) 
0.180 0.210 0.171 

( - ) ( - ) 
0.161 0.229 

0.918 
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In Experimental Fish Pond-I , gross primary productivity ujas 

negatively correlated "ujith carbon-dioxide at P>0o05 level. Total 

alkalinit.y was correlated at very significant levels (P>O.Ol) posi­

tively Luith both total phytoplankton and total plankton. Similarly 

total zooplankton mas related with air and water temperatures, and 

silicate at P>0,01 levels. In this, pond, conductivity was seen to 

be related to total plankton and mean length and nitrate with mean 

length and mean weight all positively at P>Q,Q5 level. 

In Experimental Fish Pond-2, net primary productivity with 

nitrate was highly significant and so also total zooplankton with 

air temperature, the latter as seen in Experimental Fish Pond-1. 

Further, oxygen with total phytoplankton and carbon-dioxide with 

total plankton was positively significant at P>0.05 levels 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

lation and was observed only between conductivity with both gross 

and net primary productivity which was positively significant at 

P>Q.05 level, while pH was negative with mean length and mean weight 

of the fish at the same level of significance. 

In addition to the correlation between.the physico-chemical 

factors and the biota, phytor- and zooplankton, * their totality, pri­

mary productivity both gross and net primary productivity and the 

growth of fish in terns of its length and weight were also analysed 

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.>0.01 lev3l. Similarly gross orimary productivity with net primary 
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productivity luas correlated except that in Experimental Fish Ponds-I 

and 3, the Level of significance was loaier. High level of positive 

significance betujeen total phytoplankton and total plankton uiere seen 

in all the ponds except in the control pond, o/here the level was at 

P>0...05. Similarly total zooplankton and total plankton -was positiv­

ely correlated in all the ponds except in pond-3. The level of sig­

nificance observed in Experimental Fish Ponds-2 and control was at 

P>0.01, but at P>0.05 level in Experimental Fish Pond-1. In addition 

to the correlations, total zooplankton with gross primary producti­

vity, in the control pond and total zooplankton with total phytopl-

ankton in Experimental Fish Pond-2 were positively significant at 

P>0,01 level. Finally the control pond showed negative relationship 

at P>0.05 between total phytoplankton and mean length of the fish. 

In the Circular Plastic Pools the correlation coefficient were 

similarly observed between gross and net primary productivity, phy­

sico-chemical parameters and the biota. 

In the control pond the only statistical significance obss^ved, 

.was J between air arid 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 level. 

The- air temperature with phytoplankton was much more significant 

(P>0.01) than water temperature with total phytoplankton •(P>0.05) 

both, however, positivel y. Therefore., generally the biota was positi­

vely significant both with atmospheric and water temperature' but 

negatively with net primary productivity, 

In Circular Plastic Pool'-I , there were only two significant 

correlations. Net primary productivity with carbon-dioxide was 
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highly and positi'v/'sly significant (P>0*Ol), while total plankton 

and nitrate aias negatively significant at. P>n,05 levels. 

In Circular Plastic Pool-2, as in the control pond, net pri­

mary productivity aiith air temperature oias negatively significant 

at P>0.05. Similar negative significances mere observed betujsen mean 

length and pH and mean uieight tuith oxygen. Though mean length and • 

oxygen also had a negative relationship the significance was at P> 

0.01.level. The others which were significant were positive at P>0.b5 

comprising of total phytoplankton with total alkalinity, total plan­

kton with total alkalinity, mean weight both with nitrate and con­

ductivity. 

In Circular Plastic Pool-3 similar to the control 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

ton \mva positively significant with phosphate at P>0,05 level while 

with nitrate at P>0.01 level. Total zooplankton with pH and silicate, 

and the mean length with total alkalinity were all negatively signi­

ficant at P>0.05 level. 

The last Circular Plastic Pool-4, like the control pool showed 

a negative correlation between net primary productivity with both air 

and water temperature. This pool showed a relationship between con­

ductivity and both gross and net primary productivity positively at 

highly significant levels (P>0.01 ), Further, in this pool^ all the 

three nutrients analysed, silicate, phosphate, nitrate and alkalinity 

were all seen to be significantly correlated to both total phytopl­

ankton and total plankton at P>0,01' level. Finally, both the mean 

length and mean weight .wera negatively correlated with oxygen at 

P 0,01 level.- In addl:tjLE-h to tho significances of the nutrients, total 

phytoplankton and. total plankton uias'similar to pool-3, except that in 
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t h e l a t t e r on l y phosphate and n i t r a t e aiere- found t o be c o r r e l a t e d , 

and i n p o o l - 2 t o a l k a l i n i t y though the s i g n i f i c a n c e a/as loo /e r . I n 

c o n t r a s t , p o o l - 1 shoiued a nagat iv /e r e l a t i o n s h i p between t o t a l p l a n -

k t o n and n i t r a t e - . 

When t h e c o r r e l a t i o n among the b i o t i c f a c t o r s vuere s a s n , i t 

Luas observed t h a t I n a l l t he poo l s t he mean l e n g t h u j i t h mean o/eight 

o f t h e f i s h , and t o t a l p h y t o p l a n k t o n w i t h t o t a l p l a n k t o n lupra seen t o . 

be p o s i t i v e l y s i g n i f i c a n t a t P>0,01 l e u e l . S i m i l a r l y a c o r r e l a t i o n 

e x i s t e d between gross and net p r i m a r y p r o d u c t i v y i t y i n a l l t h ^ C i r c u ­

l a r P l a s t i c Pools excep t i n p o o l s - l and 3 . I n a d d i t i o n ^ i n t he c o n ­

t r o l p o o l , t o t a l z o o p l a n k t o n and p l a n k t o n wers s i g n i f i c a n t l y r e i a t a t f 

a t P>0,05 l e v e l p o s i t i v e l y . 

These v a r i o u s c o r r e l a t i o n c o e f f i c i e n t when o b s e r v e d , i t was 

g e n e r a l l y .seen t h a t i r r e s p e c t i v e o f f e r t i l i z a t i o n - i n a l l t h e qonds 

and p o o l s , t h e mean l e n g t h and mean w e i g h t o f f i s h was s i g n i f i c a n t / ' 

i n t h a t no e f f e c t p l a y e d on t h e i r g rowth r a t e s between these s y s t e m s , 

I n a d d i t i o n , i t was t h e t o t a l p h y t o p l a n k t o n and p r o d u c t i v i t y wh i ch 

r e v e a l e d some r e l a t i o n s h i p as t hese c o r r e l a t i o n showed t h a t t o t a l 

p l a n k t o n was s i g n i f i c a n t l y c o r r e l a t e d w i t h t o t a l p h y t o p l a n k t o n and 

t h e r e f o r e gross p r i m a r y p r o d u c t i v i t y and net p r i m a r y p r o d u c t i v i t y . 

I t was on ly i n E x p e r i m e n t a l F i s h Ponds-1 and 2 and c o n t r o l C i r c u l a r 

P l a s t i c P o o l , t h a t t o t a l z o o p l a n k t o n was r e l a t e d i n such a manner.-

Among the n u t r i e n t s o n l y C i r c u l a r P l a s t i c P o o l s - 3 and 4 a f f e c t e d t o 

a l a r g e ex ten t - t h e t o t a l p h y t o p l a n k t o n . However, i n E x p e r i m e n t a l Fi-sh 

Pond3-1 and 2 and C i r c u l a r P l a s t i c P o o l - 2 , n i t r a t e was seen t o 

e f f e c t the meah w e i g h t o f the f i s h e s . 

I t i s known t h a t ; p l a n k t o n b iomass i s h igher - i n f e r t i l i z e d 

t h a n u n f e r t i l i s e d systems (Manning and 3uday, 1 9 4 1 ; Gessner, 194'9; 
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Edmonson, 1955| Ryther and Yentsch, 1958) and as observed in the 

present investigation luherê  photosynthesis ujas related to the produ­

ction figures but significant levels aiere not obtained as would be 

expected in ponds or pools receiving larger amount of fertilizers. 

Light penetration could be one factor mhich is inversely related to 

plankton standing crop and therefore photosynthesis, leading to a 

loss of net production. 

Another observation seen in the present study was a relation­

ship of total alkalinity to total phytoplankton as in Circular Plas­

tic Pool-2 and Experimental Fish Pond-1, This total alkalinity again 

in pond-1 and pool-3 mas correlated in tujo 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 

to convert bicarbonates 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 rates in any biotope. Further, when the bicarbonate alkalinity 

is high and the trophogenic zone is productive, a relatively small 

lowering of pH occurs resulting in well buffered waters (Hutchinson, 

195?) as seen in most of the present systems. This may be true pro­

bably to a larger extent in Experimental Fish Pond-1 and.Circular 

Plastic Pool-2. In addition,as the temperature of the water rises, 

its capacity to dissolve carbon-dioxide decreases and part of the 

free carbon-dioxide is given off. There fore,the equilibrium of the 

carbonate-bicarbonate system is dependent to a large extent in the 

carbon-dioxide tension in the water. Lowering of this tension is 

known to cause transfer of bicarbonate to carbonate part of which 

may be precipitated (Pia, 1933). A continuous process going on in 

this fashion could probably be a result of the equilibrium state of 
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pH. The main reasons probably' For higher production in the more in­

tensely fertilized ponds and pools could be the result of higher 

amount of nutrients that comes directly or indirectly and in addi­

tion from unutilized food and fish excrement. All this enables the 

possibilities of a constant supply of rich carbon-dioxide to ujater 

by active fish respiration. This abundant supply of carbon-dioxide 

could effect the ponds and pools ecology by keeping the pH constant 

and especially -during noon time, indicating that in intensely manu­

red ponds and pools, food utilization becomes less efficient beyond 

certain optimal levels (Swingle, 1947| Kuentzal, '1969; Boyd, 1973; 

Rappaport and Sarig, 1975,,1979). 

Even average higher temperatures are to some degree more fav­

ourable to photosynthesis. The limitation on primary production that 

are imposed bŷ  nutrients ujould often render temperature effect unim-̂  

portant in greatly changing natural production. In the present inve­

stigation the productivity patterns dominated by the regular enrich­

ment, probably shortens the time required for nutrient depletion.in 

relation to photosynthetic rate. Therefore,, the differences in. mean . 

temperature could effect largely the metabolic processes that govern 

nutrient cycling than on photosynthesis itself. 

The role of nutrients and especially those that ujere under­

taken for the present investigation luas seen to play very little 

role except ujith nitrate to'the groiuth of the fishes and even as a 

limiting factor for ph ytoplanktonp bafc with the only axceptiori in 

Pools^3 and 4 inhere positive significant correlations existed'. Jn 

case of. phosphate, again the significance ujas among these taio pools 

and to some extent in the control pond. .It is seen that fertilization 

has definitely a higher percentage of phytoplankton densities 

(Hepher, 1963; Dobbins and Boyd, 1976) and therefore in case of 
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phosphorus,, an appreciable amount of this nutrii3nt vuhen added could 

be initially absorbed by the plankton community in a feuj hoars. Hance, 

its utility is made available only when the plankton dies,which in a 

natural system usually gets locked up in the sediments.. Houj8ye'r,ve!ry lit.r-

tie-attributes could be assignad iothe rote of its limitation in nature 

in the systems studiedo As consumers of particulate phosphorus,-. 

fishes probably contribute to remineralization in a manner similar 

to the positive fee'd back of zooplankton grazing on algae. Since 

fishes also prey on benthic and littorai. organisms, the louj' but 

relatively constant level of phosphorus excreted may act to stabilise 

planktpnic cycle which might otherwise exhaust available phosphorus 

and depend directly on remineralization through decomposition of al-.' 

lochth.onoijs sources as in the present investigation, in addition to 

sedimentary generation as in the fish ponds- This,therefore,leads to 

a realization that, nutrient concentration at the usual half uptake 

maximal rates do not necessarily reflect the growth capabilities of 

the biota and in particular ph ytoplankton (Caperon, 1972| Fuhs ej^.al. 

1972? Rhee, 1973; Chisholm, 197'4? Eppley and Renger, 1974), This is 

primarily due to the well documented hyperbolic relationship between 

growth and the intracellular concentration of nutrients in a wide 

variety of autotrophic species, and the recognition that algal growth 

rates are regulated more by intracellular reservoirs and only indi­

rectly by external nutrient concentrations. .(Caperon, 1968? Drup,1968). 

Though, these were the intricate relationships between the 

abiotic and biotic factors and' especially the autotrophs and inver-^ 

tebratss fauna, of which the latter seemed to play little effect 

on the growth of the vertebrate biota namely, fish. An ordinarily 

observed phenomena in the present investigation -was the existence O'f 

a steady linear growth of the fishes which did not simultaneously 
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synchronise luith the other factors undertaken. This probably reflects 

that the fluctuating trend of seasonality in an aquatic system to a 

large extent has probably to be correlated ujith much shorter time 

intervals uf :fish growth. Such o/ould indicate the causative factor 

or factors responsible for the sudden spurt in grovuth rate as obser­

ved in the ujeight of the fishes in most of the ponds. Further,such 

factorial relationships may not reveal a true picture to the intri­

cate energy conversion values ujhich decides the grotuth of a h'drbi-

vore or carnivore. 

It ujas, therefore, felt necessary to observe if there existed 

a relatdonship in conversion of autotrophic production to fish flesh 

and, if so, whether affected by differential fertilization. In the 

present investigation this could only be calculated for the popds as 

pools had higher stocking densities of fish showing very high prod­

uctivity figures. Table-XXl/II reveals such a phenomena. A perusal 

of this shows that in the control pond the conversions i']-3%) were 

very near to the figures as indicated ,by Odum (i960) in natural sys­

tem, where 1-2% is regarded as high yields. It therefore,seems that 

even 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 region Like Nagaland. 

However, in observing the conversion values of the fertilized ponds 

it was seen that Experimental Fish Pond-2 showed 6585.0 kg/ha/l8 

months that was higher than pond-1 (5005 kg/ha/lR mo-t»th9) . (Table-XXI^, 

yet in both tho poods -the conversions uore more or less the same. 

The cartuersion percent in Experimental Fish Ponds-1 and 2 was 4.6 to 

7 c6% and 4.3 to 7•,^% respectively. Pond-3 had however the lowest 

conversion (3.3 to 6,0/S) though higher than the control (l ,8 to 3.0 

%)». Therefore, it is safe to say that a combination of fertilizers 



3m 

c 5 "o 
O ta C 



M 

S 8 

552 

32". 

€7 4 * 0 

• 4* * 

^Sd 

a •« 

i iS 

e* 

« _ 

€9 _€^ as ^<B e C9 €9 O 

.fj^* JiiJl iSA JiSi 

4 n S 

o ts c& o 
p^Si; f^s^ f!S«^ iSJf̂  

^ 5 
»M. 

» 

I 



329 

both inorganic -and organic is better than the indiv/idual fertiliza­

tion (organic manuring only). HoujeVer, 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 ujould also 

vary nearly equal those ujhich oiere fertilized both organically and 

inorganically along with supplementary feeding. This indicates that 

a detailed study is needed to look into the intricate mechanisms of 

fish ujhich from our present knoujledge could be attribDted, in the 

organic manured pond, to higher removal of oxygen by anaerobiosis 

which Qoraea into play on addition of organic manure. In the present 

investigation it helps us to indicate the lower levels of organic 

manuring at larger space time intervals which might inhibit the mor­

tality figures of fish. Whatever the case may be, in the present 

study, fertilization of ponds and pools r9sult3d in higlger phytoplan-

kton productivity (Hepher, 196") and subsequent increase in fish 

production/hectare (Smith and Swingle, 19385 Swingle and Smith,1947; 

Hall B^.^.,1 97Q ),»,.,.Henderson et. âIy. ,(1970). has also suggested that. 

fish yield may. increase as a pdwer function of primary producti­

vity., Sreeni'vasan (l964a) has also found that fish production in 

tropical ponds was higher with the highest level of primary produc­

tivity, In the present investigation the gross photosynthesis measu­

rements appear to be the most practical indices on which to bass 

such fishing potential. The generality that fish yield may be predi,- ' 

cted from grosS: photosynthesis has been adequately established, 

Goodyear et,al,., (l 972) demonstrated that the yield of mosquito fish 

(Gambusia affinis) and gross photosynthesis were closely correlated, 

Wolny and Grygierek (1972) showed the same for young, carp Cyprinus 

earpid. Mellack '(l976).~in the analysis of data of Sreenivasan's 

(1972) found a convincing correlation'for fish yield and gross phO" 

tosynthesi.p in a series of tropical fish ponds o 
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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 vjuell seen in the present investigation. 

In the recent revieuj of the relationship betaieen fish yield 

and primary production, Oglesby (1977), Mellack (1976) have cohclu* 

ded that annual production is theoretically and empirically a better 

predictor of.fish yield from aquatic bodies than other suggested re­

lationships betujeen yield and environmental variables, 

It mas left noiu to understand after the present investigation 

the economics of the study and its application for immediate use in 

at least the region under consideration. Tables-XXl/I II and XXIX, 

gives a broad understanding of a balance sheet and economic feasibi­

lity of this study for recommendation to local fish farmers as would 

be expected,. Experimental Fish Pond-2 and Ci-rcular Plastic Pdol-;4 

u/ere the most profitable systems seen* Surprisingly enoughjthese toio 

systems had the maximum- inputs of expenditure in contrast to the 

other ponds and pools as- both organic and inorganic fertilizers mere. 

applied in addition to supplementary feeding. The addition of NPK 

alone and suppiementary feeding as in pool-3 shbujed" a v/ery linprifit-

able. venture where the net profit was even lower than the control 

pool. In the ponds,there were very little differences between the 

organic fertilized ones and organic and inorganic fertilized ponds*, 

In any ease such data not being available for'Nagaland, reveals aem̂ -, 

aculture in freshwater systems, is highly a profitable venture and 

could' even be started with as low an expenditure of Rs.lOOO/- to Rs, -

3000/- with an anticipated return of more than ten times the invest­

ment, 
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• The present study though,has tried to understgpd the academic 

prespective in such ventures it is gratifying to note that an exten­

sion to the fish farmers ujould have profitable returns^ This is all 

the mora so in a region like the state of Nagaland which has very 

little resource of its own and has to depend to a large extent on 

import of the necessary food for daily consumption. 

The repommendation of this study ujill be interpreted in the 

local languages and propagated to one and all in the region aihich 

comprise of the largest composition of tribal sub-sects. 

RECOmEffilDATIONS 

2 
1 . Stock ing ponds const ruc ted should be i n the range of 140 rn t o 

300 m^. 

2. For low altitude like Dimapur a stocking density of 10,000 fing-

erlings/hectare is optimum^ 

3. Supplementary feeding around 1,000 .kg/ha/yr given at 1^ body 

weight daily is essential. 

4. Organic fertilization alone at the rate of 25,000 kg/ha/yr and 

above, can be given in smaller quantities administered over lar­

ger spaced time intervals. 

5. Inorganic fertilizers NPK (18:8:4) at the rate of approximately 

900 kg/ha/yr may or may not be administered. 

6. The spawn to fry or even fingerling stages could be easily stoc­

ked in plastic pools with the above management recommended for 

ponds and utilized as and when required for stocking ponds. 

7. Prefax.ably such pools can be maintained only with organic ferti­

lizers luith supplementary feeding. 
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