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1. The samplings were made at an interval of fifteen days for a 

period of two years from depths 0.2 m, 1 m, and 3 m of three ponds

at Dacca. The main objectives of the investigation were to record the 

following parameters;

i) Physico-chemical parameters of water and bottcm 

sediments.

ii) Populations of benthic macroinvert^rates at 

different depths, their community patterns, quantitative 
variation in abundance and biomass, mutual association 

and size group frequency of dominant oligochaete species;

iii) Correlation between abundance of macrobenthos and 

physico-chemical characteristics of water and soil.

2. The oligochaetes, chironomids and molluscs were the dominant groups 

and these determined the total abundance of the three ponds. The 

oligochaetes were the most dominant group, whereas L'trmodr'L'lus 

hpffTne'tstevi- was noted to be the most dominant species. ^ 0 0 0 3 1

3. The abundance and diversification of macroinvertebrates was noted to 

vary inversely with depth, the highest was observed at 0.2 m depth and
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the lowest at 3 jn depth. The highest faunal abundance and diversifica­

tion was also found in the pond with gentle and gradual slope, and the 
lowest in the pond with steep slope.

It was noted that the rainfall influenced the occurrence of 

oligochaete populations. The latter occasionally showed an inverse 

relationship with the populations of chironomid larvae.

4, It was noted that L'irmodT'Llus hoffmeisteri thrived well in the 

pond receiving sewage outflow, whereas LcpveZZidens Tnco'gi-ndl'Ls  ̂ a 

filter feeding bivalve, preferred pollution-free water. The larvae of 

Chaoborus sp. were found to be restricted to the deeper bottom.

5, In case of oligochaetes no specific pattern in seasonal abundance 

was witnessed, whereas the molluscs showed specific seasonal patterns.

6 , The dry forraalin-weight of macroinvertebrates was noted. The 

oligpchaetes dominated the total biomass in SB pond, whereas in SH and 

PG ponds the total biomass was mostly dependent on mulluscs. The 

total biomass was noted to depend largely on L. hofftneisteri in SB pond. 

The ring snail, V'CV'Cpccrus bengdlensis, was the dominant species among 

the molluscs and dominated the total biomass in SH and PG ponds.

7, Mutual association among the dominant oligochaetes was recorded 

by rank correlation test. It was observed that significant mutual 

association existed between Bvanch'todv'i'lus semperi and Dero digitata.
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8 . Lirmodrilus hoffmeieteri and BranohiodriVus sowerbyi was found to 

breed irregularly throughout the year. The maxiimiin breeding occurred 

between March and July in case of L. hoffmeisteri whereas between 

September and October in case of sowerbyi.

9. The simple multiple correlation coefficients between the abundance 

and the eight physico-chemical parameters of water were calculated. The 

temperature showed a negative relationship with faunal abundance. The 
dissolved oxygen content and pH exhibited a positive relationship with 

the faunal density, whereas carbondioxide, organic carbon, nitrogen,
and calcium content showed a negative relationship. The phosphate 

content of water' did not manifest any specific relationship with faunal 
density. The significant values of multiple correlation coefficient for 

total organisms and the eight physico-chemical factors of water were 

noted at depths 0.2 m and 1 m in SB pond.

10. The simple correlation and coefficients between the total abundance 

of macroinvertebrates and some chemical parameters of soil were studied. 

The nitrogen and organic carbon content of the sediment showed a 
negative relationship with the faunal density at depth A (.2 m) and a 

positive relationship at depth B (1 m). It was further noted that the 
pond sediment with high amount of available phosphorus and rich bacterial 

populations supported the highest number of benthic macroinvertebrates.
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1 1. The entire bottom areas of these ponds at the greater depth were 

almost barren possibly due to the tense shortage of dissolved oxygen, 

very high content of carbondioxide and presence of hydrogen sulphide 

gas in water.

12, m  course of the Investigation the following genera and species, 

were studied:

Nais simplex Piguet, Stylccria laoustris (Linnaeus) , 

Bvanahiodrilus semperi (Bourne) , Devo dovsdl'is 

Ferronniere, B. digitata (Muller) , D. 'indioa Naidu, 

OLIGOCHAETA: Autophorus fuToatus (Muller) , A. gTca>elyi Stephenson,
lirmodx'itus hoffmeiteri (Claparede), Aulodrilus 

pluriseta (Piguet), Bponohiura sowerbyi (Beddard), 

Mesenahytraoeas sp.

Viviparus hengalensis (Lamarck), Digniestoma putchella 

(Benson), Alooirma oroula Feranenfled, Melania
MOLLUSCA :

tuberauZatus (Muller), Lyrmea sp., L. aoawmnata 

(Lamarck), L. luteola (Lamarck), Planovhis exustus 

Deshayes, Lamell'ldeus mavginalis Lamarck.

CHAOBORIDAEj Larvae of ChaoboTUS sp.
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In addition to these genera and species there were other organisms 

belonging to groups planaria, Hirudinaria, Hydracarina, Ostracoda, 
Odonata, Chironomidae and Ceratopogonidae present in all the three 

ponds. Although these latter organisms were not properly identified, 

these were, however, considered in determining the total abundance and 

biomass and their periodicity.
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CHAPTEI^ I

INTRODUCTION

The benthic macroinvertebrates perform a vital task in the 

biological productivity of any water body. The fundamental import­

ance of these organisms in the economy of the natural waters is that 

they play an important part in the nutrition cycle in aquatic eco- 

systeiHo The major point of interest at the present time in production 

hydrobiology is the relationship of environmental factors to different 

trophic levels through which energy flows (Lellak, 1965),

Growing population pressure, reckless use of pesticides, 

increasing rate of irrigation during dry season for cultivation of 
land, and other human interference with natural waters are all contrib­

uting to a drastic decline in fish production in Bangladesh where fish 

is the main source of protein for common people. The paramount need 

to increase protein supply for the human population has necessitated 

the use of all available waters for fish culture, and for this purpose 

knowledge of the benthic organisms of water bodies is very essential. 

Vaas & Vaas-van-Oven (1959) obseirved the importance of different 

open water and bottom community as food of Indonesian carps in 

natural fish ponds. Kharitonova (1962) fcund that oligochaetes are 

of secondary importance as food for carps and gold fishes in
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Ukrainian ponds, Poddubanya (1962) stated that tubificids are in 

great demand as food for freshwater fishes. Tody (1954, o.f . Hall & 

Hyatt, 1974) summarized the results of several authors and reported 

that the rainl>ow trout feeds principally on benthic invertebrates. 

Krishnamurthy (1966) found that Pwntius kolus feeds extensively on 

bottom fauna. Ghabbour (.1966) discussed the importance of 

oligochaete worms in fish culture with special reference to Lake 

Nasser. Grimas (1968) reports that the study of the bottom animal 

community yields information about specific bioactivity of various 

lakes and gives indication for the rate of progress of eutrophication 

in various lake basins. Kaman et a1. (1975) stressed the importance
of bottom fauna in aquaculture as food of fishes. Thus it is evident 

that the abundance and distribution of bottom dwelling 

macroinvertebrates have a direct bearing on fisheries.

The benthic macroinvertebrate community is very sensitive to 

environmental stress (Goodnight, 1973; Harrel e't 1976), The

community structure of macrobenthos is often investigated for 

determination of pollution stress. In spite of their sensitibility to 

changes in environment, these organisms take a considerable time to 

develop a distinct community pattern in an ecosystem. Moreover, due 

to their modes of life, sedentary habit and central position in food 

chain, these organisms reflect the environmental conditions of an 

ecosystem in the past as well as in the present, whereas the physical
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and chemical survey of water indicates the environmental condition at 

the time of sampling. Water quality biologists now-a-days thus prefer 

to detect the effect of environmental perturbation by studying the 

degree of diversification in the benthic macroinvertebrate community. 

This further enhances the importance of benthonic study.

The physicochemical factors of water and soil have definite 

effects on benthic community and other life in water bodies (Raman 

et al. j 1975). Therefore, the investigation of these factors is 
necessciry. Though one of the earliest works on tropical limnology was 
undertaken in the year 1928-29 on the inland waters of Java, Siimatra, 

and Bali under German Limnological Simoa Expedition (Ruttner, 1952) , 

Thienemann (1954a) pointed out the dearth of sufficient knowledge of 

tropical limnology and suggested that warmer water should be inves­
tigated with respect to environmental factors and populations therein. 

However, Pruthi (1933), Sewell (1934), lyenger (1940), Ganapati (1940, 

•41, M3), Philipose (1960), Singh (1960), George (1962),-Sarker &
Rai (1964), Zafar (1964, 1966), Krishnamurthy & Visweswara (1965), 
Sitaramiah (1966), Sreenivasan (1968), Michael (1968a), Munawar (1970), 

Seenayya (1971), Rao (1971), Jana (1973), Islam et aZ. (1974), Fresh­

water Research Centre, Chandpur, (1974), Islam & Saha (1975) , Mathew 

(1975), Islam & Mendes (1976), Islam & Paul (1977), Khan et aZ. (1977), 

Islam & Paul (1978) and Oppenhiemer et al. (1978) carried out some 
valuable work on the physical and chemical conditions of water in the
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Indian and Bangladesh territories. It appears, therefore, that much 

more work is needed in this line to e^and the extent of our under­

standing on aquatic ecosystems in order to achieve considerable 

increase in aquatic productivity.

The bottom macroinvertebrates show a great variety of adaptations 

to their mode of life. They adapt to the substratxim, to the amplitude 

and rythm of physical and chemical factors and to the exploitation of 

food resources (Jonasson, 1975). They are found to live on organic 

residual surrounded by bacteria (Mayer, 1934; Walshe, 1947;

Thienemann, 1954b) . It has been observed recently that many of the 

bottom dwelling macroinvertebrates are bacteriophagus (Hruska, 1973; 

Cook, 1975; Barrel & Duplechin, 1976). Since mass development of 
bacteria depends primarily on the amount of organic matters and the 

organically bound nitrogen in mud, these two factors may be taken as 
indicators of the nutritive Volue and the energy content of mud which 

also, as considered by some quarters, reflects the extent of benthic 

populations. Mortimer (19381 found that the organic productivity of 

the lakes of English Lake District depended on the nitrogen content 
of their mud. However, Stangenberg C1949) failed to get the same 
result while dealing with the ponds cuid lakes of Poland. According to 

Lellak (1966) bottom nutrients do not seem to be the factor limiting 

the food supply of the bottom fauna in Czechoslovakia and it is 
in^possible to use it as a criterion in drawing conclusions as to its
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quantitative development and production. Cook (1975), and Loveriolge 

& Cook (1976) found that strong positive correlation existed between 

mean particle size of sediment and the abundance and biomass of 

benthos. But they also found a negative correlation between abundance 

and biomass of benthos and the content of organic carbon in the sedi­

ments. However, it seems that more research is necessary to expand 

our knowledge on soil composition of water bodies and their relation­

ships with the benthic organisms.

Our knowledge of the benthic ecology lags behind that of 

plankton ecology. The overall concept of benthic environment is 

either incomplete, or is based on broad generalizations (Buscemi, 
1961). Many people have worked with benthos, but there is little 

information on the possible relationships between them and their 

physical and chemical environment. Earlier works on the bottom 

macroinvertebrates from different parts of the world have been mostly 

confined to larger bodies of water, particularly in the temperate 

region. Although these information are not that pertinent with 

respect to smaller tropical water bodies such as ours in Bangladesh, 

a brief resxame however is given below to elucidate the extent and 

nature of work done in benthological studies. Thus, Moore (1950) 
pointed out that the littoral zone of Lake Louisiana supported rich 

faunal abundance and diversification. He further concluded that the 

above observation was possible due to the diversified physical and
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chemical conditions of the littoral zone. Similar observation was 

^  made by Muttowski (1918), Juday U922), Eggleton (1937), Northcote &

Larkin (1956), Dunn (1961), Grimas (1967), Craven & Brown (1969), 

Paterson & Fernando (1969a), Thut (1969), Hamilton (1971), Solem (1973), 

and Darlington (1977)„ Eggleton (1931) while working in a number of 

fresh water lakes in U.S.A. found that the concentration of freshwater 

macrobenthos in the upper profiindal and >:he lower sublittoral zones 

during summer,. He also noted a sharp decline in population per unit 

area below the upper profundal and above the lower sublittoral zone. 

Adamstone: (1924) and Rawson (1930) recorded similar results,
Buscemi (1961) noted the highest bicanass of macrobenthos within the

T'
range of 0.6 meter to 1.0 meter depth in Parvin Lake in Colorado.
Harrel (1973) observed species diversity of benthic macroinvertebrates 

in Massery Lake, Texas, decreased to zero diversity at 3 meters. On 

the contrary, while working in Buckeye Lake of Ohio, Tressler et ol. 

(1940) observed that depth played an insignificant role in the 

distribution of benthic organisms,

Hun^phries (1936) pointed out that the fauna of any lake may be 

divided according to seasonal variation into: (1) a permanent fauna;
and (2) a temporary or seasonal fauna. Berg C1938) while working on 

European Lakes, found that each lake has its own individuality as to 

its faunistic composition. Khalilov & Ahmedov (1972), Pupkov (1972) , 

and Kitagwa (.1972) made similar observations from different waters in
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USSÎ  and Je^pan. Ashahina C1942, 1943) observed that chironomids 

dominated the other components of macroinvertebrates in Lake Bepi of 

J^an. Similar observations were also made by Clampitt et al. (1960) , 

Wojcik (1970), and Daniel (1972). Ricker (1952) found that 

oligochaetes and chironomids were two dominant groups among the 

benthos of Cultus Lake in Canada, Sivertsen (1973), while working on 

Lake Huddingsvatn in Norway, also found that these two groups were the 

major fauna among macrobentf.os. Nelder & Pennak (1955) noted that 

tendipedid larvae and bivalve Fisidilon were the most abundant forms in 

the bottom of a Colorado Alpine pond. Lenz (1955) recorded the 

fluctuation in faunal abundance in different seasons and depths.
'IT'' Mundie (1959) found that many benthic organisms are less static in 

their distribution than is commonly assumed„

Xn temperate lakes the ecology, food, feeding and growth of 

macroinvertebrates have been studied by Petersen (1926), Berg (1938), 

Jonasson C1948, *64, '70 and ’75), Anderson & Hooper (1956),

Lellak C1965, ’69), Jonnason & Kristiansen (1967), Barrel (1969),

Thut C1969), Efford & Hall (1975), Jonasson & Thorhauge (1976), Barrel 

& Duplechin C1976) and Sepe^s (1977). Moffet (1943), Welch (1952), 
Paterson and Fernando (1969a), Hamilton (1971), Cook and Johnson (1974) , 

Young C1975a) and Banu (1976) found that temperature was controlling 

factor in the distribution and ani'Ual fluctuation of aquatic life.

Hall et al. C1970) recorded a steep reduction in average standing crop
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with the rise of water temperature. The importance of dissolved 

oxygen in the distribution 2ind abundance of mcicrobenthos has been 

emphasized by Deevey (1941), Jonasson (1969), Daniel (1972), and 

Hruska (1973)„ However, Adamstone (1924) and Webb (1965) noted that 

temperature and oxygen had no apparent significance in the distibution 

and abundance of bottom organisms. The effect of physical and chemical 

conditions of bottom deposits on the distribution and density of 

bottom fauna has been frequently demonstrated by many workers 

(Adamstone, 1924; Rawson, 1930; Tebo, 1955; Thorup, 1966; Grimas,

1969; Dejoux et al. 1971; Krzyzanek, 1973; Gaini & Lucas, 1974; Juget 
& Gaini, 1974; Gaini & Lavandier, 1977; Darlington, 1977). Northcote

& Larkin (.1956), Grimas (1967, 1969), Paterson & Fernando (1969b),

Cook (1971), and Cook & Johnson C1974) observed that the density of 
benthic fauna increased with the increase of organic matter in sediment. 

Dunn (1961) and Timms (1974) emphasized the importance of morphometry 
of basin in the distribution and density of benthic macroinvertebrates. 

Muttowski (1918), Rawson (1930), Ball (1948), Grimas (1965), Macan
(1965), Hall et at. (1970), and Macan & Kitching (1972) found that in 

a body of water, vegetation influences the distribution and abundance 

of macroinvertebrates. Goodbody (1961), and Paterson & Fernando 

(1969a) noted a reduction in faunal abundance caused by rainfall.

Thorup (1970) also recorded that the populations of Spring Brook 

community became reduced remarkably as a result of short term flood.
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Desmet (1978) observed that in a shallow and polluted pond the number 

and diversification of macrobenthos increased with artificial 

aeration.

Although considerable limnological work has been done in warmer 

waters in India and Bangladesh (see ref. on p. 3) little is known 

about the benthic fauna of these regions. However, Parshad (1916) , 
Srivastava (1956 & 1959), Krishnamurthy (1966 & 1971), Sitaramaiah

(1966), Michael (1968b), Patnaik (1971), Ghosh et al. (1974). Mandal & 

Moitra (1975), Raman et al. (1975), and Gupta (1976) contributed to the 

knowledge of benthic macroinvertebrates of the Indian freshwaters.

From Bangladesh on the other hand, only a limited amount of work have 
been done so far in this line (Dewan, 1973; Ali et at. 1977, 1978,
1979).

The present studies, therefore, were undertaken to throw light 

on the ecology and community structures of benthic macroinvertebrates 
with special reference to oligochaetes at different depths in three 

different types of ponds at Dacca. The main objective of these 

studies to know the ;

(a) Physicochemical parameters of the waters and 

bottom soils;
(b) Community patterns at different depths and seasonal 

abundance of macrobenthos, species of oligochaetes, 

and molluscs;
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(c) Biomass study as measured by their dry weight 

of the bottom fauna;
(d) Size group frequency of dominant oligochaetes and 

their mutual association;

(e) Correlation between abundance of macrobenthos, 

oligochaetes, and dominant oligochaete species 

and some of the physicochemical parameters of 

water and soil.

The importance and significance of the biotic factors such as 

predation pressure, feeding habit, and availability of food etc. in 

the distribution of the organisms was understood but these aspects, 

however, were not studied in greater depth in the present investiga­

tion,.
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CHAPTER II

MATERIALS AND METHODS

The present field investigation work was started in January 1976, 
and completed in December 1977. For the study of macrobenthic 

invertebrates and the limnological parameters, three ponds e.g. 

Shahidullah Hall pond (SH) , Play Ground pond (PG) , and the Shahabagh 

pond (SB) situated in and around the Dacca University Campus were 

selected. The purpose of selecting these ponds was that although 

situated within a short distance one from the other, each pond 

represented a distinct type of ecological environment particularly 

with respect to depth, shore-line topography and organic pollution.

The proximity of these ponds gave an advantage of studying them 

conveniently both in the field as well as in the laboratory. The 

descriptions of these ponds are given below.

The bottom contour of all these ponds were determined 

after recording the depth at various locations with 
the help of a graduated pole and are shown in figure 2 ,

4, and 6 .
SH pond; Maximum depth 7 meter, steep sides, fed by 

ground water flow and rain, polluted with 

human contamination, little macrovegetation.
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PG pond: Maximum depth 5 meter, side broken, fed by

rain and ground water flow, polluted with

dead leaves, excessive bathing, washing and 

sewage occasionally during monsoon, some 
m a c r o p h y tesand rooted vegetation up to 

1.5 meter
SB pond; Shallow, shelve gentle, fed by rain and sewage 

outflow, heavily polluted with sewage, domestic 

wastes and foul waters, macrovegetation.

General feature of the ponds 

Shahidullah Hall Pond (Fig. 1 & 2):

This artificial pond is situated in the Curzon Hall Campus of 

Dacca University, in front of tJ-ie Zoology Department, and in between

Shahidullah Hall and Fazlul Hague Hall. Earlier, it was known as

Nawab Dighi and was excavated by Lieutenant Swinton of East Indian 

Company in 1766 for domestic use while he constructed the Nimtali 
palace to accommodate the then Nawab family of Dacca (Taeesh, 1910). 

The pond was reexcavated in 1921 when Dacca University Campus came 

into existence. In 1961 the pond was dried up by pumping out its 

water and remained so for a few days.

The pond is rectangular in shape and it covers an area of
0.97 ha with the maximum depth of 7 m. The slope of the pond is
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Fig. 1 Showing the picture of Shahidullah Hall pond.

Dhaka University Institutional Repository



14

t
I

Metre 2 6 0 2 60  520 Metre

S C A L E

Fig. 2 Showing the contour map of Shahidullah Hall (SH) pond.
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sharp and its margins shelve steeply. The pond has no outlet and 

inlet. It depends entirely upon the rainfall and ground water flow 

for replenishment of water. The pond water is used by the local 

people for bathing and washing all throughout the year. In dry season 

when the water level is reduced its colour becomes turbid due to bloom 

formation and contamination from human interference. But on the whole 

the pond is not much polluted. Of the macrovegetation, only 

Altemantheva ■philoxevoides (Mart.) Griseb and some grasses were found 

to grow thinly in its shallow margins. However, Ivixuriant algal flora, 

some of which forming water bloom, were noted frequently. Oedogontum 

crassum (Hassall) Wittrockex H i m  (Islam & Sarma, 1976), Euglena sp. , 
Mioroaystis spp., Lyngbya sp. along with different kinds of diatoms 
have been recorded from the pond (Islam, unpublished).

Play Ground Pond (Fig. 3 & 4)*:

The pond was situated within the Dacca University Play Ground 

premises. It was constructed in 1766 close to a burial ground by the 

then Nawab of Dacca (Taeesh, 1910)„ The pond was triangular in shape. 

It had a surface area of 0.40 ha with maxim\am depth of 5 m. The 

margin of the pond is broken and its slope is not very sharp at the 
margins and thereafter a gentle slope was recorded. The pond was used 

extensively for washing and bathing by local people. There were a

* Recently the pond has been filled up in order to extend the 
play ground.
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Fig. 3 Showing the picture of Play Ground pond.
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Fig. 4 Showing the contour map of Play Ground (PG) pond.
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A

number of tall trees of Albizzia riohardiarux King and Prain, close to 
its eastern and southern banks. These trees appeared to have played 

a vital role in the ecology of the pond by increasing organic carbon 

content through leaf litter, especially during late winter when count­

less leaves fell from these trees. The pond did not have any outlet 

or inlet and depended entirely on rain and ground water flow for its 

replenishment. However, during monsoon the pond used to be continuous 
occasionally with the adjacent 'katch'* drain and contaminated by its 

heavily polluted water which carried waste organic materials and other 

garbages from the nearby Dacca Medical College hospital.

The dominant macroflora of the pond were Nymphaea nouohali 

Burm b., Ludwigia a&saendens (L.) Haras, Altemanthera philoxeroides 

CMart.) Griseb, Hydrillc^erticillata Casp. The rooted vegetations^w^e 

noted to extend up to 1.5 meter depth. Microcystis flos^quae^nd M. 

aeruginosa^  ̂(hlue green algae) were found to form blooms almost through­
out the year. The pond may be said to be polluted one* *

ghahabagh Pond (Fig. 5 & 6 );

This shallow pond is irregular in shape and is situated on the 

western side of the 'Institute of Post Graduate Medicine and Research* 

hospital and its surrounding shops. It was a part of the old river

* Earthen drain; non-cementedo
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Fig. 5 Showing the picture of Shahabagh pond.
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Fig. 6 Showing the contour map of Shahabagh (SB) pond.
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system gradullay disappeared. In the early fifties, when new roads 

were constructed through this area, this pond took its present shape 

and size. The pond has a surface area of 0.27 ha with the maximum 

depth of 4 m. and has a gentle slope on its sides. It occasionally 

receives sewage water through an underground drain. Apart from the 

sewage water, the pond also receives domestic wastes and foul water 

from neighbouring areas. The pond may be said to be heavily polluted 

one.

The pond has the following macrovegetations:
Cormelina sp., Altemanthera ph-Lloxeroides (Mart.)

Griseb, and Ipomoea aquatioa Forsk.
Its algal flora consists of:

Chlamydomonas sp., Pediastvum sp., Coelastvum sp., 
Saenedesmus sp., Closteriopsis sp., Schizoneri-s sp.,
CZostevvum sp., Sp'irogyva sp., Oedogonium sp., Euglena sp., 
Phacus sp., Trachelomonus sp., Melosiva sp., Fragilaria sp., 
Synedra ulna (Nitzsch.)^, Navzcula sp., N^tzsah^a sp., 
Meris^opidia sp.. Microcystis aeruginosa Kuetz,
Oscillatoria sp., (Islam & Sarker, unpiiblished report).

A
The algal flora was found to form bloom nearly throughout the 

periods and became luxuriant in winter.
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4

In July 1977 cultivation of transplanted rice plants was found 

around the shallow mcirginal water of the pond and the paddy was 
harvested in early November.

Climate of Dacca City

Dacca lies between latitude 23°41' and 23°52'N and longitude 

90°20' and 90°27'E and about 7.3 m above the sea level. Although 

Bangladesh is custcmarilly characterized in having six seasons in a 

year only four of them could be clearly differentiated. These are as 
follows:

1. Winter (November - February)Winter is cool and dry.

During this period the minimum and maximum air temperatures fluctuate 

between 10° and 30°C. Rainfall is negligible during this season.

2„ Summer (March - M a y ) I t  is warm and dry. Occasional 
heavy showers accompanied by thunderstorm and 'Nor'wester' in late

• * •summer are quite common. The minimijm and maximum air temperatures 
vary between 31° and 35°C.

3o Monsoon (June - A u g u s t ) A n  average rainfall of about 190 cm 
occurs during monsoon. Air temperature does not drop significantly 

and occasional hotter days with about 34°C or more are not uncommon in 
this season.
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4. Autumn (September - October)Heavy showers are occa­

sionally recorded in early autumn. During this season the minimum 

and maximum air temperatures vary between 23° and 32°C.

Sampling Procedures

In the present study, only littoral and sublittoral zones could 

be clearly demarcated because of the lesser depths of the ponds. After 

preliminary survey it has been observed that the bottoms of all the 

three ponds were almost devoid of macrobenthic invertebrate population 

below 3 m depth. Thus, samplings of macrobenthos were restricted up 

^  to the depth of 3 m. In each pond samplings were made from three

distinct depths, irrespective of the rise and fall of water level in 

different seasons„ These are:
(A) Close to water margin, about 0.2 m in depth.

(B) 1 m depth. Normally rooted vegetation were restricted 

up to this depth. However, in PG pond Nympha&z nouahati 

was found to grow up to the depth of 1.5 m.

(C) 3 m depth.

Physico-chemical Parameters of Water

^  The water samples were collected fortnightly between 09:00 and

10:00 a.m. along with macrobenthos from the three depths. Surface 

water from corresponding B and C depths were also collected. A
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plastic bucket was used to collect surface water without disturbing

the water surface as far as practicable. A Kemmerer's water sampler
was used to collect water from the bottom of depth B and C. Immed-

xately after collection, the samples were transferred to glass

stoppered bottles and were brought to the laboratory for chemical 
analyses.

Physical

(a) Rainfall

(b) Air temperature

(c) Water temperature

: Data of average monthly rainfall were 
received from the Department of 

Meterorology, Government of Bangladesh.

: Data of maximum and minimum air tem­

peratures were received from the 

Department of Meterorology, Government 
of Bangladesh.

A centigrade thermometer was used to 

record water temperature. Readings of 

temperature for bottom water at depths B 

and C were recorded at the raft immed- 
jately after sampling.

Chemical

All chemical analyses of water except pH and H2S were determ­
ined following APHA (1971).
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4 -

(a) pH value

(b) Dissolved Oxygen

(c) Free carbondioxide

(d) Carbonate and 
bicarbonate

(e) Chloride

(f) Total Nitrogen

(g) Phosphate

(h) Potassium

(i) Calcium and 
Magnesixira

(j) Organic Carbon

: It was determined by Corning electric pH 

meter using a glass electrode.

; DO was determined by agdde modification 

of Winkler method.

: Free CO2 was measured by titrimetric 

method.

: Carbonate and bicarbonate alkalinity 
were estimated by alkalinity relation­

ships as obtained from Phenophthalin.

: It was determined by argentometric 

method.

: It was estimated by Kjeldal's method.

: It was measured by stannous chloride 

method.
».'fc ,

: It was determined by 'Flame photcmetric' 
method o

: Ca and Mg were measured by EDTA method.

: It was determined by combustion 

infrared method.

(k) Hydrogensulphide H2S was measured by titrimetric method

following Golterman (1971).
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The values of chemical parameters of water except pH are 

expressed in ppm.

Physico-chemical Properties of Soil*

Bottom soil was sampled monthly from three depths along with 

macrobenthos„ The following physico-chemical properties of soil 

were recorded:

(a) Physical
Temperature : It was recorded with a centrigrade

thermometer immediately after sampling.

(b) Mechanical analysis : Mechanical analysis of soil was carried
out once at each depth of ponds by
hydrometer method (Boyoucos, 1 92 8 ).

(c) Chemical
pH : It was measured electrochemically with

V, 4'..
a Corning pH meter using a glass 
electrode in saturated paste condition.

* To see the total bacterial population at different depths a 
preliminary bacterial count was made only once in a year after 

culturing soil samples from each depths of each ponds following 
Chowdhury et al. (1 9 6 9 ). From these an idea could be obtained 
regarding the bacterial populations and the macroinvertebrate 

growth. However, the aspect was not persuaded in greater detail. 

More systematic work is needed in this line.
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T~

(d) Total and available 
nitrogen

(e) Organic carbon

(f). Exchangeable calcium

(g) Available phosphorus

: Total and available nitrogen were
determined by Kjeldehl method following 
Jackson (1958).

; It was estimated by Walky and Black's 

rapid titration method following 

Jackson (1958).

; It was measured by 'Flame photometric' 

method.

: It was estimated by the method of
Truog (1930). 0.002 NH2SO4 (pH - 3.0)

was used as the extracting agent (soil 
and extractant ratio being 1;20 and 

period of shaking being 1 hour). 
Phosphorus in extractant was finally 

determined colorimetrically (Dickman & 

Bray, 1941, o .f , Jackson,., 1958) .

populations of Macroinvertebrates Abundance

Two samplings of macroinvertebrates were collected fortnightly 

from each depth between 09:00 and 10:00 a.m. with the help of an 

Ekmann grat; (225 cm^) . At depth A the grab was pressed into the 

substratum by hand. At depth B and C the grab was operated with
nylon cord. A sieve with 0.4 mm mesh size was used to screen out
mud. Then the remaining mud and dirt from the sieve were shifted to 
a large petridish with black and white back ground, and washed
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successively in tap water while the sorting of living organisms was 

made. Organisms were fixed in 4% formalin. It was not possible to 

sample all the three ponds on the same day, but they were sampled 
within the same week. Sometimes owing to unavoidable circumstances, 

monthly samplings were made. In two years a total of 38, 41, and

39 samples were made from SH, PG and SB ponds respectively.

OTigochaetes were identified up to species level following 
Naidu (1962, 1965), Brinkhurst & Jamieson (1971), Ali (1973), Ali & 

Issaque (1975), and Ali & Rashiduzzaman (1976). Identification of 

molluscs were carried out following Satyamurti (1960), and Ali &

^  Begum (1976). Other benthos were separated up to different taxa
following Ward & Whipple (1959), Mellanby (1963), and Macan (1964).

Biomass

In order to determine the biomass, individuals of different 

species of tubificids (Oligochaetes) were separated to three size 

groups. These are:
(i) 2 - 5 mm in length

(ii) Above 5 - 1 5  mm in length 

(iii) Above 15 mmo
A.

These groups are termed as small, medium, and large respectively. 

One hundred individuals of each group were kept at 60°C for 48 hours. 

Dry weight of each size group in five replicates was taken with the
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help of an electronic balance after cooling the samples in a 

desiccator„ Then the average weight of an individual of each species 

belonging to respective size groups was calculated. For naidids 

(Oligochaetes) and molluscs, individuals of a ^ecies were not 
separated into different size groups and dry weight of all the individ­

uals of each species in every sample was noted throughout the period 

of studyo Dry weights of other groups of benthos were recorded 

similarly.

Mutual association test among dominant oligochaete species was 

carried out following Pearson & Hartley (1958).

Simple regressions between and density of organisms and environ­

m ental factors were calculated from the following models:
Y = A + B X  + e

Where Y = No. of organisms
X = Environmental factors (Physico-chemical properties

of water and soil) like temp., pH, DO, CO2 

organic carbon, etc.

A and B are unknown constants, 

e = Random error. *

X, Multiple regressions between density of organisms and physico­

chemical conditions of water were carried out as per the following

'r
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models:

Where

'r

Y ~ A + + ----

Y = No. of organisms

A,

^1 = Temperature

X2 = pH

^3 = Dissolved oxygen

X4 = Free carbondioxide

^5 = Nitrogen

^6 = Phosphate

X7 = Calcium

^8 = Organic carbon
e = Random error.

+ BgXg + e

-X .
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^auOilduUah H«n Pond Play GrsMid Pond âwhalMc Pond
1976 1977 1976 1977 1976 1977

T «^ , 26.18 
2 5.239

25.13
♦3.83

2>f.llf
♦5.06

23.095
♦V.6l8

2lf,62
♦5.69

23.>f2
♦V.60

pH 7.Mf 
1 .57

7.96
♦.6«f

7.00
♦.Mf

7.13
♦0.25

7.32
♦.63

7.28 
♦ .60

DO (pp«) 7.26

♦V.01
9.715

♦2.05

6.66

♦2.72
9.155

♦2.69
6.»f7

♦3.02
8.25

♦2.87

00  ̂ (ppiO
Jf.905

♦*h18
2,k9

♦2.23

7.56

♦3.9*f

6.665

♦2.5V5
5.905

f f .93
7.666

♦5.Mf

HOÔ  (ppa)
62.52

♦19.56

Mf.63

♦12.09

59.67

♦2Jf.06
50.15

♦16. 5s
59.V

♦27.955
70.57

♦22,6>f

a  (ppa) jfeV.95
i*f.02

2»f.29
♦2.88

25.71
♦1.71

25.625
♦2.095

36.75
♦5.75

31.58 
♦6, A

H ( ppa) •fs
♦.09

.6 f̂
♦.11

,7kQ
♦.28

0.86
♦0.10

.75
i-3^

.7»f
♦.1»f

(ppm)
.05

i.OH

.05
♦.0»f

.05 
♦ ,0>f

0.059
*q,ok7

.067

♦.Oif
.07

♦.05

C« (ppii)
10.03

♦1.7

10.39

1-93

io .»»9

♦2.095
9. 7V

♦1.77

17.«*8

♦2.975

18,81

♦1.82

**« (PP«)
5.61

♦.9

5.02

♦.885

if. 82 

♦.93 1

W 395
♦.93

8.215

♦1.68

8, 2V

♦.99

K (pp.)
J.607

♦1.31

6.665

♦2.38
i».37

♦.91

T "
«f.V55

♦1.W
6.28

♦1.27

6.97
♦1.20

OC (ppo> 6«f.79

♦1V.»*2

6^S16

♦12.15

9V.>»3

jt9.72

97.80

♦9.52
89.35

♦11.67

85.00

♦9.91

OllgoebaAtas
258.V6 

♦282. 2*>

>^.836
♦251.18

939.58

♦7^9.375

1232.88

♦7»f7.58
2015.72

♦1«i92.96

2170.57
♦lMt6.56

ChlronoBlds
l6l.2Jf 

♦287. >>7

2>»6.168

♦331.1»f6
193.23« 

2357.09j

128.76

♦550.398
575.52

♦696.537

1218.336

♦1802.186

MoUuses
52.578

♦36.03

157.378

♦106.976
92. 828i 

j9l.5>^8

328. 2lf 

♦330.05
6 9 .A

♦99.»f5

105.83

♦175.»f56

Mlt«s 23 

♦ 1.00
5.115

♦l‘fr.12
18,11

:>3.5lf

"J—
19.8

♦Mf.265
520.91

♦721.03
3>f2.768

♦603.50

Os^raeoda
13.09

135.225

9.20

♦22. 0V
32.019

♦7»f.50

9.68

♦29.067

313.86

♦U25.9

119.^6

♦153.78

Leeeh
.«*6

♦1.387

.69

♦1.65
1.257

♦3.155

5.06

♦10,708
1.5>f

♦3.278
5.326

♦7.8Jf

Planarla
- - 7.33 .Mf 73.86 6.378* ♦21. W ♦1.35 ♦155.97 ♦11.17

Odonata
- -

10.057
211.98

5.9V
♦12.136

7.7>f
♦12.365

2.29
♦3.66

Othara
11.8 1
♦15.10

13.61
♦22.507 Xffii

7.26 6.02
♦1*f.00

Total fauna
•♦97.88
♦Wl.22

862.057
i«*21.888

1576.V
♦1362.9

5 I587.3>f 
♦878. >f

3536.18
♦2269.7

3977. «f3 
♦182V.55
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Table 2 : Showing the annuâ L average o f physlco-cheLdcal parameters (expressed in  ppm) and density
o f to ta l fauna and i t s  major groups (abundance /m ) vd.th standard deviation a t depth 
B o f the three ponds.

1 - - Shahidullah HaJJ. pond ■■ Play Ground Pond i Shahabag Pond

I 1976 i 1977 1976 1 1977 j 1
1276 1 1977

{ Surfacej Bottom i Surface i Bottom { Surface i Bottom i Surface { Bottom { Surface S Bottom i Surface 1 Bottom

Temp. 26.21 25.11 25.13 2k, 29 2k, 33 23. W 23.23 22.375 2V.82 23.78 23.39 22. 2V

♦5.22 ♦*f.9 ♦3.6>f +3.13 +5.1^^ +5.03 +>f.56 ♦If. 03 +5.78 +5.29 +V.59 +3.8

7.3 6.99 7.81 7.505 6.97 6.785 7.215 6.95 7.165 6.805 7.32 7. 1V
pH t.57 S-52 +.67 +.57 +.355 +.33 + .26 +.81 *,5k +.51 +.51 +.55

8.if7 5.8»f 9.51 8.»f3 6.58 5.30 9.8V 8.i»f5 6.97 k,7S 8.51 7.71
DO (ppm) 12.75 +2.05 +2.195 +2.20 +2.27 +2.73 +2.28 +2.»f2 +3.31 +2.27 +2.995 +3.35

3.91 2.61 k,03 6 9.^*3 5.Mf 8.05 6.189 10.125 6.68 8.27
CÔ  (ppm) +3.31 i5.»t6 ♦2.30 ±2,97 +3.71 +5.2>+ +2.51 +2.61 +5.06 +6.08 +3.68 +5.51

7k, 57 »f5.79 55.105 ^7.31 90.1»f »f5.7 57.3 »f9.789 85.135 79.7989 89.19
IICO3 (PP“ )

♦1»f.295 +18.82 +13.99 +1»f.l8 +20.98 +26.76 +13 .SV7 +23.52 +31.28 +32.83 +l6.0>f +17.02

25.105 25  M 2if.609 2k,k6 2k, 19 2»f.19 26.7 26.3 36.3 36. »f 31.05 31.315
Cl (ppm) *h,2k +»f.59 +3.56 +3.55 +3.8»f +3.8»* +>f.29 +3.26 +6 +6.51 +6.08 +6. 2V

.605 .79«+ .56 .58 .73 .95 .78 1.01 .75 1.09 .675 .80
N - (ppm) +.27 +.30 +.07 +.085 *,2k 1*32 +.10 + .26 +.35 + .»f2 + .11 + .19

.08 .06 .05 .Olf .06 .09 .05 .06 .09 .09 .08 .11
(ppm)

!.1*<- +.03 +.03 +*03 +.Oif +.05 1^3 9 + .0>f +.16 + .0*f + .05 + .06

10.91 12.00 9.805 9.99 10.62 11.56 9.21 9.195 16.915 19.02 20 20. V7
Ca (ppm) ♦ 1.815 +2.21 +.705 +.79 ♦ 1.81+ + 1.75 +1.11 + 1.2>f * 2,0 7 5 +1.20 +1.33 +2.W

5.51 5.915 5.19 5.21 »f.82 5.01 »f.175 k,2k5 7.825 8.665 «  7.99 7.89
Mg (ppm) i l i .* f3 +1.78 +.78 + .82 +1.06 +1.17 +1.08 + l. i» f +.92 +.998 +1.06

if.M) 6.53 6.1*05 If. 17 If. 26 >f.»f95 »f.if5 6.915 7.06 7.28 7. 3V
K (ppm) i.59 +.62 +1.93 + 1.7 1 + .91 + 1.0if +1.53 + 1.56 ♦1.18 +1.07 + I .2V ♦ 1.25

OC (ppm) 72.105 71.79 66.00 68.63 93.W 9»f. 57 9»f. 75 98 86.5 92,k6 8V.58 81.58

♦8.875 +9.97 +9.18 t% k9 +10.99 +13.35 +8.08 +19.05 +7.6>f +17.27 +9.13 + IV .1V

225.68 267.936 61 If. 67 979.83 670.12 1215.09
011(^ocha»tes +316.66 +193.22 +Jf38.»f6 +»f21.37 +702. U98 +865.9V8

12.1f8 5k, 2 70.90 Mf 113.26 220
Chironomld

+23. +58.705 +151.65 +119.939 +252.69 ♦Mf3.9V

105.96 103.52 50.076 I0if.5 38.5 20.55
Molluscs +9‘«-.62 +81.32 +69.38 +I68.ifl9 +52.>f1 +31.567

.69 .. 1.85 »f.8i k,k 3>f.1 6.02
Others ♦2.21 ♦2.67 +7.08 * 6 ,5k +56.309 ♦ 11.09

3Mf.09 »t26.8 l 7>K).5l 1132.73 85V.88 1V61.668
Total fauna +351.>^9 +207.65 +if60.6if +»f1>+.96 *^(>7,77 ♦961.837
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TMble 3 t Showljig th» annual anrsrae* of plQr«loo>e’ oMoal paromters (osprssMd In pjaO «ul 
d«i3lty of total rauna and its oajor a^-upt (abundonoa /b̂ ) with tba roapoetlTS 
ataodanl davlatlan at (topth C of tha ponds*

" T  
1____ SbahiduUah iiiU Fond PlGQr GkDund Pond StMbabag Pond
t 1976 1977 1976 1 1977 1976 1 1977
{surfkM i Bottca i Surface i Dotton i Surj.'in I Dottaa i Surfac* i Botton I1 Surface i Bottob i Surface i Botton
26.13 2»>.29 2^95 23. 7*̂ 2»f.0f 22.595 23.025 21.85 2»».575 23.00 23 .13 21.»»7
♦5.25 ff.6 ♦3.67 ♦2.86 ♦5.09! 1^57 A.«f1 ♦3.62 ♦5.87 ♦V.96 ♦V.32 ♦3.25

pH 7.29 6.83 7.91 7.01 16.96] 6.61 7.225 6.725 7.085 6.685 7.355 6.77
♦.57 ♦.51 ♦.51 ♦•39 1«32 ♦•31 i*5l t M ♦.56 ♦.V3

DO (ppa) 7.99
♦2.55 J2.63

9.8>f
♦1.83

6.105
*2*29

7.25'
♦2.05'

**.51
♦2.8i|>

10.05

♦2.51
C.09
♦2.05

6.»f75
♦2.W

3.965
♦2.575

9.28

♦2.87

6.81̂
♦3.26

C»2 (ppnO •f.56
♦3.61

11.33
♦6.87

2.87
♦2.22

10.52
♦6.25

7.25
♦>»»26

10.55
♦8.V7

6.02
♦2.28

16.6

♦7.»»e
6.V55
♦5.12

16 .25
♦10.76

6.09

A.09
21.;%
♦22.09

HOÔ  (ppn) 50.315
♦17.6»f

7$*37

♦33.78
V3.8I»
♦13.15

62.13
♦13.90

5>KtJ
♦25.»4

95.81
♦30.75

>f5.65
♦IV.29

66.68
♦25.16

73.95 
♦32. V5

137.8

♦33.56
88.1*2
♦1»>.9̂

157.95
♦6.29

Cl (ppa) 2*k 95 25 2»».29 2K39 25. 7t 25.86 25.825 26.075 35 35.5 26.V7 26.?lf
♦3.66 ♦3.73 ♦2,87 ♦2.88 ♦2.87 ♦2.90 ♦2.295 ♦2.21 ♦5.13 ♦5.6 ♦3.V1 ♦3.7*̂

M (ppiO .665 1.07 .55 .615 .79 1.065 .8i» .85 .725 1.15 .65 .86
♦.21 ♦.»̂ ♦.05 ♦.06 ♦•16 ♦.23 ♦.12 ♦.11 1»23 ♦.39 ♦.15 ♦.239

(ppo) .05
♦.02

.085
♦.0»f5

.06
i.Olf

.09
♦.07

.05
♦.016

.097
♦.03B

.036

♦.01
.076

♦.05

.069
♦.03

.12
♦.0»t

.075
♦.07

.21

Ca (ppO 11.3>f 13.W7 9.89 10.39 10.57 12.91 9.31 10.i»2 1Q.29 21.V5 20.59 23.*̂
♦2.08 ♦2.61 ♦.75 ♦1.2«f ♦2.07 ♦ 3 ♦1.22 ♦2.5*» ♦2.36 ♦I.V3 ♦3.73 ♦3.15

Hg (ppiO 5.97
♦1.6

6.68
♦1.955

5.06
♦.79

5.09
♦.85

«f.85 
♦ 1

5.13
♦.96

*f.225
♦.&6

V.385
♦.96

8.135
♦.95

8.995
♦.785

7.92
♦1.17

8.97
♦1.39

K (ppa) V.57
♦.59

>f.79
♦.68

6.58
♦1.96

6.915
♦2.V1

»».15
♦.77

»H2»f
♦.8«»

«f.58
♦1.6>f

W>*6
♦1.5‘f

6.78

♦1.09

7.12
♦1.22

7.31
♦1.5V

7.6>»
♦1.67

OC (ppa) 72.95
♦8.V3

8 1.32

♦17.20
67.53
♦10.5

86.05
♦21.51

98.76
♦23.26

98.2»f
♦»»*29

96.«f
♦18.03

97.35
♦10.06

88,3
♦8.35

107.5

♦12.51
82.95

♦13.39

96.79
♦9.95

OUgoehMtes 13.315
♦26.67

3.01
♦5.298

5.657
♦11.98

.88
♦2.708

5.9‘f
♦11.795

.69
♦2.206

2.53
♦•̂ 87 ♦12.786

3.35
♦7.W

1.1
♦3.W6

Chaobonia 19.22
♦2»».76

25
♦26.553

29.75

♦*♦7.73
27.28

♦>̂ 5.98
3.08
♦6.71

5.62
♦11.589

Othm .<•6 32.»f1 .838 - 1.98 11.3f̂ 7
♦2.02 ♦39.56 ♦2.25 - ♦5.615 ♦33.830

%tal flwna 35.7*f
♦51.80

32.M
♦30.56

39.6
♦^335

28.16

♦>♦6,22
21.1
♦18 .16

17.66
♦V5.096

Dhaka University Institutional Repository



-4̂

y -

PHYSICAL AND CHEMICAL FEATURES OF WATER

Physico-chemical parameters of the three ponds were studied at 

an interval of a fortnight, but sometimes these were recorded only 

once in a month due to some unavoidable circumstances. Data on 

physical and chemical conditions of water of three ponds are shown 

in Tables 1 - 5 ,  and Figs. 7 - 15„

RESULTS AND OBSERVATIONS

Temperature

SH Pond (Figs. 7 - 9 )

In 1975 the highest surface temperature corresponding to A, B, 

and C was noted to be 3 3 ° , 3 2 ° ,  and 33°C respectively, from late 

July to August. At B the temperature was found to reach its peak of 
3 2 °c  in late July, whereas at C the maximum temperature of 31°C was 

observed from late July to August.

However, in 1977, the maximum surface temperature corresponding 

to A, B, and C was recorded to be 31°, 30°, and 30°C respectively in 

May with their corresponding bottom temperature, 29°C, during the same

CHAPTER III
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Fig.

M O N T H

7 Graphs showing seasonal changes in temperature, and pH and 
11 chemical parameters at depth A in SH pond.
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month. The minimum surface anc’ bottom temperatures for 1976 and 
1977 were found during December in all the three depths.

PG Pond (Figso l o  - 12)

In 1976 at A the highest surface temperature of 30°C was found
during May and August, whereas at B and C the surface temperature was
found to be 30°C during May, June, July and August. The maximum

bottom temperature of 29.5°C at B was noted during June and August and 
29°C at C during August.

The lowest temperatures for surface and bottom waters were 
observed during December in all the sampling depths.

In 1977 the maximum temperature of 29°C  was noted at A in May, 
at the surface at B in April and May and at C in May. The highest 

bottom temperature of 2 8 °c  at B was noted in May and that of c  2 7 °c  

in April and May. The lowest surface and bottom temperature at A and 

B were found in January and December, respectively. At C the surface 
temperature was minimum during January and the bottom temperature 
during December.

SB Pond (Figs. 13 - 15)

In 1976 at A the highest temperature of 31°c was noted during 
July and August and the lowest 15°c during January and December. The
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maximum temperature of 31°C was recorded in August at the surface 

corresponding to the depth B and C, whereas the maximum temperature 

of 30° and 29°C was found respectively at B and C in August and the 

minimum was 15°C in January.

In 1977 at A the highest temperature of 30°C was noted during 

April. The highest surface temperature of 30°C was recorded at B and 

C and the bottom temperature 29°C at B and 27°C at C were found during 
April and May. The lowest temperature of 15°C for both surface and 

bottom water was observed during December in all sampling depths.

Thus, among the three ponds, the highest average temperature of 

26.2° and 25.1°C was observed in SH pond in 1976 and 1977 respectively. 

In PG pond the average temperature of 24.1° and 23.4°C and that of 

SB pond was 24.3° and 23°C in 1976 and 1977 respectively (Table 5).

PH

SH Pond (Figs. 7 - 9 )

In SH pond at A pH was noted to vary frc*D 6.2 - 8.2 and 
6o7 - 8.7 during the first and second year. At B the lowest and 

highest pH of surface water was found to be 6.2 and 8.2 in 1976 and

6.3 and B„9 in 1977, respectively. The pH value of bottom water at 

B was found to range from 6.0 - 7.6 and 6.7 - 8.9 for the same 

periods. '
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Fig. lO Graphs showing seasonal changes in temp., pH all 11 chemd.cal paramters 
at depth A in PG pond.
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At C the pH of surface water in 1976 and 1977 was recorded to 

vary from 6.2 8.2 and 7.4 - 8 .8 , respectively, whereas at bottom,

the pH ranged between 5.9 and 7.5, and 6.3 and 7.6, respectively.

PG Pond (Figs. 10 - 12)

At A, pH value was found to vary between 6.2 & 8.2 and 6.6 & 7.6 

in the first and second year. The pH value of surface water at B was 

noted to fluctuate between 6.2 & 7.5 in 1976 and between 6.9 & 8.1 in 

1977, whereas that of bottom water was observed to range between 

6„1 & 7.3 and 6.6 & 7.3, respectively, during the same periods.

At C, pB of surface water was noted to vary between 6.2 & 7.4 in

1976 and between 6„8 & 8.3 in 1977. The highest and lowest pH of 

bottom water was 7.2 and 6.9 respectively for the same periods.

SB Pond (Figs. 13 - 15)

At A, pH value was noted to vary between 6.0 & 8.6 and 6.4 & 8.9 

during first and second year. pH of surface and bottom water at B 

was recorded to range from 6.0 - 8.1 and 6.4 - 8.8 in 1976 and 6 .0—7.5 

and 6.2 - 8.6 in 1977, whereas at C pH of surface and bottom water 

fluctuated between 6.0 & 8.0 and 6.2 & 8.8 and 6.0 & 7.4 and 6.0 &

7.6 during the first and̂  second year respectively.
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Fig. 13 Graphs showing seasonal changes in temp., pH and 11 chemical 
parameters at depth A in SB pond.
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The yearly average pH In SH pond was 7.2 and 7.5 in 1976 and 

1977 respectively. In PG pond the yearly average pH was noted to be

6.9 and 7.0 and that of SB pond was 7.0 and 7.2 respectively in 1976 

and 1977 (Table 5).

Dissolved Oxygen (DO)

SH Pond (Figs. 7 - 9 )

In 1976 at A high DO content was noted from January to March and 

from late October to December with the highest value 16 in March. The 

lowest value of DO 2 was found in June, In 1977 DO content at A was 

recorded to be more or less uniform throughout the period with the 
exception in July and May when the highest content 14 and the lowest 

5 was found.

In 1976 low DO content was observed at surface and bottom at B 

from April to early August. The lowest value for surface and bottom 

was 4 and 2 respectively. The highest content 12 of DO in surface 

water was noted during March and November and in bottom water 9 during 

August. However, in 1977 DO content of surface and bottom water at B 

tended to be uniform with the exception in April and May vhen the low 

values were noted. The highest content of DO for surface and bottom 

was recorded to be 14 and 12 respectively during August..
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SB Pond (Figs. 13 - 15)

At A the highest DO content 12 was found during August in 1976 

and during June 17 in 1977. In 1976 DO was absent at D during May 

whereas in 1977 the lowest DO content 5 was observed during December.

At B the surface and bottom water contained the highest DO value 

of 15, and 10 during September and May respectively in 1976 whereas 

in 1977 the highest DO content was noted to be 17 during June for both 

surface and bottomo

At C the maximum DO content at surface was found to be 12 and 

17.6 during September in 1976 and during June in 1977 respectively.

The bottom water showed low DO content throughout the periods of 
observation with pronounced depletion which occurred occasionally.

Among the three ponds, SH pond showed the highest yearly average 

value of DO, whereas the lowest value was found in SB pond and PG 

pond was in intermediate position between the two (Table 5) .

Free Carbondioxide (CO2 )

SH Pond (Figs. 7 - 9 )

In 1976 at A, the highest amount of 12 free CO2 occurred during 

July and CO2 was noted to be absent in March, September, and
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In 1976 the highest DO content 15 was found in surface water of 

C during March and the lowest 4 during June. The bottom water at C 

was extremely poor in DO content diaring 1976 and it was noted to be 

absent during June and early July. In 1977 the highest DO content at 

surface and bottom of C was 12.6 and 9„3 and the lowest was 5 and 2 

respectively in August and April.

PG Pond (Figs. lO - 12)

In 1976 at A the highest 12 DO content was noted during December 

and the lowest 2 during July. In 1977 DO content was maximum 16 

during November and the minimum 4.7 during July.

In 1976 low DO content was recorded during April, May, June and 

late July at surface and bottom of B and the lowest was found to be 

4 for surface and 1 for bottom during May. In January during the 

same period the highest DO content for surface was 12 and for bottom 

was 11 o In 1977 at B the maximum DO value for surface* was 15 eind for 

bottom was 12 during July whereas the minimum for surface was 6 and 

bottom was 3 during May.

At C the surface and bottom water contained low DO value during 

April to September in 1976 and during April and May in 1977. DO was 
noted tc be absent at the bottom in mid May, late June and early 

August during first year of observation.
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October„ In 1977 CO2 content was the maximum 6 during early May and 

June whereas it was found to be absent during late May, July, August 

and September.

In 1976 surface water at B showed the highest amount of CO2 12 

during July and CO2 was absent during March, May and June. The bottom 

water at B contained the highest values 24 of CO2 during July.

In 1977 surface and bottom water at B was dvoid of free CO2 during 
late May, July and August and also absent during September from surface 

water. The highest content 10„4 of CO2 for the bottom was noted at B 

during September.

In 1976 CO2 was found to be absent at surface water at C during 

February, May and June, whereas the bottom water contained high CO2 

values from June to November with the highest content 30 during July.

In 1977 CO2 was found to be absent at surface water at C during late 

May, July, August and September. At bottom high CO2 content were 

noted from May to September with the highest value 20.9 during 

September.

PG Pond (Figs. 10 - 12)

At A low CO2 values were noted during January and July to 
December in 1976 and more or less similar trend in CO2 content was 
found in 1977„ The highest amount 15 and 12 was recorded respectively 

during June in the first year and during March in the second year.
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The low CO2 contents were observed at the surface and bottom 

waters at B during January, November and December in 1976, It was

noted to be absent during late April and late October. High CO2

values were recorded during the rest of the period and the highest 12 
and 18 was found during July for surface and bottom. In 1977 low CO2 

values were also found at this depth during winter and autumn and the 

,highest CO2 content was found to be 9.5 and 15 during March for surface 

and bottom respectively.

In 1976 low CO2 values were noted in surface water at C during 
January, late October, November and December, whereas in 1977 CO2 

values were found to be low during January and August to December. It 

was found to be absent during late April and late October in 1976 and 

during late September in 1977. However, high CO2 values were found in

bottom water at C throughout the periods of study with the highest

content of 36 and 33 was noted during July in 1976 and during August 

in 1977 respectively.

SB Pond (Figs. 13 - 15)

In 1976 at A, CO2 content was observed to be poor from January 

to April and August to December whereas in 1977 low CO2 content was 

found during June, early July, November, and December. Surface water 

at A was devoid of CO2 during late July and late August in 1976 and
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during September in 1977. The highest value of 22 and 18 was noted 

during June in first year and during August in second year 

respectively.

In 1976 at B, the surface content of CO2 was noted to be low 
during January, February, mid April, mid September and December and it 

was found to be totally absent in late May, and mid June and late 

August. The bottom water at B in 1976 was found to contain high CO2 

from late April to November with the highest value of 18 during April. 
At the bottom of B the highest content of 21.8 was noted during May.

At station C in 1976 the surface water contained low CO2 during 

January, February, mid April, June, November and December and it was 

found to be absent in May and August. Higher CO2 value were noted at 

bottom water throughout the period of observation with the exception 

in mid April and August when CO2 was totally absent.

Similar trends in CO2 content at surface water were'rioted in 

1977. The bottom water in general contained very high CO2 during the 

period of study with the highest value of 80 during September.

The SB pond showed the highest value of 8.7 and lO in annual 
average content of free carbondioxide during 1976 and 1977 respectively 

and the lowest value of 5.4 and 4.7 was found during 1976 and 1977 in 

SH pond. The PG pond, though intermediate in position between the

Dhaka University Institutional Repository



4^

52

above two ponds, yet a high annual average of free CO2 contents, 9.7 

and 8.7, was recorded in 1975 and 1977 respectively in it. This value 

is nearly equal to that of SB pond (Table 5).

Carbonate Alkalinity (CO3 )

SH Pond (Figs. 7 - 9 )

Carbonate alkalinity was noted to be present occasionally through­

out the period of study. At A it was observed to be present during 

March, September and October in 1976 and during May, July, August and 

September in 1977. In 1976 at B CO^ alkalinity was noted during March, 

^  May and late June at surface v ter and during early May and late June

at bottom water whereas in 19. it was recorded to be present at 
surface during late May, July, August, September, and early October 

and at bottom during late May, July and early August.

At C carbonate alkalinity was found at surface water during 

February, early May and late June and at bottom water only during

early May and late June in 1976 whereas in 1977 it was noted at

surface water during late May, July, August and September. CO3 
alkalinity was recorded to be absent totally c. t bottom water through-

out the period of obsf ation in 1977.
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PG Pond (Figs. 10 - 12)

^  At A CO3 alkalinity was noted to be absent throughout the period

of study except during late August in 1976.

At B in 1976 CO3 content was observed during late April, late 

August and late October at surface water and during late April and 

October at bottom water0 In 1977 CO3 alkalinity was recorded to be 

absent throughout the period of observation except during late 

September when it was noted at surface water only.

At C carbonate alkalinity was found at surface water during late 

^  April and late October in 1976 whereas in 1977 it was noted at surface
water during late September only. Carbonate alkalinity was absent at

bottom water throughout the period of observation.

SB Pond (Figs. 13 - 15)

Carbonate alkalinity was also occasionally present in SB pond.

In 1976 at A it was noted during late July and late August whereas in

1977 it was recorded during September.

At B in 1976 the surface water was noted to contain CO3 alkalinity 

^  during late May, mid June, late July and late August whereas at bottom

water carbonate alkalinity was observed during mid April, late July, 
and late August. In 1977 carbonate value was found at surface and 

bottom water during September.
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At C the surface water in 1976 was found to contain CO3 alkalinity 

during late May and late August whereas at the bottom water it was 

noted during mid April and late August. In 1977 CO3 alkalinity was 

found to occur only at surface water during September.

All the three ponds were noted to be extremely poor in carbonate 

alkalinity (Table 5).

Bicarbonate Alkalinity (HCO3)

SH Pond (Figs. 7 - 9 )

In 1976 at A bicarbonate values reached the highest point 95 in
late June and the lowest value 20 was recorded in March. In 1977 at A

bicarbonate showed the highest value 63 also in late June and the 

lowest 18 in late May and early July.

At B in 1976 the highest bicarbonate values of 73 and 113 were
recorded respectively for surface and bottom during June and the 

lowest values of 24 and 54 were found for surface and bottom during 

July. In 1977 the highest bicarbonate value of 62 was observed at 
surface in April and the lowest of 18 in July. For the bottom it was 

recorded as the highest 78 during May and the lowest 18 during July.

At C in 1976 the highest bicarbonate content of 103 for surface 

was noted in January and the lowest 35 in May whereas the bottom
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showed the highest value of 162 during June and the lowest 15 during 

May. In 1977 at C the highest bicarbonate value of 60 was recorded 

for surface during late June and the lowest value of 18 during July. 

The bottom contained the highest bicarbonate alkalinity of 97.5 in 
May and the lowest 28 in July„

PG Pond (Figs. lO - 12)

In 1975 at A the highest bicarbonate alkalinity 95 was noted 

during March and the lowest 29 during December. In 1977 bicarbonate 

alkalinity reached its peak 87 during July and the lowest value 20 

was found during October.

In 1976 at B the highest bicarbonate values of 96 and 125 were 
noted during May for the surface and bottom respectively. The lowest 

value of 18 was noted during February for the surface and it was 3o 

during March for bottom. In 1977 the highest bicarbonate value of 66 

and 120 was recorded respectively for surface and bottom during 

April and the lowest value of 26 and 36 were found during Januairy for 

surface and bottom.

At C in 1976 the highest bicarbonate value of 110 and 150 was 

noted during June respectively for surface and bottom whereas the 

lowest value of 18 was noted during November for surface and that of 

bottom was 36 during February.
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In 1977 at C the highest bicarbonate value of 76 and 125 were 

noted in April respectively for surface and bottom and the lowest 

value of 20 was found during October for surface and that of bottom 

was 32 during December.

SB Pond (Figs. 13 - 15)

In 1976 at A bicarbonate content was noted to be the highest 109 

during June and the lowest 18 during February. In 1977 at A 
bicarbonate alkalinity was noticed to reach its peak of 122 during 

December and the lowest content of 39 was noted during January.

y -
At B in 1976 the bicarbonate value was found to reach the 

maximum value of 138 and 188 respectively for surface and bottom 

during May whereas the lowest bicarbonate alkalinity of 22 and 32 was 
noted during February and during August respectively for surface and 

bottom. In 1977 the bicarbonate alkalinity registered the highest 

value of 105 and 125 for surface and bottom during May and the lowest 

value of 35 and 50 for surface and bottom during January respectively.

At C in 1976 the bicarbonate value for surface was noted to be 

the highest 136 during July and for bottom 210 during April. The 

lowest value of 32 was recorded for surface during February and 

the lowest value of 70 was found for bottom during late August.
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In 1977 the highest bicarbonate value of 122 and 300 was noted 

respectively for surface during December and for bottom during July. 

The lowest bicarbonate content of 58 was observed during September 
for surface and that of bottom was 90 during February.

The highest annual average content of bicarbonate 81.2 and lOl.l 

was found respectively in 1976 and 1977 in SB pond, whereas the lowest

61.3 and 50.2 was noted in SH pond. PG pond registered an annual 

average content of 65.5 and 53.1 of bicarbonate (respectively) in 1976 

and 1977 and thus PG pond occupies the middle position between the 

other two ponds (Table 5).

y-
Chloride Value

SH Pond (Figs. 7 - 9 )

Chloride values at A, B, and C showed variations between 20 - 30. 
However, at B the bottom water was found to contain the highest value 

of 35 during July.

PG Pond (Figs. 10 - 12)

Chloride valde at A was noted to vary between 23 - 30 in 1976 

and 22 - 30 in 1977.

In 1976 at B the chloride content of surface and bottom water was 

observed to vary between 20 - 30.
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In 1977 at B the chloride content of surface water was noted to 

vary between 22 - 30 and that of bottom between 24-35.  At C the 

chloride content of surface and bottom water were noted to vary between 

20 - 30 in 1976 and 22 - 30 in 1977„

SB Pond (Figs. 13 - 15)

At A chloride values were noted to fluctuate between 28 - 48 in

1976 and 24 - 45 in 1977.

Chloride content of surface and bottom water at B were ranged 

between 25 - 48 in 1976 whereas it was noted to vary between 24 - 45 

during 1977.

In 1976 at C chloride contents of surface and bottcxn water 

registered variations between 25 - 40 and 25 - 45 respectively whereas 
in 1977 the variations was noted between 25 - 35 for the surface and 

bottom water.

SB pond, which receives sewage effluents and domestic wastes,

records the highest chloride value, while the SH pond gives the

lowest. PG pond registers an intermediate position (Table 5).
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Total Nitrogen (N)

SH Pond (Figs. 7 - 9 )

High nitrogen values were noted during late summer and monsoon, 

whereas the low values were observed during winter in all sampling 

depths throughout the period of observation.

PG Pond (Figs. lO - 12)

In 1976 at A the highest nitrogen content was recorded in March 

whereas high nitrogen values were recorded throughout summer. In

1977 high values for nitrogen were noticed during late May and July to 

October. Low values were found during winter.

At B nitrogen values for surface and bottom water were observed 

highest during May for both the year whereas the C the peak in
nitrogen value was noted in July for surface and bottom water during

fc' '
the said period.

The lowest nitrogen value was recorded during winter in all the 

sampling depths.

SB Pond (Figs. 13 - 15)

In 1976 at A nitrogen content was noted to reach the highest 

point in June whereas in 1977 the peak was found in August.
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In 1976 at B the highest point in nitrogen value was recorded for 

surface water during June and for bottom water during May. In 1977 

nitrogen content reached its peak during May for surface and bottom 

water.

In 1976 at C the highest nitrogen content for surface water was 

noted during May whereas that of bottom water was recorded during 

April„ In 1977 the nitrogen value for surface and bottom water was 

recorded highest in May. For all the three sampling depths the lowest 

values of nitrogen were recorded during winter.

In the present study it was observed that the PG and SB pond 

showed the high amount of total nitrogen and the SH pond registered 

the lowest amount (Table 5)„

Phosphate

SH Pond (Figs. 7 - 9 )

At A the highest phosphate values were recorded during autumn 

whereas the minimum values during winter.

At station B and C the highest phosphate contents of surface 

and bottom water were noted during June in 1976 and during July 1977.
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PG Pond (Figs. 10 - 12)

PG pond showed high values for phosphate during summer and 

monsoon for all the sampling depths.

SB Pond (Figs. 13 - 15)

In 1976 at A phosphate value was noted highest during September 

whereas in 1977 the highest value was recorded in April, In 1976 at 

B the phosphate content of surface water was found to reach peak 

during May and that of bottom water during August whereas in second 

year the peak was noted during October for both surface and bottom 

water.

At C for both surface and bottom water the highest phosphate 

content was recorded during May in 1976 whereas it was during October 

in 1977.

The three ponds differ markedly in the annual average in 

phosphate content. The SB pond records the highest value while the 

SH pond gives the lowest. The PG pond occupies a middle position.

Calcixjm (Ca)

SH Pond (Figs. 7 - 9 )

In 1976 at A the highest calciunj content 13 was noted in June 

and the lowest value 8 was recorded during March and August. In 1977
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calcium content was observed to reach its peak 12 during late June 

and late July whereas the lowest value 9 was noted during early 

June.

At B calcium content reached its peak of 15 and 16 respectively 

for surface and bottom during June in 1976. In 1977 the highest 

value of 11 was noted during June and August for surface and bottom.

In 1976 at C calcium content of surface water was highest 15 

during June and July whereas for bottom the highest content 19 was 

noted during June. In 1977 the maximum value of 11 and 14 was 

recorded respectively for surface and bottom during May.

PG Pond (Figs. 10 - 12)

In 1976 at A calcium content was noticed to be highest 14 during 

June and the lowest 6.2 during DecaD±>er whereas in 1977 the highest 

calci\am content 12.5 was recorded during July and the lowest 7 during*■ •
December and January.

Calcium content at B and C showed similar trends. It was always 

high during siammer and monsoon and low during winter.

SB Pond (Figs. 13 - 15)

At A the highest values of 25.5 and 23 were recorded during July 

in 1976 and 1977 respectively. The lowest value was observed during
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January and December in 1976 and during January and May in 1977.

Sudden rise in calcium value during December in 1977 was also 

noted.

In 1976 at B calcium content of surface water was noted to be the 

highest 19 during August and that of bottom 21 during July. In 1977 

the highest calcium content for surface and bottom water was 23 and 

27 respectively in November and December.

In 1976 at C the highest calcium value was 23 and 25 respectively 

for surface and bottom during December. In 1977 the highest value of 

30 was noted for the surface and bottom during November.

Thus, a well marked difference was noted in the annual average 

content of calcium between the SB pond and the other two ponds. Then 

SB pond recorded very high calcium content whereas both SH and PG 

pond showed low content though PG pond receives huge organic matter 

through leaf litter (Table 5) .

Magnesium (Mg)

SH Pond (Pigs. 7 - 9 )

In 1976 the highest amount 7.6 of magnesixim was found during 
June and the lowest 4.1 during November. In 1977 magnesium content
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was noted to be the highest 6.1 during April and the lowest 3.1 

during October.

In 1976 at B the magnesium content was recorded to reach peak of 

8.5, and 9.5 respectively for surface and bottom during May whereas 

in 1977 the peak 7 was noted for surface and bottom during July. The 

lowest content of 4„1 and 3.9 were observed in 1976 during November 

respectively for surface and bottomo In 1977 the amount of magnesium 

was recorded the lowest 3.6 during October for surface and bottom 

respectively.

At depth C Mg content showed the similar trend.

PG Pond (Figs. 10 - 12)

in 1976 at A the highest content 6.2 was observed during August 

and the lowest 3.1 during December. In 1977 Mg content reached its 

peak of 6.2 during July and the lowest amount of 2.1 was recorded 

during October and November.

At B in 1976 the highest amount of 6 and 6.8 was noted during 

August for the surface and bottran respectively and the lowest 3, for 
the surface and bottom during November. In 1977 the peak content of 

^  6 and 7 was recorded during June for the surface and bottom respec­

tively. The lowest amount of 2 was found during October for surface 

and bottom. Mg content were noticed to demonstrate similar trends

at depth C.
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SB Pond (Figs. 13 - 15)

^  Mg content showed always high during late summer and monsoon and

low during winter in all sampling depths throughout the periods of 

observation.

The SB pond recorded the highest value in yearly average content 

of magnesium and the lowest value was found in PG pond. SH pond 

occupied the middle position.

Potassiimi (K)

^  Potassium contents of all depths of three ponds was found to be

the highest during summer or early monsoon and the lowest during 

winter throughout the periods of study. However, in 1976 PG pond 

showed the highest content of Potassium at C during September.

Organic Carbon (CX:) ^ ■

SH Pond (Figs. 7 - 9 )

At A the highest amount 98 and 95 of organic carbon were noted 

during June for the first and second year respectively. The lowest 
^  content 48 and 52 was obseirved respectively during December in 1976

and during Januairy in 1977.
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In 1976 at B organic carbon content reached peak 86 and 90 during

June respectively for surface and bottom and the lowest of 60 and 52

during August. In 1977 the highest amount of 90 was recorded for 

surface and bottom during July whereas the lowest value 55 and 52 was 

noted during August for surface and bottom.

In 1976 at C the highest content of 89 and 120 was recorded 

respectively for surface and bottom during June whereas the lowest 62 

and 70 was obtained during January. In 1977 OC showed the highest 

amount 89 and 137 during July whereas the lowest 52 and 55 during 

April for surface and bottom respectively.

PG Pond (figs. 10 - 12)

At a in 1976 the highest content of OC was noted to be 112 during

June and the lowest 80 during September and December. In 1977 OC
content was found to reach peak 112 during March and the lowest content 

of 85 was observed during August and November.

In 1976 at B the highest content of 115, and 125 was noticed 

during May for surface and bottom respectively whereas the lowest 70 
was found during October for surface and bottom as well. In 1977 the 

^  maximiOT amount of 110 was recorded at surface during August and at

bottom it was noted to be 62 during September. The lowest content 
70, and 69 was found during January respectively for surface and
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bottom. At C in 1976 the highest amount of 105 and llO was recorded 

respectively for surface and bottom during February. In 1977 OC 

content of surface water was found to reach its peak of 165 during 

February whereas bottom water registered the highest content 115 

during November.

SB Pond (Figs. 13 - 15)

In 1976 at A the maximum amount 118 of organic carbon was noted 

during June and the minimum 75 during December whereas in 1977 the 
highest content 110 was recorded during July and the lowest 70 during 

April and September.

In 1976 at B the amount of organic carbon was observed to reach 

its peak of 98 and 125 during April for surface and bottom respectively. 

The lowest value of 80 was noted respectively for surface during 

August and for bottom during September. In 1977 the highest values of 

99 was recorded during April for surface and that of bottom 101 during 

June. The lowest value 62 was registered during August for both 

surface and bottom.

In 1976 the highest organic carbon content was found to be 99 and 

^  138 during May respectively for surface and bottom and the lowest 75,

and 95 during August. In 1977 OC content of surface water reached its 

peak 99 during April and that of bottom was noted to be the highest
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120 during May. The lowest amount of 75, and 80 was found during 

March respectively for surface and bottom.

Thus, the PG and SB pond registered the very high content of 

organic carbon in comparison to SH pond (Table 5).

H2S (Table 4)

H2S values were noted for the seven months in 1977 (June- 

December) . For all the three ponds H2S values were high during 

monsoon and post-monsoon period and it was found to decrease as 
winter approached. The highest amount of H2S was noted at the 

deepest depths in all the three ponds except in PG pond where the 

highest value was recorded mostly at depth B.
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Table 5: Showing the annual average content of the physico-chemical
parameters (chemical parameters are expressed 
of the three ponds in 1976 and 1977

in ppm)

Physico-chemical
parameters

SH Pond PG Pond SB Pond
1976 1977 1976 1977 1976 1977

Temperature
°C 26„2° 25.1° 24.1° 23.4° 24.3° 23°

pH 7.2 7.5 6.9 7.0 7.0 7.2
DO 7.3 8.2 6 9 5.7 8.1

CO2 5.4 4.7 9.7 8.7 8.7 10

HCO3 61.3 50.2 65.5 53.1 81.2 101.1

Cl 25 24.4 25 26.1 36 29.3

Total Nitrogen 0.74 0.59 0.86 0.87 .89 .75

PO4 .065 .059 0.07 0.06 .09 .11

Ca 1] .5 10 11 9.3 18.2 20.5

Mg 5.9 5„1 4.9 4.3 8.3 7.7

K 4.7 6„6 4.2 4.5 6.8 7.5

OC 72.5 70.2 96 97 93 86.3

f
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The temperature is generally regarded as one of the most important 

factors in aquatic biology. Water temperature of ponds depends on 

their size and depth, the area exposed to direct sun light, day length, 

and the density of plankton (Macan & Maudsley, 1966; Sitaramaiah,

1966; Michael, 1968; Munawar, 1970 and Rao, 1971). Of the three ponds, 

SH pond is the largest in size and greater in depth and it is exposed 

more or less throughout the day to direct sunlight for the longest 

period. As such SH pond showed the highest average temperature as 
compared to PG and SB pond (Table 5). PG pond, though larger than SB

W-
pond in size, did not exhibit marked difference in annual average 

temperature frcm that of SB pond as because most of the PG pond 

remained covered under the shade of trees for longer period during 

the day.

It is evident that temperature influences the amount of dissolved 

gases in the water, particularly that of free CO2 and DO. Longer 

photoperiod in summer causes high oxygen and high pH resulting in 

depletion of CO2 . This phenomenon was noted in the three ponds 
(Figs. 7 - 15). However, in the present studies an increase in CO2 

^  and decrease in DO content were recorded during late summer and

monsoon (Figs. 7 - 15). High water temperature in these periods 
accelerated the process of decay of organic matters, which was also

COMMENTS
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increased through surface run off of surrounding areas, resulting in 

the formation of a large amount of CO2 and release of other nutritive 

elements such as N, K, Ca etc. (Figs. 7 - 15). Some amount of DO was 

utilized during oxidation of organic matter and also in summer a 

portion of DO was lost to atmosphere due to high water temperature has 

lesser capacity to hold DO. Thus, a decrease in DO content was noticed 

in summer (Figs. 7 - 15). But in 1977, high DO content was observed 

during late June in PG and SB pond, and late May and early July in SH 

pond (Figs. 7, 10, and 13). The above observation was probably due to 

the fact that samplings for those days were made after a heavy rain­
fall. Pearsall (1923), and Gonzalves & Joshi (1946) have also co­
rrelated the high percentage of DO with heavy rain.

In 1977 from July to September surface water of SH pond was 

devoid of CO2 and during October to December very low CO2 was found.

In the same year CO2 was also absent at surface water of SB during 

September (Figs. 7, 8 , 9, 13, 14 and 15). The absence of CO2 during 

these months was rather not a normal sequence. It is likely that the 

total amount of free CO2 produced in and reached to the surface of 

these ponds during the said periods had been utilized in the photo­
synthetic activity as evident from high pH value, presence of -CO3 , 

and algal bloom.

A somewhat inverse relationship between the amount of CO2 and DO 

was noted in all the three ponds„ On the other hand Pearsall (1930),
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Ganapati (1943), Gonzalves & Joshi (1946), Rao (1955), and Singh 

(1960) observed an well marked inverse relationship between these two 

gases in fresh water bodies. In deeper water bodies where the 

hypalimnion does not come in direct contact with atmosphere the 

existence of an absolute inverse relationship between CO2 and DO is 

possible. But it would be difficult to establish such a relationship 

between the two gases in small water bodies as in the present cases.

The concentration of CO2 and DO in shallow water bodies is likely to be 
controlled by the physical laws of diffusion of gases into liquids and 

the rate of various metabolic activities of biotic community 

(Munawar, 1970). This explains why an well marked inverse relation- 
ship could not be found in these ponds. Munawar (1970) made a similar 

observation while studying the limnology of three ponds in Hyderabad 

in India.

The variations in temperature, pH, DO, CO2 and other ion at 
surface and bottom water were noted throughout the periods of study in 

all the three ponds (Figs. 5, 6 , 8 , 9, 11 and 12). The variations 

were tended to increase as the samples were made from deeper depth. 

Among these three ponds depth wise difference in values of free CO2 
and DO were well marked in SB and PG pond (Figs. 11, 12, 14 and 15). 
This was possibly due to high accumulation of organic carbon in these 

two ponds at deeper depths. Saha et at. (1971) noted that values of 
different ions at surface and bottom remained more or less unaltered
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except those of pH, DO and CO2 in two ponds. Michael (1968a) however, 

failed to record any significant difference in values of different 

physico-chemical parameters at surface and bottom water in a pond 

located at Barrackpore, West Bengal, India.

SB pond, in comparison to other two ponds, was noted to be the 

richest in bicarbonate content (with the exception at A in the first 

year) (Figs. 13 - 15, Table 5), a condition which favoured high 

productivity (Huet, 1950; Gaufin, 1968). Calcium content was also 
noted to be the highest in SB pondo Bicarbonate values were found to 

vary more or less directly with calcium content and inversely with 

carbonate and pH in all the three ponds (Figs. 7 - 15). The direct 
relationship between bicarbonates and calcium has been noted by 
Pearsall (1930), Zafar (1964) and Munawar (1970), whereas the inverse 

relationship between bicarbonates and carbonate has been found by 

Ganapati (1940). Zafar (1964) and Munawar (1970) have shown an 

inverse behaviour of bicarbonates towards carbonate and pH in certain 

fish pondso

The bicarbonate value was always higher in bottom than that of 

surface as Insoluble carbonate compound from the substrate was 

converted to soluble bicarbonate form due to bacterial action (Figs. 8 , 

9, 11, 12, 14 and 15). This was more evident in summer as high 
teinperature during this period accelerated the bacterial decomposition.
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The bicarbonate content in all the three ponds was observed to 

^  increase in summer (Figs. 7 - 15). Similar observations were also

made by Ruttner (1953), Harrel & Dorris (1968) and Munawar (1970). 

However, at SB pond sudden increase in bicarlonate content was 
noticed during December in 1977. It was possibly due to bacterial 

decomposition of the remains of rice plants which were cultivated at 

the shallow margins of the pond in the same year. The oxygen curve 

showed a depression while CO2 value tended to increase during 
December. Ca content was also high during this period. All these 

observations supported the above supposition. The high HCO3 content 

in PG pond during late winter was also due to decomposition of leaves
s-<

fallen from surrounding trees in winter.

The chloride contents of the three ponds increased in summer and 

decreased in winter (Figs. 7 - 15). Similar observation was also made 

by Gonzalves & Joshi (1946), Singh (1960), Zafar (1964), and Munawar 

(1970). It is interesting to note that the three ponds differed in 

annual average content of chloride (Table 5). SB pond recorded the 
highest values, while the SH pond showed the lowest. PG pond showed 

an intermediate position. Tresh et al. (1944, c .f . Munawar 1970) 

suggested that higher chloride content of water is an index of 

f pollution of animal origin and it may be logical to assume that the
SB pond receives contamination of this type through sewage inflow 

and domestic wastes.
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The PG pond and SB pond showed high values of total nitrogen in 

comparison to SH pond (Figs. 7 - 1 5 ,  Table 5). These ponds showed 

high percentage of organic matter also. Thus, the level of concentra­

tion of organic matter in water is an index of nitrogen budget.

Similar observations was also made by Munawar (1970). All the ponds 

showed the higher nitrogen values at the bottom water, because organic 

matter deposited at bottom sediment is one of the sources of nitrogen 

supply through the activity of denitrifying bacteria. Nitrogen was 

thus continuously releasing from the pond sediment which possibly 
enriched nitrogen values of botton water. Denitrification is always 
high during summer. Therefore, during summer the present ponds showed

high value of nitrogen.

The nitrogen content was also found to increase in all the three 

ponds during monsoon (Figs. 7 - 15) . Rainfall were the causative 

factors for the above observation.as the nitrogen content of a water 

body depends on nitrogen from atmosphere and surface run off of 
neighbouring areas apart from denitrifying activities of bacteria on 

organic deposits However, the human interference through excessive 

washing and bathing increases the nitrogen content of a water body 

that jeopardizes the natural phenomenon to a great extent. Thus, the 
PG pond, which was subjected to the maximum human interference in 

comparison to other two ponds, showed high nitrogen content also in 
September and October in 1976 and in October and November in 1977
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other than during monsoon. In all the three ponds the nitrogen 

content was recorded the minimiam in winter. This was possibly due 

to the maximum utilization of nitrogen by algal flora as the bloom 

formation in these ponds usually noted to be dense in winter.

The phosphate content was found comparatively low in all the 

three ponds. This was possibly due to the excessive utilization of 

phosphate by algal flora that formed bloom nearly most of the periods 

of observation in these ponds. The highest amount of phosphate was 

noted in SB pond in comparison to other two ponds. Hutchinson (1957) 

also reports the increase of phosphorus as a result of sewage contamina- 

tiono SH pond which is subjected to comparatively less contamination 

and showed the lowest concentration of phosphates.

The amoiint of phosphate was noted to be high during rainy seasons 
in all the three ponds. However, in 1977 the highest content of 

phosphates were noted during October in SB pond. This was probable 

as the samplings were made after rains. Similar observation was also 

noted by Michael (1968a) . The low content of phosphate was found 

mostly in winter in all the three ponds. The possible reason for 

this observation is explained in the earlier paragraph.
Einsele (1936) observed that excess amount of phosphate is deposited 

to pond sediment which is released in water during oxygen deficiency.

SB pond and PG pond exhibited this phenomenon clearly (Figs. 7 - 12} .
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The higher values of cations (Ca, Mg, K) were noted during summer 

^  and monsoon periods in all the three ponds when the water temperature

was reasonably high and deccxnposition of organic matter was also 

maximum. However, in SB pond high cation values were observed during 

December in the second year. The possible reason for it was explained 
earlier (see page 75).

The calcium content was found the highest in SB pond. The PG 

pond showed significantly low Ca content in spite of the high values 
of organic matter noted in the sediment. The possible reason will be 

explained later (page 103).Low content of Ca in SH pond was possibly 
^  due to the comparatively less amount of organic matter in pond water

and sediment.

Zafar (1964) and Munawar (1970) observed a direct relationship 

between the content of Ca and organic carbon and the content of Mg and 

organic carbon. In all the three ponds more or less such relationship 

was notedo The increased amount of organic matter at higher temperature 

is expected to release the greater amount of Ca and Mg bicarbonate from 

insoluble Ca and Mg carbonate which would increase the amount of the 

said cations of the water.

^ It was noted that the amount of Ca content was higher in all the

three ponds than that of Mg (Table 5). The above observation is 
possibly due to the preferential behaviour of CO2 gas with calcium
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salts when compared with Mg salt„ Munawar (1970) also recorded the 

similar phenomenon.

The dissolved organic carbon (organic matter) in water may be 

considered as a dilute soil extract, consisting largely of humic, non- 

humic and many other compounds of organic material produced within 

the basin or may be brought to the pond through the agencies of 
surface run off and wind (Vallentyne, 1957; Hutchinson, 1957). These 

may arise as a result of direct decomposition of organic matter 

produced within the basin or brought through surface run off. Fogg 

(1960) observed that a certain amount of organic matter (organic 

carbon) is usually added to the water in the form of extracellular 
substances liberated by phytoplankters during their growth.

Of the three ponds, SH pond showed the lowest value of organic 

carbon as the pond is completely separated from the surrounding area 

with high bank and thus the pond depends for organic carbon mostly on 

autochthonous organic matter (Table 5). PG and SB ponds were noted 

to contain high organic carbon through leaf litter, and sewage out­

flows and the highest was observed in PG pond.

In all the three ponds in the present investigation organic 
carbon varied directly with temperature and CO2 and inversely with 

DO (FigSo 7 - 15). Similar findings were noted by Ganapati (1943), 

Singh (I960), Zafar (1964) and Munawar (1970).
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An inverse relationship between OC and pH was noted in the 

present study. But Zafar (1964) and Munawar (1970) observed a positive 

relationship between pH and organic carbon (organic matter) content of 

water. It is likely that in the present studies an increased decomposi­

tion of organic matter formed CO2 in excess and water become more 

acidic resulting a fall in pH.

During silmmer months high values of organic carbon were noted in 

all the three ponds. Low concentration of organic carbon were 

recorded during winter which were partly due to decrease in the rate 

of decomposition of particulate organic matter at low temperature and 
partly due to less supply of allochthonous organic matter. However,
PG pond showed high values of organic carbon in late winter and early 

summer as countless leaves began to fall from the surrounding trees 

during winter. In the 1977 SB pond recorded high values of organic 

carbon during November and Decemi>er. Possibly the remaining of rice 

plant in pond margin during this period increase the OC value of the 

pond water.

High value of H2S was noted during monsoon and post-monsoon period 
in all the three ponds (Table 4) . This was due to the increased supply 

of organic matter carried by rain water from surromding areas and 
which possibly enhanced the bacterial decomposition of the organic 

deposits at a reasonably high temperature during this period. The
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highest content of hydrogen sulphide were recorded at C in SH and 

SB pond and at B in PG pond as the bottom sediment at these depths 

contained the highest amount of organic matter.
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CHAPTER IV

PHYSICO-CHEMICAL CONDITIONS OF POND SOIL

The samplings of soil were made once in a month from three depths 

viz.. A, B and C of each ponds. Temperature and pH of soil were noted 

tc decrease with the increase of depth. In general soils of the three 

ponds were acidic and in PG it was more acidic due to high organic 

matter content. In all the three ponds chemical constituents of soil 
showed almost similar trends in seasonal change. It was always high 

during sxxmmer and rainy season and low during winter.

Physical Aspects 

Texture
The texture of the soils was compact in all the three ponds at 

depth A and it gradually became soft and loose as the higher depths 

were attained. Undecomposed leaf was found in plenty in the soil of 

PG pond at B. In general soil of these ponds differed in texture.

The soil mostly consisted of sand, silt, and clay in different propor­

tions at different depths. The percentage wise estimations of these 

soil components at different depths are shown in Table 6 . Besides 
these, total bacterial count of these soils has also been made and 

shown in Table 7.
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Table 6 : Showing percentage of sand, silt, and clay
of soil at depth A, B and C of three ponds

Pond Depth % Sand % Silt % Clay

Shahidullah 
Hall Pond

A
B

C

51.04

82.04 

70., 04

27

lO

19

21.96 

7.96

10.96

A 37.04 41.3 21.66
Play Ground 

Pond B 73.2 13.14 13.66

C 52„74 26.3 20.96

A 47.94 22.45 29.61

Shahabagh Pond B 71.34 13.2 15.46

C 60 22.4 14.6
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Table 7: Showing the average plate count of bacterial cells
in soil of the three ponds in 1976 and 1977

SHAHIDULLRH HALL POND
1976 1977

Depth A - 8 X lO^ bacteria/gm of soil 8.5 X lO^ bacterial cell/gm
of soil

B -10 X 10® " " 9 X lO®
C -14 X 10® ■’ " 13.5 X 10®

PLAY GROUND POND 
1976 1977

Depth A - 9.5 X 10® bacteria/gm of soil 9 X lO® bacterial cell/gm
of soil

B -15.5 X 10® " " 14 X lO®

C -15 X lO® " " 14 X 10®

SHAHABAGH POND 
1976 1977

Depth A - 9 X 10^ bacteria/gm of soil 8.5 X 10^ bacterial cell/gm
of soil

B -16,5 X 10® " " 15 X 10® "

C -17 X 10® " " 17„5 X 10® "
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Temperature

In all the three ponds the temperature of soil at A, B, and C 

showed variations in different seasons and more or less followed the 

pattern of water temperature. Soil temperature in these ponds ranged 

from 14°C to 31°C at different depths. The detailed monthly 
temperature records for all the three ponds at the three depths are 

shown in Tables 8 - 1 6 .

Chemical aspects 

pH

A noticeable variation in scdl pH was noted in these ponds. In 

PG pond pH fluctuated from strongly acidic to slightly acidic 

(4c4 - 6„5). In SH pond soil varied from moderately acidic to 

slightly acidic (5ol - 6.9). But in SB pond pH remained slightly 

acidic more or less throughout the periods of observation and it 

fluctuated between 5.7 and 6.9. Soil pH was noted to decrease with 

depth in all the three ponds. The detailed monthly records of pH for 

all the three ponds at depth A, B and C are shown in Tables 8 - 1 6 .

Total Nitrogen

In SH pond at A, B, and C, the highest values of total nitrogen 

was noted during summer and early monsoon (0.11, 0.17, 0.36%
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Table 8 : Showing the physico-chemical c nditions of soil at
depth A of SH pond with the an:mal average and 
standard deviation for the years 1976 and 1977

Dates t° pH Nt % Na % OC %
Available
phos­

phorus
mg/lOO/g

Excha 
able 

Ca %

10-1-76 170 6.2 .04 .005 .50 6.5 .18
10-2-76 210 6 = 3 .05 .005 .40 7 .19
9-3-76 260 6.8 .06 0.006 .40 6.9 .19
5-4-76 27° 6.9 .08 .006 .50 5.1 .22
7-5-76 28° 5,6 .09 „009 .51 5.4 .24

15-6-76 30° 6.0 .11 oOll .55 5.9 .25
12-7-76 31° 6,3 .lO .009 .55 6 .22
10-8-76 26° 6,3 .10 .010 .48 6.1 .22
10-9-76 22° 6.2 .lo .006 .43 5.8 .24
10-10-76 21° 6.7 .09 .007 .70 5.9 .25
24-11-76 21° 6.5 .05 .007 .50 6.4 .21
11-12-76 18° 6.9 .07 .006 .40 6.9 .18
Average 24,00 6.39 .078 .007 .49 6.16 .215

+ 4.612 +0.389 +0.023 ^ „ 0 0 2 +0.085 +0.6 +0.026
13-1-77 180 6.5 „06 o006 .59 6.7 .21
10-2-77 20° 6.2 .05 .006 .45 6.8 .23
14-3-77 27° 6.5 .08 .007 .51 7.1 .24
4-4-77 27° 6.7 .1 .008 .83 7.4 .21
7-5-77 29° 6.5 .12 .OlO .73 6.2 .28

29-6-77 21.5° 6.8 .07 .012 .46 6.0 .23
26-7-77 25° 6.8 .13 .008 .83 6.0 .24
12-8-77 26° 6„3 .12 .009 .75 • 5.9 .26
26-9-77 23° 6.2 .11 oOOB .73 6.4 .25
25-10-77 21° 6.8 .11 .007 .73 6.9 .22
14-11-77 21° 6.7 .09 .007 .65 7.2 .19
12-12-77 18° 6.9 .08 .006 .56 6.8 .18
Average 23.04 6.575 .09 „007 .65 6.616 .228

+ 3.695 +Oo245 +0.025 jTO.OOl +Ool35 +0.507 +0.028

Nt = Total nitrogen, Na = Available nitrogen, OC = Organic carbon.
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Table 9; Showing the physico-chemical conditions of soil at 
depth B of SH pond with the annual average and 
standard deviation for the years 1976 and 1977

Phos- Exchange
Dates t° pH Nt % Na % OC % phorus able

mg/lOO/g Ca %
10-1-76 170 6.0 .07 .008 .63 6.3 .38
10-2-76 2CP 6.0 .04 „009 .70 .7 .3
9-3-76 25° 6.1 »08 .Oil .70 .7 .27
5-4-76 25° 6.3 .08 .012 .80 5.4 .50
7-5-76 26° 5.4 .15 .014 .95 6.1 .30

15-6-76 29° 5„6 .17 .009 .90 6.5 .21
12-7-76 29° 6„0 .09 = 008 .75 6.9 .24
10-8-76 29° 6.1 .13 .009 .74 5.2 .29
10-9-76 20° 6„0 .07 .007 = 70 5.3 .22
10-10-76 20° 6.2 .08 .006 .80 6.8 .28
24-11-76 20° 6.3 .09 = 006 = 90 7.1 .22
11-12-76 17° 6.4 .09 o007 .70 6.9 .25
Average 23.08 6.035 .095 .008 .77 6.375 .288

+4.6 +0.287 +0.036 ^ o 002 +0.099 +0.714 +0.081
19-1-77 18° 6.4 .09 o007 .82 6.8 .23
10-2-77 19° 6.0 o08 .009 .7 6 = 0 .20
14-3-77 25° 6.2 .08 .011 .12 6.4 .26
4-4-77 26° 6.4 .16 .013 .10 8.2 .29
2-5-77 23° 6.2 .11 .005 .80 8.1 .32

29-6-77 21.5° 6.5 .19 .013 .75 7.1 .26
26-7-77 23° 6.6 .13 .009 .86 7.0 .29
12-8-77 25° 6.3 .14 .008 .78 8.7 .26
26-9-77 20° 6.2 .16 .008 .76 7.7 .24
25-10-77 23° 6.6 .16 .007 .78 7. .18
14-11-77 20° 6.5 .09 .007 .69 8.1 .19
12-12-77 18° 6.9 .11 o007 .76 7.6 .20
Average 22.208 6.4 .125 .008 .66 7.39 .243

+3.31 +̂ 0.24 +0.037 + .002 +0.261 +0.807 +0.044
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Table lO: Showing 
depth C 
standard

the physico-chemical conditions of soil at 
of SH pond with the annual average and 
deviation for the years 1976 and 1977

Dates t° pH Nt % Na % OC %
Phos­

phorus
mg/lOO/g

Exchange' 
able 
Ca %

10-1-76 16° 5.4 .24 o030 2.6 6.4 .34
10-2-76 18° 5.9 .24 .031 2.8 6.5 .32
9-3-76 24° 5.2 .25 .033 2.9 6.1 .28
5-4-76 23° 5.4 .19 .039 2.9 6.00 .32
7-5-76 26.5° 5.7 .23 .041 3.0 6.5 .38
15-6-76 27° 5.1 .23 „042 2.7 6.8 .30
12-7-76 27.5° 5„5 .36 „03B 3.2 6.6 .39
10-8-76 29° 5„2 .35 „035 2.8 7.1 .42
10-9-76 20° 5.5 .30 .033 2.9 7.2 .38
10-10-76 20° 5.0 .31 .032 2.7 6.8 .36
24-11-76 19° 5.2 .32 o031 2.8 6.9 .45
11-12-76 17° 5.2 .21 .029 2.9 6.9 .46
Average 20„25 5„35B .279 .034 2.85 6.65 .3666

+4o5 +0.26 +0.0593 +0„004 +0.157 +0.37 jp.057
13-1-77 16° 5.4 .21 .028 2.9 7.1 .29
10-2-77 17° 5.2 .24 o031 2.7 7.1 .31
14-3-77 22° 5„6 .26 .032 2.8 6.1 .36
4-4-77 22° 5.4 .30 .035 2.8 8.1 .31
7-5-77 23° 5.2 .34 o037 2.9 6.0 .29

29-6-77 21.5° 5.1 .31 o038 2.7 6.9 .32
26-7-77 23° 5.6 .31 .037 3.1 6.3 .41
12-8-77 27° 5.8 .27 .034 3.0 7.2 .42
26-9-77 19° 5.4 .23 .038 2.8 7„6 .42
25-10-77 23° 5.4 .24 .037 2.9 7.8 .36
14-11-77 18° 5.7 .27 .033 2.7 8.2 .32
12-12-77 17.5° 5.6 .25 .032 2.8 8.1 .34
Average 20„75 5.45 .269 o034 2.84 7.208 .345

+3.24 +0.215 +0o038 +0.003 +0.124 +0.78 +0.048
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Table 11; Showing the physico-chemical condition of soil
with annual average and standard deviation of
PG pond at depth A for the years 1976 and 1977

Dates kO pH

4-1-76 
7-2-76

12-3-76
7-4-76

15-5-76
10-6-76
7-7-76
5-8-76 
7-9-76 
7-10-76 
7-13-76 
9-12-76

Average

Available Exchange 
Nt % Na % DC % phos- able

phorus Ca %
mg/lOO/g

170
17°
21°

28°
27°
26°
29°
29°
28°
23°
19°
18°
23o50

5.8
5.9
5.7
5.8
5.9
5.7 
6.1
5.7
5.8 
5.7
5.9 
6.5
5.875

.16

.19

.17

.15

.09

.14

.14
ol2
.14
.16
.17
.14
.147

o006 
= 006 
.010 
.014 
o015 
.014 
.016 
.014 
.008 
o009 
.007 
.007
.01

1.17
.95

1.96
1.6
1 . 6
1.5
1. 6
1.5
1.6 
1.5 
1.2 
1.03
1.434

5
6.4 
6.1  
6.9 
7.1
7.5
5.5
5.7
5.8
5.9
5.7
5.7
6.108

.20

.25

.32

.32

.24

.27

.30

.31

.29

.24

.22

.19
0.26

A

+4.87 +0.23 +0.025 +0.003 +0.29 +0.73 +0.045
10-1-77 17° 6.0 .13 o007 1.1 5.8 .22
7-2-77 19° 6.1 .16 .009 1.4 5.9 .23

11-3-77 21° 5.8 .19 o007 1„5 6.4 .34
2-4-77 28° 5.9 .12 .008 1„27 6.9 .36
6-5-77 29° 6.1 .12 .009 .70 7.2 .•32
25-6-77 22° 6.2 = 17 o007 .86 .8-1 .28
28-7-77 23° 6.3 .18 oOll o90 7.5 .28
20-8-77 26° 5.8 .15 .009 1.2 7.8 .27
28-9-77 24.5° 6.0 .16 .012 .95 6.6 .21
29-10-77 21° 6.1 .12 „007 1.2 6.7 .25
10-11-77 19° 5.9 .14 o006 1.5 6.1 .27
14-12-77 15° 5.7 .14 .005 1.8 6 .26
Average 22„04 5.99 .148 .008 1.198 6.75 .27

+4.287 +0.178 +0.024 +0.002 +0.318 +0.766 +0.046
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Table 12; Showing the physico-chemical condition of soil
with annual average and standard deviation of
PG pond at depth B for the years 1976 and 1977

Dates pH Nt % Na %
Available Exchange- 

OC % phos- able
phorus Ca %

mg/lOO/g

V

4-1-76
4-2-76 

12-3-76
7-4-76

15-5-76
10-6-76
7-7-76
5-8-76 
7-9-76 
7-10-76 
7-11-76 
9-12-76

Average

10-1-77 
7-2-77

11-3-77 
2-4-77 
6-5-77

25-6-77
28-7-77
20-8-77
28-9-77
10-11-77
14-12-77
Average

18.5°
19°
20°

26°
26°
25°
28°
28°
27°
22°

18°
17°
22„875

6.0
5.8
5.4 
5.7 
5.0
4.4
5.4
5.6
5.5
5.4
5.7
6.4 
5.525

16°
18°
20°
27°
28°
21°

22°

25°
24°
18°
14°
2 1 . 1 6 0

+4.302

5.7
5.2
5.2
5.2
5.0 
6.5
5.0
5.0
5.0
5.1 
5.0
5.258

+0.437

.25

.28

.29

.21

.24

.26

.26

.10
ol3
.19
ol8
.16

0.213
+4.21 +0.497 +0„061

.18

.26
-29
.25
o20
.24
.28
o27
.24
.25
.20
.24

+0.033

oOl2
.011
.016
.017
.015
.021
.024
.019
.05
.016
.012
.009
.026

+0.004
.009
.011
. 0 1 2
.018
oOl9
.017
.018
.019
.012
. 0 1 2
.011

.014
+0.003

2.3
2.5
3.6
3.7 
3„9
3.1
3.9
3.1
3.7 
2o9
2.9
2.8
3.2 

+0.547
2.9
2.9
3.4
3.9
3.5 
3.1
3.9 
3-41 
3.11
3.0
3.0
3.31

+0.362

5.5
6.5 
6.2
6.3
7.0
7.1
5.6 
6 .0  
6.0
5.8
5.9
5.7 
6.13

+0.515
5-9
6 . 1  
6.2
7.4
7.5 
•7.9
6. 2
6.9 
5„8 
5.1 
5.4
6.34
+0.885

.22

.24

.35

.38

.27

.28

.28

.38

.38

.39

.32

.28
-31

+0-06
-36
.32
.32
.35
.39
.36
.25
.26
.27
.22
-24
-296

+0-06
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Table 13: Showing the physicc 
with annual average 
PG Pond at depth C :

-chemical conditions of soil 
and standard deviation of 
for the years 1976 and 1977

Dates t° pH Nt % Na % oc %

Available
phos­
phorus

mg/lOO/g

Exchange' 
able 
Ca %

4-1-76 17° 5.7 .20 .024 1.08 6.5 .32
7-2-76 18° 5.8 .21 o024 1.19 7.0 .32
12-3-76 19° 5„7 .23 .028 1.35 6.1 .34
7-4-76 24° 5.2 .18 .031 1.38 7.2 .38

15-5-76 25° 5.1 .18 .042 2.26 7.3 .38
10-6-76 34° 5.2 .20 .043 2.65 7.1 .42
7-7-76 35° 5.4 .24 .049 2.96 7.8 .42
5-8-76 24° 5.0 .24 .046 2.11 6.0 .41
7-9-76 25° 5.0 .21 .039 3.12 6.0 .40
7-10-76 21° 5.2 .19 .031 1.74 6.1 .39
7-11-76 170 5.2 .21 .028 1.65 6.4 .38
9-12-76 17° 5.4 „22 .026 lol5 6.3 .34

Average 21o33 5.325 .209 = 03 lo803 6.65 .375
+3 <,4981 +0 * 2 7 6 +0.021 jK)o009 jjD.617 +0.605 +0.036

10-1^77 16° 5„6 .19 c021 1.2 6.6 .39
7-2-77 18° 5.2 o20 .024 1.1 6.8 .34

11-3-77 20° 5.4 .21 .025 1,0 7.2 .38
2-4-77 26° 5.1 o22 = 024 1.74 7.9 .39

25-6-77 21° 5.4 o24 .025 1.87 ‘ '8.2 .38
28-7-77 22° 5.2 „25 .026 1.78 7.1 .45
20-8-77 24° 4.9 .26 o029 1.73 6.9 .42
28-9-77 23° 5.2 .21 .025 1.65 6.8 .39
29-10-77 21° 5.4 o21 „026 1.64 6-7 .37
10-11-77 16° 5.5 .22 .024 1,5 6.2 .38
14-12-77 16° 5„6 .20 .026 1.5 6.5 .36
Average 20.83 5,308 .22 .025 1,486 7.08 .386

+0„80S1 j0 . 2 1 +0.021 +0.001 +0.31 +0.65 +0.027
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Table 14; Showing physico-chemical conditions of soil with

A

annual average and standard deviation at depth A 
of SB pond for the years 1976 and 1977

Dates t° pH Nt % Na % OC %
Available
phos­

phorus
mg/lOO/g

Exchange­
able 
Ca %

15-1-76 15° 6.1 .10 .012 .9 7.0 .28
15-2-76 170 6.5 „12 .011 1.2 8.9 .24
15-3-76 24° 6.2 .12 .011 1.2 9.5 .36
30-4-76 28° 6.0 .10 .015 .79 11.0 .29
18-5-76 28° 6.1 .12 o014 .90 8.9 .24
16-6-76 28° 6.5 .19 „012 1.2 8.0 .21
15-7-76 31° 6.5 .18 .017 .9 10.2 .18
31-8-76 31° 5.9 ol3 0OI6 1.1 10.0 .16
30-9-76 26° 5.9 .14 o009 1.2 8.0 .19
30-10-76 24° 6.1 .15 „012 1.1 9.9 .24
30-11-76 21° 6.0 .14 .011 .9 6.8 .26
28-12-76 15° 6.1 .13 .012 1.2 6.6 .26
Average 24° 6.15 .139 .012 1.05 8.73 .24

+5.799 +0.223 +0.03 +0.002 +0.158 +1.454 +0.054

19-1-77 16° 6.7 .11 .01 .80 7.8 .27
24-2-77 17° 6.8 .13 .01 .8 10.2 .27
15-3-77 28° 6.9 .12 .01 .90 12.2 .28
8-4-77 28° 6.8 .16 .012 .99 14.0 .32
9-5-77 30° 6.7 .10 .015 1.5 14.0 .24

22-6-77 22° 6.9 .17 .012 1.6 16.0 .20
30-7-77 24° 6.8 .13 .006 o9 9.0 .19
18-8-77 26° 6.8 .19 .007 1.1 9.2 .17
30-9-77 24° 6.8 .16 .009 1.02 11.0 .18
31-10-77 20° 6.9 .17 0.12 1.02 12.0 .26
15-11-77 20° 6.7 .18 oOll 1.1 8.0 .28
22-12-77 15° 6.8 .14 .012 1.49 14 .32
Average 22.5° 6.8 0.15 0.01 1.1 11.45 0.24

+5 +O0O73 +0.029 +0.002 +0.277 +2v88 +0.052
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Table 15: Showing the physico-chemical conditions of soil with
annual average and standard deviation at depth B
of SB pond for the year 1976 and 1977

Dates pH Nt % Na % OC %
Available
phos­

phorus
mg/lOO/g

Exchange 
able 
Ca %

15-1-76 15° 6 ol9 o02 1.7 6.5 .32
15-2-76 170 6.4 .22 ,024 1.5 8.0 .32
15-3-76 23° 6.0 .22 .025 1.75 7.6 .24
30-4-76 27° 6.2 .24 .026 1.5 12.5 .26
16-5-76 27° 6.4 .26 .031 1.5 11.0 .20
16-6-76 27° 6.4 1.29 .018 1.5 8.15 .21
15-7-76 30° 6.4 .29 .019 1.8 10.2 .30
31-8-76 30° 5.8 .24 .024 1.9 10.1 .31
30-9-76 24° 5.8 .20 .024 1.9 9.9 .33
30-10-76 23° 6.0 .23 „019 1.5 9.1 .36
30-11-76 20° 5„9 .20 .016 1.1 8.8 .38
28-12-76 15° 6.0 .19 .018 1.5 8.9 .40
Average 23.166 6.1 „23 0 o02 1.595 9.22 0.30

+5.39 +0.239 +0.035 jj0.004 +0.226 +1.62 j<).063

19-1-77 15° 6.7 .20 .02 1.6 9.1 .34
24-2-77 16° 6.8 .22 .021 1.7 11 .38
15-3-77 27° 6.9 .22 .025 1.8 12.6 .42
8-4-77 27° 6.5 .21 .032 1.81 15 .41
9-5-77 29° 6.3 .29 .037 1.8 15.6 .29

22-6-76 21° 6.5 .28 „023 1.8 18 .28
30-7-77 23° 6.6 .26 .025 1.7 19.5 .21
18-8-77 24° 6.7 .20 .36 1.5 10 .20
30-9-77 23° 6.8 .19 o032 1.8 10.2 .26
31-10-77 20° 6.7 .21 .031 1.8 13 .29
15-11-77 18° 6.7 .21 .031 1.7 .14 .22
22-12-77 15° 16.8 .20 .022 1.9 16 .32
Average 21.5 6.666 .22 .05 1,74 13.666 .3

+4.83 +0.166 jH0.033 +0.096 +0.108 +3.287 +0.075

4 0 0 0 3 1
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Table 16: Showing the physico-chemical 
annual average and standard i 
of SB pond for the year

1

conditions of soil silt 
deviation at depth C 
1976 and 1977

Dates t° pH Nt % Na % OC %
Available
phos­

phorus
mg/lOO/g

Exchange 
able 
Ca %

15-1-76 15° 5.9 .31 0.6 1.9 16.7 .35
15-2-76 16° 5.9 .32 .067 1.8 17.0 .33
15-3-76 22° 5.9 „36 . 068 2.1 17.2 .32
30-4-76 26° 6.0 .35 .055 1.9 10.1 .35
10-5-76 26° 6.2 .35 .04 1.9 12.4 .24
16-6-76 26° 6.5 .36 .035 2.1 14.8 .22
15-7-76 29° 6.0 .37 .048 2.2 9.0 .28
31-8-76 29° 5.9 .32 .056 1.9 9.1 .35
30-9-76 23° 5.9 .35 .059 1.9 10.2 .36
30-10-76 23° 5.8 .32 .064 1.8 8.5 .38
30-11-76 20° 5.7 .30 .061 1.8 9.1 .42
26-12-76 15° 5.9 .32 .064 1.7 14.2 .48
Average 22.5° 5.966 .335 „056 1.916 12.358 .34

+5o07 +0.205 +0.023 +̂0.010 +0.146 +3.44 +0.071

11-1-77 15° 6.2 .33 .052 1.9 9.9 .38
14-2-77 16° 6.7 .32 .057 1.85 14 .42
15-3-77 26° 6.4 .32 .061 1.8 14.9 .44
8-4-77 25° 6.1 .35 .052 1.86 16 .40
9-5-77 28° 6.0 .37 .063 1.9 15.9 .29

22-6-77 20° 6.0 .38 .047 1.76 19 .28
30-7-77 22° 6.3 .39 .042 1.93 19.4 .27
18-8-77 23° 6.4 .37 .057 2.16 14 .36
30-9-77 22„5° 6„5 .34 .06 2.29 14 .38
31-10-77 18° 6.4 .35 .051 1.91 14.8 .39
5-11-77 17° 6.2 .31 .055 1.86 16 .40

22-12-77 15° 6„4 .31 .052 1.92 18 .39
Average 20.63 6.3 .346 .054 1.936 15.49 .366

+4.457 +0.208 +0.027 +0.006 +0.147 +2.58 +0.056
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respectively in 1976 and 0.13, 0.19, 0.31% respectively in 1977). In 

PG pond total nitrogen values of soils were the highest during late 

winter and early siammer at station A and B whereas those at C were 

recorded during monsoon for both the years. Bottom soil of SB pond 

showed the highest values of total nitrogen during late summer and 

monsoon and the lowest during winter (Table 8 - 16).

Available Nitrogen

Available nitrogen was noted to reach the peak values during 
summer and monsoon in all the three ponds. The highest and the lowest 

values were recorded in SB pond and SH pond respectively.

Organic Carton

Organic carbon content in the soil samples was noted to be the 

highest in PG pond and the lowest in SH pond, whereas in SB pond it 
was intermediate between the two. SH pond and SB ponds contained the 

highest organic carbon during late summer and monsoon and the lowest 

during winter. PG pond showed the peak value of organic carbon 

during late winter and early summer. Organic carbon was found to be 
the highest at C in SH and SB pond and at B in PG pond (Tables 8 - 16).

Available Phosphorus

Among the three ponds, the yearly average content of available 

phosphorus was found to be the highest in the soils of SB pond as
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compared to other two ponds during the entire period of investigation. 

Detailed monthly record of available phosphorus are shown in 
Tables 8 - 1 6 .
Exchangeable Calcium
Exchangeable calcium was noted to be the highest in PG pond and the 

lowest in SH pond throughout the periods of observation. But the 

intermediate position in exchangeable calcium content was recorded in 
SB pond (Tables 8 - 16).

Relationship between pH and available phosphorus content of soils 
(Table 17)

The available phosphorus content of the sediment increased with 
the increase of soil pH. The relationship was noted to be at 5% level 

of significance at B of SB pond (t = 2.298) and it was found to be at 

1% level of significance at A of SB pond (t = 3.17).

Relationship between pU ̂ d  total Nitrogen content of soils 

(Table 17)

In the present study an inverse relationship between pH and 
total nitrogen content of soil was found„

,>K
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Table 17: Showing correlation coefficient between pH and available 
phosphorus (A/P), pH, & N/T, and pH and organic carbon
of soil at three depth in SH, PG and SB ponds

SH Pond Depth - A pH S A/P r 0.333 t 1.639
II II B It r 0.375 t 1.926
II II C II r 0.005 t 0.046

PG Pond II A II r 0.148 t 0.711
II II B II r -0.292 t -1.421
It II C II r .104 t 0.471

SB Pond II A II r 0.555 t 3.170 **
II II B II r 0.437 t 2.298*
II II C 11 r 0.32 t 1.584

SH Pond 11 A pH s N/T r -0.008 t -0.039
It II B 11 r -0.069 t -0.324
II It C II r -0.623 t -3.734 **

PG Pond II A It r 0 t 0
II II B II r -0.092 t -0.423
II II C II r -0.192 t -0.916

SB Pond II A It r -0.40 t -2.047
II II B II r -0.02 t -0.094
II II C II r -0.409 t -2.105 *

SH Pond II A pH It OC r -0.013 t -0.063
II I t B II r -0.154 t -0.751
II It C II r - .684 t -4.401 **

PG Pond II A II r -0.441 t -2.298 *
I I II B II r -0.111 t -0.519
II II C II r -0.428 t -2.218*

SB Pond I I A It r -0.163 t -0.762
II I I B II r -0.431 t -2.234 *
II II C It r -0.803 t -6.313 **

* 5% level of significance
** 1% level of significance
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Relationship between pH and organic carbon content of soils 

(Table 17)

Soil pH decreased with the increase of the amount of organic 

carbon in ponds sediment. The relationship was found to be at 5% 

level of significance at A (t = - 2.98) and C (t = - 2.218) of PG and 

at B (t = - 2.234) of SB pond. At C of SH pond (t = - 4.401) and SB 

pond (t = - 6.313) the relationship was noted to be at 1% level of 

significance„

Relationship between total Nitrogen and available Phosphorus 

content of soils (Table 18)

The amount of available phosphorus in sediment was found to 

increase with the increasing content of total nitrogen at all the 

depths of three ponds except at depth A of SH pond. The relation­

ship was calculated to be at 5% level of significance at depth B of 

SH pondo

Relationship between total Nitrogen and organic carbon content of 

soils (Table 18)

The amount of total nitrogen increased with the increase of the 

content of organic carbon of soils. The relationship was noted to be 

at 1% level of significance at depth A of SH pond.
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Table 18: Showing correlation coefficient between total nitrogen
and available phosphorus, and N/T and organic carbon 
of soil at three depths in SH, PG and SB ponds

r

SH Pond Depth A N/T S A/P r -0.32 t -1.584
I I I I B II r 0.48 t 2.566 *
I I I I C II r 0.03 t 0.141

PG Poncl II A II r O t O
It I I B II r 0.184 t 0.858
II I I C II r 0.23 t 1.108

SB Pond II A II r 0.34 t 1.69
It II B It r O t 0

I I C It r 0.25 t 1.21

SH Pond I I A N/T s oc r Oo7528 t 5.432 *’
II II B II r 0.1097 t 0.5148
II II C II r t

PG Pond II A II r 0.09 t 0.421
u II B II r 0.17 t 0.811
II It C II r t

SB Pond II A II r 0.142 t 0.663
M U B II r 0.275 t 1.236
i t II C II r O t O

* 5% level of significance
** 1% level of significance
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In all the three ponds the highest temperature of bottom soil was 

found at A (0.2 meter depth) during summer. The lowest temperature 

was noted at C (3 meter depth) during winter. It seems that soil 

temperature of ponds, like that of water, depends on angle of incidence 

of sun light, duration of photoperiod, and volxame of water.

In the present observation a noticeable fluctuation in soil pH at 

different depths was noted in all the three ponds. Soil pH was found 

to increase at greater depth. The highest pH was found at the margins 

of the ponds. Accumulation of organic matter, which showed a negative 

relationship with pH in these studies resulted the low pH. At the 
deepest bottom these ponds contained very high amount of organic matter 

and pH was found to be minimiam. On the other hand, at A (Pond's 

margin) the highest pH was recorded where the content of organic matter
* •

was the minimiim.

During the present investigation available phosphorus showed a 

positive correlation with pH in all the sampling depths of the three 

ponds except^ B of PG pond whe^re high organic matter and rich bacterial 
population were recorded (Table 7, 12 and 17). This negative relation­

ship might be due to assimilation of available phosphorus by the 
bacterial cells. Einsele (1936) and Ohle (1938) also observed a direct 

relationship between pH and available phosphorus in pond soil.

COMMENTS
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During the present observation, pH showed negative relationship 

with total nitrogen of soil. Soil pH exhibited good negative relation­

ship with total nitrogen at C of SH pond (r = - .623). At depth C of 

SB pond the relationship between pH and total nitrogen was found to be 
significant at 5% level (r = - . 4 o 9 )  (Table 1 7 ) .  Negative relation­

ship between soil pH and total nitrogen content is logical since an 

increase in organic matter content increases the amount of nitrogen 

which enhances the bacterial decomposition and this pH of soil is 

reduced.

In the present study a positive correlation between available 

phosphorus and nitrogen content, was recorded in all the depths of 

three ponds, except at A of SH pond (Table 18). However, an inverse 

correlation between available phosphorus and nitrogen of soil was 

described by various workers (Mortimer, 1941; Stephenson, 1951;

Sumitra, 197 3 ) .

The highest nitrogen contents in the bottom soil of SB and SH 

pond were noted during summer and early monsoon, whereas at PG pond 
the highest value was found during the late winter and early summer 

(Tables 8 -  16) . Concentration of nitrogen in pond sediment depends 
on the amount of organic mc.tter and temperature which enhance the 
process of denitrification. PG pond showed the highest organic matter 

during late winter through leaf litter which increased the nitrogen
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value of the sediment. Soil temperature was also high in SB and SH 

ponds during summer and early monsoon which enriched the nitrogen 

content of the sediment through decomposition of the organic matter 

present and that brought by rain water from the-T^eighbouring areas. 

As such in the present study a positive correlation always occurred 
between organic matter and total nitrogen content of pond soil 
(Table 18).

In the course of present investigation, the highest deposit of 
organic carbon was noted at C in SB and SH ponds and at B in PG pond 

where also more coarse grained sediment was recorded than those at A 

which contained less organic carbon and course grained sediment. Hie 

richness of course grained sediment in deeper zones might be due to 

sharp slope of the basin. However, Cook (1975) found that course 

grained sediment tended to be much poorer in organic carbon content 
than silts and muds with very small particle size.

The exchangeable calcixom content of soil has been found to be

related directly with pH. Soil pH of SB pond was higher than that of

SH pond and it contained higher amount of exchangeable calcium also 
(Tables 14 - 16) . However, in PG pond soil was recorded to contain 

the highest amount of exchangeable calcium though it had the lowest 

pH value (Tcibles 11 - 13) . The above anomaly might be due to the
influence of some ions like aluminiiam and hydrogen.
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In the present observations, PG pond had the highest exchange­

able calcium content followed by SB and SH pond. Comparatively low 

calcium values were found in the water of PG and SH pond. The highest 

calcium value was noted in water of SB pond. Utilization of Ca ion 

from water by molluscan populations in PG and SH ponds might be the 
possible reason for above observation as these organisms were abundant 

in these ponds (Appendices 1 -5). Young (1975) while working with 

the molluscan fauna reported that these organisms can absorb soluble 

Ca directly from water for their body requirement. As such high Ca 
value in SB pond water was noted in spite of low value of exchangeable 
calcium present in the sediment. However, Saha et aZ. (1971) observed 

that calcium concentration in pond water varied directly with exchange­

able calcitffli in soil. On the other hand Sumitra (1973) obtained no 

definite relationship between exchangeable calcium ion in soil and 

calcium content in water.
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CHAPTER V

POPULATIONS OF BENTHIC MACROMJVHRTEBRftTES

During two-year period of investigation the macroinvertebrate 

fauna belonging to planaria, oligochaetes, leeches, chironomids, 

ceratopogons, ostracods, mites, odonata, and molluscs etc. were 
studied in three ponds at Dacca. Of these groups special emphasis 

was given on the study of oligochaetes and molluscs. Beside the 

taxonomic enumeration other aspects, such as, seasonal variation, 

ecological distribution and effects of physical and chemical factors 
on the growth and distribution of these organisms in different 

depths of the ponds were studied. Detailed taxoncmic enumeration of 

oligochaetes and molluscs of three ponds at different depths is given 

Table 19.

The occurrence of macrobenthos and their community structure 
differed characteristically (Tables 20, 21, Fig. 16). SB pond showed 

the highest number of diversified fauna. SH pond was characterised 

by poor number and low faunal diversity, whereas PG pond stood 
intermediate between the two. In all the three ponds the occurrence 

and diversification of the organisms decreased as thf: depth increased 

and at C a remarkable reduction in faunal distribution was noted 

(Table 20, Fig. 16). However, the observation on macroinvertebrates
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are discussed here under the following heads: (i) community patterns

at different depths in different seasons; (ii) biomass of macro­

invertebrates; (iii) size group frequency of dominant tubificids;

(iv) mutual association between major oligochaetes; (v) populations 

of benthic macroinvertebrates and physico-chemical factors of water; 

(a) simple regression; (b) multiple regression; (vi) populations of 

macroinvertebrates and some chemical parameters of soil.

(i) Community Patterns

The oligochaetes was the most common group in all the three 

ponds and these organisms detennined the major bulk of the community. 
In SB pond it was followed by chironomids and molluscs, whereas in 

SH and PG ponds molluscs occupied the second position followed by 
chironomids (Figs. 17 - 19). In the present investigation, sometimes 

an inverse relationship was observed between chironomids and 

oligochaetes (Fig. 20).

The community patterns at different depths. A, B and C, of the 

three ponds in different seasons are discussed below.

DEPTH A

The highest number of benthic organisms per meter square was 

found at A (Fig. 16). Rainfall was noted to have a vital role in'
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Fig. 18 Graph showing percent relative abundance of major groups 
of organisms at three depths of PG pond in 1976 and 1977.
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Fig. 23 Graphs showing the rainfall and seasonal abundance of oligochaete fauns at
depth A of SB pond in 1976 and 1977.
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determining the zonal distribution of oligochaete fauna vis-a-vis 

^  the total macrobenthos in all the three ponds (Figs, 21 - 23).

During monsoon the number of oligochaete fauna at A was usua]ly 

decreased with simultaneous increese at B (Fig. 24) . Thus the 

abundance of macrobenthos at A and B was found to be affected by 
rainfall.

SH Pond

The lowest nvimber of total organisms was encountered during 

late May to September in 1976 and during late May and June in 1977.
^  The maximum number of macroinvertebrates occurred during January

through April and October through December in 1976 and January through

April and July through December in 1977„ The peak growth of 14946 indv./
2m was noted during December in the first year. The highest number of 

14952 indVo/m^ during February in the second year (Fig. 251. In the 

first year, of the total nxmiber of organisms, oligochaetes represented 

51.6%, and chironomids and molluscs formed 32.3% and 10.9% respectively. 

In the second year oligochaetes constituted 49.8%, chironomids and 

molluscs formed 28.5% and 18.2% of the total macrobenthos respectively 
(Table 20, Fig. 17), However, Ostracoda, Hydracarina, Ceratopogonidae 
and Odonata were present but in much smaller nxmiber (Table 20, Fig, 17). 

Phylum ; Annelida; Class ; Oligochaeta;
Order ; Haplotaxida
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O T H E R

Fig. 25 Graphs showing seasonal abundance of total fauna and their major groups
separately at depth A of SH pond in 1975 and 1977.
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species separately at depth A of SH pond in 1976 and 1977,
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The largest number of oligochaetes usually occurred at depth A. 

In 1976 the minimiim number was noted during June to September and in 

1977 the minimum number was found during June, late September, and
oearly October. The peak growth of 9372 indv/m'^ was found during 

November in the first year, whereas during the second it was 

8008 indv./m2 in July (Figs. 25, 26)„ As stated earlier the number 

was recorded to be influenced by rainfall.

FamilytNaididae

Branohiodritus semperi (Bourne)

B. semperi was found occur more or less throughout the period 

of observation. But its number was never high. In 1976 the highest 
occurrence of 702 indv./m^ was noted during April, whereas in 1977 

the peak growth of 1582 indv./m^ was encountered during late October 

(Fig. 23). In 1976 it constituted 8„7% of the total oligochaete 

fauna whereas in 1977 it formed 9o5% of worms (Table 21).

Depo dorsalis (Ferronniere)

D, dorsalis constituted 1 .6 % of the total oligochaete in both 

the first and second year. The highest number of 484 indv./m 

occurred during July in 1976 whereas in 1977 the highest number of 

704 indvc/m^ was found during December (Table 21, Fig. 26).
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Vero digitata (Muller)

D. digitata was most dominant naidids found in SH pond and in

1976 it comprised 6 .6% of the total oligochaetes. The peak of 

968 indv./m^ was noted during late June and November. Its number 

increased in 1977 and foraed 13.5% of the total worm with the

maximum abundance of 3068 indv./m^ during November (Table 21, Fig. 26)

Pristina aoaiminata (Liang)

P. aocuminata was scarcely encountered in the collection and it 
constituted about 1.1% and 1.4% of the total worms in the first and

second year respectively (Table 21)o

Family: Tubificidae 

Limnodrilus hoffmeisteri (Claparede)

L. hoffmeisteri was the most conimon oligochaete worm. In 1976 

it comprised 77.48% of the total olicochaetes and 41.4% of the total 

macroinvertebrates with the highest number of 7040 indv./m^ during 

late December. In 1977 it constituted 65.86% of total 
oligochaetes and 3,7% of the total macrobenthos. The maximum number 

of 6864 indv./m^ was recorded during January (Table 21, Fig. 26).
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Aulodrilus pluriseta (Piguet)

This tubificid was found to occur only occasionally and in 

small number. In the first yeai it formed 2.3% of the total 

oligochaetes and it was noted only once in the second year.

BrccnchiuTa sowerbyi (Beddard)

B. sowerbyi was also found rarely at depth A. In 1976 it 

formed 2„3% and in 1977 about 4.38% of the total oligochaetes 

(Table 21).

Class ; Insecta; Order : Diptera; Family ; Chironomidae

The maximum occurrence of the dipteran larvae was noted between 

January and April for both the years. The peak of 9780 indv./m was 

found during March in the first year whereas the highest number of 
9812 indVo/m2 was recorded during February in the second year (Table 20, 

Figo 25). The chironomid larvae were found tc be absent during late 

May, mid June, September and late October in 1976 and during 

September in 1977. The midge larvae formed 32.3% and 28.5% of the 

macrobenthos in the first and second year respectively.

123
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Phyliim ; Mol lusca

^  It constituted 10.9% and 18.26% of the total

benthicmacroorganisms during the first and second year respectively 

(Table 20, Fig. 17).

Class : Gastropoda; Order : Mesogastropoda;

Family : Viviparidae

Vivipgpus bengalensis (Lamarck)

V. bengaZensis was the dominant species among molluscs. It 

^  comprisod 31.24% of the total molluscs. It was found from May to

October in 1976 with the highest population of 1080 indv./m in late 
Augusto During November and December the pond snail was also present 

in negligible niamber.

In 1977 rise in number occurred from April with a fall during
o  ' i  -May and June. The peak of 2420 indv./m was found in early October 

and the population was noted to drop sharply in late October. It 
slightly increased in November and thereafter the growth declined 

further during December (Table 21, Fig» 27).
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Fantily ; Aminocolidae

Pi^onjestomci, pulohella (gensonl

In 1976 uniform growth of the gastropod occurred between May 

and November. However, the snail found absent in the population 

during late June and early Augusto The peak of 396 indv./m^ was 

noted during late July. In the second year the population D. 

pulohella was recorded to be more or less constant with the peak of 

1364 indv./m^ in early July (Figo 27). The snail comprised 17% and 
26% of the molluscan fauna in the first and second year respectively 

(Table 21).

AlQcjnma ovoula -Frauenfeld

A. OTOula was noted to be a rare organism in SH pond and 
recorded only from depth A. The gastropod was found from January to 

early May in the first year and during May and July in the seccmd 

year.

Family ; Melaniidae

Melcfnia tuberoulatus (Muiier)

In the first year M. tuberoulatus was observed in population 
more or less uniformly from February to May. The snail was absent
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from June to early August. From September the population curve of 

M. tuberoulatus showed an upward trend with a slight fall in mid 

October and early December. However, the peak was found in late 
December with 1012 indv./m^. In the second year the population curve 

of M. tubevculatus was found to remain almost unchanged (Fig. 27).

Order; Basommatophora Family; Lymnaedae 

Lymnea sp.

The snail was found in a few occasions in 1976.

Family: Planorbidae

Planorbis exustus Deshayes

It was recorded occasionally in 1977.

V.

Class ; Bivalvia; Order ; Eulamellibranchia;

Family : Unionidae

Lamellidens marginalis (Lamarck)

This filter feeding organism occurred only in SH pond. The 

bivalve was found to be present occasionally in poor quantity during 

the period of observations (Fig. 24).
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PG pond

In the first year maxinram number of macrobenthos occurred from 

January to March and July to December. A sharp decrease in faunal 
occurrence was found from late March and the lowest number 924 indv./m^ 

was noted in late June. Thereafter an increase in faunal number was 

observed and the peak of 33924 indv./m^ was recorded in late December 
(Fig. 28).

In the second year more or less uniform abundance was encoun­

tered from January to October with a fall during March and July 
(Fig. 28)„ The highest number of 28952 indv./m^ was found during 

September. The abundance of macrobenthos dropped and was minimum with 

2260 indv./m^ during November. In December the faunal abundance was 
noted to increase slightly (Fig. 28).

The oligochaetes were the most abundant members at depth A and 
formed 71.8% and 72.2%, of the total benthos in 1976 &nd 1977 

respectively. The molluscs were the second dominant group and 
constituted 7.1% and 18.9% of the total organisms in the first and 
second year whereas chironomids were the third dominant group and 

comprised of 14.8% and 7.4% respectively in the first and second 

year (Table 20 and Fig. 18). Other less abundant groups were 

Hydracarina, Ostracoda, Planoria, Hirudinaria, Odonata and 

Ceratopogoniidae, and some unidentified insects.
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Phyliim : Annelida; Class ; Oligochaeta;

Order ; Haplotaxi'da

In the first year uniform populations of oligochaetes were 

noted from January to April and the’ faunal abundance decreased from 

May till June, when the population became the lowest with 

352 indvo/m^. The population of these worms increased sharply in 
July and thereafter an upward tendency of population was noted with 

depression in curve diiring August and October. The highest abundance 
of 32516 indVo/m2 was noted during December. However, in the second 

year more or less uniform abundance of the worms persisted from 

January to September with a sudden decrease during late July. The 
highest niomber of 23760 i n c ’. v . / m 2  was observed during January. The 

populations were recorded to drop sharply in October and the minimimi 
abundance of 880 indv./m^ occurred in November. The populations of 

oligochaetes showed a tendency to build up during December in 

1977 (Fig. 28).

Family : Naididae

Six species of the family Naididae were recorded from 

depth Ao
■r'
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Stytaria lacustr^s (Linnaeus)

The species was found only once in 1976.

Bvanohiodr'ilus semperi (Bourne)

The worm was the most dominant species among naidids and the 

second to L. hoffmeisteri as dominant species among the oligochaetes. 

In the first year it registered 18.7% of the oligochaetes with the 
highest abundance of 5368 indv./m^ during September. The species 

formed 16.3% of total oligochaetes in the second year. The maximum 

number 8800 indv./m^ occurred during April (Table 21 and Fig. 29).

Dero doTsal'is (Ferroniere)

D, doTSal'is was the second in abundance among naidids and it 

formed the third major species among the total oligochaetes fauna. 

iTi the first year it constituted 13% of the total oligochaetes and its 

maximum number of 6820 indv./m^ occurred during September in the first 

year. In the second year the worn formed 7.36% of the total 
oligochaete fauna and the highest numlDer of 2640 indv./m was 

recorded during May (Fig. 29).
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deTO digitata (Muller)

In 1976 the worm constituted 8.19% of the total oligochaete 

fauna. The highest number of 3344 indv./m^ occurred during late 

December. In 1977 it comprised 9% of the total oligochaete worms and 
the highest number of 6776 indv./m2 was recorded during early May.

Aulphorus furcatus (Muller)

It was found occasionally throughout the period of observation.

Pristina accuminata (Liang)

It formed 4% of the total oligochaetes in the first year. But 

population of the species increased to 7.9% in the second year. It 
showed the highest number of 6358 indv./m^ during mid February in

1977 (Table 21 and Fig. 29).

Family : Tubificidae

LirnnQdpilus hoffmeisteri (claparede)

L. hofpneisteri was the dominant species. In the first year it 

formed 51.87% of the total oligochaete fauna and 37.3% of total 

macroinvertebrates. The highest number of 18436 indv./m^ of the
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species was found during late December in 1976. In 1977 the worm 

^  constituted 49% of the total oligochaetes and 35.5% of the total

macrobenthos. Its highest number was recorded to be 13112 indv./m^ 

during January in 1977 (Table 21 and Fig. 29).

Aulodrilus pluriseta (Piguet)

A. plupiseta occurred occasionally in poor number. In the first 
year it formed 1.6% of the total oligochaetes worms. In the second 

year the worms comprised 2.8% of the total oligochaetes (Table 21 and 

Fig. 29).
X

Family : Enchytraeidae

Mesenohytraeus sp.

The worms were found in poor abundance. It formed only 1.99% 

of total oligochaetes in the first year. Its number increased in the 

second year and constituted 5.5% of the total oligochaete worms 

(Table 21) .

Class ; Insecta; Order : Diptera;

Y  Family ; Chironomidae

In the first year greater abundance of chironomid larvae was 

noted from January to March and the peak of 12080 indv./m was
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recorded in March. A sharp fall in population was observed during 

Aprilo The midge larvae were found to be absent during late April, 

late June anc'. from late September to early December. The larvae 

occurred in poor quantity during rest of the period. In the second 

year the populations of chironomids larvae appeared to build up again 

in January. A sharp rise in population occurred in March and the 
peak was recorded with 15752 indv./m during late March. A drastic 

drop in population was encountered in the following months and the 
midge larvae was noted to disappear from population between June and 

early October with the exception in late September when a negligible 

number of larvae was noted. The larvae were found to appear in the 
population again during late October and their number was recorded to 

increase gradually during rest of the period (Fig. 28) .

Phylum : Mollusca

In the first year high abundance of molluscs occurred from July 

to September with the peak of 2816 indv./m^ in early September. 

Comparatively rich molluscan fauna was witnessed in 1977. During this 

later year high abundance occurred between May and October with the 

peak of 11616 indv,/m^ in late September (Fig- 28).

Class ; Gastropoda; Order : Mesogastropoda;

.family. yivipar^Ldae
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Viviparus bengalensis (Lamarck)

V, bengalensis occurred uniformly between July and December in 

the first year. The peak of 1452 indv./m^ was observed during early 

September. In the second year the ring snail was encountered
2uniformly during May to October with the peak of 4796 indv./m in 

early October. The snail was not found in the population in 

November (Fig. 30).

Family : Amnicolidae

l)igoni0stoma putoh.e'lta (Benson)

In the first year minimum number of B. puZchetZa was noted from 

January to March and in May. The species was absent from the 
population in April, June and July. In August the population of snail 

was noted to increase and the pecik was recorded with 1232 i n d v . / m ^  

during early September. The population decreased suddenly in late 

September and the snail was absent completely during November. How­

ever, its population tended to increase during December.

2In the second year the species recorded the peak of 2784 indv./m

in e£]5£rly July and the lowest abundance of 44 i n d v . / m ^  was recorded in 

March and April (Fig. 30).
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Alocinma oraula Frauenfeld

In 1976 the species appeared during late April and late June 

in poor number. A sharp increase in population was recorded during 

July till the pea> was observed with 1672 indv./m^ in late July. The 

population decreased gradually and species was found to be absent in 

November. In the second year a negligible number of the snail was 
recorded during February and March. The faunal abundance of the 

organisms increased from Mfiy and depression in population curve was 

noted in August. Thereafter a sharp elevation of the population 

curve was found till the peak was encountered with 8448 indv./m^ 

during late September. The population registered a steady decrease 
in the following month, and the abundance decreased further during 

Novembero In December the population of the snail tended to increase 

again (Figo 30).

order; Basomentophora, Family ; Lymnaedae “'

Lyrmgea acimiyiata CLamarck)

In 1976 the snail was noted to be present occasionally in 

negligible number, but in 1977 it was recorded only during August.
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Family ; Planorbidae

FlccnoTbis exustus (Peshayes)

The snail was found occasionally in 1976 and 1977.

SB Pond

The largest number of macroinvertebrates per square meter 
occurred at station A of SB pond in comparison to other two ponds 

(Fig. 16). In 1976 the macrobenthos exhibited a gradual increase in 

quantity from January till the peak of 74016 indv./m^ occurred in 

late April (Appendices 5,6). In the following months the 
populations decreased and the minimum was encountered with 

2420 indv./m during mid June. The niimber of organisms was 

recorded to increase during the rest of the period. However, sudden 

fall in faunal density was noted during mid August and late 

September„ In the second year more or less uniform faunal abundance 

was found from January to April and the peak of 77352 indv./m^ was 

noted in mid March. The populations declined from May till the lowest 

number of 5412 indv./m^ occurred during late July. However, a slight 

increase in population was noted in June. The faunal number was found 
to increase during September and October and thereafter unlike the 

first year the populations of macrobenthos were noted to decline 

in November and December (Fig. 31).
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M O N T H
Fig. 31 Graphs showing seasonal abundance of total fauna and major groups of 

organi'sms at depth A of SB pond in 1976 and 1977.
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In 1976 Ollgochaeta comprised 55.6^, Chironcanidae 16,3%, 

Hydracarina 14,7%, Ostracoda 8 .8%, Planaria 2%, Mollusca 1.9%, 

whereas, in 1977 Oli'gochaeta formed 54.6%, Chironomidae 30.6%, 

Hydracarina 8 .6%, Ostracoda and Mollusca 2.6% of the total 

raacrobenthos (Table 20 and Fig. 19).

Excluding the above mentioned organisms Hirudimaria, Odonata, 

other unidentified insects were present but their number was very 

small.

Phylvun ; Annelida; Class : Oligochaeta;

Order ; Haplotajcida

In the first year, the number of oligochaetes increased from 

January till the peak 50560 indv./m^ occurred in February. From March 

the number decreased till June. A sharp rise in populations was 
noted during mid July. But in July the populations declined suddenly 

and became the minimum with 2o2 indv./ro^. From August to November 
populations increased gradually with a depression in curve during late 

Septembero Iti Decanber the faunal number decline again.

In the second year number of oligochaetes decreased in late
March and suddenly populations rose up in late September and the peak
was noted with 432q3 indv./m^. The: populations remained more or less

cons^tant up to early July and in late July a sharp fall occurred
2and the lowest number of 352 indv./m was recorded.
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The faunal abundzmce increased from August and remained uniform 

till November. During December the populations was noted to 

decline again (Figs. 31 and 32).

Family ; Naididae

Nais simplex (piguet)

This species was found only once in 1976.

Branchiodr'Clus semperi. (Bourne)

B, sempevi was the most abundant naidids present at depth A.

It occupied the second position in faunal composition among 
oligochaetes and comprised 15.6% and 12.5% of the total oligochaetes 
in the first and second year respectively. In 1976 the population of

B. semperi was noted to be nearly uniform from January to May. The 

worm was observed tc be absent completely in mid June^ However, 
sharp increase in population was found in late June and it continued 

up to mid July when the peak was recorded with 12848 indv./m . The 

individual number of species reduced drastically to zero in late 

July. The population showed a sudden increase in August and it 

dropped again in late September. Thereafter the abundance of the 

species increased gradually till December. In the second year 

i n d i v i d u a l  number of the species was found to be minimum from

Dhaka University Institutional Repository



144

January to June with the exception during late May when it was high. 

The worm was noted tc be absent during late March and July. The 

species appeared in the cominunity during August and individual 
number increased till late October when the peak of 14432 i n d v . / m ^  

wa,s encountered. The number of worm reduced in November and during 

December it was recorded to be absent completely (Table 21, Fig. 32).

Dbtq dQTSaXis (Ferronniere)

V, doTsatis occurred occasionally throughout the period of 

study. In the first year the highest abundance of 704 indv./m^ the 

worm was recorded during late April, whereas in the second year the 

highest number was encountered with 2o24 indv./m^ during early 

SeptejTiber fFig. 32).

Pevo digitata (wuHer)

T), d'Cg'Ctata constituted 8% and 5% of the total oligochaete 
fauna in 1976 and 1977 respectively. In the first year the worm 
occurred more or less uniformly frc*n January tc mid May with the peak 
of 4224 indVo/m^ in late January. A fall in population curve was 

noted during March. The number was further minimised in late May 
a n d  it turned to nil in mid June. The abundance of the worm was 

noted to increase in late June and remained uniform from late June 

to November and in December the number was recorded to increase
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again. In the second year more or less similar trend in faunal 

abundance was found and the highest number of 6600 indv./m^ the 

worm was recorded in October (Fig. 32) .

Dero indioa (Naidu)

A nearly uniform growth of the species was recorded throughout 
the period of observation with the highest number in October for 
both the years (Fig. 29).

AulQphoTUS furaatus (Muller)

A. furcatus was noted in large number in the first year. It 
constituted 10.8% of total oligochaete fauna. However, in the second 

year the species was noted to reduce to a great extent and it formed 
only 1.79% of the total oligochaetes. In 1976 the highest number of 

7744 indv./m^ was found during mid May whereas in 1977 it was recorded
-w ■

during late September and October with 1584 indv./m^ (Table 21,

Fig. 32),

Au’lQphovus QTaveXyl (Stephenson)

It occurred occasionally in poor quantity throughout the 
period of study.
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Family ; Tublficidae

I/irmodrilus hoffmeisteri (claparede)

L. hoffmeisteri was the most common fauna and it influenced 

the abundance of total macroinvertabrates to a great extent. .In 

1976 it formed 45.73% of the oligochc.etes and 25.8% of the total 

macrobenthos. In 1977 the species constituted 53.12% of the 
oligochaetes and 29.4% of the total macroinvertebrates (Table 21).

In the first year the number of L. hoffmeisteri was noted to 
increase from Januery till the peak was recorded during February 

with 26690 indv./m^. From February the number decreased gradually 

until mid June. The population went, up in late June and a sharp rise 

was found in mid July with a fall in late July when the minimum 

number of 132 indv./m was encountered. Thereafter the population 

was observed to increase up to mid December and during late 

December the population decreased abruptly.

In the second year more or less similar trend in fauna! 
abundance was recorded with the highest number of 31636 indv./m^ 

during June and the lowest during late July with 264 indv./m^

(Fig. 32)„
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Aulodrtlus pluriseta (piguet)

A, pZw^setu occurred comparatively in large number in the 

first year and formed 3.49% of the total oligochaete fauna with 
highest number of 5270 indv./m^ in February. But in the second year 

its growth was reduced and was found in the populations on two 

occasions only (Table 21, Fig. 32).

Bpgnahiura soweTbyi- (BeMard)

B, sowevhyi; constituted lO% and 20.3% of the total oligochaete 

worms in the first and second year respectively. In 1976 the 
population decreased gradually from January to April and in May the 

species was absent. The population rose up gradually till the peak 

of 7964 indv./m^ was encountered during November. However, a fall in 

growth curve was recorded in Septeinber when it was also absent. The 

number of the species decreased in December.

Jn 1977 the number of B. sowerhyi was noted to increase from 

January till the peak was recorded with 12584 indv./m^ during late 

Aprilo A sharp reduction in number was noted in May and the 

species were noted to be absent totally in August.
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Family ; Enchytraeidae

f4esenehpitTaeu6 sp.

MesenchytTUeus sp. appeared occasionally in poor number 

throughout the period of study.

Class : Insecta; Order : Diptera; Family : Chironcmidae

In 1976 the population of midge larvae increased gradually from 

January to April and thereafter it declined till mid June when the 

lowest abundance of 44 indv./m^ was encountered. From late June to 
-r' mid August the population showed an uniform abundance. In late

August the number increased sharply and the peak was recorded with 
27016 indv./m^ in mid September. The abundance of midge larvae 

decreased abruptly in late September and the reduction in faunal 

density was recorded till November. In December the number of 

Chironomid larvae increased.

In 1977 more or less uniform trend in growth curve of the larvae 

was witnessed from January to early April. The peak of 55000 indv./m^ 

was noted in mid March. The number of the larvae dropped suddenly 
in late April. The population was found to be negligible up to 
November, but it again started to build up in December (Fig. 31) .
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The midge larvae formed 16% and 30.6% of the total 

macrobenthos in 1976 and 1977 respectively (Table 20 and Fig. 19).

Phylijm ; Mollusca

Of the Tnollue.oan fauna, Alooi-nma oroula (Frauenfeld) was noted 

to be dominant species. It constituted 98% of the total molluscs. 

However, Metani.a tuhevoutata (Muller) , Lyrmea luteola (Lamarck) , and 

FtanoTbis exustus Deshayes were the other species present but their 

number was negligible. Viviparus bengalensis was encountered only 
once in poor abundance during the second year (Table 2o, Fig. 33).

Class ; Gastropoda; Order : Mesogastropoda;

Family ; Amnicolidae

Alooirma OPguZa (Frauenfeld)

In the first year the number of the snail decreased from January 

and the species was noted to be absent during February and March,

4 ,  QTCula was observed to appear in the population from April onward. 

Two peaks, in late January with 3436 indv./m and in late October 

with 3168 indv./m^, of the snail was recorded in 1976. In the second 

year the abundance of the organisms was found to increase gradually
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from April until August whe;n the peak was recorded with

6600 indv./m^. A sharp decline in population was observed during
September which reduced further in the following months (Fig. 33).

Class ; Crustacea; Subclass : Ostracoda

In 1976 a gradual increase in number of ostracods was recorded 

from January till mid April when the peak of 14950 indv./m2. The 

populations declined from late April anC more or less uniform 

abundance was recorded throughout the rest of period. However, the 

organisms were found to remain absent during mid September and mid 

December,

In 1977 a relative poor density of ostracods was recorded from 

January to March. The number of the organisms was recorded to 
increase from late April until August when the peak was encountered 

with 5148 indv-/m^« The faunal abundance registered a gradual 
decline during rest of the period and in December the organisms was 

found to be absent frcm the populations.

Class ; Hydracarina (Aquatic mites)

Hydracarina was the third major group of organisms found at 

depth Ac iTi 1976 the population declined sharply in late January 

and the abundance of organisms was found to increase gradually from
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January until mid April when the peak was encountered with 

22440 indv./m^. In late April the number of mites was noted to 

decrease and the minimum was observed in mid June with 88 indv./m . 

Uniform population of the organisms occurred from late June to 

October and in November the mite was noted to be absent. However, the 

faunal number was found to increase in December (Fig. 31).

In 1977 the nxiraber of mites decreased through January to early 

February. Thereafter the populations increased and the peak of 
23980 indv./m2 was registered in April. The populations were 

recorded a sudden decrease in May. Poor number of organisms was 

encountered from September to December (Fig. 31).

Planaria, a free living platyhelminth, occurred in poor

abundance during the period of observation. However, in the first
2year the highest number of organisms was found to be 6368 indv./m 

in late August, but in the second year the abundance of planaria was 

always negligible.

DEPTH B

The oligochaetes, molluscs, and chironomids were the most 
common groups at depth B. Individuals of other groups were present 

occasionally in poor abundance in all the three ponds (Figs. 34,

36, 38): „

Dhaka University Institutional Repository



153

SH Pond

The oligochaetes was the major group among the 
macroinvertebrates and comprised 64% and 62% in the first and 

second year respectively. Molluscs were the second dominant group 

and constituted 32%, and 24.2% of the total organisms and the 
chironomids formed 3.6% anc 12.69% of the total macroinvertebrates, 

in 1976 and 1977 respectively. The occurrence of other groups of 

organisms was negligible (Table 20).

In the first year poor occurrence of total fauna was noted 

uniformly from January to early May. The faunal density was recorded 
to increase from late May and continue till the peak was found in 
early August with 14168 indv./m^. A sharp fall in number was recorded 

in late August. More or less similar trend in faunal density was 
encountered in the second year with the highest abundance of 9372 indv./ 

occurred in late June JlFig. 34, Appendices 1, 2).

Phylum : Annelida; Class : Oligochaeta;

Order : Haplotaxida

The oligochaetes formed the largest group among the macrobenthos. 

The highest number of 13772 i n d v . / m ^  was recorded during early August 

in the first year and in the second year the peak was noted with 

7084 indv,/m^ (fig. 35, Appendices 1, 2).
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Fig. 3 5 Graphs showing seasonal abundance of total oligochaetes as well as their 
species separately at depth B of SH pond in 1976 and 1977.
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Family : Naldidae

BTanch'iodic'ilus sempeiH (Broune)

In the first year B, serrrpri occurred casually in poor abundance 

with the highest number of 266 indv./m2 during December. It comprised 

2% of the total macrobenthos. However, the number of species was 

found to increase in the second year and which formed 6.9% of the 

total oligochaetes. The highest number of the worm was recorded to be 
1012 indv./m2 during June, 1977 (Table 21, Fig. 35).

Dero digi'tata (Muller)

In 1976 p. digitata was encountered only occasionally in 
negligible number with the highest abundance of 528 indv./m during 

November„ It formed 6.55% of the total worm. The faunal abundance 

was noted to increase in the second year and constituted 9.50% of 
total oligochaetes (Fig. 17). The highest number of 1672 indv./m"^ 

was found during June in 1977 (Table 21, Fig. 35).

Pristina aQo-mvmtg (Liang)

P. aoauminCLta. occurred only in a few occasions and the worm 

formed 3.1% and 2.79% of total oligochaetes in the first and second 

year respectively (Table 21).
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Family ; Tubl;^icldae 

Lirmodri'lus hoffme-iBteri (Claparede)

L, hoffme-i'stei'i was the most abundant species and constituted 

82.57% and 58.77% of the total oligochaetes and 54.9% and 37.54% of 

total macroinvertebrates in the first and second year respectively. 

In 1976 the number of worm was noted to increase steadily from 
January till May. In June the abundance decreased abruptly and in 

late June and early July the worm was noted to be absent completely. 

The population increased sharply from late July till early August 
when the peak was noted with 13776 indv./m^. Thereafter the faunal 

abundance showed a gradual decrease during the rest of the period.
In the second year number of species was recorded to increase slowly 
till the peak of 4480 indv./m^ was found in July. An uniform 

abundance of L. h^ffmeistein. was observed in the following months 

(Table 21 and Fig. 35).

Aulodrjlus pluri'$eta (piguet)

In the first year A. pluriseta occurred occasionally in poor 

number and it formed 2.4% of the total oligochaetes. The highest 

number was recorded with 360 indvo/m^ in November. In the second 

year the number of the species increased to a great extent and it
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comprised of 13.4% of the total oligochaetes, The species was 

recorded uniformly from April to December with the highest abundance 

of 1628 indv./m^ during August (Table 21, Fig. 35).

Bvanehiuva sowerhyi. (Beddard)

B, sowerbyi was found to occur but in negligible number 

throughbout the period of study.

Family ; Enchytraeidae

Mesenohytraeus sp.

Mesenchytvaeus sp. was observed casually in poor number during 

the period of observation.

Class ; Insecta; Family : Chironomidae

In 1976 the midge larvae occasional occurred in negligible 

number. But in 1977 the faunal density of the larvae increased 

greatly (Fig. 34).

phylum ; Mollusca

In the first year the number of molluscan fauna was noted to be 

poor from January to March. The mollusca was absent in April. The 

faunal abundance remained more or less uniform from May till the
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peak of 3520 indv./m^ was encountered during late September. The 

populations declined slowly from October. Similar trend in faunal 

abundance was recorded in the second year with the peak of 2288 indv./m^ 
in September, In 1976 the molluscan fauna formed 32% of total 

macrobenthos, whereas in 1977 it formed 24% of the same (Figs. 17,
34 and Appendices 1, 2) .

Class ; Gastropoda; Order : Mesogastropoda;

Family ; Viviparidae

Yivvparus bengalensis (Lamarck)

V. bengaZensis was the most dominant species and constituted 
81% and 79% of the total molluscs in the first and second year 

respectively. 1976 V. bengalensis was noted to appear in

population during late May. The abundance was recorded to increase
> '

from May and the pe-ak was recorded with 2840 indv./m^ in late 
September. In 1977 a gradual increase in abundance was found from 

Janu3:ry and the population curve followed more or less similar trend 
with the peak of 2112 indv./m^ in early September (Tables 21, 24 
and Fig. 24J,
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Family • Aminicolidae

Digoniostoma pulahella (Benson)

D. "putohelZa formed 9% and 12.3% of total molluscs in the first 
and second year (Table 21). In 1976 the species was recorded in poor 

number throughout the period with the exception that on several 

occasions the organisms were totally absent. The highest number was 
noted to be 528 indv./m^ in late May (Fig. 24).

In the second year more or less uniform population was found 
from March to December with the highest abundance of 484 indv./m^ 

during late September.

Family ; Melaniidae

Melccnia tubevculatus (Muller)

M. tubevculatus con^^rised 10.3% and 7.3% of molluscan fauna in 
the first and second year ( Table 21 ). The snail occurred in 

poor number and remained absent in some months during the period of 
study.

Order : Basommatophora; Family ; Planorbidae
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Fig. 36 Graphs showing seasonal abundance of total fauna and major groups''

separately at B of PG pond in 1976 and 1977.
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Flanorbis exustus (Peshayes)

It occurred only in one occasion in 1977.

Class ; Bivalvia; Order : Eulamellibranchia;

Family ; unionidae

Lamellidens marginalis (Lamarck)

The mussel occurred only once in the first year and thrice 

in the second year.

PG Pond

The oligochaetes were the most dominant group among the 

macrobenthos. It comprised 83% and 86.5% of total benthos in the 

first and second year respectively. The molluscs occupied the 
second position in faunal abundance. It constituted 6.8% of the total 

macroinvertebrates in the first and second year respectively. 

Chironomid larvae formed 9.5% and 3.8% of the total organisms in 

1976 and 1977 respectively (Table 20, Fig. 18).

The Planaria, Hirudinaria, Odonata, Hydracarina, Ostracoda, 

were also present but their number were exceptionally meagre.
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In the first year the population of macrobenthos was found to 

remain uniform from January to May and it increased from June onward 

till the peak of 15488 indv./m^ was recorded in November. The 
population was reduced in early December but in late December the 

growth curve exhibited an upward trend. In the second year a gradual 

increase in abundance occurred from February till May when the maximum
r\nvunber of worm was encountered 17908 indv./m^. Frcan June onward the 

number of worm decreased gradually (Fig. 36).

Phylum : Annelida; Class ; Oligochaeta;

Order ; Haplotaxida

The oligochaetes weighed more in the total benthos. In the 

first year uniformly poor populations of the worm were noted from 

January to mid May with the minimum number of 220 i n d v . / m ^  in 

February. From late May a gradual increase in number was recorded 

till the peak was encountered with 15444 indv./m in November. How­

ever, a fall in growth curve was found in August. The abundance of 
worms decreased sharply in early December, but it showed an increase 

in late December. In the second year the number of the worm decreased 

in February. The curve showed an upward rise from March till June 

when the peak was recorded with 16632 indv./m^. A slight decrease 
in number was found in late March and mid April. The populations
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were noted to decrease from July and the Ipwest number of 
1804 t n d v . / m 2  was recorded i'n early September. During the rest 

of the period the populations were observed to increase quantiatively 

(Fig. 37 and Appendices 3, 4).

Family : Naidiaee

BranohiodJP'ilus semperi (Bourne)

In the first year the species constituted 10.5% of the total 

oligochaetes and occurred between May and December. The peak was 

recorded during late August with 3639 indv./m^. Total number of the 

worm reduced in the second year and it formed 4% of the total 
oligochaetes„ The highest number of 1760 indv./m^ was found during 

late July,( Table 21, Fig. 37).

■perp dovsalis (Ferronniere) *•'

In 1976 V, doTSalis ccanprised 5.3% of the oligochaetes and was 

found continuously between July to December with the peak of 
1452 indv./m^ in November. In 1977 the species was present in poor 

abundance constituted only 1.8% of the oligocbaete. The highest 

number of 2o24 indv./m^ was noted in May (Table 21, Fig. 37).
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Dero digitata (Muller)

D. d'igitata formed 3.7% and 3.3% of total oligochaete worm in 

1976 and 1977 respectively. In the first year nearly uniform 

population of the worm was found with the exception during 

February and March when the worms were absent. The highest number of 
794 indv./m^ was encountered during Septeuiber. More or less similar 

trend in abundance was noted during the second year and the peak was 

recorded in K ly with 1760 indv./m^ (Table 21, Fig. 37).

fiulophovus furoatus (Muller)

The species was recorded occasionally in poor number during 
the second year only.

RirCstina accuminatg (Liang)

The species formed 4% of the total oligochaetes in 1976 and 

8,5% in 1977. In the first year the peak of 838 indv./m^ was recorded 

during November, whereas in the second year the maximum nxjmber was 
noted during April with 3476 indv./m^. (Table 21).

Family ; Tubificidae

Lirmodrjlus hoffineisteri (Claparede)

L, hoffmeisteri was the most abundant species and formed 66.9% 

and 69.9% of the total oligochaete fauna in 1976 and 1977 respectively.
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The species constituted 55,6% and 60.5% of the total macrobenthos in

V  the first and second year respectively (Appendix ) . The

maximum nuri'ber of 11308 indv./m^ was recorded during October in the 

first year and in the second year and the peak was found with 

14520 indv./m^ during June (Table 21, Fig. 37).

Aulodvilus pluTiseta (Piguet)

The worm formed 3% and 2.8% of the total oligochaete fauna in 

the first and the second year. In the first year the highest number 

of 772 indv./m was recorded in August, whereas the maximum number of 
X.- 792 i n d v . / m ^  was observed during May in the second year (Table 21,

Fig. 37).

Branohiura soweTbyi (Beddard)

B. SQWevbyir occurred casually in poor number during the 

periods of observation.

Family ; Enchytraeidae

Mesenchytraeus sp.

The species constituted 5.3% and 7.7% of the total 

oligochaetes in the first and second year respectively (Table 21)„
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In 1975 the highest number of worm was found during November with 
1408 inc"v./m2 ^^977 ^he peak of 2112 indv./m^ was observed

during March (Fig. 37).

Class: Insecta; Order : Diptera;

Family : Chironomidae

The populations of midge larvae were noted to be small during

the period of observation. In 1976 the highest number was observed

in June with 6I60 indv./m^ and in 1977 the peak was noted during
2April with 4796 indv./m (Fig. 36)o

Phylum ; Mollusca

Comparatively poor quantity of molluscs was recorded in the 

first year with the highest niomber 1980 indv./m^ during September.

In the second year the number increased and the peak was recorded 

with 7480 indv./m^ during September (Fig. 36).

Class ; Gastropoda; Order ; Mesogastropoda;

Family ; Viyiparidae

yi;vipQjniS hengatensis (Lamarck)

7. bengaZensis formed 69.6% and 34.7% of the total molluscs in

1976 and 1977 respectively (Table 21). In first year
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V, bengalensis was observed in the populations from June to 

November more or less uniformly with the highest number of 

1540 indv./m^ during early September. In the second year the snail 

occurred from April to December with the high£:st abundance of 

2596 indv./m^ during late September.

Family ; Amnicolidae

Digoniestoma 'pulohella (Benson)

In 1976 V. "pulohella occurred between August and November and 

formed 18% of the molluscan fauna. The highest number was noted with 

616 indv./m2 during late October. In 1977 the snail was the dominant 

species among the molluscs and it comprised 36.6% of the molluscs and 

the peak was noted during late September with 1848 indv./m^ - ^

^Fig. 30).

- I. •
Atooirma oreula (Frafenfeld)

In 1976 Am OTCula occurred between June and November and it 

constituted 10.5% of the molluscan faur.a. In 1977 the species was 
found between May and October the number of the snail was noted to 

increase and it fonred 28,4% of the total molluscs. The maximum 

number of the snail was recorded during late September with 

3036 indVo/m^ (Table 21, Fig. 30).
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A'loa'inma ovoula (Frauenfeld)

In 1976 A. ovauZa occurred between June and November and it 

constituted 10.5% of the molluscan fauna. In 1977 the species was 

found between May and October the number of the snail was noted to 

Increase and it formed 28.4% of the total molluscs. The maximum 

number of ttje snail was recorded during late September with 
3o36 indv./m^ (Table 21, Fig. 3o).

Order : Basommatophora;

Family ; Planorbidae

Planorbis exustus (Peshayes)

It was found only once in 1977.

SB Pond

The oligochaetes, chironomids and molluscs were the three major 

groups dominated the population of macrobenthos. Individuals of 

other groups were present occasionally in small nxamber.

In the first year the number of macrobenthos was noted to 

increase in February and a gradual decrease in abundance was found 

from March to May, The populations showed a sharp rise in late
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June when the peak was encountered with 25736 indv./m^. The number 

of organisms then showed a drastic decline in late July. The 

populations rose up again in Agust and September and decreased 

slowly in October and November. However, in December the n\amber was' 

noted to increase.

In the second year the number of macroinvertebrates was recorded 

to increase in February and a sudden fall in populations was 

witnessed in March. The population was noted a sharp increase again 

in early April when the peak was found with 25784 indv./m2. The 

number of organisms dropped to minimum in the late April and in early 

May the macrobenthos were totally absent. The population increased 

suddenly in June and continued up to September„ The number of 

macrobenthos was noted to decrease gradually from October to the 

rest of the period (Fig. 38).

Phylum ; Annelida; Class : Oligochaeta; ’

Order ; Haplotaxida

The oligochaetes was the most dominant group. The worm formed 

78%, and 83% of the total organism in the first and the second year 

respectively (Table 20, Fig. 19). The highest number of 

21384 indv=/m^ was recorded during late December in the first year 

and in the second year the peak was noted during late September 

with 23936 indv-/m^.
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Family ; Naididae

Branahiodrilus semperi (Bourne)

In the first year B. semperi occurred in poor quantity between 

May and December with the highest number of 660 indv./m^ during mid 

August. It formed only 2. of total benthos but in the second year a 

noticeable increase in nimiber of the species was encountered and 

it formed 6.2% of the total organisms. The peak was recorded during 

October with 4226 indv./m^ (Table 21, Fig. 39).

Devo digitata (Muller)

In 1976 D. d'tg'itata was found to form 4.38% of the total 

organisms. The maximum number of 1408 indv./m^ was recorded during 

early December, The number of the worm reduced to a great extent in
1977 and constituted only 0.5% of the oligochaetes (Table 21,

■ wv*- .

Fig. 39).

PeTQ dovsaZ'is (Ferronniere)

V. dorsalis was noted to appear casually in poor number during 

the periods of observation.
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I

Devo indioa (Naidu).

D. indiea was recorded only at a time in poor number.

Aulophorus furoatus (Muller)

A, fui'aatus was observed only two times during the first and 

second year.

Aulophorus gvavely'i (Stephenson)

Poor numljer of A. gvave'Ly'i was recorded casually in the first

as well as in the second year.

Family ; Tubificidae

L'lrmodpilus ■ hoffmejsteri (claparede)

L, d-Pffnje'Csteri was the most common species. It comprised 
89.6% and 65.7% of the total oligochaetes and 54.4% and 19.5% of the 
total macrobenthos in 1976 and 1977 respectively (Table 21). In the

first year from January to May poor abvindance of the worm was noted.

The population of the tubificid recorded a sharp increase in June 
which was followed by a sudden decline in late July. The niomber of

the worm was noted to increase again in August and September. The

population showed a gradual reduction in the following months and then
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rose up suddenly in December when the peak was recorded with

V  18656 indv./in^, in the second year a greduel decrease in the

abundance of worm was noted from January to May. From June the 

number of the worm was recorded to increase quickly and the peak 

was encountered in early July with 17424 indv./m^. The abundance 

of the worm showed a gradual fall during the rest of the period 

(rig. 39).

/[ulodvilus pluTiseta C P iguet )

The species occurred occasionally in poor number only in

1976,

BTCcnohiUTa sowevbyi (Beddard)

B. soweTbyi was recorded more or less uniformly throughout 

the period. It constituted 22.5% and 23.4% of the oligochaete worm 
in 1976 and 1977 respectively (Table 21)„ The highest of 4o92 indv./m^ 

was noted during late June in the first year and in the second year 

the peak was found during late September with 6952 indv./n^

(Fig. 39),

Family ; Enchytraedae

Heaenohytimeus sp.

The worm was found to appear only at time in poor abundance.
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Class ; Insecta; Order ; Diptera;

Family ; Chironomidae

The chironoinid larvae formed 13.2% and 15% of the total 

iHcicrobenthos in the first and second year respectively. The number 

of midge larvae were poor but uniform from January to early June in 

first year (Table 20, Fig. 19). The peak was noted to be 

J1264 indv,/m^ in late June. In the following months organisms were 

observed to decrease and these disappeared from the populations during 

September and October. However, in December the populations of midge 

larvae were noted to build up again (Fig. 38).

In the second year a gradual increase in populations was found 
from January to mid February but these decreased in late February 

and then completely disappeared in March. However, a sharp rise in 
population was recorded in April when the peak was encountered 

with 17292 indv./m^ (Fig, 38).

Phylum ; Mollusca

The scanty populations of molluscan fauna were recorded through­

out the period of study. In 1976 molluscs formed 4.5% of total 

organisms and in 1977 these comprised only 1,4% of total 

invertebrates (Table 2o, Fig. 19).
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Class ; Gastiopcx3a; Order ; Mesogastropoda;

Family ; Amnicolidae

AlOQ-inma ovaula (Frauenfeld)

More or less uniform population of the species was found from 

April to December in 1976 and from May to November in 1977. In the 

first year the highest n n m h e r  of 1628 indv./m^ was encountered during 

December and in the second year the maximum number was recorded with 

934 indv./m^ during August (Fig. 33).

D'tgoniostoma 'putohella (Benson)

V. "puloheZZa occurred only once during late June in 1976.

Order ; Basommatophora; Family ; Planorbidae

PlanoThis exustus (Deshayes)

P. exustus was found only at times during the periods of 

observations
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DEPTH C

An exceptionally poor number of macroinvertebrates was recorded 

from depth C in all the three ponds. The larvae of Chaobovus sp. 

dominated over the other organisms in all the ponds at this depth 

throughout the period of obse2rvation except during 1976 in SB Pond 
when oligochaetes was noted to be the dominant group (Figs. 16 - 19,

Appendices 1 - 6).

SH Pond

In 1976 the highest number of macroinvertebrates was noted with 
2156 indv./m*^ during early December but these were found to be absent 

during March and April. In 1977 the maximiim niamber of 968 indv./m^ 

occurred in late October and the organisms were noted to be absent in 

early March and late July.

Phylum : Annelida; Class : Oligochaeta;

Order ; Haplotaxida

The oligochaetes occurred occasionally throughout the period 
of observation. The highest nxamber of 1144 indv./m^ was observed 

in early December during 1976 and in 1977 it was early February.

These comprised 37.5% and 18.7% of the total benthos in the first and

second year respectively.
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Family ; Naididae

Pristina aoonmi'nata (Liang)

The species was observed only once in 1977.

Family ; Tubificidae

Lirmodrilus haffmeisterj (claparede)

L. hoffmeistex'i was found only on foiai' occasions throughout 

the period of observation.

AulodTilus plviriseta (Piguet)

It occurred only casually in 1977.

BTanohiura sowerby-i (seddard)

B. SOWevhyi was recorded only on two occasions in 1977.

Class ; Insecta; Order : Diptera;

Family : Chaoboridae

Chaobpvus sp ■>

Chapborus sp. was the most dominant component of the benthic 

macroinvertebrates at C. The highest number of 924 indv./m was
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found in 1976 during December and in 1977 the maxijDum nun±ier was 

^  found to bf- 968 indv./m^ during late October. In the first and the

second year it comprised 54% of the total macrobenthos (Table 20) .

Family ; Chironomidae

The chironomid larvae were recorded occasionally in poor number. 

It formed 7% and 27% of the total organisms in the first and second 
year respectively (Table 20).

Class : Mollusca

The molluscan fauna was noted to be absent at depth C. However, 

V'ivipcivus bengatensis, was found to occur only once in 1977.

PG Pond

The highest number of macrobenthos was noted with 2o24 indv./m^10'*.
during late December and in 1977 it was of 1672 indv./m^ during 
January,

Phylum ; Annelida; Class ; Oligochaeta;

Order : Haplotaxida

The oligochaetes occurred only on a few occasions during the 

present investigation at C„ These formed 14% and 1.6% of the total 

organisms in the first and second year respectively (Table 20).
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Class ; Insecta; Order ; Diptera;

Family ; Chaoboridae

Chaoborus sp.

The larvae of Cho.oboTUS sp. formed the major bulk in the 
populations at depth C, It comprised 74% and 98.4% of the total 

organisms in 1976 and 1977 respectively., The highest number of
O2o24 indv./m was found during late December in 1977. The maximum 

number of 1672 indv./m^ was recorded during January (Table 20).

Family ; Chironomidae

The larvae of chironomid occurred casually in 1976. These 

formed 8„4% of macrobenthos in the first year. In 1977 the midge 

larvae were fovind only once in the populations.

SB Pond

The Individuals of macrobenthos occurred only at times in poor 

number throughout the period of study.

Phylum ; Annelida; Class : Oligochaeta;

Order ; Haplotaxida

In 1976 oligochaetes were present occasionally. These consti­

tuted 49% of the total macroinvertebrates. In 1977 the worms were
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Family ; Naidldae

Bvccnohiodpitus semperi (Bonrne)

B. semperi was noted only once during late January in 1976.

Dero 'Lnd'tca (Naidu)

The species was found only once in 1976.

Family : Tubificidae

Lirrmodp-ilus hoffmeistepi (Claperede)

It occurred casually in 1976 and the highest number of 
440 indVo/m^ was recorded during February. In 1977 L. hoffmei-steri 

was observed on]y once during June in the populations.

Aulpdx’i'lus plia'iseta (Piguet)

/4. ptnriseta was recorded only once during mid January in

183

encountered only once (Table 20).

1976.
f-
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Class : Insecta; Order ; Diptera;

Family ; Chaoboridae

ChaoboTus spo

The larvae of this species occurred casually during the periods 

of observation. These formed 25.4% and 47.5% of the total benthic 

macroinvertebrates in 1976 and 1977 respectively (Table 20).

Family ; Chironomidae

/  The larvae of chironomid were recorded on two occasions during

1976 only.

Family ; Mollusca

Among the molluscan species oxiIy Atoo-Lnrfia orcula was found once 

in 1976.

V"

From the: above investigations it may be inferred that no 
specific pattern in seasonal abundance could be observed in the three 
ponds and even the growth was noted to vary from year to year at the 

same pond (Table 22}. However, the maximxm number of oligochaetes 

was found between December and June in these ponds. The most 
abundant species, Dirmodrilus hoffmeisterij showed the peak between

f
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November and July, whereas the Brari-ohiodpilus semperi showed its 

maximum occurrence between April and October. BTonch'tux'a sowerbyi- 

showed the peak between April -and September (Table 22) .

On the other hand, molluscan fauna showed a specific pattern 
in seasonal abundance in these ponds (Table 23). The maximum number 

of molluscs were recorded between July and October and the minimum 

between Decem]:)er and April. However, in SB pond a peak of these 

organisms was noted during January in 1976 and the organisms 
disappeared from the populations in February and March. In the same 

year in SH pond a second peak was noted during October.

The most common snail viviparus bengatens'is showed the peak 

between August and October and the number was minimum and even 
dropped to grow between November and April. Digon'Lestoma puZoheZIa 

showed the highest occurrence between May and September and the 

lowest between November and April. The maximum number of Atooirma 

OTCUtd was recorded during January and October in 1976 and during 
August in 1977 whereas the minimum during winter and early summer 

(Table 23)^
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(i±) Btcmass of MaCrolnvertebrates

The biomass of the macrobenthos in three ponds differed 

distinctly. In SH and PG ponds molluscan fauna influenced the total 

biomass, whereas in SB pond the bionaass of eligochaetes determined 

the total biomass (Figs. 42, 43).

DEPTH A

The biomass of the molluscs dominated over the other groups. 

These formed 90.4% and 97% of total biomass in 1976 and 1977 

respectively. Oligochaetes was the second dominant group and contri­
buted 7.5% and 1.5% of the total biomass during the same periods 

(Fig. 42) .

Among the molluscs, VivipoTus bengdlens-is dominated the total 

weight and formed 49.3% and 70.48% of the molluscan biomass and 
44.5% and 68.8% of the total biomass in 1976 and 1977 respectively. 

The maximum weight of the snail was noted during June 85 g/m^ in 

the first year and during October in the second year 18o6 g/m^

(Tables 30, 31 and Fig. 42) .

Among oligochaetes, Lirmodrilus hoffmeisteri was the most 

dominant species and comprised 88.7% and 69.4% of the biomass of 

total oligochaetes. The highest biomass of 12 g/m^ was noted during

Dhaka University Institutional Repository
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November in the first year and in the second year it was of 

A  9.5 g/m^ iii January. Bvari.ohiodT'tlus semperi was the second abundant

species and formed 5.7% and 5.9% of the weight of total oligochaetes 

during the first and second year (Tables 24, 25) respectively.

PG Pond

The biomass of molluscan fauna dominated over the other groups 
and constituted 85.8% and 93% of the biomass of total macrobenthos in 

the first and second year respectively. Oligochaetes was the next 

dominant group and formed 11.2% and 5.9% of biomass of total 

macroinvertebrate (Appendices 9, lO and Fig. 4 2).

Y. bengalens'ts was the most dominant species among the 

molluscs and comprised 84.24% and 76% of the biomass of molluscan 

fauna, and 73% and 71% of biomass of the total macrobenthos in the 

first and second year respectively. The highest biomass of
•V*,' -

167.6 g/m^ was recorded during October in 1976 and in 1977 the
2maximvmi biomass of 884.8 g/m was found during the same month 

(Tables 34, 35 and Fig. 42).

Among oligochaetes, L. hoffmeistevi constituted 64.9% and 
^ 58.7% and Pristina aocuminata formed 12.16% and 19.3% of biomass

of oligochaete fauna during the first and second year respectively.

Dhaka University Institutional Repository
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The maximum weight of L. hoffmeistevi was noted to be 10.2 g/m 

-A during April in the first year and 16.25 g/m^ during February in the

second year (Tables 26, 27) .

SB Pond

The oligochaetes were the most abundant fauna and constituted 

77.8% and 68.2% of biomass of the total macroinvertebrates in the 
first and second year respectively. Molluscan fauna formed 10% and 

17.9% and chironcanid larvae comprised 9.3% and 13.5% of total biomass 

in 1976 and 1977 respectively (Fig. 43) .

<
Of the oligochaetes, L. hoffmeisteri formed 61.5% and 55.2% of 

biomass of the oligochaetes in the first and second year. The 
species formed 48.3% and 39.7% of total biomass of the same periods. 

The highest biomass of the species was noted to be 68.37 g/m during 

February in the first year and 74.8 g/m during January in the second 

year. B. SOWevbyi was the second dominant species and constituted 

22.3% and 39.6% of biomass of oligochaete worms for the first and 

second year (Tables 28, 29).

Among the molluscs, A. orcula^ was the dominant species. It 

^  formed 88.4% and 98.39% of the weight of molluscan fauna and 8.8% and
10.5% of the total weight for the first and second year respectively.

2
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V. D. Lymnea M. jL.
Date bengalensis pulchella orcula sp. tuberculatusmarqinalis Total

Table 30: Showing the weight of different species of molluscs in gm^
and their percentage composition at depth A of SH pond
for the year 1976

10-1-76 - 2.02 _ — — _ 2.02
10-2-76 - 1.06 - - 1.32 - 2.38
9-3-76 - 2.77 - 1.01 28.41 - 42.19
5-4-76 - 3.96 - 1.36 11.5 - 16.82
7-5-76 .47 .88 .46 .46 2.73 - 5.00
26-5-76 13.78 6.6 - - 1.09 - 21.47
15-6-76 85.05 6.62 - - - - 91.67
25-6-76 .42 - - - - - .42
12-7-76 27.72 7.74 - .90 1.35 - 37.71
26-7-76 26.55 .72 - .43 12.50 - 40.20
10-8-76 4.97 - - - - - 4.97
25-8-76 77.61 7.65 - - 3.70 - 88.96
10-9-76 39.16 3.96 - - - - 43.12
25-9-76 4.62 10.56 - - 8.91 - 24.09
10-10-76 4o62 2.64 - - 4.95 137.54 149.75
25-10-76 - - - - 5„65 12.33 17.98
24-11-76 11.22 - - - 3.07. ■ 'S. • _ 14.29
11-12-76 - - - - 3.85 - 3.85
22-12-76 22.08 .44 - - 26.40 - 48.92

Total 318.27 57.62 .46 4.16 125.43 149.87 655.81

% 48.53 8.79 * * 19.13 22.85

* Less than 1%
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Table 31: Showing the weight of different species of molluscs
in g/in ancl their percentage composition at depth A
of SH pond for the year 1977

Date
V. D.

behgalensis Dulchella
A.

orcula
P.

exustus
M.

tuberculat«5 Ls» Total

13-177 16.90 4.24 _ _ 24,88 - 46.02
10-2-77 - - - - 12.95 - 12.95
23-2-77 16.24 2.10 - - 2.39 129.58 150.31
14-3-77 - 1.01 - - 1.32 - 2.33
25-3-77 - 11.13 - - 5.32 - 16.45
4-4-77 „66 9.55 - - 7.74 - 17.95
28-4-77 29.30 26.73 - 19.93 29.70 - 105.66
7-5-77 60.06 9.15 114.31 - 8.89 - 192.41

28-5-77 17.24 9.38 4.66 4„58 2.11 - 37.97
29-6-77 18„39 24.64 - 1.36 1.67 - 46.06
6-7-77 157.68 48.56 2.03 4.85 12.94 149.82 376.87
26-7-77 170.46 5.07 - - 2.11 - 177.64
12-8-77 78.58 56.22 - - 17.38 - 152.18
5-9-77 73.30 8.58 - - 6.34 146.91 235.13

26-9-77 321.02 15.84 - - 32.84 99.44 468.13
11-10-77 1806.93 8.45 .23 - 12.14 •'70.31 1898.06
25-10-77 295,42 2.82 - - 4.93 250.57 553.74
14^11^77 337o92 1.41 - - 2.02 - 341.35
12-12-77 60.19 12.14 - - 5.28 — 77.61

Total 3460.29 257.02 122.02 30.72 192.45 846.63 4909.33

% 70.48 5.24 2„49 * 3.92 17.24

* Less than 1%
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Table 32; Showing the weight of different species of molluscs
in g/m^ and their percentage composition at depth B
of SH pond for the year 1976

V. D. P. M. L.
Date benqalensis pulchella exustus tuberculatusmarainalis Total"

IQ-1-76 - o93 - .34 - 1.27
10-2-76 - 3.04 - 1.32 - 4.36
9-3-76 - 1.65 - 2.26 - 3.92
5-4-76 - - - - - -
7-5-76 - - - - - -
26-5-76 278.78 13.73 - - - 292.51
15-6-76 512„72 - - .54 - 513.26
25-6-76 417.88 6ol6 - 1.05 - 425.09
12-7-76 55„12 7.84 - - - 62.96
26-7-76 392.48 7,74 - 1.34 9.24 410.80
10--8-76 44.97 - - 3.08 - 48.05
25-8-76 151.01 2.11 - 1.84 - 154.96
10-9-76 314.16 4.10 - 1.48 - 319.74
25-9-76 304„92 3.96 - 10.89 - 319.77
10-10-76 203.94 6.16 - - - 210.10
25-10-76 269.27 - - 5.40 274.67
24-11-76 78„54 .88 - 1.02 - 80.44
11-12-76 33.66 - - 3.92 - 37.58
22-12-76 22.38 - - 1.01 — 23.39

Total 3079.85 58.29 - 35.49 9.24 3182.87

% 96.76 1.83 - 1.12 *

* Less than 1%
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T^ble 33; Showing the weight of different species of mulluscs
in g/râ  and their percentage composition at depth B
of SH pond for the year 1977

Date
Y-

benqalensis
D.

pulchella
P.

exustus
M. L.

tuberculatuS marqinalis Total

13^1-77 .35 - - 1.76 - 2.11
10-2-77 39,60 - - 7.00 - 40.30
23-̂ 2̂ 11 63.00 - - - - 63.00
14-3-77 150.48 - - - - 150.48
25-3-77 28.05 13.20 1.10 4.57 - 46.92
4-4-77 19.53 - - - - 19.53
28-4-77 51.92 4.73 - 12.32 - 68.97
7-5-77 37.75 5.98 - 3.04 - 46.77

28-5-77 17.63 4.04 ■ - .84 - 22.51
29-6-77 125.07 3.43 - .44 64.23 193.17
6-7-77 231.00 7.04 - 2.22 - 240.26
26-7-77 216.36 6.72 - 2.82 - 225.90
12-8-77 32.38 .48 - 1.28 - 34.14
5-9-77 479.46 5.94 - - 50.12 535.52
26-9-77 392.96 21.78 - - - 414.74
11-10-77 722.13 9.85 - 1.01 - 732.99
25-10-77 361.06 4.22 - .66 - 365.94
14-11-77 266.11 - - - - 266.11
12-12-77 123.55 4.05 - - - 127.60

Total 3358.39 91.46 1.10 31.66 114.35 3596.96

% 93.37 2.54 * * 3.18

* Less than 1%
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Table 34: Showing the weight of different species of molluscs
in g/m2 and their percentage compoEition at depth A
of PG Pond for the year 1976

Date
V.

bengalensis
D.

pulchella
A.

orcula ai
L. M. P 

iruminata tuberculatiiiexustus; Total

4-1-76 33.88 2.75 - - - - 36.63
24-1-76 15.31 2.40 - - - - 17.71

7-2-76 - 3.43 - - - - 3.43

12-3-76 - 2.28 - - - - 2.28

7-4-76 7.92 - - - - - 7.92

30-4-76 8.21 - .29 - - - 8.50

15-5-76 6.58 1.80 .79 - - - 9.17
24-5-76 0.28 - - - - - 0.28
10-6-76 - - - - - - —

22-6-76 - - .19 1.67 - - 1-86

7-7-76 7.92 - 12.63 .84 - - 21.39
22-7-76 43.56 - 18.45 .42 - - 62.43
5-8-76 43.81 - 12.98 .66 - - 57.46

22-8-76 21.78 18.20 1.72 1.72 - 2.65 59.13
7-9-76 62.44 39.42 1.45 - - 103.31

2 2-.-9-7 6 12.32 4.83 .52 - - - 17.68

7-10-76 167.64 2.90 - - - - 170.54
22-10-76 121.77 5.72 3.96 - - - 131.45

7-11-76 132.58 - - .86 - - 133.44
9-12-76 161.92 8.00 - - - - 169.92
22-12-76 92,63 9.24 - - - - 101.87

Total 940.56 101.00 66.07 6.17 - 2.65 1116.44

% 84.25 9.04 5.92 * - *

* Less than 1%
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Table 35; Showing the weight of different species of molluscs
in g/m^ and their percentage composition at depth A
of PG pond for the year 1977

Y-

Date
Vo D. 

bengalensis pulchella
A.

orcula
L.

acuminata
M.

tuberculatsf
P.

(sexustus Total

10-1-77 177.54 29.17 - T - - 206.71
7-2-77 11.26 14.96 .40 - - - 26.62

17-2-77 10.96 33.78 - - - - 44.74
11-3-77 - .84 .36 - - - 1.20
22-3-77 4.35 10.00 - - - - 14.35
2-4-77 - 3.69 - - - - 3.69

16-4-77 1.89 .53 - - - - 2.42
6-5-77 94„38 16.48 4.00 - - - 114.86
26-5-77 17.82 20.03 2.60 - - - 40.45
25-6-77 173.66 61„38 14.43 - - - 249.47
5-7-77 60.40 80.52 22.70 - - - 163.62

28-7-77 251.68 27.32 9.87 - - - 288.87
10-8-77 170.37 34.32 1.04 3.93 - - 209.66
20-8-77 132.59 83.79 3.25 - - - 219.63
8-9-77 94.24 39.60 12.21 - - 2.71 148.76
28-9-77 149.69 25.43 76.03 - - ‘ .22 251.37
6-10-77 884.86 9.85 43.96 - .44 939.12
29-10-77 148.15 58.52 7.38 - - - 214.05
10-11-77 - - 1.49 - - - 1.49
14-12-77 21.12 3.43 3.34 - - - 27.89

Total 2404.96 553.64 203.06 3.93 - 3.37 3168.96

% 75.89 17.47 6.41 h - ★

* Less than 1%
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Table 36; Showing the weight of different species of molluscs
in g/m^ and their percentage composition at depth B
of PG pond for the year 1976

Date
V.

bengalensis
D.

pulchella
A.

orcula Total

4-1-76 _ _ _

24-1-76 - - - -
7-2-76 - - - -
12-3-76 - - - -
7-4-76 - - - -
304-76 - - - -
15-5-76 - - - -
24-5-76 - - - -
10-6-76 - - .16 .16
22-6-76 6.46 - .23 6.69
7-7-76 9.90 - 2.09 11.99
22-7-76 9,80 - .40 10.20
5-8-76 15.85 2.02 3.08 20.95

22-8-76 45.92 11.09 - 57.01
7-9-76 66.22 9.86 1.49 77.57

22-9-76 98.56 .96 - 99.52,.,
7-10-76 122.92 ,97 1.10 124.99

22-10-76 162.80 16.01 .72 179.53
7-11-76 61.20 5.13 1.45 67.78
9-12-76 - - -

22-12-76 - - - -

Total 599.64 46.04 10.72 656.4

% 91.35 7.02 1.63
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Table 37; Showing the weight of different species of molluscs
in g/m2 and their percentage composition at depth B
of PG pond for the year 1977

Date
V.

benqalensis
D.

pulchella
A.

orcula
P.

exustus Total

10-1-77 - 3.43 - 1.78 5.21
7-2-77 - - - -

17-2-77 - - - - -
11-3-77 - - - - -
22-3-77 - - - - -
2-4-77 - - - - -
16-4-77 1.93 - - - 1.93
6-5-77 14.17 1.22 - - 15.39
26-5-77 2.28 3.70 6.68 - 12.66
25-6-77 12.01 8.62 .31 - 20.94
5-7-77 47.91 17.73 - - 65.64

28-7-77 58.08 20.19 - - 78.27
10-8-77 45.41 25.34 - - 70.75
20-8-77 51.74 29.57 .31 - 81.62
8-9-77 24.55 18.61 3.17 -

■ . 
50.33

28-9-77 179.12 70.22 70.23 - 319.57
6-10-77 143„57 25.12 12.22 - 180.91
29-10-77 125.35 3„17 1.82 - 130.34
10-11-77 20o24 3.08 - - 23.32
14-12-77 63.36 14.25 - - 77.61

Total 793.73 244.25 94.73 1.78 1134.49

% 69.96 21.53 8.35 *

* Less than 1%

Dhaka University Institutional Repository



207

Table 38: Showing the weight of different species of molluscs
in g/m2 and their percentage composition at depth A
of SB pond for the year 1976

Date
V.

bengalensis
A.

orcula
L.

luteola
M.

tuberculatas Total

15-1-76 _ 5.57 - - 5.57
30-1-76 - 1.97 - - 1.97
15-2-76 - - - - -
15-3-76 - - - - -
15-4-76 - 2.28 - - 2.28

30-4-76 - 4.42 - - 4.42
18-5-76 - .45 - .11 .56
30-5-76 - .40 - - .40
16-6-76 - - - - -
30-6-76 - .61 .38 .64 1.63
15-7-76 - 1.18 - - 1.18

31-7-76 - .88 - - .88
16-8-76 - - - - -
31-8-76 - 5.37 - .79 6.16
15-9-76 - 4.45 - — 4.45

30-9-76 - .54 - - .54
30-10-76 - 19.40 2.55 - 21.95
30-11-76 - .90 - - .90
17-12-76 - - - 1.89 1.89
28-12-76 - .19 - - .19

Total - 48.61 2.93 3.43 54.97

% - 88.43 5.33 6.24
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Table 39; flowing the weight of different species of molluscs
in g/m2 and their percentage composition at depth A
of SB pond for the year 1977

Date
V. D.

benqalensis pulchell
A. L.

a orcula luteola ti
1^.

jberculatt Total

19-1-77 - - - - - - -
14-2-77 - - - - - - -
28-2-77 - - .17 - - - .17
15-3-77 - - - - - - -
30-3-77 - - - - - - -
8-4-77 - - - 2.28 - - 2.28

29-4-77 - - .74 - - 1.14 1.88
9-5-77 - - .45 3.30 - .40 4.15
31-5-77 - - 2.64 - - - 2.64
22-6-77 - - 3.88 - - - 3.88
7-7-77 - - 8.87 - .82 2.00 11.69

30-7-77 - - 24.72 - - 1.83 26.55
18-8-77 - - 36.24 - - 16,47 52.71
9-9-77 - - 5.32 - .54 1.60 7.46
30-9-77 - - 7.36 - .32 7.68
14-10-77 4.31 - .46 - - 4.77
31-10-77 - - 2.00 - - 2.02 4.02

15-11-77 - - 3.96 - 1.06 - 5.02
22-12-77 - - 2.41 - .57 - 2.98

Total 4.31 - 99.22 5.58 3.31 25.46 137.88

% 3.13 - 71.96 4.05 2.4 18.46
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Table 40; Showing the weight of different species of molluscs
in g/m2 and their percentage composition at depth B
of SB pond for the year 1976

Date
D.

Pulchella
A.

orcula
M.

tuberculatixs Total

15-1-76 - .92 - .92
30-1-76 - - - -
15-2-76 - - - -
15-3-76 - - - -
15-4-76 - - - -
30-4-76 - .23 - .23
18-5-76 - - - -

30-5-76 - .52 - .52
16-6-76 - .95 - .95
30-6-76 .52 7.04 - 7,56
15-7-76 - 5.31 - 5.31
31-7-77 - .67 - ,67
16-8-76 - .69 - ,69
31-8-76 - 2.42 - 2.42
15-9-76 - 4.34 - 4."3 4
30-9-76 - .56 - .56
30-10-76 - .83 - .83
30-11-76 - - - -
17-12-76 - ,07 - .07
28-12-76 - 7.32 - 7.32

Tota] .52 31.87 - 32.39

% 1.61 98.39
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Table 41: Showing the weight of different species of molluscs
in g/m^ and their percentage camposition at depth B
of SB pond for the year 1977

Date
D.

pulchella
A.

orcula
M.

tuberculatas
P.

exustus Total

19-1-77 - 2.52 - - 2.52
14-2-77 - - - - -
28-2-77 - - - - -
15-3-77 - - - - -
30-3-77 - - - - -

8-4-77 - - - - -
29-4-77 - - - - —

9-5-77 - - - - -
31-5-77 - .24 - - .24
22-̂ 6-77 - .49 - - .49
7-7-77 - 3.71 - - 3.71

30-7-77 - ,25 - - .25
18-8-77 - 5.97 - .14 6.11

9-9-77 - 3.06 - - . 3.06V 'fc' ■**
30-9-77 - .40 - - .40
14-10-77 - - - - -
31-10-77 - .71 - - .71
15-11-77 - 1.98 - - 1.98
22-12-77 - - - - —

Total - 19.33 - .14 19.47

% - 99.28 - *

* Less than 1%
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DEPTH B

At depth B the biomass of different groups of organisms showed 

similar trend like that of depth A. Molluscan fauna dominated the 

biomass in SH and PG ponds, whereas in SB pond the oligochaetes 
was the most abundant group and influenced the total biomass 

(Fig. 43).
t -

SH Pond

The molluscs formed 98.8% and 98.4% of the total biomass.

V. bengalensis was the abundant species and formed 96.7% and 93.4% of 

the biomass of molluscan fauna in the first and second year respectively. 
The snail comprised 95.6% and 91.9% of total weight of the said

periods. The highest biomass of V, bengatensis was recorded to be
512.7 g/m during June in the first year and in the second year

it was of 722„13 g/m"̂  during October (Fig. 42 and Appendices 7, 8).

Among the oligochaete worm, L. hoffme'isteTi was the abundant 
species. It comprised 31.3% and 55.4% of biomass of total

The inaximiira weight of 19.4 g/m^ was found during October in the first

^ year and in the second year the highest biomass of 7.3 g/m^ was

recorded during December (Tables 38, 39).
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oligochaete worm. The mciximuin weight of the worm was found to be 

^  8.38 g/m2 during August in the first year 8.38 g/m^ and in the second

year the highest biomass of 7.6 g/m^ was noted during July (Fig. 42, 

ard Tables 26, 27))

PG Pond

The molluscs formed the dominant group. It constituted 87.5% 

and 81o7% of the total biomass in the first and second year respectively. 

V. bengatensis was the dominant species and formed 91.35% and 69.9% 
of molluscan weight and 79.9% and 57% of total biomass in the first 

'T' and second year respectively. The maximum biomass of the snail was

found to be 1628 g/m^ during October in the first year and in the 

second year 179.12 g/m^ was recorded during September (Fig. 42).

L. hoffmeisteri was the abundant species among oligochaete worms and 

formed formed 72„8% and 67.9% of the biomass (Tables 26, 27). The 

highest weight of the worm was noted to be 8.4 g/m^ and 23.6 g/m^ 

during June in the first and second year respectively.

SB Pond

The oligochaetes were the most dominant fauna and formed 84% 

and 91% of the total biomass in the first and the second year. The
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molluscs were the second abundant group and comprised 10.7% and 3„4% 

of biomass of macroinvertebrates (Fig. 43).

Among the oligochaete worms, L. hoffmeisteri was the abundant

species and formed 65.7% and 63.3% of the total biomass in the first
2

and the second year respectively. The maximum weight of 49.5 g/m 
was recorded during September in the first year 49.5 g/m^ and in the 

second year it was 44.6 g/m2 during July. Branchiura sowerhyi was 

the second abundant species and constituted 31.4% and 35% of the 

biomass of oligochaete worms (Tables 28, 29).

Atocinma O '̂Oula was the abundant species among molluscs. It 

comprised 10.5% and 3.3% of total biomass. The highest biomass of 

the snail was found to be 7.3 g/m^ during December in the first 

year and in the second year it was of 5.9 g/m (Tables 40, 41).

DEPTH C

The biomass of macrobenthos was noted to be extremely poor in 

all the three ponds at depth C (Figs. 40, 41, Appendices 7-12).

SH Pond

In 1976 oligochaetes formed 48.8%, chironomids, 12.9% and 

Chapborus sp. 38% of the total biomass. And in 1977 oligochaetes
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constituted I0o8%, chironomids 24.2%, Chaoborus sp. 65% of the 

tctal biomass ^Fig. 42),

Among the o l i . g o c h a . e t e s , Mesenahytraeus sp. was the most
2abundant species„ The highest biomass of 0„15 g/m was noted during 

Decembero

Among the dipteran insects the larvae of Chaoborus sp. was most 

abundant fauna. The maximum biomass of 0.36 g/m^ was noted during 

December in 1976 and it was 0.25 g/m^ during October. Chironomids 

larvae occurred casually (J\ppendi>̂  7) .

PG Pond

In 1976 oligochaetes constituted 2%, chironomids larvae 4.4%, 

larvae of Chaoborus sp„ 38%, other insects 55% and in 1977 

oligochaetes formed 2%, larvae of Chaoborus sp. 97.9% of the total 

biomass (Fig, 42).

The larvae of Chaoborus sp. was the dominant component of the 
macroinvertebrato fauna. The highest biomass 0.42 g/m^ was found 

during December in 1976 and Oc38 g/m^ in 1977 the maximum biomass 
of 0.38 g/m2 was recorded during January (Appendices 9, 10).
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SB Pond

In 1975 oligochaetes formed 31%, chironomids larvae 4%,

Chaohovus sp. 16%, other insect larvae47.9% of total biomass and 

in 1977 oligochaetes comprised 3%, chironomid larvae 4%, and larvae of 

of ChaoboTUS sp. 91% of the biomass of total macrobenthos (Fig. 43).

Among the three ponds, the highest biomass of the total 

organisms was found in SH pond and the lowest in SB pond, whereas 

the PG stood the above two (Fig. 40)„ However, excluding the 

molluscan fauna, the highest biomass of total organisms was recorded 
in SB pond and the lowest in SH pond (Fig. 41).
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(iii) Size Group Frequency of Li-mnodviZus 

^  hoffmeisteri and BTanoh'Lura sowevhyi

The individual of L. hoffmei-steri belonging to three size 
groups, vlz.y small, medium and large, were recorded together 

throughout the period of observation (Table 42, Figs. 41 - 46). The 

highest number of the species belonging to small-size group occurred 

between February and July in SB and SH ponds, whereas between July and 

September in PG pond at depths A and B during the periods of study 
(Table 42, Figs. 44 - 51).

The maximiim number of L. hoffmei.stev'i belonging to large-size 
group was encountered between November and February at depth A and 

between July and September at depth B of the three ponds (Figs. 44-49).

The individuals of B. sowerbyi belonging to the three size 

groups, yiz.j small, medium and large, were also found together 

during the periods of observation. However, at depth A, the indiv­
iduals of small-size group were absent during May and July in 1976 and 
February, and August 1977. At depth A, the highest number of small- 

size group was recorded during September and November in 1976 and 

during September and October in 1977. At depth B the number of indiv- 
iduals belonging tc small-size group showed more or less similar 

trends like that of depth A.
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46 Graphs snowing participation in seasonal abunc ,:ce and 
bioniacs of three size groups of L. hoffgeisteri at depth 
A in PG pond.
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L IM NO D R IL US  HOFFMEISTERI AT A IN SB POND

r

Fig. 48 Graphs showing participation in seasonal abundance and biomass of 
three size groups of L. hoffmeisteri at depth A in SB pond.
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BRANCHIURA SOWERBYI AT A IN SB POND

Fig. 50 Graphs showing participation in seasonal abundance and 
biomass of three size groups of Branchiura sowerbyi at 
depth A in SB pond.
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The highest number of individuals belonging to large-size 

group occurred at depth A during January, November and December in 

1976 and during April in 1977. At depth B the maximum number of 

large-size group B sowerbyi was recorded during June in the first 

year and during September in the second year (Figs. 50, 51).

The individuals of large and medixom-size groups determined the 

total biomass of L. hoffmeistevi and B. sowerbyi (Figs. 44 - 51) .

The size frequencies in these species are shown in in Table 42 

and Figs. 44 - 51.

Thus, it was noted that breeding in L. hoffmeistevi and 

B. sowevhyi occurred irregularly throughout the year without showing 

any specific pattern. Yet the maximum breeding, as revea].ed from the 

large number of individuals belonging to small-size group, was 
recorded between March and July in case of L. hoffmeistevi and 

between September and October in case of B. sowevhyi (Table 42) .

It was found that sudden decrease in total populations of 
L. hoffmeistevi and B. sowevbyi occurred mostly during summer and 

monsoon (Table 42). It was further noted that in SH and PG ponds, 

which have sharp slope at the: margin, a decrease in population of
hoffmeistevi at depth A resulted an increase of the same population 

at depth B (Figs. 44 - 47).
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-r
(iv) Mutual Association Between Dominant Oligochaetes

The mutual association between BTCcnohi-odp̂ tus ssmpein anc3 Dsvo 

digitat-cZj between B. sempei'i and L'imnodi''iZus hoffTneistevi^ and between 

D. digitata and L, hoffmeistevi was studied by rank correlation and 

coefficient method. In 1976 the mutual association between B. semperi 

and D. digitata was noted at 5% level of significance at depth A of 

SH and at A and B of SB pondo In 1977 mutual association between the 
above two species was recorded to improve to 1% level of significance 

at A and B of SB pond, at A and B of PG pond, and at B of SH pond 

(Tables 43 - 45).

In 1976 the mutual association between B. semperi and 

L. hoffmeistevi was observed at 5% level of significance at depth B 

in SB pond and at 1% level of significance at depth B in PG pond 

(Tables 43 - 45).

In the first year the mutual association between D. digitata 

and L. hoffmeistevi at 1% level of significance occurred at depth A 

of SB pond.

The mutual association among the above three dominant species 

are shown in Tables 43 - 45.

Thus, a significant mutual association was observed between 

B. semperi and L. hoffmeisteri at B of PG and SB ponds and between 

L. hoffmeisteri and D. digitata at A in SB pond.
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Table 43; Mutual associationship among dominant oligochaete species
with the values of respective 'r' at depth A and B of
SH pond fcr the year 1976 and 1977

Correlation coefficients
Depth Year Organisms

A 1976 Brcmchiodpitus setup eri Vs. Dero digitata 0.494*
u It II II Vs. Lirmodrilus hoffmeisteri 0.349
t t II Dero digitata Vs. Lirmodrilus hoffmeisteri 0.261
II 1977 Bvanc h'iodp'i lu s semperi Vs. Dero digitata 0.219
M II II II Vs. Limnodrilus hoffmeisteri -0.030
M II Dero digitata Vs. 0.334

B 1976 Branchiodritus semperi vs. Dero digitata 0.187
t t II II II Vs. Limnodrilus hoffmeisteri 0.121
II It DeTO digitata Vs. -0.236
II 1977 BranchiodpiZus sernperi Vs. Dero digitata 0.745**
II II II II Vs. Limnodrilus hoffmeisteri -0.107
II t t Dero digitata Vs. -0.057

* 5% 
** 1%

level
level

of significance 
of significance
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Table 44: Mutual associationship among dominant oligochaete species
with the values of respective 'r' at depth A and B of
PG pond for the year 1976 and 1977

Depth Year Organisms
correlation 
coefficients 'r'

A 1976 BranahiodT-i Zus semperi Vs. Dero digitata 0.407
II II II II Vs. Limnodrilus hoffmeisteri 0.227
II II Dero digitata Vs. II  II 0.169
I t 1977 Branahiodri lus semperi Vs. Dero digitata 0.730**
I f I t II 11 Vs. Lirmodrilus hoffmeisteri 0.423

II I I Bevo digitata Vs. I I  II 0.395

B 1976 Branohiodr'ilus setnyeri Vs. Dero digitata 0.229
II I I II ■ II Vs. Lirmodrilus hoffmeisteri 0.760**
II II Dero digitata Vs, I I  II 0.076
II 1977 BranchiodriZus semperi Vs. Dero digitata 0.427

II II II II Vs. Lirnnodrilus hoffmeisteri 0.497*

u II Devo digitata Vs. II  II 0.016

* 5% level of significance

** 1% level of significance
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Table 45: Mutual associationship among dominant oligochaete species
with the values of respective 'r' at depth A and B of
SB pond for the yeair 1976 and 1977

Depth Year Organisms
Correlation 
coefficients 'r'

A 1976 B. semperi Vs. D. digitata 0.503*

II II II I I Vs. L. hoffmei-steri 0.434

II II D. digitata Vs. II I I 0.707 **

II 1977 B. sempeT-i Vs. D. digitata 0.761 **

II II II II Vs. L. hoffmeisteri 0.304

II II B. drigitata Vs. II II 0.303

II 1976 B. serrrperi Vs. V. digitata 0.463*

II II II II Vs. L. hoffmeisteri 0.560*

II II V. digitata Vs. I I II 0.262

11 1977 B. semperi Vs. D. digitata 0.635 **

II II II II Vs. L. hoffmeisteri 0.511*

II II D. digitata Vs. II II 0.493*

* 5% level of significance

** 1% level of significance
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(v) Populations of Benthic Macroinvertebrates 
and Physico-chemical Factors of Water,
(A) Simple and (B) Multiple Regressions

The relationship between the populations of macrobenthos and 

physico-chemical parameters of water was studied. Simple regressions 

as well as multiple regressions between these populations and para­

meters of water were calculated. These are shown in details in 

Tables 46 - 57 and Figs. 52 - 57.

(A) Simple Regressions

The simple regressions between the density of total fauna, 
oligochaete, their dominant species and temperature, pH, dissolved 

oxygen, carbondioxide, total nitrogen, phosphate, calcium and 
organic carbon were calculated. These are discussed below and also 

shown in Tables 46 - 51 and Figs. 52 - 57.

(1) Total fauna and physico-chemical parameters

a) The density of total fauna increased with the 
decrease of temperature at all depths of three ponds except 

at B of SH and PG ponds. At depth A of SH pond the co­

efficient between teir.perature and total fauna was found to 

be at 1% level of significance (t =—3.27).
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Dhaka University Institutional Repository



233

M'

60 fio 100 
ORGANIC CARBON

'"'■̂CoS0.40£.3,g„

Li-
o

o

15 2 5 3 5
TEMPERATURE

Y - - 8 8 6 9  0 6 X - 4 6 I I 8 - 6 5 8

PH

SB POND AT  B

ORGANIC CARBON ORGANIC CARBON

CARBONDIOXIDE CARBONDIOXIDE

TEMPERATURE TEMPERATURE

PH

P6 POND A T  B

pH
SH POND A T  B

Fig. 53 Graphs showing the relationship between the abundance of total fauna 
and OC, CO2 , DO, temp., and pH at depth B of the three ponds.

Dhaka University Institutional Repository



234
6 0

4  5-
o

3 0

I&

0
6 0  9 0  100

O R G A N IC  C A R B O N

120
O R G A N I C  C A R B O N

40 60 eo 100
O R G A N I C  C A R B O N

C A R B O N D I O X I D E

T E M P E R A T U R E T E M P E R A T U R E

pH

10 
5 ̂ 
0

S-Jj-S3. 
OS ®

0  5  10

C A R B O N D I O X I D E

'51
10
5
O

y  = 1 5 7 9  5 5  + 2 2  5  2  J 8 X

1C 15

D I S S O L V E D  O X Y G E N

TEMPERArURE

S B  P O N D  A T  A S H  P O N D  A TPG P O N D  A T  A
Fig. 54 Graphs showing the relationship between the abundance of oligochaetes and 

OC, C02r DO, temp., and pH and depth A of the three ponds.

Dhaka University Institutional Repository



p y» S3 0 7.094
* 5  6 0 2  J

60 ^  100 

ORGANIC CARBON

Y  =1  ^ 6 4 1  4 ( , 4 f i ' i ' t X

C

120

Q 3 0 .
Z
<
cn 2 0 -

ZD
0 1 0  -
X
( -

z C

CM
S
\ 3 0 .

CO
_ l 2 0 !
<

Q 10 -

>

Q 0 1
2

1

Ll.
0 3 0 -

0 2 0 .

10 ■

To 20 
CARBONDIOXIDE

Y = 4 J 4 C - 2 7 9   ̂ 8 2 3  0 4 5  ^

i I’o
DISSOLVED OXYGEN

25 35

TEMPERATURE

125 1/5 5050 70 90 no
ORGANIC CARBON ORGANIC CARBON

■9i
15-

ID 20

CARBONDIOXIDE

u «0 0 O f)
c ,0  ®

e“, ®

CARBONDIOXIDE

O

_a£.
0 5 10 12

DISSOLVED OXYGEN
5 1010 15

DISSOLVED OXYGEN

15

10
5

0

18-

15 ■

10
5
0

. „ -Id) <!>
®o o

-Jl̂

o(\J
o
CC• mCdoU)f̂
>•

15 "25 35

TEMPERATURE

‘ " > ? o

5

0 .

5

0
o o
-Sae-flioo-— -w ji'®"

LjBO. _BO
17 22 27

TEMPERATURE
32

o

G<P§o O oo« o 
_____a,__Q -

O
eg<vj
O

>

7
pH pH

SB POND A T  B PG POND AT B SH POND AT B
Fig. 55 Graphs showing the relationship between the abundance of oligochates 

and OC, CO2, DO, temp., and pH at depth B of three ponds.

Dhaka University Institutional Repository



236

> 532 ' a 0^

® a
2 t).

® ©
10-

3©e
a® ©® a .

0
1 3 0

ORGANIC CARBON

15

10

5

0

.OT-27.757X
® e €> 0®oa 3

- ®
a e>.

7 5  " ? i "  ■  ̂ 115

ORGANIC CARBON

10. 

5 .

» r  0

5̂.
e ®®e
e>e_____® . 

,B aayflfi ,------- - Ts

0<?'635x

10 '20
DISSOLVED OXYGEN DISSOLVED OXYGEN DISSOLVED OXYGEN

o

o

3 2 . y» 9

20.

10'
® 0  „E 9

0
15 2 5  3 5

T E M P E R A T U R E

15 2 5  3 C  3 5

T E M P E R A T U R E

15 2 5  3 5

T E M P E R A T U R E
I8̂

3 2

20
10

Y . l U 7 7 b * ' '
- - I 0 9  0 9 6 X  

9
€»®

e
e .  L  '  ^

«  ® ® (• *

•  *  i

v  = 2 6 0 9  3 2 6 + 3 7 4  4 6 9  X
9

7
pH

SB P O N D  A T  A PG P ON D  A T  A S H  POND A T  A

Fig. 56 Graphs showing the relationship between the abundance L. hoffmeisteri 
and DC, CO2, DO, temp., and pH of depth A of three ponds.

Dhaka University Institutional Repository



237

19

0 10 20 25

Cfi 'RBONOIOXIDE

CARBON

15'
0

<
' 10-

©
5

<
. 0

ORGANIC CARBON ORGANIC CARBON

10 20 

CARBONDIOXIDE
0 10 20 25

CARBONDIOXIDE

■Y

>
Q

U.O

15'

to. ©8

a
5 .

(3 10

,0̂

19,
15

10
5

0

r  - ,b6'1
15

10

20
DISSOLVED OXYGEN

'̂6254-7g5-349.35)

S( ^

25 35

T E M P E R A T U R E

Y«532 2 e8IX-S0e02 9 49

15 25 35

T E M P E R A T U R E

Y,
® ©

_ 2 8 8 . 2 6 7 X

15 - 

10
5

0

0
«a _

0 fO 20

DISSOLVED OXYGEN

T E M P E R A T U R E

15
10
5

Y* 802-914+l2i-059 X

fi O
ok»o-

TTjS>

87 8 6 7

pH pH

SB PON A T  B P6 POMD AT B
Fig. 57 Graphs showing the relationship between the abundance of L.hoffmeisterz 

and OC, CO2 , DO, temp., and pH at depth B of three ponds.

7 8

pH
SH ROMO A T  B

Dhaka University Institutional Repository



Itib le  t a in p le  regrasB lon c o e f f io l« n t  (B ) o f  o rg a n lJM  <T) on
ptV^sloo-chemlcal fa cto r*  o f  w ater (T a n p ,, ^  DO, OOg* 
M, POj^, Ca, OC) w ith  t l i « l r  oorr»»pondln£r U t o r c e p t  ( A ) ,  
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a t  depth A o f  SH pond.
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Table k 7  i Simple re g re ssio n  c o e ff ic ie n t  (B )  o f  orgonlems (X ) on 
p)^8ieo»eheoiieal fa c to rs  o f wator (Tem p«( pH, DO, (302* 
Mf Ca, OC) w ith  t h e ir  correspondinc in te rc e p t  (A )
standard e r ro r  and c o e ff ic ie n t  o f  n w lt ip le  c o rre la t io n  

a t  depth B o f  SH pond.
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T o ta l fauna

N »*625.895*f -1120.0622 27>f.60ltf -0 .5 6 7 0.321»f 0.0088

3208.7101 11»^»f.6210 »f87.569 1.0169 1.03^^ 0.0279

Ca T‘^3 .1 8 7 1 -330.9*^57 6V7.O IO 9 - 1 . 36Mf 1.861 0.0lf91

OC 8852.7150 -7 1 .1 8 8 5 702.»t931 -1 .»f88 2.215 0.0579

iw p * -1577.518^ 162.5688 672.31*^ 1.580 2.W96 0.06»f,

pa -3708.8793 8W.37W2 >♦96.1756 I . 1W 1.3179 0.0353

DO 1»f59.‘^ 7 6 136.9766 333. W 1 3 0.76»f 0.583 0.0159

00 3138.5»*93 -122.67»f3 579.735^ - 1.3505 1.8238 0.0»<32

Oligochaetes
N 50>f6. 8>f12 -8 71.6585 239.537 -0.5>*66 0.2987 0.0082

2021.1125 7306.1092 325.09Mf 0.7M A- 0.55V 0.0151

Ca 5935.2783 - 318.IM K ) 621.98302 - 1 . W 2 .115 0.055

OC 8307. 099^ - 83.6018 825.0103 -1 .9 7 3 9 3.896 0.0976

Temp* 90.3662 ><■.3623 17.56l»f 0.3398 0 .115 0.0031

pH 83.8700 15.7623 9.53787 0.1797 0.032 0.0008

DO 73.9105 17.3955 »f2.28l9 0.803»f 0.6>f5 0.0176

CO 173.1710 >f.3623 20.0672 0. 388»f 0.1508 O.OOW
£

H 199.71»f -2 .3 3 5 9 0.5175 - 0.0107 0.0001 -

58.1513 2>f90.9832 105.6603 2.1056 h . h 3 3 * 0.1096

Ca 50>f.9983 - 27.9127 5V.5356 -1.0»f1»f 1.08»f5 0.0292

OC - 632.7936 11.83»f3 116.376 2.3599 5.569* 0.1339

Tanp* 2703.5307 - 178.0353 736.30*»9 - 1.9292 3.721 0.0937

pH 802.9137 123.0592 7 1 .2 W 0.1778 0.0316 0 .0008

DO 1851.9606 - 22.1986 53.9912 -0 .1 3 * ^ 0.018 0.0005

CO. 2178.1851 -8>f.&022 ‘♦00.7**35 - 1.0138 1.0277 0.0277
L . h o f fo e ia te r l 2

N 1927.1367 - 339.2892 83.1819 -0 .2 0 7 6 0. 0V3 0.0011

1532.1738 2870,9103 121.776 0. 30»f 0.092 0.0025

Ca 3 > ^ .5 7 7 9 - 163.8151 320.260 - 0.806 0.6»»9 0.017

OC 76V7.8020 -8V .8067 836.9025 -2 .2 2 6 8 »f.958* O . I I 6O

♦ a t  le v e l  o f  s ig n if ic a n c e
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M b le  ^  t Slmpla recresslon co e ffic ie n t (B ) of arganlsma ( T )  
on pl^sloo-eiittalcal facto rs o f water (Tsmp.y pH, 
DO, OOgt » ,  POj^t Ca, OC) w ith  t lie lr  corresponding 
in te rce p t (A ) ,  standard e rro r  and co e ffic ie n t of 
o u lt lp le  co rre la tio n  a t depth A o f PO pond*

T X A B SS(B) t '1.3 9
r2

Tteip. 25922.26U0 -»f55.98l9 2225.5318 -I.6906 2.858 0.0682
pH 8328,9720 9M0.2090 1238.5971 0.9179 0.8»̂ 25 0.0211
DO 9823.*f700 675.*^ 2021.2098 1.5256 2 .3 27 0.056

CO, 20>f78.0690 -738.9751 2»>ao.8oi5 -1.9 0 15 3.6157 0.081f8
To ta l fauna

M 15551.8M*0 -»*28.8»*90- 362.6993 -0.266 0.0707 0.0018

PO^ 150**0.8>«90 1399.10>«9 186.26137 0.1366 0.0 18 0 , 0 0 0 k

— Ca 20599.7780 -550.5107 1398.05»> -1.039 1.0 79 0.0269

OC 2 5 2 ^ 2 ^ ( h 2 -110.061 138 .3156 -0.7958 0.633 0 .0 15

^snip* 19^56.»f390 -365.2W51 1782.6663 - 1 . W 2.1898 0.0531

pH 5001.0680 692.8>*97 9 l2 .7 3 ‘f5 0.7*̂ 2*f 0.551 0.0139
DO 6350.6860 567.7805 1698.9278 1.»i066 1.978 0.0l»82

CO 16757.61MO - 822.2927 2760.5062 - 2.387 5.697* 0.127**
Ollgochaetes 2

N 11018.7850 -^.3911 179.3393 -0.1»A8 0.020 0.0005"

10767.8690 756.5778 100.7223 0,0813 0.006 0.0001

Ca 17956.6»f70 - 719.9530 1828.3639 - 1.5199 2.31009 0.0559

OC 16903.1610 -6»f.»«931 1099.0969 - 0.0969 0.80Mf 0.0202

TIobq). 1331.0867 23.9007 116.55165 6,3383 O .llM f 0.0029

pH 67.5^36 257.6038 »f31.7796 1.276»> 1.629 0.0M)1

DO 1l77.8Mf9 91.1l8»f 272.6309 0.796 0.633 0.0159

co_ 2093.2V79 - 138.8023 »*65.2167 -1.3799 1.901 0 , ( M >
2

H 1763.2736 1»rt).366l 118.712 0. 3 ^ 3 0.1185 0.0030

1651. V713 3232.799** **30.37928 1.272 1.617 0.0398

Ca 3^5.833>^ -161.5176 M O . 1763 -1 .210 1.»^6if 0. 0361.

OC 3170.5050 -13.52»f5 229.882 -0 .6715 0.»t509 0.011>f

57W.31W 1W.U690 70.»>512 0.3302 0.109 0.0027

pH 772.3508 19. 8V39 26.1085 0.1220 0.01*f8 0.0003

DO 7^3.357^ 19.»«006 57.97t01 0 .2 7 13 0.0736 0.0018

1007.5298 -12.66l»f >f2.»*693 -0.199 0.039 0.0010
£

N 9*^.1723 -31.67»f3 26.7753 -0 125 1 0 .0 15 O.OOOV

936.3138 -265.Mfl8 35.3377 -0.1650 0.0 27 0.0006
Ca 1019.30WO -10.U0»f2 26.2998 -0.123*f 0 .0 15 0.0003

OC 85s. 3902 0.67»f3 12.71>f 0.05»f 0.002 -

TtaqD. 12512.2720 -30*̂ .1502 H^.»f756 -2 .2 2 5 >♦.952* 0.1126
pH 2609.3259 37^»*690 *♦93.31036 0.7010 0.*̂ 91>f 0.0126
DO 3198.8558 269.7583 807.1736 1.1593 1.3»̂ 0 0.0333

00̂
5

7M>9.98>»8
5*̂ 59.7500

-289.2333

-1»^.9‘*66
973.1877

120.89**6
-1.U088
-0 .170 7

1.982
0.029

0.0>f8lf
0.0007

5300.617^ 318.2868 *♦2.373 0.0598 0.003 -

Ca 9590.2287 -»f 30.6192 1093.5813 -1.5938 2.537 0.061

OC 79^^.5869 -27.7567 *f72.78l9 -0.6719 0.V51** 0.011*f

* a t le v e l o f slgniflcanoe
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Table  V9 t Simple re g re ss io n  e o e ff ie ie n t  (B )  o f  oirganlsns (Y )  
on p h ysico -che m ica l fa c to rs  o f  w ater (Tftm p,, pH, 
DO, COg# Hf POj^f Ca, CX:) w ith  t h e ir  corresponding 
In te rc e p t  ( A ) ,  standard e r r o r  and c o e f f ic ie n t  o f  
m u lt ip le  c o rre la t io n  a t  depth B o f  PG pond*

Y X A B SB(B) t ^1 .3 9
r 2

re t^ « 7386*M)69 8V.2225 387.715 0.503 0.253 0.006V

pH 13102.6250 - 536.3070 706.5C27 - 0.9237 0.853 0. 021V

DO >f328*509*f 7V8.026 2217.529 3.229 10.V 26** 0.2109

CO- 11702.9160 - 270.8937 1 1 »f1 , 683‘t -1 .5 1 9 8 2.309 0.0559
T o ta l fauna z

n 10699.2390 - 1231. O2V7 1129.9659 - 1.5033 2.259 0. 05V7

10161f. 5920 - 885O .58V2 1260.6236 -1 .6891 2.853 O.O681

Ca I 3O61. 316O - 369.225 9V5.0167 - I . 2V6V 1.553 0.0383

OC 1lif26.25 - 23.0967 590.7855 -0 .7 7 0 6 0.5938 0.0150

Idmp« 7692. 8U62 10. 25^7 V7.OO8 0.0628 0.0039 0.0001

pH 11022.0720 -lf38.V 686 577.615 -a.77*f7 0.6001 0.0151

DO 2715.665 781.  M)3 2316.V 76 3.5V5 12.573** 0. 2V37

CO. 10158.609 - 253.3859 1067.8955 -1 .V 5 9 8 2.131 0.0518
O ligochaetes

H 91*^.0735 - 1080.387 991.695 - 1.3505 1 . 82V 0.0VV6

PO^ 8609.8Jf3»f -V 221.6895 1 »f 70.276 -2 .0 6 0 9 V .2V7* 0.0982

Ca 1228»f.8520 -V 29. 76V3 1099.973 - 1.506 2.268 0. 05V9

OC 15*»22.1280 -7 9 .W 5 5 1718.222 -2 .V 5 8 6.OV17 * 0. 1 3V1

Temp* - 593.55*^9 V1 .V 269 19V .8112 2.3M^ 5.V9V* 0. 123V

pH 676.5Mf5 -V 6 .7 5 5 3 61.5790 -0 .6 9 7 9 O .V87 0.0123

DO M)Jf.3066 -8 .6 V 6 6 25.V579 - 0.2889 0. 083V 0.0021

CO, 750.U673 -*+5.877^ 193.3060 - 2.3233 5.3963* 0.1215
2

H 326.6Mf7 17.8205 16,3318 0 .l8 if 0.033 0.0008

pcv 309.»H77 38V . 3511 5V.6363 0.6183 0.382 0.0097

Ca 3*^.0635 0.0562 2 .5 5 5 0.0016 0.00002 -

OC 367.9357 - 0.2259 21.059 - 0.055
■  1

0.003 -

Temp* 625V.705V -3 ^ .9 6 5 3 160.9071 1  - 0.2779 0.0772 0.0019

pH 9l»86.67«*0 - ^ m , 2 6 7 0 379. 7V61 -0 .6 5 8 6 O .V 337 0.0109

DO 10»*6.6005 660.5023 1958.06»f7 V .01U8 16 . 118 ** 0. 292V

CO3 7739.6351 -2 57.6725 1080.1189 - 1.9518 3.809 0.0889

N 6329.V 851 - 781.711 717.537 - 1.2626 1.59  V 0.039

60V9.008 - 6237.5933 888.Mf5 -1 .5 8 0 6 2.V 98 0.0602

Ca 7768.6029 -228.»f597 58V .73M) -1 .0 2 1 9 I.O M f 0.0260

OC 10707.8810 - 55. 7V05 120*f,8337' -2 .2 0 »f V.857* 0.1107

• a t  5 %  le v e l  o f  s ig n if ic a n c e

B t  le v e l  o f  s ig n if ic a n c e
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Tfebla 5D t SjUq^ p a g n a a le a  eoslTlalsnt (B) o f orcflidLm (T) on 
p>yaloo-chealcel faetors o f watar (Skq),^ pH, DO, CO ,̂ 

Ca, OC) Hlth ooxToqKmintj intarocpt (A),
standard mrrar and eoaTflelant o f  aulttpls 
eorralatlan a t dapth A of SB pond*

T X A B SB(B} t '1.37 r2

Ttap. ‘♦6179.5700 -360.5773 l88>f.5>̂0 -0.55V 0.306 0.0082
pH «f79*»2.821 -1»̂28.1»*83 88if.l808 -0.259 0.067 0.0018
00 3009).9^ 10>«0.6832 3M)2.197 1.009 1.0187 0.0268

T&tal fauna V3366.5190 -815.7262 >f558.623 -1.368 1.87 O.OV81
B 13675-7̂ 70 V337.717O 3867.2583 1.152V 1.327 O.O3V6

Mf732.2«»3 -11302.570 »f58V.537 -1.3761 1.893 0.0V86
Ca 1006l«8,860 -3̂ 83.7917 8972.53̂ »2 -2.9126 8.W3** 0.1865
OC 12223l».660 -970.3935 10666.3Mt -3.639 13.2V2** 0.2635
Itap* 39968,5320 -765.690»» M301.8575 -1.7V05 3.027 0.0756
pH -W71.5T90 3P»82.28:% 2155.9191 0.9115 0.829 0.0219
00 II1O83.IMO 903.7327 295V.»̂ 79 1.2617 1.592 O.OV12

OUfoeliaatas «>2 25511.0030 -731.8106 3853.*̂ 1 -1.671 2.792 0,0701
V 36712.392 -21651.610 5709.362 -2.595 6.73V** 0.15V

2lMt0.5D60 -12682.IM) 598.767 -0.2505 0.062 0.0016
Ca 31070.5850 -595.»»966 2310.i«288 -0.9785 0.957 0.025
OC 08813.8220 -783.00W 86l5.8Mi8 -V.V71V 19.989** 0.3508
Siog>« 28l6.5l6lf Jf.9110 25.1399 -O.OW .0019 -
pH 6233.2>*2lf 1222.0768 757.095 11.328V 1.763 0.0V5'
00 3»»72.6726 -107.9908 353.0202 -0.6082 0.369 0.009

£• .aSBBBZI 3235.996̂ * -79.W08 )fl8.i»86iif -0.7225 0.521 0.0139
B 2363.8688 JA8.577»» 118.2861 ;’0.2028 0.0V1 0.001

1963.5255 106115.7*»3 5OI.205W 0.0679 0.753 0.019
Ca -230.0329 161.5>»35 M5.701 0.7176 O.51V9 0.0137
OC 73B7.M1M} -53.7537 595.3951 c 1.0355 1.071 0.0281

J825.715*» -102.««031 535.1816 i>.£.228 V.96V* 0.118
-2117.2M«6 i>76«6ii«6 295.095 1.17V9 1.380 0.0359

DO 1258.9^^ 1«».667̂ «»7.839 %
.1875 O.O3V9 0.0009

fi. diEltaSa “ 2
H

170»»,0095
2233.0516

-50.2592

-1166.9772
26«h 5960  ̂
307.8»i.39

I1.OV98

I1.2277

1.102
1.507

0.028

0.0391

PÔ 1397.2728 Jt79.1267 22.6211 ,088V 0.007 0.0002
Ca 6i>*9.^8 -263.9886 679.3319 ^

\

U9519 8,7lV«* 0.1906
OC 6833.9V39 -62.705»f 69̂ .5785 ?.03V9 9.2106 0.1993
IBB9* 19958.370 -398.«»303 2082.3792 I.V337 2.055 0.0526
pH 11177.5370 -109.0960 67.5396 A.0V52 0.002 -
00 53>̂ 6.9660 702.6353 2299.799 1.5931 2.5376 O.O6VI
~2
H

12857.653
179>»9.6M«0

-366.2«»39
-1027*^5620

1928.5118 f 
2900.2213 V-

|.322
J.0510

1.7>*9
)f.2066*

0.0V51
0.1020

11771.‘#25D -a008ci.017 9>*8.Ii238 -C.639 0.V08 0.0109

Ca 35873.OMX} -1>«06.5002 3619.»#25D i.6W8 6.9̂ 1? • 0.159
OC M.053.7720 -386.0226 >^.Mt5l r-3.2V89 10.555** 0.2219

5031.*̂ 1 -76.1799 397.6737
T~
Vo .7882 0.6209 0.0165

pH -937**.7871 1130.8292 700.107W I.V127 1.995 0.0511
00 1126.592V 287.0632 938.>i608 <1.9358 3.7V7 0.0919

^  ■owartryl «2 3673.3163 -72.1123 378.6829 •'r 0.752 0.565 0.015
H 3815.6965 -686,7235 77«*.l63f 1.5716 2.V699 0.0625

2720.5932 6218.8533 >iai.2>t9 t .836 0.698 0.0185

Ca 6783.86if5 -308.869«» 79‘f.827 -1.616 2.613 0.0659
OC 15287.69«*0 -138.9929 I5*̂2.10»i9 -3.V962 12.223** 0.2V8

* a t  5% l a v a l  

♦♦ a t  1J{ Im r a l

of aigalfloaiioa 
of slgnlfloanoa
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Table 5l : Simple regression coeffic ien t (B ), of organisms (T)
on physico-chemical factors o f water (Temp., pH, DO, 
COg, N, PÔ ,̂ Ga, OC) with the correiponding Intercept 
(A) standard error and coeffic ien t of multiple 
correlation at depth B o f SB pond.

- 2*f3 -

T X A B SE(B) t ^1,37 r2

Tamp, 20090. »K)20 - 372.6310 I7>f8.83»f7 -1.120 1 . 25V 0.0327

pH -̂ ♦6118.6530 8269.0600 W .5 9 5 3 3.290 10. 82V** 0.2263

DO 6l+6lf.0»f10 829.003‘f 2775.3905 1.825 3.331 0.0825

CO2 15766.W80 -If6l.»t680 2715.266 - 1.782 3.175 0.0790
Total faiina N 21502.2500 -10523.*+890 3828.92lf0 -2.6269 6.9006* 0.1571

PCV 7975.9320 3W08.1f970 1759.2112 1.1269 1.269 0.0331

Ca 29828. 50U0 -928 .l6 fl 1900.1568 -1.2206 I.V89 0.0387

OC 5313**-.^*^ -»f77.56»*9 8020.5300 -9.0696 82. 2V6** 0.689

Temp. 17367.1660 -3»f7.9771 1633.1280 - 1 . 21V I.V 73 0.0383

pH -»f7227.5l80 8119.092 - »t5l 1.267 3.908 15. 277** 0,292

DO »f3*^.279>f 823.0»f5 2755.Mf5 2.1278 V.527* 0.1090
— CO2 136lH.9*f30 -lf6U.66>t 273>f.07Mf -2.1093 V.VW** 0.1073

Oligoehaetes N l8M)»f.2350 -9529.2792 3»f67.l85 -2.778 7.717** 0.1726

P \ 3752. 8W 55185.588 2789.0635 2.157 V.652* 0.117

Ca 227‘t2.520 -677.387»f Iif11.1>f59 -I.OV36 1.089 0.028

OC »f75l1 A77 -*^37.765 7352.105 - 11.327 128. 301** 0.776

Temp. 801.1l7*f - 15.291 71.611 -O.V36 0.190 0.005

pH -37W.W5 602.2918 33*f.655 2.1523 V.632* 0.111

DO 169.7236 If 5.8836 153.575 O.9V2 0.888 0.023

CO2 ‘f21.lW 3.0225 16.783 0.1078 0.012 0.0003
B. semneri N 87»f.7582 -MtS.38l 6 163. 1M -1.002 1.005 0.026

P \ - 717. 2W 1 lit86.0320 580.501 V.315 18. 623** 0.33̂
Ca -702.791^^ 58.3615 119.*t6l 0.7296 0.532 O.OIV1
OC 2»«05.0>+5 -22.Mf19 376.5313 -2.»t65 6. 080* O.1V1

Temp. 501.858 67.625 - 1.3619 1.855 O.OV77

pH -602.0908 110.6826 6i.if968 1.2302 1.513 0.0392

DO l67.0»fMf 0.3675 3.113*f O.O2V 0.0005 0.0000

CO 209.5928 -»f.3706 25.03V -0.5059 0.2559 0.0068
H, 2

H 295.132>f -132.?t5 k8.22k -0.957 0.916 O.O2V1

p(V I8l.»f337 -9*t.0307 17.V259 -O.3V2 0.1176 0.0031

Ca 732.7308 -28, ̂ k 58.V11 - 1.1668 1.361 0.035V

OC »f2»f.7020 -2.9305 V6.2627 -0.977 0.955 0.025

Tenqp. 8123.1932 - 80.3609 385.8032 -0.3666 0.13^3 0.0036

pH -30802.9*^9 5322.8808 2957.5892 3.1616 9.995** 0.2127

DO 207>f.Mf7 561. 670V 1880. 39V 1.8656 3.W0 0.085

CO3 9Mf7.9l6l -3»f6.8»n6 20lV.0llt6 -2.0121 V.0V8 0.0986

N 12538.2»f70 -6577.036 2393.O2V9 -2.M465 5.985* 0.1392

2611.5377 36261.1190 1832.6263 1.8139 3.290 0.0816

Ca 22162.1160 -80»f.05l6 I 6V6.O69I - 1 . 615V 2.609 0.0658

OC 35075. 560 - 330. 22Mf 55V5.9851 -IO.V775 109.767** O.7V79

Temp. »f206.7682 -97.50Mf V68.1186 -1.558V 2.V27 0.0615

pH -10791.07*^ 1827.3996 969.19701 3. 6V31 13. 271** O.26VO

DO 832.5561 189.5969 63V. 7363 2.1737 V.72V9* 0.1132

CO 2677.68>f5 -7»f.9227 VV0.8051 -1.V621 2.1377 0. 05V6
I . 2

N 3887.32»40 -2001.772 728.3358 -2,^2 6.V82* 0. 1V90

lMt7.172»f 5273.2522 271.7925 0.8857 0.7832 0.0207

Ca 1151.'^ »t2.3l86 86.611 0.2796 0.078 0.0021

OC 7802. 313 -66.7259 1120.5l>t6 -V.V927 20. 18V** 0.3529

* at 5Jt le v e l o f significance

** at Ijt le v e l o f significance
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b) The nvimber of total fauna increased with the 

increase of pH. However, at depth A of SB pond pH showed 

a negative relation.

The relationships were noted to be at 1% level 

significance at depth A of SH pond (t = 2.93) and at 

depth B of SB pond (t = 3.29)o

c) The density of total fauna increased with the 

increase of DO content. The relationship between DO and 

total fauna was noted to be at 1% level of significance 

at the depth A of SH pond (t = 2„98) and at depth B of 

PG pond (t = 3.22).

d) The abundance of total fauna decreased with the 

increase of CO2 content.

e) The abundance of total fauna decreased with the 
increase of tota] nitrogen contents The relationship was 

noted to be at 5% level of significance at depth B of

SB pond (t =-2.63).

f) PO4 did not show any definite relationship.

g) The density of total fauna decreased with the 
increase of Ca content and the relationship was recorded 

to be at 1% level of significance at depth A of SH pond 

(t =-2o915) and SB pond (t =-2.912).
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h) The number of total fauna decreased with the 

increase of organic carbon content and a highly signi­

ficant relation was found at A of SH (t =—3,45) and 

A (t =-3.64) and B {t =-9.06) of SB ponds.

(2) Oligochaetes and Physico-chemical 
parameters of water

a) The density of oligochates increased with the 
decrease of temperature in all depths of the three ponds 
except at B of SH and PG ponds. A highly significant

relation was found at A of SH pond (t =-3.79).

b) The abundance of oligochaetes increased with 

the Increase in pH in all depths of the: three ponds 

except at B of PG pond. The coefficient is noted to be 
at 1% level of significance at B of SB pond (t = 3.908).

c) The density of oligochaetes increased of DO 
content. The relationship was observed to be significant 

at 5% level at depth B of SB pond (t = 2.127).

d) The number of organisms decreased with the
increase of CO2 content and the relationship was recorded

to be significant at 5% level at depth A of PG pond
B(t = -2.38) and at depth^of SB pond (t = -2.11).
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e) The faunal abundance decreased with the increase 

of tota] nitrogen content. The coefficients were highly 

significant at depth A (t = -2.59) and at depth B

(t = -2,78) in SB pond.

f) Phosphate did not show any specific relationship.

g) The number of organisms decreased with the 
increase of Ca content,

h) The density of oligochaetes decreased with the
increase of organic carbon content. The relationship was
noted tc be at 5% level of significance at depth B of PG

pong (t = -2.46). It was highly significant at depth A of 

SH (t = -4.01) and at depth A (t = -4.47) and B (t = -11.32) 

of SB ponds.

(3) Branoh'Lodrilus semperi and physico­
chemical parameters of water

a) The abundance of the species decreased with the 

increase of temperature. However, at depth A of PG pond 

the faunal density increased with the increase of 

temperature.

b) The density of the species increased with the
increase of pH value. The relationship was noted to be

at 5% level of significance at depth B of SB pond (t = 2.15)
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c) The number of the species increased with the 

increase of DO content in all depths of the ponds except 

at depth A of SB pond.

d) CO2 did not show any specific relationship.

e) Total nitiogen content did not exhibit any 

specific relationship.

f) PO^ did not show any specific relationship. It 

recorded a negative relationship at 5% level of signi­
ficance at depth A of SH pond (t = -2.24), whereas a 

positive relationship at 1% level of significance at 

depth B of SB pond (t = 4.31).

g) No specific relationship was found between 

Ca and the density of the species.

h) The density of the species decreased with the 

increase of organic carbon content„ The relationship 

was noted to be at 5% level of significance at depth

B in SB pond (t = -2.46).

(4) Dgyp digitata and physico-chemical
parameters of water

a) No specific relationship was found between 

temperature and the species„ A positive relationship
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wes noted to be at 5% level of significance at depth B of 

V  PQ pond (t = 2.34) whereas a negative relationship was

observed to be at 5% level of signif3 cance at depth A of 

SB pond (t = -2.23).

b) The density of the species increased with the 

increase of pH in all depths of the three ponds except at 

depth B of PG pond.

c) DO did not show any specific relationship.

d) The number of species decreased with the increase 
of CO2 content in most cases except at depth B of SH pond.

e) Total nitrogen did not exhibit any specific 

relationship.

f) PO4 did not show any specific relationship.

g) The density of the species decreased with the 

increase of calciiom content in most cases except at depth 

B of PG pond. A highly significant relationship was 

observed at depth A of SB pond (t = -2.95).

h) No specific relationship was found between organic 

carbon and abundance of D. digitata. A positive relation­

ship was observed to be at 5% level of significance at 
depth B of SH pond (t = 2.36), whereas a negative relation-
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ship was recorded to be at 1% level of significance at 

V" depth A of SB pond (t = -3.03).

(5) Limnodrl'ius hoffmeistevi and physico­
chemical parameters of water

a) The density of the species decreased with the 

increase of temperature. The relationship was found to 

be at 5% level of significance at depth A of PG pond 

(t = -2.25) and it was at 1% level of significance at 

depth A of SH pond (t = -3.82).

-i- b) The number of the species increased with the 
increase of pH. The relationship was noted to be at 1% 
level of significance at depth A of SH pond (t = 3.82) 

and depth B of SB pond (t = 3.16).

c) The abundance of the species increased with the 

increase of DO content in most cases except at depth B of 

SH pond. The relationship was foxond to be at 5% level of 

significance at depth A of SH pond (t = 2.52) and it was 

noted to be at 1% level of significance at depth B of

PG pond (t = 4.01).

d) The ab-undance of L. hoffmeisteri decreased with 

the increase of CO2 content.
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e) The nun±>er of the species decreased with the

^  increase of total nitrogen content. The relationship

was noted to be at 1% level of significance at depth A 

(t = -2.05) and B (t = -2.4) in SB pond.

f) PO4 did not exhibit any specific relationship.

g) The density of the species decreased with the 

increase of Ca content. The relationship was noted to be 

at 1% level of significance at depth A in SB pond

(t = -2.64).

h) The faunal abundance of the species decreased 
with the increase of organic carbon content. The relation­

ship was noted to be at 5% level of significance at depth

B of SH (t = -2.22) and PG (t = -2.20) ponds whereas it 

was at 1% level of significance at A (t = -3.25) and B 

(t = -10.48) of SB pond.

(6 ) BTonoh-LuTa sowerby-i and physico­
chemical parameters of water

Correlation coefficients between the density of 

B. sowevbyi. ancl physico-chemical parameters of water were 

calculated in SB pond only as the species was found to be 

one of the dominant species in this pond.
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a) The number of the species decreased with the

^  increase of temperature.

b) The density of the species increased with the 

increase of pH. The relationship was noted to be at 1% 

level of significance at depth B in SB pond (t = 3.64).

c) The number of the species increased with the 

increase of DO content. The relationship was found to be 

at 5% level of significance at depth B of SB pond

(t = 2„17).

d) The density of the species decreased with the 

increase of Ca content.

e) The number of the species decreased as a total 

nitrogen content increased. The coefficient was noted 

to be at 5% level of significance at depth B of SB 

pond (t = -2„54)„

f) PO^ exhibited a positive relationship.

g) Ca did not show any specific relationship.

h) Highly negative relationships were observed 

between organic carbon and the density of species at 

depth A (t = -3.49) and B (t = -4.49) in SB pond.
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(B) Multiple Regression 
^  The multiple regression coefficients of abundance of

total fauna, total oligochaetes and dominant oligochaete species 

with teniperature, pH, dissolved oxygen, carbondioxides, total 
nitrogen, phosphates, calciiom and organic carbon were calculated. 

These are shown in details in Tables 52 - 57 and also discussed 

below;
a) Total fauna.

A significant value of multiple correlation 

and coefficient between total fauna and water parameters 

^  was noted at depth A (F = 4.445) in SB pond. A highly signi­

ficant value was recorded at depth A of SH (F = 5.6), at 

B of PG (F = 6.23) and at B of SB pond (F = 9.47).

b) Oligochates.
A highly significant value was noted at depth A 

of SH (F = 5 .Bo) , at depth B of PG (F = 6.92) and SB 

(F = 21.05) pondso

c) Branohiodp'ilus semperi.

A significant multiple correlation coefficient 

^  value was recorded at depth B of SB pond (F = 4.73).
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d) Dero digitata.

A highly significant value was found at depth 

B of PG pond (F = 5.84).

e) L'imriodrilus hoffmeisteri.

A highly significant multiple correlation 

coefficient value was noted at depth A of SH (F = 7.09),

B of PG (F = 7.95) and B of SB ponds (F = 13.78).

f) Bvanohiura sowevbyi.

A significant value was recorded at B of SB 

pond (F = 3.61).

The calculated valuers of simple correlation coefficients 

between the faunal abundance and eight physico-chemj.cal para­

meters of water; thus reveals, that the DO content and pH 

value showed a positive relationship with faunal abundance 
whereas temperature, CO2 , total nitrogen, calcium content and 

orgarlic carbon content showed a negative relationship. The 
phosjihate content did not exhibit any specific relationship 

with faunal abundance.

In the present investigation a significant multiple 

correlation and coefficients between faunal abundance and 

the above eight factors of water was found only at A and B of 

SB pond.
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(vi) Populatior. of Benthic Macroinvertebrates a 
and some Chemical Parameters of Soils

The relationship between density of macrobenthos, total 

oligochaetes and pH, total nitrogen, and organic carbon content of 

soils at the two depths (where the populations were mostly resticted) 

of the ponds were calculated for the year 1976 and 1977 and the 

results are shown in details in Tables 58, 59. Some highlights of 

the results are stated as follows:

(A) Density of total organisms and chemical parameters 
of soils

a) Total fauna and pH of soils.
The abundance of total organisms increased with the 

increase of soil pH in all the depths of three ponds except at 

depth A of SB pond. The relationship was noted to be at 5% 

level of, significance at depth B in SB pond during 1976 

(t = 2.29).

b) Total fauna and total nitrogen content.
No specific relationship between the density of 

total organisms and total nitrogen content of soil was 

found.

c) Total fauna and organic carbon content of soils.
The number of total fauna decreased with the increase 

of organic carbon content of soil at depth A in all the three
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Table 58: Showing correlation coefficients between total 
fauna, oligochaetes and pH, N/T and OC of soil 
in SH and PG ponds at depths A and B

Pond Depth r t

Total fauna S pH A +0.0026 +0.012
" S N/T " -0.039 -0.1829
" S OC " - .0091 -0.042

Oligochaetes S pH " +0.003 +0.015
S N/T " -0.011 -0.052
S OC " -0.011 -0.052

S H -----------------------------------------------------------

PG

Total fauna S pH B +0.272 +1.325
S N/T " +1.458 +1.458

" S OC " +0.057 +0.268
Oligochaetes S pH " +0.399 +2.015*

S N/T " +0.838 +7.261**
S OC " +0.281 +1.368

Total fauna S pH A +0.386 +1.987
S N/T " -0.097 -0.461
S OC " -0.352 -1.75

Oligochaetes S pH " +0.228 +1.109
S N/T " -0.116 -0.567

" S OC " -0.141 -0.663

Total fauna S pH B +0.301 +1.475
S N/T " +0.061 +0.282
S OC " +0,161 +0.762

Oligochaetes S pH " - .OOl -0.006
" S N/T " +0.032 +0.147

S OC " +0.152 +0.712

* Significant at 5% level ** Significant at 1% level
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Table 59: Showing correlation coefficient between total 
fauna, oligochaetes and pH, N/T and OC of soil 
at depths A and B

Pond Depth r t

Total fauna S pH A -0.052 -0.235

S N/T " -0.501 -2,708*

S OC " -0.432 -2.233*

Oligochaetes S pH " +0.021 +0.094
S N/T " -0.111 -0.510

S OC " -0.002 -0.009
SB

Total fauna S pH B +0.44 +2.294*

S N/T " -0.301 -1.475
S OC " +0.223 +1.06

Oligochaetes S pH " +0.292 +1.421

S N/T " +0.911 +10.295**

S OC " +0.112 +0.519

* Significant at 5% level

** Significant at 1% level

Dhaka University Institutional Repository



2f 3

ponds, whereas a reverse relationship was found at depth B of 

A .  these ponds. The relationship was noted to be significant

at 5% level at depth A in SB pond during 1976 (t = -2.23).

(B) Density of Oligochaetes and Chemical Parameters of Soils

a) Oligochaetes and pH of soils.

In most cases the number of organisms increased 

with the increase of soil pH. The coefficient was found to 

be at 5% level of significance at depth A in SH pond during 
1977 (t = 2.015).

b) Oligochaetes and total nitrogen content.

The density of oligochaetes decreased with the 
increase of total nitrogen content of soil at depth A in all 

the three ponds, whereas the number increased with increase 

of total nitrogen content at depth B in these ponds. The 

relationships was recorded to be at 1% level of significance at 

depth B in SH (t = 7.261) and SB ponds (t = 10.29) during 
1977.

c) Oligochaetes and organic carbon content of soils.

The density of oligochaetes decreased with the 
increase of organic carbon content at depth A in all the 

three ponds but a reverse relationship was noticed at depth 
B in these ponds„
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Thus, the nitrogen and organic content of soil showed a 

negative relationship with the faunal abundance at A and a 
positive relationship at B in all the three ponds.

A-'

y
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CHAPTER VI

DISCUSSION

During the present investigation the maximxim abundance and their 

diversification were found in SB pond and the lowest in SH pond, where­

as, the PG pond stood in between these two (Fig. 16). The gentle and 
gradual slope with rich populations of macrophytes was possibly one of 

the reason for the maximxmi number and forms of macrobenthos in SB pond. 

The bottom contour of PG pond was characterized by sharp slope at the 

margin which gradually became less steep downward. A fairly good 

growth of macrophytes was witnessed in the pond.

These factors helped to abode a large number of macroberthos in 

PG pond. On the: other hand the slope of SH pond was sharp and a poor 

density of macrophytes was recorded at the margin (Figs. 2, 4, 6).

Thus, the numlier of benthic organisms was the lowest in SH pond.

The above finding agrees well with those of Adamstone (1924) , 

Rawson (1930), Dun (1961), Grimas (1965), Krishnamurthy (1966) and 

Macan & Kitching (1972).

y  The average bacterial cell count revealed the SB pond has the
highest number of bacterial cells in its sediment (Table 6). Harrel 

(1973) noted that the population of bacteria] cell in a water body
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influenced the ah-.undance of macroinvertebrates since some 

macroinvertebrates feed on bacteria. The highest bacterial populations 

in the sediment of SB pond possibly enriched the faunal abundance of 

the pond.

In the present studies it was found that the oligochaetes was 

the major group determining the total bulk of the macrobenthos. Among 

these worms, L-irmodrilus hoffmeisteri was the abur.dant species in all 

the three ponds (Figs. 25, 26, 28, 29, 31, 32, 34 - 39). L. 

hoffme'tsteri is a pollution tolerant species and it thrives in water 

receiving sewage effluent.s (Thut, 1969; Barrel and Duplechin, 1976;
Ali and Rashiduzzaman,1976) . L. hoffmeisteri was thus noted to abound 

in SB pond which receives sewage inflow and domestic wastes.

The abundance of most taxa and diversification of organisms were 

recorded to vary inversely with depth in all the three ponds. The 
«

highest number of macroinvertebrates with great diversification of 

fo2mis was noted at depth A (0.2 m) in all the three ponds. The number 

and variety of organisms decreased as the higher depth was attained, 

and at the deepest area (3 m) the faunal abundance was found to be 

exceptionally poor (Fig. 16, Appendices 1 - 6 ) .  Juday (1922),
Rawson (1930), Humphries (1936), Eggleton (1937), Berg (1938),
Deevey (1941), Losos (1952), Dunn (1961), Sivertsen (1973), Solem 

(1973), Ali et at. (1978), and Ali et al, (1979) also observed that
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the abundance of macroberthos correlated inversely with depth. It 

^  appears that, fresh supply of organic nutrients, high DO values,

low CO2 tension, low organic carbon content in sediment and water, and 

presence of rich macroflora population all possibly contributed to the 

maximum abundance and variety of benthic invertebrates at depth A 

(0.2 m) . On the contrary Paterson and Fernando (1969a) found that the 

average number of organisms and the depth was insignificant for all 
groups than some of the chironomids in temperate water. They also 

noted that the oligochaetes and mites wer ■ most abundant in a grass 

substrate regardless of depth. Juget and Giani (1974) also did not 

observe any relation between distribution of oligochaetes and depth of 

water bodies. In temperate region the particulate organic matter under­
goes decomposition in summer, when water temperature is more suitable 

for bacterial activity. The: water turn over brings DO to the bottom 

in autunm and spring. So depletion of DO takes place in winter due 

to crust formation. In winter DO requirement of benthos was minimum 

due to reduced physiological activities of the organisms. In the 

tropics, however, one may expect continuous decomposition of organic 

matters throughout the year and it gets accelerated during summer. As 

the over turn in tropical ponds is negligible, the bottom water more 
or less shows the accumulation of high CO2 , H2S, and low DO content.
The conditions of bottom become more deplorable in ponds, as seen in 

the present study, where accumulation of organic matters exceeds
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decomposition., Thiis the faunal abundance decreased drastically at the 

greater depths (3 m) in all the three ponds.

In the present study it was noted that rainfall influenced the 
distribution of oligochaete worms at depth A (0.2 m) and B (1 m) in all 

the three ponds (Figs- 18 - 21) . During summer and monsoon 

oligochaete worms were found to decrease in number at depth A of these 

ponds with simultaneous increase at depth B (Figs. 18 - 21) . The 

above observation corroborates with the earlier investigations by 

Goodbody (1961), Paterson and Fernando (1969a), Barrel (1969), and 

Gupta (1976). During rain the run-off water carried organic nutrients 
from the pond margins and adjacent areas to the deeper water resulting 

in ar increase in bacterial populations. This attracted the worms to 
the deeper depth. Some of the organisms were also carried from the 

pond margins to the deeper region by rain water. This was clearly 

demonstrated by I, hoffmeisteri in SH and PG ponds (Table 42). These #
ponds have sharp slope at the margin and a sudden drop in population of 

L. hoffm€:'istev'i at depth A occurred during summer and monsoon with a 

simultaneous increase in population at depth B in most cases 

(Figs. 44 - 47).Kowever, the populations of oligochaetes did never 
increase at depth C as compared to A and B at any stage during the 

investigation.

An inverse relationship was observed occasionally between the 

populations of chironomids and oligochaetes (Fig. 20). Similar
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inverse relationship was also reported by Srivastava (1959),

Brinkhurst and Kennedy (1955), Barrel and Dorris (1968), Hruska 
(1973), and Ali et at. (1978) . It has been noted that midge larvae 

and oligochaetes feed on silt particles, bacteria, and detritus 

(Hruska, 1973; Hynes, 1974; Harrel and Duplechin, 1976) living in the 

same habitat. Harrel and Duplechin (1976) further recorded that 

larvae of some chironomid species feed on oligochaetes. These factors 

might cause the inverse relationship between the populations of midge 

larvae and oligochaetes in the present investigation. However,
Gaini and Lucas (1974) did not find any competition between the 

populations of chironomid larvae and oligochaetes in Lake Port-Bielh.

The population freshwater mussel, LameZZidens marginaZis was 

recorded only from SH pond (Fig.27). This filter feeding species 

prefers pollution free water. The SH pond showed less contamination 

in comparison t!b PG and SB ponds as indicated from chloride values of 
water (Thresh et aZ.y 1944 c, f . ; Munawar, 1970, Sreenivasan, 1967) and 

percentage of oligochaete worms in the population (Goodnight, 1973), 

This possibly explains the presence of L. mopginaZis at SH pond.

The larvae of Chaoborus sp. were found to be restricted at C 

y- (.3 m) in all the three ponds (Figs. 17 - 19 and Table 19). Stahl

(1966) indicated that larvae of Chaoborus to be benthic during day 

time, and they migrate vertically during night. Hamilton (1971)

Dhaka University Institutional Repository



270

noted that larvae of Chaoborus live in deep and deoxygenated water. 

Similar observations were also made by Deevey (1941), Northcote and 

Clarotto (1975), Barrel et at. (1976), and Darlington (1977).

While conducting the investigation it was noticed that the 
oligochaete worms did not show any specific pattern in seasonal 

abundance. The peak growth period of these worms fell widely between 

September and July (Table 22). On the contrary, Michael (1968b) 

noted the maximum density of oligochaetes between January and April 

in a pond near Calcutta, India. Lvmnodpilus hoffmeisteri, the most 

common species, showed the highest occurrence between December and
t June. Bvccnch'iodriZus semperi exhibited maximum growth between April 

and December, whereas, Branchiura sowerbyi recorded the highest 
number between April and September (Table 22). The above observation 

is possibly due to the fact that these ponds were mostly subjected to 

human interference which disturbs the natural reproductive and 

nutritive behaviour of the organisms»

The molluscs, on the other hand, showed a more or less specific 
pattern in seasonal abundance. The highest number of the organisms 

occurred between June and October with the exception in SB pond 

"Jh during 1976 when two peaks, the first in January and the second in
October, were recorded (Fig. 23). Digonidstoma pulohella showed the 

peak occurrence between May and October. A'Locinma OTCuZa^ the most

Dhaka University Institutional Repository



271

common molluscs of SB pond, exhibited the peak between June and 

October. However, in 1976 excluding the October peak A, ovauZa also 

recorded a peak in January but its populations declined sharply in 

February and March. V'ivipcoms bengaZensis^ the most abundant snail 

of SH and PG pond, was found to have the peak between August and 

September and the lowest number was noted between November and April 

(Table 23) . A large number of dead shells of V. bengalensi.s was noted 

to float in these ponds from January to March. From the above 

observation it is presumed that the ring snail, V. bengdtensis has one 

year life span. Further studies in the regard may be undertaken in 

^  future. Michael (1968b) also recorded the highest number of V.

bengalens'is between April and October and the lowest between December 

and February.

In course of the investigation a minimum occurrence of molluscan 

species, V'i-vipfvmA.s bengatensisj Digoniestoma pulchella in PG and SH 

ponds and Alooinma pvcula in SB pond was recorded during winter and 
summer (Table 23). During the period a dense algal bloom was also 

witnessedo The coincidence of the small number of these species 
with algal bloom is an interesting phenomenon. A detailed study may 

be carried out to ascertain any possible relationship between algal 

bloom and the reduced snail populations.
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In ths p3TBS6nt study dry wGight of macroinvertebirates f presBirvsd 

in 4% formalin for nearly a year, was done. Howmiller (1972) noted 

that the dry weight of oligochaete and chironomid larvae after 

preserving in formalin 1^ and 2 months decreased by 20 to 30% of its 
calculated initial weight. The weight of different groups of animals 

might also be affected differently by preservation. Thus the biomass 

in terms of formalin dry weight as noted in the present observation 

is an undervalue of the actual dry weight by an unknown amount. The 

data may be used for inter groups and inter-ponds comparison only.

During the first and second year in SB pond the biomass of 
oligochaete worms formed 77„8% and 68.2% of total standing crops at depth 

A and 84% and 91% of standing crops at depth B respectively. In PG pond 

nearly 85% of standing crops composed of molluscan species in two 
depths, whereas the molluscs constituted more than 95% of standing crops 

at depth A and*B in SH pond during the period of study (Figs. 42, 43).

Though the bulk of benthos in all these ponds comprised of 
oligochaetes worms, yet the biomass of total organisms mainly composed

r-
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of molluscan fauna (Figs. 17 - 19 and 42). The value of molluscs as 

fish food organisms is to be established fimly with regards to common 

fishes cultured in Bangladesh. Thus excluding the biomass of molluscan 

fauna it was found that SB pond was most productive than the other 

two (Fig. 41).

Kennedy (1966) observed that L. hoffmeistevi has no specific 

breeding season. He further noted that depending on the productivity 

of habitat breeding may take place throughout the year or be strictly 
seasonal or show seasonal peaks in activity. Young (1974) found that

breeding of L. hoffmeisteri took place at low level for most of the

~K year and it intensified from March to Julyo In the present study L.

hoffmeisteri showed breeding season throughout the year as revealed 

from the appearance of individuals belonging to small size group in 

all the three ponds. The peak breeding period in -oase was encountered 

between March ^ d  July (Table 42, Figs. 44 - 49). BranohiuĴ a sowerbyi 

also showed the breeding activity throughout the year with some gaps. 
The peak was recorded between September and October (Table 42). The 

irregular breeding pattern of these species was presumably due to the 

reason that these organisms bred intensively in suitable condition 

which was depended to a great extent on the external interferences.

In the first year mutual association between Branohiodrilus 

semperi and Dero digitata as reflected by rank correlation test was

recorded to be at 5% level of significance at A and B of SB and at A
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of SH ponds. In the second year the association among these two 

species was noted to be at 1% level of significance at both depths of 

SB pond, at depth A of PG pond, and at B of SH pond (Tables 43 - 45). 

From the above observation it appeared that significant mutual 

association exists between the two species, B. sempevi- and D. d'ig'itata. 

Other species did not, however, exhibit any definite association among 

them (Tables 43 - 44) .

Physico-chemical parameters of water and abundance of benthic 

macroinvertebrates.

t

The different physico-chemical parameters of water of the three 

ponds were studied and described in Chapter III. The correlation co­
efficients between physico-chemical parameters of water and the faunal 

abundance are noted in Chapter V and these relationships are discussed 

in the following paragraphs.
•

Cook and Jahnson (1974) founc’ that temperature of water has a 

fundamental contributing influence on turn over ratio, as it affects 

the metabolism of individual annuals. Macan (1961, *63) indicated a 

number of ways in which temperature can affect the growth and life 
cycle, and limit the distributional range of fresh water animals.

^  Berg (1938) noted that migration of bottom fauna in lakes greatly
depended on temperature. Paterson anc Fernando (1959a) observed 

colonization of bottom macroinvertebrates in small impoundment was 

accelerated by temperature. All the above observations were made
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in temperate zone. But in tropical region, the picture is just the 

reverse. Srivastava (1956) noted that large scale mortality of bottom 

organisms occurred in summer due to excessive heat. In the present 

study a negative correlation between temperature of water and density 

of total fauna, and oligochaetes were recorded at depth A of all the 

three ponds and a good negative correlation was noted at A in SH pond 

(total fauna t = -3.271, oligochaetes, t = -3.798)(Tables 46 - 51).

Hall et al. (1970) while working in temperate environment also observed 

a steep reduction in average standing drops as water temperature 
increased. It was observed in the present study that the increased 
temperature resulted the foarmation of high amount of CO2 , depletion in 

DO, and the presence of H2S (Table 4, Figs. 7 - 1 5 ) .  These factors were 

possibly the reasons for the negative relationship between temperature 
and the faunal density. However, negative relation of temperature with 

faunal density was not observed at B in PG and SH ponds. This was 
possibly due to' the fact that rains drove downward a large n\imber of 

organisms from the steep margins of these ponds and that the 
temperature during monsoon was fairly high. However, Krishnamurthy 
(1971) could not get a clear relationship between temperature and 

distribution of animals while studying the bottom biota of Pulicat 

Lake.

In the present study the number of BTOnchiuva soweTbyi decreased 

with the increase of temperature and the species was found to thrive 

mostly in autumn and winter when the temperature ranged between 15°
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and 25°C. Brinkhurst (1965), on the other hand, observed that B.

^  sowerbyi is a thermophilic species in North America. Barrel (1969)

also noted the maximum density of B. sowevbyi during months when water 

temperature was high. The above observation is logical since water 

temperature in summer months of temperate region is nearly equal that 

of the winter in tropical region. Thus thermophilic species on North 

America becomes thermophobic in Bangladesh condition.

Mathew (1975) observed that water pH at 8.0 is favourable for high 

rate of production. Hora and Pillay (1962) have shown that pH range 
7.0 - 8„0 is characteristic of good water suitable for fish cultivation. 

In the present investigation a positive relation of pH with the abundance 

of total fauna and oligochaete worms was also noted in all the depths 

of the three ponds except at depth A of SB pond where a negative 
relationship occurred. The positive relationship was noted to be at 1% 

level of signj«ficance at A (total fauna t = 2.937, oligochaete 

t = 3.77) of SH pond and at B (total fauna t = 3.29, oligochaete 

t = 3.91) of SB pond (Tables 46 - 51). Despite the above observation 

a negative relationship of pH with faunal abundance at A of SB pond 

indicates that the effect of pH on the animal was likely to be 

indirect one.

t

>
The importance of DO in the biology, physiology and abundance of 

bottom organisms has been recognized by different workers (Brundin, 

1950; Jonasson, 1969; Barrel, 1973; Hruska, 1973; Solem, 1973; Cook and

Dhaka University Institutional Repository



277

X

Johnson, 1974; Giard and Lucas, 1974; Lang, 1978). Deevey (1941) 

recorded that shallow lakes with eutrophic oxygen curve are more 

productive of bottom fauna than other typeSo In the present 
observation a positive correlation of dissolved oxygen with the 

abundance of total fauna and oligochaete worms was noted in all the 

three ponds. The relationship was noted to be at 1% level of 

significance between DO and total fauna at A (t = 2.98) of SH pond, 

and it was at 1% level of significance between DO and total fauna
KKAVv

(t = 3,23) and DOAoligochaete worms (t = 3.54) at B of PG pond 
(Tables 48, 49) „ However, LirmodpiZus hoffmeisteri did not show the 

positive relation with DO at depth B of SH pond (Table 42) possibly 

owing to poor occurrence^at depth g,

0

The carbondioxide and organic carbon content of w&ter showed 

negative relationships with the tctal density of all the organisms 

(Tables 46 - 51)„ For example, a highly negative relationship at 1% 

level of significance was encountered between organic carbon and 

density of macroinvertebrates, oligochaetes, and the dominant species 

of oligochaetes at depth A and B of SB pond and at A of SH pond 

(Tables 46, 50, 51)„ The negative values at 5% level of significance
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were also noted between oligochaete worms and Lirmodrilus hvffmeisteri 

eind organic carbon at depth B of SH atnd PG ponds (Tables 47 and 49) .

All these results showed that the faunal abundances studied were 

greatly minimised as the organic carbon content of water increased.
The total nitrogen and calcium content of water also showed a negative 

relationship with the density of total organisms as these were found 

to be related directedly to the amount of organic matters present.

The significant values of multiple correlation coefficient for 

total organisms were calculated at depth A and B of SB pond 

(Tables 56 anc” 57). It seems that the physico-chemical parameters of 

water at SB pond were favourable for the high production of benthic 

organisms.

Soil characteriiStic and abundance of macroinvertebrates.

Some physico-chemical aspects of soils of these three ponds and 

their relationships with the faunal abundance were studied in Chapter IV

& V. In the investigation the higher density of organisms was recorded 

at depth A in sediment with fine grains.

The number of macroinvertebrates was noted tc decrease at areas 

with coarse-grained mud. On the other hand. Cook (1975) noted that 
coarse grained glaciolacustrine sediments were capable of supporting 

higher benthic stocks than more flocculent, fine-grained muds. How­

ever, Giani and Lucas (1974) did not find clear relationship of faunal 

abundance to grain size of the sediment.

>
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The grov.'th of high benthic populations was observed at depth A and 

B of SB pond with the soil pH ranged between 5.9 and 6.9. The depth A 

of SH pond, however, did not support rich populations of 

macroinvertebrates under almost similar condition. The abundance of 

oligochaetes as well as other macroinvertebrates was noted to decrease 

as the soil pH turned more acidic. At depth C the soil pH was highly 

acidic in all the three ponds (Tables 10, 13, 16). Benthic population 

at this area, therefore, was negligible (Fig. 16). Banerjea (1967) 

in his studies considered both highly acidic and alkaline conditions of 
soil undesirable for fish growth. Schaeperclaiis (1933) reported that 

the slightly alkaline pH of soil and water in a fish pond was favour­

able for high productivity. On the contrary, Khalaf and Ghabbour 

(1963) observed that soil pH has no relation to the distribution of 

megadriline oligochaetes in Egypt.

The nitrogen is present in pond sediment mostly in organic forms 

such as aminoacids, peptides, and easily decomposable protein called 
available protein and may be regarded as an indicator of productivity 

of the water body (Banerjea, 1967). Mortimer (1938) stated that the 
lakes in English Lake District could be arranged in order of their 

organic productivity perhaps best represented in the nitrogen content 

of their mudo But Stangenberg (1949) could not corroborate the above 

statement of Mortimer (1938) when dealing with lakes and ponds of 
Poland. Lellak (1966) and Sumitra (1973) did not find any correlation

>
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between nitrogen content and productivity of water bodies. In the 

present investigation the nitrogen content and the faunal abundance 

did not show any specific relationship. The nitrogen content was noted 

to be- high and nearly equal in the sediment of PG and SB ponds 

(Tables 11 - 16), But faunal abundance was observed to be higher in 

SB pond than that of PG pond (Fig. 16). On the other hand the 

nitrogen content of SH pond was found to be- the lowest among the three 

ponds and the pond sv'pported the minimum number of organisms 

(Tables 8 - 10, Fig. 15), It was noted further that the nitrogen 

content was the highest at depth C in all the three ponds where the 

populations of benthos were negligible. And the nitrogen content 

showed a negative relationship with the faunal density at depth A, 

whereas a positive relationship was noted at depth B in the three 

ponds.

It was observed that SB pond contained the highest amount of 
available phosphorus in its sediment than the other two ponds. The 

niomber of benthic populations were also the greatest in SB pond. 

Banerjea (1967) in his study observed "In the range of 3 - 6 available 

phosphorus (expressed as mg P2O5/IOO g of soil), out of 27 ponds,
26 were of average production, in the range of 6 - 1 2, out of 18 ponds, 
14 were productive, 2 average and only 1 unproductive, whereas ponds 

with available phosphorus above 12 were all productive." The avail­

able phosphorus content of SB pord ranged between 7 and 17 (expressed 

as mg P2O5/IOO g of soil) and the pond (SB) found to be highly 

productive, among the three ponds. •
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Similar to Cook's (1975) observation, a negative correlation 

between organic carbon in the sediment and faunal abundance was obtained 

at depth A of the three ponds (Tables 58, 59). But a positive correla­

tion between organic carbon with total fauna and oligochaete fauna was 

observed at depth B. This may be attributed to the fact that during 

monsoon water current washed organic matter from depth A and adjacent 

areas anc accumulated below at the region of depth B which is less 
steep. The fresh supply of organic matter at B increased the bacterial 

population which attracted the oligochaete worms at this area and thus 

their number was increased. Some macrofauna were driven to deeper 

areas by water current which further increased their number. But 
conversely organic carbon content of water recorded a negative relation­

ship (Tables 46 - 51) with oligochaete fauna and total faune at B.

This was possibly due to the fact that the organic carbon content of 

water at B decjaeased during rainy season as rainfall cut down the 
temperature which retarded the bacterial activity. The increased 
oligochaete population also mini^ed the size of bacterial populations 

thus the bacterial activity was further reduced. Nevertheless, the 

annual average content of organic carbon in the sediment showed a 

negative relationship with faunal abundance in all depths of three 
^  ponds. On the other hand McLachlan and McLachlan (1971) while working

on a newly created tropical lake in Africa did not find any correlation 

between chironomid biomass and percentage of organic carbon in
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littoral area whereas they observed a positive correlation in profundal 

zone during winter. Lellak (1966) also could not observe any correlation 

between the organic matter of mud and biological production of pond in 
temperate zone. However, a considerable area at greater depth of these 

ponds thus remained almost barren possibly due to deficiency of 

dissolved oxygen, abundance of carbodioxide, and presence of hydrogen 

sulphide gas caused by bacterial breakdown of the huge organic matter 

accumulated over a long period of time.

V

Dhaka University Institutional Repository



literature cited

Adamstone, F.B. 1924. The distribution of economic importance of
bottom fauna of Lake Nipigon with an appendix on the bottom fauna 

of Lake Qutario. University of Toronto Studies, Biological 

series, Pb. Ontario Fisheries Research Laboratory, 24:35-100.

Ali, S. 1973. Aquatic Oligochaetes of Dacca city (Bangladesh) with 

short notes on their ecology. Dacca Dniv. Studies Pt. B.,

21:9-14„

Ali, S. and A.H.M. Issaque. 1975. A systematic study of freshwater 
oligochaetes from Dacca city, Bangladesh. Bangladesh J. Zool., 

3:55-61.

Ali, S. and A.K.M. Rashiduzzaman. 1976. The oligochaete fauna of 
»

Dhanmondi Lake, Dacca, Bangladesh. Dacca Univ. Studies Pt. B., 

24:89-95.

Ali, S. and M. Begum. 1976. Freshwater Molluscs of Dacca (Bangladesh) 

with notes on their ecology. J. Asiatic Soc. Bangladesh (Sc.), 

2(II):29-36.

Ali, S., A.Q. Chowdhury, and N. Mazumder. 1977. Studies on the
population dynamics of benthic macroinvertebrates of a fish pond 

at Chandpur, Bangladesh, Dacca Univ. Studies. Pt. B. , 26:131-137.

V

Dhaka University Institutional Repository



284

Ali, S., A.S.M. Haque, J.R. Oppenheimer, and K.M.S. Aziz, 1978.

Studies on the bottom fauna of three fish ponds in Dacca city, 

Bangladesh. Bangladesh J. Zool., 6(1):43-55.

Ali, S., M.A. Rouf, and A.K.M. Ashraf-ul-Alam. 1979. Studies on the 
benthic macroinvertebrates in a pond. J. of Bangladesh Academy 

of Sciences, 3(182);109-112.

American Public Health Association. 1971. Standard methods for the 

examination of water and waste water. 13th Ed. Amer. Pbl.

Health Assoc. New York, 874 pp.

Anderson, R.O. and F.F. Hooper. 1956. Seasonal abundance and
production of Littoral bottom fauna in a Southrern Michigan Lake. 

Trans. Amer. Micros. Soc., 75 (3) :259-270.

Ashahina, E. «1942. Bottom fauna of Lake Beppi of Shxamushu Island, 

the Kuriles. Zool. Mag. (Tokyo), 54:371-372.

Ashahina, E. 1943. Bottom fauna in the coastal lakes of Takachi.

I. Zool. Mag. (Tokyo), 55:137-154.

Ball, R.C. 1948. Relationship between available fish food, feeding 

habits of fish and total fish production in Michigan Lake. 

Michigan State Coll. Agri. Exp. Sta. Tech. Bill., 206:259 pp.

Dhaka University Institutional Repository



285

t

in scMDe states of India in relation to fish production. Indian

J. Fish., 14:115-144.

Benu, N, 1976„ The biology and control of reproduction in the bull­

head Cottus gpbio (L.). Ph.D. Thesis, The University of

Liverpool, U.K., 240 pp.

Berg, K. 1938o Studies on the bottom animals of Esrom Lake. Mem. Acad. 

Roy„ Sci. Lett. Denmark Sect. Sci. Ser., 8-9:1-255.

Bouyoucos, G.J. 1928. The hydriometer method for making a very
detailed mechanical analysis of soils. Soil Sci., 26:233-238.

Brinkhurst, R.Q. 1965. Studies on the North American aquatic

Oligochaeta II ; Tubificidae, Proc. Acad. Nat. Sci. Philad, 
117:117-i72,

Brinkhurst, R.O. and C.R. Kennedy. 1965. Studies on the biology of 
the Tubificidae (Annelida, Oligochaeta) in a polluted stream.

J. Anim. Ecol., 34:429-443.

Brinkhurst, R.O. and B.G.M. Jamieson. 1971. Aquatic Otigochaetes of 

^  WOTtd, Oliver and Boyd. Edinburgh, 86o pp.

Brundin, L. 1950. The relation of O2 microstratification at the mud 
surface to the ecology of profundal fauna. Ref. Inst. Fresh.
Res. Drott., 31:32-42.

Buscemi, P.A. 1961. Ecology of the Bottom fauna of Parvin Lake, 
Colorado. Trans. Amer. Microsc. Soc., 80 (3):266-307.

Banejrje^f S.M. 1967. Water quaJity and soil condition of fish ponds

Dhaka University Institutional Repository



286

Chowdhury, M.S., M.N. Khan, and S.A. Malek. 1969, Manual of 

it elementary soil experiments. Published by Md. Nuruzzaman Khan.

Dacca, 103 pp.

Clampitt, P„T,, E.L. Waffle, and R.V. Bovjerg. 1960. An ecological 

reconnaissance of the bottom fauna. Miller's Bay, Lake West 

Okoboji. Proc. Iowa Acad. Sci., 67:553-568.

Cook, D.G. 1971. The Tubificidae (Annelida, Oligochaeta) of cape 

Code Bay II Ecology and systematics, with distribution of 
PhallodHlus pccrviatriatus Nov. sp. the Biol. Bull., 141(2): 

f 203-221.

>

Cook, D.G. 1975. A preliminary report of the benthic macroinvertebrates 

of Lake Superior. Tech. Report No. 572. Fisheries and Marine 

Service. Canada. 44 pp.

Cook, D.G. and M.G. Johnson. 1974. Benthic macroinvertebrates of

St. Lawrence Greai Lakes. J. Fish Res. Board. Can., 31:763-78^.

Craven, R.E. and B.E. Brown. 1969. Benthic macroinvertebrates of 

Boomer Lakes, Payne Counte, Oklahome. Southwest. Natur.,

14(22);221-230.

Daniel, P.M. 1972. Acton Lake ; Biology of its benthos and notes on
its physical limnology. 1956-1970. Ohio. J. Sci., 72 (5) :241-253.

Dhaka University Institutional Repository



T

>

287

Darlington, J.P.E.C. 1977. Temporal and Spatial variation in the 

benthic invertebrate fauna of Lake George. J. Zool. Lend., 

181:95-111.

Deevey, E.S. 1941. Limnological studies in Connecticut. VI. The 

quantity and composition of the bottom fauna of thirty six 

Connecticut and New York Lakes. Ecol. Mongr., 11(14):415-455.

Dejoux, C., L. Lauzanne and C. Levegue. 1971. Nature des fords et 
repatition des organisms benthiques dans la region De Bol 

(Achipal est due lac Techad) Cah. O.R.S.T.M., Ser Hydrobiol.

3(4):213-223. (In French)

De'Smet, W.H.O. 1978. The influence of water aeration by the
phallus process on the macrobenthic fauna (Preliminary report). 
Hydrobiologia, 61(1):39-47.

Dewan, S. 1973. Investigations into the ecology of fishes in a 
Mymensingh Lake. Ph„D. Thesis. Bangladesh Agri. Univ. 

Mymensingh, 335 pp.

Dunn, D.R. 1961. The bottom fauna of Llyn Tegid (Lake Bela), 

Mreionethshire. J. Anim. Bed., 30:267-281.

Eggleton, F.E. 1931. A limnological study of the profundal bottom 
fauna of certain freshwater Lakes. Ecol. Mogr. 1:231-232.

Dhaka University Institutional Repository



288

V

>

Eggleton, F.E. 1937. Productivity of the profundal benthic zone in 

Lake Michigan. Michigan Acad. Sci. Arts lett., 22:593-611.

Efford, I.E. and K.J. Hall. 1975. Energy flow its biological 

dimension. The Royal Society of Canada, Ottawa, 319 pp.

Einsele, W. 1936. Ueber die Bezeichungen des Eisenkreislaufs zum 

Phosphatkreislauf in Eutrophen Sec. Arch. Hydrobiol., 29:

664-686. (In Germany)

Fogg, G.E. I960. The extracellular products of algae. Proc. 
Symposium on Algology : New Delhi, India. 138-143.

Freshwater Research Centre, Chandpur. 1974. Abstracts of Fisheries 
Research Report 1963-1972. Series 1, Govt, of Bangladesh, 

Directorate of Fisheries, 221 pp.

Ganapati, S.U. 1940. The ecology of a temple tank containing a

permanent bloom of Microcystis aeruginosa (Kutz) Heufr. J. Bombay 

Nat. Hist. Soc., 42(l):65-77.

Ganapati, S.U. 1941. Seasonal changes in the physical and chemical
conditions of garden pond containing abundant aquatic vegetation. 

J. Madras Univ., 13:55-69.

Ganapati, S.U. 1943, An ecological study of a garden pond containing 

abundant zooplankton. Proc. India Acad. Sci. B., 17:41-58.

Dhaka University Institutional Repository



289

Galni, N. and C. Lucas. 1974. Les Qediments Dun lac de haute 

-y- montagne : structure et peuplement. Annls. Limnol.,

10(3);223-244. (In French)

Gaini, N. and P. J^avandier. 1977. Les dgochaetes du torrent d'estaragne 

(Pyrenees centrales). Extrait du bulletin de la societe 

d'historie naturalle de Toulouse, 113, Fesc. 1-2:234-243. (In 

French)

Gaufin, A.R. 1968. The effects of pollutions on a midwestern stream. 

Amor. Midi. Natur,, 78:428-436.

George, M.G. 1962. Diurnal variation in two shallow ponds in Delhi, 

India. Hydrobiologia, 18 (3);265-273.

Ghabbour, S.I. 1966. The importance of oligochaetes in fish culture: 

A review w^th special reference to Lake Nasser. The progressive 

Fish-Culturist, 28 (4);206-215.

Ghosh, A,, L,H. Rao, and S.C. Benerjee. 1974. Studies on the
hydrobiological conditions of a sewage fed pond with a note on 

their role in fish culture. J. Inland Fish. Soc. India, 6:51-61.

Golterman, H„L. 1971. Methods for chem-ioal analysis of freshwater. 

International Biological Programme. Blackwell Scientific 

Publications. Oxford and Edinburgh, 156 pp.

Dhaka University Institutional Repository



290

Gonzalves, E.A. and D.B. Joshi. 1946. Freshwater algae near Bombay.

J. Bombay Nat. Hist. Soc., 46(1):154-176.

Goodbody, I. 1961„ Mass mortality of marine fauna following tropical 

rains. Ecology, 42:150-155„

Goodnight, C.J. 1973. The use of aquatic macroinvertebrates as 

indicators of stream pollution. Trans. Amer. Micros. Soc.,

92(1):1-14.

Grimas, U. 1965. Inlet impoundments. An attempt to preserve

littoral animals in regulated Subacctic Lakesc Inst. Freshw.
Res. Drottingholm. Report No. 46:22-30.

Grimas, U. 1967. On the fauna in the lower reaches of River Viskan, 
Southern Sweden. Rep. Inst. Freshw. Res. Drottingholm. Report 
No. 47:87-97.

Grimas, U. 1968„ Stora sjoar i blick punkten. Fauna Och. Flora: 
46-49.

Grimas, U. 1969. The bottom fauna of Lake Vattern, Central Sweden, 

and some effects of entrophicationc Rep. Inst. Freshw. Res. 
Drottingholm. Report No. 49:49-62.

Gupta, S.D. 1976. Macrobenthic fauna of Loni Reservoir. J. Inland 

Fish. Soc. India, 8:49-59.

Dhaka University Institutional Repository



291

Hall, K.J. and K.D. Hyatt. 1974. Marion Lake (IBP) from bacteria to 

fish. J. Fish. Res. Can., 31:839-911.

Hall, D.J., W.E. Cooper, and E.E. Werner. 1970. An experimental

approach to the production dynamics and structure of freshwater 

animal communities. Limnol. Oceanogr., 15:839-928.

Hamilton, A.L. 1971. Zoobenthos of fifteen lakes in the experimental 

lakes area, North Western Ontario. J. Fish. Res. Board Can., 

28:257-263.

Harrel, CoR. 1969. Benthic macroinvertebrates of the Otter Greek 

Drainage Basin, North Oklahoma. The Southwestern Naturalist,

14 (2) :231-248.

Harrel, C.R. 1973. Limnological studies on a southwest Texas 
Meander Scar Lake. The Texas J. of Sci., 24(4):517-533.

Harrel, CoR. and T . C .  Dorris. 1968„ Stream Order, Morphometry,
physico-chemical conditions, and community structure of benthic 

macroinvertebrates in an intermitten stream system. Amer. Midi. 

Natur., 80:220-251.

Harrel, C.R. and J.L. Duplechin. 1976. Stream bottom organisms as 
indicators of ecological change. Research Project completion 

reporto Project No„ B1B9 Texo Texas Water Resources Institute, 

Texas A & M University. 49 pp.

Dhaka University Institutional Repository



292

Harrel, C.R., J. Ashcraft, R. Howardm and L. Patterson. 1976. Stress 

and community structure of macrobenthos in a gulfcoast riverine
J

estuary. Marine Science, 20:69-81.

Hora, S.L. and T.V.R. Pillay. 1962. Handbook of fish culture in 

Indopaoific Tegions. FAO. Biol. Tech. Pap., 14. 32 pp.

Howmiller, R.P. 1972. Effects of preservation on weights of some 

common macrobenthic invertebrates„ Trans. A. Fish. Soc., 4: 

743-746.

Hruska, V. 1973. The changes in benthos in slapy Reservoir in the 

years 1960-1961. Hydrobiol. Stud., 2:213-247.

Huet, Mo 1950. Limnological outline of the inland waters of

Belgium. Trav. Sta. Rech. Groenendaal., Ser. D., 2:29-40.
«

Humphries, C.F. 1936. An investigation of the profundal and sub­

littoral fauna of Windermere. J. Animal Ecol., 5:29-52o

Hutchinson, G.E. 1957. A treatise on Limnology. Vol. I. Geography, 
Physics, and Chemistry. John Wiley and Sons., Inc., New York, 

1015 pp.

Hynes, H.B.N. 1974. The Biology of Polluted waters. University of 

Toronto Press, Buffalo, New York, 2o2 pp.

Dhaka University Institutional Repository



293

■t
Islam, A.K.M.N., A.K.Y. Haroon, and K.M. Zaman. 1974. Limnological 

studies of River Buriganga. I. Physical and chemical aspects. 

Dacca Univ. Studies. Pt. B., 22(2):99-113.

Islam, A.K.M.N. and J.K. Saha. 1975. Limnological studies of Ramna

Lake at Dacca. Dacca Univ. Studies. Pt. B., 23(2):39-46.

Islam, A o K .M .N .  and P. Sarma. 1976. Freshwater algae of Bangladesh.

V. Genus Oedogonium. Nova Hedwigia, 27(1 & 2):425-454.

Islam, A.K.M.N. and F. Mendes. 1976. Limnological studies of Jheel in
Sher-E-Bangla Nagar, Dacca. Dacca Univ. Studies. Pt. B.,

24(2):63-71.

Islam, A.K.MoN. and S.N. Paul. 1977. Limnological studies on Wolffia

arhiza (L.) Wimm. J. Asiatic Soc. Bangladesh (Sc.), 3(1):

111-123. •

Islam, A.K.M.N. and N. Paul. 1978. Hydrobiological study of the haor 

Hakaluri in Sylhet. J„ Asiatic Soc. Bangladesh (Sc.), 4(1):83-91.

Iyengar, M.O.P. 1940, On the algal flora of some muddy rain water 
poolSo Proc, 27th Ind. Sc. Congr., 3:128.

Jackson, M.L„ 1958. Soil chemical analysis. Prentice-Hall Inc., 

Englewood Cliffs, N.J., 498 pp.

Dhaka University Institutional Repository



294

Jana, B.B. 1973. Seasonal periodicity of plankton in a freshwater 

^  pond in West Bengal, India, Int. Rewe ges. Hydrobiol.,

58(1);127-143.

Jonasson, P.M. 1948. Quantitative studies of the bottom fauna

(Biological studies on the River Susaa). Folia Limnol. Second, 

4:204-284.

Jonasson, P.M. 1964. The relationship between primary production 

and production of profunelal bottom in vertebrates in a Danish 

eutrophic lakes. Verh. Internal. Verin Limnol, 14:471-479.

f Jonasson, P.M. 1969. Bottom fauna and entrophicati on Eutroplucation 

causes, consequenses, correlatives. Natural Academy of science. 

Washington, D.C.:274-3o5.

Jonasson, P.M, 1970. Population studies on Chi-Tonorrrus anthrocinus. 

Proc. Adv. Study Inst. Dynamics Number. Pop., 220-231.

Jonasson, P.M. 1975. Population, ecology, and production of benthic 

detrivoreSo Verh. Internat. Verien Limnol., 19:1066-1078.

Jonasson, P.M., and J. Kristiansen. 1967. Primary and secondary
production in Lake Estrom. Growth of Chironorms anthrocinus in 

relation to seasonal cycle of phytoplankton and dissolved oxygen. 

Int. Revne. Ges. Hydrobiol., 52 (2);163-217.

Dhaka University Institutional Repository



295

Johasson, P.M., and F. Thorhange. 1976. Population dynamics of 

Fotamothrix hcmnoni.esis in the profundal of lake Esrom with 

special reference to environmental and competitive factors.

Okios, 27:193-203.

Juday, D. 1922. Quantitative studies of the bottom fauna in the 

water of Lake Mendota. Trans. Wis. Acad, Sci. Arts, and 
Lett., 20:461-493.

Juget, J. and N. Giani. 1974. Repartition des oligochaetes

lacustres du massif de neoavielle (Hautes. Pyreness) avec la 

^  description. De Peloscolex pyrenaious n. sp. Annals. Limnol.,
10(l):33-53.

Kennedy, C.R. 1966. The life history of Lirnnodrilus hoffmeistevi

Clap. (Oligochaetes; Tubificidae) and its adaptive significance. 
Oikos, 17:58-168.

Khalf El-Duweine, A. and S.I. Ghabbour. 1963. A study of the specific 
distribution of Mehadriline Oligochaetes in Egypt and its 

dependence on soil properties. Bull. Zool. Soc. Egypt, 18:21-30.

Khalilov, A.P. and E»Ao Ahmedov. 1972. Studies on Zooplankton and 
Zoobenthos of Mingechawiskii Reservoir. 12v Akad nauk az 

SSRSER Biol, nank., 9;91-96» (In Russian)

Dhaka University Institutional Repository



296

Khan, A.A., A.Q. Siddiqui, and M. Ali. 1977. Relationship between

electrical conductivity and total dissolved solids in two ponds 

at Aligarh. J. Asiatic Soc. Bangladesh (Sc.), 3(l):73-76.

f

Kharitonova, N.N. 1962. Food and food interrelationship of carp and 

gold fish in ponds. Trudy Ukrainskogo Nauchno - Issledovated 

skogo Institat Rybnog Khziaystva., 15:7-25. (In Russian)

Kitagawa, N. 1972. Studies on the bottom fauna od lakes Mizakiko, 

Aokiko, Nakatsunako, Nojiri-ka, anc’. Sura-ko. Jap. J. Limnol., 

34:12-23.

' Krishnamurthy, K.N. 1966. Preliminary studies on the bottom macro- 

fauna of Tungabhodra Reservoiro Proc. Indian Acado Sci., 

63:96-103.

Krishnamurthy, ,K.N. 1971. Preliminary studies on the bottom biota of

Pulicat Lake. J. Mar. Biol. Ass. India, 13(2) :l-5.

Krisnamurthy, K„P. and G. Visweswara. 1965. Hydrobiological studies 

in Gandhi Sagar (Jumma Tank)o Diurnal variations in plankton. 

Hydrobiologia, 25:99-118.

Krzyzanek, E. 1973. Bottom macrofauna in Geoczalkawice dam reservoir
\

in the years 1965-1969. Acta Hydrobiol., 15(2):189-196.

Dhaka University Institutional Repository



297

Lang, C. 1978. Factorial correspondence of analysis of oligochaeta 

coromunities according to eutrophication level. Hydrobiologia. 

57:241-248.

Lellak, 1965. The food supply as a factor regulating the population

dynamics of bottom animals. Mitt. Internat. Verein Limnol., 

13:128-138.

Lellak, J. 1966. Nitrogen and hydrclysable carbohydrates in the
bottom deposits of some back waters and fish ponds. Acta

Universitatis Carolinae Biologia., 1:51-82.
r

^  Lellak, J. 1969. The regeneration-rate of bottom fauna populations of

the fish ponds after wintering or siimmering. Internat. Verein. 

Limnol., 17:560-569.

Lenz, F. 1955. Der lago Maggiore und die. Kennziechnende Bedentung 

seiner boden fauna 1st. Ital. Idrobiol. Doff. Marco de Marchi., 

8:183-203.

Losos, Bo 1952. Contribution to hydrobiological investigations of 

Kniniky Dam near Brono (Moravia) Acta Academiae Scientiarum 

Naturatium, Moravia. 24:379-425.

Loveriolge, C.C. and D.G. Cook. 1976. A preliminary report on the 
benthic macroinvertebrates of Georgian Bay and North Channel, 

FisherJes and Marine Service. Tech. Report No. 610. 45 pp.

Dhaka University Institutional Repository



298

Macan, T.T. 1961. Factors that limit the V>ange of fresh water

animals. Biol. Rev., 36:151-198.

Macan, T.T. 1963. Freshwater ecology. Longrans Green & Co. Ltd.,

London, 338 + 10 pp.

Macan, ToT. 1964. A Guide to Freshwater Invertebrates. Longrans

Green & Co. Ltd., London, 118 pp.

Macan, T.Tc 1965. The fauna in the vegetation of a moorland fish

pond. Arch. Hydrobiol., 61:273-310.

Macan, T.T. and R. Mcudsley. 1966<> The temperature of a moorland 

fish pond. Hydrobiol., 27:(1-2):l-22.

Macan, T.To and A. Kitching. 1972. Some experiments with artificial 

substrata. Verho Internat. Verein. Limnol., 18:213-220.

Mandal, B.N. and S.K. Moitra. 1975. Studies on the bottom fauna of
►- ■

a freshwater fish pond at Burdwan. J. Int. Fish. Soc. India, 

7;43-48.

Mathew, P.M. 1975. Limnology and productivity of Govindgarh Lake, 

Rewa, Madha Pradesh. J. Inland Fish, Soc., India, 16-24.

Mayer, K. 1934. Die Nahrung der Ceratopogoniden larven (Dipt.)

Arch. Hydrobiol., 27:564-570.

Dhaka University Institutional Repository



299

McLacblan, A„J. and S.M. McLachlan. 1971. Benthic fauna and sediments 

in the newly created Lake Karibal Central Africa. Ecology,

52(5):800-809.

Mellanby, H. 1963. Animal life  in Freshwater. 6th ed. Cox & Wyman 

Ltd., Fakenham, 308 pp.

Michael, R.G. 1968a. Seasonal trends in Physico-chemical factor and 

their role in fish culture. Hydrobiologia, 13:144-160.

f

Michael, R.G. 1968b. Studies on the bottom fauna in a tropical 

freshwater fish pond. Hydrobiologia, 13:203-230.

Moffet, JoW. 1943. Limnological investigation of the dynamics of a 
sandy wave swept shool in Doughas Lake, Michigan. Trans. Amer. 

Microspo Soc. 62:1-23.

Moore, GoM. 1950. Limnological studies of Louisiana Lake. I. Lake

Providence. Ecol., 31:86-99.

Mortimer, B. 1938. The nitrogen balance of large quantities of water. 

Publo Health Congress and exhibition, l-lO.

Mortimer, C.H. 1941. The exchange of dissolved siibstances between 

mud and water in lakes. J. Ecol., 30:280-329.

Munawar, M. 1970. Limnological studies on freshwater ponds of
Hyderabad, India. I. The biotope. Hydrobiologia, 35 (1):127-162.

Dhaka University Institutional Repository



300

f

4-
\

Mundie, J.H„ 1959, The diurnal activity of the larger invertebrate 

at the surface of lac La Ronge, Saskatchewan. Canadian J.

Sool., 37:945-956.

Muttowski, R.A. 1918. The bottom fauna of lake Mendota - a qualitative 

and quantitative survey with special reference of insects. Tran. 

Wis. Acad. Sci. Arts, and Letto, 19:374-482.

Naidu, K.V. 1962. Studies on the freshwater oligochaetes of South 
India. I. Aelosomatidae and Naididae port 2-4. J. Bombay Nat. 

Hist. See., 59:131-145, 520-546, 897-921.

Naidu, KoVo 1965. Studies on the freshwater oligochaete of South 
India. II. Tubificidae. Hydrobiologia, 26:463-483.

Nelder, K.H. and R.W. Pennak. 1955. Seasonal faunal variations in a 
Colorado alpine pond. Amer» Midi. Nat., 53:419-430.

Northcote, T.G. and P.A. Larkin. 1956. Indices of productivity in

British Columbia Lakes. J. Fish Res. Board. Can., 13(4):515-540.

Northcote, T.G, and R. Clarotto. 1975. Limnotic macrozooplankton and 
fish predation in some coastal British Columbia Lakes. Verh. 

Internat. Verein. Limnol., 19:2378-2393.

Ohle, W, 1938. Die Bedentung cler Austrauschrorgange Schlamn und 

Wasser fur den Stoffkeislaef der Gerwasser. Vom Wasser.,
13:87-97. (In German)

Dhaka University Institutional Repository



301

Oppenhiemer, J.R,, M.G. Ttoed, A. Haque, K.A. Hague, A.K.M. Ashraf-ul 

Alam, K.M.S. Aziz, S. Ali, and M. Haque. 1978. Limnological 

studies of three ponds in Dacca Bangladesh. J. Fisheries, 

Bangladesh, 1:1-20.

Parshad, B. 1961. The seasonal conditions governing the pond life in 

the Punjab. J. Asiatic Soc. Beng., 12:142-145,

Paterson, C.G. and C.H. Fernando. 1969a. The macroinvertebrate 
colonization of a small reservoir in Eastern Canada. Verh.

Internat. Verein Limnol., 17:126-136.

Paterson, C.G. and C.H. Fernando. 1969b. Macroinvertebrate colonization 

of the marginal zone of a small impoundment in Eastern Canada.

Can„ J, Zool., 47:1229-1238.

Patnaik, S. 1971. Seasonal abundance and distribution of bottom
fauna of Chilka Lake. J. Mar„ Biol. Ass. India, 13: (1):106-125.

Pearsall, W.H. 1923. A theory of diatom periodicity. J. Ecol.,

11-12:165-183.

Pearsall, W„H. 1930. Phytoplankton in the English Lakes. I. The

proportion in the water of some dissolved substances of biologi­

cal importance. J. Ecol., 18;3o6-32o.

f

Dhaka University Institutional Repository



302

Pearson, E,S. and H.O. Heartley. 1958. Biometrika Table for

Stat'ist'ic'uxns. Vol. I, 2nd ed. Cambridge University Press,
240 pp.

Petersen, W. 1926„ Seasonal succession of animals in a Characattail 
pond. Ecol., 7:371-377„

Philipose, M.T. 1940. The ecology and seasonal succession of algae 

in a permanent pool at Madras. M^Sc. Thesis. Madras Univ.,
220 pp.

Poddubanaya, T.L. 1962. Consumption of Tubificidae by fish. 
Problems of Ichthyology. 2:560-562.

Pruthi, H.S. 1933. Studies on the bionomics of freshwater of India, 

lo Seasonal changes in the physical and chemical conditions of 
water of the tank in the Indian Museum compounel. Int. Rev. 
Hydrobiol., 28:46-67„

Pupkov, V.AoK. 1972. Kharakteristike sezonnoi dinaniki
chislennoEtii. Vestn. Zool., 6(3):82-85. Russian)

Raman, K,, R.R. Ghosh, and D.K. Chatterjee. 1975. Studies on the 

ecology of fish ponds with special reference to bottom fauna.

J. Inland Fish. Soc. India, 3;79-102.

Dhaka University Institutional Repository



f

4

303

Rao, C.B. 1955. On the distribution of algae in a group of six 

ponds. II. Algal periodicity. J. Ecol., 41:291-308.

Rao, V.S. 1971. An ecological study of the three fish ponds of
Hyderabad, India. I. The environment. Hydrobiologia, 36:213-223.

Rawson, D.S. 1930. The bottom fauna of Lake Simcoe and its note in 

the ecology of the Lake. Univ. Toronto Stud. Pub. Ont. Fish 

Res. Lab., 40:1-183.

Ricker, W.Eo 1952„ The benthos of cultus lake. J. Fish. Res. Board 

Can., 9(4):204-212.

Ruttner, F. 1952. Plankton studien der Dentschen Limnologischen

Simoa Expedition. Arch. Hydrobiol. Supplo ,21):161 pp. (in German)

Ruttner, F. 1953. Fundamentals o f Limnology. University of Toronto 

Press. Toronto, 242 pp.

Saha, G.N., K.L. Sehgal, E. Mitra, and A.C. Nandy. 1971. Studies on 
the seasonal and diurnal variations in physico-chemical and 

biological conditions of a perennial freshwater pond. J. Inland 

Fish. Soc. India, 3:79-102.

Sarker, H.L., and H. Rai. 1964. The limnology of Suraj Kund, India.
I. Physico-chemical condition and plankton„ Trans. Amer. Microsc. 

Soc., 83:260-266.

Dhaka University Institutional Repository



304

Satyamurti, S.T. 1960. The Land and Freshwater Mollusaa. Bull, of 

the Madras Government Museum. Govt, of Madras, 174 pp.

Schaeperclaus, W. 1933. Text Book of Pond culture. U.S. Fish 

Wildl. Serv. New York, 261 pp.

Seenayya, G. 1971. Ecological studies in the plankton of certain

freshwater ponds of Hyderabad, India. I. Physico-chemical 

complexes. Hydrobiologia, 35(1):7-31.

Sepers, A.B.J. 1977. The utilization of dissolved organic compound

in aquatic environments. JM<i. ;52 (1) :39-54.

Sewell, R.B.S. 1934. Studies on the bionomics of fresh waters in 

India. II. Int. Rev. Geg. Hydrobiolo V. Hydrogr., 31:203-238.

Singh, V.P. 1950. Phytoplankton ecology of the inland waters of Uttar 
Pradesh. Proc. Symp. Algol. ICAR„ New Delhi, 243-271,

Sitaramaiah, P. 1966. Studies on the ecology of fresh water pond 

community. Hydrobiologia, 27:523-547.

Sivertsen, B. 1973. Bottom fauna of Lake Huddingsvatn, based' on 

quantitative sampling. Norw. J. Zool., 21:303-327.

Solem, J.O. 1973. The bottom fauna of Lake Little Jonsvann 

Trondelag, Norway. J. Zool., 21:227^261.

Dhaka University Institutional Repository



305

Sreenivasan, A. 1967. Application of limnology and primary

productivity studies in fish culture. FAO Fish Report,

44(3);103-113.
Sreenivasan, A. 1968. The limnology of and fish production in two

ponds in Chingle pat (Madras). Hydrobiologia, 32:131-144.

Srivastava, V.K. 1956. Benthic organisms of a freshwater fish 

tank. Curr. Sci., 5:158-159.

Srivastava, V.K. 1959. Studies of freshwater bottom fauna II, 
Qualitative composition and variation of the available food 

^ supply for fishes. Proc. Acad. Sc:i. India, 29:207-216.

Stahl, J.Bo 1966. Coexistence of Chadhorus and its ecological signi­

ficance, Invt. Indiana Lakes and Streams, 7:99-113.

Stangenberg, M.» 1949. Nitrogen and carbon in the bottom deposits of
lakes and in the soils under carp, ponds. Verh. Internal.

' 'fc
Verein Limnol., 10:422,*437.

Stephenson, W. 1951. Preliminary observation upon the release of 
phosphate from estuarine mud„ Proc. Indo-Poc. Fish. Coun.,

Sect. 3:184-189.

Sumitra, V. 1973. A comparative account of the soil-water relation­

ship in three tropical pondso Indian J. Fish., 20(2):617-623.

Dhaka University Institutional Repository



306

Taeesh, M.R.A. 1910. Tawarikh - i - Dhaka. Dacca 3o2 pp.

Tebo, L.B. 1955. Bottom fauna of a shallow entrophic lake. Lizard 

Lake, Pocahwtas Country. Iowa Amer. Mj.dl. Nat., 54:89-103.

Thienemann, A. 1954a. Tropical freshwater plankton. Symposium on

Marine and Freshwater plankton in Indo-Pacific. Indo-Pac. Fish.

Com. Bangkok, 85-86.

Tienemann, A. 1954b. Chironomus Laben, Verbreitung und Wirtschftliche

Bedntung der Chironomiden. Die Binnenge Waasser., 20:1-834.(in Geman)

I
Thorup, J. 1966. Substrate type and its value as a basic for the

determination of bottom fauna community in running waters. Special 

publication No. 4. Pymatuning Laboratory of Ecology, Univ. 

Pittsburg:59-74.

Thorup, J, 1970*. The influence of a short termed flood on a spring- 
book commiinity. Arch. Hydrobiol., 66 (4) :447-457.

Thut, RoN.  1969. A systematic study of the profundal bottom fauna 

of Lake Washington. Ecol. Monogr„, 39(1):79-100.

Timms, B.Vo 1974. Morphology and benthos of three volvanic lakes in 
the Mt. Gambier District, South Australia. Aust. J. Mar.

Freshwater Res., 25:287-297.

Dhaka University Institutional Repository



307

Tressler, W.L., L.R. Tiffany and W.P. Spencer. 1940. Limnological 

studies of Buckeye Lake, Ohio. Ohio. J. Sci., 40:261-290.

Truog, E. 1930. The determination of readily available phosphorus of 

soils. J. Amer. Soc. Agron., 23:874-882.

Vaas, K.F. and A. Vaas-van-Ovan. 1959. Studies on the production 
of natural food in Indonesian carp ponds. Hydrobiologia, 12; 

308-392.

Vallentyne, J.R. 1957„ The molecular nature of organic in lakes and 

oceans with lesser reference to sewage and terrestrall soils.

Jo Fish. Res. Board Can., 1 4 : 3 3 - 8 2 .

Walshe, B.M. 1947. Feeding habits of certain chironomid larvae

(Sub-family Tendipedinae) Proc. Zool. Soc. Lond., 121(1):63-79.

Ward, H.B. and G.C. Whipple. 1963. Freshwater Biology. 2nd ed.

John Wiley & Sons, Inc., New York, London, 1248 pp.

Webb, D„W. 1965. Limnological.features of Cedar Lake, Manitoba J. 

Fish. Res. Board Can„, 5:1123-1136.

Welch, P .So  1952 .  L'irmology. McGraw-Hill Book Co. Inc., New York,

538 ppo

Dhaka University Institutional Repository



308

(

Wojcik, So 19>70. An attempt at a quantitative evaluation

of Chironomidae larvae in lake Warniak. Acta Hydrobiol.,

12(2-3);309-323.

Young, J.O. 1974, Life cycles of some invertebrate taxa in a small 

pond together with change in their numbers over a period of 

three yeairs. Hydrobiologia, 45(l):63-90.

Young, J.O. 1975. Laboratory study using 45 Ca tracer, on the source 
of calcium during growth in two freshwater species in gastropoda. 
Proc. Malac. Soc. Law, 41:439-445.

Zafar, AoR. 1964. On the ecology of algae in certain fish pond of 

Hyderabad, India I. Physico-chemical complex. Hydrobiologia, 

23:179-195.

Zafar, A.R. 1966. Limnology of Hussain Sugar Lake, Hyderabad, India. 

Phykos., 5(1-2) ; 115-216.

Dhaka University Institutional Repository



» | S ‘ ■ M I P

I I I I I • I I I I t I I |: I I I i I

I I i I I I I I I i i I i * • ^  ^ ^ I

I I I I I I I I I I I i i • > I |: i |:

f S ' ' ' f f ‘ 8 8 5 ' f e ’ ' S i 5 8 | 8

I  o «
I I <r I I g * S I I I S 8

1 1 1 1 1 1 1

H  111
 ̂ a*

OK O  lO;̂ £ V!
^ S 8

| 5 ^ g 8 | : 8 8 ^ f 5 i 5 '  • f  ' * i 5 8

I I I I I I I • I I I I I I I I I I g

| | % f 8 8 8 f g f f 8 8 « S  ■ ■ 8 8

l l P I I H l i l i i i l l i i f

I*

g 

!NO
«♦

I
f

i i ;

!S

Dhaka University Institutional Repository



i  i
I I

l * 5 S H I I l 6 l l i 0 8 S M  
.......... * * ' 8 * g » | : ‘ ^ | *

^ i i i i i i i i i i i t | : i | : i i i  

$ f  - • • • § •  % % 8 ^ 8 5 5 8 § g i ;

i i l l l l l i i r i l | | | i | | |  

§ 8 *  • • 8 8 *  •

f « I i I I n  I H  H  * s 8 iS 
i | : i i i i i i | : g i | : | : i i | : i | : i

H i  f l i n i i l f f  i s i l H

I I I I I I I I I I I I I I •
IS f  ’

3 s ^ l ? 5 ^ i S s ^ ’ 8 8 * = § a ’ S ’ l S w ’

I I I I I I I I I I I I I I I I I I •

§ 8 ^ = § § 8 S ‘ g ^ i S

I

M

l !e ft* s
& I 
@8

11
!!

s.I

I

2. -
M ..

/I'WHr

0
1

Dhaka University Institutional Repository



B f  ?  B ?  B 2  5* S  «  •; ?  ?  5̂  ?  t  H  ?  r

f l i|| l l t is » i i i ! l l l i|
■ ■ • ■ j s s s t ' f }  s '  | | I O  

S n  8 1 f  1 1 1 « ■  ' s s • 5 s s
'  1 1 1 '

■ 9JI  '

I |: I I •

 ̂ oS fs
I I I I I I I (

I I •* I I i I i
§

I I I I I I I I

I I

■ ' iS • a  8
I I I I • I

I -* I I I I
w

5

f 8 f

l | i H i | i | y * i ^ S l i | | i i  

i i { 11IIII I11! s' I I I  i 8 n
...............................« 5 f S » i ( | '  ' ' « | S 5 I

• • l | H | | I M 5 ' .........................................

• ' • • • • 8 | ' ' 8 ' 8 * f '

I I I I I I I I I I I g  g

8 8 w f

a 5 S KJ
s  s g «

8 ■ % 1

8 ' %

B II

?

n
s

s I 

i ‘

i

Dhaka University Institutional Repository



_* ro  roON • >0
• ^  •4T • CD Lk> tu
-vj 
>0>3 •

r o ON lU 0 0
NO • 0 9 •
• • N O

o N O •
o • • > 3
• > 0 ■V3 > 3
> 3
> 0

> 0 N 3

O ' —k -X
N J\ VA C o
—k o C o -X
tu

IV)
—k
r o

0 3
CO

1
S

1

O  O  05 • ■ VJl ON • O ' • O j  ^  ̂  •

0 0 0 0 - V 3 *  f " * .
•>a *s3 ^ ■SB

"O  • ■S3 ->a >a >0 'C^ >a -v3 >3
vo ^ i\j -» -k ro -» OP >3 vo -* w »
VJl iu O  Co lU O  L J  "  VT\ fU vO ro (jJ

-k  -k  u> -A -O>0 ut ^ ru vn o
o\ ON w  vn  >3 - r ̂ os ^

vO >3 
»  ON

g  f

§ S 8 S S S 3 « i | | i “ S i « | S |
< 3 \ > j _ » o \ f ' J r o - ^ o  

ON O '

03

NO I
lO
• r

-k I I I I I I I I I $ :  * 5̂ '
CD

I I I

NO I I I I I I I i > > ' ■ ' ' '  '
ON

I I I I I I I •

CO
w  w

I I I I I I I > I •

>5 f f ■ ' '
00

I I I p '

^ ( T ^ I U O J M O  CnMOO-^-F^-F^MOW-F^ 00

NO m ro u< TO ON\0 6 ' ^ ^ L u O - ‘ nOOnCOOn ONOOgoOlu ^rooNO <j\Oo
I 0 - a W _ » O ^ - * £ ^  r ^ f O - v 3  I \ J V J \ nO  ro ON“ \b o  ON 03 -» o  00 NJi
ON O  ON M

Q\

t o  I I I I !

to

t o

1 1 IV)

0 0 - A 0 0
C o C o

O '
w

■ r

1 1 1 1

I I

sO 0 3  _ »  » - » - a n O - * - ‘ “ * n O ' ^ " ^ ^  •F'  >3
- r

I

I • I I • I •

g I I I I O  -k NO
_» ON On
(O

I I I !

- k  I I I I

fi S
I I I I I I I I I I I I I I I

g f '  t  S ^ ‘ ' f f ' S
^  - r  ovro

_ i  _» IV) lU^  o  Co K5I\J VA O' O  -» WNJV >3 >3 o to O
ON O '  (O  O  0 0  0 0

f M t V ) f O M U i C o U »  Or* 0'>jr0 0'-n3U» IV) -r U7 i\) w
o  - r  ro - *  p  N^

O  ONiv) ^

'ONJ^C^OoUJ-i.NA'gONvO Co Ml
CO

3

tx)

e
■r

1

ft
I ̂I I 
• §I
►d o
0  <0

H

f t
1 S 
'<  p  
g 3  

; o  ^

P: 

‘  ? (D

•§
ca

o
•-»

?

3
I
(0

M

Dhaka University Institutional Repository



a V • • •
."Si t  t.• * a>]• • •a a a a a s a a a a s s a a a a

•Aas

p ^ . g y  f  l - l  ■

%f 8 ?
Ill -t ,00

8 'I'

10 -«
1 1

I I I  I

f  I  . f  5̂  I  . I I  • • • • • •

S'J 2 | '  a I I I  t i s i | | i i H
i i i j j i  i | : i  ( I ' I I *|:

I  $  i
if'

I rogw
s l ' ^ 8

p i  is a ? S iS w g I 8 ® ■ f ■ ■ ' ' 8

P  H11111IIM m  I I I 
i i i i i i i i i i i g i g g i i | ^ g

I I I  i g ^ i  i | : i  I • i ' ' * S

I I I  I I I I I I I I l i I * j 3 *

••• • g ^ '  • P > • 8 - 8 | i 5 '  I f g

I

JL.
s

sro

?

vn

I

Dhaka University Institutional Repository



ro u»
M VA• • ■
-A -A
M •* O• • •
^  N3 -V3
N3 >0 'O

2 S fR? f

_ -i U) NO -k U) -V] ro
-i -T o  • CD o  • ro

-» NO • 00 >3 • O'O ♦ "Nj • • *n3 •^  >0 ^  v3 >j vj
js va >0

U) VO lO 00
-A • vO
• VA • - r
NM • • r •
« -'J • >3
>a ■N3

- »  roVJ\ CD• •
OJ Ul fv>• • •
^ ^ >3 -N3•N3 *>a

ro ^  lo
^  M VAw ^  o\
o  w vnVJl CD (v> fo

Lo
VJ\U> u» u> -r 

^I S
VJ\ o  
U» vO

rv> -* o  
vO

ro c^ 00 
vO

\ 0  ‘  0 \  -p " - *
(O VO Lfc> ON £■ _o> '̂3 <3? »-F" O' K) -o o o VA VO ro

ivj 00 O M fO

O VO f VO
vO O -» *0 >JO' O W £ Ov

u» -» 05 I < -r ' 'vj\ -sj 00 -r
03 O'

u j - F " !  I w - * o o - * r o - » ' g t * ) - » r o g ' Q v - 5 3 V ] i  o  -t" O ' ^ v O - v J - k  O v O v n - ^ L o  c d o  o^0't(jO'Nj\vnrvJoo^'vowro 
O' Ov @  g) O 00

>3 -* OO' O'

I i f u i - i t o o o i - r C M i '  * • ' ' ' ' 'lU >3 O ' 00 ^  ^  vO
O  O ' Ov

I 00 I I
00 + -

OO O'

o o l o o i i i - r ' i i i ' i00 03 ^

O' VA 00 ro 
00 u< w

lo •{ 
>3 0

r 1

s P 8 ■r W i  00 t

-vj UJ W VJ\ ?

- 1 ^ 1  I I I l o o i r o i - ^ iW * ^ K  “ P I !
I I • I ' l  • •-F'* ' i r o £ ' i v n - ‘^ ^ ^ ^ ^ IS

§

I O' -A I 00 VO 00tJ To

w • r
VA vO

1

lO

t to
fU

to

M to ro ro -A

00 vO
-X
VA

'O
VA

to Ui —k o U i
■r O' ro O' ■r O'

l :
1 1 1 1

O'

g

SvO
ro

I I I I

Svn u> fo -» fO
O O' 00

I I O'

O'

- k - ^ r v ) i \ 3 r u i \ ) ' v > - ^ i o - ^ - * i  o ' r o t u - » - < > r o t o  
I V ) U > 0 - » # ’ U » t U > 0 0 0 * 0• ^ W O J V O O > J V \ U > - ^ - ^ - *  0''vjO^00 00^? rS S luS Lu vj\ vn

U*  O'  O'

>J VJ\ U> -* -k -k-* ro op o  Qv iv>O' 00 e 00 .
g ' I I I I I I I • I I I I I I I

I I I I I I I I I I I I t I I

-k-rtui l o o - r i  i i - r i  i i i i i i iW ^ f ^
tj -r • I I ~ I j I I I I I I I

M  00 VJ\
X- 00 to
O ' 03
<»*

VA I I

■r—A VO s U j
VA
to

to
ro

00
U(
u*

o
VtiO' 1

to
VO
O'

8
00 to

VJl (jo t o  O'
O  VA VA O  O
VO O  VA -f" O

VA VO VA 
CD vO ro 00

V A - *  i y ' v j \ C T » Q  Of u ^ r s o v o a o ^ o v o o ^

o  
to

® I“ I

r
■3

- J

w

x a

o

O'

P M

2 ̂  oI?
s  g-u g

Ig s
•o *0 
o  o

7 ca 9 lO ̂I
Co ^ 
^  & 

(D

s *
r ^OP ^

I •M

a
I

Dhaka University Institutional Repository



ro
>a

V j

VJI
O'

W
• r

o
00

rv) to -A ro
VA o VA o to o O'
• • • • VA • •
•A vO NO • 00
o o • • 00 • •
• >0 • S )

>a
O'

O '. O' O' O'

• • • • • • •
o vO o o o to
00 00 >3 -k o

VA
03 o

to
VA

O'

VJl
O'

to
O'

>3
O'

\j\ \0 -±
• • O  O
■F' U> •  •• • to
<s3 -Nj •  •
O' O' >3 >J

O' O'

• IV}
o  • • •
- I  to ^  >0

- »  to VJI ^  io  
u>

-» VJI
• to
O'
tJ

£- ®  NO \J\
ro

*iSi -k oO Lj 
O'

-k o
to  NO

o
>3

IV> to

\0 O '

-k  -k  - *  (O .
^  -V3 - r  - r  u» c• • NO • • •tovo* o-*'0'v3to>a 
\ O C O > 3 ' O I O O '  o - ^

O' - r  'O -V3 - i  00 to^ >3 00 'O

I I I I I I I I I I I I i

I I I I I I I I I I I • I

o
o
o
•>3

I I I I I

o  o  oI O O O I
to >3 'O

!
p>-b
M

>3

I I I I I I I I I I I I I I I I I i I

I I I I I I I I I I I I I ) I I o I o— vO
I I I I I

u> o
(a/ 'O

• • • I I •
^  S I f -
Co U> O'

s*
(D
o
O'

f
u> -T̂ O -4 _k (V> o
00 O' O  O  U> to  pp

-* O' to

-* to
O  >3 00 vn

• • • • oX- ^ >3 O •
O' VJI to  O' ^

- »  ro
00 'O  
- »  to

00

to -r  -r to

'O00 O'

o>3
VJl

I
Hi

00 O'
to - »
00  >0

• o
>3 'O  
>3

O  - *
to to

ro VO to r ^ s: 
00

o
00

o  -* • e  s-k to o  o  o
VO ^  00 00
to

oq
0
1

to
VJ\

I

to
• r >5 s to

vn

to  I 8 § 
■ r  O '

ro
to

u>
>a 8

ro
>0

ro to•a to
£

• • • •r o NO NO • o

00
• •

>3
>3

•

>

•
NO
O'

o
VA

•
00

1 •

M
1 1 1 1 •

o
00

1 1 1

to
to

ro (U to VA O' 5
• • • O' to vn • •o
NO
to ^8 r5

•
>3
>3

•
NO
_k

•
to
VA

•
00
'>3

•
to
00

- r
to

•
ro
to

• •
VA
VA

1 •
O

1 •
O
O
00

1 •
o
VA

•
O
O
00

1

• •

>3
1 1 1 1 1 •

o
VA

1 1

• • • • • • • • • •
to o o o o o o o o

o\ O' 00 00 ro
NO

ro

• • • • • • • • •
VJl • o o o o •A o o

O
00

00 -A -X
00

to ro 00 to

O'
(O

VA to
'O

• VA to ro
NO • • •
O' o to VA

NO O'

NO
CO

VJ\ CO
ro
vn

o■r

o
vO

o  o  o
VA VJl VJ\

to

to •
vO O  
>3• vO 
\0 to  
00

o
to

O  O  00 vn 
to

o

vO to 
to O'

O  to • •
_ »  \0 
ro to

to
>a

o
VA

■ r • •
tJ to  
O' to

O'
00

O
VA
to

O
to

O
to
O'

o

o  ^  00 >0 
SJ

00
0
1

I'
to

to to
NO ̂  VA O'
VA ro o  O'

to O' +" -* 
VA o
00

iS:
N1

g  ^  O'
VA vO vO

i  ?  ?

Dhaka University Institutional Repository



ro -» o
■v3>a

00O'

Ut

to vn to O' to >3 to ■r lO —k toO' • to O' • 00 • 00 • vn ■ r U> o tJ• • NO • • >3 • • vn • •f" • • • • •
-A NO • 00 • O' vn • -r • Ui Ui lO IV)o • v3 • « >3 • • >3 • • • • • •
• -“O •S3 ■>0 N) >0 N> ■S3"O 'v3 >0 >3 V3 >0 >3 •n3 N3

>a lj O'• • • NO V •^ >j 00 NO vn O'
v n c3 - »  O'  U)

O Oto ^

o
vn

o -* o■r vji o
00

to -A _k U) •A• • o • •
•r • o VJlO vn —kto vn VJX

• • -A00>0
•
o
NO s

•ofo

3 'S 1
•r

vn 00 -*
u>•r vnvn 00• —k Ul NO 00

O' • • 00 •
Ulvn >

•
o
O'

1 1 1 1 1

1 •
o 1 1 1
oto

1 1 1 1 1

to Ulu> vn •V3vn IV> 'O O'•
Ul

•
00

• •00>3

m
o

Ul _4 _k —k ro
>0 NO o ''3 ON •• w vn • • u>
NO
*<J

•
-r_L k

NOvn ■rvn Ul

o  o  cro o  oO NO M

ooo
>3

ooM
Ooo
vn

U\ lUo  •• 'O Ul VJV
ooooVA

o  oO
vn

vn v\

fovD

00 >J «JJ VJ\
vn o  NO - *  00 00\o
■r •vn CO o  00

•vj -» O' >3
-* O' O'■f'tvjvji* •>jcotog' 0 ' ' 0 ' « 0  0 0 V A ^ > 0  O'

-* to to >ato gj
•r

o  o
U j 00

vnu>vn

O —‘ Lo® o -P”O'
IVi
vn

ro
vn

to rvj 5:•
O'

•NO
uj

fU• 00• NO•• • VJ\ >0 VO vn VO •
fO >a -nS Uj fu

g

' b  '
00

o
8  -o NO to o  o  o^  O' O'

-» to u» 
^

>3 -r vn

^ i  8 ^  i
I I I I I I

^  ro lu tu 
-* JO ^  NO vn• 00 00 >3 • •
■r • • • o  >3
NO vn o  -* vn vnO ' O ' NO

I I I o  o
oo ro

to■r

to
-r

o
>0

lU
vn

•
O

•
o o

•
o

•o •
o

•
O' UJ O' vn u> ■r00 -r 00

o
•r

• • 1o  ro 1 •o
•
o

•
o

>3 vn s

to O' NO to 00-X u> O' 00O'• 00• Ul• NO•
Ul o vnvn §

>3 NO S 
NO NO

o  o  
vn u>

O'

—* o
^  l\J to

o
00

toO'

o    o  o
NO >0 NO

I l l l *  I

• • lu  IV)
ro u» • •
_ i \o  no vn

ro

u> —&
NO o IVJNO too vn• O' toNO NO• • vn 00 • • VO vn • •• vn vn • • vn 00 00 •

vnto Ui O' toUi u> O'vn 00 ■r

>3 Ul to -X • • ro • • ••
§

•
NOro

•
U j
NO

•
toNO

UiNO
• •r ovn

£■ 00 • 
to

' b  '
no

•r uj>3 vn . ^• LiO * ■ O
vn  • to 00 ro
O ' vn  v n  to

o  o  o  
o  vn vn

• to
_» NO
00

o
■r

Ul o  
00 vn

!rUi 9
to

3 •
O'
CO•

-A
NO

ro —k •
O'ro•• ON • • ■r • • Ui UiUi to -A

£
•A 00vn IV> -r O'

o
POQ01

CO
MM
0
CO

?
81

s*0
S'

1
§
P)

o

?
►1(t

P<J
?

o

3

f

o

(D
2

5

t

o
Hh*oq01

u

It

1

I? £3

u
p>
e+

S’•O

W p:

I  3P i <D

o  g

*s « g 
8 “

O  B >i p

I

O'
I

Dhaka University Institutional Repository



.t'

IS

-s3

Ov
>0

NO• N3• ro
ro •

to
to

>3• VA• to
to

•n3• to
to o ro

■r
•mk
VA

>3• to
>3• - r•

• • \o • 00 • ■S3 • • • • • ■T • to • mX
ro •A o NO • 00 • SJ • ON ON VA NJ\ - r • to • •A •
• • o • •S3 • >3 ♦ >a • « • • • SJ • >3 • v3

ON
• O >3

O'
O' CN >o

O'
ON ON

ON
ON

to

k

a . 

fo - »  • •
o  - »v/l 'O

0 3  - *  0 \  - *  - *

M
■r

-» • - C O *• Ov 4r to -k>0 O NO >3
•

•
- r o

VJl vn■tr • vO • -* •f'ro 00 >3

2  S  
• •
00 ^  >a to O'

-o

lO
■>3
ro

o
«jO

fo -» roto VA >3 o
00

>0_k
\o

VJ\ VP. O' to -*->« >0i ro -» •• • • • 00-r -p u{ ONLj vn u> NO

O  U) -*
o  - »  u j00 -P" CDto ro O'

• NO
to • 
>3 -*VJ\ >3
o  o  
o  o  Ui u»
- »  VA

to to _ k
• • • •
ON ■r —k
VA e» >3 >3

00

vO
to

o
o
o
NO
O'

o

u>

o  o  
o  ro 
o  ^
■r «L

o  o
_» O'

O'
V i

o

£

to • 
? -

• I
o
NO

• • i r o i *  I i I *
fo >3

• ^  o
NO to ro

O' NO

f t
uk
to
to

«Jk -k ro

w • « c^5 ro

-*  fo  -k O'

VA -T 
tJ VA

>3 to 
VA UJ

>3 - O

to to U) NO
to (O 
O ' o

■r - r ro VA NO VA vO

•
-A

•
o

• •
-k

•
•

O'

o
00
to

ro
NO

0 ' - k - ‘ N 0 ' v 3 V A r 0 - ‘ -k O'

•00 VA 
Ui

to NO N3 >3. ^  • • • •
• y\ VA o  NO
NO ro >3 VA

I - *  •

V ?
VA t o

O  -A

VO 
NO O'

to
t o

o

VI

> ] - A - A - * C O O ' t O - * t O  '-A 
N O N O t O  o  ^  ijj \J\ -*■ to o-* ">3 U» ■to .

» V A »  • • r O t O ' ^ O O t O V A - P '
' © > 0 1 0  O ' V A - P ' M  O t O > 3 > 3 ' ' 3  

to  00 ^

I I I I I i I I

I

t o
Ov
fO
to

8 8 8
00 to  to
to  v3 VA

•
o

•
o

• •
o

•
o

•
o

• •
o

•
to

•
o

g
00 to 00 00 O'

J t'
1 1 1 1 1 1 1 1 1 1

O
to
■Nj

VA

I

O
to
to
00

o
o
00
00

o
lO
O'

o
to

o

VA

•
o

g
•
o
00

•

ro

■r
VA# ?

(O

VA

O
W
• r

o  o  o  - »  o
00 00 O ' ^  ^

VA NO VA O' VA
o  o  o
- »  -k O

•
o
VA

•
o
NO

•
O
to
O'

•
o
(Jj

1 •
o
''3
to

•
o

1

—k •n3 M to
VA to • o O 00 to•

NO

•
to
NA ^5

•
o
>3

• •
to
>3

•
>3
to

to t o  -*
• • >0
ro p  • •
00 to  >3 O'

- i  to

O  O
o  o

^  s
VA

00

o  to o  p

•  I

ON

% %
-k ro ro ^
- *  O  00 lO

O  NO nO •

NO ^

VA >3 O  - »
-  ® ^

• •
o

•
O

•
O

>3 o o -k
O' -k

>3
-k
>3

to

-A • •
• GO _k •
NO to to
O'

>3
>3

NO

0

1

o
to
O'

o
ro
O '

o
O'

8 lo
• ro 
o  • 
VA to
O

0  
«

1
0
1

0  
n cr
1 
§ 
lOl
O

(D
*1
a

I

p.

0
1

0  
<+ 

*CM

E••41s
1

w

o

• ■ V * )

■s

I &rocp
(B
rt>

f g
o• •-*

« •« 
O (a 

P. O

O B 
g 

•i s
o*

J?
CO

«<

I

to —k 
>3

I

Dhaka University Institutional Repository



VJ\ • •
-A -A
ro -k

NO -*
• 00

Nl
>0

-* vO
o  •• >J 
>0 >0 
-o

>3
-o

-O
■V]

•N3 to to vO
• to —k •
>3 * • vn• O' VA •
■o • • v j
>3 >3 ■N3

•Nj ■V3

lU
vO

•v3

^  c?i • •
Co U> • •
>3 >3
>0 -v3

W
00

"S3
•V]

■r VO • •
lU -k

>4 >3
■'3 -O

(VJ • vn GO 
'•O

vji fvj O  O'
00 vO
w

- »  vO • vn to
• O  ^  >3

• ^  ru • •
to - i  ^vO -I ro

1^ .® ^• \0 •\n O' lu(Vi

■r >3

W 0> M 
•jv vn

to vO
VJ\ W

O

9

Lu

00

_k o
O' ^

o
VA

O
U>

• • -k^ro-kiv}\o^ | V > V J \ v O b L l »
0 \ 0 *  • • • * \ o\n -» oo >0 ^ 00O' -F" -»

iuvA-p'-r'0>j'Jiro-‘ toiu-r-‘ iv3 i i •• • • • • •  fV> Q\ ^  • • • • • ^
> o o o ' v 3 0 ' - f ' »  • • c o o ' - » o o r u  -o

d ' - v a v n o ' c o - r v n c o o o  
-* vn VO

00 IVJ M >3 00

o

03

§VA
• • o 'VA

O
>3

I I I I

s

*
O •

*
o • *

O O o o o
O
ro

-X o
to

IO o
IO

* * * * *
o O o o o—1 ■r o

o
>a

* • 1 • *
o o o o
O' IO

1 1 1 •
IO
VA

*
o
O'

• * 1 • *
-v3
to

. ^

00 —* 00

1 • 1 1 1

o  • • • ■
o  o  o  o  o
O  IVJ vn VA VA

O'

8 8 vO O'

■r >Ji NO
I I I I

I

iA> VA

I I I I

VA vn
VA

• I • I
to O  

to

> o ^ t o v A U > M O ' t 0  2»^io-*>3roiovn'f'• > 3 0 ' V A ^ U > U J O ' 0 ' r O ' « O t o f O O O O ' 0  O' • • ‘ ‘ ‘O 00 vO
UJ io

o  c N ' O v n v n i o  O ' n o v a o -^
■S3 O  Kjj  O  - »  vO vj\ CD Ijo -F" >0

-* LO U» ■F' C7' VJ\
O' -* ^  VA O' U»• • • • • •
ro -Jk 2» >3 vn O'

-»  O' 00 IV) 00

s:
i s:

to  VA IO -k
vn fo to  •- • • vo

VA to  VA

to • 
o  ^

O' -»
-A o• to

• -* o  o  o
V A  U i v O  -A  - i
O'

I I I I

• IO

to
to

)5 f:
VO O' 
to CO

I I to I i to to  to • • • •
O' ^  o
to —k - A

O
re­s'

O
H
H*
W
0
1

a

&
to

' I
It

W ^

s 5
p, o  
o  g

CQ li “ g 
•o tJ 
Q n
M
P* O

3 ?
g

§ 35 e-

(D (»

u

I - »  • I• >3
VO -»
00

• Lo O' * to  * ■
• • fo • - r  ro

O  O  -»  VA 'v3 vO ^O' —A
to tx)

• b •
03

o
o
vO

o  o
to  O

o
S'
(D
►1

-»  to ui -F' O' va vn u> vn *0 to
N S t o V A V A O ' O ' t o V A  O'  Ui  •

■r

I

o
fo

O '
>o

* • ro vn -F*
O  VO O'  >3

I I I I I I I I I I I I

• • I I * *  i l i o i l l l t l l l
o  o  o  o  o
-X O'  03 VO

o

I I I I I I I I I I I I I I I I I I I

O O'
1 1 • • 1 1 O

O o —k, 00

—k - » Qp O' _k O'
o o o to IO O'_k * O' * t o •
• * VA * ■r * to
N3 VA ro to VA
■r O' vO •n3

• o
o
VO

O'  O'  
N3 VA

>3 2 § ^ g 
p.t

Dhaka University Institutional Repository




