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Summvy. 

The purpose of the project was the study of physico-chemical 

nature of water organisms(plants and animals) and the productivity 
of bottom fauna of the Leh stream,Rawalpindi.It was also intended 
to find out the pollution,its effects on water quality and the 
organisms and also to determine the water pollution indicators. 

The collection of water samples and the organisms was done 
on monthly basis each year from June 1978 to May 1980.Due to 
shortage of staff and funds, the places of collection were reduced 

from 8 to 6 and instead of fortnightly, monthly collection was dime 

The main object was the study of pollution and the organisms of the 

Leh stream,Rawa/pindi.The Leh stream and its tributaries, arise 
from Margalla hills above Islamabad and drains through a great payt 
of Islamabad l it is, therefore necessary that the study should also 
be done in Islamabad. 

The water of the Leh stream beforP reaching the Sewerage 

Treatment Plant, a tributary, Tanewali Kas near 7-UP Beverage 
Factory and a tributary, Badarwali Kas coming from I/10 have 
nonpolluted water and the water quality is fit for drinking, 

domestic and irrigational purposes.These waters have typical 
stream flora and fauna.Among the flora there were a number of elan-Q.' 
and a few angiospermic plants such as Potamogeton,Hydrillal Typha  

and Lemna.There were a good number of macroinvertebrates which fob 

the food of fishes.The productivity of bottom fauna was also high ,  

Ten species of fishes were found in nonpolluted waterlsome of thew,  

were of suitable sizes.In sector I/91  after receiving the industr4 

-al pollution the colour of water becothe milky and there was a drci, 
in the organisms by number and weight.No fish was found.Tanewali 
Kas and Badarwali Kas discharge into the Leh near Sewerage 
Treatment Plant.The Leh after the confluence passes under the 
bridge near F-Block,Satellite Town.The bulk of water increases end 
the pollution is diluted.In our study of the fauna and flora t it was 
found that number and weight was increased.Before the constructie 

of industries in Islamabad l the water was not much polluted,fishes 
were found up to Dhok Dallalan,Pir Vadhai.The Leh behind Holy 

roti 

	

	 Family Hospital was an ideal place for Anglers, but now no fish is 

found at this place.The water passes through Rawalpindi town an0 it 
gets household and sewage wastes;detergents and soaps from 
dhobighats , and houses; faeces and urine of buffaloes;wastes from 
service stations and effluents from small industries, so the colowp 
of water becomes brown and the bottom becomecblack.The water is 
highly polluted when it comes near Mohanpura and Daryabad, the 

dissolved.. oxygen becomes very low, the flora and macrofauna tare 

also reduced.When the Leh passes near Dhok Chiraghdin,it pollutes 



-2- 

the wells in the nearby areas.The water passes on the back of Ayti}  

Park and-the slopels sharp.Due to the detergents and soaps ther 
are foams over the surface of water.During this course the water 

becomes aerated and solid impurities are settled down on the bott 

The water near the .Soan Camp, becomes slow and is not badly pollu 

and a fish,Channa punctatus was found .In the spring 1979 a numbs 

of young Ch.ela sp..were found in large number.Turtles 1 wre common 

the Leh near the Soan Camp.The total length of the Leh from its 

origin to the confluence of the Soan river is 22* miles and it cov r 

12 miles in Rawalpindi. 

It is concluded that the water is nonpolluted in the upper 

reaches of the Leh and its tributaries in Islamabad.The total 

hardness is higher as 'compared to the International Standard of 

Drinking 'W6ter:After receiving the pollution there is increase in 

total alkalinity,total hardness.There is gradual increase in 

magnesium, •sed,ium,and potassium.Cert'-in plants
, 
 and animals can no 

tolerate pollution.After pollution there was decrease. in algae pr' 

macrofauna but.increase in.microfauna.The gradual ,increase .in the 

quantities of sodium and-potassium indicated domestic pollution./ 

few algae, micro, and macrofauna indicate the pollution.%.  

Detailed  

• 

(1). Introduction. 

   

Water is the basid necessity of life.Pakistan is defiCior 

in rains and other mister resources.At some places und'erground" 

water is unfit for irrigational and domestic purposes.Wherever 

undergrounr water is suitable, the lift system is expensive.A11' 

possible measures may be taken to conservd water and protect' fror, 

pollution and steps may be taken to reuse the waster:waters. Among 

natural water resources, streams are usually present at,the'foothi]]. 

The knowledge of hydrobiology of Pakifitan is very poor.C' 

water resources are very limited but the demand for, the water is 

increasing with the development of the country.Due to growth of 

human population, the problem of food is getting acute, ,so Ratsr 

resources may be tapped for foodlaroduction.FishI prawn and crab 

good protein food.Smaller fish can, be used for poultry food and .f-

fertilizer.Algae form the food of many fishes.An alga , Chlorellc  

which can be, easily cultured can be used as human food.Angiosperr 
plants such as water spinach(Ipomoea), watercress (Nasturtium), 

wild rice and cattails(Typha. sp.) are,used as food in some part t 

the world.It is also desireable to find the pollution,its'effecAs 

well as reuse of waste water by cheap biological methods. 
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Moreoverl the environmental studies of-the water courses 

essential for health point of view.The study of water quality for 
the domestic use. Presence of certain insects larvae and pupae 
which are vector of diseases in man and domestic animals.The purpose 
of this investigation was to find out the physico-chemical nature 
of water and organisms (Plants and animals ) and productivity of 
bottom fauna of the Leh stream, as well as pollution and its effeci 

on water quality and the organisms.After the study of the hydrobio 

=logy of the Leh stream, it is possible to proceed such invest igre 
4  

-ions at other places in Pakistan such as Kohist, Bannu where the 
water channel pass through the residential areas.It is also possiWde 

to develop methods of reusing the waste water by cheap biological 
methods. 

(Map attached) 
Islamabad and Rawalpindi' are situated below the Margallt 

ar2 
and Murree hills and drained by streams and small rivers. The Leh 

is one among these water courses and is important as it passes 

through greater part of the residential areas of these towns. 

Islamabad has closed sewerage system,but the waste water: 

of the industries is discharged into the Leh streams and its 

tributaries.In Rawalpindi the Leh stream is much polluted due to 

seweragel waste of cattle yardsv domestic,service wastes and effluevA 

of small industries.The water is also contaminated by diseases 

causing bacteria and protozoa.The residential areas near Mareer 

have wells for water requirements.The residents of these areas , is; 

complain for intestinal disorders.The water of the Leh comes in 
an 

these wells by seepage.Due to the pollutionathe Leh has'rugly out70.1k 

and producebbad smell during summer, sometimes during rainy seasoll 

floods are high and may be dangerous to the life and properties a-f 

the low lying areas of Rawalpindi.Therefore, the study of water 

quality and organisms seems to be necessary for the improvement ard 

for making the Leh stream as recreational spot. 

The Leh and its tributaries arise from the Margalla hills 

It is desireable to give topography, geology and climate of.  

Islamabad and Rawalpindi.Islamabad and Rawalpindi are located in 

Potwar Plateau.On the northern west of Islamabad are Margalla hills 

with,  other ranges. Hills play a significant role in diverting 

currehts of rain clouds and lifting them up. Islamabad and 

Rawalpindi come under a large basin. There is great diversity in 
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precipitation that flows into channels .The laud in Islamabad is 

unduleiing and slopes are sharp.The Margalla-Oui*ees ranges on th 
* 

north' of Islamabad have an average hight mow and a few peaks ar,  

about 5000 .The'plains below foothills sloping steeply southward, 

ranging from 2000 to 1600 . Eodwie limestone of. the Margalla rc 

comprises thick massive, pinkgrey nummulite limestane l interlayerE 

with shale containing nummulite POssils.There are series of sand 

-stones,siltst'onesi,mudstones and shales.The sediment consist, of' 

boulders, gravel pebbles mostly of limestone and sandstone. he th 

maintle•of fine sediments overlying the rock of the capital area 

consists of stream borne alluvium' mixed with loess. A bore hole a' 

Saidpur disclosed a thickness of alluvium of 700 ft. The loess 

deposits are exposed in the Leh bed near Shakarparian.In many cas 

loess deposits appear to reworked by streams and interbedded with 

alluvium.In Rawalpindi there is alluvium and loess which is 200 

to 300 at some' places and the loess is seriously affected by bp.: 

wind and water erosion.The southern part of Rawalpindi consists o-

conglomerate (pebbles cemented togethera) and Siw-likibd. 

The main Leh stream arises from the Margalla hills at 3e:-
elevation passes through Saidpur village, it enters' Islamabad, in 

sector F-6.1t has two tributaries ( I and II ) who have; their... 

source in Margalla hills,, join it in sector F-7 and G-7, respectivc, 

It traverses through sectors H-8 and 1-8 and join stream III in 

sector 1-9 near Sewerage Treatment Plant near F-Block of Satellit 

Town.The length of the Leh stream from the source and the 

confluence with stream III is 10i miles.Another stream KantaWali 

which is a tributary of stream III, arises from the foot of the 

Margalla hills at: an elevation of 2000 ft, enters Islamabad in 

sector E-7 and then comes into sector E-8.Traversing ythrough sec 

G-8, and H-8, it joins stream No. III in the north corner off' sect 
1-9. 

Stream No. III, Tanewali Kas starts from an elevation c 

3900 in the Margalla hills and drops down to an elevation . of 200( 

ft. 1  about • 2 miles in length. It enters Islamabad in sector E-8. 

A tributary of stream No. III has its origin in the Margalla hill: 

joins on the northwestern corner of the sector, 1-9 then it dischn 
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into the main Leh in the southeast corner, sector I-9 From the 

source to the confluence the length of stream III is 10 	B. 

The stream No. IV, Badarwali Kas drains a vast area.Its 

drainage basin is larger than that of all the other streams 

combined.The source of the stream lies in the Margalaa hills at 

elevation 3775, it emerges cut of this: Margnlla hills at an 

elevation 1950 ft. after having traversed a distance of 2.6 miles 

It has two tributaries arising from the Margalla hills.It enters 

Islamabad in the north west corner of sector E-9, than taking 

southerly course it bisects sector F-10 and joins its two major 

tributaries IVa and IVb in sector G-10.Traversing through sector 

H-10 and I-10 joins the Leh stream at south western corner of 

1-9 near 

The drainage basin of Leh and its tributaries covers 

an area of 90 square miles.The total length of streams which draimS 

the Leh Basin is about 195 miles. 

The major tributaries of the Leh join at the north west 

extremity of Rawalpindi near Satellite Town, then the Leh strecuyA 

enters Rawalpindi town and passes on the back of Holy 'Family 

Hospital, reaches Dhok Dallalen, where it becomes deep and looks 

like a small river and it contains domestic and sewage pollution 

as well as soaps from Dhobighats .After passing through Dhok Rasta 

it reaches Daryabad where the water is highly polluted due to 

domestic and sewage pollution, soap and detergents, wastes such 

decaying vegetable and fruits, oil and Breese from service stat:;(7Y13 

and effluents of small inaustries.There is 28 feet natural fall 

the rock outcrop about 2* miles above its confluence with the Soa 

river.The Leh passes on the back of the Ayub Park and discharges 

the Scan Camp in the Soan river.The length of the Leh in 

Rawalpindi is about 12 miles.The Leh and its tributaries are 

usually incised. 

The climate of Islamabad and Rawalpindi is of temperate 

type, cold during winter and hot in summer.The average minimum 

temperature is 2:°C in January and maximum temperature rises up 

to 41PC in summer.The relative humidity is low most of the year, 

it rises up to 60 percent during the month of July and August. 

There are two periods of rainfall,i.e. winter and summer,the 
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average rainfall is. about 36 inches per annum. 

(2). 	Review on literature. 

"Engineering :::tudy for Islamabad iurface Drainage Projec 

prepared by Khan and Partners(1967 	a useful work for getting 

information about topography,Orainage and climate' of Islamabad. 

The book," Standard Methods for Examination of Water and 

Waste Water", was published jointly by American Associations cf 

Public Health ,Water Works and Water Pollution Control Federation 

(1971i. The methods of analysis presented are believed to represe 

the best current practice of American Water ii,-qysis in connectic 

with ordinary problems of water purification sewage disposal and 

sanitary investigations.The book also deals with examination of 

water for radioactivity,bacteriological examination and biologic: 

sampling methods.Taylor (195'8)7  publishedhis book," The Examinati 

of Waters and Water Supplies". This book deals with geological o. 

'conditions,river pollution, new chemical analytic procedures,EDTA 

methods for determining hardness of Calcium and magnesium and ala 

about the analysis cf other salts.There are also informations abr 

the effects on human health due to the presence of certain salts 

and water borne infecticns.He also described aquatic organisms SU 

as bacteria, diatoms,planktons,algae and some common invertebrate 

34 
Faridi (1971) :: desciiibed the methods and preservation 

freshwater algae and wrote a key covering 280 genera of freshwatc 

algae of Pakistan.Tiffany and Britton (1971)
80 a book,"Algae of 

Illinois", which contains recent literature on the description of 

freshwater algae.Edmondson (1959)32  published a book,"Preshwater 

Biology", which contains taxonomy and description of freshwater 

algae, fun!:,:i 	angiosperms .and invertebrates. 

Biswas (1966)
22 studied the ecological features of 

phytoplanktons of Volta river and found the abundance of phosphat 

silicates and nitrates and paucity of ammonia and phytoplanktons 

during flood season. Dissolved nutrient decreased as flood subsid. 

phytoplankton started appearing, dominated by diatoms first and 

later cn blue green algae which caused water bloom in the month 

of May.There was virtual disappearance of nitrates at that time. 

After closure of the dam water blilom declined rapidly. In newly 



formed lake , phosphate contents and ammonia increased and 

phytoplankton were also inCreased.The period of algal abundance 

resulted in decrease of nutrients and increase in pH of water. 

Ali(1979)17  published a checklist of Freshwater Algae of RawalpirSi 

district and found 88 genera. 

Akhtar and Ali(1969)19  described a few genera and species 

of freshwater Rhizopods of Rawalpindi.The same authors(1976)2°  

described 18 genera of the Rotifers of Pakistan.Kawakatsu(1973)
41 

described 2 genera and 3 species of Planarians of Pakistan. 

Bhatia(1939)25  described 4 species of. Leeches of Dal Atike of 

Kashmir with the exception of Theromyzon sp. 

Arora (1923)1  studied Entromostraca (Waterfleas) of 

Lahore and described 18 genera and 27 species, Daphriia,SimocejthAit  

Monia, Cyprisl Eucypris, Diaptomus and Cyclops are most common.He 

SIG110. that on sunny days swarms of Entromostraca were found on tke 

surface. Mahoon et al. (1977)60 described 12 new records of 

Entromostraca of Lahore. Among the new records there are species 

of Daphnia and Monia and among genera are Scapholebris ,Alonello 

Alona and Wlassicsa. This type of microcrustacea are also found 

Rawalpindi. Shakoor (1968)67  gave a taxonomic account of 5 species 

of freshwater prawns (Palaemon ) of Pakistan. 

Usinger .  (1956)72  'published his book," Aquatic Insects of 

California", the taxonomy of nymphs, larvae, pupae and adults aye 

separately given .This book is helpful for the identification of 

aquatic insects up to generic level.The book also deals with the 

methods of collection of insects and benthic fauna as well as- Aottt 

different kinds of water' pollution, . Ali(1967)6  described 6 genera 

and ? species of mayfly(Order: Ephemeroptera) nymphs of 4446,N04  

district. Akhtar and Ali (1976)21  described 3 genera and 8 spec:teS' 

of aquatic Lepidoptera whose larvae and pdpae are found in water. 

Khatoon and'Ali (1978)54  described 9 genera and. 9 species of 

aquatic Hemiptera in addition to the work of Akhtar and Ali(197) 
49 50 & 51 Khatoon and Ali ( 1975,1976 lnd 1977)—, 	described 32 

species of aquatic Coleoptera of Pakistan which include nearly 
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all common freshwater beetles of Pakistan.-Khatoon and Ali(1977)5  

worked on Trichoptera of Pakistan and described the larvae of 1r 

genera and 22 • species ; pupae of 5 genera and6 species; adults 

2 genera and 5 species.The same authors(1975)41  described 28 gen - 

of aquatic Diptera in larval stages which are common in Pakistan. 

Khatoon and Ali(1975)48  described 6 species of aquatic Hyrenopte 

and (1977)53  2 genera and 2 species of Neuroptera. Ali and Khatr -

(1973)11  described.'23 genera of the nymphs of dragon anrm damsel 

-flies of'Pakistan. Ali and Khatoon (1980)18  worked on the 

macroinNertebratjAsh fauna of the Haro river and he found that 

throughout the year 54 species of macroinvertebrates, 12 of fish 

were found. 

. 5 & 46 Khan and Dastagir (1971 and 1972) 	wrote papers o' 

"Gastropod and Pelecypods Fauna of Pakistan".The description -of 

freshwater and marine molluscs is given of cast and liest Pakistar 

Khatoon and Ali(1978)55 described Freshwater Molluscs of Pakistr - 

The description of 11 genera and 16 species, the description-

includes genus Physa which was not described by previous author 

Ahmad (1963)2 published the list of fishes, fish anemia,,  

and fish culture etc. of all the districts of west Pakistan. 

Mirza and Kashmiri (1973)61 described 28 species of fishes belor 

-ing to 21 genera and 4 orders from the Soan river,Rawalpindi. 

Qureshi (1960)63  described common fishes of East and West Pakist 

Khan (1968)42  described Amphibian Fauna of district Jht.  

He gave the account of 3 species of genus Rana and one species 

Bufo. Khan(1977)43  described Natrix piscator piscator (Schneider,. 

a common water snake collected from Jhang district and Muzaffarcl- 

Khan and Mirza (1976)77 gave the systematic account and 

keys for the identification of Chelonia and Crocodilia of Pakist. 

Macan (1959)56  published his book,"A Guide to Freshwater 

Invertebrate Animals", which contain simple keys for the ident 

-fication of animals and is helpful for the identification of 

aquatic animals up to genera. 

Ahmad (1979)3  gave the key and description of common 

freshwater angicspermic plants 'of Lahore. The monograph is useful 
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for the identification of common freshwater plants of Pakistan. 

Whitton (1975)73  in River Ecology gave the description of 

geology, chemical composition of water, aquatic flora and fauna, 

benthic communities and algae and macrophytes as environmental 

indicators as well as food chain. 

Bishop (1973)
26  gave an account of freshwater organisms 

(Plants and animals) and their ecology.There is a detailed list 

of genera and species of freshwater organisms. He also mentioned 

the sources of water pollution. 

Bardach and others (1972)27  gave different practices ablaut 

aquaculture including fish, shrimps, crabs, mussels, seaweeds and -

freshwater plants especially in tropical countries. 

Reid (1961)64  gave in book factors and processes that 

operate in lakes,streams and estuaries as dynamic systems. The book 

attempts to bring into summary, some of the major aspects of the 

knowledge that has been amassed from the study of inland waters 

estuaries by many investigators. 

According to Reisen and Prins (1972)66  community biomass 

could not be estimated by drifts because fluctuations in the 

standing crop were not significantly correlated with fluctuations 

in the drift rate , with the exception of Ephemerella sp. the drIlls 

did net respond in a density dependent fashion to benthic. popul 

-ion increases. Drifts seemed tc be initiated by population or 

emergence activity. 

Reisen (1975)65 studied the ecology of streams of Honey 

Creek, collected 180 taxa of Macroinvertebrates which were 

distributed differently in different ecological conditions such 

riffles and pool areas and as well found on the surface and in tKe 

bottom. 

Khari (1980)39 cave an account of lotic community 

composition and some characteristics of stream animals such as 

shape and structures for adhesion. 

Gaudet (1979)36 studied seasonal changes in nutrients 

a tropical swamps of . Kenya and concluded that swamps effectively 
extract dissolved nutrients from rivers and carried to the lake 

during water flow. 

Bell (1970)23  stated that all the stages of the life 

cycle of midges, Tanytarsus dissimilis were subjected to low pH 

and extreme tolerance were determined.The life cycle could not 

completed below pH 5.5. 
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Chutter (1969)31  found that the density of many groups 

of animals was reduced by the turbidity due to silt and sand but 

some animals were adversely affected when silt and sand settled 

they increase in number. 

Fernando (1964)35 studied 21 freshwater habitats of 

Rangoon in relation to the ecology of Cules pipiens fatigens and 

it was found that the tolerance of this species for organic and 

inorganic materials was very high, physical factors might influen• 

the density. 

Sato (1973)70 concluded limnological study of Tassha-gav 

river and found 19 species of aquatic insects , 2 species of 

protozoans , 10 species of fish , 59 species of diatoms, 18 blue 

green and 12 species of green algae. 

Meehean and Ali (1967)59  worked on ,"Productivity of 

bottom fauna in relation to the food cf fish", and they found th e -' 

the production of bottom fauna was generally high in low gradien 

and polluted areas.The prcductiviry of Wah streams was higher as 

compared to similar conditions of European and American streams. 

Heavy rains and flood reduce the number of bottom organisms.The 

study of the gut contents cf fishes of the same places revealed 

that 70% of fishes live on bottom organisms. Ali (1968)7 found tY 

the bottom fauna of the streams of Hazara district consisted of 

typical aquatic organisms and it was found that out of 7 species 

fishes , 6 fishes lived primarily on bottom organisms.The same 

author (1968)8 found that the bottom fauna was high in the etre' 

of Kohat and Kurram Agency as compared to that of ponds and 50% 

of fishes live on bottom organisms. Ali (1969)9 found the bottor 

fauna of all the streams of Rawalpindi were affected by flood 

waters and the number and the weight wcTe decreased after rains. 

Ali (1969)10  found that the-productivity of bottom fauna was 

higher in the polluted water of the Sean river after the confluec.. 

of the Leh. 

Egglishaw (1969)33  stated that benthic invertebrates it 

stream riffles are distributed with particular reference to three  

main sources of :F".sr(ilant 	detrius under stones, moss growing or 

stones and algal covering on stones. He noticed that with incre 

in plant detrius there was also an increase in the variety of 

bottom fauna. Bottom fauna are less aggregated in clumps of moss 

but more associated with algae. 
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Beck (1955)24 proposed a simple method for reporting 

biological investigations in connection with stream quality surv, 

Authors believed that the biotic data are economical and are full' 

as important as chemical and biochemical data and have not been 

more widely used in' stream sanitation work because of extreme 

wordiness- and technicality of biclogical reports. 

Brungs (1971 )28  stated that Fathead ninows were exposel 

to constant dissolved oxygen 1-0.5 mg/lit for all months .Number 

of the eggs produced were reduced at 2 mg/lit 	no spawning on 1 

1 mg/lit. Fry growth reduced significantly at below 7.9 mg/lit 1B'/ 

of survivortat 4 mg/lit were deformed. 

According to Avery (1970)81 aquatic insects and salmon 

were sampled above and below a municipal sewage outfall of East 

Gallatin River. Numbers of Trichoptera ,Ephemeroptera ,Coleoptera 

and Plecoptera larvae 72 Km below the sewage outfall were lower 
were 

than found above.These reduction; associated with the occurence cf 
sewage fungus on the bottom. Diptera were numerous. A partial 

recovery was gained after 6.1 Km below sewage outfall. After 2C 

Km below insects were 13 times more than those found above and 

trout also increased in number. 

Ali (1977)12 studied effects of sewage pollution on tine 

Ravi River,Lahore and found that the water was dark brown after 

receiving the waste and the bottom was blackish. The water was 

mesosaprobic (mildly polluted ). Insect larvae of Brachydeutra, 

Ephydra and Psychoda were found which indicated pollution. The saink 

authors (1977)14  found that due to the domestic pollution in a 

stream in Choa Syedan Shah , there was increased in algal flora bui 

reduction in the number and weight of fauna, the insect larvae 

which indicate pollution were found. Ali et al.(1977)13 	found in 

the Effluents of Industrial Complex of Kale Shah Kaku , the, total 
hardness cf water increased very much ,chloride contents were alto 

higher. Twenty genera of algae and thirty seven of fauna were found 

before pollution and nine Of algae and twelve of animals were found 

after pollution.The same authors (1977)16  found during the study of 
stream near Peshawar that pH varied from 7.0 to 8.0 , dissolved 

oxygen from 5.8 to 9.9 mg/lit , total alkalinity and hardness were 

higher.28 genera of algae,29 of invertebrates and 14 species of 
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fishes were found. 

Ito and Kuwada (1964) 37 stated that after receiving tI 
waste therewis decrease of benthic animals in species number only 

tolerant species survive , change of dominant species in benthic 

animals with degrees of pollution : Limnedrilus was in strongly 

polluted zone 	Tendipes in middle and Tendipes and Beatis in wee '  

,polluted, members of Trichcptera,Ephemeroptera and Plecoptera wei 

in clean water. Benthic fauna recoverolgradually on the way to 

down stream with appearance of clean water species. 

Nebcker (1974)
62 

stated that polychlorinated Biphenyls 

were more toxic to Daphnia. In case of Tanytarsus there was less 

toxic and do not emerge abundantly. 

Aziz and Sheikh (1974)75  worked on, "Biological treatme,  

of a local paper mills waste of Lahore", and recommended dcertai 

methods for biological treatment of the waste. 

Tariq et al.(1974)76  studied the quality of the waste 

water of Lahore and the water of the Ravi River after receiving 

the wastes. In the first run of the pollution survey it was foun 

that there was neither significant reduction in D.O. resources 

nor increase in B.O.D. of the river water. This was due to high 

dilution ratio in the river at the time of sampling, 

Sowage and Rabe (1973)68  studied the effects of mine an,' 

domestic wastes on macroinvertebrate community structure in the 

Coeur'd Alene River. Mining, milling and smelting of rich Pb-Ag- 

ores have contributed fine inorganic solids as well as heavy met 

ions Zn,Cd , Cu and Pb . Other industries, including phosphoric 

Acid Plant , a Fertilizer Plant and a Saw-Mill contributa hig! 

nutrient wastes and cities discharges untreated domestic sewage 

directly into the river. Thus three years after trailings of 

impoundment and reduction in suspended and settled inorganic 

solids 	only very limited benthic communities have colonized t?.  

river. 

Johnson et al.(1971)38 found that Invertebrates 

accumulated residues many times that of surrounding after exposu 

to 14C-labelled aldrin or DDT at )vels 100 pptr (ng/lit). IIvIn 

addition, evidence of marked degradation of these pesticides wit 

specific trophic levels was found—These workers on the basis of 

their studies suggested that aquatic invertebrates influence the 

quantity and quality of insecticide residue pass via fish food—, 

-chain.Further it is stated that in aquatic ecosystem biological 



magnification of insecticides at lower trophic levels provides a 

method of introduction of these substances to higher trophic levels 

even through those organisms, many or many not directly exposed to 

a pesticide. 

I started research on,"Productivity of bottom fauna of 

freshwater bodies and its utilization in Punjab 	N.W.P.P. and 

Azad KashmiOince 1964.Latter the effects of rains and pollution 

was studied on bottom fauna. As no work was done on Mayflies(Order! 

Ephemeroptera) 	I started taxonomy of Mayflies in 1967 and 

described several new species sui$Irrtild working on ,"Effect of 

Different Kinds and Degrees of Pollution on Aquatic Organisms of 

Pakistan", under PL-480 (1974-1977) and the Co-operative Scientist  

after the completion of the project gave the following comments: 

New information Resulting from the Research: 

1. Survey of the aquatic organisms of Pakistan was completed. 

2. An inventry of physical and chemical properties of the watef 

resources of Pakistan was completed. 

4 	3. 	The food of 65 species of fishes was determined. 

4. The taxonomy of 9 groups of aquatic organisms was worked out 

and published in scientific literature. 

5. Indicator species were identified for various types of organic 

and chemical water pollution. 

6. A total of 59 scientific papers have been published from the 
study ,rnd a few more in progress .The enrichment of scientific 

literature will have obvious ripple effects in stimulating 

further research, 

In "International Standards For Drinking Water", publiAed 
N by W.H.O. (1971)82 	the standards are given which have been adootecl. 

as in whole or in part by a number of countries as applicable ir 
deciding the factors for pure and acceptable water. 

for Drinking Water. W.H.O. (1971). International Standard 

Water Quality 
pH range 
Total hardness 
Calcium 

Chlori,'e (as Cl.) 

Highest desireable 
7.0 to 8.5 
loe mg/lit 
75 mg/lit. 

200 mg/lit. 

Sti Maximum permits ote. 
6.5 to 9.2 
500 mg/lit. 

,.200 Mg/lit. 

600 mg/lit. 
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Magnesium (as Mel ) 
	

30 mg/lit 	 150 mg/lit. 

Towns (1978)78 gave a list of 130 species of benthic 
insects found in Waitakere River and its tributaries and notes cn 
17 little known insects. The same author (1979) wrote on Zonati 

of fresh water invertebrate communities of New Zealand Kauri fore. 

stream. 

(3). Plan of Work: 

The collection of water samples, algae, microl macrofaum 

and bottom fauna was done on monthly basis from the 6 following 

places from June 1978 to May 1979. 

1. The Leh stream before Zero Point,Islamabad. 

2. The Leh stream after Zerc Point,Islamabaa. 

3. Tanewali Kas, a tributary No.III after receiving the effluer 
of industries in sector 1/9, Islamabad. 

4. The Leh after confluence with its tributaries near Sewerage 

Treatment Plant, F-Block Satellite Town,Rawalpindi. 

5. The Leh ,Daryabad. 

6. The Leh near Scan Camp. 

Next year, June 1979 to May 1980, the collection was dr 

from the following places: 

1. Tanewali Kas before receiving the effluents of. Industries 

I/9, Islamabad. 

2. Badarwali Kas, the IVth tributary of the Leh near Sewerage 

Treatment Plant, while the rest 3 - 6 stations were the sari 
as in the previous year. 

(4). 	Methods. 

Physicc-chemical nature. 

Surface water was collected in plastic bottles in fiel 

pH was determined by battery-operated pH meter, temperature 

measurements were made in degrees centigrade,phenolphthalein and 

total alkalinity were determined by titrating samples against O.( 

H2SO4 using phenolphthalein and methyl orange as indicators. 

Alkalinity was expressed in terms of CaCO3  mg/lit. Dissolved 

oxygen was determined by Winkler's method with Azide modifioat:. 

Calcium as Ca 	hardness and total hardness were determined by' 
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Complexo-metric titration by using 0.0IM E.D.T.A.;Murexide and 

Erichrome Black T as indicators, chlorides were determined by 

Argentometric method; nitrates by colorimeter .Sodium, potassium 

and magnesium were determined by Flame Analyser. 

Algae were collected by plankton net, hand picking, 

scrapping and squeezing the submerged vegetation.They were preserved 

in 3 to 4% formalin.Planktons and micrcfauna was collected by 

plankton net, preserved in 3 to 4% formalin.Macroinvertebrates were 

collected by dipnet, Surber One Square Foot Sampler and Ekman Dr 

Dredge. Bottom fauna was collected by Surber One Square root 

.Sampler and Ekman Dredge. These samples were washed through sieves 

and were preserved in wide mouthed bottles in 8-10 formalin. In the 

laboratory, bottom fauna samples were again washed, placed in petri 

dishes, identified sorted and the organisms of each samples were 

dried on blotters and weighed in chemical halance.In this manner 

the spr1:11activity of bottom fauna was determined by number and 

weight per unit area. Fishes and frogs were caught by drag nets avid 

preserved in 8% formalin. 

(5). 	Results. 

In the Annual Report May 1979 , the data of the stations 

1-6 was given. This year from June 1979 to May 1980, the data waS 

taken from two different places in Islamabad i.e, station 1 and 

and rest stations were the same as in the previous year. 

1. Physico-chemical nature 	of water. Tables 1 - 12 

2. Flora 13 - 24 

3. Microfauna 25 - 36 

4. Macrofauna 37 - 48 

5. Bottom fauna If  49 - 60 

11 

6. Graphic representation of 	dissolved 

oxygen, Na* 	and K. 61 

7. Micro- macrofauna and productivity of 

bottom fauna. tl 62 

The non-pi,lluterl water if the Leh and its tributr.ries 
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The non-polluted water of the Leh and its tributaries 

was usually clear but after rains it becomes muddy. Tanewali Kas, 

a tributary , when gets the effluents of the industrial complex 

Islamabad becomes milky in colour in sector 1/9 . The water of tY 

Leh near Satellite Town beco es brown and the bottom black due t 

putrifaction 	,this condition prevails throughout in the down 

stream up to the Soan Camp. 

The 1oWest air and water temperatures were 10°C and 8°C 

respectivrAy in the month of December, and highest temperatures' 

were 34°C and 32°C in the month of July. pH of water varied fror 

6.0 to 7.6 . Dissolved oxygen was usually low in polluted water, 

sometimes as absent, it varied from 6.2 mg/lit to 12.0 mg/lit it 

non-polluted water.Total alkalinity was varied from 58 to 400, 

total hardness 186 to 460 , calciUm as Cal"-  from 42 to 200 , 

magnesium as Mg."-  from 2.4 to 57.6, Na 	from 12 to 67, Kt  from 

1.5 to 26; chlorides from 20 to 200 and nitrates from 1.3 to 5.8 

mg/lit. Sodium absorption ratio (S.A.R.) values varied from 2.0 

to 14.2. 

Within two years the total number of algal species four' 

in the Leh and its tributaries ,were,54 and angiospermic plants 

were 4 .A few plants were found only in non-polluted water eg. 

Oedogonium sp., Microspora sp.,Mcugeotia sp.,Coelastrum sp., 

Hydrodictyon sp., Potamogeton perfoliatus, Hydrilla verticellata  

and TYpha angusta, while some were found only in polluted water 

such as Eur/lena,sp., Phacus sp., Microcystis sp., and Lyngbya sp .  

Nearly 100 species of microinvertebrates were found 

including protozoans , rotifers ,round worms, crustaceans and the 

larvae. Mesodinium sp.,Spirozcna sp.,Homalozoon sp.,Wolga sp. an 

Alcnella sp. were found only in non-polluted water, many specie: 

were found in both non-polluted and polluted water. Amphileptus ,c= 

Trachelophyllum sp.,Psych,  	sp.,Histrio sp.,Carchesium sp. and 

Epistylis sp. were found in polluted water only. 

Macrofauna included planariansl annelids l insects(young a' 

adults) molluscs, fishes,frogs and tortoises. About 100 species 

macrofauna were found.Many species such as certain insects and 



Table 1 Physico-Chemical Nature of Water oi` theLeh Stream,Rawalpindi,June 1979. 

Station 1. 

Air temperature °C 	25 

Water temperature °C 	27 

pH 	 7.4 
Dissolved (xygen mg/.it. 	9.5 

Station 2. 

26 

25 
7.3 
9.0 

Station 3. 

31 

30 
7.2 
3.0 

Station 4. 

27 

29 
7.1 
4.3 

Station 5. 

30 

25 
7.2 
5.0 

Station 6. 

30 

26 
?.4 

1.0 

D.O. Saturation % 117.2 107.1 39.47 55.12 59.5,  12.19 

Total alkalinity mg/lit. 280 350 320 340 320 480 

Total haedness mg/lit. 250 320 220 260 280 ' 380 

Calcium as Ca"mg/lit. 84 116 80 99.2 104 128 

Magnesium as Mg**  mg/lit. 9.6 7.2 4.8 2.88 4.80 14.40 

Na **(Sodium) 	mg/lit 22 22 38 32 56 60 

K*  (Potassium) 	mg/lit. 3 4.2 4.2 6 16 20 

Chlorides 	mg/lit. 21 19 31 30 37 37.7.  

Nitrates 	mg/lit. Nil 1.7 1.3 2.6 2.4 1.8 

S.A.RZ 	Value mg/lit. 4.5 4.0 8.3 6.33 10.7 10.8 

Tap water Nat  (Sodium) = 22 mg/lit. 

K*  (Potassium) 	 = 1.5 mg/lit. 

* Sodium Absorption Ratio Value. 



Table 2 Phnico-Chemical.Nature of Water of the Leh Stream,Rawalpindi, July 1979.  

Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

Air temperature °C 32 31 3 34 33 32 

Water temperature °C 28 28 31 32 28 27 

pH 7.1 7.2 7.1 7.2 7.3 7.4 

Dissolved Oxygen mg/lit. 6.2 9.0 4.5 5.8 3.8 4.2 

Total alkalinity mg/lit. 300 320 360 280 290 280 

Total hardness 	mg/lit. 270 300 280 270 300 330 

Calcium as Ca** 	mg/lit. 80 60 70 60 90 65 

Magnesium as Mg** 	mg/lit. 8.6 7.0 4.5 2.5 4.2 
, 

15 

Na l-(Sodium) 	mg/lit. 20 20 35 32 50 60 

Kt  (Potassium) 	mg/lit. 3.2 4.2 4.6 6 15 19 

Chlorides mg/lit. 25 20 30 31 35 38 

Nitrates 	mg/lit. Nil Nil 1.3 2.0 2.4 1.6 

S.A.R. 	Value mg/lit, 5.0 5.4 9.2 6.8 8.5 9.25 



Table 3 Phvsio0,-Chemical Nature of Water of the Leh Stream,Rawalpindi,August 1979.  

Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

Air temperature °C 30 30 20 20 30 25 

Water temperature °C 20 25 18 15 25 20 

pH. 7 7 7 7 7 6.7 

Dissolved Oxygen mg/lit. 5.4 9.3 9.5 7 6.5 3.5 

D.O. Saturation % 58 110.9 99.6 68.9 77.56 38.16 

Total alkalinity mg/lit. 320 180 320 340 320 360 

Total hardness mg/lit. 254 246 280 186 220 276 

Calcium as Ca++ 	mg/lit. 96 88 73.6 42.4 52.0 60.8 

Magnesium as Mg** 	mg/lit. 3.3 6.24 23.0 19. ?0 21.6 29.76 

Na+  (Sodium). 	mg/lit. 40 23 27 55 41 67 

K 	(Potassium) 	mg/lit. 1.5 2.5 4 7 5 12 

Chlorides mg/lit. 28'. \ 31 35 46 42 58 

Nitrates mg/lit. Nil 2.5 3.6 4.0 3.5 3.1 

S.A.R. Value mg/lit. 8 4.79 5.5 14.10 3.6 • 14.2 



Table 4 Physico-Chemical Nature of Water of the Leh Stream_tRawalpindi l  Sept. 1979 

Air temperature °C 

Water temperature °C 

pH. 

Dissolved Oxygen mg/lit. 

D.O. Saturation 	% 

Station 1. 

29 

20 

7 

11 

119.8 

Station 2. 

25 

21 

7 

8.5 

94.5 

Station 3. 

21.5 

21.5 

7 

8 

88.9 

Station 4. 

25 

21 

7 

8.5 

94.5 

Station 5. 

25 

20 

6.7 

3.5 

38.1 

Station 6. 

31 

23 

7 

3.1 

36 

Total alkalinity mg/lit. 360 400 460 300 360 340 

Total hardness mg/lit. 200 280 240 240 260 280 

Calcium as Ca**  cog/lit . 60 96 88 72 96 73.6 

Magnesium as Mg
tt 

mg/lit. 12 9.6 4.8 14 4.8 13.4 

Na*  (Sodium) 	mg/lit. 20.8 26 30 36 45 52 

le (Potassium) 	mg/lit. 1.6 3 8 7.2 14 18.5 

Chlorides mg/lit. 21 25 19 21 32 38 

Nitrates mg/lit. 1.5 1.0 3.1 2.5 3.0 3.5 

S.A.R. Value mg/lit. 4.71 5.09 6.25 7.7 9.6 11.1 



Table 5 Physico-Cherical Nature of Water of the Leh Stream,Rawalpindi, Oct. 1979. 

Air temperature °C 

Water temperature °C 

pH. 

Station 1. 

19 

18 

7 

Station 2. 

19 

17 

17,  

Station 3. 

17 

18 

6 

Station 4. 

18 

15 

6-' 

Station 5. 

18 

15 

6.7 

Station 6. 

20 

18 

; 7 

Dissolved Oxygen mg/lit. 11.5 12 3.1 1.5 1.7 3.a-  

D.O. Saturation 	% 120.5 123.2 31.8 14.7 16.7 34.6 

Total alkalinity mg/lit. 290 360 380 340 400 415 

Total hardness mg/lit. 210 280 280 242 280 260 

Calcium as Ca
1i- 	

mg/lit. 80 88 64 65.6 48 72 

Magnesium as Mg++ 	mg/lit. 2.4 14.4 4.8 18.6 38.4 43.3 

Nat  (Sodium) 	mg/lit. 21 26 27 30 40 60 

Kt  (potassium) 	mg/lit. 116 M,  0-.6 6. 167.t.i ,24-1 

S.A.R. Values 	mg/lit. 4.6 5.35 6.5 6.6 9.6 8.8 
Chlorides 	mg/lit. 21 18 17 23 .36 48 



Table 6 Physico-Chemical Nature of Water of the Leh Stream,Rawalpindi, Nov. 1979. 

Air temperature °C 

Water temperature °C 

pH. 

Dissolved Oxygen mg/lit. 

Station 1. 

20 

15 

i''.2 

9.5 

Station 2. 

15 

13 

7 6 

10 

Station 3. 

15 

13 

6 

4.2' 

Station 4. 

20 

15 

6 

Nil 

Station 5. 

18 

16 

6.5 

2.8 

Station 6. 

18 

15 

6.7 

4.6 

D.O. Saturation % 93.6 94.3 40 Nil 28.1 45.3 

Total alkalinity mg/lit. 184 180 306 300 306 324 

Total hardness mg/lit. 300 340 360 400 340 340 

Calcium as Ca l"- 	mg/lit. 	. 64 104 80 72 72 88 

Magnesium as Me* 	mVlit. 33.6 19.2 38.4 53 38 28.8 

Na l'( 	Sodium) 	mg/lit. 20 26 44 34 48 52 

K 	(Potassium) 	mg/lit. 1.6 3.2 6.4- 5.2 13.2 18 

Chlorides 	mg/lit. 19 16 17 19 32 36 

S.A.R. Value mg/lit. 4 4.8 8.1 6 9.2 9.66 



Table 7 Physico-Chemical Nature of Water of the Leh Stream,Rawalpindi, Dec. 1979.. 
Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

Air temperature °C 12 11 11 12 10 15 

Water temperature cc. 10 10 12.5 13 8 13 
pH. 7.0 7.2 7.4 7.1 7.0 7.3 • 

Dissolved Oxygen mg/lit. 11.2 10.3 8.4 4.1 2.3 3.1 

D.O. Saturation % 98.85 90.9 77.5 38.7 19.4 30 

Total alkalinity mg/lit. 280 300 380 290 240 380 

Total hardness mg/lit. 300 280 290 284 386 480 

Calcium as Ca"- 	mg/lit. 84.8 91.'2 99.2 108.8 124.8 107.2 

Magnesium as Mg"' 	mg/lit. 21.12 12.48 10.08 2.88 18,24 50.8 

Na 	(Sodium) (Sodium) 	mg/lit. 34 25.6 26 34 40 50 

e 	(Potassium) 	mg/lit. 2.8 3.2 7.2 6.8 14.2 24 

Chlorides mg/lit. 16 21 27 22 33 59 

Nitrates 	mg/lit. 0.18 Nil 3.8 2.5 1.5 0.95 

S.A.R. Value 	mg/lit. 6.2 3.2 3.2 4.1 4.4 5.6 



Table 8 Physico-Chemical Nature of Water of 'the Leh Stream,Rawalpindi, Jan. 1980. 

Air temperature cC 

Water temperature °C 

Station 1. 

16 

15 

Station 2. 

15 

18 

Station 3. 

15 

15 

Station 4. 

16 

15 

Station 5. 

10 

9 

Station 6. 

12 

10 

pH. 7.3 7.2 7.1 7.0 7.1 7.3 

Dissolved Oxygen mg/lit. 6.1 5.3 6.1 4.3 3.7 3.1 

D.O. Saturation % 53.8 55.5 53.9 37.8 31.9 27.4 

Total alkalinity mg/lit. 282 266 428 350 276 374 

Total hardness mg/lit. 350 234 200 280 350 372 

Calcium as Ca*1- 	mg/lit. 76 88 20 10.4 64 80 

Magnesium as Mg
tt 	

mg/lit. 38.4 2.8 36 17.28 45.6 41.28 

Nal-  (Sodium) 	mg/lit. 27 24.8 102 30.4 32 48 

Kt 	(Potassium) 	mg/lit. 6.4 2 2 6 2 8 

Chlorides 	mg/lit. 12 18 31 33 22 55 

Nitrates mg/lit. 2.0 1.5 2.5 1.6 3.5 3.8 

S.A.R. Value 	mg/lit. 4.1 5.2 27.2 11.5 6.1 ' 8.71 



Table 9 Physico-Chemical Nature of Water of the Leh Stream,Rawalpindi,Pebruary 1980.  

Station 1- Station 2. Station 3. ,$iation 4. Station 5. Station 6. 

Air temperature °C 13 14 13 15 16 14 

Water temperature °C 14 13 15 16 14 13 

pH. 7.1 7.2 7.3 7.2 7.4 7.3 

Dissolved Oxygen mg/lit. 9.0 8.5 4.5 5.5 6.0 3.2 

. 	''-i.u.0-=.ticil 	m-,/lit... 
Total alkalinity mg/lit. 100 120 120 140 200 210 

Iii,  
fotal'''4atdnds mk/1It:' 

Calcium as ca"-  mg/lit 

380 

90 

392 

100 

390 

112 

340 

108 

400 

80 

380 

88 

Magnesium as Mgt 	mg/lit. 32.0 26.0 18.0 50.2 52.6 40.2 

Nal.(Sodium) mg/lit. 15 20 18 25 35 30 

K 	(Potassium) 	mg/lit. 2.0 3.5 3.0 4.0 1:0 12 

Chlorides mg/lit. 20 25 35 30 35 50 

Nitrates mg/lit. 0.15 0.5 1.2 1.4 1.0 1.3 

S.A.R. Value mg/lit. 4.9 7.0 7.0 3.2 2.0 5.0 



210 310 420 

220 280 280 

AO,' 72 76 
14.4 24 21 

26 36 50 

2.8 14.4 23.2 

21 36 40 

1.4 1.5 2.0 

6.5 7.4 11.5 

Table 10 Physico-Chemical  Nature of Water of the Leh Stream,RawalpindilMarch 1980. 

Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

16 18 20 20 23 22 

12 15 18 18 19 21 

7.3 7.5 7.4 7.1 7.5  7.2 

7 6.8 10.2 10 3.5 Nil 

64.6 66.9 106.9 104.8 37.4 Nil 

Air temperature °C 

Water temperature °C 

pH. 

Dissolved Oxygen mg/lit. 

D.O. Saturation :. ii•_: 

Total alkalinity mg/lit. 	158 	 212 	 220 

Total hardness mg/lit. 	 180 	240 	 200 

Calcium as Ca-"-  mg/lit. 	)48. 	46. g 	'40.:  

Magnesium as Mg"-  mg/lit. 	14.4 	23.4 	 23.5 

Nal-  (Sodium) mg/lit. 	 16 	 24 	 28 

Kt  (Potassium).  mg/lit. 	4.8 	 6 	 2.4 

Chlorides mg/lit. 	 8 	 11 	 14 

Nitrates mg/lit. 	 Nil 	 Nil 	 2.4 

S.A.R. Value mg/lit. 	 4.1 	 5.7 	 6.5 



Table 11 Physico-Chemical Nature of Water of the Leh Stream,Rawalpindi, April 1980. 

Air temperature °C 

Station 1. 

21 

Station 2. 

22 

Station 3. 

21 

Station 4. 

25 

Station 5. 

30 

Station 6. 

30 

Water temperature °C 22 24 24 22 25 25 

pH. 7.5 7.8 7.6 7.2 7.2 7.3 

Dissolved Oxygen mg/lit. 4.5 4.8 2.3 Nil Nil 1.8 

D.O. Saturation % 5'2.1 56.2 27 Nil Nil 21.5 

Total alkalinity mg/lit. 320 240 242 334 340 460 

Total harness mg/lit. 320 230 282 290 350 320 

Calcium as Ca *mg/lit. 18.4 65.6 62.4 76 47.5 84 

- Magnesium as 
Mg1-1- 	

mg/lit. 65 16.3 29.28 24 55.2 26.4 

Nal.  (Sodium) 	mg/lit. 30 36 52 36 56 60 

K 	(Potassium). mg/lit. 6 4.8 14 8 22 26 

Chlorides mg/lit. 27 25 23 23 50 52 

Nitrates mg/lit. 0.15 Nil 2.8 1.6 3.5 3.0 

S.A.R. Value mg/lit. 6.6 7.9 10.8 7.2 4.34 4.9 



Air temperature oc 

Water temperature °C 

pH. 

Dissolved Oxygen ma/lit. 

D.O. Saturation % 

Table 12 Physico-Chemical Nature of Water of the Leh Stream,Rawalpindi, V'.y_ 	1980. 

Station 1. 

20 

24 

7.6 

7.2 

84.4 

Station 2. 

20 

25 

7.5 

9.1 

106.6 

Station 3. 

21 

24 

7.3 

3.4 

40 

Station 4, 

29 

25 

7.2 

7..8 

33 

Station 5. 

27 

25 

7.1 

Nil 

Nil 

Station 6. 

27 

25 

7.1 

2.5 

30 

Total alkalinity mg/lit. 320 260 560 320 420 460 

Total hardness mg/lit. 272 182 206 246 326 312 

Calcium as Ca** 	mg/lit. 68.8 32 32 47.2 44.8 56.8 

Magnesium as Mg
fit 

ma/lit. 24 23 30.4 38.10 51.36 40.8 

Na*  (Sodium) 	mg/lit. 30 34 56 30 48 56 

IC*  (Potassium) 	mg/lit. 7.5 5.0 10 8 12 24 

Chlorides mg/lit. 50 20 68 64 60 200 

Nitrates mg/lit. 0.25 Nil • 2.0 2.5 2.0. 4.0 

S.A.R. Value mg/lit. 6.2 9.2 14.4 6.5 9.8 11.3 



Table 3 Flora. 
P1 

AL 

PH 
CI 

1 
2. . 
3.  
4, . 

4 5. 
6. , 
7. . 
8. . 
9. . 
10.  
11- . 
12. . 
13. . 
14. . 
15_. 
16.. . 
17. . 
18. • 

25.. 
26-. 
27, . 
28. 
29- . 
30- . 
31. . 
32. . 
33... 
34.  
35. , 

6- 

38. . 

39-. 

Co 

AE 1 2 3 4 5 6 

YLUM: CHLOROPHYTA  

ASS: CHLOROPHYCEAE  _ 	. Chlorella 6p. 

_4 

' 4 
4 

"** 11  

.-4 

...... 

_4.. 

-1.- 

— 

.1 

.1_ 
t.  

. 

•4 

4- 

- 

...f.„ 

...... 	.. 

Chlorococctam sp. 	• 	. 

Tetraedron sp. 
Clostcrium sp. 	. _ 	. 
Cosmarium sp. 
Pediastrum sp. 

.. 	_ Seenedesmus sp. 
Coelastrum sp. 
Hydrodictyon sp. „ 
Stigebcloni4 sp. 
Rhizoelonium sp. 
Cladophora sp. 
Mougeotia sp. 
Oedogonium sp. 

Spirogyra sp. 
Ulothrix sp. 	-- 
Microspora sp.' 
T.etraspora sp. 

CIASS:BACILLARIOPHYCEAE 	, 

Rhizosolenit-  sp. 
_... .....,_ 

Meridion sp. 
-- 4 . .

,- Amphiprora 	 -, -- ----- sp. 	 t  

. 
-.11,- 

46- 

, 

Surirella sp. 	. 
1 

Gomphonema sp. 
Rhoicosphenia sp. 
Cocconeis sp. 

. 

4 ^  

.  . 

- 

1- 4 ---- Stauroneis sp-:-- 	 ----- 

.....*. 

Diatoma sp. 
Diploneis sp. 
Fragilaria sp. 
Synedra sp. 

.4... 

4.-..,lr 1 

., 

N------."  '-*. ..". 	 ...... Mastogloia 	). 	 .. 9 

,..---..--,...„------ 

......••• 

4 

Gyrosigma sp. 
N.,.......,, ,....,,,..., .... --0....r.* Pleuros igma ep.--------..----- 

Amphipleura sp. 
Anomoerneis sp':"------- 
Caloneis sp. 

4- Neidium sp. 
Pinnularia sp. 

....---------- 
Navicula sp. __________  4 ..,„ 
itinued:- 	 + + Present - = Absent. 



Nitzschia sp. + 4-- -1-- 4- 1-- ÷ 
Cymbella  sp. 

± + 4 

ASS: DINOPHYCEAE 

Ceratium sp. 

YLUM: PYRROPHYTA  

"f 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYCEAE 

Euglen 	sp. 

Phacus sp. 4. 4- 4 

YLUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

4-  

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 
	 4- 

Oscillatoria sp. 
+ + 

--4--- 

Microcoleus sp. 
Lyngbya sp. 

Phormidium sp. 

Coelosphaerium sp. 

Microcystis sp. 

'YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.Potamogeton perfoliatus 

Lemna paucicostata 
-I--  -f— 

Typha anustata 

Hydrilla verticillata 

CL 

55.. 

56 . 

57 . 

58 . 

40..  

41..  

P 
C 

P 
C 

43. 

44- . 

P 
C 

45 . 

46..  

47..  

48- . 

49... 
50-. 
51... 

52 

53- . 

54... 

Tlants. 	 Stations. 

1 2 3 4 5 6 



• • Ky 

Table 14 Flora. 
Plants. 

ALCAE 

PHYLUM.: CHLOROPHYTA 
CIASS:CHLOROPHYCEAE 

1, .Chlorella  sp. 
2. .Chlorococcum  sp. 
3. .Tetraedron  sp. 
4. .Closterium  sp. 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7, .SCenedesmus  sp. 
8. .Coelastrum  sp. 
9. ..Hydrodictyon  sp. 
10. ,Stigeoclonium  sp. 
11-.Rhizoclonium  sp. 
12. .Cladophora  sp. 
13-.Mougeotia  sp. 
14.. Oedogonium  sp. _ 
15_ .Spirogyra  sp. 
16,.Ulothrix  sp. 
17..Microspora  sp. 
187.Tetraspora  

NiN 	CLASS:BACILLARIOPHYCEAE 

19..Rhizosolenia  sp. 
20..Meridion  sp. 
-1,1..Amphiprora  sp. 
22-7Surirella  sp. 
23..Gomphonema  sp. 
24..Rhoicosphenia  sp. 
25-.Cocconeis  sp. 
26-.Stauroneis  sp. 
27, .Diatoma  sp. 
28..Diploneis  sp. 
29..Fragilaria  sp. 
30..Synedra  sp. 
31..Mastogloia  sp. 
32. .Gyros igma  sp. 
33..Pleurosigma  sp. 
34. Amphipleura  sp. 
35..Anomoerneis sp. 
36..Caloneis  sp. 
37.. Neidium  sp. 
38...Pinnularia  sp. 

'9-.Navicula  sp. 

'Jontinued:- 	 Present , 	= Abs 



14 

()Plants. 	 Stations. 

1 
	

2 
	

4 
	

6 

• 57 

Nitzschia sp._ + .4- 4- 4- -4- 
Cymbella sp. 
	  4-  lf-- 

ILUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 
1 
i 
i 

. ÷ 4- 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYOEAE, 

Euglen 	sp. 

Phacus sp..  

4—  ÷ 4- + 4- 

YLUM: MYXOPHYTA 
SASS: MYXOPHYCEAE 

Merismopedia sp. 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp.  
Microcoleus sp. 

4..  Lyngbya sp.  

Phormidium sp. 

Coelosphaerium sp. 	 , 

4- ..IL 

Microcystis sp. 

YLUM: TRACHEOPHYTA , 
SS: ANGIOSPERMAE 

.potamogeton perfoliatus 

Lemna paucicostata 

TYPha angustata + 

Hydrilla verticillata -I- 

40.. 

a 0 • 

P 
C 

44- . 

P 
C 

45 . 

46.. 

47,.. 

49... 
50- . 

5L. 

52 . 

54< . 

P. 

CL 

55.. 

56 . 

58 



+ + Present , 	Absent. 

Plants. 

ALCAE • 

Table IS Flora. 
Stat 

1 6 

PHYLUM: CHLOROPHYTA 
CLASS: CHLORO.PHYCEAE 

1 .Chloiella  sp. 
2- .Chloroeoccum  sp. 
3. .Tetraedron  sp. 

4 4. .Closterium  sp. 
5. .Cosmarium  sp. 	

43, 

6. Pediastrum  sp. 
7, .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9...HydrodictY,on  sp. 
10. ;Stigeoclonium  sp. 
11.,Rhizocloniut  sp. 
12. .Cladophora  sp. 
13. .Mougeotia  sp. 
14.. Oedogonium  sp. 
15._ .Spirogyra  sp. 
16..Ulothrix  sp. 
17..Micropora  sp. 
18..Tetraspora  sp. 

CLASS:BACILLARIOPHYCEAE 

19..Rhizosolenia  sp. 
20..Meridion  sp. 
21..Amphiprora  sp. 
22. .Surirella  
23..Gomphonema  sp. 
24....Rhoicosphenia  sp. 
25..Cocconeis  sp. 
26..Stauroneis  sp. 
27. .Diatoma  sp. 
28„.Diploneis  sp. 
29- .Fragilaria  sp. 
20..Synedra  sp. 	 

11- 1- .Mastogloia  sp. 
.Gyrosigma  sp. 

!...J3..Pleurosigma  sp. 
34. Amphipleura  sp. 

,Anomoerneis sp. 
\ 36- .Caloneis  sp. 

37.. Neidium  sp. 
38...Pinnularia  sp. 

39..Navicula  sp. 

Continued : - 



, 

Nitzschia sp. 	  4--  4-  -I- -4- + 4- 
Cymbella sp. 

+ 
:PLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYOEAE 

Euglen 	sp. 4 4-- 4 
Phacus sp. 

+- ÷ 

YLUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

Chrococcus sp.,___ 

Anacystis sp. 

4- -I- 
A....... 

Spirulina sp. 

Oscillatoria sp. 
+ 4-  "I— 

Microcoleus sp. 

4 
Lyngbya sp. 

Phormidium sp. 

• 
Coelosphaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.potamogeton perfoliatus 

I 

Lemna paucicostata 

Typha angustata 

Hydrilla verticillata 

• 

40..  

41..  

P 
C 

P 
C 

43... 

44- . 

P 
C 

45.. 

47..  

48..  

49- . 
50... 

51.. 

52 . 

53... 

54..  

58 . 

CL 

55..  

56 . 

57 . 

• ()Plants. 	 Stations. 

1 
	

2 
	

6 



Ai. 

Table #6 Flora. 
Stations. Plants. 

ALC-AE • 

PHYLUIVI: CHLOROPHYTA 
CLASS: CHLOROPHYCEAE 

1 .Chlorella  sp. 
2. .Chlorococeum  sp. 
3. .Tetraedron  sp. 

A, 1. .C10SteriUM 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7. .Scenedesmus  
8. .Coelastrum  sp. 
9. .Hydrodietyon  sp. 
10. .Stigeoclonium  sp. 
11..Rhizoclonium  sp. 

1 	2 	3 6 

12. .Cladophora  sp. 
13. .Mougeotia  
14.. Oedogonium  sp 
15_ . Spirogyra  sp. 
16, .Ulothrix  sp. 
17- .Microspora  sp. 
18..Tetraspora  sp. — 	_ 

CLASS:BACILLARIOPHYCEAE 

19..Rhizosolenia  sp. 
r'0..Meridion  sp. 
`31- .Amphiprora  sp. 
r.::.2..Surirella sp. 
2 .Gomyhonema  sp. 
24..Rhoicosphenia  
25..Cocconeis  
26- .Stauroneis  sp. 
27. .Diatoma  sp. 
28, .Diploneis  sp. 
29..Fragilaria  sp. 
30.- .Synedra  

-‘,31..Mastogloia  
32, .Gyrosigma sp. ------ grx•raPt• 

33..Pleurosigma  sp. 
34. Amphipleura  sp. 
35. ,Anomoerneis sp. 
36- .Caloneis  sp. 
37.. Neidium  sp. 
38.-.Pinnularia  sp. 

sp., 

ontinued:- 	 t.  + Present , 	= Absent. 

. . 



-2- 
()Plants. 	 Stations. 

2 
	

3 
	

5 

Nitzschia sp. 4,_. 1  1-- 

Cymbella  sp. ., +" 1 ...1- 4 

YLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

3- '4-- 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYOEAE 

Euglen 	sp. 

Phacus sp. 
1- 

YLUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

4- 4. 4 

Chrococcus sp. 

Anacystis sp. 

SPirulina sp. 

Oscillatoria sp. 
Microcoleus sp. 

 	74-  . 
Lyngbya sp. 

.../__ Phormidium sp. 

Coelosphaerium sp. 	 , 

4 -I- 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.potamogeton perfoliatus 

Lemna paucicostata A 
Ar- 

Typha angustata 

Hydrilla verticillata 

40.. 

4L. 

P 
C 

4`, 

P 
C 

43.. 

P  
C 

45'. 

46..  

47..  

48..  

52 . 

53.. 

54... 

P. 
CL 

55.. 

58 



Au. 

Table r7 Flora. 

Plants. 

Ales'AE 

PHYLUM: CHLOROPHYTA 

CIASS:CHLOROPHYCEAE 

1 .Chlorella  sp. 
2. .Chlorococcum  sp. s  
3. .Tetraedron  sp. 

0L4. .Closterium  sp. 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7. .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9. .Hydrodictypn 

10. .Stigeoclonium  sp. 
11..Rhizocloni‘m  sp. 
12..Cladophora  sp. 
13..Mougeotia  sp. 
14.. Oedogonium  sp 
15..Spirogyra  
16...Ulothrix  sp. 
17..Microspora  sp. 
18..Tetraspora  sp. 

- • 	- 

40, 	CLASS':BACILLARIOPHYCEAE .  

'19..Rhizosolenia  sp: 
20..Meridion  sp. 
21..Amphiprora  sp. 
22..Surirella  sp. 
23..Gomphonema  sp..  

Stations. 

6 

24..Rhoicosphenia  s 

25..Cocconeis  sp. 
26..Stauroneis  sp. 
27, .Diatoma  sp. 
28..Diploneis  sp. 
29..Fragilaria  sp. 
304..Synedra  sp. w .  
31..Mastogloia  sp. 
32. .Gyrosigma  

--""-33..Pleurosigma sp. 
Amphipleura  sp. 

.)5.,Anomoerneis sp. 
.Caloneis  sp. 

27.. Neidium  sp. 
8',..Pinnularia  sp. 

avicula sp. .,..., 

Continued:- 	 + + Present 	= Absent. 



-2- 
()Plants. 	 Stations. 

1 
	

2 
	

3 
	

4 
	

5 
	

6 
-_--._ 

Nitzschia sp. 4— p1- -I- -4-- q- 
Cymbe1la sp. - + -f-- -4- i-- 
YLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

4_ 1- ± ,-f- 

YLUM: WGLENOPHYTA 
ASS: EUGLENOPHYGEAE 

Euglen 	sp. 

Pha c us sp. ...1 

YIUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

, 4- . 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp.  
+- +. 4- -1- ..-1— 

Microcoleus sp. 

Phormidium sp.  

LYngbya sp. 

Coelosphaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.potamogeton perfoliatus 

Lemna paucicostata 

Typha angustata 

Hydrilla verticillata 

P 
CL 

55.. 

56 

57 . 

58 . 

40.. 

4L . 

Pl 

4a.. 

Pl 
C. 

43.. 

44- . 

P 
C 

45  

46..  

47..  

48..  

49..  
50..  
51..  

52 . 

53.. 

54. 



Table 18 Flora. 
Stations. 

1 	2 
	

3 
	

5 	6 

• . 	•••••0116•.-..••••; 

. • 

w•A 	• .,..i..t........wesao,,,,,••••••••..••••••••tit.,....•••,•••••mors•p•i• 

•••,..4••••,ofin.•••+•••4,,,, 

;#., • 

	..••••••?. 4450••001ent.e.•• 

•••••,-• 

Plants. 

AWAE • 

PHYLUM: CHLOROPHYTA 
CLASS: CHLOROPHYCEAE 

1. .tChlorella.  sp. 	' 

2. .Chlorococcum sp. 
3. .Tetraedron  sp. 
4. .Closterium sp. 

• •-•,•••••' 

5. .Cosmarium  sp. 
5. ,Pediastruiiiel=  
7. .Scenedesmus  sp. 
8. .Coelastrum  sp. . 
9. .Hydrodictyon  sp. 
19,,Stige,ocloni.um 
11-.Rhizoclonium sp. 
12. .Cladophora  sp. 
13,Mougeotia  sp. 
14.. 0edogonitt-sv17  " 
15. .Spirogyra  
16, .Ulothrix  
17-.Microspora  
18..Tetraspora  sp. 

CLAS8:BACILLARIOPHYCEAE 
• 

19..RhizosOlenia  sp. 
20..Meridion  sp. 
21..Amphiprora  sp. 
72-.Surirella  sp. 
23..Gomphonema  sp. 
24..Rhoicosphenia  sp. 
25..Cocconeis  sp. 
96-.Stauroneis  sp. 
27.. .Diatoma  sp.. 
28,.Diploneis  sp. 
29..Fragilaria  sp. 

4,11*t•••,.. 

4.1.11i*  

•40-0,!ke..•,,e.1...., • 

	 :4•40•,.. 

	 49,••••••1•• 

• • ,..,••••• 1,••••• " ••i• 
30...Synedra  sp. 
01..Mastog1Ortrai.  
32. .Gyrosigma  sp. 
33..Pleurosigma  sp, 
34. Amphipleura  sp. 
-35.,Anomoerneis sp. 
36-.Caloneis  sp. 
37.. Neidium  sp. 

--- 
38-.Pinnularia  sp. 

• . ,••••••••.g,• 

39-.Navicula  sp. 
'•••!,`• 	' 

Present , - = Absent. 



-2- 
()Plants. 	 Stations. 

2 
	

6 
.000...../.0.11.1....... 1* 

Nitzechia sp. + +- 4- #1- 3 .4- 
Cymbella sp. f  „ 	.... 
[PLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

ei--  +- 

4- ,f, 

....1„ 

,v 

'YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYGEAE 

Euglen 	sp. 

Phacus sp. 

ILUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria s p.  *1--  -4- -1- -3- --)- --i- 
Mi croc o le us sp. 

4-- 

Lyngbya sp. 

Phormidium sp. 

Coelosphaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.Potamogeton perfoliatus 

Lemna paucicostata 4-- i  +- 

Typha angustata 

Hydrilla verticillata 

P 
C 

45.. 

46... 

48.. 

49..  
50..  
51..  

52 . 

53.. 

54. 

CL 

55.. 

56 . 

57 . 

58 . 

40..  

41..  

PH 
CI 

42. . 

P 
C 

4a.. 

44.. 



• Aertrn )444. 	  

Table 11 Flora. 
Plants. Stations. 

 

 

   

ALCAE • 	 1 	2 .4 	5 	6 

PHYLUM: CHLOROPHYTA 
CLASS: CHLOROPHYCEAE 

1: .Chlorella  sp. .„.. 
2...Chlorococdum  sp. 
3. .Tetraedron  sp. 
4 • .Closttrium 
5. -Cosmarium  sy. 

• 8. .Pediastrum  sp. 
.Scenedesmus  sp. 

8. .Coelastrum  sp. 
9. .Hydrodictyon  sp..  
lo. •Stigeoclonium  sp. 
11..Rhizoclonium  sp.' 
12. .Cladophora 
13. .Mougeotia  sp. 
14.. Oedogonium  sp. 
15_ .Spirogyra  sp. 
16..Ulothrix  sp. 
17- .Microspora  sp. 
18..Tetraspora  sp. 

CLASS :BAC ILLARIOPHYCEAE 

'19..Rhizosolenia  sp. 
20..Meridion  sp. 
21..Amphiprora  sp. 
.2. .Surirella  sp. 
`7,3..Gomphonema  sp. 

***V.., • ....**,4* 	 • 

24..Rhoicosphenia  sp. 
25..Cocconeis  sp. , 
26- .Stauroneis  sp. 
27.. .Diatoma  sp. 
28..Di_ploneis  sp. 
29- .Fragilaria  sp. 
30..Synedra  sp. 

1;31..Mastogloia  sp. 
32. .Gyrosigma  sp. 
33..Pleurosigma  
34. Amphipleura  sp. 
35. ,Anomoerneis sp. 
36..Caloneis  sp. 
37.. Neidium  sp., 
38- .Pinnularia  sp. 

"9..Navicula  sp. 

ontinued:- + * Present , 	= Abs-nt. 

1 



rvt 

-2 
°Plants. 	 Stations. 

1 
	

2 
	

3 
	

4 
	

6 

Nitzschia sp. 	...N.  * ±- 1--  rt-  4' 
Cymbella sp. ....f_ +- 4- 
YLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

.+- +- 4--- 

ix 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYGEAE 

Euglen 	sp:' `I-  

Phacus sp. 	  

. 

-1-- 4- .1-- I-- 4- " 

YLUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 
l. 

ChrocoCcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria  sp. 
Microcoleus sp. 

Microcystis sp. I. 

Lyngbya sp. 

Phormidium sp. 

Coelosphavium sp. 

YLUM: TRACHEOPHYTA 

SS: ANGIOSPERMAE 

potamogeton perfoliatus 
1 	--,- 	-- 

. 	t. 
LemAa paun.costata 

Typha angustata 

Hydrilla vertitillata 

40..  

41..  

P 
C 

4a . 

P 
C 

43.. 

44- . 

P 
C 

45 . 

46..  

47..  

48..  

49..  
50..  
51... 

52 . 

53.. 

54'. 

P 
CL 

55.. 

4 56 
57 . 

.58 . 
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Table 2 Q Flora. 
Plants. Stations. 

AJi•AE 	 1 	2 	3 	4 	5 

PHYLUM: CHLOROPHYTA 
CLASS: CHLOROPHYCEAE 

1. .Chlorella  
2. .Chlorococcum  sp. 
3. .Tetraedron  sp. 

*4. .Clostcrium  sp. 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7. .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9.• .Llygrodict:yon  spt  
10. •Stigeoclonium  sp. 
11- „Rhizoclonium  sp. 
12. .Cladophora  
13. .Mougeotia  sp. 
14.. Oedogonium 
15_ .Spirogyra  -sp. 
16. .Ulothrix  sp. 
17..Microspora sp. 
18..Tetraspora  sp. 

CLASS:BACILLARIOPHYCEAE 

19..Rhizosolenia  sp. 
- 20, •Meridion  p 

21..Amphiprora  sp. 
22. .Surirella  sp. 
23..Gomphonema  
24.. Rhoic osphenia---s. 
25- .Cocc one is  sp. ----#7,  
26- .Stauroneis  sp. 
27.- .Diatoma  sp. 
28..Diploneis  sp. 
29-.Fragilaria  sp. 
30...Synedra  

W31..Mastogloia  sp. 
32. .Gyrosigma  apt-
33..Pleurosigma  sp. 
34. Amphipleura  sp. 
35. ,Anomoerneis sp. \ 

.Caloneis  sp. 
Neidium  sp. 

,38. .Pinnularia  sp. 

•Navicula  sp. 

" 

Mew 

(3ontinued:- 	 + + Present , 	= Absent. 



-2- 
°Plants. 	 Stations. 

1 2 3 4 5 6 • __ 	_ 

Nitzschia sp. 4-  -1--  i--  1--  -f- 1- 
Cymbella sp. -4-- 

[PLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

 "f-  is 4- 4_ 

. 

[PLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYGEAE 

Euglen_ sp. 

Phacus sp. I-- 4- 

YLUM: MYXOPHYTA 
SASS: MYXOPHYCEAE 

Merismopedia sp. ....v_ 4..._ 
Chrococcus sp. 

4— ÷- 4--- "4-,  4- 4. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp. 
Microcoleus sp. 

4--_ 
• 

Lynapya sp. 

Phormidium sp. 

Coelosphaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE  

.potamogeton perfoliatus 

Lemma paucicostatp- ±- . lf-'' . Yy 

Typha angustata 

Hydrilla verticillata.  

CL 

55.. 

**56 

57 . 

58 

40..  

41..  

P 
C 

4a .. 

P 
C 

43..  

44..  

P 
C 

45..  

46..  

47..  

48..  

49, . 
50..  

51..  

52 . 

534. 

54.. 



Plants. 

ALCAE 

Table 2.1 Flora. 
Stations. 

1 	2 3 4 5 6 

PHYLUM: CHLOROPHYTA 

CLASS: CHLCTOPHYCEAE 
1. .Chlorella  sp. 

2. .Chlorococcum  sp. 
3. .Tetraedron  sp. 
4. .Closterium  sp. 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7, .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9. .Hydrodictyon  sp. 

10. .Stigeoclonium  sp. 
11..Rhizoclonium  sp. 
12, .Cladophora  
13..Mougeotia  sp. 
14.. Oedogonium  sp. 
15— Spirogyra  sp. 
16,.Ulothrix  sp. 
17..Microspora  sp. 
18..Tetraspora  sp. 

Ai 	CLASS:BACILLARIOPHYCEAE 

19..Rhizosolenia  sp. 

20..Meridion  sp. 
21..Amphiprora  sp. 
22-.Surirella  sp. 
23..Gomphonema  sp. 
24..Rhoicosphenia  sp. 
25-.Cocconeis  sp. 
26-.Stauroneis  sp. 

27, .Diatoma  sp. 
28..Diploneis  sp. 
29..Fragilaria  sp. 
30..Synedra  sp. 

IA31..Mastogloia  sp. 

32. .Gyrosigma  sp. 
33..Pleurosigma  sp. 
34. Amphipleura  sp. 
35. ,Anomoerneis sp. 
36-.Caloneis  sp. 
37.. Neidium  sp. 	 ________ 
aa, .Pinnularia  sp. 

t- . 41.4. 	..4.4.4.444.44044.041.4444. 

• 

`39..Navicula  sp. 

Continued:- + + Present , - = Absent. 
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()Plants. 	 Stations. 

1 
	

2 
	

4 	.5 
	

6 

Nitzschia sp. + -1--- -- 4-, 
gymbella sp. 

' 

4.... 

MUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

[PLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYOEAE 

Euglen 4  8P.  

Phacus sp. 

i '-1--- 
- 	-. 

r 

[MUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp.  

Oscillatoria s 	. 
"+.... 

"..V.' 

A- 

T Microcoleus sp. 

A- . 

Lyngbya sp. 

Phormidium sp.  

Coelosphaerium ep. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.potamogeton perfoliatus -f-- 

Lemna paucicostata 

3 Typha angustata 

Hydrilla verticillata ,f.... 1._ . 

. . 

40.  

41.  

P 
C 

P 
C 

43.. 

44- . 

P 
C 

45..  

46..  

47..  

48..  

52 . 

534 ip 

54..  

P 
CL 

55..  

56 . 

57 . 

58 



Stations" 

1 	2 	3 4 6 

Table 22. Flora. 

Plants. 

- PHYLUM: CHLOROPHYTA 
CLASS: CHLOROPHYCEAE 

1. .Chlorella  sp. 
2. .Chlorococcum  sp. 
3. .Tetraedron  sp. 
4. .Clostcrium  sp. 
5. ,Cosmarium  sp. 
6. ,Pediastrum  sp. 
7. .Scenedesmus  sp. 
8. .CoelastruM 
9. .Hvdrodictyorr-epv----,--...,. 	 
la. .st ig,p'Oclonium  sp. 
11..Rhizoclonium  sp. 
12. .Cladophora 	 .•,}>,44iF 

13. .Mougeotia  sp. 
14.. Oedogonium 
15. .Spirogyra  	f 
16,.Ulothrix  sp. 
17- .Microspora  sp. 
18..Tetraspora  sp. 

CLASS:BACILLARIOPHYCEAE 

19..Rhizosolen.ia  sp. 
20..Meridion  sp. 
21..Amphiprora  sp. 
22..Surirella  sp. 
23..Gomphonema-sp. 
24, . Rh o is ospherria-
25..Coccorl 
26. .stauroneis  sp. 
27. .Diatoma  sp. 
28,.Diploneis  sp. 
29. 	 
30...Synedra  sp. 	 
31..Mastogloia  sp. 
32. .Gyros igma-sp,  
33..Pleurosigma  sp. 
34. Amphipleura  sp. 
35.,Anomoerneis sp. 
36-.Caloneis  d457—" 
37.. Neidium  sp. 
38.j)innularia  sp. 

39..Navicula  ap:"" 

• 4,4."*.4......4", 

Cont inued : - 	 + + Present 	Absent. 
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Tlants. 	 Stations. 

1 
	

2 

4‘t. I II 

Nitzschia sp. i--- 

Cymbella sp.  -I-  1--  
ILUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

' + ri- 4.- 

YLUM: EUGLENOPHYTA  
ASS: EUGLENOPHYCEAE 

Euck1en 	sp.  

Phacus sp.  

YLUM: MYXOPHYTA 
ASS: MYXOPHYCEAE 

Meismopedia sp, 

4--  

, 

is-  j '+' . 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp. 
Microcoleus sp. 

4' - -- 4 

Iyngbya sp. 

Phormidium sp. 

Coelosphaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.patamogeton perfoliatus 

Lemna paucicostata 

Typha tangustata 

Hydrilla verticillata 

40.. 

CI 

P 
C 

43., 

44.. 

P 
C 

45, . 

46.. 

47... 

48.. 

49. . 
50.. 

52 . 

54•. 

CL 

55- 

56 . 

57 . 

5E3. 
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-1.evereebeeeee. 

aigootrt. 

k. 

29,..Fragilaria  sp. 
Aee,e,e 

Table 2.3 Flora. 
Stations. Plants. 

AL AE 1 	2 

PHYLUM: CHLOROPHYTA 
CLASS: CHLOROPHYCEIAE 

1, .Chlorella  sp. 

2. .ChlorOcoccum  sp. 
3. .Tetraedron  sp. 
4 	•Clost rium  ‘.A 	 ...4•10/.4.••••St..6••rn 
5 • .Cosmariurn- 
6. .Pediastrum  sp. 
7. .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9. .Hydrodictyon 
10. :StigeOclonfum  sp. 
11..11ihizoolonium  sp. 
12. •Cladophora  
13. •Mougeotia  sp. 
14.. Oedogonium  sp. 

15. .Spirogyra  
16. eUlothrix  sp. 
17- .Microspora  sp. 
18..Tetraspora 

CLASS:BACILLARIOPHYCEAE 

19.. . Rhiz os olenia  sp. 
20..Meridion  sp. 
21..4aphiprora  sp. 
22- •Starirella  sp...  
23e •Gomphonema  sp. 
24, .Rhoic osphenia  
25..Cocconeis  sp. 
26- •Stauroneis  sp. 

.Diatoms  
28. •Diploneis  sp. 

30...Synedra  sp-. 
1. •Mastogloia  511. 

32. •Gyrosigma  sp. 
33..Pleurosigma  sp. 

Amphipleura  sp. 
95. ,Anomoerneis. „sp., 
36- .Caloneis  sp. 
37.. Neidium  sp. 

•Pinnularia  sp. 	 A 

39...Navicula 	— 

" 

Continued:- Present 	= Abs nt. 

• 	 



Nitzschia sp. 

Cymbella sp. 4. 

4— 

-4- 

1-- ei— 

4_ 

1—._ 

ei-- 

.f,  4_ 

YLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 

YLUM: EUGLENOPHYTA 
ASS: EUGLENOPHYCEAE 

&mien 	sp. , 

Phacus sp. 	  4--  4- -I- -I-- 4- 

4— 

+- 
[PLUM: MYXOPHYTA  ASS: MYXOPHYCEAE 

Merismopedia sp. 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp.. 4--  +- 
Microcoleus sp. 
Lvngbya sp. 

Phormidium sp. 

Coelosphaerium sp.  

. 

Microcystis sp. 

MUM: TRACHEOPHYTA 
.SS: ANGIOPERMAE 

.potamckgetoq perfoliatus 

Lemna paucicostata  

Typha angustata 

Hydriila verticillata 

40.. 

PH 
CI 

PH 
CI 

43... 

44.. 

P  
C 

45... 

46..  

47..  

48..  

49..  
50..  
51..  

52 . 

53- . 

54,  

CL 

55.. 

56 

57 

58 

`Plants . 	 Stations. 
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3 
	

5 
	

6 



Plants. 

Table 214 Flora. 
Stations. 

• 

AL'AE 	 1 2 3 4 5 6 

PHYLUM: CHLOROPHYTA 

CLASS: CHLOROPHYCEAE 

1. .Chloxlella  

2. .Chlorococcum  sp. 
3. .Tetraedron  sp. 
4. .Clostcrium  sp.._..,... 
5. .Cosmarium  sp. 
6. .Pediastrum  sp. 
7. .Scenedesmus  sp. 
8. .Coelastrum  sp. 
9. .Hydrodictyon  sp. 
10.-,Stigeoclonium 
11..Rhizoclonium  sp. 
12:.CladoPhora'sp. 
13. .Mougeotia  sp. 
14.. Oedogonium 
15_ .Spirogyra  sp. 
16,.Ulothrix  sp. 
17-.Microspora  sp. 
18..Tetraspora  sp. 

C LASS : BAC ILLARIOPHYCEAE 
A 
19..RhizosClenia  sp. 
20..Meridion  sp. 
21..Amphiprora  sp. 
22..Surirella  sp. 
23..Gomphonema  sp. 
24..Rhoicosphenia  sp._.  

25..Cocconeis  sp. 
26-.Stauroneis  sp. 

27, .Diatoma  ap. 
28,.Diploneis  sp. 
29..Fragilaria  

30..Synedra  sp,, 
31..Mastoeloia  
32. .Gyrosigma  sp. 
33..Pleurosigma  sp. 
34. Amphipleura  vsp. 
35.,Anomoerneis sp. 
36..Caloneis  sp. 
37.. Neidium  sp. 
38..Pinnularia  sp. 

39..Navicula  sp. 	 

"IF  

• 'I-I ,•"'. 

• 

Ilk111.1". 
•-•• 

Continued:- 	 + + Present , 	= Abs ent. 
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Iplants. 	 Stations. 

1 
	

2 
	

4 
	

5 . _ 

Nitzschia sp. 4.- 4-  4- 4- + 
Cy mb e 1 la sp. -1.- 4. 

YLUM: PYRROPHYTA 
ASS: DINOPHYCEAE 

Ceratium sp. 
1 

4-/- 
4- ....I.- 

YLUM: EUGLENOPHYTA  
ASS: EUGLENOPHYCEAE 

Euglen, sp. 

Phacus sp. 

± +- if i— 

YLUM:  MYXOPHYTA 
ASS: MYXOPHYCEAE 

Merismopedia sp. 

± 

Chrococcus sp. 

Anacystis sp. 

Spirulina sp. 

Oscillatoria sp. 
Microcoleus sp. 

4-- 4- 

, 

, 

LYngbya sp. 

Phormidium sp. 

Coelosppaerium sp. 

Microcystis sp. 

YLUM: TRACHEOPHYTA 
SS: ANGIOSPERMAE 

.potampgeton_perfoliatus' 
1 

Lemna paucicostata 

Typha angustata 

Hydrilla verticillata 

40..  

41..  

PH 
CI 

44‘•;.,. 

PH 
CI 

43..  

44..  

P 
C 

45 . 

46.. 

48-.

47.. 

49..  
50..  
51..  

52 . 

53- . 

54: . 

Pl 
CL 

55.. 

56 . 

57 

58 . 
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Table 25Animals. JIVAL Mg,  

Stations. 

flAICROF 
, 

1 1 G 0 :.-1v 
. 

L., 
,• 

YLUM: PROTOZOA 

ASS: RHIZOPODA 	, 

Centropyxis six. -- --q - 4- 

Difrlugia sp. 

i 

_  	: 

- 

_. . .. - 

. 	. 

, 

--......,-,..... 

______,,-±,________._____....._._ 

Ow w••...Ke.... 

- 

. 

- 4 ,.... 

....W. 

DinaMoeba sit). 
' 	. 

ASS: CILIOPHORA 

Urotricha sp. 
Ileonema sp. 
TrachelOpikllum sp. 

Chaenea sp. _ 

Placus sp. 

- 

Enchelyodon sp: 

1. Pseud oporodon sp. 

, forodon sp. 

• Coleps sp. 

k,.. MesodiniUm _sp. 

- Didinium sp. 

i. Chaetospira sp. 

.... 

_ 

--,.,. 	.. 

c 

. , . 	, 	.., , a 	e .1,.t. 	1 .,. 4 i. Perispira sp. 	,.. A 	 0.  N 

?. Homalozoon sp. 

3. Cranotheridium sp. 

). Spathidiodes sp. 
). Amphileptus sp. 4, 

L. Bryophyllum sp. • 
+ 

. . 
•i, 
--t-. - ......- ?. Loxophyllum sp. 

3.Acinerie sp. 

- 	,•04 

_ 
Continuedz- 

-- 

. . 	• . + 

-IF , 
I. LionotUs sp. 
5. 	Loxodes sp. 

4P 
► At.pa*.....ay 

3.Chilodonella sp. 
7. Pleutonema sp. 
3. Paramecium sp. . 

).:'Spirozona sp. 

.. - 	,A 
). Colpoda sp. 	. 
i. 	Colpidium  sp,, w .,. 	.._ 

• + F Present t  - = Abse.nt 

5. 
6. 

:7. 

9. 

1. 

:1 

1 

1 

1 

1 

1 

1 
2 

2 
2 
2 

2 
2 
2 
2 
2 

2 
3 
3 

P 

C. 

1.  

2.  

3.  

• 



. • 
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MICROFAUNA 
	 Stations. 

. J. 4 4 4  1 u f V 

Uro9intrum sp.  . 

• 

+ 
e.AA.ccAttsty-uk  siog 

ondylostoma sp. 	. 

--•Stent-or-sp.-  - 	- 	• 	
,• 

Climacostomuja sp. 	, 
4 Burearia $p. ',..r."- 

Bursaridium sp. 

Discomorykla sp.__ 	„ 	a._ -.......- ... 	.- -- 	.. 
+4 

Trichoapira sA__ 	a .. -. 	- . 

Holosticha sp. • , 
•Euplotes sp.

, 
Paurolsptes 43". -- ------- 

•Histrio sp. . 

Aspidisca, sp.. ,...- ---:- -- - 	-4 .- - 
Stylonichia sp. . . 

Mesostoma sp. 7\. 	1 
. 

Spjostomum sp. 
4- 

4,pistylis sp. 
r 

+ 
gystilis sp. 

PHYLUM: NEMATA 	-- - -- * 	: -- - - 

porylaimus ap. . 

. . 

PHYLUM:ROTIPERA 
Monoatyla sp. 	 . 	• 

Brachion*, apst 	
' 4" 

Wolea sp. 	'\ 

l's + Kerttte 	a sp.1\ + 

3.atyias sp. 	. 
.....,...,..... _ 	„...,., _ 	...„,.. +, ,,, „. BPiPhanessp.,_ .  \_....______ _, , 	_, 

Cyrtontik sp.  
Buchlanis ap.: ,  

Asplanchna sp. . 

Lecane sp. . 
Philodina ap. 
Filinia ap. 	 . • • 

PHYLUM:ARTHROPODA • 
CLASS: CRUSTACRA 
AloDella sp. 	, 

: 

*,  
. - 

. 

,.. . 

' .. 

• Cyclops 	ap. 	. 

Ctreodsphnia ap. 
- ft: 	' Cont iiiued:- +a= Prspent , w. ,,z .1... .4 , 

' 
.. 	• 	. 	1 	• 	4 	- 	• , 	. 	' 

. ... 
it . 

32.  

33.  

35.  

36.  

37.  
38.  

39.  

40.  
41.  

/42 
43 . 
44. 

.45. 

46.  
47.  

'48. 

49.  
50.  

51.  

52.  
53.  

.54. 

55. 
.56. 

57. 

59. 

62. 

62.  

63.  

64.  

65 
66.  
67.  

"..r.•••••••• 



1 e o 

PLUM: PROTOZOA 

ASS: RHIZOPODA' 

Centropyxis sp. 

, 

AI- 

, 

. 

4- 

, 

. 

4" 

AF 

. 

. 

. 

+ 

, :41'• 

+ 

. 

• ,l 

. 	. 

' 

Al- 

. 

. 

, 

V ± 

-11- 

. 

• 

. 

4- 

• 

. 	 + 

, 	N.. 
Difflugia sp. 

Dinamoeba sp. 	. 

ASS: CILIOPHORA 
. 

UrotriCha ap. 
Ileonema sp. 	. 

Trachdaophy1lum sp. 

Chaende sp. 

_..P1acus 	sp. 	 / 

. 
.Enchelyodon $p. 	F 

: 
. PseudOporodon sp. 	: 

. rorodcn sp.. 

. 	Coleps sp. 	
, 

-.. Mesodinium_sp. 

. Did inium sp. 

.• Chaetospira sp. 	: 	. 	' 

. Perispira sp. . 

: Homalozoon s-p. , 

. Cranotheridium sp. 

L. Spati,idiodes sp. 
1. Amphileptus 'spT- ' 	- -- 

4- 

+.,. 

, Bryophyllum sp. 
.. Loxoshyllum sp. 

4- 

. Lionotus sp.  

i. Loxodes sp. 
1.Chilodonella  sp. 
1 . Pleutonema sp. 

4-  4 i" -47 
1. paramecium sp. 

1.:'Spiroz6na sp. 

----.---Iftnklitiogrnw--4-"-Promm 
4- 4- 

1. 	Colpcida 	sp. 	• 	. 

, Colpidium sp. 	. . 	.. + 
1, 	'-'. t'bssrit " ' — 

P 

2.  

3.  

4.  
5.  
6.  

7.  

_a 

9. 

10  

1 

12 

13  

1 

1 

1 

1 

1 

1 
2 

2 
2 
2 

2 
2 
2 
2 
2 

2 
3 
3 
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32. 

33 
34'. 

35. 

372. 
38i 

42.  
43.  

44.  
45.  

46.  
47.  
48 
49.  

50.  

51.  

52.  
53.  
54.  
55.  
56.  
57i 
58; 
59.  
60.  
61 
62 
63 
64 

• ' 

—2-- - 

MICROPAUNA 
	 Stations. 

u 
. 

. 	, 

' 

.. 
'Ur OC.eX3TUM a P. 	. 

_ 	, 

.. 

- 

- 	- 

, 

• - 

4 

. 

. 

. 

co''g:iti5dtb 	Sp.  
Stentor sp; 	• 

Climacostomum spy , 

Bursaria .51).,, 
Bursaridium sp.  

Discomorpba sp. 	, 4 .i--4 -4- - ... ... - 	• 
Trichospira arr. ' 	

. 

. 

Holosticha spy 
Euplotes sp.  

. 
Pauroleptes sp. 
Histrio sp. 

 
-........;............--_-_-..., 

Aspidisca:sp. 

-- 

. ...M......9.4 •••+•••••, 

Stylonichia sp. 

Mesostoma sp. 

4. 

1 
4  4 

.` 

---- 

1..— 

, 

At- 

Spi'rostomum sp. 
Vorticella sp. 
Ekistylis sp. 

--.' 
! 
„ 
' 

,. 

.— 
 

— ----- Systilis sp --  
_ _ ,  ... • 4% 

PHYLUM: 	NEMATA 	
..  .. „ • . _ _ ..... . ____ 

i 
Dorylairnus sp. 

4 
' 

4.- 

. 

+- 

. 

4- 

.
IFERA PHYLUM:ROT 

Monostyla 'sp. 

Brachionus sp. 

^... 

• 

.4. 
4+.., 

4 
, 

4  4 4,  

. 
Wolga sp. 

• 
Rotoria sp. 

Keratella sp: 	•••V 	4 

4 

• 

• . 

Cyrtonia sp.  

, 

*M.o.. 

4 ;
_ 

. 40- 

. 

, 

. 

. 

..4 

' 

, 

. 
' 	# 

,...., 
.., 
. 

... 

.. .... ..._ 
Platylas sp . 

;AP...  

Epiphanes sp. 

Euchlanis sp. 
' Asplanchna sp, 

, 
Lecane sp. 	. 

Philodina sp. . • 
Filinia sp. ' 

PHYLUM:ARTHROPODA 

_CLASS.: CHUSTACEA 	__ 
, 

Alonella, s‘p. Cyclops 4 	p. ...... 
. 	-4 

- ToritEtraai=  -kill3iiiierii.  
. 

4. Cereodo 	asp. 
, - = bbsent 

, 

...., 

/A 011 ,nia 	Si : 

65 
.4-66 

67 



• ) 77 
Table 27 Animals. 

Stations. 
$ 

, 	. 	• 
YLUM: PROTOZOA 

, 	 . 
ASS: RHIZOPODA 	 . 

Centropyxis sp.. ..- 	.. ... 
 - 

i Difflugia sp. 
, . 

. 
Dinamoeba sp. . 

ASS: CILIOPHORA 
 

' 	Urotricha spy- 	- 	----,-..........„ 	, ... ... 
; Ileonema sp. 

. 

Trachelophyalum sp. 

Chaenea sp, 

, Ench2odon sp. 
, 

). Psetdoporodon sp. 	. 
. l. Porodon sp. 

• 
!• 	Coleps 	ape-- 	A., Pe 	. ,.. ,  

, ,,,,..,, , _ ....„ L. 	Did inium , ap-.-------..„ ... 	.., 	.„,_ 

4-  5. 	Cla2 ,,,ps?Isp. 	. 
, , 

5. Perispira sp.:— 	......,. 	.,......„-_-_---------_-,4 
r A 

, _.......-- 
7. Homalozoon sp. 

3. Cranotheridiurn sp. 	• 
. 

D. Spathidiodes sp. 
D. Amphileptus sp. 

1. BryophyllUm sp. 	 • 

P. Loxonhyllum sp. . 

3.Acineria sp. 

Lionotus ape .  
5. Loxodes sp. 	. 

6.Chi1odone1la-epli .,-. , 
,,. “ 	- 7. 	Pileutonema 	sp. - 	---- 	,...*,..k.,,,v+4,,  

ium-spv , 	. . B. paramec 
, 

9.:* , Spirozona-spe 	- --------t-------.4.---,  . _ 

01. 	Coipoda sp. 	• 	., 

= Prese,nt t 	.. = Abs 
J • 

' 	' 	“.. 1. 	Colp.i.dj.unr 144 	.7.--  1 4  ' 
-- aontinue4: nt 

PH 

C 

CL 

4. 

5, 
6. 

7.. 

9. 

1 

1 

1 

1 

3. 

1 
2 

2 
2 
2 

2 
2 

2 

2 

2 
3 

3 



MICROFAUNA 
	 Stations. 

.. 
__ 	  _ 

'e i..1 ,-* u 
, 

UrocentruM sp. 	• <in • 
. 

, 

Condylostroma sp.;---- 	--- i - • - .: '.s 	- • - • ., 

Stentor sp. , 

ClimacostomuM aP,.._ 	_ i. -:. 	,. _ 	...._...............,-... ,...-----.0-- 
Bursaries sp. 	• 	; .. , 	. _ 	. . 
Bursaridium sp..  ......_ _ 
DiscomorPha 81,.. 

 
_ ___-_ 

Trichospira sp..--  -- 	.........,...„...._-_,- ..,-....... .....•,.., ..... 

Holosticha sp. 
N 1.... ..- , , 6 	•,..,,, 

Euplotes-ap,e_. 

Pauroleptes $p. 
• 

Histrio sp. • 

Aspidisca sp. . 	. . 

S.tylonichi.a sp. - 4Vo-  ‘ 7:: 	, , 

Mesostoma sp. . 
airostomum sp. ' 
Vorticella sp„,______ . s. _ 	__. __ ,__ 
Epistylis :sp. it. 
Systilis  , ..... 

PHYLUM: NEMATA 

Dorylaimus sp,__-__ • 4 

PHYLUM:ROTIFERA 
• 

Monostyla sp. 	...... 	
Brachionus sp. 	• 

Wolga sp... 	•._-_•_-_-..t.,.................4............„._ ,It•Ign,••• 	,...+••••••••- 

Rot
.• 

 cr • 	
• 	 I 

  l.a. 	sp„,_,.....„-,...........-------...,,..^=1,, -,.......a.,  ....... 	•• * . . , 	4,,,,411.x....wke.ww"..-4,  

Kerate11a s p.....„..„..._-•,.. , 
-. -. ._ '''....*,̀......101.0... 

N. 

aY 

Platyins sp. 
Epiphnnes sp. 	•  

. 

Euchlanis sp. 	. 	. 

Asplanchna sp. . . 
Lecane sp. 
Philod ina 	ap 4114••••••••• ••••~....1?.....••••*r 00.. ow+ • .-*....,.....1••[4,-,A.r•rut•,•••••,,,,,  

, 	Filinia sp. 
' ***4* : 

'''''' ' 	 .. 

PHYLUM:ARTHROPODA 
CLASS: CRUSTACEA 
Alonella sp. 	• ---. 
Cyclops 	sp. 
Cereodcphnia sp.  

+== Present: .-- 4 Abntse . 	Contiinued:- 

.....0•104*  
3 

32. 

.33,' 
34.  

35.  
36.  
87, 
38.  

39.  
40.  
41.  

42.. 

45. 
46,  
47,  
48: 
49. 
50: 

51.  

52.  
53.  
54.  
55, 
56. 
57 
58 
549 
60 
61 
62.  
63 
64 

65 
66 
67 

A A 

• 

••••••••••••••,....., 

if•••••••.......,•1•••••••• 

ii•••••• 

AW.•••••••••••••re 



Table 2 8 Animals. 

4̀ " G" 4 M CROFAU to , 
t 

'1 
_ 

f* v r., 

YLUM::PROT0i0A 

ASS: RHIZOPODA 

Centropyxis sp. 

1 

Trachelophyllum sp.  

, 

. 

• 

_ 

.. 

L 	• 	., 

.. 

, 

. 	. 	. 

4-  11" 

Dif.Plugia sp. • 
Dinamoeba sp.  

ASS: CILIOPHORA 

Urotricha sp. 
IleoneMa sp.  

Chaenee sp..  

. Placus sp. 	. 
1 

Enchelyodon sp. 

. 

i 

. 

• 

4 

. 
. 

• ). Pseudoporoclon sp. 

L. 	Porodbn'sp.' 

!: 	Colepe 	sp. 	1; 

kat Mesodinium_sp. 

b. Did inium sp., 

5. Chaetospira sp. . 	. 

, . 
% 

. 

. 
5. Perispira sp.' 

?. Homalczooriap. 

3„Cranotheridium sp. , . 

+ 
). Sicathidiodes sp. 
). Amphileptu 	sP.  

1. Brvophyllum sp. 
. 

. _ 

. 
. 

. 

4 
.?. Loxoph7llum sp. 
3.Acineri6 sp. 

1. 	Lionotus sp.':  

.4.. 5. Loxodevka  
f".telr.4°  ):Chi o_onella:sp. " 4 4 	

k 

7. Pleutonema sp. ...„ 	• 
3. Paramdcium  sp. • 4' -4 4 41- 
)..: $piroiona sp. , 4- 	, 4 
)1. 	Co).oda sp. 	• 

: 	
- ; 	, 	• 	,  16 Colpidium pp.  

COntinue$:. ' r PresCht t  - - AbStall 

CI 

3:' 

cl 

5 
6.  

7.  

9 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
2 

2 
2 
2 

2 
2 
2 
2 
2 

2 

3 
3 



sent 

MICROPAUNA 
	 Stations. 

2 	3 
	

4 5 
	

6 

32. Urocentrum  sp. 

33._ Coipidylosama  

34. Stentor 

35. Climacostomum sp. 
36., Bursaria sp. 
37. Bursaridium 

38. Distomorp4a  sp. 

39. Trichospira  

40. Holosticha  sp. 
41. Euplotes  sp. 

Pauroleptes  sp. 
43. Hist.rio sp. 
44. Aspidisca  sp. 
45. Stylonichia  sp. 
46. Mesostoma  

47.. Spirostomum  sp. 
48. Vorticella  ap. 
49. Epis-exlis  sp. 
50. .Systilis  sp. 

PHYLUM: NEMATA 

51. Dorylaimus  sp. 

PHYLUM:ROTIPERA 
52. Monost.yla  sp. 
53.Brachionts  sp. 
54. Wolga  sp. 
55. Rotoria  sp. 
56.Keratella  sp. 
-57. Platyi6s sp. 

58. Epiphanies  sp. 
59. CyrtonKa sp. 
60.. Euchlonis  sp. 
151.' Asplanchna  sp. 
62. Lecane  sp. 
:63. Philodina  sp. 
6 	Pilinia sp. 

4 

PHYLUM:ARTHROPODA 
CLASS: CRUSTACEA 

65. Alonella  sp. 
66. Cyclops  4p. 
67. Cereodaohnia  sp. 

'Cont.  
4. 

• 



- • ... 
"-MICROFAUNA• (lc 

• 
I 	I z I 	o zi 0 • o 

YLUM: PROTOZO.V 

ASS: RHIZOPODA 	 , • 

Centr6PYxis sp. 	' 

. . . 	, 

. 

- 
. 	. 
. 

14  - 
fl  

'Diffluqia sp. 

, 	. 

• 

, 
• 

, 

, 

, $ 

, 

. 

. 

. 	. 

. 

. 

. 

4-  

• , 

. 

• 

. 

. 

. 

, 

. 

. 

. , 

. 

. 
lib' 

Dinamoeba sp. • 	 . 

ASS: CTLIOPHOliA 	. 
, 
Urotricha sp. 

Ileonema sp. 

Trachelophyllum sp. 	. 

1 	Chaerea op. 

-- Placus •sp. 

Encholyodon sp. 	i 

I. Pseudoporodon sp., 
, 
, Porodon sp. 

'. 	Coleps 	sp. ' 
. 

,... Mesodinium_sp. 

, , Did inium sp. 	
. 

i. 	Chaetospirs sp. 	. 	f.  

. Perispira sp. 

'. Hom4lozoon sp. 

3. Cranotheridium sp. :. 

). 	Spathidiodes sp., 	• , , 
). Amphileptus sp. : 

L. Dmophylfum sp. 
?. Loxoohyllum sp. 

5.Acineria sp. - 	, lfr . 

I. LionotUs sp. , 

, . , "i- 

. 

. 

. 

4ii* 

5. Lox 	es sp. 
5.Chilodonella sp. • 

7. Pfleutonema sp. 
3. paramecium sp. 	.-- 

).:'Spirozona sp. 

+ F Present t  - = Absen.4.  
,. 

. 
›. golpoda sp. 	- 	• 

1 
	 , 

' . 	Colpidiuni sp.  i 
01 riattfge. 	

Continu0:- 
k.... 

• 

2.  

3.  

C 

7. 

9. 

1 

1i  

1 

1 

1 

1 

1 

1 

1E  

1 

2 

2 

It. 	2 
2 

2 
2 
•2 
2 
2 

2 

3 
3 

• 

1 
	

it:tee /47479. 
Table 247 Animals. 

Stations. 



MICROFAUNA 
	 Stations. 

. 
.L '6 	' 0 

, 'II 	i. 
v 

.... 

. 	Urocentrum sp. 

. 

. 	Climacostomum sp.  

. 	Bursaria sp.  

. 	Discomorp4a BA  

_ 

. • 

. 

. 
lh 

. 	Condylosto.ma sp.. 

. 	Stentor sp. 

. 	Bursaridium ap. 

. 	Trichospira sp.., 
. 

. 

. 	Holosticha sp.  

- 

- 

• 
4+- 	. 

. 

. 

. 	Euplotes sp. 

. 	amaltalu sp. 

. 	Histrio sp. 

. 	Aspidiscasp. 

. 	Stylonichia sp. 

. 	Mesostoma sp. 

. 	Spirostomum sp. 

. 	Vorticella sp. 

. 	Epistylis sp. 
- .....—_-_ 

. 	/ 4.  
4 . 	Systilis sp. 

• 

! 

• 
• 

_ I-- . 

. 

• 

. 

, 

4t: 
PHYLUM: NEMATA 

. 	Dorylaimus sp. 

PHYLUM:ROTIFERA 

. 	Monostyla sp. 

,.Brachionus sp. . 

4  

• . 	Wolga 813 
Roteria  sp. 

.Kera.tella sp. 

. 

Contiinued:- 

). 	Euchionis sp:  

5. 	Philodina sp.  
r. 	Filinia sp.  

+== Present. , 	- = 

.- 

• • 

',. 

Absent 
- , 

• 
. 

. 

'. 	Platyias sp. 
1. 	Epiphanes sp. 
I. 	Cyrtbnia sp. 

L. 	Asplanchna sp. , 

!• 	Lecane sp. 

PHYLUM:ARTHROPODA 

LASS: CRUSTACEA  
5. 	Alonella sp. 
S. 	Cyclops 	sp. 
?. 	Cerpdaphnia sp. 

. 	.,... 	-:243,- ,, 	_ rmt.. t,--,  1 	..,. 

32 

33 

34 

35 

36 
37 
38 

39 

40 
41. 

42 
43 

44 
45 

46 
47 

4 
49 

50 

5 

5 
5 

5 

51  

5 
5 
5 
6 
6. 
6 
6 
6 

6 
6 
6 



Table 3a Animals. 

Stations. 

9 

1 

1 

• i 	1 	4 _ 
- 

rIUM: PROTOZOA 2 	. 
I 

LASS: RHIZOPODA  

. 	Centropyxis sp. 

. 

.fleonemp sp. . 

. 

. 

• 

. 

. 

. 

_. 
 

. 

. 	, 	. 

. 

. 

, 

- 	. 

. 

. 

. 

. 

. 

. 

. 

. 	Difflu0.a sp. 

.Dinamoeba sp. 

LASS: CILIOPHORA) • 

. 	Urotricha sp. 

. 	Itachslophyllum ap. 

sChaenes sp. 

, •Placus, sp. 

;Enchelyodon sp. 
1 

D.'Pseudoporodon spe 

1..,Forodon sp..i. 

2.'Coleps sp. 

hiMesodinium sp. 	' 

1. Did inium sp.. 

5. Chaetospire sp. 	. 

1 

. 

3. Perispira sp. 

D.' Amphileptus sp. 	'  

1. Bryophyllum sp.  
. . 

. 

. 

7. Homalozoon sp. 	, 

B. Cranotheridium sp. ,.. 

R. Spathidiodes sp. 
f 

. 

2. 122...c2ELY1111M sp. 	• 
3.Acinerij sp. 

. 

+•• 
. 

, . 
. 

4. LionotUs sp. 
5. Loxodes sp. 
B.Chilodonella sp. 
7. Pleutonema sp. . 

, .4i. 
B. paramecium sp. 	  4.- . 
9.: ppirozona sp.  

d:- • = present , = Abstnt 

D. Colpaga sp. 	• . 
1. Colpiklium sp. 
, Atrittistlk i ite„ 	Coati 

C 

1 

2 

3 

C 

4 

5 
6 

7 

1 

1 

1 

1 
2 

2 
2 

2 

2 

2 

2 

2 

2 

2 
3 

3 



MICROFAUNA 
	 Stations. 

A 

,, 1 o ,i 0 u 

U/iocentrum_sp..1-. . • 

. 

. 

. 

. 

. 

• 

. 

. 

. 

• 

Coiodylostoma sp. 

Stentor sp.. 	, 

Climacostomum sp. 
Burscaria sp. 
Bursaridium sp. 
Discomorpha sp. 

Trichospira sp.. 

. 

4...' 

Histrio sp.  
. 

- 
., 

4. 

Holosticha sp. 
Euplotes ap. 

Paureleptes sp. 

Aspidisca sp. 
Stylonichia sp. 
Mesostoma sp. 

Spirostomum sp. 
Vorticella sp. 
Epistylis sp. 	. 4- 
Systilis sp. 
Coe/CA*5(W';  §e,  
PHYLUM: NEMATA 

Dorylaimus sp. 

1 

. 
. 

. 

. 

. 

. 

. 
, 

PHYLUM:ROTIPERA 
Monostyla sp. 

Brachionus sp." • . 	, 

• 
. • 

_ 
Wolga sp. 

Rotcrip sp. 
prate116 sp. 	. . 

• 

. 

. 

Platyias sp. ,  
. 

. 

f 

-Continued:- 
. 

' Asplanchna sp.  

, 
. 

. 

i+== Present 

' 

. 

. 

1  - 
e 
= Absent 

.... 

. 

• 

. 

. 
. 

Epiphnnes sp. 	• 
Cyrtonia sp. 	, 

Etchloas sp. 

Lecane sp. 
Philodina sp. . 
Pilinia sp. 

PHYLUM:ARTHROPODA 
-CLASS: CRUSTACEA 
Alonellasp. 
Cyclops .8p. 

Cereodaphnia sp!, • 

'. 	*•_A r 

65.  
66.  
67.  

32.  

33.  

34.  

35.  
36.  
37.  
38.  

39.  
40.  

41.  

42.  
43.  

44.  
45.  
46.  
47, 
48. 

- 49. 

50.  

51.  

52.  
sa. 
54.  

55.  
56.  

--  5?. 
58.  

59.  
' 60. 

61.  
62.  
63.  
64.  



Stations.-- 

'42:C!.1.?ciICROPTUN 
•••• - " 

Table 31 Anitaals. 

6 

PHYLUM: PROTOZOA 

CLASS: RHIZOPODA 

1. Centromxis  sp. 

2. Difflugpa  sp. 

3.Dinarnoeba  sp. 

CLASS: CILIQPHORA 
/1414,111  4. Urotricha  Sp'./ 

5.Ilebnema  ep. 
6. TrachelOph, lluM 

offuetPA 
7. Chastise  

All..--Placus sp. 

Encheyeon sp..! 

teglPorod6  tp. 

:11. porodon  Sp.. r. 

t; 0 10 14.1.  .12. Co-4.
i
eps  

13, Mesod in ium 

14. Did inium  sp. 	 

15. Chdetospira  sp. 

16. Perispira  sp. 

17. Homelozoon  sp. 

18. Cranotheridium  sp., 
, \I 

19. Spathidiodes sp.' 
20. Amphileptus sp. 

21. BryophylluM sp. 

22- Lac9P1.,Y112M  sp. 
23.Acineria sp. 

24. Lionotils sp. 
25. Loxbdes  
20.Chilodonella sp. 	 
27. Pleuonema sp. 
28. Paramecium  sp. 

29pirozona  sp. 
304 Colpoda  sp. 
3X« gplpidium.sp.- 

   

    

 

-c-rreixam 	_Abseil* 

  

     

Ow* 

4 (A 

    



. .1. 2 o ilg Q 	• V 

Urocentrum sp. • 
,. 

Condtlostoma sp. 
. 

, 

. 

' 	Stentor sp.. 

Climacostomum sp. 
Bursaria sp. 
Bursaridium sp. 
Discomorpha sp. 

Trichospira sp. 
Holosticha sp. 
Euplotes sp.' 

. rauroleptes sp. 
Histrio sp. 
Aspidisca sp. 
Stylonichia sp. 
Mesostoma sp. 
Spirostomum sp. 
Vorticella sp., 
Epistylis sp. . 
Systilis sp. 

:11'41.01VPIttit 
Dorylaimus sp. 

. PHYLUM:ROTIFERA 
Monostyla sp. 

Brachionus sp. 
Wolga sp. 
Rotaria sp. 

Keratella sp.'  

. . 	. . 

platyias sp. 
Epiphanes sp. 	• 
Cyrtenin sp. 
Euchlnnis sp. 
Asplanchna sp. 

Continued: = Present , 

• 

, 
Vbsent 

Lecane sp. 
Thilodina sp. 
;Filinia sp. 

PHYLUM4ARTHROPODA s 	. 	. 
:CLASS: CRUSTACEA 
'Alonella sp. 
' Cyclops 	sp. 
Cereodophnia sp. 

s 

k%Sr. 

- _ 

32.  

33.  
34.  

35.  
36.  
37.  
38'; 

39.  
40.  
41.  

42 
43.  
44.  
45.  
46.  
47.  
48.  
49.  
50.  

51.  

52.  
53.  
54.  
55.  
56.  

:58. 
'59. 
60.  
61.  
62.  
§3. 

4 64.: 

65.  
66.  
67.  

MICROFAUNA 
	 Stations. 



: 	. 

YLUM: PROTOZOA 	1  , - 	- 

ASS: RHIZOPODA 	 : 

Cent,roovxis sp. 	--, 	..„, 
. 	*. 

. 	Difflugia sp. 	• 
• ; , 

Dinamoeba sp.  
. 1 

,JO 	' ASS: CIIPH0g4 
0 ivrreavpile S1 

Uro
e
tricha sec'  

Ileonema sp. 	. 	1 
. 

Trachelophyllum sp. 

Chaenes sp. 

__...Fiscus 	sp  1 
Enchelyodbn sp. 	., 

. L Pseudopor.odon sp. 

, Porodon sp. 

!• Coleps sp. . . 
. 

L. Mesodinium_sp. -, - 

b. Didinium sp.  
1 

5. ChaetospirS sP. 	. 	
. 

5. Perispira sp. . 	: • 
. 

?. Homalozoon sp. 

3. Cranotheridiumsp. ,'. ' 

). Spathidiodee sp. , 
). Amphileptus sp. 

1. Bryophylllim sp. • 

?.. Loxophyllum sp. „..... 

3.Acineria sp. . • 
1. LionotUs sp. . 

5. Loxodes sp. 
5.Chilodonella sp. 
7. p,%eukonema sp. 
B. Paramecium sp. 	. 

. . ? 
9..•` Spirozona sp. 	 . 

4A 
C. Colpoda sp. 	1 

. "kw. 'C10.pidium sp.' 	;.--= '' 

• 
ContinueA:- + .7 Prescnt t  - = Abse 

PH 

C 

1 

2: 

5.  

6.  

7.  

1. 

2 

2 
2 
2 

2 

2  
2 
2 

2 

3 

nt 

Table 32. Animals. 

' 

Stations. 

:'`I'c7.'":11ICROF UNA: 



MICROFAUNA 
	 Stations. 

A 

51. 

65.  
66.  
67.  

52. 
53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 

.1. 'e  is Lk o v 

.Urocentrum sp. 

. 

Stentor sp. 
 

Bursaridium sp._  

. 	. ... 
. 

.4 . 

-Coi4dy1-ostoma spr- 

Climacostomum sp. 
Bursaria sp. 

Discomorp4  8P- 	 4-  4 
Trichospira sp. 

Pauroleptes sp.  

--- 4 • 

. 

. 

+- 

. 

Holosticha sp. 
Euplotes sp. 

Histrio sp. 
Aspidisca sp. 
Stylonichia sp. 
Mesostoma sp. 

' 	Spirostomum sp. 
Vorticella sp. 	 
Epistylis sp. 

.PAIlionolAb  

. 

S stilis sp. 

- _ 	intzwr i 1 
Dorylaimus sp :

I A  

PHYLUM:ROTIFERA 
Monostyla sp. 

. 

• 

+ 

. 

Brachionus sp. 
. Wolga sp. 

Rotcria sp.' 

CyrtOnia sp.  
. 

*'Asplanchna sp.  

, 

-11-- 

. 

• 

--, 

. 

. 

Keratella sp.. 
PlatYins sp.  
EPiphanes sp. 	• 

lEuchlcnis sp. 

Lecane sp. 
Philodina sp. 
Filinia sp. 

PHYLUM:ARTHROPODA 
CLASS: CRUSTACEA 
Alonella sp. 
Cyclops 	sp. 
Cereodaphnia sp.- 	 

. 

Cbntinued:- == Present 

- 

= Absent 

- 

32. 

.33.. 
34.. 

35.  
36.  
37.  

38.  

39.  
40.  
41.  

42.  
43.  
44.  
45.  
46.  
47.  
48.  
49.  
50.  



4 

Table 33 Animals. 

  

4cr MICROPAUNA 2 	3 4 5 6 

PHYLUM: PROTOZOA 

CLASS: RHIZOPODA 

Centropyxis sp. 

2 Difflugia  sp. 

8.Dinamoeba  

CLASS: CILIOPHORA 

4 Urotricha ap. 
5Ileonema sp. 
6: Trachelophyllum 

7: Chaenea sp. 

Placus - sp. 

9.;  Enchelyodon sp. 

Pseudoporodon  sp.! 

11. Porodon sp. 
is‘ 

12. Coleps  sp. 

Mesoclinipm_sp. 

Did iiiium 

15. Chaetospira sp. 

16. Parispirtt 

17. Homalozoon sp.  
18. Cranotheridium sp. , ' 

19. Spathidiodes sp. 
20. Amphileptus sp: 

21. Brvophyllm sp. 
22. Loxophyllum 
23.Acineria sp. 

24. Liondtias sp. 
25. Loxodes sp. 

_ 
27. Pleutonema sp. 
28. paramecium 

29.pirozona  
OD* Colpoda  ap. 

. 	• 	• 



y 	 • 

MICROFAUNA 
	 Stations. 

4 0 LA Q 0 
.... 	...._ 

Urocentrum sp. 

. . 

4 

• • 

-11- 

Condy.lo_stOMM: 	.ap..:.- -. 	- 
Stentor sp._ 	, 

Climacostomum sp.. • 

. 

. 

Bursaria sp.  

-II  - 

t 

I 4- 

- 

Bursaridium ap. 
Discomorita sp. • 

- 4 4 
Trichospira sp.. 

Fauroleptes sp.  

• 

4.  

.. 

. 

.. 

4- 

. 

. 

Holosticha sp. 
Euplotes sp. 

Histrio sp. 
Aspidisca ap. 
Stylonichia sp. 
Mesostoma sp. 
Spirostomum sp. 
Vorticella.  sp. 
Epistylis sp. 

• 

. 

Euchlanis sp. 
 

-I.- 

4- 

. 

. 

Pilinia sp.'  

. 

• 

11E311  

4--  -I- 

4 - 

4 

. 

4 

4- 

• 

-., 

. 

, 

, 	Systilis sp. 

PHYLUM: NEMATA 

Dorylaimus sp. 

. 	 . 

PHYLUM:ROTIFERA 
Monostyla sp. 

Brachi'onus. sp. 
4-  

+ . 

Wolga sp. 
Rotorin sp: 

Keratella sp. 
Platyias sp. 
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4.-- 
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Cyrtonia sp. 

Asplanchna sp. 
. 	Lecane sp. 
PhilOdina sp. 

PHYLUM:ARTHROPODA* 
CLASS: CRUSTACEA 
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Cyclops 	sp]. 
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YLUM: PROTOZOA 

ASS: RHIZOPODA 1 . , 

. , 

CentroPvxis sp. .• 

. 

, • . 5 
. 

DiffluOia sp. : 

Dinamoeba sp. , 
•: 

! 

. 

. ASS: CILIOPHORA 

Urotricha sp. , 
Ile6nema sp. 	; 
Itschelophyllum a 

Chaene 	sp. 

---,Fiscus• sp. ,........„..... 

Enchelyodon sp. . 	•, 
• t 
. Pseudoporodon ape . 

L 	Porodon sp. , 

. 

, 
• ' 

.)Coleps sp,-- 

t-ei Mesodinium sp. 

D?hr-44  b., 	ilum sp. 

5. Chaetos 	r 	p. 
, 	.: 	. 	_ 

5. 	erii0iiS
, 
 sp. 5.` 

?. Homalozoon ap. 

3. Cranotheridi,um sp. '. , ' 

). Spathidiodes sp. 
). Amphileptus sp. , 

• 1 
1. Brvophyllum sp. . 

?. Loxophyllum sp. 	, . 

, 

____ _. 

• 
. 	-  

s 3.Acineri 	sp.. .... 

1. LionotUs sp. 

5. Loxodes sp. 
, . . 

5.Chilodonella sp. ' 
7. Pieutonema sp. 

f 

B. Paramecium sp. 

9..eSpirftona sp. 
, . 

• , 
. 

. 
0-. Colpoda sp. 	• 
i 	• 	, 
1. gplpidiuq sp. • 	. 
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. 	..), . 
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Condylostoma sp. 
Stentor sp: 

Climacostomum sp._, 
Bursaria sp. 
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Bursaridium sp. 	' 
Dis9cmorplia sp. 

TriChospira sp-. 

1-  --I- 

Holosticha sp. 
Euplotes sp. 

Pauroleptes sp. 
Histrio sp. • 

- 

-4-- . 

Aspidisca sp. 
Stylonichia sp.  
Mesostoma sp. 	, 
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. Spirostomum sp. 
Vorticella sp, 
Epistylis sp. . ...P- 
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S stilis sp. 	 'Al- 
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' PHYLUM: NEMAT4r 
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' Asplanchna sp.  

Filinia sp.  
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Brachionus sp. 
Wolga sp.  

Rottarin sp. 
Keratella sp. 	. 
Platyins sp. 
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Philodina sp. 
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Centropyxis sp. 
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Difflugia sP.: 

Dinamoeba sp. 
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--1Placus sp. 
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Enehelyodon sp. 
'''4, 	4e1..., 
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1... PseudtD 

Porodon sp. 

Coleps sp.  
Mesodiniumsp. 

Didinium sp. 

Chaetospira sp. . . 
Periepira sp. . -...... 	, 

'.. Homalozoon sp. 
1. Cranotheridium sp. '  
AlFkAg41d#74(41  I. sbatnidloaes sp. . 

). Amphileptus •sp. 

L. Bryophyllum sp. . 

,. Loxophyllum sp.  ,...,_ 
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5. Loxodes sp. 
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L. Pleutonema sp. 
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L. Colpidium sp. 	. 
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1. 	Euplotes sp. 
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E. Aspidisca sp. 
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5. 	Stylonichia sp. 
5. 	Mesostoma sp. 
7. 	Spirostomum sp. 
3. 	Vorticella sp. 
). 	gpistylis_ap. . 

). 	S stilis 	-. •. 
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tirr. 

1. 	Dorylaimus si. 
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? 	Monostyla ,sp.  
3.Brachionus 0. 
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5. 	Rotaria sp. 
i.Keratella sp. 

. 7. 	Platyias sp. 
3. 	Epiphanes sp. 	• 
). 	Cyrtonia sp. 
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3. 	Philodina sp. 
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5. 	Cyclops 	sp. 
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PHYLUM: PROTOZOA 

CLASS: i/HIZOPODA 

1. Centropyxis  sp.„ 

DiffluRiatsp. 

8.Dinamoeba  sp. 

pLASS: CILIOPHORA 

4. Urtftricha  sp. 
,5.Ileonema  sp. 
:6. Trtchelophypu  

7. Chaenee  sp. 

placus  sp. 

,9. Enchelyodon  sp., 
t 	• 	• 

10. Pseudoporodon  sp. 

11. Porodon  sp.. 

7 12. Cpleps  dp. 

13, Mesodinium_sp.  

14. Did inium  sp. 

15. Chaetospira  sp. 

16. Perispira  sp.. 

17. Homalozaln  sp. 

18. CranotheridiuM  Sp.,' 

19. Spathidiodes  sp. , 
O. Amphileptus  sp. 
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,c.9.,..,  <.3..,,:, 	 We, 

21. Bryophyll'um  sp. 
22.'Loxophyllum  sp. 
23.Acinerie.  sp.  

24.Lionottis sp.! 
25. Loxodet  sp. . 
26.phiiodonella  sp. 
27. leutonema  sp. 
28. paramecium  sp. 

SPirotona  sp. 
Colpoda  sp. 
colpidium  sp. 
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Stentor sp.. 
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Trichospira 8p. 
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Holosticha sp. 
Eu.lotes sp. ,a , „ „ 	, 	s,b 
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Histrio sp. 
Aspidisca sp. 
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Mesostoma sp. 
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Stylonichia sp. 

Spirostomum sp. 
Vorticella sp. 
Esistylis sp.  

+ Systilis  sp. 

PHYLUM: NEMATA 

Dorylaimus sp. 4' , ....1k  
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PHYLUM:ROTIPERA  

Monostyla'sp. . 4 4-  + 4- -I- 
Brachionus sp. . 

. . 11+ Maga sp. 
Rotoria sp.. + 4 ...t. . 

Keratella sp: -F . 
....1.. 

Platyias bp. 4" . I Epiphanes sp. 	• 
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Cyrtonia sp. 	. . 

• Asplanchna sp.  

AlOnella sp. , 
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. 

, 
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• 1. 
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Euchlonis sp. 

Lecane sp. 
Philodina sp. 
Filinia sp. 

PHYLUM:ARTHROPODA 
CLASS: CRUSTACEA 

Cyclops 	sp. 
Cereodaphnia sp. 
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PHYLUM: ANNELIDA 
CLASS: OLIGOCHAETA 

Tubifex tubifex 
..1 	. - • ̀• 	4*  - 40._ 

Limnodrilus sp. 
• 4 

Ailr 

CLASS: HIRUDINEA 

Theromyzon sp.  

. 

. 
. 

Glossiphonia sp. 
. 

Erpobdella sp., 

PHYLYM: ARTHROPODA 

Collemb6la 	' 

Entomobrya sp. 

CLASS: INSECTA  

....i.... 

. 

_ 

• 

, 

1 
Folaomia sp. 

Odonata(Dragon & damselfly 
Isdhnura dp. 	nymphs). 

Aprion 	,sp. 	 , 

Chromagrion sp. 

i5romogorap4us sp. 
Progomphus sp. 
Brechmoriloga sp.  
Dythemis 	sp. 

Erythrodiplax 	sp. 

Paltothemis sp. 
tphemeroptera(Mayfly nymphs') 

Baetis macanis 

Baetis meeheanis 	, 

Csenis kimminis  

Choroterpes cladrics.  

Pleckpiera(Stonefly nymphs)  
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, 

Oloeon Rillican 
tedycinurus'islamAadicus 
Ephemerella sp. 
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Hftiptera 
Rheumatobates maculate 

atft nerringi 
ddrixs substrata 
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MAGROFAUNA 

.40.!•••• 

27. Midrovelia melvini 

!richoptera 
28. alL?opsyche'straightus  

29.CCheumaopsyche bett9ni  

30. Psvchomia wiggj.ndi  

,oleoptera 
31. 'Acenus  1,ruesi 
32. Ancyronyx  sandersoni  . 
33. terosus mucronatus  

34. Ectoparia blaisdelli 

35.Enochrus fusca 
36.:',,aracymus teetacea 

37.:Ochthebius minutus  

38. Oroclytes vittatus  

Lepidoptera 
39. Cataclysta hpbneri  

Diptera 
40. Simulium sp. 
41. i.i]y756TE1 sp' 

g,Culiccia7s sp. 
43: Tanyp,:s sp. 
41.Chironomus s 
45.E drotaenus sp. 

lid. 46. a u  sp, 
47. Erisi-,elis sp. 
48. glvOrt sp. 
49. Bracheutra sp. 
50. Ch-2•ac,;ona sp. 
51. Lillonilsp. 
52. ITE7057pra.sp. 
53. Arn7,7a sp. 
54. Weraeliannia-sp.. 
65. bixa sp. 
56. Lispe sp. 
57. Aedes sp. 
58. Anopheles sp. 
59. Culex sp. 	

• 

60. Ortfrocladius(Criootopes)s 
61. 'irctenthes sp. 

astropoda 
. 62.Lymnaea acuminate.  

- 63. LVmnaea luteola 
64. Lymnaea pinguis  

.65. Thvsq  Eyrina 
66..'Indoplan-6TEis 

6?. Zootecus  insuldriti 
ishes 
68. Puntius.  conchonius  
69. n7:1110 yqgra 
70. Cirrhiiia reba: 
71. Bagarius basprius 
72. Chela cachius  

rogs 

73. Rana sy-p.n6phlyctis  

::,!sh water tortoises 
74.  Trionyx sp. 
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Table 3gAnima4. 

Stations. MACROFAUNA 
J. G 0 # 0 	V 

PHYLUM': ANNE:LIDA 
CLASS:' OLI1OCHAETA 
Tubifex tubifex 

Limnodrilus sp. 

11111111111111111 nimmi 

CLASS: HIRUDINEA 
rheromyzon sp. 

Glossiphonia sp. 

Erpobnella sp. 

PHYLYM: ARTHROPODA 

CLASS: INSECTA 

Collembrile 
Entomobrya sp. 
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esent, 

11111111.1.111. 
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IN 
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Fo19omia sp. 

Odonate(Dragon & damselfly 
Ischnqra sp. 	nymphs). 

APrion 	sp. 
Chromagrion sp. 
DromoRomphus sp. 
ProRomphus sp. 
Brechmorhoge sp. 
Dythemis 	sp. 

Erythrodiplax 	sp. 
Paltothemis sp. 

Ephemeroptera(Mayfly nymphs 
Baetis macanis 	. 

Baetis meeheenis 
Ceenis kimminis 
Chorotel4p es gadritt 
Cloeon Rillican 
Ecdyonurus isIamabadicus 
Ephemerella sp. 

' 	J Pleepptera(Stonefly nymphs) 

Rheumatobates maculata 

Pea nerrinRi 
dorixa substrata 
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27. Microvelia melvini 

rii.ehoptera 
28. Bydropsyche'straightus  
29.CCheumavopsyche betteni  
30.Igychomia wiggi401  

oleoptera 
31.:Acenus bruesi 

32. 'Ancyronyx sandersoni  
33. Berostia mucronatus  
34. Ectoparia  blaisdelli 	 
35.Enochrus fusca 
36. 1.aracvmus testacgp 
37. Cchthebius minupls  
38. "OreodI4es vittatus  

Lepidoptera 	' 
39. Cataclysta hubneri  

rdptera 
40. Simuliiim  sp. 
41. 1sychoda sp. 
.a.Culicoides  sp. 
43. Tanypus.a.p....--' 	  
41.cal.onomus 
15.145244R,,cas

.4
1 

eilar 	 46. Tabanus 
47. 277Ttais sp. 
48. EphiYi,a sp. 
49. Brachydeutra sp. 
50. gtxvozona sp. 
51. L.: mon:La- sp. 
52. Limno25crasp. 

.53. Arozr:n sp. 
54. T7T6Tnannia_sp. 
55. Dixa 8p. 
56. Lisle sp. 
57. Aedes sp. 
58. Anopheles  
59. Culex s 
60. Urthocladius(Criootopes)s 
61. 1rotenthes sp.' 

•stropoda 
62.1emnrleca acuminate  
63. Lvmnac;.t -111teol 
64. T milP_co pinguin  
65. aysa 2yrine-, 
66. IndoclanorasWitabis) 

67. Zootecus insularid  
fishes 

68. Puntic.3 conchonius  • 
69. Barr11:7,e vattra 
70. Cirrhina.reba, 
71. pagarlus bagarius  
72. Che14 c6cpi.ps  

rcgs 
73. Rana cvnnophlyctis  

r,:.sh water to.r,t'oises • 
74. - 

40117x. 
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Table 	Anima4s. 

MACROFAUNA Stations. 
1 	.2 	3 	I 5 

PHYLUM: ANNELIDA 

CLASS: OLIrlOCHAETA 
1. Tubifex tubifex 	 

2. Limnodrilus sp. 

CLASS: HIRUDINBA 
3. Theromyzon sp. 

4. Olossiphonia sp. 

5. Erpobdella sp. 

PHYLYM: ARTHROPODA 

CLASS: INSECTA 

Collembcbla 
6. Entomobrya sp. 
7. Folsomia sp. 

Odonata(Dragon & damselfly 
8. Ischnura sp. 	nymphs). 

9. APrion sp. 
10. Chromagrion sp. 
11. Dromoqomphus sp. 
12. Proomphus sp. 
13. Rrechmorhoga sp. 
14. Dythemis sp. 
15.Erythrodiplax sp. 
16. Paltothemis sp. 

Ephemeroptera(Mayfly nymphs) 
17. Baetis macanis 	  

18. Baetis meeheenis 	 
19. Caenis kimminis_ 
20. Choroteues 9adrica 

Cltwn gillican 
22. Ecavonurus  ielamabadicus  
23. Ephemerella sp. 

Flecpptera(Stonefly nymphs) 

24. Plea nerringi  
25. Cdrixa substrata 
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27. Microvelia melvini 

trichoptera 
28. Hydropsyche- straightuk 

29.CCheumatopsyche be'kteni  

30. i'sychomia yigeindi  

2oleoptera 
31. Acenus  bruesi 

82. Ancyron.yx sandersont 
33. Berosus mucronatus 
34. EctopariaMignili 
35.Enochru5 fusca 
36. 1.'aracymus testacea  
37. Ochthebius minutus  
38. Oreodytes  vittatus  

Lepidoptera 
39. Cataclysta hubneri 

:iiptera 
40. Simulium sp. 
41. i:sychoda sp.  
lg.Culicoides sp. 
43. Tanypus sp. 
41.Chironomus 

.4541ydrobaenus sp. 
46. 
47. E stalis 
48. Ephydra 
49. Brachydeutra sp. 
50. Chrysozona sp. 
51. Limonia sp. 
52. timnophora.sp. 
53. Araims sp. 
54. WeideMannia_ap. 
55. Dixa sp. 
5q5. Lispe sp. 
57. Aedes sp. 
58. Anopheles  sp. 

_ . 59. Culex op. 
60. Orthoc1a lus 
61. „Frotanthes sp. 

:astropoda 
62.Lymnaea aeuminata  

64. pinguis  
65. Physa. Ryrina 

63. L. mnaea luteola 
 mnaea  

66. Indoptlanorb 	I 
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MACROFAUNA 
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67. Zootecus inaularig 
ishes 

68. Puntiud conchonius  
69. patillus vaera  
70. WAMMOebOrrit  
71. Bagarius bagarius  
72. bhela"cachi4is 
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73. Rana cvanOphlyctis  

fiesh wat4r tortoises 
74.  rionyic sp. 

rresent., 	m Absent 
	

a 



Stations. 

Tabl 

G 0 	1 	 0 • 0 

___tb WY; 4101101  lip 

PHYLUM: ANN ELIDA 11111111111111111111111111 
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Tubifex tubifex 
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Limnodrilus sp. 

CLASS: HIRUDINBA 

Theromyzon ap. 

Glossiphonia s.. 

Erpobdella sp. 
111811111111111111111111 

11111111 

PHYLYM: ARTHROPODA 

CLASS: INSECTA 

Collemb6la 

Entomobrya sp. 
Folsomia sp. 

Odonate(Dragon & damselfly .  
Ischnura sp. 	nymphs). 
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Chromagrion sp. 
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Dromogomphus -. 
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Progomphus sp. 
Brechmorhoga s. 
Dythemis 	sp. 
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ErYthrodiplax 	sp 
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E 	me o 	gP6fayiy ny,—, 
Baetis macanis 

Baetis meeheenis 
Caenisikimminis 
Chorot.erpes • adrica 
CloeOn pillican 
Ecdyonurue islamabadicus 

Htmiptera 
 

Ephemerella sp. 

Plecpptera(Stonefly nymphs)  

Rheumatobates maculata 
ffe eatirtt a (Si 	 NMI Taea n r.lri 

.orLaot 4 ••••... 

at 
_.  e# 	Ai 

8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 

MACROFAUNA 

1.  

2.  

3.  

4.  

5.  

6.  
7.  

17. 

18.  

19.  
.20. 

22.  
23.  

24.  

25.  
26.  
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• 

4 

-2- 

Stations. 
3 

27. Microvelia  melvini 

rrichoptera 
Hydropsyche- straightus  

MACk0FAUNA 

	

'20.0ChleumOopsyche betteni  	 

30. Psychomia  	 
Joleoptera 

31. Acenus hruesi  

32. Ancyronyx  sanderso4i  
33. Berosus mucronatus  
34. Ectoparia blaisdelli  
35.Enochrus fusee ,  

"JL 
303. 
37. Ochthebius minutus  
38. Oreodytes  vittatus  

1,epi;doptera 
39. Cataclysta hubneri 

7Aptera 
40. Simulium sp. 
41. Vsychoda  sp.  
i2g.Cu1icoides  sp.__ 	....., 
43. Tanypus  sp. 

4 

+ 4 

4-7  
46. 

lwoot,p. 	
7417-7e- 

45.14vdrobaenus  sp. . 

47. ETETETis sp. 	• 
48. Ephydra  sp. 	- 
49. Brachydeutra sp.: 
50. Chrysozone sp. 
51.• Limonia sp. 
52. timnophora.sp.  
53. Ardzma•sp. 
54. 7773-Aeinannis_sp. 
65. Dixa sp. 
56. Lisps,  sp. 
57. Aedes sp. 
58. Anopheles  op. 

41.Chironomus. 

59. Culex sp. 
60„Orthocladius(.Criootopes)8P. 
61. .Pro'tenthes sp.  

tstropoda AS/A-44tet J1.4.04404 

	

62.4mnaea acuminate  	 
63. Lymhaoa  ldteola---- 
64. tymnaea 	 
85. Physa  gyrvie  
66. IndoplanorbicaparterY 	 

67. Zootecus  i ularia 
ji-shes _P/Vie,POte 4100 68. Fuhtidsponchonius  

69. Batilius vaRre  
70. Cirrhina  reba- 
71. BaRari_us baRarius  
72. Chela cachips.  

rugs 
73. Rena cyaD6phlyctis  

ash water tor-eoises. 
74• rionvX  sP. 

+ 	 Absent 



Table if I Anima4 

MACROFAUNA. 

oe2,-0 	7,;, 

Stations. 
.L G 0 • 1 0 V 

PHYLUM: ANNELIDA 

CLASS: OLIrlOCHAETA 

Tubifex tubifex ---- _. 

.4` . 

Limnodrilus sp. 
• 

CLASS: HIRUDTNBA 

Theromy zon sp. 

Gloss iphonia  sp.. 

1-  ±" Erpobdella sp. • 
$ 

PHMYM: ARTHROPODA 

CLASS: INSECTA 

Collemb6la 

Entomobrya sp.  

. 

• 

**IL  

Folsomia sp. 

Odonata(Dragon & damselfly 
'Ischnura sp. 	nymphs).  
Aorion 	sp. 
Chromagrion sp. 

Dromogomphus sp.  
Progomphus sp. 

Brechmorhoga sp. 
rythemis 	sp. 

Erythrodiplax 	sp. 
Peltothemis sp. 

Ephemeroptera(Mayfly nymphs) 
Baetis macanis 

4 -11.- 4- 
Baetis meeheanis 

1,- + 4  Caenis kimminis 

,-- 0 fr----" # *...,..4he  

Choroterpes padrica 
Cloeon gillican  
1925:2mrus.islamabadicus 

Eph:emerella sp. 
'  ,.> i  

Flecpptera(Stonefly nymphs) 
1 

Htmiptera 

.., 

4- 

1 

4 • , Rhedmatobates maculate 	- 

. T - 
• fliea nerringi 	 . 

Cdrixa substrata 	—...---  , 

+ = Present, - =-Absent 

; 

Continued:- 

1.° 

2.  

3.  

4.  

5.  

6.  
7.  

8.  
4- 	9. 

10.  

11.  
12.  
13.  
14.  

'15. 

16. 

22.  
23.  

24.  

25.  
26.  



. MACROFAUNA Stations. 
3 

27. Microvelia  melvini 

rrichtptera 
28. Rydroipsyche- straighius 
20.CCheumatopsyche betteni 

   

	wo...romillowaloPoNdrOMNOPer. 

30. PsVchomia  	 
Coleopera 

31, Acenus bruesi 
32. AncVronyx sandersoni 

   

 

gt 

 

33. Berosus  mucronatus  
34. Ectoparia blaisde111._ 

  

35. no • s fu 
36. c  
37. Ochthebius  minutus  
38 Oreod tee v e ttu 

Anaa..474;i4; 
ik.4114 

Lepidoptera 
39, Cataclysta hubneri 

Diptera 
40. Simulium sp., 	 
41. 'i'sychoda sp, 
	 s 

43; Tan us s 
41.0 ironomua sp,  
45.14 drobaenus a 

4 

46: Tabanus sp. • 
47. 27TaTiis  sp. 

Ephydra  sp.. 
49. Brachydeutra  sp. 
50. thrysozona  sp. 
51: Limonia  sp. 

Limno_phora.sip. 
53. Arazma .'sp. . 

. 54. Weld  
55. Dixa sp. 
56. .7.7,375e  sp. 
57. Aedes sp. 
58. 171a1es  
59. Cu ex:. p. 
60.. OrthoCladiuiferieotppes)sp. 
61.; Protellithet at.  

-,stropoda 
62. mnae acuminatlk  
63,  vmnaea luteola  

	

64.. /ffmnaea pinguis 	 
65. Physa.gvrina 
66. Indop1anorhistilgia 

67.- Zootecus insularig 
ashes 

68. Tuntiva conchonius 	 
69. Barilius vagra  
70. Cirrhina reba. 
71. Bagar).us  bagarius  
72. Chele oach4is, 

rove 
73. Rana Lunophlyctis  

-esh water tortoises'.  
74. rio sp. 

1%'• a Absent 



r 
Table ty 2_ Animaio. 

MACROFAUNA 
	 1 	 Stations. 

1 4 4,2 J 	'X u - 	V 

+. 

MUM: ANNELIDA 
ASS: OLIGOCHAETA 
Tubifex tubifex 14  

Limnodrilus sp. 

SASS: HIRUDZNEA 
Theromyzon sp. 

Glossiphonia sp. 

. 

• 

Eryobdella sp. 

YLYM: ARTHROFODA 

ASS: INSECTA 

Ilembfila 
Entomobrya sp. 
Folsomia sp. 	. 

1 
bnata(Dragon & damselfly 
Ischnura sp. 	nymphs).  
APrion 	sp. 
Chromagrion sp. 
Dromogomphus sp. 
Progomphus sp.,  
Brechmorhoge IP- 
rythemia 	sp. 	- 
zIprodipla4_ v. 
Paltothemis sp. 

4- 7.4. 
, bemeroptera(Mayfly nymphs) 

Baetis macanis  ÷ 
Raetis meeheenis  +  4- 
Caenis kimminis 

""'"--------"---------....—..... 

t 

.....—............, 

Choroterpes qadrica 

,ecibptera(Stonefly nymphs)  

t 

Closon gillican 
Ecdvonurus islIsmabadicus  
Ephemerella sp. 

f 

nmiptera 
eumatobates maculate 

--f----w- ---...!6i 
. 

= Present, — 
. 

= Absent 

Cdrixa substrata 
Contilnued:- 

. 	, 

P 
C 

1.  
2.  

C 
3.  

4 . 

5.  

C 

6.  
7.  

Od 
8. . 
9.  
10.  
11.  
12.  
13.  
14.  
15.Er  
16.  

Ep 
17.  

lg. 
19.  
20.  

22.  
23.  

24.  

25.  
26.  



4ACROFAUNA . 

27.!microviaia  melvini 

rrichYviera 

	

Hydrol3syche- straiehtus 	 
29.CCheumEitopsYche  betteni 	 

30:12svchomia 	 

Coleoptera 
31. Acenus, brues', 

32.. Ancvronyx  sandersoni  
33. Berosus mucronatus 
34.. EctoRaria 	 
35.Enochrus fuses 
36. 7::aracymus testacy)  
37. Ochthebius minutus  
38. Oreodytes vittatus  

1,epidoptera 
39. Cataclysta hubneri 

Diptera 
40. 'Simulium sp. 	  
41. Vsychoda sp. 	  
13.Cul1cpides sp. 
43. Tanypus sp. 
41.1Chironomus_p_. 	• 
45.'T vdrobaenus ' sp.  
46. Tabanus sp. 
47. Erg ---alis sp. 
48. Ephydra sp. 
49. Brachydeutrq sp. 
50. Phrysozona sp. 
51. Limotia 
52. Limnophora.sp. 

.53. Arazma sp. 
54. Weidemannia_s-p_. 
55. Dixa sp. 
56. Laspe sp. 
57. Aedes pp. 
58. Anopheles  sp. 
59. Culex sp,  
60. Orthocladibs(Cricotopes)si 
61. 1,rotenthes sp.  

:astropoda4 4€ 
• 62.Lymnaea scum n a  
t3. L. aea luteola 
64. mnaea 	 
65. khvsa rine," 	- 
66. Indo lanorb 

-1. 

±." 	 • 	4- 
. 	. • 

W 
6'7'`. ootecus

et 
 

ishes  
68. Puntiu6 Conchonius 	 
69. gicEIIII7s vaAra  
70. Cirrhi a reba. 
71. agar,ius baaarius  
72. Che a cadhios  

rogs 
73. Dana cyanOphlvotis  

resh water tortoises 
74.   mow sp. 

+ = Present 	m Absent 



Tabl.e 1/3 Animaio. 

Stations. 

25 
26 

1 6 0 ' 	A V v 

PHYLUM: ANNELIDA 

CLASS: OLIIOCHAETA 

Tubifex tubifex -  4- _ i-, 4.  1:-, 
Limnodrilus sp. 

±4 , 

CLASS: HIRUDTNEA 
Theromyzon sp. 

Glossiphonia sp. 

' 	Erpobdella sp. 

PHYLYM: ARTHROPODA  

CLASS: INSECTA . 

C011embcble 	 i 

Entomobrya Bp- 
Folsomia sp. 

Odonata(Dragon & damselfly 

Ischnura sp. 	nymphs).  

APrion 	sp. 

Chromagrion sp.  
DromoRomphus sp.  

+ 

, 

4- 	+  _ 

Progomphus sp. 

BrechmorhoRa sp. 

Dythemis 	sp.  
Erythrodiplax ' sp. 

Paltothemis sp. 

Ephemeroptera(Mayfly nymphs 

Baetis macanis 

Baetis meeheanis 4

Ceenis kimminis 4.- 
Chorbterpes gadrica .  

Cloeon gillican  

Continued:— + = Present, — = Absent 
\ 

. 

Ecdyonurus islamabadicus 
Ephemerella sp. 

Plecpptera(Stonefly nymphs) 

Htmiptera 
Rheumatobates maculate 

Plea nerringi 
COrixa substrata 

S. 
9.  
10.  
11.  
12.  
13.  
14.  
15.  
16.  

17.  

18.  

20. 

22.  
23.  

1.  

2.  

3.  

4.  

5.  

6.  
7.  

24 

MACROFAUNA 



-2- 

• 

Stations. 

2 	3 	4 
	

5 
	

6 
IIACROFAUNA ' 

1 

27. Microveliapa1vini 

1.iichoptera 
28. pydropsyche straghtus 
29.CCheumabopsyche betteni  
PO.•  isvchomia wiaginti  

.;leoptera 
31. Acenus bruesi 	 
32. Ancyronyx sandersoni 
33. Berosus mucronatus 
34. Bet° aria 
35. 

  

US 

    

36. 1=aracymus testace,a  
37. Ochthebius minutes  
38. Oreodytes  vittatus  

iepidoptera 
39. Cataclysta  

!iptera 
40. Simulium sp. 
41. i'sychoda sp. 
42.Culicoides sp. 
43. Tan us sp. 
41.0 ironomus sp. 	 
45.14ydrobaenus sp. 
46. Tabanus sp. 
47. 2-1717Tis sp. 
48. Ephydra sp. 
49. Brachydeutra sp. 
50. Chrysozona sp. 
51. Limonia sp. 
52. ITEnophora.sp. 
53. Arozma sp. 
54. Weidemannia  sp. 
55. Dixa sp. 
56. Lispe sp. 
57. Aedes sp. 
58. Anopheles  
59. Culex sp. 
60. Orthocladius(Cricotopes)s 
61. :1,r9tenthes sp.  • 1 

stropoda 
62.I4ymnaea acuminate  

64. Lymnaea pinguie---- 
65.  
66.  

63. Lymnaea Lyteola,  

1111Ys a  EVine 
IndTplanorblsWgRabi 

Zootecus insularia 
. iluhtius. 
 conchonius  

Barillui Vagra  

67.  
shes 

68.  
69.  
70. Cirth4ta reba. 
71. Baggus bagarius  
72. Chef, .cac 	s 

:-Cgs 
73. ana cyanop lyetis  

.sh water tortoises 
74. f 

4i2Dgli,s1)4  •• 

= ?readnt 	= AbsenP 



Table 1/1/ Animals. 

X 6 0 1 u 

PHYLUM: ANNELIDA 

CLASS: OLI1OCHAETA 

Tubifex tubifex 

MIEN 

PHYLYM: ARTHROPODA  

Htmiptera  

1111 -  

1111111 
111111/1 

- 

., 

Limnodrilus sp. 

' 

. 

. 
. 	. 

CLASS: HIRUDTNEA 
Theromyzon sp. 
'GlossiPhonia s • . 
Erpobdella sp. 

CLASS: INSECTA 
Collembada 	 . 

Entomobrya sp. 
Folsomia sp. 	) 

Odcinata(Dragon & damselfly 
Ischnura sp. 	nymphs). 

Aprion 	sp. 
Chromagrion sp. 
Dromogomphus sp. 
Progomphus sp. 
Brechmorhoga sp. 
Dythemis 	sp. 

Erythrodiplax 	sp. 
Paltothemis sp. 

Ephemeroptera(Mayfly nymphs 

Baetis macanis __ 

Baetis meeheenis MOM 
WIWI Caenis kimminis 

Choroterpes 9aprica 

Cloeon gillican 

Ecdyonurus islamabadicus 
Ephemerella sp.  

PleOptera(Stonefly nymphs) 

, 

Rheumatobates maculata 

Pales nerringi 

Cdrixa substrata 

ued:- = P esent, = Ab ant 

; 

Cont. 

. 	 . _ 

Stations. MACROFAUNA ' 

1.  
2.  

3.  

4.  

5.  

6.  
7.  

8.  
9.  
10.  
11.  
12.  
13.  
14.  
15.  
16.  

17.  

lg. 

19.  
20.  

lr 

22.  
23.  

24.  
25.  
26 



Of 

MACROFAUNA 

27. Microvelia  melvini 

riehoptera 
28. Hydropsyche'straigAtus 

Stations. 

2 	3 
	

4 
	

5 6 

29.CCheumaopsvche betteni 	 

30. i'svchomia wiegindi  

Aeoptera 	• 
31.Acenus bruesi 	  

32. Ancyronyx sandersoni  

33. Berosus mucronetus  
34.. Ectoperia blaisdelli  
35.tnochrus fusee 

36. ',:aracymus testacea 
37." Ochthebius  minutue  
38. Oreodytes vittatus  

epidoptera 
39. Cetaclysta hubneri 

iptera 
40. Simulium sp. 
41. isychoda sp. 
42.Culicoides sp., 

43. Tan us sp. 
41.0ironomus sp. 	 
15.HYdrobaenus sp. 
46. Tabanus: 8A. 
47.-Eristalis sp. 
48. Ephydra sp. 
49. Brachydeutra sp. 
50. Chrysozona sp. 
51. Limonia'sp. 
52. IIITiophora.sp. 
53. Arazma sp. 
54. Weidemannie  sp. 
55. Dix sp. 
56. Malt sp. 
57. Wes sp. 
58. Anopheles sp. 
59. Cblex sp..  
60. Orthocladius(Cricotopes)sp. 
61. Protenthes sp._ 

toe 	1p • 
62.1/ a 	cumina 
63. mnaea luteole 
64. ymnaea pinguls  
65. Physa urine 	 4' 66. IndoplanorbisWotr±1L____+,  

stropod 

4 

"M. 

4 

67.  
hes 

68. uh 	lus cone 	o 
69. tatillui 'yagra 
70. Cirrhina , rebe: 
71. paaarits bagorius  
72. Chula eachi s 

73.'anti qyan 	ctis  

sh water tortoises 

74' rionylcSp. $ 
+ = Present , .= Absent 



1. a- 

2. 

xon, 

8
9. 

10.  
11.  
12.  
13.  
14.  
15.  
16.  

Table I/5 Animai,e . 

1 G 3 t y y 

PHYLUM: ANNELIDA 

CLASS: OLI1OCHAETA 	1111111 Tubifex tubifex 

Limnodrilus sp. 

CLASS: HIRUDINEA 
Theromyzon sp. 

Glossiphonia sp. 

Erpobdella sp. 

PHYLYM: ARTHROPODA 

CLASS: INSECTA 

Collembthla 

Entomobrya sp.  
Folsomia sp. 

Odonate(Dragon & damselfly 
Ischnura sp. 	nymphs).  

Aorion 	sp. 

Progomphus sp.  

Chromagrion sp. 
Dromogomphus sp. 

BrechmorhoRa sp. 
Dythemis 	sp. 

Erythrodiplax 	sp. 

Paltothemis sp. 
Ephemeroptera(Mayfly nymphs 

Baetis macanis 

Baetis meeheenis VIIIIIIMIIIIIIIIII 

VMIIIIIIIIIIIIIIIMIIIII 
Caenis kimminis 
Choroterpes qadrica 

Htmiptera 	.  

Cont ,nued:— 

. 

= P esent, = Ab. ent 

; 

Cloeon gillican 
Ecdyonurus islamabadicus  

Ephemerella sp. 

Plecpptera(Stonefly nymphs) 

Rheumatobates maculata 

Pliee nerringi 
CQrixa substrata 

_ 

Stations. MACROFAUNA 

3. 

4. 
5. 

6. 
7. 

24 

25 
26 

17. 
lg. 
19.  
20.  

2. 
23. 



• 

:2- 

MACROFAUNA Stations. 

3 

27. Microvelia melvini 

.richOptera- - 
28, adropsychestraiehtus  

29,CCheumaopsYche  betteni 

30. Psychomia  	 

joleciptera- 
81..Acenua bruesi  

46: Tabanus sp., 
47. Eristalis  sp. 
.48. Ephydra  sp. 
49. BrachYdeutra  sp. 
50. Chrysozona  s-p. 
51,ATEonia sp. 
52. timnaphora.sp. 
53. Arozma:sp. 
54.:Weidemannia  sp. 
55. Dixa sp. 
56. Tispe sp. 
57. ; Aeries sp. 
58._Anonheles 
59.;Culex sp. 	- 
60. OrtiTocladius(Cricotopes)sp:,,  61. 3:rotenthes sp. 

-3tropoda 
62.Lymnaeaiacuminata  
63. Lymnaea luteola 	 
64. tymnaea oingux& 	
65. Asa yrina 
66. Indolan6.1717sW  

67. Zootecus insularia 
3hes 
68. Puntiud Conchonius  
69. BatifT74, vagrei  
70. piryhiLL reba' 
71. Bagal;!uSbagarius  
72. Chela cachius 

rpgs 
73. Raps ayanaphlyctis  

ash water tortoises 
74.  won. 

17 

•QL 

3. AncyronyN sandersoni 
33. Berosus mucronatus  
34. Ectoparia blaisdelli  
3,5.Enochrus fusca 
36. ::.aracymus testacea  

37. Ochthebius minutus  

38. Oreodytes vittatus  

Ipidoptera 
39. Catac.lysta hubneri  

'iptera 
40. Simulium  sp.'  
41. Fsychoda  sp. 
2.CulicoidJs  sp. io 

43. Tanypus  sp. 
41.Chironomus sp. 
15.Wrobaenus  sp. 

Preseht - Absent 



J. 4 a) t u v 

PHYLUM: ANNELIDA 
CLASS: OLIIOCHAETA 

Tubifex tubifex 4.F 4-  
L.,..........— 

. 

Erpobdella sp.  

at 	SA).  . 

Limnodrilus sp. 

CLASS: HIRUDINEA 
Theromyzon sp.  

Glossiphonia sp. 

PHYLYM: ARTHROrODA  

CLASS: INSECTA 

Coll m 6 a 	
. 

sp. 

..4- 

Folsomia sp. 	i 
 

• 

_ 	, 

Odonata(Dragon & damselfly 
.Ischnura sp. 	nymphs).  

.A.Pr'oft 	s 	. 	spi,  

Ch 	._, 	sp. 	f- 	
. 

i Dromogomphus sp.  
Progomphus sp. 	, 
Brechmorhoza sp. 

4 
, PXPlemls....44U342;00.fA 

- - -- - - - ---- ErInglerax sp. i  
Paltothemis sp.  

, 

— , 	, , A 

Ephemeroptera(Mayfly nymphs) 

Baetis macahis 

Baetis meeheanis 

_ . 
Cnenis kimminis 
Choroterpes oadrica 
Cloeon pillican 
EcdYonurus islamabadicus 

 

admiptera  

Continued:- + = Present, 

. 

. 

- = Absent 

, 

. 	, 
t 

, 

Ephemerella sp. 

Plecpptera(Stonefly nymphs) 
1 

Rheumatobates maculata 

Pea nerrinal 
CQrixa substrata 

_ 

8.  
9.  
10.  

11.  
12.  
13.  
14.  
15.  
16.  

17.  

19.  
20.  

1.  

2.  

3.  

4.  

5.  

6.  
7.  

22. 
23 

24 

25 
26 

MACROFAUNA 

Table #‘' Anima 

Stations. 
•:• 	• 	• 



Stations. 

3 
MACROFAUNA 

27. Microvelia meiVini 

riich-optera 
28. Hydrcpsyche'straightus  
29.CCheuma;lopsyche betteni 

30. isvchomia wimzingi  

2oleoptera 
31. 'Acenus bruesi 
32. ,Ancyronyx sandersoni  
33. 3erosus mucronatus  
34. lEctoparia blaisdelli  
35.Enochrus fuses' 
36. A*44044 	 
37. Ochthebius minutus  
38. Oreodytes vittatus  

.cpidoptera 
39. Cataclysta hubneri  

DLptera 
40. imulium sp. 
41. i;'sychoda sp. 
12.Culicoides sp. 
43. Tanypus' sp. 
41.CETronomus sp. 
45.141drobaemis sp. 
46. Tabanus sp. 
47. Eristalis sp. 
48. gRhydra.sp. 
49. Brachydeutra sp. 
50. Chrysozona sp. 
51. Limonia sp. 
52. Limnophora.sp. 
53. Arazma sp. 
54.Neidemannia 
55. Mica sp. 
56. Lisps sp. 
57. Ades sp. 
58.. Anopl-ieles sp. 
59. Culex sp. 
60. Orthr,cladius(Cri 
61. Protenthes sp. 

4efe4ret 106  62.Lyffin 
63. Lymnaca :Luteola 
64. Lymnaea pingpls  
65. Physa Eyylina 
66. Indoplanorbisa 

. ..-13trOpOda 

67.  
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Animals. 

Planarians. 
Oligochaetes...- 

Table 49 Productivity. of Bottom Fauna/Sq Meter. June,1979. 

Station 1. 	Station 2. 	StatIon'3. 	Station 4. 	Station 5. 

84 
- 	 . 	42 	 1611 	 85 	- 

Station 6. 

,1950 
Leeches. 254 - 21 - - -. 
Ephemeroptera(nymphs). 678 5258 .  - - - 
Odenata (nymphs) - --- - - _ 
Hemiptera - - - _ _ 
Plecoptera(nymphs) - - - _ - 
Trichoptera (larvae) - 678 - _ - - 
Trichoptera(pupae) - - - - _ 
Trichoptera(adults) - - - _ _ 
ColeOptera(larvae) 84 - - _ _ _ 
ColeOptra(adults) - - - _ 
Diptera(larvae) 3392 2035 64 4325 42 
Diptera(pupae) 339 _ 254 
Diptera (adults). - - _ _ 
Lepidoptera(larvae) - - - - _ 
Neuroptera(larvae) - - - _ 
Gastropods.. 170 - 21 170 _ 
Bivalvec. - _ - _ _ 
Fishes. - - - _ _ 

Total Number/M2 4662 8310 148 636D 127 1950 

Total Weight/a rt  ums/ 144 11.024 0.742 19.08 0.424 4.24 



Tables() Productivity of Bottom Fauna/Sq.Meter. July,1979. 

Animals. 	 Station 1. 

Planarians 	 - 

Station 2. 

- 

Station 3. 

- 

Station 4. 

- 

Station 5. Station 6. 

Oligochaetes. 	, 	42 - - 636 2459 254 
Leeches. 	 254 170 - - 
E0hemeroptera(nymphs) 	678 3392 - - - _ 
Odonata (nymphs). 	- - - - 

Hemiptera. 	 - - - - - 

Plecoptera(stonefly nymphs)- - - - 42 - 

Trichoptera(larvae) 	- 5088 - - - 
Trichoptera(pupae) 	- - - - - _ 

Trichoptera(adults). 	- - - - - - 

Coleoptera(larvae) 	85 169 - - - _ 
Coleoptera(adults). 	- - - - - _ 
Diptera (larvae) 	2926 2714 53 2756 85 85 
Diptera(pupae). 	 424 848 - - - - 
Diptera(adults). 	- - - - - _ 

Lepidoptera(larvae) 	- _ - _ _ _ 
Neuroptera (larvae). 	- - - - - - 
Gastropods. 	 212 - - - - - 
Bivalves. 	 - - - - - - 
Fishes. 	 - - - - - 
Total Number/M2 	4621 1238/, 53 3392 2586 339 

Total WeightiriGms/M3 7.844 27.984 0.0212 6.996 4.664 0.212 



Table 51 Productivity of Bottom Fauna/Sq.Meter. August,1979. 

Animals. 	 Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

Planarians. 	 - - - _ - 
Oligochaetes. 	 - - - 297 1272 254 
Leeches. 	 85 - - - _ _ 

Ephemeroptera(nymphs): 	424 4749 - - IMP 

Odonata(nymphs). 	 - - - - MEP 

Hemiptera. 	 85 - - - - 
Plecoptera(stonefly nymphs) . 	- - - - - 
Trichoptera(larvae) 	 - 2120 42 - - 

Trichoptera(pupae) 	 - 170 - _ 

Trichoptera(adults). 	- - - - _ 

Coleoptera(larvae). 	 - 85 - - - _ 

Colecptera ( cults). 	_ - - - _ 

Diptera(larvae). 	 2714 1442 890 1399 42 42 

Diptera (pupae) 	 678 - - 85 - - 

Diptera (adults). 	 - - - - 

Lepidoptere(larvae) 	 - - - _ - _ 

Neuroptera(larvae). 	 - - - - - 
Gastropods. 	 170 - - 42 - 

Bivalves. 	 - - - - - - 
Fishes. 	 - - - - - 
Total Number/M2. 	4156 8566 932 1781 1356 296 

Total 	Weight/&Gms/M2. 	3.816 11.448 1.06 3.180 1.908 0.0848 



Animals. 

Planarians. 
Oligochaetes. 
Leeches. 
Ephemeroptera (nymphs) 

Table 52 Productivity of Bottom Fauna/Sq.Meter. September,1979. 

Station 1. 	Station 2. 	Station 3. 	Station 4. 	Station 5. 	Station 6. 

- 	 85 	 254 	 339 	 594 	 339 

	

106 	 254 	 - 	 -  

	

1442 	2417 	 - 	 170 	 - 	 - 
Od onata (-1-:mphs) 	 - 

Hemiptera 	 - 

Plecoptera(stonefly nymphs) 	- 

85 

- 
- 

- 

- 

- 

- 

- 

- 

- 

_ 

- 

_ 
- 

Trichoptera(larvae) 	- 1272 - 339 - - 

Trichoptera(pupae) 	 - 85 - - - _ 
Trichoptera (adults) - - - - _ _ 
Coleoptera (larvae) 1007 382 
Coleoptera (adults). - - 170 - 
Diptera (larvae) 276 1526 477 18C56 42 11660 
Diptera (pupae) - 85 - 594 - 339 
Diptera (adults) - - - _ - 
Lepidoptera(larvae) - - - _ _ _ 
Neuroptera(larvae) - - - - - - 
Gastropods. 159 339 - - 21 _ 
Bivalves. - - - _ _ _ 
Fishes. - - - - - - 

Total Number/M2. 2990 6530 731 20268 657 12338 

Total Weight/i'Llms/M2. 9.475 22.472 0.6413 54.272 2.120 23.744 



Table 53 Productivity of Bottom Fauna/Sq.Meter . Oct. 1979. 

Animals. 	 Station 1. 	Station 2. 	Station 3. 	Station 4. 	Station 5. 	Station 6.. 

Planarians. 	 85 	 85 	 - 	 - 	 - 	 - 
Oligochaetes. 	 - 	 - 	 11 	 636 	 - 
Leeches. 	 191 	 - 	 11 	 - 	 - 	

13568
5 

Ephemeroptera (nymphs) 	1187 64 8141 1526  
Odonata (nymphs) 	 85 	 - 	 - - 
Hemiptera 	 85 	 - 	 - 	 _ 
Plecoptera(stonefly nymphs) 	- 	 - 	 - 	 _ 
Trichoptera (larvae) 	- 	 6190 	 138 	 - 	 42 	 - 
Trichcptera(pupae). 	 _ _ 	 - 	 _ 	 _ 	 _ 
Trichcptera(adults) 	 - 	 _ 

Coleoptern(larvae) 	2883 	 339 	 - 	 - 
Coleoptera (aeults). 	 -. 	 - 	 - 	 42 	 - 
Diptera(larvae) 	 678 	6614 	 - 	5373 	 - 	45453 
Diptera(pupae). 	 21 	 678 	 _ _ 	 _ 
Diptera (adults). 	 - 	 - 	 - 	

1696 

Lepidoptera(larvae). 	 - 	 85 	 - 	 - 	 -  
Neuroptera (larvae). 	 - 	 - 	 - 	 - 	 - 
Gastropods. 	 254 	 - 	 21 
Bivalves. 	 - 	 - 	 _ 	 _ 	 _ 	 _ 
Fishes. 	 - 	 _ 	 _ _ 
Total Number/iii. 	 5469 . 	22132 	 245 	7535 	

- 

	

84 	60717 

Total WeightA.Gms/M2. 	75.82 	 50.108 	 11.4S8 	11.372 	0.318 	127.859 

Om. 	 aim 

••••• 	 IMO 

41••• 

few 
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Animals. 

Planarians. 

Table 54 Productivity of Bottom Fauna/Sq.Meter. Nov. 1979. 

Station 1. 	Station 2. 	Station 3. 	Station 4. 

• 21 	 170 

Station 5. Station 6. 

Oligochaetes. 148 170 1569 339 

Leeches. I- 

Ephemeroptera(nymphs). 615 8480 64 85 

Odonata(nymphs). 12 
Hemiptera. 21 
Plecoptera(stonefly nymphs) 

Trichoptera(larvae). - 2.5440 318 - - =IP 

Trichoptera(pupae). - - - - - _ 
Trichcptera(adults). - - - - - - 

Coleoptera(larvae). 466 1017 42 - - 339 

Coleoptern(adults). - - - - - _ 

Diptera(larvae). 74 5088 - 1569 127 : 5130 

Diptera(pupae). - 339 21 63 636 ' 	2374 

Diptera(adults). - - - - - _ 

Lepidoptera(larvae) - _ - - - _ 

Neuroptera (larvae). - - - - - 

/ 
- 

Gastropods. 85 170 - - 85 

Bivalves. - _ - - - - 

Fishes. - - - - 

-Total Number/M2. 1324 30704 593 1887 2417 8182 

Total Weight/thi,Gms/M2. 27.772 225.567 1.547 272.208 3.074 113.164 



Table55 Productivity of Bottom Fauna /Sq.Meter. Dec .19207  

Animals. Station lv - 	Station 2. Stati6n 3. Station 4. Station 5. Station 6. 

Planarians. - , 	- - - - 

Oligochaetes. 170 80 180 339 594 44096 
Leeches. - - - _ _ 

Eptomeroptera(nymphs). 5512 636 85  _ 

06onata (nymphs). 	- - - 	, - _ 

Hemiptera - _ 

Plecoptera(nymphs) ' - 	, - OM. 

Collembola. - 170 
Trichoptera(larvae). 382 6381 - - 254 
Trichoptera(pupae) - - _ 

Trichoptera (adults). - - _ 

Coleoptera(larvae) - 1526 21 _ 

Coleoptera (adults). - - - - - 
Diptera (larvae) 4537.  1463 21 2671 127  6784. 
Diptera(pupae). 	' 170 - .,. 21 85 127  

Diptera (adults). 42 - 11 - - 
Lepidoptera(larva0-. - 170 - - _ 

• I 

Gagtropods. - 297 42 254 42 170.  

Bivaives. - - - - _ 

Fishes. - - - _ 

Total Number/M2, 10813 10723 381 3349 1144 51050 

TotarWeight/Ah,Gms/M.2  7.632 34.658 3.021 78.29 3.18 215.392 



1,4 

Table 56 Productivity of Bottom Fauna/Sq.Meter. Jan. 1980. 

Animals. Station 1. Station 2. Station 3. Station 4. Station 5. 

Planarians. - - - - - 
OligoChaetes. 424 - 117 5936 975 

Leeches. - - _ - _ 

Palaemon. - - - - . 

Ephemeroptera(nymphs) 157 2714 - 1781 - 

Hemiptora. - - - - - 
Plecoptera(nymphs). _ 

Trichoptern (larvae). 848 1018 - 5088 44 
Trichoptera(pupao) - - - - - 

TrichcptJra(adults). - - - - - 

Coleoptern(larvae) - - - 763 42 

Coleoptorn (adults). - - - - - 

Diptercl (larvae) 1611 3562 11 4579 42 

Diptera(pupae) 85 339 21 85 42 

Diptera(ac1ults). - 170 	, - - - 

Lepidoptera (larvae) 110. 

Neuroptera(Ltrvae). - - - - - 

Gastropods. 85 170 - 254 

Bivalves. - - - - - 

Fishes. - - - - - 

Total Number/M2. 3210 7973 149 18486 1143 

Total Weight/ig.lms/M2. 30.528 80.56 0.318 23.744 4.452 

Station 6. 

_ 

1184 
- 

Al; 
_ 
_ 
••• 

- 
_ 

- 

678 
170 

- 

- 

2541 

8.48. 



Table 57 Productivity of Bottom Fauna/Sq.Meter. Feb. 1980. 

Animals. 	 Station 1 	Station 2. 	Station. 3. 	Station 4. 	Station 5. 	Station 6. 

Planarians. 
Oligochaetes. 	 170 

Leeches. 

WOO 

8141 

•IIN• 

95 
• •IS 

276.  

M•11, 

551 
4=1 

ONO 

4070 
,=•• 

Ephemeroptera(nymphs). 	1950 7802 OP* 

Odoneta(nymphs) 339 ••• 

Hemiptera. • IMID WOO 

Plecoptera(stonefly nymphs) •••• •••• .1••• 

Trichoptera(larvae). 	6445 2035 

Trichoptera(pupae). ••I•1 

Trichoptera(adults). 

Coleoptera(larvae) 	1272 - - - _ 

Ccleoptera (adults). 	- - - - - 

Diptera(larvae). 	 2544 24422 - 254 1696 
Diptera(pupae) 	 85 1018 21 106 

Diptera(adults). 	 - - 11 - - 
Lepidoptera(larvae). 	- - _ 
Neuroptera(larvae). 	- - - - - - 
Gastropods. 	 - 678 - 42 - 3392 

Bivalves. 	 339 - - - - 

Fishes. IMO 

Total Number/M2. 	12805 44435 127 678 551 9158 

Total Weight/in.Gms/m2. 	156.88 176.384- 0.212 5.724 2.12 323.936 



Table 58 Productivity of Bottom Fauna/Sq.Meter. March,1980. 

Animals. Station 1. Station 2. Station 3. Station 4. Station 5. Station 6. 

Planarians. - - - _ 

Oligochaetes. 763 424 42 4876 170 17723 

Leeches. 85 - _ - - - 

Collembola (nymphs). - - - - 42 
Ephemeroptera (nymphs). 254 
Odonata (nymphs). - - - - - 

Hemiptera. - _ 

Plecoptera(nymphs). - 411110 

Trichoptera(larvae). 382 - - _ 

Trichoptera(pupae). - - 
Trichoptera(adults). - - 
Coleoptera(larvae). 2162 - 
Coleoptera(adults). 85 - - - _ 

Diptera (larvae). 975 42 42 2162 85 
Diptera(pupae) - 53 21 424 42 42 
Diptera(adults). - 32 21 85 
Lepidoptera(larvae). - - 
Neuroptera(larvae). - - 
Gastropods. 42 11 - 42 •••• 

Bivalves. - - - - - _ 

Fishes. 42 - - - - 

Total Number/M2. 4790 562 126 7589 339 177625 

Total Weight in Gms./142. 	58.597 1.198 0.127 7.208 0.254 29.256 



fi 

Productivity of Bottom Fauna/Liq.XLeter. April, 1980. 
r 
i 

Animals. 	 Station 1. 	Station 2. 	Station 3. 	Station 4. 	Station 5. 	Station 6. 

Planarians. 	 - 
Oligochaetes. 	 5 	 1781 	 42 	 74 	 42 	72080 
Leeches. 	 21 
Ephemeroptera(nymphs) 	307 	 - 	 - 	 - 

()donate (nymphs) 	 5 	 127 

Hemiptera . 	 5 	 IMO 

Plecoptera (nymphs) 
Trichoptera (larvae). 	11 
Trichoptera(pupae). 
Trichoptera (adults). 

Coleoptera(larvae). 
Coleoptera (adults). 
Diptera (larvae). 
Diptera(pupae). 
Diptera(adults). 

•••• 

85 
- 

212 
.42 

170 
- 

85 
- 

- 

- 
- 

3689 85 

- 

17700 
- 

42 - 
85 

Lepidoptera (larvae). - - 
Neuroptera(larvae). - - _ _ MID 

Hymenoptera (larvae). - - _ _ 170 
Gastropods. 148 - - 42 - 
Bivalbes. - - - . - 
Fishes. - - _ _ - - 
Total Number /M2. 841 5852 42 1756 84 72420 

Total Weight in Gms./M2. 8.798 0.148 28.408 195.04 9.116 0.127 

Table 59 

OP. 



Table 60 Productivity'tf Bottom Fauna /Sq.Meter. May 191* 

Animals. Station 1. Station 2. Station 3.' Station 4. Station 5. Station 6. 

Planarians. •••• Gan •1•11. 

Oligochaetes. - 212 212 - - 40958 
Leeches. - - - - - - 
Ephemeroptera(nymphs). 	- 954 254 ••• NO. AMP 1111111. 

Odonata (nymphs). 64 42 OWN IMO 

Hemiptera. 42 21 ••• 

Plecoptera(nymphs). - - - _ ••••• .111,  

Trichoptera(larvae) 7292 - ONO • MN, 

Trichoptera (pupae) 85 _ MOD 

Trichoptera (adults). - _ /MP 

Coleoptera(larvao). 360 - IMO •••• MIN 

Coleoptera (adults). 21 OIND 

Diptera (larvae). 551 297 - 4325 2459 48972 
Diptera (pupae). - 21 - 339 1102 4113 
Diptera (adults). - 21 - - - 85 
Lepidoptera(larvae). 21 goo •••• 

Neuroptera (larvae). - WINN ••• 

Gastropods. 170 - - 64 ••••• 0111. 

Bivalves. - - - - 
Fishes. - - - - - - 

Total Number /0.1.:A....- 9560 868 212 4728 3561 94128 

TotalWeight in Gms./MP. 57.876 3.816 0.53 15.9 6.36 137.8 
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most of the fishes can not tolerate pollution and were not found 

in the Leh stream after Satellite Town. 

Productivity of Bottom Fauna. 

72 
According to Usinger (1956) productivity was used by 

Hazzard.to  classify streams.His standards were : Grade l(rich stream 

- more than 2152 bottom organisms by number clt, more than 29 gms. 

weights rer square meter; Grade II(average)- 1076 to 2152 organisms 

or 11 to 22 gms. weight; Grade III(Poor)- less than 1076 organisvoS 

or less than 11 gms weight per square meter. 

The productivity of bottom fauna was usually rich in the 

Leh and its tributaries in Islamabad. At station 3, in the III 

tributary)  the productivity dropped and was lowest after receiving' 

industrial effluents. It increased on station'4 as the pollution 

was diluted due to clean water of the Badarwali Kas(4th tributar10, 

it again slightly decreased at the station 5 (Daryabad) and highest 

at station 6 (Soan Camp.). 

Fishes were found in the non-polluted water of the Leh nytd 

its tributaries. The bigger size of fishes were found in the deep 

water near Zero Point and Badarwali Kas .Frogs were usually found 

in non-polluted water.Tortoises were found only near Soan Camp. 

At the Soan Camp. Channa  punctatus ,a bigger size of fish was 

found and young of Chela sp. were found in spring 1979. 

(6) 	Discussion.  

The water of the Leh and its tributaries passes over the 

hilly tract and dissolves calcium from limestone bed , so calcium 

as Ca." is slightly higher than W.H.O.'s International Standard cf 
82 

Drinking Water(1971). The permissible limit of total hardness is 
82 

100 mg/lit.(1971) but in the Leh and its tributaries,it was 250 tc 

'390 mg/lit which was sufficiently high. Magnesium 	nitrates an,' 

i chlorides were within the limits. In the Leh stream,presence of 

nitrates indicatesslight sewage pollution,so it was higher in 
were 

polluted water. Sodium and potassiumgradually increased in . 

quantity from non-polluted to polluted water, the highest quantities 

-were found at the Soan Camp (Table 61). Nat and K. can be used es 
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indicators of domestic pollution.Dissolved oxygen also indicates 

pollution.The highest dissolved oxygen was found, in non-polluted 

water but there was sudden drop at station 3 where Industrial 

Effluents were present. There was gradual decrease of dissolved 

oxygen in stations from 3 to 6, usually very little at the Soan 

Camp . Fish oan not live below 5.0 mg/lit dissolved oxygen excem.. 

Channa punctatus and they were found in the Leh at station 6.The 

young of Qela' sp. were present at station 6 in spring 1979 and 

seems that they ascended from the Soan River in search of food. 

The Industrial Complex of Islamabad consists of effluents of vlour 

Mills,Vegetable Ghee Factory, 7-UP Beverage Factory, Marble Facto-. 

-ies and Steel kills, so there seems to be no deleterious substanc 

Pollution is due to putrefaction of wheat and flour and increase 

total hardness due to the effluents of Marble Factories. 

According to Ali(1979), 88 species of algae were found i-

district Rawalpindi,while in the Leh, 54 species were fOund 

which are sufficient number for a stream flora.. The highest numb., 

was found in non-polluted water and lowest Ebb Soan Camp, algae ar 

affected by pollutilekn-water.The number of microfauna increased by 

pollution and highest number 	the Soan Camp.Macrofauna species 

were highest in non-polluted water and lowest on the Soan Camp. 

About 100 macrofauna taxa were found in the Leh stream and its 

tributaries which is good member of a stream fauna. As mentioned 

by Avery (1970), the numbers of Ephemeropteral Trichoptera and 

Coleoptora below sewage outfell were lower than those found above 

In the Leh stream, the above mentioned groups of insects(Mayfly 

nymphs and caddisfly larvae) were either few in number, 'absent ii 

polluted waters ,although a large number of these insects were 

found in non-polluted water.Nymphs of dragon and damselflies 

were found only in non-polluted water.According to Hazzard 
72 

classification(1956) of streams , the productivity of bottom 

fauna by number and weight was very high except station 3 and 

station 5 and highest at the Soan Camp. In the non-polluted and 
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polluted water insect /roups differ, greater number of EphemeropteY 

and Trichoptera at stations 1 and 2 and Diptera on the Soan Camp. 

The presence of sufficient number of algal species shows 

that primary Producers are enough in the stream.It is generally t 

thought that plankton are found only in standing waters such as 

ponds and lakes. Whitton (1975)73  mentioned that zooplankton of et 

river might form an integral part of lotic community and contribute. 
4. 

	

	
sighificantly to biological productivity of ecosystem. A number of 

plankton were found in the Leh stream. According to Whitton (19761'  

macroinvertebrates in flowing water ecosystem function as 

shreddars , collectors, grazers and predators - served as interre. 

-lated carbon dioxide producing, temporary storage bins for 

organic compounds , which are eventually converted to carbon dior 

oxide. In the Leh macroinvertebrate fauna was found in good number', 

nearly at all stations. The benthic fauna usually consists of 

macroinvertebrates which were usually in large number in the Leh 

stream.According to Meehean and Ali(1967)59  and Ali(1968) ? & 8  

and (1975) 15  macroinvertebrates form the food of many fishes, 

so it is quite evident that the Leh stream contains enough food 

for fishes. Ali(1969)9 stated a large number of bottom organisrnS 

were drifted during flood seasons. 

The .Leh stream is much affected by the floods , so in the 

intrest of fish culture Usit/in illIbbeAents should be made. 

USinger (1956)72  ,"Streams fish need pools for protection and 

riffles for food production and spawning, for stream improvement 

there should be both types of habitats 1:1 in ratio. Pools can 

be created by small dams or by deflectors strategically placed. 

Banks are stabilized by planting to prevent erosion",. The above 

1/4  
mentioned improvement can be done in the upper reaches of the 

Leh and its tributaries will be developed for the fish culture 

in Islamabad. 

Pollution in the Leh stream is usually due to organic 

mattert Okost studies on enrichment indicate that community 

respiration exceeds photosynthesis", Whitton (1975 )73 
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The same condition was found in the Leh, highest number of 

fauna was found.oil the Soan Camp, but least quantities of 

dissolved oxygen was present. Soaps and detergents are also 

toxic but in the Lehl they affected little on algae and in.verte 

-brates. Na
t 

and Kt  shows gradual increase in quantities -ftom 

non-polluted water, so they can be used as domestiC pollution ;2 

indicators . Among macrophytes Pydrilla nhd Potamoget on' serve 

to indicate nonpolluted water . Among macrofauna, nymphs of 

mayflies , dragonflies ,larvae of cac1disflies and mussels indicat 

non-polluted water .Lemna is usually found 'in organically pollute 

water. Among algae Scenedesmus ,Closterium ,Euglena ,Phacus and 

and Microcystis are indicators of pollution. Among microfauna 

Centropyxis  lEuplotes,Epistylis ,Carchesium ,Colpidium Oxytricha  

and Spirozona indicate polluted water. Among macrofauna 1  

Tubifex 	 ,larvae of Culex, Culicoides,Chironomus, Lispe  

Eristalis,Ephydra and Brachydeutra indicate pollution. 

(7) 	Conclusion. 

A large area of Islamabad i.e., about 90 square ra 

miles is drained by the Leh and its tributaries where the water 
r. 

is usually non-polluted. It is just possible that these streams 

can be used for water supplies .Due to erosion these streams are 

lying in low areas and their water can not be used for irrigation 

unless lifted above. The water of the Leh in Rawalpindi is unfit 

even for irrigation .if These streams are properly managed can be 

used for fish and crab culture . 'or spawning and food, pool 

areas may be maintained by using deflectors such as logs or 

constructing small darns. 

The effleente of Industrial Complex of Islamabad 

are harmful and spoil the water'quality, so the used water of th 

industri6s should not be discharged into streams without treatmew 

The large drains of Rawalpindi town should' tae diverted into 

sewerage lines, the water from dhobighats and service station may 
he pelluticn in not be allowed to enter in the Loh stream.T-- 
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Rawalpindi is mainly due ti domestic and sewerage wastes. 

Physical pollution of the water is due to erosion which 

can be controlled by planting trees along the banks.Pollutien 
indicator species were also determimd. 

(8) 	Need for Additional Research.  

More extonsiin work should be done on effect of pollution. 

Regular 24 hours collection should be done before and after the 

discharge of major industrial effluents and sewage from drains 

at least once a season each r::onth.Bactoriological studies may 

also by done , so that a correlation may be found between 

water quality and organisms. 
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