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Suemary 

The literature relating to various aspects of frephewator 

ecolory has been reviewod. Special attention waa paid to that dealing 

with’ limiting factors in frochewater, methods of anmpling bottom fauna, 

water pollution acaioey and experimental work on fresh-water inverte- 

vratete f 

The effects of sewage effluent discharges on water quality and 

the riffle benthic community of a number of Midlands stream. were ; 

etudied. The riffle community was sampled quantitatively and it was 

found that it wae possible to relate different benthic communities to 

varying degrees of organic enrichment. The importance of sensonal 

changes in influencing distribution was observed and conmented vpOne 

Bpecial attention was paid to the distribution of the Chironomidae in 

polluted wators, this group wao found to be particularly abundant and 

different o;ccies varied in their tolerance of polluted conditions. 

In the laboratory, apparatus was constructed to atudy the effects 

df some of the factors ansociated with organic pollution on a number of 

Anvertobrates associated with varying doprees of organic enrichmonte 

The factora investigated wore low dissolved oxygen concentrations, 

undianociated ammonia, dinzolved carbon dioxide and potassium ortho= 

phosphates Tt was foun? that invertebrates associated with polluted 

conditions wore usually more tolerant of these factore than those found 

in good quality waters.  Wherover possible the combined effect of these 

factors was studied and it was usually found to be more toxice 

An attempt was mide to explain the distribution of the inverte= 

brates observed from fiold work on the basis of the experimental results. 

In many cases it was found that the experimental results could explain 

the presence or absence of a gs) ecies fron a maxeicuiar locnlity. . 

Notes, are included on the biology of some common benthic invette-~ 

brates in relation to their use as indicators of organic pollutione 
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1. Introduction 

Water pollution, although a great problem of recent years, 

ds not a feature solely of modern society. The polluting of 

natural waters almost certainly commenced several thousand years 

ago when man began living in large communities. The organic waste 

from many of these old cities was discharged into the neighbouring 

atream or river on whose banks whey were built. 

It was not until the 18th and 19th centuries, with the advent 

of the Industrial Revolution in Europe which resulted in increasing 

urbanisation, that the problem became really serious. The problem 

was realised in the 19th century and various acts were passed to try 

to improve the standards of the ecelnants During this century 

increasing attention and money is being paid to the problem, but 

this, in most cases, is being matched by an expanding population 

resulting in increasing waste to be disposed of. 

The earliest scientific work on pollution was almost soley 

chemical, mainly because chemistry was already an established science 

and not much was known about fresh-water biology. Interest in 

biological aspects of pollution probably began in Germany and the 

Tesults of this aeely work were synthesized and published by 

Kolkwitz and Marsson (1908, 1909). They produced their 

"Saprobiensystem" for the Dosedeuent of organic pollution. They 

postulated that when a river receives a heavy load of oryjanic 

matter the normal process of self purification would result ina 

series of zones, of decreasingly severe conditions, succeeding one 

another downstream, and each zone contains eiarastertatic animals 

and plants. f 

Tiebmann-(1951) revised this system and, like Kolkwitz and 

Marsson, produced a list of indicator species for each of the zones. 

  

  
 



    

Generally these were more carefully selected and therefore constituted 

a considerable advances He also considered micro-organisms to be 

far more important as indicators of pollution, and as a result did 

not adequately consider the macrosinvertebrates. Other continental 

workers have developed tho system further and subdivide some of the 

zones e.g. Sramekelusek (1958). 

In the United States workers such a5 Campbell (1939). and 

Brinley (1942) independently produced a similar system to that of 

the Evropean fresh-water biologists. Other workers however had 

noted that pollution also influenced the distribution of macroscopic 

invertebrates. In Britain, Pentelow and Butcher (1938) were among 

the earlier workers, while later Hawkes (1956) and Hynes (1959) made: 

similar observations. Richardson (1921, 1929) and later Gaufin and 

Tarzwel) (1952, 1956) were aleo paying particular attention to macro@ 

invertebrates with regard to pollution 4n the United Staten. 

Ag a result of the great increase in information about 

pollution, it has become obvious that tae same general type of 

Guccession oacurs everywhere. 

Water pollution has, for the pake of convenience, been 

divided into six kinds, depending on the type of effluent. One of 

the most important is organic pollutions This type of pollution is 

very eontiex and can result from a wide varicty of effluents, the 

most widespread being sewage. An organic effluent can change the 

ehemical composition of the river water and subsequently the ‘biology 

of the stream bed, because of its complex nature it is not sure how 

the changes are brought aboute The effluent usually brings about 

de-oxygenation of the water but also adds poisons such as ammonia 

and inerenses the carbon dioxide content, which can increase the 

effect of the desoxygenation.e It also causes silting of the stream 

bed. 

 



The purpose of the present study was twofold. Firstly to 

dnvestigate quantitatively the effect of various domestic organic 

discharges on the distribution of invertebrates with particular 

reference to the distribution of the Chironomidae. Secondly to try 

to establish the relative importance of the various chemical changes, 

associated with this type of pollution, bn bringing about changes in 

the distribution of the macro-invertebrates. 

The research was conducted along these two broad lines. 

The investigation of the effect of the organic discharges commenced 

with a detailed study of the River Cole. This tributary of the 

River Tame was studied for a period of 13 months, six stations were 

selected for, study, one above the entry of a sewage works' effluent and 

five below. The species collected were identified as far as possible. 

The Chironomidae, which have been largely ignored in this country 

because of the difficulty of identification, were studied in great 

detail to try to establish if their distribution corresponds with 

the degree of pollution. Chemical samples were also taken every 

month to try to establish what chemical factors were likely to be 

important in this particular river. 

Further quantitative field work was undertaken in the 

following two years. Where possible the rivers chosen were those oH 

in which the effluent produced very different chemical changes in 

the water to those in the River Cole e.g. Merry Hill Brook, 

Wolverhampton received an oxidised effluent and as a result very low 

concentrations of ammonia and very high concentrations of oxidised 

nitrogen, in the form of nitrates, and orthophosphates were presente 

, The intention was to see if sewage effluents had a standard effect 

on the fauna. 

. The second line involved a laboratory study on the effects 

of such factors as low oxygen, high carbon dioxide and ammonia 
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concentrations on a variety of invertebrates, ranging from species 

associated with gross pollution to species associated wi th very 

clean water conditions. To investigate those factors apparatus 

was constructed in which the water was continuously circilated and 

where such factors as the oxygen and carbon dioxide concentration 

eovld be automatically controlled. Wherever possible the combined 

effects of these factors were also studied. : 
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@. Review of the Literature 

Fresh-vater cology 

Aquatic organisms have attracted the attention of biologists 

for a long time. The early work was seriously handicapped by the 

dnability to identify the majority. of the organisms living in fresh- : 

water. It is only in the last 50 years or 650, with the introduction 

of identification keys for most of the common groups, that a really 

seientific study has been possible. 

Factors influencing the distribution of fauna in fresh-water 

The nature of the stream-bed communes is largely determined 

by the following interrelated factors: - 

le The speed of the current over the stream bed. . 

2. The physical nature of the stream bed. 

3. The presence of Reanosthcstation: 

4, The chemical nature of the water. 

5. The physical nature of the water. 

The effect of each of these factors will now be considered 

in more detail. 

1. Mhe speed of the current 

fhe importance of the current in determining the distribution 

of animals in streams has been demonstrated by many workerse 

Ambuhl (1959) studied the distribution of organisms in 

relation to the speed of the current. He showed that animals appear 

to select certain current speeds in which to live. Sinulium 

reaches maximum abundance at a speed of 80cm./sec., Hydropsyche 

angustipennis at 60cms./sec., whereas Gammarua pulex reaches its 

  

peak at 15cms./sec. 

Edington (1965 and 1968) studied the distribution of net- 

Spinning caddis larvae in relation to the water velocity. He found 

  
 



" it? ee. owt? 

that some species e.g. Hydropsyche instabilis occur predominantly 

in rapids, while others e.g. Polycentropus flavomaculatus occur 

predominantly in pools, He found that larvae of Hydropsyche could 

detect changes in flow and redistribute themselves so as to remain 

4m fast flow conditions. 

Dorier and Vaillant (1954) tested experimentally the ability 

of various animals to withstand various current speeds. They found 

that generally the most tolerant animals in this respect were those 

whieh preferred rapids in nature, and the least tolerant were those 

which preferred stagnant water in nature. 

Thus current is obviously an important factor in determining 

the distribution of animals. Animals vary in their tolerance to 

current; some are strong swimmers while others have special clinging 

structures enabling them to colonise fast reaches. On the other 

hand some are weak swimmers and are easily dislodged and washed aways 

2. The Physical Nature of the Stream Bed 

This is usually closely related to the rate of flow. Where 

the flow is rapid the stream bed is Soaceaed of rock or gravel, 

however where the flow is sluggish it allows silt to be deposited 

producing a bed of silt or mud. There are, of course, all types of 

intermediates between these extremes. 

Many animals select clean stone surfaces e.g. Ecdyonurus and 

Rhyacophila, and are thus found where the current is fast. Others 

@+g- Tubificids and Chironomids are burrowers and mud dwellers so are 

found where the stream bed is muddy. 

The distribution of fauna in relation to the nature of the 

Stream bed has been investigated by many workers. 

Percival and Whitehead (1929 and 1930) and Jones (1949 a and b) 

recognised various habitats based on the composition of the stream 

‘bed and then showed that each of the various biotopes had a 
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eboracteristic community. 

Maitland (1964) compared the invertebrate fauna of sandy 

and stony substrates and found striking differences in the fauna of 

the two habitats. Characteristic of the sandy substrates were 

worms, there were very few/atoneflies, mayflies, leeches or Gammarus. 

In the stony substrates the reverse was found. 

Thorup (1966) bays that many European workers use Thienemanh's 

¢lassification, whereby he divides th? stream into various biotopes 

based on the nature of the substratum, — whe 

The importance of the phyaicek nature of the Seven ued an’ 

Anfluencing the distribution of animals is then widely acknowledged. 

3. The Presence of Macro-Veretation 

The presence of vegetation in both the stony and silty 

renches will change the nature of the habitat and the community of 

animals. ' 

Percival and) Whitehead (1929) on studying the various types - 

  

of stream bed recognised four habitats with varying amounts and 

types of vegetation. They found that Gammarus abounded where the 

atones were covered with moss. Baetis had a similar distribution 

but was also found where there were dense outgrowths of lotomageton. 

“cdyonurus and Agapetus however preferred stony substrates and were 

virtually absent where the stones Nave ‘woeEl covered. 

Harod (1964) studied the animals on four types of plant 

ourfaces, namely, Ranunculus fluitans, Carex, Callitriche and 

Yerronica beccabunga. It was found that several animals were 

present on all Plante but others showed preferences for a particular 

plant e.g. Gammarus pulex and Hydropsyche sppe Showed a distinct 

preference for calli triche », Sinuliun ornatum dominated the 

populations of both Carex and Ranunculus but were hardly present 

elsewhere. 
  
 



  

4, The Chemical Nature of the Wator 

The chemical composition of natural waters can vary greatly, 

it is possible to recognise soft and hard waters, acid and alkaline 

waters etc. These differences in chemical composition are known 

to influence the distribution of animals and plants in fresh water. 

Moon (1939) compared the streams of the New Forest with 

those of the Hampshire Avon and showed how chemical factors such as 

pit and hardness could possibly control the arrangement of the fauna 

over large areas, New Forest streams were gencrally acid (pH 6.0-6.5) 

ani very hard, the Avon tributaries were more alkaline (pH 7.5-8.0). 

In the former the average number of animals per square foot was 68 with 

ten different species while in the latter it was 380 with 15 different 

species, 

Mann (1955) studied the Qintrinution of leeches in waters of 

varying hardness. He found that in soft water the most numerous 

leech wes always Erpobdolla octoculata while in hard waters Helobdella 

Stegnalio was always the dominant types Genorally he found that 

leeches were more abundant in hard waters 

™ucker (1953) compared sixteen ponds of varying chemical 

composition and conereaea that the calcium concentration and the 

quantity of dissolved organic matter in the water are important 

factors in influencing the numbers of animals present. This was 

frac out by Reynoldson (1961) who found that there was a relatione 

ship between the distribution of Asellus in the Lake District and 

the total dissolved matter in the waters. 

S. he Physical Nature of the Water 

The offect of temperature as an environmental factor is 

often difficult to assess because in stream environments it is often 

linked with the speed of the current and the type of bed, cooler 

waters usually being associated with the shallow rapids which are 

a
 

 



  

more common in the upper reaches of rivers. 

The possible effects of temperature on the distribution of 

Heptagenia lateralis in Lake District streams has been studied by 

Macan (1963). He found that this species was abundant only in 

streams where the highest temperature was about 18°C or less. It 

was ocarce or absent from all others except ones 

Other known examples of animals being restricted by 

  temperature are the flatworms, Crenobia alpina and Polycelis felinas 

Both are restricted to cold water, the former to below 13°c and the 

latter to below 17°C. 

| 

2.2Hethods of Sampling the Bottom Fauna in Stony Streams 

The methods of sampling the bottom fauna have been reviewed 

by Macan (1958). He recognised five main methods and also outlined 

their disadvantages. These were; = 

l. ldfting by hand of individual stones. 

The main criticism of this method is that it is limited to 

substrata of large stones and that it is not really a quantitative 

technique. It is however used extensively and if the sizes of the 

stones are caleulated it can yield comparable figures. 

2. Provision of a brava area of removable substratum for colonisation. 

This method was used by Moon (1935) in his Windermere survey. 

However his technique of placing an artificial substratum, which was 

allowed to be colonised and then removed and the animals counted, 

on top of the real substratum, would seem more suited to a lake and 

there would be problems of bedding-down in streams. Other workers 

have used tiles and concrete blocks but these would be colonised 
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only by the animals which occur on the bigger stones. 

3. Boxes and cylinders. A given area is enclosed and the animals 

within it removed. 

There are a number of different methods for enclosing a
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known area. Neill (1938) used a cylinder while Jonasson (1948) 

used a boxe Generally a detachable net is attaghed to the back 

of the sampler so that organisms distributed within the cylinder are 

swept into it. The main problem encounted when using this type of 

sampler are that a fair current is needed and that the substratum 

should not be too stony. 

4, Fixed nets. A known area upstream is disturbed and the 

animals dislodged from it are washed into the net. 

This type of sampler is very popular in America and was 

extensively used by Surber (1937). His sampler consisted of two 

square frames at right angles. In operation one lies flat on the 

_° bottom, and this marks the area to be sampled while the other stands 

vertically and supports a net. Organisms that are dislodged from 

d t the sampling area are then swept into the net. 

+ i 5. Nets that are pushed forward through the substratum 

This type of sampler has been developed by a number of 

people including Percival and Whitehead (1926), and Macan (1958). 

In essence it is a type of shovel or scoop that is pushed through 

  

the substratum for a desired distance. The substratum removed is 

collected ina net behind the cutting edge. Although this type of 

oh sampler seems to give good results it does seem to be difficult to 

vee and eshVy the area sampled tends to be rather small. i 

The give of the mesh has been shown by Jonasson (1955) to f 

be of supreme importance when dealing with samples of bottom fauna   especially where accurate quantitative work is required. He found 

that the 0.6mm. which is commonly used is inefficient as chironomid 

ye larvae up to 10mms. can pass through. When small meshes gauges were 

employed the total number of individuals captured increased by 

100-600%,. 

Maitland (1964) confirmed Jonasson's findings and found that 
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many aver tabrates are able to pass tlirough coarse meshes of 8-16 

threads/em. ani even meshes of 16-24 threads/em. may allow a 

considerable proportion to pass throughs It must be realised 

however that coarse meshes will certainly allow more samples to be 

taken and analysed in a given time, and that each mesh size has its 

uses. 

To obtain.a clear picture of the animals present in a 

particular area of stream bed Chutter and Noble (1966) calculated 

that 3 square feet should be sampled. They also pointed out that 

the variability of species counts will be reduced if the sampling 

areas are restricted to areas of similar physical nature. 

History of Pollution Neology 

The fact that organic pollution could bring about a change 

dn the communities living in a stream has been known for a long 

time. This fact was utilised by Kolkwitz and Marsson (1902, 1908, 

1909) when they drew up their Saprobity systems They were among 

the first to study scientifically the effects of pollution on 

aquatic organisms, and as a result of their studies they were able 

to draw up their system whereby the degree of pollution of streams 

could be evaluated by the orcanisms living there. The organisms 

they used in their system however were mainly micro-organisms % 

although a number of macro-organisms were included. 

They recognised that rivers that heve become polluted with 

organic matter undergo self-purification and they distinguished 

three main zones which they termedi- 

1. Polysaprobic zone. 

2. Alpha = and Beta = Mesnsaprobic one. 

3. Oligosaprobic zone. 

i. The Polysaprobic zone is characterised chemically by high 

Fb 
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concentrations of complex decomposable organic matter. Oxygen is 

frequently absent and hydrogen sulphide is produced, The biological 

community is characteristic in that only a few groups are present. 

However those that are creaent are there in great numbers and of the 

macro-invertebrates they listed Tubifex tubifex and Eristalis tenax. 

2. The Mesosaprobic zone which they sub-divided into 

am) Alphaemesosaprobic zone, this contains a high content of amino 

acids, Oxygen is usually present in this zone, and this can vary 

owing to the development of green plants especially algae. There 

ida etill a restriction of species, and the common forms were 

Chironomus plumosus, Sialis lutaria, Sphaerium corneum, Tubifex 

tubifex and Tanypus monilis. 

») Betaoneuceerronts zones In this zone the oxygen content is 

fairly high usually being more than 50% of saturation, and there is 

@ great diversity of plants and animals. Gammarus fluviatilis, 
  

Asellus aquaticus, Hydropsyche angustipennis and Limnaea species 

are usually found in this zone. 

In the mesosaprobic zone ammonia is usually present. 

3. Oligosaprobic zones In this zone oxidation is completed, the 

water is clear and rich in oxygen. This zone is characterised by 

having a wide range of species of both plants and animals. 

Irrespective of the value of the indicator organisms they 

chose, Kolkwitz and Mareson nevertheless brought to light a number 

of important facts concerning pollution by decomposable organic 

BALESES Firstly they showed that one finds a succession of 

different communities in organically polluted streams. Secondly 

Sommunities nearest the pollution are few in numbers of species 

but rich in numbers of individuals. As one moves downstream the 

numbers of species in the communities increase. Thirdly they 

 



tried to define the chemical conditions persisting in their zones. 

They pointed out that an oxygen sag occurs as a result of pollution, 

and also that there is an increase in the concentrations of such ; 

substances as ammonia. 

Although German biologists seem to have been the first to 

take an active scientific interest in water pollution, the increasing 

problems of pollution in the Western hemisphere prompted biologists 

in other countries to carry out survey work on polluted streams and 

rivers. 

In the United States of America Richardson (1929) studied 

the Illinois River over a period of 12 years. Between 1913 and 

1920 the river was becoming increasingly polluted, between 1920 and 

1925 however, owing to better treatment the river could be said to 

have improved. He showed that during the first Gerind the numbers 

of clean water species collected fell from 91 to 15. With the 

slight improvement in the second period the number of clean water 

species rose slightly to 28 in 1925. Another important fact to 

emerge from his work was that as a result of the increasing 

pollution the numbers of animals such as chironomids and tubificids 

greatly increased. — 

Following Richardson's early work, Gaufin and Tarzwell 

(1955 and 1956) made a useful contribution to our knowledge of the 

ecology of water pollution. Their work on Lytle Creek, Ohio entailed 

Fegular studies of the bottom organisms throughout the year, coupled 

with regular monthly water samples. As a result of their studies 

they showed that it was during the summer months when flows are’ low 

that variations in dissolved oxygen and pH were at a maximum. 

During winter, with increased flow rate and a slower rate of 

bacterial activity, higher concentrations of organic matter are 

Garried into the lower sections of the stream. As a result of this 

  

 



  

greater organic content the "sewage fungus" zone extends further 

downstream in winter. This extension of the "pollutional carpet" 

can bring about a significant redvetion in the variety of macro= 

invertebrates. 

The results of their work in the benthos produced similar 

results to those of the other workers already discussed. 

Their more important results can be summarised: ~ 

1 = The septic zone (immediately below the effluent) had less than 

one fifth as many species as clean water areas, but the number of 

dndividuals of each species and the total numbers of animals per 

vnit area were many times greater. Some of the animals typical of 

thie zone are Tubifex, Eristalis and Culex pipiens. These organisms 
  

are adapted to live under low dissolved oxygen conditions either by 

being independent of oxygen dissolved in the water or by being 

specially adapted to utilise these low concentrations of dissolved 

oxygen. 

2 =< In the Recovery zone the community is cnaracterised by lesser 

numbers of the species found in the septic zone together with 

varjable numbers of the more tolerant animals found in clean water. 

3 - The clean waters were characterised by a great variety of 

dnvertebrates, the communities consisting of herbivores, carnivores 

and omnivores. In general the population contains abundant gill” 

breathing forms such as tiayflies, stoneflies and Caddis flies. 

Studies on the effect of pollution on organisms in the 

United Kingdom really began with the work done by Butcher et al 

(1937). They showed what disastrous results can be produced when 

large quantities of organic matter are discharged into a streams 

The original invertebrate fauna was completely wiped out for a 

considerable Wintavee downstream to be replaced by a community 

consisting of worms. It took almost a full twelve months for the 
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normal fnund to recolonise the upper reaches, 

The survey on the River Tees (Butcher et al 1937)\showed, 

ap in other countries, that successive communities will be produced 

when a river is organically polluted. The River Skerne, one of the 

tributories of the Tees was polluted near its sources In thei’ 

polluted upper reaches only a few chironomid larvae and Tubifi¢ids 
\ 

were found. Downstream however chironomid larvae, Simulium ornatum 

ant "ydropnyche sp. were commons Further downstream Bactis and \ « — 
{ 

lisnaca appeared, to be followed by Gammarus pulex and Hydroptila\ ape\, 
a 

The Skerne, after flowing through Darlington, received \ 

nucerous effluents which brought about two quite different resulte} 
\\ 

with regard to the composition of the faunas Some species were /\ 

progressively reduced in mumbers and then completely eliminated. net 

Arioals affected in this way were Gammarus pulex, Hydropsyche Bpe 

and Raetis. 

The Bkerne, on entering the Tees, produced marie’ chiinges 

in the flora and faunas Below the entry of the Skerne Tubificids E 

were the dominant Srcansant these soon decreased in numbers giving 

way to large numbers of Asellus aquaticus, Erpobdella octoculata 

and Limnaea pereger.s These also decreased in numbers downstream. 

The River Trent (Butcher 1946)-was organically polluted at 

Stoke and Butcher studied the biological recovery of the river over 

se distance of 35 nilea. The river was very badly polluted, this 

being reflected by the oxygen and ammonia concentration. The 

oxysen concentration which above Stoke was 107% saturation dropped 

to nil below Stoke rising again to 77 after 35 miles. Ammoniacal 

nitrogen rose from O.2p.p.m. to l4pspem. below Stoke and then 

dropped off to lpepem. after 35 miles. The fauna was strikingly 

affected by the pollution at Stoke. The first animals to appear 

were Tubificids approximately 4 miles below the effluent to be 

\ 
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folloved by the red Chironomids when the dissolved oxygen was Bh, 

of saturation and the ammonia concentration 1l.5pepeme Asellus 

was the next animal to appear, by now the oxygen concentration was 

4oQ~e of saturation and the ammonia concentration was still 11.5pepems 

-» -\us was followed by leeches, Gammarus and caddis respectively 

as the ammonia and oxygen concentrations gradually improved. 

Butcher's work on the River Tame, which is a tributary of 

the Trent provided similar faunal sequences to his work on the Trente 

Hawkes (1955) also studied the effect of organic pollution 

om Midland streams, His work on Langley brook showed extremely 

well how various species of invertebrates attained their greatest 

susbere at various distances below the Sewage outfall. Chironomus 

plucosus. and Tubificids were most numerous within 100 yds of the 

source of pollution, Asellus NGot trots and Helobdella stagnalis 

were most numerous within 500 yds, Erpobdella sp. within 600 yds, 

Hysropsyche within 1,500 yds and Gammarus from 2,000 yds onwards. 

Within the last twenty years increasing pollution of streams 

and rivers has led to more and more river surveys. The importance 

of the biota in helping to detect pollution has now been realised 

in most countries of the world. 

In South Africa Harricon (1958 & 60) and O1iff (1960, 1963, 

1964) have carried out thorough surveys of both polluted and non— 

eeviutad rivers. 

Harrison investigated the Great Berg and Dwars Rivers, toth 

of which were mildly polluted and also Krom stream which was more 

Seriously polluted. . In all cases mild pollution had two broad 

efLoctaie ; 

ie it suppressed or eliminated forms normally found in mountain 

streams. Groups offected in this way were the may=flies 

iphemerellidae, Leptophlebidae, stone-fly Nemouridae and most   
 



    

families of the Yrichopterae 

2s Tt favoured moderately tolerant forms. Baetis horrisoni, 

nerbers of the Hydropsychidae, Orthocladiinae, Chironominae and 

Linnaeidae ail increased in numbers. 

In cases of more serious pollution as in Krom stream, the « 

portal fauna was completely eliminated to be replaced by one rich 

  in tubificid worms of the, genus Tubifex and Limnodrilus and red 

Chirononids of the plumosus froupe 

Bushman's River was studied by Ol1iff (1960) and his results 

also showed how organic pollution can reduce the numbers of species 

but greatly increase the numbers of individuals. At one none 

polluted station there were over 6,000 individuals belonging to 45 

different a eeiee, while at a polluted station there were only 19 

species yet over 27,000 individuals. 

Balani and Sarkar (1961) beaatea the effect of organic | 

pollution on the River Jumna in Delhi. The river was so badly 

polluted that the Baty organisms occurring in the stream bed, other 

than micro-organisms, were tubificid worms, Chironomus, Sristalis 

and Antocha. larvae. At certain times of the year very high 

concentrations of carbon dioxide were noted, the highest recorded 

figure was 121lp.p.m. 2 a ' 

It does seem that organic pollution produces the same 

general pattern throughout the world. This becomes readily’ - 

apparent from the results of the numerous surveys already carried 

out of which those described are just examples, 

The effect of organic pollution on stréam organisms in the 

Vaitea Kingdom has been summarised by Hawkes and Ryness Hawkes 

(1962) whose work was mainly on the riffle sections of streams and 

Yivers recognised three main trends. 

1. The reduction and possible elimination of the non-tolerant 
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species O66 Rhithrogena and Gammarus. 

ae An increase in numbers of the moderately tolerant forms 

providing the pollution is not too severe esfe Baetis rhodani, 

Hydropsyche and Expobdella spe 

Se An invasion of the habitat by noneriffle species eg. Anellus, 

Chirononus ripsriug and Tubsfex. 
* The replacement community tends to be poor in numbers of 

species although rich in numbers of individuals. 

Hynes (1966) outlines the effects in the following wayst= 

1. Animals. If the river is badly polluted the clean-water 

animals are replaced by a very abundant pollution fauna consisting 

largely of Tubificidae, Chironomus thummt and Asellus aquaticus. 

Thene three types of animale succeed one another in importance 

proceeding downstream from the outfall. Also ‘present in the Asellus 

mone are leeches Gefe Erpobdella testacea and Helobdella stagnalis, 

Mollusco e.g. Limnaca pereger and Sphaerium corneum. 

2. WMiero-organisms. Bacteria are at first abundant and then 

decline as organic matter io used up. Sewage fungus appears, 

dnoreases and then declines in a similar waye 

3. Plants. At first there is a decrease in the numbers of algae 

but then, as nutrient salts are released from the organic matter, 

they increase greatly in numbers. 

The changes in the community are caused by a number of 

different ecological factors. Harrison (1960) summarises the 

factors responsible for these changes. 

1) The addition of organic nutrients results in abnormal growths 

of bacteria, Protozoa ete. utilizing these nutrientse Larger 

organicms can abound feeding on these micro-organisms Crge 

Tubificidae and Chironomidae. 

2) The addition of soluble organic compounds of nitrozen and 
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phosphorus result in algal growth and associations of fauna which 

feed on then. 

4) By causing oxygen depletion, this occurs when biochemical oxygen 

derand overtakes the re~oxygenation rate. As a result only forms 

resistant to low oxygen concentrations will survive. 

4) By redveing the clarity of the water. Many animals cannot 

tolerate suspended matter. 

5) The fouling of the substratum. Some animals are very sensitive 

to changes in the substratum and may disappear, other species are 

ore tolerant and may even benefit from these changese 

In addition to these factors two other criteria which 

frequently characterise organic pollution must be considered. 

a) The increase in the concentration of ammonia. Ammonia, 

especially in its undissociated Beaten is definitely toxic to most 

animals. 

b) The increase in carbon dioxide concentration. Carbon dioxide 

is usually produced in large amounts by the breakdown of organic 

matter. Balani and Sarkar (1961) recorded concentrations of l2lp.pem. 

in the River Jumna. Concentrations of this order would make it an 

important toxin in its own Sent but even at far lower concentrations 

it 4s known that carbon dioxide can double the minimum oxygen con= 

centrations necessary for the survival of fishes. 

It is obvious that the effect of a sewage effluent on an 

aquatic community is very complex. It is difficult to isolate any 

one factor as being of paramount importance and it does seem that 

changes produced in aquatic communities result from an interaction 

between these factors. 
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wee Cherical and Physical Hffects of Organic Effluents on a River 

The discharge of an orvanic effluent into a river can bring 

aboot enny changes in the chemical composition of the water. The~ 

more isportant changes are as follows. 

1) De-oxygenation 

This is a very common feature of organic pollution and. has 

been observed by many workers. Because of the effect of the 

evrrent the depletion in the oxygen concentration, which is usually 

known as the ‘oxygen Bag', takes place some distance downstream of 

the effluent outfall. Proceeding further downstream there is a 

gradual recovery in the oxygen content and eventually it will reach 

its former level. : . 

There are a number of reasons for this oxygen depletion and 

these have been summarised by Downing (1967). le recognises four 

important factors as being responsible for the depletion: 

a) The Biochemical oxygen demand of the waters This varies and 

depends on the carbonaceous content of the water and the numbers 

of micro-organisms. © 

») Dtrifieation. The nitrogenous material present in the effluent 

ie oxidised as it passes downstream, taking oxygen out of the 

water. é 

¢) Respiration of muds and slimes. 

4) Respiration of plants. 

The recovery in oxygen concentration is brought about by: 

*) Reaeration from the air, the amount of reaeration will vary with 

depth and current. 

>) The photosynthetic activity of algae and rooted plants. 

Owens and tdwards have made a special study of oxygen 

depletion and recovery in streams, and drew special attention to the 

Fole of bottom muds. ‘They state (1963) that the mud can be 
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responsible for more than 50% of the total oxygen consumption in a 
river less than 2.5ft. deep. This source of deoxygenation can be 
very important where there are large numbers of benthic orpanisms, 
In the River Lark these were as many as 140,000 per Square metres 

Gaufin and Tarzwell (1955) observed that the degree and 
extent of the oxygen Sag is affected by temperature and it is in 
summer that oxygen depletion is most intense when the rate of 
oxidation of the organic matter is affected by temperature. The 
higher summer temperatures increase microbial activity and therefore 

k oxygen demand and the oxygen depletion is more intense, Con= 
sequently self-purification is more rapid and as a result tho oxygen 

t sag is deeper although it is not usually as extensive as in winter, 

The degree of ‘oxygen depletion varies greatly but it is not 
unusual, in badly polluted rivers to have anaerobic conditions. 
Butcher (1946) found that in the Trent, polluted at Stoke, the 
oxygen concentration dropped from 107% saturation above the effluent 

t 

| to 0% below the effluent, the oxygen concentration in the river then 
t recovered gradually, 

   

   
     

4 De-oxygenation is then a typical, and very important result 
sof organic pollution, the degree is variable because of the many 
“factors Anvolved. Aquatic organisms vary in their oxygen requires | 

° nents and low oxygen concentrations can be of great importance in. 
(» ‘determining the distribution of invertebrates in rivers. 

2) Increase in Nitrocenous Material ees tn Ei trogenous Material 
An organic effluent usually increases the amount of 

ad trogenous material inithe river. The ammonia concentration is 
peually increased, but the amount present usually depends on the 
type of preetment the sewage has undergone, If the effluent is an. 
oxidised effluent very little ammonia is present, the nitrogenous 

‘taterial being mainly in the form of nitrates and nitrites, The 
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ansonia concentration of a river usually deolines downstream as it 

uniergoeo oxidation, and there is thus a corresponding increase in 

oxidised nitrogen in the form of nitrites and nitrates. 

In the River Trent (Butcher 1946) the ammonia concentration 

reached a maximum of 11.5p.p.m. This is by no means an unusually 

high figure and Woodiwiss (1964) has recorded over 30pepem. within 

the Trent Drainage Area, tad Owens and Edwards (1964) nearly 20p.peme 

Ammonia is known to be an impor tant toxicant especially in 

{ts unionised state and the increase in concentration could also be 

feportant in determining the distribution of aquatic organisms. 

i 
3) Increase in Carbon Dioxide Concentration 

Carbon dioxide is produced in large amounts by the cseabe 

down of organic matter. Balani and Sarkar (1961) recorded a 

concentration of 12lp.p.m. while working on the River Jumna, this 

ie an exceptionally high figure but concentrations of 5O0pspem. are 

referred to by Alabaster et al (1957). 

Carbon Dioxide in these concentrations would radically 

effect the minimum concentrations of oxygen necessary for the 

survival of fish. 

4) Change in the Nature of the Stream-Bed 

Sewage effluents usually contain variable amounts of 

olloidal and suspended matter, this fine matter is then deposited 

en the stream bed, the rate of settling tailing off downstream. 

Hawkes (1962) says that this fine matter from one sewage works may 

exceed 10 tons dry weight per year... : 

The deposition of the solids on the stream bed can affect 

Organisms in two ways: 

a) By smothering the vegetation and thus eliminating any food 

chains based on it. 

d) By changing what may have been previously an eroding substrate 
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into a depositing one. This would cause qgtone loving forms 

such as stoneflies, and many mayflies to be replaced by 

burrowing forms such as tubificid worms and chironomid larvae. 

5) Increane in various Salta 

A sewage effluent can often contain high concentrations of 

orthophosphates. It is also probable that salte of potassium and 

eodive are also present, as they are important constituents of 

urine. 

Unfortunately very little information is available on their 

presence $n polluted waters as the determination of their presence 

fs not usually included in river board analyses. 

2.5 Sxperimental York on Fresh-“ater Animals 

l. Effect of Low Oxygen in Aquatic Organisms 

Experiments to investigate the effect of low oxygen can be 

broadly divided into two kinds: es 

a) Those designed to show survival levels. 

b) Those concerned with oxygen consumption at various oxygen levels. 

a) Tolerance Experiments 

, Generally the results of theso experiments show a close 

correlation with evidence from field observations. 

Tox and Taylor (1955) investigated the kvban tolerance of 

Chironomus riparius and Ch. dorsalis and Tubifex sp. They found 

that all three animale survived longer in water containing 4% oxygen 

than water containing 21% oxygen. All three species are normally 

associated with organically polluted waters where the oxygen 

Concentration would be low and this could help to, explain: their 

distribution. oe 

Jalshe (1948) also exauwined the oxygen tolerance of 

chironomid larvae, and selected larvae from flowing and still waters. 
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She fouml that the tolerance reflected the habitat, the most 

eennitive to anaerobic conditions being Prodiamesa where half the 

population died in loOhrs, In the case of Chironomus longistylus 

it wae 68hre before half the population had died. Prodiamesa 

gliveces is a stream form and associated with moderately polluted 

eomditions whereas Chironomus longistylus can occur in grossly 

polluted conditions. 

Very little work has actually been performed on the tolerance 

ef British invertebrates to low oxygen concentrations, however a 

qeide can be obtained from the work of Sprague (1963). He 

fevestigated the oxygen and temperature tolerance of four North 

imerican fresh-water crustaceans. These were Asellus intermedius, 

Nyalella azteca, Gammarus fasciatus and Gammarus pseudolimnaeus. 

igellue intermedius, just like Asellus aquatic’ in this country is 

aseociated with nollutea rivers and deoxygenated conditjons. The two 

species of Gammarus are never associated with de-oxygenated conditions 

and seom to be similar in this feature to Gammarus pulex. 

The results obtained supported the field observations, 

jogllus intermedius was the most tolerant and at 20°C required an 

oxygen concentration of 0.03p.ep em. to kill 50% of the test animals 

in 24hrs. For Gammarus fasciatus and pseudolimnaeus the figures 

were 2.2 and 4.3p.pem. respectively. 

Jaag and Ambuhl (1962) investigated the effect of various 

oxygen Sbacentrations ona variety of invertebrates. They were 

nore interested however, in how the changes’ in current could 

Safluence the minimum oxygen concentrations necessary for survivale 

Tey found that even such species as Rhyacophila nubila and 

Ledyonurus yenosus, both of which are associated with good Bundiey 

water, can survive at very low oxygen concentrations providing the 

turrent is fast. At 6ems/sec. Bedyonurus venosus and Rhyacophila 
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Qoranlin both survived at Ooltpepeits At slower currents the low 

Lethal level rose to leapepeite and 1e5psepeme respectivelys 

Philipson (1954) investigated the effect of oxygen on six 

wpecion of caddis fly larvae. His results were similar to those 

ef frbuhl, the species from ewift waters, namely liydropsyche instabilis 

; ant Rhyacophila dorsalis being greatly influenced in their tolerance’ 

: of low oxygen concentrations by the speed of the current. In 

stirred waters lHydropsyche instabilis and Rhyacophila dorsalis could 

b eurvive in water with oxygen concentrations of Os9pepoms and Oo7pepeme 

reopectively. 

b) “xreriments on the Oxyzen Consumption of Aquatic Invertebrates 

A number of experiments have been performed on invertebrates 

with the idea of showing how the rate of oxygen consumption ie 

influenced by the oxygen concentration in the waters 

Such experiments are particularly important as they help to 

show how animals are adapted for life in waters of differing oxygen 

concentrations, It would be expected that animals, usually 

associated with anaerobic or near anaerobic conditions, would be 

aE i fore independent of oxygen changes in the surrounding water than 

animals from well aerated water. The majority of such experiments 

do indeed show this, and it is usually possible to recognise those 

Low animals in which the oxygen consumption was independent and those 

in which oxygen consumption was dependent on the oxygen concentration 

of the surrounding water. 

Mann (1961) investigated the oxygen requirements of five 

Srecies of leech associated with a variety of habitats. His 

x Tesults show clearly these dependent and independent fora and they 

ean also be correlated with different habitats. The independent 

forms were Erpobdella testacen and Helobdella stagnalis, the oxygen 

Consumption of the former being independent between 6 and SdeDeltde  
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while that of the latter was independent between 4 and 2pepsme 

dissolved oxyen. The dependent forms were Erpobdella octcculata, 

Piscicola geometra and dissatshonis coniplanatae 

hese results are in accordance with the accepted habitat 

preferences of the five species. Erpobdella testacea and 

Helobdella stagnalis are usually abundant in lakes and ponds with 

a lot of decaying vegetation and also in organically polluted rivers; , 

all of these are characterised by having low oxygen concentrations. 

Piscicola geonetra, Erpobdella octoculata and Glossiphonia complanata 

are usually associated with running water, although the last two can 

be found in ponds and lakes. In general however they are likely 

to frequent habitats with a plentiful supply of oxygen. 

Mann investigated four habitats, in two of which Erpobdella 

octoculata was the dominant leech and in the other two Erpobdella 

: testacea was the dominant. He found that the mean oxygen con= 

centration where Erpobdelia octoculata was dominant was 6.1 and 

4,3pepem. and where Erpobdella testacea was dominant it was 2.9 and 

1.8p.p.m. 

Edwards and Learner (1960) investigated the effect of a 

range of oxygen concenttations as well as temperature on the oxygen 

consumption of Asellus aquaticus. They found tat the oxygen ie 

consumption of Asellus was of the independent type betwean Se3pepeme 

and 1.5p.p.em. oxygens Temperature however did influence the 

respiratory activity, the test animals respired 1.5 times as fast 

at 20°C as at 10°C, This experiment could also help to explain 

the distribution of Asellus which is usually assuciated either with 

decaying vegetation in ponds and the slower portions of rivers or 

with organically polluted rivers. In these environments low , 

oxyeen concentrations would be a feature of the environment with 

Asellus being well adapted for this criterion. :  
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Specios of Chironomidae have boen experimented upon by 

several workers. Walshe (1943) found that larvae of species 

normally associated with atreams have a dependent type of reaction 

while those from stagnint ditches have an independent reaction to 

changes in the oxygen aontont of the medium. The stream forms 

usod were Projianesa olivaces and Anatopynia nebulosa and the ditch 

forms Chironuomus lonsistiylus and Anatopynia varine These results 

show quite clearly how ‘animals that normally experience Geeeyssnceon 

in their environment have become adapted to these conditions. 

Chironomus riperive, dorsalis and longistylus are red in 

colour und usually called "bloodworms", the ved colouration being 

fue to the presence of huemoglobin.e It has been shown how the 

presence of this hieapelobin together with stores of glycogen in the 

tissues enable these Cai to live in anaerobic conditions. 

Ewer (1942) and Walshe (1950) both showed how important 

haemoglobin is to the bloodworm. Ewer demonstrated how the 

haemoglobin assisted oxygen transport at low oxygen concentrations, 

while Walshe also points out how it.enables the animals to carry on 

with their normal feeding activities. Larvae in which the haemo= 

globin had been converted to oxyhaemoglobin were not able to filter 

feed at oxygen concentrations below 26% whereas the limiting con= 

centration for normal larvae is 10%. 

The impor tando of the haemoglobin is without question as it 

‘allows these animals to live in anaerobic conditions, and it has 

been shown by Czecauga (1960) that the haemoglobin content of 

Chironomus plunosus varies with the oxygen present. He investigated 

the haemoglobin content of individuals from various leveis of bed 

Sediment and found that in the individuals near the surface the 

haemoglobin content averaged 8.2% of the dry mass’ whereas in the 

deeper layers the, haemoblogin averaged 26.7% of dry mass. 
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Another important feature of Chironomus larvae which enables 

them to live in waters low in oxygen has been demonstrated by 

Augenfeld (1967). tHe showed that Chironomus thuomi (riparius) and 

plumosus have glycogen comprising 13-1 of their body weight, for 

Tanytarsus however it is 2%. The first two species are very 

tolerant of low oxygen while Tanytarsus is intolerante The Senentl 

for this high glycogen content in the Chironomus species ie that 

they are able to break down glycogen anaerobically. This type of 

respiration however, yields only 10% of the energy resulting from 

complete oxidation, and so to meet their needs a plentiful supply 

of glycogen would be required. Another feature of their metabolism 

is that the lactic acid formed as a result of anaerobic respiration 

and usually accumulated in the tissues, is somehow removed. 

AB a result of these experiments it would seem that animals 

that colonise polluted waters, such as Chironomus sppe, Tubificidae 

and Asellus, are able to do so by having specially modified 

respiratory metabolism which makes them relatively independent of 

the oxygen in the surrounding water. It has also been dembnstrated 

in species of Chironomus how the haemoglobin and storea of glycogen, 
  

can assist their survival in waters of very low oxygen content. 

It may be that similar mechanicms are at work in other tolerant 

invertebrates such as the tubificids and iveches. 

2. Whe Effect of Ammonia on Aquatic Organisns 

Most of the experiments using ammonia as a toxicant have 

been ,performed on fish. They do nevertheless provide a useful 

guide as to how invertebrates would react to this toxicant. 

It has been shown that the toxicity of ammonia is influenced 

by a number of factors including pH, temperature and dissolved 

oxygen concentration of the water.  
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Downing and Merkens (1955) using Rainbow trout ‘have 

demonstrated that amnonia is more toxic in its un-ionised form Ni, 

than as the ion nu”. Since the degree of dissociation is less 

at higher pH values, aanOnLa is more toxic in alkaline waters than 

acid ones, It has been suggested by Warren (1962) that the reason 

that un-ionised ammonia is much more toxic than ionised ammonia is 

tat ical menbranes are relatively impermeable to the latter but 

allow the former through. 

Although very little experimental work has actively been 

carried out on invertebrates it is probable that they will be 

affected in a similar way. 

Ball (1967) showed that in terms of the asymptotic LC 50. 

values there is little difference between the species of fish 

experimented on. If the concentration is increased however the 

survival times of the fish fall and differences become more marked. 

The influence of dissolved oxygen on the toxicity of 

aimonia has clearly been shown by Downing and Merkens (1955). 

With an undissociated ammonia concentration of 1.38p.p.m. the time 

it took for half the experimental fish to die varied from 80 minutes 

at 3p.p.m. dissolved oxygen to 500 minutes at 7psepem. dissolved 

oxygen. 

It is known that an increase in temperature decreases the 

survival time of fish to ammonia. The reason for this is that 

temperature affects the ionization of ammonia, there being a 

relatively greater proportion of the more toxic un-ionized molecule 

present at higher temperatures, 

Carbon dioxide can also influence the toxicity of ammonia 

but inversely, the greater the concentration of carbon dioxide the 

less toxic the annonta solution. This fact has been demonstrated 

by Lloyd and Herbert (1960) and results from the fact that an  
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4nerease in carbon dioxide would make the water more acid which 

would then be reflected by more ammonia being present in its less 

toxic ionized form. 

3, The Hffect of Carbon Dioxide on Aquatic Organisms 

Carbon dioxide can be produced in organically polluted water 

by the oxidation of the organic matter. The carbon dioxide produced 

will dnfluence the survival of organisms in the stream. 

i Dissolved carbon dioxide, in high concentrations, is known 

to be toxic to fish but even at lower concentrations it is very 

important as it can influence the survival of fish at low oxygen 

concentrations. This fact-:was clearly demonstrated by Alabaster 

et al (1957). They showed that concentrations of carbon dioxide 

which can oceur in polluted streams can more than double the minimum 

concentration of dissolved oxygen necessary for the survival of 50% 

‘of Rainbow trout for 24 hrs. At 12.5°C the lethal oxygen level for 

50% survival for 24 brs. was lp.p.m., when there was 60p.pem. of 

carbon dioxide present the lethal oxygen level none to 3.8p.pem. 

An increase in temperature between 12.5°c and 19.5°C was found to 

shorten the period of survival. 

Fox and Johnson (1934) found that the effect of carbon 

dioxide is variable in its effect on invertebrates. When Asellus . 

aguaticus was the test animal they found that in fully aerated 

“water there was no movement of the pleopods, when the oxygen 

concentration was lowered to 0.84 ccs/litre it induced a rapid and 

regular: rhythm of the pleopods. The introduction of carbon 

dioxide into the water had no effect on this pleopod movement. 

This was not the case with Gammarus pulex, both a drop in oxygen 

and an increase in carbon dioxide concentration quickened respiratory 

movement. 

It would appear that dissolved carbon dioxide could affect 

  

  

  
 



‘siderable variation in pH and that the changes produced in this respect by 
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certain invertebrates in a similar way to fish. 

+h, The Effect of pi on Aquatic Organisms 

The pH of the water is frequently altered by organic 

pollution. The presence of carbon dioxide lowers the pH and so 

generally organic pollution makes the water more acid. It would 

seem that in organically polluted streams it is the indirect effects 

of pH in affecting the toxicity of poisons which are the most 

important. It is hardly likely that organic pollution would lower 

the pH to such an extent that the acid nature of the water itself 

would affect the organisms living there. 

. Bell and Nebeker (1969) studied the tolerance of aquatic 

insects to low pH. They found that the test animals varied markedly 

in their tolerance of acid conditions but even the least tolerant could 

survive for 4 days in acid conditions. The pH at which 50% of the test 

species died after 96 hours is known as the rin? , For the caddisfly, 

96 
Brachycentrus americanus the TIM” was pi 1.5, for the stonefly, 

Taenopteryx maura it was 3.25 and for Stengnema, a mayfly it was 3.32. 

The least tolerant was another mayfly, Ephemerella subvaria where the 

mn was 4.65. 

Lowndes (1952) states that most species of Entomostraca can 

tolerate considerable variation in pH. Cyclops languidus can occur in 

water with a pH of 3.0 and yet it breeds in waters with a pH of 8.6, 

other species have even wider ranges of tolerances. 

It would be supposed that other invertebrates would tolerate con- | 
| 

| organic pollution would not, in themselves, be of great importance, 

5. The Effect of Non-Poisonous Salts on Aquatic Organisms 

Very little experimental work has been carried out on the 

effect of the non-toxic elements of sewage on organisms. 
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Anderson (1944) did study the effect of certain salts on 

Daphnia magna, he found that comparatively high concentrations were 

required to ‘immobilise the test animals, for potassium chloride it 

was ‘39505 puis) ammonium chloride 134p.p.m. and sodium chloride 

6,143p.pem. 

Jones (1937) using Polycelig nigra and Gammarus pulex 

investigated the toxicity of several metallic salts. He concluded 

that salts of the alkalis and alkaline earth metals were comparatively 

harmless below isotonicity. Anions are generally more toxic than 

the cations and this was demonstrated by Jones (1941). Using 

Folycelis nigra as a test animal he assessed the degree of toxicity 

of 27 anions. He found that chlorine was least toxic and the 

hydroxide ion the most toxic. Between these extremes he found that 

the following were toxic, increasingly so in the following order, 

carbonates, nitrates, phosphates, citrates and iodates. 

Although it is apparent that these non toxic elements of 

sewage could prove toxic in very high concentrations, it is doubtful 

whether the amounts normally present would exert much of an influence 

on aquatic organisms. 
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3.1 Sampling Methods and Materials 

It was decided to investigate quantitatively the effect of 

organic enrichment on the distribution ‘of fresh-water invertebrates 

in the riffle sections of streams. 

The quantitative samples of the freshwater benthos were 

taken using a saw cylinder sampler (figs 1). This sampler was made 

in the Biology Department of the University of Aston in Birmingham 

and was based on that developed by Neill and described in Macan 

(1958). Macan made a ates of criticisms of this type of sampler, 

put after being used in preliminary work it was found to he easy to 

ue and provided good quantitative results. As a result it was 

decided to use it for the quantitative bottom samples required in 

this project. 

{wo cylinders were construpted of stainless steol, one enclosing 

an area of 405M" the other an area of oom. fhe lower edge was 

serrated to facilitate it being pushed into the stream bed. Water 

flowed into the cylinder through a perforated plate facing upstream and 

passed out through a detachable sampling net made of nylon attached to 

an opening on the downstream portion of the sampler. The mesh size of 

this net was 60 threads per inch, which according to Maitland (1946) 

should prevent all but the very small individuals passing throughs 

Although it would have been desirable to have collected these immature 

stages as well, it was obvious that the finer the mesh size the more 

sorting would be required and as a result lesa samples could be taken 

and analysed. Because it was intended that a larger number of routine 

samples be taken every month it was decided to chose a fine mesh size 

rather than a very fine one. 

The area enclosed by the sampler was sampled by first of all 
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disturbing and removing the larger stones and detaching any attached 

organisms. After the larger stones had been removed fhe fine 

eediment was stirred and sifted. The flow then carried the catch 

4isturbed in this way into the net. The net was then detached and 

, the eatch together with the fine sediment swept into the net was 

transferred to a container and preserved in formalin for subsequent 

examination in the laboratory. The animals present were first of 

all sorted from the sediment. Afterwards they were then identified 

to species, an exception to this were the Oligochaeta which ware 

identified as far as families. The identification of the 

Sphemeroptera, Plecoptera, Simulidae, Malacostraca, Oligochaeta, 

“qastropoda and Hirudinea were carried out using the keys produced 

by the Freshwater Biological Associations The Trichoptera were 

{dentified using the keys in 'Caddis Larvae’ (Hickin 1967). ‘The 

chironomid larvaa were identified as far as possible using a variety 

of keys of which Johanssen (1937), Roback (1957), Bryce (1960) and 

Chernovskii (1961) were the most useful. To verify these identifi- 

eations,larvae were reared to the adult stage and the adults 

identified using "Coe, Freeman and Mattingley* (1950). Other books 

that proved useful for general ideatification were Mellanby (1963) 

and Macan (1959). 

After the animal material had been idenfitied the total 

tumbers of each species present were counted. In the River Cole 

Survey three samples were taken at each station every month, from 

the numbers of each species present in the three samples the mean 

Was calculated together with the 95% ‘Confidence Limits’ using the 

tethod described in Bishop (1966), These figures were ‘then used 

to help show trends in the distribution of animals in relation to 

organic enrichment. 

At the same time as the bottom sample was taken a water 
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sample was taken for analysis. In the laboratory the following 

determinations were carried out = dissolved oxygen, temperature, z 

piochemical oxygen demand, ammonia, oxidised nitrogen, orthophosphates, 

calcium, magnesium, pH.and alkalinity. The methods employed for 

these determinations were those described in "Methods of Chemical 

Analysis' (1956) for ammonia, oxidised nitrogen, oxygen, and bio-= 

chemical oxygen demand. The dissolved oxygen was determined with 

the azide modification of the Winkler test. Distillation into boric 

acid was the method used for determining ammonia and oxidised 

nitrogen. Calcium, magnesium, alkalinity and carbon dioxide con= 

centrations were determined using methods described by MacKereth (1963). 

The orthophosphate concentration was measured by using an Eel 

Absorptiometer and a method supplied with the instrument, while the 

pl was measured using an E.I.L Vibret pH meter. The termperature 

. Was always measured in the field with a centigrade thermometer 

(50 to 50°C scale), i Y 

Description of Streams 

The initial investigations ware carried out on the upper: 

stretch of the River Cole. This river arises to the south-west of 

Birmingham and then flows northwards to eventually join the River 

Blythe. 

The River Cole (fig. 2) after reaching the southern out- 

skirts of the city flows through a rural then residential area 

before entering a highly industrialised zone of the city. This 

study was carried out on the upper stretch of the river which was 

organically polluted by an effluent from a sewage works. 

Six sampling stations (I-VI) were selected in the riffle 

tones, one above the effluent outfall from the sewage works and the 

other five, approximately equidistant, over the Six Kilometre stretch 

below. It was hoped that these stations would represent different 
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Ehotograch 2 

River Cole, Station 1, 

   



  

   

Photogrash 5. 

River Cole, jtation 4, 

Photogrash 7. 

River Cole, Station 6. 

  

Photogrash 4, 

River Cole, ‘totion 3,     

   

Fhotograph 6, 

River Cole, Station 5.
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Photograph 4. 

River Cole, “tetion 3, 

    

Photograyh 5. 

River Cole, Station 4, 

  

    

  

Photograph 6, 

River Cole, Station 5. 

    Photograph 7. 

River Cole, Station 6.
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stages in polluted conditions. The river upstream of the effluent 

had received minor organic enrichment which had mostly been 

mineralised before the major discharge entered. As a basis for 

comparison a station was selected in a riffle zone of Dowles Brooke 

Dowles Brook is a stream of exceptionally good quality receiving no 

obvious oaks enrichment. It flows through the Wyre Forest to 

enter the River Severn just upstream of Bewdleye The station was 

selected at Far Forest on the western edge of the forest. These 

seven stations were selected 50 as to provide as similar physical 

conditione in terms of stream bed and flow as possibles 

River Cole Stations 

Station I (photograph 2) GR SF 095756 

At this point the River Cole was a very small stream shaded 

by elm trees. It varied in width between two and three metres. 

The stream bed in this region was composed of water worn stones of 

6-8 cms in diameter. 

Station II (photograph 3) GR SP 098773 

The river had not increased in size at this point. The 

most important physical aifference between the stations was that the 

river was not shaded. The bed was composed of similar sized pebbles 

to that at Station I. The stones at this station were covered in 

‘sewage fungus' while between the stones there was black mud pro= 

duced from the settlement and decomposition of organic matters 

"Station ITT (photograph 4) GR SP 103783 

The river had increased in size due to the entry of a small 

tributary stream and was now approximately 5a metres wide. It 

was shaded at this station by elm and willow trees. The bed had a 

similar composition to that of the two previous stations, and as in 

Station II the stones were covered by ‘sewage fungus’.  



  

      
     
Fig. 3. Map to show location of Dowles Brook Photograph 8. 

sampling station. 

Scale: 2*5cem.to 1500 metres.



  

Scale: >e5om.to0 1500 metres. 

Map to show location of River Salwerpe 

sampling stations. 

Scale: 285 cm, to 1000 metres. 

      

 



  

to show sampling station on Bob’s Brook. 

Scale: 205 com.to 1000 metres. 

Photograph 11. 

   



Fig. 6. ef Merryhill Brook    
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of the stream bed. In addition to these samples from the River Cole one 
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station IV (photograph 5) GR SP 103793 

The river was of similar dimensions at this station to the 

previous station. The river was not shaded at this point. The bottom 

was again composed of water worn pebbles and was partially covered by 

growths of Stigooclonium. 

Station V (photograph 6) GR SP 096805 

The river was again of similar dimensions at this point with a 

bed of water worn pebbles. Ranunculus fluvitans sometimes formed thick 

growths at this station. 

Station VI (photograph 7) GR SP 100825 

The river had increased in size at this station and was 4-5 metre 

wide due to the entry of a tributary stream. The river was shaded with 

willows Seine the most common trees along the banks. The stream bed was 

again similar to that of the previous stations, but the stones at this 

station were frequently covered by growths of Cladophora. 

Dowles Brook (fig. 3) S80 725762 

At the sampling station the stream was of similar dimensions 

to the River Cole and was approximately 4 metres wide, The bottom in 

addition to having water worn pebbles also had large slabs of limestone 

and as a result the stream bed was slightly different to that of the 

River Cole Stations. The riffle zones were partly shaded by hazel, oak 

and elm trees. i 

The intensive study of Dowles Brook lasted from November 1966 to 

December 1967 and of the River Cole from December 1966 to December 1967. 

From Dowles Brook one sample was taken each month from 021M" of the stream 

bed. From the River Cole in December 1966 one sample was taken from 

O.an?, Dut in all other months three samples were taken, each from 0.05" 

Sample was taken each month for the following year from 0.05" from 

Station 6, The results of this study proved to be very interesting, some   Species apparently favoured organic enrichment while others seemed to be 
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restricted by it. The larvae of the Chironomidae were very numerous at 

varied in their tolerance. This waa particularly interesting for as a 

group the larvae have beon virtually ignored in this country owing to 

the difficulty in identification. 

After the completion of the study on the River Cole and Dowles 

Brook, further survey work was started on the River Salwarpe, Bobs Brook 

  

ard Merry Hill Rook. It was hoped to show that the positive results 

  

i survey that although three samples were taken at each station every month 

the same in other ‘Midland streams", It was found during the River Cole 

the individual samples were very similar for any one station with regards 

t the species present and their abundance (Table 5). As a result it was 

all the stations below the effluent, and it appeared that different specie 

| 
eopecially with regards the distribution of the Chironomidae were general} | 

decided to take ondy one sample per month from each station as this should | 

j provide a good indication of the composition of the community and at. the 

t 
sane time allow more stations to be investigated. 

: River Salwarpe (fig. 4) 

1 The study of this river commenced in March 1968 and lasted until 

Karch 1969, This river arises as the result of the confluence of two 

streams to the south of Bromsgrove. The river then flows in a south } ; 

_ westerly direction and eventually enters the Stratford Avon. 

i 

Yrban District Council. The effluent discharges.into the more westerly 

The river 

receives the effluent from the Fringe Green Sewage Works of lromsgrove 

tributary just before the union of the two tributaries. The effluent 

is wholly domestic. Two stations were chosen on the River Salwarpe, 

they were both in riffle zones and similar in other respects. 

tation 1 SO 957681 

This station was approximately 300 metres below the confluence 

of the two tributaries. At this point the river was approximately 

S getres wide and 5-8 oms deep during normal flow. The bottom was 

Somposad of water worn pebbles with fine sediment in between. for  



the first three months or so the stones were covered by ‘sewage 

fungus’, this gradually disappeared during the course of the study. 

The river at this point was largely shaded by elm trecs. 

Station 2 50 933674 

The second station was approximately 3 kms downstream of 

Station l. The river was pt similar dimensions as at Station 1. 

The bottom was also similar, the main difference being that the 

‘sewage fungus' growths had been replaced by Cladophora. The river 

was again partly shaded by elm and willow trees. : 

Bobs Brook (fig. 5) 80 898907 

The study of/ Bobs Brook also commenced in March 1967 and 

was completed in March 1968. This is a small stream to the west 

of Dudley and is a tributary of Holbeache Brook which in turn unites 

with Smestow Brook which enters the River Stour (a tributary of the 

Severn). 

Bobs Brook received an effluent from a sewage works, the 

effluent was largely domestic and was well oxidised. The sampling 

station chosen was approximately 100 metres downstream of the 

E effluent. outfall. \ At the station the stream was approximately 

2 metres wide. At this point flow was exceedingly rapid while the 

bottom although composed mainly of stones and pebbles also contained   brcken house bricks etc. The stream in this region was shaded, 

mainly by willow and elm trees. es 

Merry Hill Brook (fig. 6) 

Merry Hill Brook arises in south west Wolverhampton and is 

almost wholly composed of sewage effluent. The stream flows ina 

south-westerly direction and then enters Smeston Brook which is a 

tributary of the River Stovr. This study commenced in June 1967 

| and was completed in June 1968, 
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Fig. 7. Map to show the position of Trent sampling stations 
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River Trent sampling stations. 

Photograph 14. “alton. 

  

Photograph 15. Wem Brook. 

  

Photograph 16. King's Bromley. 

     



  

River Trent sampling stations (cont.) 

Photo, raph 17. River Sow at St. Thomas’ Vill 
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Pig. 8. Map to show location of River Ray sampling 
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or its tributaries, the other stream was the River Ray a tributary 
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i Station 1 80 878965 

Tie stream at this point was 2 inetres wide and in the riffle 

sections 5=8 cas deep. The bottom was composed of water worn 

stones, and these usually had a covering of either ‘sewage fungus | 

or Stireocloni:7. \t this point the station was not shaded. 

Station 2 SO 862958 

This station was approximately 2 Kms downstream of Station le 

The stream had not obviously increased in size from Station 1 and 

the bottom was of a similar composition although the stones were no 

longer covered by sewage fungus or Stizeoclonium. 

F In addition to the stations already described, five other 

stations were sampled regularly and another stream occasionally. 

The. five stations sampled regularly were situated on the River Trent 

of the River Thanes. 

Trent Sampling Stations (fig. 7) 

The stations were Sampled at two-monthly intervals and were 

specially selected from information provided by tte Trent River 

Board to provide varying degrees of organic enrichment. This 

sampling programme commenced in June 1968 and lasted until June 1969. 

(1) Yalton (photograph 14) GR SK 211178 
  

This station was approximately 4 Kms downstream of the entry 

of the River Tame into the River Trent. The Trent at this point 

was approximately 40 metres wide and very deepe Quantitative . 

Samples were talcen near the banks where the bottom was stony. 

(2) Wem Brook (photograph 15) GR SP 369903 

Wem Brook is a tributary of the River Anker and the Sampling 

Station was situated in the Pingle Fields area of Nuneaton. The 

Stream was 3-4 metres wide and in the riffle sections about 12 cms 

  

deep. The bottom was stony with thick growth of C   
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(3) Kings Bromley (photograph 16) GR SK 123173 

This sampling station was situated on the southern fork of 

the River Trent. The river at this point was approximately 15 metres 

wide and in the riffle sections 25 coms deep. The bottom was com= 

posed mainly of rounded pebbles with fine sand in between. 

‘(e) St. Thomas' Mill (photograph 17) GR SJ 949229 

This station was situated on the River Sow approximately 

500 metres downstream of the entry of the River Penke The river 

at this point was approximately 18-20 metres wide. Quantitative 

samples were only taken near the banks. ‘Tho bottom of the river 

in the sampling places was of water worn pebbles, which were 

occasionally covered in growths of Cladophorae < 

(5) Harlaston (photograph 18) GR SK 214115 
  

This station was situated on the Kiver tease. At this 

sampling station the river was approximately 20 metres wide, 

Quantitative samples were again taken near the banks. 

River Ray Sampling Stations (fig. 8) 

The River Ray which is a tributary of the River Thames was 

sampled at four places on two occasions. The first set of samples 

were taken in March 1968 and the second in July 1969. © The samples 

taken were not quantitative. ; 

Sation 1. GR SU 125845 

This station was upstream of Rodbourne Works effluent and 

the river at this station was approximately 4 metres wide. 

Station 2. GR SU 122873 

The second station was approximately 205 Km: downstream of 

“the effluent outfall. Thé river was now considerably larger and 

was approximately 12 metres wide. The bottom was stony with thick 

growths of Cladophora. 
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Station 3. GR SU 111897 

—
 

Thie station was approximately 6 Kns downstream of the 

effluent. As in the previous atation the bottom was stony with 

profuse rrowths of Cladophoras 

Station 4, GR SU 119927 
prawn 

This sumpling station was approximately 9.5 Kee downstream 

of the effluent, aprroximately 1 Km upstream\of where the Ray 

enters the Thames. 

3.2 River Cole and Dowles Brook 

3.201 Results { 

Sideled Chemical Results 

: Dowles Brook and the River Cole were sampled for 13 months 

from December 1966 to Decenber 1967. 

The results from the seven stations sampled showed clearly 

the effect of an organic discharge on the chemical composition of 

the water. Dowles Brook has no source of organic pollution and 

this is reflected in the results. River Cole, Station I, was 

generally in a worse condition than Dowles Brook owing to the poultry 

farm upstream. The entry of the sewage effluent however has a 

marked effect and Station 2 can be described as beins badly polluted. 

There was usually a gradual recovery downstream, but unfortunately 

Station 6 did not show complete reenvery bafore the river received 

further pollution of an industrial origin. The relevant chemical 

and physical factors will now be considered. These are shown on 
| 

Table 1. { (ogous |   Dissolved Oxyven (figs 9) 

The dissolved oxygen figures for the 15 months clearly 

reflected the polluted state of the River Cole. The effect of the 

organic effluent however was far more noticeable during the summer  
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Fig.10 Temperature and oxygen recordings made during 

a 24hr. survey on, the River Cole.    Station 1. 
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In Dowles Brook and the River Cole Station 1 the water was 

ysually well oxygenated, but with the discharge of organic effluent 

downstream of Station 1 the oxygen concentration was greatly reduced, 

dn some cases to just above zeros The lowest figures were recorded 

at Stations 2 and 3, and there was then usually a gradual recovery 

as can be seen from the records for Stations 4, 5 and 6. At 

Station 6, the owest point sampled, recovery was by no means complete 

and the oxygen figures would suggest that the river was moderately 

polluted at this point. 

In Dowles Brook and Cole 1 the lowest. figures recorded were 

for July and they were 8.9 pepem. and 6.5 pepem. respectively. 

With the exception of the July figures the daytime oxygen 

concentration did not vary a great deal at these two places. At 

the polluted sampling stations on the River Cole tie. oxygen ! 

concentration began falling in April and the lowest recordings were 

for July or August. At Stations 2 and 3, for four months during 

the summer, the oxygen concentration was around 2 p.peme Dee 

oxygenation was not quite so marked at Station 4, to a lesser extent 

at Station 5 and least at Station 6. The lowest figures recorded 

for these three stations were 2.1 pepeme, 505 pepeme and 4,2 Pepeme 

respectively. The dissolved oxygen figures for May are particularly 

high for all stations on the River Cole, the reason being that the 

Samples were taken when thore were high flows following heavy rain. 

Diel Fluctuations Over a period of 24 hrs. samples were taken at 

  

two hourly intervals on the River Cole. These results are given 

in figure 10. At Stations 1, 4,:5 and 6 there were marked diel 

fluctuations, while at Stations 2 and 3 tne oxygen concentrations 

varied very little. In the four stations’ showing diel variations 

the highest figures were recorded between 12 noon and 4 poems, there 
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was then a gradval fall in the oxygen concentration until midni¢ght. 

For the next six hours the oxygen concentration remained approximately 

the sames At day-break, which was approximately 6.0 asm. the 

oxygen concentration began to rise and increased steadily until noon. 

Station 1 showed the diel fluctuation very well and the highest 

oxygen concentration recorded was 11 psepems at 2.30 pem. while the 

lowest ae 5.2 pepem. at 4.30 asm. At Stations 4 and 5, during the 

period of darkness, the oxygen concentration was exceptionally low 

and well below 1 pepem. for eight hours. The lowest recorded 

figures for Stations 4 and 5 were 0.35 pepeme and Oo3 pepeme, the 

highest during daylight being 6.8 and 5.2 pepeme Low oxygen figures 

were also recorded for Station 6 and for a period of four hours, 

the oxygen concentration was below 2 pepeme During the day the 

oxygen concentration was nearly 7 Pepeme 

The oxygen concentration at Stations 2 and 3, as previously 

mentioned, varied very little during the 24 brs. and was uniformly 

very low. The nighest recorded figure for Station 2 was 2.1 PePeMs 

and the lowest 1.2 p.sp.m., for Station 3 it was 1.4 pepem. and 

0.6 pspem. respectively. 

| Te: pe rature 

The temperature recordings were generally very similar at 

all seven stations (fig. 9) and showed the obvious increase during 

the summer months. The discharge of the effluent into the River 

Cole always seened to increase the temperaturo of the water. 

Station 2 was always warmer than Station 1, this increase was 

usually small, the biggest variation being 2.5°C., 

During the summer months there was a tendency for the River 

Cole to become warmer as it flowed downstream. The highest water   
temperature recorded from the monthly samples was from Stations 5 

and 6 when it was 18°C.  
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was then a gradual fal) in the oxygen concentration until midnight. 

For the next six hours the oxygen concentration remained approximately 

the same. At day-break, which was approximately 6.0 aseme the ‘ 

oxygen concentration began to rise and increased steadily until noon. 

Station 1 showed the ate2 fluctuation very well and the highest 

oxygen concentration recorded was 11 pspsms at 2630 pem. while the 

lowest waS 5.2 pspem. at 4,30 a.m. At Stations 4 and 5, during the 

period of darkness, the oxygen concentration was exceptionally low 

and well below 1 pepem. Yor eight hours. The lowest recorded 

figures for Stations 4 and 5 were 0.35 pepem. and 0.3 pepemey the 

highest during daylight being 6.8 and 5.2 pepem. Low oxygen figures ' 

were also recorded for Station 6 and for a period of four hours, 

the oxygen concentration was below 2 pepem. During the day the 

oxygen concentration was nearly 7 pepems. 

The oxygen concentration at Stations 2 and 3, as previously i 

mentioned, varied very little during the 24 hrs, and was uniformly 

very low. The highest recorded figure for Station 2 was 2.1 PePpome 

and the lowest 1.2 pepeme, for Station 3 it was 1.4 pepem. and 

0.6 p.pem. respectively. 

Temperature 5 1 
{ 

The temperature recordings were generally very similar at 

all seven stations (fig. 9) and showed the obvious increase during ‘ {   
the summer months. The discharge of the effluent into the River 

Cole always seemed to increase the temperature of the water. 4 

j Station 2 was always warmer than Station 1, this increase was 

usually small, the biggest variation being 2.5.06 

During the summer months there was a tendency for the Kiver 

Cole to become warmer as it flowed downstream. The highest. water i 

temperature recorded from the monthly samples was from Stations 5 

and 6 when it was 18°C.  
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The ah hr. survey on the River Cole which was undertaken 

during a period of dry hot weather provided very high temperature 

recordings (fig. 10). The highest figures were recorded at 2.30 

and 4.30 pemse, the lowest figures at 2.30 aseme The diel variation 

in all stations was approximately 6°c, At all stations the as
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temperature exceeded 20°C at 2.30 Peme and at Station 5 it was over 

24°C.” 

Calcium and Magnesium 

In tetas of hardness the water at all seven stations was 

fairly similar and could be described as hard water. The calcium 

_¢ontent at any one station tended to remain fairly constant through- 

out the year, although if sampled after heavy rain the concentration 

was usually significantly lower. 

Dowles Brook had an average calcium content for 12 months 

of 48.5 pspeme, for the River Cole 1 it was 40 pepem. The calcium 

concentration usually increased downs tream and the average for 

Stations 2, 3, 4, 5 and 6 was 43, 4747, 4947, 4947 and 5249 pepems 
respectively. 

i: Magnesium tended to vary more than calcium. The water in 

Dowles Brook usually contained less calcium than the stations on 

the River Cole. The magnesium concentration of the water varied 

more from month to month than the calcium although in the six 

Stations on the Cole, all were fairly similar each months The 

water in Dowles Brook usually contained less magnesium than the 

River Cole, the average for 12 months being 5.9 while the lowest 

average figure in the Cole was the 9.1 of Station 2. 

As with calcium the magnesium content, with the exception   of Station 2, tended to increase downstream, the averages for the 

Bix stations (1-6) being 12.3, 9s1, 11.2, 12.0, 1264 and 15.9 pepeme  
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Fig.11 Monthly concentrations of ammonia (—) and oxid 
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jnmonda (fige 11) 

The concentrations of ammonia recorded for the seven stations 

yaried with the polluted state of the river. 

he water in Dowles Brook usually contained no ammonia at 

all, the average for 12 months being Ool pepeme Station 1 on the 

River Cole usually had slightly more, the average here being 0.69 praia 

but again the concentrations were low, the highest recorded was 

2.0 PePelle Below the effluent however the ammonia concentration 

was greatly increased and the highest concentrations were usually 

recorded at Station 2, the ammonia concentration usually falling 

progressively downstream as oxidation occurred. i 

The water at Station 2 usually contained high concentrations 

of ammonia especially during the summer months and during July, a 

‘figure of 3625 pepem. was recorded, giving a clear indication of how 

‘padly polluted the river was at this point. At Stations 3, 4, 5 

and 6 the water, although containing less ammonia than at Station 2, 

still had high concentrations of ammonia present, ‘the highest 

figures recorded for these stations being 9s, 10.6, 604 and 6.0 pepeme 

respectively. 

It was found that in the polluted stretch of the River Cole 

the ammonia concentration could vary over a period of 8 hours, but 

always within the limits recorded from routine monthly samples at 

any one station. Five stations on the River Cole were sampled at 

10 asmey 2 peme and 6 poem. (Table 2). The ammonia concentration 

at Station 1 was similar for all three samples. The concentration 

at Station 2 however was approximately 50% higher at 2 pem. than 

for the other two Ran os takene Station 3 differed in that the 

highest concentration recorded was at 6 peme when 8.2 pepeme was 

present. At both Stations 4 and 5 there was little fluctuation on 

the three occasions it was sampled. 
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The results were,on the whole,as would be expected, the 

lowest average concentration was at Station 1 (0.43 pepem.), the 

highest at Station 2 (9.2 p.p.m.) from where the concentrations 

gradually decreased downstream. 

Nitrates (figs 11) 

Oxidised nitrogen was never present in large concentrations 

at any aration and did not reflect the polluted condition; the 

station with the highest monthly average was in fact Station 1 

(4.6 pepeme). The low concentrations of oxidised nitrogen, 

together with the high concentrations of ammoniacal nitrocen 

recorded in the polluted regions of the Cole pointed to the fact 

that it was a poorly oxidised effluent. 

Orthophosphates 

As with ammonia and dissolved oxygen the orthophosphates 

present indicated the polluted state of the river, the concentrations 

being highest in the summer months. Quite high concentrations were 

recorded at Station 2 especially during the summer months. Down= 

stream of Station 2 there was a gradual fall in the amount present 

although during July concentrations of over 2 pepem. were recorded 

at both Stations 5 and 6. ‘The concentrations recorded for the two 

non=polluted stations were always negligible. 

pH 

Dowles Brook was generally more alkaline than the Cole, the 

pH usually being about 8 compared to the average 7.4 of Station 1 

of the Cole. The entry of the effluent into the Cole had the effect 

of lowering the pH, the average for Station 2 being 7.2. Downstream 

the water became progressively more alkaline and the average for 12 

fonths for Station 6 was 7.66. 

B.O.D, aed 

The variation in this factor in the seven stations avyain  
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clearly reflected the degree of pollution. Dowles Brook generally 

had very low valves the highest recorded figure being 308 pepeme 

qhe results clearly demonstrate the extremely good quality of the 

stream. River Cole 1 ecee had low values, although usually higher 

than Dowles Brook. The B.0.D. at this station would suggest that 

the water is slightly polluted. As was expected the B.0.D. of 

the water was greatly increased below the effluent. The igheat 

figures were usually obtained at Station 2, the values then de- 

creasing downetream. 
; 

The B.O.D. clearly shows that during the summer months, in 

periods of low flow, the whole river below the effluent was badly 

polluted, even at Station 6 in July the B.O0.D. of the water was 

27 ot Pepem In some, months the B.U.D. of the river water was 80 

high that the sample was not sufficiently diluted and all_the oxygen 

in the sample was used up. This occurred in the sample from 

Station 3 during April and the samples from Stations 2, 3 and + in 

July. 

3.2.1.2 Biological Results 

The results of the intensive survey are summarised in 

Tables 3-9, 

Dowles Brook (Table 3) 

The faunal.samples from Dowles Brook revealed that the fauna 

was one dominated numerically by Ephemeropteran nymphs and Gammarus 

pulex. Other groups such as the Plecoptera and Trichoptera were 

also represented. 

One of the most striking features of the fauna was the great 

variety of Plecoptera, Trichoptera and Ephemeroptera present. The 

nymphs of fourteen different species of Plecoptera were recorded 

although they did not appear to be present in large numbers. Capnia 

  

  
 



  

  

pifrons appeared to be the most abundant form in the winter months, 

while in early summer it was Amphinemoura sulcicollis and in late 

summer Leuctra moselyi. Other ane frequently found in the 

samples were those of Leuctra hippopus, and Isoperla grammaticae 

The Trichoptera was also well represented and the larvae 

of nine species were recorded. Hydropsyche fulvipes appeared to be 

the most numerous Gpecies, while the larvae of Rhyacophila dorsakis 

,were also present in comparatively large numbers considering that 

it is a carnivore? 

. This diversity of species was also encountered in the 

Zphemeroptera where the nymphs of five species were Aacorded ? The 

nymphs of this group often formed a large proportion of the numbers 

of individuals caught. Rhithrogena semicolorata and Baetis rhodani 

were usually the most numerous species in the samples. In the~ 

‘summer Bphemerella ignita was also numerous as was Ecdyonurus dispar 

in the late summer and autumn. 

Gammarus pulex was well represented in all the monthly 

samples and appeared to be an important member in terms of numbers 

of the benthic community. Larvae of species belonging to the 

Coleoptera and Diptera were also usually present in the samples but 

with the exception of Dicranata they were never oredens in large 

numbers. 

The Oligochaeta were never present in large numbers in the 

samples and were mainly represented by the Lumbriculidae, although 

the Tubificidae were also present in relatively small numbers. 

Two groups which can sometimes form large populations in 

fresh-water streams are the Hirudinea and Chironomidae. Both these 

sroups seemed to be poorly represented in Dowles Brook. Only two 

leeches were recorded and these belonged to different species. A 

number of different species of Chironomid larvae were usually present 
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4n the samples but they were never present in large numberse 

Measurements of the body length of five species found commonly in 

the samples revealed some interesting features concerning growth 

rates. 

Raetic rhodani (fig. 12) was present throughout the yeare It 

was represented in the December sample by seven half-grown nymphs, 

from Jonuary to April the numbers slightly increased and a number 

of fully grown nymphs were present in the samplese From May to 

‘July there was a marked increase in the numbers of nymphs taken but 

these were immature forms. Very few were taken in August while 

large numbers were once again present in the September sample, 

although these were mainly small nymphs. In the last three samples 
{ 

ths numbers taken dropped again and the individuals present varied | 

j 

in size. : 
| 

Ephemeralla ignita (figs 13). The nymphs of Ephemerella ignita | 

were only taken during the summer. The fist individuals were 

recorded in May and the last in Bepteniers The species was most 

numerous in the July samples, the numbers falling in the succeeding 

months. The measurements revealed how the individuals making up | 

the population increased in seize. In May only very small nymphs 

were taken, the first fully grown nymphs were present in the July | 

sample. i ; f } 
A 4 , | 

Rhithrogena semicolorata (fig. 14). Nymphs of Rhithrogena were 

present in the samples throughout the years This species was well 

represented in the monthly samples from December to May, for the 

next three months were was a considerable drop in the numbers taken! 

to be followed by a sharp increase in numbers in the September samples 

The size measurements revealed a steady increase in the size of the 

nymphs from December to Maye The first fully grown nymphs being 

recorded in April. In June and July only 4 few individuals of 
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Fig.12 The size distribution of the totel nunbers of 2 
i collected each month fron O-li*of the strean b 

Brook, (Numbers at the tcy of each block are the total £. 
month.Horizontally @-1 of an inch represents 5 eninals.) 
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q Fig.13.The size distribution of the total numbers of Bphene 

  

   

  

ignita collected each month from O-Im*of the streem bed of 
Brook.(Numbers at the top of each dlock are the total for that 
month. Horizontally 0°1 of an inch represénts 5 animals.) 
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¥ig.14, The size distribution of the total nu: 
senmicolorata collected each month frou O-ld*of 
Dowles Brook. (Numbers at the top of each block are the 
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that month, horizontally 0°1 of an inch represents 5 aninels.) 
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Pig.15, The size distribution of total nuabers of Hydrovsyche 
fulvioes collected each month fron Q-1 Im of the stream bed of Dowles 

Brook, (Numbers at the top of each block are the total for that 

month, Horizontally 0-1 of an inch represents 5 animals.) 
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Fig.16. The size distribution of the total numbers of Ganaarms3 
Pulex collected each month from O-ln*of the strean bed of Dowles 
Brook. (Numbers at the top of each block are the total for that 
month, horizontally O°1 of en inch re resents 5 animals.) 
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different lengths were present in the samples. In August only 

three individuals were taken and these were all small. In the 

September sample there was a tremendous increase in the numbers of 

these small nymphs. For the remaining three months of the year 

the samples suggested that the species was abundant in the stream 

and largely represented by half-grown nymphs. 

Hy drove ets fulvipes (fig. 15). The numbers of the larvae of 

this species present in ene first four monthly samples was similar, 

In April the numbers taken increased, to be followed by a sharp 

decrease in the May sample. The larvae of this species was 

apparently rare in Dowles Brook from May to August, only four 

individuals being taken during this periods For the last four 

months of the year the species was once again present in the samples, 

largest numbers being present in the September and November samplese 

The size of the larvae taken appeared to show a definite 

trend. | From December to March the animals measured in any month 

showed a considerable variation in size. In the April sample 

however there was a definite oeease in the numbers of fully grown 

larvae. For the next four months with the exception of the four 

fully eeawn larvae present in the June sample, the larvae of this 

Species was not present in the iceaclees The larvae reappeared in s 

the September sample but only small larvae were taken (six mms. 

being the largest). In October and November the individuals taken 

became progressively larger. The largest present eke Eek 

for these two months were 11 mms and 15 mms respectively. The 

larvae in the December sample were similar in their, size distribution 

to those present in the previous December sample, that is, mainly 

half grown larvae. 

Gammarus pulex (fig. 16). G. pulex was present in all the samples, 

greatest numbers being taken in late summer. The numbers present 
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in the first four monthly samples were approximately the same, and 

this was followed by 2 decrease in the numbers present in the 

samples for the succeeding three months (April, May and June). This 

was followed in July by a marked increase in the numbers present and 
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large numbers were also present in the August and September samples. 

—
 

The numbers taten then fluctuated there being a decrease in October 

followed by an increase in November « For the first seven months 

the size distribution was similar, in any one month the individuals 

varied in size from very small to full grown. The July, August and 

September samples were characterised by a great increase in numbers, 

the animals taken differing in size with no particular size being 

: more common than any other. In both the November and December. 

samples there was 2 definite increase in the proportion of fully 

grown individuals to other sizes. 

River Cole 

Station 1. (Table 4) 

The fauna of this station appeared to be quite different to 

that of Dowles Brook. Although thére was a variety of species 

; present the fauna was here dominated by relatively few species. A 

number of species were common to both e.g. Gammarus pulex and Baetis 

rhodani but there was a marked change in the relative abundance of | 

| other groups. The leeches now formed an important group numerically   
while the stoneflies appeared to be far less numerouse The | 

Oligochaeta were now present in far larger numbers in the samples, | 

the Tubificidae apparently being the most numerous group at this 

Station, followed by the Lumbriculidae. The Bnchy traeidae on the 

other hand appeared to be rare. The {lirudinea wes represented by 

at least five species. Zrpobddella |octoculata was common especially   in August and September. The other two species usually present in 

the samples were Glossiphonia complanata and Helobdella stagnalis. 
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Two species of Crustacea were taken at this station. 

Gammarus pulex was very common especially in the summer and autumn 

while Asellus aquaticus was also usually present but in smaller 

numbers « 

The Ephenereptera appeared to be represented by only one 

species, name ly Raetis hodant, poe this specics was always numerous 

in the samples and at certain times of the year abundant. This 

apparent restriction in the numbers of species was also found in 

the Trichoptera and Plecoptera. At least four species of trichopteran 

larvae were present but only one of these, namely Hydropsyche angus ti- 

pennis appeared to be common. In August and September this denvad 

was abundant in the river at this station. 5 

Of the Plecoptera only species belonging to the Namouridae 

were recorded. Nemoura cinerea nymphs most frequently occurred in 

the samples. The Diptera was quite well represented by the 

Simulidae and Chironomidae. Simulium ornatum larvae were common in 
| 

the samples taken during the winter and spring. The larvae of 

three species of Chironomidae were also frequently taken, these 

_being Trichocladius rufiventris, Cricotopus bicinctus and Eukiefferiella 

hospitus. Trichocladius rufiventris and Cricotopus bicinctus | 

  
appeared to be most numerous in the summer months while Eukiefferiella 

hospitus was apparently abundant in the winter months. i 

The body lengths of four common species at Station 1 were j 

measured in order to obtain some information about growth rates and } 

the composition of the populations during the year. i 

Srpobdella octoculata (fig. 17) was) present in quite lerge numbers 

in the samples throughout the year. From December to June the 

Specimens taken varied in size. In June ané even more so in August 

and September the numbers increased and this was largely due to 

large numbers of very small individuals. In the last three months  



  
  

  

i 

t i 
a 

gow 
4 

SI Ai 

3 

> 

= 

1 

a 
4 

3g IS19 
E 

a Hn 

x 
4 | 

2 10-ty 5 ; 

A 

= t 

& FA 

fe pay py 

5-9 
ud fad poem | 

O-4. 

4. 1 1 L A 1 a L 2 1 1 L 

    

tN TELE SLA EI eae os sma 

- Fig.17. The size distribution of the total number 

ectoculata collected each month from Q*int of the 2 

Station 1 of the River Cole. (Numbers at the top of each block are 

the total for that month,horizontally 0°1 of an inch reoresents 8 animals.) 

ahi 55 2 GU 089 138 85 35 

       

46 

    
  

I wn
 

   



  

pa Aa GREY CR A REN : eet 

Fig.18.The size distribution of the total numbers of 
collected each month from O-lm*of the strean bed of 
River Cole. (Numbers at the top of each block are the total for that 

month, horizontally 0+1 of an inch represents 10 aninals.) 
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these very smal) individuals were no longer present in the samples, 

although slightly larger individuals (5-9 mms) were the most 

abundant size range. 

Gammarus pulex (fig. 18). ‘The numbers of G. pulex in the’ monthly 

samples varied. This species was not very numerous from December 

to Nay. The numbers taken rose sharply in June and large numbers 

were present in the samples from June to Octobere It would appear 

that G. pulex was abundant at this station in August and September, 

The measurements of the individuals revealed that in December all 

sizes: were present in the samples, from January to April the larger 

and full erown individuals were the most abundant. In May very 

small individuals appeared in the samples, these were not present in 

the June samples but reappeared in the July and August samples, only 

to alatueaar from the samples for the remainder of the year. 

Gammarus was abundant in the samples for these four months and the 

population appeared to be ‘souponed (of individuals of a variety of 

sizes which were present in roughly equal numbers. The samples 

taken in October, November and December were similar, they 211 showed 

a drop in the numbers taken when compared with the June ~ Boptember, 

period and the individuals taken were half or full grown. 

Hydropsyche angustipennis (fig. 19). The larvae of this species 

was present an all the monthly samples. It apparently became 

extremely abundant at this station from June to November. From 

December to June the samples showed that the population was made up 

of larvae of various sizes, those taken varied from 4 mms to 16 mms. 

In July however the population was apparently composed of only small 

and medivm sized individuals. In August and September there was a 

sharp increase in the numbers taken and these varied in size from 

very small to full grown. The September sample differed from the 

August, in that the very small individuals were not present. The 
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smallest taken in September were now 2 mms and there was a yreater 

proportion of fully grown larvae present. In October, November 

and December there was a tremendous decrease in the numbers of larvae 

present in the sBampleb. The smallest individuals taken were 4 mms 

in length, and the population was composed of larvae of varying 

sinese 

Baetis rhodani (figs 20). The numbers of the nymphs of this 

species present in the samples fluctuated during the year, greatest 

numbers were taken in April and July. This species always seemed 

to form an important member of the community. The growth patterns 

which emerged from the measurements revealed that in December the 

species seemed to be represented by half grown nymphs. From 

January to June fully grown nymphs were taken in the samples and 

these were most numerous in April and May. In the July sample 

there was a tremendous increase in the numbers taken of this species 

and this was due to large numbers of small and half-grown nymphs. 

The size distribution of the nymphs in the August sample was fairly 

similar to that of the July sample, the important difference between 

the two samples being that the nymphs were now present in fewer 

numbers. In September, October and November the nymphs once again 

varied in size from small to full grown. The November sample 

differed to the other two in that it was largely composed to small 

nymphs. The December sample was similar to that of the previous 

December in that only half-grown nymphs were present. 

Station 2: (Table 5) 

The fauna of this station appeared to be very restricted 

and strikingly different to that of Station 1. : 

The most abundant animals in the samples were oligochaete 

worms of the families Tubificidae and Enchytraeidae and, Chironomus 

larvae of the species Chironomus riparius (thummi). The dominant 
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species of Station 1, namely ‘rpobdella octooculatay- Gammarus pulex, 

fydropsyshe angustipennis and Baetis rhodani were now rare. The 

Tubificidae were oe abundant in the spring samples, being present 

in far fewer numbers in the summer and autumn. The enchytraeid 

worms 6eemed to have a similar seasonal distribution and were most 

abundant in the February sanple. The Lumbriculidae were not as 

apparent as at Station 1 and only appeared in the samples sporadicallye 

Chironomus riparius, which had not appeared in samples fron 

Dowles Brook or Station 1, was now the dominant insect larva.. 

This species was not present in all the monthly samples, being absent 

in the May sample and rare in the other summer duapiees Large 

numbers were taken in the spring and autumn. A number of other 

species of chironomid larvae were taken of which Trichocladius | 

rufiventris was the most numerous... All these species were most 

abundant in the spring camples being, for the greater part, absent oat 

in the summer and autumn samples. 

The only non-ehironomid insect larvae taken in large numbers 

were those of Simulium ornatum which were also restricted to the | 

winter and spring samples. Only a few scattered individuals of 

other species were recorded of which Bastis rhodani was the most 

numerous. Baetis also was absent from the summer samples. 

Station 3 (Table 6) f g ‘ i 

The fauna of Station 4 appeared to be similar qualitatively 

to. that of Station 2, the main difference between tne two stations 

being quantitative. fhe fubificidae were still apparently the 

most numerous wonnes with the Enchytraeidae also being present in 

large numbers. Both groups were again most abundant in the spring 

samples, the Tubificidae were also present in the summer samples 

but in’much reduced numbers. As at Station 2 the Lumbriculidae 

never appeared to be abundant. © 
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The larvae of Chironomus riparius were again the most 

numerous Chironomid in the samples. The seasonal incidence of 

this species (fiz. 21) seemed to be different to that at Station 2 

for although this species was present in the spring samples it was 

Si
en
a 

present in far ekvar numbers in the samples from July onwards. st 

An important feature of the samples from this station was that the 

larvae of other chironomid Biesion now became abundant, being 

present in far greater numbere than in camplea from Station 2. 

The most important of these species were Trichocladius rufiventris, 

‘Brillia longifurca, Folyvedilum arundineti, Frodiamesa olivacea 

and Sukiefferiella hospitus. These five species were most numerous 

in the spring and autumn samples (figs. 235-26) being absent Be 

the summer samples.. 

As at Station 2, Simulium ornatum. larvae were abundant in 

the spring samples and virtually absent from samples for the rest 

of the year. A similar seasonal distribution was recorded for 

} Baetis rhodani which was only present in the sprin; camples. Also 

similar to Station 2, tho leeches, Gammarus pulex, Ascllus aquaticus 

and Hydropsyche angustipennis were only present in the samples 

  

Sporadically and then never in large numbers. — 

Station 4 (Table 7) 

The samples taken at this station showed a continuation of 

the trend observed in the fauna at Station 3. Many of the species | 

which had established themselves at the previous station e.g. Brillia 

longifurca and lrodiamesa olivecea were apparently far more abundant. 

The Tubificidae again appeared to be the dominant worms followed by 

the Enchytraeidaec. The Lumbriculidae although not as abundant in 

the samples as the other two, groups did seem to show a definite 

increase in numbers when compared to Station 3. An interesting   
fact that emerged was that the Tubificidae were now taken in large 

{   
 



   

   

+21. Seasonal incidence of Chironomus riparius in 5 

ations on the River Cole. Points on graphs represent the 

n of 3 samples. Superimposed on the graphs for Stations 2 
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  22. Seasonal incidence of Trichocladius rufiventris in 

ations on the River Cole, Points on graphs repr mt the 
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26, Seasonal incidence of Pol edilum arundineti 

and Micropsectra atrofasciatus (—) in five 

stations on the River Cole. 
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numbers throughout the year and in fact the greatest numbers were 

recorded in July. 

Chironomus riparius larvae were once again, in terms of 

total annual numbers, tie most common species of chironomid larvae 

in the samples, but as previously mentioned other. species wore 

common at this station. The seasonal incidence of Chironomus 

piparius (fig. 21) seemed very different to that observed at 

“Stations 2 and 3, ‘The larvae were present in the winter and spring 

samples in only small numbers while they were abundant in the : 

August samples. Other chironomid larvae taken in large numbers 

were Trichecledius rufiventris, Cricotopus bicinctus, Brillia 

longifunca, Pentaneura melanops, Kukiefferiella hospitus and 

Trodiamesa olivacea.* All these species were tien in larger numbers 

then at statibn 3. ‘Their seasonal incidence nso differed to that 

observed at Station 3, (figs. 22-25), Brillia longifurca, 

tukiefferiella hospitus, Prodiamesa olivacea and Trichocladius 

tufiventris formed large populations in the periods January to 

March and September to December as at Station 3, At Station 4, 

however, a third population of these depeas was present in mid-= 

summer (Table 7). 

Cricotopus bicinctus was now far more numerous in the samples 

than at Station 3, and the larvae of this species differed in its 

Seasonal distribution (fig. 27) to the species already mentioned, 

the species being virtually absent in samples from November to 

February and the individuals being common in samples at certain 

tines ‘between Nareh and October. 

The numbers of animals taken, other than chironomid larvae, 

had also increased at this station. The leeches, althoush present 

in small numbers in the samples, were definitely more abundant than 

those taken at Station 3, four species were recorded with no one 
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species being really dominant. 

i isellus aquaticug and Baetis rhodani had both increased in 

numbers in the sanples. Asellus was taken in emall numbers 

throughout the year whereas 3. rhodani appeared to have a similar 

seasonal distribution to that at Stations 2 and 3, that is, fairly 

common from December to April and rare during the summer months. 

Station 5 (Table 8) 

The fauna taken at Station 5 was very different to that of 

the previous stations and indicated how the river had recovered. 

Although samples from this station were again rich in tubificid 

worms, chironomid larvae, leeches and Asollus aquaticus had also 

become important constituents of the samples. Four species of 

leech aed recorded but only two species seemed to be common, and 

these were Erpébdelia octoonlata and Helobdells stagnalis. Both 

species were common throughout the year. Asellus aguaticus was   also abundant at this station and like the leeches present in all 

nonthly samples. 

The Chironomidae present showed distinct changes when 

compared with the upetream stations. Chironomus riparius larvae 

no longer seemed to be abundant, and although present in most of 

the monthly samples were never common. The dominant chirononids 

were Cricotopus bicinctus, Jirichocladiue rufiventris, Cricotopus 

Sylvestria, Briliia lJongifurca and Eukiefferiella hospituse As 

‘at Station 4, .Lricotopus bicinctus larvae were abundant in the 

Summer samples (figs 27) and only sporadically present in samples 

taken at other times. Tn July a population of nearly 30,000: per 

Square metre was recorded, ‘ The numbers of Cricotopus sylvestris 

also increased remarkably from Station 4 and this species had a 

Similar seasonal distribution to Cricotopus bicinctus with 

Populations being largest during the summer months (fig. 28). The 
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numbers of Brillia longifurca, Trichocladius rufiventris and 

rukiefferiella hospitus taken had also increased. The seasgnal 

; 

| 
' 

distribution of these three species (figs. 22, 23 and 25). was the 

same as Was observed at Station 4, with three populations being 

: present during the year. 

‘ Other macro-invertebrates were never abundant although 

i there was a definite increase in the numbers of Ancylus fluviatile 

taken. 

Station 6 (Table 9) 

The samples taken at this station showed distinct changes 

in the benthic community, with those observed at Station 5, and this 

n
e
e
 

could be associated with the improvement in water quality. Species 

such as Gammarus pulex which are characteristic of non-polluted 

conditions increased in numbers in the samples while the numbers of 

‘Tubificidae taken decreased in numbers. The Tubificidae were still 

the dominant worms although the populations were nowhere near as 

! large as in the preceeding stations. 

The leeches also declined in numbers at this station. 

Erpobdella octoculata was the most common leech found in the samples 

followed by Irpobdella testacea. Two species of Crustacea were 

recorded at this station, but whereas the numbers of Asellus 

aquaticus present in the samples dropped when compared to Station 5, 

there was an increase in the numbers of Gammarus pulex taken. 

Although Ge pulex did not appear to be present in large numbers, 

breeding populations were present throughout the year. 

The Chironomidae were once again abundant, and as in the 

Previous station Cricotopus bicinctus, Trichocladius rufiventris 

and Brillia longifurca were particularly numerous. The total 

numbers of these three species taken at this station were however 

considerably lower than at Station 5. In the case of Prodiamesa   
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glivacea the larvae of this species was more abundant at Station 6. 

‘The results of the samples taken in the following year were 

similar to those already described (Lable 10). The total numbers 

of Asellus aquaticus and Gammarus pulex taken for the two years 

were remarkably similar. For Ae aquaticus it was 593 and 708 and 

tor G. pulex 82 and 142. 

The relative abundance of the various species of chironomid 

larvae was also similar and in both years Cricotopus bicinctus and 

‘richociadius rufiventris provided the highest annual totals taken. 

The monthly incidence of the species did however appear to differ in 

the two years with the apparent peaks in the populations not quite 

coinciding. If this is the case it can almost Certainly be es 

attributed to differing climatic conditions during the two yearse 

The incidence of Cricotopus bicinctus for the two years (fige 27) 

reveals that aathoweb the larvae seemed. to reach greatest abundance 

at different months, the results were similar in that the larvae of 

this species is most abundant in the summer and autumn. The 

detailed incidence of Trichocladius rufiventris also differed in the 

two years (fig. 22), but again there was a general similarity and 

in both years would appear that there were three major populations 

present during the year, these being present in early: spring, mid 

summer and autumn, Cricotopus sylvestris (fig. 28) on the other 

hand had a rémarkably similar monthly incidence in the samples in 

the two years and like Cricotopus bicinctus was most abundant in 
  

those taken during the summer. 

Certain species however were present in greatest numbers in 

the spring samples and such a species was Brillia longifurca. The 

Sonthly incidence of the larvae of this species was similar in the 

two years, with large numbers being present in the March samplese 

bukiefferiella hospitus was more abundant at this station in 
—= = 
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1967-68 (fig. 25). Although the monthly incidence varied quite 

a lot in the two years it seemed that for both years there were 

three major populations present during the year. 

Si202 Discussion 

Al
e 

EN
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The results from the Dowles Brook and River Cole investi- 

gation show. quite clearly how organic enrichment can produce ' 

changes in water quality with corresponding changes in the benthic 

community » It was found that certain taxa seem to be adversely 

affected while others are favoured by organic enrichment. 

If Dowles Brook is taken to represent a normal fast flowing 

etream receiving little or no organic enrichment and the stations 

on the River Cole to represent different degrees of organic 

enrichment the effect of organic enrichment on the various inverte- 

brates can be considered as a whole. 

Phe different families of the Oligochaeta (fig. 29) differed 

in their distribution. The Tubificidae and Enchytraeidae were more 

abundant in the organically polluted waters, and obviously favoured 

organic enrichment. The Snchytraeidae however seemed to be 

abunfiant over a narrower range than the Tubificidae. With both 

groups however they were most abundant not at Station 2 but further 

downstream. It would seem that severe organic pollution can 

restrict the distribution of even these two tolerant groups. This 

would possibly explain their apparent rareness during the summer 

fonths at Station 2 when conditions became particularly severe. 

The distribution of the Lumbriculidae appeared to be less related 
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to the organic content and they were most abundant in the samples 

from Station 1. 

The leeches also differed in their distribution. Apart 

from the rare occurrence of Piscicola geometra and Srpobdella 

 



Fig. 9. Comparison of the distribution of certain annelids in 

Dowlcs Brook()) and the R.Cole(1-6), showing the effect of the 

organic discharge. Blocks represent total numbers of animals 

collected in twelve months fron O*lmof stream bed, 
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Sean Re 
130 

| a 
| 

i Bosc- i fj 415 

ib % } 

i ooo. f | i [| FH 

‘ 5 

: i 1 Ho 

pes 
> 

\75 

> 

4 

425 

Bes 

. - re 136 

COC ? 

boo; 4 
4 

ah 4 1a ae 
, 200) f i io 

: oe fi 8 

obde ctoc ta 3 

ii 
7S 20 

boo} Fy 
fi : ; 

4 a 

LOO; 
8 

Si i a 

5 200} ‘ The 
de x a { 

A 3 

8 = aj 68 

a Helobdella stagnalis. i 

c 2 bool 
100 

Bray 

aE 450 

200- 

E — 
— 

PT froobdella testacea and Glossiphonia conplanata 

Bol 
Dats 

4 20+ 

{ 
{ 

i tor 
| G.c.) 

i HB Bu 

i. 0 3 ne 5 j 
Effluent 

 



Pigs30. 

i
n
c
 

Distribution of two invertebrate species in six stations on the 
sampling occasions. Points represent the mean of three samples. Superimpo 
confidence limits. 
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Fig.32. Distribution of two invertebrate species in six stations on the River Cole(1-6),on two 

sampling occasions. Points represent the mean of three samples. Superimposed are the 95% 

confidence limits. 
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o¢toculata leeches seemed to be absent from Dowles Brook. In the 

River Cole, Piscicola geometre and Batracobdella paludosa were only 

found above the effluent at Station 1, Other leeches seemed to 

be favoured by organic enrichment (fire 29)6 Erpobdella octoculata 

was particularly abundant at Station 1 but was also abundant at 

Station 5 (fig. 30). Helobdella stagnalis although present above 

the effluent seened to reach a marked peak at Station 5, in the 

recovery zone (fige 30). Erpobdella testacea although never 

abundant in the samples appeared to have its distribution restricted 

to the polluted stretches, being most numerous in the recovery stages. 

It would seem then that certain species of leech do prefer orgaie 

enrichment, probably because of the increased food supply in the 

form of Oligochaetes and chironomid larvae; they must nevertheless 

be very tolerant forms. 

The two common species of malacostracan crustacean (fica. 31 

and 32) aleo had marked differences in their distribution. Gammarus 

pulex was abundant at Dowles Brook and at Station land was largely 

absent below the effluent although it recovered slightly at Station 6. 

This species would appear to be an intolerant form, the reason that 

it was more numercus at Station 1 than Dowles Brook was: probably due 

to the fact that there was more food available in the form of 

decaying vegetable matter. Asellus aquaticus had a very different 

distribution, it was not recorded from Dowles Brook and was only 

taken in small numbers in the River Cole above the effluent. Below 

the effluent the numbers appeared to fall and then rise sharply at 

Station 5 where it was abundant. Asellus aquaticus is then a 

Moderately tolerant species, and able to survive in environmental 

conditions that would prove lethal to Gammarus pulex. This would 

explain its presence in the recovery stages of the River Cole and 

  

the absence of G arus pulex, the reason why Asellus aquaticus is 
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apparently absent from Dowles Brook is more difficult to explain 

and it could be due to the presence of predators or competition 

with Gammarus pulex. 

The Plecoptera, Trichoptera and Ephemeroptera also reacted 

sharply to organic enrichment, and all three groups seemed to be 

adversely affected by it. In Dowles Brook fourteen species of 

Plecoptera were recorded, while in the River Cole they were only 

taken above the effluent and even then only three species were 

recorded. The Trichoptera were similarly restricted in their 

distribution. At least nine species were present in Dowles Brook, 

while in Station 1 only four species were recorded, downstream of 

the effluent outfall the group was exceedingly rares Two species 

of Hydropsyche were recorded in the investigation, and these i 

appeared to have a very restricted distribution (fig. 31). 

Hydropsyche. fulvipes was only recorded at Dowles Brook while 

Hydropsyche angustipennis was revorded at Station 1, where it formed 

large populations. Of the five species of Ephemeroptera taken from , 

Dowles Brook only one, namely Baetis rhodani was recorded in the 

River: Cole. This especies (figs. 31 & 33) formed large populations 

above the effluent, but although it was found in all stations below 

it was found in greatly reduced numbers. The species belonging 

to the Trichoptera, Ephemeroptera and Plecoptera would seem on the 

whole to be sensitive to organic enrichment. No species from these 

groups would appear to be even moderately tolerant although slight >. 

organic enrichment seems to Bene certain species. From this 

investigation such species are Baetis rhodani and Hydropsyche 

angustipennis both of which formed very large populations at 

Station 1 which was known to have some organic enrichment. 

The distribution of the chironomid laryae was in striking 

contrast to that of the other insects. Certain species were found 
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to be very tolerant and as a group they seemed to thrive in 

organically enriched waters. They were poorly represented at 

Dowles Brook and Cole 1 and rich in numbers and species in the 

moderately polluted regions. It was possible to recognise various 

degrees of tolerance within the group. Chironomus riparius was 

certainly the most tolerant and was the only species to form large 

populations at Station 2. It was most abundant, however, in the 

samples from Stations 3 and 4, the numbers then appeared to fall 

sharply at Stations 5 and 6 and the larvae were not recorded from y 

Cole 1 or Dowles Brook (figs. 34 & 35). This species was 

apparently restricted to polluted conditions and was certainly the 

most tolerant species of this group for ‘no other species were 

numerous at Station 2. A number of species became quite common at 

Station 3, the four most commonly occurring species were ‘richocladius 

rufiventris, Brillia longifurca, Eukiefferiella hospitus and 

Nicropsectra atrofasciatus. 

Trichocladius rufiventris and Bukiefferiella hospitus (figs 34) 

were not recorded from Dowles Brook, both species were however 

macoraee at Station l. Immediately below the effluent the numbers 

seemed to be reduced, they then became more abundant in the samples 

downstream. The larvae of both species were usually most. abundant 

at Station 5 (fig. 36). The larvae of Cricotopus bicinctus had a 

Similar distribution (fig. 34) but differed in that this species was 

only abundant in the samples taken during the summer months (fig. 35). 

Cricotopus sylvestris and Brillia longifurca were not recorded from 

Dowles Brook or Station 1 but were present in small numbers at 

Station 2; from Stations 3 to 5 they became increasingly abundant 

in the samples, apparently reaching a peak: at Station 5, the numbers 

then paki ue again at Station 6 (fig. 34).  Cricotopus sylvestris 

like Cricotopus bicinctus was most abundant in the samples’ taken 
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Pig.24. Comparison of the distribution of seven species of the 

Chironomidae in Dowles Brook(D) and the’R,Cole(1-6), showing 

the effect of the organic discharge. Blocks represent total 
numbers of animals collected in twelve months from 0+ls* of 

stream bed, 
Chironomus ri ,arius, 
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confidence limits. . 

Brillia longifurca : Prodiamesa olivacea 

200- March 30- March 

Nie 

loo - 15 
° 

sc 

eee r 
p I 

a ‘ T T T T 7 T j 
< ' 
a 
A ' 

Ss 200- June Zor June | 
= Some, ; 

° 
2a L L 
& 

8 
BIOoF IS- 

t 
L | 

a a 
T . i  



or rer 

e
e
e
 

re
t 

  Fig33 Comparison of the distribution of four species. of Chironomidae 
in Dowles Brook (b) and the R.Cole (1-6), showing the effect of the 
Organic discharge. Blocks represent total numbers of animals collected ; 
in twelve months from O+lm*of stream bed, 
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Fig.39. Seasonal incidence of Pentaneura nelano gs in five stations 
on the River Cole, 
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during the summer (fige 33), whereas Brillia Jonzifurca was most 

- abundant in the winter and spring bamples (fig. 37). Other species 

of chironomid larvae had similar distributions being most abundant 

in the sanples from the recovery stares. The distributions of 

these species is summarised in figs 34 for Prodiamesa olivacea and 

in fig. 38 for Polypedilum arundineti, Brillia modesta, Pentaneura 

melanops and lMicropséctra atrofasciatuse The larvae of these five 

syecies although not abundant were, nevertheless cnnsistently present 

at certain stations, 

The distribution of Simulium ornatum lervae (fige 31) also 
  

seems to be related to the degree of organic enrichment, only 

scattered individuals were ‘found in Dowles Brook while quite large hi 

populations were sometimes Peet in the River Cole. It would 

seem, however, that ghis!lapacies 4e adversely affected by severe 

organic pollution. : 

The two most abundant molluscs in the samples were Sphacrium 

corneum and Ancylus ‘fluviatile and these differed in their dis~ 

tribution (fig. 31). Sphaerium was most abundant in the samples 
Steet eis 

from Stations 1 and 6 while Aneylus was common only at Station 5. 

Tae Coleoptera were very restricted and like the Plecoptera were 

only commonly found in Dowles Brook which suggests they are adversely 

affected by organic enrichment. 

The renuitte’ gontiedd trends which nave previously been 

established by otkes workers, notably Richardson (1929), Butcher © 

(1937 and 1946) and Hawkes (1956). They do, however, provide 

quantitative information on how the benthic community reacts to 

organic enrichment and indicate that the community reacts by changes 

in the percentage 6: ecies composition and not merely by the presence 

or absence of species. fhe results also revealed the importance 

of seasons in bringing about changes in the benthic community and 
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that it was possible to have a different benthos at any one station 

e
e
e
 

ee
e 

during the winter to that of the summer. These changes in the 

; conmunity are associated with a worsening of conditions during the 

' eunmer. Another point that emerged was that the Chironomidae : 

which have long been ignored in this country are very impor tant | 

constituents of the benthic community especially in the recovery 

stagese 
| 

Gaufin and Tarzwell (1956) drew attention to the fact that 

the septic zone contains relatively few species but the numbers of 

individuals of each species and the total numbers of organisms per 

unit area was very great. The recovery zone on the other hand was 

characterised by lesser numbers of the species found in the septic 

tone plus the more tolerant forms found in clean watere The sada 

characteristic of the clean water fauna being a great variety of 

invertebrates consisting of nymphs belonging to the Ephemeroptera 3 

and Plecoptera and larvae of the Srdonopterk’ Very similar con= 

elusions can be drawn from this investigation. Stations 2, 3 and 

4 can be thought to represent the septic zone and it was found that 

at these stations the benthic community was almost entirely composed 

of tubificid and enchytraeid worms, Chironomus riparius and a few 

other Chironomid species, thus relatively few species. Stations 

5 and 6 would represent the recovery stages, the ‘numbers of Tubificidae 

Enchytraeidae and Chironomus riparius being far less while the 

numbers of other Chironomids, Asellus aquaticus, Erpobdella octoculata 

and Helobdellé stagnalis had increased. The two species of leech 

‘ 
can certainly be regarded as tolerant clean water forms. The clean   

i Waters of Gavfin and Tarzwell would be represented by Station | and 4 

Dowles Breok which are both characterised by a variety of inverte- 

brates containing few individuals. 

Organic pollution causes these changes in faunal associations  
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ina Staten of ways. Harrison (1960) suggests that the following 

factors are important:= 

«) Changes in the nature of the stream bed due to fungal and 

bacterial growths and deposition of organic matter. 

») By cavsing oxygen depletion due to the oxidation of the 

organic matter and the increased respiratory activity. 

¢) By producing pH changes. 

4) By stimulating algal growthse 

«) By reducing water clarity. 

{) By affecting current speed. 

The present investigation would in general support 

‘Yarrison's views but would also include the effect of carbon dioxide 

and ammoniae It would appear that probably the most important 

fhatbe influencing the distribution of animals in the River Cole was 

deoxygenatione In the imme months the River Gole became seriously 

deoxygenated. The degree of deoxygenation varied with the distance 

downstream from the effluent and whether or not vegetation was present. 

Stations 2 and 3 suffered severe deoxygenation and during the summer 

sonths the dissolved oxygen concentration was typically below 2 pepeme 

There was very little diel variation at both these stations (figs 10) 

the oxygen varying from 1.2-2.1 pepem. at Station 2, and from 

0,601.4 pepem. at Station 3. This absence of a marked diel variation 

vas almost certainly due to the fact that green plants were virtually 

absent from these stations. In Stations 4, 5 and 6:there were 

growths of Stigeoclonium and diatoms and diel variations occurred 

(fig. 10). During the day the river would not appear to experience 

severe deoxygenation a these stations and at Stations 4 and 5 

tissolved oxygen concentrations of 6.8 pspems and 5.2 pepelic 

Tespectively were recorded at 12.30 pem. During the night however 

the dissolved oxygen concentration for a period of 10 hrs. (from 
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8.30 pem. to 6.30 asm.) was well below 1 pepeme At Station 6 a 

similar pattern wae found although the water nearly always contained 

more oxygen, but even as far downstream as this, for a period of 

nearly ten hours the oxygen concentration was below 2eD5 PePeme 

ghese uniformly low oxygen concentrations at Stations 2 and 3 coupled 

with the high temperatures would almost certainly prove fatal to 

nost macro-invertebrates, and would eliminate the species common at 

Station l. It can be seen from Tables 6 and 7 that even the numbers 

of Tubificidae and Chironomus riparius appeared to be very much re= 
  

duced during the summer monthse 

The quite high dissolved oxygen. concentrations that occurred 

during the day at Stations 4 and 5 certainly allowed moderately 

tolerant invertebrates such as Asellus a uaticus, Erpobdella 

octoculata, Helobdella stagnalis and various Chironomids to establish 

themselves. Tt would appear that these species can survive “low 

dissolved oxygens for a number of hours every day but not a prolonged 

period as they would experience at Stations 2 and 3. Most of the 

macro invertebrates were far more abundant at Station 5 than at 

Station 4 although during the 24 hour period the oxygen was usually 

lower at Station 5, this could probably be explained by the influence 

of other factors such as ammonia, orthophosphates and carbon dioxide 

which were usually present in higher concentrations at Station ay 

The improvement in the overall oxygen concentration in the 

river at Station 6 allowed Gammarus pulex and Bactis rhodani to 

become established once again. Both species were not abundant 

however and this was ac ouatly due to the effect of the low oxygen 

concentrations prevailing during the night. 

Other possible factors which, from this study, appear to be 

important in causing these faunal changes were the increases in 

ammonia, carbon dioxide and orthophosphate concentrations. In 
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powles Brook and the River Cole Station 1 very low concentrations 

of these substances were recorded, in the stations below the effluent 

outfall however high concentrations were present especially during 

the summer months. The concentrations of all three usually showed 

a gradual fall downstream. Ammonia,which is usually accepted as 

being a toxic substance, was sometimes present in exceptionally high 5 

concentrations at Station 2 and a figure of 36.5 pepeme (undissociated 

concentration 0.26 p.p.m.) has been recorded by the Trent River Board 

during July 1967. Concentrations of this order in nature would 

almost certainly have a limiting effect on many animals. Carbon 

dioxide, anton is not usually thought to be a toxicant in its own 

right, is known to influence the toxic effect of low oxygen con= 

centrations. The chemical results show that carbon dioxide was 

again present in high concentrations during the summer and at 

Station 2 a concentration of 25 pepeme was recorded duciae 

September 1967. It is probable that these high concentrations, 

together with high temperatures, would almost certainly accentuate 

the effect of the low oxygen concentrations in restricting the 

distribution of invertebrates. Orthophosphates were also present 

in comparatively large concentrations and although little is known 

about the toxic effect, it is conceivable that concentrations of 

5 pepom. that were recorded from Station 2 could also influence the 

distribution of certain animals. As mentioned, the concentrations 

of all three nckere usually gradually decreased downstream and 

this, together with improvement in the oxygen present, allowed the — 

establishment of a succession of populations downstream. 

The chemical results from the River Cole were genérally 

Similar to those established by many other workers. Butcher (1946) 

€lso found variations in dissolved oxygen and ammonia in the Trent. 

The deoxygenation was even more marked in the Trent and'in fact) no 
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oxygen at all was present just below the effluent outfall while at 

the same time the ammonia concentration increased from 0.2 pepeme 

above the effluent to 14 p.spems some distance below. As previously 

sentioned similar faunal sequences were found in the Trent. 

It became obvious as a result of this investigation that 

conditions are far more severe in the summer months, this fact had 

previously aroused the attention of Gaufin and Tarzwell (1955). 

The chemical results of the River Cole (Table 1) clearly show the 

effect of high flows and low temperatures on the condition of the 

water, even at Station 2 for four months the dissolved oxygen con= 

centration in the monthly samples was over 8 p.peme, there being a 

corresponding decrease in the concentrations of ammonia and ortho= 

phos phates. These improved conditions during the winter months in 

even the most polluted stretches appeared to allow moderately 

tolerant species to establish themselves. Baetis rhodani nymphs 

and chironomid larvae such as Trichocladius rufiventris, 

bukiefferiella hospitus and Brillia longifurca were all taken during 

the winter months at Stations 2 and 3. They did not appear to be 

present however at these stations during the summer months although 

the chironomid larvae were all present at Stations 5 and 6, and 

isetis rhodani at Station 1 and Dowles Brook. 

The seasonal incidence of a number of the chironomid larvae 

found in the River cole seemed to vary at the different stations 

and this could possibly be correlated with the more severe conditions 

Prevailing during the summer. The seasonal incidence of 

lukiefreriella hospitus at six stations is illustrated in figure 256 

It was most abundant in the samples from the lower recovery zone 

where there was apparently three major populations present during 

the year. Further upstream, nearer the effluent (Station 3) this 

summer population was avparently absent (fig. 36) although those of  
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apting and autumn were present. This possible repression of the 

piece generation could also be seen in the incidence of Prodiamesa 

piivacea (figse 24 & 37), Trichocladium rufiventris (figs. 22 & 36), 

pentaneura melanops (figs 39) and Chironomus riparius (fig. 21). 

qhe seasonal distribution of Chironomus riparius was also interesting 

in that tho range is extended downstream in the summer (figs 35). ; 

this species was virtually absent from the samples taken at Station 4 

from November to June, but during the period July to October large 

populations were present at this station. Thus the incidence seems 

to be strikingly different to that at Station 2. It would appear 

that at Station 4 during the winter, conditions were not suitable 

for Chironomus riparius to become established, during the summer 

however the station became badly polluted allowing the species to 

extend its range downstream. The seasonal incidence of other 

apseies of chironomid larvae such as rillia lon ifurca, which are 

normally abundant as larvae in the winterespring period, were 

mturally less affected by the summer conditionse Aerial disperal 

of the adults is probably responsible for the re-establishment of 

the species after the elimination in the summer, whereas other 

invertebrates such as Gammarus pulex would have to rely on down= 

stream drift to colonise the stations in winter and as a result 

bardly showed a winter recoverys 

3.3 River Salwarpe 

3.3.2 Results 

3.3.1.1 Ghemical Results (Table 11) 

The River Salwarpe provided an interesting example of the 

Tecovery, over a period of time, of a river from severe organic 

pollution. For the first two months that the river was sampled 

the effluent was treated by the overloaded old sewage works, the   
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new works coming into dperathen din May; the chemical data reflects 

the changeover. The effluent from the old works was badly polluting 

the water. “With the changeover, there was at first, no marked x 

{mprovement, probably because of a settling down period. From July 

onards however, except for a couple of "bad" results, there was a 

steady improvement in the polluted state of the waters Previously, 

at Station 1, there were thick growths of sewage fungus but these | 

gradually disappeared. | 

Hardness 

The water at both stations was exceptionally hard, the 

calcium ac ieantvatiourune very high and magnesium was also present 

in high concentrations. The water at Station 2 was usually harder 

than at Station 1, there was not however, any marked seasonal 

variation if the concentrations presents 

gt 

The water at both stations was usually alkaline, Station 2 

being more alkaline than Station 1, The pH fluctuated from month 

to month but with the opening of the new worke there was not sucha . 

great variation in the monthly figures. 

Temperature (fig. 40) 

} 
' \ ‘ 

‘ Normal seasonal temperature fluctuations occurred. Station 1 

. { " i 

was usually warmer than Station 2. 1 3 fn 

Dissolved Oxycen (figs 40) { 

The dissolved oxygen concentration definitely reflects the 

improvement in the condition of the water. From March until | 

September the dissolved oxygen concentration of the water fluctuated. 

The improvement in the condition of the effluent is shown by the 

“duly and August figures, in September however the river became badly 

polluted again, the oxygen concentration fell to 2.8 pepem. at 

Station 1 and 3.7 pepem. at Station 2. From October onwards the 
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vater was always well oxygenated, even at Station 1, There was 

wually more oxygen present in the water at Setion 2 than at 

Station l. 

tenonia (fige 41) 

The ammonia content of the water also reflects the subsequent 

{aprovement in the condition of the river. Ammonia was present in 

quite high concentrations for the first three months, from June 

omards, with the exception of September and February, the concentration 

in the water was markedly reduced, and in some of the monthly samples 

it was hardly present at all. The concentration present decreased 

downstream go there was usually less at Station 2. 

Nitrates (fig. 41) 

The oxidised nitrogen content of the water varied irregularly 

from month to month. . The improvement in the condition of the water 

- {9 not reflected in these results. Generally the concentrations 

vere not high, although for certain months e.g. October this was 

not the case, 

Qrthophosphates (fig. 41) 

The concentrations of orthophorphates present, as with 

oxidised nitrocen, were never very highe The concentrations present 

did not vary much throughout the year and the improvement in the 

tondition of the effluent is not reflected by a decrease in the 

asount of orthophosphates present. The concentrations present 

nearly always decreased downstream. 

Carbon Dioxide (Table 11) 

Dissolved carbon dioxide was usually present in significant 

Oncentrations throughout the year. As with the other chemical 

factors measured the concentrations usually decreased downstream. 

3.0.D, (Table 12) 
The improvement in the standard of the effluent is paralleled 
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by an improvement of the B.0.D. of the water of the River Salworpe. 

for the first five months the 3.0.D. was usually very high, after= 

wards however there was a marked improvement at both stations. 

The chemical figures show that while the old works wae in 

operation the river, especially at Station 1, was srosaly polluted. 

With the opening of the new works there was generally a steady 

improvement in the condition of the water. The new works did 

however experience "teéthing troubles" and the polluted state in 

September was almost certainly due to this. Towards the end of 

the sampling programme the improvement was obvious by the appearance 

of the water, Tt was now clear whereas previously it was penerally 

turbid, and all traces of sewage fungus at Station 1 had disappeared. 

This improvement, as already stated, is reflected in the atendy 

inorease in the dissolved oxygen present, and the steady decrease 

dn the concentration of ammonia present and in the B.0.D. of the 

water. ; a SE Seiten sce 

35162 Biological Results 
The results of the study on the river are summarised on 

Tables 12 and 13. 

It was found that the improvement in water conditions during 

the period was parallelled by changes in the stream communitye 

frevious samples from the river, prior to the detailed study 

described, had shown Station 1 to be grossly polluted, with the 

fauna composed of tubificid worms and Chironomus riparius larvae, 

ep. While at Stati on 2, although C. riparius was still abundant, large 

Populations of. isellus aguaticus were present. 

\ 
Station 1 (Table 12) 

The community at this station underwent a remarkable change 

‘ver the twelve month period. The first quantitative sample, taken 
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in March, contained tubificid worms and Chironomus riparius larvaee 

The worms were abundant while C. riparius larvae were only present 

4n small numbers in the sample. For the next two months only 

eubificid worns and a few ¢. riparius larvae were presente The 

firet change was observed in June when the larvae of the seven other 

chironomid species were present in the samples. From July onwards 

these other species became more numerous and in certain cases 

abundant while the numbers of C. riparius larvae decreased. 

Other invertebrates, such as Gammarus pulex and nymphs of 

acti rhodand also appeared in the samples. These were never 

abundant but were nevertheless usually present. The chironomid 

species which appeared in the river following the improvement in 

the conditions were species that had been recorded in other polluted 

rivers. The seven most abundant Rpegian recorded were Cricotopus 

bicinctus, Brillia longifurca, Trichocladius rufiventris, Rolypedilum 

arundineti, Cricotopus sylvestris, Eukiefferiella hospitus and 

Brillia modesta. 

Station 2 (Table 13) 

As in Station 1 it is ‘Gavipie to divide the monthly samples 

into three broad groups based on the organisms presente The first 

group is represented by the March sample. In this sample animals 

such as Asellus aquaticus, Aneylus fluviatile, Chironomus riparius 

and Cricotopus sylvestris were commons 

@he second group of monthly samples were those from April 

to June. In this period most of the species previously mentioned 

decrensed in numbers. Then from July to the following March there 

Wwasan inerease in their numbers together with the appearance of 

Bpecies not previously recorded at this station e.g. Erpobdella 

testacea and Brillia longifurca. Chironomus riparius is a 

noticeable exception to this trend, although the numbers did increase 
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in June, it tecens rare in the following two months and was totally 

absent from the rest of the samples. 

As at Station 1 Cricotopus bicinctus, Trichocladius 

Rriventeies Sukiefferiella hospitus, Brillia longifurca and 

Cricotopus sylvestris were common at this station. An apparent 

difference between the two stations was observed with regard to the 

relative abundance of Polypedilum arundineti and Pentaneura melanopS. 

At Station 1 Polypedilum was abundant but it was rare at Station 2, 

the converse distribution was observed for Pentaneura melanops. 

In addition to the species of chironomid larvae, species of other 

groups now became established at this station, notably Erpobdella 

testacea, Baetis rhodani, Limnaea pereger and Ancylus fluviatile. 

The results of the quantitative samples are interesting in 

two waySe Firstly they confirm the trends that have been observed 

in an organically polluted river and secondly they show how the 

various invertebrate taxa respond to an improvement in the water 

quality during the twelve month period. This will be considered 

later. As mentioned, the chironomid larvae recorded from the two 

stations on the Salwarpe had all been recorded in other rivers and 

it was found that the peescnay incidence also appeared to be similar. 

The seasonal tnetdenoel of Cricotopus bicinctus and Cricotopus 

sylvestris is shown in figures 42 and 43, It was found once again 

that both species seemed to be most abundant in the summer months, 

and rare during the winter and spring. Hrillia longifurca had a 

very different seasonal incidence (fig. 42). This species, as had 

been noticed at other stations, is most abundant in the winter and 

Spring samples. 

The distribution of Trichocladius rufiventris and 

lukiefferiella hospitus (fig. 43) was.once again found to have a 

humber of generations a year, being most abundant in the spring, 
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    , Fig. 42,Seasonal incidence of three species of the Chirononidae 
from two stations on the River Salwarye.   
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* Fig. 44,Seasonal incidence of three species of the-Chironomidae 
in two stations on the River Salvarpe. 
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eidesummer and autumn sanplese 

3.322 Discussion 

The investigation of the River Salwarpe was particularly 

{nteresting in showing how an improvement in the water quelity 

results in changes 4n the riffle community. In thie case however 

it was not a seasonal recovery but a permanent recovery resulting 

from the opening of a new sewage works producing a much improved 

effluent. The March samples demonstrate quite clearly the trends 

that have been observed in other organically polluted rivers. In 

the zone of severe pollution (Station 1) only tubificid worms and 

Chironomus riparius larvae were present, further downstream (Station 2) 

correlated with the improvement in the environmental conditions the 

numbers of Tubificidae decreased while othe species such as Asellus 

aguaticus and Erpobdella octoculata appeared and became commone 

The chemical data also suggests that the river was very badly 

polluted at this time. 

The paucity of the fauna during the next two months could 

be correlated with the settling down period of the new works. At 

this time the effluent was eedeedi ugly bad and led to the river 

becoming very badly polluted, this was reflected in the dissolved 

oxygen and ammonia concentrations. The marked decrease in the 

numbers of Asellus aquaticus in the April sample was probably ane 

to this deterioration in river conditions. 

After the settling down period the river conditions improved 

and this was reflected in the chemical data, from July onwards with 

two exceptions there was a steady improvement in the quality of the 

water, At the end of the sampling period in March 1968 even at 

Station 1 the dissolved oxygen concentration was 11.3 pepem. and the 

anmonia concentration 0.3 pePpeme, twelve months previous the 

corresponding figures were 6.0 pepem. and 6.8 p.pem. respectively. 
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This improvement allowed the establishment at both stations of 

organisms which had not previously been redgorded there. At the 

game time there appeared to ve a decrease in the numbers of tolerant 

epecies. At Station 1, Gammarus pulex and Baetis rhodani nymphs 

appeared in the sanpes, these were never abundant but nevertheless 

were present, chironomid larvae which appeared in the river following 

the improvement in the conditions were Cricotopus bicinctus, Brillia 

lonifurce, Trichocladius rufiventris, Polypedilum arundineti, 

cricotopys sylvestris, Eukiefferiella hospitus and Brillia modesta 

(figs. 42,43 & 44). These were all species that had been recorded 

from moderately polluted conditions in other rivers but not in 

severely polluted conditions. With the steady increase in the 

numbers of these species there was an apparent decrease in the 

numbers of Chironomus rimrius larvae (fige 42) which 4s known to 

favour and is restricted to badly polluted stretches of rivers. 

It would appear that Chironomus larvae were adversely affected by 

these improvements in water quality which accounted for their decline. 

At Station 2 mind ae seasonal trends were observed there 

being a steady decrease in the numbers of Chironomus riparius 

present in the samples, while at the same time there was an increase 

in the numbers of moderately tolerant species such as Giteyte gus 

bicinctus, Cricotopus silvestris, Pentaneura melanops, Eukiefferiella 

hospitus and Brillia longifurca. Other invertebrates which now 

appeared in the samples were Baetis rhodani, various molluscs and 

occasionally Gammarus pulexe 

It was surprising how quickly the groups established them- 

Selves at both stations following the improvement in water conditions. 

It is noticeable however that this colonisation was mainly by inaect: 

larvae and nymphs, particularly the larvae of the Chironomidae. 

This can almost certainly be attributed to the aerial dispersal of 
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sol Merry M412 Brook (Wolverhampton) 

3e4e1 Results 

34.121 Chemical Results (Table 14) 

The monthly chemical tests carried out on Merry Will Brook 

indicated that the stream was very badly polluted. Very high 

concentrations of orthophosphates and oxidised nitrogen were usually 

found. They also showed that there was a slight recovery between 

Stations 1 and 2. 

Dissolved Oxygen (fige 40) 

Very low values were never recorded, the lowest concentration 

for Station 1 was 4.8 Pepems, while for Station 2 it was 6.5 Pepeme 

The dissolved oxygen content of the water was always higher at 

Station 2 although the difference was not very greate The greatest 

recorded difference between the two stations for any one month was 

263 PePeme Seasonal variation was not marked and this was almost 

certainly due to the fact that the stream commenced as a works 

effluent and so the flow throughout the year was fairly constant. 

The highest dissolved oxygen concentration recorded for Station 1 

was in April (8.6 pspem.) and the lowest in August (4.8 pepem.). 

The Peat of samples taken at intervals over a period of 

24 bre. are shown in Table 15. A diel fluctuation did occur but 

this was not very great. ‘the dissolved oxygen concentration was 

highest for both stations at 8.30 p.m. and lowest at 6.00 a.m. 

Temperature (figs 40) ; 

The temperature showed the expected seasonal variation, the 

highest temperatures in the routine samples for Stations 1 and 2 

were 18.5°C and 18°C respectively in July. he water at Station 1, 

With one exception, was warmer than at Station 2 and this was almost 

certainly due to the fact that the effluent leaying the sewage works 

Was warm. The temperatures recorded during the 24 hr. period 
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(fable 15) were high. Station 1 reached a maximum of 21.6°C at 

2 pems and Station 2 a maximum of 22° at 4 Pete The lowest 

temperature figures were recorded for both stations at 4.00 asm. 

when 16°C and 14.9°¢ were recorded for Stations 1 and 2.respectively. 

Calcium 

The water at both stations was generally hard although there 

were considerable variations in the monthly concentrations. There 

vere no consistent differences in hardness between the two stations 

and there geémed to be ‘no ceasonal variations. 

Yagnesium 

As with the caleium no consistent differences were seen 

between the two stations. The magnesium was usually present in 

quite high concentrations at both stations. The concentrations 

present varied considerably from month to month and hae seemed to 

be no seasonal variation. 

Ammonia (figs 41) 

Ammonia was usually present in the water, the concentration 

being greater at Station l. There was not an obvious seasonal 

variation, the concentrations fluctuated from month to month. The 

ammonia never reached high concentrations at either station and the 

figures obtained would not suggest that the river was badly polluted. . 

Nitrates (fig. 41) ‘ 

The concentrations of oxidised nitrogen in the form of 

nitrates and ad were exeeedingly high at both stations. The 

tédsdntrs efots in the water at Station 1 were nearly always higher 

than at Station 2. | The maximum concentration found at Station 1 

was 34.6 p.spem. and at Station 2 33 p.pem. ‘As with ammonia there 

was no abeious seasonal variation. 

The very high concentrations of oxidised nitrogen and the 

telatively low concentration of ammoniacal nitrogen suggests that 
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the effluent was well oxidised which was very different. to the 

effluent discharged into the River Cole. 

orthophosphates (fig. 41) 

The water at both stations was characterised by having high 

concentrations of orthophosphates. “The concentrations were usually 

higher at Station 1 than Station 2. Once more there was no obvious 

seasonal variation. The highest concentration recorded at Station 1 

was 967 pepem. and at Station 2 it was 10.9 pepeme 

The high concentration of orthophosphates would suggest that 

the river was badly polluted. 

pH 

The water at both stations was usually slightly alkaline, 

being more do at Station 2. Again there was no obvious seasonal 

variation, the pi fluctuated from month to months 

Carbon Dioxide 

There were usually high concentrations of free carbon 

dioxide dissolved in the water, especially at Station 1. The 

concentration decreased from Station 1 to 2. Concentrations’ 

fluctuated from month to month and seasonal variation was not obvious. 

5.0.0. 
The water at both stations usually had a high B.O.D., usually 

higher at Station l. The highest B.0.D. recorded at Station 1 was 

27.1 p.p.m. while gb Station 2 it was 16.1 pepem. 

The Various monthly tests suggest, that at the two stations 

Meapisd Moers Hill Brook was badly polluted. 

The chemical information was interesting in that it revealed 

that Merry Hill Brook was polluted in quite a different way to the 

River Cole. In the Cole the pollution was seasonal and the two 

fost important ways in which the effluent affected the composition 

of the water was by greatly reducing the oxygen content and by 
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Pig. 45. 
Chironomidae from 

Brillia longifurce 

two stations 
vsonal incidence of four species of the 

on Merryhill Brook. 
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{noreasing the ammonia concentration. These two factors only 

pecame marked during the summer. In Merry Hill Brook the oxygen 

vas never seriously depleted nor did the ammonia reach the con- 

© gentration found in the badly polluted regions of the Cole, eee 

vere, however, exceedingly high concentrations of nitrates and 
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orthophosphates present all through the years The cohditions in 

the stream could be considered as eutrophic rather than organically 

polluted. Merry Hill Brook in terms of chemical composition, was 

similar throughout the year. The only obvious and important 

difference between summer and winter being the temperature levelss 

SHole2e Biological Results. 
Station 1 (Table 16) 

i The fauna at” this severely polluted station was very 

restricted. It consisted almost entirely of species belonging to 

the Tubifieidae, Enchytraeidae, Chironomidae and Simulidae. 

The oligochaete worms were never really abundant at this 

station and the two familias were present in approximately equal 

numbers. The dominant species of chironomid larvae was definitely 

Chironomus riparius. : This species formed large populations for 

sost of the year (fige 45) although it was not present in the April 

and May samples. Only three other species were apparently present 

in considerable numbers, namely Cricotopus bicinctus and sylvestris 

and Kukiefferiella hospitus. As in the River Cole the two species 
  

of Cricotopus were most numerous in the summer samples only scattered 

inlividuals being taken between October and May. Eukiefferiella 

dospitus on the other hand had a broader seasonal incidence, being 

Hesent in most of the monthly samples (fig. 45). Simulium reptans 

larvae were common at this station during the winter months but were 
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station 2 

The fauna at this station is summarised in Table 17. It 

reflected a recovery in the polluted state of the rivor, which is 

porne out by the chemical data. This recovery is shown by the 

fact that Asellus aquaticus was present in the samples and that 

species of chironomid larvae other than Chironomus riparius had 

increased in numbers. The Enchytraeidae now appeared to be the 

dominant worms, being far more numerous than at Station 1, while 

the numbers of Tubificidae had apparently decreasede 

One of the most obvious differences between the fauna at 

the two stations was: the fact that Asellus aquaticus was now present 

{n the samples. Individuals were usually present although never 

in very great numbers. Chironomus riparius was abundant at this 

station but the monthly incidence (fig. 45) suggested that the 

numbers were lower than at Station 1. Cricotopus bicinctus. also 

ed to be present in fewer numbers at thio station. Other 

  

species, notably Brillia longifurca, Bukiefferiella hospitus and 

to a lesser extent Cricotopus sylvestris were far more abundant in 

the samples from Station 2. The seasonal incidence of the two 

syeeies of Cricotopus one again suggested that they formed large 

populations only during the summer months. The seasonal incidence 

of Brillia Jongifurea (fige 45) revealed that, as in the River Cole, 

it was present in greatest numbers in the samples taken from November 

to March. It was also possible to recognise that as in the River 

Cole, Hukiefferiella hospitus (fige 45) formed three populations 

luring the year. As at Station 1 the larvae and pupa of Simulium 

itntans were important constituents of the fauna but were usually 

Resent in greater numbers in the samples from Station 2. 

44.2. Discussion 

Tt was possible in a limited way to observe the effect of 
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z : 

yarying degrees of organic enrichment on the fauna in Merry Hill 

Brooke The chemical data (Table 14) clearly show that Station 1 

4s more organically polluted than Station 2, and this improvement } 

{n the condition of the water influences the distribution of aquatic 

\ \ 
organisms. Certain animals such as the Tubificidae, Chironomus ¥ 

riparius and Cricotopus bicinctus which are known to be tolerant of, \ 

organic pollution usually decreased in numbers downstrean. While iS 

the numbers of not so tolerant species such as Asellus aquaticus, 

prillia longifurca and Uukiefferiella hospitus apparently increased 

in numbers downstream. 

The result of the investigation on Merry Hill Brook was 

particularly interesting in that it showed that low dissolved oxygen 

and high ammonia concentrations are not the only important criteria 

influencing the distribution of invertebrates. Station 1 on Merry 

Hill Brook was characterised by a benthic c: 

  

mnity consisting 

mainly of tubificid worms and Chironomus riparius larvae which 

suggests that the stream at this point is severely polluted. The 

lowest dissolved oxygen concentration recorded ot thic station was 

4,8 pepsm. in August 1967 while the highest ammonia concentration 

vas 8.0 pepems, neither would suggest that the river was very badly 

polluted and in fact similar figures had been recorded in the River 

Cole Station 6 which had a much more varied benthic community. If 

other factors such ab nitrates, orthophosphates and carbon dioxide 

soncentrations are corsidered however it is at once apparent how 

badly polluted Merry Hill Brook was. At Station 1 a nitrate cone 

centration of 34,6 p.ep.sm., an orthophosphate concentration of 

9.7 pepsm. and a carbon dioxide concentration of 35 pepeme were 

recorded. ‘ It would seem that these are the possible limiting 

factors in this particular stream and not the more widely accepted 

triteria of deoxygenation and high ammonia concentrations. There 
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was usually an improvement in these three chemical criteria at 

Station 2 and the fauna showed a corresponding improvement, the 

numbers of Chironomus riparius in the samples decreasing while those 

of As@llus aquaticus, Brillia longifurca, Cricotopus sylvestris ‘and 

fukiefferiella hospitus increased. \ 
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3.5 Bob's Brook 

352 Results ; 

3,5ele1 Chemical Results (Table 18) 

The chemical figures reveal that Bob's Brook was affected 

in a similar way to Merry Hill Brook. The water was always well 

oxygenated with hardly any ammonia present. However there were 

usually high concentrations of oxidised nitrogen and orthophosphates 

present . 

fardness 

The water was always’ particularly hard. This was largely 

due to caledium which was always present in very high concen trations, 

the magnesium, on the other’ band, varied from a maximum of 19.6 pepeme 

to a minimum of 1.46 PePele 

Temperature (fig. 40) 

The temperature showed Che normal seasonal variations 

Because the stream was overhung by tees it was prevented from 

becoming very warm during the Beane fre highest temperature 

fecordad during a series of samples over a 24 are period was 18°C 

whereas at Merry Hill Brook, on the same day, the maximum temperature 

recorded at Stations 1 and 2 was 22°C and 21.6°C respectively. 
   

    
  

x 

The water was always slightly alkaline. There was no % 

Seasonal variation in the pH of the water, the most alkaline figure 

Tecorded was 7.65 in March and the least alkaline 7.05 in May.
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pissolved Oxygen (fig. 40) 

The samples revealed that Bob's Brook was always well 

oxygenated and this was probably due to the turbulent nature of 

the aerealy There was a slight seasonal fluctuation, the lowest 

recorded concentration was 7.2 pepeme in August and the highest 

was 1064 p.spem. in November. The samples taken in July 1969 over 

a 24‘nr. period showed no diel fluctuation, in fact the dissolved 

oxygen concentration was lowest at 4.00 pem. and highest at 6.00 asm. 

Ammonia (fig. 41) 

The concentrations of ammonia found in Bob's Brook were 

with one exception, very low. 

Mitrates (fig. 41) 

The oxidised nitrogen reflected the abnormal conditions of 

the river. High concentrations were usually present and in 

April 1968 a concentration of 46.2 p.pem. was recorded. The lack 

of ammonia together with the high concentrations of nitrates suggest 

that the effluent was a well oxidised one. 

Orthophos phates (fig. 41) 

Orthophosphates were present in all samples in relatively 

high concentrations. No seasonal variation is apparent, the 

highest concentration recorded was 7.6 pepeme in April while the 

lowest was 1.7 pepem. in October. ; 

garbon Dioxide 

During the summer months dissolved carbon dioxide was 

resent in high concentrations and 29 p.pem. was recorded in May. 

3.0.D, 

The B.O.D. of the water fluctuated from month to month in 

m. irregular manner. From a study of the B,0.D. figures recorded 

it is difficult to assess the polluted state of the river. The 

Mghest figure recorded was 24.4 p.spsm. in April and this would 
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suggest that the river was grossly polluted. On the other hand, 

the 604 pepeme peceraen in October would, at the most, signify a 

poderately polluted stream. 

The chemical analyses reveal that Bob's Brook is not what 

could be described as a typically polluted stream. It is unusual 

in that it is always well oxygenated and the ammonia present was 

negligible. Its polluted state was made obvious however by the 

large concentrations of orthophosphates, oxidised nitrogen and 

dissolved carbon dioxide usually present. As in the case of Merry 

Hill Brook the condition could be considered as eutrophic rather 

than organically polluted. 

3056 tee Biological ee 

The results of the samples are summarised in Table 19. The 

fauna at this station was again very restricted. It was also poor 

in terms of numbers of individuals. The two most abundant sroups 

were the Tubificidae and Chironomidae, but even these did not form 

large populations. fwo species of leech were recorded of which the 

most numerous was Trocheta subviridis but this species was never 

abundant. 

The Chironomidae were represented by the larvae of a number 

of species and it was found that the most abundant species in the 

samples were Brillia ‘longifurca, Cricotopus bicinctus, Cricotopus 

sylvestris and Hukiefferiella hospitus. All four species had been 

found in the polluted regions of the River Cole. 

The seasonal Tnowdence of the larvae of these four species 

is illustrated in fig. 46. It can be seen that Cricotopus bicinctus 

and Sylvestris were most numerous in the summer samples. Brillia 

longifurca on the other bands had a similar seasonal incidence to 

that observed in the River Cole, that is the larvae were most 

abundant in the samples taken in the spring and autumn ani tended 
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; Fig. 46. Seasonal incidence of four species of the 

Chironomidae from Bob's Brook (Dudley). 
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to be scarce in mid-summer. The three populations of Bukiofferiella 

hospitus which had been observed in other sampling stations, 

| although not very obvious could nevertheless be distinguished. 

3.502 Discussion 

The chemical conditions were foun to be similar to those 

in Merry Will Brook. The water contained high concentrations of 

nitrates, orthophosphates and carbon dioxide and, with one exception, 

only traces of ammonia. The water however was always well 

oxygenated, the lowest figure recorded waS 72 pePeme The chemical 

data would then suggest that the river was moderately polluted and 

the biological results would confirm this. Chironomus riparius 

larvae were absent from the samples, while the larvae of Brillia 

longifurca, Cricotopus sylvestris and Bukiefferiella hospitus were 

present. These three species had been found in many of the other 

sampling stations and were common in the recovery stages of the 

River Cole (Stations 4, 5 and 6). 

The paucity of the fauna can almost certainly be attributed 

to the physical conditions prevailing at this station. The very 

fast euseene would, almost certainly, restrict the numbers of 

swimming and clinging tens while the lack of sediment would restrict 

the presence of burrowing forms such as worms and chironomid larvae. 

Tho investigation of Bob's Brook, despite the sparseness of 

the benthic community nevertheless provided useful information in 

that 4t showed as in Merry Hill Brook that high concentrations of 

trates, orthophosphates and carbon dioxide could also be important 

in determining the nature of the benthic community. It also 

Yerified the fact that the larvae of the different species of 

Chironomid varied in their tolerance of organic pollutiory ‘ie 

Species present at this station had all been recorded elsewhere in 

toderately polluted conditions. 
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3.6 Trent Sampling Stations 

3.6.1 Results 

a) Walton 

chemical Results (Table 20) 

This stretch of the River Trent, below the entry of the 

River Tame, a5 can be seen from the chemical analysis (Table 20) 

vas very badly polluted. The dissolved oxygen concentration was 

- depleted throughout the year although there was generally more 

oxygen present in the water during the winter. Ammonia was also 

present in apapeciapis concentrations throughout the year, the con= 

centration fluctuated from month to month and ‘no seasonal pattern 

is apparent. Oxidised nitrogen, in the form of nitrates and 

nitrites, were also usually present in concentrations associated 

with badly polluted conditions. The carbon dvioxide concentration 

and B.O.D. of the water varied from month to month but these also 

signified organic pollution. 

Biological Results (Table 21) 

The fauna at this locality was found to be very restricted, 

consisting mainly of Asellus aquaticus, Erpobdella octoculata, 

thironomid larvae and Tubificidae. The chemical data showed this 

to be a very badly polluted stretch of the river and this is 

reflected in the fauna. Chironomid larvae were never present in 

very large numbers, but the species which were present had been 

found in other rivers which the chemical data suggest had a similar 

degree of pollution. The most abundant species were Cricotopus 

sylvestris, Cricotopus bicinctus and Chironomus riparius. The 

larvae of the two species of Cricotopus were once again most 

abundant in the late spring and summer. 

    

 



see ee 
92 

p) vem Brook 

Chemical Results (Table 22) 

Chemical analysis sucgests that Wem Brook was quite badly 

polluted. The oxygen concentration was never seriously depleted 
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juring the day, although considerable diel fluctuations may have 

oceurred owing to the profuse growths of Cladophora. Ammonia in 

particular Pe to a lesser extent, oxidised nitrogen were usually 

present in considerable concentrations and suggest that the stream 

at this point was quite badly polluted.: The B.O.D. of the water 

however was never particularly high, even during the summer months 

and this would suggest that the stream was only moderately polluted. 

Biological Results (Table 23) : 

The fauna found in the cover samples taken from Wem Brook 

, Suggest that the stream was moderately polluted and this agrees 

s
c
e
n
e
 

A
N
T
E
N
A
 

AM
I 

9 S
R
 

AE
 

E
R
S
 
O
O
O
 

with the polluted condition suggested by the chemical data. Tolerant 

forms such as Asellus aquaticus, leeches and certain chironomid 1, 
  

larvae were well represented, while less tolerant forms such as 

trichopteran larvae, plecopteran nymphs and Gammarus pulex were 

either absent from the samples or poorly represented. Asellus 

aquaticus was abundant at this station and was present in large 

ad ‘numbers in all the samples. The dominant leech was Erpobdella aa 

octoculata although it was significant that the two species usually 
  

‘ 

ov associated with polluted conditions namely Erpobdelia testacea and 

ot Nelobdella stagnalis were also present.   
The chironomid larvae were all species that had been found 

in other polluted rivers in the Midlands. Chironomus riparius 

was found at this station but only in the summer months and this 
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' could be explained by the fact that it is only in the summer months, 

vhen there is a low flow, that the stream is badly polluted é¢nough 

to 'suit' the species. Cricotopus bicinctus and Cricotopus    
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sylvestris were found at this station and here they were also 

common in the late spring and summer samples and absent from the 

winter samples. The most abundant species taken in the early \ 

spring was Trichocladius rufiventris es was found in the Rivers 

Cole and Salwarpe. Other species present at this station which’ 

had been recorded elsewhere were Bukiefferiella hospitus, 

Prodiamesa olivacea, Brillia longifurca, Brillia modesta and 

Pentaneura melanops. 

¢) Kings Bromley 

Chemical Results (Table 24) 

The chemical data would suggest that the Trent, at this 

locality, was not seriously pollutgd. The oxygen concentration 

  

did not seem to be seriously depleted even in summer, the lowest 

concentration recorded was 5.1 p.pem. in June 1968. The ammonia { \ 

and nitrate concentrations in the water were not particularly high 

and would suvgest moderate pollution. 

Biolopical Results (Table 25) 

{The seven samples taken from this sampling station were all 

simifar and showed the station to have a restricted fauna. Leeches 

were present in all samples with Erpobdella octoculata being the 

nost abundant. Asellus aquaticus was also common. The insects 

vere poorly represented in the Trent at this locality and this is 

Teflected in the numbers of chironomid larvae in the samples. The 

follucce, on the other hand, were well represented with Sphacrium Spe 

and Limnaea pereger being the most common. The paucity of the 

insect fauna cannot really be correlated with the conditions induced 

by organic pollution. The dissolved oxygen concentrations were 

never seriously depleted, while the ammonia and orthophosphate con= 

Sentrations were never high, it would seem that other factors, not 

Neasured in this study, could be responsible. 
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4) ste ‘Thomas! Mill (River Sow) 

Chemical Results (Table 26) 

The chemical data for thie station suggests that the river 

is only slightly polluted. At the times of sampling the river was 

always well oxygenated, while ammonia was present only in traceSe 

the concentration of nitrates, and to a lesser extent the B.O.D. of 

the water, were higher than would normally be expected in a non 

polluted stream and suggest that the river ia slightly polluted. 

Biological Results (Table 27) 

The animals recorded from the river at this point also 

suggest that the river was only slightly polluted. The most 

important difference to the previous three sampling stations was 

that Gammarus was now by far the most numerous erustacean. An 

itrarestane point was that the species of Gammarus was Ganmarus 

tigrinus and not Gammarus alee Asellus aquaticus was present at 

this station but was never abundant. The larvae of two species of 

Trichoptera and Coleoptera were also taken at this ‘station. 

Other important constituents of the community were leeches 

and molluscs. The leeches in the samples were usually represented 

by two species namely Srpobdella octoculata and Glossiphonia complanata, 

the two species were present in similar numbers. The molluscs were 

well represented as a group with Sphaerium and Hydrobia jenkinsd 

being common. The presence of such clean water animals as Gammarus, 

Trichoptera and Coleoptera larvae together with the absence, or near 

absence, of animals associated with polluted conditions e.g. Asellus 

Aquaticus and various chironomid larvae would imply that the river 

is not badly polluted at this point. 

¢), Harlaston 
  

Chemical Results (Table 28) 

The River Mease at Harlaston was very slightly organically 
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“ slightly polluted. This is exactly the same order as would be 

  

polluted. The water was well oxygenated and the ammonia con= 

eentration very low in‘all the samples. As with the River Sow 

(Sto Thomas" Mill) the nitrate concentration is higher than would 

normally be expected and reveals that the river has received slight 

organic enrichment. 

Biological Results (Table 29) 
” 

The animals recorded in the seven sanples taken at this 
j 

sampling point would suggest, as did the chemical data, that the 

river has received only slight organic enrichment. “The presence 

of Asellus aguaticus and Erpobdella octoculata would suggest that   the river is not entirely without organic enrichment but the presence 

of Gammarus pulex, Caenis moesta, Baetis rhodani and various 

Trichoptera and Coleoptera larvae makes it. obvious that the river 

is generally of good quality. 

36.2 Discussion 
The sampling stations on the River Trent confirmed that with 

varying degrees of pollution there would be dirterent benthic 

communities. : Thus the five stations can be thought of as being 

comparable to stations on a river that is undergoing recovery. 

From chemical evidence it would have appeared that the five Btations 

were polluted to various degrees, the worst being the Trent at 

Yalton, followed by Wem Brook, Trent at Kings Bromley, River Sow at 

5t. Thomas' Mill and the River Mease at Harlaston which is only 

deduced from a study of the fauna. } 

The fauna of the Trent at Walton, during the summer, was 

composed of tubificid worms, Asellus aquaticus, Erpobdella 

gctoculata, Chironomus riparius and Cricotopus sylvestris. This 

is a similar benthic community to that found in the River Cole, 

Stations 4 and 5. As in the River Cole stations the animals in 
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this locality were subjected to very low oxygen ond high ammonia 

concentrations and these factors were obviously important in 

determining the benthic community. 

The fauna of Wem Brook was similar to that at Walton, the 

sost important differences being that Asollus aquaticus was more 

abundant and the occasional Gammarus pulex was récorded, Thus the 

fauna would sugrest that this station is not ae badly polluted as 

_ the Trent at Walton. The chemical data would agree with this for 

although ammonia concentrations are as high, Wem Brook did not 

experience tho same degree of severe deoxygenation and it could have 

been this fact that allowed tho more resistant individuals of 

Gomrarus pulex to survive. 

he Trent at King's Bromley also had a fauna in which Asellus 

aguaticus and leeches were important constitucnta. At Wen Brook 

the most abundant leech was Jirpobdella sctoculata with Helobdelia 

gtagnalia also being important. Erpabdella gctoculata was aise the 

rest abundant leech at King's Bromley but another: species, 

Glossiphonia conplanata, which is not thought to be as tolerant as 

elobdelia stagnalis was also conmons Also present at King's 

Bromley were a variety of molluscs including Sphaerium Spe and 

Mnnaea poreger, which also suggesta that the river io not very 
  

badly polluted. ‘The chomical data similarly sugeest that the river 

ia not badly polluted because it was usually well oxygenated while 

such factors as the ammonia concentration were never highs The 

Unusual feature of the river at this point is the paucity of insects, 

tven larvae of the Chironomidae which are known to thrive in polluted 

conditions far worse than the benthic community would experience in 

this locality. hus 4t would seem that other factors, not usually 

tssodLated with organic pollution, could be responsible for the 

Paucity of this groupe . 
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The River Sow at St. Thomas' Mill and the River Mease at 

farlaston were revealed, by the chemical data, to be only slightly 

polluted, being well oxygenated with low ammonia and carbon dioxide 

concentrations. The fauna of the former sampling point reflects 

these environmental conditions for although Erpobdella octoculata 

yas common Gammarus was now the dominant crustaéean and two species 

of Trichoptera were recorded there. Gammarus pulex was also an | 

inportant constituent of the benthic community at Harlaston but in 

addition there were three species of Ephemeroptera and two species 

of Trichoptera in a number'of the samples, all of which are usually 

diagnostic of good quality water. This points to the fact that 

the river can only be slightly polluted. The presence of Asellus 

agquaticus and Jirpobdella ectoculata in the riffle sections at’ both 

sampling stations points to the fact that the rivers are receiving 

some organic enrichment which is obvious from nitrate concentrations. 

37 River Ray Survey aN 

367 el Results 

3.7.1.1 Chemical Results 

The results from the samples taken in March 1968 are summarised 

in Table 30. The water at the station above the effluent (Station 1),   although well oxygenated seemed to be slightly polluted, the B.O.Dey 

ammonia and nitrate concentrations being quite high. Downstream of the — 

effluent outfall (Station 2) Ciera was a decrease in the oxygen cone ; 

centration and marked increases in.the ammonia and nitrate con-= 

centrations. The river at Stations 3 a 4 showed no real improvement } 

in these factors, in fact the highest ammonia concentration recorded 

was at Station 4. 

The results from the second set of samples taken in August 1969 

are summarised in Table 31. Below the effluent outfall the. chemistry 

of the water was now quite different to that found the previous years 
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jmnonia was no longer present in high concentrations at Stations 2) 

3and 4, the water at these stations did however contain very high 

carbon dioxide concentrations. The sample taken at Tadpole Bridge 

containing 50 p.pem. of carbon dioxide. 

3.20102 Biological Results 

, fhe biological results from the samples he in March 1968 

are summarised in Table 32. At Station 1 the fauna was rather 

restricted and it appeared that the river was mildly organically 

polluted. Asellus aquaticus was common but the presence of Gammarus 

qulex and Baetis showed that the river was not severely polluted. 

Downstream of the effluont (Station 2) the benthic community was 

dominated by Asellus aquaticus, there being a marked increase in the 

numbers of this species, the numbers of Baetis present in the samples 

decreased. The benthic community at Stations 3 and 4 was similar 

to that found at Station 2, Asellus continued to be abundant. : 

: The results, from the eamples taken in August 1969 are 

summarised in Table 32. The results are similar to those of the 

eaviace year.’ At Station 1, the benthic community was again re- 

stricted, but although ‘sellus aquaticus was abundant other inverte- 

trates such as Gammarus pulex, Baetis and Glossiphonia complanata 

were present in the samples. At Station 2 there was an increase in 

the numbers of A. aquaticus in the samples and a decrease in the 

numbers of the clean water species such as G. alot No real 

‘tecovery occurred at Stations 3 and 4 although there was a fall in 

the numbers of A. aquaticus. 

3.7.2 Discussion 

The investigation of the River Ray was interesting from a 

tumber of aspects. The river although organically polluted did not 

*xhibit the recovery associated with this type of pollution, Station 4 
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although four miles downstream of Station 2 appeared to be just as 

padly polluted. Because the river did not exhibit this natural 

recovery the sequences of benthic communities typically found in 

organically polluted rivers were absent. The stretch of the river 

pelow the effluent outfall had a riffle community dominated by the 

noderately eolenent Asellus throughout its length. 

‘ Although the river below the effluent outfall was largely 

composed of sewage effluent, the oxygen concentration was not severely 

depleted and this would possibly explain the absence of Chironomus 

riparius from the benthic community. This species, although 

exceedingly tolerant of polluted conditions, has been shown by Fox 

“and Taylor (1955) to be adversely affected by well oxygenated water. 

The benthic community at each station was found to be similar 

in August 1969 to that found in March 1968. The chemistry of the 

water however was quite different on these two sampling occasions, in 

1968 the water contained high concentrations of undissociated ammonia. 

A concentration of 0.26 pepem. was recorded at Station 4, con 

centrations of this order would make ammonia a very important limiting 

factor to most clean water species and explain why no recovery 

occurred at these stations. In 1969, however, the water at Stations 

2, 3 and 4 contained high concentrations of carbon dioxide and very 

Uttle ammonia, at Station 3 a figure of 50 pepem. was recordeds 

Such high concentkations would almost certainly limit the distribution 

of many clean water invertebrates and explain why these animals were 

not present in the river at these stations. 

3.8 Discussion of Field Work Results 

The present study of Midlands streams showed that it was 

possible to recognise the degree of organic pollution from the benthic 

Community. In streams severely organically polluted one would expect 

to find a community of tubificid worms and Chironomus riparius larvae,    
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this type of community was encountered in Statiom2 and 3 on the 

giver Cole, Station 1 on the River Salwarpe (before the opening of 

the new works) and Station 1 on Merry Ifill Brook. If conditions 

are not quite so bad, in addition to these species Asellus aquaticus 

and leeches such as Erpobdella octoculata, testacea and Helobdella 

stagnalis would be present together with chironomid larvae such as 

Prodiame3a olivacea, Cricotopus sylvestris, Trichocladius rufiventris 

and Britlia longifurca. Such communities were found at Station 4 on 

the River Cole, Station 2 on the River Salwarpe, Walton on the River 

qrent. With a further improvement in the quality of the water 

these latter species would become more abundant while the number of 

fubificidae and Chironomus riparius would fall. Sampling stations 

exhibiting such a community were Station 5 on the River Cole, 

Station 2 on the River Salwarpe, Wem Brook and Station 2 on Merry 

fill Brook. If the water quality is even better one would expect 

the reappearance of the more tolerant clean water fauna such as 

Gammarus pulex and molluses such as Sphaerium corneum in addition to 

the previous community. Station 6 on the River Cole and King's 

Bromley on the Trent possessed such a community. 

Slight organic enrichment seems to restrict the most 

Sensitive species and allow species not usually associated with 

riffle comminities to be present. River Cole Station 2 had large 

Populations of Gammarus pulex, Hydropsyche angustipennis, Baetis 

thodani and several species of Nemouridere, all of which can be 

Tegarded as clean water fauna, but in addition the moderately -tolerant 

Species Asellus aquaticus, Helobdella stagnalis and Erpobdella 

octoculata was present. Very similar communities were found at 

Narlaston and St. Thomas' Mill. If the stream or river receives 

no obvious organic enrichment, the moderately tolerant species 

Previously mentioned would not be present and the riffle community 
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would consist of Gammarus 6p. and a variety of mayflies, stoneflies, 

caddis flies and beetles. ‘This is the benthic community found at 

the non=polluted Dowles Brook. 

Because pollution by organic matter is very complex it is 

not always possible to understand how it is exerting its influence 

on the riffle community. From the present study it would seem that 

no one factor produces these changes in the community because very 

different chemical conditions may be found in polluted rivers and 

yet the same sequences of riffle community Ey te found. In the 

River Cole the marked deoxygenation coupled with the high ammonia, 

orthophosphate and carbon dioxide concentrations that prevailed 

during the summer months were obvious possible limiting factors. 

In fact it is known that the low oxygen concentrations alone would 

account for the absence of nearly all the clean water fauna found 

upstrear! of the effluent. If the high concentrations of ammonia, 

which is known to be toxic, and carbon dioxide, which is known to 

influence the toxicity of low oxygen concentrations to fish, are 

taken into consideration it is not difficult to understand why a 

totally different and far more tolerant coumunity is found below 

the effluent. The gradual improvement of these conditions down= 

stream allowed progressively less tolerant communities to become 

established. Similar environmental conditions of low oxygen and 

high ammonia concentrations were found to exist in the River 

Salwarpe (from March to May 1967) and at Walton and as already 

described similar riffle communities existed at these placese Wen 

Brook differed in that although the ammonia concentration was high 

the organisms living in the stream were not subjected to the same 

degree of deoxygenation and this was reflected in the occasional 

presence of Gammarus and Baetis. Thus it would seem that ammonia 

is the most important limiting factor at this sampling station. 
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qhe four stations below the effluent on the River Ray at Swindon 

yere Similar in that the water was usually well oxygenated but had 

high concentrations of ammonia. As in Wém Brook the fauna was very 

restricted, the community being largely composed of Asellus aquaticus, 

so it would apnear that once again, of the criteria measured it is 

anmonia that is probably the most important limiting factors 

‘hat low dissolved oxygen and high ammonia concentrations are 

not the only important criteria influencing the distribution of 

invertebrates was immediately obvious from the results from Merry 

W411 and Bob's Brook. In both streams the water was characterised 

not by low oxygen and high ammonia sengsuteations but by high con= 

centrations .of nitrates and orthophos phates. In Merry Hill in 

particular the benthic community was that associated with severely 

polluted conditions. : 

It became apparent that benthic invertebrates are extremely 

sensitive to their environment and either a worsening or improvement 

in the environmental conditions brought about changes in the benthic 

community. The partial recovery in the fauna’at Stations 2 and 3 

on the River Cole and the permanent recovery noticed in the River 

Salwarpe demonstrated this. In both examples, the one due to 

dilution, the other to an improvement in the quality of the effluent, 

there was an improvement of such criteria as dissolved oxygen, 

ammonia, orthophosphates and carbon dioxide concentrations and it 

could be the improvement in these conditions that allowed the 

toderately tolerant species to establish themselves. 

The results from the field work as a whole confirm the 

Sensitivity of benthic invertebrates to nutrient enrichment which 

tnables them to be used *8 indicators of pollution. The changes in 

water quality brought about by an effluent could vary greatly as in 

the River Cole and Merry Hill Brook, but nevertheless the changes  
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in the fauna are basically similar. Thus it is indeed possible to 

recognise communities which can definitely be associated with 

pollution and these will be present irrespective of the type of 

effluent. 
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4, Experimental Work 

The aim of the experimental work was to try to evaluate 

the relative importance of some of the chemical changes associated | 

with organic pollution, in determining the distribution of sorie | 

fresh-water invertebrates. The criteria investigated, on a variety’ 

of invertebrates, were those normally cited as resulting from organic 

pollution and which have been generally accepted as being possible 

liniting factors. The factors investigated were:= 

l. The effect of Now esate tensions : 

2 The effect of undissociated ammonia concentration 

3. The effect of carbon dioxide concentration i 

4, The effect of potassium orthophosphate concentration . 

In some cases the combined effects were also examined. 

4.1 Methods and Materials i | 

4.1.1 Animals used in the 'xperiments | 

The animals used in the experiments were chosen with two 

objectives. Firstly, and|most important, were animals that could I 

be associated with varying degrees of organic pollution and had 

figured prominently in this and past river pollution surveys. i 

Secondly, they were animals which could be collected in sufficient | 

numbers for regular experimental work. The animals used in the 

experiments were: = 

1. Rhyacophila dorsalis larvae : ¥ 3 |   2. Eedyonurus dispar nymphs f ; : i 

3. Gammarus pulex “ 4 | eno eenees 
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4, Hydropsycht angustipennis larvae 

: 
( 3+ Asellus aquaticus 
i erage Lee 
7 Erpobdella octoculata 
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1 Erpobdella testacae 

§, Helobdella stagnalis 

  

From the results of this and past work, the first two species 

sre usually thought to inhabit streams of good quality water. The 

-  gext two species seem, from the results of field work, to be more 

‘ tolerant of organiec pollution and can be found where there is mild 

i organic pollution. The last four species are animals which can 

{ tolerate severe organic pollution and will Snide absent when river 

conditions are exceptionally bad. 

3 In addition three species of chironomid larvae were used in 

certain experiments. All animals were collected a few days before the | 

experiment began and kept in the laboratory to become acclimatised. | 

‘wenty individuals of each species were normally used in the experimentse 

In some cases, where there was difficulty in obtaining sufficient numbers, 

* ten animals were used. It was impossible to include chironomid larvae 

tertain times of the year. : 

4.1.2 Dissolved Oxygen Experiments 

The experiments were carried out to try to establish a) at what 

| 
| 
| 

in all the experiments as they were not present in the streams at ! 

| 

{ 

toncentration oxygen would become a limiting factor, oY whether the   | 

different tolerances of species reflect their distribution in the field i 

i 
t 

' ani c) the effect of temperature on the survival times at the Nactous’ i 

i oxygen concentrations. i 

To investigate the effect of low dissolved oxygen, apparatus was ' 

( tesignod which could control the concentration of oxygen in the water. As : 

: tan be seen from the diagram (fig.47) and photograph (19) it consisted of t 

\closed system in which water was continuously circulated by means of a 

; “wltifix peristaltic pump. v 

The oxygen concentration was measured and controlled by the 

following apparatus: 4 

é ) Model A15A dissolved oxygen electrode produced by E.I.L. 

: +) Model 15A dissolved oxygen meter also produced by 5.1.L. 

__#i') Fielden Bikini Potentiometric Recorder (odo) oT ut 6) } 
  eT |
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a) ean Solenoid Valve, type Aco, produced by Alexander Controle 

e) Nitrogen cylinder 

The oxymen concentration in the system was controlled. by 

reans of c, d and @. The Potentiometric Recorder is fitted with 

Wimit switches which operated solenoid valves controlling the flow 

of nitrozen to the deoxygenating column. The deoxygenating column 

was almost completely filled with plastic spheres. Their function 

was to increase the surface area over which the gaseous exchange 

could take place. 

When energised the valve allows nitrogen to pass from the 

cylinder to the deoxygenating cylinder. In the system the nitrogen 

replaces the oxygen in solution causing the oxygen concentration to i 

fall, this being almost immediately registered on the moter and 

recorder. As soon as the oxygen concentration drops to the 

required level the solenoid valve becomes de-energised and closes 

thus stopping the passage of nitrogen into the system. By uéing a 

fine needle valve on the nitroven cylinder it was possible to control 

the oxygen Menoehicet ion to within 1% of the desired concentration. 

All tubings and bungs were made of non-toxic materials. 

The water temperature in the system was controlled by placing 

extensions of the tubing either in an incubator, when a tomperature 

of 20°C was required, or a deep freeze, when a temperature of 10°c 

was required. Tt wal found that the temperature fluctuated less 

than 12°C. 

The flow of the water through the system was maintained at 

lem/sec. by ‘ad jueting the Multifix pump. The chambers containing 

the animals were of glass and measured approximately 40 em. long and 

4 om. in diameter. At each end the chambers were sealed with gauze 

to stop the movement of animals from one tube to another. To 

Provide shelter and food, stones and dead leaves were placed in the  
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ghamberS. Where possible only one species was placed in each 

chamber. Tse animals were placed in the chamber through an opening 

halfway along which, during the experiment, was sealed with a bungs 

Experimental Programme 

The experiments were normally of two weeks’ duration and this 

yas thought to be long enough to indicate whether a species would 

survive indefinitely at a particular concentration. 

Experiments were carried out at 10°C and 20°C at the following 

oxygen concentrations:= 10 pepemes 4k pePeMeg 2 PePomey 1le5 PePolley 

1.0 pepemes Oc5 pepom. and 0.0 pepeme 

After introducing the animals into the system a period of 

between 24 and 48 hours was allowed depending on the experimental 

oxygen concentration before the experiment started. The oxygen was 

always gradually reduced usually in steps of about 10% initially and 

then 5% when the concentration was below 30% saturation. 

During the experiment the animals were observed as often as 

possible during the day, the numbers of living animals noted and the 

dead ones removed. For the first two days this was usually half 

hourly intervals, thereafter it was hourly intervals except for 

overnight periods. 

Experimental Programme for Dissolved Oxygen 

  

  

Dissolved Oxygen Concentration 10° 20°C 

10 Pepetle Vv a 

Ef PoPeme Y V 

2.5 PePolle ? 

2.0 pePpele Vv c 

1.5 Pepe. Vv 7 

1.0 pepm Vv J 

O.5 Pepelle v v 

0.0 peopel. ys         
  

VA = experiment performed 
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The pil of the water was checked regularly as was the total 

anmonia concentration. The test water was usually changed every 

24 hours. She following experiments were carried out:- 

1) At 10° experiments with undissociated ammonia concentrations 

of 0.25, 0.75 and 1.5 Pepem. were carried out at three different 

oxygen tensions, namely 10 pepeMey 2 PePeme and 1 pepemes 

2) At 18°C three experiments were carried out with undissociated 

ammonia concentrations of 0025, 0475 and 165 PePeMey all with 

an oxygen tension of 10 pepeme 

In addition to these twelve experiments, two further experi-= x 

nents were performed, in these the undissociated ammonia con= 

centration was 3 pePele The oxygen concentrations were 10 pepeme 

and on PePeMe respectively. 

Summary Table of Experimental Programme 

  

  

  

  

At 10°C Undissociated Ammonia Concentration pepem. as N 

0.25 0.75 1.5 3.0 

Dissolved 10 v, v, V, Vv, 

oxygen 2 \/, vA v, Vs 

Tension(pepm.) v i y ih 

2; 

At 18°C 
Dissolved 
Seah 10 pepe. Vv v Vv             
  

Vv 2 experiment performed 

hele Carbon Dioxide Experiments 

Dissglved carbon dioxide is known to influence the lethal 

effect of low oxygen concentrations on fish (Alabaster et al 1957)« 

i The concentration of csrbon dd4oxide can be calculated by 

determining the pH valucy, temperature and bicarbonate alkalinity 

value and then using the nomograms in Mackereth (1963). 

It was found in preliminary experiments that the bicarbonate 

alkalinity during the course of an experiment varied very little, 
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aid hardly at all over a few days. If the alkalinity is steady 

it would be possible to obtain a desired carbon dioxide concentration 

simply by lowering the pill of the water to that indicated in the 

nomogram. If carbon dioxide is bubbled into water the pH is 

obviously lowered. Mie 

To examine the effect of carbon dioxide on invertebrates, 

apparatus was designed and constructed (fig. 48) in which the 

dissolved carbon dioxide and oxygen doncentration could be auto 

matically controlled. f sil 

Prior to an experiment the bicarbonate alkalinity of the 

water was determined and using the nomogram the pH calculated that 

would be required to give the desired carbon @ioxide concentration. 

The carbon dioxide concentration was measured and controlled 

vaing the following apparatus: 

a) E.I.L. Vibret pl Meter, which was coupled to 

b) Fielden Potentiometric Recorder, and this controlled | 

¢) ‘Alcon Solenoid Valve, which was pom aac cee by rubber tubing to! 

an aerator stone in the peat te exchange eylinder and by a 2 

second piece to 

4) Carbon dioxide cylinder. 

\ The an of the water was measured ree recorded continually*— 
+ 

vsing a) ana) b) and this indirectly gave the carbon dioxide cons 

centration. It was controlled automatically by b), o) and d). 

Once the pH had been calculated that would give the desired 

cirbon dioxide concentration, the upper control arm was set so that 

it would energise the solenoid valve as soon as the pH of the water 

in the system reached that level. The solenoid valve. then pened 

allowing carbon dioxide to-flow, by means of the aerator, from the 

carbon dioxide cylinder, along the rubber tubing into the system. 

The carbon dioxide dissolving in the water reduced the pH to the 
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desired level which was immediately registered on the pH meter and 

recorder. As soon as the pH (and carbon dioxide congentration) 

reached the required level the recorder de-energised the solenoid 

valve which closed and thus stopped the passage of carbon dioxide 

into the system, 

The arrangement of the system was similar to that described 

(for the apparatus) for controlling the dissolved oxygen concentration. 

The pil meter was re-set at least once every 24 bre. using 

standard buffer solutions. Using the expanded scale of the pil 

neter, and a needle valve on the cylinder, it was possible to control 

the pl of the test-water to within 0.1. The alkalinity of the test 

water was also regularly checked, and if it had changed the new pH 

was calculated and the upper control arm re-set. 

To study the combined effects of high carbon dioxide con= 

centrations and low dissolved oxygen tensions, the system was set up 

as in fig. 48. The system now included the previously described 

apparatus together with the apparatus for controlling the dissolved 

oxygen tension described earlier. 

Experinental Progranime | 

The experiments were performed with three objectivest= 

a) To find out if carbon dioxide has any adverse effect on 

jovertebrates. 

>) Go find out if carbon dioxide influences the survival of 

invertebrates at low oxygen tensions. 

c) To study the effect of temperature on the survival of inverte- 

brates to dissolved aueven dioxide. 

The concentrations of carbon dioxide experimented with were 

40, 80 and 120 pspem., these concentrations were similar to those 

used by Alabaster et al (1957). 

Hxperiments using these three concentrations of carbon 
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dioxide were performed at three different oxygen concentrations, 

10 pepeme, 4 pspems and 2 pepeme These experiments were carried 

4 out at both 10°C and 18°C. An additional experiment was performed 

peing 120 pep.m. 

Summary Table of Experimental Programme with Carbon Dioxide 
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ws experiment performed j . 

4.1.5 Orthophosphate Experiments 

Orthophosphates are frequently found in high concentrations 

in polluted streams, To investigate the possible effects of ortho=” 

phosphates on invertebrates, the stock solution was prepared from’ 

analar potassium orthophosphate dissolved in deionized water. The 

diluent water was from the same stream as that used in the other 

experiments. 

The concentrations used in the experiments were 10 p.Ppolle,y 

25 pepeme, 50 pepom. and 100 p.pem. They were performed at three 

different oxygen concentrations which were 10 pepeme, 4 pepem. and 

2 pepem. An additional experiment was performed at 1 p.epem. oxygen 

‘nd an orthophosphate concentration of 100 p.pem. All the experie 

  

  

with 1 pepem. oxygen at 18°o and with the carbon dioxide concentration 
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nents were carried out at 15°C. ; 

The dissolved oxygen concentration was controlled as in the 

experiments on dissolved oxygen. The test solutions were changed 

every 24 brs. As in the other experiments the animals were placed 

in the system 24 hrs. before the experiment was started. 

experimental Programme for Orthophosphates 

  

Orthophosphate concentration as pepeme P | 
  

  

10, 25 2 100 

6 e@ A ce Vv Vv. 

ee ks, We i a. we 

eae: a haesy/ Wen ve 4 
            

fis experiment performed 

4,2 Results 

4.2.1 Dissolved Oxygen Bxporiments 

  

The effect of low dissolved oxygen tensions on the inverte= 

brates used in the experiments are summarised in Table 35. Using - 

this data graphs were drawn to show the effects of the various 

oxygen concentrations on the survival of the animals during the 

period of exposure. 

At 10°C (figs. 49 & 50) the various species differed in their 

tolerance of low oxygen tensions. Three species, Gammarus yulex, 

Rhyacophila dorsalis and Nedyonurus dispar were found to be far more 

sensitive than the others. Rhyacophila dorsalis larvae were 

affected when the oxygen concentration was reduced to 1.5 pepeMmey 

Fedyonurus dispar and Gammarus pulex when it was reduced to 1 pepems 

further reduction in the oxygen concentration resvlted in ‘a shortening 

of the survivel time. The experiments on the immature atages of 

Sanmarus pulex revealed that’ they were slightly more tolerant than 

the fully grown individuals. These young stages also diced when the 
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Fig. 49.Effect of low oxygen tensions on the survival of three 
invertebrate species at 10 C.(Numbers on curves refer to concentration 
of dissolved oxygen in p.p.m.) 
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Fig. 52fomparison of the effect of complete deoxygenation at 20°C on the survival 
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dissolved oxygen concentration was reduced to 1 pspem. but they were 

“able to survive longer. 

; Hydropsyche angustipennis, Ascllus aquaticus, Erpobdella 

; octoculata, irpobdella testaceay Helobdella stagnalis, Chironomus 

riparius, Prodiamesa olivacea and Prillia longifurca proved to be 

very tolerant of low dissolved oxygen concentrations at this 

temperature. Two species, Chironomus riparius and Erpobdella 

testacca, were not apparently affected by complete deoxygenation over 

a period of eight days. The six other species tested were killed 

by complete deoxygenation although they all survived in the experi= 

ment at 0.5 pepem. dissolved oxygen. Of these six Erpobdella 
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getoculata appaared to be tho most tolerant followed by Helobdelia 
  

stagnalis, Asellus aquaticus, Prodiamesa olivacea, Hydropsyche 

anguotipennis and Brillia longifurcas 

The experiments performed at 20°C (figs. 51 & 52) revealed 

the same order of tolerance amongst the animals as at 10°C; 

Gammarus pulex, Hedyonurus dispar and Rhyacophila dorsalis were again 

the most sensitive species. It was found that the individuals of 

these three species could not RueTve the thirteen day period of 

exposure when the experimental oxygen concentration was reduced to 

2 pepome A further decrease in the experimental oxygen concentration 

Teduced the survival period and at 1 pepem. all the individuals died 

within six hours 
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Hydropsyche angustipennis was more tolerant and the individuals 

i of this mrecies were able to survive the thirteen day period of 

i. éxposure when the oxygen concentration waS 2 PpePpeMey at 165 Pepole 

' however they 211 died and. with a further lowering of the eay sen 

i tension there was a corresponding decrease in the period of survival. 

} Asellus aquaticus, Urpobdella octoculata, Erpobdella testacea, 
  

Felobdella stagnalis, Prodiamesa olivacea, Brillia longifurca and 
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Chirononus riparius survived the thirteen day period of exposure at 

l pepem. but three of these species were adversely affected in the 

experiment at 0.5 pepem. oxygen. In this experiment in addition to 

those species which died at higher oxygen concentrations, Asellus 

aquaticus, Brillia longifurca and jrodiamesa olivacea died. Although 

jsellus aquaticus and Prodiamesa olivacea died in this experiment it 

was only after prolonged exposure. In the case of Prodiamesa 50% 

of the animals were still alive after 5 days while for Asellus 50% 

were alive after 8 days. All three species of leech and Chironomus 

riparius survived the thirteen day period of exposure. 

In the experiment with no exygen the four remaining Species, 

that is Erpobdella ostoculata, Srpobdelia testacea, Helobdella 

stagnalis and Ghirongaus Tiparius died. 

It becane obvious from the resulta that all the invertebrates 

experimented with were much more sensitive to low oxygen concentrations 

at 20°C than at 20°C. Using the graphe (figs. 49 to 52) the times 

for which 80% of tho test animals survived were determined in the 

various experiments. These tines were then used to draw further 

graphs in order to predict the oxygen concentrations at which 80% of 

the test animals would survive indefinitely in experimental conditions 

at both 10°¢ and 18°C, This method was based on that used in fish - 

toxicity work and described by Herbert (1961). It was decided to 

use the 80% survival period in order to minimise the influence of 

, deaths due to natural causes on the results and at the same time it 

“ould give an estimation of the minimum oxygen concentration at which 

the species could be expected to establish a flourishing population 

other factors permitting. 

The graphs (figs. 53 & 54) show the adverse effects of higher 

temperatures on the survival of the test animals.. All species were 

able to survive at considerably lower oxygen concentrations at 10°C 
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than at 20°. Hydropsyche aisheti vents and Gammarus julex 

jllustrate this, for H. angustipennis 80% of the population would 

survive indefinitely as long as the oxygen concentration was not below 

0.4 pepem. at 10°C, at 20°C this minimum concentration was found to 

be 166 pepome The corresponding figures for G. pulex were 1.3 pepeme 

and 3 pepem. respectively. 

4,2.2 Undissociated Ammonia Experiments 

The effect of different concentrations of undissociated 

anmonia at different oxygen concentrations on the invertebrates 

eperinented upon are summarised in Table Be Using this data graphs 

were drawn to show the effects of a range of concentrations of 

undissociated ammonia, at different oxygen levels on the survival of 

the animals during the period of exposure. 

At 10°C (figs. 55 to 61) the eleven species differed greatly in 

their tolerance of undissociated ammonia. The experiments revealed : 

that the two species of Trichoptera used in the experiments, that is 

Rhyacophila dorsalis and Hydropsyche angustipennis, were far more tolerant 

to undissociated ammonia than the other invertebrates. 50% of the 

fydropsyche angustipennis survived when the undissociated ammonia con= 

centration was 3 pep.sm. and the dissolved oxygen of the water 2 pepeme, 

  

“thus revealing, them to be exceptionally tolerant. Rhyacophila dorsalis 

although tolerant, was killed by an ammonia concentration of 3, pepeme, at 

both 10 p.pem. oxygen and 2 pepem, oxygen. All the individuals survived 

at an undissociated ammonia Sonoeatration of 165 pepeme at 10 pepeme 

oxygen although they died at this ammonia concentration at 2 pepemse oxygens i 

The three species of chironomid larvae were used only in the 

periments with an oxygen concentration of 10 pepem. and these also 

Proved to be very tolerant. The chironomid larvae were not good 

‘xperimental animals because once they were removed from their tubes   they rarely survived the full experimental programme, even when there
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were no toxic substances present. Because the larvae died in these 

ammonia experiments it would be difficult to sssess. whether this 

was due to the ammonia but because they survived for appreciable | 

periods even in 3 pepem. undissociated ammonia they must be extremely | 

tolerant. 

The leeches were far more sensitive to undissociated ammonia 

than the species already nientioned. All three species died in the 

0.75 Pepem. undissociated ammonia experiment at 1 pepemse oxygen, 

although they all survived in the same ammonia concentrations at 

higher oxygen values. When the ammonia concentration was increased 

to 165 papem. however the individuals of all three species died 

irrespective of the experimental oxyyen concentrations It was found 

that Frpobdella testacea and Helobdella stagnalis were similar in } 

their tolerance to undissociated ammonia and both were more tolerant 

than Erpohdella ostocuiata, it also became obvious that all three i 

species were more sensitive to undissociated ammonia when the oxygen i 

concentration was low. - , : { 

Of the three other species experimented on, that is Asellus 

aquaticus,’ Gammarus pulex and Eodyonurus dispar, Asellus aquaticus j 

was by far the most tolerant and was similar to tie leeches in that 

deaths only occurred when the undissociated ammonia concentration was 

1.5 pepem. or more. Unlike the leeches, reducing the oxysen con= .« 

centration did not shorten the survival time and in fact Asellus 

survived longer inthe 1.5 p.pem. ammonia experiment at 2 pepem 

oxygen than in the same ammonia concentration at 10 pspeme bccn 

Gammarus pulex and Eedyonurus dispar were the most sensitive 5 
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of the experimental animals to undissociated ammonia, especially in 

low oxygen concentrations. All the animals of both species died 

quite quickly in the 0.75 p.p.m. undissociated ammonia experiment at 

2'pepem. oxygen, although they did survive at this ammonia con= |   
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centration with 10 p.epem. oxygen present. 

In the experiments performed at 18°C (fig. 62) the same 

order of tolerance was found to exist. Once ngain the two caddis 

fly larvae ard three species of leech being the most tolerant and 

fammarus pulex and Eedyonurus dispar the most sensitive. It was _ 

also found that the experimental animals varied in their response to 

the higher temperature. Gammarus pulex, Ecdyonurus dispar and 

Agellus aquaticus were more sensitive to undissociated ammonia at 

18°C than at 10°C while all three species of leech were more tolerant 

to undissocisted ammonia at 18°C than at 10°C. Gammarus pulexy 

Bedyonurus dispar and Acellus aquaticus all died in the experiment 

at 0.75 pepem. undissociated anmonia although they survived in this 

anmonia concentration at 10°C. Expohdelja octoculata, Frpoidelia 

testacea and Nolobdella stagnalis all survived tn the experiment when 

1.5 Berets undissocinted anmonta was present although they died at 

this amisonia concentration at 10°C. : 

The graphs (figs. 55 to 62) to show the effects of the various 

experimental ammonia concentrations at different aaveen levels were . 

veed to determine the points at wnich 80% of the test animals 

survived in the various onmonia experiments. Usinre these data graphs 

were Gravin to see if oxygen and temperature had any noticeable effects 

on the toxicity of ammonia and also, as in the oxygen experiments, it 

Would provide the highest ammonia concentration at which 80% of the 

test animals would survive indefinitely, at each oxygen concentration. 

Thie would also provide the highest ammonia concentration at which 

each mee ties could be expected to establish flourishing populations 

Other factors permitting ot the various oxygen levelss 

The graphs comparing the toticity of ammonia at different 

oxygen levels at 10°C are given on figs. 63 and 64, It can be seen 

that, with one exception, a lowering of the oxygen concentration 
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Fig. 63.Effect of dissolved oxygen tension on toxicity 

of undissociated ammonia at. 10°C. Curves represent points 
at which 80 % of test animals survive. (Numbers on curves 

refer to dissolved oxygen concentration in p»p-m.) 
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Fig. 64. Bffect of dissolved oxygen tension on toxicity of 

undissociated ammonia at 10°C. Curves represent points at 

which 80 % of test animals survive. (Numbers on curves refer 

to dissolved oxygen concentration in p-p.m.) 
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ig. 65. Bffect of temperature on the toxicity of undissociated 

ammonia, Curves represent points at which 80% of the test animals 

survive, (unb ers on curves refer to temperature in rH) 
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jnereases the toxicity of undissociated ammonia, Gammarug pulex 

and Brpobdella testacea illustrate this fact clearly. At 10 pepeme { 

oxygen 80% of the Gammarus pulex would survive indefinitely as long as 

the concentration of undissociated ammonia was not above 049 pepemey 

yhile at 2 p.p»m. oxygen the corresponding figure was Oot pepome | 

Yor Erpobdella testacea the figures were approximately 1.3 DePette | 

undiesociated ammonia at 10 pepsems oxygen, 0.85 pepem. undissociated 

ammonia at 2 pepems oxygen and 0.55 pepem. undissociated ammonia at 

l pePem. oxygens The exception was Asellus aquaticus where it would 

appear that this species could survive at higher ammonia concentrations 

at 2 pepem. oxygen than at 10 pspem. oxygen. With a lowering of the 

oxygen concentration to 1 pep»m. however there is a definite increase 

  
in the toxicity of the ammonia. Thus for Asellus aquaticus the 80% 

survival figures for undissociated ammonia, at 10 pepeme, 2 pepome and 

l pepem. dissolved oxygen, are 1.2 pepetiey Led papome and 0.7 PePelle 

respectively. 

The graphs drawn to show the influence of temperature on the 

toxicity of undissociated ammonia appears on fig. 65. As with a 

decrease in oxygen, an increase in Weavoxntoce does appear to increase 

the toxicity of ammonia to certain invertebrates, as previously menionted, |. 

however this was not found to be general amongst the animals experimented   upon. Asellus aquaticus provides a good example to illustrate the effect 

of temperature on the toxicity of ammonia, if 80% of the individuals are | 

to survive at 18°C the ammonia concentration should not be above O.4 p.pem. 

while at 10°C the corresponding figure would be 1.2 pepems 

4.2.3 Carbon Dioxide Experiments 

The effect of dissolved carbon dioxide at different oxygen 

Concentrations and temperatures on eight invertebrate species are 
‘ 

Summarised in Table 35. 

It was found that dissolved carbon dioxide over the range 

  

 



~* 
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tested had no apparent effect on Rrpobdelia testacea, Brpobdella 

getoculata, Helobdclla stagnalis, Asellua aquaticus and Hydropsyche 

angus tipennis. 

The highest cunceutration of carbon dioxide used in the 

experiments was 120 pepelme. Lt was found that the leeches and 

  

\sellus aquaticus could withstand this concentration for 14 days even 

at 18°C and with a dissolved oxygen concentration in the water of 

only 1 pepem. Nydropsyche angustipennis died within the period of 

exposure in this experiment but this was almost certainly due to the 

temperature and low oxygen concentration, for it is known from the 

dissolved oxygen experiments that this species would not survive in 

these conditions, even without carbon dioxide. This was the only 

concentration of carbon dioxide in which the individuals of 

Hydropsyche angvatiyennis did not survive the period of exposures 

Gammarus pulex, icdyonurus dispar and Rhyacophila dorsalis 

were sensitive to dissolved carbon dioxide. Using data shown on 

Table 35 graphs were drawn (figs. 66 to 69) to’ show the effects of 

various concentrations of carbon dioxide at different oer edn: levels 

and temperatures. 

At 10°C (fig. 66) it was found that in water containing 

50 pep.em. carbon dioxide all the test animals survived the period of 

exposure even when the dissolved oxysen concentration was only 2 pePefiie 

At this oxygen concentration an increase in the carbon dioxide con= 

centration to 80 p.sp.m. proved fatal to all three species, a further 

pie heaee to 120 PePem. resulted in a considerable reduction in the 

period of survival. In the experiments at 4 pspem. and 10. pepeme. 

oxygen it was found that although 80 p.p.m. carbon dioxide was‘again 

toxic to Gammarus pulex and iicdyonurus disvar, it was not toxic to 

  

is although the individuals of this species once Rhyacophila dors 

again died when the carbon dioxide concentration was increased to 
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Fig. 66. Sifect of carbon dioxide on the survival of thre® invertebrate 
Species at 10 C. (Numbers on curves refer to carbon dioxide concentration in ppm.) 
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Pig.o7 Effect of carbon dioxide on the survival of three invertebrate 

species at 18°C and an oxygen concentration of 10p.p.m. (Numbers on 

curves refer to the concentration of carbon dioxide in p.p.m. ) 
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fig. 68. Effect of carbon dioxide on the survival of three invertebrate 

species at 18°C and an oxygen concentration of 4p.p.m. (Numbers on 

curves refer to the concentration of carbon dioxide in P+ Pein.) 
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Fig. 69.Bffect of carbon dioxide on the survival of three invertebrate 

species, at 18°C and an oxygen concentration of 2p.p.m. (Numbers on 

curves refer to the concentration of carbon dioxide in p.pem.) 
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Fig. 70. Effect of dissolved oxygen tension on the toxicity of 
carbon dioxide at 10°C. Curves represent points at which B07 of 
test animals survive. (Numbers on curves refer to dissolved 
oxygen concentration in p.pem.) ‘ 
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fig. 71.8ffect of dissolved oxygen tension on the toxicity of carbon 

dioxide at 18°C. Curves represent points at which 60 of test animals 

survive. (Numbers on curves refer to concentration of dissolved oxygen 

{n pep.m, ) 
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Fige72,. Effect of temperature on the toxicity of dissolved 

earbon dioxide at two oxygen concentrations. Curves 

represent points at which BO of the test animals survived. 

(Numbers on curves refer to temperature in "C) 

oxygen concentration 10ppm. oxygen concentration 2ppm. 
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120 Pepeme The most striking feature of the experiments performed 

at this tenpersture wis that low oxygen concentrations increased the 

toxicity of earbon dioxide. 

Tnereasing the tenpersture of the water made the individuals 

of 211 three species more sensitive to carbon dioxide (figs. 67 to 69)6 

_ As in the experiments performed ‘at 10°C, reducing the oxygen con] 

deateation incressed the toxic effect of the carbon dioxide. The 

experiments with 4o wepen) carbon dioxide only proved fatal to the 

experimental animals when the dissolved oxygen concentration was 

2 PePemMe 

The graphe (figs. 66 to 69) to ehow the effect of the three 

oxperimental carbon dioxide concentrations at different oxygen levels 

were used to calevlate the points at which 80% of the test animals 

‘survived in the various carbon dioxide experiments. Using this data 

graphs were drawn to show how low oxycen concentrations and high : 

temperatures affected the toxicity of carbon iicride and also to 

provide the highest carbon dioxide concentrations at which 60% of 

‘the test animais would survive indefinitely at each oxygen con= 

centration at both 10°C and 18°C. As previously described this 

wou provide the figures at which the species could be expected to 

ectablish a flourishing population: 

The graphs comparing the toxicity of carbon dioxide at 

different oxycen levels at 10°C end 18°C appear in figs. 70 and 71. 

It can be seen that a lowering of the oxygen concentration increases 

the toxicity of carbon dioxide. Rhyacophila dorsalis illustrates 

this effect quite clearly. At 10°C and with 10, pepeme oxygen in the 

water it would be exrected’ that 80% of the population would survive 

indefinitely as long as the carbon dioxide concentration was not 

above 85 pepem. If the dissolved oxygen concentration is reduced 

to 2 pep.m. however, for 80% of the animals to survive the carbon 
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dioxide concentration must not exceed 65 pepeme 

The praphs showing the influence of temperature on the 

toxicity of carhon dioxide appear in fig. 72. As with the decrease 

in oxygen, an incrense in,temperature does appear to increase the 

toxicity of carbon dioxide to the three invertebrates. 

The experiments thus showed that invertebrates differed in 

their sensitivity to C0. Some invertebrates were apparently not 

affected even by very high etnden tracers’ combined with high 

temperatures and very low dissolved oxygen concentrations. Other 

species were quite sensitive to C059 and this sensitivity increased 

with both an increase in temperature and a lowering of the oxygen 

concentration. 

4.2.4 Onthophosphate Experinents § 

The effect of potassium orthopkosphate at various oxypen 

concentrations on eight invertebrate species\is summarised in 

Tabte 36. 

Ae with dissolved carbon dioxide certain invertebrates are 

apparently not affected by even very high concentrations of potassium 

orthophosphate. It was found that the three species of leech 

experimented upon aiways survived the period of exposure in all the 

experiments. Ilydropsyche angus tipennis failed te survive the 

exposure period at 1 p.pem. disyoivad oxygen and 100 peneme. ortho= 

phosphate, but as in the carbon dioxide experiments it is probable 

that death was caused by the low oxygen concentration rather than the 

orthophosphate concentration. if this is the case, Hydropsyche 

angustipennis can also he regarded as being unaffected by potassium 

orthophosphate over the Pores tested. 

Using the data summarised in Table 36 graphs were drawn 

(figs. 93 tc 75) to show the effects of potassiun orthophosphate. on 

the invertebrates at three different oxygen concentrations. 

 



Fig.73. &ffect of potassium orthophosphate on the survival of 
three invertebrat 5°C and an oxygen concentration 
of 10p.p.m, (Numb on cur refer to the concentration of 
orthophosphate in p.p.m.) 
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Fic.74.sffect of potassium orthoshosvhate on the survival of four 
invertebrate sgecies at 15°C and an oxygen concentration of 4y.p.m. 
(Numbers on curves refer to the concentration of ortho,hosyhate in p.p.m.) 
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Pig.75. 5ffect of potassium orthoshosyhate on the survival of four _ 

invertebrate species at 15°C and an oxygen concentration of 2p.p.m.(Numbers 
on curves refer to the concentration of orthophosphate in p.p.m.) 
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Fig. 76. Effect of dissolved oxygen tension on the toxicity of 

potassium orthophosphate at 15°C Curves represent points at 

which 807% of test animals survive. (Numbers on curves refer to 

concentration of dissolved oxygen in p.p.m. y 
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It can be seen from the graphs that within the range of 

orthophosphate used in the exzeriments an increase in concentration 

usually brought about a reduction of the survival period. It was 

found that in the exp¢riments performed at 10 pepeme dissolved oxygen 

all species survived the period of exposure when the concentraticn of 

the orthophosphate was 25 pefeme in the experiments when the oxygen 

gondentration was 2 pepems. however, a concentration of 10 p.pem. of 

orthophosphate proved fatal to Rhyacophila dorsalie, Gammarus pulex 

and Ecdyonurus dispar. ‘ 

The 60% survival limits for the four species were also 

calculated for potassium orthophosphate. Using thie data graphs were 

once again drawn to show the effect of low oxygen concentrations on 

the toxicity of potassium orthophosphate and also to provide the 

concentrations whieh must not be exceeded if a flourishing population 

is to be eatetlished. 

The graphs comparing the toxicity of potassium orthophosphate | 

at different: oxygen tensions appear in fig. 766 It can be seen that 

a lowering of the oxygen concentration increases the toxicity of 

potassium orthophvephates All four species tllustrate this clearly.    

Yor Eedyonvrus dispar to survive at 10 pepems disneived oxygen the 

orthophosphate coacentration mict be less than 40 pspemey while at 

2 pepeme dissolved oxygea it must be less than 10 pepeme The 

corresponding figures for Rhyacophila dorsalis dre over 100 pepem. at 

10 pepem. oxyzen, 25 pepetme at 4 pepem. dissolved oxygen and lese than 

10 pepem. at 2 pepeme dissolved oxygens 

The experiments reveal that invertebrates differ in their 

sensitivity to orthophosphates. Tt also becane apparent that the 

toxicity of potassium orthorhosphete in the water was considerably 

increased with a lowering of the dissolved oxygen concentration of 

the water.  
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4,3 Discussion of Experimental Results 

The results from the experiments can be used to partly explain 

the distribution of invertebrates which has been observed in organicall,; 

polluted waters. It has long been known that Chironomus riparius 

and Erpobdelia testacea can be found in severely polluted stretches 

and that when conditions improve Erpobdella octeculata and Asellus 

aquaticus appear, a further improvement in conditions could result in 

llydro psyche becoming established. With a return to good quality 

conditions a clean water fauna should return with species suca as 

Gammarus pulex and Eedyonurus nymphs being presente Thus the” 

experiments on the tolerance of dissolved oxygen by a variety of 

invertebrates reveal an order of tolerance that reflects their 

distribution. Since deoxygenation is.a common result of organic 

pollution the varying tolerances of these invertebrates to this factor 

could explain why different communities become established in varying 

degrees of pollution. . 

  

The fact that Chironomus riparius Bae Erpobdella toestacea are 

particularly tolerant to low oxygen concentrations has been observed 

by a number of biologists, Fox and Taylor (1955) studied the oxyren 

tolerance of a number of invertebrates including Chironomus dorsalis 

and thummi larvae. Phey found that when comparing the survival of 

these two species in water containing 4%, 21% and 100% oxygen, both 

survived longest in the water with 4% and shortest in the water with 

100% oxygen. The results of their experiments show how tolerant 

these species are of low oxygen concentrations and also because of 

the apparent toxicity of well oxygenated water to both they seem 

physiologically adapted for life under such conditions. The 

remarkable tolerance of Chironomus spp. to low oxygen concentrations 

was also demonstrated by Walshe (1948). Although she did not use 

Chironomus thummi in the experiments, she found other species of the 
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genus are particularly tolerant of anaerobic conditions. 50% of 

the Chironomus longistylus larvae were still alive after 68 hrs. 

while for Chironomus paganus 50% were still alive after 101 hrs. 
eee 

These results are very similar to those of the present investigation 

where for Chironomus riparius (thummi) the 50% mortality was reached 

at approximately 90 hours. Walshe also used the larvae of Prodiamesa 

olivacea in her experiments and found it to be a less tolerant form, 

50% of the larvae being dead after 10 hourse Prodiamesa olivacea 

was found to be far less tolerant of anaerobic conditions than 

Chironomus riparius in the present study although they survived longer 

than in Walshe's experiments, the 50% mortality occurring after 24 hrs. 

It was also noted by Walshe that Chironomus riparius could 

withstand considerably higher temperatures than Prodiamesa aiivaeeal 

this fact combined with its greater tolerance of anaerobic conditions 

would clearly explain why it was able to survive considerably longer 

under anaerobic conditions at 20°C in the present study. 

Another vay of dezonstrating how animals are adapted to waters 

  

contaiming little or fo oxyres is by studying their oxyret | rsumpticn 

under different oxygen concentrations. It would be expected that 

animals usually asscciated with low oxycen conditions would be more 

independent of oxygen changes ip tte eurrounding water them acimals 

from well aerated water. Thus it shovld ve possible to recognise 

those animale which have an independent type and those with a 

fependant type of ery ean consumption, Walshe (1948) also studied 

the payee consumption in relation to different oxygen concentrations 

ef a number of chironomid larvae and found that Chironomus longistylus 

tad an independent reaction to changes in the oxyjen content of the 

vater at least down to % PePelie Although she was using Chironomus 

longistylus larvae as an example of a still water form and comparing 

its oxygen consumption with flowing water forms, which she showed had 

el 
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a dependant reaction to oxygen changes, it would seem that although 

Chironomus riparius is a flowing water form it would nevertheless 

exhibit an independent reaction. 

* It was noted in the present study that Chironomus ripavius 

| larvae were far more tolerant of anaerobic conditions at 10°C than at 

Mi
no
na
ni
an
nn
 

°C and this was also observed by Linderman (1942), He found that 

Chironomus plumosus larvae could’ live for 120 days in anaerobic 

conditions at o°c though for much shorter times at higher temperatures. 

‘Pdwarde (1958) showed that oxygen consumption of Chironomus ripariue 

does increase with an increase in temperature and found that they 

respire 2.8 times as fast at 20 °¢ as at 10°C. This would sugsest 

that the larvae are far better adapted to life in colder water and 

could explain why the larvae of this species died much more quickly 

at 20°C than at 10°C in the present study and in TAndemans experiments. 

The fact that Chironomus riparius is extremely tolerant to low, 

oxygen concentration is borne out by the present and past studies. 

Very little information is available on the other two species of 

chironomid larvae used in the experiments, other than work performed 

by Walshe (1948) montioned earlier, who showed that Prodiamesay 

although quite tolerant, is not as tolerant as the Chironomus Bppe } 

she used in the experiment. There are a number of possible 

explanations to account for the tolerance of the red chironomid larvae 

to low oxygen concentrations. The fact that they contain haemoglobin i 

has been demonstrated by both Ewer (1942) and Walshe (1950) to be very: 

important in withstanding low oxygen concentrations while Augenfeld 

(1967) demonstrated their ability to break down sugars anaerobicallys 

Ewer showed that the haemoglobin of Chironomus larvae only functions 

dn oxygen transport when the oxygen pressure was less than 3 ccs/litre. 

When the haemoglobin was converted to carboxyhaemoglobin the oxygen 

consumption of these larvae was far less at low oxygen concentrations   
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than normal larvae. Walshe (1950) working on Chironomus plunosus 

came to similar conclusions and noticed that the presence of haemo= 

globin enabled larvae to remain active at very low oxyzen concentration 

Larvae which had their haemoglobin converted to carboxyhaemoglobin 

were not able to filter fced in oxygen concentrations less than 26% 

air saturation while the limiting concentration for normal larvae was 

10% of air saturation. She also showed that haemoglobin greatly 

increases the rate of recovery of the larvae following anaerobic 

conditions. Augenfeid (1967) showed another feature of Chironomus 

larvae which enables them to survive anaerobic conditions. He showed 

that Chironomus thummi (riparius) and plumosue have glycogen com= 

prising 13-14% of their body weight, both cf these ao eaken are 

particularly tolerant of low oxygen concentrations. Meny tarsus 

however, which is intolerant of law oxyren concentrations, has only 

2 of its body weight composed of glycogene The reason for this high 

glycogen content in the larvae of Chironomus species is that they are 

able to break down glycogen anaerobically; but as this method of 

respiration yiolds only 10% of the energy resulting from complete 

oxidation a plentiful supply would be requireds Lactic acid which is 

@ normal by*product of anaerobic Veepication is then broken down by 

lactic dehydrogenase to prevent accutnlations The possession of 

haemoglobin and high glycogen concentrations are then important factors 

in enabling Chironomus ripariue to survive the low oxygen concentration 
  

that were used in the present investigations The fact that the other. 

two species of chironomid larvae used, namely Prodiamesa diivacos and 

Brillia longifurca, were considerably less tolerant conld well be due 

to the fact that they are non-red and thus do not possess haemoglobin 

or possibly the -high glycogen concentrations with the related enzymes 

in their bodies. 

Erpobiella testacea was also found in this investigation to be  
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yery tolerant to low oxygen concentrations. Erpobdella octoculata ~ 

and Helobdella stagnalis, the other two species of leech were slightly 

less tolerant but nevertheless still very tolerant. Mann (1956 and 

1961) investigated the oxygen consumption of five species of leech 

end found that Erpobdella testacea and Helobdélla stagnalis had 

"4ndependent" respiration, for the former at oxygen concentrations 

down to 3.0 pepeme and the latter down to 2 pepeme This would 

verify the tolerance of these two species to anaerobic conditions. 

Mann also found however that Erpobdella octoculata had a dependent 

respiration which would suggest that it is not particularly well 

adapted to low oxygen concentrations, in the present investipation 

this was not found te be the ease. Mann (1961) concluded that 

Irpobdella testacea is better adapted to life in low oxy-en con= 

centrations than Hrpobdella octoculata and in the present investi= 

‘gation this was found to be so. The reason why Helobdella stagnalis, 

which has an independent respiration, is no* more tolerant to low 

oxygen concentrations than Erpobdelia octoculata with a dependent 

respiration is difficult to explain. Dausend (1931) however showed 

that Tubifex, which can live anaerobically, also has a dependent 

oxygen consumption. So it would appear tat a s'tudy of oxygen 

Consumption is not always a true guide to the ability of an organism 

to live under low oxygen concentrations. ESrpobdella octoculata may 

be another exception like Tubifex. 

The two crustaceans experimented upon, namely Asellus aquaticus 

and Gnmmarus pulex differed greatly in their tolerance to low oxygen 

concentrations. Agellus aquaticus was found to be very tolerant of 

low oxygen concentrations, especially at 10°C while Genmarus pulex 

was far more sensitive. These results would agree with their 

ecological distribution, Gammarus usually being found in well aerated 

water while Asellus is frequently found where oxygen is scarce. 
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Rdwards and Learner (1960) found that between 8.3 and 1.5 pepe! 

oxygen Asellus aguaticus has an independent type of oxygen con= 

sumption and this would suggest that the species is very tolerant of 

low oxygen concentrations. Similar conclusions can be drawn from 

work of Fox and Simmonds (1953) ae found that a lowering of ‘the 

oxygen concentration to 3.36 ces/litre produced no movenents of the 

pleopods, and even at 1.12 deusiieee! there was only a alow 

diseoatinuous movement. Very different result) were obtained when 

Gammarus pulex was used as the test animal, They found that there was 

a regular increase in the beating of the pleopods with a progressive 

lowering of the oxygen content. The results of this other work would 

then agree with the presont findings that Asellus aquaticus i9 far 

fore tolerant to low oxysen concentrations than Ganmarus pulexe 

Sprague (1963) working o1 North American crustaceans produced very 

: similar results. In his experiments he used Asellus intermedius, 

Qemnarvs facciatus and Gammarus pseudolimnaeuse He found that 50% 

of the Asellvs intermedius could survive for 24 hrs. at an oxygen 

concentration of 0.03 pepe. For 50% of Gammarus fasciatus to 

survive 24 brs. the oxygen concentration must be 2e2 pepelley while 

for Gammarus pseudolinnaeus it must be 4435 ‘papems It appears that 

Aselins internedius is associated with similar ecological conditions 

to Asellus aquaticus in this comnae and the two species of Gammarus . 

are eimilar to Gawsrus pulex. The results of the present study 

were very similar where it was found that at 0.0 PepeMe oxygen 50% of 

the test animols of Asellus aquaticus were still alive after 24 bree, : 

for 50% of the test animals of Gammarus pulex to stay alive after 

24 bre. the oxygen concentration wovld have to be increased to nearly 

2 pepemevat 20°C. Thus it would seem that the present results on 

the two crustaceans agree with previous findings and with conclusions 

that could be drawn from ecological distribution. 
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Of the other three species used in the experiments all could 

be described as being sensitive to low oxygen concentration although 

fydropsyche angustipennis larvae were considerably more tolerant than 

the larvae of Rhyacophila dorsalis or the nymphs of Eedyonurus dispare 

This would agree with the field observations of previous workers. 

Wydropsyche larvae can frequently be found in the later recovery 

stages of organically polluted waters while the developmental stages 

of the other two species are usually associated with clean water 

conditions. 

Jaag and Ambuhl (1962) studied the effect of current on the 

oxygen tolerance of a variety of freshwater invertebrates. They 

found that at 0.5 ems/second Hydropsyche angustipennis would survive 

indefinitely at 1.3 pepeme oxygen. The corresponding figures for : 

Eedyonurus venosus and Rhyacophila dorsalis were 1.2 pepem. and 

1.5 pepsem. oxygen respectively. On the basis of the results from 

the present study it would appear that Ambuhl's figures are 

particularly low. The corresponding figures from this study were 

found to be nearly 2 p.pem. for Ilydropsyche angustipennis and ‘nearly 

3 pepem. for Rhyacophila dorsalis and Eedyonurus dispare “The latter 

results would appear to be more closely related to the field work 

observations and results on other invertebratos. 

i Tt does appear that from a study of the oxygen tolerance of 

various aquatic invertebrates it is possible to recognise a cradation 

in degrees of tolerance. Some species such as the larvae of 

Chironomus riparius and Erpobdella testacea are very tolerant, others 

such as Hydropsyche angustipennis larvae are moderately tolerant 

while Gommarus pulex and Rhyacophila dorsalis are sensitive to low 

"oxygen concentrations. It was also found that animale which from 

field observations would experience severe deoxygenation of the water 

Were more tolerant than species which are chiracteristic of well 
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oxygenated waters. The results of the present investigation as well 

as showing that animals vary in their tolerance of low oxygen cone 

centrations provided detailed information on the survival of the 

invertebrates experimented upon at different oxygen concentrations. 

In general the results agreed with those from the limited amount of 

work previously carried out. The experiments also showed that the 

effect of deoxygenation is likely to be far more serious in summer, 

all eleven invertebrates experimented upon were able to survive in 

lower concentrations at 10°c than at 20°C. 

Very little work has ‘been published on the tolerance of 

invertebrates to undissociated ammonia although there have been 

numerous publications on the toxicity of ammonia to fish. It would 

appear, from the results obtained from these observations, that fish 

are.far more sensitive to undissociated ammonia than invertebrates. 

Ball (1967) studied the tolerance of four species of fresh water fish 

to undissociated ammonia. Of the four species used in the experiments 

rudd appeared to be the most tolerant, but this species survived less 

than 24 bre. at 0.75 pepem. as Ne Eedyonurus dispar and Gammarus pulex,, 

which were found to be the most sensitive of the eleven invertebrate 

species used in the experiments, were nevertheless able to survive ‘the 

period of exposure of 13 days at this ammonia concentration. 

The fact that the toxicity of ammonia to invertebrates is 

increased at low dissolved oxygen concentrations was also found to be 

the case with fish. Downing and Merkens (1955) studied the combination” 

of these two factors on trout and observed that the period of survival 

at any ammonia concentration is drastically reduced with a lowering of 

the oxygen concentration. Using a concentration of 1.38 pepems 

undissociated ammonia they found that trout could survive over 500 

Minutes when the oxygen concentration of the water was 7 PeDeMley if 

the oxygen was 3 pepelle however the period of survival was only 80  



minutes. 

It is well established that an increase in temperature reduces 

“the survival period of fish in toxic solutions. Wuhrmann and Woker 

(1948) showed that increases in temperature also shortens the period 

of survival of fish to undissociated ammonia. So it appears that | 

invertebrates are similar to fish in this respect. 

The results obtained from the ammonia experiments establish 

that there is a considerable difference in tolerance to undissociated 

ammonia amongst invertebrates, Generally it was found that animals | 

which from field observations would be more likely to experience 

higher ammonia concentrations are indeed more tolerant of this factor. 

. fhe larvae of Hydropsyche angustipennis and Rhyacophila dorsalis 

however were found to be exceptions, for although these larvae are | 

not normally associated with polluted conditions they were exceedingly 

S
n
e
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tolerant of undissociated ammonia, It is difficult to believe that 

the concentration of this substance found in nature could limit their 

distribution and the reason why they are not found in polluted waters 

e
h
h
 

aust be attributed to other factors. 

, The three species of chironomid larvae were also found to be 

very tolerant of undissociated ammonia and this would be expected from 

the acknowledged distribution of these animals. Thienemann (1954) 

mentions that both Chironomus riparius and Prodiamesa olivacea can be 
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found in severely polluted waters. The tolerance of the ‘three species 

of leech would also be expected from field observations. All three 

species are known to occur in moderately polluted waters, and, according 

| to Hynes - (1966) Erpobdella testacea and Helobdella stagnalis are 

amongst the first of the leeches to appear in the recovery stages of 

organically polluted waters. Erpobdella testacea and Helobdella 

| Stagnalis were more tolerant to ammonia than Erpobdella octoculata and   this may be one of the reasons wiy they appear before the latter 
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species in a river Feodvering from organic pollution. Asellus 

aquaticus wan similar in its degree of tolerance to Erpobdella testacea 

and Helobdella stagnalis and this would be expected from the fact that 

these three species are usually associated with each other dni porinted 

streams. Gammarus pulex and Ecdyonurus dispar were the most sensitive 

of the species used in the experiments and this sensitivity to ammonia 

could help to explain their absence from polluted waters. 

The ammonia experiments as well as showing that species vary 

in their tolerance of undissociated anmonia revealed the maximum 

concentrations which each species can tolerate indefinitely. It was 

also found that the sensitivity of invertebrates to ammonia is 

influenced by the dissolved oxygen concentration and temperature of 

the water. 

The experiments in which carbon dioxide and potassium ortho= 

phosphate were added to the water revealed that certain species seem ~ 

to be unaffected-by even extremely high concentrations of these two 

substances. As in the other criteria investigated, the experimental 

results showed a correlation with accepted field data. . Species 

normally associated with polluted conditions were more tolerant than 

aa water species. 

Carbon dioxide can be formed in rivers by the oxidation of 

organic matter and high concentrations may therefore be found in 

organically polluted waters, It is known from work on fish 

(Alabaster et al, 1957) that carbon dioxide can double the minimum 

concentration of dissolved oxygen necessary for the survival of fishe 

They also found that an increase in temperature shortens the period 

of survival in a given concentration of carbon dioxide. 

The present study revealed that high concentratione of dissolved 

carbon dioxide could be toxic to certain invertebrates even in oxygen 

saturdted water (figs. 66 & 67). As in the experimonts on fish 
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however the presence of carbon dioxide increased the lethal effects 

of low dissolved oxygen concentrations (figs. 70 & 71). It was 

also found that the toxicity of carbon dioxide is increased with an * 

increase in temperature (figs 72), It would appear then that the 

effect of carbon dioxide would be most critical in the summere Thus 

carbon dioxide could from the results of these experiments increase 

the toxic effect of any deoxygenation of the watere If there are 

also high temperatures the combined effects of all three factors 

could be important in limiting the distribution of certain inverte= 

bratesSe 

It has been demonstrated by many workers including Irving, 

Black and Stafford (1941) that carbon dioxide reduces the affinity 

of the blood of many species of fish for oxygene So the effect of 

dissolved carbon dioxide on fish is one of asphyxiation, The way it 

exerts its influence on invertebrates is not really knowns The fact 

that it does “influence the effect of low dissolved oxygen suggests 

that it may act in a similar way. Very litte work has been performed 

on the effect of carbon dioxide on invertebrates although Fox and 

Johnson (1934) made a limited study. They used Ganmarus pulex and 

Asellus aguaticus and subjected both species to dissolved carbon 

dioxide. They found that with G. pulex it resulted in an increased 

novement of the respiratory pleopocs but not in A. a uaticuse Their 

results agree with those of the present investigation where &. Guise 

was found to be sensitive to carbon dioxide but not Ae aguaticus.s 

The experiments to show the effect of dissolved carbon dioxide 

on invertebrates thus revealed that although carbon dioxide would be 

unlikely to have a limiting effect on most of the species used it 

could nevertheless be very important in limiting the diatribution of 

species such as Gammarus pulexe It would also appear that dissolved 

carbon dioxide could exert greater influence on invertebrates by 
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affecting their tolerance to low dissolved oxygen concentrations. 

mis effect would be even greater in the summer months when the water 

temperatures are high. : 

In the experimenta where potassium orthophosphate was added 

to the water it was found that animals such as the leeches which are 

frequently associated with polluted conditions are more tolerant to 

this substance than animals usually found in clean water environments. 

The importance of potassium orthophosphate in possibly influencing 

the distribution of invertebrates in polluted streams is not easy to 

aseesS. It is well known that organic pollution as a result of a 

sewage discharge may cause high concentrations of orthophosphates to 

be present in the water. There is however little information available 

on potassium in organically polluted waters. Thus although potassium 

orthophosphate caused deaths in the experiments it is not possible to 

relate these deaths only to the orthophosphate presents Jones (1937) 

and Harniseh (1951) both showed that high concentrations of the 

potassium ion could prove toxic to invertebrates. It has also 

been shown that the phosphate radicle can be toxic (Jones 1941 and 

Harnisch 1951). Moreover Harnisch using Daphnia magna as test animal 

found phosphate to be more toxic than a similar concentration of 

potassium. He arranged his ions in the following series according 

to the strength of their harmful effects Ca = Na = K = NH, ~ Acetate = 

Phosphate. 

Fron these results it could be interpreted that it was the 

orthophosphate that was most likely to have caused the deaths. | 

lagerspetz (1958) however has shown Daphnia magna to be very tolerant 

of saline conditions so it would be expected that it would tolerate 

high concentrations of potassium and so no real conclusions can be 

frawn regarding the respective tolerances of potassium and ortho= 

Phosphates by other fresh-water invertebrates. In the same series 
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of experiments, Lagerspetz also used Asellus aquaticus and found 

that this species was also particularly tolerant of saline conditions, 

being able to survive permanontly in 20% sea water, Gresens (1928) 

concluded that these isopods were viable in 40% sea water. Thue it 

would appear unlikely that the concentrations of potassium used An 

the experiments would account for the deaths of A. aquaticus and that 

it was due to the ecthopnsaphate, present. It could then be eacuasd 

that the mortality of Gammarus pulex, Eodyonurus dispar and 

Rhyacophila dorsalis were also due to this substances 

It was found that a decrease in oxygen concentrations 

considerably reduced the period of survival of four of the species 

  

used in the experiments (fig. 76). At low oxygen concentrations even 

small concentrations of potassium orthophosphate could preve toxic 

  

to three of the species. It would seem that the orthophosphate 

concentrations found in some polluted streams could prove effective 

in limiting the distribution of invertebrates especially in the 

summer months when low oxygen concentrations may prevail. As with 

the other factors investigated the most sensitive species were those 

usually found in clean water environments, ‘so it would appear that 

these experimental results could help to explain the distribution of 

animals from field observations. 
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5. Synthesis of Field Work and Experimental Work 

The field work revealed that the various taxa reacted very 

differently to organic enrichment. It was found that a number of 

species definitely favoured orzanic enrichment and were adversely 

affected by clean water conditions. Other invertebrates however 

were adversely affected by organic enrichment. It was possible as 

a result of the field work to associate different species with 

varying degrees of organic enrichments It was found that where a 

river was severely organically polluted the only animals likely to 

be found there were worms belonging to the Tubificidae and Enchy= 

traeidae and the red midge larvae Chironomus ripariuse With an 

improvement in water quality it was observed that a variety of 

chironomid larvae usually became established of which Polypedilum 

arundineti, Brillia longifurca, Prodianesa olivacea, Cricotopus 

bicinctus and Cricotopus sylvestris were the most abundant. With 

the progressive increase in the numbers of the above species there 

was @ corresponding decrease in the numbers of Chironomus riparius 

larvae. Slightly less tolerant of organic pollution were_Asellus 

aquaticus, Erpobdella testacea, Erpobdella octoculata and felobdella 

stagnalis. The chironomid larvae previously mentioned also became 

numerous in this zone and were frequently joined by other species 

of which the larvae of Jrichocladius rufiventris, Eukiefferiella 

hospitus, Pentaneura melanops were often abundant. A further 

improvement in water conditions allowed Gammarus pulex, Hydropsyehe 

angus tipennis and Baetis rhodani to become established and flourish. 

With little or no organic enrichment a diverse benthic community was 

usually found in which species of Trichoptera, Plecoptera and 

Rphemproptera were important constituents. 

The reasons why these changes in the benthic community 

occurred could almost certainly be attributed to changes in the 
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chemistry of the water and nature of the stream beds It was found 

f that organic enrichment frequently resulted in a decrease in the | 

oxygen concentration and an increase in the concentrations of ammonia, 

orthophos phates, nitrates and carbon dioxide. It was obvious that 

: no one factor was solely responsible for these changes in the benthic 

community because the chemical changes produced varicd with the treat* 

ment the effluent had received. The benthic community however was 

always found to be basically the same. 

The aim of the experimental work was to try and explain why 

the various benthic communities noted in the field work became 

established at certain levels of organic enrichments fo investigate 

this a variety of invertebrates were chosen sone of which were   associated with severe organic pollution, others with moderately 

polluted conditions and yet others with clean water conditions. 

s
c
i
 
t
a
r
 

These invertebrates were thén subjected = experimentally to a number | 

of the conditions associated with organic pollution. It was hoped j 

that the polluted forms were more tolerant of thece factors than the 1 

moderately polluted forms and these dn turn more tolerant than the 

clean water forms. It was also intended to try and establish which 

i of? the factors were most important in limiting the distribution of 

these species and also at what concentrations they were likely to 

influence these species. 

Generally the experiments complemented the field work 

observations for it was found that Ghircnonus riparius and Erpobdella 

testacea were the two most tolerant specics of low oxygen concentrationse   
Slightly less tolerant were Srpobdelia. octoculata, Helobdolla stagnalis, 

Agellus aquaticus, Prodiamesa olivaceu and Brillia longifuroas 

  

llydropsyche angus tipennis was leos tolerant than the previous species 

but more tolerant than Gammarus pulex, Rhyacophila dorsalis, and   Uedyonurus dispar. Thie was almost exactly the orier of tolerance
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that would have Seen deduced from the River Cole investigation. 

qhe dissolved oxygen experiments also showed that the effect of 

temperature increases the lethal effect of deoxygenation and this 

could possibly explain the suppression of the summer populations in 

the more polluted regions. . The carbon dioxide experiments showed 

that invertebrates can vary considerably in their tolerance of this 

factor, some species being remarkably tolerant while others were 

quite sensitive to it. As with the dissolved oxygen experiments 

the tolerant species were those from the polluted conditions and the 

sersitive species the clean water species. The ammonia and ortho= i 

phosphate experiments generally revealed the same order of tolerance 

with species from the polluted conditions being more tolerant than 

the clean water species. The only real exceptions were tie larvae 

of Hydropsyche angustipennis and Rhyacophila dorsalis, These were 

found to be exceedingly tolerant of ammonia and it was difficult to 

believe that this factor would be daportaut in limiting the dis- 

tribution of these two species. 

One of the most obvious conolusions that can be drawn from 

the experimental work is that species associated with polluted 

conditions are more tolerant than clean water species of a variety 

of conditions (fige 77) ese Shivcnomus riparius and Asellus aquaticus 

were far more tolerant of deoxygenation, ammonia, or thophosphates 

and carbon dioxide than Gammarus pulex and Eedyonurus dispar. 

Another fact that emerged was that the combined effects of the factors 

are more severe, and their lethal effects are increased with a rise 

in temperature, Gammarus was found to be more sensitive to carbon 

dioxide at 18°C than at 10°C and at 2 pepem. dissolved oxygen than 

at 10 pep.m. 

If the field results are considered in the light of the 

experimental work, the reasons why certain species can be associated 
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Fig.77. Table showing degrees of tolerance of benthic invertebrates to different water quality 

paremeters in relation to their observed tolerance to organic pollution. 

    Oxygen depletion Ammonia Carbon dioxide Orthophosphates Field observations 

SS a ee 
‘Organic pollution’ 

Rhyacophila Gammarus pulex Eedyonurus Gammarus pulex Ecdyonurus 

Thoseasin dorsalis Ecdyonurus dispar Eedyonurus dispar 

4 . ae & Eecdyonurus dispar Rhyacophila dispar Rhyacophila 

Cee dispar Erpobdella. dorsalis Rhyacophile dorsalis ; 

Gammarus pulex octoculata Gammarus pulex dorsalis Hydropsyche 

Brillia Heloddella Hydropsyche Asellus aquqticus angustipennis 

j longifurca stagnalis angustipennis Hydropsyche Gammarus pulex 

Hydropsyche Erpobdella Asellus aquaticus) angustipennis Erpobdella 

angustipennis testacea Helobdella Erpobdella octoculata 

Prodiamesa Asellus aquaticus stagnalis octoculata | Asellus aquaticus 

olivacea Brillia Erpobdella Erpovdella Erpobdella 

Asellus aquaticus longifurca octoculata testacea testacea 

Helobdella Prodiamesa Erpobdella Helobdella Helobddella 

stagnalis olivacea testacea stagnalis stagnalis 

_Erpobddella ~ Chironomus 
Prodiamesa 

octoculata riparius 
olivacea 

Erpobdella Rhyacophila 
Brillia 

testacea dorsalis : longifurca 

Chirononus Hydropsyche 
Chirononus 

riparius angustipennis 
riparius 

denotes similar~ 

tolerance   
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with varying degrees of organic enrichment becomes more eheibces 

In the River Cole the most severely polluted stretch was found at 

Stations 2 and 3, the chemical data revealed that the river at these 

stations especially during the summer months became badly deoxygenated 

and contained high concentrations of ammonia, orthophosphates and 

carbon dioxide. At these stations only Chironomus riparius of the 

experimental animals was commone The experimental results showed 

tide species to be exceedingly tolerant of both low oxygen con= 

centrations and ammonia and this is probably the reason why it was 

able to survive at these localities where it had a copious supply of 

food. The larvae of Brillia longifurca and Prodiamesa olivicea were 

found to be less tolerant of low oxygen concentrations than Chironomus 

riparius and this could account for the fact that they became abundant 

further downstream where the oxygen concentration of the water had 

increased. Erpobdella testacea was very tolerant of low bxyeed 

concentrations but only moderately tolerant of ammoniae This species 

was never abundant in the River Cole and it is difficult to draw 

definite conclusions concerning its distribution, the results do 

suggest however that it was most abundant at Station 4, where there 

was usually less ammonia present than at Stations 2 and 3. The 

other two leeches used in the experiments namely Erpobdella octoculata 

and Helobdelia stagnalis were most abundant at Station 5. It is 

known. that they are less tolerant of both amaonia and deoxygenation 

than Erpobdella testacea and this could explain why they are more 

abundant further downstream where there was an improvement in these 

conditions. Asellus aguaticus was algo common at this station and 

this would be expected from the experimental results whick showed 

this species to have a similar tolerance of low oxygen, carbon dioxide 

and ammonia as the leeches. At Station 6 the gradual improvement 

in water quality allowed Gammarus pulex to survive, it did not however 
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form large populations. From the experiments it would have been 

supposed that Hydropsyche would have been able to survive at 

Station 6, for it proved to be more tolerant of low oxygen, ammonia, 

carbon dioxide and orthophosphates than G. pulex. It is probable 

that other reasons must account for its absence and possibly the 

slime growths that occurred on the stones may have had an inhibiting 

affect. The chemical results for Station 1 sugcested that the river 

was receiving some organic enrichment but was nevertheless of quite 

good quality, at this station Hydropsyche angustipennis and Gammarus 

pulex were abundant. In the case of Hydropsyche this would be 

expected from the results of the experimental work. Dowles Brook 

was a stream of exceptionally good quality, with well oxygenated 

water and very little ammonia, orthophosphates and carbon dioxide 

present. In this stream Rhyacophila dorsalis, Gammarus pulex and 

Sedyanurus dispar were common. These three species are sensitive 

to deoxygenation, carbon dioxide and orthophosphates while Gs pulex 

and B. dispar nymphs were also the most sensitive of the experimental 

animals to ammonia. ‘hus it would be expected that they would be 

absent, from localities where these factors are prevalent and this 

could ‘explain their Limited distribution in this study. 

Although the changes in the benthic community are almost 

certeinly the result of all the chemical and physical criteria 

acting eogathen it would appear that in the River Cole deoxygenation 

could be the most important single factor. In the summer months a 

considerable stretch of the river below: the effluent outfall became 

severely deoxygenated and these low oxygen concentrations would 

themselves suppress the fauna. At both Stations 2 and 5 as a result 

of the monthly samples and 24 hour investigation it would seem that 

for long periods less than 1 p.p.m. dissolved oxygen was present in 

the water. Such continuous low oxygen concentrations would almost 
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gertainly prove inhospitable to even Chironomus riparius and 

Prpobdelia testacea, the most tolerant of the experimental animals 

of low oxygen concentrations. Both species were not able to survive 

anaerobic conditions for more than a couple of days at 20°C. If the . 

oxygen concentration of the water was less than ‘1 Pepem. that of the 

mud at these two stations would almost certainly be considerably less. 

This factor by itself could account for the fact that no macro= 

invertebrates formed large populations at these stations during the 

summer months. At Station 4, Chironomus riparius was abundant during 
  

the summer and this could be accounted for by the improvement in the 

dissolved oxygen concentration of the water. In addition to Ce 

riparius other chironomid larvae such as’ Prodiamesa olivacea, Brillia 
  

longifurca and Trichooladius rufiventris were common. The dissolved 

oxygen concentration was still severely depleted but it was found 

that because of the presence of algae there were considerable diel 

fluctuations in the concentration present in the water. During the 

night deoxygenation was particularly severe but during the day the | 

water was quite well oxygenated so it would appear that chironomid 

larvae can survive low dissolved oxygen tension for a number of hours 

but not continuoue low oxygen tensions as prevailed at Stations 2 and 
+ j 

At Station 5, Erpobdella octoculata, Helobdella Stapnalis and i 

Asellus aquaticus were common, the dissolved oxygen concentrations 

at this station also showed considerable diel fluctuations, and in 

fact deoxygenation was more severe than at Station 4, The monthly 

samples however revealed that the omygen content of the water was 

usually higher than’ at Station 4 and the reversal found during the 

24 hour survey may well have been due to the fact that it was taken 

during a dry spell when the flow was very low. At this time water : 

was channelled from the River Cole into a neighbouring stream leaving 
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a very reduced flow. The low oxygen concentration could have been 

eaused by the respiratory activities of the benthic organisms, which 

were particularly abundant at Station 5, using up the oxygen in the 

mall volume of water. Hawards (1963) stated that the benthic 

processes can be responsible for more than 50% of oxygen consumption 

of a river, so it is indeed possible that the deoxygenation noticed 

at Station 5 could be due to thise At Station 6 there was a cone 

siderable improvement in the oxygen content of the water and at this 

station Ganmarus pulex was usually present in the samples although 

it was never abundant. The reason why this species was not abundant 

at Station 6 or even Station 5 would be difficult to explain if only 

the results from the monthly samples were studied. The laboratory ~ 

work showed that Gammarus pulex should be able to survive as long as 

the oxygen concentration was over 3 pepeme at 20°C. The lowest 

recorded monthly figure for Station 5 was 368 pepems while for 

Station 6 it was 4.2 pePpeme If the diel fluctuations are taken into 

consideration however it was found that at Station 5 for a period of 

nearly 10 hours the dissolved oxygen concentration was below L pePelles 

the laboratory work revealed all the experimental animals of this 

‘species would die within 7 hours at an oxygen concentration of 1 pepems 

at 20°C, Although deoxyenation was not as severe at Station 6, the 

oxygen concentration was nevertheless less than 265 pepems for 10 

hours and less than 2 pepem. for 4 hourbe These concentrations 

would have detrimental effects on Ganmarus for even under laboratory 

conditions this species would not survive 24 hrs at an oxygen con= 

centration of 1.45 pepeme 

At Station 1 the lowest oxygen concentration recorded was 

5.2 papem. and this was considerably higher than the lowest figure 

that Gammarus pulex and Hydropsyche angustipennis would be expected 

to survive at from the laboratory experiments.
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It would seem that in the case of the River Cole the severe 

deoxygenation that existed during the summer covld account for the 

diotribution of the invertebrates experimented upon. The other 

changes produced in the water would increase the lethal effects of 

the low oxyren concentrations, for it kg found that carbon dioxide, 

ammonia and.orthophosphates were usually present in quite high con= 

centrations. The highest concentration of carbon dioxide recorded 

at Station 2 was over 20 pepeme, while for ammonia it was 36.5 pepette 

(undigsociated concentration 0626 pepe.) and for orthophosphates 

505 PepeMseg The concentrations of these substances usually decreased 

downstream. It is known from the laboratory experiments that both 

temperature and low dissolved oxygen concentrations increase the 

toxicity of ammonia to leeches and Agcllus. Erpobdella octoculiata 

  

and Helobdella stagnalis died at an undissaociated ammonia concentration 

of 0665 pepeme at 1 pepem. dissolved oxygen, it is probable that at 

20°C the corresponding ammonia concentration would be considerably 

lower and thus not very much higher than the highest concentration 

found at Station 2. The highest recorded figure at Station 4 which 

was the station immediately upstream of where the above species 

became abundant was .06 pepem. (undissociated ammonia), it is possible 

that even a figure as low as thie could exert an influence on these 

species. 

Because of the remarkable tolerance of the leeches to carbon 

dioxide and orthophosphates in the laboratory it is doubtful whether 

the concentrations recorded in the River Cole would seriously affect 

them. Agellus aguaticus However although tolerant of carbon dioxide 

was killed in the experiments by a concentration of 50 p.p.m. ortho= ; 

phosphates. The highest concentration recorded at Station 4 was 

365 DePete, but this in conjunetion with the undissociated ammonia, 

low oxygen concentration and high temperature could make this stretch 
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of the river ‘unsuitable for A» aguaticuse | 

testacea from the laboratory investigation would 
   

Expobde 

be expected to survive in all but the most severely polluted 

localities. The reason why it was not found at Stations $5 during 

the Mianeviadaths can alsost certainly be attributed to its life 

history. According to Mann (1964) this species has a life history 

lasting 12 months and it is in the egg stage during the summer monthse 

The River Salwarve before the new works opened had a similar 

faunal succession to that found in the River Cole, with tubificids 

and Chironomus riparius present below thé effluent outfall while 

further downstream Agelius aguaticus and leeches were common. © In 

this river deoxygenation was also severe, even in April the dissolved 

oxygen concentration at Station 1 was only 4 pepeme,y while the 

vndissociated ammoni2 concentration was nearly 0.2 pepele At 

Station 2 there was 4 slight inprovenent in these two criteria and: 

this possibly allowed the establishment of Asellus aguaticus and 

the leeches. Thus it woule seem that as in the River Cole it could 

be the combined effects of these two criteria that are most important 

din limiting the fauna at Station 1. Chironomus riparius was 

remarkably tolerant of both and this is almost certainly the reason 

,Why it alone of the species used in the experiments was common there. 

It was abticoable from the chemical results that of the chemical { 

analyses carried out on the monthly samples the only criteria that 

showed a real improvement after the opening of the new works was the 

oxygen and ammonia concentrations. The changes in the benthic 

community would then appear to be related to the improvement in these   factors, and 30 it would seem that it was indeed the concentrations ° 

of these two substances which had previously restricted the faunas 

Similar chemical conditions of low oxygen and high ammonia 

concentrations were also found at Walton on the River Trent. The
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fauna was again dominated by Chironomus riparius, Asollus aquaticus 

and leeches. With an improvement in the oxyzen concentrations it 

would be expected from the experimental work and previous work (Fox 

and Taylor 1955) that the numbers of Chironcmus ripariue would 

decrease while the numbers of leeches and Asellus aquaticus would 

increase. Such conditions prevailed at Wem Brook and the River Ray 

at Swindon, and in both streams the benthic community was rich in 

Llus and leeche&. 

  

The fact that invertebrates such as Chironomus riparius are 

generally more tolerant of factors associated with organic enrichment 

than clean water forma became obvious from the investigation of 

Nerry Hill Brook. Although the oxygen concentration wae not severely 

depleted or the ammonia concentration very high the benthic community 

at Station 1 was dominated by Chironomus riparius and olisochaete 

Word « The water at Station 1 usuaily contained excepted oaaliy high’ 

concentrations of orthophosphates and oxidised nitrogen and at is 

probable that these are limiting factors in this particular stream, 

Shironomus riparius obviouwly being very tolerant of them while other 

species less 50. At Station 2 the concentrations of both were 

usually less, and this locality had a number of species associated 

with a recovery zono e.g.e Asellus aquaticus. , 

It seems that even slight organic enrichment can restrict the 

benthic community, and allow only the more tolerant clean water forms 

to become established, such conditions were found at Harlaston and 

St. Thomas’ Mill. It is difficult: to ascertain why the fauna should 

have been restricted at these. two places because the water was well 

oxygenated and only traces of ammonia and carbon dioxide were presents 

Tt would seem that besides the more obvious factors associated with 

pollfited waters thero are others present which play their part in 

influencing the distribution of invertebrates. One of these factors 

 



7 1 ae 

We? 

is the change in the nature of the streamsbed, this can obviously be 

very important where there is a lot of organic matter being deposited. 

These deposits would limit elinging forms such as certain plecopteran 

and ephemeropteran nymphs and at the same time provide suitable 

  

i conditions for burrowing forms such a9 tubificids and chironomidse: 

Thus the presence of these burrowing forms can be associated with 

this deposition of organic matter which provides them with ample } | 

food. The fact that they are very tolerant forms then enables them 

to survive the other factors associated with polluted waters, } 

The investigation verifies the sensitivity of aquatic inverte= 

brates to organic enrichment and has shown that waters experiencing a 

certain degree of enrichment are likely to have a particular benthic 

community. The reason why certain animale are associated with 

severely polluted conditions whilé others with clean water conditions 

is that the septic zone fauna are more tolerant of a wide range of 

factors than the clean water fauna. Tt was found that the changes 

induced in the stream water by the entry of an effluent could vary, 

and so it is not any single factor that is responsible for these 

changes. Factors which the present study showed could be important 

are oxygen depletion, ammonia, carbon dioxide and orthophosphates, 

together with physics] changes in the nature of the stream bed.   
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6. Notes on the Biology of some Common Benthic Invortobrates 

in relation to their use as Indicators of Pollution 

6,1 The Distribution of Chironomid Larvae in the Riffles of 

Organically Polluted Streams in the Midlands 

\s a group the larvae of the Chironomidae have been very much 

ignored in the United Kingdom. The reason why very little is known 

about their ecology is the extreme difficulty in identifying the 

larvae, there are no adequate keys to the larval stages and to ensure 

identification they must be reared to the adult pets and even then 

it ie very difficult to identify to species. The fact that asa 

group they form important members of the riffle community in 

organically polluted streams has been observed by a number of workers 

including Butcher (1946) and Hawkes (1956). _ In the past most workers 

have distinguished between red species and nonered species. The 

common red species occurring in organically polluted waters in this 

country is Chironomus riparius (thummi) and it has been the non=red 

species that have caused the problems in identification. One of the 

aims of the present investigation was to try to identify these 

chironomid species and to determine whether or not they could be 

suitable as indicators of varying degrees of organic pollution. 

The results from the River Cole form the basis of ‘this study 

and they show quite clearly that different species occur in stations 

characterised by varying degrees of organic enrichment. It was found 

that the larvae of eleven species of chironomidae were common in the 

River Cole (of which ten were identified) and another four species 

occasionally occurred. 

Bleven of the common species were as followsa:e 

1. Chironomus riparius Neigen 4, Trichocladius rufiventris Meigen 

2. frillia lonsifurca Kieffer 5. Cricotopus bicinctus Meigen 

3. Bukiefferiella hospitus Udwards 6. Cricotopus sylvestris Fabricius 
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7. Erodiamesa olivacea Meigen 9. Folypedilum arundine ti Goetghebuer 

8, Eentaneura nelanops Meigen 10. Micropsectia atrofascidius Kieffer 

11. Brillia modesta Meigen 

1. Chironomus riparius (thummi) (fig. 78) 
  

This species has long been recognised as being an indicator of 

gross organic pollution in this country, the continent of Burope 

(Kolkwitz and Morsson, 1908) and North America. | 

In the River Cole this species was most numerous in the badly 

polluted stations (figs. 34 & 35). | It was absent entirely from 

Station 1 and Dowles Brook, rare in Stations 5 and 6, and abundant at 

Stations 2, 3 and 4, The seasonal incidence at Stations 2, 3 and 4 

was interesting. At Stations 2 and 3 it was nearly always the 

dominant chironomid larvae but it does appear however that the con= 

ditions became so bad at these stations during the summer that the 

summer populations were suppressed (fige 22). At Station 4 the exact 

reverse happened, from November to June it never formed large 

populations but from June to October it was sometimes present in 

enormous nuribers. {his is almost certainly due to the fact that it 

was only during the summer months that conditions suited its require= 

ments. 

This species was also present in a number of other sampling 

stations, namely Merry Hill Brook, River Salwarpe (vefore the opening 

of the new worke) and the River Trent at Walton. All these stations 

were very severely organically polluted and it does seem that in 

order for the larvae to thrive such conditions are necessary. 

7 The seasonal cnet denge at these stationd suggests that 

although the larvae may be abundant for most of the year the numbers 

do decline in the late spring (April and May). This is probably due 

to the emergence of the larvae that had overwintered and that the 

eggs laid by this generation had not hatched. 
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2. Brillia longifurea (fig. 79) 

Brillia longifurca proved to be a very good indicator of 

moderately polluted conditions. In the River Cole (figs. 34% 37) 

it was recorded at all stations but was abundant only at Stations 3-6, 

reaching its peak at Station 5. This species was also abundant at 

both stations on the River Salwarpe, Station 2 on Merry !411 Brook, 

Bob's Brook and was also recorded at Wem Brook and Walton on the 

River Trent. The larvae of this species does not seem to be as 

tolerant as that of Chironomus riparius, although they were frequently 
  

found together. This fact would explain its absence from Cole 2 and 

Merry Hill Station 1 during the summer. Although it proved to be a 

good indicator of moderately polluted condi tions in the Midlands it 

does not seem to be mentioned as such by Continental workers although 

it is present there. - 

The larvae of this species at all the stations it was present, 

had a discontinuous incidence (fig. 23). Large populations wore 

frequently present from November to March but for the rest of the 

year it was either rare or absent altogether. From the present study 

it would appear that the larvae of this species seemed to prefer 

moderately polluted conditions being virtually absent from the badly 

polluted zones and also from the clean water conditions that existed 

at Dowles Brook and Cole 1. 

3. Eukiefferiella hospitus (fig. 80) 

This species was also generally distributed in the Midlands 

and as with the larvae of Brillia longifurca it seemed to be a food 

indicator of moderately polluted conditions, being absent when the 

conditions were ities very bad or good. In the River Cole (figs. 

34 & 36) it was present above the effluent, at Station 2 there was a 

marked reduction in the numbers which then recovered at Station 3. 

At Stations 4, 5 and 6 it was abundant reaching a peak at Station 5. 
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If the seasonal incidence is considered (fig. 25) it shows that the 
Ore 

numbers of the larvae of this species is more evenly distributed 

throughout the year than that of Brillia longifurea and it is possible . 

to recognise three population peaks. One peak occurs in February or 

March, another in mid-summer and the third in October or November, 

This species was recorded from all the other polluted stations 

investigated and was one of the most abundant species in the Riyer 

Salwarpe, Merry Hill Brook Stations 1 and 2 and Bob's Brook. 

This species is also found on the Continent and has been 

described by Chernovskii (1961) as being found in streams and the 

littoral zones of lakes. No mention can be found of its association 

with organically polluted waters. Coe, Freeman and Mettingley (1950) 

describe the adult as being common and generally distributed in this 

country and it would be BS pec ced. that the larvae could prove to be a 

good indicator of polluted conditions in this country. 

4, richocladius rufiventris (fig. 81) 
  

The larvae of this species had a similar distribution to the 

two previous species in the River Cole (figs. 34 & 36) and like them 

was abundant in moderately polluted conditions. The larvae were not 

recorded at Dowles Brook but were present in Cole 1, the numbers then 

decreasing at Station 2 to be followed: by progressive-increases in 
i 

humbers at Stations 3, and 5. The larvae were also abundant in 

the River Salwarpe after the improvement in river conditions, Merry 

Hill Brook and at Wem Brook. 

If the seasonal incidence is considered (fig. 22) it will be 

seen that the larvae are most abundant from January to March with 

Smaller peaks occurring in mid-summer and autumn. This was one of 

the species that recolonised Stations 2 and 3 in the River Cole 

during the winter months. The summer populations however were 

Suppressed probably because of the very severe conditions. The 

7a  



       Fig.8lventrat view of head of Trichocladius rufiven
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adults of this species according to Coe et al (1950) are common and 

generally distributed and it would be thought that the larvae of this 

species could also prove to be a useful ingicator of pollution. 

5. Cricotopus bicinctus (fig. 82) 

The larvae of this species was the most abundant type in the 

River Cole during the summer months in the recovery stages of the 

river in what could be termed the 'Asellus zone’. The larvae were 

recorded at all stations on the River Cole (figs. 27 & 34) but only; 

became really abundant at Stations 4, 5 and 6, At Station 5 in 

particular very large populs tions Mare present ih the summer months 

and in July over 2,700 individuals were recorded from 0.1 of a square 

metre of stream bed. The larvae of Cricotopus bicinctus were also the 
  

nos abundant type during the patdoy months at both stations on the 

River Salwarpe. It was also common at Merry Hill Brook and Wem and 

was also recorded at Bob's Brook and the Trent at Walton. 

The seasonal incidence (figs.s 27 & 35) at the various sampling 

stations reveals that although it may be present in enormous numbers 

during the summer months it was rare from October to March. It is 

also obvious that Cricotopus bicinctus larvae are very tolerant of 

organic pollution and they would be expected to appear towards the end 

of the Chironomus riparius zone. 
  

This is another common British species and is also found in 

North America and the Continent of Europe. According to Roback (1957) 

the larvae is widely distributed in the U.S.A. and was very common in 

the Philadelphia area. That it is a very tolerant species is obvious 

because according to Surber (1959) it was the only invertebrate other 

than oligochacte worms to be found downstream of an effluent from an 

electro plating worke which produced conditions of high copper, 

chromium and cyanide. 

It would appear that this is another species that can be 
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associated with gross to moderately polluted conditions in the British 

Ielese 

6. Cricotopus sylvestris (fige 83) 

In both distribution and seasonal incidence the larvae of 

this species closely paralleled the previous species. In the River 

Cole (figs. ‘33 & 34) this species also reached a sharp peak in ite 

distribution at Station 5 and the larvae were most abundant between 

June and September being rare or absent from October to May. These 

larvae also proved to be widely distributed in the Midlands during the 

summer months and were one of the most abundant types at Merry Hill, 

River Salwarpe, Bob's Brook, Wem Brook and Walton on the River Trent. 

The seasonal incidence at these localities was very similar 

to that observed at the River Cole. The fact that it was present at 

River Cole 4, Merry Hill Brook Station 1 and Walton shows that the 

larvae of this species is very tolerant and that it is likely to be one 

of the first chironomid species to Rese in a polluted river after 

Chironomus yiparius. 

This is also a generally distributed species in this country, 

the U.S.A, and the Buropean Continent where its association with 

polluted conditions has been observed by Thienemann (1954).  Thienemann 

‘also states that these larvae can be found towards the end of the 

Chironomus riparius zone, which is borne out by this investigation. 
  

7. Prodiamesa olivacea (fig. 84) 

The larvae of Prodiamesa olivacea were also a common type in 

the River Cole, and if its distribution is studied (figs. 54 & 37) it 

can be seen that it was confined to the polluted regions. The larvae 

were most abundant at Stations 4 and 6 the paucity of these larvae at 

Station 5 can probably be accounted for by the unsuitability of the 

stream bed. Both Roback (1957) and Maitland (1964) say that the 

larvae of Prodiamesa olivacea prefer soft muds and it was a fact that
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the substrate at Station 5 tended to be rather sandy, and this could 

then account for its rarendss. Although the larvae of this species 

were recorded from all the other sampling stations it was never as 

abundant as in the River Cole. 

The seasonal incidence (figs 24) makes it a good pollutional 

{ndicator as the larvae can be present throughout the year although 

it was most numerous in the following periods, December to March, 

nidesummer and. the autumn. 

Prodiamesa olivacea like the two species of Cricotopus seems 

to have a world-wide distribution and has been recorded in the U.S sh 

and Russias Thienemann (1954) also mentions these larvae as being 

found in polluted rivers towards the end of the Chironomus riparius - 
  

zone especially if there are soft muds present; the present investigation 

agrees with this observation. 

8. Pentaneura melanops (fig. 85) 

This species is a member of the carnivorous sub-family 

Tanypodinae and was the only one recorded in large numbers. The larvae 

were recorded from all stations in the River Cole but was most abundant 

at Stations 4 and 5 (fig. 38). It was usually quite numerous: forming 

an important constituent of the benthic community. Although common 

in the River Cole the only other sampling station where it was common 

was at Station 2 on the River Salwarpe. This is another species 

with a wide geographical distribution being found in North America 

and the European mainland, it is not mentioned by Thienemann (1954) 

as being present in polluted waters in Germany. It seems that 

Anatopynia (Psectrotanypus) and Procladius larvae are the common 

carnivorous forms in Germany. Although larvae of Anatopynia were 

found in the River Cole and the River Salwarpe they were never.present 

in large numbers. fhe larvae of Procladius however were not recorded 

at the stations investigted and it may be that in Birmingham and 
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surrounding areas their place in the benthic community is taken by 

the related Fentaneura melanops. 

9. Polypedilum arundineti (fig. 86) 

The larvae of this species is also 'blood-red' and belongs to 

the same sub-family as Chironomus riparius, that is the chironominae. 

It was not however as widely distributed as Chironomus riparius nor 

does it appear to be as tolerant. It was found in the River Cole at 

all stations from 2-6, and was most numerous ie Station 3 (fig. 33) 

being only o¢casionally present at Station 2. The larvae of this 

species were never as numerous as many of those already described. 

The only other sampling station where it formed an important 

constituent of the community was in Station 1 on the River Salwarpe. 

It appeared in the Salwarpe samples after the improvement in river 

conditions following the opening of the new workse As in the River 

+ Cole it was never abundant. From its occurrence it would appear to 

be a tolerant species slightly less 60 however than Chironomus riporius. 

Very little information is available regarding its ecology although 

it is Itnown that it feeds on organic matter present in the mud. 

10, Micropsectra atrofasciatus 

The larvat of this species is red and is also a member of the 

sub-family Chironominae. Although never abundant in the samples it 

was usually present. Larvae of this species were obtained from all 

the sampling stations on the River Cole being most abundant at Station 

5e It was also found at Station 2 on the River Salwarpe where again 

it formed a regular but small proportion of the total chironomid larvae 

captured. It would appear that it is a moderately tolerant species. 

Hynes (1962) found the larvae of this species co-existing with 

Chironomus riparius in the River Lee at Luton which would support this 

view. 

; Se ET eer er rr Selim chal aaiestedguatcaeee aaa eminem seme |  
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lle Brillia modesta (fige 87) 
    

This especies altaough not abundant was usually present in 

the aamples. Tt is easily distinguished from Brillia longifurea if 

the ventval surface of the head is examined. There are two large 

black patches on the ventral surface of 3. modesta which are not 

present in B. longifurca. Larvae of B. modesta were taken from 

Dowles Brook and all the stations on the River Cole (figs 33), it 

was most numerous however at Station 5. Individuals were taken from 

| both stations on the River Sslwarpe after the opening of the new works. 

It would appear that Brillia zodesta 4s a moderately tolerant form but 
  

| again very little information is available regarding its ecology. 

| hocording to Coo et al (1950) this species is common in thit country 

! and is also found in Russia and the U.S.A. 

i It would seem as a result of this investigation that chironomid 

» larvae could prove to be good indicators of organic pollution in the 

riffle sones of rivers. This atuay shows quite clearly how localities 

which from chemical information appear to have a similar levol of 

organic enrichment will have the same chironomid larvae in the benthic 

Community. “the present study has been confined to a relatively amall ; ; 

area but 4t is hoped that these findings may prove to be widespread in 

the British Isles. If this is the case then their value as indicator 

organisms would be great because they are frequently the most numerous 

invertebrates present in the stream bed. In the present study if the 

chironomids as a group had been ignored, because of tle paucity of other 

; invertebrates it would have Leen difficult to assess the polluted 

condition of many of the sampling points. It would also have been a 

very artificial estimate if the presence of in many cases the most 

stundant single group of invertebrates had not been taken into con= 

sideration. At certain times of the year the samples seemed to be 

teeming with chironomid larvae. Such a case was the July sample from 
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Station 5 on the River Cole when over 5,000 were taken from 0.1 of a 

square metre of stream bed. 

\e with all insects however a knowledge of the seasonal 

incidénce of the developmental stages should be desirable before they 

/ are used as pollutional indicators. This is a necessary precaution 

to avoid arriving at completely erroneous conclusions concerning the 

absence of a species from a locality. Its absence may simply be due 

to the fact that at that particular time of the year it is rarely 

found in the larval stage and not to the effect of pollution. 

Striking differences in the seasonal incidence have emerged from the 

present investigation. The larvae of species such as Eukiefferiella 
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hospitus and Jrichocladius rufiventris seem to be present to varying 
  

degrees throughout the year, while the larvae of Brillia lonpifurca 

are abundant in the early part of the year and are only oc¢éasionally 

found during the rest of the year. The seasonal incidence of 

Cricotopus sylvestris and bicinctus is in striking contrast to those 
; 

j 

: 
} 
; 
{ 
j 
f 

already described, the larvae of these two species may be abundant 

during the summer months and relatively rare during the rest of the 

yeare 

6.2 Some other \quatic Invertebrates 

f Gaufin and Tarzwell (1952) make the point that or:anisms 

  

having life histories of a year or more will be better indicators'of 

pollution® than those with short life histories, because they will 

| indicate unfavourable conditions that occurred several months previously. 

It was with this view in mind that the individuale taken of some of 

the common species in Dowles Brook and River Cole Station 1 were 

measured. 

The seasonal incidence an@ size distribution of Gacmarus pulex 

taken from Dowles Brook and River Cole Station 1 is illustrated in 

figs. 16 and 18. It can be seen that the seasonal distribution is  
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very Similar in the two localities. Individuals were present through- 

out the year, but they were not particularly numerous from January to 

June, for the next three months they were abundant. After September 

the numbers once again fell. Hynes (1955) investigated the repro= 

Wartee cycle of Gammarus pulex and his findings would explain the 

paucity ia these early months of the yeare Gammarus ceases breeding 

usually in November and for the next couple of months the population 

is composed cf overwintering forms with no young specimens being 

produced to replace deaths. Thus the paucity of Ge pulex in the 

winter and spring at a locality could be due to natural fluctuations 

in the population and not tocthe effects of the environment. Mesh 

sise of the sampling net is also important in estimating the condition 

of a locality, too large e mesh size can lead to wrong conclusions a 

point which is stressed by Jonasson (1955). The May sample from the 

River Cole illustrates this point, although Gammarus was not abundant 

in this sample, half of the individuals were less than 4 mus in length, 

and these would possibly have escaped if. a net with a coarse mesh had 

Veen used. Thus s totally wrong impression of its abundance would have 
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ensued which could have resulted in an incorrect assessment of the 
‘ h 

degree of organic enrichment found at that locality. 

The measurements of the nymphs of Baetis rhodani from ‘Dowles j 

Brook and the River Cole ave shown in figures 12 and 20. The nymphs of 

Baetis rhodani were present in all samples from both stations. There 

‘ are differences between the two sets of results with rogards the peaks 

in population, but they are similar in showing that the nymphs of this 

species may be particularly abundant from April to September and compara 

tively rare from October to March. Thus a knowledge of the breeding 

eye¢le is once again very important if this particular species is to be 

used as a pollutional indicator. Thus as in the case of Gammarus pulex 

few individuals present during the winter months is natural, The 
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results for this species also underlines how a coarse mesh could give 

a wrong impression regarding! the abundance of this apecies. The 

September sample from Dowles Brook contained 136 individuais however 

neatly 90 of which were 3 mms or less in length and these could have 

been missed if the mesh size was too large or in a cursory examination 

of the benthic coenbnl ty The results also reveal that in July and 

August only small nymphs were present and this has also been observed 

by Plesicot (1958). 

The River Cole and Dowles Brook differed in the species of 

Hydropsyche present. At Dowles Brook, Hydropsyche fulvipes was 

present while at the River Cole Station 1 it was Hydropsyche angusti= 

pennis. Why this is so is not clear but the fact that Hydropsyche 

angustivennis is far more abundant in the Cole than Hydropsyche 

fulvipes is in Dowles Brook probably stems from the fact that the 

former station has received slight organic enrichment. It has been 

observed that Hydropsyche can form large populations when there is 

slight organic enrichment (Hawkes | 1956). 

The incidence of tle two species (figs. 15 & 19) varied quite 

markedly. Hydropsyche fulvipes was never abundant in Dowles Brook 

but no individuals were present in the May, July and August samples. 

The species then reappeared in large numbers in September but ohly as 

small individuals. Hydropsyche angustipennis similarly had a very’ 

uneven ceasonal incidence, although it was present in all the monthly 

Samples, very large numbers were present in the August and September 

samples. In the July sample all the larvae present in the samples 

were on 11, the majority were less than 4 mms. Thus once again a 

totally different impression could have resulted concerning the quality 

of the river at this locality, if one had sampled either in July when 

only the less obvious small individuals were present or August when 

larvae of all sizes were present in large numbers. 
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The nymphs of Rhithrogena semicolorata and Ephemerella ignita 

are usually associated with good quality waters. The seasonal 

incidence of, the nymphs of these two species is however strikingly 

différent. According to Macan (1961) Ephemerella ignita spends 

approximately 10 months in the ‘egg, hatches in the middle of the | 

summer and then grows rapidly to emerge in late summers Rhithrogena | 

on the other hand is found in the egg stage during the summer presumably | 

because this stage is more tolerant of high temperatures. It then } 

grows steadily through the autumn, winter and spring to emerge in 

early summer. The present investigation confirms Macan's observations, 

Ephemerella ignita (fig. 13) first appeared in the May samples, the 

numbers then increased in June, July and August (as did the size of 

the individuals) to fall in September. From October onwards it was 

absent. 

Rhithrogena semicolorata (fig. 14) had a very different 

incidence. The nymphs of this species were abundant from December 

to May and it was also possible to recognise a gradual increase in 

the size of the individuals in this period. In June and July it was 

rare while in August although the numbers had increased only small 

individuals were present in the sample. For the remaining months of 

the year the numbers increased as did the size of the individuals. 

The nymphs of both species have then very different seasonal 

incidences and it is again very important that before attributing the 

absence of either species to environmental influences their life cycle 

should be taken into consideration. 

Erpobdella gctoculata (fig. 17) which was abundant at Station 1 

on the River Cole Gan present in all the monthly samples. There were 

however marked increases in the size of the population in August and 

September, ‘Large individuals were present throughout the year and 

this would be expected from a knowledge of its life history. Mann 
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(1964) says that thie species may live for three years and this would 

explain the presence of fully grown individuals throughout the yeare 

This species as would be expected from its long life span is in many 

ways more reliable | pollutional indicator, because it may also 
' 

indicate conditions that existed several months previously. Species 

with short life spans would not have this value. 

The study of the incidence and growth rates of the species 

described as with the chironomids previously described underlines how 

important it is to have a knowledge of the life history of the ees 

aquatic invertebrates when using them to assess pollutional conditions. 

It also becomes apparent that it is much better to study the compositioi 

of the benthic community as a whole when using fauna to assess 

polluted conditions rather than the appearance or disappearance of a 

single species. 
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= Table 1 

®o Show Chemical Data for the period Decenber 1966 to Dacender 1957 for Dowles Brook 

and River Cole 

3 

      

  

Stations 

Dowles Brook 

Cole 1 

2 

n
w
 

»->
 
w
 

Dowles Brook 

Cole 

2 

a
w
 

>
 

Ww 

D 

6.2 

7609 

7-6 

7-8 

79 

79 

6.4 

44.8 

37-9 

43.0 

48.7 

5 

5420 

5505 

8.4 

Te4 

13 

7-5 

13 

74 

705 

51.4 

39.0 

44.8 
44.2 

48.0 

474 
46.0 

F u 4 M a J A Ss 9 u D 

8.0 8.0 8625 766 8.2 8.0 8.1 8.4 727 7695 Te75 

To5 166 14 105 73 To4 7055 706 704 763 

725 1235 7015 706 720 Tot To2 Tot Tot 763 

JAS 166 7035 7285 7-2 1625 703 7045 723 Tod 

7-6 7.65 7045 768 7025 7635 13 766 7655 7.4 

7225 

Tet 

7625 

7.45 

TA 167 165 768 7629 74 7235 725 76 7647 725 

7-55 7.8 "8.2 8.0 7645 725 7655 766 7-7 7655 765 

Calcium (orm) 

54.0 40.0 49.2 36.6 55.0 56.8 57.6 57.6 37.2 53-6 

38.0 37-0 44.0 39-6 43.8 36.8 37.2 39.8 49.0 42.0 

40.0 41.0 40.0 42.4 46.0 40.7 47.4 37-4 46.6 44,0 

46.0 4722 4704 4762 48.4 41-8 47.2 48.0 52.0 48.0 

45.0 49.0 50.4 46.8 52.2 43.9 50.4 48.2 55.0 49.4 

4B.0 5204 49.6 5202 49-2 47.0 49-4 46.0 54.0 5104 

53.0 55.0 5724 56.4 49.6 48.6 60.8 47.8 55-8 52.6 

u.6 
39.8 
42.0 
4604 
49.0 
50.1 
51.8 

Maximun “inimun 

7.6 

79 

14 

7-85 

79 

7-9 

8.4 

57.6 

48.0 

474 

52.0 

55.0 

54.0 

60.8 

73 

7.06 

72 

7-25 

7-29 

745 

M6 

%.8 

37-4 

41.8 

43.9 

46.0 

46.0 

Average 

7.98 

7-21 

14 

7.48 

7.49 

7.66 

48.5 

40.0 

43.0 

41.7 

4907 

49-7 

52.9



fo Show Chemical Data for the period December 1966 _to December 

and River Cole 

Table 1. 
1967 for Dowles Brook 

  

  

gium m 

Stations D Je Rey eae A Wo sae A s © XN  D_ Maximum Minimum Averase 

hovies Beosle 64764. 2e wil eedG cer? © 25.9659-085 0-5 seat ui o<oe, 920,922 3-85 8:9 NIL 569 

Cole 4 ST GA NTA TAG A 10217-41145 bey 10-32, 865 18-4) 14-147 =A 3.7 12.3 

2 Pe ie) (AS a eR Es AC 13.6 2.2 91 

3 9-1 6.3 1.0 15.7 14-5 10.9 1706 1001 1705 14.4 8.1 13-4 504 1706 {Opt e 

4 .8 610) 353 g17-0 13-7 | 10-0: 17-6. 15-4 at3-7. 16-9 8-3 165... 5-3 17.8 3.3 12.0 

5 9.9 8.0 2.6 18-3 14.8 14-4 15-1 14.5 16.4 16-1 7-2 13-7 9o4 18.3 2.6 12.4 

6 2A FA Ady 2106 16-4 40-20 96-5) 18-1 17-4 18-8 | 6.9, 27-5 859 21.6 Aid 49,5 

B.0-D. 

Dowlcs BEAGK  1sAS Cte AibemetAe ed: Vab a tot 3-0 es0 seaec i e003 302) 3-2 3.8 461 ae 

Cole 1 Se a i alien i 0.9 4.06 

2 8.6 1369 10.6 16.4 22.0 11.4 25.1 36.5+ 24.9 46.8 6.8 22.1 11.2 46.8 6.8 20.6 

3 Mie ATT ToT eee 1006 114 37h et 49-8 2 8-4 8-4 867. 37-0 4.8 15.6 

4 4.6. 95080 AA 528 10-1) 1000 9 6o3 48 ed 828.8429. 10-9" | 3-7, 240 3.7 12.07: 

5 4.5 722 5.0 15.4 15-0 14.1 15.0 38.0 Das 307 01 6-5 GT. 9-7 38-0 3-7 11.97 

6 208 509. 4.0 6.11525 5.0 4e3 27-4 9-9 308 206 409 404 2704 2.6.2) 7s4 
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Sa a a aL wi a ead eR REO SS Stak” in ull ie ae eee at River Cole 

Dissolved Oxygen ( ppm) 

  

Stations D J FP uM A Mu I J A Ss 0 N D Maximum = Minimua Average 

DorlesBrook 12.7 12.4 12.3 12.0 10.2 12.0 11.7 8.9 10.4 10.2 10.5 12.0 12.6 12.7 8.9 11.2 

Cole 1 11.2 10.35 1123 10.5 13.5 10.4 9.9 6.5 8.4 8.4 9.3 11.0 10.4 13.5 6.5 9.9 

2 99 9-4 10-2 4.7 3:7 8.9 1.95 161 2.3 1.4 3.5 5.2 8.2 10.2 4.4 5.41 

3 9.9 9:4 90] 4.3 309 8:15 205 103 1.0 2.2 4.7 5.3 7-8 909 1.0 5.39 

4 10-8 8.8 9.85 6.4 4:7 763 569 21 35 56 5615764 8.35 10.0 24 6.6 

5 1054 8.35 9295 9.4 8.2 766 463 6445 3.8 54 466 766 9-4 1004 3.8 1.34 

6 10.8 10.05 10:6.210.95 1363, 9-2 5.8. 4.2 297.8. 1655) 7s4..9.1 98.32 — 13.3 4.2 1-76 

Temperature (°C 

DowlesBrogk 3.5 4.5 2.5 9.0 7.0 9.0 12.5 15.0 12.5 12.0 10.0 5.0 5.5 15.0 2.5 8.7 

Cole 4 4.5 5.0 4.75 6.5 7-0 8.0 12.0 15.0 12.5 11.0 10.0 6.4 5.5 15.0 4.5 8.6 

eer) 5.0 §.0 5.5 8.0 9.5 9.0 13.0 16.5 13.5 13.0 11.25 6.75 6.0 16.5 5.0 9.46 

3 405. 6.0 5675 8.5 925 9.0 1365 16.0 13.0 11.75 10.5 6.5 5.75 16.0 4.5 9.17 

4 4.5. 6.0 5675 9.0 945 9.0 13.0 16.25 13.5 12.0 10.5 6.5 5.5 16.25 4.5 17.61 

5. 4.5 6.0 6.0 9.0 9.5 9.0 14.5 17.0 15.0 13.5 10.5 6.5 5.5 ° 18.0 4.5 9.73 

6 4.5 6.0 6.0 9.0 9.5 85 14.5 18.0 15.012.5 10.5 6.0 5.5 18.0 4.5 9.65



Lista nti csi oa nace lee alana 

fable 1. 

fo Show Chemical Data for the perlod Decerber 1966 to Decenber 1967 for Doyles Brook 

and River Cole 

BEONIA (opm as N 

  
Stations D J FP x A u J Jd A a °

 

a
 v
 Maxirun Minimum Averace 

Dowles Brook 0.3 NIL- 0.4 BIL 0.6 RIL «ONIL NIL) NIL 0.2 NIL WIL © IG 0.6 NIL 0.1 

Cole 1 2.0 16 1.6 0.8 © 0.8 o.7 0.6° Ni. NE 0.2 0.5 0.3 NIL 2.0 NIL 0.69 

2 305 302 206 526 1006 «= 308 902 1065 16.2 703 eB 603 503 1602 2.6 71 

3 2.2 508 107 204 “9h 206 8.6 6.0 BoA 506 fet 442 2.5 964 167 501 

4 2.8 362 266 2.0 6.0 363 620 9-3 106 762 462 3.9 2.05 10.6 2.0 5.2 

5 2.0 265 308 22 2.6 204 46 508 5.2 64 404 2.7 2.0 604 2.0 7 

6 406.5 2.2 24.5408 2 804 4-272, 304 405 4-8 6.0 27 203 44 6.0 4.2 3.1 

  | Dowles Braok 2.1 2.8 3.3 4.0 2.3 4.0 3.2 423 0.6 1.0 3.8 3.6 9 29 4.0 6.8- 2.75 

Cole 14 2.7 5.2 3.2 4.9 505. 44 4d 3.3 3.2 6.0 505 5.0 5.0 6.0 267 4.6 

2 3.0 4.7 3.3 3.3 207 41 4.6% oBTL 52.0) - 3.2 4.8 3.6 4.4 4.8 NIL 3.1 

3 462 4.8 3.4 3.9 1.4 3.5 1.3 EIL 1.2 1.8 3.4 2.9 3.9 4.8 NIL 2.6 

4 204 3.8 4-3 heh 405 3.8 1.5, toe? 169) 909 400 365 3-9 4.4 1.2 3.0 

5 2.0 3.6 44 402 4.6 3.8 1.9 $4 205 306 3.6 3.8 2.9 4.8 1.4 303 

6 2.9 3.6 41 5.2 4.0 39 2.1 1.5 34 3.0 4.0 44 -2.9 5.2 1.5 3.4



  

Table 1, 

  

Bo Show Chemical Data for the period December 1966 to December 1967 for Dowles Brook 
end River Cole 

ORTHOPHOSPHATES (ppm) 

  
Stations D 

Dowles Broak 0,15 

Cole = 4 

2 

3 

4 

5 

6 

0.23 

2.26 

0.85 

1.2 

1.3 

0.9 

NIL 

0.1 

1.35 

1.35 

1.2 

1.08 

0.7 

0.23 

0495 

0.3 

0.6 

0.8 

0.7 

i ee Sa beta" Beet ae ae 

NIL WIL NIL NIL IL 

0.48 NIL 0.2 WIL 0.15 

Ao Nota) Ve2a ast t 400 

Oss 2-5 2 095 23421 

0.1 - 1.3. 0055 1.0 2.35 

0.35 0.15 0.35 1.0 2.2 

0.5 0.85 0.6 1.6 2.63 

DIB 

0.8 

565 

2.3 

365 

2.0 

1.8 

0.1 

0-75 

3.3 

1.85 

1.8 

4465 

0 N D Maxinun 

NIL WIL NIL 0.7 NIL 

0.3 od 0.85 0.85 NIL 

2.7 2.25 2.05 5.5 0.95 

4.63 1.55. 1.95 2-5 0.3 

1.55 1.68 9.95 3.5 0.4 

1.45 1.5 163 242 0.15 

9.4 ~ 1.25 4.65 2-63 0.5 

Minimum Average 

0.07 

0.35 

2.5



Table 2. 

Results of three sanples taken at intervals during the day fron 

5 stations on the River Cole. 

  

  

10,COn.me 

Station pil Alkalinity Carbon dioxide Ammonia Nitrites 

i 1435 100 21 PPM)“ o,5(PPA) 4, 5C ppm) 
26 Tel5 153.0 23 8.7 21 

seo 73 146.75 15.5 4.3 1.8 

he 76d 147675 10.5 4.1 1.8 

6. 7695 13765 965 2.0 363 

2,00p ome 

1. To4 93.0 965 0.4 407 

2e 7025 163.75 19 12.2 2.7 

j 36 Te3 91.25 11.5 4.8 2.2 

1. 4 Te2 97025 14 Nhe d 21 

p06 7.4 120.25 10 2.8 367 

’ 

6.00p ety 

1. . 4,0 7035 95.75 16 0.4 

26 Tel 2141.5 24 7.7 23 

3e 7025 145025 a7 8.2 ex 

To3 125.5 14 4.5 1.9 

Ted 111.25 13 2e1 2.9 

i
n
i
 
S
N
e
 

  
 



  

  

    
  

    

                    
                          

Species. Wee eee ee a axe) ene ave 

Lumbriculidae “47 | 72 | 52 |51| 38] 136|18| 30] 72] 51) 24/5 | 54] 6] 136 5 | 47 

Tubificidae 20 |25| 2315 | 4 | 0 (42 20| 6 |e 95 i603 |0'|- 51 6) 42-|- 0.) 12 
Enchytraeidae 01-0750: |0 | 0 Oo Fi OO Of 0 0 Oo} 0} 3 oO QO 

(Piscicola geometrica o; 6 0 j0 0 0 | 0 0 0 0 OTT 0; 0 | 1 6riss0 

Erpobdella octoculata o! o!| o lo |o 15150110) 0120)).-0 1-0 O| 0 ab On|: 20 

Gammarus pulex_ {118 | 31 | 32 [a7 [23 6 16) 8| 86/115 1153 27 | 89/38 | 153 8 | 55 

Eedyonurus dispar gji4| 7] 0/6 0 | 4( 1/17) 26] 95 [le | 37) 9 | 95 O17 

Baetis species 2 7116 |25 \23 | 20 66 111 85] 26/136| 8 | 29; 6; 136 2) 40 

Rhithrogena semicolorata 4| 48170 |71 155 | 99 (53|12) 8) 3/127 j23 | 78)33 L127 3; 49 

Ephemerella ignita OOO. 010 O |8] 59/| 94) 35 2\;0 0| 0 94 Oo; 14 

Ephemera danica Bite Oc eke Pk 1h 7 4 Awe OF aa 0402 4) 0 7 QO 2 

Leuctra moseyli CHE 031: Or 6 O=)' 02,0 20 I O10 0) 0 21 Ox} Pie 

Leuctra inermis GO rs 0- 1704 Oe 0 O24 228 Oy. O10 0} 0 12 0 1 

Leuctra hippopus 0 3 9° }335 131 x 0 4) 9 0 Oo; 1 Lige 13 OF 1:25. 

Nemoura cinerea Oe O12 0-0} 0 O |O} 0} O} 0} 0; O 1; 0 a ° ° 

Nemoura erratica One i- 01} 0.400 Ot [502 One O00 0| 0 7 ° Qo 

Capnia bifrons a 0 | 28 So FO: Ob OU sO | Orso 7=0:1'0 0/37 37 ° 5 

Chioroperla torrentium 0 0 0 363; 2 x 0 0 0 0; 0 O| oO | 3 0 } 065 

Chloroperla tripunctata Ot -O)25071 0:0 0275051. 0011.0: 10'|' 0 zy 3 O (0.5 

Protonemoura praecox O30 28240 0-21-00 Oe OFT 0:10 2| 0 2 Oso 

Amphinemoura sulcicolis OerOne O12 0 1.051533. 15) 10:10") 01-61) 0 01 0 33 QO }2.5 

Brachyptera risi 0; O} O|; 84 St ae a Ori Oe Ou” 0:10. 0; 0} 8 OS Gara, 

Fhabdioderyx angelica COs OF} 1/0 0 |0 ° O10 0| 0 0) 0} Z Oa 6 
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Table 4. 

Biological results for the River Cole,station 1, Figures refer to 
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Table 5. i 

Biological 3 results from the River Cole, Station 2. Figures refer to 
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Biological results for the River Cole, Station 3, Figures refer 
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Table 7. 
Biological results from the River Cole, Station 4. Figures refer to 4 
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Gubificidae 9B 37/20 2968 34lz70pa9.a6 A006 errs 22425525140) ] 
k tracidae 40) 20, 10 696 20) 10 0} 69] 11) 13101) 11) 0, 30) Ol 
Iuabriculidae | 90119 10/80) 98) 10) 20 50 0) 69) 55| 0 0; 33] 0} 60) 30! 0 0 3 
Eroobpdella | | ee 

octoculata 1 oo 1 Og a dy Oo 6 4 oy oO a wo oO | 
Br obdella | | | 

testacea 1 0] of Oo 3) Y OF oO OF O GO O OO oO}, of 0 G 1 

Glossiphonia 
| a4 

com planata OMe Of diarclteseeO okie Ol Of ded eh Oe 2 Ol Ope 0) 1 

Helobdella \ i 

stagnalis __|_2 0 0] | o| 1| 4 o| o| o| o a o| o| o 2] ol ol o | 
Gaiarus »alex Of Om ORO MOmO eee. 2) Of aL lL Ole Ole 0] Ol ses aiic: 
Asellus aquatious| 0 a2] 2) of 2] Oo 4) 420) Oo O O| 3 O| 5 0 4,0. 3 
Baetis rhodani oO; 5] 5) 2] a) 0} 1 17} 32) 18) 8 8 13) 0) OF 1} OF OF 2 
Chirononmus , { | fe 

ri varius 4| 4) 4) al 3) 1] GO 8 6 12) 0 O OF OF O OF 10 3} 7, ; 

Polyscdilum | | 
arundineti SIGs Fl wei Ol} Ole Se 5 a Ol SSO Ole de 482 Oli LEO, 

Endochironomus sp, O| 0} 0] 0} 2 1) G9 O, a O 4! Aiea |e dlae Ols 2h aan! o, 0 
Micropsectra i | } 

‘atrofasciatus | 0/12 1! 2] 2 3} 3 8/16) 6 i Oa od Oly 67s 
Pentaneura . { | 

nolanogs iu |18} 8} 9) 5] 5} 1 49) 69) 34 "5 15} SBieediiedlo el te Ole Olea 
Anatoyynia sp, 0] Of Oo] O} OF OF O OF 2) CO 0, Oo} Oo] O} O| O Ue 2 
Brillia longifureal9|47| 27} 42) 33) 19 16134, 85183 fe HZ 19} 9 1) 0} 26] 16) 20 

Brillia sodesta Bia al pia ee OO) To 74 a 9 Oo} Oo} Oo} Of] 12) 9) 6, 
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rufiventris 0} 73] 41} 42) 31\v18| 19178239167/10 10 6] 3 7) 4, 33, 44) 55 

Psectrocladius sp, 1} 0] 0} 6| 0} 0} 4% 9 21) 10 4 ‘O} oO} OF O;] 5). 0 0 i 
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bicinctus O} 0] 0} O} 0} 0} O 50) 42 60 Ge 04; 2 oO 1) 83 101 73) i 
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sylvestris o| o} o| of of of 0 oO Of of O 3 a] of Of Oo, a} 2) 3! 
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olivacea 58|47| 27| 40] 14/19} 10 18; 121% 1! G o| 2) 1) 2 19] 19] 24 
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Sinulium larvae 142/18] 9} 9}17| 5) 5 3221)75| 4 5 3 O| Oo] O} 2 2 6 } 
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2/3} of of of o 3) 4 5] 3 3 5| 320 8/56/84) 76 
Boole Oy aeela | eS 7] 4, Bid a8 

o}o] 0} oO Bee ee 9] 11/23 | 
e ‘| 
2] 3] 2) 5| 2 0} 37/53) 46 28] 26| 21 2, 0 0/52) 68,51 
0} 9 of 0} a} o 0 o 9 Oo} 2) 2 x0) oO} B 2 

52 e205 a) % 74) 98] 79 225/24 3.3) 2) 2) 4) 2 

6 | 6| aj10 | 1225 35] 42/451 4] 2 3, 0.00) 3) 0) 5 | 

a| ol o| o| of of 23/43! 36 15/23] 21) 35) 4/27) 23) 22 
5 | 0} 2\27 | 0] 29) 43/32) 27) 0) 25) 9| 0} 2) 0] 0} 2| 0 
Oo} al 0] 0} oO O 2] 5] 6 0] o| 0} 2352) 0] oO Oo 
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a{o_o| o| of dol ol 9 ol ol ol ol 9.0] 01 of of 
oo} 1/0 09 of 2) F 0} of of oO 0] Of oj] 0                           
  

wi
h 

ci
ns

na
t 

   



    

  
  

Biological rosults for 

Table8. 

the River Cole, Station 5. Figures refor to c
e
c
i
l
i
a
 

  

  

  

    

  

    
  

  

  

  

    

RLS D,| Jan. Fob. Nar. Apre | flay —" 

“Tabificidae 1604'705210 267110 POT LOEHG6O51071 2 1056049019109376 23) 7” 

Sachy tracidae 25 aa} 10 42 0 3 4d 16 30, 10| 16 39 6| 3723 0, 8. 

Iunbriculidas 5 16) 4 12) o| 18 4lid Gl ol1a oO 4) 01 OF 8) 

Proobdelia octoculata 4 Gai 744 9 6 ay 2 3 i id ay 5) 
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Table 9. 

} Biological results for the River Cole, Station 6, Figures refer to 

era ‘ Ba aie 

D.| gan, | Fob, | Mar, | Apres | Ney | 

Tubificidae 357 2201931869034 45 9068240126 36182224:209290144) 1 

Enchy tracidae 20| 2 0| 0| 020130110 60 0 O| 0| o| ‘ 

Lunbriculidae | 20| 31 0| 0| 101 20| 25, o| 8 0 226 0 o| Gl 24 
Brpobdella octoculata 2) 7 4] 4{ 6f a) 46] 4) & 4 4) 3) 220) 2 { 

_ Erpobdella testacea 1} of 2) 1 oO 9 0} 0 090 1) 0 0, oO} 1 ; 

Glossiphonia complanata o| of 0} 2} of} Of O12) of 00) 9 O Oo} 0] 0 

Helobdella stagnalis il of ol ol of of of2| o ao 3 01 01 O_O} 0} 

Gaanarus pulex 1)10) 10] 6| 2 4 3 21) 03 2 Qo] oO} 1) 2 

Asellus aquaticus 1/ 3] 7} 4] o| 91 0 3} OF OF 2 2 oO} 0} 0 i 

Baetis rhodani 01 ol of of o| of of vu} of 4a | oO} Oo} 0 O j 

Psectrocladius Supe 3) O} Oo} O} O} 1) O15) 2 8 Qo} 8} 2} 0} oO} O | 

Brillia longifurca 5| 27) 27| 16) 39| 68| 66/77| 56] 90.26) 19) 13 0} o| Oo 

| Brillia modesta 3) 0} 1) 2 O| 4 2| 0 1} 0} Oj 0} 0] O ! 

| Bukiefferiella hospitus 1} 3] 5} 6] 0} 5) 120) 23 0} O} O12) 9) 24 

Trichocladius rufiventris| 0} 3) 6| 7| 3 10} 9/76 49/'7872114 63| 19) 14] 36 i 

| Cricotopus bicinctus 0} 0} 0} 9} 0} 0} 094) 7710865) 56) 27| 27) 22) 24 

| Cricotopus sylvestris 0} o| oO} of oO] OF 06) 5 oO} 0} 0] 0} 0] O 

| Chironomus riparius 0! oO} Of -0] 0} oO] OO} 2 oO} Oo} 0} O| 0] O 

| Polypedilum arundineti of 2} of of of 2} ofo] 0 92) 0} 0} 0} 0] O 

j Endochironomus Gy. Oo} 1) Oo} Of oO} 3} 12) 9 3} 0} 0| 0} 0] O 1 

tj Micropsectra siritesciaiod oO} 1} 2) 3 91 9 on3; 2 70 0} 0) 0 ai 0 | 

H] Parachirononus 0} 0; O} Of O} O} OO) O QO} Oo} Oo} 0} O| O : 

| Prodiamesa olivacea | 25] 16] 14] 10] 24) 17) 3] 7) 1032) 11)10} 0 Oo}; 1 

| Pentanoura melanops 1} 4 1] 5) 7)10 313 6/19} of O] 0] O} O] 5] * 

| Anatopynia 0} Oo} 1} Of 0} 0] OO) 2 QO} oO] oO} 0] GO] O 

Chironomid pupas o} of 1] 1] 0] 8] 329) 2| 2567] 33] 9|10) 3/40 

Simulium larvae 1| 0} oO] O} Of} 0} O12) 1 Oo} 0} 0}; O} O] O 

Simuliua pupae |_-O}_ 0} _0} 0} 0} 0) 0 ol_ol_o1 O10} 0} a) o) 0 

| Ancylus fluviatile Oo] Of Oo} of 0} O| oO O oO} oO] O| 0] Oo] 0 

Limnaea pereger 2] oO} Oo} of 2} oO] oo} OF 1} 0} 0} 0} O| O 

| Sohaortus ral si 2] ai 6| al ala) 2 apsi o| ol 2 ol 2 
1) of 1) of of Oo} O21) OF P o] 0} of o| 2                                 
  

Tdmnophi lidae 
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refer to numbers per 0.05m> 

Species Dec. Jan. Feb. Mar. Apre Kay Jun. dul. Aug. Sen. Oct. Rov. 
Tubificidae 64 88 A772. 84 96 660° 648 104 
Enchytraeidae ° 
Lunbriculidae 
Erpobdella octoculata 
Erpobdella testacea 
Helobdella stagnalis 
Glossiphonia complanata 
Asellus ajuaticus 
Gammarus pulex 
Eaetis rhodani 
Brillia longifurca 

52 444 140 
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Brillia modesta F 
Trichocladius rufiventris 
Cricotopus bicinctus 
Cricotopus sylvestris 
Eukiefferiella hospitus 1! 
Psectroclaiius spe 
prodiamesa olivacea 
vhironomus riparius 
Polypedilum arundineti 
Endochironomus spe 
Micropsectra atrofasciatus 
Pentaneura melenops 
Chironomid pupae 
Simulium larvae 
Ancylus fiuviatile 
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Table 10, ; 

Biological results for the River Cole, Station 6, for the period December 1967 to November 196%. Figures 

  
 



  

Table 11.     

   
  

  

   

          

Tc chow chenical data for the period March 1967 to March 1968 for the River Salwarpe. — - UA SeyAse 

Stations DISSOLVED OXYGEN( pepe.) 
: Kare. ApYre 24 Jun. Jul. pug. Sepe I Dece dan. Feb. Mare Max. Hin. _Av. 

St. le 6.0 4.0 23 404 6.7 el 2 Geo 0.0 SOc ed 5 10cb a Ded 2.8 ° 7%.16 E 

BE oo o6 9 bs ce Ae tle) a dee) tran, 4 10.7 04 11,5 11,6 11.6 533.7. 7.8 

St. le. 760. 32.5. 1450°°36.5.- 1503 15.8 1305 13.0 11,0 5.5 5.5. 4.0 4.0 16.5 4.0 10.5 
Ste 2. 6.0 11.0 12.8 14.5 14.0 14.8 13.0 nae 1052-425 5.0, 300 355 1458 3.5: 8.08 

Stole. 6c9. 2 709° Ted-< Tohie Tohamtolins 1e0 ae Ted eh 10 eda eOr fete ied (009 lsh 

Btcc2e = Tela Ted iteo cia 725 7 169 2 Ted a0 Tet. Te Tek T8909 
= p 

St. 1. 628 = 1303 562 2205 0 Vols We8 oe 06d 1 9,0 12.0 O01 309 

Ste 22. 4.0 Tel 3.2 1.8 0.2 225 0.2 9.4 964 0,2 267 

St. l. Or Ssh ev tee as Ook T7856 Tet toe) 5.5 16.2 Sel toc tee 

Steps Geo se3. 00 hed 0556.4 -°7.0% 13.0 = 4.75 11.0 3.22 6.5 
m 

St. 1. 368 > led 1 oe4 Feet Bie 2.he 2 Ot Ont e.0 = 308s) Le 3 2.16 

St. 26 B59 0.9 Lee tel 6 G-) 1.6°> 2ek:- 0,9 451-— 2.9 0.9 1.46 

St. 1. 9 106 104 99.2 94 96.8 £7.68 101.8 95.2 110.5 86.6 88 78 110.5 85.6 95.9 

Ste 2e 97-2 106 97.2 °9.2 102 ee 6 ee 6 105.8 96.4 113.3 87-4 97.6 96 113.3 87.4 100.1 

2 VELDeD e 

St. le o 12.5 4.1 14.6 10.8 1.9 TQ 1.7 221 15.3 14.2 9.24 19,6 -2261- 0 12.22 p 

Ste 2. O 14.3 24.9 °19.7 15.1 18.5 13.6 17.2 16.7 29.3 12.8..10.5 24.0 24.0 0 15.1 } 
ALKALINITY 

St. le No results 220 199 =-:1189 8 187.5 173 149.5 158.5 127.5 124 250 1°4 «177.8 

Ste 2 Fo results 22: 217.5 207.5 2 cose 199 158.5 164 132 150 228 132. 186.7 

5 2BOT XIDE : f 

St. 1. Ho results 20 16 8 25 15 14 8 16 8 13 20 8 13.3 

Ste 20 To results 14 12 7 13 9 8B 4 Lk 8 6 14 4 922 

EeQeDs , a 
Steel. ie. eed ao 12.6 20.5 83 48.7 605 907 505 1204 464 6.5 48.7 4.4 17.2 

St. 2. 16.8 18.9 20. 11.6 12.6 4.4 26.7 5.5 12.7 5.0 9.9 6.2) 7.0 26.7 4.4 12.13 .
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Biological results for the River Salwarpe. Figures refer to numbers per 0.05 m2 hi 
Station 1. z ___ Station 2. 

Species MA MS J_A sO MD JM (MA WS 3 A SO oN DF 
Tubificidae peeeneoiee 68444116 6338 889 20) b00418364598512 92, 08156148) 69) 80) 88124 
Enchytraeidae 0/0 0, o216 Oo} 0 0/16 O O 0 | O 22h20 53 oo 0 CO of OO 
_Lumbriculidae 06 0 Ol 0 0 oO yO} Ol OO. gt lO OOO 0.20.6). 0}. 0}. 0} 30-20) 
TErpobdella octoculata Oj oq 0 0 o oO Oo} OO 190 0 0 10 2} OF O a Qq-OFa 0 OO 0 
| Erpobdella testacea 9 0 OF Oo OO OO lL i//00-0 1 0} OF 9 31 SO) 1 
|Helobdella stagnalis 0} O Of O 0 9 0 FO GOO] 1 FOO 9 9 0 0 0 O 0 
| Glossiphonia_complanata o_o 3 o 10} ol o| ol of} Go o_o} |_ol ol of of 9 oF ol oO 0 of co} od ol 
FAsellus aquaticus go 9 OO OO 2 O 1g g 3| 1129} 6] 2 5] 25) 31] 19144824644999640310 
Semuiarsepailex o| of oO oj 4 2) a} ii of 3] - a| [ol ol aj o oo ol og 4 of 0 uo 

TBaetis rhodeni Oo Oo Of Of] 4f 72iy oO} Of} 1) 5 eek Oo Oo} CO} O 2) 2110) 401i ° 1. Oo} 6 
Chironomus riparius 10; OF 3/20 O 2 1 2] OF OO} GO 0 21; 0 72011 1 6 Of GO O OO 0 

| Polypedilum arundineti o 0 O 2D | 9 4/10! 6/12) 7 4 yi} Qo 0 Qo Oo Oo 4 0 2 a 
| Micropsectra atrofasciatus 0) 0 OQ} O 1 Oo; 1 OF Oo] O 0 Oo} GO} O17 3} 20 6. & 7) 9-7 ° 
| Cricotopus sylvestris Oo} Oo} ©] 25} 5/13/21) of] OF Oo} oO 0 20) 0} O} 25/15 30 6] 1 0| Qo 1 9 
| Bukiefferiella hospitus Qo} Oo} O 3,12, 3} 4] O10} a 0 Qo Oo} OF 3 0} 4) 29) 13} 8,14 9,10 11 
| Brillia longifurca o} oO OO 2 4 2! Bl 743/50 1; | 7} 0} Oo} O 1 31 Of 3) 7} 36f 43] 59] 50 
Brillie modesta oo O O 9 4 4) 3} O 3 0 qo o Of OF 3 OO} GO 3) a 2 1 

| Trichocladius rufiventris 0 o QO 1,80, 34) 7] 3); 0} O11 8 O 20h 36h 2 ot - 231 aF 0} -'o) 0} 241103 } 
'Cricotopus bicinctus Oo} O 5) 8319240) 60) 6 OG] O 3 41 0} 0) 16244152,15 2 0 OF 0} 5 39 
Prodianesa olivacea O}.0)-0 20) #2) So) a3) aloe 2} | O o| Oo} oO 1) 3] 2 4] a} a 4 3 
Pentaneura melanops oO OG Y- 2 1 2i20} 1) 2 1 YO} OF} OF 2) 13) 10128165! 79, 37] 26 11 
Anatopynia trifascipennis| 0) 0 Q@ O O OQ Oj 90} O 0 Oo Oo] OO} O14, Of CC 11; O O OO 
Anatopynia(s.g.Macropelopia)0} 0 QO 1 2 0} O} O| Oo] O 0 Qo Oo] OF O OF 3 7 Oo 9| Qa 4 ° 
Orthocladiinae sp.l o| Oo O O 59;14; 0/12) 0/16 0 QO 51 oO} O] 9 } 11'9q sl i4i i 
Orthocladiinae sp.2 oo G O O O O| OF GO O 0 oO} of} a] of of} OF Of O 0} aoa G0 0 
Chironcemus pupae o a a 25165 QO} 26) 14) 5) 2 2 5} O} 0] 25) 47) O 5 Yyo3314 4 7 } 
Simulium larvae Oo} O° OG oO Jeo} OF apo} 2 0 gO} OF} O OF O O Q. 7) 30 66 0 b 
Psychoda larvae. 0} 0) OO RO 2) OF dye a? 2 0 Qo Oo Of FO ad Oo a Oo a a oO 
|Helmis larvae 0} OO) Oral 0h 21 Ole 0 O 0 qg qooggogqgqdgioqgoiao 
\Timnaea pereger oO Y Oo it oy 37 iy 2 q Of 2 iy 3/20) 37) 13} abe 43] 44] 30 
|Ancylus fluviatile o| 0d Gd ¥ Ol Oo} oO} Oj Of O o| |77 7! Oo} al aj 013 6116] 23, 25110 66   

—
*



Table 14 

To Show Chemical Data for the Period June 1968 to Juno 1969 

for Nerry Hill Brook 

Dissolved Oxygen (pepeme) 

i Stations J ey A 5 GaN dD J F ui A Mi J -Max Min Avemge 

098.6 4.8 669 
05 906 5.5 Bel 

Temperature id 

St. 1 16.75 18.5150 15.3 16.0 8.5 5.0 6.0 662 5.0 11.2515.0 16.0 13.5 5.0 11.7 

Ste 2 16.2510 7.0 14.25160 9.0 4.5 505 4.0 465 1005 130 Id 1X0 4.0 11.3 

rH 

i Ste 1 Jol 7A Tot 7025 Poll 705 7e'5 703 215 6.97 M051 22? MIS 70d 692 7423 

| Ste 2 255 70% 706.065 743 703 709 Zod 055 BM 253 1057 M2 769 705 7095 
i 
4 Ammonia (pepem. as 1) 

j Ste L Sel 3.0 529205 2o1 3-6 3-8 4o6 708 609 5e5 109 408 8.0 1.9 4.65 

{ Sts 2 10s8 219 268 105 2.0 5.0be2 5-7 701 (665 2.2 Lee 7d 7-2 dee 3.67 

Nitrates (pepeme a5 nN) 

i St. 1 AO 239 ao 193 WO WO A HB 2303 HO DH 225 6 H6 17.0 24.9 

} Bt. 2 226 31.2 WAS 14 15.7 0.8 222 Ba BH 229 WH BO BO FO 15 22.8 

Orthophosphates (pey-ms) 

Sté.1 6.3 | G02 202 4.0 505 263 708 207 920 907 1.25 4.2 6.15 907 1625 6014 

{ Ste 2 6035 8.7 326 325 409 206 669 Fe4 8.0 1069 0065 4415 9461009 0655" 5476 

i B.0.D 

Ste 1 154 9.8 1B.5 4.1 Hot 23.2 Mal 2 19%7 M9 U9 940 4e3 2701 4o1 14.88 

j St. 2 15f 708 Wel 4.1 6.7 11.6 Wl 12.7 745 Gel 6.4 8.75 363 Wel 41 10.03 

j 
i Alvalinity 

: St. 1 164 154 12.5170 73 141 150 144 175 180 113 108 140 180 73 11.2 

i St. 2 147 130 110 153 725173 151 132 167 164 112 105 161 173 72.5 156073 

Carbon Dioxide (pepeme) 

i Stok. 28 125 179 200112 MB 22 15) ak abr Ab te ek 35 8 17-84 

Dees icgth 3. 00 1d Ck Ske? NBG: SERIO” OieLd; (7 oO [1 RARE aS 

; 

i Calcium (pepeme) 

| Ste 1 Bh Hb 48 G2 Nils 75 Bib 67 BLS Bi 8 BE 84 HB NE 75.6 

| St. 2 id 622 492 G4 464 80 Bot 628 98 82.6 838 92 80 92 hb} 75.84 

j 
} Magnesium (pepems) 

| St. 1 35.3 216 875 W.5 8.4 12 156 225 a2 21h 165 m2 16H 22.5 8e4 16.72 

| St. 2 28 1547461 157 660 175 123 255 159 20 Delt IBA Wel 25 6.0 15.84 

 



Table 15. 

Temperature and oxygen recordings over a 24 hr. period from Bob's Brook and Merry Will Brook. 

2 pem. 4pem. &.30pem. 10p.m. 4a.m. 6a.m. 10a.m. 2p.m. 
  

Bob's Brook Temperature’ C 176 18 17.2 17 15 14.8 16 AT 

Dissolved oxygen(p.p.m.) 8.06 8.0 8.4 8.3 £.6 8.7 8.4 8.3 

Merry Hill Brook 1 Temperature°C 21.6 20.7 17.9 1958: 16,8 16.5 17.5 20.0 

Dissolved oxygen(p.p.n.) 6.8 2 dad :7 BaS 6.4 5.4 5.4 6.1 6.4 

Merry Hill Brook 2 Temperature °C 20.9 22,0 °--18,2. 17-4 14.9 15.2 17.0 39.5 

Dissolved oxyen(p.p.m.) 7.03 6s 752 Tat 7.0 6.9 6.5 TA 

 



  

Tables 16 and 17. 

Biological results for Merryhill Brooks Stations 1 ond 2s Figures refer to numbers per 0. Se ms 
  

  

  

   
  

  

  

  
          

   

  

              

  

                                
  

      
  

Speciers a} df A “4 = D F i IRI JT ALSO oy Aj 34 

Enchytreeidae " pa | 8/10 q e 12 32] 6 32 24 [ial 40 prod 0[54 Faye DaBA DOs mm 78 48) 28 

Tubificidae 6| 8] 20 1h] 32 16 2a] 32] 4| 8] 8] 328 GO] 8] O16 4416 0} 4jr2ej4e| 4 8 

| Lunbriculidae ojo| old Qo} of o} o|-o| o of Gol olg a 4 si _o}| o| o| o Of} 

Sprobdelia octoculata Oo{ Oo] 0} oO 7 q o| O Of OJ OJ G O O01 0 GO OOO]: 0] O12 | "oO 

‘rrobdelle testacea o| ol ol d d ao o a clo] o] o of qol ol a 9 oO oO} oO} oO} 1) 4 0 

‘Aselius aquaticus OO) Ole O_or_o clo | o| of] Of 1ape[ 4] of 2el 3 3 37] 1] 2] 1) oO} 27 

Chironomus riparius hi £52/51|7e7e0bo5pespsipec| G4] O] On31§ 3025)22 LOL 29180] 45806) 21411) 8] 1241 

Cricotopus sylvestris 215113 3 Soe Sr Cet 10 20 TAFE 180 FOE Ue Ole Of 2 | 01-0} 0.82 

Bukiefferiells hospitus 22 |16/10|11) 9 7 1) 4 2) 0; 0 A349 4561/19 [13] 83 3} «Ol 16] 4412) 2) 1/91 

Brillie lengifurce Oo} o}] oJ 9 YU aa cj 0} oO OF wl of] a 5/13) 10) 44) 8117] 3) 1) 7 

Trichocledius rufiventri o| of Oo VW a oF GQ Gc} Oo} O 6 qo} 0} 9 al Oo} OG] GO] OF O} 07 OF O 

Cricotopus bicinctus 2/51/78 1 a a OO) GOO} 21-0 25. 31-314 Oo} o| o| Of O| 3] 5178 

Metrocnemius longitarsus|O | 0} 0) 9 Q GO o- O ojo | oO 16) Yo! oj qg go go}o 01-0] 0] Cc} 6 

MieropsectTeracciatus |0| 1| 0| | F OF Of Of Oo} 0] Oo 1f di1| of o 2 a o} 3] of co} ofc} s 
Anatopynia QO 2] o| o Oo} O| O| OF] O 6 Gol o| oO Q oO} OF O}] Of] O| CO] OF 2 

Brillia modesta 0 Ol 22d) Sociol One 01 OTS o Go} o] @ yy oO} OF 2} GC] OF Cy Cc] 1 

Prodiamesa olivacea Oj} Oj] Go| a Gg cq] OF Oo] 1] 0 G ao} o| & O Of OF O} GO] OF-C]} Cl 2 

Pentaneura melanops Oo} OQ] 0] 9 Qo} O| Oo} Oo] O of Go} C| o Of oj OF 1] OF OF OC] O] 2 

Orthecladiinae spel O| oO; 0] O c} O|O | O| Oo of a7] 0 oO} Of oO] OC] Of] 07 C] OF 1 

Orthocl-diinae spe2 0 0} O| O oO Oo] OF O10 0 0 ao] o 4) cy Of OC} OF O| C] oO} O 

Chironomid pupae 4 |46/16| 21 BHO Oa. O20 1 16f 1019} Cleo CL 3) OL 1P OLCLI| C144 

Simulium larvae 3 | ©} 7] 2] 30B36L44P68) 26] 0} 0 0 boohoatpo45ep4 2g] Ch 32p.618P771547 [44/14 
Simulium reptans larvae |0.} 0} 0} 0} Q Q] oO} O} 0] O 0 QG2 2. OF cl o7 sf5i}]24 {cj} cj] 0 

Psychoda larvae 0 1] o1 0} O OL ol Of O| 0 6 qo} 0 OL of of Of oO] O64 O1 OO 

Station 1, : Station 2, 

  
a
e



Table 18s 
To show chemical data for the period Merch 1968 to March 1969 for BOb's Brook. 

Ear fay [Junal Jud! Auge, Sepe) Octs| Novs| Dece| Jan.) Febs| Mar.| Max.) Min.| Ave 
Dissolved (8.2 222 [ToT | 708 | To2 | S03 | 749 L004 | 9-9 [922 10-1 [9-9 10.4 [7-2 [8.64 
ox: en(Pepeme | 

}8.0 hie5 p3-2 6.0 17.0 16.0 h4.8 [16.0 (10.0 | 5.0 15.5 | 5.4 | 4.5 21720 | 4.5 211,01 
Tex verabire 

c \ 
pa 17.65] Te 35 7.05) 7. 23) 7045 Tol | Te5 | 7045 7-62 725 | Te soteee 7.2 | 7-65] 7205) 7236 

Caleium( ppm) 123-2 108 | 106 | 94 | 89.6 84.4) F804] 74.4, 104 | 101.4 86 93 | 98.8 108) 74.4) 93.9 

      

   

  

dioxide 
(pepeme 

B.O.D. 18 
  20) 13] 29] 12 7 Bp} 11] 11] 24] 28| 29] 7417-36 

ne 7.9) 10. 3 10.1] 6.6 | 6.4 ho.ss 17+} 904 6.7 | 6.55 24.4] 6.4 | 11.61   

a |" 3.4310.6 1.46 4.1 | 9.36 5.2/12.4| 4 | 8.14)6.2 , 17 19.6 16.3) 19.6] 1.46 8.89 

PeD De 
5 x 

Ammonia(ppm)| 0.90.6) © | C.8 065 | 0.2 | 0.7 | 166 | 1.0 | 0.4 | 1.2/0.5 | 9.6/9.6] 0 | 1.38 

Nitrates | 
(pepeme) |15.8 46.2 16.8) 13. 42861 3.9 13.3 24.1 12.5 13.7 19-7 1462 11.9 46.2 A1.9 1702 

Ortho- | 
phos hates | Tell 362 3475 4.65 607 3-1) 3.2 4e5 107 | 402 | 5005 To4 | 766 | 7-6 | 1.7 | 4-78 

PePeMe 
= 

Alkalinity (a 170} 158] 164 | 184 | 176 | 103 | 176 1265.5) 148 | 175 | 222 | 221 | 103 | 167.5 

Carbon                     
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Pablo 19. 

Biological rooults for the period March 1968 to March 1969 for Bob's Brooke 

  

  

  

  

Specied h RTS. Ko OA dv J 8 

Tubificidae : 295 204 74 62 248 0 244 219 116 108 320 756 203 

Enchy traeidae isle ne? 8 14 A250. .0 GATOS OES S250 2G. 20 

Br, jobdella tostacca GEOL eh ae Oe a ace Sie 2 ae G 

Procheta subviridis Ope sae BSG UEIOL ok 4c ON EO Misrewe 

Aseliue aquaticus 02550 36 2000 17,0 x 2 PESOS =a 1 

Connarus paler PO SPO OOn Otek Os One we Of 0:0 

Baetis rhodant flae Os OO Or OMe pits Obl gn OF te 0 

Bril}ia loagifurca Myo 6001 ak 58. 4) 3 AL 20 44d 

Brillia modeste ERAOROL Oe Lay OG aco e eae, ree Weta) 

Rukiefferiella hospitue 1 O40 25.3507 4 18 3901 ab Ok 

prodimesa o ivaces OHO Ome ONO RO y O70... 

Cricoto us sylvestris G0. O Xaek6 FIs eT’ 0:55 O03. 0 Mek 

Cricoto,us bicinctus 0.0. OOO 16 = Sle 2 ace OS 88s707090 50 

Prichocladius rafiventria 0 OA SU aigeke pete. Seay «inte See Age Gah a S08 

Anatoyynia 
Ooh O 07:0 075 2-0 6 #20836 pO ies 0.570: 

Pentanoura nolano:a C30 Oy ONO S.S 08 Deel sare eS ia 

Chiroaonus riyarius OO OO. 08 Oe OO 2400 ee 

Chironomid payae hee OO T1O Lin Oat ue 9 ee 0 0 

Paoctrooladins A. 3m 002 4 GewOs. StS eS Meme 8 

Sinulium larvae 62 O00 1616-22555 PH pla ea Gea’, 

O28 502, O583:100 0 2520 $2 Oa Ohne: 0 

Peychoda larvac 
+ 

 



  

To Show Chemical Dete for the Pc 
Seble 20. 

   ‘od Inly 1967 to July 1968 for River Trent ot Walton 

  
3 

DISSOLV=D 
OXYGER (ppm) 3.2 

TEMPERATURE 
(°c) 17.0 

” pet TA 
TOTAL HARDNESS 
(ppz) 335 

ID:0NIA (ppm) 504 

NITRATES (ppm) 4.0 

ORTHO 
PHOSPHATES (ppm) 

LIKALINITY 165 

CARBON DIOXIDE 
(ppm) 14 

B.0.D. > 7-6 

20.0 

7.0 

355 

3.8 

8.3 

170 

3265 

s 0 bf 

3-7 3-7 568 

45-5 11.0 6.0 

T5105 Tod 

355 375) «425 

44 3-7 3.6 

5eT 1062 6.3 

160 210 180 

11.0 12.0 14.5 

12.6 9.2 7-5 

I P 

5.9 5.0 

6.07.0 

ToS 74 

395 370 

505 643 

7.0 73 

1.0 0.8 

190 170 

11.5 13-5 

14.4 17.2 

6.0 

5-5 

75 

390 

56 

7.6 

185 

11.0 

14.8 

12.0 

7-6 

375 

6.1 

6.6 

210 

1005 

12.8 

41.0 

1.2 

340 

465 

7.0 

155 

20.0 

19-5 

J 

3.8 

16.0 

7-6 

3-5 

6.3 

185 

9-5 

6.9 

Rs 

2.7 

21.0 

7.6 

385 

4.7 

6.3 

185 

9-5 

13.2 

Maximum 

6.0 

21,0 © 

7-6 

425 
6.3 

10.2 

1.0 

210 

3265 

19-5 

Minioun 

2.7 

5-5 

7.0 

335 

3-5 

“4.0 

0.8 

155 

9.5 

6.9 

Average 

4.49 

12.5 

7-43 

37265 

4.15 

7-05 

0.9 

180.4 

1461 

12.0 

   



Table 21, 

Biological results from the River Trent at Walton, 

Jun. Auge Oct. Dace Fob. Apre June 
  

  

  

  

Tabificidae 360 180 460 256 184 416 206 

Enchy tracidae 20 6 32 a2 22 2 5 

Lunbriculidae 0 0 2 x 16 o 9 
Srpobdella ootoculata 4 38 3 9 6 tf 2 

Erpobdella testacoa o a 1 2 1 5 ° 

Helobdella stognalisa 0 2 a ih 9 1 5 

i Asellus aqusticus 39 46 26 22 11 8 41 

i Chironoaus riparius 3 Genes 10) a 2h 7 9 7 
4 Polypodilum aridineti ° 1 ° 3 1 2 0 

i Cricotopus bicinctus 15 4 ° 0 1 17 

l i Criootosus sylvestris 5 26 4 i) 0 2 ai 

Brillia longifurca 2 3 10 14 2B 2 1 

: Brillis nodesta ° °o 7 1 0 0 ° 

i Suxiefferiella hospitus 0 0 2 5 2 ° ° 

Prodiamesa olivacea ~ L 1 9 5 1 ° 3 

i Pentancura melanops ° 2 cd: 2 0 ° 1 

Ghironould puvae 12 6 ° oO ° 4 7 

  

 



Table . 22. 

Some Chemical Data taken during the period Inlv 1968 to Octoher 1969 for Ten Brook 

  

DISSOLVED GXYGEN 
(ppm) 

THEIPERATURE (°C) 

pH 

TOTAL HARDNESS (ppm) 

AMONIA (ppm) 

nirratcs (ppm) 

ALKALINITY 

CARBON DIOXIDE (ppm) 

B.O.De 

aes 1968 duly 1968 

1464 

18.0 

7-9 

415 

8.4 

0.6 

346 

535 

8.4 

8.4 = 

15.0 18.0 

7-6 75 

305 165 

3.0 45 

0.3 0.2 

175 105 

8.9 6.5 

3.0 405 

August 1968 October 1968 November 1968 October 1969 

8.3 6.9 41.5 

44.0 9.0 15.0 

TT 7.4 Pier 766 

380 305 : 410 

7.0 1.0 me 

0.3 0.3 - 

270 246 200 

8.0 20.0 6.5 

7-0 11 : 3.8 

 



Some Chemical Data taken during the noriod Jnly 1968 to October 1969 for Jen Brook 
Dable 22. 

  

  

DISSOLVED OXYGEN 
(ppm) 

TEMPERATURE (°C) 

pH 

TOTAL HARDNESS (ppm) 

AMONIA (ppm) 

NITRATES (ppm) 

ALKALINITY 

CARBON DIOXIDE (ppm) 

B.0.D. 

June 1968 

11.1 

18.0 

19 

415 

8.4 

0.6 

346 

595 

8.4 

July 1968 

8.4 

15.0 

7-6 

305 

3-0 

0.3 

175 

8.9 

3.0 

Augast 1968 October 1968 

18.0 

75 

165 

4.5 
0.2 

105, 

6.5 

4.5 

8.3 

44.0 

TT 

380 

7.0 

0.3 

270 

8.0 

7-0 

November 1968 

6.9 

9.0 

To4 

305 

1.0 

0.3 

20.0 

1.4 

October 1969 

11.5 

15.0   7-8 

410 

200 

6.5 

3-8



  

Table 23 

Biological resuito for ¥en Brook for the portod June 1353 to June 1169 

  

  

    

  

  

  

  

$p004086 Jun, Ange Oot. Doo, Bob. Apre Sune 

Tubificidas 333 «970 «| 0-192 1160 é32_~—s 600 

frpobdella ooteculata 1 B 3 21 S 1 4 

Erpobdella teatacoa 9 1 1 0 ° 9 

BKelobdella stagnalis Ora we 2 4 Q ° 2 

1 mia cou lenata 9 9 0 0 ° 0 1 
Ee - a 

Asellus aquaticua 342 2240 194 469 166 129 516 

Geanarua jalox 9 2 2 4 a 2: 9 

Briliia longifurca 0 0 o ° 1 © ° 

Pel lie nodesta Q 0 9 Go 1 ° Q 

Cricotojus aylvostris - 84 3 9 © 5 5 30 

Cricotojus bicinctus 3 Q 9 0 2 196 4 

Pentaneura melenops a 4 1 4 0 oO au 

Chivonoaas riszarius 5 0 0 1 ° 0 45 

Prodiamesa olivacea 7 Q 0 i x 9 1 

Bukiofferlolla hospitus 0 0 oe 2 6 4 o 

Psectrocladius 3). ° 0 0 L a oe ° 

Hieropsectra Ors 0) 0 0 2 3 0 

Trichocledius rufiventris ° 9 0 o 2i 40 9 

Orthocladiinae Sp. 0 o 0 0 2 0 Ox 

Chironoaid payae WRG gO tetO Oe eae) 

Bootis rhodani 3 17 ae 6 0 o 0 

linnaca poreger ° 0 o Oaa0 Tassen 0, 

Sphacriua 0 0 a. oO 0 3G QO 

Sinulius larvae o Qo Qo 1 0 a ° 

 



Table 24 

Chemical Data taken during the Period June 1968 to July 1969 
  

  

    

x MHA Mos Jd. J 
  

for River Trent at Kings Bro 

Jae) = A802 EN J 
Dissolved 
Oxygen (ppm) 

Tompgrature 19.0 14.0 15.0 15.0 11.0 745 960 5.0 

pH 708 Zot 706 706 706 705 709 705 

Total Handnes 415 265 416 330 400 390 380 340 

(pepeme 

Anmonia 
Gpspima) 1.7 0.6 1.4 069 167 2.0 102 009 

Nitrates (pena) 6.8 366 6.6 5.6 567 ae 642 669 

Alkalinity 210 150 170 150 200 190 210 160 

Carbon 
Dioxide 6.5 120 8.0 75 965 110 5.0 170 

(pepeme) 

B.O.D. 54.3.3 404 8.7 702 Sel 460 506 

Species 

Tubificidae 

Lumbriculidae 
Glossiphonia complanata 
Erpobdella octoculata 
HNelobdeila stagnalis 
Asellus aquaticus 
Gammarus pulex 

Sukiefferiella hospitus 

Cricotopus sylvestris 
Cricotopus bicinctus 
Pentaneura melanops 

Anatopynia 

Psectrocladius spe 
Trichocladius rufiventris 
Caenis moesta 
fedyonurus sp. 

Haliplus adult 
Haliplus larvae 

Helmis larvae 

Table 2) 

Biological Results for the River Trent at King's Bromley 

Figures refer to numbers per 0.05m™ 

June 

220 

V
R
 

w
o
n
 

F
o
 

O
n
H
C
O
O
C
O
 
F
E
N
O
O
 

Aue 

160 

Oct. 

96 

oO
 

Sel 509 406 505 566 Fol Zol 9e3 Wel 965 Fol Se2 705 902 

4.0 7.0 940 14.0 16.0 21.0 

705 708 Vee 

345 

1.3 

6.6 

155 

155 

6.0 

Dec 

188 

nu
 

385 340 

3e5 1.2 

661 662 

215 150 

720 190 

3e% 15.3 

o_Feb.e 

' 224 

705 707 708 

295 420 405 

025 045 008 

6.0 Set 766 

150 195 205 

30 8.0 6.0 

6.0 664 4.0 

Apre June 

220 276 
0 

e u
s
 

lo
 
C
B
D
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O
Q
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C
O
C
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O
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Sphaerium 
limnaea pereger 
Fhysa fontinalis 
‘Qncylus fluviatile 
Hydrobia jenicinsi 
limnius larvae 
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Table 

Some Chemicel Date telken during 
at St. Thomas 

26. 

        

sher 1969 for River Sow 

  

DISSOLVED OXYGEN 
(ppm) 

PRPERATURE (°C) 

pH 

TOTAL HARDNESS (ppm) 

ABIONIA (ppm) 

Nitrates (ppm) 

ALKALINITY 

CARBON DIOXIDE (ppm) 

B.0.De 

March 1968 July 1968 

10.6 7.2 

7-0 3 

7-8 To4 

430 310 

6.7 0.4 

6.0 3.1 

210 479 

6.0 14.0 

3.0 2.0 

Saptenber 1968 

6.4 

16.5 

7-6 

408 

0.3 

4.6 

165 

8.0 

2.8 

  

June 1969 September 1969 November 1969 

10.2 1164 9.3 

17.5 10.0 7.0 

8.1 1.9 7.2 

420 400 410 

0.1 NIL 0.7 

7.0 oo 7.0 

205 215 185 

4.0 505 24.0 

7-12 2.6 3.6 

   



Table 27. 

Biological results for the River Sow at St. Thomas" Mill, 
Figures refer to numbers per 0.05m. 

  

  

  

  

    

  

Species Jul. Aug. Oct, Dec. Feb. Apr. Jul. 

' Tubificidae Th & 24 2352. 92" 64. 68 9.0 
Lumbriculidae 0 0 07-0 0 4 0 

Naltidaeliees fo Oo 10 0 ° 0 0 0 

Erpobdella octoculata 5 2 2 2 5 2 0 

Glossiphonia complanata 4 2 ay 2 3 a 0 

Batracobdella paludosa 2 0 0 0 0 0 0 

Helobdella stagnalis 0 2 0 0 0 1 0 

Gammarus tigrinis 45.5 20k we 46 28-55 Pee Ls 

Asellus aquaticus 24 1 8 2 a 0 0 

Baetis rhodani 0 OF O, 0 ° 0 1 

Caenis moesta 0 0 0 0 0 0 2 

Hydropsyche angustipennis 0 0 3 ° 0 Onere 

Trichocladius rufiventris 0 4 0 QO 0 0 0 

Cricotopus sylvestris 0 5 0 0 0 0 0 

Cricotopus bicinctus 0 2 0 0 0 3 4 

Prodiamesa olivacea i at 2 2 0 One Oo 

Chironomus riparius 1 90 0 0 0 0 0 

Pentapedilum . 91 0 0 0 O 12605 4.22 

Micropsectra atrofasciatus 0 2 0 0 0 0 0 

Pentaneura melanops 0 2 0 0 ° 0 4 

Diamesa 9 0 2 o 0 0 0 

Cryptechirononus 4 3 2 0 1 9 5 

Chironomid pupae 1 0 0 0 0 0 3 

Tipula 0 0 0 1 0 0 +0 

Sphaerium 13:9053.7 28 10 92.9 eT EO 
Limnaea pereger 2 0 0 0 0 0 0 

Haliplid larvae 3 a 0 0 0 0 0 

Limnius larvae Oe Teer. O22 2-0 
‘Hydrobia jenkinsi 0 8 144 0 0 0 0 

Bythinia tentae 0 ph 0 0 0 0 0 

Valvata piscinalis 0 1 0 0 0 0 0 

Sericostomatidae 0 o 3 0 0 ° 0 

 



Table 28 

Some Chemical Vata taken during the Period February 1968 to 

August 1969 for River Mease at Hlarlaston 

Feb'68 June'68 Jan'69 Feb'69 Mar'69 Apr'69 May'69 Aug'69 

  

  

  

    

  

  

Dissolved Oxygen(popan) wees” 8.6 112.0 - 10.8 10.8 eed 

sorb e 3.0 19.0 - 2.0 - 7.0 10.0 20.0 

pH 709 8.1 P68 ED Ge Pe Ben? oh ee? sue 66 
tal Herer 450 525 390 «450 4ho 500 - 520 
PePeme . 

Ammonia(p.spam) 0.4 0.1 0.15 lel 0.6 0.8 1.3 0.1 

Ntrates(p.pan) 6.9 502 eT gaa tace V7, 6.6 5.5 4.1 

Alkalinity 180 255 185 185 150 170 165 205 

Carbon) Dim C ee 10 5.0 6.0.8.0. 16.09, 914.0 21.0" 1065 
(p.pem.) 

BOD, | - - 209 363 L203 3.8 - 1.6 

Table 29 

Biological Results for River Trent at Harlaston 

‘Figures refer _to numbers per 0.054> 

J A 0 D F. A J 

Tubificidae 23 0. 92 90 92 236 «(18 
Naiidae Onis 226 ° ° Gk: 0 
Erpobdella octoculata 2 0 2 1 x We A 
Glossiphonia complanata 6 12 4 x ° Qneed 
Piscicola geometra 0 0. Qos O i. 0 Q 
Gammarus pulex 4 a 7 iS 0 7 6 
fsellus_ aquaticus Zi: 27 23 2. iE 1 12 
Hydropsyche angus tipennis 48 18 a 0 a 0 0 
Agapetus fuscipes 1 3 As 0 0 ° oO 
Baetis rhodani 4 15 7 uv ° 4a z: 
Caenis moesta 16 10 38 oO oO 0 ° 
Ephemerella ignita oO ° ° ° ° 6 ° 
Amphinemura sulcicolis 1 Oo 0 oO ° 0 0 
Eukiefferiella hospitus 0 0 0 0 oO > °O 

Trichocladius rufiventris 358-300, 0 ° 0 oO 1 
Pentapedilum 1 0 9 0 ° 3 1 
Microtendipes 2 ° 4 ° 2 OFS 
Chryptochironomus 0. 0 0 0 0 0 7 
Pentaneura melanops 1 3 0 Oo Q 1 5: 
Chironomus riparius 0 0 A 0 0 ° ° 
Prodiamesa olivacea 0 °o 1 ° ° 0 0 
Chironomid pupae a oO ° ° ° ah ° 
Dicranata a 0 ° 0 EO, ° 1 
Simulium larvae 1 5 73 0 0 0 ° 
Helmis larvae 3 46 22 17 19 2 6 
Tirinius larvae 1 34 59 a1! 9 0 9 
Sphaerium 12 16 18 5 3 3010 
Hydrobia jenkinsi 68 9 14 7 2. 0 °



fable 30. 

Analysis of samples from River Ray. Samples taken following 

a three week period with no recorded rainfall. 13/3/68. 

Sample Diseol. 5 day pH. Free Nitrate Alkal- 
xygen B.0.D. Ammonia inity 

Station 1. 12.9 hee Bee 1.3 305 310 

(Mannington) 

Station 2. 9.5 4.8 .708 109 7.0 320 

(ioredon) 
: 

Station 3. 
(Tadpole Bridge) 99 3.8 8.1 8.8 5.2 340 

Station 4. 14.5 5.8 8.1 112 8.2 340 

(Seven Bridges) 

Table 31. 

Analysis of samples from River Ray. Samples taken 

on 6th August 1969. 

  

  

Sample Diesol. 5 day pi Free Nitrate Alkale 

Oxygen Bede Ammonia init, 

Station 1. TalS Oe 3032 1057 er 0063 405 GG 290 

(Mannington) 

Station 2. 
(Moredon) 6.8 3.4 TA 1.4 11.0 260 | 

| 

“Station 3. Set ede On ited 9.6 250 | 

(Tadpole Bridge)   
Station 4. 6.75 304 166 od 10.5 240 

(Seven Bridges) _ 
| 

 



' Table 32. 

Summary of benthic fauna collected during 30 seconds 

sampling of the otrenm bed of the River Ray. 

3 March 1968 

  

          

  

    

  

      

  

  

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

(Mannington) (ioredon) (Tadpole (Seven 
Bridge) Bridges) 

Oligochaeta 6 85 3 2 

Wirudinea 4(2epp) 1 0. 6 

» Asellus aquaticus 46 675 137 960 

Gammarus pulex 4 6 8 5 

Baetis 16 O- 2 0 

Chirononidae 
larvae 32(3epp) 60 710 661( 3epp) 

Snails and _ pesieta es, 
limpets 36(2spp) 14 1 2 

Sphaerium 2 0 0 ° 

August 1969 
Oligochaeta 34 26 10(2spp) 4 

! Hirudinea 9(2spp) 0 a: 15 

| Asellus aquatious 542 2420 646 7168 

: Gammarus pulex 17 0 0 0 

Baetis 3 0 pe 0 

Chironomid larvae 6(3spp) 22 37(2spp) 7(2epp) 

Snails and ' 

: limpets 68 19(2spp) 8(2spp) 7(2epp) 

{ Sphaerium 0 1 0 z 

 



fable 3%. 

Sumary of results of expeviaonts to show the effect of low oxygen 

concentrations Mae for nortality(hr.) 
3 20°C po’ 

f 

j_aninalo 1.5 popu, Opan0.59m0.0apm 2.0 p21.5 ppl. Oppa0ed ppd, Om 

Gaaaras julex edusts 
:   

    

  

      

10% 30 8 14 26 12 1 + 1 } 

50% SPS 48 se 124i ek 4815 2 it if 

100% SPE 96 24 a 96 20 tf 23 ee 

| Gammarus puloz young 

: 10; SPS 48 no experiment’ perfomed 

50/5 sps 72 4 

1007 SPR 108 a 

Bedyonurus dispar a 

10; 3 20 9. 18-58) 1} % i 

50% 4s 15 2 24° 12 at 1} x 

100% SPE 96 20 3 96 20 8 2 4 

Rhyecophile dorsalis 

j 10} 14 43 15 a 16 10 3 uy } 

508 « 300 65. 22 2 24 16 10 2 uy 

1004 500+ 96 32 5 2 n 18 4 2 

i Hydroysysho aagus td eands 

' 10% SPh SPH SPE 15 SPB 36 ” 10 3k 

| 505 oo ” 3B 120 96 15 ay ' 

| 100,5 ay ” ” 4B yw 200 120 30 9 

| Asellva aquaticus 

16,5 SPS SPB SPR 43 $P& SPB SPB 12. 15 

50% ay we ay 12 cay oe we 192.24 

: 109, $ A} ca) 1 168 oo ow - 08 70 120 

Brpobdella testacea 
’ 

: == ope 3 SpE 

a spe SPd SPS (Sure) SPB SPE SPR SPE 104 

: 50%. al ay oy " ” ” se 144 

i 100 % ay ” vot ca wn oe "0 240 

| Brpobdelia octoculata 

j 105 Sree Ses Sre 144 SPB Spt SPE SPE 36 

J 50% cay ay e 192+ oe ” ee oo 64 

i 200% eee: ” o " ” ” " ” 216 

| Helobdelia stegnalis j 

' 10 srs SPB SPE 132 Spa SER SPB SVB 2G 

} 507 A ef oe 192+ 7 7 ” ow 45 

i 100% a) oe " ee a On 450 

| Brillia longifurca 

| 10; Sel SvB SPE 12 Spgs. sph) «(SFB OSB 15 

| Sof w or ve 24 ” ” 7) 20 

| 100% ay w “ ” a] a] ay 40 

| Chironowus riparius 

} 19% SPs SPB SPB 192+ SPR SPR OPS 55 

| 506 oo al rey “ on) ” " 96 

1 100% ve oe w ay a) a) oo 42 

i 10> Ses SPs 24 sya SPS SPS SPR 16 

5 oF oe o- B oe a] a et 26 

| 100% Al ae oe 60 oe oe Al 7 43 

4 
SPS = survived period of expooures   
 



  

  

  

   
    

   

   

    

            

  

  

   

  

    

  

   
       

  

            

Toble 34. 
Summary of results of oxperineats to show the effect of untlesogieeed 

enaionia. 
< for mortality (hrs. 

10" w?e 
& eninala 10p. p.m. 0. 2ve pele O, lp.p.n.0 10p. 922,90, 

Gumarus | 3.4 1.5] 0. Tp 255.0165 [0« TEP«25 35 [0.75)0s 2511.5 10.75). 25 
3 pulox i. undiss. ppa-undiss. acm, | pom. und. aw ae 

; 10;> 4 48 | SPé 5) 10 10] 14| 23] 4 3 
i 50% 23 (10 2] 15 | 24| 50] 96 |256 | seR 

100% 96 70 24172) 96 1114 130041 Ses 
Bedyonurus dissar 

10; 12 | 60 . 24 | 24| 43 | SPB 
; 502 24 1150 | 3 60 | 72 |104 [ses 

i 100 120 (00H S 70 90 1120 1194 1 SPB 
j Asellus aguaticus 
| 102 12 [13 150 | SPR 
| 50% 32 [204 1130 see 
i 100% 160 [500+] SPE 4290 | SPS 
i acophila dorsalie 

10/ SPB | 24] S4|5PB | SPS) 18] 40 | 44 ors 
50% SPS | 72)170 |SPS | SPS) 50 | 80 |: SPo 

i 100% Pa See 1264 |300 Is?8 | SPEl72 1 90! 96 Ses 
j Hydropaycho angustivoanis 
i 10, ISPS | 5P2 (oe | 96 EPS [SPE | SPS) 72 [183 EPs joPa bs 
| 50% 3 [ars 3004SP3 [SPR secbio S0045PR PE 
{ 100% a lope [300d4sP2 [SPS | sPEB0043004528 IS SPS 
{ Brpobdella octo: 
; 10) 14 SP2|SPB no | 50 (SPS | SPs 30 [144 BPE [SPs [SPS peu 

506 22 SPE 220 55 SPB se 43 200 bie SPB PE 
} 160% 66 2 SPE 20 ISPE | SPE) 72 1212 SPE isee B Gee 

j Erpobdeila testacoa ; 
; 10£ 24 |164 | SPE |SPB no | 70 |SPS | See] 60 [212 bre i’ 
‘ 50% 710 1300+] SPS |SeS joxptl2o |SPE | SPE 84 S20 ‘ PS 
| 100f 96 13004 SPs [sea 144 lors | seco |300dsPg IsP8 SPR 
| Holobdella stagnalis 
i Lop 30 [120 [SPS |Sv& |no | 60 [SPB SPE 65 |120 [S28 (SPR SPE [SPB 

i 50% Bs 252 | eR [SPE loxpt100 [see sno 212 fs See [sed bes 
i 100) 107 [3004] SPR [sPS 30 |SPE | S¥Y164 130045 78/528 jor's see 
; 
1 

Chironoms riparius 
19% > Te | 90 | SPe [ses SPE 
50% ~ |154 j212 

  

no exporinents perforned 
ee 

      

  

          
1005” 30015004 ee 
Brillia longifurca 
10 72 |Loe® |SPS|SP5|SP8| no experiments performed 

i 50% 132 |200 | spu [spa |srs " 
| 100% 2404390+| Sve [SPE1SPB a 
j Prodiagesa olivacea 
| 103 72 [164 |SPE|SPS/SPZ) no exyorinoats porformed 

50% 132 (230 | SPH |oPs ses | ae 
100% 240+4300+| SPE [SPalSPE "8: 

SPE = survived period of exposure. 

   



Table 35. 

Summary of results of experiments to show tho effects of 

-earbon dioxide. 

Qime for mortality (hrs.) 

Camnarus Medyonurus Rhyacophila 

30°C 107% 50% 1004 107 50} 100% 107% 50% 100% 

= f=)
 

«pem.0, 

SBOE COAG | 95-134) 400.72, 104 96 280 205 

80-90 p.p.m.CO, 50 180 230 | 50 100 136| 300+ 

40-50 p.p.m.C9,| 300+ 300+ 300+ 

Apspems 0, 
120p.pemeCO,|85 130 160 | 40 82 108} 112 178 220 

80-90 p.pem.CO,| no expte no expt. no expt. 

40-50 pepem.CO) 300+ 300+ 300+ 

2p.pem.O 
120pep. <06, 25 50 90 |21 40 44; 70 130 150 

80-90 p.p.m.C0,}35 90 160%:)|, 30 70 90| 236 256 300+ 

40-50 p.pem.C0,| 300+ 300+ 300+ 

18=20°C 
101. p.m.0, 

j 120p.p.m.C0,|36 100 160 |30 60 120] 96 180 200 

80-90 pep.m.CU,|50 140 210 |50 100 160/140 250 270 

40-50 pepeineCO, | 300+ 300+ 300+ 

Apspem, 0) 

120p.p.m.C0,|16 40 120) 14) 25, AO 16 65 160 

80-90 p.pem.C0,|38 95 160 |48 90 150| 20 96 300+ 

40-50 pepem.CO,| 300+ 300+ 300+ 5 

  

3pepem. 9, 
7 

1205;pim,00,/20 60 150 | 8 16 32) 16 86 130 
2] 

_2p2Poms 0, 
120p.p.m.00,|16 45 90 |12 20 32 \geke 24. 80 

80-90 p.pem.C0,|24 69 260 |) 24 48 130] 16 32 «90 

40-50 p.spem.CO,|48 155 280 36 150 3004 40 84 300+ 

lpepem. 0;| ‘ 

7220p «pam. CO 3 6.5. 8 0.75 2.5 4 2 6 8 
          

Hydropsyche angustipennis was affected only at lp.p.m. 0, and 

120p.pem. CO, when the temperature was 20°C, 10% of the animals 

digd after odhre. and 50% after 66 hrs, 1005" died in 240hrs. 

Asellus aquaticus, Expobdella octoculata, Erpobdella testacea 

and ry were also used in these experiments 

and survived the peritod of exposures 

scillieeanasaneeniacaadl —————— seit Trae rs TT



Summary of results of experiments 

Gammarus 
15.¢ 10p.pem.0 105 50% 

100p.p.m. P 50: 7120 
5O0pepem. P 95 210 
25pepeme P S.P.Ee SPE. 
4pepem.0 

   oPemeP 50 66 
50 pepemeP To ae O 
25 PePemeP 110 280 

2p.p-m.0 
100p.p.m.P 18 55 
50p.pemeP 50 7120 
25p.pem-P 70 200 
10p.p.m.P 95 50 

lp.p.m.O0 
100p.p.m.P ~ 0.5 2 

Table 36. 
to show the effects of orthophosphates. 

Time for mortality (hrs. 

Ecdyonurus 2h 
100% 10% 50% 100% 107% 
210 75 180 280 
300+ 160 S.P.E. S.P.E. 

S.P.E. S.P.E.S.PeE. S.P.E. 

190 18 45 130 a5 40 
S.?P.E. 48 100 200 48 172 
S.P.E. 250 S.P.E. S.P.E. 120 5.P.E. 

110 12 18 50 18 28 
S.P.E. 35 110 200 39 120 
S.P.E. 45 110 190 50 150 
S.P.E. 50 160 240 70 190 

5 Lee eS 4 i 3 

S.P.E. = survived period of exposure. 

ila 
50% 

S.P.E. S.P.E. 
S.P.E. S.P.E. 
S.P.E. S.P.E. 

Asellus 
OOf 10% 50% 
-P.E. 120 S.P.E. 
»P.E. 168 S.P 
»P.E.S.P.E.S.P.E. 

LOO¢ 

    

  

C
A
N
N
 

130 40 120 200 
240 196 264 

S.P.E.S.PeE.S.P.P. SPE. 

  
Erpobdella octocvlata, Erpobdella testacea, Jelobdella stasnalis and Hydropsyche angustipennis 

‘were also used in these experiments but always survived the period of exposure. 
é  


