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The literature relating to various aspects of froph=wateor

ecolory has been revicwed, Special attention was paid to that dealirng

R

withfliﬁitinf factoﬁa in frechewater, methodn of emmpling bottom fauna,
water pollution ecofogy and experimental work on frenh-unter inverte-

E bratens . !
! The effects of sewage effluent dischargen on water quality and
! the riffle benthic covmunity of a number of Midlands ntreaﬁu ware : :
f gtudied, The riffle comaunity was sampled quantitatively and it wad :
| found that it waes pessible to relate different benthic communities to
| varying dogrees of ormnic enrichment. The importance of scensonal

é changes in influencing diﬁtribhtion wng observed and comﬁentad upone

r Bpecial attontion was paid to the distridution of the Chironomidae in 3

f pollutel waters, thie group wao foun? to be rarticulnrly abundant and

TR

. different o ocies varied in their tolerance of polluted conditions.

In the 1abnrutnry,ap:atmtuo wan constructed to study the effects

PR T

i of some of the factorn ansociated with orsanic pollution on:n nupber of

; invertobratos nesccintod with varying dopsreeso of orpganic enrichments

; The factors invostigated were low diseolved oxygen conceontrations,
undissociated ammonia, diuﬂolvod carbon dioxide and potassium orthoe

phoophate, It was found that invertobrates associated with velluted

il e s i b )

conditions wore usunlly more tolerant of thano.faotora than thoase found

.
AR

in pood quality waters. ‘herover possible the combined effect of thone

factors wan studied apd it was usually found to be more tozice

|
‘,
: ] in attempt was made to explain the distribution of the inverte=

braten obasorved from field work on the baéia of the experimental results.

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

the presence or absence of a B ecies from a pnrticﬁlnr locnlity. 4
Notes are included on the biology of some common benthie 1ﬂ7.tto-

dbratas in rolation to their use as irdicators of organic pollutions ;
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l. Introduction

Water rollution, although a great problem of recent years,
{8 not a feature solely of modern society. The polluting of
pnatural 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
strean or river on whose banks‘they 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 léth century and various acts_wefe passed to try
to 1mpro§e the standards of the aifluent. During this century .
increasing aitentiqn 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 earlieaf scientific work on poliutiqn was almost solely
chemical, mainly because chemistry was already an established science
and not much was known about freah-water biologye. Interest in
biological aspecta of pollution probably began in Germany and thc
results of this early work were synthesized and published by
Kolkwitz and Marsson (1908, 1909). They produced their
"Saprobiensystem'" for the.assesément of organic pollution. They
postulated that when a river receives a heavy load of orjanic
matter the normal process of self purification would resuit_in a
series of zones, of decreasingly severe conditions, succeeding one
another downstream, and each zone contains characteriétic animals
and plants. |

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

Marsson, produced a list of indicator species for each of the zones.
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Generally thege were more garefully selected and therefore constituted
a considerable advance. He also considered micro=-organisms to be
far more important as indicators of pollution, and as a result did
not mdequately consider the macroeinvertebrates. Other continental
workars have developed tho system further and suh-divide scme of the
gones e.¢, Sramek-Husek (1958).

In the United States workers such as Campbell (1939)- and
Arinley (1942) independently produced a similar system to that of
the Buropean fresh-water biologists. Other workers however had
noted that ponllution also influenced the distribution of macroscopiec
invertebrates. In Britain, Fentelow and Butcher (1938) were among
the earlier workers, while later Hawkes (1956) and Hynos (1959) made:
similar observations. Richardson (1?21. 1929) and later Gaufin and

Tarzwel) (1952, 1956) were aleo payingmrticular attention to macro=

.1nvortehrntou with regard to rollution 4n the United Staten.

As a result of the great inoreace in information about.
pollution, it has become obvious that toe same general type of
succession oaours averywhere,

Water vollution has, for tﬁe aake of convenience, been
divided into six kinds, depending on the type of effluent. One of
the most important is crganic pollution. This type of pollution is
vcr? complo; and can result from a wide variety of effluents, the
most widespread being sewapge. An organic effluent can change the
ehemical composition of the river water and subsequently the biology
of the astream bed, because of its complex nature it is not sure how
the changes are brought about. The effluent usually brings about
de~oxypenation of tha water but also adds pﬁiapu& such as ammonia
and increnses the carbon dioxide content, which can increase the
effoct of the de-oxygenation. It also causes silting of the stream

bed,
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The purpose of the present study was twofold. Firstly to
{nvestigate quantitatively the effect of various domestic orpganie
discharges on the distribution of invertebrates with particular
reference to the diatfihution of the Chironomidae., Secondly to try
to establish the relative importance of the various chemical changes,
associated with this type of pollution, bm 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 15 montha, 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 osta#linh if their distribution corresponds with

the d‘groa of polluti&n. Chemical Bamplgs 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 tﬁe
following two years. Where possible the rivers chosen were those f
in which the effluent jroduced 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
nitfogen, in the form of nitrates, and orthophosphates were preaent.'

. 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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econcentrations on a variety of invertebrates, ranging from species
associnted with groscs pnll.ution to species associated with very
e¢lean vater conditionc. To investigate thone factors apparatus
wan constructed in which the water was continuously circulated and
where such factors as the oxygen and carbon dioxide concentration
eould be automatically controlled. Wherever possible the combined

effects of these factors were also studied. ;
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2. Review of the Literature

Fresh-'ater licology

tquatic organisms have attracted the attention of biologists

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

{nability to identify the majority of the organisms living in freah-“

water, It is only in the last 50 years or so, with the introduction
of {dentification keys for most of the common groups, that a really

meientific study has been possible,.

Factors 1nf1uenoip5 the distribution of fauna in fresh-water

The nature of the streanm-bed community 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.

5. The presence of macro-;egetation.

4, The chemical nature of the water.

$¢ The physical nature of the water.

The effect of each of these factors will now be considered

in more detail.

1. The speed of the current

The importance of the current in determining the distribution
of animals in streams has beenldemonstrated 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. Simulium

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

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

peuk at 1S5cns./sec.
Bdington (1965 and 1968) studied the distribution of net-

epinning caddis larvae in relation to the water vedocity. He found
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that some species e.g. Hydropsyche instabilis occur predominantly

in rapids, while others e.g._Polycentropus flavomaculatua occur

predominantly in pools, He found that larvae of Hydropsyche could
detect ohanges in flow and redistribute themselves so as to remain
{n fast flow conditions.

Dorier and Vaillant (1954) tested experimentally the ability
of various animals to witﬁstand various current speeds, They found
that generally the most tolerant animals in this respect were those
which 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 ciinging
structures enabling thap to colonise fast reachess On the other

hand some are weak swimmers and are easily dislodged and washed away.

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 ooméosed 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

Hhyacophila, 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)
rocoénised various habitats based on the composition of the stream

Jbed and then showed that each of the various biotopes had a
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characteristic 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
worzs, there vwere very fawfatonefliea. mayfliea, leeches or Gammarus.
In the stony substrates tﬂe reverse was found,.
) ; Thorup (1966) Bay; that many Buropean workers use Thienemann's
W | ¢lassification, whereby he divides tht stream into various biotopes

bssed on the nature of the substratum.

W ﬁ The importance of the phyaicJI nature of the stream bed in '

influencing the distribution of animals i3 then widely acknowledged.

' % 3., The Presence of lincro-Vepetation
| The presence of vegetation in both the stony and silty
1 ! reaches will change the nature of the habitat and the cormmunity of 2
(LI animals, f ;
' Percival andiwhitehead'(IQEQ) on studying the various types -

of stream bed raoagnised four habitats with varying amounts and

———— A T—

s types of vegetation. They found that Gammarus abounded where the
wod | atones were .covered with moss. Baetis had a similar distribution

0w | but was also found where there were dense outgrowths of lotomageton.

4k f ‘edvonurus and Agaretus however preferred ctony substrates and were

§ virtually absent where the stones were moss covered,
avisl Harod (1964) studied the animals on four types of plant

0 surfacee, namely, Ranunculus fluitans, Careox, Callitriche and

Inf_n_f Yerronica beccabungn. It was found that several animals were
present on all plants but others showed preferéncea for a particular

axis b ' plang e.gs Gammarus pulex and Hydropsyche spp. showed a distinct

preference for Callitriche, Simulium ornatum dominated the

ﬁopulntionn of both Carex and Ranunculus but were hardly present

alsewhere,
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4, The Chemical Nature of the Water

The chemical composition of natural waters can vary greatly,
it is possible to recognice soft and hard waters, acid and alkalinl.
waters etc, Thece differences in chemical composition are known
to influence the distribution of animals and plants'in frash watur,

Moon (19%39) compared the streams of the lew Forest with
those of the Hampshire Avon and showed how chemical factors such as
pH and hardness could possibly control the arrangement of the fauna
over large areas, New Forest streams were generally acid (pH'6.0-6.5J
and very hard, the Avon tributaries were more alkaline (pH 745=840)

Io the former the mverage number of animals per square foot was 68 with
ten different species while in the latter it was 330 with 15 different
species, |

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

varying hardneas, He found that in soft water the most numerous

leech wes always Erpobdella octoculata while in hard waters llelobdella

atagnalis was always the dominant type. Genorally he found that
loeches were more abundant in hard waters. :
Tucker (195%) compared sixteen ponds of varying chemical
composition and ;onclﬁdad that the calcium concentration and the
quantity of dissolved organic matter in the water are iﬁportant
factors in influencing the numbers of animals present. This was

']

borne out by Reynoldson (1961) who found that there was a relation=

ship between the distribution of Asellus in the Lake District and

the total dissolved matter in the water.

S5« The Physical Nature of the Water

The offect of temperature as an environmental factor is
often difficult to assess because in stream environments it is of ten

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

waters usually being associated with the shallow rapids which are




more common in the upper reaches of rivers.
The possible effects of temperature on the distribution of

Heptapenia lateralis in Lake District streams has been studied by

Macan (1963), He found that this species was abundant only in
streass where the highest temperature was about 18°C or less., It

was searce or absent from all others except one.

Other known ¢iamplns of animals being restricted by

temperature are the flatworms, Crenobia alpina and Polycelis felina.

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

1atter to below 17°C.

2.2lethods 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 werei=
1. lifting 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 calculatei it can yield comparable figures.

2+ Provision of a knﬁwn 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-dawnlin streams. Other workers
have used tiles and concrete blocks but these would be colonised
only by the animals which occur on the bigger stones.

3« Boxes and eylinders. A given area is enclosed and the animals

wWithin it removed.,

There are a number of different methods for enclosing a
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known areas, Neill (1938) used a cylinder while Jonasson (1948)
used a box. 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. 1In 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
the sampling area are then swept into the net.

5« Nets that are pushed forward through the substratum

This type of sampler has been developed by a number of
people including Percival and Vhitehead (1926), and Macan (1958).
In essence it is a type of shovel or scoop that is pushed through
the sudbstratum for a @eaired distance. The substratum removed is
eolledtld in a net beﬁind the cutting edge. Although this type of
sampler seems to give good results it does seem to be difficult to
use and Qlao the area sampled tends to be rather small,

The s;ze of the mesh has been shown by Jonasson (1955) to
be of supreme importance when dealing with samples of bottom fauna
especially where accurate quantitativa work is required. He found
that the 0,6mm, which is commonly used is inefficient as chironomid
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 Jonacson's findings and found that
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sany invertebrates are able to pass through coarse meshes of 8«16
threads/cm. and even meshes of 16-24 threads/cm. may allow a
considerable proportion to pass thfough. It must be realised
however that coarse meshes will certainly allow more samples to be
taven and analysed in a given time, and that each mesh Bize has its
uses.

To obtain.a clear picture of the anima;a present in a
particular area of stream bed Chutter and Noble (1966) calculated
i 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..

-
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Mistory of Pollution Fecology

L)
-

The fact that organic pollution could bring'about a change

{n the communities living in a stream has been known for a long

—
2%
o —————————————

L time. This fact was utilised by Kolkwitz and Marsson (1902, 1908,
1909) when they drew up their Saprobity aystemt 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-organismes were included,

They recognibed that rivere that heve become polluted with
| organic matter undergo self-purification and they distinguished

308 three main zones which they termed:-

1. Polysaprobic zone.
2. Alpha - and Beta = lMesasaproblec zone.

3« 0Oligosaprobic zone.

1. The Polysaprobic zone is characterised chemically by high
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concentrations of complex decomposable organic matter., Oxygen is
frequently absent and hydrogen sulphide is produced, The biological
comnunity is characteristic in that only a few groups are present,
However those that are proéent are there in great numbers and of the

macro-invertebrates they listed Tubifex tubifex and Eristalis tenax.

2., The Mesosaprobic zone which they subedivided into

a) Alphaemesosaprobic zona, this contains a high content of amino
seids, Oxygen is usually present in this zone, and this can vary
owing to the development of green plants especially algae. There
i3 8till a restriction of species, and the common forms were

Chironomus plumosus, Sialis lutaria, Sphaerium corneum, Tubifex

tubifex and Tanypus monilis,

b) Beta-mesosaprobic zone. In this zone the oxygen content is
fairly high usually being more than 50% of saturation, and there is

a 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. 0Oligosaprobic zone. In this zZone oxidation is completed, the
vater 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 indioa@or organisms they
e¢hose, Kolkwitz and Marsson nevertheless brought to light a number
of inmportant facts concerning pollution by decomposable organie
n?ttnr. Firstly they showed that one finds a succession of
different communities in organically polluted streams. Socohdly
Gommunities nearest the pollution are few in numbers of species

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

numbers of species in the communities increase. Thirdly they

T
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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

rroblems of pollution in the Western hemisphere prompted biologists

{n 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. Bctwegn 1913 and
1920 the river was becoming increasingly polluted, between 1920 and
1925 however, owing to better treatment the river could be said go
have improved. He showed that during the first p;riod the numbers
of c¢lean water species collected fell from 91 to 15. With the
slight improvement in the second period the number of c¢lean water
lpicioa rose slightly to 28 in 1925, Another 1mporfant 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

regular studies of the bottom organisms throughout the yeéf. coupled

with regular monthly water samples. As a result of their studies
they showed that 4t 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
bagterial activity, higher ooncentrationg of organic matter are

carried into the lower sections of the stream. As a result of this
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greater organic content the "sewage fungus" zone extends further

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

ean bring about a significant reduction in the variety of macro=
{nvertebrates.

The results of their work in the benthos produced similar
prenults to those of the other workers already discussod.

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
1ndividﬁala of each species and the total numbers of animals per

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

t+is zone are Tubifex, Eristalis and Culex piniens. - 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 « Iu the Recovery zone thé community is cnaracterised by lesser
nurbers of the species found in the septic zone together with
varjable numbers of the more tolerant animals found in clean waters
3 = The clean waters were characterised by a great variety of

invertebrates, the communities consisting of herbivores, carnivores

and omnivores. In general the population contains abundant gill:

breathing forms such as rayflies, 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 stream.
The original invertebrate fauna was completely wiped out for a
considerable diatancé downstream to be replaced by a community

consisting of worms. It took almost a full twelve months for the




--:

; .
porral fnuna to recolonise the upper reaches.

The survey on the River Tees (Butcher et al 1937)‘showed,
as in cther countries, that successive communities will be produced
when n river is organically polluteds The River Skerne, one of the
tridutories of the Tees was polluted near its source. In the,‘.\
polluted upper reaches ounly a few chironomid inrvae and Tubifiéi&b"\_

waere found. Downatream however chironomid larvae, Simulium ornztum

an! Yydrernvche 8p. Were comuone Further downstream Bnactis and \-,-
! '\.
lisnaes appeared, to be followed by Gammarus pulex and deroptilgiagl\
Loty s
The Skerne, after flowing through Darlington, received h !

nurerous effluents which brought about two quite different resultu%

—

. s

with regard to the composition of the fauna. Some species were /'
\

progrecsively reduced in mumbers and then completely eliminated. A

Arimals affected in this way were CGammarus pulex, Hydropsyche spe \

and Naetis.

The ﬂke;ne, on entering the Tees, produced mariced chinges
in the flora and fauna. Below the entry of the Skorne‘Tubificida :
were the doziinant orgnﬁiam. these soon decreased in numbers giving

way to large numbers of Asellus aquaticus, Erpobdella octoculata

and Limnaea pereger, Thece also decreased in numbers downstream.

The River Trent (Butcher 1946)-was organically polluted at
Stokg and Butcher etpdiod the biological recovery of the river over
s distance of 35 miléc. The river was very badly polluted. this
being reflected by the oxygen and ammoniﬁ concentration. The
oxygen concentrntion which above Stoke was 107% saturation dropped
to nil helow Stoke rising again to 775 after 35 miles. Ammoniacal
nitrogen rose from O 2pepems to lipepemes below Stoke and then
dropped off to lp.p.m. after 35 miies.i 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 34%
of saturation and the ammonia concentration 1l.5pepems Asellus
was the next animal to appear, by now the oxygen congentration was
4O» of saturation and the ammonia concentration was still 1l.5pepenm,
.+ 1us was followed by leeches, Gammarus and caddiﬁ respectively |
a8 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 Trent.
Hawkes (1955) also studied the effect of organic pollution
on Midland streams, His work on Langley brook showed extremely
vell how various species of invertebrates attained their greatest
sucbers at various distances below the sewage outfall, Chironomus

g;nnosua'and Tubificids were mogt pumerous within 100 yds of the

source of pollution, Asellus aguaticus and Helobdella stagnalis

were most numerous within S00 yds, Erpobdella spe. within 660 yds,

Hyiropsyche within.l.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 nmore river surveys. The impor tance
of the biota in helping to deotect ﬁollution has now been realised
in most countries of the world.

In South Africa Marricoa (1958 & 60) and Oliff (1960, 1963,
1964) have ;arried out thorough surveys of both polluted and non-
POllutid 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
elfocilaie
le 1t supprecsed or eliminated forms normally found in mountain
streams. Croups affected in this way were the may-flies

iphererellidae, Leptophlebidae, stone=-fly Nemouridae and most
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fasilieon of the Trichoptera.

) 1t favoured moderntely tolerant forms. Raetis harrisoni,

perhers of the Hydropsychidae, Orthocladiinae, Chironominae and
1i=naeidae nli increased in nunbers.

In cares of more serious pollution as in Krom stream, the °
por~al fauna was completely eliminated to be replaced by one rich
{n tabificid vorms of the genus Tubifex and Limnodrilus and red
CBLrononids‘of the plumosus group.

Bushman's River was studied by 01iff (1960) and his gesults
also showed how organic pollution can reduce the numbers of tpecies
but greatly increase the numbers of individuals. At one none
polluted station there were over 6,000 individuals belonging to Ls
different afociea, while at a polluted station there were only 19
specien yet over 27,000 individuals.

Balani and Sarkar (1961) studi;d the effect of organic
pollJtion on the Rivgr Jumna in Delhi. The river was so badly
polluted that the oniy orpanisms occurring in the stream bed, other

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

and Antocha .larvae. At certain times of the year very high
concentrations of carbon dioxide were noted, the highest recorded
figure was 12lp.peme e o LTy

It does seem that organiec pollﬁtion produces the same
goneral 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 ef fect of orpanic pollution on stréam orzanisms in the
United Kinpden has heen sunmmarised by fawkes and Hynes. Hawkes
(1962) whose work was wainl& on the riffle sections of streams and
Tivers recognised three main trends, -

1. The reduction and poséible elimination of the nonetolerant

o B coateo
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species ©.g. Rhithrogena and GammAarus .

24 An increane in numbers of the moderately tolerant forms

providing the pollution ie not too severe e.g. Bactis rhodani,

fydropayche and “rpobdella BDe

I An invasion of the habitat by non-riffle specles e.z. Anellus,

Chirononus riparius and Tubifex.

‘ The renlacement community tends to be poor in numbers of
specien although rich in numbers of individuals, .

flynes (1966) outlines the effects in the followiﬁg vays: =
l; Animals . If the river is badly polluted the clean=vater

animals are replaced by a very abundant pollution fauna consisting

largely of Tubificidae, Chironomus thummi and Asellus aguaticus.

Thene three types of animale succeed one another in importance

yrocesding downstream from the outfall. Alao‘preaent in the Asellus

gone are leeches e.g. Erpobdella testacea and Helobdella stagnalis,

Follunco e.ge Limnaea perepger and Sphaerium corneum,

2. liero-orpanisms. Bacteria are at firsnt abundant and fhen
decline as orpanic matter io used up. Sewage fungua appears,
increases ard then declines in a similar way.

5« Tlants. At first there is a decrease in the numbers of algae
but then, as nutrient salts are released from the organic matter,
they incresse greatly in numbers.

The chanpes in the community are caused by a number of
d4fferent ecolopical factors. Harrison (1960) summarises the
factors resyonsible for these changes.

1) The addition of orpaniec nutrients results in abnormal growths
of bacteria, Irotczoa otc. utilizing these nutrients. Larger
orranicms can ashound feeding on these micro-organisms e.ge

Tubificidme and Chirononmidae.

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

feed on then.

%) 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 guspended matter.
%) The fouling of the substratum. Some animals are very eehaitive
to changes in the substratum and may disappear, other specics are
sore tolerant and may even benefit from these changes.

In additioh to these factors two other criteria which
frequently characterise organic pollution_muat be considered.
a) The inerease in the concentration of ammonia. Ammonia,
especially in its undissociated atate,'ia definitely toxic to most
animals.,
b) The increase in carbon dioxide concentration. Carbon dioxide
{s usually produced in large amounts by the breakdown of organic
matter., Balani and Sarkar (1961) recorded concentrations of 121p.pe.m.
in the River Jumna. Concentrations of this order would make it an
fizmportant toxin iﬁ its own right. but even at far lower concentrations
it 48 known that carbon dioxide can double-the minimum oxygen con=
cOntrationa.necessary for the survival of fishes.

4 s

It is obvious that the effect of a sewage effluent on an
aguatic cémmunity is very complex. It is difficult to isolate any
one factor as being of paramount importance and it does seem that

ehanges produced in aquatic communities result from an interaction

between these factors.
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oo Charical and Physical Bffects of Organic Effluents on a River

e discharge of an oranic effluent into a river can bring
sbrut many changes in the chemical composition of the water. The -
{sportant changes are as follows.

roare

1) De-oxygenation

This i8 a very common feature of organic pollution and. has

»een obaerved by many workers. Because of the effect of the

gurrent the depletion in the oxygen concentratibh. which is usually

enown an the 'oxygen Bag'!, takes place some distance downstream of

the cfflﬁent outfall, Procoedihg fur;her downstream there is8 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
thene have been summarised by Downing (1967). He recognises four
important factors as being responsible for the depletion:

a) The Biochemical oxygen demand of the watéer. This varies and
depends on the carbonaceous content of the water and the numbers
of micro-organisms. »

%) 'Nitrifi;ation. - The nitrogenous material present in the effluent
is oxidised as it passes downstream, taking oxyren out of the
water, :

¢) TRespiration of muds and slimes.

4) Respiration of plants.

The recovery in oxygen conoontrationliq brought about by:

#) Reaeration from the air, the amount of reaeration will vary wiiﬁ
depth and current.

%) The photosynthetic activity of algae and rooted plants.

Owens and Ldwards have made a special study of oxysgen

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

role of bottom muds. They state (1963) that the mud can be
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responsible for ﬁore fhan 50% of the total oxXygen consumption in a

river less than 2.5f¢t. deep. This 6ource of deoxygenation can be

very important where there are large numbers of benthic orpanisms, .
In the liver Lark these were as many as 140,000 per 8quare metre.

Gaufin and Tarzwell (1955) observed that the degroee and

extent of the oxygen sag is affected by temperature and it is in

| summer that oxygen depletion is mos t intonse when the rate of

E oxidation of the organic matter is affected byltemperature. The

; higher summer temperatures increase microbial activity and therefore

oxygen demand and the oxygen depletion i= more intense, Cone=

sequently self-purification is more rapid and as a result the oxygen

: sag is doeper although it is not usually as extensive as in winter,

| The degree of oxygen depletion varies greatly but it is not

]
it

.4 | unusual, in badly polluted rivers to have anaerobic aonditioug.

.

(

: i Butcher (1946) found that inm the Trent, polluted at Stoke, the
E 0Xygen concentration dropped fronm 107% saturation above the effluent
to 0% below the ffluent, the Oxygen concentration in the river then

i
~ recowered gradually,

3

(d éé De~oxygenation is then a typical, and very important result
ul

. of organic pollution, the degree is variable because of the many

factors 1nvolved. Aquatic organisms vary in their oxygen require=
ments and low oxygen conceatrations can be of great importance in.

(n ldetermining the distribution of invertebrates in rivers.

12) Increase in Nitrogenous Material

An organic efflpent usually increases the amount of

uitrogenous material in! the river, The ammonia concentration is

' usually increased, but the amount present usually depends on the
|

typa of treatment the sewage has undergone, If the effluent is an

oxidised effluent very little amnonia ig present, the nitrogenous

mterial being mainly in the form of nitrates and nitrites, The

4
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an=onia concentration of a river usually déoliuoa downstream as it
unlergoss oxidation, and’ there is thus a corresponding increase in
oxidimed nitrogen in the form of nitrites and nitrates.

In the River Trent (DButcher 1946) the ammonia concentration
reached a maximum of ll.Sp.p.m. This is by no means an unusually
wgh figure and Yoodiwies (1964) has recorded over 30p.p.m. within
the Trent Drainage Area, ;nd Owens and Edwards (1964) nearly 20p.p.me

Ammonia is known to be an impo?tant toxicant especially in
{ts unioniced state and the inerease in concentration cgould also be

]npo;tnnt in determining the distribution of aquatic organisms,
i
%) Increanse in Carbon Dioxide Concentration

”
Carbon dioxide is produced in large amounts by the breake

down of organic matter. Balani and Sarkar (1961) recorded a
eoncentration of 12lp.p.m. while working on the River Jumna, this
16 an exceptionally high figure but concentrations of 50p.p.m. are
referred to by Alabaster et al (1957).

Cnrbon Dioxide in these concentrations would radically
effect the minimum concentrations of oxygen necessary for the

survival of fish.

&) Change in the Nature of the Stream-Bed

Sowaée effluents usually contain variable amounts of
Solloidal and suspended matter, this fine matter is thaﬁ deposited
¢n the stream bed, the rate of settling tailing off dbwnatr&am.
Hawies (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
organisns in two ways:

a) By smothering the vegetation and thus eliminating any fooﬁ

¢hains based on it.

b) By changing what may have been previously an eroding substrate
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into a depositing one. This would cause gtone loving forms
such as stoneflies, and many mayflies to be replaced by

burrowing forms such as tubificid worms and chironomid larvae.

%) lncreans in various Salta
| A sewnge effluent can often contain high concentrations of
or thophosphates, It is also probable that salte of potassium and
@odiuym are also present, as they are important constituents of
urine, ‘

Unfortunately very little information is available on their
presence ¢n nolluted waters as the determination of their presence

i» not usually included in river board analyses.

2.5 xperimental ork: on Frecheater Animals

1. Effect of Low Oxygen in Aquatic Organicms

Uxperiments to investigate the effect of low oxygen can be
broadly divided into two kinds:

a) Those designed to show survival levels,

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

a) Tolerance Experiments

: Generally the results of these experimenta show a close
correlation with evidence from field observations.
Fox and Taylor (1955) investigated the oxypgen tolerance of

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

that all three aniﬁals survived longer in water containing #& oxygen
than water containing 21% oxygen. All three species are normally
nauociat;d with organically pollﬁted waters where the oxygen
¢oncentration would be low and this could help to explain their
distridbution, 33

‘alshe (1948) also exauined the oxygen tolerance of

¢hironomid larvae, and selected larvae fron flowing and still waters,
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the foun! that the tolerance reflected the habitat, the most
sennitive to anaerobic conditions being Prodiamesa where half the

population died in lOhrs. In the case of Chironomus longistylus

tt wan O6Ohrs before half the population had died, Prodiamesa
glivacea is a stream form and associated with moderately polluted

eamditions whereae Chironomus longistylus can occur in grossly

polluted c¢onditions,

Very little work has actually been performed on the tolerance
s»f Pritish invertebrates to low oxygen cdncentrationa, hovever a
gvide ¢can be obtained from the work of Sprague (1963). He
taventigated the oxygen and temperature tolerance of four North

teerican fresh-water crustaceans, These were Asellus intermedius,

“s4lella nzteca, Gammarus #asciatus and Gammarus pseudolimnaeus,

igellue intermediuns, just like Asellus aguatiééin this country is

sssociated with nolluted rivers and deoxygenated conditjonss The two
apecien of Ganmarus are never associated with de=oxygenated conditions

ad seom to be similar in this feature to Gammarus pulex,

The results obtained supported the field observations,

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

exygen concentration of 0.03p.pe.ms to kill 50% of the test animals

in 2bhra, TFor Gammarus fasciatus and pseudolimnaeus the figures

vere 2,2 and 4.3p.pem, respectively.

Jaag and Ambuhl (1962) investigated the effect of various
exygen concentratioﬁs on a variety of invertebrates, They were
rare 1nt§§aated however, in how the changes in current could
influence the minimum oxygen concentrations neccessary for survivale

"y found that even such species as Rhyacophila nubila and

Liyonurus venosus, both of which are associated with good quality

¥ater, can survive at very low oxygen concentrations providing the

. turrent is fast, At b6ems/sec, Ecdyonurus venosus and Rhyacophila

e gy -
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favaslin both survived at Ollipepems At slower currents the low
1ethal level rose to 1.7 pepeite and leHpepeme respectively.
philipson (195%) investigated the eifect of oxyzen on six

sreclen of caddie fly larvae. His resulte were similar to those

ef frbuhl, the speciee frow ewilt waters, namely liydropsyche instabilis

and Fhyacophila dorsalic being greatly influenced in their tolerance

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

stirred waters Hgdrgpqyche instabilis and Rhyacophila dorsalis could

purvive in water with oxygen conoentrafinns of OeYpepome and Oe7pepeme

peopectively.

®») “x:erinents on the Oxyzoen Consumption of Aquatic Invertebrateg

A nunber of experimemnts have been performed on invertebrates
vith the idea of showing how the rate of oxygen consumption ié
influenced by the oxypen concentration in the water.'

;uch experiments are particularly important as they help to
show how animals are adapted for life in waters of differing oxygen
cencontrations, It would be expected that animals, usually
associated with anaercbic or near anaerobic conditions, would be
rorc independent of oxygen changes in the surrounding water than
animals from well aerated water. The majority of éuch experiments
do indeed show this, and it is usually possible to recognise those
animals in which the oxygen consumption was independent and tﬁose
in which oxygen consumption was dependent on the oxypen concentration
of the surrounding water.

Mann (1961) investizated the oxygén requirements of five
lfecieu of leech © asscciated with a variety of habitats. His
results show clearly these dependent and independent forﬁa and they
€an also be correlated with different habitats. The indevendent

forms were Crpobdella testacen and Helobdella stapgnalis, the oxygen

consumption of the former being independent between 6 and 3pep.m,
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while that of the latter was independent between 4 and 2pepe.ms

diesolved oxyren. The dependent forms were Erpobdella octcculata,

Pisecicola peometra and Glossiphonia coniplanatas.

These results are in accordance with the accepted habitat

preferences of the five species. krpobdella testacea and

Helobdella stagnalis are usually abundant in lakes and ponds with

a lot of decaying vegetation and also in organically polluted riversj ,
all of these are characterised by having low oxygen concentrations,

Piscicola geometra, Erpcbdella 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.

Hann investigated four habitats, in two of which Erpobdella

octoculata was the dominant leech and in the other two Erpobdella

'teatacea was the dominant. Hle found that the mean oxygen con=

centration where Erpobdella octoculata was dominant was 6.1 and

4,3pepem. and where kLrpobdella testacea was duminant it was 2.9 and

1.8p.p.m. .
Ndwards 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 that the oxypsen i

consumption of Asellus was of the independent type between 8.3p.p.ﬁ.
and 1.5p.pe.m. oxygen, Temperature however did influence the
respiratory activity, the test animals respired 1.5 times asc fast

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

the distribution of Asellus which is usually associated either with
decaying vegetation in ponds and the slower portions of rivers or
with organically polluted rivers. In these onvironments low |

oxygen concentrations would be a feature of the environment with

‘sellus being well adapted for this criterion. :
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Spocion of Chironomidae have been experimented upon by
several warkars, Walshe (1943) found that larvae of specics
pormally asonciated with a?rcums have a dependant type of rcaction
while those fiom stagnant ditches have an independent reaction to
changes in the oxygen eontent of the medium, The strecanm forms

wsod were Prolianesa olivaces and Anatopynia nebulosa and the ditch

forms Chironomusg longistyivs and Anatopynia variae These results

1
ahow gquite clearly how ‘animals that normally expurience deoxygenation

in their environwment have become adapted to these conditions.

Chironomus riperive, dorsalls and loungistylus are red in

colour und usually called "bloodwormn",_the'red colouration being
due to the presence o; huemoglobine. X% has been shown how the
proneﬁco of this huem%globin together with stores of glycogen in the
tissues c¢nable these Lnimalﬁ to 1live in anaerobic conditionc,

Ewer (19%2) 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 Walahe also points out how it.enables the animals to carry on
with their normal feeding activities. Larvae in which the haemoe
globin had hean converted to oxyhaemoglobin were not able to filter
feed at oxypen concentrations bolow 26% whercas the limiting cone
centration for normal larvae is 10%.

The imﬁortﬁnco of the naemoglobin is without questionlaa it

'‘allows these animals to live in anaerobic conditions, and it‘has-
been shown by Czeczuga (19605 that the haemoglobin content of

Chironomus plumosus varies with the oxygen present. He investigated

the haemoglobin content of individuals from various levels 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, haemoblegin averaged 26.,7% of dry mass,

S,
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Another important feature of Chironomus larvae which enables
them to live in waters low in oxygen has been demonstrated by

iugenfeld (1967). THe showed that Chironomus thummi (riparius) and

plumosus have glycogen comprising 13=-1%% of their body weight, for
Tanytarsus however it is 24 The first two species are very
tolerant of low oxysen while Tanytarsus is intolerant. The reason‘
for this high' glycogen content in the Chironomus species is that
they are able to break down glycogen nnaerobically.l 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,

A a result of these experiments it would seem that animals

that colonise polluted waters, such as Chironomus &ppe., Tubificidae

and Asellus, are able to do so by naving 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 heemoglobin 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 lreches,

2 The iiffect of Ammonia on Aquatic Org&nisma

Most of the experiments using ammonia as a toxicant have
been ,performed on fich. They do nevertheless provide a useful
guide as to how invertebrates would react to this toxicante.

It has been shown that the toxicity of ammonia is 1nfinenced

by a number of factors including pl, temperature and dissolved

oxygen concentration of the water,
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: Downing and Merkens (1955) using Rainbﬁw frout‘have
demonstrated that ammonia is more toxie in its uneionised form NH3
than as the ion NHQ+' Since the degree of dissociation is less

at higher pH valués. aﬁmonia is more toxic in alkaline waters than
acid ones, It has been suggested by Warremn (1962) that the reason
that un-ionised ammonia is much more toxic than ionised ammonia is

]

that cell meumbranes 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 1little difference between the species of fish
experimented on. If the concenmtration is increased however the
survival times of the fish fall and differences become nore marked,

The influence of dissolved oxygen on the toxicity of
1 anmonia 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 Sp.p.m. dissolved oxygen to 500 minutes at 7p.pem. dissolved

{ oxygen.

It 45 known that an increase in temperature decreases the

-t —

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

temperature affects the ionization of ammonia, there being a

g ——— -

relatively greater proportion of the more toxic un-ionized moiecule
present at higha; temperatures,

Carbon dioxide can also influence the toxicity of ammonia
; but inversely, the greater the conoeniration of carbon dioxide the
less toxic the ammoniaianlution. This fact has been demonstrated

by Lloyd and Herbert (1960) and results from the fact that an
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increase in carbon dioxide would make the water more acid wﬁich
would then be reflected by more ammonia being present in its less

toxiec ionized form.

3, The iffect of Carbon Dioxide on fAquatic Organisms

Carbon dioxide can be produced in organically polluted water
by the oxidation of the organic matter, The carbon dioxide produced
will.influence the survival of organisms in the .stream.

. Dissolved carbon dioxide, in high concentrations, is known
to be toxic t; 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 (19%7). They showed that concentrations of carbon dioxide
which can occur in polluted streams can more than double the minimum
concentration of dissolved oxygen necessary for the survival of S0%
Ef Rainbow trout for 24 hrs. At 12.5°C the letﬁal oxygen level for
50% survival for 24 hrs. was lp.p.m., when there was 60p.p.m. of
carbon dioxide present the lethal oxygen level r;se 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 Cammarus pulex, both a drop in oxygen

and an increase in carbon dioxide concentration quickened respiratory

movement.

It would appear that dissolved carbon dioxide c¢ould affect
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gertain invertebrates in a similar way to fish.

.4, The Effect of pH on Aquafic Orgzanisms

The pH of the water is frequently altered by organic
pollution. The presence of carbon dioxide lowers the pH and so
qenerally 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 ioid conditions. The pH at which 50% of the test

species died after 96 hours is known as the TIH96. For the caddisfly,

96

Brachycentrus americanus the TLM”" was ﬁH 1.5, for the stonefly,

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

The least tolerant was another mayfly, Ephemerella subvaria where the

'I'I.l-!96 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 cone

‘siderable variation in pH and that the changes produced in this respect by

organi¢ pollution would not, in themselves, be of great importance.

5. The Effect of Non-FPoisonous Salts on Aquatic Orranisms

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 (1%4) 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
3 :

was 373p.p.m., ammonium chloride 134%p.p.ms and sodium chloride

6.1“’3]701101'11-

Jones (1937) using Polycelic nipgra 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 (194%1). Using

Folycelis nigras 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 concehtrationa. it is doubtful
whether the amounts normally present Qould exert much of an influence

on aquatic organisns,




Diagram of quantitative sampler, Photograph 1.
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3,1 Sampling Methods and laterials

It was decided to investigate quantitatively the effact of
organic enrichment on the distribution‘of fresh=-water inve?tebrates
in the riffle soctions of streams, -

The quantitative samples of the freshwater benthos vere
taken using a saw e¢ylinder sampler (fige 1) This sampler waoc made
{n the Biology Department of the University of Aston in Birmingham
and was based on that developed by Neill and described in Macan
(1958). Macan ma&e a ﬁumher'of eriticisms of this type of sampler,
but after being used in preliminary work it was found to be eascy to
we and jrovided good gquantitative results, 4As a result it was

A :

decided to use it for the quantitative bottom samples required in

this pro ject.

Two oylinders were construgted of stainless steel, one enclosing

an area of ;05M2 the othar au area of C.lﬁa. The lower edge was
serrated to facilitate it being pushed into the stream bed. Water
flowed into the eylinder through a perforated piate facing upatream 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
thie net was 60 threads per inch, which according to Maitland (1946)
should prevent all but the very small individuals passing through.
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 ns a result less samples could be taken
and analysed. Because it was intended that a larger number of routine
samples bhe talen 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 f£he fine
gediment was stirred and sifted., The flow then carried the catch
4isturbed in this way into the net. The net was then detached and
.th' oatch 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 firet of
a1l sorted from the sediment. h!terwards.they were then ideﬁtifiod
to apecles, an exception to this were the Oligochaeta which w;ra
{dentified as far as families. The 1dontificatiqn of the
fphemeroptera, Plecoptera, Simulidae, Malacostraca, Oligochaeta,
‘fastropoda and Hirudinea were carried out using the keys produced
by the Freshwater Biological Association. The Trichoptera ware
{dentified using the keys in 'Caddis larvae® (Hiékin 1967). The
¢hiironomid larvaa were identified as far as possible using a variety
of keys of which Johanssen (1937), Roback (1957). Bryce (1960) and
Chernovekii (1961) were the most useful. To verify these identifi-
‘eations,larvae were reared to the adult stage and th§ adults
identified using 'Coe, Freeman and Mattingley® (1950)e Other books
~that proved useful for .general ideatification were Mellanby (1963)
and Macan (1959).

After the animal material had been idenfitied the total
tuzbers of each species present were counted, In the River Cole
suirvey three samples were taken at each station every month, from
the numbers of each specics present in the three samples the mean
vas galculated together with the 95¢ 'Confidence Limits' using the
tethod described in Bishop (1966)s These figures were ‘then used
to help show trends in the distribution of animala_ih relation to
rgani¢ enrichment.

At the same time as the bottom sample was taken a water
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gample was taken for analysis. In the laboratory the following
determinations were carried ount - dissolved oxygen, temperature, .
piochemical oxygen demand, ammonia, oxidised nitrogen, orthophosphates,
calecium, magnesium, pH and alkalinity. The methods employed for

these determinations were those described in 'Methods of Chemical
Analysis' (1956) for ammonia, oxidi=ed 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.l 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., Thelternperature

. vas always measured in the field with a centigrade thermometer

(«50 to 50°C scale).

Doscrintion of Streams

The initial investigations ware carried out on the upper.

‘streteh of the River Cole. This river arises_to the southewest of

Birmingham and then flows northwards to eventually join the River
Blythe. :

The River Cole {fig. 2) after reaching the southern oute
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.l

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

Gl o s T PRI ey ) o il . fatia s " sae il il




f
Fig. 2. Map to show River Cole
sampling stations.
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Photograoh 2
River Cole, Statiom 1,
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FPhotograpgh 4.
River Cole, “tetion 9,

Fhotograph 5.
River Cole, Station 4.

rhotograph 6.
River Cole, Statvion 5,
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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
pineralised before the major discharge éntered. As a basis for
comparison a station was selected in a riffle zone of Dowles lirooke
Dowles Brook is a atream'of exceptionally good quality receiving no
obvious organic enrichment. 1t flows through the Wyre Forest to
enter the River Jevern just ups tream of Bewdley. The station was
sglected at Tar Forest on the western edge of the foresh. These
seven u?ations were selected so as to provide as similar physical

conditicne in terns of stream bed and flow as possibles

piver Cole Stations

Station I (photograph 2) GR 8F 095756

At thic point the River Cole was a very small stream shaded
by elm trees. Tt veried 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 SF 098773

The river had not increaced in size at this point. The
most 4mportant physical difference between the stations was that the
river was not shaded. The bed was composed of ﬁimilar 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 ITI (photograph %) GR SP 103783

The river had increased in size due to the entry of a small
tributary stream and was now approxim#tely 3.4 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.
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Fig. 5. Map to show sampling station on Bob's Brook.
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ngation 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 Stipgeocloniun.

station V (photograph 6) GR SP 096805 |

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

ved of water worn pebbles, Ranunculus fluvitans sometimes formed thick

growths at this station.

ttation VI {photograph 7) GR SP 100825

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

vide due to the entry of a tributary stream. The river was shaded with
willows beiuk the most common trees along the banks. The stream bed was
sgain similar to that of the previous stations, but the stones at this
station were frequently covered by growths of Cladophora. |
Dowles Brook (fig. 3) S0 725762

At the sampl&ng station the stream was of similar dimensions

to the River Cole lndlwaa 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, | “
The intensive study of Dowles Brook lasted from November 1966 to
Decerber 1967 and of the River Cole from December 1966 to December 1967.
From Dowles Brook one sample was taken each month from O.IH2 of the stream |
bed, TFrom the River Cole in December 1966 one samjple was taken from
O-IME. but in all other months three samples were taken, each from O.OEHZ
of the stream bed. 1In addi;ion to these samples from the River Cole one
sample was taken each month for the following year from 0.051{2 from

Btation 6, The results of this study proved to be very intéresting, some

species apparently favoured organic enrichment while others seemed to be

e r—r———— e 1~,MWW1
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is wholly domestic. Two stations were chosen on the River Salwarpe,
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rentricted by it, The larvae of the Chironomidae were very numerous at
all the stations below the effluent, and it appeared that different specie
yaried in their tolerance. This waa particularly interesting for as a
group the larvae have been virtually ignored in this country owing to

the difficulty in identification,

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

Bronk._: further anrvay;work was started on the River Salwaipe, Bobs Brook i
ard Merry Hill Book. | It was hoped to show that the positive results i
especially with regards the distribution of the Chironomidae were generall I
the same in other ‘Hiéland streams'., It was found during the River Cole
survey that although three samples were taken at each station every month
the individual samples were very similar for any one station with regards
the species present and their a‘num?nnce'(‘l‘able S)e As a result it was
decided to take ondy one sample per month from each station as this should
provide a good indication of the composition of the community and at. the

sane time allow more stations to be investigated,

givn;' Salwarpe (fig'- b)

The study of this river commenced in March 1968 and lasted until
¥areh 1969, This river arises as ghe result of the confluence of two
etreams to the south of Bromsgrove. The river then flows iu:a south
vesterly direction and eventually enters the Stratford Avon. The river
receives the effluent from the Fringe Oreen Sewage Works of Bromsgrove
Urban District Council. The effluent discharges.into the more westerly

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

they were both in riffle zones and similar in other respects.
lation 1 SO 957681

This station was approximately 3500 metres below the confluence
of the two tributaries. At this point the river was approximately

% metres wide and 5-8 ems deep during normal flow. The bottom was

tomposed of water worn pebbles with fine sediment in between. For -
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I .
the first three months or so the stones were covered by 'sewage
fungua', this gradvally disappeared during the course of the study.
The river at this point was largely shaded by elm treecs.
station 2 S5O 933674

The second station was approximately 3 kms downotream of

Station 1. The rivef wag Pf similar dimensions as at Statjon,l;
The bottom was also similar, the main differencq being that the
‘aewnge fungus' growths had been replaced by Cladophora. The river
was agajn partly shaded by elm and willow trees. : :

Bobs Brook (fig., 5) S0 898%07

The study of Bobs Brock also comamenced in March 1967 and
was completed in March 1968, This is a small stream to the west
of Dudley and is a.tributury of Holbeache ﬁrook which in turn unites
" with Smestow Broolk 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

effluent outfall., - At the station the stream was approximataly

J—

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

tottom although oompoéed mainly of stones nnd_pebb;ea also contained

brcken house bricks etc. The stream in this region was shaded,

mainly by willow and elm trees,

—

Merry'Higl Brook (fig. 6)

Merry Hill Brook arises in south weet Weolverhampton and is
almost wholly composed of sewage effluent. The s tream flows in a

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

e — g o A A

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

| and was completed in June 1968.
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River Trent sampling stations.

Photograprh 14. "alton.

Photograph 15. Wem Brook.

Photograph 16, King's Bromley.




River "rent sam;/ling atations (cont.)
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Station 1 80 878965 |

Tho stream at this psint was 2 matras wide and in the riffle
sections 5=8 c¢na deeps The bottom was composed of water worn
stones, and these usually had a covering of eithar 'sewage fungus' ,

or Stirencloniv. 1\t this point the station was not shaded.

station 2 S50 862958

This station was approximately 2 Kms downstream of Station l.
The @tream had not obviously increased in size from Station 1 and
the bottom was of a gimilar composition although the stones were no

longer covered by sevage fungua or Stirenclonium.

(]

E In addition to the stations alrealdy describved, {ive other

‘ stations were sampled regularlty and another stream occasionally.
The. five stations sampled regularly were situated on the River Trent
or its tributaries, the otner stream was the River Ray a tributary

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 the 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) OR SK 211178 _

This station was approximately 4 Kms downstream of the entry
of the River Tame inmto the River Trent. The Trent at this point
was approximately 40 metres wide and very deep. Quantitative Ly
sanples were talren 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 situsted in the Pingle Fields area of Nuneaton. The

stream was 34 metres wide and in the riffle sections about 12 cms

deep, The bottom was stony with thick growth of Cladarbora,

i s it At
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(3) Xings Bromley (photograph 16) GR SK 123173

This sampling station was situated on the scuthern fork of
the River Trent. The river at this point was approximately 15 metres
wide and in the riffle sections 25 cms deep. 'he bottom was come
posed mainly of rounded pebbles with fine sand in between,

(4) St. Thomas' Mill (photograph 17) GR 8J 9#9229

This station was situated on the River Sow approximately
500 metres downstream of the entry of the River Lcnk. 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 Cladopliora. .

(5) Harlaston (photograph 18) GR 8K 214115

This station was situated on the Kiver iiease. At this
sampling station the river was approximately 20 metres wide,

Quantitative sanples were again taken near the banks.

River Ray Sampling Stations (fige. 8)

The River Ray which is a tributary of the River Thames was
sampled at four places on'two.occaaiona. The first set of saﬂpleé
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 upstreanm of Rodbourne worksleffluent“and
the river at this station was approximately & metres wide.
Station 2. GR SU 122873 I

The second station was approximately é.s Km: downs tream of
’the effluent outfall. Thé river was now considerably larger and
was approximately 12 metres wide. The béttom was stony with thick

growths of Cladophora.
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station 3. GR SU 111897
Thie statior was approximately 6 Kms downotream of the

offluent. As in the vreviouz station the bottom wac stony with

.

profuse prowths of Cladophoras
Station 4, GR SU 110927
O

Thie sumpling station waz approximately 9.5 Kme downstream

- of the effluent, aprroximately 1 Km upstrcam of where the Ray

enters the Thames,

32 ' Hiver Cole and Dowles Brook

3.2.1  Results

3.2.1.1 Chemical Hesults

L Dowlea Brook %nd the River Cole wﬁre sampled for 15 months

from D;cember 1966 toEDncember 1967,
The results from the seven statlions sampled showed clearly

the effeot.of an organic discharge on the chemical composition of
the water. Dowles Brook has no source of organic pollutioﬁ and
this is reflected in the results, River Cole; ﬁtation I, was
generally in a worse condifion than DowIeB.Brook owing to the poultry
farm upstream. The entry of the sewage effluent however has a
markedleffact and Station 2 can be  described as beinsg badly polluteq.
There was usually a gradual recovery downatream.'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. 'Theéa are shown on
' !

\

Dissolved Oxyren (fige 9)

The dissolved oxygen figures for the 135 months clearly
reflected the polluted state of the River Cole. The effect of the

organic effluent however was far more noticeable duringzg the summer

e
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Fig,_'I.O Temperature and oxygen recordings made during

a 24hr. survey on,the River Cole.
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months.

In Dowles Brook and the River Cole Station 1 the water was
poually well oxygenated, bhut with the discharge of organic effluent
downstream of Station 1 the oxygen ooncontration was greatly rpduced.
in some cnnes to just above zero. 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 &, 5 and 6. At

§tation 6, the lowest point sampled, recovery was by no means complete

" and the oxygen figures would suggest that the river was moderately

polluted at this point.

Tn Dowles Brook and Cole 1 the lowest figures recorded were
for July and they were 8.9 p.p.m. and 6.5 pe.pem. respectively.
¥ith the exception of the July figures the daytime oxygen
concentration did not vary a great deal at these two plécea. At
the polluted sampling stations on the River Cole the oxygen
concentration began falling in April and the lovest recordinga were_"
for July or August. At Stations 2 and 3, for four monﬁhs durding
the summer, the oxygen concentration was around 2 p.DeMe Da=
oxygenpation was not quite so marked at Station L, to a lesser extent
at Station 5 and leact at Station 6, The lowest figures recorded
for these three stations were 2.1 PePeley 38 pepems and 4,2 PePele
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 there were high flows following heavy rain,

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

two hourly intervals on the River Cole,  Thece results are given
in figure 10. At Stations 1, 4,5 and 6 there were marked diel -
fluctuations, while at Stations 2 and 5 the oxygen concentrations
varied very little. In the four stations' showing diel variations

the highest figures were recorded between 12 noon and 4 p.m., there

b i e o it SO
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was then a graduval fall #n the oxyren concentration until midnight.
For the next six hours the oxygen concentration remained approximately
the same, At'day-break, which was approximately 6.0 a.m. the

;xygen concentration began to rise and increased steadily until noon.
Gtation 1 showed the diel fluctuatiom very well and the hiphest
oxygen concentration recorded was 11 p.p.ms at 2.30 pem. while the
lowest ;Qa 502 p.pem. at 4,30 a.m, At Stations 4 and S5, during the
period of darkness, the:oxygen concentration was exceptionally low

] and well below 1 p.pe.m. Tor eight hours. The lowest recorded
figures for Stations 4 and 5 were 0435 pepems and 0.3 pepem., the
highest during daylight being 6.8 and 5.2 pe.pemes Low oxygen figures
were also recorded for Station 6 and for a period of four hours,

the oxygen concentration was bhelow 2 pepe.m. During the day the
oxygen concentration was nearly 7 pe.pem.

The oxygen concentration at Stations 2 and 3, as previously
mentioned, varied very little during the 24 hrs, and was uniformly
very low. The highést recorded figure for Station 2 was 2.1 Pepels
and the lowest 1.2 pepem., for Station 3 it was 1.4Ip.p.m. and
0.6 pepem. respectively. |
zcméérature

The temperature recor&ings 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
qua'always seemed to increase the temperature of the water.

Station 2 was always warmer than Stotion 1, this increase was
usually small, the biggest variation being 2.500.,

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 fall 4n the oxyren concentration until midnight.
For the next six hours the oxygen concentration remained approximately
the same. At day=-break, which was approximately 6.0 a.m. the
oxygen concentration began to rise and increased steadily until noon.
Station 1 showed the di;l fluctuation very well and the hipghest
oxygen concentration recorded was 1l p.p.m; at 2.30 pems while the
lowest was 5.2 p.p.m. 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 p.p.m., Tor eight hours. The lowest recorded
figures for Stations 4 and 5 were 0435 pe.pe.m. and 0.3 p.p.m., the
highest during daylight being 6.8 and 5.2 p.pems Low oxygen figures
were also recorded for Station 6 and for a period of four hours,
the oxygen concentration was below 2 p.pems During the day the
oxygen qoncentration was nearly 7 Pepele

The oxygen concentration at Stations 2 and 3, as previously
‘mantionad. varied very little during the 24 hrs. and was uniformly
Verylldw. The highest recorded figure for Station 2 u@s 2.1 p.pems
and the lowest 1.2 p.p.fe, for Station 3 it was l.4% pepem. and |
0.6 p.p.m. respectively.
i Temperature
: The temperature recordings were generally very similar at

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

the summer months. The discharge of the effluent into the River
Cole always seemed to increase the temperature of the water;'_

i Station 2 was always warmer than Station 1, this increase was
usually small, the biggest variation being 2s5 e

During the summer months there was a tendency for the KHiver

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.

S e

A r—
B e L s e ol e R o s coae st s et i RS SEt N



b5

The Zh.hr. survey on the River Cole which was undertaien
during a period of dry hot weather provided very high temperature
recordings (fig. 10). The highest figurea were recorded at 2,30
snd %.30 pems,, the lowest figures at 2.30 a.m. The diel variation
{n all stations was approximately 6°C, At all stations the
temperature exceeded 20% at 2430 pem, and at Statlon 5 it was over
4%,

Caleium and Magnesium

In terms of hardness the water at all seven stations was

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

_econtent at any one station tended to remain fairly constant throughe

out the year, although if sampled after heavy rain the concentration
was usually significantly lﬁwar.

Dowles Brook had an averape calcium content for 12 months
;f 48,5 pepem., for the River Cole 1 it was 40 p.ﬁ¢m. The calcium
concentration usually increased dowﬁatream and the average for
Stations 2, 3, 4, 5 and 6 was 43, 47.7, 49.7, k9.b and 52.9 pepenms
respectively.,.

- Magneaium 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 caleium although in the six
stations on the Cole, all were fairly similar each month. The
water in Dowles Brook usually contained less magnesium than the
River Cole, the averape 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

8ix stations (1-6) being 12.3, 9.1, 11.2, 12,0, 12,4 and 13.9 pepeme
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wwnonia (figs 11)

The concentrations of ammonia recorded for the seven stations
yaried with the polluted state of the rivers.
The water in Dowles Brook usually contained no ammonia at

all, the average for 12 months being Oe¢l Pepeme Station 1 on the

River Cole usually had slightly more, the average here being 0469 b.p.n.

but again the concentrations were low, the highest recorded was
2.0 pPeDalls Below the effluent however the ammonia concentration
wag greatly increased and the highest concentrations were usually
recorded at 5tation_2. the ammonia concentration usually falling
rogressively downstream as oxidation occurred, l

The water at Station 2 usually contained high concentrations

of ammonia especially during the summer months and during July a

-~

‘figure of 36.5 pepem. was recorded, giving a clear indication of how

' padly polluted tie river was at this point. At Stations J, by 5

and 6 the water, although containing less ammonia than at Station 2,
still had bigh concentrations of ammonia present, the highest
figures recorded for these stations being 9%elty 10,6, 6.4 and 64,0 pepeme
respectively.

Tt 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 gonthly éamplns at

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

10 aeme, 2 peme and 6 pems (Table 2)e The ammonia eoncentration

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 Banpies talene. Station 3 differed in that the
hizhest concentration recorded was at 6 p;m. when 8.2 Depema was

present. At both Stations & 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 p.pem.), the
highest at Station 2 (9.2 p.p.m.) from where the concentrations

gradually decreased downstream.

Mtrates (fige 11)
u Oxidised nitrogen was never present in large concentrations
at eany station and did not reflect the polluted condition; the

station with the highest monthly average was in fact Station 1

R (ko6 poepeme)s The low concentrations of oxidised nitrogen,
[ together with the high concentrations of ammoniacal nitrosen |

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

Orthophosphates

that it was a poorly oxidised effluent. . \
|

A8 with ammonia and dissolved oxygen the orthophosphates
present indicated the polluted state of the river, the candentrations :
being highest in the summer montha. quite hipgh concentrations were
recorded at Station 2 especially during the summer monthe. Down=
atream of Station 2 there was a gradual fall in the amount préaent
although during July concentrations of over 2 pe.pem. were recorded
at both Stations 5 and 6. ''he concentrations recorded for ghe two
R non=polluted stations were always negligible.

!

: Dowles Prook 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 intoc the Cole had the effect
of lowering the pH, the average for Station 2 being 7.2. Downatream

the water became progressively more alkaline and the average for 12

mronths for Station 6 was 7.66,

B,0,D,

e ——

.

The vnriation in this factor in the seven stations aain
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clearly reflected the degree of pollution. Dowles Brook generally
nad very low valuves the highest recorded figure being 3¢8 pepeme
The results clearly demonstrate the extremely good quality of the
stream. River Cole 1 ala; had low values, although usually higher
than Dowles Brook. The B.0.D., at this station would suggesat that

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

the water was greatly increased below the effluent. The highest

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

creasing downe tream. i

The B.0.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 € in July the b.O.D. of the water was
27 ot ﬁ.p.m. In some months the B.U.D. of the river water was so
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 4 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 ajpear to be preaeht in large numbers., Capnia

e T——
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bifrons appeared to he the most abundant form in the winter months,
_—‘_

while in early summer it was Amphinenoura sulcicollis and in late

summer Leuctra moselyi. Other nymphs frequently found in the

samples were those of Leuctra hippopus, and Iscperla grammaticae.

The Trichoptera was also well represented and the larvae

of nine species were recorded. Hydropsyche fulvipes appeared to be

the most numerous épecies, while the larvae of Rhyacophila dorsalis

were also present in comparatively large numbers considering that
it is a carni;ore.

Ta This diversity of species was also encountered in the
Aphemeroptera wheres the nymphs of five species ware recorded; The
nymphs of this group often formed a large proportion of the numbers

of inddividuals caught. Rhithrogena semicolorata and Baetis rhodani

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

summexy Lphemerella ignita was also numerous as was Ecdyonurus dicpar

in the late summer and autumn.

Gamna rus ﬁplex was well reprecsented in all the monthly

samples and appeared to be an important member in terms of numbers
of the benthic community. Larvae of species bhelonging to the

Coleoptera and Diptera were also usually present in the samples but

with the exception of Dicranata they were never present 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 populaticns in
fresh-water streams are the Hirudinea and Chironomidae. Both these
‘roups seemed to be poorly represented in Dowles Brook. Omrly two
leeches were recorded and these belonged to different species. A

number of different species of Chironomid larvae were usually present

e e e T e P o t-v1
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{n the samples but tney were never present in large numbers.
Mensurements of the body length of five species found commonly in
the samples revealed sone interesting; features concerning growth

rates.

naetic rhodani (fig. 12) was precent throughout the year. It

was represented in the December sample by seven half=-grown nymphs ,
¢rom January to April the numbers slightly increased and a number

of fully grown nympha'were present in the samples. From May to

- July there wvas a marked increase in the numbers of nymphs taken but

theae 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 nymphso. In the last three samples

|
the numbers taken dropped again and the individuals present varied

in size,

Ephemerella ignita (2igs 13). ' The nymphg of Ephemerella ignita{
were only taken during the summer.  The fast individuals were |
recorded in May and the last in Soptembe;. The species was mos t
pumerous in the July samples, the numbers falling in the sﬁcceading
zonths. The meaﬂnrgments revealed how the individuals making up'f
the population increased in size. In May only very small nymphs |
were taken. the first fully grown nymphs were present in the July
sample. '

|
i
!
\

Rhithropgena semicolorata (fig. 14). Hymphs of Rhithrogena were

present in the samples throughout the year, This species was well iy

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 eéamples

The size measurements revealed a steady increase in the size of the
nymphs from December to May. The first fully pgrown nymphs being

recorded in April. In June and July only a few individuals of

s AT R R

er——



v

LENGTH IN MILLIMZSPRS

-
-

Fig.12 _The size distribution of

he total numbers of Zaetis

t
collectzad each month from O-1x*of the stream bed orf Dowles
Brook. (Numbers at the tcp of each block are the total for that
month.Horizontally €@-1 of an iach represenis 5 aninals.)

23 20 66 111 85 26 136 3 .29

Q o

b SN T BRI

Y Rl it (R 1 O




-

I'RE3

1
’l

NGTH IN MILLIME

LE

e iy

" Fig.13.,The size distribution of the total nurmbers of Boheas

ignita collected each month from 0-1m®of the streza bed of Do
Brook.(Numbers at the top of each block are the total for tn
month. Horizontally 0°*1 of an inch repres®nts 5 animals.)

8 59 94 35 £

N e



Fig.14, The size distribution of the Sotal nusbers of 2hi
senjicolorata collected each month from Q-lni*of the s:

ream bed of‘
Dowles Brook. (Numbers at the top of each block are the totzl for
that month, horizontally 0+l of an inch represents 5 animzls.) ;
48 70 Tx 59 99 53 11 8 3 127 23 78 33

IO ~ :

q

8 -

7L 4
=6 I
:_:‘E
£
HO T
=
= /
h 2
& 3 v
i | —_

¢
2 : =
i
! 1 1 1 1 1 ! . ~ '

i catiliiie,



o S et e g . Y e D g B o VY,

: Pig.15, The size distribution of the total nuabers of Hydrousyct
fulvioes collected each month from Q-lm™of the strzam bed of Dowles
Brook. (Numbers at the . top of each block are the total for that
month, Eorizoatally O-1 of an inch regresents 5 animals.) Fex i k
6+ — 13 8 g & : V4 67 7 69 A
5 | g
12-13}
0 W0~

e o eyl e m e | |
Mhiing, A anl L

LENGTH IN MILLIMETRE

o
(i
=
=
>
A
€
¢
>
»
o
Z
o




e i
. - - B e . e A e
A T 4 g o P TSR A LM M S s - - x : .
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pulex collected each month from O0+1a*of the stream bed of Dowles
Brook. (Numbers at the top of each block are the total for that
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dif ferent lengths were present in the samples. In August only
three individuals were taken and these were all small, In the
September Bamplé there was a tremendous increase in the numbers of
these small nymphs. For the remaining three months of the year
the sanples sugegested that the species was abundant in the stream
and largely represented §y half-grown nymphs,

Hydropsyche fulvipes (fig. 15)s The numbers of the larvae of

this species present in éhe 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 period. FPor the last four
months of the year the species was once again present in the samples,
largest numbers being present in the September and Novenmber samples.
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 ﬂpril sample
however there was a definite ipc}aape in the numbers of fully grown
larvae, For the next four months with tﬁe exception of the four
fully‘grown larvae present in the June sample, the larvae of this
species was not present in the‘samples. The larvae reappeared 1n'r
the September sample but only small larvae were taken (six mms.
being the largest). In October and November the individuals takeﬁ
became progressively larser. The largest present in‘the.aamplés
for these two months were 1l 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

i i
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in the first four monthly samples were approximately the same, and
this was followed by a decrease in the numbers present in the

u;mples for the succeeding three months (April, May and June). This
was followed in July by a marked increase in the numbers present and
large numbers were also present in the August and September samples,
The numbers t;Pen then fluctuated there being a decrease in October
followed by an increase in Hovemheri For the first seven months

the size distribution was similar, in any one month the individuals
yaried in size from very small to full grown. The July, August and

feptember 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. Tn both the lNovember and December

panmples there was a definite increase in the rroportion of fully

grown individuals to other sizes.

Hiver Cole

Jtation 1. (Table &)

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 dominate& by relatively few species. A

numbof of species were common to both e.g. Gammarus pulex and Daetis
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 numerous. The
Cligochaeta were now present in far!lurger numbers in the samples,
the Tubificidae apparently being th; most numerous group at this
station, followed by the Lumbriculidae. The Bnchytraeidag on the

other hand appeared to bhe rare. The [irudinea was réprcsented by

at least five species. “rpobdella loctoculata was comuon especially

in August and September. The other two species usuplly present in

the samples were Glossiphonia complanata and lelobdella stagnalis.
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Two species of Crustacgea were talen at this station.

sammarus pulex was very common especially in the summer and autumn

while Asellus aquaticus was also usually present but in smaller

numbers «

The Ephemeroptera nppeaﬂed to be reprecented by only one

species, namely Baetis rhodani, Put 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 omne of these, namely Hydropsyche angusti-

pennis appeared to be common. In August and September this larvae
was abundant in the river at this station.
Of the Plecoptera .only species belonging to the Namouridae

were recorded. llemoura cinerea nymphs o5t frequently occurred in

the samples. The Diptera was quite well represented by the

S4mulidae 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

'heing Trichocladius rufiventris, Cricotopus bicinctus and Eukieffenielgg

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 }
measured in order to obtain some information about growth rates and !
the composition of the populations during the year. !

irpobdella octoculata (fig. 17) was present in quite lorge numbars

in the samples throughout the year, From December to June the
specimens taken varied in size. In June &né even mcre 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
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Fig. 19 _.,The size distribution of the total numbers of Zydro.gyche
angustipennis collected each month from O-1m*of the streem bed of
Station 1 of the River Cole. (Numbers at the top of each block are
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these very siall individuals were no longer present in the samples,
although 6lightly larger individuals (5-9 mms) were the most

asbundant 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 May. The numbers taken rose sharply in June and large numbers
were vresent in the samples from Junme to October. It would appear
that G. pulex was abundant at this gtation 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 fﬁll srown individuals were the most abundant. In May very
small individuals appeared in the samplaé, these were not present in
the June samples but reappeared in the July and August samples, only

to disapvear from the samples for the remainder of the yeaf.

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

population appeared to be composed‘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 all showed
a drop in the numbers tagen when compared with the June = qutember'
period and the individuals taken were half or full grown.

Hydroosyche anpustivennis (fig. 19). The larvae of this species

was present in 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 waslmade up
of larvae of various sizes, those taken varied from 4 mms to 16 mms.
In July however the populdtion was apparently composed of only small
and medivm sized individvals. In August and September there was #-
sharp increase in the numbers taken and these varied in.eiza from
very small to full grown. The September sample differed froﬁ 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 greater
proportion of fully grown larvae present. In October, November

and December there was a tremendous decrease in the numbers of larvae
present in the samples, The smallest individuals taken were 4 mms
in length, and the population was composed of larvae of varying

pizes.

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

species present in tﬁe samples fluctuated during the year, greatest
numbers vere taken in April and July. .This species always secemed
to form an important member of the community. The growth patterns
uhich 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 ;f this species
and this Qaa due to large numbers of small and halfégfown 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 uppedred 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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gpecies of Station 1, namely krpobdella octoculata, Gammarus pulex,

fiydropsyche nnguestipennis and Baetis rhodani were now rare. The

"

Tubificidae vere most abundant in the spring samples, being present

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

worms seemcd to have a similar seasonal distribution and were most
abundant in the February sanple. The Lumbriculidae were not as
apparant as at Station 1 and only appeared in the samples sporadicallys.

Chironomus riparius, which had not appeared in samples from

Dowles Brook or Station 1, was now the dominant insect larva..
Thie species was not present in all the monthly samples, being absent

in the May sample and rere in the other summer sanples. Large

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

gpecies of chironomid larvae were taken of whiéh Trichocladius
rufiventric was the most numerous. - All these species were most
abundsnt 4in the spring camples being, for the greater part, absent
in the summer and autumn samples.

The only nen-c¢hironomid insect larvae taken in large numbers

were thoee of Simulium ornatum which were also restricted to the_

vinter and spring samples. Only a few scattered individuals of

other species were recorded of which Bastis rhodani was the most

numerous . Baetie also was absent from the summer samples.

Station 3 (Table 6)

The fauna of Station % appeared to helaimilar qualitatively
to that of Station 2, the main difference between tne %two étationa_:
being quantitétiVa. The Tubificidae were still apparently the
nost numerous wor;m, with the Enchytraeidae also being present in
large numbers. Both groups were again most abundant in the spring
aimplea, 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,’

A S —
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The larvae of Chironomus riparius were again the most

pumernus 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
present in far greaéer numbers in the samples from July onwards.
An important feature of the samples from this station was that the
larvae of other chironomid apecies now became abundant, being
precent in far greater numbers than in samples from Station 2.

The most important of these species were Trichocladiuz rufiventris,

‘Prillia longifurca, Tolyvedilum arundineti, Frodiamesa eclivacea

and fukiefferiella hospitvs. These five species were most numerous

in the spring and autumn samples (figs. 23%=26) being abeent from
the summer samples..

As at Statlon 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

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

similar to Station 2, the leeches, Gammarus pulex, &scllus 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
vhich had established themselves at the previous station e.g. Prillia

longifurca and Irodiamesa olivecea were apparently far more abundant.

The Tubificidae agaln appeared to be the dorminant worms followed by
the iinchytraeidae, The lummbricuiidae although not as abundant in
the samples az the other two groups did seem to show a definite

incrense in numbers when compared to Station 3. An interecting

fact that emerged was that the Tubificidae were now taken in large
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Fig.2l, Seasonal incidence of Chironomus riparius in 5

stations on the River Cole., Points on grapns represent the

nean of 3 samples, Superimposcd on the graphs for Stations 2

and 4 are the 95 confidence limits,
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6 stations on the River Cole. Points on graphs represent the
; nean of % samples, Superimposed on the grapyhs for stations 3

and 4 are the 95% confidence limits.
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Fig. 24. Seasonal incidence of Prodiamesa olivacea in
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(eee++) and liicropsectra atrofasciatus (——) in five
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pumhers throughoui the'year and in fact the greatest numbers were

recorded in July.

Chironomus riparius larvae were once again, in terms of
o
f ! :
total annual numbers, the most common species of chironomid larvae

in the samples, but as previously mentioned other specles were
common at this station. The seasonal incidence of Chironomus

riparius (fige 21) seemed very different to that observed at

‘Stations 2 and 3, The larvae were precent in the winter and spring

gamples in only small numbers while they were abundant in the
\ugus t samples. Other chironomid larvae taken in large numbers

vere Tricheelsdius rufiventris, Cricotopus bicinctus, Brillia

longifunca, l'entaneura melanops, kukiefferiella hospitus and

irpdiamesa olivacea.,  All these species were tln in larger numbers

then at StatiLn Se Their seasonal incidence also differed to that

observed at Station 3, (figs. 22=25), Srillia longifurca,

‘vkjefferiella hospitus, Irodismesa plivacea and Trichocladius

rufiventris formed large populations in the periods January to
March and September to December as at Stationm 3, At Station 4,
however, a third population of these Qpeciea was present in mid=-
summer (Table 7). |

Cricotopus bicinctus was now far more numerous in the samples

than at Staéion 3, and the larvae of this species differed in its
seasonal distribution (fig. 27) to the species already mentioned,
the apecies being virtually absent in samples from November to
F!bruqry and the indiyidualu being common in samples at certain
timesfbe§ween March a@d Cetober,

The numbers of anirals taken, other than chironomid larvae,
had also increased at this station. The leeches, althourh 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.

\sellus aguaticus and Daetis rhodani had both increased in

pumbers in the sanples. Asellus was taken in small numberes
throughout the year whereas B. rhodani appeared to have a similar
gensonal distridbution to that at Stations 2 and 3, that ic, fairly

cormon from December to April and rare during the summer monthsa.

itation 5 (Table 8)

The fauna taken at Station 5 was very different to that of
the previnua‘utqtions and indicated how the river had recovered,
ilthough samples from this station were apgain rich in tubificid

worms, chironomid larvae, leeches and Ascllus aquaticus had also

become irportant constituents of the samples. Four species of
1lsech were recorded bﬁt only two speclies scemed to be common, and

these were Erpobdella'octoculata and Helobdelln stagpnalis. Both

species were common throughout the year. Asellus aguaticus was

also abundant at this station and like the leeches present in all

ronthly samples.

The Chironomidae present shewed distinet changes when

gnmpnred with the upestream stations. Chironomus riparius larvae

no longer seemed to be sbundant, and although present in most of

the monthly samples were never comron. The dominant chirononids

were Cricotopus biecinctus, richocladive rufiventris, Cricotopus

sylvestris, Drillia longifurcs and Eukiefferiella hospitus. As

‘at Station 4, Cricotopus biginctus larvae were abundant in the
sunmer samples (figs 27) 4And only sporadically present in samples
taken at other times. Tan July a population of nearly 30,000 per

Wmnrq me tre was recorded, The numbers of Cricotopus eyvlvestris

also increased remarkably from Station % and this species had a

similar seasonal distribution to Cricotopus bicinctus with

_Populations being largect during the cummer months (fig. 28). The
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numbera of Brillia longifurca, Trichocladius rufiventris and

‘ukiefferiella hospitus taken had also increasned, The seasonal

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

ghef% was a definite increase in the numbers of Ancylus fluviatile

taken,

atation 6 (Table 9)

The samples taken at this station showed distinct changes
in the benthic community, with thoseobserved'at Station 5, and this
could be assnciated with the improvement in water quality. Speéiea

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.
Lrpobdella 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 24

there was an increase in the numbers of Gammarus pulex taken,

Although G« 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

numbefa of these three species taken gt this station were however

tonsiderably lower than at Station 5. In the cace of Prodinamesa




L,

B T

-

BT T e A

A

"‘m e o b b T e A e

61

glivacea the larvae of this species was more abundant at Station 6.
The results of the samples taken in the following year were

gimilar to those already described (Table 10)e The total numbers

of Asellus aquaticus and Gammarus pulex taken for the two years

veré remarkably similar. For A. aquaticus it was 593 and 708 and

: for G. pulex 82 and 142.

The relative abundance of the various s ecies of chironomid

larvae was also similar and in both years Cricotopus bicinctus and

:!1chocladius rufiventris provided the highest annual totals taken.

The monthly incidence of the species did hbwever appear to differ inm
the two years with the apparent peaks in the populations not quite
coinciding. Tf this is the case it can almost certainly be %

attributed to differing climatic conditions during the two years.

The incidence of Cricotopus bicinctus for the two years (fig. 27)
reveals that although the larvae_seemed-to reach greatest abundance
at different monthg. the results were similar in that the larvae of
this species is most abundant in the summer and autumn. The

detailed incidence of Irichocladius rufiventris also differed in the

two years (fig. 22), but again there was a general similarity and
in both years it would appear that there were three major populations
present during the year, these belng present in early spring, mid

sunmmer and autumn. Cricotopus sylvestris (fig. 28) on the other .

hand had a remarkably 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

monthly incidence of the larvae of this species was similar in the
two years, with large numbers being present in the March sanples.

lukiefferiella 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.

1;2.2 Discuassion

The results from the Dowles Brook and River Cole investi=-
gation show quite clearly how organic enrichment can produce
¢hanges in water quality with corresponding changes in the benthie
conmunity . It was found that certain taxa seem to be adversely
affected while others are favoured by orgénic enrichment.

If Dowles Brook is taken to represent a normal fast flowing
gtrean receiving little or no organic enrichment and the Etation&
on the River Cole to reyresent different degrees of organic
enrichment the effect of orgamic enrichment on the various inverte=-

brates can be considered as a whole,

The different families of the Oligochaeta (fige. 29) differed

in their distribution. The Tubificidag and Enchytraeidae were more
sbundant in the organically polluted waters, and obvioualylfavourad
organic enrichment. The Enchytraeidae however seemed to ge
abunflant over a narrover range than the Tubificidae. With both
groups however they were most abundant ﬁot at Station 2 but further
downstream., It would seem that severe organic pollution can
restrict the distribution of even these two tolerant groups. Thia
would porsibly explain their apparent rarenecs during the gummer
months at Station 2 when conditions became particularly severe.
The distribution of the Lumbriculidae appeared to be less relatéd
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 Erpobdella
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organic discharge. Blocks represent total nunbers of animals collected

in twelve months from 0+1m*of stream bed,

J00

Gammarus lex

200

1600

. NUMBZERS OF ANIMALS

g0o

S
Asellus aguaticus
. -
< .
= t P -
B i
Baetis rhodani
r e o

5

8
Q

o
o

" NUMBERS OF ANIMALS

§(D
O
o

50
30

g
8'_

{8 i
5 - Hydropsvehe sop. %

7 4 o

Sphaerium and Ancylus fluvigtilis

o~ RS, |

25

go

1O

66

-
73

33

NED¥

€

oy

63 ]
[ =)
(=]
G
Q0 5
o
=
]
HH
WS g

60

30




g

L e e e S A & e A S

T e T LA

B N N R B W

Fig.32, Distribution of two invertebrate species in six statlions

sampling occasions. Points represent the mean of three samples.

on the River Col.il-&)aon two
confidence limits.

Superimposed are the 95

Gammarus pulex

Asellus aguaticus

2O - January . 260 January
= R 120
D ool 3
o :
e s -
a A
«a = — - /I + i 1
fﬂ : ] =3 i T ] i i i 1 T
< Jul ) ' |
% '20_ -|_ —l‘l.—i : 260—- iﬂly "|"
% :
e
:_:J [ —
<)
60_ 130 +
- Et_—_'_'_"‘* \ [ T 1 \
ET s T YRR TR RTINS




¥ - .
K»m et e
¥

Fig.33. Distribution of t®o invertebrate species in six stations on the River Cole (1-6) ,ontwo
sampling occasions. Points represent. the mean of three sanm

ples. Superimposed are the 3§57
confidence limits. ; G .
; Cricotopus svlvestris Baetis rhodani
4 Lior February 6LOor Harch
E =
: - 2
o
S 220+ : 320 |-
o. _
(o =
= s =
oy
o2
= =
= - T 7 T { Je T T 1 !
e
"
3 Jul
uly
S Lo, 6o - _
17 ]
= L A
= -
=
220 |- 320
] ] [ ] T ] ]
I I > 3 (P s 6

- A B e b B L I T - e e L

B~ o ee—————



N

B o' . il ST =

-

st TR e S 5

e Sl XA,

n

—

63

sétoculata leeches eeemed to be absent from Dowles Brook. In the

mdyer Cole, Piscicola geometrz eand Batracobdella paludosa were only

found above the effluent at Station 1, Other leeches scemed to

pe favoured by nrganic enrichment (fige 29)s  FErpobdella octoculata

was particularly abundant at Station 1 but was also abundant at

q¢ation 5 (fig. 30)., lHelobdella stagnalis although present above

the effluent scemed to reach a marked peak at Station 5, in the

recovery zone (fig. 30)s Erpobdella testacea although never

sbundant in the samples appeared to have its distribution restricted
to the polluted stretchaes, being most numerous in the recovery stages.
It would seem then that certain species of leech do préfer orgado
snrichment, probably because of the increased food supply in the

torm of Olipochaetes and chironomid larvae; they must nevertheless

be very tolerant forms. .

The two common species of malacostracan crustacean (figs. 31
and 32) also had marked differences in their distribution. Cammarus
pulex was abundant at Dowles Brook and at Station 1 and 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 waa-proﬁnbly 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 ard 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 aguaticus is then a

soderately 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 Gammorus pulex, the reason why Asellus aguaticus is

i T e a0 b
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.pparently absent from Dowles Brook is more difficult to explain

and it could be due to the presence of predators or competition

vith Gammarus pulex.

The Plecoptera, Trichoptera and Ephemeroptera also reacted
gharply to organic enrichment, and all three groups seemed to be
sdversely affected by 1it. In Dowles Brook fourteen species of
Plecoptera were recofded, 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 rare. Two species
of liydropsyche were recorded in the investigation, and these
appeared to have a very restricted distribution (fige 31).

Hydropsyche, fulvipes was only recorded at Dowles Brook while

where it formed

Hydropsyche anpustipennis was recorded at Station 1,

large populations. of the five species of Ephemeroptera taken from .

Dowles Brook only one, namely Baetis rhodani was recorded in the

River' Cole. This epecies (figs. 31 & 33) formed large pojulations
above the effluent, ﬁut although it was found in all stations below
it was found in greatly reduced numbers. The apeoiea belonging

to the Trio@optera, Ephemeroptera &nd Plecoptera would seem on the

whole to be sensitive to organic enrichment. No species from these

groups vould appear to be even moderately tolerant although slight .

organic enrichment seems to favour certain species. From this

investigation such species are Boetis rhodani and Hydropsyche

angustipennis both of which formed very large populations af

Station 1 which was known to have some orpanic 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 Colé 1l and rich in numbers and species in the
moderately polluted regions. It was possibhle Fo recognise various

degrees of tolerance within -the group. Chironomus riparius was

gertainly the most tolerant and was the only species to form large
populations at Station 2. It was most abundant, however, in the
gsanples from Stations 3 and 4, the numbers then appeared tb fall
sharply at Stations 5 and 6 and the larvae were not record?d from
Cole 1 or Dowles Brook (figs. 34 & 35). This species was
apparently restricted to polluted conditions and wae certa%nly the
most tolerant species of “this group for no other species wéra
numarons at Station 2. A number of species bacame quite common at

Station 3, the four most commonly occurring species were Urichocladius

rufiventris, Brillin loungifurca, Eukiefferiella hospitus and

llieropsectra atrofascietus,

Trichocladius rufiventris and Bukiefferiella hospitus (fige 34)

vere not recorded frem Dowles Brook, both epecies weré however
recorded at Station 1., Immediately below the effluent the numbers
seemed to be reduced, they then became more abundant in th§ samples

douuafream. The larvae of both species were usually most abundant

at Station 5 (fige %6).  The larvae of Cricotopus bicinctus had a

similar distribution (fig. 34) but differed in that this species was

only abundant in the samples %talken during the summer months (fig. 35).

Cricotopus sylvestris and Brillia longifurca were not recorded from
Dowles Brook or Station 1 but were rresent in small numbers at
St#tidn 2y from Stations 3 to 5 they became increasingly abundant
ia the samples, apparently reaching a peak at Station 5, the numbers

then falling again at Station 6 (fig. 34%). Cricotopus sylvestris

like Cricotopus bicinctus was moat abundant in the samples taken

o
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Pig.%4. 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
nunbers of animals collected in twelve months from Oe¢lu* of
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in Dowles Brook (L‘) and the R.Cole (1-5), showing the effect of the
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300~ Poly pedilum arundineti

I e 5 S, T A o !
=
ol 2
wn
o

o}~ b
I5 $ 425
! o ’ . s
i |. & .r"J
' e
" et (%]
0 ' ; 143
- Brillia modesta -
o BO~ e >
: © {%o0
; % 4 %
‘ ]
8 E
; 2
Lo :.‘ 2o 4
| L3 _:S !I
3 B ;':
| : n |
Pentaneura melanops = ~30 ;
(Wole ™ ; % :
W A ~ i
4 1q q. ]
rE . ! Lo « 8
g Bl |
4 & - Q i
I g ® 1415 B ,_
. 200} _ 5 e < i
v i & ] 5] 1
‘." j : m i
g == K ‘ i A El
= g i 4 ©§ .
9 " ; E
% J S - f
= o
8 Hicropsectra.atrofascig.tus_‘ g
e ” 1 .
%zm* 8 f
I o)
A 15
; 00~ 3 .-
N i i -5
T :
D IEfi‘luent2 Y- =]

i




R T

PER OO5M*

R e R
S 8 8 F

Y e AN A o

:
¢
!I
§

Ak i be

0
0
7.

Lo~ Station 5.

Fig.39. Scasonal incidence of Penbasncura nmelsnos in five stations

on the River Cole.

Station 2.

101-
 Em ST I g ¢ 20

S

ptation 3,

Station 4,

i

5 8

e

*'Station 6, = B3




N

AN

‘scems to be related to the degree of organic enrichment, only
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dufiﬂg the summer (fige. 33), waereas Brillia longifurca was most

. spundant in the winter and sﬁring samples (fige 37)s Other species

of chironomid larvae had similar distributions being most abundant
{n the samnples from the recovery stages. The distributions of

these species is summarised in fig. 34 for Prodiamesa plivacea and

{n fig. 38 for Polypedilum arundineti, Brillia modesta, Pentancura

ralano and lMicropséctra atrofasciatus. The larvae of these five
£elanops , :

species although not abundant were neverthelass cnnsistently present

I
f

at certain stations.

"The distribution of Simulium ecrratum lervae (fig. 31) also

scattered individuals warofrdbnd in Dowles Brook while quite large

populations were some times present in the River Cole. It would
I

‘seem, however, that this spgcies ie adversely affected by severe

organic pollution.

The two most abundant molluscs in the samples were Sphaerium

corneum and Ancylus fluviatile and these differed in their dis-

tribution (fig. 31). Sphaerium was most abundant in the samples
Ras ¥ Ty

from Stations 1 and 6 wh%l& incylus was common only at Station 5.

Tue Coleoptera were veri?restricted and like the Plecoptera were

only commonly found in ﬁuwlea Brook which suggeata ghey'are adversely

affected by organic enrichment.

The reéultg’?on&irm trends which have previously been
establicshed by oth;r worﬁers, notably Richardson (1929), Butcher *
(1937 and 1946) and Hawkes (1956). They do, however, provide
quantitative information on how the benthic cammunity reacis to
organiec enrichment and indicate that the community reacts by changes
in the percentapge 5 eciés'compoaiticn and not merely by the presence

or absence of species. The 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
guring the winter to that of the summer, These changes in the
¢onmunity are associated with a worsening of conditions during the
gunmmer. .4nother point that emerged was that the Chironomidaa ‘
which have long been ignored in this country are very important
constituents of the benthic community especially in the recovery
stages.

Gaufin and Tarzwell (1956) drew attention to the fact that
the septic zone contains relatively few species but the numbers of
{ndividuals of each species and the total numbers of organisms per
unit area was very great. The recovery zone on the other hand was
eharacterised by lesser numbers of the species found in the septic
gone plus the more tolerant forms found in clean water. The main
eharacteristic of the clean water fauna being a great variety of
{nvertebrates consisting of nymphs belonging to the Ephemeroptera
and Plecoptera and larvae of the Triahopter;.' Very similar con=
¢lusions can be drawn from this investiéation. Stations 2, 3 and
b can be thought to represent the septic zone and it was fo#pd 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 reprecent the recovery stages, the'numbers of Tubificidae

Enchytraeidae and Chironomus riparius being far less while the

numbers of other Chironomids, Asellus aquaticus, Erpobdella octnculdta

and Felobdells stagnalis had increased. The two species of leech
¢ - j
ean certainly be regarded as tolerant clean water forms. The clean

vaters of Gnrufin and Tarzwell would be represented by Station 1 and
Dowles Bronk which are both characterised by a variety of inverte-

brates containing few individuals.

Orzaniec pollution causes these changeé in faunal associations

e i o i ot s L e e e
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{na nuﬁher of ways., Harrison (1960) suggests that the following

factors are important:e

.) Changes in the nature of the stream bed due to fungal and
pvacterial ‘growths and deposition of organic matter.

v) 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 growths,

¢) By reducing water c¢larity.

f) By affecting current speed.

The present investigation would in gener#l support

Harrison's views but would also include the effect of carbon dioxide

and ammoniae It would appear that probably the most important
fn;tor influencing the distribution of animals in the River Cole was
deoxypgenation. In the summ;r months the River Cole 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 pepefme
There was very little diel variation at both these stations (fige 10)
the oxygen varying from 1.2-2.l1 p.p.m. at Station 2, and from

0ubeled popem. 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

(f4g. 10). During the day the river would not appear to experience
ttvere deoxygenation a£ these stations and at Stations 4 end 5
{iszolved oxygen concentrations of 6.8 p.ﬁ.m. and 5.2 pepefe
fespectively were recorded at 12,30 p.m. During the night however

the dissolved oxygen concentration for a period of 10 hrs. (from

A A e o s e bl '_m
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8,30 pem. to 6.30 a.m.) was well below 1 pep.m. At Station 6 a
gimilar pattern waé found although the water nearly always contained
more oxfgen. but even as far downstream as this, for a period of
pearly ten hours the oxygen concﬁntration was below 2¢5 pPepeMa
rhese 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

gtation 1. 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 months. .

The quite high disaoived oxygen'concentrations that occurred
during the day at Stations 4 and 5 certainly allowed moderately

tolerant invertebrates such as Asellus aguaticus, 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 k.

The improvement in the overall oxygen concentration in the

river at Station 6 allowed Gammarus pulex and Baetis rhodani to

become established once again. Both species were not abundant
however and this was prob;bly due to the effect of the low oxygen
goncentrations prevailing during the night.

Other possible factors which, from this etudy, appear to be
important in causing these faunal changes were the increnaca.in

ammonia, carbon dioxide and orthophosphate concentrations. In
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sowles Brook and the River Cole Station 1 very low concentrations
of these substances were recorded, in the stations below the affluent
outfall however high concentrations were present eapecially during
the summer months. The conecentrations of all three usunlly showed
a gradual fall downstream. Ammonia,which is usually accepted as
peing a toxic substance, was sometimes present in exceptionally high'
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
dvring July 1967. Concentrations of this order in nature would
almost certainly have a limiting effect on many animals. Carbon
dioxide, whics is not usually thought to be a toxicant in its own
right, is known to influence the toxic effect of low oxygen cone
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 p.p.me. was recorded dﬁring
8-ptombef 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 alihough little is known
about the toxic effect, it is conceivable that concentrations of
5 pepem. that were recorded from Station 2 could also influencé the
d4stribution of certain animals, As mentioned, the concentrations
of all three facto;s usually gradually decreased downstream and
this, together witb improvement in the oxygen present, allowed the
eatablishment of a succession of populations downstream.

The chemical results from the River Cole were genérally
eimilar to those established by many other workers. Butcﬂer (1946)
also found variations in discolved 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 precent just below the effluent outfall while at
the same time the ammonia concentration increased from 0.2 pepems
above the effluent to 14 p.pem. some distance below. As previously
sentioned similar faunal seguences were found in the Trent.

It became obvious as a result of this investigation that
gonditions are far more severe in the summer ménths, 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.pem., there being a
corresponding decrease in the concentrations of ammonia and ortho=-
phosphates. These improveéd 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,

jukiefferiella 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

faetic rhodani at Station 1 and Dowles Brook.

The seasonal ﬁncidenae of a number of the chironomid larvae
foundlin the River Co&e seemed to vary at the different stations
and this could possibly be correlated with the more severe conditions
frevailing during the summer. The seasonal incidence of

‘ukiefferiella hospitus at six stations is illustrated in !igure 25

It wvas 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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,piing and autumn were present. This possible repression of the
sunmer generation could also be seen in the incidence of Prodiamesa

plivacea (figse 2b & 37), Trichocladium rufiventris (figs. 22 & 36),

pentaneura melanops (fige 39) and Chironomus riparius (fige 21).

7he seasonal distribution of Chironomus riparius was also interesting

{n that the range is extended downstream in the cummer (fige 35).
wmis species was virtually absent from the samples taken at Station 4
{rom November to June; but during the period July to October large
populations were present at this atation; Thus the incidence seems
to be strikinzly different to that at Station 2, It would appear
that at Station B during the winter, conditions were not suitable

for Chironomus riparius to become established, during the sunmer

sowever the station became badly polluted allowing the species to
extend its range downstream. The seasonal incidence of other
sppcies of ohirononmid larvae such as Brillia lon.ifurcé, which are
rornally abundant as larvae in the winterespring period, were
pturally less affected by the summer conditions. Aerial dispemal
of the adults is probably responasible for the ree-establishment of
the species after the elimination in the summer, whereas other

{nvertebrates such as Gommarus pulex would have to rely on downe

stream drift to colonise the stations in winter and as a result

tardly showed a winter recovery.

33 River Salwarpe

Jo3.1 Results

5.3.1.1 Chemical Results (Table 11)

The River Salwarpe provided an interesting example of the
recovery, 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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gew works coming into oporn;ion in Mays the chemical data reflects
the chanpeover. The effluent from the old works was badly polluting
the water. ‘'/ith the changeover, there was at first, no marked X
{pprovenent, probably because of-a settling down period. From July
omwards however, except for a couple of "bad" results, there was a
stendy improvement in the polluted state of the water. 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
caloium concentrntioniwaﬂ 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

|
i

variation in the concentrations prqseut;

pl
The water at both stations was ﬁsually alkaline, Station 2

being more alkaline than Station 1. The pH fluctuated from month

to month but with the opening of the new works there was not such a .

great variation in fhe monthly figures;

Temperature (fig. 40)

' Normal seasonal temperature fluctuations occurred. Station 1
) ] 5 ;
was usually warmer than Station 2. : " 12

Dissolved Oxycen (fige 40)

The dissolved oxyger 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
’July and August figurés, in September however thé river became badly
Polluted again, the oxygen concentration fell to 2.8 pepems at

Station 1 and 3.7 p.p.m. at Station 2. From October onwards the
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 wually more oxygen present in the water at Smtion 2 than at

- {8 not reflected in these results. Generally the concentrations

gk s
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vater was always well oxygenated, even at Station 1. There was

station 1.
irmonia (fig. 41)

The ammonia coﬁtent of the water also reflects the subsequent
fsprovement in the condition of the river; Ammonia was present in
svite high concentrations for the first three months, from June
smiards, with the .exception of September and February, the concentration
{a the water was markedly reduced, and in some of the monthly samples
it wvas hardly present at all, The concentration present decreased

downstream so there was usually less at Station 2.

Yitrates (fig. 41) ; |
The oxidised nitrogen content of the water varied irregularly

from month to month., The improvement im the condition of the water

vere not high, although for certain months e.g. October this was
not the case,

Orthophosphates (fig. 41)

The concentrations of orthophosphates present, as with
oxidised nitroren, were mever very high., The concentrations present
84d not vary much throughout the year and the improvement in the
tondition of the effluent is not reflected by a decrease in the

wount of orthophosphates present. The concentrations present

searly always decreased downstrean.
Carbon Dioxide (Table 11)

Dissolved carbon dioxide was usually present in e_tir;nificant
¢ncentrations throughout the year, As with the other chemical
factors measured the concentrations usually decrecased downstream.

3.0.D, (Table 11)

The improvement in the standard of the effluent is paralleled
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- gperation the river, especially at Station 1, was grosasly polluted.

_ 5e3¢le2 RBiological Hesults

by an improvement of the B.0.D. of the water of the River Salwarpe.
for the first five months the #,0,D., was usually very high, after=
wards however there was a mnrkedlimprovement at both stations.

The chemical figurea show that while the old works wams in

With the opening of the new works there wns generally a ateady
{eprovement in the condition of the water. The new works did
however experience "teéthing troubles" amd the polluted state in
deptember was almost certainly due to this. Towarda the end of

the samplipng programme the improvement was obvious by the appearance
of the water, It was now clear whereas previously it was generally
turbid, and all traces of sewage fungus at Station 1 had disappeared.
This improvement, as already stated, is reflected in the steady
ingrease in the dissolved oxypgen present, and the etea?y decrecase

in the concentration of ammonia present and in the B.O.D. of the

water. ; s 23 I__ s 1

The results of the study on the river are summarised on
Tahles 12 and 13. . . |

It was found that the improvement in watef conditiﬁna during
the period waa.parallelled by changes in the astream community.
irevious saﬁples from the river, prior to-the'detuiled study
described, had shown Station 1 to be grossly polluted, with the

fauna composed of tubificid worms and Chironomus riparius larvae,

vhile at ﬁtntion 2, although C. rivarius was still abundant, large

Fepulations of “sellus anunticus were present,

Sation 1 (Table 12)

The community at this station underwent a remarkable ghange

over the twelve month period. The first guantitative sample, taken
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{n March, contained tubificid worms and Chironomus riparjua larvaes

the worms were abundant while C. ripariug larvae were .only present
{n small numbers in the sample. For the next two months only
tybificid worms and a few C. riparius larvae were presents The
first change was observed in June when the larvae of the seven other
¢hironomid species were present in the samples. From July onwards
these other spacies became more numerous and in certain cases
abundant while the numbers of C. riparius larvae decreased.

Other invertebrates, such as Jammarus pulex and nymphs of

nsetis rhodani also appeared in the samples. These were never

abundant but were hevertheless usually present. The chironomid
species whicn appeared in the river folloging the improvement in

the conditions were sypecies that had been recorded in other polluted
rivers. The seven most abundant apec&ea recorded were C?icntorue

bicinctus, Brillin longifurca, Trichocladius rufiventris, EFolypedilum

arundineti, Cricotopus sylvestris, Eukiefferiella hospitus and

Brillia modesta.

station 2 (Table 13)

A8 in Station 1 it is pbssiblc to divide the monthly samplea'
into three broad groups based on the oriranisms present. The first
group is rejresented by the March sample. In thin sample animals

such as \sellus aguaticus, Aneylus fluviatile, Chironomuc riparius

and Cricotopus sylvestris were commone.

The second group of monthly samples were those from April
to June. In this period most of the species previcusly mentioned
decrensed in numbers. Then from July to the following March there
wasan increase in their numbers together wiéh the appearance of
species not previously recorded at this station e.ge Erpobdella

testacen and Brillia longifurca. Chironomus riparius io a

noticeable exception to this trend, althourh the numbers did increase
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in June, it became rare in the following two months and was totally

absent from the rest of the samples.

A8 at Station 1 Cricotopus bicinctus, Trichocladius
- .
rufiventris, “ukiefferiella hospitus, Prillia longifurca and

tricotopus sylvestris were common at this station. An apparent

dif ference between the two stations was observed with regard to the

relative abundance of lolypedilum arundineti and FPentaneura 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
tvo ways. PFirstly 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 scasonal incidence also appeared to be similar,

The seasonal incidence of Cricotopus bicinctus and Cricotopus
sylvestris is shown in fignres 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.- Brillia longifurca had a

very different seasonal incidence (fig. 42). This species, as had
been noticed at othe# stations, i6 most abundant in the winter and

Spring samples.

The distribution of Trichoeladius rufiventris and

fvkiefferiella hospitus (fig. 43) was once again found to have a

tumber of generations a year, being most abundant in the spring,

i S i A I




s

e

T e e 1T Gl NP R e

b

o AP T &

D g A s i

. 225

PER

NULIBEHRS

e "R

e

NUMBERS PER 0.05

75

Fig. 42, Scasonal incidence of three species of the Chironomidae
from two stations on the River Salwarpe.
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eid=summer and autumn samples.

1,3,2 Discussion

The investigation of the River Salwarpe was particﬁlarly
{nteresting in showing how an 1mprovemen£ in the water qunlity
results in eﬁangea in the riffle community. In this case however
{t was not a seasonal recovery but a permanent recovery resulting
trom 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

(hironomus riparius larvae were present, further downstream (Station 2)

correlated with the improvement in the environmental conditions the
mumbers of Tubificidae decreased while other species such as Asellus

aquaticus and Urpobdella octoculata appésred 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 ;xoeedingly 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

mumbers of Asellus aquaticus in the April sample was probably due

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
twvo exceptions there was a steady improvement in the quality of the
vater, At the end of the sampling period in March 1968 even at
hatiqh 1l the diaaolv;d oxygen concentration was 11.3 pe.p.mes and the
anmonia concentrution:C.S PePeMey twelve months previous the

torresponding fipgures were 6.0 pepem. and 6.8 pepems respectively.
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mhis improvement allowed the establishment at both stations of
organisms which had not previously been recdorded there. At the

game time there appeared to be a decrease in the numbers of tolerant

speclec, At Statio# 1, Gammarus pnlex and Baetis rhodani nymphs
appeared in the samples, these were never abundant but nevertheless
were precent, chironomid larvae which appeared in the river following

the improvement in the conditions were Cricotopus bicinctus, Brillia

lonpifurca, Trichocladius rufiventris, Polypedilum arundineti,

oricotopus sylvestris, Eukiefferiella hospitus and Brillia modesta
5y ’

(f4gs. 42, 43 & 4b4), 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 ;peoiea theres was an apparent decrease in the

numbers of Chironomus ripariuvc larvae (fig. 42) which is 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 similar 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 Cricotopus

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 pulex.

Tt was surprising how quickly the groupse established them=-
selves at both stations following the improvement in water conditions.
It is noticeable however that this colonisation was mainly by insect

larvae and nymphs, particularly the larvae of the Chironomidae.

This can almost certainly be attributed to the aeriai dispersal of
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5,4 lMerry 1111l Brook (Wolverhampton)

3.1 Recults

3.b,1.1 Chenicnl Results (Table 1)

The monthly chemicnl tests carried out on Merry Hill Brook
{pdicated that the stream was very badly polluteds Very high
concentrntiéna of orthophosphates and oxidised nitrogen were uoually
found. They also showed that there was a slight recovery between

stations 1 and 2.

Dissolved Oxygen (fiq. Lo)

: Very low valqes were never recorded, the lowest concentration
for Station 1 was h.é pepem., while for Station 2 1t was 645 Pepema
Tﬁe dissolved oxygen content of the water was always higher at
Station 2 although the difference was not very great. The pgreatest
recorded difference between the two stations for any one month was
2.3 pepems Seasonal variation wae not marked and this was almost
gertainly due to the fact that the siream commenced as a works
effluent and so the flow throughout the year was fairly constant;
The highest dissolved oxygen concentration recorded for Station 1
vas in April (8.6 p.p.m.) and the lowest in August (4.8 pepems)e

The rcault; of samples taken at intervals over a period of
2k hre. are shown in Table 15. A diel fluctuation did occur but
this waes not very great. fhc dissolved oxygen concentration was
ﬁighest for both stations at £.30 p.m. and lowest at 6.00 a.m.
Iemperature (fig. 40) ‘

The temperature showed the expected seasonal variation, the
highest temperatures in the routine samples for Stations 1l and 2
were 18.5°C and 18°C respectively in July. The water at Station 1,
vith 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

....___4‘
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(rable 15) were high, Station 1 reached a maximum of 21.6°¢ at
2 pems and Station 2 a maximum of 22°C at b4 pem. The lowéat
psaperature figures were recorded for both stations at 4.00 a.m.
when 16°C and 1&.9°c wera recorded for Stations 1 and 2 respectively.
Calcium

The water at both stations was pgenerally hard although thefe
vere considerable Qariafions in the monthly concentrations. There
vere no consistent differences in hardness between the two stations
and there seémed to be ‘no seasonal variationss
Ha;ne;ium

As with the cclcium no consistent differences were seen
petween 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 therg seemed to
be no seasonal variation.
immonia (fig. 41)

Ammonia was usually present in the water, the concentration
being greater at Station 1. There was not an obvious seasonal
variation, the concentrations fluctuated from wmonth to month. The

ammonia never reached high concentrations at either station and the

figures obtained would not suggest that the river was badly polluted. .

Mtrates (fig. 41) :

The concentrations of oxidised nitrogen in the férm of
witrates and aitrites were exeeedingly high at both stations. The
concentratiogs in the water at Station 1 were nearly always highér
than at Station 2. The maximum concentration found at Station 1
was 34,6 pepem. Qnd at Station 2 33 P.Pema As with ammonia there
¥as no obvio;s seasonal variation.

The very high concentrations of oxidised nitrogen and the

relatively low concentration of agmoniacal nitrogen sugpests that

S o it o
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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 ﬁt bofh stationﬁ was characterised by having high
econcentrations of orthophosphates. IThn concentrations were usually
pigher at Stdtion 1 than Station 2. Once more there was no obvious
ueasghal variation. | The higheat concentration reqorded at Station 1
wa8 9.7 p.pem. and at Station 2 it was 10.9 p.p.m.

The high concentration of orthophosphates would suggest that
the river was badly-polluted. |
pt

The water at both stations was usually slightly alkaline,
being more go at Station 2. Again there was no obvious seasonal

variation, the pi fluctuated from month to month.

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. Concentratiénsf
fluctuated from month to month and seasonal variation was noé obvious.
5:0.D.

The water at both stations usually had a high B.O.ﬁ.. usually
higher at Station 1. The highest B.OLD. recorded at Station 1 was
27.1 p.p.ms while forIStation 2 it was 16.1 p.pe.m.

| The-variéus monfhly tests suggest, that at the two stations
llmplﬁd,ﬁarr; NMill Brook was badly polluted.

The chemical information was inteféating in that it revealed
that Merry Hill Brook was polluted in quite a different way to the
fiver Cole. In the ine the pollution was seasonal and the two
=08t impor tant ways i# which the effluent affected the composition

of the water was by greatly reducing the oxygen content and by
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{pereasing the ammonia concentration., These two factors only
yecane marked duriﬁg the summer, In Merry Hill Brook the oxygen
was never seriously depleted nor did the anmonia reach the con-

©  ntration found in the badly poiluted‘ragiona of the Cole, There.

vere, hovever, exceedingly high concentrations of nitrates and

- e et

epthophosphates presant all through the year, The cohditions in

the stream could be considered as eutrophic rather than orpganically

TG =

polluteds Merry Hill Brook in terms of ehemical composition, was

similar throughout the year. The only obvious and importan€

ol

{ifferemncs between .summer and winter being the temperature levels.

3b4.1.2s Biological Resulds
station 1 (Table 16)

€7

The fauna at-thia severely polluted station was very
restricted. It consisted almost entirely of species belongipg fto
the Tubificidae, Enchytraeidae, Chironomidae and Simulidae.

The oligochaete worms were never really abundant at this
station and the two familias were present in approximately equal
T numbers. The dominant species of chironomid inrvae 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 epecies were apparently present

in considerable numbers, namely Cricotopus biecinctus and sylvestris

and Bukiefferiella hospitus. As in the River Cole the two species

i of Cricotopus were most numerous in the summer samples only scattered

{dividuals being taken between Ootober and May. Eukiefferiella

lospitus on the other hand had a broader seasonal incidence, being

wesent in most of the monthly samples (fige 45). Simulium reptans

mmeie o

larvae were common at this station during the winter months but were

E
3
y
£
i
:

. pparently rare during the summer months.
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cgation 2
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The fauna at this station is summarised in Table 17. It
reflected a recovery in the polluted state of the river, which is
vorne out by the chemical data. This recovery is shown by the

fact that Asellus aquaticus was present in the emples and that

species of chironomid larvae other than Chironomua riparius had

{nereased 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 decreased,

One of the most obvious differences between the fauna at

the two stations was the fact that Asellus aquaticus was now preseat

{n the samples., Individuals were usually preseant although never

in very great numbers. Chironomus riparius was abundant at this

station but the monthly incidence (fig. 45) suggested that the

uuﬁhcra were lower than at Station 1. Cricotopus bicinctua.also

geened to be present in fewer numbers at this station. Other

speoies, notably Brillia longifurca, Bukiefferiella hospitus and

to a lesser extent Cricotopus svivestris were far more abundant in

the samples from Station 2. The seasonal incidence of the two
sjecies of Cricotopus once again suggested that they formed large
populations only during the summer months. The seasonal incidence

of Brillia longifurca (fige 45) revealed that, as in the River Cole,

; _
{t was prosent in greatest numbers in the samples taken from November
to March, It was also possible to recognise that as in the River

lole, Bukiolforiella hospitus (fig. 45) formed three populations

lirdng the year, As at Sgation 1 the larvae and pupa of Simulium

I'ptans were important constituents of the fauna but were usually

Regsent in greater numbers in the samples from Station 2.

'8.2. Disecussion

It was possible in a limited way to observe the effect of

e e e Y
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varying degrees of orgauic enrichment on the fauna in Merry Hill

grooks The chemical data (Table 14) clearly show that Station 1

{s more organically polluted than Station 2, and this improvement |

(n the condition of the water influences the distribution of aquatie

organisms. Certain animals such as the Tubificidae, Chironomus \
riparius and Cricotopus bicinctus which are known to be tolerant of, k

P\

organic pollution usually decreased in numbers downstrean. Vhile

\

the numbers of not so tolerant species such as Agel]us aouaticua; ¥

prillia longifurca and Lukiefferiella hospitus apparently increased

{n numbers downstream,

The result of the investigation on Merry Hill Prook was |
particularly interesting in that it showed that low diasclved oxygen
and high ammonia concentrations are not the only important criteria
influencing the distribution of invertebrates. Station 1 on Merry
{11 Brook was characterised by a bcqthic commnunity consisting

mainly of tubificid worms and Chironomus riparius larvas which |

suggests that the stream at this point is severely polluted, The
lowest dissolved oxygen concentration recorded ot thic station was

4,8 p.pems in August 1967 while the highest ammonia concentration

vas 8.0 pepeme, neither wovld suggest that the river was very badly
plluted and in fact similar figures hsd been recorded in the River
Cole Station 6 which had a much more varied benthic gommunity. If
other factors such a% nitrates, orthophosphates and carbon dioxide
concentrations are corsidered however 1tlin at onca apparent how
bndly polluted Merry Hill Brook was. At Station 1 a nitrate con-.
centration 6? 34,6 papem., an orthophosphate eoncentratinn of

97 pep.m. and a carbon dioxide concentration of 35 p.p.m. were
recorded, It would seem that these ave the poscible limiting

factors in this particular stream and not the more widely accepted

eriteria of deoxygenation and high ammonia concentrations. There

r -
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wvas usually an improvement in these three chemical criteria at
astation 2 and the f2una showed a corresponding improvement, the

mmbers of Chironomua riparius in the samples decreasing while those

of '581Jus aquaticus, Brillia longifurca, Cricotopus sylvestris and

fukiefferiella hospitus increased. \

b |
\

3.5 Bob's RBrook
34561 Results X

3,5.1.1 Chemical Results (Table 18)

The choﬁical figures reveal that Bob's Brook was affected
in a similar way to Merry Hlill Brook. ’ The wﬁter vag always well
oxygenated with hardly any ammonia present. Hewever there were
uwsually high cqncentraticnﬁ of pxid?sed nitrogan and orthouphrosphates
prea'ent . | . |
Hardness _

The water was aiways;pa:ticularl&_h&rd. I This was largely
doe to caleium which was glwayalpresentlin very high concuntéations.
the magneaium, on the otfer'hand. v#riéd from a maximum of 1946 pepems
t; a minimum of 1.46 p.p.F.
Temperature (fig. 40)

The temperatura shohed tﬁe normal aoaaonalIVariatLony
Because the stream was overhung by E¥ees it was-bravented from
becoming very warm during the au@mer.. Tro highest tenmperature
recordad during a series of samples over a Zhln;. period wab 18%
Whereas at Herry Hill Brook, on the same day, the maximum temperature
racorded.at.Stationﬂ 1l and 2 wa& 22°¢ and‘éi;GnC respectively.
5 :

The water was always slightly alkaline, There was ﬁo *

Seasonal variation in the pH of the water, the most alkaline [figure

recorded 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 stréam. There was a slight aeasona} fluctuation, the lowest
recorded concentration was 7.2 pepeme in August and the highest
was 10.4 p.pwme. in November. The samples taken in July 1969 over
a 24°hr. period showed no diel fluctuation, in fact the dissolved
oxygen concentration was lowest at 4,00 p.ms and highest at 6,00 a.Mme
immonia (fig. 41)

The concentrations of ammonia found in Bob's Brook were
with one exception, very low. |
litrates (fige. 41)

The oxidised nitrogen reflected the abnormal conditions .of
the river. High concentrations were usually present and in
ipril 1968 a concentration of #6.2 Pepemes wWas recorded. The lack
of ammonia together with the high concentrations of nitrates sugpgest
that the effluent was a well oxidised one.

Orthophos pha tes (fig. 41)

Orthophosphates were present in all samples in'relatively
bigh concentrations. llo seasonal variation is apparent, the
highest concentration recorded was 7.6 p.peme in April while the
lowest was 1.7 p.pe.m. in October, |

farbon Dioxide

During the pummer months dissolved carbon dioxide was
jresent in high concentrations and 29 p.pem. was recorded in Maye
3,0.D,

The B.0.D, of the water fluctuated from month to month in
it irregular manner. From a study of the B,0.D, figures recorded

it 48 difficult to ascess the polluted state of the river. The

tighest figure recorded was 2k.4 p.p.ms in April and this would
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guzgest that the river was grossly polluted. On the other hand,
the 64 pepeme recArded in October would, at the most, signify a
:odarately polluted stream.

"he chemical analyses re%eal that Bob's Brook is not what
could be described as a typically polluted stream. It ic unusual
{n that it is always well oxygenated and the ammonia preaeﬁt was
negligible. Its polluted state was made obvious however by the
large concentrations of orthophosphates, oxidised nitrdgen and
dissolved carbon dioxide usually present. As in the case of Merry
1411 Brook the condition coulﬂ be considered as eutrophic.rather

than organically polluted.

3e5.102 ﬁig)oggcal Results

' The results af the samples are summarised in Table 19. The
fauna at this station was again vefy restricted. It was also poor
in terms of numbers of individuals. The two most abundant groups
vere the Tubificidae and Chironomidae, but even these did not form
large populations. Two 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 Fukiefferiella hospitus. All four species héd been

found in the polluted regions of the River Cole.
The seasonal incidence of the larvae of these four species

is 1l1lustrated in fig. 46. It can be seen that Cricotopus bicinctus

and Sylvestris were most numerous in the summer samples. Brillia

longifurca on the other hand, 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 and tended

o it oo n g o st i ot e Sl s i G B i e e
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Fig., 46. Scasonal incidence of four species of the
Chironomidae from Bob'e Brook (IDudley).
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to be scarce in midesvmmer, The three populations of Eukiefferiella

hospitus which had been observed in other sampling stations,

.llthOHEh not very obvious could nevertheless be distinguished.

3,52 Discussion

The chemical conditions were founl to be similar to those
{n Herry Hill Brook. .The water contained high ¢oncentrations of
pitrates, orthophosphates and carbon dioxide and, with one exception,
only traces of ammonia. The water however was always well
oxygenated, the lowest figure recorded was 7.2 pepPemes The chemical
data would then suggest that the river was moderately éolluted and

the biological results would confirm this. Chironomus riparius

larvae were absent from the samples, while the larvae of Brillia

longifurca, Cricotopus sylvestris and Eukiefferiella hospitus were

present. These three species had been found in many of the other
sanpling 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 cu;rent would, almost certainly, restrict the numbers of
svimming and c¢linging éorma while the lack of sediment would restrict
the presence of burrowing forms such as worms and chironomid larvae.

The investigation of Bob's Rrook, despite the sparseness of
the benthic community nevertheless provided useful information in
that 4t showed as in Merry Hill Brook that high concentrations of
nitrates, orthophosphates and carbon dioxide could also be imp&rtant
in determining the nature of the benthic community. It also
verified the fact that the larvae of the different species of
%iroqomid varied in their tolerance of organic pollutiorg'ie

tpecies present at this station had all been recorded elsewhere in

toderately polluted conditions.
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%6 Trent Sampling Stations

3,6.1 Results

a) Valton

Chemical Results (Table 20)

This streteh of the River Trent, below the entry of the
giver Tame, as can be seen from the chemical analysis (Table 20)

vas very badly polluteé. 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
precent in appreciablg concentrations throughout the year, the con-
centration fluctuated from montﬁ to month and no seasonal pattern
is apparent. Oxigised nitrogen, in the form of‘nitratas and
pitrites, were also usually present in concentrations associated
vith badly polluted conditions. The carbon di;xide concentration
and B,O.D., of the water varied from month to month but'theae.alao

signified organic pollution.

Biological Results (rabla 21)

The fauna at this locality was found tc be very restricted, -

consisting mainly of Asellus aguaticus, Erpobdella octoculata,

tironomid 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 preseat had been
found in other riters which the chemical data suggest had a similar
degree of pollution. The most abundant sPeciéa were Cricotopus =

8ylvestris, Cricotopus bicinctus and Chirononmus riparius. The

larvae of the two species of Cricotopus were once again most

sbundant in the late spring and summer.
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p) VYem Brook

Chemical Results (Table 22)

Chemical analysis surpests that Wem Brook was quite badly
mllufed. The oxygeﬁ concentration was never seriously depleted
juring the day, although considerable diel fluctuations may have
pccurred owing to the profuse growths of Cladophora. Ammonia in

particular and, 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.0.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 ipven samples taken from Wem Brook
suggest that the stream was moderately polluted and this agrees
with the pollﬁted condition suggested by the chemical data. Tolerant

forms such as Asellus aquaticus, leeches and certain chironomid

larvae were well represented, while less tolerant forms suchlas

trichopteran larvae, plecopteran nymphs and Gammarus pulex were

either absent from the samples or poorly represented. Asellus

tguﬁticus was abundant at this station and was present in large

' mumbers in all the samples. The dominant leech was Erpobdella

setoculata although it was significant that the two species ushally

associated with polluted conditions namely Erpobdella testacea and

Telobdella stagnalis were also present.

The chironomid larvae were all species that had been found

in other polluted rivers in the Midlands. Chironomus riparius

vas found at this station but only in the summer months and this
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 enough

to 'suit' the species. Cricotopus bicinctus and Cricotopus
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sylvestris were found at this station and here they were also
conmon in the late spring and summer samples and absent from the
vinter sanmples. The most abundant species taken in the early

gpring was Trichocladius rufiventris ss was found in the Rivers

tole and Salwarpe. Other species present at this station which-

had been recorded elsewhere were FEukiefferiella hospitus, .

frodiamesa olivacea, Brillia longifurca, Brillia modesta and

entaneura melanops.

| —

¢) Kings Bromley

Chemical Hesults (Table 24) : \

The chemical data would suggest that the Trent, at'thia
locality, was not seriously pollutgd. The oxygen conceutr;tion
44d not seem to be cseriously 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
gn;i would suepgest moderate pollution. |

Biolopical Results (Table 25)

The seven samples taken from this sampling station were all

sirifar and showed the station to have a restricted fauna. Leeches

were present in all samples with Erpobdella gctoculata being the

most abundant. Asellus aquaticus was also common. The insects

vere poorly represented in the Trent at this locality and this is
reflected 4n the numbers of chironomid larvae in the samples. The
sollucce, on the other hand, were well represented with Sphaerium sp.

tnd Iimnaea 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=
¢entrations were never high, it would seem that other factors, not

teagured in this study, could be responsible.

T gy -
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4) St. Thomas' Mill (River Sow)

Chemical Results (Table 26)

The chemical data for this station suggests that the river
{s only slightly polluted, At the times of sampling the river was
always well oxygenated, while ammonia was present only in traces.
the concentration of nitrates, and to a lesser extent the B,0.D. 6!

the water, were higher than would normally be expected in a non

polluted stream and suggest that the river is Blighily polluted,

Biological Results (Table 27)

The animalg recorded from the river at this point also
suggest that the river was only slightly pollutéd. The most
{mportant difference to the previous three sampling stations was
that Gammarus was now by far the most numerous crustacean. An

-

{nteresting point was that the species of Ganmarus was Ganmarus

tigrinus and not Gammarus pulex. 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 represcnted

by two species namely frpobdella octoculata and .Glossiphonia complanata,

the two species were present in similar numbers. The molluscs were

well represented as a group with Sphaerium and Hydrobia jenkinsi

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.ge. Asellus

fguaticus and various chironomid larvae would imply that the river

is not badly polluted at this point.

t) Harlaston

Chemical Results (Table 28)

The River lMease at Harlaston was very slightly organically

oy ——
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polluted. The water was well oxygenated and the ammonia con=-
¢entration very low in all the samples. As with the River Sow

(6ts Thomas' 1ill) the nitrate concentration ie higher than would
normally be expected and reveals that the river has received slight
prganic enrichmeﬁt.

Biololgcnl Results (Table 29) %

The animals recorded in the seven sanples taken at this
I
sampling point would éuggeat, as did the chemical data, that the
river has received only slight organic enrichment. ‘The presence

of Asellus anuaticus and Erpobdella octoculata would suggest that

the river is not entirely without orpganic enrichment but the presence

of Gammarus pulex, Caenis moesta, Baetis rhodani and various

Trichoptera and Cyleoptera larvae makes it obvious that the river

is generally of good quality.

3.6,2 Discussion

The sampling stations on the River Trent confirmed that with
varying degrees of pollution there would be diffe;ent benthiec
communities. : Thus the five stations can be thought of as being
eomparable to stations on a river that is undergoing recovery.
from chemical evidence it would have appeared that the five Qtationu
vere polluted to various degrees, the worst being the Trent at

“alton, followed by Wem Brook. Trent at Kings Bromley, River Sow at

5ts Thomas' Mill and the River Mease at Harlaston which is only

" slightly polluted. This is exactly the same order as would be

deduced from a study of the fauna.

The fauna of the Trent at Walton, duriné the summer, was

¢omposed of tubificid worms, Asellus aquaticus, Erpobdella

fctoculata, Chironomus riparius and Cricotopus sylvestris. This

18 a similar benthic community to that found in the River Cole,

‘fations &4 and Sae As in the River Cole stations the animals in

e e
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this locality were aubjcofcd to véry low oxyzen and high amronia
concentrations and these factors were obvicusly important in
deternining the benthic ecommunity.

The fnuna of Wem Brook was similar to that at Walton, the

mo6t important differences being that Asellus aquaticus wae more

spundant and the occasioaanl Cammarus pulex was recorded, Thue the

faupa 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 the oame degree of severe deoxypgenation and it could have
ween this fact that allowed the more resistant individuals of

Gsmrarus pulex to survive,

The Trent at King's Bromley also had a fauna in which Asellus
aguaticus end leeches were inrortant consotitucntn. At Wen Drook

the most abundant leech wan I'roobdella sctoculata with Helobdella

gtagmalin also being important. Erpobdella octoculata was also the
rost abundant leech at King's Bromley but another species,

Jlossivnhonia conplanita, which is not thought to be as tolerant as

lelobdella starmalis was also conmons Also present at King's

romley wore a variety of molluses including Sphaerium sp. and %

lnnaea pereper, which also suzgests that the river io not very

i

badly polluted. The chemical data similarly sugpest that the river
s not badly polluted because it was usually well oxygenated while
such factors as the ammonia concentration were never high. Thae
unusunl feature of the river at this point is the paucity of insects,
sven larvae of the Chironomidae which are known to thrive in polluted
tonditions far worse than the benthic community would experience in
this loenlity. Thus 4t would seem that other factors, not usually

socioted with organic pollution, could be respousible for the

pucity of this groupe
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The River Sow at §t. Thomas' 1ill and the River Meace at
jarlacton were revealed, by the chemical data, to be only slightly
jolluted, 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

vas cormon Gammarus was now the dominant crustadean and two species

of Trichoptera were recorded there. Gammarus pulex was also an

{mportant 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 msueallly“j
diagnostic of good quality water. This points to the fact that

the river can only be slightly polluted. The presence of Asellus

squaticus and Irpobdella octoculata 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 N

3741 Results

547.1.1 Chemical Results

: The results from the samples taken in March 1968 are summarised
in Table 30. The w;tor at the station above the effluent (8tation 1),
although well oxygenated seemed to be slightly polluted, the B.0.D.y
ammonia and nitrate concentrations being quite high. ' Downstroam of the

effluent outfall (Station 2) there was a decrease in the oxXygen con-‘

centration and marked increases in.the ammonia and nitrate con=

centrations. The river at Stations 3 and 4 showed no real improvement
in these fa&tors, in fact the highest ammonia concentration recorded
was at Station 4.

The results from the second set of samples talen in August 1969
are summarised in‘Table ke Belowlthe effluent outfall the chemistry

of the water was now quite different to that found the previous year.

e e e e e e e
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\mmonia was no longer present in high concentrations at Stations 2,

3 and %, the water at these stations did however contain very high
carbon dinxide concentrations. The sample taken at Tadpole Bridge

containing S0 p.p.m. of carbon dioxide.

3,712 DBiological Results

_ o
. The biological recults from the samples taken in March 1968

are Bummarised in Tabie 32, At S8tation 1 the fauna was rather

S 3 00 v NS M e 18t 0

reatrioted and it appeared that the river'waa mildly organically

pollutod. Asellus agquaticus was common but the presence of Gammarus

pulex and Raetis showed that the river was not severely polluted.
ihwnatream of the effluent (Station 2) the benthic community was

dominated by Asellus aguaticus, there being a marked increase in the

mumbers of this species, the numbers of Baetis present in the samples

deereased. The benthic community at Stations 3 and h was similar

F 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

wavious year.' At Station 1, the benthic community was again re=

stricted, but although !sellus aquaticus was abundant other inverte-

trates such as Gammarus pule;. Baetis and Glossiphonia cdmplaﬁata
were present in the samples. At Station 2 there was an iqcreaae.in
the numbers of L. aguaticus in the samples and a decrease in the
mumbers of the clean water species such as G. m. No real
‘recovery occurred at Stations 3 and 4 although there was a fall in

the numbers of A aguaticus.

Ju2.2 Discussion

G 5 S ST B e el e g e ¢ T S e e

The investigation of the River Ray was interesting from a
tumber of aspects. The river although organically polluted did not

txhibit the recovery associated with this type of pollution, Statidn-k
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slthough four miles downstrean of Station 2 appeared to be just as
padly polluted. Because the river did not exhibit this natural
recovery the sequences of benthie communities typically found in
prgahicully polluted rivers were absent. The stretch of the river
pelow the effluent outfall had a riffle community dominated by the
goderately toierant Asellus throughout its length.

. Although the river below the effluent outfall was largely

.gomposed 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.

e ———

The benthic comrunity at each station was found to be similar
in August 1969 to that found in March 1968, Tﬂo chemistry of the
vater hovwever was quite different on these two sampling oceasions, in
1968 the water contained high concentrations of undissociated ammonia.
A concentration of 0.26 p.p.m. was recorded at Station 4, con«
gentrations of this order would make ammonia a verylimportant 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
little armonia, at Station 3 a figure of 50 p.p.m. was recorded.

Sueh high concenttations 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 lMidlands streams chowed that it was
jossible to recognise the degree of organic pollution from the benthic
Community. In streams severely organically polluted one would expect

to find 2 community of tubificid worms and Chironomus riparius larvae,




S :‘4

e

A

AL AR Y DAL 18 e AR

e e

<L

0 e S R T s AT NS

4 |
'hm ot G | e A e f oy a2 e DR Lo
Y ] | 4

100

this type of community was encounterad in Statiom2 and 3 on the
aiver Cole, Station 1 on the River Salwarpe (before the dpgninm of
the new works) and Station 1 on Merry Iill Brook. If conditions

are not nuite 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

frodiamesa olivacea, Cfidotqgus sylvestris, Trichocladius rufiventris

- and BriT¥lia longifurca. Such communities were found at Station 4 on

the River Cole, Station 2 on the River Salwarpe, Walton on the River
Trent. With a further improvement in the quality of the water
these latter species would become more abundant while the number of

Tubificidae and Chironomus riparius would fall, Sampling stations

exhibi ting such a community were Station 5 on the River Cole,
Station 2 on the River Salwarpe, Wem Brook and Station é on Merry
f{11l Brook. If the water quality is even better one would expact
the reappearance of the more tolerant clean water fauna such as

fammarus pulex and molluscs such as Sphaerium corneum in addition to

the previous comnmunity. 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
iensitive species and allow species not usually associated with
riffle communities to be present. River Cole Station 4 had large

fopulations of Gammarus pulex, Hydropsyche aﬁgustipennis, baetis

rhodani and several species of Nemouridere, all of which can be
regarded as clean water fauna, but in addition the moderately -tolerant

Species Asellus aguaticus, Helobdella stagnalis and Erpobdella

octoculata was pfesent.' Very similar communities were found at
larlaston and St., Thomas' Mill. If the stream or river receives
"0 obvious organic enrichment, the moderately tolerant species

freviously mentioned would not be present and the riffle community
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vould consist of Gammarus sp. and a variety of mayflies, stoneflies,
caddis flies and beetles. 'This 48 the benthic community found at
the non=polluted Dowles Brook.

Because pollution by organie matter is very complex it is

mot always pessible to understand how it is exerting its influence

o T T T Y s

on the riffle community. From the present study it would scem that

no one factor produces these changes in the community because very

different chemical conditions may be found in polluted rivers and

o

Elaa sty

yet the same sequences 6! riffle community may‘bo found. In the
piver Cole the marked deoxygenation coqpled with the high ammonia,
' orthophosphate and carbon dioxide concentrations thgt prevailed
during the summer months were obvious possible limiting factors.
In fact it is known that the low oxygen concentrations alone would
sccount for the absence of nearly all the clean water fauna found

upstrean of the effluent. If the high concentrations of ammonia,

T

wiich is known to be toxic, and carbon dioxide, which is known to
{nfluence 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 community is found below

i the effluent. The gradual improvement of these conditions down=

i stream allowed progressively less tolerant communities to become .
established. Similar en§ironmenta1 conditions ofllaw oxygen and
bgh ammonia concentrations were found to exist inm the River
salwarpe (from March to May 1967) and at Walton and as already
described similar riffle communities existed at these placec. Wem

. Brook differed in that although the ammonia concentration was high

the organismc living in the stream were not sub jected to the same

g degree of deoxygenation and this was reflected in the occasional

§

{ resence of Gammarus and Baetis. Thus it would seem that ammonia
]

f is the most importént limiting factor at this sampling station.
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the four atationa helow the effluent on the River Ray at Swindon
vare similar in that the water was usually well oxygzenated but had
nigh concentrations of ammonia. As in Wem Brook the fauna was very

restricted, “he community being largely composed of Asellus aguaticus,

“ go 4t would aprear that once again, of the criteria measured it is

ammonia that is probably the most important limiting facto;.

That low dissolved oxygen and high ammonia con;entrationa are
got the only important criteria influencing the distribution of
{nvertebrates was immediately obvious from the results from Merry
#1411 and Bob's Brook. ' In both streams the water was characteriaed

not by low oxygen and high ammonia concentrations but by high cone

"centrations .of nitrates and orthophosphates. In Merry Hi1l in

partdicular 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 benthie
community. The partial recovery in the fauna at Stations 2 and 3
on the River Cole and the permanent recovery noticed in the River

falwarpe demonstrated this. In both examples, the one due to

d{lution, the other to an improvement in the quality of the effluent,

~ there was an improvement of such criteria as dissolved oxygen,

azmonia, orthophosphates and carbon dioxide concentrations and it
could be the improvement in these conditions that allowed the
roderately tolerant Bpecieg to establish themselves,

The results from the field work as a whole confirm the
gensitivity of benthic invertebrates to nutrient enrichment which
¢nables them to be used ns indicators of pollution. The changes in

water quality brought about by an efflueat could vary greatly as in

the River Cole and Merry Hill Brook, but nevertheless the changes
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{n the fauna are basically eimilar. Thus it is indeed poosible 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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L, JPxperimental Work

The aim of the experimental work was to try to evaluate

relative importance of some of the chemical changes associated

with organic pollution, in determining the distribution of sorne
fresh-water invertebrates. The criteria investigated, on a Varietf
of invertebrates, ;ere ghoae normally cited as resulting from organic
rollution and which have been generally accepted as being possible

limiting factors. The factors investigated were:=

¢
The effect of low oxygen tensions

The effect of undissociated ammonia concentration
The effect of carbon dioxide concentration
The effect of potassium orthophosphate concentration

In some cases the combined effects wefé also examined,

Methods and Materials

4.1,1 Animals used in the Lxperiments

The animals used in the experiments were chosen with two

ob jectives. Firstly, and most important, were animals that could
be associated with varying degrees of organic pollution and had
tigured prominently in this and past river pollution surveys.

8 Jecondly, they were animals which could be collected in sufficient
I tuzbers for regular experimental works The animals used in the

eXperiments were: -

Rhyacophila dorsalis larvae

Ecdyonurus dispar nymphs

Gammarus pulex: “

Hydropsycht angustipennis larvae

Asellus aguaticus

Erpobdella octoculata
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7, Erpobde 1la testacae

§, Helobdella stagnalis

From the results of this and past work, the first two apeéiea
gre usually thought to inhabit streams of good quality water. The
pext two species seem, from the results of field work, to be more
tolerant of organic pollution and can be found where there is mild
organic pollution. The last four species are animals which can
tolerate severe organic pollution and will only'ha absent when river
¢onditions areé exceptionally bad.

In addition three species of chironomid larvae were used in
gertain 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 wero normally used in the experiments.

In some cases, where there was difficulty in obtaining sufficient numbers,

© ten animals were used. It was impossible to include chironomid larvae

{a all the experiments as they were not present in the streams at
sertain times of the year. : '

41.2 Dissolved Oxygen Experiments

The experiments were carried out to try to establish a) at what
toncentration oxygen would become a limiting factor, b% whether the
{ifferent tolerances of species reflect their distribution in the field
asd ¢) the effect of temperature om the survival times at the various-
xygen concantrationﬁ_.

To investigate the effect of 1ow_ dissolved oxygen, apparatus was
1laign9d which could control the comcentration of oxygen in the water, As
tan be seen from the diag‘ram (fig.47) and photograph (19) it consisted of
t closed system in which water was continuously circulated by means of a
fwltifix peristaltic pump.

The oxygen concentration was measured and controlled by the

following apparatus:
t) Model Al5A dissolved oxygen electrode produced by E. I Tos
}) Model 15A dissolved oxygen meter also produced by E.I.L.
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d) alcon Solencid Vglvo, type ACO2 produced by Alexander Controlﬂl
e) Nitropgen cylinder

Theloxywen concentration in the system was controlled by
reans of ¢, d and 2, The Fotentiometric Recorder is fitted'with
14rit switches which operated solenoid valves controlling the flow
of nitrosen to the deoxygenating column. Theldeoxygenatinm column
vas almost completely filled with plastic spheres. Their function
vas 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.s ﬁ
fall, this being almost immediately registered on the mcter and
recorder. As soon as the oxyren concentration drops to the
required level the sBolenold valve becqmea de-energised and closes | |
thus stopping the passage of nitrogen into the system. By uging a
fine needle valve on the nifrowen cylinder it was possible to control
the oxygen cnncentratiﬁn to within 1% of the desired concentration.

A1l tubings and bungs were made of non-toxic materials.
ﬂulwater temperature in the system was controlled by placing
extensions »f the tubing either in an incubator, when a temperature
of gb?p was required,?or a deep freeze, when a temperature of 10°%¢
vas required. it wa% found that the temperature fluctuated less
than 1°C. |

The flow ;f the water through the system was maintained at
1 em/sec. by.udjusting the Multifix pump. The chambers cohtaining
the aninmals were of glass and measured approximately 40 cm. long qnd
Y em. 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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chambers. Where possible only one species was placed in each

¢ambers T-e animals were placed in the chamber through an opening

yalfway along which, during the experiment, was sealed with a bung.

rxperimental Programme

b

The experiments were normally of two weeks' duration and this

vas 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 concentrationsi= 10 pepeMe, 4 papemey 2 pePeley 1o5 PePeley
1.0 pepemey 045 p.p.m.land 0.0 pep.ms

After introducing the animals into the system a period of
vetween 24 and 48 hours was allowed depending on the experimental
oxygen concentration before the experiment started. The oxygen was
alvays gradually reduced usually in steps of about 10% initially and
then 5% when the concentration was below 30% eaturat;on.

During the experiment the animals were observed as of ten as
possible during the day, the numbers of living animals noted and the
dead omes removed. For the first two days this was usually half

hourly intervals, thereafter it was hourly intervals except for

overnight periods.

Experigpntal Programme for Dissolved Oxygen

Dissolved Oxygen Concentration 10°¢ 20°%¢

10 Pelelle / &
‘L” PeDela \/ /
2.5 Pepes :; V/ ]
240 pepe.m. .
1.5 papene ‘/ :;
1.0 PePelle / /
Ce5 PeDels J /
0.0 p.pen. V/

V/ = experiment performed
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The pli of the water was checked regularly as was the total
armonia concentration. The test water was usually changed every
24 hours. The following experiments were carried out:=
1) At 10°¢ experiments with undissociated ammonia concentrations
of 0.25, 0.75 and 1.5 pPepe.Ms Were carried out at three different
oxygen tensions, namely 10 pPepPeMey 2 PaPeMe and 1 pepems
2) At 18°C three experiments were carried out with undissociated
anmonia concentrations of 0¢25, 0475 and 1e5 pPePefey all with
an oxygen tension of 10 p.pete _
In addition to these twelve experiments, two further experi= 2
sents were performed, in these the undissociated ammonia con=

centration was 3 peDels The oxygen concentrations were 10 pepema

and afp.p.m. respsctgvely.

fummary Table of Bxperimental Programme

1t 10°¢ Undissoeinted Ammonia Concentration pepe.me a8 N

0.25 0.75 3.0

Dissolved 10 V/ v, v,
Tension(pepem.) {
P v

At 18°¢

Dissolved 10 Depete \// \//

oxygen

' 1.5
oxygen 2 V/ V/ E; ‘v/
v

v/ = experiment performed

bs1.4 Carbon Dioxide Experiments

Dissglved carbon dioxide is known to influcnce the lethal
effect of low oxygen concenérwtiona on fish (Alabaster et al 1957) e
: The concentration of enrbon dioxide can be calculated by
fetermining the pH value, éemperature and bicarbonate alkalinity
value and then using the nomograms in Mackereth (1963).

1t was found in pre liminary experiments that the bicarbonate

tlkalinity during the course of an experiment varied very little,
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afid hardly at all over a few days. If the alkalinity is steady

{t would be possible to obtain a desired carbon dioxide concentration
gimply by lowering the pill of the water to that indicated in the
nomogram. If carbon dioxide is bubbled into water the pl is
obviously lowered. . T

To examine the effect of carbon dioxide on invertebrates,
apparatus was designed and constructed (fige 48) in which the
dissolved carbon dioxide and oxygan}concentra%ioﬁ could be aufo-
matically controlled. '

Frior to an experiment the bioarhonatélalkalinity of the
vater was determined and using the nomogram tha pH calculated that
would be required to give the desired carbon dioxide concentration.

The carbon dioxide ooncentratiqn was measured and controlle&
ueing the following apparatus: |
a) E.I.L. Vibret pil Meter, which was coupled to
bp) Fielden Fotentiometric Recorder, and this coatrolled |

o)‘Alcon Solenoid Valve, which was oonnected by rubber tubing to-

o

an aerator stone in the gaseous exchange cylinder and by a "§
second pieoe Qo . % |
d) Carbon dioxide cylinder.
. The pH of the water was measured and recorded continually‘ ane
using ;) and b) and this indirectly gave thg.carbon dioxide con; |
centration. It was controlled automaticaliy:by b), ¢) and d).

Once the pH had been calculated that would give the deésired

carbon dioxide concentration, the upper contro} arm was set so that”
it would energise the solenoid valve as soon ;s the pH of the water

in the sjstem reached that level. The eole;oiﬁ valve then opened%" i
allowing carbon dioxide to.flow, hy.meang,of the aerator, from the
carbon dioxide cylinder, along the ruhber.tubing into the system.

The carbon dioxide dissolving in the water reduced the pH to the E
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Fig .48DIAGRAYM OF AFPARATUS FOR CONTROLLING DISSOLVED OXIGZLi AND CARSCH DIOXIo:S CONCZUTRAIICUS.
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desired level which was immediately registered on the pH meter and
recorder, A8 soon as the pH (and carbon dioxide congentration)
reached the required level the recorder de-energised the solenoid
vyalve which closed and thus stopped the passage of carbon dioxide
into the asysten.

The arrangenent of the system was similar to that described
(for the apparatus) for controlling the dissolved oxygen concentration.

The pll meter was re-set at least once every 24 hra. using
standard buffer solutions. Using the expanded scale of the piI
meter, and a needle valve on the ¢ylinder, it was possible to control
the pH of the test water to within O.1l. The alkalinity of the test
vater 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 ;f high carbon diox;de con=-
centrations and low dissolved oxygen tensions, the syatem.wna set up
as in fig. 48, The system now included the previously described
apparatus together with the apparatue for controlling the dissolved

oxygen tension described earlier.

ixperinental Programme

The experiments were performed with three objectives:=

a) To find out if carbon dioxide has any adverse effect on

}nvertebrates.

®) To find out if carbon dioxide influences the survival of
invertebrates at low oxygen tensions.
¢) To study the effect of temperature on the survival of inverte-
brates to dissolved carbo; dioxide.
The econcentrations of carbon dioxide exverimenteé with were

40, 80 and 120 pepem., these concentrations were similar to those

used by Alabaster et al (1957).

ixperiments using these three concentrations of carbon
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dioxide were performed at three different ox?ﬂen concentrdtaonn,

10 PePefey 4 popems and 2 pepeme These experiments were carried

put at both 10°Cc and 18°C, An additional experiment was performed
with 1 PePslis oXygen at 18°C and with the carbon dioxide concentration

peing 120 pep.m,

summary Table of Experimental Programme with Carbon Dioxide

at 10%¢ Carbon Dioxide Concentrations (p.p.m.)
nissolved 4o 120
oxygen 10

O
NN

tension ?
PePalle i
2 \/

et

rt 18°C Carbon Dioxide Concentrations (p.p,m.)
4o 8o 120
Dissolved 10 . v v
oxyg:n 4 \/ ' \/ \/,
tension
PePelle % J \/ l/ :
¢ | /

V//s experiment performed by | :

4.1,5 Orthophosphate Experiments

Orthophosphates are frequently found in high concentrations
{n polluted streams, To investigate the possible effects of ortho=
phosphates on invertebrates, the stock solution was prepared froﬁ'
snalar potassium orthophosphate dissolved in deionized water. The
diluent water was from the same stream as that used in the other
¢xperiments.,

The concentrations used in the experiments were 10 p.p.ms«,
25 pupefiey, 50 p.pem. and 100 p.pem. They were porformed at three
different oxygen concentrat%ona which were 10 peDeMe, ¥ pepem. and
2 Pepeiie An additional experiment was performed at 1 pe.p.m. oxygen

‘ted an orthophosphate concentration of 100 pe.p.m. All the experie
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ments were carried out at 15°¢C. :
The dissolved oxygen concentration wae controlled as in the
experiments on dissolved oxygen. The test solutions weras changed

every 24 hrs. A8 in the other experiments the animals were placed

{n the svastem 24 hrs. before the experiment was started.

ixperimental Frogranme for Orthophosphates

Orthophosphate concentration as pep.ms P

10‘ 25 asl 501 loq
slesh bal N ORIV N Sl e B Y
S ol v 7T \é
o |
\/ = experiment performed
42 Results |

4,2,1 Dissolved Oxygen FExperiments

" fhe effect of low dissolved oxygen tensions dn the inverte=
brates used in the experimento aré sumnarised 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°%¢ (figs. 49 & 50) the various species differed in their

tolerance of low oxygen tensions. Three species, Gammarus pulex,

dhyacophila dorsalis and Medyonurus dispar were found to be far more

sensitive than the others. Rhyacophila dorsalis larvae were

iffected when the oxygen concentration was reduced to 1.5 pepem.,

Tedyonurus dispar and Gammarus pulex when it was reduced to 1 p.pe.m.

Turther reduction in the oxygen concentration resulted in'a shortening

of the survivel time. The experiments on the immature stapes of

Jammarus pulex revealed that they were slightly more tqlerarf than

the fully grown individuals. These young stages also died when the




Fig. 49, ELfcet of low Oxyen tengions on the survival of three
mvc:t‘tebreltc species ot 10°C, (Numbers on curves refer to concentration
of dissolved oxygen in p.p.m.)
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Fig. 52Lomparison of the effect of complete deoxy;enaulon at 20°C on the survival

time of eleven inveriebrate species,
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aissolved oxygen concentration was reduced to 1 p.pe.m. but they were
‘able to survive longer.

Hydropsycne angustipennis, Asecllus aquaticus, Erpobdella

octoculata, irpobdella tesctacea, Helobdella stagnalis, Chironomus

riparivs, I'rodiamesa olivacea and Frillia longifurca proved to be

very tolerant of low dissolved oxygen concentrations at this

temperature., Two species, Chironomus riparius and Erpobdei;g

testacea, were not apparontly 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=
pent at 0.5 pepem. dissolved oxygen. Of these six Erpobdella
getoculata appaared to be the most tolerant followed by Helobdella

ptagnalis, Asellus aquaticus, Prodiamesa olivacea, Hydropoyche

angus tipennias and B}illia longifurcas

The experiments performed at 20%¢ (figse 51 & 52) revealed

the same order of tolerance amongst the animals as at 10%C4¢

Sammarus julex, Hedyonurus dispar and Rhyacophila dorﬂaiié were again
the mﬁat sensitive spacles. It was found that the individuals of
these thr2e apecies could not Bur;ive'the thirteen day period of
exposure when the experimental oxygen concentration was reduced to

2 Pepalis A further decrease in the experimental oxygen concentrgtion
reduced the survival period and at 1 pepeme all the individuals died
vithin six hours.

Hydropsyehe angustipennis was more tolerant and the individuals

of this spe;iee were able to survive the thirteen day period of
#xposure when the oxygen concentration was 2 p.pe.l., at 1.5 PsPsMs
bowever they all died and. with a further lowering of the o#y:en
tension there was a corresponding decrease in the period of survival.

Asellus aquaticus, Lrpobdella octoculata, Erpobdella tectacea,

Ielobdella stagnalis, Prodiamesa olivacea, Brillia longifurca and

——
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Chironomus riparius survived the thirteen day period of exposure at

1 pepems but three of these species were adversely affected in the
experiment at 0.5 p.pem. oxygen. In this experiment in addition to
those species which died at higher oxygen concentrations, Asellus

aquaticus, Brillla longifurca and I'rodiamesa olivacea died, Although

‘sellus aguaticus and Irodiamesa olivacea died in this experiment it

vas only after prolonged exposure. In the case of Prodiamesa 50%
of the animals were ctill alive after 5 days while for Asellus 50%
ware alive after 8 days, All three'apecies of leech and Chironomus
riparius survived the thirteen day period of exposure,

In the experiment with no cxygen the four remaining spacies,

that is Erpobdella oatbculata, Lrpobdella testacea, Helobdella

stagnalis and Chironimus ripavius died,

| , ,
It became obvious from the results that all the invertebrates

experimented with were much more sensitive to low oxygen concentrations
at 20°C than at 10°%¢. Using the graphs (figs. 49 to 52) the tines
for which 80% of th» test animals survived were determined in the
various 2xperiments. These times were then used to draw further
graﬁhs in order to predict the oxygen cbncentrations at which 80% of
the test animals would survive indefinitely in exparimental conditions
ot both 10°C 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.eatimation of the minimum oxygen concentration at which
the species could be expected to establish a flourishing popuiation
other factors permitting.

The graphs (figs. 53 & S4) show the adverse effects of hizher

temperatures on the survival of the test animals.. All species were

tble to survive at considerably lower oxygen concentrations at 10°C
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than at 20%. Hydropsyche angustipennis and Gammarus julex

{llustrate this, for H. angustipennis 80% of the population would

survive indefinitely as long as the oxygen concentration was not below
0.4 pepem. at 1000, at 20°C this minimum concentration was found to
ve 1.6 p.pem. The corresponding figures for G. pulex were 1.3 pepeme

and 3 pep.m. TEspectively.

4,2,2 Undissociated Ammonia Experiments

The effect of dif ferent concentrations of undissociated
smmonia at different oxygen concentrations on the invertebrates
.:perilx;ented upon are pummriaed in Table 34, Using this data graphs
vere drawn to show tha. 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 undisv_aocia ted ammonia. The experiments revealed

that the two species of Trichoptera used in the experiments, that is

fhyacophila dorsalis and Hydropsyche angustipennis, were far more tolarant_ :

to undissociated ammonia than the other invertebrates. 50% of the

H;dropgxche angustipennis survived when the undissociated ammonia cone

tentration was 3 p.p.ms and the dissolved oxygen‘of the water 2 pep.ms,

"thus revealing,them to be exceptionally tolerant. Rhyacophila dorsalis

tlthough tolerant, was killed by an ammonia concentration of 3 pepem., at

both 10 Pepems oOxygen and 2 pepe.m, oxygen. All the individuals survived

at u; undissociated ammonia éoncentrat:lon of 1;5 Pepeme At 10 pep.m.

oxygen although they died at this ammonia concentration at 2 p.pem. oXygen.
The three species of chironomid larvae were used only in the

xperiments with an oxygen concentration of 10 p.pems and these also

ifoved to be very tolerant. The chironomid larvae were not good

fiperimental animals because once they were removed from their tubes

they rarely survived the full experimental programme, even when there
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Fig. 60 Effect of u.nd:..,soc:.ated ammonia on the survivel of four
invertebrate species at 10°C and an oxygen concentration of 1p.p.m.
(Numbers on curves refer to the concentration of undissociated
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vere no toxic substances prezent. Because the larvae died in these
anmonia experimoents 4t would be difficult to sssess whetber thie
was due to the ammonia but because they survived for appreciable
periods even ir 3 p.p.ui. undissociated ammonia they must be extremely
tolerant. |

The leeches were far more sensitive to undissociated émmonia
than the species already mentioned. All three species died in the
0475 pepem. undissociated ammonia experiment at 1 p«peme oxygen,
although they a2ll survived in the same ammonia concentrations at
higher oxywen values. When the ammonia concentration was increased
to 1.5 p.pem. however the individuals of all three species died
irroapective of the experimental oxygen concentration. It was found

that Erpobdella tes*aceaz and Helchdella stagnalis were similar in

their tolerance to undissociated ammonia and both were more tolerant

than Erpobdella octoculatz, it also became cbvious that all three

species weve more sensitive to undilcsociated atmonia when the oxygen

concentration was low.

0f the three other species experimented oan, that is Asellus

aguaticus,’' Gammarus pulex and Ecdyonurus dispar, Asellus aquaticug

vas by far the most tolerant and was similar to the leeches in that
deaths only occurred when the undissociated ammonia concentration was
1.5 pPepems or more., - Unlike thelleechea,'reducing tﬁe oxysen cons |
centration did not shorten the survival time and in fact Ascllus
survived longer in the 1.5 p.p.m. ammonia experiment at ka.p.m.
oxygen than in the same ammonia concentration at 10 p.p.m. oxygen.

Gammarvs pulex and Ecdyonurus dispar were the most sensitive

of the experimental animals to undissociated ammonia, especially in
low oxygen concentrations. All the animals of bolh 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.p.ms oxygen present.

In the experiments performzd at 18%¢ (fig. 62) the same
order of tolerance was found to exist. Once ngain the two caddis
flf larvae and three cprecles of leech being the most tolerant and

flammayrus rulex and Ecdyonpurus dispar the most sensitive. It was

also found that the experimental animals varied in their response to

the higher temperature. Gamnmarus pulex, Bedyonurus dispar and

tsellus aquaticus were more scnsitive to undissociated ammonia at

18°C than at 10°C while all three species of leech were more tolerant

to undiesocia ted ammonia at 18°C than at 10°C. ~Gammaruc pulex,

Gedyonurus disvar and Acellus aquaticus all died in the experiment

at 0.75 pep.m. undissoclated ammonia although tﬁey survived in this

anmonia concantration at 10°C. Erpobdella octoculata, Frpobdella

testacea and !{olobdella stagnalis all survived in the experiment when

b i p.pim. undisancinted ammsnig was present although they died at
this amwonia conenntration at 10°C.

The grawhs (firs. 55 to.62} to show the effects of the various
experimental asmonia concentrations at different ox&nen levels ware .
used to determine the ;oints at wuich 80% of the test animals
survived in the variovs ammonia experiments. Usin these data graphs
were fravin to vee if oxygen and temperature had any noticeable effects
on the toxicity of ammonla and also, as in the oxygen experiments, it
would provide the highest ammonia concentration at which B80% of the
test animals would eurvive indefinitely, at each oxyren concentrations
Thie would also provide the highest ammonia concentratiorn at which
tach afeciea could be expected to establish flecurishing populations
other factors permitting at the various oxygen levelsy

The graphs comparing the toticity of ammonia at different
oxygen levels at 10°C are given on figo. 63 and 64, It can be seen

that, with one exception, a lowering of the oxygen concentration

T
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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
undigsociated 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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{nereases the toxicity of undissociated ammonia, Gammarus pulex

and Erpobdella testacea illustrate this fact clearly. At 10 pepemes

oxygen 80% of the Gammarus pulex would survive indefinitely as long as

the concentration of undissociated ammonia was not above 049 pepem.,
vhile at 2 p.p.m. oxygen the corresponding figure was Ok papems Lo

for Erpobdella testacea the figures were approximately 1.5 pep.m.

yndissociated ammonia at 10 p.p.ms oxygen, 0.85 pespems undissociated

ammonia at 2 p.pems oxygen and 0,55 ps.pe.m. undissociated ammonia at

1 pepem. oxXygen. The exception was Asellus aquaticus where it would
appear that this species could survive at higher ammonia concentrations
at 2 p.pem. oxygen than at 10 p.pem. oxygen. With a lowering of the
oxygen concentration to 1 p.p.m. however there is a definite increase
{in the toxicity of the ammonia. Thus for Asellus aquaticus the 8o%
survival figures for undissociated ammonia, at 10 pepems, 2 pepsms and
1 popem, dissolved oxygen, are 1.2 pePefiey Lle3 DPapelle and Q0.7 pepPemls
respectively. |

The graphs.drawn to show the influence of temperature on the
toxicity of undissociated ammonia appears on fig. 65. As with a
dagreaae‘in oxygen, an increase in temper;ture does appear to increase
the toxicity of ammonia to certain invértebratea, as previously menionted.l-

however this was not found to be general amongst the animals experimented

upon, Asellus aguaticus ﬁrovidea 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.% p.pem. !

vhile at 10°C the corresponding figure would be 1.2 pPepems

§42.3 Carbon Dioxide Experiments

The effect of dissolved carbon dioxide at different oxygen

toncentrations and temperatures on eight invertebrate species are
g :

summarised in Table 35.

It was found that dissolved carbon dioxide over the range

—
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tested had no apparent effect on Erpobdella testacea, Erpobdella

gggoculatn, Helobdella stagnalis, Asellus aquaticus and Hydropsyche

.nggstiggnnis.

The highest conceutration of carbon dioxide used in the

experiments was 120 pe.pems [t was found that the leeches and

jsellus aquaticus could withstand this concentration for 14 days evan

at 18°C and with a dissolved oxygen enncentration in the water of

only 1 pepem. Hydropsyche angustipenris aied 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 oxyger experiments that this species would not survive in
these conditions, even without carben dioxide. This was the oqu
concentration of carbon caioxide inm which the individpala of

Hydropsyche angustipennis did not survive the period of exposure.

Gammarus pulex, Lcdycnurus dispar and Phyacophila dorsalis

vera sensitive to dissolved carbon dioxide. Using data shown on
Table 35 graphs were dravn ({igs. 66 to'69) to' show the effects of
various concenirations of carben dioxide at different oxygén-levala
and temperatures.

At 10°C (fig. 66) it was found that in water containing
5 p.p.m. carbon dioxide all the test animals survived the period of
exposure even when the dissolved n:y;en concentration was only 2 pepefs
At this oxygen concentration an increase +4in the carbon dioxide cone
Eentration to 80 pep.m. proved fatal to all three species, a further
incre?se to léO Pepeite resulted in a considerable reduction in the
period of survival. In the experiments at 4 p.peme and 10 pepems
oxygen it wac found that although 80 pepem. carhon dioxide was'again

toxic to Gammarus pulex and bcdyonurus disvar, it was not toxic to

Rhyacophila dorsalis although the individuals of this species once

again died when the carbon dioxide ooncentration was increased to

v s A R b St i e e i Uil
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Fig. 66, Iffect of carbon dioxide on the survival of thres invertebrates

» o & 1% A .
species at 10°C.(Numbers on curves refer to carbon dioxide concentration in

P.p.m.)
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?15;V¥Effch of carbon dioxide on the survival of three invertebrate
gpecies 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

gpecics at 187

curves refer to the concentration of carbon dioxide in p.p.i.)
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Fig. "'u’,}.Ef‘foctoof carbon dioxide on the survival of three invertebrate
gspecies, at 18°C and an oxygen concentration of 2p.p.m. (Numbers on
curves refer to the concentration of carbon dioxide in p.p.m.)
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Fig. 70.Effect of dissolved oxygen tonsion on the toxicity of
carbon dioxide at 10°C,Curves represent points at which 807 of
test animals survive. (Numbers on curves refer to dissolved
oxysen concentration in p,p,.m,)
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7ig.71.Bffect of dissolved oxygen tension on the tox;city of carpOn
dioxide at 18°C. Curves represent points at which 80p of test animals
survive, (Numbers on curves refer to concentration of dissolved oxygen

{n p.peM. )
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Fig.72, Effect of temperature on the toxicity of dissolved
carbon dioxide at two oxygen concentrations. Curves
represent points at which B0/ of the test animals survived.
(Numbers on curves refer to temperature in®C)
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120 PeDsMs The most strilking feature of the experiments verformed

at this temperatnre was that low oxygen concentrations increased the

toxicity of onrbon dioxide,

Tnerensing the tenpersture of the water made the individuale

of a1l three specics more sensitive to carbon dinxide (figs. 67 %o 69)s

As in the experimento performedlnt 1000, reducing the oxygen corn=
cantrat;nn {ncrexsed the toxic effect of the carbon dioxide, The
experiments with 40 p.#.m. sarbon dioxide only proved fatal to the
experimental animals when the diesolved oxygen concentration was
2 PePaMe

The graphe (figs. 66 to 63) to ehow the effect of the three
oxperimental carbon dioxide concentratinns at different oxygen levels
were used to calcvlate 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 oxyren concentrations and high
temperatures affected the toxicity of carbon dioride and also to
provide the highest carbon dioxide concentrations at which 80% of
lthe test animals wovld survive ipdefinitely at each oxygen con=
centration at both 10°C and 18°c, Ae previously described this
Ho;ld provide the figures at which the species could be expected to
setablish a fiourishing po;ﬁlation.

The graphs comparing the toxicity of carbon dioxide at
different oxyren levels at 10°¢ end 18°C appear in figs. 70 and 71.
It ean be eeen that a lowering of the oxygzen concentration iﬂcreaaes

the toxicity of carbon dioxide. Rhyacophila dorsalis illustrates

this effect quite clearly. At 10°C and with 10, pspemes oxygen in the
water 4t would be exrected that 80% of the population would survive
indefinitely as long as the carbon dioxide concentration was not

above 85 p.p.m. If the dissolved oxygen concentration is reduced

to 2 p.p.m. however, for 80% of the animals to survive the carbon
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dioxide concentration must not exceed 65 peDPems

The praphs showing the influence of temperature on the
toxicity of carhon dioxide apvear in figs 72, As with the decrease
in oxyzen, an incrense in temperature does appear to increase the
toxicity of carbon dioxida to the three invertebrates.

The experiments thus showed that‘invertebratea differed in
their sehsitivity to COE' Some invertebrates were apparently not
affected even by very high concantrationa, combined with high
tenperatures and very low disoolved oxygen concentrationss Other [
species wera quite sensitive to 002. and this sensitivity increased
with both an increase in temperature and a lowering of the oxygen

L]

concentration.

b,2.4 Orthophosphate Experimecnts -

The effect of potassium nrthophoéphute at various oxypen

concentrations on eight invertebrate species i3 nummarised in

Table 36, ' - : t

Ae with dissolved carbon dioxide certain invertebrates are
apparently not affocted by even very highk concentrations of potassium
orthophosphate. 1t was found that the three species of leech

experimented upon aiways survived the period of exrosufe in all the

experiments. Hvdropsyche angustipennis failed tec survive the

exposure period at 1 p.pem. dissolvad oxygen and 100 pere.o. ortho=
phosphate, but as in the carbon dioxide experiments it is probable
that death wac caused by the low oxygen concentration rather than the

orthophosphate concentration. if this is the case, lUydropsyche

angustipennit can also he regarded as being unzffected by potasaium

orthophosphate over the range tected.
Using the data summarised in Table 36 graphs were drawn
(figs. 73 tc 735) to show the effects of potassiun orthophosphate on

the invertebratés at three different oxygen concentrations.




Fig.73. Bffect of potassium orthophosphate on the survival of
three invertebrate species at 15 C and an oxygen concentration

of 10p.p.m,

(Nunbers on curves refer to the concentration of

i  orthophosphate in p.p,m.)
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{ Fig.74.5frfoct of potassium orthoghosghate on the survival of four
invertebrate sgecies at 15°C and an oxygen concentration of 4p.p.m.
(Numbers on curves refer to the concentration of orthoghosghate in p.p.m.)
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Fig.T75. Effect of potassium orthozhosphate 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. BEffect of dissolved oxygen tension on the toxicity of
i\ota:*..f;iun: orthophosphate at 15°C, Curves represent points at
vhich 80% of test animals survive. (Numbers on curves refer to
concentration of dissolved oxygoen in p,.p.n. )
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It can be seen from the graphs that within the ranje of
ortuophosphate used in the experiments an increase in concentration
usually brought about a reduction of the survival perlod. It was
found that in the exyériments parformed at 10 pepeme dissolved oxygen
all specias survived the period of exposure when the concentraticn of
the orthophosphate was 25 pepems In the experiments when the oxygen

concentraticn was 2 pe.p.m. however, 2z concentration of 10 p.pems of

orthophosphate proved fatal to ihyacophila dorsalie, Gammarus pulex

A T =L,

and Fedyonurus dispar.

THe 80% survival limits for the four species were also
caloulaied for potassiun orthophosphate. Using thie data graphs were
onge apgain drawn tec show $he effect of low oxygen concentrations on

the toxicity of potassium erthophesphate and also to yrovide the

concentrations whick must not be exceeded if a flourishing population

e R R L e Y L

L}

{6 to be eatahlinhed,
The graphs comparing the toxicity of potassium orthophosrhate :

at dif feront: oxy;cit tensiono appear in fig. 764 It can be seen that

a lowering of the oxygen concentration increaces the toxicity of |

potageiuvnm orthophoephates ALl four species Lllustrate this clearlye.

For Dedyonurus dispur to survive at 10 pe.pe.m. dissolved oxygen the

‘orthophosphate coacentration must be less than 43 pepemsy while at
2 pepems dimsolved oxygea it must be less than 10 pepems The

cofresponding figures For Rhyacophila dorsalic are over 100 pepe.ms at

10 pepem. oXyzen, 25 p.vems at & pepems dissolved oxygen and lese than

B s o L e B e S

10 pepemes at 2 p.psme dissolved oxygene

el

The exporiments reveal that invertebrates differ In their

densi. tivity to orthophosphates. It also became apparent that the

]
a

. toxicity of potmssium orthorhosphate in the water was considerably
increased with a lowering of the diseolved 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 orannigaIk

polluted waters. It has long been known that Chironomus riparius

and Erpobdella testacea can be found in severely polluted stretches

and that when conditions improve Erpobdeila octogulata and Asellus

aquaticue appeary a further improvement in conditions could result in
liydropsyche becoming established, With a return to good quality
conditions a clean water fauna should relurn with species suca as
Gammarus pulex and Ecdyouurus nymphs being precsente. Thus the
experiments on the tolerance of dissolved oxygen by a variety of
{nvertebrates reveal an order of tolerance that ref}ec%a their r
distribution. Since deoxygenation is. a common resuli of orzanic
pollution the varying tolarances of these invertebrates to this factor
could explain why different communities becoue established in varying .
degrees of pollution..

The fact that Chironomus riparius and Erpobdella testaces are.

particularly tolerant to low oxygen concentrations has been observed
by a number of biologists, TFox and Taylor (1955) studied the oxyren

tolerance of a number of invertecbrates including Chironomus dorsalis

and thummi larvae. | They found that when comparing the survival of
these twolapeciea in water containing Wi, 21¥ and 100% oxygen, both
survived longest in the water wigh L% and shortast in the water with
100% oxygen. The results of their exzperiments show how tolerant
these species are of low oxygen concentrations and also becéuae 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 {

R
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genus are particularly tolerant of anaerobic conditions. 50% of

the Chironomus longistylus larvae were still alive after 68 hra.

while for Chironomus pagnnus 50k were still alive after 101 hra.

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 hours. Prodiﬁmeéa olivacea

was foundé 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 504 mortality occurring after 24 hrs,

It was also noted by Walshe that Chironomus riparius could

withstand considerably higher temperatures than Prodiamesa olivacea,

this fact eonbined with its greater tolerance of anaerobic conditions
would elearly explain why it was able to survive considerably longer
under anaerobic conditions at 20°C in the present study.

Another way of dewomstrating h;u anizsls are adarted to waters
containing little or mo oxy~ex is by studyias tielr exyre= sc=sumptiss
under different oxygen concentrations. It would be expected taat
snivals usually associated with low oxyren conditions would be more
indepenient of cxyge:z chapges ip tke gurrounding water thap acimals
from well aerated water. Thus it should be possible to reccgnise
those animals which have an independent type and those with a
fependant type of oxyéen consumption. Walshe (1948) also studied
the Exygen ebnaumptiqn in relation to different oxygen concentrations

of a number of chironomid larvae and found that Chironomus longistylus

had an independent reaction to changes in the oxygen content of the
vater at least down to 5 pPePelis Although she was using Chironomus
longistylus larvae as an example of a still water form and comparing

{ts oxygen consumption with flowing water forms, which she showed had

-+ ok o e o e i e e
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s dependant reaction to oxygen changes, it would seem that although
ghironomus riparius is a flowing water form it would nevertheless
exhibit an independent reactiovn.

3 It was noted in the present study that Chironomus riparius

?_ 1afvae were far more tolerant of anaerobic conditions at 10°C than at
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20°C and this was also observed by Linderman (1942), #e found that
Chironomus plumosus larvae could’ live for 120 days in anaerobic
conditions at 0°c though for much shorter times at higher temperatures.

Lduarda (1°5P) showed that oxygen consumption of Chironomus riparius

does increase with an increase in temperature and found that thuy
reapire 2.8 times as fast at 20 % as at 10°C. This would sugrest

that the larvae are far better a@apted to life in colder watef nnd
¢ould explain why the larvae of this speoie& died much more quickly

at 20°C than at 10°C in the present study and in Lindemaﬁb experiments.,

The fact that Chironomus riparius is extremely tolerant to low,

oxygen concentration is borme out by the present and paat studies, -
Very little information is available on the other two species of
¢hironomid larvae used in the experiments, other than work performed
by Walshe (1948) montioned earlier, who showed that Prodiamesa,
although quite tolerant, is not as tolerant as the Chironomus Sppe
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 haemopglobin
has been demonstrated by both EBwer (19%2) and Walshe (1950) to be very
important in withstanding low oxygen concentrationa-while Augenfeld
(1967) demons trated their ability to break down sugars anaerobicallys
Iwer showed that the haemoglobin of Chironomus lnrvaé only functions
in 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 okygen concentrations

————— T S ———
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than normal larvae., Walshe (1950) working on Chironomus plumogus

¢ame to similar conclueicns and noticed that the presence of haemo=

globin enabled larvae to remain active at very low oxygen conceatratioﬁ
{srvae which had their haemoglobin converted to carboxyhaemcélobin

yere not able to filter fced in oxygen concentrations less than 26%

air saturation while the limiting coneenffatinn for normal larvae was
10% of air saturation. She also showed that haemopglobin greatly
{ncreases the rate of recovery of &he larvae following anaerobic
conditions, Angenfeld (1667) showed another feature of Chironomus
jarvae which enables them to survive anaerobic conditions. e showed

that Chironomus thummi (ripariuve) and plumosus have glycogen come=

prising 13-14% of their body weight, both cf these apecies are
particularly tolerant of low oxygen concentrations, Tanytarsus
however, which is intolerant of low oxyren concentrations, has only

2% of its body weight composed of glycogen. The reason for this high
glycogen content in the larvae of gg;gggggggjspecies i that they are
ahlé to break down glycogen anaernbicallf hut as this method of
respiration yields only 10%-of-the energy resulting from complete
oxidation a plentiful supply would be required, Lactic acid which is
a normal by~product of anaerobic respirn;ion is then broken down by
lagtic dehydrogenase to prevent accutnlations The possession of

haemoglobin and high glycogen conqantrationb are then important factors

in enabling Chironomus ripariuz to survive the low oxycen concentrationt

that were used in the present investigatione. The fact that the other

two species of chironomid larvae used, namely Prodismesa olivacea 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 conceniratious with the related enzymes

in their bodies.

Srpobdella testacea was also found in this investigation to be
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yery tolerant to low oxygen concentrations, Erpobdella octoculata

and Helobdelln stagnalis, the other two species of leech were slightly

lens tolerant but nevertheless still very tolerant. Mann (1956 and
1961) investiéated the oxygen consumption of five species of leech

gend found that Erpobdella testacea and Helobdella stapgnalis had

"{ndependent" respiration, for the former at oxygen concentrations
dovn to 3.0 pepems and the latter down to 2 pepems This would

verify the tolerance of these two species to anaerobic conditions.

Bt g el

Mann also found however that Erpobdella octoculata had a dependent

' respiration which would suggest that it is not particularly well
! adeapted to low oxygen concentrations, in the present investipation

ttis waz not fbund tc be the case. Manmn (1961) concluded that

frpobdell: testacea is better adapted to life in low oxy en con=

centratlons than frpobdella octoculata and in the present investie

e St AT 5 L v 3 R o

gation this was found to be so. The reason why Helobdella stagmalis,
which has an lndependent respiration, is no: more tolerant to low

oxygen concentrations than Erpcbdelia octoculata with a dependent

recpiration is difficult to explain, Dausend (1931) however showed

i ~that Tubifcx, which can live anaerobically, also has a dependent

.oxygen consumption, S0 it would appear that a s'tudy of oxygen
consumption is not always a true guide to the ability of an orgzanism

to. live under low oxygen concentrations. frpobdella octoculata may

be another exception like Tubifex.

The two crustaceans experimented upon, namely Asellus aquaticus

and Gammarus pulex differed greatly in their tolerance to low oxygen

concentrations, Asellus aguaticus was found to be very tolerant of

low oxygen concentrations, especially at ;OOC while Gammarus 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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" Bidwards and Lairner (1960) found that between 83 and 1.5 pepe

srygen Aeecllus aguaticus has an indapendent type of oxysen cone

sumption zud this would suggest that the species is very tolerant of
low oxypgen ccﬁoentrations. 8imiliar conclusions can be drawn from
work of Fox and Simmonds (1953) ;:;1 Found that a lowering of the
atygen oonéentration to 536 ces/litre produced no moveuents of thé
pleopads, and even at 1l.12 ¢ea/litre there was only a alow

d4ceontinuous movement. Very different result  were obtained when

Gammarus pulex was used as the test animal, They found that there wase

n regular increase in the beating of the pleopods with a progressive

lowering of the oxygen contents The results of this other work would

then agree with the prescnt findings that Asellus aguaticus is far

gore tolerant to low oxypen concentrations than Gammarus pulex.

Sprague (1563) working oa North Americen crustaceans produced very

similar results. In nis cxperiments he used Asellus intermedius,

fammarvs faccliatus and Gammarus pseudolimpaeus. fle found that 50%

of the Asellvs intermedius could survive for 24 hrs. at an oxygen

goncantration of 0,03 p.pets For 50¢ of Gammarucg fasciatus to

survive 24 hrs. the oxygen concentration must be 2.2 pepsme, While

for Gammarus pseudolimnaeus it must be h.ﬁ'p.p.ma 1t appears that

Acel lus interweétus i8 associated with similar ecological conditions

to Asellus agnaticus in this country; and the two specles of Gammarus

are gimilar to Cauauarug pulex. The rosults of tne present study

‘were very similar where it was found that at 0.0 Pepels oXxXygen 50% of

the test animnls of Asellus aquaticus were still alive after 24 hrs.,

for 50% of the test animals of JSammarus pulex to stay alive after

2% hre., the oxygen concentration wovld have to be increased to nearly
2 Pepems at 20°C. Thus it would seem that the proeseat results on
the two crustaceans agree with previous findings and with conclusions

that could be drawn from a2cological 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 larvee of Rhyacophila dorsalis or the nymphs of Ecdyonurus dispar,

This would agree with the field observations of previous workeras.
Hydropsyche 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 c¢lean water

eonditions,

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
indefinitély at 1.3 pepem. OXygen. The corresponding figures for

Fedyonurus venosus and Rhyacophila dorsalis were 1.2 Pepens and

1.5 pepem. oxypgen respectively., On the basis of the results from
the precent study it would appear that Ambuhl's figures are

particularly low. The corresponding figures from this'atudy were

found to be nearly 2 p.p.m. for llydropsyche angustipennis and'nearly

3 pepem. for Rhyacophilq dorsalis and Eedyonurus dispar. ‘The latter

results would appear to be more closely related to the field work

cbaservations and results on other invertebratos,
It does appear that from a study of the oxypen tolerance of
. ! :
various aquatic¢ invertebrates it is possible to recognise a gradation

in degrees of tolerance. Some species such as the larvae of

Chironomus ripariue and Erpobdella testacea are very tolerant, others

such as Hydropsyche anguctipennis larvae are moderately tolerant

wWiile Gommarus pulex and Rhyacophila dorsalis are sensitive to low

.OIygen concentrations. It was also found that animales which from

field observations would experience severe deoxysenation of the water

vere more tolerant than species which are characteristic 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 con=

gentrations provided detailed information on the survival of the

{nvertebrates experimented upon at different oxygen concentrations,

In general the results agreed with those from the limited amount of

vork previously carried out. The experiments also showed that the

effect of deoxyzenatioﬁ is likely to be far more aeriou& in summer,
all eleven invertebrates experimented upon were able to survive in
lowver 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 becn
pumerous 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.
Pall (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 auryivod less

than 24 hrs. at 0.75 pepene as N, Bcdyonurus dispar and Gazmarus Ig_ulex.l

which wexre found to be ?he most sensitive of the eleven invertebrate
lpeciesluaed in the exp;rimentaﬁwere nevertheless able to surviye‘tho
period of exposure of 13 days at this ammonia concentration.

The fa?t that the toxicity of ammonia to invertebrates is . 1
increased at low diaéblved oxyzen concentrations was also fouﬁd to be
the case with fish., Downing and Merkens (1955) studied the combinationm
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 1438 pepems

undissociated ammonia they found that trout could survive over 500

minutes when the oxygen concentration of the water was 7 pepefle, if

the oxygen was 3 p.p.ns however the period of survival was'onli 80
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ginutes.

It is well establiched that an increase in temperature reduces
" the survival period of fish in toxic solutions. Wuhrmann and Woker
(19#8) showed that increases in temperature also shortens the period
of survival of fish to undissociated ammonia. So 1t appears that
{nvertebrates 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

anmonia amongst invertebrates, Generally it was found that animals

it i ST g m 8% 10

vhich from field observations would be more likely to experience
. higher ammonia concentrations are indeed more tolerant of this factor.

- The larvae of Hydropsyche angustipennis and Rhyacophila dorsalis

however were found to be exceptions, for although these larvae are

—

pot normally sssociated with polluted conditions they ueré exceedingly

¢ e A

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

B T N TN LR —

must be attributed to other factors.

S

, The three species of chironomid larvae were also found to be
g 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

by i o

found in severely polluted waters. The tolerance of the three species

of leech would also be expected from field observations, All three f

<l ' e L ate

spacies are known to occur in moderately polluted waters, and, according

| to Mynes. (1966) Erpobdella testacea and Helobdella stagnalic are
wmongst 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 why they appear before the latter
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species in a river recovering from organic pollution. Asellus

aquaticus was similar in ite 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 in polluted

streams, Gammarus pulex and Ecdyonurus dispar were the most sensitive

of the species used in the experiments and this sensitivity to ammonia
¢ould help to explain their absence from polluted waters.

The ammonia experiments as well as showing that species vary
in their tolerance of undissociated ammbnin revealed the.mnxinua
concentrations which each species can tolerate indefinitely., It was
also found that the a;nsitivity of invertebrates to ammonia is
{nfluenced by the dissolved oxygen concentration and temperature of
the water,

The experiments in which carbon dioxide and potassium orfho-
phosphate were added to the water revealed that certain species seem
to be unaffected by even extramely high'conoentrations of these two
substances. A8 in the other criteria investigated, the experimental
results showed a correlation with accepted field data., . Speciles
normally associated with polluted conditions were more tolerant than
tln;n water species.

Cnrbop 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 knowan from work on fiah:
(Alabaster et al, 1957) that carbon dioxide can double the minimum
soncentration of dissolved oxygen necessary for the survival of fish.
They also found that an increase in temperature shortens the period
of survival in a given concentration of carbon dioxide.

The present étudy revealed that high aoﬁcentrationf of dissolved
¢arbon dioxide could be toxic to certain invertebrates even in oxygen

saturdted water (figs. 66 & 67)s As in the experimonts on fish
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powever the presence of carbon dioxide increased the lethal effects

 of low dissolved oxygen concentrations (figs. 70 & 71). It was
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also found that the toxieity of carbon dioxide is increased with an -
{ncrease in temperature (fige 72)e 1t would appear then that the
effect of carbon dioxide would be most critical in the summers, Thus
carbon dioxide ecould from the results of these oxpefimenta increase
{ho toxic effect of any deoxygenation of the water. If there are
also high temperatures the combined effects of all three factors
could be important in limiting the distribution of certnin inverte-
brates.

It has been demonstrated by many workers including Irving,
Black and Stafford (1941) that carbon dioxide reduces the affinity
of the biood of many species of fish for oxygen. 80 the effecct of
dissolved cafbon dioxide on fish is one of asphyxiatior, The way it
exerts its influence on invertebrates is not really knowns The fact
that it doeu.influencc the effeet of low dissolved oxygen suggests
that it may act in a similar ways. Very liftlo wnrk has been performed
on the effect of oarbon dioxide on invertebrates although Fox and

Johnson (1934) made a limited study. They used Ganmarus pulex nnd

Asellus aguaticus and subjected both species to dissolved carbon
dioxide. They f&und that with G. pulex it resulted in an increased
novament of the respiratory pleopods but not in A. aguaticus. Their
results agree with those of the present investigation where G. L—iﬁﬁ
was found to be sensitive to carbon dioxide but not A. aguaticus,.

The experiments to show the effect of dissolved carbon dioxide
on invertebrates thus revealed that although carbon dioxide woul& be
unlikely to have a limiting effect on most of the syegiea used it
cwould mevertheleas be very important in limiting the diatribution of

species such as Gamparus pulex. It would also appear that dissolved

carbon dioxide could exert greater inflﬁence on invertebrates by
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offecting their tolerance to low dissolved oxygen concentrations.
mis effect would be even greater in the summer months when the water
tenperatures are high. .

In the experiments where potassium orthophosphate was added
to the water it was found that animals such as the leechea which are
frequently associated with.polluted conditions are more tolerant to
this substance than animals usually found in clean water anvironmentﬁ.
The importance of potassium orthophosphate in possibly influencing
the distribution of invertebrates in polluted streams is not easy to
assesf, It is well known that organic pollution as a rescult 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 potacsium
orthophosphate caused deaths in the experiments it is not poseible to
relate these deaths only to the orthophosphate presents Jones (19}?)_
and Harnisch (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 toxie (Jones 1941 and

Farnisch 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 hnquul effects Ca = Na = K = NH% - Acetate =
Fhosphate.

Fr;m 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
bMigh concentrations of potassium and so no real conclusions can be
frawn regarding the respective tolerances of potassium and ortho-

Phosphates by other freshewater 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,
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being able to survive permanently in 20% cea water., Gresens (1928)
concluded that these isopods were viable in 40% sea water. Thue it
would appear unlikely that the concentrations of potassium used iq
the experiments would account for the deaths of A, aguaticus and that
it was due to the orthophoaphate‘present. It could then be aaéu;ed

that the mortality of Gammarus pulex, Ecdyonurus dispar and

Rgxacoghilg dorsalis were also due to this substance.

It was found that a decrcase in oxygen concentrations
considafably 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 prcve toxiec
to ihree of the species, It would seem that the orthophosphate
concentrations found in soﬁe 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,'ao it would appear that
theﬁe experimental results could help to explain the distribution of

animals from field observations.
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5. Synthesis of FPield Work and Experimental Work

The field work revealed that the various taxa reacted very ;
.differently to organic enrichment. It wao found that a number of
ppecies definitely favoured orryanic enrichment and were adversely

affected by clean water conditione. Other invertebrates however

vere adversely affected by organic enrichment. It was possible as
a result of the field work to associate dilferent species with
yarying degrees of organic enrichment. 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 riparius. With an

improvement in water quality it was observed that a variety of

chironomid larvae usually became established 6f which Polypedilum

arundineti, Brillia longifurca, Prodiamesa olivacea, Cricotopus
ti ¢inctus and Cricotopus sylvestris were the most abundant. With
the progressive increase in the numbers of the abcve species there

was a corresponding decrease in the numbers of Chironomus riparius

larvae. S1ightly less tolerant of organic pollution were_Asellus

aquaticus, Frpobdella testacea, Erpobdella octoculata and [lelobdella

stagnalis. The chironomid larvae previcusly mentioned also became {
mumerous in this zone and were frequently joined by other species

of which the larvae of Irichocladius rufiventiris, Eukiefferiella

hospitus, Pentaneura melanops were often abundant. A further

inprovement in water conditions allowed Qammarus pulex, Hydrnﬁnyche

angus tipennis and Baetis rhodani to become established and flourish.

¥ith 1ittle or no organic enrichment a diverse benthic community was . |
usual ly founq in which species of Trichoptera, Plecoptera and
Fphemproptera 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 atreamlbed. It was found
that organic enrichment frequently resulted in a decrcase in the
pxygen goncentration and an increase in the concentrations of ammonia,
orihophouphaten, nitrates and carbon dioxide. It was obvious that :
po one factor was solely rosponsible for these changes in the benthic
community because the chemical changes produced variod with the treat*
ment the effluent had received. The benthic community however was
always found to be basically the same,

Tue aim of the experimental work was to try and explain why
the various benthic communities noted in the field work becane
established at certain levels of organic anrichment, To investigate
this a variety of invertebrates were chosen some of which were
assoolated with severe organic pollution, others with moderately
polluted conditions and yet others with clean water conditions.

These invertebrates were theénm sub jected experimgntilly to a number
of the conditions associated with organic pollutions It waas hoped
that the pollﬁted forms were more tolerant of these factors than the
moderately polluted forms and these in turn nore tolerant than the
clean water forms. It was also intended to try and establish which
of the factors were most important in 1imitiﬁg the distribution of
these species and also at What concentrations they were likely to
influenge these species.

Generally the experiments compléemented the field work

observations for it was found that Chircnonus riparius and Erpobdella

testacea were the itwo moat tolerant species of low oxygen concentrations.

S1ightly less tolerant were Srpobdella. octoculata, Helobdella stagnalis,

\sellus aquaticus, Frodiamesa olivacen and Brillia longifurca.

llydropsyché anguetipennis was leos tclerant than the previous species

but more tolerant than Gammarus pulex, Rhyacophila dorsalis, and

Jedyonurus dispar. Thie was almost exactly the orier of tolerance
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that would have Yeen deduced from the River Cole investigation.

the dissolved oxygen experiments also showed that theleffect of
temperature increases the lethal affect of deoxypgenation and this
conld poseibly explain the éuppreaaion of the summer populations in
the more polluted regions. . The carbon dioxide eiperimento showed
that invertebrates can vary considerably in their tolerance of this
factor, some species being remarkably tolerant while others were
quite sencitive to it. As with the dissolved oxygen experiments

the tolerant species were those frog the polluted conditions and the

gersitive species the clean water npecies, The ammonia and ortho-'

phosphate experiments generally revealed the same order of tolerance
with species from the polluted conditions being more tolerant than

the ¢lean water species. The only real exceptions were tie larwvae

of Hydropsyehe angustipennis and Rhyacophila dorsalisg These were

found to be exceedingly tolerant of ammonia and it was difficult to
believe that this factor would be 1m§ortant inllimiting the dis=
tribution of these two apeeiea;

One of the most obvious concluéions that can be drawn from
the e}perine;tal work is that species associated with polluted

conditions are more tolerant than clean water species of a variety

of conditions (fige 77) e.g. Chironomus riparius and Asellus aquaticus

vere far more tolerant of deoxygenation, ammonia, orthophosphates

and carbon dioxide than Gammarus pulex and Ecdyonurus dispar;

Another fact that émerged 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 p.p.m. dissolved oxygen than
at 10 p.p.m.

If the field fesults are considered in the light of the

experimental work, the reasons why certain species can be associated

i O A | e e e e e e T R s Vi e



B i e L

(. s s S AR A Sl LA A

Oxygen depletion

Rhyacophila
Increasing Bed oggiiglis
tolerance i dispar
| Gammarus pulex

Brillia

longifurca
Hydropsyche

angustipennis
Prodiamesa

olivacea
Asellus aquaticus
Helobdella

T in el

g b il ks o

~Erpobdella

v octoculata

Erpobdella
testacea

Chironomus
riparius

TN

TR R asaabad

R

T el e, M LT e e -W—M s

stazgnalis

Amnonia

il A S ) ) AT i e 0 P w1

Carbon dioxide

2 it -l e S 4 e

Fig.77. Table showing degrees of tolerance of benthic invertebrates to different water quality
peramelers in relation to their observed tolerance to organic pollution.

Orthophosphates TField observations

Ecdyonurus
dispar
Erpobdella.
octoculata
Helobdella
stagnalls

Gammarus pulexJ

 Erpobdella

testacea
Asellus ajuatlcus
Brillia
longifurca
Prodiamesa
olivacea
Chironomus
riparius
Rhyacophila
dorsalis
Hydropsyche
angustipennis

‘Organic pollution’

Ecdyonurus Gammarus pulex Ecdyonurus
dispar Ecdyonurus dispar
Rhyacophila dispar Rhyacophila
dorsalis Ehyacophils dorsalis ,
Gammarus pulex dorsalis Hydropsyche
Hydropsyche Asellus ajqugticus angustipennis
angustipennis Hydropsyche Gammarus pulex
Asellus aguaticus angustipennis | Erpobdella
Helobdella Erpobdella octoculata
stagnalis octoculata ( Asellus aquaticus
Brpobdella Erpovdella Erpobdella
octoculata testacea testacea
Erpobdella Helobdella Helobdella
testacea stagnalis stagnalils
Prodiamesa
olivacea
Brillia
longifurca
Chirononus
riparius

denotes similar-
tolerance
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vith varying degrees of organic enrichment becomes more obvious.

In the River Cole the most scverely polluted stretch was found at
gtations 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

¢arbon dioxide. At these stations oaly Chironomus riparius of the
experimental animals was common. The experimental results showed
thia 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 coucentrations 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. Erpochdella testacea was very tolerant of 1ow'o§ygen

congentrations but only moderately tolerant of ammonia. This opecies
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 L, where there
was usually less aﬁmoni# present than at Stations 2 and 3. The

other two leeches used in the experiments namely Erpobdella octoculata

and Helobdella stagnalis were most abundant at Station 5. It is

2 :
known that they are less tolerant of both amamonia and deoxygenation

than Prpobdella testacea and this could explain why they are mpre

abundant further downstream where there was an improvewent in these

conditions. Asellus aguaticus was also common at this station and

this would be expected from the experimental results which showed
this species to have a similar tolerance of low oxygen, carbon dioxide

and ammonia as the leeches. At Stotion 6 the gradual improvement

in water quality allowed Gammarus pulex to survive, it did not however
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form large jopulations. 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 nf-lnw 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 suggested that the river
was receiving some organi¢ enrichment but was nevertheless of quite

good quality, at this station Hydropsyche angustipennis and Gammarus

vulex were abundant. In the case of Hydropsyche this would be

expected from the results of the experimental workes Dowles Brook
was a Btream of exceptionally good quality, with well oxyzenated
water and very little ammonia, orthophosphates and carbon dioxide

present, In this stream Rhyacophila dorsalis, Gammarus pulex and

Ssdyanurus dispar were common. These three species are sensitive

to deoxypenation, carbon dioxide and orthophosphates while Ge pulex

animals to ammonia. Thus it would be expected that they would be
absent, from localities where these factors are prevalent and this
eould'explain their limitod distribution in this study.

Although the changes in the benthic community are almost
certeinly the result of all the chemical and physical criteria
acting togetﬁer it would appear that in the River Cole deoxjgenation
covld be the most important single factor. In the summer months a
¢onsiderable stretch of the river below the effluent outfall became
severely deoxygenated and these low oxygzen concentrations would
themselves suppress the fauna. At both Stations 2 and 3 as a result
of the monthly samples and 24 hour investigation it would secenm that‘
for long periods less than 1 p.p.m. dissolved oxygen was present in

the water. Such continuous low oxygen concentrations would almost

o ey
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certainly prove inhospitable to even Chironomus riparius and

*rpobdella testacea, the most tolerant of the experimental animals

i

of low oxygen concéntrations. Both species weré 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 thanll pepems that of the
pud at these two stations would almost certainly be considerably less.
this factor by itself could account for the fact that no macro-
{nvertebrates formed large populations at thece stations during the

summer monthe, At Station 4, Chironomus riparius was abundant during

the summer and this could be accounted for by the improvement in the
dissolved oxypren concentration of the water. In addition to C.

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 presance 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
vater was quite well oxygenated so it would appear that chironomid
larvae ¢an survive low dissolved oxygen tension for a number of hours
but not continuoue low oxygen tensions as prevailed at Stations 2 and

Je
At Sation 5, Erpobdella octoculata, Helobdella gtarnalis and

Asellus aquaticus were common, the dissolved oxygen concentrations
at this station also showed considerable diel fluétuationa. and in
faoct deoxygenation was more severe than at Station 4. The monthly
samples however ravealed that the oxygen content of the water was
vsually higher than at Station % 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 whan the fidw was very lows At this timo water

was ghannolled from the River Cola into a neighbouring stream leaving
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a very reduced flows The luow oxygen concentralion could have been

caused by the respiratory mctivities of the benthic orpanicms, which

ware particularly abundant at Station 5, using up the oxygen in the

snall volume of water. _ Edwurda (1@6}) stated that the benthic o
processes can be responsible for more than 50% of oxygen consumption

of a river, so it is indeed possible éhat the deoxygenation noticed

at Siution 5 ecould be due to thise. At Station 6 there was a cone

siderable improvement in tne oxygen content of the water and at this

station Gammarus 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 Cammarus julex should be able to survive as long as

the oxygen concentration was over 3 pepem. at 20°C. The lowest

resorded montuly figure for Station 5 was 3.8 pepeme while for
Station 6 1t wao 4.2 Dpepeme If the diel fluctuations are taken into

consideration hoﬁevor it wac found that at Station 5 for a period of

pearly 10 hours the dissolved oxygen concentration was below 1 pePefiey
the laboratory work reveal&d all the experimental animals 6! this
‘lpociea would die within 7 hours at an oxygen concentratio@ of 1 pepems
at 20°C, Although deoxygenation was not as severe at Station 6, the
oxygen concentration was_nevertheleas lesa than 245 pepe.me for 10

hours and less than 2 pepems for & hours. These concentrations |
would have detrimental effects on Gammarus for even under laboratory |

conditions this species would not survive 24 hrs at an oxygen con=

centration of 1.5 p.n.n.

At Station 1 the lowest oxygen goncentration recorded was
5.2 p«Dem, and this was considerably higher than the lowest figure

that Ganmarus pulex and Hydropsyche angustipennis would be expeuted

to survive at from the laboratory experiments.
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It would seem that in the case of the River Co}e the severe
deoxygenation that existed during the summer could account for the
distribution of the invertebrates experimented upon. Tho other
¢hanges produced in the water would increase the lethal) effocts of
the low oxyren concentrations, for it wsa found that carbon dioxide,
anmonia and.orthophosphates were usually present in quite high cone
cenfrations. The highest concentration of carbon dioxide recorded
at Station 2 was over 20 P.PsMmey Wwhile for ammonia it wao 36.5 pepetme
{undissooiaggd concentration 0426 pepsms) and for orthophosphates
5¢5 Pepems¢ The concentrations of thece gubstances usually decreased
downstiream. It is known from the laboratory experimeﬁts that both
temperature and low dissolved oxyzen concentrations increase the

toxicity of ammonia to leaches and Aszcllus. Erpobdella octocaliata

and Helobdella atagnalis died at an undisaociated amminia concentration

of 0465 pepems at 1 pepems dissolved nxygen, it is vrohable that at

| 20°C the corresponding smmonia concentration would be considerably

lower and thus not very much nigher than the highest concentration
found at Station 2. The highest recorded figure at Station 4 which
was the station immediately upstrean of whore:the above species
became abundant was 06 pep.mes (undissociated ammonia), it is possiblz.
that even a figure as low as thies could exert anm 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. Asellus aguaticus However although tolerant of carbon dioxide

was killed in the experimouts by a concentration of 50 p.p.me ortho= :
phosphates. The higheet concentration recorded at Station 4 was
3¢5 ﬁ.p.m.. but thisiin conjunction with the undissociated ammonia,

low oxygen concentration and high temperature could make this stretch
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of the river 'ynsuitable for A. aguaticus. |

Lppobdella testacea from the laboratory investization would

be axpected to survive im all but the most severely polluted :
localitien. The reason why it was not found at Stations 3=5 during :
the summer months can almost certainly be attributed to its life

pdstory. According to Mann (1964) this especies has a life history

Wl srtin A b

lasting 12 months 2nd it is in the sgg stage during the summer months,
The River Salwarve before the new works opened had a similar
faunal succession to that found in the River Cole, with tubificids

and Chirononmus riparius present below thé effluent outfall while

further downstrean Aabllua aguaticus and leeches were commons - In

A A S NI

this river deoxygenztion was also severe, even in April the dissolved
oxygen concentration at Station 1 was only 4 pepems, while the
vndissocinted ammoniz concentration was nearly 0.2 pepPeilis At

Statior 2 there was s slight improvement in these two criteris and

this possibly allowed the establishment of Asellus aguaticus and
the leeches. Thus it would seem that as in the River Cole it could
be the combined effects of these two criteria that are most important

in limiting the fauna at Station 1. Chironomus riparius was

romafknbly 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 noticeable 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 concentirations. The changes in the benthic

cnmhunity would then aprear to be related to the improvement in these

factors, and 30 it would seem that it wes indeed the concentrations °
of these two substances which had previously restricted the fauna,
Similar chemical conditions of low oxygen and high ammonia

concentrations were also found at Walton on the River Trent. The i |
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fauna was again dominated by Chironomus ripariuc, Asclluc nquﬁticus

and leeches. dith an iwmprovement in the oxyren concentrations it
would be sxpected from the experimental work and previous work (Fox

and Taylor 1955) that the numbers of Chironcmus ripaeriue would

decrease while the numbers of leechkes and Asellus aquaticus weuld

increase. “ueh conditions prevailed at Wem Brook and the River Ray

at Swindon, and ia both streams the benthic community was rich in

Asellus and leeches.

The fact that invertebrates such as Chironcmus riparius are
generally more tolerant of factora associated with orgaric enrichment
than ¢lean water forms became obvious from the investigation of
Nerry Hill Brook. Although tﬁo oxygen concentration was not severely
depleted or the ammonia concentration very high the benthic coamunity

at Station 1 was dominated by Chironomus riparius and oligochacte

WOI S o The water at 5tafion 1 usually contained exceptionally high
c¢oncentrationa of orthophosphates and oxidised nitrogen and it is
probable that these are limiting factors in this partioular stream,

Chironomus riparius obviously being very tolerant of them while other

species less so. 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. Asellus aquaticus.

It scems that even slight organic enrichment can restrict the
benthic commuuity, and allow only the more tolerant clean water forms
to bogonme established, such conditions were found at Harlaston and
Ste Thomas' Mill. It i3 difficult to ascertain why the fauna should
have boen restricted at these. two places because the water was well
oXxyganated and only traces of aumonia and carbon dioxide were precent.
It would seem that besides the more obvious factors associated with
pollfited waters there are others present which play their part in

influencing the distribution of invertebrates., One of thece factors

RN —
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iz the chenge in the nature of the streamebed, this can obviously be
very important where there is a lot of organic matter being depoﬂigod.
These deposits would limit clinging forms such as certain plecopteran
and ephemeropteran nymphs and at the same time provide svitable
conditions for burrowing forms such as tubificids and chironomids.:
Thus the presence of these burrowing forms can be ascociated with

this deposition of organic matter which rprovides them with ample

food. The fact that they are very tolerant forms then enables tﬁen

to survive the othor factors assonciated 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
oommunity. The reaaén why certain animals are assoclated with
severely polluted conéitions while 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. It was found that the changes
induced in the stream water by the entry of an effluent could vnfy.
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 physicsl changes in the nature of the stream bed,
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6. lotes on the Biology of some Common Benthic Invertabrates

in relation to their use as Indicators of Pollution

e

6,1 The Distribution of Chironomid Larvae in the Riffles of
Organically Polluted Streams in the Midlands

A8 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 15 the extreme difficulty in identifying the
larvae, there are no adequate keys to the larval stages and to ensure
jdentification they must be reared to the adult_stage; and even thonl
it i85 very difficult to identify to species. The fact that as a
group they form important members of the riffle community in
organically polluted streaws 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 non-red species. - The
common red species ocourrihg in organically polluted waters iﬁ this

country is Chironomus riparius (thummi) and it has been the non=red

species that have qauscd the problems in identifications 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 Qtudy
and they show quite clearly that different species occur in stations
characterised.hy varying degrees of orgzanic enrichment. It was found
that the larvae of eleven species of chironomidae were common'in the
River Cole (of which ten were idpntified) and another four species

occasionally occurred.

leven of the common species were as follows:=

l. Chironomus riparius lleigen 4, Trichocladius rufiventris Meigen
2, Frillia lonzifurca Kieffer S5+ Cricotopus bicinctus Meigzen

3, Dukiefferiella hospitus Bdwards 6, Cricotopus sylvestris Fabricius
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7,° Frodiamesa olivacesa Meigen 9, Polypedilum arupdineti Gontghebuer

8, Fentaneura melanops Meigen 10, Micropsectia atrofascidiua Kieffer

11, Brillia modesata Meigen

1. Chironomus riparius (thummi) (fig. 78)

This species has long been recognised aalheing an indicator of
gross organic pollutiﬁn in this country, the continent of Europe
(tolkwitz and Marseon, 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, % and 4, The seasonal incidence at Btations 2, 3 and &

was 1nte:eat1ng. At Stations 2 and 3 it was nearly always the
dominant chironomid larvae but it does appear however that the con= .
ditions became s0 bad at these stations during the summer that the
summer populations were suppressed (fig.‘ZIJ. 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 nunbers. This is almost certainly due to the fact that it

. was only during the summer nmonths that conditions sulted its require=

ments . f o '

This species was also present in a number of o%har sampling

stations,'namely Merry Hill Brook, River Salwarpe (before the opening

of the new works) and the River Trent at Walton, All these stations

were very severely organically polluted and it does seem that in
srder for the larvae to thrive such conditions are necessarye.

The seasonal inciﬁence at these stations 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 ewergence of the larvae that had overwintered and that the

eggs laid by this generation had not hatched.
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Fiz78 Ventral view of head of Chironoaus rijarius.
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2. Brillia longifurca (fig. 79)

Brillia longifurca proved to be a very good indicator of

moderately polluted conditions. In the River Cole (figs. 34 2 37)

it was recorded at all stations but was abundant only at Stations 3-6,

reaching its peak at Station 5. This Bpecies was also abundant at
both stations on the River Salwarpe, Station 2 on Merry 11411 Brook,
Bob's Brook and was also recorded at Wem Brook and Walton on the
River Trent. The larvae of this Bspecies does not seem to be as

tolerant as that of Chironomus riparius, although they were frequentiy

found together. This fact would explain its absence from Cole 2 and
MHerry Hill Station llduring the summer., Although it proved to be a
good indicator of moderately polluted cduditiona in the Midlands it
does not seen 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 discoantinuous incidence (fig. 23). Large populations were
frequently present from November to March but for the rest of the
year it was either rare or ahsent altogether, From éhe prepent study
it would Appear that the larvae of this species séemed to prefer
moderately poiluted 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. Fukiefferiella hospitus (fig. 80)

This species was also generally distributed in the Midlands

and as with the larvae of DNrillia longifurca it seemed to be a good

indicator of moderately polluted conditions, being sbsent when the
conditions were eiéher very bad or good. In the River Cole ({igs.
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 &, 5 and 6 it was abundant reaching a peak at Station 5.
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If the secasonal incidence is considered (fig. 25) it shows that the
(1 ' :
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 Novemher,

This species was recorded from all the other polluted stations
investigated and was one of the most abundant species in the Riier
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 Mattingley (1950)
describe the adult as bein; common and generally distributed in this
country and it would be supposed that the larvae could prove to be a
good indicator of polluted conditions in this country.

bk, Trichocladius rufiventris (fig. 61)

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 Hrook.but were present in Cole 1, the numbers then
decreasing at Station 2 fo be followed: by progressive.increases in

;
numbers at Stations 3, 4 and 5. The larvae were also abundant in
the River Salwarpe after the improvement in rivef conditions, HMerry
111 Brook and at Waﬁ Brook. 1

If the seasonal incidence is considerad.tfig. 22) it will be
seen that the larvae are most abundant from January to March with
smaller peaks oceurring in mid-summer and autumn, This was one of
the species that recolonised Stations 2 and 3 in the River Colg

during the winter months. The summer populations however were

suppressed probably because of the very severe conditions. The
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Fig.8)1Ventral view of head of Qrichocladius rufiventris.
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Fig.B82Ventral view of head of Cricoto.us bicinctus.
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pdults of this species according to Coe et al (1950) are common and
generally distributed and it would be thought that the larvae of this
ppeciesn could also prove to be a useful indicator of pollution,

5 .Cricofopus 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:
pecame really abundant at Stations 4, 5 and 6, At Station 5 in
particular very large populstions w;re present ih the summer months
and in July over 2,700 individuals were recorded from 0.1l of a square

metre of stream bed. The larvae of Cricotopus bicinctus were also the

nostlabundan; type during the Bumme? 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. 27 & 35) at the various sampling
stations reveals that although it may be present in enormous numbers

during the summer montha it was rare from October to March. It is

also obvious that Cricotopus bicinctus larvae are very tolerant of !

organi¢ 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
lorth America and tha-Continent of Europe. According to Roback (1957) %
the larvae is widely distributed in the U,S5.A, and was very common in |
the Philadelphia area. That it is a very tolerant species is obvious
because accordiag to Surher'(1959) it was the only invertebrate other |
than oligochaete worms to be found downstream of an effluent from an
elegtro plating works which produced conditions of high copper, i

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

Isles.

6, Cricotopus sylvestris (fig. 83)

In both distribution and seasonal incidence the larvae of
this species closely paralleled the previous speciess 1In the River
Cole (figs. 33 & 34) this species also reached a sharp peak in its
distribution at Station 5 and the larvae were most abundant between
June and Soptamﬁer being rare or absent from October to May. These

larvae also proved to be widely distributed in the Midlands during the

A P A ur

lummef months and weée one of the most abundant types at Merry Hill,

River Salwarpe, Bob'; 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 .

ver 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 oﬁ;
of the first chironomid species to appear in a polluted river after

Chirnnomua riparius.

: This is also a generally distributed species in this country,
the U.8.,A, and the Buropean Continent where its association with

| polluted conditions has been observed by Thienemann (1954). Thienemann

. . e el - e o =

also states that these larvae can be found towards the end of the

Dl

. Chironomus riparius zone, which is borne out by this investigation.

-

7. Prodiamesa olivacea (fig. 84)

The larvae of Prodiémesa olivacea were also a common type in

e mre—
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the River Cole, and if its distribution is studied (figs. 34 & 37) it
can be scen that it was confined to the polluted Tregions. The larvae

were most abundant at Stations 4% and 6 the paucity of these larvae at

e

Station 5 can probably be accounted for by the unsuitability of the

stream bed. Both Roback (1957) aad Maitland (1964) say that the

larvae of Prodiamesa olivacea prefer soft muds and it was a fact that
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FigB6Ventral view of head of Polyoedilum arundineti
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the substrate at Station 5 tended to be rather sandy, and this could
then account for its rareness. Although the larvae of this species
wore 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
indicator as the lariae can be present throughout the year although
it was most numerous in the following periods, December to March,
mid-summer 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.B.A;
and Russia. 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. FPentaneura 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 (figs. 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

Anatopyhia (Fsectrotanypus) 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 numbérs. The larvae of Procladius however were not recorded

at the stations investigted and it may be that in Birmingham and
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aurrounding‘nveas thejr place in the benthic community is taken by

the related fentaneura melanops.

9. Folypedilum arundineti (fig. 86)

The larvae of this species is nlso 'blood-red' and belongs to

the same sub-family as Chironomus riparius, that is the chironominae.

It was not hovever as widely distributed as Chironomus riparius norl

does it appear to be as tolerant. It was found in the River Cole at
all stations from 2<6, and was most numerous a; Station 3 (fig. 38)
being only oc¢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 iﬁportant
constituent of the comounity 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 works., As in the River

. Cole it was never abundant. From its occurrence it would appear to

be a tolerant species slightly less so however than Chironomus riparius.

Very little information is available regarding its ecology although
it 18 tnown that it feeds on organic matter present in the mud.

10, Micropsectra atrofasoiutus'

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 an the River Cole being most abundant at Station
5 It was also found at Station 2 on the River Salwarpe wherae 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 Iuton which would support this

view,
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11¢ Brillia modecta (fige. 87)

This especies altoough not abundant was usually present in

the samples. It is easily distinguished from Prillia longifurca if

the ventral surface of the head is examined. There are two large
black patches on the ventral surface of E, modesta which are not
present in B. longifurca. Larvae of B. modesta were taen from

Dowles Brook and all the stations on the River Cole (fig. 33), it

vas moot numerous however at Station 5. Individuals were taken from
both statiors on the River Sslwarpe after the opening of the new works,

It would appear that Brillia rodesta is a moderately tolerant form but

. again very little information is available régarding its ecology.
According to Coo et al (1950) this species is common in thit country

and is also found in Russia and the U.S.A.

e e ol e Wt 4

It would seem as a result of this investigation that chironomid
lapvae could prove to be good indicators of organic pollution in the
riffle smones of rivers. This otudy shows quite clearly how localities

vhiich from chemical 1nrormatioh appear to have a similar level of

i S e

organic enrichment will have the same chironomid larvae in the benthie

; comtunity. "The present study has been confined to a relatively small
5 ;
area but it is hoped that these findings may prove to bo widespread in

b

the British Isles. If this is the case then their value as indicator

i Wi SR e st

organisms would be great because they are frequently the most numerous
invertebrates presont in the stream bed. In the present study if the
¢hironomids &8s a group had been ignored, beca@aq of tie paucity of otﬁnr'
1 lnvertebrates it would have Leen difficult to assess the polluted
condition of many of the smupling points, It would also have been a
very artificial estimate if the presence of in many cuses the most
stundant single group of invertebrates had not been taken into cone
sideration. At certain times of the year the samples seemed ﬁo be

teceming with chironomid larvae. Such a case was the July sample from
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Station 5 on the River Cole when over 3,000 were taken from O.l1l of a
square metre of stream bed,
\8 with all insects however a knowledge of the secasonal

incidénce of the dovglopmental stages should be desirable bafore 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 iﬁoidence have emerged from the

present investigation. The larvae of species such as Eukiefferiella

St 4 o e g e L

hospitus and Irichocladius rufiventris seem to be present to varying

degrees throughout the year, while the larvae of Brillia longifurca

are abundant in the early part of the year and are only occasionally

. found during the rest of the year. The seasonal incidence of

Cricotopus sylvestris and bicinctus is in striking contrast to those

L

A e ity

already described, the larvae of these two specles may be abundant

during the summer months and relatively rare during the rest of the

S -

year.

6.2 Some other \oquatic Invertebrates

; Gaufin and Tarzwell (1952) make the point that or-anisms

L Y N T

having 1ife histories of a year or more will be better indicators'of
Pollution’ than those with short life histories, because they will

f indicate unfavourable conditions that occurred several months previously.
Tt 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 and size distribution of Gacmirus 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

i,
i ke L e i - AR § e




s s A s ol B

T

-

e B b gl M T

£ o it

it et

o oot ety A s -

-

158

very similar in the two localities. Individuals were present throughe-
out the year, but they were not particularly numerous from January to
June, for the next three months they were abundant. Af ter September
the numbers once again fell, Hynes (1955) investigated the repro=

ductive cycle of Gammarus pulex and his findings would explain the

paucity ia these early months of the years Gammarus ceases breeding
usually in November and for the next couple of months the population

is composed cf overwintering forms with no young specim=2ns being
produced to replace deaths. Thus the paucity of G pulex in the
winter and epring at a locality could be due to natural fluctuations

in the population =mnd not tbithe effeois of the enviroament. Mesh
pise of the sampling net is also important in estimating fha condition
of a locality, too large a2 mesh size can lead to wrong conclusions a
point which is etressed 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 mns in length,
and these would p&saibiy have escaped if a net with a coarse mesh had
LVeen used. Thus 8 totally wrong impression of its abundance would have
ensued which could have resulted in an incorrect assessment of the
degr;e of organic énfichment found at that locality.

The measurements of the nymphs of Baetis rhodani from Dowles

Brook and the River Cole are shown in figures 12 and 20. The nymphs of

Bactie rhodani were present in all samples from both stationss  There

are differences between the two sets of results with ragnards 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 comparae

tively rare from October to larch. Thus a knowledge of the breeding

¢yele is once again very important if this particular speciles 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 underlinqa how a coarse mesh could give
a wrong impression regarding the abundance of this species. The
September sample from Dowles Brook contained 136 individuanls however
nen?ly 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 communit;. The results also reveal that in July and
Augus t only small nymphs were present and this has also been observed
by Pleslot (1953), |

The River Cole and Dowles Brook differed in the species of

Hydropsyeche present. At Dowles Brook, Hydropsyche fulvipes was

present while at the River Cole Station 1 it was Hydropsyche nngustie

pennis, Why this is so i8 not clear but the fact that Hydropsyche

angus tivennis 46 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 orpganic enrichment, It has been

observed that Hydropsyche can form large populations when there is

slight organic enrichmont (Hawkes | 1956).
The incidence of tlLe 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 1nd1vaduals. Hydropsyche angustipennis similarly had a very’

uneven seasonal 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-;mall. the majofity were less than 4 mms. Thus once again a
totally different im;ression could have resulted concerning the quality
of the river at this locality, if onc had sampled either in July when
only the leds 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

sunmer and then grows rapidly to emerge in late summer. Rhithropgena

on the other hand is found in the egg stage during the summer presumably
because this stage is more tolerant of high temperatureé. It then
grows steadily through the autumn, winter and spring to emerge in

early summer. The present investigation confirms Macan's ohseriationa,

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 (fige 1%) had a very different

incidence. The nymphs of Fhia 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 d4id the size of the individuals.

The hymphs of both species have then very different seasonal
incidences and it is again very important that before attributing the
absence of eithor species to anvironmenpal influences their life cycln'

should be taken into consideration.

Erpobdella octoculata (fig. 17) which was abundant at Station 1

on the River Cole was present im 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 this species may live for three years and this would

explain the presence of fully grown individuals throughout the year.
Thie Bpecies as would be expected from its long life span is in many
ways a more reliable| pollutional indicator, because it may alao

indicate conditions Lhat 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 1life history of the vérious
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.

L
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Stations
Dowles Brook
Cole 1
2

3
4
5
(3

Dowlos Brook
Colet
2

3
4
5
6

D
842
79
746
7.8
7.9
7.9
8.4

44.8
3749
£3.0
48.7
50.5
5440
5545

Be1
7.4
7.3
7.5
7.3
Tel

745

51.4
39.0

44.8

44.2
43 .Q
47.4
4640

F M A M J J A S 0 N

8.0 8.0 8.25 To6 B.2 8.0 841 8e1 7.7 7495

" 7e5 76 Tedh Te5 Te3 Ted Te55 16 Ted Tel

7625 7435 Te15 Te6 7.0 Tot Te2 Tot Tot 7.3
TS To6 o35 To85 To2 7425 To3 Ted5 T3 Ted
76 765 Te45 T+8 Te25 T435 fo3 76 7455 T.4
24 11 745 7.8 7.29 Te8 7235 T.5 7.6 7T.47
7455 7.8 8.2 8.0 7445 725 T+55 7e6 7.7 7.55
Calcivm ( gm!
54.0 40.0 45.2 36.6 55.0 5648 57.6 5746 37.2 53.6
38,0 37.0 41,0 39.6 43.8 36.8 37.2 39.8 48.0 42.0
40,0 41.0 40.0 42.4 46.0 40.7 47.4 37.4 46.6 44,0
46,0 47.2 47+4 4T.2 48.4 41.8 47.2 48.0 52.0 48.0
45.0 49.0 50.4 4648 52.2 43.9 50.4 48.2 55.0 49.4
48.0 5244 49.6 522 49.2 47.0 49.4 46.0 54.0 51.4
53.0 55.0 57«4 56.4 49.6 48.6 60.8 47.8 55.8 52.6

D
T.75
7.25

7.25
7.45

745

1.6
38.8
42.8
46.4
18.0
5041
51.8

8.2
7149
74
7485
7.9

1.9

8.4

57.6
48.0
4744
52.0
55.0
54.0
£0.8

Haximun dnimunm

.6
7.3

T:0.
7.2

725
T.29
T.45

3.6
36.8
37.4
41.8
43.9
46,0
46.0

‘Average
7.98
T4
T.21
T.4
7.48
7.49
7.66

4845
40.0
43.0
47.7
49.7
49.7

5249
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_ Po Show Chemical Data for the period December 1966 to December 1967 for Dowles Brook

: and River Cole

gium m : 3

p

ﬂ Stations D P o Rt SRk " e TS s s 0 N D VYavimun Minimm Average

| e Brosk 64 L. ML NA e B2 U586 5,00 8.5 e T BiSL - 5.8, 8.2 .8 8.5 NIL 5.9

‘ Cole 14 9.7 9.4 3.7 13.7 16.4 10.2 17.4 4.5 16.8 10.3 8.5 18.4 11.1 17.4 - 3.7 12.3

: 2 9ot i 4e¥ 22 13.6 11.2 0.5 9.2 1.0 9.1 9.4 106 11.8 T.1 136 2.2 9

‘ 3 9.1 6.3 1.0 15.7 4.5 109 17.6 10,1 17.5 4.4 8.1 134 5.4 17.6 £, 1.2

] 4 9.5 60 1.3.17.0 13.7 100 17.8 154 137 169 0.3 16.5 5.3 17.8 3.3 120

] : 5 99 6.0 26 18:3 M8 Mk 15,1 WS 64 181 T2 137 94  18.3 2.6 1244

1 6 124 7 ek 21,6 16,4 T10.2296:5 10.1 A74 188 U 6.9 213 0.0 21.6 1.4 139

3.0.D. :

4 Bowlos Brook - 1645 s Aot 03 - " 3.5 1o #3.0 9022 20 - 3.2 Je2 3.8 1.1 2.2

3 Cole 1 Sp ity akliaos s 3 el G el SHuss 38 0 49 647 15 G5 . 406

! 2 8.6 13.9 10.6 16.4 22.0 11.4 25.1 36.5 24.9 46.8 6.8 22.1 1.2 46.8 6.8 20.6

‘ 3 4.8 14.7 7.7 6.2 33.5+ 10.6 17.1 3T+ 18.9 15.8 6.4 6.4 8.7 37.0 4.8 15.6

4 46 ST UM 5.0 1% 1065 8.3 5 AT TR A EA.9 1097 3T 54.0 ST 20T 7
5 187" 750 T80 154 B0 - M.t 150 380 TR3 = 30 65 0.7 9.7 8.0 3.1 191
6 2.8 5.9 4.0 6.115.5 5.0 4.3 204 9.9 3.8 2.6 4 44 274 2.6 7.4
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1( Dissolved Oxyszen (ppm)
Stations D J g A Me Y J A S i R Maximum Minimm Average
DowlesBrook 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
i Cole 1 11,2 10.35 11.3 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 9.9 9.4 10.2 4.7 3.7 8.9 1.95 1.1 2.3 1.4 3.5 5.2 8.2 10.2 1.1 5.41
3 9.9 9:4 193 8 '3.9 8:15 2.5 - 1.3 10 122 4.7 5.3 1.9 9.9 1.0 5.39
J 4 10.8 8.8 9.85 6.4 4.7 7.3 5.9 2.1 3.5 5.6 5.157.4 8.35 10.0 2.1 6.6
1 5 10;4 8.35 9.95 9.4 8.2 T.6 4.3 6.45 3.8 5.4 4.6 T.6 9.4  10.4 3.8 1.34
i 6 10.8 - 10.0: 10:6 10.9  13.3. 9.2 5.8 4.2 1.8 6.5 T4 9.3 8.3 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
Gole w4 . 45 5.0 4,75 6.5 7.0 8.0 32.0 15,0 12,5 11.0 10,0 6.4 5.5 - 15.0 4.5 8.6
: B 5.0 6.0 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 4.5 6.0 5.75 8.5 9.5 9.0 13.5 16.0 13.0 11.75 10.5 6.5 5.75 16.0 4.5 9.17
; 4 4.5 6.0 5.75 9.0 9.5 9.0 13_.6 16.25 13.5 12.0 10.5 6.5 5.5 16.25 4.5 17.61
| 5S¢ 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 - 18.0 455 2091

6 4.5 6.0 6.0 9.0 9.5 8.5 4.5 18.0 15.0 12.5 10.5 6.0 5.5  18.0 4.5 9.65
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Table 1.

To Sicw Chemica)l Data for the neriod Decesber 1966 to Decembexr 1967 for Dowlcos Breok

and River fols

Stations

D

Dowles Brook 0.3

Cole 1

L LY R

Dowles Braok

Cole 1

2
3
4
o
6

2.0

3.5

2.2
2.2

2.0

16

2.1
2.7
3.0
1.2
244
2.0

2.9

1.6
3.2
5.8
3.2

2.5
2.2

2.8
5.2
4.7
4.8
3.8
3.6
3.6

0.4
1.6
2.6
1.7
2.6
3.8

15

3.3
3.2
3.3
3.4
4.3
4e4
4.1

BIL

0.8

56
244
2.0

2.2

1-8

4.0

4.9

3.3
3.9
44
4.2
Se2

A B L | J A S 0 N D Maximun Mini-um Averase
0.6 FIL  NIL NIL. NIL 0,2 NIL NIL BIL 0. NIL 0.1
0.8 0.7 06 NIL HNIL 0.2 0.5 0.3 NIL 2.0 NIL 0.69
10.6 3.8 9,2 0.5 '16.2 T3 4.8 6.3 5.3 16.2 2.6 7.4
9.4 2.6 B.6 6.0 B84 546 4.1 433 2.5 9.4 1.7 5.1
8.0 3.3 6.0 9.3 10.6 7.2 4,2 3.9 2,05 10.6 - 290 5e2
2.6 2.4 4.6 5.8 5.2 €4 4.4 2.7 2.0 64 2,0 3.7
- 3ok 1.2 3.4 4.5 4.8 6.0 2.7 2.3 44 6.0 1.2 3.1
.ExrRatEs (opn as M)

B A0 22 5.3 0880 3.8 3.6 2.9 40 . 0.8- 273
55 . 44 4.4 3.3 3.2 6.0 5.5 5.0 5.0 6.0 2.7 4.6
2.7 4e1 1.8 NIL 2.0 3.2 4.8 3.6 4.4 4.8 L 3.1
Tk %5 - L3 WL 12 18 34 29 39 4.8 EIL 2.6

1.5 3.8 5 52739 19 40 3.5 39 4.4 1.2 3.0
4.6 3.8 1.9 $t.4 2.5 366 3.6 3.8 2.9 4.8 1.4 3.3
4.0 ‘.9 2-1 *.5 30“‘ 3.0 ! 4.0 41‘ :.'9 5.2 105 3.4
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Table 1,

To Show Chemical Data for the period December 1966 to December 4967 for Dowles Brook
and River Cole :

ORTHOPHOSPHATES (ppm)

Stations D J F ¥ A ¥ J J A S8 0 ¥ D Madoun ininum Average

DomlesBroaok 0,15 NIL 0,7 NIL NIL NIL NIL NIL BI} 0.1 NIL NWIL ¥IL

e g e i

WSS |

0.7 §IL 0.07
Cole 1 0:,23 0.4 0.23° 0,46 NIL 0,2 0.15 0.4 0.85 0.85 FIL 0.35
2 2,26 14 0.95 1.25 1.7 1.2 4.0 2.25 2.05 5.5  0.95 2.5
3 0.85° 1535 03" 0.3 2.5 . 0.55 2.15 1.55 1.55 2.5 0.3 1.5
4 a2 30T 06 50.Y 51,3 055 2.35 1.68 9.95 3.5 Ot 1.4
5 $o3 L2 0;8.00:,350.15 0,38 2:2 535 13- 2.2 0.15 1.14
6 0.9 1.03' 0.7 0.5 0.85 0.6 2.63 1.25 4.65 2.63 0.5 1.3




Table 2.

Results of thres sanples taken at.intervals durlng the day fram
5 stations on the River Cole.

104 00n.m,
Station pll Alkalinity Carbon dioxide Ammonia Nitrites
A 7435 100 11 (ppm) 0. 5(?1’“) ¥ S(I’fm)
2o Tel5 153.0 23 8.7 2.1
b PRGE Tel 146,75 155 4.3 1.8
he Ted 147.75 10.5 4.1 1.8
6o Te55 1375 9e5 2.0 33
1. Ted 93.0 9¢5 0.4 4.7
e Te?25 163.75 19 12.2 2.7
§ e Tel 91.25 11.5 4.8 2.2
Rt he 7-? DTO?B 14 401 2ed
%6 T4 120,25 10 2.8 3.7
!
E 6,00pem,
§2a, 74354055 85,73 10 0.4 4.0
E Ze Te1l 141.5 24 T.7 243
l Je Te25 145425 17 8.2 1.5
- 4 Teld 125.5 14 4.5 1.9
i 6. Ted 111.25 13 2.1 2.9

e b

Py PPN
-
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Species.

i pit- & Pl _RKI _A 1Nl ¢} 9] Al O] O! M B Rax, Rinks AVl
Lumbriculidae 4T 17252 (51| 38| 136[18| 30| 71| 51| 24| 5 | 54| 6 | 136 5 | 47
Tubificidae 20(25(23(5 |4 | O |42 20l 8l 583101 561 42 | 0212
Enchytraeidae 0 01010 [0 O L3 Q-0 01010 0| 0| 3 0 0
Piscicola geometrica O 015010 |0 0 1 (o 2 e ) R L g 0| 0| 1 O a0
Erpobdella octoculata plioifolo foilfs fol ol oliel ojoliolol 1°]10} o
Ganmarus pulex 18 31 | 3 1723 | 8 18] 886115 (153 2] | 8938 (153 8 . 55
Ecdyonurus dispar 9(14| T [ 0]6 0 14| 1|17 26195061 37179 | . 95 0| 17
Baetis species 21 -6 |25 123 | 20 '66}111 85| 26/136.{8 | 29| 6 | 136 2 | 40
Rhithrozena semicolorata 4 148170 171155 {99 531311 '81. 31227 123-| 18133 | 127 3 49
Ephemerella ignita O D10 }9010 O |8|59(94]| 35| 2|0 0| O 94 0| 14
Ephemera danica 2 101 4 X [NT o {'Ged F 01134012 4, 0 7 3l SR
Leuctra moseyli 0} 01 ©6]10]0 0 |0 0/22]11}y OO 0| O 21 Q1" 2
Leuctra inermis O 20 101704 O O T OR-04 32003 01 0 1= 010 12 0 8 |
Leuctra hippopus > G par S B TG B X R e 200 tdds 0= 01 X 1] 4 13 -0 1245
Nemoura cinerea 00201010 [0 0] 01 01702 .00 1] O 1 0 0
Nemoura erratica g e T e ) D42 10 01 =01 010 o O h § 0 0
Capnia bifrons . g lontts-l 2y o ot olHol ol olialo ol | 3| 05
Chloroperla torrentium 0 0 0 N Pk | 2 ) 5 0 0 0 0| O 0] O | 3 0 |0.5
Chloroperla tripunctata Q0 0] 01010 0101 0950320101 0 3|1 0| 3 0 (0.5
Protonemoura praecox @ LlorS2:4 310 1 Ol 001 0. 0 210 2 Q50
Amphinemoura sulcicolis NS0 1010133 - 19 QL 010010 0l 0| 33 0 2,5
Brachyptera risi 01 0} 0:.181]4 2. 131 01 0101010 0| 0! 8 0 155X,
Fhabdioderyx angelica SOl 051210 1001 001 0150 0|0 0| 0 | ) § 0 0
Isogenus nebucula 0 0}:1 1010 00 B Qile 01501 047 0) O | 1 0 o}
Isoperla grammatica ghrorin g | 4TSl 9ol gl 001010 o 0| 9" 10 2
small Plecoptera T3 131 125133 Sl Ik R D O3 -T 1291411 AT | 61 19
Hydropsyche fulvipes 30/11/18 | 6|9 |28 |O| 4| O| Ol 67|7 | 69125 | 69 0! 19
Rhyacophila dorsalis 6 OV 4-11}11 e g O - R L T s B 2121 "Il 0 4
Polycentropus flavomaculatus O 4 5 2 L% Q@ d421°8Fr QX 314 453 7 0 [2.5
Agapetus fuscipes 01 0f 0]10}0 O ET 0O 2 ) 126 0|0 26 0 |1.7
Silo palipes 310! oflof3 |1 |2 0]l 2]l o] 2[7 | ol2!| 10 |o0l22
Limnophilidae X 0 0 0]0 0 0 0 0 0 0]0 0| 0 | & 0 0
| | | L
A G W L b bt T . el. p . T R S
1 \ - ' ;
| l I '1
i \ | ? \ : \
| fnbato ool ol ol 0t-0f 32:4.01 0Of
Lasidostonatidae 1 E.Qﬁglglg 1ol ol of o] of o} 1! of- 1 oo

e
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‘Ageyotua fusci o3

Biological results for the River Cple,itation 1, Figures rcfor to

Tablo 4.

D.

(™
;

Tubificidao
Enchytracidae
Luabriculidae °

[ 80

D
197}

-
ow X

450
10

Ernobdplla octoculata .
Glossi honia coa_.lanata
Halobde la stagnalie
Batracobdella paludosa
Piscicola gaonatirica

[

L
ConNOAEDN

g |
&

| Fob.
8%[68

7
83

0

5

KHar, Apr, Hey

haapas| 31| 67| %6
52| 0 0
72

-
L& |
[2%]
|
bt}
==

N
W

26

_—
ol

5| 52176]
3

Blaco
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%
0

%0

Ogmc
ol
o c o
Glocoo
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k|

Gariarus ulex
Loellug aguaticus

N f
-J-F-OOOP%BO

O
H-\SO:\;ODSqo
n
N
|

Stk
i

Bactis rhodani
Soricoatonatidae
Hydropsyche angustijennis
Liuno hilidae

Henoura cinorea
Anyhinemoura snlcicolis
Nououra aviocularis

Small Placoptora
Pentancura molano, s
Brillia modaesta
Bukiaffeoriella hos itus
Trichocladius ruliventris
Cricoto _us bicinctus
Punctirocladius sy,
Kicrovsoutira atrofasciatud
Chireanoaid pa ae
Dicrasata larvae
Linnophora

Sisulimm larvao
Simuliun ornatum mpaae
T4 .ula larvae

Linnius larvas

Halliilid laepvae
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“Tunbriculidae

gnchy traeidae

Tubificidge

D

539

5

Table 5.

Jan.

80110

' 80 72 | 30

16

. l-_ F-eb.
i Ot 0|
50

t,aeulaaol

0|
70| 63

1987

fiological results from the River Cole, Station 2 . Figures refor to

T
s o
1133
456

Mar.
0l 124
26| 124

1293 1816955 |13 21

Gloasirhonia cou;lanata
Rrpobdella testacea
0} obdella octoculata

3T

0l

0

|
{
|

nioc o
(oR e lle

i

oo o

Gamarus pulex

Asallus aguaticus
Trichocladius rufiventris

Anatopynia .

Poly pedilum

OC|DOO

o OO0 O

OO_|OO?

I

[ol{eNeNo ]

OF—'OOC’

arundineti

Chironomus riparius
Prodiamesa olivacca
Brillia longifurca
Brillia modesta
Cricotopus sylvestris
Cricotopus bicinctus
Pentanecura melanoys

PhaenOpaectra(sargentia)

Micropasectra 8p.

Bukiefferiella hos itus

Pasectrocladius sp,

Diplocladius cultriger )

(e ]

Chironomid pupae
Simuliun larvae
Simulium ornatum pupao

Collembola
Baetis sD.

Psychqda larvae
Psychoda pupae
Hydropsyche larvae
Thaumalaeidae

Tubifera.

Culicine larvac

Pericoma
Sialis
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Table 5

i
.

numbers per 0,05n

i
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Table 6, P

Biological results for the River Cole, Station 3. Figures refer

)
}

—ik il

D, Jan, Feb, MHar, ] A)r, ey

Tubificidae 791139 420941575716]1 32380119 5637 3615 3113801391687
Enchy traeidae 21251490164612175 20| 60, 40 43]5.?54184 63 0335 17| 14
Lusbriculidae 50[ 0 0 10 20{40 O 3% 16/ 4/ 0| 0 0O 0Of 0,
Eroobdella octoculata 1 o of o 1 of 1 1|' of of of 0o o o 0
Erpobdella testacea of o of o o o o of o o o 0| o o 0
Glossiphonia comylanata of o0 o o of o o o of o 0 0} o o o
Helobdolla stagnalls oo o 0 o 0 o 0 0 0 0 0 0 00
Gauwmarus pulex Sl A OL S 00 OF 8 A R R OO SOr 10
Asellus aquaticus 2l S iles 0 2 X -1 o 1 O O O -0 O 0O Of
Bactis rhodani 29| 5/ 100 9 o 3 5 18 916/ 0/ 0 O 0O 0
Chironomus riparius 140 195 27 33 26| 5 16[ 5 8/14] 1| 10, 6/ 2 0
Polypedilum arundineti T5 b i 10l 8- 10}:4) 2l 2 1 6| S % =530 12
Endochironomus sp. 0 0 O O Of O 0| O 0of 0/ Of 1 O O] O
Micropsoctra atrofasciatus 5|' 3 5| 1 1| 1|13 1212/ 20 o] o 1 of 1
Pentaneura melanops 9 15500 2 8| 4 i+ I T 6| B 26i! 23 5| 0
| Anatooynia sp, of 0 1 O 0] 00 2 O 0 0 0f O O O O
il Brillia longifurca 110/ 52 Tj 67! 35(18| 31 30/19/19, 4 4 6 0O 1
Brillia modesta 26| 4 2 2 3 3 1 2 o of o o o 1
Fukieffericlla hosoitus 2| 10 8 11 4 S| 3 16/11/ 20 o] 1 1 O 1
Trichocladius rufiventris| 0| 71! 60| 58| 35 37/40|/100/95 94/ 0 0 4 2 01
Cricotopus sylveatris 0] ol O o O of of O o of Of Of O O O
Cricotopus bicinctus DR OBt 0 8 =61 AN 0101, :0F Bl nd w2 e0| W0
Psoctroeladius sp, 4] O] O ©O Of O] 1f 4 6 8/ © Oi of O 0
Prodianc:a olivacea 321 30} T 1A 14 9112 B-a @ O] 10O 0 0
Chirononid pupae of of o o 2 1f 2 10[15/11f 1 5| o 4f 1
Simulium larvae 216| 74| 116 157| 11| 7| 20| 84|32/ 60] O Of O O O
Simuliun ornatum pupae 8 i A 0| e | by el ARSI A e § Bt I | (RN e AL, Y
Ancylus fluviatile 0 © O 0] O 0] O] o 0| 0f O O of ©
Linnaea pereger of O a O-I 1 1] 1 0} o 0 OI 0O O O 0

. — .




Table 6,

to nunbers per 0,05m%
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Table 7. v
Biological results from the River Cole, Station 4. Figures refer to 1
Doc Jan. Feb, Mar, ADT, Nay June D
Tuvificidac 2598 3712029689 %4/270(326 26 230014 1647 "47489453:412;684]1224255231433 i
nchy tracidae 40 20r' 10 6&96 20110 O O 69/ 11 13101/ 11] O 30 O 0] o {
Iworiculidae | 90119 10/80! 98 10| 200 30| 0/ 69|55/ 0 3| 0{60/ 30 o o o !
Ersobdella | e
octoculata | 1 o0 0O 1 o g 1 1 0o 6 2 O 2f O 2y 2 Of O
Brjobdella | } E !1
tcctacea 1 ol 00 O 3 1y O O O O O O O O 0. O 0 0’ 4
Glossiphonia :
complanata Ol X O A sl O s 0 OF TRl 3 Ak X 2000
Helobdella - .
__stagnalis | 2 0 0| ol o 1/ d o o ol o_x of o o 1 o of o
Gauiarus pulex of O of oj o of=a2 1 of & 1 1 0l O] O0f © O 1L 0
Ascllus aquatious| Of 1 ‘2| 1| O 1| O 4/ 210/ 0 O Of 3 O 5/ 0f 1, 0
Baotis rhodani o[ 5| 5| 2 1 o] 317/ 32 18] 8 8 23 o o 1] o o 1
Chironomus , [ - | St
rivarius 4155415 410 232110 4 81 6] L] 05 00w 0f - 0 - 010 3: 7
Polyosedilum ’ ' ;
arundineti g6l 3172 o0/t .5l A Ol-8 O 0l:dl 4 2 0l 1140
Erdochd rencaas aph 0L ol ol .ol 2 alid o 2 ol 4 2 3 1 o 2iol0l 0
Micropsecira n } !
‘atrofasciatus | 0[12 1| 2| 2 3| 3 8/16] 6/ O O 1] O 1] Of 6/ T 5
Pentaneura : . [ -
molanops v |18] 8| 9| 5 5| 1 49| 69 34 75| ?5‘ 53226 0 o ¥l
inatopynia sp, 0| of 0| Of Of O O Of 1 Oof O O Of Of O 0 O L=t 2
Brillia longifurcal9 (47| 27|42 33| 19 16'1.34] 85188/ 17, lil 19| O 1| 0| 16| 16| 20
Brillia modesta o) 1 41 I 02 ik el e G Ry 4 (R 2 q Ol -0f O 0111 9] 6
Bukiefferiella ! ol
hospi tua 0/30|17(18| 5| 4| 2 35' 54 36 0l 0, 0{3,00'% 0O L 2 2ia= G4ty
Trichocladius _ g [ : i
rufiventris 0|73 41|42 31v18| 19178283167/ 10 10 6| 3 7| 4 33 44| 55
Psecirocladius spp 1| 0| 0o 6| o of & 9 21/10 4 4 o o o o 5 of o
Cricotopus [ L '
bicinctus ol ol 0| Of O Of 050 42 60 TGPOI 04 20 O 11 83101 73
Cricotopus _ |
srlvestris ol o] ol o]l ol o/ o of o o o 4 1 o 0o o 1| 1 3
Prodicaesa i
olivacea 53 (47| 27/ 40| 14| 19|10 18; 1213 1 q o 1| 1] 2[ 19| 19| 14
Chironoaid pupae | 0| 0| 3| O 2(11f 1 4445/ 6511/ 25 251 | 0 3 7| 12 10
Simulium larvae 142[18| 9| 9|17| 5| 5 22175 2 5 3 0 O O 2 2 6
Simulium ornatum .
pupae 0| 0l 0L 0 O O Qo Ql==0f o0 O 0l SOl Ll =0
Limnaea peroger 0ol Of O Of O O q 0‘ 0 0 0 d o O O 2/ 0O o 0O
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Tablo 8. :
| :
Biological rosulta for the River Colo, Statlon 5, Figureo rofer to
1
Y D.| Jane Fub, War, Apre | nay ~°
, -mapificidae — B04T08210267110207/106/56051071 2 105601301910037623 1
| snchy tracidae 25| 48] 10| 42 10| 36 44 16 30 10[ 16/ 30 6| 37{ 23 0| &
: Iunhriculidae 5 16] 412 O/ 16 4 10 6 ol o 4 O O 8
1 froobdella octoculata 1T %17 16| 7 2 9 6§ 21 =2 1 14 11 ‘ji
ppoobdella testacea 4ca~0 o g 3 4 3 d 6 2424 d d of
H Glosaiphonia com o lanata 1 oo of oo 4 of 4@ & Of O 1.1 of of o o0
il Helobdella stasnalis 17 17 11 6] 22 19 32 26| 41l 50 401 46/ 221 O O 0
| Gamnama® pulox % o 10 0 o-0.0.4 Y .0 O Y C 0
I Asellns ajuaticus |75 49| 32 42 98240147 37| 71 81| TT 49 63 21 36/10
i faotis rhodani o1 oo o a o o o o 0 o 0 O O 0f |
\ poactrocladius 8pe et o of 2f 1y 1] & of 00 0 O O a1611 |
| Brillia longifurca |10 21f 1Y 14101411:1 81173143{ 93| 910 5 2 1L 0
| Brillia sodesta , A1) 8 o2 2 o o ol 0 00 O gJ 0
| fukiefforiella hospitus 5| 6 11| 4 36 58 44/ 51 64/41] O O O 7 2
i ?richocladius mfiveatris | 9( 18| 34 29*1771612.’!(480}33140 T 5 3 37 26| 2
: Cricotous bicinetus ' | 1 O O o o 4 1| 4 8 6/87 59 70| 31737188
5 ¢ricoto us sylvestris | ofl ol of of 3 4 2f 2l 1) 2| 3 6 3 13 7| 5
i Chironosus ri arius ol o 22l 2441 o oo 1 2 0 13 21
! Polypcdilus arundinotd O 33 9 3000 0 Oi 0 o O O 0
i Endochironomus 8pe 1 of o 4 of 1| o of of o 0 0 O O 0
i Hicroocectra atrofasciatus| 1 7| A 4 19 ayly 7 5 3 o0 O Of 2 1 0f31
4! Parachironosus o o of of o o o o of of of of of o 9o 0}¢
1 Prodiamess olivacea 2124 44 7 4 sl of 1| o of .o o 90
Lt Pontaneura melanops A 4 5| 92017121 2 0] 11181311 of 0 .0
4l Anato,ynia &oe ol of ol o ol of of of of o o ol 0 0 0 o‘
] Chirononid pupsae of & of o 1 O 4 6| 2110 7 4| T8/51 24 &
g Simulium larvae of of 0 ol ofl ofl ol ol of o o o 0O 0 0
Simulium oraatum sujac o_M_0 o of ofl o ol of 0 o ol 0 0 0|
j Ancylus fluviaiile o] 1 4 A 4 3| 5 9 6 3] O 0 0.
i lianaca poreger of of O o © ol ol ol o o af o 0 0
¥ Sphaerium | o © of o of of of of of 0 oloo;_
i e
A ; 5
| g
| |
§ |
3
1
]
]
',
B 2 i e i :
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Table 9.
Biological results for the River Cole, Station 6. Figurcs refer to
e — - - 1 em— - r_._ e
D,| Jan, | Feb, | Mar, 1 Apr, | May | 4

Tubificidae % 220193;86190344:39(16824012656?132224‘2&3290144: i
Enchy tracidas 20, 2 0 ©0 02013010 60 0 0 O 0 O 6
Lumbriculidae 20 3, 0| 0{10/20 25 0| 8 0 216 0/ 0 6/ 24 i
Erpobdella octoculata 2| 7 4 4 6 1 46 4 82 4 3 119 1
Erpobdella testacea 1/ o 2 12| 1| o 00 0 00 1 o 0 of 1
Glossiphonia complanata ol ol ol 2| ol of 001 o oo O © O 0] O
Helobdella stagnelis 1) o o o o ol o1l 0 03 o ol o 0o ol
Gaanarus pulex ~1{10/ 10| 6| 2| 4 z 2l 1 O % A 002

Asellus aquaticus 1! 8] 7/ 4/ 0 9 0 3 O O 1l 201 0 0] O
Baectis rhodani ol o ol ol of of ofuvf of 24 1 of o[ 0| O i
Psectrocladius s p. 31 0| 0| 0| O] 1f O[5 2 ‘g o 8/ 2 0 0f O i
Brillia longifurca 5| 27| 27| 16| 39| 68| 6677| 56 9026/ 19/13 Of 0| O ]
Brillia modeata 31 Of 1| 21 O 4 32 0 1 o o o 0| O
Fukiefferiella hospitus 1| 3 5| 6| 0| 5| 12017 o 0| 0{12 9|24
Trichocladius rufiventris| 0| 3| 6| 7| 3|10 o6| 49|'7871114| 68|19 14| 36
Cricotopus bicinctus ol o/ ol ol o| o] 0D4| 7700865 56| 27| 27| 22| 24
Cricotopus sylvestris ol ol ol ol ol of o6/ 5/ 000 0] 0f O Of ©
Chironomus riparius ol ol ol-ol ol ol ool 1 oo 0Of 0f 0 O 0
Polypedilum arundineti ol 1| o] ol of 2/ oo O 01 0 © 0l 0 O
Rndochironomus Bp. ol 1/ ol o of 3 11 o 23 0| 0| O 0| O
Micropasectira atrofasointuJ ol 1 2 3 of 9 o3 2 70 ol of of 3} O {
Parachironomnus ol o ofl o/ ol of 00 O QO Of © 0ol 0| O :
Prodiamesa olivacea 0| 25| 16| 14| 10| 24| 17| 3| 7| 1032 11{10| O o] 1
Pentancura melanops 1| 4| 1| s| 7|10 313 6{19 0 O| O (o el ¢ § WL R
Anatopynia ol ol 1/ o o| o 00 1 O (o ESR o] (it e o e
Chironomid pupase ol ol 1| 1 o] 8| 39| 2 2567 33| 9|10| 3|40
Simulium larvae 11 ol o/ ol o| of of1 1| oo ©f 0] O 0] O
Simulium pupae ol_o o] _o_ol O 0 olL_o oo ol 0LQLQ 0
Ancylus fluviatile ol ol ol of of of 00 ©Of OO ol 0] 0| 0] O

Limnaea perecger ol of ol of 2| of o/of of 01 O Of O ol 0
Sphaorium 120 5| 12| 2 6| 4l /3l 2 ausl ol ol 20l 1
Lf!.nmt:phi.lidae 1/ o 1] ©Of 0f O 01 Cil O}L,P ol 0f{ 0f O] 1
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refer to numbers per 0.05m%
Species

iable 10, - :
Biological reesults for the River Cole, Station 6, for the period December 1967 to roverber 19€°

Dec, Jan, Feb, Mar. Apr. Eay Jun. Jul. Augz. Sern. Oct. Fove

Tubificidae o4
Enchytraeidae
Lumbriculidae

88 172

a4

96 660

£48

104

952 444 140

Erpobdella octoculata
Erpobdella testacea
Helobdella stagnalis
Clossiphonia complanata

TOWO OO0

lonmmoo

Yt
HNC

(-

Asellus ajuaticus
Gammarus pulex

-

bt

ot
=

Faetls rhodani

Brillia lengifurca
Brillia modesta
Trichocladius rufiventris
Cricotopus bicinctus
Cricotopus sylvestris
Zukiefferiella hospitus 1
Ppectroclaiius sp.
Prodiameca olivacea
~hironomus riparius
Polypedilum arundineti
Endochironomus spe.
Micropecectira atrofasciatus
FPentaneura melanops
Chirononid pupae

Simulium larvae
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Ancylus fluviatile
Cphaerium
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Table 11.

Tn show chemical data for the period March 1967 to March 1968 for the River Salwarpe. . i P S

Stations DISSOLVED OXYGEN(pePema) 2

e e R ave. - ADPs '%EI! Jun. Jul. 235. Sep. 0Oct. liove JeCe Jan., Feb, Her, Nax. Hin, _Av,

St 1. bel 4.0 3 4.4 6T o 2e .2 G0 100 Sl 1r3 0.6 11,3 Y Sy % ¥

ot 2e 6.3 4-5 7-5 5.9 To? 7-4 307 -9 B.4 1007 9-4 11.5 1106 06 ‘3-? 708

- : TEMPERATURE(®C)

Ste 2. 7.0 31.5 % 14,0236,9 15301550 13.5 13,0 11.0 55 59 4,0 4.0 16.5 4,0 10,5

Ste 24 6.0 11.0 12.8 18.5 40 348 ~13.0 pﬁi.3 10,1 4.5 5.0 3.8 3.5 14.8 3.9 8,08

St. 1, 6.9 7.9 Te3 T4 Te4 TeT 7.5 TeA T4 7.8 Te3 T.6 T3 7.9 6.9 Te43

Ste 2, Tel TS TS5 y i I 7-6 7.8 TS5 7-6 70} 7.9 T5 7-6 Te7 T.9 T1 T.59

: A0 IA(p.p.m. a8 N,

Ste 1. 6.8 1l.3 5«1 2.5 C.5 01 12,0 0.3 0.1 1.2 1.8 0.3 9,0 12,0 0.1l 3.9

St. 2._ 4.0 701 3.2 1.8 0.2 0.0 6.0 0-0 n.6 0.2 2.5 0.2 9.4 9.4 3 0.? 2-?
HITRATES(peneme a8 N.) ‘

3 T I T.0 3.4 55 6.1 8.5 10,0 Y3 16,2 AZ2s) 2,6 Ts4.:10.3 5.5 16.2 3.1 Te2

Bt 2. 5-5 303 5.0 4.7 7.0 7-2 30? 10,8 9.0 6-4 700 11,0 4'7 1100 302 6-5
ORPHOFHOSIHATES (Depente

St. l. 3.8 1.3 2.4 2.7 2.9 2.8 1.6 3.1 1.8 2.4 1,0 0.7 20 3.8 1.3 2.16

:’:t. ?. :‘.9 0.9 1.2 1-? 1.6 2.0 1.0 2.2 0.9 1.6 1.1 0.9 1!1 ?-9 0.9 1.%6

: CAICTI (Do Deme)
S5t. 1. =9 106 104 99,2 94 96,8 £7.,8 101.8 95,2 110,5 6.6 58 78 110,5 86,6 95.9
Ste 2. 97.2 106 097.2 ©9.,2 102 109.6 93.6(105.8 196.4 113.3 B7.4 97.6 96 113.3 87.4 100.1
: : ﬁAﬂTSSIUK DeDeMe 3

St. 2. e 1423 .314.9 19T 15.1 lﬂ.S 13% 6 17.2 16.7 19,3 12.8 10,5 24,0 24,0 0::15.1
ALY ALIRITY

St. 1. Wo results 220 199 189 250 187.9 313 149,95 158.%5 127.5 124 250 174 177.8

Sto 2. Yo results 22 217.5 207.5 228 1“9 188, 15;05 164 13? 150 228 132 1?6.7

j _ CARBOY DIOXIDE(p.p mj R | ;

Sts e Yo resulte 20 16 g 6 1 15 14 8 16 8 13 20 8 13.3

Ste 26 7o reecults 14 12 T 13 9 ‘B 4 11 B8 6 14 4 9.2
1,0,D; : oo |

86, 2. -i25.3 25,9 27.% 12.6 20,5 BiY AT 6,57 9,72 55 A28 8N 5% 48.7 1.4 1T7.2

8% 2. 16,8 18,9 20, 11.6 12,6 4.4 26,7 5D 427 5.0 2,9 6.2 7.0 26.7 4,4 12.13

i T G e S T

—E———— :
T T
oo

o

T T

b A 4 Mt
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Tables 12 and 13. _
Biological results for the River Salwarpe. Figures refer to numbers per 0.05 m2 : :
Station 1. 2 Station 2, Al
| Srecies M A M J J Al S| O N J_® M A W J I3 A S0 n®m D JF u §
Tubificidae 1260120160?20456744 68144116 6333 88920 500418364950851219 08156148!69 80| 88124 %
Enchytracidae 0 O 0 0216 0 o 0 0/16 O O o [ o 221 0153 oﬁ 0 o 0 o 0 of
{ Tumbriculidae 00 0 0 0 O O O O O O -0 4 O O O O 0 d 0 0 0,0 O 1
1Prpobdella octoculata 0[ 0 0 O 0 O O O O 1 O q 0 100 2| O 0 0 RERG-0 50 5 0l G 0 :
Erpoblella testacea 00000 0O 00114900 |10 00 ¥y IR Wil o 1O g Ol
'Helobdella etagnalis 0 0 0O 0 O o o o O oi d 0 of| 1 oo o o o o o o o d of §
| Clossirhonia complanats oL 0 I O 1 O O O O -0 GG G i DO oD 6 0 0.0 0 0 0. 9.0 1
ﬁsellus aguaticus O O O O Oi O O 21 O 11 O O 3|:[Lt29] 6| 1 5| 25 31} 19144824644599640310 -
_Gemmarus pulex ol ol of o 4 2l 2/ 1l o 3 A 1 2 [ o o 1] ol 0 o o o & o o 3 o
" Baetis rhodeni O O O O 4/ 721 O Of 1| 5 1 1 O Of O O 2 210 a4l O a6
' Chironomus riparius 100 O R200 O 21 1t 210 0] O ' O] |20 720" 76 O 00 0 o0 d O
 Polypedilum arundineti O O O 1] 4 9 4 10 6[12] 7] 30 4 AR O O -0 4 O 21 0 1 !
-"icrOnsectra atrofasciatus O O O O 17 A OO G O Cf 017 3120 6 9 70
| Cricotopus sylvestris of of ol 25 s5/13/11] of 6| of of o O [200 O O 25 15 30 6 o O 1 1 9
| Eukiefforiella hospitus of o o 312 3| 1f 4 o of 1 4 o | o of o 3 O 42913 814 9 1911
|Br1111a longifurca o 0 O O 2 4 2| 8 7/43|50164 21 | 7/ O O O 1 3f 0 7| 36/ 43} 59 50
| brillie modesta 00 00 0 O 9 4 4| 3 0 3] 1} 4 O 0 RO 0L O3 2 2 )
:Trichocladius rufiventris 0 0} O 180 34 7/ 3f Of 0f{11p2 |18 OLSOPEIE =63 3 -3 Y .0l - O 0] 24103 s
'Cricotopus bicinctus Ol O 5 831924060 6/ C O 21 71 3 4 O 0|16244152/15 2| 0 O Of 5 39
Prodiemesa olivacea o 0 O of 2o 2 31 1 2| 2 o 2 10 of of o1 3 2 4 1 2 4 13
Pentaneura melanops o0 0 O 1 2 e 20 AL O Y 1 O O] O 2 13j10128165 79 37| 26/ 11 .
Anatopynia trifascipennis 0 0 O O O O Of 0,0 Ol 00 Of O R SOIE OO -Or 3401 O 1] O; O OO ]
Anatopynia(s.g.Macropelopia)d] O O 1 2, Of 0l 0| 0/ 0|l 1} O O O O Of O Of 31 7 O © 1] 0 O :
Orthocladiinae sp.l Of OO O O 59/14f O/12| 0/]16f 1} O O O Of 5] 0 O ¢ ! 11119 g 14 11
Orthocladiinse sp.2 Of O O O O O Of O 0 O 1} O O© o ol 8 of of of o of O ¢ g O
Chironcmus pupae o O O 25}65 0 26/14| 5| 2| O 1 2 5 O] O] 25|47 O 5[ HS 311 RS il 4 b
Simulium larvae O "Q 7Q: O s Of O -d¥Ol 21 1383 Q O -Of O Of O O O Of. 71300668 24 O {
Psychoda larvae. O O O O E0or=31 0t3F 17 1, a+0 0 O 0 O of Of o0 O O O© aQ 3 0
'Helmis larvae 0,0 d o 1 o 2 ol o o]l o o o [ o o o of ol o of o ofd d d o
'Timnaea pereger O O b 1Y O U FE ¢ [ T R ¥R ] (e PR ¢ N o Of 2f II 3120 37 13] 32 15i43 44] 30
| Ancylus fluviatile 00 d g 4 0 0 of oo ofo o of {777 7' 0 1] 1 013 6116|23 25110 66| |
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Table 14

ahow Chemical Data for the Period June 1968 to Juno 1969

Ste
5t.

Ste
S5te

Ste
S5t.

5%e.
5t.

St.

5t.

St.

Ste

5t.
Ste.

5t.
S5te

S5t.
Ste

Ste

St.

for lMerry Hill Brook

Dissolved Oxygen (pepante)

oy Yy A B O ND S F M A Mo I cMax Min Avemgs )

DV

N =

8.6 48 649

.9 6.0 4.8 5, 86 7.0 549 8.6 4
Q0 9."{‘ 8.?5'\.5 9-6 005 8.1

7.0 6.6 6.5 745 7!

l 8-

O

7.8 735 74
9.3 8.8 9

~ o
-

Temperature OC

16.75 18.5 150 153 16,0 8.5 540 6.
16,25 18 O 17.0 1425160 9.0 4,5 Se

5.0 1125130 16,0 135 5.0 11.7
4,5 10.5 130 145 130 4.0 11.3

w O
& o
.

o3 705 6,97 731 727 715 75 6 7423
e5 7455 P47 7455 757 742 749
\mionin (Pepeme as N)

5.9 245 2.1 346 3.8 L6 7.8 649 345 149
2.8 1.5 2.0 5.0 4.2 3.7 761 6.5 2.2 142

%,8 8.0 1.9 4465
71 7.1

Nitrates (pe.pem. as N)
%0 208 A0 193 WO 200 2D %8 255 210 D8 2°5 b Hb 17,0 249

2.6 312 15 184 157 L8 222 22 26 239 176 50 30 330 145 22,8

Orthophosphates (peieme)

7.2 1,0 505 2.3 7.8 7.7 9.0 9.7 125k,
3.6 325 4,9 2.6 6.9 6.4 840 1049 065 4

2 5 9.7 1e25 601l

5 86 1049 o_.65' 5476
B.0.D

boh 232 Zd 122 19.7 6.9 1369 9.0 443 271 hol 14,88

d 4.1 6.7 116 Yol 127 745 1.l Boit 875 343 15,1 kel 10.02

Alvalinity

164 154 12.5170 73 141 150 144 175 180 113 108 140 180 73 14162
147 1%0 110 153 72,5173 151 132 167 164 112 105 161 173 725 156473

Carbon Dioxide (pepems)

R ¥o5 Liig Cani s gD 1Y ph Sxwvigl tap 21T 350 8 17 .84
10115786!4991176123248

Caloium (pepems)

Bh M 48 6.2 Wh 70k Bh 67 816 ik 98 B6 84 9B L6l 73.6
Al 622 492 6ok W6M 80 B4 628 88 86 838 92 80 92 L6Je 75484

Magnesium (pepemse)

153 2.6 875 125 8.4 12 156 225 2.2 215 163 a2 164 225 8o 16472
129 154 7.1 157 6.0 17.5 123 255 159 20 Ik 180 1%1 255 6.0 15.84




Table 15.

Temperature and oxygen recordings over & 24 hr. periocd from Bob's Erook and lierry II11l Brook,

2 p.m.'4p.m. £,30p.m. 10p.m. 4a.m. 6a.m. 1lOa.nm. 2peMe

Bob's Brook Temperature’ C 17.6 18 3Ta2 17 15 4.8 216 17
' Dissolved oxygen(p.p.m.) 8.06 8.0 8.4 £e3 R.6 8.7 8.4 8.3
Merry Hill Brook 1 Temperature’C 21.6 20.7 17.9 17,9 16,9 16.5 17.5 20.0
Dissolved oxygen{(pe.pem.) 6.8 ARl DAl 6.4 5.4 54 6.1 6.4

Merry Hill Brook 2 Tenperature’C 20.9 22,0 18.1 I8 149 - 15.2 .17.0 19
Dissolved oxy:en{p.p.m.) 7.03 PRI y 0 & T.0 6.9 6.5 T

S— e T s o — i T e P T T BT . TR Y g .



Tables 16 and 17.
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ol st

Biolozicnl results for Merryhill Broov, Stations 1 qnd 2. Fipures refer to numbefs per 0. 05 n.

Speciern, 9] J91 Al St OF N 1) ¥ A JREJI1JY A s T T 1 A J
Enchytr-eidae "pe| 8/10] Q O & 12 32 O 32 24 12 40§59 0|54 444?8’?4184264 44 48 48 60
Tubificidae 6| sl20l16172| 32| 16| 28| 32| 4| 8| /| 32§ 4 O| 8| O 1§ 44{ 16 O} 412 |48 8
Lunbriculidee 010 old of0 0 O O O] C]-O Of Of AAoj O]l O 4 O 8] O] O} O] - 0]
[ Srrobdella octoculata 0 0 ol o o o o of of ofolo cf dojojg o ¢ O 0].C| O 2} of O
Ernobdelle testacea 0 ol o O0 Of O C}jO olo of qojlolo O Of Of O O O} 1] 00
Ascllus aguaticus 0 oo oo 0 0 clo | olo of1zp2] 4] 0128 311" 337 1} 2] 1} Of 27
Chironomus riparius 1 5° 51| 78[7eCPUSP65FP51Q8C| 64| O G131 30°5 |22 [1CL29R80 4506|221 |11 | 8| 1141
Gdiootorus eylventris . 11| 5|13 ¥ B edun ¢l 1l ol of 2} A7l ol d o 1| of ol 1] of o o 82
Eukiefi‘eriell.-' hospitus Q2 1611012 o 71 1 1 2| Of O] Of 43§ 456119 131821 3] ©0]16] 4|11| 2] 1|91
Brillie lengifurce 0 ol ol O W H-21° & £]1. 01 01 & 0 U2l 01 21 5 13|10 44] 8|17 3| 1] 7
Trichocledius rufiventri ol olod 11 of of of ¢l Ol O] O 6 aqololol of of ¢f 0] 0] 0] 0] Of ©
Cricotopus bicinctus 21%51]j78i 4 3 O O ol 1l olol25) 3] 31 O of 6f 0] O} O] 3] 5178
Metrocnemius longitarsus|O| Ol 0| O O O € © ©]0 | O} O 1601 ol olo o oo|O | 2] 0] O] C| 6
MicropsegiTBracciatue |0| 1] 0l o o of of o of oj oo 2§ q1j 0| 1| 1 O] 3| O C| O} Cl 8
Anatopyaia ol 21l ol ol 1] of of of ol ol o{of o} qo] o] o ©of of of 0of 0| O ©f 2
Brillia modesta 0 ol 2131 3-D: 0001 0161 .0 Qo100 1101012} 01 0]1C| Cl 1
Prodismesa clivacea 0 ol ol ¢of of ¢f 6f 0] 1] O] O C aololo of of of oj ojo|-Ccj]cC| 2
Pentaneura melanops C ol olol ofl of of of ¢l ol olof cJ doj c| ©f ¢ Of 1] 0] O} C Cl 1
Orthocladiinae sp.l o] ofojo 21 o ¢of ojo| ojo|lg of q7f 0|09 ¢ O 0 ¢} 01C}C}O} 1
Orthocl-diinae spe.2 0 ol olOl Of O ¢ Of ©O|0 0] CG © ool olol 4 ¢l 0] cJj 0J O] C|C] O
Chironomid pupee 4 |46|16| 2|16l 3| o of O 2| 1| 016§ 1CA9} O |20 CG_ 3| o 1 ctclLol Clas
Simulium larvee 3 T 3(}33;’)‘[[44?68 261 ol 0] of 0 Rooho4Th456p420] (12 321L618PTULSHT |44 14
Simulium rentans larvae |0 0] 0| O] ¢ O © Ol 0] 0] O|Q O Qg 2 1?2 or ¢l 9 31511241 ¢Cc) C]| O
Psychoda larvae ol 1l ol o] © o ol ol ololo o} dol ofa of ol of ol 0] 0§10100

Station 1, ; Station 2,

= —— T T

et WA



Table 18.
To show chemical data for the period Merch 1968 to March 1969 for DOb's Brook.

T__r hﬁr. xcz_LJunl_JnliﬁAth__gp. Oct.l Nov,| Dec,|Jdan. Febd,| Mar.| Max, ¥in,| Av,
*1“601ved ‘ﬁ 2 7 2 7.7 7. *.3 ?.9 1004 909 9.2 Pool 9-9 1034 7.2-!8.6‘
oxveen{pepete)

f
xeﬂﬁﬂrature [Be 0 1 5 1305 16.0 17.0 PG.C 1408 16.0 10.0 5.0 5-5 l5I4 405 17-0 415 1-01

{ C) |
pH 1 Te65| 7o 29 T7.05 7.23 T:35 TeX | 751 Ts4D 7.62 Te5 ! Ted45 715 Ta2 T7.65| 7.05 T.36
Calcium[ppm)] 3.“ 108 106 | 94 89,6 84.4| £8.4| 7T4.4 104 | 101.4 86 93 | G8.8 108| 7Ti.4 23.9

e 146 4,1 | 9.36 511114 4 | 8.14 602 27 10,6 16. 3] 19.6/1.46| 8.89
NeD JBy 4

Ammonia(ppn)| 0.9(0.6| O |08 | 0.5 | 042 0,7 [21.6]2.0 0.4 |1,2/0.5]9.6 (9.6} O }1.38
Ritrates

|
{pepom.) [15.8] 46, 2 16.8{ 13, 418 1 13.9 [3.3 4.1 N2.5 13.7 A%.7 14.2 11.9 ?G 2 1.9 17.2
Ortho- :

el

F?OB hat?a 7.1. 3. 3 75 4.65 6.7 3.1 3.2 4.5 107 4.2 5.05 7-4 706 7.6 1.7 .4078 :
TDeDele 2 b
Alkalinity 170! 158/ 164 | 184 | 176 | 103 | 178 165.5 148 | 175 | 221 | 221 | 103 167.5 : ;
Carbon : z
dioxide ; : L
(pepema) 290 200 13| 29| W | 7| 8| 11 j 1} 24| 28] 29| 717.36 ]
B.0,D. 18 | 2404 17 | 7.9 10.% 10.1] 6.6 | 6.4 h0.54 17.Y 904 | 6.7 | 6.55 24,4 6.4 11,61 E

TR
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Biolnzical rooults for the sariod March 1963 to sarch 17679 fox Bob'e Brooke

Pable 17

L}

Spoci oo ST RS i et MRS 0. K opisyipsen
Tubificidaec ‘ 5% 404 T4 62 248 0 244 249 116 108 %20 736 208
anh,, tranidna X S TEpeERL B 1442 | IR IR T R & 2050 Td
o 3 ;obdolln t:utabra P B W IS VRS SO - A B SR B TR
Trochata subviridis 0 5 R St lth 2 0 0 1 0 9] 3 5
m—
Aselluse aquaticus Hen 20 B E0 N o 0o ) A e A A R LR T |
Cannarus mlox S OREL A Nl L S S T Tl e, Y o0 ovle 0T 0
Baetis rhodani b 0 E BRI 0 000 0 1.0 Sk 0 0
Brilia longifurca faaeio 003 10 98 -S4, 83372 4akide 09
Brillia modsota PRAE ORI Sendt WO IO S BT [ SR S ¢ TR
Bukiefferiella hospitue 1 R e B b R ) 4 19 L 6 o I |
srodisnesa o ivaves g e 0N 0 D 0 AR 000 S O O 0
Cricotn us sylvestris 640 . 012,36 B AT 0 0: 8700 iR
Cricoto,ua bieinctus i Takia e T w TNy et vy URING 00
Prichocladius mafiventris 0 0 1 3 Ny D, nhy e e A Gl 30 e
Anatoyynia danD - 0050 18 -00,0 10 0..0..0:0
Pentancura mnolano s 00 84030 0GR » 1 e WP - g ALY
Chironosns riparius L Tl Tt S B i 000 0T
Chirononid pujae VXS i T EAR e b Rany SR Rt B BhS o 0
Pacciroolading a). ™ 0 0 2 & 900 % D b St TR G
S 34inulium larvae G 0 0.0 M A6 80D L o Ty b AR e
Poychoda larvac 0i9 001 <E. P00 R 0% 0089




Tebla 20,
To Show Chemienl D-ta for the Yoriod July 1967 to July 1968 for River Trent ot Walton

J A
DISSOLVEID

0XYGER (ppm) 3.2 5.0
TRPERATURE

(°c) 17.0 20.0

- pH 7.4 7.0

TOTAL HARDIESS

(ppm) 335 355

17°0RIA (ppm) Se4 3.8
RITRATES (ppm) 4.0 8.3
ORTHO _
PHOSPHATES (ppm)

NEALINITY 165 170
CARRONOIOXIDE

(ppm) 14 325
B.0.D. A 7.6 8.4

3el

15.5

7+5

355

160

11.0

12.6

0 N
3.7 5.8
11.0 8.0
1.5 T4
315 425
3.7 3.6
10,2 6.3
210 180
12.0 14.5
9.2 T.5

5.9

6.0
T+5

395
5.5
7.0

1.0
190

5.0
7.0
7+4

370
6.3
7.3

0.8

170

6.0

55
T+5

320

5.6

7.6

185

11.5 13.5 11.0

4.4 17.2 14.8

4.1

12.0

7.6

375
641

6.6

210

10.5

12.8

11.0
7.2

340
4e5
7.0

155

20.0

19.5

J

3.8

16.0

7.6

370
3.5
6.3

185

9+5
6.9

J

2.7
21.0
7.6

385
4.7
6.3

185

945
13.2

NMarimum

6.0

21 .0 .
1.6

425
6.3

10.2

1.0
210

32.5
19.5

Minionm
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

372.5
4.75
7.05

0.9

180.4

141
12.0

b
-
F.
i3
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lable 21.

Biological results from the River Trent at Walton,

Jlm. MG. OCt. DGO. k‘ob. P-.JX‘. Jlm.

B S R

Tubificidae 360 140 460 256 184 416 206
Enchy traeidae 20 6 32 il 22 2 5
Lunbriculidas 0 0 2 X Te 0 0
Srpobdella octoculata 4 3 3 9 6 7 2
Erpobdella tostacoa 0 1 1 2 3 1 0
Holobdella stegnalis 0 2 1 7 9 1 3
Asellus aquaticus 39 46 26 22 11 b3 A1
c_liironOnun riparius 3 6 10 21 1, 9 7
Polypedilum amadineti 0 iy 0 3 1 2 0.
Cricotopus bicinctua 3 15 4 0 0 1 i §
Cricotosus sylvestris b ) 26 4 0 0 2 21
Brillia longifurca ) 5 10 14 13 2 :
Brillia wvodesta 0 0 1 1 0 0 0
Surkiofferiella hospitus 0 0 2 5 2 0 0
Prodiamesa olivacea 1 1 Q0 3 1 0 i s
Pentancurs melanops 0 2 1 2 0 0 1
Chironouid pupae 12 6 0 (] 0 4 7

P P -




Tf"lbla - 22 . ¥
Soma Chemical Data taken during the period Jnlv 1968 to Octoher 1969 for o Brook

DISSOLVED GXYGEN
(ppm)

TRIPZRATURE (°C)
3

TOTAL HARDNESS (ppm)
AMONIA (ppm)
NITRATES (ppm)
ALXALINITY

" CARBON DIOXIDE (ppm)

B.O.D’

Juﬁe 1968

1.1
18.0
T+9
415
8.4
0.6
346
55
8.4

July 1968

8.4
15.0
7.6
305
3.0
0.3
175
8.9
3.0

August 1968

18.0
7.5
165
4+5
0.2

105

6.5
4e5

T i i g 3

October 1968

8.3
140
1.7
380
7.0
0.3
270
8.0

7.0

I ———————— R e

November 1968

6.9
9.0
7.4
305
1.0
0.3
246
20.0

1.1

October 1969

1.5

15.0

7.8
410

200
645
3.8




Table 22, : :
Some Chemical Data taken during the noriod Jnlv 1868 4o October 1069 for om Brook

June 1968 July 1968 August 1968 October 1968 Hovenber 1968 October 1969 1
DISSOLVED BXYGEN

(ppm) 11.1 8.4 - 8.3 6.9 1.5 =_
TRMPERATORE (°C) 18.0 15.0 .18.0 14.0 - 9.0 15.0 :
pH 7.9 7.6 7.5 £ o et 7.8 :
TOTAL HARDNESS (ppm) 415 305 165 380 305 410 '
A2ONIA (ppm) 8.4 3.0 4.5 7.0 1.0 - :

RITRATTS (ppm) ' 0.6 0.3 0.2 0.3 0.3 - -
ALXALINITY 346 175 08 270 246 200

CARBON DIOXIDE (ppm) 5.5 8.9 6.5 8.0 20.0 : 645

BOO.D‘ 8.-4 3.0 4‘5 7'00 1.1 3!8

PUp——
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Table 23

piologleal resulto for Wem Brook for the poriod June 1753 to June 1 )69,

T _—r

3p00ico. Jun, Auzg. 0Qct. Deg, Fodb, Apr, Jyne
Tubiflioidas 333 970 B0 192 116 <32 6V0
rrwobdella octoculata 1 » 25 A 8 1 4
Ey,cbdella tootacoa 0 1 0 0 0
Eclobdella stagnalis Q - 2 4 v 0 2
Gloacl honis cou lanata S T e S
Asellus aguaticua 342 2240 194 469 166 129 516
‘Ceanoarud jalox 0 2 3 4 i 1 0
Brillia longifurca 0 0 0 0 1 0 0 Y
Pl lie =modeata Q 0 0 0o 1 0 Q
Cricoto us aylvestris 84 3 0 V] 5 9 39
Cricotoua bicinctus ] 7] G 0 2 .5396% 2 4
Pentancura melenops 1 4 1 4 ¥] O 1
Chirononus ri arius 5 0 0 1 0 o 45
Prodianesa olivacea 33 Q 0 1 1 0 1
Pukiofforiolla hospitus 0 0 3 2 6 4 0
Fsoctrocladius 9y, 0 0 0 L 4 o 0
Hicropscotira (e 0 0 P4 3 0
Trichocladius rufiventris 0 0 O G 21 40 0
Orthocladiinae 97, 0 o o 0 2 0 0
Chirononid pu,ae 7 0 0 0 0 22 1
Baotis rhodani 3 17 1 O 0 - 0 0
Linngoa pOreger 0 0 0 0 G 1 0
Sphaoriua 0 0 1 0 0 0 0
Simuliwa larvaee 0 0 0 1 0 1 0

‘*""‘ww——-w—m
- [ g ol o
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Chemical Data talen during the Period June 1968 to July 1969

Table 24

for River Trecnt at Kinds Bromley

J 53 = A L M. DG BN A W e
Dissolved g P ‘
Oxggen (papa) it 2 2 be6 545 5.6 741 741 903 10.1 948 701 642 746 942
Tempgrature 19,0 14,0 15.0 13.0 11.0 7+5 940 540 440 7.0 9.0 1%015.0 2.0
pH 7¢8 7ol 746 766 746 745 769 763 75 78 742 75 7.7 748
ﬁﬁ:ﬁies 415 265 416 330 400 390 380 340 345 385 340 295 420 405
t‘g‘.p-ﬂh
?;’”"ﬁ";“) 147 006 1o 049 1.7 240 142 049 13 3¢5 1.2 045 0.5 048
?;t;ﬂzeg 6.8 3.6 6.6 5.6 5.7 5.6 6.2 649 646 641 642 6.0 Selt 746
Alkalinity 210 150 170 150 200 190 210 160 155 215 150 150 195 205
Carbon :
Dioxide 6.5 120 8.0 7.5 9.5 1L0 5.0 170 155 7.0 190 100 8.0 6.0
‘.p.p-m-) :

B.0.D. 5.4.3,3 4.l 8.7 7.2 5.1 4.0 3.6 6.0 344 153 6.0 6.4 4.0

Table 25

Biological Results for the River Trent at King's Bromley

Figures refer to numbers per 0.05m*

Species

June

Aure Octe Dece

Feb,

Aj_"[' .

June

Tubificidae
Lumbriculidae

220 160 96 188

22k

o

0

220
0

276
0

e,

Glossiphonia conplanata
frpobdella octoculata
Hlelobdella stagnalis

4
17

=
4O 2 FO

I?
12

Asellus aquaticus
Gammarus pulex

N
A0 Eadin B

o
A
n
M |

fukiefferiella hospitus
Cricotopus sylvestris
Cricotopus bicinctus
Fentaneura melanops
Anatopynia
Psectrocladius sp.
Trichocladius rufiventris
Caenis moesta
ficdyonurus sp.

Haliplus adult

Holiplus larvae

flelnis larvae

VIOD TS O0OO OO0 0|0

Sphaerium

Limnaea pereger
Fhysa fontinalis
$bncylus fluviatile

~J

456

W
o\
'—l

20

= Oy

Hydrobia jenicinsi
Iimnius larvae

e

OCOoOMOMNMUVMOCOCO0OO0OO OO0 OO0 OO FO

Opom\owp—aoOGOOOH-ONOOO-@OU\\J\@
COMOVMHOOCOOROOC O O M

[ N
HOMOWOICOO RO C OO0 O o|owuno

_oojor oo coocooooooodo

. * +
ocokuudloooCco00 0O dNnoclowod

Yy YT T r—————
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Tuble 26 .

Some Chemicel Date telen durins the yeriod Mareh 1268 to Movember 1269 for River Scw

pt 3te. Thomas' [Hill

DISSOLVED OXYGEN

(ppa)

T PERATURE (©C)

pH

TOTAL HARDRESS (ppm)
A170RIA (ppm)
rITra7es (ppm)
ALKALINITY
CARB%TIHOXIEE(Q@E)

B.0.D.

March 1968 July 1968 Soptenber 1968 - June 1969  September 1969 HNovembor 1969

10.6 T2 6.4 10.2 1.4 9.3
7.0 2 16.5 17.5 10.0 7.0
7.8 T.4 7.6 8.1 7.9 7.2

430 310 408 420 400 410
6.7 0.1 0.3 0.1 NIL 0.7
6.0 3.1 4.6 7.0 6.2 7.0

210 170 165 205 215 185
6.0 14.0 8.0 4.0 545 24.0
3.0 2.0 2.8 T2 2.6 3.6

e P e e R A N S S T

i

-ﬂ.m o i



Table 27.

Biologiceal results for the River Sgw at St. Thomas' Mill.
Figures refer to numbers per 0.05m,

Species Jul, Aug. Oot, Dec, Feb, Apr, Jul.
~ Tubificidae T4 5242352092+ 641N 68 0
Lumbriculidae 0 0 0.0 0 4 0
Naiidae A2 O/:i 305 g R0 0 TOE O
ﬁfﬁ;gdella octoculata 5 2 2 2 5 2 0
Glossiphonia complanata 4 2 3 2 3 1 0
Batracobdella paludosa 1 0 0 0 0 0 0
Helobdella stagnalis 0 2 0 "0 p S
Gammarus tigrinis 45 201 46 24 55 ) ERP X
Asellus aquaticus 24 1 8 2 1 0 0
Baetis rhodani 0 O 50 0 0 0 1
Caenis moesta 0 0 0 0 0 0] 2
Hydropsyche angustipennis O 0 3 0 0 C, 4
Trichocladius rufiventris O 4 0 0 0 0 0
Cricotopus sylvestris 0 5 0 0 0 0 0
Cricotopus bicinctus 0 1 0 0 0 3 4
Prodiesmesa olivacea 1 1 2 3 0 » SR
Chironomus riparius 1 0 0 0 0 0 0
Pentapedilum : : 91 0 0 0 0260 2}
Micropsectra atrofasciatus O 2 0 0 0 0 0
Pentaneura melanops 0 2 0 0 0 0 4
Diamesa 0 0 1 0 0 0 0
Cryptechironomuse 4 3 1 0 1 0 5
Chironomid pupae 1 0 0 0 0 0 3
Tipula 0 0 0 1 0 g0
Sphaerium 135507 n B A0 N 9 5 - 10 40
Limnaea pereger 2 0 0 0 0 0 0
Haliplid‘larvae 3 d 0 0 0 0 0
Limnius larvae oo T IR e T e s e S RS e
‘Hydrobia Jjenkinsi 0 8 144 0 0 0 0
Bythinia tentae Mo G R Sl B
Valvata piscinalis 0 y ¢ 0 0 0 0 0
Seriooatdmatidae 0 0 3 0 0 0 0




Table 28

Some Chemical Data taken during the Period February 1968 to
August 1969 for River Mease at llarlaston

Feb'68 June'68 Jan'69 Feb'69 Mar?'69 Apr?'69 May'69 Aupg'69

81“5°1“°d SR 8,6, b 0,00 8ia - 10.8  10.8 13.9

xygen(p.p.m) $

Temperature i i <. . % 20 .
(00) %0 19,0 240 7.0 10.0 20,0

p“. 7.9 8.1 ?o'o? 7-6 ?.5 7.!{' ?oz ?.6
talpnard)n ess Lsn 525 390 Lso LLo 500 = 520
PeDelMe ’

Ammonia(p.p.m) O 0.1 0.15 1.1 0.6 0.8 1.3 0.1

Mtrates(p.psn) 6.9 5.2 e A Jiiea S 1 Vo 2 98 B 6.6 5.5 4,1
Alkalinity 180 255 185 185 150 170 165 205

-

Carbon Woxide by obi i X 0\ 07 6.0-~ 18,044 16,03 “1k.0/% 21 0" 10,5
(pepem.) ;

B.OJD,s - - 2,90 3.3 Siayd 348 - 1.6

Table 29

Biological Results for River Trent at Harlaston
'Fipures refer to numbers per 0.05M2

J A 0 D F A J
Tubificidae 23 0. 92 9% 92 236 18
Naiidae 0 22 -0 0 (0] (6] 0
Erpobdella octoculata 1 0 2 1 1 e b ¥
Glossiphonia complanata 6 12 b 2 0 25723
FPiscicola geometra 0 0 (0] Q L 0 0
Gamnarus pulex 4 13 7 3 0 7 6
lgsellus aguaticus i il 23 5 i 1 12
Hydropsyche angustipennis L8 18 2 0 » 0 0
Agapetus fuscipes 1 3 1 0 0 0 0
Baetis rhodani 4 15 7 3 0 L2 1
Caenis moesta 16 10 38 0 0 0 0
Lphemerella ignita 0 0 0 0 0 6 0
Amphinemura sulcicolis 1 0 0 0 0 000
Eulkkiefferiella hospitus 0 0 0 0 Q 5 4]
Trichocladius rufiventris 3. 8-400 0 0 0 0 1
Pentapedilum 1 072270 0 0 =X
Microtendipes 2 0 t 0 2 0 Hiu 2
Chryptnchirononus 0 (¢} 0 0 0 0 7
Fentaneura melanops ¢ 3 0 0 0 1 5
Chironomus riparius 0 0 1 0 0 0 0
Prodiamesa olivacea T 0 1 0 0 0 0
Chironomid pupae 3 0 0 0 0 1 0
Dicranata A& 0 0 o} 0 (0} 1
Simulium larvae 1 5 73 0 0 0 0
lelmis larvae 5 46 22 17 19 2 6
Lirinius larvae 1 34 59 i R 9 0 9
Sphaerium 12 16 18 5 . SesEna0
Hydrobia jenkinsi 68 9 14 7 3 O g0

-

el

LA s s - bt B b o o o e

T
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Tadble 30,

Analysis of samples from River Ray. Samplos
a three week period with no recordad rainfalle

Analysis of camples from River Ray.

on 6th August 1969.

Sample Disnole 5 day

) E'“'lﬂn ."OOQDO
Stﬂtion 1. 1?.9 4.2
(Mannington)
Gtation 2. 9.5 4.8
(Moredon)
Station 3.
(Tadpole Bridge)9.9 3.8
Station 4. 14-5 5.8
(Seven Bridges)

Table 31.

Sample Dilesole 5 day
Oxypen «0eD0

Stﬂ.tion 1. ?'15 3.3

(Mannington)

Station 2%

(Moredon) 6.8 3.4

Station 3. 5,757 3.1

(?adpole Bridge)

Station 4. 6;75 3-4

(Seven Bridges) |
|

pH
8.2

7.8

6.1

8.1

Te5

Te4

7.0

7.6

taken following

13/3/68.
Frao Nitrate _Alkal=
Ammonia inity
1.3 3e5 310
10,9 7.0 320
5.8 542 340
11,2 842 340

Samples taken

Tree Nitrate Alkale
Ammonia inity
0.63 4.8 % 55290
1.4 11.0 260
1.7 9.6 250
2.1 10.5 240

|




' Tﬂble 380
Summary of benthic fauna collect
gampling of the strenm bed of th
3 March 1968

ed durling 30 seconds
e River Roy.

Station 2. Station 3. OStation 4.

Species Stabion l. _
- (Manningbon) (Moredon) (Tadpole Seven
Bridge) Bridges)
Oliaoqhaeta 6 85 3 2
Hirudinea A(28pp) 1 0. 6
. Asellus aquaticus 46 675 137, 960
Gammarus pulex 4 6 8 5
Baetis 16 0 1 0
Chirononidae
larvae 32(3epp) 60 70 661( 3spp)
TP T RS
limpets 36(2spp) 14 1 2
Sphaerium 2 0 0 0
1 August 1969
g 0ligochaeta 34 26 10(2spp) 4
‘ Mirudinea 9(2spp) 0 1 15
d Asellus aquaticus 542 2420 646 768
% Gammarus pulex 17 0 0 0
Bgetis 3 0 1 Y
Chironomid larvae 6(3spp) 22 37(28pp) 7(2spp)
f Snails and :
; limpets 68 19(2spp) 8(2spp) 7(28pp)
: Sphaexrium 0 1 0 1
S mh S T ——— e —— T ——— T ——— |
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Table 37.
sumary of resulte of experinents to show the effoect of low oxysgen

eodosn tFation, ?ine for mortald ty(hrs.)
; aninale 105;—'&“‘10 0‘_1};130.5 ‘,‘mO.u'ﬂ;'m 2.0;1";"‘1.5 HWl.OQiﬁO.E‘?DLﬁdO.UH].m
Gaomarus ulox adulvs G

10w aPh 30 8 1% 26 12 11 1 7
507 SPR - . 4B #1202 48 15 2 1i 1f
1007% 3PE 96 24 7 96 20 i 29 Lgs
Gannarus pulox yound
10, SPG 43 no experimentd perfomed
504 SPR T2 'e
100/ SPE 108 Y
Bedyocnurus diapar ; !
10, 378 20 9 i} 18 8 1} 2 i
50/ 3PB 8 15 2 24 12 2425719 1
100/ 5PE 96 2043 96 20 8 2§ 1}
Rhyacophila dorsalis
107 14§ 43 15 zi 16 10 3 E R |
505 ¢ %00 6 . 22 v 24 16 10 2 1%
1005 %00+ 96 32 5 72 0 13 4 2
Hydroorayshe asgusbip eanis
10/ spn  oPE SPE 15 are % 0 10 3t
50,5 Ko G oo v 8 o320 96 15 4F
100‘.; (R " (] A5 " 2G0 120 %0 9
Asellua aoguaticuo
10, SPs ©SPB  SPE 48 SPE  SPE BPB 72. 15
504 LA " 1 72 " " " 192 .24
100,° e " 168 " 0 9% 300 120
Brpobdella testacea ;
2 At S04 i SPE
ADR GPL  SPd 8P4 (BB o) spE SPE  SPR SPE 104
:3Qc’, " e " e e " " " 144
1009‘, X " N | 1" " e " 240
Eppobdelln octoculata
1075 Sp®m SP8  SPE 144 §PR SPE 8PB SPE %6
50’-5 LR LR " 192+ L] L " " 64
100", o " " o " " " " " 216
Helobdella ategnalis
105 133 SPE SPE 132 spR  9P®  SPB  SKE 0
50}_‘, " (X} "o 1924 " " " (L] 45
1004 LR e " " " L () (2] 150
Brillia longifurca
10, Spl  SvB SPE Q2 gpB 8Pn  SPB  SYBE 1%
508 " " 1 24 " 1" " R 20
1907 " (R " 36 ' " (2] " e 40
Chi rononus xipariug
195 8P GPE 8P 192+ SPR- SPR dPE &PE 59
505 (R " 1 o " " " " 94
1005 " LA " " L et i " a0
Prodinncsa olivacea
10/ 8P 9PT  SPT 24 sp2 8PB  SPE  SPR 16
505 " " " b " " " " 26
100;( " ." ‘H 60 " " LA " 48

oPB = survived period of expoourd,
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Toblo 4.
Sunnary of results of experiments to show the effect of undisociated

gnuonia. .
Pize for wmortality(ars.) ?

. 10%¢ . 18%

© pniuala 10p. peme 0 2pe pofie 0 lpeperia® 10p.p,n,0
Gmams | 3.9 1?%7%%3.0]%??}3.25137%.75]6325 5 10.T5Pa25"
pulex pude undi sa, gan. | ppa.unaies. amm, | pon, und., Ay ppm. wnd. W {

105 14 | 48 | Gpe Ben | 5| 10| 40 5eR[10] 14| 23 48 | 60 | s

507 28 10 | SPE [seB| 24| v stsJ JOE[15 | 24| 50| 96 [15% | SPR
100/ 96 l770 | ses ez | 501 601 96l cerl 24 | 72| 96 114 13504 e
Bedyonurus disoar

10/ 12 |80 | SPE |5PE po 10| 48|5PE| 8 14| 24| 24| 48 | 6PR

50,5 24 150 | SPE EP:-: expt 30| 132[5pPE) 11| 20| 60| 72 [104 | SpPS
1005 120 B0OH SPE B 431 168| 5¢E) 20 | 70 1 90 020 N54 | GPR
Asellus agquaticus _

105 12 156 | 5PS (5P8 | 10164 |SPE | SPE| 72 [138 PR | 43 150 | SPR

505 32 |c04 | 521 [OPE | 24 (190 [sp8 sr::kooi?oo PE (180 |190 | SPB
1005 160 3004+ SPE [owd | 481260 ISPB | 5pel sSPHsPE BPE 13004290 | SPS
Rhyacophila dorsalis

10/ GO i | SPL |SPB | 24| 84 |5PE | SPE| 18 | 40 | 44 BPL [o¥'s | SkB

50,6 264 pi | SPE [sPa | 772|170 |328 [ SPR[ 50 | 66 | 80 [3PB |5r2 | sPs
10075 3004524 | S2B 508 1264|300 Ises | 32EI72 | 90 | 96 [5PE [528 | 520
Hydropoyche anguctijcanis

10, 135 [OPL | 823 [oi'B | 96 P23 |SPB | Sky| 72 |183 KPR |528 ed fwk

50/ SPE [SPE | 6B }:sp's 200403 |SP8 | SPEBOO 3ao:t;e;: SPB [S¢s BPE
1007 SPO PR | SPE ISPE 130045PE |523 | SPEBUOYZ00H2E ISFE 5P bes
Er,obdella octoculata

107 14 | 96 | 5P |SP3 mo | 50 |SPS | SPE) 30 |144 SPE [SPB |5¢3 pru

507 22 1140 | SPR |SPE [expl 55 [3P2 | SPE| 48 [200 EPE SPE [5¢2 [en
160/ 66 1233 | SPE |s?PB 120 ISPE | SPEl 72 (212 BPE 15¢8 625 L
Erpobdella testucea .

105 24 164 | SPE [SPE lno | 70 [SPE | SPE| 60 |212 [BRE [SPD [0 A il

50/ 70 [3004] 573 [3¢5 |oxpHl20 [3P2 spisa; 300{?;-: S8 [5P8 bPB
1004 96 300+ SP3 [se8 144 1528 | 50120 |3004308 ISPE IS8 Lpe
Heolobdella stagnalis :

105 30 [120 [S95 |SKS [no | 60 [SPE | o2 65 |120 [3&a [SPE (SLE |3PB

50/ 84 |752 | 328 [SFE |exp Y100 [S28 .w%ilo 212 [3P3 [S2k [bu s prk
1605 107 1300+ $P% [G28 130 [SPE | SrE164 (3004305 | 508 (i s lurs

Chironomus risrarius -
10% T2 90 | 5¢E |9P5|SPE | no  exporizents porformed
504 °  |154 |212 [ses [G28 (GPR e

1005 ] 30043004 5P3 ISPE ISPR .
Brillia longifurca | .
190, T2 152 |SP8 923|578 | no  expuriments performed
50,5 132 |200 | SPE [SPE |SPE "
1004 2404330+| 378 [S2E 1SPB AL
Prodianesa olivacoa
10/ 72 [164 |S#% (302 |SPS | no exyorineats porforued
- 504 132 (230 | SPE |OPE |SPE "
1005 2404300+ 5P3 (5271528 "

SPE = survived period of exposure.

e T e T T e e -y ey




Summary of results of

Table 35.

. earbon dioxlide.

0ime for mortality (hrs.)

experimente to chow tho aeffecto of

Camnarus Ledyonurus Lhyacophila
1080:r: 4. IOk 50 1004 107 504 1004 107 50 1007
Op.p.m.0 .
S0E T Ot,l400 95 134140575 204 96 180 ;205
80-90 p.p.m.C3|50 180 230 | 50 100 136| 300+
40-50 PeD.i.C0)| 300+ 300+ 300+
4p.p.m. 0,
120p.p.m.COL85 130 160 | 40 32 108| 112 178 220
80-90 p.p.m.CG| no expt. no expte. no expt.
‘0-50 p-p-m.UO;_ 300"’ 300"F J j00+
. E_P__!_Pomoo 5
l?Op.p.m.CbLZB 50 90 21 40 44 70 130 150
80-00 p.p.m.CO;|35 90 160 |30 70 90 236 256 300+
40-50 p.p.m.Cq‘300+ 300+ 300+ _
- IZC 0
lig ollle i
120p.p.m.CO,[36 100 160 |30 60 120| 96 180 200
40-50 p.p.n.C0,|30C+ 300+ 300+
4pepem, O :
120p. p.m.CO,[18 40 120 |14 25 72 16 65 160
80-90 p.p.meCU,[38 95 140 49 90 150 20 96 300+
40-50 p.p.m.CO,|300+ 300+ 300+ :
3pepsme O :
Natenin 00|20 60, 150 & | 8- 1658 a2 [11285 i 86 370
2 0
170p.p.m.C0,|16 45 90 |12 20 32 | A28 04 4 80
80-90 PeDem.CO224 60 260 24 48 130 | 16 32 90
40-50 p.p.m.00;48'155 280 36 150 3004 40 84 300+
1p.p.me O :
,120p.pem.CO; 36,5 8 0,75 2.5 4 2 6~ 48
Hvdropsyche anpustipennis was arfected only at 1lp.p.m. 0, and

120p.p.m. -c
digd after

0, when the temperatur A &
>Onrs. and 50, aftor 66 hrs, 106% died in 240hrs.

Asellus anuaticus, Erpobdella octoculata
and iella
end survived the perlod of exposure.

e was 20°

C

0f of the animals

BErpobdella testaces

were also used 1

n these experiments

T




Summary of results of experiments

15 C IOp.I‘l.m-o
" 1CCp.p.m. P
50p.p.m. P
25PepPele P
4pep.m.0
10GDepemoP
50 per.m.P
25 LePem.P
2p.p.m.0
1CO0p.p.m.P
50p.pem.P
25D«PeM. P
10p.pem.P

1P" p-m-o

100p.pem.P -

Gammarus
107 507
50 120
75 210

SePeZe

Ta'b'le 36.
to show the effects of orthoPhosphatea.

1007
210
300+

SePeEse S.P.Ee.

50 66
15 5 ¢10
110 280
18 55
50 320
70 200
95 50
0.5 2

S.P.Eo =

190
S.7.E.
S.P.El

110
SePeFe
S.P.E.
S.P.E.

5

Time for mortality (hrs.)

Eedyonurus
102 50%
75 180 280
100 SePsEe S.P.E.

S«P.EB.S5.P.E. S.P.E,

18 45 130
48 100 200
250 S.P.BE. S.P.E,
VO T g ) ) 50
35 110 200
45 110 190
50. 160 240
? G 2-3 4

survived period of exposure.

1007

Fh

104
S.P.E.
S.P.El
S.P'E.

15
48
120

18

35
50
70

1

ila
507

S.P1E,

S.}).E.
S.P.Le

40
172
SI?.E.

28
120
150
190

3

Aaqllug
1004 107 50%
SePalia 120- B.P:E.
S.P.E. 168 S.P.E.
SePeEeSePeEeS.P.E.
130 40 120
240 196 264
SePeEaS.PeEsS.F.Es
70 70 120
SOPCE'S.P.E S.}".T."‘.
DePsEaSaP.E.S.P.E,
SeP.BeSePeEsS.PeB.
8 60 108

LOO%
Sc T\.E.
S. FOE.
S.P.Ee

200
SoptE.

SePsEe

S.I).E.
S PeBe
s I e
S.P:E.

240+

Ernobdella octoculata, Erpobdella testacea, Ilelobdella stacnalis and Hydropsyche angustipennis

were also used in these experimenta but always survived the period of exposure.




