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The effects of a kraft paper mill effluent discharge on the benthic invertebrates in
the Rivers Llynfi and Ogmore were determined by regular collection of biological
samples from six sites. One site was upstream of the effluent discharge, two
downstream on the Llynfi, one on the Ogmore before the confluence with the Llynfi
and two furher sites downstream of the confluence. The effluent tended to reduce the
dissolved oxygen concentration and BOD5 concentrations in the water immediately
below the discharge and this adversely affected the benthic invertebrate community at
these sites.

The Chironomidae and more particularly the Oligochaeta were very important
constituents of the benthic macro-invertebrate community at the sites immediately
downstream of the effluent. The most common oligochaetes were the Enchytraeidae,
Tubifex tubifex and Nais elinguis. The most common species of Chironomidae
recorded during the survey were Brillia longifurca, Tvetania calvescens,
QOrthocladius(Q) rubicundus, and Eukiefferiella clarripennis. Cricotopus bicinctus was
very numerous in the summer collections.

With improving water quality downstream of the discharge species belonging to the
Plecoptera, Ephemeroptera and Trichoptera tended to become more important members
of the benthic community.

The biological results were analysed with standard statistical tests, various biotic
indices and computer programs.The results of the survey undertaken indicated that the
river was polluted immediately below the effluent outfall but to a lesser extent than was
expected. However, a typical pollution fauna was found to be associated with Sites 2
and 3 and as such this is attributable to the organic effluent discharge from the paper
mill at Llangynwydd.




Abstract,.
1. Introduction.
2.  Review of literature.
2.1 Freshwater ecology.
2.1.1 Longitudinal distribution of benthic organisms.
2.1.2 Substratum.
2.1.3 Current speed.
2.1.4 Temperature.
2.1.5 Dissolved oxygen.
2.1.6 Dissolved nutrients and hardness.
2.1.7 Acidity.
2.1.8 Biotic factors.
2.1.9 Seasonal factors.
2.2 River pollution.
2.3 Pollution by paper mill wastes.
2.3.1 Composition of wood pulp.
2.3.2 Principles of pulping.
2.3.3 Spent liquor composition.
2.3.4 Pollution studies.
2.4 The distribution of the Oligochaeta and Chironomidae.
2.5 Methods of assessment of river pollution.
3. Field work and methods.
3.1 Sampling methods and materials.
3.2 Site description.
4. Data and data analysis.
4.1 Chemical data.
4.2 Biological data.
4.3 Data analysis.
5. Results.
5.1 Chemical results.
5.2 Biological results.
5.3 Computer analysis of biological results.
6. Discussion.
6.1 Chemical results.
6.2 Biological results.

O 00 =3~ N

10

12
13
13
13
14
19
19
19
20
21
24
31
35
35
36
43
43
43
43
50
50
54
61
64
64
67



7. Conclusions.
Acknowledgements
References.
Appendices
Appendix 1.
Appendix 2.
Appendix 3.
Appendix 4.
Appendix 5.
Appendix 6.
Appendix 7.
Appendix 8.
Appendix 9.

84
88
89

(D
(6)
(24)
(67)
(75)
(100)
(120)
(170)
(178)



L__Introduction,

Generally in Britain water is not in short supply, but comprehensive
management is necessary if an adequate supply is to be maintained. The quality of
water flowing past a given point in a river reflects the conditions prevailing in the
catchment above that point. Wisdom(1956) has defined river pollution as 'the addition
of something to water which changes its natural qualities so that the riparian owner does
not get the natural water of the system transmitted to him.' It is implied in Wisdom's
definition that pollution is not simply the presence in the environment of an alien
substance or unnatural disturbance; there must be an unwanted effect. The National
Research Council report of 1978 indicates that substances introduced into the
environment become pollutants only when 'their distribution, concentration or physical
behaviour are such as to have undesirable consequences.’

The problem of waste disposal has been with mankind since time immemorial.
Ancient civilisations in Assyria and Babylonia possessed sophisticated sanitary systems.
Both the Indus(2550 BC) and the Aegean(3000 - 1000 BC) civilisations had elaborate
drainage systems costructed of brick or stone.

During the middle ages when habits of cleanliness were at a low ebb, the streets
in the cities of Europe were foul, and this was mainly responsible for the frequent
occurrence of plagues and epidemics in these times.

The coming of the industrial revolution in the early nineteenth century heralded
an acute form of river pollution which to a certain extent exists today. During this
period there was a marked increase in the size of the population, and this together with
the advent of the modern water-carriage system of sewage disposal in the thriving
towns and cities of Britain, resulted in the filth being transferred from the streets into
the rivers.

It was not until 1865 that the government attempted to do something about this
problem as cotton mills, tanneries, paper mills, gas works and chemical works were all
freely discharging into the nearest stream. Two Royal Commissions were appointed at
this time and their recommendations resulted in the passing of the Public Health Act in
1875. This act recognised for the first time that care of public health was a national
responsibility and a system of local health administrations were set up.

The act of 1875 was superceded by a more comprehensive document in the
following year. This Rivers Pollution Prevention Act led to the formation of river
authorities in the more highly industrialised areas. This 1876 act stayed in force until
1951 when a new awareness of the problems of river pollution emerged. This was
further revised with the 1973 and 1974 acts which set up the ten regional water



authorities now in existence and swept away much of the secrecy surrounding
requirements of effluent discharges into rivers.

Biological studies of river pollution have been in use for most of this century in
Britain, with the work of Jones (1949) on Cardiganshire streams being one of the
earliest. The pollution in this investigation was derived from zinc mining dumps. Zinc
mining in this area ceased to operate in 1918, but these dumps provided a long term
pollution problem as heavy metals were leached from these sites. Only 14 invertebrate
species were recorded from the river prior to 1922. The number of species improved
with time such that investigations in 1932 showed that 103 species were now present.

Another extensive survey carried out on the effect of heavy metals on a stream
community was that of Pentelow and Butcher(1938) who investigated copper pollution
on the River Churnet. Above the copper works the fauna was abundant, but below, no
fauna was present and even stream algae were limited. It took 11 miles for the previous
upstream fauna of leeches, Asellus, tubificids and chironomids to become re-
established.

Butcher (1955) was one of the first British workers to study the effects of an
organic effluent on a river system. He worked on the Trent and showed that the
recovery of the river took 35 miles below the effluent outfall.

Butcher's and later workers eg. Hawkes(1962) revealed that the main effects of
organic pollution on stream communities is to alter both the species composition and
the total number of individuals. There are often a number of distinct communities
present related to the level of pollution. If pollution is severe enough the clean water
fauna may be replaced by a tubificid community, as one proceeds downstream new

communities appear, dominated in turn by, Chironomus riparius, Asellus and leeches,

Baetis rhodani and Hydropsyche, and then finally the clean water community. In case of

toxic pollution, although some species of organisms are characteristically more tolerant
of generally toxic conditions than other species there are cases of species showing a
marked specificity to a particular poison. The reduction in interspecific competition
resulting from the selective elimination of the less tolerant species may in some cases
permit the population of tolerant species to increase. The toxic effects of most poisons
is affected by the environment eg. temperature, oxygen concentration, pH and dissolved
salts.

However, even though pollution studies on stream communities have documented
the deleterious effects that some discharges have, it has not until recently been widely
accepted that the biological monitoring can become an integral part in the assessment of
pollution on a river.

Traditionally, chemical analysis has been used for assessing pollutional levels.



Prior to 1950 only limited work had been carried out by water undertakers who
sampled discharges from the sewage treatment works. This work was followed by
systematic monitoring of individual catchments and then, with the commencement of
pollution control by river boards in the early 1960's the results from the previous
surveys became integrated and as a consequence inter-laboratory comparability testing
and quality control was introduced.

A tiered approach is that most commonly used in chemical analysis of rivers,
consisting of simple, cheap tests performed routinely, followed by increasingly
complicated and expensive tests performed less often. In the former category are such
determinands as pH, dissolved oxygen, temperature etc. while increasing sophistication
of equipment can test for BODg and total organic nitrogen to liquid chromatography
and mass spectrometry.

However, in a truely comprehensive investigation biological considerations are
needed in addition to chemical monitoring. Biological methods have, unlike chemical
methods, been developed independently by numerous workers such that until recently
there has not been a concerted attempt to standardise systems. The earliest such system
in Europe was the 'Saprobien system' developed by Kolkowitz and Marsson(1909). This
system is based upon the classification of lists of organisms into different 'saprobia.’
These are groups of organisms associated with different stages of organically enriched
waters. Four zones were distinguished by these two workers, Polysaprobic, Alpha-
Mesosaprobic, Beta-Mesosaprobic and Oligosaprobic on the basis of decreasing organic
enrichment. This system and the subsequent indices of pollution are for the most part
based on the fact certain species become less abundant and eventually disappear as
organic pollution increases, whereas other species become more abundant. In most
cases sensitive species are rated highly and tolerant species rated with a low value.
Indices that are commonly used in this country are those proposed by Woodiwiss(1964)
and Chandler(1970).

The assessment of water quality using biological methods can prove invaluable,
and in some cases essential. To determine to what extent a specific discharge is
affecting a river, a biological survey of upstream and downstream fauna will often
provide direct evidence of any affects.

Initially, pollution studies concentrated on the whole community aspect, but there
has also been detailed work carried out on the two most typical polluted water fauna
taxa, the Oligochaeta and Chironomidae. It has been recognised that these two groups
are generally associated with the most polluted stretches of rivers, although both
Hynes(1960) and Hawkes(1962) have commented that heavy pollution affects whole
taxonomic groups of macro-invertebrates rather than individual species.



In heavily polluted waters the Oligochaeta and particularly the Tubificidae may be
present in large numbers with densities of 1x106/m2 being recorded by Brinkhurst
(1962). With increasing pollution, successive species of tubificids are eliminated with
only Limnodrilus hoffmeisteri and/orTubifex tubifex being typically present in very
severe conditions. Their success in these regions is related to the fact that the
haemoglobin in their blood exhibits a negative Bohr effect and that glycogen is able to
be metabolised anaerobically.

Hynes(1960) has noted that the Chironomidae generally cannot withstand oxygen
levels as low as the tubificids, but similarly, in red forms the haemoglobin present is
able to act as a carrier when oxygen tensions are low.

The aim of the investigation undertaken was to ascertain the effect of a paper mill
discharge on the stream benthic invertebrate community present in the Rivers Llynfi
and Ogmore. This paper mill, sited downstream of Maesteg(fig 2), opened in 1950 and
as such is a relative newcomer in terms of the industrial development of the Llynfi
valley.

The valley to the North of Bridgend was, until the early nineteenth century,
composed of a few scattered houses on the valley sides. However, with the advent of
the industrial revolution, development accelerated such that by 1826 the town of
Maesteg was first formed. Shortly after, in 1828, a tramroad was opened to carry
material from the ironworks which was then under construction. This development went
on through the 1830's with the abundant coal deposits being exploited by local
industrialists.

By 1873 the Iron Era was coming to a close, but by this time the coal trade came
into it's own and flourished through the latter part of the nineteenth century and the
early part of the twentieth century. By the 1940's, coal was also in decline. However, a
combination of government policy, abundant supplies of soft water and good
communications persuaded British Tissues Ltd to open a paper mill at Llangynwydd,
1.5Km from Maesteg in 1950.

The main products produced at the mill include soft and hard toilet rolls, hand
towels and wipes, including the brand names Dixcel and Cresco, have enabled British
Tissues by 1984 to have a 23% share of the British market for such items. Paper is also
supplied to other manufacturers for conversion to other products. Annual turnover by
1985 was around £100 million.

The paper making process used by British Tissues is broadly similar to that used
by other manufacturers and mainly utilises the kraft pulping process. In this process the
so-called 'cooking chemicals’ consist of a solution of sodium sulphite in caustic soda.
Following digestion of the lignin present in wood fibres the cooking chemicals are



washed out of the pulp. Several such processes are used to minimise the carry-over
chemicals to the bleaching plant. The residual chemicals from this pulping process are
black and contain caustic soda and sulphide plus dissolved lignins.

At this stage wet strength resins are added for certain grades of towelling.
Following bleaching of this so-called 'stock’, the diluted solution is pumped onto a wire
section where the tissue is formed. The paper making machines used attain speeds of
around 950m/minute such that the very watery stock entering the machine has a vacuum
applied in order that 80% of the water contained may be lost and recycled. The newly
formed sheets are then passed onto a felt section and further water is removed. From
this stage the sheet is pressed onto a drying cylinder which is steam heated to around
3500C which ensures rapid drying. The final sheets are then creeped in order to give
texture.

Around four million gallons of water per day are used at the Llangynwydd plant
which is cleaned before being returned to the river. However, it is inevitable that some
pollutants will find their way into the receiving waters. The pollution stems from two
directions;suspended solids and organic chemicals. The former has a blanketing effect
such that elimination of some species will be expected below the point of discharge.
Gaufin(1958) has illustrated the effect that suspended solids have on a river system, and
Kringstaad and Lindstrom(1984) have isolated chemicals from spent liquors from pulp
bleaching. Juul and Shireman(1978) have studied the effects that a kraft pulp bleaching
plant has on benthic populations in a channel adjoining a paper mill and have shown
that the fauna is adversely affected.

In order to assess the impact that the paper mill had on the stream benthic
invertebrates, it was necessary to work out a sampling programme. Six sites were
chosen for investigation, one upstream of the paper mill discharge and five downstream
of the discharge.It was therefore hoped to show that with progressive improvements in
water quality downstream there would be parallel changes in the benthic community.
The river was sampled on six occasions over thirteen months so that the influence of
seasons could also be investigated. The six sites were chosen for accessibility and
closeness to points where the Welsh Water Authority scientists made routine sample
visits. In order to obtain sufficient quantitative and qualitative information about the
stream fauna it was decided to take ten samples per site per visit using a saw cylinder
sampler which enclosed an area of 0.05m?2. The samples were preserved on site and
identified at a later date.

In order to assess the impact of the paper mill on the stream community, it was
necessary to use simple statistical tests and biotic indices. For a more comprehensive
guide to the impact of the mill, computer packages were used to analyse the data. Two



were selected, ARTHUR 81 and SPSS-X which are pattern recognition and clustering
programs.

All routine chemical data was obtained from the Welsh Water Authority's South-
Western laboratories. To supplement this a 24 hour survey was carried out on July 21-

22 1986 so enabling the diurnal pattern of dissolved oxygen at each site to be
ascertained.



2.1 Freshwater ecology,

Although freshwater organisms have attracted the attention of biologists for many
years, it is only in the last seventy years or so with the development of identification
keys for most of the common groups, that really detailed scientific studies have been
made possible.

Some of this earliest work examined the longitudinal distribution of benthic
organisms in rivers, while later work focused on factors which influences the
distribution of organisms.

2.1.1 Longitudinal distribution of benthic organisms,

Numerous studies have been carried out on the longitudinal distribution of different
benthic organisms in rivers. One of the earliest was the classical study by Thienemann
(1912) who found that in upland streams of the Sauerland in West Germany there was a
succession of species of Planaria, with Crenobia alpina occupying the uppermost zone.

This was followed by Polycelis felina and Dugesia gonocephala. Further studies, eg.
Beauchamp and Ullyot(1932) have confirmed a succession of planarians, but which
involved different species.

Towards the end of the last century German fishery biologists developed a system
of classifying river zones on the basis of the dominant fish species present by which
they named the zone eg. Trout zone, Grayling zone, Barbel zone and Bream zone.
Similar methods were developed in other parts of the continent.

Carpenter(1928) was probably the first British worker to attempt a similar
classification. She worked on Cardiganshire streams and described a typical river as
arising by several sources on high ground to give rise to the upper reaches characterised
by their swift current, steep gradient and pronounced erosion. The fauna in these
regions tends to be rather sparse and dominated by microphages. Downstream, with a
lessening of gradient the current becomes less rapid and the stream deepens and widens.
With the progressive reduction in current, stones, gravel and sand are successively
deposited on the stream bed. Still further downstream on the plain where the current
may be appreciably reduced, the river widens and meanders with the bed usually
covered with deposited silt.

Associated with these different conditions, different communities become
established. Initially Carpenter classified river zones into Highland brooks and Lower



courses. Then, the Highland brooks were further divided into Head streams, Trout
becks and Minnow reaches, while Upper and Lower reaches made up the Lower
courses.

From the relatively sparse fauna of the Head streams, the Trout beck region tends
to be quite well populated with the organisms present showing various adaptations to
life in rapidly flowing stretches of water eg. dorso-ventral flattening shown by some
mayflies, and net-spinning by certain caddis such as Hydropsyche and Philopotamus.

As deposition occurs in the Minnow reaches and into the Lowland courses, so the
fauna changes such that burrowing types become quite common, including worms
belonging to the families Tubificidae and Naididae, mayflies such as Ephemera and
various chronomid species.

Thus, by examining the causes of longitudinal distribution, some light may be
shed on the ecological identity of the river. Factors of ecological significance which
exhibit a progessive change along the length of rivers include chemo-physical factors
such as substratum, current velocity, temperature, dissolved oxygen, dissolved
nutrients, hardness and biotic factors such as predator/prey relationships and
competition. These factors can also produce marked seasonal changes in the abundance
of certain species. Therefore, in any biological survey of a polluted stream it is
necessary to be aware of these factors when assessing the effect the pollutant exerts on
the river system.

The effect of these factors on freshwater organisms will now be considered in more
detail.

2.1.2 Substratum,

This is the place where most benthic invertebrates find food, it can also provide
protection and shelter. There are a wide range of types of substratum which are strongly
influenced by current speed. No sedimentation occcurs in strongly flowing stretches and
as such the substratum will tend to be solid rock and large clean stones, while in slower
flowing regions there may be a build up of sediments.

Thus, as the type of substratum varies, then we would expect to find different
benthic communities inhabiting these regions. Percival and Whitehead(1929) made one
of the first detailed studies. They identified seven main types of stony habitat and
showed that the distribution of these organisms was strongly influenced by the
substrate. For example, they found that Rhithrogena semicolorata was most abundant in
stones with Potomageton(11,000/dm?2). Ephemerella ignita was most numerous in loose

moss and Cladophora(19800/dm? and 3900/dm? respectively). Gammarus pulex
preferred



loose moss and thick moss(2800/dm?2 and 800/dm?2). Conversely, Ancylus fluviatilis
was found in the greatest numbers on stones covered by Potomageton(300/dm?2).

In their study of the Black river, Missourri, O'Connell and Campbell(1953)
found that the average numbers of animals in riffles was 1003, and 650 in pools.
However, there were also marked differences in the distributions of certain groups.

Egglishaw(1964) demonstrated that other factors may alter the detailed
distribution pattern of invertebrates. He also sampled a single riffle and measured the
volume of vegetation caught, and clearly showed that numbers of many species
increased with increasing detritus. This was particularly true for detritivores such as
Leuctra, Rhithrogena, Baetis and Chironomidae, but did not hold for carnivores such as

Chloroperla.
The presence of vegetation on the substratum was shown by Percival and

Whitehead(1929) to greatly affect the fauna as they found greater numbers in moss,
algae etc. Other workers such as Greze(1954) and Harrod(1964) have shown that not
only does the presence (or absence) of vegetation influence the benthic community, but
also the type of vegetation can cause variations. Greze found that even similar species
of plants eg. three different species of Potomageton had quite different invertebrate
communities. Harrod also noticed differences in the invertebrates present on different
species of aquatic macrophytes and suggested it was caused by differing amounts of
shelter provided by the plants.

It is therefore clear that the substratum does have a marked effect on the numbers
and composition of organisms in the benthic community.

2.1.3 Current speed,

Water movement is one of the main factors determining the composition of the
biocoenoses. Current probably exerts its most important effect on the benthic
community indirectly through its effect on the nature of the substratum. It nevertheless
has a direct effect in its own right such that it is difficult to consider substratum and
current separately. Ambuhl(1959) noted that many of the invertebrates of the rapidly
flowing upland streams with stony beds live amongst the stones out of the main current,
with those which venture onto the surface of the stones still not being subjected to the
full current of the stream due to the so-called boundary layer present(This is a layer 2-
3mm thick where the current is effectively zero).

There are a number of field and experimental observations that indicate that
current by itself can in some cases influence the distribution of certain species.

Many invertebrates have a need for current either for respiratory purposes or else



they rely on it for feeding purposes eg. Simulium and net-spinning caddis. Scott(1958)
made a study of caddis fly larvae. He found that there was a certain current speed at
which they were most abundant and that they became less numerous with increasing
distance from a mode. For Rhyacophila dorsali the optimum speed was 80-90cmy/s,
while for Hydropsyche fulvipes and Stenophylax sp it was 40-50cm/s and 0-10cm/s
respectively. Similarly Edington(1965) showed that different species of net-spinning

caddis are found in fast flowing and slow flowing areas.

Dorier and Vaillant(1954) and also Dittmar(1955) have carried out laboratory
work experiments which show that certain species have abilities to withstand currents at
different velocities. Dittmar found that Simulium was very resistant and could
withstand a current of over 240cm/s, other species investigated however, were
progressively less tolerant eg. Ecdyonurus at 48 - 77cmy/s.

Maitland(1966) has suggested that current may also exert a direct effect when in
spates, the stones in the river bed are moved causing the organisms on and between
them to be washed away. Although in stretches of rapid flow there are sheltered places,
microhabitats of almost lentic water, there are on the other hand no rapid microhabitats
in the slower flowing areas.

Generally, it may be concluded that current velocity acting both directly and
indirectly in determining the nature of the substratum is a major factor affecting the
composition of benthic communities. Since there is a change in current velocity as we
progress down the length of a river, then this factor is probably a major one influencing
the longitudinal distribution of some organisms.

2.1.4 Temperature,

This is an important ecological factor, although the manner in which it exerts its
effects are somewhat complex. Every species has an optimum temperature but this is
not always easy to define eg. Kinne(1953) showed that the quickest growth in
Gammarus duebeni takes place at a temperature which is unfavourable for reproduction.
Unfavourable low temperatures act by depressing activity such as movement or
reproduction. This is avoided in many species by having a geographical range, and
according to Macan (1962), species will be prevented from colonising colder water
because; |
a) The temperature is lethailly low at some time during the year.

b) The threshold for development or activity is not exceeded.

¢) Many species do not occupy the whole range which their temperture tolerances
would permit as they encounter species towards their limits which are better adapted to
that particular temperature.
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Conversely, animals are prevented from colonising warm water because;

1) It is lethal.
2) Competition as for cold water.
3) The temperature is never low enough to stimulate reproduction.

In the case of insects that have different temperature tolerances, Edington(1966)
has considered that the pattern of temperature fluctuations as measured by the rate at
which bodies warm up is probably as important as actual temperatures. Dodds and
Hisaw(1925) concluded that temperature was the main climatic cause for the altitudinal
zonation of insects in the lakes and rivers of the Colorado Rockies.

Thus, it can be concluded that although temperature is an important factor
determining distributions of insects along a river, it is more important in some cases

than others and the manner in which it operates differs from taxa to taxa.

There is considerable variation in the chemical composition of natural waters and
it is possible to recognise soft and hard waters, acid and alkaline waters etc. These
differences in chemical composition are known to influence the distribution of animals
and plants in freshwaters and many investigations have been carried out to study the

influence of water hardness.

2.1.5 Dissolved oxvgen,

Because different organisms have different oxygen requirements, the dissolved
oxygen content is obviously an important factor in determining their distribution. In fast
flowing stretches, the oxygen concentration will usuall be close to saturation. In slow
flowing rivers, it may be found that photosynthesis will produce supersaturation by day,
while respiration will produce a concentration well below saturation at night.

An experiment by Ambuhl(1959) on mayflies showed that variations in current
speed can influence the lethal oxygen concentration. The concentration lethal to
Rhithrogena dropped from nearly 6ppm at a current speed of 0.3cm/s to 3ppm at 6cm/s.
However, Ecdyonurus was little affected by changes in current speed over the range
used. This difference was caused by the fact that although quite similar structurally, the
gills in Rhithrogena are adapted to serve as a sucker and thus cannot be used to waft a
current of water over the body.

Hubault(1927) studied the invertebrate fauna of Eastern France and found that
organisms had a greater respiratory rate than corresponding organisms of lowland
rivers. He concluded by saying that dissolved oxygen concentration was the most
important factor in the distribution of many freshwater animals, current playing a

11



secondary role.

This work can be contrasted with that of Grenier(1949) on Simulidae. He found
that this group was confined to well aerated waters even though experimentally they
were found to survive in low dissolved oxygen conditions.

Temperature has a considerable influence on the dissolved oxygen content of
freshwaters and also appreciably affects the oxygen levels that different organisms can
withstand. Furthermore, low oxygen tolerance is affected by current velocity with many
organisms, especially those not having mechanisms for creating their own respiratory
currents, being able to tolerate lower oxygen concentrations at higher current velocities.

2.1.6 Dissolved nutrients and hardness,

Increasing nutrient concentrations along the length of a river and the resultant
increase in productivity have a direct effect on benthic invertebrate communities. Water
hardness is due to the presence in a river of dissolved salts, particularly, calcium and
magnesium. Boycott(1936) stated that an increase in water hardness encourages
Crustacea and Mollusca.

The distribution of many groups of freshwater organisms has been investigated in
relation to water hardness. Mann(1955) collected leeches in fifty-eight bodies of water
and found that Hemiclepsis marginata was not recorded in waters if the calcium

concentration was less than 7ppm. In regions where the calcium concentration was
between 7 - 24ppm, he found that Helobdella stagnalis was the most abundant leech.
Erpobdella octoculata was the only species found in waters with less than 7ppm
calcium, It appeared that generally leeches prefer hard waters, but the size of the water
body was also important.

It appears that Gammarus pulex abounds in many Lake District streams but does
not occur in others. Its distribution has been related to the calcium content, but there is
no conclusive evidence that shows its distribution is affected by water hardness.

Reynoldson(1961) investigated the distribution of Asellus and found it generally
occurs in most places where there is more than 12.5ppm calcium, but only in a few
places where there is less than Sppm calcium. In places with intermediate concentration
it may or may not occur.

Macan(1963) concluded that in some animal groups calcium appears to favour all
the species and the number drops as calcium concentration decreases. In other groups
there are species typical of soft waters and these often have close relatives typical of

hard water.
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2.17 Acidity,

Acid waters are almost by definition poor in calcium, and it is difficult from field
studies to distinguish the effects of high concentrations of hydrogen ions from softer
water conditions. Acid waters have been shown to be poor in species which are known
to occur elsewhere in soft but neutral waters. Thus pH does appear to exert an
influence.

Gammarus was found to be absent in the spring regions of a small Flemish stream
although it was abundant downstream. This variation was attributed by Albrecht(1953)
to low pH.

Moon(1939) compared the streams of the New Forest with those of the Hampshire
Avon, and showed how chemical factors such as pH and hardness control the
distribution of fauna over large areas. New Forest streams were generally acid(pH 6-
6.5) while the Avon tributaries were more alkaline(pH 7.5-8). In the former case the
average number of animals per square foot was 68 with 10 different species, while in
the latter it was 380 animals/ft? with 15 different species.

2.1.8 Biotic factors,

These factors can operate through such aspects as food requirements, competition,
predation etc. Most stream organisms are not very specialised in their diets, but some
species such as Eucricotopus brevipalpis only feeds on Potomageton natans.

Macan(1965) has observed the effect of predation in a small stream in the Lake
District. This stream became enriched with small amounts of sewage which resulted in
large increases in the population of the flatworm Polycelis felina together with many
species of insects. However, the numbers of Polycelis continued to rise, but several
species of mayfly were adversely affected. This was particularly true of Ecdyonurus
torrentis which disappeared altogether, while the numbers of Rhithrogena semicolorata
and Baetis rhodani declined. Polycelis is a carnivore and traps prey with mucus strings
laid down on the tops of stones, thus the decline in numbers of mayflies could be
attributed to predation.

2.1.9 Seasonal cvcles,

In aquatic habitats in temperate regions, there are definite annual sequences in the
invertebrate benthos. Many species appear and disappear from collections made at

intervals throughout the year.
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Hynes(1970) states that many species have one generation per year and tend to be
found in the water at certain limited periods. These so-called univoltine animals include
Ephemerella sp, Baetis sp, Rhithrogena sp and also many plecopterans.

Animals with more than one generation per year tend to be more common in still
waters, but there are a number of examples found in lotic habitats. These include
chironomids such as Eukieferriella clarripennis which has three generations per year,
Chironomus riparius which has five, and various species belonging to the Simulidae

such as Simulium ornatum and Simulium vittatum which have three and four

generations per year respectively.

Conversely, it appears that no plecopterans or trichopterans have more than one
generation per year. There are however, many species belonging to a variety of taxa
that have life cycles exceeding one year. These include certain leeches eg Erpobdella
octoculata and Glossiphonia complanata.

Hynes(1970) states that the autumn tends to be a period of hatching of eggs of
species which will grow during the winter, and also a period of growth of permanent
species eg. Gammarus. In winter the growth of many species slows down and also
recruitment from eggs slows down. While early spring tends to be a period of loss of
biomass as early flying species emerge. This drop in biomass is accelerated as spring
progresses. At the end of spring the biomass starts to decrease as summer species
emerge. Throughout the summer the biomass increases. If insects dominate the fauna,
then the late summer is a period of low biomass. However, numbers may be quite high
if there is recruitment from over-wintering species.

2.2 River pollution,

It is convenient to classify the various types of pollutants into a number of
categories, but it must be realised that these divisions are arbitrary and that many
effluents transgress these boundaries. The main categories are as follows;

1) Organic.

2) Toxic.

3) Suspended matter.
4) Heat.

There have been many biological studies of rivers polluted by a wide variety of
organic effluents. Hynes(1960) states that heavy organic pollution affects whole
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taxonomic groups of macro-invertebrates rather than individual species. Specific
differences only become important in cases of mild pollution.
There are a number of effects that organic pollution has on water quality, Hawkes

(1962) suggested that the main changes and effects are as follows;
4) Great increases in nutrients in the form of organic material.
b) The increase in nutrients stimulates a subsequent rise in saprobic micro-organisms
such as bacteria and fungi.
¢) The rise in micro-organisms results in an increased oxygen demand. This is
particularly pronounced in summer.
d) Decomposition of organic material yields ammonia, phosphates etc. which may
prove toxic.
e) Slime growth increases as a result of the presence of organic material.
f) The nature of the substratum may change as slime fungi collect silt, thus allowing
burrowing animals to colonise the area.

The chemical and physical changes can affect the fauna in the following ways;
1) The numbers of clean water species are reduced with less tolerant species being
eliminated eg Gammarus, Ecdyonurus and Perla.
2) In the less severe cases of pollution moderately tolerant species may increase in
numbers eg Baetis rhodani, Hydropsyche and Erpobdella. If the degree of pollution
increases these species are then reduced. 4
3) An invasion of the riffle habitats by non-riffle species eg. Chironomus riparius and
Tubifex tubifex. Their absence normally may be due to the fact that the environment

was not previously suitable. These organisms tend to be members of silted communities
in primarily lentic or slower flowing regions. However, as pollution becomes more
severe these are also successively eliminated.

Hynes(1960) outlines the effects on the benthic invertebrates as, if the river is
badly polluted the clean water fauna are replaced by a very abundant pollution fauna
consisting largely of Tubifex tubifex, Chironomus riparius and Asellus aquaticus. These
three types of animals succeed one another in importance proceeding downstream from
an effluent outfall. Also present in the Asellus zone are leeches eg. Erpobdella testacea

and Hel 11 is, molluscs eg. Limnaea pereger and Sphaerium corneum may
be present.
Toxi luti

Poisons in solution occur in waste waters from many industries. Some substances
such as copper and lead tend to be rapidly precipitated in hard water, while other
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pollutants such as ammonia are destroyed fairly rapidly by oxidation.

Poisons tend to decrease in concentration quite rapidly downstream from an
effluent outfall. Hynes(1970) suggests that the main biological effects of poisons occur
because;

1) They are toxic to some organisms.
2) They may be accumulated in small doses and ultimately through a build up in the
tissues they prove fatal.

Poisons tend to affect both the numbers of species, and the total numbers of
individuals. Toxic discharges tend to affect benthic populations differentially and as the
toxin becomes diluted downstream a successive reappearance of more tolerant

organisms occurs. The toxic effect of most poisons tends to be affected by temperature,
dissolved oxygen, pH and dissolved salts.

Suspended solids,

The effects of suspended solids according to Hynes(1960) are two-fold;
a) If the particulates are light or very finely divided then they may not settle readily and
S0 cause a river to become opaque to light. This in turn makes plant growth impossible.
However, there is no direct evidence of deleterious effects of suspended matter on
animals except fish, but of course food chains will be destroyed if plant life is absent,
and animal populations will be affected in the this way.
b) Inert solids settle out on the river bed if they are large and heavy or the current is
slack. These deposits will then smother algal growth and will destroy pvlants and
mosses, and as a result, will alter the nature of the substrate.

Thermal pollution,

Biological effects from a discharge of a clean but hot effluent will depend on how
much this effluent raises the ambient temperature. A small increase will result in a
general speeding up of biological processes. A steep rise of 10°C or more will result in
marked biological consequences. A temperature of around 40°C would result in the
elimination of all organisms, but these would be expected to reappear downstream as
the temperature drops.

A further result of thermal pollution occurs because the solution of gases in water is
influenced by temperature, warm water holds considerably less oxygen than cold water.
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Studies on the affects of organic pollution in Britain really began with the work of
Butcher et al.(1955), who showed the disastrous results of organic pollution in streams.

The Trent in 1937 was organically polluted at Stoke. The biology of the river was
studied for a length of 35 miles. The oxygen content above Stoke was 107%, but this
dropped to zero below Stoke. A figure of 77% saturation was achieved after 35 miles.
Ammoniacal nitrogen showed a very different pattern being 0.2 ppm above Stoke, 14
ppm below and 1 ppm after 35 miles.

The fauna above Stoke consisted of Gammarus, molluscs, caddis, mayflies and
leeches. However, two miles below the effluent outfall the only animals encountered
were tubificid worms. An improvement was seen after eight miles with Chironomus
accompanying the tubificid fauna. Asellus appeared after 13 miles and increased in
abundance to reach a peak at about 24 miles.Leeches appeared after 17 miles and
Gammarus and caddis appeared at 22 miles and 28 miles respectively below the outfall.

The work of Butcher was confirmed by the study of Hawkes(1956) performed on
Langley Brook. At 100m below the outfall he observed a tubificid and Chironomus
riparius community. At 500m, Asellus and leeches became dominant. Hydropsyche
became abundant at 1500m, and Gammarus was most abundant at 2000m.

The distances over which these invertebrate zones extend obviously varies greatly.

According to Hynes(1970) if the initial load of polluting matter is small or it has been
well mineralised, the upper part of the succession may be absent. Butcher et al.(1937)
found that in the River Tees all the zones were present and the normal invertebrate
community returned after 600 yards.

Work by Hawkes and Davies(1971) also showed the quantitative effects of organic
enrichment on the stream community. In their study of the River Cole they found that
the distributions of different chironomids could be linked to the level of pollution. The
abundance pattern of leeches and crustaceans were also found to show similar patterns.
Six stations were sampled, one above the sewage outfall and five below over a period of
one year. The most abundant organisms at Station 1 were Gammarus, Baetis and
Hydropsyche. However, at Station 2, Chironomus riparius became abundant. This
species also dominated at Station 3, but here it was joined by other red chironomids.

By Station 4 Chironomus riparius had usually declined in numbers, with non-red
chironomids such as Brillia longifurca, Prodiamesa olivacea and Eukiefferiella
clarripennis becoming the dominant species. By Station 5, C.riparius had disappeared
with Polivacea reaching its maximum density. Severe oxygen depletion occured in the
summer months such that the polluted zone extended downstream as far as Station 4.
This was reflected by changes in the chironomid community such that C.riparius
became particularly numerous here during the summer.
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Learner et al.(1971) investigated the River Cynon. This river suffers severe
pollution stemming from a number of discharges entering the river, including coal
washery effluents, sewage discharges, cyanide, phenol and ammonia. Twenty-two
stations on the river were sampled, thirteen for fish and invertebrates and nine for fish
only. The number of species below an organic effluent outfall at Station 5 were severely
affected. There was a further decline in number of invertebrate families downstream of
this discharge, but the species composition of the community remained stable
downstream to the River Taff.

The principle effects of organic enrichment in the middle and lower Cynon seem to
be the increased proportion of Limnodrilus hoffmeisteri to other oligochaetes, the
increased representation of tubificids, and a decline in the numbers and diversity of
chironomids. It appeared that although cyanides and phenols entered the river between
stations 9 - 11, they did not affect the macro-invertebrate community, although toxic
discharges rather than organic pollution were largely responsible for the distribution of
fish.

Nuttall and Purves(1974) studied the distribution of 82 macro-invertebrate taxa
from the River Tamar. This river system is in the South-West of England and has a
catchment of 923Km? and a mean summer flow of 11.84m3/s. Organic effluents
polluting the river come from a number of small sewage works, farms and milk product
wastes.

Ninety-eight samples were taken from fifty-one sampling stations. Pollution in
the catchement was mild in 1973 and this accounted for the widespread distribution of
Gammarus pulex. Asellus was only found at Stations 5, 8 and 10 immediately
downstream of an organic waste discharge. Stoneflies were eliminated from Stations 3,

8,9 and 27 mainly due to sewage effluent and farm wastes enriching the stream at these
points. Mayfly species were widespread and abundant. Rhithrogena and Ephemerella
ignita were present at forty stations. C.riparius became the most prolific species when
associated with sewage fungus at Station 43 which received an organic effluent from a
dairy.

Thus, the benthic community in the Tamar responded to the mild pollutional
conditions in the river such that stoneflies and mayflies, although not completely
eliminated, made up a smaller proportion of the community in the areas where organic
enrichment occurred. These stations favoured chironomids and snails.

A general feature of pollution is the variation in species diversity such that, in non-
polluted regions, the number of species is large. Surber(1937) in his study of the
Kalamazoo River found twenty-two species at a density of 729/yd2 above an effluent
and three species at 8000/yd? below an outfall. Pentelow et al.(1938) found similar
results in the River Avon with 1336 animals/yd2 above and 5778/yd? below an outfall
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2.3 Pollution by paper mill wastes,

The impact of pulp and paper discharges on receiving waters results from the
integrated action of oxygen demand, suspended solids, pH, colour and toxicity.
Production of tissues results in a complex mixture of organic compounds. Considerable
quantities of chlorine are used in the pulping process such that large amounts of
chlorinated organic matter will be discharged. A knowledge of the identities and
quantities of organic compounds in wastewaters is a valuable basis for pollution
treatment and control.

2.3.1 Composition of wood pulp,

According to Sjostrom(1981), wood is by far the most important material for the
production of chemical pulp. Its main component groups are cellulose, hemicelluloses,
lignin and extactives.

1) Cellulose is a linear polysaccharide, the molecules of which are bundled together to
form microfibrils. These in turn build fibrils and, finally, cellulose fibres. About 40% of
most wood is cellulose.

2) Wood hemicelluloses are composed of different carbohydrate units which are
branched to varying extents. The content and types of hemicelluloses in softwoods
differ considerably from those in hardwoods.

3) Lignin is an aromatic polymer whose relative molecular mass is considered infinite.
In wood, lignin is probably chemically linked to hemicelluloses.

4) The term extractives is normally used for those components of wood that can be
extracted by organic solvents. The total content of extactivés in wood varies between
about 1.5-5%.

2.3.2 Principles of pulping,

Rydholm(1965) states that most chemical pulping is carried out according to the
kraft(sulphate) process or the sulphite process. In the production of tissues both
processes are used, with the kraft process being the dominant type. The purpose of
pulping is to remove lignin in order to facilitate fibre seperation and to improve the
paper making properties of the fibres.

The kraft process entails treating wood chips at 160-180°C with a sodium
hydroxide/sodium sulphate liquor to promote cleavage of the fibres. 90-95% of the
lignin present may be removed by being dissolved into this alkaline pulping liquor.
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Hemicelluloses and extractives are dissolved during pulping such that 55% of the total
weight of wood is dissolved in the pulping liquor. The spent liquor is seperated from
the pulp, evaporated and then burned in order to recover energy and inorganic
chemicals.

The sulphite process results in the sulphonation of lignin at high temperatures. The
subsequent pulping liquor contains sulphur dioxide and an alkaline oxide.

Neither the kraft or the sulphite process removes all lignin, about 5-10% of the
original lignin remains in the pulp. Removal of this lignin is achieved by multistage
bleaching. This bleaching is normally achieved by successive treatments with chlorine,
alkali, chlorine dioxide, alkali and chlorine dioxide. Hypochlorite may be inserted
between the first alkali/chlorine stage.

During conventional bleaching of a softwood kraft pulp, 70Kg of material for each
tonne of pulp will dissolve from the pulp into the bleaching liquors:50Kg of which
originates from the residual lignin, 19Kg from the cellulose fraction and 1Kg from
extractives.

2.3.3 Spent liquor composition.

This is an extreme mix of organic chemicals from spent chlorination and alkali
extraction liquors. In the bleaching of a softwood kraft pulp, the amount of organically
bound chlorine is about 4Kg/tonne for the two liquors. Since the total world production
of bleached chemical pulp is in the order of 50 million tonnes/year, then 4Kg/tonne
corresponds to a figure of 250000 tonnes/year.

Organically bound chlorine is present in a wide range of organic material in spent
liquors. According to Hardell(1977) this can be seen by dividing the organic material
into fractions of different relative molecular mass and then determining the organically
bound chlorine in each of these fractions.

Lindstrom(1981) has stated that in spent chlorination liquors it appears that about
40% of the organically bound chlorine is present as high-relative-molecular-mass
material(M>1000). Conversely, 95% has an M;>1000 in spent alkali liquors. Low-

relative-molecular-mass organically bound chlorine has figures of 39% in chlorination
liquors and 5% in alkali extraction liquors, where M,<1000.

These are biologically inactive because they cannot pass through cell membranes.

However, these materials are still of environmental importance since they have
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chromophoric properties that cause bleaching effluents to absorb light in receiving
waters. Further, the biological effects of degradation products are known, and these
may have a detrimental ecological effects in the environment.

- ive-mol -mass material
Materials in this group are of three types, acidic, phenolic and neutral compounds.

(i) Acidic compounds,

This has five sub-divisions, fatty, hydroxy, dibasic, aromatic and resin acids. The
higher fatty acids and resin acids originate from extractives. Formic and acetic acids are
the most important fatty acids, while glyceric acid is the most important hydroxy acid.
Dibasic acids are present in considerable quantities in spent liquors and include
malonic, malic, oxalic and succinic acids. The aromatic content tends to be quite low,
while resin acids only tend to be found in caustic extraction liquor.

Lindstrom(1985) has found that the numbers of chlorinated acids are very low.
This is rather surprising as the M<1000 acid fraction, organically bound chlorine,

constitutes 70%.
(ii) Phenolic compounds,

Voss(1981) suggests that the amount of phenolic compounds in spent liquors
depends greatly on the charge of chlorine and the end-pH used in the chlorination stage.

(iii) Neutral compounds,

Methanol and some hemicelluloses tend to dominate here. In general, the neutral
compounds consist of a wide variety of chemicals including, aldehydes, ketones and
esters.

2.3.4 Pollution studies,

The acute toxicity of kraft mill wastes to aquatic invertebrates was first observed
by Van Horn(1947). Examinations were made on the toxicity of components of kraft
mill wastes to various aquatic species including Daphnia and insect larvae. The results
obtained seem to indicate that the invertebrate fauna are more resistant to pulping
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wastes than fish, and certain species such as Chironomus were substantially more
resistant. The higher tolerance levels of invertebrates was further demonstrated by
Dimick and Haydu(1952) who found that mayfly and stonefly nymphs had greater
resistances to kraft effluents than fish.

Juul and Shireman(1978) investigated populations of both fish and benthic macro-
invertebrates inhabiting a kraft mill effluent channel at the Hudson Pulp and Paper
Corporation, Florida. The waste water treatment facility investigated discharged water
from its oxidation pond through a cement riffleway into an earthen channel. With the
exception of the mouth of the riffleway, the channel has a uniform depth ranging from
0.5 - 0.7m. Water flow characteristics cause substantial eddies in either of the deep
pools. Channel width ranged from 10 - 11m.

Monthly benthos samples were collected between November 1974 - September 1975.
Chironomid larvae were the most abundant organisms. The average numbers for the
mid-channel were 519.8/m2, while 11628/m2 was the mean value from the sloped
shoreline. These numbers are generally greater than those reported from river studies.

Oligochaetes were only present in low numbers, but increased during the study
period. The presence of Ephemeroptera, Trichoptera, Gastropoda, Ampihopda and
Collembola was also recorded.

Thus, it appeared that the water quality within the effluent channel remained
favourable for macro-invertebrate growth and survival. The Chironomidae in general
tended to inhabit the bottom slopes of the channel, with other aquatic macro-
invertebrates being more associated with the vegetation that was present in the eddy
areas.

According to Walden(1977), in general it seems that spent chlorination and alkali
extraction liquors from softwood pulp are only mildly toxic to fish and to other aquatic
organisms, with the spent liquor having less of an effect than the extraction liquor.

Voss et al.(1980)stated that since much larger volumes of spent chlorination
liquors are produced, the total toxicity is considerably larger. Voss further states that it
also appears that the toxicity of these liquors is enhanced with increasing number of
chlorine substitutions.

Ander (1979) found that spent chlorination liquors are also mutagenic and
carcinogenic. Among the carcinogens are chloroform and carbon tetrachloride. Further,
benzenes and phenols in effluents are suspected of being carcinogens. Unfortunately, at
present the fate of these genetically active compounds is not known.

Voss et al.(1984) made a study of the neutral organic compounds found in
biologically treated bleached kraft mill effluents. It was found that about forty such
compounds from nine bleached pulp mill sites over a six year period. The mean
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concentration for these compounds was found to be 30mg/l, ranging from 4-200mg/1.
Upon discharge, and with the resulting dliution factor(typically 1:100 and greater), the
concentrations of these neutral organic compounds was found to be at the sub-
microgram/litre level. However Voss et al were unable to say at what levels these
compounds would have a deleterious effect on the environment.

Sewage fungus can be a serious problem in rivers receiving organic effluents.
When environmental conditions are suitable, it can form a massive slimy growth which
rapidly colonises all submerged surfaces. Roberts(1977) made a study of sewage fungus
in the receiving waters of a paper mill. It was found that dissolved carbohydrate in the
form of polysaccharides with a molecular weight in the range of 2000 to greater than
10000 formed a high percentage of the total soluble organic content of the effluent.
These effluent polysaccharides could be utilised by the dominant bacteria in sewage
fungus, Sphaerotilus natans. However, the polysaccharides found to be most useful to

S.natans were found to be derived mainly from waste paper and not wood pulp.

Curtis(1969) discovered that S.natans was capable of growth on a variety of sugars, but

not on cellulose, such that it could be expected that the amount of sewage fungus is not
only a function of the sugar content of an effluent, but also the nutrient supply and flow
rate of the river. Cormack and Amsberg(1969) reported that sewage fungus occurred in
the lower Columbia River, where the average BODg increase was only 0.4 ppm and
rarely exceeding 1 ppm. This confirmed Cawley's(1959) work on the Atahama River
where he showed that heavy sewage fungus growths occurred at locations receiving
very low BODj additions.

The final problem associated with paper mill wastes is that of the presence of
suspended matter flushed into the receiving waters. Walden(1976) states that suspended
matter is detrimental to the benthic community as wood fibres after settling cause
anaerobic conditions in the bottom sediments. The effect is due to the depletion of
oxygen, and to the toxic action of generated hydrogen sulphide.

Gaufin(1958) studied the Mad River in Ohio which receives a discharge from a
paper mill. It was found that oxygen depletion and that settlement of finely divided
particles were important in determining the composition of the benthic community. A
distance of 15-20 miles below the mill was affected, with the discharge turning the the
water a milky white. On settling, it formed a blanket over the stream bed in which few
organisms could exist. Over the three year period of study, the substrate became more
densely covered. Three miles below the outfall, the numbers of snails, leeches and
worms increased, with the population of mayflies and gill breathing organisms
declining. The fauna was similar at 5 miles below the outfall with only eleven species
being present. The number of species had increased to fifteen at 14 miles below the
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discharge with flatworms dominating in the shallow regions.

Dines and Wharfe(1985) studied the effect of a paper mill on the Swale, a tidal
channel on the South-East coast of England. They found that disposal of paper mill
wastes over many years has changed this former wildlife refuge to such an extent that
abatement measures were needed.

A survey of the soft sediment fauna found that the most severe effects were in a
small creek which joined the Swale close to the major waste discharge. In the main
channel, blanketing effects of the high suspended solid load was considered to be
mainly responsible for the detrimental effect on wildlife. Further, it was seen that the
toxic effects of the semi-chemical liquor component of the discharge directly restricted
the settlement and growth of juvenile bivalves.

The benthic fauna of the Swale was restricted to a few tolerant species which were
mainly deposit feeders, and some opportunists. Oligochaeta and Polychaeta being
dominant here.

Oligochaetes were also found to prosper in a study of the Upper Medway estuary
in Kent. Dines and Wharfe(1986) recorded numbers in the estuary of 1x106/m2. A
particular feature of the paper mill effluent investigated was its high particulate content.
Suspended solid concentrations in water samples taken from the vicinity of the paper
mill ranged from 25 - 190mg/l. The sediments in much of the Medway estuary were
quite unstable with up to 8cm being removed or deposited in a month. As a
consequence, organic waste discharges were less severe than those recorded by Dines
and Wharfe(1985) in Milton Creek and as such the effect of cellulose fibres settling out
was also reduced.

2.4 The distribufi 1 ecology of the Oliggc] | Chi id

Many investigations have revealed that the presence of oligochaetes and
chironomids in large quantities in a stream are strong indicators that an organic
pollutant is present. Brinkhurst(1970) has shown that in heavily polluted waters the
family Tubificidae are frquently very abundant, often forming monocultures with
densities over 106/m2. With increasing pollution, successive species of tubificids tend to
be eliminated with only Tubifex tubifex and /or Limnodrilus hoffmeisteri remaining. In
general, tubificids, most lumbriculid worms and naidid worms are adapted to burrowing
in soft sediments and they are consequently able to survive considerable oxygen
depletion in the environment. Brinkhurst(1972) has suggested that competition is
avoided by selective digestion of the bacteria in a sediment.

Learner(1978) has observed that naidid worms also respond to organic pollution
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with a large increase in numbers, especially in areas of stony substratum. Eyres et
al.(1978) demonstrated that Nais elinguis is particularly tolerant of pollution.
Brinkhurst and Kennedy(1965) showed that as the water below an organic
discharge becomes more oxygenated tubificids tend to decrease in abundance and are
replaced by the Chironomidae. In their investigation in Ditton Brook and its tributary
they observed the co-existence of Oligochate species. The most abundant oligochaetes
were Tubifex tubifex and Limnodrilus hoffmeisteri, although during the period of study
Limnodrilus udekemianus also became well established. They also found that
chironomid larvae adversely affected the worm population. This was mainly due to the

activities of Chironomus larvae in the surface layers of mud.

Over the four stations investigated by Brinkhurst and Kennedy it was seen that the
horizontal distribution of species varied consistently. There was no overall correlation
however, between the observed differences in distribution of T.tubifex and
L.hoffmeisteri which led to the conclusion that other environmental factors affected
their abundance.

Eyres et al.(1978) found that oligochaete worms dominated the benthic fauna of
the River Irwell in North-West England. This river was polluted by domestic and
industrial wastes. The Tubificidae were seen to account for almost 87% of the worm
fauna, with T.tubifex, L.hoffmeisteri and L.udekemianus the dominant species. The
Naidae were the next most abundant group, with N.elinguis being particularly important

in this group.

Eyres observed that T.tubifex and L.hoffmeisteri were abundant along most of the
63Km of the river. However, greatest numbers of these species were observed in the
organically polluted stretches of the lower reaches of the river. The main population
recruitment for each of the species mentioned occured from April to September for
T.tubifex, May to November for L.hoffmeisteri, June to October for L.udekemianus
and around April for N.elinguis.

Lazim and Learner(1986) examined both T.tubifex and L.hoffmeisteri in a moat
feeder stream in Cardiff. The moat feeder stream is an organically enriched
environment. It was found that the T.tubifex population had an annual life-cycle with a
prolonged period of reproductive activity throughout the winter and spring. Cocoons
were produced mainly during late winter and early spring, but none were found during
August and September when there were few mature worms.

Conversely, even though it was considered that L.hoffmeisteri had a single
generation/year life-cycle, it appeared that this organism has quite a long period of
reproductivity in this habitat thus leading to an overlap of generations. Lazim and
Learner interpreted this as L.hoffmeisteri over-winters, with the major recruitment
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taking place in May - September.

Population densities of T.tubifex ranged from between 5420/m? in mid-
September to 61300/m? in mid-May. The average population for L.hoffmeisteri was
estimated to be 3x105/m?2 over the period of study. These figures are similar to those
quoted by Eyres(1978) of 2.8x105/m2. Palmer(1968) has also recorded very large
populations(2.8x106/m?) of T.tubifex in an organically polluted site on the River
Thames.

Kennedy(1966) has suggested that low temperatures will cause cessation of
breeding activities in L.hoffmeisteri. He investigated this tubificid in the Shropshire
Union Canal in Cheshire. Into this canal drains water from rich arable land and the
substratum consists of a rich organic mud. Samples were taken at intervals of three
weeks for twelve months, and at monthly intervals from November 1961 to April 1963.
It was found that worms bred in this habitat throughout the year which could be
attributed to the productivity of the habitat. However, the greatest number of breeding
specimens were found in the winter months. It seems this phenomena is related to
temperature and this was demonstrated for L.hoffmeisteri by Proddubnaya(1959).

It appears that in unproductive areas, very low temperatures will cause a cessation of
breeding activity, while in productive areas breeding will only take place in low
temperatures.

Aston(1973) made a study of tubificids and water quality and found that if there
were conditions of low dissolved oxygen concentrations as when water bodies were
heavily polluted by sewage then, L.hoffmeisteri and T.tubifex became the dominant

organisms. The respiratory physiology of these species are adapted to operate at very
low oxygen concentrations and thus they are able to survive for long periods in
anaerobic conditions. Dausend(1931) noticed that tubificids could survive for up to four
weeks in anaerobic conditions in which time they could metabolize glycogen
anaerobically.

Palmer and Chapman(1970) suggest that the ability of T.tubifex and L.hoffmeisteri
to survive at low oxygen concentrations is due to the fact that they contain the pigment
haemoglobin in their blood, which in T.tubifex, exhibits a negative Bohr effect thus
enabling oxygen to be taken up at low pH. This is a common occurrence in organically
polluted waters when the carbon dioxide content of the water is high. However, even
though this pigment functions in the transport of oxygen, it does not appear to store
oxygen during long periods of anoxia.

Chapman (1982) studied the effects of species interactions on the survival and
respiration of L.hoffmeisteri and T.tubifex exposed to various pollutant and

environmental factors. This work indicated that these two species were most tolerant of
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toxicants such as cadmium, mercury and pentachlorophenol in mixed than pure culture.
This suggested that mixed species interactions enhanced survival under stress. However,
mixed species were far less tolerant of anoxia than individual species. This result
although unexpected may explain why monocultures predominate under totally anoxic
conditions. Chapman also found that mixed species did not regulate respiration. Despite
this lack of regulation, the respiratory rate of mixed species was generally below that
for individual species. This work was consistent with the study made by Chua and
Brinkhurst(1973) which indicated that lower respiration rates can be found in mixed as
opposed to pure cultures.

It seems that the main source of food for burrowing worms consists of micro-
organisms which are extracted from the large volume of sediment that is continually
ingested by these organisms. However an investigation of Nais elinguis by
Bowker(1985) found that this species selects algae as its main food. This organism is
particularly abundant in mats of filamentous algae and according to Learner(1978),
tends to be quite tolerant of organic pollution. Bowker et al.(1983) also demonstrated
that the seasonal maximum population density of N.elinguis in the River Ely occured in
spring. This coincided with an increase of benthic diatoms and filamentous algae in the
environment.

Bowker(1985) found that in the field and in controlled experiments, N.elinguis
congregated on mats of filamentous algae. This was considered to be of an ecological
advantage for N.elinguis since filaments provide a structural micro-habitat which is
protected from excessive water currents, light intensities and predators and which
promotes accumulation of food particles such as diatoms. Bowker found evidence that
N.elinguis is able to actively search out and congregate in a suitable habitat.

Numerically the Chironomidae are probably the other most important taxon in
organically polluted rivers. Several studies have shown that the abundance of
chironomid larvae is closely correlated with detritus and the organic content of
sedoments(Learner et al, 1978; Egglishaw, 1964; Fahy, 1975), but not with current and
stone size(Barber and Kevern, 1973; Shelly, 1979).

The effects of an organic effluent on the distribution and seasonal incidence of
Chironomidae has been described in detail by Davies and Hawkes(1981). The survey
was carried out on the River Cole, a tributary of the River Blythe, South-West of
Birmingham. This stream flows northwards through some highly industrialized areas.
The upper reaches of the river studied received organic pollution from an overloaded
sewage works. Six stations were used, one above and five below the discharge. Samples
were taken monthly from December 1966 to December 1967.
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Water samples were also taken for chemical analysis.

The six stations investigated were all riffles, dissolved oxygen below the outfall
was considerably reduced and ammonia, nitrates, carbon dioxide and orthophosphates
had high levels. Water quality was further seen to deteriorate during the summer
months.

The distribution of chironomid species was clearly seen to be affected by water
quality. C.riparius was seen to be the most pollution tolerant species and was found to
be practically restricted to the most polluted areas. Its presence here was probably
associated with a rich food supply and by the fact that C.riparius is very tolerant of low
oxygen tensions and high concentrations of ammonia(Davies, 1971).

With increasing water quality other species became more abundant. Brillia

modesta was the only species that became most abundant at Station 4, 50% of all
individuals collected from this site were of that species.

Station 5 appeared to exhibit the most favourable conditions for seven species,
including Cricotopus sylvestris, Cricotopus bicinctus, Eukieferiella clarripennis and
Paratrichocladius rufiventris. The two Cricotopus species were particularly numerous
during the summer months.

Another species, Prodiamesa olivacea was most numerous at Station 6,
although it was scarce at Station 5. The unsuitability of the substratum was indicated as
having been responsible. Roback(1957) has also demonstrated that this species prefers a
soft substratum. Thus, Station 6 appeared to be more muddy than Station 5.

A seasonal variation in numbers was also observed and the seasonal patterns
varied between species. For example, C.riparius had two peaks in larval numbers, in
February and October. No larval stages were recorded in May. Gower and Buckland
(1978) revealed a similar pattern from their study of Moat Brook, where larval density
was greatest in October, but was least in May.

P.olivacea and E.clarripennis showed similar seasonal patterns with three similar

peaks in numbers being recorded during the year. This pattern was analagous to that
found in three other streams by Davies(1971) where quite large numbers were found in
July to September.

The two Cricotopus species found, C.bicinctus and C.sylvestris exhibited
distinctive peaks during the summer months and only small populations were present
during the winter. This was very different to that recorded for B.longifurca and
P.rufiventris whose numbers achieved peak populations in the winter-spring period.

Conchapelopia melanops appeared to be bivoltine, having population peaks in
spring and summer at four stations. However, at Station 5 there appeared to be a
summer generation, such that larvae were present in the River Cole throughout the year.
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In summer it was seen that the severely polluted zone extended downstream such
that Station 4 also became severely polluted. This is similar to the results obtained by
Gaufin and Tarzwell(1955) in their work on the Lyttle Creek, Ohio. This increase in the
polluted zone however, favoured C.riparius which thus became abundant at Site 4
during the summer. The populations of B.longifurca, E.clarripennis and P.rufiventris
became suppressed during the summer at Stations 2 and 3 but not at Stations 4 - 6.
These species were often found to be present at other times of the year such that their
distributions were linked to the seasonal changes of pollution in the river.

Lindegaard-Peterson(1972) conducted an extensive survey into the relationship
between chironomid distribution and substrate in a lowland Danish stream,

Linding A. Samples from nine stations of the stream were collected monthly from
January 1964 to May 1965 with 67 species of Chironomidae being found.

Common species(i.e more than 50 individuals) occurred at nearly all the stations,
although not in the same numbers. Numbers increased downstream from Station 1 to
Station 9 with only Station 1 showing significant differences from the other stations. It
was found at Station 1 that ochre was precipitated, thus species such as Conchapelopia

melanops, Heterotrisocladius marcidus, Microfendipes sp, Paratendipes sp and
Polypedilum convictum were absent. These species however, only became numerous at
Stations 7 - 9.

These differences between Station 1 and the other stations can also be seen from
the fact that at least twice as many species were found at Station 5 and Station 7 as at
Station 1(21 species at Station 1, 42 at Station 5 and 51 at Station 7).

In the Linding A in slower flowing regions where the bottom of the stream was
covered with mud, Chironomus species became numerous. In a weak current regime
with a sediment consisting of both mud and sand with abundant detritus, species such as

P.olivacea, Macropelopia nebulosa, Procladius sp and Polypedilum laetum became

numerous. With increasing current and a stony bottom, Orthocladius(E)rivolorum,

Rheotanytarsus photophilis and Diamesa insignipes were present in large numbers.
Many species were found on vegetation and include C.melanops, B.modesta,
B.longifurca, C.bicinctus, Rheocricotopus fuscipes and Rheocricotopus effusus. The
dominant vegetation being Helodea and Sparganium.
A characteristic of the Linding A, except of the upper reaches, is that there is a

strong sand movement. The substrate on single localities often becomes covered with
sand. Further, the development of the vegetation changes from year to year and it is cut-

off in the autumn months.
McClachan et al.(1978) and Mackey(1979) showed that many Orthocladinae were
relatively unselective in their use of detritus. This behaviour explained the similarity of
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the density profiles of six common Orthocladinae, C.bicinctus, C.fuscus, C.sylvestris

Orthocladius species A, O(E)thienemanni and Synorthocladius semivirens.The
differences in the mean density of the detritus along the leaves was probably caused by

seston being deposited at rates that varied with the inclination of the leaves to the
current. Also as leaves grew from their bases, epiphytic algae and other micro-
organisms were established longer on more distal sections of leaf. The results are
similar to those recorded by Entz(1947), Opalinski(1971) and Smock and Stoneburner
(1980).

Laboratory experiments performed by Drake showed that chironomid larvae
behaved much like marine invertebrates by drifting and settling randomly because they
swim non-directionally. The density profiles of larvae on leaves with abundant detritus
suggested that larvae move basally before making tubes, whereas they move distally on
leaves with little detritus.

Drake suggests that five factors affect spatial distributions; natality, mortality,
immigration, emmigration and re-positioning within a habitat. In streams, drift tends to
be a major method of dispersion for all stages of larvae. The availability of detritus
largely determined mean densities such that larvae actively determined their own spatial
distribution. This conclusion concurs with the work of Taylor and Taylor(1977) who
also found that distributive behaviour produces spatial patterns.

Tokeshi(1986) investigated the population dynamics and species richness of an
epiphytic chironomid community on the Spiked Water-Milfoil(Myriophyllum
spicatum). The Water-Milfoil is the dominant aquatic macrophyte in the River Tud in
the South of England. Sampling was carried out at various intervals between April 1983
and June 1984. A total of nineteen chironomid species were recorded with eight species
occuring commonly. The range of life histories observed was one to five
generations/year. However, the total number of species was small when compared with
Drake's(1982) survey where forty-one species were found. This fact is largely
attributable to differences in stream width, with the former being 2 - 2.5m wide and the
latter 15 - 20m wide.

There appears to be conflicting information on the importance of plant architecture
in influencing species diversity. Two investigations, Lawton and Price(1979) and
Strong and Levin(1979) suggested that it is important. However, Tokeshi and
Pinder(1985) found no appreciable difference in species richness between epiphytic
fauna on two co-existing but architecturally distinct aquatic macrophytes of the genus
Potomageton.

Tokeshi observed that a significantly larger number of species occurred as larvae
in spring. This he suggested was a consequence of selection adjusting the life-cycles of
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species thus leading to an exploitation of abundant food resources during the season.
This is similar to that seen by Shapiro(1975) in his work on lepidopterans in which the
highest species richness corresponded to the maximum vegetation growth.

2.5 Methods of assessment of river pollution,

Changes in water quality will be expected to result in changes in the biocoenose.
Many workers have attempted to utilize these changes in various ways into schemes that
can be used as tools for the assessment of pollution. However, because natural criteria
such as substratum and current velocity will also influence the benthic community,
variations in these factors should also be taken into account when assessing the effect of
a pollutant on a river.

The first attempt at assessing the quality of water using a biological approach was
that made by Kolkowitz and Marsson(1909). This so-called 'Saprobien System'
has been modified since but basically it deals with lists of organisms classified into
saprobia. These are groups of organisms associated with different stages of oxidation in
organically enriched waters in order to express their dependence on decomposing
organic nutrients. Kolkowitz and Marsson distinguished four major zones;
Polysaprobic, Alpha-Mesosaprobic, Beta-Mesosaprobic and Oligosaprobic on the basis
of increasing degrees of mineralization of the organic matter. Pantle and Buck(1955)
attempted to take into account the relative abundance of organisms in this system rather
than their mere presence or absence. By contrast, Butcher(1946) favoured the use of
algae as an indicator but it appears that most workers prefer the benthic invertebrates as
indicators.

Biologists have found it difficult in presenting results in an understandable form
to the layman. Because of this, it was felt necessary to convert results into a numerical
value or Biotic Index. Beck(1955) produced the first index, this was based on the
principle that macro-invertebrates may be classified into two groups according to their
tolerance of organic pollution. This system was later refined by Woodiwiss(1964) into
the Trent biotic index. Originally values of 0 - 10 were determined on the numbers of
different defined groups of invertebrates present weighted in their sensitivity to
pollution. This range was further extended to O - 15. This is a practical system and it is
easy to use even by inexperienced individuals as only qualitative sampling of benthic
invertebrates is required. Also taxonomy is not demanding. This system has been
adapted for use in the Lothian area of Scotland by Graham(1965) who introduced six
categories.

Chandler(1970) adapted the Trent biotic index in much the same way as Pantle
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and Buck adapted the Saprobien system in order that abundances could be accounted
for. Scores between 0 - 100 are allocated for each species in a sample such that the
resulting total may then be considered as an index of pollution in itself or may
alternatively be divided by the number of species present giving an average Chandler
score. This system has been further refined by Bryce et al.(1978), although it is still less
straightforward than the Trent biotic index as a measure of abundance is required.

A national strategy for the biological assessment of river pollution was reported
by the Department of the Environment in 1970. This was an attempt to supplement the
established chemical classifications. The system was a simple one having four classes,
A - D, with each being characterized by groups of animals indicative of different water
qualities such that Class A had a widely diverse fauna with Class D having a
macroscopic fauna of only those organisms that could tolerate pollution. This system
was however, reported to have drawbacks and the disappointing results following the
1970 survey prompted the Department of the Environment to set up the
BMWP(Biological Monitoring Working Party) in order to recommend a biological
classification of river water quality for use in national pollution surveys. They failed to
recommend a biological classification of the 'biological condition of rivers.' This system
was intended as a surveillance tool to monitor changes at defined points on the river
over a period of time and was not intended to be used comparatively. The system is a
simple non-exacting one for broad classification and is based on a score derived from
points attributed to different invertebrate families according to their degree of tolerance
to organic pollution. The scores range from 1 - 10.

Diversity indices are also commonly used by biologists, they, unlike biotic indices
are quantitative values derived mathematically from quantitative data. No use is made
of autecological information regarding the response of individual species. Diversity
indices are probably best applied to toxicity and physical pollution. The Shannon index
is one of the most commonly used. This takes into account the proportional composition
of the community, the more uniform the distribution between component species, the
higher the index value. A further simple quantitative co-efficient is that developed by
Czekanowski(1913) and is used as a comparative measure between two communities.

Qualitative indices have also been developed and they compare joint species
presences or absences between two samples or communities. Field(1969) has suggested
that such co-efficients may arrive at an index of affinity which could give misleading
results in extensive surveys. Kothe's species deficit(Kothe, 1962) is one such qualitative
index and was derived from the general observation that pollution often causes a
reduction in the number of species in a community and is useful for measuring the
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difference in the number of species between communities above and below an effluent
outfall. An index of 100% would mean complete suppression of the fauna but only if
the disappearing species were not replaced by others. In cases of mild organic
enrichment, the number of species below an outfall may increase, in such cases it would
be appropriate to measure the suppresion of the upstream fauna. In conjunction with
this index, a co-efficient of similarity such as Jacard's co-efficient is appropriate.

Multivariate techniques are fairly common tools for the biologist in handling
data. Two of the more frequently used are clustering and Principal Component
Analysis. Principal Component Analysis(PCA) is a mathematical treatment which
allows communities to be organized on a graph so that those most similar in both
species composition and relative abundance will appear closest together, while those
most dissimilar will appear furthest apart.

The results obtained from thirty-four locations in streams in Southern England
(Townsend, 1983) were subjected to PCA. Clear relationships were revealed between
pH and position of communities along the x-axis generated, and between average water
temperature and position along the y-axis. Thus communities with predictable
compositions occurred under specific sets of environmental conditions. Further, if pH is
known in a new stream in the area it is possible to use the ordination data to predict the
invertebrate fauna and, if only the fauna is known so pH could be predicted.

Clustering as opposed to PCA begins with the assumption that communities
consist of relatively discrete entities. It produces groups of related communities by a
process similar to taxonomic classification. In taxonomy individuals are grouped
together in species, similar species, in genera etc. In clustering, communities with
similar species compositions are grouped together in subsets, similar subsets etc
(Gauch, 1982).

With the thirty-four Southern English streams subjected to PCA, five distinct
classes were found. At each class level a significant difference in environmental
conditions existed. A relationship between PCA and clustering indicates pH was a
critical environmental factor.

A detailed Cluster Analysis was used on the benthic communities of Oslofjord in
Scandanavia(Gray, 1981). Seven reasonably distinct classes of communities were
derived, with community structure varying according to position in relation to the City
of Oslo and its output of pollutants. Class A was totally dominated by organisms which
could tolerate organically enriched sediments. This approach to community analysis
shows its role adapted in ecology by revealing the extent of pollution. Further analysis
could indicate if anti-pollution measures were having an effect or whether typical

polluted water organisms were becoming common.
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Caimns and Kaesler(1969) have studied the occurrence and distribution of insect
species in a portion of the Potomac River. Jaccard co-efficients were used for Cluster
Analysis which refer to the presence or absence of species rather than absolute numbers.
The survey was carried out between 1956-1965 and 370 insect species in fifty
aggregations were analyzed to determine the effects of operation of the PEPCO
Dickerson power station on the aquatic biota. Samples were collected at three stations
on each of four high-water and six low-water surveys.

Similarities of aggregations of species within a survey were in all cases greater
than similarities among aggregations from different surveys. This indicated that there
were relatively strong within-year and along-stream influences. Clusters from middle-
year data showed greater similarities than for earlier or later results. This was taken to
indicate environmental change at all stations. Increased urbanization was thought to
affect the last survey carried out(1965) as this would cause environmental change.

Thus, the use of complex data analysis techniques can therefore be used to reduce
large quantities of survey data to easily understood patterns. They do not produce
indices of water quality,but allow subjective assessments to be made, particularly of
sampling points containing fauna representative of a clean stream and a polluted stream
of similar type to the others under investigation.
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3. Field work and methods,
3.1 Sampling methods and materials.

The quantitative samples of the stream benthos were taken using a Saw Cylinder
Sampler(Fig 1) and based on that developed by Neill and described by Macan(1958).

The sampler consists of a metal cylinder which encloses an area of 0.05m2.The
lower edge was serrated to facilitate it being pushed into the stream bed. Water flowed
into the cylinder through a perforated plate facing upstream and then passed out through
a detachable net made of nylon attached to a tube on the downstream portion of the
cylinder. Attached to the net was a one-litre collecting jar. The mesh count of this net
was 24x24/cm which, according to Maitland(1969), should prevent all but the very
smallest individuals passing through.

Prior to the sampling programme a field trial was performed using the sampler to
determine the most suitable length of sampling time. It was intended to use a sampling
time that would enable at least 90% of the benthos to be collected. This was carried out
in the following way:-

Sampling of benthic invertebrates must be carried out so as to be representative
of the whole population, therefore sampling must be without bias. True random
selection is generally difficult to achieve, many workers using random number tables in
order to reduce this bias(eg Fisher and Yates, 1963). However this method is often
laborious and it tends to be much easier to use a large two-dimensional grid with each
square equal to the area of a sampling unit. The squares on two adjacent sides of the
grid are numbered, and each sampling unit is thus located by a pair of co-ordinates.

Stratification may also be used to optimise the accuracy of population estimates
and also ensures that sub-divisions of the population are adequately represented.
However, stratified sampling is of greatest value when the sampling area contains a
variety of biotopes. This was not found to be the case in the Llynfi however, where the
substrate was predominantly stony. Thus the random sampling routine at each site in the
survey carried out relied on the two-dimensional grid method. Results for the initial
sampling programme can be seen in Table 62, Appendix 3.

In the laboratory the animal material was first separated from any sediment present
and placed in a sample tube appropriately labelled which also contained formalin.

All organisms were counted at this stage. The oligochaetes and chironomids were
identified at a later time while the identification of the Ephemeroptera, Plecoptera etc

was carried out using
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keys produced by the Freshwater Biological Association and other relevant keys.

The Oligochaeta were identified by placing them on a tray and, in the cases where
large numbers were present, at least fifty animals were selected and mounted on a slide
using lactophenol. If the numbers were small all specimens were identified.
Brinkhurst(1971) was used to identify the Oligochaeta.

In almost all cases, all the Chironomidae were identified in a particular sample. In
cases of uncertainty, head and whole body mounts were made using lactophenol.
Orthocladinae were identified using the key by P.S Cranston(1982) while other
Chironominae present were identified using Bryce's(1960) key. Where large numbers
were found fifty animals were selected to be identified.

Chemical analysi

Because of the large number of biological samples that were taken, it was decided
that it would be difficult to also carry out detailed chemical analysis of the river. Thus
approaches were made to the Welsh Water Authority(South-Western division) at
Swansea who kindly provided their routine analysis.

It was also decided that a 24-hour survey during the summer would provide useful
information on the diurnal fluctuations of dissolved oxygen along the length of the
river. Sampling was carried out by collecting water in a 250ml stoppered jar at each site
at four-hourly intervals. The water in the jars were subjected to the azide-alkali method
of determining dissolved oxygen. The oxygen was fixed on site. For method see
Appendix 9. |

3.2 Site description,

The River Ogmore rises some SO0m above sea-level and flows in a general North-
South direction for approximatley 40Km to enter the sea at Merthyr Mawr. Of the four
main tributaries, the Llynfi, Garw, Ogwr Fach and Ogwr Fawr, it is only the Llynfi that
needs to be considered. This tributary(Fig 3) arises in the hills above the town of
Maesteg and flows for a distance of 8Km before converging with the Ogmore at
Aberkenfig.

Six sites were sampled on this river system, one upstream of the paper making
plant and two downstream on the River Llynfi, one on the River Ogmore before the
confluence with the Llynfi, and two further sites downstream of the confluence. Fig 4
gives the relative positions of these sites on this river system. All the sites were in riffle
zones. Biological sampling took place on six occasions between October 1985 to
November 1986.
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4.1 Chemical data,

These are summarised in Appendix 2(Tables 1 - 24). Using this data graphs have been
drawn to show parameter concentration against time for the sampling period(Figs 5 -
10). Also, results for the 24 hour survey can be seen in Table 25 and Fig 11.

4.2 Biological data,

These are summarised in Tables 26 - 61 in Appendix 3. Graphs have also been drawn to
show both species abundance and seasonal variation using 95% Confidence Limits
(Figs 12 - 33). Figs 27 - 32 show comparisons of the benthic community at each
sampling occasion. Initial survey data can be found in Table 62

4.3 Data analysis.

The biological results were subjected to a number of different tests. These can be
grouped accordingly:

1) Qualitative comparisons.
2) Quantitative comparisons.
3) Biotic indices.

4) Statistics.

5) Multivariate analysis.

1) Qualitati .
Kothe' ies deficit
This is given by:

Dp=A-Mx 100 A = number of species above outfall.
A M = number of species above outfall

which are missing from the downstream
species list.
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Thus comparisons between sites can be given. A full table of comparisons is given in
Table 63 in Appendix 6.

2) Quantitative comparisons,
a) Block histograms,

The data has been processed in order that block histograms can be constructed to

show a comparison of the faunal composition at each sampling occasion(Figs 27-33).

b) Shannons diversity index
This is given by:

H= -Zpi log pi H = Shannon index.
pi = probability function.

With this index, the higher the value obtained, the greater the diversity such that the
cleaner water fauna is characterised by large numbers of different species and polluted
water fauna tends to consist of few species. The data obtained is given in Table 64 in
Appendix 6.

¢) Czekanowski's co-efficient.

This is given as:

C,=2W W = sum of the lesser measures of abundance.
A+B of each species common to both communities.
A = sum of measures of abundance in
community A.
B= sum of measures of abundance in

community B.

It is similar in effect to Shannon in that similarity between communities is tested

for. The data obtained is listed in Tables 65, Appendix 6.
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3) Biotic indices,
a) Trent biotic index,

The extended Trent biotic index is used here. The revision of the earlier index
extends the upper limit to 15, and is based on the species groups present. The results of
the extended index performed are shown in Table 66 and Figs 33 - 38. The scoring
system used in this index is given in Table 70

b) Chandler score,

The results for the Chandler score revised by Bryce et al(1978) are given in Table 67
and Figs 33 - 38. In this classification, scores of 0 - 100 are assigned to each species
present. The scoring system used is given in table 71.

¢) BMWP score,

The scoring system used is given in Table 72. Values between 0 - 10 are ascribed to
scoring taxa, and the data obtained can be seen in Table 68 and Figs 33 - 38.

d) Welsh Water Authority score,

This system was derived by the Welsh Water Authority biologists and was intended
for application in Welsh rivers. The scoring system is given in Table 73, and data
obtained from this system is given in Table 69 and Figs 33 - 38.

4 Statistics.

Use is made here of the logarithmic transformation described by Elliot(1977). This
transformation enables confidence limits to be expressed in terms of a derived mean
divided by a common factor and, as such, is easy to use. Stabilisation using the
transformation enables confidence limits to be expressed in terms of a derived mean
divided and multiplied by a common factor. A straight logarithmic transformation is
used for most small samples, but log(x+1) is used when zero counts are present in the

sample. The mean of the transformed counts is given by:

y= logx n = number of samples.

n
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The 95% confidence limits for y are:

y +y variance of transformed counts
n

Values of 't" are found in 'Student's t-distribution'(Pearson and Hartley, 1966).
However, due to the fact that 10 samples were collected from each site at every
sampling occasion, for 9 degrees of freedom(ie n-1) the value of 't' was always 2.262.
A sample calculation is given in Fig 39.

The selection of species for confidence limits was dependent on the most populous

species at each sampling occasion. 95% confidence limits can be seen for both species
abundance and seasonal variation in Figs 13-26.

5) Multivariate analysis,
a) SPSS-X,

This is a comprehensive and 'user friendly' statistical and cluster analysis package.
Use of the CLUSTER command enables clustering to be carried out using the variables
specified in input. The clustering methods used are generally based on the following
procedures:

1) The smallest element in a distance matrix(calculated either by using
CITY BLOCK method or Squared Euclidean method).

2) These two objects are clustered.

3) If there is more than one such pair, all these pairs are formed
simultaneously.

4) A new distance matrix is calculated taking into account distances of
objects and old clusters from the newly formed cluster.It is at this stage
that different clustering methods can be applied.

1) SINGLE,
This is the smallest possible distance between an object and the objects in a cluster

or between the objects of one cluster and another cluster. This routine is referred to as
the 'nearest neighbours' method.
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2) COMPLETE,

This is known as the 'furthest neighbour' method and is based on complete linkage
between points in a cluster.

3) BAVERAGE,

This is based on average linkage between groups.
4) WAVERAGE,

This is also based on average linkage between groups.

5) CENTROID,

Here the centroid of a cluster is found and linked to the centroid of an adjoining
cluster.

6) MEDIAN,

When two objects are merged they are then represented by the co-ordinates of their
centroid. If two clusters are merged they are represented by their centroid which is
calculated by averaging the co-ordinates of the centroids of the two clusters.

7) WARD,
Ward's method is used here.

In order to see the output of these routines they are plotted as dendograms which
are scaled by joining the distances of the clusters. The data into SPSS-X is autoscaled.

b) ARTHUR 81,

This is a more dedicated pattern recognition package than SPSS-X and offers a
wide range of multivariate methods. Primary concern is given to the classification of
samples with respect to the elements that they comprise, indicating similarities and

differences. A description of the sub-routines used is given:
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1) UTILIT,

Provides line listings.

2) CORREL,

This routine calculates co-variance and correlation matrices.
3) ALE

This method of scaling features in the data which have been derived from data
vectors. This routine is applied to all the data.

4) KAPRIN and KATRAN,

These two features are known as the Karhunen-Loeve transform. This consists of
extraction of the largest values and their corresponding vectors from the co-variance
matrix. The vectors are placed in order from the highest to the lowest value. KAPRIN
performs the principal component extraction indicating which elements have the largest
spread. KATRAN changes co-ordinates creating a new data matrix of he data extracted
by KAPRIN.

S) YARVAR,

This routine plos components in two ways;firstly plots of two features against each
other as x and y axes, and secondly the data property may be plotted against one
feature(x-axis). Thus the two plots are the data vectors with respect to the two axes

under consideration.

6) SELECT,

This is a feature selection technique with respect to their importance to
classification. This is achieved by generating orthogonal features. It can be seen that the
highest weighted feature is selected first with the remaining being de-correlated from
the chosen feature. These features are then re-weighted such that the feature whose new
weight is highest becomes the second selected feature etc. This process continues until
either a specified number of features is chosen or a given minimum weight attained.

The three previous sub-routines are then performed which produce PRIPLO plots.
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7) DIST,
This calculates a matrix of the distance between all pairs of data points.
8) KNN,

This is the single linkage clustering method with 10 'nearest neighbours' to a
particular data point being produced.

9) HIER,

A distance matrix is produced here which plots a dendogram indicating which two
points are nearest.

From the raw biological data in Tables 26 - 61 it is apparent that there are many
species which only occurred irregularly. It was decided that in order to make the data
matrices manageable it was necessary to amalgamate the species belonging to certain
taxonomic groups so as to make a single entry eg in many cases R.semicolorata and
Ecdyonurus sp were combined. Also, if only isolated recordings of a species were
present then that species may be ignored as having very little impact on the clustering
routines. It is obvious from this that some data will be lost, but it was felt that in order
to maximise ease of interpretation of results then it was a necessary step.

Line listings from SPSS-X and ARTHUR are given in Figs 46 - 87, Appendix 7.
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5.1 Chemical results.

The River Llynfi was routinely sampled by the Water Authority over the thirteen
months of the study.

The chemical results for the sampling stations are given in Tables 1 - 24 in
Appendix 2. The results clearly show the effect of an organic effluent on the river
system. Site 1 on the Llynfi was generally in quite good condition and the main source
of pollution here was undoubtedly from the town of Maesteg about 1.5Km above. Site 2
immediately below the effluent outfall generally showed the poorest conditions along
the length of the river sampled. However, Site 3 only tended to be marginally
improved. Site 4 which had no specific pollutants discharged immediately upstream of

the sampling point was of good quality. Sites 5 and 6 showed improved quality from
site 3.

Dissolved oxygen.

The dissolved oxygen(Fig 6) figures for the period of study show the effect that the
paper mill discharge had upon the river, although it can be seen that generally the
dissolved oxygen content to be quite high even at the more polluted sites. At site 1 the
% saturation of oxygen on occasions exceeded 100%. Downstream of the paper mill
discharge at Sites 2 and 3, the oxygen content of the water was always lower than at
Site 1 with the lowest figure usually being recorded at Site 2. The river showed
improved quality by Sites 5 and 6 where levels in excess of 100% saturation were
sometimes recorded. At Site 4 high levels for dissolved oxygen were usually recorded.

At Site 1 the lowest figures were recorded in December 1985 and October 1986,
these were 82.6% and 82.2% saturation(8.9 and 9.5 ppm). However, these results were
out of character with the rest of the results, as the average value obtained at this site for
the sampling period was 96% saturation(11.1 ppm).

At Site 2 oxygen levels showed large fluctuations,the concentration was generally
quite high from October 1985 to February 1986, but after this the oxygen concentration
became gradually less, with the lowest values being recorded in October. The results for
Site 3 did not follow such a pattern, the oxygen concentration did not vary much from
October 1985 to July 1986, after which there was a decrease in oxygen concentration.
The lowest values for these two sites were 17.2%(1.7 ppm) and 56.4% saturation(5.8
ppm) respectively.
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Site 4 only experienced small fluctuations in dissolved oxygen content. The
maximum value recorded was 107%(11.6 ppm) and the minimum 86.6% saturation
(5.8 ppm).

Sites 5 and 6 showed similar patterns with the water usually being well
oxygenated. The highest concentrations were recorded in October 1985 and June 1986
for Site 5 and October 1985 and July 1986 for Site 6. Lowest values at these two sites
were recorded in December 1985 for Site 5 and September 1986 for Site 6, these being
89.3%(9.3 ppm) and 82.6% saturation(8.5 ppm) respectively.

Diurnal fluctuati

Samples were taken over a period of 24 hours at 4 hourly intervals for all six
stations. The results are given in Table 25 and Fig 11. At all sites except Site 2 there
were distinct diurnal fluctuations. At sites 1, 4, 5 and 6 there were marked diel
fluctuations in oxygen concentration due to the photosynthetic activity of autotrophic
plants. However at Sites 2 and 3 there was little variation in oxygen concentration
during the sampling period because of the absence of green plants.

Site 1 showed quite a marked diel fluctuation ranging from 2.9 ppm to 10.1 ppm.
The initial value was 7.3 ppm at 7 a.m. The oxygen content then rose to its highest
point at 3 p.m. After this the oxygen concentration then steadily fell to its lowest value
at 3 a.m. A small increase at 7 a.m was then observed.

Conversely, Site 2 showed very little fluctuation in O, concentration. The lowest

value obtained was 2 ppm at 3 a.m, while the highest was 2.9 ppm at 3 p.m.
Similarly, Site 3 did not show wide fluctuations in O; concentration but all value
recorded were greater than at the previous site. The maximum and minimum values
being, 6.4 ppm and 2.4 ppm respectively. As at Site 2 a drop in concentration at 3 a.m
with a recovery occurring after this point.

Sites 4, 5 and 6 showed marked fluctuations during the course of the 24 hours.
Lowest values for these three sites occured at 3 a.m with values of 2.6, 2.3 and 2.1 ppm
respectively being recorded. All 3 sites showed their greatest oxygen concentrations at

7 p.m.

Temperature,

The temperatures recorded were broadly similar for all sites showing the expected
trends of being at their lowest during winter and highest during summer(Fig 6). The
discharge into the river did not appear to be particularly warm as the temperatures at
Site 2 were generally similar to those recorded at Site 1. Generally as one proceeded
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downstream the river became warmer. However, the highest value during the routine
sampling period was at Site 2(18°C). Lowest temperatures for all sites were recorded in
February and March, when 2°C was recorded at Site 2 and this was the lowest recorded
during the sampling period. :

The 24 hour survey was undertaken during a warm dry period and as such high
ambient water temperatures were recorded(Table 25 and Fig 11). The highest figure
recorded was 20.5°C at Site 6 at 11 a.m and 200C at 3 p.m at Sites 2 and 6. Generally,
the highest temperatures were recorded at 3 p.m. The lowest values were obtained at the
first 7 a.m sampling period. Overall, the trend was increasing temperature during the
day until 3 p.m followed by a gradual decrease in temperature. Site 1showed only a 3°C
variation throughout the day, Sites 2 and 3 had a 3.5°C variation, Site 4 had a 4.50C
variation, Site 5, 5.5°C and Site 6, 5°C.

Hardness.

The water of the Rivers Llynfi and Ogmore could be described as generally soft.
Site 1 showed very little variation in hardness. Site 2 was generally quite soft, had a
value of 742 ppm in February 1986. This value is quite significantly higher than any
value recorded elsewhere in the river. Sites 3 - 6 generally followed the trend set by Site
1. Site 4 had the lowest overall values. A total hardness of only 4.3 ppm being recorded
in December 1985.

A mmeoniacal ni

Only small concentrations of ammoniacal nitrogen were recorded at each site over
the sampling period(Fig 7). The first three sites showed the highest values and widest
fluctuations but even so the highest value recorded was only 1.2 ppm at Site 2. In
general the concéntration of ammoniacal nitrogen present throughout the system was
extremely low. Site 4 had the lowest overall levels and the maximum value recorded at
this site was only 0.23 ppm. Sites 5 and 6 had similar patterns of ammoniacal nitrogen
concentrations but at these sites concentrations were generally very low.

The values recorded were similar to that of ammoniacal nitrogen with only very low
concentrations being recorded along the course of the river.
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Orthophosphates,

The concentrations were almost always lower than 1 ppm. The maximum value for
the sampling period was recorded at Site 2, but this was only 2.1 ppm.

pH.

Generally this river system tended to have alkaline waters with values of less than 7
being recorded only frequently(Fig 5). Site 1 was particularly alkaline when compared
with the rest of the river with an average pH of 7.7.Sites 2 and 3 were usually less
alkaline than Site 1. The minimum values recorded at these sites was 7 as compared to
7.2 for Site 1. The lowest value recorded was pH 6.8 at Site 4. Sites 5 and 6 had fairly
similar values the lowest values for thse sites were 7.2 and 7.3 respectively, while the
maximum values were 7.7 and 7.9 respectively.

Biochemical O 0 :

Site 1 showed considerable variation of this parameter (Fig 9). The lowest value
recorded was 0.4 ppm, but in January 1986 a high value of 12.4 ppm was recorded.
Site 2 however, experienced the highest concentration on the river. The highest value

recorded at this site was 18.2 ppm and the lowest 2.5 ppm. Sites 3-6 all had low levels
for BODs, with Site 4 having particularly lower levels which never exceeded 2.2 ppm.

Particul lid

Although the recorded values at the six sites were generally quite low, on certain
occasions Site 2 had very high recorded concentrations eg. November 1985 the
recorded concentration was 498 ppm(Fig 8). This could be considered to be deleterious
to life. Following this high input, the rest of the sites, with the exception of Site 4,
showed an increased concentration of particulate solids. For the remainder of the
sampling period the levels of particulate solids were quite low.

Heavy metals,

The recorded levels of heavy metals for all the sites were extremely low and as

such are unlikely to affect stream life.
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S-2 Biological results,

The results from the biological sampling programme(Tables 26 - 61, Appendix 3)
show that in the river system studied a wide variety of species were recorded. However,
the fauna particularly at Sites 2 and 3 could be considered to be a polluted water type,
while at the other sites,particularly Site 4, a typical clean water fauna existed.

Site 1,

The fauna at this site tended to be quite diverse with no one species being really
dominant. Even though the Plecoptera were present they were not recorded in great
numbers. The species recorded were Leuctra moselyi, Isoperla grammatica,

Perlodes microcephala and Nemoura avicularis. Leuctra was the most common species.
There was little seasonal variation in numbers, however, no plecopterans were
recorded in November 1986.

The Ephemeropterans were quite abundant in the samples at certain times during the
year. This group tended to be dominated by Baetis rhodani(Fig 18), although
Ecdvonurus dispar, Rhithrogena semicolorata and Ephemerella ignita were also present
in quite large numbers. The last of these species was particularly numerous during the
summer months(Fig 15).

The Trichopterans were represented at this site by the larvae of seven species.
Rhyacophila dorsalis was the most common species encountered and was present in five
of the six sampling occasions. The hydropsychid species, H.instabilis and H.siltalai
were the other species usually present.

The larvae of species belonging to the Coleroptera and Diptera were also present
here but never in large numbers. The mollusca were also present at this site but, with
the exception of Hydrobia jenkinsi in the October 1985 sample, this group tended to be
scarce.

Malacostracan Crustaceans were represented by Gammarus pulex and Asellus

aquaticus,however, these were never found in great numbers and they appeared only
rarely in collections.

The Oligochaeta were represented at this site by species belonging to the Naididae,
Tubificidae, Enchytracidae and Lumbriculidae. With the exception of the October 1985
and April 1986 collections(Figs 12 and 14) however, they were never present in large
numbers. Six species of Naididae were present with Nais elinguis(Fig 25) being the
most common. The other members of this group were only present in small numbers.
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Ophinodais serpentia and Nais variablis were only collected infrequently.

The most important tubificid numerically was Tubifex tubifex, although
mnodrilus hoffmeisteri and Rhyacodrilus coccineus were also present. The
Enchytraeidae were an important group at this site with large numbers of individuals
often present(Fig 26). This was particularly so in the October, April and June
collections(Figs 12, 14 and 15). The Lumbriculidae were represented by three species
although no one species from this group was ever abundant.

The Chironomidae were also well represented, a wide variety of species being
recorded. Tvetania calvescens was the most frequently found species in the winter
months(Fig 12), while Cricotopus bicinctus had a peak population in the summer(June)
sample(Fig 15). Both Brillia longifurca and Brillia modesta were quite frequently
found, as was Rheocricotopus fuscipes(Figs 12 - 17). Generally it appeared that
conditions at this site were not favourable for the Chironomidae.

Li

Site 2,

Compared to Site 1 there appeared to be a marked change in the benthic community.
The Oligochaeta and Chironomidae were the dominant taxa, with very large
populations being recorded. However, at most sampling occasions,other taxa were
present including Plecoptera, Ephemeroptera, Trichoptera, Coleoptera, Crustacea
and Diptera.

The only plecopteran recorded was Leuctra moselyi. This was collected on two
occasions, in April and September, and as such the prevailing conditions did not seem
favourable for this group.

The Ephemeroptera were present in greater numbers and variety than the
Plecoptera. Baetis rhodani was the most common species and was present in quite large
numbers on several occasions, particularly during the summer/autumn period(Fig 18).
Greatest numbers were collected in the September sample(Figl6). Rhithrogena
semicolorata and Ecdyonurus dispar were often present in the samples but not in great
numbers. During the summer, in addition to B.rhodani, the nymphs of two other species
namely, Baetis scambus and Ephemerella ignita(Fig 15) were quite numerous at this
site. However, the numbers of E.ignita markedly decreased after June(Fig 19), while
B.scambus was not recorded in the next collection (September). During the winter
months B.rhodani was the'only mayfly present at this site(Fig 18).

Although five different species of trichopteran larvae were caught during the course

of the sampling programme, no species was collected in large numbers.
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However, it was only in the October sample that no trichopterans were collected.
Both Gammarus pulex and Asellus aquaticus were recorded for this site but

conditions did not appear to suit them as they were never present in large numbers.
This was also true for the Coleoptera.

By contrast the Oligochaeta were present in very large numbers. The species present
were similar to those found at Site 1. As at this previous site the dominant groups were
Naidae, Tubificidae and Enchytraeidae. Nais elinguis was the dominant Naidid, and this
species was most abundant in April(Fig 14) where it was the most abundant organism at
this site. On other sampling occasions the populations of this species were much
smaller(Fig 25), and in fact, this organism was completely absent from the January
sample. The other Naidae present at this site were Stylaria lacustris, Nais variablis and
Nais alpina. These species were mainly recorded in the summer/autumn period and
even then not in large numbers. Throughout most of the year it was species belonging to
the Tubificidae and Enchytraeidae that were the dominant organisms at this site(Figs 24
and 26). In the October samples Tubifex tubifex, Limnodrilus hoffmeisteri and species
belonging to the Enchytaeidae were present in large numbers(Fig 12). The peak
population of L.hoffmeisteri was found at this time. By January the numbers of
T.tubifex had markedly reduced(Fig 24). However, increased numbers of this species
were then recorded for the rest of the sampling programme with a peak in population
density recorded in the September sample(Fig 16). The numbers of the Enchytraeidae
remained high throughout the sampling programme(Fig 26). The Lumbriculidae were
also present in quite large numbers at this site but were never as abundant as species
belonging to the other three groups previously mentioned. lodrilus herringianus was
particularly numerous in the October sample(Fig 12).

The numbers of the Chironomidae showed considerable variation throughout the
year. Species present tended to be similar to those found at Site 1. Peak abundances for
many species occurred in the October sample(Fig 12). At this time Eukiefferiella
clarripennis was numerically the dominant chironomid present. However the numbers
of this organism declined in later samples. Although it was not present in large numbers
in the October sample the seasonal abundance of Tvetania calvescens followed a similar
pattern to E.clarripennis. Two of the most ubiquitous chironomids found were Brillia
longifurca and Rheocricotopus fuscipes. The numbers of both species initially declined
after the October collection, but then increased after January(Figs 21 and 23). Of the
other species present at this site, Cricotopus bicinctus was only present in the
summer(Fig 20), while Qﬁh_oc_@mg)gmigyﬂdu_s was present in quite large numbers
in October(Fig 12), but there was then a marked reduction in numbers. After January
however, its numbers began to increase gradually such that its peak abundance was
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attained in September(Figs 16 and 22). At this time it was in fact the most numerous

chironomid present. Brillia modesta, Prodiamesa olivacea and Conchapelopia sp were
also recorded but were never present in large numbers.

Site 3,

The fauna at this site was broadly similar to that found at Site 2 with the
Chironomidae and Oligochaeta still the dominant groups. However, species belonging
to the Plecoptera, Ephemeroptera, Trichoptera, Crustacea, Coleoptera and Diptera were
collected from this site.

Only two species of Plecoptera were found namely, Nemoura avicularis and
Leuctra moselyi. L.moselyi was found infrequently at this site while the former species
was only recorded on one occasion.

The most abundant Ephemeropteran was B.rhodani although the nymphs of this
species were virtually absent from the October collection and totally absent from the
January samples. Peak numbers for this species were reached in the September

collection(Fig 16) following marked increases in numbers in the April and June
samples(Figs 14, 15 and 18). Three other Ephemeropterans were also present in the
June samples namely, E.ignita(Fig 15), B.scambus and E.dispar. However, they never
matched the population density of B.rhodani.

The Trichopterans, Crustaceans and Diptera were only found in small numbers at
this site.

As at Site 2 the dominant Oligochaetes were Nais elinguis, Tubifex tubifex and
Enchytraeid sp. Large numbers of Nais elinguis were present in the October sample
(Fig 12) but maximum abundance of this species occurred in April(Fig 14). After this
time the numbers of this species decreased(Fig 25). The numbers of T.tubifex were
often smaller than at Site 2, but as at this previous site a peak in population size
occurred in the Septcmber samples(Fig 24). With the exception of the October
samples(Fig 12) another tubificid, Limnodrilus hoffmeisteri was usually present in the
samples but in small numbers. By contrast the Enchytraeidae were abundant throughout
much of the year(Fig 26). The dominance of this group can be seen in the fact that it
was the only oligochaete group present in the January samples(Fig 13). The numbers of
this group tended to be quite high at all sampling occasions but a definite peak was
observed in October(Fig 12).

The chironomid species present were similar to those found at Site 2, although the
number present were usually smaller than at Site 2. Brillia longifurca, O(O)rubicundus

and Rheocricotopus fuscipes were usually present at this site throughout the year,but all
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three reached peaks in larval numbers in October(Fig 12). However, it was Tvetania
calvescens that was the most abundant Chironomid of the October samples(Fig 12).
Following the peak in larval numbers of E.clarripennis in October, there was a marked
reduction in population size such that this species was not present after J anuary. As at
Site 2 C.bicinctus was most abundant in the summer collection(Fig 15) although the
numbers of this species showed a reduction to those encountered at Site 2(Fig 20).

Brillia modesta and Conchapelopia melanops also tended to be found in samples
throughout the year but not in large numbers.

Site 4,

Of the six sites studied this site had species more typical of clean water conditions.
Plecoptera, Ephemeroptera, Trichoptera, Diptera, Coleoptera, Mollusca, Hirudinea,
Chironomidae and Oligochaeta were well represented.

Four species of Plecoptera were recorded from this site, these were, Isoperla
grammatica, Perlodes microcephala, Leuctra moselyi and Nemoura avicularis.

P.microcephala was present on four sampling occasions and was most abundant in June.

L.moselyi was also quite common and this species became abundant in September. The
other two species mentioned were only rarely found and then in small numbers.

The Ephemeroptera were present in far greater numbers than the Plecoptera. As at
other sites B.rhodani was the most numerous species. It was present in large numbers in
all samples but with a definite peak in numbers occurring in June(Fig 15). From this
peak the numbers recorded declined such that the smallest population of this species
was recorded in November(Figs 17 and 18). R.semicolorata and E.dispar were also

recorded at all sampling occasions. However, the numbers present in the samples were
always less than those of B.rhodani. E.ignita(Figs 15 and 19) and B.scambus(Fig 15)

were generally confined to the samples taken during the Summer months. Caenis
moesta was also present during the sampling period but was not abundant at any time.
The Trichoptera were represented by larvae belonging to six species, but none of

these species appeared to be abundant at this site. Glossosoma conformis, R.dorsalis,
H.siltalai and H.instabilis were the most numerous species in the samples,being present

at most sampling occasions. Philapotomus montanus and Polycentropus flavornaculatus
were only present infrequently and then in very small numbers.

Species belonging to the Diptera, Coleoptera, Mollusca and Hirudinea were
present in the samples throughout the year but were not present in great numbers.
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Although species belonging to the Oligochaeta and Chironomidae were present in
the samples from this site they showed a marked reduction in numbers when compared
to those from Sites 2 and 3. Quite a wide variety of both oligochaetes and chironomids
were recorded. Once again N.elinguis and Enchytraeid sp seemed to be the most
common oligochaetes(Figs 25 and 26). T.tubifex(Fig 24) was only present in very small
numbers at this site and did not approach the populations recorded at Sites 2 and 3. The
Chironomidae, although represented by nine species were not populous T.calvescens
was the most abundant species in the October and January samples (Figs 12 and 13)
while in April it was O(Q)rubicundus(Fig 14). Species such as B.longifurca(Fig 21),
B.modesta and Conchapelopia melanops were also usually present in the samples. As at

other sites C.bicinctus was present in greatest numbers in the June collection(Fig 15 and
20).

Site 5.

Throughout the period of the survey, Site 5 also exhibited quite a diverse fauna.
However, the Oligochaeta and Chironomidae were numerically more important here
than at the previous site but only on certain occasions did they reach levels seen at Sites
2 and 3.

The Plecoptera were generally well represented at this site, and with the exception
of the October samples, representatives of this group were present in all collections.
L.moselyi was particularly numerous in the September sample. Other Plecopterans
present throughout the year were P.microcephala, I.grammatica and N.avicularis.

The dominant Ephemeropteran was again B.rhodani, although quite large nymphal
populations of this species were present throughout the year(Fig 18), peak numbers
were found in the summer/autumn samples(Figs 15 and 16). E.ignita was present in
greatest numbers during the June collection(Fig 15), but as at other sites numbers
dropped markedly by the next collection(Fig 19). E.dispar and R.semicolorata were also

quite common at this site and both species were recorded on five sampling occasions.
E.dispar appeared to reach a peak in numbers in January, by contrast, R.semicolorata
did not show any noticeable peaks in larval numbers during the year. Two other species
were only recorded on only one sampling occasion, these were B.scambus in the June
samples, and E.danica from the April samples.

Six species of Trichopterans were recorded with R.dorsalis, H.silitalai and
H.instabilis being the most common.Plectrocnemia geniculata was found in the April
collection but was absent from all others.

Quite large numbers of Coleopterans and Dipterans were recorded at certain times
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of the year. Limnius volkmari and Dicranota sp were particularly numerous in the
January samples.

Asellus aquaticus and Gammarus pulex were never abundant at this site, although
they were present throughout the year. Molluscs such as Hydrobia jenkinsi and Ancylus
fluviatile were also found in most samples but never in great numbers. The Hirudinea
were represented by two species, namely, Glossiphonia complanata and
Erpobdella octoculata.

The Oligochaete community was dominated by N.elinguis and the Enchytraeidae.
However, it was only in the October samples(Fig 12) that large numbers were recorded.
Two species of Lumbriculid, namely, Stylodrilus herringianus(Fig 12) and Stylaria
lacustris were also present in large numbers in the October samples. T.tubifex was also
recorded and reached a peak in numbers during April(Fig 14). The numbers of
oligochaetes was then low throughout the rest of the ye;rﬂ—\;/_i‘fh the numbers present in
the November samples being very much smaller than those of the October samples.

The seasonal abundance of the Chironomidae followed a broadly similar pattern to
that of the Oligochaeta, with large populations present in the October to April period
followed by a noticeable reduction in numbers after this point. T.calvescens and
R.fuscipes were the most numerous species in October(Fig 12). The former species was
also the most abundant species in January(Fig 13). After this time it disappeared from
the samples and only reappeared in September when its numbers were quite small. Two
other species, B.longifurca(Fig 21) and O(O)rubicundus(Fig 22) were present in
samples throughout the year but were never abundant. C.bicinctus was recorded from
this site, and as at other sites it was only found in the June samples (Fig 15) when it was
the most abundant species.

Site 6,

This site was broadly similar to site 5 possessing a diverse fauna. This included
Plecopterans such as L.grammatica and P.microcephala. However, these were never
present in large numbers.

As at other sites, B.rhodani was the dominant ephemeropteran. Large populations
of this species seemed to be present throughout the year(Fig 18) but particularly in the
October and September(Figs 12 and 16). E.dispar was also recorded at this site and was
numerous in the June collection. Two other species, E.ignita(Figs 15 and 19) and
B.scambus showed their typical seasonal pattern of abundance and were only recorded
from the June samples.

The Trichopterans were never present in large numbers at this site. This was also the



case for species belonging to the Diptera, Mollusca, Hirudinea and Crustacea.
Although G.pulex and A.aquaticus were never abundant, they were recorded in greater
numbers than at any other site.

The Oligochaeta wer quite numerous at this site with N.elinguis(Fig 25) and
Enchytracidae being numerically the most important species. This was particularly so in
the June samples(Fig 15). T.tubifex(Fig 24) and L.hoffmeisteri were never abundant as
at other sites but were usually present in the samples.

The Chironomidae also showed a general decrease in numbers at this site.
However, there was quite a diverse Chironomid fauna including C(C)bicinctus which
was particularly numerous during the summer(Fig 15). Two other species, R.fuscipes
(Fig 23) and O(O)rubicundus(Fig 22) seemed to have large populations at this site for
most of the year. The latter species was particularly abundant during April (Fig 14).
O(E)thienemanni was another species which increased markedly in numbers in the
April(Fig 14) collection. Other species such as Conchapelopia melanops,

B.longifurca(Fig 21) and B.modesta were present in many samples but were never
abundant.

5.3 Computer analysis of the biological results,

The results were analysed using both ARTHUR 81 and SPSS-X. The species lists
used for these programs are listed in Figs 40-45. Hard copies of printouts can be found
in Appendix 7.

October 1985,

Both SPSS-X and ARTHUR showed that Site 2 was very distinct from the other sites.
Site 3 was almost always the 'nearest neighbour' to Site 2. The dendograms (Figs 46 -
48) plotted by SPSS-X indicate that Sites 5 and 6 were closely related, and both of these
were the next 'nearest neighbour' to Sites 2 and 3. Sites 1 and 4 were quite closely
linked although points from both Sites 5 and 6 became closely associated. The WARD
method of clustering(Fig 46) gives the best separation and further emphasises the
isolation of Sites 2 and 3 as does the SELECT routine used in ARTHUR(Fig 49) which
clearly separates Site 2 from the others. Site 3 is also very distinct with close clustering
occurring between Sites 1, 5 and 6. Correlation and probability values for ARTHUR
(Fig 50) show that in a number of cases there are high probabilities with high
correlation values indicating that there was an association in the numbers of certain
species eg. T.tubifexand L.hoffmeisteri. ARTHUR(Fig 51) also showed that 94.2% of
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the data could be assigned to the first principal component ie most of the data is aligned
orthogonally in one direction and can be seen in the first princial component plot(Fig
52). This indicates that each site tends to be separate in composition from the others. If
most of the data does not lie in the first principal component then it can be said to be
less well defined and as such each site will tend not to have a typical faunal composition
and poor clustering will result. Thus, the principal component plots will show mixed
data points.

The picture is not so clear in January with the sites being much more difficult to
separate as only 63.9% of the data is found in the first principal component(Fig 53).
This fact is reflected in the first principal component plot(Fig 54) which shows
indefinite separation of sites. Use of the SELECT routine does aid separation(Fig 55),
this shows Sites 5 and 6 being clustered together but he rest being less distinct.

SPSS-X confirms this feature and shows poor separation in the dendograms(Figs 56
-59). This tends to suggest that very few data points were typical for their sites.

April 1986,

The principal component analysis for this sampling occasion produced a much better
clustering of the data than for January with 91.5% of the data being represented in the
first principal component(Fig 60). Good correlations were found for R.fuscipes with
B.longifurca, O(E)thienemanni and O(O)rubicundus(Fig 61). Separation of clusters
was not as good as could be hoped for in the first principal component plot(Fig 62), but
separation of sites to a small extent was seen. After using the SELECT routine

(Fig 63), the sites became very well separated with little mixing of data point occurring.
The other data points were not so well clustered. One point from Site 6 appeared to be
totally distinct with the others from that site and was probably due to the large

population of N.elinguis found at this site in one sample.
This lack of definition was also found with the CENTROID and MEDIAN methods

of clustering(Figs 64 and 65). WARD's method(Fig 66) tended to group the points from
Site 6 rather well. These were further clustered with points from Site 5. Site 3 appeared
to be quite well clustered, although various other points interfered here. The
AVERAGE LINKAGE(within groups)method(Fig 67) and COMPLETE LINKAGE
method(Fig 68) did not produce definite patterns, but the between groups method(Fig
69) and SINGLE LINKAGE method(Fig 70) both showed that Site 6 was generally

quite distinct with seven points being closely clustered.
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June 1986,

Five principal components were needed here for 98.1% of the data to be accounted
for(Fig 71), and this serves to illustrate the wide spread in the raw data. Fig 72 shows a
good correlation was seen between N.elinguis and T.tubifex and between baetid
mayflies and flattened mayflies. The plot produced after using SELECT(Fig 73)
indicated that while Sites 1 and 4 were rather mixed, the other sites had good
separation.

The routines used in SPSS-X gave rather clustering than in ARTHUR. The
CENTROID method(Fig 74) clearly separated Site 4 from the other sites. Site 3 was
also well clustered. However, two distinct groups were seen with this method, those
involving Sites 4, 5 and 6, and those including Sites 1, 2 and 3. This trend was
confirmed bythe MEDIAN method(Fig 75). AVERAGE LINKAGE(between groups)
(Fig 77) and WARD's method(Fig 78) were not so useful in this respect.

September 1986,

The Eigenvectors extracted from ARTHUR(Fig 79) suggested that the data was
quite well grouped in the first orthogonal as the first vector had 82.1% of the data.
However, the principal component plot(Fig 80) give as good separation as was
expected. Good separation was seen after the selection of best features(Fig 81).

Clustering routines with SPSS-X tended to group Sites 2 and 3 quite closely but not
any of the other sites. WARD's method(Fig 82) was particularly good at showing this
feature with distinct clusters of these two sites being seen. The SINGLE LINKAGE
method(Fig 83) also indicated that Sites 2 and 3 were dissimilar to the other sites.

November data also indicated Sites 2 and 3 were rather alike, and that, Site 6 also
appeared rather distinct. 88.4% of the data could be seen in the first orthogonal(Fig
84). This gave the first principal component a rather confused picture(Fig 85). More

information could be derived after selection(Fig 86) where the plot shows that Site 6
was clearly distinct from the other sites. Sites 2 and 3 were closely clustered and Sites
1, 4 and 5 tended to be grouped also. This picture was largely confirmed by SPSS-X.
The dendogram derived from WARD's method(Fig 87) clearly showing the patterns
observed in ARTHUR.
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6.1 Chemical results,

Keith(1976) has obseved that biological treatment reduces the total organic content
of bleached kraft mill effluents, however, despite these processes it is impossible to
totally eliminate all pollutants from an effluent. This almost certainly applies to the
paper mill at Llangynwydd. The two main problems associated with paper mill wastes
are those of reduced dissolved oxygen concentration and increases in suspended solids.
It was observed that the general water quality was certainly inferior immediately below
the paper mill when compared with the situation upstream. The situation at Site 3 was
possibly accentuated by the discharge from a sewage treatment works above the
sampling point.

Dissolved oxygen.(Fig 6)

The dissolved oxygen concentration at Site 1 was generally quite good throughout
the survey and was frequently above 100% saturation. This is somewhat surprising
when considering the fact that the site is only 1.5Km downstream of the town of
Maesteg and as such would be subjected to any discharge from the industry of that
town. The average concentration for this site was 96% saturation and did not appear to
show any marked reduction during the summer months. This fact was highlighted by
112%(11.5 ppm) saturation recorded during July when the ambient water temperature
was 140C.

At Site 2 however, which was downstream of the paper mill, a different pattern of
dissolved oxygen was observed. Even so, in the initial part of the investigation the
oxygen concentration was surprisingly good, with a dissolved oxygen level of 90.3%
(9.4 ppm) saturation being recorded in December. After March the dissolved oxygen
concentration dropped quite steadily throughout the summer as the temperature
increased which is very much as could be expected. During the 24 hour survey(Fig 11)
a level of only 2.9 ppm was recorded at 3 pm for this site.

The dissolved oxygen concentration at Site 3 was generally greater than at the
previous site and although there was a drop during the summer/autumn period, severe
oxygen depletion did not appear to be a problem. This was also true for the other three
sites with only Site 6 showing any pronounced drop in dissolved oxygen concentration

during the summer.
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BOD,(Fig 9)

This parameter only appeared to be a significant factor at the first three sites. Site 2
had quite high values especially when dissolved oxygen concentrations were low in the
autumn. In general Site 2 showed the highest levels for the river. Site 1 also had high
levels during the winter/spring period and this may be interpreted as resulting from
discharges above the site in the Maesteg area.

Site 4 had the lowest BODj levels and as such may be considered the least polluted

site. Sites 5 and 6 had quite high levels but these are unlikely to be deleterious to the
environment at these sites.

Rarticulates,(Fig 8)

Particulates only appeared to be a problem on one occasion during the survey, that
is in the December to February period when large amounts of particulates were
discharged into the stream from the paper mill and this could have a significant effect
on the benthic community. The concentration of particulates reached a level of 498 ppm
at Site 2 in December. The concentration of particulates then decreased downstream
from Site 2 such that a level of only 203 ppm was recorded at Site 6.

Oxidised and Ammoniacal nitrogen.(Figs 7 and 10)

The concentrations of these two parameters at all six sites were always quite low.
These low levels indicate that the effluent was very low in nitrogen and this would be
expected as pulping processes tend to use sulphite rather than nitrite, although some
nitrogen could be expected to be present.

Other parameters.

The levels of heavy metals and orthophosphates were always low and this may be
expected as they are not needed for pulping or bleaching. However chloride levels were
much higher than either nitrite or nitrogen levels and this is understandable when it is
considered that chlorine is used in bleaching and as such would be expected to be found
in an effluent. However, most chlorine in bleaching and pulping tends to be bound
organically and more detailed chemical analysis would be required to ascertain the
amount that is present in the receiving waters.

The hardness of the water used by the paper mill is quite soft as soft water is
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required by the paper industry for pulping. The pH(Fig 5) of the stream shows it to be
quite alkaline and did not vary much throughout the study and as such it can be said that
the effluent produced by the mill was quite neutral.

As stated, the two main problems associated with paper mills are those of oxygen
depletion and suspended solids. The effects of these two factors has been extensively
documented. Gaufin(1958) found that suspended solids in particular were detrimental to
life by blanketing the river for many miles below an outfall on the Mad River. The Mad
River seems a particularly severe case and although blanketing of the Llynfi was
apparent on the first sampling occasion in this investigation, it was not a problem
afterwards. The high discharge of particulates during December would have been
expected to be detrimental to any clean water fauna present. However, during the study
period this was the only recorded discharge of significant proportions. Dines and
Wharfe(1985) certainly found that a high particulate load in the Swale estuary was
detrimental to life. Similarly the same workers found this to be the case in the Medway
estuary(Dines and Wharfe, 1986). In both cases the paper mills under investigation
were discharging continually throughout the year.

Since the particulates discharged by a paper mill are largely organic material, this
would be expected to exert an effect on BODg and consequently the amount of
dissolved oxygen present. Further, deoxygenation of receiving waters will result from
the organic chemicals used in pulping and bleaching. However, Keith(1976) has pointed
out the total organic load in kraft mill effluents will be reduced with biological
treatment, but, nevertheless the presence of chlorinated organic compounds is of
concern. Biological treatment can also significantly reduce the amount of organically
bound chlorine. Other deoxygenating agents present in such effluents undoubtedly
influence BODs. However, the Welsh Water Authority do not routinely test for these
products and as a consequence their influence on the oxygenated state of the river is
difficult to quantify. Certainly the dissolved oxygen concentration was lower and the
BODjs levels higher in the Llynfi immediately below the paper mill than elsewhere in
the system. Thus it is likely that the effluent entering the receiving water is probably
responsible for this deterioration of water quality.

In addition to the toxic compounds already mentioned, neutral organics provide a
considerable contribution to the effluent from a kraft mill. Voss(1984) has suggested
that typical levels for about forty compounds found in mill effluents was about 3 ppm
and ranging from about 0.4-20 ppm. He suggests that dilutions of 1:100 would be
expected after entering the receiving waters. However, due to this dilution factor it
would be difficult to specify whether such levels would be deleterious to the
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environment. Indeed, dilution is a major factor reducing toxicity as is pH.

Ladd(1969) has shown that the toxicity to fish is reduced when effluents are in the
pH range 8.5-9.5. Similarly, Leach and Thakore(1974) found that the toxicity of resin
acids,which are a major component of kraft mill wastes, were substantially greater at
PH 6.4 than at pH 7. The pH range found at Site 2 below the effluent outfall was
consistently above 7,averaging 7.3, and as such would have a neutralising effect on the
effluent. This effect can be explained by the pH-partition theory proposed by Jollow
and Brodie(1972) who suggested that a weak acid ionises in alkaline solution with the
ionised form not expected to pass through cell membranes as readily as the more lipid
soluble unionised form that exists in acid media. Thus, if the effluent is alkaline,
toxicity consequently will be reduced. Indeed, pulp mills actively select a pH in this
range for the effluent as the acid pH's tend to damage treatment facilities. Further,
British Tissues Ltd selected the site of the plant due to the softness of the water present
and this was indicated in the levels of total hardness recorded.

In conclusion it can be stated that chemical parameters recorded showed quite a
large variation over the sites studied. Site 4 almost invariably had the highest levels of
dissolved oxygen and the lowest levels of both particulates and BODs. Conversely, the
poorest conditions were found principally at Site 2 and to a lesser degree at Site 3. Thus
it can be said that any detrimental effect on the river below the paper mill may have
been due to the discharges from this facility.

6.2 Biological results,

The chemical results indicated that the paper mill at Llangynwydd affected the
water quality of the river. These changes in water quality appeared to produce changes
in the benthic community. It was found that certain taxa seemed to be adversely
affected while others were favoured by organic enrichment.

Groups that appeared to be adversely affected were the Plecoptera, Ephemeroptera
and Trichoptera. The Plecoptera were never abundant at any site during the course of
survey even at Site 4. They were, however, usually absent at Sites 2 and 3. Leuctra

moselyi was usually the most abundant species encountered but other species such as
Nemoura avicularis, Perlodes microcephala and Isoperla grammatica were also
recorded. Stoneflies are said to be typically intolerant of organic enrichment

(Hynes, 1960) and as such their absence would be expected in a polluted river system.
The largest populations were always found at Site 4 and in June stoneflies were
relatively numerous(74/m2). Thus in general, Sites 4, 5 and 6 had the largest
populations although stoneflies were recorded at Site 1.
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The ephemeropterans were always much more numerous than the plecopterans.

Baetis rhodani was very numerous on certain occasions at all sites(Fig 18). Indeed, the
large poulations of this species observed at Sites 2 and 3 may have partly resulted from
reduced competition with more sensitive species such as Ecdyonurus dispar and
Rhithrogena semicolorata for these two species were never abundant at Sites 2 and 3.
This was clearly seen in the September sample when 2754/m? B.rhodani were recorded
at Site 2. Another species, Ephemerella ignita was only numerous during the
summer(Fig 19). Similarly, Baetis scambus was only present during the summer
although it was not recorded at Site 1. Other Ephemeropterans recorded in the survey
included Caenis moesta and Ephemera danica but these were only rarely recorded.

Most Trichopterans have a life-cycle lasting a year and as such may be present in
streams at all times. With the exception of Sites 2 and 3 this was the case. Seven species
of caddis were recorded from the river with Rhyacophila dorsalis, Hydropsyche
instabilis and Hydropsyche siltalai usually being the most abundant species. However,
no species was ever present in large numbers at any site. Both caddis and mayflies are
tolerant of slight pollution but will disappear if pollution becomes more severe.

Dipterans and Coleopterans were always present and at certain sites a good species
diversity was found. Dicranota sp and Limnius volkmari were usually the most
ubiquitous, although Hemerodroma sp and Tabanus sp were frequently recorded. The
Chironomidae will be considered seperately from the other Dipterans.

The river generally seemed to be unfavourable for malocostracan crustaceans for
although Asellus aquaticus and Gammarus pulex were recorded they were usually
present in small numbers.

Both the Hirudinea and Mollusca were usually present in small populations. Two
species of leech were recorded from the river, Glossiphonia complanata and Erpobdella
octoculata. A number of species of molluscs were recorded with Hydrobia jenkinsi

being present on one occasion(October) in large numbers at Site 1(320/m2). Other
molluscs recorded included Ancylus fluviatilis and Limnaea pereger.

The distribution of the Chironomidae and Oligochaeta differed to the other groups
for these were the dominant organisms at the more polluted sites, and, on occasions
were abundant at other sites. It can therefore be suggested that these two taxa are
favoured by organic enrichment. The most abundant species of Chironomidae were
Brillia longifurca, Tvetania calvescens, Eukieferriella clarripennis, Orthocladius(O)
rubicundus, Rheocricotopus fuscipes and Cricotopus bicinctus. C.bicinctus was most
abundant in the summer months(Fig 20) and was not found at other times. Sites 2 and 3

usually had large chironomid populations but chironomids were also present at all the
other sites and were abundant at certain times. The October samples contained the
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greatest number of chironomids, but after this time the numbers fell. B Jongifurca and
E clarripennis(Fig 12) reached peak abundances at this time. All species tended to have
a wide distribution and did not appear to be confined to organically enriched re gions.
However, at Site 4 only small populations were recorded with the Ephemeroptera
tending to dominate. B.longifurca was usually the most numerous species in the more
polluted sites and large populations were recorded in the June samples(Figs 15 and 21).
Brillia modesta was never particularly numerous at any site.

The oligochaetes were also widely distributed but as expected tended to be the most
abundant in those areas receiving organic enrichment ie Sites 2 and 3. At these sites
Nais elinguis, Enchytraeidae and to a lesser extent Tubifex tubifex were the dominant
forms. These species were also found at the other sites. Generally the oligochaete
populations were at their greatest in October . The numbers of worms then fell during
the spring/summer period when the Chironomidae and Ephemeroptera became more
abundant.

The general effects of the effluent on the benthic community can be seen in Figs
27-32. From Fig 27 we can see that at Sites 2 and 3 the Oligochaeta and to a lesser
extent the Chironomidae dominated the benthic community in October. At Site 2
oligochaetes comprised 75% of the community while at Site 3 the proportion had risen
to 84.6%. At the other sites, with the exception of Site 5, the oligochaetes and
chironomids were considerably less important. At Site 5 however, an oligochaete
density of 4932 worms/m? was recorded.

In the January samples, the oligochaetes were less important at Site 2, but there
was again a large population at Site 3. The Ephemeroptera(Fig 28) were an important
group at Sites 4, 5 and 6 however, the Ephemeroptera were almost entirely composed
of B.rhodani. For example, at Site 4, 93% of the Ephemeropterans were B.rhodani. At
Site 2 however, other species were more important but the benthic community was
sparse at this time.

In April(Fig 29) it can be seen that the oligochaetes dominated the benthic
community at all sites even at Site 4 where 87% of the animals recorded were
oloigochaetes. Site 6 had the largest populations of benthic invertebrates at this time
with 9514 animals/m2 being recorded. The oligochaete N.elinguis comprised 24% of
the benthic community.

In the June samples the Ephemeroptera became particularly important at Sites 3-6
and especially at Site 4(Fig 30) where B.rhodani and E.ignita comprised 54% and 30%
respectively of the total benthic community. The largest oligochaete population was
found at Site 2 with 1602 worms/m?2 being recorded. However, the Chironomidae were
the most numerous taxon at this site with a total of 1768/m2 being recorded. Site 1 also
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had large chironomid populations with C.bicinctus comprising 38.7% of the total
invertebrates recorded.

By September(Fig 31) the general community structure in the river had changed.
Site 2 had very large worm populations. However, with the exception of Site 3 the
oligochaetes were not a dominant group. T.tubifex comprised 81.2% of the total worms
present at Site 2. The large numbers of T.tubifex at this site were matched by B.rhodani
which achieved a density of 3754/m2. A total invertebrate density of 12954/m2 was
ecorded at Site 2 and this was much larger than at any other site being twice as dense as
Site 3, the next densest, which had 5966/m?2.

The histograms for November(Fig 32) indicate that Site 6 had by far the largest
numbers of benthic invertebrates at this time with 2202/m?2 being recorded. Another
important feature was the marked reduction in numbers at Site 2 where only 826/m?2
were recorded. The Oligochaeta were again dominant particularly at Site 6 and to a
lesser extent at Site 2 where they contributed 83% and 65% respectively to the benthic
community.

If each site is considered in detail it will be seen that not only does the benthic
community differ at the six sites but there are considerable variations in the benthic
communities at a site during the course of the study. These latter variations are mainly
due to the natural seasonal influences on the life-cycles of the benthic invertebrates and
in some cases to variations in the effect of the effluent on the benthic community which
is also related to seasons.

The species composition at Site 1 changed considerably during the period of the
survey. The Chironomidae and Oligochaeta were the dominant taxa in October with 352
chironomids/m?2 and 1172 oligochaetcs/m2 being recorded, nevertheless, the general
community was quite diverse during October. By January there was a marked reduction
in the numbers of the Chironomidae and Oligochaeta with only 54/m? and 132/m?2
respectively being recorded. However B.rhodani became quite numerous at this time
with 578/m? being recorded. This was a significant increase from the numbers found in
October(Fig 18) when only 74/m2 were recorded. Two species of Plecoptera were also
recorded at this time in the form of P.microcephala and N.avicularis. Not only was there

a reduction in the total numbers of chironomids present, but also in the number of
species which dropped from eight to five. The oligochaetes showed a similar pattern
with species numbers dropping from ten to four.

In April there was an increase in the numbers of species at this site with twenty-
eight being recorded. There was also a change in the species composition with the
proportion of Chironomidae and Oligochaeta increasing with a corresponding decrease
in the numbers of B.rhodani. The most important chironomids at this time were
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O(O)rubicundus, O(E)thienemanni, R.fuscipes and the most important oligochaetes
were N.elinguis. T tubifex, L.hoffmeisteri and the Enchytraeidae. Figs 25 and 26
indicate that N.elinguis and the Enchytracidae had a considerable rise in numbers from
the previous sampling occasion.

There was generally a continuation of this overall pattern in June. At this time large
numbers of C.bicinctus were recorded(Fig 15). The increase in numbers of this species
can be further illustrated when considering the fact that only 8/m2 were recorded in
April and 1028/m? were recorded in the June samples. The Enchytracidae were at this
time the dominant oligochaetes although Fig 26 shows that there was no significant
change in numbers from the previous sampling occasion.

The mayfly E.ignita became quite common at this time with numbers of 42/m2
being recorded. This species had previously been absent from the collections at this site.
In September it can be seen that there was another increase in the numbers of

B.rhodani. This increase can be seen in Fig 18. At this time the Chironomidae were

only represented by B.longifurca and R.fuscipes, however Figs 21 and 23 indicate that
there was no significant difference in their numbers from the previous sampling
occasion. Nine species of oligochaete were recorded but they were only present in small
numbers. The numbers of E.ignita decreased significantly from those recorded in June
with only 24/m?2 being recorded at this time.

Quite a diverse community was present at Site 1 in November with B.rhodani
continuing to be the most abundant organism. However, from Fig 18 we can see that
there was a significant decrease in numbers from the previous sampling occasion.
Both the Chironomidae and Oligochaeta were only present in small numbers at this
time.

At Site 2 the conditions seemed to be suitable for the development of large
populations of worms although the conditions were not severe enough to totally
eliminate all other species. It was in the first sampling occasion(October) that the
Chironomidae and Oligochaeta were at their greatest abundance. T.tubifex and
Enchytraeidae were the dominant worms and E.clarripennis the most common
chironomid. The numbers recorded were 3608/m2, 7116/m2 and 2492/m? respectively.
At this time in addition to the oligochaetes already mentioned, L.hoffmeisteri,
Stylodrilus herringianus and Eclipdrilus lacustris were also abundant. While the
chironomids B.longifurca, Tvetania calvescens, R.fuscipes and O(O)rubicundus were
also present in significant numbers.

The proportion of species changed quite drammatically by January. At this time the
only oligochaetes present wereT.tubifex and the Enchytraeidae. Figs 24 and 26 show
that there was a considerable drop in the numbers of these two species in the January
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sample when compared to the October sample. The numbers of chironomids also
showed a marked reduction in numbers. For example the numbers of E.clarripennis
dropped from 2492/m? in October to 82/m?2 in January. Increased numbers of cleaner
water fauna were also present at this time with B.rhodani being the most numerous of
these organisms with 152/m? being recorded. Other species present were E.dispar and
R.semicolorata.

By April the numbers of certain oligochaete species showed significant increases in
numbers. Figs 24-26 show that T.tubifex, N.elinguis and Enchytraeidae showed such
increases in numbers. However, E.dispar, R.semicolorata and particularly B.rhodani
were still present. Q(O)rubicundus was the most numerous chironomid present.
However Fig 22 shows that there was a significant decrease in numbers from the
previous sampling occasion. Generally the chironomids were poorly represented in the
April samples.

However, in June, a different picture was seen. The chironomids had increased in
number. From Figs 21-23 we can see that there were significant increases in the
numbers of B.longifurca, O(O)rubicundus and R.fuscipes. The overall numbers of
oligochaetes dropped from those recorded in April when a density of 6276/m?2 was
recorded, compared to only 1602/m2 in June. B,rhodani, B.scambus and E.ignita were
also quite numerous in June showing an increase in numbers compared to the previous
sampling occasion.

By September there was another significant increase in the worm population, but a
decrease in the numbers of chironomids, 9146 worms/m2 and 990 chironomids/m?2 were
recorded at this time. There was a significant increase in the numbers of T.tubifex(Fig
24). Fig 18 shows that there was a significant increase in the numbers of B.rhodani
from the previous sampling occasion.

The fauna during November was generally sparse, B.rthodani, T.tubifex,
Enchytraeidae were the most abundant forms but their numbers had markedly reduced
from September. The decrease in numbers of these species can be seen in Figs 18, 24
and 26 respectively.

Site 3 had a similar benthic community to Site 2 in that it was generally dominated
by the Chironomidae and Oligochaeta. In October other species such as L.moselyi,
B.rhodani, Tabanus sp and Asellus aquaticus were also present. The most important
chironomids at this site were B.longifurca, T.calvescens, E.clamripennis and R.fuscipes.
Eight oligochaete species were present with N.elinguis, T.tubifex, Enchytraeidae and
E.lacustris being the most numerous at this time.

In January the oligochaetes were severely reduced in numbers. The 95%
confidence limits(Fig 26) show that the numbers of Enchytraeidae were significantly
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reduced from the previous sampling occasion. Indeed, the Enchytraecidae were the only
oligochaetes present at this time. The Chironomidae were also reduced in numbers from
October, but there were still eight species present in January. The 95% confidence
limits(Figs 21 - 23) show significant drops in the numbers for B.longifurca,
O(O)rubicundus and R.fuscipes.

Although the Enchytraeidae and N.elinguis showed a marked increase in numbers
and were abundant in the April samples, there were only small populations of
Chironomidae and other taxa present. A total worm population of 5178/m?2 was
recorded at this time compared to 2508/m? in January.

In June the oligochaete Stylaria lacustris became quite numerous together with
B.rhodani. Figs(20 and 21) show that there was a significant increase in the populations
of the two chironomids, C.bicinctus and B.longifurca.

In September however, there was a significant reduction in the numbers of these
two chironomids(Figs 20 and 21), while there was an increase in numbers of B.rhodani,
T.tubifex, N.elinguis and Enchytracidae(Figs 18 and 24 - 26). Other species recorded at
Site 3 in September included the more typical clean water forms L.moselyi and
E.dispar.

Although there was a general reduction in the numbers of individuals caught in
November, the community was quite diverse with six species of chironomid and eight
species of oligochaete being recorded. The most abundant species were R.fuscipes,
N.elinguis, Enchytraeidae and B.rhodani(Fig 17). Two notable species present were
N.avicularis and E.dispar.

At Site 4 the fauna reflected the much better water quality present at this site. It
was particularly noticeable that the species composition was very different to that at
Site 3. The Plecoptera and Ephemeroptera were far more important members of the
benthic community. The Trichoptera were also present in greater numbers than in  sites
1 and 2. By contrast the Oligochaeta and Chironomidae were never abundant at this
site. The smaller numbers of these two groups could be clearly seen in the October
results where only small populations were present. In Figs 21 - 26 the significant drop
in numbers from Site 3 of the species B.longifurca, O(O)rubicundus, R.fuscipes,
T.tubifex and Enchytraeidae can be seen. The reduced amount of suspended solids in
the river at this site and the subsequent changes in the substrate encouraged lithophilic
species to become established and, in the case of, B.rhodani to become very abundant
(Fig 18). Net-spinning caddis eg. the hydropsychids, H.siltalai and H.instabilis were
also quite numerous especially in January with populations of 28/m?2 and 24/m?
respectively being recorded. Tabanus sp, Clinocera sp, Dicranota sp, Hemerodroma sp
and Limnius volkmari were all frequently recorded during the survey.
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Sites 5 and 6 had similar benthic communities and tended to have a diverse fauna
including Plecoptera, Ephemeroptera, Trichoptera etc. However, the Chironomidae and
Oligochaeta were more numerous than at Site 4. The October samples in particular had
large numbers of these groups, however the populations seemed to be smaller than at
Sites 2 and 3. The improved conditions at these two sites resulted from the confluence
of the Llynfi with the Ogmore. There were some areas of deposition however, hence the
greater proportion of burrowing forms. Stoneflies were quite numerous at these sites as
were the flattened mayflies, E.dispar and R.semicolorata. However, B.rhodani(Fig 18)
was again the dominant mayfly, but as at other sites E.ignita(Fig 19) was particularly
numerous in June and was only present in small numbers at other times. Two species of

Trichoptera were quite numerous at these sites, but even so were less numerous than at
Site 4. The crustaceans G.pulex and A.aquaticus and the leeches E.octoculata and
G.complanata were more abundant at these sites than elsewhere.

In the Llynfi the effluent discharged into the river will contain the chemical

components of bleached kraft mill effluent such that the receiving waters will contain,
according to Voss(1984) a mixture of resin acids, terpenes, halogenated acids etc. Voss
has suggested that most of these chemicals tend to be inert, however, some such as
those containing chlorine may be toxic, although Kringsatad and Lindstrom (1984) have
suggested that they are biodegradable. Due to the non-routine sampling programme
ofthe Welsh Water Authority for these types of chemicals, their influence is difficult to
quantify. However, even though most of these chemicals may be non-toxic to hife
directly they will exert an effect on the dissolved oxygen present as they degrade.
Oxygen depletion is a problem experienced in many cases following a discharge of an
organic effluent(Hawkes and Davies, 1971). It was noticeable in this investigation that
oxygen levels were often reduced at Sites 2 and 3.

Many workers have studied the effect of organic effluents and oxygen depletion on
stream communities. Both Hynes(1960) and Hawkes(1962) have commented that heavy
pollution affects whole taxonomic groups rather than individual species. Hawkes has
also suggested three main trends in the benthic invertebrate community that will occur

with varying degrees of pollution.

1) Progressive reduction and the eventual elimination of the less tolerant species in a

succession according to their degrees of tolerance:
eg. Rhithrogena ------ Ephemerella ------ Gammarus

2) Providing pollution is not t00 severe there may be an initial increase in the numbers
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of moderately tolerant species. If the degree of pollution is increased the species are
then reduced in numbers in the following sequence:

eg. Baetis rhodani ------ Simulium ornatum ------ Hydropsyche ------
Helobdella sta gnalis ------ Erpobdella testacea ------ Limnaea pereger

3) In cases of severe pollution there may be an invasion of the stream bed community
by species which under natural conditions are not members of the riffle community.
Their absence under normal conditions may be due to the fact that the environment is
not suitable or because they are not able to compete successfully with members of the
normal community. These organisms are normally members of silted communities in
sluggish stretches in rivers or ponds. As the degree of pollution increases these are
successively eliminated:

eg. Asellus ------ Sialis ------ Chironomus riparius ------ Tubificidae

Numerically the most important taxa in the Llynfi and Ogmore were the
Ephemeroptera, Chironomidae and Oligochaeta. However, because the Plecoptera are
very sensitive to organic pollution their presence or absence is often a good indicator of
water quality. Indeed according to Hynes(1970) the Plecoptera and Ephemeroptera are
eliminated in cases of organic pollution because they have high metabolic rates and
therefore are more sensitive to a decrease in oxygen concentration than the slower
metabolisers such as chironomids.

The Plecopterans in the Llynfi were never abundant but were recorded at all sites.
P.microcephala and L.moselyi were the most abundant species. As one might expect

with the reduced oxygen concentration at Sites 2 and 3, stoneflies were not recorded for
most of the survey at these sites. With the exception of November, stoneflies were
always present at Site 1. This sampling site had an average 96% saturation over the
duration of the survey. Four species were recorded at this site, namely, N.avicularis,
L.moselyi, P.microcephala and I.grammatica all of which according to Hynes(1960) are

intolerant of organic pollution. These four species were recorded at a number of other
sites and their numbers tended to increase as one moved downstream from Site 3. At
Sites 4, 5 and 6 sizeable populations of stoneflies were recorded at certain times.

On certain occasions the Ephemeroptera were the dominant organisms in the Llynfi
and Ogmore. Eight species were recorded during the survey period. The most numerous
species was B.rhodani, although at certain times R.semicolorata, E.dispar, and E.ignita

were present in large numbers. B.rhodani (Fig 18) was recorded from all sites and was
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nearly always present at each site throughout the year. Particularly large populations
were found at the lower sites. Hynes(1960) suggested that B.rhodani is a mildly tolerant
organism and therefore the sizeable populations recorded at Sites 2 and 3 may not only
be attributable to tolerance but also possibly to a lack of competition, Indeed, very large
populations of 2754/m2 and 1310/m?2 respectively were recorded in September at Sites
2 and 3. At this time only a few other species other than chironomids or oligochaetes
were present. The populations of B.rhodani at Sites 2 and 3 in September were much
larger than at Sites 4, 5 and 6. The 95% confidence limits (Fig 16) show that there were
significantly larger populations at Sites 2 and 3 than at any other site during September.
Additionally, the dissolved oxygen concentration at Site 2 and 3 was in September
much lower than at Sites 4, 5 and 6, being less than 60% saturation at the upper sites
and greater than 90% saturation at Sites 4, 5 and 6. This factor would obviously favour
the cleaner water fauna such as the Plecoptera which were present in relatively large
numbers at this time and as such may have increased competition. Another feature
concerning the seasonal incidence of B.rhodani is that peaks in population density were
reached particularly in the autumn. Macan(1957) has indicated that although eggs of
B.rhodani hatch throughout the winter, the rate is higher in the autumn and again at the
beginning of the year. Indeed populations were quite large in January, but not as great
as in the autumn.

The flattened mayflies, R.semicolorata and E.dispar were frequently recorded at
all six sites. The former species tends to be more sensitive to pollution than E.dispar,
and this may be explained by the fact that E.dispar according to Ambuhl(1959), is able
to move its gills to create a current and thus maintain a respiratory flow. Ambuhl noted
that this phenomenon, lacking in R.semicolorata, enabled Ecdyonurus to survive at

lower oxygen concentrations. However, neither of these two species were ever abundant
at Sites 2 and 3, but quite large populations of E.dispar were present at the other sites
eg. Site 5 in January when 184/m? were recorded.

Both E.ignita and B.scambus were only present in large numbers during the

summer. Indeed very large populations of E.ignita were recorded at all sites,
particularly Sites 4, 5 and 6 in June. Fig 15 shows that the populations at these sites
were significantly greater than at the upstream sites in June. Fig 19 also shows the
scarcity of this species at other sampling occasions. This peak in abundance in June
could be expected as many workers including Pleskot(1958), Maitland(1965) and
Elliot(1967) have recorded the emergence of E.ignita from June to August, although
both Fahy(1973) and Bass(1976) have found nymphs at all times of the year. Even
though E.ignita tended to be associated with the cleaner sites, Nuttall and Purves(1974)
have recorded this species in mildly polluted areas in the River Tamar. The only time
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E.ignita was present in significant numbers at Sites 2 and 3 was in June(Fig 19), but
even then, the numbers were significantly very much less than those found at other
sites.

B.scambus was also only recorded in relatively large numbers in the June sample.
Thibault(1917) and Elliot(1967) have postulated that there are more than one
generation/year, but this was not found to be the case on the Llynfi and Ogmore as
B.scambus was virtually absent from any collections apart from June.

The other Ephemeropterans recorded, Caenis moesta, Ephemera danica and
Heptagenia lateralis were only very rarely encountered.

The dominant groups numerically in the survey were the Chironomidae and
Oligochaeta, with the latter group usually being the most numerous at all sites.
Although the faunal composition varied considerably during the year in both taxa, the
numbers recorded at Sites 2 and 3 were almost always greater than at the other sites.

The most numerous species of chironomid recorded during the survey were,

B.longifurca, T.calvescens, R.fuscipes, O(O)rubicundus and E.clarripennis. C.bicinctus
was also abundant but at only on one sampling occasion(Fig 20). Generally the numbers

of B.longifurca, E.clarripennis and O(O)rubicundus were most abundant at Sites 2 and
3 and then showed marked reductions in numbers at Sites 4, 5 and 6. B.longifurca was
most abundant at these sites in October and June(Fig 21). Workers including Learner
et al.(1971) and Davies and Hawkes(1981) have also recorded this species in the
polluted stretches of the Rivers Cynon and Cole respectively. Davies and Hawkes found
however, that B.longifurca was most abundant in the winter and spring samples taken
from the River Cole, and completely absent during the summer from the more polluted
sites. The general reduction in numbers of B.longifurca at the lower sites on the Llynfi
and Ogmore, particularly Site 4, is possibly due the fact that the substrate was being
eroded and that plant species such as Helodea and Sparganum were not present.
Lindegaard-Peterson(1972) has found that species such as B.longifurca are found on
Helodea and Sparganum on which it grazes.

According to Cranston(1982) T.calvescens tends to be most abundant in the upper
reaches of streams particularly among mosses, and in the middle reaches among
macrophytes. However, this species according to Cranston is also regularly found in the
slower flowing regions of deeper rivers. Indeed, the numbers of T.calvescens increased
from the rapidly flowing Site 4 to the relatively deeper and somewhat slower flowing
Site 5. However, this species was abundant at Sites 2 and 3 in October(Fig 12).

Gower and Buckland(1978) have recorded peak abundances for E.clarripennis in
October in Moat Brook. This was found to be the case for the Llynfi where large
populations(4416/m2) were recorded at Site 2 in October. These large numbers at the
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polluted sites are in agreement with Cranston(1982) who concluded that this species is
most frequently encountered in organically enriched areas. Davies(1971) has also noted
that E.clarripennis was present in large numbers in the organically polluted River Cole.
However, in the River Cole this species was présent throughout the year but it was
absent from the Llynfi in June.

According to Lindegaard-Peterson(1972) R.fuscipes is similar to B.longifurca in
that it is usually associated with vegetation such as Helodea. This species was
particularly abundant during October at Sites 2 and 3 and was generally ubiquitous
throughout the survey. This agrees with Cranston(1982) who stated that R.fuscipes is
one of the most frequent and abundant of running water Orthocladiinae.

O(O)rubicundus while never as abundant as B.longifurca was present at all sites in
most collections. A peak abundance was reached in April at Site 6. Fig 22 shows that
the numbers at this time were greater than at any other time.

Large populations of C.bicinctus were recorded in the summer collection and it
can be seen in Fig 20 that in the June collection the numbers of this species were
significantly greater than in the other collections, and that Sites 1 and 5 had the greatest
populations. This is similar to that recorded by Davies and Hawkes(1981) who found
that their Site 5, well below the effluent outfall exhibited the best conditions for
C.bicinctus and that greatest numbers were recorded during the summer.

Many workers including Butcher(1955) have found that the chironomid,

Chironomus riparius is a particularly common species below organic effluent outfalls,
but it did not appear in any of the collections from the Llynfi. Although chironomids
were abundant, particularly at Sites 2 and 3 for most of the year, they did not achieve
the dominance observed by Nuttall and Purves(1974) in the Tamar where the
chironomids were the dominant group immediately below an effluent outfall. The
dominant group numerically in the Llynfi in almost every collection was the
Oligochaeta.

Generally the dominant species of oligochactes were Nais elinguis, Tubifex
tubifex and Enchytraeidae. Nais elinguis although abundant, became particularly so in
April, achieving a density of 3618/m2 at Site 2. Many workers including Learner (1978)
have found that naid worms respond to organic pollution with a large increase in
numbers. Eyres et al(1978) has stated that N.elinguis appears to be particularly tolerant
of pollution. Eyres found that this species was particularly abundant in his study of the
River Irwell with recruitment occurring in April, which was similar to the situation in
the Llynfi.

Many workers eg. Brinkhurst(1970) have noted that T.tubifex becomes
particularly numerous below an organic effluent discharge. In these regions of low
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dissolved oxygen concentration, T.tubifex may become associated with the tubificid
Limnodrilus hoffmeisteri. Brinkhurst has reported mono-cultures of tubificids in the
order of 106/m? below an effluent outfall. However, populations of this order were
never recorded in the Llynfi even at Site 2. The largest population density of tubificids
occurred in October and September where, 3440/m? and 7550/m?2 respectively were
recorded. In general tubificid worms like naid worms and lumbriculid worms are
adapted to life burrowing in sediments. The large populations recorded during October
of a number of species of worm is probably due to the fact that competition is avoided
and as Brinkhurst(1972) suggests, the worms present are able to select a specific food
source thus not competing with other species for food.

Brinkhurst and Kennedy(1965) showed the co-existence of T.tubifex and
L.hoffmeisteri in Ditton Brook. However with the exception of the October samples,
L.hoffmeisteri was not collected in large numbers in the Llynfi. The populations of
T.tubifex were always greater throughout the survey. Eyres et al(1978) has also
observed the abundance of T.tubifex in the organically polluted River Irwell.

T.tubifex was most abundant at Site 2, the most polluted site. This is in agreement
with the work of Aston(1973) who found that this species along with L,hoffmeisteri
became the dominant organisms in conditions of low dissolved oxygen concentration.
Indeed, Dausend(1931) has noted that tubificids could survive for four weeks in

anaerobic conditions. It was certainly the case that when there were a large population

of tubificids at Site 2, the dissolved oxygen concentration was below 2.5ppm, and this
perhaps explains why they were the dominant organisms at this time. However, 98% of
the tubificids at this time wereT.tubifex and the dominance of this species over
L.hoffmeisteri may be explained by the fact that mixed species cultures are far less
tolerant of anoxia than mono-cultures and, Chapman(1982), states that mixed species do
not regulate their respiratory rates. Chua and Brinkhurst(1973) have also found that
there is a lower respiration rate in mixed as opposed to pure cultures.

The Enchytraeidae were the most abundant taxonomic group in the Llynfi and
Ogmore for much of the survey. The largest populations tended to be associated with
Sites 2 and 3. For example in October, populations of 71 16/m? and 7590/m?
respecively were recorded. It appears that little work has been carried out on the aquatic
ecology of this mainly terrestrial group and so comparisons are difficult to make. Eyres
et al(1978) found quite a large populations in the Irwell, but in this stream the
Tubificidae were the dominant group whereas in the Llynfi the Enchytraeidae was
dominant at certain times.

The various pollution and diversity indices used to assess the results all gave

broadly similar patterns. Overall the values obtained from Shannon's index, Trent biotic
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index, Chandler score, BMWP score and the Welsh Water Authority score indicated
that from quite high values at Site 1 the values dropped at Site 2, and in some cases
even further at Site 3, before rising again at Sites 4, 5 and 6. Kothe's species deficit and
Czekanowski's coefficient and Jaccard's coefficient were also used to assess the general
community structure of the Llynfi and Ogmore.

The patterns for October(Fig 33) indicated that Site 2 was certainly inferior in
water quality when compared to the other sites. It can be seen that all the indices/scores
recorded a significant drop in value from Site 1 to Site 2. This was due to the large
populations of worms and chironomids, and lack of clean water fauna at this time. All
the assessment methods showed Site 4 to be the cleanest and most diverse site. Indeed,
the Chandler, BMWP and Welsh Water scores indicated a significant rise from Site 3 to
Site 4. At Site 5 and 6 species diversity would seem to be poorer than at Site 4, almost
certainly due to the numbers of worms and chironomids recorded at this time.

In January(Fig 34) a different pattern was observed. All the assessment methods
indicated that Site 3 was inferior to the other sites. This low value can be attributed to
the fact that only oligochaetes and chironomids were present at this time. Site 5
appeared to have the highest values and was the cleanest site at this time. This was
probably due to the fact that thirty-eight species were present, more than at any other
site. Sites 4 and 6 however, were very close in water quality to Site 5. Shannon's index
gave the closest relationship between these three sites.

With the exception of the Trent biotic index the other methods indicated Site 3 to
be the most polluted site in April(Fig 35). The Trent index gave this site an equal value
to Site 2. Site 1 had the highest value in all cases and this was particularly so in the
Chandler score. However, by June(Fig 36) this pattern had changed with Site 4 once
again having the highest values and therefore being the cleanest site. Site 3 once again
appeared to be the poorest in water quality, although Shannon's index gave a lower
value for Site 2. Sites 4, 5 and 6 had much greater values thasn the other sites, this was
particularly so with the BMWP and Welsh Water scores.

It was Site 6 that appeared to have the most diverse community in September (Fig
37). This may be attributable to the large numbers of Plecoptera and Ephemeroptera
present in the samples. However, the qualitative indices eg. Trent biotic did not indicate
such a marked difference as the quantitative indices such as the BMWP score. Site 3
again gave the lowest values.

This trend was again seen in the November samples(Fig 38) with most schemes
giving Site 6 the highest and Site 3 the lowest values. However Chandler's score
ascribed the lowest value to Site 2 indicating that this site had the poorest water quality.

Kothe's species deficit, Jaccard's coefficient of similarity and Czekanowski's
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coefficient were used to compare Site 2 with Sites 1, 4 and 6. The general trend was
that there was little similarity or affinity between Site 2 and the other sites. The values
obtained are listed in Tables 63 and 65. With both Kothe's species deficit and Jaccard's
coefficient, Sites 1 and 2 and 2 and 6 had the greatest similarity values in June. Sites 2
and 4 showed the most similarity for both Kothe and Jaccard in November.
Czekanowski's coefficient confirmed this overall trend but indicated that a very low
correlation was obtained when Sites 2 and 4 were compared. The October samples gave
a particularly low value and this may be expected when we consider the species
composition at this time as Site 4 had relatively few oligochaetes and chironomids when
compared to Site 2. A low correlation was also seen in September. Sites 1 and 2 and 2
and 6 had their lowest values in October and September. The highest correlation value
was obtained for Sites 1 and 2 in April. At this time the worm population at Site 1
accounted for 87% of the benthic invertebrates present at this site. Generally
Czekanowski's coefficient always gave quite low correlations between Sites 1 and 2,
with the exception of the relatively high value seen in April. Sites 2 and 6 however,
gave the best relationship in January and April when values of 0.77 and 0.73 were
recorded. At these times the oligochaetes and chironomids were numerically important
components of the benthic community.

In addition to the assessment methods and the block histograms, the computer
analysis using ARTHUR 81 and SPSS-X can give valuable information into the
clustering of the results at each sampling occasion. Clustering refers to the similarity
between data points, thus sites with a similar composition when analysed by the
computer will tend to be clustered together. Thus, generally, Sites 2 and 3 were
clustered quite closely together in most of the data sets indicating that their community
structure had fundamental similarities. This is very much as expected as these two sites
were located closest to the effluent outfall and were therefore the most polluted.

It can be seen from the raw data(Tables 26 - 61) and the block histograms(Figs 27-
32) that the faunal composition was broadly similar at the two sites, both sites usually
having large worm and chironomid populations. Consequently this would have a large
weighting in any clustering routines used eg. dendogram plots. From the computer print
outs(Figs 46 - 87) we can see that Site 6 also appeared rather different from the other
sites, with Sites 1, 4 and 5 being rather similar. Both ARTHUR and SPSS-X tended to
give similar results from the clustering techniques used. The reason why Site 6
appeared to be separate is almost certainly due to the fact that in addition to large
populations of worms and chironomids, there was a very diverse fauna present at this
site. However, the other sites tended to have reasonably large worm populations at
similar times eg. April and thus they would tend to be difficult to differentiate.
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In the October print outs(Figs 46 - 52) we can see that Site 2 showed a definite
aUtonomy from the other sites, and at this time Site 3 appeared to be the closest
Neighbour to Site 2. Because of the large worm populations present at Sites 5 and 6 it
meant that they tended to become closely clustered together. The large worm
Populations at these sites also meant that they became much more closely associated
and similar to Site 2 than Sites 1 and 4 where the oligochaete populations were very
much less. Indeed, at Site 4, 918 Baetis rhodani/m? were recorded which gave a strong
weighting away from the other sites including Site 1 where only 74/m2 were recorded.
Correlation and probability values for ARTHUR (Fig 50) showed that the presence of
T.tubifex and L.hoffmeisteri were closely linked.

While the print outs for January(Figs 53 - 59) indicated that Sites 5 and 6 were
again closely associated, the overall picture was less clear than for October. This is
probably due to the fact that the overall species numbers were much reduced from those
in the previous collection, thus tending to weight most features evenly and so the plots
in both ARTHUR and SPSS-X lacked distinction.

However, by April a much clearer picture emerged with almost 92% of the data
being assigned to the first orthogonal(Fig 61). This indicates that the sites tended to
have a unique identity and thus better clustering was observed in the first principal
component plot(Fig 62). After using the SELECT routine the clustering of the sites
became very distinct(Fig 63), with Sites 2 and 3 showing a particular affinity for each
other. This is no doubt due to the influence of the oligochaetes at this time, with Site 2
having a population of 6276/m? and Site 3, 5178/m? thus ascribing a heavy weighting
to the results. Even though there was an even larger worm population at Site 6
(7476/m?2), the large chironomid opulation and the presence of many other species gave
the data points for this site a particular identity particular in WARD's method(Fig 66).

The data appeared more widespread in the June samples with poor clustering being
observed with ARTHUR(Fig 73). However Sites 1 and 4 appeared quite closely
clustered together, although in the SPSS-X routines(Figs 74 - 78), Site 4 appeared quite
distinct particularly in the COMPLETE LINKAGE method(Fig 76). However, two
distinct groups emerged from SPSS-X, Sites 1 - 3 and Sites 4 - 6, although from the
raw data this is not obvious.

Using the SELECT routine on the September samples revealed that once again
there appeared to be a strong affinity between Sites 2 and 3(Fig 81).This no doubt
resulting from the large worm populations found at this time. The other sites had much
reduced numbers of Oligochaetes whe compared to these two sites. Sites 5 and 6 also
appeared quite closely linked. WARD's method(Fig 82) and the SINGLE LINKAGE
method(Fig 83) also indicated that Sites 2 and 3 were quite distinct from the other sites.
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This pattern persisted in the November print outs where the distinct nature of
Sites 2 and 3 was again confirmed, particularly after using the SELECT routine
(Fig 86). Sites 1, 4 and 5 appeared quite closely aligned, also, with Site 6 being quite
distinct. Although the SPSS-X routines generally gave a rather confused picture and ,
possibly, reflecting the general sparseness of the benthic community. The largest
population was found at Site 6 where only 2206 animals/m? being recorded. Thus, the
biological and chemical data indicate that the fauna was adversely affected at Sites 2
and 3, immediately below the effluent outfall. At these sites oligochaetes and
chironomids dominated the benthic community for much of the period of the survey.
Site 4 appeared to have the most diverse fauna and this is probably due to the fact that
no appreciable effluent affects the River Ogmore at this point. Sites 5 and 6 showed
that, as progress is made down the stream from the confluence of the Rivers Llynfi and
Ogmore, then the oligochaetes and chironomids become less dominant and cleaner-

water species such as stoneflies and mayflies become well established in the benthic
community.
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Z.__Conclusions,

The water quality of the Rivers Llynfi and Ogmore was assessed at six sites over a
period extending from October 1985 to November 1986. It was found that the river was
adversely affected by the organic discharge of a paper mill at Llangynwydd. As such
marked pollution faunas were recorded from Sites 2 and 3, immediately below the
outfall. The fauna at these sites was dominated by the Oligochaeta and Chironomidae.
At other sites cleaner water forms such as members of the Plecoptera, Ephemeroptera
and Trichoptera became present in large numbers. The most common species from
these three taxonomic groups was B.rhodani which became very common in the
September samples where a population of 3724/m?2 were recorded at Site 2.

The chemical data provided by the Welsh Water Authority helped to explain the
patterns seen in the benthos present. The water quality in the Llynfi below the effluent
outfall at Sites 2 and 3 generally appeared to be somewhat better than expected,
although it was usually much inferior to that found at the other sites. This difference in
water quality was best seen in October to December(Fig 6) when the dissolved oxygen
concentration was particularly poor at Sites 2 and 3.

Site 1.

This site, above the effluent discharge, did not appear to be as diverse as one would
expect, and this is probably due to the discharges from the nearby town of Maesteg.
However, the dissolved oxygen content of the water at this site was generally quite
good throughout the survey, with 8.9ppm being the lowest level recorded. BODs,
ammoniacal nitrogen and particulate solids(Figs 7 - 9 ) were all present in low
concentrations.

Plecoptera, Ephemeroptera, Trichoptera etc were all recorded at this site during
the survey. In the case of the Ephemeroptera, B.rhodani became quite numerous in
January(Fig 13) with 578/m2 being recorded. The oligochaetes and chironomids were
always present at this site, and, particularly so in October(Fig 12) where they were the
dominant forms. Both E.ignita and C.bicinctus showed marked seasonal variations only
appearing in any numbers during the summer collections.

Site 2,

This site was situated approximately 0.5Km below the outfall from the paper mill,

and as such its fauna reflected the reduction in water quality one would expect.
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However, the conditions present were never severe enough for either, all species to be
eliminated, or to let the worms and chironomids to become the only groups present. The
disssolved oxygen concentration(Fig 6) at this site was however, much inferior to that
seen at the previous site, with a level of only 1.7ppm being recorded in October 1986.
BODj at this time was 18.2ppm. The levels of both ammoniacal nitrogen and
particulate solids (Figs 7 and 8)were both much increased from those recorded at Site 1.
The National Water Council has described the river at this point as Class 4, which
describes it as 'grossly polluted.' This is a considerable reduction from the Class 1B
state of the river at Site 1 where the river could be described as having 'water of high
quality.’

These ambient conditions will obviously favour polluted water macro-invertebrates
such as the Chironomidae and Oligochaeta. These two groups were at their greatest
abundance in the October samples. The oligochaetes were particularly dominant at this
time with 13616/m? being recorded. However after this time the oligochaetes were
never as abundant. During the period of the survey other taxa became more abundant
such that Plecopterans, Ephemeropterans and Trichopterans were present. In the case of
the mayfly, B.rhodani, this species became very numerous in June with 1377/m2 being
recorded.

Site 3,

It was expected that Site 3 would show a significant increase in water quality from
the previous site. However, this was not generally found to be the case, although the
dissolved oxygen levels were never as low as at Site 2, they were below those found
elsewhere on the river system. The National Water Council has classed Site 3 as a Class
3 river, which means this site is 'an area of poor quality requiring improvement as a
matter of some urgency.'

Similarly to Site 2, the Oligochaeta and Chironomidae were recorded in large
populations at certain times of the year, although the numbers were never as great as at
Site 2. As at the previous site, other taxa became more numerous during the period of
the survey. The similarities between Sites 2 and 3 were largely confirmed by the
Computer Analysis(Figs 46 - 87) performed on the raw data. Quite close linkage was
observed between these two sites such that generally they were distinct from the other
sites. Thus the water quality at these sites must obviously have contributed greatly to
this.
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Site 4,

This site, from the chemical data, did not appear to have any pollutional problems
during the survey and had the lowest levels for all the parameters recorded. This section
of the Ogmore River has been given a Class 1A standard which indicates that the river
at this point is unpolluted, is of sufficient quality to be potable, has a high amenity
value and is suitable for game fishing.

The unpolluted state of the water was reflected in the benthic fauna present which
was always the most diverse recorded from any site during the survey. This factor was
highlighted by the biotic indices/scores used(Figs 33 - 38) which clearly placed Site 4
above the others at all sampling occasions. The Chironomidae and Oligochaeta were
never dominant here as at other sites, not only due to the ambient water quality, but also
by the fact that the substrate was an eroding one which would obviously favour other
taxa such as the Plecoptera and Ephemeroptera which became very numerous during the
survey.

Site 5.

The river at this point has been assigned a 1B classification. This slight drop from
the previous site is almost certainly due to the mixing of the Llynfi and Ogmore Rivers.
However this deterioration in water quality is quite small, and the levels of ammoniacal
nitrogen and BOD5(Figs 5 and 7) were always low, while dissolved oxygen
concentration(Fig 6) was always well over the 60% level that the National Water
Council assigns to water of 1B standard.

The water quality at this site was reflected in the benthic macroinvertebrates
recorded. However, the Plecoptera and Ephemeroptera were never quite as dominant as
at Site 4. This was probably due to the fact the river had somewhat slowed by this site
and so some deposition was taking place, thus encouraging burrowing forms to become
established. This was seen particularly in the October samples when 4932 worms/m?
were recorded. However, after this time the numbers of Oligochaeta declined at this site
although they, together with the Chironomidae, were always well represented here.

Site 6,
This site was very similar in water quality to Site 5, also being classed as 1B. The

levels of all parameters recorded here were also very similar to those at the previous
site. There was also appreciable deposition here as the river widened 2Km from the sea.
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The similarity in water quality was also apparent in the similarity with the benthic
fauna recorded, with quite a wide diversity being present encompassing Plecoptera to
Oligochaeta. The Computer Analysis(Figs 46 - 87) tended to indicate that Sites 5 and 6

generally were well clustered together. The biotic indices/scores also confirmed the
similarity of these two sites.

The water quality along the length of the river appeared to be much better than
could initially have been expected. The pollution from the paper mill, while by no
means negligble, was however less than that experienced by a number of workers
including Gaufin(1958), Dines and Wharfe(1985, 1986) etc, and as such it appears that
British Tissues Ltd have made an effort to amelorate their effluent before discharging
into the receiving waters.

Norrstrom(1974) has stated that there are four ways in which a pulp bleaching plant
such as the one at Llangynwydd can reduce the pollution in discharged waters
1) Lowering the amount of dissolved organic matter entering with the unbleached pulp
2) Lowering the lignin content of the unbleached pulp.

3) Changing the bleaching conditions.
4) Introducing oxygen bleaching.

Finally, it must be realised that although the paper mill is a major pollutant to the
Llynfi, this has to be weighted against the fact that British Tissues is one of the few
major employers in the area and thus any excess pressure to reduce effluent discharges
may affect employment prospects in a depressed area.
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Appendix 1,

Fig 1: Photograph of saw sampler.

Fig 2: Photograph of the paper mill at Llangynwydd.
Fig 3: Ordinance survey map of area of study.

Fig 4: Map to show relative positions of sites in the Ogwr watershed.
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Chemical results from routine sampling by the WW A: Tables 1-24.
Chemical results from 24 hour survey, July 21-22 1986: Table 25.
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: rhvd-y-Cyff

parameter pH cond'ty  water D.O D.O BOD
(us/cm)  temp(°C) (% sat)  (ppm) (ppm)
date
28.10.85 7.8 252 8.5 101.5 11.5 0.7
12.11.85 7.6 204 5 94.7 11.7 1.5
19.11.85 7.6 204 5.5 101 12.3 0.5
4.12.85 7.5 183 10.5 82.6 8.9 4.6
10.12.85 7.3 268 7 01.8 10.8 9.9
22.1.86 7.5 182 7 91.8 10.8 3.7
27.1.86 7.5 168 6 92 11.1 12.4
5.3.86 7.9 248 2 97 13 1
14.3.86 7.8 198 4 92.9 11.8 6.7
7.4.86 8 263.2 5 91.4 11.3 2.4
9.4.86 7.8 206 5 103 12.7 1.7
16.4.86 17.9 216 6 97 11.7 1.2
19.5.86 7.6 219 8 97.6 11.2 2.5
23.5.86 7.6 173 10.5 97.8 10.9 0.7
17.6.86 8 198 11 105.2 11.6 - 1.8
22.7.86 1.7 286 14 112 11.5 0.4
28.7.86 7.2 14 95.2 9.8 0.5
10.9.86 7.7 227 10 95.7 10.8 0.4
8.10.86 7.9 286 15 99.3 10 1
22.10.86 7.6 199 12 82.2 9.5 3.8
28.11.86 7.7 188 10 94.9 10.7 6.6
Table 1
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Site 1,

parameter am'ical total ox  nitrite solids hardness chloride
No(ppm) No(ppm) (ppm)  (ppm) (ppm)  (ppm)

date

28.10.85 0.02 0.6 0.008 2 98.3 11
12.11.85 0.03 0.7 0.004 4 67.7 11
19.11.85 0.02 0.7 0.004 3 12
4.12.85 0.17 0.7 0.028 59 52.6 11
10.12.85 1.04 0.8 0.026 19 64.5 37
22.1.86 0.11 0.8 0.01 3 59.7 12
27.1.86 0.26 0.6 0.082 239 65.9 16
11.2.86 0.03 0.6 0.007 S 94.6 13
14.3.86 0.4 1.4 0.024 30 57.8 18
7.4.86 0.12 1 0.022 5 77.8 30
0.4.86 0.05 0.7 0.007 3 71.4 11
16.4.86 0.02 0.7 0.004 2 70.9 13
19.5.86 0.03 0.8 0.006 5 65.9 14
23.5.86 0.05 0.9 0.012 6 61.5 12
17.6.86 0.07 0.8 0.013 6 61.5 11
22.7.86 0.02 0.6 0.007 10 68.5 11
28.7.86 0.02 0.5 0.015 6 97.6 13
10.9.86 0.02 0.7 0.008 3 88 10
8.10.86 0.02 0.7 0.025 4 106.2 13
22.10.86 0.07 1 0.017 21 68.6 11
28.11.86 0.97 0.9 0.11 12 63.3 11

Table 2
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parameter

date
28.10.85
12.11.85
19.11.85
4.12.85
10.12.85
22.1.86
27.1.86
11.2.86
14.3.86
7.4.86
9.4.86
16.4.86
19.5.86
23.5.86
17.6.86
22.7.86
10.9.86
8.10.86
22.10.86
28.11.86

orthophos copper

(ppm)

0.03
0.02
0.02
0.1

0.18
0.08
0.2

0.04
0.11
0.02
0.02
0.02
0.02
0.06
0.02
0.05
0.02
0.02
0.1

0.18

(ppm)

0.002
0.002
0.002

0.04

Zinc

(ppm)

0.011
0.014
0.019

0.08

Table 3

&)

cadmium

(ppm)

0.001
0.001
0.001

0.01

aluminium lead

(ppm)

0.032
0.047
0.05

1.36

(ppm)

0.002
0.003
0.012

0.015



parameter

28.10.85
12.11.85
27.1.86

chromium mang'ese

(ppm)
0.012
0.009
0.003

(ppm)
0.086
0.076
0.15

Site 1,

iron
(ppm)
0.234
0.24
2.35

Table 4

(10)

nickel
(ppm)
0.003
0.003
0.03



Site 2; Shwt,

parameter pH cond'ty  water D.O D.O BOD
(usfem)  (°C) (% sat)  (ppm) (ppm)
date
28.10.85 7.2 276 12 68.2 7.1 11.1
19.11.85 7.2 209 7 88.4 10.4 4.7
4.12.85 7.3 171 12 90.3 9.4 3.8
27.1.86 7.3 182 7 88.4 10.4 5
11.2.86 7.6 291 3 79 10.3 7.1
5.3.86 7.6 190 3 89 11.6 6.2
16.4.86 7.3 227 8 80.2 9.2 8.1
19.5.86 7.2 198 12 87.3 9.4 2.5
17.6.86 7.2 245 16.5 70.7 6.9 5.5
10.7.86 7 354 18 52.9 5 5.1
22.7.86 7 339 18 41.2 3.9 6.4
8.10.86 7.3 378 16 17.2 1.7 18.2
28.11.86 7.4 182 8 86.1 10.2 3.2
Table 5
parameter am'ical oxidised  nitrite solids hardness  chloride

No(ppm) No(ppm) (ppm) (ppm) (ppm) (ppm)

date

28.10.85 0.09 1.5 0.064 22 76.3 23
19.11.85 0.05 14 0.023 25 73.3 16
4.12.85 0.21 0.8 0.091 498 5.5 15
27.1.86 0.21 0.8 0.062 246 51.3 21
11.2.86 0.11 1.5 0.04 26 742 26
5.3.86 0.38 1.5 0.028 51 52.2 20
16.4.86 0.02 1.2 0.022 22 63.7 19
19.5.86 0.02 1.3 0.02 12 61.6 17
17.6.86 0.25 1.8 0.062 9 71.9 23
22.7.86 1.1 1.3 0.127 23 90.1 28
8.10.86 0.62 0.4 0.079 17 128.6 33
28.11.86 0.1 1.3 0.008 6 64 12

Table 6

(11)



parameter

date
28.10.85
19.11.85
4.12.85
27.1.86
11.2.86
5.3.86
16.4.86
19.5.86
17.6.86
10.7.86
22.7.86
8.10.86
28.11.86

parameter

date
28.10.85
4.12.85
11.2.86
16.4.86
8.10.86

orthophos
(ppm)

0.87
0.2
0.32
0.17
0.55
0.12
0.19
0.56
1.1
1.3
21
0.53
0.19

chromium

(ppm)

0.01

0.003
0.008
0.009
0.003

copper
(ppm)

0.011

0.002

0.009

0.007

0.007

mang'ese

(ppm)

0.147
0.022
0.17

0.144
0.219

zinc

(ppm)

0.026

0.005

0.028

0.024

0.018

Table 7

iron
(ppm)
0.049
0.465
0.79

0.479
0.724

Table 8

(12)

cadmium aluminium lead

(ppm)

0.001

0.001

0.001

0.001

0.001

nickel
(ppm)

0.003
0.003
0.003
0.003
0.003

(ppm)

0.216

0.26

0.25

0.2

0.157

(ppm)

0.006

0.025

0.013

0.025

0.017



parameter

date
28.10.85
19.11.85
27.1.86
10.2.86
11.2.86
5.3.86
9.4.86
16.4.86
19.5.86
23.5.86
17.6.86
10.7.86
22.7.86
8.10.86
28.11.86

pH

7.4
7.3
7.4
7.7
7.7
7.7
7.5
7.4
7.4
7.6
7.4

7.1
7.6
7.5

Site 3: Tondu,

cond'ty
(us/cm)

260
216
220
294
278
188
263
227
190
192
232
333
323
378
174

water

temp(°C) (% sat)

~N N W R NN

—
[\ 8}

12.5
16
17
17
14

Table 9

(13)

D.O

85.8
92.9
91.8
90.6
95.3
913
88.4
84.2
100
100.2
95.3
70.5
71.1
56.4
915

D.O
(ppm)

9.6
11.2
10.8
11.2
12.1
11.9
104
9.9
10.8
10.8
9.4
6.8
1.5
5.8
11.1

BOD
(ppm)

3.4
3.8

2.6
2.7
4.7
3.9
4.1
1.4
2.8
3.7
6.3
3.9
5.6
1.6



Site 3

parameter am'ical oxidised nitrite solids hardness  chloride
Na(ppm) No(ppm) (ppm)  (ppm)  (ppm)  (ppm)

date

28.10.85 0.27 1.6 0.07 S 80.3 18
19.11.85 0.05 1.5 0.026 6 78.4 16
4.12.85 0.22 0.9 0.07 321 6.6 14
27.1.86 0.23 0.9 0.041 204 58.6 27
10.2.86 0.06 1.6 0.038 8 69.6 25
11.2.86 0.19 1.5 0.031 13 73.3 20
9.4.86 0.2 1.4 0.034 7 66.5 27
16.4.86 0.03 1.3 0.022 14 66.5 22
19.5.86 0.02 1.4 0.017 10 63 16
23.5.86 0.009 1.5 0.018 9 62.7 15
17.6.86 0.17 1.8 0.068 4 69.5 21
10.7.86 0.74 2 0.29 18 86.6 35
22.7.86 0.43 1.7 0.22 14 81 26
8.10.86 0.79 0.3 0.075 12 120 31
28.11.86 0.04 1.5 0.008 9 64 13

Table 10

(14)



parameter

date
28.10.85
19.11.85
4.12.85
27.1.86
10.2.86
5.3.86
9.4.86
16.4.86
19.5.86
23.5.86
17.6.86
10.7.86
22.3.86
8.10.86
28.11.86

parameter

date
28.10.85
4,12.85
10.2.86
11.2.86
16.4.86
8.10.86

orthophos
(ppm)

0.61
0.17
0.24
0.15
0.62
0.1

0.78
0.18
04

0.17
0.73
1.3

1.7

0.66
0.13

chromium

(ppm)

0.01

0.003
0.007
0.006
0.007
0.003

copper
(ppm)

0.006

- 0.002

0.005

0.005

0.003

mang'ese
(ppm)

0.138
0.026
0.139
0.142
0.15

0.388

zing

(ppm)

0.014

0.005

0.015

0.022

0.018

Table 11

iron

(ppm)

0.501
1.980
0.354
0.334
0.527
0.795

Table 12

(15)

cadmium aluminium lead

(ppm)

0,001

0.001

0.001

0.001

0.001

nickel
(ppm)

0.004
0.003
0.003
0.003
0.003
0.004

(ppm)

0,09

0.19

0.07

0.197

0.106

(ppm)

0.009

0.025

0.008

0.025

0.015



ited: A rw

parameter pH cond'ty water D.O D.O BOD
(us/cm)  temp(°C) (% sat)  (ppm) (ppm)
date
28.10.85 7.6 171 10.5 107.6 11.6 1
19.11.85 7.5 167 5 104 12.8 0.1
4.12.85 7.6 157 10 93.4 10.2 1
27.1.86 7.3 146 5 86.6 10.7 1.2
5.3.86 7.6 169 4 95.3 12.1 2
10.3.86 7.5 167 8 89.8 10.3 1
16.4.86 7.8 182 7 91.8 10.8 2.2
19.5.86 7.5 126 14 100 10.3 1
17.6.86 6.8 144 14 100 10.3 0.6
10.7.86 7.4 187 15 100 10.1 1.5
22.7.86 7.6 198 14 100 10.3 0.7
8.10.86 7.8 199 11.5 96.4 10.5 0.8
Table 13
parameter am'ical oxidised nitrite solids hardness  chloride
Na(ppm) No(ppm) (ppm)  (ppm)  (ppm)  (ppm)
date
28.10.86 0.003 0.9 0.005 2 63 11
19.11.85 0.05 0.9 0.004 1 56.7 11
4.12.85 0.005 0.8 0.02 63 4.3 10
27.1.86 0.05 1 0.009 14 43 13
5.3.86 0.23 1.3 0.024 35 43.5 20
10.3.86 0.02 1.2 0.006 5 54.5 15
16.4.86 0.002 0.7 0.009 7 55.1 13
19.5.86 0.02 1.2 0.011 11 42.4 11
17.6.86 0.003 22 0.085 9 53.2 11
10.7.86 0.02 0.7 0.004 7 68 11
22.7.86 0.03 0.7 0.004 2 65.4 11
8.10.86 0.02 0.8 0.005 3 76.8 11

Table 14

(16)



parameter

date
28.10.85
19.11.85
4.12.85
5.3.86
10.3.86
16.4.86
19.5.86
17.6.86
22.7.86
8.10.86

parameter

date
28.10.85
4.12.85
16.4.86
8.10.86

orthophos
(ppm)

0.02
0.02
0.05
0.03
0.02
0.02
0.02
0.02
0.02
0.02

chromium

(ppm)

0.007
0.003
0.007
0.003

copper
(ppm)

0.002

0.002

0.002

0.003

mang'ese
(ppm)

0.033
0.007
0.054
0.044

zine

(ppm)

0.01

0.004

0.01

0.007

Table 15

iron

(ppm)

0.127
0.62
1.44
0.14

Tablel6

(17)

cadmium aluminium lead

(ppm)

0.001

0.001

0.001

0.001

nickel
(ppm)

0.004
0.003
0.003
0.003

(ppm)

0.039

0.054

0.061

0.017

(ppm)

0.002

0.25

0.025

0.009



i ; Pen

parameter pH cond'ty water DO DO BOD
(us/cm)  temp(°C) (% sat)  (ppm) (ppm)
date
28.10.85 7.5 249 10 99.8 10.9 2
19.11.85 7.5 200 6 100 12.1 2.6
4.12.85 7.4 177 12 89.3 9.3 3.6
27.1.86 7.3 182 7 96.1 11.3 3.4
11.2.86 7.7 246 3 95.9 12.5 23
5.3.86 7.6 190 3 90.5 11.8 4.7
16.4.86 7.6 212 7 91.8 10.8 3.1
19.5.86 7.4 158 13 92.1 9.7 1.2
10.7.86 7.2 278 16 90.3 8.9 2.3
22.7.86 7.4 272 16 90.3 8.9 2.6
8.10.86 7.7 293 15 90.4 9.1 33
Table 17
parameter am'ical oxidised  nitrite solids hardness  chloride
Na(ppm)  No(ppm) (ppm)  (ppm)  (ppm)
date
28.10.85 0.02 2.6 0.009 6 83.7 23
19.11.85 0.04 1.1 0.015 6 73.2 13
4.12.85 0.15 0.8 0.059 182 6 13
27.1.86 0.15 0.9 0.041 114 54.1 22
11.2.86 0.07 1.1 0.013 5 72.8 16
5.3.86 0.33 1.4 0.037 96 52.5 20
16.4.86 0.02 1.1 0.012 10 63.9 16
19.5.86 0.02 1.2 0.017 14 54.1 14
17.6.86 0.04 1.1 0.025 10 63.4 14
17.6.86 0.04 1.1 0.025 10 63.4 14
10.7.86 0.02 1.3 0.106 11 87.9 22
22.7.86 0.15 1.1 0.090 18 85.9 18
8.10.86 0.3 0.7 0.052 13 103 20
Table 18

(18)



parameter

date
28.10.85
19.11.85
4.12.85
27.1.86
11.2.86
5.3.86
16.4.86
19.5.86
17.6.86
10.7.86
22.7.86
8.10.86

parameter

date
28.10.85
4.12.85
11.2.86
16.4.86
8.10.86

orthophos
(ppm)

0.12
0.11
0.16
0.12
0.15
0.09
0.09
0.14
0.23
0.46
0.71
0.29

chromium

(ppm)

0.01

0.003
0.006
0.009
0.003

copper
(ppm)

0.003

0.002

0.003

0.003

0.003

mang'ese

(ppm)

0.085
0.018
0.104
0.077
0.128

zing
(pprx )

0.01

0.004

0.011

0.014

0.011

Table 19

iron

(ppm)

0.27
0.29
0.232
0.32
0.469

Table 20

(19)

cadmium aluminium lead

(ppm)

0.001

0.001

0.001

0.001

0.001

nickel
(ppm)

0.004
0.003
0.003
0.003
0.003

(ppm)

0.068

0.13

0.04

0.11

0.088

(ppm)

0.005

0.025

0.007

0.025

0.012



parameter

date
28.10.85
19.11.85
4.12.85
10.1.86
27.1.86
11.2.86
5.3.86
16.4.86
7.5.86
19.5.86
6.6.86
17.6.86
10.7.86
22.7.86
1.8.86
3.9.86
8.9.86
8.10.86

7.9
7.7
7.6
73
7.5
79
7.7
7.9

7.8

7.4
7.3
7.6

7.7
7.6
7.9

cond'ty
(us/cm)

251
216
186
153
200
250
209
220

166

199
288
279

199
227
307

water DO

temp(°C) (% sat)

10 109.9

5 99

12 92.2

7 98.6

3 102

4 91.3

8 95

8

13

11

16.5 103

17 86

17 107

14

15 91.4

14 82.6

15 94.3
Table 21

(20)

DO
(ppm)

12
12.4
9.6

11.6
13.3
11.6
10.9

10
8.3
10.3

9.2
8.5
9.5

BOD
(ppm)

1.4
2.5

2.7
2.5
3.6
2.8

1.2
1.8
2.2
3.4

0.7

2.7



Site 6,

parameter am'ical oxidised nitrite solids hardness  chloride
Na(ppm) Na(ppm) (ppm)  (ppm)  (ppm)  (ppm)

date

28.10.85 0.08 14 0.037 2 89.8 18
19.11.86 0.04 1.2 0.018 3 75.9 15
4.12.85 0.15 0.9 0.069 203 59.6 13
10.1.86 0.08 1.1 0.027 4.9 13
27.1.86 0.17 1 0.038 84 594 20
11.2.86 0.13 1.3 0.016 5 74.5 17
5.3.86 0.32 1.6 0.045 110 61.5 22
16.4.86 0.02 1.2 0.015 11 68.8 17
19.5.86 0.02 1.2 0.012 15 55.9 13
17.6.86 0.05 1.2 0.039 63 71.9 15
10.7.86 0.12 1.7 0.177 75 93.3 22
22.7.86 0.1 1.4 0.099 5 87.9 18
3.9.86 0.08 1.1 0.02 17 69.8 13
8.9.86 0.05 1.3 0.027 40 75.5 16
8.10.86 0.13 0.9 0.077 7 114.1 20

Table 22

21)



parameter

date
28.10.85
19.11.86
4.12.85
10.1.86
27.1.86
11.2.86
5.3.86
16.4.86
19.5.86
17.6.86
10.7.86
22.7.86
3.9.86
8.9.86
8.10.86

Parameter

date
28.10.85
10.1.86
11.2.86
16.4.86
3.9.86
8.9.86
8.10.86

orthophos
(ppm)

0.23
0.1

0.15
0.07
0.11
0.18
0.09
0.09
0.16
0.24
0.46
0.73
0.06
0.18
0.34

chromium

(ppm)

0.01

0.005
0.006
0.006
0.003
0.003
0.003

copper
(ppm)

0.003

0.002

0.002

0.004

0.006
0.003
0.003

mang'ese

(ppm)

0.057
0.04
0.08
0.066
0.06
0.04
0.043

zinc

(ppm)

0.012

0.007

0.008

0.016

0.056
0.05
0.012

Table 23

iron

(ppm)

0.205
8.7
0.17
0.407
0.507
0.056
0.336

Table 24

(22)

cadmium aluminium lead

(ppm)

0.001

0.001

0.001

0.001
0.001
0.001

nickel
(ppm)

0.003

0.003
0.003
0.015
0.003
0.003

(ppm)

0.059

0.530

0.039

0.175

0.145
0.034
0.068

(ppm)

0.002

0.005

0.002

0.025

0.01
0.009
0.011



time 7am 1llam 3pm 7pm 1lpm 3am 7am
site

1 7.3 8.7 10.1 83 7.7 29 3.9
2 2 2.5 29 2.6 2.6 2.6 2.5

3 4.4 6.2 6.4 6.1 3 24 5.1

4 6.8 8.8 9.3 8.6 3.1 2.6 5.6
5 7.9 8.3 8.9 8.3 2.6 23 6.4
6 7.4 8.1 8.4 8 2.5 2.1 5.8

Temperature(°C),

time 7am llam 3pm 7pm 1llpm 3am 7am
site

1 11.5 13 14.5 14 12 11.5 115
2 16.5 18 20 17.5 17 17 17

3 15 17 18.5 17.5 16 15 15

4 13 15 17.5 16.5 15 13.5 13

5 13 16 18.5 16.5 15.5 14 13.5
6 15 205 20 18 15.5 14.5 15

Table 25

(23)



Biological results from routine sampling by the WWA: Tables 26-61.
Biological results from initial survey: Table 62.

(24)



Species

Leuctra sp

Baetis rhodani
Glossosoma conformis
Hydropsyche instabilis
Rhyacophila dorsalis
Limnius volkmari
Hemerodroma sp
Hydrobia jenkinsii
Ancylus fluviatile
Limnaea pereger

Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta

Tvetania calvescens
Eukiefferiella clarripennis
O(O)rubicundus
Rheocricotopus fuscipes

Metrocnemius sp

Nais alpina

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytracidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris

s

33

[\

21

3 4
1 4
1
1
1
4 9
1
1 1
9
2
4
3
3
6 18
2 3
Table 26

(25)
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18

16

10
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37

16

52

NO

W N = O

20

56

51

13



species 1 2 3 4 5 6 1 8 9 10
Dytiscus sp 1

Asellus aquaticus 3
Conchapelopia melanops 4 3

Prodiamesa olivacea 4 5 5 4

Brillia longifurca 7 21 29 33 12 20 45 35 8§ 22
Brillia modesta 3 12 3
Tvetania calvescens 26 27 38 43 21 11 36 46 23 29
Eukiefferiella clarripennis 126 11 156 179 129 84 102 190 49 120
O(O)rubicundus 16 22 25 16 23 9 27 29 17

Rheocricotopus fuscipes 18 19 27 31 12 20 27 32 8 20

Nais elinguis 39 40 43 68 44 25 6 35
Tubifex tubifex 241 244 266 300 14 72 377 72 215 39
Limnodrilus hoffmeisteri 115 116 127 60 82 101 151 6 19 103
Enchytraeidae 464 470 512 540 41 360 628 54 75 414
Lumbriculis variegatus 5 6 6 14 6 S
Stylodrilus herringianus 21 20 24 43 25 6 19
Eclipidrilus lacustris 40 42 44 86 50 4 36
Table 27

(26)



Species

p—
()
k2
£
i
=}
N
{00
O

Leuctra sp

Baetis rhodani

Tabanus sp 1
Asellus aquaticus

Ceratopogonid sp 10 1 1

Conchapelopia melanops 3 1 4 1
Brillia longifurca 20 23 20 7 9 7 21 28 22
Brillia modesta 12 3 2 2 18 7
Tvetania calvescens 33 37 38 12 10 34 25 37
Eukiefferiella clarripennis 30 26 10 52 10 7 25 4 15
O(O)rubicundus 31 11 7 3 4 3 10 4

Rheocricotopus fuscipes 30 25 20 4 9 7 26 25 26

Naiselinguis 17 30 107 357 27 87 20 144
Tubifex tubifex 17 10 29 36 27 26 12 43
Rhyacodrilus coccineus 8
Limnodrilus hoffmeisteri 8 4 71 26 23 11 38
Enchytraeidae 322 454 509 293 328 413 190 681 533
Lumbriculis variegatus 8 4
Eclipidrilus lacustris 42 36 27 23 29 13 48
Eiseniella tetrahedra 2

Table 28

27)



Species

Rhithrogena semicolorata
Ecdyonurus sp

Baetis rhodani
Ephemerella ignita
Glossosoma conformis
Rhyacophila dorsalis
Hydropsyche silitalai
Philopotamus montanus
Limnius volkmari
Simulium ornatum
Dicranota sp
Gammarus pulex
Hydrobia jenkinsii
Erpobdella octoculata

Ceratopogonid sp
Cochapelopia melanops
Brillia longifurca
Brillia modesta
Tvetania calvescens
Eukieferiella gracei
O(O) rubicundus
Rheocricotopus fuscipes

Nematoda

Nais alpina

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Enchytracidae
Stylodrilus herringianus
Eiseniella tetrahedra

OO == W

10

3 4
5 1
73 48
2
1 1
1
1
1 1
3
2
1
14 9
3
3 1
1
4 5
1
2
1 1
2
1
Table 29

(28)
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species

Rhithrogena semicolorata

Baetis rhodani
Glossosoma conformis
Hydropsyche silitalai
Limnius volkmari
Dicranota sp

Asellus aquaticus
Hydrobia jenkinsii
Ancylus fluviatile

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca

Brillia modesta

Tvetania calvescens

Eukiefferiella clarripennis

O(Eu)thienemanni
O(E)thienemanni
O(O)rubicundus
Rheocricotpus fuscipes

Nematoda

Ophinodais serpentia
Nais alpina

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Rhyacodrlus coccineus
Enchytraeidae
Stylodrilus herringianus
Eclipidrilus lacustris

I

10

27

205

[\

19

10

232

3 4

15 14

1 2

1

1 1

1 1

1

1

2 1

30 43

3 4

3 4

14 13

42 124

16

5

185 186

16 21
Table 30

(29)

[ VI G I S W y

96
16
16

104
16

I

22

70
13

224
16

7 8
18 9
1
1
1 1
1
41 20
4 1
1
4 3
13 7
1
1
2
54 57
10 10
4
1
171 182
12 13

N

38

12

33

25

32

101



Species

Rhithrogena semicolorata
Baetis rhodani
Glossosoma conformis
Limnius volkmari
Simulium ornatum
Gammarus pulex

Asellus aquaticus
Ancylus fluviatile
Erpobdella octoculata

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca

Brillia modesta

Tvetania calvescens
Eukiefferiella clarripennis
Eukiefferiella gracei
O(E)thienemanni
O(O)rubicundus
Rheocricotopus fuscipes

Nais elingius

Stylaria lacustris
Tubifex tubifex
Rhyacodrilus coccineus
Limmnodrilus hoffmeisteri
Enchytraeidae
Lumbriculis variegatus
Eclipidrilus lacustris
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22

1

15
18

39

17 6 27 25
301 1
11
1
1
2 1
1 1
1 1
1 1
7 9 3 26
1
3 1

16 2 3
2 1 2

28 2 13
2 14 19
2

Table 31
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Species

Perlodes microcephala
Nemoura sp

Rhithrogena semicolorata 1
Ecdyonurus dispar

Baetis rhodani 25
Rhyacophila dorsalis
Hydropsyche instabilis
Hydropsyche silitalai
Philapotamus montanus 1
Tipula sp

Gammarus pulex

Hydrobia jenkinsii

Ancylus fluviatile
Glossiphonia complanata
Erpobdella octoculata

Conchapelopia melanops 1
Brillia longifurca

Brillia modesta 1
Tvetania calvescens
Rheocricotopus fuscipes

Nais alpina

Nais elinguis

Enchytracidae 8
Ecilpidrilus lacustris
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W N N

3 4 b
1
1
1 2
31 62 18
1
1
2 1
2
1 1
1
4 7 2
Table 32
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Species

Rhithrogena semicolorata
Baetis rhodani
Sericostoma personatum
Rhyacophila dorsalis
Limnius volkmari
Asellus aquaticus

Brillia longifurca 1
Brillia modesta

Tvetania calvescens 4
Eukiefferiella clarripennis
Eukiefferiella gracei
O(O)rubicundus 1

Tubifex tubifex
Enchytraeidae 18

[\

10

37

nuar
3 4
25 2
2
2
1
5 3
2 1
2
17 4
Table 33
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Species

Conchapelopia melanops
Brillia longifurca

Brillia modesta

Tvetania calvescens
Eukiefferiella clarripennis
O(O)rubicundus
O(E)thienemanni
Rheocricotopus fuscipes

Enchytracidae
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1 1 1
2 2 1
4 5 5
1 6 6
1

125 231 126 84

Table 34
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Species

Perlodes microcephala
Rhithrogena semicolorata
Baetis rhodani
Sericostoma personatum
Glossosoma conformis
Rhyacophila dorsalis
Hydropsyche instabilis
Hydropsyche silitalai
Philopotamus montanus
Gyrinus sp

Tabanus sp

Clinocera

Limnius volkmari
Dicranota sp

Gamarus pulex

Hydrobia jenkinsii
Ancylus fluviatile
Glossiphonia complanata

Conchapelopia melanops
Brillia longifurca
Tvetania calvescens
O(Eu)thienemanni
O(O)rubicundus
Rheocricotopus fuscipes
Polypedilum pedestre

Nais elinguis
Enchytraeidae
Lumbriculis variegatus
Eiseniella tetrahedra
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Species

Perlodes microcephala
Isoperla grammatica
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Caenis moesta
Sericostoma personatum
Glossosoma conformis
Rhyacophila dorsalis
Hydropsyche instabilis
Hydropsyche silitalai
Elmis sp

Tabanus sp

Clinocera sp
Hemerodroma sp
Dicranota sp

Limnius volkmari
Gammarus pulex
Asellus aquaticus
Hydrobia jenkinsii
Ancylus fluviatile
Erpobdella octoculata

Ceratopogonid sp
Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta

Tvetania calvescens
Eukiefferiella clarripennis
O(O)rubicundus
Rheocricotopus fuscipes
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1
2
1
1
2
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3
1
3
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1
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3
1
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Table 36
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Species

Nematoda

Nais elinguis
Enchytraeidae
Eclipidrilus lacustris
Eiseniella tetrahedra

|t

2 3 4

1 4
20 99 67
2
1
Table 36(cont)
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Species

Isoperla grammatica
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Sericostoma personatum
Glossosoma conformis
Rhyacophila dorsalis
hydropsyche instabilis
Hydropsyche silitalai
P.flavomaculatus
Dicranota sp
Hemerodroma sp
Limnius volkmari
Gammarus pulex

Asellus aquaticus
Hydrobia jenkinsii
Ancylus fluviatile
Erpobdella octoculata
Glossiphonia complanata

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca

Brillia modesta

Tvetania calvescens
Eukiefferiella clarripennis
O(O)rubicundus
Rheocricotopus fuscipes
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Species

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Enchytraeidae
Stylodrilus herringianus
Eclipidrilus lacustris
Eiseniella tetrahedra
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2 3 4
45 65 2
4
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25 36

1
Table 37(cont)
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Species

Isoperla grammatica
Nemoura avicularis
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Glossosoma conformis
Rhyacophila dorsalis
Hydropsyche instabilis
Diplectrona felix
Tabanus sp
Hemerodroma sp
Limnius volkmari
Tipula sp

Asellus aquaticus
Hydrobia jenkinsii
Ancylus fluviatile

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca
Cricotopus bicinctus
O(E)thienemanni
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Enchytraeidae
Stylodrilus herringianus
Eclipidrilus lacustris
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Species

Ecdyonurus dispar
Rhithrogena semicolorata
Baetis rhodani
Gammarus pulex
Rhyacophila dorsalis

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca

Brillia modesta
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Rhyacodrlius coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Eclipidrilus lacustris
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3 4 5
1 4
2 13
1
1
1 1
1 1 5
1 1
115 283 249
72 58
6
18 14
150 57 125
42 3
Table 39
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Species 1 2 3 4 5 6 1 8 9 10
Leuctra moselyi 1
Baetis rhodani 5 4 4 7 6 1 1 3 1

Asellus aquaticus

Brillia longifurca 1 1 1 1 1 1
Tvetania calvescens 1 1

O(O)rubicundus 1 3 2 4 1 1 3 1
O(E)thienemanni

Rheocricotopus fuscipes
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Nais elinguis 320 339 189 164 191 113 299 64 120 40

Tubifex tubifex 7 14 4 23 5 3 13

Limnodrilus hoffmeisteri 10 23 4 3 9

Enchytraidae 115 121 26 141 31 16 40 23 107 42
Table 40
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Species
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Leuctra moselyi 1

Rhithrogena semicolorata 1
Ecdyonurus dispar 1 2

Baetis rhodani 4 3 5 12 8 3 1 9 4 7
Ephemerella ignita

Rhyacophila dorsalis 1
Hydropsyche silitalai 1

Diplectrona felix 1

Elmis aena 1

Tabanus sp 1
Limnius volkmari 2 4
Dicranota sp 2 1

Glossiphonia complanata 1

Ceratopogonid sp 1 1 1 2 2 2 3
Conchapelopia melanops 1 2 1 2 1
Pothastia longimiana 1

Cricotopus bicinctus 4 1 1 1

Tvetania calvescens 1 1 2 3
O(O)rubicundus 3 8 4 8 4 7 15 7 28
Rheocricotopus fuscipes 1 1 1 1 1 1 7

Nais elinguis 69 104 113 294 132 48 158 213 127 54
Tubifex tubifex 2 1 2
Enchytraeidae 6 17 16 12 7
Stylodrilus herringianus 6 6 12 5

Table 41
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Species

Perlodes microcephala
Nemoura avicularis
Ecdyonurus dispar
Baetis rhodani
Ephemera danica
Caenis moesta
Rhyacophila dorsalis
Hydropsyche instabilis
Hydropsyche silitalai
P.flavomaculatus
Plectrocnemia geniculata
Gammarus pulex
Asellus aquaticus

Ceratopogonid sp
Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca
O(E)thienemanni
O(O)rubicundus
Rheocricotopus fuscipes
Polypedilum pedestre

Nematoda

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Stylodrilus herringianus

=

W = N —

40

[ 8]

55
38

12

3 4
1

6 2
1

1

1

2

7

1

5

33 10

35 15
5

11 46

Table 42

(43)

n

20

I

15

12

53
52

36

~

— R OV N e e e

19
16

12

oo

19

14

84
41

43

ho

86
83

58

17

10

23
92

57



Species

Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Glossosoma conformis
Clinocera sp
Hemerodroma sp
Limnius volkmari
Gammarus pulex

Asellus aquaticus
Hydrobia jenkinsii
Glossiphonia complanata
Erpobdella octoculata

Ceratopogonid sp
Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta
O(E)thienemanni
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraeidae
Stylodrilus herringianus
Eiseniella tetrahedra
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99 203 150 336 156 144 105

3 4 5
3
5
4 3 6
1 1
1 1
1
1 1
2 3
2 3
4 6 5
2 3 1
7 11 8
74 115 70
11 17 9
178 152 268
6 9
25
2
1
Table 43
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Species

Perlodes microcephala
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Rhyacophila dorsalis
Elmis aena

Limnius volkmari

Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta
O(O)rubicundus
Rheocricotopus fuscipes

Metrocnemius calvicola

Ophinodais serpentia
Nais elinguis

Stylaria lacustris
Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Lumbriculis variegatus
Stylodrilus herringianus
Eiseniella tetrahedra
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Species

Ecdyonurus dispar
Baetis rhodani
Baetis scambus
Ephemerella ignita
Asellus aquaticus

Limnius volkmari

Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta
Cricotopus bicinctus
O(O)rubicundus
Rheocricotopus fuscipes
Metrocnemiuscavicola

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraidae
Lumbriculis vareigatus
Stylodrilus herringianus
Eclipidrilus lacustris
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Species

Ecdyonurus dispar
Baetis rhodani
Baetis scambus
Ephemerella ignita
Asellus aquaticus

Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta
Cricotopus bicinctus
O(O)rubicundus
Rheocricotopus fuscipes

Ophinodais serpentia
Nais elinguis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraeidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris
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1
1
1
21 7
3
10 7
5 3
2
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2
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Species

Perlodes microcephala
Isoperla grammatica
Leuctra moselyi
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani

Baetis scambus
Ephemerella ignita
Caenis moesta
Glossosoma conformis
Rhyacophila dorsalis
Hydropsyche silitalai
Simulium ornatum
Hemerodroma sp
Limnius volkmari
Dicranota sp

Conchapelopia melanops
Brillia longifurca

Brillia modesta
Cricotopus bicinctus
O(Eudactylocladius) sp
Rheocricotopus fuscipes

Ophinodais serpentia
Nais alpina

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraeidae
Eclipidrilus lacustris
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Species 1 2 3 4

Perlodes microcephala 2

Leuctra moselyi

Ecdyonurus dispar 3 6 3 6

Baetis rhodani 35 4 5 64

Baetis scambus 2

Ephemerella ignita 26 38 16 48

Caenis moesta 1

Glossosoma conformis 1 2.

Rhyacophila dorsalis 1

Hydropsyche instabilis 1

Philopotamus montanus 1

Limnius volkmari

Dicranota sp 1 4 3

Asellus aquaticus 1

Hydrobia jenkinsii 1

Erpobdella octoculata

Conchapelopia melanops 2 1

Brillia longifurca 1 1 2 2

Brillia modesta 2

Cricotopus bicinctus 36 49 30 26

Eukiefferiella clarripennis 1

O(O)rubicundus 1 4 2 1

Rheocricotopus fuscipes 3 3 2
Tabled8
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Species

Ophinodais serpentia
Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Enchytraecidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris
Eiseniella tetrahedra
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Species 1 2 3 4
Leuctra moselyi
Ecdyonurus dispar 8 1 2 8
Baetis rhodani 15 8 20
Baetis scambus 11 1
Ephemerella ignita 25 19 9 31
Glossosoma conformis
Rhyacophila dorsalis
Philopotamus montanus
Hemerodroma sp
Limnius volkmari
Dicranota sp
Gammarus pulex 2 1
Asellus aquaticus 1 1 1
Hydrobia jenkinsii
Ancylus fluviatile
Erpobdella octoculata 3 1
Conchapelopia melanops 2 1
Brillia longifurca 2 1 1
Brillia modesta 1 2
Cricotopus bicinctus 22 12 11 19
Eukiefferiella clypeata 1
O(O)rubicundus
Rheocricotopus fuscipes 7 5 5 3
Polypedilum pedestre

Table 49
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Species 1l 2 3
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Perlodes microcephala

Leuctra moselyi 1 1 1
Ecdyonurus dispar 1 1

Baetis rhodani 16 10 18 11 25 13 20
Ephemerella ignita 2 3
Rhyacophila dorsalis 1 1

hydropsyche silitalai 1
Tabanus sp 1

Hemerodroma sp 1

Limnius volkmari 2 1
Hydrobia jenkinsii 1

Brillia longifurca 1 1 3
Rheocricotopus fuscipes 1 2 1 1 1

Nais alpina

Nais elinguis

Stylaria lacustris
Limnodrilus hoffmeisteri
Enchytraeidae 2

— N = NN
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Lumbriculis variegatus
Stylodrilus herringianus 2 1
Eclipidrilus lacustris 1 1
Eiseniella tetrahedra 3

Table 50
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Species

Leuctra moselyi
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Caenis moesta
Sericostoma personatum
Hydropsyche silitalai
Simulium ornatum
Limnius volkmari

Asellus aquaticus

Conchapelopia melanops
Prodiamesa olivacea
Brillia longifurca

Brillia modesta
Cricotopus bicinctus
O(O)rubicundus
Rheocricotopus fuscipes

Polypedilum pedestre

Nais elinguis

Nais variablis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris
Eiseniella tetrahedra
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716 294 338
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2
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Table 51
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Species 1 2 3 4 5 6 1 & 9
Leuctra moselyi 2 1
Ecdyonurus dispar 1 2 2 1

Baetis rhodani 51 48 56 46 126 40 64 80 100
Baetis scambus 4 8 4 2 2
Ephemerella ignita

Dytiscus sp 1
Limnius volkmari 1 1

Dicranota sp 1 1

Asellus aquaticus 2 1 1

Conchapelopia melanops 1 1
Brillia longifurca 5 2 3 4 3 1 3 4 2
Brillia modesta 1

Tvetania calvescens 1 2

O(O)rubicundus 2 1 7 4 4 5 2 5 3

Rheocricotopus fuscipes 3 1 2 1 2 2 5 3

Nais alpina 2

Nais elinguis 42 23 10 7 39 71

Nais variablis 2

Tubifex tubifex 19 261 158 62 60 128 241 198 179

Limnodrilus hoffmeisteri 15 4 3 7 14 28

Enchytraeidae 33 69 58 4 36 16 13 64 28

Lumbriculis variegatus 14 7 2 3 7

Stylodrilus herringianus 2

Eclipidrilus lacustris 11 2 3 7 11 21
Table 52
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Species 1

Perlodes microcephala

Leuctra moselyi 2 3 1 1 2
Rhithrogena semicolorata

Ecdyonurus dispar 1 1 1
Baetis rhodani 17 49 43 25 31
Ephemerella ignita 5 2 7
Glossosoma conformis 2 3 2
Rhyacophila dorsalis 1
P.flavomaculatus 1
Elmis aena 1
Gyrinus sp

Simulium ornatum

Hemerodroma sp 1

Tipula sp 1

Limnius volkmari 1

Dicranota sp

Asellus aquaticus 1
Hydrobia jenkinsii

Glossiphonia complanta

Conchapelopia melanops 1 1
Brillia modesta

O(O)rubicundus 2 2 1
Rheocricotopus effusus 2 2 2

Nais elinguis

Tubifex tubifex 10 1 1

Limnodrilus hoffmeisteri 4 2

Enchytraeidae 4 1 1

Stylodrilus herringianus

Eiseniella tetrahedra 1 3
Table 53
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Species

Perlodes microcephala
Nemoura sp

Leuctra moselyi
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Glossosoms conformis
Rhyacophila dorsalis
Hydropsyche instabilis
Philopotamus montanus
Gyrinus sp

Gammarus pulex
Asellus aquaticus

Conchapelopia melanops
Brillia longifurca
Tvetania calvescens
O(O)rubicudus
Rheocricotopus fuscipes

Nais alpina

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytracidae
Lumbriculis variegatus
Stylodrilus herringianus
Eiseniella tetrahedra

Site S September 1986,
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Table 54
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Species

Perlodes microcephala
Isoperla grammatica
Leuctra moselyi
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Glossosoma conformis
Hydropsyche instabilis
Hydropsyche silitalai
Elmis aena

Gyrinus sp

Simulium ornatum
Tabanus sp

Limnius volkmari
Dicranota sp
Gammarus pulex
Asellus aquaticus
Ancylus fluviatile

Glossiphonia complanata

Brillia longifurca
Tvetania calvescens
O(O)rubicundus
Rheocricotopus fuscipes
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3 4 5
1
1 1
3 1
30 33 18
1 1
3
1
1 3
2 2
5
1 3
Table 55
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Species

Ophinodais serpentia
Nais alpina

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraeidae
Eclipidrilus lacustris
Eiseniella tetrahedra
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2 3 4 5 6 1 8 92 10
1
1 4
2 3 4 4 4 2 6
2 3 2 1
1 1 1
1 3
1 1 4 1 1 9 1
1 1 1
1 2
Table 55(cont)
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Species

Rhithrogena semicolorata
Ecdyonurus dispar
Heptagenia lateralis
Baetis rhodani
Ephemerella ignita
Sericostoma personatum
Hydropsyche instabilis
Tipula sp

Hemerodroma sp
Limnius volkmari
Gammarus pulex

Ceratopogonid sp
Conchapelopia melanops
Brillia longifurca
O(O)rubicundus
Rheocricotopus fuscipes

Nais alpina

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Lumbriculis variegatus
Stylodrilus herrinianus
Eclipidrilus lacustris
Eiseniella tetrahedra

b=

o

3 4 5 6 1 8 9
1 1
1
3 s 2 1 1 5
1
1
1
1 2 1 2 1
1
1 1 1 1
1
1
Table 56
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Species

Leuctra sp

Baetis rhodani
Glossosoma conformis
P.flavomaculatus
Hemerodroma sp

Gammarus pulex

Brillia longifurca
Eukiefferiella clarripennis
O(O)rubicudus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Stylodrilus herringianus
Eclipidrilus lacustris
Eiseniella tetrahedra

=

o

10

3 4 5 6 1 8
10 7 6 1 1
1
1
1
1 1
1
1 3 1 1
1 4
8 10 14
25 56 29 2 3 4
4 4 2
49 14 11 2 3 4
7 1
3
Table 57
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Species

Nemoura sp
Ecdyonurus dispar
Baetis rhodani
Gammarus pulex
Asellus aquaticus

Conchapelopia melanops
Brillia longifurca

Brillia modesta
Eukiefferiella clypeata
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraaeidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris
Eiseniella tetrahedra

s

[|\8]

10

10

3 4 5 6
1
1
1 3 5 8
1 1 2
1 1 1
2 1 1
1 1 1
3 2
10 4 6
2 4
8 4 11
1 3
8 14 4 5
6 4
4
2 5
1
Table 58
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Species

Rhithrogena semicolorata
Ecdyonurus dispar
Heptagenia lateralis
Baetis rhodani
Ephemerella ignita
Sericostoma personatum
Glossosoma conformis
Elmis aena

Dicranota sp

Gammarus pulex

Asellus aquaticus

Ceratopogonid sp
Conchapelopia melanops
Brillia modesta
Eukiefferiella clarripennis
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Stylaria lacustris
Tubifex tubifex
Limnodrilus hoffmeisteri
Enchytraeidae
Eclipidrilus lacustris

[

[[\S]

p—t e e peedd

3 4

1

1
2 1

1
1

1
1

2
2 1

1
2

Table 59
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Species

Leuctra sp

Nemoura avicularis
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Rhyacophila dorsalis
Hydropsyche stilitalai
Hydropsyche instabilis
Hemerodroma sp
Dicranota sp

Asellus aquaticus
Erpobdella octoculata
Glossiphonia complanata

Ceratopogonid sp
Conchapelopia melanops
Prodiamesa olivacea
Brillia modesta

Tvetania calvescens
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Stylaria lacustris

tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Stylodrilus herringianus
Eclipidrilus lacustris

|r—at

v

\%
3 4
1
1
4 1
10 2
1
1
1
2
1
2
1 9
1
1
1
2
Table 60
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Species

Leuctra sp

Nemoura avicularis
Rhithrogena semicolorata
Ecdyonurus dispar
Baetis rhodani
Ephemerella ignita
Rhyacophila dorsalis
Hydropsyche instabilis
Elmis aena

Gyrinus sp

Tipula sp

Tabanus sp

Limnius volkmari
Dicranota sp
Gammarus pulex
Asellus aquaticus
Erpobdella octoculata

Conchapelopia melanops
Brillia longifurca

Brillia modesta
Eukiefferiella clypeata
O(O)rubicundus
Rheocricotopus fuscipes

Nais elinguis

Tubifex tubifex
Rhyacodrilus coccineus
Limnodrilus hoffmeisteri
Enchytraeidae
Lumbriculis variegatus
Stylodrilus herringianus
Eclipidrilus lacustris

=

2
2
15

L

(O8]

29

188

17

35

15

3 4

1

4

4 3

10 14

1
1
2
5
4

1 2

1 3

2 3
3

5 11

5

2

2

36 70
3
5

Table 61
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The numbers at each sampling time are expressed as a percntage of the total numbers.

Time(seconds)
species 30 60 90 120 150 180 210 240 Total
Perlodes microcephala 1
Ecdyonurus dispar 2 1 3
Rhithrogena semicolorata 1 1 2
Baetis rhodani 10 8 5 3 1 1 20
Glossosoma conformis 1 1
Hydropsyche instabilis 1 1
Tabanus sp 1 1
Hemerodroma sp 1 1
Dicranota sp 1 1
Gammarus pulex 1 1 2
Asellus aquaticus 1 1
Ceratopogonid 1 1
Chironomidae 25 20 15 6 3 2 2 713
Oligochaeta 31 21 17 9 6 3 1 8
Totals 74 44 35 27 10 8 O 1 204
% of total 36 61 81 91 95 98 98 100

Table 62

thus, since >90% of the organisms in this initial survey were recorded at 120s it was
decided that this was to be the sampling time for the biological sampling programme.
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Graphs representing chemical results against sampling time: Figs 5-11
Fig 5: pH.

Fig 6: Dissolved oxygen(ppm) and Temperature(°C).

Fig 7: Ammoniacal nitrogen(ppm).

Fig 8: Particulate solids(ppm).

Fig 9: BOD(ppm).

Fig 10: Oxidised nitrogen(ppm).

Fig 11: 24 hour survey.
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24 hour survev; Dissolved oxygen(ppm) and Temperature(C),

P
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Graphs of 95% confidence limits (All graphs show animals/m2 against site number):

1) Most common species:
Fig 12: October 1985.
Fig 13: January 1986.
Fig 14: April 1986.

Fig 15: June 1986.

Fig 16: September 1986.
Fig 17: November 1986.

2) Seasonal variation of selected species:
Fig 18: Baetis rhodani.

Fig 19: Ephemerella ignita.

Fig 20: Cricotopus bicinctus.

Fig 21: Brillia longifurca.

Fig 22: Orthocladius(O) rubicundus.

Fig 23: Rheocricotopus fuscipes.

Fig 24: Tubifex tubifex.

Fig 25: Nais elinguis.

Fig 26: Enchytraeidae.
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Most common species: October 1983,
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Most common species: January 1986,
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Block histograms and diversity indices: Figs 27 - 38, results from indices Tables 63 - 69
1) Graphs of block histograms for each sampling occasion:

Fig 27: October 1985.

Fig 28: January 1986.

Fig 29: April 1986.

Fig 30: June 1986.

Fig 31: September 1986.

Fig 32: November 1986.

2) Graphs of diversity indices for each sampling occasion:
Fig 33: October 1985.

Fig 34: January 1986.

Fig 35: April 1986.

Fig 36: June 1986.

Fig 37: September 1986.

Fig 38: November 1986.

3) Results for indices used:

Table 63: Kothe's speciesdeficit
Table 64: Shannon's diversity index.
Table 65: Czekanowski's coefficient.
Table 66: Trent biotic index.

Table 67: Chandler score.

Table 68: BMWP score.

Table 69: WWA score.
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A table of comparisons for sites 1 and 2, 2 and 4, and 2 and 6 can be seen below:

D = Kothe's species deficit, J = Jaccard's coefficient

Sampling date.

Sites 1 and 2 D (%) J
October 1985 50 0.47
January 1986 29.2 0.2
April 1986 46.4 0.41
June 1986 80.8 0.75
September 1986 72.7 0.47
November 1986 57.5 0.52

Sites 2 and 4.

October 1985 344 0.26
January 1986 32.3 0.29
April 1986 45.8 0.37
June 1986 53 0.47
September 1986 55.2 0.39
November 1986 56.5 0.46

Sites 2 and 6.

October 1985 52 0.47
January 1986 38.2 0.37
April 1986 53.8 0.48
June 1986 57.1 0.53
September 1986 51.5 0.39
November 1986 30.4 0.32

Table 63
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The results obtained from the raw biological data are given below:

Site October 1985 January 1986 April 1986
1 8.13 5.62 7.47

2 2.59 3.23 3.93

3 3.81 1.84 2.51

4 8.29 8.46 573

5 6.41 8.63 5.86

6 6.39 8.28 5.37

June 1986 September 1986 November 1986

1 6.67 6.12 5.74

2 4.18 6.73 4.43

3 53 5.31 6.62

4 7.11 7.47 6.62

5 7.55 7.13 8.11

6 8.32 9 8.2

Table 64
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A table of comparisons for Site 1 and 2, 2 and 4, and 2 and 6 can be seen below:

C, = Czekanowski's coefficient.

Sites 1 and 2 _C_Z
October 1985 0.07
January 1986 0.46
April 1986 0.63
June 1986 0.2
September 1986 0.12
November 1986 0.35
Sites 2 and 4

October 1986 0.14
January 1986 0.43
April 1986 0.33
June 1986 0.52
September 1986 0.17
November 1986 0.27

Sites2 and 6

October 1986 0.17
January 1986 0.77
April 1986 0.73
June 1986 0.34
September 1986 0.12
November1986 0.38

Table 65
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The results obtained from the Trent biotic scoring system as follows:

Site 1

Qctober 1985

(= NNV RSOV

AN N Rk W N

10

oo 00 W N W

June 1986
7

7

7

10

10

9

January 1986
10

i
2
10
11
10

September 1986

April 1986
10

o0 O O N\

November 1986

9
8
8
11
10
11

Table 66
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The results obtained from the Chandler score are as follows:

2]
-
-
¢’

o\u.-bwl\)v—AI

o RV BNV

QOctober 1985

795
240
440
1160
795
725

June 1986

815
560
550
1335
1230
1235

Chandler score,

January 1986

1045
465
185
1255
1585
1265

September 1986

April 1986
1140

535
310
975
975
795

November 1986

900
827
750
1205
1130
1412

Table 67
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The results obtained from the BMWP score are as follows:

|72}
=
[¢]

O\Lh-hwl\-)’—‘l

QN b B W N

October 1985

50
11
25
79
51
52

June 1986

54
35
30
107
96
95

BMWP score,

January 1986
77

42
3
101
121
112

September 1986
77

65

60

108

101

114

Table 68
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30
20
82
72
60

November 1986

73
42
36
66
65
98



The results obtained from the Welsh Water Authority scoring system are as follows:

N
—
-
¢}

O\Ut.hwt\)»—ﬂ‘

N R W =

October 1985

698
248
319
890
593
592

June 1986
534

520

461

1171

1051

994

Ish

r Authori

r

January 1986 April 1986
773 888

299 377

95 186

1116 760

1362 742

1074 652
September 1986 November 1986
783 730

683 425

625 439

1028 715

874 790

1098 1038

Table 69
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Appendix 7,

Data analysis and line listings for ARTHUR and SPSS-X: Figs 39-90.
1) 95% confidence limits:

Fig 39: Sample calculation for 95% confidence limits.

2) Species lists used for input of data to ARTHUR and SPSS-X.
Fig 40: October 1985.

Fig 41: January 1986.

Fig 42: April 1986.

Fig 43: June 1986.

Fig 44: September 1986.

Fig 45: November 1986.

3) Line listings for ARTHUR and SPSS-X
Figs 46-90.
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mpl Iculation f o_confidence limi

Suppose we have a list of five species which have relative abundances/m2 of,
98, 22, 72,214 and 67.

In order to find 95% confidence limits we firstly need to find the Logs of these values:

X Log x
98 1.991
22 1.342
72 1.857
214 2.330
67 1.826

Xx= 946 y= 1.869

then, we must find the values of x - x and also the sum of the squares;

X X X-X x-x)?
1.991 1.869 0.122 0.015
1.342 1.869 -0.527 0.278
1.857 1.869 0.012  1.44x10-4
2.330 1.869 0.461 0.212
1.826 1.869 -0.043 1.9x10-3
0.507

this value must the be divided by n - 1(ie number of factors is 5).
thus giving a value of 0.127.

To find 95% confidence limits where t = 2.262 then;

1.869 +2.262  0.127
5

“and so 95% limits for the data are;

1.869 - 0.362 = 1.507 and 1.869 + 0.362 = 2.231
which gives us values of;

32.1t0 170.2, y = 74



. Conchapelopia
. Brillia longifurca
. Brillia modesta

. Tvetania calvescens

1

2

3

4

5. Eukiefferiella clarripennis
6. O(O)rubicundus

7. Rheocricotopus fuscipes
8. Nais elinguis

9. Tubifex tubifex

10. Rhyacodrilus coccineus
11. Limnodrilus hoffmeisteri
12. Enchytraeidae

13. Stylodrilus herringianus

14. Eclipidrilus lacustris

Fig 40
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Species list for ] 1986

1. Stoneflies: a)Perlodes microcephala
b) Isoperla grammatica
2. Other mayflies a) Rhithrogena semicolorata
b) Ecdyonurus dispar
¢) Ephemerella ignita
3.Baetis rhodani
4. Cased caddis:  a) Sericostoma personatum
b) Glossosoma conformis
5. Hydropsychids : a) Hydropsyche instabilis

b) Hydropsyche silitalai

6. Dipterans: a)Tabanus

b)Dicranota

¢)Clinocera

d) Hemerodroma
7. Limnius volkmari
8. Molluscs: a) Hydrobia jenkinsii

b) Ancylus fluviatile
9. Leeches: a) Erpobdella octoculata

b) Glossiphonia complanata
10. Conchapelopia melanops
11. Brillia longifurca
12. Brillia modesta
13. Tvetania calvescens
14. Eukiefferiella clarripennis
15. Rheocricotopus fuscipes
16. Tubifex tubifex
17. Nais elinguis
18. Enchytraeidae

Fig 41
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Species list for April 1986

1. Stoneflies: a) Perlodes microcephala
b) Isoperla grammatica

2. Other mayflies a) Rhithrogena semicolorata
b) Ecdyonurus dispar

3.Baetis rhodani

4.Caddis a) Rhyacophila dorsalis
b) Hydropsyche instabilis
¢) Hydropsyche silitalai
d) Polycentropus flavomaculatus
e) Plectrocnemia geniculata
f) Diplectrona felix

5. Dipterans a)Clinocera
b) Hemerodroma
¢) Tabanus
d) Tipula
¢) Dicranota

6. Ceratopogonid

7. Conchapelopia melanops

8. Brillia longifurca

9. Brillia modesta

10. O(E)thienemanni

11.0(O)rubicundus

12. Rheocricotopus fuscipes

13. Nais elinguis

14. Tubifex tubifex

15. Limnodrilus hoffmeisteri

16. Enchytraeidae

17. Stylodrilus herringianus

18. Eclipidrilus lacustris

Fig 42
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Species list for June 1986

1. Stoneflies: a) Perlodes microcephala
b) Isoperla grammatica
¢) Leuctra moselyi

2. Other mayflies a) Rhithrogena semicolorata
b) Ecdyonurus dispar

3. Baetid mayflies a) Baetis rhodani
b) Baetis scambus

4. Ephemerella ignita

5. Conchapelopia

6. Brillia longifurca

7. Cricotopus bicinctus

8. O(O)rubicundus

9. Rheocricotopus fuscipes

10. Nais elinguis

11. Stylaria lacustris

12. Tubifex tubifex

13. Limnodrilus hoffmeisteri

14. Enchytraeidae

Fig 43
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Species list for S her 1986

1. Stoneflies: a) Perlodes microcephala
b) Isoperla grammatica
¢) Nemoura avicularis

2. Ecdyonurus dispar

3. Baetid mayflies: a) Baetis rhodani
b) Baetis scambus

4. Ephemerella ignita

5. Caddis

6. Brillia longifurca

7. Brillia modesta

8. Tvetania calvescens

9. O(O)rubicundus

10. Rheocricotopus fuscipes

11. Nais elinguis

12. Tubifex tubifex

13. Limnodrilus hoffmeisteri

14. Enchytraeidae

15. Lumbriculis variegatus

16. Eclipidrlus lacustris

17. Stylaria lacustris

Fig 44
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1. Other mayflies: a) Rhithrogena semicolorata
b) Ecdyonurus dispar
¢) Ephemerella ignita

2. Baetis rhodani

3. Brillia longifurca

4. Brillia modesta

5. O(O)rubicundus

6. Rheocricotopus fuscipes

7. Nais elinguis

8. Tubifex tubifex

9. Limnodrilus hoffmeisteri

10. Enchytraeidae

11. Eclipidrilus lacustris

Fig 45
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Dendrogram using Average Linkage (Within Group)
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Dendrogram using Average Linkaye (Between Groups)
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Dendrogram using Single Linkage
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Dendrogram using Complete Linkage
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Dendragram using Centroid Method
Rescaled Distance Cluster Combine

CASE 0 S 10 15 20 o5
Label Seqg +-=-----=- tmm tmm e e o A
2 -+

28 -+

26 -+
14 -+
29 —+
41 -+
44 -+
z -+
25 -t -+
11 -+ |
z ———4
31 —+-+
36 =+ |

S =+ |
21 -t -+
30 —-=+ )

5% ——=t |
cic SN

10 =---- +
20 ~---- + 1

47 ———t I t

29-JUL-87 SFSS~-X RELEASE 2.2+ FOR VAX/VMS
11:01:57 THE POLYTECHNIC OF WALES DEC VAX-25600 VMS V4.5

e v o e v ox ox X N N ¥ ¥ s e s el D@ AaRECHTILELAL 1 uUusTER

Fig 64

(146)



#E K & T T exxrrxxr e rxw e ) ERARCHICAL CLUS I £ K ROoMom e 0 e

Dendrogram using Median Methcd
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iregram using Average Linkage (Within Group)
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Dendrogram using Centraid Methed
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Dendrogram using Median Methcd
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Dendrogram using Average Linkage (Retween Groups)
Rescaled Distance Cluster Combine
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Dendrogram using Ward Method

Rescaled Distance Ciluster Combine

CASE 0 5 10 15 z0 25
Label Seg +---r—=--- o —m———— - e [P ey

3 -+

&0 -+

30 —+

43 ~+

47 —+

93 —+

36 -+

40 -+

34 -+

26 -+

56 -+

57 ~

539 -+

S5 -+

8 ~+

49 -+

30 -+

oz ~+

31 -+

35 -+

38 -+

3z —4--=4

33 -+ i

33 ~+ l

4 -+ |

24 —+ ]

18 -+ |

a1 -+ ]

44 -+ B e ittt e b +
45 —-+ ! !
42 -+ | |

54 —+ | |
2 -+ ! ]
S —~+ [ |

34 ~+ 1 [

21 —t—=--+ I
37 -+ 1
zz -+ |
27 ——— - + !
7 -+ [ |
8 ~+ ) !
9 -+ I |
13 —+ e e + i
z3 -+ I ! i
1z -+ } | t

5 b | ! |
10 -4+ -4 i 1
& ——— | [
14 -+ e i bttt it +

5 -t -+ !

1 -+ | i

28 -+ Am—e————— +

29 -+ ) ! ]

14 —t =+ 1 !

17 -+ bkt *

20 -+ |

15 -+ !

11 ———t—t |

48 ==t tommm o +

1?9 --=-- +

31-JuL-87 5P55-X RELEASE 2.2+ FOR VAX/VMS
10:45:37 THE POLYTECHNIC OF WALES DEC VAX-8600 VMS V4.5

Fig 78

(160)



£0-3008° 9~

£0-3651°2~

$0-3064°F

£0-39¢£°E

£0-3re1 " ¥~

£0-306L° 1~

£0-3£09° 8~

20-32L2°1

20~-322e°1-

20~3v16°L-

20-380L°2-

20-3148°2

10-3£8L° 1~

10~-3260°9~

10-3.¥8°6-

10-3896" v-

10~-3601° 1~

FRKEERERPHER LR R ERFFRER L P ETRFL RIS RIES

000°0 dHX

T0-3E5L° 1~
£0-39ge &~

20-38680°9
£0-3L9% v~

20-3tvE1°8-
£0-38/6°6-

£0-312L°6~
$0-3£25°6

10~-329€" 1~
20-390%°E

10-3490° ¥~
20-3298°E-

10-38p6° €~
20-3660°1-
10-32%6°9
20-31¢0°¢

10-30E1°1
10-369171-

10-3€¢8°L
20-34%9°2

go-3sce" v
10-39G81" 6~

20-3L6L v~
20-391E°8

£0-3885°%
T0-3L£E°2
£0-3891°S
10-3t12°2

20-3515°2-
10-3L8%°1-

c0-3198°1-
10-36£0° T~

£0-3£11°2-
20-352¢ £~

10-3¢1L°S
$0-32%2° 8-

10-3490°8
¥0-3v1v°S

c0-3LH2°6
£0-3896° 2~

10-3990°¢
?0-308%°1-

10-3100°1
£0-38L9°2

20-3£2L" 1-
#0-3£00°1

£0-3099° 6-
£0-3905° 1~

20-318L°6
P0-3629°6

£0-3L6E° 8
£0-3215°1

20-39£9° v
$0-31E6° ¥~

£0-3£81° £~
£EQ-38T1°¢-

y0-3L£9°8
20-3EL0° £~

£0-3000" v~
20-389¢ " 1~

£0-3612° L~
20-3831°2-

£0-36Lt°E-
20-3580°9-

£0-3E£E£G° T~
10-3811°€

v0-329¢° 1-
10-3€LY° 6~

Qo0 ¢ 49X

£0-

20-

£o-
g0~

10-
10-

£0-
10-

20-
20~

10-
10~

EO-
10-

20-
10-

10~

20~

20~

10~

10-
20-

10~
v0-

10-
co-

T0-
c0-

z0-
20-

Z0-
20-

20-
£0-

sbb-

1 Jol-d
306272~

3vg1 8-
3262°S-

reett
arez*i

32¢9°9
306217

3908° 6~
306+%°8

38071
ECATRat

3I2ey
326462

ggLte~
3156 v~

308£°1
3109

IvBLTE-
30LL°L

120§ 3 4
32y 1~

3L08°E
3L64°8

321y 8-
30882~
3veste
32£L°5-

30942
3zaLtE-
36LE° L~
388L° 1~

3260 £~
3£80° 1~

54

20-3296°2 10-3£2v°1- 20-392L°C

£0-3992°¢ 20-3£L9'e-

20-358£°8~- 10-3001°¢
£0-3L071°C ¢0-3629°E~

20-30t1°G- T0-350L°6-
20~-3¥LE° 1 20-38E1°Y

20-32LL%% 20-3289°9-
£0-3286°2- 20-38E8%°¢

10-3600%2 10-31E2°1
20-34648°2~ 10-365E°1

10-3141°1 20-3202°¢L
20-38E4°F  10-3vL8° b~

10~3960'8 20-3656° -
20~3168°1  10-3462°1T

10-3vbs’2 10-38E%°1-
20-32F46°2- 10-3G2v 2~

20-3611°L 20-38vL°E
20-3626°L 10-3210°F

10-316E°¢ 20-3E£22°L
20-3BLy 1 20-38LE2°L-

£0-3901°9- £0-3088°L~
10-3806°¢C £0-3550°%~-

£0~-3299'6 20-3825°¢
10-399L4°¢€ 10-3£08°9-

20-3929°'5- T0-36¥2°1-
10-39¢v£°¢  10-3190° 1~

20-3095°1- 20-31¢E°S
10-38£8°6 10-302L°¢
20-3489 2~ T0-3L18° 1~
10-3¢LR° €~ 10-3929°1-

E0~31LE"6~ T0-364L° 1~
10~-346vL°E~ 10-3C6t°1-

v0-3b¥0° 8- £O-30LT°1-
10-3641° 1~ 20~3L81°2-

341 S L¥ON

&1

10-3911°8
£0-3576°8 20-3955°9
10-3886°1 10-38LL b~
10-36E1°1 10-3¥807 1~
10-321E"1  T10-38vYv e~
20-30Gv "6~ 20-3£2€°9
10-3985°6- 10-346S50°1-
20-3¥22° G- £0-3240°8
20-3602°6 20-3G15°6~
10-3v49 L~ 10-31L8°EF
£0-3L48°Y 10-38LE71-
10-3¥01°2 10-3£91°9
£0-3281°L 20-3£217 6~
10-399¢°1  10-3188°2-
20-32LC ¢~ 20-3LLE'E
£0-3£96'8~- 10-35£C°E
20-346L8°1 20-34vL°0
10-3628 £~ 20-3pdb"L-
10-32£1°1 20-3216°S
10-3pv2° 1 20-3¥99°L-
£0-328L°E~ E£0-3120°7
20-3pyeL1 20-3T1vL° 1T
$0-3128°S- $0-3089°9-
10-342L°E- 10-3268°E-~
£0-369L"%9- £0-3L18°C-
10-3021°1- 10-365¢1° 2~
20-32£2°1- £0-328T°L-
10-3266°1 10-381v°¢
£0-3831° L~ £C-3059°LC-
20-3590876- 10-3p971°1-
£0-3452°£- £0-3J901° 2~
20-395¢ " /- 10-3620° 1~
$0-3£4£8°1- v0-3L£L0°5-
20-3fve" - 20-3046°1-

20-3062" 1~
y0-32E1°9
g0-3%146°E-
y0-39v2°8

£0-306€°8
£0-3¥89° 8-

20-3866"1
+0-3192°8~

10-3208°F
£0-3918°C

10-3£89°E~
20-326F71

20-3220°1
£0-3891°'¢

20-3928" v~
£0-3v£Q° 1

10~-32EL 8-
20-3071L" 1~

20-305¢v°9
20-30ET1"¢2

10-39EE° T
£0-36vE"E-

20-3b1e°e
20-366L° £~

10-3L¥1° 1~
20-39L0°9
20-388¢ "L
20-3000° £~

20-3109 2~
10-35L6°9

20-3vLE 2~
10-32086° 9~

£0-3£495" 8-
10-321L72-

fast

0001

0°001

0°001

0001

0°001

0° 001

0° 001

07001

0°001

0°001

-1

L7666

£°66

v 96

v E6

1°2%
aviol

e rrCHD LG IR P E L F R E R R R SR PR B R IR L L H G LR PR FR IR T E IR PR TR R EEE d3AN3S

LI amvn
0°0 10+3ECE° ¥
[ 10+3520°S
0°0 10+3986°S
00 10+37966° L
0°0 20+3T1¥58°1
0°0 20+3Lv6° 1T
00 20+3Lv1%e
00 20+3T1EL°2
0°0 20+3E9E"9
0'0 £0+36L0°1
20 £0+3L40v°9
b0 PO+396Y " T
670 $0+3201°FE
1°2 ¥0+3815°L
o°¢ S0+39L0°1
veit SO+39T1 ¢

128 0+39L6°2

HOY3

LY

91

St

b1

£l

el

1

01

34d "HYA  3NTIVAN3DIZ

TO3ILOVYINE SMOLD3IA/SIANTIVARIDIZ 40 M3IWNAN WAKIXYH L1

HY AN

Q

*7

¥

]

I

"SININOSWDD

1831IN 0%

INIMZ HTI3HL

1V dN

F-I TTI3M FSAININOSHED

AvSIONINZ MOd

TI3aM

0
1

LINN LhdInG  2E

NI g3iv34D 1If

s iivd3

Fig 79

23AN

HIJN
INAN

#LNON

NIN

INYM OOA " NIV W-I

(161)



YMAX= 2.363E+02

YMIN=-2,565E+02

AR ETE TR SRS ETEEES FNE T R TR R R R R L A T E R R .¢¢¢$4H¢w¢*A»¢$kMm¢;w¢uu*¢m*¢¢w¢w4$+ma¢m*¢w¢m»M¢w*w+
* 4+
% ¢ *
# e #*
# y *
- v -
* J\ i+
% v *
* Y *
2 Y *
- ¥ -
#* v *
#* Y *
* v *
* 29 Y *
- Y -
#* Y #*
* Y *
* Y *
#* Y *
- y -
* Y 2
* s *
* Y *
* ¥ #
- ( -
* 2228 Y *
* Y »
* 12 Y *
L 2333000880088 58 0800003080000 000 et Rttt Raley, (3289000000000 833 0008030008008 888 0000000 0RO RO OL)
- u& -
* 449 *
* 30 539 *
#* 50 *
» 37 *
- < -
* 27 Y *
* Y *
* Y *
* 21 *
- Y -
* Y *
* 289 *
* Y *
* 1315 *
- 286Y -
* Y *
* 111y #*
» 25Y *
* 23Y .
- < -
* Y *
* Y s
* A a
* Y *
- < -
» 14 Y *

Y Ny T Y S R R gy g e T e e e Ry ST T T TSRS S E R TR TR E Y e Y
AMIN =-1.232E+03 INDEX PLOT X=  1¢ 9] XMAX = 1.232E+03

(=i

S~ OO0 O00 R =RNONNONOCO ~ 00RO HHEHN- -~ ONOOODO0O0000OL0ORCOO0OSOLADS SO
-
CO0000COOORDOROOR,ROO0O0OO0O0~ OO~ NOO0OO0000O0UODOROUGOOOOOOOOOC SO

PLOT NOT

Fig 80

(162)



YMAX= S.37IE-01 +rsusssgsalasssnsnnslanasns serlrsndusnanlontannnss[apnaprsan]iotans

4 + 1 0
* + 0 9
# 0 0
¥ + 0 0
- - 9 0
# * 0 0
" + 0 [}
M + 0 Q
F'y * 0 [¢]
- - 0 0
» * 0 0
¥ + 0 0
» * 0 Q
» * 0 0
- - 0 0
* * 0 0
* * 0 Q
% * 0 0
% + 0 0
- - 0 0
* + 0 0
* + 0 0
» + 0 (o}
* # 0 0

Y= 2¢ 17y - - 0 0
» L) 0
#* * 0 0
* * 0 0 —
* = 0 0 oo
- - 0 0 bp
* * 0 0 F
* * 0 0 B
* + 0 0
* * 0 0
- - 0 0
* + 0 0
» 2 + 1 0
* + 0 0
* + 0 0
- - 0 0
* + 0 0
» + 0 0
* L] 0
» 2 + 1 0
- 2 - 1 0
» + 0 0
* b 2 * 2 0
* + 0 0
* -] * 1 2
- - 0 0
* + 0 0
* 16 * 2 2
* + 0 0
* 1445 § 4 * & 26
- 32 3 22 3 3 333 - 10 Q
* 2 3 2 I* 4 1

YMINZ =8 837E-02 +H%Reada ] a0 Rttt n R IR0 S 40 00 B[40 A A BN B RN H AR R R R AR R ARRRRARR A AR A X RN AF ] RN AR AR AR [ RN B R R bR [ RANAS
XMIN =~8.127E-02 CATEGORY PLOT X= 1 12) XMAX = 3.840E~-01 PLOT NOT

(163)






Dendrogram using Single Linkage
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Dendrogram using Ward Method

Rescaled Distance Cluster Combine
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Scoring systems used for the various indices: Tables 70 - 73.
Table 70: Trent biotic index.

Table 71: Chandler score.

Table 72: BMWP score.

Table 73: WWA score.
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Clean

Plecoptera >1 species
nymph present 1 species only
Ephemeroptera>1 species
nymph present 1 species only
Trichoptera>1 species

larva present 1 species only
Gammarus All above absent
Asellus present All above absent
Tubificid worms

and/or red All above absent
present

Polluted

All above Some species
absent such as Eristalsis

may be present

Baetis rhodani excluded

number of groups present

0-1 2-5 6-1011-1516-2026-3031-3536-4041-45

Biotic index

- 7 8 9 10 11 12
- 6 7 8 9 10 11
- 6 7 8 9 10 11
- 5 6 7 3 9 10
- 5 6 7 8 9 10
4 4 5 6 7 8 9
3 4 5 6 7 8 9
2 3 4 5 6 7

1 2 3 4 5 6 1
0 1 2 - - - -

Baetis rhodani included here for classification purposes.

Table 70
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13
12
12
11
11
10
10

14
13
13
12
12
11
11
10

15
14
14
13
13
12
12
11

10



very
present few common abundant abundant
1-2 3-10 11-50 51-100 100+
Groups present in sample Points scored
Planaria alpina

Each species of Taenopteriygidae
Perlidae, Perlodidae
Chloroperlidae 90 94 98 99 100

Each species of Leuctridae, Capnidac

Nemouridae(except

Amphinemoura) 84 89 94 97 98
Each species of Ephemeroptera

(except Baetis) 79 84 90 94 97
Each species of cased caddis

Megaloptera 75 80 86 91 94
Each species of Ancylus 70 75 82 87 91
Each species of Rhyacophila 65 70 77 83 88
Genera Dicranota,

Limnophora 60 65 72 78 84
Genus Simulium 56 61 67 73 75
Genera of Coleoptera, Nematoda 51 55 61 66 72

Amphinemoura 47 50 54 58 63

Baetis 44 46 48 50 52

Gammarus 40 40 40 40 40
Each species of uncased caddis

(except Rhyacophila) 38 36 35 33 31
Each species of Tricladia

(except P.alpina) 35 33 31 29 25
Genera of Hydracarina 32 30 28 25 21
Each species of Glossiphonia 26 23 20 16 13
Each species of Asellus 25 22 18 14 10

Table 71
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Each species of leech(except
Glossiphonia,
Haemopsis)
Haemopsis
Tubifex
Chironomus riparius

Nais

present

1-2

24
23
22
21
20

Each species of air breathing spcs 19

No animal life

few

3-10

points scored

20
19
18
17
16
15

Table 71(cont)
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common

11 - 50

16
15
13
12
10

abundant
51-100

12
10
12

very
abundant

100+
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B P amen r m
Families

Siphonuridae, Heptagenidae, Leptophlebidae, Ephemerellidae,
Ephemeridae

Taenopterygidae, Leuctridae, Capniidae, Perlodidae, Perlidae
Aphelocheridae

Beraeidae, Odontoceridae
Leptoceridae,Goeridae,Lepidostomatidae, Brachycentridae,
Sericostomidae

Agriidae, Cordugasteridae
Psychomyiidae, Philopotamidae

Caenidae
Nemouridae
Rhyacohilidae, Polycentropidae, Limnephilidae

Ancylidae
Hydroptilidae
Gammaridae
Coenagriidae

Mesovelidae, Hydrometridae, Notonectidae,Corixidae
Halipidae, Hygrobiidae, Dytiscidae, Gyrinidae

Hydrophilidae, Clambidae, Helodidae, Dryopidae, Elminthidae
Chrysomelidae, Curcolinidae

Hydropsychidae

Tipulidae, Simulidae

Planariidae, Dendroceolidae

Baetidae
Sialidae

Piscicolidae

Table 72
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Families Score

Valvatidae, Hydrobiidae, Lymnaeidae, Physidae, Planorbidae

Sphaeridae 3

Glossiphonidae, Hirudidae, Erpobdellidae

Asellidae

Chironomidae 2

Oligochaeta(whole class) 1
Table 72(cont)
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number of specimens
Groups present 1-2 3-10 11-40 >40

Each sp of Taenoptrygidae, Perlidae,
Perlodidae, Chloroperlidae 85 90 95 100
Species Planaria alpina

Each sp of Leuctridae, Capniidae, 50 75 85 95
Nemouridae(exc. Amphinemoura sulcicollis)

Each sp of Ephemeroptera(exc. Baetis 46 70 80 90
rhodani and Ephemerella ignita)

Each sp of cased Trichoptera(exc. 43 65 75 85
Hydroptila and Sericostoma personatum)
Each sp of Rhyacophila(exc. R.dorsalis)

Family Simulidae 40 60 70 80

Each sp of Elminthidae 37 55 65 75
Each family of Coleoptera larvae

Genera Dicranota, Limnophora,

Pedicia, Atherix, Tipula

Each sp of uncased Trichoptera(exc. 33 50 60 70
H.silitalai (inc. R.dorsalis)

Genus Hydroptila. Sf) Ancylus

Fluviatile, E.ignita, S.personatum

Sp A.sulcicollis 30 45 55 65

Genus Sialis

Sp Gammarus pulex, Hydropsyche 30 40 45 50

silitalai

Table 73
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Groups present 1-2

Family Lumbriculidae 30

Sp Eiseniella tetrahedra

Group Hydrachnellae

Each sp of Tricladida(exc. P.alpina) 30

Each sp of Mollusca(exc. A fluviatile) 26

Sp B.rhodani

Sub-families Tanypodinae 26

Orthocladiinae tribe - Tanytarsini

Each sp of Hirudinea 25

Species Asellus meridianus

Sp Asellus aquaticus 20

Family Enchytracidae 18

Family Tubificidae 15

Family Chironomini 13

Family Naididae 10
Table 73(cont)
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Number of specimens
11-40

3-10

40

40

35

30

25

20

18

15

13

10

40

35

30

25

20

15

12

10

>40

40

30

25

20

15

10



Method for the determination of dissolved oxygen
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hod for th mination of dissolved ox

The following method was used during the 24 hour survey to determine the dissolved
OoXxygen present at each site:

Apparatus.

6 x 250ml stoppered water sample bottles.
3 x 5Sml pipettes.

teat pipette.

measuring cylinder.

50ml burette.

100m1 flask.

stand.

manganous sulphate solution.

alkaline potassium iodide with azide modification solution.
N/80 sodium thiosulphate ampoules.
Starch solution.

50% sulphuric acid.

Method,

To a full 250ml stoppered bottle of the water sample add 1ml of manganous sulphate
followed by 1ml of alkaline azide(These reagents should be added immediately the
sample is taken).

Replace the stopper carefully so as to avoid the inclusion of air bubbles.
Thouroughly mix the contents by repeated inversion and rotation. The sample at this
stage with oxygen fixed may be stored for several hours before titrating.

A flocculent precipitate develops which readily settles. After settlement a second
mixing is usnally necessary to clarify the liquor. A white precipitate(manganous
hydroxide) indicates the absence of oxygen: with rising oxygen concentrations of the
sample the precipitate becomes increasingly brown{manganic hydroxide).

After the precipitate has settled add 3ml of 50% sulphuric acid. Replace the
stopper quickly to avoiding loss of precipitate or introduction of air.Shake well - the
precipitate dissolves Iberating free iodine. Alow upto 2 minutes for even distribution
throughout the bottle.

Transfer 100ml into a flask and titrate against N/80 thiosulphate until only a faint
yellow colour remains. At this stage add 2ml of starch indicator and continue titration to
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disappearance of blue colour. Since iodine is volatile the titration should be carried out

as expedentiously as possible.

Dissolved oxygen(ppm) = ml N/80 thiosulphate x 100
ml of sample titrated

ie if 100ml of sample is titrated the titration reading in ml = DO ppm
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