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SUMMARY 

River survey work which assessed biological and chemical status 
of over one hundred randomly selected rithron stations spanning 
four Water Authorities is documented. Water quality has been 
correlated with benthic macroinvertebrate distribution and alteration 
in community structure, with specific regard to caseless Trichop- 
teran distribution recorded.Organic pollution, R. Tean,Staffordshire , 
and heavy metal pollution, R. Ystwyth and R. Rheidol, have been 
investigated in the field to further knowledge on the usefulness of 
caseless Trichopteran species as indicators and/or monitors of 
pollution. 

The tolerance of the larvae of the two species, Hydropsyche 
angustipennis and Rhyacophila dorsalis, to increased organic load was 
studied by experimentally simulating three different water qualities. 
Mixtures of high quality river water with sewage effluent were pre- 
pared at the Aston Hydrobiology Field Station at Checkley (R.Tean) 
Staffordshire, providing intermediate field/laboratory conditions. 
Major factors influencing Trichopteran distribution included temp- 
erature, dissolved oxygen, pH and heavy metals. 

Acute toxicity studies on H. angustipennis demonstrated the toxic 
effect of copper and zinc under variable conditions of water hard- 
ness, and the bioconcentration of zinc was demonstrated by the use 
of radioisotopes. Additional experiments investigated the acute 
toxicity of ammonia and two pesticides to the larvae. 

The effect of temperature, dissolved oxygen and pH on the resp- 
iration rate of H. angustipennis was investigated using an apparatus 
specially developed in the laboratory. A modified Rank Electrode 
served as a respirometry chamber, whilst a further part of the 
system delivered test water at different oxygen and pH levels, other 
parameters being kept constant. Using this method, the effect of 
individual parameters involved in pollution was investigated. 

Recommendations for the use of certain benthic macroinvertebrates 
for use in water quality monitoring are documented. Appendices 
contain data from field work investigations and relevant literature © 
has been reviewed. 
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1. INTRODUCTION 

In the ecosphere, the hydrological cycle is extremely important 

— and for man, water and the freshwater ecosystem has always been a 

vital component of everyday life, determining cultural and economic 

development. Anthropogenic dependence upon freshwater has imposed 

enormous stresses on both lotic and lentic systems. Ever-increasing 

population and industrial activity and man's expectations of the mult- 

iple uses of essentially a finite resource requires careful and knowled- 

geable - handling in order to prevent gross imbalance occurring. 

In recent years, concern for water quality has increased, as a 

more environmentally aware 'Man' has realised the need to ra rect and 

maintain, at the highest quality possible, the aquatic ecosystem. 

Efficient water management is necessary to integrate all of the 

activities on, in or requiring water, and in maintaining the quality of 

the resource for whatever function necessary. 

The initial task of defining "water quality" and arriving at 

criteria is extremely difficult, but it has been agreed (Warren, 1971; 

Hawkes, 1974; Helawell, 1978) that it should be defined pragmatically 

in respect of usage. Criteria and standards for any particular source 

of water may be assessed on legitimate use. Consequently water regarded 

as high quality for one purpose may be deemed unsuitable for another. 

Examples of legitimate usage of water include abstraction for 

potable domestic use, industrial and agricultural purposes, navigation, 

and the discharge and disposal of domestic and industrial effluents. 

A similar definition problem arises for water pollution. Mell- 

anby (1980) speaking in general terms, points out that pollution may 

occur naturally, independent of any activity of man. Thus the vapours 

from a volcano may contain so much sulphur that plants cannot grow 

nearby. Rivers flowing through forests may become deoxygenated be- 

cause so much natural organic matter (allonchthanous material) is de— 
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posited in them. The resultant decomposition leads to deoxygenation 

similar to contamination caused by man-made sewage being discharged 

into a river. 

Holgate (1979) defined pollution as "something that is present at 

the wrong place at the wrong time in the wrong quantity". Hella— 

well (1978) points out that this definition will retrospectively apply 

to all pollutants. Further definition, from a legal standpoint, 

Wisdom (1956) states that pollution arises by the "addition of some— 

thing to water which changes its natural qualities so that the riparian 

user does not get the natural water out of the stream transmitted to 

him". This definition relies on knowing what the ‘natural qualities! 

of the 'natural water! are, as pointed out by Hawkes (1962) and Hynes 

(1960). Philips (1980) defines pollution as a man-induced detrimental 

alteration to the ecosphere. A closer definition listed by Thorpe (1981) 

states that "water pollution may be defined as any factor that changes 

the characteristics of the water so that any of its legitimate uses 

are impaired", 

Again, it must be recognised that water considered polluted in 

relation to one use may be regarded as satisfactory for some other pur- 

pose. 

Water pollution, however, initially achieved and to whatever degree, 

is essentially a biological problem. The repercussions are on wildlife, 

particularly fish and the aquatic invertebrates, also on man through 

contamination of water supplies or impairment of amenities. Therefore 

it seems strange that it has been treated as a chemical phenomenon, 

due historically to severe pollution being investigated and expressed 

in chemical terms. 

There is an obvious need for regular and reliable biological and 

chemical hazard assessment and monitoring and surveillance to be 

carried out.



The terminology used here will be in line with that of Hellawell 

(1978) who defines the following words as:- 

Survey: an exercise in which a set of standardised observations (or 

replicate samples) is taken froma station (or stations) within a 

short period of time to furnish qualitative and quantitative descriptive 

data. 

Surveillance: a continued programme of surveys systematically under- 

taken to provide a series of observations in time. 

Monitoring: surveillance undertaken to ensure that previously formulated 

standards are being met. 

MONITORING AND WATER AUTHORITIES 

Water authorities in Britain are responsible for monitoring the 

environment to ensure that water is available for multipurpose object- 

ives. Such monitoring is bouid to the Rivers (Prevention of Pollution) 

Acts 1951 and 1961, the Water Act 1973, the Salmon and Freshwater 

Fisheries Act 1975 and the control of Pollution Act 1974, Part II. 

Increasingly the 'water cycle! is no longer a straightforward hydro- 

logical cycle, because of the increasing demand water is now recycled. 

Thus waste water is no longer treated at a "sewage works" but at a ‘water 

reclamation works". 

Monitoring ensures that the quality of river water is maintained and 

provides a consistent supply to the user. Abstractors are charged for 

the water they use according to the quantity, the use to which the 

water is put, the quality of the water abstracted and the time of year 

at which it is taken. 

Regular sampling at frequent intervals down the course of a river 

enables the Water Authority to monitor the effect of one user upon 

another and see that effluents added upstream are not detrimental .to 

abstractors downstream. Effluent standards (consents) are set in 

order to safeguard the dowstream user. Consents are set and monitored 
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using the National Water Council Classification of rivers (Brewin 

and Hellawell, 1980). See Table 1.1. 

Util recently, chemical sampling, which is very expensive and 

time consuming has been used to monitor water quality. Most river 

and much effluent sampling data are obtained by taking periodic ‘snap! 

samples. 

TABLE 1.1. N.W.C. Classification of River Water Quality 

  

  

River Class | Class limiting Average River use 
criteria (95th Concentration 
percentile ) 

1A DO >80% BOD $ 1.5 mg/L Potable supply 
BOD > 3 mg/L Game fish 
Ammonia >0.4 mg/l High amenity 

1B DO > 60% BOD $ 2.0 mg/L As for 1A 
BOD } 5 mg/l Ammonia $0. 5mg/1 
Ammonia >0.9 mg/1 

2 DO > 40% BOD $ 5 mg/l Potable supply 
BOD } 9 mg/L Good coarse 

fishery 
Moderate amenity 

3 DO > 10% Low grade 
BOD $ 17 mg/l industrial 

4 Quality inferior 
to class 3 

x DO > 10% Insignificant 
water course       DO - Dissolved oxygen as % saturation 

BOD - 5 day carbonaceous BOD (ATU) (From: Chemistry & Industry, 
Ammonia - Expressed as NH, 2 Aug. 80).     
  

This may give misleading information, particularly if the sample 

is taken at the same time each day (a factory discharging its effluent 

may do so in the evening, causing severe pollutional problems but may 

not be revealed the following day by a chemical test because the slug 

“has already travelled dow river). 

There is a practical economic restraint on intensive physico- 

chemical monitoring and although rationalised sampling programmes are 

carried out, thereby contributing towards an even flow of samples 
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through the laboratories, i.e. maximum use of expensive equipment and 

skilled analytical staff, there may still be some problems which the 

chemical monitoring does not pinpoint. For similar reasons only a 

limited number of parameters may be monitored. 

BIOLOGICAL SURVEILLANCE 

The implementation of routine invertebrate sampling, often in con- 

junction with physico-chemical sampling can make an important contrib- 

ution to water resource protection. Unlike the ‘snap! chemical samples, 

the benthic invertebrates are exposed to the water at all times and 

experience the entire variation in conditions - which chemical sampling 

may never record, e.g. diel 0, changes, seasonal temperature changes 

etc. Consequently, biological sampling is valuable in detecting the 

presence of otherwise unknown or intermittent pollution which may be 

missed if unsuspected or not coinciding with the moment at which 

a chemical sample is taken (Brewin and Hellawell, 1980). 

Biological sampling, in addition, is far less expensive and pro- 

duces more rapid results than chemical sampling. Often a general ass— 

essment of water quality may be. made instantly on sites Biological samp- 

ling in a simple "one-off" survey may be ‘used’ to detect Bross differences 

in water quality -.or detailed surveillance may be required to detect 

more subtle énvironmental changes. The intrinsic complexity of 

biological systems means that data must be carefully interpreted and 

such factors as the heterogenous nature of freshwater habitats also 

taken into account. 

For example, the substratum may vary in the river bed, resulting 

in a variety of microhabitats including areas of submerged and emergent 

weed, boulders, gravel, sand and md. The water velocity will vary 

spatially and temporally, as may the temperature,turbidity and factors 

affecting the chemical quality. 

All these factors may influence the composition of the benthic 
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community, before any pollutional stress is imposed. The stream bed 

community responds differently to different types of pollution, for 

example, particulate matter, organic effluents, heavy metals, warm water, 

radioactivity etc. 

Much variation in sampling may be reduced by confining sampling to 

a single habitat, e.g.the riffle zone, or alternatively by sampling all 

the microhabitats. This is easy in the small, shallow upland streams, 

but does not lend itself to sampling and monitoring deep, slow flowing 

lowland rivers. In this situation a@artificial substratum for celon- 

isation by the animals provides uniformity of habitat (e.g."saufu", 

standard aufuchs unit). The community’ of organisms may be, "artificial" 

but may be useful indications of variations in water quality. 

Biological surveillance may therefore be useful in assessing temp- 

oral and spatial changes in river systems, and may also prove useful in 

detecting or measuring the ecological effects of unexpected or inter- 

mittent poklutants. Another aspect is that it may also pick up likely 

sources of nuisance organisms, e.g. algae, A.aguaticus, diperan species. 

Butcher (1946) recognised that a benthic community does give a good 

indication of change, whilst Hynes (1958) points out that although the 

chemist is usually called in to measure the amomt of pollution, a 

biologist could also contribute as he has methods at his disposal which 

are in some ways more sensitive. Continuing, he pointed out that fish, 

being mobile, will move out of a polluted stretch of river when con- 

ditions become unfavourable. Benthic invertebrates and plants however 

are "subjected to the full rigours of local conditions at all times. 

They are therefore very good indicators of pollution". 

The large amount of biological data which are generated, their 

interpretation and need to provide a comprehensive summary, has led 

to the development of a wide range of biotic indexes. These have been 

refined and adjusted over a number of years and incorporated as methods 
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of presenting data after biological surveillance has taken place. 

The data accumulated from macroinvertebrate sampling has proved 

extremely useful in monitoring water quality in two distinct ways. 

INDICATORS 

The "indicator species" concept is straightforward, but may be 

used in different contexts. Here definitions are once again required 

(after Hellawell, 1978). 

Firstly indicators may be those individual organisms which readily 

accumulate toxic substances, so that analysis of their tissues provides 

an indication of environmental levels of the degree of exposure. 

Secondly the "community" as a whole may be the indicator. Some 

species in the benthic community disappear on exposure to a given 

pollutant due to their sensitivity, others. thrive and even increase in 

number in the presence of certain pollutants, or due to suppression of 

competition. Consequently the community structure demonstrates the 

degree of pollution. 

Care must be taken in the application of indicator organisms, as 

Warren (1971) points out. There are ecological changes, both spatial 

and temporal that are a natural feature of aquatic ecosystems. There— 

fore pollutional load must be characterised and defined in impairment 

of legitimate use. Hawkes ‘ (1975) when describing longitudinal zonation 

points out natural seasonal changes too. 

Several other pieces of terminology have also been employed 

including "key species", "critical species", "detectors" and "accumul- 

ators". Phillips (1980) states three basic methods to quantify 

pollutants in the aquatic environment; either the levels of the 

pollutant in water, in sediments or in a member of the indigenous biota. 

Hence ‘indicator! is taken in the context of presence /absence and 

abundance provides an indication of the water quality. Consequently, 

any species may be an indicator, providing suffieient knowledge of the 

species! ecology and physiology is available in order te derive sens- 
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ible conclusions from the observations. 

Whenever a survey is carried out to assess the condition of our 

rivers nationally, the more information available of the ecology, phys- 

iology, natural distribution, tolerance levels of each individual species 

found in the aquatic environment will contribute to the more accurate 

interpretation of the data. 

The past decade has seen the increasing usage of biological data 

in the Water Authority national surveys, -pessibly with the employment 

of hydrobiologists in the water authority and the D.0.E. requirement for 

some biological, in addition to chemical,classification. River surveys 

were carried out in 1970, 1975 and 1980, the objective being to provide 

an ‘at a glance' picture of the state of our rivers. ‘The manager— 

ial details are listed by Hinchcliffe (1980) but briefly the trend is 

towards a higher proportion of biological information being incorporated 

into the river data. 

In the 1970 River Pollution Survey (D.0.E.1972) water quality was 

divided into four classes only (table 1.2). The classes were not 

rigidly defined and relied upon subjective judgement. Similarly the 

biological classification using A, B, C and D ‘used in 1970 was unsatis— 

facto) relying on presence or absence of invertebrate groups as indicating 

different grades of water quality (Table 1.3). What was not recegnised 

was the different nature of some different types of stream - having the 

same high water quality but completely different substrata. Girton 

(1980) states the inconsistencies arising when the slow flowing East 

Anglian rivers are sampled. Chemically they may be Class 1, but biol- 

ogically they are lacking the presence of Plecoptera and/or Ephemerop- 

tera, Trichoptera and Amphipoda. Such communities are not usually 

present in the sluggish muddy dykes, but are typical of an upland 

riffle community. ‘ 

As most of the biotic indexes and scores have been developed for use 

in such areas, with eroding substratum, the methods produce meaningless 
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Table 1.2. Water Quality classification system used in the 1970 and 

1975 River Pollution Surveys. 

  

Class 1. 
  

Description. Unpolluted and recovered from pollution. 

Criteria. 1. All lengths of rivers whatever their composition, which 
  

are known to have received no significant polluting 
discharges. 

2. All rivers which, though receiving some pollution, 
have a BOD less than 3 mg/l, are well oxygenated and are 
known to have received no significant discharges of texic 
materials or of suspended matter which affects the con- 
dition of the river bed. 

3. All rivers which are generally indistinguishable bio- 
logically from those in the area known to be quite un- 
polluted even though the BOD may be somewhat greater 
than 3 mg/l. 
  

Class 2. 
  

Description. Doubtful quality and needing improvement. 

Criteria. 1. Rivers not in Class 1 on BOD grounds and which have 
~ a substantially reduced oxygen content at normal dry 

summer flows or at any other regular times. 

2. Rivers, irrespective of BOD, which are known to have 
received significant toxic discharges which cannot be 
proved either to affect fish or te have been removed by 
natural processes. 

3. Rivers which have received turbid discharges which 
have had an appreciable effect on the composition of 
the water or character of the bed but have had no great 
effect on the biology of the water. 

4. Rivers which have been the subject of complaints which 
are not regarded as frivolous but which have not been 
substantiated. 
  

Class 3. 
  

Description. Poor quality requiring improvement as a matter of 
men a ee some urgency. 

Criteria. 1, Rivers not in Class 4 on BOD grounds but which have a 
dissolved oxygen saturation, for considerable periods, 
below 50% 

2. Rivers containing substances which are suspected of 
being actively toxic at times. 

3. Rivers which have been changed in character by discharge 
ef solids in suspension but which do not justify being 
placed in Class 4. 

4. Rivers which have been the subject of serious com— 
plaint accepted as well-founded.   
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Table 1.2. continued. 

  

  

Class 4. 

Description. Grossly polluted. 

Criteria. 1. All rivers having a BOD of 12 mg/l or more under 
average conditions. 

2. All rivers known to be incapable of supporting 
fish life. 

3. All rivers which are completely deoxygenated at 
any time, apart from times of exceptional drought. 

4. All rivers which are the source of offensive smells 

5. All rivers which have an offensive appearance neg- 
lecting for these purposes any rivers which would be 
included in the class solely because of the presence 
of detergent foam. 
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Table 1.3. Water quality classification system to be used in the 

1980 River Water Quality Survey. 

  

  

  

River 
Class Class limiting quality criteria (95 percentile) 

1A i. Dissolved oxygen saturation greater than 80% 
ii. Inhibited biological oxygen demand not greater than 

3 mg/L 
iii. Ammonia not greater than 0.4 mg/L 
iv. Where the water is abstracted for drinking water, it 

complies with the requirements for A2* water. 
v. Non-toxic to fish in EIFAC terms (or best estimates 

if EIFAC figures not available. ) 

1B Ts Dissolved oxygen saturation greater than 60% 
ii. Inhibited biological oxygen demand not greater than 

5 mg/L 
iii. Ammonia not greater than 0.9 mg/L 
iv. Where the water is abstracted for drinking water, it 

complies with the requirements for A2* water. 
v. Non toxic to fish in EIFAC terms (or best estimates 

if EIFAC figures not available). 

2 ae Dissolved oxygen saturation greater than 40% 
its Nera biological oxygen demand not greater than 

9 mg, 
iii. Where water is abstracted for drinking water, it 

complies with the requirements for A3* water. 
iv. Non-toxic to fish in EIFAC terms (or best estimates 

if EIFAC figures not available). 

3. i. Dissolved oxygen saturation greater than 10% . 
ii. Not likely to be anaerobic. 
iii. Inhibited biological oxygen demand not greater than 

17 mg/l. 

4. Waters which are inferior te Class 3 in terms of dissolved   oxygen and are likely to be anaerobic at times. 
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results when applied to the potamon type rivers (lowland, slow and 

with a depositing substratum). 

Reported from the 1970 Pollution Survey is that in the Wye catch- 

ment, 98% of the miles of river that were chemically class 1 were also 

biologically class A: in the Lincolnshire River Authority area approx— 

imately only 6% of the chemical class 1 rivers were biologically 

class A (27% were class B, 64% class C). 

This example indicates care is required in the explanation and 

shows limitations for using benthic invertebrate communities for 

monitoring in all situations. Hawkes (1975) points out the importance 

of taking into account the river type when interpreting results from 

invertebrate sampling regimes. 

In 1975 a biology survey was omitted from the Pollutant Survey 

but the intention was to develop a new classification for use in the 

1980 River Water Quality Survey. Thus a Biotic Index Score system, 

based on the presence of selected invertebrate families was adopted 

(D.0.E. 1980). Although not very exacting classification, it fulfilled 

the requirements for a National survey. Refinements to this Score 

were made and even in its earliest drafts it recognised seme inherent 

differences in the invertebrate communities of rithron and potamon 

zones (Table 1.4). 

later a further modification was made to combine eroding and de- 

positing substratum scores. According to Girton (1980) the results of 

the two systems are very similar. 

The work of a previous research team which contributed to the 

development of the Bietic Score fer the 1980 survey, worked on ways 

of standardising biological methods for surveillance of river water 

quality. 

The present study represents a continuation of the work invest- 

igating the use of specific indicator organisms (Trichoptera: larvae) 
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in upland reaches of rivers - with a view to refining the present 

score system. 

Table 1.4. The system of biological assessment proposed for the 1980 

River Water Quality Survey. 

Families Score 

  

  

Siphlonuridae Heptageniidae Leptophlebiidae 10 
  

Ephermerellidae Potamanthidea Ephemeridae 

Taeniopterygidae Leuctridae Capniidea Perlodidae 

Perlidae Chloroperlidae Aphelocheiridae 

Phryganeidae Molannidae Berae@idae Odontoceridea 

Teptoceridae Goeridae Lepidostomatidae 

Brachycentridae Sericostomatidae eens 1, eee. Cement oee 

Astacidae 8 
  

Iestidae Agriidae Gomphidae Cordulegasteridae 

Aeshnidae Corduliidae Libellulidae 

Psychomyiidae Philcpotamidae 

Caenidae ue 

Nemouridae 

Rhyacophilidae Polycentropodidae Limephilidae 

Neritidae Viviparidae Ancylidae 6 

Hydroptilidae 

Uniondde 

Corophiidae Gammaridae 

Platycnemididae Coenagriidae eee es, 

Mesovelidae Hydrometridae Gerridae Nepidae 5 
  

Naucoridae Notonectidae Pleidae Corixidae 

Haliplidae Hygrobiidae Dytiscidae Gyrinidae 
  

Hydrophilidae Clamidae Helodidae Dryopidae 

Eliminthidae Chrysomelidae Curculionidae     Hydropsychidae 
sens aaah   
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Table 1.4. continued. 

  

Families Score 
  

Tipulidae Simuliidae 

Planarildae Dendrocoelidae 

Baetidae 

Sialidae 
  

Piscicolidae 

Valvatidae Hydrobiidae 

Planorbidae _ 

Sphaeriidae 

Glossiphoniidae Hirudidae 

Asellidae eres 

Chironomidae eee 

Oligochaeta (whole class)   
Iymaecidae Physidae 

Erpobdellidae 

      

Since



  
     



2. LITERATURE REVIEW 

2.1. HISTORICAL ASPECTS 

Water quality in recent years has been assessed using benthic 

macroinvertebrate data in addition to chemical data. 

All invertebrates may be incorporated in sampling exercises to 

determine the structure of the community in that particular water 

quality. Furthermore, any change in the structure and organisation of 

that community may be recorded in monitoring later, and thus the changes 

in numbers and abundance of organisms used to reflect any alteration. 

The interpretation of this information may be assisted by biological 

scores and diversity indexes. 

Individual species in the benthic community may be utilised as 

indicator organisms. This methodology is becoming increasingly popular 

as more bioassay studies are being completed on invertebrate species. 

In the past fish and algae have been favoured as indicator systems, 

but algae are seasonal whilst fish are migratory, able to swim away 

from any stretch of water presenting unfavourable conditions. The 

benthic biota represents a continuously placed "probe" which experiences 

the entire range of water quality parameters at any one point in a 

river. One drawback of autecological studies is that the interpretat- 

ion of the data must be put into perspective when applied to the field 

situation. 

Historically, one of the earliest records in Britain of invert- 

ebrates being deliberately used as indicators of water quality was by 

Carpenter (1924). She examined the fauna of various Welsh rivers which 

received run-off from lead mine tailings. It was noted that the invert- 

ebrate fauna of these rivers was poorer than those with no lead 

pollution. From this work in the field she tried to find any experim 

ental data to explain her findings, but was unable to umcover any work 

on invertebrates which had been subjected to tests with lead. 

2466



Looking back even further one finds that bioassays on inverte- 

brate species really began with an upsurge of interest in physiology. 

From these preliminary experiments by zoologists our bioassay methods 

have developed. According to Anderson (1980), in his review paper, 

the earliest report in which aquatic invertebrates were involved in 

bioassays was by Beudant in 1861. Beudant conducted a series of 

experiments in which he subjected 15 species of freshwater mollusc 

to 2% and 4% salt solutions. The results were that three species died 

in 4% saline whilst the other 12 species survived, but not as long as 

those in the control. He conducted further studies using saline sol- 

utions on 38 species of marine mollusc. Here he placed them either 

in freshwater or diluted sea water. Of the 38 species subjected to 

freshwater 18 had no survivors; the remaining 20 tolerated it well. 

Again, in the diluted sea water the individuals survived, but did 

not thrive as well as controls in pure sea water. Beudant's reason 

for these studies was to investigate adaptation and evolution, to see 

if marine and freshwater molluscs have a common origin, but it is 

interesting to note that he set about his bioassays in virtually the 

same way as present tolerance level tests are carried out. 

Further studies were carried out by Kihne (1864) with protozoans 

and in 1871 Paul Bert told the Academy of Sciences in Paris of his 

observation on freshwater animals which he had immersed in sea water. 

These animals included Daphnia which died in 10 minutes, Cyclops, 20 

minutes, Chironomus larvae, 1 hour, mayflies 2 hours and crayfish, 
  

30 hours. In the same year Plateau recounted his work on all classes 

of invertebrates —- but particularly arthropods. 

He determined survival in saline solutions both more and less 

concentrated than sea water, finding that survival times of freshwater 

animals subjected to salt solutions varied with "thickness of skin". 

Plateau also gradually acclimated Asellus to pure sea water, so 
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that they laid eggs in 20% - 80% seawater and produced a second 

generation. Ordinarily the Asellus died after being subjected to sea 

water within 5 hours. 

Other workers of the 1870's - 1890's concentrated upon freshwater 

versus marine organisms, investigating osmotic effects and physiolog- 

ical problems. 

In 1874 Ringer found that an excised frog heart could continue to 

function normally for a long period if perfused with a fluid containing 

a suitable content of sodium potassium and bicarbonate. Ringer and 

Buxton (1885) published a paper dealing with the effects of sodium bi- 

carbonate and calcium chloride in distilled water to perfuse sections 

of the gills of freshwater mussels. : 

Oswald studied the nature of the toxicity of seawater on Gammarus 

by subjecting them to single salts in various concentrations and to 

combinations of salts (using sodium chloride, potassium chloride, 

calcium chloride, magnesium chloride and magnesium sulphate). The 

solutions of single salts were most toxic and survival was decreased 

with increasing concentrations. 

In 1928, work by Gresens was published in which he attempted to 

establish the highest salinities that would permit reproduction and 

development, and also the highest levels to which Glossiphonia, 

Erpobdella, Asellus and Dendrocaelum would become acclimated. This 

study was prompted by a field situation in which he observed mixing of 

fresh and sea water. His results are listed in Table 2.1 below. 

  

Table 2.1. 

Species Tolerance level | Reproductive Acclimation 
% salt tolerance % salt 

% salt 

Glossiphonia 3.5 : = 5625 

Erpobdella 5.25 3.5 5.25 

Asellus 5.25 5.25 15.00 

Dendrocoelum 7.0 7.0 15.00             
- 18-



Although other workers continued macroinvertebrate bioassay studies, 

for example Breukelman, who found the killing rate varied with 

concentration of substance and with temperature, it was the work of 

Naumann (1933 and 1934) which really began bioassay work in earnest 

using Daphnia. He showed amazing forethought in his work, but due to 

publishing in a new journal received little attention. He dealt with 

D. magna as a suitable test animal, and could rear them satisfactorily 

in waters from many different sources. Naumann tested the toxicity of 

different materials, and made recommendations in handling D. magna 

with respect to experimental purposes. He noted: 

a. size class - because young animals react differently to ‘older ones, 

b. colour change ~ since certain substances manifest their toxicity in 

this way, 

c. individuals with broods - because a toxicant may affect reproduction, 

d. constant temperature — 20°C for all tests, 

e. diffused light conditions - to reduce swimming activities caused 

by intense light. 

He also noted ‘normal! behaviour in the test vessel, and-the distrib- 

ution of animals in the vessel. Mechanical irritation caused the 

animals to gather at the bottom, low concentrations of dissolved 

oxygen caused them to approach the top. 

In following papers he observed acute and chronic toxicity, 

acute being defined as anything which happens in the first 24 hours. 

Furthermore he analysed the toxicity of materials used in the aquaria, 

air in the laboratory, error in toxicological research, problems with 

tap water and distilled water and finally the influences of chemicals, 

pH and free C05, 

He speculated on the best way to carry out toxicity tests with 

D, magna and copper, if one should use single or several animals in each 

50m1 or 100 ml of test solution. He finally ran tests using distilled 
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water, and various soft and hard waters contaminated with copper. 

Those animals exposed to soft water containing humus survived higher 

concentrations of copper than those exposed in other waters. Presum 

ably the humus acted as a chelating agent in the system. Therefore his 

final statement says that "the purer the water, the more toxic the 

copper". Further papers deal with sources of contamination in 

laboratory conditions, toxicities of zinc sulphate and lead chloride 

and work on the effect of organic wastes on D. magna. He found 

smaller animals died before larger ones and death occurred as the 

oxygen level was reduced to less than 1 melts Further work on 

D, magna was carried out by Ellis (1937) and Anderson (1944). 

In Britain the emphasis in bioassay studies with a view to re- 

commending threshold levels of pollutants in rivers and lakes has 

been on fish. Much of the early investigative work and development of 

methods was dene by the Water Pollution Research Laboratory, now the 

Water Research Centre (Stevenage), the Ministry of Agriculture, Food 

and Fisheries and the Freshwater Biological Association, all in con- 

junction with the regional Water Authorities. General requirements 

for collection and laboratory maintenance of animals for toxicity 

testing purposes have been described in detail by the American Public 

Health Authority (A.P.H.A), 1975 and the Environmental Protection 

Agency (E.P.A), 1975. The European Inland Fisheries Advisory Commission 

(E.1.F.A.C) documents, spanning 1970-1977 report on’ water quality .crit- 

eria on Preset fish, and strive to standardise permitted levels of 

pollutants throughout Europe. Other. more recent comprehensive documents 

on this topic are by Alabaster and Lloyd (1980) and further reports by 

the Department of the Environment (D.0.E), still: in preparation. 

Specific papers dealing with experimental work on Trichoptera 

will be dealt with in Section 2.8,



2.2. BIOLOGICAL DATA, THEIR USE IN POLLUTION SURVEILLANCE 

The surveillance of benthic invertebrates has been recognised as 

a useful aid in the identification of water quality changes. From 

exclusive chemical sampling some years ago, biological sampling is now 

used and integrated into the system. 

The Water Resources Act (1973) states that "Water Authorities 

shall have regard to the desirability of conserving flora and fauna of 

special interest, and shall take into account any effect which proposed 

schemes would have on the flora and fauna." 

In the Control of Pollution Act (1974) it is stated "a Water 

Authority can review a consent if it appears that pollution ‘injurious 

to the flora or fauna of a stream has been caused in consequences of 

discharges made by virtue of a consent given by the Authority". 

Thus Authorities have statutory duties to examine the flora and fauna 

of the water under their control. 

Work over the last two decades has emphasised the importance of 

using macroinvertebrates (Hynes, 1960; Hawkes, 1962; Warren, 1971; 

Hellawell, 1978) and examples of this advice translated into action is 

recorded in papers on monitoring. For example in the U.K. these 

methods have been used by Bryce et al. (1978), Crossland (1979), Hamer 

and Soulsby (1980) and in the U.S.A. by Whipple and McIntosh (1979). 

Thorpe (1981), reiterating Hawkes (1978) lists the principal 

changes of indicator value that have been shown to occur, often simult- 

aneously, in aquatic communities in response to changes in water quality: 

a. appearance or disappearance of particular taxa, 

b. change in total numbers of taxa, 

Ce. change in quantitative importance of taxa, 

d. change in proportional quantitative importance of taxa. 

Any one,or combination of these changes may influence the character- 

istics of a benthic community, thereby upsetting eroonic levels and 

production. . 
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The exploitation of these changes in the assessment of water 

quality and detection of pollution have been utilised. Specialisation 

and advocation of one particular taxon or group has been popularised 

by various workers in order to simplify the interpretation. Favoured 

aquatic groups have imcluded bacteria, algae, macrophytes, inverte- 

brates and fish. In this study it is intended to extend the inform 

ation available on the group Trichoptera, and incorporate this into the 

score systems thus achieving a more refined and complete method of 

monitoring water quality. 

2.3. SAMPLING BENTHIC INVERTEBRATES 

In utilising benthic macroinvertebrates as indicators in water 

quality monitoring, one must have a reliable and reproducible system 

of sampling the rivers for these organisms. 

Considerations: 

There are numerous decisions to be made before one embarks upon 

a sampling programme. Firstly, each river poses individual problems 

and each sampling site will have different physical and environmental 

characteristics. Examples of such parameters include depth of water, 

velocity, nature of substratum, chemical nature of dissolved gases, 

salts, temperature, turbidity and amount of algae and littoral veg- 

etation. It may be a rithron or potamon zone — easy to wade into or 

requiring a boat for access. 

The heterogenieity of sampling sites lays open a multitude of 

appropriate, but different sampling methodologies. Consequently, 

different sites at which various sampling methods are employed then 

become incomparable when data analysis takes place. 

2.3.1. ACTIVE v PASSIVE SAMPLES 

There are numerous methods documented for sampling invertebrates 

in freshwater ecosystems. Hellawell (1978) categorises them into 

tactive' and 'passive'samplers. f 
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Active:— requiring the active participation of an operator for the 

collection of the sample. These types include Hand Net, Kick Heel, 

Surbar, Cylinder and Grab samplers. 

Passive:— Drift nets, artificial substrates and traps. The samplers 

are 'set' and then a collection made later. 

Most sampling methods require active participation. Girton (1980) 

gives a comprehensive account of sampling methods. The two to be high- 

lighted here will be kick-heel and cylinder sampling. As the sampling 

involved in this study was restricted essentially to upland reaches 

of rivers - generally riffle sections - a depth not usually exceeding 

90 - 100 cm. was encountered. Wherever possible a quantitative sample 

using the Aston Cylinder Sampler was employed, as after much discussion 

it was agreed to be the most efficient method of taking samples for 

this particular study. Thus samples from different sites could be 

compared. On the few occasions where the use of the cylinder was im- 

possible, then a kick-heel sample was taken. 

2.3.1.1. The Cylinder Sampler 

The cylinder sampler (H.M.S.0. 1980) essentially encompasses a 

known area of river bed and all animals within the confined area are 

collected, identified and counted. One sample can be compared against 

another as a standard procedure of collection is involved (see Methods 

Section, later). 

2.3.1.2. Grab Samplers 

The cylinder method has in many respects advantages over a grab- 

type sampler, such as the Ekman or Ponar. Any grab is designed to 

remove 8 standard sized portion of the substratum. The biting action 

theoretically scoops up the portion and any organisms contained there- 

in. Success depends on the weight, penetration and action of the jaws 

of the grab. If the jaws fail to close completely due to a stone or 

stick wedged between the edges, then on removal, much of the sample 

meant to be contained within the grab is lost. 
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Modifications such as trigger mechanisms, weights etc. cause 

increased disturbance of water as the grab is employed — thus disturb- 

ing the sample area. Such drawbacks, in shallow riffle sections of 

rivers may be overcome effectively by use of the cylinder. 

2.3.1.3. Kick-Heel Samples 

In some circumstances, where the river is too deep, a cylinder 

sample may prove impossible, then a Kick-Heel sample may be employed. 

Essentially this method incorporates the use of a Standard Hand Net 

(H.M.S.0.1978) as developed by the Biological Working Party of D.O.E. 

The metal edged frame of the net is placed on the river bed, the handle 

being held vertically by the operator. By moving backwards, upstream 

and using vigorous little kick movements of the feet, the fauna are 

dislodged from the substratum. These are then swept into the net immed- 

iately downstream by the flow of the river. 

This method may be employed for a set period of time, or dis— 

lodging animals from a given area in order to approach a consistent 

Sample. This is a qualitative method, rather than a quantitative as in 

the cylinder method, but a useful tool when other sampling methods are 

precluded for various reasons. 

2.4. BIOLOGICAL POLLUTION INDEXES 

Inevitably work of this nature generates an enormous amount of 

data. In an attempt to summarise these data, from such river sampling 

exercises, various Biotic indexes have been developed. 

Perhaps the earliest break-through with the concept of "biolog- 

ical indicators of pollution" and their incorporation into a recognised 

system was by Kolkwitz and Marsson (1908, 1909) in their Saprobic 

System. This system is based upon identification of different zones 

sssociated with organic enrichment, each of which is characterised by 

specific plant and animal species. Saprobity refers to the eleutions 

when sewage or other putrescible organic wastes are discharged into a 
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river. This leads to sequences of events in time and distance which 

create different environmental conditions. Thus different species 

composition is encountered in successive zones of the rivers. These 

zones were defined as (i) polysaprobic (predominantly with reduction 

processes taking place); (ii) a-mesosaprobic; (iii) B-mesosaprobic 

(these zones showing gradual change from reduction to oxidative 

processes); (iv) oligosaprobic (oxidation process only). "Saprobia™ 

was the term introduced to express the dependence of the organisms on 

decomposing organic substances as sole 'source of food'. They also 

added a category of extremely pure water — but this is not generally 

used, 

Persoone and de Pauw (1978), in their excellent review paper 

document other workers! investigations and classifications of zones 

of rivers receiving sewage. Essentially the systems were similar, 

differing only in nomenclature and the delimiting of zones. 

Further work, with graphical presentation of the ecological 
characteristics and biological components of successive zones, to 
explain the succession of events during the biological self-purification 

of a river polluted by biodegradable wastes, provided a simplified 

explanation. This system was documented, according to Persoone 

and de Pauw (1978), by Dr. H.W. Jackson of the Environmental Protection 

Agency, using unpublished data. This was derived from C.M. Tarzwell 

(Robert A. Taft, Engineering Center, Cincinnati, Ohio) and a review 

paper of Bartsch and Ingram (1959). It has been based on the zonation 

first proposed by Suter & Moore (1922) and has been modified and used 

by Hynes (1960) and further developed by Hawkes. 

The Saprobien system has been well used but has been criticised 

for lack of quantitative mathematical formulation. Fundamentally, 

each organism is considered and the expert uses his personal experience 

to evaluate the quality of the water. A second drawback of this 

system is the inapplicability. to a river which is polluted by in- 
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organic industrial waste. The reliability of presence or absence of 

indicator species - as applied to organic pollution may be completely 

misleading in this context (Hawkes, 1962; Gaufin & Tarzwell, 1956). 

Other workers have used modified Saprobian systems, for example 

Liebmann (1962) retained the four classical zones of Kolkwitz and 

Marsson, but called them "Wasserguteklassen" meaning "classes of water 

quality". These were ranked from I - IV (I = cleanest, IV = most 

polluted) . He also colour coded the I - IV for easy visualisation 

in water quality surveys. lLiebmann relied heavily on the ciliates as 

"good indicators" of the state of pollution. 

In 1964 Fjerdinstad further subdivided the four zones of the 

original saprobic system into nine categories with typical communities. 

He used only a few indicator species for delineating the zones. 

Most recently Sladecek (1965) extended the original saprobic’ 

system to include new categories for highly polluted waters. This was 

referred to as eucaprobity - meaning waters highly polluted by biodeg- 

radable domestic and industrial wastes. It was divided into four sub- 

sections, and later introduces a further zone - Transsaprobic (meaning 

without bacterial breakdown) which was in tum subdivided into anti- 

saprobic (where organisms are killed by poisons present) and radiosap- 

robic (a zone with radioactive contamination). 

A further improvement by Sladecek was the allocation of physico- 

chemical characteristics to each of the zones, and provides some rough 

quantitative estimation of the numbers of indicator species present. 

In 1955 Pantle and Buck proposed the Saprobic Index, which takes 

into account the relative abundance of organisms used in the Saprobien 

System, where individual species are allocated a qualitative numerical 

value depending upon the saprobic zone to which the species belongs, and 

a numerical value representing the estimated quantities in which it 

occurred,



Simultaneously, in Europe and North America other systems using 

species were being developed. Differential tolerances, and alterations 

in numbers in each particular species had been the two criteria utilised 

in assessment of invertebrate data in the defining of water quality of 

rivers. Contrary to the saprobic system which focuses mainly on proto~ 

zoa and algae, most of the other systems use benthic macroinvertebrates 

as major indicators. These included classification by Patrick (1949), 

Beck (1954) — who worked out a Biotic Index, Wurte (1955) and Beak 

(1964). Mackenthun (1969) gives a visual representation of typical 

species classified as "sensitive", "intermediate" and "tolerant" bottom 

dwelling macroinvertebrates. "Sensitive! species included members of 

the Plecoptera, Ephemeroptera, Trichoptera, Mntermediate",the Simuliidae, 

Amphipoda, Isopoda, Gastropoda, Sphaeridae, Zygotera, Anisoptera, and 

Chironomidae and finally "tolerant "speices of Hirudinae, Tubificidae, 

Psychodidae and Tubifera. 

It was a similar concept on which Woodiwiss (1964) based his 

Trent Biotic Index. With this method streams were classified accord- 

ing to the presence or absence of species or groups in the community — 

the best score being X for cleanest water and decreasing as reduction 

in community diversity, indicates the response to organic pollution. 

This system was extended by Woodiwiss (1976) to cover the range of 

water qualities 0- XV. Again, as with the Saprobic System, Woodiwiss 

does not take into account the relative abundance of the organisms 

present. 

This was semi-rectified by Chandler (1970) who devised a score 

system based upon organisms collected in a standardised and timed 

sample, into 5 levels of abundance. The sensitivity of the aquatic 

species was noted according to increasing tolerance of organic poll- 

ution, and in addition varying abundances of these groups were 

allocated a score. 
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All animals found in the sample are sorted, identified and counted, 

then the value looked up in a table to calculate the points scored. 

These are then totalled to give a final Chandler Score. The score 

increases with increasing abundance for clean water species, and de- 

creases with increasing abundance for pollution tolerant species. 

Criticism of this system by Sladecek (1973) points out it is only a 

modification of the Saprobien system whilst Balloch et al. (1976) and 

Hawkes (1978) point out the weakness of subjective assessment in the 

allocation of scores to taxon and their abundance. A further class- 

ification was developed by Tuffery and Vemaux (1968) and is similar 

to the Trent Biotic Index. The modification is the sampling of "two 

facies" of a site in the rivers, i.e. the pool (lentic) and riffle 

(lotic) facies. The necessity of considering the two facies of a 

biotope is claimed to be important, since the benthic biocenoses 

in flowing water are different to those in the ‘still! portions of the 

same locale. The authors claim that the idea is not to arrive at an 

exact taxonomic determination, but to identify the largest number of 

"systematic units" in each group of organisms. 

In Britain the most recent development is the Biological Monitering 

Working Party Score (BMWP Score), developed for use in the 1980 

National River Survey (1981). 

This Score system relies on identification of organisms to the family 

level. Each group is given a score, and the grand total then calcul- 

ated according to what type of organisms are in the sample. To an 

extent it overcomes the problems of inherent differences in communit- 

ies in rithron and potamon zones, as it includes many groups found in 

lowland rivers and ignored in previous classifications. Again, as 

with the Trent Biotic Index it relies upon, presence or absence of 

species rather than an abundance rating. 

These then are some of the 'tools! available to the hydrobiologist 

when assessing raw data from river samples, : 
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2.5. DIVERSITY INDEXES 

Here individual species give way to the utilisation of the comm 

unity or species assemblage as indicators of water quality. The 

change in diversity in terms of numbers of species in a given sit- 

uation may suggest pollutional stress in that environment. Personne 

and de Pauw (1978) quote "the reduction in the number of species, and 

proliferation of some remaining ones may occur as the result of the 

introduction of biodegradable wastes into rivers or lakes", A 

change in the value of an index thus relates to the intensity of 

pollution. 

In order to assess diversity, an understanding of community 

structure is helpful and several mathematical models have been post- 

ulated to describe this. Hellawell (1978) reviews these models which 

include the Iogarithmic Series Model, Lognormall Distribution and Broken- 

Stick Model, but these only provide a theoretical standard against 

which actual data may be compared and they may be too exaggerated. 

Other methods of deriving a diversity index simply relate to 

numbers of species to total number of individuals. Various workers 

have produced their own index, but by simplifying and standardising 

the nomenclature it is possible to compare them. 

Thus: I Diversity Index 

I S = Total number of species present 

N = Yotal number of individuals 

n= Number of individuals in the i sample 

Table 2.2. summarises some’of the diversity indexes available. 

Although a high diversity indicates high water quality, the re- 

verse may not be quite true, since a reduction in diversity may not 

be attributable to polluted conditions. For example (Hawkes, 1978) 

in a torrential headstream the water quality may be exceptionally 

high, but the species diversity is restricted due to the severe 
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TABLE 2.2. DIVERSITY INDEXES (Nomenclature standardised as in 

Hellawell 1978 wherever possible) 

  

  

  
    

Baie Formula Comments Name 

Menhinicks! s 
Diversity I= x Ref: Menhinick (1964) 
Index 

Margalef's Ref: Margalef (1951). Does not 
Community I= account for number of individuals 
Diversity per species 
Index 

Shannon-Weiner ) n,) | Ref: Welhm & Dorris (1968) 
(Weaver) I= -€e).106,(3 Calculation simplified by tables 
Community Div- given in Hellawell or using a 
ersity Index computer : 

an, (n,-1) Ref: Simpson (1949) 
Simpson's r -hf- Values from 0 - 1 are inversely 
Index er proportional to diversity of 

community 

di fete f. Pielou (1969) Modification | I fg Ref. Pielou (1969 
AGEL Subtracting the main term from 

unity makes the value proportion- 
al to diversification - thus 
similar to other indexes 

Species oe Ref. Kothe (1962) 
— deficit = x_ x 100] The difference in number of species 

eccurring upstream of a point of 
discharge (A,) and downstream (A) 
is expressed as a % 
F = Omo change 
F = 100=total suppression of 

community 

Sequential ; : _ Nruns_ x Taxa Ref. Cairns et al. 
Comparison In oly specimens (1968, 1971). Theoretically in- Index (S.C.I.     dividuals are compared in seq- 

uence and are either the same or 
different to the previous one 
examined. If it is similar it is 
part of the same run, if notit is 
anew run. The greater the num 
ber of runs per number of spec- 
imens examined, the greater the 
diversity 
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physical conditions. Thus, changes in diversity at one station over 

time is more significant than change along the length of the river. 

Comparing the use of diversity indexes to Biotic Indexes and 

scores, they are more mathematically based and rely upon quantitative 

data; but wmlike biotic indexes they do not utilise autoecological 

information, i.e. separate taxon responses. 

It appears that although attempts are continually being made to 

reduce an enormous amount of biological data into a single figure, 

there are still many indexes and scores in which such abbreviations 

inevitably mean that much information is lost. Standardisation is a 

further problem, there existing almost as many score systems as there 

are numbers of biologists working in this field] Bartsch & Ingram 

(1966) concluded "In fact, one can well question whether a standard 

method is possible or even desirable."" Nevertheless, the advent of 

E.E.C. policies prompted international comparative studies on proced- 

ures and methods in various countries in an attempt to standardise 

biological water quality assessment. This included the Seven-Trent 

Water Authority participation in analysis of R. Trent and its trib- 

utaries (1976) co-ordinated by S.T.W.A., Nottingham. Other studies 

were in Koblenz on the R. Main and Parma where R. Parma, R. Stirone, 

and R. Po were studied. Knopp (1976) after the first study in 

Koblenz said "biological-ecological analysis cannot replace chemical, 

physical or biochemical analysis, but can indeed significantly compl- 

ement them". Only the complete spectrum of information provides an 

image of the quality conditions with respect to water management uses", 

In this light perhaps we are being over-optimistic in simplifying 

everything to a one-figure value. Other workers are now of the opin- 

ion that alternative analyses methods may be useful.



2.6. CLUSTER ANALYSIS AND PRINCIPAL COMPONENT ANALYSIS 

The promotion of the idea of a joint approach te water quality 

monitoring by both chemists and biologists by Hamer and Soulsby (1980) 

is to be highly recommended. In their work they advocate regular 

and adequate sampling by the Water Authorities as deficiencies in both 

chemical and biological data can lead to difficulties in analytica] 

results at a later stage. Although sophisticated techniques for data 

analyses may be available, none can compensate for basic inadequacies 

in the sampling programme. 

Assessment of biological data by Biotic and Diversity Indexes has 

already been discussed, but there are two multivariate techriiques 

which may be of great potential use. Both methods of Cluster Analysis 

and Principal Component Analysis (P.C.A) were tested by Hamer and 

Soulsby (1980) in which they utilised data from surveys in three 

successive years from nine sites on different rivers. Each sample was 

replicated five times and used a 0.05 ne box sampler. 

In the past P.C.A. was employed in terrestrial ecological work 

especially in botanical surveys such as Greig-Smith et al. (1967), 

Austin (1968) and Allen and Skagen (1973). An application in freshwater 

biology was by Erman & Helm (1971), when studying benthic invertebrates 

and by Taylor (1978) performing studies on fish catches in a reservoir 

and the way in which these were related to environmental variables. 

Mathematical bases for these techniques are thoroughly examined by Seal 

(1966) and Pielou (1969). 

CLUSTER ANALYSIS 

The Cluster Analysis technique which gives a simplified two—dimen- 

sional solution is less subtle than P.C.A. Essentially raw data are 

taken and a correlation matrix is calculated. Matrices of coefficients | 

of similarity are then generated and this information is then displayed 

graphically. Clusters are depicted on a dendrogram. “parts and 
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clusters of parts are united with their nearest neighbour so that the 

sum of squares of the distances of parts from the centre of a new 

large cluster is minimised (Allen & Skagan, 1973). Thus some groups 

of samples (from stations on rivers) may have higher affinities than 

others and tend to group together, i.e. "cluster", Thus two small 

linkages form the first branches of the dendrogram and are very sim- 

ilar. This group, so formed, may then link at a lower level of sim 

ilarity to another individual station or group. Such a process con- 

tinues until all stations are grouped and linked at varying levels 

of similarity. 

Fig.2. 1 Theoretical Dendrogram 
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Hellawell (1978) notes that since similarity coefficients are measured 

between pairs of samples it will become increasingly difficult to 

assign some samples to the appropriate cluster. This difficulty is 

especially acute with large matrices in which case it becomes 

essential to adopt a systematic procedure. There are various com 

puter programmes available to perform cluster analyses and a number of 

clustering strategies available. The application of different clust- 

ering techniques may give dissimilar results but these may be of help 

when looking for objective classifications of data. 

Dendrograms representing data of such a spectrum, when reduced to a 

two-dimensional representation cannot be expected to depict ‘all 
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possible associations between all members of the groups. 

2.6. PRINCIPAL COMPONENT ANALYSIS (P.C.A) 

A method more commonly used in terrestrial ecology is a second 

method of data 'reduction! available. Firstly a correlation matrix is 

generated, eigen values and percentage variability calculated and 

attributed to a reduced number of 'factors!. 

Factor analytic techniques enable one to detect any underlying 

pattern of relationship existing in the data. The data may then be 

‘rearranged or 'reduced' to a smaller set of components. These may 

be regarded as source variables, the first three or four generated 

accounting for almost all of the variance in the data. The first 

component predicts as much of the variance of the original variables 

as possible. Often the first component is a gross value, the strict 

‘-ecological information often being contained in the second or third 

component. All factor analytic applications are based on the data 

summarising capability of the method and are essentially jin sections. 

(Ref. Statistical Package for Social Scientists Manual 1975, Update 

1981). 

a. Preparation of the correlation matrix. 

b. Extraction of individual factors. 

c. Rotation to terminal solution - the research for simple and inter- 

pretable factors. 

Factors (or components) are extracted in such a way that one factor 

is independent from the other, i.e. orthogonal. P.C.A. is a method of 

transforming a set of variables into a new set of components which are 

orthogonal to each other. If all data points are plotted on to a two- 

dimensional scattergram to display similarity of sites, the best linear 

fit is then drawn in the line accounting for the maximum variation in 

the data, whilst losing least information, e.g.



FACTOR 

  

  

FACTOR a 

Next points are rotated on to a straight line for ease of display and 

interpretation. This then is the 1st. Principal Component. 

The 2nd. Principal Component is the second best linear combination 

of the variables, under the condition that the second is orthogonal 

to the first. In order to be orthogonal to the first the second P.C. 

must account for the proportion ef the variance not accounted for by 

the first one. Therefore the 2nd. Principal Component is the linear 

combination of variables that accounts for the most residual variance 

after the effect of the first is removed from the data. 

Further components are defined in this manner mtil all variance is 

exhausted, Each component is calculated as the eigen vector ef the 

correlation matrix, the corresponding eigen value being the variance 

of the original variables accomted for by the component. 

This type of analysis, as applied by Hamer and Soulsby enabled 

them to separate streams of poor from those of high water quality. 

These then provide reference points to which other sites may be com 

pared. If data replicated over a period from the same site, the data 

may be used as a goed baseline with which to compare future surveys. 

Erman & Helm (1971) conclude from using ordination analysis on 

benthic invertebrates in the littoral zone of Bear Lake that "differ 

ences in species composition between communities are most often a re- 
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sult of underlying environmental differences", 

2.7. TRICHOPTERA 

2.7.1. TAXONOMY 

As a group the Trichoptera (or caddis flies) may be broadly div- 

ided into cased and caseless types. 

There are 14 recognised European families. The cased caddis flies 

belong to the following families:- 

1. Limephilidae 

2. Phryganeidae 

3. Odontoceridae 

4. Lleptoceridae 

5. Molannidae 

6. Glosscsematidae 

7. Hydroptilidae 

8. Sericostomatidae 

9. Beraeidae 

The caseless families include two types: 

3 families of net spinners: 

1. Hydropsychidae (10 species) 

2. Philapotamidae (5 species) 

3. Polycentropidae (13 species) 

and the two 'free living! types: 

4. Rhyacophilidae 

5. Psychomyiidae 

Trichoptera larvae are often referred to in the literature as 

'caddis worms' or 'stick worms'. They are of great importance in 

freshwater ecology, being eaten in large numbers by both fish and 

water birds. 

Consequently they are of great interest to the fisherman to whom 

they are mown as sedge flies or rails (Ireland). 
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The families of caseless caddis to which special attention will 

be given in this study are the Hydropsyche spp. and Rhyacophila spp. 

Zoogeographically they span a wide range of conditions, but they do 

show habitat preferences for various reasons (Edington, 1968; Boon, 

1978). In the literature they are relatively well documented (Moseley, 

1939; Hickin, 1967). Their geographical distribution has had extensive 

work by Badcock and the British Records Centre. Taxonomic identificat- 

ion of both larvae and adults is relatively straightforward with the 

aid of Macan (1963),Hickin (1967), Mackereth (1954), Hildrew & Morgan 

(1974), Boon (1977) and Edington (1964 & 1980). A discrepancy in the 

taxonomy of the Hydropsychids caused a little confusion but the sit- 

uation has noW been clarified. Last century two adult caddis of 

different species were labelled with the same name Hydropsyche 

fluvipes. Only one H. fluvipes figured widely in Mosley's book, but 

H, fluvipes (Curtis) was consistently misidentified - consequently 

revealing that H. fluvipes has a very restricted distribution in 

Britain. A taxonomic revision of the Hydropsychidae was carried out 

by DShler (1963), Neboiss (1963), Botosaneanu & MarinkoviceGospodnetic 

(1966) and Tobias (1973). 

Table 2.3. below summarises how the nomenclature now stands, as a 

new name had to be added to the British list, and for taxonomic 

connections a re-arrangement had to be made. 

TABLE 2.3. OLD NAMES (Unchanged) 

Diplectrona felix - McLachlan 1878 

Cheumotopsyche lepida - Pictet 1834 

Hydropsyche_pellucidula - Curtis 1834 

Hydropsyche angustipennis - Curtis 1834 

Hydropsyche guttata - Pictet 1834 

Hydropsyche exocellata - Dufour 1841 

Hydropsyche saxonica - McLachlan 1834 

Hydropsyche contubernalis - McLachlan 1865 .



TABLE 2.3. (continued) 

Names Changed 

OLD NEW 
Hydropsyche fluvipes (Curtis 1834) -> Hydropsyche instabilis 

(Curtis, 1834) 
Hydropsyche instabilis(Curtis 1834) -> Hydropsyche_ siltalai 

(DShler 1963) 

Hydropsyche fluvipes 

(Curtis 1834) 

Older research papers use the old nomenclature so care is needed in 

reading to avoid confusion. 

The more recent papers which use the new system include: 

Badcock 1974, 1975, 1978a, 1978b 

Hildrew and Morgan 1974 

Hildrew 1978 

Boon 1978a, 1978b 

Hildrew & Edington 1979 

Edington 1980 

2.7.2. life History 

The females, after mating in flight with the male, enter the 

water and Jay eggs in strips on hard surfaces (Badcock, 1953). 

Development of the eggs depends upon temperature, but given favourable 

conditions they may hatch in 10 - 24 days. Some species, or some 

broods may over-winter in the egg stage, or in an early larval form. 

There are 5 or 6 instars in the larval Stages before the prepupal or 

resting stage. Pupation takes place under water, the cased varieties 

sealing off their cases, whilst the caseless types construct a silk 

cocoon. Some of the casemakers anchor the case to a support, and 

pupation generally takes between 14 - 21 days. Once again, it is 

possible for a larva to overwinter in the pupal stage, but more cem- 

monly the life cycle is complete is one year. Most inagizesenerge 

between May - October and there may. often by overlapping broeds., 
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On emergence the caddis flies take to flight, different species 

displaying different behaviour in this respect. For example, some 

swarm during the day e.g. H. angustipennis swarms close by, and over 

water, the pattern being alternating forming and dispersing of the 

swarm. Other species practise only! intermittent flight, and do not 

appear to have 'mass flights', Light trap analysis reveals that some 

species fly predominantly after dusk, for example H. instabilis and 

R, dorsalis. Weather conditions also appear to affect the activity, 

as studies at Rothamsted have shown. An increase in the minimum 

temperature of 2.8°C doubled the annual nightly catches of caddis 

flies. Critchon (1957) found that his largest catches were. made on 

rainy nights, although other factors, such as little or no wind and 

high barometric pressure sometimes affect emergence and swarming too. 

In the Mississippi, Fremling (1960) reports on extremely abundant 

Hydropsychids, which create serious nuisance and health problems when 

they swarm around city lights and lighted store windows. 

On contact with people setae are dislodged from wings and bodies 

and cause allergic reactions in hypersensitive people. Many others 

develop typical 'hay-fever' type symptoms. Other people are incon- 

venienced, as doors may not be left open and outdoor lighting is 

impractical. Similar nuisance problems have been reported from other 

parts of the world, and Fremling cites literature from New Zealand,, 

Africa, and Canada. On the Mississippi the problem is of H, orris, 

and Cheumatopsyche compyla taking advantage of the fast flowing sect- 

ions of river in which to spin and attach their nets to catch food. 

At the Union Hydroelectric plant larvae form dense mats on cooling 

‘siphon gratings, thus impeding the flow of water to generators. 

Apparently this problem has also been encoumtered in Japan and Cali- 

fornia. 
, 

Oviposting females restrict themselves to the river, but males 
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invade the town. Measures to control them have included supplying 

lights of wave lengths 3,200 - 3,800 A to attract flies to certain 

spots away from houses, shops and restaurants. Beneath the lights 

adult insects have been trapped and caught in pans of water containing 

sufficient detergent to 'wet! the insects. Measures receiving consid— 

eration to control the larvae included the use of DDT granules - using 

the filtering action of the Hydropsychids to advantage in catching the 

DDT in their nets. As the larvae regularly clean their nets they would 

be in contact with the DDT. The only drawback may be that an exter— 

minated species may be replaced by a less desirable one, taking ad- 

vantage of the new 'niche', In the Miramachi river Ide (1957) 

reported proliferation of Chironomidae after spraying DDT to reduce 

caddis fly population. Fortunately, to date, such extreme nuisance 

problems have not yet been encountered and reported, but obviously 

autoecological studies are of value in assessing possible indicator 

value and/or biological control. 

Returning to Trichopteran life cycles and physiology, it is 

useful to study various aspects with regard to improving the data 

available on these species. Some species are entirely riffle dwellers 

e.g. Hydropsyche > Rhyacophila sp. The hydropsychids require the flow 

of water to construct their nets, whilst Rhyacophila, being carmivores, 

prey on other riffle invertebrates. In slower flow conditions, other 

Species may build cases and attach themselves to hard surfaces. 

Respiratory adaptation often determines the habitat that particular 

species favours. Trichopteran larvae have an apneustic respiratory 

system, i.e. none of the spiracles functioning, but air entering the 

tracheal system by diffusion through the gills or general body surface 

(Imms Vol.1.). ). Tracheal gills, filiform or lamellate are well 

supplied with trachae. These gills are usually borne on the abdomen, 

but are sometimes present on the thorax and rarely on the head. The 

ge



eruiform larva of Limophil us, for example, with hypognathous head 

which emerges from the front of the case 

Bod: 

head. case 

renews oxygen around the abdominal gills by undulations of the 

abdomen, creating a current of water which is drawn through the case. 

In the campodeiform larva, with prognathous head, e.g. Hydrepsyche spp. 

abdom 

head gills 

there is no case, but undulations of the abdomen ensure a circulation 

of water around the gills. Living in riffle environments of fast 

flowing highly oxygenated water obviously assists the animal in 

respiration. 

Finally, food of most trichopteran larvae may be varied as they 

are omivorous. Only a few such as Rhyacophila are obligate predators. 

2.8. TOXICITY TESTING 

In order te integrate and fully understand the impact of poll- 

utional stress , on both individual species and the whole benthic 

commmity, it is necessary to carry out intensive laboratory based 

toxicological studies. Results from such studies provide accurate data 

on the tolerant levels of specific pollutants which each species can 

withstand. Such data are valuable, only if the studies are carried 

out in carefully and controlled scientific manner, i.e. with good 

experimental design, parameters being monitored and results calculated 

and interpreted accurately. Furthermore, such results are only useful 

if they may subsequently be applied to the field situation and enhance_ 

the interpretation of results of surveys to monitor pollutional status. 

Autecological studies are necessary to determine values for 

individual indicator species. Only when these data are complete will 
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it be possible to carry out thorough synecological studies. 

In the broader view, it would be ideal to collect and collate 

data from the entire spectrum of organisms in the freshwater eco— 

system, but as discussed earlier this is impractical. Consequently, 

only certain organisms are selected for use. Major components of the 

food web have been preferentially chosen for this purpose and benthic 

macroinvertebrates are popular organisms in this context. 

Perhaps the most recent reference document on tolerance levels of 

macroinvertebrate species is the Murphy (1978) UWIST report; in which 

a large proportion of the data available for Trichoptera and all other 

species are collected. This is a well organised report, listing species, 

type and concentration of pollutant, stage of life cycle, experimental 

conditions and other available information. 

A similar attempt to draw all such information together has been 

attempted in the U.S.A. by the Invirenmental Protection Agency (E.P.A. 

(1978) and Roback (1962) limits his summary to the tolerances for 

chemical factors caddis fly fauna in streams and rivers from stream 

Survey reports. There are numerous other individual papers contribut-— 

ing snippets of information re caddis fly larvae to this overall 

information network, Unfortunately the drawback of many of these 

studies is of non-standardisation, i.e. incomparable results due to 

variations in species used as test organisms, test conditions etc. 

Bioassay should theoretically be straightforward and simple, but 

there is often insufficient evidence based upon experimental or field 

observations to precisely locate organisms in a logical series, fhat 

being on gradation of most sensitive to most tolerant in relation to a 

pollutant and also in their placing in relation to other species. 

Daphnia and Gammarus appear far more widely documented than other 

species in this respect. 

Although there are innumerable recorded field observations on the 

presence of caseless caddis species there remain large gaps in complim- 
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entary laboratory toxicity test data. 

Various workers recognise the requirements of animals and exp- 

erimental methodology, for example Murphy (1978), Phillips (1980). 

It is generally agreed that a test species must be: 

a. 

be 

Ce 

d. 

e. 

f. 

plentiful 

easy to collect and/or 

easy to culture 

simple to maintain in the laboratory 

display suitable behavioural characteristics 

be relatively sensitive to the pollutant in question. 

The caseless caddis larvae Hydropsyche and Rhyacophila handsomely meet 

these requirements listed above, and may be of great potential use. 

To date the species in question have not been extensively studied, 

but a summary of toxicity tests to date is given in Table 2.4. 

Drawbacks in toxicological work with invertebrates may be briefly 

listed as: 

a. 

be 

Ce 

d. 

ee. 

lack of comparable conditions 

instar or stage of growth not recorded 

parameters not recorded, e.g. temperature, pH, hardness, 

dissolved oxygen concentration 

static or flow through conditions 

if animals were fed during the experimental period. 

With these kind of problems in mind the Fnvironmental Protection 

Agency prepared a report to advise on standard procedure. This 

report, entitled Methods for Measuring the Acute Toxicity of Effluents 

~to Aquatic organisms was geared to fish studies. Similarly in Britain 

a Standard Method has been described by M.A.F.F. a summary of which may 

be found in Alabaster & Lloyd (1980). In this work, guidelines 

have been adapted for use with macroinvertebrates, particularly the 

Hydropsychidae (a summary of this procedure will be given in the 

Methods section, Chapter 4). 
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TABLE 2.4. Summary of Toxicity tests on Trichopteran larvae 

  

  

  

  

  

  

  

  

          

Species Toxicity Unit] Concentration Conditions [Reference 

Hydropsyche sp.|7d LC50 >0.55 mgi~! 30 - 50% Arthur, 
Chlorinated sew-| Sat. 1975 
age effluent 

H.angustipennis| 50% mort. 96hrj 1.0 gi! 05 FT, 20° Davies , 1971 

R. dorsalis, [50% mort 10hr}| 1.0 mgl +o, |Fr. 20° Davies, 1971 

Trichoptera sp.|96hr LC50 1.7-3.8mgl_'0, 135 ppm Caco, Gaufin, 1973 
Range for 7 H 7.8 

species Pkt 

H. bettini 30d Le50 3.38 mgl t FT, 18.5°C Bell, 1971 
eee ge H,so 

24 

Hydropsyche sp.|96h LC5O 3.34 mgt FT 9.5°C Gaufin, 1973 
H,So 
24 

H. bettini 50% mort. 10d 32mgl” dO, 5; 18°¢ pH 7.1|Wemick & 

cute = 32mg” "cus0, - do - Bgl 51909 
50% mort.74 16ngl"*Fes0, $.18.5°o" 7.7] 0 

50% alive:> 14d 64mgl~ *Niso, s.18°C "7.1 ™ 

50% mort.11d_| 16mgi~!znso, s,18°c " 7.4] ™ 

Trichoptera 84h L050 5.1mgl~ ‘cach, ) | S, 50pm Caco, |Rehwoldt, 
SP-Jo6h E050 3.4mgl~*cac, ) | pH 7.6 po 6.2] 1973 

24h L050 58 mgl‘crol, 17°C i 
96h C50 50 ngl~"¢rCL, " " 
24h Le50 Be . ‘ 
96h 1050 62mg” *cucl, 

bi 24h LC50 Prone Bey 

96h Lcso 1.2mg1”"HgCl., 5 : 

24h L050 eed 
- i 96h Leso G0. 2ngi” "Nicl., ; 

24h LC50 ead 
Ss n 

96h L050 58. mg’ ‘nds 

Rhyacophila Herbst 1967 
Sp. - 

Hydropsyche 100% survival }20 mgl Lion 

Botycentronid >20 days   
  

Wo ee 

Agia 

Static Test 
Flow Through 

 



2.9. ALTERNATIVE APPROACHES 

Toxicological studies, analysing single pollutants are obviously 

of great benefit, but alternative approaches utilising other factors 

affecting species distribution may be extremely useful. 

Many workers have investigated the distribution of invertebrate 

fauma, and that of caddis flies in particular. In Britain such 

workers include Scott (19$8), Badcock (1974) and Boon (1976). In 

Europe, Decamps (1967, 1968) mapped Trichoptera distribution in the 

Pyrenees, whilst Marinkovic-Gospodnetic (1966) documented the distrib- 

ution in a small mountain stream in Yugoslavia. Schumacher & Schremmer 

(1970) carried out work on Trichoptera as ecological Radice tere ina 

small German stream, whilst a Spanish team sponsored by Ministry of 

Agriculture continue a distribution survey of rivers (del Tenago and 

de Jalon, 1981 pers. comm.), Dr. de Jalon specialising in identifying 

and mapping caddis fly distribution in Spanish rivers. 

Environmental parameters affect the distribution of caddis fly 

larvae and some workers have investigated certain aspects of their 

ecology and physiology. Philipson (1954) investigated the respiratory 

physiolegy on net-spinning behaviour of several Trichopteran species 

in relation to water flow and oxygen concentration. Later in 1969, 

he looked at factors affecting net-spinning in H. instabilis, finding 

that the percentage of fifth instar larvae which will spin nets de= 

“creases with flow rate, also an increase in the temperature up to 12°C, 

produces an increase in the number of nets spun. Any further increase 

in temperature decreases their activity. Continuing laboratory work by 

Philipson and Moorhouse (1974) demonstrated changes in net-spinning and 

ventilation in three species of Hydropsychidae. Net-spinning was found 

to be influenced by temperature, current and availability of food, 

whereas ventilation rate depends upon flow rate and the amount of 

dissolved oxygen (Edington and Hildrew, 1973). 
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Ambiihl (1959) made observations on current velocities and 

Edington (1968) in a combined field and laboratory programme showed 

species of net-spinning caddis have a sequential replacement down- 

stream and also marked preferences for pools and riffles depending 

on whether they are "low velocity species" e.g. P. conspersa or 

"high velocity species" e.g. H. instabilis. Throughout a normal 

river profile, there is a sequential distribution of benthic fauna 

well documented by Hawkes (1975). 

Hynes (1960) has previously written of caddis fly tolerances 

and habitat preferences generally, but it is now well known that a 

longitudinal distribution of Trichopteran species exists along a river. 

This pattern is quite rigid, providing there are no adverse factors, 

e.g. point sources of effluent to modify the distribution. Edington 

(1981, pers. comm.) often noted overlap in species on R. Usk, but 

there appear to be set pairs of species co-existing in these zones. 

Scott (1968) supports these distributions by field observations 

on R. Dean. ‘The caseless caddis species he encountered show marked 

preference for a particular current velocity, also for size of stone 

in the substratum and other factors such as the presence or absence of 

moss on the stones. Another factor affecting, and interacting in the 

aquatic environment to dictate the distribution ef caddis fly larvae 

is temperature. In fast flowing, well aerated head waters the cond- 

-itions and temperature regimes are much different to the sluggish, 

warmer lowland stretches. Extensive investigations into temperature 

change along the length of a river was carried out by Edington (1966) 

and Booné& Shires (1976) used a similar temperature recording tech- 

nique to relate the distribution of caseless caddis down the R. North 

Tyne in N.E.England. later, Hildrew & Edington (1979) looked at 

factors facilitating co-existence of Hydropsychid larvae in R. Usk, 

S. Wales. A downstream sequence of species was revealed, being de- 
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pendent upon water temperature, velocity, differences in life cycles 

and feeding habits. 

From the information compiled above, a data base has been gen- 

erated in relation to water velocity, the effect of flow rate on 

oxygen consumption, ventilation rate and respiration. 

Davies (1971) quotes 50% mortality in R. dorsalis and H, angusti- 

pennis at 10 hours and 96 hours respectively, in a flow through exp- 

erimental arrangement at 20°C. Respiratery measurements, to establish 

the tolerance levels and oxygen requirements of Hydropsychids would be 

of ecological value. Such investigations determine at what concent- 

ration oxygen becomes a limiting factor. Early studies involved 

measuring undulatory activity under various conditions. Oxygen up- 

take was measured either by the Winkler Method, a Warburg respirometer 

er some type of Oxygen Electrode. 

Fox & Simmonds (1932) performed experiments with benthic macro- 

invertebrates including Hydropsyche and Molanna_ spp. large numbers 

of animals in a water filled stoppered bottle were used, samples of 

water to assess oxygen uptake being extracted at regular intervals 

and assessed by the Winkler Method. Hydropsyche, the riffle species 

was found to use 1.5 times more oxygen than Molanna. It was also 

found to be more sensitive to lack ef oxygen than Molanna. 

Using Phogaxea grandis L. , removed from its case, Van Dam (1938) 

found that rates of undulation were affected by a rise in temperature, 

or decrease in oxygen. Under these conditions the 'undulation-pause! 

pattem was disrupted, the pause periods becoming shorter and finally 

non-existent as the stress required continued undulations. If aerated 

water was then passed over the animal the normal sequence was regained. 

An increase in carbon dioxide concentration caused no acceleration 

in the number of undulations. 

Similar results were recorded by Fox & Sidney (1952) when Limo- 
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philus flavicornis was placed in oxygen saturated and poorly aerated 

water. The amplitude of the undulations increased with stress and 

special movements were also observed after defaecation. 

Work by Philipson (1953) recorded the number of undulations per 

5 minutes for four species of caddis larvae, H, instabilis, P. flavo- 

maculatus, A, nervosa and S. stellatus at different rates of stirring. 
  

The minimum oxygen concentration was calculated, i.e. the 0, level at 

which movement ceased. This is often referred to as the ‘incipient 

limiting point', the lowest 0, concentration at which the animal can 

maintain itself, often described as an autoecologically significant 

factor in the distribution of the species. 

In 1970 Feldmeth carried out studies on respiration with respect 

to current velocity. He found that larvae acclimated to whatever 

velocity they were subjected to. 

Further work by Philipson and Moorhouse (1976) recorded the 

respiratory behaviour of four species of Polycentropids. From the 

results, their distribution in streams was established due to differen- 

tial tolerance of low oxygen levels. For H. pellucidula at 10°C, 100% 

saturation 0, an uptake of 0.75 + 0.02 mg/g/hr was recorded, with an 

increase to 1.98 + 0.15 mg/g/hr at 25°C (Philipson, 1977). In 1979, 

McCullough and Minshall, using H. occidentalis recorded an oxygen up- 

take of 0.23 ngl7+/g/nr at 20°C oxygen’ saturation. 

Using a Radiometer ES046 oxygen electrode Greenwood 1980, pers. 

comm.) reported Polycentropids to use between 0.1 - 3.0 ng '0,/z 

dry wt. /hr at temperatures between ee - 25°C, Table 2.5 summarises 

results of respiratory measurements made on caseless caddis. 

These types of investigations provide a useful and a temative 

'tool' in investigating reasons for species distribution in rivers. 

They may provide an effective.means of investigating pollutional 

stress and explain changes in benthic community structure. 
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CHAPTER 3 

PROGRAMME OF RESEARCH 

The rationale behind this study was to ascertain the significance 

of the Trichoptera in the benthic commmity, firstly by plotting their 

distribution over a range of water qualities, next to assess their tol- 

erance to a variety of pollutants and subsequently to draw conclusions 

as to their value as indicator species in monitoring river water quality. 

This involved the following investigations: 

The collection of biological data from a large number of sites of 

differing water qualities to facilitate the analyses of the. distribution 

of the Trichoptera. 

Synecological studies contribute knowledge to changes in community 

structure as a result of pollutional stress, but in order to understand 

the interactions the autecology of individual species must be known. 

Thus, intensive laboratory studies to assist in characterising the 

factors affecting some species, by toxicity, bioconcentration and respiro— 

metric studies were undertaken. 

The integration of field and laboratory findings was considered 

important, so "intermediate" studies were carried out at the Checkley 

Research station where experimental channels adjacent to the River Tean 

provided an excellent environment for these investigations. Additional 

Sampling on specific rivers also helped to link laboratory and field 

studies. 

3.1. ‘CONSIDERATIONS 

Benthic invertebrates are the most commonly used taxa for monitor 

ing river water quality. Some species are poor indicators, perhaps be- 

cause they are extremely tolerant and ubiquitous or extremely sensitive 

and restricted to very few sites i.e. a narrow ecological range. Others 

are too small to be seen at a glance, therefore rapid assessment on a 

river bank is impossible, or they are difficult to transport from river 
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to laboratory becoming damaged and unrecognisable during transit. 

Other species fail because they become difficult to identify after 

preservation in formalin or alcohol, 

Consideration of some of these difficulties led to the decision of 

taking caseless caddis larvae as the study organisms. They are re- 

latively easy to sample, and can at least be recognised in a raw 

field sample without the aid of a microscope for identification. The 

families of caseless caddis flies Hydropsychidae, Polycentropidae, © 

Philopotamidae, Psychomyiidae and Rhyacophilidae are spread over a 

wide range of conditions, but they do show habitat preferences for one 

reason or another (Edington 1966; Boon, 1978). 

In the literature they are relatively well documented by Mosely 

(1939) and Hickin (1937). Their geographical distribution has had ex 

tensive work by Badcock and the British Records Centre and taxonomically 

identification of both larvae and adults is quite straightforward with 

the aid of Macan (1973), Hickin (1967), Mackereth (1954), Hildrew and 

Morgan (1974), Boon (1977), Edington (1964, 1980) and most recently an 

F.B.A.key, Caseless Caddis Larvae of the British Isles (Edington and 

Hildrew, 1981) has been produced. 

In the laboratory they are relatively easy to maintain in large 

numbers and lend themselves to a fair amount of handling. 
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CHAPTER 4. 

FIELD WORK 

The field work section comprised a generalised national survey of 

rivers to investigate macroinvertebrate distribution in differing 

water qualities with special attention being given to the caseless 

Trichopteran. larvae. In addition four individual river studies 

were carried out. 

The River Chumet work sought to investigate the response of 

benthic invertebrates and in particular caseless trichopteran species 

to differing water qualities. Sequential separation of trichopteran 

species down the course of the river was also studied. 

Similarly, the River Blythe study investigated the distribution of 

the caseless caddis species in this river system. 

A further study on the River Tean, compared two stations above 

and below an organic effluent, its effect on the macroinvertebrate 

communities with particular consideration of Hydropsyche and Rhyacs~ 

phila occurrence. 

The fourth study on two Welsh rivers, the R. Ystwyth and R. Rheidol 

investigated the tolerance of the benthos to heavy metals with special 

attention to zinc. 

4.1. METHODS AND MATERIALS 

With the co-operation of Severn-Trent,Anglian, Yorkshiré and North West 

Water Authorities who supplied Grid References for their regular samp- 

ling sites, one hundred sites were chosen using random number tables to 

give an unbiased set of sites for use over all the water qualities. As 

a result, their geographical distribution fell anywhere within 100 mile 

radius of Birmingham, These sites were generally restricted to rithron 

zones and sampling was to be carried out in the riffle sections where 

depth seldom exceeded 90 - 100 cm. It was decided that an appropriate 

method for sampling was the Aston Cylinder Sampler, and that three 
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random quantitative samples would be taken at each site. 

The survey sites, together with their respective Grid References 

and chemical status (according to the 1975 Water Pollution Survey) are 

given in Tables 4.1 to 4.4. Sketch Maps 1, 2, 3 and 4 illustrate the 

points at which sampling occurred within each Water Authority Area. 

There are in total 30 sites of Class 1 water quality, 24 Class 2, 25 

Class 3 and 20 Class 4 giving a reasonable spread across water qualities. 

(In calculations data from samplings sites 20 to 27 inclusive are not 

usually incorporated as data were incomplete.) 

4.1.1. The Cylinder | Sampler 

Description 

The cylinder sampler of Aston design may be compared to earlier 

models of the simpler Hynes (1971) type, and the more elaborate Neill 

(1938) version. The Aston Sampler (Photograph 1) has now been recomm— 

ended as a standard sampler by the Department of the Rnvironment (HMSO, 

1980). It is an open ended cylinder made from 18 gauge stainless steel, 

which encloses an area of substratum 0.05m2. A serrated lower edge, 

consisting of 38 teeth 1 cm deep facilitates pushing the cylinder 

firmly into the substratum using the laterally positioned handles in a 

tuming movement. This then encloses a given area of river bed. Water 

enters the sampler through an oval metal mesh covered aperture (to 

prevent the entry of drift organisms) which is on the upstream side of 

the sampler. Directly opposite is a second metal collared aperture 

on to which the collecting net is fitted. The net, made of 15 mesh/cm 

nylon bolting cloth, is fitted with a canvas collar with drawstring 

attachment. Thus the sampling area is confined so that the sampling 

procedure may be carried out. 

The Sampling Procedure 

Fnsuring that the cylinder is pushed as far into the substratum as 

possible, with the water inlet aperture facing upstream, the sampler is 
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TABLE 4.1 

KEY TO SAMPLING SITES IN SURVEY YORKSHIRE WATER AUTHORITY 

  

  

No. 

A
N
A
 

W
D
 
=
 

ed 
e
e
k
 

ae
s 
e
t
e
 

P
o
n
 
o
 

wo 
P
N
Y
 
N
N
A
N
N
H
A
N
H
Y
 

DH 
HS 
S
H
 
S
a
 

N
O
O
F
P
W
O
N
H
 

C
D
H
 
A
N
A
G
A
 

RIVER 

Calder 

Calder 

Calder 

Calder 

Calder 

Calder 

Calder 

Dearne 

Dearne 

Dove 

Dearne 

Dearne 

Don 

Don 

Loxley 

Drone 

Whitting 

Blackburn Brk. 

R. Don 

Ewden Beck 

R. Severn 

Wharfe 

Wharfe 

Wharfe 

Wharfe 

Wharfe 

Washburn 

SITE (CHEMICAL CLASS) 

Hebden Bridge (1) 

Sowerby Bridge (2) 

Clifton Beck, Brighouse (2) 

Mirfield (3) 

Huddersfield, R. Colne (3) 

Dewsbury (4) 

Horbury (4) 

u/s Barnsley (2) 

d/s Barnsley (3) 

Darfield (4) 

Broomhill (3) 

u/s R. Don (3) 

Kilnhurst (4) 

Sheffield (3) 

R. Don trib. (2) 

R. Rother trib. (4) 

Whittington (4) 

R. Don trib. (4) 

Qughtibridge (3) 

Q) 
Q) 

Tadcaster (2) 

Boston Spa (1) 

Harewood (1) 

Bolton Bridge (1) 

Burnsall (1) 

Leathley Bridge (1) 

GRID. REF. 

SD 995 269 

SE 

SE 

SE 

SE 

SE 

SE 

SE 

SE’ 

SE 

SE 

SE 

SK 

SK 

SK 

SK 

SK 

SK 

SK 

SK 

SE 

SE 

SE 

SE 

SE 

SE 

SE 

059 

149 

189 

178 

251 

304 

347 

367 

407 

420 

499 

467 

333 

338 

373 

383 

389 

308 

297 

745 

448 

432 

312 

071 

032 

232 

235 

227 

205 

201 

205 

174 

079 

060 

038 

031 

012 

974 

906 

897 

751 

743 

921 

934 

955 

791 

433 

458 

461 

525 

611 

465 
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MAP 1 Sketch Map showing Sampling Sites in Yorkshire 

Water Authority Area. 
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TABLE 

KEY TO SAMPLING SITES IN SURVEY 

4.2 

SEVERN-TRENT WATER AUTHORITY 

  

  

No. 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4] 
42 
43 
44 
45 
46 
47 
48 
49 

50 
51 
be 
53 
54 
55 
56 

57 
58 
59 
60 

61 
62 
63 

64 
65 
66 
67 
68 

RIVER 

Dowles Brook 
Stour 
Stour 
Devon 
Poulter 
Maun 
Maun 
Maun 
Rainworth Water 
Rainworth Water 
Erewash 
Bagthorpe Brook 
Beauvale Brook 
Churnet 
Churnet 
Churnet 
Churnet 
Churnet 
Churnet 
Churnet 
Churnet 
Churnet 

Tean 
Tean 
Blythe 
Blythe 
Blythe 
Blythe 
Blythe 

Langley Brook 
Bourne 
Bourne 
Bourne 

Anker 
Anker 
Anker 

Tame 
Tame 
Tame 
Tame 
Ford Brook 

SITE_ (CHEMICAL CLASS) 

R. Severn Trib. (2) 
Dog Kennel Lane (4) 
d/s Coombeswood Brook (4) 
Hawton (1) 
Elkesley (2) 
Mansfield A615 (3) 
Clipstone (3) 
Edwinstowe (3) 
Rainworth (3) 
Ollerton. (3) 
Pinxton (3 
Erewash trib. (4 
Nether Green (3 
Upper Hulme (1) 
Bridgend (4) 
Abbey Green Road (4) 
d/s Wardles Works (4) 
Cheddleton Stn. (4) 
Consall (4) 
Froghall (3) 
Oakamoor (3) 
Alton (2) 

Checkleybank (3) 
Beamhurst{3) 
Cheswick Green (2) 
Henwood Mill (2) 
Temple Balsall (2) 
u/s. Eastcote Brook (1) 
Stonebridge (1) 

u/s Middleton Works (2) 
Over Whitacre (1) 
d/s Fillongley (1) 
Daw Mill Bridge (1) 

Atherstone (3) 
Witherley (3) 
Leathermill Bridge (3) 

u/s. Blue Billy Tip (4) 
West Bromwich (4) 
Great Bridge (4) 
Bescot (4) 
Clayhanger (4) 

So 
so 
So 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SK 
SJ 
SJ 
SJ 
SJ 
SK 
SK 
SK 
SK 

SK 
SK 
oi 
SP 
SP 
SP 
SP 

SK 
SP 
sP 
SP 

Si 
SP 
SP 

So 
So 
so 
SP 
SK 

755 
969 
963 
786 
699 
546 
601 
647 
480 
648 
464 
450 
465 
012 
978 
979 
982 
975 
002 
025 
053 
072 

025 
060 
124 
181 
209 
213 
214 

183 
240 
275 
258 

317 
325 
339 

989 
994 
976 
006 
042 

GRID. REF. 

773 
831 
850 
511 
752 
616 
649 
655 
580 
645 
546 
510 
474 
610 
550 
573 
578 
520 
487 
472 
448 
426 

380 
350 
756 
794 
764 
801 
831 

981 
914 
888 
898 

985 
971 
956 

887 
902 
922 
962 
049 
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MAP 2 Sketch Map showing Sampling Sites in Severn-Trent 

Water Authority Area. 
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TABLE 4 .3 

KEY TO SAMPLING SITES IN SURVEY ANGLIAN WATER AUTHORITY 

  

  

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

RIVER 
  

Ouse 

Trib. R. Tove 

Ouse 

Tove 

Tove 

Ascott Brook 

Clipstone Brook 

Ouse 

Claydon Brook 

Claydon Brook 

Claydon Brook 

Ouzel 

Ouse 

Ouse 

Ouzel 

Ouzel 

Ouzel 

SITE (CHEMICAL CLASS) 

Fulwell Br. Nr. Westbury (1) 

Rd. Br. Sth. Preston Capes (1) 

Pssenham (1) 

Br. Bozenham Mill (1) 

Cappenham Br. Towcester (1) 

B488 Rd. Br. Grove Lock (1) 

A5 Rd. Br. Hockliffe (1) 

No thr. Rd. Milton Ernest7) 

A413 R. Br. Winslow (2) 

The White Br. Padbury (2) 

Rd/Rail Br. (2) 

Rd. Br. Stanbridge Ford (2) 

A509 Rd. Br. Olney (2) 

Ravenstone Mill (2) 

Caldecote Mill (2) 

Willen Road Br. Willen (2) 

Simpson Rd. Br. (2) 

SP 

SP 

SP 

SP 

SP 

SP 

SP 

TE: 

SP 

sP 

SP 

SP 

SP 

SP 

SP 

Se 

SP 

626 

577 

780 

766 

715 

914 

971 

015 

778 

715 

745 

970 

888 

854 

886 

882 

885 

GRID. REF. 

346 

534 

393 

483 

488 

229 

269 

558 

269 

290 

276 

230 

509 

486 

428 

409 

361 
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MAP 3 Sketch Map showing Sampling Sites in Anglian 

Water Authority Area. 
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KEY TO SAMPLING SITES IN SURVEY 

TABLE 4 .4 

NORTH WEST WATER AUTHORITY 

  

  

86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

RIVER 

Warm Brk. 

Warm Brk. 

Roych Brook 

River Sett 

River Sett 

River Bollin 

River Bollin 

River Bollin 

Harrop Brook 

River Croco 

River Goyt 

River Goyt 

River Bollin 

River Dane 

SITE (CHEMICAL CLASS) 

u/s Chapel-en-le-Frith(1) 

d/s Chapel-en-le-Frith (1) 

u/s Black Brook (1) 

Hayfield (1) 

u/s R. Goyt (1) 

Langley (1) 

Jarmin (1) 

Beech Bridge (2) 

u/s Bollington (2) 

u/s R. Dove (2) 

Otterspool Bridge (3) 
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MAP 4 Sketch Map showing Sampling Sites in North-liest 

Water Authority Area. 

  

  

0 10 20. 30 
| 

KILOMETRES 

  

   
; Z poe ws $ 

yes 

We Ce, 

ee % eZ 
a 

SS 

  

oi =



Photograph 1, The Aston Cylinder Sampler 

 



placed in the riverbed. Checking that the flow of water is unimpeded 

the area of substratum contained within the sampler is disturbed so as 

to dislodge the animals:in the enclosed river bed. Large stones are 

washed clean of any attached invertebrates and these are swilled into 

the net by the flow of water through the sampler. Any attached algae 

are included as there may be organisms within the mass. Using a 

set number of rotations, standardisation of the sampling time is 

achieved (30 rotations in this example). Water is allowed to wash 

through the sampler until all organisms are transferred to the 

collection net. Animals may then be inspected immediately on a white 

tray, or transferred to a labelled screw top bottle or polythene bag. 

In this way samples may be retumed to the laboratory and sorted 

whilst fresh or preserved. 

4.1.2. The Kick-Heel Sample 

If for reasons of depth or flow a cylinder sample could not be 

taken, then a kick-heel sample using a standard hand net (HMSO, 1978) 

was used to obtain a qualitative sample on a few occasions. 

Collecting the sample involves standing in the river with one's 

back facing upstream, The handnet (see Photograph 2) is held vert- 

ically so that the base metal frame of the handnet is resting on the 

riverbed slightly in front of the feet. Next, the sampler moves 

slowly backwards using repeated twists of the heels, in a zig-zag 

fashion, to dislodge the substratum. The flow of water downstream 

carries any dislodged invertebrates into the net for collection. 

This sampling method may be standardised by either timing the coll- 

ection period, or dislodging the animals from a known area of river— 

bed. 

4.1.3. Sample Processing 

In the: laboratory each sample was sorted, counted and individuals of 

all taxa identified using an Olympus Binocular Microscope and avail- 

cP be tae



Photograph 2. The Standard Handnet 
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able keys. Individual Trichopteran specimens were preserved in 

70% alcohol in individually labelled bottles. A species list was 

compiled according to the Coded Check List of Animals Occurring in Fresh 

Water in the British Isles (Maitland, 1977) for each sample, and re- 

corded on data sheets. Biotic Indexes and scores were calculated for 

each site and recorded on the same sheets. 

4.1.4. Physico-Chemical Parameters 

5 Samples for physico-chemical parameters were taken at the time of 

biological sampling. Parameters measured were:- 

a. Temperature - to the nearest 0.1°C 

b. pH - Vibret Model 46A pH Meter within 1.0 uit 

c. Dissolved Oxygen - Winkler Method mel! 

d. BOD - dilution where necessary mgl! 

e. Total Hardness gl} Caco, 

f. Calcium Hardness mg1~4caco 

1 
3 

g- Magnesium Hardness mgl~ CaCO. 
3 

h. Phenolthalein Alkalinity Caco, 

i. Total Alkalinity mgl7! cao, 

j. Chloride mgi7! 

k. Nitrate mgN 174 } 

1. Ammonia mgN ithe y Technicon Auto Analyser 
) 

m. Phosphate mg lee ) 

n. Suspended solids (105°C) mg} 

o. Copper } 

p. Cadmium ) 
) Perkin Elmer Model 306 

q. Lead }} 
) Atomic Absorption Spectrophotometer 

r. Chromium ) 

) 
s. Nickel } 

t. Iron ) 

) 
u. Zinc )



4.2. RESULTS 

The biological data from the three cylinder samples is recorded 

in Appendix 1a, and for comparative purposes the biological raw data 

from the Water Authorities is given in Appendix 1b. Similarly, chem- 

ical data from this survey are presented in Appendix 2a, together with 

Water Authority annual mean values recorded in Appendix 2b. 

4.2.1. An Overview of Results 

By taking a general view of the distribution of major groups of 

organisms in this survey we may see that the caseless caddis were found 

to compose 7.2% of the total numbers of individual invertebrates found 

in all of the samples in the survey. This compares with data from Roback 

(1962) who, in a study of the fama of rivers in the United States, 

found between 8 - 13% of organisms were Trichoptera. 

The figure of 7.2% is therefore of a similar order of magnitude, 

and shows that the caseless caddis species are obviously important 

representatives in benthic communities and as such should be useful tools 

as indicators. In this survey, six species of Hydropsyche were found, 

namely H. angustipennis, H. siltala’, H. pellucidula, H. instabilis, 

H. contubemalis and H. fluvipes; the first four species being quite 

common, the latter two only occasionally sampled. The other caseless 

caddis collected were Rhyacophila dorsalis, Polycentropus flavomaculatus, 

Plectrocnemia conspersa and occasionally a Psychomyid sp,. 

As the Hydropsyche spp. were far more numerous, special attention 

has been paid to their distribution, limitations and tolerances, 

Tables 4.5 and 4.6 summarise respectively the chemical data which were 

collected personally, and by the Water Authorities at all the sites 

where the Hydropsychids were found. These show comparable data for many 

similar sites within the survey. Individual values for chemical para— 

meters are slightly different as Table 4.5 are individual observations 

as opposed to Table 4.6 where annual means are recorded. & 
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  Tay [otal 0.0. Pane” Paginas 2 | M9 | Total C1” [n-N0,/n-Wu|p-Po4 | $55] cu g 
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RIVER SITE be, Ba aes ree AN Pog" age" ng" ngt=! | 9914] pom | ppm ppm | pam | ppm | pom 

Calder Hebden Bridge} 14.0] 6.5 |10.1 | 1.1 | 39.0] 23.0) 16.0) 10.0] 16.3) 0.1 |0.3 4.00.08 | 0.0} 0.1 | 0.01} 0.0] 3.3] 0.07 

Dove, Darfield 15.0] 7.15} 8.25] 5.3 |391.0} 190.0) 200.0] 180.0/148.0)3.75 | 0.6 | 1.5 0.06 ong 0.35] 0.04) 0.179 $.8| 0. 

Dearne, Sroomhi1! 15.0] 6.75} 8.55] 7.4 |312.0) 177.0)135.0]140.0/156.0)5.85 | 2.2 | 1.4 0.87 | 0,02] 0.3 | 6.06} 0.23) 22.0 | 003: 

Dowles Brook 9.5} 7.56110.9 | 1.3 |200.0/130.0/ 70.0|140.0) 34.0/2.6 | 0.1 10.0 9.5 }0,05 | 0.009 0.151 0.0 | 0.05) 1.71 0.01) 

Rainworth Water 10.0] 7.9 |11.0 | 6.9 |224.0]132.0} 92.0/105.0] 48.012.2 10.¢ |5.5 111.0 /0.04 | 0.0 | 0.2 | 0.02) 0.05) 4.05! 0. 

Bagthorpe Brook 13.0] 7.5 | 9.15] 4.45]270.0|151.0|119.01160.0| 34.0/2.0 |0.1 |0.5 12.5 |0.07 | 0.01] 0.2 | 0.03] 0.07} 2.4 | 0.01 

Churnet, Upper Hulme 7.2 1.9 | 49.0} 38,0] 11.0]175.0] 15.5/2.9 10.4 

Churnet, Bridgend 8.0| 7.0 111.8 | 2.2 | 74.0) 41.0] 29.0/2.0 10.9 115.0 

Churnet, Abbey Green Rd 8.5) 6.8 2.0 | 71.0] 55.0] 16.0} 30.0] 20.0/0.9 |0.4 11.0 1.0 

Churnet, 4/s tardies"**_7.9| 7.0 | 9.8 | 8.0 [133.0 59.0] 66.0123 |1.2 13.0 
Churnet, Consall 13,0] 7.2 | 9.0 | 2.3 1123.0 80.0} 23.0/4.0 [0.2 9.0 

£ Churnet, Froghall 14,0 4.0 |158.0|118,0| 40.0] 70.0] 24.814.0 |0.4 10.6 |12,5 [0.19 | 9.01] 0.1 | 0.071 0,07] 5.65] 9, 

i Churnet, Oskamoor 12.0 3.6 |172.0|124.0| 48.0] 60.0] 2.7/3.2 |0.1 10.0 113.9 |0.15 | 0.01] 0.15} 0.06] 0,1 | 4,7 | 0,02) 

Churnet, Alton ue) 2.15|159.0/128.0] 31.0/115.0) 43.0]3.4 10.5 [0.8 158 
  

Blythe, Cheswick Green_| 12.5 2.85 |237.0 [133.0 f104.0|160.0| 36.2|5.6 |0.2_|3.6 | 7.0 {0.09 | 0.01] 0.15} 9.06! 0.07] 2.0 | 0, 

Blythe, Temple Satsalt_| 16.0 4.2 |306.0 156.0 |150.0|185.0| 40.4|3.2_|0.3 7.9 |o.1_| 0.09 0.2 | 9.03] 0.1 | 1.5 | 0.01 

tythes brook | 13.0] 7.3 | 8.1 | 3.0 [eas.of161.0 123.0/170.0| 39.0[4.38 |o.2 7.3 |0.08 | 0.01] 0.15] 0.02] 0.07] 1.35] 0.01 

5 Blythe, Stonedridge | 13.5 1244.0 |140.0 |104.01125.0} 46.8|9.0_|0.8 10.11 | 0.01] 0.1 | 0.03] 0.05] 1.0} 0.02, 

Langley Brook 12.0 [349.0 [215.0 |134.0|190.0] 41.8|3.55 |0.2 6.5 |0.07 | 0.01] 0.2 | 0.041 0.05) 1.04 0, 

sourne,™*Tynitacre | 14.0 1251.0 bos.o| 47,0 [211.0 12 25.0 |o.02 | 0,093 o.03 o.03 
sourne,Oo™ MITT Bridge | 12.5 las8.0 36.0 72.0 [210.0] a1.8]11.7 [0.1 |1.1_| 5.5 |o.o7 | 0.02| 0.25] 0.03| 0.1 | 4.9 | 0.07 

  

  

  

  

  

  

  

  

  

  

Anker, Leathermi11 8ridg)6.0 l323.0 216.0 [107.0 250.0 |320.0] 5.8 13.8 [6.3 |15.0 }o.09 | 0.08] 0.3 | 0.11 0.27/ 0.9 | 0.04. 
  

  

  

  

  

  

  

  

  

  

Ouse, Fullwell Sridge 9.0 1184.0 171.0] 13.01290.0| 33.0) 0.2 10.2 | 4.0 10,18 |<0,0] le0,01 1<0.01 '<0.0} oo} 

Tove, Sozenham M111 9.5 1957.0 905.0] 52.0}220.0| 34.2|7.0 |0.5 [0.0 [27.0 fo, 12 |<0.01 [<0.01 <0.01 |<0.01 0.01 

Tove, Coppenham Bridge | 9.5 1342.0 1316.0} 26.0}250.0| 31.017.0 10.4 |1.0 | 4,0 10.06 {0.01} 0.0151.0.01|<0.01 9.01 

Clipstone Brook 9:0 1197.0 [175.0] 22.0|225.0] 40.0 10.3 |0.8 | 7.0 10.06 

Ouse, Milton Ernest 9.8 1178.0 [166.0 | 12.0/210.0] 48.0) 0.4 10.2 | 5.0 j0.1 

Claydon Brook, Winslow | 10.0 1188.0 [173.0 | 18.0/290.0| 41.0! 0.3 10.4 | 5.0 }0.06 

Claydon Brook, Padbury | 11.0 196.0 |181.0} 15.0}235.0] 45.0) 0.1 |0.2 | 1,0 |0.14 |<0.01| 0.02 |<0.01 |<0.01 0.02 

Ouzel, Standbridge Ford 10.5 | 7.65/13.5 | 4.3 |176.0[167.0| 9.01290.0) 82.5 1.6 4.4 | 15.0 |0.12 | <0.01 /<0.01} 0.01} 0.02 0.05) 

Ouse, Olney 10.01 7.6 |10.9 | 1.75|348.0|318.0| 30.0/215.0| 47.5|7.7 [0.4 |1.3 |33.5 [0.06 | 0.0 | 0.2 | 0.01] 0.006) 0,02] 

  
Fa Ouse, “NIT 9.5| 7.8 {10.65| 2.5 |246.0/322.0| 24.0}230,01 46.518.2 |0.6 [1,2 | 3,0 [9.05 

0 |7.5 |10.15| 1.95 /334.0 298.0] 36.01165.0] 63.519.8 11.9 13.0 124.0 10.08 

  

  

Quzel, Caldecote 4111   

  

  

  

  

  

  

  

  

  

  

                                Quzel, Witten 12.0 9.9 29.0 10.32 11.56 lo.o1 |<0.01] 0.01 «0.01 |<0.01 9.01 

Quzel, Siapson 9.0 4.1 | 1.95 ference ®®-2 225.01 s.slo6 lor |26 | 7.5 10.16 |<0.01] 0.02}<0,91| 0.01 0.0 

arm argon, Frith | 10.01| 7.85 0.23] 1.83 |143.0|118.0| 25.0] 77.8| 26.2/1.6 10.1 10.8 118.0 40.08 | 0.01] 0.15} 0,041 0,07] 7.7 {0.01 

Roych Brook 12.0] 7.4 l10.1 | 3.7 |143.0|120.0| 23.01 98.0] 53.2|1.4 |o.1_17.4 117.0 9.04 | 0.655 0.25] 0.06) 0.1 16.2 | 002: 

Sete, Hayfield 12.0 | 6.85)10.2 | 1.6 | 70.0] s2.0| 19.0] 22.5] 13.5/0.6 |o.2 10.7 115.0 bos | omg og |ooaloos ten toa 

Sett, New Mills 12.5|6.7 | 9.98} 2.43} 79.0) $8.0] 24.0] 20.0] 13.511.0 0.2 11.0 | 12.0 9.05 | 0.01] 0.1 | 0.03] 0.07 16.95 | 0.01 

Bollin, Langley 10.5| 7.5 [11.4 | 1.6 57.6| 20.00.92 |0.18 |0.13| 7.0 6.04 | 0.029 0.0 | 0.02] 0.05 |9.4 | 0.01 

Bolling carain 16.5] 7.4 | 8.75| 2.05|138.0|100.0] 25.0] 95.0] 22.5|1.2 |0.2 |0.2 | 12.5 p.04 | 0.01| 0.1 | 0.02] 0.071 1.6 | 000 

Hodberley srook 13,0] 7.0 | 4.85| 4.4 |209.0|143.0] 66.0] 220.0) 48.51.2 |9.2 |2.9 | 17.0 o.14| 0.02] 0,25] 0.02] 01 [7.11 
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NCE OF dydropsyene app. 

  

STRIBUTION suaRvEY 
PARAMETERS annual means from Mater Authority Data (1979-80). 

  

  

  

  

  

  

     
  

  

  

  

  

  

      
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

      
  

  

  

  

  

  

  

    
  

      
  

  

  

  

  

  

  

  

  

  

  

  

  

5 0a BT] eT Ties |h6, [rowarye-wi]P-Poq s,s. [ea [ca [he |or [Mm | fe [in | Temp. |p.4. | 0.0. 300 pales Sees 3 
RIVER : SITE °c, gx” |g.” 251 ng" fot" ag" gy 7" agt 1] mg” peep Poem 
Hebden Bridge 8.9] 6.5] 11.5] 1.2 0.93] 0.01 0,14] 0.04 7.5 
Dove, Darfield 10.7| 7.8 5.5 | 0.21 0.98 126.4| 0.03] 9.01] 9.03] 0.12) 0.06] 3.6 | 0.04 
Dearne, Broomhill | 11.5| 7.6 424.1 8.1 | 0.54 2.2 | 1.1] 95.2] 0.02] 0.76 0.01] 0.01] 0.03| 3.6 | 0.05 
Ewden Beck 9.0] 7.0 1.7 | 0.1 0.9 9.0| 0.05] 0.01| 0.07] 0.05| 0.08] 1.1 | 0.11 

Seven 8.4] 7.5| 9.8 e0.9| 49.4 16.5| 1.2 | 0.03 0.09] 0.04 15.5 
Wharfe Tadcaster [10.9] 7.8| 10.8 169.6 | 111.4 18.0] 2.09| 0.03 0.09] 0.08] 13.8] 0.01] 0.72] 0.01] 0.004 0.009 0.48 | 0.02 
Wharfe Boston Spa [10.0 7.9| 11.6 18.8 [117.9 15.4 0.03 0.18] 0.08 19.2 
Wharfe Warexood 3.5] 7.8) 12 TA17 | 106.1] 14.6 0.03) 1.55] 0.15 

iharfe Bolton Bridge | 9.3] 7.9/ 11.5 129.5 | 110.4 11.3] 1.0 | 0.05 0.05 
Wharfe Burnsall 7.9] 11.6 | 0.5 |144.9 | 129.9 11.5 | 1.03 | 0.05 9.07] 
Cowles Brook 7.6 101.4 1.57 0.06 

Raimortn hater ton” | 9.8 | 7.0| 10.3] 7.8 [365.5] 99.4 1.43] 4.27 57.0 

Bagthorpe Brook 8.3 | 7.6| 11.9 | 2.6 |270.6 | 142.3)122.0 0.89| 0.01 5.0 
Churnet Upper Hulme | 7.7 | 7.0] 11.0] 2.2 | 48.9| 22.0119.9 1.17] 0.18 323 
Churnet Bridgend 7.3] 7.1] 11.5 ]1.9 | 70.3 41.6 25,7 1.83] 0.50 2.1 0.01| 0.01] 0.01] 0.01 | 0.01 | 0.48 |0.01 
iiiey frase toad 81.0| 43.7] 28.8 1.56| 0.55] 0.08] 24.0| 0.01] 0.01] 0.01] 0.01| 0.01 | 0.01 |0.03. | thurnet ‘| 
4/s Wardles ks. 107.3| 62.7|71.0 2.73) 0.85 as 
Churnet, _consal oS 114.6 | 64.6) 38.8 3.2 | 0.05 7.0 

Churnet, Froghal 9.1 121.7 | 66.5] 44.8 3.25] 0.48 47.8 
Churnet, Oakasoor a4 140.5 | 64.7] 40.4 3.32| 0.42 
Churnet, Alton 9.2 | 7.1 [10.6 {3.2 [137.5] 66.3]38.5 3.28] 0.44 
Blythe, Cheswick Green| 9.6 | 7.7| 10.6 [3.4 [204.6 | 115.8|41.8 7.93] 0.33 10.9 
Blythe, Temple Balsaii|10.3 | 2.0 [11.0 [3.0 [273.8 | 163:8|46.0 5.12| 0.18 9.2 
Biytre,"Erstcote brook | 9.9 | 7.6 | 9.5 |3.5 [236.2 | 140.8148.2 8.09! 1.06 14,4 10,03| 0.011 9,01 0.05 
Tythes Stonebriése  Tio.2 | 7.7 9:2 [3.1 [2e2.7 | 142.8]50.8 8.17| 0.9 12.6 

Langley Brook 
Bourne, OverWnitacre | 9.62| 7.7| 9.9 [1.6 |322.1 | 204.0|67.5 11.43] 0.15 19.8 | 0.02 0.03 0.01 10.03 
saan Bridge 

fereelietit Bridge 10.0 | 7.6 | 10.4 |3.4 |346.0 | 205.3/145.4 7.21] 1.05] 2.54] 17.5 [0.01 | 0.01} 0.01 | 0.02 | 0.02 0.03 

Mion Bridge 8.1 [10.2 on 0.01 [0.01| 0.01 | 0.01 [0.01 0.01 
Tove, Gozennam HiT) [11.4 | 8.2 [10.3 [2.8 0.11 0.01 {0.01 0.01 | 0.01 | 0.01 10.01 
esen ieldas 11.3 | 8.1 [10.7 [3.1 [127.0 |197.7| 40.2|7.8 0.14] 0.98 
Clipstone Brook 

Ouse, MiTton Ernest 
Claydon Brook, Wins Tow 
CUrey aires 9. 198.8 | 50.5/9.6 0.2 | 3.5 (0.01 |0.01 | 0.01 | 0.01 | 0.01 0.01 

ouzel, peagertdge No.7 8.3 44.0 | 224.3] 78.191.8 1,63] 3.2 ‘0.01 |0.01 | 0.01 0.01 [0.14 |0.04 
tase, OTney 12-4 10.5 146.0 |211.2| 49.3 0.15] 1.05 0.01 
Ouse,Ravenstone HITT [12.4 | 7.1 | 9.8 40.8|7.8 0.22 
Ouzel, Caldecote M111 
Ouzel, Willen 12.0 9.8 58.7/9.1 0.32 | 1.56 10.01 [0.61 [0.01 [0.01 [0.91 [0.01 
Ouzel, Stapson 9.3 9.0 [3.2 50.0 9.93 

TeepedTeee ee ien 
Roych Brook A 
Set, Hayfield 15.0 | 7.8 9.9 [0.9 25.0|24.0)1.1 _|o.c2 0.05] 0.10 | 5.0 
Set, New MITTS 9.7 | 7.3 ]10.9 [2.1 42.0 [20.01.41 [0.02 0.09 0.20 |12.4 
Bollin, Langley 10.5 | 7.5] 11.4 [1.6 57.6 | 20.00.92 [0.05 0.18] 0.13 | 7.0 

Bollin, Jarmin 10.5 | 7.5 {114 {1.6 $7.6 |20.0 0.92 [0.05 0.18| 0.13 | 7.9 
Mobberley Brook 10.5] 7.3] 7.1 [3.8 195.0 |42.0.25 [0.18 $.05 | 1.10 |19.0                                           
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The distribution of the other major taxonomic groups in the sur— 

vey deserves mention. For example, at only nine out of seventy-seven 

stations were no oligochaetes recorded. Naids may have been present 

in some of these samples, but having been preserved in formaldehyde these 

may not have been apparent. Neither oligochaetes or chironomids are 

favourable groups to be used as indicator organisms as they are too tol- 

erant and ubiquitous. This view is reflected in their lowly position 

in the Trent Biotic Index and Chandler Score classification systems. 

Tubificid species are associated with the effects or organic enrichment, 

for example on the R. Dane at Biddulph, downstream of a water treatment 

works there were 260 per 0.05 m, Similarly on the R. Tean. at Beam- 

hurst where organic effluent from a water treatment works, a dairy and 

a farm enrich the river, the density rises dramatically. 

When waters become organically enriched, depositing silt, the 

growth of heterotrophic aerobes is promoted. This leads to an increased 

food supply for the worms. Simultaneously the BOD increases, and dis- 

solved oxygen tensions are lowered, _thus conditions may become critical 

for other invertebrate competitors or predators». 

Hynes (1971) has shown tubificids to be far more tolerant of 

phenols and cyanides than many other macroinvertebrates. 

The blanketing effect of inert matter has been suggested to 

suppress most other macroscopic invertebrates, leaving the habitat in~ 

hospitable for everything but tubificids. If a stream is contaminated 

by oil pollution then this may inhibit oviposition by insects. Any 

combination of these factors may lead to an invertebrate assemblage 

being dominated by tubificids. 

Often Chironomids are associated with the tubificids in very 

polluted situations. This was true at the heavily polluted sites on the 

River Tame u/s Blue Billy Tip and in Ford Brook. 

mG ee



Chironomids are the most abundant and widely distributed re- 

presentatives of the Diptera in the survey, and were found at some 

sites in numbers exceeding 1000 per mn, For the purpose of this survey, 

they were classified as green and red chironomids (reds being C, rip- 

arius). This red "blood worm" was most frequently recorded at stations 

on the River Calder, namely Mirfield and Huddersfield. Due to their 

high tolerance of environmental conditions such as those encountered 

immediately below a sewage works, C. riparius is often the most abundant 

member of the chironomid assemblage. 

High incidences of green chironomids (mainly Orthocladiinae, 

Tanytarsini and Microspectra sp.) are usually associated with either 

organic enrichment, or slow flowing stretches of river with a silty 

substratum, The latter situation was true at Rainworth Water, Ollerton, 

The silty substratum is often a result of man-made conditions, and a can- 

alised section of the R. Erewash at Pinxton and the R. Maun at Edwin- 

stowe are examples of the effect on the fauna in such a situation, 

The impoverished community at these stations is reflected by low 

scores on the biotic indexes, the full assemblage consisting of Oligo— 

chaetes, Chironomids and Asellus aquaticus. 

In less polluted instances, e.g. R. Chumet: Oakamoor, R. Blythe: 

Temple Balsall, the high densities of green chironomids are associated 

with the Cladophora growth over gravels of the substratum, the blanket 

weed providing an hospitable habitat for the larvae. Chironomid 

distribution generally seems to be influenced more by the changes in 

substratum rather than current velocity or small changes in water 

quality. A large increase in the numbers of chironomids reflects a 

gross deterioration in water quality, but their use as indicators is 

limited. Organic enrichment will often cause high population densities 

of a single species. These often become "nuisance organisms" when 

"midge swarms" rise from the river. 
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The Hirudinea in the survey were represented by Glossiphonia 

complanata, Erpobdella octoculata, Erpobdella testacea, Hellobdella 

stagnalis and Piscicola geometrica. lLeeches were recorded at 36 of the 

stations, but numbers per square metre never exceeded 20 except at 

R. Chumet, Cheddleton Station where a density of 500 mn? was recorded, 

Their distribution appears to be closely associated with that of their 

food organisms. G, complanata feeds mainly by sucking body fluids of 

molluscs, whilst Erpobdellae feed on a variety of insect larvae and 

oligochaete worms. P. geometrica as its name implies is found at 

stations where there are suitable fish as hosts. 

Bryce et al. (1978) reports that G. complanata was recorded from 

chemical Class 1 and 2 water qualities but in this survey they were 

found throughout the whole range, e.g. Class 1 = Clipstone Brook; 

Class 2 =R. Ouzel, Willen; Class 3 = R. Dearne, Broomhill and Class 

4 =R, Churnet d/s Wardles Chemical Works. Erpobdellids appear to 

be consistently more closely correlated with higher water qualities, 

hardly surprising in view of their dietary requirements. P. geometrica 

has been recorded in the R. Ouzel at Stanbridge Ford and R. Tean at 

Checkleybank, both of which sites are known to be supporting good 

fish populations. 

Throughout the survey a varied molluscan fauna was encountered 

including Ancylus fluviatilis, Potamopyrgus jenkinsi, Limaea pereger, 

Planorbis sp,, Valvata_sp., Physa_sp.,Sphaerium sp., Pisidium sp. and 

one find of Anodonta sp. Distributed throughout all the classes of 

water quality was L, pereger(L.p) probably one of the most tolerant 

species of freshwater snail. Other very abundant species were A, fluvi- 

atilis (A.fl.), P. jenkinsi (P.j) and Sphaerium sp, (Sph.). Particularly 

high densities of snails were recorded at the following stations:



Claydon Brook, Padbury - P. jenkinsi 

R. Ouse, Olney - P. jenkinsi, L, pereger, Valvata and 
Sphaerium 

R. Ouse, Simpson ~ P, jenkinsi, L. pereger and Sphaerium 

R. Devon, Hawton - P. jenkinsi, Planorbis, Valvata and 
Pisidium 

R. Blythe, Henwood Mill - A, fluviatilis, P. jenkinsi, 
Sphaerium and Pisidium 

R. Poulter - P. jenkinsi 

The oné find of Anodonta_on the R. Ouse at Ravenstone Mill was 

rather out of character as this species is usually associated with slow 

flow conditions. The sampling station here was man made stretch of 

river with high banking and relatively deep slow flowing water: Other 

species common in lowland situations were absent in this survey as 

would be expected, thus species such as Bythinia, L, stagnalis and Unio 

are not recorded. 

The -fext. major group to be considered are the Crustacea. Three 

species were recorded in this survey, Asellus aquaticus, Gammarus pulex 

and Astacus pallipes. A. pallipes was found in very high water quality 

at Langley Brook, Middleton. This was not a common species in the survey, 

but from personal experience it has been sampled on other occasions in 

the R. Severn and in the stream in Bradgate Park, Leicester, both of 

water quality Class 1. Generally it is difficult to sample due to a 

very rapid and effective escape reaction. The isopod A, aquaticus is 

more widespread than the amphipod G. pulex, being present at stations 

of all four water qualities, e.g. R. Blythe, u/s Eastcote Brook, R. 

Ouzel, Willen, Mobberley Brook and R. Dove, Darfield representing 

Class 1 - 4 respectively. 

The increase in abundance is generally associated with a decrease 

in water quality and gttenia decrease in water velocity may also be 

well tolerated. In contrast G. pulex favour cleaner waters in true 

riffle situations where gravel and stony substratum offers suitable 
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niches for concealment from predators with fast flowing and well 

oxygenated waters. 

High population densities of G. pulex were recorded at Dowles 

Brook, R. Blythe, Stonebridge, R. Ouse, Milton Emest, R. Bourne, 

Fillongley and R. Tean, Checkleybank, all sites of Class 1 or 2 water 

quality. 

Rhyacophila sp. are often associated with communities comprising 

relatively large numbers of G. pulex together with species of mayfly 

and stonefly, for example R. Chumet, Upper Hulme and R. Calder, 

Hebden Bridge. These are generally classic riffle habitats with high 

water quality. 

When proportionally more A, aquaticus than G. pulex are present 

in the invertebrate assemblage Hydropsyche spp. are more commonly 

encountered. These are usually sites with decreased water quality, 

characterised by only Baetis representing the mayfly group. Examples 

of such sites include R. Tove, Bozenham Mill and R. Goyt, Otterspool 

Bridge. 

Further analyses of caseless caddis associations are undertaken in 

the following section. 
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4.2.2. PROCESSING OF RESULTS 

Initially manual processing of data was carried out to calculate 

biological indexes and scores in an attempt to extract information on 

specific variables which affected Trichopteran distribution. To further 

the work (on the data collected in the field survey) the data were re- 

written into a matrix format suitable for computer analysis. Data were 

punched and stored on the I.C.L. 1904S computer. Major matrices com- 

prised raw field data and corresponding data from the Water Authorities 

from the sites visited in the survey. Ecological data of this type are 

usually non-normally distributed, so for the biological figures a log 

x + 1 transformation was performed. The raw and eran atoraed data could 

then be compared if required (Snedecor and Cochran 1967, p.193). 

Once in matrix form the data may be manipulated but the original 

size of the matrix was too large for the computer to handle. Deletion 

of variation (sites) having less than five entries was performed leaving 

a 61 x 61 matrix which could be edited and altered as required. 

Correlation coefficients were calculated and significant values 

extracted for all chemical parameters and biological taxa. Co-efficients 

of determination were calculated for each data matrix, but upon examin- 

ation of the two sets of data, comparing raw ‘and transformed matrices 

the conclusions were not dramatically different, i.e. the same parameters 

were still important. 

The survey data were processed to examine how the distribution of 

Trichoptera were related to: 

a. Chemical Classification of Rivers 

b. Relationship with specific chemical analytic data 

ce. Community structure 

d. Indicator value of water quality



4.2.3. RELATIONSHIP WITH CHEMICAL CLASSIFICATION OF RIVER (D of E) 

To compare the presence/absence of Hydropsyche spp. and Rhyacophila 

sp. with the D,of E. Chemical Class, x2 (chi. square) tests were applied. 

Tables 4.7 and 4.8 show Water Authority and Aston Data for Hydropsyche 

spp- followed by the results for Rhyacophila sp. in Table 4.9. 

    

  

  

        

Table 4.7 x? test for Hydropsyche spp. (Water Authority Data) 

Chemical Class ED 2 3 4 Total 

Hydropsyche spp. present 28 14 5 2 49 

Hydropsyche spp. absent é 13 19 12 47 

Total No. of sites 31 27 24 1a om 

x? = 35.51 df=3 p<0.001* **     
  

Table 4.8. x? test for Hydropsy che spp. (Aston Data) 

  

  

        

Chemical Class 1 2 3 4 Total 

jHydropsyche spp. present 14 12 4 0 30 

jHydropsyche spp. absent i dy 17 10 47 

Total No. of sites 21 25 21 10 77 

x? = 17.51 df =3 p < 0.001 * * *         
From both sets of data the relationship between Hydropsyche spp. 

distribution and chemical class is highly correlated. 

  

  

  

        

Table 4.9 x? test for Rhyacophila sp. (Aston Data) 

Chemical Class 1 2 3 4 Total 

|Rhyachophila present 9 2 0 0 11 

Rhyacophila absent 12 23 at 10 66 

Total No. of sites 21 25 21 10 vias 

x7 = 19.96 af=3 p <0.001 * * *       
  

It was concluded that the distribution of Rhyacophila was also related 

to river water quality as assessed by D. of E. classification 

- 75 -



4.2.4. RELATIONSHIP WITH SPECIFIC CHEMICAL 

Firstly the data were processed in the way first used by Dr. 

R. Abel (Private Commmication) for processing field data on mayfly 

distributions. 

Essentially, for each site where a species was recorded, the raw 

chemical data. were extracted and converted into annual mean values. 

From these values the median value was calculated, together with the 95% 

confidence limits and the 5% and 95% percentiles. Percentiles were 

calculated by ranking the variates and then calculating the probability 

plotting point using the Hazen factor (f = rd p: Graphs are 

plotted on log. probability paper, and the percentiles at the 5% and 

95% read off. The values are calculated for temperature, dissolved 

oxygen, BOD and hardness and are shown on Tables 4.10, 4.11, 4.12 and 

4.13. Calculations showed the mean and median values to be so close 

that it is valid to assume that the data are normally distributed. 

Using an F-test of Equality of Variance (Snedecor & Cochran, 1978) it 

can be assessed if there is any significant difference between values. 

The results of these statistical tests are given in Table 4.14. 

Individual Parameters: 

a. Temperature 

From Table 4.10 there appears to be little difference in dist- 

ribution when pairs of values are tested in relation to temperature 

for all Hydropsychids and for individual species using this particular 

test, thus demonstrating the group are distributed over a wide range 

of temperature. 

b. Dissolved Oxygen (Table 4.11) 

There is a significant difference between the overall values for 

dissolved oxygen in all the sample sites and those at which H. angusti- 

pennis, H. pellucidula and R. dorsalis are present.
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TABLE 4.10 TEMPERATURE —C 

Stations n Range Mean Median , S.D. | 95% C.L= 5% + 95% Percentiles 

All Stations 80] 6.4 - 16.7 | 10.02 9.9 1.848 9.9 *0.41 Pf) 13.0 

Hydropsyche spp. 4116.4 - 15.0 | 9.92 9.7 [1.80 19.7 £0.47] 7.8 13.0 

H. angustipennis 14] 6.4 - 12.4 | 10.13 10.1 1.61 ho.1 *0.85| 7.4 14.5 

H. pelluetdula 9| 6.4 - 11.3 9.48 9.5 1.34 Chas POsiso-ce Ol. 5 

H. instabilis 2] 9.5 = 9.6 9.55 9.55 0.07 9.55% 1.98] 7.3 17.0 

H. 8 tltalex< 7| 8.3 - 15.0 | 10.13 9.54 2209 9.45 42.13] 7.5 12.0 

R. dorsalis 31] 6.4 - 15.0 9.51 9.4 1.495 9.4 20.55] 7.6 11.4 

P. flavomaculatus 19] 6.4 - 15.0 | 9.66 9.7 2.027 9.7 *0.97| 6.7 13.0 

P. conspersa 2] 8.3-9.9 | 9.25 9.25 | 0.919 -| 9.254 8.25] 6.6 12.5 

Psychomy iidae 6] 8.3 -15.0 9.92 9.9 1.491 919° 1156| 8.7 -— 11.2                 
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TABLE 4.11 DISSOLVED OXYGEN mg17! Se ee 

Stations n Range Mean Median S.D. 95% C.L. 5% + 95% Percentiles 

All Stations 77| 3.3- 11.8] 9.93 | 10.30 | 1.49 | 10.3 40.33 | 8.4 12.0 

Hydropsyche spp. 41] 7.1- 11.9] 10.39] 10.50 | 0.992 | 10.5 40.31 |8.8 12.0 

. angustipennie 14] 9.2- 11.8] 10.50} 10.45 | 0.717 | 10.45% 0.41 | 9.4 12.3 

H. pelluctdula 9] 9.2- 11.8] 10.34] 10.40 | 0.803 | 10.4 £0.61 | 8.8 12.0 

H. inetabilis 2|10.0 - 10.6 | 10.3 | 10.30 | 0.424 | 10.34 3.79 | 8.8 12.0 

H. siltalai 7| 9.6- 11.8] 10.29] 10.04 | 0.735 | 10.04*0.68 | 9.0 11.3 

R. dorsalis 30} 9.24- 11.7] 10.65 | 10.75 | 0.738 | 10.75 0.27 | 9.4 12.0 

P. flavomaculatus 19] 7.9- 11.8] 10.75 | 10.9 | 0.975 | 10.90.46 |9.4 12.2 

P. conspersa 2] 9.5- 11.8] 10.65 | 10.65 | 1.626 | 10.6514.6 |9.4 12.2 

Psychomyiidae 6} 9.2-11.7| 10.76 | 10.9 | 0.954 | 10.97 0.99] 9.2 13.0                 

 



c. Biochemical Oxygen Demand (Table 4.12) 

As one would expect this reflects dissolved oxygen results to a 

certain extent. Significant values were calculated for Hydropsychids 

in total, H. angustipennis, P. flavomaculatus and Psychomyiidae. 

d, Total Hardness (Table 4.13) 

This parameter was the final one to be calculated. Significantly 

different values were recorded for Hydropsyche spp., H. pellucidula 

and Psychomyiidae, 

This processing method was finished at this point, as it was 

felt to be of only limited use in showing pointers to the key factors 

influencing caddis distribution. As success depended upon’ the number 

of sample sites at which a species was recovered, this may lead toa 

limited data base, and a rather spurious interpretation. 

4.2.5. GRAPHICAL PRESENTATION 

An alternative representation of the same data came from attempt- 

ing to plot the parameters graphically. Dissolved oxygen and BOD were 

plotted, grading the survey sites from best water quality (according 

to parameter) to the worst. The mean annual value at that site was 

recorded and plotted together with the range (Fig.4.1 and 4.2). 

Linearly above, distribution of species were entered to display 

the range over which the species occurred. 

Both methods of processing highlighted the broad range over 

which these trichopteran species were found, one species often over- 

lapping another in the tolerance range. 

With the computing facility available, using the large data 

matrix previously described, a series of correlation coefficients (r) 

were calculated. A total of 77 variables were compared, thus result- ; 

ing in 77 - 1 = 76 degrees of freedom. 

From tables, values at 80 df (the closest value for r) positiye 

values were as follows:
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TABLE 4.12 BOD mgi7! 

Stations n Range Mean Median | S.D. 95% C.L. 5% + 95% Percentiles 

All Stations 64 0.5 - 4.05 3.45 2.25 3.45 70.56 | 1.6 7.8 

Hydropsyche spp. 32 0.5 => 7.8 2.9 2.9 1.46 2.90 is 0.53 1.36.0 

H. angustipennis 4 | 24- 7.5 3.3 30 1.25 | 3.10 40.72 | 2.4 3.85 

H. pelluctdula 9 2.4- 7.4 Sek 335 1.44 3.50 5 1.08 2.704) 

H. instablis 2 3.4 - 3.6 a5 3.5 0.14 3.50 a 1.25 = = 

H. eiltala 6 |10.9- 756 3.89 | 3.0 i600 |= 3.0 > 2.972 | 1.3° 6:6 

R. dorsalis 24 | 0.5- 6.47 3.01 | 2.4 1.848} 2.4 40.77 | 1.0 7.2 

P. flavomaculatus 15 | 0.5- 3.1 2.24 | 2.4 0.816} 2.4 *0.45 | 2.2 4.3 

P. conspersa 2 | 2.519 3.5 3.0 3.0 0707 | 3.0 * 6.33.|.-» - 

Psychomyiidae 32 |) 216-4341 2.83 | 2.8 0.251] 2.8 40.62 | 1.2 3.6                 
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TABLE 4.13 TOTAL HARDNESS 1 

  

  

  

  

1 * Cato. mg. aco, 

Stations n Range Mean | Median s.D. 95% C.L. /5% + 95% Percentiles 

All Stations 57 30 - 779 248.0 210.0 | 155.02 210+ 41.0 |66 670 

Hydropsyche spp. 28 30 - 420 177.2 140.0 97.11 140 * 36.8 60 350 

H. angustipennis 8 114 - 340 215.4 223.0 79.8 223 t 66.5 15 360 

H. pellucidula 8 | 114 - 273 183.8 170.0 | 62.6 170 * 52.2 |98 325 

H. instabilis z: 114 - 204 159.6 159.6 63.6 159 *571.4 | - & 

H. siltalac 4 81 - 270 143.2 110.0 85.7 no 4136.3 |- - 

R. dorsalis 23 34 - 779 172.2 140.0 | 150.0 140 t 64.7 48 370 

P. flavomaculatus 15 34 - 779 190.7 140.0 | 179.1 140 t 99.3 |40 500 

P. conspersa 2 236 - 270 253.0 253.0 24.0 253 4215.7 | - - 

Psychomyi idae 6 76 - 242 149.5 145.5 53.9) 145.5 a 56.5 |io5 185               
  

 



TABLE 4.14 

RESULTS OF TESTS OF EQUALITY OF TWO VARIANCES 
  

  

  

  

            

PARAMETER 

PAIRS OF VALUES TESTED 

Temp. | D.0 | BOD Hardness 

All Stations : Hydropsyche spp. Ss S s 5 

All Stations : H. angustipennis N.S 5 Ss N.S 

All Stations : A. pelluctdula N.S S N.S) S 

All Stations : H. instabilis N/A | N/A N/A N/A 

All Stations : H. stltalai NS IeNsS N.S N.S 

All Stations : R. dorsalis N.S 5 N.S N.S 

All Stations : P. flavomaculatus NiSe NS. S N.S 

All Stations : P. conspersa N/A | N/A N/A N/A 

All Stations : Psychomyiidae N.S N.S Ss Ss 

S = SIGNIFICANT. N.S = NOT SIGNIFICANT 

N/A # TEST NOT APPLICABLE 

ae a 

 



Fig.4.1. Graph displaying the range of dissolved oxygen 

levels over which species of Trichoptera were 

distributed. 

Hydropsyche spp. 
Hydropsyche angustipenn    

  

    A. pellucidula 5 6 
A. siltaléi.e 

H. instabilis . . 
Rhyacophila dorsalis eeee cee as. 66 eeee co oe Polycentropus flavomaculatus 

Plectrocnemia conspersa « ‘s 
PSYCHOMYIIDAE soe “ 3 

  

  

  

STATIONS 

Stations are arranged from left to right showing highest 
to lowest water quality, i.e. highest to lowest D.0. 
Central point gives mean D.0. whilst vertical line 
indicates range for that station. 
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Fig.4.2. Graph displaying the range of BOD levels over which 

species of Trichoptera were distributed 
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Stations are arranged from left to right showing highest to 

lowest water quality, i.e. lowest to highest B,O.D. Central 

point gives mean BOD whilst vertical line indicates range for 

that station. 
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0.05 = 0.232 

0.01 = 0,302 

0.001 = 0.380 

Extracting values greater than 0.232 produced a large network of both 

positive and negative associations between species and chemical 

factors. A table of the strong association with Hydropsyche spp. is 

presented in Table 4.15. 

Coefficients of determination ee) were calculated for each data 

matrix, i.e. how much of the variation in the y variable is attributable 

to the linear regression on the x value. 

Finally, a series of t tests were performed to compare sites at which 

H, angustipennis was present v sites where it was absent (Table 4.16). 

4.2.6. RESULTS 

Examination of the significant positive correlations showed strong 

links with pH, dissolved oxygen, BOD and copper. Biological associ- 

ations were strongest with the plecoptera Leuctra spp., ephemeroptera 

Baetis sp., E. ignita, R. semicolorata, also Ancylus fluviatilis, 

Hydroptilidae and Oligochaeta. 

4.2.7. t-TESTS 

The results from these tests substantiated the correlations. Chem- 

ical parameters of significance were once again pH, dissolved oxygen, 

BOD, and temperature. These factors theoretically should be the most 

important factors dividing sites with presence or absence of Hydropsyche 

sp. Again, some metals had significant values suggesting that these 

may warrant further investigation. 

4.2.8. ASSOCIATIONS WITHIN COMMUNITIES 

Using only biological data from the survey one approach to community 

structure is using Cluster Analysis as discussed in Chapter 2. Fig.4.3 

depicts the data with chemical class and presence/absence of Trichoptera. 

Group average data were used but no distinct clusters of sites cor- 

- 85 -



TABLE 4.15. Parameters and species found to be 

correlated with Hydropsyche spp. 

Temperature 

pH 

Dissolved Oxygen 

Copper 

Leuctra_ sp. 

Baetis sp. 

E. ignita 

R._semicolorata 

A. fluviatilis 

Hydroptilidae 

Oligochaeta 
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TABLE 4.10 

t - tests on #. angustipennis: chemical parameters 

  

  

Parameter t dif. 5%sig.= 1.989 

]. Temperature 2.52251 75 sig. 

2: pH 2.92881 75 sig. 

36205 2.69052 73 sig. 

4. BOD 3.65734 74 sia. 

5. Total Hardness 0.234332 73 N.S 

6. Total Alkalinity 1.34266 74 Rise 

7. Chloride 0.822147 74 N.S. 

8. N-NO, 0.31211 68 Nos. 

9- N-NH3 1.84101 74 N.S. 

10. P-PO, 0.937905 69 N.S: 

11. Suspended Solids 0.612283 61 N.S. 

12. Copper 1.66912 67 NeS. 

13. Cadmium 1.35975 63 N.S. 

14. Lead 2.72096 63 Sig. 

15. Chromium 2.2314 62 Sig. 

16. Nickel 2.28293 63 Sig. 

17. Iron 1.38032 bg Ness 

8. Zinc. 1.81658 63 N.S.           
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2 STATION 228 , 

Warm Brook U/S Chapel-en-le-@ @ 136 

RIVER SURVEY DATA 
ROUP AVERAGE 

Ouse Milton Emest 
Tean _Checkleybank 
Blythe Temple Balsall 
Goyt. Otterspool Bridge 
Devon Hayton 
Blythe Henwood Mill 
Chumet Cheddleton Station 
Blythe Cheswick Green 
Chumet Froghall 
Tove  Cappenham Bridge 
Beauvale Brook 
Chumet Abbey Green Road 
Chumet Upper Hulme 
Erewash Pinxton 

Blythe Stonebridge 
Anker — Witherley 
faker Atherstone 

“Claydon Brook Padbury 
Chumet Consall 
Bollin Langley 

Ouse Olney 
Calder Clifton Beck 
Bourne Over Whitacre 
Dane —-Biddulph 
Mobberley Brook 
Rainworth Water Ollerton 

Deame U/S Bamsley 
Bagthorpe Brook 
Harrop Brook 
Sett Hayfield 

27 
19.396 

Warm Brook U/S C,-en-le-Frith Ti. 
Blackbur Brook 
Ousel _Caldecote Mill 
Anker  Leathermill Bridge 
Chumet Cakamoor 
Sett New Mills 
Clipstone Brook 
Maun Mansfield 
Calder Mirfield 
Calder Sowerby Bridge 

Ousel ‘Simpson 

Poultes, Elkesley 
Tove, Boreham Mill 
Ousel, Stanbridge Ford 
Rollin, Jarrow 
Chumet U/S Wardles 
Bourne, Fillongley 
Dowles Brook 

Calder, Huddersfield 
Chumet, Bridgend 
Goyt, Compstall 
Chumet, Alton 
Ouzel, Willen 
Don, Kilnhurst 

Dearme, Broomhall 

Claydon Brook, Winslow 
Wwhitting 
Deame U/S R. Don 
Ouse, Rayenstone Mill 
Langley Brook 

Blythe U/S Eastcote Brook 
Tean, Beamhurst 
Drone 
Stour, Coobeswood Brook 
Ford Brook 

Tame U/S Blue Billy Tip 
Mam, Edwinstowe 
Ouse, Fulvell Bridge 
Rainvorth Water Rainworth 
Roych Brook 
Bollin Beech Bridge 
Croco 
Stour, Dog Kennel Lane 
Dove, Durfield 
Boume. Day Mill Bridge 
Hebden Water 
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Fig. 4.3. Dendrogram of faunistic similarities 

indicating presence of Rhya il 
and Hydropsyche. 
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relating with water quality and Trichopteran distribution were apparent. 

The merging and overlapping of sites of different water qualities and 

faunal assemblages is due to a combination of both biological inter- 

actions with physico-chemical parameters. Often, the association of one 

station with another biologically, will be obscured by some strong 

environmental parameter. This method is helpful to provide an object— 

ive classification of data but cannot express fully the complexities 

of the relationships between all members of the community when reduced . 

to a two-dimensional format. 

To summarise, Rhyacophila appear less tolerant of adverse changes in 

water quality than Hydropsyche. 

There are no Trichoptera recorded at stations with class 4 water 

quality due to the poor chemical conditions prevailing at these sites 

and resultant inhospitable environment. 

At Chemical Class 3, only Hydropsychids are recorded, the stations on 

the R. Goyt at Otterspool Bridge and Compstall, R. Tean at Beamhurst and 

R. Chumet at Consall are similar in that the first three share a BMWP 

score of 15, TBI of V and a Diversity Index between 1.16 - 2.14. 

Consall on the Chumet scores higher on all biological assessments, 

perhaps because it has a higher faunal diversity but very few individuals 

of each taxon. 

All of these stations share associations of Hydropsyche spp. with 

Asellus, Chironomids and Tubificids. These species are well documented 

to be rather tolerant of poor water quality. Hydropsyche spp. at each 

of these stations benefit from rapid water velocity, thus satisfying 

their oxygen requirements and facilitating net spinning for food capture. 

However, these chemical and biological conditions would prove too severe 

for the survival of Rhyacophila sp. 

At 12 out of 25 stations of Chemical Class:2 Hydropsyche spp, were 

present but only at two of these stations, namely Temple Balsall on’ 
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the R. Blythe and Froghall on the R. Chumet were Rhyacophila present 

too. 

In brief, the appearance of Rhyacophila in conjunction with Hydro- 

psyche is facilitated by an increase in the quality of water, suitable 

substratum and plentiful food supply for the predatory Rhyacophila 

larvae. The occurrence of Rhyacophila dorsalis without Hydropsyche 

angustipennis at Checkleybank on the R, Tean has been more closely 

investigated in further studies. 

At stations of highest water quality, the frequency of R. dorsalis 

increases, but Hydropsyche spp. also benefit from improved conditions 

in a riffle section as illustrated by their presence on the R, Blythe, 

Stonebridge, R. Bollin, Langley and R. Sett, New Mills. 

4.2.9. PRINCIPAL COMPONENT ANALYSIS 

Data from 75 sites (variables) were processed to give the correlation 

co-efficients. 

Eigen values for each factor were calculated but it is usual to con- 

sider only the first three factors. The percentage of variation 

and cumulative percentage for the first three factors are summarised 

  

below: 

Eigen value % of Vam. Cum. % 

Factor 1 34. 18732 45.6 45.6 

Factor 2 11,05759 14.7 60.3 

Factor 3 9.42114 12.6 72.9 

Figures 4.4, 4.5, 4.5 and 4.7 are scattergrams plotted to display the 

similarity of the large number of variables in two dimensional form. 

On the vertical axis, Component 1, the maximum variation is plotted 

against Component 2 on the horizontal axis. 

Factor 1 is often associated with large scale diversity and is often 

correlated with a general, trend rather than a specific environmental 

parameter. For example, Fig.4.4 has plotted number of species at each 
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24 

25 

26 

27 

28 

29 

Key to Figures 4.4, 4.5, 4.6 and 4.7 

Computer printed numbers = 

Handwritten numbers 

Site 

Hebden Bridge 

Darfield 

Broomhill 

Dowles Brook 

Rainworth 

Bagthorpe Brook 

Upper Hulme 

Bridgend 

Abbey Green Road 

d/s Wardles 

Consall 

Froghall 

Oakamoor 

Alton 

Cheswick Green 

Temple Balsall 

Eastcote Brook 

Stonebridge 

Middleton 

Over Whitacre 

Daw Mill Bridge 

Leathermill Bridge 

Fulwell Bridge 

Bozenham Mill 

Cappenham Br. 

Clipstone 
Milton Emest 

Winslow 
Padbury 

30 Stanbridge Ford 

No. 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

site 

= value of parameter 

Site 

Olney 

Ravenstone Mill 

Caldecote Mill 

Willen 

Simpson 

U/S Chapel-en-le * 
» Frith 

Roych Brook 

Hayfield 

New Mills 

Tangley 

Mobberley Brook 

Sowerby Bridge 
Brighouse 

Mirfield 

“Huddersfield 

U/S Barnsley 

U/S R. Don 

Kilnhurst 

Drone 

Whittington 

Blackbum Brook 

Dog Kennel Lane 

Coombeswood Brk. 

Hawton 

Elkesley 

Mansfield 

Edwinstowe 

Ollerton 

-Pinxton 

Beauvale Brook 
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62 

63 

64 

65 

66 

67: 

68 

69 
70 

71 

72 

73 

74 

Site 

Cheddleton 
Station 

Checkleybank 

Beamhurst 

Henwood Mill 

Fillongley 

Athe en e 

Witherley 

D/S Chapel-en-le 
Frith 

Beech Bridge 

Harrop Brook 

Croco 

Otterspool Bridge 

Iron Bridge 

Biddulph
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Fig.4.4. Scattergram to show distribution of sites in 

relation to numbers of species sampled 
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Fig.4.5. Scattergram to show distribution of sites in 
relation to temperature 
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Fig.4.6. Scattergram to show distribution of sites 
in relation to dissolved oxygen 
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Fig.4.7. Scattergram to show distribution of sites 
in relation to pH 
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site to see if there was a general trend overall. As temperature, pH 

and dissolved oxygen were significant values in t-tests these individual 

environmental parameters were plotted -— but reveal no distinct trend. 

Sites do not form a small number of discrete groups with similar 

values, rather they demonstrate continuous variation. This is sub- 

stantiated by the gradation of sites already illustrated in the Cluster 

Analysis work. The general parabola shape is often an indication of a 

collection of parameters shaping the distribution of species. 

Using P.C.A. has not separated streams of high and low water 

quality very successfully, consequently it is difficult to draw any in- 

formation from this method on associations of caseless caddis with com- 

munities from varying water qualities. 

As Hamér and Soulsby (1980)concluded, this method may have more potential 

if 'classic' sites of clearly documented quality are processed by this 

method. These data then provide a baseline with which to compare future 

survey data treated by this method. 

4.2.10. DISCUSSION AND CONCLUSIONS 

The findings from the computer work on species present in associ- 

ation with Hydropsyche larvae, i.e. Leuctra spp., Baetis spp., E. ignita, 

R,_semicolorata, Ancylus sp., Hydrophilidae and Oligochaeta are logical, 

as Hydropsyche species are widely found in benthic invertebrate communit- 

ies, comprising some, if not all of the above species. This data, gen- 

erated from statistically random sampling of riffle sites in all water 

qualities reiterates the elaseieal work by Percival and Whitehead (1929, 

1930) from their studies on biotopes and benthic communities. 

The Percival and Whitehead study defined seven biotopes, five er- 

oding types and two depositing substrata. The Trichopteran species showed 

greatest abundance in the eroding but relatively stable conditions with 

stones 9.00mm — 5.0 cm in diameter with diatomaceous growth (comparable 

to R. Chumet at Alton).



In the classical torrential headwater biotope they were associated 

with Ephemeroptera which comprised 33.2% of the fauna, Diptera, 20%, 

Plecoptera 5% and Trichoptera 31% The current in this biotope was 

4 msec! with unstable substratum of clean stones (R. Churnet, Upper 

Hulme). In the next type of biotope with a substratum of cemented 

stone matrix, the percentage contribution in fauna from Trichoptera was 

39.9%, Ephemeroptera 20% and Coleoptera 10% (this could be compared to 

Dowles Brook). A mixed small stone, unstable substratum was found to 

be less favourable ,Trichoptera comprising 34%, Coleoptera 33% and 

Ephemeroptera 31% (for example, R. Bollin, Langley). Trichopteran larvae, 

lastly made a significant contribution in biotopes with flattened stones 

between 2.5 — 30 cm diameter bearing Cladophora set in a matrix of small 

particles 0.3 - 0.5 mm. Here Dipterans contributed 40%, Trichoptera 

15%, Ephemeroptera 31% and Naididae 12.5% (This might be compared to 

R. Ouse at Milton Emest). In other biotopes, with loose moss on stones, 

together with potamogeton, Coleoptera, Diptera, Gastropoda and Tubific— 

idae predominate. 

Similar observations on the associations of Trichopterans with other 

species and physical conditions were made throughout this study but 

H._angustipennis was perhaps more often associated with growths of 

Cladophora than they reported. This may be due to its provision of 

suitable habitat and food supply (e.g. R. Tean, Beamhurst). 
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4.3. THE RIVER CHURNET STUDY 

AIM 

To investigate the response of benthic invertebrates particularly case- 

less caddis larvae to the differing water qualities and physical con- 

ditions along the length of a river. Furthermore, to study the sequen- 

tial separation of species down the course of the river and investigate 

any small scale distribution at individual sites due to variation in 

microhabitat. 

4.3.1. METHODS 

The River Chumet, Staffordshire was sampled at 11 stations using 

cylinder and kick heel sampling methods. Sketch Map 5 shows the samp- 

ling sites on the R. Chumet and Table 4.17 gives corresponding Grid 

References. Samples were taken during the period January 1979 - April 

1980 on a three-monthly basis. Biological and chemical samples were 

all processed and recorded as previously explained. The sampling sites 

spanned the 38 ku length of the river, which rises in the southem Peak 

District as several small tributaries. The first sampling site at 

Upper Hulme is at the confluence of two of these, shortly afterwards 

the river is dammed at Tittesworth Reservoir, this water being uséd to 

local domestic supply. Below the reservoir the course continues 

through Leek where a chemical works producing dyes discharges effluents 

into it. Further downstream below Leek, the sewage works effluent 

enters and water quality was also in the past seriously affected by 

copper works and a sand quarry upstream and downstream of Froghall 

respectively. 

Today, the copper industry has declined but tailings from the 

quarrying activities still affect the river over a short stretch. 

Further downstream at Rocester a small sewage works effluent is re- 

Seived by the river before its confluence with the River Dove.



SKETCH MAP 5 Sampling Sites on the R. Churnet 

  

    
Quarry 

      
- 99 -



TABLE 4,17 

KEY TO SAMPLING SITES ON RIVER CHURNET 

  

  

  

No. STATION GRID. REFERENCE 

1 Upper Hulme SK 012 610 

2 Abbey Green Road SJ 979 573 

3 D/S Chemical Works SJ 982 578 

4 Bridgend SJ 978 550 

5 Cheddleton Station SJ 975 520 

6 Consall SK 002 487 

ic Froghal1 SK 025 472 

8 Oakamoor SK 053 448 

9 Alton SK 072 426 

10 Rocester SK 105 395 

on] Churnet Mouth SK 100 380 
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4.3.2. RESULTS 

Table 4.18 summarises the physico-chemical parameters at the 

eleven stations. During the year, parameters fluctuate as can be 

seen from the ranges given and some pollutional effects are readily 

apparent. For example, water temperature usually increases slightly 

down a river profile if there are no pollutional interferences 

(Edington, 1965). Along the Chumet, there is a trend of increase in 

temperature (see Table 4.19). Superimposed upon this pattern, the 

effects of the chemical works in Leek has a dramatic effect on the 

temperature immediately below the outfall, similarly there is an in- 

crease in temperature recorded at Cheddleton Station due td the add- 

ition of organic effluent from Leek sewage works. 

As a direct result of effluent discharges the dissolved oxygen 

and BOD levels at those two stations are markedly altered. The temp- 

erature increase. caused a decrease in dissolved oxygen, and a corr 

esponding increase in BOD. A slight elevation of BOD is detected at 

Rocester. This is attributable to the sewage effluent but in compar— 

ison to the upstream station it has much less effect on water quality. 

At Leek the sewage effluent discharges into a shallow, fast flowing 

river, with a small volume compared to the larger river at Cheddle- 

ton Station, and the even bigger river at Rocester where it is a 

typical lowland reach meandering through gentle flat agricultural and 

pasture land before the confluence with the R. Dove. 

The copper works upstream of Froghall, once a source of metal 

pollution, no longer discharges large amounts of copper into the 

river. This can be seen by the data in Table 4.20 and the sand quarry 

downstream presents only short term turbidity problems. 

Biological Data 

Each biological sample was processed by sorting, counting and 

identification. A species list and abundance was compiled. Tables 
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TABLE 4.18 

Physico-chemical parameters for River Churnet 1979-80 

expressed as mean and range 

  

  

  

  

  

  

  

  

  

  

  

    

jemp. D.0_) BOD _ Total ox. Anmoni S.S_] 
Cc. mg] mg 1 Nitrogen mgN17!'| mg1 

Upper 7.71 10.9 2.1 ee oe 32.4 
Hulme 0.5-16.0| 9.4-12.2] 0.7-3.0 |0.6-2.2 |0.1-0.5 |1 -131 

Abbey 8.5 10.4 2.29 | 1.54 | 0.55 24.0 
Green a ix tee 1.0-15.0 | 8.6-12.2 |] 1.1-6.2 ]1.0-2.1 |0.1-1.8 |3 -207 

D/s 10.55 9.8 6.47 | 2.72 | 0.85 41.4 
Chemical Wests 2.5-18.5 | 7.9-12.0| 3.5-14.1|1.7-5.0 |0.1-1.6 |1 -308 

Bridgend | 7.3 11.5 1.86 183) 212055 7.6. 
3.0-11.0 [11.0-11.8] 1.1-2.3 |1.6-2.0 |0.1-0.9 |3 - 15 

Cheddleton} 10.4 9.3 4.1 Ke 0.73 24.8 
Station J 0-21.5| 6.7-11.8| 2.1-6.0 |2.2-5.1 |o.1-2.2 |7 -102 

Consall 9.5 10.0 Srsgmel arel 0.45 37.0 
2.0-17.2 | 8.3-11.8] 2.2-5.2 |2.2-4.7 |0.1-0.9 flo. -106 

Froghal1 9.1 10.4 3.66 3.25 | 0.48 47.6 
2.0-16.5 | 8.7-11.8| 2.0-7.9 |2.2-4.7 |o.1-1.7 |7 -166 

Oakamoor 9.4 10.6 3.46 352 0.42 50.5 

2.0-16.0 | 9.0-12.2 | 1.6-5.6 |2.2-4.5 |o.1-1.4 |8 -157 

Alton 9.2 10.6 Sloat 33 0.44 54.0 
2.0-16.0 | 9.2-11.4] 1.2-5.1 |2.4-5.1 |o.1-1.8 |6 -189 

Rocester | 9.1 10.5 3.3 3.35 | 0.39 41.3 
0.1-16.0 | 7.8-12.8] 1.8-5.8 |2.3-4.4 |0.1-0.8 |6 -239 

Churnet | 11.7 10.0 2.4 3.4 0.2 13.0 
oust 3.5-18.0 | 8.7-11.4 | 2.0-2.7 |3.1-4.0 Jo.1-0.3 }9 - 20             
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TABLE 4.19 

TEMPERATURE OBSERVATIONS ON THE RIVER CHURNET 

  

  

  

  

BU ATEON MAY 1979 august 1979 | gaNuany 1980 

OWN W.A. OWN W.A. OWN WAL 

Upper Hulme dist 8.0 1350) 15.5 20) Lists) 

Abbey Green Road Se5 9.5 1356 15.0 4.0 . 3.0 

Bridgend 11.0 

Consall 10.0 10.0 17.0 

Cheddleton 
Station 10.0 10.2 14.5 18.0 5.0 or5 

Froghall 10.3 10.0 15.0 16.5 3.0 

Oakamoor 10.5 16.0 3.0 

Alton 10.7 10.0 15.2 16.0 5.0 3.0 

Denstone 5-0 

Rocester 1.0 11.0 15.5 16.0 5.0 5.0 

Churnet Mouth 1.2 12.0 25 <7ea| ant 60) 5.0 5.0             
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TABLE 4.20 

METAL LEVELS AT STATIONS ON THE R. CHURNET 

  

  

  

STATION Cu Cd Pb Cr Ni Zn Fe 

ng 17! mg 17! mg 17] mg 17! mg 17! mg 17! mg 17! 

Upper Hulme 0.012 0.002 0.02 = 0.01 0.035 0.8 

Abbey Green Rd. 0.022 0.001 0.02 0.002 0.01 0.060 0.76 

Cheddleton 
Station 0.021 0.002 0.03 0.005 0.01 0.050 2.00 

Froghal1 0.021 0.002 0.03 0.005 0.01 0.050 2.41 

Alton 0.008 0.002 0.01 0.005 0.01 0.010 1.29 

Rocester 0.010 0.001 0.02 0.005 0.01 0.010 1.54 

   



4.21 and 4.22 show examples of the faunal lists compiled from cylinder 

samples and kick heel samples. For each station a Trent Biotic Index, 

Chandler Score and revised BMWP Score was calculated and Department 

of the Environment (Do E) classification assigned according to 1970 

Do E report. These results are tabulated in Table 4.23. 

The number of taxa in the invertebrate assemblages was counted 

and these data were generally found to reflect the changes in water 

quality. This complements physico-chemical findings. > Changes re- 

corded at the eleven stations, by both cylinder and kick heel methods 

may be seen in Figs.4.8 and 4.9. 

At Upper Hulme, fifteen taxa were present and represent a typical 

unpolluted upland river assemblage, comprising predominantly plecopteran 

species, ephemeropterans, gammarids and trichopterans. High T.B I and 

score values show it to be of good water quality as Do E class suggests 

Often in such conditions the fewer number of taxa are due to oligotro- 

phic conditions of moorland rm off. 

As may be seen from Table 4.23, at Abbey Green Road, the standard 

of water quality remains high. Twenty-two taxa were present of great 

diversity. Here the river is larger, with a.well established riffle 

community. The substratum of mixed boulders and gravel is stable, and 

not shifting as the gravel and shale flakes at Upper Hulme. The sub- 

Stratum type, together with good water quality provides many micro— 

habitats for a variety of differently adapted invertebrates. Hydro- 

bsyche, Rhyacophila and Polycentropus_ spp. were all present at this 

station, demonstrating the range of conditions available for the pre- 

datory camivorous Rhyacophila - and of suitable flow and oxygen for 

Hydropsyche and Polycentropus spp. 

The drop in water quality immediately below the chemical works re- 

flects acute pollution from a point source. The invertebrate assemblage 

is poor, predominantly organisms with a high tolerance such as tubificids, 
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TABLE 4.21. k. cHURNET 

SITE + 

Platyhelminthes 
taviattlis 
Fonkinat 
ereger 

E, testacea 
etagnalis 
sang t ou 
racarina 

Zaraleptophlebta ap. 
ro tonemira_ Op. 

jitnornena 8p. 
Nemoura op. 

ueina ap. 
Perla ap. 
J. granmatica 

‘oreperia ep. 
rinidae 

e 
minthidae 

scidae 
Sialia Tu 
He ariguettpannts 

He uoid 

lpreatta 
fLavomaculatua 

B._conspersa 
fossosoma tidae 
ryganidae 

er icostomatidae 
Limne| e 

roptitidae 
annidae 

Simuliun sp. 
Dierano ta 
Tipu 
Atherte 2 
Chiron 
Tera topogon 

~_of taxa 

oF Indiv. 

andler Score 
M.W.P. Score 
nnon-We iner 

Diversity Index 3.1430 

0.05 m2 

Abbey 
Green 

Road - 

2.6810 

O/S 

Chemical 

Works 

2.3960 

CYLINDER SAMPLES 

CHURNET 

Cheddle- 
ton 
Station 

Bridg-| 
end 

2.9540 | 2.6080 
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Consall 

2.7420 

Froghall 

1.0226 

Oakamoor Alton 

0.6958 | 3.235 

Churnet, 
Rocester| mouth 

N/A N/A 

 



TABLE 4. 22. RIVER CHURNET HEEL KICK SAMPLES 

  

| SITE o 

Pla Iminthes 
= flmiatitie 

[P.genkinet 
[E.perege 

Ophaertun ap. 
raxditum 
ubifictdae 

G._ cor ta 
eetoculata 
testacea 
stagnalis 

7 canguian 
racarina 

G. pubew 
A, aquatious 
Raetis ap. 
ents ap. 
5 ea, 
. dancia 
= _venosus 
7 semicolona 
feptagenia ap. 
twralepto; ia Bp. 
Protonemua 6p. 

Amphinemura 9 
Nemoura 
peuctna op. 
Pi 3 

rammatioa 

rr 

contubernalta 
. otlta 
._instabilia 

uviper 
ieopht realise 

vormiou La tae 

ae 
~titttnentiseToreen 
Cerato| nidae “Ho oF tava 

Sof Tn: 
han Ter ore 

TELNHLP, Score 
Shannon-Weiner 
Diversity Score 

  

Abbey 

Green 

Road 

097 

o/s 

Chemica 

Works 

2.349 

CHURNET 

| Cheddle- 
Bridg-| ton Consall} Froghall| Oakamoor| Alton 

Station 

0.9994 +5235 | 2.4565 3.2035 3.216 
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Rocester 

3.6910   

Churne 
Mouth 

2.8834



TABLE 4.23 

SUMMARY OF BIOLOGICAL DATA FROM THE R. CHURNET 

  

  

            

B.M.W.P.| D.of E. NO.of 
CHANDLER | SCORE CLASS TAXA 

STATION Be 1).|9>: SCORE 1980 1970 

Upper Hulme xX 1114 81 A 15, 

Abbey Green Rd, X 1198 98 A 22 

d/s Chem.Works v1 253 33 B/C 8 

Bridgend V111 560 58 A 16 

Cheddleton 
Station v1 377 36 B/C 10 

Consall X 1693 119 A 27 

Froghal1 vi11 779 76 A 13 

Oakamoor 1X 994 94 A 21 

Alton 1X 948 74 A 7 

Rocester 1X 587 67 A 17 

C. Mouth 1X 647 69 A 17 
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Fig.4.8. 
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Fig.4.9. R. CHURNET HEEL-KICK SAMPLES 
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leeches, chironomids and snails. Rapidly the water quality recovers at 

Bridgend with Gammarus sp., mayflies, trichoptera and various diptera 

in the sample. 

The discharge of sewage effluent takes its toll on the fauna 

again at Cheddleton Station. The diveristy of fauna is decreased and the 

the water quality is again reflected by oligochaetes, leeches, Asellus 

aquaticus, chironomids and snails in abundance. 

Moving further downstream, the river appears to undergo a self- 

purification sequence. The apparent rapid increase in quality at Consall 

may also be attributable to hospitable substratum, a decrease in temp- 

erature combined with a higher concentration of nutrients. The in- 

creased suspended solids make it particularly suitable for particle 

feeders such as the Hydropsychids which are abundant here. Similarly, 

further downstream at Alton the net-spinning species proliferate due to 

the ideal combination of conditions, substratum, flow rate and nutrient 

status of the water. 

At Rocester, downstream of the effluent again favours Hydro- 

psyche, exhibiting similar conditions, but at the Churnet Mouth slower 

flow eliminates their presence. 

4.3.3. DISTRIBUTION OF CASELESS CADDIS IN THE R. CHURNET 

The distribution pattern which emerged is depicted in Table 4.24. 

In a pollution-free river system, there is a sequential separation of 

species down the length of the river (Illies and Botosaneanu, 1963) and 

a discermble small scale distribution of species at any particular 

site due to variations in mircohabitats (Ulfstrand, 1967). 

Edington and Hildrew (1973) found both of these pattems to be evident 

in their study of net spinning Trichoptera in the R. Usk, South Wales. 

Although in the R. Churnet two main pollutional effects are evident, 

which may slightly distort the natural pattern, there is still a definitive 

distribution of species downstream. Some species have been proven 

experimentally to be specialised for living in varying water velocities, |, 
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Hydropsychids being characteristic of riffle sections and Polycentro- 

pids of pools. 

Polycentropid larvae in the R. Chumet 

Polycentropid larvae were found at the first three sampling 

stations, i.e. Upper Hulme, Abbey Green Road and Bridgend (Table 4.24), 

stations of high water quality. At all stations there are micro- 

habitats available suitable for net spinning in water of velocity 

not exceeding 20 cm}, These larvae tend to aggregate at suitable 

positions where prey density is highest - their diet varying according 

to availability of chironomids, Ephemeroptera nymphs and Plecoptera 

nymphs (Higler, 1978). This is logical as it is at these sites where 

the species are not abundant as a food source. Feeding is initiated by 

prey touching and vibrating the net which the larvae spins. The vi- 

brations stimulate the larvae to then capture the prey. 

Hydropsyche larvae in the R. Chumet 

Distribution of Hydropsyche spp, is also sequential and influenced 

by microhabitats, but a third distribution, i.e. geographical, has to 

be considered. H, angustipennis is a common species in the Midlands, but 

with restricted distribution elsewhere in Britain. Similarly in the 

north of England, H. siltalay is the predominant species. A typical se- 

quence of appearance of Hydropsyche spp. in a clean river in Britain 

appears to be Diplectrona felix in the headwaters, H. siltala:, H. pellu- 

cidula followed by H. contubemalis and/or Cheumatopsyche lepida, ( Ed- 

ington and Hildrew , 1973 ; Badcock, 1974 1975.3; Boon 51976; 1978a and 

  

Edington , 1968). 

H. angustipennis does not strictly conform to any place in this 

pattern, and is found widely from small headstreams to the lower reaches 

of rivers. This species particularly favours sites such as outflows from 

lakes and ponds, e.g. Sutton Park stream, West Midlands, and it has been 

noted to thrive in mildly organically polluted conditions, e.g. Langley 

Sepa Lanier



TABLE 4.24 

DISTRIBUTION OF CERTAIN SPECIES OF CASELESS CADDIS IN 

THE RIVER CHURNET 
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Polycentropidae 

Plectroenemia conspersa 0 

Polycentropus flavomacu- 
latus 0 0) 0 

Hydropsychidae 

H. instabilts x X 

A. stltalat XE.% x x x x 

H. angustipennis x x x X |X X X X 

H. pelluctdula x xX 
H. contubernalis X 

Rhyacophi lidae 

R. dorsalis Vv Viv Vv v Vv Vv v                     
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Mill Sewage Works. It appears extremely tolerant of a wide range of 

conditions. The data collected appear to conform to this general 

pattern although D. felix is absent. Edington and Hildrew (1973) 

found D. felix to have a summer maxima of 15°C and to tolerate only 

small daily ranges, so the temperature regime at Upper Hulme may be 

unsuitable. Consulting Tables 3.14 and 3.15 it can be seen that the 

maximum temperature exceeds 15°C. 

H. instabilis is slightly more tolerant to elevated temperatures, 

and is the next in the series, being present at Abbey Green Road and 

Congall. Its absence from the stretch of river between these two 

stations suggests that the conditions imposed by the addition of the 

effluents make it inhospitable. 

Following the established pattem, H. siltalai appears at Abbey 

Green Road and Consall, where it co-exists with H. instabilis. H, 

pellucidula_ appears next in the sequence, if the blanket distribution of 

H. angustipennis is ignored. H. contubemalis is found at Alton, co- 

existing with H, siltahi H. angustipennis and _H. pellucidula, It 

again is found at Rocester - a typical site where H. contubemalis can 

thrive whereas other species would be limited by water velocity. 

Rhyacophila larvae in the R. Chumet. 

Only one species R. dorsalis is found in the Chumet. All Rhya-   

cophilidae are free living predators, their major food sources being 

Baetis sp. and Simulum sp. It is reasonable to assume that they are 

not limited in the Chumet by dissolved oxygen levels ot food availab- 

ility and are consequently found along its length. 

In hee paper Markinkovic-Gospodnetic (1966) on a study of caddis, 

especially of Rhyacophila spp, in a stream on the slopes of Mt. Bosnia 

stated that it appears that zonation and sequential distribution sep- 

arates 11 species. This is tentatively attributed to changes in water 

temperature, velocity and volume. 
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4-4. DISTRIBUTION OF CASELESS CADDIS IN THE R, BLYTHE 

A similar distribution survey, using the same sampling methods 

was undertaken on the river Blythe. 

4.4.1. METEORS 

This 30 km reasonably high quality river of the West Midlands 

flows from the south side of Solihull, northwards to Coleshill where 

it is joined by the R. Cole and both have their confluence with the 

R. Tame. The R. Cole is of far inferior quality, having a course 

through industrial Birmingham (see Sketch Map 6). 

Only one major effluent is discharged into the R. Blythe, from 

Barston sewage treatment works via Eastcote Brook, otherwisé it is free 

from pollution, flowing through agricultural land. Table 4.25 gives the 

grid references of the sampling stations. 

TABLE 4.25 SAMPLING STATIONS ON THE R. BLYTHE 

  

  

        

No. Station Grid Reference 

1 Cheswick Green SP 124 755 

2 Henwood Mill SP 181 793 

3 u/s Cuttle Brook SP 201 755 

4 Temple Balsall SP 209 763 

5 u/s Eastcote Brook SP 213 800 

6 Stonebridge SP 214 831 
  

Sampling the Blythe, it was possible to compare the distribution of 

caddis flies to that of the R. Chumet. 

4.4.2. RESULTS 

Table 4.26. summarises the chemical data collected from the six 

stations. The species distribution of the caseless trichopteran larvae 

is depicted in Table 4.27 and a summary of the biological status is 

given in Table 4.28. As may be seen from the chemical data, all stations 
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SKETCH MAP 6. SAMPLING STATIONS ON R BLYTHE 
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CHEMICAL DATA R. BLYTHE TABLE 4.26. 
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TABLE 4.27. DISTRIBUTION OF CASELESS CADDIS IN THE R, BLYTHE 

STATION CHESWICK HENWOOD U/S TEMPLE u/s STONEBRIDGE 

GREEN WILL CUTTLE BALSALL EASTCOTE 

SPECIES BROOK BROOK 

. flavomaculatus x x xX 

- stltalet X x x X X 

+ angustipennis xX xX xX xX x 

. pelluetdula x 

. dorsalis 4 X xX X x 

    
X = Present 

 



TABLE © 4.28 SUMMARY OF BIOLOGICAL DATA FROM THE R. BLYTHE 

  

  

STATION TBI CHANDLER BMUP Dzon E. NO. of 
SCORE SCORE 1980 CLASS 1970 TAXA 

1 

S 1 VIII 628 64 16 

2 VIII 646 67 A 20 

3 VIII 608 60 A 19 

4 VIII 921 72 A 21 

5 VIII 643 77 A 18 

6 660 68 A 15 VIII 

   



are very similar in water quality, which substantiates the findings 

of the biological sampling. The R. Blythe is a good fishing river, 

and may be compared to the upper to middle reaches of the R. Chumet. 

At each station on the R. Blythe the benthic invertebrate 

community is diverse, and well equipped to provide food for the Rhya- 

cophila present but also suitable to provide a habitat for Hydro- 

psychids and Polycentropids. In the proposed sequence along a river 

profile, these sites are most suitable for larvae of the middle 

portion of that sequence. D. felix and H, instabilis are absent, but 

they are typically associated with headwater conditions. H. contuber- 

nalis, usually at the end of the sequence is also absent, as it is 

usually found in the lowland zone of large rivers. Absence of P. con- 

spersa, but presence of the more tolerant P. flavomaculatus also fits 

logically into the theoretical pattem proposed. 

4.5. R. TEAN STUDIES (ORGANIC POLLUTION) 

Biological samples, using the cylinder samples were taken on a 

monthly basis on the R. Tean at Checkleybank and Beamhurst (upstream 

and downstream of sewage works). This enabled a comparison of the two 

stations to be made, over all seasons and provided a data base for 

further experimentation at the Hydrobiology Research Station. Chemical 

data were compiled in the same way as for other sampling occasions. 

4.5.1. METHODS. 

The R. Tean rises north of Checkley at Huntly where it is a 

fast flowing stream of small volume. Its overall length is 15 km to 

its confluence with the R. Dove. Stoke-on-Trent and associated 

"Potteries" area is the major centre of population and industry affect- 

ing the R. Tean. This situation arises because the effluent which 

should be discharged into the R. Blithe, is diverted into the Tean 

Valley for processing (see Map7). The Blithe is maintained as a 

high quality river as it drains into Blithfield Reservoir which is used 
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MAP 7. POSITION OF R. TEAN IN RELATION TO MAJOR CENTRES 

OF POPULATION AND THE R. BLITHE 
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as a source of drinking water. Consequently, the sewage works at 

Checkley are known as the Blithe Valley Water Reclamation Works, 

although located in the Tean Valley. The effluent from the Potteries 

is a source of heavy metals, particularly cadmium which is a byproduct 

of the glazing process. As the R. Tean flows through predominantly 

agricultural land, the run-off from the land is not a great pollution- 

al problem, the other major point sources came from the sewage works 

and from further downstream from the dairy at Fole. 

Description of Sites 

The two sampling stations Checkleybank, in the village of 

Checkley (Grid. Ref. SK 028 377) and Beamhurst (Grid Ref. SK068 357) 

are both riffle stretches. At Checkleybank the river is approximately 

2 - 3 m wide with a current velocity at 64 cm sec. The substratum 

is of small stones and gravel and the site is shaded by overhanging 

trees. The river at Beamhurst, 2.5 km downstream from Checkleybank, 

has a current velocity of 80 cm sec}. The substratum again is of 

small stones but covered almost totally with Cladophora in the summer 

months. A small drain, from a dairy farm, also drains into the 

river at this point, causing an intermittent point source from farm 

yard run off. The position of these sites is illustrated in Sketch 

Map 8. 

Three cylinder samples were taken at each station, one from the 

left hand side close to the bank, one from the centre and the third from 

the right hand side of the river, on a monthly basis. 

5.2. RESULTS 

Table 4.29 shows the species list for Checkleybank and Beam~ 

hurst on the R, Tean. Histograms on (Figs.4.10, 4.11, 4.12, 4.13 

and 4.14) show the numbers of individuals sampled at both of the 

stations over the sampling period, February 1979 - January 1980. 

Figure 4.15 shows the number of taxa, TB¥, Chandler Score and Diversity 
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MAP_8. R,TEAN SAMPLING SITES AND LOCATION OF THE 

CHECKLEY CHANNELS AT SEWAGE WORKS 
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TABLE 4.29 SPECIES LIST FOR R. TEAN AT CHECKLEYBANK AND BEAMHURST 

CHECKLEYBANK 

Naididae 

Tubificidae 

G. complanata_ 
P. geomatrica 

Hydracarina 

G._pulex 

A. aquaticus 

C. torrentium 
  

I. grammatica 

B, rhodani 

E._ ignita 

E. venosus 

E. dispar 

C. rivulorum 
  

R. semicolorata 

H. angustipennis 

R. dorsalis 

Limephilidae 

Polycentropus sp. 

Psychomyid sp. 

Hydroptilid sp. 

B. elevatus 

  

  

Simulium spp. 
  

Dicranota sp. 

Tipula sp. 

Chironomidae 

Enpididae 

P. jenkinsi 

A. fluviatilis 

  

  

L. pereger 
  

Zonitoides sp. 

=24— 

_BEAMHURST 

Naididae 

Tubificidae 

G. complanata 

E. octoculata 
  

H. stagnalis 
  

Hydracarina 

G. pulex 

A. aquaticus 
  

  

B. rhodani 

E._ignita 

H, angustipennis 

ascot 
Limephilidae 

Sialis sp. 

Haliplus Sp. 

Dicranota sp. 

Pedicia sp, 

Chironomidae 

  

P. jenkinsi 

Az fluviatilis 
Pisidium sp.
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FIG.4.10, NUMBERS OF OLIGOCHAETA AND HIRUDINEA SAMPLED AT 

CHECKLEYBANK AND BEAMHURST 
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FIG.4.11. NUMBERS OF CRUSTACEA SAMPLED AT CHECKLEYBANK AND 
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FIG.4.12. NUMBERS OF EPHEMEROPTERA, H. angustipennis, and 
  

R. dorsalis SAMPLED AT CHECKLEYBANK AND BEAMHURST 
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FIG.4.13. NUMBERS OF CHIRONOMIDAE AND OTHER DIPTERA 

SAMPLED AT CHECKLEYBANK AND BEAMHURST eS SN a ag a ata ee ee 
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FIG. 4.14. NUMBERS OF MOLLUSCA SAMPLED AT CHECKLEYBANK AND BEAMHURST 
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Fig.4.15. Summary of Biological Data from Checkleybank 

and Beamhurst. R. Tean. 
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Indexes calculated for each station. As may be seen from the data, 

the Checkleybank site generally demonstrates a higher water quality, 

greater species diversity and higher score than the R. Tean at Beam- 

hurst. Fig.4.16 presentsthe relative abundance of organisms 

sampled on a monthly basis by bulking the 3 x 0.05 m2 cylinder sampler 

results. Table 4.30 records the numbers of R. dorsalis and H. angu- 

stipennis taken from each station from Feb. 1979 - September 1980. 

4.5.3. DISCUSSION AND CONCLUSIONS 

As may be seen from the histograms, R. dorsalis occur each month at 

the Checkleybank station, but only intermittently are Hydropsyche found. 

When they do appear, it is in very small numbers, the six récorded 

in April 1979 at Checkleybank were pupae rather than larvae. 

Although the riffle conditions appear ideal for the Hydropsyche, 

and the water quality should favour their survival it appears that com 

petition from the Rhyacophila and Polycentropids exclude them from this 

site. They may even be eliminated because the small instars are food 

organisms for the Rhyacophila, 

The invertebrate assemblage at this station is indicative of high 

water quality, generally comprising Gammarus pulex, large numbers of 

assorted mayflies, including Baetis spp., Ecdyonurus venosus, Ephemerella 

ignita, occasionally plecoptera such as Isoperla grammatica and many 

molluscan species, for example Hydrobia_ jenkinsi,Sphaerium and’ Pisidium 

Spp- Oligochaeta also provide a reasonable contribution numerically 

but only a small proportion of the biomass. 

At Beamhurst, although a rich fama is still present, the organic 

enrichment to the river alters the species spectrum. The predominant 

Trichopteran species here is Hydropsyche angustipennis, with R. dorsalis 

appearing only intermittently, apparently in the early months of the 

year if at all. These may appear, having been washed downstream by 

spates. The organic effluent (estimated by conductivity tests to be 
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FIG.4.16. RELATIVE ABUNDANCE OF ORGANISMS SAMPLED ON A 

MONTHLY BASIS AT CHECKLEYBANK AND BEAMHURST 
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TABLE 4.30 NUMBERS OF R,_dorsalis and H, Angustipennis RECORDED 

AT_CHECKLEY BANK AND BEAMHURST, R, TEAN o_o K*K*C—NAE Es ee 

  

  

R. dorsalis H. angus tipennis 

Date Checkley Beamhurst| Checkley Beamhurst 
Bank Bank 

1979 

Feb. 2 1 - - 

Mar. 2 - - 3 

Apr. 3 - 6 (pupa) 2 

May 2 - - - 

June 2 - 1 2 

July 6 - - - 

Aug. a - - oy 

Sept. 5 - - 22 

Oct. 15 - i 9 

Nov. 5 - - 6 

Dec. 4 - - - 

1980 

Jan. 6 1 - - 

Feb. - - - - 

Mar. 2 - - 

Apr. 10 - - 2 

May - - - 

June = > 4 

July 10 7 - th 

Aug. 8 - - 5 

Sept. Zz - 5 1           
  

= h33F— 

 



  30%:70% mix of effluent to river water) increases the nutrient status 

of the river, and encourages Cladophora growth. 

Associated with the blanket of algae are large numbers of Asellus 

aquaticus, a most tolerant crustacean and a largely increased number of 

G._ pulex, presumably encouraged by warmed water and increased food 

supply. 

The more sensitive ephemeropterans present at Checkleybank 

disappear from this station leaving only Baetis, a tolerant species 

in the invertebrate community. The conditions favour rapid population 

increases in the Diptera, particularly the Chironomids, and the Tubif- 

icids, and so we see H, angustipennis associated with an assemblage 

typical of a mildly organically polluted river. The current velocity 

offers sufficient speed for successful net spinning, and the stones, 

together with the algae inummerable suitable sites. The increased 

amount of suspended solids provides ample food, and decreased competition 

from other insect species provides ideal conditions for their success. 

This combination of physico-chemical parameters, causing alterations 

in community structure interact to exclude R. dorsalis from this down- 

stream station. These results. back up findings from the main field 

distribution survey of the superior tolerance of Hydropsyche to Rhya- 

cophila in organically polluted rivers, and demonstrates the need to 

rate them differently on biological indexes and scores. 

Further work, investigating the comparative tolerances of Hydro- 

psyche and Rhyacophila will be dealt with in Chapter 4. 

4.6. R. YSTWYTH AND R. RHEIDOL (Metal Pollution Studies) 
  

As metals had been positively correlated with the distribution of 

Trichoptera in the large distribution survey, it was decided to invest- 

igate this more closely in the field situation. 

4.6.1. METHODS 

Two rivers in West Wales, known to be seriously affected by” zinc 

pollution were investigated. The Ystwyth and Rheidol are zinc polluted 

4 034s =



due to old mine workings in the immediate vicinity in the Cambrian 

mountains. Some classic field studies have been carried out in this 

area in the past. Both rivers have been studied over many years by var— 

ious workers who have reported their chemical and biological status. 

A summary of these records is given in Tables 4.31 and 4.32 (Brummage 

et al., 1980). 

The sampling area is illustrated on Sketch map 9 overleaf. 

Sites were sampled using the cylinder method on the Ystwyth upstream at 

Yr Allt (Grid. Ref. SN 848 755) and downstream of the workings at Cwm- 

ystwyth (Grid. Ref. SN 792 738). 

The Rheidol, which flows from the slopes of Plynlimon and into 

the Nant-y-moch Reservoir was sampled some way below the dam at Ponter— 

wyd (Grid. Ref. SN 757 845). It continues its course through the Rhei- 

dol Gorge and forms cataracts at Devil's Bridge before completing its 

course to the sea. The Ystwyth, like the Rheidol meets the sea at 

Aberystwyth. 

A faunal list was compiled for each site and water samples were 

taken for analysis to accompany the biological data. 

The aim of the field study was to observe and record the field 

conditions of acute zinc pollution and its effect on caseless caddis- 

fly ecology. 

Animal material, after identification and counting was dried to 

constant weight and acid digestion carried out to assess the metal 

levels. 

4.6.2. RESULTS 

The results of cylinder samples at each of the three sites are 

given in Table 4.33. Table 4.34 gives water quality data and metal 

levels from each station, and Table 4.45 shows the concentration factors 

calculated for zinc in animal material from stations on the R. Ystwyth. 

NGS =  
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TABLE 4.31. SUMMARY OF THE PARTIAL RECOVERY OF THE RIVER YSTWYTH 1919 - 1975 
  

  

  

    and lampreys         

Date Fish Invertebrates Flora Metal Concn. in Reference 

Tower river (mg I~!) 

Lead Zinc 
1919-21 None 9 spp - Very poor - 0.4-0.5 Carpenter 

mostly Insecta limited to algae (1924) 
and bryophytes 

1922-23 None 26 spp - No change Ni1-0.1 Carpenter 
. mostly Insecta recorded (1924) 

1939-40 None 63 spp. - Very poor - Nil.0.05 0.7-1.2 Jones 
restricted to still limited (1940) 
Insecta, Platy- to algae and 

helminthes and bryophytes 
Hydracarina 

1953-56 Brown trout No marked change Very poor - Jones 
in lower continued (1958) 
reaches © absence of 

angiosperms 

1975 Brown trout, Crustacea, 0.02-0.03 0.32-0.48 ‘SWWRD 
sea trout, Trichoptera, (1976) 
salmon, eel, Oligochaeta and 
minnow, Hirudinea still UWIST 
stickleback rare or absent (1976) 

  

After Brummage et al. 

 



TABLE 4-32 SUMMARY OF THE PARTIAL RECOVERY OF THE RIVER RHEIDOL 1919 - 1975 

  

  

  

Date Fish Invertebrates Flora Metal Concn. in Reference 
ower river (mg 17) 

lead Zinc 
1919-21 None 14 spp - mostly Insecta | Very poor - U.2-0.5 Carpenter 

limited to algae (1924) 
and bryophytes 

1922-23 None 29 spp - mostly Insecta | Reappearance of Ni1-0.1 Carpenter 
angiosperms in (1924) 

' lower reaches 

& 1931-32 Brown trout,} 99 sp - mostly Insecta Increase in 0.02-0.1 0.14-0.30 Laurie & 
Q eel, but with representatives] abundance of Jones (1932) 

I stickleback of all the main groups angiosperms 
James et al. 
(1932) 

1947-48 Brown trout,| 125 spp - mostly Insecta! Angiosperms Jones 
sea trout, (97 spp), other groups | mostly confined (1949) 
eel, still rare. to lower reaches 
stickleback 

1971-72 Salmon and Little change Ni7.0.04 0.20-0.83 Jones & Howells 
+ sea trout apparent (1975) 

fisheries 
established 

1975 Crustacea, Trichoptera, UWIST 
: Oligochaeta and (1976) 

Hirudinea still rare or 
absent                
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SHOWING SAMPLING SITES ON THE 

R. YSTWYTH and R. RHEIDOL. 
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TABLE 4.33 BIOLOGICAL DATA FROM R. YSTWYTH AND _R. RHETDOL 

  

  

    

R. YSTWYTH u/s No. of R. YSTWYTH d/s No. of R. RHEIDOL No. of 

SPECIES LIST Individuals SPECIES LIST Individuals SPECIES LIST Indiviguals 

0.05 me 0.05 mé 0.05 m' 

Hydracarina 1 Naididae >100 Naididae 7 

G. pulex 4 Hydracarina 1 I.grammatica 2 

Baetis sp. 57 I. grammatica 58 Chironomidae (Green) 60 

Amphimemura sp. 1 Chloroperla ap. 2 

I. grammatica an E. aenea y StigeoeLloniun 

Elminth (L) 2 L. votknart 3 Navicula 

H. angustipennis 11 R. dorsalis 8 Cosmariun 

R. dorsalis 2 Simulium sp. 50 Surirella 

P. flavomaculatus 1 Chironomidae 10 Closteriun 

Chironomidae (Green) 3 Fragilaria capucint 

Clinocera sp. 1 No algae or 

Spirogira diatoms present 

Ulothrix 

Oseillatoria 

Synedra 

Diatoma 

T.B.1. = 9 8 6 

CHANDLER SCORE -| 452 492 124 

B.M.W.P. SCORE = -| 54 39 12           
  

 



TABLE 4.34. WATER QUALITY DATA FOR SITES UN THE 

R. YSTWYTH and ___R. RHEIDOL 

  

  
  

  

  

    
  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

SITE > YSTWYTH | YSTWYTH RHEIDOL 

I 2 3 

u/s ZINC | d/s ZINC 

DETERMINAND 

Temperature a6 13 15 16 

pH. 6.3 623 2 

p.0. mgt." 10.3 10.25 10.25 

B.0.D mgr! 0.6 0.8 0.9 

Total Hardness 
mgi-!_(caco3) 7.0 10.0 7.0 

Ca Hardness 
ert (CaC03) ; 5.0 5.0 5.0 

Mg Hardness mgi~ 
(CaC03) 250 80 2.0 

Phenolthalein Alka 
linity mgi-l(caco,} 0.0 0.0. 0.0. 

Tota} plesbinjty | 0.05 | ot 0.08 
Chloride mgi7! 4.2 4.2 4.2 
Nitrate mgt! 0.1 0.15 0.15 

Anmonia mgt! 0.3 0.4 0.4 
Phosphate mgt”! 0.1 0.5 0.7 

Suspended solids (105°C), mg;-! 2.0 5.0 2.5 

Copperas wt 0.962! 0.174 0.357 
A =a 

Eacntumang 0.001| 0.01 0.005 
Lead mgy-! 

Chromium mg,7! 

Nickel gi”! 
1 

Iron mgt 1.416| 2.681 6.55 
i -1 

Zinc mgt 0.918} 4.062 0.513                   
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4.6.3. DISCUSSION AND CONCLUSIONS 

The zinc levels at the upstream and downstream sites on the R. 

Ystwyth were shown to be markedly different. At Yr Allt the level was 

‘ Zn at Cwmystwyth. These levels 0.918 gl? Zn compared to 4.062 mgl 

are both higher than the zinc concentration at Llanfarian Bridge, near 

the mouth of the Ystwyth where Water Authority Harmonised Monitoring 

1 (W.A.H.M) record a zinc level of 0.443 mgl over the annual period 

1979 - 1980. 

Similarly on the R. Rheidol the zinc level at Ponterwyd was 

found in this study to be 0.513 mgl~! mm compared to W.A.H.M station 

levels at Penybont Bridge further down the Rheidol to be only 0.197 

-1 
mgl ~ (1979 ~ 1980). 

On both rivers the decreased concentrations recorded at W.A.H.M 

stations is due to increased volume of water having a diluting effect, 

and the fact that these are mean values taken over one year. The 

individual values found in this study were at summer low flow conditions 

and thus were more concentrated. Jones (1960) reported increased zinc 

concentrations on the R. Ystwyth in the drier summer period. 

Examining the data collected from the R. Ystwyth, both sites 

have very similar water quality characteristics with high dissolved 

oxygen, very soft water and slightly acidic conditions. In a soft 

water, acidic environment, the metals will generally be in their 

potentially most toxic form. There is a marked increase in metal con- 

centrations at Cwmstwyth which was one of the most intensively mined 

sections of the Ystwyth valley in the past. Here rivulets drain tail- 

ings which spill to the edge of the river. 

Physical conditions at both sites were comparable, both being 

riffle sections with large stones and shallow fast flowing water, al— 

though the upstream station was overshadowed by riverbank trees — whilst 

the Cwmystwyth site was very exposed. 

Srl



Biologically, in the river as a whole there was a distinct lack 

of cased caddis, Mollusca and Hirudinea and few Crustacea. Comparing 

the upstream and downstream sites, i.e. above and below the diffuse 

pollutional source the most noticeable change was the reduction in 

diversity. Absence of G. pulex, Hydropsyche, Polycentropids, algae 

and diatoms. As expected and recorded by previous workers, the hardy 

metal-resisting stoneflies were in evidence at all three sites invest- 

igated. It appears that the mayfly Baetis, dominant at the upstream 

Ystwyth site was replaced by I, grammatica, a very tolerant stonefly 

at the downstream station. R, dorsalis is the only caseless caddis which 

survives the rigors of conditions at station 2, H. angustipennis and 

P. flavomaculatus being present upstream only. 

A number of factors may restrict the ability of Hydropsyche to 

survive at the downstream site although the dissolved oxygen and flow 

rate should be sufficient to maintain them. Firstly, there is a lack of 

algae at the downstream site, an important factor in the habitat and 

diet of Hydropsyche, It has been noted in previous field work accounts 

that H, angustipennis is closely associated with abundant growths of 

filamentous algae (e.g. R. Tean, Staffs.) whereas R. dorsalis prefers 

the bare stones of an exposed riffle section - presumably so that pre- 

dation is easier. In the R. Rheidol, the chemical quality of the water 

is virtually identical to that of the R. Ystwyth except that metal levels 

are lower. 

The poor diversity of fauna is probably due to the physical en- 

vironmental conditions and consequent lack of suitable habitats for 

benthic invertebrates. large boulders encrusted with a thick layer 

of diatomaceous residue appear to be the factor restricting the fauna 

to predominantly worms and midge larvae. Although theoretically this 

abundance should be advantageous as a food supply to the Hydropsychids, 

their frequency is restricted due to physical conditions limiting the 

spaces available for successful attachment and net spinning. The 
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limitations for the predatory Rhyacophila at this station would be lack 

of suitable food organisms. Differential sensitivity to toxicants and 

the ability to bioconcentrate metals seem to be two important factors in 

survival of the Trichoptera. 

On the R. Ystwyth Jones (1940) found no mollusca, crustacea, worms 

or leeches present at zinc levels of 0.7 - 1.2 ng! Zn, but in a tribut- 

ary of the Ystwyth at 57 ngi7! Zn insect larvae were still present. In 

further work (jones, 1958) when levels of zinc had fallen to 0.2 - 0.7 

mgl Zn the fauna still comprised only the more resistant R. semicolor- 

ata, H. lateralis, B. rhodani, C. tripunctata and Esolus parallelopipedus. 

This differential tolerance by various invertebrate groups is also 

shown in work by Weatherley et al. (1975), where zinc levels of 0.1 - 

0.4 ng! Zn in Lake Burley restricted the fama to a few mollusca, crust— 

acea,odonata and ephemeroptera. Sprague et al. (1965) documents work on 

the North West Miranichi River where zinc concentrations over 1.5 times 

the 7 day LC50 for salmon, still had populations 6f caddis—flies and 

midges unaffected by the zinc and copper pollution. However, no hatch of 

the caddisfly Hydropsyche or mayflies occurred in this river, suggesting 

a differential sensitivity to life stages, as with copper toxicity. 

In the Molonglo River (Australia) it was reported that in the zinc 

polluted parts of the river the fauna was reduced to bugs, beetles, cadd- 

isflies, diptera and stoneflies. Herbst (1967) records that in the ’. 

heavily zinc polluted R. Sultz (80 ppm CaC03) that G. pulex and L, orata 

were present only when the zinc concentration was less than 0.25 mgl ‘zn. 

A larger variety of insecta were present between concentrations of 0.8 - 

6.5 mgl~! whilst Baetis withstood 25 mg] ‘and Rhyacophila, 29 mg17! zn, 

More recently work by Abel and Green (1981) records data from two 

similar tributaries East and West Allen in N.E.England. The West Allen 

is heavily zinc polluted 0.45 - 3.65 mgi? 2n whereas East Allen is not 

so severely affected <0.001 - 0.36 asic Zn. Surber sampling and chemical 

analyses over 18 months monitoring took place. Only 18 species were re- 
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corded in W. Allen compared with 30 sp. in E. Allen. The most zinc 

tolerant species were again the stoneflies Leuctra sp., Chloroperla 

torrentium, mayflies B. rhodani and R. semicolorata, chironomids and the 

cased caddis Limophilus sp., together with R. dorsalis, the caseless 

caddis. Under experimental conditions, the Limophilus survived for 

Vien. two weeks in a solution containing 100 mgl” 

A further study by Abel and Green investigates decrease in 

food consumption by Limnophilus in a zinc polluted environment. Ess- 

entially consumption was decreased by 10 - 30% which may be of great 

ecological significance to the survival of trichoptera larvae in the 

field situation. 

The Ystwyth 

The data from the Ystwyth sites (Table 4. 35) show that metal levels 

in caseless Trichoptera show a positive correlation with total metal 

levels in the river water. Brown (1977) working on invertebrates in the 

zine and copper polluted R. Hayle reports zinc levels at a maximum of 

2.5 mg as This compares with 4.062 mel in the Ystwyth. She re- 

ports an almost proportional increase in copper and zinc concentration 

in the caseless caddisfly larvae in these conditions. In his paper 

(1940a) Jones noted that campodeiform Trichoptera were far more common 

in the Ystwyth than cased forms. This still appears to be true, but in 

the R. Hayle Brown found several species of cased caddis. The case- 

dwelling types bioconcentrate less metal than the 'free-living' forms 

at the same site, this probably being due to their case affording a 

measure of protection. In the R. Hayle, ee (1977) reports signif- 

icant correlation of metal levels in invertebrates with increase in zinc 

at all but one site although there are consistently high zinc concentrat— 

ions (0.4240.15 mgl 2) throughout the year at that site. She suggests 

that animals exposed to high concentrations of metals may adapt to these 

conditions. From laboratory investigations, where concentrations were 

far in excess of any environmental level, the H. angustipennis continued 
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Table 4-35 

Concentration Factors of zinc for species at Stations on the R. Ystwyth. 

  

  

Station 

ib 

Zn = 0.918 ng1"! 
in the river 

water 

2 

Zn = 4.062 ng17! 
in the river 

water 

Species 

Stoneflies 

Hydropsyche sp. 

Baetis sp. 

Rhyacophila sp. 

Gammarus sp. 

Rhyacophila sp. 

Stmultum sp. 

Stoneflies 

Concentration 

Factor 
481.5 

1409.6 

1402.2 

191.2 

163.4 

125.5 

131.4 

145.9 
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to bioconcentrate the metal. 

On the Ystwyth the metal uptake at site 1 was greatest in Hydro~ 

psyche>Baetis>Stoneflies>Rhyacophila>Gammarus (Table 4. .5). At site 

2 Stoneflies>Simulium>Rhyacophila although the increase in uptake of 

the Rhyacophila has increased approximately four-fold, the same approx- 

imate increase in metal levels as in the river water. Complementary 

evidence on the ability of caseless caddis and other insecta to bio- 

concentrate zinc comes from a recent paper by Harding et al. (1981). 

In a study of heavy metals in the Derwent Reservoir Catchment, N. 

England elevated levels of zinc, lead and cadmium were found in Bolts 

Bum, a tributary of the Derwent, due to mining activity. 

Maximum concentration of zinc was 0.175 gl! although not such ex- 

treme concentrations as may be found in West Wales, the data demonstrate 

that caseless caddis, stoneflies and mayflies are the most resilient 

species to zinc pollution. Levels of zinc in these species are re- 

corded below. 

R. dorsalis u/s Zn source 561 ppm Zn 

d/s Zn source 687 ppm Zn 

Leuctra_spp. u/s 414462 ppm Zn 

a/s 12934153 ppm Zn 

E. venosus u/s 2750 ppm Zn 

d/s 15050 ppm Zn 

Harding et al. compare the long term use of invertebrates for monitoring 

with algae or plants, e.g. Lemanea — the use of this alga would be 

limited because of the relatively short growing periods, therefore in- 

vertebrates may be far more useful. The concentrations of metals in 

invertebrates is probably a reflection of the permeability (Beament, 

1961). Caseless Trichoptera had the highest level of metals as seen 

by this study, the work by Brown, suggesting high permeability of Hydro- 

psyche and Rhyacophila sp, Work on pesticide toxicity, to egg masses 
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of the caddis Triaenodes tardus,.Milne (Belluck & Felsot, 1981) 

reports that they are sensitive to agrochemicals in the ppt-ppb range. 

The gelatinous covering has to be penetrated before bioconcentration 

can occur in the eggs. 

Kenega (1973) has described bioconcentration as a two-stage pheno- 

menon: (1) adsorption (or pesticide on to a biological surface) and (2) 

absorption into the tissue matrix. It is not known if this is true 

in the case of larvae subjected to metals, but it is a possibility. 

The extremely high values of zinc in Hydropsyche may in part be due 

to contamination by particles containing zinc, and also ‘zinc in their 

gut contents. As their ecology and feeding habits differ from those of 

Rhyacophila this may be the reason that there is approximately 74 times 

as much zine in Hydropsyche at site 1. 

The concentration factors for animals at both sites are considerable 

(see Table 4.45) illustrating that they are very efficient monitors. 

Caseless caddis may be as useful as stoneflies for indicating the pre- 

sence of metals in a river, and their differing tolerance to organic 

pollution may be of use in indicator systems. Using traditional indexes, 

designed to assess organically polluted waters, the suppression of 

species due to metal toxicity may not be immediately apparent. Upon 

examination of a biological sample, the restricted community will pro- 

vide evidence suggesting toxic pollution. 

As indicators of pesticide contamination they may also prove a 

valuable guide or indicator, this is suggested in work by Marking and 

Chandler (1981). They tested non-target aquatic organisms for toxicity 

to bird control pesticides, for example Hydropsyche, mayfly, mollusc and 

frog. Compared to other species tested Hydropsyche was extremely sens- 

itive to methiocarb, a repellent. 

Work by Nehring et al. (1979) compared the reliability and sensitivity 

of detection of lead pollution using Hydropsyche and other aquatic invert- 
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ebrates by atomic absorption spectrophotometry and the concentration 

factor method. It was found that both methods provided equally re- 

liable and accurate results, but that co-incidentally he found an 

advantage using the concentration factor of metals by invertebrates. 

At one stage of Nehring's experiments, a flood scoured away all the 

lead-containing sediments of the river bed. The lead levels were then 

below the detectable limits of 0.1 mgl! with A.A.S. Analysis of 

invertebrate material by the concentration factor method revealed est- 

imated lead levels to now be 0.04 — 0.07 ng! at the previously 

heavily polluted sites on the river. Advantages of the concent- 

ration factor method are firstly easier detection of trace, levels of 

pollutants at levels not detectable by A.A.S., secondly dried insect 

samples do not deteriorate with age, thereby eliminating the necessity 

of immediate analysis for reliable results and finally aquatic insects 

may provide a more realistic analysis of the total metal in the stream 

including the metal laden substratum not accounted for by water 

samples. 

In conclusion, in the field situation caseless caddis larvae may 

prove valuable "in situ" biomonitors of heavy metal pollution. 

- 148 -
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5. EXPERIMENTAL STUDIES 

5e1. Objectives 

The aims and objectives of this section of the study were 

broadly four-fold. Firstly to carry out intermediate field-laborat- 

ory studies at the Checkley Hydrobiology Research Station to establish 

the respective tolerances of Hydropsyche angustipennis and Rhyacophila 

dorsalis. larvae to three different water qualities. This was a   

natural progression from the field work, to investigate the effect 

of organic pollution upon these two species. 

Following the evolution of a satisfactory method of maintaining 

large numbers of caseless caddis larvae under laboratory conditions, 

the remaining three aspects of study were performed. Acute toxicity 

studies on H. angustipennis were completed with specific toxicants, 

namely copper, zinc, ammonia and two herbicides diquat and terbutryne. 

The next experiments investigated the bioconcentration of metals by 

H. angustipennis, incorporating animals used in the acute toxicity 

tests above. This work was extended to investigate the accumulation 

of zinc using radioisotope techniques. 

Finally, experiments were undertaken using respirometric tech- 

niques to elucidate the effects of single and combined parameters such 

as temperature, dissolved oxygen, pH and ammonia in an effort to est- 

ablish tolerance limits with regard to the autoecology of this species, 

5.2. Chronic Laboratory-Field Studies of H, angustipennis and R. dorsalis. 

An investigation into the tolerance of these two species of case- 

less caddis larvae to three different water qualities was carried out 

at the Aston Applied Hydrobiology Field Station at Checkley, Stafford- 

shire. This field station is situated on, and belongs to Severn-Trent 

Water Authority on the Blithe Valley Water Reclamation Works site. 

For ecological experimentation on fish and aquatic invertebrates, 

three simulated channels had been constructed in parallel to the R. 
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Tean. Each channel is 300 m in length, with alternating riffle and 

pool sections (see Fig.5.1). Water from the R, Tean and sewage 

effluent from the Blithe Valley works are mixed and used to provide 

three different water qualities. 

Channel A. River water only 

Channel B. 75% river water 25% effluent 

Channel C. 50% river water 50% effluent 

Intensive monitoring of water in each channel is carried out coitinuous— 

ly by probes and recorders (and by automatic sampling) housed in a hut 

at the top of the channels. pH is monitored using an E.I.L. Model 

2836 Industrial pH Meter, whilst dissolved oxygen is monitored by a 

SIMAC Model 505 D.O. meter. 

Advantage was taken of the opportunity to study under intermed- 

iate field-laboratory conditions, the survival/mortality of H,_angusti- 

pennis and R, dorsalis in different mixtures of river water and sewage 

effluent. 

5.2.1. Methods 

Three 10 litre plastic tanks were set up inside the monitoring 

hut at the top end of the channel system (Fig.5.1). A system of mono- 

pumps and overflows was constructed so that water was pumped up from the 

respective channel at approximately 4 mins/litre into three tanks 

marked A, B and C. Tank A received river water only, tank B, 25% eff- 

luent and tank C, 50% effluent. 

Containers in which to keep captive the fifth instar H. angusti- 

Bennis, larvae and final instar R. dorsalis were constructed. For the 

omivorous H. angustipennis, bags made of fine mesh nylon curtain net- 

ting, weighed down with stones and secured with a plastic tag sufficed 

to contain the larvae. The animals were consequently afforded a suit- 

able environment in which to spin their nets; they were not fed during 

the experiments as sufficient detritus was present in the water being 
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Fig.5.1. Plan of Checkley Channels 
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supplied to the tanks on which they could feed. 

The R. dorsalis larvae. being predatory and free ranging, required 

a different type of container. Individual pockets were sewn in nylon 

curtain netting, the open tops of the pockets being secured by a plastic 

strip such as that used to bind together folders. This was suspended 

over the tank using dowel rods, so that the pockets containing individual 

larvae hung in the water within the tanks. The larvae were maintained on 

small Simulium larvae pumped into the tanks with the water. 

Twenty-five H, angustipennis were placed in each bag and were 

replicated for the three tanks, and ten R, dorsalis.in separate pock- 

ets were suspended in each tank. Initially, daily counts, and later 

twice weekly counts were made of the numbers of larvae surviving in 

each water quality. The temperature, dissolved oxygen and pH readings 

were also recorded. From the recordings of mortalities, the data were 

transferred on to Log-Probability scale paper and Median Lethal Times 

calculated. 

The experimental period for H, angustipennis ran from Day 1 to 

Day 45, immediately followed by the experimental period for R. dorsalis, 

Day 46 to Day 70. 

5.2.2. Results. 

Figs.5.2, 5.3 and 5.4 summarise the temperature, dissolved oxygen, 

and pH readings taken during the full 70 days of experimentation on 

both species of caseless caddis. The increase in the effluent content 

from A (river water) to B (25% effluent) to C (50% effluent) is re- 

flected in these readings. Tank C, with 50% effluent is consistently 

warmer, with lower D,O and pH values than tank B containing only 25% 

effluent. This in tur is consistently higher for all three parameters 

than tank A which contained river water only. 

Table 5.1 records the maxima and minima for ‘temperature, D.O. and’ 

pH in each of the tanks. 
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Fig.5.2 Temperature, Dissolved oxygen and pH recorded in tank receiving 100% 

river water 
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Fig.5.3. Temperature, Dissolved oxygen and pH recorded in tank receiving 

25% effluent, 75% river water 
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Fig.5.4. Temperature, dissolved oxygen and pH recorded in tank receiving 

50% effluent, 50% river water 
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TABLE 5.1 

River Water, 25% and 50% sewage effluent. 

Maxima and Minima for Temperature, Dissolved Oxygen and pH in tanks containing 

  

River Water 25% Effluent 50% Effluent 

  

  

  

H, angustipennis 

Days 1-45 Temp. 11.5 15.1 13.0 16.8 14.1 1752 

D.O 8.5 12.6 8.3 11.5 5.5 10.1 

pH 956 8.2 Fes 8.2 6.8 750 

R. dorsalis 

Days 46-70 Temp. 12.0 15.1 1355 15.4 14.1 17.5 

D.O 10.0 10.8 9.8 11.2, 8.8 10.0 

pH Ted 8.5 755 8.2 Tez 7.8          



  

  

LT.50 values calculated for H. angustipennis and R. dorsalis in 

the three water qualities are presented in Figs. 5.5 and 5.6 respect- 

ively. A summary of these results may be found in Table 5.2. 

5.2.2. Discussion and Conclusions 

It may be seen from the data summarised in Table 5.2 that in 

every water quality the Hydropsyche larvae are more tolerant than those 

of R. dorsalis, For both species the tolerance increases as water 

quality improves, thus LT50 values are extended from 50% effluent to 

25% effluent to river water only. In experimental conditions, larvae 

have to be disturbed frequently for counting the numbers alive and dead. 

This presumably stresses the larvae and certainly disturbs H. angusti- 

pennis in net spinning activities. It may be that their LT.50 values 

would have proved to be even longer in a true field situation. 

However, the differential tolerances apparent from this study may 

explain the distribution of the two species at two sites, upstream and 

downstream of the sewage works. This work appears in Section 4.5 and is 

summarised in Table 4.30 

For R. dorsalis, the gradients of decreasing tolerance with in- 

creasing concentrations of effluent, substantiates field observations 

from the R. Tean and Checkley Channels. R. dorsalis is commonly found 

in the Checkleybank riffle upstream of the sewage works, but is only 

recorded twice at Beamhurst during a 19 month sampling period. At 

Beamhurst, the river is downstream of the sewage works, and a dairy 

outfall, and by conductivity readings the water quality is estimated to 

be equivalent to 33% sewage effluent. Presumably the fall in water 

quality and changes in physico-chemical parameters precludes its sur— 

vival. 

The explanation of the distribution of H. angustipennis in the 

experimental, versus the field situation, is a little more complex. 

From the LT.50 values, theoretically these larvae should be more success- 

ful in river water only than in effluent solutions, hence there should 
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Table 5.2. Median Lethal Times for H, ang gustipennis and 

R. dorsalis in three different water qualities 

  

  

  

Species Water LT50 

-H, _angustipennis River water LT50 = 23.0 days 

25% effluent LT50 = 17.5 days 

50% effluent LT50 = 13.5 days 

R, dorsalis 
River water LT50 = 20.0 days 

25% effluent LT50 = 12.5 days 

50% effluent LT50 = 8.0 days       
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be frequent occurrences in the riffle at Checkleybank. However, only 

on three occasions are H. angustipennis recorded at this station in 19 

months. 

Observations by Edington (1981) in the field have noted that R. 

dorsalis will take small Hydropsyche larvae. This factor may explain 

the absence of Hydropsyche at Checkleybank, where all other parameters 

favour its survival. In contrast to this, at Beamhurst, H, angusti- 

pennis are frequently sampled (12 months out of 19) and were found in 

relatively large numbers (e.g. 22 individuals per 0.05 nm cylinder, 

Sept.1980). Their success may be attributable to their higher toler— 

ance than R, dorsalis to organic effluents, causing R. dorsalis to be 

eliminated and thus removing a predator of the Hydropsyche larvae. 

Another reason may be that an organic effluent increases the nutritional 

load and that this is an advantageous factor for larval growth and 

survival. Certainly, from personal observations, large densities of 

H, angustipennis are present at stations below sewage outfalls and 

below lake outflows, both sites being rich in detritus on which the 

Hydropsyche larvae may feed. 

If R. dorsalis, the predator, were absent from Checkleybank, then 

H, angustipennis should be capable of surviving in the higher quality 

water, as demonstrated in the LT.50 tests. 

_ 53. ACUTE TOXICITY STUDIES 

5.3.1. Introductory Review 

Increasingly in recent years there has been interest in the 

environmental effects of heavy metals. Specifically in the freshwater 

ecosystem, ideally each trophic level should be tested in order that 

potential risk may be calculated. Effects of the discharges of toxic 

substances into the aquatic ecosystem need to be monitored, quantified 

and toxicity tests carried out in order that safe levels to the biota 

may be established and advised. 
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The term 'Heavy metals', although not rigidly defined, is generally 

held to refer to those metals having a density greater than five. 

They are serious toxicants, even if present in only trace amounts and 

Neiboer & Richardson (1980) also point out that the term is used where 

there are connotations of toxicity and because of this, data on some 

lighter elements are sometimes included in general accounts of heavy 

metals. Neiboer & Richardson proposed that the term should be aband- 

ened entirely in favour of a classification separating metal ions into 

those which are oxygen seeking, those which are nitrogen/sulphur seeking 

and those which are intermediate. The authors demonstrate the biological 

relevance of their classification, and their concem for scientific 

accuracy is commendable, but the term "heavy metal" still arouses inter- 

est from many disciplines which would be lost if the term were discarded. 

From the field work carried out in this research programme, some 

heavy metals are of particular interest with regard to Trichopteran 

species and these will be investigated further after clarification of 

some further terminology. Heavy metals in the aquatic environment may 

be dangerous to organisms which biocencentrate, bioaccumulate or biomagnify 

them and increase their effects. These three conceptsare different, and 

have been used in this work as by Kneip & Lauer (1973). 

Bioconcentration: the ability of an organism to concentrate a sub- 

stance from the aquatic system (expressed by the concentration 

factor). 

Bioaccumulation: the ability of an organism to concentrate through- 

out its lifetime, so that the concentration factor is continually 

increasing (this assumes net accumulation over excretion. N.B. 

it has been rarely demonstrated for copper). 

Biomagnification: the occurrence of a substance at successively 

higher concentrations with increasing trophic levels in food chains. 

These workers point out that while biomagnification occurs with 

chlorinated hydrocarbons, the evidence for its occurrence with 
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metals in aquatic ecosystems appears to be weak or non-existent. 

Toxicity testing data enables one to establish information on in- 

dividual species and put together a theoretical picture of consequences 

from heavy metal pollution in the field situation. In practice it is 

impossible to test every organism from alga to invertebrate to fish 

at every trophic level for every single or multiple toxicant. Conseq— 

uently certain systems have to be evolved for toxicological testing. 

D._magna was initially the most popular invertebrate test organism 

as it is easy to culture and maintain in laboratory conditions and tests 

may be carried out during the whole life cycle, 

There are severe drawbacks to utilising one species from the lower 

taxa, and the large numbers of aquatic insects present in the immature 

Stage in the aquatic environment warrants that some insect larval/ 

nymphal stages should be tested. Also, one species will not usually be 

present in both the lotic and lentic situation. It is known that differ— 

ential tolerances are exhibited by a variety of orders of insects, for 

example, stoneflies extremely tolerant of heavy metals, whilst Asellus 

and chironomids are able to withstand severe organic pollution. The 

more information on tolerances of all species present in the aquatic 

community will assist in conserving and protecting the environment, and 

in their use as indicators. 

Trichoptera are represented frequently in the communities of British 

rivers, The larval stages of caddis are almost totally aquatic, then 

after metamorphosis they become ariel. Very little literature exists on 

the resistance of Trichoptera species to toxicants. The Environmental 

Protection Agency 1978 produced a report on the Rnvironmental Require- 

ments of Trichoptera,. but admits it ig seriously lacking in information. 

Most toxicological studies which have been carried out are lacking 

in that:- 

i. the instar is not recorded Ey 

ii. the conditions are not stated, e.g. temperature, pH,: hardness, 
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dissolved oxygen levels. 

iii. it is not noted if the test was carried out under static or 

flow through conditions. 

Generally, the conditions are not standardised and consequently 

results are difficult to compare. With this in mind, the Environmental 

Protection Agency (E.P.A.1978) produced a report in the U.S.A. to ad- 

vise on standard procedure. Pellier (1978) also outlines the consider— 

ations to be made when measuring acute toxicity of effluents to aquatic 

animals. 

Alabaster and Lloyd (1980) summarise standard fish toxicity testing 

procedures in the final chapter of their book. These techniques were 

established by a working party in preparation for an E.I.F.A.C. (Euro- 

pean Inland Fisheries Advisory Commission) paper on the subject. 

5.3.2.1. Methods of Rearing Laboratory Animals 

Two rearing methods were initially tested and compared, for rearing 

Hydropsyche angustipennis larvae collected by kick heel sampling from 

a local stream, Langley Brook. 

i. Firstly Philipson's Method (1953) involved 10 H. angustipennis 

final instar larvae being placed in a 2 litre chemically clean glass jar. 

Each jar was two-thirds filled with tap water and a substratum of clean 

stones placed in the base of the jar. 

A stirrer was constructed using the outer case of a plastic syringe, 

the paddles formed by softening and shaping the rounded lobes at the end 

of the syringe cylinder. This was then fitted to a motor to drive the 

stirrer. Mesh was placed over the opening of the jar to prevent the 

escape of any adult flies emerging. For replication of these jars a cog 

and band system was built to drive four paddles at any one time. The jars 

were kept in a temperature-controlled room at 18°C - 20°C , and: the larvae 

were fed on a diet of flaked fish food. Twigs were suitably placed in 

the jars, so that newly emerged adults could raise themselves above the 
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level of the water. 

Water which had been conditioned to the same temperature was used 

to clean and replenish the jars each week. The larvae were counted on 

altemate days to measure mortality or emergence of adults. 

ii. Wiggins Method (1959) 

In the same temperature controlled room, four artificial streams, 

using a recirculating system originally designed by Hawkes for invert- 

ebrate experiments were available. These are very similar to the system 

documented by Kapoor (1972) in which he reared Plecoptera. 

Water is circulated from a 400 litre header tank, through a downpipe 

with adjustable tap for controlling flow rate, into a 6! long P.V.C. 

trough. The gradient of the trough is adjustable by a hinge system, and 

water flows down the trough and into a retum tank. It is then pumped 

back to the header tank to complete the circuit. The water temperature 

in these channels may be controlled by a refrigeration system in the 

lower tank (see Photograph 3). Containers, specially for use within 

these artificial streams were constructed in which to keep Hydropsyche 

larvae. 

Cylinders 10 cm diameter, 14 cm tall were made in 1 cm plastic 

covered wire meshing, the joint being secured by plastic ties. Over the 

base and outside of this cylinder fine nylon mesh was stitched and the 

top of the container covered with a close fitting plastic lid. 

Wiggins originally made metal cages, on similar lines, in which to rear 

insect larvae. 

Both metal or plastic/nylon containers may be used in either the 

field or laboratory.. In the artificial channels the light weight 

plastic containers were weighted on the bottom using large clean stones. 

Water velocity was increased down the channel to a velocity of 50 cm 

sec ats water could easily flow through the mesh of the container. This 

maintained a current suitable for the larvae to respire and feed. 
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Photograph 3. Recirculating Stream System 
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10 larvae of H. angustipennis (from Langley Brook) and H. pelluci- 

dula (from Temple Balsall, R. Blythe) were placed in each container. 

The temperature was maintained at 20°C + 1°C at 9.8 ng! 0, and 

larvae were fed flaked fish food. Counts of animals were made at reg- 

ular intervals. 

5.3-2.2. Results 

Fig.5.7 summarises the results obtained. 

Using the modified Wiggins Method, H. angustipennis were maintained 

for 98 days in the larval stage. H. pellucidula survived for 76 days 

during which time one larva had pupated and emerged. 

With the Phillipson "stirred" method, to provide a constant cir— 

culation of water over the larvae H, angustipennis were maintained for 

75 days, two adults emerging during this time. As both methods of 

rearing, using tap water and artificial diet proved satisfactory for 

maintaining large numbers of larvae for toxicity testing, it remained 

to use the easiest method. 

Making containers for the streams was time consuming and they had 

to be cleaned regularly to avoid the netting becoming clogged with 

fish food particles. Consequently, the glass container became the 

most popular method. At a later date, an even simpler and more success— 

ful method was discovered of maintaining the larvae in the laboratory. 

A large Pyrex beaker, containing the larvae is placed on a magnetic 

stirrer, the magnetic flea at the bottom being enclosed by a rigid 

dome of nylon meshing to protect the larvae from damage. This is sec- 

ured by large stones around the edge. Thus, the water is constantly 

stirred and the larvae orientate themselves on the stones and sides of 

the beaker, according to direction of water flow. The containers are 

easy to clean and the larvae easy to feed, cowmt and maintain at con- 

stant temperature in this way (see Photograph 4). They also may easily 

be acclimated for experimentation . 
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Photograph 4. Apparatus for maintenance of H. angustipennis 

larvae 
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53.2.3. General Toxicity Testing Methods 

a. Test Animals 

The species used was the final instar of Hydropsyche angusti- 

pennis with a head capsule width between 1.28 - 1.56 mm. (Hildrew and 

Morgan, 1974). 

Animals were collected from Langley Brook(Grid Ref.SP.180 980) by 

kick heel sampling, and held in the laboratory in Langley Brook water 

prior to testing in aerated 21 glass jars at 10°C. Individuals from 

two different collections were never mixed in order to avoid any con- 

tamination. Any animals with overt signs of damage, stress or disease 

were discarded. Larvae were fed, whilst in holding chambers on 

Phillips Maxiflakes Tropical Fish Food, but were starved for two days 

before testing. 

b. Apparatus 

250 ml chemically clean glass beakers were used as test containers. 

These, and all other glassware utilised in the preparation of test 

solutions etc. had been treated in the following manner: 

1. Washed with synthetic detergent and water at least 50°C 

2. Rinsed 

3. Rinsed and soaked for at least a minute with 5% hydrochloric acid to 

remove metals and bases 

4. Rinsed with copious amounts of distilled water. 

Each test chamber was supplied with a standard clean diffuser block 

and covered with perspex to prevent evaporation or contamination from 

the air. As glass is now to adsorb metals, levels were checked and 

test chambers acclimated. 200 ml. of test solution was used in each 

chamber, containing 5 or 10 animals. Each test solution was renewed 

daily in all replicate chambers. The temperature was maintained at 

10°C + 2% using a temperature controlled cabinet. Hardaess, pH and 

dissolved oxygen levels were checked at regular intervals. 

Skye



Fig. 58 — Abstraction of Water from R. Blythe and 
R. Bourne to Shustoke Reservoir 
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c. Preparation of Solutions 

The copper toxicity work was carried out at three different water 

hardnesses, 19 ppm Caco, 100 ppm Caco, and 200 ppm CaCo. The diff- 3° 

erent water hardnesses were achieved by mixing different proportions of 

Shustoke Reservoir Water (Hardness = 313 ppm Caco,) and Birmingham Tap 

water (Hardness = 19 ppm Caco,). This was stored in large plastic 

tanks and aerated to drive off any residual chlorine. Shustoke Res- 

ervoir water was obtained from Whitacre Water Works (Grid. Ref.SP.235 

915). This water is abstracted from the rivers Bourne and Blythe and 

stored in the reservoir (as in Figure 5.8). Water was collected from 

a tap inside the works direct from the reservoir, thus ensuring that 

no copper had been added. The mean, maximum and minimum values for 

certain water quality determinands are given for Shustoke Reservoir in 

Table 5.3 (Courtesy S.T.W.A., Whitacre Works). Table 5.4 lists re- 

sults of water analysis for Shustoke Reservoir and Birmingham tap 

water. 

d. Experimental Toxicant Solutions 

For copper, zinc and ammonia studies analar copper sulphate 

(CuSO, .5H,0), zinc sulphate and ammonium sulphate (NH) )50, were 

used in preparing the stock solutions with distilled water. 

1 1 Two basic stocks were made to give concentrations of igl~ and 10g1” 

of each toxicant. Pipettes and volumetric flasks were utilised when 

making up solutions with the appropriate experimental water. Batches of 

2 litres of solution were made up at any one time, and for the metals, 

were stored in nonadsorbative plastic containers. 

The herbicides Diquat and Terbutryne were prepared as stock 

solutions in tap water and calculated on the concentration of active 

ingredient required. 

To summarise: 

Copper, Zinc and Ammonia, were made‘up on a geometric scale of concen— 
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TABLE 5.3. 

DETERMINAND 

Ammonia mg N 17! 

Nitrite mg N17! 

Nitrate mg N17! 

p.H. 

Total Hardness 

Ca Hardness 

Mg Hardness 

Chlorides as Cl 

Suspended Solids 105°C, 
Fluorides   

ANNUAL DATA WATER QUALITY FOR RAW SHUSTOKE RESERVOIR WATER (mgi7!) 

MEAN 

0.09 

0.095 

6.9 

8.5 

315.0 

210.0 

105.0 

57.0 

6.8 

0.23 

MAX. 

0.46 

0.68 

1120) 

| 

336.0 

240.0 

176.0 

163.0 

24.8 

0.55 

   



TABLE 5.4. WATER CHEMISTRY RELATING TO TOXICITY TESTING 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

SITE ‘| Shustoke B'Ham Tap 
a Reservoir Water 

DETERMINAND 

Temperature 9% 10° 10° 

pH. 7.8 6.4 

0.0 mg 17? 10.4 

B.0.0. mg 1 3.0 
Total Hardness 
mg 1 (CaCO3) 313.0 22.0 

Ca Hardness 
mg 1- (CaC03) 146.0 14.0 

Mg Hardness 
mg 1-'(CaC0s3) 167.0 18.0 

Phenolthalein _| 
Alkalinity mg 1 
(CacOs) 10.0 0.0 

Total Alkalinity 5 
mg 1! (CacO3) 165.0 10.0 

Chloride mg 1? 45.4 8.5 

Nitrate Mg NI"! 6.4 0.25 

Ammonia Mg NI? 0.4 0.1 

Phosphaté mg 1? 0.7 1.0 
  

Suspended solids 
(105°C) mg 173 
  

  

  

  

  

  

  

Copper mg 1? <0.01 0.09 

Cadmium mg 17? 0.004 0.05 

= Chromium mg 17 0.003 0.01 

Nickel mg 17* 0.005 0.05 

Iron mg 17? 0.03 1.6 

Zinc mg eC 0.03 0.4 

Lead mg 17] 0.027 0.005           
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tration to give 10, 18, 32, 56, 100, 320, 560 and 1000 ppm (nominally). 

Nominal concentrations are quoted because at varying water hard- 

nesses and pH the amount of cue and NH, varies. This will be dis- 

cussed further upon discussion of these individual toxicants. 

200 ml of test solution was placed in each beaker, and three re- 

plicates .at each dilution prepared (see photograph §). Constant 

aeration was achieved with a standard diffuser block. Either 5 or 

10 animals (depending upon availability) were placed in test chambers 

at random. Cumulative mortalities were recorded at time intervals on 

a geometric scale throughout the 96 hr test period. If 10% or more 

of animals in the control chambers died, then the rest of the test 

was invalidated. Temperature, dissolved oxygen, and pH were monitored 

throughout the toxicity test, and chemical analyses of metal levels 

and ammonia were carried out daily. Metal samples underwent acid 

digestion, and the total concentration was measured by atomic absorp- 

tion spectrophotometry (A.A.S). The toxic effect of cu’ tions was 

measured daily using an Orion Model 94 - 29 copper ion selective elect— 

rode hooked up to a Coming E.E.L digital 110 expanded scale pH meter. 

NH-N was measured daily by taking a sample of test solution from each 

test chamber and acidifying with 6 drops con. HCl. for preservation. 

This was then measured on the auto-analyser. 

Herbicide concentrations were maintained by daily renewal of 

toxicant solutions in test chambers. 

e. Observations 

Times of observations were based on a logarithmic scale (Bliss 

1935 a & b). Animal mortality observations were made at the following 

times from the start of the test: }? hr., 14, 3, 6, 12, 24, 48, 72 and 

96 hours and each day thereafter if a long-term test was performed. 
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Photograph 5, Replicate chambers used for acute toxicity 

testing of H. angustipennis larvae 

 



  

5.3.2.4. Checking the Metal Content of Solutions 

The Perkin-Elmer Model 306 was used for Atomic Absorption Spectro- 

photometry using an air acetylene flame. 

A calibration was made using standard metal solution as recomm- 

ended, and readings were taken on a flat bed recorder (Perkin-Elmer 

56). Every effort was made to ensure samples were not contaminated 

during preparation. All glassware was washed with detergent concent- 

rated nitric acid and double washed in distilled water before use. 

Water samples and metal solutions were prepared in the following manner: 

100 or 250 ml, aliquots of sample were transferred to 250 ml pyrex 

flasks or beakers, depending upon amount of test solution available. 

5 ml. of concentrated nitric acid (Fisons At+.Ab Grade HNO, Sp.gr. 

1.42, 70% HNO) was added to the solution by pipette. The sample was 

then reduced to dryness on a hotplate or mantle in a fume cupboard 

(approx. 4 - 6 hours). Resultant residue was dissolved into 2 ml. 

50% hydrechloric acid (A.A.S grade, BDH HCl 36%) transferred to a 

25 ml volumetric flask and made up to the mark with distilled water, 

ensuring that the flask was thoroughly rinsed to include all of the 

sample. The sample was then aspirated and further dilutions prepared 

if necessary. Metal concentration in the sample was calculated acc- 

ording to the dilution factor where:- 

: . = Yok.sample in soln. in ml. __ 25 _ 
er lutons tac or vol. aliquot digested 100 Ore 

If a larger aliquot was taken, the calculation was adjusted 

accordingly. 

All metal samples were run for total metal concentration. 

Soluble metal concentration may be assessed by filtering a che 

sample through a 450 mm glass fibre filter paper (GF/C Paper Whatmans 

Itd., Maidstone) and membrane filter paper Nuflew 450 mm (Oxeid Ltd., 

Tendon). Particulate matter metal content may then be determined by 

difference, Correction for any metal concentrations was ebtained by 
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running a blank i.e. an acidified distilled water sample. Samples were 

then aspirated and results recorded en the flat bed recerder. 

Detection limits fer the Perkin-Elmer 306 are shown in Table 5.5 

  

  

below: 

TABLE 5.5 DETECTION LIMITS FOR METALS 

Element Unit ngi4 

Cd 0.001 

Cr 0.003 

Cu 0.002 

Fe 0.005 

Zn 0.001 

Pb 0.01 

Ni 0.005       

(Taken from Perkin-Elmer "Analytical Metheds for Atemic Absorption 

Spectrophotometry."1976), 

5.3.2.5. Copper Ion Determination 

The cupric ion electrode (94-29) was set up together with an Orion 

Model (90-91) reference electrode. 0.5 M KCl, saturated with ag was 

used as the reference electrode filling solution as recommended. Both 

electrodes were connected to the Coming-Eel Digital 100 meter and a 

calibration curve was constructed using the recommended Orion Standard 

solutions. The mV readings (linear axis) were plotted against concen- 

tration (log-axis) on semilogarithmic paper (Figure 5.9). A 100 ml 

sample of test solution was placed in a plastic non-adsorbative beaker. 

The sample was stirred on a magnetic stirrer and 2 ml 5M Analar Sodium 

nitrate was added (I.S.A). This ionic strength adjuster (I.S.A) added 

in these proportions gives a background ionic strength of 0.1M. 

A millivolt reading was obtained, and the cuit concentration in 

each copper sample was calculated from the calibration curve. Problems 
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arise at the lower end of the scale if the sample is not on the acidic 

scale - fortunately, due to high copper concentrations used in the 

toxicity tests such interference was not encountered. 

5.3.3. Experimental Design 

The first stage in the toxicity testing was to perform ranging 

tests, using five H, angustipennis larvae in each of five widely spaced 

toxicant solutions. From the results of these tests, 96hr toxicity 

tests were performed using the proposed geometric dilutions. Acclim- 

ated animals were placed at random in the test chambers, which were 

set up in replicates as previously described. If larvae were partic— 

ularly tolerant of even the highest concentration of toxicant, then 

a long term test was undertaken. 

5.3.4. Methods of Processing Results 

As the response of an animal to a toxicant is dependent upon the 

concentration of the poison and the period of exposure, the mortality 

of experimental animals can be expressed either as the number dead since 

the start of the experiment, or the rate of dying. Here the cumulative 

number of animals which died was recorded and expressed as a percentage 

value. Equal increases in percentage mortality are normally obtained 

when the time elapsed or concentration of poison is increased on a 

geometric rather than an arithmetic scale. Toxicity is usually des- 

cribed in terms of the concentration which will produce a specific 

effect in a specific prdportion of the population in a specified time. 

The measured statistic is usually the median, therefore the following 

nomenclature is used to specify the type of effect and the length of 

time involved to gain that response: 

e.g. 48 hr EC50 = (median effective concentration for 48 hours) from 

this the ET50 (median effective time) can be calculated. 

When the response is death the EC50 = LC50 (i.e. Median Lethal 

Concentration). . These concentrations are usually calculated for ex- 

posure period of 24, 48 and 96 hours. Similarly, the tests measuring 
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the time taken for the organisms to die = LT50. 

If the relationship between 24, 48 and 96 hr. LC50's is plotted 

on log:log graph paper (concentration:response) and the result is 

curvilinear becoming asymptotic to the time axis, the asymptotic con- 

centration may be extrapolated. This is often called the "threshold" 

or incipient median lethal concentration. 

In static tests the term LC50 may only be used if the test con- 

centration did not fall below 90% of the initial concentration. If 

the concentration was not maintained the term LC(I) 50 (Lloyd & Tooby, 

1979) should be used to indicate that the concentratim decreases through- 

out the test period. (I) then indicates that Initial Concentration 

(nominal) concentration. It is hoped that using this nomenclature 

will make it easier to judge these experiments in the correct context. 

Both mathematical and graphical methods may be employed to calculate 

LC50 and LT50 values (Litchfield & Wilcoxon, 1949). 

The method used here is graphical, where values are plotted dir- 

ectly on to logarithmic probability paper. If 10 animals are used, for 

example, the response of the first is regarded as 5%, the second 15% and 

the last 95%. The reason for this is that the LC50 should not relate 

to the response time of the fifth animal, but to the response time be- 

tween the fifth and sixth. Therefore, the lethal concentrations of 

five animals are then distributed on each side of the median. A line 

is fitted by eye to each set of data, giving greater weight to those 

values between 25% and 75% response, and the LC50 value interpolated. 

Lloyd (1960) employed this method when calculating the toxicity of 

zinc to rainbow trout in hard water. 
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5.4. COPPER TOXICITY 

Introductory Review 

Copper is found in natural waters as a trace metal at concent- 

rations of less than 5 git but it is often present at higher concen- 

trations and associated with the mining of zinc, lead and tin, for 

example, R. Hayle, Comwall 0.01 - 0.1 ng! (Brown, 1976); R. Yswyth 

and R. Rheidol, Wales 0.03 and 0.06 ng! respectively (Harmonised 

Monitoring Station D,0.E.1979); R. Molonglo, Australia 0.05 mg! 

(Weatherley et al., 1967); R. Team, N. England 0.02 mel! (Wehr et al. 

1981). 

In a recent survey of British rivers, 1980, copper levels were 

found to vary between undetectable —> 0.87 ng}, 

Copper compounds have been widely used in the aquatic environ- 

ment both as algicides and molluscicides, particularly in tropical 

areas for control of schistosomaisis. In an industrial environment 

the use of copper is widespread for many engineering and industrial 

processes. The EEC directive on the quality of surface waters intended 

for the abstraction of drinking waters recommends a guideline level of 

copper 0.02 - 1.0 ng. 

The sister document, an EEC directive on the quality of water 

needing protection or improvement in order to support fish life quotes 

the following concentrations for different water hardnesses for Salmonid 

and cyprinid fish, 0.005, 0.022, 0.04 and 0.112 ngl1 dissolved copper 

at water hardnesses of 10, 50, 100 and 200 ngl! caco, respectively. 

The chemical behaviour of copperin natural waters is complicated 

by the tendency to form complexes. The cupric ion Gm is thought to 

be the most toxic and the only stable form of copper in aerobic con- 

ditions in natural surface waters. This complexes readily with organic 

and inorganic agents (Stiff, 1971) with the result that the proportion 

of free cupric ion in solution is very small, approximately 1% 
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(E.I.F.A.C.1976). In waters with heavy organic loads, or high pH 

(07.5) it would be a smaller percentage. Only in waters of musually 

low pH or very soft water could a significant proportion be present 

as the free ion. Evidence of this small percentage of copper as cur? 

is given in Table 5.6 (from Wilson, 1976). The table shows that only 

a very small proportion was cut but often a high percentage of the 

dissolved copper carbonate complex was present. 

Copper chemistry in unpolluted freshwater is basically copper 

in calcium bicarbonate solutions. Copper may be precipitated as 

cupric hydroxide, followed by conversion of hydroxide to oxide: 

cu? + 24,0 —> Cu(OH) bk + 2H —> cuop + 2H" + HO 

or as malachite 

af - + 2 Cu + 2H,0 +HCO, ——> Cu, (OH), co,4 + 3H 

(malachite) 
3 

The proportional amounts of Gace Cu(0H),, and Cu, (OH) 60, depend 

upon the pH and bicarbonate concentration of the solution. The 

concentration of cut? in equilibrium with malachite in the pH range 

6.0 - 8.5 i.e. that of most freshwater is less than that in equilibrium 

with cupric hydroxide. Precipitation of malachite is a slow process 

and reaches equilibrium only after several days. In rivers where 

residence time is short equilibrium may never be attained, but this is 

one factor which must be taken into account when setting up toxicity 

tests. Complexes of copper which are soluble include carbonate, cyanide, 

amino acids and polypeptides, humic and fluvic acids. 

In water receiving domestic and industrial effluents, natural 

chelating agents may be present plus synthetic chelating agents such 

as detergent builders (Herbert et al., 1965). Copper is at the top of 

the first transition series and the avidity for chelation rises from 

manganese through the periodic table up to copper, i.e. 
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TABLE 5.6 FORMS OF FILTERABLE COPPER IN ENGLISH RIVERS 

  

  

  

River eoppen Added Total Copper % of Total pean as 
(ugl ) Found gl Cut+ CuC03 Other « 

forms 

Hiz 800 857 0.5 31 69 

Lee (Harpenden) 800 792 ee 38 61 

Lee (Edmonton) 800 799 0.1 19 81 

Tame 800 890 0.2 4.8 95 

Tame 0 83.8 52 4.0 96 

Anker 800 789 0.2 4.0 96 

Arrow 800 820 13: 53 46 

Thames 800 880 0.5 33 66 

  

Fron Wilson, 1976, W.R.C. Concentrations of trace metals in River Waters : A Review. 

* Organic and inorganic forms included. 

 



  

  

2 ie soe 
Mai Fe; Colt, Nie, cut 
  

increasing avidity 

and then slumps for mnt, The increase in avidity follows the de- 

cline in ionic radius as the series is ascended (Albert 1973). 

Brungs et al. (1976) carried out 21 static acute toxicity tests 

at different times of the year on fathead minnows using water from a 

small stream, The 96 hr IC50 results were within the range 1.6 — 21.0 

mel Cu. This variation was due largely to the water which was sus- 

ceptible to organic pollution - hence varying amounts of chelating 

material available and altering the concentration of cupric ions. 

Other factors affecting the toxicity of copper include the 

temperature (Cairns et al., 1978), dissolved oxygen (Petty, 1967; 

Clubb et al.(1975b) and presence of chelating agents (Muramoto, 1980). 

The level of copper and other heavy metals may be in different soluble 

and precipitated forms, complexed or ionic. It may be incorporated 

in the sediments, in the water or plant material, the metal then 

entering the food chain through the water or diet. 

Toxicity tests on macroinvertebrates will generate data on accept- 

able concentrations consistent with the protection of aquatic fauna and 

establish water quality criteria for the protection of the aquatic 

environment generally. From a purely fishery point of view it may be 

argued that the removal of the most sensitive species by toxic pollution 

will not necessarily affect the dietary intake of fish as the more 

tolerant species tend to increase in abundance as competition is relaxed. 

Ultimately the acceptable environmental contamination level will depend 

upon the nature of the receiving water, the application rate (and the 

use of water resource). A biological 'no effect! concentration may be 

derived from such toxicity tests on invertebrates. High levels of 

heavy metals are know to bind to sediments and in certain circumstances 

macroinvertebrates have been shown to incorporate these into-their body 
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tissues (Nehring, 1976),consequently they may provide an in situ bio- 

monitor of metal pollution. 

Studies on the toxic effect of sediment bound versus dissolved or 

suspended metals may be useful, but data are very limited for such 

work at present (Nehring et al., 1979). Field studies by Anderson 

(1977) have shown that zinc and mercury are perhaps the only metals to 

be accumulated above the sediment levels by invertebrates. Analysis of 

animal tissue can indicate the biological availability of toxic metals, 

the high concentration of metals in one species may be correlated with 

the absence of more sensitive species. : 

Sensitivity to copper varies with species, oS Srnmo.ised oxy 

some of the experiments carried out on invertebrates and fish, their 

conditions and results. It has been found that the toxicity of heavy 

metals is dependent upon the oxygen available. The work of Cilubb et 

al. (1975a) on the cased caddis Brachycentrus americanus showed 100% 

survival over a 96 hr TL, at 17.5 mg! cd** and 42.5 ml cd" when 

DO = 6.0 mgl~1, minimum temperature = 10°C + 2°C and alkalinity 240mgl~!. 

At changing oxygen levels the same workers (1975b) found an increase in 

cadmium toxicity with an increase in dissolved oxygen in the stonefly and 

mayfly, but NOT in B, americanus. 

The "Pasteur effect" recorded by Petty (1967) whereby there is 

oxygen inhibition of metabolism, thus means that in some species heavy 

metals have a less toxic effect in an oxygen sparse environment. 

Problems in comparing toxicity also arise due to the relative 

length of the life cycle of the species in the environment. Besch (1977) 

points out that a toxicity test of set duration using a macroinverte- 

brate represents a proportionally longer period than a test on fish. 

Generally, the less mature the animal, the greater the toxic effect. 

For example, Hubschman (19672)found that the percentage mortality of 

newly hatched crayfish Orconectes rusticus was greater than in juveniles 

and in tum this was greater than in adults. 
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Similarly, Arthur & Leonard (1970) exposed newly hatched 

Gammarus pseudolimaeus to copper solutions of concentrations 6.2 - 

12.9 ugit and all died, whereas adults were affected only when the 

concentration exceeded 10 ugi7}, Invertebrates are also suspected of 

being tolerant to solutions of copper salts during ecolysis and pupa 

formation as concluded from work by Anderson (1944 & 1950) and Wurtz 

& Bridges (1961). Consequently, freshwater fisheries have realised 

that fish data and standards based on fish toxicity work may be in- 

adequate to protect sensitive invertebrate species (E.1.F.A.C, 1976). 

The water quality of a river must be maintained to support a healthy 

and diverse invertebrate commmity. E.I.F.A.C. recommended copper 

concentrations are as follows:- 

Values from the annual 50 and 95 percentiles range from 0.01 — 0.005 

mgl! at water hardness 10 ppm CaCO, to 0.028 ~ 0,112 mgi7! cu at 300 

ppm faco.. i 

Water used for irrigation is recommended to be less. than 0.2 mg! 

Cu (W.R.C. , Wilson, 1976). 

5.4.1. Laboratory Tests 

Evidence from previous workers showed that it was necessary to 

take into account not only total copper (Cu) concentrations, dissolved 

oxygen, pH and temperature but also to monitor water hardness and the 

resultant effect on copper ion (cu**) concentration. 

5.4.2. Results 

Temperature was constant, and maintained at 10°C in a temperature 

controlled cabinet as in Fig.5.10., a trace of the temperature re- 

cording for a one-week period. Similarly dissolved oxygen levels were 

constant, each test chamber receiving air continuously through a 

diffuser block. 

Table 5.7 shows the change in pH at different concentrations of 

total copper. It may be seen that a slight increase in pH is assoc- 

iated with a decrease in copper concentration, but only drop 0.15 pH 
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Fig.5.10. Temperature record for temperature 

controlled cabinet 
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units from 560 mg} Cu to 56 mg1! Cu. Measurement of pH in each 

of the toxicant solutions was carried out daily and found to be const+ 

ant. 

Figure 5.11 shows the variation in copper ion concentration, at 

each of the nominal total copper concentrations at three different 

water hardnesses. It is clear that an increase in calcium carbonate 

hardness at any concentration reduces the Cus concentration. 

a. Ranging Tests 

In five test chambers, five H. angustipennis larvae were exposed 

to copper solutions with total copper concentrations of 1000, 750, 

500, 250 and 50 mg1~1 respectively and a further five animals were kept 

in a similar chamber filled with tap water as a control. Constant 

temperature and aeration was supplied and the test was of 24 hours 

duration. 

TABLE 5.7. pH OF COPPER SOLUTIONS AT 19 ppm Gaco, 
T 

  

  

Concentration pH 
mg1-! cu 

560 5-15 

320 5-21 

180 5.26 

100 5627 

56 5-3 

Control 6.4         

Results 

It was found that 100% mortality occurred at 1000 

: Cu, 20% at 500 mg! Cu but no deaths occurred at 250 and 750 mg] 

and 50 mg! Cu or in the control within the 24 hour period. 

b. Definitive 96 hr. toxicity tests 

In the light of ‘the above ranging tests three 96 hr LC50 tests 

were performed, all under the conditions explained in the methods. 

a 1e8e



Fig.5.11. Concentrations of cutt at Varying Water Hardness 
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Experiment 1 was conducted using toxicants prepared with 'soft! 

water (19 ppm Caco), Experiment 2 at 100 ppm Caco, and Experiment 3 

at 200 ppm CaCO Table 5.8 records the mortalities of H. angusti- 3° 

pennis in six toxicant concentrations. It may be seen that all indivi- 

duals died in concentrations of 560 and 320 mgl Cu within 48 hours of 

the start of the test. After 96 hrs. 80% had died at 180 ngl! Cu., 40% 

: Cu. No deaths had occurred in the at 100 mel Cu and 10% at 56 mgl 

control chamber. These percentage mortalities were then plotted as 

explained in section 5.3.4. to calculate 95 hr LC50 values and LT50 

values. The results may be seen in Figs.5.12 and 5.13 respectively. 

These are quoted as total copper concentrations, but with assessment of 

cutt ions at each concentration, as seen in table 5.9 an equivalent 

cut value may be assigned. Thus the 96 LC5O at 19 ppm Caco, = 132 gl? 

Cu 100 mgt! cut, 

TABLE 5.8. MORTALITY OF H. angustipennis IN SIX CONCENTRATIONS OF 
  

COPPER SULPHATE AT 19 ppm GAO, 

  

  

Concentration -> | 560 320 180 100 56 Control 
Time ppm copper 

T 

3/4 Be 0 hhediaats 0 Oo 0 

14 hr 0 0 0 0 0 0 

3 hrs 0 0 Oo 0 0 0 

6 hrs 0 0 0 Go 0 0 

12 hrs Oo 0 Oo 0 0 0 

24 hrs 0 0 0 0 0 0 

31 hrs 40% 0 oO 0 

48 hrs 100% 100% 50% 10% 0 0 

72 hrs 70% 10% 0 0 

96 hrs 80% 40% 10%           
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Fig.5.12 96 hr L050 for H. angustipennis to copper sulphate at 10°C 

and 19 ppm Caco 
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Fig.5.13 LT50 values for H. angustipennis to three concentrations of 

copper sulphate at 10°C and 19 ppm Caco, 
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TABLE 5.9. COPPER AND COPPER ION CONCENTRATION 

at 1 Tm C209, 

  

  

Sample 
Nominal Cu cutt 
Concentration 

mg} gi”! 

560 330.0 

320 325.0 

180 180.0 

100 83.0 

56 48.0 

Control Negligible       
  

The results of Experiment 2 on copper toxicity in which toxicant 

solutions prepared with 100 ppm Caco, water are recorded are shown 

below. It may be seen that in Table 5.10 the pH of the solutions 

is recorded; once again these remained constant. Similarly from 

tables 5.11 and 5.12 which record the millivolt readings of the 

copper ion electrode and the calculated cutt concentration respectively, 

it can be seen that copper concentrations were consistent over the 

test period. Table 5.13 shows cut and total copper concentrations. 

The rate of mortalities of H. angustipenmnis larvae are recorded in 

Table 5.14 and once again 96 hr LC5O and LT50 results are presented in 

Figs.5.14 and 5.15 

TABLE 5.10 pH_OF COPPER SULPHATE SOLUTIONS AT 100 ppm aco, 

  

Copper Concn. pH 

mg1-1 

560 
320 
180 
100 
56 
32 
18 
10 

Control 
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TABLE 5.11 DAILY mV READINGS FROM COPPER SULPHATE SOLUTIONS 

TIME mv readings for nominal copper concentrations 

560 320 180 100 56 32 18 10 Control 

0 143 134° | 128 120 104 63 58 40 6 

24 hrs 141 134 130 122 105 81 64 48 10 

48 hrs 142 137 128 120 103 70 54 46 13 

72 hrs - - 125 120 104 75 58 53 2 

96 hrs - - - 123 104 72 60 62 10 

x 142.0 135.0 | 127.7 } 121.0 | 104.0 7262 58.8 49.8 10.2 

S.D. 1.00 1.70 2.06 1.41 0.70 6.60 3.63 8.2 2.68             
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TABLE 5.12 COPPER ION CONCENTRATION mg1~! OF COPPER SULPHATE SOLUTIONS 

TIME Concentrations of Cu at nominal copper concentrations 

560 320 180 [ 100 56 32 18 10 Control 

0 hrs 222 127 63.5 28.0 7.0 On: 0.04 neg negligible 

24 hrs 191 127 69.5 34.0 6.4 0.6 0.09 neg negligible 

48 hrs 209 114 63.5 28.0 6.9 0.2 0.03 neg negligible 

72 hrs - - 57.0 28.0 7.0 0.2 0.05 0.02 negligible 

96 hrs - - 61.0 40.6 7.0 0.2 0.06 0.08 negligible 

x 207.3 | 122.6 |62.9 | 31.7 | 6.86 0.26 | 0.054 | 0.05 

S.D. 15.56 | 7.50] 4.54 5.60 0.26 0.19 0.02                 
    

 



TABLE 5.13 SUMMARY OF DATA FOR WATER SAMPLES 96 hr TOXICITY TEST 

at_100 ppm vale, 

  

  

Sample ze 
Nominal Cu Total copper ppm 

detain ise 

560 207.0 140.0 

320 123.0 332.0 

180 63.0 184.0 

100 32.0 32.0 

56 6.9 55.0 

32 0.26 24.5 

18 0.05 14.5 

10 0.05 10.5 

Control negligible 0.3           
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TABLE 5.14 MORTALITY OF H, angustipennis IN SIX CONCENTRATIONS OF COPPER SULPHATE 

at_100 ppm Caco, 

Concentration 

time 560 320 180 100] 56 G2 18 10 Control 
(hrs ) ppm approx. mgt 

a 0 0 0 0 0 0 0 0 0 

ig 0 0 0 0 0 0 0 0 0 

3 0 0 0 0 0 0 0 0 0 

6 0 0 0 0 0 0 0 0 0 

12 0 0 0 0 0 0 0 0 0 

24 10% 0 0 0 1* 0 0 0 0 

36 50% 10% 0 0 0 0 :0 0 0 

48 100% 100% 10% 0 0 0 +0 0 0 

72 20% | 20% 0 0 0 0 0 

96 | 50% | 40% | 30% 0 0 0 0                     

* lost due to cannabalism 
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Fige5.14 96 hr LC50 for H. angustipenmnis to copper sulphate at 10°C and 

100 ppm Caco 
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Fig. 5.15 LT50 values for H. angustipennis to four concentrations of 
copper sulphate at 10°C and 100 ppm Caco, 

1000 
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Finally, the results of Experiment 3 are presented, in which 

the copper toxicants were prepared using water with a hardness of 200 

ppm Caco. Table 5.15 presents data for copper concentrations in each 3° 

of the toxicants. 

TABLE 5.15 SUMMARY OF DATA FOR WATER SAMPLES 96 hr TOXICITY TEST 

at 200 ppm aco, 

  

  

Total Cu. A.A.S 

soot Cu cut? mg! 
Concentration 

560 158.8 585 

320 95.3 330 

180 41.3 220 

100 19.05 65 

Control negligible 123           
Table 5.16 records the mortalities of H. angustipennis in five con- 

centrations of copper sulphate at 200 ppm Caco. It may be seen that 

unlike the 100 mel} Cu concentration in the previous two tests, there 

are no deaths in a solution with a hardness of 200 ppm aco, after 96 

hours; in a similar trend the larvae have increased their rate of 

survival at 180 and 320 mgl! Cu, but show 100% mortality in 560 mgl7! 

Cu after 48 hours in all the experiments. Figures 5.16 and 5.17 

present 96 hr LC50 and LT50 results, LT50 values are summarised in 

Table 5.17. Using the median lethal time results from experiments 

1, 2 and 3 with copper sulphate, an estimation by graphical methods 

may be made of LC50 values for both 48 hr LC50 and 96 hr LC50. 

Figures 5.18, 5.19 and 5.20 depict these results and the values are 

summarised in Table 5.18. As may be seen from Table 5.18, the 

softer the water the more acute the copper toxicant effect. This 

trend is similar if one calculates either 96 hr LC50 or 48 hr, 1050 

values. 

200i



TABLE 5.16 MORTALITY OF H, angustipennis in FIVE CONCENTRATIONS 

OF COPPER SULPHATE AT 200 ppm Caco, 

  

  

  

Concentration 560 320 180 100 Control 
time hrs. mg cur} 

3 0 0 0 0 0 

1b 0 0 0 0 0 

a 0 0 0 0 0 

6 0 0 0 0 0 

12 0 0 0 0 2aG 

24 25% 10% 0 0 0 

48 100% 70% 10% 0 0 

72 98% 30% 0 0 

96 90% 40% 0 0                
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Fig.5.16 96 hr L050 for H. angustipennis to copper sulphate at 10°C and 

3 

  

200 ppm Caco 

    10 
0:01 s 30 cy 99-99 

% MORTALITY (PROBABILITY SCALE)



  

Fig.5.17 £150 values for H. angustipennis to three concentrations of copper 

sulphate at 10°C and 200 ppm Caco, 
2 320mp1 Geee.    
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TABLE 5.17 RESULTS OF PLOTS OF LT50 AT VARYING COPPER 

CONCENTRATIONS AND WATER HARDNESS 

  

  

  

WATER HARDNESS NOMINAL LT50 

a aco, oS (hrs) 

19 ppm Caco, 560 334 

180 53 

100 92 

100 ppm 560 34. 

320 42 

180 100 

100 112 

200 ppm 560 32 

320 47 

180 TIS       
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Fig.5.18 Estimation of 96 hr and 48 hr LC50 values for H. angustipennis 

to copper sulphate at 10°C and 19 ppm Caco, 

a 
100 1000 

mgl : copper sulphate
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Fig.5.19 Estimation of 96 hr and 48 hr LC50 values for H. angustipennis to 

copper sulphate at 10°C and 100 ppm CaCo. 
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Estimation of 96 hr and 48 hr L050 values for H. angustipennis to copper Fig.5.20 

sulphate at 10°C and 200 ppm CaCco, 
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TABLE 5.18 ESTIMATED LC50 VALUES FOR H, angustipennis 
  

  

  

i; — 

Water Hardness Total concentration 
ppm Caco, Hours mg Cul-1 

19 ppm Caco, 96 hr LC50 97 

48 hr LC50 210 

100 ppm Caco, 96 hr LC50 112 

48 hr LC50 220 

200 ppm Caco, 96 hr LC50 195 

48 hr LC50 310           
5-423. DISCUSSION AND CONCLUSIONS 

Comparing the 96hr LC50 results from the direct plots made after 

Experiments 1, 2 and 3 (Figs.5.12, 5.14 and 5.16) with the extra- 

polated 96hr LC50 results calculated from median lethal times (Figs. 

5.18, 5.19 and 5.20) we may see from Table 5.18 that the estimated 

values are consistently lower than those from the direct LC50 tests. 

The discrepancy of 35 gl! Cu at water hardnesses of 19 and 200 ppm 

Caco, and also the larger difference at 100 ppm Caco, is due to 

different experimental methodology, followed by extrapolation of 

experimental results, all of which may lead to increasing the margin 

of difference. It may be wise to recommend the lower values until 

further experiments have been carried out on the sensitivity of H, 

angustipennis to copper sulphate. 

The 48hr L050 values, as seen in Table 5,18 are proportionately 

higher than those at 96 hrs, as would be expected. However, the grad— 

ation of increasing sensitivity to decreasing water hardness remains 

the same throughout. This phenomenon, as previously discussed is due 

to increased concentration of ionic copper in softer waters as 

demonstrated by the data in table 5.19. 
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TABLE 5.19 SUMMARY OF LC50 VALUES FOR H. angustipennis 

  

  

  

  

  

WATER HARDNESS 96 hr L050 96 hr LC50 
(Actual Plot) (extrapolation ppm Caco i 

S mgl’ ly 2H ASO) 

mgl ~ Cu 

19 ppm 132 97 

100 ppm 220 112 

200 ppm 225 195 

48 hr LC50 96 hr LC50 
(extrapolated) (extrapolated) 

19 ppm 210 97 

100 ppm 220 112 

200 ppm 310 195 

96 hr L650 equivalent 
Actual Plot mgl-1 cu 

19 ppm 132 100 

100 ppm 220 50 

200 ppm 225 54       

= 200-= 

 



  

The striking feature of all of these results is the extreme 

resilience of H, angustipennis to copper as a toxicant. It was found 

by Wamick and Bell (1969) that Hydropsyche bettini was extremely tol- 

erant to copper. They recorded 50% mortality of larvae after 14 days in 

a copper solution of 32 mel}. Clubb et al. (1975a) reported that 

another trichoptec« Brachycentrus americanus was also highly resistant 

to cadmium. At an alkalinity of 240 ppm they recorded a 96 hr LC50 = 

te Gates 42.5 mgl” 

In the natural river environment it is unlikely that such 

high concentrations of copper will be encountered, even in copper mining 

areas, but it is know that other factors working simultaneously cause 

an increased toxic effect in fish. This may also be true in inverte- 

brate species, for example an elevation of temperature or a decrease in 

oxygen will increase the toxicity of heavy metals to rainbow trout. 

Altering these two parameters leads to stress in the trichopteran larvae. 

Presumably an additional stress, of a toxic heavy metal would result in 

limiting activity and premature death in the Hydropsyche species too. 

The presence of chelating agents, humic acids or excess calcium carbon- 

ate would result in a reduction in the amount of copper available in its 

most toxic form. In considering all these factors, it is most important 

to have knowledge of river water temperatures and other parameters as 

well as the expected levels of heavy metals likely to be released from an 

effluent when predicting the effect on the aquatic species present. 
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5.5. ZINC TOXICITY 

Introduction 

Zinc is an ubiquitous metal in the environment, in living 

organisms where it is used for nucleic acids (RNA and DNA) synthesis 

and in nature it occurs as sulphide, carbonate and hydrated silicate 

often associated with iron and cadmium. 

Everyday items such as glassware, plastics and unpurified re- 

agents contain zinc. It is used extensively in industry for galvan- 

ising in brass and alloys and other of its compounds such as the 

oxide, chloride, chromate and sulphide are widely used in other 

industries. 

It is found in natural surface waters at background levels 

varying from 0.001 - 0.2 mg! or even higher (O'Connor, 1968). 

Other sources quote a range from 0.002 - 10 mel? Zn (data taken 

from a review of average river waters (Wilson, 1976). Levels quoted 

from EEC directives on quality of surface waters intended for the 

abstraction of drinking water recommend a guide level of 0.5 - 1.0 

mgl* zn and a mandatory level of 3-5 mgi7!, Similarly, the dir- 

ective on the quality of fresh water to support fish life quote the 

following levels 

ol 

  

Total zinc mel! Water Hardness (mgl"! aco.) 
10 50 100 500 

Salmonid waters 0.03 0.2 0.3 0.5 

Cyprinid waters 0.3 0.7 t.0 2.0 

Zine toxicity to aquatic organisms is mainly attributed to the 

ionic form, and perhaps also to particulate zinc, present as the 

basic carbonate or hydroxide held in suspension. Wastes containing 

' zine are often acidic with a high level of associated copper, lead 

cadmium and other heavy metals (O'Connor, 1968), The tale effect 

is modified by water quality being reduced by an increase in hardness, 

2



  

  

temperature, salinity and suspended solids and increased by a re- 

duction in the concentration of dissolved oxygen. Addition of 

chelating agents such as NTA (nitrilotriacetic acid), EDTA (ethylene- 

diaminetetraacetic acid) and DIPA (diethylentriamine penta-acetic 

acid) reduce lethal toxic effects when added to waters at neutral pH. 

Humic substances, amino acids, polypeptides and other organics may 

complex with zinc to reduce toxicity (Muramoto, 1980; Lloyd and 

Jordan, 1964). Alabaster and Lloyd (1980) also report that the 

addition of suspended solids may decrease the toxic effect of zinc, 

for example mine waters, when mixed with wastes from the flotation 

process which contains high concentrations of silica quartz and 

other finely divided materials adsorb the zinc from solution, Work 

by Lloyd (1960), Edwards and Brown (1967) show that brown and rainbow 

trout, respectively are able to acclimate to zinc. It is suspected 

that this phenomenon may also be true of invertebrates. 

In Britain, the metal mining areas of West Wales exhibit some 

classic examples of zinc pollution, as seen from field work, section 

4.6. A summary of toxicity test data on zinc to invertebrates and 

fish is found in Table 5.20. 

Methods 

Essentially the methods for the zinc experiments were the same 

as those for the copper toxicity work. Ranging tests were carried 

out over a 24 hour period, followed by LT50 tests at five zinc con- 

centrations plus a control. The first set of LT50 tests were per- 

formed using final instar H. angustipennis (as with copper), but 

secondly a similar set of tests were carried out using 3rd. instar 

larvae with a head capsule size of 0.48 - 0.6 mm, to investigate 

toxicity with respect to age. Analar zinc sulphate was used to 

prepare toxicant solutions with a zinc concentration of 1,000, 560, 

320, 180 and 100 mgl-! in water of 19 ppm Caco, hardness. All tests 
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TABLE - 5:20 ZINC TOXICITY TO INVERTEBRATES AND FISH 

  

  

  

  

Species Toxicity Unit Concn. of Metal Conditions Reference 

“1 Temp. pH hardness 
IG. pulex 48 hr LCS5SO 3.2 mg] © Zn 1.00 ppm CaCo. Martin (1972) 

re iG 
G. pulex 8 days 50% dead 1.0 mgl Vin Herbst (set) 

12)" 50% dead 0.5 mgi™! Zn " 
Rhyacophila sp. ay 

« . All survived 20.0 mg] © Zn " Polycentropid sp. 20 days 

Hydropsyche sp. 

iH. bettint 11 day LC50 Total 32.0 ngi7! Warnick & Bell (1969)| 
survived el u " 

14 day Lc50 FEC 
survived 

S gatrdnerit Median survival “1 
(Richardson) time 285 mins 10.0 mgl 15.0 7.97 320 ppm Lloyd (1960) 

# 180 " 20.0 mgi7! 1520 SA .96 320 ppm u 

. hoa 30.0 ngi7! 15.0 7.94 320 ppm Z 
   



were performed at 10°C. 

5.5.2. Results 

The ranging tests demonstrated that zinc was less toxic to H, 

angustipennis than copper over a 24-hr period., There was only one 

dead larva in the 1,000 mgi! test beaker, all other larvae survived 

in the less concentrated zinc solutions and in the control. Conseq- 

uently the 96hr LC50 test comprised 5 concentrations as above, plus 

a control. The mortalities are recorded in Table 5.21. The foll- 

owing tables 5.22 and 5.23 summarise the pH levels as established by 

daily electrode readings, and the zinc concentration as assessed by 

atomic absorption spectrophotometry respectively. 

Table 5.22 demonstrates that the range of pH at any single zinc 

concentration was small and that the more concentrated the toxicant 

became the pH decreased slightly. A change of only 0.05 pH wits 

between 100 - 1000 mgi! Zn. Similarly the zinc concentration was 

reasonably consistent at each concentration. As less than 50% mort- 

ality was observed within 96 hrs. in the most concentrated (1000 mgi! 

Zn) toxicant solution, it was impossible to construct a graph to cal- 

culate the LC50 value. However, a long term LT50 test was then per- 

formed at 10°C and 19 ppm Caco, using the same range of zinc concent- 

rations. Table 5.24 records the mortality rate of H. angustipennis 

over the 64 day experimental period. There were no mortalities in the 

three control chambers. During this test the zinc solution was re- 

placed daily to maintain the toxic levels, at the same time as larval 

mortalities were counted. Approximately every five days the larvae were 

fed on flaked fish food. They spun nets in the test chambers, usually 

positioning themselves in the angle of the test beaker between the side 

and bottom, or slightly up the side. 

Plots of LT50's are made by subtracting 5% for each reading as 

explained in section 5.4.2. Figures 5.21 - 5.25 show the LT50 cal- 
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TABLE 5.21 MORTALITY OF H. angustipennis in SIX CONCENTRATIONS 

OF ZINC SULPHATE 

Concen— 

tration 1000 560 320 180 100 Control 

Time (hrs) mel! zinc 

3 0 0 0 0 0 0 

13 0 0 0 0 0 0 

3 13% 0 0 0 0 0 

6 20% 0 0 0 0 0 

12 27% 0 0 0 0 0 

24 27% 0 0 0 0 0 

48 27% 0 0 0 0 0 

72 47% 74 74 7% 7% 0 

96 47% 13% 13% 13% 7% 0               

eo 

 



  

TABLE 5.22 pH AT EACH ZINC CONCENTRATION 

  

  

          

  

  

ee ee | aii exit 

1000 5.86 (5.68-5.95) 

560 5.87 (5.67-5.98) 

320 5.93 (5.82~6.00) 

180 5.95 (5.80-6.03) 

100 5-91 (5.60-6.06) 

Control 6.62 (6.40-6.71) 

TABLE 5.23 

eeaey sien z Zine concentration mg14 

Zinc ~ range S.D. 

1000 953.6 862.0-1166.0 124.4 

560 514.6 493.0-541.0 baley) 

320 287.1 262.8-301.5 15.3 

180 165.7 152.4-172.0 8.1 

100 92.9 89.9- 96.0 2.2 

Control 1.0 0.01- 4.4 1.9             
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TABLE 5.24 OCCURRENCES OF MORTALITIES DURING ZINC LTSO EXPERIMENT 

  

  

  

  

          
  

Concentration Time No. % Cus 

mei! Zn days Dead Dead 

1000 4 6.6 1.6 

5 i 33.3 28.3 

Zi 7 46.6 41.6 

8 10 66.6 61.6 

13 il 73.3 68.3 

15 12 80.0 75.0 
20 13 86.6 81.6 

22 14 93.3 * 88.3 
42 15 100.0 95.0 

56Q 1 6.6 1.6 
im 13.3 8.3 

g 6 40.0 35.0 
10 7 46.6 41.6 
13 8 60.0 55.0 
16 10 66.6 61.6 
20 12 80.0 75.0 
30 13 ‘ 86.6 81.6 

34 14 93.3 88.3 
35 15 100.0 95.0 

320 4 1 6.6 1.6 
6 3 20.0 15.0 
8 ‘ 33.0 28.0 

13 6 40.0 35.0 
14 L 46.6 41.6 
21 8 53.3 48.3 
24 9 60.0 55.0 
27 11 73.0 68.0 
34 12 80.0 75.0 

36 14 93.3 88.3 
62 15 100.0 95.0 

continued 

iy 

 



TABLE 5.24 continued 

  

  

Concentration Time No. 

  

  

  

a 2-5 
mgl days dead dead 

180 3 i. 6.6 1.6 

4 2 1353 8.3 
6 3 20.0 15.0 

8 5 33.0 28.0 

13 8 53-3 48.3 

14 10 66.6 61.6 

17 11 73-3 68.3 

23 13 86.6 81.6 

52 15 100.0 95.0 

100 3 1 6.6 1.6 

8 3 20.0 15.0 

13 6 40.0 35.0 

ad 7 46.6 41.6 

20 8 358 48.3 

21 9 60.0 55.0 
27 10 66.6 61.6 

28 ll 73.3 68.3 
42 12 80.0 75.0 

49 14 93.3 88.3 

64 15 100.0 95.0         
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FIG.5.21 LT.50 value for H. angustipennis at 1000 mgl” 1 

(final instar) 
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Fig.522, L?.50 value for H. angustipennis at 560 mg]! Zn 
(final instar) 
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LT50 value for H. angustipennis at 320 mgl! 

(final instar) 
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FIG. 5.24 

  
  

L150 value for H. angustipennis at 180 mgl_ 

(final instar) 
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Fig.5.25. LT.50 value for H. angustipennis at 100 mg] 

(final instar) 
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culations at each experimental zinc sulphate concentration. The 

results are summarised in Table 5.25 below. 

  

  

  

  

TABLE 5.25. LT50 VALUES FOR H. angustipennis, AT FIVE CON- 

CENTRATIONS OF ZINC SULPHATE 

Concentration Median Survival 

gi} Time (days) 

1000 8.5 

560 12.0 

320 12.5 

180 17.5 

100 20.0         
By estimation using graphical means, this would give H. angustipennis 

a 96 hr L050 value slightly in excess of 900 mgl!. 

Results of LT50 tests on third instar H. angustipennis are re- 

The values are summarised below (Table corded in Figs.526 -— 5.30. 

5.26) and compared with copper and zinc results for final instar 

  

  

  

  

  

larvae 

TABLE 5.26. L150 VALUES FOR H, angustipennis TO CuSO, and ZnSO, 

AT FIVE CONCENTRATIONS, 10°C and 19 ppm Caco, 

“| 

Concentration Cu LT50 Zn LT50 Zn LT50 

mgl 1 hours days days 
final instar final instar 3rd. instar 

1000 - 8.5 3.0 

560 33.5 12.0 Das 

320 42.5 12.5 7.6 

180 53.0 17.5 13.0 

100 92.0 20.0 18.0       
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Fig.5.26 LT50 value for H, angustipennis at 1000 mg] 
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Fig. 5.27  LT50 value for H. angustipennis at 560 mg] Zn 
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Fig. 5.28. L150 value of H. angustipennis at 320 uel! 2n 
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Fig. 5.29 L150 value for H. angustipennis at 180 ml! zm 
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Fig. 5.30 L150 value for H. angustipennis at 100 gi 2n 
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5.5.3. Conclusions 

It may be seen that third instar H, angustipennis are more 

sensitive than final instar larvae to comparable concentrations 

of zinc. At all concentrations, comparing final instar larvae 

copper is far more toxic than zinc. 

Thus, stage of life cycle and specific toxicant must be 

carefully considered when quoting values for toxicity of heavy 

metals.



  

5.6. AMMONIA TOXICITY eran eee 

Introductory Review 

The toxicity of ammonia to aquatic species is related to pH 

value amd the temperature of the water, due to the fact that the m- 

ionized fraction of ammonia is the major toxicant. Concentrations.of 

ammonia are described using differing terminology, so to clarify: 

"ionized ammonia" = wa* 

"unionized ammonia" = NH, 

+ "ammonia" = (NH, - NH, ) 

For calculating the percentage of unionized ammonia present in an 

ammonia solution the following formula may be used: 

100 

  

% unionized ammonia = 

1 + antilog (pKa - pH) 

where pKa =negative log of the ionisation constant. 

The value of pKa depends on temperature and appropriate values can be 

taken from Emerson et al. (1975) and are very close to those of Bates 

and Pinching (1950). 

Ammonia is present in most waters as a natural degradation pro- 

duct of proteins. The most common source of ammonia in rivers is 

from sewage effluents, although large quantities may be produced by 

industries such as coal gas, coke and fertilizers. Ammonia gas 

dissolves in water, thus 

Bs H, as 3 52 1,0 Mey + OH 

This equilibrium is dependent upon pH and temperature - higher values 

NH. 

of each favouring the existence of the imionized form (NH). 

Toxicity of ammonia may also be modified by such factors as hardness, 

alkalinity, free co, and salinity. Consequently, when experiments on 

ammonia toxicity are performed, strict controls are necessitated: 

Numerous toxicity studies involving fish have been carried out. Ball 

(1967) setting out rigorous testing systems with fish. s 

sae gc “>



  

  

Studies on invertebrate organisms have been fewer and apart from 

studies by Malacea (1966) on D. magna, and Davis (1971) workers have 

not differentiated between undissociated and dissociated forms. 

Davis (1971) tested eight species, R, dorsalis, E. dispar, G. pulex, 

H, angustipennis, A, aquaticus, E. octoculata, E. testacea and iH, 

Stagnalis classifying the first two as clean water species, G. pulex 

and H, angustipennis as mild organic pollution species and the last 

four species as tolerating severe organic pollution. He tested at 

dissolved oxygen tensions of 10, 2 and 1 ppm and unionized ammonia 

concentrations of 0.25, 0.75, 1.5 and 3.0 ppm as N at 10°C. His 

experiments revealed that R. dorsalis and H. angustipennis were far more 

tolerant of unionized ammonia than the other invertebrate species, 

50% of HH, angustipennis survived when DO = 2 mgl 2 and NH-N = 

3.0 ppm. R. dorsalis, although tolerant was killed at NH-N = 3.0 ppm 

at both 10 mgl/ D0 and 2.0 mgl™! po. Al individuals survived at 
an NH-N concentration of 1.5 ppm at 10 mg! DO although they died 

a at this ammonia concentration at 2.0 mgl~ DO. 

The chironomid species Davis used in his similar ammonia exper- 

iments C. riparius, P. olivacea and Brillia longifurca were also very 

tolerant but he reported them to be poor experimental animals once they 

were removed from their tubes, as they rarely survived the full 

experimental programme. 

Continuing the gradation of tolerance of these species, the 

leeches were the next most tolerant, then Asellus followed by the most 

sensitive Ecdyonurus and Gammarus. When he repeated the experiments 

at 18°C the trichopteran species were still the most tolerant and 

G. pulex and E. dispar the most sensitive. Generally decreasing the 

oxygen concentration increases the toxic effect of the unionized 

ammonia. 

The concentrations of ammonia present in some British rivers are 
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almost certainly toxic to some forms of freshwater life. Recommended 

maximum concentrations of undissociated ammonia for freshwaters 

range from 0.005 ~ 0.025 mgl+ (£,IFAC 1970; EPA, 1976). The H.M. 

Scheme in 1976 gave a mean value for 229 sites for total ammonia as 

0.899 mg! N. The range of values for the ten worst sites over the 

''w (from Murphy, 1979). period 1974 - 1978 was 13.1 - 42.9 mgl 

Obviously, there is a need for more complete data on freshwater macro- 

invertebrate species and their sensitivity to ammonia under different 

conditions. In the following experiments, Hydropsyche angustipennis 

continues to be investigated. 

5.6.1. Methods 

Essentially the method for these experiments was the same as 

for copper and zinc studies. Analar ammonium sulphate (NH, ) 50, was 

used for making up stock solutions. Replicates were made at each 

concentration of 1000, 560, 320, 180 and 100 with a control of tap 

water (19 ppm Caco). The pH was measured daily using a pH electrode 

and daily samples of the ammonium sulphate solution were taken, pre- 

served with 6 drops conc. HCl and then analysed on the autoanalyser. 

Temperature in the cabinet where the experiments were performed was 

kept at a steady 10°C. pH readings were taken daily. 

Ranging tests were carried out and five LT50 tests performed. 

From these the 96 hr LC50 value was. calculated. 

5.6.2. Results 

The mean pH values in each of the toxicant concentrations are 

recorded in Table 5.27 below: 

= 2300  



TABLE 5.27 MEAN pH VALUES IN SIX CONCENTRATIONS OF AMMONIUM 

  

  

SULPHATE 

Sample = 
Concentration 

mgl-! pH 

1000 8.0 

560 79 

320 7.8 

180 7.8 

100 7-7 

Control 6.9 
—)         

As may be seen from these results, the addition of ammonium sul- 

phate has the effect of increasing the pH in the test chamber, As 

this in tum affects the concentration of unionized ammonia in 

the sample, the toxicant solutions were checked on the autoanalyser 

for total concentration and the percentage of aH calculated from 

a standard table. 

The results may be seen in Table 5.28. 

TABLE 5.28. NH, CONCENTRATIONS USED IN TOXICITY TEST AT 10°C 

  

  

  

Nominal Actual % NH ppm 
Total level Total level pH from table NH, 

100 106 Top 0.925 0.98 

180 187 7.8 1.16 217 

320 347 78 1.16 4.02 

560 615 Teo 1.46 8.98 

1000 1120 8.0 1.83 20.49           
  

 



  

  

The LT50 values resultant from the tests may be seen in figures 5.31 

- 5.35. These are summarised in Table 5.29. 

TABLE 5.29 LT50 VALUES FOR H. angustipennis AT FIVE AMMONIUM 

SULPHATE CONCENTRATIONS 

  

  

Concentration Concentration LT50 
(Total Ammonia ) NH, days 

1000 mgi~! 20.49 12 

560 mgi~! 8.98 3.25 

320 mgi7! 4.02 4.25 

180 mgi~* 2.17 11.0 

100 mgi7! 0.98 15.0         
  

Fig.5.36 shows the calculated 96hr LC50 value for H. angustipennis to 

1 which is equivalent to 3.23 mgl7! MH,. Once again, this be 350 mgl™ 

is an extremely high tolerance to ammonia for an aquatic invertebrate 

species. 

5.6.3. DISCUSSION AND CONCLUSIONS 

These data are comparable with those of Davis (1971) in which 

H. angustipennis exposed to a concentration of 1.5 ppm NH, survived 

up to 300 hrs. (12.5 days). 

The caseless caddis are extremely tolerant of mionized 

ammonia in even oxygen-poor environments and will be markers of heavily 

organically polluted sites. They are more tolerant of ammonia toxicity 

than fish, in which the mode of toxic action is through gill surfaces, 

reducing the oxygen carrying capacity of the blood, and increasing the 

respiratory rate. However, it is difficult to quote toxic levels for 

fish, as various workers have reported differential resistance to eggs, 

alevins and fingerlings. Short exposure does not affect some fish but 

data for larger exposures is not yet available. To further complicate 

the issue, workers report different levels of toxicity in fish theor- 

etically undergoing toxicity experiments at the same concentrations. 
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Fig. 5031. 1150 value for H. angustipennis to 1000 melt amaonium sulphate 
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Fig.5-33 LT50 value for H. angustipennis to 320 meee ammonium sulphate 
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Fig. 5.34 LT50 value for H. angustipennis to 180 mel ammonium sulphate 
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Fig. 5.35 L150 value for H. angustipennis to 100 mgl ammonium sulphate 
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Fig. 5.36 96 hr LC50 of H. angustipennis to ammonium sulphate at 10°C, 
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Conclusions were that differences in handling techniques before the 

start of the fish experiments may cause variations in the results. 

Natural fluctuations in diummal ammonia concentration with 

changes in pH and temperature which occur in both clear and polluted 

waters also distorts a direct explanation of ammonia toxicity. In 

addition it is likely that there may be other toxicants in the water - 

which may exert a further effect, and thus summing of toxicities as 

carried out by Herbert and Shurben (1964) zinc with ammonia on rainbow 

trout may be necessary. 

However, other workers, Brown et al. (1969) showed that at 

low concentrations the toxic effect was lower then predicted. Thus, 

ammonia toxicity is a complex area requiring far more work. 

Aquatic macroinvertebrates appear to demonstrate a gradation 

of sensitivity which may be very useful in assessing organic pollutants 

and may prove easier to interpret than fish data at present. 

As H. angustipennis is so tolerant, it may not be of primary 

use as an indicator organism in the laboratory, but perhaps an easily 

maintained species such as G. pulex could be used as a standard. 

indicator species for ammonia toxicity testing in the future. 
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5.7. HERBICIDE TOXICITY 

Introductory Review 

Pesticides used in the aquatic environment to control aquatic 

macrophytes, algae, and riverside vegetation are monitored by the 

Pesticides Safety Precaution Scheme (P.S.P.S). 

Under this scheme only nine herbicides are currently cleared 

for use in the aquatic situation. Of the nine only two have algic— 

idal properties. These are: 

i.) Yerbutrynes(Clarosan(*)m Giba-Geigy) 

ii. diquat (Reglone 40°) I,C,.I,Plant Protection) 

The remaining seven preparations are:— 

1. Chlorthiamiol 

2.  2,4-Damine 

3.  Dalapon 

4. Dichlabenil 

5.  Glyphosate 

6. Maleic hydrazide 

7. Paraquat 

As these herbicides are used in aquatic environments, they may also 

have deleterious repercussions on the aquatic biota, particularly on 

the species associated with the filamentous algae. 

It was decided to use the two algicides Clarosan and Reglone 

40 in standard toxicity texts on the larvae of Hydropsyche angusti- 

pennis. The two preparations are quite different in indication and 

time of action. Only limited toxicological data are available for 

both, 

Diquat is a fast acting (24-hr) non-selective herbicide. It 

acts on a limited algal spectrum and on vascular plants. 

Terbutryne, a granular formulation as opposed to the liquid 

diquat has a longer exposure period (7 days) and being non-selective 

=O 2Ag =



  

  

will kill many submerged vascular plants. In certain instances, where 

a large quantity of vegetation is killed, there may be deoxygenation 

problems. Terbutryne has a widerspectrum than diquat, but 

Yaucheria spp., often a severe problem of many drainage channels is 
  

only suppressed at the highest permitted 0.1 mgi! a.i. Lack of success 

of terbutryne is often due to increasing amounts of water being abstr— 

acted, artificial flow being created in drainage channels and thus the 

herbicide not being in contact with the algal biomass for long enough 

to be effective, even for algal species normally susceptible in still 

or sluggish waters. 

COMPARISON OR TERBUTRYNE AND DIQUAT 

1. TERBUTRYNE (clarosan ‘®) Ciba-Geigy) 
  

BSI name = (2-ethylamino-4-methyl thio-6-t-butylamine-1, 3, 5-triazine) 

Granular formulation 1% w/v active ingredient (a.i) 

Toxicological data available (from M.A.F.F.Booklet) 

Acute oral LD50 rat = 2400 mg/kg 

96 hr Lc50 fish = 3.5 ppm rainbow trout 

96 hr 1050 fish = 4.0 ppm carp 

48 hr 10650 invert 
= 1.4 ppm D. magna 

Maximum permitted concentration used 0.1 mg} Beds 

2. DIQUAT (Reglone 4o6®) I.C.I.Plant Protection Division 

BSI name = 9, 10-dihydro-8a, 10a-diazoniaphenol threne) 

Solution formulation with 20% w/v active ingredient 

Application - to foliage 

Dose - 4.4 kg/ha (41b/acre) 

Permitted concn. - 0.1 ppm 

Time of application - June - August 

Toxicological Data available 

Acute oral LD50 rat = 5000 mg/kg



  

  

96 hr 1050 fish i 5000 ppm rainbow trout 

96 hr 1C50 fish = 5000 ppm channel catfish 

(no time quoted) LC50 inverts. 

Tymaea sp. 17,000 ppm 

Gammarus sp. 17,000 ppm 

Chironomid (L) 31,600 ppm 

Tubificids 31,600 ppm 

48 hr 1050 

Limephilus sp. = 65 mgl! larvae static test 

15°C 64 ppm Caco, pH 6.9 

26 hr 1650 D. magna =apak ngi~? static test.ist.instar 
a i 

21°C 

Notes on Reglone 40 from I.C.I. 

Used as a preharvest crop desiccant and weedkiller (e.g. oilseed 

rape, peas for harvesting, dry clover for seed, field beans, laid 

barley, oats and potatoes. ) Also for control of some submerged and 

floating weeds and algae. Main species controlled are Cladophora, Can- 

adian pondweed, rigid hornwort and pondweed. 

It is best used in still or slow water as in muddy waters Reglone 

40 will be inactivated on contact with soil particles, therefore avoid 

stirring up mud on treatment. The manufacturers also note to use di- 

quat on about a quarter of the weed if growth is heavy as large quant- 

ities of decaying plant material may lead to depleted oxygen conditions 

and fish kills. 

The PSPS aquatic herbicides are subject to Acts of Parliament: 

(a) Rivers (Prevention of Pollution) Acts 1951 and 1965 

(b) Rivers (Prevention of Pollution)(Scotland) Acts 1951 and 1965 

(c) Northem Ireland Water Act 1972. 

The Acts apply AS aquatic herbicides are used to control weeds 

growing in or by reservoirs, rivers, ditches and drains. Acts do not 

apply to herbicides when used to control weeds growing in ponds or 
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lakes not discharging to a water course. 

Permission must first be obtained from any Water Authority to use 

a selected herbicide in their area. The Guidelines for Use of Herbicides 

In or Near Watercourses MAFF Booklet 2078 (1980)outlines methods emp- 

loyed. 

5.7.1. Methods, 

In the light of the information above, it was decided to use 

Clarosan and Reglone 40 in static toxicity tests at 10° using final 

instar _H. angustipennis as the test animal. A 24-hr acute ranging test 

was set up with both herbicides tested at 100, 50, 10, 1.0 and 0.1 ppm 

a.i. with a tap water control. Each beaker, containing 200 mls. of 

test solution was given constant aeration and maintained at 10°C. 

Five animals were used in each replicate beaker. This was felt to be 

appropriate initially as the exposure period for diquat is only re- 

commended to be 24 hrs. H, angustipennis are frequently associated 

with Cladophora blankets in the field situation but very limited invert- 

brate data are available on these herbicides. 

5.7.2. Results, 

Tabulated results of the ranging tests are found overleaf 

(Table 5.30). As none of the larvae in the granular terbutryne test 

were dead within the 24 hour period, a long term test was continued, 

using the same concentrations of active ingredient in order to discover 

the effect over a prolonged time period. The results of this test, 

which was discontinued after 59 days are shown in Table 5.31. 

These results are in marked contrast to the 80% kill of animals 

by 0.1 ppm of diquat within a 24-hour period. 

5-7-3. Conclusions 

Diquat administration at MAFF recommended concentration would 

precipitate a kill of a large proportion of the H, angustipennis, pop- 

ulation associated with any Cladophora in a river situation.As.there are 
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TABLE 5.30. RESULTS OF RANGING TESTS SHOWING NUMBERS OF 

H. angustipennis larvae 

Toxicant: Diquat 

Conen.-> mg1~1 ai 
Time ; 100 50 10 1.0 0.1 control 

Mv 

0 hrs 0 0 0 0 0 0 

hr 5 5 5 0 0 0 
Ey hrs 3 0 0 

3 hrs 5 0 0 

6 hrs 0 0 

12 hrs 1 0 

24 hrs 4 0 

Toxicant: Terbutryne 

0 hrs 0 0 0 0 0 0 

$ hr 0 0 0 0 0 0 

13 hrs 0 0 0 0 0 0 

3 hrs 0 0 0 0 0 0 

6 hrs 0 0 0 0 0 0 

12 hrs 0 of of 0 0 0 
24 hrs 0 0 0 0 0 0               

+ =H. angustipennis incorporating granules of terbutryne 

into their nets 
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TABLE 5.31 TERBUTRYNE - RESULTS OF LONG TERM TOXICITY TEST 
  

  

  

  

Concn. —>| 10 50 1.0 1.0 0.1 Control 

Time , 
v 

Day 1 Oo 0 0 0 0 0 

2 0 0 0 0 0 0 

3 0 0 0 0 0 0 
2 on backs 

4 Oe 0 0 0 0 0 

5 0 0 0 0 0 Sig 

6 0 Oo 0 0 0 0 

7 2 - Oo 0 0 0 
vy 
14 3 5 0 0 0 0 

\ 

1 S 0 0 0 Oo 
' 

34 5 0 0 0 0 
v 
42 1 0 0 0 

| 

59 2 1 1 0                 
  

Test Discontinued 

no complicating factors in the laboratory experiments such as silt/mud 

to adsorb and inactivate the herbicide or large quantities of decompos— 

ing vegetation to decrease the oxygen concentration, the herbicide must 

be directly responsible for the toxic nature of the reaction. The 

65 mgt for a 48 hr LC50 test on the cased Limephilus sp. as quoted 

by ICI, although not directly comparable because of the different con- 

ditions of the static test may indicate that the cased caddis is afforded . 

some protection by its case, perhaps in a similar manner to mud 'in- 

activating! the diquat by adsorption. Terbutryne is far less toxic to 

the caseless caddis as demonstrated in the long term test and at the



  

0.1 ppm a.i. concentration would be harmless to H. angustipennis and 

according to the other toxicological data quoted to D. magna and fish. 

If allowed to remain in a still/sluggish stretch of water for 7 

days as recommended, providing deoxygenation due to decomposition is not 

too severe, the caddis and fish population should be unaffected. 

In conclusion, terbutryne would be the preferable and less 

damaging type of herbicide to caseless caddis for use in a field 

situation. 
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5.8. BIOCONCENTRATION STUDIES 

The first part of these investigations was a direct continuation 

of the acute toxicity work carried out in Section 5.4 and 5.5. 

larvae of H. angustipennis which had been used in 96hr LC50 

tests with copper and zinc were retrieved from the test chambers and 

at the end of the experiment dried to constant weight and analysed as 

to the quantity of metal that had bioconcentrated. In further exp- 

eriments an alternative approach, using the radioisotope of zinc (520) 

was utilised to assess the rate of zinc accumulation at differing water 

hardness, the anatomical sites of metal uptake and the ability of the 

larvae to eliminate the zinc. At each stage it was attempted to relate 

laboratory findings to the field situation. 

5.8.1. Introductory Review 

Much of the relevant work relating to the bioconcentration of 

copper and zinc by H. angustipennis and other freshwater macroinvert- 

ebrates has been discussed in Section 4.6. From field studies already 

documented it is apparent that the caseless caddis larvae are extremely 

tolerant to heavy metal pollution, being more tolerant of zinc than 

copper as a general rule. These experiments seek to investigate these 

phenomena in greater depth with the larvae of H. angustipennis. Atomic 

Absorption Spectrophotometry and concentration factor techniques have 

already been employed (Nehring et al., 1979) but the use of radioisotopes 

in this area of study is limited. 

The behaviour of copper in natural waters has been documented by 

Stiff (1971). Not only is increasing hardness of water responsible for 

a reduction in toxicity, but alkalinity is also important in determining 

the activity of certain heavy metals such as copper and lead. The 

hardness of water is caused by divalent metal ions, primarily calcium 

(a) and magnesium (Wg2*) and is normally expressed in mg! Caco. 

Total Hardness refers to the combined calcium and magnesium hardness. 
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Determination of calcium hardness by titrimetric methods with ethylene- 

diaminetetraacetic acid (E.D.T.A) enables one to calculate the remaining 

hardness due to magnesium. 

Total hardness - Calcium Hardness = magnesium hardness (TH - CH = MH) 

(Sawyer & McCarty, 1978). 

The role of alkalinity must also be taken into account when dis- 

cussing copper toxicity. Alkalinity is due to bicarbonate, carbonate 

and hydroxide compounds of calcium, magnesium, sodium and potassiun. 

The part of the total hardness that is chemically equivalent to the bi- 

carbonate plus carbonate alkalinities present in water is considered to 

be carbonate hardness. Since alkalinity and hardness are both expressed 

in terms of Caco, the carbonate hardness can be found as follows: 

When alkalinity < total hardness, Carbonate hardness = alkalinity 

When alkalinity > total hardness, Carbonate hardness = total hardness. 

Carbonate hardness was formerly called "temporary hardness" because it 

can be caused to precipitate by prolonged boiling. Noncarbonate hard— 

ness can be calculated by simple subtraction: 

Total Hardness - carbonate hardness = non-carbonate hardness. 

The noncarbonate hardness was formerly called "permanent hardness" * 

because it cannot be removed by boiling, these cations are usually 

associated with sulphate, chloride and nitrate anions. Thus, it becomes 

apparent that the equilibria involved in hardness and alkalinity char- 

acteristics of water may have an effect on the copper in the system, The 

toxicity of copper is redued, not so much by increasing hardness as by 

increasing alkalinity as the metal ions complex with the bicarbonate 

ions. Therefore, in any toxicity experiment with copper, it is advisable 

to measure free Cae ions with an ion specific electrode wherever 

possible. In the experiments carried out in this work, waters of 

differing total hardness were achieved by mixing Shustoke Reservoir 

Water with Birmingham Tap Water. The relative proportions of calcium 
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and magnesium hardness differed, so cut ions were measured directly. 

In contrast to the effect of alkalinity on copper, the toxicity 

of zinc is more dependent upon the hardness of the water. Murphy 

(1978) reviews papers which suggest that zinc competes with magnesium and 

calcium ions for binding sites on or in target organisms, so that in- 

creasing water hardness reduces toxicity by this method. The chemical 

difference in activity between copper and zinc in natural waters may 

go a long way to explaining the differing toxic effect of the two 

metals. 

Work investigating the accumulation of zinc by aquatic invert- 

ebrates using radioisotope techniques is limited. Dean (1974) studied 

the accumulation of 6575 by tubificid worms, and concluded that worms 

readily accumulated from water but did not accumulate measurable amounts 

of zinc that were bound to sediments. 

In their study of Simulium larvae, Carter and Nicholas (1978) 

investigated the uptake and loss of O57, They looked at the chemical 

groups binding zinc by investigating the chemical bonding. Repeatedly 

washing fractions in a series of buffers of decreasing pH, and using sub- 

stances which displace zinc assisted in this study. Two water hardnesses 

of 50 and 100 ppm Caco, were used, and Carter and Nicholas (1978) found 

that calcium had no effect on zinc accumulation in Simulium at high or 
  

low concentrations. This does not support the theory, which has 

been proposed in fish by Skidmore (1964) that hardness reduces the tox- 

icity of heavy metals by reducing the permeability of membranes. 

Neither zinc nor calcium in the extemal medium affected the rate 

of zinc loss or the quantity lost in Simulium omatipes larvae. Carter 

and Nicholas explain this by Suggesting that zinc is actively excreted 

rather than exchanged. Divalent ions in the water would be expected to 

increase loss if exchange were important. The conclusions from the 

above work contrast with results of Kormandy (1965) who ‘studied uptake 
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of trace levels of Sen by the larvae of the dragonfly Plathemis lydia. 

He concluded that the surface adsorption rather than metabolism was the 

major factor in zinc uptake. However, Bryan (1973) suggested that 

accumulation of trace metals by scallops Pecten maximus and Chlamys 

opercularis was related to metabolism. The presence of a stable zinc 

pool, shown in the Carter and Nicholas (1978) work, may result in the 

incorporation of zinc into pupal and imaginal tissue. Simulium larvae 

living in streams subject to fluctuating levels of zine will retain a 

significant amount after 24 hours in zinc free water, and thus might 

continue to provide a potential source of zinc to predators. Further 

conclusions were that zinc becomes progressively incorporated into 

cuticle and water soluble proteins as actively growing larvae will be 

synthesising such compounds. 

Perhac (1972) ina study of the distribution of metals in diss- 

olved and particulate solids from two streams in Tennessee found that 

generally over 90% of each metal occurs in the solution state, less than 

10% occurs with the coarse particulates and less than 1% as colloids. 

Thus zinc will be available to aquatic macroinvertebrates such as Hy 

angustipennis in the field situation. 

5.8.2. Methods and Materials 

Determination of Metal Content of Animal Tissues , 

Both animal samples from metal toxicity tests and from field sam- 

pling were treated in the same manner for analysis of metal content. 

The methods of determination of metals in animal tissues were extensively 

reviewed by Huddart in an intemal report from the Applied Hydrobiology 

Research Station at Checkley. Dry Ashing and Wet Digestion methods were 

compared from available published papers. In conclusion, the most 

effective method of extracting metal from fish and invertebrate tissues 

was by using a wet digestion method with a nitric/perchloric acid and 

he quotes Smeyers Verbeke et al. (1962) using this method to determine 
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copper and zinc levels in biological material. However, due to the 

hazardous nature of this digestion method, a more straightforward 

nitric acid digestion was performed with quite satisfactory results 

for zinc and copper. 

The larval samples were generated from larvae used in each of 

the 96hr toxicity tests (i.e. 15 individuals, 5 from three replicates 

were retained on death during the test, or at the end of the test). 

Bulked samples of 15 larvae were kept in individual containers accord— 

ing to the concentration of metal solution in which they had been 

immersed. The bulked sample (15 larvae) was dried to constant weight 

at 105°C and then transferred to an Erlenmeyer flask. 5 ml. of con- 

centrated nitric acid was added, and the flask covered with a watch— 

glass. Samples were left to soak for 24 hrs. before being placed on 

a hotplate for gentle refluxing until the yellow colour was lost and 

the solution was practically colourless. The sample was then heated to 

dryness followed by dissolution in 2 ml 50% HCl and then made up to 

25 ml with distilled water in a volumetric flask. This resultant sample 

was then aspirated in the same way as the river water samples using 

the Perkin-Elmer Atomic Absorption spectrophotometer. Calculation 

was made for the amount of copper or zinc in mg metal per kg dry 

weight of larval tissue, from which, with a knowledge of metal con- 

centrations in solutions, a concentration factor could be calculated. 

Table 5.32 lists the experiments from which animal material was 

taken and measured for bioconcentration studies. 
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TABLE 5.32 List of Toxicity Tests which were the source of animal 

material for bio.concentration studies 

  

  

Metal Water Hardness Period 

Copper Distilled Water (control) 96 hr 1650 

Copper 19 ppm Caco, 96 hr Le50 

Copper 100 ppm Caco, 96 hr C50 

Copper 200 ppm ee 96 hr 1Lc50 

Zinc 19 ppm Caco, 96 hr Lc50 

Zine 19 ppm Caco, 64 days         
  

The second stage of experimentation involved redioaccive tracer 

methodology. Radioactive zinc (520, Amersham International Ltd.) 

which emits y (gamma) radiation, with a half life of 245 days was 

used to investigate zinc uptake by final instar larvae of H,_ angusti- 

pennis. Analar zinc sulphate was used to make up a 'cold! stock 

solution of 500 ppm zinc in distilled water. 

20 ul of °5 Zn tracer was added to 100 mls of the 500 ppm stock 

solution in a beaker, to provide 0.865 1Ci/100 mls. 

Animals were immersed in replicate beakers containing 100 mls 

toxicant for 7 days. Each beaker was provided with a standard aerator 

and lid. Each day animals were removed from beaker, and placed in an 

LP3 tube and counted in an ICN GS-5024-TP gamma counter. 

A 200 ul sample of tracer solution was counted at the start of 

each experiment, and thereafter on a daily basis. 

Calculations were made daily to assess the rate of 6574 accumul- 

ation, the site of maximum uptake and the rate of elimination of the 

metal when transferred to a zinc free environment. 

Experiments were designed to compere washed v unwashed animals, 

the rate of uptake in soft v hard water, major sites of accumulation 

and the rate of elimination’ of zinc when animals were transferred to 
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tap water, In the final experiment animals were fed fish flakes, and 

the effect of this was noted. 

Table 5.33 lists the series of 652, tracer experiments undertaken. 

65 TABLE 5.33 List of 2n__Tracer Experiments 

Expt. 1 (a) 5 animals, 7 days immersion 

(b) 500 ppm Zn cold soln. made up with distilled water. 
20 ul tracer added 

(c) Animals blotted before comting 

Expt. 2 (a) 5 animals, 7 days immersion 

(b) Solution as in Experiment 1 

(c) Animals washed in distilled water, then blotted dry 
before counting. 

Expt. 3. As Expt. 1 but 10 animals 

Expt. 4 As Expt. 2 but 10 animals 

Expt. 5 Stock solution 500 ppm Zn, artificially hardened by adding 
saturated CaSQ4 solution to give a final water hardness of 
223 ppm CaC0,.” . 

10 animals immersed 

Expt. 6 Dissection of 10 animals after 7 days immersion in standard 
500 ppm Zn solution and 20 11 tracer 

Expt. 7 ) 2 x 10 animals in hardened water allowed to absorb Zn for 
) 7 days, then transferred to tap water and elimination rate 

Expt. 8 ) plotted. 

Also fed on fish flakes in this experiment. 

5.8.3.1. RESULTS (Copper and Zinc Accumulation by H, angustipennis 

after Toxicity Tests). 

COPPER. 
The data presented in Table 5.34 shows nominal and actual con- 

centrations (assessed by A.A.S) for copper sulphate solutions prepared 

with distilled water. Also presented are the concentrations of metal 

in the larval tissue (mg cukg) after 96 hr immersion in the respective 

test solutions. These concentrations were calculated after drying 

larvae to constant weight, followed by accurate weighing, acid digestion



TABLE 5.34. Results of bioconcentration experiment using distilled 

  

  

water 

Nominal Actual Concentration 
Concentration Concentration of copper in 

Cu mg1~! A.A.S result arene 
in water in water mg kg 

100 91.3 3,363 

56 45.4 1,371 

32 29.4 676 

18 16.8 641 

10 8.9 541 
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and A.A.S assessment of metal content. 

Table 5.35 summarises results from toxicity tests carried out at 

these different water hardnesses and compares them to distilled water 

values. Copper ion levels are recorded and the right hand colums 

record the concentration of copper in animal tissue, and the concentration 

factor calculated from actual metal values: concentration in animal 

tissue. 

In the distilled water experiment the uptake of copper in the larvae 

increased with the increased copper concentrations in the solution. 

The concentration factors were calculated from actual copper concent- 

rations measured by A,A.S rather than from nominal values. ‘It appears 

that H. angustipennis larvae concentrate copper more avidly from lower 

concentrations in the environment. 

The results for copper from the 96 hr toxicity tests at 19, 100 and 

200 ppm Caco, have a few anomalies, especially when comparing nominal 

copper concentrations to actual values (Table 5.35). These discrepan- 

cies may be due to experimental error in either making up solutions, 

evaporation or loss in preparation of the digested sample before 

aspiration. The effect of hardness and alkalinity in these natural 

waters, as discussed in the introductory section 5.8.1 also reduces the 

amount of total copper in each solution. Consequently the values for 

free copper ions are given, and these show the expected trends; firstly 

that with decreasing total concentrations at the same hardness, the 

proportion of cut decreases. Similarly, at increasing water hardness, 

at the same nominal concentration the cut concentration decreases. As 

free copper ions are thought to be the direct toxicant these values 

demonstrate how the levels would change in the field situation depending 

upon the receiving water. In almost every block of results there are 

higher concentrations of copper measured in the animal tissue, at higher 

levels of copper in solution. (There are some anomalies which will be 
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TABLE 5.35 Summary of measured levels of copper in solutions and 
animal tissues 

  

+ 

  

          

Nominal Actual Cu Cu conen,| Concn. 
Concentration Concentration concentration mg kg71 Factor 

-1 -1 -1 in A" e Laer 1 i 
< z (ALS) (Glecensde) Atssue 

Distilled Water 

100 91 - 3363 36.95 
56 45 = 1371 30.46 

32 29 - 676 23.3 
18 16 - O41 40,06 
10 9 - 541 60.11 

Control 0.05 - 

19 ppm £200, Hardness 

560 600 330 3370 5.6 
320 312 325 4545 14.5 
180 346 180 6470 18,6 
100 105 83 4421 42.1 
56 14.5 48 3171 218.6 

100_ ppm Caco, Hardness 

560 540 270 7952 14.7 
320 332 123 4119 12.4 
180 184 63 3982 21.6 
100 140 32 3525 2561 
56 55 6.9 2608 47.4 
32 24 0.26 2315 96.4 

18 14 0.05 2290 163.5 
10 10 0.05 744 74.4 

200_ppm eee Hardness 

560 585 158 5815 9.94 
320 330 95 6093 18.46 
180 220 41 4696 21.34 
100 65 19.5 3557 54.72 
56 - 54 - 

  

  
 



  

discussed in the following paragraph). Also, as a general trend, 

concentration factors calculated from actual values and tissue levels 

are greater at the lower levels of copper in the environment. 

Examining the distilled water system (Table 5.35) where there is 

a minimal effect of complexing in suppressing the cut* ions, it 

follows that the copper present would be potentially most toxic. 

It may be that the increased toxic effect reduces the ability of the 

larvae to assimilate and bioconcentrate the metal (cf. Distilled 

; Cu). Unfortunately with 100 ppm Cac, at 56, 32, 18 and 10 mg] 

this does not hold true for copper at the nominal 100 mg! level, but 

actual levels were recorded as 91 and 140 mg! respectively so these 

differences may have some effect on the resultant concentration factor. 

The anomalies of lower copper concentration in tissues of animals 

immersed in copper solutions of higher concentrations, for example at 

19 ppm CaCO, - 560 and 320 mgl”+ Cu, and at 200 ppm caco, at 560 mi 
Cu may be explained in the following manner. Although theoretically 

there is more copper available to be assimilated and bioconcentrated, 

it is also far more toxic. Thus, deaths of some larvae occurred be- 

fore the end of the 96 hr period, so they therefore stopped accumulating 

copper. On death they were removed from the test vessel and retained 

until the end of the experiment, when the remaining larvae from the 

Same concentration were bulked with them. Obviously, the longer the 

live larvae stay in copper solution, the more they may assimilate 

but equally they are becoming more greatly intoxicated and closer to 

the lethal level. 

Comparisons of Laboratory and Field Conditions 

Obviously copper toxicity to H. angustipennis in distilled water 

is a very artificial situation, so a comparison of field data with 

laboratory work was attempted. 

 



  

The concentration of copper in Langley Brook is approximately in 

the same range as Cu in the channels at Checkley. Consequently, the 

copper levels of the control animals - which in effect have been 

acclimated at 0.01 - 0.02 gl! Cu can be tentatively compared with 

the invertebrates analysed from the three Checkley Channels, river 

water, 25 and 50% effluent having 0.002-0.008, 0.012-0.031, 0.018- 

0.048 mei! Cu respectively (these are ranges of median values over 

a 2 year period 1975-1977)(Checkley Summary Report). 

Table 5.36 gives comparative water quality data for Checkley 

Channels (A=river water, B=25% effluent, C=50% effluent) and 

Langley Brook. The average copper concentration of Langley Brook 

water — calculated from eleven weekly samples was 0.0217 ngl ty Both 

Iangley Brook and the channels have a hard-water characteristic, which 

will undoubtedly affect the copper toxicity, also high organic content. 

The copper content of other benthic macroinvertebrates has been noted 

from work carried out at Checkley and the relative concentrations 

tentatively compared. Animal samples from Checkley were treated in 

exactly the same manner, being digested in nitric acid and auto— 

analysed for metal content, but it must be remembered that these 

animals were taken directly from the stream/channel and have not been 

starved; therefore gut contents may be a source of error. 

Table 5.37 summarises the metal levels in macroinvertebrates taken 

from the various environments. These results will be examined more 

closely in Section 5.8.4 -— Discussion and Conclusions. 

ZINC 

In a similar manner to the copper experiments, larvae from the 

96hrLC50 zinc sulphate experiment were digested and their metal 

content measured. Table 5,38 shows the dry weights and concentrations 

of zinc in the animal tissue after these tests. These values are 

much lower than those for copper over a 96 hr period, the respective 
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TABLE 5.36 Water Quality Data from Checkley Channels and Langley Brook 

  

  

                
    

  

Parameter Channel A l ‘Channel B Channel ¢ Langley Brook 
AUGUST NOVEMBER Sept, i 

Percentile 5 50 95 5 50 95 5 50 95 1981 1982 

Temp. 6.5 $9.0 ° [12,0 Je W105" f1207 Oc5 12.0 "13.5 16.0 8.5 

D.O. 9.7 11,0 [12.5 829 = |10,0 Jn11155 7.0 845 110.0 5.5 ites 

pH 7.9 | 81 | 8,3 Fah OVC 7.8 702 | 704 7.8 6.8 Tok 

Total H 245 | 315 340 300 340 375 310 350 395 252 310 
Ca o 2 x s es - - - - 134 184 
Mg i as = = = = - - - 118 136 

Alkalinity | - = = = = = a ad ie 0 0 

Total Alk, - 150 | 170 - 151 175 - 175 200 120 - 
N-NO, 2.50] 3.52 | 4.15 6.40] 9.46 | 11.35 10.10] 13.52 | 14.70 14.4 17.0 
N-NH, 0.05] 0.1 | 0.25 Ovts [Ord Se4e 0.65 0.10} 0.20 | 0.75 1.0 0.2 
P-PO, 0.08} 0.35 | 1.50 2.10] 2.89 3.90 3-10} 4.58 6.30 12.9 8.9 

Cu 04001 | 0.003} 0.008 0.001 0.016} 0.025} 0.024 0.024] 0.038] 0.01 0.02 
   



TABLE 5.37 Metal levels in Macroinvertebrates 

  

  

  

  

  

  

  

  

  

Animal Environment ew eet 

mg (ukg ) 

H._angustipennis Control Distilled Water 297.0 

H, angustipennis Control 19 ppm Caco, 311.0 

G. pulex Channel A (River Water) 120.0! 
85.0% 

Simulium sp. Channel A (River Water) 47.6! 
18.0% ° 

Simulium sp. Channel B (25% effluent) 128.5! 
159.6% 

Similium sp. Channel ¢ (50% effluent) 110.34 as 
203.0% 

Asellus aquaticus|Channel A (River Water) 281.0, 
141.1 

Asellus aquaticus|Channel B (25% effluent) 342.27 
325.0% 
246.9 

Asellus aquaticus|Channel C (50% effluent) 432.02 
406.6% 
377.0           

1 - data from T. Wardle (1979) 

* — Data from Checkley Applied Hydrobiology Research Station 
July 1976 

o — Data from Checkley, September 1976 

 



Table 5.38. Weights and metal content of H. angustipennis taken from 

zinc solutions prepared with water at 19 ppm ato, 

  

  

Sample Zinc in 
nominal Zn tissue 
concentration = 

mg kg -1 
mgl 

1000 209.1 

560 73.8 

320 40.6 

180 3567 

100 20.5 

Control 16.0         
Table 5.39 Concentration factors calculated for H,_angustipennis 

over 96 hrs at 19 ppm Caco, 

  

  

Concentration Factor 

Concentration Copper Zine 

1000 mg1~! S 0.219 

560 mgi~! 5.6 0.143 

320 mg? 14.5 0.141 

180 mgi7? 18.6 0.215 

100 mg1~4 42.1 0.220           
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TABLE 5.40 Metal content of solutions, metal in tissues 

and concentration factors for H. angustipennis 

after LT50 test with zinc sulphate of 64 days 

  

  

duration 

Nominal Concn. Actual concn, Conen. in tissue Conen, 

mg! zn mgl-! (A.A.S) mg kg! zn Factor 

1000 1057.5 5196 4.9 

560 572.0 4077 71 

320 330.5 3144 9.4 

180 206.0 2799 13.5 

100 99.0 2735 27.6 

Control 0.75 344             

 



concentration factors are given in Table 5.39. 

Zinc is bioconcentrated at a much slower rate than copper in 

H,_angustipennis and this might well explain the higher LT50 values 

for comparable experiments in Sections 5.4 and 5.5. During the zinc 

LT50 experiments an extended test, which ran for 64 days was carried 

out. Again, larvae from these test chambers were analysed on com- 

pletion of the test. Table 5.40 presents the results. 

It may be seen that over an extended period, the zinc uptake in- 

creases at all experimental concentrations of the toxicant, suggesting 

long term resistance to zinc pollution by final instar H, angusti- 

pennis, 

5.8.3.2. RESULTS (Radioisotope studies with 657) 

The uptake by final instar H. angustipennis larvae immersed in 

  

radioactive zinc solution for 7 days was calculated as follows:- 

Counts for the test solution are made at time 0 and thereafter 

on a daily basis (Table 5.41). Any renewal of solution is accordingly 

modified in the calculations. Due to the long half life of 6575 the 

decay rate and thus the difference in counts is relatively low. 

Table 5.41, Counts for test solution and larvae of H, angustipennis 

n/s = not significant 

  

  

tay No. counts Total No. counts 
in 200 pl for 5 larvae 
test solution 

1 1907 n/s 

2 - n/s 

3 - n/s 

4 2747 627 

5 2946 1499 

6 New solution] 1769 1626 

i. 2061 1627         
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1. Concentration 1907 dpm per 200 pl 

9535 dpm per ml 

1.907 x 10° cepem. for 200 mls 

oe = 0.9535 x 10° c.p.m per 100 mls (i.e. in beaker) 

2. Assume 50% counting efficiency 

at 100% 1pCi = 2.2 x 10° d.p.m 

at 50% Ci = 1.1 x 10° d.p.m 

= 10° c.p.m. = 1.73 LCi 

0.9535 x 10° 
datox 10 c.pem. = 0.865 uCi/100 mls 

Day 1 No significant uptake 

Day 2" ” " 
Day 3 " " " 

Day 4 Counts per 5 animals = 627 

6.27 x 10° 
1.1 x 10 

What is the specific activity? Zn solution 500 ppm = 500 mgi! 

i.e. 50 mg/100 ml 

=5.7x 104 poi 

- + Specific Activity = 0.865 uCi/50 mg 

  21 x 50 = 329.4 x 1074 
0.865 = 3.20 x 1072 

= 32.0 vg Zn per 5 animals 

are 6.58 ug Zn per animal 

Dry wts: 

Wt. of foil = 0.1577 g 

Wt. of foil +dry animals = 0.1809 g 

Se Wt. 5 animals = 0.0232 g 

+ + 0.0232 g animal takes up 139.3 ug Zn in 7 days 

Table 5.4.2 shows the results of the first four experiments 

using 6574, 

Experiments 1 and 3 used 5 and 10 animals respectively and 

animals were simply blotted before counting commenced in the gamma 

counter. To compare, experiments 2 and 4 (using 5 and 10 animals 
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respectively) involved washing the animals in distilled water, 

followed by blotting before measuring the zinc taken up. 

TABLE 5.42. Results of zinc uptake (lig) per animal from four 

experiments comparing blotted only to washed and 

blotted specimens 

  

  

Time Exptel Expt.2 Expt.3 Expt.4 
Days Uptake of Uptake of Uptake of Uptake of 

Zine (ug) Zine (ug) Zine (ug) Zinc (ug) 
Blotted only| Washed and Blotted Washed and 

Blotted only Blotted 

1 0 0 0 0 

2 n/s n/s - - 

3 n/s n/s eS 2 

4 6.58 13.67 - - 

5 26.20 13.82 = = 

6 27.60 14.80 28.6 = 

v7 27.86 - 34.3 16.7             
  

n/s = no. significant uptake 

Fig.5.37 shows the comparison of zinc uptake (ug/g dry wt) 

between larvae which were simply blotted after immersion, compared 

to those which were washed with distilled water, blotted and then 

counted. These results demonstrate that animals taken directly from 

the zinc solution and blotted had approximately twice the concentration 

of zinc to the group of larvae which were washed. This suggests that 

the zinc was only loosely bound to the animals, presumably at least 

half of the zinc being adsorbed on to their surface. 

Experiment 5 was designed to assess the effect of zinc uptake 

from hard water, 223 ppm Caco, compared with that of animals from 

Experiment 2 where distilled water was used to make up the zinc 

solution. 

Table 5.43 summarises the results of the uptake per animal. 
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Fig.5.37. Zine uptake in washed and unwashed 

specimens of H. angustipennis 
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TABLE 5.43 Results of Experiment 5 

  

Uptake of Zn 
Ug per animal 

n/s 

2.07 

3.03 

8.04 

10.35 

  

Day 

D
u
n
r
 

w
o
n
 

        

Fig.5.38 shows the comparative values of larvae from Experiment 2 

(soft water) to those from Experiment 5 (hard water) in wg. Zn per g 

dry weight. 

Increasing the hardness of the water reduces the concentration of 

zine which the larvae accumulate from solution by approximately half 

over 6 days. e.g. Final instar larvae from the soft water at day 5 

has accumulated 13.82 gZn compared to 8.04 ug from the harder water. 

Experiment 6 was a slightly different type of experiment, designed 

to allow the larvae to accumulate zinc from the same solution con- 

taining tracer 6505 for 7 days. 

From 10 animals dissections were prepared of 

(a) gills only 

(b) head and thorax 

(c) abdomen only without gills 

Each of these portions were weighed and counts made on the y-counter 

to assess the concentration of zinc. 

It was calculated that: 

Approximately 0.6% zinc in gill tissue 

60.8% zinc in abdomen 

15.6% zine in head and thorax 

76.2% 

The difference is due to leakage during dissection. 

Conclusion: The uptake of zinc is predominantly by the soft tissues



Fig.5.38. Zinc uptake in soft v hard water in 

H, angustipennis 
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of the body. 

There is a relatively small proportion of zinc in the sclerotised 

area. 

Generally the uptake is by adsorption and diffusion as opposed to 

active uptake via the gills. 

Experiment 7, the accumulation and elimination of zinc was invest- 

igated in this study, As it extended over a 14 day period, the larvae 

were also fed at Day 5 on flaked fish food. Fig.5.39 demonstrates 

the pattem of accumulation of zinc from the solution containing 500 ppm 

Zn + 20 ul tracer 6570, 

Feeding rapidly increases the rate of zinc uptake, over the 24 hr 

period from day § - 6; presumably because the zinc is adsorbed on to 

the food flakes and transported into the gut. A similarly sharp de- 

crease over the next 24 hrs. occurs, as defaecation occurs although the 

larvae are still in the zine solution. Day 7 - 8 the concentration 

is static, but on transfer to tap water a steady rate of elimination 

of zinc occurs over the next 4 days. The concentration then stabilises 

but at a slightly higher value than the initial concentration. This 

suggests that incorporation of zinc has taken place into the tissues 

over this two week period, showing a net bioconcentration of zine from 

the surrounding water. 

Substantiation of these facts came from measurements made from 

field collections of larvae (R. Ystwyth, Section 4) which demonstrates 

the ability of H. angustipennis to take up zinc from the environment. 

5.8.4. Discussion and Conclusions 

It has been demonstrated by these studies that the larvae of 30 

angustipennis have the ability to bioconcentrate both copper and zinc 

from the environment both at realistic field concentrations or at 

abnormally high experimental levels. Tentatively comparing H. angusti- 

pennis,in the field situation with other macroinvertebrates (Table 5.37) 
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Fig.5.39. Accumulation and Elimination rate of zinc 

by H. angustipennis 
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it may be seen that H. angustipennis bioconcentrates copper at a 

similar rate to Asellus aquaticus in river water and 25% effluent and 

a little more avidly than Simulium sp. For Simulium sp. and A. aquat— 
  

icus the more metal available in the environment (i.e. as the effluent 

concentration increases, the greater the amount of copper therein), 

the more copper is accumulated by the animal. This trend generally 

was found to be true (see Table 5.39) with some exceptions. In 

a study by Brown (1977) on the zinc and copper polluted R. Hayle 

(Comwall), where the zinc concentration was approximately ten times 

that of copper, she reports that in the "free-living" Trichoptera 

larvae, concentrations of zinc and copper in the tissues appeared to 

follow copper and zinc levels in the water. A further study by Brown 

(1977) on the isopod A, aquaticus, showed that copper was accumulated from 

solution and the diet. Weiser (1961) reports a prime site for copper 

accumulation to be the hepatopancreas in terrestrial isopods. Histo— 

chemical and X-ray microanalysis revealed this site to store copper 

and a marked increase in sulphur was noted in this area too. A parallel 

was drawn between the production of sulphydryl groups and copper toler— 

ance in yeasts (Ashida et al., 1962),higher plants (Ante@novics et al., 

1971) and these isopods. 

Using the radioisotope technique, the major site for zinc accumu- 

lation appeared to be in the soft tissues of the abdomen of H, angusti- 

pennis, More accurate centres of accumulation were not pinpointed in 

this study. 

It was noted that occasionally large concentrations of copper were 

lodged between dorsal sclerites, but this was dislodged when the 

animal moved its thoracic segments. From work on the amphipod G. 

pulex with zinc, Bullock (pers. comm.) and copeopods with copper (Mar— 

tin, 1970) it has been demonstrated that a large proportion of heavy 

metal may be removed by moulting. Since crustacea molt several times,



the exoskeletons may play an important role in eliminating the metal. 

H. angustipennis may have an elimination method for removing 

metals, as demonstrated in the zinc tracer study, but as only a small 

proportion of the exoskeleton is sclerotised it is unlikely that molt- 

ing plays a primary role in removal of metal from these larvae. 

Overall there may be a net increase in metal in the tissues over 

the life cycle of H. angustipennis, i.e. bioaccumulation may occur 

and as these larvae have been shown to be extremely tolerant of low 

concentrations of metals they may be useful as monitors in the terms 

outlined by Butler et al. (1971). As the distribution of Hydropsyche 

spp. is widespread, as shown by the survey data, they may be useful 

tools for monitoring zinc and copper levels in the aqueous environment 

in a surveillance/monitoring situation. 
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59. RESPIROMETRY INVESTIGATIONS 

5.9.1. Introductory Review 

As a logical progression from the field work results, respiratory 

measurements on H, angustipennis were carried out to establish the 

oxygen requirements of this apparently tolerant caddis larva. 

It was suggested as long ago as 1734 by Reaumur that the 

tracheal gills of Phryganea (Trichoptera) larvae are respiratory organs, 

and this interpretation was accepted by Dufour (1947) for a hydropsychid 

larva. Sleight (1913) however, came to the conclusion that this was 

not true for all caddisfly larvae, some species of which rely exclus- 

ively on cutaneous respiration. On removal of the entire complement 

of tracheal gills of Macronema zebratum, Morgan and O'Neil (1931) found 

this had little or no effect on oxygen consumption. Indeed, gill-less 

larvae still built cases and pupated. Hydropsychids require oxygen for 

respiration by both methods, either direct diffusion through the 

cuticle or through specially adapted tracheal gills. 

It is already known that current velocity has a great influence 

on respiratory rate, and affects the distribution of species in a 

river. Ambuhl (1959) showed H. angustipennis to favour a flow of 

60 cm secu Scott (1958), H. fluvipes 40 - 50 cm.sec!, R. dorsalis, 

1 80 - 90 cm.sec ~ and S. stellatus 0 - 10 cm sec! and Chutter (1969) 

Cheumotopsyche thomasetti and C. afra to favour flow in excess of 

50 cm sect. 

Feldmeth (1970b), investigating the respiratory energetics of 

two Limephild species, Pycnopsyche guttifer and P. lepida, a slow and 

fast flowing species respectively, when anaesthetised had the same 

metabolic rate at currents down to 2 cm/sec. Below this, the rate de- 

creases, due to the formation of a boundary layer around the animal 

which retards diffusion of respiratory gases. Ih unanaesthetised larvae, 

each species exhibits greatest amount of locomotor activity and thus 
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greatest oxygen consumption for the velocity range in which it is found 

in the field. For P. lepida oxygen consumption is maximal at a current 

velocity of 20 cm sec, whereas P. guttifer reaches its maximum at 

4 cm sec, these values being approximately 1.2 and 1.65 ngl7! 0,/g. 

dry wt. /br. 

Similarly, Hildrew and Edington (1979) demonstrated that Hydro- 

psychids and Polycentropids are distributed in riffle and pool sections 

respectively, due to preferences imposed by their respiratory physiol- 

ogy and conditions for successfully catching food in their nets. 

Temperature and oxygen tension of the water are the other two 

factors which affect respiration. Typical temperature-respiration 

response, whereby the respiratory rate of insects is low at low 

temperatures, increasing rapidly through mid-range and breaking 

sharply as lethal temperatures are approached is the same for both ° 

terrestrial and aquatic larvae. This is discussed fully in Keister 

and Buck's account of Respiration: some exogenous and endogenous 

effects on rate of respiration in Chapter 7, Rockstein(1974). 

Such investigations to ascertain "the incipient limiting point" 

for an organism provides ecological information which may help in 

assessing the tolerance of the organism to decreasing oxygen tensions. 

Aquatic animals, living in an environment where oxygen tensions 

can be variable, have to regulate their respiration and metabolic rate. 

Some, known as "conformers" or "dependent" have metabolic rates which 

decline with decrease in oxygen tension. Others, known as "regulators" 

or "independent" are able to maintain their metabolic rate mtil a 

critical level of oxygen tension is reached, below which they also 

become 'tonformers,''. At the other end of the scale, the metabolic rate 

of regulators remains steady with increase in oxygen tension above air 

saturation while that of conformers rises until some level is reached 

at which they in tum start to regulate (Mill,.1972). The tension at 
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which this occurs can be referred to as the "critical level" but is 

often not very precise. 

Fox et al. (1937) studied the relationship at 10°C between 

metabolic rate and environmental oxygen concentrations in ephemerop- 

teran larvae. They found small Baetis larvae to be conformers whilst 

Leptophlebia and Cloéon were regulators. Intermediates also occur, 

for example Ephemera. Leptophlebia and Cloéon both live in fairly 

static water, where an ability to regulate metabolism is an advantage, 

since fluctuations in oxygen tension are to be expected. Baetis, 

however, lives in fast flowing streams and does not normally encounter 

low oxygen tensions. Petty (1967) found that all year class nymphs 

of the stoneflies Pteronarcys californica and Acroneuria pacifica 

were conformers i.e. the more oxygen they had available, the more they 

used and vice versa. Edwards & Leamer (1960) in their studies of 

oxygen consumption on Asellus aquaticus and A. meridianus described 

their function as "regulatory" or "indgpendent"between oxygen concen- 

trations of 8.3 - 1.5 ppm 05. They report from various sources that. 

locomotory activity decreases and pleopod activity increases as the 

oxygen concentration falls. Differences in activity pattern have been 

described by Walshe (1948) for Chironomus plumosus, where the prop- 

ortion of time spent feeding decreases and that spent in respiratory 

irrigation increases below 3 ppm. The assumption that an independent 

type of oxygen consumption is favourable to an organism (Beng and 

Ockelmann, 1959) implies maintenance of full metabolic function is 

involved wherever such changes in activity pattem take place, because 

the "scope" for activity" (Fry, 1947) decreases. Thus animals with 

such a behaviour pattem can survive only relatively short periods of 

exposure to low oxygen concentrations unless they can withstand longer 

periods of starvation. 

 



  

Generally it seems to be true that the respiratory rate of 

still water animals is of the "independent" type, i.e. it remains more 

or less constant as the oxygen content falls, and begins to decline 

only at quite low oxygen tensions. That of stream-dwelling animals 

tends to be "dependent", at least at low and medium concentrations 

the respiratory rate falls as the oxygen content falls (Hynes, 1970). 

The least amount of dissolved oxygen at which the animal can 

maintain itself is referred to as the "incipient limiting point*, often 

described as being autecologically significant in the distribution of 

the animal, 

There are three theoretical levels which may be identified. 

These are, firstly the active rate when the animal is moving, the 

standard rate, not moving and the incipient limiting point where the 

animal is at basal maintenance level. 

Thus: 

§ cf sls 

cen active ¢ o 3 point standard 

BE 
° 
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Oxygen tension 

In the field situation, if the animal encountered conditions which 

caused it to reach the "incipient limiting point", for example deoxy- 

genated conditions due to organic pollution, then it is likely to die. 

More realistically the survival level may come at the point 

of inflexion where active rate moves to standard rate of metabolism. 

If the animal is unable to move, its food collection, growth and re- 

production will be impaired (i.e. in terminology used for fish studies, 

the "scope for activity will be severely reduced"). Often the 

incipient limiting point, and these three identifiable levels on the 

curve are disrupted. Information from Warren (1971) shows that in fish 
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there is often an increase in the standard rate, thus increasing 

oxygen consumption just before the incipient level is reached, This 

is caused by increased respiratory activity necessary at low oxygen 

tensions. Investigations into the respiratory rate, and oxygen 

consumption of H, angustipennis under differing conditions have been 

carried out in this section of the laboratory investigations. 

5.9.2. Methods and Materials 

Fig.5.40 illustrates the apparatus which was designed and built 

for the respirometric studies. More detail may be seen from Photo- 

graphs 6, 7, 8 and 9, 

The water preparation system involves a gaseous exchange colum , 

filled with plastic spheres, through which water is circulated to re- 

gulate the oxygen at the required level. Oxygen and pH electrodes 

in the system monitor the levels of gases and limit switches operate 

solenoid valves so that nitrogen can be supplied to the system from a 

diffuser block in the colum. The nitrogen strips off oxygen, but this 

has the effect of increasing pH so C0, can also be automatically added 

when required to correct and maintain the pH level. 

Water prepared in this manner was used in the respirometry chamber. 

This was a modified Rank Electrode (Rank Bros., Cambridge) bored out 

to approximately 15 ml volume. A magnetic stirrer (Rank Bros.) supplied 

a continuous current at constant speed. In the base of the chamber the 

silver-platinum oxygen electrode was housed. This was linked to a J.J. 

Chart Recorder so that the oxygen used by the animal over the two hour 

experimental period could be continually recorded. 

The entire apparatus was housed in a temperature controlled cabin-— 

et and maintained at 41°C. In order to ensure even temperature in 

the respirometry chamber a continuous flow of water was pumped through 

the outer sleeve of the chamber. 

Individual final instar larvae of H. angustipennis were used for 

each experimental run. Animals collected from Langley Brook were 
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Fig.5.40. Diagrammatic Representation of Respirometric Apparatus 
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Photograph 6, Rank electrode with 15 ml respirometric cell 

in position on magnetic stirrer 

 



  

Photograph 7, Water Preparation Apparatus 

 



Photograph 8. Apparatus to maintain temperature in outer 

sleeve of respirometric chamber (cooling coil 

would be immersed in water bath under experimental 

conditions ) 

 



Photograph 9. Complete Respirometry Apparatus housed in 

temperature controlled cabinet 

 



acclimated at the experimental temperature for at least 24 hours. 

The experimental regimes included runs at temperatures of 10°C, 

15°C, 20°C and 25°C at saturated, 5.0 mgl* and 2.0 mgl-2 05+ 

Preliminary Investigations into the effects of Autoclaving of water 

used _in tests. 

Initially water directly from Langley Brook was used, but concem 

over respiration by algae/bacteria introducing error into the system 

was suspected. To test this, Langley water vas filtered and auto- 

claved, the chemical parameters monitored and then any effect in the 

respirometry cell measured. 

Table 5.44 demonstrates the changes in water quality which 

occurred after the filtering and autoclaving process. 

Table 5.44 Comparison of raw y autoclaved Langley Brook Water 

  

  

  

Site -> Langley Brook Iangley Brook 
Raw Autoclaved 

Determinand 18.3.81 20.3.81 

Temperature °C 8.5 

D.0. mg1! 11.3 
Total Hardness mgl” Caco, 468 360 
Ca Hardness mg1! cao, 294 202 
Mg Hardness mgl/ caco, 174 158 
Phenolthalein Alkalinity 

ng17! caco, ° 5 
pH <8.3 38.3 
Total Alkalinity mgl*caC0, 235 140 
Chloride mg1~! 52.5 53.9 
Nitrate mgvi4 9.0 11055 
Ammonia MgN1~4 1.4 0.7 
Phosphate ng1~! 224 2.8 

Copper mg1~! 0.1           
Through technical problems with the pH meter, the pH levels in the 

above table can only be given as < or > 8.3. 

 



  

The most noticable effects of autoclaving the water were the de- 

crease in hardness and total alkalinity values, as would be expected. 

Following this water preparation, one of the Rank Electrodes was 

used to test the difference between the two types of water. Firstly, 

raw Iangley Brook water was placed in the respirometry chamber, the top 

put in place and all parameters set as for a complete experimental run. 

Oxygen consumption from the cell was measured and recorded on the chart 

recorder for 4 hours. Secondly, the filtered and autoclaved water was 

placed in the same cell, and the same electrode system used to record 

a 4 hour period. Both recordings were made at 15°C) 

Results 

No oxygen consumption was recorded over 4 hours when the respiro- 

metric cell contained autoclaved water, and only 0.026 mg! of oxygen was 

used over 4 hours when it contained raw water. This meant that the 

respiration by algae/bacteria would amount at maximum to 0.0006 mg! 

: at 15°C. Balancing the effort required to filter and autoclave 
hr 

all water for experimentation, dnd in the light of modified hardness 

and alkalinity, it was decided that the above level of oxygen consumption 

would be negligible. Thus, all the experimentation carried out was with 

raw Langley Brook water, prepared in the aforementioned water preparation 

system as in Photograph 7. 

5.9.2.1. Experimental Programme 

Replicated experiments on individual larvae, acclimated to the 

experimental temperature, were repeatedly carried out to investigate 

oxygen consumption. After transfer from the holding vessel, animals 

were acclimated in the respirometry chamber for a short time before the 

readings on oxygen consumption began, A 2-hr reading was recorded on a 

calibrated chart recorder. At the end of the experiment the animal was 

dried to constant weight at 105°C enabling calculations of oxygen con- 

sumption per gram of dry weight per hour to be made. 

 



  

Summary of Experiments 
Ueto GREK ag ae oe eee “= one experimental run 
1. 3 x 3 Temperature x Dissolved Oxygen 

  

  

  

  

          

Temp.°C D.0. mgl 

Saturated 5.0 2.0 

25 vy Vos wer 

15 Cue owe LL 

10 Vit Lose Cs.   
  

Y= one experimental run 

2. 3.x 4 Temperature x Dissolved Oxygen 

  

  

  

  

  

            
  

  

  

  

  

Temp. °C D.O. mgl > 

Saturated 5.0 2.0 

28 a VS aA 
20 we VS hf 
15 Vas vA aA 

10 W7. VS 4S 

3. 3 x 2 Dissolved Oxygen x Ammonia 15°C, 500 ppm Total Ammonia 

D.O. mgi-! 

BEG 3.8 6.0 9.6 

A AZ vv V4 ‘ 

2 vv VS aA           
  

4. 5 levels of pH, all at 15°C and oxygen saturation 

  

pH 5.0 7.2 7.9 9.0 12.0 

Ww | WLW UAE, 
              
  

Raw data was recorded in terms of oxygen consumption per g dry 

wt. per hour, and graphs were plotted to assess the trend in respiratory 

rates. 

Statistical analyses were then performed either manually or on 

the computer to assess any significant changes and interactions of the 
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parameters under investigation. Manual statistical analyses were 

performed on data from experimental programme { (Anovar). For the 

factorial design in experimental programme 2 the computer was employed 

to assess any interactions. Experiments 3 and 4 were straightforward 

analyses, 

Further runs of H. angustipennis were made, in addition to those 

listed in the programmes above, for the purpose of calculating the 

incipient limiting point for this species at 10° and 15°c. 

5-9.3. Results 

Experiment 1. Effects of temperature and dissolved oxygen 

The results of replicate tests at different temperatures and 

oxygen concentrations are given in Table 5.45. 

TABLE 5.45. Respiratory Rates of H. angustipennis at three different 

levels of temperature and dissolved oxygen 

  

mg/l 0,/g dry wt. /hr 
  

  

  

      

Temp. Sat. mean 5.0 ngl! mean | 2.0 mel! mean 

25°C 2.9068 2.7976 3.5020 
3.1094 2.6253 4.1151 

3.3120 2.4531 4.7282 
15°C 1.6809 1.3100 0.9968 

1.9492 1.0668 0.8491 
2.2175 0.8236 0.7015 

10°c 1.6070 0.7659 1.2260 
1.7242 0.6061 0.7301 

1.8414 0.4464 0.2343       

The analysis of variance summary calculated on the above data is 

shown in Table 5.46. 

  
 



  

TABLE 5.46. Analysis of variance summary table to show the effect 

of three different levels of dissolved oxygen and 

temperature on the respiratory rate of H, angustipennis 

  

  

  

Variable df. SS. M.S. F ratio 5 ee 

Temperature 2 18.35 9.17 | 45.85 4.26 8.02 

D.0. 2 2.07 1.03 5.15 4.26 8.02 

Temp.x D.0. 4 Sah 0.77 3.85 3.63 6.42 

Error 9 1.76 0.2 

Total 17 25.28                 

The anovar summary in Table 5.46 demonstrates that increasing 

temperature has a highly significant effect on the oxygen consumption 

of H, angustipennis. The effect of changing dissolved oxygen levels 

also has a significant effect on oxygen consumption, as does the 

combined effect of dissolved oxygen with temperature. 

This analyses was followed by a calculation of the least signif- 

icant difference, in the following manner 

Least significant Difference = 2 x Error ms. 

2 

= 0.2 

= 0.4472 

L.S.D. = t errorms at P=0.05, df =9 

= 2.26 x 0.4472 

= 1.01 

Comparisons of the means from each experimental level (see Table 5.45) 

were then made. The combinations of pairs which were significant 

are summarised in Table 5.47. 

  

 



Conclusions 

In conclusion, these results show that there was a significant 

difference in the respiratory rate at different temperatures. This 

was not always so at different oxygen levels at the same temperature. 

There was some evidence to show that at the lowest dissolved oxygen, 

there was an increase in respiratory rate, probably due to the in- 

creased activity of the organism under stress. 

TABLE 5.47. SUMMARY OF SIGNIFICANT VALUES WHERE PAIRS EXCEED THE 

L.S.D. LEVEL 

  

Mean -> | 3.1094] 2.6253] 4.1151] 1.9492 |1.0668]0.8491 |1.7242]0.6061] 0.7301] 
Value 1 2 3 4 5 6 Tay es 9 
  

  

3.1094 |1 sig sig sig ‘sig [sig sig 

2.6253 {2 tc sig sig sig f sig sig 

4.1151 a= sig sig sig sig | sig sig 

Poe sig sig sig 

Pe sig 

sig = combinations of values where the difference is above 

the value 1.01. 

1.9492 

1.0668   0.8491 

1.7242 

CO 
O
n
 
G
y
e
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s 

0.6061     0.7301 o                     

 



Experiment 2 Effects of temperature and dissolved oxygen 3 x 4 
  

TABLE 5.48 Respiratory Rates H. angustipennis 

  

  

  

  

  

  

Temp. mg 0,/g dry wt/ hr. 

D0 

9.0 5.0 2.0 

25°C 2.9068 2.7976 3.5020 

3.3120 2.4531 4.7282 E 

20°C 1.9700 0.9463 2.3470 

3.2580 1.0241 1.2240 

15°C 1.6809 1.3100 0.9968 

2.2175 0.8236 0.7015 | 

10°C 1.6070 0.7659 1.2260 

1.8414 0.4464 0.2347             

Analysis of Variance, Table 5.49 is set out overleaf, This 

shows that the effect of temperature upon the respiratory rate of 

H, angustipennis is linear, whilst the respiratory rate at constant 

temperature, increases in a quadratic fashion. These trends are 

substantiated by Figs.5.41 and 5.42. 

Fig.5.41 shows the relationship of oxygen consumption with 

increasing temperature in H. angustipennis at three different oxygen 

tensions. Table 5.50 compares other studies on similar species and 

shows a similar trend over a temperature range of 2-28°C for all 

Hydropsychids. Fig.5.42 shows the respiratory rates plotted against 

oxygen tensions at four temperatures. 

Further experiments to make increased numbers of readings were 

carried out at 10°C and 15°C. An alternative method of calculation 

of oxygen consumption was used here by measuring the gradient off 

the chart recorder trace and converting the drop in rate to mg/g 

dry wt/hr. Figs 5.43 and 5.44 depict the results by this method. 
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TABLE 5.49. Analysis of variance summary table to show the effect of three different levels of 

  

dissolved oxygen and four levels of temperature on the respiratory rate of H. angustipennis 

(where Variable A = 0,3 Variable B = Temperature) 

  

  

  

Nae Pet es ey ae aie —o 1% 

A 2 4.23631 2.11816 7.86442 H.S. wt 

A linear 1 1.22066 1.22066 4.53213 Nase 
A quadratic 1 3.01567 3.01567 11.1967 H.S. we 

B 3 18.3673 6.12244 22.7318 V.H.S al 
B linear 1 15.968 15.968 59.2871 V.H.S. set 

B quadratic 1 2.23345 2.23345 8.2925 Sig * 

B cubic 1 + 165837 + 165837 615731 N.S. 
AXB 6 3.58653 +597755 2.21938 N.S. 

ALXBL iL 1.83684 1.83684 6.81994 Sig. % 
AL*BG 1 92933 292933 3.45047 N.S. 
AL*BC 1 9.76308E-02 9.7630BE-02 36249 N.S. 
AG*BL 1 + 390153 = 390153 _ 1.44858 N.S. 

AG*BG. 1 1.32034E-02  1.32034E-02 4.90224E-02 N.S. 
AG*BC 1 + 319355 +319355 1.18572 N.S. 

Error 12 3.23201 = 269334 

Total 23 29.4222 
 



Fig.5.41. Oxygen uptake (respiratory rate) of H. angustipennis 

at three different oxygen levels and increasing 

temperature 
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Fig.5.42 Oxygen uptake (respiratory rate) of H. angusti- 

pennis at three different temperatures 
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TABLE 5.50, Oxygen uptake by Caddis Fly larvae (Values = mean uptake mg! 0, dry wt/hr) 

Temperature *o3 [ 2 5 10 12 15 17.5 | 20 23 25 28 Reference 

Species ; 

| H. fluvipes 0.49 0.74 0.87 1.98 2.06 Edington & Hildrew 

D. felix 0.43 | 0.51 1.06 1.83 2.42 BoE 
| De. felix 0.5 0.6 {51 1.8 24 Hildrew & Edington 

| H, instabilis 0.6 | 0.8 0.9 1.95 2.05 oye 
| H, pellucidula 0.35 | 0.45 0.65 0.9 1.5 

! P. conspersa Ose} 0.17, 0523 0.5 0.6 0.64 | 0.6 0.6 
| Philipson & 

P,flavomaculatus 0.2 | 0.26 0.27 0. 38 0.55] 0.62 ; 0.78 0.5 Macrhouse 

Cc. flavidus 0.3 0.34 0.38 0.42 0.65 0.0 1976 

H, picicomis 0.15| 0.17 0.22 0.3 0.35| 0.46 0.68 0.64 

Polycentropids 0.1 3.0 Greenwood (unpub. ) 

H, angustipennis 1.16 172 1,55'|.1659 2.61 S11 Hirst 1981 (unpub. )                           
 



  

Fig.5.43. Oxygen consumption by H. angustipennis at 10°C 
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Experiment 3 Effect of ammonia toxicity at 15°C 

Tables 5.51 and 5.52 below give the results of raw readings of 

respirometric rate at three levels of dissolved oxygen with and 

without the presence of ammonia, followed by the analysis of variance 

of these results. 

analysis as it picks up any significant interactions. 

  

Factorial design is an improvement on the one-way 

  

  

  

  

  

TABLE 5.51, Respiratory rates for H,_angustipennis at three levels of 

dissolved oxygen in the presence and absence of ammonia 

(variable A = ammonia; variable B = dissolved oxygen ) 

B 

DO mg1~! 3.8 6.0 9.6 

+ MH, 1.4184 0.995 1,886 

1.2980 0.948 1.862 

- NH, 0.657 2.1222 2.6600 

0.778 1.3270 2.5900             

TABLE 5.52 Analysis of variance summary table to show the effect of 

temperature and ammonia on the respriatory rate of H. 

angustipennis (Variable A = ammonia; variable B = temperature) 

  

  

Variable S.S. df m.s F. ratio 

A 0.24849 1 0.2484 4.456 NS 

B 3.16925 2 1.5846 28.417 0.1 
weet 

A&B 1.29316 2 0.6465 11.595 zo 

Error 0.33457 oa: 0.0057 

5.04548 iL               
It was found that ammonia alone had no effect but temperature and 

a combination of temperature and ammonia had a significant effect on 

respiratory rate. 

 



Experiment 4. Effect of differing pH levels on respiratory rate at 

constant dissolved oxygen levels, saturated at 150s 

Table 5.53 gives details of the replicates of respiratory rate 

measured at five different levels of pH followed by Table 5.54 giving 

the Anovar summary data. 

TABLE 5.53. Respiratory Rates for H. angustipennis at 4 different 

levels of pH 

  

  

  

pH 5.0 7.2 7.9 9.0 12.0 

0, consump- | 1.0622 2.1960 2.66 3.4222 2.6035 @ 
nel 1.7012 1.8471 2.59 3.1780 | 2.8750 

1.5970 

t 2.7634 5.6401 5.25 6.6002 5.4785 

x 1.3817 1.8800 2.625 3.3001 2.7393                 

TABLE 5.54. Analysis of variance table to show the effect of in- 

creasing pH on the respiratory rate of H. angustipennis 
  

  

Source S.S. df Mean sq. F ratio 
(Var.est.) 

pH 4.8325 4 1.2081 1.1386 

ithe 0.4175 6 0.0695 
gps.)             

From tables the significance level at df.4, 6 = 4.56 at the 5% level, 

therefore pH is not significant. 

  
 



5.9.4. Discussion and Conclusions 

(a) Effects of temperature and dissolved oxygen (Experiments 1 and 2) 

We may conclude from these results that the effect of temper- 

ature upon the respiratory rate of H. angustipennis is linear, i.e. 

oxygen consumption increases with increasing temperature, as for all 

insects. This is true at whatever oxygen tensions the measurements 

are made. However, the respiratory rate, at the same temperature 

increases in a quadratic fashion with increased oxygen tensions. 

Although in these experiments the parameters of current and temperature 

were constant, in the field this would not be so. At high o% 

tensions the larva would be receiving sufficient oxygen from the water 

as it flowed over its body - thus respiratory undulations would be 

minimal but it would be in a metabolically favourable state, having 

sufficient energy reserves for locomotory activity if required. As 

the oxygen tension decreases, the gradient on the graph decreases as 

consumption decreases, demonstrating it to be a "conformer", 

However, at between 5.0 mgl! - 6.0 mgi7! 0, there is a rapid 

increase in oxygen consumption. This may be explained, and confirmed 

by Philipson's work (1954) in which he found H. instabilis to increase 

its undulatory activity for respiration at decreased oxygen levels. 

Additional respiratory undulations would cause an increase in 

oxygen consumption, as the animal attempted to maintain at least a 

'standard' rate of activity, this is a similar reaction to that re- 

ported in fish (Warren, 1971). Referring to Figs.5.43 and 5.44,at 10°C 

the onset of this rapid undulatory activity is at 5.6 mg17! 05 and at 

15°C 6.2 gi! Oo» slightly higher, as would be expected. It is sus- 

pected that this is not an incipient limiting point value, but rather 

a physiological response to the increasingly adverse oxygen tension in 

the environment. The stress provokes undulatory rather than locomotory 

activity. 

 



  

The ,tincipient limiting point' is anticipated to be below 2 mgi-+ 

wr as it has been demonstrated that it is a species which is extremely 

tolerant of low oxygen concentrations. In comparison Grant & Hawkes 

(1982) found an ‘incipient limiting point! in Gammarus pulex of 

below 2.0 mg? and this species is generally less tolerant of depleted 

oxygen than H. angustipennis as shown in comparative survival times 

(Davis, 1971). In field conditions, depleted oxygen may be a result of 

organic pollution and there may be diel pattems (Hawkes and Davies, 

1971). 

These results suggest that for a limited period, H. angustipennis 

could withstand low oxygen tensions by increasing its undulatory 

activity. As has been demonstrated, it can withstand several days 

without food too, so in the field this would not be the primary factor 

affecting its survival. 

In a normal riffle habitat, presumably the larvae would, in 

times of adverse oxygen conditions, seek an alternative site which 

was more favourable, e.g. an area of increased current velocity in a 

different niche between stones. 

(b) Effects of Ammonia 

Analysis of variance, with replicates containing ammonia at 

different oxygen concentrations found that ammonia alone had no sig- 

nificant effect on the respiratory rate, but that oxygen had an effect, 

as did the combination of ammonia together with decreasing oxygen con- 

centrations. In the field, elevated ammonia levels would rarely be 

observed without concomitant changes in dissolved oxygen. 

Although experimental concentrations were in excess of field 

concentrations H. angustipennis had shown such resistance to ammonia 

in toxicity testing that these levels had to be used in order to get 

any effect in the experimental period. 

 



(c) Effects of pH 

Respiratory rates measured over a range of pH from 5.0 — 12.0 

all at 15°C and oxygen saturation showed that there was no significant 

effect on oxygen consumption by pH effect alone. 

However, pH may affect the toxicity of other parameters, such 

as ammonia, metal ions and have a combined effect when in conjuction 

with other deleterious conditions such as low oxygen tensions. 

 



6. SYNTHESIS OF FIELD AND LABORATORY WORK



  

6. SYNTHESIS OF FIELD AND LABORATORY WORK 

Inoking in retrospect at the task proposed in the Introduction 

and outlined in Chapter 3, it is apparent that the project was rather 

ambitious! However, much of the proposed work was satisfactorily 

completed and the results encouraged investigations into related 

subject areas. 

In drawing together the conclusions from this work, it is nec- 

essary to initially summarise the result of field investigations then 

look at laboratory findings. The aim of the field work was to identify 

the factors responsible for dictating the distribution of caseless 

caddis larvae, particularly the Hydropsychids in river systems. 

Intensive sampling and survey work, followed by an array of analysis 

techniques highlighted some parameters instrumental in shaping the 

distribution of certain species of Trichopteren larvae. From chi- 

square tests it was concluded that both Hydropsyche spp. and Rhyacophila 

dorsalis distribution was highly correlated with chemical water quality. 

R. dorsalis was restricted to sites with water quality of Chemical 

Class 1 or 2, being present at 11 of the 77 sites surveyed. The dist- 

ribution of Hydropsyche spp. was more widespread, being present in all 

water qualities at 33 of the 77 sites. 

Preliminary analyses of survey data showed that the distribution 

of Hydropsychids was generally associated with certain other species 

within the invertebrate commmity, these commonly being mayflies, 

oligochaetes crustacea and certain snails. Upon correlations calculated 

by computer the positive associations were show to be with Leuctra Sp., 

Baetis sp., E. ignita, R. semicolorata,;A. fluvialtilis, Hydrophilidae 

and Oligochaeta. This biological data, generated from samples taken 

at sites originally chosen on a statistically random basis confirmed 

general observations. Certain physico-chemical parameters were also 

shown to be associated with the distribution of Hydropsyche larvae, 

= O05) 

 



  

namely dissolved oxygen, BOD, pH and some metals. Once again, these 

findings confirmed the ideas regarding factors affecting distribution, 

although it is recognised that no one single parameter will independently 

be responsible. This aspect was shown to be true, after further 

sophisticated computer techniques of Cluster Analysis and Principal 

Component Analysis had been applied to the survey data. One single 

parameter does not directly dictate the presence or absence of Hydro- 

psyche in the benthic community, as seen from Principal Component 

Analysis. A multitude of inter-related factors are involved, which 

leads to the gradation effect of the Cluster Analysis, Fig.4.3, rather 

than showing discrete groups . These extensive analyses are not con- 

sidered to be very useful in this kind of ecological work. 

Since completing this work, a number of papers, all presented at 

the Third International Symposium on Trichoptera have become available. 

Work by Kiss (1981), Ward (1981), Bueno-Soria et al., (1981) and Tachet 

(1981) from areas as distant as Hungary, U.S.A., Mexico and France have 

all related in some way to Trichoptera distribution. Common factors 

linking all of these papers are the authors! observations on certain 

parameters affecting distribution. These are predominantly temperature, 

dissolved oxygen, food supply, velocity and substratum type. Essentially, 

therefore, this research has demonstrated quantitatively what has been 

assumed by many workers. 

In the light of the species associations recorded and distribution 

in different water qualities, one may conclude that both R, dorsalis and 

Hydropsyche spp. are at the correct position in the Chandler Score and 

BMWP Score system, Where the two species are recognised to have differ- 

ent tolerance to organic pollution they are separately identified and 

receive a different score. The Trent Biotic Index considers all case- 

less caddis in the same group, which in view of these research findings 

is perhaps a little too generalised, but one recognises that it is 

2300 rece 

 



essentially a broad and simple biotic index which gives a reasonable 

indication of water quality. 

It was shown from the major survey and the study of the R. Tean 

(Section 4.5) that organic pollution causes changes in the abundance 

and distribution of species of caseless caddis larvae and the associated 

benthic community. Differential tolerances of R. dorsalis and H. 

angustipennis have been demonstrated by the experimental work using 

three different concentrations of organically enriched effluent 

(Section 5.2). The relative LT 50 values were:- 

H. angustipennis River water 23 days 

25% effluent 1775," 

50% effluent 13650! 

R. dorsalis River water 20 days 

25% effluent We5e 0 

50% effluent 8.0 " 

This means that if field data are considered in context, presence/absence 

or change in abundance of these two species may be used as an "indicator" 

of pollutional status. 

The role of Trichopteran larvae in assessing metal pollution has 

great potential. It was shown from field studies on the R. Ystwyth 

and R. Rheidol (Section 4.6) that Hydropsyche and Rhyacophila are ex- 

tremely tolerant of heavy metals. Classically stoneflies are recognised 

to be very tolerant of heavy metals, which was confirmed in field samp- 

ling and metal analyses of tissues, but caseless caddis may be of even 

more practical use, Firstly, they are larger and easier to collect than 

stoneflies, providing more bulk of tissue for analyses in the laboratory, 

They are more robust than the Plecopterans for handling and transporting 

and more readily identified. In this context they are good "indicators", 

This work has shown, as Nehring et al. (1979) reported, that Trichop- 

terans are useful as bioconcentrators and monitors of heavy metal in 
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the field situation, this has been confirmed by both field and lab- 

oratory investigations of zinc and copper. At low concentrations of 

heavy metal, the larvae of H. angustipennis actively bioconcentrate 

the metal as shown in Section 5.8. Potentially they would make ex- 

cellent "in situ" biomonitors of heavy metal pollution. We know from 

the radioisotope studies that they rapidly bioconcentrate the metal, 

that they can eliminate most of it if transferred to a metal-free 

environment. The overall slight gain in metal, as shown in Fig.5.39 

suggests that over their life cycle they may bioaccumulate it. It has 

been shown that earlier instars of H. angustipennis are more sensitive 

(cf. Zine toxicity, Table 5.26) where relative LT50 values for final 

instar and third instar larvae were as follows:- 

At 1,000 mg1! Zn the LT50 values for final and third instar were 

8.5 and 2 days respectively, 

At 560 gl! Zn, the LT50 values for final and third instar were 

12.0 and 7.5 days respectively, 

1 
At 320 mgl” Zn, the LT50 values for final and third instar were 

12.5 and 7.6 days respectively, 

id 
At 180 mg] Zn, the LT50 values for final and third instar were 

17.5 and 13.0 days respectively, and finally, 

At 100 mg1 2n, the LT50 values for final and third instar were 

20.0 and 18.0 days respectively. 

As field concentrations are usually much lower than these experimental 

concentrations, it follows that smaller instars of H. angustipennis may 

well be able to withstand the toxic effect of zinc in the field sit- 

uation and may start to bioconcentrate the metal from the very early 

stages of development. More work is required to establish relative 

tolerances of different instars. 

From experience gained in handling caseless caddis larvae, es- 

pecially H. angustipennis, it has been demonstrated that they are 
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eminently suitable as a laboratory species to be used for toxicity 

testing. They have many of the attributes required for such a role. 

The field work showed that the abundance of caseless caddis larvae in 

the rivers, at differing water qualities means that there is a plentiful 

supply available for collection. They are easy to collect, transport, 

identify accurately and their characteristics lend themselves to those 

required of an organism to be used for laboratory work. As an indigenous 

species in our rivers, it seems more logical to base water quality 

criteria upon such results, rather than on those from Zebra fish and 

goldfish, or perhaps even from Daphnia, a lentic species used for 

assessing pollutional stress to a lotic environment. Within the lab- 

oratory it has been proven that H. angustipennis are easy to rear and 

maintain in large numbers, and thus are readily available for toxicity 

testing and experimentation (Section 5.1). Their ability to maintain 

normal activity under control conditions, i.e. net spinning, undulatory 

movements for respiration, means that as a test organism deaths did not 

occur in the control situation, thus not invalidating the test. How- 

ever, in the test chambers, when the pollutant was under examination, 

the fact that death was easy to establish was another useful facet, 

making these larvae useful test species. Another aspect to consider is 

the differential tolerance of different instars of the same species. 

This is often important in assessing the potential harm a pollutant may 

cause. It is relatively easy, by measuring head capsule size to est- 

ablish the instar of H. angustipennis. 

From the ranges of toxic substances tested in this research, the 

larvae lent themsleves to all investigations, i.e. metals, copper and 

zinc, ammonia and pesticides. 

Results of the 96 hr LC50 tests of H. angustipennis with copper 

sulphate are summarised in Table 5.19. The harder the water character- 

istic the more tolerant H. angustipennis, although the theoretical con- 
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centration of copper was the same, the toxic effect being modified 

by the complexing of copper and the decreasing amount of free copper 

ions in water of increasing hardness. Extrapolated values for 

48hr LC50, as expected show increased copper concentrations. The value 

of using an ion specific electrode was demonstrated in this section of 

the work, to identify the exact concentration of Gc iods in the 

syStem. To summarise, the following values for 95hr LC50, 48hr LC50 

and the cult concentrations for the copper toxicity tests at 19 ppm, 

100 ppm and 200 ppm Caco, were as follows:~ 

  

Water Hardness 96 hrLc5o 48hrLc50 ee Cone", 

Gace, gi? Cu ng! Cu mg1~1 Cu 

19 ppm 132 210 100 

100 ppm 220 220 50 

200 ppm 225 310 54 

It was enlightening to demonstrate that H. angustipennis was so tolerant 

to copper but with the knowledge of the chemical activity of copper in 

natural waters, when assessing copper pollution in rivers other factors 

working simultaneously such as elevation of temperature, decrease in 

dissolved oxygen, presence of chelating agents, must all be considered 

when predicting the effect of an effluent upon the river. The extended 

experiments on zinc toxicity to H. angustipennis showed that zinc was 

tolerated far better than copper. At a water hardness of 19 ppm Caco,, 

the comparable LC50 value for zinc would be approximately 900 mgl!, 

The LT50 values already summarised in Table 5.26 show that in final instar 

larvae the effect of copper may be measured in hours, whereas the effect 

of zinc is measured in days. The relatively short length of time for 

the concentration of zinc to affect third as opposed to final instar 

larvae is to be expected when using an organism at an earlier stage of 

development. 

 



  

  

Results from the isotope investigations (Section 5.8) substantiate 

the findings of the acute toxicity experiments. It was shown that more 

zinc is bioconcentrated in larvae immersed in soft water than those in 

hard water, Fig.5.38, thus supporting the fact that there is greater 

toxic effect in softer waters. From Fig.5.39 it may also be suggested 

that not only do H. angustipennis bioconcentrate metal from the environ- 

ment, they may bioaccumulate it over their life cycle. Sources of metal 

in the diet of these larvae also contribute to their total uptake of 

metal, but as this is in the alimentary tract, it has not yet been est— 

ablished if they actually absorb metal from the food, through the gut 

and into the tissues. Certainly some of the metal taken in is excreted 

in the faeces. 

Results of the acute toxicity of ammonia to H. angustipennis con- 

firmed results by previous workers, Table 5.29. The larvae are extreme- 

ly tolerant of unionised ammonia even in oxygen-poor environments. As 

such, they may not be such useful 'markers! or ‘indicators! of heavily 

organically polluted sites. They are more tolerant of ammonia than fish, 

but further work is required to establish when other factors exert an 

effect on ammonia toxicity to fish species. 

As aquatic macroinvertebrates appear to demonstrate a gradation 

of sensitivity to organic pollution, using a more sensitive species 

such as G. pulex may prove a more suitable indicator species for 

ammonia toxicity testing in the future. 

One area of toxicity testing where the use of H. angustipennis is 

to be recommended is that of pesticide toxicity. The two algicides 

Diquat and Terbutryne had surprisingly different effects upon this 

insect larva. Diquat, even at recommended levels of application killed 

all larvae within 24 hrs. whereas none were killed with Terbutryne 

(see Table 5.30) 6 The manufacturers of these products quote only a 

limited amount of toxicity data. There is enormous scope for further 
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investigation to be carried out here. In view of the acute sensitivity 

of H. angustipennis to one preparation, and extreme tolerance to 

another, it may prove a useful tool for accurately assessing levels of 

specific pesticides in a watercourse. 

The effects of dissolved oxygen and temperature have been stressed 

throughout this work as important factors ‘affecting distribution of 

Hydropsyche larvae in river systems. Respiratory results showed iH, 

angustipennis to increase their rate of oxygen consumption as temper- 

ature increased. However, they are not strict "conformers" when 

oxygen tensions are compared with oxygen consumption, as between 5.0 

and 6.0 ng 5 there was always a rapid increase in oxygen consump- 

tion. It is proposed that this value does not represent the incipient 

limiting point for H, angustipennis, but rather a more genuine physiol- 

ogical response to an oxygen level at which increasing undulatory 

activity is required to maintain normal status. The incipient limiting 

point is anticipated to be below 2 mg? 0, but in field conditions this 

would mean certain death. At levels of 5 - 6 nglt, although under 

stress, the larva could maintain itself for a short period of time, 

presumably it would seek an alternative position which was more favour- 

able, or withstand the short period whilst the slug of effluent causing 

the deleterious conditions moved down river. 

Investigations into the effect of ammonia and pH had no signif- 

icant effect upon oxygen consumption and alone do not affect the 

survival of Hydropsyche. However, combination of factors such as 

dissolved oxygen, temperature, pH, food supply, still require further 

investigation to fully elucidate the integrated factors determining the 

distribution of caseless caddis larvae. 

 



  

  

6. 1,SUMMARY OF CONCLUSIONS AND RECOMMENDATIONS 

The Hydropsychids and Rhyacophilids could be of use as indicators 

in river water quality monitoring for the following reasons:— 

1. 

4. 

10. 

  

There is a relatively high proportion of these species in the macro- 

invertebrate benthic communities along the profile of rivers of 

differing water qualities. 

They are relatively easy to locate, collect and are sufficiently 

robust to withstand transfer back to the laboratory with the 

minimum of attention. 

Comprehensive taxonomic keys facilitate rapid and accurate identif- 

ication of larval and adult forms. 

Maintenance of large numbers under laboratory conditions has been 

shown to be feasible. 

Their location in biotic indexes has been shown to be appropriate 

when taken in the context of the complete invertebrate assemblage 

found at that site. 

Presence/absence or relative abundance of Hydropsychids and Rhya- 

cophilids can reveal the water quality of the river. Experimental 

work at Checkley has proven their relative tolerances to organic 

pollution. 

Regular monitoring at one site identifies changes in water quality. 

Both groups are useful as indicators of heavy metal pollution. In- 

terpretation of data should be made in the light of information re- 

garding other physico-chemical parameters such as temperature, 

dissolved oxygen, water hardness and presence of chelating agents. 

The toxicity of copper to Hydropsyche angustipennis is more acute than 

that of zinc. The effect of both toxicants can be altered by changes 

in water hardness. 

The ability of the Hydropsychids to bioconcentrate metals in field 

and laboratory environments indicates that they are potentially 

= cls



11. 

12. 

useful as "in situ" biomonitors of heavy metals. 

Respirometric studies have shown temperature changes and oxygen 

tensions to affect oxygen consumption by H. angustipennis. A 

rapid increase in consumption at between 5-6 ng! 05 indicates 

a physiological stress to the animal. This may be an ecologically 

significant level, although higher than the incipient limiting 

point which is anticipated to be at 2 mg1! 05+ 

These values may explain the distribution within river systems. 

Further acute toxicity studies and respirometry investigations under 

different conditions are still required to extend the knowledge and 

increase the potential for using caseless caddis larvae in water 

quality monitoring. 
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APPENDIX la 

ASTON BIOLOGICAL DATA 

(Numbers of individuals are from 3 x 0.05 m 

cylinder samples) 

(Biological scores calculated from one set of 

data only) 
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Coe | CALDER | CALDER CALDER | COLNE 
| HEBDEN | SOWERBY | CLIFTON HUDDERS- 

BRIDGE | BRIDGE | BECK | MIRFIELD] FIELD 

DETERMINAND eal , 4 i F 
mT 

Temperature °C 14.0 14.0 14.0 18.0 16.0 

pH. 6.5 6b 74 6.8 6.7 

D.0. mgi_! 10.1 10.1 8.5 9.3 8.8 

B.0.D mgr”! eae 1.8 6.7 2a 3.0 
Hard Tokay Hardness |r3900 69.0 | 188.0 82.0 | 112.0 

Hard CO Ee Ts) 23.0 43.0 | 119.0 57.0 80.0 
Mg Hard =| Y (eacasy | _16.0 26.0 69.0 25.0 32.0 
PenoLeiatest Alkay 

llinity mgi-!(caco3) 0.0 0.0 0.0 0.0 0.0 

sagel ClaBhs"} |__10.0 20.0 120-0 30.0 20.0 

[Chloride mgy”! f 16.3 32.6, 53.2 44.0 42.9 

Meas 0.6 peg) yeas, Mie aig ll pa 
‘ -1 | 

[Ammonia migNt | od | aD 0.2 0.5 
apo | 

[Phosphate mg\™” | 0.3 Coulee 0.6 1.0 
Suspended solids | 
|(105° C)_mgy-! 4.0 Hialaae pees S1e5 2.0 7.0 

eae 0.05 0.05 | 0.06 0.69 0.08 
{Cadmium mg. i 

Lees tye! Ae) 0.0. i 0.0 i 0.0 0.0 

jLead mgi7! | | 
Ge er PEO chee Oneal Onib 0.1 

Ch aA uy m9" 0.01 | 0.01 0.02 0.08 0,02 
Nickel _ngic! 020) 005" 10-07 0.1 0.05 

=] | 

| EGQI ets Sia t ck 93.35 OV lie 3.75 5.3 3.05 
eas 
USS) TUE el ee Sana era Ve 0.03 0.02     
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Sites | CALDER CALDER | veARNE | DEARNE | DOVE 

locwssury | Horsury | Y/S be DARFIELD 
| | BARNSLEY | BARNSLEY. 

DETERMINAND iy ee c 2 0 

Temperature °C 16.0 15.9 14.0 14.0 150. 

pH. eas 720 7.0 6.9 6.8 72 

D.0. mgr! | 15 a7 6.2 6.75 8.25 

B.0.D mgi7! | 7.0 5.0 4.6 6.25 5.3 

eal Neon 136.0 _| 147.0 255.0 | 282.0 || 391.0 
  

\Ca Hardness 
  

  

mag (Caco?) |_156.0 170.0 190.0 
Mg Hardness mgi7! 

(CaCO3) | 99.0 112.0 200.0 

Phenolthalein Alka 
linity mgi-l(cacos 0.0: 0.0 0.0 
    

    ate AEM | apo | m6 4 120.0 130.0 180.0 

  
Chloride mg”! 94.3 | 134.0 | 148.0     

: =} (Nitrate mgNv 
a Dat ecietd eet ees |___ 4,55 4.95 Bare    
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= Phosphate magi o.4_| 05 | qe ee ee Ans 

Suspended solids | t 
|(105°c) mi! 28.0 | 

[Copper | mat : | 0.05 | 9.1) 0.06 
Cadmium mg. | | 

\ = | 0.02 0.005 0.015 5 
ee | 0.25 0.3 0.35 

i eet Se T ie (Chromium mg,~! | | 0.06 | 0.04 0.04 fee ye 5 
Nickel mgi7! | 2 0.15 0.04 0.18 

eT 
Toouaamg. peer feel 21.0 5.8 

icy er 
Zinc mg! a Le Fc nie 0.02 0.05 0.06 
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Sie DEARNE | DEARNE DON DON LOXLEY 

| BROOM | Oe KILN SHEFFIELD 
| HILL] DON HURST 

DETERMINAND ills on ag a i 

0, 
Temperature C 15.0 15.0 160 15.0 140 

pH. 6.75 6.9 6.8 6.53 6.9 
4 

D.0. mgr 8.55 6.85 8.05 9.1 10.0 

B.0.D mgr! ee 6.25 5.8 208 302 
Total Hardness 
pmgi= (CacCo3) | 312.0 402.0 232.0. 121.0 110.0 

'Ca Hardness 
mgy (CaC03) 177.0. 232.0) 153.0 84.0 64.0 

Mg Hardness mgi7! 
a _| 135.0 | 170.0 79.0 37.0 56.0 

Phenolthalein Alka 
linity mgi-l(caco, 0.0 0.0 0.0 0.0 0.0 
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iagael_ Ghatd39|% 140.0 | 140.0 90.0 22.5 20.0 

[Chloride mg 156.0 | 334.0 | 105.6 51.8 28.4 
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Nitrate! MOMS Mes ies aguas 50d _ 3.55 2.4 2.0 
: sa 
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Phospt ice esphe cents et iy L8 2.7 0.2 0.5 
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(1059 €) ngy7! 1 | 

\Copper mgy Eee O ee 0.10 | 0.05 0.06 0.07 
{Cadmium mgy | | i 
| 0.02} o.01 | 0.003 0.01 0.01 
Lead mgi7! | | 

| lez 0ed 0.1 0.4 0.3 0.7 
beeen = aie 4 

i Sloat 
eae Se yr G0e | 006 0.11 | 0.04 | 0.02 

Inicket mgt) | 510423 0.04 | 0.06 0.02 0.02 
=] 1 

BG SAU el ee aes 21.0 21.1 Ieee 

fee oc0e| aroma] 0-16 0.09 0.05 
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SITE + | DRONE |WHITTING [BLACKBURN| DON | EWDEN 
| BROOK |OUGHTI- | BECK 

| BRIDGE 

1 
DETERMINAND Lie ternal 18 19 20 

Temperature °C 13.0 13.0 Toso ca. 90. 

pH. | 6.7 6.72 6. 75| 7.04 2.0 

D.0. mgr! 9.55 8.8 9.4 10.4 

8.0.D mgr”! [53 2.75 8.4 9.1 37, 

Koil geaces} | 240.0 _| 162.0 | 222.0 
Ca Hardness | ff | 
mqi=! (Caco?) | 161.0 | 115.0 | 132.0 
Mg Hardness mgi7! i 

(CaCO3) | 89,0 47.0 90.0 
Phenolthalein Alkay | 
linity mgi-l(caco,) 0.0 0.0 0.0 

ell (tsa | |_95.0 60.0 65.0 

Chloride mor"! | 53.0 | 5g (ore ee esis 
NUSRS Ce SN a heb. 95 10S ein es, 2b lleweds5 1.6 

| Ammonia mgnt! fone =0 0.4 =e 20.8 0.8 0.85 
=I 

|Phosphate mg 5 nina we 
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| | 0.38 0.4 0.15 jae a 
iChromium mh-' | 9.04 | 0.06 0.04 

T oe T 

INickel_mgi"! | 0.02 | 0.03 | 0.1 
5 t 

ae f° | 21.0 18.0 | 

: 4 1 | 
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Cnn | WHARFE [WASH BURN] DOWLES | STOUR | STOUR 
BURNSALL |LEATHLEY | BROOK  |D0G-KENNEL| COMBESWOO 

BRIDGE | BRIDGE LANE BROOK 

DETERMINAND pe a 28 Be 2 

Temperature °C 8.6 7.9 9.5 12.0 12.5 

pH. 1.8 75 1.56 73 a 

D.0. mgr! {1.6 11.6 | 10.9 9.1 8.3 

B.0.D mgt! 0.5 1.6 1.3 4.7 3.9 
Total Hardness | 
mgizl_(cacos)__} 144.8 76.5 | 200.0 275.0 | 316.0 
Ca Hardness 
ment (cacos) | _ 130.0 246.0 | 264.0 
Mg Hardness es meeacnie aly 70.0 29.0 52.0 
Phenolthalein Alka: 
linity mgi-!(caco,! 0.0 0.0 0.0 

Md a he [129.3 33.1 | 140.0 195.0 | 160.0 
| : =) \ 
ae mg\ ps} 18s} 34..0 14 
[Nitrate mgt: | 1.03 Igbo 256 5.2 5.15 

lAnmonia_mgwi! | 0,07 O16 Ot 0.1 0.8 
-1 I! . 

HEN SU eran 0.04 | 0.0 1.2 1.4 
Suspended solids | 
(105°C) mg,7! 5.6 10.2 0.5 

ieee ge a | 0.05 0.08 0.06 
Cadmium mgy \ j | ot | |__0.005 0.02 0.02 
‘Lead mgi7! | | 
L cet | : 0.15 0.2 0.3 

« Som | 
— ee | 0.0 0.02 0.04 

: = | | 
Nickel mgt _| M ue 20,05 0.07 0.075 
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| 5.3 0.28 
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SITE + | DEVON | POULTER| MAUN MAUN MAUN 
HAWTON | ELKESLEY MANS- | CLIP- | EDWIN- 

FIELD| STONE | STONE 

DETERMINAND 31 32 33 34 35 

Tempera ture % 16.0 10.0 9.0 9.5 95 

joe 8.25 8.15 Ta. 1.0 LA 

D.0. mgr”! | 10.5 12.45 | 10.6 6.8 8.45 
I] 

B.0.0 mgi7! | 6.95 3.75 8.8 6.6 7.9 
T 

| Toke Tene rd cess: sj 1000s ous i276 Ole e16g-Om eisbboms WetlZ10 
Ca Hardness | mgt “(eacos) | 800.0 | 141.0 92.0 75.0 97.0 
Mg Hardness mgi7! | Segoe sme 200 ON mmIa7E0 77.0 61.0 74.0 
Phenolthalein Alka 
even Hac. 0.3 0.3 0.0 0.0 0.0 
Tota] Alk: inj ie fora eeeaae | 200.0 | 205.0 | 160.0 | 170.0 | 180.0 

cDLOGIaS sa 54.59 | 368.5 | 95.0 | 91.0 128.5 
-] 7; 

eres 5 beh osae tase 7.2 6.6 L8 

lanmonia_moN”' | 44 0.2 0.5 7.6 5.0 
i alee 
pigs Ngee US ae eres Oram m0e0 1.8 2.7 4 
[Suspended ‘solids | | 
1(105°c) mgy-! Fo:0i | eto ele a.0 6.0 24.5 = 

Oe MRT ee al ea a 
| Cadmium mgi | ii | j 
| am 0.25 | 0.015] _0.015| __0.01 0.155 
jLead mgi7! I | 

pS ae Orato emen0s25 ig 10025 0.6 0.6 

{chromium “ma” 5 | 0.06 0.06 0.16 

INickel _mgt de yO 207, 0.15 0.3 
-] 1 

ee es 3.7 0.7 BS a 11.0 

0.1 0.11 
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CHURNET | CHURNET | CHURNET | CHURNET | CHURNET 
SITE > jUPPER BRIDGEND | ABBEY d/s CHEDDLETON 

HULME GREEN RD] WARDLES| STATION 

DETERMINAND | 41 42 43 44 45 

Temperature °C 2 8.0 8.5 7.0 ee 

pH. 6.8 7.0 6.8 7.0 6.6 

DeOm gree 12.1 11.8 9.8 8.95 

B.0.D mgi~! oo Wee] Oe 2.0 8.0 2.6 

Total Hardness 
Imgi=1_(cacos} | 49.0 74.0 71.0 133.0 125.0 

Hard 
[ca Hardness.) {222 55.0 96.0 
Mg Hardness mgi7' | 

feeeoas 11.0 16.0 29.0 

Phenolthalein Alka | 
Linity mgi-!(cacos 0.0 | 0.0 0.0 

ie ean 175.0 41.0 0.0 59.0 | 100.0 

Chloride mi | 15.5 | 29.0 | 20.0 66.0 | 49.0 

Nitrate mgt”! | 2.9 220) lee 0.9 23 3.6 
= i 

Ammonia _mgNt Uf t ora fesco os te0.4 ee 1.0 

Phosphate mgi7! 1.0 1.0 

Suspended solids ire. | a2 | 
1(105° C)_mgq7! | 15,00 a) eaeO) 13.0 5.5 

\Copper mg | | 

Cadmium mg! | | 
| keel 

lLead mgi7! | | | yay: 

as 1 | | 

(Chromium mg,~! | 

1a | 1 
\Nickel _mgl” I | » | 

\Iron mgt | 

= | 
          |Zinc mgt 
  

= 9631 =    



  

  

  

  

  

  

  

    
  

  

            
    
  

  

  

  
    
  

  

  

  

    

    
  

  

| | 
SITE | cHURNET | CHURNET | CHURNET | CHURNET | TEAN 

CONSALL | FROGHALL | OAKAMOOR| ALTON | CHECKLEY 
i | 

r T j 
DETERMI NAND 46 47 | 48 49 50 

Tempera tureicc 13.0 14.0 12.0 11.8 14.0 

THe 712 6.95 6.8 7.1 722 
+ 

p.0. mor 9.0 9.3 10.0 12.55 8.95 

B.0.D mgt”! 2.3 4.0 3.6 2.15 1.95 
Total] Hardness f lngi=1 {aces} 123.0 | 158.0 | 172.0 | 159.0 _| 267.0 
Ca Hardness Cores e os) | 118.0 | 124.0 | 128.0 _| 184.0 

= \ | 

Hol areness mL | 40.08.4800 oh a1,0. | 183.0 
H 1 T T 

Phenolthalein Alka 1 
linity mgi-l(cacos 6:0 0.0 0:0 9-0 O° 

ota] Alkalinity | 80 70.0 | 60.0 115.0 165.0 reel tainty [0.0 | | 
Chloride mgi |_ 23.0 24.8 227 43.0 58.8 

Nitrate mn! | 4.0 WOn | eeane On| cano 3.6 
a ae 

|Anmonia_mgti7! | 0.2 Ot On 0.5 0.1 

[Phosphate mgi7! | | 0.6 | 0.0 0.8 0.4 
Suspended solids | | ] 
(105° C) mg,7] ' 9.0 12.5 ao.0 D5 1s0 a 

jCOBPe anise i (elo se oes I 0.14 
tae ican 
(Cadmium mig 0.01 0.01 0.03 
yi re -] ae | } | 

as | [70.01 lan .15 0.35 

(Chromium mg"! | 0.07 | 0.06 | 0.32 aoe ssye 0.07 _| 
Nickelaungte! sn). a os) ee 07 alu). a 0.13 

ay | | | 
{Tron mgt | 5: Goalie 457, 2.95 

ri T 

| 0.02 0.08       
  

 



  

  

  

  

  

      
  

  

  

  

  

  

                  
  

    
    
  

  

  

  

  

    
    

T 
TEAN BLYTHE | BLYTHE | BLYTHE | BLYTHE 

SITE + BEAM-  CHESWICK |HENWOOD | TEMPLE | u/s 
HURST GREEN | MILL EASTCOTE BALSALL | ppnox 

DETERMINAND 51 52 53 54 55 
Penta 13.0 12.5 13.0 16.0 13.0 
a 7.2 7.25 7.25 8.41 73 

D.0. mgr! 9.0 8.65 7.9 14.7 8.1 

1p.0.0 mg! fn s2.3 2.85 2 4.2 3.0 
l= Y 

| Total Hardness | eee eee anss | 123.0 237.0 | 235.0 | 306.0 __| 284.0 

eet eere sean 133.0 | 135.0 _| 156.0 _| 161.0 
|Mg Hardness mgi7! } | laeetes 104.0 | 100.0 | 150.0 | 123.0 
Phenolthalein Alkat 
Listy mgi=ticacog 2-2 2) oe en oe 

Tota thaths"| 80.0 160.0 150.0 185.0 170.0 

‘Chloride mgi7! —|-«23.0 36.2 | 29.0 40.4 39.0 
[ese eee eet ee 
\Nitrate mgNv 1 | 4.0 5.6 | On Se 4.35 
tee aaa ae Lenme 

[Ammonia _mgNi 0.2 0. 0.2 Ks 
| Phosphate mg! 289 2.5 0.5 8 
|Suspended solids 1 
(105°C) mgy- ' | 0 7.0 7.0 7.3 

Copper mgr i 0.04 | 0.09 | 0.07 0.1 0.08 
: =] T T | t 

[ect UNG Ue eee 0.013] es OrOle ses 0.015 "| 4.02015, | 0-01 
3) | 

hee | o2 | 0.15 | 01 | 0.2 0.15 
: noel a 1 e i 

Chromium mg, | 0.02 | 0.04 6.02 | 0203 0.02 
- | 

INickel_mgi7! | 0.05 | 0.07 | 0.07 | 0.1 0.07 

1.5 1.35 

0.01 0.01       

  
  

 



  

  

  

  

  

  

  

  

  

  

  

  

    
    

            
    
  

  

    
  

    

  

    
  

  

BLYTHE | LANGLEY | BOURNE | BOURNE | BOURNE 
Sie |STONE- | BROOK | OVER aie DAW MILL 

oa WHITACRE | FILLONGLEY BRIDGE 

DETERMINAND 56 57 58 59 60 

Tenperatureccus | 118:5 12.0 14.0 12.5 12.5 
oH. 7.0 73 7.9 7.5 7.55 

D.0, mgr”! 5.8 9.6 10.01 _| 10.8 12.4 
B.0.D mgi~! { 4.8 0.9 2.6 og 2.8 

Total Hardness ! wicks | 244.0 | 349.0 | 251.0 | 362.0 | 368.0 
Ca Hardness oe es 140.0 | 215.0 | 204.0 | 296.0 | 296.0 
Mg Hardness mgt” LeACOny ee ae leloeeo 134.0 47.0 66.0 72.0 

Phenolthalein Alka eT Lae NE Pea ce fi00 0.0 0.0 0.0 0.0 

Tota] Alkalinjty | 125.0 | 190.0 | 211.0 | 210.0 | 210.0 
jChloride mg. | 46.8 41.8 | 44.7 41.8 
ee ee 
[Nitrate mgtt | 9.0 3555. 112 12.4 11.75 

jaune eareete cle at ieee | 
[Ammonia _mgNt | 0.8 0.2 oe 0.1 

[Phosphate mi! | gig 2.8 =| | 0.8 1d 
‘Suspended solids | | 
|(05°c)_mgy=! 6:5 _|_ 25.0 8.0 5.5 

(ODP aie Lo e0s1T fe 0.07-.t  0f02 "| 2 n0.08 0.07 
ante =] T | 
peecmaumeS | 0.01 0.01 | 0.003 | 0.01 0.02 

ine T 
peeadimngy Pot x02 0.03 0.25 0.25 
eee 

Shon Se (iy feat s030 ee Of 0.03 0.03 

INicke? _mgi7! | 0.05 | 0.05 0.03 0.1 0.1 

| | Dee 4.9 
T 

| | 0.01 0.01 0.01           

 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

  
    
      
    
  

  

  

  

  
  

    

          

ee ANKER ANKER | ANKER | TAME | TAME 
boa BLUE WEST 
ca Son es BILLY | BROMWICH 

DETERMINAND | 61 62 63 64 65 

saree a ey | 15:6, 2s eh iso [48.0 
- 

|p. 17.39 7.51 7.42 7.26 6.7 

oe Peto 110.2 | 40.3 8.65 | 7.9 

8.0.D mg! | a7 6.6 5.65 8.1 5.0 

Init He asa eet 35010 (342.01 tal0323 Ome agi 

{Ca rG ress aye. | 208s0. 31 0222,0) 1s/0216,08 307.0 ueelis2gvo 

Mg Hardness mg." } 1499 | 120.0 | 107.0 _| 86.0 
iinity mgi=tecaco 9-0 0.0 0.0 0.0 0.0 
poral Pen ey SY | 240. o | 240.0 | 250.0 __| 245.0 _| 192.0 

Chloride mgx! 295.6 | 268.7 | 320.0 | 113.4 | 152.4 

[Nitrate mgt”! | 6:3 cull 95.2) =| 58 2.6 0.6 

[Ammonia mgt! 13.0 9.3 13.8149 1.9 

Phosphate mgi”! 6.4 | 5.2 6.3 2.4 3240 S| 
Suspended solids | | | (105°C) mgy-! 1.5 | 10.5 | 15.0 9.5 ae 

copper mart od | 0.09 | 0.09 | 0.11 0.38 | 

[Cadmium mgt 0.025 | 0.02 | 0.04 0.02 0.35 

ee ae 0.3 0.25 | 0.3 | 0.25 0.6 

Chromium mn"! | o.12_| 0.12 | 0.11 | 0.04 | 0.09 
Inicket mgt be 0.27 a 0.25 | 0.27 0.12 0.35 | 

2.95 | 21.25 | 

0.035 | 14.0 | 
    

 



  

  
  

  

  

  

  

  

  

  

  

  

    
    

  

      
  
  

  

  

  

    
              
        

| 
Rae TAME TAME | FORD OUSE R. TOVE 

> } | 

GREAT | BESCOT | rook | FULWELL | ROAD BRIDGE BRIDGE | PRESTON 
BRIDGE |capes 

DETERMINAND 66 67 68 69 70 

Temperature de 1355 14.0 9.0 

pH. 7.05 6.7 8.0 

nfo 8.13 250 17.7 

2 7.53 Teg. 2.1 
B.0.D mg! | 
Total Hardness | 361.0 184.0 
mgi-! (caco3) 
Ca Hardness Raiet oceacos) 235.0 233.0 171.0 

Mg Hardness mgi7! 128.0 13.0 

Phenolthalein Alka 
linity mgi-!(cacos 0.0 0.0 0.0 

He PARRA tS le 155.0 | 195.0 _| 290.0 
: 1 | 

Chloride mg. 843.0 foo .3 8370 
—— a a t 
Nierete nui a 2 eC omelets 2235 8.6 a 

| Ammonia agit! espesastt™. 6612. 0.2 
Phosphate mgi7! 4.0 1.5 0.2 
(Suspended solids | 

105°C) ny"! 24.0 | 20.5 4.0 
| = i | {Copper mgy | | 0.18 

Cadmium mg"! | | 0.035 | 0.03 |< 0.01 
lLead Si) [ 
beage ng | 0.3 0.4 |< 0.01 

| i q,-| | 
Ero ume ns |__ 0.06 0.06 |< 0.01 

[Nickel mgt! 47 Sey b5 en 01 

|tron mgt”! | 9.7 21.25 
: =1 | | 

Zinc mgt LL [aes 0.16 0.1 
    

 



  

  

  

  

    
  

  

  

  

  

  

    
      

  

  

  

  

  

  

  

  

    
  

I 

coe | oUsE | TOVE TOVE ASCOTT | CLIPSTONE 
| PASSEN- | BOZENHAM|CAPPENHAM| BROOK | BROOK 
| HAM MILL BRIDGE 
| 

DETERMINAND | 71 72 73 74 75 — 
Tenveratire lod 9.5 9.5 9.5 9.0 

nH. 7.9 8.0 7.8 7.8 

D.0. mgr! i 16.25 13.2 122 133 

8.0.0 mgi~! j 0.45 0.1 4.0 0.9 
T 

| oka aban s ae 357.0 | 342.0 | 183.0__| 197.0 
(ca Hardness p | lnoretecescono | 305.0 | 316.0 | 167.0 _| 175.0 
IMg Hardness mgi7! ! eae 52.0 26.0 16.0 22.0 
Phenolthalein Alkar 
linity mgi-!(cacos) 9.0 0.1 0.0 0.0 

Fotal Alkalinity | 220.0 | 250.0 _| 237.5 _| 225.0 
Ez T 

\Chloride mgy7! 34.2 31.0 | 43.0 | 40.0 
1a aes Pat Teel 

\Nitrate mgNv 0 eeu 7.0 8.0 

[Ammonia _mgnt~! 0.5 0.4 0.3 0.3 
[Phosphate mgi! 0.0 1.0 0.8 0.8 
[Suspended solids 
1(105°c) mg,7! | 27.0 4.0 a5 10 

jCOpPe ts mgt [eto 12" ine 0706 0.16 0.06 
Pana Se t 
|Cadmium mg | < 0.01 | < 0.01 

| zl 
caus < 0.01 0.015 
Chromium mg,-! | | < 0.01 0.01 

je = Cs 
INickel_ mgt) | <0.01 | < 0.01 
(Iron mgt! 

0.01     
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; | OUSE CLAYDON | CLAYDON | CLAYDON | OUZEL 
eed ae BROOK | BROOK | BROOK $TANBRIDGE 

WINSLOW | PADBURY |RD./RAIL | FORD 
i BRIDGE 

DETERMINAND | 76 TD 78 79 80 

Taprers iene 9.8 10.0 11.0 10.5 10.5 

oH. 7.85 7.8 8.2 7.85 7.65 

oats! 10.5 11.2 15.8 13.6 13.5 

8.0.0 maiz! | 2.25 0.6 2 2.0 4.3 
Tota] Hardness | 178.0 188.0 196.0 186.0 176.0 

png. =] (caco3). t 

ica Higrdness | 166.0 173.0 | 181.0 | 164.0 167.0 
mag1 (Caco 
Mg Hardness a -TT 42.0 15.0 15.0 22.0 9.0 

(CaCOs) — ! | 
Phenolthalein Alka 
linity mgi=l(cacosl 0.0 0.0 0.2 0.0 0.0 

rota] (UkaMin{ty | 210.0 | 290.0 | 235.0 _| 25:0 _| 290.0 
1 | 

Chloride mgy 4 | 48.0 41-0). | 45-0 51.0 82.5 

‘Nitrate mgm"! | 8.6 9.0 | 7.8 10.2 T2238 
ee ee | 
lAnmonia_mgii"' | 0.4 0.3 Or] sen beOre 1.6 

[Phosphate mgt"! | 9.2 0.4 0.2 1.6 4.4 
[Suspended solids | (105%) my! 8.0 | 8.0 | 10 9.0 15.0 i 
(Copper mg, Oreos molaen ton 0.12 

a | 
{Cadmium mg, y <0.01. | 0.0 

‘Lead Mise | | 0.02 < 0.01 pes | | 

lcnanune mg, 7 = | | 0.01 0.01 
ae at | 

INicket’ mgt7! | | | a.e2 0.006 
{Iron mgt | | | 

ce t | 
Zinc mgt! j | 0.05 0.02 | 

  
       



  

  

  

  

  

  

  

  

  

      
  

  

    
  

  

  

  

  

      
  

  

  

      
    a +— 

a OUSE OUSE OUZEL ouzeL | OUZEL 
| OLNEY RAVENSTONE] CALDER- | WILLEN | simpson 

Tse 
DETERMINAND 81 82 83 84 85 

Temperature °C 10.0 9.5 8.0 12.0 9.0 

‘a 7.6 7.8 7.5 8.0 

moMnis 10.9 10.65 | 10.15 Gnloue |e taal 

B.0.0 mi”! 1.75 2.5 1.95 9.53 1.95 
rota] Veron} | 948:0_| 946.0 _| 334.0 

aay 318.0 | 322.0 | 298.0 296.0 
Mg ae | 30.0 24.0 36.0 

Plenoltnteie At 9 | 0.0 | 0. 0 
Tota] sligginjty | 215.0 230.0 | 165.0 225.0 

Chloride mg”! | 47.5 46.5 | 63.5 58.7 5.6 
Nitrate mgt! | 7.7 8.2 | 9.8 9.0 9.6 

Ammonia _mgwi7! | 0.4 0.6 | 19 0.32 0.1 

Phosphate mgt"! | 7,3 183 3.0 1.56 2.6 

Got | as | 3.0 | 26.0 7.5 

copper man | g.o6 | 0.05 | 0.08 | 0.01 0.16 
Cadmium mgi | | oo | | < 0.01 |< 0.01 

[Lead mgy7l | C17 | 0.01 0.02 

(Chromium mai“! | 9.01 | eT [< 0.01 | < 0.01 
Intekel mgi7! | 0.006 | iz | < 0.01 0.01 

‘Iron mur! | 

|   -1 
|Zinc mgt 0025 | _0.01 0     

 



  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    
  

  

    
            
  

  

          

WARM WARM ROYCH | SETT SETT 
SITE + be usd a BROOK | HAYFIELD | NEWMILLS 

ee ate 
DETERMINAND 86 87 88 89 90 

Tetneratiresec 10.0 11.0 12.0 12.0 12.5 

pH. 7.85 7.5 7.4 6.65 6.7 

D.0. mgr LOs23ies| uml Onsoiuslies 10e] 10.3 9.98 

B.0.D mg! 1.83 2.35 3.7 1.6 2.43 

iasel deacds)- a 152.0 143.0 70.0 79.0 

Coen eeey ‘ 8.0 | 129.0 | 120.0 52.0 55.0 

Mg, etonessyagl 25.0 23.0 23.0 18.0 24.0 

neo ei eat pete 0.0 0.0 0.0 0.0 
(Rota Clkayinity | 72.8 | 90.0 85.0 22.5 30.0 

Chloride mg.7! | 26.23 | 26.23 | 53.17 | 13.47 | 13.5 

Nitrate mgt”! 1.6 2.0 1.4 0.6 1.0 

haonis eat [ee os) | aon 0.1 0.2 0.2 

Phosphate mgt"! | o.g 0.7 12 0.7 1.0 
Suspended solids | 
(105°C) _mgq~! | 18.0 | 14.5 17.0 15.0 12.0 

Copper mg! | 9.08 | 0.51 0.04 0.05 0.05 

ee mgt | 0.01 | 0.01 0.055 | 0.005 | 0.01 
[Lead mgi“1 Tons | 0.2 0.25 | 0.4 0.1 

[Chromium mgi-! | 0.04 | 0.04 0.04 | 0.03 0.03 
— ~ + 
INickel _mgi7! | 0.07 | 0.07 0.1 0.05 0.07 

itron mgt’ =|. | 0.2 6.2 4.0 6.95 
[Zine mgt! | 0.01 | 0.01 | 0.026 | 0.02 | 0.01   
  

 



  

  

  

  

  

  

  

  

  

  

  

    
                  
    
  

  

  

    
  

      
        

SITE + | BOLLIN | BOLLIN | BOLLIN |HARROP | CROCO 

LANGLEY | JARMIN | BEECH | BROOK 
BROOK 

DETERMINAND a o a. Pe oS 

Temperature °C 10.5 16.5 15.5 13.0 14.0 

pH. 1.5 7.4 7.0 6.9 7.55 

D.0. mgr! 11.4 8.75 9.4 10.1 8.4 

B.0.D mgr! lathe 2.05 3.9 3.55 | 3.55 
Total] Hardness 
mgi-]_ (Caco?) 135.0 | 183.0 96.0 | 583.0 

NCU 100.0 | 135.0 72.0 | 540.0 
Mg Hardness mgi7! | 

(Cacoa) 35.0 48.0 24.0 43.0 
Phenolthalein Alkar 
linity mgi-!(caco,! 0.0 0.0 0.0 0.0 

nota] @dkahinjty | 57.6 | 5.0 | 110.0 37.5 | 110.0 

chloride myx"! | 20,0 | 22.0 | 34.7 14.9 | 7300.0 
3 ei 

Wars eam 0.92 fee 1.95 0.8 8.5 
ap ae ae ee aay | 
[Ammonia _mgNt | 0.18 0.2 Cael ae? Te 

[Phosphate moi”! | 9 13 0.2 0.6 0.8 1.6 
Suspended solids | | | 
(105°C) mgy-! j 7.0 | 12.5 2.5 18 5 | 

t = 1 + 

iSopee rena ——}0.04 | 9.04 | 0.06 0.1 0.27 
A 7 T t + 

(eam Ne | 0.025 | 0.01 | _0.015 | _0.01 0.09 
TLead mgi7! | 
| I 0.0 0.1 0.15 0.1 0.9 

: i 
— DEE geo? 0.02 | 002 0.02 0.01 

: = [Nickel mgt” | 0.05 | _o.07 | 0.07 0.07 0.06 
il ! | 

[pon alg UO See eior4 selenite 1.35 5.4 a 
ne =] | | 

[Zinc mgt ft 0.005 0.005 0.02 0.03     

 



  

  

  

  

  

  

      
  

  

  

  

    
    

  

      
  

      
  

    
  

  

    
      

fae | Govt GOYT POsBERLEY BIDDULPH 
OTTERS-"| TRON BROOK BROOK 

BRIDGE 
BRIDGE 

DETERMINAND 96 a 98 ae 

Temperature °C 13.0 14.0 13.0 16.5 

pH. 6.95 6.8 7.0 6.5 

D.0. mgr”! 9.25 1. 4.85 7s 

8.0.0 mgr! Ties Tee 4.45 585 
Total Hard gicl_¢cacos)__|110.0__| 126.0 _| 209.0 _| 186.0 
Ca Hardness 
nga! (cac02) ao 83.0 | 143.0 | 106.0 
Mg Hardness = Se pecan all feo. 0 43.0 | 66.0 80.0 
Phenolthalein Alka 
linity mgi-!(caco,) 9-9 0.0 0.0 0.0 

Tota] Alkalinity | 60.0 | 120.0 | 220.0 70.0 
: ei Chloride mg.” | 37.6 52.5 | 45.4 58.8 

Nitrate mgt”! AeSS Ze Bie dee 17.05 

Anmonia_mgNi7! | og 21 | 9.2 2.5 
= | 

Phosphate mgt ] | ee es 2.9 7.2 | 

Suspended solids | i 
|(105°C) may | _10.5 9.0 | 17.0 6.5 | 

CORPS aig) | elOv37 eileen OU12 On| een 14 0. | 
; TT | 

Gedney | 0.01 0.01 | 0.02 0.01 
Lead mgy7! | | | 

ash 20 0.15 | 0.25 0.2 | 
: Tae T 1 

Pe mg 0.11 0.06 0.02 0.02 | 

INickel_ mgt! | 0,15 0.15 0.1 0.1 
| aT oe 

Leon Aag A | 4.4 2h 7.15 5.15 

0.04           
  

 



ACBEPIEGN DiloX me eeb 

(Chemical data) 

(Water Authority)
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| 
-Calder | Calder |Calder | Calder |Calder {Calder 

Hebden Sower— | Mir— pia Dews- | Hor- 
SITE Bridge by field Chie bury bury 

| Bridge 4 i 

I - - I 
|DETERMINAND MEAN MEAN MEAN MEAN MEAN MEAN | 

1 
Temperature °C 8.90 9.63 | 12.90 | 42.27 16.68 | 15.90 

\pH. 6.52 6.76 7.01 7.19 7.04 7.04 
= | 

0.0. mgr! 11.49 {10.82 | 7.98 | 49 69 Peale et 
| 

B.0.0. mgr”! ee On eee ee on ee eee 
moi leatds)_, $34.00 |63.00 |142.78 112.73 135.71 146.72, 
Ca Hardness mgt i 

(CaC0a)} 
Mg Hardness mg\_ 

(Caco3) 
Phenol thalejn Alka 
Linity mgi-'/(CaCOa I! a 

Total Alkalinit: ! 
paceleceacoa) 2 210830 poe 57,95 43.27 | 67.23 75.66 | 
Chloride mi! [21.15 |25-85 116.96 64.20 | 7.41 95.72 | 

Nitrate mgii”! 0.93 1.74 4.39 3.21 3,900 3377 

Nitrite mut”! Aoiaea leo Gseo" sy0rstu ine i intiens ue | 

Total ox N mit”! | 
y = I | 

Ammonia mgNi } 0.1462 | 9,22 3.25 0.33 2.81 2.86 

=] Phosphate mgl 0.408 0.14 0.34 0.15 0.40 0 aoe 
Suspended solids 

(1059¢) mgiz7! | 7.53 |14.07 28.55 20.07 28.65 32.44, 
eI t 

Copper mgt | 0.0573 

\Cadmium mgi7! [ 0.0102 
| z $ 
Lead mgt 0.0380 

: =T 
Chromium mgt 0.0452 ' 

1 
Nickel mgt! | 0.0211 ' 

Iron mg. 1.4477 
  

  

Zinc mgy         0.1257 
  

 



  

    

  

    

    
    

    

    

    

    
      

                    

  

          

7 
Dove Dearne | Dearne Don | Drone Whit- 

Dar- Broom- u/s Ioxley ting 
StT ; 5 Whit- 

E | field | hill eink ting= 

i \ ton 

1 if aie a 

| DETERMINAND ! MEAN MEAN |! MEAN MEAN MEAN MEAN 

0 1 
Temperature “C 10.68 | 11.44 | 11.44 9.21 9.9 9.96 

\pH. 7.79 | 108 7.55 Teed 7.20 | 7.46 

=4 
D.0. mgt 10.55 | 9.75 | 8.76 | 10.91 10.87 

1.0.0. mgr! i 

Tota} Hardness 424.08 | i 
mgt acd's) C 424.08 . 

{Ca Hardness mgi 
(CaC0a) Hs 

Mg Hardness mgi! | 
(Caco) i | 

Phenol thalein Alka 1 
Llinity_mgi7'!(CacOa i i 

Total Alkalinit, 
mgrzl—(CaCo3} 2 157,985 | 187-98 . { 

Chloride mgr! 169.45 | 287.31 | 287.31 | 28.08 | 55.0 | 56.79 | 

Nitrate mgt”! | Zi 5.45 5.10 | 8-10 | 2.75 | 12.00 | 4.43 
Prior = Nitrite mgNt 0.22 “| 0.54 | 0.11 | 999 | 0.21 
Total ox No mgt”! | 

; e Ammonia mgNi | 0.98 ) 2.17 2.18 0.85 | 2.00 1.04 
i f | 

Phosphate mgt 1.14 | 1.14 | | 
  

[Suspended solids | i | 

{(1050¢)_mgiv! 126.48 | 85,18 | 85.18) 15.08 | 39.00 49.85 
  

      
    

  

    

            cover es 0.03 | 0.02 9.02 0.06 { 
Cadmium mgr 0.01 0.76 0.76 0.01 

es mg! - 0.03 0.01 Cun Te 0206 

(ONSEN ite 0.12 | 0.01 , 0.01 0.06 
(Nickel mg 0.04 | 0.03 | 0-03 | 0,08 
jfron_mgx 7! | 3.41 | 0.54 | 3.66 _ zs | 3.43 |   | | 

0.05 
Zinc mg) | 
aap Deere aah ae cae ee json ° 

 



  

        

    
      
    
  

  

  

    
  

        
  

      
    

    
  

  

  

      
    
          

= 

Don Ewden. Wharfe |Wharfe |Wharfe 
Oughti-| Beck |®+Seve" | gag [Boston | Hare- 

SITE bridge caster |Spa wood 
| Bridge 

| DETERMINAND | MEAN MEAN | MEAN MEAN | MEAN [MEAN 
0 

Temperature ~C 10.38 9200" |s.8,42-5) 10.95 | 10.00) 29.51 

\pH. 7.04 1.04 7.52 7.84 Teodor eBe 
-1 | + 

D.0. mgt 9.44 | 10.44 | 9.83 | 19.93 | 11.68 11.2216 
| | 

IB.0.D. mgi-! IL ' 
'Tota] Hardness | \ jrotay oanSS ‘ 8.92 |169.64 1158.98 141.68 
‘Ca Hardness mgt ; | 
i (CaCO) i 
jg Hardness mgi | | } 
| (cacos) st | 
Phenolthalein Alka } | 
Linity mgi='(cacoa { = 4 
Total Alkalinit poesia Catan = 49.85 _|111.44 | 117.50 106.10 

a \ 

Chigpide moi! | 49.67 | 20.25 | 16.54! 18.02 | isla” 44.62 
tye | 1 

Nitrate mgNi : | 3.50 T6725 4) oo 
i 

Nitrite mont. 0.11 i 0.03 He 0.03 | 0.03 9.029 ! 

Total ox N git”! | | | Tees | 
- 1 1 {Ammon a mnt"! 0.86 , 0-85 | 0.09 | 0.09; 0.18 0.154 ' 

\Phosphate mgt! | | ! 0.04 | 9g! 0.08 0.082 
iSuspended solids | 1 Th 
1(1050c) _mgi7! 32.42 | 9:00 | 15.46 | 9.72 | 19.28 14.95 
ie a ! | | i | 

O mg 1 ! | | { esis mg) | 0.07 0.05 | 10201 

\Cadmium mgi_ I 9.01 aol! 10.00 | 
=i | | | 

Lead mgt 0.07 | 0.74 | 9.01 
i 4 eT | 

oe 0.05 | 0-05 | 0.00 
2 =i IN } bas mgt nana 0.04 | 0.01! 

sed | | [iron at | 2.00 | 1.05 | 0.48 | 
124 mg, | | 
ee ieee oan a 0.02 | eee)   
  

 



  

    
  

    

  

  

        
    
    

xX 

Wharfe |Wharfe | Wash- Dowles {Stour Stour | 
Bolt Bi 1] burn | Brook = d/s 

SITE re ee ae 2 pee Coombe- 
Bridge | Bridge | Leath- Kennel swood 

i ASy xa Brook i | : t . Brit ee 

| DETERMINAND | MEAN MEAN | MEAN | MEAN MEAN | MEAN | 
+ | 0 

Temperature —C 9.27 | 8.63 || 7.88 || ¢ 39° | 9.68 | 8.5 | 
| 

\pH. 7.96 | 7.89 | 7.49 | 7.64 eh \ 
=i | ; | D.0. mgt 11.47 || 11,62 | 11.57 | 11.78 | _8.75 | 9.10 | 

=I | i 

18.0.D. mgy 0.50 2.43 2.80_ 
Tota] Hardness | 
yore teats) , 1129-48 _|14q.88 | 76-56 | 204.00 
(Ca Hardness mgi | 
| (Cac0a) 

lig Hardness mg\ | 
(Cac03) 4. 

Phepgierayein Alka | 
linity mgi7'/(Cacoa | 

| 

Total Alkalinity |119,42 129.33 33.15 |101.00 171.54 215.50 ; 
: i 

l 
T 

i 

  

  

  

a
 

_ 
wo

 
S a a a S — ny

 
°o

 
So

 

      -1 (CaCo3) 
t   

Chloride mg”! | 11,29 | 11.54 | 18-41 | 35 75 | 79.95 137.00 | 
1 
  

Nitrate mgNi- 
    

    

  

      

  

1.00 | 1.04 | 4 
Nitrite mgt! 0.049 | 0.05, .| 0.025 | | 

1 = | 

Total ox N mgt”! 1.531| 40.75 | 6-44 | 6 a9 
; ee) ] | ! Ammonia mgNt | 0.059 | 9.97 0.167 0.625, 0.218} 0.65 

=] | Phosphate mgt 0.0241 0.027! 9 One| | 0.137) 
T [Suspended solids 

{C105°C) mgi-! || 8.623 | 5 10.16 8.75 31.65 | 4-50 

  

  

  

-] ' 

(Copper mgt i 1 | 0.15 | 0.02 

Cadmium mgi7! | 0.1 _ 0.01 

Lead mgt! | i | 0.05 | 0.04 
T |   Chromium mgt 0.284 0.03 | 

ae =T | 5 [Nickel mgt | | 0.03 | 0:03 
i) 

                    
             



  

        

      

  
    
        
  

' } 
Devon Poulter} Maun | Maun Maun Rain- | 

Hawton | Elkes: Mai i i worth | 4 — ns— |Clip- |Edwin- | 
STte i ley | field [stone |stowe LEAS 

| ! Rain- 

| i worth | ! 
| | 

| DETERMINAND i MEAN MEAN | MEAN MEAN MEAN MEAN 
| 0 | 

Temperature ~C 8:27 9.6 8.35 8.67 8.99 8.25 | 

'pH. 13 8.05 8.06 Fel6ul 6.79 7.63 

D.0. mgt! 10.81 | 11.69 | 11.22 | 10.42 I 10.36 11.05 

B.0.D. mgr”! 2.40 | 3.19 | 7.09 | 7.23 | 7.74 5.75 
\Tota] Hardness | | 
or 3203) 779.59 _|622.92 368.62 _| 373.62 440.83 

Ca Hardness mgi | i 
| (CaCOa} : 
Ig Hardness mgi | 

(Caco) 
  

Phenol thalen Alka | 
Linity mgi-'(Cacoa) i 

ae i Total Alkalinit 
betes (cato3)- {198.32 214.08 | 197.85 | 206.38 

Chloride mg! | 58.34 518.17 | 119.00 | 130.08 

  ‘ 
201.3 122,42 | 

149.62 405,83 | 
Nitrate mgni! | | 

  

  

S
e
 

  

Nitrite mgtt”! ! | I 
    
  

Total ox Nmgi”' | 9.40 9.571 | 7.89 | 9.95-| 10,10! 12.19 | 
1 | / | ; 

| 
  Ammonia mgNi~ 

  

| 0.35 0.171 | 0.846! 5.23 || 6.03] 0.97 

| 
      

L 
Phosphate mgt 0.545 0.435 | i 

\Suspended solids | 7 ooh I | | 
((1050C) mgi-! _| 13.00 | 16.63 | 24.23 | 20.23, 25.92]| 40.33 
  

0.017 | 0.0127] \Copper mgt! 
takial as j } 
  

| 
| { | | oso | 
| 0.012 0.0227, 

| 
0.0164 0.0127, | 

Cadmium mgi7! 

1 
  

Lead mgt” 
  

\Chromium mgt | 
| 
      
                
          

Nickel gi! byoiay eEOr Ol 
5 

| 
iI 1 

| 

a mg 
\ 

. ra 
| 

| 

Zinc mg, | 0.02 0.0291) 
L :   

 



  

  
  

  

  

          
    
  

  

  

  

  

    
        

    
      
  

                
  

  

        
          

Rain- | Ere- Bag- Beau- |Chumet |Chur- | 
worth |wash vale |Upper net 

SITE Water |osncton |Beoe® [Brook [Hulme | Bridg- 
Oller Newer end | 

hee reen, 

i r 1 
|DETERMINAND | MEAN MEAN MEAN MEAN MEAN | MEAN 5 { 
Temperature C 9.50 9.41 8.33 10.13 7.71_| 7.30 | 

pe 7.05 || 7.40 | 7.63 7.62 |_7.0 2.13 

0.0. mgt toga l0.ce ate || 10.63 | 10 97 et 
-1 : i 

B.0.D. mgi | 7.88 5.35 2257 3.97), 2.15 1.86 | 

Tota] Hardness | | | \ 
gi (CaCO) ;f__365.5 | 270.67 | 574.5 | 48.88 70.33 | 
Ca Hardness mgt | | rT | 

(Cac0a) [ Lt z 
Hg Hardness mg. | | ( | 

ie (cacos) | L ie 
Phenelchalein Alka | 
linity mgi-!(Cacoa Joke LP bg 4 

Total Alkalinit, : ngtz1-(caco2} y 99.5 ||198.45 142.33 | 173.58 | 22.0 41,66} 
Ls { | Chloride mg! | 401.25|| aso 91 [122.00 | 839-50! 19.88 25.66 | 

Nitrate movi | 
i 

Nitrite mgnt7! | | ks i 
c | | Total ox Nmgtt”' | 16.73 | g.aie| 4.6 | 2.971 1.17, 1.83 | 

3 =] I | Ee i 
Ammonia mgN | _4-28 | o.918| 0.01, | 0.192; 9.38, 0.50 | 

- - + 
Phosphate mgt 1 | \ \ 
Suspended solids | | | 1 

[(1050C) _~mgi-! gy pn | 62.00 | 5:9 | 516.92 | 32.38) 7.66 
| -1 | | 
ocee eg i | 3 0.01 | 
Cadmium mgr! | | ! I 0.005 

my i | | 
Lead mgt . | | | 0.01 

\Chromium mgt | : ! 0.01 

Nickel mgt” | ickel mg eth 0.01 

‘Tron mgx~! \ 0.48 | 

Zinc mgy Hl 
J |     

  
0.01 |



  

        

    

    

  

    
  

    
    

  

  

  

  

      

    

      
  

    

  

  

        
    
                          

| 
Churnet |Churnet |Chumet | Chumet| Chumet|Chur- | 
Abbey d/s Cheddle4 Con- Frog- net | 

SITE \Green Wardles ton sall |hall Oaka- 
Road Outfall.)| Station moor | | 

t r 
|DETERMINAND I MEAN MEAN MEAN MEAN MEAN MEAN 

Temperature °C 8.5 | 10.55 | 10.40 | 9.54 | 9.1 | 9.35 

ie w25 6.95 WicOS G07) 13) Zal 

D.0. mg! 10.49 | 9.82 | 9.29 | 10.04 | 10.39) 10.55 
=i | 

1B.0.D. mgy 2.29 6.47 | 4.09 | 3.59 3.66 3.46 

rota eemress | a1.04 |107.27 | 120.52 1114.55 |121.66 | 140.50 
{Ca Hardness mgi 
| (Caco) | | 
Ng Hardness mg. | | | 

(Caco?) | He } 
pheno ucnalesy Alka | f 
Linity mgi'!(Cacos | oO 4 

Tota} Alkalinity | 43,69 || 62.72 || 71.40 || 64.64,| 66.50|| 64.75 | 
AAG | 
Chloride mgi! 28.78 | 71.00 | 52.23 | 38.81 | 44-75 | 40.41, 

z T t 1 
Nitrate mgNi i | ' 

Nitrite mnt! IL | | | 

Total ox Not! | 4 cali 2.79 {| 3.17 | 3.2 || 3-25] 3.231] 
: = ] i 

emmantalmgNt | 0.55 || | 0.73 || 0,45 |; 0.48! 0.42 | 
= | i] 

[Phosphate mgt i 0.08 | 0.19 | | | 
(Suspended solids | | | | | 
(105°C) _mgiz 24.0 | 41.36|| 24.82 | 37.0 || 47.58 || 50,58 

-] | 

Copper mgt 0.012 0.015) | ee eae | * if | uf 
fone = i 
|Cadmium mgy e001" 0.01 | 

Lead mg\! | 0.01 0.01 
5 =T Ve. =i le mium mgt [chromium mg 0.01 0.01 | 

hi v | \Nickel mgt 0.01 0.01 | 

i 1 | T | 
[ron mgi 0.01 
ve = i t t | 
ine mg | 0.03 | | 0.033 |     

 



  

        

      

    
  

  

  

  

  

  

  

  

    
  

  

    
  

  

  

      
  

                  

iz Chumet | Tean Tean Blythe Blythe | Blythe 
Checkl4 Beam- /Ches- Temple Al ‘ a 

SITE son | eybank |hurst | wick | $e) | sersant 
! Green : | Mill 

\ - 1d 

|DETERMINAND MEAN MEAN MEAN MEAN MEAN MEAN | 
t 1 | 

Temperature °C 9.18 | 8.98} 10.52 | 9-61] 9.86] 10.33 | 

\pH. 7.14 7.4 | 7.70 7.62} 8.03 pias = | 7.76 

0.0. mgt 10.64 || 10.75 || 9.24 | 10.64 | 9.10 | 11.05 | 
Z | | | 

B.0.D. mgi! 3.18 || 2.13 | 7.05 | 3.36 | 2.58 | 3.00 
rota] pepasess | 137.50 | 225.73 | 265.07 | 204.58 , 209.58 |273.75 
Ca Hardness mgi 1 | 

[and (cacoa) | ‘ 
jig Hardness mgy | | 
| (cacos) | I ty | 
Phenol thalein Alka / | 
linity mgi-'(CaCcoa ! 1 = 

a es 66,25 | 147.63 | 185.07 | 115.83 | 133,08 163.75 
| 1 

‘Chloride ma 38.50 | 40.36 | 71.14 | 41.75 | 39,83] 46.00 | 

Nitrate mgt”! L | | ! 

Nitrite mgNt~ | i i 
t 1 

Total ox Nagi"! | 3.28 | 4.291 5 o> | 7.93 | | 5.13 | 
. iol | Ammonia mgNi 0.44 0.28 | 0.571, 0. sa 0.33, 0.18 

-1 i 
|Phosphate mgt | | | ! 
(Suspended solids | | j | 
(10sec) mgi-? | 54.0 | 7,9 | 14.14 10.92 | 46,50.| 9.25 

Foie ol 
[eepper mgt 

---~ si T 

fase mg. | | \ i i 

“1 | 
‘Lead mgt | ae + Chromium mgt | 
i { oy | F 

Nickel mgt! | | 

i =1 
Fron mg. | 

ba =T j t 1 Zinc mg, \ | | L   
  

 



  

Blythe | Blythe /Bourne | Bourne |Anker |/Anker 

SITE u/s Stone- |Over ne poner cee. 
| East— bridge |Whitacre y ie on 

cote 
_ Brook - 
      

~ 

DETERMINAND MEAN MEAN MEAN MEAN MEAN | MEAN       

      

      
Temperature °C 9.92 | 10,24} 9-62 | 10.5 | 11.01 49,59 | 

ipl. oo eOl8 | i.67)) 2089 fT Te27 ae) 35 

[p.0. mgt! 9.48 | 9.24 | 9.85 | 9.00 8.65 

B.0.D. mgr! 3.54] 3.08 | 1.56 | 4.0 i 4.68 4.52 
  

Tota] Handness | 236.15 | 242.72 | 390.08 | 282.5 | 327.57 332.80 
Ca Hardness mgl i | 

(Cacos) | 
Mg Hardness mg. | | 

(Caco?) | ab 
Eneno iene) 27n Alka \ | 
linity mgi7'!(CaCOa { | 4 

Total Alkalinity | [ 
agrel_fcacas) / | 140.77 | 142.75 {203.96 | 150.0 | 195.00 206.92 
Chloride mgi”! 48.15 | 50.83 

  

    
  

  

  

  

| 
67.54 | 64.0 | 187.21 192.03 

t 
Nitrate mgtit | ! 
  

Nitrite mgNt > | 
  

        

| 
| 
| 

| 

| 

| 
|     

  

  

  

  

  

| 

Total ox N mgr”! 8.09 8.17 | 11,433 | | 9.26 6.98 
: #5 | ae Ammonia mgNi~* 1.07 0.90 0.15 0.65|| 7-41] 7.69 

Phosphate mgt" | | 3489 +] 
Suspended solids 1 | I. We 17.12 (1050c) mgi-! | (14.38 | 12.58 18.75 | 22.9 | 13.5 | 17- 
Copper mgr! — | 0.08 | 0.02 | 0.0007 

a L + i canicmenats) < 0.01 | | 0.01 
S i i= Lead mgt”! |_0.03 0.026 | | 

\Chromium mgt! | 0.01 | | | 0.03 
deca fl } t - 1 

INickel mgt 0.01 [rosy 0.01 |                           Tron mg. 0.026 
‘ =T be i Eire mgy i 0.05 | | | | 0.037 

 



  

      

  

    

  

          
      

  

    
    

        
      

        
  

      

    
  

  

    
  

| Anker "Ue Tame Tame Ford: Ouse 
U/S West Brook |Ful- | 

SITE teehee Blue Brom- Reset Clay- well 
ae Billy | wich hanger | Bridge | | Bridge Tip. & ee 

! — ae |DETERMINAND | MEAN MEAN MEAN | MEAN MEAN MEAN 

Temperature °C 10.0 6.8 6.4 | 11.14 8.5 9.7 

IpH. 7.6 8.07 7,18 || 7.20 7.45 || 8.13 | bE ~ Fe ] i D.0. mgi7! 10.41 9.58 || 6.22 | 3.3 || 10.17] 
B.0.D. mgr! 3.35 | 4.25 | 6.50 | 10, 057, 11.25 | 2.42 | 
Tota] Hardness | { ota} Hardness {340.0 [327.50 | 334.0 (417.80 _| 293.75 
ICa Hardness mgt i 
| (CaC03) r ! 
Hg Hardness mgi | | | ; | | 

(caco?) | | | j 
enero pena! Alka 
linity mgi7!(CacOa | 

na Alkalinity | 205.3 1206.25 | 138.40 |243.34 |169.25 
Chloride mgi7! 145.4 111,25 197.19 | 78.75 39,75; 

= | 
Nitrate mgNt ] | | ; | 9.1 

Nitrite mgt7! | | 

Total ox Ng”! | 7.21 4.27 | 1.24 | 8.423) 1055 
Ammonia mgni~! 1.05, 9.95 | 1.24] 4.938! 4.90 | 9.11 
Phosphate mgi! 2.54 | 4.96 I. 
Suspended solids | 7 | i ' (1050c) mgi-! | 17-53 7,75 | 107.80 | 44.74 | 17.00 
A -1 : | 
Copper mgt | 9-013, 0.127 0.05 | 0.07 0.04 0.01 

ri - I | Cadmium mai’ | o.o1 0,015 0,01 | _0.012| 0.01 jae deo 
=] ] 

Lead mgt | 0.01 0.02 0.1 0.04 0.025 0.01 
  

|Chromium mgt!   0.02 0.01 0.012) 0.022] 0.02 0.01 

0.022 0.0124 0.03} 0.14 | 0.12 0.01 
      Nickel mgt! 

1 

s
n
 

                  | 2 

[fron mgy {e204 2.457 
      c

e
e
 

Zinc mg, !   | 9:93 g.903{ 1.84 0.40 | 0.075 = 0-0) 
  

 



  

          

  

          
    
    
  

  

    
  

    

Tove Tove Ascot | Clay- |Chay- [Ouse 
Bozenhan| Cappen-| Brook | don. don Stan- 

SITE Mill ham Brook |Brook |bridge 
Bridge Ford 

\ = 

|DETERMINAND | MEAN MEAN | MEAN | MEAN MEAN | MEAN 
} Temeracurelce 11.37 | 11.33] 8.66 | 9.77 8.62 | 10.68 | 

\pH. 8.17 | 8.11) 8.04 | 8.08 | 7.94 8.01 | 
in = [ | 1" | 

D.0. mgt”! 10,27 | 10.74) 8.93 | 10.29) 8.77| 8.26 

B.0.0. mgr! 2.18:)| 23-07) an ee23 2580 fe sation ba 5e| 
Tota] Hardness | ota} Hanan i 127.3 | 142.9 } 144.79 
Ca Hardness mgt | 

reas 1119.5 [133.0 | 139.60 
tig Hardness mg! | | ' | 

(caco3) tee 2 5.19 
Phenol caale 70 Alka i | 
Linity mgi='( Caco: | + 4 1 

Total Alkalini | oe 197.72 [198.84 | 224.33 

Ce 1 38.63 | 50,50 | 55.0 Chloride mgi : 40.25 | 38.00 | 50-50} 9-0 79.08 | 

Nitrate mw! =| a.38 | 7.93] 9.7 | 9.56 | 10.42 11.78 | 
  

Nitrite mgnt~! 
    

    
    

    

    

  

    

      

    

                        
| 
| 

eal 
Total ox N mgt”! ub | Es 
Ammonia mgNi! 0.11 0.14 | 0.50 | 0.20 | “0.37 16628) 

Phosphate mgt! | 0.95 | oss? | | 
Suspended sO 17G3 | | | i 
(1050¢) mgi |__ 0.01 | | | | 

[Copper magi”! | 0.01 [ [0,01 | 0.01 
Gann | 0.01 | 0.01 0.01 

Lead mg! | 0.01 | | 0.01 | 0.01. 
Chromium mg | 0.01 | 0.01 | : 

Nickel mgr! | 0.01 | 0.01 
Iron mg. 7! 1 0.01 i 0.26 | 0.14 

Zine mays \ | | | 0.01 | 0.04 | 
  

 



  

    
  

  

        

      
  

  

Ouse Ouse Ouzel Ouzel | Sett Sett 
Raven— Willen | Simpson] Hay- New 

SITE Olney | stone field | Mills 
| | Mill 

' I | 

r r 
| DETERMINAND MEAN MEAN MEAN MEAN MEAN | MEAN 

Temperature °C 12.35 || 12.37 | 12,04 | 9-25 | 15,00 | 9-67 

ipH. 8.16 7.06 8.12 8.17 7.8 7.34 
a r ] r | 
0.0. mgt 10.45 | 9.8 9.53 | 8.95 | 9.9 | 10-3 4 

eS | if | | 
'B.0.D. mgr! 2.55 | 3.12 | 3.23 || 0.9 | 2.08 | 
[Tota] Hardness | | | fota} Hardness | 146.5 i   iCa Hardness mgt 
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