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SUMMARY 

There is a need to determine quantitative relationships between fishery 

status and water quality in order to make informed judgements concerning 

fishery health and the setting of environmental quality standards for 

fishery protection. Such relationships would also assist in the 

formulation of a system for classifying fisheries. 

A national database of fisheries and water quality has been collated 

from the archives of pollution control authorities throughout the UK. A 

number of probable and potential water quality effects on fish 

populations have been identified from a thorough analysis of the 

database, notwithstanding large confounding effects such as habitat 

variation and fish mobility, and the generally sparse nature of water 

quality information. A number of different approaches to data analysis 

was utilised, and the value of each has been appraised. Recommendations 

concerning the integration of water quality assessment approaches have 

been made and further research on fishery status, and its measurement, 

in relation to water quality has been suggested. 
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SECTION 1 - INTRODUCTION 

This report has been produced as part of the WRc Environment Programme 

under project 3.1.1a, Water Quality and Fish Populations. 

Although a vast number of ecotoxicological studies have been performed 

on fish, few studies have attempted to quantitatively relate the 

distribution of fish populations in river systems to the prevailing 

water quality. Such field studies are needed to: 

i) Assist environmental managers in making operational judgements 

and decisions concerning the health and enhancement of fish 

stocks in relation to water quality management; 

ii) Determine whether 'fishery status' can be used in conjunction 

with existing and proposed classification schemes for the 

assessment of surface water quality, in order to give a more 

comprehensive appraisal; 

iii) Assist in the formulation of appropriate standards to support 

Environmental Quality Objectives (EQOs) concerning fishery health 

and general ecosystem conservation, which the National Rivers 

Authority (NRA) are statutorily bound to implement by 1992. 

There is a need to identify and quantify the constraints acting on fish 

populations so that informed decisions can be made on which ameliorative 

measures are appropriate to any given situation. 

NRA is responsible for the 1990 quinquennial River Quality Survey, and 

it is proposed that a biological system of classification, based on 

invertebrate fauna, is incorporated into this. It would therefore be 

desirable to investigate the relationship between fishery and biological 

status as assessed by invertebrate monitoring, in addition to that 

between fishery and water quality status. 



The formulation of use-related EQOs is underway, and water quality 

criteria will be adopted to safeguard each of these. Field-derived 

relationships between fishery status and water quality are of direct 

relevance to the protection of salmonid and cyprinid fisheries, and 

water quality criteria for general ecosystem protection are also likely 

to be influenced by the water quality requirements of fish. 

In view of the perceived needs described above, it was decided that an 

investigation should be conducted utilising the large historical field 

database accumulated by the water authorities. The agreed objectives of 

the study were to: 

i) Establish any relationships that may exist between fish 

populations, water quality and biological quality from data that 

are currently available. 

ii) Recommend future research that is required to both investigate 

these relationships further for the purposes of better management 

and to test the conclusions drawn in the study; 

iii) Make recommendations as to how the conclusions of this work may 

be applied to the operational management of water quality and 

fisheries. 

Objective (i) was subsequently broken down to include the following 

areas: 

a. investigation of the relationship between National Vater Council 

(NVC) river quality class and fishery status; 

b. investigation of the relationships between specific water quality 

determinands and fishery status; 

c. development of a computer program which combines the toxicities 

exerted by various water quality determinands to give an 

indication of total toxic effect at any given site; 



d. identification of fish species indicative of waters with 

differing levels of pollution. 

SECTION 2 - LITERATURE REVIEW 

2.1 LABORATORY STUDIES 

It is not within the scope of this report to review the toxicological 

database on fish, since the literature is extensive and has been 

reviewed by a number of workers; indeed, the Ecotoxicology Group at WRc 

are currently working on a review of the literature on toxicity to 

indigenous fish species. 

Comprehensive published reviews include: Alabaster and Lloyd (1982), who 

drew together the studies made by the European Inland Fisheries Advisory 

Commission (EIFAC) which led to the formulation of tentative water 

quality criteria for the most commonly occurring toxins; Spehar et al 

(1980), who reviewed over 400 references; Pickering et al (1989), who 

tabulated the findings of an extensive review on freshwater organisms in 

general; and Mayer and Ellersieck (1986), who have constructed a 

database on the acute toxicity of 410 chemicals to 66 species of 

freshwater organisms. 

Reviews of the toxicity to aquatic organisms (including fish) of ammonia 

(Seager et al 1988), chromium (Mance et al 1984a), inorganic lead (Brown 

et al 1984), zinc (Mance and Yates 1984a), copper (Mance et al 1984b), 

nickel (Mance and Yates 1984b), arsenic (Mance et al 1984c), vanadium 

(Mance et al 1988a), inorganic tin (Mance et al 1988b), organotins 

(Zabel et al 1988a), boron (Mance et al 1988c), sulphide (Mance et al 

1988d), iron (Mance and Campbell 1988), mothproofing agents (Zabel et al 

1988b), aluminium (O'Donnell et al 1984) and pH (Wolff et al 1988) have 

been published in a series of technical reports by the WRc. These form 

the basis of the respective UK existing and proposed Environmental 

Quality Standards (EQSs) (see Section 2.3). 



Atchison et al (1987) have reviewed the literature on the effects of 

metals on fish behaviour. Behavioural tests, particularly using 

avoidance reactions, are often used in the US to add environmental 

realism to traditional laboratory toxicity testing. Avoidance tests 

attempt to make allowance for the ability of fish to migrate from areas 

of harmful water quality, if given a distinct choice. However, Lowest 

Observable Effect Concentrations (LOECs) are often higher than the 96hr 

LC50, and the laboratory-induced boundary between good and bad water 

quality is usually sharp - a well-defined choice which would rarely 

occur in the field. This said, the sensitivity of chemoreception varies 

between species and between toxicants, such that avoidance responses can 

yield environmentally relevant data at sub-lethal concentrations. 

In addition, a number of other sub-lethal stress tests are in use, 

including growth tests, early life-stage experiments, and physiological 

and biochemical indicators. 

FIELD STUDIES 

A number of approaches have been adopted to investigate relationships 

between fishery status and water quality in the field. In some, the 

fishery of a river is investigated in relation to a particular polluting 

source, often upstream and downstream of a point discharge. Others are 

general fishery or ecological surveys of rivers in which the 

distribution and abundance of fish may be somewhat retrospectively 

compared to available water quality information. Another approach is 

the toxicity-based approach in which fish survey information is compared 

against indices of toxicity derived from laboratory toxicity testing. 

All of these approaches have been drawn upon in deriving water quality 

standards such as the EIFAC criteria (see Section 2.3). 

Studies of particular pollution sources 

There have been many investigations of the effects of pollution inputs. 

Examples include Herbert et al (1961) who investigated the effects of 

china clay wastes in three Cornish Rivers. Suspended solids were 



identified as being the principal variable between unpolluted and 

polluted sites. Suppressed brown trout (Salmo trutta L) populations 

were observed at the more polluted sites and fry were absent, suggesting 

a lack of breeding success. Though some fish at polluted sites showed 

evidence of gill damage and there was a reduced abundance of benthic 

invertebrate food available, the trout did not show a reduced growth 

rate. 

Tsai (1970, 1971) investigated the effects of sewage effluent discharges 

on fish communities in Virginia, Maryland and Pennsylvania. Chlorine 

deriving from the practice of chlorinating effluents was thought to be a 

major causative agent in the degradation of fish communities below 

outfalls, along with increases in turbidity resulting from sewage 

sludge. Ammonia and detergent concentrations were not considered to be 

toxic. The 1971 study found that the fish species diversity index, 

number of species and number of fish were well correlated with each 

other. These parameters were negatively correlated with measurements of 

total chlorine, detergent, ammonia, turbidity and total phosphate only 

at downstream stations in both amount and increment. Conductivity, 

alkalinity and acidity were negatively correlated with the fish 

community parameters at the upstream sites, downstream sites and with 

their increments. Nitrite-nitrate nitrogen concentrations were 

negatively correlated with fishery indicators at upstream sites. 

Dissolved oxygen levels were positively correlated to the fishery 

parameters which seemed to be of use in describing fishery quality. 

Many unpublished water authority reports have been produced describing 

fisheries in relation to identified pollution sources. However, these 

reports are not widely available and the water quality at sites of fish 

sampling is often inferred rather than being systematically measured in 

tandem with the fisheries data. Water authority reports on general 

surveys rarely link fishery status with temporally and spatially 

compatible water quality sampling. 



Learner et al (1971) and Edwards et al (1972) conducted ecological 

surveys of rivers in South Wales affected by industrial and domestic 

wastes. Learner et al (1971) studied the River Cynon, a trout stream 

and tributary of the River Taff, and noted discontinuities in fish 

populations below industrial discharges occurring in the lower river. 

Above the discharges, brown trout , bullhead (Cottus gobio L), eel 

(Anguilla anguilla L), minnow (Phoxinus phoxinus L), stickleback 

(Gasterosteus aculeatus L) and stoneloach (Noemacheilus barbatulus L) 

were recorded, though the most upstream sites and tributaries contained 

only bullhead and trout. In the vicinity of the discharges fish were 

absent, and downstream only minnow, sticklebacks and stoneloach were 

recorded. Pollution influences were: solids from the coal industry; 

raised concentrations of ammonia and biological oxygen demand (BOD); 

reduced dissolved oxygen concentrations; and possibly episodic 

concentrations of cyanide and phenol. Indications of organic pollution 

increased downstream. Both upper river reaches and clean tributaries 

showed an improved macroinvertebrate fauna when compared with the lower 

river and seemed to be greatly affected by inputs of coal solids. 

Edwards et al (1972) carried out a broader survey of the River Taff. 

Apart from domestic and coal industry wastes the river also received a 

highly organic effluent from a gelatin-making factory in the lower rive 

which showed reduced dissolved oxygen concentrations. Both the main 

river and the Rhondda, a major tributary, were found to have high 

concentrations of suspended solids and BOD, though dissolved oxygen 

levels were not significantly reduced. Though measured by the river 

authority, ammonia data were not presented and presumably it was not 

considered to be a significant toxicant in the system. Bullheads and 

trout were restricted to the upper river and tributaries. The authors 

considered bullheads particularly sensitive to solids, this species 

being absent from sites at which the average concentration of suspended 

solids exceeded 20 mg l-1. Stoneloach and minnows were widely 

distributed. Sticklebacks were widely but patchily distributed. 

Lampreys (Lampetra planeri) were only recorded at a single tributary 



site and eels were abundant, though restricted to the lower river. 

Weirs restrict the passage of migratory fish, such as eels, through the 

system. Solids were considered to be limiting trout through spawning 

success, though concentrations of copper and zinc in the Rhondda were 

also calculated (using methods described in Section 2.2.3) to be 

sufficiently toxic to restrict fish populations. The macroinvertebrate 

fauna was found to be impoverished at polluted sites. Gammarus was 

notably absent from much of the catchment; this genus was considered to 

be sensitive to suspended material by Hynes (1960). Asellus aquaticus 

was more widely distributed. Oligochaetes and chironomid larvae were 

abundant at polluted sites and these invertebrate taxa are typically 

common in organically-enriched waters with silty substrates. 

Williams and Harcup (1974) continued investigations on the industrial 

rivers of South Wales with a study of the fish populations of the River 

Sirhowy, a major tributary of the River Ebbw. The river, a trout river 

by nature of flow regime and habitat, was affected by high levels of 

suspended solids derived from the coal mining industry. Trout were 

widely distributed throughout the river but this was partially 

attributable to stocking of trout by angling clubs. Reproductive success 

was limited to some (cleaner) tributaries. Stoneloach and minnows were 

present throughout the main river and also occurred in some tributaries. 

Sticklebacks were also found throughout the river system as occasional 

specimens. Eels were only found in the lover river, probably reflecting 

access problems from the sea via the polluted Ebbw Fawr. Bullheads were 

restricted to tributaries and to small numbers in the upper river. 

Small numbers of roach (Rutilus rutilus L) and chub (Leuciscus cephalus 

L) were found in the lower river. 

A tributary of the River Taff, the Taff Bargoed, was the subject of 

invertebrate and fish studies by Scullion and Edwards (1980a, 1980b). 

The trout stream was polluted in its headwaters by acid drainage from 

coal stockpiles, by coal mine-water discharges in its middle reaches, 

and by ferruginous drainage in a tributary. Trout densities were very 

low downstream of the acidic and ferruginous discharges and were reduced 

in sections of the river with average suspended solids concentrations of 



100 mg l"1. Feeding of the trout was affected in the sites polluted by 

suspended solids, fish stomach contents containing a major increase in 

terrestrial invertebrates. Egg survival studies demonstrated reduced 

survival of eggs buried in the substrate at sites affected by both 

solids and ferruginous drainage. The acid-affected reach from which 

trout were absent was not subject to such studies. Stoneloach were 

widely distributed, though at a reduced density at sites affected by 

solids pollution. Only a single bullhead was found, suggesting 

sensitivity to both solids, acidity and possibly to ferruginous 

drainage. In an earlier study (Edwards et al 1972) carried out prior to 

extension of the coal stock-piles in the headwaters, the species had a 

shown a more extensive distribution. Minnows were present in the upper 

and middle reaches and eels were present in the middle and lower 

reaches. Sticklebacks were recorded in the tributary affected by 

ferruginous drainage. The presence of minnows in the most acid-affected 

reach was thought to be more a result of an ability to rapidly 

recolonize sites rather than, necessarily, a tolerance to pollution. 

Invertebrate communities were affected by the three pollution sources. 

Studies on the long-term effects of road construction on the ecology of 

a Canadian stream (Taylor and Roff 1986) found that there was a decrease 

in the numbers of bottom feeders (including mottled sculpin, Cottus 

bairdi) with an increase of midwater fish during the period of increased 

sediment deposition. Populations of bottom-feeding fish and the 

sediment-affected invertebrate community had recovered somewhat five 

years after the completion of the road. 

Van Loon and Beamish (1977) investigated the effects of heavy metal 

contamination, principally by zinc and copper, on the water chemistry 

and fish populations of some Canadian lakes. Populations of fish were 

found in lakes with a mean zinc concentration of 0.3 mg I"1 (calcium 

16 mg 1 _ 1, magnesium 3 mg l" 1), a zinc concentration known to have 

significant sublethal effects. However, yellow perch (Perca flavescens) 

and northern pike (Esox lucius) were apparently more successful than 

white sucker (Catostomus commersoni), walleye (Stizostedion vitreum) and 

lake whitefish (Coregonus clupeaformis), which were found in low 



numbers. The spawning success of the suckers appeared to be impaired. 

Populations of fish in lakes with zinc and copper concentrations of up 

to 0.09 and 0.01 mg l"1 respectively seemed unaffected by the metals. 

Mine drainage and resulting ferric hydroxide deposition was considered 

to reduce the standing crop of fish in a study in Pennsylvania, USA 

(Letterman and Mitsch 1978). Benthic fish such as sculpins (cf 

bullhead) were particularly affected, as was the biomass of 

invertebrates in the area of iron deposition. A similar study on the 

River Don in Lancashire (Greenfield and Ireland 1978) demonstrated 

problens of iron hydroxide originating from coal mine spoils. Bullheads 

and minnows were not found at or below a site of moderate pollution and 

further downstream. Sticklebacks and stoneloach were found at this site 

and also upstream along with the latter species. At heavily polluted 

sites no fish were found. Only sticklebacks and stoneloach were found 

further downstream below the confluence with the River Calder. 

Macroinvertebrate diversity was reduced by pollution, the upstream 

community consisting of oligochaetes, plecopterans, ephemeropterans, 

trichopterans, coleopterans, dipterans and molluscs and downstream 

consisting of oligochaetes and chironomid larvae. Minnows were 

apparently more sensitive than stoneloach in cage experiments in the 

River Don and a fishless tributary. 

Overrein et al (1981) studied the effects of acidification in Norway and 

presented a list of fish sensitivity based on field observations 

supplemented by tank experiments. The species considered most sensitive 

was the rainbow trout (Oncorhynchus mykiss Walbaum), followed by salmon 

(Salmo salar L), sea trout (S. trutta L), brown trout, perch (Perca 

fluviatilis L), char (Salvelinus alpinus L), brook trout (Salvelinus 

fontinalis Mitchill), pike (Esox lucius L) and eels. The relative 

importance of pH and aluminium was not stated in this listing. 

Stoner et al (1984) concluded from studies of fisheries in the acidified 

upper Tywi catchment that salmonid fisheries would be at risk where 

combinations of pH <5.4, dissolved calcium <100 ueql-1 and dissolved 

aluminium >20 ueq I"1 frequently occurred. Welsh Water (1986) conducted 

9 



a regional survey to assess the impacts of acidification on fisheries. 

A total of 90 sites were sampled in 15 major catchments on streams 

thought vulnerable to acidification. Quantitative fish stock assessments 

were made along with water and habitat quality analysis. Only 49 of the 

sites were thought accessible to migratory salmonids. Trout were absent 

from 10 of the 90 sites and were in low densities at a further 20. 

Salmon were found at 22 sites. Eels were found at 29 sites, minnows at 

10, bullheads at 9, lampreys at 5 and stoneloach at 4. In bivariate 

regression analysis, pH and aluminium (log-transformed) explained 

significant proportions of the variance in trout abundance (39 and 41% 

respectively). Thus at the deemed 'threshold' water quality of Stoner 

et al (1984), a pB of 5.4 and aluminium concentration of 20 ueq l - 1, 

expected trout populations would be 7 and 9 100 m~2 respectively. At a 

pH of 6 and aluminium concentration of 8 ueq 1 _ 1, levels thought to have 

little or no toxic effect on fish, predicted populations were 29 and 28 

trout 100 m~2 respectively. Product-moment correlation showed that 

trout densities were strongly correlated with acidity factors (ie 

negatively with aluminium concentrations and positively with pH, and 

calcium and magnesium concentrations) and also (negatively) with both 

zinc concentration and annual daily flow (ADF). Multiple regression 

equations were derived using variables that were not multicolinearly 

related but explained a high proportion of the variance of trout 

abundance: 

i) Log10Trout Density = 1.95 - 1.06 Log10Al - 0.285 Log10ADF -

0.718 Log10Zn 

ii) Log10Trout Density = -2.88 + 0.639pH - 0.806 Log10Zn - 0.300 

LogxoADF 

These explained 52% and 54% respectively of the variance. Habitat 

features (except ADF) were not regarded as very important for these soft 

water sites, though one site was omitted from the analysis as it was 

considered totally unsuitable for salmonids. 



Schofield and Driscoll (1987) studied the distribution of fish species 

in a North American catchment affected by acidification. Comparing the 

distribution of fish from historic data of 1931 with that of 1982, the 

authors found that there had been a decline in native species (eg brook 

trout, Salvelinus fontinalis; and slimy sculpin, Cottus cognatus), while 

some introduced fish species had become widely distributed. Non-native 

species (yellow perch, Perca flavascens; central mudminnow, Umbra limi; 

banded killfish, Fundulus diaphanus) were experimentally shown to be 

more tolerant at low pH sites than the native species in caged fish 

studies. High aluminium concentrations were recorded at sites showing 

low pH levels. A tentative classification of acid-tolerance within the 

system was presented, though is not reproduced here as none of the 

species are native to the UK. 

Young (1985) conducted a statistical analysis of water quality in the 

Anglian Region for the evaluation of the EQS for ammonia. Chemical and 

fish biomass data from 285 sites were subject to statistical analysis. 

The study demonstrated no significant correlation between fish biomass 

and ammonia concentrations, though there was considerable scatter in the 

fish data, probably due to habitat variability and fish movements (see 

Section 4.2). 

Cowx and Broughton (1986) studying changes in the species composition of 

anglers catches in the River Trent over the period 1969 to 1984 noted a 

change in dominance of fish caught from roach and dace (Leuciscus 

leuciscus L) to that of bream (Abramis brama L), chub, perch and eels. 

The authors suggested that water quality improvements in the river were 

largely responsible for these changes and presented chemical data 

showing declines in BOD, suspended solids and ammonia concentrations in 

the river. The changing techniques of anglers were also suggested as a 

contributory factor. 

2.2.3 Toxicity-based Studies 

Herbert et al (1965) extended laboratory investigations of common 

toxicants to study the toxicity of three river waters in the Midlands 

11 



where fish were believed to be absent. The rivers were affected by 

sewage effluents resulting in low dissolved oxygen levels and high 

levels of toxicants such as ammonia, nickel, zinc, copper, chromium and 

cyanide. Mortality rates of trout in aerated river water were studied 

in comparison to predicted toxicities based on laboratory studies. 

Copper and zinc were particularly significant toxicants in the studies, 

which demonstrated a reasonable agreement between the predicted and 

observed toxicities of the river water. 

Brown (1968) presented a method of calculating the acute toxicity to 

trout of mixtures of the (then) common industrial pollutants ammonia, 

phenol, zinc, copper, cadmium, lead, nickel and hydrogen cyanide. The 

technique included adjustments to the toxicity of these substances based 

on their known interactions with pH, hardness, alkalinity, dissolved 

solids and the dissolved oxygen concentration of the dilution water. 

The method relied on the available data on toxicity of these substances 

to rainbow trout and produced a predicted toxicity value as a fraction 

of the 48h LC50. The method assumed an additive effect of the 

toxicants. The use of the method in assessing the toxicity of surface 

waters also assumes the extrapolation of the degree of sensitivity from 

the laboratory to the field and also that the sensitivity of rainbow 

trout bears some relation to the sensitivity of naturally occurring 

species. 

Brown et al (1970) carried out a similar study to that of Herbert et al 

(1965) using a range of fish species (rainbow and brown trout, roach and 

dace) at a range of river sites (Rivers Erewash, Don, and Tees and 

Billingham Beck), including an estuary site (Tees). Fish were exposed 

to river waters in cages in situ and in aerated aquaria. Expected 

toxicities to trout were estimated from the method of Brown (1968). 

Predicted toxicities based on concentrations of molecular cyanide, 

copper, zinc, ammonia and phenol were close to those found. However, 

generally in both the studies of Brown et al (1970) and their analysis 

of the data of Herbert et al (1965) the observed toxicities were greater 

than those predicted, the observed 48h LC50 being between 0.6 and 0.7 . 

rather than 1.0 times the predicted LC50. There was a greater 

12 



underestimation of values from saline waters, the LC50 values being 

about 0.3-0.A of the predicted values. The value of applying toxicity 

predictions in these instances is therefore reduced. The difference 

between predicted and observed results would probably have been reduced 

if more toxicants could have been included in the predictive 

calculations. Other contributory factors were interactive effects of 

toxicants on the fish (estimations of toxicity presume an additive 

effect) and also the effects of fluctuating toxicant concentrations, 

which were averaged for predictive calculations. Brown et al (1970) 

found coarse fish more resistant than trout, with dace being more 

resistant than roach. 

Alabaster et al (1972) extended the toxicity approach and presented 

plots of the proportion of 48h LC50s against the cumulative percentage 

of samples taken from a particular river from both fishless sites and 

those where fish were present. The toxicity predictions excluded the 

effects of low dissolved oxygen levels and also of non-assayed 

substances such as detergents, chlorinated hydrocarbons and suspended 

solids, but there was a reasonable agreement between the state of 

fisheries and the predicted toxicities. Predicted toxicity was 

calculated as the sum of estimated fractions of the 48h LC50 for trout 

of concentrations of soluble copper, zinc, phenol, ammonia and cyanide. 

In the Trent catchment, for sites reported to have both trout and coarse 

fish, the predicted toxicity was always less than 0.3 with a median 

value of 0.1. At fishless sites, though the sum was less than 0.3 for 

55% of the sites the median was about 0.25. Further samples taken in 

1968 and 1969 on the Trent included additional analysis for nickel and 

cadmium. The distributions of predicted toxicities for 1968 showed 

median toxicities of 0.1 for game fisheries and 0.2 for coarse 

fisheries. The corresponding values for 1969 were 0.03 and 0.12 

respectively. In 1968 the division between fishless and fish-supporting 

waters was demonstrated at a median toxicity of 0.28, with 5 and 95 

percentiles (95%ile) of 0.1 and 0.73 respectively. Consideration of 

dissolved oxygen concentrations indicated that only slightly raised 

concentrations may have enabled fish survival at some marginally 

fishless sites. The contribution to the toxicity of nickel, chromium 
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and cadmium was underestimated in the predictions based on 48h LC50 

values as these toxicants are all demonstrably toxic to fish in the long 

term. Recalculations based on median threshold concentrations increased 

both the contributions of these and total metals to the overall 

toxicity. Studies on the Willow Brook demonstrated a predicted median 

toxicity value for the boundary between fishless and fish-supporting 

sites of between 0.32 and 0.25, comparing well with the value of 0.28 

for the River Trent. 

Studies on the Willow Brook were continued by Solbe (1973). The stream 

was affected by mining (iron ore), and industrial and sewage effluents 

with high ammonia, phenol and low dissolved oxygen concentrations being 

recorded at times. Zinc and anionic detergents were also consistently 

recorded at significant concentrations, though the detergent residues 

were presumed to be relatively harmless. Iron, copper, lead, cadmium, 

chromium, nickel and mercury were also present. In general, however, 

only zinc, ammonia and to a lesser extent, copper and lead contributed 

to the predictions of toxicity. Considerable day-to-day fluctuations of 

predicted toxicity were shown at sites, though overall values and 

fluctuations decreased further downstream of discharges due to dilution, 

attenuation and the buffering effect of lakes in the system. 

Distribution plots of predicted toxicity demonstrated significant 

departures from a straightforward log-normal plot at a high (cumulative) 

percentage occurrence, such that predicted toxicities exceeded those 

expected from extrapolation of the data up to a given level of 

occurrence. It was thought, however, that exposures to potentially 

lethal concentrations for short periods of time could be tolerated by 

fish, such that a fishery could be maintained. The site showing the 

highest median and 95%ile toxicity values (0.45 and 2.35 respectively) 

was fishless. Fisheries improved downstream with decreasing median 

toxicity, a good mixed fishery occurring at the most downstream site 

where the median predicted toxicity was 0.17 and the 95£ile value was 

0.62. Roach predominated at some of the more upstream of polluted 

sites, though sticklebacks predominated at the most impacted site at 

which fish were present. Stoneloach were suggested as being a sensitive 

species, being absent after a period of poor water quality. Dace, chub 
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and minnow were thought more sensitive than roach, tench (Tinea tinea L) 

and gudgeon (Gobio gobio L) as the latter species existed in waters 

having a median toxicity of over 0.34 of the predicted 48h LC50 to 

rainbow trout whereas the former were rarely found penetrating the brook 

upstream of a reach having a median toxicity value of 0.17. Laboratory 

studies were later carried out on the toxicity of zinc and cadmium to 

rainbow trout and stoneloach to investigate the distribution of 

stoneloach in the Willow Brook (Solbe and Flook 1975). Stoneloach were 

found to be more sensitive than trout to zinc but much less sensitive to 

cadmium toxicity, suggesting that the absence of the fish in the latter 

part of the study may be explained by zinc toxicity. A further study of 

Willow Brook (Solbe 1977) demonstrated that invertebrate diversity and 

biotic indices were found to increase downstream with improving water 

quality, and although this improvement was similar to the change of 

status of the fishery it was not possible to predict the fish community 

on the basis of biotic indices alone. 

Solbe and Cooper (1975) studied the fisheries of the River Churnet in 

relation to the predicted toxicity of the river water. The river was 

polluted by sewage and trade wastes, leading to low dissolved oxygen 

concentrations at some sites and, more generally, to high concentrations 

of copper, zinc and lead. Again at sites with a high predicted toxicity 

largely due to copper, fisheries were severely affected. Trout and 

bullhead were found in both upstream and tributary sites. Sticklebacks, 

minnow, pike and stoneloach were present at a small number of sites, 

including the most downstream site, accessible from the River Dove. The 

same authors conducted work on the River Tean (Cooper and Solbe 1978). 

The effluent from a sewage treatment works (STW) receiving domestic and 

industrial wastes affected the water quality of the river system. 

Compared to the single water quality sampling site above the discharge, 

the two sites downstream showed raised concentrations of hardness, 

alkalinity, conductivity, dissolved solids, oxidised nitrogen, soluble 

phosphorus, BOD, and the metals cadmium, chromium, nickel, lead, copper 

and zinc. Median predictions of toxicity (as a proportion of the 

48 hour LC50) to rainbow trout at the three sites did not exceed 0.12, 

and 95%ile toxicities did not exceed 0.225. However, the toxicity of 
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cadmium was considered to be underestimated using the short-term 48h 

LC50 approach, and estimations based on known lethal threshold 

concentrations indicated the fraction of threshold toxicity exceeded 

unity due to cadmium alone at the middle site which was most influenced 

by the discharge. Undiluted effluent was lethal to rainbow trout in 

fourteen days. Fish were present throughout the River Tean (eleven 

sampling sites) though trout were absent below the sewage works, except 

for a single fish which may have been introduced. The limited trout 

distribution may have been attributable to cadmium toxicity. Other, 

probably less sensitive, species (bullhead, stickleback, minnow and 

stoneloach) were more widely distributed, though stoneloach were not 

found in the vicinity of the STW. 

Howells et al (1983) investigated water quality, fish and invertebrates 

in the Mavddach river system, Wales. Water quality problems included 

copper, zinc and iron from natural outcrops and abandoned mines and 

reduced pH values. Predicted toxicities of copper and zinc were 

calculated and the median fractions of the threshold LC50 to rainbow 

trout exceeded 0.4 in two tributaries. The Mawddach headwaters at times 

showed low pH values with 95%iles of less than 4.75. Trout were widely 

distributed throughout the system as were eels. Minnows were found in 

one of the polluted tributaries. The trout caught included sea trout 

smolts at some downstream sites in the system. The biomass of trout 

populations at each site was closely related to predicted toxicity 

values. Number and biomass of trout were reduced to zero at predicted 

threshold LC50 values of about 0.6 (median) and 1.3 (95 percentile). 

Low pH was considered to be a contributory factor to reduced stocks in 

the Mawddach headwaters. Aluminium concentrations were not measured but 

were presumed to be low. Fish biomass was found to be unrelated to 

invertebrate biomass. The distribution of Ephemeroptera was related to 

the recorded pH and hardness (though not metal concentrations); few of 

these invertebrates were found in the Mawddach. 

Pihan and Landragin (1985) extended the approach of Alabaster et al 

(1972) in a study of the fisheries of French rivers showing varying 

degrees of pollution. Cumulative percentage plots of predicted toxicity 
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indicated fashless sites would be found to have median and 95£ile 

toxicities exceeding 0.8 and 1.75 times the 48 hour LC50 to rainbow 

trout. 'Good' fisheries would be expected where predicted median and 

95%ile toxicities were less than 0.3 and 0.7 respectively. Between 

these median and 95%ile values, intermediate and perturbed fisheries 

were expected. The distribution of data from two rivers was very skewed 

above a percentile value of around 98 indicating that the use of 

distribution up to and including the 95%ile value would severely 

underestimate the toxicity at more extreme values. This demonstrated 

that even the use of 95%iles as a measure of extremes may be inadequate. 

In another investigation of the effects of acidity and other factors, 

Turnpenny et al (1987) studied the fish populations of some streams in 

Wales and northern England. Of 60 streams sampled, 45 contained fish. 

All contained trout, 13 contained eels, 6 salmon, 6 minnow, 2 bullheads 

and one site contained lampreys. The more acidic sites showed fewer 

fish species and reduced densities. Acidic sites showed raised 

concentrations of trace metals (Al,Cu,Zn and Pb), and the absence or 

reduced density of trout (and salmon) was related to high monomeric 

aluminium concentrations (>40 ugl"1) and predicted toxicity values (>0.4 

- see Section 2.2.3) of copper, zinc and lead combined (based on the 

threshold LC50 to rainbow trout). The effects of water quality were 

thought to be direct rather than secondary effects through the food 

chain. The authors categorised the sites according to criteria thought 

only applicable to waters of similar water chemistry (ie mean pH>5.0, 

calcium<lmg I"1): 

Good fisheries: AK40 ugl"1, Cu-Pb-Zn toxicity 

<0.4 tLC50 

Moderate fisheries: AK40 ugl"1, Cu-Pb-Zn toxicity 

0.4-0.7 tLC50 

Poor fisheries or fish absent: Al>40 ugl"1, Cu-Pb-Zn toxicity 

>0.7 tLC50 
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2.3 FISHERIES CLASSIFICATION AND ENVIRONMENTAL STANDARDS 

The Report of the 1970 UK River Pollution Survey (DOE 1970) included 

fisheries considerations in river classifications. Class A rivers were 

regarded as those with good game or mixed fisheries. Class B rivers 

were regarded as those with good mixed fisheries. Class C rivers were 

regarded as those with moderate to poor fisheries, with fish populations 

being mainly restricted to roach and gudgeon. Class D rivers were those 

known to be incapable of supporting fish life. Such consideration of 

fisheries was not included in later surveys. The Association of River 

Authorities produced a working party report (Tombleson 1974) on coarse 

fisheries which included estimated limits of water quality to support 

types of coarse fishery based on Trent River Authority data (Table 1). 

The derivation of these limits was not explained but as they are 

relatively high one assumes that they were set on the broad bands of 

water quality in which the types of fish were found. 

Table 1 - Limits of quality to support types of coarse fisheries 

(after Tombleson 1974) 

Fishery BOD Ammonia Dissolved oxygen Temperature 
mg l"1 mg 1_1 mg l-1 °C 

Grayling/Trout <3.3 <0.5 >6.9 <20 
Chub/Dace <5.0 <0.9 >5.0 <28 
Roach/Gudgeon <9.5 <3.3 >2.0 <30 
No Fish >9.5 >3.3 <2.0 >30 

UK Environmental Quality Standards pertinent to the protection of 

freshwater fish are outlined in Appendix A.l. These are derived from 

the European Council Directives 78/659/EEC (the 'freshwater fish' 

directive - CEC 1978) and 76/464/EEC (the 'dangerous substances' 

directive - CEC 1976). Those standards derived from the former 

directive only apply to designated (either salmonid or cyprinid) river 
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stretches; no national standards have yet been adopted for some of these 

parameters (eg DO, suspended solids). However, NRA regions may have 

adopted their own environmental standards for the protection of 

fisheries and other freshwater life. 

EIFAC has developed tentative water quality criteria for the protection 

of freshwater fish, concerning commonly occurring toxins (Alabaster and 

Lloyd 1982). 

The US Environmental Protection Agency (EPA) periodically review 

ecotoxicological information (EPA 1986) pertinent to the extensive list 

of EPA water quality criteria, given in Appendix A.2, and update these 

criteria as necessary. 

SECTION 3 - ANALYSIS OF NATIONAL DATABASE 

3.1 DATA COLLATION 

3.1.1 Data sources 

Information concerning fish and biological (invertebrate) surveys, and 

routine water quality monitoring sites, was gathered from the NRA 

regions. In Scotland, the River Purification Boards (RPBs) provided 

invertebrate and water quality data, whilst the Department of 

Agriculture and Fisheries for Scotland (DAFS) provided fisheries 

information. Water quality and invertebrate data were also provided by 

the Department of the Environment (Northern Ireland) (DoE(NI)), whilst 

the Department of Agriculture for Northern Ireland (DANI) provided 

fisheries information. 

3.1.2 Site selection 

An effort was made to cover a wide range of water quality and habitat 

types. In addition, the following site selection criteria were generally 

adhered to: 



i) the fish, water quality and invertebrate monitoring sites (termed 

the 'linked sites') all lie within approximately 1km of each 

other (the site is not rejected if a linked invertebrate 

monitoring site is absent); 

ii) there is no interference between linked sites from significant 

tributaries, weirs or (as far as is known) effluent discharges; 

iii) the linked sites do not straddle NWC class change, as identified 

by the appropriate quinquennial River Quality Survey map; 

iv) a minimum of 6 routine water quality samples were taken in the 12 

months preceding the date of the fish survey, each comprising at 

least a basic sanitary analysis; 

v) fish data are available as true estimates of both density and 

biomass on a species-by-species basis, preferably including the 

minor species; 

vi) the date of the invertebrate survey lies (approximately) within 

the 12 months preceding the date of the fish survey (if not, the 

linked invertebrate monitoring site is rejected). 

Ninety-one sites were selected from the information base supplied, of 

which 13 have 2 datasets, 1 has 3 datasets and 2 have 4 datasets, due to 

repeat fish surveys. This results in a grand total of 112 datasets. 

However, of the 91 sites, only 45 (56 out of 112 datasets) had linked 

biological (invertebrate) monitoring sites. A regional breakdown of the 

sites is given in Table 2, and full details are given in Appendix B. 

In using site selection criterion (v), which was included in order to 

produce a database that was fully quantitative and as compatible as 

possible, a significant proportion of potential sites has had to be 

omitted. Apart from criterion (v), a large number of sites was also 

rejected on the basis of criterion (i) (including all sites in Northern 

Ireland on the River Bush), the other criteria being of less importance. 



Table 2 - Regional breakdown of the database 

(Linked) Repeat (Repeat) 
(invert) fish (invert) 

Region Sites (sites) surveys (surveys) 

NRA Anglian 
NRA North West 
NRA Severn Trent 
NRA South West 
NRA Southern 
NRA Thames 
Tweed RPB 
Forth RPB 

24 
4 
24 
9 
11 
8 
9 
2 

91 

(14) 
( 0) 
(17) 
( 1) 
( 2) 
( 5) 
( 5) 
( 1) 

(45) 

1 
0 
17 
0 
1 
1 
1 
0 

21 

( 0) 
( 0) 
( 9) 
( 0) 
( 0) 
( 1) 
( 1) 
( 0) 

(11) 

Parameter selection 

Fisheries 

A number of parameters can be used to assess fishery status. Population 

density and biomass, relative abundance and presence/absence are the 

most frequently used within the NRA, but other useful characteristics 

include growth rate, production, species diversity, age structure, body 

condition and even trophic structure. 

Growth rate and production have the advantage that they measure dynamic 

processes which relate to water quality over any desired timescale; the 

main disadvantage is that they are density-dependent, such that an idea 

of carrying capacity is required for proper interpretation (Zalewski 

et al 1985). Species diversity, either in its simplest form of 'number 

of species' or as a diversity index incorporating abundance, has often 

been used to indicate fish community degradation (eg Portt et al 1986; 

Tsai 1970; Lelek 1981). Age structure can identify the timing of 

significant events affecting fish populations, but cannot readily 

distinguish them from natural fluctuations in year class strength. Body 

condition gives an indication of the degree of stress to which 

individual fish are subjected. Trophic structure can be used to show 

21 



how fish populations are thrown out of equilibrium by environmental 

perturbation, and is a fundamental constituent of the Index of Biotic 

Integrity (IBI) (Karr 1981), in association with species composition, 

abundance and fish health (condition). The IBI is increasingly used in 

the US as an indicator of habitat degradation. 

Of the fisheries characteristics mentioned above, density, biomass and 

species composition (presence/absence and species number) were available 

at nearly all sites in the database. Density and biomass are broken 

down to the species level, but at a proportion of sites only 

presence/absence or no data are available for the minor species. All of 

these parameters have been utilised in the data analysis. 

Water Quality 

A list of desired parameters for inclusion in the data analysis was 

formulated from the toxicological literature (see Appendix C), but 

inevitably parameter selection was largely controlled by data 

availability. It was decided to use the water quality data for the 12 

months prior to the date of the fish survey at each site, and a 

determinand was rejected at any given site if the frequency of analysis 

was below 6 per annum. Appendix C shows the frequency of occurrence of 

each desired water quality parameter within the database. The appendix 

includes some parameters which are not toxic to fish (eg hardness, 

conductivity) but which have a bearing on the toxicity of other 

parameters. 

For the majority of sites only a basic sanitary suite was available, 

comprising: 

Temperature 

pH 

Dissolved oxygen (DO) 

Total Ammonia (NH3N) 



Biochemical Oxygen Demand (BOD) 

Suspended Solids (SSLDS) 

Nitrite (N02N) 

Nitrate (N03N) 

Phosphate (P04) 

In addition, metal analyses (usually 'total' but occasionally 

'dissolved') may have been performed, which would normally comprise the 

following: 

Zinc (Zn) 

Chromium (Cr) 

Nickel (Ni) 

Copper (Cu) 

Cadmium (Cd) 

Lead (Pb) 

Aluminium (Al), Arsenic (As) and Iron (Fe) occur rarely in the database. 

Cyanide (CN), synthetic detergents, and all types of organic determinand 

either do not occur or occur at a frequency lower than 6 samples per 

annum; for this reason, these determinands were not considered in the 

data analysis. 

The NVC class of each site was taken from the regional maps of the 

quinqennial NWC River Quality Survey closest to the date of the fishery 

survey. It was decided to assess NWC class in this way because: 

i) unless an NRA region produces interim NWC class assessments, the 

quinqennial maps are the most current assessment available to 

environmental managers; 

ii) as the criteria used for NWC class assessment varies between NRA 

regions, a separate assessment based on the water quality data 

used in this study would produce a measure of standardisation 

which in reality does not exist. 



No NWC class is ascribed to sites in Scotland, since a different 

classification scheme is used there. 

Habitat 

Habitat is one of the major determinants of the size and nature of fish 

populations, upon which the effects of water quality are superimposed. 

It is important, therefore, to consider habitat as fully as possible in 

a study such as this, where fish populations from very different 

habitats are being examined within the same database. Milner et al 

(1985) give an indication of the habitat characteristics that influence 

fish distribution, and the subject is discussed further in Section 

3.2.2. 

Unfortunately, habitat characteristics are inconsistently observed 

(between regions) during fish surveys, and when they are observed there 

is no UK-wide (or even NRA-wide) standardisation on the specific 

parameters to be reported. Channel width is the only regularly recorded 

habitat parameter, with water depth (either as a mean or a maximum) 

being recorded in some regions but not in others. Channel width has 

been found to be a useful habitat parameter (Huet 1959), mainly due to 

its relationship with flow (Pitwell 1976). Water depth may indicate a 

potentially restrictive habitat (shallow water) or areas of reduced DO 

(deep water). Where water depth was recorded as a maximum value it was 

converted to a mean depth by applying a factor of 0.67, on the basis of 

the relationship between maximum and mean depth in the cases where both 

were available. 

Observations on substrate composition and vegetation cover are recorded 

in some regions, but not in a manner consistent between regions. For 

this reason these parameters have not been included in the database. 

The hydrological regime (flow, current velocity) has a great bearing on 

fish distribution, and must be taken into account in some way. Current 

velocity determines substrate composition and influences natural 

longitudinal gradients in dissolved oxygen and temperature, apart from 



having a direct effect on river flora and fauna. Since current velocity 

is only available from perhaps one or two gauging sites in any one 

catchment, slope has been used as a surrogate parameter. Slope is 

directly related to current velocity and flow rate (Pitwell 1976) and 

may conveniently be taken from Ordnance Survey (OS) maps. The 

combination of channel width and slope give an even better 

representation of flow (Persoone 1979). Slope, along with altitude, was 

taken from Is50 000 OS maps. 

Appendix C shows the frequency of occurrence of each habitat parameter 

within the database. 

Invertebrates 

Although invertebrate biomass or density would probably be a more 

relevant parameter in relation to fishery status (although this would 

not account for prey preference), invertebrate data is generally 

recorded on a presence/absence basis and formulated into a biotic score. 

Different biotic scores have found favour in different regions (eg the 

Trent Biotic Index in NRA Severn Trent Region and the Lincoln Quality 

Index in NRA Anglian Region), but all regions calculate the Biological 

Monitoring Working Party (BMVP) Score and some calculate the associated 

Average Score Per Taxon (ASPT). Since these are the only invertebrate 

scoring systems that have been used on a widespread basis and are thus 

available at most sites, the BMVP score and ASPT have been adopted in 

this study. 

Appendix C shows the frequency of occurrence of the BMVP score and ASPT 

within the dataset. 



LIMITATIONS OF THE APPROACH 

Database constraints 

Fisheries data compatibility 

Variations in the efficiency of capture of smaller individuals due to 

differences in capture techniques means that comparison of fish density 

data between regions (and within regions to some extent) may not be 

justified. For the purpose of the data analysis it is assumed that 

these smaller individuals do not constitute a significant proportion of 

the population biomass, such that comparison of biomass data between 

regions is justified; the validity of this assumption will depend upon 

the age structure of the population, such that there will be a tendency 

to under-estimate the biomass of 'young' populations. 

Management priorities in some regions result in the 'minor' species 

either not being recorded or being recorded only on a qualitative basis 

In regions where migratory salmonids dominate, emphasis is usually 

placed on fish density, since it is the number of immature individuals 

available to participate in migration that is important rather than 

their weight. 

A number of methods of population estimation have been used within the 

database, involving both catch-depletion (eg Zippin 1958, Seber and Le 

Cren 1967) and mark-recapture techniques. It has been assumed that the 

discrepancies introduced into the database by the use of these various 

methods are not significant. 

Seasonal movements of fish (see Section 3.2.2) associated with spawning 

and winter aggregation have implications for the comparability of 

population estimates made at different times of the year. Ideally, the 

fisheries database would have been standardised to a narrow time window 

but, owing to the high number of site rejections based on other site 

selection criteria, this was not possible. 



Water quality characterisation 

An advantage of pollution monitoring using biological systems rather 

than a direct chemical assessment of water quality is that organisms 

will respond to toxins in the water irrespective of whether they are 

looked for analytically (Hellawell 1986). This means that when 

attempting to relate chemically monitored water quality to biologically 

monitored water quality, relationships will be obscured where toxins 

occurring in significant concentrations are not analysed for. This is 

very likely to be the case with the restricted water quality database 

used in this study (see Section 3.1.3). 

Furthermore, organisms respond to the combination of all toxins present, 

and their synergistic, antagonistic or additive efffects. Little work 

has been performed on the combined effects of toxins, making 

environmentally realistic characterisation of water quality difficult. 

Discrete chemical sampling has a further disadvantage over biological 

monitoring in that it is unlikely to detect infrequent but ecologically 

significant pollution episodes. This means that the water quality 

database used in this study may miss real relationships between water 

quality and fisheries due to an inadequate sampling regime. 

For the purpose of analysis the water quality data collected in this 

study needed to be summarised in an environmentally meaningful way. 

Measures of central tendency, such as the mean or median, may be used, 

or emphasis can be placed on extreme events by using an upper percentile 

(traditionally the 95%ile). Alternatively, synoptic (in relation to the 

fish survey) assessments of water quality may be used. In reality, the 

statistic that best characterises the water quality at a particular site 

will depend upon local circumstances which will vary between sites. 

In areas of relatively uniform water quality, a measure of central 

tendency will best characterise ambient water quality conditions. 

However, at a site where water quality fluctuates and the fish 

population is largely isolated from other populations by barriers such 



as weirs, recovery of that population following a fish kill will be 

slow. This means that an upper percentile is likely to best represent 

the water quality at that site (unless restocking is undertaken - see 

Section 3.2.2). Conversely, at a site where potentially recolonising 

populations are in close proximity and have free access, the effect of a 

fish kill on fish catches is likely to be short-lived. In this case, a 

measure of central tendency is likely to best represent water quality. 

In regions of heterogeneous and fluctuating water quality, fish 

populations may intermittently migrate into and out of an area if 

avoidance reactions are triggered; synoptic measurements of water 

quality would be most appropriate in such cases. 

Any summary statistic chosen will inevitably be a compromise which best 

represents the database as a whole rather than any individual site. 

Confounding field effects 

Henderson (1985) divides the factors determining fish assemblages into 4 

groups: 

i) dispersive factors (concerning the arrival of fish at a given 

site); 

ii) autecological factors (concerning the physiological constraints 

to species distribution); 

iii) synecological factors (concerning relationships between 

organisms, including competition and predation); 

iv) stochastic factors (concerning natural variability). 

For the purposes of a study which attempts to quantitatively relate 

fishery status to water quality in heavily manipulated aquatic systems, 

it is necessary to modify Henderson's groupings. Group (i) must include 

not only dispersive factors but also the tendency of different species 

to range, migrate or shoal, which will cause the population size at any 



given site to vary with time; this group can be renamed 'fish 

movements'. From group (ii), those autecological constraints which are 

caused by anthropogenic alterations of water quality (ie pollution) must 

be extracted, such that only habitat constraints on species distribution 

are included; this allows all effects attributable to pollution to be 

determined. Lastly, to the A groups should be added two more: v) fish 

stocking activities; and vi) acclimation to elevated toxicant levels, 

acting at either the population level (genetically) or the individual 

level (physiologically). 

These 6 groups can be seen as those factors which act to obscure the 

relationship between water quality and fishery status, and will now be 

discussed in turn. 

Fish movements 

The colonising potential of a species, given suitable habitat, and its 

population size (in terms of density and biomass) at any given time, are 

both largely dependent upon: 

i) mobility and the tendency to range/migrate; 

ii) the possible existence of barriers to fish movement. 

Due to these factors some species have a patchy geographical 

distribution, especially on a catchment scale (since movement across 

watersheds is extremely difficult); such distributions will be largely 

dictated by local stocking activities (see Section 3.2.2) if the species 

are popular with anglers. 

Early workers suggested that within catchments many coarse species moved 

about within a very limited area, termed the 'home range' (Gerking 

1953). Later mark/recapture studies have indicated that species such as 

gudgeon, roach (Stott 1967) and perch (Bruylants et al 1986) have mobile 

and static components to the population. Stott (1967) suggested that 

such mobile components are likely to be important in the rapid 



recolonisation of sites with depleted populations following catastrophic 

events. Bruylants et al (1986) found that the mobility of perch 

populations increases with increased uniformity of habitat. Linfield 

(1985) suggests that there is a tendency for older dace and chub to move 

upstream that compensates for the downstream drift of fry. 

Winter aggregation is commonly observed in some species (Jordan and 

Wortley 1985, Hynes 1979), particularly cyprinids, probably associated 

with movement into deeper water. Jordan and Wortley (1985) found winter 

aggregations of up to 1787gm~2 in the Norfolk Broads, and concluded that 

in this area at least, accurate population estimates can only be gained 

in the summer when fish are maximally dispersed. 

Superimposed upon these general fish movements are spawning migrations, 

in which many species will move upstream, spawn and subsequently 

disperse downstream (Hynes 1979). A number of cyprinids (including 

chub, dace and barbel, Barbus barbus L), and also non-migratory brown 

trout, are known to undertake such spawning movements, often taking the 

fish into small tributaries. Lelek (1981) estimated that a river 

stretch of 10 - 15 km, preferably with an inflowing tributary, is 

required to satisfy the complete life cycle of the barbel. 

The scale of such fish movements will depend upon the geographical 

extent of the autecological range, the presence of barriers and, in the 

case of general fish movements, is also likely to depend upon the 

uniformity of habitat. Barriers to fish movement can take a physical 

form, such as weirs, waterfalls and depleted flows, or may be due to 

stretches of poor water quality; any of these types of barrier may be 

seasonal. Linfield (1985) observed that a species will not occur 

naturally above an impassable weir if its fry cannot hold station above 

that weir. At a catchment level, watersheds are an efficient barrier to 

fish movement. 

Species mobility is taken to the extreme in the case of migratory 

salmonids, where the presence of an adult at a particular site is not 

only dependent upon the water quality at that site, but upon the 



presence/absence of barriers, both physical and chemical, at all points 

along its migratory path. Its accrued biomass is a function of the 

quality of its marine feeding grounds. Clearly, adult migratory 

salmonids cannot be included in a study such as this, where fishery 

status is being related to site-specific water quality. In this case 

the population is taken as the pre-migratory immature individuals only; 

however, even this is dependent upon the adults' spawning success and 

therefore upon the physical and chemical constraints acting along the 

river's entire length. This dependence is partly compensated for by 

increases in the survival rate of fry at low population densities (low 

breeding success). 

It is evident, then, that within populations of certain species, a 

proportion of fish are likely to range over fairly large areas unless 

their movements are restricted (by autecological constraints and/or 

physico-chemical barriers) and, unless water quality is uniform 

throughout their range, that such species will be subjected to a variety 

of water quality regimes which will confound relationships between 

fishery status and site-specific water quality. One compensatory factor 

is that in regions of particularly poor water quality, avoidance 

reactions (see Section 2.1) will dictate that the likelihood of capture 

is low compared to that of regions of water quality above the avoidance 

threshold. However, this is an effect which may produce transient 

populations in areas of fluctuating water quality, making the timing of 

the fish survey all-important and requiring that synoptic measurements 

of water quality be made if a relationship between fishery status and 

water quality is to be determined (see Section 3.2.1). 

Those fish species that are more sedentary in nature are likely to bear 

a closer relationship to site-specific water quality than the more 

mobile species, although distribution may be patchy due to poorer powers 

of colonisation (as mentioned above). Such species include the bullhead 

and the stoneloach. Swales (1988) also found that chub exhibited a more 

sedentary pattern of activity than dace in the River Perry, although the 

spawning migratory behaviour of the chub must be borne in mind. 



Autecological effects 

Longitudinal gradients of a number of physico-chemical variables exist 

in rivers, of which current velocity, substratum, flow, temperature, 

dissolved oxygen, dissolved nutrients and hardness are the most 

ecologically significant (Hawkes 1975). Current velocity, which is 

itself dependent upon slope, is arguably the most important habitat 

variable concerning species distribution, due both to its direct effect 

on organisms and its influence on other habitat parameters (most notably 

substrate type, temperature and dissolved oxygen). In addition to the 

normal longitudinal gradient in current velocity, large fluctuations 

associated with spate flows can have a drastic effect on fish (and 

invertebrate) fauna, particularly fry (Milner et al 1981, Linfield 

1985). 

Since each fish species has specific tolerance limits for the variables 

mentioned above, natural longitudinal changes in species composition 

occur. This observation has been used to formulate river classification 

schemes based on 'zones', in which a number of discernable and 

characteristic fish (and invertebrate) species assemblages inhabit 

different types of river reach (eg Carpenter 1928, Huet 1959). A good 

account of such schemes is given in Hawkes (1975), from which a 

tabulated summary is taken (see Table 3). 

Huet's classification differs from earlier schemes in that it 

quantitatively relates fish assemblages to physical variables (slope and 

channel width). It divides European rivers into four zones, indicated 

by (in order of decreasing slope) trout, grayling (Thymallus thymallus 

L), barbel and bream. Huet roughly characterised the species assemblage 

found in each zone and assessed relative abundances (see Table 4); as 

can be seen, much species overlap occurs between zones. Since grayling 

and barbel are patchily distributed in the UK these two zones are often 

renamed after minnow and chub respectively. The slope rule for the 

prediction of Huet's fish zones is shown in Figure 1. The zones are 

sometimes paired together to form an upper Salmonid region, consisting 

of the Trout and Grayling (minnow) zones, and a lower Cyprinid region, 

consisting of the Barbel (chub) and Bream zones. 



Table 3. Comparison of river zone classif ication schemes 
(after Hawkes 1975). 

Figure 1. Slope graph, showing the relationship between gradient, 

river width and fish faunal zone (after Huet 1959). 
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Table 4. Occurrence and relative abundance of principal fish species in 

each Huet fish faunal zone (after Hawkes 1975). 

J= 



Other systems have attempted to relate river zones to stream order (eg 

Kuehne 1962; Stauffer et al 1975), but all such systems have failed to 

demonstrate that there is an ecological justification for treating river 

systems as a series of discrete species assemblages with distinct faunal 

breaks (Hawkes 1975, Matthews 1986). In reality, there is likely to be 

either a zonation in which optimal conditions inhabited by one community 

fade into and overlap with those of the next (Balon and Stewart 1983), 

forming broad transition zones, or a continuum of community change 

regulated by the interaction of abiotic and biotic factors (Zalewski and 

Naiman 1985). However, zonation schemes have been and continue to be a 

useful first approximation for the purposes of water management. 

In addition to changes in fish assemblage, fish production is likely to 

exhibit an increase downstream, due largely to the longitudinal changes 

in nutrient status and temperature. However, whether or not the 

potential for production is actually realised depends largely upon the 

constraints of the physical habitat, ie the carrying capacity. 

Other environmental variables are generally either strongly 

intercorrelated with those mentioned above, or are more randomly 

distributed variables (often due to anthropogenic habitat modification) 

which serve to alter habitat size and diversity, eg depth, vegetation 

cover. It could be said that the former type of variable largely 

dictates the potential species assemblage (based on physico-chemical 

tolerance, ie autecological variables), whilst the latter type of 

variable dictates the degree of synecological interaction (and thus 

population size and the degree of competitive exclusion - see subsection 

on synecological effects). 

More recent studies have taken both types of variable and have looked in 

detail at individual species requirements, assuming no empirical species 

associations. The most notable examples are the Habitat Suitability 

Index (HSI) (US Fish & Wildlife Service 1980) and HABSCORE (Milner et al 

1985). In this study it is not possible to look at environmental 

variables in this detail because: 
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i) Such data are not available (see Section 3.1.3); 

ii) the habitat requirements of indigenous species in the UK have not 

been given rigorous and quantitative attention, such that it 

would not be possible to discern whether the absence or reduced 

abundance of a species were a habitat effect or a water quality 

effect. However, much of the variation in physical habitat can 

be obviated using Huet's classification, by simple measurement of 

slope and channel width (see Section 3.3.A), and the degree of 

synecological interaction can be estimated by using qualitative 

assessments of habitat size and diversity as surrogates where 

possible. 

In addition to autecological factors operating within catchments, the 

limits to geographical range must be considered when interpreting 

observations on species assemblage. For instance, within the UK the 

bullhead is generally found only in England and Wales, being rare in 

Scotland (Smyly 1957). 

Synecological effects 

Where two species occur within their autecological range, their 

co-existence will depend upon the degree of overlap between their 

respective niches. If their niches are identical, the competitive 

exclusion principle states that co-existence is not possible. Such a 

drastic result is not usual in natural and diverse habitats, since 

similar species invariably differ in their requirements or behaviour, or 

else adapt in the face of strong competition. Stochastic variation also 

limits the amount of niche overlap (Henderson 1985). However, 

competitive and predator-prey interactions will influence the relative 

and absolute abundance of both species and populations to a greater or 

lesser extent. 

As habitat diversity is reduced, the scope for differences in niche 

declines, such that the influence of competitive interaction on species 

abundance is enhanced and species exclusion becomes more likely. 
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Post-impact studies on channelised river stretches have shown reductions 

in fish species diversity and abundance (eg Portt et al 1986, Swales 

1982). It is evident that in this way modification of the physical 

habitat can bring about similar responses in the fish community as would 

be expected from deterioration in water quality. 

Stochastic effects 

Variability in species assemblage and population size may result from 

random fluctuation of environmental conditions. The relative strengths 

of year classes within unimpacted populations give an indication of 

this. Newman and Waters (1989) in a 3 year study of the brown trout 

production of contiguous sections of an entire stream found varying 

densities and production of fish both between years and river sections. 

Relative differences between sections were nearly constant and were 

attributed to habitat differences, but overall differences between years 

were attributed to variability in recruitment. 

Stocking activities 

Fish stocking greatly obscures the natural distribution of fish species 

(Wheeler 197-4) and their abundance. Through stocking it is possible to 

maintain a population where self-maintenance by reproduction is not 

possible due to physico-chemical constraints. However, if there are no 

barriers to their movement it has been shown that stocked fish rapidly 

migrate away from the site of introduction (Linfield 1985), presumably 

to areas with preferred habitat and water quality characteristics. Such 

post-stocking movements may therefore serve to offset the confounding 

effects of stocking, since stocked populations will tend to redistribute 

based on the prevailing environmental conditions. 

Watersheds produce a barrier to fish movement which for many species can 

only be realistically overcome through human intervention by stocking. 

This can produce a patchy geographical distribution which bears no 

relationship to physical or chemical constraints. Examples of such 

distributions are the barbel and grayling. 
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Since stocking activities generally only affect species of importance to 

anglers, the distribution of minor species should not be obscured. 

However the use of some minor species as livebait may result in some 

transfer of fish. 

Acclimation to toxic stress 

Acclimation to chronic sub-lethal concentrations of certain pollutants 

can occur, thereby reducing the sensitivity to toxic stress. This may 

occur at the individual level, in the form of physiological or 

biochemical adaptation. An example of this is the induction of 

metallothioneins to counteract the effects of high heavy metal 

concentrations (Kay et al 1987). Long-term exposure in relation to 

population turnover (eg metalliferous leachates from old mine tailings) 

may excert a selective pressure leading to genetic change. 

Acclimation is likely to produce a range of sensitivities to a given 

toxicant which will tend to mask any relationship between fishery status 

and toxicant concentration. 

3.3 DATA ANALYSIS 

3.3.1 Introduction 

A number of approaches were used in the data analysis, including 

standard univariate and multivariate techniques, but also a rule-based 

approach, using an 'expert system', and the toxicity-based approach 

discussed in Section 2.2.3. 

Expert systems seek to define sets of rules in a non-linear manner which 

best describe different aspects of a database. This approach was used 

in this study to investigate the environmental requirements for the 

presence of selected species. 

A computer program was constructed based on the toxicity-based studies 

outlined in Section 2.2.3 which sums the toxicity exerted by a number of 
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toxicants. Each toxicant concentration was converted to a fraction of 

the relevant toxicity standard, and these fractions were than summed. 

This approach assumes that the effects of the toxicants concerned are 

simply additive, which is not necessarily the case. It also assumes 

that all toxicants exerting a significant stress are included in the 

calculation. The toxicity standards used in the program were: 

i) 48 hour LC50 for rainbow trout; 

ii) 48 hour LC50 for roach; 

iii) threshold (no-effect) LC50 for roach. 

The toxicological database was more complete for rainbow trout than for 

roach, with the result that the variation in roach toxicity with 

ancillary variables such as hardness, temperature and pH was not 

included in the TOXIC program (see Appendix D). Although individual 

species have a different sensitivity to each toxicant, rainbow trout and 

roach were considered to be indicative of the sensitivity of salmonids 

and cyprinids respectively. 

The parameters included in the program were NH3N, DO, N02N, Cd, Cr, Cu, 

Ni, Pb, Zn, CN, and phenol. The variation in toxicity of certain 

parameters with prevailing water quality (eg hardness, DO, free C02) was 

accounted for as far as toxicological knowledge allowed. Details of the 

calculation of toxicity for each toxicant are given in Appendix D. The 

program was tested on historical data from the River Trent, previously 

analysed using the toxicity-based approach to predict the presence/ 

absence of fisheries (Alabaster et al 1972). In testing the TOXIC 

program, toxic scores were related to a subjective assessment of fishery 

class (Appendix E). 

For the purposes of this study, CN and phenol were considered irrelevant 

since no measure of them was recorded in this database. Of the other 

toxicants, NH3N and DO were consistently recorded. N02N was recorded at 

about half of the sites and metals were seldomly recorded. Two 

approaches to toxicity summation were made: 
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i) NH3N, DO and N02N only were summed; 

ii) all toxicants were summed, assuming that if a toxicant was not 

measured its toxic effect was negligible. 

The above approaches were used on the whole database, on single 

catchments and on habitat-based groups of sites. The advantage of using 

single catchments is that species are less likely to be patchily 

distributed due to problems of colonisation, since watersheds are the 

largest barrier to fish movement. Grouping sites based on their habitat 

attributes seeks to minimise the variability introduced by habitat, as 

discussed in Section 3.2.2, and thus minimise its confounding influence 

on the detection of water quality effects. 

It was also envisaged that temporal trends would be investigated in this 

study, but no sites within the database had sufficient information to 

attempt this. 

'Less than' values were taken as the Limit of Detection (ie <x = x) in 

the analysis, except where the TOXIC program was used and showed that a 

'less than' value had a significant toxicity, in which case the value 

was taken as zero. 'Less than' values having a significant toxic effect 

were used if actual readings (ie not 'less than values) existed to 

support the use of the the values as the Limit of Detection. When 

ancillary variables were not available to calculate the toxicity of 

parameters included in the TOXIC program, regression equations derived 

from the database were used to estimate values. 

Finally, it should be emphasised that the sites included in this 

database were not selected within a meaningful statistical framework, 

such that inferences from the data analysis cannot justifiably be used 

outside of the confines of the database. 
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2 Analysis of the undivided database 

Preliminary investigation of variation in the water quality variables 

suggested that there were better correlations between fishery parameters 

and the arithmetic means of the water quality variables than with other 

measures of central tendency, such as the median, geometric mean, or 

mode, or with percentiles. 

The numbers of sites falling in each class of the NWC classification are 

shown below: 
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Fisheries 

Fisheries parameters are summarised in Table 5. 

The total biomass of fish varied from zero to 11,280 g 100 nr2, with a 

mean biomass of 1,871 g 100 m~2. The distribution of these biomass 

estimates was highly skeved, however, with 37% of the records less than 

1000 g 100 nr2, and only 6% of the records greater than 5000 g 100 nr2. 

The median biomass was 1457 g 100 nr2, and half of all the records had a 

biomass between 521 and 2700 g 100 nr2. 

The total density of fish was recorded for only 94 of the 112 samples, 

and varied from zero to 253.2 fish 100 nr2. Again, the distribution of 

these density estimates was highly skewed, with 63% of the records 

showing less than 25 fish 100 nr2, and only 15% of the records showing 

more than 100 fish 100 nr2. The median density was 13.45 fish 100 nr2, 

with half of the records having densities between 5.87 and 52.30 fish 

100 nr2. 



Table 5 - Summary statistics for fishery parameters 

Variable 

Total biomass (g 100 nr2) 
Total density (no 100 nr2) 
Number of species present 

Biomass of salmonids 
(g 100 m"2) 
Density of salmonids 
(no 100 nr2) 

Biomass of coarse fish 
(g 100 m"2) 
Density of coarse fish 
(no 100 nr2) 

Minimum 

0 
0 
0 

0 

0 

0 

0 

Mean 

1871 
41.6 
6.6 

289.3 

13.8 

1312.0 

16.2 

Maximum 

11280 
253.2 
13 

2864 

191.8 

10730 

128.3 

Standard 
deviation 

1894 
5.87 
3.1 

578.1 

33.9 

1876.3 

22.2 

Biomass of eels (g 100 m~2) 0 
Density of eels (no 100 nr2) 0 

278.4 
9.57 

2744 
200.7 

481.1 
28.9 

Variable 

Total biomass (g 100 nr2) 
Total density (no 100 nr2) 
Number of species present 

Biomass of salmonids 
(g 100 nr2) 
Density of salmonids 
(no 100 nr2) 

Biomass of coarse fish 
(g 100 nr2) 
Density of coarse fish 
(no 100 nr2) 

Biomass of eels (g 100 nr2) 
Density of eels (no 100 m-2) 

No. of 
samples 

112 
94 
107 

112 

107 

111 

94 

111 
93 

1st 
quartile 

521 
5.87 
4 

0 

0 

51.3 

1.7 

0 
0 

Median 

1457.5 
13.45 
6 

0 

0 

724 

7.5 

88 
0.8 

3rd 
quartile 

2700.5 
52.30 
9 

312 

6.1 

1872 

18.7 

329.5 
3.7 
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The number of species was recorded for 107 of the 112 samples, and 

varied from zero to 13, with a mean of 6.6. The distribution of the 

number of species was slightly less skewed than for total biomass or for 

total density, with 13% of the records having 3 or less species, and 20% 

having 10 or more species. The median number of species was 6, and half 

of the records had between 4 and 9 species represented. Only 5 of the 

sites had no fish at all. 

The biomass of salmonids for which records were available ranged from 

zero to 2,864 g 100 nr2, with a mean biomass of 289.3 g 100 nr2. 

However, 69 of these sites recorded no salmonids, and the mean biomass 

of sites with salmonids was 753 g 100 nr2. Similarly, although the 

recorded density of salmonids ranged from zero to 191.8 100 nr2, with a 

mean density of 13.8 100 nr2, 71 of the 107 records of salmonid density 

were zero. The mean density of salmonids at sites with salmonids was 41 

fish 100 nr2. 

The average biomass of coarse fish (all fish excluding salmonids and 

eels) was 1312 g 100 m"2, with a maximum of 10,730 g 100 nr2. The 

distribution of biomass was, however, highly positively skewed, and 45% 

of the records had a biomass of less than 1000 g 100 m~2. Only 16% of 

the records had a biomass greater than 3000 g 100 nr2. The average 

density of coarse fish (excluding eels) was 16.2 fish 100 nr2, with a 

maximum of 128.3 fish 100 nr2. Again, the distribution of densities was 

highly positively skewed, with 57% of the sites recording less than 10 

fish 100 nr2. Only 21% of the sites recorded more than 20 fish 100 m"2. 

The average biomass of eels was 278.4 g 100 nr2, with a maximum of 

2744 g 100 m"2. However, 41 sites had no eels, and the mean biomass of 

the 70 sites with eels was 441.5 g 100 nr2. Similarly, while the 

average density of eels was 9.57 fish 100 nr2, with a maximum of 200.7 

fish 100 nr2, the mean density of the sites with eels was 14.1 fish 

100 nr2. 
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NWC class 

The average values of fishery and invertebrate parameters in each NWC 

class are given in Table 6 and Figures 2, 3 and 4. Differences between 

classes were tested for significance using a two-sample t-test. 

Figure 5 shows the variation in NWC class with physical habitat, as 

defined by Huet's fish zones (discussed at length in Sections 3.2.2 and 

3.3.4), and helps to explain the differences observed in Table 6. It is 

evident that within the database class 1A sites are restricted to the 

trout and grayling zones, ie the upper fast-flowing sections of rivers 

dominated by salmonids, and that the grayling, barbel and bream zones 

have on average much poorer water quality than the trout zone. 

There were no significant differences in mean total biomass between 

classes 1A, IB, 2, and 3. Mean total density was significantly (p<0.01) 

lower in classes IB, 2, and 3 than in class 1A, due mainly to the 

greater emphasis placed on the capture of small individuals in salmonid 

dominated areas (all class 1A sites being in the trout or upper grayling 

zone), as discussed in Section 3.2.1. 

Classes IB and 2 had significantly (p<0.05 & p <0.01 respectively) more 

species than class 1A, and class 2 had significantly more species than 

class 3 (p<0.01). The low species number in class 1A is due to the 

small number of species able to withstand the physical nature of the 

trout zone (see Section 3.2.2), whereas the low species number in class 

3 is due to water quality constraints, since class 3 sites in this study 

are generally further downstream where the potential number of species 

is greater. Species number is maximal in this database in class 2, 

presumably where sites are sufficiently downstream to allow a high 

number of potential species, and where water is of sufficient quality to 

allow at least most of that potential to be realised. The single 

recorded location in class 4 had no fish of any kind, which is again 

probably due to water quality constraints. 
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Table 6 - Fishery and invertebrate status by NWC class 

(Mean values with standard error below each mean. Biomass values in glOOm-2, 
density values in no 100m~2) 
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Class 1A had significantly higher salmonid (p<0.01) biomass than all 

other classes, generally higher eel biomass, but a much lower biomass of 

coarse fish. It is tempting to ascribe the decline in salmonid biomass 

with NVC class to water quality effects; however, it is evident from 

Figure 5 that all class 1A sites lay in salmonid-dominated habitats 

(trout and grayling zones), whereas only a relatively small proportion 

of sites in the other NWC classes are naturally salmonid-dominated. 

Class 2 had the largest mean biomass of coarse fish, almost no salmonids 

and a low mean biomass of eels. This coincides with the highest mean 

number of species, observed earlier, and is again likely to occur at 

sites with a reasonable compromise between autecological constraints and 

water quality constraints. 

Figure 3, showing mean fish densities by NVC class, is greatly 

influenced by sampling methodology differences which obscure any 

possible water quality effects. 

Regarding invertebrate status, both BMVP score and ASPT scores declined 

with NVC class. Since both scores produce higher values in gravelly 

riffle zones and all class 1A sites are located in the fast flowing 

trout and upper grayling zones, it is not surprising that class 1A had 

the highest values of both (although only ASPT is significantly 

different from the other classes). The differences in mean ASPT between 

classes IB, 2 and 3 are not significant, but the significant difference 

in BMWP score between classes IB and 3 (p<0.05) may be a real water 

quality effect. 

Habitat 

The four variables used to measure the physical parameters of the sample 

sites are summarized in Table 7. 

The mean width of the sampled rivers ranged from 1.25 m to 30 m, with a 

mean of 8.23 m. Only IX of the sites had widths greater than 15 m. 

Depths were measured on only about half of the sites and varied from 17 

cm to 150 cm, with a mean of 83.7 cm. The altitude of the sites varied 
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Table 7 - Summary of phys ica l parameters 

from 7 m to 226 m, with a mean of 56.2 m, but only 11% of these sites 

were at altitudes greater than 100 m. The slope of the rivers at the 

sampled sites varied from 0.02% to 3.00%, with a mean of 0.33%, but only 

6% of these sites had slopes greater than 1.00. 

Water quality 

Water quality variables sufficiently complete to be worth including in 

the analysis are summarized in Table 8. 

Mean pH, available for all sites, varied from 6.49 to 8.24, with a mean 

of 7.73 and a standard deviation of 0.35. This range is not extreme 

enough to produce a toxic effect, unless variability about the mean is 

high. The UK EQS for pH is that 95% of samples should lie within the 

range 6-9. Only 10 (9%) of the sites had a mean pH less than 7.25. 

Half of the sites had a mean pH between 7.55 and 7.96. 

Average temperature, available for all sites, varied between 7.4°C and 

15.2°C, with a mean of 10.6°C and a standard deviation of 1.4°C. Half 

of the average temperatures were between 9.6°C and 11.7°C. 

48 



Table 8 - Summary of water quality parameters 

Average suspended solids, available for only 89 of the 112 sites, varied 

from 2 mg l-1 to 110 mg l-1 with a mean of 21 mg 1_1 and a standard 

deviation of 18.9 mg l-1. The distribution of values was positively 

skewed, with a median of 15.6 mg 1_1 and only 12 (13%) of the values 

greater than 32.9 mg l-1. This parameter may well produce impacts on 

fish populations in this study, since Alabaster and Lloyd (1982) 

conclude that an average concentration of 25 mg l-1 may be sufficient to 

impair fish yield. 

Average values of BOD, available for only 109 of the 112 sites, varied 

from 1.22 mg l-1 to 18.66 mg l_i with a mean of 3.24 mg 1_1 and a 

standard deviation of 2.20 mg l-1, but only 6 of the sites had a BOD 
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greater than 6.2 mg 1_1. The median BOD was 1.73 mg 1_1 and the first 

and third quartiles were 2.2 mg l-1 and 3.6 mg 1_1 respectively. This 

parameter, though not itself toxic, may act as a surrogate for sediment 

quality, since the settlement of particulates with a high BOD is likely 

to lead to reduced interstitial dissolved oxygen levels. This may then 

have an impact on those fish that spawn in or on the bottom substrate, 

those fish with a benthic habit, or the benthic invertebrate food of 

such fish. 

Average values of dissolved oxygen, available for all but one of the 112 

sites, varied from 6.14 mg 1_1 to 12.99 mg 1_1 with a mean of 10.26 mg 

l-1 and a standard deviation of 1.09 mg 1_1. The mandatory 50% 

compliance values for EC designated salmonid and cyprinid waters are 9 

and 7 mg l"1 respectively (see Appendix A.l). A high variability about 

the lower mean values in the database could cause an impact upon fish. 

Average values of total ammoniacal nitrogen (NH3N), available for all 

but one of the 112 sites, varied from 0.006 mg 1_1 to 9.153 mg l-1 with 

a mean of 0.608 mg l-1 and a standard deviation of 1.051 mg 1_1. This 

range is sufficient to cause toxic effects on fish populations, although 

the toxicity will vary not only with total ammonia concentration but 

also with the distribution between ionised and un-ionised forms. This 

distribution varies with pH, temperature, alkalinity, conductivity, and 

DO. The UK mandatory EQS for EC designated salmonid and cyprinid waters 

is an annual average of 0.78 mg 1_1, although it is proposed that this 

is changed to a 95%ile value (see Appendix A.l). Again, the 

distribution of pH values was positively skewed, with a median of 

0.303 mg 1_1 and first and third quartiles of 0.111 mg l"1 and 

0.608 mg I"1 respectively. Only 15 of the sites had NH3N values greater 

than 1.313 mg l"1. 

The remaining measures of water quality were available for no more than 

half of the sites. 

Average values of nitrite (N02N), available for only 45 of the sites, 

varied from 0.01 mg l-1 to 1.15 mg 1_1 with a mean of 0.17 mg 1_1 and a 
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standard deviation of 0.20 mg l"1. The distribution of N02N values was 

again positively skewed, with a median of 0.12 mg l-1 and first and 

third quartiles of 0.05 mg 1_1 and 0.19 mg l-1 respectively. Only 11 of 

the sites had N02N values greater than 0.20 mg l
-1. At these mean 

concentrations, N02N is not likely to influence fish populations. 

In addition to low sampling frequencies, the following variables are not 

actually toxic to fish at environmental concentrations, but may either 

influence fish populations by affecting productivity (N03N and P04) or 

may act as rough indicators of productivity (hardness, alkalinity and 

conductivity). 

Average values of nitrate (N03N), available for 51 of the sites, varied 

from 0.09 mg 1_1 to 18.93 mg l-1 with a mean of 5.53 mg 1_1 and a 

standard deviation of 4.29 mg l"1. Only 9 (18%) of the values were 

greater than 9.50 mg l"1. 

Average values of orthophosphate (P04), available for 60 of the sites, 

varied from 0.01 mg l_a to 10.16 mg I-1 with a mean of 1.34 mg l-1 and a 

standard deviation of 2.02 mg l-1. The distribution of P04 values was 

positively skewed, with a median of 0.55 mg 1_1 amd first and third 

quartiles of 0.08 mg 1_1 and 1.49 mg l-1 respectively. Only 3 (6%) of 

the P04 values were greater than 5.09 mg l
-1. 

Average hardness, measured as mg 1_1 of CaC03, and available for only 46 

of the sites, varied from 7 mg l"1 to 482 mg l"1 with a median of 244 mg 

1_1 and a standard deviation of 143 mg l"1. 20 (44%) of the sites had 

average hardness values less than 245 mg l-1, the remaining 26 (56%) 

having average hardness values greater than 245 mg I"1. 

Average alkalinity, measured at pH 4.5 in mg 1_1 CaC03, and available 

for 62 of the sites, varied from 5 mg l-1 to 530 mg I"1 with a mean of 

166 mg l"1 and a standard deviation of 106 mg l-1. 

Mean conductivity, measured in us cm-1 at 25 °C, and available for only 

85 of the 112 sites, varied from 50 to 1715 us cm-1, with a mean of 
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694.5 us cm-1 and a standard deviation of 427.5 us cm-1. Half of the 

mean conductivities were between 386 and 924 us cm-1. 

Correlations 

In the discussion of correlations which follows, it must be stressed 

that each of the correlation coefficients is based on a different number 

of observations, depending on the completeness of the data matrix. As 

an aid to their interpretation, therefore, the correlations which are 

larger in absolute value than the tabulated values for the appropriate 

number of degrees of freedom at the 0.05, 0.01, and 0.001 levels of 

probability are indicated. Because simultaneous testing of large 

numbers of correlation coefficients by taking them two at a time 

overestimates the number of significant correlations, these indications 

should be treated with some caution. 

Correlations between fishery status, invertebrate status and habitat 

variables are given in Table 9. 

Total biomass was negatively correlated with mean channel width 

(MWIDTH). This may be due to a decrease in the ratio of bankside cover 

to open water with increasing channel width, but may just reflect the 

difficulty of quantitatively fishing deeper waters. Total density was 

negatively correlated with channel width and mean depth (MDEPTH), and 

positively correlated with slope (SLOPE). This is consistent with 

variations in fish sampling methodologies mentioned earlier and probably 

cannot be attributed to variation in habitat. The number of species was 

positively correlated with depth of the river, but negatively correlated 

with the altitude (ALT) and slope, which would be expected from known 

autecological ranges (see Section 3.2.2). 

Salmonid biomass and density were both positively correlated with 

altitude and slope, but salmonid density alone was negatively correlated 

with mean depth. Sampling artefacts affected salmonid density, but all 

of these correlations would nevertheless be expected. 
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Table 9 - Correlations between fishery status, invertebrate status 
and habitat variables 

(Values are Pearson coefficients of correlation) 

The biomass of coarse fish was positively correlated with depth and 

negatively correlated with slope, while in contrast, the density of 

coarse fish was negatively correlated with both width and altitude. 

Again, density values were affected by sampling artefacts, but coarse 

fish biomass behaved according to autecological constraints and 

restrictions imposed by living space. Both eel biomass and eel density 

were negatively correlated with mean depth, but eel density was 

positively correlated with slope. 

Regarding invertebrate status, BMWP score and ASPT were positively 

correlated with each other (p<0.001) as might be expected, and were also 

correlated with altitude and slope (p<0.01 and 0.001 respectively). The 

latter correlations are likely to be partly a product of poorer water 

quality at downstream locations (with respect to the study sites in this 

database), but mainly reflect a general tendency for upstream, high 

gradient sites to have gravelly and well-oxygenated substrates which 
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support good populations of high-scoring invertebrates. Armitage et al 

(1983) found a similar variation in ASPT in a survey of unpolluted 

sites, generally declining from upland to lowland areas. There was no 

significant correlation between total biomass and BMWP score or ASPT. 

The positive correlations between both salmonid biomass and density and 

ASPT (p<0.01), and negative correlation between coarse fish biomass and 

ASPT (p<0.05), were similarly mainly due to intercorrelations with 

physical habitat variables. 

Correlations between habitat and water quality variables are given in 

Table 10. 

Channel width was not appreciably correlated with any of the water 

quality variables, but river depth was correlated with COND and N03N. 

Altitude was negatively correlated with pH, conductivity (COND), 

temperature (TEMP), BOD, N03N and P04. Slope was negatively correlated 

with pH, COND, SSLDS, N02N, N03N, P04, total hardness (THARD) and 

alkalinity (ALKY). 



Correlations between fishery status and water quality variables with 

sufficient data are given in Table 11. 

Total biomass was negatively correlated with SSLDS and NH3N. As stated 

previously, both parameters are likely to have an ecotoxicological 

effect at the concentrations recorded in the database. 

Total density was negatively correlated with pH, COND, BOD, NH3N, N02N, 

P04, THARD and ALKY. Density values were affected by sampling artefacts 

that will correlate with any parameter that has a longitudinal trend. 

Most of these parameters have a tendency to increase downstream (see 

Table 10), and therefore negatively correlate with density, however, 

total NH3N does not correlate with depth, altitude or slope and this 

correlation may therefore be indicative of a toxic effect. 

Number of species (NofSP) was positively correlated with COND, dissolved 

oxygen (DO) and N03N, and negatively correlated with NH3N. The 
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correlations with DO and mean NH3N may be due to toxic effect, but are 

likely to be confounded by the strong influence of habitat on NofSP. 

Both salmonid biomass and density were negatively correlated with pH, 

COND, SSLDS, BOD, NH3N, N03N, P04, THARD and ALKY. Most of these 

parameters show longitudinal changes down rivers and are therefore 

likely to be acting as surrogates for changes in physical habitat (see 

Table 10), from upstream salmonid habitats to lowland cyprinid habitats. 

However, ammonia and suspended solids may be contributing to the change 

in dominance from salmonids to cyprinids. Salmonid biomass alone was 

positively correlated with DO. Coarse fish biomass was positively 

correlated with COND, which is acting as a surrogate for decreasing 

slope and altitude (see table 10), and thus increasing habitat 

suitability for cyprinids. Eel biomass and density and coarse fish 

density were negatively correlated with COND, THARD and ALKY. 

Toxicity analysis 

T0X1 values were usually identical to T0X3 values, due to a lack of 

metals data in the database. Exceptions to this included some sites in 

the NRA South Vest and Severn Trent regions where T0X1 scores were 

sometimes significantly higher than T0X3 scores, due to the the presence 

of metals. 

An explanation of the various toxicity scores used is given in Table 12. 

Table 13 shows correlations of fishery parameters with the mean toxicity 

scores at each site, as calculated by the TOXIC program (see Section 

3.3.1 and Appendix D). 

Since toxicity score based on roach are not relevant to salmonids, these 

correlations have been omitted from the database. However, since there 

is more account taken of the variation in toxicity with fluctuating 

ancillary variables (eg alkalinity) in the calculation of trout toxicity 

scores, correlations between these scores and coarse fish parameters 

have been included. 
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Table 12 - Explanation of toxicity score codes 

NofSP was highly negatively correlated (p<0.001) with all six toxicity 

scores, which is a surprising result considering the strong habitat 

influence on this parameter. Apart from strong correlations (p<0.001) 

between T0XT1A and both altitude and slope, there was no 
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intercorrelation between toxicity scores and habitat. This is to be 

expected since the most influential factor upon each toxicity score is 

NH3N, which was not correlated with any habitat variable (see Table 10). 

It would seem therefore, that the correlations between NoFSP and 

toxicity score (except for TOXTIA) may be indicative of real toxic 

effects. Mean toxicity score values have the following ranges within the 

database. 

TOXTIA 0-0.24 (24%) T0XR1A 0-0.43 (432) T0XR1T 0-0.44 (44%) 

T0XT3A 0-0.15 (15%) T0XR3A 0-0.43 (432) T0XR3T 0-0.44 (44%) 

Since a mean value of 0.27 - 0.39 was found to indicate fishless sites 

in the Trent (see Appendix E), the values in the database were expected 

to indicate significant effects on fish. 

Total fish biomass was negatively correlated with all toxicity scores, 

but at lower levels of significance than NoFSP. Total density was 

negatively correlated with all three T0X3 scores, but not T0X1 scores. 

Salmonid biomass was negatively correlated (p<0.05) with T0XT3A (summing 

NH3N, N02N and DO toxicity only), and salmonid density was negatively 

correlated with T0XT3A (p<0.05) but highly positively correlated with 

TOXTIA (p<0.001). The latter correlation was due to intercorrelation of 

TOXTIA with altitude and slope. Coarse fish biomass was negatively 

correlated with T0XR1T (p<0.05) and TOXTIA (p<0.01), but again the 

latter correlation was due to intercorrelation with habitat variables. 

A rough indication of the completeness of the water quality data in this 

study was gained by reference to fishless sites within the database. 

Mean TOXTIA scores for the fishless sites AN9, NV2 and NV3 were 8, 8 and 

3% respectively. These values are very low when compared with the 

threshold mean value for fish absence from historical Trent data of 27% 

(see Appendix E), which suggests that other toxicants which have not 

been monitored are having an effect. This can only be expected with the 

paucity of data evident within the database. 
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The corresponding T0XR1A values for the same three fishless sites were 

43, 3 and 10% respectively. The high value at site AN9 was due to NH3N, 

and highlights the danger of not taking into account the variation in 

factors which affect NH3N toxicity (the roach toxicity scores assume 

constant values of alkalinity and DO). For this reason, the roach 

toxicity scores should be treated with some caution, and they have not 

been used in the multiple regression analysis that follows. 

Multiple Regression Analysis (MRA) 

In order to assess the relative importance of measured environmental 

variables to fishery status, stepwise MRA was performed, using those 

variables for which a possible causative influence was detected in the 

correlation analysis. For only some of these variables were there 

sufficient data to warrant their inclusion as explanatory, or regressor, 

variables in such regressions, namely width, altitude, and slope of the 

river at the point of sampling, and average pH, TEMP, BOD, DO and NH3N. 

Attempts to include the variables depth, COND, SSLDS, N02N, N03N, P04, 

THARD and ALKY in the regression reduced the available data to a small 

subset of the sites, and are not, therefore, reported here. 

While it is tempting to try to interpret the regression coefficients 

directly, it is important to remember that there are marked 

intercorrelations between the explanatory variables which make such 

interpretation unreliable, and in extreme cases may ascribe the wrong 

sign to the coefficient. The relative contributions to the explained 

variance are given for each variable only if the degree of 

intercorrelation between regressor variables was relatively low, and 

even these should be treated with caution. The principal benefit of the 

regressions is in assessing how much of the variability of the dependent 

variable can be accounted for by the explanatory variables. 

Density parameters were omitted from the analysis since they were so 

influenced by sampling artefacts. Results of the analysis are given in 

Table 14. 
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Table 14 - Stepwise multiple regression analysis of the undivided 
database 

(Values are R-squared values, indicating the percentage of total 
variance accounted for) 

Slope, NH3N and altitude explained 25.9% of the variance in NofSP, with 

NH3N accounting for about half of this. Mean DO did not account for any 

variance. When NH3N and DO were replaced by T0XT3A the explained 

variance increased to 33.6%. 

NH3N and mean channel width explained 12% of the variance in total fish 

biomass. When NH3N was replaced with T0XT3A this figure increased to 

16.7%. 

Slope and NH3N accounted for 50.6% of the variance in salmonid biomass 

and, as would be expected, slope was responsible for almost all of this. 

The explained variance only increased to 51.7% when NH3N was replaced by 

T0XT3A.-
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No MRA was performed on eel biomass since there was no indication of 

toxic effect in the univariate correlation analysis. 

Principal Components Analysis 

Principal components analysis was performed on both the fisheries and 

environmental (water quality and habitat) data, in order to identify 

independent sources of variation within the database and identify site 

groupings on the basis of that variation. However, no clear 

interpretation of this analysis was possible, and results are therefore 

not presented in this report. 

Association analysis 

Sites were clustered on the basis of the similarity between their fish 

species assemblages, in an attempt to identify discrepancies brought 

about by impoverished water quality. However, the resultant site 

groupings did not allow a clear distinction to be made between habitat 

and water quality effects. It is clear from this analysis that either 

habitat variables need to be held constant (ie all sites must come from 

a similar habitat type) in order to identify water quality effects, or 

water quality needs to be held constant and in a pristine state in order 

to assess the habitat-based pattern of species assemblage, over which 

the effect of water quality might then be discerned. 

Rule-based discrimination using the expert system approach 

The following sets of rules were produced by a computer-based expert 

system which attempted to predict the presence/absence of selected 

species using the available physico-chemical data. 

Rivers with no salmonids: 

a) If BOD > 3.3 mg l"1 or SLOPE < 0.185% 

and NH3N > 0.097 mg l"
1 

and ALT < 90 m 

and DO < 10.97 mg l"1 and pH > 7.56 

Then river will contain no salmonids (93%) 
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b) If BOD > 3.3 mg l"1 or SLOPE < 0.18% 

and NH3N > 0.097 mg l"
1 

and ALT < 90 m 
Then river will contain no salmonids (67%) 

c) If NH3N > 0.097 mg l"
1 

and ALT < 90 m 
and DO < 10.97 mg l"1 and pH > 7.56 
Then river will contain no salmonids (75%) 
Else river will contain salmonids (97%) 

In each set of rules a mean total NH3N concentration of greater than 

0.1 mg 1": was linked to an absence of salmonids. The importance of 

altitude and slope is confirmed as is a dependence on high DO 

concentrations (a mean of greater than 11 mg l" 1). Healthy salmonid 

populations should exist at lower mean DO levels than this, and it would 

be interesting to see if this value was reduced by the introduction of 

new sites into the database. The pH requirement of less than 7.56 for 

the presence of salmonids is clearly a function of their predominance in 

upland areas. The rules concerning BOD may be linked to spawning bed 

quality but are more likely to be due to intercorrelation with other 

variables. 
Presence or absence of brown trout: 
a) If BOD < 2.0 mg l"1 

and SLOPE > 0.17% or pH < 7.1 
and DO > 9.88 mg l-: 

Then river contains brown trout (100%) 

b) If SLOPE > 0.17% or pH < 7.13 

and DO > 9.88 mg l"1 

Then river contains brown trout (61%) 
Else river does not contain brown trout (87%) 
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Similar comments to those above apply here. The DO requirement was 

lover, at 9.9 mg 1 _ 1, but trout should thrive at DO levels lower than 

this providing fluctuations about the mean are not severe. Neither set 

of rules included a threshold for NH3N. 

Presence or absence of roach: 

Roach were generally not found at slopes of greater than 0.28%, 

altitudes greater than 83 m and in rivers less than 4 m wide. However, 

no consideration was made of water quality requirements, and this may 

reflect a lack, of sensitivity to poor water quality. 

Presence or absence of bullheads: 

Bullheads were found at higher levels of NH3N than salmonids, at up to 

0.31 mg l-1. They would appear to be generally restricted (at least 

within this dataset) to rivers less than 7.2 m wide and with slopes 

greater than 0.21%. This may be a function of their preference for 

shallow water, or may be due to a lack of recording of such minor 

species in cyprinid fisheries. Similarly the temperature thresholds of 

12.9°C and pH threshold of 7.44 are also likely to be sampling 

artefacts. 

The reported sensitivity of this species to suspended solids (Section 

2.2.2) is not evident from the expert system analysis of this dataset. 
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3 Single catchment studies 

Nene catchment (NRA Anglian Region) 

The database holds 13 sites from the Nene catchment, 7 of which are 

located in the Willow Brook. Altitude ranged from 18 to 89 m, thus 

obviating much of the longitudinal variation in habitat evident when 

analysing the database intact. Although zinc pollution is known to have 

been a historical problem in the Willow Brook (Solbe 1973), no zinc data 

was available for the period under study. NWC class ranged from 2 to 3. 

Table 15 shows correlations between those variables with sufficient 

data; a coefficient of >0.602 is required for statistical significance 

at the 95% level, providing no observations are missing. 

Table 15 - Correlations between fishery status, invertebrate status 
and physico-chemical variables in the Nene catchment 

(Values are Pearson coefficients of correlation) 
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There was a significant (p<0.01) negative correlation between altitude 

and BMWP score, due largely to the uppermost sites (in Willow Brook) 

being the most polluted. This was not reflected by the correlation 

between total fish biomass and altitude (p>0.05), but the correlation 

between the NofSP and altitude approaches significance at the 95% 

level. Regarding specific relationships with water quality, a highly 

significant correlation was evident between NoFSP and NH3N (p<0.001). 

This correlation was improved greatly by excluding the extreme NH3N 

value of 9.153 mg l-1 at site AN11 (see Figure 6). NoFSP also showed a 

significant positive correlation with dissolved oxygen (DO) (p<0.05), 

although this is likely to be due to intercorrelation with NH3N since 

the lowest mean DO for any site was only 8.24 ± 1.71 mg 1_1, unlikely to 

cause stress. Total fish biomass, coarse fish biomass, BMWP score and 

ASPT showed similar trends with NH3N and DO, but not at any high level 

of statistical significance. 

Such observations suggest that, at least in lowland areas where the 

potential number of fish species is high, species assemblage may be a 

better indicator of water quality than population size, since the latter 

takes no account of the pollution sensitivity of the species 

constituting the population. 

No relationship was evident between fishery status and invertebrate 

status. The relationship between salmonid biomass and ASPT is nearly 

significant at the 95% level, but only 2 sites had any salmonids 

present. 

Table 16 gives correlations between fishery parameters and toxicity 

scores. 

The number of fish species was negatively correlated with all 6 toxicity 

scores, as might be expected from its correlation with NH3N. No other 

correlations were significant at the 95% confidence level. 
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Figure 6. The relationship between 
mean total ammonia and the number 
of fish species in the Nene catchment. 

Number of fish species 



Table 16 - Correlations between fishery status and toxicity 
scores in the Nene catchment 

(Values are Pearson coefficients of correlation) 

1 p<0.05 
2 p<0.01 
3 p<0.001 
The range in toxicity scores is given below: 

T0XT1A 2 - 1 5 T0XR1A 1-43 T0XR1T 2-44 

T0XT3A 2-13 T0XR3A 1-43 T0XR3T 2-44 

As is evident from these ranges, all measured toxicity was due to NH3N, 

N02N and DO. Maximum values are high enough to cause toxic effects. 
Table 17 shows the results of MRA. 

NH3N accounted for 72.2% of the variance in the number of species. The 

intercorrelation between total NH3N and DO is clear from the variance 

accounted for by DO alone and and that accounted for by NH3N, DO and 

N02N combined (84.2%). When the latter 3 variables are 

toxicity-weighted and combined into T0XT3A the explained variance 

decreases to 65.6%. A much lover proportion of the variance in total 

biomass and coarse fish biomass (essentially the same values since 

little salmonid biomass is present in the catchment) was explained by 

these variables. 
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Table 17 -Multiple regression analysis of sites in the Nene 
catchment 

(Values are R-squared values, indicating the percentage of total 
variance accounted for) 

Perry catchment (NRA Severn Trent region) 

The database holds 6 sites from the Perry catchment, all of which have 

repeat datasets. Each dataset was treated as a separate site for the 

purpose of the correlation analysis. All sites were of class IB. 

Altitude ranged from 60 to 80 m, and slope from 0.04 to 0.13%, allowing 

little longitudinal habitat variation. 

Table 18 shows correlations between variables with sufficient data. A 

coefficient of 0.632 was required for significance at the 95% level, 

provided no observations were missing. Significant negative 

correlations between salmonid biomass and slope (p<0.001), salmonid 

biomass and altitude (p<0.05), and salmonid density and slope (p<0.05) 

are the reverse of natural trends (salmonids might be expected to favour 

the headwaters of lowland rivers) and are likely to be intercorrelations 

with true influencing variables. 

A negative trend (verging on significance at p<0.05) between salmonid 

biomass and NH3N was also evident, which may be affecting salmonid 

distribution. The highest mean NH3N value was 0.674 mg l*
1, compared to 

the mandatory standard of 0.78 mg l"1 as a 95%ile for waters designated 

under the EC Freshwater Fish Directive (see Appendix A.l). Moreover, 

all fishery statistics (except eel biomass and density) show a negative 

trend with NH3N, all verging on significance at the 95% level. The 

partitioning of total ammonia between the ionised and un-ionised 

fractions is not known. 
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Table 18 - Correlations betveen fishery status, invertebrate status 
and physico-chemical variables in the Perry catchment 

(Values are Pearson coefficients of correlation) 

The positive correlation between pH and NofSP is likely to be due to 

intercorrelation, since the lowest mean pH recorded in the catchment was 

7.63 ± 0.19 and therefore non-toxic (the UK standard is that 95% of 

samples should lie within the range pH 6 to 9 - see Appendix A.l). 

BMVP score was uncorrelated with both total fish biomass and NofSP, but 

showed quite strong positive trends with salmonid and eel biomass. 

Correlations between fishery parameters and toxicity scores are given in 

Table 19. 

The spuriously high correlation coefficients with roach toxicity scores 

are due to all of these scores having identical and very low values. 

Trout toxicity scores were very low, and no significant correlations 

were evident between them and fishery parameters. 
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Table 19 - Correlations between fishery status, invertebrate status and 
toxicity scores in the Perry catchment 

(Values are Pearson coefficients of correlation) 

Table 20 - Multiple regression analyses of sites in the Perry catchment 

(Values are R-squared values, indicating the percentage of total 
variance accounted for) 

Over 30% of the variance in the number of species, total biomass, 

salmonid biomass and coarse fish biomass was explained by NH3N. However, 

no toxic effect due to NH3N was indicated by the toxicity analysis, 

suggesting that: either recorded NH3N concentrations are not reflecting 

its true impact (perhaps due to the effect of infrequent episodic 

events); or that NH3N is acting as a marker for another variable. Slope 

accounted for 79.8% of the variance in salmonid biomass, but the 
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relationship is negative, ie the reverse of the expected habitat effect. 

Furthermore, the range in slope was narrow, only 0.04 to 0.13%, and was 

not thought to have much influence. Slope accounted for 27.2% of the 

variance in total biomass, but is not likely to be a causative factor. 

The graph of salmonid biomass against NH3N is given in Figure 7. 

Tavy (NRA South West Region) 

Seven sites in the Tavy catchment are included in the database, all 

being of class 1A and ranging in altitude from 12 to 225 m. Table 21 

shows correlations for variables with sufficient data. Due to the small 

number of sites, a coefficient of 0.878 was required for significance at 

the 95% level (providing there were no missing data). 

Table 21 - Correlations between fishery status and physico-chemical 
variables in the Tavy catchment 

(Numbers are Pearson coefficients of correlation). 
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Figure 7. Salmonid biomass vs mean 
tota l ammonia in the Perry ca t chmen t . 



Strong positive correlations were evident between eel density/biomass and 

both mean total NH3N and N02N. In contrast, there were negative 

associations (though not significant at the 95% level) between salmonid 

density and both NH3N and N02N. These latter observations are unlikely 

to be indications of toxic effect (unless the monitoring regime was not 

reflecting true environmental levels), since recorded NH3N and N02N 

concentrations in the catchment were low (the highest mean concentrations 

being 0.13 + 0.07 mg 1_1 and 0.03 + 0.03 mg l-1 respectively, at Langham 

Wood, approximately 1 km downstream from a sewage treatment works 

discharge and a waste disposal tip). It is probable that the above 

relationships are due to a general downstream increase in productivity, 

owing to an increase in nutrient status, which coincides with a reduction 

in habitat favourable to young salmonids with increasing distance 

downstream. This is indicated by correlations between coarse fish 

biomass and both N03N concentration (p<0.05) and mean conductivity 

(p<0.05), and between salmonid density and slope. 

All T0X3 (NH3N, DO and N02N combined) scores were calculated as being 

zero in the toxicity analysis. Some metals data were available in the 

Tavy catchment such that mean T0X1 scores ranged from 0 to 8%, with the 

exception of one site, SW3, which produced a mean T0XT1A of 24%; this 

site had the second lowest salmonid biomass of the 7 sites in the 

catchment (1185 g 100 m - 2). T0X1 scores could only be calculated for 4 

sites, so no correlation matrix is given. 

3.3.4 Habitat-based division of the database 

Introduction 

Sites were grouped on the basis of Huet's slope rule (see Figure 1 and 

Section 3.2.2), which uses slope and channel width as habitat 

descriptors. The classification consists of 4 fish zones: 

"The Trout zone" - this is the zone of steepest gradient and consequently 

highest current velocity. Waters are always cool and well oxygenated, 

usually headwaters, and the fish fauna is dominated by the brown trout. 
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"The Grayling (minnow) zone" - this consists of quite rapidly flowing 

water with a substrate of finer material than the trout zone. It 

supports a mixed fauna of salmonids and running water cyprinids (see 

Table 4). 

"The Barbel (chub) zone" - current velocity is moderate, quiet water is 

much more frequent than in the Grayling zone. The fish fauna is 

dominated by running water cyprinids, with sluggish-water cyprinids 

('accompanying' cyprinids) and still-water cyprinids inhabiting the 

quieter zones. Summer temperatures are moderately high. 

"The Bream zone" - this is usually the lower stretch of rivers, with low 

current velocities, high summer temperatures and fairly low dissolved 

oxygen levels. The fish fauna is dominated by sluggish-water and 

still-water cyprinids. 

From Table 4 it is evident that there is a great deal of overlap in 

species assemblage between zones. The zones are often grouped into: 

i) "the Salmonid region", comprising the trout and grayling zones; 

ii) "the Cyprinid region", comprising the barbel and bream zones. 

Variations in fishery status between zones 

Table 22 and Figures 8, 9 and 10 show the basic differences in fish 

populations between fish zones. All differences were tested for 

significance using a two-sample t-test. 

Figure 8 shows salmonid biomass declining from the Trout zone through to 

the lower zones, with the mean biomass of 1513 g 100 m-2 in the trout 

zone being significantly higher than all other zones, and the mean 

biomass of 346 g 100 nr2 in the grayling zone being significantly higher 

than that in the barbel zone (37 g 100 m ~ 2 ) . In contrast, mean coarse 

fish biomass increased from trout zone (64.5 g 100 m - 2) to bream zone 

(2717 g 100 m - 2 ) , all differences being significant except that between 
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trout and grayling zones. Mean eel biomass showed a decline from the 

trout zone to the lover zones, but only the difference between trout zone 

(685 g 100 m~2) and barbel zone (207 g 100 m-2) is significant. 
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A decline in salmonids and increase in cyprinids from trout zone to bream 

zone is to be expected from the above descriptions of each zone. The 

effects of water quality should be seen as being superimposed on this 

natural distribution. An indication of this is given in Figure 8, where 

it is evident that the mean total biomass in the grayling zone (1184 g 

100 m~2) was significantly depressed compared to that in the trout 

(2327 g 100 nr2) and bream (3109 g 100 nr2) zones. From Figure 5 it can 

be seen that the grayling zone had the largest proportion of class 3 

sites (33% of those classified, or 25% assuming all 8 Scottish sites in 

the grayling zone are of class 1A), followed by the barbel zone (25%) 

which had the second lowest mean total biomass (1699 g 100 nr2). 

Figure 9 shows mean total density rapidly declining from the trout zone 

to the lower zones. As stated before, this is due to the greater effort 

put into the capture of smaller individuals in salmonid-dominated areas, 

indicated by the very high total density in the trout zone in relation to 

total biomass. In spite of apparent water quality effects in the 

intermediate zones, Figure 10 shows the mean number of fish species 

(NofSP) increasing from trout (4.5) to bream (7.8) zone, as would be 

expected from known autecological tolerances (Section 3.2.2). All 

differences are significant apart from those between trout and grayling 

zones (ie the two zones of the salmonid region), and barbel and bream 

zones (the two zones of the cyprinid region). 

Regarding invertebrate status, mean ASPT declined significantly from 

trout (6.34) to bream (4.09) zone, probably largely due to the 

predominance of finer substrates downstream. BMWP score showed no clear 

trend with fish zone. 

Although the spread of NVC classes between fish zones was not even, 

particularly in the trout zone where all sites were of class 1A, it is 

clear that Figures 8 to 10 show strong fundamental influences of physical 

habitat on fish populations, and if water quality effects are to be 

positively identified this source of variation needs to be eliminated as 

far as is possible by investigating relationships between fishery status 

and water quality within each zone. However, it should be recognised 
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that this approach cannot account for a large proportion of longitudinal 

variation in fish populations due to the continuous nature of the 

variation. It also does not attempt to account for site-specific 

variations in habitat diversity and carrying capacity, which are further 

habitat effects which will affect the size and composition of fish 

populations (Section 3.2.2). 

The Trout zone 

Eleven of the 112 sites in the database lay in the trout zone, all being 

of NVC class 1A or equivalent (4 sites are in Scotland and thus have no 

NWC status in this study). Correlations between environmental and 

biological variables with sufficient data are given in Table 23. 

Table 23 - Correlations between fishery status and physico-chemical 
parameters in the Trout zone 
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The lack of toxic effect from the consistently measured water quality 

parameters at these sites was evident from the significant positive 

correlations of NH3N and N02N with total biomass (both at p<0.05), eel 

biomass (at p<0.05 and 0.01 respectively) and eel density (at p<0.01 and 

0.001 respectively). As with the analysis of the Tavy catchment, 

correlations indicated an increase in population size with increasing 

nutrient status (and hence productivity). The Tavy sites formed the 

greater part of this subset (7 sites out of 11). There was still a 

negative altitude (p<0.01) and slope effect (p<0.05) on the number of 

fish species present, and a negative altitude effect on coarse fish 

biomass and density, indicating that a significant residual longitudinal 

habitat effect remained after zonation. 

Mean temperature was negatively correlated with total biomass (p<0.01), 

total density (p<0.01), salmonid biomass (p<0.05), eel density (p<0.05) 

and biomass (p<0.05). These correlations may indicate a real effect, 

since low temperature may be limiting production in the most upland of 

sites. 

Since no likely toxic effect was indicated in this zone by univariate 

correlations, no toxicity or MRA was undertaken. The variation in 

fishery status with NWC class could not be investigated within the trout 

zone, since all sites belonged to class 1A or equivalent. 

The Grayling zone 

Thirty-two sites lay within the Grayling zone, 8 of which were in 

Scotland and therefore have no NWC classification in this study (although 

6 are the equivalent of class 1A sites). The spread of the remaining 24 

sites by NWC class is given below and in Figure 5. 

CLASS 1A IB 2 3 

NO. SITES 3 7 6 8 

Correlations between environmental and biological variables with 

sufficient data are given in Table 24. 
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Significant negative correlations were evident between the NofSP and both 

NH3N (p<0.01) and N02N (p<0.05), salmonid biomass and N02N (p<0.05), and 

salmonid density and N02N (p<0.05). NH3N values ranged from 0.02 to 

3.87 mg l-1 and at such concentrations are very likely to have a real 

impact on fish. N02N concentrations were relatively low, ranging from 

0.02 to 0.38 mg l-1, and correlations with fishery parameters are 

therefore likely to be due to intercorrelation with other influencing 

factors such as NH3N. 

Table 24 - Correlations between fishery status, invertebrate status and 
physico-chemical parameters in the Grayling zone 

(Numbers are Pearson coefficients of correlation). 
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Positive correlations were evident between DO and total fish biomass 

(p<0.05), NofSP (p<0.05), and salmonid biomass (p<0.01). The lowest mean 

DO in the grayling zone was only 8.2 mg l"1, and would not be expected to 

affect fish unless large fluctuations were occurring. The mandatory 

standard for EC designated salmonid waters is 50% exceedance of 9 mg l-1 

(see Appendix A.l). The site with the lowest mean DO, site S07, had a 

median value of 9.2 mg l-1, although the standard deviation about the 

mean was 2.55 and the lowest value recorded was 4.4 mg l"1. A real 

effect of DO on fisheries in the grayling zone can therefore not be ruled 

out. 

Salmonid density was positively correlated with altitude (p<0.001) and 

negatively correlated with mean depth (p<0.01), and salmonid biomass was 

positively correlated with altitude (p<0.05). As previously stated, the 

correlations with salmonid density are likely to be mainly due to 

sampling artefacts (see earlier in this section). However, this may well 

be compounded with residual longitudinal variation in habitat and also 

water quality effects, particularly from NH3N. The correlation of 

salmonid biomass with altitude is likely to be due to either or both of 

the latter two effects. Salmonid biomass was also negatively correlated 

(p<0.05) with BOD, which may be indicating a sediment quality problem 

associated with egg development. 

Regarding invertebrate status, ASPT was positively correlated with 

salmonid density (p<0.05), suggesting some sort of real environmental 

influence on the latter. ASPT was also negatively correlated with NH3N 

(p<0.05) and BOD (p<0.001), and positively correlated with DO. BOD does 

not have a toxic effect in itself but may be acting as a surrogate for 

sediment quality, since the settlement of particulates with a high BOD is 

likely to result in low interstitial DO, even if the DO in the overlying 

water is adequate. These correlations suggest that water quality, and 

possibly sediment quality, is having a discernable effect on the 

distribution of sensitive invertebrates in this zone. 

Table 25 shows correlations between fishery parameters and toxicity 

scores, as calculated by the TOXIC program. 
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Table 25 - Correlations between fishery status, invertebrate status 
and toxicity scores in the Grayling zone 

(Values are Pearson coefficients of correlation). 

NoFSP was negativly correlated (p<0.01) with all 6 toxicity scores. 

Since no habitat effect on NoFSP was indicated previously (see Table 24), 

these correlations would appear to be solely attributable to toxicity. 

This is reinforced by the significant correlations between NoFSP and 

NH3N, N02N and DO evident in Table 24. 

Coarse fish biomass was negatively correlated with TOXTIA (p<0.05), which 

may be indicating a significant toxic effect due to metals since no 

correlation was evident between coarse fish biomass and T0XT3A. 

Salmonid biomass and density were negatively correlated (p<0.05) with 

T0XT3A, whilst total biomass was negatively correlated (all at p<0.05) 

with T0XT3A, TOXTIA and T0XR1T. There were no correlations between 

either eel biomass or density and toxicity scores. 

It is clear that the trout toxicity scores are better correlated with 

fishery parameters than roach scores, probably due to the better 

description of toxic effect by the latter. 

Table 26 shows the results of MRA, using those environmental variables 

for which a possible causative influence was detected in the correlation 

analysis. Stepwise multiple regression was used where predictor 

variables did not exhibit a significant intercorrelation; alternatively, 

a single R-squared value has been given for a set of variables. 
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Table 26 - Multiple regression analysis of sites in the Grayling zone 

(Values are R-squared values, indicating the percentage of total 
variance accounted for). 

NH3N, N02N and DO combined, explained 49.7% of the variance in the 

number of species. The low explanation of variance by altitude and 

slope (3.6%) indicates that this result is due to a toxic effect, rather 

than an intercorrelation with habitat parameters. Due to inter-

correlations between NH3N, DO and N02N the relative effects of these 

parameters cannot be separated by MRA. When these 3 variables were 

combined into T0XT3A the amount of explained variance in NoFSP was 

reduced to 39.9%, indicating that raw water quality data is describing 

the variance in NoFSP better than toxicity-weighted data. When the 

available metals toxicity data was added in by replacing T0XT3A by 

T0XT1A the explained variance was reduced again to 38.0%. 

DO, NH3N and N02N combined, explained 22.5% of the variance in total 

biomass. This was reduced to 19.1% by replacing these predictors by 

T0XT3A, and marginally increased by replacing them with T0XT1A. 

N02N, altitude, DO, NH3N and BOD explained 30.IX of the variance in 

salmonid biomass. This vas marginally reduced to 29.3% by substituting 
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T0XT3A for DO, BOD and NH3N. T0XT1A accounted for 20.0% of the variance 

in coarse fish biomass. 

Table 27 and Figures 11, 12 and 13 show the variation in fishery status 

with NWC class within the grayling zone. 

Table 27 - Fishery status by NWC class in the Grayling zone 

(Mean values with standard error below each mean. Biomass values in 
g 100 m-2, density values in No. 100 nr2). 
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Mean salmonid biomass shoved a significant decline from class 1A down to 

classes 2 and 3 which, as seen above, may be partly due to NH3N but is 

also likely to be influenced by residual habitat effects. The importance 

of the latter is demonstrated by the very low biomass of coarse fish, and 

also low number of fish species, in class 1A (14 g 100 nr2 and 5.0 

respectively) compared to class IB (1176 g 100 m~2 and 7.0 respectively), 

indicating that the 1A sites were typical salmonid habitats, ie at the 

upstream end of the Grayling zone. 

From class IB to class 3, total biomass and coarse fish biomass showed 

steady declines, although none of the differences were significant due to 

the high degree of variability in the data. Coarse fish density (Figure 

3) showed a drastic decline from class 2 (21.3 fish 100 m-2) to class 3 

(0.9 fish 100 m - 2), although again this is not statistically significant. 

This decline may reflect an increased proportion of older fish at class 3 

sites, which would be the case if spawning success were being inhibited 

by impoverished water quality. Salmonid density reflected the decline in 

salmonid biomass with NUC class. 

The Barbel zone 

Forty-eight sites lay within the Barbel zone, and are distributed by NWC 

class as follows (see also Figure 5): 

CLASS 1A IB 2 3 

No. OF SITES 0 19 17 12 

Correlations between environmental and biological variables with 

sufficient data are given in Table 28. 

As might be expected from natural longitudinal fish distributions, 

salmonids were virtually absent from the Barbel zone, with a mean biomass 

of 37 g 100 nr2 and a mean density of 0.3 fish 100 nr2 (see Table 22). 

Coarse fish biomass and total biomass were not significantly correlated 

with any consistently measured environmental variable. 
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Highly significant negative correlations were evident between total fish 

density and both alkalinity (p<0.001) and hardness (p<0.001), between 

number of fish species and alkalinity (p<0.001), and between coarse fish 

density and both total hardness (p<0.001) and alkalinity (p<0.001). 

Under normal conditions fishery status might be expected to increase with 

increases in hardness and alkalinity, so it is possible that one or more 

water quality parameters are having a toxic effect. NH3N would not 

appear to have had a major influence since it was not significantly 

negatively correlated with any fishery parameter other than mean eel 

density. However, the highest NH3N concentration within the zone was 

2.06 mg l"1 (SD = 1.65), at site TH8, which should be sufficient to have 

an effect on fish, depending upon the distribution between the un-ionised 

and ionised forms. 

Table 28 - Correlations between fishery status, invertebrate status and 
physico-chemical parameters in the Barbel zone 

(Values are Pearson coefficients of correlation) 



BMWP score and ASPT were not significantly correlated with any fishery 

parameter other than eel biomass. 

Correlations between fishery parameters and toxicity scores are given in 

Table 29. 

Table 29 - Correlations between fishery status and toxicity scores in 
the Barbel zone 

(Values are Pearson coefficients of correlation). 

1 p<0.05 
2 p<0.01 
3 p<0.001 

Only one negative correlation was significant, between the number of 

species and T0XT3A (p<0.05). Eel density was positively correlated 

(p<0.05) with both T0XR3A and T0XR3T; it was also positively correlated 

with NH3N (see Table 28). 

The range of mean toxicity scores within the zone is given below: 

T0XT1A 0 - 9 T0XR1A 0-17 T0XR1T 0-20 

T0XT3A 0 - 9 T0XR3A 0-17 T0XR3T 0-20 

Since each TOXl score has the same range as the equivalent T0X3 score it 

can be inferred that all measured toxicity is due to either NH3N, DO or 

N02N. Toxic effects might be expected at sites with mean toxicity scores 
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as high as the maximum roach toxicity values. However, these values may 

be spuriously high for reasons mentioned previously, such that trout 

scores may be giving more realistic results. 

MRA was performed on variables where correlations showed a likely toxic 

effect, and the results are given in Table 30. 

Table 30 - Multiple regression analysis of sites in the Barbel zone 

(Values are R-squared values, indicating the percentage of total 
variance accounted for). 

NofSP tBIOMASS 

T0XT3A: 11.1% NH3N, DO: 7.7% 

DO, NH3N, N02N: 22.4% 

T0XT3A accounted for 11.1% of the variance in the number of species, but 

when it was replaced with its constituent raw variables (DO, NH3N and 

N02N) this value doubled to 22.4%; however, only 12 observations were 

available in the latter regression. NH3N and mean DO only accounted for 

7.7% of the variance in total biomass. 

Table 31 and Figures 14, 15 and 16 show the variation in fishery and 

invertebrate status with NVC class. 

The significant increase in mean total biomass (p<0.05) from class IB 

(1257g 100 m-2) to class 2 (2157g 100 nr2) would appear to indicate that 

NVC class status is not reflecting a major influence on fish populations. 

However, this may stem from a number of confounding influences, discussed 

in Section 3.2.2, and is not necessarily related to water quality. The 

difference in total biomass between the two classes was almost entirely 

due to variation in coarse fish biomass. It is possible that some 

slow-water cyprinids may be constrained by current velocity, which may be 
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Table 31 - Fishery and invertebrate status by NWC class in the Barbel zone 

(Mean values with standard error below each mean. Biomass values in g 100 m-2, 
density values in No. 100 m~ 2). 

generally stronger at class IB sites. This possibility is reinforced by 

the significant increase (p<0.05) in the NofSP from class IB (6.7) to 2 

(9.2). However, current velocity should not affect total biomass, since 

each site has a certain production potential irrespective of the number 

and nature of species exploiting that potential. 

There were no significant differences evident in BMWP score or ASPT 

between NWC classes to shed light on the reduced fish biomass evident in 

class IB. 
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The Bream zone 

Nineteen sites lay in the Bream zone, being distributed between NWC 

classes as follows (see also Figure 5): 

CLASS 1A IB 2 3 

NO OF SITES 0 10 6 3 

Correlations for those environmental and biological variables with 

sufficient data are given in Table 32. 

Table 32 - Correlations between fishery status, invertebrate status and 
physico-chemical parameters in the Bream zone 

(Values are Pearson coefficients of correlation). 
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As in the case of the Barbel zone, salmonids were present at very low 

densities and biomass in this zone, with means of 2.9 100 m-2 and 157g 

100 m~2 respectively (see Table 22). Coarse fish density was positively 

correlated (p<0.05) with NH3N and negatively correlated (p<0.05) with DO, 

and it would therefore appear that these variables did not having a 

detrimental effect on fisheries at these sites. However, the lowest mean 

DO in this zone was 6.14 mg 1_1 (standard deviation = 4.0), below the 

mandatory 502 exceedance level of 7 mg l-1 for EC designated cyprinid 

waters (see Appendix A.l). This value might reasonably be expected to 

have an impact on fish distribution, especially in view of the large 

variability around the mean. However, on the day of the fish survey at 

the site in question (TH5a), DO was very low at 3.8 mg 1_1 yet the fish 

yield was very high, at 4519 g 100 m~2. TH5a also has the highest NH3N 

concentration in the Barbel zone, at 1.83 mg l-1 (SD = 1.45). This is 

well above the mandatory 95% compliance level of 0.78 mg l"1 for EC 

designated waters (see Appendix A.l). On the day of the fish survey at 

TH5a the total NH3N concentration was much higher, at 3.8 mg l
-1. 

NofSP was positively correlated (p<0.05) with mean depth, as might be 

expected at sites supporting slow/still-water cyprinids. Coarse fish 

biomass was negatively correlated (p<0.05) with SSLDS which ranged from 

6.1 to 49.4 mg l-1; Alabaster and Lloyd (1982) concluded that average 

suspended solids levels of >25 mg l-1 could reduce fish yield, and the UK 

standard for EC designated waters is consequently set at this level (see 

Appendix A.l). Eel biomass was negatively correlated (p<0.05) with N02N, 

which ranged between 0.03 and 0.12 mg 1_1, concentrations too low to be 

producing a toxic effect. 

BMWP score was negatively correlated (p<0.05) with NH3N and positively 

correlated (p<0.05) with DO, in contrast to the correlations between the 

same variables and coarse fish density. As might be expected from this, 

BMWP score was negatively correlated (p<0.01) with coarse fish density, 

and consequently total density. Considering the lowest DO and highest 

NH3N in this zone, the correlations with BMVP score may well be due to a 

toxic effect that the resident fish populations have not responded to. 
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Table 33 gives correlations between fishery parameters and toxicity 

scores. 

Table 33 - Correlations between fishery status and toxicity scores in 
the Bream zone 

(Values are Pearson coefficients of correlation). 

The only significant correlations were between eel biomass and both mean 

T0XR3A (p<0.05) and T0XR3T (p<0.01), and eel density and both T0XR3A 

(p<0.05) and T0XR3T (0.01). The range of means of each toxicity score 

within the zone is given below: 

T0XT1A 0 - 4 T0XR1A 0-13 T0XR1T 0-21 

T0XT3A 0 - 2 T0XR3A 0 - 3 T0XR3T 0 - 3 

Trout toxicity scores indicate no real toxicity, and because these scores 

describe variations in toxicity more accurately than the roach scores 

these are probably a better measure of toxicity for cyprinids as well as 

salmonids. The differences between maximum T0XR1 and T0XR3 scores 

appears to indicate that metals should have a toxic effect within the 

zone; however, univariate correlations between these scores and fishery 

parameters do not support this. No account of variations in metal 

toxicity due to hardness is taken in the calculation of roach toxicity 

scores, and since the Bream zone generally consists of hard waters the 

toxicity may be over-estimated. 
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Table 34 gives the results of MRA, using information from univariate 

correlation analysis as a guide. 

Table 34 - Multiple regression analysis of sites in the Bream zone 

(Values are R-squared values, indicating the percentage of total 
variance accounted for). 

Roach toxicity scores explained a large amount of the variance in eel 

biomass and density. When these scores were broken down into their 

constituent variables it was apparent that N02N explained 67.7% and 

65.8% of the variance in eel biomass and density respectively. However, 

N02N concentrations are low in the catchment, as mentioned previously, 

and it is probable that it is acting as a marker for another variable. 

SSLDS accounted for 54.9% of the variance in eel density, but did not 

account for any variance in eel biomass. 

A large proportion (33.8%) of the variance in coarse fish biomass was 

explained by mean SSLDS, and this was increased to 45.8% when SSLDS, 

NH3N and DO were used in combination. Figure 17 shows the relationship 

between coarse fish biomass and mean SSLDS in the Bream zone. No 

biomass greater than 2500 g 100 m-2 is evident over 16 mg l-1 SSLDS. 

The increase in variance of fish biomass with decreasing SSLDS might be 

expected, since as one constraint on population growth is relieved 
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another will take over. This may be another water quality or a habitat 

constraint. 

Too few sites were available in the Bream zone to investigate variations 

in fishery and invertebrate status with NUC class. 

Analyses of factors affecting selected species 

Analyses were performed on the measured biomass of selected fish 

species, with the database divided into the Salmonid (Trout and Grayling 

zones) and Cyprinid (Barbel and Bream zones) regions. Of all the sites 

382 were designated as in the salmonid region, 60£ in the Cyprinid 

region and 2% were not designated. Only species with a significant 

number (>15) of positive biomass records (ie >0 g 100 m~2) in the region 

relevant to the species were used. The species thus selected were 

trout, salmon, pike, perch, chub, dace, roach and gudgeon. The biomass 

records for these species by site are given in Appendix F. The 

distribution of biomass records by region is summarised in Table 35. 
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Eels were the most often recorded and also the most ubiquitous species, 

often being recorded in the salmonid region. Eels have been discussed 

elsewhere and are not analysed further here. Gudgeon, roach, chub and 

dace were the next most recorded fish and were found predominantly in 

the Cyprinid region. The remaining species were generally true to their 

ascribed regions, except trout which were found in the Cyprinid region 

for 33% of the total biomass records (though there were more sites in 

the Cyprinid region than the salmonid region). Trout and salmon were 

absent from 33% and 60%, respectively, of the designated Salmonid region 

sites. Pike, perch, chub, dace, roach and gudgeon were absent from 24%, 

45%, 26%, 24%, 22% and 19%, respectively, of the Cyprinid region. 

Table 36 gives correlations between species biomass, selected 

physico-chemical parameters and toxic scores. From this matrix MRA was 

performed to determine the importance of variables in contributing to 

the total variance. 

Trout 

Trout biomass was significantly positively correlated with slope and 

negatively correlated with SSLDS, NH3N, N02N and sT0XT3A (Table 36). 

MRA identified slope and nitrite as major explanatory variables, 

together explaining 53% (R-squared) of the variance. The inclusion of 

suspended solids and ammonia increased the variance to 57%, but both of 

these parameters were intercorrelated with N02N. The inclusion of N02N 

reduced the number of observations in the analysis due to its relative 

scarcity in the database. Regression using slope, SSLDS and NH3N (the 

latter two water quality parameters not being significantly 

intercorrelated) only explained 39% of the variance. Regression using 

slope and sT0XTR3A explained 44% of the variance. The addition of SSLDS 

(a variable not included in the TOXIC program) did not explain more of 

the variance. 

The implications of these results is that habitat is indicated as a 

major factor influencing trout biomass, even within the salmonid region. 

This has been borne out by the relatively successful use of habitat 
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Table 36 - Correlations between the biomass of selected fish 
species with water chemistry, habitat parameters and 
toxicity scores 

(Values are Pearson coefficients of correlation). 

Salmonid region: 

98 



evaluation procedures to predict trout abundance in salmonid streams 

(Milner et al 1985). Nitrite may be an indicator of sewage pollution 

an acting as a surrogate for SSLDS, NH3N or some other effect not 

identified in the analysis. 

Salmon 

The correlation matrix (Table 36) identifies water depth and N02N as 

parameters negatively correlated with salmon biomass, and altitude and 

slope as those positively correlated. MRA combining the two more 

significant variables (depth and N02N) was not possible, due to a 

shortage of data. In isolation the variables accounted for 39% and 23% 

of the variance respectively. Depth and altitude together explained 46% 

of the variance. Slope was intercorrelated with these and did not 

contribute further to the variance. There was insufficient data to use 

any toxicity scores. 

Again habitat (though different parameters) and N02N were important 

variables. Depth has been identified as an important factor in studies 

of juvenile salmon. 

Pike 

The correlation matrix (Table 36) demonstrated only a poorly significant 

(p<0.05) negative correlation with slope. In MRA little variance in 

pike biomass could be explained by water quality, habitat or toxicity 

scores. The combination of depth, slope, SSLDS and cTOXRIA explained 

21% of the variance, and that of slope and N02N explained 15%. 

The results appear to indicate an independence of the species from the 

parameters included in the database at the levels measured. The 

occurence of backwaters, weed cover and suitable prey species may be 

more pertinent to the success of the fish. Biomass may not be the most 

suitable measure of abundance of the fish as single fish may contribute 

much to the measure and may also be missed in sampling small areas. 
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Perch 

The correlation matrix (Table 36) shows no significant correlations. 

Regression analyses reflected this and no more than 10% of the variance 

could not be sensibly be explained without a considerably reduced 

dataset. 

The results indicate that the biomass of this species is, like that of 

pike, independent of the variables as measured in this database at the 

levels recorded. 

Chub 

The correlation matrix (Table 36) shows a negative but poor correlation 

between fish biomass and SSLDS. The combination of width, SSLDS and DO 

explained only 15% of the variance. The addition of NH3N explained a 

further 1.5%. 

The biomass of this species is again not dependent upon the variables 

measured in this database at the magnitudes recorded and under the 

sampling regime used. Smith (pers comm) found in studies in East 

Anglian rivers that the densities of chub were related to river velocity 

and bankside tree cover, variables not included in this study (although 

slope was used as a surrogate for the former). 

Dace 

Dace biomass was significantly (p<0.01) negatively correlated with both 

SSLDS and DO (Table 36), possibly indicating a detrimental impact due to 

organic pollution. These two parameters accounted for 25% of the 

variance. The addition of width accounted for a further 3%. 

Roach 

Roach biomass was positively correlated with depth and negatively 

correlated with SSLDS and DO (Table 36). MRA using depth and dissolved 
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oxygen explained as much (252) of the variance as when SSLDS was 

included. The addition of altitude explained a further 8%. The 

relationship was a positive one though there was not a significant 

correlation at p<0.05. The substitution of DO by cT0X3RT reduced the 

explained variance to 25%. 

The species seemed to be influenced by both habitat and water quality 

variables. Depth may be a surrogate for the effect of flow, and more 

particularly water velocity, the species being more associated with 

slower flowing rivers than dace and chub, for instance. The 

contribution by altitude is curious and even contradictory. It may 

indicate more suitable conditions for the fish in more upstream reaches 

within the Cyprinid region, due to either preferred water quality or 

habitat. Univariate correlations suggest SSLDS and both MRA and 

correlation analysis suggest DO are relevant factors. 

Gudgeon 

The biomass of gudgeon was positively correlated with slope, DO, ammonia 

and the toxicity scores cTOXlTA, cTOXIRA, cT0X3RA, cTOXIRT and cT0X3RT 

(Table 36). Biomass was negatively correlated with width. MRA on a 

reduced database indicated that N02N contributed 20% of the variance 

alone, but owing to the lack of nitrite records (only 18 of the 57 sites 

for which gudgeon biomass was recorded) the correlation was not 

significant. Width, depth, DO and NH3N explained 49% of the variance. 

The two habitat parameters alone explained 28% of the variance, whilst 

the latter two water quality variables explained 35% of the variance. 

Retaining width and depth, the substitution of DO and NH3N with the 

toxicity scores cTOXTIA, cTOXRIA cT0XR3A, cTOXRIT and cT0XR3T explained 

53%, 56%, 57%, 52% and 57% respectively. Slope, though significantly 

correlated with biomass, did not explain variance to any further degree. 

This variable was negatively intercorrelated with width. 

The biomass of this species seemed to be most dependent on the variables 

used in the analysis of fish species biomass in the Cyprinid region. 

The species seemed to show a higher biomass in shallow rivers of low 
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width, with high DO concentrations and raised NH3N level, perhaps 

indicating a tolerance to organic enrichment. Biomass was positively 

correlated with toxicity scores, again suggesting raised biomass in 

shallow organically polluted, but well aerated, rivers. 

SECTION 4 - DISCUSSION 

The basic approach in this study has been to investigate relationships 

between fisheries and water quality on a national scale. This has had 

the effect of losing detailed resolution in the data analysis, but this 

has perhaps been compensated for by a better overview of nationwide 

relationships. In addition to gaining a national perspective, 

individual catchments have also been studied and have yielded valuable 

results. 

Identification of relationships has been hampered by a lack of data from 

certain regions (for various reasons) and water quality/habitat 

associations (eg poor water quality in upland areas). Where data has 

been available, water quality characterisation has generally been poor 

and fishery data of inconsistent quality. However, the study has shown 

that relationships can be found at a national level as well as a local 

level, and this has implications for the standardisation of approaches 

across pollution control authority boundaries, particularly between NRA 

regions. 

The approaches used in this study have highlighted a number of probable 

water quality effects in different habitat types, notwithstanding the 

list of confounding factors discussed in Section 3.2. Of the toxicants 

represented adequately in the database, total ammonia (un-ionised 

ammonia was not included in the analysis) appeared to be the greatest 

influence on fish distributions, although its importance was often 

obscured by intercorrelations with DO and nitrite. The number of 

species in Huet's 'Grayling zone' was negatively correlated with mean 

total ammonia which, along with DO and nitrite, accounted for 49.7# of 

the variance in species number. The number of fish species was also 
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negatively correlated with mean total ammonia in the Nene catchment, 

accounting for 72.2% of the variance (although again ammonia was 

intercorrelated with DO and nitrite). Mean total ammonia accounted for 

36.1% of the variance in salmonid biomass in the Perry catchment. In 

addition to the importance of ammonia and the intercorrelated but lesser 

effects of DO and nitrite, suspended solids appeared to play a 

significant role in lowland river stretches, being negatively correlated 

with coarse fish biomass in Huet's 'Bream zone' and accounting for 33.8% 

of the variance on its own and 45.8% in combination with total ammonia 

and DO. 

The study has shown the importance of accounting for broad variations in 

habitat; however, habitat and water quality effects have been shown to 

be highly intercorrelated, to a degree where zonation into broad habitat 

types is not sufficient to separate them. It is likely that better 

correlations between fishery and water quality status would be produced 

if site-specific habitat diversity (quality) was adequately described. 

The failure of association analysis (mentioned in Section 3.3.2) to 

discern readily-interpretable site groupings based on fish assemblages 

was mainly due to the intercorrelation of habitat and water quality 

effects. An alternative approach would involve reforming the database 

and repeating the association analysis, holding one effect constant 

whilst assessing the impact of the other. This would either involve 

studying unimpacted sites with a wide range of habitat types and 

diversity, or looking at a group of sites with very similar habitat 

characteristics and a wide range of water quality. The former approach 

would involve subsequent comparison of impacted sites with reference 

unimpacted site groups of similar habitat. Both approaches would 

involve expansion of the existing database in a more structured manner. 

Simple univariate analysis of the data followed by MRA has enabled the 

detection of a number of effects on fisheries, which need to be 

investigated further. It is unfortunate that more local knowledge of 

extraneous factors affecting specific sites could not be brought to bear 

in the time allowed. It should also be noted that no mathematical 
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transformations of the data were attempted, although they may have 

improved the amount of variance accounted for in the fisheries data. 

The toxicity-based approach used in the study has provided useful 

indications of toxic effect, but has been hampered by the paucity of 

water quality data available. This approach provides a practical way of 

assessing the combined effects of toxicants and also has a potential 

application in consent setting, in the assessment of receiving water 

quality in relation to envisaged polluting inputs. However, further 

work is required on the toxicological database. 

Although the rule-based approach (using an 'expert' system) has not 

identified indicator species for differing levels of pollution, it has 

provided clear indications of its usefulness. The production of sets of 

rules that environmental managers can consult in order to assess the 

potential benefit of restocking or enhancing, or to determine which 

water quality constraints need attention before a healthy fishery can be 

established is of great potential value. Such an approach provides a 

framework for a more objective assessment of the constraints acting upon 

fisheries. It is possible to feed an expert system with 

ecotoxicological knowledge so that it can judge derived rules for 

environmental relevance, and this would be an important aspect of any 

further development work. 

SECTION 5 - CONCLUSIONS 

In general, the database gathered in this study did not lend itself to 

the detailed examination of relationships between fishery status and 

water quality. Water quality information was available for few 

determinands, usually at a low sampling frequency, and fisheries data 

was of inconsistent quality. 

Notwithstanding the above, a number of probable water quality effects on 

fishery status and selected fish species have been identified by a 

variety of statistical techniques, which could be further utilised in 

the development of fisheries-related EQSs. 
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Of the parameters recorded at a sufficient frequency in the database, 

ammonia appeared to have the greatest effect on fish populations, 

although its importance was often obscured by intercorrelations with DO 

and nitrite which are also likely to affect fish distribution. 

Increases in suspended solids coincided with reduced fish biomass in 

lowland river reaches. 

Total fish biomass did not relate to water quality parameters as well as 

did species number, although the latter was more dependent on habitat 

type and therefore more obscured in analyses where the habitat range was 

great. 

The use of total fish biomass as an indicator of fishery health has 

developed from its use in stock management to assess angling potential. 

It provides no information on the sensitivity or diversity of the 

species assemblage. 

The use of presence/absence information, either on individual species or 

grouped together as a measure of diversity (species number in its 

simplest form), takes species sensitivity broadly into account. 

Qualitative surveys are also less demanding on resources than 

quantitative surveys, such that a greater number can be performed for 

the same amount of effort, giving a better geographical coverage. 

However, species diversity really needs to be related to the number of 

species which could potentially inhabit a site, unless only sites with 

very similar habitat characteristics are being compared. 

The confounding effect of variation in habitat type on water quality 

effects was highly significant in the undivided database, and was still 

evident after its division into broad habitat types. Furthermore, a 

large proportion of the unexplained variance in fishery status is likely 

to be due to variation in habitat quality, which could not be quantified 

in this study. Both observations highlight the need for adequate 

description of habitat type and quality if the more insidious effects of 

water quality are to be fully understood. 
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Relationships between fishery status and NWC class were again obscured 

by habitat effects, but also by the large within-class variations in 

fishery parameters. Identification of relationships would have 

benefited from a more objective and structured approach to site 

selection; however, some significant differences likely to be due to 

water quality were evident, particularly within each habitat type. 

Temporal variation in fishery status at fixed sites in relation to water 

quality could not be investigated due to a lack of appropriate data. 

The relationship between fishery and invertebrate status was generally 

poor, although correlations between each of them and water quality 

characteristics produced coefficients which were normally of the same 

sign. 

The linking of fishery, invertebrate and water quality sites in this 

study was hampered by a lack of coordination in site location between 

the relevant groups within most pollution control authority regions. 

Although it is recognised that the location of biological sites is often 

influenced by the presence of suitable habitat, if habitat was 

adequately described and accounted for this would not necessarily pose a 

serious problem. 

Rule-based 'expert' systems show great potential as decision-making aids 

for environmental managers. 

The toxicity approach used in this study could be a valuable tool for 

detecting general toxic effects and subsequently pin-pointing active 

toxicants. 
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SECTION 6 - RECOMMENDATIONS 

GENERAL 

Better coordination between the location of fisheries, invertebrate, 

water quality and, where possible, hydrological monitoring sites is 

required for a fully integrated assessment of water quality. 

A range of standard survey methodologies based on habitat type, in 

combination with standardised data recording methods, is required in 

order to ensure full data compatibility and thus maximise the benefits 

of data collection on a national scale. Greater coordination and 

dissemination of such standardised information would result in reduced 

overall effort from individual regions. 

Detailed and standardised recording of habitat type and quality are 

required to better evaluate the confounding physical constraints acting 

on fish populations. This would facilitate the identification of water 

quality constraints. 

The quinqennial River Quality Survey requires far more stringent 

controls on acceptable sampling frequency and class assessment protocol 

than is currently the case. This may improve the relationships found 

between river quality class and biological (fishery and invertebrate) 

status. 

FUTURE RESEARCH 

A more detailed investigation of the database may reveal further 

information. This would involve the incorporation of more local 

knowledge and further use of data transformation. However, the 

limitations of the database imposed by data compatibility and quality 

must be borne in mind, and the possibility of conducting field studies 

for the production of high quality purpose-oriented data should be 

considered. 
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If the database were to be studied further, it would need to be expanded 

to include a more even spread of sites in terms of geography and NVC 

class/habitat-type associations in order to adequately represent the 

nationwide scene. 

Association analysis, using either a selection of unimpacted sites with 

a wide variety of habitat type and quality, or a selection of sites with 

very similar habitat but a wide range of water quality, would provide a 

useful approach to the detection of disruption within fish communities 

due to water quality effects. 

Temporal variations in fishery status in relation to prevailing water 

quality and other influencing factors require investigation. 

The use of 'expert' systems for the detection of threshold levels of 

water quality for different species requires further examination. This 

should focus on the incorporation of ecotoxicological knowledge into the 

production of rules. 

The possibility of formulating a sensitivity index for UK fish species 

on the basis of further analysis of relationships between fish 

assemblage and water quality requires investigation. This would also 

involve a detailed examination of autecological tolerance limits in 

order to assess the natural range of each species. 

Further research is required to identify those fishery parameters which 

best indicate fishery status and which could be used as a basis for a 

system of fisheries classification. 

Further development of the toxicity-based approach used in this study 

would involve investigation of the variation in sensitivity between 

species, and further examination of the influence of water chemistry on 

the toxicity of certain parameters. Such studies would concentrate on 

the determination of chronic thresholds rather than acute toxicities. 
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APPENDIX B - DETAILS OF STUDY SITES 





















APPENDIX C - FREQUENCY OF OCCURRENCE OF ENVIRONMENTAL 

VARIABLES WITHIN THE DATABASE 





C2 

Other toxicant determinands considered but for which no data was 
received: 

Haloforms and pesticides. 

Symbols used: 

* indicates at least 5 analytical results available over period chosen. 
+ indicates less than 5 (but more than 0) analytical results available 

over period chosen. 

iii) Habitat and Biological Variables 

Width = Mean Width of River at Site Sampled 
Depth = Mean Depth of River at Site Sampled 
Altitude = Estimated Altitude of Site Sampled 
Slope = Estimated Gradient of River at Site Sampled 
BMWP = Biological Monitoring Working Party Score 
ASPT = Average Score Per Taxon 
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APPENDIX D - DETAILS OF THE 'TOXIC PROGRAM FOR THE 
SUMMATION OF TOXIC EFFECTS 



Toxicities are calculated and summed by the program TOXIC as below. 

experimental range for pH is 6.5 to 8.75 
table extended to use end point if out of range 

experimental range for alkalinity 25 to 400 
table extended to use end point if out of range 

fac2 = factor based on DO (X satn.) and free C02, 
calculated by two-way interpolation from Table D2 
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Table D2 - Factor for ammonia toxicity from free C02 
(mg l-1 across) and DO X (down) 

experimental range for DO is 40 to 100% 
results extrapolated to 20% 
table extended to use end point if out of range 

experimental range for free C02 is 2 to 20 mg l"
1 

table extended to use end point if out of range 

free C02 (used for factor 2 above) is obtained as follows 
(if not already given) 

free C02 = 10 ** (loglO(alkalinity) - 0.0555173 - pH + A -B/2) 

where A and B in the above are given by 

A = 3.96 + 715/(273+t) and t= temperature in °C 
B = square root of (2.5 * 0.00001 * total dissolved solids) 

If the total dissolved solids concentration (tds-mg 1_1) is 
missing it is calculated as follows. 

tds = 0.8 * conductivity in microsiemens cm-1 

fac3 = 5.75 - 1.586 * log (rtemp) 

experimental range for temperature is 8 to 20 °C, end point is used when 
out of range 

Low dissolved oxygen 

Note that DO differs from the other toxicity measures in that a lower 
level of DO corresponds to a higher level of toxicity. A toxicity score 
is therefore given, which is equivalent to the fraction of the 48h LC50 
for the other toxins. 
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toxicity score = k - 2 * x 
where x = DO concentration in mg I"1 

and k = a + b * t + c * t**2 + d * t**3 + e * t**4 
and the coefficients of the polynomial in t (temp in °C) are 

a = 2.0220525 
b = 0.04602609 
c - 0.02041304 
d = - 0.00185348 
e - 0.00005278 

experimental range for temperature is 9 to 26, relationship is 
extrapolated down to 0 and the value at the end point (26) is used when 
the temperature exceeds 26 °C 
Nitrite 
48H LC50 = 10 ** (1.0159 * loglO(x) - 0.4527) 
where x is the chloride ion concentration in mg I"1 

experimental range for chloride, up to 47 mg 1_1 

NB. As the data sets do not include chloride concentration a value of 
25 mg 1_1 is assumed and a warning is given in the results. 
Metals 
48h LC50 = dofactor * exp (a * log(h) + b ) 
dofactor = 0.3073 * log(d) - 0.4152, where d = DO as X satn. 
h is the hardness as mg 1_1 of calcium carbonate 
and the coefficients a and b depend on the metal as follows: 

metal a b 

experimental range for DO 30 to 100X saturation end point value used if 
DO out of range 

experimental range for hardness 10 to 300mg l"1 end point value used if 
hardness out of range 

Cyanide 

The determinand given is assumed to be HCN so this is converted to free 
cyanide as follows. 
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free cyanide = HCN * 1.0384/ (1+ exp(2.3026*(pH-9.91-0.0275*temp) 

where HCN is the HCN concentration and temp is the temperature 
in °C. 

The 48h LC50 for free cyanide is given by the following. 

48h LC50 = 0.0327 * log(t) - 0.00468 where t = temp in °C. 

NB. It is unclear whether the result holds for the lower temperatures. 
The toxicity predicted by the equation increases rapidly as the 
temperature falls to around 2 °C. 

Phenol 

48h LC50 = dofactor * (2.75 * log(t) - 1.634) where t= temp in °C. 

dofactor is the same as the DO factor used for the metals toxicity 

experimental range for temperature is 6 to 18 °C. 
end point is used if temperature is off range 

In all cases except DO the toxicity is given by the ratio 

observed concentration / 48h LC50 

For DO an equivalent value to this ratio is determined directly 
by the method shown above. 

D.2 Toxicity to roach 

Two measures are given for roach 

1. The ratio of observed concentration / 48h LC50. 

2. The ratio of observed concentration / threshold LC50 (which may be 
interpreted as a no-effect concentration, but is in some cases very 
close to the 48h LC50). 

As there are insufficient data for the effect of other factors to be 
included the ratios are obtained in most cases from experimentally 
obtained LC50 values. The exceptions are given below. 

Dissolved oxygen and lead. The results for rainbow trout are used. The 
threshold LC50 is taken to be the same as the 48h LC50 in these cases. 

Ammonia. For ammonia the LC50 values are given as undissociated 
ammonia. The equivalent amount of total ammonia (mg l"1) needed for 
calculating the toxicity is obtained as follows. 
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D3 - Determinands Used in the Evaluation of Predicted Toxicities 
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APPENDIX E - AN INVESTIGATION OF FISHERIES IN THE TRENT 
CATCHMENT USING THE TOXIC PROGRAM 



Water quality and fisheries information was available for the River 
Trent catchment (ie Rivers Trent, Dove, Derwent, Penk, Mease, Soar, 
Erewash, Blythe, Amber, Churnet, Cole, Anker, Sow, Sence, Tame and Rea; 
and Ford and Fowlea Brooks) for the years 1970 to 1973. At this time 
the river was notably more polluted than in recent years due to the 
efforts of the pollution control authorities and the closure of some 
industries. Water quality determinands available were; total ammonia, 
phenol, nickel, lead, zinc, cadmium, copper, cyanide, pH, alkalinity, 
temperature, total dissolved solids, dissolved oxygen, hardness and 
chromium. Fishery information was only available as a rather subjective 
classification of status, there being the following categories for 
fisheries of salmonid (S) and freshwater fish (C) respectively: 1, good; 
2, fair; 3, poor; and 4, fishless. 

The TOXIC program was used to estimate the toxicity of the river waters 
to rainbow trout (as a percentage of the 48h LC50). It was only 
considered worthwhile to do this for sites having a minimum of 10 usable 
records. Tvo sets of toxicity predictions were made on the basis of the 
available data. In the first (and smaller set) input determinands were 
ammonia, dissolved oxygen, copper, chromium, nickel and zinc. This set 
included 29 records at 13 sites. The second set predicted toxicity on a 
more limited range of determinands; ammonia, dissolved oxygen, copper 
and zinc. This set included 70 records at 45 sites. For the first set 
(Table El) predictions of total mean percentage toxicity ranged from 15% 
(Trent) to 113% (Tame). Nickel and chromium contributed very little to 
the total toxicity, whilst copper contributed the most (average 47% of 
total toxicity). Ammonia and zinc each contributed to 23% of total 
toxicity. Dissolved oxygen levels generally contributed little directly 
to the sum (average of 3%) but was the most variable, with values of up 
to 22% (but generally 0%-l%). 



For the second set (Table E2) predictions of total mean percentage 
toxicity ranged from 9% (Mease) to 169% (Tame). The pattern of 
contributions (Cu, 57%; Zn, 22%; NH3N, 18%; DO, 2%) was similar to that 
for first set. 

Table E2 - Predictions of Mean Total Percentage Toxicity based on 
concentrations of NH3N, DO, Cu and Zn. 
Repeat values at sites are for different years. 

River Site Mean % Toxicity (ies) 
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Table E2 Continued 

River Site Mean X Toxicity (ies) 

Anker 3 
Sow 1 
Fowlea Brook 1 
Ford Brook 1 
Rea 1 

13 12 
11 10 11 
83 
54 45 
36 

The relationship between fishery status and the predicted toxicity to 
both rainbow trout and roach was confounded to some extent by the large 
number and wide range of toxicity shown by fishless sites (Figures 
El-4). However regression coefficients were always positive (Table E3) 
and almost always significant. The amount of variance accounted for 
(R2) was generally low (up to 0.41). Less significant correlations were 
obtained when metals were excluded from the toxicity calculations and 
when the 95&iles of predicted toxicity were used. 

Table E3 - Regression Coefficients. Toxicity based on NH3N, DO, Cu and Zn 
concentrations from sites with at least 10 complete records 

Median Predicted Fishery Type Slope R-Squared Significance (s, ns) 
48h LC50 to Species (S, C) (%) 

Trout S 7.4 6 s 
Trout C 7.8 41 s 
Roach S 10.6 10 s 
Roach C 7.6 33 s 

The proportions of trout and roach toxicity corresponding to 
fishlessness were: 

0.27 for trout toxicity and no salmonid fisheries 
0.36 for trout toxicity and no freshwater fisheries 
0.39 for roach toxicity and no salmonid fisheries 
0.27 for roach toxicity and no freshwater fisheries 

The values based on trout toxicity are reasonably consistent with the 
boundary value of 0.28 separating fish-containing from fishless sites in 
the previous study of the River Trent using the predicted toxicity to 
trout (Alabaster et al 1972). 
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This study of the Trent catchment adds some support to the use of the 
toxicological-based approach, an approach that requires a range of water 
and fisheries quality to demonstrate its application. This study would 
have been improved by using more quantitative fisheries information and 
possibly by transformations of the data, eg to account for the effect of 
variations in flow on water quality. Also, as the sites covered a range 
of habitat, appropriate variables, such as altitude and slope, should be 
included in a multiple regression analysis. 
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APPENDIX F - BIOMASS OF SELECTED SPECIES AT EACH SITE 
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