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1. 

A. Study of the minnow. j^Qixinu3, TyhQ^pg;S-Ji^. i n the River '/ear, 

County Durham, with 3 p e c i a l reference to feeding habits. 

by A. S. Gee. 

INTRODUCTION, 

The factors which influence the s i z e and structure of f i s h populations 

are very variable. They include most factors djiscussed i n the many recent 

works on population ecology (Andrewartha & Birch, 1954; Lack, 1954; 

Le Cren & Holdgate, 1962; Yfynne-Edwards, 1 9 6 2 . ) Many features of f i s h 

population dynamics are, however, peculiar to t h i s c l a s s , and greatly 

influence the resultant population structure. The variable s i z e of adult 

f i s h i s p a r t i c u l a r l y important i n t h i s context. The s i z e depends on 

growth rate, though s u r v i v a l rate may have some influence (Le Cren, 1 9 6 5 - ) • 

Important factors, too, are the l a b i l e nature of population numbers and 

mobility. Fecundity 'depends on s i z e , and egg s u r v i v a l can be high when spawnih, 

density i s low. Adultt mortality tends to be independent of age, predation 

being considered an important factor. Therefore, though at the l i m i t s of 

t h e i r range, physical factors may be important, i t i s generally, considered 

that f i s h population density and structure are determined by b i o t i c , density-

dependent fa c t o r s . Under experimental conditions, the growth of f i s h , 

p a r t i c u l a r l y above 46°F., i s d i r e c t l y proportional to the amount of food 

eaten (Pentelow, 1939-). Under natural conditions there i s probably a d i r e c t 

association between food and growth rate (Smyly, 1 9 5 5 . ) . V/ingfield (1940) also 
V 
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2 . 

considers food a c r i t i c a l f a c t o r . 

I t i s important, therefore, i n the understanding of the ecology of any-

f i s h population, that the amount and type of food eaten i s determined. This 

aspect of f i s h ecology has been studied extensively, although the work of 

Frost (1943) remains the only one dealing excl u s i v e l y with the minnow 

(Phoxinus phoxinus L.) Other workers (Hartley, 1948, Maitland, 1965) have 

compared the food of minnows with other, coexisting species. The f i s h used 

i n a l l these studies have come from one section of r i v e r where the species 

was known to be abundant. Comparison was often inade between the food of 

f i s h caught i n t h i s area and those from another r i v e r or lake. No account 

i s available on the feeding habits of minnows i n d i f f e r e n t parts of one r i v e r 

system. 

The o r i g i n a l purpose of the investigation described here was to examine 

the food and population structure of minnows at selected s i t e s i n the 

River Wear, County Durham. Since no work had been done on the di s t r i b u t i o n 

or movement of t h i s species within the r i v e r , the boundaries of the 

population(s) were not known. 

Mann (1971) used the minnows within a spe c i f i e d 'reach' as h i s unit 

population, but encountered d i f f i c u l t i e s when, at various sampling times, 

a l l or part of a shoal would l i e outside t h i s 'reach 1. 

I t was decided to take samples of up to 200 f i s h from each of the 

sampling stations, and to compare t h e i r structure. I t was hoped that t h i s 
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might give some indication of the possible existence of discrete units of 
the River Wear minnow population,, Gut analyses of f i s h from the sampling 
points, together with laboratory growth rate and predation tests were 
planned to give an indication of the feeding habits of the minnow. I t was 
hoped to attempt an assessment of the importance of food on the s i z e 
structure of the minnow samples obtained. 

• ' \ 
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GENERAL FEATURES Mil) LIFE-HISTORY OF THE NINNOWU 

The minnows i s one of the smallest B r i t i s h freshwater f i s h e s , r a r e l y 

growing to a length of more than 3 or 4 inches, though occasionally 

specimens of 6 or 7 inches long have been found. Frost (1943) records most 

of the Lake D i s t r i c t f i s h l y i n g between 50 and 65 mm., the largest being 

82 mm. Tack (1940) found minnows as large as 119 mm. The lar g e s t specimen 

found i n t h i s survey was 98 mm. long. The external features are very 

s i m i l a r i n a l l i ndividuals, though s l i g h t differences do oc'cur between 3exes 

i n f u l l y mature f i s h , p a r t i c u l a r l y i n the breeding season. 

They are found throughout B r i t a i n , apart from the Northern Highlands of 

Scotland, l i v i n g i n most areas of freshwater, though preferring c l e a r streams 

where the bottom i s composed of sand or gravel, (Regan, 1911). They swim i n 

shoals, and, i n l a r g e r r i v e r s , tend to . be found i n regions of slack water. 

Regan describes shoal^ of minnows moving from one place to another 'in search 

of new feeding grounds'. In the winter, and on cloudy or rainy days, i t has 

been noted during the course of this work that minnows r e t i r e to deeper water, 

and l i e under stones or i n holes i n the banks. 

Spawning occurs i n the summer months, a f u l l e r account of the 

reproductive be}javiour being given i n a l a t e r chapter. 
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TUP: SAMPLING STATIONS (SPC Table i ) 

Information regarding the River Wear i s given i n Whitton & Buckma3ter 

(1970) included i n which are references to several papers on the hydrology 

and chemistry of the r i v e r . The Wear i s formed at Wearhead, running 106 .9 km. 

to Wearmouth Bridge, Sunderland. The f a l l i n l e v e l from 336m. at Wearhead i s 

gradual from source to mouth. Generally, the chemistry of the r i v e r can be 

described as a gradual increase i n nutrient l e v e l s , though a number of sewage 

outflows do occur. Most effluents into the main r i v e r are i n f a i r l y good 

condition. The most important inflows being from Wadsworth sewage disposal 

works (Km. 3 9 . 6 ) and the River Gaunless which increases the hardness of the 

main r i v e r considerably. The lead and zinc contamination from mines occurs 

towards the head of the r i v e r , and many miles above the sampling stations 

chosen. Since 1 966 the e f f e c t s of mine water inflow have been only minor. 

The effects of any i n d u s t r i a l .chemical effluent i s considered to have no marked 

eff e c t on the ecology of the r i v e r . The May-June-i-July temperature v a r i a t i o n 

between Stanhope, near the head of the r i v e r , and:Sunderland Bridge l i e s within 

the range 10-1 7°C, (Smith, 1 9 6 8 ) . 



POPULATION STRUCTURE 

Methods 

In any study of population structure i t i s important to obtain an 

adequate number and representative sample of the population. I t w i l l be 

explained l a t e r that i n f a c t t h i s was never t r u l y achieved, due to the 

shoaling behaviottr of the f i s h . 

Many workers have used a wide va r i e t y of nets, traps and e l e c t r i c 

f i s h i n g apparatus f o r catching minnows. E l e c t r i c apparatus was not available, 

so a number of nets and traps were tested. I t was found that whenever a 

large shoal was present i t was reasonably easy to catch large numbers i n small 

hand nets, though a trap made from a large glass sweet j a r with a funnel 

entrance was found most e f f e c t i v e , e s p e c i a l l y when baited with bread. Many 

other traps made from a v a r i e t y of bottles were t r i e d without much success; 

these included a large trap made from nylon netting and wire, s i m i l a r i n 

design to that used by-Hartley (1948.). Seine netting was considered 

unnecessary when using traps and to be unsuitable under conditions when traps 

would not function. No method was found of suitably sampling minnows i n a 

s t r e t c h of r i v e r where they were either scarce or l y i n g beneath stones. 

Possibly a combination of large seine net and e l e c t r i c stunner would have 

succeeded, but neither the apparatus nor the technical assistance was 

a v a i l a b l e . Such work would, i n any case, have caused much disturbance, and 

would have been a considerable nuisance to l o c a l fishermen. 
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The stations chosen for study were sampled for minnows using the nets 

and traps. The f i s h were weighed and measured within a few hours of capture. 

Length was measured, to the nearest millimetre, from snout t i p to t a i l fork. 

Filter-paper-dried f i s h were weighed to the nearest milligram on an e l e c t r i c 

balance. Guts were dissected out and the whole preserved i n 70$ alcohol f or 

l a t e r examination. 

An attempt was made to age the minnows using o t o l i t h s , but a f t e r many 

f i s h of d i f f e r e n t s i z e s were t r i e d , i t was found that l i t t l e r e l i a b i l i t y could 
i 

be placed i n t h e i r interpretation. 

Results and Discussion 1. 

The data collected was grouped into 2mm. lengths and plotted against the 

numbers of f i s h caught from each length group. The re s u l t i n g length frequency 

di s t r i b u t i o n s , for a l l the s i t e s studied, are shown i n FIG 1a-g. Each 

frequency d i s t r i b u t i o n i s complex, most of the 'populations' sampled covering 

a wide range of lengths. The 3-point 'moving average' method for .smoothing 

the histograms produced was employed,, but i n most cases the r e s u l t i n g curve 

was s t i l l very complex. 

The Peterson Method for a n a l y s i s of s i z e frequency distributions i s now 

standard i n work on population structure. B a s i c a l l y , i t requires a unimodel 

s i z e d i s t r i b u t i o n of a l l f i s h of the same age, but i s therefore only easy to 

employ when there i s no large overlap i n the size: of individuals i n adjacent 
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age-group3. I t can generally be applied only to the youngeot age-groups of 

a population (Tesch, 1968). I t follows from the assumption of unimodal s i z e 

d i s t r i b u t i o n that the Peterson Method i s best employed where modes are most 

pronounced. This occurs i n f i s h with a short spawning season and rapid and 

uniform growth. Tesch believes that even when etge determination i s possible 
i 

from scales and o t o l i t h s , t h i s method of polymodal frequency analysis can 

make i t possible to reduce greatly the amount of age determination needed. 

Again, Tesch s t a t e s that close to the modes, a l l or nearly a l l of the f i s h 

can be expected to be*of one ago group. This l a t t e r statement i s i n f a c t 

the basis of the Peterson Method. 

In many instances, and c e r t a i n l y i n the case of the minnow, the spawning 

period i s extended over several months. This r e s u l t s i n considerable overlap 

i n s i z e between f i s h of adjacent year c l a s s e s , e s p e c i a l l y i n older f i s h . 

Buchanan-Wollaston & Hodgson (1929) devised a method of analysing such 

i n d i s t i n c t polymodal curves using the method of drawing 'curves of error'. 

'Normal curves' are drawn about the modes, each of these i s then treated as 

a d i s t i n c t y e a r - c l a s s . I n some cases the necessary 'curves of error' are 

r e l a t i v e l y simple to draw, but often, and the present curves for River Wear 

minnows are included here, t h i s becomes very d i f f i c u l t , and i t i s impossible 

to determine which part of the curve i s t r u l y s i g n i f i c a n t and which due 

to sampling error. When the frequency curves become complex the degree of 

speculation and 'judgement* necessary for resolving them detracts from t h e i r 

usefulness. 



A lietter method for resolving frequency curves into component 'normal* 

curves i s that of Harding (19 4 9), Cassie (l 9 5 4 ) and Tanaka (1 962) using 

probability paper. Even with t h i s method, however, the components become 

more d i f f i c u l t to d i s t i n g u i s h as the compound ciirve becomes 'smoother'. 

Polymodal an a l y s i s of the frequency curves detained from the minnow samples 

was c a r r i e d out to give an indication of the structure of the sampled f i s h 

(see. F i g . 2a-e). I t i s not, however, concluded that these r e s u l t i n g normal 

di s t r i b u t i o n s n e c e s s a r i l y r e l a t e to year-classes, as assumed i n the 

Petersen Method. Neither must i t be assumed thait the structure of the sample 

i s n e c e s s a r i l y that of the minnow population at the sampling s i t e , nor i n the 

River Wear generally. Indeed, there i s much circumstantial evidence to indicate 

that t h i s i s not the case. 

The problem of r e l a t i n g length frequency distributions to year classes 

would be solved were the i n d i v i d u a l ages of the samples f i s h known. Various 

workers have employed' scale s and o t o l i t h s for tbjis purpose with varying degrees 

of success. Frost (1943) found s c a l e s useful for ageing Windermere minnows, but 

only those from the caudal peduncle are suitable!, and interpretation of the 

r i n g structure i s d i f f i c u l t . Most workers have preferred the use of s t o l i t h s . 

I n this investigation many minnew o t o l i t h s were extracted. Although the 

s a g i t t a i s the l a r g e s t of the three o t o l i t h ? and easy to dissect out, i t i s • 

s t i l l quite small. The very 'humpy' surface makes the reaching of the rings 
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.impos3iblo, oven whon cleared with creonoto o i l according to tho method 

of Jones and Hynes (1950). Various methods of grinding (Johnston, 1930) and 

burning (Christensen, 1964) are employable i n these circumstances, but none 

were practicable during this study. Frost (1943) has recorded the range of 

lengths i n minnows of d i f f e r e n t year c l a s s e s , which, though d i f f e r i n g s l i g h t l y 

from one l o c a l i t y to another, can, I think, be taken as close approximations 

to the River Wear s i t u a t i o n . 

Analysis of the River Wear samples using thje probability paper method 

gives' mean lengths and associated S.D.S as shown i n TABLE 2. As mentioned 

above, i t i s best to consider these values as descriptions of the structure 

of the shoals from which the samples were taken. Shoals of minnows were 

observed to change i n composition with time and l o c a l i t y . I t was common to 

see a choal comprising of large numbers of -individuals of approximately the 

same s i z e ; c i n a few occasions i t was noted both by myself and others that 

two or more adjacent shoals would comprise of whajt could be described as 

d i s t i n c t year c l a s s e s , one year c l a s s per shoal. I t was not possible i n the 

time ava i l a b l e to investigate the long-term nature of these shoals, to 

investigate the degree of exchange between shoals, nor to see whether or not a 

shoal i s a d i s t i n c t unit of the population, acting i n any way separately from 

other neighbouring shoals. Because nothing i s known about the shoaling 

behaviour,'any conclusions r e s u l t i n g from analysis of a sample taken from the 

r i v e r cannot be- extrapolated beyond the sample i t s j e l f . However, i n most 

instances, the sample can be regarded as representative of the shoal from 

which i t was taken. 
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When the r e s u l t s expressed i n TABLE 2 are :compared with those for the 
River Brathay f i s h (Frost, 1943) i t i s d i f f i c u l t to resolve individual 
components into year c l a s s e s . • The Durham Sands 10.5.71 sample, for instance, 
seems to consist of two components of mean lengths 33.2 mm. and 41.9 mm., both 
of which could be f i t t e d into Age Group 0 of River Brathay f i s h . In addition, 
one f u l l y ripe female 71mm. long was caught. The above mentioned sample 
consists only of two main groups which have a f a i r degree of on overlap 
This contrasts greatly with a sample taken from! exactly the same place on 
24 . 6 . 7 1 . Four days prior to taking the l a t t e r sample a f a i r l y heavy flood 
had occured; the sample was taken as soon as the flood subsided and the r i v e r 
l e v e l dropped to i t s former l e v e l . A large number of very large minnows are 
seen to be represented. These larger minnows form a component d i s t i n c t from 
the main mass of the 'population'1 I t i s possible that the component curve 
of mean length 47.3mo. i s composed of year c l a s s e s 0 and I , whilst the larger 
one of mean length 71 .3nim. represents year c l a s s I I . An intermediate sample 
taken on 1 . 6 . 7 1, from the same pool, was unimodil, approximately normal, with 
a mean length of 38mm. 

The Bishop Auckland sample has three components, giving the widest range 

of s i z e s within any shoal sampled. The fac t that the mean values do not 

coincide with those at Durham Sands may be a function of r e a l differences i n 

s i z e with age of the populations at the two siteis. The 3 i t e s are c e r t a i n l y 

different i n chemical properties, and quite f a r ̂ removed i n terms of distance 

from one another. Again, i t i s d i f f i c u l t to comje to any d e f i n i t e conclusion 



because i t i s not known how much exchange of fibh takes place between the two 

stations. I t seems d i f f i c u l t to conceive of filnh moving upstream from Durham 

as f a r as Bishop Auckland, e s p e c i a l l y since there are numerous wciro between, 

but i t i s possible f o r the reverse to occur, by active swimming or through 

being swept downstream. I t i s probable that a icertain amount of downstream 

mixing of populations does occur. Minnows kept i n aquaria were observed to 

swim against the current during changing of the! tank water, but very quickly 

' t i r e d ' , and were swept backwards. The largest! shoals of minnows occur i n 

the c l a s s i c a l 'minnow reach*, that i s , areas of slack, shallow water near the 

r i v e r bank. When disturbed i n these pools the :fish react immediately en masse 

by swimming into the main p a r i -of the r i v e r . At Durham Sands the current i s 

f a i r l y rapid i n mid-3tream such that f i s h could be swept away. Normally, 

minnows make f o r areas of slack water beneath or j u s t downstream of 3tones. A 

few minutes a f t e r f l i g h t , the minnows return to the.slack water pool, so that 

generally l i t t l e displacement occurs i n t h i s way. The large flood between 

the two main sampling times at Durham Sands was probably a fa c t o r i n the 

subsequent change i n shoal structure described above. 

The Witton-le-Wear s t a t i o n was v i s i t e d on;several occasions, but the 

only large sample obtained gave a normal d i s t r i b u t i o n about a moan length of 

50.4 mm. Those were probably Group I f i s h , On no occasion were larger f i s h 

of Group I I s i z e range seen. 
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Tho oite furtlioat upstroaro wao that at Y'olkLngham. Two vinito here 
resulted i n not one .sighting of a minnow. Children playing in the area 
r e c a l l e d the presence of minnows at Wolsingham from time to time, but none 
had been seen on the sampling days. 

Many general conclusions can be drawn froni obaervation3 made throughout 

the summer months i n search of minnows. I t was1 very common for minnows to be 

p l e n t i f u l i n a p a r t i c u l a r l o c a l i t y on one day,; and to appear to be completely 

absent on a subsequent v i s i t . There seemed to be quite a good co r r e l a t i o n 

between the occurence of a shoal and of fine weather. On warm sunny days 

minnows congregate i n the shallows, but t h i s i s ; r a r e l y seen on close or 

cloudy days. The f i r s t two v i s i t s , to Witton-le4-'iear, for example, were on 

such cloudy days; nip shoals were seen, but several minnows were disturbed 

from beneath stones, only to darrt quickly away. Occasionally, some of these 

f l e e i n g minnows were caught, but i n i n s u f f i c i e n t numbers to make up a v a l i d 

sample. 

The Page Bank sample has mean values of 3 2 . 8 mm. and 4 4 . 7 mm., resembling, 

to some extent the Durham Sands sample taken on 1 0 . 5 . 7 1. This suggests th a t 

Group 0 and I f i s h i n these parts of the V/ear are considerably smaller than 

recorded' for the River Brathay. I t would, however, be unwise to consider this 

as more than a p o s s i b i l i t y . The Page Bank s i t e was sampled downstream of the 

bridge, and upstream again on 30ijh May; both gaye unimodal curves as shown i n 

F i g . 1c. 
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The s i t e at Sunderland Bridge was also v i s i t e d on numerous occasions, and 
exceptionally small shoals of minnows were seen. On one occasion 34 f i s h 
wore caught from one shoal, their length frequencies being displayed in 
Fig. 1d. Some of the f i s h wero very small indeed, at 20mm., and i t seem3 
possible that within the sample, two age c l a s s e s were represented. I t seems 
unl i k e l y that such a range i n lengths would; be represented with one age c l a s s . 

Conclusions 

I t i s obvious from the abovfe remarks that shoals of minnows can d i f f e r 

very greatly i n s i z e structure. Two possible explanations can be considered; 

f i r s t l y , that the length frequency distributions are true representations of 

the structure of the minnow population at the sampling s i t e . I f the shoals are 

discrete u n i t s , then this would imply that the factors which govern individual 

s i z e i n minnows are very d i f f e r e n t i n various parjts of the Wear. Secondly, and 

more probably, the length-frequency d i s t r i b u t i o n s do not n e c e s s a r i l y give 

accurate pictures of age structure, but r e s u l t from mixtures of up to four 

year c l a s s e s i n different proportions. I t has been concluded e a r l i e r that 

the samples are true representations of the shoals from which they were taken, 

so that i t must be concluded that shoals can d i f f e r markedly i n composition 

with time and l o c a l i t y . I t i s quite possible, of course, that both these 

factors are represented here. The question of available food as a factor i n 

determining population structure l i s discussed i n a l a t e r section. 
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Previous workers have r e l i e d very heavily ;on polymodal frequency 
analysis for resolving population structures (ei.g. Smyly, 1957; Frost, 1943), 
but the present work indicates possible u n r e l i a b i l i t y i n some circumstances, 
depending greatly on s o c i a l behaviour within the population being sampled. 
Otolith examination for age i s often useful (Smyly, 1957) but i n the case 
of the minnow even this method cannot be taken as very r e l i a b l e . According 

to Frost ' length frequency distributions threw much doubt on the o t a l i t h 

readings, which i n many cases gave the age for any length either one or two yea 

greater than that attributed to i t by the frequency curve.' Mann (1971), 

studying population structure of minnows and other coexisting species i n 

Dorset, also found that shoaling behaviour madeiaccurate estimates of s u r v i v a l 

d i f f i c u l t . Oyer 5-fold differences i n numbers of f i s h per reach were 

estimated. Mann did not, f i.nd, any minnows which had survived longer than 

a few weeks a f t e r t h e i r t h i r d birthday. 
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FOOD AND. GROWTH. 

1• FOOD 

GUT ANALYSES 

The methods used to examine f i s h gut contents and q u a n t i f y the r e s u l t s 

are very v a r i e d . Hynes (1950) has reviewed the; commoner methods and has 

attempted t o standardize the procedure. He concluded t h a t when r e s u l t s are ex­

pressed comparably, i . e . when each food i t e m i s shown as a percentage of the 

t o t a l food eaten, a l l methods give s u b s t a n t i a l l y the same r e s u l t . He r e j e c t s 

methods based on the numbers of organisms eaten land comparison of data so 

obtained w i t h counts of the organisms found i n siamples o f small areas of the 

subotratum. The best method, i n h i s o p i n i o n , i s i based on the a l l o c a t i o n o f 

po i n t s on the basis of the estimated volume o f each food item present. H a r t l e y 

(194S) l i s t s the numbers of organisms i n the f i s h . He expresses the occurence 

o f food as a percentage of the t o t a l number of prey organisms found. This i s 

probably u s e f u l o n l y when comparing foods of d i f f e r e n t species of f i s h , since 

the s i z e of prey organisms w i l l be important i n determining the number eaten. 

Swynnerton & Worthington (1940) washed out the stomach contents, estimated the 

occurrence of prey organisms, d e s i g n a t i n g them as: 'very common1, 'common', 

'frequent', ' r a r e ' o r 'very r a r e ' . They r e p o r t hhving taken the s i z e of 

i n d i v i d u a l organisms i n t o account. The contents bf a l l stomachs, arranged i n 

s i z e groups f o r each species of f i s h , were t a b u l a t e d , grouping occurrences i n 

such a way t h a t the r e s u l t i n g c a t e g o r i e s were 'common', 'frequent' and 'very 

r a r e ' , designated 3, 2 and 1 r e s p e c t i v e l y . The i n t e g e r s i n each s e c t i o n of 
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the t a b l e were the summated and scaled down to a percentage. Smyly (1955) 
compared the f u l l n e s s of stomachs o f stone-loaches of d i f f e r e n t l e n g t h s . 
He a l l o c a t e d d i f f e r e n t scales of p o i n t s depending on f i s h s i z e f o r stomachs 
"K 4", '} and completely f u l l . F r o s t (1943) used; a method very s i m i l a r to t h a t 
described f o r Swynnerton & Worthington above. Each food category was given 
a number of p o i n t s - 3 , 2 or 1 - according t o i t s abundance, the s i z e of the 
i n d i v i d u a l organisms*'as w e l l as t h e i r abundance' being taken i n t o account. This 
i s an e s t i m a t i o n o f bulk, p o i n t s r e p r e s e n t i n g absolute not r e l a t i v e values. 

Methods. 

The method employed here was s i m i l a r t o t h a t o f Frost's described above. 

A system of f o u r p o i n t s was used, 4 = completely f i l l i n g gut; 3 = -f- f u l l ; 

2=4" f u l l , 1 = T f u l l . A number of p o i n t s were then a l l o c a t e d t o each 

category of food organism found according t o the; extent to which i t f i l l e d the 

gut. I t i s thought t h a t by u s i n g t h i s method a j f a i r comparison i s made between 

'the importance of various prey organisms i n the d i e t of the minnow. The minnow 

has no stomach, so t h a t food organisms tend t o be swallowed as t i n y fragments, 

the whole gut t h e r e f o r e being necessary f o r examination of food. I t was o f t e n 

d i f f i c u l t t o i d e n t i f y many of the small i n s e c t fragments found. 

Using the length-frequency d i s t r i b u t i o n s , the main size groups represented 

i n each sample were examined f o r ;gut contents. Results are expressed as the 

p r o p o r t i o n o f f i s h c o n t a i n i n g any of the prey c a t e g o r i e s , and as the 

p r o p o r t i o n a t e number o f p o i n t s a l l o c a t e d t o each!food category. D i r e c t 

Comparison i s t h e r e f o r e p o s s i b l e between each foCd category w i t h i n a subsample, 
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and between each size group o f f i s h , though the d i f f e r e n c e s i n s i z e of the 
subsamples makes d i r e c t comparison i n the l a t t e r case less meaningful i n a 
.few instances. 

Two v i s i t s were made to the Durham Sands s i t e a t 1-2 a.m. i n an attempt 

to i n v e s t i g a t e the p o s s i b i l i t y o f a d i u r n a l f e e d i n g p a t t e r n . No minnows were 

caught on e i t h e r occasion, though the traps used had been very successful a t 

same s i t e d u r i n g the day. The reason f o r t h i s I i s not known. 

Results. 

The r e s u l t s of the gut analyses are summeifized i n Tables 3a and b., and 

i n Pig. 3. The percentage of t o t a l f i s h examiried which contained any of the 

food groups, and the percentage volume o f gut occupied by. the various food 

groups are shown. 

Table 4 gives the percentage f u l l n e s s o f the guts o f each size category of 

f i s h f o r each sample. Large d i f f e r e n c e s between these f u l l n e s s values are 

obvious between samples and between s i z e g r o u p s | w i t h i n a sample. I n a l l but 

the Sunderland Bridge Sample, the l a r g e r s i z e groups had f u l l e r guts than the 

smaller ones. This seems to i n d i c a t e t h a t l a r g e r f i s h spend more than a 

p r o p o r t i o n a t e amount o f time feeding 1, or are more e f f i c i e n t predators than 

smaller f i s h . I t i s not c l e a r why l a r g e r f i s h should eat more than a p r o p o r t i o r 

a t e l y l a r g e r share o f the f o o d a v a i l a b l e . 
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i . Durham Sands 10.5.71. 

This sample i s a s t r i k i n g e xception to a l l the others examined i n i t s 
' . J. 

almost complete lack of any animal c o n s t i t u e n t 1 of the d i e t . Sphemeroptera 

nympths and chironomid larvae aire the only fauna represented, and c o n t r i b u t e 

i n s i g n i f i c a n t l y t o the volume o f food eaten. I t i s i n t e r e s t i n g t h a t 

Ephemeroptera are found i n the two smaller s i z e groups and none i n the l a r g e r . 

This c o n t r a s t s w i t h the f i n d i n g s of F r o s t (1943), and Stankovitch (1921 ) who 

found t h a t 'there was a tendency to an increase i n the consumption of nymphal 

Ephemeroptera and l a r v a l T r i c h o p t e r a w i t h i n c r e a s i n g l e n g t h of the f i s h . ' . 

However, the numbers o f nymphs eaten w i t h i n the sample are twoo small to be 

s i g n i f i c a n t . Diatoms and debris occured i n p r a c t i c a l l y a l l the f i s h examined, 

but c o n t r i b u t e d very l i t t l e to the bulk of food. Most of the diatoms 

were observed to have i n t a c t c h l o r o p l a s t s , and |can t h e r e f o r e have been of lainoj 

n u t r i t i o n a l importance. The p r o p o r t i o n a l value o f filamentous algae i s very 

s i m i l a r i n a l l s i z e groups. F r o s t records t h a t '....filamentous algae and 

diatoms are eaten t o an appreciable extent, by e l l the minnows over one year 

o l d . 

i i . Durham Sand3 24.6.71 

No diatoms o r filamentous algae were found i n any of the 54 f i s h examined. 

The range o f animal food eaten i s q u i t e l a r g e , [the smallest minnows having the 
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most r e s t r i c t e d d i e t . I n t h i s sample, the guts of the l a r g e s t minnows 
contained a p r o p o r t i o n a l l y g r e a t e r volume o f Ephemeroptera nymphs than the 
s m a l l e r f i s h , and i n t h i s respect agree w i t h the f i n d i n g s of Frost and 
Stankovitch c i t e d above. I t must be noted t h a t though the range of d i e t i s 
l a r g e , the volume of food eaten i n t h i s sample l i s very s m a l l , appreciably 
less than i n any o f the other f i s h examined. TOhis sample was taken subsequent 
to a f l o o d , and the shoal s t r u c t u r e , as described p r e v i o u s l y , changed 
d r a m a t i c a l l y from t h a t p r i o r t o the f l o o d . I n the l a t e r s e c t i o n on 
r e p r o d u c t i o n , a note i s made of the s t a t e o f majturity of the f i s h occupying 
t h i s p o o l . I t i s probable t h a t these f i s h were! l a t e spawhers, and were i n 
the process of spawning a t the time of capture. I t i s t h e r e f o r e not s u r p r i s i n g 
t h a t gut analyses showed l i t t l e evidence of f e e d i n g behaviour. The p r a c t i c e 
of minnows t o captmre any small moving o b j e c t i n t h e i r f i e l d of v i s i o n suggests 
t h a t the prey organisms found were caught i n t h i s n on-selective manner, 
a f t e r having been d i s t u r b e d d u r i n g breeding behaviour. This s p e c u l a t i o n i s 
i n agreement w i t h the observed behaviour of t h e ; f i s h . I t would also e x p l a i n 
why the guts contained so few prey belonging to so many cat e g o r i e s . The eggs 
founds i n minnows of' 68-72 _ mm. s!ize group were probably e i t h e r minnow or 
s t i c k l e b a c k eggs. F r o s t records; minnow eggs i n j h e r category of 'Chance 
Food 1. 
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i i i . Rir.hop Auckland. 

Tho data i n Tablo 4 on percentage f u l l n o o o nhcj>wn thono minnow.i from 

Bishop Auckland t o have been feeding a c t i v e l y . Although p l a n t m a t e r i a l i s 

present i n a l a r g e p r o p o r t i o n of the f i s h examined, i t c o n t r i b u t e s l i t t l e 

to the t o t a l volume of food eaten. Chironomid larvae becomes les3 important 

as the f i s h increase i n s i z e ; the reverse i s the case w i t h Ephemeroptera 

nymphs. The l a t t e r are v e r y w e l l represented i n the minnows grea t e r than 

70mm. The s i g n i f i c a n c e of t h i s l a r g e f i g u r e f o r the l a r g e s t group i s not 

c e r t a i n since o n l y 5 f i s h were examined. However, these nymphs were found to 

be an important c o n s t i t u e n t i n smaller f i s h examined, so t h a t they probably 

are, i n t h i s group also, v the most important food' item. Adult Ephemeroptera 

are present i n the smallest s i z e group though absent from the other two. There 

i s no doubt t h a t a l l the minnows examined were p h y s i c a l l y capable o f e a t i n g 

these emerging imagos, so t h a t the d i f f e r e n c e found can o n l y be a t t r i b u t e d to 

chance encounter. Even w i t h i n a shpal there i s o f t e n s u b d i v i s i o n aecording 

to s i z e . The shoal sampled a t Bishbp Auckland was :in f a c t much more dispersed 

than a t Durham Sands, the l a r g e r f i s h moving i n 'sub-shoals 1 of up to a dozen 

f i s h . .Trichoptera larvae occur i n small numbers i n a l l s i z e groups, though 

T r i c h a p t e r a a d u l t s are absent from a l l . 

An i n t e r e s t i n g 'chance food' i n one 70-80 mm. ;rainnow i s the Castropod 

Ancylus f l u v i a t i l i s . P. S. Davis (1971), Storking on t h i s mollusc, found t h a t 

minnows d i d o c c a s i o n a l l y l e t the l i m p e t i f the l a t t e r was somehow dislodged from 

i t s stone. Limpets are r a r e l y dislodged i n t h i s way, so t h a t i t s r a r e occurence 

i n gut samples i s not unusual. This evidence also icorraborates the frequent 
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obser v a t i o n t h a t minnows attempt to eat any smaill moving o b j e c t . 

Chironomid pupae are not as abundant i n thjis sample a3 i n some others, 

n o t a b l y t h a t from Page Bank. 

I t was unusual t o f i n d Coryxids i n both th'e 50-62 mm. and 70-80 mm. 

groups; as these are q u i t e l a r g e prey f o r minnbws, the data only represents 

s i n g l e i n d i v i d u a l s i n both s i z e igroups. 

Coleoptera larvae are recorded f o r a l l three s i z e groups, 

( i v ) Witton-1e-Wear. 

From the l a r g e values f o r percentage ful l n e j s s o f the guts (Table 4 ) , 

these minnows also seem t o have been a c t i v e l y f e e d i n g . The a l g a l cover a t 

Witton-le-Wear was much less than a t Durham Sand|s or Bishop Auckland, but the 

percentage occurence i s s t i l l h i g h . But, only i n the smaller s i z e group does 

p l a n t m a t e r i a l c o n t r i b u t e s i g n i f i c a n t l y t o the t o t a l volume. The guts of 

the l a r g e r f i s h contained very l i t t l e p l a n t m a t e r i a l indeed. Sphemeroptera 

nymphs. , beetle larvae and chironomid pupae c o n t r i b u t e most s i g n i f i c a n t l y to 

the d i e t . The s i n g l e Isopod, the numerous very small mites, 'other D i p t e r a ' 

and T r i c h o p t e r a are f a r l e s s important, and may Be taken as 'chance food'. 

The r i v e r bed a t Witton-le-V/ear c o n s i s t s of f a i r i l y clean large pebbles, having 

l i t t l e a l g a l or moss cover; JEphemeropteran nymph&h were noted as being q u i t e 

abundant t h e r e . 
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( v ) Sunderland Bridge. 

Very few minnows were ever iseen a t Sunderland Bridge. The small values 

f o r gut f u l l n e s s also suggests r e l a t i v e s c a r c i t y of s u i t a b l e food. The r i v e r 

a t t h i s s i t e d i f f e r s from a l l the other s i t e s i n t h a t the water i s much deeper,; 

and the r i v e r bed c o n s i s t s o f raujd-and s i l t w i t h ! l i t t l e o r no stony m a t e r i a l . 

I t has been mentioned p r e v i o u s l y t h a t t h i s 3 i t e ; i s considered an a t y p i c a l 

minnow h a b i t a t . The food organisms found an a n a l y s i s of the guts are also 

very d i f f e r e n t from other s i t e s . Nowhere else do Bphemeroptera a d u l t s (sub-

imagosj f i g u r e 30 predominantly i n the sample. Ghiranomid pupae are also 

e x c e p t i o n a l l y abundant here. 

The araphipod, Gammarus pulex. i s an i n t e r e s t i n g i t e m found i n the smaller 

s i z e group, w h i l s t Plecopteran nymphs occur i n ihe l a r g e r group. 

( v i ) Page Bank. 

The most i n t e r e s t i n g outcome o f a n a l y s i s of t h i s sample i s the 

progressive increase i n the c o n t r i b u t i o n of the jChironomid pupae to the food. 

Chironomid pupae are q u i t e s m a l l , so t h a t the percentages shown i n F i g . % 

represent l a r g e numbers of these animals. Ephenieropteran nymphs are 

absent from the s m a l l e s t f i s h , but do occur i n both' the l a r g e r groups. 

L i t t l e s ignificance" should be placed on d i f f e r e n c e s between s i z e groups when 

small numbers o f prey are represented. 
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Discussion, • 

Many of the more r e l e v a n t points of i n t e r e s t a r i s i n g from the r e s u l t s 

of the gut analyses have al r e a d y been discussed. However, a few general 

p o i n t s do a r i s e . The data presented i n Pig. 3 gives a good comparative 

p i c t u r e of the relevance o f the d i f f e r e n t food groups w i t h i n any p a r t i c u l a r 

s i z e category o f minnows. The f a c t t h a t the sample s i z e v a r i e s between these 

categories makes absolute comparison d i f f i c u l t , , ; I t would have been p o s s i b l e 

to have c a r r i e d out t - t e s t 3 to compare the mean values f o r gut volume occupied 

by food f o r a l l food groups and minnow s i z e c a t e g o r i e s . This would, however, 

have been a very lengthy process, the r e s u l t s of which would not be g r e a t l y 

d i f f e r e n t from deductions made using the displayed data, t a k i n g i n t o 

c o n s i d e r a t i o n the sample s i z e . 

Comparison o f the present data w i t h t h a t ojf F r o s t (1 943) has been c a r r i e d 

out e x t e n s i v e l y throughout the above account. ;She noted t h a t filamentous algae 

diatoms, chDonomid l a r v a e and Bphemeroptera nyniphs were the most important 

c o n s t i t u e n t s o f the'food o f River Brathay minnows. This c o n t r a s t s w i t h the 

la r g e c o n t r i b u t i o n by Copepoda and Cladocera i r i Lake Windermere f i s h . The 

River W ear data i s very s i m i l a r t o t h a t f o r the! River Brathay, except t h a t 

i n the former T r i c h o p t e r a • l a r v a e and Plecopteraj nymphs aro less important. 

Smyly (1 955) notes t h a t the Stone^Loach fe|eds e x t e n s i v e l y on i n v e r t e b r a t e s 

Chironomid larvae being t h e most important n u m e r i c a l l y and v o l u m e t r i c a l l y . He 

includes: a l i s t o f prey organisms which resemblJe very c l o s e l y t h a t f o r minnows!, 



I t i 3 i n t e r e s t i n g t h a t i n "items of rare occurence' he inc l u d e s l i o l l u s c a 

and Hairiptera, n o t i n g t h a t the l a t t e r group was* represented only twice, and on 

both occasions was a 3 i n g l e C o r i x i d . Stone-Lpach 3eera to feed leas 

e x t e n s i v e l y on p l a n t m a t e r i a l , 

I n a l a t e r paper (1957) f Smyly in c l u d e s data f o r the Bullhead. Here, 

the data again resembles t h a t f o r the minnow and Stone-Loach, apart f o r the 

la r g e c o n t r i b u t i o n by Plecoptera nymphs. Ephemeroptera nymphs and Chironomid 

la r v a e are of major importance, though T r i c h o p t e r a larvae are also more 

abundant here than i t has been found f o r the minnow i n the River .'/ear. Smyly'i 

r e s u l t s are more c l o s e l y a k i n t o the o r i g i n a l work of Fro s t , but since a l l 

samples f o r a l l three species came from the Riyer Brathay, t h i s i 3 not s u r p r i 3 

Srayly concludes t h a t , i n Bullheads,, the food v a r i e s more w i t h season and 

place than w i t h s i z e of f i s h . iHe a l s o s t a t e s ;bhat inferences regarding 

feeding a c t i v i t y could not be drawn from gut f i i l l n e s s data since nothing was 

known about the r a t e of d i g e s t i o n of food, t h e : r a t e of fe e d i n g or the numbers 

of i n v e r t e b r a t e bottom organisms.found. I n the River Wear samples, 

observation d u r i n g the p r e d a t i d n t e s t s showed jfchat nymphs and larvae pass' 

r i g h t through the gut w i t h i n 1-11-5- hours, so t h a t any food found i n the gut 

had probably been very r e c e n t l y eaten. The rajfce of passage of food d i d not 

very a p p r e c i a b l y w i t h a v a i l a b i l i t y . 

The food of freshwater s t i c k l e b a c k s i s discussed i n the paper by 

Hynes (1950). Gasterosteus aculeatus feeds mainly on Qru3taceans and I n s e c t s , 



w i t h l i t t l e change i n d i e t e i t h e r w i t h season or size of f i s h . Ifynes 

p o i n t s out, however, t h a t both sexes feed more s p o r a d i c a l l y than usual d u r i n g 

the breeding season. Stickleback eggs were f r e q u e n t l y found i n the guts 

d u r i n g the breeding season. The sampling pool a t Durham oands contained 

l a r g e numbers of 3-spined s t i c k l e b a c k s , which were i n breeding c o n d i t i o n a t 

the time of f i r s t sampling i n Kay. 20 of these f i 3 h were caught and t h e i r gut 

contents examined, w i t h the f o l l o w i n g r e s u l t s : 

Food Group $ volume o f a l l food eaten. 

Chironomid l a r v a e 25 

Chironomid pupae 20 

Other D i p t e r a 5 

Ephemeroptera nymphs , 15 

Eggs 25 

Debris and oth e r m a t e r i a l 1 0 

65f° of the food eaten was composed o f Chironomid l a r v a e and pupae and 

Ephemeroptera nymphs, which have been shown to be the main c o n s t i t u e n t s of 

the d i e t o f minnows a l s o . The large number of eggs found agrees w i t h Hynes' 

observation above. I t i s assumed t h a t the eggs; were those of the s t i c k l e b a c k s 

themselves since o n l y one f u l l y mature minnow was caught a t t h i s time. I n 

f a c t , repeated minor samples taken at t h i s s i t e d i d not suggest the presence 
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of breeding minnows u n t i l the end of June. 

Comparison of the food of various f i s h e s , i n c l u d i n g t h a t of the minnow, 

has been made by h a r t l e y (1 948) and M a i t l a n d (;1965). H a r t l e y includes data 

f o r minnows, stone-loach and bullheads, concluiding t h a t the d i e t of each 

c o n s i s t s of g e n e r a l l y the same species of i n v e r t e b r a t e , except t h a t the 

pr o p o r t i o n s of the d i f f e r e n t groups taken are s l i g h t l y d i f f e r e n t . Loaches 

and bullheads took s l i g h t l y more i n s e c t s thaw d i d minnows; loaches and 

bullheads took c o n s i d e r a b l y more crustaceans. Diatoms and filamentous algae 

c o n t r i b u t e d more to the d i e t o f minnows than to t h a t of e i t h e r of the other tw 

species. H a r t l e y found t h a t there was a great: overlap i n fe e d i n g h a b i t s and 

food of many freshwater f i s h e s , though there was a c e r t a i n degree of 

preference, some groups not taken by various species. Between no two species 

was there any .'true i d e n t i t y o f fee d i n g h a b i t ' . Gudgeon and s t i c k l e b a c k s . 

had the most s i m i l a r d i e t , and, except f o r pike, there was 'a great degree of 

general c o m p e t i t i o n . ' D i f f e r e n t species d i f f e t e d 1 i n the v a r y i n g p r o p o r t i o n s 

i n which they drew upon the c o n s t i t u e n t s o f a common food group. H a r t l e y (194( 

also found t h a t most coarse f i s h have gr e a t f l e x i b i l i t y i n t h e i r f e e d i n g 

behaviour. The gre a t d i f f e r e n c e found between the d i e t of minnows caught a t 

Durham Sands i n May and i n June c e r t a i n l y corroborates t h i s . 
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COMPARISON OF THl'I OBSERVED GUT .CONTENTS >,rITH THV) NATURAL INVRRTCTRATK FAUNA ' 

OF THE RIVER. 

A survey of the i n v e r t e b r a t e fauna of the River //ear was c a r r i e d out by 

the Zoology and Botany Departments of the U n i v e r s i t y of Durham as p a r t of the 

extensive River V/ear P r o j e c t . A summary of the r e s u l t s of p a r t of t h i s work 

f o r the summer months May-July was made a v a i l a b l e t o me. 

( i ) '•/ i t ton-le-V/ear. 

Witton-le-Wear i s dominated f a u n i s t i c a l l y by Plecoptera and Ephemeroptera 

nymphs. Chironomid larvae are abundant, as are Helmid beetle l a r v a e and adults 

Simulium larvae and Oligochaetes ( i n c l u d i n g T u & i f i c i d a e ) are noted, w i t h f a i r 

numbers o f caddis l a r v a e , i n c l u d i n g Polycentroims. : None of the l a t t e r were, 
j 

however, abundant. I 

The stone-flies"-are dominated by Leuctra sp. w i t h Perla sp. present 

w i t h few others. No stone f l i e s were recognised i n any o f the minnow guts 

examined, though a few may have been present i n a chewed form, making them 

i n d i s t i n g u i s h a b l e from fragments of the |nore abundant mayfly nymphs. Not a l l 

the fragments o f mayflies examined i n gut smears could be i d e n t i f i e d to genus, 

though Ephemerella was consid e r a b l y easier to i d e n t i f y due to the banding 

p a t t e r n s on the limbs. I t was noted t h a t Ephemerella was not the dominant 

nymph i n t h i s sample. I n the Wear, Baetis i s l i s t e d as the most important 

genus, f o l l o w e d by Ephemerella and then by Ecdybnurus. Caenis sp. are present 

i n small numbers only. This p a t t e r n c l o s e l y resembles t h a t observed i n the 



3 29. 

gut samples. F i g . 3 shows Chironomid larvae arid b e e t l e larvae to be 

important food items, the l a t t e r being i d e n t i f i e d as belonging t o the f a m i l y 

D y s t i s c i d a e . Caddis larvae and a d u l t s are also recorded i n the gut samples. 

( i i ) Bishop Auckland. 

Above the r a i l w a y v i a d u c t a t Bishop Auckland, a t the p o i n t of minnow 

sampling, Leuctra i s the o n l y Plecopteran found, and i s described a3 being 

abundant. However, hone were i d e n t i f i e d i n the: gut smears. The Ephemeropterar 

nymph p o p u l a t i o n i s very s i m i l a r i n generic composition and abundance to t h a t 

a t V i t t o n - l e - 7 / e a r . Baetis and Ephemerella were: very abundant i n the guts 

examined, w h i l s t some emerging a d u l t s were also: recorded i n the smallest s i z e 

groups. The remainder of the i n v e r t e b r a t e fauna 1 i s very s i m i l a r to t h a t a t 

Witton-le-Wear, apart from the more abundant Caddis larvae a t Bishop 

Auckland. Polvcentopus i s described as considerably more abundant, w i t h 

Hydropsyche a l s o important. Both these species were found i n the gut3 

examined, two cases of vegetable matter being found, possible being those o f 

Polycentropus. 

( i i i ) Page Bank. 

No f a u n i s t i c data was a v a i l a b l e f o r t h i s s t a t i o n , though i t s close 

p r o x i m i t y to V / i l l i n g t o n Bridge allows the use o f data f o r the l a t t e r to be 

used i n t h i s case. The dominant groups found i n the gut samples were 

Chironomid l a r v a e and pupae, f o l l o w e d by Ephemexjoptera nymphs.' T r i c h o p t e r a 
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larvae were absent from the s m a l l e s t minnows, but did occur, though 

occupying a small percentage volume, i n the l a r g e r f i s h . Caleaptera larvae 

were found i n the l a r g e r f i s h . No Plecopteran nymphs were found. This 

compares w e l l w i t h the recorded low abundance of Plecoptera i n t h i s r egion of 

the r i v e r below the e n t r y of the River Gaunle3s; i n t o the rfear. Leuctra 

i s recorded as being much less abundant than upstream, w h i l s t other s t o n e f l y 

larvae are r a r e . Kphemerella i s the dominant mayfly, w i t h Scdyonurus and 

Baetis also o c c u r i n g i n l a r g e numbers. Caenis i s less abundant than these. 

Chironomid l a r v a e are very abundant, as w e l l as Helmid beetle a d u l t s and larvae 

Oligochaetes are described but were not found i n the guts. The tendency f o r 

food to be ground i n t o small fragments, together w i t h the r a p i d d i g e s t i o n of 

s o f t p a r t s , make the discovery of such food items less l i k e l y than f o r those 

groups w i t h hard exds"keletons. The Caddis larvae Ryacophila. Polycentropus and 
« 

Hydropsyche are f a i r l y numerous here, though fo:rming but a small p r o p o r t i o n 

of the observed food of the minnows. 

( i v ) Sunderland Bridge. 

Sunderland Bridge l i e s midway between W i l l i n g t o n Bridge and S h i n c l i f f e 

Bridge, and about one m i l e upstream o f the confluence of the River Deerness. 

F a u n i s t i c data i s a v a i l a b l e f o r W i i l i n g t o n and S h i n c l i f f e , though not f o r 

Sunderland Bridge. Comparison of the two sets of data shows broad s i m i l a r i t i e s 
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i n f a u n a l composition, p a r t i c u l a r l y r e g a r d i n g the Plocoptera, f o r which 

Leuctra i s t h e t o n l y one recorded, and i s much less abundant than a t the 

other s t a t i o n s upstream. The Ephemeroptera are; very s i m i l a r i n species 

composition and r e l a t i v e abundance a t both s t a t i o n s ; the only great 

d i f f e r e n c e i s i n the r a r i t y of caddis l a r v a e anid Helmid beetles a t S h i n c l i f f e . 

Chironomid larvae are recorded as being v e r y abundant a t both. . Fig . 3 

shows the high percentage o f Chironomidae i n the guts, but the numbers of 

beetle., larvae found suggest t h a t the fauna a t Sunderland Bridge resembles 

f a r more c l o s e l y t h a t upstream of the confluence of the Deerness than a t 

S h i n c l i f f e . , . 

( v ) Durham Sands. 

The fauna a t Durham Sands i s e x c e p t i o n a l i n i t s almost complete l a c k of 

s t o n e f l i e s . A few Leuctra sp. are recorded, but o n l y about one-tenth the 

numbers at Bishop Auckland. No other species are found during the summer 

months, Amphinemura occuring only i n w i n t e r . Vast numbers of Ephemerella 

occur, as a t S h i n c l i f f e , but Baetis and, t o a l e s s e r e x t e n t , Scdyocurus 

are also numerous. Caenis. as i s common throughout the Wear, i s r a r e . 

Hydropsyche and Polycentropus are numerous here, w i t h very large numbers 

of Chironomid l a r v a e and T u b i f i c i d s amongst the'mud and p l a n t m a t e r i a l . The 

minnow guts contained an i n v e r t e b r a t e fauna very s i m i l a r to t h a t described 

above. 
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PREDATION BY MINWO'VS OF DIFFERENT LENGTHS ON VARIOUS PREY 0R0AW;L~H5. 

Methoda. 

Foll o w i n g the method of Dajviea and Keynoldson (1 969) minnows v/ere 

starved f o r 7 days p r i o r t o the experiment. Oiie starved minnow was placed 

i n a 1000 ml. beaker of clean tap water i n which had been placed 10 

i n d i v i d u a l s o f a prey species. I n a l l but one case, no s h e l t e r was provided. 

When a prey organism was eaten i t was replaced jby another of the same size and 

species.- Note was made, u s u a l l y every 15 minutjes, of the numbers eaten, which 

were then replaced. For the f i r s t 15 minutes the minnows were observed 

co n t i n u o u s l y . This procedure was repeated f o r a l l the prey organisms l i s t e d 

i n Table 5, and f o r each o f the three sizes of minnows over an observation 

p e r i o d o f 8 hours. Two r e p l i c a t e s were run c o n c u r r e n t l y , and the whole wa3 

repeated.three times. The mean values o f the r e s u l t s are shown i n Table 5 

as the number o f prey taken per minnow per 8 ho\ir p e r i o d . 

Results. 

By nature o f the t e s t m a t e r i a l , the results? are only s e m i - q u a n t i t a t i v e , 

but are u s e f u l when considered i n r e l a t i o n to the g u t analyses described 

above. 

The f i r s t , most, obvious r e s u l t o f fee d i n g mjinnows w i t h n a t u r a l prey 

organisms i s i n agreement w i t h what has been described many times i n the 

e a r l i e r p a r t o f t h i s chapter. A prey organism l e f t i n the bottom o f a 1000 ml. 

beaker of water swims or crawls about, u s u a l l y q i i i t e v i g o r o u s l y . This seems 
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to a t t r a c t the minnow, which then seizes the a i i i r a a l . A repeated p a t t e r n of 
i n g e s t i o n and e j e c t i o n was observed. 

Davies and Reynoldson (1969) record t h a t :the s t i c k l e b a c k , 

Gasterosteus aculeatus. o f t e n r e j e c t e d food a f i t e r i n g e s t i o n . When r e j e c t i o n 

d i d occur the prey organism was o f t e n subsequently ingested and r e j e c t e d 

again s e v e r a l times before being f i n a l l y swallowed or r e j e c t e d . Such 

behaviour was o f t e n observed i n minnows kept i h aquaria. The combination o f 

t h i s s e l e c t i o n process, t o g e t h e r w i t h the i n i t i a l , n o n-selective a t t a c k on 
i 

any ' p o t e n t i a l prey' seems to account, to a l a r g e e x t e n t , f o r the f e e d i n g 

behaviour o f the minnow. During swimming a c t i v i t y i n the shoal minnow's almost 

c e r t a i n l y d i s t u r b prey i n t o f l i g h t movement, and the roaming nature of the 

shoal adds t o the p o s s i b i l i t y of coming across i moving larvae or emerging 

a d u l t s . 

The occurence o f the repeated i n g e s t i o n - r e j e c t i o n process increased 

w i t h the d u r a t i o n of the experiment. The r a t e iof p r e d a t i o n an Ephemeroptera 

nymphs shown i n F i g . 4 i s a f u n c t i o n of t h i s behaviour p a t t e r n . 

I n the case o f p r e d a t i o n oh Sphemeraptera j l a r v a e , w i t h or w i t h o u t the 

presence o f a stone, there i s a s i g n i f i c a n t d i f f e r e n c e between the numbers 

taken by 38mm. minnows and f i s h of 45 mm. o r 52jmm. There i s no s i g n i f i c a n t 

d i f f e r e n c e between values f o r the two l a r g e r si|zes (P = 0.05). 

Chironomid l a r v a e were r e a d i l y and e a s i l y ^wallowed by a l l s i z e s o f minnow 
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There seemed to be no l i m i t to the number of l a r v a e which could be eaten. 
The a l g a l c o v e r i n g of the stones i n the Wear dontains a vast p o p u l a t i o n of 
small chironomid l a r v a e r e a d i l y a v a i l a b l e to the minnows. 

I t i s i n t e r e s t i n g t h a t no caddis l a r v a e of any species was taken 

when introduced i n i t s case. Hydropsyche l a r v a e , although l a r g e , were 

swallowed by a l l three sizes of f i s h . A l l see!med. to have d i f f i c u l t y i n 

swallowing the prey, the l a r g e r f i s h expectedljy succeeding more o f t e n than 

the s m a l l e r ones. 

Gammarus puleg were'also app a r e n t l y d i f f i c u l t f o r the minnows t e s t e d to 

swallow. By vigorous swimming a c t i o n most amphipods were able t o escape, 

even a f t e r being seized between the f i s h ' s jaws. 

Herpobdella i s a very common leech i n thei^innow pool a t Durham Sands, 

though no leeches were eaten, probably due t o t h e i r l a r g e s i z e and slimy 

surface. Many attempts were made a t capture, bAit none were success f u l . 

The p r e d a t i o n on Ancylus f l u n i a t i l i s followed very c l o s e l y t h a t 

described i n the previous s e c t i o n , namely that,; o f the many t e s t aquaria s e t 

up, most limpets dislodged by the swimming action of the minnow were l e f t 

alone, and o n l y r a r e l y were any eaten. One exceptional minnow ate 4 li m p e t s 

i n 2 days (see Davis', 1971;. t \ ' 

The food of minnows - Conclusions» 

The r e s u l t s of t h i s s e r i e s of 'predation t e s t s c o nfirm the mode of 

feed i n g o f minnows deduced from examination of gut contents. Many organisms 

which do form an important c o n s t i t u e n t of the minnow's d i e t were not t e s t e d ; 
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the main reason f o r , t h i s i n a l l cases was the ' d i f f i c u l t y of o b t a i n i n g 
s u f f i c i e n t i n d i v i d u a l s of approximately the sahie siz e f o r a l l the 
r e p l i c a t e t e s t s . Hydropsyche was d i f f i c u l t i n t h i s respect. 

The l o g a r i t h m i c r a t e o f priedation on Ephetperoptera nymphs i s 

i n t e r e s t i n g i n t h a t i t shows t h a t minnows do not, a t l e a s t under 

experimental c o n d i t i o n s , feed mechanically. I t i s not known whether or not 

t h i s p r o g r e s s i v e l y decreasing r a t e of pr e d a t i o r i i s due to ' s a t u r a t i o n 1 , 

i . e . s a t i s f a c t i o n o f the predatory d r i v e , or duje to some f a c t o r a k i n to 

monotony. I n the growth t e s t s c a r r i e d out w i t h minced l i v e r , excess food 

had the same r e s u l t . Should t h i s phenomena occur under n a t u r a l c o n d i t i o n s 

i t would tend t o obscure any d i f f e r e n c e s i n s i z e due t o food a v a i l a b i l i t y . 

There i s a good c o r r e l a t i o n between the food o f minnows and t h a t 

p o t e n t i a l l y a v a i l a b l e . Kphemerella and Baetis. j f o l l o w e d by Ecdyonurus 

are dominant i n the gut and r i v e r analyses, as are Chironomid l a r v a e and 

pupae. Tr i c h o p t e r a n l a r v a e are less abundant i r i the guts than would be 
i 

expected, but t h i s i s 1 probably due to t h e i r morel sedentary behaviour and 

p r o t e c t i v e case. Movement on the p a r t of the p o t e n t i a l prey i n a t t r a c t i n g 

the a t t e n t i o n of the minnow i s very i m p o r t a n t . The medation t e s t s showed 

t h a t minnows appa r e n t l y found d i f f i c u l t y i n e a t i n g caddis l a r v a e . Some o f 

the common animals, such as Oligoichaetes, are not recorded i n the d i e t of 

minnows, probably due to the r a p i d r a t e of d i g e s t i o n and absence of l a r g e 

i n d i g e s t a b l e s k e l e t a l .structures to a i d i n i d e n t i f i c a t i o n . 
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I t i s t h e r e f o r e t o be concluded t h a t minr]ow3 are probably l a r g e l y non-
s e l e c t i v e i n t h e i r f e e d i n g behaviour. Evidencje from the predation t e s t s 
suggest t h a t d i e t c o n s i s t s of small moving o b j e c t s , which, on swallowing, proi; 
to be p a l a t a b l e . S e l e c t i o n i s r e l a t i v e l y unimportant u n t i l the p o t e n t i a l p r e j 
has been swallowed. 

A l l e n (1942) concluded t h a t the a v a i l a b i l i t y of n a t u r a l l y o ccuring food 

organisms changes w i t h the si z e of a f i s h , andi t h a t , w i t h i n the Salmonidae, 

s i z e was more important than species. He fount! t h a t the Sphemeroptera and 

Chironomidae decreased i n a v a i l a b i l i t y as the size of the f i s h increased, 

but the a v a i l a b i l i t y o f T r i c h o p t e r a and Mallusca increased. In a previous 

paper ( A l l e n , 1941 ) i t was found t h a t , f o r thejsaimon, d e f i n i t e s e l e c t i o n i s 

exercised by most of the f i s h which have more than a few animals i n t h e i r 

stomachs, and t h a t the e f f e c t of s e l e c t i o n i s to increase the apparent 

a v a i l a b i l i t y f a c t o r s of those animals most abundant i n the a v a i l a b l e fauna. 

I t i s t h e r e f o r e probable t h a t i n i t i a l f e e d i n g i s f a i r l y non s e l e c t i v e , but 

the p o s s i b i l i t y of a c t i o n of some k i n d of 'searching image 1 cannot be 

o v e r r u l e d . Ephemeroptera nymphs o r Chironomid;pupae and a d u l t s u s u a l l y 

occured i n l a r g e numbers, t o th;e e x c l u s i o n of most o t h e r food items, i n the 

l a r g e r minnows w i t h f u l l g uts. This c e r t a i n l y I suggests some form of 

c o n d i t i o n i n g t o a food i t e m , but d i f f e r s from line s p e c i f i c example of change ix 
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a v a i l a b i l i t y as the s i z e of the f i s h increased), but the a v a i l a b i l i t y 
of T r i c h o p t e r a and Hallusca increased. I n a pirevious paper ( A l l e n , 
1941) i t was found t h a t , f o r the salmon, d e f i n i t e s e l e c t i o n i s exercised 
by most of the, f i s h which have [more than a few!animals i n t h e i r otomach3, and 
t h a t the e f f e c t o f s e l e c t i o n 1 i s to increase the apparent a v a i l a b i l i t y f a c t o r s 
of thoqe animals most abundant i n the available! fauna. I t i s t h e r e f o r e probabS 
t h a t i n i t i a l f e e d i n g i s f a i r l y non s e l e c t i v e , t j u t the p o s s i b i l i t y of a c t i o n 
of some k i n d o f 'searching image' cannot be o v e r r u l e d . Ephemeroptera nymphs 
or Chironomid pupae and a d u l t s U s u a l l y occured i n l a r g e numbers, to the 
exclusion of most other food items, i n the largfer minnows w i t h f u l l guts. 
This c e r t a i n l y suggests some form of c o n d i t i o n i i j i g t o a food i t e m , but d i f f e r s 
from the s p e c i f i c example of change i n a v a i l a b i l i t y described above f o r the 
Salmonidae. The r e l a t i v e l y s m a l l s i z e o f even 3-year o l d minnows probably 
accounts f o r t h i s . 
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2. GROWTH 

Pentelow (1 939) gives a good account of the r e l a t i o n between food and 

growth i n f i s h , p a r t i c u l a r l y i n the case of Salmo t r u t t a L. He f e d a number 

of t r o u t on l i v e Gammarus pulex. e s t i m a t i n g the;weight of food a c t u a l l y eaten 

by the f i s h each week. The d u r a t i o n o f the experiment allowed f o r e s t i m a t i o n 

of the maintenance requirement of the f i s h . He!showed t h a t i t was impossible 

to f o r e t e l l e x a c t l y how much food would be r e q u i r e d f o r t h i s purpose. A 

number of f i s h were kept a t maintenance r a t i o n w h i l s t others were given more ' 

i n s e r i e s up t o an excess of food. Pentelow wasj f o r t u n a t e t h a t f a c i l i t i e s 

allowed f o r m o n i t o r i n g the i n d i v i d u a l growth of [the t r o u t . He found a decrease 

i n growth r a t e of a l l f u l l y f e d f i s h due p a r t l y to low e f f i c i e n c y of food 

consumption and d e c l i n e i n a p p e t i t e . Growth i n weight was v a r i a b l e , but 

g e n e r a l l y i t increased w i t h i n c r e a s i n g s i z e o f f i s h . The food source proved 

to' be very e f f i c i e n t i n t h a t 5 gm. produced a 1 gm. increase i n weight of 

t r o u t . This f i g u r e i n c l u d e d about 2 gm. of food i f o r maintenance. 

A study o f t r o u t 'populations i n Sutherland Iiochs (Pentelow, 1944) showed 

t h a t where the water was s o f t competitions were absent, w i t h opauning 
i ; 

c o n d i t i o n s a n d f r y s u r v i v a l good. Pentelow concluded t h a t under these 



39. 

c o n d i t i o n s , i n t r a s p e c i f i c c o m p e t i t i o n f o r food was grea t , r e s u l t i n g i n 
small mean s i z e . I n hard, a l k a l i n e waters competitors were common or, egg 
and f r y s u r v i v a l being smaller. Thi3 r e s u l t e d i n a decrease i n pop u l a t i o n 
s i z e , less i n t r a s p e c i f i c c o m p e t i t i o n f o r food, and hence the s u r v i v i n g f i s h 
grew bigger. The gre a t overlap :of f e e d i n g h a b i t s and food i n c o e x i s t i n g fresh-r 
water f i s h has already been discussed, and i t i s w e l l known t h a t most coarse 
f i s h have considerable f l e x i b i l i t y o f f e e d i n g behaviour, (see H a r t l e y , 1940). 
Maitland (196$) concluded t h a t c o m p e t i t i o n f o r food wa3 probable under c'ertain 
c o n d i t i o n s i n salmon, t r o u t , minnows, stone-loadh and three-spined s t i c k l e b a c k s 
He could n o t , however, assess the s i g n i f i c a n c e c>f any such c o m p e t i t i o n . 
Smyly (1-95 5) considered t h a t i n the sto n e - l o a c h i t h e r e e x i s t e d a 'strong 
p r o b a b i l i t y of a d i r e c t a s s o c i a t i o n between food! and growth r a t e , ' V/ingfield 
(1940) s t a t e s t h a t below a c r i t i c a l temperature iof 6°C. no growth takes place, 
but t h a t seasonal v a r i a t i o n s i n growth appear tcj be the d i r e c t r e s u l t of 
f l u c t u a t i o n s i n a v a i l a b l e food supply. Under najtural c o n d i t i o n s both water 
temperature and a v a i l a b l e food: supply a p p a r e n t l y a c t as l i m i t i n g 
f a c t o r s d u r i n g the w i n t e r . I n the summer, above: the l e t h a l l e v e l , o n l y the 
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a v a i l a b l e food supply i s l i m i t i n g , V /ingfield also suggests the possible 

importance of l i g h t i n t e n s i t y . 

Method. , 

Three l a r g e aquaria, c o n t a i n i n g w e l l aerated o r d i n a r y tap water, were 
i 

set up and 1̂4 minnows int r o d u c e d i n t o each. The* minnows were weighed by 

immersion i n t o a weighed q u a n t i t y of water, the j f i s h being added t o the pan 

one a t a time so t h a t ^ i n d i v i d u a l and cumulative Iweights could be as c e r t a i n e d . 

The f i s h ohosen were such t h a t the cumulative welight of each group of 1 4 

minnows were approximately the same. The f i s h w|ere starved f o r two days 

p r i o r t o weighing, and subsequently, minced l i v e j r was added i n the f o l l o w i n g 

q u a n t i t i e s : 

Tank A - 1 320 mg. , 

Tank B - 640 mg. 

Tank C - 1280 mg. 

Minced Bullock's l i v e r was chosen as a food supply since i t met the need f o r 

consistency i n nature and ease of a v a i l a b i l i t y , and was found to be taken 
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r e a d i l y by the minnow3. A l l the l i v e r was eaten w i t h i n a few hours; 
consequently, two days l a t e r , the q u a n t i t y of fbod given was doubled i n 
each tank. The f i s h were thus fed every second! day f o r a period of 56 days. 
Every 14 days the f i s h e s were weighed as before; time being allowed f o r 
emptying of the guts p r i o r to weighing. The l i f e r tended to f o u l the water 
badly, so t h a t a t l e a s t one of the 5 gal l o n s in!each tank was changed each 
a l t e r n a t e day. The continuous a e r a t i o n seemed to keep c o n d i t i o n s f a i r l y 
s u i t a b l e . Every 14 days the water i n each tankiwas changed completely and 
the tank thoroughly cleaned. 

The food regime chosen was such t h a t a l l the food was eaten i n tank A, 

o f t e n a l l eaten i n B, and such t h a t i t was always i n excess i n tank C. 

Before the a d d i t i o n of each food r a t i o n , faeces were removed, and uneaten 

l i v e r p a r t l y d r i e r between f i l t e r paper and weighed. The l a t t e r procedure, 

though crude, gave a rough idea of the amount of• food a c t u a l l y eaten i n each 

tank. 

Only 3 f i s h died d u r i n g the ^experiment, two;in tank B and one i n tank C. 

Each dead f i s h was replaced by one of approximately t h e same s i z e , any 

d i f f e r e n c e i n weights being allowed f o r i n the c a l c u l a t i o n of growth. 
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Results. 

The growth of the minnows could not be c a l c u l a t e d i n d i v i d u a l l y , so 

t h a t the r e s u l t s are expressed as the percentage increase i n net weight, 

cumulative f o r each group of 14 minnows. The r e s u l t s 30 detained are shown 

i n F i g . 5. 

I n tanks A and C growth wa|s r a p i d , and q u i t e considerable over the 

two month p e r i o d . The f i 3 h i n tank: B, however,; decreased i n weight u n t i l the 

beginning of the second month. Since, v i s i b l y ; a l l c o n d i t i o n s , f o r the amount 

of food given, were i d e n t i c a l i n a l l three tank's, no reason can be put forward: 

f o r t h i s decrease. 

TABLE 6 gives the increase i n t o t a l weighti per tank as a percentage of 

the t o t a l weight o f l i v e r eaten. I t i s noted tjhat, i n the l a s t 28 days of the 

experiment, these values are much gr e a t e r i n ta|nk A than i n C. Also, there i s 

a tren d towards considerable increase i n the l a i t t e r expression i n tank A but 

i s much less so i n tank C. 

The time and f a c i l i t i e s a v a i l a b l e were such t h a t extended t e s t s w i t h 

adequate r e p l i c a t e s were not p o s s i b l e , and so t!he r e s u l t s are t e n t a t i v e . 

However, since the purpose of the experiment wa? to i n v e s t i g a t e whether o r not 
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growth was r e l a t e d to absolute food a v a i l a b i l i t y , i t i s considered t h a t t h i s 
w a 3 , i n p a r t , s u c c e s s f u l . 

The-results show t h a t , other t h i n g s being joqual, growth does depend on' 

the amount of food eaten. This i s not a 3imple| r e l a t i o n though, since 

TiSDLE 6 show3 a higher conversion e f f i c i e n c y ( ppoduction/ingestion) under 
•
 J \ 

c o n d i t i o n s of decreased food a v a i l a b i l i t y . Alternatively, i t can be ' 

concluded t h a t p r o d u c t i o n / i n g e s t i o n e f f i c i e n c y (decreases w i t h food a v a i l a b i l i t y 

Many f a c t o r s probably c o n t r i b u t e d to the amount of food l e f t uneaten i n 

tank C; an important f a c t o r would have been thje d e t e r i o r a t i o n i n c o n d i t i o n 

of the l i v e r . Tank S. f i s h a t e a l l the l i v e r w i j t h i n 30 minutes, but the 

amount of food g i v e n i n tank B and C meant t h a t j much food n e c e s s a r i l y remained 

i n the water f o r longer than t h i s . On a few occasions however a l l the food 

was eaten i n tank B, (though i t took 24-36 hours f o r t h i s to occur. The 

r e s u l t s of t h i s experiment suggest t h a t minnowsjdo not have an i n s a t i a b l e 

a p p e t i t e . Evidence <of t h i s was a l s o detained i i i the predation t e s t s w i t h 

Ephemereptera nymphs (see F i g . 41.) ; 
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Growth i n l e n g t h w i t h age. 

Using the l e n g t h frequency data f o r the Bishop Auckland cample, a 

growth curve of l e n g t h wit?? 'suspected age* w&k drawn ( F i g . 6 ) . Only one 

4 year o l d f i s h was caught so t h a t the curve may not be r e p r e s e n t a t i v e , 

of the whole 'population' beyond the t h i r d year. The growth r a t e i s very 

s i m i l a r t o t h a t found f o r River Brathay minnows ( F r o s t , 1943), except t h a t 

F rost's minnows showed a greateir decrease i n ra|te between the second and 

t h i r d year. The mean lengths of the expected aiges of the Bishop Auckland 

f i s h a re, i n a l l cases, g r e a t e r than those of the River Brathay. 
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LENGTH-WEIGHT RELATIONSHIP : 

I n f i s h weight v a r i e s w i t h l e n g t h according t o the general formula: 
w = a, i 

w = weight. a ) 
) growth c o e f f i c i e n t s . 

1 = l e n g t h - -_b ) 

This r e l a t i o n s h i p would best f i t an i n d i v i d u a l f i s h t h a t was weighed 

and measured i n successive years of i t s l i f e . I t i s usual i n f i s h e r i e s 

b i o l o g y to determine the c o e f f i c i e n t s a and b by p l o t t i n g the l o g a r i t h m 

of the weight against' l o g a r i t h m of the l e n g t h fo|r a l a r g e number of f i s h 

of various s i z e s . A value o f _b = 3 describes ' i s o m e t r i c ' growth such 

as would c h a r a c t e r i z e a f i s h having unchanging bjody form and constant s p e c i f i c 

g r a v i t y . Departure from the 'idea' value of 3 rolay be due t o a v a r i e t y of 

f a c t o r s / such as stomach contents, spawning c o n d i t i o n and time of year, 

(Ricker, 1958). Larger minnows, p a r t i c u l a r l y females i n breeding c o n d i t i o n , 

might be expected t o have b -. values s i g n i f i c a n t l y d i f f e r e n t from 3. 

Results. 

The regression equations shown i n TABLE 7 w&re derived w i t h the a i d of a 

computer. I n a l l the samples t e s t e d the re g r e s s i o n equations i n d i c a t e t h a t 
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growth occurs approximately i s o m e t r i c a l l y i n boih sexes throughout the s i z e 

range i n v e s t i g a t e d , except f o r f i s h g r e a t e r thaiji 60ram; there i 3 no evidence 

o f a l l o m e t r i c growth p.n minnows less than 60 mm,, t h a t i s f i s h les3 than 

2 years o l d . This may be evidence of the existence of a t l e a s t two stanzas, 

according t o the d e f i n i t i o n o f Tesch ( l 9 6 8 ) . THe small d i f f e r e n c e s between 

the values of c o e f f i c i e n t s '_a and b between samples are not s i g n i f i c a n t a t 

the 5$ l e v e l . There i s no c l e a r t r e n d i n the fcjrm o f growth i n d i c a t e d by 

the equations, though the s m a l l e s t f i s h of the ifurham J3ands June sample do 

have b, values most c l o s e l y approximating t o the i t h e o r e t i c a l i s o m e t r i c growth 

value o f 3. S i g n i f i c a n c e t e s t s Using F-values gave P < 0.01 f o r a l l samples. 
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•REPRODUCTIVE CONDITION ; 

Regan (1911) describes spawning as occuring i n Hay and June. The 

minnows move to g r a d u a l l y shalloiw3, u s u a l l y i n Tprooks where the stream 

runs f a i r l y r a p i d l y . The eggs are l a i d on the bottom, adhering to each ot h e r 

and t o the stones. F r o s t (1943) describes mostjminnows under 35 mm. as 

s e x u a l l y immature, though there i s a considerable d i f f e r e n c e between 

i n d i v i d u a l s , due t o the p r o t r a c t e d breeding time, which ;she gives as 

between May and J u l y . A f t e r spawning the gonads, pass through a perio d of 

r e s t , and then, i n l a t e summer and autumn, are replenished w i t h spermatogonia 

and primary oocytes, or w i t h t h e : e a r l y stages ofj secondary oocytes. Low 

temperature, coupled w i t h a photoperiodic respodse, prevents any development 

beyond t h i s stage u n t i l s p r i n g . The egg diametejr increases from the autumn-

s p r i n g value of 0.5mm. t o the f u l l y mature s i z e ;of 1 .4 mm. i n summer 

(Bullough, 1939). 

The sexes of even unmature specimens are e a s i l y d i s t i n g u i s h e d on i n t e r n a l 

examination. P r i o r t o spawning the ovaries o f sexually mature females c o n t a i n 

l a r g e y e l l o w eggs, the o l d e r females having a g r e a t e r p r o p o r t i o n o f r i p e eggs. 
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Methods. 

The sex o f a l l the f i s h was ascertained by i n t e r n a l examination. The 

c o n d i t i o n of the gonads of each female f i s h wasj noted. 

Results and Conclusions. 

The sex r a t i o of the d i f f e r e n t samples are! shown i n TABLE 8. 

' I 
The June sample a t Durham Sands contained females i n the f o l l o w i n g 

c o n d i t i o n : 

C o n d i t i o n of ovary v No. of females P r o p o r t i o n Length Range (mm), 

P u l l o f l a r g e y e l l o w 
eggs or spent 

H a l f eggs y e l l o w 

Mostly smaller white 
eggs 

Small white eggs ' 
o n l y 

24 

11 

23 

67 

35.8$ 

13.4$ 

16.4$ 

34.4^ 

100$ 

760 

50-60 

40-50 

40 

Assuming a N u l l Hypothesis of sex r a t i o of u n i t y , the P values are a l l 

low, although o n l y those f o r Bishop Auckland and! V/itton-le-V/ear f a l l below the 

5% l e v e l . I t can t h e r e f o r e be concluded t h a t the sex r a t i o of a l l minnows 



49. 

examined does not depart v e r y s i g n i f i c a n t l y from u n i t y . 

Although o n l y t h e June Durham Sands sample allowed examination of 

ovarian c o n d i t i o n s i n a spawning shoal, i t i s q l e a r t h a t , a3 Frost 

describes, minnows over about 40mm. i n l e n g t h tire s e x u a l l y mature. However, 

the p r o p o r t i o n of unripe eggs wks h i g h i n ovariies o f a l l f i s h l e ss than 60mm. I 

t h e r e f o r e appears t h a t although one-year o l d f i j s h are capable of breeding, t h e j 

do not reach t h e i r f u l l potential u n t i l they arej a t l e a s t two years o l d . They 

•do not t h e r e f o r e c o n t r i b u t e g r e a t l y to the f u t u j r e p o p u l a t i o n u n t i l t h a t time. 

Mann (1971) records s i m i l a r observations f o r minnows i n Dorset where 'the 

m a j o r i t y o f f i s h d i d not spawn u n t i l the end of the second year*. 
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GENERAL CONCLUSIONS • \ O 

River Wear minnows do not d i f f e r i n s i z e riange or fee d i n g h a b i t s 

from those examined by other workers i n d i f f e r e n t p a r t s of the country. 

The problem of sampling a f i s h p o p u l a t i o n which] ha3 an unstudied s h o a l i n g 

p a t t e r n was evident throughout 'fche work. This made the f o r m u l a t i o n of 

p o p u l a t i o n s t r u c t u r e ! very d i f f i c u l t . I t i s probable t h a t a l l the V/ear 

minnows have some degree of a s s o c i a t i o n w i t h one another, such t h a t the 
i ; 

u n i t p o p u l a t i o n includes a l l o f these. ' I t i s s j t i l l p ossible however t h a t 

shoals of minnows i n some s t r e t c h e s o f the r i v e r do have 3 o m e degree of 

discreteness, though the extent ;of t h i s i s unknbwn. Studies on movement 

w i t h i n the r i v e r , u s i n g methods described by S t b t t (1968) and Robson & 

Regier (1968), would be u s e f u l here,, There i s some evidence from l e n g t h 

frequency d i s t r i b u t i o n s t h a t considerable v a r i a j t i o h i n le n g t h w i t h age does 

e x i s t w i t h i n the r i v e r , though much of the observed d i s t r i b u t i o n a l p a t t e r n 

i s probably a f u n c t i o n of the s h o a l i n g behaviourr. 'The work 'carried out 

i n d i c a t e s very considerable v a r i a t i o n i n the s t r u c t u r e , p a t t e r n and s i z e 

of minnow shoals w i t h time and place. 
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The f e e d i n g behaviour of the minnows does!vary w i t h time and place, 
though i n a l l cases i t seems to be dependent p r i m a r i l y on a v a i l a b i l i t y . There 
i s no evidence from gut contents analyses, a v a i l a b l e food i n the r i v e r , nor 
from l a b o r a t o r y testis t h a t any s e l e c t i o n e x i s t s . Evidence suggests t h a t 

minnows eat a n y t h i n g t h a t moves i n a way c h a r a c t e r i s t i c of most small 
i 

i n v e r t e b r a t e s , any s e l e c t i o n o c c u r i n g a f t e r s e i z u r e , probably by t a s t e . There;, 

may be a c e r t a i n degree of c o n d i t i o n i n g i n v o l v i n g the establishment of a 

•searching image'. Grazing or p l a n t m a t e r i a l i.!s also non-selective i n 

terms of types taken, these being predominantly!, Cladophora,. U l o t h r i g and 

and Chaetophora. A l l the minnows samples, and,; i n f a c t , a l l those observed 

i n the r i v e r , seem t o l i v e i n areas o f p l e n t i f u l food. The c a t h o l i c d i e t , 

w i t h a l a r g e v a r i e t y of food taken, even between members of the same shoal, 

suggests t h a t food i s not a l i m i t i n g f a c t o r , at'least i n the summer months 

i n the '//ear. Minnows move about the r i v e r i n shoals, probably, as Regan (1911) 

suggests, i n search of new f e e d i n g grounds. T h e o r e t i c a l l y , i t i s p o s s i b l e 

t h a t food could become l i m i t i n g , and i n t r a s p e c i f i c competition became 

important i f the p o p u l a t i o n increased i n s i z e . >The l a b i l e nature o f the 

shoals suggests t h a t predation pressure i n any cine area i s e a s i l y reduced by 

m i g r a t i o n to another f e e d i n g area and by a decrease i n shoal s i z e . Evidence 
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f o r the l a t t e r p o s s i b i l i t y i s s t i l l t e n t a t i v e a t present. No c o r r e l a t i o n 

e x i s t s between gut contents o r f u l l n e s s and bodjy l e n g t h or weight. 

Predation and fee d i n g experiments i n d i c a t e t h a t though feeding r a t e i s not 

constant, but shows signs of s a t i a b i l i t y , growth i s d i r e c t l y r e l a t e d to food 

i n t a k e . The Breeding season i n the River Wear i s longer than recorded 

elsewhere. F u l l y r i p e females were found i n e a r l y May, and also i n l a t e 

J u l y . The l a t t e r were seen a t Durham Sands when minnow f r y up t o 11mm. 

lon g were common throughout the r i v e r . 
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SUMMARY 

1. Shoals of minnows (Phoxinus phoxinus L.) wore sampled from selected 

s i t e s i n the River Wear, County Durham, and t h e i r l e n g t h frequency 

d i s t r i b u t i o n s examined. 

2. Shoaling behaviour prevented the examination of p o p u l a t i o n s t r u c t u r e , 

but great v a r i a t i o n s i n shdal |structure and s i z e were observed w i t h time 

and place. Shoals o f minnows o f t e n consisted of one or two age groups, 

w h i l s t some contained r e p r e s e n t a t i v e s o f up to 4 year classes. 

3. The f e e d i n g h a b i t s of the minnows were s t u d i e d by examination of 

gut contents and by means of pr e d a t i o n experiments i n the l a b o r a t o r y . 

The d i e t was seen t o c o n s i s t o f a very wide v a r i e t y o f p l a n t and 

i n v e r t e b r a t e m a t e r i a l , Chirbnomidae and Epnameroptera being the major 

c o n s t i t u e n t s . Evidence suggested t h a t f e e d i n g was l a r g e l y n o n - s e l e c t i v e , 

the f i s h t ending t o seize any small moving o b j e c t , though r e j e c t i o n 

a f t e r s w a l l i n g occurs. There l^as evidence ; O f s a t i a t i o n of the feeding 

d r i v e . Gut contents generally|resembled the faunal compositioh of the 

r i v e r s i t e i n species spectrum ;and r e l a t i v e : abundance. 

4. Circumstances and f a c i l i t i e s dijd not enable conclusive growth t e s t s 
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to be performed, though minnc-ws f e d on ox's l i v e r d i d grow l a r g e r when 
given more food. A higher conversion ( p r p d u c t i o n / i n g e s t i o n ) 
e f f i c i e n c y was observed a t lower f e e d i n g regimes. Length-weight r e g r e s s l 
suggested the presence of a t l e a s t two 'stanzas', growth being i s o m e t r i c 
up to the end o f the second year. 

5. The sex r a t i o of shoals d i d not d i f f e r w i dely from u n i t y . Hinnows 

we're observed t o have a longer breeding season than g e n e r a l l y r e p o r t e d . 

Ripe females were caught i n considerable number i n mid-July. 
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TABLE I . 

Stream f l o w and major chemical fe a t u r e s of the River Wear near the sample 

s t a t i o n s . 

Location 

Y/olsingham 

Km. from 
Wearhead 

24.2 

Stream f l o w 
l/sec. 

3049.7 

Ca N0-4 P04-P 
mg./l. mg./l. mg./l. 

36.0 0.28 ^0.015 

Witton-le-V/ear 
Bridge 35.2 3049.7 34.0 0.51 0.049 

W i l l i n g t o n J u b i l l e e 
Bridge 51 .0 

Page Bank 54.1 

Sunderland Bridge ,58.3 

S h i n c l i f f e Bridge 65.4 

4615.7 

55.0 1 .37 0.101 

53.8 1.66 0.153 

62.6 1 .80 0.108 

64.4 ?-2.5 0.106 

The f o l l o w i n g sampling s i t e s were ohosen. 

Sampling S i t e 

Wolsingham 

Y/itton-le-Vfear Bridge 
Bishop Auckland 
Page Bank 
Sunderland Bridge 
Durham Sands 

Na t i o n a l Grid Reference 

NSi 070370 
m 142307 

m 205302' 

NZ 233355 
N3; 266378 

NS 274430 



TABLE; 2. 

Nodal a n a l y s i s of River Wear Minnow Length Frequency D i s t r i b u t i o n s . 

SAMPLE ,, RESOLVED COMPONENTS. 
Mean Length Standard D e v i a t i o n 

(ijmn). 

Durham Sands 33.2 2.1 
10.5.71 41.9 2.1 

Durham Sands 47.3 , 5.5 
24.6.71 71.3 4.5 

Page Bank 32.8 4.5 
Upstream Sample 44.7 4.25 

Bishop Auckland 40.0 . "4.5 
62.0 819 

. 77.5 4.0 

Witton-le-Wear 50.4 6.1 
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TABLE; 41. 

Percentage f u l l n e 3 3 of minnow guts. 

Sample s i t e Minnow l e n g t h 
groups (mm.) 

: c/° 
Fullness 

Durham Sands 
10.5.71 

32-34 
38-40 
46-48 

64 
49 
73 

Durham Sands 
24.6.71 

38-42 
52-56 
68-72 

18 
32 * 
36 * 

Sunderland Bridge 38 
38 

55 
37 

Page Bank 34 
34-44 

46 

32 
58 
77 

Bishop Auckland 37-40 
50-62 
70-80 

65 
63 

100 

Witton-le-Wear9 l 39-48 
50-60 

68 
83 

* Spawning f i s h . 



TABLE 5. 

Mean number o f prey organisms eaten by d i f f e r e n t 
s i z e d minnows i n 8 hours . 

Prey Lengths o f p r e d a t i n g minnow 

38mm. 45mm. 52 mm, 

h i ronomid l a rvae 

Iphemeroptera nymphs 
(p lus s tone) 

Gphemeroptera nymphs 
. w i t h o u t s tone) 

addis l a r v a e 
i n cases 

I 
Itiydropsyche l a rvae 
w i t h o u t case. 

Gammaru3 pulex 

Herpobdel la 

Ancylus 

s eve ra l hundred taken 

0 

0 

0 

0 

3 

0 

10 

15 

0 

7* 

0* 

* See t e x t . 



TABLE 6 . 

Percentage increase i n t o t a l we igh t o f minnows / to t a l weight 
of l i v e r ea ten . • 

D u r a t i o n o f 
experiment 
(days) Tank A Tank B Tank C 

0 - - -
14' 6.25 8.2 5.1 

28 5.8 4.1 6.1 

42 11 .4 4.1 - 7.1 

56 14.5 6.9 8.8 



TaI3l.HI 7 

Weight Regressions o f Durham Sands Minnows, Length 

Y 

X 

N = number o f minnows per sample. 

log^Q weigh t o f minnows (gm). 

log^Q l e n g t h o f minnows (mm). 

SAMPLE SEX REGRESSION EQUATION *b s i g n i f i c a n t l y 
d i f f e r e n t f rom 3? 

Durham Sands Males Y = - 4 .98 + 2 .73x No 
10.5.71 (n=6l ) 
Whole Sample Females 

(h=40)-
Y = - 5.77 + 3.24z No 

Durham Sands 
24.6.71 
^" 64mm. Males 

(n=13) 
Y = - 3.92 + 2 .47x yes 

"> 64mm. Females 
(n=20) 

Y = - 4.10 + 2 .57x yes 

50-64 mm. Males 
(n-29) 

Y = - 5.33 + 3.26x No 

50-64 ram. Females Y = - 4.63 + 2 . 8 6 x Ho 
( n = l 6 ) ' 

<• 50 mm. Male3 
(n=28) 

Y = - 4.93 + 3.03x No 

<~ 50 mm. Females 
(n=25) 

Y = - 4 .99 + 3.1 Ox No 

* S i g n i f i c a n c e t e s t based on whether observed -value o f ' V i s more than 
2xS.E. o f ' b ' away f r o m 3 . 

http://TaI3l.HI


TABLE 8 

Sex Ra t io o f River Wear Minnows.-

Sample Rat io Of C?:f P 

Durham Sands 10.5 .71 5 9 : 42 1 4 . 6 $ 

Durham Sands 1 4 . 6 . 7 1 1 0 5 : 6 7 2 0 . 4 $ 

Sunderland Bridge 19 : 1 4 13.4$ 

Page Bank 50 : 31 20. '7$ ' 

Bishop _Auckland' 4 0 : 4 3 3.1$ 

Wi t ton - l e -Wear 4 6 : 4 6 0 . 0 $ 

N u l l Hypothesis = sex r a t i o o f u n i t y . 
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