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C H A P T E R C H 3 

IMEODUC'HOH 



CHAPTER QMS 

IFIRODUCTIOlT 

The perch (Perca f l u v i a t i l i s L.) i s w i d e l y d i s t r i b u t e d throughout Europe, 

and i s found i n ponds, lakes and r e s e r v o i r s , as w e l l as slow or moderately 

q u i c k l y f l o w i n g r i v e r s and streams. I n f a c t , i t s d i s t r i b u t i o n appears to be 

i n c r e a s i n g r a p i d l y as bodies of s t i l l water, which were once game-fisheries, are 

r a p i d l y being taken over by the perch as the amount of e u t r o p h i c a t i o n increases. 

Most of the published work on the perch (references given l a t e r ) has been 

done as a r e s u l t of studies of comparatively l a r g e and deep lakes, such as Lake 

Windermere. Very l i t t l e appeaxs to have been done on small, shallow ponds which 

are e u t r o p h i c . 

I n order t o o b t a i n knoY/ledge about a f i s h stock - i t s s p e c i f i c taxonomy, sex-

and year-class composition, and the r a t e s of growth, m o r t a l i t y and r e c r u i t m e n t -

i t i s necessary to o b t a i n specimens from the stock, e i t h e r a l i v e or dead. For 

reasons of conservation i t i s obviously b e t t e r i f the specimens can be obtained 

a l i v e , s t u d i e d , and a t l e a s t some of the specimens returned t o the stock. 

There are several methods of o b t a i n i n g l i v e samples, the main ones of which 

Removal of water by draw-down or pumping; 

Anaesthesia; 

Hook and l i n e f i s h i n g ; 

SLectronarcosis or galvanotaxis; 
* * 

A c t i v e n e t t i n g (seine nets, t r a w l s ) ; 

Impounding ( t r a p s , w e i r s , set-back or swing n e t s ) . 

The methods c u r r e n t l y most wi d e l y used are a s t e r i s k e d . Obviously, not a l l 

methods are s u i t a b l e f o r a l l environments, and t h i s a pplies p a r t i c u l a r l y t o 

e u t r o p h i c ponds. The removal of water i s expensive, and can permanently damage 

the h a b i t a t . Anaesthesia i s s t i l l i n i t s i n f a n c y . E l e c t r o n a r c o s i s or 

galvanotaxis may not be p o s s i b l e i f the e u t r o p h i c a t i o n i s h i g h enough to r e s u l t 

i n a h i g h c o n d u c t i v i t y , and the presence of l a r g e beds of weeds w i l l obviously 



i n h i b i t a c t i v e n e t t i n g . This leaves two main methods which would appear to 

be s u i t a b l e f o r the i n v e s t i g a t i o n of such a h a b i t a t - hook and l i n e f i s h i n g , 

and impounding. 

For the purpose of t h i s study, t h e r e f o r e , i t was decided t o i n v e s t i g a t e a 

p o p u l a t i o n of perch i n a s n a i l eutrophic pond, and compare the f i n d i n g s w i t h 

those obtained by other workers from l a r g e r , l e s s eutrophic bodies of water, 

At the same time comparison would be made between the e f f i c i e n c y of two d i f f e r e n t 

methods of o b t a i n i n g l i v e samples from the environment. Hence the r e s u l t s 

from traps (a method c u r r e n t l y w i d e l y used) are compared w i t h those obtained by 

a n g l i n g (a method not w i d e l y used i n f i s h p o p u l a t i o n s t u d i e s ) . 

F i n a l l y , i t was hoped to e s t a b l i s h the r e l a t i o n s h i p between the food a v a i l a b l e 

and the Year-Classes of f i s h present i n order to determine whether or not the 

pond was supporting i t s f u l l p o t e n t i a l of f i s h . 
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CHAPTER TWO 

METHODS OF CAPTURE ASP EXAMINATION 

2. 1. The Area of Study - Brasside Pond. 

Srasside Ponds (N.G. Sef. NZ 292 455) l i e two and a h a l f miles l o r t h -

East of Durham C i t y . They are the r e s u l t of extensive excavations i n t o the 

laminated clays of the o l d submerged v a l l e y of the l i v e r Wear, ( H a l i n g , 1955)> 

and there has probably been open water i n t h i s area f o r over f i f t y years. 

The two main ponds are separated by a, narrow s t r i p of land ranging from 

two to twenty metres i n w i d t h . I t was decided to c a r r y out t h i s study on 

the smaller of these ponds f o r the f o l l o w i n g reasons! 

a) An area of 3«4 acres (compared w i t h the l a r g e r pond of 13.3 acres) 

appeared t o be more s u i t a b l e f o r a sho r t term study. 

b) O r i g i n a l l y the smaller pond had been over nine acres i n area but 

two t h i r d s of i t had been reclaimed as a r e s u l t of i n f i l l i n g i n the 1950s. 

The Northern and Eastern boundaries are no?; arable farmland which i s r e g u l a r l y 

t r e a t e d w i t h a r t i f i c i a l f e r t i l i s e r s , some of which i s washed by r a i n f a l l i n t o 

the smaller pond r e s u l t i n g i n t h i s being e u t r o p h i c . 

c) I n 1952 some t o x i c m a t e r i a l was dumped i n the smaller pond and 

apparently k i l l e d o f f a l l the f i s h l i f e . Although no a r t i f i c i a l r e - s t o c k i n g 

has taken place i t now holds a stock of perch, which may have come from the 

l a r g e r pond. P r i o r to 1966 the water-table of the smaller pond was a t a 

higher l e v e l than t h a t of the l a r g e r pond bu t , as a r e s u l t of bank erosion, 

the two ponds became connected by a shallow stream which would allow the 

passage of small f i s h . 

The smaller Brasside Pond thus o f f e r e d the r i g h t c o n d i t i o n s f o r the 

proposed study. I t was of a s u i t a b l e s i z e , was eutrophic, c a r r i e d a dense 

crop of aquatic f l o r a , and supported a p o p u l a t i o n of perch. 

An i n i t i a l survey 'was c a r r i e d out w i t h the a i d of a rubber dingy and a 

la r g e r a f t i n order to determine the hydrography, as a r e s u l t of which the 
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pond was d i v i d e d i n t o nine major areas (see F i g . 1). Areas 1 , 2, 5 and 6 
are bankside regions w i t h an. average depth of two metres,, Area 6 v a r i e s , 
however, i n t h a t i t g r a d u a l l y shallows t o the East. Area 3 i s very shallow, 
as are areas 8 and 9« Hie deepest p a r t of the pond i s found i n areas 4 and 
7 (average 3-5 metres) which axe very s i m i l a r and are separated p u r e l y f o r ease 
of sampling. The p o i n t a t which areas 2, 4» 7 and 8 meet i s a submerged 
i s l a n d on which was anchored the r a f t when i t was not i n use. 

When the study s t a r t e d , i n May, 1974? over 70 per cent of the surface of 

the water was covered by v e g e t a t i o n . Even those areas which appeared t o be 

c l e a r , t h a t i s , the deeper areas, had dense v e g e t a t i o n growing to w i t h i n a 

few centimetres of the surface. I n i t i a l l y , t h e r e f o r e , small areas were cleared 

i n order t o be able to f i s h f o r the perch. As the season progressed the 

amount of v e g e t a t i o n diminished, and t h i s was aided by the presence of e i g h t 

swans. Plates 1 t o 4 show views of the water taken on August 13th, by which 

time comparatively l a r g e areas were c l e a r of v e g e t a t i o n . 

A summary of the d i s t r i b u t i o n of the main species of weed i s given i n 

Table 1 . 
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TABLE 1. 

DOMINANT PLANT SPECIES 

Margins and Shallow Water (<1.0 metre deep) 

Typha l a t i f o l i a 

Juneas effusus 

Alisma P l a n t a r - aquatica 

H i p p u r i s v u l g a r i s 

Eorhynchixim riparoides 

Water > 1 «Q metre deep 

Myriophyllum spicatum 

Potamogeton f r i e s i i 
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2. 2. Methods of Capture. 

The dense areas of aquatic v e g e t a t i o n were a l i m i t i n g f a c t o r which 

determined the p o s s i b l e means of c a p t u r i n g the perch* Consequently two 

methods were used,, 

The Windermere perch t r a p (Worthington, 1950) e s s e n t i a l l y consists of 

three s e m i - c i r c u l a r fencing-wire hoops, 57cm. i n h e i g h t , covered with 1.3cm. 

hexagonal wire n e t t i n g , to give a trap with a f l a t base J6 x 6j cm. At 

one end i s a f u n n e l d i r e c t e d inwards for 44cm. to an opening 8.5cm. i n 

diameter; at the other end i s a door f o r the removal of the catch. One 

of these traps was borrowed from the Freshwater B i o l o g i c a l A s s o c i a t i o n and 

a f u r t h e r two were made. The three traps were l a i d unbaited on the bed of 

the pond and l i f t e d every 3 or 4 days. The p o s i t i o n of the traps was 

marked by a f l o a t attached to the top of the trap: by rope. The r a f t was 

used both to l a y and l i f t the t r a p s , and as a working p l a t f o r m f o r weighing-

arid measuring the catch. This ensured t h a t the f i s h were always r e t u r n e d 

to the area from which they were caught. On l i f t i n g , any f i s h were t i p p e d 

i n t o a l a r g e container of water from -which they were l i f t e d separately f o r 

examination. 

The second method of capture, which was c a r r i e d out con c u r r e n t l y , was 

a n g l i n g -with b a i t . I n an endeavour t o prevent t h i s method being s e l e c t i v e 

as regard s i z e , the t a c k l e was kept as f i n e as p o s s i b l e . Hie hooks used 

were size 15, attached to 750 gram b r e a k i n g - s t r a i n l i n e , and supported by 

f i n e q u i l l f l o a t s . The use of l o n g rods (4 metres) enabled one t o f i s h 

over the p e r i p h e r a l v e g e t a t i o n , and i n t o the holes i n the weed beds. As 

the f i s h were caught they were placed i n l a r g e keep-nets u n t i l they were 

examined. 

F u l l d e t a i l s of a l l f i s h caught are given i n the Appendix. 
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2. 3* Length Measurements» 

The l e n g t h of the f i s h was measured w i t h the a i d of a measuring board 

graduted i n m i l l i m e t e r s . 

I n i t i a l l y two l e n g t h measurements were taken: 

a) jf o r k l e n g t h , median l e n g t h , Schmidt's l e n g t h or AC le n g t h * 

This i s measured from the anterioriaost e x t r e m i t y of the f i s h to the t i p of 

the median, rays of the caudal f i n . 

b) T o t a l l e n g t h , absolute l e n g t h or AB l e n g t h . 

This i s the g r e a t e s t l e n g t h of the' f i s h from the antericrmost e x t r e m i t y to 

the end of the t a i l f i n . 

However, several of the f i s h captured i n the traps were n o t i c e d to 

have f r a y e d and shortened t a i l f i n s , as a r e s u l t of abrasion w i t h the n e t t i n g . 

Consequently, the second measurement of l e n g t h was discarded and a i l 

measurements given axe f o r k l e n g t h . 

2. 4» Weight Measurements• 

I n the study of any f i s h p o p u l a t i o n one of the most d i f f i c u l t 

measurements to make i s t h a t of weight, not only because of the l a r g e range 

i n s i z e , b ut also because of the v a r y i n g amounts of weter which are on or 

i n the f i s h . 

The "balance used i n t h i s study was a beam balance designed f o r f i s h i n g 

matches, weighing up to t e n pounds i n 2 drain d i v i s i o n s , (2 drams = •§• ounce = 

3»54 grams)« By c a r e f u l manipulation i t i s possible t o weigh to 1 dram. 

The balance was zeroed f o r each weighing, and each f i s h was shaken 

c a r e f u l l y t o remove surplus surface water. P e r i o d i c a l l y f i s h were weighed 

twice to check accuracy. 

The weights given i n the tables are i n drams, but f o r comparative 

purposes w i t h other studies the Means and other r e l e v a n t data have been 

converted t o grams• 
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2. 5» Age Determination. 

Prom each f i s h caught was taken a sample of scales f o r the determination 

of the age of the f i s h by annual r i n g s . A l l scales were removed, w i t h the 

ai d of forceps, from the area immediately behind the base of the p e c t o r a l f i n . 

I n t h i s p o p u l a t i o n of perch the annual r i n g s were g e n e r a l l y obvious (except 

f o r Year 1 f i s h - see l a t e r ) but as a check on accuracy opercular bones were 

removed from f i s h which died, and examined according to the method of E. D. 

LeCren, (1947)« 

With the smaller f i s h i t was n o t i c e d t h a t annual r i n g s were not always 

present, but t r a n s f o r m a t i o n of the size-frequency curves u s i n g p r o b a b i l i t y 

paper showed t h a t those f i s h w i t h o u t annual r i n g s belonged to the Year Class 

1, and t h a t annual r i n g s o n l y appeared a f t e r the second w i n t e r . 

Perch tend to hatch i n May / June, and the b i r t h d a y of the f i s h has 

been brought forward to January 1st f o r Year Class determination. Thus, a, 

f i s h h atching i n June 1967 belongs to Year Class 0 u n t i l December 31st, 19^7 • 

From January 1st, 1968 to December 31st, 1968 i t i s i n Year Class 1 . 

From " " 1969 to " " 1969 " " " " » 2. 

From " " 1970 to " " 1970 " " " " " 3 . 

and so on. This i s the system as proposed by H i l e , (1945) "the ageing of 

f i s h i n the Northern Hemisphere. 

2. 6 . Marking The F i s h . 

C h a r a c t e r i s t i c a l l y , the perch has w e l l separated d o r s a l f i n s , the f i r s t 

of which has t h i r t e e n t o seventeen s t r o n g spines. Each f i s h caught was 

given an i n d i v i d u a l number by c l i p p i n g these spines which were, numbered 

according t o the b i n a r y system. Thus, spine 1 = number 1 

spine 2 number 2 

spine 3 number 4 

spine 4 number 8 etc 
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Figure 2 gives the f u l l marking system, together w i t h examples, and 

P l a t e 5 shows f i s h number 79 which was f i r s t caught and numbered on June 

24th, 1974s and photographed on August, 13th, 1974» 

The a c t u a l marking -was done w i t h sharp scissors w h i l s t the f i s h was 

held 'under water, 

. 7« Stomach Analysis and Bottom Fauna. 

A l l stomach analyses were taken a t the end of J u l y , as were the samples 

of the fauna of the pond. For f i s h of Year Class 3 and o l d e r , a stomach 

pump as shown i n Figure 3 was used. Water was pumped i n t o the stomach 

u n t i l no more food was being washed out. The g i l l s and t h r o a t were then 

examined t o ensure t h a t no organisms, had become trapped i n these regions. 

Although no d i s s e c t i o n s were performed to check on the e f f i c i e n c y of the 

pump, the f a c t t h a t those f i s h caught w i t h minnow-bait produced the minnow i n 

t h e i r stomach washings i n d i c a t e s t h a t the pump was able t o remove food o f 

any s i z e t h a t the f i s h may take. P l a t e 6 shows the pump i n use. 

For the younger f i s h no s u i t a b l e pump could be made and so a d i f f e r e n t 

technique was used. Ten specimens of each of Year Classes 1 & 2 were caught 

and k i l l e d and t h e i r stomachs removed. 

The contents of the stomachs of the l a r g e r f i s h , and the complete 

stomachs of the younger f i s h , were placed i n i n d i v i d u a l specimen tubes, 

l a b e l l e d , and preserved i n JOfc a l c o h o l . Analysis was c a r r i e d out "by 

i d e n t i f i c a t i o n and counting under a b i n o c u l a r microscope. 

Samples of the weed- and bottom- fauna were taken a t the same time as 

the samples of f i s h used f o r stomach a n a l y s i s . I n each of the areas i n 

which the f i s h were caught ( i . e . areas 1, 2, 4» 5» 6 and 7) "two separate 

square metres were sampled as f o l l o w s . A metre quadrat was thrown randomly 

i n t o the water over the shoulder. A l l p l a n t s present i n the quadrat were 

cropped w i t h a long-handled scythe, n e t t e d out, and placed c a r e f u l l y i n 

polythene bags. Then the mud i n the quadrat was sampled by sweeping a 

standard F.33.A, net along the bottom of the pond so t h a t i t picked up about 
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FIGURES ,2_. METHOD OF MARKING PBRCH BY CLIPPING DORSAL„,OT 

4 8 16 32 64 / 2 g 

EXAMPLES: 

FISH NUMBER. 

11 

47 

123 

192 

312 

SPINAS CLIPPED. 

1, 2, 8. 

1, 2, 4, 8, 32. 

1, 2, 8, 16, 32, 64. 

64, 128. 

8, 16, 32, 256. 

TOTAL POSSIBLE INDIVIDUAL LABELLING USING THIRTEEN SPINES - 8,191 FISH. 
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the top two centimetres of the bottom d e b r i s . The contents of the net 

were washed to remove f i n e mud, and the remainder was placed i n large j a r s 

w i t h ample water* The weed and mud samples were taken back t o the laboratory 

where they were hand-sorted, and a l l animals present were i d e n t i f i e d and 

counted. 

The f i g u r e s f o r a l l twelve quadrats were combined to give an o v e r a l l t o t a l 

of each species of animal present i n the twelve square metres. These f i g u r e s 

were then converted t o '"percentage occurrence', which i s the number of each 

species of animal expressed as a percentage of the t o t a l number of animals i n 

the combined samples. 

Almost c e r t a i n l y the methods used f o r sampling the weed and bottom fauna 

are prone t o e r r o r - the net, f o r example, catching d i f f e r e n t animals w i t h 

d i f f e r e n t e f f i c i e n c i e s • However, the depth of water prevented one from 

en c l o s i n g a column of water to prevent animals escaping. As the s e l e c t i v i t y 

of the net i s probably i n favour of the l e s s m o t i l e animals, and the more m o t i l e 

animals would have a greater chance of s i m i l a r l y escaping from f i s h , i t i s 

probable t h a t any e r r o r s i n the sampling technieque are minimal. 

2. 8. P i n a l Recaptures f o r P o p u l a t i o n Estimate. 

I n i t i a l l y i t was intended t o use a t h i r d method of capture f o r the 

f i n a l recapture f o r p o p u l a t i o n estimate. This was t o be by e l e c t r o f i s h i n g 

w i t h a pulsed d i r e c t c u r r e n t and an o u t f i t was made, u s i n g a p o r t a b l e p e t r o l 

Honda generator, to the design of'W... H. Moore, (1968)• 

U n f o r t u n a t e l y , the c o n d u c t i v i t y of the pond water was too high (1,200 + 

^mhos) and the generator was unable to produce s u f f i c i e n t output. 

An examination of the data f o r running recaptures showed t h a t of 121 

f i s h o r i g i n a l l y caught i n t r a p s , only 2 were recaught by t h i s method -

i n d i c a t i n g t h a t the f i s h became trap-shy. However, of the 191 f i s h o r i g i n a l l y 

caught by b a i t , 21 had been recaptured by b a i t . Furthermore, most of the 

b a i t f i s h i n g had been done with maggot. Consequently, i t was decided to 

do the f i n a l recaptures by a n g l i n g , u s i n g earthworms as b a i t . 
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An * angling match* was organized and 15 competent anglers fished the 

pond f o r three hours. They were instructed to f i s h w i t h small hooks 

( s i z e 16) and f i n e t a c k l e , and to use small brandling worms ( S i s e n i a f o e t i d a ) 

explained, and they were asked to endeavour to capture a l l Age-Classes. A l l 

f i s h caught were measured, weighed and had scales removed f o r age determination. 

r e t u r n e d , unmarked ones being marked. 

Two weeks l a t e r , the procedure was repeated. This time, because of 

shortage of time, no lengths or weights were taken, only scales f o r Year-

Class determination. 

During "both recaptures every e f f o r t was made to sample a l l areas i n which 

f i s h were known to be from e a r l i e r i n v e s t i g a t i o n s . 

An e s t i m a t i o n of the p o p u l a t i o n s t r u c t u r e from both these recaptures 

i s given i n Table 14 (page 42). 

or t a i l s of b r a n d l i n g worms as b a i t . The p r i n c i p a l behind the capture was 

A summary of the r e s u l t s i s given i n Table 11 (Appendix). A l l f i s h were 
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CHAPTER THREE 
AMLYSIS OF RESULTS 

3 . 1. Comparison of Methods of Capture. 

An g l i n g by hook and l i n e , and passive capture by unbaited t r a p s , are 

two r a t h e r d i f f e r e n t methods of c a p t u r i n g f i s h . 'The former, i f done 

c a r e f u l l y , r e l i e s on the n a t u r a l behaviour of the f i s h t o take a v a i l a b l e 

food, whereas the l a t t e r must apparently r e l y on some form of c u r i o s i t y . 

Since most f i s h i n g operations are s e l e c t i v e , catches by d i f f e r e n t methods can 

produce v e r y d i f f e r e n t r e s u l t s . S e l e c t i v i t y can r e s u l t from e x t r i n s i c 

f a c t o r s ( f o r example, the form of the gear and i t s method of use) and i n t r i n s i c 

f a c t o r s (such as behavioural d i f f e r e n c e s among or w i t h i n species according t o 

sex, s i z e , h a b i t s , season e t c . ) . 

For the purpose of t h i s study i t was necessary t h a t both methods, as 

near as p o s s i b l e , gave s i m i l a r samples of the f i s h p o p u l a t i o n . The use of 

the Windermere perch t r a p i s w e l l e s t a b l i s h e d as a t o o l f o r the study of f i s h 

populations (e.g. Worthington 1950, Bagenal 1972), but i n i n l a n d waters, other 

than sport f i s h e r i e s , hook-and-line f i s h i n g methods have g e n e r a l l y not been 

used i n f i s h p o p u l a t i o n s t u d i e s . (K.F. Lagler i n I..B.P. Handbook Ho. 3. 1968). 

The f o l l o w i n g t a b l e shows the comparative catches by the two methods, i n 

Classes, from 21. 5. 1974 t o 6. 8 . 1974. 

YEAR-CLASS 1 2 3 4 5 6 7 T o t a l 

ANGLIHG 63 48 14 28 20 17 1 191 

TRAPPING 1 42 20 24 19 11 4 121 

T o t a l 64 90 34 52 39 28 5 312 

The major d i f f e r e n c e i n the two methods i s seen i n Year-Class 1, where 

only one f i s h was caught i n a t r a p . I n f a c t , t h i s i n d i v i d u a l had * g i l l -

nefcted' i t s e l f by t r y i n g to enter the t r a p through a d i s t o r t e d hole i n the 

side n e t t i n g ( i . e . a hole t h a t was smaller than normal). Presuming t h a t 

t h i s Year-Class does enter the t r a p s , they e i t h e r leave through the mesh 
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openings or are eaten by any of the larger f i s h present. This l a t t e r 

hypothesis i s a, d i s t i n c t p o s s i b i l i t y f o r , i n the e a r l y stages of the study, 

i t was n o t i c e d t h a t i f small f i s h were kept i n keepnets w i t h l a r g e r f i s h some 

of them, disappeared, (Consequently, they were l a t e r kept separate)• 

U n f o r t u n a t e l y , no stomach analyses were done of trapped f i s h , 

Year-Class 7 has i n s u f f i c i e n t data, f o r s t a t i s t i c a l a n a l y s i s , but a 

Chi-Square analysis of Tear-Classes 2 to 6 shows that 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 i n the two methods of capture for these Year-Classes* 

I t would t h e r e f o r e appear t h a t , except f o r Tear-Class 1, 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 i n the s e l e c t i v i t y of the two methods as regards 

Year-Classes. There i s s i m i l a r l y no s i g n i f i c a n t d i f f e r e n c e between the mean 

l e n g t h f o r each Year-Class caught by each method. 

There are s i g n i f i c a n t d i f f e r e n c e s i n the mean weights of f i s h caught 

by the two methods f o r ea^h Year-Class but t h i s i s not a f u n c t i o n of s e l e c t i v i t y , 

but the r e s u l t of weight l o s t w h i l s t i n the t r a p . F u r t h e r discussion of t h i s 

w i l l be considered w i t h the recapture data. 

Occasionally, eels appeared i n the t r a p s . I t was s t a t e d by Yforthington 

(1950) t h a t 'The predacecus species which normally feed on perch or t h e i r 

spawn, namely pike and e e l , o f t e n enter the traps ... they complicated the 

r e s u l t s i n t h a t , once a p i k e or an e e l was i n s i d e , no more perch would enter 

the t r a p u n t i l the predator was removed', but no d i r e c t evidence f o r t h i s 

was g i v e n . However, Bagenal (1972), i n an analysis of perch-trap catches, 

found t h a t , o f s i x t y e i g h t traps w i t h eels present, f o r t y three had l a r g e r -

than-average perch catches. I n an endeavour t o solve t h i s problem one o f the 

traps was " b a i t e d 1 w i t h two l i v e e e l s . Over a p e r i o d of 200 hours, i n 

several d i f f e r e n t regions of the pond where perch were known to be present, 

no perch entered the t r a p . 

I t would appear t h e r e f o r e that " f o r t h i n g t o n was r i g h t , and t h a t the 

r e s u l t s of Bagenal can be explained by the larger-than-average numbers of 

perch a t t r a c t i n g - the eels to the t r a p s . 

The traps i n the study were used f o r a t o t a l of 3,144 hours, d u r i n g 
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which time they caught 121 f i s h . I n comparison, only 107 hours were spent 

a n g l i n g i n order t o catch 191 f i s h . A n g l i n g would appear to be more 

e f f i c i e n t r e g a r d i n g time, but the f o l l o w i n g must be taken i n t o considerations 

a) The traps can be l e f t unattended most of the time. 

b) The f i s h were only found to feed- a t c e r t a i n times of the day 
(approximately two hours before sunset and. two hours a f t e r 

sunrise) and hence the one hundred and seven hours represents 
about f i f t y a n g l i n g sessions. 

Lagler ( I . 3 . P . Handbook Kb. 3, page 24) s t a t e s : ' O r d i n a r i l y the s i z e 

of the f i s h caught i s p o s i t i v e l y c o r r e l a t e d both w i t h the s i z e of hook and 

w i t h the s i z e of l u r e used*. Por most of the study the b a i t used was b l o w f l y 

l a r v a e , and. so o c c a s i o n a l l y the method, was v a r i e d i n an attempt to catch any 

l a r g e r f i s h present t h a t may be selected against by maggot or t r a p . 

The two other b a i t s used were worm (hook size 14) and l i v e minnow 

(hook siz e 10). Table 10 (Appendix) gives a summary of the r e s u l t s o f the 

d i f f e r e n t methods of capture. Worms caught a r e p r e s e n t a t i v e sample of 

Year-Glasses 1 t o 7? and w i t h a smaller hook would probably have caught more 

of Year-Class 1. (See data on r e c a p t u r e ) . Minnows were too l a r g e f o r the 

smaller perch, but d i d not catch any f i s h over Year-Class 6. A s t a t i s t i c a l 

comparison of the catches by maggot, worm and minnow i s not f e a s i b l e as they 

were used f o r d i f f e r e n t lengths of time and not a l l areas were f i s h e d w i t h 

worm and minnow ( t h e r e i s evidence t h a t the f i s h tend to shoal i n p a r t i c u l a r 

areas - see recapture d a t a ) . 
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3* 2. Length - Weight R e l a t i o n s h i p * 

The r e l a t i o n s h i p between l e n g t h and weight i n f i s h can be d i r e c t e d 

•towards two r a t h e r d i f f e r e n t o b j e c t i v e s . I t can be used mathematically t o 

show the r e l a t i o n s h i p between l e n g t h and weight so t h a t one may be c a l c u l a t e d 

from the other. This i s p a r t i c u l a r l y so i n the c a l c u l a t i o n ofweight, f o r 

l e n g t h i s a much more e a s i l y determined measurement. Furthermore, i t i s 

possible to c a l c u l a t e the e a r l i e r lengths of the f i s h by b a c k - c a l c u l a t i o n 

from scale a n n u l i , and hence, i f the length-weight r e l a t i o n s h i p i s known, i t s 

e a r l i e r weights. 

Secondly, i t i s p o s s i b l e t o measure the v a r i a t i o n from the expected 

r e l a t i o n s h i p f o r any f i s h or p o p u l a t i o n of f i s h so t h a t the general w e l l -

being, or f i t n e s s o f the f i s h , can be i n d i c a t e d . U s u a l l y t h i s second approach 

i s termed the 1 c o n d i t i o n f a c t o r ' . 

I n f i s h the weight u s u a l l y v a r i e s w i t h l e n g t h according to the formulas 
,b w = a l 

where w = weight 

1 = l e n g t h 

> = growth c o e f f i c i e n t s . 

b J 

This equation i s u s u a l l y converted t o ; —-N 

l o g w = l o g a + (Log 1 ) b . 
I f the l o g of the weight i s p l o t t e d against the l o g of the l e n g t h , and 

the r e g r e s s i o n l i n e c a l c u l a t e d ( u s u a l l y by method of l e a s t squares), then the 

r e g r e s s i o n c o e f f i c i e n t , i s 'b' and ' l o g a' i s the i n t e r c e p t of the l i n e w i t h , 

the Y-axis. 

Formally 'b' i s an exponent w i t h a value between 2 and 4s o f t e n close to 

3 . A value of 'b r = 3 describes symmetrical or i s o m e t r i c growth such as 

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

g r a v i t y . U s u a l l y , however, i n a l l but completely demersal f i s h , the s p e c i f i c 

g r a v i t y of the f i s h as a. whole i s maintained a t -feat of the surrounding water 
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by the swim bladder, and so changes i n weight f o r l e n g t h are the r e s u l t 
of changes i n body form or volume. Thus, changes i n the value of 'b' can 
be the r e s u l t of v a r i a t i o n s i n stomach contents, time of year and spawning 
c o n d i t i o n ( S i c k e r , 1958). 

As a r e s u l t of the above conditions the length-weight relationships of 

the marked f i s h have not been used i n the following analysis f o r they include 

f i s h captured over a considerable p e r i o d , t h a t i s , f i s h ready t o spawn, spent 

f i s h and recovered f i s h . Moreover, many of the f i s h caught i n the traps 

have a low weight / l e n g t h ratio' because of l o s s of weight due to 'forced' 

s t a r v a t i o n . Consequently, the data obtained on August 15th, f o r a p o p u l a t i o n 

estimate (Table 1/1, page 42) i s also used f o r the c a l c u l a t i o n of length-weight 

r e l a t i o n s h i p s . 

During t h e i r development f i s h t y p i c a l l y pass through several stages or 

stanzas, several of which may occur d u r i n g t h e i r l a r v a l l i f e . Each of these 

stanzas may have i t s own length-weight relationship* 'The 143 f i s h caught 

on August 15th, were separated into Year-Classes and t h e i r weights converted 

from drams to grams. The corresponding weight and l e n g t h for each f i s h was 

then p l o t t e d as a 'dot diagram' on l o g / log graph paper and the l i n e of 

'best f i t * by eye f o r each Year Class was drawn. (Graph 1.) These l i n e s 

of 'best f i t ' are the approximate regression l i n e s f o r each Year-Class, the 

slope of which i s the value of 'b'. 

The same length and weight data was then converted to log values, and 

with the aid of a computer, the values of the regression l i n e , intercept and 

correlation coeffieient for each Year-Class was calculated, Year-Classes 

1 and 2 combined, and Year-Classes 3 to 6 combined, were s i m i l a r l y treated. 

For Year-Classes 1, 2 , 3, 4 and 6 the correlation c o e f f i c i e n t i n a l l 

cases gave a value of P = <0.001 and the calculated regression l i n e i s very 

s i m i l a r t o that drawn by eye. However, a further c a l c u l a t i o n of the ' t ' 

teat on the standard errors of these slopes showed that they are not 

s i g n i f i c a n t l y d i f f e r e n t . 

The data for Year-Class 5, with a value of «b« >7, can be explained 
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GRAPH 1 . 
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by the small sample with a correlation c o e f f i c i e n t of P =^0 , 1 . )* 

Thus, with the separate Year-Classes, there appears to be no definite 

stanzas. However, with the combined r e s u l t s a different picture emerges. 

Correlation Regression j , , 
Coefficient Line — 

Ob') (<a») 
Year-Classes 

1&2 P - <0.001 2.957 6.14 

Year-Classes 

3 to 6 P = <0.001 3.716 7.45 

The value of *br for Year-Classes 1 and 2 i s not s i g n i f i c a n t l y 

d i f f e r e n t from the isometric value of 3, whereas the value of 3.716 for 

Year-Classes 3 to 6 i s s i g n i f i c a n t l y d i f f e r e n t . This indicates that a 

change i n growth pattern occurs between Year-Classes 2 and 3, and i s obviously 

the r e s u l t of the f i s h developing sexually. The growth of gonads and change 

i n body form r e s u l t s i n a 'stockier* f i s h with a higher weight / length r a t i o . 

These r e s u l t s are very s i m i l a r to those of Le Cren (1951) but the value 

of 'b' for the mature f i s h i s higher (3.7 compared with 3.4 i n Le Cren's work). 

Obviously, then, no single formula w i l l give the length / weight 

relationship for perch and, i n f a c t , Le Cren showed that there was a different 

s i g n i f i c a n t value of 'b* for l a r v a l f i s h of 3.59163. 

Graph 2, of log weight x log length on l i n e a r paper, shows the two 

si g n i f i c a n t regression l i n e s and points of intercept f o r the population of 

perch i n Brasside. 
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3* 3# Feeding and Growth* 

Several methods f©V-th^ enumeration of stomach contents have been employed 

by d i f f e r e n t workers, but i n most studies s u b s t a n t i a l l y the same comparative 

r e s u l t s are obtained w i t h a l l of them. 

B r i e f l y , the main approaches ares 

a) Frequency of occurrence - where the number of stomachs i n which a 

p a r t i c u l a r food item occurs i s recorded and expressed as a percentage, of the 

t o t a l number of stomachs examined. 

b) Numerical•method - t h i s i s the q u o t i e n t of the t o t a l number of a 

p a r t i c u l a r i t e m of food and the grand t o t a l of a l l items of food. 

c) Volumetric method - here the volume of each type of food item i s 

expressed as a percentage of the t o t a l volume of food. 

d) Gravimetric method - which i s e s s e n t i a l l y the same as the v o l u m e t r i c 

method except t h a t volume i s replaced by e i t h e r dry weight or wet f r e i g h t . 

e) 'Points 1 method - e s s e n t i a l l y an approximate v o l u m e t r i c method. 

Bach food i t e m i s a l l o t t e d 'points' depending upon size and abundance. The 

food items are graded as 'common1, 'frequent', e t c . , and one l a r g e i t e m i s 

considered equivalent t o many small. I l l the p o i n t s gained by each food 

item are summed and scaled down to percentages, to give percentage composition 

of the food of a l l the f i s h examined. 

f ) Dominance method - i n v o l v e s determining the f o o d type which i s both 

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 the c h i e f c o n s t i t u e n t of a l l stomachs examined -

and i s expressed as a percentage of a l l stomachs examined. 

Obviously each method has i n h e r e n t drawbacks and o f t e n a combination o f 

methods i s used. 

The aim of the gut analyses i n t h i s p a r t i c u l a r study was tfo-fold# 

F i r s t l y , to see i f there was any difference i n the types of food consumed by 

the different Year-Classes and, secondly, to investigate whether or not a l l 

the available food items were u t i l i s e d f u l l y by the population of perch. 

The p r a c t i c a l techniques f o r obtaining the samples has been explained i n 

Chapter 1. For the analysis of the data obtained i t was decided to use the 
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same method as Weill (1938). He compared the percentage by number of each 

food species i n the f i s h with the percentage by number of the- same species 

present i n samples of the environmental fauna. Form t h i s he obtained data 

on the a v a i l a b i l i t y of food species and se l e c t i o n by the f i s h . 

Hess and Swartz (1941) termed t h i s index 'forage r a t i o ' , i . e . 
s 

Forage r a t i o = -
b 

where; s = percentage representation of a food organism i n the stomach 

b = percentage representation of the same organism i n the environment. 

They state that the percentage representation can be numerical, volumetric 

or gravimetric. They also argue that, knowing these r a t i o s f or every member 

of the edible fauna, i t i s possible, on the basis of simple faunal counts, to 

discover what density of f i s h a given habitat i s able to support, and they 

therefore claim that knowledge of these r a t i o s i s an important tool i n 

f i s h e r i e s research. 

Table 12 summarises the analyses of f i f t y eight guts, and gives the 

average percentage occurrence of each food item for each Year-Class. Table 

13 gives the percentage occurrence of each food item i n the environment, 

followed by the forage r a t i o s f or each Year-Class, The lower l i m i t f or the 

forage r a t i o i s zero and i s indicated by '-'; the upper l i m i t i s i n f i n i t e l y 

large, 

A forage r a t i o of 1 shows no s e l e c t i v i t y on the behalf of the f i s h , a 

higher r e s u l t indicated that the f i s h i s s e l e c t i n g that food item, w h i l s t a 

lower figure indicated that the f i s h i s taking that p a r t i c u l a r food item l e s s 

frequently than i t s occurrence would allow. 

The two most common food items i n Brasside Pond are Asellus (isopoda) 

and zooplankton. I n t h i s l a t t e r group I have included a l l the 'microscopic' 

animals such as Daphnia, Bosmina, Copepods, e t c . As these l a t t e r animals 

were present i n extremely large numbers i n the environmental samples, and 

only appeared i n the gut analyses of Year-Class 1, I have omitted them from 

the 'Percentage occurrence' and 'Forage r a t i o * figures. 

The f a c t that the samples were only taken over a short period of time, 



- 31 -

m 
m C O 
O N r o 

o o O O o o o o o o 

S T C I I X T c I O D 
CM 

0 
U"N CM 

CM 
« 

T- O 

CM 

CM O 

CM 
# 

v - O 

CM 

o o 

o o o o o o 
CM 

T- O o o 
* 

CM O 

O N 

li"\ LOi 

CM 
• 

t— o 
m 

N O O 
i n 

S! 
O N T~ 

CM 
» 

O T -
CM 

O N 

C O o 
i— 

O O o o o o O O o o 
\— 
# 

CM O 

*'T. Y H S I i d O H D I l l I O Q o o o o o o 
r o 

m o 
n 

o 

O O o o o o 

CM 

v- O 

CM 

m o 
C O 

o 
v— 

sraioi.siHii . i 
m 

x r i~ o o 
m * 
o o o 

C O 

i n o o o 

• a i s r f H s s a i a : 
m O N 

a 
!.!"••, O 

m 

N O O 

N O 

• 
-=3- o 

C O 
« 

O v-
r o 

N O 

CM O 

" 1 i W m d K HSEDO * 
CM O o o o o C3 O o o o o 

E ? ( I I 1 0 I 0 a i H 0 
OD 

ro i— 

O N 
« 

m o 
CM 

* 

o 
s 

-O r-

C O 
« 

O N Xf" 
C O 

« 
C O o 

m ® 
T- O 

c— 
w o o 

m « 
O N T-

m 
O N O 

CM 

x i - o 

S 
T- i n 

C O 
* 

O N CM 
E — v-

Xf" CM 
CM 

CM 

•5̂ - CM o 
C O 

r o 
a 

•Sj- r -
rr\ 

T d O c I O S I 
T- i>-
i n » 

o 
CM 

CM •vj-
CM » 
IXN xt" 

C O 

-St 0 \ 
C O » 
O 
•r- O N 

p i ^ 
m CM 

CTN 

r o 
CJN « 
i n v o 
t - co 

O T-
CM 9 
m N O 
CM CTN 

d cS - P 
Pi {> Cd r-j 6 P ) 3 
ft, Ctf jd <xj 
i25 1-3 ffi =3j 

T \ II II II II 

( H H » • • « 

MI S P ft «l 

C3 
O 

ft ? 3 
8 

0 5 
t - o 

1 1 
Q n-i 

o 

o o 
->- CD 

F t £ 5 

to EH* 

R c5 

m 

<--! 

E-i a 
a fa 

O 

co O 

d i 
i s o 
% @ 

jb 

0 3 b 
0 o 
T— O 

H 
H C5 
m EH' 

5 o 1 s 

O 
03 KI 

B g b o o 
r ~ O 

<q p-) 

n£) 
O 
K4 

EH ffi 
i— ) <"H 

e B 
o o o 

T - O 
H O 
GO E-! 

^ p i 

i ca 

! • ; cs> 
CM CO U N N O 



- 32 -

i 

M C X K W H O O Z 8 

_ 

a Y o i m o Q 
i r \ 
CM 

CM 
* 
O 

_ 

9 
L 0 

r o 
« 

OJ 
-« -

e I 

• ? Yasauoaioo 
LPi 
CM 
r o 

r o 
e 

OJ 

_ 

1 i 1 o • 

r-
• 

O 

m « 
o 

_ 

r o 
& • • 

i n 
# 

o 
© • 

o 
no 

ON 
* 

r— co 
t— 

r o 

_ 

1 » I i « 
O 

"I 1/micIOEOIHJj o\ 
r o 
i.r\ 

CA 
» 

r o 

m o 
-£ " 

- o -

o 

1 1 I i • • 

o o 

"M YHSEDdODIZ 
CO 
r o 
OJ 

• 
•r - m o 

-£ " 

- o -

o 

i 1 i o o o 

0 0 
O 

m o 
-£ " 

- o -

o 

« 
OJ 

1 
0 \ 

O 
i 

ITv 
* 

O 
1 

* d iWlSMICE •o 
C 3 \ 

m o 
-£ " 

- o -

o c— 
© • 
O 

# 
O 

« • 

o 
OJ r o 

a 
o | 

o \ 
OJ 
OJ 

vO 

m o 
-£ " 

- o -

o 

O 
o 

1 
• 

I 1 1 

a?Q:iMOIOHIHD 
r o 

v-
• 
o 

m o 
-£ " 

- o -

o 

* o 
« 

0 r o 
• 
O 

VaOeKHJDSVS 
C\! 
CO 
•o 

» 

m o 
-£ " 

- o -

o 

— 
«• 
O 

OJ 
• 

o 
# • 

o O 

^— 
* 

o 
• 

o 

'M ? a i 5 i , a o a s M 5 H c i H LPi 

ON 
• 

r o 

m o 
-£ " 

- o -

o 

r o 

r o 
e 

r o 
« 
O o a 

v~ 
r o 

* 
O 

vaodosi 
OJ 
o o 

i— 
e 

t— 
t~~ 

m o 
-£ " 

- o -

o 

no 
*• 

O 

— CV! a CM 
& 

T— 
» 

r o 

•s— 

cu ^ i-^i 
i fc s R 

* 1! 11 I! 11 

EH B O « * 

. 0 ! s fin hi ^ 

c a Q FX) 

3 I g 

3 | ^ 
pr, H a 
O Q EH 

Pi S o N o PH 

j3 s O U M k 

M fa 

i $ 
§ 8 
H O 

O 

to 

o OJ 

ca o 
t j 

ft; 
->-{ 

o 

o a o 

53 
H 

34 
EH 

r o 

9 

B 

H 

o 

I 
o 

E I 

en 
o 
@ 

3 
H 

g 
i 

o o 
I 

i 
o 

o 
!—{ 
EH 

a 
_i 

55 
o 

•* 



- 33 -

and that the number of gut analyses i s not very large, means that only 
general conclusions can be drawn from the data. However, several obvious 
differences can be seen. 

Year-Class 1 i s the only group which appears to be selecting against 

Asellus, and shows extremely high forage r a t i o s f o r Chironomids, Coleoptera 

larvae and Corixids. There would appear to be two possible explanations f o r 

t h i s . Most of these f i s h are to be found i n Area 6 (see Table 2 - Appendix) 

and i t i s possible that at the time of capture of the f i s h used f o r gut 

analyses the fauna of t h i s area was s i g n i f i c a n t l y d i f f e r e n t from that of the 

pond i n general. However, I t i s f e l t that t h i s i s not the case and that the 

difference probably results from the f i s h showing selection of t h e i r food 

according to size - the Isopods being generally too large• This i s 

supported by the high percentage of Zooplankton and the f a c t that i t was 

noticed at the time of analysis that the contents of the guts were generally 

of a small size ( i . e . early l a r v a l i n s t a r s ) . 

K. R. Allen ("I935)» working on Windermere perch, found that f i s h of less 

than fourteen centimetres i n length fed c h i e f l y on plankton, and that the 

smaller the f i s h , the smaller was the food i t ate. Whereas one cannot state 

that equivalent f i s h i n Brasside Pond feed c h i e f l y on plankton, i t ce r t a i n l y 

constitutes a high percentage i n numbers, though not i n volume. The f i s h of 

seven to ten centimetres i n t h i s habitat would appear to depend mainly on 

small insects and isopods f o r the bulk of t h e i r food. 

The forage r a t i o s f o r Isopoda f o r Year-Classes 2 to 6 are near enough 

to u n i t y to indicate no selection. Further, the percentage occurrence i n the 

guts i s always very high - 84% to $6/o» Obviously, then, Asellus forms the 

main food item f o r these Year-Classes, possibly because i t i s an animal which 

i s present i n very large numbers, and only moves slowly. 

The other food items which the perch generally make f u l l use of are 

Ephemeroptera nymphs, Chironomidae, Coleoptera larvae and Corixidae. I n 

f a c t , Table 13 shows that at times p a r t i c u l a r groups are apparently 'searched 

for * as the forage r a t i o s are occasionally quite high. 
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Some food items, however, are not f u l l y u t i l i s e d . These include 

Dipteran larvae other than Chironomids, Zygoptera nymphs, Trichoptera larvae, 

Gastropoda, Hydracarina and Coleoptera adults. Olds i s probably explained 

by the f a c t that these animals are either buried i n the mud, can b i t e , have 

hard indigestable cases or can swim quickly, whereas there i s a p l e n t i f u l 

supply of more easily obtained food i n the form of the Isopods. However, 

i t does indicate that the pond has the p o t e n t i a l to support a higher 

population of f i s h , A possible explanation of t h i s i s given l a t e r , i n the 

discussion of the population size. 

During the analysis of the gut contents i t was noticed that Year-Classes 

2 to 6 contained a l l sizes of Asellus, and there was no obvious i n d i c a t i o n of 

the larger f i s h eating mainly larger specimens. This would suggest that 

the larger f i s h have to work much harder i n order to obtain s u f f i c i e n t 

calories f o r maintenance and growth. 

However, two p o t e n t i a l items of food that are present i n the pond do not 

appear i n either Table 12 or 13. These are perch f r y , and a f a i r l y large 

population of sticklebacks (Gasterosteus aculeatas). Their absence from the 

environment samples can be explained by t h e i r speed of swimming - they were 

able to avoid the comparatively small net. No remains of Vertebrates were 

found i n the 58 gut samples, and yet Allen found that f i s h over 14«5 cms. 

(Year-Class 3 at Brasside Pond) were able to feed on small f i s h , w h i l s t those 

over 18 centimetres i n length fed mainly on small f i s h . The answer to t h i s 

anomaly probably l i e s i n the dense weed beds present daring the period of 

study. Apparently, the perch f r y and the sticklebacks are able to shelter i n 

the vegetation and so avoid predation. 

Graph 3 shows the mean lenghts of each Year-Class f o r each month of the 

period of study. I f , however, i t i s also taken to represent the growth rate 

of a t y p i c a l f i s h over a period of seven years then i t correlates with what 

has been discussed about the food i n Brasside Pond, and the findings of Allen. 

Year-Classes 1 and 2 show s i g n i f i c a n t growth over the four-month period 

and as these f i s h feed solely on Zooplanktcn and Invertebrates t h i s i s to be 
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expected* However, none of the Year-Classes 3, 4» 5» 6 or 7 indicate much 

growth over the same four months, but there i s a s i g n i f i c a n t difference i n the 

mean lengths f o r each Year-Class. Consequently a l o t of growth must occur 

between the months of September and A p r i l . 

I t would appear, therefore, that i n a eutrophic environment such as 

Brasside Pond a f i s h i s able to show the normal growth pattern f o r the f i r s t 

two years of i t s l i f e , when i t i s feeding on invertebrates. Thereafter, the 

pattern changes. Perhaps t h i s i s because during the Spring and Summer months, 

when the vegetation i s dense, the f i s h are only able to obtain maintenance 

calories i n the form of invertebrate food. During the Autumn, as the 

vegetation dies back, the small vertebrates w i l l become more accessible and 

so a f i s h w i l l be able to increase i t s d a i l y intake of calories and so produce 

growth. I t would also appear, i f t h i s i s the case, that the size of the 

perch i n Brasside Pond i s being l i m i t e d , not by lack of food, but hy the 

absence of some herbivore to keep the vegetation grazed to lower lev e l s . 

I propose to carry out f u r t h e r re-captures during the Autumn and Winter 

to see i f the size of the f i s h increases as postulated. 

Also, from Graph 3, i t can be seen that by August the mean length of the 

f i s h of Year-Class 1 i s almost that of the May r e s u l t f o r Year-Class 2 . 

There i s a small difference i n the mean weights - 13.7 gms. to 14.4 gms« 

There are two p o s s i b i l i t i e s f o r t h i s which warrant f u r t h e r study. The amount 

of food of a.suitable size may now diminish and so slow down the growth-rate 

of Year-Class 1. Alt e r n a t i v e l y , this may be a 'stronger' population of f i s h 

which w i l l continue to produce a larger than normal f i s h . The 'stronger* 

population could be the r e s u l t of either: 

a) an increase i n the zooplankton and small invertebrates as a r e s u l t 

of increased eutrophication, or, 

b) an increase i n predation, during l a r v a l stage, r e s u l t i n g i n an 

increase of suitable food per surviving f i s h . This i s possible i f , as w i l l 

be discussed l a t e r , the population of perch i s increasing i n number, as a 

r e s u l t of i t only being present f o r a few years i . e . seven 
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3 . 4* Analysis of Recapture Data. 

During the period of May to August, when the f i s h population was being 

sampled by trapping and angling, several of the f i s h which had been previously 

caught and marked were recaptured. Thus, f o r some of the f i s h , data i s 

available on t h e i r weight, length and location on d i f f e r e n t occasions. A 

summary of t h i s data i s given i n Table 9 (Appendix) . 

Of the o r i g i n a l 255 f i s h which were marked, 51 were recaptured between 

May 5th and August 15th, ( i . e . 20$). T h i r t y eight of these were recaught 

only once, 11 were recaptured twice, and two were recaught t h r i c e . 

The shortest i n t e r v a l between capture and recapture was shown by f i s h 

number 22, w i t h a time i n t e r v a l of only one day. I n contrast, f i s h numbers 

10 and 6 were o r i g i n a l l y caught on May 22nd, and not recaptured u n t i l August 

15th - a time i n t e r v a l of 85 days, only one day less than the t a t a l length 

of the study period. Similarly, four f i s h (Numbers 6, 10, 11 and 12) 

showed an i d e n t i c a l time i n t e r v a l between capture and f i n a l recapture, but 

had other recaptures w i t h i n t h i s period. The maan i n t e r v a l between recaptures 

f o r the 51 f i s h recaught was 26 days. When considering this f i g u r e i t 

must be born i n mind that not only was the study-period l i m i t e d to 86 days, 

but that the f i s h were being caught and marked throughout t h i s period. 

One of the aims of the running - recaptures was to investigate the 

effects of the general 'handling' of the f i s h on the f i s h themselves, so 

that some conclusion could be reached on the s u i t a b i l i t y of the techniques 

f o r f u r t h e r studies. The best way to do t h i s i n i t i a l l y appeared to be a 

comparison of the weight and length of recaptured f i s h with the mean weights 

and lengfcjjs of newly caught f i s h , of the same Year-Class, at the same time. 

However, each Year-Class has such a range of length and weight that a 

recaptured in d i v i d u a l could have shown normal growth since i t s o r i g i n a l 
i 

capture and s t i l l be considerable less (or more) than the mean weight or 

length of i t s Year-Class. Further, i t has already been pointed out (page ̂ 5.) 

that Year-Classes 3 to 7 showed very l i t t l e growth over the study period. 

Thus, any comparison of growth rates can only be s u p e r f i c i a l . Bearing t h i s 
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i n mind, i t was f e l t that a minimum period of 30 days was necessary between 

capture and recaptured f o r any results to be at a l l v a l i d . I f the study 

had been over a longer period of time a longer time i n t e r v a l would obviously 

have been better. Of the 51 f i s h recaught, 25 gave time intervals of more 

than 30 days. These low numbers of suitable recaptured f i s h prevent 

s t a t i s t i c a l analysis, f o r growth rates must be considered i n Year-Classes. 

However, a general comparison of the weights and lengths of recaptured f i s h 

Table 9 - Appendix) with those of the newly-caught f i s h (Table 2 to 8, and 

11 - Appendix) gives the following indications:-

a) For a l l recaptured f i s h there are no obvious differences i n t h e i r 

growth rates i n length compared with what would have been expected had they 

not been ought and marked. 

b) The increase i n weight of the f i s h caught and recaptured by 

angling i s also what would have been expected had they not been caught and 

marked. 

c) Fish o r i g i n a l l y caught by angling, and then recaptured by trap, 

often show a lower weight than would be expected. 

These results would seem to indicate that; 

a) The marking system used on the perch appears to have no adverse 

ef f e c t on the f i s h . 

b) Angling appears to have l i t t l e adverse e f f e c t on the f i s h , but 

trapping can af f e c t t h e i r weight measurements. 

This l a t t e r point i s perhaps more obvious i f one considers the figures 

f o r some of the f i s h which were recaptured a f t e r a period of less than 

t h i r t y days, as shown i n the following table: 
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i . *r v Original Weight I a t ^ r v f - Weight Loss Percentage Fish Number • "-7-——v Between Captures r " \ — T,t,V. (gms.) [daysj ($as.J Weight Loss 

9 279.5 15 32 11 .4 

12 134.5 15 14 10.5 

16 297.0 15 32 10.5 

68 72.5 17 6.0 8.3 

141 44.0 22 12.5 28.0 

67 24.5 14 5.5 21.5 

These weight losses are almost c e r t a i n l y due to forced starvation during 

the period i n the trap, and w i l l obviously depend upon the time i n t e r v a l 

spent i n the trap. ( i n t h i s work the traps were emptied every 3 to 5 

days). I f the traps are l i f t e d too frequently, i n an endeavour to minimize 

t h i s weight loss, then the likelyhood of f i s h entering the traps w i l l 
y 

probabl^ be reduced. 

Consequently, i t i s obvious that care must be taken i n using weight 

readings from trap-caught f i s h i n studies of length-weight relationships, 

or of condition f a c t o r . 

Of the one hundred and twelve f i s h o r i g i n a l l y caught by trap, only two 

were recaptured by t h i s method - clear proof that the f i s h become 'trap- /•'•< 

shy'. Thus, i n population studies, i t irould appear that any figures which 

r e l y solely on the sampling of the population by traps must be suspect. 

Conversely, Table 10 (Appendix) indicates that with angling, p a r t i c u l a r l y 

i f the b a i t i s varied, there i s l i t t l e i n d i c a t i o n of 'shyness' developing. 

Table 9 (Appendix) also gives the area i n which each f i s h was caught, 

both f o r the o r i g i n a l capture and a l l subsequent recaptures. I f these 

areas are considered, i n conjunction with Figure 1 (Page 7 ) , the following 

emerges: 

Number of recaptures i n the same area where o r i g i n a l l y caught = 54 

Number of recaptures i n an area adjacent to o r i g i n a l area = 8 

Number of recaptures i n an area distant from o r i g i n a l area = 4 
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I t would appear, therefore, that the perch have 1 t e r r i t o r i e s ' , that 

i s , areas away from which they seldom move. This, of course, i s only 

over a period of three months and i t w i l l he i n t e r e s t i n g to see what the 

d i s t r i b u t i o n of the f i s h i s i n the proposed Autumn and Winter recaptures. 

However, the f a c t that the pond i s generally very uniform i n depth would 

suggest that these t e r r i t o r i e s w i l l be maintained. 

3. 5» Population Estimation. 

Details of the method used f o r the f i n a l recaptures f o r the estimation 

of the populating size are given i n Chapter 2, and the results of these are 

shown i n Table 14. 

As there was no migration from, or immigration i n t o , the population, 

the formula used f o r the estimation of the population was the Simple Lincoln 

Index, namely:-
me N 

where: N = Total number of f i s h i n the population 

m = Total number of marked f i s h i n the population 

c = number of f i s h i n the sample 

r = number of marked f i s h recaptured i n the sample. 

The standard error of N, designated by S.E.(N), was estimated by the 

formula: 

The two successive estimations of the population size are very si m i l a r , 

both i n the numbers of each Year-Class, and the numbers of the t o t a l popula­

t i o n . The second estimate, because of i t s lower standard errors, i s probably 

the most accurate. 

As the numbers of an animal population are generally n a t u r a l l y regulated, 

often by available food, i t might be concluded that the optimum population 

of perch i n 3r as side Pond i s the one given i n Table 14. However, i n the 
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discussion on food and forage r a t i o , i t was pointed out that there apppeared 

to he an excess of food which the perch were not u t i l i s i n g . Consequently, 

the population of perch i n the pond may not be a stable one, but one which 

has not yet reached i t s maximum numbers. 

I n Chapter 2 i t was noted that the pond was polluted i n the 1950's, 

and that a l l f i s h l i f e was k i l l e d . Further, bank erosion at the end of 

1966 led to a stream connecting the pond with i t s larger neighbour. This 

stream disappeared when the'levels of the two ponds became equal, and i s now 

only seen as a small t r i c k l e a f t e r long periods of heavy r a i n . I t i s there­

fore suggested that, during 1967, w h i l s t the stream was s t i l l flowing, some 

perch f r y moved from the larger pond int o the smaller one, by which time the 

p o l l u t i o n had cleared. These perch formed the basis of the present 

population, which has not yet reached i t s maximum i n either numbers or Year-

Classes. I t i s intended to continue f i s h i n g the pond over the next few 

years to see i f t h i s i s the case. 
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TABLE 14. MARK - RECAPTURE RESULTS 

15TH AUGUST, 1974 

YEAR--CLASS TOTAL 
MARKED 

TOTAL 
RECAP. 

MARKED 
RECAP. POPULATION + S.E. 

1 62 45 3 930 + 506 

2 60 38 5 456 + 182 

3 27 22 5 119 + 42 

4 41 19 8 97 + 23 

5 35 8 4 70 + 23 

6 22 9 3 66 + 17 

7 5 2 1 10 + 6 

TOTAL 1748 

27TH AUGUST. 1974 

YEAR-CLASS TOTAL TOTAL MASKED POPULATION + S.E. YEAR-CLASS MARKED RSCAP. RECAP. POPULATION S.E. 

1 104 63 7 936 + 322 

2 93 52 10 484 130 

3 42 30 10 126 t 28.5 

4 52 28 14 104 + 16.9 

5 39 13 7 72 16.7 

6 28 15 6 70 + 19.8 

7 • 6 3 2 9 + 3.2 

TOTAL 1801 
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C H A P T E R P O U R 

SUMMARY 
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CHAPTER FOUR 
SUMMARY 

1;) A study was carried out on a population of perch i n a eutrophic pond 

i n County Durham. 

2) Analysis of the 1 ength-wei ght relationship showed that the growth f o r 

Year-Classes 1 and 2 i s isometric (cuboid), but that f o r Year-Classes 3 to 7 

i t i s a i l o n e t r i e - the f i s h growing heavier i n r e l a t i o n to t h e i r length. 

3) An investigation of gut analyses and available food showed that the 

young f i s h had ample food, and were able to grow successfully during the Summer 

months. The older f i s h , however, showed l i t t l e growth during t h i s period and 

were possibly only able to obtain s u f f i c i e n t food (largely Asellus) f o r 

maintenance because of the temporary non - a v a i l a b i l i t y of the larger food items. 

4) A comparison of angling and trapping as tools i n fishery research i s 

made, and i n the p a r t i c u l a r s i t u a t i o n investigated angling generally proved to 

be the "better methods 

5) An estimate of the population size and age structure i s given, and 

suggestion i s made that t h i s p a r t i c u l a r population i s s t i l l developing and has 

not yet reached i t s p o t e n t i a l proportions. 
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C H A P T E R F I V E 

APPENDIX 

FULL FIELD DATA 

TABLES 2 to 11 
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TABLE 2. YEAR CLASS 1 - NUMBERED 

BATE LENGTH WEIGHT METHOD AREA. NUMBER 

21, 5. 74 7.0cm. 4dr. Maggot 6 2 

22. 5. 74 6.5cm. 4dr. tt tt 5 
t! 6.7cm. 4dr. !t tt 10 

29. 5. 74 7.5cm. 3dr. It it 19 

n 6.3cm. 4dr. II tt 25 

n 7.0cm. 4dr. tt II 26 

ft 7.2cm. 3dr. t! It 30 

H 7.0cm. 3dr. tt ft 31 

1! 7.2cm. 3dr. tt II 32 

n 7.0cm. 3dr. ft tl 33 

» 7.1cm. 3dr. tt II 36 

tt 6.4cm. 2dr. II tl 38 

14. 7. 74 9.5cm. 7dr. Worm 2 163 

15. 7. 74 8.7cm. 6dr. Trap 1 164 

19. 7. 74 9.8cm. 7dr. Worm 2 187 

6. 8. 74 9.9cm. 8dr. Maggot 6 220 

it 9.6cm. 7dr. it it 221 

n 9.0cm. 6dr. it ti 222 

it 9.5cm. 7dr. tt tt 223 

tt 9.4cm. 7dr. tt tt 224 

it 9«7cm* 7 dr. tt tt 225 

tt 9.0cm. 7dr. tt » 227 
tt 8.0cm. 5dr. tt » 228 

!» 9.8cm. 7dr. n !! 229 

tt 9.0cm. 7dr. tt tt 230 

It 8.9cm. 7dr. tt II 231 

M 9.5cm. 7dr. it It 232 

It 9.5cm. 7dr. » tt 234 
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TABLE 2 . (Cont.) 

6. 8. 74 

19. 7. 74 

9.3cm. 

9*5cm. 

9.8cm. 

^«0 cm * 

9.5cm. 

8.5cm, 

9.1 cm. 

9.0cm. 

9.1cm. 

9.1cm. 

8.5cm. 

9.0cm. 

9 .1 cm. 

9.4cm. 

7dr. 

5dr« 

5dr. 

4dr. 

5dr« 

3dr. 

4dr« 

4dr. 

4d.r. 

4ar. 

3dr. 

4clr. 

4&r* 

6dr. 

Maggot 235 

239 

240 

241 

242 

243 

244 

245 

246 

247 

248 

249 

250 

184A 

TOTAL M E M LENGTH 

M E M LENGTH - May 

M E M L M G T H - July/Aug. 

a?O0ML M 3 A I HEIGHT 

2 ( S t a n d a r d E r r o r ) 

8.6 - 0.3 cm. 

6.9 i 0.2 cm. 

9.2 ± 0.2 cm. 

5.0 - 0.5 d r . 
=8.9 g r . 
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TABLE 3 . YEAR CLASS 2 - NUMBERED 

DATE LENGTH WEIGHT METHOD A R E A M3MBET 

22.S.74 9.0cm, 6dr. Maggot 6 3 

(i 10.0cm. 11dr. fi tt 4 

H 12.0cm. 14dr. ti t t 6 

!1 10.5cm. 8dr. tt ti 14 

tt 10.5cm. 8dr. n tt 15 

i t 9.5cm. 8dr# t t tt 18 

27.5.74 9.8cm. 8dr. tt it 20 

28,5^74 10.4cm. 8dr. tt tt 22 

n 8.5cm. 6dr. » t! 23 

(t 9*5cm. 8dr, it tt 24 

29.5.74 10.7cm. 8dr. it t l 34 

11.0cm. 10dr. ti I t 35 

10.0cm. 7dr. ti tt 37 

» 9.2cm. 4dr. tt tl 39 

6.6.74 10.0cm. 6dr. Trap 6/7 50 

1! 11,2cm. 8dr. tt 51 

13.6.74 11.4cm. 8dr, tt n 1A 

«» 11.4cm. 8dr. ti t t 56 

tt 8.6cm. 2dr. 11 tt 57 

tl 9.2cm. 3dr. SI tt 58 

H 13.0cm. I8dr . Maggot 6 59 

24.6.74 10.7cm. 14dr. T r a p 1 66 

It 11.0cm. 14dr. ti t t 67 

l i 13.2cm. 22dr. tt tt 69 

ft 12.2cm. 19dr. it tt 70 

tt 11.1cm. I6dr . tt ti 71 

260 6.74 12.2cm. 14dr. Maggot 2 93 

10.5cm. ' 8dr„ it i t 94 
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TABLE 3. ( C o n t . ) 

2^ a O « 12.4cm. 1 4 d r . Maggo t 2 95 

2 . 7. 74 11.4cm. T r a p 4 106 

t i 11.5cm.. 1 0 d r . t i 11 107 

i t 10.6cm. 1 0 d r . t i t i 108 

t i 10.9cm. 1 0 d r . t i H 109 

t i 11.7cm. 1 1 d r . t i 11 110 

11 11.5cm. 1 0 d r . n I I 111 

7. 7. 74 1 2 . 0 c m . 1 2 d r . Maggo t 2 116 

11 12.1cm. 13dr. » it 117 

11 10.5cm, 8dr. i t t t 118 

11 12.4cm. 13dr. n It 119 

n 11,4cm. 12dr. 1! SI 120 

8. 7. 74 12.5cm. 14dr. Trap 1 124 

11 12.1 era. 1 3 d r . H 11 125 

t i 14.5cm. 23dr. 11 I t 126 

M 14«Qcm« 20dr. « I I 127 

I I 12.3ca . 14dr. 11 t t 128 

11 11 „4crn. 8 d r . t i 5 132 

Jt 12.4cm. 1 3 d r . 11 t i 133 

I I 11.4cm. 9dr. 11 11 134 

1 1 . 6. 74 13.3cm. 15dr. Trap 1 142 

12. 7. 74 12.5cm» l8d r . Maggo t 2 128A 

"1 -4"® T * 1 Ar 12.0cm. l 6d r . Worm 2 162 

15. 7. 74 14.6cm. 24dr. 11 t t 168 

t i 12.5cm. 17dr. 11 n i69 

n 13.1 cm. 19dr. 11 11 172 

i i 12.9cm. 17dr. H 1! 173 

i t 12.7cm. 17dr. 11 11 174 

« 12.9cm. 17dr. t i H 175 
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TABLE 3> ( C o n t . ) 

15. 7. 74 12.4cm. 1 4 & r . Maggo t 2 176 

17. 7. 74 11.2cm. 11 d r . T r a p 7 179 

n 12.1crn. 12dr. !l tt 180 

n 10.6cm. 9dr. tl tt 181 

19. 7. 74 12.3cm. 15dr. Worm 2 185 

ii 12.1cm. 1 5 d r . i t tt 186 

22. 7. 74 13.2cm. I6dr . Trap 7 192 

1! 12.9cm. 14dr. n 5 196 

!! 11,4cm. 9dr. tt tt 199 

M 10.9cm. 8dr. tt tt 200 

t t 10.3cm. 6dr. tt tt 201 

3 1 . 7. 74 12.5cm. 11dr. » 2 203 

M 1 3 . 1 cm. I 3 d r . tt tt 204 

M 11.2cm. 6dr. tt tt 205 

fl 12.6cm. 8dr. tt tt 211 

t t 11.2cm. 9dr. tt tt 212 

» 13.9cm. 19dr. it tt 213 

n 13.4cm. I8dr . tt tt 214 

t t 12.2cm. 1 3 d r . tt tt 215 

1 . 8 . 74 1 3 . 3 c m . 17'dr. Worm tt 218 

6. 8. 74 11.5cm. 1 3 d r . Maggot 6 219 

n 13.6cm. 2 0 d r . tt tt 226 

tt 13.0cm. I8dr . tt tt 233 

M 11.6cm. 1 4 d r . tt » 236 

tt 11,8cm. 11dr. it it 238 
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TABLE 3. (Cont.) 

TOTAL M E M LENGTH 11.7 -

MEAN LENGTH - May 10.0 t 

M E M LENGTH - June 11.2 ± 

M E M LENGTH - J u l y 12.2 ± 

M E M WEIGHT - T r a p 11.9 -
=21,0 

MEAN WEIGHT - S a l t 12.7 1 

=22*5 

2 ( S t a n d a r d E: 
6.2 cm. 

0.5 cm. 

0.7 cm. 

0.3 cm. 

1.5 d r . 

1.5 d r . 
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TABLE 4. YEAR CLASS 3. - MMBERHD 

'DATE imm. WEIGHT METHOD AREA 10MBI 

2 1 . 5. 74 16.0cm. 28dr. Maggot 6 1 

2 2 , 5- 74 16.0am. 32dr. » tt 13 

29* 5» 74 17.0cm. 36dr. tt tt 40 

6 . 6 . 74 17.0cm. 34dr. Trap 6/7 44 

i t 14,7cm. 24dr. tt tt 49 

12. 6. 74 17.0cm. 36dr. Maggot 1 53 

24. 6. 74 16.8cm. 40dr. T r a p 1 65 

H l 6 . j c m . 41 d r . tt tt 68 

26. 6. 74 17.2cm. 38dr. Maggot 2 87 

t t 17.2cm. 42dr. t t tt 96 

2 . 7. 74 16.0cm, 32dr. T r a p 1 104 

8 . 7- 74 17.7cm. 40dr. » 5 131 

tt 14«5cm, 2 3 d r . tt 1 126 

9. 7. 74 15,2cm. 25dr. Maggot 2 141 

1 1 . 7 . 74 17.4cm. 33dr. T r a p 1 144 

14. 7- 74 15*1cm. 24dr. Minnow tt 157 

tt 16.2cm. 36dr. f o r m 2 161 

1 5 . 7. 74 19.5cm. 64dr. tt tt 171 

17. 7. 74 17.4cm. 40dr. Trap 7 178 

2 2 . 7. 74 17.9cm. 44dr. tt tt 158 

t t 17«5cm. 32dr. tt tt 190 

tt 15.7cm. 3 1 d r . tt tt 191 

18.1cm. 46dr. tt 5 195 

16.4cm. 32dr. tt 198 

3 1 . 7. 74 17.2cm. 38dr. tt 2 202 

tt 18.2cm. 36dr. H tt 209 

tt 16.6cm. 28dr. f t tt 210 



TABLE 4. ( G e n t . ) 

TOTAL M E M LENGTH 

MEM LENGTH May/June 

M E M LENGTH J u l y 

H E M WEIGHT - Trap 

M E M WEIGHT - B a i t 

2 ( S t a n d a r d E r r o r ) 

16.7 + 0.4 cm. 

16.5 ± 0.5 era. 

16.9 ± Q«6 em. 

35.2 
=62.0 

± 3.2 d r . 
g r . 

36.1 
=63.9 

+ 3.6 cLt? • 
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TABLE 5. YEAR CLASS 4 - OTCBERED 

DATS LENGTH WEIGHT METHOD AREA BTJMBi 

22. 5. 74 19.5cm. 64dr. Maggo t 6 7 

n 20.5cm, 72dr. tt it 8 

it 19«0cm, 52dr. I ! i t 11 

f t 20.5cm, 76dr. t! 12 

tt 20.5cm. 72dr. If n 17 

29. 5. 74 22.2cm. 84dr. ft ft 21 

6. 6. 74 21.5cm. 78dr. Tr ap 6/7 45 

tt 21.0cm. 74 d r . t t t t 47 

12. 6. 74 21.5cm. 82dr. Maggot 1 52 

tt 21.0cm. 80dr. ti n 54 

20. 6, 74 20.5cm. 52dr. » 6 62 

24. 6. 74 22.6cm. 84dr. Tr ap 2/8 72 

t? 22.0cm. 86dr. tt tt 74 

tt 20.5cm. 70dr. it tf 75 

» 20.2cm. • 58dr. t ! it 77 

t t 20.5cm. 66dr. f t » 78 

tt 19,6cm. 62dr. f f 79 

26. 6. 74 20.0cm. 65dr. Maggot 2 83 

ti 21.0cm. 72dr. n f t 84 

t! 22.1cm. 84dr. i t 86 

f t 22.0cm. 86dr. i t t t 91 

tt 21.5cm. 84dr. tt tt 92 

28. 6. 74 21.8cm. 87dr. T r a p 2/8 99 

i t 21.0cm. 76dr. t t f t 101 

» 20.6cm. 72dr. tt t t 102 

!t 19.4cm. 58dr. t t t i 103 

4 . 7. 74 20.5cm. 68dr. H 5 113 

8. 7. 74 19.7cm. 60dT» t t 1 122 
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TABLE 5. ( C o n t . ) 

8 » 7. 74 l8.7cra. Trap 5 136 

9. .7. 74 l8»4cm. 51dr. Maggot 2 139 

11 . 7. 74 19.9cm. 64d.r. Trap 1 129 

n 20.3cm. 68 d r . n 5 146 

12. 7. 74 19.5cm. 66dr. Maggot 1 156 

15. 7. 74 22.1cm» 95dr. Minnow 2 167 

17. 7. 74 22»8cm. 100dr. Trap 7 176A 

» 21.4cm. 80dr. n t i 182 

i t 20.4cm. 66dr. Minnow 1 184 

2 *j» 7. 74 21,9cm. 86dr. Y / o r m 2 189 

22, 7. 74 22 o 5 en* & 30dr. Trap 5 194 

ii 19.5cm. 56dr. i t ti 197 

6. 8. 74 20.8cm. 76dr. Maggot 6 237 

2 ( S t a n d a r d E r r o r ) 

TOTAL MEAN LENGTH 20.8 + 0.3 cm. 

MEAN LENGTH May/ June 20.9 + 0.4 cm. 

MEAN LENGTH J u l y 20.5 + 0*8 cm* 

MEAN 'WEIGHT - T r ap 71.1 
=425.9 

+ 5.6 d r . . 
g r . 

MEAN 1EIGHT - B a i t 73.4 
=129.9 

+ r- ^ 

5«o d r . 
g r . 
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TABLE 6. YEAR CLASS 5 - H O M E B R E D 

DATS LENGTH W E I G H T METHOD AREA MJMBI 

28. 5 . 74 23.5cm. 115dr. Maggot 1 28 

!! 23.0cm. 107dr. » 11 29 

4. 6 e 74 23.0cm. 106dr, Minnow 4 42 

6. 6. 74 23.5cm. 98dr # T r a p 6/7 43 

n 23.5cm. 108dr. 11 it 46 

st 22.5cm. 84dr. 11 ti 48 

12« 6. 74 22.5cm. 98dr. Maggot 1 55 

1 3 . 6, 74 23.0cm. 9 9 d r . it 6 60 

20. 6. 74 24.0cm. 1 1 3 d r . n ti 61 

24« o» 74 21.7cm. 92dr. T r a p 1 64 

i t 22.5cm. 9 8 d r . 11 2/8 73 

H 24-»7cm. 1 3 6 d r . ti ti 80 

n 23.0cm. 1 0 o d r . it it 81 

ii 23.3cm. 1 0 5 d r . 11 tt 82 

26. 6. 74 23.7cm. 108dr. Maggot 2 85 

i? 25.0cm. 132dr. ti 11 88 

n 24.5cm. 1 3 5 d r . ti it 90 

28. 6. 74 20.7cm. 74^r» T r a p 2/8 100 

4. 7. 74 22.5cm. - 8 4 d r . 11 5 112 

7. 7. 74 21.Ocra. 84dr. Maggot 2 115 

8. 7. 74 22#3cm. 8 4 d r . T rap 5 135 

i t 21.Ocm. 8 0 d r . 11 1 123 

tt 22.2cm. 103dr. ti ti 121 

ti 21 .Ocm. 76dr. it 5 137 

1 1 . 7. 74 22.7cm. 94dr. it it 145 

n 2 1 . 1 cm. 76dr. tt it 147 

1 2 . 7. 74 22.5cm. 112dr. Minnow 154 

t! 23.0cm. 105dr. Maggo t 1 155 
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TABLE 6. ( C o n t . ) 

14. 7. 74 

15. 7. 74 

17« 7* 74 

22. 7• 74 

3 1 . 7. 74 

24.5cnu 

25.4cm, 

24.0ca. 

25.5cm. 

23.0cm. 

24.0cm. 

22.5cm. 

1 3 4 d r . 

158dr. 

112dr. 

154dr. 

108dr. 

106dr. 

92dr. 

Worm 

Minnow 

i t 

Worm 

T r a p 

160 

165 

166 

170 

177 

193 

208 

"2 ( S t a n d a r d E r r o r ) 

TOTAL MEAN LENGTH 23.0 t 0*4 cm. 

MEAN LENGTH M a y / June 23.2 t 0.5 cm. 

M E M LENGTH J u l y 22.8 t 0.7 cm. 

MEAN WEIGHT - T r ap 94.9 
=117.6 

i 7.1 d r . 
g r . 

MEAN WEIGHT 117.0 
=207.1 

+ 10.1 d r . 
g r . 



TABLE 7. TMR GLASS 6 - M T O f f l E E E D 

DATE LENGTH WEIGHT METHOD AREA NUMBER 

22. 5. 74 25.0cm. 158dr. Maggo t 6 9 

H 26.0cm. I68dr. tt 16 

28. 5. 74 25.5cm. 150dr. tt tt 27 

24- 6. 74 26.0cm. 1l66dr. T r a p 1 63 

« 24.5cm. 130d.r. tt 2/8 76 

26. 6. 74 26.3cm. I60dr. Maggot 2 89 

2 8 . 6. 74 27.3cm. 172dr. T r a p 2/8 98 

2. 7* 74 26.2cm. 140dr. n 4 105 

4. 7 . 74 26.0cm. I68dr. Maggo t 5 114 

8. 7. 74 24.2cm. 108dr. T r a p tt 138 

9. 7. 74 24.0cm. 1 3 2 d r . Maggo t 2 140 

11:. 7. 74 24.0cm. 124dr. T r a p 5 143 

it 23.8cm. 108dr. tt tt 148 

12, 7. 74 23.0cm. 104dr. Minnow 2 149 

14. 7. 74 25.0cm. 140dr. it 1 150 

tt 25.0cm. 140dr. tt tt 151 

tt 25.0cm. 134dr. tt 2 152 

tt 25.0cm. 148dr. tt tt 153 

H 25.0cm. 156dr. tt tt 159 

2 1 . 7. 74 2 6 . 0 c m . 158dr. Worm tt 188 

3 1 . 7. 74 26.0cm. 99dr. T r a p 4 216 

1. 8. 74 25.7cm. 120dr. Worm 2 217 
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TABLE 7. ( C o n t . ) 

2 (Standard Error) 

TOTAL WiM LENGTH 25.2 t 0.4 cm. 

H E M LENGTH May/June 25.8 ± 0.7 cm* 

MEAN LENGTH J u l y 24.9 ± 0.5 cm. 

MEAN WEIGHT - 'Trap 130.9 - 1 9 . 1 d r . 
=231.7 g r . 

MEAN WEIGHT - B a i t 145.4 - 9.9 d r . 
=257.4 g r . 
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TABLE 8. YEAR GLASS ? - IIUMBSRED 

DATE LENGTH WEIGHT METHOD AREA HOMBER 

28. 6. 74 28.5cm. I84dr. Trap 4 97 

8. 7. 74 28.5cm. 2 l6dr . » 5 130 

17. 7. 74 29.0cm. 224dr. Worm 6 183 

3 1 . 7. 74 28.0cm. 158dr. T r a p 2 206 

» 28.5cm. 190dr. " " 207 

2 ( S t a n d a r d E r r o r ) 

M E M 'WEIGHT » T r a p 1&7.0 - 23.8 d r . 
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NOMBBE 
YEAR-
GLASS 

TABLE 9 » BECAPTOBSS 

BASE 
(DAYS) 

INTERVAL 

10 1 22, 5. 74 

1 5 , 8„ 74 

25 1 28. 5. 74 

15. 8. 74 

32 1 29* 5. 74 

15. 8. 74 

6 2 22* 5. 74 

15* 8. 74 

22 2 28. 5. 74 

29. 5. 74 

6? 2 24. 6, 74 

8. 7. 74 

109 2 2. 7. 74 

7. 7. 74 

19. 7. 74 

117 2 7* 7. 74 

15. 7. 74 

120 .2 7. 7* 74 

1* 8. 74 

172 2 15. 7. 74 

15. 8. 74 

173 2 15. 7. 74 

1 . 8. 74 

174 2 15. 7. 74 

19. 7. 74 

185 2 19. 7. 74 

1. 8. 74 

15. 8. 74 

85 

79 

78 

85 

14 

5 

12 

25 

31 

17 

13 

14 

METHOD AREA LENGTH WEIGHT 

Maggot 6 6.7cm. 4dr 

t t 10.7cm. 8 d r . 

Maggot 6 6.3cm. 4dr. 

St tt 9.1cm. 8dr. 

Maggot 6 7.2cm. 3dr. 

» n 9.5cm. 7dr. 

Maggot 6 1 2 . 0 c m . 14dr. 

Worm » 13.9cm. 21 d r . 

Maggo t 6 10.4cm. 8dr. 

tt t! 10.4cm. 8dr, 

Trap 1 11.Ocm. 14dr. 

i t I t 11.3cm. I l d r . 

T r a p 4 1CU?cnu 10dr. 

Maggot 2 11.1 cm. 1 0 d r . 

Worm t t 11.7cm* 11 d r . 

Maggo t 2 1 2 . 1 c m . I 3 d r . 

tt 12.5cm. 1 3 d r . 

Maggo t 2 11,4cm. 1 2 d r . 

Worm t t 1 2 . 2 c m . 14dr. 

Worm 2 1 3 . 1 c m . 19dr« 

i t rt 13 .8cm, 20dr. 

Worm 2 12.9cm. 1 7 d r . 

t t 1! 13.5cm. I 8 d r . 

Worm 2 12,7cm. 1 7 d r . 

tt tt 12.9cm. I 6 d r . 

Worm 2 1 2 . 3 c m . 15dr. 

t t M 12.4cm. 15dr. 

t! It 12,9cm. I 8 d r . 



NUMBER 
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TABLE 9. ( C o n t . ) 

YEAR-
CLASS 

DATE (DAYS) 
I N T E R V A L 

METHOD A R E A LENGTH "WEIGHT 

203 2 3 1 . 7. 74 Trap 2 12.5cm. 11dr. 
15 

15- 8 . 74 Maggot t t 1 3 . 0 c m . . 17ci r . 

186 2 19. 7. 74 Worm 2 12.1cm. 1 5 d r . 
27 

1 5 . 8 . 74 i i t t 12.7cm. I 6 d r . 

40 3 29. 5» 74 
A 

Maggo t 6 1 7 . 0 c m . 3 6 d r . 

6 . 6. 74 
u 

T r a p t i 1 7 . 0 c m . 3 6 d r . 

53 3 12, 6 . 74 Maggot 1 17.0cm. 3 6 d r . 
26 

8 . 7. 74 ti 6 17.5cm. 423 r . 

65 3 24. 6 . 74 Trap 1 1 6 . 8 c m . 4 0 d r . 
52 

15. 8 . 74 '/form t i 18.Ocm. 4 2 d r . 

68 3 24. 6 . 74 Trap 1 16.3cm. 41 d r . 
17 

11. 7. 74 t t t! 16.7cm. 3 4 d r . 
35 

.15. 8 . 74 Worm tt 17.9cm. 4 8 d r . 

8? 3 2 6 . 6 . 74 Maggot 2 17 .2cm. 3 8 d r . 
13 

9. 7. 74 t t i t 19.4cm. 5 0 d r . 

141 3 9. 7. 74 Maggot 2 1 5 . 2 c m . 2 5 d r . 
22 

3 1 . 7. 74 Trap t ! 15.5cm. I 8 d r . 

157 3 14* 7. 74 Minnow 1 15.1cm. 2 4 d r . 
31 

15. 8 . 74 Form I I 1 6 . 2 c m . 3 4 d r . 

161 3 14. 7. 74 Worm 2 1 c . 2 c m . 3 6 d r . 
18 

1. 8 . 74 t t f t 1 6 . 4 c m . 3 8 d r . 
14 

15. 8 . 74 t i n 16.7cm. 3 8 d r . 

171 3 15. 7. 74 Worm 2 19»5cm. 6 4 d r . 
17 

1. 8 . 74 t i i t 2 0 . 3 c m . 6 7 d r . 
14 

15. 8 . 74 n ti 20.3cm. 6 8 d r s 



TABLE 9« (Cont.) 

TEiffi- (DATS) 
1T0MBEE CLASS DATE METHOD AREA LMGTH WEIGHT 

8 4 22. 5» 74 Maggot 6 20.5cm, 72dr. 
49 

9. 7- 74 f! 2 20.5cm. 74dr. 
11 4 22, 5* 74 

7 
Maggot 6 19.0cm. 52dr. 

29, 5. 74 
/ n f t 19.0cm. 52dr. 
13 

11. 6. 74 Trap i i 19.5cm. 56dr. 
65 

15- 8. 74 Worm n 19.5cm. 56dr. 
12 4 22, 5. 74 Maggot 6 20.5cm. 76dr. 

15 
6. 6. 74 feap 20.5cm. 68 dr. 

70 
• 13. 8. 74 Worm t t 21.Ocm. 72dr. 

17 4 22. 5. 74 Maggot 6 20.5cm. 72dr. 
15 

6. 6. 74 Trap t t 20.5cm. 68 dr. 
20 

• 26. 6. 74 Maggot 2 20.5cm. 68dr. 

75 4 24. 6. 74 Trap 2/8 20.5cm. 70dr. 
52 

15. 8. 74 Worm 2 21,6cm. 79dr. 
78 4 24. 6. 74 Trap 2/8 20.5cm. 63dr. 

52 
15. 8. 74 Worm 2 21.7cm. 88dr. 

83 4 26. 6. 74 Maggot 2 20.Ocm, 65dr. 
14 

9. 7. 74 i i ti 20.0cm. 70dr. 
12 

21. 7. 74 Worm »t 20.3cm. 72dr. 

.84 4 26. 6. 74 Maggot 2 21 .Oam. 72dr. 
13 

9. 7. 74 t t it 21.0cm. 82dr. 
92 4 26. 6. 74 Maggot 2 21.5cm. 84dr. 

13 
9. 7. 74 u t! 21.9cm. 92dr. 

103 4 28. 6. 74 'Trap 2/8 19.4cm. 58dr. 
17 

15. 7. 74 Worm 2 19.5cm. 60dr. 
113 4 4. 7. 74 Trap 5 20.5cm. 68ar. 

15. 8. 74 
42 

15. 8. 74 Worm 21.5cm. 86dr. 
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TABLE 9« (Cont.) 

MMBSE |pf§" ' DATE TWTOOT'T METHOD AREA LENGTH WEIGHT 

146 4 11, 7. 74 Trap 5 20.3 cm'. 68dr,> 
35 

15. 8. 74 Worm 4 20.7cm. 73dr. 
156 4 12. 7. 74 Maggot 1 1.9.5 cm. 68dr. 

34. 
15. 8. 74 Worm i f 20.ocm. 72dr* 

237 4 6. 0 0 . 74 Maggot 6 20.8cm. 76dr. 
7 

15. 8, 74 Worm 11 21,3cm. 7odr. 
48 5 o« 6, 74 Trap 6/7 22.5cm. 84dr. 

14 
20. 6. 74 Maggot 6 22.6cm. 88dr. 

61 5 20. 6. 74 Maggot 6 24.0cm. 113dr. 
25 

15. Y ® 74 Worm 2 24.3cm. 125dr. 

19. 7. 74 4 ti ti 24*7cm„ 121dr. 
27 

15. 8. 74 tt t! 24.7cm. 128dr. 
81 5 24. 6. 74 Trap 2/8 23.0cm. 106dr. 

52 
15. 8. 74 Worm 2 23.5cm. 108dr, 

115 5 7. 7. 74 Maggot 2 ~̂ "1«0 cm * 84dr. 
8 

15. 7. 74 !! H 21.2cm. 86dr. 
31 

15. 8. 74 Worm i f 21,9cm. 92dr. 

145 5 11. 7. 74 Trap 5 22.7cm. 94dr 6 

35 
15. 8. 74 Worm f! 23.0cm. 100dr. 

177 5 17. 7. 74 Trap 7 23.0cm. 108dr. 
29 

15. 8. 74 Worm 11 23.0cm. 100dr. 

9 6 5« 74 Maggot 6 25.0cm. 158dr, 
6. 15 

6. 6. 74 Trap i t 25.0cm. 140dr. 

16 6 22« 5. 74 Maggot 6 26.0cm. l68dr. 

6. 15 
O e 6. 74 Trap ti 26.0cm. 150dre 

89 / 

0 26. /• 74 Maggot 2 26.3cm. l60dr. 
19 

15. 7. 74 Won;? f i 26.5cm. l60dr. 
31 

15. 8. 74 it 11 26.5cm. I62dr. 
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CPABLE 9» (Cont.) 

BOMBER YEAR-
CLASS DATE (DAYS) 

IITERYAL METHOD AREA LENGTH TfEIGHT 

140 6 9. 74 
A 

Maggot 2 24.0cm. 132dr. 

15* 

15. 

7. 
3« 

74 

74 
31 

Worm 
tt 

11 

! l 

24.1cm. 

24.5cm. 

123dr. 

135dr. 

149 6 . "12 • 7. 74 
20 

Minnow 2 23.0cm. 104dr. 

1. 8. 74 
20 

Worm 24.5cm. 108dr. 

159 6 14. 7. 74 
-j 

Mxruaow 2 25.0cm. 15odr. 

17. 7* 74 j 7 25.0cm. 144dr. 

206 7 31. 

15* 

7. 

8. 
74 

74 
15 

Trap 
Worm 

' 2 28.0cm. 

28.0cm. 

158dr. 

174dr. 
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TABLE 10. SOMMARY OF METHODS OP CAPTURE 

YB1B-CLA8S* MAGGOT wmi MINNOW TRAP 

60 

Including: 

33 
2 M/b 

1 M/W 

15 
3 ¥/¥ 
1 T/l/W 
1 M/W 

42 
1 T/ 
1 iym, 

Including: 2 101 
2 

4 
2 ¥/¥ 

20 
1 T/T 
2 M/T 

Including: 

23 
3 
1 M/T/M. 
1 M/T 
1 M/M/ff 
1 M/M/T 

1 T/W 
1 M/M/ 

24 
1 I/T/M 
1 M/T 
1 M/M/T 

Including I 

12 
1 M/W 
1 1/? 
1 T/M 

4 
1 M/l/ff 

19 
1 T/M 

Including: 2 M/T 
2 M/W 

5 
1 P/W 
2 1/ 

1 F/T 
1 P/W 

11 
2 M/T. 
1 P/T 

KEY: M - Maggot 
¥ - Worm 
P - Minnow 
T - Trap 

for recapture 

4 

COIviPiiRATIVE TMBSs TRAPPING - HOURS 

ANGLING MAN/HOURS 

3,144 

10? 
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TABLE 11. RECJJPIHJRS 3Y ANGLING - AUGUST 15TH, 1974 

YEAR-CLASS 1: 

LENGTH HEIGHT LENGTH WEIGHT LENGTH WEIGH 

8.4cm. 5dr. 9.6cm. 7 dr. 10,2cm. 8dr. 

8.8cm. 6dr. 9.6cm. 7dr. 10.2cm. 9dr. 

8.8cm* odr. 9.6cm. 7 dr. i 0 • 2 cm • 9dr. 

8.9cm. 7dr* 9«6cm. 8dr. 10.3cra. 9dr. 

9.1cm. 7dr. 9.6cm. 8dr. 10.3cm. 9dr. 

9.1cm. 7 dr. 9.7cm. 7dr. 10.3cm. 9dr. 

9.1 cm. 8dr. 9.8cm. 8dr. 10.3cm. 9dr. 

9.2cm. 7 dr. 9.8cm» 8dr. 10.4cm. 8dr. 

9.4cm« 7dr. 9.9cm« 8dr. 10.5cm. 7dr. 

9»5cm. 6dr. 10.0cm. 7dr. 10.5cm. 8dr» 

9.5cm. 6dr. 10.0cm. , 8dr. 10.6cm. 10dr. 

9.5cm. 7 dr. 10.0cm. 8 dr. 10.7cm. 8dr, 

9»5cm« 7dr» 10.1cm. Sdr* 10.7cm. 8dr. 

9.5cm. 8dr © 10.1cm. 8dr. 10.7cm. 10dr. 

9.5cm. Sdr . 10.1cm. 9dr. 10.8cm. 9dr* 

2 (Standard Error) 

MEAN LENGTH = 9.8 - 0.2 cm. 

MEAN WEIGHT = 7.7 - 0.3 dr. 
=13*7 gr. 
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YEAR-GLASS 2l 

TABLE 11. (Cont.) 

LENGTH WEIGHT LENGTH WEIGHT 

11,4cm. 

11,6cm. 

11.7cm. 

11.7cm. 

11,8cm. 

11.8cm. 

12.0cm. 

12.0cra. 

12.0cm. 

12.0cm. 

12.0cm. 

12.2cm. 

12.3cm. 

1 

10dr. 

11 dr. 

13dr. 

12dr. 

13dr. 

14dr. 

1cxlr. 

14dr. 

14dr. 

12.4cm. 

12,7cm. 

12.8cm. 

12,8cm. 

12.9cm, 

12.9cm. 

12.9cm. 

12.9cm. 

13.0cm. 

13.1cm. 

13.2cm. 

13,2cm. 

13.2cm. 

l6dr. 

16dr, 

l6dr, 

17dr, 

13dr. 

I6dr, 

l8dr. 

I8dr. 

17dr. 

l6dr, 

I6dr. 

l6dr. 

l6dr. 

LENGTH 

13.3cm. 

13.3cm. 

13.3cm. 

13.6cm, 

13.7cm, 

13.8cm, 

13,8cm. 

13.9cm, 

13.9cm. 

14.0cm. 

14.1cm, 

14.1cm. 

l8dr. 

I8dr. 

20dr. 

13 dr. 

22dr. 

20dr« 

21 dr. 

21dr. 

21dr, 

20dr. 

21dr. 

21dr. 

MEM LENGTH 

MEM WEIGHT 

= 12.8 

2 (Standard Error) 

0,3 cm. 

16,2 - 1.1 dr. 
= 28.7 
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TABLE 111. (Cont.) 

YEAR-CLASS 3: 

LENGTH WEIGHT LENGTH WEIGHT LENGTH WEIGHT 

14.4cm. 20dr. 16.7cm. 38dr. 17.9cm. 48dr. 

14.4cm« 22dr. 16.9cm. 39dr. 18.Ocm. 42dr. 

1'4.4cm«. 22dr. 17.0cm. 42dr. 18.Ocm. 45dr. 

14.5cm. 25dr. 17.3cm. 45dr. 18.9cm. 53dr. 

14«8cm. 24dr. 17.5cm. 40dr. 19.1cm. 53dr. 

14,8cm* 24dr. 17.6cm. 42dr. 19.6cm. 54dr. 

15.0cm. 24dr, 17.7cm. 38dr. 20.2cm. 68dr. 

16.2cm." 34dr. 

2 (Standard Error) 

MR ATT LENGTH 16.9 ± 0.8 cm. 

mm WEIGHT 38.3 ± 
67.8 

5.5 dr. 
gr. 

YEAR-CLASS 4" 

LENGTH WEIGHT LENGTH WEIGHT LENGTH WEIGHT 

19.2cm. 56dr. 21.0cm. 72dr. 21.6cm. 79dr. 

19.8cm. 70dr. 21.3cm. 76dr. 21.7cm. 98dr. 

20.4cm. 69dr 9 21.3cm. 78dr. 22.0cm. 91dr. 

20.4cm. 69dr. 21.3cm. 78dr. 22.8cm. 104dr. 

20.6cm. 74dr. 21.5cm. 76dr. 22.8cm. 106dr. 

20.7cm. 73dr. 21.5cm. 86dr. 23.0cm. 103dr. 

20.6cm. 72dr. 

2 (Standard Error) 
If RAN LENGTH 21.2 ± 0.5 cm. 

mm WEIGHT 8O.5 -
142.5 

6.3 dr. 
gr. 
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YEAR-CLASS 5; 

TABLE 11, (Cont.) 

LENGTH WEIGHT LENGTH WEIGHT LENGTH 11IGHT 
21.9cm. 102dr. 23.3cm9 86dr* 24.0cm. 123dr. 

23.0cm. 96dr. 2.3.5cm. lOBdr. 24.0cm. 124dr. 

23.0cm. lOOdr. 24.0cm. 122dr„ 
2 (Standard Error) 

MEAN LENGTH 23.3 ± 0.5 cm. 
MEAN ' WEIGHT .* 107.6 i 

190*0 
10.0 dr. 

gr. 

YEAE-CLA33 6s 

LENGTH 'WEIGHT LENGTH WEIGHT LENGTH WEIGHT 

23.0cm. 100dr. 24.5cm. 128dr. 25.5cm. 142dr. 

24.5cm. 1l5dr. 24.7cm. 128dr. 2o.5cm. I62dr. 

24« 5cm. 128dr. 25. 2cm. 141dr. 27.0cm. 
2 (Standard 

I60dr. 
Error) 

MEM LENGTH 
MEAN WEIGHT 

25.0 - 0.8 cm. 

133.8 ± 13.3 dr. 
236.8 gr. 

YEAR-CLASS 7? 

LENGTH WEIGHT 

28.0cm. 174<ir. 

28.Ocm. 198clr. 

MEAN LENGTH 
MEM WEIGHT 

28.0 cm. 
186.0 dr. 
329.2 gr. 



- 71 -

C H A P T E R S I X 

BIBLIOGRAPHY 



- 72 -

Allen, K.R. (1933) 

Allen, K.R. (1942) 

Bagenal, 1,3. (1972) 

Hartley, P.II.T. (1940) 

Hess, A.D. & Swaxtz, A. 
(1941) 

Hile, R. (1945) 

Hynes, H.B.I, (195O) 

Lagler, K.F. (1968) 

Le Cren, E.D. (1947) 

Le Cren, E.D. (1951) 

Maoan, T.T. (1959) 

Maling, D.1I. (1955) 

CHAPTER SIX 
BIBLIOGRAPHY 

The food and migration of perch (Perca f l u v i a t i l i s L.) 
i n Windermere * 
J. An, Ecol. 4. 264 - 273 
Comparison of bottom faunas as sources of available 
f i s h food. 
Trans. Am. Fish Soc. 71. 275 - 283 
'The v a r i a b i l i t y i n numbers of perch caught i n traps. 
Freshwater Biology 1972. Vol. 2. 2 7 - 3 6 
The food of coarse f i s h ; being the interim report of 
the coarse f i s h investigation. 
Freshwater Biol. Ass. Sc. Pub. No. 3. 

The forage ratio and i t s use i n determining the food 
grade of streams. 
Trans. 5th. N. Am. Wildl. Conf. 162 - 164 
Standardization of methods of expressing lengths and 
weights of f i s h . 
Trans. Am. Fish Soc. 1945• 
The food of freshwater sticklebacks, with a review of 
methods used i n studies of the food of fishes. 
J» An. Ecol. 19. 1. 3 6 - 5 8 
In; - Methods f o r assessment of f i s h production i n 
fresh waters. 
Blaclcwell, Oxford. 
The determination of the age and growth of the perch 
(Perca. f l u v i a t i l i s ) from the opercular bone. 
J. An. Ecol. 16, 2. 188 - 204 

The length-weight relationship and seasonal cycle i n 
.gonad weight and condition i n perch, 
J. An. Ecol. 20. 201 - 219 

A guide to freshwater invertebrate animals. 
Longmans, London. 
The Geomorphology of the Wear Valley. 
PH. I). Thesis. Univ. of Durham. 



- 73 -

Moore, W.G. (1941) 

Moore, W.H. (1968) 

N e i l l , R.M. (1938) 

Ricker, W.E. (1958) 

Ricker, W.E. (1968) 
(Ed.) 

Swynnerton,' G.H. & 
Worthington, E.B. (1940) 

Wheeler, A. (1969) 

Studies on the feeding habits of fishes. 
Ecology 22. 91 - 96 
A light-weight pulsed D. C. Fish Shocker. 
J. Appl. Ecol. 5* 
The food and feeding of the "brown trout (Salmo t r u t t a L) 
i n relation to the organic environment. 
Trans. Roy. 3oc. Edinb. 59. 481 - 520 

Handbook of computations for Biological statistics 
of f i s h populations. 
Fish. Res. 3d. Can. Bull. Hb. 119. 
Methods for assessment of f i s h production i n freshwaters. 
Blackwell, Oxford. 
Note on the food of f i s h i n Haweswater (Westmoreland). 
J. An. Ecol. 16. 2. 188 - 204 
The Fishes of the British Isles and If. ¥. Europe. 
Macmillan, London. 

Worthington, E.B. (1950) An experiment with populations of f i s h i n Windermere, 
Proc. Zoo. DOC. Bond. 120. 113 - 149* 



- 74 -

C H A P T E R S 3 T E H 

ACKNDIfLEDGMEITS 



- 7 5 -

CHAPTER SEVEN 
ACKifOflLEDGEMEHTS 

I wish to offer my grateful thanks to the following: 
The Governor, Remand Centre, Durham: for permission to use the pond. 
The Northumbrian River Authority: for permission to carry out the study. 
T. 3. Bagenal, Esq., P.J3.A.,: for his advice, suggestions and loan 

of the Windermere perch trap. 
Staff and fellow students at the University: for their help and 

encouragement. 

• 8 0 I E K 0 E ' * r ^ 

6 DEC 1974 J 
V . SEOTIOH / 
\ i/BRARY 


