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CHAPTER ONE

INTRODUCTION

The perch (Perca fluviatilis L.) is widely distributed throughout Burope,

and is found in ponds, lakes and reservoirs, as well as slow or moderately
quickly flowing rivers and streams. In fact, its distribution appears to be
increasing rapidly as bodies of still water, which were once game-fisheries, are
rapidly being taken over by the perch as the amount of eutrophication increases.

Most of the published work on the perch (references given later) has been
done as a result of studies of comparatively large and deep lakes, such as Lake
Windermere. Very liftle appears to have been done on small, shallow ponds which
are eutrophic.

In order to obtain knowledge about g fish stock = its specific taxonomy, sex=
and year-clags compogition, and the rates of growth, mortality and recruiiment -
it is necessgary to obtain specimens from the stock, either alive or dead. TFor
reagsons of conservation it is obviocusly better if the specimens can be obtained
alive, studied, and at least some of the specimens returned fto the stock.

There are several methods of obtaining live samples, the main ones of which
ares

*
Remeval of water by draw-down or pumpings
Anaesthesgias

Hock and line fishing:

*
Electronarcosis or galvanotaxiss

* C%
Active netting (seine nets, trawls);

*
TImpounding (traps, weirs, set-back or swing nets).

The methods currently most widely used are asterisked. Obviously, not all
methods are suitable for all enviromments, and this applies pariicularly o
eutrophic ponds. The removal of water is expensive, and can permanently damage
the habitat. Anaesthesia is still in its infancy. Electronarcosis or
galvanotaxis may not be possible if the eutrophication is high enough to result

in a high conductivity, and the presence of large beds of weeds will obvicusly
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inhibit active netting. This leaves two main methods which would sppear to
be suitable for the invesitigation of such a habitat -~ hook and line fishing,
and impounding.

For the purpose of this siudy, therefore, it was decided to investigate a
population of perch in a small eutrophic pond, and compare the findings with
those obtained by other workers from larger, less eutrophic bodies of water,

At the same time compasrison would be made between the efficiency of two different
methods of obtaining live samples from the enviromment. Hence the resulis

from traps (a method currently widely used) are compared with those obtained by
angling (a method not widely used in fish population studies).

Finally, it was hoped To establish the relationship between the food available
and the Year-Clagses of fish present in order to determine whether or not the

pond was supporiting its full potential of fish.
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METHODS OF CAPTURE AND EXAMINATION
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CHAPTER THO

METHODS OF CAPTURE AND EXAMINATTON

The Area of Study =~ DBrasside Pond.

Brasside Ponds (N.G. Ref. NZ 292 455) lie two and a half miles North-
Bagt of Durham City. They are the result of extensive excavations into the
laminated clays of the old submerged velley of the River Wear, (Maling, 1955),
and there has probably been open water in this area for over fifty years.

The two main ponds are separated by a narrow strip of land ranging from
two to twenty meﬁre& in width. It was decided to carry out this study on
the smaller of these ponds for the following reasonsg:

a) An area of 3.4 acres (compared with the larger pond of 13.3 scres)
appeared to be more suitable for a short term study.

b) Originally the smaller pond had been over nine acres in area but
two thirds of it had been reclaimed as & result of infilling in the 1950s.
The Worthern and Hastern boundaries are now arable farmland which is regularly
treated with artificisl fertilisers, some of which is washedbdy rainfall into
the smaller pond resulting in this being eutrophice.

¢) In 1952 some toxic materisl wes dumped in the smaller pond and
apparently killed off all the fish life., Although ne artificial re-stocking
has taken place it now holds a stock of perch, which may have come from the
larger pond. Prior to 1966 the water-table of the smaller pond was at s
higher level than that of the larger pond but, as a result of bank erosion,
the two ponds became connected by a shallow stream which would allow the
nassage of small figh.

The smaller Brasside Pond thus offered the right conditions for the
proposed study. It was of a suitable gize, was eutrophic, carried a dense
crop of aguatic flora, and supported a population of perch.

An initial survey was carried out with the aid of a rubber dingy and a

large raft in order to determine the hydrography, as a resullt of which the
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pond was divided into nine major areas (see Fige 1) Areas 1, 2, 5 and 6

are bankside regiong with an average depth of two metres. Ares, 6 varies,
however, in that it graduszlly shallows to the East. Area 3 ig very shallow,
ag are areas 8 and 9. The deepest part of the pond is found in areas 4 and

7 (average 3.5 metres) which are very similar and are separated purely for ease
of sgampling. The point at which areas 2, 4, 7 and 8 meet is a submerged
igland on which was anchored the raft when it was not in use.

When the study started, in May, 1974, over 70 per cent of the surface of
the water was covered by vegetation. FHven those areas which appeared to be
clear, that is, the deeper areas, had dense vegetation growing to within a
few centimetres of the surface. Initially, therefore, small areas were cleared
in order to be able to fish for the perch. As the season progressed the
amoun$ of vegetation diminished, and this was aided by the presence of eight
swans. Plates 1 to 4 show views of the water taken on August 13th, by which
time comparatively large areas were clear of vegetation.

4 summary of the digtribution of the main species of weed is given in

Table 1.
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TABLE 1.

DOMINANT PLANT SPECIES

Margins and Shallow Water (€1.0 metre deep)

Typha latifolia

~ Juneus effusus

Alisma Plantago - aguatica

Hippuris vulgarig

Burhynchium riparoides

Water »1.0 metre deep

Myriophyllum spicatum

Potamogeton friesii
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Methods of Capture.

The dense areas of aquatic vegetation were a limiting factor which
determined the possible means of capiuring the verch. Cohseguently two
methods were used..

The Windermere perch trap (Worthington, 1950) essentially consists of
three semi-circular fencing-wire hoops, 5Tcm. in height, covered with 1.3cm.
hexagonal wire netting, to give a trap with a flat base 76 x A7 cm. At
one end is a funnel directed inwards for 44em. to an opening 8.5cme in
dismeter; at the ﬁﬁher end igs a door for the removal of the catch. One
of these traps was borrowed from the Freshwater Biological Association and
a further two were made. The three traps were laid unbaited on the bed of
the pond and 1ifted every 3 or 4 days. The position of the traps was
marked by a float sttached o the top of the trap by rope. The raft was
used both to lay and 1ift the traps, and as a working platform for weighing
and nessuring the catch. Thig ensured that fthe fish were always reburned
to the area from which they were cavght. On lifting, any fish were tipped
inte a large container of water ffom which they were lifted separastely for
exanination.

The second method of capture, which was carried out concurrently, was
angling with bait. In an endegvour to prevent this method heing selective
as regerd size, the tackle was kept as fine as possible. The hooks used
were sizme 16, attached to 750 gram bresking=-strain line, and supported by
fine quill floats. The use of long rods (4 metres) enabled one to fish
over the peripheral vegetation, and into the holes in the weed beds. As
the fish were caught they were placed in large keep=-nets until they were
examined.

Full details of gll fish caught are given in the Appendix.
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Length Meagsurements.

The length of the fish was weasured with the aid of a measuring bosrd
graduted in millimeters.

Initially two length measurements were taken:

a) Fork length, median length, Schmidt's length or AC length.
This is measured from the anteriormost extremity of the fish to the tip of
the median rays of the caudel fin.

b) Total length, absoluite length or AB length.
This is the greatest length of the fish from the antericrmost extremity *o
the end of the teil fin.

However, several of the fish captured in the fraps were noticed to
have frayed and shortened tail fins, as & vesult of gbrasion with the netting.
Conseguently, the second measurement of length was discarded and all

meagurements given are fork length.

Welght VMeagurements.

In tLe study of any fish population one of the most difficult
measurenents to make ig thet of weight, not only because of the large range
in gize, but slso because of the varying amounts of walter which are on or
in the fish.

The balance used in this study was a beam balance designed for fishing
matches, weighing up to ten pounds in 2 dram divisions, (2 drams = % ounce =
3.54 gramg)e By careful manipulation it is possible to weigh to 1 dram.

The balance was zerced for each welghing, and each fish was shsken
carefully to remove surplus surface water. TPeriodically fish were weighed
twice to check accuracy.

The weights given in the tables are in drams, but for comparative

purposes with other studieg the Means and other relevant data have been

converted to grams,




i
»

Age Determination.

From each fish caught was taken o sample of scales for the determination
of the age of the fisgh by énnual rings. All scales were removed, with the
3id of forceps, from the area immedistely behind the base of the pectoral fin,.
In this population of perch the annual rings were generally obvious (except
for Year 1 fish - see later) but as a check on accuracy opercular bones were
removed from fish which died, and examined according to the method of E. D.
LeCren, (1947}0

With the smeller fish 1t was noticed that ammual rings were not always
present, but transformation of the size=frequency curves using probability
paper showed that those figh without armnual rings belonged to the Year Class
1, and that snnuvel rings only appearved after the second winter.

Perch tend to hatch in May / June, and the birthday of the fish has
been brought forward to January 1st for Year Class delterminztion. Thus, &
fish hatching in June 1967 belongs to Year Class O until December 31st, 1967.
From Jamuary 1st, 1968 to December 31st, 1968 it is in Year Class 1.

From it " 1969 to | 2] ] 1969 ntoon n ft 1] e
Trom L] £ 1970 +0 i 1 1970 LI T B £ " ] 3
and so on. This is the system as proposed by Hile, (1945) for the ageing of

fish in the Horthern Hemisphere.

Marking The Fishe.

Characlteristicelly, the perch has well separaited dorsal fins, the first
of which has thirteen to sevenieen strong spines. TFach fish caught was
given an individual number by clipping these spines which were mumbered
according to the binary system. Thus, spine 1 = number 1

gpine 2 = numbexr 2
spine 3 = number 4

spine 4 = number 3 eic.e
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Figure 2 gives the full marking system, together with examples, and
Plate 5 ghows fish number 79 which was first caught and numbered on June
24th, 1974, and photographed on August, 13th, 1974.

The actual merking was done with sharp scissors whilst the fish was
held under water.

Stvomach Anglysis and Bottom Fauna.

All stomach analyses were taken at the end of July, as were the samples
of the fauna of the pond. Tor fish of Year Class 3 and older, a stomach
pump ag shown in Pigure 3 was used., Water was pumped Into the stomach
until no meore food was being washed outs The gills and throszt were then
examined to ensure that nce orgonismg had hecome frapped in these regions.
Although no dissections were performed to check on the efficiency of the
sump, bthe fact thal those fish caught with minnow-bait produced the minnow in
their stomach washings indicates that.the pump was able to remove food of
any size that the fish may teke. Plate 6 showé the pump in use.

For the younger fish no suitable pump could bhe made and so a different
techinique was used. Ten specimens of each of Year Classes 1 & 2 were caught
and killed and their stomachs removed.

The contents of the stomachg of the larger fish, and the complete
gtomachs of the younger fisgh, were placed in individual specimen tubes,
labelled, and preserved in 70% alcohol. Analysis was carried out by
identiflcation and counting under a binccular microscope.

Semples of the weed- and bottom~ fauna were taken at the same time as
the ssmples of fish used for stomach analysis. In each of the areas in
which the fish were caught (i.e. aveas 1, 2, 4, 5, 6 and 7) two separsie
square metres weve sampled as follows. A metre quadrat was thrown randomly
into the water over the shoulder. ALl plants present in the quadrat were
cropped with a long-handled scythe, netted out, and placed carefully in

L1

volythene bags. Then the mud in the gquadrat was sampled by aweeping a

standard F.B.A. net along the bottom of the nond so that it picked up about




EXANMPLES

FISH NUMBER.

IGURE 2, METHOD OF MARKING PERCH BY CLIPPING DORS

16 32

- SPINES CLIPPED.

1, 2' 80
1, 2, 4,
1, 2, 8,

64, 128,

16, 32, 64.

8, 16, 32, 256,

TOTAL POSSIBLE INDIVIDUAL LABELLING USING THIRTEEN SPINES = 8,191 F’ISHW.‘i
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DESICH OF STOMACH PUME.

Houthpiece, adjusted to correct
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Stomach washings,

size with waterproof tape.

Water ressrvoir —

— Hand -~ pump.
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the top two centimetres of the bottom debris. The contents of the net

were weshed fo remove fine mud, and the remazinder wag placed in large Jars
with amnle waters The weed and mud samples were taken back to the laboratory
where they were hand-sorted, and gll animals present were identified and
counted.

The figures for all twelve guadrats were combined to give an overall total
of each species of animal present in the twelve square metres. These figures
were then converted to Tvercentage occurrence', which is the number of each
species of animal expressed ag a percenbage of the total rumber of animals
the combined samplesg.

Almost certainly the methods used for sampling the weed and bottom fauna
are prone to error - the net, for example, catching different animals with

different efficiencies, However, the depth of water prevented one from

-

encloging a column of water to prevent animals escaping. Ax the selectivity
of the net is probably in favour of Tthe less motile animsls, and the more motile
animals would have a greater chance of similerly escaping from fish, it is

probable that any errors in the sampling technicque are minimal.

Pinal Recaptures for Population Bstimate,

Initially it was intended to use a third method of capture for the
final recapture for populstion estimate. This was Ho be by electrofishing
with a pulsed direct current and an ouitfit was made, using a portable petrol
Honda generator, to the design of W. He licore, (1968).

Unfortunately, the conductivity of the pond water was too high (1,200 +

enerator was unzble to produce sufficient output.

£
<

/Jmhos) and the
An examination of the data for running recaptures showed that of 121

figh originally caught in traps, only 2 were recaught by this method -

indicating that the fish became trap-shy. However, of the 191 fish originally

caught by bailt, 21 had been recapiured by bait. Furthermore, most of the

-

bait fishing had been done with mazsots Consequently, it was decided 1o

-

de the final recapiures by angling, using earthworms as bait.
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An 'angling match!'! was organized and 15 competent anglers fished the

small hooks

pond for three hours. They were insgtructed o

(size 16) and fine tackle, and to use small brandling worms (Bisenis foetida)

or tails of brandling worng as balt. The prinoipﬁ%wbehind the capture was }(
expleined, and they were asked to endeavour to capture all Age-Classes. A1
fish caught were measured, weighed and had scales removed for age determination.
A sumary of the resulis is given in Teble 11 (Appendix). All fish were
relfurned, unmarked ones being marked.

Two weeks later, the procedure was repeated. This time, because of
shortoge of time, no lengths or weights were taken, only scales for Year=~
(Class determination.

During both recaptures every effort was made to sample all areas in which
fish were known to be from earlier invesbigations.

An estimation of the population structure from both these recaptures

ig given in Table 14 (page42).
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CHAPTER THRERE

ANALYSTS OF RESULTS




3@ 1a

- 21 =

CHAPTER THREER

ANALYSIS OF RESULTS

Comparison of Methods of Capture.
Angling by hook and line, and passive capture by unbaited traps, are
two rather different methods of cepturing fish, The former, if done
carefully, relies on the natural behaviour of the fish to take available
food, whereas the latter must apparently rely on some form of curiositye.
Since most fishing operations are selective, catches by different methods can
vroduce very different results. Selectivity can result from extrinsic
factors (for example, the form of the gesr and its method of use) and intrinsic
factors (such as behavioural differences among or within species according %o
sex, size, habits, season etCe )
For the purpose of this study it was necessary that both methods, as
near ag possible, gave similsr samples of the fish population. The use of
the Windermere perch trap is well establl hed ag a tool for the study of fish
populations (e.z. Worthington 1950, Bagenal 1972), but in inland waters, other
than sport figheries, hook-and-line fishing methodsg have generally not been
used in fish population studies. (K.F. Lagler in I.B.P. Handbook No. 3. 1968).
The following table shows the comparative catches by the two methods, in

Year Classes, from 21. 5. 1974 to 6. 8. 1974

TEAR~CLASS 11 2| 31 41 5] 6] 7 | Total
ANGLTIHG 63 1 48 [ 14128 |20 [ 17 | 1 191
TRAPPING 1142 1200 24119 | 11 ) 4 121
Total 6419034523928 5 312

The major difference in the two methods is seen in Year-Class 1, where
only one fish wag caught in a trap. In fact, this individual had 'gille-
netted' itself by trying to enter the trap through a distorted hole in the
gide netting (i.e. a hole that was smaller than normal). Presuming that

thisg Yesr-Class does enter the traps, they either leave through the mesh



» any of the larger fish present. Thig latter
hypothesis is & distinct possibility fory in the eaxrly stages of the study,
it was noticed that if emall fish were kept in keepnets with larger fish some
of them disappeared. (Consequently, they were later kept separate),
Unfortunately, no stomach analyses were done of trapped fish.

Year-Class 7 has insuffioieﬁt data for sitatisticel analysis, but a
Chi-3quare anhalysis of Year-Classes 2 to 6 shows that there is no significant
difference in the two methods of capture for these Year-Classes.

It would therefore appear that, except for Year-Class 1, there is no
significant difference in the selectivity of the two methods as regards
Year-Clagzes. There is similarly no significant difference between the mean
length foxr each Year-Class caught by each method.

There avre significant differences in the mean weights of fish caught
by the two methods for each Year-Clasgs but this is not a function of selectivity
but the result of weight logt whilst in the trap. TFurther discussion of this
will be consgidered with the recapture data.

Oceagionally, eels appeared in the traps. It was stated by Worthingion
(1950) that YThe predacecus species which normally feed on perch or their
gpawn, namely pike and eel, often enter the traps ... they complicabted the
results in that, once a pike or an eel was inside,; no more perch weould enter
the trap until the predator was removed', but no direct evidence for this
was given. lHowever, Bagenal (1972), in an analysis of perch~trap catches,
found that, of sixty eight traps with eels present, forty three had larger=-
than~agverage perch catches, In an endeavour to solve this problem one of the
traps was Ybaited! with fwo live eels., Over a pericd of 200 hours, in
several different regions of the pond where perch were known to be present,
no perch entered the trap.

It would appear therefore thet Worthington was right, and that the

results of Bagenal can be explained by the lerger-than~average numbers of

sk

perch attracting the eels to the traps.

b

The traps in the study were used for a total of 3,144 hours, during
s 14 ? g

Vs
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which time they caught 121 fish. In comparison, only 107 hours were spent
angling in order 1o ca%ch 191 fishe  Angling would appear to be more
efficient regarding time, but the 10110W1ng mist be taken into considerations:

a) The traps can be left unattended most of the time,

b) The fish were only found to feed at certain times of the day

(a@prcximat@ly two hours before sunset and two hours after

sunrise) and hence the one hundred and seven hours represents

shout Lifty angling sesgsions..
v angling

Lagler (I.B.P. Handbook No. 3, page 24) states: 'Ordinarily the size
of the fish caught is posltively correlated both with the size of hook and
with the size of lure used's. For most of the study the bait used was blowlfly
larvae, and 0 occaslonally the method was varied in an attempt to catch any
larger fish present that may be selected against by maggot or trap.

The two other baits uged were worm (hook size 14) and live minnow
(hook size 10)G Table 10 (Appendix) gives a summary of the results of the
different methods of capture, Womms caught a representative sample of
Tear-Clasges 1 to 7, and with a smaller hook would probably have caught more
of Year-Class 1. (See data on recapture). Minnows were too large for the
smaller perch, but did not cateh any fish over Year-Class 6. 4 statisﬁical
comparison of the catches by meaggot, worm and minnow is not feagible asg they
were used for different lengths of ftime and not all areas were fished with
worm and mingow (there is evidence that the fish tend to shoal in particular

areas = see recaphbuve data).
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Lenegth = Weight Relationshipe

The relationship between length and weight in fish can be directed
towards two rather different objectives, It can be used mathemstically to
show the relationship between length and weight so that one may be calculatbed
from the other. This is particularly so in the calculation ofweight, for
length is a much more eagily determined wmeasurement. Furthermore, it is
posgible to caleulate the earlier lengths of the fish by back-calculation
from scale annuli, and hence, if the length-weight relationship is known, its
earlier welghls.

Secondly, it ig possible to measure the variation from the expected
relationship for any fish or population of fish so that the general well-
being, or fitness of the fish; can be indicated. Usually this second approach
is termed the 'condition factor'.

In fish the weight usually varies with length according to the formulas

W o= alb
where w = welght

1 = length
= growth coefficients.

This equation is usually converted toz -
logw = loga + (Log1) .~ }X\
. . , -

If the log of the weight is plotted against the log of the length, and
the regression line calculated (usually by method of least squares), then the
regression coefficient is 'o' and 'log a' is the intercept of the line with
the Y-axis,

Normelly 'b' ig an exponent with a value Dbetween 2 and 4, often close to
3. A value of 'Y = 3 describes symmetrical or isometric growth such as
would characterise a fish having unchanging body form and constant specific
gravity. Usually, however, in all but completely demersal fish, the specific

gravity of the fish ag a whole is meintained at that of the surroundings water
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by the swim bladder, and so changes in weight for length are the resulsd

of chonges in body form or volume. Thus, changes in the velue of 'b' can
be the resguli of woriations in stomach contents, tims of yesr and spawning
condition (Ricker, 1958).

Az a result of the cbove conditions the length-weight relaticnehips of
- ey

z

the marked figh have not been used in the following analysis for they include
fish captured over a considerable period, thst is, fish ready to spawn, spent
fish and vecovered fish. lioreover, many of the fish caught in the traps

have a low weight / length ratio because of loss of weight due to fforced!
stervation. Consequently, the data obioined on August 15th, for a population
estimate (Table 14, vage 42) is also used for the calculation of length-weight
relationships.

During their development fish typically pass through several stases or
stanzas, several of which may occur during their larval life. Bach of these
atanzas may heve its own length-weizht relatlonship. The 143 fish caught
on August 15th, were separated into Year-Classes and their weights converted
for each figh wag

from drams o grems. The corresponding welght and length

. 'dot disgram' on log / log graph paper and the line of

§
o
A
oy

then plotted
'best £it! by eye for each Year Class was drawn. (Graph 1.) These lines
of 'best fit' are the approximate regression lines for each Year~Class, the
slope of which is 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 line, intercept and
correlation coeffieient for each Year~Class was calculated, Year-Classes
1 and 2 combined, and Year-Classes 3 to 6 combined, were similarly treated.

For Year-Classes 1, 2, 3, 4 and 6 the correlataon coeff1c1ent in all

cases gave a value of P o= <0.001 and the calculated regression line is very

e .

31mllqr to that drawn by eye. However, a further calculation of the '+t!
teat on the standard errors of these slopes showed that they are not

significantly different.

The data for Year-Class 5, with a value of 'b! &7, can be explained
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P
by the small sample with a correlation coefficient of P fSO.‘I. >‘*

T

Thus, with the separate Year-éiésses, there appears 1to be no definite

stanzas. - However, with the combined results a different picture emerges.

Correlation Regression
Coefficient Line Intercept
(nbf) (lat)
Year-Classes
1&2 P = €0.001 2957 6.14
Year-Classes
3 tO 6 P = <0¢001 3¢716 7&45

The value of 'b! for Year-Classes 1 and 2 ig not significantly
different from the isometric value of 3, whereas the value of 3.716 for
Year-Classes 3 to 6 is significantly different. This indicates that a
change in growth pattern oceurg between Year-Classes 2 and 3, and is“obvioqs%y o
the result of the fish developing sexually. The growth of gonads and change
in body form results in a 'stockier' fish with a higher weight / length ratio.
These results are very similar to those of Le Cren (1951) but the value
of 'b' for the mature fish is higher (3.7 compared with 3.4 in Le Cren's work).
Obviously, then, no single formula will give the length / weight
relationship for perch and, in fact, Le Cren showed that there was a different
significant value of 'b' for larval fish of 3.59163.
Graph 2, of log weight x log length on ;;gga;\pgper, shows the {wo
significant regressioh lines and points of intercept for the population of

perch in Brasside.
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3¢ 3. TFeeding and Growth.

Seversl methods #érrifiecnuneration of stomach contents have been employed
by different workews but in most studies substantially the same comparative
results are obitained with all of them.

Briefly, the mein approaches ares

a) Frequency of occurrence - vwhere the number of stomachs in which a

perticular food ifem occurs is recorded and expressed as a percentage of the
total number of stomachs exomined.

b)  Humerical method - this is the quotient of the total number of &

particuler item of food and the grand total of all items of food.

3,

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

expressed asg g percentage of the total volume of food.

d) Cravimetric method - which is essentislly the same as the volumetric

method except that volume ig replaced by either dry welght or wet weight.

e) 'Pointa! method - egsentially an spproximate volumetric method.

Bach food item is allotted 'points' depending uydn size and abundance. The
food items are graded as 'common', ffrequent‘, etc., and one large item is
considered equivalent fo many small. All the points geined by each food

item are sumned and scaled down to percenteges, to give percentage composition

of the food of 21l the fish examined.

)  Dominance method = involves determining the food type which is boih

numerically and volumetrically the chief constituent of sll stomachs examined =
and is sxpressed as a percentvage of all stomachs examined.

Obviously each method has inherent drawbacks and often a combination of
methods. is usged.

| The aim of the gut analyses in this particular study was two-fold.

Firstly, to see if there was any difference in the types of food consumed by
the different Year-Classes and, secondly, to investigate whether or not all
the available food items were utilised fglly by the population of perch.

P

The practical techniques for obtaining the samples has been explained in

Chapter 1. For the analysis of the data obtained it was decided to use the
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same method as Neill (1938). He compared the percentage by number of eaéh
food species in the fish with the percentage by number of the same species
present in samples of the environmental fauna. Form this he obtained data
on the availability of food species and selection by the fish,
Hess and Swartsz (1941) termed this index 'forage ratio', i.e.
8

Forage ratio = -
b

where; 8 = percentage representation of a food organism in the stomach

b = percentage representation of the same organism in the environment.

H

They state that the percentége representation can be numerical, volumeiric
or gravimeiric. They also argue that, knowing these ratios for every member
of the edible fauna, it is poséible, on the basis of simple faunal counts, to
discover what density of fish a given habitat is able to support, and they
therefore claim that knowledge of these ratios is an important tool in
fisheries research.

Table 12 summarises the analyses of fifty 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 in the environment,
followed by the forage ratios for‘each Year=Class, The lower limit for the
forage ratio is zero and is indicated by '-'; the upper limit is infinitely
large.

A forage ratio of 1 shows no selectivity on the behalf of the fish, a
higher result indicated that the fish is selecting that food item, whilst a
Lower figure indicated that the fish is taking that particular food item less
frgquently‘than its occurrence would allow.

| The two most common food items in Brasside Pond are Asellus (Isopoda)
and zooplankton. In this latter group I have included =mll the 'microscopic!

animals such as Dagphnia, Bosmina, Copepods, etc. As these latter animals

were present in extremely large numbers in the environmental samples, and
only appeared in the gut analyses of Year~Class 1, I have omitted them from
the 'Percentage occurrence' and 'Forage ratio! figures.

The fact that the samples were only taken over a short period of time,
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and that the number of gut analyses is not very large, means thét only
general conclusions can be drawn from the data. However, several obvious
differences can be seen.

Year-Class 1 is the only group which appears to be selecting against
Asellus, and shows extremely high ﬁorage ratios for Chironomids, Coleoptera
larvae and Corixids. There would appear to be two possible explanations for
this., Most of these fish are to be found in Area 6 (see Table 2 -~ Appendix)
and it is possible that at the time of capture of the fish used for gut
analyses the fauna of this area was significahtly different from that of the
pond in general, However, it is felt that this is not the casevand that the
difference probably results from the fish showing selection of their food
according to size -~ the Isopods being generally too large. This is
supported by the high percentage of Zooplankton and the fact that it was
notioed at the time of analysis that the contents of the guts were generally
of a small size (i.e. early larval instars).

K. R. Allen (1935), working on Windermere perch, found that fish of less
than fourteen centimetres in length fed chiefly on plankton, and that the
smaller the fish, the smaller was the food it ate, Whereas one cannot state
that equivalent fish in Brasside Pond feed chiefly on plankton, it certainly
constitutes a high percentage in numbers,ithough not in volume. The fish of
seven to ten centimetres in this habitat would appear to depend mainly on
small insects and isopods for the bulk of their food,

The forage ratios for Isopoda for Year-Classes 2 to 6 are near enough
to unity to indicate no selection. Further, the percentage occurrence in the
guts is always very high = 84% to 96%. Obviously, then, Asellus forms the
main food item for these Year-Classes, possibly because it is an animal which
is present in very large numbers, and only moves slowlye

The other food 1ltems which the perch generally make full use of are
Ephemeroptera nymphs, Chironomidae, Coleoptera larvae and Corixidae. In
fact, Table 13 shows that at times particular groups are apparently !'searched

for' as the forage ratids are occasionally quite high.
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Some food items, however, are not fully utilised. These include
Dipteran larvae other than Chironomids, Zygoptera nymphs, Trichoptera larvae,
Gastropoda, Hydracarina and Coleopters adults. This is probably explained
by the fact that these animals are either buried in the mud, can bite, have
hard indig@sfable cases or can swim quickly, whereas there is a plentiful
supply of more easily obtained food in the form of the Isopods. However,
it does indicate that the pond has the potential to support a higher
population of fish. A possible explanation of this is given later, in the
discussion of the populatioh size.

During the analysis of the gut contents it was noticed that Year-Classes
2 to 6 contained all sizes of Agellus, and there was no obvious indication of
the larger fish eating mainly larger specimens. = This would suggest that
the larger fish have to work much harder in order to obtain sufficient
calories for maintenanoe and growth.

However, two potential items of food that are present in the pond do not

appear in either Table 12 or 13. These are perch fry, and a fairly larsge

population of sticklebacks (Gasterosteus aculeatus). Their absence from the
environment samples can be explained by their speed of swimﬁing - they were
gble to avoid the comparatively small net. No remains of Vertebrates were
found in the 58 gut samples, and yet Allen found that fish over 14.5 cms.
(Year~Class 3 at Brasside Pond) were able to feed on small fish, whilst those
over 18 centimetres in length fed mainly on small fish. The answer to this
anomgly probably lies in the dense weed beds present dmring the period of
study., Apparently, the perch fry and the sticklebacks are able to shelter in
the vegetation and so avoid predation.

Graph 3 shows the mean lenghts of each Year-Class for each month of the
period of study. If, however, it is also taken to vepresent the growth rate
of a typical fish over a period of seven years then it correlates with what
has been discussed about the food in Brasside Pond, and the findings of Allen.

Year-Classes 1 and 2 show significant growth over the four-month period

and as these fish feed solely on Zooplankton and Invertebrates this is 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 is a significant difference in the
mean lengths for each Year-Class. Consequently a lot of growth must occur
between the months of September and April.

It would sppear, therefore, that in a eutrophic enviromment such as
Brasside Pond a figh is able to show the normal growth pattern for the first
two years of its life, when it is feeding on invertebrates. Thereafter, the
pattern changes. Perhaps this is because during the Spring and Summer months,
when the vegetation is dense, the fish are only able to obtain maintenance
calories in the form of invertebrate food. During the Autumn, as the
vegetation dies back, the small vertebrates will become more accessible and
g0 g fish will be able to increase its daily intake of calories and soiproduce
growth. It would also appear, if this is the case, that the size.of the
perch in Brasside Pond is being limited, not by lack of food, but by the
absence of some herbivore to keep the végetation grazed to lower levels,

I propese to carry out further re-captures during the Autumn and Winter
to: see if the size of the figh increases as postulated.

Alsb, from Graph 3, it can be seen that by August the mean length of the
fish of Year-Class 1 is almost that of the May result for Year-Class 2.

There is a small difference in the mean weights - 13.7 gzms. to 14.4 gms,.

There are two possibilitieg for this which warrant further study. The amount
of food of a.suitable size may now diminish and so slow down the growth-rate
of Year-Class 1. Alternatively, this may be a 'stronger' population of fish
which will continue to produce a larger than normal fish. The 'stronger!'
population could be the result of either:

a) an increase in the zooplankton and small invertebrates as a result
of increased eutrophicaticn, or,

b) an increase in predation, during iarval stage, resulting in an
increase of suitable food per surviving fish., This is possible if, as will
be discussed later, the population of perch is incfeasing in number, as a

result of it only being present for a few years teeo seven,
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3. 4. Analysis of Recapture Data.

During the period of May to August, when the fish population was being
sampled by trapping and angling, several of the fish which had been previouély
caught and marked were recaptured.  Thus, for some of the fish, data is
available on their Weight, length and location on different occasions. &
summary of this data is given in Table 9 (Appendix).

Of the original 255 fish which were marked, 51 were recaptured between
May 5th and August 15th, (i.e. 20%). Thirty eight of these were recaught
only once, 11 were recaptured twice, and two were recaught thrice.

The shortest interval between capture and recapture was shown by fish
number 22, with a time interval of only one day. In contrast, fish numbers
10 and 6 were originally caught on May 22nd, and not recaptured until August
15th = a time interval of 85 days, only one day less than the tatal length
of the study period. Similarly, four fish (Numbers 6, 10, 11 and 12)
showed an identical time interval between capture and final recapture, but
had other recaptures within this period. The mean interval between recaptures
for the 51 fish recaught was 26 days. When considering this figure it
must be born in mind that not only was the study-period limited to 86 days,
but that the fish were being caught and marked throughout this period.

One of the aims of the running - recaptureg was to investigate the
effects of the general 'handling' of the fish on the fish themselves, so
that some conclusion could be reached on the suitability of the techniques
for further studies. The best way to do this initially appeared to be a
comparison of the weight and length of recaptured fish with the mean weights
and lengbhs of newly caught fish, of the same Year-Class, at the same time.

However, each Year~Class has such a range of length and weight that a
recaptured individual could have shbwn normal growth since its original
capture and still be considerabl% less (or more) than the mesn weight or
length of its Year-Class. Furfher, it has already been pointed out (page 3%
that Year-Clagses 3kto 7 showed very little growth over the study period.

Thus, any comparison of growth rates can only be superficial. Bearing this
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in mind, it was felt that a minimum period of 30 days was necessary between
capture and recaptured for any results to be at all valid. If the study
had been over a longer period of time a longer time 1nter§a1 would obviously
have been better. Of the 51 fish mwecaught, 25 gave time intervals of more
than 30 days. 'These low numbers of suitable recaptured fish prevent
statistical analysis, for growth rates must be considered in Year~Classes.
However, a general comparison of the weights and lengths of recaptured fish
Table 9 - Appendix) with those of the newly-caught fish (Table 2 to 8, and
11 - Appendix) gives the following indications:=

a) TFor all recaptured fish there are no obvious differences in their
growth rates in length compared with what would have been expected had they
not been @ught and marked.

b) The increase in weight of the fish caught and recaptured by
angling is also whalt would have been expected had they not been caught and
marked.

¢) Fish originally caught by angling, and then recaptured by trap,
 often show a lower weight than would be expected.

These results would seem to indicate thats

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

b) Angling appears to have little adverse effect on the fish, but
trapping can affect their weight measurements.

This latter point is perhaps more obvious if one considers the figures
for some of the figh which were recaptured after a period of less than

thirty days, as shown in the following table:
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Original Weight -ame lnterval

Weight Loss FPercentage

Fish Number (o) Betwe?gégigtures (ems.)  Weight Loss
9 \ 279,5 15 | 32 114
12 13445 15 14 1045
16 297.0 15 32 1045
68 7245 17 6.0 8.3
141 44,0 20 12.5 28.0
61 245 14 545 2145

These weight losses are almost certainly due to forced starvation during
the peiiod in the trap, and will obviously depend upon the time interval
spent in the trap. (In this work the traps were emptied every 3 to 5
days). If the traps are lifted ioo frequently, in an endeavour to minimize
this weight loss, then the likelyhood of fish entering the traps will
probabl% be reduced, ~

Coﬁsequently, it is obvious that care must be taken in using weight
readings from trap-caught fish in studies of length-weight relationships,
or of condition factor.

Of the one hundred and twelwve fish originally caught by trap, only two
were recaptured by this method - glgg;wg;gggwjhgﬁ the fish become 'trap=- fa
shy!'. Thus, in population studies, it would appear that any figures which
rely solely on the sampling of the population by traps must be suspect.

Conversely, Table 10 (Appendix) indicates that with angling, particularly
if the bait is varied, there is little indication of 'shyness' developing.

Table 9 (Appendix) also gives the area in which each fish was caught,

both for the original capture and all subsequent recaptures., TIf these

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

emerges:
Number of recaptures in the same area where originally caught = 54
Number of recaptures in an area adjacent to original area = 8
Number of recaptures in an ares distant from originel area = 4
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It would appear, therefore, that the pewrch have 'territories', that
is, areas awsy from which ﬁhey seldom move, This, of course, is only
over a period of three months anﬁ it will be interesting to see what the
digtribution of the fish is in the proposed Autumn and Winter recaptures.

However, the fact that the pond is generally very uniform in depth would

suggest that these territories will be maintained.

Population Estimation.

Details of the method used for the final recaptures for the estimation
of the populating size are given in Chapter 2, and the results of these are

ghown in Table 14.

As there was no migration from, or immigration into, the population,
the formula used for the estimation of the population was the Simple Lincoln

Index, namely:=-

m
N = 3¢
T

where: N = Total number of fish in the population

]

m = Total number of marked fish in the population
¢ = number of fish in the sample
r = number of marked fish recaptured in the sample.

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

formulas

SJE.(W) = X fN I;CI?I)\T(iX-:)c)

The two successive estimations of the population size are very similar,
both in the numbers of each YTear-Class, and the numbers of the total popgla—
tion. The second estimate, because of its lower standard errors, is probably
the most accurate.

As the mumbers of an animal population are generally naturally regulated,

often by available food, it might be concluded that the optimum population '

of perch in Brasside Pond is the one given in Table 14. However, in the
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discugsion on food and forage ratio, it was pointed out that there apppeared
to be an excess of food which the perch were not uwtilising, Consequently,
the population of perch in the pond may not be a stable one, but one which
hag not yet reached its meximum numbers.

In Chapter 2 it was noted that the pond was polluted in the 1950's,
and that all fish life was killed. TFurther, bank ercsion at the end of
1966 led to a stream connecting the pond with its larger neighbour. This
stream disappeared when the levels of the two ponds became egual, and is now
only seen as a small trickle after long periods of heavy rain. It is there~
fore suggested that, during 1967, whilst the stream was still flowing, some
perch fry moved from the larger pond into the smaller one, by which time the
pollution had cleared. These perch formed the basis of the present
population, which has not yet reached its maximum in either numbers or Year-
Classes. It is intended to continue fishing the pond over the next few

yvears to see if this is the case.




- 42 -

TABLE 14, MARK - RECAPTURE RESULTS

15TH AUGUST, 1974

YEAR-CLASS

U AN (U]

O~

27TH AUGUST, 1974

TEAR-CLASS

~] O\ e W

TOTAL  TOTAL
MARKED RECAP,
62 45
60 38
27 22
41 19
35 8
22 9

5 2
MARKED RECAP.
104 63
93 52
42 30
52 28
39 13
28 15

6 3

;ﬁﬁgﬁg? POPULATION ¥ S.E.
3 930 ¥ 506
5 456 %182
5 19 T 42
8 97 I 23
4 70 T 23
3 66 T 17
1 10 I ¢
TOTAL ;;Zg'
%%%E%? POPULATION ¥ S.E.
7 936 * 322
10 484 T 130
10 126 t 28,5
14 104 % 1649
7 12 16.7
6 70 % 19.8
2 9 I 3.2
TOTAL 1801
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CHAPTHER FOUR

SUMBARY

1) A study was carried out on a population of perch in a eutrophic pond
in County Durham.

2)  Analysis of the length-weight relstionship showed that the growth for
Year~Classes 1 and 2 is isometric (cuboid), but that for Year-Classes 3 %o 7
it ig allometric -~ the fish growing heavier in relation to their length.

3)  An investigation of gut analyses and availsble food showed that the
young fish had ample food, and were able to grow successfully during the Summer
months. T™e older fish, however, showed lititle growth during this period and
were possibly only able to obtain sufficient food (largely Asellus) for
mzintenance because of the femporary non=avallability of the larger food items.

4) A comparison of angling and trapping as Tools in fishery research is
made, and in the particular situvation investigated angling generally proved to
be the better method.

5) An estimate of the population size and age structure is given, and
suggestion is made that this pariticular population is still developing and has

net yet reached its potential proportions.
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226

29.

14.
15
19.
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DATE
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#
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1

Te 74
T« 74
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1

[i}

i)

- 46 =

TABLE 2. YEAR CLASS 1 -~ NUMBERED
T+Ocms 4dzr. Maggot
be5cime 4dr. i
6o 7cime 4dr. "
Ts5cte 3dre "
643cme 4dr. "
T«0cme. 4dxe "
Te2cHs 3dre B
7 s Ocins 3dre "
7o 2Cms 3dzr. "

7 «Ocime 3dr. "
Tslcme 3dr. "
Hadcme 2dr. "
9.5cma Tdra Worm
8.7cme 6dre Trap
9.8cm, Tdre Worm
9.9cme 8dr, Maggot
9.+6c1m. Tdz. "
9,0cm. bdr. "
9e5cme Tdr. "
9edcme Tdr. "
Qe TCme Tdr. "
9.0cme Tdr. "
8e0cie 5dr.e "
9.8cme Tdre "
9.00me, Tdr. W
8.9cm. Tdre "
9e5cme Tdxa "
9e50m. Tdr. "

;}“4\{1:

NUMBER

O~

i

"

it

it

14

t

i

"

it

"

4

2]

4]

10
19:
25

30
31
32
33

38
163
164
187
220
22j
222

223

225
227

228
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TABLE 2. (Conts,)

6. 8. 74 9.3cme Tdr. Maggot 6 235
" 9e5cm, 531 " " 239
" 9.8cm, 5dre " " 240
# G.0cm, 4dr. n " 241
" 9e5cme lck N H " 242
" Be5cme 3dr. " " 013
" 9elcme 4dr, # " 214
" 9+0cms 4dr. " " 245
" 9slcme 481 " " 046
" 9.1cme 44z, " " 247
" 8e5cme 3dr. " " 248
" 9,0Cm. 43T, " . 249
" 9elcCre 4dTe o " 250

9 To T4 9.dcmm, bdr. Worm 2 184A

2 (Standard Brror)

TOTAL MEAN LENGTH 8.6 ¥ 0.3 cme
MEAN LENGTH - May 6,9 ¥ 0.2 cm.
VEAN LENGTH - July/Aug. 9.2 + 0.2 cme
TOTAL MEAN WEIGHT 5,0 L 0.5 dr.

=8,.9 or.



27574
28.5.74

1

{).6074

3]

13:6.74

4]

- 48 -

PABLE 3., YEAR CLASS 2 - WUMBERED
9.0cm. 641 Maggot
10.0cm, 11dr. i
12.0cm. 14dzr. "
1045¢cm. 8dr. "
10,5cm. 8dr., "
9e5cime 8dr. "

9.8, 8dr. "
10.4cme Bdr, "

8.5cm. bdr., "

9e5cme 8dxre "

107 cma 8dr. "
11.0cme 10dr. "
1060cme Tdz. "

9e2¢Hs 4dr. "
10.0cme 6ar. Tiap
11.2¢H, 8dr. "
11edcms 8dr, "
11e4cme Sdr. "

Bobcme 2dr. "

9 eI, 3dr. i
13,0cme 18dr. Maggot
10, 7cme 14dr,. Trap
11.0cme 14dre "
13e201 22dr. "
12e2¢CHme 194r. "
11.1cm. 16dr. u
12.2¢cme 14dr. Maggot
10.5¢cm. 8dr, "

ARTA

e

1

"

it

¥

1

H

i

i

o]

i

"

"

TUNBER

3
4
6
14
15

20
22
23
24
34
35
37

50
51
14
56
57
58
59
66
67
69
70
71
93

94



26,

2.

Te

8o

1.
12,
N
15

1t
11

1]

"

Te T4
Te T4
7. 74

"

12e4cm.
11.4cm.
11.5cme
1046cme
10.9cme,
11eTcme
11e5cm.
12.0cma
120 1cme
10e5cm,
1204cme
11e4cme
12.5cme
12s1cCme
14e5cme
14.0cm.
12+3cme
11edcme
12+4cme
11e4cms
13e3cm,
12.5cme,
12.0cme
14.6cm5
12.5cm.
13 1cm.
12e9cCme

12+ TCme

12.9cme

_49...

TABLE 3. (Conte)

14dz.
12dr,
10dzx,
10dzr.
10dr.
11dxr.
10dr.
12dr,.
13dr.

8dr.
13dr.
12dr.
14dzr.
13dr.
23dr.
20dr.
14dxr,

8dr.
13dr.

9dr,
15dr.
18d=x,
16dz.
2401
17dr.
194r.
17dzr.
17dx.

17dr.

Maggot

Trap

1
n

n

Maggot

3]

"

i)

n

Trap
Maggot
Worm

it

tt
i

tt

1

1

L
i
L&
24

"



15
17

19.

224

3.

Te

Te T4
To T4

i

|4

Te T4

Te T4

12
Te T4
3]

k]

i

i

&
2

“

12 40me
11.2cme
12.1cms
10.6cm,
12+3cme
12e1Cme

13.2cm.

12.9cme.

11.4cme
10.9cma
10¢3cme
12.5Cme
13¢1cme
11e2CHma
12.6cme
11e20cm,
13.9cme
13.4cme
12e.2cms
13¢3cme
11eHecme
13e6Cm.
13+0cme
11.6cn,

11.8cm.

- 50 =

TABLE 3. (Cont,)

14dr. Maggot
11dz. Trap
12dr. "
9ar. "
15dr, Woxrm
15dr. "
16dr. Teap
14dr. "
9dr. "
8dr. "
6ar, "
11dr. "
13dz. "
6ar. "
8dra "
9dr. om
19dr. "
18dr. "
13dr. "
17dre. Worm
13dr. Maggot
20dr. "
18dr. "
14dr. "
11dr,. "

4]

it

i

"

L

201
203
204
205
211

212




TABLE 3. (Cont.)

TOTAL, MEAN LENGTH

LENGTE - May

117
10,0
112
1242

11.9
=21,0

1267
=22,5

[ SR & N A b

i+

i+

2 (Standard Error)

0.2
0.5
0.7
0a3

195

1e5

Clle

Cile

Clile

Clle

dr.

dre
8%




2%
22,
29

e

12

244

26,

2.

1.

14.

3.

DATE

"

6.
6o

n

7“
7«

"

"

74
14
T4

14
74

74

T4
74

74
14
74

14
T4
74

TABLE 4.

- 52 -

YEAR CLASS 3. ~ NUMBERED

LENGTH

1600cm,
16.0cm.
17 +0Ocme
1T «0cm.
14,7cm.
17 .0cm,
16+8cm.
1643cm.
17 .2cme
17 «2¢ma
16.0cm,
17eTcme
14e5CMe
15200
17 e 4ome
1Daterme
1642¢me
19+5cm.
17 edcme
17 e 9cme
17 e5cme
157 crs
18+1cms
16e4cm.
1720,
18.2¢cm.

16.6cm,

WEIGHT

28dr,
32dr.
36dr,
344r,
244r,
36dre.
40dx,
41dx.
38dr.
42dr.
32dr.
40dr.
23dr,
25dr.

38dr.

364z,
64dr.
40dr.,
44dr.
32dr.
31dz.
464r.
32dr.
38dr.
36dr.

28(11’.

HETHOD

N ammpe i

Maggot

Magzot
Trap

it

Maggot

Trap

tt
't
Maggot
Trap
Minnow

Worm

"

1t

i

L H

t

tt




- 53 =

TABLE 4. (Conte)

TOTAL MEAN LENGTH
AN LENGTH May/June
WEAN LENGTH July

WEAN WEIGHT = Trap

MEAN WEIGHT - Bait

2 (Standard Error)

1647

i+ 1+ it

i+

i+

0.4
0f5

046

- 3.2

36

Cile

Clle

Cille

dre
Ela

dr.
gke



29,

126

28.

4o
8.

DATE

6o 74
6o T4
1
tt
it

4]

6o T4

L]

4]

Ts T4
Te T4

- 5 -

TABLE 5, YEAR CLASS 4 - NUMBERED

LENGTH

19.5cm,
2050
19.0cm.
20, 5om,
20.5cm.
22.2CMe
21+5¢me
21.0cme
21eDcm.

21 .0cm.

204501?1»

22.6cm.
22.+.0cme
20.5¢cme
20.20m,
20e50m,
19 6cme
20.0cme
21.0cm,
22;1cm¢
22,0cmma
21e5cme
21.8cm.
21.0cme
20.6cm,
19.4cnm.
20.5cm.

19@7(}“10

WEIGHT

b4dx.,
720x.
52dr.
764z,
T2dx,
84dr.
78dzr.
T4 dr.
82dr.
80dr,
H2dra
84dr.
86dr.
T0dx.
58dr.
66dr.
62dr,
65dr.
72dx,
84dr.
86dr.
84dx.
87dr.
76dr.
72dr,
58dr.
68dx.

608,

METHOD AT
Maggot 6
#" i
" i
9t t
" "
" i
Trap 6/1
" it
Maggot 1
1" 1
1 6
Trap 2/8
m #
m t
i "
" 1t
" #
Maggot 2
" 11
M H
#" 1
1 H
Trap 2/8
1t "
" t
it 1]
1 5
" |

NUMBER

7
8

11
12
17
21
45
47
52
54
62
72
T4
75
77
78
79
83
84
86
91
92
99
101
102
103
113

122




120
15,
17

27,

224

74
14
T4

74

7 AA‘
T4

T4
14

14

- 55 =

TABLE 5, (Cont.)

184 Tcme
18 o 4cme
19.9cm.
20.3cm,
19.5cma
220cm,
22.8cm,
21.4cm,
200 4cme
21+9¢C1a
22+5CH,
19.5cm,

20.8cm.

45dr.
51dr.
64dr.
68dr.
66dx,
95dr.
100dr.
80dzr.
66dr.
86dr,
80dr.
56dr.

76dr.,

TOTAL MBAN LENGTH

MEAN LENGTH May/June

MBAN LENGTH July

MEAN WEIGHT - Trap

MEAN WEIGHT - Bait

Trap
Maggot

Trap

Maggot
Minnow
Trap
¥t
Minnow
Worm
Trap

"

Maggot

i+

20.8

i+

2049

i+

2045

i+

1161
=32549

1+

T34

2 (Standard Error)

043
0.4
0.8

546

546

Cille

Cllle

Cllle

it

136

139
129
146
156
167
1764
182
184
189
194v
197
237



124
13.
20,

240

28,
4o

Te
8.

17

12.

t

74
74
74
74

T4

T4
T4
74
T4

T4

74

- 56 =

TABLE 6, YHAR CLASS 5 = NUMBERED
23.5cme 115dr. Maggot
23.0cme 107dx. i
23+0cm. 106dr,. Minnow
23 .50 98dr. Trap
23.50m,e 108dr. "
22.5¢cme 84dxr. "
22.5Cm, 98dre Magzot
2300cm. 99dr, "
24.0cma 113dx. "
21.7cme G2dr,. Trap
22s50Mm, 98dx. "
246 Tcme 136dr. "
23.0cm. 1064, "
23e3cH. 106dz. "
2387 Cme 108dr. Maggot
25.0cms 132481 "
24.Heme 135dr. "
éO.?cmq TAdrs Trap
224 5¢m. - 84dr, "
21.0cma 84dr. laggot
22,0 3Cm, 84dr, Tran
21.0cm, 80dr. "
22.2cm, 103dr. n
27.0cme 764, "
226 (Clle 948, 1
27.1cme T76dr. "
22.5cme 112dr. Minnow
23.0cm, 105&r. Maggot

AREA

1

4]

HUMBER

28
29
42
43
46

100

112




T. T4
To T4

i}

Ts T4
Te T4
Te T4

240501,
25 4cma
24.0cm.
25&50m,
23.0cme
24..0cm,

22.HCMe

- 5T -

TABLE 6. (Cont.)

134dxr.
158dr.
112dr.
154471,
108dx.,
106dr?

92('11’.‘«:

TOTAL MBAN LENGTH

MEAN LENGTH May/June

MEAYW LENGTH July

MEANW WEIGHT - Trap

HEAN WEIGHT - Bait

Worm
Minnow

0
Worm
Trap

2]

"
23,0 I
23.2 ¥
22,86 %
94.9 =

=117.6
117.0 I

=207 o1

2 (Standard Error)

6#4 Chle
0.5 cm.
Oo7 Cme‘
Te1 dr.

ST
1061 dr.

Bl

160




DATE

220

28.

24+

28.
24

40

8

11e

12,

14.

7e
Te

it

i

14

T4
T4

T4
T4
14
14
T4
T4
14

14
T4

21+ To T4
31 7o 74
1. 8. 74

TABLE 7.

- 58 -

YEAR CLASS 6 - NUMBERED

TENGTH

25,0cme
2640cme
25e50ms
26.0ctme
24.5cme
26.3cme

2Ts3Cme

’ 26@20ml

26.0cm,
24.2CMe
24.0¢m.
24..0cm.
23.8¢cm.

23.0cm,

25.0eme
25+0cm,
25,0ct.
26.0cm.
26.0cm.

256 TCma

WEIGHT

158dr.
168dr.,
150dx.
166dr.
130dr.
160dr.
172&ra
140dx.
168dr;
108dz.
132dx.
124dr.
108dz.
104dr.
140dx
140dr.
134dr.
148347,
156d1.
1584z,

99dr.

120dr.

METHOD

Maggot

L]

Maggot
Trap
Maggot
Trap
KT
Minnow

1"

"

4]

Worm
Trap

Worm

ARBA

i

3]

H

"

#

3]

NUMBER

16
27
63
76
89
98
105
114
138
140
143
148
149
150
151
152
153
159
188
216

217



- 59 -

TABLE 7. (Conte)

TOTAL MEAN LANGTH
MEANY LENGTH May/June
MEAT LENGTH July

MEAN WBIGHT - Trap

MEAN WEIGHT =~ Bait

2542
25.8
2449

13049
=231.7

14544
=257 ¢4

i+ 14+ it

i+

+

2 (Standard Error)

0.4
097
05

191

949

Cills

Cille

Clile




- 60 -

TABLE 8, YEAR CLASS 7 -~ NUMBERED

DATE LENGTH WELGHT METHOD AREA NUMBER
28. 6o T4 28.5cma 184dx, Trap 4 97
8 Te T4 28 e50me 216dr. " 5 130
17« Ts T4 29.0cm. 22441, Worm 6 183
31e 7o T4 28.0cm, 158dr. Trap 2 206
w 28.5cim. 190dx, " " 207

2 (Standard Error)

TOTAT, MEAN LENGTH 28,5 L 0.3 cm.
MEAN WEIGHT - Bait 9240 dre

=396w5 &L
MBANY WEIGHT » Trap 187.0 L 23.8 ar.

=331.0 T
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TABLE 9, RECAPTURES.

WUMBER gf&; DATE ﬂ%ﬁ%ﬂ{?& METHOD  4REA  LENGTH  WEIGHT
10 1 22, 5. 74 Maggot 6 6eTcme 4dx
15, Be 74 % " " 10.7cm9 Bdr,.
25 1 28, 5. T4 NMaggot 6 be3Cime 4dr,.
15. 8¢ T4 K " " 9s1cie 8dx,e
32 . 1 29. 5. T4 Maggot 6 7e2CHe 3dr.
15. 8. T4 7 " n "~ 9.5cm. 7674
6 2 224 5. T4 Mageot 6  12.0cms  14dr.
154 84 T4 » Worm " 13.9em.  21dr.
29 o 28, 5. 74 Maggot 6 10.dems 8dr,
29, He T4 1 " " 10.4cme 8dr.
67 S 244 6. T4 Trap 1 11.0cm, 14dr.
' 8 To T4 " " i 11s3cme 11dr.
109 2 2. 7. 74 Trap 4 10+9cme 108z,
Te Te T4 ° Magzot 2 11«1cma 10dr.
19 T« T4 1 Worm H 11g7cm¢ 11drs
147 2 Te Te T4 Maggot 2 12s1Cme 13dr.
15« 7o T4 ° " " 12.5c1. 13dr.
120 2 Te 7o T4 Maggot 2 11sdcme 12dr.
1, 8. 74 # Worm " 12+2cm, 14dre
172 2 156 Te T4 Woxm 2 13.1cm. 19dr .
15. 8. T4 g " " 13+8cm. 20dr.
173 2 15e Te T4 Worm 2 12+9cme 17dr.
1s 8. 74 K " " 13.5¢m, 18dr.
174 2 15 Te T4 Worm 2 12.7cme 17dr.
19 Te T4 : " n 12.9cm. 16dx,
185 2 19« Ta T4 Worm 2 12+3cme 15dr.
1. 8. T4 " " " 12.4cm. 15dra

14

150 80 74— ft " 121901&10 186_1?@



HUMBER

203

186

40

68

87

141

157

161

171

YEAR-
CLiss

2

- G2 =

TABLE 9. (Cont.)

DATE

31e To
15. 8.
19 7»
15. 8e

15. 8$

14e T
15. 8o
14s Ts
1. Be
15. 8.
15 To
1. 8.

15@ 8’&

14

74
74
74

T4
14
T4
14
74
14
14

14
T4
T4

T4
T4

(nays)
TNTERVAL

15

27

26

52

17
35

13

22

31

18

17
14

METHCD AREA LENGTH WEIGHT
Trap 2 12.5cm. 11dre
Maggot " 13.0cms . 17drs
Worm 2 12.7Cme 15dr,
" " 12.7cme 1647,
Maggot 6 17.0cme 364z,
Trap " 17.0cme  36dr.
Maggot 1 17.0cmes  36dr.
" 6 17e5cms  42dr.
Trap 1 16.8cms  40dr.
Worm “ 18.0@m§ 42dx,
Trap 1 1643cm,  41dr.
" " 16.7cme  34dre
Worm " 17+ 9cme 48dr.
laggot 2 17+.2cme  38dx.
" " 19.4cme  50dr.
Maggot 2 15.2cms-  25dr,
Trap w 15:5cme 18dr.
Minnow 1 15« Tcme 24dr.
Worm " 16.2cme  34dr.
Worm 2 16.2cme  36dre
" " 16.4cm. 38dr.
" " 16.7cme  38dr.
Worm 2 19.5cms  H4dr,
u " 20.3cm.  67dr.
" " 20s3cm,  68dr.




TUMBER

11

12

63

84

103

113

TEAR
CLASS

4

e

226

11

15,

224

- 63 -

TABLE 9. (Cont,)
(Davs)
DATHE INTHRV AL METHOD AREA LENGTH WEIGHT
5. T4 Maggot 6 2045¢cm, 7247
49
T« T4 " 2 20.5cm, T4dzw.
5. 74 Maggot b 19.0cm, 5241,
5 T4 ! o " 19.0cm. 52dr,
6. T4 13 Trap " 19.5¢me 5641
8. 74 * Worm n 19.5cM. 56dr.
5¢ T4 Maggot 6 20.5cme Tédr.
6o T4 " Trap " 20.5cme 68dr,
8. T4 0 Worm " 21.0cm, Tedr,
5. 74 ) Maggot 6 20.5cm. 7281,
6. T4 " Trap n 20.5cme 680r.
ba T4 % Maggot 2 2055cm° £8dx,
6o 74 Trap 2/8 20.5cme 70dr.
8. 74 & Worm 2 21.6cCm, 794,
6a T4 | Trap 2/8 20.5cme 68dr,
B T4 72 Worm 2 21e7Cme 88dr.
6. 74 Maggot 2 ZG;Oom, 654,
Te T4 1 " " 20.0cm. TOdxe
T T4 2 Worm " 20.3cne. T2dr.
be T4 Maggot 2 21.0cm. 72dr.
7o T4 ki " " 21.0cm.  82dr.
He T4 Maggot 2 21<5¢cm. 84dr.
Te T4 " " " 21.9cm. g92dr.
6. T4 Trap 2/8  19.4cm.  58dr.
Te T4 K Worn 2 19.5cm. 60dr .
T T4 Trap 5 20.5cme 68dr.
8. 74 4 Worm " 21.50cm. 86dr.



NUMBER

146

48

61

81

115

145

177

89

YEAR=

CLASS

Ji

11
15
124

15
150

- 64 -

TABLE 9, (Cont.)

Te T4

35
8. 14
Te T4

34
8. 74
8. 74

7
8. T4
be T4

14
6o 74
6o T4

25
T- T4

4
Te T4

27
8. 74
6. T4

52
8s T4
7. 74

8
To 14

31
8. 74
Te 74

35
8. 74
To T4

29
8e T4
5. T4

15
6. T4
5. T4

15
6. T4
6e T4

19
T. T4

31
8. 74

METHOD AREA LENGTH WEIGHT
Trap 5 20.3cH. A8dr,
Worm 4 20.7crs T3dr.

Maggot 1 19.5¢m. 68dr.
Worm " 20.5cm. T2dr.

Maggot 6 20.8cm. 76dr.
Worm " 2143cm, T6dr.
Trap &/ T 22.5cme 84dr,

Maggot 6 22,6¢cme 88dr.

Maggot 6 24.0cme  113dr.
Worm 2 24.50m, 1254z,

y " 24.Teme  121dx.

" " 24.7cme 128ar.
Trap 2/8 23.0cm.  106dr.
Worm 2 23.5cm.  108dr,
Maggot 2 21.0cm. 84dr.
n " 21.2cm, 86dr.
Worm " 21.90c1m, 92dzr.
Trap 5 22 TCme 94dre
Horm " 23.0cm., 100dr,
Trap 7 23.0cm.  108dz,
Worm " 23.0cma 100dx,

Maggot 6 25.0cm. 1588r,
Trap " 25.0cm.  140dx.

Maggot 6 26.0cm.  168dx.
Trap " 26.0cme  150dr.

Maggot 2 26.3cms  160dr.
Worn " 26.5¢cme.  160dT.

" n 26.5cm, 162dx.



WUMBER

140

149

YEAR=
il

CLASS

- 65 -

TABLE 9, {Cont.)
- (DAYS)
DaTE THTERV AL
9 To T4
6
15« 7o T4
31
15. 8. 74
120 T« T4
20
1. 8. 74
14. T« T4
3
170 70 74
31e Te 74
15
15 8. T4

METHECD AREA LENGTE WEIGHT
Maggot 2 24.0cm. 13241
Worm " 24q cm, 123dr.
" 1" 24.5¢Cma 135dr,
Minnow 2 23.0cm, 104d2,
Worm " 24.5cme  108dre
Minnow 2 25.0cms 15641,
Trap 7 25.0cmf 1444x.
Trap 2 28.0cms  158dx,
Worm " 28.0cme 174dr.




TABLE 10,

- 66 -

SUMMARY OF METHODS OF CAPTURE

1
2

Ineludi ngs
3

IﬂCluding s
4

Iﬂolllaing ]
P

Includings
6

Includings
7

COMPARATIVE TTMES

3

MAGGOT WORM

60 3
33 15

2 M/ 3 W

1 T/ 1 T/
1 M/ 1/
7 4

2 M/ 2 W/
2 M/T
23 3

3 MM 1 o/

1 /T 1 W/M/W
1M/

1 M/

1 M/
12 A

1 MM 1 /)
1 M/

1 /M

6 5

2 1/T 1 8/0

2 M/w 2 /W

1
Ki¥s M ~ Maggot

u
®

=
i

Worm

Minnow

PRSI -
L

- Trap

TRAPPING - HOURS

ANGLING MAN/HOURS

1 F/7

1 /W

for recapture

3,144

107

42 _
1 7/7

1 T/M/W

20
1 /T
2 M/T

24
1 M/ T/M
1 W/T
1 M/u/T

19
1 T/

11
2 u/T
1 /T



TABLE 11,

RECAPTUR

- 67 =

YT

3Y ANGLING -

AUGUST 15TH, 1974

YEAR=CLASS 13

LENGTH WInLGHT
Godcma 5dr.
8.8cme 6dx.
8e8eme 6dr.
8e9cme Tdre
Yelcme Tdr.
Oslcme Tdre
9etcrme 8dr.
Qs2cme Tdx,
9 o 4cite Tdr.
9e5cH, 6dx.
9+5cm. 6dr.
JeHcm, Tdre
G50 747,
GeHCme 8dre
9+50m. 8dr.

MEANY LENGTH

MBAN WEIGHT

it

[

9.8

TeT
=1307

LENGTH WEIGHT LENGTH WEIGHT
9.6cme 71, 10e2Cme Bdr,
9.6cm. Taxe 10e2cm. 9dr.
9,6¢me Tdre 10.2cm, 9dr.
9.6cme 8dr. 10.3cm, 9dr.
9ebCme, 8dr, 10.3cm, 9dr.
Qe ToMme Tdre 10e3cm. 9dr.
9.8cm, 8dr, 104 3cme 9dre
9eScm. Bdr. 10.4cm, 8dr.
9.9cH1, 8dr. 10.5¢cm. T4r.

10.0cm, Tdx. 10.5¢cm. 8dr,

10.0cm, , 8dr. 10.6cms  10dr,

10,00, 8dx, 10.7Ci, 8dr,

10+ 1cm. Bdrs 1007 cme 8dr.

10.1cHte 8dr. 10.Tcme  10dr.
10a1cme 9dr. 10.8cme.  9dre

2 (Standard Error)

¥ 0.2 ome
0.3 dre
gTe



YEAR-CLASS 23

LENGTH WEIGHT
11e4cms 12dr.
11+6cm, 11dr.
11e7Cme 104,
11e 7o 12dxr.
11.8cm. 11dr.
11.8cme 13dr.
12.0cm. 12dx.a
12.0cme 12dr,
12.0cm. 13dx.
12.0cme 14dx.
12.0cm, 16dra
12.2¢m, 14dr.
1203CHa 14dr.
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TABLE 11. (Cont,)
LENGTH wWeIGHT
12 44ome 16dr,
12¢7Cme 1641,
12.8cm, 16dr,
12+8cme 17dre
12.9cCme 13dr.
12.9¢n. 16dr,
12e9cme 18dr.
12.9¢cme 18dr.
13.0cmy 17dx.
13.1cme 16dzr,
13.2cme 1647,
13e2cme 16dr.
13.2cm, 16dr,
MEAN LENGTH = 1248
MEAN WEIGHT = 1662
= 28,7

i+

p

LENGTH WEIGHT
13«3cm. 18dr.
13+3cm. 18drf
13.3cm. 20dr,
13.6cm, 18dr.
13eTcma 22dr.
13.80m, 20dr.
13.8cm. 21dr.
13e9cme 21dr.
13.9cme. 21dr.
14+0cme 20dr.
14.1cme 21dr.
1dea1cCme. 21dr.

2 (8tendard Brror)

0.3 cme

Tal dre
Ela
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TABLE 11. (Conte)

YEAR-CLASS 33
LENGTH WHEIGHT LENGTH WEIGHT
14 e4ome 20dra 1647cmme 38dr9
14+4cma 22dr. 16.9¢cm, 39dr.
14 edcima 224rs 17+ 0cme 4201,
14+5cme 25dr. 17 « 3cms 45dzr .
14*8cm§ 2401, 17 « 5Cme A0dx,
14»80m§ 2441, 17« 6Cin o 4231,
15.0ce 2481, 17 Tom, 38dr.
16.2¢cme ~ 34dw.

MEAN LENGTH = 16,9 &

MEAN WELGHT = 38,3 %

= 67.8

YEAR-CLASS 43
LENGTH WEIGHT LENGTH WETGHT
19.2cme 5641, 21.0cm., 7241
19+8cms 70dr. 21.3cm. 76dr.
20.4cme. 6941, 2143cme 78dr.
20.4cme 69dre 21e3CHme 78dr.
20.6cme 74dr. 21.5cm, T6dr,
20, Tcme T3dre 21.5¢cm, 86dr.
20.8cn. 7241,

MEAN LENGTH = 21.2 I

MEAN WEIGHT = 80,5 %

= 14245

LENGTH WELGHT
17 +9cme 48ar.
18.0cm. 42dr.,
18.0cm, 45dr.
18.9cm, 53dr.
19+ 1cme 53dre
19.6cm, 54dr.
20.2cm. 68dr.

2 (8tandard Brror)

0.8 cm.

5¢5 dre
gre
LEEGTH WEIGHT
21.6cm, 79dr.
21.7cm§ 98dzr.
22.0cm, 91dr.
22.8cm.  104dr,
22.8cm.  106dr.
23.0cms  103dr.

2 (Standard Error)

0.5 cnme

663 dre

gre



YEAR-CLASS 53

- 70 -

TABLE 11 (Cont{)

LENGTH  WEIGHT LENGTH  WEIGHT LENGTH  WEIGHT
21.9cm.  102dr., 23.3cme  86dr, 24.0cme  123dr.
23.0cme 9681, 23.5cn, 108dr. 24,0cm. 124dr.
23.0cm, 100dzr. 24 .0cne 12247
2 (Standard Brror)
MEAN LENGTE = 23.3 T 0.5 om.
MBAN WEIGHT =« 107.6 % 10.0 dr,
= 190,0 ar.
YBAR-CLASS 61
LENGTH  WEIGHT LENGTH WIETGHT INGTH — WEIGHT
23.0cm.  100drs 24.5cme  128dr. 25.5cm.  142dr,
24.5cm.  115dr. 24.7Tcme  128dr. 26;50m. 16241,
24.5cme  128dx. 25.2cme  141drs 27.0cms  160dr,
2 (Stendard Error)
MEAN LENGTH = 250 % 0.8 cm.
MEAN WEIGHT = 133.8 ¥ 13.3 ar.
= 236.8 8.
YEAR-CLASS T:
LENGTE  WEIGHT
28 ,0cme 17447
28.0cms  198dr.
MIAT LENGTH = 28,0 cm.
MEAN WETGED = 186.,0 ar.
= 329.2 gr.
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