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SUMMARY

This report analyses the value oF statistics collected throuqh the Neul Zealand national
angling diary and postal questionnaire schemes run from 1947 t,o 1967 and complements the
district reports based on these statistics (Graynoth 19?3 a-b, 1974 a-d, Graynoth and

Skrzynski 19?3 a-d, 19?4 a-d). A total of 5,500 diaries returned by freshrirater anglers con-
tained details of 100,000 days angling and 26O,000 fish caught in several hundred üaters
throughout New Zealand. A summary of the basic angling statistics from 129 najor waters ie
included.

The objective in collecting these data ulas to monitor the state of the flish stocks, the
size and nature of the fishing effort and the size and dist¡ibution of the angling catch
using anglínq statistics, This report thereFo¡e contains a detailed review of the variables
which influence angling statistics and the consequent conclusions which may be made from them,

The variables influencing the catch per unit effort of freshuater sport fisherrnen were
classified into those linked to the definition, measurement and relationship between angling
effort and catch and those linked to the characteristics of theanglers, angling regulations,
environment and flish populations, The effect of these variables on the catch per day and

catch per hour rates of diarists was measurad where possibLe. FieId surveys in the ltlellington
District provided evidence for a positive relationship between the densities of brown trout
(5atmo trutta) and anglers'caLch rates. The variables influencing the size of fish caught
and other angling statistics were also studied. There uas no evidence for any national
trends in anglers'catch rates during the Iast 10 years of the scheme (1957-196?) or trends
in the size of fish caught in 20 years (1947-67), It was estimated that changes in catch
rate had occurred in 25%, and in the size of fish in 21/' of the wateæ coveted by the scheme,

A postal questionnaire scheme with personal inte¡vieurs of the non-respondent licence
holders provided strong evidence that the anglers who returned diaries fished more frequently
and we¡e more successful than the average licence holder. This report describes the techniques
used in correcting this bias and other calculation methods used in the reports on individual
acclimatisation districts of Neu Zealand,

It was concluded that the national angling diary schemes could not be used to
accurately monitor the state of the fish stocks because many variables influencing angling
statistics had not been measured and because of the lack of direct studies on the reLation-
ship betureen these statistics and the state of the fish stocks, As problems were also
encounte¡ed in fulfilling the other objectives of the schemes, it was decided to discontinue
them in their present fo¡m.
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I INTRODUCTION

The national angling diary scheme run f¡om 1947 to 1952 uas described by Allen and

Cunningham (tsSz). SimÍlar schemes u,ere run at five year lntervals in 195?, 1962 and 196?,

The objectives of these later schemes were to historically monitor the state of the fish
stocks, the size and nature of the fishing effortr and the size and distributÍon of angling
catch. The objective of the 194?-1952 scheme was to describe the state of these characterie-

. tics throughout Neul Zealand. Because most uratere in Neu ZeaÌand are open for angling only
lrom October to April, the data uere collected by "season" extending over two calendar years
e.g. the first diary scheme covered 5 seasons f¡om 194?-48 to 1951-52. Only the opening year
of each sÉason is mentioned subsequently in thfe text. ïhe 1958 and 1963 postal questionnaire
schemes (seeking information on 1957-58 and 1962-63 angling seasons respectively) urere to act
as a check on the accuracy of angling diary schemea and to provide information on the
expenditure and other characteristlcs of anglers which could not, be othe¡wise collected.

For ease of comparison this report folloûs the format establfshed by Allen and

CunnÍngham (tssz).
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THE BASIC DATA

Col-lection

Similar printed anqling diary forms were used throughout all schemes (see AlIen and

Cunningham 195?, p.1B). These post paid diaries and publicity Ieaflets were distributed
1oca11y by the Acclimatisation Societies to the licence seIIers. Lecture tours and radio
broadcasts were made to stimulate interest in the scheme and to obtain an adequate ¡eturn
of diaries.

Table 1 details the overall results from the va¡ious Acclimatisation Dist¡icts, The

best returns were ín 1962, the decrease in'196? possibly being due to a less intensive
publicity effort during that year. The total reco¡ded angling effort and catch from the
angling diary schemes are shown in TabIe 2. In t,ota1, nearly 5'500 diaries were received
recording '1 00,000 days flishing to catch 260,000 fish.

rA B LE_1

Diaries Returned bv District and Season

II

Dístrict Start i ng
yea r

No. of
Seaso ns

No. of Diaries

1951 -52 1 957-58

Returned until Total
No. of

1962-63 1967 -68 Diar ies

Ashburton
Auckland
Hawe ¡a
Haurke's Ba y

Marlborough
Nelson
North Canterbury
0tago
South Canterbury
Southland
Stratford
Ta ranaki
üJa imarino
lrJaitaki Valley
üJellington
l.ilest Coast
|,[Jestland

1 948
19 48

1948

1 947

1949

1946

1947

19 46

1947

1947

1 957

19 47

1947

1957

1948

1949

1 950

29

105

14

47

14

262

109

452

59

144

0

28

123

0

9B

32

7

19

62

18

44

22

106

?5

290
66

205

14

34

9

56

115

44

I

3?

194

30

'1 33

21

?5

205

344

99

157

12

30

27

105

263

53

16

13

39

14

63

28

91

220

146

38

102

5

17

11

30

101

2

11

98

400

76

287

B5

534

6D9

1,232
262

608

31

189

170

191

577

131

42

7

7

4

o

6

9

B

9

I
I
3

I
I
3

7

6

5

1,523 1 ,197 1,80'1 931 5,442

Questionnaires were sent to approximately 1O/" of Ll'te

Acclimatisation Districts. In 1 963 students of the School
University of üJellington conducted peÌsonal interviews ulith
respondents.

licence hol-ders in a selection of
of Social Science at VictorÍa
the postal questionnaire non-



-4-

TABLE 2

The Total Recorded AnClinq Effort and Catch Durinq the Whol-e period of the Genaral
Diary Scheme

Dis trict Days Hours Undersi zed
F ish

ïakable
Fish

Ret u rne d
Fish Kept

Ashburton
Auckland
Ha we ra
Hawke 's Ba y

fYìarlborough
Nelson
North Canterbury
0tago
South Canterbury
Sout hland
5t¡atford
Taranaki
Itlaimarino
üJaitaki Va1ley
Itlel lington
l,ljest Coast
lrlest la nd

2 )249
6,334
1 ,4'l'1
5,637
1,547
8,852

10,558
23.035
6,432

11,8O2
649

2,277
3,336
4,356
9,31 3

2,455
618

7 ,779
23 '2?7
3,625

16,498
4 ,234

26 ,268
36,194
91,760
21 ,934
41,557
1,573
6 )197
7 ,956

17,982
26,o25

7, 053

1 ,551

996

6,419
555

2,548
155

3,737
3 ,111

28,013
4,532

11,794
114

843
1.362
2.142
3,156

906

65

180

680

104

390

121

822

974

1,777
799

2,525
29

B5

376

664

924

211

29

3,507
1 0, 303

1,995
5,383
1 ,369

1 4,300
11,244
58, 833

1 1,093
2? tB73

698

2,27 4
5,018
5,452

12 ,069
3, 508

681

TotaI 100,960 341 ,463 70,448 10,690 1 75,580

2, A naL vs is

The angling diary data were tabulated by Acclimatisation District
The total angling results for each uate¡ and dist¡ict were then sorted
such as by Índvidual angler, licence category, month or locality of the

and then by water.
in a va¡iety of ways
ulater fished.

Histo¡ical comparisons of angling statfstics were made more complex by the changes in
analytical techniques. The diaries from 194? Lo 1949 had been tabulated by hand. The
information from'1950, 1951 and 1957 was punched on power Samas cards and f¡om 1962 and 1967
on I'B'fr' cards' To assess historical trends manual extraction oF some data was required From
the basic machÍne or computer tabuLation. The appropriate statistical tests were applied
using a proglamable calculator. The 1962 and 1967 data have been stored on magnetic tape for
future computer analysis.

The analysis of the angling diary data was time consuming despite the lou retu¡ns of
diaries' Fo¡ example, in 1962 some 50,000 computer cards had to be coded, punched and
checked' The hasic tabulations oF the 1962 and 196? angling diary schemes u,ere not completed
until December 19?0. For the angling diary scheme to act as an efficient monitoring scheme,
determining trends as they occurred, this uas a se¡ious deray.
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III THE STATE OF FTSH STOCKS

1, Rate oF Catch

Anglers' catch rates were measured in order to assess historical trends in the quality
of the fishinq and the density of the fish stocks. Catch rates are hourever very variable
and can be influenced by many factors. It was therefore necessaly to carry out detailed
studies to determine urhich factors actually caused the changes found in dia¡ists'catch
rates through the years.

(") Class ification of Variables

No comprehensive revieus have been published on the factors urhích influence
anglers'catch rates. In recent years many detailed studies of the factors
which influence marine commercial catch per unit efflort statistics ulere

published e.g. Gulland (1964b). Some of these factors are fairly similar to
those influencing anglers'catch rates but in general the classification systems

and mathematical models cannot be directly applied.

Al-so, the results of the extensive studies of the relationship between

catch rates per unit effort and important fisheries parameters such as density'
mortality and exploitation rates (e.9. Ricker 1940 and'1958) cannot be directly
applied to catch rates derived from the angling diary schemes. The preliminary
assumptions in these studies are rarely met by the angling diary data. In

particular, the effectiveness of the unit ofl effort is not stable, being

inflIuenced by a large number ol variables.

The variables have been divided into specific ones and those which are

derived from an accumulation, or combination' of specific variables. Classes of

specific variables are those due to the definition, measurement and relationships
between angling effort and catch and those due to the specific characteristics
of Èhe anglers, angling regulatioos, EFrvironment and the fish populations,
Combination variables occur when anglers'catch ¡ates are subdivided in a

general uray such as by individual water, locality, year' season' individual
angler's results or angling method.

It is hoped that the majority of variables influencing trout fishermen's
catch rates have been listed but no doubt some remain to be identiflied. Sone

variables such as individual angler's skiIl are diflflicult to quantify and it
is only possible to use some other quantity as their measure, Anglers'
experience in years, angling effort per season or licence category can act as

useful measures of skiII. 0ther variables can only be measured in qualitative
terms such as angling methods.

( ¡) fïeasureme!_q of Anqlinc Ef f ort

In any catch per unit effort study it is essential to measure the unit of

effort as accu¡ateIy as possible. The unit of effort used in the angling diary
scheme was time. As a general rule the difficulty of accurately measuring it
decreases as the time unit increases in Iength. Houever, it is desirable to
have the smallest practicable unit of time to obtain the best relationship
between effort and catch.

0ccasionally, angling effort has been recorded as a unit of six months or

a season. This unit is an inexact measu¡ement of effort, and catch per season

rates are only of limited vaIue. lYìany angling studies have used the angling
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day as a unit of effo¡t, However, angling days are
greater precision is required such as the hour. The

accuracy of the number of days recorded in voluntary
questionnaire schemes.

of different lengt,hs and often
follouing variables influence the
angling diary and postal

Diarists tended not to record the days urhen they were unsuccessful at catching
fish (A1ren and cunningham 1957, p.32), Some anglers noted that their
diaries ulere incomplete records. The importance of this variable can be measured by
comparing the daily catch frequency distributÍon with that produced by a J.og (n+2)
distribution (R1len 1955). A Iower than expected number of ni1 bags urould indicate that
anglers had not recorded their unsuccessful fishing days. tlhere evidence existed that
a diary contained inaccurate ¡ecords of angling effort, these results were coded as
incomplete and analysed separately.

These results can stil1 be used for historical
al-1 the unsuccessful days físhing and only comparÍng
caught fish. This procedure ulas used in a Tasmanian
1es?).

and other comparisons by excluding
catch rates on days when anglers
angling diary scheme (NicholIs

(")

The numbe¡ of days fishing per annum recorded in postal questionnaire schemes
shoned a selection of even numbers and of the numbers 5, 10,20,30 etc. If sufficient
results a¡e availabLe this bias should have no influence on the mean effort.

The unit of effort ulas also ¡ecorded as the hours spent angling per day.
Variables influencinq this statistic are those due to the definition of angling time
during the day and those due to the inaccu¡ate recording oF this unit of effort by the
diarists. In the scheme, angling time was defined as the difFerence betuleen the
commencement and completion of angling, except when anglers specifically excluded some
of this. Anglers will however differ in their intensity of angting (in trre sense of
their rate of casting and time taken to play and land a fish) and in their length of
rest periods (e.g. Grosslein 1961, Di Costanzo 1956). Va¡iations r¡riLl occur depending
upon what angling methods are used (A11en and Cunningham 198?, p. g0).

It ulas noticed that diarists recorded thei¡ effort to the nearest half hour,
The actual accuracy of diarists' estimates of.time spent fishing has not been checked
in Neu ZeaIand, but Johnson (1956) found that in 1,?00 days angling the anglers'
reco¡ds of the mean length of angling day u,ere only 0.007 of an hour in erro¡ from the
actual time ¡ecorded by rangers. In another study 44 anglers overestimated their daily
fishing effort hy 11/" (Edwards 19?'l). IndivÍdual- diarists may have significant
systematic e¡ro¡s Ín their estimates.

Therefore' catch per hour rates should only be compared betueen records de¡ived
from either one or a good selection of anglers,

Lenqth oF Anqlinq Dav

This va¡iable can hava a very important influence on catch per day and catch per
hour rates. [tlhen comparisons are made between catch per unit effort ratios col]ected
from creel census or angling diary schemesr the effect of this variable should always
be assessed.

In the angling diary scheme' as only the tot,a1 hours and total catch per day urere
recorded, no information r¡as available on the rates at uhich fÍsh uere caught during
each day's fishing. Al1en and Cunningham (195?, p,23) sorted angling results by the
length of angling day. As r¡¡ouId be expected, they found an increase in the daily catch
as days of greater length were considered. However, catch per hour ¡ates decreased for
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days of greater length i.e, the catch uas not directly proportional to the time spent

fishing per day. For example in the fYlataura River angle¡s who fished turo hours per

day caught on average 2.6 fish (f.S fisn per hour), anglers who fished eight hours

caught 5.1 fish (O.gS ¡ish per hour), a decrease of 0,45 fish per hour. This decrease

in catch per hour rate was unaffected by differences between individual anglers'
methods, waters or time of the day fished. Similar decreases were found in angling
competition results.

It was suggested by AlIen and Cunningham (195?, p, 27) LñaL this decrease in
catch per hou¡ rate uras caused by several factors, such as a decrease in the anglers'
concentration and energy and an inc¡ease in rest periods during longer fishing days.

In three creel census schemes examined, no uniform relationship uras found betuleen

anglers'catch rates and Iength of lishing day. Results from a Tongariro River creel
census in 1954 shouled little change in catch per hour rates u¡ith longer Fishing days

(fiS, 1(b)), In a Lake Hauea creel- census anglers who fished for two hours per day

had exceptionally high catch rates (Fig. t (") ). Creel census records of the
[Jaitaki River salmon fishery showed that anglers who fished for over six hours per day

had very high catch rates (Fi9. t (") )'

The influence of the length of fishing day on catch rates has also been

investigated overseas. For example, catch per hour rates decreased as longer days

were fished in Spirit Lake and in lrlest 0koboji Lake (Rose 1956). Di Costanzo (tSS0)

also found ma¡ked differences in catch per hour rates between incomplete (short)
days and complete (long) angling days. These diflferences were affected by the season,
angling rnethods and species of Fish caught.

The effect of the length of angling day can be removed by two analysis
techniques, Catch rate ratios can be compared between samples of equal day length,
but this will reduce the data available and consequent statistical significance of
any difFerences measured, Alternatively, catch per unit effo¡t ratios can be rejected
and comparisons made of the relationship between the length of angling day and catch.

In the angling diary scheme there was a linear increase in catch with increasing
day length, ltJith sufficient information, angling days of equal length can be grouped

and the mean catch plotted against day tength (e.9. A11en and Cunningham 1957. p,24
and 26), [lhere there is less information or where greater accuracy is required, the

individual day results can be plotted as in Fiq. 1(a) (fo¡ this it is qenerally
necessary to normalise the anglers'dai1y catch dist¡ibution by Ìog (n + 2)).
Regression lines can then be calculated and the significance of diffe¡ences in catch
rates at diffe¡ent day lengths assessed.

In tha angling diary scheme, the influence of this factor varies between waters.
For example in the Taieri River (A11en and Cunningham 1957, p,24) accurate catch
rate comparisons can be made between catch per day tates, but not catch per hour ¡ates.
ftlost commonly changes in the length of angling day have the greatest effect on catch
per day rates.

An increase in the accuracy of catch per day and catch per hour results ulould

be expected uhen the Iength of angling day is taken into account. This increase was

measu¡ed fo¡ the fYlataura River results shown in Fig, 1(a). After transformation of
the catch by 1og (n + 2) and calculation of the linear regression line, 95fi confidence
Iimits of the mean catch per day rate were reduced from + 16,2/" to + 1 4,5/" and fron
- 14.5% to - 13,1/" L.e. a smaII increase in accuracy when the length of angling day

was taken into account. In other samples where the regression line had a steeper
sIope, a larger increase in accu¡acy uJould be expected.
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In the analysis of the results of the angling diary scheme, it was not practicable
to historÍcal1y compare the relationshÍp betureen length of angling day and catch
instead of the catch per unit effort ratios, In the technicaL reports describing
district trends usually only the catch per unlt effort rates from samples with similar
average day lengths were historically compared.

(¿) flleasure4e11t ql Çatqh

In the calculatíon of catch rates in the angling dÍary scheme, the catch uras deFined
as the total number of fish over the sÍze Iimit r¡lhich uere caught. In a feur waters the
catch contained an apprecÍab1e numbe¡ of fish urhÍch urere rejected by the anglers and

. returned to the water.

Small random errors may occur due to anglers incorrectly measuring and recording
whethe¡ fish wete over the sÍze limit or not.

In some areas catch ¡ates are subject to errors due to the catches of two or more
species of Fish. Anglers did not state in the angling dÍary scheme which species of
fish they were fishÍng for and the total catch of alI species was used to calculate
catch rates. llhere there are larqe dilferences between the catch rates for indÍvidual
species, catch rates will vary erratically due to the proportion of anglÍng effort
devoted to each species. This is a serÍous erDo¡ ulhich cannot be easily compensated
for in angling díary results. Because of this facto¡, the catch rate ¡ecords from the
sea ¡un quinnat salmon and brown trout river fisheries of t,he Canterbury Plains are of
little value.

In some creel census schemesr such as those run at, Lake Coleridge, it is possÍble
to distÍnguish which fish anglers are seeking and hence categorise angting effort by
species (m. ftain pers. comm. ).

Annual catches u,ere recorded by anglers in the postal quêstlonnaÍre schemes, Even
number sefection and selectfon of 10's, 20's etc. is apparent in these results. If
sufficient resufts were collected, catch ¡ateE should be subject to little error due to
this factor.

(") þgIers' AnnuaI Ef fort

It urouLd be expected that anglers r¡ho fished often during a season uould have
higher catch rates than those anglers urho fished infrequently. Keen anglers uould
have a greater experience of a wate¡, be in practice and generally be more skiIlful.
AIso anglers urill tend to continue fishing only Íf they are successfuf.

This hypothesis uaE fÍrst examined for the Þomahaka River in 1962 and it was found
that anglers who fished over 14 hours per season had very much higher catch per hour
rates (Tab1e 3). A detailed study ulas therefore made of data collected from the
lYlataura River by 0tago and Southland diarists fn 1948, 'l'949, 'l.962 and 1967 ín o¡der
to accu¡ately measure the importance of this variable and thc influcnce of diffc¡ent
years and diarists' origins upon it.

Individual diarists'annual catches were plotted (Y axis) against their annual
effort in days or hours. It uas necessaDy to transform the anglers'effort and catch
by Log (n + 2) to obtain normally distributed annual effort and catch frequency
distributions. Linear regression equations urere then calculated to obtaÍn estÍmates of
the average angler's catch and hence catch rate at drfferent annual effo¡t values.
Fig. 2(a) demonstrates the adequacy of the t¡ansformation and the lÍnearity of the
relatÍonship for some typical ¡esults.
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TABLE

Rela!j¡¡S-bjp--Þ.etueen Annual Anqlinc Effort and Catch per Hour Rates for the

Pomahaka River in 1962-63::

Hours per Annum Number of Anglers fYìean Hours Catch per Hour

1

7

14

32

16

21

16

17

6

11

22,5
105. 5

4,41
B,?9

18. 47

52 ,68

o,47
0. 48

o,72
o.77

In 15 out of the 16 regression 1ines, the
(fanIe 4) . In four, this difference from 0 was

clear evidence that diarists who often fish the

than those anglers ulho fish infrequently "'g'

intercept on the Y axis was negative
signiflicant at the 95/' 1eve1. This is
fIataura River record higher catch rates
ris. 2(b),

TABLE 4

Value of Intercept on Catch Axis ofl the Linear Relationship between Loq (catch + 2l

of Annual Catch and Loq (effort + 2) of Annual Effort in Hours and Davs for Otaco

and Southland Diarists Fishinq the fYlataulq River

Da ys Hours
Yea r

0taqo Southland 0tago Southland

1948

1949

1 962

1 967

+ 0. 06

0. 0'1

0. 04

U. JÞ*

Signiflicantly From 0 al. the 95/"

- 0.07
- o.12
- 0, 16*

- o,27

different

o,02
8,26
0. 16

o ,27

level

o,72x
D.20

0, 16

o. 41*

Typical linea¡ regressÍon statistics - 0ta9o diarists' annual effort

(oays + 2)

in days

lYlean Souare

0. 039

o,o72
0. 068

0.055

Yea r
1948

1949
1962

1967

Log (catch + 2 ) = 0.06 + 1.34 Log

= - 0.01 + 1,43

= - 0.04 + 1.30

= - 0.36 + 1,52 tl
il

The value of the intercePt
origins of the diarists. It is 

'
influence diarists' catch rates

was not sÍgnificantly influenced by different years or the

the¡efore, stlongly sus-pected that this variable uiiII
from all waters and in all Years.

Historical or other comparisons of diarists'catch rates should allour for this variable

if the influence of other variables is to be accurately measured. Historical comparisons

can be made by assessing the differences between samples by covariance analysis. This

technique however is useful only if there is no historical bias in the spatial
distribution of anglinq effort and other variables. It should not be assumed that no

bias occurs just because a large sample of diarists'results ulas collected. [Jhere bias

eXists, comparÍson of samples using transformations and mUltiple covariance analysis

becomes very unwieldY.
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HistorÍcal dlfferences Ín the values of the intercept and slope oF this
relationship can also lead to the complex situation shor¡rn in Fig. 2(b) where catch
¡ates of infrequent anglers we¡e Ioue¡ in 1967 than in 1962 Éut catch rates of keen
arrglers were hlgher 1n 'l 96'/ than in 1962,

An important result of this Linea¡ regression analysis technique is that diarists,
results can be used to predict the catch rate of the average Licence hoLder who
generally fishes less frequently. The average licence holder's catch rate is a valuable
statistic used in calculating the annual crop from a given water. Howeve¡, accurate
estÍmates oF the annual efFort of the "average" licence holde¡ on specific waters are
not available at present, records only being availabte for individual acclimatisation
dÍst¡icts.

Creel census r€suIts and angling diary catch rate results could be combined if
the creeL census ranger recorded or calculated the numbe¡ of days per season the
average licence holder spends fishing each uate¡. This could be a valuable technique
in situations where it is relatively expensive to collect creel census records
compared to angling diaries.

(f) Anqlers' Skitl

In these analyses an individual's angling ski11 is regarded as the sum of four
components. Firstly, his angling experÍence and knowledge of uraters he fishes.
Secondly, his physical attributes which affect his angling ability and catch. Thirdly,
his intensity of angling eflfort such as the number of casts per hour and finally
his urish and desÍre to catch fish.

That anglers differ in skitl is a well knourn fact. But in previous studies the
influence of skill on catch rates has been rarery separatecl, or measured, from that
oF other factors such as angling methods or angling localities. The studies of
shetter and Alexanaer (t965) urere the exception and showed significant differences
between anglers Ín thei¡ ability to catch trout. Probabty the best evidence, that
skilI is an important variable influencing anglers'catch rates, comes from the
results of European Coa¡se Fishing Competit,ions such as those detailed in the weekly
paper the "Angling Times". In many of these competitions anglers fish equidistantly
along a unÍform stretch of water for set periods of time using similar methods.
Differences Ín anglers'catches ate mainly caused by diffe¡ences in angling skiII,
and diFferences in the fish population and local environment. As some anglers
consistently record better catch rates than othe¡s, one can safely conclude that
this Ís due to a difference in angling skilI.

In Neur Zealand again the best availabte evidence of the influence of angling skil
came from the results of angì.ing competitions. DetaÍled results were available for
competitions held in 1948-50 on the flataura River in 0tago District. In twelve
hours angle¡s' using a specified method, attempted to catch the highest weiqht of
brown trout. Diffe¡ences between anglers in the total ureight of fish caught we¡e
the¡efore caused by dÍf'ler'errues irr anglers'sktIl or by the characteristics of the
locality fished. ConsÍstent difFerences between anglers in individual competitions
will only be caused by differences Ín thefr skill urhich include the ability of
individual anglers to select the best Iocalities.

The ¡esults oF five anglers who fished in fíve competitions u,ere serected for
study (Table 5). A two way analysis of variance shoured that the anglers did difFer
in their skill and that this uras highly significant. Additional evidence that
angling skÍrl has an influence on catch ¡ates u,as also obtained from a detaired study
of two anglers' records From the lYlataura River in the 1948_1950 seasons.
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TABLE 5

Souare Roots oF Total l,rleiqht of Brown Trout Ca'cht bv AnqIel= in
Comoetitions 1 9¿8-50

Competition Number (B am to B Pm)

Angler
Num be r

1

2

3

4

5

;

Source of Variation

Competitions
Anglers
Error

12

3 2.63
4. 53 2.97
4,37 2,66
3 ,24 2 ,97
3.35 2,66

3.?O 2,78

Deorees oF Freedom

J

4.58
5. 55

3.21
3. 10

4 ,67

4.22

4

4,69
6.51
2.74
4.16
6. 05

4 ,83

5

4,24
4 ,36
o ÉÊ

3.28x
4 .56

3. B0

;
3. B3

4,78
3.11
3. 35

4 .26

3, 87

!
4

4

15

4,41
3. 45

x ¡t¡ issing data estimated by method of Snedecor 1956' p' 310'

Angler A fished for 48 days at an averagB catch rate oF 0.65 fish Per hour, 4'1 fish
per day. Anqler B was more successful and fished for 41 days at an averaqe rate of '1,48 fish
per hour, 4.3 fish per day. The significance of angler's B higher averaqe annual catch

was assessed by covariance analysis so as to exclude the eFfect of the Factor of length of

angling day on catch rates. Each angler's daily catch (n) was directly related to the

hours he spent fishinq per day (H) (Figure 3). The regression Iines were similar in slope'

identical in variance but signiflicantly different at the 99,5/" Ievel in elevation. Therefore

the higher catch rates ofl angler B are independent of the length of angling day.

The higher catch rate of angler B can stiII be caused by a variety ofl variables. Both

anglers had a similar distribution of anqling effort throughout the season, angler B having

higher catch rates, using minnou techniques in 0ctober, November and February' and also

having a higher catch rate using artificial fly techniques from December to ApriI. It is

the¡efore concluded that the differences in catch rates shot¡ln are very probably due to

differences in anglers'skill, urhich incLude selection of the best days and localities to

fish. However, the possibility that differences a¡e caused by inaccurate eFfort and catch

records cannot be completely excluded,

0ther evidence which indicates that catch rates are affected by differences in anglers'

skill comes from various sources.

Anglers recorded a highly significant Íncrease in annual catch rates urith increasinq

angling experience in a 1962 postal questionnaÍre scheme run in üleì-lington Acclimatisation

District (taUfe e), This inc¡ease is probably due in part to an increase in angling skill
although the influence of other facto¡s such as selection of the best waters cannot be

excluded. The anglers'age or occupation did not appear to have such an important influence

on catch rates in this scheme (TaUle 6).
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TABLE 6

District 1962-63

0ccupation tt;lro"" 
A se

Fish per Years Fish per
Day Angling Day

Professional
fTl ino¡ Business 0.55

0.50 Under 20 0,62 1 0.22
2 0.30

3 - 4 0,41
5 - 7 o.?5
B - 10 0.59

11 - 19 0.38
20 - 29 0.60
30 - 39 1,39

Clerical
Fa¡mers
Skitled
Semi-skilled

Sample size

20s 0. 39

30s 0.84
40s 0. 75

50s 0.45
60s 0.99
7D+ 0.78

0. 38

0. 87

o.7 4

1 .01

248 4D+ 1 .78

Itlen who bought ulhole season angling licences consistently recorded higher catch rates
than women, children, or short term licence hoLders (taUfe Z). These higher catch rates again
are probably due in part' to these anglers having higher anqling skill than other ricence
holders.

ru,lEJ
Averaqe Catch (fish per davl of ulellinqton Acclimatisation Dist.rict Licence Holders 1 962-63

LÍcence Type
llhole Season

Ha 1flYlen Women Children Season ItleekJ-y
Anolino
Reii'on-

ülellington DÍstrict
0ther Areas
Sample Size

0,6? o,42 8.19
1.22 0.08 0,11
259

o.28 0. 18

It u¡as also calculated that anglers who retu¡ned angling dia¡ies or postal
questionnaires in ttlellington District in 1962-63 were on average significantly more
successful than those anglers who did not reply (raure g). Anglers who returned these
diaries may well have ¡ecorded higher catch ¡ates because they were more interested in the
sport, more skillfuL and had greater anglfng experience (Table g).

ThÍs urould indicate that Allen and Cunningham's (195?, p, i1z) suggestion that diarist,s
catch rates arB typical of the average licence holder is incorrect. If this Ís so the
total crop estimates for 1951 -sz (p. 1s3) wfll be overestimates.

As anglers differ in their skill, anglers, catch ¡ates can be affected by seasonal,
geographical or historical changes in skill.
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TABLE 8

Catch Rates Regorded bv Wellincton AccLimatisation Dist¡ict Anqle¡s in 1962

Data Collection
5 cheme

Number
of

Anglers

Fish per
Day

Itlellington
Fish per
Day 0ther
Areas

Anolino
ExoËrieice ..Age

V"u"= Years

Angling diary
Questionnaire respondents
Diarists uho responded to

questionna ire
Questionnaire non-respondents

interviewed
Estimated Average fTl.W. S.

Licence Holders
( from questionnaÍre)

148

B6

32

173

259

1.10
o,77

0. 95

0. 61

o ,67

1 .52
o.92

1.07

1 ,43

1,22

21 ,6

13 ,6 41 ,4

47

It is possible that catch rates at popular holiday resorts may decJ.ine during the
holiday periods due to the visitors' lack of skill and knowledge of the waters. GeographÍcat
differences in skill were suspected by AlLen and Cunningham (1g57, p, 29) who consÍdered thatanqle¡s from the south canterbury, lrlaitaki, 0tago and southland districts had a higher level
of angling skill than others.

It is strongly suspected that
throughout the period of the angling
variable inFluencing the catch rate
hypothesis is only circurnstantial as
the years.

historical changes in angling skill have occurred
diary scheme and that this has been a significant

recorded by diarists. The evidence, however, for this
no records were kept of the diarists' skilt through

Annual angring licence sales remained stable for many years until 1952 when there urasa nation wide upsurge of Ínterest in fishing. It is hiqhty J.ikely that these new licence
holders would have had less angling experíence and skil1 than licence holders in previous
years' Therefore diaries returned in the years 1952 to 196? nay have come from anglers
who had a louler dBgree of skill than in previous years. This was also suspected to have
occurred in a Tasmanian angling diary scheme (Nicnolls 19bgr p. 40).

There is also a strong possÍbitity
diaries in the past became disilLusioned
later years. The arithmetic mean catch
by the removal of one or two of the most

that the keen and successful anglers who retu¡ned
with the scheme and did not return diaries in

rate of a sample of anglers can be severely reduced
successful anglers' results.

Also the¡e may have been a change in the anglers'attitudes to fishing over the past
twenty years' It is suspected that the¡e has been a reductÍon in the urish and desire of
the average angler to catch a 1arge number of fish. lllith the increase in the standard of
1ivÍng, it is possible that anglers are Iess conce¡ned ulÍth catching large numbers of Fish
to eat' There may be increased emphasis on angling as a recreation using sporting methods
atrtJ Iight tackle to catch relatively feu¡ trout of larqer size. This opinion is also
supported by Hobbs (19æ, p. 110).
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S) Anclinq Leqislation

Legal restrictions on angling methods¡ size and number of fish ulhich can be taken
can also infLuence anqlers'catch rates, ALIen and Cunningham (tSSz, p. 133) reviewed
the effectiveness of various angling methods and shoured that no methods were
consistently or markedly more successful than others in aI1 ulaters. Howeverr sotTìê

methods are consistently better in specific trtaters and histo¡ica1 and other
comparisons should ideally be made only betuieen similar angling methods. Difficulties,
houreverr cârì ârise through historical t¡ends in the quality and effectiveness of the
angling equipment available. Light and strong fibre glass rods together with plastic
fIy Iines and nylon casts have replaced split cane rods, silk lines and gut casts used
twenty years ago. Ït would be expected that these trends should increase catch rates
nowadays,

The influence of size limits was assessed by AlIen (1954), The effects on
anglers'catch rates can be assessed by a study ofl the length frequency distributions
of the trout caught. The influence of daily baE limits on anglers'catch rates can
be assessed from AIlen (tSSS). It uras shourn that in most districts the bag Limits had
littte effect on anglers'catch rates (A1len and Cunninqham 1957, p. lt27).

(t') Environmental Variables

0ver 1'100 waters, ranging in size from tiny brooks to Lake Taupo, uJere recorded
as being fished by anglers in the national anglinq diary scheme, Tlrere is a great deal
of variability betureen these waters in their basic physical, chemical and biotogical
characteristics and this must affect the rate at uhich angrers catch fish. Superimposed
upon these basic characteristics ale those environmental variables which fluctuate with
time such as Iight, temperature, eutrophication etc, A short list of these environ-
mentaL variables ulhich may infLuence angfers'catch rates is given in Table 9,

TAE-Lg-9.

Some Environmental Characteristics ofl Trout llaters which mav Influence_Anqlersj
Catch Rates

Geographical:

Physical:

Temperature, wind, rainfaII, tight, barometric pressure.

Chemical:

Biological:

Accessibility to anglers and amount of anqling obstructions and

snags. ttlater depth, uidth, slope, flou, substrate composition
and size. Temperature, thermocline and turbidity.

0xygen concentration and degree of pollution and eutrophication.

Riparian vegetation, aquatic macrophytes, algal blooms,
invertebrate and fish population characteristics.

Due to the number and compl-exity of the environmental variables there have been

no catch rate studies uhich have defined the relative importance of aI1 these va¡iables
on catch rates. However, some studies have attempted to define the effect of speciflic
environmental- variables such as temperature.

Catch rates recorded in the angling diary scheme were positively correlated with
the logarithm of the daily mean temperature during the fishing season in consecutive
years (AIten and Cunningham 195?, p. 74). It was suggested that the relationship found
u,as morB J.ikety to arise from the influence of the uleather conditions during that
season or the suitability of conditions for angling than from temperature effects on
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the size of the fish population. 0verseas studies of the importance of temperature
have shourn conflicting results depending upon the species of fish. For example, catch
rates for brook, rainboul and brown trout Fisheries in Sagehen Creek in CaliFo¡nia
increased during t,he season as the stream temperatures rose (Gard and Seegrist j972).
In another study catch rates for coatse fish decreased as the temperature inc¡eased
(Lux and Smith 1960).

In the analysis of historicaL trends in catch rates recorded by the angling
diary scheme, the influence of historical changes in envi¡onmentaL variabres could
not be assessed as the environmental variables had, in general, not been rneasured.
These environmental va¡iables must also contribute significantly to the differences
in catch rates recorded between different waters.

Fish Population Characteristics

Behaviou¡

The behaviour of the prey has a marked effect on anglers'catch rates. sarmonid
behaviour is influenced by many factors such as the size ofl fish, densities and
seasonal effects. In many cases there ara great behavioural diflerences between
species or strains of salmonids which affect angJ.ers' catch rates (e.g. Alexander and
shetter 'l 969, calhoun i 966, Flick and lrlebste r 1962, Hunt and Jones 1g72) .

In Nerl Zealand the situation is fairly simple because only a few species of
salmonids are present. The low volume of hatchery liberations also reduces the
variety of strains which may be present in individual- uaters.

scientific observations on the behaviour of salmonids in New zealand ulaters arevery limited' In the summers of 1971, 1g72 and 1973 skindiving observations were
carried out on the brown trout stocks of t,he Hutt and 0taki rivers in Uellington
AccIÍmatisation District. In general, during the day, brown trout of alr sizes
remained close to the substrate or cover. In pooJ.s fish ofl simirar size formed
sloul moving shoals uhilst in rapid water fish remained as stationary individuals.
In Feb¡uary 1971 similar observations of the rainbou¡ trout stocks of Hauke,s Bay
rivers showed that rainbow trout of all sizes formed free swimming, actively moving
shoars in the mid water. smarr rainboul trout of ress than 20 cm in length shoaled
in pools in side channels of the braided rivers, whilst larger trout shoaled in
rapids and pools in the main channel

0bservations have not been mad€ on New Zealand ¡iver duelling brown and rainboul
trout under other environmental conditions or where mixed stocks occu¡. The
obse¡vations above indicate that in a river, where equal densities of both species
were present' anglers using spinning or wet fIy methods ulouLd generally cast their
bait closer to a rainboul than a bror¡n trout. As it is also thought that rainbow
t¡out are more "aggressive" feeders than brown trout it is quite possible that up to
10 rainbor¡¡ trout couLd be hooked for every brown trout under these circumstances.
Under other environmental conditions and using other methods, such as dry fly, this pro-
portion could be reduced and even possibry reversed. In general, houevar, it is
probable t'hat rainboul trout are easier to catch than broun trout in rivers (Needham
1938' schuck 1942). rhere is no information on sea run quinnat salmon.

0bservations have been nade on the behaviour of brou,n and rainbow trout and land
locked quinnat salmon in Lake coleridge (m. rrain pers. comm.), There, quinnat salmon
are mo¡e active than rainbow trout which in turn are more active than b¡own trout. A
description of the reration between behaviourar effects and other factors affecting
anglers'catch ¡ates in New Zealand lakes has yet to be published. It Ís suspected
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that rainbow t¡out are easier to cat,ch than brouln trout in 1akes, For example in
Lake Roto¡ua in the early'1960's far more rainbow trout were caught than brown trout,
even though both species were present in approximately equal numbers:in the major
spaurning run (unpublished Internal Affairs reports), Because of this low utilisation
of brown t¡out, thei¡ numbers were systematically reduced by removing adults from
spawnrnq run5.

A similar situation also exists in Lake Taupo, whe¡e the percentage of brouln trout
present in the spawning runs is significantly higher than the percentage taken by

anglers (Cunningham 1 960).

In the anglinq diary scheme the influence ofl fish behaviou¡ was reduced by

comparing where possible catch rates ofl one species of salmonid. Histo¡icaI changes
in strains could have occurled and it is feasible, due to heavy angling mortalÍty in
some waters, that new strains have evolved uhich are less catchable than original
strains.

5 íze

The influence of trout size on anglers' catch rates is surprisingly complex and
due to a lack ofl direct experimental records no comprehensive statement can be made.

In any trout fishery anglers'catch rates of larger trout will be increased
firstly by the aggressiveness and greater food intake of the larger t::out, secondly by

the larger trout selecting the best position in the water and thirdly and most
importantly by anglers selecting the rnethods and techniques ulhich Lr¡iI1 catch the largest
t rout .

Catch rates, houlever, wilL be decreased firstly by the larger trouts'caution
(i.e. tneir knowledge of the natural food and memory of previous angling experiences),
secondly by regulations prohibiting Iive-bait and spinning methods which are effective
against large piscivorous trout, thirdly by the greater ability of large trout to
escape after hooking, and finally by the lower abundance of large trout.

Alten (1963) found that in the Horokiwi Stream the lenqth frequency distribution
of anglers'catches fairly closely resembled that of the actual population when fry were

excl-uded i.e. trout size had no overall effect on anglers'catch rates, In the
IYlotueka River he found the anglers'catches to be deficient in small brown trout urhich

indicated that a selection of larger fish uras taking place there, The actual
population was assumed to contain fish of small size. Recent electric fishing su¡veys
revealed large numbers ofl small fish in the upper spawning tributaries of the
fYlotueka River and suggest the possibility that the Iower waters fished by anglers contain
feur fish of this size. It has also been shown that, in some South Canterbury rivers,
as in the Horokiwi Stream, the size distribution of flish caught by anglerswas very

similar to the size distribution of trout present in the population when fry urere

excluded (Graynoth and Skrzynski 1 973c).

An exact assessment of the relationships betueen the si-ze of trout present and that
oF trout caught by anglers in different water types could be of great value' as it is
conside¡ably easier and cheaper to collect length frequency information from angling
diaries than by more direct means. Alternatively, if it can be shourn that larqer trout
are easier to catch than small trout at similar densities, there may be merit in

reducing trout densities ulhere trout are small and abundant. This should increase the

average size of trout present, The increased catchability of these larger trout should

then compensate for the lower densities and catch rates may remain stable, uhile the

size of trout and the weÍght of the anglers'daily bags would be increased.
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In lakes, uhere the uhote population is subject to fishing pressure, there seems
to be little doubt that anglers catch the Iarger Fish From the population. In
Neu Zealand this appears to be so in Lake Alexandrina (Graynoth and Skrzynski 19?Sc)
and in Lake ltlarymere (Hobbs 1948, p. 3B). In CaliFornia's Convict Lake, anglers
caught more rapidly 8-8.9 inch hatchery reared ¡ainboul trout than Z-2.9 inch trout
(Eutler and Borgeson 1965), liberated Ín equal numbers so that differential natural.
mortality effects were negligibte. In the angling diary scheme, as it seems Iikely
that differences in the size of trout caught u¡itl have little overall effect on
anglers' catch rates. this factor uas not considered to be very important in
historical comparisons .

5ex

No detailed studies have been made on the infLuence of behavioural differences
due to sex of the fish on anglers'catch rates. In Lake Alexandrina it was found
that male rainbour trout ulere more freely caught by anglers at the beginning of the
season in the ¡atio of 2.5 mafes to one lemale (lYloore et a1. i962), Ihe loul absolute
number of males in this lake may have been caused in part by this difference in
catchability.

'Food Suoolv

Trout appear to be more catchable when they are feeding heavily and are in
qood condition but conflicting results have been reported and it probably depends
on the abirity of the anglers to accurately immitate the naturar food. 0uinnat sar-mon
do not feed during their spawning runs but stilr take anglers'bait.

Spatial DistrÍbution

Fish populations are generalJ.y aggregated into shoals and their distribution
in space can be described by a negative binomial distribution (Lambou 196g), It is
probable that angle¡s do not cast in a random fashion throughout a water but give
high coverage of localities where flish are expected and l-ow coverage elsewhere, The
basic interaction of these turo aggregated distributions appears to result in the fish
not being caught at equal time intervals (Alten 1955).

[lhere the spatial distribution of the fish becomes more random it could be
expected that this va¡iabIe would be of lesser importance. Catch rates r¡rouLd then
shou Iess variation. For further details of this effect in ma¡ine fisheries see
Ande¡sen (1964).

Shoaling may have a direct influence on cat,ch ¡ates obtained by different
angling techniques. Higher catch rates using dry fly techniques would be expected
ulhere the fish urere uniformly spaced and where the hooking and landing of individual
fish r¡¡ould not disturb others. However, shoaling may increase catch rates uhere the
fish are invisible and the anglers'searching time is reduced by past knowJ.edge of
the fish behaviour in a particular environment. For details of the inter-relationship
between searching time, fish shoaling and catch rates see paloheimo and Dickie (lgøq),

Densitv

Studies of the relationship between catch rates and trout density have important
implications in the calculation of the optimum yietd which can be taken from a t¡out
fishery. fTlost studies have assumed that the catch per unit effort is directlyproportional to the population si2e. However, optimum yierds or "satisFactory angling
success" for anglers may only be obtained at popuration levels substantiatly above
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those necessary to yield a "maximum sustained yieId" (Radovich 1

rates ¡emain stable white the trout population density declines
severely over fish the stock.

973), Also if catch
it may be possible to

This ¡elationship is also important because the majority of trout management

practices are aimed at maintaining or increasing the trout stocks. If it üras shown

that large changes in stock densitres have little effect on anglers'catch rates'
the value of many fisheries management practlces would be open to serious question.

Anglers'catch rates have been accurately related to trout densities in only a

Fe¡ studies. This is generalty because of the difficulty in removing or counteractinq
other variables which affect anglers'catch rates and the problems involved ín
accurately measuring trout population densities '

0ne of the first direct studies of this important relationship in rivers was

carried out by Schuck (ISAZ). An excellent positive relationship was found between

anglers'catch rates and the population density of small brook trout liberated in
Crystal Creek, New York State (Figure 4). No relationship was found between angJ.ers

catch rates and the densities of smalI brorln trout Iiberated there.

In Lawrence Creek, llisconsin it was found that inexperienced anglers'catch rates
urere more dependent upon trout density than those of experienced anglers (lYlcFadden

1961), The annual crop was significantly related to the initial stock density at the
beginning of the season and the annual angling eflort. l,[lhen the anglers'annual
catch rate was plotted against the initial stock density, a significant increase in
catch rate occurred with increasing stock density (Fiqure 5), Lawrence Creek fishery
was, by New Zealand standards, very heavily fished and contained very hiçh populations
of small brook trout. The relationship found may not apply to Neur Zealand rivers.

A positive and possibly linear relationship between anglers'annual- catch per

hour rates and the standing crop of trout in Sagehen Creek, CalifornÍa uas derived
from data published by Gard and Seegrist (1972)(fiq. e). The Iour 1953 catch ¡ate
ulas excluded from the regression and may have been caused by the p¡esence of unskilled
anglers who contributed to the exceptionalty hiqh fishing pressure in that year.

In the Horokiui Stream in New ZeaIand, it was shown that catch rates of anglers
dropped markedly for severaJ. years after the floods of 1941. This drop may have, in
part, been caused by the large reduction in the density of the trout populations
(RIlen 1951). In the upper uraters the rate of catch of takable fish was correlated
with the rate of catch of undersized fish in the previous season. It was suggested

that this ¡as evidence that the abundance of the stock played an important part in
determining the rate of catch.

Trout densities in llellington and Hawke's Bay streams and rivers were assessed

in January and February 1971 by electric fishing and dÍving counts (faUte tO). These

densities were compared to catch rates recorded by anglers in 1967-68 (fig. Z). Due

to the sampling errors in estimating the trout densities and changes in these densities
with location, season and time, 95/o confrdence limits of trout densities are at best

around ! BO/.. Catch rates are subject to similar errors due to the varÍation in catch

rates between anglers and influences of other variables such as the environmental

characteristics of each water and fish population characteristics other than density.

The larger points in Fig, 7 are relatively more accurate and there is a positive, and

possibly causative relationship betureen trout numbers per kilometre and anqlers'

catch rates in this comParison.
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TABLE 1O

Compar

and Hawke's Bay Rivers

Code [Jater
Estimated stock
t,akables 1971

Per MiIe Pe¡ Acre

Average weight
Anglers' catch of angJ.er

per hour cauqht trout
\s67 -68 (rs )

2

3

4
q

6

7

I
9

10

11

12

Sout h Karori
5t¡eam

llìakara Stream

Ì¡Ja inuiomata River
Hutt River
Haikanae River
0taki River
Ruamahanga River
ltla ipoua River
Kopuaranga River
Tauhe¡enikau River
ltlaingawa River
lYla¡aetotara River
Tukituki River*
lrlaipawa River*
Ngaruroro River*
Tutaekuri River*

130

151

221

17?

107

25

56

5D

B4

31

34

37

19

30

34

19

B9

86

44

15

25

2,7
3.3
9.9

28

2,5
2,5

12 .7
1,4
2,27
3.5
1.3

o. 49

o,26
0. 86

0. 40

o,24
0. 09

0,37
o.17
o.47
0. 00

0.10
0. 33

o.32
0.35
D,46

o,25

o.26

0. 34

0. 66

0. 60

0. 93

1 .27
o.?3
0. 60

1.15
1 .46
1.33
1 .36
o.?7
o ,73
o,73
0,68

* Rainbou¡ trout waters not included in Fig. 7.

Note: No, per mÍle x O,62 = No. per kilometre, No. per acre x

2,4? = No. per hectare

There have been fewer studies of thfs relat,fonshfp in lakes.

In Lake 0peonger (Fry 1949)' thero u,as a close 1Ínear relatlon betuleen the catch
pe! boat hou¡ and the size of the "vlrtual populatfon" of lake trout of seven years
of age plus. Fry found extensfve seasonal changes in catch Dat6 related to the migratory
and feeding behaviour of the J.ake trout ln response to the summe! cycle of thermal
st¡atiflcation.

Anglers'catch per hour Dates of hatchery reared brook trout in Crecy Lake,
New B¡unswick lncreased from an average of 0.5 (range 8,2-1.0) in the years 1943 Lo

1949 lo 2,1 (range 1,4-3.2) in 1951 to 1955 (Smtth 1956). This was almost certaÍnly
caused by an lncrease ln the densit,y of the takable stocks produced by increased
stocking rates, predator control and lake fertillsation.

In CalifornÍa, after the llberatfon oF small "cat,chable" rainboul trout, anglers'
catch per hour rates dropped as the catch of these fÍsh incieased (Butle¡ and Borgeson
1965). The anglers'catch rates urere directty dependent on trout, density in many

lakes uhera a high proportion of liberated trout uere caught and unaccounted mortality
u¡as low. The probabllfty of capture of individual fÍsh per unit effort ulas the same

at aIl densitles and angllng efflciency dtd not increase at lou¡ densfties. If this
situation occur¡ed urith a natural stock of trout, its density could be estimated from
catch rates using the method of diminishlng returns. It, u¡as also Found that annual
catch rates w€re not dependent upon stocklng rates, as angling effort adjusted 1n

pDoportfon to the stock and presumably always reduced the stock to low levels. In
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general in New Zealand, takable trout densities probably remain fairty stable through_
out each season but can change signlficantly between seasons. Therefore, annual catch
rates should be better related to trout density than those in the above study.

Studies by Shetter (1950), Thorpe, Rayner and [lebstet (lgqz) and Shetter and
Alexander (lsaz) (fig. a) found poor or no relationship betureen trout densities and
anglers'catch rates.

In general, there appears to be a positive linear ¡elationshfp between anglers'
catch per hour ¡ates and trout densities. The aím of scientÍsts and trout managers to
increase trout densfties and so Ímprove catch rates ulould seem to be valid. In many
situations in New Zealand hourever the exact benefit to anglers of an inc¡ease in
trout density is not clear. It is possible that any benefit can be easily destroyed
due to other factors loulering catch ¡ates.

The relationship may be influenced by, or interact uith, anglers', environmental
or fish population characteristics. For example anglers' ski11, fishÍng methot1s and
rates of cove¡age oF a water may counte¡act low densities. lYlcFadden (tset) described
how one skill'ed angler continued to catch about ten brook trout per day whilst the
stock densÍty fell f¡om 354 to ?5 b¡ook trout per acre. In cl.ear streams anglers can
search and find the trout and direct their bait touards the fish. In turbid lakes
anglers' baits u,ould be distributed mo¡e randomly and catch rates would be more
dependent upon fish density, For these reasons further experimental studies of this
relationship would be of great value.

In the angling diary scheme one of the major reasons for collecting
statistics was to monitor trout densities in indÍvidual waters. As uill
the effect of the many variables influencing these catch rate statistics
¡emoved and therefore changes in catch rates could not be ascribed to any
flactor such as fish density urith any degree of certainty.

( ¡) Compound Variables

Datch rate
be shoun later,
could not be

single

Introduction

Compound variables a¡e those which accumulate the effects oF more than one factor.
For example, the annual catch rat,e of one angler from a water is dependent upon many
subsidiary variables, such as the angler's skilL, angling methods, the locality and the
days on r¡lhich he fished. The compound variable in this case is defined as that due to
the individual angler and it incorporates the effects of va¡iables listed abtrve and
others.

In any gfven situation the effects of a compound va¡iable tend to be dÍfFicult
to predict because of the cornplexi.ty of the fnteractions betueen the specific variables
uhich it incorporates. Usually only poor generaLisations of the effect of each
compound variable can be made. Prevfous studies of data collected by angling diary
schenes have been made on the following compound variables: length of angling day,
season fished, size of fish, mean air temperature, individual angler's rasultg,
Acctimatisation District and angling method (AIlen and Cunningham 1957, Al1en 1955),
Additional studies u,ere made possible by the computer tabulations of the 1962 and
'l 967 data.

Analysis

Anqlers' daily catch ftequ€ncy dist¡fbutfons are asymetricat urith a htgh
proportion of low catches. Theae dlstributfon! can be transformed to a normal
distribution by 1og (Catcn + z) (A1len 1955). The standard deviation of this t¡ansfo¡med
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distribution can be taken as 0.29 in the majority oF cases (Q Ís
(n1Ien 1954), It is possibte to dÍrectly estimate the varue of
mean catch per day From the arithmetic catch per day value using
equat ion :

ïransformed mean = Iog (0.99? arithmetic catch per day + 1,21j),

equal to 1.9)
the transfo¡med
the fo1 lowing

The 1962 and 196? tabulations contain onry the number of days and average
cat'ch per day rates. The¡efo¡e the transfo¡med catch per day rates had to be
derived using the above equation. A programmable calculator was used to measure
the variation int¡oduced by each compound variable. This was then tested by
an 'f' test.

Results and Discussion

ïhe influences of the compound variabres! years, individuar angrers,
annual ¡esults, angring methods, month and locarity on catch per day rates
recorded from the lrataura Rive¡ a¡e llsted in Tables 11 and 12, The variation
betureen diary years from 1947 to 196? was the greatest source of varÍation.
It is, houever, Ínteresting to note that when the diary years were divided
into categories such as 195? ro 1967 and 194? to 1951, the va¡iatÍon dropped
considerably. This could indicate that the data colJ.ection techniques have
caused the low catch rates ¡ecorded from 19s? onura¡ds (see page s3).

TABLE 1 1

The InfLuence of the Compound Va¡iable: yea

Ri ver

Yea r

't947

1948

1949
1 950

1 951

1957

1962

1967

Yea¡s lnean Square

Data
0tago
Sout h lan d

0taq o

Da vs

239

137

25'l

357

290

198

230

144

1947 -196?
2.54*
3. 18*

squa¡€

0n 1y

Catch,/dav Davs
3.30 325
3.53 281
4.61 1 85
4.75 146
4.7D 183
2.oo 84?
2,77 842
2.06 173

1947 -1951
o,76*
o,22x

= 0.64x

Southland
Catch/ dav

3. 89

3,12
3. 51

3. 70

3. 90

2,22
1,79
1 ,97

1957 -196?
0.52*
o,64x

0rlgfn of Diarists mean

Catch per day = Kept Fish
Log (n + 2) distrfbutfon Mean Square = O,O7?

The origin of diarlsts contributed a significant va¡fation to the catchper day rates' southland and 0tago diarlsts shou,ed signifÍcant dlfferences fnthei¡ choice of anglÍng methodsr angllng Location and dlst¡lbution of angting
effort throughout the year. The Southland anglers also were keener and fished
more often during the season.
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TABLE 1 2

The nfluence of Certain Com ound Uariables on Catch oer Rates Recorded
Rl'.ver0ta o and Southland Diarists Durin 1962 and 1967 flrom the [Yla ta u ra

District

0tago
Southland
0tago
Southland

Yea r

1962

1962
1 967

1 967

Compound Va¡iables - flean Square

Location Month Licence Ça'!. file'lhod Anqler

0. 07

4.12
0. 06

0, 56* 0. 33*
0. 0'1 D,22x

0. 1 1 0.17x
o.20x 0. 1 7*

o,62x o,21*
0.18* O.22+

0. 35)É D.21+

8.14

o.22x
0.19*

Log (n + 2) distribution fYlean Square = O.O77

Source of Variation
Compound Variables
Districts + years
Error

Deqrees of Freedom

4

3

12

Notes ¡

(1) Location, fYlonth and Licence category cal'ch/day of dry f1y angting

method only.

(Z) Location and fÏlonth values were derived from aII licence categories
including incomplete diary records.

(S) metnoO and Angler values were for men urhole season licence holders who

¡eturned a complete diary.

* Significantly higher than 0.D77 at 95/. Level'

The mean squares of the rernaining compound variables: location, month,

Licence category, method and angler, ahd varying degrees of importance in the

results from different years and different districts. The exact influence of each

compound variable ulas not predictable. In general, angling methods and the

influence of individual anglers had highly significant effects on catch rates.
Licence categories in three out of the four years had significant eFfects. Both

the variations due to months and due to locations in the river were highly variable.

The reason for the high mean square for Otago diarists tn 1967 by location
was investigated. It was found that the majority of angling effort was in the lower

reaches of the Mataura River where a very high catch rate was recorded' 0n1y a

feu results with low catch rates from the upper reaches ulere recorded. The Iow

catch per day rates there may have been caused by a combination of variables such

as a Ioul fish population, or unskilled anglers, or fishing for short days or in the

wrong seascn.

A component analysis of the variation due to individual anglers shoued that
the standard deviation ranged from 0.105 to 0.177 for the examples studied. A

standard deviation for other situations could be taken as 0.2 which then could be

used to estimate confidence limits of the catch per day results uhen a differing
numbe¡ of diarists'records are available. As an example it uas calculated that

urhen one, five, ten or flifty anglers' results were available, the 95% confidence

Iimits of a catch rate of two fish per day would be plus or minus 65,29,21' or

9/. respectively. Loule¡ catch per day rates would have higher 95f confidence limits.
This sytem can be used as an estÍmate of the accuracy of catch per day rates ulhen

no form of bias is present.
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generally because of the absence of historical data and the lack of knowledqe

of the relationship between these data and catch rates. The only possible

conclusion uhich can be derived therefore, is that the difference in catch

rates could have been caused by any of the individual variables No.2, 5.7,
g, 11, iZ and 13 or by a combination of the above variables or by other unknown

variables. This conclusion is of very little value as it does not specify which

variable caused the decrease in catch rates.

TABLE 1 4

List oF possible Variables Causino the Low 196? Catch Rate Recorded bv Dia¡ists

from the fYìanqataÍnoka River

No.

1

Variable
óffifÉ-Eion

Error ln diary
record of effort
in days
(AlIen and
Cunninqham '1 957,
p, 32) ,

Error in diary
record of effort
in hour.s.

Length of
a ngling day
(AIlen and
Cunningham 1 957 

'o,23),

Hvpothesis

Unsuccessful
days not
recorded in
1962,

Tests
Conclus ion
or 0pinion
of Effect

Distribution
of e ffo¡t,

5ki11 - Anglers'
experience.

5ki11 - Licence
t ype.

skill -
0ccuPat is¡ and
a9e.

Angling
methods.

0verestimate
of hours
Fished in
1967,

C,atch/ day
drop due to
shorter days
ín 1967.
Catch/hour
drop due to
longer days
in 1967.

P oor
localities
and seasons
fished in
1967,

Anglers had
Less years or
days per
9eason
experience
in 1967.

I ncons i s ta nt
I i cence
types compared
or classifí-
cation erro¡s.

0nly bag frequency
distribution in
1962,

None.

Ta b1e '1

Catch rates can
be tabulated by
10 mile locations
and days.

TabIe 1 shows
1 967 anglers
Fished on
feurer days
peI sea9on.
No data on
yea rs
experÍenced.

Results sorted by
Iicence cat€gory.

1.

Prove nil Improbable,
bags unlikely to be
sÍgnific- significant.
antly Iower
than expected
from Log
(n+2)
distribution.

None. Possible effect
on catch/hour,

Both rates Unlikely to be
have significant.
decreased.

x2 tests Possible.
on effort
distribution.

Covariance Probable.
analysis of
¡e1at Íon
between
annua I
effort and
catch.

None
required,

Not important.

Ni1. Possible.

All Not important
methods
especiallY
fly, worse
in 1967.

Changes NÍÌ.
between 1 962
and 1967,

Only poor Table
methods used
in 1967.
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TAELE 14 CONTINUED

No. Variable
õffiõTion

Envi¡onmental
features.

Trout
p opulation -
Species.

Trout
p opulation -
Size.

Trout
population -
Food.

Hypothesis

An increase
in weed
growth. A

decrease in
deep pools.
A deterio-
ration in
ulea t h er
conditions
etc.

Changes in
species
composition.

The larger
1 967 trout
caught were
less
catchable.

Change in
fee di ng
habits made
fish less
catchable.

Lowe r
densities in
196?.

Data or Evidence
ÃGTiã6Tt1õr-
Hvoothesis

Angler observat-
ions oF increase
in bed Ioad.
lrleather data
records. No
other measurements.

Species caught
re co rde d.

Size recorded
(Tabte 1) but
no good evidence
of effect of size
on catch tates
available.

Tests

Only oF
ul ea the r
condit i ons .

0nly brown
trout
caught.

Ni1.

ConclusÍon
or 0pinion
ofl Effect

Very probable.

Not significant.

PossÍb1e.

Possible.

Very probable.

of

10

11

12

13

Angler observat- Ni1.
ions of present
day poor fly hatch
and greater
effectiveness
of nymph methods.

Angler observat- Ni l.
ions agree.
Larger FÍsh
caught in 'l'967 ,

T rout
oopulation -
bens i t y.

The data are very typfcal of those collected by angling diary schemes and
the majority of these variables rrrill affect catch rates colLected by these schemes.
For some uate¡s a greater quantity of data have been collected. Thís will not
¡emove the effects of the seven variables listed above and no more definite or
valuable conclusions can be reached.

In summary' this means that hletorical differences in catch rates can be
caused by dÍfferences in anglers' ekiIl, environmental condltÍons and fish
population characteristÍcs. If the diary scheme was to be used to measure
speciFic ffsh population cha¡acteristicer such as fish densÍty, through the
!eâDSr records should have been kept of the anglers'skiIl, environmental
conditions and other characteristÍcs of the fish population other than density.
This was not done and Ít would be a complex and difFicult t,ask.

In retrospect, the diary scheme should not have been designed to monitor
the abundance of fish stocks Ín individual watars urithout undertaking a
detailed study of the relationship betureen catch rates and fish density and
the many factors which affect catch rates collected Ín an angling dÍary scheme.

Natlonal

The anglfng dfary scheme was also intended to monftor national trends in
the catch rates oF anglers. Seventy-six waters contalning adequate records from
'194? lo 1967 were selected for study from the 129 listed in Appendix 1. These
ulaters can be regarded as a good sample of the most important brown trout
fisheries Ín New Zealand. The sample excludes the majorlty of the major lake
fÍsheries.
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The records from each water were examined for historical trends in both

catch per hour and catch per day rates. In only three rivers, the fYlangatainoka,

Waipoua and 0taki in [lellington District, was the¡e a continuous decrease in
diarists' catch ¡ate from 1947 lo 1967. In no uater uas there an increase in
catch ¡ate. In 46y'' of the sample Lhe 1947-1952 catch rates were noticably
higher than aIl Iater ones. These catch per hour rates were then compared urith
later results for specÍflic years and it was found that the number of u¡aters

urhere the 1947-1952 results exceeded later ones was significantly higher than
Lhe 5O/. expected. The 1957-1967 results were not significantly different from

this value (taure ts).

TABLE 1 5

(u)

1 947 -52
1 957-58 74xx

1962-63 B0**
1967 -68 B',l x *

* < 0.05
*rÉ(O.OOSn='.6

1947 -52
54

49
IE

1947 -52
56

66*
'73xx

1 957-58

49

54

1 957-58

61

65*

1962-63

Êt,

(b) Percentaqe mean trout lenqths which were hiqher than those in later vears

(c) Percentaqe of oroportions of undersized fish cauqht which were hiqher than
those in k!€r_Ears.

1 957-58
1962-63
1967 -68

1 957-58
1962-63
1967 -68

Therefore, there was a definite national change in the rate of catch

recorded by diarists between 1952 and 1957. It uas unlikely that this uras caused

by changes in the environmental conditions or fish population characteristics of
alI these waters distributed throughout the country. It uas probably caused by a

decrease in the average diarist's skill due to various changes in the angling
diary scheme and the increase in licence sa1es.

If tnis hypothesis is accepted, then only the 1957-1967 reco¡ds can be used to
accurately monitor the catch rates of angJ.ers. These records indicate a decrease in
catch rate for 9 rivers, an increase for 10 ¡ivers and stable or fÌuctuating rates
for the remaining 5? waters. The variables which have caused' or concealed, trends

in the 76 uraters were not examined and the results taken at their face value with
the following conclusions:
(1) There is no evidence for a national change in anglers' catch rates from the

major brown trout flisheries in New Zealand during the period 1957-1967.

(Z) There has been a continuous decline in catch rate for 4/. of Lhese waters for the

period 1947-196? and îor 12/" of these waters for the period 1957-1967.

(g) This decline has been compensated by an increase in catch rate ín 13/" of these

waters for the Period 1957-1967 '
(¿) Despite fluctuations, the large majority (75/.) of waters have remained stable

in catch ratss ovel the period 1957'1967.
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2. Size of Fish

(") Local Trends

one ofl the objectives of the five year angling diary schemes was to monitor
changes Ín the size oF fÍsh recorded by diarists From particular ulaters. It was
hoped that by careful analyses of changes in the size of fish caught, changes in
the size of trout present in the waters in Neu ZeaLand could be monitored.

Allen and cunninqham (1957. p. 33) stated "va¡iations Ín mean J.ength from year
to year are probably not due to variations in the population Íf less than about
1 inch"(2.5 cm). As in the anaJ.ysis of catch rates, this statement is true only for
consecutive annual schemes urith fish averaging about 40 cm in length. In five year
schemes, historical t¡ends in certain variables can result in far greater changes in
fish length occuring rlfthout having to ascrÍbe them to varlations in the population.

A careful examination uras made of the variables Ínfluencing the Iength of brouln
trout recorded by diarists lrom the fÏlangatainoka River in lrlellington Distri ct in 1962
and 1967 (Tante te¡. rn 1967 the brown trout u¡e¡e considerabry larger averaging
50'3 cm compared lo 43,9 cm in 1962. Tabte 16(c) shows that the hypothesis t,hat both
samples of fish caught by dry fly techniques in 1962 and 196? could have come from the
same population of diaries is rejected at the gg.g/. level by a chi-squa¡e test.

TABLE 1 6

orded bv
DÍarists in 1962 and 196? f rom the ma-nqa!-ej-g-e!-a xluqr in trlellincton DÍstrict

(u) AngIing lTlethod 1962
Numbe¡ of Fish Recorded by
Dry Fly lÂlet Fly filinnow

(¡) Locality, Distance Upstream
fron Manawatu River

0-16 km 16-32 kn

Length class

¡

2

3

63

209

25

2x 99,gft

24

36

10

39,3 >

22

I
I

110

229

2B

x

11

32

I

4.5 1 goiÁ

Length "r"". 
(") years

Dty FLy 1962 Dty Fly 1967
Month 1962-63

Dec Jan Feb March Apr

(o)
Oct Nov

1

2

3

Length class

1

2

3

63

209

25

2
x- = 1O9.4

I
45

65

2 es.sg

27 35 29
45 47 60

265

13 4

54 15

11 4

5 10

1? 26

18

,2 = 28.1> g?.sÍ(

25.4 - 38.1 cm

40.6 - 48.3 cm

50.8+ cm

( 1 o-1 s inches )
(la-ts inches)
(zo+ inches )
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Table 1? lists the variables urhich could have caused this difference in the size

ol fish caught. Allen and Cunninqham (1957, pP. 34-39) comprehensively covered some of

these variables such as the measurement bias, influence of angling locality, rate of

catch and the influence of size limits. The influence of some other compound variables

is shown in TabIe 16 and it appears that anglinq method (lg(a)) is o¡ greater importance

than the season (fO(O)) or locality of the river fished (16(b)). In other cases this

may not apply.

ry
List ofl possible VariabLes causinq the Increase in Lenqth of Brown Trout Recorded bv

Oi":-i-"t" f ""t;|!g 
fYlanqatainoka Riv

No.
Variable

Description Hypothes is

Data or
Evi dence

Available flor
Examination

of Hypothesis

Tests
Conclusion or
0pinion of

Effect

Incorrect
measurement bY
diarists in-
cluding even
number bias.
Tabulation and
calculatÍon.

Angler skiI1,

Anglers' desire
to catch large
fish.

Takable fish
returned.

Angling method.

Angling
Iocality.

Season fished.

Size limits.

Environmental
features.

Trout
population -
migrations.

0ver-estimate
oF length in
1967 and under-
estimate of
length ín 1962,

Clerical and
calculation
errors caused
increase.

Anglers more
skillful at
catching Iarge
fish in 1967.

Anglers more
selective and
determined to
catch Iarge
fish in 1967.

Anglers returned
more small fish
in 1 967.

Better methods
for catching
Iarger fish
used in 1 96?.

1 967 length
records flrom 20
anglers, 1 962
Iength records
from 51 anglers.
Frequency dis-
tributions,
computBr
tabulation.

0nly relation
between s íze
and number of
fish caught
per annum.

Ni1.

None .

A feu.¡ cle¡icaI
errors would
have little
effect.

No complete
tests possible.

unlikely to be
very important.

Unlikely to be
very important.

PossibIe.

None possible. Possible.

0n1y large
Fish localities
fished ín 1967,

0n1y the best
seasons fished
i.n 1967.

Increase in
minimum size
Iimit in'l 967'

Changes in-
creased
catchability of
l-arge trout.

Small fish
migrate to
unFished areas,

Tabulation by
localitv
(raule io(¡)).
Tabulation by
month (Tabte
16(d)).

No change in
size Iimit.

Ni1.

Fish ¡eturned
in 1962, fÍsh
returned in
1967,

Tabulation by
method (Ta¡Ie
16).

Insignificant
numbers.

2^x 10r one
va¡ÍabIe an d
non-parametric
multiple
analysis of
variance for
more than one.

Not possible.

UnIikeIy.

Un1ike1y.

Possible'

Possible.

No ef f ect.

PossibIe.10

11 None. Not possible. UnlikeIy.
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12 Trout popula-
tion - Pood.

Trout popula-
tion - species.

Trout popula-
tion - density.

Trout popula-
tion - size of
takable fish.

Dec¡ease in
natural food
availability for
Iarge trout and
diet changed to
items used as
bait by anglers.

More large sea
run browns
caught in 1967.

Increase in
numbers and
more large fÍsh
availabl-e in
1967,

Average size oF
takable fish
higher in
1967 .

None.

None.

Catch rates
similar, other-
uise none.

None.

Not possible. Possible

13

14

Not possible.

Not poss ible.

Poss ible .

Possible,

Not poss i ble . Very likely.

0f the fifteen variables ulhich could have caused thís difference, the effect
of th¡ee variables 2, 5 and 9 can be fairly easily ¡emoved. A more complex analysis,
using non-parametric multiple analyses of variance techniques, could remove the
influence of varíabIes 6,7 and B. The total influence of the remaining nine variables
cannot be completely removed. It is considered that two are fairly unimportant,
No. 1 and 11. Six variables could have caused the difference observed. No. 3, 4, 10,
12,13 and 14, However, the most Iikely cause for the increase in size is the No. 15,
(i.e. an increase in the average size ofl takable fish present in this water in 196?).

In conclusion, histo¡ical changes in the size of Fish caught by diarists from
partícular waters could have been due to the anglers, the environment and the fish
population characteristics. The size of fish caught is probably a better guide to
the size of fish present in the population than the anglers' catch rate is to the
density of fish stocks present.

There ie a need for more detailed studies of the practicability of predicting
the size of fish in fish stocks from the size of fish caught by anglers, When such
studies have been carried out these angling dÍary data may become valuable fo¡
monitoring trends,

Details of the size of fish caught in t,he various years of the angJ-ing diary
scheme are included in Appendix 1 and detailed descriptions of the hist,oricaJ- changes
by water are published in the district reports.

(¡) National Trends

There is no evidence of any natÍonal trends in the size of fish caught by anglers
over the period 194?-1967, 0f the 76 waters examined For changes in catch rate (paqe 32)
there uas an equal numbet of waters (B each) uhich showed an incrBase o¡ decrease in
the size of fish caught. In the remaining 60 wate¡s, the size of fish generally
fluctuated Iess than a feu, centimetres between years. There was no correlation between
changes in size and the changes in catch rate noted ea¡Iier. The Kauaeranga Rive¡ was

the only uate¡ which showed a decrease in both the fish size and anglers' catch rates
(lgSZ-1967) and the upper lÏìanawat,u River the only water uith an increase in both the
fish size and catch rates (195?-1967), Also in no year uas the¡e a significantly higher
number of waters ulhich had larger fish than in other years (Table 15(U)).

15



P¡oportion of Undersized Fish

Some of the factors influencing the proportion of undersized fish caught by diarists
urere described by AlIen and Cunningham (tSSZ, p. 51). The reason why this statistic was

collected through the five yearly angling diary scheme was not stated. Ib uas assumed that
it was intended to monitor the percentage of the actual trout population which was under the

size limit. The number of fish Which urould be avaifable for anglers to catch in proceeding

years could then be predicted. This could not be achieved because of the number of

variables influencinq this statistic. fYlany of these variables are similar to those

influencing the actual size of fish recorded by diarists'

Amongst these variables are those due to angler measurement ertors and historical
angler selection errors. It is possible for example that more takable fish are returned as

undersized nouadays. The percentage of undersized fish varies between waters and between

angling methods and it was shourn that size limits had a direct positive correlation with the

percentage of undersized fish recorded (nt1en and Cunningham '1 957, p. 144). Environmental

variables could influence the percentage of undersized fish caught but no examples are known.

It is st¡ong1y suspected that rainbow trout fingerlings are more catchable than brown trout
fingerlings and that there would be differences in the proportion of undersized fish caught

dependinq upon changes in species composition. Another fish population characteristic uLhich

could affect the proportion of undersized fish caught could be the density of the stocks.

There ¡¿y be a drop in the proportion of undersized fish cauqht as the density of takables

increases. Also there is probably a direct negative relationship between the size of the

takabte trout in the actual population and the numbers of undersized fish cauqht (n11en

and Cunningham '195?, p, 144). FinaIly, probably the most significant variable is the

proportion of trout population which is under the size limit. This proportion uiIl vary

betueen rivers and between tocalities and seasons in any water.

Therefore, historical monitoring of the statistic is fairly complex and a number of

variables have to be taken into account.

(") National Trends

There are some indications of a smal1 decrease in the percentage of undersized

fish caught, 0f the 76 ulaters examined for trends, 10 showed a dec¡ease in the

percentaqe of undersized fish caught, and only'1 an increase' oveI' the period

19Ã?-1967, This trend was conflirmed by a count of the number of waters which had a

higher percentage of undersized fish in 1947-1952 than in later years (taule 15(c)).

It u¡as found that the incidence of decrease in the percentage of urrdersized fish was

significantly higher in the North Island of Neur Zealand at 2A/. (7 waters) compared

Lo S/. (S waters) in the South Island. The factors causing this t¡end were not examined'

4. Distribution of SPecies

A crear account of the distribution of va¡ious species of salmonids in New Zealand ulas

given by AlIen and cunningham (rssz). Detailed accounts of the dist¡ibution pattBrns of trout

in various Acclimatisation Districts are given in the district reports. It uras shown that the

distribution of rainbou¡ and bror.¡.rn trout (salmo qairdneri and s. trutta) uras fairry stable and

a minol objective of the five yearly angling diary scheme uJas to confirm this' There are

relatively few variabÌes which could affect the proportions of species in different waters'

These include historical changes in angling techniques, localities and seasons and historical

changes in the anglers'preferences for particular species' However' in qeneral as Ís shoujn

in Appendix 1 there have been no significant changes in the distribution of the various species

throughout the country. Some of the IocaI changes mentioned in the district reports include

probable river du¡elling rainbow trout stocks in some South Island rivers' ã decreass in the

number of Atlantic salmon (Salmo salar) caught in the Lilaiau system and a decrease in the

percentage of brown trout caught from the Tukituki River'
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(¡) Hours per Dav

The variables influencing this statistic were examined by Allen and
cunningham (lssz, p. B1). These variables included the local customs of angrers
in certain Acclimatisatfon Districts and those due to the characte¡istics of
individuat diarists, watets, angring methods and the environmentar features of
the day fished. In one distrÍct the length of the fishing day increased with the
distance travel-Led to the wate¡. In othe¡ instances the average Iength of fishing
day increased with the number of days fished by individuar anglers.

Additional studies on the 1957-196? information confirmed these findings,
0ne additional study was made of the distribution of angling effort throughout the
day by salmon anglers f íshing the Iower lrlaitaki River in fylarch and ApriI of 196S
and 1968. It was found that the majority of anglers we¡e fishing between tulo and
three p.m. (Fis. to(a)), For the 35 anglers examined, there uras a direct Ìinear
relatÍonship betureen the numbe¡ of hours each individual spent flishing between
2 and 3 p.tn' and their total angling efFort on this rÍver (Fig. 10(b)). This
result leads to several important conclusÍons. FÍrstly, it indicates that the
diarists'¡esults are typical of the average salmon fisherman who fishes For less
hours per geason, SecondLy, these results can be used in the desiqn of a creel
census scheme whereby the total effort at thÍs locaLity could be estimated from a
study of the anglers' effort between 2 and 3 p.m. A creel census to monltor the
annual- salmon fishing effort, in this rive¡ hae been initiated. A similar
¡elationship was found for tha winter ice fishe¡y at Lake llendota in lrlisconsin
(Parker 1956). The symetrical dist¡ibution of angling effort throughout the day
is probably a feature of winter fishing. luro peaks of angling effort, in the
mornÍng and in the eveninQr would be expected in most summer trout fisheries.

Hisìorical trends in this statistic have been detailed in the district
reports and they may also be calculated from Appendix 1. In generar, no
signlficant hÍsto¡icaL trends in this statistic urere apparent, Fis, 1.1 shows some
typical histo¡ica1 fluctuations Ín the length of a fishing day and a possible
declease Ín the averaqe Iength of a fishing day Ín the 0tago Dist¡ict and in tuo
rivers, the Pomahaka and fTlataura. The causes of this decrease have not been
isolated.

The Total District Effort

The results from the 1947-1952 national angling diary scherne have been used to estimate
the total dietrict effort in the majority of Acclim¿tisation Districts in Neur Zealand, It
was found that "the factors determinÍng the fishing pressure in any district include t,he
density of population, the quatity of fishing available, and the amount of useful and
accessible fishing urater,,' (nllen and Cunningham 1 gS7, p. 99),

The total district effort for 1952, 1962 and 1967 was calculated in a slightly different
way tha¡ fot 1947-1952. For exam¡le' Table 19 shows the calculatíono involved for the
UelJ-ington Acclimatisation District in 1962-63. To the total of ss,000 days angling recorded
can be added an approximate 6,000 days for visiting anglers from other Acclimatisation
Districts. The 95/" confidence limits cannot be accu¡ate1y estimated but it is hoped t,hat the
result is accu¡ate to within a 2O/. i.e. between 49 and ?3 thousand days Ín that season,

t
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TABLE 1 9

Calculation of th" TotaI Davs Anqlinq per 5"ason in Uellinqton Acclimatisation District
bv l,rJellincton Acclimatisati!n-!-q-q-l-e-!¿-!!cence Holders in 1962-63

Licence Type
Total No.
Licences

Angling
Diaries

No . fYlea n
uays

postat Questionnaire T:!:1.?:y'
. Anqrlnq*and lntervrews in óistiict

^. fYì eanl\o.
ua ys

fYlen's l.üho1e Season

üJomen's lrihole Season

Children's l,ilho1e
Season

HaIf Season

üJeekly
EÈ 4 A'

Postaf Questionnaire mean efflort
sample was obtained.

used as 100f return of

0ne of the main objectives of the angling diary scheme was to monitor changes in the

district anglinq effort and hence catch. Table 20 shows the angling diary'results from

Lúellington District from 1948 to 196? with the estimates of the averaqe Iicerrce holder's annual

fishing effort. Twelve variables uhich could have influenced these historical estimates of

the average ricence holder's fishing eFfort and the calculations from tt-ris of the total district

effort are shown in Tabte 21. It is considered that six variables a¡e rìot important (No, 3, 4,

5, B, 9 and'lO) and of the remaining six, three can be measuted (No.2, 6 and 7) which leaves

variables No. 1,11 and 12 as important sources of variation which cannot be easily assessed.

A J_arge numbel of variabres makes difficurt the determination of what caused these historicar

trends. However, in the district reports estimates have been given of the total district

effort between diary years and opinions oir the factors which have caused the historical changes.

In general, it is apparent that although licence sales in some districts have increased' there

has been a slow decrease in the average Iicence holder's annual effort so that often the totaf

district effort has remained very similar for many years. If this trend continues' then an

increase in licence sales will not necessarily result in an increase in anqling effort.

TABLE 2O

Anolino Ef f ort of fYlen's lIhole Season Diarist-s 1948 lo 1967

1 948 1949 1 950

YEA R

1 951 1 962 1967

1 ,861
197

1 ,711

191

150

4,11O

148

7

55

4Ê Ô4

¡/. öÞ

12 .64

3, 00

259

18

ttJ

3?
ao

12, 43

10,90
16,24

B. 90

2.9D
1

0

23,132
2 ,147

27 ,718

1,700
/r3 5

Licence Sales

Diaries Returned

f Return
lYlean Days Fishing

Est. DaYs Fishing
Licence Holder

1,245
6

0.5
42 .6?

1 ,467
21

1.4
21 ,18

1 ,412
g4

5.9

1,509 1,750
26 23

1.7 1.3
18 . I 23.9

1tr.2*

1,861 1,792
148 41

7 ,9 2.3
15.81 16.56

by A verage
1 3. 8*x 12.43+xx 1 3. 0**

x Derived from
** APProximate

*rÊn 1963 postal

regression analysis (AlIen and Cunningham 1 957)

reduction oî 21,4/. as 1962-63

quest ionnaire result
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TABLE 21

n ncl imates of lilellinqton Li Holde e
Days Fishino and Total District Effort in lrlel1Ínoton District usinq the Anqlino Diarv Records
from 1 948 Lo 1967

Variables Hypothesis Tests
Conclusions on
Importance of
Hypothesis

1 Changes in dio ry
flormat

Inclusion of in-
complete diary
records

Geographi ca I
distribution

Voluntary ¡eturn
from difFe¡ent
anqler types

Ceoqraphical
changes in diary
ret urn

Individual diarist
variability

7 Analysis technique

I Licence sal-es

9 Visiting anglers

1 0 Unlicenced angling

1 1 Environmental

1 2 Fish population

Decrease From 300 day
record spaces in 1948-
1952 lo 22 spaces Ín
196?

Subjective estimates
on diary complet,e-
ness varied

Some Iicence sellers
did not receive
di ar ies

Change in character
oF respondent, e.q.
( 1 ) Occupation
(z ) nse
( 3) Experien0e

In some years diarÍes
only from districts
uhere anqlers fished
Iittle

Lour retu¡ns and
randon variations
caused changes

E¡ro¡s in regression
system fo¡.1948-51 or
¡eduction factor
1 95? -6?

Errors in reco¡ds

Estimates incorrect

HÍstorical changes

Poor weather condi-
tions in some years

Low catchability
in some years reduced
effort

Tabl.e 22 shous little Unlikely here
varfation in effort
between these features

ExceptÍonal peak d re-
turns in 1962 and
1967 a¡ound 2E-22
da ys

None possible except
fit of catch oer dav
rates to loq (n * z)
distribution

Nil-

TabIe 23 shouls,
increased ret,urns from
Itlellington and Hutt
cities but, IÍttle
dlfference in mean
effo ¡t

EoeFficient varia-
tion range from 0.7
to 1.0

Nil

NíI

Feul prosecut, Íons

No detailed studies
made

Nil

Probable

Possible

Unlikely in
llellington District

Unlikely here

Probable cause for
variation in average
licence hoLder's
effo¡t est imate

Very unlikely

Possible but not very
significant in total

P roba bL e

Probable

Statistical confidence Probable
lfmits fairly large



-45 -

TABLE 22

Anqlinq Eflfort of various Tvpes of Anofers in üleIlínqton Acclirnatisation District 1962-63

0ccupation
Angling
Diaries
f Return

Pos ta I

fi Return Days

Q'uestionnaire and Interview Scheme

Aq" Da ys Yea¡s Days
Angling

Professional
Minor Business
Clerical
Farmers
Skilled
Semi-skilled
5amp1e size

Under 20

20s

30s

40s

50s

60s

?o+

22

16

19

13

22

9

35

1B

12

15

16

22

17

248

'1 3.3
12,2
13.0
1'1 .B

14,5
14,2

21 ,9
10,7
10.9
15.9

12.4
c-

1-10
11-19
20-29
30-39

40+

13,7
14,7
11,3
14,5
7.8

TABLE 23

Geocraphical Distribution of lrjetlincton Acclimatisation Societv Diarists 1 948-6?

Region f Diaries Returned

1 957-58 1962-63 1 967 -68

flean Da ys
AnglÍng*

1962-631948-52

|rlellington and Hutt
llla i ra rapa
lYla naua t u

Taihape
Unspecified
Number Diaries

(aII licence types)

26

30

34
'l 0

0

80

38

29

23

4

?

114

35

22

21

5

17

161

56

tt

14

J

10

90

17 ,4
16,9
14 ,9
16 .4

Men's whole season Iicence holders only

Distribution Within Districts

A map of angling effort throughout New Zealand for 1951-52 was constructed, using the

proportion of diarists,angling effort on indivÍdua1 ulaters and the estimated total district

angling effort (ntlen and Cunninqham 195?, pp' 102-3) '

lylonitoring of historical trends in angling effort on individual waters was not possible

and maps were not constructed, as a consistently high return of diaries, well distributed

through an Acclimatisation District' uJas rarsly achieved' Also as diarists a¡e skilled

anglers with greater angling experience' it is likely that they employ more skilful anglinq

methods such as artificial rIy (HoUbs 1g48), This difference is clearly shown in Table 24

with chitdren rarely fishing by artificial fty techniques and prefering to use worm and

spinning methods. Diarists uriIl therefore tend to select uraters uhere only artificial fIy

fishing is legaI and hence there will be a disproportionate geographical distribution of

anglÍng effort, varying betuleen Acclimatisation Districts in relation to the severity of

angling method restrictions.

Some tabulations of estimated historical
waters have been included in the local reports

management.

angling effort patterns on the indÍvidual
as an aid to Acclimatisation Society
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W.
Anqlinq fYlethod P¡eference by Different Licence Cateqories

River Yea r
fi Angt Ín9

ArtificÍal Fly
lnWS CI¡JS

Deys by Angling Method
fYli nnow ülo rm

lÏltxs cuts fnlxs cu,s

Ruama han ga

Hutt
lYlot u e ka

Clutha
[Ylatau ra

1962

1962

1 967

1962

1962

lIìltls

cl¡Js

21

?2

44

18

60

26

I
41

38

23

2?

43

92

40

50

50

2

0

1?

11

56

0

0

12

36

9

50

0

3

6

flen's uhole saason licence holder

Children's u¡hole season Iicance holder

T'he major value of the ¡esults of the detailed dfstrlbution of diarists'effo¡t is
in plannlng stratified creel censuses on indfvidual wat,ers. F¡om a study of diarfsts'
effort by location' season, tfme of day etc. it is possible to obtain accurate creel census
results with little Field effort.

Recent techniques for conduct,ing these creel censuses ate desc¡ibed in Johnson and
lrroblewski (1962), Lambou (1961), Pfeiffer (lgaz), Regier (lsz'l), Robson (1960 and 196j)
and von Geldern (1961 and 19?2). A blblÍography of previous creel census studies was
published by Schultz (1 959).

4. Distribution Throuoh the Season

Although addit'ionaI fnFormation on anglers'fishing effort through the season uras

derived from computer tabulatlons of the 1962 and 196? diary schemes, no significantly
different conclusions to those From the 1947-52 etudy were derived.

The va¡iabilfty 1n angling effort between days and the inc¡ease in angling effort
on hoLidays and at the close of the season ulere also found in the 194?-52 scheme. The
number of anglers on holidays is Iess varlable than on week days, coeFficÍents of variation
of the mean number oF anglers averaging about 0.6 and 0.8 respectÍveIy.
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V THE CATCH

The dist¡ibution and the range of diarists'catches urere described by AIlen and

Cunningham (leSl, p,115). Similar features uere found in late¡ years axcept that there
was a tendency for a greater proportion of diarists to have very low angling catches.

In i957-67 the total district crop (Tab1e 25) was obtained by multiplying the catch

of the average dia¡ist by a correction factor (such as 0.48 for men's whole season licence
holders) to get an estimate of the average licence holder's catch. This catch uras then

multiplied by the licence sales in that year. NeÍther this system or the 1947-52 method

is particularly accurate, the majority of variables listed in Table 21 being able to

affect it.

rA B!.E_2 5

Estimates ofl Catch and Effort for 1967-68 Anclinq Season

District Total No. Days
Angling in 1967-68

TotaI No. Fish Kept by
Anglers 1967-68

Auckland
üJaimarino
Taranaki
Stratford
Ha we ta
Roto¡ua*
Ïa uP ox*
Hawke's Bay

l.lJellington
0thers N. I.
Total North Island

lrjestland
l,tjest Coast
Ne Ison
lYlarlborough
North Canterbury
Ashburton
South Canterbury
[Jaitaki VaIley
0tago
Southland
Southern Lakes

TotaI South Island

Total New TeaIand

55,000
20,000

1 5, 000

1 50, 000

93, 000

34,000
49, 000

37, ooo

1 6, 000

10, 000

12O,OOO

1 40,000
1 3, 000

22,OOO

1 0, 000 5, 000

426 , OOD

5,500
'1 8, 500

21 ,000
9,000

21 o, o0o

4? ,OOA

1 00,000
75, ooo

1 35, 000

1 25, 000

363, 000

3,500
1 5, 000

1 3, 000

4,500
90, ooo

1 8, 000

58,000
45, 000

110,000
110,000

?5. 000 50, 000

*
++

Estimates by Mr B''i.
Estimates by Mr D. F.
Iower angling efflort

821,000

1,247,OOO

Cunningham for '1 958-59 season,
Hobbs for 1957-58 season but reduced for
and catch,

517,000

880,000

average 1 icence holder's
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The co¡rection factor was derived f¡om the best avaÍlable data, a comparison of the
diarists'and questlonnaire results in |1lellington District in 196S. The far lower catch
rate and catch of the aveÌage licence holde¡ directly conflicts ulith AlIen and Cunningham's
study fn Nelson in 1950 when diarists averaged annual catches sÍmilar to the avgrage
angler. Further studies are required to determÍne hour suitable is this correction factor.

In the dÍstrict reports, estimates have been given of the crop in each year of the
angling diary scheme as a guide to the local fishe¡ies managers. The accuracy of the
histo¡ical trends shourn in these reports varies with the quantity of data coLlected and
the effect of those factors affecting anglers'effort and catch rate Lfsted in Tables 21
and'l'4, In general terms, because of the errors lntroduced by these variables, it
would seem to be easier and more accurate to use postal questfonnaires and non-respondent
intervieul schemes for a more accurate assessment of district t¡ends in annual effo¡t and
catch.

In the district reports historÍcal estimates of the catch from individual wate¡s are
given. These are only very general estÍmates as al1 the previously listed errors occur.
These crop estimates f¡om lndividual waters ui11 be of some value whe¡e surveys show the
stocks to be comparatÍve1y high. For example, it uias shown that the brown trout populatlon
of the lrlainufomata River, when estimated by electric fishfng surveys, was about 3 800
takablesin October. The annual crop by anglers In 1967-68 was estimated at 600 trout which
is only 15/" of the takables population (Graynoth'19?4c). Similar lour crop rates urere also
found in other ltlellington waters and ít Ís suspected that this could be general throughout
Neur ZeaIand. If direct su¡veys of individual wate¡s did shou that thÍs was the casB, many
of the strÍngent anglÍng regulations in New Zealand could be ¡elaxed and an increased crop
of fish taken by anglers.
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VI THE EFFECT OF REGULATIONS

No neu¡ studies were made on the effect of angling regulations as thÍs subject uras

basically ure11 covered by A11en and Cunningham (1957).

There uas no intention to monitor the effects of the angling regulations using the
angling dÍary scheme, although this is possible. The effect of various anglÍng regulations
has been recently extensively studied ov€rseas (e.g. Babcock 1971, Hunsaker et a1. 1970,
Hunt 'l 970, Shetter 1 969) .

In Neul Zealandr problems which arisB about the effectiveness of various angling
regulations are normally solved by local surveys and by ¡eference to Iiterature. The

fYlinistry has generally recommended to the Acclimatisatfon Societies that rest¡ictive
regulations should be made mo¡e lenient except ulhere there is cfear evidence of overfishing.

0ne problem 1n the assessment of the value of angling regulations is caused by the
annual fluctuations in the density of trout stocks. Regulations ¡emain fairly stable
through the years uhilst ín some years there may be an excess of fish and in other years
a shortage of fish. The regulations are probably determined in the years of the low

stocks r¡lhen the angling is poor. If it was practicalr regulations couLd be changed each

year in line with changes in stock density. This urould require rapid stock survey
techniques. Alternatively, where stocks a¡e proven to be loul, or the specÍes difficult
to catch, the liberation of large catchable hatchery fish would be of va1ue. A third
alternativ€ would be to publicise which ulaters contain high stocks of fish and so redi¡ect
anglers'effort. The reports on each Acclimatisation Dist¡ict should go some uray touards
thÍs redistribution of anglers' effort.
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THE ANGLING DIARY SCHEME AND FUTURE STUDITS

The national angling diary scheme has been discontinued as the result, of these studies,
The scheme served a useful putpose in the past as ample info¡mation was collected to map
and describe the national and local patterns in angling effort, catch, catch rates, species,
size of fish caught and the effect of angling regulations. Houlever, due to errors inherent
in these voluntary angling diary schemes it was not possibfe to accurately monitor these
statistics and the state of the fish populations. It uas decided that with the present
staff and Financial limitations of the llinistry it would be inefficient to devote further
effort to similar national angling diary schemes.

Future studies ulhich could be undertaken are as follows:

1, Responsibility for monitoring tle state of the fish stocks and the quality of the
angling should be accepted by the 1oca1 flsheries management organisations. It is
suggested that regular surveys be made of anglers'opinions on the state of each
fishery in the present and in the past. Fie1d 0fficers should reco¡d anglers'
opinions and details of the fish they have caught ulhilst carrying out licence checks.
Alternatively, questionnaires could be distributed to a selection of licence holders.

This concept is suggested because many experienced anglers have clear and
accurate memories ol the density and other cha¡acteristics of the fish stocks in
the past. They have also observed t.he historical changes in the environment and
often have excelÌent practical suggestions on hou¡ the fishery can be improved. In
particular, anglers should be asked uhether fish are scarce or just difficult to
catch. I suspect that if several experienced anglers agreed that there has been
a decrease in the numbers of fish, then this would be a more accurate measure of
density changes than a statistically significant decrease in catch rates.

Itlhe¡e resources permit, direct studies on the state of the fish stocks can
be undertaken with the mode¡n techniques now available.

National trends in freshwater anglÍng effort and catch can be assessed by a

stratified postal questionnaire scheme Ínvolving 500 to 1 000 Iicence hoLders. The

Department of Statistics or public opinion survey firms could conduct these surveys.
Simila¡ surveys have been unde¡taken in the U.5 A. and Great Britain (U.S. Bureau
of Sport Fisheries and tilildlife 1972, N.0.P. Market Research Ltd,1971).

3. Datails of the trends in angling effort and catch fo¡ individual waters are
generally raquired for "political" and scientific reasons. General trends are
satisfactory for "poì.itical" reasons and can be estimated from the technical reports
and Iicence sales or f¡om small creel census and postal questionnaire schemes.
Very accurate scientific estimates require extensive combined long term studies
similar to those being carried out on the Rakaia River, uhere angling diary, creel
census and aerial census studies are being run (R. Goode, pers. comm.).

4. The relationship betueen trout density and anqJ.ers' catch rates and the
relationship between the size of trout ín the population and in the anglers' catch
should be clarified by direct experiments. These should be along the Iines of the
studies on carp by Beukema (1969). This information r¡riIl make angling statistics far
mo¡e valuable.

Basic biological information on the density, size, groruth tates, behaviour and

other features of the brown trout stocks in the larger rivers of New Zealand is sadly
lacking. Angling statistics alone are not sufficient tq manage these very important
fisheries. It is therefore suggested that further ressarch is needed in thie fieId.
The development of rapid and efficient survey techniques, such as drift diving' would

be of great value in such studies.

t

5.
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0

0

49 161

5 13.5
'1 5 63

34 106,7

81 54,6 0. 56

3 55.9 0,22

32 52,6 0. 30

B0 48.5 0. 98

2,2 100

0 100

0 100

7,1 100

2

0

0

I

1

0

0

25

89
aJ

19

BO

0

0

0

0

0

1

1

1

0

0

0

0

0

0

0

0

0

2

0

0

0

0

0

0

0

0

0

0

1 ,84
0.60
1 ,2?

3.09

1907 5571 946

367 1 001 .5 179

1 48 526,6 30

422 1175 127

5s 213 16

I 3',1 1

3 10.5 0

9280

329 1D43 266

42 82,5 0

16 80.5 0

42 121 7

136 284 60

47 121 12

9 27,5 0

? 30 0

140 4229 4195

27 423 438

1 8 131 215

95 823 744

43.5 0. 78 2.29
4s ,1 0. 45 1 .23

43.2 0,28 1,01

42,7 0. 78 2.18

17.8
28.5
16. I
12 .2

100

99

99

99

7

0

0

5

86

9

0

10

94

9

1

10

54,7 0 , 44

55.0 0,29
58.4 0

56,4 0.54

1,69 14,7 100

1.13 ',l 0,0 ',l 00

0 0 100

1.6? 0 100

53 691 697

0 19 20

11522
10 75 77

263 279

44 44

15 34

827

40. 3

46.O

51 .8
41 .1

46.1 0.96
45 ,4 8,41
51.6 0,55
41 ,7 0,27

69 54. 0 0.29
25 53.1 0,52
3 38.1 0.21

39 41 ,1 0.53

8,71 2,26 26.3 100

8,23 0.45 0 100

o,20 1.00 0 10u

0. ?0 2.82 ? .6 1 00

2,OO 18,1 100

1 . 06 19,4 98

1,67 0 100

1,14 0 100

9

6

0

0

4

6

0

2

5

5

0

7

B7

25

3

45

0.53
1.00
0.60
1,74

173 31 3

31 60

5 14.5
27 88.5

1 05 401

31 140

22 117.3
17 7 4.5

s.1 100

6,1 100

0 100

2,1 1 00

I
2

0

1

4

0

0

1

231 225 53. 3

50 50 62,0
44 52 56.1

42 58 52,8

0.59 2,25 1,7 100

0.39 1,?7 0 100

0.38 2.OO 0 ',l 00

0.66 2.BB 2,tr 100

Travers*
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(r ) (2) (q) (s) (0) (z)(j) (a) (e) (ro) (rr) (tz)

Wa ímea

hjairoa

lrla kapua ka

Itla n ga pe ka*

l.tlha ngam oa

Ashley*

12? 266

t1
1 1.5
1-

1 86 466

32 ?B

11
79

74 180

6 31

3s192

000
001

3

0

0

0

88 44.4 0. 35

0

1 58.4 -

105 34,7 0.64
? 56,9 0.23

no information

239 191 42.4 0.53 1,32
20 2E 54.6 0,26 0.63
0--00
3 4 33. 0 0. 33 D.43

20,5 100

23,1 1 00

0-
25,O 1 00

1.55 42,5 100

1,17 30.0 100

100

o,73 27.3

00
1.00 0

'l 00

100

:

0

0

0

0

0

0

0

0

0

0

1

0

0

0

63

6

0

1

B5

3

79

2

1

4

64

4

0

0

6

0

0

0

4

0

't 11

?

252 940

6? 311 .5
944

67 198.5

48 131

413
1',!
12

701

22?

401 ,9

16 46? 460 49,7 0.51 1,92 14.1 't 00

E 28 28 53. 3 0. 09 0,42 6,7 1 00

o 7 9 54,1 0.16 0.?8 12,5 100

6 73 68 47.5 0,40 1.18 4,8 99

NORTH CANÏEREURY

4 60.5

39.9 D,47 1.50
43.28 O,21 0. 58

63. 5Q

44,7 0.31 0.81
38.98 0.39 1 .03
84. 6Q

35, 1 0.56 2.16
35. 9 0.92 2,26
30.0 0.50 1.05
-00

76

4

0

0

?6 36.9 0.60 1.65
4 44,5 0.31 1.00
140.600
0-00

44,8 1 00

50.0 100

0 100

0-

A von

Cam

Lake Coleridge* .:)

1 03 329

36 102

187 493.4
323 855.6

140 543

34 84

20 42

s 9.5

71 177

10 18

33 81

33 ?9.5

2 153

o21

17 134
29 384

120

20

1

190
297

16

82

6

51

56

285 221

702
56

9

101 25

64

B9

27,6 gg1

16.0 1001

22,2 1 00

2tr,5 gg1

15.4 99

4,9 100

50,0 92

'1 00. 0 100

25,O 1 00

14.3 1 00

30. 3 99

17,3 100

59

4

43

86

55

4

21

3

28

1

30

13

48

30

83

2

0

18

6

7

0

I

19 283 140

3 74 74

14 7 72

000

1

0

I
0

0

0

1

0

65 41,5 0.47 1.18
6 55.1 0.33 0.60

69 37,8 0.85 2,O9

58 37 ,3 0.78 1 .88

54. 0 0, 42

58.48 0,31
55. 4R

s1.7Q
49,08 O.27
56. 1R

4?.2Q

2 .23 14,1

1.67 30.0

1 . 38 43.2

66Q 34

3E 84

13Q

138 36

51Q

79
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(e )(z)(r) (s) (a) (s) (6) (z) (e) (to) (rr) (tz)

OTAGO

Butchers Dam

Catlinsx

C Iuthax

Fraser's Dam

Kaihiku

Leith

fYlahinerangi-
lllaiporix

lYlanorburn Da mx

fYlanuherikia Dalrr

fYìanuherikia
River*

57

21

0

10

199

53

35

5892 929

2010 421

2219 355

91 4,2 99

'1 00 50

119.5 14

100. 9 2

30

124 186
33 6

7,5 1

236 114
'1 99.5 6

188.5 1B

47.8 26

658 40

72
21 ,5 1

135 3

205.5 51

124.5 11

325 88

153

4B

2

'1 s

o 643 512
15 141 141

9 104 165

43628

92

83

28

0

68 32.8 O,7?
22 2E ,7 1 .15
3 33.0 0./+0

12 37 ,8 0.30

2 ,83 27 ,1
3.92 29,2
0.67 0

1 ,15 40. 0

100 0

862 14

100 0

1oo2 o

54

13

J

13

238
77

4B

14

1260
642

566

193

23

26

23

1

199
44,5

5

49,5

790
264

168

70

45.?
39,7
39,6
42,2

0. 81

0.59
8,67
0. s7

0

3

0

0

2,70 23.6 100

2,t3 25,4 1 00

2.35 23.7 1 00

2.86 13.0 100

0

0

0

0

45

34

37

10

138

3

5

37

96

40

124

0

0

0

0

12

1

0

43,O

38, 9

37,6
32,8

0

4

1

?

0

0

0

25

0

0

0

0

0

0

0

0

0

1

2

2

0

0

0

0

0

2

0

9 3760 3241 40. 5

39 1267 1374 36,9
136 1245 1639 36. B

B0 489 47 4 42.4

0

2

4

0

D,64 2.99
0.65 2,03
o,62 2.44
o,62 2.9s

19.B 1 005

24,4 962,5
20,E 9g2,5
1 4,8 g72

5?

17

J

56 38,7 0.92
79 36. B O.71

28 42,4 0,32
3 38.1 0

4, 00 35.2 1 00

s,27 14.1 1 00

1.39 5.9 100

o - 75

4.11 44,3 100

2,12 14,3 1 00

0.33 50,0 100

100

383 1 031 11?D

78 190.5 160

260

465 31 06 145
124 597 76

118 528,5 17

39 155 3

0 1 080 102D

1 5 116 116

59

0043

3 1 056 1052
1 0 22D 154
26 264 175
3 79 49

o 337 240
2 82 81

12 122 384
0 18 62

D 234 242 29.8
1 35 35 36.1
0 1 2 st.o

.1 55. 9

1.89
1.09
o-..

25,7 1.05 2.82 52.O
26.8 0.69 1.68 55.0
25.7
26,? 0 0

40. B 0.34 2,28 12,O
40, 3 0, 39 '1 . 85 24,8
42,6 0. 55 2,46 5. 5

40,6 0. 53 2,10 3. 5

34.8 1,43 7,49 25,3
40.9 0,42 2.47 6,7
33.6 0,71 3,62 11.8
40,3 0.38 1.80 59.1

100

100

100
'1 00

100
g92

g82

g82

642 642 36.b U.9U 4.65 5.9
14 14 41,O 2,DO 4,6? 12.5
12 13 45. 0 0, 56 2.40 7 ,?
no information

1oE2 o

43 5?

892
1g2 B't

100

100

'too2

134 134

189 1 88

38 47

161 17 4

o.99 3, 62 2 ,2 1 00

0.98 2,09 20.2 100

o. g1 o. 98 22.o gB2

0.50 1 ,30 35.3 1EO2
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(e)(r ) (2) (3) (a) (s ) (6) (t) ( e) (ro) (rr ) (tz)

fYlim i ha u*

0waka

P oma ha ka*

PooLburn Dam

Puerua

Shag*

Taieri+

TayIor's Creek

Iokoma ir í ro*

311 1377 947

92 307 104

27 79.5 40

3 11.5 1

60 1665 1678

0 '1 58 168

17 71 316

357

0

0

I

53 9477 8379

87 1439 1511

1 08 92A 1043

47 102 137

34 .6
27 .8
35.1
38,4

35. 0 0,94
33,7 0.69
36,1 0.69
39,4 0. 56

74

2B

11

25

42

33

I

57

51

4

7

141

25

a:

0

0

0

0

0

0

0

0

0

0
aJ

0

25

6

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

0

0

0

0

207

57

29

225 216 37,2
55 56 33. 6

38 63 34. O

1,25 5.55 35.4 100

0.45 1.50 43.0 100

1.11 3.26 31.3 97

0,70 2.67 46.7 100

1.09 3,84 38,5 1 00

0.96 1,96 31.3 100

t:un

4.00 38.1 100

2,42 31,7 1002

2,sB 27,O lOO2

2,O1 42,O gl2

2383 10116 5863

631 2227.5 708

345 1 494.3 380

74 267,5 108

159 15

199,5 2

160 29

4,5 0

189 43

115 34

70
20,5 I

0

21

6

0

0

2

0

4

73

55

60

6

101

106

2

26

101 39.2 0.53
106 35.6 0,94
23 34.5 0,29
19 39,9 1 ,46

1.77 30,0 100

2,12 23,9 1 00

o.5o o too2
4,2g 21,1 lOO2

70 47,D
65 42,O

76 40,4
7 37.8

o,46 2,92 17,1

0.38 1.81 2.6
D,41 2, OO 30 . 5

1,33 6.00 0

100

75

94

100

41.5 tol2
41,3 1002

34,g too2

so.6 gB2

5,4 1 00

2?,3 tOO2

353 1589.5 180

104 380 132

221 592.? 51

11200

916 5280 1488

434 '1 393 371

530 1947,8 468

161 519.2 200

89

7

0 695 690

19 161 184

38 31 0 464

0936

1 2099 1678

19 508 374

67 807 1 051

12 1 83 231

o.44 1 ,97 20,6 'l 00

o,47 1,73 42,3 100

0.59 1,57 12,8 100

0.45 0.82 0 100

35.1
34 ,8

39,4
46 ,2

35,2
37.8
33. 0

34. 0

'0.40 2,29
0.38 1.21
0. 45 1 ,65
0.38 L21

246

1?

25

3

0

0

0 302 277 38.1 0.53
8 297 296 36.6 0.54

10 117 160 38,4 0.40

0 14 7 43,2 D.41

0

0

141 125 3?.7 0,23
44 51 35.7 0.45

no info¡mation
no informat ion

437 436 32.2 1.78 4.91
B 7 34.5 0,47 1,14

no information
no information

101

17D

115

6

135

38

565

569

318

34

33

96

35

5

608 18

9?.5 19

2.99 9.9 100

1 ,7g 23,g lot2
1 .1 0 21,6 lOO2

2,33 1?,7 1002

1,O4 11,3 100

1,16 30,2 98
Tomahauk Lagoon



-64-

(z)(6)(q)(s)(z)(1) (s) (e) (s) (10) lrr ) (tz)

lrjaikaia*

tlaikouaÍtix

ttlaipahi*

lllaipori River*

|lJaiwera

lrl y n dham*

Lake
Alexandrinax

0pa ura

902 388

523 196

353. 5 75

93 17

397 43

294 58

168.5 19

142.4 22

2,95 33.5 .1 00

2.67 32,8 1 00

2.s1 21 .1 1oo2

1.35 32,7 100

1,39 20.9 100

1.11 37,4 100

1.68 14.6 100

1.14 20.8 100

36,1 lOO2

2?,g 1002

35. 0 '1 00

27,4 100

38,7 1 00

33,2 1002

23,2 g|z

33. 3 1002

47 .5 100

33. 3 1002

44.6 1 00

33.3 108

261

150

112

26

117

B?

66

74

898 4245 2013

145 594.5 148
27 145.5 50

5? 226 57

o 7?o 759 35.2 0. 85

o 401 406 35,4 0.??
29 252 364 38.9 0.79
7 28 14 41 .4 0.38

0 163 161 40.0 0.41
4 93 88 41,8 0.33

12 99 126 42 .4 0. 66

10 74 66 41.7 0.59

4 3563 3455 34.6
25 357 366 36.5
11 82 261 35.3
30 121 55 42.4

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

0

0

0

0

0

0

0

0

0

1

1

334 1 886

62 228.5
62 245,5
49

273 859

49 137

19 50

59

236 1 303

73 288

14 39

16 49

0 815

I 113

17 92

o4

o 769

183
229
11

756 32,7
60 36,4
99 40.4
11 38.9

7 42 33. 6

81 34.1
76 31 ,5
6 50.3

0. 84 3,97
8.64 2,63
o,64 3,44
o,67 2,65

0, 43 2,44
0.53 1.95
8,44 1.76
o,44 1 , 00

0. 90 2,82
0, 61 1 .7'l
o,62 1,63
8.22 0.40

514
60

33

2

696

42

25

1

468

468

11

22

238 1112 7

476 2192.5 44

230 1 099.6 19

29 9tr.6 2

498 1604

347 1 065. 5

317 921 ,4
1 85 425,2

0.36 1 ,68
o,23 1,tr4
o,22 1.O7

o,23 0,?2

892
s1 97

91 91

16 84

14 1't 41 1122

10 126 130

33963
1 34 35

SOUTH CANTERBURY

12 587 384 53. 9

25 470 472 53.4
1 0 235 398 50. I
tr 21 88 56,7

10 139 139 31,2
no information

9 45.7
no information

38,4 0.89 4.89 28,B 100

37,4 0,47 1.86 77,5 100

55.8 1.08 3.00 zD,B '1 00

38.9 D,71 2.19 38.6 100

1,7
8,2
7.2
8,7

?78029

396 1 00 1144

281 '19 317

63 17 427

67 16 360

985 37.0 0.?B

269 37,4 0,32
608 39,4 0.48
396 34.O 0.88

1.86 5,14 34.1 100

100

z.sE 24.2 t oo1

o,g? 45.5 1001

1 ,40 12,4 ggl

2,O3 15,1 gg1

0pihi*
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(r ) (2) (s) (4) (s) (6) (z) (e) (g) (ro) (tt) (12)

0 ¡au ia

0reti*

Utamita

0tapirix

Wa iau*

lrlaihopai

ltjaimatukux

ÌIa imea

Kapuníx

162 618

62 170
33 117,6
717

18. B gg2

17.2 97

17,5 100

26,3 1 00

172

37

24

5

16 725 723 38.9 1,20 4,5?
0 178 178 37,4 1,05 2,87

10 103 134 36.3 0.96 3,42
2 12 9 42,9 D,B2 z.oD

1

3

0

0

487 2203 869
429 1618.5 527
285 911,2 520
150 468.5 ss

218 145? 1444
52 BBB 900

111 61 5 825
21 221 364

38.6 0.76 3,44 34,2 100
35.4 0.58 2,1g 35. 9 1002
33. 5 0. B0 2. 55 41 ,? 1002
36.6 0,52 1,61 18.5 too2

33,4 1.3? 5.61 51.5 100
32,2 0. 60 1 ,7? 51 . 6 too2
37.1 0.55 2,14 63,4 .1 00

39,1 0.88 2,BO 30.0 100

33,5 1.38 5,29 32.9 100

32,g 0,76 2.61 42,2 1002

33.0 1.33 3,2D 5?.9 100

33.0 0.95 3.59 12.2 100

0

0

0

0

0

0

0

0

51 209
44 130

? 27,5
5 16

52 200

72 247

35 84

22 83

24 262

3 75

213
o 14

25 25D

1 187

31 81

7?2

304

85

26

6

135

137

154

11

23?

104

22

17

251

183

81

69

0

0

0

0

1014 3438 369
197 724,5 33

216 851.7 11D
1 51 554.5 71

56 2393 2332

8 336 345
19 419 465

4D 259 238

2

0

9

0

44,4 0,71
44,3 0,47
39 ,9 0. 51

41 ,6 0.54

13.1

8.8
20,1
19.2

7,3 100

4,1 1002

15,2 1 00

0 100

92

97

95

100

796 21

742'6 26

ssz 4s
s26 48

2.42
1,75
2. 03

1 ,98

48 152

4 21 .5

54 238
29 B't

59 145,5
11 18

67 274

10 26

36

89 89 41 ,5
2 2 38.1

- 4 32,5
no information

14

1

I
0

tr,64 2,02 12.6 100
o:ot o-uo =:' t ;::

0

0

0

13

4

16

0

146

11

't2

163 163
93 SB

80 E2

B8

4D,4 0.69 3.06
42.4 1 ,15 3,21
37,1 0.61 1,51
35.8 D.44 0,73

0

0

0

0

0

0

0

94

38

32

32

186 'l 0't

737
BB.5 12

64 14

32 300 25? 36,7 1 .21
5 30 19 31.3 1.35
0 3 3 33.5 0,50

no info¡mation

TARANAKI-HAÌl,ERA

21 144 132 40.5
o 62 62 38.6
3 4? 47 40,1
3 43 B0 38.6

1 8 222 182
17976
04864
67579

4,96 30.s 100
g.so 2s.s roo2
1.00 80.0 100

0.89 1,76 38.0 99

0.85 1,63 10,1 100

0. 56 1 .56 19.4 1 00

o,72 1,44 23,2 100

1

0

0

0

I
3

5

0

1'18 384
50 119

56 143.5
117 192.9

35

11

5

6

45.9 0.63 2,O3 12.7
42,2 D,67 1.60 12,1
45,7 0. 33 0.86 9,4
46.9 0,42 0.69 6,9

Ka up ok onu ix
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(e) (10) (rl) (12)(e )(z)(6)(s)(¿)(3)(2)(r )

ASHBURTON-NORTH CANTERBURY

Raka iax

llla nga n ui*

120
63

87

150

494

247

14

1

4509065

?75,8 5 6 147

122 50. 5 0. 3? 1 .52 ? ,1 s?.
598 47,48 0.34 '1 ,32 1,2 r001
25Q 6s. 1 Q

488 45.98 O.14 o.?5 12,2 9a1

45Q 74,78
558 41 .gB O.20 1 ,o2 3,2 7?1
7R 46.5R

116Q 77.sQ

o 182

2 8'l
3

0

42

32

66

23

A UC KLA ND-l¡JA I ltìA R I N 0

1004 '1826 751
2',t 2? 0

332 786.5 237
29 51.3 0

22 15?5 1394
82929

28 426 545

11958

0.87 1.59 32.O
1,3? 1,?6 0

0.58 1.37 34,3
0.39 0,69 0

40,2
45. 3
40.4
41.2

58

68

34

NOT E

(t) Code numbers as Allen and Cunninghan (195?) p. 159. For each urater¡ first line - scheme Lo jgsz
(some values corrected), second IÍne '195?-58, third 1962-65, fourth 196?-6g.

(Z) * = tÍate¡s studÍed for trends ín fish size and anglers' catch rates.
(S) Angling effort and catch are for men's uJhole season Iicence holders only and therefore may dlffer

f¡om the records for all dlarists published in the dist¡ict reports.
(¿) B= browntrout, R= rainbowtrout, Q= qulnnat salnon.
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