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1. SUMMARY

Lake Co'leridge is the most important sport fishing lake in the

North Canter"bury district. It is one of a very few lakes in the world

where qu'i nnat sal mon can be caught from freshwater stocks. The

anglers' catch comprises 90% quinnat salmon, 9% rainbow trout, and l%

brown trout. The catch rate of anglers varies from 0.3 to 0.59 fish

pen houn fished, and 50% of all the season's angf ing 'in the lake is

done on the opening weekend of the season, the first comp'lete weekend in

November. Population estimates for takeable size fish of the thnee

species were:

Qu'innat salmon

Rai nbow trout

Brown trout

Mean 1 engths

spec'ies showed no

rate was estimated as:

1960

30%

4.4%

0.32%

of angl en caught and

decline in size oven the

1.979

4958 + 2496

14 071

I919

5.2%

0.4%

spawn'ing fish of the thnee

I ast thi rty years.

no suitable areas for it were

Rai nbow trout

Qu'innat salmon

Brown trout

Angl i ng croppi ng

1960

6089

495 5

2467

+ 252I

Lake edge spawning does not occur', and

found in the lake.

Exami nati on of management pr"acti ces showed that stock'ing wìth

rainbow trout contributed less than I% return to the angler or to the
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adu l t spawnì ng nuns. Bag l i mi ts were i neffecti ve for
popul atj ons because they ar.e so ì i ghtly expl oi ted.

sìmi1arìy were unnecessary for salmon or trout. Bag and

are still part of the fjshing regulations.

managì ng the

Si ze I imits

size limits

The impact of the Wilbenforce d'iversion has been to create dirty
water on occasions'in two prime fishing areas, the Hanper corner of the

lake and the Lake Stream-O'Rourkes fan area. The diversion has allowed

penmanent egress for fish from the lake, but the extent to which it .is

used fon this'is unknown. The diversion has also allowed the lake to be

held at its upper limit for extended periods and th'is has nesulted jn

shoreline enosion w'ith'increased turbìdity of the whole lake. It has

af fected f i shi ng by conf i ni ng angl'ing to an 'increased shal I ow water

a rea.

2. I NTRODUCT I ON

Lake coìenidge lies i30 k'ilometres west of chr.istchurch (F.ig.1).

It supports an important recreatjonal fishery for landlocked quinnat

salmon, rai nbow trout, and brown trout. Gr-aynoth and skrzynski (Lg14)

and the 0cta Associates Ltd (1976) list the lake as the most popular

high country fishing lake in the North canterbury distr.ict. Lake

Col erì dge i s of partì cul an val ue to angl ers because three sal moni d

s peci es may be caught 'i n the one I ake.

Management of the fishery is carnied out by the Nonth Canterbury

Accl i mati sati on socì ety (NcAS) , w'ith some techni cal advi ce be.ing

provìded by Fisheries Research Djvis'ion (FRD). Befor-e 1973, f.isherjes

adv'ice was provided by the Marine Department. Th'is report presents

the nesults of investigatìons begun in 1965 by the Fisheries Management



FIGURE 1. Localìty map.
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Division of the Marine Department to provide information for management

of the salnonìd fisheries. The NCAS required data on species catch

composition, catch rates, populatìon est'imates of takeable sports fish,

specì es growth rates, si ze restri cti ons, bag I ì mi ts, stock'i ng, and I ake

edge spawni ng. Information was also requi ned on the impact of

hydr"o-electric power (HEP) development on the recreational fishery.

Comparati ve j nf ormat'ion f ound i n scattered publ i cati ons and often g'iven

in imperial measurements was converted into metrjc values and compiìed

with the materi al gathered dur ì ng the i nvestigation.

Recently Lake Coleridge has been included in 'investigations by the

North Canterbury Catchment Board (Bowden 1983, Cathcart 1983) j n

nelation to management proposals for the Rakaia Riven catchment.

3. LAKE COLERIDGE

3.1 Physi ca1 Characteri sti cs

Lake Coleridge is glacìaì jn origin (Haast 1865); its basin was

carved out of greywacke basement rock du ri ng the Pl ei stocene

glaciat'ions. The Lake Coleridge area has two geological fault l'ines:

one runs east-north-east with the Harper Ri ver, and the other nuns

almost at night angìes to it. The lake is at an altitude of 509.6 m

above sea level (a.s.1), and 'it is L7.B km long wìth a maxirnum width

of 3.4 km. It has an area of 32.9 sq.km (Irw'in 1975) and a shoreline

of 47.5 km. Max'imum depth of the lake 'is 200 m, with an average depth

of 95.7 n. It has a volume of 3.15 cu.km (Fla'in 1970) . Lake Coleridge

has a nontherly oni entat'i on and i s open to the prevaì 1 i ng strong

no¡'th-west and weaker south-west wi nds. The north-westerìy Fohn w'inds

are frequent and often exceed 100 kph, wjth gusts up to 160 kph
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recorded. Wi nds may bl ow fon several days, but often abate i n the

evenings and recommence around midday the next day. Because of this

wìnd act'ion Lake Colerìdge water does not stnatìfy. The lake has very

low productivity and is classifìed as ultra oììgotrophìc (Burnet and

Wal I ace 1973) .

An important feature of Lake Coìeridge is the wave-cut platform

(F'ig.2) which extends around the entire margin of the lake at a depth of

0-5 m when the lake is full (509.6 m). In some aneas such as the HEP

'intakes, where wave action 'is pronounced because of exposune to the

extended fetch of the wind, the edge of the wave-cut platform ìs up to

10.2 m deep. The wave-cut pìatfonm is clearly defined by its shallow

slope, and jt is composed of broken angular rocks w'ith no pìant growth.

These rocks ane reguì ar'1y moved by wave act'ion (Spe'ight I9I2) and

thereby absorb the erosional effects of the wave energy. At the

deep-water edge of the wave-cut pl atform i s a sharp drop off to a

steeper (2Io slope) littor^al zone which supports pìant growth. This

zone is silt covered and normal'ly beyond the reach of wave action.

Pl ant growth ceases at about 36 m because of I ack of 1 i ght for

photosynthesis.

The s'ilt slope without weed (subì'ittoral zone) continues to the flat

bottom of the lake (benthic zone). The most productive area of the

lake is the littoral zone, which anglers prefen to fish. If the lake

is high anglers have difficulty fish'ing thìs zone: they prefer a lower

lake with eas'ier access to the zone.

3.2 The Catchment

The natural catchment area of the lake is 21 773 ha. Th'is has been

'i ncreased to 59 357 ha by d'iversion of the Harper Ri ver and the Achenon



Wave cut platform

evel (overflow) 509.6m

maximum storage level 509.3m

NZE
iåiã¡ Orisinal lake level 5o8.5m
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FIGURE 2. Lake Co'ìenidge levels.
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River^ into the lake for HEP (Stephen I972). Diversion of part of the

f l ow of the hli l benf orce Ri velin 1977 has substanti al ìy i ncreased the

catchment anea by an unknown amount. Geologically about 30% of the

catchment is composed of tentiary sands and cìay, whilst the remainder

ì s greywacke (Packard 1947) .

The catchrnent i s 'largeìy undevel oped

grassland, w'ith some areas of beech forest

vegetation, and scrub. Less than 2% of

grassl and and p1 antati on.

and i s predomì nant'ly tussock

(xotnotugus sPP.), sub-a1P'ine

the catchment 'is i n pastu re

The main natural tnibutar^y of the lake is the Ryton River. Smaller

'inf lows are the Scamander Creek, S'imo'is ("Twin") Stream, and Co'leridge

St ream (Fi g. 3 ) .

3.3 Fi sh Stocks

Lake Coleridge conta'ins foun intnoduced salmonid spec'ies, quinnat

sal mon (oncorhgnchus tshawgtscha) , raì nbow trout (salmo grairdneríi) ,

bnown trout (salno trutta), and brook char' (salve-Linus fontinalis).

The qui nnat sal mon are a sel f-susta'i nì ng I andl ocked popuì ati on, ì n

contrast to most other stocks 'in New Zeal and wh'ich are Sea run.

Land'locked qui nnat sal mon popul ati ons are al so f ound 'in a f ew other

South Isl and I akes (Fl ai n 1972). Sel f -susta'inì ng ì ake popu'lat j ons are

not found within the natural nange of quinnat (chinook) salmon in North

Ameri ca, wi th the notabl e recent excepti on of the Great Lakes

'i ntnoducti ons (Bergeson and Tody 1967 ) . Rounsefel I (1958) ennoneously

concluded that chinook (qu'innat) are ob1ìgatory anadromous fìsh; th'is

is clearly not so.
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FIGURE 3. Lake Colerìdge and surrounding area.
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The mai n salmoni d spawn'ing areas are i n the f our" tri butari es, the

Ryton River, Scamanden Stream, Simois Stneam, and Coleridge Stream.

Access to the Harper Rìver is prevented by a lange concrete control

gate. D'iversion of par"t of the Wilberfonce R'iver into the lake in I977

gave Iake fish access to the river and its catchment. Sea run and river'

dwelling salmonids are known to use the tlJilberforce River for spawning,

but the extent to which the river''is used by lake fish is unknown.

3.3.1 Qu'innat Salmon

Quinnat salmon were fi rst neported as be'ing caught in apprec'iable

numbers on the opening of the 1930/31 angling season (Bìack Gnat 1930).

Scale readings show that three-year-old fish wene present in the catch,

so that salmon must have been pnesent as eanly as 1927. In the absence

of any stocking records preceed'ing this date (Table 1), it'is neasonable

to assume that divensjon of the Harpen Ri ven into Lake Coleridge

resulted in the introduction of juvenile salmon into the lake. Sea run

salmon were a'lready present in the Rakaia river and its tributanies,

including the Harpen Ri ver.

3.3.2 Ra'inbow Tt'out

Rainbow trout were first stocked by the NCAS in 1909 (Table 1). A

report in the Chnistchunch Press (Black Gnat 193i) indicates a well

established sport fishery for r"ainbow and brown trout by 1931.

3.3.3 Bnown Trout

Lake Coler''idge was f i rst stocked with brown trout 'in 1868 (Arthur

1881, Godby 1919) . Si nce then, the NCAS has peri odi ca'l ìy released



TABLE l. Liberations of quinnat
Lake Coleridge bY the

15

salmon, Atlantic salmon, rainbovr
NorTh Canterbury Accl imafisation

trout, and brovn Trout into
Soc I efy .

DaTe Quinnat salmon Aflantic salmon Ra i nbov trout Brorvn trout Sou rcex

I 868

1 909

1912
t 919

1924
1925
1926
1928
1931 69 000
1932 69 000

1933

1 934

1949
1 950

1952

1953 18 sea run
adu lls

1954
1957

1958

1959

I 961

1962
1963
1 965

1 966

1967

4 000 year I i ngs

75 000 fry
2000 fry
20 000 f ry
l0 000 fry
50 000 fry
1 5 000 fry

100 000 fry
'I 30 000 f ry
150 000 fry
100 000 fry
45 000 fry
130 000 fry
45 000 fry
50 000 fry
100 000 fry
I 00 000 fry
135 500 fry
135 000 fry
2 504 fcy and

year I i ng

I 07 700 fry
107 000 fry
455 adu I ts?
I 18 000 fry
I 18 000 fry
65 000 fry
687 000 ova planted
70 000 fry
2 210 f ingerlings
200'tingerlings
l0 000 fingerlinç
57 000 fingerllngs
1 500 tagged
fingerlings
50 000 fingerlings
of which 790 Tagged

80 500 fingerlings
of which 500 tagged
24 OOO fin-clipped
f ingerl ings
15 000 fingerlings
58 500 fingerllngs
58 500 fingerlings
l0 080 fingerlings
24 O2O fîngerlings
24 9OO fingerllngs

2 987 061 ova, fry
flngerlings and adulTs

20 adu I ts

25 000 fry

100 000 fry
200 000 fry
200 000 fry

80 000

49 750 fry

23200+3
Se lwyn adu I ts

1 1 500 fry
'I 110 f ingerlings

490 580 fry,
f i nger I i ngs and adu lts

40 000
69 000

1

2

2

2

2

2

2

1

2&3
2

2

2

I

2

I

I

2

2

I

1

I

I

193'
194 1

1947

1968 I0 000 smolts

1969
1970 22 5OO smo lts
1971 17 800 smolts
1972 39 760 smolls
1973

Total 228 060 frY
and smo lts

I
'I

I

I

1

*l
2

3

= Annual Reporf of the North Canterbury Acclimatisatlon Sociely.
= Fi les of the NorTh Canterbury Acclimatisation Society.
= Stokel l 1954.
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brown trout into the lake (Table 1). Knowledge of the sìze of the

populat'ion is uncertain: trapping and netting data (see Table 2) show

that it is comparable in numbens with populations of the other two sport

fish species.

3.3.4 Nati ve Fì sh Speci es

Four species of natìve fish have been recorded in Lake Colerìdge:

the l ong-f i nned eel (anguiTl-a dief fenbachii), koaro (Gal.axias

.brevipinnis), common bully (Gobio orphus cotidianus), and upland bully

(cobionorphus breviceps). Apart from eeìs, other native fish present

in the lake have no d'irect recreational or commercial value.

4. HYDR0-ELECTRIC P0t^lER (HEP )

4.1 HEP 0peratìon

HEP operati on at Lake Colerì dge has been descri bed by Stephen

(1972). Details of the operating regime are gìven by Bowden (1983).

4.2 Lake Level Fluctuations

Haast (1866) noted that the I evel of Lake Coì eri dge aften i ts

formation was 46-55 m higher than its 1866 (pre-hydro) level (508.5 m)

and reconded that the lake used to flow out at its eastern end down the

Acheron Rjver into the Rakaia River. The present natunal outflow of

the lake 'is at the north-west cornen, into the Harper River. This

natural outlet'is controlled as part of the HEP development of the lake.

Lake levels have been neconded da'i1y since the Lake Coleridge power

stat'ion was commi ssioned in 1915. Power generation was init'ialìy f rom
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natural Stonage and inflows (up to B m3/S). As powen demand grew, so

did the need to supplement the inflow. This was done by diverting the

Har"per River jnto the lake in 1920 (Fig.3). Even with this augmented

input (11.5 m3/s) the lake was subject to distinct reversed seasonal

fluctuations. In L977, part of the Wilberfonce River flow was diverted

jnto the lake and pnov'ided a further 30 m3/s inflow. Th'is, and the

capture of an additional ZO m3/s of Harpen River water, has resulted in

the lake level beìng contnolled and maintained at a consistentìy high

level all year round (Fig.a). This has also resulted on occasions in

the lake be'ing made much more turbid than usual from wave erosion of jts

marg'ins.

5. METHODS

The fisheries investigat'ions on Lake Coleridge involved several

sampf i ng methods. These were:

1. Sampl i ng angl en caught f.i sh (cree1 census ) .

2. Tnappi ng spawni ng runs.

3. Marking and taggi ng.

4. Electric fishing.

5. Di vi ng.

6. Ageing from scales and otoliths.

5.1 Creel Census

To obtai n i nformati on on angl ers' catcheS, a cneel cenSuS waS

conducted on each opening weekend of the angling season from L964 to

1967, and also in 1969, 1970, and 1973. During the creel census each

anglen's catch was examined, and the species composition and areas the
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fish were caught in were necorded. The fork Iength and we'ight of each

fish was noted along with its sex. Scale samples were also collected

for ageing. During the 1965/66 fishìng season (November-Apri1) a who'le

seasons cneel census was conducted (Wjng and Johnson 1966). This was

designed to establish seasonal variation in catch composition and also

the level of fjshing pressure. Beginning on the openìng weekend, creel

censuses were conducted each weekend and on i day each week throughout

the fish'ing season. The weekday samp'ling was begun on the Monday after
the opening weekend and was followed by sampl'ing on Tuesday of the next

week, l^lednesday of the f o1l owi ng week and so on unt j I the end of the

season.

Additional ì nfonmation was gathered on how long angìers spent

fishing and on the method of fishing. Anglers wer"e also asked the

species and numbers of undersized fish they caught and put back into the

I ake.

5.2 Trapping of Spawnìng Runs

Sa I monì d spawnì ng runs 'i nto the Ryton Ri ve n, Scamande r St neam,

s'imois stream, and coleridge Stneam were trapped by the NcAs during

1931, 1935, 1954-57, 1961, 1967, 1969-74 and r97g-79. In most years

the total run was not trapped because of floods or because the duration

of trapping dìd not extend over the entire spawning run. In add'ition

to trappìng by the NcAs, spawn'ing runs were also tnapped by Boud and

l,Jatson (1959) and El don and cunnì ngham (1960) . The 1960 trappi ng by

El don and cunningham was the most complete of any; jt covered the

entire peniod of the salmon, brown trout, and ra'inbow trout spawning

runs, and was virtually uninterrupted by floods.
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Dun'ing trapping the species of fish caught, fork'length, weight, and

sex were recorded. Most earlier measurements wene recorded in imperial

un'its and these have been converted to metn'ic for comparitive purposes.

In 1967, 1972, and 1977 scale samples were collected from rajnbow trout

trapped duni ng the spawni ng nun.

5.3 Mark'ing and Taggi ng

In 1960 all ra'inbow trout that were trapped during the spawning run

had the'ir ad'ipose f in removed (E1don and Cunningham i960) . During the

open'ing weekend after trapping, a cneel census was conducted and the

numbers of fin-cìipped and unclipped rajnbow trout caught were recorded.

These data wene used to obta'in an estimate of the size of the adult,

takeable raìnbow trout population. The effect of stock'ing wìth rainbow

trout was also examined by taggìng. Tagged rainbow trout wene neleased

'i nto the I ake by the NCAS each yean f rom 1965 to 1967 . Du n'ing the

opening weekend creel census for 1967 and 1968 any tagged ra'inbow trout

caught by anglers wene recorded, and during the 1969 and 1970 trappìngs

of r^ai nbow trout spawni ng r"uns, tagged f i sh were al so noted.

In 1968,24 000 fin-clipped rainbow trout fingerììngs were released

into the lake at the Ryton River beach and at the boat harbour (F1aìn

L967). Angìen's catches were examined for fin-clipped and unclipped

nainbow trout during the 1969 and 1970 opening weekend creel censuses.

The number of fin-clipped fish was also necorded during trapping of the

raìnbow trout spawning runs from 1970 to I97?. From these experiments

the ratios of marked to unmanked fish recorded in creel censuses and

trappìng of spawning runs have been used to assess the effectiveness of

stockìng, by deterrni ning the sunv'ival of marked fish f rom release to

time of capture by anglers or" by trappi ng.
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5.4 Electric Fish'ing

Electlic fishing was done wìth a generator powered, pulsed d.c.

electric fish'ing machine (Burnet 1959). Between November 1955 and May

1966 a 3 m x 64 m section of the Hennah Stream was fished on seven

occasions to provide information on the early growth of salmonids. In

Apnil 1970 the Hennah dÍversion was electric fished to obta'in sampìes of

"precoc'ious" yeanìing quinnat salmon.

5.5 Div'ing

0n 18 and 2I May 1967 dive¡'s wene towed around the margìns of the

lake fr"om the boat harboun to a poìnt opposite the pen'insula (9 km) in

an attempt to observe lake edge spawning of salmon'ids. 0ther areas

examined wer"e in the vicinity of the hydro'intakes, the Murchison

homestead (eastern) end of the 1ake, and the pen'insula and Ryton areas.

Random spot dives were also made around the nest of the margìn of the

I ake.

5.6 Agei ng

Quinnat salmon, rainbow trout, and brown tnout were aged by use of

scales and otoliths. These wene collected during creel censuses,

trapping of spawn'ing fish, and from cancasses of spawned fish.

AlI scale samples were read using a Manuzen scale projector w'ith a

magn'ification of X3B. 0toliths were read with the naked eye by

transmitted ì'ight f¡"om a high intens'ity l'ight sounce. Fish were aged

to determine the age str"ucture of the anglers' catch and the spawning

nuns, and to determine growth nates. For nainbow and bnown trout the

age at fi rst spawn'ing and the incjdence of repetitive spawning wene

determi ned.
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6. RESULTS

6.1 Creel Census

6.1.1 Specìes Composìtìon of Anglers' Catch

Analys'is of anglers'catch between 1951 and 1983 showed that salmon

was the predominant species caught; it contributed 62.5% or more in any

one year (Tabl e 2) .

Hardy (1960) recorded that salmon made up 62.5% of the anglens'

catch in 1954, though Ellis (unpublished fìshìng competit'ion diary)

neconded salmon as 92.7% of the catch for the same season. Hardy's

figunes for the 1954 season are also anomalous ìn comparìson with

fìgures from other yeans. If Hardy's fìgures for the 1954 season ane

excluded, then in the years where all three species were reconded in

the anglers' catch salmon ranged from 78.4% to 95.5% of the catch (these

values coming fnom the 1957 and 1955 seasons respectiveìy).

The second most common spec'ies caught by anglers was rainbow trout,

which made up from 2.5% to 20.9% of the anglens' catch (these values

being from the 1955 and 1979 seasons respectiveìy, with Hardy's figures

for 1954 excl uded ) .

The least common species caught by angìens was brown trout. These

compnìsed from 0.3% to 7 .8% of the ang'lers' catch (1954 and 1951

seasons ) .

Table 2 shows that the angìers' catch'is not representative of the

true pnoportions of the sports fish spec'ies in the lake. Comparison of

El don's 1960 trappi ng fi gures with those from angl i ng creels clearly
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TABLE 2. Species composition of cafches from Lake Coleridge by angling, trapping, and nelting.

Date Method

Qu innat sa lmon

No. I toTa I

caught catch

Rainbow troul
No. f tota I

caught catch

Brown Trout
No. f tota I

caught catch Sou r ce*

1951

1952
1954
1954
1955
1956

1957

I 958

1959

I 960

1961

1962
1963
1964
1965
1966
1967

I 968

1969

1970
1 978

1979

1982
I 983

1959t
I 960

1961t
I 978t
1979t

1962

68

27

252

399

193

69

29

30

35

743

53

24

l6
126

I 368
508

615

15

663
985
434

454
412
374

53

óó0

354
113

311

t5

88.3
96.4
92.1
62.5
9r.5

100.0

78.4
95.8
87.5
84.s
98.2
88.9
94.1
81 .8
81.7
87.4
83.7

100.0
82.1
89.5
84.9
74.1
85.3
18.9

14.4

36.7
55.9
I 0.ó
21.3

21.4

3

I

19

231

5

0

7

2

4

134

I

3

I

28

278

67

114

0

132

98

68

128

59

16

172

811

252

184

345

37

3.9
3.6
7.0

36.2
2-5
0.0

18.9
6.2

10.0
15.2

'1.8

11.1
5.9

18.2
16.6
11.5
15.5
0.0

16.3
8.9

13.3
20.9
12.2
1 6.0

46.1
45.1
39.8
11.2
19.8

52.9

6

0

I

8

4

0

I

0

1

4

U

0

0

0

28

6

6

0

l3
IB
9

31

12

24

143

328
27

773

1 025

18

7.8
0.0
0.5
1.3
2.0
0.0
2.7
0.0
2.5
0.5
0.0
0.0
0.0
0.0
1.7
1.0
0.8
0.0
1.6
1.6
1.8
5.1
2.4
5.0

38.9
18.2
4.3

72.2
58.8

25.7

1

I

I

2

I

1

I

1

I

3

I

1

I

4

5

6

6

I

6

6

7b

7c

1d

7e

I
9

10

7a

7c

4

Ang I ing
Angling
Angl ing
Ang ling
Angling
Angling
Angllng
Angl ing
Angling
Angl ing
Angling
Angl ing
Angling
Anglîng
Angling
Angling
Angling
Angl ing
Angling
Angling
Angling
Angling
Angling
Angling

Trapp i ng

Trapp i ng

Trapp i ng

Trapp i ng

Trapp i ng

Nett i ng

r( 1 = P.G. Ellis diary (unpublished).
2 = Hardy 1960.
5 = G.A. Eldon (unpubl ished).
4 = Cudby et af. 1966.
5 = Wi ng and Johnson 1966 (unpubl ished).
ó = Aufhor.
7a = NCAS Annual Report 1978.

7b = NCAS Annual Report 1980.

7c = NCAS Annual Report 1982.

7d = NCAS Annua I Report 1985.
7e = NCAS Annual Report 1984.

8 = Boud and Watson 1959.

9 = Eldon and Cunningham 1960.

10 = NCAS records.

t = lncomplete lrapping.
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shows that ra'i nbow and bnown trout are much mone numenous than the

anglers' retunns indi cate. Further support for this comes from the

1962 netting results of Cudby, Ga1ìoway, Boud, Moore, and Cunningham

(1966) where rainbow and brown trout pnoportions are much higher than

those shown in anglers' catches for that yean.

6.I.2 Catch CompositÍon by Area

Data collected during the openìng weekend of the 1967 anglìng season

were used to determjne the species composjtion of the anglers'catch

fnom four main areas fjshed around the lake (Table 3). These were the

0'Rourkes fan area, Harper R'iver.inflow area, "Ryton Bay" area,

including the pen'insula, and "Homestead Beach" and hydro groynes area of

the I ake (Fì g.3) .

The spec'ies composition of the catch was simi lar from all aneas

except Ryton Bay. This difference was largely due to a small group of

angl ers who were f i sh'ing f rom the pen'insul a and were targeti ng

successfully for rainbow trout. Removal of their catch data from the

Ryton sampìe resulted in all four areas being sjmilar in specìes catch

composition.

6.1.3 Catch Rate

Whole season and bi-monthly catch rates for al1 specìes combined fon

the 1953/54 and 1965/66 seasons are shown in Table 4. The catch rate

for the 1953/54 season was higher than'in the 1965/66 season, and the

bi -monthly catch rate for 1953/54 (0.39-0.62 fish per hour) was more

variable than for L965/66 (0.32-0.35 fish pen hour).

Over fifty pen cent of alI anglìng was done'in the first 2 months of

the season (Table 4), and most of it occunred at the opening weekend.
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Table 5 shows the whole season and bì-monthly catch rates for the

1953/54 and 1965/66 seasons, for the sepanate specìes. The catch rate

for salmon in the 1953/54 season was hìgher than jn the 1965/66 season,

but it showed a clear decrease through the season, as opposed to a

cons'istent catch rate throughout 1965/66.

Rainbow trout catch rates for both seasons were general'ly consjstent

throughout, but showed a small increase 'in the months of January and

Februany.

Fon brown trout there were'insufficjent data to allow companisons of

catch nates between seasons.

Catch rates for Colenidge are compared with those for other lakes

'in Table 6. The range of 0.3 to 0.59 f i sh pen hour for Coleri dge

compares favourably wìth other well known fishing ìakes.

TABLE 3. Species catch conposition by area' Lake Coleridge opening 1967.

Qu i nnat sa I mon

No. fr
caught caTch

Ra inbor trout
No. %

caught catch

Brown frout
No. I

caughl calch Total

0tRourkes
Ha rper
rrRyfon Baytr*
rrHomeslead Beachrt/
Hydro groynes

90.8 13

89.4 14

7 4.1 (83.2) 74(42')

90.8 12

1 0.7 152

2 1.3 151

I 6.0) 3(2' 1.0(0.8) 298(262)
0 0.0 lll

138

135

221(218',)

ll9

8.5
9.3
24.8(
9.2

x Bi ased for rai nbov

for rainbow trout
a nd I brovr n trout.

trout, a party of six anglers were fishing specifical
off the peninsula. Their catch was 3 quinnat salnon,

Corrected f igures are shown i n brackeÌs.

ly and successful ly
52 rai nborY lroul
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TABLE 4. l.rlhole seaso¡ 1953/54 and 1965/66 catch rafes w¡lh
species combined. ( lncludes hours f ished for no
undersized f lsh put back are Tabulafed.

bi-monfhly catch rates, al I

f ish caught. ) Numbers of

Date
No.

caugh I
Hou rs
f i shed

Fi sh per
hour

f of tota I

angl ing efforf
Undersized put back

Quinnaï Rainbori Brown

1953/54
l'iho le season
Nov-Dec 1 955
Jan-Feb 1 954
Mar-Apr 1954

1965/66
Whole season
Nov-Dec 1965
Jan-Feb l966
f4a r-Ap r 1966

840.7 5
556.25
258.0 0

46.50

361.25
064.50
928.25
568.50

108 22 0
96 l0 0
11 9 0
130

390 20 1

342 13 0
4651
220

1088 3
660 2
298
130

458
343

93
22

0.55
0.62
0.59
0.47

0.32
0.52
0.32
0.35

I 00.0
66.2
28.3
5.5

1 00.0
61 .4
27.6
I 1.0

IABLE 5. Whole season 1953/54 and 1965/66 cafch rates with
separale. (Does not include hours fished for no
returns where only one species was caughl and no

blrnonfhly catch rates, species
fish caught; based on those
others. )

Quinnat salmon Ra i nbqv lrout Brorn trout

Date
No. Hours Fi sh per

caught fished hour
No. Hours Fl sh per

caught fished hour
No. Hours

caught f i shed
Fi sh per

hou r

1953/54
ll{ho I e season
Nov-Dec 1 955
Jan-Feb 1954
Mar-Apr I 954

1965/66
tl'lhole season
Nov-Dec 1965
Jan-Feb 1966
Mar-Apr I 966

328.25 0.64
281.50 0.69
47.00 0.50
0.00 0.00

525.7 5 0.43
1 37.00 0.42
276.50 0.45
112.25 0.43

27
20

4
6

209
195

14
0

99.25
64.25
I 2.00
23.00

250.7 5
110.25
55.25
65.25

o.27
0.27
0.33
0.26

0.59
0.37
0.44
0.37

0.8
0.0
0.0
0.8

0.37
0.33
0.35
0.6ó

2 2.5
0 0.0
0 0.0
2 2.5

119
39
3 8.'
I r.5

648
477
123
48

89
41
24
24

TABLE 6. Catch per unit of effort for Lake Coleridge and corparisons with other lakes.

Lake Fish per horr Sou rcex

Coleridge

Alexandrina
Rotorua
Taupo
Soufhern Lakes
Ma napou r i
Te Anau

1951/52
1953/54
1 956/57
1957 /58
1960/61
1962/63
1 967 /68
1947/52
1947/52
1947 /52
1947 /52
1962/63
1962/63

0.42
0.59
0.51
0.31
0.42
0.30
0.50
0.36
0.5ó
0.5 I
0.62
o.33
0.6 1

I
2
5
3
4
3
3

= Al len and Cunningham 1957; 2 = Hardy 1960; 5 = Graynoth and Skrzynski 1974;
= Cudby s¿ ¿f. 1966i 5 = Hutchinson 1965.

*l
4
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6.I .4 Si ze and Age Compos-iti on of Sa I mon Catch

From data obtained fnom the whole season lg6s/66 creel census,

I ength-frequency cu rves we.e pì otted for three 2-monthly peri ods

(Fì9.5). Scale samples collected on the opening weekend of the season

allowed the mean ìengths of year c.lasses of salmon caught by angìers to
be determj ned. These a re i ncl uded i n Fj gu re 5.

It is evident from the figure that the f.irst bì-monthly ìength_

f requency cu nve i s bi -modal and cornesponds w'ith the mean 'lengths 
f or

3- and 4-year-old sarmon determined by scare readings. The second

bì-monthìy curve i s al so bì-modal , but .it i s di spì aced by growth of the

fish; ìt is also ev'ident that the proportion of 3-year-o1d fish is
reducing. The third bi-monthly length-frequency curve is displaced

further by growth, and the natio of 3- to 4-year-oìd fish is further
reduced. It is also ev'ident that another year class of fish has grown

suff icientìy to be regar ìy taken by the ang'rers (at about 37 cm fork
length). These would be 2-year-old f.ish enter.ing the fìshery.

Fnom scale samples and length data collected dur-ing the 1965/66

season jt was possìble to estimate the bi-monthìy ratio of 3_ to 4-year

old salmon. These, and data from an aged samp'le from the 1967 spawning

run' ane shown in Figur"e 6. It shows more obv'iously the change.in the

age structure of the anglers'catch of salmon. They catch fewer.3_ and

mone 4-year-oìd fish as the season progresses. The ratio of 3- to
4-year-old fish ìs aìso very much higher at the start of the season than

it is at the end of the season on on the spawn'ing gnounds.

Aged samp'les from ang'ren caught fish and from spawning Í.uns show

thi s occurs 'in othen years (Table 7).
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264

N
N

f ish

fish

U)

o
-o
E
fz

Nov - Dec
1 966

F IGURE 6. Bi -monthly
season and

Jan - Feb Mar - Apr
1966 1966

Time

rat'io of 3- to 4-year-old sa.lmon for the
1967 spawn'i n g ru n.

Apr - May
1 967

1965/66 angl'ing
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Comparjson of the age structune of angler caught and spawn'ing
quinnat salmon.

Rat'i o 3:4

Spawn'ing nuns (Ma.v)

Age
Date Rati o 3:4

19 30
19 31
19 53
196 5

1 966
1967
1969
19 70
197 3

1978*
I979*
1982*
I 983*

I4
9

t42
42

427
532
579
923

42
137

43
55

173

14:0
1.8:1
4.9:1

42:I
7.8:1

13: 1

8.5:1
21..I
42:0

5.7:1
1.5:1
6.1:1
5.6:1

1

59
31
18

100
39

0
5

29
1

55
4l
68
44

0
24
28

9

31

t2
iB
20
22

7

71

0.1:1
3.3:1
1.6:1
0.8:1

14.3:1
0.5:1

hje bb 1984b .

The prognessìve decrease in the proportion of 3-yean-old salmon in

the angìers' catch 'ind'icates that ang'lers are affecting the salmon

populatjon, because 3-year-olds are normally the main year class in the

p opu 1 at'i on .

0f the three spec'i es caught, most undersi zed fì sh put back are

salmon (Table 4). Increased mortality due to stress would be expected

for these fish.

6.2 Spawnì ng Runs

6.2.1 Qu'innat Salmon

Spawning runs begin in early April, peak around mìd May, and fin'ish

at the begìnnìng of July (Eldon and Cunningham 1960). Examination of

scales and otoliths fnom cancasses of spawned fish showed that most
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(59.4%) qu'innat spawn 'in thei r th'i rd year of I i fe and smal I en

proportions jn their fourth (34.6%), second (5%), and fifth yeans (1%)

(Table 8). The 2-year-old "gni1se" were all ma'les, whereas all othen

year classes comprised about equal numbers of males and females. 0nly

five 5-year-old fish, and none older, have been identified from all the

sampìes of scales and otoliths examined from Lake Coleridge.

TABLE B. Ages and lengths of spawned carcasses of quinnat salmon, Ryton
R'iver.

Date

Age 2
Mean'length

No. (cm)

Age 4
Mean

I ength
No. (cm)

Age 5

Mean
l ength

No. (cm)

1 969
L970
r973
1978*
L979*

Average mean
ì ength

4 54.7

qa, 1

1;
4

1

gs.g
39 .5
30 .0

36 .3

59
31
18

100
39

44.6
46 .8
52.8
44.I
47 .8

45.8

18
20
22

7

17

50.0
5I.2
5t .7
49.2
50.2

51.4

* l,Jebb 1984a.

Mean lengths of salmon from spawn'ing runs sampled between 1931 and

I979 have ranged from 42.7 cm (in 1955) to 53.9 cm (in 1973), and in

most years have been about 45.5 cm (F'i9.7).

Two-year-o1d spawners averaged 36.3 cm in 'length, three-year-olds

45.8 cm, four-year-olds 51.4 cm, and five-year-olds 54.7 cm (Table 8).

Precocious yeanlìng male salmon were sampled during e'lectric fishìng

in the Hennah Stream on B Aprìl 1970. From a sample of 20 yeanlìng

fish, 2 were precocious males (fork length 13.0 and 14.8 cm). Mean

length of jmmature fish was 8.1 cm (range 6.8-9.6 cm).
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60-

50-

40-

70-

60-

50-

172 810

44

11

+57

12
23 72

Quinnat salmon

120

+
86

+
108

+
**

Rainbow trout

*

Brown trout

**

704

E
o

o)c
o
J
o
LL

73!

62

1931 35 54 55 56 57 59 60 61 67 69 70

Year

lllllll
71 72 73 74 77 78 1979

Mean lengths, standard deviations, and numbers in sampìes for
spawnìng quìnnat salmon, rainbow trout, and brown trout. (Sources
of data: * NCAS records; t Boud 1959; f Eìdon 1960; ç MAF
records; ** Webb 1984.

F IGURE 7.
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6.2.2 Ra'inbow Trout

Spawnìng t'uns of rajnbow trout commence about mid June, peak about

23 July, and finish in m'id September (E1don and Cunningham 1960). Scale

neadi ngs fnom 1972 and 1977 Ryton Ri ver spawnens showed that most

rainbow trout matuned jn their fifth and sixth year and a smaller numben

i n the'i n fourth yean (Table 9) . Spawnì ng marks on scales showed

evi dence of some f i sh spawn'ing twi ce and a few three t'imes (Table 10) .

The oldest spawnìng fish sampled were in thein seventh year.

Mean lengths of spawnìng rainbow trout in runs sampled fnom 1931-79

have ranged from 50.0 cm in 1954 to 62.5 cm in 1935, with a mean about

55.0 cm (Fig.7). The few 3-year-old spawnens samp'led (Table 9) averaged

50.8 cm'in length, the 4-yean-olds 51.8 cm, the 5-year-olds 56.8 cm, the

6-year-o1ds 61.4 cm, and the 7-year-olds 68.0 cm. The s'imi.ìar s'izes of

the 3- and 4-year-old fish js ìikeìy to be due to some faster growìng

3-year-olds maturìng early and entering the spawnìng nun.

6 .2.3 Bnown Tnout

Comprehensi ve trappi ng resul ts (tl don and Cunni ngham 1960) showed

that the brown trout spawnìng nun stanted at the end of May, peaked

around 25 June, and finished toward the end of July.

No data are ava'ilable on the age stnucture of the brown trout

spawning run. Scale samples from anglers'catch show that the age at

fjrst spawnìng is 3 years and some fish spawn repetitìvely (Table 10).

It is also evident that brown trout up to at least 7 yeans old are

present i n the spawni ng nun. lulean 'lengths of spawni ng brown trout runs

sampìed have ranged from 50.3 cm in 1961 to 60.5 cm in 1973. The

average was 54.0 cm (Fi 9.7).



TABLE 9. Ages, lengths, and weìghts of spawning rainbow trout, Ryton Rìven.

Age 3 Age 4 Age 5 Age 6 Age 7

lvlean Mean Mean Mean Mean Mean Mean Mean Mean Mean
1 ength wei ght I ength wei ght I ength wei ght 1 ength we'i ght I ength wei ght

Date No. (cm) (g) No. (cm) (g) No. (cm) (g) No. (cm) (g) No. (cm) (g)

Mal es

L972 3 50.8 t647 6 53.7 2020 18 s9.5 2827 7 6r.2 2943

1977 22 52.3 186 58.0 33 62.t

(¡)
Þ

Femal es

r97?

r977

20 54.5 2 188 50 57.6 2 555 i6 6I.2 2 970

Mean length (years and sex combined)

47 50.1

95 51.8

388 56.0

642 56.8

72 61.2

r28 6r.4

2 68.0

2 68.03 50.8



TABLE i(). Age and incidence of
bnown tnout.
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repetit'ive spawnì ng ì n ra'inbow and

Date
Repeti ti ve spawni ng

Mai den Xl XZ X3

Rai nbow trout

1966 spawners
1966 creel
1967 creel
1970 creel
1977 spawnens

Brown trout

1970 creel

77
6

13826
L2529

69

7

27
24
37

574

13
28
70
54

706

2

7

9

3

105

451
751

1981
23171
27161

11

6.2.4 Lake Edge Spawnìng

Dìvers were towed around the margin of the lake from the boat

harbour to opposite the pen'insula, about 9 km, on 18 and 21 May 1967'in

search of any evidence of lake edge spawning: none was found. Furthen

sunveys by towed di vers around the hydro i ntakes, the homestead

(eastern) end of the lake, and the peninsula and Ryton area, w'ith spot

dives all around the lake mangin, produced no ev'idence of lake edge

spawn'ing. The d'ives showed that the substrate was unsu jtable for

spawning. Shallow areas up to 10 m deep consisted of mobile coanse

angulan rocks contjnuously moved by wave action. Beyond thjs were

steep silt-covened sìopes overgrown with weed down to 36 m, below which

the the weed stopped, but the silt slope continued to the flat deep

bottom of the lake. Thus the lake margins were clearly unsuitable for

spawning.
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6.3 Manking and Tagging

6.3.1 Population and Standìng Crop Estimates of the Sport Fishery

Population estimates were calculated for the numbers of takeable

najnbow trout, brown trout, and quinnat salmon in the sport fishery for

1960 and t979. From these est'imates the standing crop of takeable size

fish for each of the three species was calculated.

El don and Cunn'ingham (1960) f in-c1ì pped 811 adult ra'inbow trout

spawners. A creel census was conducted on the f ol'lowì ng open'ing weekend

of the 1960 angìing season (unpublìshed). There were rl (137") manked

rainbow trout present in 134 examined. By use of the fonmula -

where N

n1

n2

n2

¡=(nt+1)(nz+1)-t

popul ati on estimate,

total number marked and released,

total number recovered,

numben of marked fish recovered

- the estimate for the takeable rainbow trout popu'lation in the lake

for 1960 was 6089 + 252I fish, or 1.9 fish per hectare. (Confidence

lim'its for the estimate were determined at the 95% level by obtaining

the variance with the formula -

o2= (n1 + 1) (n2 + 1) (nr - mz) hz - nz)
(n2 + 7¡z (n2 + 2)

The estimate does not allow for mortalities of some spent spawners wh1ch

woul d cause the result to be an over-est'imate. )

The propont'ions of each specìes in the total catches trapped during

spawning runs are probably the nearest 'indication of their pnoportions

i n the lake population.
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Trapping by Eldon and Cunningham (1960) was the most comprehensìve

and complete so far canried out. Using the estimated popu'lation of

rainbow trout for 1960 and the propontions of the thnee species trapped

(811 rainbow trout, 660 quinnat salmon,328 brown trout) an indinect

est'imate of the 1960 popul ation numbers f on salmon and bnown trout coul d

be deri ved.

For salmon this estimate was 4955 (1.5 fish pen hectare) and for

brown tnout 2467 (0.7 fish per hectare) giv'ing a total takeable sport

f ish populatìon of i3 511 (4.1 fìsh per" hectare).

Mean weights of each species in the 1960 trapping multiplied by the

population estimates, gave the total weight of the three spec'ies of

sport f j sh 'in the I ake for 1960. For qui nnat 'it was 8988 kg

(2.7 kg/ha), for rainbow trout 15 465 kg (4.7 kg/ha) and fon brown trout

4699 kg (1.a kg/ha); a toral of 29 152 kg (8.9 kg/ha).

The NCAS trapped the spawni ng r"un of salmonids 'in the Ryton Ri ver

during I979. It d'id not sampìe the complete run of quìnnat salmon

because of the time the tnap was put jn. F'ish numbers trapped wene

l2I qu'i nnat sal mon, 345 rai nbow trout (wh'i ch were al I tagged ) and 1023

brown trout. Durìng the fol.lowing openìng weekend of the 1979 season, a

creel census sampled 454 quìnnat salmon, t28 r'ainbow trout (of which 9

wene pr"evìous'ly tagged) and 31 brown trout.

The populatjon est'imate for the rainbow trout from these figures was

4958 + 2496 (1.5 fish pen hectare) and for brown trout 14 071 (4.5 fish

per hectare). Incompìete trapping of quinnat salmon did not allow a

population est'imate to be made.

Mean weights of each species from the L979 trapping multiplied by

the population est'imates, gave a total weight of 9837 kg (3.0 kg/ha) for

raìnbow trout and 24 876 kg (7.6 kg/ha) f or brown trout.
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6.3.? Angì en Cnoppì ng Est'imates

Durìng the 1960 open'ing weekend creel census 743 quìnnat salmon,

134 rajnbow trout, and 4 brown trout were caught. Th'is repnesented

about 50% of the whol e season 's catch (Wi ng and Johnson 1966) . By

doubling these fìgures an'indication of angìer cropping rates on the

estimated popu'lations could be determined. Fon salmon it was 30.07" of

the population, for ra'inbow tnout 4.4%, and for brown trout 0.32%.

Appììcat'ion of the same pnocedure to the I979 figunes, where the

creel census showed that I28 ra'inbow trout and 31 brown trout were

caught, gave cropping rates of 5.2% for rajnbow trout and 0.4% for brown

t rout .

6.3.3 Stocking wìth Marked Rainbow Trout

To assess the effectiveness of rainbow trout stocking carried out

oven many years by the NCAS (Table 1) 24 000 fingerl'ing ra'inbow trout

were ad'ipose fin-clipped on 23 and 24 September 1968. It was noted

durìng fin c'lìpping that 6 out of the 24 000 (0.025%) naturally lacked

an adipose fin. The clìpped fish were held untiì 30 September 1968 when

they were transported to the lake and released - 8000 into the boat

harbour and 16 000 into "Ryton Bay". Mortalities at this stage were 77

fish (0.28%) and most occurred within 24 hours of clippìng (Flain 1968).

The average size at release was 11.6 cm. No mortalities were observed

by dìvens imrnediately after the fish were released. Howeven, many fish

did show obvious stress effects, either by lyìng on the bottom on

sw'imming'in a djsorientated and quite uncharacteristic fashion. The

latter behaviour may also have been partly due to the fìsh no ìonger

beìng confined w'ithin raceway walls and also to a lack of current.
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Some of these fìsh were observed beìng eaten by gul1s. At the Ryton

rel ease the more acti ve fi sh formed shoal s; one 'l arge shoal was

followed as it moved out into the lake. At first the shoal swam nean

the surface, but as it moved out jnto deeper water it also gradually

moved down deeper i nto the water. Sporadì c bunch'i ng of the shoal

occurred w'ithout apparent reason unt'il a depth of about 12 m was reached

when adult lake resìdent salmon were seen to feed on the shoal.

The fingerlings released at the boat harbour were checked by divens

at nìght. Ten days after nelease 91 of I02 rainbow trout fìnge11ìngs

seen wene fin-clìpped. Forty days after release 37 of 56 seen were

fi n-cl i pped, and 70 days after release none of 26 fi sh seen vvere

cl i pped. Durì ng these counts it was observed that the i nci dence of

fin-clipped fish to unclipped fish increased as the boat harbour exit

to the lake was approached, wh'ich ind'icated that the fin-clipped fish

were leaving the area. 0n the first two counts, severaì lange rainbow

trout were observed patrolfing the area at the mouth of the boat harbour

- sightings wh'ich were notably atypical for rainbow tnout.

During the fol'lowing 4 years the angìer catch and spawnìng runs were

exam'i ned for f ì n-cl i pped hatchery f i sh.

0n the openì ng weekend of the 1969 angl i ng season 4 out of L32

takeable rainbow trout caught were fin-cli pped. 0ne undersized

fin-clipped fish was put back and two wene found in a few salmon sto-

machs examined. 0n the 1970 openìng weekend 1 fjn-clipped raìnbow trout

was recorded out of 98 takeable fish.

From the combi ned catch for the 1969 and 1970 openi ng weekends, 5

out of 230 rajnbow trout taken were fnom the 24 000 fin-cljpped hatchery

release. If it 'is assumed that this is 50% of a fulI season's catch
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(l^l'ing and Johnson 1966) th'is would be equ'iva'lent to 10 (2.2%) fish for

the two full seasons' catch of nainbow trout. Ra'inbow trout make up

about 15% of the anglers' catch (Table 2) therefore the fìn-clipped fish

provided less than I% of the total sports fish catch from the lake.

In 1970, none of 247 nainbow tnout trapped were fin-clipped. In

1971, 9 out of 506 were fin-clipped, and 'in 1972 none out of 703 were

clipped. Hence a total of 9 out of 1456 rainbow trout trapped were

fin-clipped - a contribution of 0.6% to the spawning runs.

The NCAS released 1500 tagged yeanlìng rainbow trout 'in 1965, 790 ìn

1966, and 500 'in L967, a total of 2190 tagged fìsh. Cneel census

informatìon was collected on the openìng weekends of the 1967, 1968, and

1969 fishìng seasons. No tagged fish were seen 'in the total 313

rainbow trout examined.

The 1969 and L970 spawn'ing runs were tnapped. In 1969, 1 out of

279 trapped fish was tagged and in 1970 1 out of 247. Thus, out of a

total 526 fish trapped, 2 (0.47") were tagged - a very similar fìgure to

the fin-clippìng results.

6.4 Growth and Si ze

6.4.1 Quinnat Salmon

Figure 8 shows the mean ìength, standard devìation, and range for

juvenìle salmonids captured by monthly electn'ic fishìng of the Hennah

Stream in 1954 and 1955 (A.M.R. Burnett unpublished data).

Juvenile quinnat were present (at 3.8 cm long) in 0ctober until

April of the following year (at 8.2 cn ìong). They wene notably absent
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ì n the May samp'le, pnesumably because they had left the stream to enter

the lake. A growth curve (Fig.9) fon salmon was constructed us'ing data

from several sources. Salmon fry are known to emerge in August at

about 3 cm fork length. The early growth 'in the stream was plotted

from the electric fish'ing results. The mean lengths and the ranges of

the means for aged salmon from the 1966/67 and 1969/70 opening weekend

samp'ìes were plotted agaìnst tìme, as were the mean lengths and ranges

of means for aged spawnens from the 1969, 1970, and 1973 spawn'ing runs.

The resultant curve was drawn by eye.

Figure 10 shows the mean lengths and standard deviations of quinnat

salmon caught by angìers on opening weekends at Lake Coleridge from 1930

to 1983. It is evident from the large size of salmon caught in 1930

and 1931 that the salmon grew wel I after thei r i njti al i ntroduction.

Mean'lengths and weights of a small sampìe of aged fish also show

substantialìy langer fish in the 1930 and 1931 opening weekends than ìn

I ater years (Table 11).

There is a gap jn the data from 1931 to 1949 which presumab'ly would

have shown a decline in the mean size of the salmon as they reached a

balance in their new environment and with its food resources. From 1949

to 1983 variat'ions 'in mean s'ize are evident, but no obvious trend such

as a decline in size of salmon'in the angìens'catch (Fig. 10) or in the

mean length of salmon year classes (Table 11) is appanent.

6.4.2 Rai nbow Tnout

Growth rates for juvenile rainbow trout are shown 'in F'i gure 8.

Juveniles were present in the Hennah Stream from October (at 2.7 cm fork
'length) to May the folìowìng year (at 7.5 cm fonk length) when electnic

fi shi ng was dì scontj nued.
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TABLE i1. Lengths and weights of angler caught qu'innat salmon, openìng
weekends, Lake Coleridge.

Age 2

Mean Mean
1 ength wei ght

No. (cm) (g)

Mean
l ength

No. (cm)

Mean'length

No. (cm)

A

T
we

(

I
a
g

)

I
e
i
g

t
t

n
h

Date

Age 4
Mean

1 930
19 31
19 53
1 954
196 5

L966
1967
I 969
1 970
1 973
1 978*
r979
I9B2T
I e83l

44.5
30.8
45.7

42.3
26.6
28.7
25.8
30.2
29.2

29.7

33.5
34 .0

681
340
194

840
225
249
2r6
420

14
9

742
10
42

427
532
579
923

42

180

67 .2
65.4
46.4
46.5
46.8
43.7
44.7
43.6
41.4
46.4

43.7

46.3
45.6

2 400
2 497
1 002
r t42
1 038

884
932
836
670

I
4
1

3

4
9

11
1B

5

4

4
1

55
5B

5

29
5

1

55
4t
68
44

52

9
11

68.3 3 042
53.2 i 389
51.8 1 135
52.6 1 590
50.5 I 257
51.6 I 328
49.8 1 i55
47 .3 996

51.9

49.8
50. 0

*
I
+

hjebb 1982.
Webb 1983.
Webb 1984b.

The sampling team was unable to d'ifferentiate between rainbow and

brown tnout fry ìn the early months (October - December).

A gnowth curve (Fi g.11) for raìnbow trout was constructed in a

sjmilar way to the quinnat salmon growth curve. Raìnbow trout were

introduced into the lake as early as 1909 (Tabìe i) and should have

developed fa'irly stable gnowth patterns by the time they were first
sampled in 1930. Howeven, it is ev'ident that fish caught ìn the 1930

and 1931 seasons were larger than present day fish (fig.tO). Growth

nates of fi sh sampled for age (Table 12) confi rms thi s, as do

companisons of fish measured from the spawning nun (Fig.7).

From 1950 to the present thene has been no obvious trend in the size

of ra'inbow trout from the anglers' catch (fig.tO). There has also been
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TABLE 12. Lengths and weights of angler caught rainbol trouf, opening weekends, Lake Coleridge.

r4""' ffi M"- #.**' M"".' ## M.". å"*' M"", å*u M"- å.",*. M.",' 
""-*.length weighl lengfh welght length weight lengfh weighl length weight length weight length weighl

Date No. (cm) (Si No. (cm) (g) No. (cm) (g) No. (cm) (g) No. (cm) (S) No. (cm) (g) No. (cm) (g)

l95t 3 57.8 2043 6 61.6 2611 lt 63.2 2982 1 63.2 2982 1 69.8 3065

1953 1 34.3 396 29 39.6 715 53 48.1 1244 29 
'3.4 

1538 8 56.1 1733 2 55.3 1930 2 59.7 2270

1954 4 45'l 9oB 3 54'3 1 135

1965 7 45.1 897 6 49.5 1532 7 56.5 l9ó5 I 61.7 2630

1966 6 46.6 1246 27 51.7 1411 7 55.4 1737 1 55.5 1950

tg67 I 54.0 648 38 37.6 1 233 26 44.7 1 516 24 54.6 1 796 9 57.6

1969 13 37.8 570 41 47.4 I 280 52 54.2 1 438 2 61.8 2 138

1970 1 29.3 283 25 35.8 587 29 50.2 1 274 37 55.0 1 582 3 59.8 2 220

1 978*
and 3 2g.O 39 38.2 40 45.8 45 54.8 13 61.5 1 47.8
1979

1982t 3 31 .3 9 41 .5 17 5 1.0 12 
'7 

.7 I 64.0

I 985+ 3 34.0 12 42.6 23 50.6 14 58.2 4 64-7

* = Webb 1982.
t = Webb 1985.

+ = Webb 1984b.

è
!



48

no obvious tnend'in the size of spawnìng fish measured from 1954 to 1977

(Fig.7). Again, there have been sìgnifìcant vaniat'ions in s'izes of fish

caught by angìers and those taken fnom the spawning runs, but thìs is

almost certainly due to the variat'ions'in propot'tions of year classes in

the anglers'catch and in the spawning run (Tables 9 and 12).

6.4.3 Brown Tnout

Though there is clearly a large population of brown tnout 'in the

lake, data on the population are sparse. Few brown trout ane taken by

ang'lers and, apart from Eldon's trapping, little trapping data are

avai lable. Data from angìers' catches between 193i and 1983 ane

presented for completeness (Fig.10), but there are too few data from

which to draw any valjd conclusions.

Table 13 gives the mean'lengths and weights of angìer caught, aged

brown trout taken on opening weekends; agaìn'it'is ev'ident there are

too few data on which to draw conclusions. Fìgur"e 7 shows the mean

'lengths and standard deviations of brown trout spawners tnapped over the

yeans 1956-74. Duning this period there js no obvious trend other than

some variation from year to year around a stable growth rate. The

indiv'idual yearìy variations are almost certainly due to variations in

proportions of year cìasses making up the spawnìng runs.



TABLE 13. Lengrfhs and welghts of angler caught brown trout, opening weekends, Lake Coleridge.

M"". å.",'n.Z M.",.' #.",'*1 M"- å*1 M"- å.",z M.- """"@1 M"". ffiZ
I ength welght lengfh welght lengfh weight length weight length welght length weight

Dale No. (cm) (g) No. (cm) (S) No. (cm) (g) No. (cm) (g) No. (cm) (g) No. (cm) (g)

1931

I 970

1 978n

and
1979

I 984x* 1 11.0

1 61.0 2724 7 59.7 2513 5 64.8 2860 2 62.2 4199

3 43.2 962 9 54.8 I 698 1 65.8 2 962 1 58.23 36.0

8 38.3

2 39.0

Þ
(.o

9 49.9

6 50.7

9 52.8

I 57.8

t0 63.3

2 67.5

I 7t.0

I 70.0

* = Webb 1982.

t = Webb 1984b.
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7. DISCUSSION

7.I Quìnnat Salmon

The freshwater, self-sustainìng

some New Zealand ìakes, of which

notab'le, are most unusual . New

world whene this occurs without the

qu'i nnat sal mon stocks that occu r i n

Lake Colelidge is one of the more

Zealand is the onìy country in the

need f or conti nued stock'i ng.

Stokel I (1955) stated that the f reshwater qui nnat produced 'infert'il e

offspring and therefone could not exjst for more than two generatìons.

Rounsefel I (1958) des'i gnated the chi nook (qui nnat) salmon as an

obl i gatory anadromous fi sh. The proven vi ab'i 1 ì ty of eggs and spenm

from fneshwater salmon stri pped for rearì ng by the NCAS, and the

continued existence of stocks of quìnnat sa'lmon in the lake for many

years, 'i nval i dates both of these concl usi ons.

Records of freshwater stocks in North Ameri ca nelate to residual

fish trapped by impoundments (Sherrin 1886) or to lakes art'ificìa'ìly

stocked with salmon (Fainbanks 1881, Kendall 19i3, Hoover 1936, McAffee

L966, Bergeson 1967). These popuìat'ions have only been maintained by

stock'ing. Th'is is also true for freshwater populat'ions in Austnal'Ía

(Butcher 1947, Cadwallader and Eden 1981, Rogan 1981).

The l'ife cycìe of quinnat salmon jn Lake Coleridge 'is s'imilar to

that of anadromous stocks that occur in the Rakaia Riven. Most fish

matune in the third year, fewer jn the fourth, and very few in the fifth

year. Some fish mature 'in the second year, mostly males, and a

proport'ion of juveniles wh'ich nemain'in the spawnìng tnibutary mature

as yeanlìng fìsh, these are all males. Whethen or not all die after

spawning js unknown, but certainly most die. Howeven, thei r existence
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totally in freshwater ra'ises the question that some might survive

spawn'ing, as do yearl i ng precoci ous ma1es of sea run stocks.

A major d'ifference between the freshwater and anadnomous stocks is

size: 3- and 4-year-o1d Colenìdge salmon average 45 and 51 cm

respectively whereas sea run 3- and 4-year-o1d salmon aver"age 75 and

B5 cm respectìvely. The difference'is evìdently due to a limited food

supply'in the lake when compared w'ith that'in the ocean.

El don and Cunni ngham ( 1960) showed a peak for the spawni ng run

occurred towards the end of May, a full month after that wh'ich normally

occurs for Glenariffe (Rakaia) salmon, which peak at the middle and end

of April (Galloway 1972).

7.2 Bag and Size Limits

The rationale behind bag limits'is to ensure that excessive croppìng

of f ish stocks by angì ers does not occur". To set bag 1 imits there i s a

need to know what constitutes a typica'l populatìon size for the water in

quest'ion, and what proportion of the population may be cropped without

depress'ing numbens of spawning fish to the point where fishìng success

decl'ines in subsequent seasons.

Sìze limits are to ensure that fìsh grow and mature to a sjze where

they spawn at least once befone they can be cropped from the population.

If they are caught before th'is si ze i s reached 'it i s requì red that they

ane put back into the water alive.

For Lake Coleridge, as fon most other watens throughout New Zealand,

adequate'informatjon to establish the need for or the extent of these

I imits is lackìng. Some of the results obtained jn the present

investigatìon indicate that such limitations are unnecessary.
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Salmon usually provide about 90% of the ang'lers' catch from

and an estimate of croppi ng for the 1960 season was 30%

population.

I ake

the

Unwin and Dav'is 1983 estimated cropp'ing rates of about 50% by

anglers on the Rakaia Riven salmon nuns for the LglB/79 and 1979/80

seasons . Despi te thi s hi gh croppi ng rate the si ze of nuns i n the

Gl enari ffe Stream have shown no apparent effect. It woul d seem

reasonable to suggest that with a lower cropping rate, the popuìat'ion of

salmon in the lake would be unaffected.

When the population estimates of takeable rainbow and brown trout

are consjdered with the estimated anglen croppìng for the 1960 season

(4.4% fon rainbow and 0.32% for brown trout) the need fon bag limits

cì early does not exi st. A propont'i on of these f i sh spawn repeti ti ve'ly ,

thenefore the popuìation will be less affected by anglìng pressure than

the salmon.

The results indìcate that there was no need for bag lìmits for salmon

durìng the peniod investigated and much less need for bag limits of

rai nbow and brown trout. Sal mon normal 1y Spawn once onìy and d'i e.

The need for^ a si ze l i m'it f or sal mon to enabl e them to reach spawni ng

s'ize is irrelevant, unless there is ev'idence that the numbens of salmon

reachìng maturìty are insufficient to ma'intain the population. This

does not appear to be So, therefore a s'i ze I i mi t appears to be

superfl uous. For ra'i nbow trout the bul k of fi rst spawners occurned

about size 45-55 cm and for brown trout about 40-50 cm. Fish caught

earlielin the angling season would obviously not be so'lar^ge. Thus,

'in v'iew of the size l'imit for Coleridge trout (25 cm) a substant'ial

proportion of the anglers' catch would have included trout which had

the

of
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f ai led to spawn at least once. Scale read'ings al so 'indi cated a hì gh

incidence of ma'iden fish 'in the anglers' catch. Consequently, the size

l'imit, even if it were necessary, would not have been an ef fective

mechanj sm for popul ati on protectì on.

For Lake Coleridge rainbow and brown trout there is no need for a

size limjt, and the restrict'ions in force are'ineffective in what they

set out to ach'ieve. There is also stnong evidence to support the view

that such restri cti ons are unnecessary i n the fi rst p1 ace. However,

anglers do seem to have a predìlection for self-'imposed handicaps with

regand to catch'ing fish. Therefone the concept of Iittle or no

regulat'ion of the lake fishery unt'il such time as measurable effects of

angf i ng on a popul ati on can be shown does not seem to fì nd favour

amongst the maiority of the anglìng fraternìty.

7 .3 Effect of Stockì ng

Most effort by the NCAS was concentrated on stocking the lake with

rajnbow trout, then brown trout, and little on quìnnat salmon. Returns

of rainbow trout to the angìens' catch Were less than I% as Were

cont¡ibutjons to spawning nuns. Hence, the effect of stocking na'inbow

trout was minimal.

The angler. catch showed the greatest number^ of f ish caught were

salmon, with substantìally fewer nainbow trout and very few brown trout.

Indications are that stock'ing, if necessany, would be more useful for

qu'innat salmon than for rainbow or brown trout.
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7.4 Effect of Hydro-electnic Power Development on the Recreational

F'ishery

The diversion of the Hanpen Rìver into Lake Colenidge is a notified

water ri ght under the l^/aten and Soi I Conservati on Act 1967 wi th a

maximum of 99 m3/s, but with no waten quality conditions. Since the

Har.per Rjven was diverted into the lake thene has been little concern

expressed about its effect on the lake except w'ith respect to spawning

rai nbow trout.

The Har^per divers'ion control gates pnevent spawning fish from moving

out of the lake and ga'ining access to upstream spawning waters. The

NCAS has sought to have a fish ladder built to provìde such access,

particu'larìy for rainbow trout, large numbers of which have been

observed annualìy attempting to pass the divers'ion gates. Foot surveys

in 1956 (Cranfield, tli'lliams, and Young 1956) and by the author ìn May

1967 showed the presence of rainbow and brown tnout above the divension

gates. Cleanly these nesident fish ut'ilise the spawning waters above

the diversion gates and many of their^ progeny wìì1 be diverted into the

lake. The annual reappearance of rainbow trout attempt'ing to negotiate

the diversion gates to spawn lends support to this view.

Di ve rs j on of part of the Wi I berf orce R'i ve r i nto the I ake by way of

the 0akden Canal has a cond'ition placed on the water rìght, nameìy a

limit of 350 tonnes per day of suspended solid. This condjtion has not

been complied with for up to 25% of the time that it has been monitored

and during these times of excess suspended sol'ids between 68% and 85% of

the total annual sedi ment I oad has entered the I ake (Li neham 1984) .

Excess silt-laden Harper River flows, which pnevìously passed down the

Ha rper bed to the hl'i I berf orce Rì ve r and out to the sea v'i a the Rakai a
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Ri ver, af.e now captured by the tli l berf orce d'i vens'ion.

the clarity of the lake water has been reduced.

Consequently,

The t^li I berf once d'i vers'ion has al I owed the El ectri cì ty Dj vì si on,

Ministry of Energy (NZE) to hold the lake more consistently at a high

'l evel , whi ch provi des them w'i th a greater head of wate n and stonage .

This has resulted'in increased shoreljne erosion and turbidity.

Si lt-l aden, di scol oured waters from the Harper and t,l'i I berforce

d'ivers j ons do on occas'ions degrade the water qual i ty markedly at the

westenn end of the lake. Th'is has aìways been a majon fishing area and

anglers have expressed concern about the degraded water quality. The

abì1ìty of NZE to hold the lake h'igh also means that anglens ane moved

further away from the deeper I ittoral zone where fi sh feed.

Consequently, a smalìer pnoportìon of each cast ìs fishìng in th'is anea

and a larger proportìon fishes the shallow water as the cast ìs

recove red .

It has been suggested that the'inflows into the lake be reduced and

the level al.lowed to fall shortly before opening weekend' which would

r-esult in cleaner water and better fìshìng conditions for the opening,

when up to 50% of the angl i ng for the season i s done.

The Wilberforce diversion makes ìt possible for lake fish to ga'in

access to the upper reaches of the Wilberforce or under certaìn flow

cond1tions to the headwaters of the Harper R'iver. It also allows fish

to move out of the lake and ga'in access to the Rakaìa Rìver. The

extent of these movements 'is unknown.

The NCAS unsuccessfully tried to have the NZE place fish screens'in

the I^Jj I berf orce d'iversi on canal to prevent I osses f rom the lake.
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Angl ers ' catch data befone and after the di versi on show no obv'i ous

changes, and population est'imates are too crude to rely on. Therefore,

.i t ì s un'li kely that the i mpact of the scheme on the f i sh popul ati ons

will ever be fuìlY evaluated.

Schemes f oli ncreased storage and generat'i ng capaci ty have been

proposed which could entail levels of up lo 24 m higher than the present

maximum and 18 m lower than the present minìmum (Southern Energy Group

1e76).

B. CONCLUSIONS

1. Lake Cole¡idge supponts a recneat'ional fìshery based on quìnnat

salmon, rai nbow tnout, and brown tnout. These spec'ies usual ly

provide about g0%,9%, and I% of the anglers' catch respect'ive1y.

This does not reflect the relative abundance of each species in the

I ake.

Z. Catch rates of the three spec'ies measured in the 1953154 and 1965/66

Seasons varied from 0.64 to 0.43 fish per houn for salmon' 0.27 to

0.39 fish per hour for rainbow tt'out, and 0.8 to 0.37 fish pen hour

for brown trout.

3.

4.

Apart fnom a few

no evidence of a

Si mi I arìy there

three spec'ies 'in

from around 1930

samplêS circa 1930 when fish were larger, thene ìs

trend 'in f ish s j ze over the peni od L949-82.

'is no evi dence of any tnend ì n growth rates f or the

the lake over the perìod 1949-82. Samples exam'ined

do indicate a fasten growth nate at that time.

5. Crude popuìat'ion estimates for takeable rainbow trout, brown tnout'

and qu1nnat salmon were nnde from mark and recapture data coupled

with tnapp'ing data. The estimates wene:



Qu'i nnat sal mon

Ra'i nbow t rout

Brown tnout

6. Cropp'ing rates

Qui nnat salmon

Rai nbow trout

Brown trout

(95% confidence limits)

(95% confidence 1imìts)

( 1e 6o)

(1e60)

( 1e7e)

(1e60)

( le7e)

57

4955

A0gg + Z5ZI

4958 + 2496

2467

t4 07r

by angìers were estimated to be:

(1960) 30.07"

(1e60) 4.4%

(1e7e) 5.2%

(1e60) 0.32%

( 1e7e) 0.4%

7. The cropp'ing nates for rainbow and brown trout do not support the

management practice of bag lim'its'imposed on the angler. Though

the cr^opp'ing rate 'is higher for qu'innat salmon it ìs still unlikely

that bag l'imits achieve any purpose. For all three species s'ize

I im'its al so seem unnecessary and i nef f ect'ive.

B. pnevjous extensive stock'ing of the lake wìth r"ainbow and brown trout

was ineffect'ive. Few of the stocked fish were ever caught by

anglers or appeared in the spawn'ing runS. The NCAS no longer

stocks rainbow or brown tnout into Coleridge.

9. The majority of the anglers'catch is qu'innat salmon and the lake

should be managed accordingly. Enhancement of the salmon stocks

'is more 1ike1y to provìde neturns to the anglers. S'ince 1981 the

NCAS has'implemented programmes of spawning stream improvements in

an attempt to enhance the f ishery (F'itzgenald 1981)'

10. The most important spawn'ing trìbutary of the lake is the Ryton

River; other spawning trìbutar^ìes are Simois (Twìn) Stream, and
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Scamande n and Co'le ni dge St reams . The numbe rs of ra'i nbow and brown

trout di verted i nto the lake from the Harper headwaters are not

known and nor j s the ef fect of open'ing up access to the l^l'i I berf once

headwaters v'ia the t¡l'il berf orce canal .

There was no evidence of suitable areas for lake edge spawning found

durì ng the 'investi gati on.

11. The diversion of the Harper Rìver by NZE is generally consjdered to

have introduced salmon into the lake and by accident provided the

most f requently caught sport f i sh. The d'ivers'ion undoubtedly

contributes juvenì1es of ra'inbow and brown trout, which neside and

spawn above it, to the lake and it also carries food organ'isms into

the lake. Silt loads generally have been localjsed in their effect,

but unfortunately ìn a negion of high angìing activity.

12. Si mi I arly, the t¡l'il berforce di vers i on woul d provi de some ra j nbow and

brown trout f rom 'its headwaters and al so addi t'ional f ood. Unl'ike

the Harper diversion it does allow egness for fish from the lake,

but the extent of th'is 'is unknown.

Silt loads are local'ised in their effect, but also occur in a regìon

of high angling act'ivìty. The hJilberforce diversion has allowed

NZE to ma'intai n the I ake at a cons'istently hì gh level and th'is has

resulted in shorel'ine erosion on occaSionS, with resultant

wi despnead di scol ounati on of the I ake.

13. From the data presented, th'is lake is primarily a freshwater salmon

sport fishery and should be managed accord'ingly. The salmon has the

f o1 I owi ng advantages. It 'is read'i 1y caught, it i s a good eati ng

fish, it has the fastest growth rate of the three sport species
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present and the earliest age of maturity. It provides good sport

for angìers of all ages and nequires min'imal fish'ing sk'i'lls.

Salmon have the dìsadvantage that they do not spawn repetitively

like rainbow and brown trout. Therefore' years of poor" spawning

Success have a distjnct effect on salmon abundance and may affect

the anglers' catch. There is no evidence that rainbow or brown

trout are presently in need of management.

14. To avoid endless opìnion and controversy there is a need to know

the normal level of stocks of the three specìes in the lake and what

impact changes to the lake have on these stocks and on the anglers

success in catch'ing fìsh.

Ana'lysì s of trappì ng data wi I I gi ve an 'ind'icati on of 1ow yeans to

come. The release of marked fish and monitorì ng of necaptures

sampled from the anglers catch could prov'ide population estimates.

Surveys by towed di vers mi ght provi de more rap'i d and better

popuìation estimates still. Adequate informatjon obta'ined could

then be the basi s for negoti ati on on compensati on works for the

f i shery.
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