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FOREWORD

Thi s Techni cal Suppl ement descri bes and presents the
results of fishery resource studies (Technical Supplenent
| X(A), and water dependent WIldlife studies (Technical
Suppl ement |1 X(B), as carried out under the Canada-British
Col unbi a Ckanagan Basin Agreenent. The results of other
wat er resource studies may be found in the publications
listed on the inside front cover of this report.

The material presented in this supplenent supersedes that
of all earlier prelimnary reports or publications prepared
under the terns of reference of this Agreenent.

A. Murray Thonson
Study Director
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SYNOPSI S

The potentials of the Okanagan headwat er | akes, the
tributary streans, the nmain valley | akes and the Okanagan R ver
are assessed in terns of the sustainable fish harvest they are
capabl e of providing to various exploitation interests. These
potentials are estimated according to various definitions,
taking into account (insofar as possible) various recruitnment
and productivity requirenments and constraints. The anal ysis
provi des a basis for evaluating, in ternms of fish harvest
capacities, the cost and effects of aneliorating these
constraints. Present productivity of the fisheries is conpared
with potential productivity under both present and aneliorated
conditions. This allows assessnent of residual capacity of the
various fisheries, under various broad nanagenent options, to
neet fishery demands.

PART |: GENERAL

The objectives of the fisheries programand its role in
wat er managenent planni ng were defined and expl ai ned.

=

2. Four basic Okanagan Basin fishery conponents were
identified:
a) Headwat er | akes
b) Tributary streans
c) Mai n val |l ey | akes
d) Okanagan Ri ver

and the discreteness and interfaces defined and di scussed.
The general nethodol ogy and approach invol ving these four
fi shery conponents was di scussed.

3. Excess capacity for rearing salnonid fishes exists in al
t he Ckanagan | ake categories, and provides a strong basis
upon whi ch enhancenent of stocks nmay be undertaken. Stock
enhancenent is necessary to accommodate increased future
angl i ng demand and/or to inprove angling quality.

4. The Ckanagan streans (including Okanagan Ri ver) provide
relatively little

i nherent sal noni d producing capability. However, they are
extrenely inmport-and for the reproduction of sal nonids from
the main valley |akes, and also for the reproduction of the
Col unmbi a Ri ver run of sockeye sal non.

PART |1: PRESENT RESOURCE BASE

5. In the kanagan Basin, 137 headwater | akes and reservoirs
have been identified. They have a conbi ned surface area of
10, 904 acres and appear to provide present or potenti al
sport-fishing opportunities. These | akes accommodat ed an
esti mated 65, 900 angl i ng-days of sport-fishing activity




10.

in the 12 nonth period of June 1971 to May 1972 and vyi el ded an
estimated 125,500 fish. These headwater |ake fisheries are
primarily based on rain bow trout, although brook trout and/or
a few other species occur in some of them Elevation plays the
predomnant role in delimting headwater |ake fish
productivity.

Recent (1967-71) annual stocking anmong all (kanagan headwat er
| akes has averaged 2,068,000 trout at 2500/1b or equival ent
size. Stocking has utilized only about 18% of the estinmated
carrying capacity anmong those 57 | akes (conprising 67% of the
surface area) where significant angling is presently
conducted. Sone additional utilization of carrying capacity
occurs due to natural reproduction, particularly at the higher
el evations. Annual sustain- able harvest capacity based on
this recent stocking record and on its disposition according
to elevation is 139,000 adult trout. In those 57 | akes
actually fished to any significant extent, the estinated
annual harvest capacity based on stocking, is 119,400 trout.
This is slightly less than the present realized annual harvest
(125,500 trout) and is accordingly indicative of a neasure of
natural reproduction. It also suggests that the present
stocki ng program although not quite ideally distributed, is
about the m ni mum program whi ch coul d mai ntain present angling
quality for present angling effort.

Present potential trout harvest capacity in the 137 headwater
| akes, based on saturation recruitnment with under-yearling
trout (by stocking or otherwise), is estimated to total
474,600 adult trout annually. This takes account of such
present negative influences as excessive drawdown, w nter Kkill
and m xed speci es popul ati ons which occur to sonme extent anong
many of the lakes. It also inplies stocking to capacity of
four particular |akes (Swan, Ellison, Tugulnuit and
Hydraulic), wherein conditions for trout are so unsuitable

t hat specific managenent for trout appears unrealistic.

Excl udi ng these four |akes fromconsideration, reduces the
estimated overall headwater |akes present potential annual
trout harvest capacity to 453,000 fish.

The estinmated present avail abl e annual trout harvest capacity
from Ckanagan tributary streans is 32,200 trout.

The sport-fishing effort on the Ckanagan main vall ey | akes
totall ed 84,000 angling-days during June 1971 to May 1972.
83%of this effort transpired on Ckanagan Lake. The

resul tant sport-harvest totalled 262,000 fish, of whi ch 94%
was kokanee and 5% was rai nbow trout.

Present utilization of |ake carrying capacities for kokanee
ranges fromO0.4%to 16.4% anong t he Ckanagan nain vall ey

| akes, being | owest in Wod and Vaseux Lakes and highest in
the northern and central regions of Ckanagan Lake. Present
avai | abl e harvest capacity is estimated to be 1,283,000
kokanee (annual average), 88%of it from Ckanagan Lake. This
is 5.2 times the estimated present harvest.



Present utilization of carrying capacities for rainbowtrout is
32.1%in Kal anal ka Lake, but 5%or less in the other nmain valley
| akes. Present avail abl e harvest capacity is estinated to be
22,500 rai nbow trout (annual average) or 1.8 times the estimated

The present run of sockeye sal non to (kanagan R ver averages 19, 000
fish. The escaperent contributes about 15,120 sal mon annually to
commercial fishing in the |ower Colunbia, and an additional 3,100
(estimat ed annual average) are caught by Canadi an and Amreri can

I ndians. Modification of C(kanagan mai n-stem operation coul d expand
the strength of this sockeye escapenent by as much as 2.3 tinmes, as
well as pronoting its long-termsurvival. These nodifications
woul d al so benefit kokanee. However, there woul d appear to be
little or no opportunity to benefit rainbow trout through nodified
nmai nstemoperation. Rai nbow trout stocks in Gsoyoos Lake coul d
presunabl y be nmost readily enhanced through artificial reproductive
facilities. |If a spawning channel were built for the nai ntenance
and enhancerent of the sockeye salnon run, it mght be possible to
adapt it to accommodate rai nbow trout as wel | .

Angler interviews on 57 headwater | akes and the six main vall ey
| akes, as well as an aerial boating use and ice-fishernen survey,
were conducted in the Ckanagan fromJune 1971 to May 1972.

An artificially stocked rai nbow trout fishery in 57 utilized
headwat er | akes supported an estinated 65,900 angl er-days. Average
nunber of anglers per boat was 2.0. The average angling-day was

Catch per angl er-hour in the headwater |akes varied fromO to 3.25
anong |l akes. Atitude is the primary factor affecting angl er
success, but it is also heavily influenced by access, geographic

| ocation, water |evel nanipulation and stocking practi ces.

A direct relationship exists between "access factors" and | ake usage
by angl ers. Success however, varied inversely wth access factor.
Those with an access factor |ess than 2.0 have an average U UE of
0.66. Those with an access factor of 2.0 or greater, yielded 1.1

Twenty-one tributary streans do, or did support a sport fishery. It
is estimated that about 2,300 angl er-days are spent annual ly on
tributary streans. Fish are small, averaging only 0.07 pounds each.

Boat fishernen in the nain basin | akes spent 70,150 angli ng days
harvesti ng 87,000 pounds of game fish (260,000 fish). The catch
was 80% kokanee and 18%r ai nbow trout by wei ght.

Nurreri cal |y, kokanee were the domnant sport fish in all main valley
| akes, except Wod and Gsoyoos. Rai nbow trout harvest follows the

11.
present harvest.
12.
PART I11: PRESENT ANGER USE
13.
14,
4.06 hours |ong.
15.
16.
fish per angl er-hour.
17.
18.
19.
sane trend as kokanee harvest.
20.

Sport fishing catch per unit-effort generally parallels avail abl e
sport fish fauna. Harvest on a per-acre basis suggests sone fish
popul ations are bei ng under- or over-harvested relative to others.
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30.

31.

An estimated 4,900 angling days on the Ckanagan R ver bel ow Skaha Lake
yi el ded 2,600 fish, 40%of which were preferred sport fish, 4%were
margi nal sport fish and 56%were coarse fish. Peak participation in
this fishery occurs in June and Septenber.

PART I'V. PRESENT FI SHERY VALUES

Resi dent anglers fished for an average of about 21 days in 1971 -
usual ly at locations close to their hones. Non-residents fished for
an average of 7 days per season and cane nainly fromthe Lower

Mai nl and (42%, A berta (20% or Véstern US A (17%. Only about
one-third cane for the prinary purpose of fishing. Over 40%of non-
residents were fishing in the Ckanagan for the first time in 1971

Non-resident anglers tended to fish nore in famly groups, were
younger, better educated and had hi gher househol d i ncones than
resident anglers. Resident anglers had considerably nore fishing
experience in the valley than their non-resident counterparts.

Good access and proximty to place of residence were stated as prinary
reasons for choice of angling site. By far the mgjority of anglers
(84% preferred catching rai nbow trout to kokanee. Mst (70% were
satisfied wth the range of sport fishing species available in the
Ckanagan.

The majority of anglers who stated preference for fishing experiences
in the Ckanagan, chose headwater |ake fishing, and a significant
mnority (23% desired nore tributary streamfishing in the Ckanagan.

Most anglers (70% were satisfied wth the quality of facilities
offered in the basin, but many nain valley |ake fishermen woul d prefer
nore inproved boat |aunching facilities.

Sport fishermen spent a total of $1.6 mllion attributed to angling
recreation in the Ckanagan in 1971, $1.1 mllion by residents and $0.5
mllion by non-residents. The net economc benefit of these
expenditures to the (kanagan was estinated at about $446,000. In
addition, anglers valued their recreational expenditures at al nost
$1.9 mllion over and above those expenditures. This value is
estimated recreational value of sport fishing to anglers and al t hough
it does not accrue as actual dollars, its significance should not be

i gnor ed.

PART V. FI SHERY USE PROJIECTI ONS AND EVALUATI ONS

Angl er-day denands coul d increase al nost three-fold to 2020, given the
condi tions outlined.

Meeting projected demands in the headwater | akes fishery will require
stocking of 5.2 mllion rainbowtrout fry at 2500/1b annual |y by 2020.

The 137 headwat er | akes have the productive capacity to rear the
equivalent of 5.4 mllion fry annually.

Consi deration will have to be given to angler distribution and/or
stocki ng of catchabl e-size fish in heavily fished headwat er | akes by
1980.




32. Tributary stream fisheries, although of very limted potential in the
basin, do provide a different recreational experience. Qptimzation
of stream flows could account for a 16% increase in annual catch,
making a total catch of 38,400 trout possible annually.

33. The factor limting salnonid sport fish production in the main valley
| akes is tributary spawning area. Ckanagan Lake sal noni d popul ati ons
are expected to be little affected by nutrient |oading alternatives.
A high nutrient input into Skaha Lake will result in a declining
sal noni d popul ation after 1980.

34. Projected angl er demands to 2000 in Ckanagan Lake can be net by
carrying out a programinvol ving sequentially;
a) Modi fi ed di scharge operation, Mssion O eek
b) Devel oprent of 4,000 acre-feet of storage on Mssion Oeek
C) Punpi ng and stream bed i nprovenent, Trepanier O eek
d) I ncubati on channel, Trout O eek
e) Streami nprovenent, M ssion O eek
f) Rehabi litati on and storage, Equesis O eek

Beyond this date (2000), artificial reproductive facilities wll be
requi red to neet projected dermands.

35. A hatchery facility is suggested on Skaha Lake to meet projected
angl er denmands.

36. By the inception of Ckanagan mai nstem flow alternatives 1(d), 2(b),
3(a) and 3(b), the commercial harvest of the Ckanagan R ver sockeye
sal non populatlon coul d be approxi nately doubl ed, given it is assuned
to be stable under present flow conditions.

37. Construction of a spawni ng channel for sockeye salnmon would result in
an annual saving of 19,825 acre-feet of water. Annual costs in
excess of $50, 000 nake the scheme unfeasible within the Study
proj ection peri od.

38. Total costs for the proposed sport fish managenent programin the
Ckanagan Basin coul d exceed four mllion dollars over the next fifty
years.

39. It is concluded that a broad productivity base exists in the Ckanagan
Basi n | akes upon whi ch the enhancenent of sal nonid stocks may be
undertaken in an attenpt to satisfy anticipated angl er demands. This
may be acconplished by inprovenent of water regi mes and habitat,
wat er storage and/or by use of artificial reproductive facilities.

It will be apparent throughout, that the various steps and concl usi ons
have proceeded froma data base which, in nost cases, was adequate only to
establish the tone and direction of the assunpti ons whi ch were necessary
for the anal yses. An attenpt has been nade to |ist these assunptions as
they were incorporated, but in nmost cases there was no good basis for
estinmating the nagnitude of the various biases which mght have been
i ntroduced. The anal yses, therefore involved a considerabl e measure of
intuition. However, this was the only nmeans by which this eval uation of
t he Ckanagan fishery resource(s) could be conpleted within the terns



of reference of the Study. Existing information, or at |east
avai l abl e interpretation of such information prior to the
Study, did not allow definition of a program which would have
provided all the required data. Such a programwould inply a
vast and specific study effort, and one spanning a
considerable tinme frame. This report does identify where such
effort mght profitably be applied. Certain nore detailed
assessnents would clearly be in order before any | arge-scale
fi shery enhancenent neasures were undertaken, other than in an
experinmental setting. It is accordingly enphasized that the
present assessnent, and the evaluations arising fromit,

cannot at this stage be regarded as a conplete and reliable

bl ueprint for future Ckanagan fishery managenent. |Indeed, the
present exercise is primarily denonstrative rather than
definitive, and it is anticipated that actual managenent wl |
proceed in a cautious and increnental manner. However, it is
consi dered that the fundanental conclusions and recomm
endations presented here are valid in principle if not in
detail .
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CHAPTER 1

Backgr ound
1.1 CBIECTI VES

The objectives of the fisheries programin the Ckanagan
Basin Study were: to identify the current fishery resources
within the basin, to estinmate present and potential harvest
capacities of the various resource conponents with reference to
water quantity and quality, to estimate current sport and
comrercial fishery use, to identify the socio-econom c aspects
of the fishery and to project and present alternatives for
wat er and fisheries managenent conducive to neeting anti ci pated
angling and water demands in the Basin over the next fifty
years.

1.2 ROLE I N COWREHENSI VE PLANN NG

As a major, but non-consunptive user of water within the
Ckanagan Basin, it was deened that the requirenents and future
pl anning for fisheries should be considered a part of the
Ckanagan Basi n water managenent study. The sport fisheries of
t he kanagan Basin support an industry of considerable rea
val ue as well as presenting residents of the Ckanagan with a
recreati onal pursuit of considerabl e non-nonetary significance.
The fish popul ations al so provide a val uabl e indication of the
ecol ogi cal well-being of the Basin. The sockeye sal non run
into the Ckanagan R ver provides a considerable portion of the
sockeye catch in the | ower Colunbia Rver and is the subject of
i nternational agreenent-thus Canada has the responsibility of
mai nt ai ni ng the spawni ng segnent of the life cycle.

If fishes were to be considered as rightful users of the
water resource in the Basin within the tine horizons outlined
inthe study, it was essential that this case be adequately
presented. This docunent forns a basis for that inclusion.

1.3 PRCOBLEMS ENCOUNTERED

The ever-present problens of any investigational study with
the need for relatively quick results, namely | ack of adequate
tinme, noney and resources were of course present. As a result
many concl usi ons are based on a nunber of untested or very
i nadequately tested assunptions. Due to |ack of data, nmany of
of the estimates, expansions and concl usions drawn there from
are not adequate for rigorous statistical analysis. In many
i nstances | ocal know edge and bi ol ogical intuition played a
maj or role in determnations.

In spite of the problens and Iimtations nmenti oned above,
it is felt that in general, adequate data are presented to make
deci si ons and recommendati ons




within the franework and terns of reference; nanely, a
pl anni ng exerci se to enconpass the comng fifty years. The
exam nation in detail of many aspects touched on by this
investigation remains in the real mof the resource nanagers as

they inpl ement various aspects of the Study.



CHAPTER 2
General Met hodol ogy and Approach

Four basi c Ckanagan Basin fishery conponents may be identified:
1) Headwat er | akes
2) Tributary streans
3) Mai n Val |l ey | akes
4) Ckanagan Ri ver
(a) Sport fishes
(b) Sockeye sal non

These conponents are to sone extent discrete within the
overall Ckanagan fishery system However there are certain
vital interfaces, including the follow ng:

(a) Rai nbow trout and kokanee fromthe main valley |akes utilize
tributary stream habitats for reproduction.

(b) Streanflows, generated in part by discharge from headwater
| akes and reservoirs, are vital to the production of in-
channel stream fisheries, and to reproduction by rai nbow
trout and kokanee fromthe main valley | akes.

(c) Many of the headwater |ake fisheries are vulnerable to | ake
drawdown for neeting discharge requirenents (including in-
channel fishery needs) in the tributaries.

(d) The Ckanagan River sport fishery is heavily dependent on the
influx of fishes fromthe main valley | akes, especially
Skaha, Vaseux and Osoyoos.

(e) Propagation of sockeye salnon (and ot her species) in
Okanagan River is dependent on water rel eases from Okanagan
Lake. Such rel eases affect shore-spawners and ot her factors
in the | ake.

(f) Sockeye sal non propagated in Okanagan River rear in Osoyoos
Lake in association with the non-andronous fish species.

These inter-rel ationshi ps, and ot her general factors
i nfluencing the inherent fish productivity of the Okanagan
systens are diagramed in Figure 2.1

Wth the above nentioned points in mnd, the genera
approach to the investigation was:

1) to determne the basic resource capabilities of the Basin in
each of the four segnents, i.e. what the system can produce?

2) to what extent is the fishery capacity of the Basin being
utilized in each of its four segnments?

3) what are the present econom c and social values attached to
the use of the sport fishery resource by man?

4) what m ght be expected to happen to the basic fishery resource
capacity of
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the Basin given a series of alternative devel opnent patterns
for the human activities in the Basin up to the year 20207

5) to provide a plan for provision of an adequate sport fishery
resource in view of the increased angling demands and
I ncreased water demands in the Basin to 2020.

An attenpt was nade throughout the study to incorporate al
the basic factors and inter-relationships contributing to fish
productivity denoted in Figure 2.1. This was the general
approach to both the investigational and planning aspects of the
fisheries portion of the Okanagan Basin Study.

In view of tine limtations alnost all investigational work
was carried on concurrently. A Basin-w de creel census and
soci o-econom ¢ angl er survey, a |limmological investigation of
headwat er | akes, analysis of tributary stream characteristics,
kokanee spawni ng escapenent docunentati ons and many ot her
fishery investigations were undertaken.

These fisheries investigations were carried out in a series
of assigned tasks. As these data becane avail able they were
incorporated for use in the planning function. The |ogical end-
product of the field investigations - fishery task reports -
whi ch were used extensively in preparation of this technical
supplenent are listed in the reference section.

Data from ot her aspects of the Ckanagan Basin Study, in
particular the |imol ogical studies and tributary and mai nstem
water quantity studies were al so used extensively.
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CHAPTER 3

Headwat er Lakes
BACKGROUND AND RATI ONALE

Headwat er | akes, for purposes of the present analysis, have
been arbitrarily defined as any | akes or reservoirs within the
Okanagan Basin exclusive of the six "main valley Lakes" (see
Chapter 5). These definitions involve a few artificial
di stinctions at |ower elevations. Lakes such as Ellison, Swan,
and Tugul nuit have been included wth the headwater | akes
(basically by default) even though they lie on the main valley
floor. Wod and Kal amal ka, on the other hand, have been
included with the main valley |akes even though they are part
of a systemwhich is tributary to the Ckanagan nai nstem
Locations of the Okanagan headwater |akes are indicated in
Figure 3.1 and listed in Appendix A

One hundred and thirty-seven kanagan headwat er | akes have
been identified which either support sport fish popul ations or
appear to have inherent potential to do so. Elevation plays
the predom nant role in delineating the fish productivity of
these | akes, so it was necessary to stratify the analysis on
this basis. Distribution of the 137 | akes on the basis of
elevation is given in Table 3.1. A The avail abl e | ake surface
area at different elevations is presented in Table 3.1.B

TABLE 3.1

Dl STRI BUTI ON BY ELEVATION OF 137 OKANAGAN HEADWATER LAKES
W TH PRESENT OR POTENTI AL SPORT- FI SHI NG OPPORTUNI TI ES

A. Nunbers of Lakes:

Elevation Additional

(feet) Key Lakes Lakes TOTAL
- 3501 14 20 34
3501-4000 7 1 8
4001-4500 22 (+3) 20 45
4501-5000 8 (+2) 14 24
5001-5500 5 11 16
= 5500 1 9 10
TOTAL 57 (+5) 75 137
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TABLE 3.1 (cont'd)
B. Water areas of |akes at full supply level, acres

Elevation Additional
(feet) Key Lakes Lakes TOTAL
3501 1794 1605 3399
3501-4000 984 3 987
4001-4500 38622 658 4520
4501-5000 480 326 806
5001-5500 175 644 819
5500 43 330 373
TOTAL 7338 3566 10904

The Ckanagan headwat er | akes support a significant and
popul ar sport fishery centered primarily on rainbow trout.
Brook trout and a few other species are distributed in a few of
the | akes, but contribute very little to the overall angling
catch. These headwater |ake sport fisheries are, with certain
exceptions, heavily dependent on artificial stocking of rainbow
trout. There is sonme natural rainbow trout reproduction,
particularly at higher elevations, and a few of the | akes are
stocked with brook trout or other species. This analysis of
headwat er | ake fishery capacities was conducted entirely on the
basis of (specifically rainbow) trout.

Current fish stocking practice in British Colunbia attenpts
to take account of |ake carrying capacity for fry, anticipated
utilization of the stock, and opportunities for natural
reproduction. The general objective of stocking is to provide,
on a continuing basis, "catchable" size (generally considered to
be 1-2 pound) trout by age 2 or 3. On the basis of |ong
experience ws well as specific studies (e.g. Smth, Hal sey,
Stringer and Sparrow, 1969) the province has devel oped a | ake
stocking formul a which, when used with appropriate adjustnment
factors, has been a successful tool for the managenent of snal
to nmedium sized British Colunbia trout |akes in which natura
reproduction is inadequate or |acking.

For the present analysis, the current stocking fornula was
enpl oyed as a "proven" basis for estimating the carrying capacity
of the Okanagan headwater |akes in ternms of the nunbers of trout
fry they could annually be expected to accept efficiently.

St ocki ng records provided an estimate of actual fry recruitnment
over a recent (1967-1971) five-year period. Harvest capacities
were estimated on the basis of both the recent actual stocking and
fromthe basic stocking requirenent as given by the stocking
formula. This required adjustnment of fry



i nputs according to nortality rates of trout over the nunber of
years required to grow to catchable size at the particul ar
grom h rates prevailing

3.2 CAPACITIES OF LAKES TO ACCEPT TROUT FRY

The fornmul a used to estimate the basic annual trout stocking
requi renment for British Colunbia | akes has the form

Basic carrying capacity for trout fry, at 2500/1b = K
(limetic area) + 10 K (littoral area)

Wher e:

Limmetic is that zone, expressed in acres, less than 6
meters (20 feet) in depth.

Littoral is that zone, expressed in acres, less than 6
meters in depth.

Kis a stocking intensity factor based on total dissolved
solids (TDS).

The basic fry carrying capacity (nunber of trout at 2500/ Db)
for any | ake may be found as foll ows:

Fry Requirement per Acre
TDS, Limnetic Littoral
ppn K zone zone
250 350 350 3,500
200 300 300 3,000
150 250 250 2,500
100 200 200 2,000
50 150 150 1,500
The formul a

assunmes a linear relation between TDS and trout carrying capacity

for TDS val ues between 50 and 250 ppm Carrying capacities for
i nternedi ate TDS val ues can thus be derived by direct

i nterpol ation. The procedure assunes that TDS = 250 for actual
TDS val ues greater than 250, and it assunmes TDS = 50 for actua
val ues | ess than 50.

The norphonetric and TDS paraneters required for the

estimation of basic fry carrying capacities are listed for the 57

"key" headwater |akes in Appendix A,. Also listed are the

el evations of the individual |akes and their surface areas at
full supply level. The resultant basic fry carrying capacity
estimates for these 57 |akes are detailed in Appendix B and are
summari zed according to elevation in Table 3.2



TABLE 3.2

DI STRI BUTI ON BY ELEVATI ON OF BASI C CARRYI NG CAPACI TY FOR TROUT FRY.
RECENT (1967 -1971) AVERAGE TROUT | NTRODUCTI ONS. AND PERCENT
UTI LI ZATI ON OF FRY CARRYI NG CAPACITY BY STOCKI NG 57 "KEY" OKANAGAN
HEADWATER LAKES

Utilization of
Number Basic fry carrying Recent Average Annual | Basic Carrying
Capacity at 2500/1b | Trout Introductions Capacity by
Elevation of equivalent at 2500/1b Equivalent | Recent Stocking
(feet) Lakes No. X 1000{No./Acre | No. X 1000 {No./Acre Percent
< 3501 14 4,225.2 2,355 552.5 308 13.1
3501-4000 7 987.5 1,004 160.1 163 16.2
4001-4500 22 3,498.8 906 883.1 229 25.2
4501-5000 8 694.7 1,447 91.6 191 13.2
5001-5500 5 262.7 1,501 41 .1 235 15.6
> 5500 1 63.6 1,479 0.0 0 0.0
TOTALS 57 9,732.5 1,728.4 17.8

3.3 PRESENT STOCKI NG AND UTI LI ZATI ON OF FRY CARRYI NG CAPACI Tl ES

Actual fish introductions to the 57 "key" Okanagan headwat er
| akes over the five year period 1967 to 1971 are given in
Appendi x B and are summarized in Table 3.2. Introductions to
"addi tional" headwater | akes over the sane period are outlined in
Appendi x C. For | akes not stocked in each year of the five year
period, average annual rates of stocking were conputed according
to the nunber of years within the period since stocking was first
initiated. Stocking data were obtained from Annual Reports of
the B.C. Fish and WIdlife Branch.

Utilization of fry carrying capacity on the basis of stocking
ranges fromO to 25% and averages 18% anong t he "key" OCkanagan
headwat er | akes (Table 3.2). Half of the trout planted, are
stocked in | akes at el evations between 4001 and 4500 feet. This
is also the el evation range which contains the greatest nunber of
| akes and over half the conmbi ned "key" | ake areas (Table 3.1.A).

It will be noted that in the present analysis all references
to trout fry, as regards both carrying capacities and
i ntroductions, are made on the basis of fry at 2500 per pound
equivalent. It has been determ ned (Hal sey, personal comm
uni cation) that rainbowtrout fry produced naturally by the
i nl et -spawni ng popul ati on at Loon Lake, British Colunbia nove to
the | ake at about this average size. This accordingly seenmed a
reasonabl e basis for expressing carrying capacity estinmates. In
actual stocking practice, trout are regularly introduced at
varyi ng sizes depending on stock availability, hatchery rearing
capacity, and particul ar nanagenent objectives. This Is apparent
fromthe size distribution of trout




stocked recently in the Ckanagan headwater | akes as given in
Appendix D. It is necessary, when conparing and eval uating

i ntroductions, to convert the data to a conmon size basis.
Progressively larger hatchery trout display progressively higher
rates of survival -to-catchabie sizes. Therefore |esser nunbers of
| arger trout need be stocked to provide equival ent nunbers of

cat chabl e fish

3.4 PRESENT AVAI LABLE TROUT HARVEST CAPACITIES 3.4.1 Rationale and
Met hodol oqy

Present avail able trout harvest capacities for the Ckanagan
headwat er | akes were estimated for a sustainable situation
(assum ng continued stocking or natural recruitnent) as the anount
of trout which can be harvested annually on the basis of present
managenent in all its aspects, including recent stocking practice.

To estimate the particular trout harvest capacity for a
particular |ake, it was necessary to adjust the anount of fry
recruitnment (actual or potential) according to the estinated
survival through to the nmean catchable size. This in turn
required estimates of the age conposition of the angling catch,
and al so of survival fromfry to the age-at-catchi ng.

Growt h of rainbow trout in eleven Ckanagan headwat er | akes was
anal yzed. Because of the uncharacteristically high | evels of
interspecific conpetition and reservoir nmanipulation in Hydraulic
Lake, this | ake was omtted fromthe analysis. For the remaining
ten | akes exam ned, average | engths-at-age were determ ned for the
di fferent ranges of elevation (Figure 3.2a). Although certain
anonmal ous grom h patterns are apparent, it is clear that
decreasi ng el evation pronotes generally accel erated grow h anong
trout in this series of |lakes. An enpirical set of "snpothed"
growh (by length) curves was drawn (Figure 3.2a)incorporating the
apparent trends in the available data. These curves were assuned
to be representative of the average rates of growth of rainbow
trout at the particular el evations; however, they are not
necessarily valid for any particul ar | ake.

By conbi ning the snoot hed average | ength-at-age val ues with
the | engt h-wei ght relationship for rainbow trout in the headwater
| akes, a set of enpirical average wei ght-at-age curves was derived
(Figure 3.3). This then provided a nechanismfor estimating the
aver age age-at-catching of rainbow trout fromthe average size
(length or weight) in the catch according to el evati on.

Survival rates of rainbow trout in the Ckanagan headwat er
| akes could not be directly estimated fromthe data at hand. The
procedure adopted was to establish a general framework of
reasonabl e survival rates fromthe literature and other sources,
and then to adapt the available information for Ckanagan headwat er
| akes to this general pattern. It is of course appreciated that
specific survival rates will vary trenmendously dependi ng on
particul ar circunstances not the
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| east of which is the intensity of fishing.

Tayl or (personal communication) has suggested that survival
of rainbow trout in British Colunbia | akes may generally tend to
be of the foll ow ng approxi mate orders of nagnitude:

10% eggs to fry
25% fry to over-yearlings
50% annual ly, 1 year to 3 years

Interpolating the conversion factors presented by Smth, et
al . (M5 1969) for stocked rainbow trout suggests a simlar or
slightly I ower early survival of approximately 15% fromfry at
2500/1b to fish at 50/1b. Trout at 50/1b. would be in the range
of fall fingerlings to yearlings in the Okanagan headwat er

| akes, depending on the particular productivity. Ei pper (1960)

i ndi cates that survival of stocked rainbow trout in unexploited
ponds in New York averages about 30% during the first sumrer,
50% in the two succeedi ng sumrers, and 60-80% over w nter.
Survival in these ponds is greatly influenced by tenperature
which is generally less optinmal than in OCkanagan headwat er

| akes. Needham Moffet and Slater (1945) found that average
survival of brown trout (salnmo trutta) in Convict Creek
California was about 15% over the first 18 nonths. Hartman
(1959) noted anftual survivals from 19-24% anong mature rai nbow
trout in four of the New York Finger Lakes which are subjected
to consi derable fishing pressure.

Fromthis overview it was concluded that reasonabl e ranges
of average trout survival in the Okanagan headwater | akes m ght
be 15-20%for fry to yearlings, and 50-80% per year thereafter.
The next step was to attenpt to refine these estinates
specifically for the Ckanagan | akes. Twelve | akes, representing
a range of elevations from 2800 to 5200 feet, were selected for
this analysis, on the basis rf the foll owi ng characteristics:

1) Mediumto heavy angling intensity (in 1971)

2) Catch per acre and average size of trout caught on record (for 1971)

3) Probable | ack of natural reproduction

4) Predator and conpetitor species few or absent

5) Reservoir manipul ati on and drawdown not excessive

6) Stocked in at least three of the five years (1967-1971).

The average age-at-catching of trout in each of these takes
was determ ned fromthe average wei ght of fish harvested
according to the weight-at-age relation based on el evation
(Figure 3.3). Fromthe average age-at-catching, the corr-
espondi ng year of stocking was identified, and the correspondi ng
nunber of fry (on the basis of 2500/1b) actually stocked per
acre was determ ned (from Annual Reports of the B.C. Fish and
Wl dlife Branch). Several hypothetical conbinations of annual
survival rates, based on the ranges 15-20%for fry to yearlings
and 50-80%t hereafter (see above) were then superinposed upon
t he nunber of trout of all age classes (to age 6). The
estimated popul ation at the nmean catchabl e age (taken



as nmean age-at-catching, + 0.25 years to account for the fact that the
bul k of fishing occurs during June-July) was then conpared with the
nunber of fish taken by angling (in 1971). That conbi nation of

survival rates which yielded virtual popul ations nost consistent with
the recorded catch (as per Appendix E) was interpreted as the "nost-
probabl e" annual survival pattern for these rai nbow trout popul ations.
These "nost probabl e" annual survival rates are given in Table 3.3. The
foll owi ng assunptions are inherent in this derivation of survival:

1) That rainbow trout do not reproduce naturally in the | akes
selected for this analysis, and that they are not
differentially subjected to predation or conpetition from other
species or to unusual nortality influences such as excessive
drawdown. As indicated earlier, the | akes were specifically
chosen to minimze such interactions, and it is considered
probabl e that these conditions were very nearly net.

2) That annual catches in these particular |akes are, on the
average, at or near the present avail abl e harvest capacity. To
this end, the | akes were selected for nediumto heavy angling
intensity; however it is certain that nost of themare not in
fact exploited to capacity. This discrepancy would tend to
result in some under-estimation of survival rates by the method
enpl oyed.

TABLE 3.3

"MOST PROBABLE' AVERAGE SURVI VAL RATES FOR STOCKED RAI NBOW TROUT
STARTI NG FROM FRY AT 2500/ LB. I N THE OKANAGAN HEADWATER LAKES

Age, years Annual Survival Cumulative Survival
1 0.20 0.2000
2 0.50 0.1000
3 0.60 0.0600
4 0.75 0.0450
5 0.75 0.0338
6 0.50 0.0169

3) That all trout caught by angling are of a single year class
represented by the average age in the catch. Error introduced
on this account would tend to result in sone over-estinmation of
survival rates by the method enpl oyed.

4) That errors introduced via assunptions 2) and 3) above tend to
cancel ,

5) That annual survival rates for trout are the sane for al
cat egori es of Ckanagan headwat er | akes regardl ess of el evation
or other conditions. Wiile specific factors (such as
differential fishing nortality) would dearly contribute to
differential survival anong individual |akes, this in itself
does not negate the use of these "nost probable" survival est-
imates for the | akes as a group.



Average size estinates are available for rainbow trout in
the 1971 angling catch from 33 of the 57 "key" headwater | akes.
These val ues are presented as unwei ghted averages, according to
el evation, in Table 3.4. The correspondi ng nean age of trout
in the angling catch was estinmated fromthe average size for
each range of elevations according to the wei ght-at-age curves
given in Figure 3.3. The cumulative survival to the nmean
catchabl e age characteristic of each el evation was then
estimated fromthe average survival rates presented in Table
3.3. The nean catchabl e age for purposes of this survival
estimation was taken to be the mean age-at-catching, + 0.25
years (to account for the fact that the bulk of the angling
occurs during the summer). Al estinates of nean age-at-
catching and of cunul ative survival are sunmmarized according to
el evation in Table 3.4.

TABLE 3.4

AVERACE SI ZE AND AGE- AT- CATCHI NG.__AND CORRESPONDI NG CUMULATI VE
SURVI VAL OF RAI NBOW TROUT AMONG 33 OKANAGAN HEADWATER LAKES
ACCORDI NG TO ELEVATI ON, 1971

Corresponding

Number Average Size in Mean Age Cumulative

Elevation of Anglin Catch? At Catchingb Survival to Mean

(feet) Lakes Pounds | Grams (Years) Catchable Age®
<< 3501 0.65 295 2 0.0900
3501-4000 0.48 218 2 0.0900
4001-4500 12 0.44 200 3 0.0562
4501-5000 0.52 236 4 0.0422
5001-5500 2 0.38 172 4 0.0422
> 5500 ] 0.24 109 4 0.0422

a

From Koshi nsky (1972a) (Ckanagan Basin Study Manuscript Report)
® As per Figure 3.3

° Mean catchable age is taken as nean age-at -

catching, + 0.25 years to account for the fact that

t he bul k of angling occurs during June-July.

Survival estimates are derived from Table 3. 3.

Harvest capacities were estinmated on the basis of recent
stocking and of estimated fry carrying capacity. Estinmates
were made for each of the 57 "key" takes separately. Average
si ze val ues and correspondi ng average and survival paraneters
for particular elevations (Table 3.4) were enpl oyed throughout,
even for those |akes for which actual size estinmates were
avai |l abl e.



The derivations proceeded according to the follow ng inportant
assunpti ons:

1) That there is no natural reproduction of trout in these headwat er
| akes. In fact, considerable natural reproduction is known to occur,
particularly at the higher elevations. The effects of this error
are to -

(a) COver-estimate the hatchery stocking requirenent
(b) Under-estimate the present avail abl e harvest capacity.

2) That trout are stocked as fry or under-yearlings. H gher potential
harvest capacities woul d of course be achi eved by stocking ol der

fish.
3) That all trout caught by angling are of a single year class
represented by the average age in the catch. In fact, sone fish of

ot her ages are bound to contribute to catches; however a cursory
consi deration of size-frequency characteristics indicates that the
Ckanagan headwater fisheries do tend to be heavily based on single
year classes. Substantial errors are probably not introduced on
this account.

4) That valid average size, age, and survival paraneters for trout
har vested fromthese headwat er | akes can be derived according to
el evation, and that those averages can be applied on the basis of
elevation to | akes or groups of |akes for which actual data are
lacking. It is certain that specific situations wll produce
significant departures fromsuch averages; however the over-riding
i nportance of elevation to the biological productivity of these
| akes as determned during a headwater |imol ogy study, seens to
inply that this procedure is basically valid.

3.4.2 Present Avail able Harvest Capacities

3.5

Harvest capacities on the basis of recent (1967-1971) actual
st ocki ng (Appendix B) in conjunction with the appropriate survival
estimates (Table 3.4) are given for the 57 "key" |akes in Appendi x F.
These estimates are sumari zed according to elevation in Table 3.5a and
in Figure 3.4. Present available trout harvest capacities for 19
"addi tional " headwater |akes stocked during 1967-1971 are outlined in
Table 3.5b. The latter contribute relatively little (14% by nunber) to
the overall present avail abl e harvest capacity for Ckanagan headwat er
| akes. It is noted that these derivations are sonewhat hypothetical in
that they are based on average trout stocking over a five-year period.
Consequently the resulting fish productive capacities are not strictly
referable to any specific "present” tinme frane.

DI SQUSSI ON OF PROCEDURES AND RESULTS

As has been stressed above, the present analysis of trout harvest
potentials in the (kanagan headwat er | akes proceeded from an assuned set
of paraneters and rel ati onshi ps whi ch, although certainly operative in a
general sense, have not been proven in detail in the present setting.

E evation was identified as the key influence on trout productivity in
the headwater | akes. The anal ysis proceeded on the basis of
stratification on this account. Trout carrying capacities




TABLE 3. 5a
DI STRI BUTI ON BY ELEVATI ON OF "PRESENT" AVAI LABLE TROUT

HARVEST CAPACI TIES’, 57 "KEY' OKANAGAN HEADWATER LAKES
TOTAL AREA AT TOTAL
ELEVATION | NUMBER OF | FULL SUPPLY LEVEL| TOTAL | WEIGHT NUMBER POUNDS
FEET LAKES (ACRES) NUMBER [(POUNDS) [PER ACRE |PER ACRE
< 3501 14 1,794 49,732 | 32,326 27.7 18.0
3501-4000 7 984 14,407 | 6,915 14.6 7.0
4001-4500 22 3,862 49,628 | 21,836 12.9 5.7
4501-5000 8 480 3,866 | 2,011 8.1 4.2
5001-5500 5 175 1,736 659 9.9 3.8
> 5500 1 43 0 0 - -
TOTALS 57 7,338 119,369 | 63,747
TABLE 3. 5b

DI STRI BUTI ON BY ELEVATI ON OF " PRESENT" AVAI LABLE

TROUT HARVEST CAPACI Tl ES’,

19

" ADDI Tl ONAL"

OKANAGAN HEADWATER LAKES

TOTAL AREA AT TOTAL
ELEVATION | NUMBER OF | FULL SUPPLY LEVEL| TOTAL WEIGHT
FEET LAKES (ACRES) NUMBER | (POUNDS)
< 3501 3 124 8,127 5,283
3501-4000 0 0 0 0
4001-4500 5 237 3,964 1,744
4501-5000 3 27 1,259 655
5001-5500 5 374 4,740 1,801
> 5500 3 32 1,535 368
TOTALS 19 794 19,625 9,851
TABLE 3. 5¢c
DI STRI BUTI ON BY ELEVATI ON OF " PRESENT" AVAI LABLE
TROUT HARVEST CAPACITIES', 76 OKANAGAN HEADWATER
LAKES STOCKED DURI NG 1967-1971
TOTAL AREA AT TOTAL
ELEVATION | NUMBER OF | FULL SUPPLY LEVEL| TOTAL WEIGHT NUMBER POUNDS
FEET LAKES (ACRES) NUMBER | (POUNDS) { PER ACRE| PER ACRE
< 3501 17 1,918 57,859 { 37,609 30.2 19.6
3501-4000 7 984 14,407 6,915 14.6 7.0
4001-4500 27 4,099 53,592 | 23,580 13.1 5.8
4501-5000 11 507 5,125 2,666 10.1 5.3
5001-5500 10 549 6,476 2,460 11.8 4.5
> 5500 4 75 1,535 368 20.5 4.9
TOTALS 76 8,132 138,994 | 73,598
® Based on average annual stocking, 1967-1971

b

Based only on | akes actually stocked.




and harvest potentials were identified and expanded in relation
to el evation.

It is enphasized that the estinmates of "average" growh,
survival, angling catch, and other paraneters are based on a
smal | nunber of |akes within the various el evation ranges.
Confi dence of estimates is generally | owest at both extremes of
el evation. Gowh data for el evations bel ow 3500 feet, for
exanpl e, were available for only one | ake - Pinaus. This is
t he deepest known Okanagan headwater |ake, and may accordingly
be rather unrepresentative.

The present avail able trout harvest capacities of the
Okanagan headwat er | akes, based on the recent stocking record,
are estimated to lie between 10 and 30 fish per acre annually
(dependi ng on el evation) for those | akes actually stocked.
This is equivalent to a range of 5 to 20 pounds per acre.
Present avail abl e harvest capacity on this basis does not
exceed 139,000 trout weighing 73,600 pounds for all 137
headwat er | akes, and 119, 400 trout wei ghing 63, 700 pounds for
the 57 "key" | akes al one.

Present (1971) realized trout harvest, confined al nost
entirely to the 57 "key" | akes as indicated by effort
distribution, is 125,500 trout weighing 63,400 pounds. Nunbers
harvested are slightly in excess of nunmbers theoretically
avai l abl e on the basis of stocking alone. This is probably
i ndi cative of natural reproduction.



