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CHAPTER 14

Background Rational e

for Fisheries Eval uation

A maj or function of the Ckanagan Basin Study programwas to
present the anticipated effects of a series of water nmanagenent
and popul ation growh alternatives on associ ated resources
within the Basin to the year 2020 and to propose plans for
their managenent. To do this successfully for fisheries, it
was first necessary to determine the present potential of the
resource on a sustained basis, the present utilization of the
resource, the characteristics of the users, and the social and
econom c worth of the resource. These aspects have been
presented and dealt with in detail in Parts I, Il and |IV.

Wth a base of factual "present"” data established, it is
possi ble to project what m ght happen to the sport fishery of
t he Ckanagan Basin given growth projection alternatives, and
how t he assuned desire of at |east maintaining, and if
possi bl e, increasing projected angler satisfaction (based on
catch of sport fishes) mght be achieved. Further, it is
possi ble to exam ne these alternatives on an econom c (cost
benefit) basis, thus providing an evaluation of the prograns
pr oposed.

As noted earlier, the Ckanagan Basin fishery resource base
consi sts of four basic conponents:

1 Headwat er | akes sport fishery
2 Tributary streans sport fishery
3. Mai n val |l ey | akes
4 Okanagan Ri ver
(a) Sport fishery
(b) Indian and commercial sal non fishery.

Wthin each of the four principal conponents of the fishery
system an estimate was nmade of the present abundance of fish
speci es (based on field prograns carried out intermttently to
1973), and referred to as the "1970 | evel of abundance" (or
1971 in the case of the headwater |akes). Further estimtes
were made of the anticipated abundance of fish species to the
year 2020, according to the nature of the reproductive habitat,
antici pated discharge regines in the tributary streans and in
t he mai nstem Ckanagan River, anticipated [imtations of the
| evel of Ckanagan Lake, anticipated water quality conditions in
the main valley | akes, and increased stocking prograns.

Angling participation and catch characteristics recorded by
field surveys in 1971-72 were projected according to resident
and tourist gromh characteristics to the year 2020. Agai n,
angling participation recorded in 1971-72 is referred to as the
1970 (or 1971) datumin this report.



Measures necessary to pronote and enhance the fishery
resource to satisfy projected angling demands to the year 2020
are anal yzed and eval uated both as regards their cost-
effectiveness within alternative fishery enhancenent neasures,
and al so as regards the benefits derived by anglers. The
practical possibility of carrying out sone of these measures is
al so expl or ed.

It was necessary to nmake one very fundanental assunption
t hroughout these anal yses and eval uations. This was that
rel evant cause-and-effect phenonena, identified as well as
inferred, were assumed to be inter-related on a sinple |inear
and i ndependent basis. This is undoubtedly a gross over-
sinplification in many instances, however data were not at hand
for deriving nore rigorous nodels. The nore significant
corollary assunptions are:

1. That recruitnent fromnatural reproductive
systens will be altered in |inear proportion to
(a) changed di scharge regines, and
(b) changed quantity and quality of reproductive
habi t at .

(in both cases relative to an artibrary index of
suitability)

2. That carrying and productive capacity wll be
altered in linear proportion to a conpl ex of
positive and negative inpacts, assunmed to be
i ndependent, and as related to an arbitrary norm

3. That catch-per-unit-fishing-effort and/or
avai l abl e fish harvest will be altered in |linear
proportion to:

(a) changed recruitnment, and
(b) changed carrying and productive capacity

4. That distribution of fishing effort will reflect

fishing quality.

14.1 FUTURE ANGLI NG DEMANDS

The first step in the sport fishery evaluation process was
to estimate potential angling demands in all four conponents of
the fishery resource base. These projections were based on
anticipated growmh of tourist and resident populations, with
high and | ow growth estinmates prepared after 1980 i n keeping
with the concept of providing alternative choices for future
growh in the Basin. The nmjor assunptions associated with each
proj ection are di scussed bel ow.

14.1.1 Hagh Gowth (Projection I)

Usi ng the assunption of nmaxim zing economc growh in the
Val | ey, net econonic benefits could be increased by attracting
non-resi dent angl ers whose prine reason for comng to the Basin
were to fish, as well as pronoting a continued high rate of
resi dent angler participation. Thus, the basic assunptions for
devel opnment of high projection of angling days include an
i ncreased rate of non-resident angling participation
acconpani ed by a continuation of the present rates of resident
angl er participation associated with the high rate of popul at -
ion growh in Projection |I. As both resident and non-resident
anglers could be attracted to headwater |ake fishing, relative
rates of headwater angling could




be increased to 2000, followed by a decline to maintain a
reasonably high quality of angling experience required to
attract tourists to the Valley. As a result, nore pressure
woul d be placed on nain valley |lake fishing after the year
2000. Projections of angling days in headwater and main
vall ey | akes (Table 14.1), indicate that total angler denmands
woul d i ncrease alnost fourfold from 158,000 in 1971 to 602, 400

in 2020.
14.1.2 Low Gowth (Projection I11)
The basic aimfor Projection IIl was to inprove the

natural environnmental quality of the Valley, even if this
nmeant sacrificing sone portion of potential econom c gains.
Angling could contribute to this goal by maintaining high

qual ity fishing opportunities throughout the Basin and by

pl aci ng greater enphasis on resident angling. These
assunptions are based on the greater recreational (social)

val ues placed on sport fishing by residents conpared with non-
residents, particularly in headwater | akes.

Angl i ng demands projected under this |ow growh policy are
based on the reduced resident and visitor population growth
rat es devel oped under Projection Ill, with the foll ow ng
participation rates:

1) An increase of 2.5% per decade in resident
participation rates. This figure includes both
relatively nore anglers and relatively nore angl er-
days per resident.

2) Continuation of existing rates of tourist
parti ci pation

3) Relatively greater enphasis on headwater | ake
angl i ng throughout the 50 year planning period.

The results presented in Table 14.1 indicate that total
angl i ng-day denmands coul d i ncrease al nost three-fold,
total ling 406,500 by 2020. Over 74%of this fishing effort
coul d be enjoyed by residents (conmpared with 60% at present,
and 64%in the H gh Gowh Projection).

The next step in sport fishery evaluation is to determ ne
whet her potential carrying capacities of the |akes and streamns
are sufficient to accommodate projected angling demands.

Anal ysis of carrying capacities and eval uation of fishery
managenment neasures to nmeet demands are now exam ned for each
of the four conponents of the fishery resource base nentioned
earlier.



TABLE 14.1

PROJIECTI ONS OF ANGLI NG- DAY

DEMANDS

(a) Residents and Non-Residents’
HIGH GROWTH PROJECTION LOW GROWTH PROJECTION
1971 1980 2000 2020 1980 2000 2020
Non-Residents 52,700 82,300 | 156,900 | 241,800 74,000 | 100,800 | 140,000
Residents 105,300 | 156,600 | 234,800 | 360,600 | 148,000 | 217,800 | 266,500
Total 158,000 | 238,900 | 391,700 | 602,400 | 222,000 | 318,600 | 406,500
(b) Miin Valley and Headwater Lakes’
HIGH GROWTH PROJECTION LOW GROWTH PROJECTION
1971 1980 2000 2020 1980 2000 2020
Headwater 65,900 | 114,300 | 187,700 | 246,800 | 100,000 | 150,000 | 191,000
Main Valley 84,600 | 114,300 | 190,000 | 336,700 | 112,000 { 155,000{ 200,000
0K. River &
S 7,500 10,300 14,000 18,900 10,000 13,000 15,500
Total 158,000 | 238,900 | 391,700 | 602,400 | 222,000 | 318,000 406,500
(c) Miin Valley Lakes’
HIGH GROWTH PROJECTION LOW GROWTH PROJECTION
1971 1980 2000 2020 1980 2000 2020
Okanagan 70,350 95,000 | 158,000 | 281,000 93,200 | 128,900 | 166,300
Skaha 6,650 9,000 14,900 26,400 8,800 12,200 15,700
Vaseux 550 700 1,200 1,300 700 1,000 1,300
0soyoos 1,650 2,200 3,700 6,600 2,200 3,000 3,900
Wood 2,800 3,800 6,300 11,000 3,700 5,100 6,600
Kalamalka 2,600 3,600 5,900 10,300 3,400 4,800 6,200
Total 84,600 | 114,300 | 190,000 | 336,700 | 112,000 | 155,000 | 200,000

" Descrepanci es between values in this table and those
this report

i n other

do

portions
prelimnary projection
t hese and fina

not affect

dat a.

D f ferences

are due to use of

bet ween
projection data are less than 10% and

results for planning purposes.




CHAPTER 15

Headwat er Lakes
Fi shery Managenent

15.1 BACKGROUND AND RATI ONALE OF EVALUATI ONS

Eval uati on proceeded essentially upon the cause and effect
rel ati onshi ps explained earlier, superinposed upon the present
resource capability for headwater | akes outlined in Chapter 3.

Anmong basic factors readily identified as influencing trout
productivity in the headwater | akes, four are of particul ar
| nportance. These are

1) elevation (as this influences tenperature, |ength of
growi ng season and drai nage),

2) total dissolved solids (as an index of nutrient
avail ability),

3) water level fluctuation (as this influences bottom fauna
production, avail able habitat area, and over-w ntering
depth and oxygen paraneters) and,

4) presence or absence of predator and conpetitor fish
speci es.

Negati ve inpacts of drawdown and presence of
conpetitor/predator fishes were arbitrarily quantified according
to elevation. These negative inpacts were applied against the
estimtes of trout available to harvest on the basis of re-
cruitnment alone. This aspect was not evaluated for aneliorated
situations since there is little realistic opportunity for
significant inprovenent in terns of revised water nmanagenent. In
nost cases, revised managenent woul d be ained at supplying nore
favorable flows in streans, often a higher fisheries priority
t han mai nt enance of headwater | ake |evels.

Al l eval uations were based on increased stocking, proceeding
fromthe prem se that trout would be introduced as fry or under-
yearlings. Lake productivity is therefore a critical function,
since the trout nust grow wthin the |ake to reach catchabl e
size. Introduction of older trout (up to catchable size) poses
an open-ended (but expensive) managenent opportunity which was
not eval uat ed.

15.2 RESOURCE CAPABI LITY

If the 57 'key' |akes were stocked to absolute capacity, it
was found that potential annual harvest capacity (physi cal
capability) under 1971 water nmanagenent conditions was 303, 700
trout (Table 15.1). It should be noted that Swan and Hydraulic
Lakes are not included in this analysis of headwater |akes. Swan
Lake is large, shallow and infested with coarse fish. Hydraulic
Lake is subjected to violent water |level fluctuations and is
shal | ow during the winter nonths. Stocking during the period
1967-71 provided an annual average of 119,400 harvestable trout,
and natural reproduction increased this total so that the average
annual take by




DI STRI BUTI ON BY ELEVATI ON OF POTENTI AL
HARVEST FROM 1971 LEVELS, AND CONSEQUENT | NCREASES NECESSARY | N

TABLE 15.1

| NTRODUCTI ONS, 57 "KEY" OKANAGAN HEADWATER LAKES

| NCREASES OF AVAI LABLE TROUT

POTEN- | RECENT
TIAL IN-| (1967-71)
1971 1971 1971 CREASE | INTRODUC- | patro0 oF
POTENTIAL |AVAILABLE | 1971  [UTILIZAT- |AVAIL- | TIONS AT |y o Ao [POTENTIAL
HARVEST HARVEST |REALIZED | ION OF |ABLE IN| 2500/1b. TON 70 [{INCREASE
ELEVATION|CAPACITY | CAPACITY | HARVEST |AVAILABLE | 1971 | EQUIVALENT[, 297 o’ |IN INTRO-
FEET  [NO X 1000 |NO X 1000 [No x 1900 | HARVEST “HHARVEST i yg x 1000 | HARVEST |PUCTIONS
(PERCENT) |NO X1000 NO_X1000
< 3501 59.6 * 49.7 33.7 68 25.2 552.5 | 11.12 280.2
3501-4000| 32,8 ** 14.4 10.3 72 28.1 160.1 | 11.12 312.5
4001-4500( 144.3 49.6 65.8 100+ 78.5 883.1 [ 17,80 1397.3
4501-5000| 28.7 3.9 12.5 100+ 16.2 91.6 | 23.49 380.5
5001-5500| 10.6 1.7 2.9 100+ 7.7 41.1 | 24.18 186.2
> 5500 2.7 0.0 0.3 100+ 2.4 0.0 1.00 60.0
TOTALS 278.7"% 119.4 125.5 o 184.1 1728.4 | 14.48 2616.7
. Excluding Swan Lake
... Excluding Hydraulic Lake
Excl uding Swan and Hydraul i c Lakes

TABLE 15.2

DI STRI BUTI ON BY ELEVATI ON OF POTENTI AL
HARVEST FROM 1971, AND LEVELS AND CONSEQUENT | NCREASES NECESSARY | N

| NTRODUCTI ONS, 80 " ADDI Tl ONAL"

| NCREASES OF AVAI LABLE TROUT

OKANAGAN HEADWATER LAKES

RATIO OF POTENTIAL
1971 POTENTIAL POTENTIAL INCREASE | INTRODUCTIONS INCREASE IN
HARYEST 1971 AVAILABLE IN 1971 TO AVAILABLE 1971
ELEVATION CAPACITY HARVEST AVAILABLE HARVEST HARVEST INTRODUCTIONS
FEET NO X1000 NO. X1000 NO X1000 NO X1000
< 3501 67.0 8.1 58.9 11.12 655.0
3501-4000 0.1 0.0 0.1 11.12 1.1
4001-4500 24,6 4.0 20.6 17.80 366.7
4501-5000 19.5 1.3 18.2 23.49 427.5
5001-5500 39.0 4.7 34.3 24.18 829.4
> 5500 20.7 1.5 19.2 25.00 480.0
Totals 170,9 19.6 151.3 2759.7




anglers is some 125,500 trout (Chapter 3). For all the 137
headwat er | akes investigated, the 1971 potential harvest capacity
was estimated at 464,600 trout. Estimted potential harvest
capacities, harvest available from 1967-71 stocking prograns, and
the introductions of juvenile trout nmade during that period are

I ndi cated by el evation ranges in Tables 15.1 and 15.2. These
data are based solely on the physical capacity of the waters to
produce, with all other managenent constraints, excepting present
wat er | evel manipul ati ons bei ng renoved.

On the basis of the harvests derived in 1971 from st ocki ng
progranms in 1967-71, the introductions required to provide
I ncreased harvests were extrapolated linearly. Potential harvest
capacities of 137 | akes and the correspondi ng i ntroductions
necessary are summarized for all elevations in Table 15.3. It is
estimated that 'saturation' stocking of all 137 | akes excepting
Swan, Ellison, Tugulnuit and Hydraulic, (thus, in fact 133) would
require an annual total of about 5.4 mllion fry at an equival ent
size of 2500/1b.

Utimate potential harvest capacity; that is, the ability of
the | akes to produce sport fish if all nanagenment constraints
were renoved and water levels controlled to the maxi num benefit
of fisheries irrespective of other needs, would be about 2.8
times as great as the 1971 potential capacity. Required
i ntroductions of juvenile trout would be increased by about the
same factor.

TABLE 15.3

PRESENT POTENTI AL ANNUAL TROUT HARVEST CAPACI TI ES, AND
CORRESPONDI NG | NTRODUCTI ONS NECESSARY FOR THEI R REALI ZATI ON AT
THE EQUI VALENT SI ZE OF 2500/1b., FOR 137 OKANAGAN HEADWATER
LAKES. FOR ALL ELEVATI ONS COMBI NED

Harvest from 57 'key' lakes, No. X 1000 303.7
Harvest from 80 'additional' lakes, No. X 1000 170.9
Total Harvest, 137 lakes, No. X 1000 474 .6
Introductions to 57 'key' lakes, No. X 1000 2616.7
Introductions to 80 'additional' lakes, No. X 1000 2759.7
Total Introductions, 137 lakes, No. X 1000 5376.4

15.3 PRAJIECTED ANGLI NG DEMANDS AND FUTURE SUCCESS RATE

In order to incorporate the assunmed public desire that
angl i ng success rates-neasured as nunber of trout caught per
hour - shoul d be nmai ntai ned or enhanced, a hi gh denmand projection
for 1970-2020 was adopted. Future demands are unlikely to exceed
t hese projected figures, and success rates are correspondingly
unlikely to fall below those currently experienced, assum ng that
an intensification of current stocking prograns is undertaken.
Conversely, assuming that future rates




of average annual stocking will not differ fromthose
undertaken in 1967-71, average angling success rates nmay be
expected to fall approximately as outlined in Table 15. 4.

TABLE 15.4

EXPECTED ANG_ER SUCCESS RATES | N HEADWATER LAKES ASSUM NG NO
CHANGE | N AVERAGE ANNUAL STOCKI NG RATES

Projected Demand Success Rate
Year (Angling - Days) (Trout/Angler/Hr)
1971 75,300 0.57
1980 121,400 0.40
2000 217,800 0.21
2020 272,100 0.17

Proj ections of angling demand were expanded for Projection
| with the addition of 5.8%to account for ice-fishernmen (1971
creel census figures) projected success rates are based on
trout available for harvesting fromall 137 |akes (Tables 15.1
and 15.2), a total of 139,000 fish. A corresponding 12,000
addi ti onal angling-days were assunmed to be absorbable with no
decrease in average success rate. This is because the
avai |l abl e trout harvest of |akes bel ow 4000 feet is only about
70% utilized (Table 15.1, colum 5).

15.4 FUTURE NMANAGEMENT ALTERNATI VES

In order to maintain 1971 average success rates throughout
t he headwater | akes, the total trout harvest required and the
correspondi ng introductions will have to be increased
approximately as shown in Table 15.5. The total nunber of
trout to be introduced by 2020 at an equival ent size of
2500/1b is 5.2 mllion. It has been determ ned (Table 15.3)
that the resource capability of 137 headwater | akes to
accommodat e annual fry introductions is 5.4 million, if
exi sting water managenent (i.e. water level fluctuations) is
to conti nue.

It is evident that average 1971 success rates may be
mai ntai ned in the headwat er | akes only by encouragi ng current
angling activity, which presently centers on 57 key | akes, to
envel op nost of the 137 lakes. On an individual basis, it is
probabl e that sone | akes will becone over-fished, whereas
others will not receive adequate attention to achi eve average
val ues. Excessive local angling pressure may be partially
conpensat ed by nmeasures such as seasonal angling restrictions,
access managenent and stocking of |arger fish. Sone
recognition of this latter factor has been taken into account
in the costing of future hatchery operations for the Ckanagan
headwat er | akes (Table 15.5). A general shift is projected
away fromthe stocking of trout at 2500/1b and 500/1b towards
i ncreasing proportions of larger fish at 50/1b and 10/1b. The
stocki ng of catchable size trout in specific heavily utilized
| akes is an open-ended




PROQIECTED HEADWATER ANGLI NG DEMAND UNDER PRQJECTI ON

TABLE

15.5

1970 -

2020, W TH CORRESPONDI NG TROUT

HARVESTS NECESSARY TO MAI NTAIN 1971 SUCCESS RATES

CORRESPONDING PROPORTION OF TOTAL ANNUAL ANNUAL
ESTIMATED/ | CORRESPONDING TROUT INTRO- INTRODUCTIONS (BY EQUIV. SIZE) ESTIMATED €OST OF
PROJECTED TROUT HARVEST DUCTIONS @ ESTIMATED FOR FOLLOWING SIZE INTRODUCTIONS IN 1970
YEAR DEMAND REALIZED/REQUIRED |2500/LB. EQUIV. CLASSES, % DOLLARS X 1000
angling- fry
days No. x 1000 . x 1000 (2500/1b)[500/1b]50/1b.110/1b. |[fry[500/1b.] 5021b.|10/1b.] TOTAL
1971 65,900 125.5 1728.4 4 82 13 1 2.3} 35.8 12.5 2.4 | 53.0
1980 114,300 217.2 2382.9 = 80 19 1 - | 56.4 29.5 3.9 | 89.8
2000 187,700 356.6 3629.3 = 70 26 4 - | 88.6 72.4 | 28.1]189.1
2020 246,800 469.9 4678.3 S 55 35 10 - | 87.0 |121.8 ] 87.8|296.6
TABLE 15.6
ESTI MATED BENEFI TS AND COSTS OF A HEADWATER LAKES STOCKI NG PROGRAM TO MEET PRQIECTED ANGLI NG
DEMANDS, 1970 - 2020
TROUT
INTRODUCTIONS TOTAL BENEFITS
YEAR PROJECTED DEMAND TROUT REQUIRED AT ( TOTAL COSTS)
HARVEST 2500 FRY 1970 DOLLARS
REQUIRED PER_POUND INCREMENTAL ECONOMIC SOCIAL
HIGH | LOW HIGH LOW HIGH [ LOW HIGH | LOW HIGH [ LOW HIGH [ LOW
ANGLING DAYS NO. X 1000 Nu..x 1000 $1000 $1000 $1000
1970 65,900 65,900 125.5 | 125.5 1728.4 | 1728.4 0 0 0 0 0 0
1980 114,300 | 100,000 217.2 | 190.0 2382.9 | 2085.7 31.4 21.0 22.5 19.7 56.6 49.6
2000 187,700 | 150,000 356.6 | 285.0 3629.3 | 2900.4 1110.0 772.0 768.6 655.6 1509.5 | 1252.4
2020 246,800 | 191,000 469.9 | 362.9 4678.3 | 3619.9 2160.0 | 1362.0 1559.2 | 1256.5 2626.6 | 2130.5




managenent alternative, but was not eval uated because of the
apparent lack of need to stock trout at sizes |arger than about
10/ | b.

Benefits and costs associated with an increased stocking
program were evaluated. After 1980, the existing hatchery
capacity in the Ckanagan will not be able to support the Okanagan
stocking requirenments, as well as neet other conmtnents in other
areas in the interior of the Province. New hatchery facilities
woul d have to be constructed by 1985, resulting in a four-fold
i ncrease of annual costs from $53,000 at present to $216, 000 by
2020 (in 1970 dollars, not discounted). For benefit cal cul ations,
net econom ¢ benefits were valued at $1.73 and $4. 90 per resident
and visitor angler-day respectively, with social (consuner
surplus) benefits valued at $13.50 and $2.50 per resident and
vi sitor angl er-day respectively, as obtained fromthe sport
fi shernen survey.

The appropriate econom ¢ benefits associated with the stocking
program i nvol ve an estimte of the nunber of potential angler-days
that woul d not occur due to falling success rates in the absence
of increased stocking. There are many problens associated with
determining this figure. First, there is little understandi ng of
the rel ationship between angler participation and success rate.
Presumably this would vary anong angl ers, sone persevering | onger
than others, content with other factors such as | ow angling
densities, aesthetics and | ack of power boats. |In addition, the
"social value' of an angling day m ght decline with reduced
success rates, but this relationship is conpletely unknown.

Second, it is not known how many anglers would sinply transfer
their participation to the main valley | akes rather than not fish

in the Basin at all. A transfer of fishing activity within the
Basin woul d not incur any net |osses to the Basin as a whole.
Third, it is not certain that angling success rates would fall in

a linear manner as noted in Table 15. 4.

In the absence of any better data, it was assuned that 10%
30% and 50% of potential headwater angling effort for 1980, 2000
and 2020 respectively woul d be foregone if existing stocking
prograns are continued. Annual benefits and costs (not
di scounted) are conpared in Table 15.6. Net econom c benefits
al one could justify an increased stocking program because of the
hi gh potential demand for headwater fishing in whatever type of
future the Ckanagan Valley w |l experience,

15.5 DETAILED PRAJECTI ONS OF ANGLI NG DEMAND BY LAKE I'N 1980

Wthin the general framework of angling demand projections and
consequent eval uations outlined in preceding sections, detailed
projections were nmade of the angling pressure likely to be
recorded at individual |akes in 1980. Angling pressure at a | ake
was found to be related on the average, to the access available to
the lake. Solicitation of the advice of individuals famliar wth
| ocal planning conditions reveal ed the anticipated access for
1980, from which projections of total regional angling pressure at
i ndi vi dual | akes was estimted. Access




factors so determ ned, and the correspondi ng angling pressures,
are listed for 57 'key' headwater |akes in Table 15.7.

15.5.1 Access Factors

Access factors for 1971 (i.e. the tinme in hours taken to
reach a | ake from paved roadway, nultiplied by the factors: 1-
car; 2-pick-up; 3-four-wheel drive;

and 4-hike) were determned for the 57 key | akes.

Angling pressures in 1971 were according to the follow ng
five groupings:

Hours per Acre

0- 14
14 - 43
44 - 100

101 - 213
214 - 440

The nean val ues of pressures for the | akes within each group
were determ ned and plotted against the correspondi ng nean
val ues of access factor within each group on a sem -logarithmc
scale (Figure 15.1).

15.5.2 Projected Demand

Demand for headwater |akes angling is projected to rise by
1980 froma 1971 level of 71,200 angling-days (excluding ice-
fishing) to a range of 88,000 (low projection), or 127,300 (high
proj ection).

These denmand figures were further broken down into sem -
arbitrari ly bounded regional districts given bel ow individual
| akes are denoted by region in Table 15.7 and regional districts
are defined in Figure 3.1.

TABLE 15. 8
1980 PRQIECTED DEMAND- ANGLI NG DAYS
(BY REG ON)
REGION LOW HIGH
Vernon 58,300 55,300
Kelowna 40,300 58,200
Penticton 6,800 10,000
Osoyoos 2,600 3,800

According to the rel ationship determ ned between access and
angling pressure (Figure 15.1), and with reference to the
proj ected regional angling pressures above, total angling demand
wi thin each region was estimated for the 1980 | evel of
devel opment (Table 15.8). For these calculations it was assuned
that the access-pressure relationship determ ned for the
OCkanagan Val l ey as a whol e would hold good also for each of the
four individual regions.



TABLE 15.7
ESTI MATED 1971 AND 1980 ACCESS FACTORS AND

ANGLI NG PRESSURES AT 57 "KEY" HEADWATER LAKES,

FOR H GH AND LOWN PRAJECTI ONS OF ANGLI NG DEMAND

ESTIMATED ANGLING

ACCESS FACTOR ANGLING PRESSURE IN 1980

LAKE REGION 1971 1980 PRESSURE 1971 RELATIVE T0O 1971

hours/acre | yigh Angling | Low Angling

Demand Demand

Agur P 0.50 0.50 73 1.00 1.00
Alex K 3.00 3.00 6 1.87 1.27
Allendale P 2.00 0.67 81 1.84 1.84
Bardolph ) 1.00 1.00 12 1.00 1.00
Bear v 1.50 1.50 13 1.00 1.00
Becker v 1.50 1.50 13 1.00 1.00
Bouleau ) 1.50 1.50 21 3.05 2.86
Browne K 1.50 1.50 76 1.62 1.11
Burnell 0 0.30 0.30 3 6.85 4.67
Chute P 1.00 1.00 58 1.00 1.00
Darke P 0.50 0.50 65 1.00 1.00
Dee Chain K 1.00 1.00 55 1.69 1.16
Deep ) 0.20 0.20 55 1.54 1.07
Deer (Tsuh) P 2.50 2.50 41 1.00 1.00
Echo K 3.00 3.00 13 1.91 1.31
Eneas P 3.00 3.00 17 1.19 1.19
Esperon K 1.20 1.20 13 1.24 1.00
Fish Hawk K 5.00 5.00 2 1.23 1.00
Garnet Valley p 0.42 0.42 12 1.00 1.00
Geen K 5.33 4.58 8 3.09 2.12
Glen K 0.42 0.42 2 3.08 2.08
Haynes K 0.75 0.75 4 1.23 1.00
Headwater #1 K 0.75 0.75 17 1.82 1.25
#2 K 0.83 0.83 16 1.00 1.00

#3 K 0.83 0.83 30 1.86 1.25

#4 K 0.83 0.83 10 1.23 1.00

Hereron K 4.00 4,00 4 3.69 2.54
High ) 3.00 0.58 18 6.54 4.51




TABLE 15.7

(Conti nued)

ACCESS FACTOR ANGLING EﬁgégGEEDIQN%égG

LAKE REGION 1971 1980 PRESSURE 1971 RELATIVE T0 1971

TR/ High Angling | Low Angling

Demand Demand

Hydraulic K 0.75 0.75 ] 1.23 1.00
Ideal K 3.75 3.75 2 1.23 1.00
Jackpine K 2.50 0.67 38 3.58 2.45
James K 2.00 2.06 1 2.48 1.69
Kaiser Bill ) 1.75 0.50 39 2.46 1.69
King Edward v 1.67 0.42 3 9.54 6.57
Lady King ) 0.50 0.50 133 1.38 1.00
Lambly K 0.75 0.67 46 2.96 2.03
Lone Pine P 0.83 0.83 19 1.00 1.00
Lost K 1.74 1.74 8 1.23 1.00
McCall K 0.50 0.50 18 1.24 1.00
Madden 0 0.60 0.60 160 2.00 1.37
Munro P 3.00 3.00 15 1.54 1.54
Oyama ) 3.50 0.33 12 6.46 4.45
Peachland K 1.33 1.33 31 2.40 1.64
Pinaus v 0.50 0.50 195 1.64 1.13
Pinaus (Little ) 0.67 0.67 14 1.30 1.00
Postill K 0.67 0.58 33 3.86 2.65
Ripley 0 0.67 0.67 223 2.00 1.37
Rose Valley K 0.20 0.20 26 2.38 1.63
Round K 2.50 1.00 13 1.69 1.16
Silver K 1.33 1.33 31 1.23 1.00
South K 2.33 1.58 11 3.06 2.10
Square v 0.75 0.75 104 1.46 1.00
Streak ) 3.50 0.67 35 1.87 1.29
Swalwell K 0.58 0.58 53 1.86 1.26
Swan v 0.20 0.20 1 1.00 1.00
Whitehead K 0.75 0.75 37 1.24 1.00
Wilma K 1.70 1.70 19 1.24 1.00
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15.5.3 Concl usions and Di scussi on

O 57 lakes, it was estimated that 11 and 25 woul d not
recei ve increased angling pressure by 1980 under high and | ow
demand, respectively. The greatest increases likely will be
at Burnell, H gh, King Edward and Oyama Lakes (6 tines and 4
times increased frompresent angling pressures for high and
| ow demand projections, respectively).

It should be noted that the results of these detailed
projections are based on unvalidated assunptions, the nost
rel evant of which are given below |t cannot be expected that
the projections given in Table 15.8 will occur precisely but
only that they indicate trends of future angling pressure anong
headwat er | akes.

Assunpti ons:

1. That changes in | ake access determ ne the
correspondi ng changes in | ake angling pressure,
according to the relationship depicted in Figure 15.1.
This relationship was shown to be valid for average
val ues only.

2. That although the relationship in 1. above was derived
for 57 | akes throughout the Ckanagan Vall ey, the
relationship is equally valid within each regiona
groupi ng of | akes.

3. That angling within each region may be considered a
di screte entity, and that anglers tend to remain
within particular regions over tine. By and | arge,
this is probably true, although differential growth
rates anong angling demand in regions adjacent to the
Ckanagan coul d exert unstabilizing influences.




CHAPTER 16

Tributary Streans
Fi shery Managenent

16.1 RATIONALE

The basic capacities of the Ckanagan tributaries to
produce i n-channel trout were estimted by reference to the
literature. These estimtes were adjusted downward accordi ng
to the avail abl e seasonal discharge requirenent. This all owed
eval uation of the effects of discharge regines for different
proj ections.

16. 2 PRESENT PRODUCTI VI TY AND UTI LI ZATI ON

Table 16.1 indicates a potential increased annual harvest of
about 16% (6,198 trout) is possible with mniml optinm
di scharges in streans. As is indicated however, nodified
di scharges in one or two selected streans woul d not nake a
significantly increased harvest possible. GCenerally, al
streans would require altered flows to significantly affect the
stream fi shery harvest potential.

16. 3 HARVEST CAPACI TI ES AND CHARACTERI STI CS OF STREAM FI SHERI ES

Two categories of trout harvest capacity estinmates were
derived for the Gkanagan tributary streans; both tended to
refl ect an annual sustai nable harvest equilibrium

1. Primary potential harvest capacity: The estimated
nunber of trout (38,410 total) which could be harvested
annual ly, given a "mnimal optinmum discharge regine
consistent wth the overall average annual discharge
vol une, and given present physical stream habitat
characteristics.

2. Present potential harvest capacity: The prinmary
potential harvest capacity adjusted (downward) to take
account of disparities between the present discharge
regime and the estimated 'mnimal optinum discharge
requi renent (32,223 trout in total).

No formal projections have been made for future angling
demands in tributary streans. There is a potential demand for
stream fishing which will likely increase, however anglers were
generally aware of the restricted capacity of Okanagan streans
(small fish, fluctuating water quantity, etc.) and admtted
that extrene interest in streamfishing would notivate anglers
to fish outside the region where better streamfishing
opportunities exist.



TABLE 16.1

PRI MARY POTENTI AL AND PRESENT AVAI LABLE TROUT
HARVEST CAPACI TI ES OF OKANAGAN TRI BUTARY STREANS.

Primary potential annual Present available annual Potential Increase
trout harvest capacity for harvest capacity for with
"minimal optimum" discharge "present" discharge, Optimum Discharge
Creek and

reach No. of trout No. of trout No. of trout
B-X, Upper 147 32 115
B-X, Lower 135 82 53
Coldstream 307 206 101
Deep 110 76 34
Equesis 736 729 7
ET1lis 546 475 71
Inkaneep 129 74 55
Kelowna 208 183 25
Lambly 2533 1570 963
Mission (a) 1913 1779 134
(b) 6169 56552 617
(c) 5690 4893 797
Peachland 938 816 122
Penticton 1778 1405 373
Powers 889 711 178
Shingle (a) 454 259 195
(b) 386 301 85
Shorts 2545 1909 636
Shuttleworth 196 139 57
Trepanier 1637 1326 311
Trout (a) 711 611 100
b,c) 6132 5457 675
Vaseux 1165 1165 0
Vernon (a) 368 320 48
(b) 1202 829 373
Whiteman (a) 662 629 33
(b) 724 695 29
Total 38410 32223 6187




16.4 FUTURE FI SHERY MANAGEMENT ALTERNATI VES

It is apparent that storage reservoirs on tributary systens
expand opportunities to neet resident streamfishery flow
requi renents. However, these opportunities have not to date
received nmuch priority in Okanagan reservoir operations. It is
probabl e that present operations tend to benefit streamtrout in
summer only in streamreaches situated between reservoirs and
di version points. Unfortunately, gains of this nature achieved
in sumer tend to be conpensated by proportionate |osses induced
inwnter. No specific assessnent was nade of the absol ute
wat er demands inplicit in neeting the mniml optinmm discharge
requirenents for streamfisheries as estimated. In many cases
t he actual demands woul d probably be quite small as deficiencies
tend to be short-term In general, the resident Ckanagan stream
fisheries do not appear particularly sensitive to reduced fl ows,
except where such flows virtually cease.

Only a 16% overall enhancenment in streamtrout productive
capacity is predicted froma mninmal optimzation of discharge
reginmes for this purpose. Water which m ght be diverted for the
particul ar benefit of resident streamtrout may bend to yield
greater fishery benefits if applied to the maintenance of
requisite levels for trout in the headwater reservoirs, or if
applied to propagation of salnmonids fromthe main valley |akes
in the | ower streamreaches, or if used to maxim ze shore
spawning for main valley |ake fishes. 1t then becones the
function of fishery managers and water managers to wei gh these
alternatives in particular cases, and sel ect the nost
benefi ci al .

Some recognition was given to the particular disbenefits of
stream channel i zati on and ot her cultural nodifications
indirectly, in the adoption of the relatively conservative
estimate of 12 | b/acre as the primary potential harvest
capacity baseline for present physical habitat and m ni nmal
optimum di scharge. It is expected that stream bank preservation
measures woul d significantly enhance resident streamtrout

productive capacities in these nost accessible | ower stream
reaches.




CHAPTER 17
Mai n Val | ey Lakes
Fi shery Managenent

17.1 BACKGROUND AND RATI ONALE

Al six of the Ckanagan main valley | akes harbor extensive
i ndi genous fish stocks. These have in sone cases been augnented
by introductions, both purposeful and inadvertent. There is no
stocking programin effect at present.

Kokanee and rai nbow trout occur in all these | akes, and are
the mainstay of the fishery. Lake whitefish (introduced) occur
in the four |ower |akes. All |akes harbor a conpl enent of
coarse, forage, and m scel |l aneous sport fish species. Sockeye
sal non rear in Osoyoos Lake.

Al'l evaluations pertaining to enhanced recruitnent of kokanee
and rainbow trout in the main valley | akes, either by enhanced
natural reproductive systens or by creation of artificia
reproductive facilities, were conducted with reference to the
| ake carrying capacity. This was estimated for kokanee partially
In terns of Zoopl ankton standing crop as detailed in Chapter 5.

It was estimated for rainbow trout with reference to the stocking
formula as utilized for headwater |akes in conjunction with

adj ustnents pertaining to phosphorus concentration (relative to
the present concentration in Okanagan Lake), and to predation-
conpetition. Spawning and rearing area in tributary streans is a
factor presently |limting rai nbow trout and kokanee producti on.
The | akes have a far greater capacity to accept and grow sport
fishes than the streans are capabl e of producing.

Angl i ng demands for each of the main valley | akes are
presented in Chapter 14, for high and low growh projections. In
order to ensure the satisfactory accommodati on of a possible high
future demand rate, the anticipated denmands applicable to
Projection | (high growth) were adopted for eval uation purposes;

these data are presented for each lake in Table 17.1. Future
demands for fish were based on antici pated catch-per-angler-
hour

(a) equal to 1970 success rates, and
(b) inproved by 30% over 1970 rates.

17.2 ESTI MATES OF ANNUAL FI SH HARVEST CAPACI TI ES AND PRQAJECTI ONS OF
ANGLI NG DEMAND

Estimates of fish harvest capacities under 1970 conditions of
| ake water quality and di scharge nanagenent are fully detailed in
Chapter 5. These estinmates are reproduced under "kokanee" and
"Rai nbow Trout" in Tables 17.2 and 17.3 respectively, and as
"species groups” in Table 5.3. These formthe basis for the
eval uati on process.




TABLE 17.1

PRQJECTI ONS OF ANGLI NG DAY DEVANDS | N OKANAGAN MAI N VALLEY LAKES,
FOR PROJECTION I - 1970-2020
LAKE 1970 1980 2000 2020
Wood 2,800 3,500 5,400 10,500
Kalamalka 2,500 3,500 5,000 8,000
Okanagan 68,400 99,500 154,600 292,800
Skaha 6,500 10,500 15,000 24,500
Vaseux - = - -
Osoyoos 1,500 2,400 4,000 7,200
TABLE 17.2

ESTI MATED PRESENT AND POTENTI AL ANNUAL SUSTAI NABLE KOKANEE HARVEST

CAPACI TI ES. OKANAGAN MAIN VALLEY LAKES, 1970 LEVEL OF BASI N DEVELOPMENT

’Enhanced
gravel s and

genera

TABLE

17.3

DISCHARGE | REPRODUCTIVE NUMBER OF KOKANEE HARVESTABLE ANNUALLY, X 1000
REGIMES HABITAT WOOD | KALAMALKA| OKANAGAN | SKAHA ] VASEUX [0SOYO00S | TOTAL
Present Present 7.12 25.74 1128.7 95.78 0.52 25.46 11283.32
Modified] Present 8.62 37.32 1207.7 132.18 0.78 40,23 [1426.83
Modified Enhancedz 13.17 37.32 2347.7 209.76 0.78 40.23 |2648.96
POUNDS OF KOKANEE HARVESTABLE ANNUALLY, PER ACRE
Present Present 0.49 0.75 3.65 10.12 0.23 1.79
Modified Present 0.60 1.09 3.90 13.97 0.34 2.83
Modified Enhanced 0.91 1.09 7.59 22.17 0.34 2.83
'Modi fied - this involves adjusting discharge schedul es from headwater reservoirs to
meet mnimum flows for fisheries where possible.

- this assunes nodifications to streambeds to i nprove spawni ng
spawni ng envi ronment .

ESTI MATED PRESENT AND POTENTI AL ANNUAL SUSTAI NABLE RAI NBOW TROUT HARVEST

CAPACI TI ES, OKANAGAN MAIN VALLEY LAKES, 1970 LEVEL OF BASI N DEVELOPMENT

DISCHARGE | REPRODUCTIVE NUMBER OF RAINBOW TROUT HARVESTABLE ANNUALLY, X 1000
REGIMES HABITAT WOOD |KALAMALKAJOKANAGAN | SKAHA |VASEUX |0SOYOO0S | TOTAL
Present Present 0.15 2.79 17.86 1.45 0.05 0.23 22.53
Modified Present 0.35 6.50 31.97 1.52 0.05 0.24 40.63
Modified Enhanced 1.40 6.50 197.00 2.35 0.05 0.24 207.54

POUNDS OF RAINBOW TROUT HARVESTABLE ANNUALLY, PER ACRE
Present Present 0.09 0.60 0.26 0.20 0.05 0.10
Modified Present 0.21 1.40 0.46 0.21 0.05 0.11
Modified Enhanced 0.84 1.40 2.86 0.33 0.05 0.11




17.3 MANAGEMENT ALTERNATI VES: WOOD, KALANALKA, VASEUX AND OSOYOOS LAKES

As a result of a lack of detailed information concerning
the fish populations of the main valley | akes, and also due to
time constraints, detailed evaluations were restricted to
kanagan and Skaha Lakes and are presented in Table 17. 4.
bservations and avail abl e data pertinent to Wod, Kal amal ka,
Vaseux and Osoyoos Lakes are fully detailed in Parts I, I11
and I'V. General remarks and suggestions concerning their
future managenent are as foll ows:

Wod Lake

According to water quality evaluations detailed in Techni cal
Suppl emrent VI, Wod Lake water quality may slowy inprove as
regional treatnent of septic tank effluents is devel oped, and
nutrient |oadings are reduced to about one-third of present

| evel s. Under these circunstances, Wod Lake mght return to
its 1930 condition when it harbored an inportant kokanee and
trout fishery.

The re-establishment of Whod Lake as a productive sport fishery
i s dependent upon such a chain of variables that it is pointless
to make any firm projections of sport fishery potential at this
time. It is sinply worth noting that there is considerable
potential, should water quality conditions inprove.

Kal amal ka Lake

Lake trout, which were introduced in 1967-by 1971 contri but ed
the | argest proportion by weight of all angled species. This
species is likely to have consi derabl e i npact on the popul ation
dynam cs of Kal amal ka Lake within the com ng years; it is not
possi bl e to predict such changes w thout inproved dat a.

Provi sion of additional reproductive habitat would be expected
to enhance the kokanee popul ation of this |ake.

Vaseux Lake

This lake is highly eutrophic and conpl etely dependent on
Okanagan River water quality. It is not presently a significant
producer of desirable sport fish, a condition which is expected
to continue over the next fifty years.

Gsoyoos Lake

Due to relatively high average tenperatures, |ow sumer oxygen
concentrations and an abundance of predatory species, this |ake
Is far fromideal as rainbow trout habitat. Enhancenent of
kokanee stock would likely result fromthe inprovenent of
reproductive conditions (vis: Ckanagan River discharge regine).
Recommendat i ons concerning the bass fishery are not possible
with presently available data. The managenent of this | ake for
war m wat er species i s however, a possibility which warrants
serious consideration.

17. 4 OKANAGAN AND SKAHA LAKES: EVALUATI ON
17.4.1 Ceneral Estinmates of Supply of and Denand for Kokanee and Rai nbow Tr out
Estinmates of annual sustai nabl e harvest capacities of kokanee and rai nbow




trout are presented in Chapter 3, according to the nodels
t here devel oped. These nodel s include the effects upon
sal noni ds of anticipated water quality changes under
managenent options which incl uded:

1) a continuation of 1970 waste treatnent, and

2) tertiary waste treatnent at all mmjor centers in the
Val | ey.

These options are designated synonynous with 'high' and
"low nutrient estimates. Al so considered are the options of:

1) conti nui ng di scharge managenent in all tributaries and
t he mai nstem Ckanagan Ri ver according to historic practices,

2) nodi fyi ng such practices so as to benefit fishery
interests without significant |osses to other users, and
addi ng necessary storage,

3) enhanci ng reproductive habitat to its realistic
potential at the same tinme as nodifying di scharge nmanagenent.

The correspondi ng estimates of annual harvest capacities
of kokanee and rai nbow trout are summarized for al
managenent conditions in Tables 17.4 and 17.5, and are
depicted graphically in Figures 17.1, 17.2, 17.3 and 17. 4.

The nunbers of kokanee and rai nbow trout required for
harvesting at a continued 1970 success rate and at a success rate
arbitrarily inproved by 30% were determ ned according to the
rati o between the nunber of fish estimted to be avail able and
the projected nunber of angler-days at any date. The projected
demand for these species is shown graphically in Figures 17.1,
17.2, 17.3 and 17.4 and is detailed in Tables 17.6, 17.7, 17.8
and 17.9. The nunbers of fish available for harvesting were
estimated under the option of "no fishery enhancenent”; the
correspondi ng success rates neasured as nunber of fish caught per
hour were determ ned, and are also given in Tables 17.6, 17.7,
17.8 and 17.9.

17.4.2 Specific Enhancenent Measures for Kokanee and Rai nbow Trout
(a) Seasonal Di scharge Managenent

St ream spawni ng kokanee and rai nbow trout stocks could be
i mproved by taking sport fish values into account in the
managenent of tributary di scharge regines. River-spawners in
Skaha Lake are al so amenabl e to enhancenent as a result of nod-
i fied sequences of managenent operations in the Okanagan Ri ver.

The possible increments in stream spawni ng escapenents of
kokanee and rai nbow trout as a result of nodified systens of
di scharge managenent are estimated. The actual deficiencies of
di scharge with respect to adequate fishery discharge in acre-
feet per year, under both historic and nodified operations, were
determ ned for the six streanms anal yzed individually. These are
given in Appendi x V together with maxi rum nonthly deficiencies.

The costs of making up fisheries deficiencies fromthe
m ni rum were exam ned for both additional storage upstream and
punpi ng from Ckanagan Lake when necessary




TABLE 17.4
ESTI MATED " MOST PROBABLE' ANNUAL SUSTAI NABLE KOKANEE HARVEST CAPAC TI ES, OKANAGAN
AND SKAHA LAKES, FOR 1970, 1980, 2000 and 2020 LEVELS OF BASI N DEVELOPMENT

KOKANEE HARVESTABLE ANNUALLY
NUMBER X 1000 POUNDS PER ACRE
1970-71 1970-71
REPRO- REALISTIC | REPRO- REALISTIC
DUCTIVE POTENTIAL |DUCTIVE POTENTIAL
HABITAT HABITAT HABITAT HABITAT
NUTRIENT | HISTORIC MODIFIED MODIFIED JHISTORIC MODIFIED MODIFIED
LAKE YEAR | ESTIMATE | DISCHARGES | DISCHARGES|{DISCHARGES|DISCHARGES | DISCHARGES|DISCHARGES
Okan-
agan 1970 --- 1128.7 1207.7 2347.7 3.65 3.90 7.59
1980 high 1376.1 1535.0 3423.1 4,46 4.97 11.09
1980 Tow 1365.1 1522.7 3395.8 4.39 4.89 10.92
2000 high 1280.0 1362.8 3024.8 4.20 4.47 9,92
2000 Tow 1212.4 1342.6 2795.1 3.91 4.33 9.02
2020 high 1082.6 1187.6 2239.4 3.59 3.94 7.43
2020 1ow 1054.1 1156.4 2180.6 3.40 3,73 7.04
Skaha 1971 -—-- 95.78 132.18 "209.76 10.12 13.97 22.17
1980 high 78.12 107.74 171.53 6.86 9.46 15.06
1980 1ow 66.18 91.26 145.25 6.03 7.04 11.21
2000 high 43.96 60.68 96.75 2.46 3.39 5.4
2000 Tow 76.45 105.35 167.47 6.58 9.06 14. 41
2020 high 20.31 27.95 44 .44 0.64 0.88 1.40
2020 lTow 82.18 113.24 180.37 7.43 10.24 16.32
TABLE 17.5

ESTI MATED " MOST

PRCBABLE' ANNUAL SUSTAI NABLE RAI NBON TROUT HARVEST CAPAQ TI ES, OKANAGAN

AND SKAHA LAKES, FCOR 1970, 1980, 2000 and 2020 LEVELS CF BASI N DEVELCPMENT
RAINBOW TROUT HARVESTABLE ANNUALLY
NUMBER X 1000 POUNDS PER ACRE
1970 1970
REPRO- REALISTIC REPRO- REALISTIC
DUCTIVE POTENTIAL DUCTIVE POTENTIAL
HABITAT HABITAT HABITAT HABITAT
NUTRIENT | HISTORIC MODIFIED MODIFIED HISTORIC MODIFIED MODIFIED
LAKE YEAR | ESTIMATE DISCHARGES DISCHARGES| DISCHARGES| DISCHARGESIDISCHARGES] DISCHARGES
Okan-
agan 1970 -——- 17.86 31.97 197.00 0.26 0.46 2.86
1980 high 17.81 28.84 177.67 0.26 0.42 2.59
1980 low 17.95 29.08 179.10 0.26 0.42 2.61
2000 high 17.61 29.93 184.39 0.26 0.44 2.68
2000 Tow 17.90 30.42 187.35 0.26 0.44 2.73
2020 high 17.50 31.15 191.87 0.25 0.45 2.79
2020 low 17.82 31.72 195,39 0.26 0.46 2.84
Skaha 1970 -—- 1.45 1.52 2.35 0.20 0.21 0.33
1980 high 1.24 1.31 2.01 0.17 0.18 0.28
1980 low 1.98 2.08 3.21 0.27 0.29 0.44
2000 high 0.85 0.90 1.38 0.12 0.12 0.19
2000 Tow 1.81 1.90 2.92 0.25 0.26 0.40
2020 high 0.39 0.41 0.63 0.05 0.06 0.09
2020 Tow 1.73 1.82 2.80 0.24 0.25 0.39




6250

6000

NOTE:

a) HIGH NUTRIENT ESTIMATE
b) LOW NUTRIENT ESTIMATE

5500

5000

4500

4000

AVAILABLiE HARVEST WITH REALIISTIC POTENTIAL
HABITAT AND MODIFIED DISCHARGE MANAGEMENT

W
4
o
O

3000

2500

2000

NUMBER OF KOKANEE XI000

o
Q
o

1000

AVAILABLE HARVEST

WITH 1970 REPRODUCTIVE

HABITAT AND HISTORIC DISCHARGE MANAGEMENT

500

OL

1970

COVPARI SONS BETWEEN AVAI LABLE HARVEST OF, AND DEMAND

1980

2000

YEAR

FOR, KOKANEE I N OKANAGAN LAKE, 1970-2020, UNDER SPECI FI ED

CONDI TI ONS OF MANAGEMENT.

Fi gure 17.

1

2020



0001 X 33NYMOX 40 d38WNN

400
NOTE: @) HIGH NUTRIENT ESTIMATE
b) LOW NUTRIENT ESTIMATE
300
250
AVAILABLE HARVEST WITH REALISTIC POTENTIAL HABITAT AND
MODIFIED DISCHARGE MANAGEMENT
200 | b —
. T e e e e e e = T T
T Smmmaaa [ A S mtets e et FeeTTeTT T T a
150
100 e
PROJECTED DEMAND AT
SUCCESS™ RATE IMPROVED
BY 30% OVER 1970.
50 / _e""PROJECTED DEMAND AT _
IS7T0 SUCCESS RATE
|
AVAILABLE HARVEST W;TH 1970 REPRODUCTIVE ab
e e s vasesssonrtr ctosovosnnssf aossseoasscnasrtorsaransrotsns soennssns 1 s errr e emessseesnsanererasretonant
0 HABITAT AND  HISTORIC DISCHARGE MANAGEMENT/
970 1980 2000 YEAR 2020

COVPARI SONS BETWEEN AVAI LABLE HARVEST OF, AND DEMAND
FOR, RAI NBOW TROUT | N OKANAGAN LAKE, 1970 - 2020
UNDER SPECI FI ED CONDI TI ONS OF MANAGEMENT. Figure 17.2



KOKANEE XI000

NUMBERS OF

500 I
NOTE: q) HIGH NUTRIENT ESTIMATE
b) LOW NUTRIENT ESTIMATE /

450

400
/
/ Z

350
PROJECTED DEMAND AT
SUCCESS RATE IMPROVED
BY 30% OVER 1970.
|
300 7
PROJECTED DEMAND AT
1970 SUCCESS RATE
250
200 2= = ~EALISTIC POTENTIAL

M NAGEMENT e

-
g
-
e

~
150 ~Z— S 2 =
/ L a

/
?
[
/i
!
’
4
/ 1
/
’ p
\ 7
‘l
/
[
1
7
i
I}
7
y
e
=
\ o§_>
{ ©rF
125
@
O'm
91
o
rie-4
B
o
0
29
m
£
HEE!
[

l OOF‘!" \~\\‘~~\
..,_"'.‘- .................................... b ...................... r .:T:‘v-..,‘._.;.:;..................................
................... R T

50 g === =

AVAILABLE HARVEST WITH 1970 REPRODUCTIVE
HABITAT AND HISTORIC DISCHARGE MANAGEMENT e

| ’ | {
1970 1980 2000 2020
YEAR

COMPARI SONS BETWEEN AVAI LABLE HARVEST OF, AND DEMAND
FOR, KOKANEE I N SKAHA LAKE, 1970-2020, UNDER SPECI FI ED

CONDI TI ONS OF MANAGEMENT.
Figure 17.3



7.0

NOTE: a) HIGH NUTRIENT ESTIMATE
b) LOW NUTRIENT ESTIMATE

6.0

PROJECTED DEMAND AT
SUCCESS RATE IMPROVED

5.0 BY 30% OVER |9T //

4.0 4&1‘50 DEMAND AT —
/V'ro SUCCESS RATE

/ [T T e e ]
AVAILABLE HARVEST WITH REALISTIC POTENTIAL HABITAT AND
MODIFIED DISCHARGE MANAGEMENT

1.0 —
AVAILABLE HARVEST WITH 1970 REPRODUCTIVE e | T =
HABITAT AND HISTORIC DISCHARGE MANAGEMENT i

o

I970 1980 2000 YEA 2020

COMPARI SONS BETWEEN AVAI LABLE HARVEST OF, AND DEMAND
FOR, RAI NBOW TROUT | N SKAHA LAKE, 1970-2020, UNDER
SPECI FI ED CONDI TI ONS OF MANAGEMENT.

Figure 17.4



TABLE. 17.6

COMPARI SON BETWEEN PRCODUCTI ON OF, AND DEMAND FOR, KOKANEE | N OKANAGAN
LAKE FROM 1970 TO 2020 UNDER ALTERNATI VE CONDI TI ONS OF ANGLI NG SUCCESS
RATE, DI SCHARGE MANAGEMENT, AND STATUS OF REPRODUCTI VE HABI TAT

BEST ESTIMATE OF KOKANEE HARYEST AVAILABLE X 1000
TOTAL 1970 RE- 1970 RE- | REALISTIC NO. OF [KORRESPONDING
NO. OF | HARVEST-| PRODUCTIVE | PRODUCTIVE| POTENTIAL | KOKANEE CATCH PER
PROJECTED | KOKANEE ABLE HABITAT, HABITAT, | HABITAT, AVATILABLE | UNIT EFFORT
ANGLING | REQUIRED/ KOKANEE 1970 MODIFIED | MODIFIED PER HR
MANAGEMENT NUTRIENT| DEMAND ANGLING- | REQUIRED| DISCHARGE | DISCHARGE | DISCHARGE ANGLING |(SEE MANAGE-
OPTION YEAR | ESTIMATE| DAYS DAY X 1000 | MANAGEMENT | MANAGEMENT | MANAGEMENT DAY ENT OPTION)
No fishery 1970 - 6,500 S S 95.78 Soc S 14.74 0.048
enhancement; : . . . .
Snecgcementi | 1980 [ high 10,500 78.12 7.44 2.024
declines Tow 10,500 --- -——— 66.18 --- -——- 6.30 0.021
2000 | high 15,200 --- --- 43.96 —n Soc 2,89 0.009
1ow 15,200 S S 76.45 S SSe 5.03 0.016
2020 | high 24,300 Soe e 20.31 S S 0.84 0.003
1ow 24,300 S0 —a- 82.18 Som - 3.38 0.011
Fishery 1970 — 6,500 14.74 95.78 95.78 132.18 209.76 14.74 0.048
enhancement :
S ancerety | 1980 hign 10,500 14.74 154.77 78.16 107.74 171.53 S 0.048
1970 success 1ow 10,500 14.74 154.77 66.18 91.26 145.25 S 0.048
UEILC 2000 | high 15,200 14.74 224.05 44.06 60.68 96.75 Soo 0.048
1ow 15,200 14.74 224.05 76.45 105.35 167.47 - 0.048
2020 | high 24,300 14.74 358.18 20.31 27.95 44.44 S 0.048
1ow 24,300 14.74 358.18 82.18 113.24 180.37 Soc 0.048
Fishery 1970 - 6,500 19.16 124.54 95,78 132.18 209.76 - 0.062
enhancement ;
to incresee | 1980 | nign 10,500 19.16 201.18 78.16 107.74 171.53 S 0.062
1970 success Tow 10,500 19.16 201.18 66.18 91.26 145.25 19.16 0.062
rate by 30% | 5000 | nigh 15,200 19.16 291.23 43.96 60.68 96.75 o 0.062
Tow 15,200 19.16 291.23 76.45 105,35 167.47 500 0.062
2020 | high 24,300 19.16 465.59 20.31 27.95 44,44 S 0.062
Tow 24,300 19.16 465.59 82.18 113.24 180.37 - 0.062

COVPARI SON BETWEEN PRCDUCTI ON O, AND DEVMAND FOR, KOKANEE | N SKAHA LAKE FROM
1970 TO 2020, UNDER ALTERNATI VE CONDI TI ONS OF ANGLI NG SUCCESS RATE, LAKE WATER
QUALITY, DI SCHARGE NANAGEMENT, AND STATUS OF REPRCDUCTI VE HABI TAT

BEST ESTIMATE OF KOKAMEE MARYEST AVAILABLE X 1000
TOTAL 1970 RE- 1970 RE- | REALISTIC NO. OF |CORRESPONDING
NO. OF | HARVEST-| PRODUCTIVE | PRODUCTIVE| POTENTIAL | KOKANEE CATCH PER
PROJECTED | KOKANEE ABLE HABITAT, HABITAT, | HABITAT, AVAILABLE | UNIT EFFORT
ANGLING | REQUIRED/ KOKANEE 1970 MODIFIED MODIFIED PER NO/HR
MANAGEMENT NUTRIENT| DEMAND ANGLING-] REQUIRED| DISCHARGE | DISCHARGE | DISCHARGE ANGLING {(SEE MANAGE-
OPTION YEAR | ESTIMATE] DAYS DAY X 1060 | MANAGEMENT | MANAGEMENT| MANAGEMENT DAY MENT OPTION)
No fishery 1970 S 68,400 S - 1128.7 S S 16.50 1.264
enhancement; . e e e ——
cuccecs rate| 19801 hignh 99,500 1376.1 13.83 1.059
declines Tow 99,500 — - 1365.1 e S 13.72 1.051
2000 | high 154,600 - - 1280.0 —-- --- 8.28 0.634
Tow 154,600 S S 1212.4 s SR 7.84 0.601
2020 | high 292,800 S —— 1082.6 --- .- 3.70 0.283
10w 292,800 s S 1054.1 e S 3.60 0.276
Fishery 1970 - 68,400 16.50 1128.7 1128.7 1207.7 2347.7 — 1.264
enhancement .
o oaintadn | 19801 high 99,500 16.59 1641.8 1376.1 1535.0 3423.1 - 1.264
1970 success Tow 99,500 16.50 1641.8 1365.1 1522.7 3395.8 Sy 1.264
Hal e 2000 | high 154,600 16.50 2550.9 1280.0 1362.8 3024.8 SO 1.264
1ow 154,600 16.50 2550.9 1212.4 1342.6 2795.1 Estimates] 1.264
2020 | high 292,800 16.50 4831.2 1082.6 1187.6 2239.4 - 1.264
Tow 292,800 16.50 4831.2 1054.1 1156.4 2180.6 shown 1.264
Fishery 1970 —— 68,400 21.45 1467.2 1128.7 1207.7 2347.7 - 1.643
enhancement N
t0 ncreace | 1980 high 99,500 21.45 2134.3 1376.1 1535.0 3423.1 under 1.643
1870 Tow 99,500 21.45 2134.3 1365.1 1522.7 3395.8 - 1.643
i:iéeij 30% | 2000 [ high 154,600 21.45 3316.2 1280.0 1362.8 3024.8 managemeny  1.643
Tow 154,600 21.45 3316.2 1212.4 1342.6 2795.1 - 1.643
2020 | high 292,800 21.45 6280.6 1082.6 1187.6 2239.4 options 1.643
1ow 292,800 21.45 6280.6 1054.1 1156.4 2180.6 Sy 1.643




TABLE 17.8

COMPARI SON BETWEEN PRODUCTI ON OF, AND DEMAND FOR, RAI NBOW TROQUT I N
OKANAGAN LAKE FROM 1970 TO 2020, UNDER ALTERNATI VE CONDI TI ONS OF ANGLI NG
SUCCESS RATE, LAKE WATER QUALITY, DI SCHARGE MANAGEMENT, AND STATUS OF
REPRODUCTI VE HABI TAT

BEST ESTIMATE OF RAINBOW TROUT
HARVEST AVAILABLE X 1000
TOTAL 1970 RE- 1970 RE- REALISTIC | NUMBER OF ICORRESPONDING
NO. OF | HARVEST-| PRODUCTIVE | PRODUCTIVE| POTENTIAL RAINBOW CATCH PER-~
PROJECTED | RAINBOW ABLE HABITAT, HABITAT, HABITAT, AVAILABLE | UNIT EFFORT
ANGLING REQUIRED/ RAINBOW 1970 MODIFIED MODIFIED PER NO/HR
MANAGEMENT NUTRIENT| DEMAND ANGLING-| REQUIRED| DISCHARGE | DISCHARGE DISCHARGE ANGLING |[(SEE MANAGE-
OPTION YEAR | ESTIMATE| DAYS DAY X 1000 | MANAGEMENT | MANAGEMENT]| MANAGEMENT DAY MENT OPTION)
No fishery 1970 et 68,400 “—- S 17.86 - ——— 0.261 0.019
enhancement;
cuccess rata| 19801 high 99,500 -——- - 17.81 -—-- --- 0.179 0.013
declines low 99,500 - --- 17.95 -—-- --- 0.180 0.013
2000 | high 154,600 S --- 17.61 --- --- 0.114 0.008
low 154,600 - - 17.90 - - 0.116 0.008
2020 | high 292,800 - - 17.50 - - 0.060 0.004
low 292,800 --- - 17.82 - - 0.061 0.004
Fishery 1970 - 68,400 0.261 17.86 17.86 31.97 197.00 0.261 0.019
enhancement .
to maintain 1980 high 99,500 0.261 25.97 17.81 28.84 177.67 —-- 0.019
1970 success Tow 99,500 0.261 25.97 17.95 29.08 179.10 —e- 0.019
pars 2000 [ high 154,600 0.261 40.35 17.61 29.93 184,39 --- 0.019
low 154,600 0.261 40.35 17.90 30.42 187.35 - 0.019
2020 [ high 292,800 0.261 76.42 17.50 31.15 191.87 --- 0.019
Tow 292,800 0.261 76.42 17.82 31.72 195.39 oo0 0.019
Fishery 1970 S 68,400 0.339 23.19 17.86 31.97 197.00 0.339 0.025
enhancement 3
to incresse | 1980 | high 99,500 0.339 33.73 17.81 28.84 177.67 - 0.025
1970 success Tow 99,500 0.339 33.73 17.95 29.08 179.10 SO 0.025
rate by 30% | 5000 | high 154,600 0.339 52.41 17.61 29.93 184.39 .- 0.025
Tow 154,600 0.339 52.41 17.90 30.42 187.35 Soc 0.025
2020 | high 292,800 0.339 99,26 17.50 31.16 191.87 Soc 0.025
low 292,800 0.339 99.26 17.82 31.72 195.39 S 0.025

COMPARI SON BETWEEN PRODUCTI ON OF, AND DEMAND FOR, RAI NBOW TROUT | N SKAHA
LAKE FROM 1970 TO 2020 UNDER ALTERNATI VE CONDI TI ONS OF ANGLI NG SUCCESS
RATE, LAKE WATER QUALI TY, DI SCHARGE MANAGEMENT, AND STATUS OF
REPRODUCTI VE HABI TAT.

BEST ESTIMATE OF RAINBOW TROUT
HARVEST AVAILABLE X 1000
TOTAL 1970 RE- 1970 RE- ] REALISTIC | NUMBER OF |CORRESPONDING
NO. OF HARVEST- | PRODUCTIVE | PRODUCTIVE | POTENTIAL RAINBOW CATCH PER
PROJECTED | RAINBOW ABLE HABITAT, HABITAT, | HABITAT, AVAILABLE | UNIT EFFORT
ANGLING | REQUIRED ] RAINBOW 1970 MODIFIED | MODIFIED PER NO/HR
MANAGEMENT NUTRIENT | DEMAND ANGLING- | REQUIRED| DISCHARGE | DISCHARGE | DISCHARGE ANGLING [(SEE MANAGE-
OPTION YEAR | ESTIMATE DAYS DAY X 1000 | MANAGEMENT | MANAGEMENT | MANAGEMENT DAY MENT OPTION)
Nuhfishery 1970 S 6,500 ——- S 1.45 —oo S 0.223 0.022
enhancement; .
Sheance 1980 high 10,500 SSo S 1.24 S S 0.018 0.012
rate Tow 10,500 SSR S— 1.98 S —_— 0.189 6.019
declines 2000 high 15,200 e - 0.85 . S 0.056 0.006
Tow 15,200 --- - 1.81 - --- 0.119 0.012
2020 high 24,300 S S 0.39 SEe S 0.016 0.002
Tow 24,300 Soc o 1.73 soc Soc 0.071 0.007
Fishery 1970 - 6,500 0,223 1.45 1.45 1.52 2.35 0.223 0.022
enhancement A
fo anseels | 1980 high 10,500 0.223 2.34 1.24 1.31 2.01 . 0.022
1970 success Tow 10,500 0.223 2.34 1.98 2.08 3.21 o 0.022
alke 2000 high 15,200 0.223 3.39 0.85 0.90 1.38 Soc 0.022
Tow 15,200 0.223 3.39 1.81 1.90 2.92 --- 0.022
2020 high 24,300 0.223 5.42 0.39 0.41 0.63 SO 0.022
Tow 24,300 0.223 5.42 1.73 1.82 2.80 --- 0.022
Fishery 1970 — 6,500 0.290 1.89 1.45 1.52 2.35 0.290 0.029
enhancement | 4454 high 10,500 0.290 3.05 1.24 1.31 2.01 ) 0.029
to increase 9 4 . - - . . o .
1970 success 1ow 10,500 0.290 3.05 1.98 2.08 3.21 Soo 0.029
gg;e by 2000 high 15,200 0.290 4.4 0.85 0.90 1.38 - 0.029
1ow 15,200 0.290 4.41 1.81 1.90 2.92 — 0.029
2020 high 24,300 0.290 7.05 0.39 0.41 0.63 --- 0.029
Tow 24,300 0.290 7.05 1.73 1.82 2.80 - 0.029




(Table 17.10). Prelim nary exam nation indicates that storage
is in all cases |ess expensive than punping. Mich of the
deficiency can be nade up assuming a nodified operation of

exi sting storage. Additional costs for this type of operation
woul d include alteration of sone discharge regul ating
facilities and operational costs during winter nonths etc.,
when access is a problem

More intensive exam nation of ways of supplying water for
fisheries requirenents mght include the feasibility of punping
on a shared basis (fisheries and agriculture) to cut capital
costs and nmake nore efficient use of equi pment (which would only
be needed for relatively short periods if used for fisheries
al one), and the use of punping |inked with spawni ng channel s, or
ot her intensive fisheries managenent structures to nmake nost
efficient use of what could be expensive water. A channel or
simlar device would require |l ess water and mnimze | osses into
the substrate.

(b) Enhancenent of Natural Reproductive Habit at

Esti mates were made of the increased harvest which m ght be
antici pated due to enhancenent of natural reproductive habitat in
13 streans tributary to Ckanagan and Skaha Lakes, known to
support reproduction of salnonids. Increased harvest from each
tributary was assunmed to be given by the product of enhanced
spawni ng area, the inprovenent factor based on nodified
di scharges (defined in Table 17.11), and the natural productivity
factor determ ned separately for Ckanagan and Skaha Lakes in
Appendi x M These estinmates of increased harvest are given in
Table 17.11.

Approxi mate costs of enhancenent of sal nonid reproductive
habitat to its realistic potential are given in Table 17.12.
The correspondi ng harvest anticipated to be nmade avail abl e by
such nmeasures is also given in that table for 1970, 1980 and 2020
| evel s of Basin devel opnent.

It was assuned that prior to enhancenent neasures being
undert aken, discharge regines in the corresponding tributaries
woul d be adjusted fromhistoric to nodified nodes of operation,
in order that mniml additional storage requirenments m ght be
necessary at the 1980 | evel of Basin developnent. O the six
tributaries examned only in Mssion Creek was additional storage
consi dered necessary specifically to satisfy fishery
requirenents.

Assum ng nodified flows at 2020 | evel s of devel opnent,
Peachl and and | ower Vernon Creeks have adequate fishery flows at
both high and | ow | evel s of agricultural devel opnent, the latter
due to the punping of 560 acre-feet per nonth into Mood Lake from
kanagan Lake, and assuming that this flowis not commtted to
non- consunptive uses. Equesis, Trout and Powers Creeks w |l have
significant deficiencies in dry years (frequency: one in ten),
and wi thout specific fisheries storage. Mssion Creek will always
have fisheries deficiencies.




TABLE 17.10

PUVPI NG FROM OKANAGAN LAKE VERSUS UPLAND STORAGE, VI EMED AS POSSI BLE SUPPLY OF

SUPPLEMENTAL MATER REQUI RED TO MEET "FI SHERI ES DEFI Cl ENCI ES"

UNDER " AVERACGE YEAR

FLOW CONDI T1 ONS" AND " 1980"

LEVEL OF DEVELOPMENT

DESCRIPTION

TROUT CK.
(Historic
Operation)

PEACHLAND CK.
(Historic
Operation)

POWERS CK.
(Historic
Operation)

EQUESIS CK.
(Historic
Operation)

MISSION CK.
(Historic
Operation)

PUMPING FROM OKANAGAN LAKE

Max. Pumping rate - Ac.ft. per month 600 270 240 221 1,836
Max. Pumping rate - c.f.s. 10.0 4.5 4.0 3.7 31.0
Length of forcemain feet 17,000 18,500 18,000 38,000 54,000
Diameter of forcemain inches 18 14 14 12 32
Static Lift feet 380 980 880 880 980
Friction Head feet 107 92 72 285 140
Miscellaneous Losses feet 13 8 8 15 10
Total Head Losses, T.D.H. feet 500 1,080 960 1,180 1,130
Annual Pumping Rate - Ac.ft. per year 967 621 613 686 11,196
Equivalent time & max. rate hours per year 1,160 1,660 1,800 2,200 4,400
Pump Stn. Horse Power H.P. 740 720 570 648 5,2006
Annual Power Consumption K.W.H. 640,000 890,000 765,000 1,060,000 17 x 10
Capital Cost
Forcemain $340,000 $240,000 $234,000 |{$ 380,000 $1,780,000
Intake and Water Conditioning 20,000 20,000 20,000 20,000 20,000
Pump Stn. 740 H.P. @ $250 185,000 180,000 142,000 162,000 1,300,000
Sub Total 545,000 440,000 396,000 562,000 3,100,000
Engineering & Contingencies + 25% 135,000 110,000 99,000 140,000 775,000
Total Capital Cost $680,000 $550,000 $495,000 |$ 702,000 $3,875,000
Annual Costs
Operation & Maingenance-Forcemain & Intake, 2% p.a.$ 7,200 $ 5,200 $ 5,100 |$ 8,000 $ 36,000
-Pump Stn. 5% p.a. 9,250 9,000 7,100 8,100 65,000
Power - K.W.H. @ $0.006 3,840 5,340 4,600 6,400 102,000
Amortization of Capital Costs (25 yrs. @ 7%) 58,310 47,160 42,400 60,500 332,000
Total Annual Cost (Pumping) $ 78,600 $ 66,700 $ 59,200 J§ 83,000 $ 535,000
UPLAND STORAGE
Capital Cost
Storage Required - ac.ft. 1,210 776 776 858 14,000
Capital Cost @ $250/ac.ft. $302,000 $194,000 $192,000 $ 214,500 $3,050,000
Annual Cost
Operation & Maintenance - 2% of Cap. Cost $ 6,000 $ 3,900 $ 3,800 % 4,300 $ 70,000
Amortization of Capital Cost (25 yrs. @ 7%) 26,000 16,600 16,400 18,400 300,000
Total Annual Cost (Storage) $ 32,000 $ 20,500 $ 20,200 § 22,700 $ 370,000




TABLE 17.11

| NCREMENTS | N KOKANEE AND RAI NBOW TROUT HARVESTS MADE AVAI LABLE BY

ENHANCEMENT OF SPAWNI NG AREA AND BY MODI FI CATI ON OF STREAM DI SCHARGES.

(BASED ON MAXI MUM ANNUAL SUSTAI NABLE HARVEST)

TMPROVEMENT FACTOR BASED ADDITIONAL HARVEST MADE AVAILABLE
MODIFIED DISCHARGES NUMBER x 1000
B D PR 3G KOKANEE RAINBOW TROUT KOKANEE RAINBOW TROUT
STREAM SQ. YDS. X 1000 1970 1980 2020 1970 1980 2020 1970 1980 2020 1970 1980 2020
Trout Creek 61.6 1.41 1.31 0.92) 2.81 3.06 0.24 94.7 88.0 61.8 16.44 17.91 1.40
Peachland Cr. 1.8 2.53 2.53 1.91{4.00 4.00 3.19 5.0 5.0 3.7 0.68 0.68 0.55
Trepanier Cr. 147.6 1.49 1.58 1.16( 2.33 2.41 2.26 238.7 254.,2 186.6 32.67 33.79 31.69
Powers Creek 5.5 1.03 1.31% 0.92}2.74 3.54 6.57 6.2 7.9 5.5 1.43 1.85 3.43
Lambly Creek 4.0 1.49 1.58 1.16) 2.33 2.41 2.26 6.5 6.9 5.1 0.89 0.92 0.86
Whiteman Creek 14.8 1.49 1.58 1.16] 2.33 2.41 2.26 24.0 25.5 18.7 3.28 3.39 3.18
Equesis Creek 52.0 1.53 1.15 1.14|1.21 1.06 0.73 86.7 65.2 64.6 5.98 5.27 3.61
B-X Creek 13.3 1.49 1.58 1.16{ 2.33 2.41 2.26 21.6 22.9 16.8 2.94 3.05 2.86
Vernon Cr.,Lower 29.5 1.42 1.42 1.1411.43 1.43 1.15 45.7 45,7 36.7 4.08 4,01 3.22
Mission Creek 725.2 1.00 1.78 0.93| 1.76 1.36 1.68 790.5 1407.0 735.1 1 121.25 93.70 115.74
Okanagan Lake
total or average 1055.3 1.49 1.58 1.16) 2.33 2.41 2.26 [fj1319.6 1928.3 1134.6] 189.64 164.57 166.54
*Present gross spawning area x (Relative area increase x relative quality increase - Koshinsky and M I I cocks, M

1973) .

b

1970,

1980, and 2020 | evels of Basin devel oprent,

as follows:

Enhanced spawni ng area x discharge inprovenment factor x K where Kis "natural

Kokanee = 1.09; Rai nbow trout -

0. 95.

productivity factor" for average of




The estimated annual costs of enhancenent of natural
reproductive habitat for kokanee and rai nbow trout in 13
Okanagan and Skaha streanms, together with the costs of provision
of water for the 1980 | evel of Basin devel opnent, and the total
addi ti onal harvest made avail abl e annually by such neasures are
presented in Table 17.12. Also included for each tributary is
the estimated total annual cost incurred in the production of
one harvestable fish.

Since discharge availabilities are based on the 1980 | evel
of devel opnent in Table 17.11, and in fact it is anticipated
that successively less water will be available to fish after
this date, it may be noted that the additional harvests nade
avail abl e by nodified discharge regines are marginally reduced
from1980 to 2020 in four of the six tributaries analyzed in
depth (Table 17.11).

Provision of Artificial Reproductive Habitat
The relative productivity and costs of a spawni ng channel ,

i ncubati on channel, incubation boxes, and hatchery were
i nvestigated for use at a location adjacent to Trout Creek
(Hinton, 1972). It was estimated that for the production of

500, 000 to 4,000,000 fry of both kokanee and rai nbow trout, the
rati o of costs of those four facilities were approxi mately

8:2:1: 10
The above ratio of costs did not include additional storage
whi ch woul d be required. Including capital costs of necessary

storage at $125.00 per acre-foot it was estimated that the ratio
of costs woul d be approxi mately

8:1:1:5
The costs proposed by Hinton were independently re-estimted on
the basis of the cost of production of one harvestable fish.
The effectiveness of different facilities was estimted from
consi deration of the nunber of harvestable fish made avail abl e
per unit area of additional natural reproductive habitat,
("Natural Productivity Factor") adjusted by the conparative
effectiveness of artificial facilities with natural reproductive
habitat. The principal assunptions enbodied in this
rel ati onship were

1) The productivity per unit area of additional natural
tributary reproductive habitat is reflected by the
addi ti onal nunbers of harvestabl e kokanee or rai nbow
trout divided by the sumof increased tributary
reproductive areas multiplied by their individual
| mprovenent factor.

2) For kokanee, a spawni ng channel is five tinmes as
effective, and for rainbow trout ten tines as effective
as natural stream spawni ng habitat, based on conparative
egg-to-fry survival rates respectively.

3) For kokanee, an incubation channel is thirty-five tines
as effective, and for rainbow trout seventy tines as
effective as natural stream spawni ng habitat, based on
egg-to-fry survival rates approxi mately seven and
fourteen times as great, and densities of egg deposition
about five tinmes as great, respectively.



TABLE 17.12

APPROXI VATE COSTS OF ENHANCEMENT OF NATURAL REPRODUCTI VE HABI TAT FOR

KOKANEE AND RAI NBOW TROUT I N 13 STREAMS TRI BUTARY TO OKANAGAN AND SKAHA

LAKES (BASED ON MAXI MUM ANNUAL SUSTAI NABLE HARVEST)

TOTAL ADDITIONAL HARVEST MADE TOTAL ANNUAL

AVAILABLE BY STREAM ENHANCEMENT |CONSTRUCTION AND TOTAL COST PER

NUMBERS OF KOKANEE AND RAINBOW WORKS WATER |ANNUAL |HARVESTABLE

X_1000 CAPITAL |ANNUAL |ANNUAL |COST FISH
STREAM 1970 1980 | 2020 JAVERAGE|$ X 1000]$ X 100]$ X 100{$ X 100 $
Trout Cr. 98.28| 107.23| 59.19| 8s.23 16.5 14.2 0 14.2 0.016
Peachland Cr. 4.95 5.77 4.08 4.93 4.5 3.9 0 3.9 0.079
Trepanier Cr. 240.35| 292.88 | 208.19 | 247.14 10.5 9.0| 281.9] 290.9 0.118
Powers Cr. 6.76 9.81 8.85 8.47 11.5 9.9 0 9.9 0.117
Lambly Cr. 6.54 7.90 5.61 6.68 2.5 2.1 7.6 9.7 0.145
Whiteman Cr. 24.10| 29.32| 20.88| 24.77 21.0 18.0 28.3 46.3 0.186
Equesis Cr. 81.36| 71.53| 64.23| 72.37 28.5 24.5 0 24.5 0.034
B-X Cr. 21.69| 26.28| 18.74| 22.24 6.5 5.6 25.4 32.0 0.144
Vernon Cr.,Lwr.| 43.70| 50.42| 37.73| 43.95 5.0 4.3 0 4.3 0.010
Mission Cr. 805.27 |1525.82 | 810.35[1047.15| +518.0 | +444.4| 1444.0| 1887.4 0.180
Okanagan Lake, |,333 00 (27126.96 1237.85(1565.93| +624.5 | +535.9( 1787.2| 2323.1 0.148
total or ave. - =
Ellis Cr. 2.42 1.69 2.09 2.07 2.0 1.7 2.4 4.1 0.198
McLean Creek 0.61 0.43 0.53 0.52 1.0 0.9 0.6 1.5 0.288
Shingle Cr. 111.84| 78.19| 96.65| 95.56 2.0 1.7 109.0| 110.7 0.116
5%32:1Lg§eave. 114.87| 80.31| 99.27| 98.15 5.0 4.3} 112.0| 116.3 0.118
TABLE 17.13

PRODUCTI ON AND COSTS OF KOKANEE AND RAI NBOW TROUT FROM ARTI FI C AL

REPRODUCTI VE HABI TAT CONSI DERED FOR OKANAGAN AND SKAHA LAKES ( BASED

ON MAXI MUM ANNUAL SUSTAI NABLE HARVEST)

CORRESPONDING
HARVEST MADE TOTAL ANNUAL COSTS
AVAILABLE INCL. AMORTIZED ANNUAL COST
AREA OF NO X 10900 CAPITAL & MAINTEN- PER
GRAVEL sQ. RAINBOW | ANCE & DISCHARGE HARVESTABLE
LOCATION DESIGNATION YDS. X 100 |KOKANEE| TROUT WORKS| WATER[TOTAL FISH §
OKANAGAN LAKE
Trout Creek Incubation c¢hannel 0.72 25.44 4.77 17.2 nil 17.2 0.57
Mission Cr. Incubation channel 2.16 76.31 14.32 27.8 nil 27.8 0.31
Penticton Cr.|Incubation channel 0.72 25.44 4.77 15.0 To be determined.
Vernon Cr. Incubation channel 2.16 76.31 14.32 27.8 nil 27.8 0.31
Equesis Cr. Spawning channel 3.73 18.84 3.54 17.7 nil 17.7 0.79
Piacement of rock
Okanagan L. & cobbles to en- As As
shores hance shore spawn- Neces- Neces-
ing habitat sary sary To be determined.
|
AS
Various Incubation boxes Various Neces- To be determined.
sary
SKAHA LAKE
Okanagan R. Spawning channel 3.73 69.19 0.90 17.7 |nil 17.7 0.25




A selection of alternative artificial reproductive habitats
is listed in Table 17. 13, together with suggested sizes, the
correspondi ng harvest of kokanee and rai nbow trout antici pated,
and estimated costs based on Hinton's findings®lt was assuned
that nodified discharge regi nes would be instituted in al
corresponding streanms prior to the construction of artificial
facilities, and accordingly no costs were allocated to the
provi sion of discharges.

No definitive suggestions concerning possible |ocations,
sizes or costs of incubation boxes are included. These were
detailed by H nton (1972) and further discussion relating to
the use of incubation boxes for kokanee or rainbowtrout is
hypot hetical prior to testing.

The possibility of enhancing reproductive potential by the
pl acenent of angul ar rock and cobbl es adj acent to beach-
spawni ng kokanee sites has been suggested, but further
di scussi on woul d be premature until the practicability of this
nmeasure had been tested.

(d) Construction of Hatchery for Enhancenent of Sport Fishery in
Main Valley Lakes

As indicated in the previous section, it was estinmated by
Hi nton that the unit cost of a hatchery operation could be 5-10
times that of an incubation channel. However, it is postul ated
that the relatively |large nunber of conpetitors and predators
i n Skaha Lake with respect to rainbow trout nay pronote a
"managenment bottleneck” in the provision of sufficient
harvestabl e rainbow trout in that |ake. Kokanee may al so be
subj ect to excessive predation. However, due to occupation of
a somewhat different ecol ogical niche, this cannot be directly
i nferred.

A nmeans of circunventing such a bottleneck m ght be to stock
trout and kokanee at sizes of 50/1b or larger rather than
allowing themto inmgrate into the |lake fromtributaries at
the nore vul nerabl e size of 2500/1b. Accordingly, approximate
costs were determned for the raising of sufficient kokanee and
rai nbow trout for stocking in Skaha Lake to satisfy angling
demands to the year 2020 at continued 1970 angling success
rates. Costs of a proposed hatchery operation are given in
Table 17.14. Anortized costs of construction, operation, egg
collection and fish liberation are included. It was assuned
that prior to hatchery construction, certain other
nodi fi cations, including enhancenent of discharge regines and
nat ural spawni ng habitat woul d be undert aken.

Survival rates for both kokanee and rai nbow trout from sizes
of 50/1b to 10/ 1b to the age-at-catching in Skaha of 2.5 and 3
respectively were assuned to be the sane as those estimated for
rai nbow trout in the headwater | akes.

°St orage cost adopted by Hinton is probably |low by a
factor of about 2X (Leach, personal conmunication)




TABLE 17.14

APPROXI MATE COSTS AND BENEFI TS OF HATCHERY RAI SED KOKANEE AND
RAI NBOW TROUT FOR THE SATI SFACTI ON OF ANGLI NG DEVMAND | N SKAHA
LAKE, 1980 to 2020

CORRESPONDING ANNUAL PER
ADDITIONAL [CORRESPONDING|NUMBERS X 1000 AT|  COST HARVEST-
HARVEST REQ'D[NUMBER X 1000 |WEIGHTS INDICATED| TOTAL  ABLE FISH
YEAR NUMBER X 1000] @ 2500/1b. [ 50/1b _ 10/1b | x $7000 $
KOKANEE
1980 23 383 43.5 12.6 29.4 1.28
2000 55 917 104.2 33.0 70.4 1.28
2020 178 2,967 337.2 97.5 227.9 1.28
RAINBOW TROUT
1980 0 0 0 0 0
2000 0.48 8.0 0.91 0.26 0.61 1.28
2020 2.60 43.3 4.92 1.42 3.33 1.28

ANNUAL _ BENEFI TS

KOKANEE AND ACTUAL | SOCIAL

RAINBOW TROUT (X $1000)
1980 15.0 58.4
2000 27.2 84.5
2020 48.4 169.1

(e) Productivity and Costs of Alternative Fishery and Wter
Managenment Options in Ckanagan and Skaha Lakes, 1970 to 2020.

It was determ ned that without artificial enhancenent of
sal noni d stocks in Ckanagan and Skaha Lakes, the angling
success rates neasured as nunber of fish caught per hour can be
expected to fall as shown in Table 17.15.

TABLE 17.15

EXPECTED DECLI NE I N FI SH NG SUCCESS | N OKANAGAN AND SKAHA LAKES.
ASSUM NG NO ENHANCEMENT OF KOKANEE AND RAI NBOW TROUT STOCKS

CATCH PER UNIT EFFORT
Okanagan Lake Skaha Lake

Year Estimate | Kokanee Rainbow Kokanee | Rainbow
1970 - 1.264 0.019 0.048 0.022
1980 high 1.059 0.013 0.024 0.072

low 1.051 0.013 0.021 0.019
2000 high 0.634 0.008 0.009 0.006

Tow 0.601 0.008 0.016 0.012
2020 high 0.283 0.004 0.003 0.002

Tow 0.276 0.004 0.011 0.007




The cost of production of one harvestable fish in Ckanagan
and Skaha Lakes was found to be approximately as foll ows:

Rehabi litation of natural habitat $ 0.02 - 0.29
Construction of incubation channel 0.25 - 0.57
Construction of spawni ng channel 0.35 - 0.73
Construction of hatchery 1.28 - 1.37

The al ternative enhancenent neasures of construction of

i ncubati on boxes, and of placing suitable material for beach-
spawni ng kokanee on the shore of Ckanagan Lake require field
testing before adequate productivity and cost analyses can be
made.

The addi ti onal sub-basin storage requirenents for the
satisfaction of full fishery discharge requirenments for
reproduction were determned for six tributaries to Okanagan
Lake, under both historic and nodified di scharge operations
(Appendi x X). By 2020, assumng high growth and irrigation
demands, fishery demand deficits will amount to 20, 780 acre-feet
per year, if historic water managenent techniques prevail. An
annual deficit of 11,335 acre-feet will occur under nodified
operations. Costs of storage to nmake up these deficits are 5.2
mllion dollars and 2.8 mllion dollars respectively. It mght
be noted that well over one-half of these deficits are on M ssion
Cr eek.

On the basis of the alternative neasures consi dered above,
speci fic prograns for the enhancenent of kokanee and rai nbow
trout stocks in order to maintain or inprove angling success
rates are suggested for Okanagan and Skaha Lakes. These are put
forward in the follow ng sections. It is clearly recognized that
a considerable part of the information used in this analysis is
based on insufficient or tentative data, and that a significant
nunber of the rel ationships are based on inconpl ete evidence and
intuitive assunptions. Nevertheless, the evaluation is
considered to be of considerable worth in the future managenent
of sport fisheries of the Basin for the benefit of man. \Were
significant gaps in the data and rel ati onships are apparent, it
is the task of managenent to ensure that applied research is
directed toward el ucidating the necessary information.

Ckanagan Lake

Before evaluating the feasibility and costs of increasing
headwat er storages and for punping from Ckanagan Lake, harvest
potential of both kokanee and rainbow trout fromtributary stream
spawni ng assum ng adequate flows, was cal cul ated (Tables 17.16
and 17.17). Under assured flows for fisheries, Mssion Creek
could increase its harvest capacity from 84,000 to al nost 400, 000
kokanee, accounting for over 90%of all tributary stream spawni ng
potential under present devel opnent of reproductive habitat. The
only other creek exhibiting a significant increase in harvest
potential under assured flows is Equesis, which could deliver

54, 000 harvestabl e kokanee. A simlar pattern holds for rai nbow
trout - Mssion Creek providing potential for 26,000 fish under
assured flows conpared to 9,000 at present. These figures
represent total allowable potential harvests to maintain a




TABLE 17.16

KOKANEE HARVESTS | N OKANAGAN LAKE

1970- 2020 UNDER VARI QUS FI SHERY MANAGEMENT ALTERNATI VES

ABILITY OF LAKES TO PRODUCE HARVEST POTENTIAL - 2020
AT A MAXIMUM SUSTAINED YIELD MAINTAINING 1970 ANGLER SUCCESS RATES
e 1970 MAXIMUM HISTORIC OPERATION MODIFIED OPERATION
PRESENT HARVEST POTENTIAL INCREASED STORAGE INCREASED STORAGE
HARVEST AVATLABLE HARVEST NO ENHANCEMENT NO ENHANCEMENT
CREEK 1970 STORAGE ASSURED FULL ENHANCEMENT
HISTORIC FLOWS OF REPRODUCTIVE HIGH IRRI- LOW IRRI- HIGH IRRI- LOW IRRI-
DISCHARGE NO ENHANCED HABITAT & GATION DEV- GATION DEV- GATION DEV- GATION DEV-
HABITAT ASSURED FLOWS ELOPMENT ELOPMENT ELOPMENT ELOPMENT
X 1000 X 1000 X 1000 X 1000 X 1000 X 1000 X 1000
COLUMN (1) (2) (3) (4) (5) (6) (7)
Mission 84.3 399.4 953.5 90.75 108.8 163 326.7
Trepanier 2. 19.8 394.4 No Hydrological Data
Trout 0.1 0.8 4.5 0 0.1 0.1 0.14
Vernon (lower) .3 1.8 39.8 1.8 1.8 1.8 1.8
Equesis 7.5 54.0 205.8 6.1 6.9 7.0 11.40
Whiteman 0.2 1.2 2.4 No Hydrological Data
B-X Creek 0 0.8 1.4 No Hydrological Data
Powers 2.0 9.6 14.5 .91 1.8 1.75 2.1
Peachland 1.3 6.0 18.3 1.02 1.07 2.4 3.3
Lambly 5.1 0.8 1.8 No Hydro]ogira] Projections
TABLE 17.17
RAI NBOW TROUT HARVESTS | N OKANAGAN LAKE
1970- 2020 UNDER VARI QUS FI SHERY MANAGEMENT ALTERNATI VES
ABILITY OF LAKES TO PRODUCE HARVEST POTENTIAL - 2020
AT A MAXIMUM SUSTAINED YIELD MAINTAINING 1970 ANGLER SUCCESS RATES
oTeNrEaEt HISTORIC OPERATION MODIFIED OPERATION
PRESENT HARVEST 1970 MAXIMUM INCREASED STORAGE INCREASED STORAGE
HARVEST AVAILABLE POTENTIAL NO ENHANCEMENT NO ENHANCEMENT
CREEK 1970 STORAGE ASSURED HARVEST
HISTORIC FLOWS ASSURED FLOMWS HIGH IRRI- LOW IRRI- HIGH IRRI- LOW IRRI-
DISCHARGE NO ENHANCED FULL ENHANCEMENT || GATION DEV- GATION DEV- GATION DEV- | GATION DEV-
HABITAT ELOPMENT ELOPMENT ELOPMENT ELOPMENT
X 1000 X 1000 X 1000 X 1000 X 1000 X 1000 X 1000
COLUMN (1) (2) (3) (4) (5) (6) {7)
Mission 9.2 26.44 157.56 3.27 6.98 34.2 41.19
Trepanier 0.31 1.17 2.05 - No Hydrological Data -
Trout 0.02 0.05 0.28 0.0 0.01 0.05 0.07
Vernon (Lower) 0.03 0.04 0.95 0.04 0.04 0.04 0.04
Equesis 0.81 1.60 6.12 0.55 0.62 0.78 0.98
Whiteman 0.02 0.05 0.170 - No Hydrological Data -
B-X Creek 0.02 0.05 0.07 - No Hydrological Data -
Powers 0.21 0.97 1.44 0.14 0.36 0.63 0.71
Peachland 0.14 0.92 2.05 0.08 0.17 0.48 0.56
Lambly 0.02 0.05 0.09 - No Hydrological Data -
J




vi abl e sustai ned fish population, but would result in a
significant decline in angler success rate.

[f mnimumflow requirenents were net either through
nodi fied flows or increased storage, it would then be feasible
to i nmprove spawni ng habitats in the | ower reaches of selected
tributaries. Such action would not be justified at present due
to the high frequency of flow deficits during the sunmer
nmont hs. Tables 17.16 and 17.17 show that habitat inprovenent
woul d generally increase potential harvest capacities for both
trout and kokanee in M ssion, Trepanier and Equesis Creeks.
| ndeed, these three creeks would account for alnost all pot-
ential harvest available fromtributary spawni ng kokanee and
trout.

The potential harvests di scussed above are based on maxi mum
harvests allowable to nmaintain a sustained fishery popul ati on,
t hough angling success rates would drop sharply. To maintain
current angling success rates, a snaller potential harvest
capacity is available, and evaluated for both high and | ow
projections of water withdrawals to 2020 in colums 4-7
i nclusive, of Tables 17.16 and 17.17. M ssion and Equesis
Creeks continue to provide nost of the fishery potential. In
view of the potential inportance of these creeks and Trepanier
Creek, detailed evaluations of water nmanagenent alternatives
required to assure mninmumflows were assessed.

M ssi on Creek

By 2020, if the present operation and storage capacities in

M ssion Creek watershed remai n unchanged, only about 10% and 4%
of potential harvests of kokanee and trout respectively would
be available. Modified operation of existing storages,

however, would significantly decrease water deficiencies for
fisheries from 11,900 acre-feet to 8,000 acre-feet in dry years
(Table 17.18). By itself, this managenent alternative would

not inprove kokanee harvest capacities as zero flows woul d

still occur in dry and average runoff years in Septenber though
trout harvest capacities would be enhanced.
TABLE 17.18

WATER DEFICI TS FOR FISHERIES IN M SSI ON CREEK BY 2020 ASSUM NG
EXI STI NG STORAGE AND ALTERNATI VE OPERATI NG RULES

HIGH LEVEL OF LOW LEVEL OF
IRRIGATION DEVELOPMENT IRRIGATION DEVELOPMENT

OPERATING DEFICITS (Acre-Feet) DEFICITS (Acre-Feet)

RULE DRY YEAR AVERAGE YEAR | DRY YEAR AVERAGE YEAR

UCEEI 14,800 9,800 11,100 5,700

Operation > > ’ ’

Modified

Onoration 11.300 5,400 8,000 500

Reduction

in Deficits| 3200 4,400 3,100 5,200




To enhance the sport fishery in Mssion Creek, full fishery
fl ows should be assured in approximately 8 years out of 10 in
the average of dry and average runoff conditions. Thus, an
additional 3,000 to 4,000 acre-feet of storage would be required
over and above nodified operation of existing storages. Pre-
[imnary hydrologic investigations indicate that approxi mately
4,000 acre-feet of additional storage are available in MCull ock
Creek, tributary to Mssion Creek (Table 17.18). Devel opnent of
this storage woul d cost approxi mately $1, 000, 000 or about
$110, 000 annual lvy.

Equesi s Creek

Due to limted devel oped headwater storage in Equesis Creek,
nodi fi ed operation of this storage woul d not be feasible w thout
significantly reducing carry-over storage in drought years.
Present fishery deficits in average-dry runoff conditions total
700 acre-feet annually, and prelimnary hydrol ogi c studies

i ndicate that 150 acre-feet could definitely be devel oped on

Pi naus Lake, and if an additional 550 acre-feet are not
avai l abl e, sonme or all of that required m ght be purchased from
the irrigation district. Total costs of devel opi ng or purchasing
water rights for 700 acre-feet are estimated at $175,000. There
does not appear to be any additional storage for irrigation, and
consequently no expansi on of existing agricultural acreage is
recommended, so that fishery flows, which command higher net
benefits, can be guaranteed.

Tr epani er Creek

As no storage sites were identified on Trepanier Creek, the
current fishery deficit of 2200 acre-feet would have to be
punped from Ckanagan Lake. This alternative is relatively

I nexpensive as the spawning beds lie within one mle of the
creek mouth. Total costs (1970 dollars) are estinmated at
$137,000 wi th annual costs (anortization, operation and

mai nt enance) of $55,000. Inprovenent to natural reproductive
habitat would also be required to realize nmaxi mnum harvest
potential, at a cost of approximtely $100, 000.

The estimated costs of enhancenent of natural reproductive
habitat for kokanee and rai nbow trout in M ssion, Equesis and
Trepanier Creeks are conpared in Table 17.19. It is anticipated
t hat managenent of these three basins towards the goal of
realizing their maxi mum potenti al harvest capacities, together
wi th protection and enhancenent of shore-spawni ng habitats, and
presently existing stream spawni ng habitats, could satisfy
potential angling demands to about 2000. As successively |ess
water may be available for fisheries after this date, additional
harvest potentials may be expected to decline by 2020.

Addi tional fishery production to neet expandi ng angl er demands
woul d then have to be obtained fromartificial spawning
facilities, or fromenhancenment of shore-spawning habitats.

Annual benefits associated with the rehabilitation of
natural spawning in the three creeks are also shown in Table
17.19. These benefits include net econom c val ues derived from
tourist expenditures as well as social values based on anglers




TABLE 17.19

OKANAGAN SPORT FI SHERY MANAGEMENT EVALUATI ON MATRI X

IN M SSI ON, TREPANI ER AND EQUESI S CREEKS

KOKANEE TROUT COSTS CAPITALIZED BENEFITS
ALTERNATIVE INCREMENTAL TOTAL INCREMENTAL TOTAL
HARVEST HARVEST HARVEST HARVEST CAPITAL ANNUAL ECONOMIC SOCIAL
No. x 1000 No. x 1000 ($1000) ($1000) ($1000) ($1000)
Mission Creek
1. modified discharge - 1212.7 6.9 24.8 = -
2. increased storage 78.7 1291.4 28.1 52.9 $ 1,000.0 $ 110.0
3. streambed improvement 120.8 1412.2 89.0 141.0 400.0 44 .4
TOTAL $ 1,400.0 $ 154.4 $ 741.8 | § 923.5
Equesis Creek
1. increased storage 43.0 1418.1 6.0 141.5 $ 175.0 $ 18.0
2. streambed improvement 28.5 2.
TOTAL $ 202.5 $ 20.5 $ 112.4 1% 139.8
Trepanier Creek
1. pumping 83.5 1499.6 4.7 145.2 § 173.04 § 5.
2. streabed improvement 100.0 10.5
TOTAL $ 273.0 $ 65.5 $ 202.3 | $ 251.8
TOTALS 3,260 131.7 $ 1,876.5 $ 240.5 $ 1,056.5}1% 1,315.2




expression of the value of an angler-day. It was assuned that

t he existing standing stock would satisfy angler demands to
1975, but there would be a 10% decline in potential angling
demands by 1980 if no managenent neasures were inpl enented.
After 1980 it was assuned that 50% of the potential demand woul d
not accrue, due to declining success rates. Under these
assunptions, the total econom c benefits for Ckanagan Lake

fi shery enhancenent capitalized over the next 50 years, would
total over $1 million conpared with total capital investnent
(not discounted) of 1.9 mllion. There are additional social
benefits of 1.3 mllion, which would justify such an investnent,
provi ded social values were taken into the eval uation of
alternatives

Artificial Reproductive Habitat

Di scussion in the preceding section indicated that the inportant
creeks with fishery spawning potential are all situated al ong
the central or northern part of Okanagan Lake. The creel census
survey showed that angl er success for both kokanee and trout
were very much |lower in the southern portion of Ckanagan Lake
than el sewhere in this lake. In lieu of good natural spawning
habitat in the southern tributaries to Ckanagan Lake, a nunber
of possibilities to artificially increase harvest potential in
this part of the | ake were exam ned.

The rel ative productivity and costs of:

1) a spawni ng channel

2) an i ncubation channel

3) I ncubati on boxes, and

4) a hatchery, were investigated for devel opnment on the
| oner reaches of Trout Creek. An incubation channel was
sel ected as the nost feasible alternative for Trout Creek on
the basis of costs of production per harvestable fish.

TABLE 17. 20
EVALUATI ON OF AN | NCUBATI ON CHANNEL PROPOSED ON TROUT CREEK

PRESENT HARVEST HARVEST v TOTAL ANNUAL
POTENTIAL WITH CHANNEL TOTAL ANNUAL BENEFITS
(No. X 1000) (No. X 1000) COSTS ($1000)
KOKANEE JRAINBOW TROUT|KOKANEE [RAINBOW TROUT ($1000) ECONOMIC | SOCIAL
1.5 0.3 25.4 4.8 17.2 32.6 99.0

Eval uation of such an incubation channel is presented in
Table 17.20. At present, the south basin of kanagan Lake
captures approximately 10% of the total Ckanagan Lake angling
effort, and it was assuned that if the Trout Creek incubation
channel was constructed, this demand could rise to 20% or
approximately equal to the region's relative share of the total
Okanagan Lake Basin popul ation. under this assunption, the
benefit : cost ratio of an incubation channel woul d be about
2:1, if only econom c values are accounted, and over 7:1 if
soci al val ues are included.



In the case of kokanee, additional harvest potential is
avai |l abl e from shore-spawni ng habitats, which presently (1971)
deliver an estimted 140,000 harvestable fish. O the present
escapenent, about 663,000 could be renmoved fromthis popul ation
and still maintain a sustained yield, although it is assuned
that this extraction would involve a drastic reduction in catch-
per-unit-effort.

Harvest potential from shore-spawni ng kokanee coul d be
i ncreased through better controls on Okanagan Lake | evels.
Prelimnary studies have indicated that all spawning takes place
within 5.5 feet of the surface and that kokanee production
| evel s woul d be maxim zed if |ake levels were to fluctuate |ess
t han six inches between Cctober 1 and February 28. Cbviously,
| ake | evel s cannot be controlled solely for protection of shore-
spawni ng kokanee, but if other factors are taken into
consideration, it would appear that nore careful nanagenent in
dry and average runoff years could enhance this conponent of the
Okanagan fishery. Inprovenents to the shore-spawni ng habit at
could potentially increase harvest yields, but this alternative
could only be evaluated with nore study on this aspect of
kokanee life history.

Summary of Ckanagan Lake Fi shery Managenent

It is apparent that Okanagan Lake sal nonid popul ations, the

mai nstay of the main valley |ake fishery, are going to fall far
short of supplying anticipated angler demands if a nunber of
steps are not taken.

1) Annual extraction of kokanee could be increased al nost
five-fold and still maintain a sustained yield. However, it is
assunmed catch-per-unit-effort would drop markedly, as would
angl er satisfaction. So, while biologically feasible, this
alternative is not deenmed to be socially acceptable. A two-fold
i ncrease in kokanee harvest is potentially possible with
nodi fi ed streanfl ows and maxi nrum enhancenment of natural habitat.
Angl er demand is espected to increase 4.28 tinmes. Thus, by 2020
artificial facilities are going to have to produce just over
one-hal f of the assuned kokanee demand, based on nodified
operation of tributaries. It is unfeasible to carry out any

nat ural habitat enhancenent progranms, if historic water
managenent continues. The m ninum fl ow requirenent deficits by
2020 woul d make i nprovenents superfluous due to |ack of water.

2) It is possible to supply kokanee in excess of projected
demands to 2000 by nodifying flow, creating storage and
rehabilitating natural habitat. A corresponding increase in
angl er success woul d be expected. Doing nothing-i.e. historic
fl ows and no enhancenent, would result in a decrease in the
nunber of harvestabl e kokanee avail abl e in 2020. Considering
the | ake as a whole, no artificial facilities would be required
until after 2000, though the southern portion of the |ake is not
produci ng sport fish at an average level, so artificial
facilities are considered earlier in Trout Creek in an attenpt
to correct this intra-|ake discrepancy.

3) Rai nbow trout production in the lake is simlar to kokanee
production; the sane problens exist. Rainbow trout demands
however, can be entirely satisfied



by natural stream enhancenent and in fact harvest could be
increased 2.5 tines in 2020 by this neans; creating a nuch-needed
i ncrease in angler success (catch-per-unit-effort) for this
species. As with kokanee, this increase is based on assum ng
nodi fi ed operation of streamflows. No action on the part of
fishery and/ or water managers would again result in less fish
avai l able in 2020 than at present.

In order to maintain available fish harvest production in
step with angling demands from 1970 to 2020, najor enphasis has
been pl aced on rehabilitating natural spawning habitats in creeks
offering the greatest benefit:cost advantages. Consideration was
al so given to providing additional fish harvests in the southern
basi n of Ckanagan Lake through provision of artificial spawning
facilities. A suggested sequential fisheries enhancenent program
for both kokanee and rai nbow trout is presented in Table 17.21.
It should be noted that the angler success rates for kokanee nay
margi nal |y decrease from present rates over the next 50 years,
that for rainbow trout should increase two-fold. By inplenmenting
this program the stated objective of maintaining or enhancing
angling success with justified investnents can be essentially
achi eved.

Skaha Lake

The |l evel of water quality in Skaha Lake has reached opti mum
conditions for the production of sal nonid sport fish stocks. Any
further enrichnment of the | ake would |ikely create oxygen
deficiencies in the hypolimion and rapid reduction in sal nonid
fishes. Even assuming that water quality will be naintained or

i mproved, if no fishery enhancenent programis undertaken, angler
success | evels may be expected to fall significantly (Table

17. 15).

Due to limted natural stream spawni ng habitat around Skaha
Lake, any significant increase in kokanee or rainbow trout
harvest capacities will be dependent on artificial propagation.
Furthernore, as rainbow trout and possi bly kokanee are subject to
excessive predation in the | ake, natural or artificial stocking
at 2500/1 b would possibly result inlittle increase in harvest
capacities. This "bottleneck’ can be overconme by stocking trout
and kokanee in sizes of 50 and 10/1 b.

Costs and benefits of a proposed hatchery for Skaha Lake are
presented in Table 17.14. It was assuned that prior to hatchery
construction, certain other nodifications including inprovenment
of Ckanagan Ri ver discharges and enhancenent of natural spawning
habi tat woul d be undertaken. This stocking programwould |ikely
i ncrease angling success rates substantially, particularly for
rai nbow trout, but would cost sonme $228,000 annually by 2020.

Annual benefits associated with the enhancenent of Skaha Lake
sport fishery were estimated on the basis that 65% of the
proj ected angling-day demands (high estinmate) above the 1970
| evel woul d be due to inproved rainbow trout fishing. This
assunption is based on the finding that 65% of the nmain valley
| ake fishernmen preferred catching trout to kokanee.




TABLE 17.21
SPORT FI SHERY MANAGEMENT PROGRAM FOR KOKANEE AND RAI NBOW TROUT
| N OKANAGAN LAKE, 1970-2020

INCREASED
DATE OF HARVEST ANNUAL ANNUAL COST
IMPROVEMENT ComvEN-| KOKANEE] TROUT| COSTS | PER HARVESTABLE
CEMENT No. x 1000 UL
toglenent Okanagan Lare e o2 | oo | e |
irigtate mogttted omerattons | gz | o | o | a
povelopment of Storage on 1976 78.7 | 28.1 110.0 $1.03
o0 | a5 | a7 | el so
Incubation Channel in 1980 25.4 4.8 17.2 $0.57
Eﬁggﬁil;gaﬁﬁngigj;g" 1990 | 120.8 | 89.0 44.4 $0.21
Eﬁhggﬁélfgtéggei"d Storage 1990 43.0 6.0 20.5 $0.42
Enhancement of shore-spawning 2000+ To be determined
Egigg‘;:hfggﬁi32d1"°“b3t10" 2000+ To ﬁe determired




Under this assunption, anticipated increases in net
expendi tures by nonresident anglers would not pay for the
hat chery program However, social benefits over and above
net econom c val ues coul d exceed annual costs if the nunber
of angling days in the | ake were to increase to sone 34,000
by 2020. This demand is possible due to the values placed on
good rai nbow trout fishing and the general lack of it in the
mai n val l ey | akes. Devel opnent of such a stocking program
could also relieve angling pressure on the headwater | akes,
and thus should be coordinated wth any future stocking
program for these | akes.



CHAPTER 18

Ckanagan Ri ver
Fi shery Managenent

Rai nbow trout and sone nountain whitefish are taken by
anglers in various reaches of Okanagan R ver, but particularly
in the short section imedi ately bel ow Skaha Lake and in the
"uni nproved" section belowthe S.OL.1.D. Dam Predom nantly
coarse fish are caught in other parts of the river, wth sone
ganme species taken in association with the drop structures just
above (Osoyoos Lake. Sockeye sal non spawn in the | ower river
section, particularly in the uninproved reach below S.O L.1.D.

The river, except for the uninproved section, has little
I nherent sport-fish producing capability. Availability of
fish in the river appears to be heavily dependent on
mgration fromthe nmain valley | akes, and hence is nost
realistically evaluated on that basis. It could not be shown
that the preferred sport fishes were particularly sensitive
to realistic discharge alternatives, so no serious evaluation
was attenpted in this regard.

Sockeye sal non reproduction in the river, on the other hand,
IS very sensitive to discharge by way of a conplex array of
seasonal | y dependent rel ationships. Various discharge
alternatives were eval uated agai nst present operation and in
turn agai nst a hypothetical idealized regine in terns of

relative suitability for sockeye. It was assuned that
escapenent woul d be reduced in proportion to the extent to which
di scharge regi ne departed fromthe ideal. Enhancenent neasures

were evaluated in view of the carrying capacity of Osoyoos Lake
for progeny, derived on the basis of Zoopl ankton standi ng crop
which is a function of |ake productivity.

18.1 SPCORT FI SHERY MANAGEMENT ALTERNATI VES
18.1.1 Future Angling Demand and Fi shery Potentials

No projections are available of anticipated future angling
demand in Ckanagan River. The availability of fish in the river,
particularly in the channelized reaches, appears to be heavily
dependent on mgration fromthe main valley | akes. Thus, the
status of populations in the latter will, to a | arge degree,
determi ne "spin-off" fishery opportunities in the river. The
nost sought-after species (rainbow trout) appears to be
generally insensitive to the feasible mainstem operating
al ternatives which were nodell ed. An exception would seemto be
Alternative 2, which it is predicted, would exert a definite
negati ve effect on rainbow trout. This negative effect is
broadly based on the |ife history of this species.




It is apparent that future fishery managenent alternatives for
kanagan River will be largely dictated by the nanagenent
policies adopted for Skaha and OGsoyoos Lakes. Accordingly, no
eval uati on was attenpted

18. 2 SOCKEYE SALMON FlI SHERY ALTERNATI VES
18.2.1 Present Status

The Ckanagan Ri ver between Vaseux and Osoyoos Lakes is the
maj or reproductive habitat for sockeye sal non ascending the
Columbia River. The total Colunbia Sockeye escapenent has
aver aged about 95,000 fish annually since 1961, of which an
aver age of about 19,000 have spawned in the Ckanagan River.

It is anticipated that future use of the water resources
of the Okanagan Basin is |likely to cause the sockeye
production to fluctuate even nore widely fromyear to year,
and to coll apse conpletely before the m ddle of the next
century if present mminstem operations are not revised.

18.2.2 Effects of Minstem Fl ow on Reproducti ve Habit at

Quantity alternatives of the mainstem Ckanagan Ri ver are
outlined in Table 18.1. Effects of these water nanagenent
activities are also tabulated. Alternative 1(a) is the present
operating condition. It is assuned to neither positively nor
negati vely affect the popul ation for purposes of this analysis.
It is noted that only Alternative 2(a) has a negative effect on
t he sal non population - all other alternatives (except the
present 'nul' condition) are expected to approxi mately doubl e
the escapenent if present sal non managenent policies are
conti nued. An approximate doubling of escapenent would result
in a total annual commercial catch of 56,000 sockeye at the
i ncreased catch-to-escapenent ratio of 0.3:1 to 0.5:1. Such an
I ncrease woul d be conpatible with the availability of natura
spawni ng habitat in the river and the capacity of Osoyoos Lake
to accommopdate the fry that spend a year rearing in that | ake.
This analysis is overly liberal as it assunmes no change in the
popul ation if present nmainstem operation continues. |In fact, it
I's not zero, but sonme negative value thus the other val ues
shoul d al so be downgraded to some unknown degr ee.

18.2.3 Construction of Artificial Reproductive Habitat

It has been proposed that the saving of water by reduction
of discharges in the Ckanagan River at certain critical seasons
woul d conpensate the cost of construction of a spawning channe
adjacent to the river. Such a channel would be designed to
satisfactorily accomopdate an annual escapenent of sockeye
sal non equi valent to the present average run size, at reduced
river discharges.

The channel capacity would be 3,000 fenmal e sockeye at a
total cost of over $500,000 and with an estinmated annual cost
i ncluding anortized capital, operation and mai ntenance, of
$54, 200.




TABLE 18.1

RELATI VE EFFECT ON OKANAGAN RI VER SOCKEYE SALMON

OF VARI OQUS MAI NSTEM OPERATI NG ALTERNATI VES

RELATI VE SCORE

ALTERNATIVE

PRESENT (1970)

FUTURE (2020)

(a)

Null operations
Fish incidental

Null operations
Fisheries all the time

+7

(a)

Water Conservation and
Flood Control

Fisheries Incidental

(b)

Water Conservation and
Flood Control

Fisheries all the time

+8

+8

Maintenance Okanagan
Lake levels under null
operation through imp-
ortation of water

Fisheries Incidental

+7

+7

Maintenance Okanagan
Lake Levels with im-
proved intakes and
Flood Control

Fisheries all the time

+8

0

+10
-10

- Null

Condi tion = Average Spawni ng Run of

19, 000 Sockeye accommopdat ed

Maxi mum Spawni ng run of 50, 000 Sockeye accommodat ed
No spawni ng due to Water Quantity Limtations




Construction of such a channel would allow changes to be
made in salnon-oriented flow requirenments for the Ckanagan
River as given in Table 18.2. These changes woul d al | ow
greater flexibility in choosing water nmanagenent options for
t he Ckanagan system while not endangering the salnon run. The
total saving of water in one year - assuming mninmmflows in
all twelve nonths - would be 19, 825 acre-feet.

18. 2.4 (Osoyoos Lake Constraints

Based on estimates of the kokanee carrying capacity of
OCsoyoos Lake, the correspondi ng | ake capacity for indigenous
sockeye salnon fry was determned. It was estimated that no
constraint is likely to be inposed on the nunber of sal non able
to utilize the Ckanagan system by this aspect of their life-
cycl e requirenents.

Wth respect to the outflow from Osoyoos Lake, sockeye
snmolts mgrate downstreamto the Colunbia River during April,
May and June (R Allen, personal conmunication). The absolute
m ni nrum di scharge necessary to ensure successful passage of the
outgoing snolt mgration is about 50 cfs.

TABLE 18.2

OKANAGAN RI VER DI SCHARGE REQUI REMENTS FOR SOCKEYE SALMON | N NATURAL
RI VER CHANNEL, AND W TH SPAWNI NG CHANNEL CONSTRUCTI ON

PRESENT SALMON REQUIREMENTS SPAWNING CHANNEL REQUIREMENTS
MONTH MINIMUM MAXIMUM MINIMUM MAXTMUM
August 300 cfs 450 cfs 300 cfs 450 cfs
September 350 550 350 550
October 350 500 100 -
November 175 1000 75 -
December 175 1000 75 -
January 175 1000 75 -
Feb, 1-15 175 1000 75 -
Feb., 16-28 175 1000 175 -
March 175 1000 175 -
April 175 1000 175 -




CHAPTER 19

General D scussion
and Concl usi ons

The present and potential annual fish harvest capacities
estimated for the various aggregate conponents of the Ckanagan
fishery resource systemare summarized in Table 19.3. It is
apparent that nost of the inherent capacity within the Basin to
produce sustainable yields of fish for human use occurs in the
headwat er and main val | ey | akes. The streans and river offer
relatively little opportunity for in-channel fish production.

Sal noni ds offer the bulk of present as well as foreseeable
future sport harvest opportunities. Kokanee dom nate this
resource base nunerically, primarily due to their prom nence in
Ckanagan Lake, as shown bel ow

TABLE 19.1

TOTAL SALMONI D FI SHES® AVAI LABLE TO PRESENT SUSTAI NED ANNUAL
HARVEST | N LAKES OF THE OKANAGAN BASI N

KOKANEE RAINBOW TROUT

Percent Percent

Number of Total of Total

LAKE(S) of Lakes No. X 1000 Salmonids No. X 1000 Salmonids
Headwater lakes (137) 0 0.0 139+ 9.6
Main valley Takes { 6) 1,283 88.8 23 1.6
AT1 lakes (143) 1.283 88.8 162+ 11.2
Okanagan Lake ( 1) 1,129 78.1 18 1.2
Skaha Lake ( 1 96 6.6 1 0.1

‘Based on kokanee and rai nbow (+ brook) trout only.

The dom nant position of the Okanagan Lake fish fauna in the
overall GCkanagan Basin sport-fishery resource base is a direct
reflection of |ake areas. Table 19. 2:

TABLE 19.2
TOTAL SURFACE AREA OF ALL LAKES IN THE OKANAGAN BASI N
HARBORI NG SPORT- FI SHI NG OPPORTUNI T1 ES

Number
LAKE(S) of Lakes Acres Percent
Headwater lakes (137) 10,904 9,
Main valley lakes ( 6) 104,054 90.

A1l Tlakes (143) 114,958 100.
Okanagan Lake ( 1) 85,990 74,
Skaha Lake 1) 4,967 4,

Ww oo o u»




TABLE 19.3

SUMVARY OF ESTI MATED PRESENT (AND REALI STI C POTENTI AL) MEAN ANNUAL SUSTAI NABLE FI SH HARVEST CAPACI TI ES

FOR THE BASI C OKANAGAN BASI N FI SHERY COMPONENTS, 1970 LEVEL OF DEVELOPMENT

LR DRSO F£SH Marginal Lake Coarse Fish
Kokanee | Rainbow Trout Other Sport Fish {Sockeye Salmon Whitefish |Preferred|Marginal
Present (Pot.) [Present’(Pot.)[Present only|Present only Pnr'esent(Pot.)q Present only
FISHERY COMPONENT (No. X 1000) (No. X 1000) (Lb. X 1000)|(Lb. X 1000) (No. X 1000) (Lb. X 1000) (Lb. X 1000)
A. Headwater lakes (E1.) -
< 3501°¢ s (-) 57.9 (183.8) - - - -
3501 - 40007 - (-) 14.4 ( 53.2) - - - -
4001 - 4500 - (=) 53.6 (304.5) S = - -
4501 - 5000 - (-) 5.1 ( 54.2) - - - -
5001 - 5500 - (-) 6.5 ( 54.3) - = = =
>~ 5500 - (-) 1.5 ( 23.4) - - - -
TOTALS - (-) 139.0 (678.4) - - * +
B. Tributary streams - (-) 32.2 ( 38.4) - - - -
C. Main valley lakes:
Wood 7.1 ( 13.2) 0.1 ( 1.4) 0.5 - - 28.9 18.8
Kalamalka 25.7 ( 37.3) 2.8 ( 6.5) 2.2 = = 1.2 1.3
Okanagan 1128.7 (2347.7)] 17.9 (197.0) 4.5 13.0 18.9 28.4 35.3
Skaha 95.8 ( 209.8) 1.4 ( 2.3) 0.6 0.2 13.3 7.0 8.1
Vaseux 0.5 ( 0.8) 0.1 ( 0.1) 0.1 0.3 3.3 1.4 3.8
0soyoos 25.5 ( 40.2) 0.2 ( 0.2) 1.3 0.2 3.9 15.6 5.1
TOTALS 1283.3 (2649.0)| 22.5 (207.5) 9.2 13.7 15.1(58.0) 39.4 82.5 72.4
D. 0Qkanagan River + (+) 0.5 ( 0.5) + - + +
3 X?{Atgéponents 1283.3 (2649.0)| 194.2 (924.8) 9.2+ 13.7+ 15.1(58.0) 29.4 82.5+ | 72.4+

’I ncl udes brook trout with respect to headwater takes and tributary streans,

Tugui nuit Lakes.

*Based on present management and with reference to "present" stocking.

‘Utinmate potential.

‘Based on adoption of mainstem operating alternative 1b, or 3a and 3b, plus

(See Table 18.1).

‘Excl udes Swan,

Ellison and

"Excl udes Hydraulic Lake.

certain other assunptions




Ckanagan Lake dom nates the sport-fishing participation in
the Basin, but anglers do show a neasure of preference for
fishing the headwater | akes, so that the dom nance of Ckanagan
Lake in regard to angling participation is much | ess
overwhelmng than is its surface area and its basic fish harvest
capacity, as illustrated in Table 19. 4.

TABLE 19.4

TOTAL ANNUAL (1971-72) ANGLI NG PARTI CI PATION ON ALL LAKES IN THE
OKANAGAN BASI N HARBORI NG SPORT- FI SHI NG OPPORTUNI TI ES

Number Angling
LAKE(S) 0f Lakes Days Percent
Headwater Lakes (137) 65,882 43.8
Main Valley Lakes ( 6) 84,600 56.2
A1l Lakes (143) 150,482 100.0
Okanagan Lake ( 1) 70,350 46.7
Skaha Lake ( 1 6,650 4.4

Among the six main valley | akes, Ckanagan Lake wi th 83% of
the surface area al so receives 83%of the angling participation
It can thus be surm zed that the better availability of fish in
Okanagan Lake, as indicated by catch per-unit-effort nore than
doubl e that of any other main valley | ake, over-rides the
negative influences of the |large surface area to sone extent.

The total annual sport-fish harvest is nuch greater fromthe
headwat er | akes than woul d be anticipated on the basis of
proportionate surface areas al one, as shown in Table 19.5 bel ow

TABLE 19.5

TOTAL ANNUAL (1971-72) SPORT-FI SH CATCH FROM ALL LAKES IN THE
OKANAGAN BASI N HARBORI NG SPORT- FI SHI NG OPPORTUNI T1 ES

Lake(s) Oﬁumtzges Oﬁum??gh Percent
Headwater Lakes (137) 125,465b 32.4
Main Valley Lakes ( 6) 262,047 67.6
A1l Lakes (143) 387,512 100.0
Okanagan Lake ( 1) 248,777 64.2
Skaha Lake (1) 7,258 1.9

‘Based on boat-fishermen only
"Actual | y based on 57 "key" |akes only.



It is apparent that the headwater |akes sport-fish catch is
not as great as would be anticipated fromthe distribution of
angling participation. Indirectly evident here is the higher
catch-per-unit-effort in Ckanagan Lake than in any of the other
| akes (except those lightly-fished headwater |akes at the
hi ghest el evations). The high catch-per-unit-effort from
Okanagan Lake is mainly a reflection of the availability of
kokanee. This conparison is shown in Table 19.6.

TABLE 19. 6

TOTAL FI SH KEPT PER ANGLI NG HOUR FROM ALL LAKES | N THE OKANAGAN
BASI N HARBORI NG SPORT- FI SHI NG OPPORTUNI Tl ES

Number
LAKE(S) of Lakes Kokanee | Rainbow Trout | Other Total
Headwater Lakes? (137) 0.000 0.513° 0.000 | 0.513
Main Valley Lakes (Excl- ( 5) 0.270 0.046 0.043 0.359
uding Okanagan Lake)®
Okanagan Lake (1) 1.265 0.059 0.001 1.325
Skaha Lake ( 1) 0.314 0.072 0.000 0.386

°Based on boat-fishermen and ice-fishermen only (Wi ghted according to
angling participation at each el evati on range).

I ncl udes sone brook trout.
‘Based on boat-fishermen only.

The Ckanagan Basin harbors a sport fishery of considerable
val ue. Presently, nmuch of the econom c value associated with it
is based on activities of non-resident anglers who cone to the
Basin primarily to fish. There appears to be an increase in
non-resident participation in the fishery, but nmuch of this is
attributable to tourists who conme to the Ckanagan to enjoy a
"package" of outdoor recreation experiences. To maxim ze
econom ¢ benefits, inproved fishery nmanagenment m ght be |inked
wi th publicizing the resource to nore serious anglers who woul d
visit the Okanagan primarily to angle.

Future fishing patterns m ght be controlled through econom c
means such as charging for access or increasing |licence fees.
Such an approach woul d involve many political and economc
i nplications associated with the pricing of access to public
lands. As it appears likely that future sport fishery
managenent in the Ckanagan will cost considerably nore than at
present if projected demands are to be satisfied, the question
of who shall pay will beconme at once both nore inportant and
nore conplex. Since nore non-resident anglers m ght be
attracted to the Ckanagan, the region will benefit directly and
indirectly through their spending. Also, inproved sport fishery
managenent not only provides a greater range of recreational
opportunity for Valley residents, but also | eaves themw th sone
satisfaction that the environment is being properly cared for.
In general, the Ckanagan Basin residents would be the principal
beneficiaries of intensified fishery managenent. Presently
there is not an adequate financing systemto apportion



costs on an equal basis. It was beyond the scope of this study
to attenpt to fit the Ckanagan Basin sport fishery into a

provi ncial context, either economcally or on a priority basis.
Thi s now becones a function of the responsi bl e nmanagenent
agency.

The capability of the headwater | akes to produce harvestabl e
trout is heavily dependent upon artificial stocking prograns.
I ntensification of current progranms may keep the nunbers of
harvestable trout at a level to maintain 1971 success rates on
the average. The margin of safety by 2020 is small (about 4%
and it may be expected that sonme |akes will receive extrene
angling pressure within the next 10 to 15 years, if managenent
gui delines are not formulated to spread the angler utilization
nore evenly anmong nost of the 137 | akes.

Stocking requirenents will reach 5.2 mllion fry by 2020,
an increase of 3.05 tines the average nunber presently being
stocked. Current managenent dictates stocking of trout at about
500/ 1b size. In the future, consideration should be given to
stocking of larger sizes (i.e. 50/1b). Specific heavy-use | akes
may require "put and take" stocking of catchable size fish, as
demand surpasses | ake productive capacity.

The potential trout harvest capacities of tributary streans
was estimated to be about 32,000 trout annually, which could be
i ncreased by about 16% by nore beneficial water managenent.
However, such changes in water nmanagenent may have detri nental
effects upon main valley | ake spawni ng popul ati ons and possi bly
upon headwat er popul ations. Such inplications should be kept in
mnd in future nmanagenent decisions. Despite their |ow absolute
potentials, it is noted that streamfisheries do provide a
different type of recreational experience than does |ake
fishing. |[If managers deemdiversification of angling
experiences valuable, then streamfisheries will warrant sone
speci al consi derati ons.

It is evident (Figures 17.1 to 17.4) that drastic intensive
managenent steps are going to be necessary to maintain the main
val l ey | akes fisheries in keeping with future angling demands.
The basis for all of the managenent requirenents is a revised
operation of stream di scharge taking sonme cogni zance of fishery
requi renents. w thout adequate water at critical periods and
| arge capital investnent in habitat inprovenents, and artificial
spawni ng and rearing facilties, the sport fishery of the
Okanagan main valley |lakes is certain to steadily decline.

The basic productive capacity of the main valley |akes is
nore than adequate to maintain a sport fishery to 2020 at
present or enhanced angler success rates. The limting factor is
reproductive habitat. Significant opportunities exist in nost
cases to enhance sal nonid popul ations by inproving natural
reproductive habitats. |In Ckanagan Lake for exanple, potenti al
harvests of rainbow trout and kokanee could be increased 8.0 and
2.5 tinmes respectively if tributary discharges were nodified, if
specific fisheries storage were acquired and if existing habitat
were inproved to optinmum | evels.




Proj ected demands on Okanagan Lake can be satisfied to about
the year 2000 if M ssion, Trepanier and Equesis Creeks are
assured of mnimumrequired flows (by storage, nodified
operation or both) and if the natural spawning areas are
maxi mal | y enhanced. Adequate mninmumflows in all but drought
years are essential prior to any full-scal e enhancenent program
The necessary streamwater is the keystone to building a good
spawni ng and rearing area in Okanagan tributary streans. After
2000 the tributary streanms, even fully enhanced, will not supply
adequate nunbers of fish to the |akes to satisfy projected
demands. Artificial facilities nust then be depended upon.

Because of the large sizes and conpl ex indigenous fish
faunas of the main valley |akes, artificial reproductive
facilities are generally less attractive than for headwater
| akes. Inportant exceptions do exist, where potential for
natural reproductive systens is neagre or |acking. Three such
cases are suggested:

(a) wth regard to rainbow trout in Skaha Lake,
(b) wth regard to rainbow trout in Osoyoos Lake
(c) wth regard to kokanee in the south end of Okanagan Lake.

A main | akes hatchery is proposed to resolve the first two
probl ens, while an incubation channel is suggested for the
t hird.

The Okanagan River sport fishery is dependent primarily upon
sport fish populations of Skaha, Vaseux and Gsoyoos Lakes. No
projections of future angling demand were nmade, and no
reconmendati ons are nade.

Sockeye sal non that spawn annually in the Ckanagan River may
be elimnated before the mddle of the next century if current
mai nst em operati ons are conti nued. However, of six viable
operating alternative investigated, four could cause the sal non
run to increase two-fold. By a judicious conbination of water
qual i ty managenent and better managenent of the commercia
fishery, the contribution of the Ckanagan Ri ver excapenent to the
commercial catch would be increased by at |east two-fold.

An alternative to discharge regine inprovenent to benefit the
sal non, is the construction of a spawni ng channel, which woul d
ensure propagati on of the present annual escapenent at an annua
cost in excess of $50,000. Although this would allow greater
flexibility in river discharge operations, it is not recomended
as a viable alternative at the present tine.

The present analysis reveal ed no instances where | ake
carrying capacities were exceeded, or even approached, by the
enhancenent neasures for fry production (kokanee, rainbow trout,
and sockeye sal non) which were identified. This is perhaps the
nost significant and over-riding conclusion to energe fromthe
anal ysis, i.e. that extensive excess rearing capacity for
sal nonid fishes does exist in all of the Ckanagan | ake
categories, and that this excess is particularly large for:



(a) Kokanee in all the main valley |akes,

(b) Rainbow "trout in all the main valley | akes(except
per haps Kal amal ka Lake, and

(c) Rainbow (or brook) trout in headwater | akes at al
el evati ons.

It is again enphasized that nost of the data base and
procedures enployed in this analysis incorporated hypothetical
and arbitrary elenments, so that the exercise is primarily
denonstrative rather than definitive. One of the major and

recurrent shortcom ngs was the need, in the absence of data,
to assune |inear relationships for the various nodels which were
devel oped. In fact, nost of the biological inter-relationships

and causes-and-effects probably have a much nore conpl ex form

It is none-the-less proposed that the fundanental
concl usi ons advanced are valid in general scope and principle if
not in detail. A "practical" denonstration of this has been the
recent successful introduction of |ake trout to Kal amal ka Lake
(Northcote et al M5 1972). Present utilization of Kal amal ka
Lake carrying capacity by rainbow trout (the top indigenous
carnivore species) is estimated to be 32% highest anong all the
mai n valley | akes. Yet the residual excess carrying capacity
(in approximately this sane ecol ogi cal niche) was sufficient to
permt the |ake trout to becone firmy established. Fifteen
hundred | ake trout were initially stocked, at an average wei ght
of 1 pound, in Cctober of 1970. By the summer of 1971, | ake
trout in Kal amal ka Lake:

(a) contributed nore (by weight) to gillnet catches
t han kokanee and rai nbow trout conbi ned,

(b) contributed nore (by weight) to angling catches
t han any ot her species,

(c) attained a nmean wei ght of 2.3 pounds in the
gill net catch, and 2.7 pounds in the angling catch.

The general conclusion then, is that a broad productivity
base exists in the waters of the Okanagan Basin, and primarily
in the | akes, upon which enhancenent of salnonid stocks may be
undertaken in an attenpt to satisfy projected angl er denmands.
This may be acconplished by inprovenent of water regines and
habitat, water storage, and/or by use of artificial reproductive
syst ens.



