RESULTS

ATTRI BUTES OF FI SH POPULATI ONS

Speci es Composition

A total of 26 species of fish (kokanee and sockeye sal non counted
separately) were taken during the 1971 sanpling program on the Ckanagan basin
| akes (Table 1). Several other species are known to occur in the system but
were not found in our survey. These include the bridgelip sucker (Catostonus
col unbi anus) which is recorded from Gsoyoos Lake (and may have been confounded
with the | ongnose sucker in our records), tench (Tinca tinca) also from
Gsoyoos Lake, and | ake chub (Couesius plunbeus) from Okanagan Lake. O her
speci es possibly present but without definite record of occurrence include the
white sturgeon (Aci penser transroontanus), brook trout (Salvelinus fontinalis)

and coho sal non (Oncorhynchus ki sutch).

At least 9 of the 26 species were caught in all of the | akes sanpled



(Table 1), nanely nountain whitefish, rainbow trout, kokanee, |argescale
sucker, carp, squawfi sh, peanouth chub, chiselnmouth and prickly scul pin

Lake whitefish, which were introduced to the systemin 1894, were not taken
during 1971 in Wod or Kal anal ka | akes, nor were any caught there by netting
in 1929 or 1935 (Clenens et al. 1939). Only two pygny whitefish were taken
one from Skaha and one from Osoyoos Lake. This species had not been
recorded previously fromthe Okanagan system Lake trout caught in

Kal amal ka canme from 1500 hatchery reared stock (R ding Muntain Park
Mani t oba via Jasper Hatchery). They were nearly 3 years of age when

i ntroduced to the [ake in Cctober, 1970. Three juvenile chinook sal non were
caught in OCsoyoos Lake, as well as four adult sockeye sal non.
Representatives of the catfish, perch, bass and sunfish famlies were
confined to the lower two | akes in the system except for punpkinseed which
were found in Skaha as well. Punpkinseed were not taken in Skaha during
extensive sumer collections in 1948. Small nmouth bass have not been
recorded before fromthe system Burbot were frequently caught in Ckanagan
and Skaha but never in the other |akes. The sliny sculpin, seined from

Kal amal ka and Okanagan | akes, had not been recorded previously in the

dr ai nage.

Rel ati ve Abundance

1. Wt hi n-1ake conparisons, 1971

Conparisons of relative abundance are possible between the two stations
in Kal amal ka and in Skaha as well as between the ei ght Okanagan Lake
stations (Table 2). At Kal amal ka, the south station consistently showed
| arger catches than did the north for each of the seasons and for nost of

t he species, especially peanouth chub. Chi-square anal yses showed



Table 1. Species® of fish taken from Ckanagan basin | akes at designated stations?
during the 1971 survey

WOOD | KALAMALXA OKANAGAN SKAHA VASEUX | 0S0YOOS
FAMILY COMMON NAME SCIENTIFIC NAME I S N L N W _¢C K M P . H_ S L N S I
Whitefishes Mountain Whitefish  Prosopium williamsoni O A A A R A B A 4 14
(Coregonidae) Pygmy Whitefish Prosopium coulteri
Lake Whitefish Coregonus cqueaTormis [ N Y Y A A / 5 j 7 j
Trout and lLake Trout Salvelinus w v 7 Y
Salmon Rainbow Trout Salmo gairdnerl v Ay A A A A A % v
(Salmonidae) Chinook Salmon Oncor:ynchﬁus tsTha wytscha ;
Sockeye Salmon Oncorhynchus nerka
Kokanee corhynchus herka 2 A A A A v/ 5
Suckers Largescale Sucker Catostomus macrocheilus v Yy 7 v v v y 7/ 7 / J /S o/ / /o / /
(Catostomidae) Longnose Sucker Catostomus catostomus ;Y [ A A A A A ;S % /
Minnows Carp Cyprinus carpio 4 ) A A A
(Cyprinidae) Redside Shiner lchardsonlus balteatus v VA A / 5 :; ; 5 5 :’, !
Northern Squawfish Ptychocheilus oregonensis ‘.; S /Y A A R N N N VR / 7
Peamouth Chub Mylochellus caurinus A B A A A A
Chiselmouth Acrochellus alutaceus v Y J S 7 ; :; j ; :; j
Leopard Dace R__‘_TEL_F:MC hthys falcatus . J/ v
Longnose Dace Rhinichthys cataractae Yy v
Catfishes Black Bullhead Ictalurus melas / /
(Ictaluridae)
Codfishes Burbot Lota lota A A A A A A
(Gadidae)
Perches Yellow Perch Perca fluviatilis / /
(Percidae) -
Basses and Smallmouth Bass Micropterus dolomieui v
Sunfishes . Largemouth Bass Wicropterus salmoldes v/
(Centrarchidae) Pumpk inseed Le; omis 1bbosus 4 v/ / 2
Black Crapple $amcx,i n maculatus v/
Sculpins Prickly Sculpin Cottus asper / ¢ /4 VY 7 Y A A v/ v
P asper.
(Cottidae) Slimy Sculpin Cottus cognatus vy /Y % v
TOTAL 26 26 10 12 13 14 12 14 15 12 10 12 11 12 15 14 1 15 15 20

"listed as given in Carl et al. (1967) except for kokanee which herein is recognized
as a distinct form
see Figure 1 for nane and | ocation

2



Table 2. Nunber of fish taken in conbined spring, sumer and autumm (standard) net sets at designated
stations in Kal amal ka, Okanagan and Skaha | akes.

KALAMALKA OKANAGAN SKAHA

SPECIES N S N W C K M P H S N S
Kokanee 173 130 429 .276 241 189 303 430 184 104 247 126
Rainbow Trout 16 51 16 6 L 12 19 10 » 61 35 15 8
Lake Trout 30 61
Mountain

Whitefish 3 2 17 7 g 26 53 27 120 69 28 50
Lake

Whitefish 119 54 55 86 84 29 105 95 197 275
Largescale

Sucker 20 37 81 57 34 u5 45 L5 73 L9 169 137
Longnose

Sucker 2 9 7 6 12 6 2 3 4 3
Peamouth Chub 98 219 175 235 95 134 195 80 267 304 338 653
Squawfish 44 52 liS 128 86 au 51 59 72 105 211 167
Carp 3 16 13 15 1 5 6 1 8 5 30 19
Chiselmouth 1 38 1 1 97
Burbot 27 12 20 6 5 20 13 7
Prickly Sculpin 2 2 9

Pumpkinseed 2

TOTAL 389 569 1030 800 553 605 773 709 S1iy 776 1341 iuus
Spring 106 212 329 3u6 165 179 157 100 269 381 438 320
Summer 33 139 212 181 89 190 131 73 401 271 213 485

Autumn 190 218 489 273 299 236 u85 536 2u4 124 . 690 641



that the differences in relative abundance of species were highly signi-

ficant (p < 0.001).

Al t hough the north Ckanagan station had the highest total catch
this was chiefly a result of |arge kokanee catches in the autumm and of
| ake whitefish throughout the netting period. Centre, Kelowna and Peach-
| and stations were anong the lowest in total catch. |ndeed had not the
latter station shown an especially |arge kokanee catch in the autumm
(probably a result of its location near the nouth of a kokanee spawni ng
stream), it would have exhibited the | owest total catch. After excluding
kokanee and peanout h chub (schooling species probably not caught in gill
nets as independent individuals), a series of chi-square and F tests (by
chi-square rations; p = 0.05) were run on the Ckanagan Lake stations to
det erm ne appropriate within-1ake groupings. Rel ati ve abundance of
species in catches at Wiitenan and Centre were not significantly different
but together were so when conpared with North or Peachland. Catches
conbi ned for Kelowna and Mssion did not differ significantly in relative
abundance fromthose at Peachl and, whereas those at Hatchery and South did
when conpared either to Peachland or to Kel owna. Catches of rainbow
trout, mountain whitefish and | ake whitefish were generally higher in the
southern stations than those in central or northern regi ons of COkanagan
Lake. Thus conbi nations of northern (N, W C, central (K M P) and

southern (H, S) stations would seem reasonabl e.

Al t hough there were not large differences in total catch between

north and sout h Skaha Lake stations, those for rainbow trout, |argescale



suckers and squawfi sh were higher in the north while the reverse was evi dent
for mountain whitefish and | ake whitefish. Relative abundance of species
(with or without kokanee and peanmouth chub) was significantly different (p <

0.001) between the two stations.

2. Between-I|ake conparisons, 1971

There were marked differences between the lakes in the total nunber
of fish caught in the standard net sets (Fig. 2). The |Iowest total catch was
fromWod Lake, followed by that at the south Kal anal ka station. Those at
Kal amal ka north as well as Ckanagan C and K were only slightly higher, while
t he highest catches in kanagan itself came fromthe northern and sout hern
ends. Catches at both Skaha stations, the highest in the systemexcept for
Vaseux, were nearly double those for nbst Ckanagan stations. Those at Osoyoos
were |ower than Skaha or Vaseux but higher than nost from Ckanagan Lake.
Sunmer catches in general were much | ower than those in spring or autum. In
some cases, notably sone central Okanagan stations (M P) autumn catches
(dom nated by mature kokanee) far exceeded those in spring and sunmer

conbi ned.

An independent measure of total fish abundance may be inferred from
echo sounder tracings (Fig. 3). These tracings show nunerous inverted V
mar ks, nost of which probably represent individual fish (Northcote et al.
1964). Counts of such marks (Fig. 4) again show the Wod Lake station to be
the I owest, followed by those on Kal anal ka. As previously indicated by
netting, the highest abundance of "fish" (marks) on Ckanagan Lake occur near

its north and south ends. Surprisingly, the echo soundings did not
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record particularly large nunbers of fish in either Skaha or Vaseux | akes.
Peanmout h chub, which are especially nunerous in the latter |ake and which
mgrate into near-surface layers in the evening (Northcote et al., 1964) in

some | akes, may not have been recorded by the sounder

The rel ati ve abundance of sal nonoi ds (as opposed to "coarse fish"
- largely catostom ds and cyprinids) taken by netting in the basin | akes is
given in Fig. 2. Lowest percentages of sal nonoids were taken in Wod and
Vaseux | akes (about 12 and 19 percent, respectively). In Kalamalka and in
al | GCkanagan stations except at the south end, sal nonoids made up well over
40 percent of the total catch and usually over half of it. Their
contribution dropped to about a third in Skaha, but rose again to 40

percent in Osoyoos, largely a result of sizable kokanee catches there.

Wi tefish were scarce in catches from Wod or Kal anal ka | akes (Fig. 2) but
in the other |akes ranged between 8 and 25 percent of the total. Rainbow
trout contributed significantly to the catch at both Kal amal ka stations and
as well to stations Hand S at the southern end of Ckanagan; el sewhere they

usual |y made up | ess than 2 percent of the total

Three speci es of sal nonoi ds (rai nbow trout, kokanee, nountain whitefish)
and four of "coarse fish" were conmon to gill net catches fromthe ngjor
basin lakes (Fig. 5). Hi ghest and second hi ghest total catches of

sal nonoi ds invariably were taken in either Ckanagan or Kal amal ka | akes
whereas those for coarse fish always cane from Skaha, Vaseux or Osoyoos
| akes. This trend generally applied to catches fromeach of the three

seasons consi dered separately (Fig. 5).
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Lack of replication restricted opportunities to statistically
conpare differences in relative abundance of species between the basin
| akes. An appropriate test was determnation of F fromthe ratio of chi-
square val ues cal cul ated between | akes and within [ akes (Table 3).
Differences in relative abundance of species within the two stations for
Kal amal ka and Skaha were large so that rarely could a statistically
significant difference be denonstrated between these stations and those
for other |akes. Okanagan Lake northern (W C), central (K, M and
southern (H, S) stations all showed significant differences in relative
abundance when conpared w th Skaha, Vaseux and Osoyoos stations.
I nspection of the contingency tables showed that |arger catches of coarse
fish species relative to salnmonoids in the latter |akes probably accounted

for nost of the differences.

3. 1948 to 1971 conparisons

(a) Skaha Lake

Conpari sons of species relative abundance between the 1971 netting program
and data coll ected by Ferguson (M5 1949) from Skaha Lake in the sumrer of
1948 can be made, but not wi thout considerable adjustnment for differences

i n amount of net used, in depth distribution of the sets, and in type of
net webbing (cotton in 1948; nonofilanment nylon in 1971). Approximately the
same sequence of nesh sizes were fished in 1948 and 1971 but different
depths and |l engths of net were used. The catch data from 1948 was
appropriately weighted to allow for differences in area of net fished.

Then for conparison with 1948 data, the nobst simlar conbination of depth

intervals from 1971 were selected and only catches fromthose sets



Table 3. Differences' in relative abundance of species caught in standard
net sets in Okanagan basin | akes, 1971

LAKE & STATION KL N=-§ 0K W-C 0K K-M OK H-§ SK N-S

Wood I N.S. N.S, N.S. N,S. N.S,
Kalamalka s - N.S, N.S, N,S. N.S.
N - N.S. N.S, N.S. N.S.
Okanagan N N.S. N.S. N.S. (L N.S.
W N.S. - N.S. 2 N.s.
C N.S. - N.S. % N.S.
K N.S,. N.S. - N.S. N.S.
M N.S. N.S. - N.S. N,S.

P N,S, N.S, % % %
H N.S. w N.S. - N.S,
S N.S. % ¥ - N.S.

Skaha N N.S. N.S. N.S. % -

S N.S. W W & -
Vaseux I % e sl e N.S.
Osoyoos I N.S. ik s e N.S.

'N.S. = not significant, p > 0.05; * = significant @p < 0.05; ** = significant
@p < 0.01.



considered. Finally to adjust for differences in efficiency between
nonofi | ament nylon and cotton webbi ng, the 1948 catches were quadrupl ed.
Molin (1953) gives data conparing catches in nmonofilament nylon nets
simlar to those used in the 1971 Ckanagan study with cotton nets. For
several Swedish | akes he showed that nonofilanent nylon nets usually took
nore than 7 tinmes the total catch of cotton nets, and 3.7 tinmes nore for
the three [ akes roughly simlar to Ckanagan basin | akes in species

conposition and other characteristics.

Fromthe series of netting data available for 1948 (Ferguson, M5 1949) the
two sets were sel ected which nost nearly approxi nated those made at the
north and south stations in sumrer, 1971. Then the 1948 catches were
appropriately adjusted for differences in net area and efficiency as
outlined above, and conpared with the 1971 data (Table 4). Chi-square
tests show the difference between years (1948 > 1971) to be highly signi-
ficant (p < 0.001), although the data are sparse. Nunbers of nountain

whi tefish appear nuch lower in 1971 than 1948 at both stations. Also, no
carp were taken in any of the |ake net sets (8 different series in all)
during the sumrer of 1948, although one was netted fromthe Okanagan River
nearby. Several were caught by | ake netting in 1971. The conbi ned catch
for both stations was sonewhat |ower in 1971 than in 1948 (adjusted
catches). Furthernore the contribution of sal nbnoids was consi derably

[ower in 1971 conpared to 1948 (4.6%vs. 14.8% respectively).

4. 1935 to 1971 conparisons

(a) Wbod and Ckanagan | akes

Adjustments similar to those described above for 1948 netting



Table 4. Number of fish taken in standard sumrer net sets near designated
stations in Skaha Lake, 1948 and 1971

LAKE
NORTH SOUTH (N g 8)
SPECIES 19u8l 1971 19482 1871 1948 1971
20 July 29 July 22 July 27 July
Rainhow Trout 2 2
Mountain Whitefish 36 2 24 3 60 5
Lake Whitefish 1 7 8
Largescale Sucker 72 33 56 29 128 62
Longnose Sucker 3 3
Peamouth Chub 96 59 80 128 176 187
Squawfish 2y 33 16 24 40 87
Carp 12 5 17
Chiselmouth 1 1
TOTAL 228 1y 176 199 Loy 343

'actual catch x 3 (net area adjustnent) x 4 (webbing type adjustnent).
? actual catch x 2 (net area adjustnment) x 4 (webbing type adjustment).



data from Skaha Lake were required for the 1935 data of Cenens et al.

(1939) from Wod and Ckanagan | akes (Table 5). There apparently were narked
differences in relative abundance at Wod Lake between years (pooled chi-
square significant @p < 0.001), and even if adjustnent factors are only
approxi nately correct, the 1935 catch would still far exceed that in 1971

No carp were netted in the sumrer 1935 sets (although they were certainly in
the | ake then) but 12 were caught in 1971. However, conparisons are based
on single sets with large adjustnments required for 1935 data, so again the
changes apparent cannot be taken as any nore than suggestive. The
contribution of salnmonoids to total catch on each year was about the sane

(2.3 and 2.4%for 1935 and 1971 respectively.

Sonmewhat nore reliable conparisons of relative abundance can be
made between 1935 and 1971 for Okanagan Lake because nore netting data are
avail able for the fornmer year. There is little difference in total catch
(combi ned stations) between the two years (Table 5), although a pool ed chi -
square test showed rel ati ve abundance by species to be significantly
different (p < 0.001). No carp were netted at any of the stations shown for
1935 (only one was caught in nets all that sumrer) whereas single sunmer
sets in 1971 took carp at three of the four 1971 stations shown (Table 5).
O herwise little consistent difference is apparent in relative abundance

bet ween each of the stations for 1935 and 1971

Lengt h- Frequency Di stribution

1. Wthin-Ilake conparisons, 1971

There was no significant differences (p < 0.05) between the two

Kal amal ka stations in average |engths of netted rainbow trout, nountain



Table 5. Nunmber of fish taken in standard sumrer net sets near designated stations in Wod and kanagan
| akes, 1935 and 1971

WOOD OKANAGAN
I N K M H I Okanagan
19351 1971 19352 1971 19353 1971 1935% 1971 19355 1971 1935 1971

Rainbow Trout 2 2 1 5
Kokanee 2 1 16 1 1 1 16 4
Mountain Whitefish 4o - 12 7 20 17 12 35 4y Ly 103
Lake Whitefish . ak 16 36 58 2y 29 154 103
Largescale Sucker 136 11 12 27 4 21 12 4 12 28 64
Longnose Sucker 18 3 3 18 6
Peamouth Chub 1240 27 40 23 112 70 Ly 8 12 4 208 105
Squawfish 312 28 12 45 32 16 12 93
Carp 12 2 3 1l 6
Chiselnouth L 3 3
Burbot 10 2 6 10 8
Prickly Sculpin 20 1 1
TOTAL 1748 8y 76 108 274 165 104 130 36 98 490 501

actual catch x 4.9 (net area adjustnent) x 4 (webbing type adjustnent)

actual catch x 3.4 (net area adjustnent) x 4 (webbing type adjustnent)

actual catch for [23 July (x 1.9 net area adjustnent) + 24 July (x 1.5 net area adjustnent) averaged with 20
August (x 1.9 net area adjustnent) + 21 August (x 4.5 net area adjustment)] x 4 (webbing type adjustnent)
actual catch for [11 August (x 0.4 net area adjustnment) + 24 August (x 3.0 net area adjustnent) + 26 August
(x 1.9 net area adjustnent)] x 4 (webbing type adjustnent)

actual catch x 3.0 (net area adjustnent) x 4 (webbing type adjustnent)



whi tefish, |largescale suckers, carp, peanouth chub or squawfi sh.
Kokanee and | ake trout were the only species showi ng significant

di fferences, those fromthe southern station being |arger.

For the Ckanagan Lake stations where nunbers were adequate to
permt conparisons (Fig. 6), there were no significant differences in
average |l ength of rainbow trout caught. Kokanee from southern
stations (H, S) were significantly smaller than those fromall other
stations, whereas for nountain and | ake whitefish, largescale
suckers, peanouth chub and squawfi sh those from southern stations
were significantly larger than those from nost other localities

sanpl ed i n Okanagan Lake.

For the two Skaha Lake stations no consistent pattern of differences
in size enmerged, sonme species (kokanee nmountain whitefish, peanouth
chub and squawfi sh) being significantly larger in the north, sone

(1 ake whitefish and carp) being significantly larger in the south,
and others (rainbow trout and | argescal e sucker) showi ng no

significant differences.

2. Between-I|ake conparisons, 1971

Di fferences in average length of 8 species captured by netting in the
basin | akes (Fig. 6) were conpared statistically; only sone of these
will be noted specifically. Rainbow trout caught in Kal amal ka were
significantly smaller than those from Ckanagan stations (W C, N, K
M P, H, S) but not Skaha or Osoyoos. Kokanee from Wod and

Kal amal ka were significantly smaller than those from any of the other
| akes in the system except Osoyoos. Those from Skaha were the | argest
in the system The average |ength of mountain whitefish from

Okanagan increased towards the south; those from
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Fig. 6. Length characteristics (based on 10 mmclass intervals) of fish
taken at standard net sets from Ckanagan basin | akes at designated stations
(arranged from uppernost to | owernost in the drai nage system, 1971. Synbols:
— = range; ¢ = average, = 95% confidence intervals, where sanple size
(given at left) > 10; * = lil/erage length for |akes with 2 or nore stations.



northern and central stations (N, W C K, P) were significantly smaller

t han sout hern Ckanagan (H, S), Skaha or Gsoyoos. Except for Vaseux, a
distinct trend for increasing average |length towards the south was evident
in lake whitefish. Those from Skaha (N, S) were significantly larger than

any other station, followed by Gsoyoos.

The | argest average | engths of |argescale suckers were those from
central - southern Ckanagan (M P, H S) and Osoyoos, while the small est
were found in kanagan (K), Kal anal ka and Whod. Peanouth chub averaged the
| argest in Osoyoos Lake, followed by Skaha (S); the smallest canme from
Kal amal ka (S). Changes in average |engths of squawfish within the system
paral | el ed those for |argescal e sucker (Fig. 6); those fromcentral -
sout hern Ckanagan and Osoyoos being the | argest and those from Wod and
Skaha the snallest. The largest carp (average length) were taken from

kanagan and the small est from Gsoyoos Lake.

3. Between-year conparisons

Both the average and maxi mum | ength of several species, netted from
Skaha Lake increased between 1948 and 1971 (Fig. 7). Although very few
kokanee were netted in 1948, many were taken by dynanmiting. Even the

| argest of these did not attain the average |length of the netted sanple
in 1971. Lake whitefish were much larger in 1971 as were | arge-scale
suckers. Al though other species (mountain whitefish, peanmouth chub and
squawfi sh) averaged slightly larger in 1971 conpared to 1948, the

di fferences were not significant (p > 0.05).

Smal | sanpl e sizes (1935) prevented conpari son of average
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I ength of nobst species netted in standard sets from Wod or Okanagan | akesin
1935 and 1971. For peanouth chub (Fig. 8), a slight increase was indicated in
the 1971 Ckanagan sanpl e.

Wi ght - Lengt h Rel ati onshi ps

1. Wthin-Iake conparisons, 1971

Wei ght -1 ength regressions (log,, data) were conpared for the
sal nmonoi ds (kokanee, rainbow trout, nountain whitefish, |ake whitefish) and
coarse fish (largescal e suckers, peanputh chub, squawfish, carp) at north
and south stations in Kal amal ka and Skaha | akes as well as for the 8
Ckanagan Lake stations. Statistically significant differences (p < 0.05)
in slope of the weight-length regressions were found only for rainbow trout
(N > S) and peanouth chub (S > N) in Kal anal ka Lake and for |ake whitefish
(S >N and | argescal e suckers (S > N) in Skaha Lake. Wthin Ckanagan the
speci es showi ng the | argest difference between stations was kokanee. Those
fromstations K and M while thenselves not significantly different were
lighter in weight at the sane |length conpared to the other 6 stations
(i.e., they had a | ower regression slope). Although two other species,
mount ai n whitefish and squawfi sh, exhibited sone significant differences in
sl ope of weight-length regressions, these were often a result of conparing

groups with w dely disparate individuals.

2. Between-| ake conparisons, 1971

Only 3 of the 4 sal nonoids comon to the | akes could be used for
conparisons with Whod Lake because of the small nunber of rainbow trout

taken there. In many (17 out of 27) of the comparisons with other |akes
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where sanpl e size was adequate, Wod Lake sal nonoi ds and coarse fish either
had a | ower weight-1ength regression slope or were distinctly lighter in
wei ght over nost of the | ength range considered (i.e., showed negative

di splacenment). |In no case did Wod Lake fish show hi gher regression sl opes
or positive displacenent conpared with other |akes. Figure 9 shows a

typi cal exanple of a |lower regression slope for Whod Lake kokanee conpared
to those from Gsoyoos Lake and of a negative displacenent of the weight-

| ength regression for Wod conpared to Skaha Lake carp (1971). Weight-

I ength regressions for Kalamal ka fish were either | ower than those in other
| akes (by sl ope or displacenent) or showed no significant difference as in
that for squawfish in Figure 9. The only exception was shown in conparison
bet ween Kal amal ka and Wod | ake regressions where in 4 of the 6 cases

Kal amal ka had hi gher sl ope than Wod, and not significantly different in
the remaining 2. Wight-length regression |ines for Okanagan speci es were
the sane or higher than those for all |akes except Skaha. |In npbst cases
fish from Skaha had the hi ghest weight-1length regression slope or positive
di spl acenent; | ake whitefish showed this nost clearly (Fig. 9).

Regressi ons for Vaseux fish tended to fall bel ow those for Okanagan, Skaha
and Gsoyoos but were usually higher than Wod or Kal amal ka. Those for
Gsoyoos followed the sane trend as Ckanagan but with nore cases of little

or no difference in slope or displacenent.

3. Between-year conparisons

Wei ght-1ength regressions for Skaha kokanee, |ake whitefish, (Fig.
9) peamouth chub and squawfish in 1971 showed significantly higher
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sl opes or displacenment than those in 1948. There was either no significant

difference in other species or data were inadequate for conparisons (carp).

The wei ght-1ength data for Wod Lake carp in 1935 suggest that
they then had a regression slope simlar to that for Skaha in 1971 and
not nearly as |ow as that shown by present day Wod Lake carp (Fig. 9).
There has been no significant change in the weight-length regression

for Ckanagan rai nbow trout between 1935 and 1971 (Fig. 10).

Age- Lengt h Rel ati onshi ps

1. Wthin-|ake conparisons, 1971

For Kal amal ka Lake there were no significant differences
between stations N and S in length for age groups where nunbers were
| arge enough to permt conparison (age 4, 4 rainbow trout; age 3, 4
kokanee). Okanagan data were grouped into 3 regions - north (stations
N, W C), central (stations K, M P) and south (stations H, S). For
several age groups of rainbow trout and mountain whitefish there was a
trend towards increasing size fromnorth to south in Okanagan Lake
(Fig. 11). Differences in average size of age groups were significant
for sonme of the trout conparisons (ages 2 and 5 between central and
south areas) and nost of those for mountain whitefish (ages 3 and 4
between north, central and south areas), In contrast, 3 year old
kokanee were largest in the north area, especially those from stations
N and C; central and south areas kokanee were not significantly
different in size at age 3. There were no significant differences in
size of various age groups of |ake whitefish between the three regions
of Okanagan Lake. Because of insufficient data no conparisons could be

made bet ween Skaha Lake stations N and S except for 2 year old
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kokanee; they showed no significant difference in average size.

2. Between-I|ake conparisons, 1971

VWerever sanple size pernitted, the average |length of the various age
groups shown for the species in Figure 11 were conpared statistically

bet ween | akes or major | ake areas (Ckanagan). Moyst age groups of trout and
whi t efi sh showed an obvious trend for increasing size fromnorth to south.
Kal amal ka trout (ages 3, 4, 5) were significantly snaller than those from
north and central Ckanagan conbined or from south Okanagan. Age 2 and 3
nmount ai n whitefish from Skaha were significantly |arger than those from
kanagan Lake, as were all age groups of |ake whitefish tested (ages 2-6).
The average size of whitefish, especially |ake whitefish, sharply decreased
i n Vaseux, conpared to Skaha or Osoyoos | akes. Kokanee had the snall est
average size in Kal anal ka and the largest in Skaha for all age groups (1-3)

where conpari sons coul d be tested.

3. Between-year conparisons

Al'l four Skaha Lake sal nonoi ds showed significant increases in average

l ength especially in older age groups between 1948 and 1971 (Fig. 12),
despite small sanple sizes on both years. Two year old nountain and | ake
whitefish in 1971 averaged nearly as large as their respective 4 year olds
in 1948. No 3 or 4 year old kokanee caught in 1948 exceeded 240 nmin

| ength whereas in 1971 none was | ess than 290 mm and many were over 350 nm

(sone even at 2 years of age).

There has apparently been little change in the average | ength attained

by the various age classes of Ckanagan mountain whitefish, |ake
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whitefish or even rainbow trout up to 3 years between 1935 and 1971 (Fig. 13).
A der rai nbow trout however are considerably snaller in 1971, and the sharp
increase in length evident between 3 and 4 year olds in 1935, now appears to
have been del ayed at |east 2-3 years. By lunping data from several years,
slightly larger sanple sizes are obtained for the early period and an
intervening time period is obtained (Fig. 14). Again the sane trend noted
above between 1935 and 1971 data is shown. Interestingly, the sharp length

i ncrease for the 1946-55 period occurs between age 4 and 5, rather than a year

earlier as in the 1935-45 period or a year later, as in 1971

The average age of rainbow trout, kokanee and mountain whitefish
caught in the netting programis highest in Kal anal ka Lake (Table 6). For
rai nbow trout at least, this is in part related to the |onger streamresi-
dence of Kal armal ka fish, conpared to others in the system such as Skaha
(Table 7). Low average ages of the sal nonoids are characteristic of

Vaseux, Wod and to sone extent, Skaha Lake.
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Table 6. Average age of four sal nonoi ds caught in standard gill net sets in Ckanagan basin | akes, spring
autumm, 1971

RAINBOW TROUT KOKANEE MOUNTAINAWHITEFISH LAKE WHITEFISH
LAKE nt 7° r3 n 7 r n % r n g r
Wood 3 2.0 1-3 41 2.2 1-4 3 3.3 1-5
Kalamalka 67 4,3 2-8 73 3.2 2-4 5 4,6 1-6
Okanagan 1u0 3.7 2-8 281 2.8 1-4 126 3.4 1-8 235 4.3 1-8
Skaha 15 2.2 1-4 74 2.2 1-4 22 2.7 2-4 73 3.8 1-7
Vaseux 4 - 1.7 1-2 5 1.0 1 13 3.8 2-6 48 3.3 1-6
Osoyoos 12 3.8 2-6 64 1.8 1-u 12 4,1 1-6 34 5.2 4-6

I number of fish

2 average

3 range



Table 7. Differences in mninum nunber of years whi ch Ckanagan basin rai nbow
trout reside in streans before | ake entry (based on scal e readi ng

evi dence).
SAMPLE MINIMUM YEARS OF STREAM RESIDENCE (%)

LAKE SIZE 0+ 1+ 2+
Wood 2 100
Kalamalka 67 6 88 6
Okanagan
(N, Wy C, K, M, P) 58 y3 55 2
Okanagan
(4, s) 81 32 68 -
Skaha 17 53 , L7
Vaseux b4 100
Osoyoos 13 23 77

KOKANEE SPAVWI NG ENUMERATI ON

St ream Spawner s

Kokanee in spawni ng condition were observed in relatively few nunbers
(less than 2000) in the Okanagan Ri ver between Ckanagan Falls and Vaseux Lake
(Fig. 15). Spawni ng kokanee al so were observed in the Ckanagan River
downstream from Macl ntyre Dam the upstreamlinmt for fish com ng from Gsoyoos
Lake. Because they were mixed with sockeye sal nbn spawning at the sane tine,

it was inpossible to obtain a good estinmate but severa
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t housand kokanee from Gsoyoos Lake probably spawn in that section of the

river.

O the 11 streans where spawner estinmates were made, M ssion
Creek with over 300,000 kokanee, was by far the nost inportant (Fig. 15).
A total of slightly over 500,000 kokanee were estinated to have spawned in
streanms tributary to Okanagan basin |lakes in 1971. This does not include
a nunber of small spawni ng popul ati ons, each |l ess than 500 fish, utilizing
other tributaries (eg. Penticton, Trout, Lanbly, Shorts, Deep creeks)
shown in Figure 15. Nor does it include creeks intermttently supporting
smal | spawni ng popul ati ons, depending on avail able water (eg. Naranuata

Creek).

Shore Spawners

Al t hough reports fromlocal residents indicated the presence of shore
spawners in Wod and Okanagan | akes in previous years, they were observed

only in Ckanagan Lake during the period of investigation in 1971

An estimate of 40 kokanee per square neter was nade fromthe beach seine
count and visual estinmates fromshore. The aerial photographs failed to
provi de enough clear detail to use for enuneration purposes. The

estimated nunbers were therefore dependent on the visual estimtes of the

area covered by each spawni ng group

There were about 135,000 spawners distributed in distinct groups between
Squal Iy Point and Bellevue Creek. In the north end of Okanagan Lake there
wer e about 60,000 fish between Lanbly and Shorts creeks. Approxinmately
323,000 used the east side fromabout Brandt's Creek (City of Kelowna) to
Vernon Creek (Fig. 15). The estimated total shore spawni ng population in

kanagan Lake was 518, 000 which is considered conservati ve.



Because the estinmate of total nunbers of shore spawners is based on only
one observation fromthe air, it is probably a mninum nunber. The
estimate was probably made prior to the peak of the spawni ng period because
only about 6-10 dead kokanee were observed in one area, just prior to
nmaki ng the estimates. |If shore spawni ng kokanee foll ow the sane pattern as
st ream spawni ng fish, one would see conparatively nore dead spawners near

t he peak of spawning. It is therefore likely that maxi mum nunbers were

present after the count was nade.

The tagged fish were observed 13 days after being tagged and the majority

of them were over the same spawning site.

The substrate utilized by shore spawni ng kokanee differs dramatically from
t hat used by stream spawners. The stones on the beaches appeared to be
fractured material and had jagged, rough edges. The stones were |oosely
stacked without smaller gravels in the interstices. Several areas

i nvestigated with SCUBA gear, were conmposed of stones approximately 5 - 13
cmin dianeter while other sites were conposed of snall boul ders from about
20 to 40 cmin size. In both kinds of areas, live eggs were found down to
a depth of about 30 cm There was no evidence of redd construction such as
one observes in stream spawni ng; eggs appeared to have trickled down into

the interstices.

No spawners were observed in deep areas (10 n) bordering shore spawning
sites; all those observed were in 0.5 to 2.5 neters and over 80 percent of

all groups used areas 0.6 to 1.5 neters deep

PESTI Cl DE AND HEAVY METAL ANALYSES

In 1970 fish sanples were analyzed for chlorinated hydrocarbons by



the B. C. Fish and Wldlife Branch and the B. C. Departnent of Health at the
sanme | aboratory. Some species fromthe 6 basin | akes were anal yzed but not

all species fromall |akes. A nunber of analyses of individual fish from3 of
the | akes made it possible to cal culate mean concentrati on and ranges (Tabl e
8). Qut of 75 analyses which included 10 species of fish, including those in
Table 8, only one, a rainbow trout from Osoyoos Lake, exceeded the nmaximum

al | owabl e concentration (5.0 ppn) of total DDT. Concentrations of total DDT
in these sanples ranged from 0.03 ppm (a nountain whitefish from Ckanagan
Lake) to 6.85 ppm (a rainbow trout from Gsoyoos Lake). Anal yses of muscul ature
col l ected from kanagan Lake kokanee in 1966 (16 individuals and 11 anal yses)

i ndicated a range of total DDT from1.99 to 5.00 ppm

Anal yses conducted in 1971 showed total residues of the DDT group to be
extremely high in sanples of the three principal sports fishes in Kal amal ka
Lake; samples of rainbow trout and squawfi sh i n Okanagan Lake exceeded limts
for total DDT residues as did | ake whitefish in Skaha Lake (Table 9). Limts
for mercury were exceeded in sanples of rainbow trout from Okanagan Lake and
in squawfi sh from Ckanagan, Skaha and Osoyoos | akes. O all anal yses
conducted on sanples of main basin |akes in 1971, 22 percent (24 out of 107)
showed concentrations of one of the heavy netals or total DDT or a

conbi nati on of both in excess of set limts (Table 9). O ganophosphat es,

her bi ci des, fungicides and P.C.B.'s were not detected.

Conpari sons of anal yses of fish collected 14 to 24 years ago with sinilar-
sized fish collected in 1971 are probably too few in nunber to indicate any

meani ngful trend in time. Al though a rai nbow trout caught



Table 8. Mean concentration and range of total DDT in nuscle tissue of mountain whitefish (Wod
Lake), rainbow trout (Okanagan Lake) and kokanee (Skaha Lake) collected in 1970

WEIGHT RANGE MEAN CONCENTRATION RANGE OF DDT
SPECIES OF NUMBER OF OF INDIVIDUALS OF TOTAL DDT CONCENTRATION
FISH ANALYSES (gm) (ppm) {ppm)
" WOOD LAKE
Mountain Whitefish 3 900 - 1135 0,6% 0.31 - 1,09

OKANAGAN LAKE

Rainbow Trout 5 341 - 2u87 ’ 0.99 0,21 - 2,27
SKAHA LAKE

Kokanee 4 227 - 341 0.79 0.62 - 1,06




Table 9. Concentration (parts per million wet tissue weight) of heavy nmetals and
chl ori nated hydrocarbons in sanples of fish muscul ature, including skin
and adi pose tissue, in fish from Ckanagan Basin | akes. NA = not
anal yzed; ND = not detected; *Cadmi um - undetermined error in analysis;
*Copper - error in analysis; *Zinc - values probably overesti mated by
about 30% Encl osed ( ) nunbers exceed linmits (given in bold face at
head of table) for nmari ng fresh water animal products set by Canada

. a,
Food and Drug Directorate.

MUMBER OF

INDIVIDUALS NEAN FORK AGE RANGE

SPECIES OF IN SAMPLE LENGTH MEAN WEIGHT IN
FISH ANALYZED (mm) (gm) YEARS CADMIUM COPPER LEAD MERCURY ZINC TOTAL DDT
(DOD + DDE + DDT + op DDT)
Under Review 100 10 0.5 100 5.0
WOOD LAKE
Rainbow
Trout 1 25 83 2 ND 2,00 ND 0.07 43.60 0.01
Kokapee 10 201 82 2-3 ND 1.10 HD 0.06 25,20 0,99
[} 221 118 2~4 .21 #ND #ND 0,08 0.%
KALAMALKA LAKE

Rainbow

Trout 1 11 6512 9 NA NA NA NA NA
1 - 6000 - NA NA NA NA NA
1 - 6000 - ND 3.30 ND 0,08 0.64
H 38 2019 5-17 ND 0.60 ND 0,06 6,00
1 510 115 8 40,96 D ) 0,02  #100.00
9 380 5§87 4 -6 ND 0.60 ND 0.04 8.70
2 3s0 495 5-6 #0,20 N #iD 0.05 )
5 310 297 3.5 D 0.50 D 0,04 19,30
10 308 295 4 -6 2,15 *ND #ND 0.01 #100.00
10 300 259 3-5 W 80 w 0,04 11,00

Kokanes 1 s ™ ) ND 1.9 s 041  13.80 GL
10 209 " ) ND 1,70 ND 0.04 + 42,50 1.12

10 m 76 3-n 2,10 oD " 0,02 #20,00 3.88
10 188 ] -4 *1,06 D #ND 0,01 *69.10 4.59

Mountain .

Whitefish 2 0 1033 6 ) 1.00 W 0.08 2,90 AR
1 s %1 H #ND #ND *KD 0.01 ND (12,231

carp 10 76 1746 1D L] L] .07 [¥ 2,13
. 3% 1702 " 1.60 " 0.09 5,20 .18

Largescale

Sucker s 3s9 89 " 0.90 ¥D 0.12 15.00 0,14

Pasmouth

b 2 4 m 0 2.60 W 0.22 8.70 2,07

Lake Trout L] 506 1704 5 ND 0.90 ND 0.06 3.20 4.6
10 a ™ s .50 ) L) 0,02 %100,00




Table 9 (cont'd)

Rainbow
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ND
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ND
#ND
ND
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ND
#ND
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#ND
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#ND
11.20
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Table 9 (cont'd)

VASEUX LAKE
Kokanee 10 332 w17 ND 0,50 ND 0.06 9.60 0.79
Lake
Whitefish 10 335 427 i) 0.40 ND 0,10 8.10 2,00
Perch 10 267 279 #7,63 #ND #ND 0,14 *ND 0.2
Largescale
Sucker 6 404 750 ND 1,90 ND 0.14 16.60 0.28
Squawfish 2 223 120 ND 3.70 ND 0,15 66,20 0.12
050Y00S LAkKL
Rainbow
Trout s a8s 612 4-5 #ND #ND &ND 0.05 *3,00 2.56
2 372 547 u i 0.70 ND 0.09 11.10 0.28
2 289 287 3 ®0,u1 #ND &ND 0,01 #33,90 0.37
2 274 240 3 ND 0.60 D 0.06 27.00 0.11
Kokanee 10 221 135 2-3 %0, 94 #ND #ND 0,04 #ND 2.32
5 209 117 2-3 2,11 aND #ND 0.03 #65, 20 2,26
Mountain
Whitefish 5 337 448 3 -6 KD 2,00 ND 0.10 13.70 1.89
Lake
Whitefish 10 3986 805 5 -6 up 0.40 ND 0.05 5.00 0.58
Carp 2 w24 1161 ND 0.84 ND 0.09 20.00 0.56
Smallmguth
Bass 3 260 289 ND 2,30 ND 0.39 10.20 0.11
2 87 6.5 ND 18,00 ND 0.20 25.00 0.4
perch 4 199 109 ND 2.60 ND 0.50 12.10 ND
3 1la 12.3 ND ND KD 0.09 29,00 0.27
largescale
Sucker 10 454 1180 D 1.10 ND 0.10 12.20 0.33
Squawfish 1 389 669 WD 2,10 ND =71 .90 2.62
Chiselmeuth 10 252 207 ND 0.60 ND 0.08 27.50 0.u4
1 29 133 ND 7.20 ND 0.13 20.00 0.08

® Some samples of most species from Kalamalka and Ohanagan lakes and some species from Wood, Skaha, Vaseux and Osoycos were analyzed
for organo-phosphates (Parathion, Malathion, Diazinen, ethion, dimethoate; Guthion, Sevin, captan) and herbicides (2-4-D, 2, &, 5-T,

Atrazine, tardon). Results of chlorinated hydrocarbon analyses were inspected for the

presence of PCB's; none were detected.

b Practical limits of detection (parts per million)y

Cadmium
Copper
Laad
Mercury
Zine

0.003  DDE
0.005  DDD
0.0% DT
0.001 opDDT

.01 Aldrin

0,01
0.01
0.01
Q.01
0.0l

Dieldrin
Heptachlor
Thiodan
Kelthane
Perthane

None of these compounds were detected.

Diazinon
Parathion
Halathion
Dimethoat
Fthion

0.0%
0,05
0.05
e 0.05
0.05

Guthion
Sevin
Captan

2, 4-D

2, 4, S-T

1.00
1.00
0,05
0.05
0,05

Tordon
Atrazine

0.10
c.10



in Kalamal ka in 1956 was snaller than the average of conparabl e rai nbow
trout analyzed in 1971, it had higher concentrations of total DDT, zinc,
mercury and copper (Table 10). A single carp, caught in Osoyoos Lake 16
years ago, had a higher concentration of total DDT than the average of 2
carp caught in 1971; there was little difference in the concentrations of
heavy nmetals. Three smallnouth bass collected in Gsoyoos Lake in 1951 and
1956 had sonewhat hi gher concentrations of total DDT than the average of 2
collected in 1971, however the 1971 fish were considerably snaller.
Simlarly, perch from Gsoyoos showed hi gher concentrations of total DDT in
1951 than in 1971. There was little difference in concentration of heavy

netal s between years (Table 10).

Rai nbow trout from sone headwater |akes were conpared with
simlar sized trout from Wod and Ckanagan | akes into which they drain
(Table 11). Concentrations of copper and zinc were higher in fish from Wod
than the 2 tributary |akes; there was little difference in mercury but,
surprisingly, total DDT |levels found in Wod Lake fish were | ower than
concentrations in headwater fish. Levels of copper and nercury in trout
fromtributary headwater |akes were higher than those of the respective

basin | akes but zinc and total DDT residues were | ower.



Tabl e 10. Concentration (parts per million wet tissue weight) of heavy
metal s and chl ori nated hydrocarbons in sanples of fish
muscul ature in fish from Ckanagan Basin | akes. These fish
were collected from 1948 to 1956 and were stored in the
Museum of Fishes at the University of British Colunbia; 1971
data added for conparison. See Table 9 for linits set by
Canada Food and Drug Directorate and details regarding

anal ysi s.
P —
NUMBER OF
INDIVIDUALS MEAN FORK AGE RAFNGE TOTAL DDT
SPECIES OF DATE IN SAMPLE LENGTH MEAN WEIGHT N (DDD + DDE +
FISH COLLECTED ARALYZED (mm ) (gm) YEARS CADMIUM COPPER LEAD MERCURY ZINC  DDT + op DDT)
’ KALAMALKA
Rainbow
Trout 1951 1 226 150 ND 5,50 N 0.10 22.00 2.8)
1971 10 300 259 3-8 ND 1.40 ND 0.04 11.00 0.23
SKAHA
Chiselmouth 1948 1 223 160 ND 7.60 D 12,00 0.43
1971 10 300 3u3 ¥D 0.60 o 0,08 18.60 0.39
OKANAGAN RIVER
(between Vaseux and Osoyoos lakes)
Chiselmouth 1951 10 152 36.7 ND 1.70 N 0.08 22,00 0.47
0S0Y00S
Carp 1956 1 380 1065 ND 0.7% ND 0.06 26,00 2.9
1971 2 424 1161 ND 0.84 ND 0.09 20,00 0.56
Smallmouth
Bass 1851 3 139 37 ND 7.50 ND 0.26 25.00 0.80
1956 1 100 13 NA NA NA NA NA 0.61
1Y 2 87 6.5 ¥ 18.00 WD 0.20 25.00 0.1%
Parch 1951 2 113 17 NA NA NA NA NA 0.46
1971 3 114 12.3 N ND 1] 0.09 29.00 0.27
Squawfish 1951 1 16 34 NA NA NA NA NA 0.92
1956 3 293 316 ND 0.84 ND 0.21 9.60 4.08
Table 11. A conparison of ranges of heavy netal and total DDT
concentrations in rainbow trout from some headwater and
mai n- basi n kanagan | akes, Trout from each systemrange
fromabout 200 to 400 mmin length. Concentrations in ppm
wet tissue weight.
TOTAL Dot
LS CADMIUN CORPER Leap MERCURY s MESIE
Alex Mountain Alex Mountain Alex Mountain Alex Wountain Alex Nomtain Alex Nountain Alex Noumtalin
+ * + +* +* * +*
Swalwell Wood Swalwell Wood Swalwell Wood Swalwell Yood Swglvell Wood Smlwell Yood Swalwell Wood
Raubar of
Individuale 2% 1 E 'Y XA 0.30-0,80 2.0 1] mw 0.05-0,07 0,07 $.0=7.0 “.¢ 0.06-0,10 0.0
Womber of
Sanples 3 1
Jack Pine Jack Pine Jack Pine Jack Pine Jagk Pine Jack Pine Jack Pine
+* + +* + + +* +
Rydraulic Hydraulic Hydraulic Rydraulic Hydraulic Rydraulic Nydraulic
+ + * + + + +
Fish Hawk Okanagan Fish Hawk Okanagan Fish Hawk Oksnagan Fish Hawk Okanagan Fish Hawk Okamagan Fish Hawk  Okanagan Fish Hawk  Okanagen
Mumber of
Individuals b} 35 NA ND=0.49 0,70-1.00 0,30-1.30 ¥D ND 0.05=0,11 * 0.06=0.2% 6.0=-13.7 8.9-30.7 0.02-0.18 0.21-3.1)
Mamber of

Samples 1) »



