13. FI SH POPULATI ONS

13.1 Standi ng stocks.

The rel ati ve abundance of fish in the various
| akes was determ ned by setting standard gangs of gillnets
according to a consistent field procedure (see earlier
Met hods section). The results of this test-netting program
whi ch was conducted during the sumer and autumm visits, are
summari zed in Table 10 and Fig. 21. Fish taken by netting
were al so used in the derivation of various other popul ation
paranmeters (see bel ow).

Al'l the | akes harbor rainbow trout (Salno
gairdneri); this is by far the nost common sport fish in the
kanagan headwaters. In addition, Hydraulic and Headwaters Lake
No. 1 have fine scal ed sucker (Catostonus catostonus), and
Hydraul i c Lake al so has a species of dace, tentatively
i dentified as Rhinichthyes osculus. These "coarse" fish species
made up 96% and 73% of the gillnet catch (by nunbers) from
Hydraul i c and Headwat ers Lakes respectively.

The anmounts of rainbow trout taken in the
gillnets varied greatly anong these | akes. Catches show sone
correlation wth other productivity indices, but other factors
are also intimately involved. Lanbly Lake yielded the highest
catches (48 trout, weighing 7.6 kilograns, per net) ; this is
clearly the richest |ake of the series investigated. Fish Hawk
Lake,




TABLE 10. Summary of standard gang gillnet catches from 11 sel ected headwater |akes in the
Ckanagan Basin, 1971.
Rainbow trout catch Coarse fish catch,
No. of Total Per net set Avg. fish total number

net Weight, Weight, weight, Fine scaled

sets Number grams Number grams grams sucker Dace
AGUR 6 26 4,157 4.3 693 159.9 0 )
MUNRO 6 32 6,086 5.0 1014 190.2 0 0
HEADWATERS #1 4 11 513 2.8 128 46.6 29 0
JACKPINE 6 35 10,091 5.8 1682 288.3 0 0
LAMBLY 4 192 - 30,523 48.0 7631 159.0 0 0
PINAUS 4 51 : 12,223 12.8 3056 239.7 0 0
OYAMA 6 30 10,554 4.6 1759 351.8 0 0
ALEX 4 50 13,225 10.8 3306 264.5 0 0
SWALWELL 6 44 7,555 7.2 1259 171.7 0 0
FISH HAWK 4 111 11,200 25.5 2800 100.9 0 0
HYDRAULIC 6 271.3 137 5

6 1,628 1.0 271
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despite an obviously | ow productive capacity, also yielded a
high trout catch (25 fish weighing 2.8 kg per net). The
relative inaccessibility of Fish Hawk Lake and its very |ow
| evel of exploitation is undoubtedly responsible for this
situation, along with favorable reproductive opportunities.
The trout in Fish Hawk Lake, it m ght be noted, were anong
the smal | est encountered. Alex and Pinaus Lakes al so
produced reasonably high trout catches (Table 10). Al ex Lake
is conparatively lightly exploited and al so has good nat ur al
spawni ng habitat. Pinaus Lake is heavily exploited, but is
al so very heavily stocked (see below). The nost neagre fish
catches were realized fromHydraulic and Headwat ers Lakes.
These reservoirs conbine a high degree of water manipul ation
with the presence of conpeting fish species. The average
size of trout in Headwaters Lake was the small est anong the
| akes investi gated.



13.2 G ow h.

Gowth rates of rainbow trout were estimted by
a conbi nation of scal e-readi ng and exam nati on of | ength-
frequency histogranms (Fig. 21). A tabulation of nean | ength-
at-age estimates was prepared (Table 11). Ageing was rendered
difficult and sonmewhat uncertain due to inherent variations in
scal e patterns and streamresi dence characteristics, and al so

by the interactions of stocking and exploitation. It is
nonet hel ess apparent that growth of rainbow trout is except-
ionally slowin the high-altitude, lightly-exploited | akes such

as Fish Hawk and Alex with their good natural reproductive
opportunities. Only in Pinaus Lake does growt h approach that
in the mainstemas indicated by the conparison with Okanagan
Lake, and then only in the first 3 years. The generally sl ow
growh in the headwater |akes is an inportant limting aspect
in their trout-producing capacities.

Gowth is good, but not exceptional, in Lanbly
Lake with its denonstrated high productivity. Equivalent or
better growmh is achieved in some of the deeper |akes (Minro,
Pi naus, Oyama). Such |akes provide opportunity for fish to
avoi d unfavorably high surface tenperatures in sumrer (Fig. 13,
14). Anong them growth increases with increased content of
solute materials in the water (Table 7). Reservoir
mani pul ati on and/ or presence of conpetitor species severely
depress growh as indicated particularly by Headwaters Lake.



TABLE 11. Lengths-at-age (growth conparison) of rainbow trout
in 11 sel ected headwater | akes in the Ckanagan Basi n,

1971. Conparative data are given for Ckanagan Lake.
Entries are nmean fork lengths in cmat m dsumrer.

1 2 3 4 5
AGUR 25
MUNRO 12 22 27 30
HEADWATERS #1 10 14 18 21
JACKPINE 11 18 25 33 41
LAMBLY 12 24 30 34 36
PINAUS 29 40 43 45
OYAMA 18 27 34 40
ALEX 15 25 30 35
SWALWELL 12 21 25 27
FISH HAWK 8 15 19 22 24
HYDRAULIC 32
OKANAGAN® 11 29 41 54 66

*From Cl enens (1939).



13.3 Length-weight relations.

Lengt h-wei ght data were plotted for trout from
each | ake separately, and a chart of equival ents was prepared
(Table 12). Curves for five of the popul ati ons are presented
in Fig. 22. Trout are heaviest at specific lengths in Oyama
and Pi naus Lakes, and generally lightest in Headwaters,
Hydraul ic and Fi sh Hawk Lakes.

The weight of a fish relative to its |length can be
taken as an indication of "plunpness” or "well-being". Thus the
relatively emaci ated condition of trout in Headwaters and
Hydraul i c Lakes undoubtedly reflects the severe habitat
mani pul ati ons as well as the presence of conpeting fish species.
In Fish Hawk Lake the relatively poor condition of the trout is
attributable to the [ ow productivity of the | ake, along with the
hi gh trout popul ation density. There is also sone suggestion of
bel ow average trout condition in Al ex and Swal wel | Lakes;
bot h have good opportunities for natural reproduction and may
suffer somewhat fromover-crowding. Condition is very good at
the small sizes in Lanbly Lake, but falters badly in the |arger
size categories. The inplication is that crowding may be exert-
ing a negative inpact and/or that forage conditions are
relatively less suitable for the larger trout. Both influences
are plausible in view of the recent managenent of the |ake and
t he Ii mol ogi cal consequences.



TABLE 12

Conpar ati ve | engt h-wei ght
headwat er | akes in the Ckanagan Basi n,

rel ati onships for rainbow trout from11l

1971.

12.

15.0

Weight (gm) at particular fork lengths(cm)

17.5 20.0

22.5 25,0 27.5 30.0 35.0 40.0
Agur 133 183 265
Munro 17 37 63 93 130 176 238 320
Headwaters No. 1 23 35 47 60
Jackpine 19 39 66 98 134 186 258 330 492 692
Lambly 22 40 63 93 129 178 231 293 436 632
Pinaus 23 40 63 26 136 188 247 314 467 700
Oyama 22 43 69 106 151 203 256 323 508 760
Alex 13 27 53 84 125 175 230 300 480
Swalwell 10 25 48 78 123 172 225 287
Fish Hawk 20 34 52 77 113 168
Hydraulic 56 83 117 158 215 289
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13.4 Fecundity.

Ovaries were excised frommature trout from seven
of the | akes and the nunber of maturing eggs in each was
enunerated. The individual values are plotted agai nst wei ght of
the fish in Fig. 23.

There are indications that the fecundity of trout
species may be a function of the well-being of the fish and hence
m ght serve as an index of environnmental capability (VI adykov
1956). Anong the present |akes, fish from Lanbly, Jackpi ne and
Oyama exhi bit consistently above-average fecundity whereas those
from Al ex and Swal wel | Lakes are consistently bel ow the
regression line. These values, then, serve to reinforce the
ot her indications that Lanbly Lake in particular is superior
trout habitat whereas Al ex and Swal wel| Lakes typify nore
crowded, | ess productive trout habitat situations.

13.5 Food.

Stomach contents of trout were exam ned from each
of the | akes. These contents were weighed in total, and were
then apportioned visually into eight food itemcategories. The
basic analysis was initially conducted on 10-mmtrout |ength
groupi ngs fromthe separate sunmmer and autumm sanpling series.
However, no specific trends in food consunption on the basis of
si ze or season were apparent, and the data were accordingly
amal gamated for brevity and ease of presentation (Fig. 24).
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Several inportant generalizations pervade the
patterns of trout food intake as recorded anong these | akes.
There is, first of all, a strong general tendency for trout to
utilize for food the bottom fauna organi sms occurring within the
upper 6 m (conpare Fig. 24 and 20). Two inportant exceptions
concern utilization of anphipods and oligochaetes. Anphi pods are
typically consuned in proportions exceeding their abundance in
the fauna, indicating that the trout actively select them
| nportance of anphi pods to rainbow trout culture in natural
habitats has been clearly indicated in the course of trout farm
ing experinments in Manitoba (J. Wiitaker, pers. comm). Decim
ation of anphi pod popul ati ons as a consequence of |ake mani pu-.
| ati on as has been indicated anong the present | akes thus appears
as a matter of concern. A converse pattern of utilization is
evident for oligochaetes. These organisns were not found in any
of the 398 stonmachs exam ned, yet they contribute substantially
to the benthic fauna particularly in the regulated | akes. The
inplication is that a predom nance of oligochaetes, which tends
to reflect cultural (human) disturbance, represents a |argely
wast ed form of biological production fromthe viewpoint of
rai nbow trout bi oenergeti cs.

Utilization of chironomds (immture Diptera) is
of considerable interest and significance in view of the overal
abundance of these organisns and their generally positive
reaction to human interference. Chironomds are, in fact,
heavily utilized by trout but not always in proportion to their
abundance in the fauna. In general they appear to be
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under-utilized in the deepest |akes (Pinaus, Swalwell, Oyama). It
woul d appear, on the other hand, that the high biological
productivity of Lanbly Lake is being channeled to trout pro-
duction mainly through the chironomds (Fig. 24), at least in
summer. |t has been shown (Efford 1969) that availability of
chironom ds to rainbow trout predation is highly dependent on the
behavi oural characteristics of particular chironom d species.
Thus it may be presuned that the chironomds in Lanbly Lake
undergo the sorts of vertical novenents which make them con-
spi cuous and available to trout. This would be a potenti al
avenue for profitable additional research.

Zoopl ankt on entonostraca contri bute substantially
to the biology of rainbow trout in several of the |lakes. Uil-
i zation of Zooplankton in sunmer does not correlate with Zoo-
pl ankt on popul ation density (Table 9), but seens |inked instead
to the transparency of the | ake waters (Fig. 25). This indicates
that visual sighting is inportant for the utilization of these
tiny planktonic organisnms by trout. This potentially efficient
avenue of food conversion is badly inpeded in such | akes as
Hydraulic, Lanbly and Headwat ers where continual and extensive
wat er | evel manipul ations operate to reduce transparency (Table
6). The potential effectiveness of Zooplankton in trout
energetics is well illustrated in Pinaus Lake where a very high
trout production is realized and where Zoopl ankton is the main
summer food. COpportunities for feeding on Zooplankton in the
hi ghly regul ated | akes probably inprove under ice cover when
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turbidity dimnishes through cessation of wind action. Seven
trout taken from Lanbly Lake on 23 January 1972 had consuned 60%
cl adoceran Zoopl ankt on, whereas a concurrent sanple from Oyana
Lake had stomach contents virtually unchanged fromthe sunmmrer
peri od.

In two of the nost heavily mani pul ated | akes
(Hydraul i c and Headwaters), trout were observed to feed al nost
entirely on non-aquatic food itens in summer (Fig. 24). Both
| akes have extrenely |low and qualitatively poor bottom fauna
popul ations (Fig. 20). Increased utilization of surface foods by
rai nbow trout in such situations is a mark of their high
ecological flexibility. Norlin (1967), in a detailed review of
this subject, describes how cool |ake surfaces tend to cause air
to sink above them thereby precipitating the "aerial plankton".
This material typically includes representatives of a |arge
variety of insects, presence of which is linked to the product-
ivity of the terrestrial surroundings and also to the energy
devel oped by aerial turbul ence in the nei ghborhood. Airborne
insects may contribute little biomass to a |ake in conparison wth
the resident bottom fauna, yet make a high contribution to fish
food. Fauna drifting on the surface is highly available, it is
concentrated in a specific layer (the surface), and is even

conpressed into |ateral bands (wnd streaks, and drift lines). It
| acks protection and opportunity for escape, and is clearly
vi si bl e agai nst the surroundings (the sky). It is introduced at a

hi gh trophic I evel and, not surprisingly, nakes



its greatest relative contribution to fish food "in regul ated
mountai n | akes” (Norlin 1967; N |sson 1955).
13.6 Pesticide and netal residues.

Pestici de and heavy netal residues were determ ned
for sanples of rainbow trout fromseven of the | akes; these
results are given in Table 13. A total of 63 fish contributed to
t he anal yses whi ch were done on honbgenates pooled according to
fish size. Trout larger than 14 inches (356 nm fork |length were
grouped separately fromsnmaller ones.

observed | evel s of nercury, copper, |ead, and
zinc; and of DDT and its derivatives, are all well bel ow
tol erance | evels for freshwater animal products as set forth by
t he Canada Food and Drug Directorate (G Hal sey, pers. conm). By
way of perspective and with specific reference to nmercury, it
m ght be noted that Rucker and Anmend (1969) considered 0.2 ppm
mercury to be a "normal” l|evel for rainbow trout. Wbeser et al.
(1970) found up to 11.2 ppmin the muscle of fish fromthe
Saskat chewan River systemin conjunction with a known significant
source of contam nation

Mercury concentrations in rainbow trout flesh
as conpared with values for the whole fish do not appear to
differ consistently anong the COkanagan headwater | akes. The
anal yses were run by separate | aboratories, but agreenent is
gquite close. Evidence presented by Wbeser et al.doc. cit.)
suggests that mercury is concentrated in the viscera only in
situations where significant contam nation occurs.



TABLE 13 .

Summary of heavy netal

per mllion wet weight from conposite honbgenates.

1971.

Val ues are parts

and pesticide residue anal yses for rainbow trout from
seven sel ected headwater | akes in the Ckanagan Basin,

Size of No.. Whole Musculatur e€
fish, mm® of £ishP DDT,
Lake Range Mean fish Mercury Mercury copper Lead Zinc DDD, opDDT DDE
AGUR 215~275 253 8 .03 .07 .20 ND 5.40 ND 0l
JACKPINEY.  190-345 280 8 .04 .05 .70 ND 6.00 ND .02
380-570 435 4 .15 .10 .90 ND 6.70 ND .03
PINAUSd 265-340 284 8 .04 .05 .30 ND 6,40 ND .03
360-445 401 5 .05 .07 .30 ND 3.70 ND .03
aLexd 225-345 273 8 - .07 .50 ND 5.00 - ND .07
360-375 365 3 = .09 .80 ND 7.00 ND .10
SWALWELL 195-260 241 7 .08 .05 .30 ND 6.80 ND .06
FISH HAWK 180-250 225 8 .07 .10 .70 ND 13.70 ND .18
HYDRAULIC 190-~330 286 4 .13 .11 1.00 ND 6.10 ND .15
* Fork | ength.
Anal yses by Fisheries Research Board of Canada, Freshwater Institute, on whole fish.

‘Anal yses by B.C. Departnent Agriculture,

on 1-oz.

wedge- shaped sanpl es just behi nd head.

‘Di stinctions between the two groups of fish (large and small) were not recorded in the course of

nmuscul at ure anal yses.

val ues for whole fish(b).

The results have accordingly been "assigned" on the assunption that
contam nants increase with increasing size of fish.

| evel s

This assunption is supported by the nmercury

of



O the DDT derivatives, only DDE was present in
detectabl e anbunts. It is of interest that anong the trout
sanpl ed, DDE was invariably nore concentrated in those
headwat er | akes lying in the northeast part of the Ckanagan
basin. Wnds in the Ckanagan tend to parallel the valley
profile, but air transport aloft tends to be from southwest to
nort heast (Kelley and Spilsbury 1949 ; D. Richier, pers.
comm). This, together with the distribution of observed
concentrations suggests that the mnor DDT contam nation in
trout in the Ckanagan headwater | akes is probably attributable
to air-borne fallout originating mainly within the basin.
Presumably such contam nants could be air-transported as m nute
droplets or in association with "aerial plankton". It was
noted earlier that |ake surfaces tend to cause "precipitation”
of such itens as w nd-borne insects, and the propensity of
rai nbow trout to feed on such materials was al so denonstr at ed.

I f the above interpretation has validity it
m ght be ejected that pesticide levels in fishes in Kal amal ka-
Whod Lakes m ght be rel atively higher than woul d be anti ci pated
on the basis of historical pesticide use in those particular
wat ersheds. High DDT levels do in fact exist in fishes in
Kal amal ka (G Hal sey, pers. comm).



14. DI SCUSSI ON: PRODUCTI VI TY OVERVI EW

A variety of factors have been exam ned for their
i npact on biol ogical processes in these 11 sel ected headwat er
| akes. Sonme understandi ng has been gai ned of the operation and
relative inportance of these factors, and of how their mani -
pul ati on m ght affect |akes, particularly their capacities to
produce fish. To conplete this overview a system was devi sed of
ranking the | akes for the various paranmeters which were neasured,
and amal gamati ng these rankings to obtain conposite "scores".

The | akes were first ranked from1 to 11 for each of 14 factors
pertaining to physiography, norphonetry, hydrol ogi ¢ mani pul ati on,
physi cal phenonena, and chem cal features (Appendix Table F).
These ranki ngs were then added to obtain a "physical -chem cal”
score. "Bio-productivity" scores were derived in the sanme manner
on the basis of six features relating to plankton and bottom
fauna (Appendi x Table F,). Simlar procedures have been used by
Rawson (1960) and ot hers.

Conparison of the physical -chem cal, and bi o-
productivity scores (Fig. 26) shows a high degree of correlation
(r=0.97) if three of the | akes are disregarded. The dispositions
of these three non-conform ng | akes, then, are of particular
interest in elucidating limting factors in productivity.

Agur Lake is unique in the series in that it is
| andl ocked (i.e. it has no surface outflow). It has the highest
transparency, the |owest discoloration, and a unique chem stry.
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Al though its "bioproductivity" is high (Fig. 26), it is not quite
as high as mght be predicted fromthe neasured physical -chem cal
characteristics. The drainage basin of Agur is the small est
among these lakes. In conjunction with the |ow precipitation
(al so mnimal) and high evaporation at this altitude and lati -
tude, the basin does not yield enough water to ensure a surface
outflow fromthe lake. It is postulated, therefore, that the
yield of trace nutrient itens is simlarly handi capped, and that
this results in some reduction in capacity for primary
production. This "handi cap”, however, is not reflected in the
bottom f auna of Agur Lake and hence is presumably not of major

i mportance in the

ecol ogy of fish.

Al ex Lake, too, has a | ower bio-productivity score
than woul d be expected fromits docunented physical -chem cal fea-
tures. 1t is highly discolored and has high nitrogen (hum c)
concentrations. These features suggest a strong tendency toward
"dystrophy", a conclusion supported by the significant nunbers of
Chaoborus in the benthos. An unsophisticated consideration of
| ake vol une, drai nage basin area, and precipitation, suggests
that the water of Alex Lake is replaced at a faster rate than for
any of the other |lakes. The relatively rapid displacenent by
runoff is apparently responsible for the rather hum c character
of the | ake water. This has negative effects on productivity
beyond the nore direct inpacts associated with rapid flushing
(such as |ow TDS) that were incorporated in the physical-chem ca
score.

Hydraul i c Lake di splays the greatest discrepancy
bet ween physi cal -cheni cal and bi o-productivity scores. Hydraulic



is an inpounded reservoir which is very severely mani pul at ed.
The percent | ake area exposed by drawdown has averaged 51% over
the past 7 years. Annual vol une reductions have averaged 74%
(range of- 48-97%. 1t is concluded that the biological inpacts
of this reginme are very profound. Lakes manipulated in the nean
annual range of + 15-30% for area, and * 20-50% for volunme (e.qg.
Headwat ers, Jackpine, Lanmbly, Oyama, Swalwell) do not display
this dramatic reduction in productivity. Except for Hydraulic,
Headwat ers shows the greatest negative deviation fromthe
regression line (Fig. 26) anong the mani pul ated | akes. Vol une
reduction in Headwaters, although averaging only 37% si nce 1965,
has been as high as 76%in one year.

"Trout popul ati on" scores were derived for each
| ake on the basis of standing crop, growh, condition,
fecundity, and angling catch per unit effort (Appendix Table
F,). These values are plotted agai nst the physical -chem cal
scores in Fig. 27. It is apparent that- two of the | akes,
Headwat ers No. 1 and Hydraulic, have discordantly | ow trout
popul ation scores. This is attributable in part to the severe
hydrol ogi ¢ mani pul ation, particularly for Hydraulic Lake. It
was noted earlier that several of these |akes are manipul ated as
much or nore than Headwaters on a nean annual basis, but
Headwat ers has a history of especially heavy mani pul ation in
occasi onal years. Another common factor shared by these two
| akes is the presence of coarse fish species (Table 10). The
interference by such fishes with trout production in snal
nountain | akes is well docunented (e.g. Larkin and Smth 1954).
Aver age size, growh and condition of trout are all |owest in
Headwat ers anong the | akes of this



series. Gowh of trout is not notably dimnished in Hydraulic
Lake, but condition is very poor. The evidence suggests that the
smal | nunbers of trout (apparently all constituting one year-
class) which are found in Hydraulic may actually be mgrants from
adj oi ni ng | akes.

The high trout score for Oyana Lake is of interest.
Oyama has the best popul ation of anphi pods (Fig. 20), the
preferred food of trout in these | akes.

Anong the paranmeters which contribute to the
physi cal -chem cal scores as derived above, three factors al one --
altitude, nmean depth and TDS -- serve nearly as well for the
predi ction of bio-productivity and trout popul ati on character-

I stics anong the "conform ng" | akes. The values of the
correlation coefficients are conpared bel ow

Bi 0- product - Trout popu-

ivity score | ati on score
Physi cal - chem cal score, 14 factors: r =0.97 r =0.71
Physi cal - chem cal score, 3 factors: r =0.89 r =0.58

The abbrevi ated i ndex denonstrates the overriding
i nportance of altitude (which in turn largely determ nes TDS),
along with depth (or depth-linked factors) in the basic
productivity of these lakes. |It, of course, again fails to take
into account the unusual inpacts of very |low inflows, dystrophy,
or severe water-|evel manipulation.



15. THE HEADWATER FI SHERI ES

15.1 Fishery managenent.

Most, if not all, the Ckanagan headwat er | akes
were initially barren of fish. This resulted from geol ogic and
gl aci al events coupled with denial of access fromthe mai nstem by
t opographic features. An active programof fish introductions
was initiated by the British Colunbia Governnent about 1920, and
is continued by the B.C. Fish and Wldlife Branch today. Sone 60
of the Okanagan headwater | akes (plus several small ponds) are
stocked on a regular basis, with sport-fishing opportunities in
the remaining £ 70 | akes deriving fromearlier or adjacent
i ntroductions. The bulk of the fish handled are rai nbow trout
whi ch occur in at |least 126 of the waters listed in Appendi x
Table A. At least 27 of the Ckanagan headwater | akes contain
fish species other than, or in conjunction wth, rainbow trout.
Most not abl e anong these other species is eastern brook trout
(Salvelinus fontinalis). Brook trout have recently received in-
creased consideration in the | ocal stocking programin antici-
pation that they m ght prove nore resistant to winter-Kkil
conditions. "Warmwater fish" and "coarse fish" species have
al so gai ned access to sone of the | akes. Known occurrences of
speci es other than rainbow trout in these 129 waters are
sunmari zed i n Appendi x Table G

Sonme of the nost basic considerations in the
managenent of the Okanagan headwater fisheries involve the
di mensions of the lakes. A critical question is what depth
characteristics are necessary to ensure over-w ntering survival




of stock. Lakes w thout an adequate oxygen reservoir per unit of
area to neet the respiratory requirenents of trout will "w nter-
kill". 1In general, the nore productive the | ake the nore depth
IS required.

Sonme appreciation of this "critical depth" can be
gai ned by considering | akes which are actually known to support
fish over winter. A plot was prepared (Fig. 28) of the frequency
distribution in ternms of maxi num depth of such headwater |akes in
the Ckanagan. It is imrediately apparent that |esser depths are
required to maintain fish at the higher elevations. This is
mainly a reflection of the |esser productivity of the higher
| akes, which in turn relates to the | ower solute contents, |ower
tenperatures and shorter growi ng season. Also involved is the
greater probability of significant flowthrough (w nter
di scharge) at the higher elevations. As a general rule it would
appear that maxi num depths of 25 feet or nore are necessary to
consi stently ensure fish survival over w nter bel ow 4000 feet,
wher eas depths of 15 feet, and sonetines even 12 feet, are
usual | y adequate above this elevation. This nodel could serve as
a crude basis for setting mnimumdepth requirenents for
fisheries in reservoirs subject to drawdown. A conplicating
factor would be the el evated productivity associated with early
i npoundnent (e.g. Lanbly Lake), at which time greater over-
wi ntering depth woul d be required.

Current fish stocking practice in the Ckanagan
regi on enbodi es a consideration of survival potential,
anticipated utilization, and the estimated carrying capacity of
the parti -
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cul ar | ake. The "stocking fornula” which forns the background
for present managenment takes into account total surface area,
l[ittoral area, and total dissolved solids content of the
receiving water (S. ,MacDonald, .pers. conm). This formula has
the foll ow ng conponents:

Basi ¢ nunber of fry required

(Total surface area in acres) + (10 x littoral area)

(K

Where Kis a stocking intensity factor based on TDS as

fol |l ows:

TDS K
50 150
100 200
150 250
200 300
250 350

On this basis (Fornmula 1), and defining littoral
area as 0-6 m(as is done in local practice), basic annual
stocking requirenments were derived for the 11 key | akes. These
are presented in Table 14.

A revanped stocking formula, devel oped from
earlier studies by Mttley (1932), Northcote and Larkin (1956),
and ot her observations, has recently been put forward by Smth et
al. (M5 1969). The basic stocking requirenent is estimted from
shoreline length on the basis of 30,000 fry per mle. Values are
adj usted according to carrying capacity as indicated by TDS using
the enpirical curve reproduced in Fig. 29. Stocking requirenments
for the 11 | akes on the basis of this fornulation (No. 2) are
included in Table 14. It wll be noted that Fornmula 1 yields
consi stently higher estimates than Fornmula 2; the discrepancy
averages + 210% and is greater anong the | arger | akes.

In practice, several other factors are given
subj ective consideration in stocking, nanely the extent (if any)



Table 14. Calculation of trout fry stocking requirenents, and recent historica
i ntroductions, 11 sel ected headwater | akes in the Okanagan Basin.

Basic annual fry,reguirementa Adjusted Mean annual Introduction
Formula Formula Adjustm?pt fry introduction as %_of calc.
Lake No. 1 No. 2 Average factor reguirement 1967 - 1970¢ requirement

AGUR 29,600 41,600 35,600 1,00 35,600 35,400 99
MUNRO 52,700 16,800 34,800 .60 20,900 27,400 131
HEADWATERS #1 251,200 - 75,600 163,400 .80 130,700 144,700 111
JACKPINE 203,600 48,400 126,000 .60 75,600 69,600 92
LAMBLY 376,600 85,200 230,900 1,00 230,500 91,400 40
PINAUS 188,000 131,700 159,800 .80 127,800 398,800 312
OYAMA 601,500 178,300 389,900 <20 78,000 26,700 34
ALEX 26,300 15,600 20,900 .00 nil nil -
SWALWELL 645,800 166,000 405,900 .60 243,500 400,500 165
FISH HAWK 71,000 19,200 45,100 .00 nil nil -
HYDRAULIC 1,026,600 248,000 637,300 1,00 637,300 33,700 5

*Cal cul ated from di mensions at full supply |eve
"On basis of access conditions and natural spawning opportunities
‘Fry equival ents on the basis of conversions given by Smth et al. (1969)
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FIG 29 . Basic rainbow trout clocking requirenent (fry at
4000 per Ib.) relative to TDS. Enpirical curve
redrawn fromSnmth et al . M5 1969.



of natural reproduction, the nature of access to the | ake, the actua
fishing pressure, and the angling success being experienced.

Avail ability of stock forces additional nodifications fromyear to
year. Several significant headwater sport-fishing | akes are not

pl anted with governnment stock because the | akes are entirely bounded
by private or Indian |ands and hence are not accessible to the

publi c. Exanpl es are Aeneas, Brent, Farleigh, Gallagher, Marron,
and Shannon Lakes. Qhers, including Fish Hawk and Al ex of the
present key series are not stocked because natural recruitnent is
deened adequate to maintain a suitable popul ation.

Adj ustnent factors on the basis of access and
conditions for natural reproduction are suggested for the 11 key
| akes in Table 14. These factors have been applied to the nean
basic fry requirenent as derived fromFornmulas 1 and 2, and the
results are conpared (Table 14) with the average historical
i ntroductions over the period 1967-1970. It wll be noted that
there is considerable difference for some of the | akes between
actual introductions and introductions predicted fromeither or
both of the enpirical fornulations. The significance of some of
t hese "di screpancies” is noted in the ensuing section.

The inpacts of reservoir mani pulation on fisheries
have al ready been noted in several contexts. The matter is also
of concern to the fishery manager conducting a stocking program
I f di nensional changes are severe it is not clear on what basis
stocki ng shoul d be conducted. Stocking according to di mensions
at full supply level would result in an undesirable concentration
of fish at drawdown. Stocking to m ni mum pool dinensions would



result in an unfavorably |ow density at other tinmes of the
year. The problemis largely self-resolving for the nost
severely mani pul ated reservoirs (e.g. Hydraulic) in that

t hese do not warrant any significant stocking input. Loss of
fish fromreservoirs via the outlet is also of sonme concern
Sonme reservoirs which have no over-w ntering potenti al
probably play a role in enhancing the fisheries of the assoc-
iated stream Thirsk Reservoir provides good summer habit at
and appears to pronote rapid growh of trout. Wen it is
drained in autum these fish beconme part of the Trout Creek

f auna,

A managenent tool that has in the past been
enpl oyed with reasonabl e success anong Ckanagan headwat er
| akes that had becone populated with coarse fish was the
treatnment of such |akes with fish toxicants followed by re-

i ntroduction of gane trout species. Stringer and McMnn
(1958, 1960) review this practice for British Colunbia
waters. At |least 17 of the Okanagan headwater | akes, plus a
few smal | ponds, have been so treated. These activities are
summari zed in Appendix Table H. This practice is no | onger
actively pursued.

15.2 Fish exploitation.

The nunbers of anglers utilizing the Okanagan
| akes in 1971 was determ ned under another task (MacDonald
and Mol nar M5 1972). Simlarly the angling catch itself was
(and continues to be) sanpl ed under Task 66C. Exploitation
figures



for the period June through freeze-up in 1971 are given for
the 11 key | akes in Table 15.

No overall relationship could be denonstrated
bet ween catch per unit effort (in ternms of nunbers or weight)
and trout standing crop, population score, or stocking.
Simlarly, no clear Iinks were apparent between total angling
harvest and the various trout popul ation or stocking indicators.
Conparisons are difficult because the paranmeters are inter-
related. Stocking and intrinsic factors (such as growth) are
not readily separated as to their individual inpacts on trout
availability and production capacity. Simlarly, trout
avai lability (as neasured by catch per unit effort) may reflect
feedi ng opportunities, conpetition, etc. as nmuch or nore than
popul ation status. Total harvest in turn is heavily influenced
by "external" factors such as access, accommobdati on, and
scenery.

Exam nati on of the extrene val ues of stocking and
harvest (Table 15) is instructive, however. Thus it is apparent
that a substantial stocking effort at Headwaters Lake, although
resulting in a favorable nunerical trout catch per hour, does
not overcone (and may even have aggravated) the inpact of
conpetition with the coarse fish present. Hydraulic Lake does
not appear capable of benefitting fromeven the token anount of
stocki ng whi ch has been conducted; this |ake is governed
conpletely by its extrene water regine. Lanbly Lake, of
exceptional productivity, has responded very well to what has
been only a noderate stocking input. Lanbly appears at present
to have potential to accept and convert introduced trout stock
beyond that predicted fromthe ordinary indicators (norphonetry
and TDS)



Tabl e 15.

and recent stocking of

Compari son of angling activity,
rai nbow trout

angl i ng success,
in 11 selected

Okanagan headwat er | akes.
Angling Angling success, Total Recent
Pressure, catch per hour harvest, stocking as
hr/acre No. 1b. 1b/acre % of calcul-
ated requirm
AGUR 77 .78 .31 23.8 929
MUNRO 15 .63 26 4.0 131
HEADWATERS #1 17 . 66 .09 1.5 111
JACKPINE 38 .21 .18 6.9 92
LAMBLY 46 .81 .34 15.6 40
PINAUS 183 .26 .21 37.1 312
OYAMA 12 .43 .28 3.3 34
ALEX 62 1.00% .65° 3.8° (100)
SWALWELL 51 .72 .28 14.3 165
FISH HAWK 28 3.25 .78 1.6° (100)
HYDRAULIC 1 .10 .06 0.1 5

*Est i mat ed



A high stocking intensity for Swal well Lake (165% of predicted
intensity) along with the existing natural recruitnment, pro-
duce a relatively high yield of trout (14 Ib per acre in 1971)
despite the rather |ow productive capacity. Pinaus Lake, with
its much greater productivity, denonstrates an even higher
conversion of introduced stock. This |ake yielded 37 |Ib per
acre of trout in 1971 on the basis of a recent stocking
program whi ch has exceeded "cal cul at ed” stocking requirenents
by 300%



16.

GLOSSARY OF TERMS

(as utilized in this report)

Anaer obi c:
Bott om f auna

Bl oom

W thout free oxygen.

Ani mal s inhabiting the bottomof a |ake
(= zoobent hos).

A concentration of algae sufficiently
dense to notably discolor the water.

Catch per unit effort: The amount (nunber or weight) of fish

Chl or ophyl | :

Coarse fish

Dr ai nage | ake:
Dyst r ophi c:

Edaphi c factors:
Eut r ophi c:

Epi | i i on:

Fecundi ty:
Hypol i hmi on:
Li ol oqgy:
Mor phonet ry:
A i gotrophic:

Pl ankt on:

caught in one standard unit of fishing
activity (such as one angli ng-day).

The coloring matter of plant cells, essen

tial for photosynthesis.

Species of no direct value to humans (but
often acting as food, conpetitors, or
predators for other species).

A lake with a visible surface outlet.

Br own-wat er condition, characterized by

| ow cal ci um and hi gh hunus content,

and usually with low nutrients.

Conditions determ ned by soil characteristics.
Waters with a good supply of nutrients and

a high potential for organic production.

The turbul ent upper layer of a thermally
stratified | ake.

Nunber of eggs produced by a female (fish).
The deep layer of a thermally stratified | ake.
The study of inland waters.

The di nensi onal characteristics of a | ake*
Waters with a small supply of nutrients

and/or a limted capacity to pronote
utilization of nutrients for organic production.
The nore or less free-floating plant
(phyt opl ankt on) and ani mal (Zoopl ankt on)
organisnms in a | ake.



Pri mary production:

Pr oducti vi ty:

St andi ng cr op:

Thernal stratificati

The synthesis of organic matter fromits
constituents utilizing radi ant energy.
The ability of a water body to pronote or
sustai n organi c production.

The ampunt of organi sns existing per unit
of space at a given tine.

on: The occurrence of a density |ayering

Ther nocl i ne:

Total dissolved sol

of | ake waters as a consequence of surface
war m ng.

The zone of rapid tenperature (and density)
transition between the epilimion and hypo-
[imion of a thermally stratified |ake.

ds: (=TDS). A neasure of the total

Trophic | evel:

(usually non-volatile) solute materi al

in water (= filterable residue).

The position at which an organi sm operates
in the food chain.
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