DI SCUSSI ON

FI SH AS | NDI CES OF EUTROPHI CATI ON

Informati on on a nunber of attributes of the fish populations in 6 Ckanagan
basi n | akes has been presented. An attenpt will now be made to use these
characteristics in assessing the present status of eutrophication in the

| akes.

There are marked differences in species conposition between the uppernost and
| ower nost | akes in the drainage basin. Wod Lake has the | owest nunber of
bot h sal monoi ds (3) and non-sal nonoids (7) whereas Osoyoos has the highest (7
and 15 respectively). Intervening |akes are internmediate. However these

di fferences do not seemrelated to eutrophication but instead probably result
frombarriers (both natural and nman-made) to upstream nmovenent of fish and
fromintroductions by nan. The ictalurid, percid and centrarchids found in
Gsoyoos Lake could surely thrive in Wod Lake if they had the opportunity of
gaining entry. Although there is no clear evidence of a shift in species
conposition having occurred in the basin | akes as a result of their

di fferential eutrophication, such a change nmay soon cone if present trends go
unchecked. The extrenely small nunber of rainbow trout and few kokanee taken
by the 1971 extensive netting in Wod Lake as well as the recent reports of
kokanee nortalities there during sumer undoubtedly are indications of

changed | ake conditions.

To fairly assess differences in relative abundance, average |ength, weight-
| ength relationships and growh rates of the fish between | akes, it seened
essential to consider only those species conmon to all |akes. Furthernore
some system however crude, had to be devel oped to sunmarize and summate the

consi derabl e body of data presented for each attribute. This has been



done in Table 12, where it is possible to conpare the relative position of
each |l ake with respect to any other in the systemby examning its score
in a particular cell of each columm of any one matrix. Also one may
obtain the general position of each | ake for one attribute by sunmng its
score for the 5 lakes with which it is conpared in a colum. These total
scores for each | ake are then ranked in order of the npst "eutrophic” with

respect to the attribute considered.

No attenpt will be nade to work through each nmatrix, cell by cell,

al t hough the sign and nmagni tude of the scores often seemreasonabl e and
instructive on that basis. For exanple, Skaha Lake has a positive
eutrophication score for the relative abundance i ndex when conpared to
Wbod (+15), Kal amal ka (+50), OCkanagan (+51) and Osoyoos (+45), but is
negative (-25) in this respect when conpared to Vaseux. On the other
hand al t hough Skaha shows positive growh rate scores in relation to al
other lakes, it is very high (eutrophic) in conparison wth Kal anal ka

(+118) but not so for Vaseux (+46).

Considering the sumed (¢) relative abundance scores for each | ake (Table
12), one sees that Vaseux is by far the npst eutrophic in this respect,
whi | e Okanagan and Kal amal ka are the least. This seens a clear reflection
of the large nunber of non-sal nonoids and the few sal nonoi ds taken in
Vaseux and of the reverse situation in Okanagan and Kal amal ka. Skaha ranks
the second nost eutrophic in the relative abundance matrix, followed by
Wbod. Because of the |ower nunber of sal nobnoids caught in 1971 conpared
to 1948 in Skaha and the occurrence of carp in net catches there in 1971
but not in 1948, this | ake probably would have had a rmuch | ower sunmed

rel ati ve abundance score in 1948. Although there apparently



Table 12. Matrices of weighted scores devel oped to conpare six Ckanagan
basin | akes using four attributes of their fish populations in
1971 as indices of eutrophication

RELATIVE ABUNDANCE! . AVERAGE LENGTH2

wD KL oK SK VA 0s WD KL 0K SK VA 0s
WD - 33| -37]+15} + 40}~ 28 WD + 9| +31] +2u4 | +15 | +2u
KL } +33 - ul+S50)+701+ 4 KL |- 9 +19 ) +16 | + 6 | +16
OK [ +37)+ 4 +51)+ 75+ 9 OK }- 31| -19 -4} -12f -7
sk |-15] - so} - 51 + 25 |- us SK|j-2u] -16} + 6 -9 ] -1
VA |-u0}-70]-75]- 25 - 75 VAJ-15] -6| +12| + 8 +9

os {+28)- u|- of +as]+ 75 Tosf-2u| <c26f +7] +1] -9
L SCORE 4 +43} -153¢ ~176| +136} +285 | <135 } £ SCORE [-103| ~48 ] 475 ] +46 |} - 9 | +41
RANK 3 5 6 2 1 u RANK 6 5 1 2 4 3

- WEIGHT - LENGTH3 GROWTH RATEY

WD KL 0K SK VA 0s WD XL 0K SK VA 0s
WD +10 | +15 | +26 +11 | +26 WD -11] +16 ]+ 65 | +12 | +u7
KL -10 +14 +10 + 2 +17 KL |+ 11 +47 1 +118 +21 +45
OK } ~-15} -<aua +4 - 6 -1 OK |- 16 | - 47 + 93] +5 +32
SK | =26} -10 | - u -8 +2 Sk |- 65]-118 | -93 -46 | -65
VA |-11]l-2]+6 ] +8 -1 vAj-12}-21] - 5|+ us +33

os |-26]{-17 | +1 ] ~2 +1 0s |-u7]|-us] -32}1+ 65} -33
I SCORE | -88} -33 | +32 | +ue 0] +43 ]| £ 5CORE |-129 | -2u42 | -67 | +387 | -ul | +92
RANK 6 5 3 1 u 2 RANK 5 6 Y 1 3 2

! Scores equal differences between |lakes in total nunber of the 7 common species of
fish caught in standard gill net sets (Fig. 5) weighted so that 1 score unit = 2.5
rai nbow trout, 10 kokanee, 5 mountain whitefish, 5 |argescale suckers, 50 peanputh
chub, 10 squawfish, 2.5 carp; sal nonoi ds given negative score, non-sal nonoi ds
positive score, so that score shown in each cell represents their al gebraic sum

Scores equal differences between | akes in average length of the 7 comopn species
of fish caught in standard gill net sets (Fig. 6) weighted so that 1 score unit =
1 cm score shown in each cell represents algebraic sumof differences for the 7

speci es

Scores equal differences between |l akes in weight-length regressions (log 10) of
the 7 common species of fish; score obtained by adding any statistically signi-
ficant (P<0.05) difference in slope (X100) to a 3 unit index for displacenent (+
or -) of the regression line

Scores equal differences between lakes in "growh rate" (average size attained by
each age group) of the 7 conmmon species of fish weighted so that 1 score unit =1
cm score shown in each cell represents al gebraic sumof differences for age
groups of the 7 species



has been a reduction in total abundance of fish in Wod Lake between
1935 and 1971, the relative abundance of species and hence its position

in the present ranking may not have changed nmarkedly.

Average length may not be a particularly good attribute to consider in
using fish as indices of eutrophication. |It, perhaps nore than the others
used, may be easily influence by unrel ated conditions. Okanagan fish have

t he hi ghest pooled score for average length (Table 12), foll owed by Skaha
and then Osoyoos. Those in Wod and Kal anal ka are | owest. That Wod Lake
fish now are so consistently smaller than those fromany of the other basin
| akes seenms nost significant, especially since a few decades ago this |ake

supported a flourishing sport fishery for good sized kokanee.

Skaha Lake has the highest weight-length score followed cl osely by Gsoyoos
(Table 12). Scores for Kalamal ka are low, and only positive for one
conparison (with Whwod). Wight-length relationship scores for Wod Lake
are negative for all comparisons, giving it a highly negative total score.
That the slope of the weight-length regression for carp in Wod has
significantly decreased between 1935 and 1971 suggests that conditions for
growm h of this species may have worsened over this period. In contrast,

sl opes and/or displacenent of the weight-length regression for at |east 4
speci es of fish have increased sharply in Skaha Lake between 1948 and 1971

agai n suggesting rapid and recent eutrophication there.

Gowth rate scores for Skaha Lake fish are highest for all between-I|ake
conpari son (Table 12); hence the pool ed value is over four tines that of the

next hi ghest, Osoyoos. Kal anal ka shows the | owest score for this



attribute, followed by Wod. It was noted previously that there has been
a sharp increase in growth rate of all 4 Skaha Lake sal nonoi ds between
1948 and 1971 whereas those in Ckanagan have either remained the same or

in one case, decreased since 1935.

Low average age of sal nonoids taken from Vaseux, Wod and Skaha | akes in
conparison with those from Kal amal ka and Ckanagan nmay be indicative of
advanced eutrophication in the former group. Larkin and Northcote (1969)
cite exanples from Europe where the average age of coregonids in net

cat ches gradual |y becane | ower as eutrophication of the | akes becane nore

Severe.

In summary, the four attributes used as eutrophication indices for
Okanagan basin fish popul ations as well as other characteristics or
changes presented above, all point towards Skaha Lake as being the nost
eutrophic foll owed by Osoyoos and Vaseux. Kal amal ka woul d seemthe | east
eutrophic. Al though Wod Lake al so ranks very |ow, several |ines of

evi dence suggest that it has reached this position after passing through a
nore eutrophic stage, at least with respect to its fish populations. This
shoul d not be construed to indicate that Wod Lake today in other features

of its |imol ogy, may not be considered highly eutrophic.

For sone, it nay appear that this whol e process has been a | ong and
t edi ous exercise in proving the obvious; considering the history and
success of man's attenpts to control eutrophication however, even proving

the obvious to many will be just that - a long and tedi ous process.

STREAM AND SHORE SPAWNI NG KOKANEE

The nunber of stream spawni ng kokanee are probably related to



the availability, quality and size of spawning habitat rather than the
eutrophic state of the neighbouring region of the |ake. For exanple, 550
kokanee entered Wiiteman Creek in 1971 when heavy rains provided a brief
flow of water but were unable to use the creek at other tinmes because, the
entire flow was diverted. Large popul ations of spawni ng kokanee were noted
in Coldstream (tributary to Kal amal ka) and M ssion (tributary to Ckanagan)
creeks because these streans provide |arge areas of spawning habitat. It

i s conceivabl e that both Kal amal ka and Ckanagan | akes coul d support | arger
nunbers of kokanee if there was nore spawni ng habitat in these | akes.
There is a suggestion that the few renai ni ng kokanee in Wod Lake spawn in
Col dstream because of the |lack of spawning habitat in streans tributary to

t hat | ake.

The availability of shore-spawning habitat, |ike that of stream
spawni ng, appears to determ ne the nunber of spawners; the |argest nunber
(383,000) of shore spawners was observed in the northern section of
kanagan Lake where only 27,000 stream spawners were observed in 3 smnal
streams. The | argest nunber of stream spawners was observed in M ssion
Creek, a tributary to the central region of Okanagan but conpared to the
northern area, the shore-spawners were fewer in nunber; again probably a
refl ection of available habitat. Good shore-spawni ng habitat probably is
lacking in the southern section of Ckanagan Lake, Skaha, Vaseux and Gsoyoos
because no spawners were seen there; kokanee were observed spawning in

tributary streans of these | akes.

PESTI Cl DES AND HEAVY METALS

This study did not attenpt to investigate the effect of pesticides



or heavy netals on fish thenselves but there is a vast literature dealing
with the effect of the forner on a variety of fishes and a grow ng body of
informati on on the effects of heavy netals. Were these docunented cases
provi de conparative information to that of Okanagan fishes, sonme nention
wi Il be nade of them and enough data from el sewhere in North Arerica wll

be given so that the Okanagan Basin case can be put in perspective.

There are two aspects to consider when interpreting the incidence and
degree of contam nation in fishes: (1) the effect of the conpound(s) on
the well-being and life cycle of the fish per se, (2) the concentration of
the contaminants in fish as it affects the well-being of the consuner of

fish - in this instance the angling public.

The DDT group of insecticides has been shown to kill many of the species of
sal monoi ds and cyprinids found in the Ckanagan system |n one experinent,
the DDT concentration required to kill 50%of the tested individuals in 96
hours was 0.007 for rainbow trout, 0.002 for |arge-nmouth bass, 0.009 for
yell ow perch and 0.001 for carp (Pinmentel, 1971). In addition to acute
toxicity there are sub-lethal effects of the DDT group that inhibit
reproduction and alter behavior patterns. Wen levels of DDT and its

net abolites were above 0.4 ppmin eggs of hatchery trout, nortality of the
resulting fry ranged from30 to 70 percent. |n another study fewer fry
survived fromlake trout eggs that had 3 ppm DDT and all fry died that

hat ched from eggs havi ng concentrations of 5 ppm and above - concentrations

in eggs ranged from3 to 335 ppm It is interesting to note



that nost nortality occurred in the fry stage at the tine of fina

absorption of the yolk sack rather than in the egg stage (Pinentel, 1971).

Concentrations of chlorinated hydrocarbons are higher in fatty tissue
because these compounds are fat-soluble. Concentrations of DDD, which was
applied directly to Clear Lake, California, ranged from5 - 130 ppmin fish
of several species but in the fat of those fishes, ranged from40 to 2,690
ppm or about 20 tines the highest concentration (O Brien, 1967). 1In 16
speci es from New York waters, concentrations in flesh ranged from0.2 to 7
ppm DDT but in other tissues, egg and reproductive organs, up to 40 ppm -
about 6 times the highest figure (Pinmentel, 1971). |If the concentrations
of DDT in eggs and reproductive organs of sonme |arge rai nbow trout from

Kal amal ka Lake were 6 tines the concentration found in flesh there would be
as nmuch as 412 ppmor as little as 1.38 ppm Concentrations in eggs and
reproductive organs of |arger rainbow trout in Ckanagan | akes woul d
probably exceed the 5 ppmlevel that produced 100 percent nortality in fry
of lake trout. The sane thing may well apply to sone squawfi sh in Ckanagan
Lake and sone | ake whitefish from Skaha Lake. This phenonenon applied
particularly to older and therefore usually larger fish because DDT
conpounds accunul ate in tissue with time (Pimentel, 1971). Fish with high
concentrations of chlorinated hydrocarbons in their fatty tissues may

t hensel ves remain relatively healthy until sone stress such as reduced food
i ntake causes the fat in the body to be nobilized. 1In all probability
therefore the larger rai nbow trout in Kal amal ka and Okanagan | akes are

unabl e to reproduce successfully.



Sub-1 ethal effects were observed to occur in juvenile Atlantic salnon in
streams in areas that had been sprayed with DDT; these fish selected
abnormal Iy high water tenperatures. Such a physiol ogi cal change could | ead
to stress or death in fish that require specific ranges of tenperature for
survival and/or reproduction. Brook trout fed sub-lethal doses (0.02 ppm
of DDT in the |laboratory lost their |earned avoi dance behavior; doses of
0.02 to 0.06 ppmaltered their thermal acclimati on nechani sm (Pi nentel
1971). Physiol ogi cal and behavi oral changes |i ke these may occur in

juvenil e sal nonoids in Ckanagan streanms and | akes thus reducing survival.

The allowable Iinmits of DDT for human consunption were exceeded in 14
percent (15 out of 107) of all analyses. It is significant to note that
only 2 of the 15 anal yses that exceeded the linits were for species
(squawfi sh and | ake whitefish) seldomutilized by anglers; nonethel ess they
are consuned by sonme anglers. The majority of species containing excessive
anmounts are those that are given top priority by anglers (Anonynmous, 1972).
As shown by rainbow trout in Kalanmal ka and Ckanagan | akes, concentrations
of total DDT are generally below prohibitive levels in snaller sized fish.
These appear safe for human consunmption. Simlarly, non-piscivorous
speci es such as kokanee, whitefish, suckers and carp are, for the nost

part, below the 5.0 ppmlinit set for chlorinated hydrocarbons.

Aver age concentrations of total DDT from some species in the Geat Lakes
are higher than those for the same species in Ckanagan basin | akes; |ake

trout in Mchigan and Superior |akes were 6.96 and 7.44 ppm



conpared to 5.26 and 4.61 ppmin |ake trout from Kal amal ka. Perch from
Vaseux Lake had | ower average concentrations (0.24 ppn) than perch from
Lake Erie (0.87 ppm} and Lake Ontario (2.10 ppm Pinmentel, 1971). In
these | akes, as in Okanagan | akes, the insecticide was applied to the
land to control insect pests but found its way into aquatic non-target

or gani sns.

Sone heavy metals occur naturally and as pollutants in Ckanagan | akes.

They may constitute serious fornms of pollution because they occur as stable
conpounds and are therefore persistent. Ceneral ly, fish concentrate heavy
netals in their tissues where levels may be nmany tines that found in the
wat er or substrate. The amount of accunulation differs for different
organs; concentrations in kidney and liver tissue are usually nuch higher

than in muscl e.

Heavy netal conpounds of copper, |lead, nercury and zinc in water, singly or
conbi ned, are lethal to fishes (Peterson et al., 1970). Like DDT
conpounds, sub-Ilethal concentrations can adversely affect the behavior and

physi ol ogy of fish.

To date very little investigation has been made of the heavy neta
content of fresh water fishes in British Colunbia. Peterson, et al.
(1970) lists concentrations of copper, lead, nmercury and zinc in fish
livers and mercury content of livers and nuscle. The highest concentration
of mercury in rainbow trout nuscle el sewhere in the province (1.90 ppm) is
about twi ce as high as the highest concentration (0.89 ppn) found to date

i n kanagan rai nbow trout. Concentrations of nmercury in Ckanagan fishes



were found to be high (and exceeded linmits) in large, old rainbowtrout in
kanagan Lake, probably because they live for a long tinme and commonly

prey on other fish which have accunul ated | esser concentrations.

Concentrations of nmercury above limts have accumul ated in sonme squawfi sh
from Okanagan, Skaha and Gsoyoos | akes; |ike large rainbow trout, this
speci es preys heavily on other fishes. The anount of nercury in one
squawfi sh from kanagan Lake was as high (1.79 ppnm) as the highest
concentration (in another predaci ous species, the lake trout) for the re-
mai nder of the province (Peterson, et al., 1970). Mercury concentrations
in Lake Erie yell ow perch (0.29 to 0.61 ppm) were higher than those found
in yellow perch from Vaseux and OGsoyoos | akes (0.09 to 0.50 ppm). Lake
Eri e coho sal non, which are probably much younger but have simlar feeding
habits to | arge Ckanagan rai nbow trout, had nercury concentrations ranging
fromO0.51 to 0.69 ppmconpared to a range of 0.02 to 0.89 ppmfor |arge
rai nbow trout in Okanagan and Kal amal ka | akes. Surprisingly, burbot, also
a fish predator, had conparatively |ow concentrations of heavy netals and

pesti ci des.

Excluding zinc, only 6.5% (7 out of 107) of all anal yses showed
concentrations of heavy nmetals in excess of linmts for human consunption
based on these data, sports fish are, for the nost part, free of serious
heavy nmetal contamination. Because of the difficulties encountered with
t he anal yses of cadmiumand zinc, it is not possible to nmeaningfully
interpret the results. It is not surprising to find concentrations of

copper in Okanagan fishes as the area has w despread copper mineralization



Concl usi ve denonstration of changes in heavy nmetal content of
kanagan fishes over the years is difficult to make because of |ack of an
adequat e number of museum sanples with which conpari sons can be nade.
Simlarly, conparisons of analysis fromheadwater |akes with main basin

| akes are based on too few sanples to show any definite trends.

A variety of nanagenent strategi es have been used by fisheries
agenci es when faced with the problem of contam nated sports fish. In
Sweden, about 1 percent of the waters have been "black |isted" because of
mercury contanmination in fishes. Swedish waters are black listed if a
sanmpl e of 5 pike show residues of 1 ppmor nore of nercury in nost of the
5. If concentrations are between 0.2 and 1 ppm Swedes are advised to eat
fish fromthose waters no nore often than once a week (Nelson, 1971). The
[ evel of 1 ppm chosen by the Swedes is considered too high but if they used
the 0.5 ppmlevel as in Canada and the United States, 5 tines as many
wat ers woul d be black listed and the nonitoring costs would be prohibitive
(Nel son, 1971). Swedish health authorities sonmetimes all ow species other

than pike to be eaten fromblack |isted waters.

In Ontario, sports fishermen have been advised not to eat any fish
fromsonme waters and only certain species fromothers. 1In British
Col unbi a, a conplete ban on fishing was placed on upper Howe Sound because
of mercury contamination; later this was lifted but ground fishes and
shel I fish remai ned banned. | n Ckanagan Lake, angl ers have been advised to

eat rainbow trout only if they are | ess than 3 pounds (1362 grans).
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