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1 . INTRODUCTION 

Kokanee ( Oncorhychus nerka)  a r e  t h e  major s p o r t  f i s h  i n  Okanagan Lake. 

In  1980, over  200,000 were caught  d u r i n g  268,000 hour s  of f i s h i n g  

-. (Houston, unpubl.) .  

Although kokanee g e n e r a l l y  spawn i n  s t r eams ,  approximately one-ha1 f  t h e  

populat ion i n  Okanagan Lake spawn a long  t h e  s h o r e l i n e .  Spawning t a k e s  

place i n  mid-October and f r y  emerge t h e  fo l lowing  sp r ing .  During t h i s  

period t h e  l ake  l e v e l  i s  u s u a l l y  lowered t o  minimize f lood damage d u r i n g  

s p r i n g  runo f f .  Consequently, t h e r e  a r e  o f t e n  heavy egg l o s s e s .  

This problem has  prompted a  re- examinat ion o f  t h e  water  l e v e l  c o n t r o l  

plan and t h i s ,  i n  t u r n ,  ha s  genera ted  t h e  need t o  know more about sho re  

spawning kokanee. This  s tudy  involved two major components: p e r t i n e n t  

information found i n  a v a i l a b l e  l i t e r a t u r e  concerned with shore  spawning 

kokanee; and d a t a  obtained from 1980/81 f i e l d  i n v e s t i g a t i o n s .  A l l  o f  

t h i s  information was combined i n  o r d e r  t o  o b t a i n  a  complete overview o f  

shore spawning kokanee i n  Okanagan Lake. Major a r e a s  of s t udy  were: 

numbers and d i s t r i b u t i o n  of sho re  spawners; ha t ch ing  and emergence 

d a t e s ;  m o r t a l i t i e s  a t  v a r i o u s  s t a g e s  of  development;  and e f f e c t  o f  

water l e v e l  f l u c t u a t i o n s .  

2. METHODS 

2.1. Study S i t e  

For t he  purpose o f  t h i s  s t udy ,  Okanagan Lake was d iv ided  i n t o  fou r  

quadrants  (F igu re  1 ) .  Enumeration and d i s t r i b u t i o n  o f  a d u l t s  was 

p l o t t e d  throughout t h e  l a k e ,  bu t  t h e  remainder o f  t h e  work was 



Figure 1 The four quadrants of Okanagan  Lake 
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c o n c e n t r a t e d  i n  t h e  n o r t h  q u a d r a n t s .  The s i t e  chosen  f o r  t h e  m a j o r i t y  

o f  t h e  work was l o c a t e d  abou t  5  Ian n o r t h  o f  Kelowna b r i d g e  on t h e  e a s t  

s h o r e l i n e  (S tudy  S i t e  # l )  . T h i s  a r e a  was chosen because  o f  e a s e  o f  

a c c e s s ,  abundance o f  e g g s ,  and homogeneity o f  s l o p e ,  s u b s t r a t e  and egg 

d e n s i t i e s .  A d d i t i o n a l  sample s i t e s  were chosen i n  t h e  nor thwest  and 

s o u t h e a s t  q u a d r a n t s  ( S t u d y  S i t e  1 2  and #3  r e s p e c t i v e l y )  i n  o r d e r  t o  

compare t i m i n g  o f  h a t c h i n g  and emergence. 

2.2. Numbers and D i s t r i b u t i o n  o f  Spawning Kokannee 

Adult spawning kokanee were e n m e r a t e d  v i s u a l l y  from a  b o a t  and a  

h e l i c o p t e r  d u r i n g  t h e  e s t i m a t e d  peak spawning t i m e s  o f  October 27 t o  

November 4 ,  1980. The t ime  of  spawning i s  c o n s i d e r e d  s u f f i c i e n t l y  

s h o r t  t h a t  peak c o u n t s  a r e  r e p r e s e n t a t i v e  o f - t o t a l  c o u n t s  (Ha lsey  and 

Lea,  1973 and Smith,  1978).  Numbers o f  f i s h  and spawning l o c a t i o n s  were 

recorded  i n  t h e  f i e l d  on a i r  pho tos ,  t h e n  t r a n s f e r r e d  t o  1" = 1000 f t  

maps f o r  f u t u r e  r e f e r e n c e .  

2.3. Egg Depos i t ion  S i t e s  

Egg d i s t r i b u t i o n  i n  r e l a t i o n  t o  g r a v e l  d e p t h  and w a t e r  d e p t h  was 

examined a t  Study S i t e  #1 on J a n u a r y  21, 22, 29, Feb. 4 ,  6 and 19, 1981. 

A g r i d  made from 1 cm d i a m e t e r  m e t a l  b a r  c o n s i s t i n g  o f  a  s e r i e s  o f  

45 cm s q u a r e  s e c t i o n s  was anchored t o  t h e  s u b s t r a t e ,  p e r p e n d i c u l a r  t o  

t h e  s h o r e l i n e  ( F i g u r e  2 ) .  Each o f  t h e  p l o t s  was dug t o  a  g r a v e l  d e p t h  

o f  40 cm and t h e  r e s u l t i n g  number o f  eggs  and a l e v i n s  recorded .  

S e c t i o n s  A and B,  which were  sampled by d i v e r s  ( F i g u r e  3 ) ,  c o n s i s t e d  o f  

17 p l o t s .  The remaining s e c t i o n s  ( C  t o  E) were sampled by s h o r e  workers 

and c o n s i s t e d  o f  6 o r  l e s s  p l o t s  due t o  a  l i m i t e d  d i v i n g  budget and poor 

weather  c o n d i t i o n s .  



FIGURE 2 Overhead v iew o f  g r i d  sample p a t t e r n .  Each p l o t  i s  45  cm 
s q u a r e  and e a c h  s e c t i o n  i s  s e p a r a t e d  by 2 m e t r e s .  

The d i g g i n g  p r o c e s s  invo lved  moving s u b s t r a t e  by hand o r  w i t h  a smal l  

ga rden  f o r k  and s u c k i n g  up any eggs  o r  a l e v i n s  w i t h  a 1" rubber  h o s e  

a t t a c h e d  t o  a 12- vol t  d iaphram t y p e  p l a n k t o n  pump. The p m p  o u t l e t  r a n  

i n t o  a p a i l  s o  t h a t  e g g s  and a l e v i n s  c o u l d  b e  counted b o t h  by t h e  d i v e r  

at  t h e  t ime  o f  c o l l e c t i o n  and by  t h e  s h o r e  worker o b s e r v i n g  t h e  b u c k e t .  
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Figure  3 Egg deposition sampling sites 



2.4. Hatching and Emergence 

In a d d i t i o n  t o  t he  sample p l o t s ,  d igging  was c a r r i e d  out on January 8 ,  

March 5 ,  12, 20, 25 ,  Apr i l  3  and 9 a t  Study S i t e  #1 t o  determine 

ha tch ing  and emergence t imes.  Digs were a l s o  c a r r i e d  out  on 

January 20, 28, February 26 and March 20 a t  Study S i t e  #2 and January 20 

and 28 a t  Study S i t e  #3 t o  compare t iming of ha tch ing  and emergence f o r  

d i f f e r e n t  a r e a s  of t he  lake .  Poor acces s  and weather cond i t i ons  

prevented more frequent  d i g s .  Emergence presented cons ide rab le  

d i f f i c u l t i e s  s i n c e  f i s h  migrated a f t e r  emergence and were t h e r e f o r e  not  

observable.  This problem was overcome by c a r e f u l l y  examining t h e  yolk 

sacs  of t h e  a l e v i n s  and determining when they  were wi th in  two weeks o f  

emergence. The s t a r t  of emergence was recorded a s  two weeks a f t e r  t h a t  

d a t e .  Emergence was considered complete when no more a l e v i n s  were 

located.  In  a d d i t i o n ,  a  Ryan thermograph was submerged throughout t h e  

incubat ion  period i n  o rde r  t h a t  thermal u n i t s  could be c a l c u l a t e d .  

An attempt was made t o  check time of emergence by p l an t ing  eggs under a  

s p e c i a l l y  constructed basket  which was t o  t r a p  emergent f r y  i n  a  

screened a rea  (F igure  4 ) .  However, t h e  experiment was unsuccess fu l ly  

concluded when a l l  t h e  p lan ted  eggs d i ed .  

2.5. M o r t a l i t i e s  

Egg and a l e v i n  m o r t a l i t i e s  were recorded while  ca r ry ing  out  t h e  g r i d  

sampling method (descr ibed  under Methods: 2 .  Egg Deposition S i t e s ) .  

Divers had g rea t  d i f f i c u l t y  i n  determining m o r t a l i t i e s  because t h e  

eggs and a l e v i n s  tended t o  break up and f l o a t  away dur ing  t h e  d igg ing  

process .  Therefore m o r t a l i t i e s  were only recorded f o r  Sect ions  C t o  E ,  

covering water depths l e s s  than  27 cm (Figure  2) .  The convent iona l  

method of e s t ima t ing  m o r t a l i t y  from a l l  sources i n  a  stream environment 

i s  dependent upon an e s t ima te  of t o t a l  egg depos i t i on  and should t a k e  

i n t o  account t he  number of  broken egg s h e l l s  when sampling by shovel  



(McNeil, 1964).  In  t h i s  s tudy ,  i t  was not p o s s i b l e  t o  e s t i m a t e  t h e  

t o t a l  egg depos i t i on  inc luding  broken egg s h e l l s ,  t h e r e f o r e  m o r t a l i t y  

would be underest imated.  

2.6. Ef fec t  of Water Level F l u c t u a t i o n s  

.. , 
9 .  . .  

To determine whether submergent f r y  migrated through t h e  g r a v e l  t o  avoid 

d e s i c c a t i o n  a s  water  l e v e l s  dropped, a  1 metre long v e r t i c a l  sc reen  

extending 40 cm below t h e  g rave l  was placed p a r a l l e l  t o  t h e  s h o r e l i n e  

approximately 1 metre  from t h e  w a t e r l i n e ,  p r i o r  t o  ha t ch ing  (F igu re  5 ) .  

Both s i d e s  of  t h e  sc reen ,  and a  c o n t r o l  a r e a  ex tending  0.5 meters  from 

e i t h e r  end were c a r e f u l l y  excavated on March 12. The s c r e e n ' s  func t ion  

was t o  a c t  a s  a  b a r r i e r  t o  lakeward (away from shore)  mig ra t ion  by t h e  

a l ev ins  w i th in  t h e  g r a v e l .  

An e s t ima te  of  incubat ion  m o r t a l i t i e s  caused by l a k e  drawdown was made 

by applying t o t a l  eggs c o l l e c t e d  i n  a l l  g r i d s  f o r  Sec t ions  A and B t o  

t he  number of  eggs c o l l e c t e d  i n  those  g r i d s  which would be dewatered 

dur ing  incubat ion .  From t h i s  d a t a ,  a  percent  m o r t a l i t y  was c a l c u l a t e d .  

Only Sect ions A and B were considered s i n c e  they  covered t h e  g r e a t e s t  

depth range. 

3. RESULTS 

3.1. Numbers and D i s t r i b u t i o n  of  Spawning Kokanee 

Approximately 150,000 adu l t  kokanee spawned on t h e  sho res  of  Okanagan 

Lake i n  1980 (Table 1 ) .  There has  been a  r educ t ion  i n  abundance s i n c e  

Mysis r e l i c t a  became e s t a b l i s h e d  i n  t h e  e a r l y  l97Ots ,  a l though numbers 

have increased i n  r ecen t  yea r s  (Table 2 ) .  



Figure 4 Fry emergence t rap  
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Figure 5 Fry migrot ion screen 



TABLE 1 D i s t r i b u t i o n  and abundance o f  s h o r e  spawning kokanee i n  
Okanagan Lake i n  1980. 

S e c t o r  o f  Lake 
SW SE NE NW TOTAL 

No. o f  kokanee 0 73,445 31,115 45,405 149,965 
No. o f  spawning s i t e s  0 113  133 106 35 2 
S h o r e l i n e  used (lan) 0 3.5 2.0 1 .5  7 
No. o f  k o k a n e e l s i t e  0 552 275 428 42 6 
S h o r e l i n e l s i t e  (m) 0 3 0 17 14 2 1 
No. o f  kokaneelm o f  s h o r e l i n e  0 2 1 17 3 3 2 2 

TABLE 2 Comparative numbers o f  kokanee spawning on s h o r e  i n  y e a r s  
f o r  which r e c o r d s  a r e  a v a i l a b l e .  

3.2. Egg D e p o s i t i o n  S i t e s  

Year 

1980 
1979 
1978 
1977 
1974 
1971 

3.2.1. S u b s t r a t e  

The major  f a c t o r  g o v e r n i n g  l o c a t i o n  o f  spawning a r e a s  seemed t o  b e  

s u b s t r a t e .  Spawning o c c u r r e d  i n  b o t h  g r a v e l  and l a r g e  a n g u l a r  up t o  

300 cm i n  d i a m e t e r  b u t  t h e  m a j o r i t y  t o o k  p l a c e  o v e r  a n g u l a r  r o c k  10 c m  

t o  20 cm i n  d i a m e t e r .  S m a l l e r  g r a v e l s  were o n l y  used i f  f r e e  o f  l a r g e  

q u a n t i t i e s  o f  f i n e s  ( F i g u r e  6 ) .  In  a n  e a r l i e r  s t u d y ,  t h e  F i s h  and 

W i l d l i f e  Program i n t r o d u c e d  b o t h  l a r g e  a n g u l a r  r o c k  and round g r a v e l .  

Both s u b s t r a t e s  were used b u t  g r a v e l  was p r e f e r r e d .  

No. o f  
Adul t s  

149,965 
116,000 

50,000 
545,000 
729,000 
518,000 

Length o f  
S h o r e l i n e  U t  i l  i z e d  

7 h 

9 km 

Reference 

Marti-n, Matthews, Musa, 1980 
Region 8 F i s h e r i e s  Records 

11 

11 

I I  

Halsey and Lea (1973) 
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Figure 60  Substrate used for spawning; substrate 
f rom experimental plot and substrate 
not used for spawning. 



3.2.2. Oxygenation 

Olsen, 1968 suggested t h a t  upwell ing water  on l ake  c u r r e n t s  a r e  r equ i r ed  

t o  oxygenate shore spawning eggs.  This  does not seem t o  be the  c a s e  i n  

Okanagan Lake whetg. Halsey and Lea (1973) found no ev idence  o f  s p r i n g s  

i n  shore spawning ' s i tes .  

3.2.3. Aspect 

The d i r e c t i o n  the  spawning s i t e  faced seemed t o  be unas soc i a t ed  wi th  

p reva i l i ng  winds i n  Okanagan Lake (Halsey and Lea, 1973).  The m a j o r i t y  

of spawning s i t e s  had a s p e c t s  between northwest and n o r t h e a s t  while  

p reva i l i ng  winds a r e  from the  south  throughout i ncuba t ion  ( P e n t i c t o n  

Weather Off ice)  . 

3.2.4. Slope 

The s lope of the  beaches used f o r  spawning was h i g h l y  v a r i a b l e  (Halsey 

and Lea, 1973) and was not  a  f a c t o r  s e l e c t e d  by kokanee. 

3.4.5. Gravel Depth 

The ma jo r i t y  of  eggs were depos i t ed  10 t o  30 cm below the  g r a v e l  

sur face .  Most a l e v i n s ,  on t h e  o t h e r  hand, were found 20 t o  45  cm under 

the g rave l .  

3.2.6. Water Depth 

The depth of water covering spawning s i t e s  was c o n s i s t e n t  with an 

e a r l i e r  s tudy by Halsey and Lea (1973).  Most eggs were depos i t ed  i n  

5  t o  60 cm of water with t h e  heav ie s t  d e n s i t i e s  occu r ing  approximately 

20 cm below t h e  su r f ace  (Table  3 ) .  



TABLE 3  Comparison of  Water Depth and 
Tota l  Eggs and Fry Located 

, 
Distance Water Depth T o t a l  X X found 
from Shore ( f t )  Kokanee b  Y 

( f t )  Ha 1 sey 
& Lea 

1.5 - 3.0 0  - 0.5 , 699 2 3  44 
4.5 - 6.0 0.5 - 1.0 889 5  3 6  2 
7.5 - 10.5 1 .O - 1.5 19 7  6  0  79 

13.5 - 16.5 1.5 - 2.0 742 78 9  6  
19.5 - 22.5 2.0 - 2.5 460 100 100 

3.3. Spawning, Hatching and Emergence Dates 

The d a t e s  of spawning i n  1980 were c o n s i s t e n t  with o t h e r  y e a r s ,  b u t  

hatching and emergence times have no t  been previous ly  recorded.  Peak 

spawning period f o r  1980 r a n  from October 20 t o  November 5  whi le  

ha tch ing  occurred from January 6  t o  February 16 and emergence from 

March 17 t o  Apr i l  15, 1981. 

Digs a t  Study S i t e  #2 i n d i c a t e  t h e r e  i s  some discrepancy i n  t imes  a t  

va r ious  l o c a t i o n s  throughout t h e  l ake  wi th  t h e  southern p o r t i o n  be ing  a  

few days e a r l i e r  than t h e  no r the rn .  Study S i t e  413 was abandoned a f t e r  

2  d i g s  due t o  poor access .  

Table 4  g i v e s  more p rec i se  informat ion  on ha tch ing  and emergence a s  

observed a t  Study S i t e  # l .  
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TABLE 4 Hatching and Emergence Dates 

Percent  Percent w i th in  
Date Hatched 2  weeks of emergence 

Jan .  16 20 0  
Jan .  21 2  6  0  
Jan .  22 44 0 
Jan .  29 5  8  0  
Feb. 4 6  9  0  
Feb. 19 100 0  
Mar. 5  100 3  
Mar. 12 100 2  4  
Mar. 20 100 8  3 
Mar. 25 100 100 
Apr. 3  100 100 

3.4. Egg Mor ta l i t y  

Despite problems wi th  eggs and a l e v i n s  decomposing and d r i f t i n g  away, 

m o r t a l i t y  f i g u r e s  were f a i r l y  uniform f o r  those  sample a r e a s  which- 

yielded a  s u f f i c i e n t  number of eggs and a l e v i n s  (Table 5 ) .  Overal-1 

incubat ion  m o r t a l i t i e s  were 90% f o r  eggs and 9% f o r  a l e v i n s .  

TABLE 5  Mor ta l i t y  of Kokanee Eggs and Alevins 

Date No. of Percent  No. of  Percent 
Section* Plot* 1981 Eggs M o r t a l i t y  Alevins Mor t a l i t y  

C 1 6 2  - - - - - 
3 Jan .  29 150 80 6  6  17 
4  Jan .  29 5  28 9  1  19 2  8  
5  Jan.  29 413 9  2  120 10 
6 Jan.  29 488 89 14 1  13 

D 1 6 2  - - - - - 
3 Feb. 4 201 90 128 4  

E  1 6 2  - - - - - 
3 Feb. 19 110 100 8  0  3  

* See Figure 2, page 4. - Not determined due t o  i n s u f f i c i e n t  sample s i z e s  ( l e s s  than 100 eggs 
and/or a l ev ins )  o r  t e c h n i c a l  d i f f i c u l t i e s .  



3.5. E f f ec t  of  Water Level F l u c t u a t i o n s  

The maximum water  l e v e l  f o r  t h e  1980/81 kokanee incubat ion  per iod on 

Okanagan Lake was 1122.0 f t .  above s e a  l e v e l ,  while  t he  minimum was 

1121.41 (Table  6 ) .  This  t r a n s l a t e s  t o  a  water  l e v e l  d rop  of  

7.1 i nches  o r  18 cm between October 15,  1980 and January 31, 1981. The . . 
water  l e v e l  began t o  r i s e  aga in  a f t e r  January  31, 1981. Therefore ,  t h e  

m a j o r i t y  of t h e  water  l e v e l  r e c e s s i o n  occurred while  t he  eggs were a t  

t h e  eyed s t a g e  and unable  t o  escape  d e s i c c a t i o n .  Water l e v e l  r o s e  a f t e r  

ha tch ing  t h e r e f o r e  not  r e q u i r i n g  t h e  a l e v i n s  t o  migra te  f o r  t h a t  

reason .  

TABLE 6  Okanagan Lake Water Leve ls  f o r  
1980/81 Kokanee Incubat ion  Period 

A 15.4% egg m o r t a l i t y  due t o  l ake  drawdown was c a l c u l a t e d  f o r  Sec t ion  A 

and 6.7% f o r  Sec t ion  B. Therefore ,  t h e  average egg m o r t a l i t y  was 

approximately 11%. 

The mig ra to ry  blockage sc r een  (F igu re  5) was excavated on March 12 wi th  

t h e  fo l lowing  r e s u l t s :  Screened - 146 a l e v i n s  

Unscreened - 33 a l e v i n s  

J 

Water Level 
( f t  . above sea  l e v e l )  

1121.42 
1121.49 
1121.62 
1121.66 
1121.74 

Date 

Oct. 15 
Oct.  31 
Nov. 15 
Nov. 30 
k c .  15 
k c .  31 
Jan .  15 
Jan .  31 

It should be noted t h a t  t h e  s c r e e n  and c o n t r o l  were o f  approximately t h e  

same a r e a  and involved an equa l  volume o f  s u b s t r a t e .  

Water Level 
( i t .  above s e a  l e v e l )  

1122 .O 
1121.77 
1121.73 
1121.62 
1121.46 
1121.47 
1121.42 
1121.41 

Date 

Feb. 15 - 
Feb.-28 
March 15 
March 31 
Apr i l  15 



DISCUSSION 

There h a s  been a dramatic  reduct ion  i n  t h e  abundance of kokanee shore 

spawners s i n c e  t h e  e a r l y  1970's which may be l inked t o  t h e  in t roduc t ion  

o f  Mysis r e l i c t a  i n  1966. A f i v e  t o  t e n  year l a g  between -4.n.troduction 

and high abundancies of mysids have been observed i n  o the r  l a r g e  lake  

systems. Many o f  these  l a r g e  lakes  have exhib i ted  dramatic d e c l i n e s  i n  

kokanee abundance following t h e  establ ishment  of Mysis. The dec l ine  i n  

kokanee s u r v i v a l  i s  thought t o  be a r e s u l t  of  a reduct ion  i n  abundance 

and a change i n  spec ie s  composition of  t h e  macro zooplankton due t o  

predat ion  and competi t ion by Mysis. 

The 1974 survey of  shore spawning kokanee i n  Okanagan Lake indica ted  

they u t i l i z e d  approximately 9 km of shore l ine  compared t o  7 km i n  1980 

(Table 2 ) .  This i s  a s i g n i f i c a n t  r educ t ion ,  but when numbers o f  

spawners f o r  those two years  a r e  compared, t h e  d i f f e r e n c e  i n  a r e a  may 

l a r g e l y  be a func t ion  of-kokanee abundance. 

Shore spawning a c t i v i t y  has remained concentrated over the  sou theas t ,  

no r theas t  and northwest quadrants of the  lake  (Figure 1) over t h e  past  

10 yea r s ,  but has  become r e s t r i c t e d  t o  t h e  more productive s i t e s  within 

those quadrants  more r ecen t ly .  

Similar  r e s u l t s  concerning s u b s t r a t e  preference were encountered i n  

Kerns and Donaldson's (1968) r epor t  on sockeye (Oncorhynchus nerka) i n  

Ilamma Lake, Alaska, where 73% of a l l  spawning took p lace  over loose ly  

s t a lked  i r r e g u l a r  rock 10 cm t o  30 cm i n  diameter .  The 1974 kokanee 

shore spawner survey of Okanagan Lake ( ~ i s h  and Wild l i fe  Program, 

Region 8 ,  1975) es t imated  85% of shore spawning s i t e s  were s i m i l a r  t o  

t h a t  descr ibed  above. 

Available l i t e r a t u r e  does not provide comparat i v e  s t u d i e s  on sub-gravel 

depth of egg depos i t ion  fo r  kokanee. The gravel  depths i n  which eggs 



and a lev ins  were located i n  t h i s  s tudy ind ica t e  a  post ha tching  

downward migrat ion.  D i l l  (1968) demonstrated a  s i m i l a r  downward 

migrat ion f o r  coho (Oncorhynchus k isu tch)  a l e v i n s .  He found t h a t  depth  

of downward movement increased a s  s u b s t r a t e  s i z e  increased .  Some 

researchers  f e e l  t h i s  i s  simply a  negat ive pho to tac t i c  response t o  

prevent premature emergence. .< .. . . . 

Halsey and Lea (1973) derived very s i m i l a r  r e s u l t s  concerning depth  o f  

water a t  egg depos i t ion  s i t e s .  They found t h a t  24% of a l l  spawning 

a c t i v i t y  occurred i n  22 cm o r  9  inches of water wi th  a  s t eady  decrease  

down t o  10% a t  84 cm water depth.  U t i l i z a t i o n  of spawning a r e a s  i n  

water depths g r e a t e r  than 84 cm was neg l ig ib l e .  This compares very  

favourably with our  r e s u l t s ,  although the re  was g r e a t e r  v a r i a t i o n  

between each depth,  which may be due t o  d i f f e r e n c e s  i n  methods i n  t h e  

two s t u d i e s .  Time and budgetary c o n s t r a i n t s  prevented us from sampling 

beyond a  water depth of 76 cm, but Halsey and Lea's 1973 s tudy  ind ica t ed  

t h a t  approximately 83% of  a l l  spawning takes  place i n  water depths  l e s s  

than 76 cm. 

Peak spawning period i n  1980 appears cons is ten t  with d a t a  a v a i l a b l e  

from previous s t u d i e s .  The 1974 Fish and Wild l i fe  Program survey of 

shore spawning kokanee reported t h a t  spawning extends from October 10 t o  

November 5  with the  peak from October 15 t o  October 23. Halsey and Lea 

(1973) reported t h a t  spawners were observed a s  l a t e  a s  November 29 i n  

1973. Northcote, e t  a1 (1972) found the  minimum res idency time f o r  

shore spawners t o  be 13 days. 

There i s  no d a t a  a v a i l a b l e  with which t o  compare d a t e s  o f  ha tching  and 

emergence, f o r  shore spawning kokanee. A comparison o f  temperature 

regimes during kokanee incubat ion i n  c reek  water and l a k e  water 

i nd ica t e s  there  i s  a  very c l o s e  s i m i l a r i t y  i n  thermal un i t  accumulation 

t o  the var ious  developmental s t a g e s  (Table 7) .  



TABLE 7 Thermal f a renhe i t  u n i t s  accumulated t o  ha tching  and 
emergence'for lake  incubated and c reek  water incubated 
(Pent ic ton  Creek Hatchery) kokanee eggs 

.I 

S t a r t  of  S t a r t  o f  
Hatching mergence  

Pent i c t o n  Creek "llatchery, 1980181 1100 1650 
Okanagan Lakeshdre Spawners, 1980181 1069 1624 

Dates of hatching and emergence were a l s o  very  c l o s e  f o r  t h e  two groups 

but  t h i s  w i l l  have a  tendency t o  vary from year  t o  year.  

Resul ts  on incubat ion m o r t a l i t y  a r e  of l i m i t e d  value s ince  we were 

r e s t r i c t e d  t o  l e s s  than 27 cm of wa te r ,  t h e r e f o r e  covering only  a  small 

por t ion  of t he  spawning h a b i t a t .  The o v e r a l l  m o r t a l i t i e s  of 90% and 9% 

were s imi l a r  t o  r e s u l t s  from Halsey and Lea (1973) who repor ted  86% egg 

m o r t a l i t y  and 27% a l e v i n  mor ta l i t y .  l%e 18% d i f f e r e n c e  i n  a l e v i n  

m o r t a l i t y  between the  two s t u d i e s  could r e s u l t  from v a r i a t i o n s  i n  

sample s i z e s ,  sampling methods, and sampler e f f i c i e n c y .  

Drawdown i n  Okanagan Lake g e n e r a l l y  occurs  dur ing  the  egg s t a g e  o f  

kokanee incubat ion (Table 5 ) .  S l igh t  a l t e r a t i o n s  i n  the  drawdown plan  

could g r e a t l y  reduce m o r t a l i t i e s  r e s u l t i n g  from water l e v e l  

f luc tua t ions .  For example, holding l a k e  drawdown t o  a  minimum dur ing  

kokanee incubat ion w i l l  con t r ibu te  t o  improved kokanee s u r v i v a l .  

Secondly, i f  the lake l e v e l  was dropped dur ing  t h e  a l e v i n  s t age  o f  

development ( a s  opposed t o  the  egg s t a g e ) ,  m o r t a l i t i e s  may be reduced 

due t o  the  a l ev ins  a b i l i t y  t o  migrate  wi th in  t h e  gravel  t o  escape 

des i cca t ion .  

Fast (1981) shows tha t  a l e v i n s  w i l l  m ig ra t e  through t h e  g rave l  under 

condi t ions  of dewatering, moving g r e a t e r  d i s t a n c e s  i n  l a r g e r  s i z e  

grave 1. 



The egg m o r t a l i t y  e s t i m a t e  o f  11% r e s u l t i n g  from t h e  1980181 l a k e  

drawdown i s  much lower  t h a n  t h e  30% m o r t a l i t y  r e p o r t e d  b y  Ha l sey  and 

Lea (1973) .  T h i s  i s  l a r g e l y  d u e  t o  t h e  a d d i t i o n a l  8 cm ( t o t a l  25 cm) 

r e l e a s e d  from Okanagan Lake i n  1973. When one  c o n s i d e r s  t h e  v e r y  h i g h  

c o n c e n t r a t i o n s  o f  e g g s  i n  0 cm t o  30 cm o f  w a t e r ,  a  d i f f e r e n c e  o f  8 cm 

., i n  drawdown c o u l d  r e s u l t  i n  a  much h i g h e r  egg  m o r t a l i t y .  

Data from t h e  m i g r a t o r y  s c r e e n  i n d i c a t e s  a  downward and l a t e r a l  

( l akeward)  m i g r a t i o n  by t h e  a l e v i n s .  T h i s  may b e  a n  a t t e m p t  t o  avo id  

d e s i c c a t i o n .  



5 . RECOMMENDATIONS 

1. Continue annual e n m e r a t i o n s  of sho re  spawning kokanee t o  monitor 

popula t ion  changes and spawning l o c a t i o n s .  

2 .  Water l e v e l  f l u c t u a t i o n s  should be minimal dur ing  kokanee 

incubat ion ,  p a r t i c u l a r l y  a t  t he  egg s t a g e  of  development. 

3.  Place a r e s e r v e  on a reas  of c o n s i s t e n t l y  high spawner use .  

4. Continue t o  monitor yea r ly  c o n t r i b u t i o n  of kokanee t o  t h e  f i s h e r y  

through c r e e l  census.  
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