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Chromosomes of 21 sockeye salmon [Oncorhynchus nerica (Walbaum)] from three 
locations in Washington state were examined. All males had 57 chromosomes, while all 
females had 58 chromosomes. Both sexes had 104 chromosome arms. It appears that in males 
of this ̂ .species the Y chromosome and an autonome have fused to form a metacentric 
chromosome.

On a étudié le complément des chromosomes ,£hez 21 saumons rouges [Oncorhynchus 
nerka (Walbaum)] échantillonnés à trois sites dans l’état de Washington, Etats-Unis. Tous les 
mâles portaient 57 chromosomes tandis que toutes les femelles en avaient 58. Les deux sexes 
ont démontré 104 bras chromosomiques. Il semble que les mâles portent un chromosome 
metacentrique résultant d’une fusion entre un chromosome autosomique et le chromosome Y.

[Traduit par le journal]

Introduction
Although morphologically distinguishable sex chromosomes recently have been 

found in a number of fish species (Ebeling and Chen, 1970; Ohno, 1974; Gold, 1978), 
both sexes have similar karyotypes in most species which have been examined. Among 
salmon and trout, the only report of a chromosome difference between males and 
females is in the rainbow trout (Thorgaard, 1977).

Previous studies of the chromosomes of sockeye salmon have reported individuals 
with 56 (SimonHl963), 56-58 (Chernenko, 1971 in Chernenko, 1976), 57 and 58 
(Fukuoka, 1972), and 58 chromosomes (Sasaki et al., 1968; Muramoto et a l.y 1974). 
Chernenko and Fukuoka reported Robertsonian differences between individuals. '

I have found that there is a Robertsonian rearrangement difference between male 
and female sockeye salmon, resulting in males having 57 and females 58 chromosomes. 
The Y chromosome of males appears to have fused with an autosome.

Materials and Methods
Chromosomes o f 21 sockeye salmon from three locations in Washington state were 

examined follow ing white-blood-cell culture. Fish studied were caught in gill nets in the Straits o f  
Juan de Fuca near Port A ngeles, and in the Quinault River. The salmon from the Straits were 
probably returning to the Chilko River, British Columbia, to spawn (Larry Lawson, personal 
communication). One angler-caught fish from Lake W ashington was also studied.

Heart blood samples were taken, white blood cells cultured, and chromosome preparations 
made as previously described (Thorgaard, 1976). The Ba(OH)2 procedure o f Salamanca and 
Armendares (1974) was used for C-banding.

Results and Discussion
Chromosome counts from white-blood-cell cultures of the 21 sockeye salmon are 

shown in Table I. The modal chromosome are number (NF) was 104 in all individuals. 
In all 13 males the modal chromosome number was 57; all eight females had a modal 
number of 58. Counts with less than the modal number were probably the result of 
broken cells and occasional aneuploid cells. Because the position of the centromere was 
not always easy to determine, I believe that the cells with the modal chromosome 
number which did not have 104 arms were probably the result of errors in the

Present address: Department o f Animal Science, University o f California, Davis, California 95616.
Manuscript received October 5, 1977.
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T a b l e  I

Chromosome Counts ôf 21 Sockeye Salmon

Location sampled 
(Date) F ish# Sex

Chromosome number

Cells with NF= 104* Cells with NF#104

56
(8)

57
(10)

58
(12)

59
(14) <56 56 57 58 59

Straits of 243 F _ 1 6 _ 1 1 2 8 1
Juan de Fuca 245 F 1 4 6 3 1 1
(July 1976) 248 F H | i | | - 5 - 2 2 ¡P jlfp 2 _

229 M M K ||| 6 1 _ 1 _ 2 _ H  4
230 M , 5 H _ 1 4 4 1 i
231 M « ¿ f . . 1 5 _ 2 nH H jj 5 ip l l l
232 M - 5 H H n _ 1 1 4 , _ _
233 M H 5 1  ■-j:.; Ç .fiÿ . %. /_ 1 M g [
234 M H H 5 1 2 _
235 M - 5 _ _ 1 2 • L ■

236 M 5 ’̂ 1 ^ 1 1 ' • S .v 4 2
: 237 M 7 _ 1 1 2 ggigg

239 M H H ... 5 l i l l |  B  | 2 1 2 1

Quinault River 215 F _  "i 5 H H • |  I ' 2 4 4
(June 1976) 216 F - 5 _ 2 2 2 _ ' :v'

217 ; M - 5 - B 4 4 - -

Quinault River 672 F _ 5 1 2 _ 4 3 1
' (June 1977). V 673 F - ■5X _ n u 2 2 2 _

674 - 5 1 3 3 2
666 M i 4 - - 5 % 3 5 - -  7

Lake Washington 729 M i 5 ^h h _ 5 2 4 _
(August 1977)

*Number of acrocentric chromosomes shown in brackets

determination of arm number. The extensive intra-individual Robertsonian variation 
reported in other salmonid species (Ohno et al., 1965; Roberts, 1968, 1970; Davisson et 
al., 1973; Gold and Gall, 1975; Zenzes and Voiculeseu, 1975) was not observed in this 
study; only five of 112 cells with NF =10 4  had a nonmodal chromosome number.

Karyotypes of female and male sockeye salmon are shown in Figs. 1 and 2, 
respectively. Chromosomes are arranged in the figures on Spe basis of size and 
centromere position. There were 44 metacentric and submetacentric, 2 subtelocentric, 
and 12 acrocentric chromosomes in the female, and 45 metacentric and submetacentric, 
2 subtelocentric, and 10 acrocentric chromosomes in the male. Thus, compared to 
females,, the male sockeye had one additional metacentric or submetacentric 
chromosome and two less acrocentric chromosomes. This chromosome difference 
between males and females is apparently the result of the fusion of the Y chromosome 
with an autosome. Similar rearrangements (termed XxX2Y sex determination systems) 
have been observed in other fish species (Uyeno and Miller, 1971; Uyeno and Miller, 
1972), and in a number of other animals (White, 1973; Vorontsov, 1973).

The sex chromosomes are not identifiable in .the karyotypes. The presumed 
Y-autosome fusion chromosome is one of the 45 metacentric or submetacenJSc 
chromosomes in males; the unpaired metacentric shown in Fig. 2 (No. 17) was chosen 
arbitrarily . The X chromosome (designated Xx) and the autosome involved in the fusion 
(designated X2) are acrocentric. The female karyotype (Fig. 1) has six pairs of
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The “ kokanee” (OncorJiynchus nerka kennerlyi) was first planted 
in California waters in 1941. This is a landlocked form of the Pacific 
sockeye or red salmon. It is native to the Pacific Northwest, where it is 
also called “ little redfish” and “ silver trout.” Under highly favorable 
conditions it may reach a size of five pounds. Twelve to fourteen inches is 
average, and under poor conditions it never exceeds eight inches.

It is preeminently a lake resident, and may spawn on gravelly lake 
shores as well as in streams connecting with lakes. It matures and spawns 
at the end of its third or its fourth year, and like all Pacific salmons dies 
after spawning. It prefers eool waters, and therefore goes deeper as 
temperatures rise in summer. Although its food is made up largely of 
plankton, the minute animals which drift in the water, it can be easily 
taken in some lakes on hook and line in spring and autumn. In summer 
it is harder to catch. Trolling with flashers and baited hook, and still
fishing a few feet off bottom, are favored methods; fly-fishing can be 
successful in the la te  afternoon in spring or fall when the fish are near 
the surface. The kokanee puts up a good fight, but has a tender mouth 
and is hard to land. It is excellent eating. In its native regions it has 
furnished abundant fishing and is looked upon as a valuable element in 
the angling resources.

The decision to introduce it to California was based in part on its 
popularity in certain sections of the northwest, and in part on its plank
ton feeding habits, which suggested that it might do well in reservoirs 
where fluctuations made for poor production of bottom food. Salt Springs 
Reservoir on the North Fork of the Mokelumne River off the Carson Pass 
Road was selected for the initial t.est; its level fluctuates extensively, and 
it is so located that little harm could be done if the kokanee turned out 
to be an undesirable citizen. One hundred thousand eggs obtained in late 
1940 from Idaho through the U. S. Fish and Wildlife Service were 
hatched at the Basin Creek State Fish Hatchery near Sonora, and 67,000 
fingerlings were planted in July of 1941 at a length of a little under 
two inches. (In the State of Washington, incidentally, where great num
bers of this species are produced, planting at a very small size is favored.) 
The Salt Springs area was closed shortly thereafter as a war measure, 
but tests in the spring of 1943 showed the kokanee to be abundant and 
easily caught, at a size of about 10 inches. In November of 1943, at the 
end of their third year, and at a length of 11 to 12 inches, they were ready 
to spawn, and some 300,000 eggs were taken from 626 females. A total of 
over 3,000 fish were caught in seines at this time, i®  percent of the num
ber planted, and since many more were present than were netted, a good 
survival was indicated.

1 Submitted for publication March, 1948.
( m i
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F igure 37. K okanee from  Salt Springs Reservoir, Novem ber, 1943. F em ale in  
center, m ale below and above. Photograph by M alcolm W ilson

These results were sufficiently encouraging to warrant further 
stocking, which has been carried out as shown in the following table:

S T O C K IN G  O F K O K A N E E  IN C A L IF O R N IA

Nam e of D ate of Source Number
Size in 

numbers
w ater planting of eggs planted per oz.

Salt Springs Reservoir, 
Amador County _1941— 7/12-16 Idaho 67,000 " -27

Strawberry Lake (also called 
P inecrest), Tuolumne 
County _J .1944—8/12  19 ( Salt Springs 106,000 22-32

1945— 7728 " Montana 99,000 25-40
- 8 / 6

1947— 5/28  *. W ashington * 284,000 140-265

Waterhouse Lake, Tuolumne 
County _

6/16 , 

-1944^—8 /8 Salt Springs 700 32
Echo Lake, El Dorado 

County _1944j-7/5 20 Montana 69,000 ' 51-72
1945— 8 /2 -7 Montana 79,000 g J | i | J

Donner Lake, Nevada
County _ ' _ _ _ ..1944— 6/22 Montana 83,000 - 270-280

7/19
1945— 8 /3 -8 Montana 74,000 52
1947— 5/28 Washington 100,000 265

NOTE:
Average lengths of fish are approximately : 

11 inehes a t ' 25 per ounce. 
li inches'at 50 per ounce.
1 inch at 100 per ounce..
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The results have been uneven. Echo Lake has been the most dis
appointing. In this high, rocky basin it has been very difficult to produce 
good fishing, and it was hoped that the plankton-eating kokanee would 
solve the problem. However, growth has been poor here, the fish not 
exceeding eight to nine inches at maturity, and anglers have shown little 
interest in them. Strawberry Lake has provided the best fishing, espe
cially when it was drawn down in late summer of 1946; large catches 
were made at this time, with the kokanee reaching a size of 10 inches. 
Donner Lake has produced the largest fish, the spawners running from 
12 to 16 inches. The kokanee aroused little angler interest here at first, 
but their popularity seems to be growing, and more are being caught 
every season.2

Kokanee have appeared in other waters than those in which they 
were planted. About 100 were found in December, 1946, spawning in the 
small stream formed by the water running from the Tahoe Hatchery into 
the lake. These had evidently escaped in 1944 from the hatchery troughs 
where they were reared, and were returning to the “ home stream.|’ 
In the Truckee River spawning kokanee appeared just below the Tahoe 
Dam in the winter of 1947-1948 ; these are presumed to have migrated 
out of Donner Lake. And in 1946 a number of Kokanee went out of Straw
berry with the declining water and down to Lyons Reservoir. In no case 
has any harm come from the escape of kokanee into other waters, nor is 
any possibility of harm foreseen.

In California all kokanee so far observed have matured at the end 
of their third year. Kokanee were seen spawning by the junior author 
in Donner Lake in November of 1947, in waterx varying in depth from 
one-half to three feet, and from right along the shore-line to 20 feet out. 
Concentrations of fish were found near the mouths of the small inlet 
streams on the north side where the lake bottom was sandy with some 
pebbles and a few rocks, and many also spawned along the north shore 
where water trickled in from the road culverts. Water temperature was 
45 degrees Fahrenheit.

The spawning pattern insofar as it could be observed resembled that 
described by Schultz (1937),.with such differences in detail as might be 
attributable to stream spawning in Schultz’s report as against lake 
spawning here. Only one female was seen in the process of building a 
nest, and unfortunately she was in the center of a group of fish where 
it was impossible to follow her actions iclosely, or those of any males 
involved. She apparently rolled over on her side and dug vigorously with 
the posterior part of her body for a few seconds, then circled away from 
the nest; occasional interruptions would be caused by a general milling 
around of all the, fish in the vicinity. Actual pairing of fish seemed to be 
the rule.

Spawning activity began by male,and female circling the nest, one 
behind the other. Eventually the female would pass over the center of 
the nest, and come to a stop there—sometimes on the first pass, and some
times on the second or third. The male would then join her, and both 
would vibrate at which time it is presumed that the sex products were 
deposited. The female invariably dug into the sand near the end of the 
vibrations, raising a small cloud of fine particles. All of this took about

2 R eports from  Donner Lake received after this paper w ent to press tell of excel
lent fishing in May, 1948, w ith  m any lim it catches of kokanee w eighing about one 
pound each.
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10 seconds, after which circling was resumed. Individual pairs were seen 
to repeat this process four or five times over the same nest, presumably 
with deposition of eggs each time. Covering of the eggs was apparently 
accomplished by the digging action of the female at the end of each 
period of,vibrations, but it is possible that a further and final covering 
took place after the completion of egg deposition in any particular nest.

Unfortunately Donner Lake was drawn down very heavily in Janu
ary and February, and all of these spawning beds were left high and 
dry in frozen ground.

Reference
Schultz, Leonard P.

1937. The Breeding Habits of Salmon and Trout. 
Institution for 1937, pp. 365-376.

Report of the Smithsonian
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+  SUMMARY
- •

Kokanee salmon, Oncorhynchus nerka , th e  fre sh w a te r  form o f th e  sockeye salmon, were 
in tro d u ced  in to  C a l ifo rn ia  in  19^1» They a re  in c re a s in g  in  im portance, having  te e n  
stocked in  35 la k e s  t y  1963.

T his re p o r t  summarizes th e  a v a ila b le  in fo rm atio n  about kokanee, in c lu d in g  o r ig in  
and d i s t r ib u t io n ,  age and s iz e  a t  m a tu rity , tem pera tu re  p re fe re n c e , spawning 
req u irem en ts, fe c u n d ity , growth r a t e ,  homing, food h a b i ts ,  and management.

The kokanee l i f e  cycle  v a r ie s  from two t o  seven y e a r s .  H ab ita t requ irem en ts 
resem ble th o se  o f t r o u t ,  a lthough  kokanee a l l  d ie  a f t e r  spawning.

C a lifo rn ia  kokanee f a l l  in to  two groups: one spawning from August t o  O ctober; th e  
o th e r , from l a t e  O ctober t o  F ebruary . E a rly  spawning i s  a s so c ia te d  w ith  th e  B r i t i s h  
Columbia s t r a in ;  l a t e  spawning w ith  kokanee from o th e r  a r e a s .  In  C a l ifo rn ia , b o th  
groups may produce many tw o -y ea r-o ld  spawners, predom inantly  m ales, o f l i t t l e  
b e n e f i t  t o  th e  f is h e r y .  The B r i t i s h  Columbia s t r a in  appears t o  do t h i s  more commonly 
th a n  o th e rs .  They a re  c le a r ly  l e s s  d e s ir a b le  fo r  C a l ifo rn ia  la k es  th a n  o th e r  
s t r a in s  because th e y  spawn e a r l i e r  in  th e  y e a r , and a t  a  younger age th a n  kokanee 
from o th e r  so u rces .

Kokanee spawn and reproduce s u c c e ss fu lly  in  stream s o r in  sp rin g  a re a s  a long  la k e  
sh o re s .

Kokanee feed  p r im a r i ly  on p e la g ic  zooplankton th roughout most o f t h e i r  l i v e s .  The 
growth r a te  in  most C a lifo rn ia  w aters  i s  q u ite  ra p id , enhancing t h e i r  va lue  as  a  
sp o rt f i s h .

Kokanee have not p rov ided  s ig n i f ic a n t  fo rag e  f o r  t r o u t  in  C a l ifo rn ia  la k e s .
S u b s ta n tia l  evidence suggests  t h a t  th e y  may ad v e rse ly  a f f e c t  t r o u t  in  sm alle r 
l i g h t ly  f is h e d  la k e s , th rough  d i r e c t  com petition  f o r  food . Moreover, in  such 
w a te rs , th e y  may not be h a rv es ted  ad eq u a te ly , whereas th e  t r o u t  a re  more r e a d i ly  
caugh t. Hence, t h e i r  use  in  sm alle r la k e s  w ith  n a tu ra l  t r o u t  p o p u la tio n s , o r th o se  
stocked w ith  f in g e r l in g s ,  i s  h ig h ly  q u e s tio n a b le .

In  C a l ifo rn ia , kokanee p la n te d  a s  "swimup" f r y  have supplem ented stocked , "ca tc h a b le 
s ized "  t r o u t  in  s e v e ra l  h e a v ily  f is h e d  w a te rs  in  a  s u b s ta n t ia l  way a t  l i t t l e  c o s t .
The la te -spaw n ing  s t r a in s  a re  most s u i ta b le  f o r  t h i s  pu rpose .

Kokanee a ls o  hold  prom ise f o r  c e r ta in  problem  w a te rs . Pardee R ese rv o ir, f o r  
example, a  2, O O O -surface-acre, low e le v a tio n  r e s e rv o i r  o f u n u su a lly  low f e r t i l i t y ,  
has never p rov ided  much f is h in g  s in ce  th e  i n i t i a l  bloom a f t e r  c o n s tru c tio n . I t  has 
a  deep, w e ll-a e ra te d , cool hypolim nion. The u su a l assem blage o f warmwater sp ec ie s  
i s  p re s e n t .  T his la k e  was stocked w ith  175,000 kokanee f r y  from a  Colorado source 
a t  175 p e r  ounce in  1961. During 1963,  kokanee f is h in g  was f a i r l y  good over an 
extended p e r io d , s u b s ta n t ia l ly  augmenting th e  u su a l f i s h e r y .

¿ /S ubm itted  O ctober 7 , 1963.
In la n d  F is h e r ie s  A d m in is tra tiv e  Report No. 63- U .

2 /Now w ith  Region 2 , Water P r o je c ts .
¿ / now w ith  Water P ro je c ts  B ranch.
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Kokanee salmon, th e  nonanadromous form o f th e  sockeye salmon (Oncorhynchus n e rk a ) ,  
were f i r s t  in tro d u ced  i n t a  C a lifo rn ia  in  l $ k l ,  when 67,000 f in g e r l in g s  from eggs 
tak en  in  Idaho were p lanned in  S a lt  Springs R ese rv o ir, Amador County, on th e  North 
Fork o f th e  Mokelumne R iver (C u rtis  and F ra s e r , 19^8). T his in tro d u c tio n  succeeded. 
In  November, 19^-3, s e v e ra l hundred thousand kokanee eggs were tak en  a t  th e  r e s e rv o i r  
from f i s h  m aturing a t  th e  end o f t h e i r  t h i r d  y e a r .

This success aroused  in t e r e s t  in  th e  s p e c ie s . In  19^A, i t  was stocked in  Donner, 
S traw berry , Lower Echo, and W aterhouse la k e s , and a c c id e n ta l ly  in to  Lake Tahoe, when 
f r y  escaped from Tahoe H atchery .

Follow ing an in tro d u c tio n  in to  Upper Echo Lake in  19 -̂5> new in tro d u c tio n s  ceased 
fo r  se v e ra l y e a rs , a lthough  m aintenance s to ck in g  o f some p re v io u s ly  p la n te d  w a te rs , 
p r im a r i ly  Donner Lake, con tinued . An im portan t sp o rt f is h e ry  fo r  kokanee had 
developed in  Donner Lake by 1948.

In  1951, kokanee from Pennask Lake, B r i t i s h  Columbia, were p la n te d  in  S hasta  Lake 
in  an e f f o r t  to  e s ta b l i s h  a fo rag e  f i s h  f o r  r e c e n t ly  stocked  Kamloops rainbow t r o u t  
(Salmo g a ird n e r i i  kamloops) .  A la r g e ,  s e lf - s u s ta in in g  kokanee p o p u la tio n , developed 
ra p id ly .

Renewed in te r e s t  in  th e  p o s s i b i l i t i e s  o f kokanee a s  a game f i s h  in  la k e s
re s u l te d  from t h e i r  success in  S hasta  Lake.

From 1951 th rough  June 1963, 27 a d d it io n a l  w aters  were p la n te d  w ith  kokanee, 16 o f 
th e se  from 1959 through  th e  f i r s t  h a l f  o f 1963. More in tro d u c tio n s  would p robab ly  
have been made i f  more eggs had been a v a i la b le .  A com plete h is to r y  o f kokanee 
s to ck in g  in  C a lifo rn ia  i s  inc luded  in  th e  Appendix.

The a c c e le ra te d  c o n s tru c tio n  o f  la rg e ,  cool r e s e rv o ir s  in  C a l ifo rn ia  has focused 
in te r e s t  on game f i s h  such as kokanee which might develop la rg e  p o p u la tio n s  in  such 
w aters  through n a tu ra l  rep ro d u c tio n  o r  inexpensive  s to ck in g .

There a re  d i f f e r e n t  s t r a in s  o r ra c e s  o f kokanee, each w ith  d i f f e r e n t  c h a r a c te r i s t i c s .  
I t  i s  im p o rtan t, th e re fo re ,  t o  understand  th e se  c h a r a c te r i s t i c s  in  o rd e r t o  match 
s t r a in s  w ith  th e  w aters  s tocked .

This re p o r t summarizes th e  a v a ila b le  in fo rm ation  b e a r in g  on th e  use o f kokanee in  
C a lifo rn ia  la k e s . We hope th a t  i t  w i l l  he lp  f i e l d  p e rso n n e l p la n  fu tu re  s to ck in g  
program s.

GENERAL LIFE HISTORY 

O rig in  and D is tr ib u tio n

The kokanee co u p le tes  i t s  l i f e  cycle  e n t i r e ly  in  f r e s h  w a te r . I t  presum ably evolved 
from " re s id u a l"  sockeye o f anadromous s to ck  th a t  matured in  a t (R ick er, 1959)* 
C onditions un favo rab le  to  th e  anadromous ty p e , such a s  n a tu ra l  b a r r i e r s  to  th e  
upstream  m ig ra tio n  o f a d u lts  o r th e  downstream m ig ra tio n  o f sm elts ( e .g . ,  a  deep 
ep ilim nion  o f warm w ater th a t  would p re se n t a p h y s io lo g ic a l b a r r i e r  to  downstream 
m ig ra tio n ) , would fa v o r th e  e v o lu tio n  o f a  perm anently  fre sh w a te r  v a r ie ty .



Under c e r ta in  c o n d itio n s , kokanee may r e v e r t  to  t h e i r  a n c e s tr a l  h a b i ts  and become 
anadromous. In  bo th  B r i t i s h  Columbia and W ashington, experim en tal re le a s e s  o f 
marked kokanee have re s u l te d  in  r e tu rn s  o f a  few sea -ru n  a d u lts  (R o u n sefe ll, 1958). 
Whether t h i s  anadromous h a b it  su rv iv e s  in  a l l  s t r a in s  i s  u n c e r ta in . Mature "sock- 
eye" salmon o c c a s io n a lly  cap tu red  in  th e  Sacramento R iver may re p re se n t re tu rn in g  
kokanee escapees from Shasta  Lake, o r  th e y  may be s tra y s  from o th e r  ru n s .

I t  i s  commonly b e lie v ed  th a t  each kokanee p o p u la tio n  evolved independen tly  from a 
s p e c if ic  sockeye ru n . G enetic  v a r ia t io n s  in  some ra c e s  support t h i s  h y p o th e s is , 
a lthough  many apparen t r a c i a l  c h a r a c te r i s t ic s  may stem from environm ental d i f f e r 
ences.

Kokanee o r ig in a l ly  occurred  in  la k e s  o f th e  P a c if ic  Coast d ra in ag es  o f North 
America, S ib e r ia ,  and Japan . Almost a l l  m ajor d ra in ag es  w ith  la rg e  sockeye runs 
have kokanee p o p u la tio n s  excep t in  A laska . In  re c e n t y e a rs , kokanee have been 
tra n s p la n te d  to  Oregon, Nevada, C a l ifo rn ia , A rizona, C olorado, Wyoming, and some 
e a s te rn  s t a t e s ,  augmenting n a tu ra l  p o p u la tio n s  i n  W ashington, Idaho , and Montana. 
The la r g e s t  number o f n a tiv e  N orth American p o p u la tio n s  occurs in  B r i t i s h  Columbia.

Age and S ize  a t  M atu rity

The l i f e  cycle  o f kokanee v a r ie s  from two to  seven y e a r s .  In  t h e i r  o r ig in a l  range 
in  North America, a  fo u r-y e a r  cycle  p redom inates. However, in  th e  Skeena Trench 
o f n o rth e rn  B r i t i s h  Columbia, m a tu rity  i s  no t u s u a lly  reached u n t i l  th e  f i s h  a re  
f iv e  y ears  o ld  ( l e t t e r  from P . A. L ark in  to  Henry C lineschm id t, S ep t. 15, 1952).
In  c o n tra s t ,  c e r ta in  d is c r e te  subpopulations in  la k e s  o f th e  Upper Columbia Trench 
in  so u th ea s te rn  B r i t i s h  Columbia commonly m ature in  th r e e  y ea rs  from th e  tim e th e  
egg i s  f e r t i l i z e d ,  and some p reco c io u s  males in  th e se  p o p u la tio n s  m ature in  two 
y e a rs .

The v a r i a b i l i t y  in  age a t  m a tu rity  i s  i l l u s t r a t e d  in  Kootenay Lake, B r i t i s h  
Columbia, which has th r e e  d i s t i n c t  r a c e s .  Two o f th e se  spawn a t  th re e  y ea rs  and 
one a t  fo u r  y e a rs  (Vernon, 1957). The in tro d u ced  kokanee in  Upper P r ie s t  Lake in  
Idaho m ature a t  f iv e  y ears  r a th e r  th a n  th e  fo u r  y e a rs  ty p ic a l  o f P r ie s t  Lake and 
most o th e r Idaho w a te rs  (B jornn, 1956).

With some apparen t ex cep tio n s , age a t  m a tu rity  d ecreases  w ith  d ecreasin g  l a t i tu d e  
and e le v a tio n  over t h e i r  o r ig in a l  ran g e . There i s  some evidence th a t  t h i s  tre n d  
has been extended in  C a l ifo rn ia , where m a tu rity  i s  a t ta in e d  in  two to  f iv e  y e a r s . 
In fo rm ation  about th e  age a t  m a tu rity  in  many C a l ifo rn ia  la k es  i s  clouded by th e  
p a s t  p r a c t ic e  o f s to ck in g  d i f f e r e n t  s t r a in s  in  th e  same w aters  because eggs from 
th e  same source were no t always a v a i la b le .  S tra in s  from n o rth e rn  l a t i tu d e s  th a t  
o r ig in a l ly  matured in  fo u r y e a rs  a re  m aturing  in  th re e  y ea rs  in  some C a l ifo rn ia  
w a te rs . I t  i s  not y e t c le a r  w hether t h i s  i s  a permanent change caused by h ig h e r 
tem peratu re  and more l i g h t  o r a tem porary ad justm ent t o  abundant food d u ring  th e  
e a r ly  s tag es  o f p o p u la tio n  grow th.

U n til  f i s h  from B r i t i s h  Columbia were stocked in  S hasta  Lake (e le v a tio n  1,000 f e e t )  
in  1951; kokanee p o p u la tio n s  in  C a lifo rn ia  m atured in  e i th e r  th re e  o r  fo u r  y e a rs . 
However, in  S hasta  Lake s u b s ta n t ia l  numbers m atured in  l e s s  th a n  two y e a rs  (20 
m onths). Since th e n , t h i s  s t r a in  has been stocked  in  se v e ra l o th e r  C a lifo rn ia  
w a te rs  a lre a d y  having o th e r  s t r a i n s .
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B r i t i s h  Columbia, W ashington, Idaho, Montana, and Colorado have a l l  been u t i l i z e d  
as  egg sources f o r  kokanee s to ck in g  in  C a l ifo rn ia . The s t r a in  o f f i s h  p la n te d  in  
any one season has u s u a lly  been dependent upon th e  a v a i l a b i l i t y  o f  eggs. As a 
consequence, a  v a r ia b le  p a t te r n  o f m a tu rity  among kokanee in  C a lifo rn ia  has 
r e s u l te d  from t h i s  "mixing" o f f i s h  o f d i f f e r e n t  g eo g raph ica l o r ig in s .  A lthough 
two o r more s t r a in s  may be p re se n t in  th e  same w ater a t  th e  same tim e , th e re  i s  no 
evidence th a t  g e n e tic  m ixing has o ccu rred .

The la r g e s t  f i s h  a re  most o f te n  recorded  from w aters  w ith  r e l a t i v e l y  low p o p u la tio n s  
o f kokanee, p a r t i c u la r ly  la r g e r  la k e s  and r e s e r v o i r s .

In  Donner Lake (e le v a tio n  o f 5,900 f e e t )  most o f th e  la te - r u n  spawners a re  fou r-year- 
o ld s , a lthough  a few f i s h  m ature p rec o c io u s ly  in  th re e  y e a r s .  Donner i s  a  medium- 
s iz e ,  deep, co ld  la k e . A pparen tly  i t  would be id e a l  f o r  kokanee, except t h a t  spawn
in g  t r i b u t a r i e s  a re  la ck in g  and o therw ise  s u i ta b le  shore spawning a re a s  a re  o f 
l i t t l e  va lue  because th e y  a re  exposed by w in te r  drawdown. The egg source fo r  th e  
o r ig in a l  in tro d u c tio n  in  1 9 ^  was Montanaj however, eggs from W ashington, Idaho, and 
B r i t i s h  Columbia, in  a d d itio n  to  eggs tak en  a t  S hasta  Lake, Twin Lakes and Donner 
Lake i t s e l f ,  have s in ce  been used f o r  m aintenance s to ck in g , Most m ature l a t e -  
spawning f i s h  in  Donner now average about 15 in ch es  ( a l l  body le n g th s  in  t h i s  re p o r t 
a re  fo rk  le n g th s ) .  KLmsey (1951) observed 18- in c h  spawners th e re  in  19^9 measured 
one 20-inch  specimen, and e s tim ated  an o th er to  be in c h e s . E a rly -ru n  spawners, 
in  September, 1962, r e s u l te d  from th e  1959 p la n t  o f th e  B r i t i s h  Columbia s t r a in  and 
th e  i 960 p la n t  o f th e  S hasta  Lake s t r a i n .  They ranged from 9 "to 16 in ch es  in  
le n g th , averag ing  about 12 in c h e s . None o f  th e se  f i s h  had completed t h e i r  fo u r th  
y ear o f l i f e  and p ro bab ly  most were in  t h e i r  second and th i r d  y e a rs .

Lake Tahoe i s  an immense lak e  w ith  an in s ig n i f ic a n t  kokanee p o p u la tio n  and a n g le rs  
r a r e ly  ca tch  a kokanee. J .  H. Wales (memorandum to  Leo Shapovalov, Feb. 12, 1959) 
re p o rte d  th re e  m ales averag ing  21 .7  in ch es  and th re e  fem ales averag ing  19*5 in c h es . 
These f i s h  were found among dead spawners in  T ay lo r Creek, a  t r i b u ta r y  o f Tahoe.
Male and fem ale spawners in  t h i s  c reek  in  i 960 averaged 17.6 and 15*8 in ch es , 
re s p e c tiv e ly , w h ile  i n  1961 th e y  measured 18 .7  and 16 .7  in ch es  (Cordone and F ran tz , 
1962) .  A ll  Tahoe kokanee a re  l a t e  f a l l  spawners which p ro b ab ly  m ature a t  th r e e  
and fo u r  y e a rs , a lthough  t h e i r  age has not been determ ined because o f e x ten s iv e  
s c a le  e ro s io n  in  m ature f i s h .

S ize reco rd s  from Lake M ille r to n  and S hasta  Lake a re  o f unusual i n t e r e s t ,  s in ce  
b o th  a re  s o -c a lle d  "«arm vater r e s e rv o ir s "  which have s u b s ta n t ia l  amounts o f co ld  
w ater in  t h e i r  d ep ths a l l  summer.

At M ille r to n , f i s h  from th e  i n i t i a l  in tro d u c tio n  in  1956 m atured in  1958 and 
averaged 15 in ch es  in  le n g th . These were o f Donner Lake s to c k .

Few s iz e  measurements were recorded  a t  S hasta  during  th e  f i r s t  few y e a rs  fo llo w in g  
t h e i r  in tro d u c tio n  b u t re p o r te d ly  kokanee were about th e  same s iz e  as  th o se  a t  
M ille r to n .

For th e  p a s t  few y ea rs  th e  la r g e s t  run  a t  S hasta  has been th e  e a r ly  ru n , which 
spawns in  August and September. These f i s h  now average about 9 t o  11 in ch es  in  
le n g th  and a re  tw o- and th re e -y e a r -o ld s .  (The r e l a t i v e  p ro p o rtio n  o f each has not 
been e s ta b l is h e d .)  A l a t e  ru n , which o r ig in a te d  w ith  f i s h  stocked  in  1952 and 1953, 
presum ably from Montana, has d im inished  somewhat in  re c e n t y e a r s . T h is run  i s  
composed o f  f i s h  which re p o r te d ly  a re  sm alle r th a n  th e  e a r ly - ru n  f i s h  and d i f f e r  
somewhat in  c o lo r (W ales, 1957)* T h e ir age has not been determ ined .



Bucks Lake, a 2 ,1 0 0 -acre  lak e  i h  Plumas County, was stocked  in  1954 w ith  only  8,000 
f r y  from la te - r u n  Donner f i s h .  I t  now has a la rg e  annual spawning run  o f  kokanee 
averag ing  between 15 and l 6 inches and p ro bab ly  th r e e  y ears  o ld .

In  most o th e r  w a ters  th e  m ature f i s h  a re  ty p ic a l ly  sm a lle r . T hree-year f i s h  averaged 
about 11^ in ch es  a t  S a lt  Springs R ese rv o ir, Amador County, id  1943. This i s  a  725- 
a c re  power r e s e rv o i r  which f lu c tu a te s  s e v e re ly . *'•

s^V’- ■ - j p
In  1955, kokanee f r y  from Donner lak e  were stocked  in  Lake Arrowhead, a  782-ftere, 
re s e rv o ir  w ith  a  maximum dep th  o f 180 f e e t ,  which i s  located : I n  th e  San B ernardino 
Mountains in  sou thern  C a l ifo rn ia  a t  an e le v a tio n  o f 5,106 f e e t . ,  No kokanee spawners 
were observed in  1956, b u t in  1957 and 1958 la rg e  numbers o f f i^ j f o r m e d  spawning 
ru n s . Kokanee m aturing  as  th re e -y e a r -o ld s  in  1957 had a  mean le n g th  o f 12 .3  in c h es , 
w hile  th o se  m aturing a s  fo u r-y e a r-o ld s  in  1958 averaged about l4  in b h es. No e s t i -  
mates a re  a v a ila b le  reg a rd in g  e i th e r  th e  number o f f i s h  in  each run  or th e  sex 
r a t i o s .  In  1958, f r y  from Lake Arrowhead p aren tag e  and f r y  from Dormer Lake p a re n t
age were stocked in  approx im ately  a  2 :1  r a t i o .  In  December, 1959> two s iz e  groups 
of m aturing f i s h  were cap tu red : 253 kokanee averag ing  8.8 in ch es  in  le n g th  and 13 
kokanee averag ing  13*7 in c h e s . The la r g e r  f i s h  were rem nants o f th e  1955 y ear c la s s  
m aturing in  t h e i r  f i f t h  y ear w h ile  th e  sm alle r were members o f th e  1958 y ea r c la s s  
m aturing as  tw o -y e a r-o ld s . A second group o f 1 ,600 m ature kokanee, cap tu red  in  
February , i 960, con tained  98 p e rc en t tw o -y ea r-o ld  f i s h  and 2 p e rcen t f iv e -y e a r -o ld  
f i s h .  However, on ly  about 8 p e rc en t o f  th e  tw o -y ea r-o ld s  were fem ales (Beland,
1961) .

Echo Lakes, E l Dorado County, which were chem ically  t r e a te d  in  i 960 t o  remove th e  
e x is t in g  f i s h  p o p u la tio n , have been n o tab ly  unproductive  w a te rs . P r io r  to  i 960, 
m aturing th re e -y e a r-o ld  kokanee averaged between 8 and 9 in ch es  in  le n g th . These 
lak es  l i e  a t  an e le v a tio n  o f about 7, 500 f e e t ,  have a  t o t a l  su rfa ce  a re a  o f s l ig h t ly  
over 315 a c re s , and a maximum dep th  o f 145 f e e t .

Twin Lakes, Mono County, s i tu a te d  a t  an e le v a tio n  o f  7,000  f e e t ,  c o n s is t o f 400-acre  
Upper Lake, w ith  a  maximum dep th  o f 108 f e e t ,  and 375-a c re  Lower Lake, w ith  a  
maximum dep th  o f 149 f e e t .  Both la k e s  were i n t i a l l y  stocked in  1958 w ith  a  l a t e -  
spawning s t r a in  o f kokanee.

Tw o-year-old spawners, n e a r ly  a l l  m ales, were observed in  December, 1959* Twenty- 
th re e  f i s h  had a mean le n g th  o f 9*7 in ch es , w ith  a range of 8,0 t o  10.5 in c h e s .
In  i 960, th re e -y e a r -o ld  f i s h  ranged from 10§- t o  12 in c h es , w h ile  f i s h  from an 
e a r ly - ru n  B r i t i s h  Columbia s t r a in  which had been p la n te d  in  1959 matured a s  two- 
y e a r-o ld s  7 to  8 inches lo n g . In  1961, th e  la te - r u n  f i s h  were ag a in  composed o f 
10- t o  12-in c h  a d u l ts ,  p r im a r i ly  th re e  y e a rs  o ld , w h ile  th e  e a r ly - ru n  f i s h  ranged 
in  le n g th  from 9 t o  11 in ch es  and were made up o f bo th  tw o- and th re e -y e a r -o ld  f i s h .  
Tw o-year-old males made up approxim ately  20 p e rc en t o f th e  e a r ly  run  in  1961.

In fo rm ation  about th e  many kokanee in tro d u c tio n s  in to  C a l ifo rn ia  and t h e i r  subse
quent h i s to r i e s  i s  to o  fragm entary  t o  c o n tr ib u te  much to  our unders tan d in g  o f th e  
com parative growth p o te n t ia l s  o f d i f f e r e n t  s t r a in s  under th e  same c o n d itio n s . T his 
i s  u n fo r tu n a te , s in ce  such in fo rm atio n  would be in v a lu a b le  in  p lan n in g  fu tu re  
program s.
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Tem perature P referen ce

Water tem pera tu res c lo se  t o  50 degrees F-. a re  p re fe r re d  by kokanee. Tem peratures 
above 6o degrees F . le ad  to  severe  m o r ta l i t i e s ,  a t  l e a s t  among young f i s h .  W illiam  
A. D i l l ,  in  a  l e t t e r  to  th e  Bureau o f F ish  C onservation  (August 22, 1S&7), r e l a t e s  
a  co n v ersa tio n  w ith  Dr. Lauren Donaldson and s t a t e s  t h a t  " . . .  a  ty p ic a l  lak e  
s u ita b le  fo r  b o th  kamloops and kokanee i s  deep, w ith  much shore a re a , w ith  a therm o- 
c l in e .  I n  some such la k e s , th e  kokanee w i l l  l i e  in  a  band no t more th an  10 f e e t  
wide and not r i s in g  above a  zone warmer th a n  50° F ."  Such beh av io r may ex p la in  
a n g le r s ’ o b se rv a tio n s  in  C a l ifo rn ia  t h a t  du rin g  th e  e a r ly  sp rin g  and l a t e  f a l l ,  
when su rface  tem p era tu res  a re  co o l, kokanee a re  o f te n  e a s i ly  caught in  th e  upper 
w ater le v e l s ,  w h ile  in  th e  simmer th e y  a re  ta k en , i f  a t  a l l ,  on ly  by f is h in g  
r e la t iv e ly  deep.

An apparent example o f t h i s  p re fe re n c e  f o r  a p a r t i c u la r  s tra tu m  o f w a ter was found 
in  P ine F la t  R ese rv o ir in  i 960. Kokanee were c o lle c te d  in  th e  Kings R iver about 10 
m iles below Pine F la t  Dam during  one p e rio d  in  th e  sp rin g  and an o th er in  th e  summer. 
In  both  in s ta n c e s , th e  f i s h  had escaped from th e  r e s e r v o i r  when w ater was withdrawn 
from a le v e l  60 f e a t  below th e  su rfa c e . During th e  sp rin g  th e  lak e  le v e l  had been 
r i s in g ,  w hile  in  th e  summer i t  was f a l l i n g  (p e rso n a l communication from C harles von 
G e ld e ra ),

Lake Almanor, Plumas County, i s  a  la rg e  (26,000 su rface  a c re s )  r e s e rv o i r  which 
s t r a t i f i e s  th e rm a lly  and chem ically  during  th e  summer months. Large numbers of 
kokanee were re p o rte d  dead Shd dying in  t h i s  la k e  d u rin g  th e  summer o f  i 960. Surfaoe 
w ater tem p era tu res  during  th e  f i r s t  th r e e  days o f August ranged from 66 to  J2  degrees 
F . The f i s h  were co n cen tra ted  around an underground sp rin g  a re a  where th e  w a ter 
tem pera tu re  was k-6 degrees F . , bu t t h i s  w a te r , though cool enough f o r  kokanee, was 
p ro bab ly  d e f ic ie n t  in  d isso lv ed  oxygen. r

Kokanee, i f  th e y  a re  to  do w e ll in  any la k e , must have a  co o l, w ell-oxygenated  la y e r  
o f w a ter a v a ila b le  to  them du rin g  th e  c r i t i c a l  summer m onths. Lakes and r e s e rv o ir s  
which s t r a t i f y  th e rm a lly  o r  chem ically  so t h a t  no such la y e r  e x is t s  a re  obv iously  
u n su ita b le  f o r  them .

Spawning P eriod

Like t h e i r  anadromous a n c e s to rs , most kokanee spawn in  l a t e  summer and e a r ly  w in te r - -  
between August and Jan u ary . The exac t tim e appears t o  depend upon b o th  th e  race  o f 
f i s h  and th e  lak e  environm ent.

In  C a l ifo rn ia , kokanee f a l l  in to  two d i s t i n c t  groups on th e  b a s is  o f  spawning tim e s . 
One spawns in  August, September, and e a r ly  O ctober. %Mature a d u lts  o f t h i s  form may 
beg in  m ig ra tin g  upstream  in  l a t e  J u ly . The second group spawns from l a t e  October 
in to  February . An excep tion  to  t h i s  grouping occurred  in  low er Echo Lake, E l Dorado 
County, where a  few spawning f i s h  were tra p p e d  a s  l a t e  a s  m id-A pril in  1951* These 
f i s h  averaged about two in ch es  lo n g er th a n  th e  u su a l Echo Lake kokanee, which 
spawned in  November.

Among th e  forms o f  0. nerka n a tiv e  t o  C ultus Lake, B r i t i s h  Columbia, th e re  a re  two 
main spawning p e r io d s . Both th e  r e s id u a l  sockeye (th o se  t h a t  never go t o  sea ) anri 
th e  anadromous p o p u la tio n  spawn from O ctober to  December. The r é s i d a i s  rem ain a 
d u l l  o liv e -g ra y  a t  m a tu rity  and a re  p redom inantly  m ales. The kokaneè, on th e  o th e r 
hand, spawn e a r ly  in  August and September and a t  m a tu rity  show th é  »bright red  body 
and green head c h a r a c te r i s t i c  o f  th e 'm a tu re  anadromous form (R o u n sefe ll, 1958) .
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Early-spaw ning kokanee p o p u la tio n s  in  C a l ifo rn ia  a re  o f B r i t i s h  Columbia l in e a g e .
Fry from eggs im ported d i r e c t ly  from B r i t i s h  Columbia have been p la n te d  in  l 6 
C a lifo rn ia  la k e s . S hasta  Lake, th e  f i r s t  one p la n te d  w ith  th e  B r i t i s h  Columbia 
s t r a in ,  has been a  source o f eggs f o r  10 o th e r la k e s . The C a l ifo rn ia  w a te rs  which 
a re  known to  p o ssess  early-spaw ning kokanee have been p la n te d  w ith  f i s h  from e i th e r  
o r b o th  o f th e se  two so u rc e s .

Late-spaw ning s t r a in s  o f kokanee have been stocked in  33 C a lifo rn ia  la k e s , 17 o f 
which have a lso  rece iv ed  p la n ts  o f early -spaw ning  f i s h .  Early-spaw ning runs o f 
m ature a d u lts  have been recorded  in  s ix  o f th e  l a t t e r .

There i s  l i t t l e  doubt t h a t  spawning tim e i s  a f fe c te d  by environm ent. Progeny o f 
e a r ly -ru n  kokanee spawning in  Chatterdown Creek ( t r ib u ta r y  to  th e  McCloud R iver and 
thence  S hasta  Lake) were p la n te d  in  T r in i ty  Lake in  1961. In  1962, kokanee spawning 
a c t i v i t y  d id  not occur in  T r in i ty  Lake u n t i l  n e a r ly  two weeks a f t e r  i t  had begun in  
Chatterdown Creek. However, d a ta  a re  inadequate  a t  p re se n t t o  se p a ra te  th e  f a c to r s  
re sp o n s ib le  fo r  t h i s  d if f e r e n c e .

Spawning Tem peratures

Kokanee re q u ire  cool w a ter f o r  spawning, from 42 to  55 degrees F, Spawning u s u a lly  
occurs between 44 and 54 degrees F. In  Donner Lake, kokanee have been observed 
spawning a t  w ater tem p era tu res  of 45 degrees (C u rtis  and F ra s e r , 1948) and 51 
degrees (Kimsey, 1951). Early-spaw ning kokanee in  S hasta  Lake w i l l  e n te r  spawning 
t r i b u t a r i e s  when w ater tem p era tu res  drop below 60 degrees b u t beg in  spawning only  
when tem p era tu res  f a l l  t o  around 55 degrees (p e rso n a l communication from Harold 
Hewitt to  Seeley , September 19, 1962). The g en era l d e te r io r a t io n  o f early -spaw ning  
runs o f kokanee in  t r i b u t a r i e s  a t  Shasta  Lake o u ts id e  th e  McCloud R iver system i s  
p robab ly  due to  h igh  stream  tem p era tu res .

At Bucks Lake in  1962, kokanee were observed spawning in  Bucks Creek when w ater 
tem pera tu res ranged from 42 to  44 degrees F.

Boyd (1959) ) re p o r tin g  on SCUBA in v e s t ig a t io n s  o f anadromous sockeye salmon in  G reat 
C en tra l Lake, Vancouver I s la n d , recorded  spawning only  w ith in  a  tem pera tu re  range 
o f 43 to  56 degrees F .

Almo Cordone (p e rso n a l communication t o  Seeley) observed spawning a c t i v i t y  in  th e  
Truckee R iver in  September, 19&2, when w ater tem p era tu res  exceeded 65 degrees F.

Fecundity

The m athem atical r e la t io n s h ip  between egg number and body le n g th  has not been 
determ ined f o r  kokanee. Small in c re a se s  in  le n g th  u s u a lly  r e f l e c t  s u b s ta n t ia l  
in c re a se s  in  egg number. 1

For th e  anadromous sockeye th e  r e la t io n s h ip  f o r  m ature f i s h  i s  g e n e ra lly  l i n e a r .
The number o f eggs f o r  any g iven le n g th  as  w e ll as  th e  s iz e  o f th e  eggs, however, 
may v ary  w ith  such f a c to r s  a s  race  o f f i s h ,  tim e spen t in  th e  ocean, l a t i t u d e ,  
w a ter tem p era tu re , and age o f  th e  f i s h  (R o u n sefe ll, 1957) .  Q uite l ik e ly ,  kokanee 
e x h ib it  s im ila r  v a r ia t io n s ,  dependent upon ra c e  and lo c a l  c o n d itio n s .

At Lake Pend O re i l le ,  in  1955 > a sm all sample o f immature fem ales which averaged 
10 .2  inches in  len g th  had a  mean egg count o f 395 (Jeppson, 1956). Counts v a r ie d  
from 297 from a 10. 0- in c h  f i s h  to  499 from a  10. 7- in c h  f i s h .
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Lloyd C. Hume (p e rso n a l communication to  McCammon) s ta te d  t h a t  in  i 960 fem ales 10.5 
t o  12 inches long  from Twin Lakes, Mono County, averaged 400 eggs. At S a lt  Springs 
R eservo ir in  1943, 626 fem ales 11 to  12 in ch es  long  y ie ld e d  some 300,000 eggs, an 
average o f 479 eggs p e r  f i s h  (C u rtis  and F ra s e r , 1948). Beland (1961) re p o rte d  t h a t  
in  1957 Lake Arrowhead fem ales averag ing  12 .2  inehes in  le n g th  produced a  mean o f 
534 eggs. F if te e n - in c h  Donner Lake fem ales average about 1,174 eggs. Seven fem ales 
averag ing  15-3 inches in  le n g th  from Lake Granby, C olorado, con ta ined  an average of 
1,676 eggs p e r  f i s h  (B a ss e tt ,  1957)* In  Bucks Lake, Plumas County, in  1961, 154 
fem ales y ie ld e d  a  t o t a l  o f 271,720 eggs, an average o f 1,764 p e r f i s h .  Wo m easure
ments were ta k e n , bu t th e  f i s h  were sa id  to  have averaged about 16 inches in  le n g th  
(p e rso n a l communication from Alan F. P o l l i t t  t o  S eeley , 1962) .  In  1962, spawning 
fem ales w ith  a  mean le n g th  o f 15*3 in ch es  y ie ld e d  an average o f  1 ,280 eggs. These 
egg counts were ob ta in ed  du rin g  a r t i f i c i a l  spawning o p e ra tio n s  and re p re se n t th e  
average number o f eggs s tr ip p e d  from a  fem ale .

W hitt ( 1957) e s tim ated  t h a t  about 93 p e rc en t o f th e  eggs w ith in  th e  o v a rie s  a re  
d ep o sited  du rin g  spawning, w h ile  th e  rem ainder a re  re ta in e d  w ith in  th e  dying f i s h .

Spawning H ab ita t

Kokanee spawn in  t r i b u t a r i e s  and o u t le t s  to  a  la k e  o r  in  s u i ta b le  sh o re lin e  g ra v e ls  
in  th e  lak e  i t s e l f .  I t  i s  suspected  th a t  s t r a in s  may d i f f e r  in  t h e i r  a b i l i t y  to  
spawn in  la k e s , a lthough  t h i s  has not been dem onstrated .

Few c lo se  o b serv a tio n s  o f spawning s i t e  s e le c t io n  and redd  c o n s tru c tio n  in  stream s 
have been reco rd ed . SchultS  and s tu d en ts  (1935) observed spawning a c t i v i t i e s  in  
Swamp Creek in  W ashington. Behavior resem bled th a t  o f  o th e r  P a c if ic  salmon. Spawn
ing  g ra v e ls  ranged from  le s s  th a n  \  in ch  to  4 in ch es  in  d iam e te r . Redds, from 18 
to  24 inches up t o  2 by 4 o r  5 f e e t  in  s iz e ,  were lo c a te d  in  3 to  10 inches o f 
w a te r , w ith  a  c u rre n t o f l e s s  th a n  2 .5  f e e t  p e r  second. D e lis le  (1962) ,  r e p o r tin g  
on kokanee spawning in  th e  stream  below Bucks Lake, Plumas County, found spawning 
a c t i v i t i e s  confined  to  lo c a t io n s  where w a ter v e lo c i te s ,  measured 0.2 f e e t  above 
th e  stream  bottom , were below 2.0 f e e t  p e r  second.

R ichard  (1954) noted  th a t  in  T ay lor Creek ( t r ib u ta r y  t o  Lake Tahoe) most spawning 
a c t i v i t y  occurred  in  a re a s  o f sm all- and m edium-sized g ra v e l, i n  b o th  r i f f l e s  and 
p o o ls . In  th e  low er, meandering s e c tio n  o f t h i s  stream  a  few f i s h  spawned in  coarse  
sand. R ichard c o lle c te d  numerous eggs from redds in  sandy a re a s  o f nearby  Trout 
Creek b u t found none a l iv e .  In  C a l ifo rn ia , su cc e ss fu l stream  spawning occurs in  
t r i b u t a r i e s  o f th e  McCloud R iver (a  m ajor t r i b u ta r y  o f  S hasta  Lake); T ay lo r Creek, 
t r i b u ta r y  to  Lake Tahoe; Robinson Creek, t r i b u t a r y  t o  Twin Lakes, Mono County;
Bucks Creek, t r i b u ta r y  to  Bucks Lake, Plumas County; and t r i b u t a r i e s  o f Take 
Almanor, Plumas County,

O bservations in  C a l ifo rn ia  in d ic a te  t h a t  m ig ra tin g  kokanee a re  weak swimmers o r e ls e  
la c k  th e  s tro n g  urge  to  swim upstream , c h a r a c te r i s t ic  o f many anadromous salm onids. 
Low f a l l s  and dams o f th e  s o r t  e a s i ly  n e g o tia te d  by anadromous salmon o r  by s t e e l -  
head e f f e c t iv e ly  b a r  upstream  movement. During th e  1952-53 spawning season in  
T ay lo r Creek, an 18 -inch  dam lo c a te d  about one m ile above th e  mouth was e v id e n tly  a 
complete b a r r i e r ,  Follow ing removal o f t h i s  s t r u c tu r e ,  kokanee moved above th e  o ld  
dam s i t e .  In  th e  McCloud R iv e r, spawning kokanee a re  stopped by ra p id s  about 9 
m iles  above th e  mouth. The g re a te s t  d is ta n c e  t r a v e le d  by kokanee on a  spawning 
m ig ra tio n  in  C a l ifo rn ia  has been th e  30 m iles  up th e  Sacramento R iver from  S hasta  
Lake to  Mears Creek.
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Kokanee have been observed spawning in  th e  o u t le t s  o f some la k e s , e s p e c ia l ly  in  th e  
absence o f s u i ta b le  i n l e t  s tream s. KLmsey (1951) and Almo J .  Cordone (p e rso n a l 
communication to  Seeley , 1962) b o th  noted  spawning f i s h  in  Donner Creek below Donner 
Lake. Spawners have a ls o  been re p o rte d  in  th e  Truckee R iver im m ediately below th e  
o u t le t  o f Lake Tahoe. F ish  a p p a ren tly  m ig ra te  out o f Donner Lake v ia  Donner Creek 
and move up th e  Truckee R iv e r. In  Gold la k e , S ie r r a  County, f i s h  sc reen s  were 
in s ta l l e d  in  th e  o u t le t  stream  to  keep kokanee from moving downstream to  spawn, 
where th e  r e s u l t in g  f r y  would be l o s t .  As m entioned e a r l i e r ,  D e lis le  (1962) 
observed kokanee spawning in  th e  stream  below Bucks Lake.

Lake-spawning kokanee u s u a lly  s e le c t  g ra v e ls  n ear sho re , over sp rin g  seepage. Redds 
have been observed a t  dep ths from •§• fo o t to  25 f e e t .  Jeppson (1956) found a few 
redds in  Lake Pend O re i l le  a t  dep ths t o  20 f e e t ,  b u t most were between 7 and 11 
f e e t .  Boyd (1959) re p o rte d  th a t  sockeye salmon spawned su c c e s s fu lly  a t  depths to  
70 f e e t .

Kokanee in  Donner Lake were seen spawning in  a sp rin g  seepage a re a  w ith  a  bottom  
o f mixed sand, g ra v e l, and cobbles on a  c la y  s u b s tr a te .  Water dep ths ranged from 
1 to  3 f e e t . Dropping w a te r le v e ls  subsequen tly  exposed th e  redds and th e  eggs 
were found b u rie d  under k to  7 in ch es  o f  g ra v e l (KLmsey, 1951) ,

The ex ten t o f su cc e ss fu l lak e  rep ro d u c tio n  in  Donner Lake rem ains unknown, s in ce  
annual p la n ts  o f la rg e  numbers o f f r y  mask n a tu r a l ly  produced f i s h  in  th e  c a tc h .

S u ccessfu l shore spawning and rep ro d u c tio n  a re  a lso  known to  occur in  Gold Lake, 
S ie r ra  County (p e rso n a l communication from H a lle t D. Boles t o  Seeley , 1962) ,  and 
in  Lake Tahoe (Cordone and F ra n tz , 1962) .  Small sacks o f  eyed kokanee eggs were 
p la n te d  along th e  shore o f Lake Tahoe n ear Chambers Lodge, Tahoma, and D o lla r Cove 
in  January  and February , 1962, where kokanee had been observed spawning in  th e  
p a s t ,  as  w e ll as  in  se v e ra l o th e r  l i k e ly  look ing  a re a s .  S u rv iv a l was n i l  except 
a t  th e se  th re e  lo c a t io n s , where i t  ranged a s  h igh  as  50 p e rc e n t. S pring  seepage 
and d isso lv ed  oxygen co n ten t o f th e  w a ter w ith in  th e  s u b s tra te  a re ,  w ithou t a  doubt, 
im port an t f a c t  o r s .

In cu b a tio n

The tem pera tu res a t  which in cu b a tio n  has been re p o rte d  range from 32 degrees th rough  
55 degrees (memo from Lloyd C. Hume t o  Robert M. M acklin, June 12, I 963) .  W ater 
tem pera tu res o f 38 degrees seem to  be th e  low er l im i t  a t  which green eggs w i l l  eye 
( l e t t e r  from H arry R. Woodward, Colorado Department o f Game and F ish , t o  David L. 
Ward, December 26, 1961) .  At Hot Creek H atchery , Mono County, a few eyed eggs have 
been hatched in  55-degree  w a te r , b u t m o r ta l i ty  in  th e  sac s tag e  was q u ite  h ig h .
The p e rio d  o f tim e between h a tch in g  and feed in g  a t  t h i s  tem peratue was approxim ately  
10 t o  12 days.

In  Donner Lake in  19^9, KLmsey re p o rte d  th a t  eggs spawned in  sh o re lin e  g ra v e ls  
developed norm ally  a t  tem p era tu res  rang ing  from kk to  k8 degrees F . Spawning 
a c t i v i t y  was f i r s t  observed on November k . Nine kokanee n e s ts  were marked on 
November 15 and 29. Eggs began h a tch in g  in  th e se  n e s ts  about January  20, N inety  
eggs from fro zen  n e s ts  a long th e  shore and 30 eggs from n e s ts  in  seepage a re a s  had 
been c o lle c te d  and tak en  to  Tahoe H atchery  to  h a tch  in  tro u g h s . Eggs removed from 
n e s ts  which had experienced  o ccas io n a l f re e z in g  began h a tch in g  March 15, w h ile  eggs 
from seepage a re a s  began h a tch in g  on F ebruary  12 a t  a  w a ter tem pera tu re  o f k3 
d eg rees .
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In  Lake Pend O re i l le ,  "kokanee eggs h a tch  in  th r e e  to  f iv e  months depending upon 
w a te r tem p era tu re ; th e  f r y  l iv e  on th e  y o lk  sac f o r  30 t o  45 days, a f t e r  which th e y  
emerge from th e  g rav e l and m igrate  to  th e  lak e  where th e y  rem ain u n t i l  m atu re", 
(jeppson , 1955)*

Growth Rate

The most com plete age and growth s tu d ie s  o f kokanee th u s  f a r  have been c a r r ie d  out 
a t  Lake Pend O re il le  in  Idaho . The fo llo w in g  in fo rm atio n , based on s c a le  a n a ly se s , 
was re p o rte d  by th e  Idaho F ish  and Game Departm ent, (W hitt, 1958).

Back c a lc u la te d  body le n g th s  a t  th e  end o f th e  f i r s t  and second y e a rs  o f growth 
were made f o r  160 kokanee from fo u r age c la s s e s  (40 f i s h  each from th e  3 - / ^ - >  5- ,  
and 6-y ear age c la s s e s  tak en  in  1958). The average le n g th  a t  th e  end o f  th e  
f i r s t  y ea r was 2 .4  inches w h ile  t h a t  a t  th e  end o f th e  second y ear i t  was 6 .4  in ch es .

An age and le n g th  frequency d i s t r ib u t io n  co n stru c ted  f o r  645 an g le r-cau g h t kokanee 
tak en  from February  th rough  O ctober, 1956, r e s u l t s  in  th e  fo llo w in g :

Average le n g th

Age c la s s
( to t a l )  

in  inches
T o ta l f i s h  
in  sample

P ercen tage 
o f t o t a l

3-y ea r 6.9 75 11.63
4 -y ear 8.7 217 33.64
5-y ea r 9 .1 254 39.38
6-y ea r 9 .1 97 15.04
7 -y ea r 9 .0 2 0.31

The t o t a l  1961 h a rv e s t o f kokanee from t h i s  lak e  was about 993,000 f i s h  which 
weighed 140 to n s .  Length frequency s tu d ie s  a t  t h i s  tim e showed th a t  82 p e rc en t 
were in  t h e i r  f i f t h  y ea r o f l i f e ,  11 p e rc en t in  t h e i r  fo u r th  y e a r , and 7 p e rc e n t 
in  t h e i r  t h i r d  y e a r .

The growth and u lt im a te  s iz e  of kokanee in  la k e  Pend O re i l le  depend la r g e ly  on th e  
f a l l  zooplankton abundance and on th e  numbers o f kokanee and o th e r  sp ec ie s  competing 
f o r  th e  a v a ila b le  food . Very l i t t l e  growth occurs d u ring  th e  w in te r  and sp rin g  
(Idaho Department o f  F ish  and Game, 1961) .

E lsew here, l i t t l e  i s  known o f th e  growth o f kokanee from th e  tim e o f h a tch in g  to  
m a tu r ity . The a v a ila b le  C a lifo rn ia  d a ta  support th e  g en e ra l b e l i e f  th a t  s iz e  a t  
m a tu rity  i s  c o n tro lle d  by b o th  r a c i a l  c h a r a c te r i s t ic s  and environm ental f a c to r s  
such a s  p o p u la tio n  d e n s ity , in te r s p e c i f i c  com petition , lak e  p ro d u c tiv i ty , and w a ter 
tem p e ra tu re . In  C a l ifo rn ia , m ature kokanee have ranged in  body le n g th  from 8 
in ch es  a t  Twin Lakes, Mono County, t o  2k inches a t  Donner Lake.

Homing

Homing i s  a p p a ren tly  h ig h ly  developed. Vernon (1957) found th a t  only  3 p e rcen t o f 
th e  m aturing kokanee in  Kootenay Lake, B r i t i s h  Columbia spawned in  Streams o th e r  
th a n  th o se  in  which th e y  had been ha tch ed . C u rtis  and F ra se r  (1948) n o te  th a t  in  
December, 1946, two y ea rs  a f t e r  kokanee f in g e r l in g s  had escaped from Tahoe H atchery, 
a d u lts  spawned in  th e  sm all stream  im m ediately below th e  h a tch e ry . In  S hasta  la k e , 
la rg e  numbers o f spawners appeared in  stream s which had been p la n te d  during  th e  
i n i t i a l  in tro d u c tio n .
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Good evidence o f homing among shore-spaw ning kokanee has been found in  Donner Lake. 
Follow ing th e  f i r s t  few y e a rs  o f s to ck in g , m ature kokanee congregated in  a re a s  
where f r y  had been re le a s e d . Spawning to o k  p la c e  in  s u i ta b le  a re a s . At o th e r  
p o in ts  of re le a s e ,  however, where co n d itio n s  were not s a t i s f a c to r y ,  groups o f 
m ature kokanee d isp e rse d  and presum ably spawned elsew here (p e rso n a l communication 
from Alan F . P o l l i t t  to  Seeley , September 27, 19^2).

Mature a d u lts  in  M ille r to n  Lake have been seined  from s h o re lin e  s i t e s  where f r y  
had been re le a se d  from tru c k s  (p e rso n a l communication from E a rle  M itc h e ll to  
Seeley , 1962) .  C onversely , a t  Donner Lake se in in g  o f m ature f i s h  p la n te d  as  f r y  
from an a irp la n e  has not been f e a s ib l e . A lthough la rg e  numbers o f spawners were 
observed, th e y  were s c a t te re d  about th e  e n t i r e  s h o re lin e , and congregations la rg e  
enough fo r  economical s e in in g  were not p re s e n t .

At Bucks Lake in  195^> f r y  were a i r  p la n te d  n ear th e  mouths o f fo u r stream s: Bucks 
Creek, L eft Hand Creek, RightHand Creek, and M ill Creek. As noted  e a r l i e r ,  a  la rg e  
run  i s  now e s ta b lis h e d  in  Bucks Creek, th e  la r g e s t  t r i b u t a r y .  I t  i s  no t known i f  
runs have become e s ta b lis h e d  in  th e  o th e r  th re e  creeks b u t spawning kokanee have 
been seen in  H askins Creek, which has never been p la n te d . No shore spawning has 
been re p o rte d  b u t such a c t i v i t y  may go u n d e tec ted , s in ce  few people  v i s i t  t h i s  
is o la te d  a re a  when th e  f i s h  a re  spawning.

Food H ab its

Kokanee feed  p r im a r i ly  on p e la g ic  zooplankton th roughout most o f t h e i r  l i v e s .  
Entom ostraea a re  u t i l i z e d  most h e a v ily . Phytoplankton a p p a re n tly  i s  l i t t l e  used . 
B elan d 's  ( I 96I )  re p o r t  on kokanee in  Lake Arrowhead supports  t h i s  c o n te n tio n . They 
a re  w e ll adap ted  to  such a d ie t  by v i r tu e  o f t h e i r  h igh  g i l l  ra k e r  count (28 t o  40 
on th e  f i r s t  g i l l  a rch ) and because th e se  g i l l  ra k e rs  a re  r e l a t i v e ly  lo n g , s le n d e r , 
rough, and c lo se ly  s e t  (Clemens and W ilby, 1961) .  Presum ably, t h i s  enab les th e  
kokanee to  cap tu re  zo o p lank ters  more e f f e c t iv e ly  th a n  rainbow (17 to  21 g i l l  ra k e rs  
on th e  f i r s t  g i l l  a rc h ) ,  and may p la c e  th e  l a t t e r  a t  a decided  d isadvan tage  in  
w aters  where bo th  sp ec ie s  must compete f o r  zooplankton . P l a t t s  (1958) observed 
th a t  in  Lake Pend O re i l le  kokanee f r y ,  s t a r t in g  l i f e  out as  in s e c t  fe e d e rs  in  
s tream s, e n te r  th e  lak e  and sw itch  to  a p r im a r i ly  p lan k to n  d i e t .

As kokanee m ature, in s e c t  la rv a e  o r  nymphs may ag a in  become in c re a s in g ly  im portan t 
in  some w a te rs ; however, th e y  never re p la c e  zooplankton as  th e  p r in c ip a l  food .

Large kokanee w i l l  o c c a s io n a lly  p re y  on sm all f i s h .

Forage Value

Kokanee have been h e ra ld ed  a s  a  n e a r ly  id e a l  fo rag e  f i s h  f o r  la rg e  t r o u t .  This 
m aybe t r u e  in  c e r ta in  w a te rs  o f B r i t i s h  Columbia, W ashington, and Idaho . Comments 
s o l ic i t e d  from b io lo g is t s  i n  th e se  a re a s  in d ic a te  t h a t  kokanee p ro v id e  th e  m ajor 
source o f food f o r  la rg e  lak e  t r o u t  ( S a lv e lin u s  namaycush), D olly Varden t r o u t  
(S . malma) , and rainbow t r o u t  (Salmo g a i r d n e r i i ) in  many o f t h e i r  la k e s . I t  i s  
im portan t to  n o te , however, t h a t  such p re d a to r-p re y  re la t io n s h ip s  a re  n e a r ly  always 
r e s t r i c t e d  to  very  la rg e  la k es  in  a re a s  where kokanee a re  r e l a t iv e ly  slow growing. 
Kokanee a re  q u ite  im portan t in  th e  d ie t  o f la rg e  t r o u t  in  la k es  such a s  Kootenay 
Lake and Shauswap Lake in  B r i t i s h  Columbia, Loon Lake and Deer T,akp in  Stevens • 
County and Mountain Lake on Orcas Is la n d  in  W ashington, and P r ie s t  Lake and t» p 
Pend O re i l le  in  Idaho .
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In  o th e r  a re a s , kokanee a re  not h ig h ly  regarded  a s  a fo rag e  sp e c ie s . T h e ir p resence  
in  some f i s h e r i e s  may, in  f a c t ,  he d e tr im e n ta l to  o th e r  sp ec ie s  o f salm onids. T his 
i s  d iscu ssed  more f u l l y  in  a subsequent s e c t io n .

The p o te n t ia l  va lue  o f  th e  kokanee as  a  fo rag e  sp ec ie s  was one o f th e  p rim ary  
reasons f o r  in tro d u c in g  i t  in to  C a l ifo rn ia , e s p e c ia l ly  in to  S hasta  Lake, a lre ad y  
m entioned. However, in  s p i te  o f w idespread d i s t r ib u t io n  w ith in  th e  S ta te ,  th e re  
i s  no evidence th a t  i t  i s  p ro v id in g  s ig n if ic a n t  fo rag e  f o r  t r o u t  anywhere.

Kokanee as  a  Game F ish

In  many la k es  in  w este rn  N orth America kokanee fu rn is h  a  c o n sid e rab le  amount o f 
sp o rt f i s h in g .  Indeed , in  some la k es  such as  P r ie s t  Lake and Lake Pend O re i l le  in  
Idaho, th e y  may dominate th e  c a tc h . E lsew here, t h e i r  c h ie f  va lu e  seems to  be in  
supplem enting rainbow  t r o u t  f i s h e r i e s .  Examples o f t h e i r  w orth a s  a  game sp ec ie s  
a re  numerous th roughou t t h e i r  p re se n t ran g e . In  C a l ifo rn ia , a n g le r  s a t i s f a c t io n  
has g e n e ra lly  been good and appears t o  be in c re a s in g  as  a n g le rs  become more f a m il ia r  
w ith  them .

Since th e y  a re  commonly p la n te d  a t  a v e ry  sm all s iz e ,  th e y  can sometimes augment 
an e x is t in g  f is h e r y  q u ite  cheap ly . They a re  t a s t y ,  p ro v id e  good s p o r t ,  and o f te n  
a re  easy to  ca tch  a t  c e r ta in  tim es o f th e  y ea r on f l i e s ,  b a i t ,  and a r t i f i c i a l  lu r e s .

In  C a l ifo rn ia , kokanee have c o n tr ib u te d  s ig n i f ic a n t ly  to  th e  f i s h e r i e s  o f Donner 
Lake; S hasta  la k e ; M ille r to n  Lake; Twin Lakes, Mono County; Lake Arrowhead;' Gold 
Lake, S ie r r a  County; T r in i ty  R ese rv o ir, T r in i ty  County; Pardee R ese rv o ir, Amador 
County; and Lake Almanor, Plumas County.

Under some c ircum stances, however, kokanee may be p re se n t in  la rg e  numbers w ithou t 
adding s ig n i f ic a n t ly  to  a  f i s h e r y .  Such was th e  case a t  Echo Lake, E l Dorado County. 
F ish in g  f o r  a l l .  sp ec ie s  had been n o tab ly  poo r, y e t th e  i 960 chem ical tre a tm e n t 
rev ea led  a  very  la rg e  kokanee p o p u la tio n . S im ila r ly , s tu d ie s  du rin g  1961 a t  A shurst 
Lake in  A rizona (B a ss e tt ,  1962a , 1962b, 1962c) showed kokanee to  be r e l a t i v e ly  
u n a ffec ted  by a n g lin g . L im ited g i l l  n e t t in g  in  th e  sp rin g  and summer r e s u l te d  in  
ca tch es  of kokanee (p la n te d  in  1959) outnumbering p la n te d  rainbow t r o u t  o f compar
ab le  s iz e .  According to  p e r io d ic  c r e e l  checks th roughout th e  f is h in g  season, 
however, a n g le rs  caught th e  two sp ec ie s  a t  a  r a t e  o f 190 t r o u t  t o  one kokanee.

Kokanee may escape h a rv e s t because o f t h e i r  schoo ling  h a b i ts ,  because o f  t h e i r  
p re fe ren ce  f o r  r a th e r  r e s t r i c t e d  la y e r s  o f  w a te r d u ring  most o f  th e  f is h in g  season, 
o r because most a n g le rs  a re  sim ply u n fa m ilia r  w ith  methods o f f i s h in g  f o r  them. 
A d d itio n a lly , kokanee which m ature, spawn, and d ie  a t  a  sm all s iz e  o r a t  a  young 
age a re  a v a ila b le  to  a n g le rs  f o r  on ly  a  v e ry  b r i e f  p e r io d  b e fo re  th e y  p ass out o f 
th e  p ic tu r e  in  th e  f a l l .

Com petition w ith  O ther Species

To more c le a r ly  understand  th e  r e la t io n s h ip s  between kokanee and o th e r  sp e c ie s , i t  
i s  h e lp fu l  t o  examine th e  food chains and tro p h ic  s t ru c tu re s  which e x is t  in  th e  
w a ters  in  which kokanee and t r o u t  occu r.

A food chain  in  a  lak e  o r  r e s e r v o i r  i s  based alm ost e n t i r e ly  on th e  numbers and 
k inds o f p roducer organism s ( c h ie f ly  green  p la n ts )  found in  t h a t  p a r t i c u la r  body o f 
w a te r . Through p h o to sy n th es is  th e se  organism s u t i l i z e  th e  s u n 's  energy and convert 
w a te r , carbon d io x id e , and v a rio u s  n u t r ie n t  m a te r ia ls  in to  foods which can be used 
by prim ary  consumer organism s. In  many C a l ifo rn ia  la k es  and in  th e  m a jo rity  o f



f lu c tu a t in g  r e s e rv o i r s  most o f t h i s  p h o to sy a th e tic  a c t i v i t y  i s  c a r r ie d  out by 
phy top lank ton . H erbivorous p rim ary  consumer organism s p ro v id e  a food source f o r  
carn ivorous secondary consumers. T e r t ia ry  and q u a rte rn a ry  consumers, each a 
p o te n t ia l  source o f energy fo r  th e  nex t h ig h e r le v e l ,  may extend  th e  food chain  
upwards. Each o f th e se  le v e l s ,  from p roducer to  to p  consumer, re p re se n ts  a t ro p h ic  
o r energy le v e l .  T h is in te r r e la te d  o rg a n iz a tio n  o r food chain  o f p la n ts  and 
anim als forms what has been c a l le d  a pyramid o f energy . F igure  1 i l l u s t r a t e s  a 
s im p lif ie d  diagram  o f such a pyram id.

At each le v e l  o f th e  pyram id, energy i s  tak en  from th e  un d erly in g  tro p h ic  le v e l  and 
i s  used in  b a s ic  m etabolism , growth, re p ro d u c tio n , and movement -  in  s h o r t ,  in  a l l  
l i f e  p ro c e sse s . I t  i s  s ig n if ic a n t  th a t  about 90 p e rc en t o f th e  energy i s  l o s t  a t  
every  le v e l ,  so t h a t  only  about 10 p e rc en t o f th e  energy which was ta k en  from th e  
und erly in g  le v e l  i s  a v a ila b le  t o  th e  next h ig h er group o f organism s. As a  r e s u l t ,  
th e  biomass ( t o t a l  p ro top lasm ic  mass produced over a  p e rio d  o f tim e) o f any k ind  o f 
organism  i s  d i r e c t ly  r e la te d  t o  i t s  p o s i t io n  in  th e  pyram id: th e  c lo s e r  th e  
organism  i s  to  th e  bottom , th e  g re a te r  w i l l  be i t s  biom ass and th e  l e s s  w i l l  be th e  
energy lo s s .  A lso , th e  number o f  consumer le v e ls  in  any n a tu ra l  s i tu a t io n  
(ecosystem ) i s  u s u a lly  l im ite d  t o  fo u r  o r  f iv e  (Odum, 1953) .

Some k inds o f organism s o f te n  occupy more th a n  one le v e l  in  th e  pyram id. Kokanee 
a re  o rd in a r i ly  secondary consumers, s in ce  t h e i r  d ie t  c o n s is ts  alm ost e x c lu s iv e ly  
o f zooplankton . T rout more f re q u e n tly  occupy two le v e l s ,  th a t  o f  secondary consumer 
in  com petition  w ith  kokanee, and th a t  o f  t e r t i a r y  o r to p  consumer in  in s ta n c e s  in  
which la rg e  t r o u t  p rey  on sm alle r f i s h .  Z ooplank ters and in s e c ts  which feed  on 
herb iv o ro u s organism s could be term ed secondary consumers, so t h a t  t r o u t  o r kokanee 
feed in g  on them would become t e r t i a r y  consumers.

In  most s i tu a t io n s ,  t r o u t  w i l l  u t i l i z e  food sources in  a d d itio n  to  zooplankton in  
lak es  and re s e rv o ir s  w ith  low l i t t o r a l  food p ro d u c tio n . Bottom foods, such as 
chironom ids and s n a i l s ,  a re  o f te n  q u i te  im p o rtan t, a s  a re  t e r r e s t r i a l  in s e c t s .
The p resence  o f a  la rg e  kokanee p o p u la tio n , however, would i n h ib i t  t r o u t  p ro d u c tio n , 
s in ce  t r o u t  a ls o  feed  on zooplankton. T his would be t r u e  in  any w a te r in  which 
bo th  t r o u t  and kokanee occur, b u t in  w a te rs  in  which a l im ite d  zooplankton supply 
i s  th e  prim ary  food sou rce , com petition  fo r  i t  could become se r io u s  f o r  t r o u t  i f  
th e  kokanee p o p u la tio n  were v e ry  la rg e*

As m entioned e a r l i e r ,  th e re  a re  no food h a b its  d a ta  which show th a t  kokanee in  
C a lifo rn ia  p ro v id e  a p p re c ia b le  fo rag e  f o r  t r o u t ,  d e sp ite  co n sid e rab le  evidence o f 
such a  ro le  in  o th e r  a r e a s .  I t  i s  u n lik e ly  th a t  a  sm all kokanee p a ss in g  in  f r o n t  
of a  la rg e , hungry t r o u t  would be re fu sed  a s  food . N ev erth e le ss , ra p id  growth 
r a te s ,  p e la g ic  schoo ling  h a b i ts ,  and a  narrow range o f tem pera tu re  p re fe re n c e s  
p ro bab ly  make kokanee le s s  a v a ila b le  th an  com parable-sized  t r o u t  a s  p o te n t ia l  food 
f o r  l a r g e r  f i s h  in  C a l ifo rn ia  w a te rs . Because f i s h  become in c re a s in g ly  im portan t 
in  th e  d ie t  o f  la rg e  t r o u t ,  th e  d isp lacem ent o f  t r o u t  o r  more s u i ta b le  fo rage  
sp ec ie s  by kokanee as  secondary consumers may w e ll le a d  to  a  lowered p ro d u c tio n  o f 
la rg e  t r o u t  in  C a l ifo rn ia  w a ters  in  which b o th  t r o u t  ahd kokanee occu r.

S. B. Smith ( l e t t e r  to  Robert C. Sumner, March 3 , i 960) ,  w h ile  acknowledging th e  
b e n e f ic ia l  fo rag e  v a lu e  o f kokanee in  la rg e  B r i t i s h  Columbia la k e s , s ta te d  empha
t i c a l l y  t h a t  "We have found alm ost in v a r ia b ly  in  our sm alle r la k e s , re g a rd le s s  o f 
p ro d u c tiv i ty  ty p e , t h a t  in tro d u c tio n  o f kokanee w i l l  sound th e  d ea th  k n e ll  even 
o f s tro n g ly  e s ta b lis h e d  p o p u la tio n s  o f  rainbow t r o u t " . R. G. Mckfynn ( l e t t e r  t o  
Almo J .  Cordone, March 30, 1962) expressed  th e  op in ion  th a t  kokanee in tro d u c tio n s  
in to  sm all la k es  ( l e s s  th an  one o r  two square m iles  in  su rface  a re a )  appeared to  
ad v erse ly  a f f e c t  young rainbow t r o u t  because o f in c re a se d  co m p etitio n . Such 
com petition  a p p a re n tly  o f f s e t s  any advantages o f th e  d e s ire d  p re d a to r-p re y  
re la t io n s h ip  between t r o u t  and kokanee.



Carbon d io x id e , w a te r , n u tr ie n t  m a te r ia ls ,  and 
s o la r  energy.

FIGURE 1 . Pyramid of energy in  a t r o u t  la k e .
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In  r ic h  w aters  w ith  abundant food th e  a re a s  o f com petition  between t r o u t  and kokanee 
a re  much le s s  c le a r ,

Y ellowstone c u tth ro a t t r o u t  (Salmo c l a r k i i  l e w i s i i ) a t  one tim e dominated th e  ca tch  
from P r ie s t  and Upper P r ie s t  la k e s , Idaho (B jornn, 1956). L a te r , lak e  t r o u t ,  
e a s te rn  brook t r o u t  (S a lv e lin u s  f o n t i n a l i s ) ,  and kokanee salmon were In tro d u ced .
A fte r  th e se  in tro d u c tio n s , th e  c o n tr ib u tio n  o f c u tth ro a t t o  th e  t o t a l  c a tch  dwindled 
to  approxim ately  5 p e rc e n t. Many ex p lan a tio n s  have been o ffe re d  fo r  t h i s  g radua l 
d e c lin e  o f th e  c u t th ro a t ,  rang ing  from changes in  th e  p h y s ic a l environment t o  compe
t i t i o n  w ith  th e  o th e r  sp ec ie s  p re se n t and to  o v e re n th u s ia s tic  spaw ntaking o p e ra tio n s . 
I t  i s  o f  p a r t i c u la r  i n t e r e s t  t o  observe t h a t  in  1955 kokanee made up 9̂ - p e rc e n t and 
t r o u t  (fo u r  sp ec ie s )  6 p e rc en t o f th e  t o t a l  c a tc h . Of th e  t o t a l  a n g le r  e f f o r t ,  82 
p e rc en t was expended on kokanee and 18 p e rcen t on t r o u t .

Brown t r o u t  (Salmo t r u t t a ) and kokanee b o th  u t i l i z e  stream -spaw ning a re a s  and b o th  
a re  f a l l  spaw ners. E a rly -ru n  kokanee (August-Septem ber) and brown t r o u t  p ro bab ly  do 
not compete much fo r  spawning s i t e s , ,  b u t la te - r u n  kokanee and brown t r o u t  may do so . 
Both sp ec ie s  have been observed sim u ltaneously  in  th e  same stream s bu t in s ta n c e s  o f 
f ig h t in g  between them have not been re p o r te d . C om petition i s  p robab ly  confined  to  
th e  low er reaches o f t r i b u t a r y  s tream s, s in ce  kokanee seldom ascend stream s g re a t 
d is ta n c e s .

Problems o f com petition  between kokanee and o th e r  sp ec ie s  become somewhat academic 
when r e la te d  t o  w a ters  managed as p u t-a n d -ta k e  t r o u t  f i s h e r i e s .  In  la k es  such as 
Lake Arrowhead, which re c e iv e  heavy an g lin g  u se , kokanee stocked as  swimup f r y  have 
proved to  be a  v a lu a b le , inexpensive  supplement to  th e  r a th e r  c o s t ly  "ca tchab le"  
t r o u t  program .

In  Twin Lakes, Mono County, kokanee have a lso  p rov ided  a u s e fu l supplement to  a  
c a tch ab le  rainbow t r o u t  f i s h e r y .  In  1961, f o r  example, th e y  comprised approx im ately  
35 p e rc en t o f th e  t o t a l  ca tch  a t  very  sm all c o s t , w ithou t a f f e c t in g  th e  t r o u t  f i s h e ry  
to  any ap p aren t e x te n t .

In  Idaho, a ls o ,  kokanee have s u b s ta n t ia l ly  augmented t r o u t  f i s h e r i e s  w ithou t apparen t 
i l l  e f f e c t s  upon th e  l a t t e r .

Cost Comparisons Between Kokanee and Trout

At th e  p re se n t tim e ( I 963) , th e  c o s t o f  p la n tin g  kokanee f r y  in  C a l ifo rn ia  i s  le s s  
th a n  $0.005 p e r  f i s h  (p e rso n a l communication from David L. Ward to  Seeley , A p ril  29, 
1963)* This f ig u r e  in c lu d es  egg c o s ts ,  h a tch e ry  c o s ts , and s to ck in g  c o s ts .  Compar
a b le  c o s ts  f o r  f in g e r l in g ,  su b ca tch ab le , and ca tch ab le  t r o u t ,  based on p ro d u c tio n  
f ig u re s  f o r  f i s c a l  y ea r 196l - 62, a r e  $0 .02 , $0 . 078, and 0, 173, r e s p e c tiv e ly  ( in lan d  
F is h e r ie s  Branch, S ta f f ,  1963) .

On th e  b a s is  o f 100,000 f i s h  s tocked , th e  co st p e r  in d iv id u a l f i s h  in  th e  c re e l  a t  
d i f f e r e n t  p e rcen tag es  o f c a tch  a re  shown in  Table 1 .

In  term s o f co st p e r  f i s h  c re e le d , a n g le rs  must ta k e  69 p e rcen t o f ca tch ab le  t r o u t ,
31 p e rcen t o f  subca tchab le  t r o u t ,  and 8 p e rc en t o f f in g e r l in g  t r o u t  t o  equal th e  
co st o f kokanee re tu rn in g  a t  th e  r a t e  o f only  2 p e rc e n t .

Although exact re tu rn s  o f sm all kokanee f r y  have not been determ ined , C a l i fo rn ia ’s 
experience  suggests  th e y  may g re a t ly  exceed th o se  o f sm all t r o u t .
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TABLE 1

Cost of Each Fish in Creel

Percen tage
caught

100,000 
kokanee f r y  

a t
$0,005 each

100,000
f in g e r l in g  t r o u t  

a t
$0.02 each

100,000
subca tchab le  

t r o u t  a t  
$0,078 each

100,000
ca tch ab le  t r o u t  

a t
$0,173 each

1 $0.50 $2.00 $7.80 $17.00

2 . 0.25 1.00 3.90 8.50

5 0.10 o .4o 1.56 3.40

8$ « 0 .25 |

10 0.05 0.20 O.78 1 .70

20 0.03  . 0.10 0 .39 O.85

30 0.02 0 .07 0.26 0 ,57

| 31J -  ° - 25 1

5° 0.01 0 .64 0.16 0.35

60 0.13 0.28

69$ =  0 .25

70 0.11 0 .24
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Management C o nsidera tions

The reco rd  o f  kokanee in  C a lifo rn ia  re v e a ls  a  v a r ie d  p ic tu r e  o f success and f a i l u r e .  
Success in c lu d es  such w aters  a s  Lake Arrowhead, Twin Lakes, Donner Lake, and Gold 
Lake. S ig n if ic a n t ly ,  th e y  a re  a l l  su b jec t to  moderate to  h igh  an g lin g  p re s su re s , 
a re  good t r o u t  la k e s , and u s u a lly  a re  r a th e r  h e a v ily  stocked  w ith  ca tch ab le  t r o u t .  
Kokanee have formed s iz e a b le  p o r tio n s  o f th e  t o t a l  ca tch  from each o f th e se  w a ters  
a t  a  r e l a t i v e ly  low c o s t , w ith  no apparen t d e le te r io u s  e f f e c t s  on th e  t r o u t  f i s h e r 
i e s .

In  th e  absence o f a cc u ra te  in v e n to r ie s  o f  ca tch  o r p o p u la tio n , we must depend upon 
th e  more o r l e s s  casu a l o b se rv a tio n s  o f wardens, b io lo g is t s ,  and a n g le rs  reg a rd in g  
th e  q u a l i ty  o f most kokanee f i s h e r i e s .  We know th a t  S hasta  Lake, Pardee R ese rv o ir, 
Lake Almanor, Bucks Lake, Icehouse R ese rv o ir, Independence Lake, T r in i ty  R ese rv o ir, 
H untington Lake, M ille r to n  Lake, and S traw berry  R ese rv o ir have prov ided  kokanee 
f is h in g  rang ing  from poor t o  good, bu t l i t t l e  more i s  known about them . S hasta  Lake, 
f o r  example, i s  known to  fu rn is h  good kokanee f is h in g  f o r  a l im ite d  number o f 
a n g le rs  d u ring  th e  sp rin g  and ag a in  du rin g  th e  f a l l ,  bu t we know no th ing  reg a rd in g  
th e  a c tu a l  number o f  kokanee ta k e n , th e  t o t a l  number o f kokanee in  th e  la k e , o r th e  
p ro p o rtio n  o f kokanee tak en  in  r e l a t io n  to  o th e r  game sp e c ie s .

At Icehouse R eserv o ir in  1962, a  biw eekly  c re e l  census in d ic a te d  th e  r a t i o  o f 
kokanee to  rainbow t r o u t  in  th e  t o t a l  ca tch  to  approxim ate 2: 9.

S evera l la k es  have been stocked w ith  kokanee w ith  n eg a tiv e  r e s u l t s .  Merced 
Kent Lake, Lake Mendocino, Eagle Lake, Lake P i l ls b u ry ,  F lo rence  Lake, Don Pedro 
R ese rv o ir, P lea san t V alley  Lake, and W aterhouse Lake f a l l  in to  t h i s  ca teg o ry .

G eneral C on sid era tio n s

Any e v a lu a tio n  o f kokanee a t  t h i s  tim e i s  su b jec t to  re v is io n  a s  more f a c ts  come to  
l i g h t  and our experience  in c re a s e s . N ev erth e le ss , such an e v a lu a tio n  based on what 
we know p re s e n t ly  i s  n ecessa ry  i f  we hope to  u t i l i z e  t h i s  sp ec ie s  more e f f i c i e n t ly  
th an  in  th e  p a s t .  B efore S ta r t in g  new management programs which in c lu d e  kokanee i t  
seems a p p ro p ria te  to  review  some o f th e  more s a l i e n t  a sp e c ts  o f our p re se n t know.* 
ledge  and ex p erien ce .

On th e  p o s i t iv e  s id e , we have found th a t :

1 . Kokanee have fu n c tio n ed  as an a d d it io n a l  game f i s h  in  ca tch ab le  t r o u t  w a te rs ,
; as  w e ll as  in  some la r g e r  la k es  and r e s e rv o i r s  which support b o th  warmwater f i s h  

and t r o u t .  No d e tr im e n ta l e f f e c t s  have th u s  f a r  been in d ic a te d .

2 . They have o f te n  p rov ided  good an g lin g  in  w a ters  o f  th e  ty p es  mentioned above a t  
a r e l a t i v e ly  low c o s t .

3 . A ngler s a t i s f a c t io n  has g e n e ra lly  been h ig h .

h . T h e ir growth r a te  in  most C a lifo rn ia  w a ters  i s  q u ite  ra p id  so t h a t  th e y  o f te n  
become a v a ila b le  t o  th e  a n g le r  w ith in  two y e a rs  a f t e r  s to ck in g .

5« They a re  p r im a r i ly  p lan k to n  fe e d e rs  and com petition  w ith  o th e r  sp ec ie s  f o r  t h i s  
food source i s  g e n e ra lly  l im ite d  to  th e  more open w aters  o f a l a t e  o r r e s e r v o i r .

In  s u i ta b le  w a ters  th e y  may e s ta b l i s h  s e lf -p e rp e tu a t in g  p o p u la tio n s .6 ,
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7 » In  many w a te rs , th e  la c k  o f n a tu ra l  rep ro d u c tio n  i s  a  d e f in i te  advantage in  
t h a t  th e  maximum s iz e  o f th e  p o p u la tio n  can be e a s i ly  c o n tro lle d  by a d ju s t in g  
th e  s iz e  o f th e  p la n t .

8« A ngler h a rv e s t w i l l  in c re a se  a s  more e f f i c i e n t  f i s h in g  te ch n iq u es  a re  evolved .

9 . Kokanee appear to  ach ieve  t h e i r  maximum s iz e  in  la rg e  la k e s  and r e s e r v o i r s .

10. When stocked  as  very  sm all f r y ,  th e y  may su rv iv e  t o  th e  c re e l  in  s u b s ta n t ia l  
[ numbers.

On th e  o th e r  hand:

1 . In  some la k e s , b o th  la rg e  and sm all, th e y  have not c o n tr ib u te d  t o  th e  f is h e ry  
d e sp ite  heavy s to c k in g , These have o f te n  been w a te rs  w ithou t a  deep, co o l, 
w e ll-a e ra te d  bypolim nipn.

2 . Though co nclusive  evidence w ith in  C a lifo rn ia  i s  la c k in g , in  o th e r  a re a s  th e y  
a re  sometimes se r io u s  com petito rs  w ith  t r o u t  and a c tu a l ly  d ep ress t r o u t  popu
la t io n s ,  p a r t i c u la r ly  in  sm alle r la k e s .

3 . A lthough th e y  may c o n tr ib u te  ap p re c ia b ly  to  th e  ca tch  f o r  b r i e f  p e rio d s  in  th e  
sp rin g  and f a l l ,  th e y  a re  u s u a lly  ta k en  in  sm all numbers, i f  a t  a l l ,  du ring  
th e  in te rv e n in g  p o r tio n  o f th e  f is h e ry  season . Pardee R ese rv o ir, Amador County, 
however, p ro v id es  an ex cep tio n . During th e  I 963 season , kokanee were caught
in  r e l a t i v e ly  la rg e  numbers th roughout th e  summer.

k . T h e ir v a lu e  a s  fo rag e  f o r  la rg e  t r o u t ,  one o f  th e  reaso n s  f o r  t h e i r  in tro d u c 
t io n  in to  C a l ifo rn ia , has never been e s ta b lis h e d .

5 . A la rg e  p ro p o rtio n  o f th e  p o p u la tio n  may m ature, spawn, and d ie  w ith in  a  tw o- 
y e a r p e r io d , r e s u l t in g  in  only  a  b r i e f  exposure t o  th e  f i s h e r y .

6. Kokanee may compete w ith  brown t r o u t  f o r  spawning a re a s  in  t r i b u t a r y  s tream s.

7• Large p o p u la tio n s  may be r e l a t i v e ly  u n a ffe c ted  by a n g lin g .

8. A lthough sm alle r la k e s  and re s e rv o i r s  ty p ic a l ly  have sm alle r kokanee, la rg e  
w aters  may a lso  produce r e l a t i v e ly  sm all f i s h  (S hasta  L ake).

The q u estio n  o f w hether o r not a  p a r t i c u la r  f i s h e r y  w i l l  b e n e f i t  from th e  a d d itio n  
o f  kokanee should be answered in  s p e c if ic  term s in s o fa r  a s  p o s s ib le .  The p h y s ic a l 
and b io lo g ic a l  requ irem en ts  o f kokanee have been d iscu ssed  in  e a r l i e r  s e c tio n s  o f 
t h i s  p a p e r . Undoubtedly th e y  could be in tro d u ced  in to  s e v e ra l a d d it io n a l  la k e s  and 
re s e rv o i r s  w ith  a  reaso n ab le  chance o f s u rv iv a l .  In  some, th e y  would p ro b ab ly  
e s ta b l is h  s e l f - s u s ta in in g  p o p u la tio n s . More im portan t th a n  th e  p r o b a b i l i ty  o f t h e i r  
s u rv iv a l, however, a re  two q u es tio n s  concerning th e  r o le  th e y  w i l l  p la y  in  th e  
o v e ra l l  management o f th e  f i s h e r y .  W ill th e y  p ro v id e  s a t i s f a c to r y  How
w i l l  th e y  a f f e c t  th e  p re se n t and fu tu r e  f ish e ry ?  Kokanee should nev er be p la n te d  
in  a  lak e  o r r e s e rv o i r  m erely  because f i s h  a re  a v a ila b le  and th e  w a ter appears 
capab le  o f su p p o rtin g  a  p o p u la tio n .
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To Stock o r Not To Stock?

In  C a l ifo rn ia , th e  success o r f a i l u r e  o f  kokanee in  any r e s e rv o i r  o r  lak e  i s  c lo se ly  
r e la te d  t o  maximum summer w ater tem p era tu res  and to  minimum oxygen c o n te n t. The 
i n a b i l i t y  o f kokanee to  w ith s tan d  h igh  w ater tem p era tu res  ru le s  out s to ck in g  them in  
most low land w a te rs .

Kokanee should no t be in tro d u ced  in to  rainbow t r o u t  w a te rs  m ain tained  by  adequate 
n a tu ra l  rep ro d u c tio n  o r by f in g e r l in g  o r  subca tchab le  t r o u t  p la n ts ,  p a r t i c u la r ly  i f  
th e y  can become s e l f - s u s ta in in g .  S erio u s  consequences t o  a rainbow t r o u t  p o p u la tio n  
because o f com petition  a re  a  d e f in i te  p o s s i b i l i t y .  Judging from in fo rm atio n  from 
B r i t i s h  Columbia, a s  w e ll as  from p a s t  experience  a t  Echo Lakes, th e  sm alle r th e  la k e  
th e  g re a te r  th e  danger to  t r o u t .

Kokanee should never be stocked w ith  th e  e x p ec ta tio n  th a t  th e y  w i l l  p ro v id e  ap p re 
c ia b le  fo rag e  f o r  o th e r  game sp e c ie s . In  w a ters  in  which la c k  o f fo rag e  appears to  
be th e  f a c to r  l im it in g  t r o u t  p ro d u c tio n , kokanee could  conceivab ly  do more harm th a n  
good in  th a t  th e y  might in h ib i t  a  s u i ta b le  fo rag e  organism  ( f i s h  o r in v e r te b ra te )  
from becoming e s ta b l i  shed.

C arefu l e v a lu a tio n  o f stream  spawning a re a s  should be made b e fo re  kokanee a re  p la n te d  
in  w a ters  which support im portan t brown t r o u t  f i s h e r i e s .  Com petition f o r  th e se  
spawning a re a s  could be d e tr im e n ta l t o  th e  brown t r o u t .  I f  th e se  spawning a re a s  
appear e q u a lly  s u i ta b le  fo r  b o th  s p e c ie s , th e  la te -sp aw n in g  s t r a in  o f kokanee should 
not be p la n te d .

The m e rits  o f kokanee in  f i s h e r i e s  which support b o th  t r o u t  and warmwater sp ec ie s  
cannot be ev a lu a ted  s a t i s f a c t o r i l y  on th e  b a s is  o f p re se n t in fo rm a tio n . In  some 
w a te rs , e . g . ,  S hasta  R ese rv o ir, Pardee R ese rv o ir, Lake A1manor, and H untington Lake, 
th e y  have added to  th e  t o t a l  sp o rt c a tch  to  an unknown deg ree . In  o th e rs , such as  
Lake P i l ls b u ry  and Lake B r i t to n ,  in tro d u c tio n s  were u n su ccessfu l and few, i f  any, 
f i s h  were ev er tak en  by a n g le r s .  In  th e  absence o f v a l id  in fo rm atio n , lo g ic a l  
arguments fo r  and a g a in s t t h e i r  u se  in  s im ila r  w a ters  can be p re sen te d  w ith  l i t t l e  
hope o f r e s o lu t io n .  U n til  we d e f in i t e ly  know th a t  kokanee a re  no t d e tr im e n ta l in  
such w aters  and t h a t  th e y  a c tu a l ly  add to  th e  t o t a l  c a tc h , kokanee p la n ts  should 
be r e s t r i c t e d  t o  w a te rs  where s e lf -p ro p a g a tio n  w i l l  no t o ccu r. The p o s s ib i l i t y  o f 
e s ta b lis h in g  a  sp ec ie s  which may tu rn  out t o  be unwelcome would th u s  be avoided .

In  a  la k e  o r r e s e rv o i r  which p ro v id es  poor t r o u t  f is h in g  d e sp ite  in te n s iv e  management 
e f f o r t s  t o  improve i t ,  kokanee might be t r i e d  on a  t r i a l  b a s is  i f  p h y s ic a l and 
chem ical co n d itio n s  appear s u i ta b le .

The u t i l i z a t i o n  o f kokanee in  C a l ifo rn ia  a s  a  cheap means to  augment ca tch ab le  t r o u t  
in  h e a v ily  f is h e d  w aters  appears t o  be t h e i r  b e s t  use t o  d a te  and i s  d e f in i te ly  
recommended. In  such w a te rs , kokanee w i l l  u t i l i z e  th e  b a s ic  p ro d u c tiv i ty  o f  th e  
w ater f a r  more e f f e c t iv e ly  th a n  do th e  ca tch ab le  t r o u t ,  which a re  h a rv ested  w ith in  
a  sh o rt t im e . T h e ir  use  in  such f i s h e r i e s  can o f te n  p ro v id e  a  b e t t e r  f i s h e ry  a t  a  
minimum co st w ith  l i t t l e  o r no r i s k .

Which S tr a in  o f Kokanee Should be P lan ted?

Once th e  d e c is io n  has been reached t o  p la n t  kokanee in  a  p a r t i c u la r  w a te r , th e  
manager must decid e  which s t r a in  w i l l  prove most s a t i s f a c to r y .  Over th e  p a s t  few 
y e a rs , th e  choice has been d ic ta te d  la r g e ly  by th e  a v a i l a b i l i t y  o f kokanee eggs. 
G enera lly , t h i s  has r e s u l te d  in  w idespread s to ck in g  o f th e  e a r ly  spawning B r i t i s h  
Columbia s t r a in ,  -
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For general use, the early-spawning strain is less desirable than the late-spawning 
strain. Although two-year-old spawners have been reported from both early- and 
late-spawning strains, it appears that the greater proportion of early-maturing fish 
can be expected from the early-run strain. As pointed out earlier, fi6h which spawn 
in two years will have only a minimal exposure to the fishery.
Attempts to establish a self-sustaining population will stand a better chance of 
success inmost instances if late-spawning fish are planted. High water tempera
tures in most California waters during August, September, and early October would 
undoubtedly prevent early-spawning strains from becoming established. Conversely, 
if a permanent population is not desired, early-run fish may be preferable despite 
their tendency toward early maturation*
Egg-taking operations for fish cultural needs are generally more successful at low 
water temperatures. This implies that the late-spawning strain is more desirable if; 
in-state egg sources are needed.
Although eggs from early-run kokanee are taken within the State (Shasta Lake) and 
imported from British Columbia at a time of year when facilities are available at 
most trout hatcheries, this is of slight advantage. At the time when early-run fish 
develop into swimup fry, many high-elevation lakes which would be suitable for them 
are still frozen over. As it is, their development is not greatly in advance of 
later-run fish because of low water temperature at most hatcheries.
No evidence has been found to indicate a preference by either strain for stream or 
lakeshore spawning. Nevertheless, while both strains spawn in streams, only late- 
spawning fish have been observed to spawn on lake shores.

What is the Size and Number of Fish That Should be Planted?
In California, successful plants have been obtained from fish ranging in size from 
340 per ounce to 8.4 per ounce. In 1961, fry were planted at an average size of 
about 200 per ounce. Usually, they are stocked as soon as possible after the yolk 
sac is absorbed.
The rate of stocking has also been highly variable. It has ranged from 3-1/3 fish 
per acre (Bucks Lake, 1954) to over 326 per acre (Twin Lakes near Bridgeport, Mono 
County, i960). Highly successful populations have developed in both cases. Current
ly, stocking is done at a rate of 200 to 250 fish per acre.
Neither stocking size nor rate have been evaluated satisfactorily. Probably some 
waters have been planted with larger numbers of fish than were needed. However, 
since the costs involved in planting unfed fry are quite low, this is a minor point 
from the viewpoint of economics if survival is appreciable. Greater insight into 
proper stocking size and rate may result from work •underway in Oregon, where finger- 
ling versus fry plants are currently being evaluated.

How Should Kokanee be Planted?
Successful plants have been made by truck, boat, and airplane. Of the three methods, 
air planting is probably the most economical for routine maintenance stocking*
If one of the objectives in planting a particular water is to provide an egg source 
for artificial spawning purposes, planting should be done at precisely selected 
locations. These locations should be picked so that future trapping or seining oper
ations can be conducted as simply and easily as possible. The strong homing instinct 
of kokanee can then be utilized most effectively.
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Where Do We Go From Here?

I t  i s  r e a d i ly  acknowledged t h a t  many im portan t q u es tio n s  about kokanee and t h e i r  
management in  C a l ifo m ia  rem ain unanswered. S a t is fa c to ry  answers w i l l  re q u ire  
a d d it io n a l  in fo rm a tio n . The p re se n t wide d i s t r ib u t io n  o f kokanee th roughout th e  
S ta te  o f f e r s  an unusual o p p o rtu n ity  to  le a rn  much about th e  b eh av io r o f  t h i s  sp ec ie s  
in  C a lifo rn ia  w a te rs . Data on s iz e  a t  m a tu rity , sex r a t i o ,  fe c u n d ity , and tim e o f 
spawning in  each w ater in  which kokanee now occur can be ob ta ined  w ith  on ly  a  l i t t l e  
e x tra  e f f o r t ,  y e t would do much to  complete our knowledge. Few re c o rd s  o f t h i s  
n a tu re  a re  a v a ila b le  from th e  many w a te rs  which have been stocked , d e sp ite  th e  number 
o f y ears  kokanee have been in  t h i s  S ta te .

More complex q u es tio n s  w i l l  be answered on ly  by c lo s e r  study  th a n  t h i s  sp ec ie s  has 
th u s  f a r  re c e iv e d . I f  kokanee a re  t o  be  used e f f e c t iv e ly  i t  i s  im p era tiv e  t o  answer 
such q u es tio n s  as  w hether th e r e  i s  a  d i f f e r e n t i a l  r e tu r n  between th e  e a r ly -  and l a t e -  
spawning f i s h ,  what p o r t io n  o f  a  kokanee p o p u la tio n  i s  h a rv es ted  by a n g le rs  and under 
what c o n d itio n s , what i s  th e  r o le  o f kokanee in  w a te rs  which p re s e n t ly  support mixed 
( t r o u t  and warmwater sp e c ie s )  f i s h e r i e s ,  what can be done t o  in c re a se  a n g le r  h a rv e s t , 
a t  what s iz e  and a t  what r a t e  kokanee should be stocked to  ach ieve  maximum r e tu r n s ,  
and which s t r a in  i s  most s u i ta b le  f o r  which ty p e  o f w a te r .
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APPENDIX

A summary o f kokanee p la n ts  in  C a l ifo rn ia  th rough  June, 19&3> i s  con tained  
in  T ab les A -l th rough  A -5•



TABLE A-l
Kokanee P la n ts  in  Region 1 Through June, 1963

Water
Years

p la n te d
Egg

source
Number
p la n te d

S ize
of

f i s h
P la n tin g

method
S e lf -

p e rp e tu a tin g ?

Lake B r i t to n 1951 B r i t i s h  Columbia 25,500 250/o z . Truck No
1952 B r i t i s h  Columbia 16,500 250/o z . Truck
1953* Unknown 25,680

Eagle Lake 1952 Unknown 36,000 200/o z . Truck No
1953 Unknown 67,000 225/o z . Truck
1951* Idaho 90,750 250/ o z . Truck
1955 Donner lak e 450,000 200/o z . Truck
1956 Idaho 243,000 200/o z . Truck

S hasta  Lake 1951 B r i t i s h  Columbia 162,453 250/ 08. Truck Yes
1952 Montana 200,930 250/o z . Truck
1953* Unknown 164,320

T r in i ty  R ese rv o ir 1961 S hasta  Lake 260,000 200/o z .
1962 B r i t i s h  Columbia 299,880 340/o z . Truck

Bucks Lake 125,000 250/o z . A ir
1963 Bucks Lake 305,980 270/o z . Truck

*California Kamloops, Inc.



TABLE A-2

Kokanee P la n ts  in  Region 2 Through June, 19&3

Water
Years

o la n te d
Egg

source
Number 
n ia n ted

S ize
of

f i s h
P la n tin g

method
S e lf -

p e ro e tu a tin g ?

Lake Almanor 1951 Washington 41, too 138/o z . Truck Yes
1952 Washington 210,000 200/o z . Truck
1953 Washington 180,000 300/ o z . Truck
1954 Idaho 100,035 195/o z . Truck
1955 Idaho 89,960 260/o z . Truck

Bucks Lake 1954 Idaho 8,000 192/o z . Truck Yes
1962 Bucks Lake 51,000 300/o z . A ir

Bucks Lake 75,020 l lO /o z . A ir
1963 Bucks Lake 51,000 300/o z . Truck

Donner Lake 1944 Montana 82,650 82/o z . Truck Probably ; however,
1945 Montana 74,280 52/ o z . Truck th e  c o n tr ib u tio n
19^7 Washington 100,000 265/o z . Truck o f In c a s tr in e
1948 Idaho 22, too lOO/oz. Truck rep ro d u c tio n  has
19^9 Idaho 79,980 60/o z , Truck never been measured
1950 Idaho 100,000 195 /oz . Truck ad eq u a te ly .
1951 Idaho 90,090 33/o z . Truck
1952 Idaho 94,000 65/o z . Truck
1955 Donner Lake i t o ,  915 75/o z . Truck
1956 Idaho 75,298 lOO/oz. Truck
1958 Donner Lake 123,280 115/o z . A ir
1959 B r i t i s h  Columbia 134,880 120/o z . A ir
i 960 S hasta  Lake and 100,000 200/o z . Truck and

Donner.Lake a i r
1961 Twin Lakes 35,000 to/oz . A ir

Twin Lakes 100,000 125/o z . A ir
1962 Washington 115,200 360/o z . A ir
1963 B r i t i s h  Columbia 100,200 300/ o z . Truck

-i
s-



TABLE A-2—Continued

Kokanee P la n ts  in  Region 2 Through June, 1963

W ater
Years

p la n te d
Egg
source

Number
p la n te d

S ize
o f

f i s h
P la n tin g
method

S e lf -
p e rp e tu a tin g ?

Lower Echo Lake 1944 Montana 69,270 72/oz« Truck Yes
1945 Montana 43,640 52 /oz . Truck
19V? Unknown 75,000 275/oz. Truck
1959 M ille r to n  Lake 20,025 18,000 @ 180/oz . A ir

2,025 @ 135/oz *
1962 Washington 52,920 180/óz» A ir
1963 Colorado 40,000 80 /oz . A ir

Upper Echo Lake 1945 Montana 35,700 5 0 -52 /oz . Truck Yes
1958 Lake Arrowheed. 15,300 4 5 /o z . A ir
1961 Twin Lakes 50,065 53/o z . A ir
1962 Washington 26,640 180 /oz . A ir
1963 Cólorado 16,000 80 /oz . A ir

F a lle n  Leaf Lake 1962 Washington 150,000 300/oz. A ir
1963 Bucks Lake 50,100 300 /oz . Truck

Gold Lake 1954 Idaho 20,000 lOO/óz. A ir Yes
1955 Idaho 60,000 160/oz. A ir
1956 Idaho 29,580 145 /oz . A ir
1958 la k e  Arrowhead 34,560 4 5 /o z . A ir
1959 M ille r to n  Lake 50,000 100/oz, A ir
i960 Colorado 49,610 125/oz, Air
1961 Twin Lakes 50,065 53 /oz . A ir
1962 Washington 61,920 180 /oz . A ir

IroCD



TABLE A-2—Continued

Kokanee P la n ts  in  Region 2 Through June, 1963

W ater
Year

p la n te d
Egg

source
Number
p la n te d

S ize
of

f i s h
P la n tin g
method

S e lf -
p e rp e tu a tin g ?

S'cehouse R ese rv o ir I960 Colorado 2$,?4o 125/oz. A it
1961 Colorado 100,000 125/oz. Truck
1962 Washington 97,200 2 l6 /o z . A ir
1963 B r i t i s h  Columbia 42,000 l4 o /o z . Truck

Independence Lake 1955 Idaho 69,000 120/oz. Truck No
1956 Idaho 20,010 i 45/ oz. A ir
1958 Lake Arrowhead 20,250 45/o z , A ir
1959 M ille r to n  Lake »4,955 1,755 @ 135 /oz .A ir

23,200 @ 160 /oz.
i960 Colorado 21,450 125/oz. A ir
1962 Washington 21,375 285/oz. A ir
1963 Colorado 29,520 180/oz. A ir

Colorado 4o,ooo 80 /oz . A ir

Pardee R eserv o ir 1961 Colorado 175,000 175/oz. Truck
1962 Washington 49,800 300/oz. A ir
1963 Bucks Lake 50,100 300/oz. Truck

B r i t i s h  Columbia 59,960 7 0 /o z . Truck 9
S a lt  Springs ±9k l Idaho 67,365 2 7 /o z . Truck No
R ese rv o ir 1955 Dormer Lake 50,220 9 0 /o z . Truck

1956 Idaho 30,720 192/oz. Truck
1957 S hasta  Lake 12,000 200/oz. Truck
1958 Donner Lake 30,820 115/oz. A ir
1959 B r i t i s h  Columbia 30,030 llO /o z . A ir
I962 Washington 49,800 300/oz. A ir



TABLE A-2—Continued

Kokanee P la n ts  in  Region 2 Through June, 1963

Water
Year

p la n te d
Year

source
Number
p la n te d

S ize
o f

f i s h
P la n tin g

method
S e lf -

p e rp e tu a tin g ?

Lake Tahoe 1944 Montana Unknown Unknown Escapement from 
Tahoe H atchery

Yes

(in c lu d e s  p la n ts 19k9 Idaho Unknown Unknown Truck
made in  t r i b u ta r y 1950 Idaho 500,300 125-677/aK« Truck and barge
stream s) 1951

1952
1953

195^

Idaho
W ashington
Idaho
Idaho
Washington
Idaho

418,024
75,000

623,585
179,860
46,720

437,565

lOO-238/oz.
250 /oz. 

135-285/oz. 
100-130/oz. 

73/ o55 •
l 48- 245/ o z .

Truck
Truck

Truck and b o a t 
Truck and b o a t 
Truck and b o a t 

Truck

Union V alley  
R ese rv o ir

1963 Bucks Lake 151,200 280 /oz . Truck

;



»
i
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TABLE A-3

Kokanee P la n ts  in  Region 3 Through June, 19&3

W ater
Years

p la n te d
Egg

source
Number
p la n te d

S ize
o f

f i s h
P la n tin g

method
S e lf -

p e rp e tu a tin g ?

Kent Lake 1961 S hasta  Lake 100,125 225/oz. Truck
1962 Colorado 100,000 34o/oz. Truck

Lake Mendocino 1959 B r i t i s h  Columbia 100,000 120/oz. Truck

North Lake Merced 1961 S hasta  Lake 100,130 170/oz. Truck
1962 Colorado 100,000 34o/ oz. Truck

Lake P il ls b u ry 1961 S hasta  Lake 100,125 225/oz. Truck
1962 Colorado 51,200 320/oz. Air

W ashington 48 ,600 360 /oz , A ir



TABLE A-4

Kokanee P la n ts  in  Region 4 Through June, 1963

Water
Year

p la n te d
Egg

source
Number
p la n te d

S ize
o f

f i s h
P la n tin g

method
S e lf -

p e rp e tu a tin g ?

Bass Lake 1961 Colorado 50,000 4o /o z . Truck
1962 Bucks Lake 8,740 92 /oz . Truck

Bucks Lake 19,685 31 /oz . Truck
1963 B r i t i s h  Columbia 50,100 33® /oz. Truck

Don Pedro R ese rv o ir 1953 Unknown 10,440 120/oz. Truck
1954 . Idaho 48,825 175/oz. Truck
1955 Unknown 57,240 60 /oz . Truck
1956 Idaho 57,020 8 6 /o z . Truck

F lo rence  Lake 1959 Donner Lake 75,000 115/oz. A ir No

H untington Lake 1959 B r i t i s h  Columbia 21,120 120/oz. A ir
Donner Lake 54,030 l lO /o z . A ir
Donner Lake 24,000 lQO/oz. A ir
Donner Lake 10,400 8 0 /o z . Ail'

1961 Shasta  Lake 75,000 200/oz. Truck
1962 B r i t i s h  Columbia 75,000 265/o z . Truck
1963 B r i t i s h  Columbia 75,020 310 /oz . Truck

M ille r to n  Lake 1956 Donner Lake 16,320 1 3 .6 /o z . Truck No
Donner Lake 70,560 8 .4/o z .

1958 Donner Lake 202,400 115 /o z . A ir
Lake Arrowhead 2,500 25 /oz . Truck

1959 B r i t i s h  Columbia 99,840 120 /o z . A ir
B r i t i s h  Columbia 2,700 120/oz. Truck
Donner Lake 49,935 153/o z . Truck
Donner Lake 47,580 130/oz. Truck

i960 Donner Lake 50,400 200/oz. Truck
Donner Lake 36,600 131/oz. Truck
Colorado 44,000 220/oz. Truck
Shasta  Lake 200,000 200/oz. Truck



TABLE A-!*— Continued
Kokanee Plants in Region  ̂Through June. 1963

W ater
Year

p la n te d
Egg

source
Humber
p la n te d

S ize
o f

f i s h
P la n tin g

method
S e lf -

p e rp e tu a tin g ?

Pine P la t  R eserv o ir i960 S hasta  Lake 100,050 150 /oz . Truck
1961 S hasta  Lake 150,000 200/oz. Truck
1961 Colorado 14,850 3 3 /o z , Truck
1961 Twin Lakes 37*800 5,6/oz. A ir
1962 B r i t i s h  Colimbia 300,000 265/oza Truck
1963 Bucks Lake 100,200 300 /oz . Truck

Strawberry Lake I9IA S a lt  Springs Reservoir 106,000 22-32 /oz . Truck No
19^5 Montana 99*000 25- W o z . Truck
19^7 Washington 28^,000 l^O-265/oz» Truck

W aterhouse Lake 19kk S a lt  Springs R eserv o ir 700 32 /oz . Truck No



Kokanee Plants

W ater
Year

p la n te d
Egg

source

Lake Arrowhead 1955 Bonner Lake
1958 Dormer Lake 

Lake Arrowhead 
Lake Arrowhead

1959 B r i t i s h  Columbia 
M ille r to n  Lake

i960 Colorado
Colorado

1961 Colorado 
Twin Lakes

1962 Twin Lakes 
W ashington

1963 Colorado 
Bucks Lake

B ridgeport R eserv o ir 1962 Twin Lakes 
Twin Lakes

1963 Colorado
Colorado

P le a sa n t V alley  
R eserv o ir

1961 Twin Lakes

Topaz Lake 1959 B r i t i s h  Columbia
1961 Colorado

TABLE A-5

Region 5 Through June, 1963

Size
Number of Planting Self-
planted_______ fish_______method________ perpetuating?
200,000 200/oz. A ir
151,800 115/oz. A ir
147,500 295 /oz . A ir
15,252 19 /oz . Truck

200,000 200 /oz . Truck
50,080 l6 o /o z . A ir

100, kho 360/oz. A ir
30,000 200 /oz . Truck

100,000 125/oz. Truck
150,000 300/oz. Truck
114,000 300/oz, Truck
189,000 300/oz. Truck

50,000 200/oz. Truck
100,000 26o/oz. Truck

120,300 300/oz. Truck
36,750 250 /oz . Truck
60,000 80 /oz . A ir

120,000 200/oz. Truck

75,000 200/oz. Truck

50,000 200/oz. Truck
280,000 200 /oz . Truck

4
*<

«r



Kokanee Plants

Water
Yearplanted

Egg
source

Lower Twin Lake 1958 Lake Arrowhead 
Donner Lake

1959 British Columbia 
British Columbia

i960 Colorado
Colorado

1961 Colorado
1962 Colorado
1963 Colorado 

Colorado 
Twin Lakes

Upper Twin Lake 1958 Lake Arrowhead 
Lake Arrowhead

1959 British Columbia
i960 Colorado

Colorado
1961 Twin Lakes
1962 Twin Lakes
1963 Colorado

Colorado

r
t
¥

TABLE A-5—Continued

Region 5 Through June, 1963

S ize
Number of P la n tin g S e lf -
p la n te d f i s h method p e rp e tu a tin g ?

1*3,100 20-l*0/o z . A ir Yes
27,600 2 0 /o z . A ir

8,1*00 105/oz. Truck
60,500 llO /o z . Truck
72,300 320/oz. Truck
50,000 200 /oz . Truck
52,000 200/oz. Truck
90,000 300/oz. Truck
60,000 80 /oz . A ir
90,000 200/oz. Truck
37,000 200/oz. Truck

20,21*0 l*0/oz. A ir Yes
Ik , 700 2 1 /o z . A ir
1*9,875 105/oz. Truck
32, 61*0 320/oz. Truck
20,000 200/oz. Truck
26,000 200/oz. Truck
90,000 300/oz. Truck
60,000 80/oz. A ir

120,000 200/oz. Truck


