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o f  Alaska 

Study No. : AFS-44 Study T i  tle: ANADlROMOUS FISH STUDIES 

Job No.: AFS 44-4 Job T i t l e :  e i i a n  R iver  Sockeye Salmon 
S tuck-

Period Covered: J u l y  1, 1977 t o  June 30, 1978 

ABSTRACT 

A c r e e l  census was conducted during t h e  Russian River sockeye salmon, 
Oncorhynchus nerka (Walbaum), spor t  f i s h e r y  t o  determine harves t  and e f f o r t .  
The census revealed 69,510 man-days were expended t o  harvest  47,840 sockeye 
salmon. The e a r l y  run contr ibuted  20,400 salmon and t h e  l a t e  run 27,440 
salmon t o  t h i s  harves t .  Both e a r l y  and l a t e  run harves t  a r e  t h e  highest  
recorded a t  Russian River. Angler e f f o r t  was a l s o  t h e  h ighes t  recorded and 
exceeds average h i s t o r i c a l  e f f o r t  l e v e l s  by 311 -6%. Early and l a t e  run 
harves t  r a t e s  were 0.147 and 0.186 sockeye salmon per  angler  hour, respect -
ive ly .  anglers  harvested 46.7% of t h e  sockeye salmon t h a t  entered Russian 
River i n  1977. 

Escapements of e a r l y  and l a t e  run sockeye salmon were determined by a weir 
a t  t h e  o u t l e t  of Lower Russian Lake. The ea r ly  run escapement of  16,070 i s  
one of the  h ighes t  escapements recorded f o r  t h i s  segment of  the  population 
and exceeds the  h i s t o r i c a l  mean e a r l y  run escapement by 43.2%. Late run 
escapement of 21,410 i s  one of t h e  lowest escapements recorded. I t  is 
estimated t h a t  l a t e  run Russian River sockeye salmon contr ibuted  8.4% of 
t h e  t o t a l  Kenai River sockeye salmon escapement i n  1977. This  i s  t h e  
lowest cont r ibut ion  recorded f o r  l a t e  run Russian River s tocks and i s  well 
below the  1968-1976 average of 34.3%. 

In 1977 Russian River discharge r a t e s  were approximately twice t h e  h i s t o r i c a l  
r a t e .  Both e a r l y  and l a t e  runs experienced extreme d i f f i c u l t y  negot ia t ing  
Russian River F a l l s  a t  these  v e l o c i t i e s .  The Department of  Fish and Game 
the re fo re  i n i t i a t e d  a " f i sh  rescue" and t ranspor ted  sockeye salmon over the  
b a r r i e r  v i a  he l icopter .  Over 50% of  t h e  e a r l y  run and 30% of t h e  l a t e  run 
escapements were t ranspor ted  i n  t h i s  manner. Methodology involving t h e  
t ranspor t  and the  ramif ica t ions  of  t h i s  b a r r i e r  regarding management, 
migrat ional  timing and spawning po ten t i a l  a r e  presented and discussed. 

Analysis of sca les  co l l ec ted  a t  Lower Russian Lake weir revealed t h e  e a r l y  
run was dominated (62.6%) by sockeye salmon t h a t  res ided one year  i n  f r e s h  
water. This i s  a r a d i c a l  departure from t h e  h i s t o r i c  e a r l y  run age s t r u c t u r e ,  



as  p r i o r  da ta  ind ica te  an average of 81.6% of t h i s  run spends two years 
rear ing  i n  Upper Russian Lake. Early run salmon were pr imar i ly  three-ocean 
(55.7%) which corresponds t o  h i s t o r i c a l  periods of ocean residency.  Late 
run escapement was again dominated by f i s h  t h a t  resided two years i n  f r e s h  
water and two years i n  t h e  marine environment before re turning i n  t h e i r  
f i f t h  year of l i f e .  Mean lengths of  e a r l y  and l a t e  run f i s h  were 605.3 and 
570.5 mm, respect ive ly .  Male t o  female sex r a t i o  f o r  t h e  e a r l y  run was 
1:0.4. Late run male t o  female sex r a t i o  was 1:O.g. 

Fecundity inves t iga t ions  conducted a t  Lower Russian Lake weir revealed e a r l y  
and l a t e  run female salmon averaged 4,313 and 3,302 eggs per  female, 
respect ive ly .  Early run f i s h  u t i l i z e d  i n  t h i s  study averaged 602.7 mm i n  
length and 2.852 kg i n  weights. Late run salmon were somewhat smaller ,  
averaging 567.1 mm and 2.438 kg i n  length and weight, respect ive ly .  

I t  was estimated t h a t  approximately 18.2 mi l l ion  e a r l y  run  sockeye salmon 
eggs were p o t e n t i a l l y  ava i l ab le  f o r  deposi t ion  i n  Upper Russian Creek i n  
1977. Hydraulic egg sampling conducted i n  t h i s  strea.m revealed ac tua l  
egg de o s i t i o n  t o  be approximately 935,310 o r  an average dens i ty  of 67.7 
eggs/M3. This dens i ty  is  one of t h e  lowest recorded s ince  1972 desp i t e  
t h e  exceptionally high e a r l y  run escapement. Observations a r e  presented 
which ind ica te  Upper Russian Creek was subjec t  t o  severe f lood condit ions 
f o r  t h e  second consecutive year. These observations coupled with low egg 
dens i ty  suggest many eggs were washed from the  gravel p r i o r  t o  sampling. 

Climatological da ta  were again co l l ec ted  a t  Lower Russian Lake weir s i t e .  
Rainfa l l  recorded during a 72-day period t o t a l e d  93.1 mm (3.7"). Stream 
discharge was exceptionally high during both runs remaining above 450 c f s  
u n t i l  mid-August when it began a s teady decl ine .  

BACKGROUND 

Russian River is a c l e a r  stream adjacent  t o  t h e  S t e r l i n g  Highway, s i x  miles 
west of the  Kenai Peninsula community of  Cooper Landing and 150 miles south 
of Alaska's l a r g e s t  c i t y ,  Anchorage. A t  t h i s  point  the  Russian River en te r s  
t h e  l a rge r  g l a c i a l  Kenai River. I t  i s  here  t h a t  a p r i v a t e l y  operated f e r r y  
t r anspor t s  anglers  t o  the  south bank. Figure 1 dep ic t s  the  Russian River 
i n  r e l a t i o n  t o  t h e  Kenai River drainage and o the r  pe r t inen t  landmarks. 

Sockeye salmon spor t  f i sh ing i s  r e s t r i c t e d  t o  Lower Russian River from a 
marker 600 yards below Russian River F a l l s  t o  a marker 1,800 yards below 
the  Kenai and Russian River conflueiice, a d i s t ance  'of approximately th ree  
r i v e r  miles. This a rea  i s  commonly known as the  " f l y  f i s h i n g  only area," 
and from June through August terminal  gear is  r e s t r i c t e d  t o  streamer (coho) 
f l i e s  with gap between point  and shank no g rea te r  than 3/8". The a r e a  
between a marker below the  f e r r y  cross ing and a marker 700 yards upstream 
on the  Russian River i s  closed t o  a l l  f i s h i n g  from June 1 through Ju ly  14 
t o  provide addi t ional  protec t ion  t o  e a r l y  run st0ck.s which concentrate i n  
t h i s  a rea  f o r  a period of time before continuing t h e i r  upstream migration 
(Figure 2). Sockeye salmon f i sh ing  below t h e  " f l y  f i sh ing  only area" i s  
permitted with standard spor t  f i sh ing  t ack le .  
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I:iyure 2 . 	 Schematic Diagram of Lower Russian River  and Kenai and Russian 
River  Confluence (Not To S c a l e ) .  



Harvest and e f f o r t  is, however, minimal due t o  the  g lac ia l  nature of the  
Kenai River. 

Lower Russian River from i t s  confluence t o  a poirlt approximately two miles 
upstream i s  of moderate gradient .  Upstream from t h i s  point  the  r i v e r  flows 
through a canyon of considerable gradient  commonly known a s  Russian River 
Fal ls .  During the  pas t  15 years sockeye salmon migration has known t o  
have been delayed i n  the  canyon on several  occasions due t o  a veloci ty  
ba r r i e r  created by abnormally high water. The only documented morta l i ty  
p r i o r  t o  1977 associated with the  Fa l l s  occurred i n  1971 when an estimated 
minimum of 10,000 t o  1 2 ,  000 sockeye salmon perished (Engel, 1972). 

Russian River sockeye salmon runs a r e  bimodal, i .e . ,  there  a r e  two d i s t i n c t  
runs. Migrational timing, ent ry  i n to  the  f i shery  and average run s i z e  has 
been previously discussed (Nelson, 1976 and 1977). Russian River a l so  
supports chinook, 0. tshawytscha (Walbaum); cohcl, 0. kisutch (Walbaum); and 
pink salmon, 0. gorbushca (Walbaum). Resident species include rainbow 
t rou t ,  Salma ga i rdner i  Richardson, and Do1 l y  Varden, Salvelinus malma 
(Walbaum) . 
Lower Russian Lake, located approximately 0.8 kilometers (0.5 miles) 
above Russian River Fa l l s ,  supports an ac t ive  Dolly Varden and rainbow 
t rou t  sport  f i shery .  The l ake ' s  maximum depth is  7.6 meters (25 f ee t )  
and it i s  87 hectares (215 acres)  i n  area.  No lcnown salmon spawning 
areas a r e  located here, but the  lake i s  u t i l i z e d  by rear ing chinook and 
coho salmon. 

i.Jpper Russian River enters  Lower Russian lake from the  south. This stream 
contains excel lent  spawning gravel and connects Upper. and Lower Russian 
Lake. Nelson (1976) has presented a de ta i l ed  descr ip t ion of Upper Russian 
Lake. Figure 3 i.s a schematic diagram of t h i s  area depict ing the  known 
spawning areas of both ea r ly  and l a t e  runs. 

Management and research of t h i s  complex system has been conducted by the  
Sport Fish Division of the  Alaska Department of' Fish and Game s ince  1962. 
Pr ior  information per ta in ing t o  t h i s  f i shery  has been presented by Lawler 
(1963, 1964), Engel (1965 through 1972) and Nelson (l973 through 1977). 

To monitor angler e f f o r t  and der ive  accurate harvest est imates,  a c ree l  
census has been conducted s ince  the  inception of t h i s  p ro jec t .  During 
the  16 years the census has been ac t ive ,  Fish and Game personnel have 
contacted 63,300 anglers who reported harves t i r~g i n  excess of 44,900 
sockeye salmon. Fishermen have annually averaged 0.7 f i s h  per angler  day. 
Total harvest s ince  1963 is  estimated a t  224,5110 salmon. 

Pr ior  t o  1967, salmon harvested per angler  day averaged 1.1. Between 1967 
and 1977 t h i s  average decreased t o  0.7. This decline should not be i n t e r -  
preted a s  a reduction i n  sockeye salmon abunda~ice o r  angler  exper t ise ,  but 
r a the r  t o  regulatory measures designed t o  el iminate snagging. Nelson (1976) 
has presented the  h i s to ry  of t h i s  p r ac t i c e  as  it per ta ins  t o  Russian River 
as  well a s  the  management and research programs associated with it. 





Regulatory measures a f fec t ing  t h i s  f i shery  from 1.960 through 1966 have been 
presented by Engel (1967). Regulatory changes from 1966 through 1975 have 
been reviewed by Nelson (1976). Regulation of the  f i shery  i n  1976 and 1977 
was iden t ica l  t o  1975. 

Despite an increasingly r e s t r i c t i v e  f ishery ,  recreat ional  demands placed 
upon the Russian River sockeye salmon resource has a t  times been greater  
than the  stocks can sus ta in .  This is  evidenced i n  t h a t  the  Sport Fish 
Division has closed a l l  o r  pa r t  of the  f i shery  on 14 d i f f e r en t  occasions 
s ince  1969. Three emergency closures were required f o r  mangement purposes 
i n  1977 (Table 1 ) .  

The Russian River management program i s  current ly  d i rected toward Itin 
season" evaluation of stock s t a t u s  and analys is  of f i s h e r i e s  s t a t i s t i c s  
t o  determine the  e f f ec t s  and effect iveness  of current  regulatory p rac t i ces .  
Research a c t i v i t i e s  present ly  emphasize co l l ec t ion  and evaluation of l i f e  
h i s to ry  data.  Objectives include determination of optimum escapement 
goals f o r  both runs and ul t imate ly  predic t ions  of sockeye salmon re turns  
t o  Russian River. The l a t t e r  object ive  can not be rea l i zed  u n t i l  a smolt 
weir i s  constructed a t  the  o u t l e t  of Lower Russian Lalte and stock separation 
techniques a r e  perfected i n  Cook I n l e t  t o  determine Russian River 's  con t r i -  
bution t o  the  commercial harvest .  

Life h i s to ry  invest igat ions  of ea r ly  run sockeye salmon stocks a r e  presently 
confined t o  Upper Russian Creek, the  only spawning area  u t i l i z e d  by these 
f i sh .  Escapement counts a r e  made t o  determine spawner d i s t r i bu t i on  i n  the  
stream. Potent ia l  egg deposit ion i s  estimated employing fecundity and 
morta l i ty  data. Actual egg deposition is  determined by sampling various 
areas of the stream with an hydraulic sampler. Egg survival  t o  the  "eyedt' 
s tage i s  determined from these data.  

Late run invest igat ions  a r e  d i rected toward determining numbers of salmon 
t ha t  u t i l i z e  respective spawning areas of Upper Russian Lake. This i s  
effected by ground counts and, from 1973 througl? 1975, by weir counts on 
the l a rge s t  t r i bu t a ry  u t i l i z e d  by l a t e  run stoclks (Bear Creek). Escape-
ments t o  this stream in 1976 and 1977 w e r e  minimal and a weir was not re -
quired. When feas ib le ,  egg dens i t i e s  and egg survival  i n  Bear Creek a r e  
a lso  determined employing techniques iden t ica l  t o  those used t o  sample 
Upper Russian Creek. 

RECOMMENDATIONS 

1. 	 Construct a fishway ladder a t  Russian River Fa l l s .  Velocity ba r r i e r s  

which delayed migration i n  1971 and 1977 and which resu l t ed  i n  un- 

necessary sockeye salmon morta l i ty  c l e a r l y  show an immediate need f o r  

t h i s  s t ruc tu re .  


2. 	 Close the  Russian River " f ly  f i sh ing  only areatf  t o  t he  taking of sock- 
eye salmon a f t e r  August 20. Data ind ica te  increasing angling e f fo r t  
is occurring a f t e r  t h i s  date  and sockeye salmon spawning below Russian 
River Fa l l s  require  increased protection.  



Table 1 . 	 Emergency C losu res  Issued by t h e  Sport  F ish  Div is ion  of  t h e  
Alaska Department o f  F i sh  and Game Af fec t ing  t h e  Russian River 
Sport  F ishery ,  1969-1977*. 

Closure T o t a l  o r  Days Run 
Year Date P a r t i a l  Closure Closed** Affected 

1969 	 7/27-818 T o t a l  13 Late 

1970 	 7/ 4-7/23 T o t a l  Ear1y 
7/28--- To ta l  Late 

1971 	 7/ 8-7/30 Tot a1 24 Ear 1 y 
8/14--- P a r t i a l * * *  7 Late 

1972 	 Closure  a t  confluence o f  Kenai and Russian River extended 
14 days.  

1973 	 Closure a t  conf luence  of  Kenai and Russian River  extended 
14 days.  
7/ 5-7/14 To ta l  10 Early 

1974 	 7/ 1-7/5 T o t a l  Ear ly  
7/31--- T o t a l  Late 

1975 	 7/ 1-7/14 T o t a l  Early 
8/13--- To ta l  Late 

1976 	 6/28-7/4 To ta l  7 Early 

1977 	 6110-6/18 T o t a l  8 E& 1y 
6 /  18-7/15 P a r t i a l * * *  27 Ear1y 
8/18-8/20 To ta l  2' Late 

* No emergency c l o s u r e  a f f e c t i n g  this f i s h e r y  were i ssued  p r i o r  t o  1969.
* *  When t h e  f i s h e r y  was c losed  f o r  t h e  remainder of  t h e  season,  it was 

assumed t h e  season ended August 20. 
* * *  Fishery c losed  upstream from t h e  Homer E l e c t r i c  power l i n e ,  a d i s t a n c e  

of approximately 1 . 5  m i l e s ,  t o  p r o t e c t  f i s h  experiencing d i f f i c u l t y  
n e g o t i a t i n g  Russian River  F a l l s  due t o  a t y p i c a l l y  high water .  



3 .  	 The f e a s i b i l i t y  of " a r t i f i c i a l l y f f  enhancing ear ly  run Russian River 
stocks should be explored. Data and observa.tion ind ica te  t h a t  high 
water i n  Upper Russian Creek during the  egg incubation period i n  1976 
and 1977 may have washed large  numbers of eggs from the  gravel which 
w i l l  adversely a f f ec t  the  number of re turning adul ts .  

4. 	 Modify the exis t ing weir a t  Lower Russian Lake t o  permit sockeye salmon 
smolt enumeration. 

OBJECTIVES 

1. 	 To determine spor t  harvest of adul t  ea r ly  and l a t e  run Russian 
River sockeye salmon. 

2 .  	 To co l l e c t  and analyze biological  data concerning abundance 
and migrational timing of adul t  sockeye salmon i n  Russian 
River drainage. 

3 .  	 To determine age composition of adu l t  ea r ly  and l a t e  run 

Russian River sockeye salmon stocks. 


4 .  	 To determine egg deposit ion of ea r ly  and l a t e  run spawning 
sockeye salmon i n  the two major t r i b u t a r i e s  t o  Upper Russian 
Lake, i . e . ,  Upper Russian and Bear Creeks. 

5. 	 To determine fecundity of e a r l y  and l a t e  run Russian 

sockeye salmon and t o  determine t he  re la t ionship  betw 

weight, length and average number of eggs per female 


6. 	 To co l l e c t  bas ic  cl imatological  data  (precipi ta t ion,  water and 
a i r  temperature, stream veloci ty)  a t  lower Russian Lake weir 
and t o  determine i f  a cor re la t ion  e x i s t s  between these  parameters 
and migrational timing. 

7 .  	 To evaluate current  regula t ions  governing t h i s  spor t  f ishery 
and t o  provide recommendations f o r  fu tu re  management and 
research. 

TECHNIQUES USED 

The 1977 Russian River c ree l  census was a modi:Fication of the  technique 

described by Newhold and Lu (1957). Sampling ]?rocedures were iden t ica l  t o  

those outl ined by Engel (1965, 1970, 1972) and Nelson (1973, 1975). 


Escapements were enumerated by weir a t  the  ou t l e t  of Lower Russian Lake. 

The present weir was constructed i n  June, 1975 and replaced a temporary weir 

(described by Engel, 1970) which had been i n  use s ince  1969. Nelson (1976) 

has presented a de ta i l ed  descr ip t ion of the  present s t ruc tu res .  


A ve loci ty  ba r r i e r  i n  1977 a t  Russian River Fa.lls necess i ta ted  t h a t  a segment 

of each run be transported over the b a r r i e r  v i a  hel icopter .  Helicopters 




u t i l i z e d  were a Bell 204 and 205. Both models were equally s a t i s f a c t o r y .  
Sockeye salmon were transported i n  a cannery t o t e  of standard manufacture. 
The t o t e  was secured by two chokers (cables)  6 meters (20 f e e t )  i n  length. 
The chokers were i n  t u r n  secured by a c l e v i s  t o  form a b r i d l e .  During ea r ly  
operat ion a 15.2 meter (50 foot )  cable  was suspended beneath t h e  he l icopter .  
The terminal end was composed of a hook and swivel which was a t tached t o  
the  c l ev i s .  Attachment and disengagement were manual. During t h e  
l a t t e r  phases of the  operat ion a 21 meter (70 foot )  cable was suspended 
from t h e  he l i cop te r  and the  r e l e a s e  on t h e  hook was e l e c t r i c a l .  Addit ionally,  
t h e  he l i cop te r  was equipped with 'fbubble" windows. The addi t ional  cable,  
e l e c t r i c  r e l ease ,  and "bubble" windows were super ior  t o  t h e  manual 
r e l e a s e  and shor te r  cable  a s  it provided more maneuverability f o r  the  
he l i cop te r  i n  r e l a t i o n  t o  surrounding t r e e s .  The p i l o t  a l s o  had an 
unobstructed view of ground operat ions.  Fish were captured below Russian 
River F a l l s  by d ipnet  as  water v e l o c i t y  was too rapid  t o  permit se ine  
operation. Up t o  nine sockeye salmon were captured per  n e t  with t h e  
average approximating two o r  th ree .  The cannery t o t e  was f i l l e d  by pump 
and ae ra t ion  device designed o r i g i n a l l y  f o r  hydraulic  egg sampling and 
described by McNeil (1964). Without the  ae ra t ion  device salmon experienced 
low oxygen revels  and attempted t o  jump from the  t o t e .  I t  was determined 
t h a t  50 sockeye salmon approximated t h e  optimum number which could be 
transported per  t o t e .  The t r i p  from the  base of Russian River F a l l s  t o  
Lower Russian Lake a d i s t ance  of 0.8 kilometer (0.5 mile) took about 
th ree  minutes. The t o t e  was manually dumped i n t o  t h e  lake.  Three t o t e s  
were u t i l i z e d  on a r o t a t i n g  bas is ,  i . e . ,  one a t  t h e  f a l l s ,  one a t  Lower 
Russian Lake, and one i n  t h e  a i r .  

In addi t ion  t o  individuals  associa ted  with he l i cop te r  operat ion provided by 
the  c h a r t e r  service ,  12 Fish and Game personnel were required.  Nine ind i -  
v iduals  were below the  f a l l s .  Four individuals  captured t h e  salmon. The 
n e t s  were passed t o  two individuals  who emptied the  f i s h  i n t o  t h e  t o t e .  One 
individual  operated the  pump and another enumerated t h e  f i s h .  The n in th  
individual  maintained communications with t h e  he l i cop te r  and ac ted  a s  gen- 
e r a l  supervisor. Two individuals  were required t o  dump t h e  t o t e  a t  Lower 
Russian Lake. A l l  ground personnel wore cons t ruct ion  hardhats .  

Average egg content of e a r l y  and l a t e  run female sockeye salmon was deter - 

mined by sampling a t  the  weir s i t e .  Sampling technique and methodology em-

ployed have been described by Nelson (1975). 


Samples t o  determine age s t r u c t u r e  and sex r a t i o  of ea r ly  and l a t e  runs were 
co l l ec ted  a t  Lower Russian Lake wier.  F i f t een  f i s h  were sampled da i ly .  
Lengths from mid-eye t o  fork of t a i l  were recorded f o r  each specimen. Scales 
were impressed on ce l lu lose  a c e t a t e  and read on a Bruning 200 microfiche 
projec tor .  Age designation is  expressed by the  European formula a s  d i s -  
cussed by Koo (1962). 

Age s t r u c t u r e  f o r  the  respect ive  runs was c a l c u l t a t e  by determining the  age 
s t r u c t u r e  from each day 's  sample and applying these  r e s u l t s  t o  t h a t  day's  
t o t a l  escapement. The number of f i s h  i n  each age c l a s s  f o r  each day t h e  run 
was i n  progress were then summed t o  a r r i v e  a t  t h e  t r u e  age c l a s s  composition 
of the  e n t i r e  run. Male t o  female sex r a t i o  was determine i n  l i k e  manner. 



Early run egg dens i ty  i n  Upper Russian Creek was determined by hydraulic  
sampler pat terned a f t e r  equipment described by M~cNeil (1964). Techniques 
u t i l i z e d  and sampling scheme employed i n  hydraul ic  egg sampling have been 
described by Nelson (1977). Po ten t i a l  eggs ava i l ab le  f o r  depos i t ion  i n  
Upper Russian Creek were a l s o  determined. The method of  est imation has 
been described by Nelson (1975). 

Water and a i r  temperatures a t  Lower Russian Lake were determined by Taylor 
maximum-minimum thermometer. Stream discharge was determined by Head Rod 
method previously described (Nelson, 1977). P r e c i p i t a t i o n  was recorded 
d a i l y  and determined by gauge of s tandard manufacture. 

A l l  numerical d a t a  presented have been rounded t o  t h e  nea res t  s i g n i f i c a n t  
f igu re .  

Results  

A c r e e l  census t o  evalua te  management r egu la to ry  measures and t o  determine 
harves t  and e f f o r t  was i n  e f f e c t  from June 18 through August 17. A l l  r ec -
r e a t i o n a l  e f f o r t  d i r ec ted  toward Russian River sockeye salmon, Oncorhynchus 
nerka, s tocks  was sampled. Data indica ted  anglers  expended 69,510 man-days 
of e f f o r t  o r  279,366 angler  hours i n  1977. Ef fo r t  d i r ec ted  toward e a r l y  
and l a t e  run stocks was estimated a t  38,200 and 31,310 man-days, respec-
t i v e l y .  

Based on interviews with 4,304 anglers  who repor ted  harves t ing  2,966 sock- 
eye salmon, t o t a l  r ec rea t iona l  ca tch  was est imated a t  47,840 salmon. Early 
and l a t e  runs cont r ibuted  20,400 and 27,440 f i s h ,  respect ive ly ,  t o  t h i s  
harvest .  Mean hourly e a r l y  and l a t e  run ca tch  r a t e s  were higher  on week- 
days (0.172) than on weekend days (0.164) due t o  g r e a t e r  angler  congestion 
during weekend periods.  Seasonal average ca tch  per  hour was 0.168. Har-
ves t  e f f o r t  and ca tch  per  hour es t imates  s ince  1963 a r e  summarized i n  
Table 2. 

Total  man-days of e f f o r t  were t h e  h ighes t  recorded f o r  t h i s  f i she ry .  Ef-
f o r t  increased 164.2% compared t o  1976 es t imates  and exceeded t h e  previous 
high of 30,590 man-days (1973) by 127.2%. Increased angler  p a r t i c i p a t i o n  is 
a t t r i b u t e d  t o  the  except ional ly  high r e t u r n  of ea r ly  run f i s h  and t h e  ve loc i ty  
b a r r i e r  i n  e f f e c t  throughout most of  t h e  e a r l y  and l a t e  run. These two 
f a c t o r s  combined during t h e  e a r l y  run, a s  a r e s u l t ,  l a r g e  numbers of f i s h  
were concentrated i n  a reas  open t o  f i s h i n g .  

Total  r e tu rn  (spor t  harves t  plus escapement above and below Russian River 
F a l l s )  of l a t e  run sockeye salmon was t h e  t h i r d  h ighes t  r e t u r n  s ince  1968. 
.As with t h e  e a r l y  run, t h e  v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  concen-
t r a t e d  these  f i s h  i n  a reas  open t o  f i s h i n g  where they were r e a d i l y  a v a i l -  
a b l e  t o  anglers .  Large numbers of access ib le  sockeye salmon the re fo re  
a t t r a c t e d  anglers  i n  record numbers t o  Russian River during t h e  1977 season. 



Table 2 . Sockeye Salmon Estimated Harvest,  E f fo r t  and Success Rates on 
Russian River ,  1963-1977. 

Harvest Tota l  E f f o r t  Catch/ Census 
Year Early Run Late Run Tota l  (Man-Days ) Hour , Period 

1963-1976 
Average 5,985 6,634 12,619 16,888 0.174 

-I /  Census a c t i v e  from June 11 t o  J u l y  3 and from J u l y  24 t o  J u l y  27. 

-2/ Census a c t i v e  from June 17 t o  J u l y  7 and from J u l y  3 1 . t o  August 20. 

-3/ Census a c t i v e  from June 9 t o  J u l y  4 and from J u l y  15 t o  August 19. 

4/ Census a c t i v e  from June 8 t o  June 30 and from J u l y  6 t o  J u l y  31. 
-
5/ Catch/hour computed on da ta  co l l ec ted  when f i s h e r y  was open and f i s h  -

were present .  Data co l l ec ted  from J u l y  15 t o  24 when f i s h e r y  was open 
and f i s h  were not  present  i s  not  included i n  the  ca lcu la t ions .  

-61 Census a c t i v e  from June 12 t o  June 27 and from J u l y  5 t o  August 23. 
71 Census d id  not  commence u n t i l  June 18 a s  f i s h e r y  was closed by emergency -

order  p r i o r  t o  t h a t  da te .  Fishery again closed by emergency order  on 
August 18. 



Record ang le r  p a r t i c i p a t i o n  r e s u l t e d  i n  t h e  l a r g e s t  ha e s t  s i n c e  1963. 

Ear ly  run ha rves t  exceeded t h e  previous  high (14,950 xS"1966) by 36.5% 

and was more than  t h r e e  t imes t h e  h i s t o r i c a l  average a r v e s t  r a t e  of 5,985. 

Late run ha rves t  of 27,440 was more than  four  t imes g r e a t e r  than t h e  average 

h i s t o r i c a l  l e v e l  of  6,634 and exceeded t h e  previclus high ha rves t  year  

(16,050 i n  1972) by 71.0%. Tota l  1977 ha rves t  o f  47,840 sockeye salmon was 

115% g r e a t e r  than  any previous t o t a l  ha rves t  recorded f o r  t h i s  f i she ry .  


Total  weekday and weekend day stream counts  averaged 201.7 and 438.6 ang le r s ,  

r e spec t ive ly ,  i n  1977. These counts  exceeded t h e  h i s t o r i c a l  average week- 

day and weekend day counts  by 169.7% and 238.2%, r e spec t ive ly .  Average ang le r  

counts do no t  accu ra t e ly  r e f l e c t  t o t a l  ang le r  e f f o r t ,  bu t  do i n d i c a t e  an 

excep t iona l ly  high average number o f  a n g l e r s  on t h e  stream dur ing  d i f f e r e n t  

segments of t h e  1977 f i s h e r y .  


Early run weekday counts  ranged from 106 t o  455 ang le r s ,  averaging 222.8. 

Late run weekday counts  were somewhat l e s s  averaging 180.4 ang le r s  p e r  count.  

Neekend counts  during t h e  e a r l y  run ranged from 55 t o  691 averaging 463.4. 


Late run weekend counts  ranged from a low o f  203 t o  a high 576, averaging 

407.5.  I t  i s  t h e r e f o r e  ev ident  t h a t  t h e  g r e a t e s t  concent ra t ion  of  ang le r s  
occurred during t h e  e a r l y  run  weekend f i s h i n g  per iods .  This  i s  i n  c o n t r a s t  
t o  1976 ang le r  d i s t r i b u t i o n  when t h e  g r e a t e s t  concent ra t ion  of fishermen 
occurred during l a t e  run wekend periods.  The probable explanat ion f o r  
t h i s  i s  t h a t  t h e  United S t a t e s  Fores t  Se rv i ce  r e s t r i c t e d  use  of Russian 
River Campground during t h e  l a t e  run which e f f e c t i v e l y  reduced t h e  number 
of ang le r s  on t h e  stream. No r e s t r i c t i o n s  were imposed during t h e  e a r l y  
run migrat ion.  

iach ang le r  f i s h e d  an average of 3.9 hours on weekdays and 4.3 hours on 
weekends. This  r ep re sen t s  a decrease  i n  average hours f i s h e d  i n  r e l a t i o n  
t o  h i s t o r i c a l  da ta .  F i s h e r i e s  s t a t i s t i c s  der ived  from c r e e l  census d a t a  
L-o l lec ted  s i n c e  1964 a r e  presented  i n  Table 3 .  

Stream counts  revea led  10.1% and 27.7% of t h e  ang le r s  enumerated during 
t o t a l  stream counts  f i shed  t h e  confluence a r e a  of t h e  Kenai and Russian 
Rivers dur ing  t h e  e a r l y  and l a t e  run,  r e spec t ive ly .  These pe rcen t s  repre-  
s en t  t h e  lowest ang le r  e f f o r t  recorded i n  t h i s  a r e a  s i n c e  t h e  incep t ion  of  
the c r e e l  census program i n  1963. 

'I'he tendency f o r  t h e  ma jo r i t y  of t h e  ang le r s  t o  concent ra te  t h e i r  e f f o r t s  
on t h e  c l e a r  waters  of t h e  Russian River a s  opposed t o  t h e  confluence a r e a  
LS r e l a t e d  t o  an emergency c losu re  which delayed t h e  h i s t o r i c a l  opening of  
the  f i s h e r y  by approximately L O  days and t o  t h e  v e l o c i t y  b a r r i e r  a t  Russian 
River F a l l s .  Ear ly  run salmon gene ra l ly  e n t e r  Russian River between June 7 
and June 20 with a mean a r r i v a l  d a t e  o f  June 12. These s tocks  a r e  i n t e r -  
cepted by ang le r s  a t  t h e  confluence a rea .  In  1977, due t o  a n t i c i p a t e d  low 
r e t u r n s  o f  e a r l y  run f i s h ,  t h e  f i s h e r y  was c losed  p r i o r  t o  June 18. By 
this d a t e  l a r g e  numbers of f i s h  had passed through t h i s  a r e a  and en tered  
Russian River. A l a r g e  percentage o f  t h e s e  salmon were unable t o  n e g o t i a t e  
Russian River F a l l s  and concent ra ted  i n  Russian River.  Anglers t h e r e f o r e  
followed t h e  s tocks  upstream. Late run f i s h  were i n t e r c e p t e d  a t  t h e  con- 
f luence which accounts f o r  a h igher  percentage o f  late, a s  opposed t o  e a r l y  
run,  e f f o r t  i n  t h i s  a rea .  These s tocks ,  however, moved r a p i d l y  through 



Table 3 . D i f f e r e n c e s  Between Weekday and Weekend Day F i s h i n g  P r e s s u r e  
and Ra t e s  o f  Success  a t  Russian R ive r ,  1964-1977. 

Angler Counts Catch/Hour Average Hours Fished 
Week- Weekend Week- Weekend Week- Weekend 

Yeas days  Days days  Days days  Days 

1964-1976 

Average 7 4 . 8  129 .7  0.200 0.142 4 . 6  
 5 . 1  



-- 

t h e  a r ea  only t o  encounter t h e  v e l o c i t y  b a r r i e r  a ~ tt h e  f a l l s .  They a l s o  
concentrated i n  Russian River  and were s u b j e c t  t o  i n t e n s e  f i s h i n g  p re s su re .  

Iiuring t h e  census 32 Do1 1.y Varden, Sa lve l inus  mal.ma (Walbaum) , 11 rainbow 
t r o u t ,  Salmo g a i r d n e r i  Richardson, 11 coho salmon, 0. Kisutch (Walbaum) , 
and one Arc t i c  g ray l ing ,  Thymallus a r c t i c u s  (Pal:Las), were c r e e l  checked. 
'These da t a  were expanded r evea l ing  a t o t a l  i n c i d e n t a l  ha rves t  of 548 Dolly 
Vardcn, 191 rainbow t r o u t ,  189 coho salmon and t h r e e  A r c t i c  gray l ing .  No 
;)Ink salmon, 0. gorbuscha (Walbaum) , were observed during t h e  census. The 
ha rves t  of  co6o salmon i s  considered minlmal a s  the  census was terminated 
during t h e  e a r l y  segment of t h i s  spec i e s  migra t ion  which u s u a l l y  peaks t h e  
last  week of  August. 

Escapement: 

Ar r iva l  d a t e  of  t h e  1977 e a r l y  run Russian River sockeye salmon a t  t h e  con- 
f luence  of  t h e  Kenai and Russian Rivers  i s  n o t  d e f i n i t e l y  known a s  t h e  f i s h -  
e r y  was i n i t i a l l y  c losed  and no c r e e l  census was conducted. Observation by 
r e s i d e n t s  of t h e  a r e a  suggest  f i s h  were p re sen t  a s  e a r l y  a s  June 7 o r  8.  
I<ussian River weir  was ope ra t iona l  on June 17 and f i s h  were passed on t h a t  
da t e .  Fishermen r epor t ed  e a r l y  run sockeye salmon were pass ing  t h e  weir 
s i t e  p r i o r  t o  t h i s  da te .  Numbers of salmon that.  passed t h e  s i t e  p r i o r  t o  
weir i n s t a l l a t i o n  a r e  no t  known, b u t  t h e i r  numbers a r e  probably i n s i g n i f i -  
cant  i n  r e l a t i o n  t o  t h e  t o t a l  escapement. 

Early run salmon were delayed by a v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  
and 8,477 of t h e s e  f i s h  were t r anspor t ed  over  t h e  b a r r i e r  v i a  h e l i c o p t e r .  
The remaining 7,593 nego t i a t ed  t h e  f a l l s  and were enumberated a t  t h e  weir .  
Tota l  e a r l y  run escapement was t h e r e f o r e  16,070,. Ear ly  run  passage was 
complete by August 4. 

Ear ly  nm sockeye salmon escapements average 11,224 f i s h  (1963-1976) and 
have ranged from 2,650 t o  21,510. The 1977 escapement o f  16,070 i s  t h e  
h ighes t  escapement recorded s i n c e  1966 and i s  43.2% g r e a t e r  than  t h e  h i s -  
t o r i c a l  average. Russian River e a r l y  and l a t e  run escapements and harves t  
r a t e s  a r e  summarized i n  Table 4. 

Anglers harvested 55.9% of t h e  e a r l y  run s tocks  t o  reach  Russian River.  
This  i s  an apprec iab le  i nc rease  compared t o  t h e  h i s t o r i c a l  average harves t  
r a t e  of 35.4% and exceeds t h e  previous high ha rves t  r a t e  o f  54.0% es t ab -  
l i shed  i n  1969. 

Late run Russian River escapements through Russian River weir  have ranged 
from 21,820 t o  79,000 averaging 39,768. In  1977, 7,336 were t r anspor t ed  
over t h e  f a l l s  by h e l i c o p t e r  and an a d d i t i o n a l  13,974 s u c c e s s f u l l y  nego t i -  
a t ed  t h e  f a l l s  and passed through t h e  weir .  Tota l  l a t e  run escapement i n  
1977 was t h e r e f o r e  21,410. This  i s  t h e  lowest escapement recorded above 
Russian River F a l l s .  A ground survey between F.ussian River F a l l s  and t h e  con-
fluence of  Kenai and Russian r i v e r s  revea led  an add i t i ona l  17,085 l a t e  run 
sockeye salmon spawning i n  t h i s  a r e a  (Table 5 ) .  Tota l  l a t e  run Russian 
Rrver  escapement is  t h e r e f o r e  es t imated  a t  38,495 o r  10.6% below t h e  
h i s t o r i c a l  average (Table 6 ) .  



Table 4 . Russian River  Sockeye Salmon Escapement Es t imates  and Harvest 
Rates  f o r  Early and Late  Runs, 1963-1977. 

Escapement 
Percentage of Run Caught 
by t h e  s p o r t  ish her^; 

Year Ear ly  Run Late Run T o t a l  Ea r ly  Run Late Run Combined 

1963-1976 
Average 11,224 39,768 50,992 35.4 14.0 

* Based on escapement passed w e i r .  Commercial ha rves t  and f i s h  spawning 
downstream from Russian River  we i r  a r e  n o t  cons idered .  

* *  Escapement determined by f o o t  survey  o f  Upper Russian Creek. 

20 .0  



Table  5 . Late Run Sockeye Salmon Escapements Enumerated Between Russian 
River F a l l s  and Confluence of Kenai and Russian Rivers ,  
1968-1977. 

Escapement To ta l  Late Percent  of To ta l  Return 
Year Below F a l l s  Run Return* Spawning Below F a l l s  -

1968-1976 
Average 3,842 

* Includes s p o r t  h a r v e s t ,  f i s h  spawning below Russian River F a l l s  and 
escapement enumerated a t  Lower Russian Lake h e i r .  



Table 6 . 	 Late Run Russian River Sockeye Salmon Escapements Enumerated 
above Russian River  F a l l s  by Weir Counting Tower and Below 
Russian River F a l l s  by Ground Survey, 1968-1977. 

Escapement Escapement T o t a l  Late 
Year Above F a l l s  Below F a l l s  Run Escapement 

1968 


1969 


1968-1976 

Average  




1:scapement below Russian River F a l l s  i n  1977 was t h e  h ighes t  recorded, ex-
ceeding t h e  average escapement i n  t h i s  a r e a  by 344.7% lor 13,243 f i s h .  I t  
is of  i n t e r e s t  t o  no te  t h a t  t h e  yea r s  1971 and 1977 both experienced r ec -  
ord escapements i n  t h i s  a r e a  and t h a t  t h e s e  escapements corresponded t o  a 
ve loc i ty  b a r r i e r  a t  Russian River F a l l s .  Severa l  p o s s i b l e  explana t ions  f o r  
t hese  high escapements may be proposed. 

:i) Nelson (1977) suggested t h a t  t h e  1971 escapement counts  below t h e  f a l l s  
may have been erroneously h igh  a s  f i s h  des t ined  to  spawn above Russian River 
F a l l s  and unable t o  ascend t h e  b a r r i e r  were included i n  t h e  count because 
of t h e i r  advanced sexual development. Although t h i s  may have occurred,  
; imi l a r  1977 counts  were conducted by h ighly  q u a l i f i e d  ind iv idua l s  a f t e r  
water l e v e l s  had subsided al lowing normal migra t ion  over t h e  f a l l s .  
( 2 )  Numbers of spawning f i s h  below t h e  f a l l s  a r e  c y c l i c  and record numbers 
i n  1971 and 1977 a r e  a n a t u r a l  phenomenon which would have occurred i r r e -  
soec t ive  of h igh  water.  Assuming t h e  age s t r u c t u r e  of  t h e s e  f i s h  corresponds 
t:, t h e  age s t r u c t u r e  of l a t e  run salmon spawning above t h e  f a l l s  (pr imar i ly  
2 , 2  o r  f ive-year  f i s h )  t h e  1977 r e t u r n  would be  t h e  p~rogeny of a 6,000 
salmon escapement i n  1972, Return pe r  spawner would be 2.8. This ,  however, 
daes not  f u l l y  exp la in  why a 10,000 l a t e  run escapement i n  1971 re turned  
only 3,470 sockeye salmon i n  1976 f o r  a r e t u r n  r a t e  o-€ 0.3 f i s h  pe r  spawner. 
I.?.)Late n m  Russian River sockeye salmon may nclt be a s  " s i t e - spec i f i c "  a s  
prev ious ly  supposed. Unable t o  ascend Russian River  Fa l l s  due t o  a v e l o c i t y  
l l a r r i e r ,  t h e  f i s h  spawned s u c c e s s f u l l y  below t h e  b a r r i e r .  This  appears 
un i ike ly . Foer s t e r  (1968) reviewed t h e  "now-fanlous" Hells Gate s l i d e  on 
t h e  Fraser  River i n  1913. Sockeye salmon were unable t o  cont inue t h e i r  up- 
:)trearn migrat ion due t o  a massive rock s l i d e .  High m o r t a l i t y  was recorded 
and the  product ion of  t h e  F ra se r  River was depressed. I d e n t i c a l  observa t ions  
were made during a blockage of t h e  Babine River i n  1951. S imi l a r ly ,  why 
d id  a minimum of  10,000 t o  12,000 unspawned f i s h  p e r i s h  below Russian River 
i ' a l l s  i n  1971 (Engel, 1972) i f  they  were capable o f  succes s fu l ly  spawning 
?)elow t h e  ba r r i e r ' ?  

Ileason (s) f o r  record l a t e  run spawning escapements below Russian River Fa1 1s 
during years  a v e l o c i t y  b a r r i e r  was i n  e f f e c t  a r e  t h e r e f o r e  no t  d e f i n i t e l y  
known. The most probable explana t ion  p r e s e n t l y  appears  t o  be t h a t  t hese  
escapements were n a t u r a l l y  occurr ing  phenomena which have no r e l a t i o n  t o  
water l e v e l s .  The f a i l u r e  of t h e  1971 escapement t o  reproduce i t s e l f  i n  
1976 may be a t t r i b u t e d  t o  f l u c t u a t i n g  reproduct ive  p o t e n t i a l  and s u r v i v a l  
r a t e s .  Addit ional  d a t a  w i l l ,  however, be r equ i r ed  t o  d e f i n i t e l y  r e so lve  
this ques t ion .  

Table 7 i n d i c a t e s  t h a t  p r i o r  t o  1971 over  50% of  ang le r  e f f o r t  was d i r e c t e d  
toward e a r l y  run s tocks .  In  1971 an extended c losu re  during t h e  e a r l y  run 
d i r e c t e d  e f f o r t  toward l a t e  run f i s h .  From 1972 through 1974 e f f o r t  was 
divided between t h e s e  two segments of t h e  populat ion.  E f f o r t  on e a r l y  run 
s tocks  i n  1975 and 1976 was t h e  lowest recorded, averaging 32.7%. Nelson 
(1977) suggested t h i s  t r end  was expected t o  cont inue because o f  t h e  r e s t r i c -  
t i v e  one f i s h  l i m i t  and emergency c losu res  t o  i nc rease  escapement l e v e l s  of  
e a r l y  run s tocks .  Table 7 i n d i c a t e s  55.0% of a.11 ang le r  e f f o r t  was d i r e c t e d  
toward e a r l y  run f i s h  i n  1977. This  depa r tu re  from the 1975-76 t r end  i s  
aga in  a t t r i b u t e d  t o  t h e  v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  and t h e  
excep t iona l ly  l a r g e  1977 e a r l y  run r e t u r n .  I t  i s  a n t i c i p a t e d  t h a t  i n  f u t u r e  
years  angler  e f f o r t  w i l l  again focus on t h e  nore  numerous l a t e  run f i s h .  



--- 

-- 

'I-able 7 . 	 Angler E f f o r t  Di rec ted  Toward Ear ly  and Late Run Russian River 
Sockeye Salmon Stocks ,  1963-1977. 

-

E f f o r t  (Man-Days) * E f f o r t  (Percent)  
Year Ea r ly  Run Late Run Ear ly  Run Late Run 

1963 	 5,710 2,170 72.5 27.5 

1963-1976 

Average 9,549 7,346 61.3 38.7 


* 	 Man-day i s  def ined  a s  one a n g l e r  f i s h i n g  f o r  one day i r r e s p e c t i v e  of t h e  
amount of t ime f i s h e d .  



A t o t a l  of 37 chinook, 0. tshawytscha (Walbaum), and 1,884 coho salmon were 
enumerated a t  Russian ~ i v e r  weir i n  1977 (Table 8 ) .  An a d d i t i o n a l  145 
chinook salmon were a l s o  observed spawning between Russian River weir and t h e  
confluence of  Kenai and Russian r i v e r s .  Tota l  chinook escapements t o  t h i s  
system was t h e r e f o r e  182 o r  45 salmon l e s s  than  t h e  h i s t o r i c a l  average escapement 
(Table 9 ) .  The coho escapement i s  t h e  second l a r g e s t  escapement recorded 
a t  Russian River and t h e  f o u r t h  consecut ive year  o f  above average escape- 
ment s. 

Management of t h e  1977 Fishery:  

Early run Russian River sockeye salmon r e t u r n s  have h i s t o r i c a l l y  been domi- 
nated by s ix-year  f i s h .  These f i s h  gene ra l ly  spend two years  r e a r i n g  i n  
IJpper Russian Lake and t h r e e  years  i n  t h e  marine environment before  r e t u r n -  
i n g  t o  t h e i r  n a t a l  stream a s  age c l a s s  2 . 3  i n  t h e i r  s i x t h  year  of l i f e  (see 
Table 1 0 ) .  The ma jo r i t y  of  t h e  1977 e a r l y  run  sockeye r e t u r n  was the re fo re  
expected t o  be t h e  progeny of  t h e  1971 escapemenlt. 

Early run escapement i n  1971 of  2,650 f i s h  was t h e  lowest recorded f o r  
Russian River and well  below t h e  minimum escapemlsnt of 8,500 e s t ab l i shed  
f o r  t h i s  segment of  t h e  populat ion.  Addi t iona l ly ,  t h e  1971 escapement had 
been delayed f o r  an extended per iod  of t ime by a v e l o c i t y  b a r r i e r  a t  Russian 
River F a l l s .  Engel (1972) has presented  a d e t a i l e d  account of t h e  1971 
v e l o c i t y  b a r r i e r  and i t s  a f f e c t s  on e a r l y  and l a t e  run spawning escapements. 
Production per  spawning f i s h  i n  t h e  e a r l y  run escapement has  ranged from a 
low of 0.3 t o  a high of 3 . 3  with a mean of 1 .4 (Nelson, 1977). Even i f  t h e  
maximum r e t u r n  r a t e  was assumed t o  eventuate  from t h e  1971 escapement, t h e  
1977 e a r l y  run r e t u r n  t o  Russian River would approximate 8,700 o r  s l i g h t l y  
higher  than  t h e  minimum escapement goa l .  The 1977 Russian River e a r l y  run 
spo r t  f i s h e r y  was t h e r e f o r e  c losed  t o  sockeye salmon f i s h i n g  on June 1. 
No f i s h i n g  on these  s tocks  was t o  be permi t ted  and t h e  f i s h e r y  was no t  t o  reopen 
u n t i l  t h e  a r r i v a l  of t h e  l a t e  run,  about J u l y  15. 

Observation below t h e  f a l l s  a s  e a r l y  a s  June 15 ind ica t ed  a v a l o c i t y  b a r r i e r  
was i n  e f f e c t  and t h a t  t h e  run was seve ra l  t imes l a r g e r  than  expected. F ish  
were concentrated i n  a l l  q u i e t  waters  between t h e  base of  t h e  f a l l s  and t h e  
Ilomer E l e c t r i c  power l i n e ,  a d i s t a n c e  of approxj-mately 2.4 k i lometers  
-1.5 mi l e s ) .  

A v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  which precluded t h e  major i ty  of  
t h e  run from cont inuing t h e i r  migrat ion and an e a r l y  run r e t u r n  which 
r a p i d l y  developed i n t o  one o f  t h e  l a r g e s t  recorded c rea t ed  unprecedented 
problems f o r  f i s h e r i e s  managers. I t  was ev ident  a surp lus  of f i s h  was 
a v a i l a b l e  f o r  u t i l i z a t i o n  by t h e  angl ing  pub l i c .  F ish  were so  concentrated 
in  t he  upstream s e c t i o n  of  t h e  Russian River,  however, t h a t  t h e i r  vu lner -  
a b i l i t y  r a i s e d  s e r i o u s  e t h i c a l  and a e s t h e t i c  qu~es t ions  regard ing  whether 
o r  no t  f i s h i n g  should be permi t ted  i n  t h i s  a r ea .  S imi l a r ly ,  un le s s  water 
l e v e l s  r a p i d l y  dec l ined ,  t h e  des i r ed  escapement l e v e l  would not  be achieved 
d e s p i t e  t h e  record r e t u r n ,  and salmon massed below t h e  f a l l s  would p e r i s h  
as they  d id  i n  1971. These f i s h  would be l o s t  t o  both t h e  escapement and 
r ec rea t iona l  angler .  



Table 8 . Coho and Chinook Salmon Escapements Enumerated at Russian River 
Weir, 1969-1977. 

Coho Chinook Weir Weir 
Year Salmon Salmon Opened Closed 

1969 70 119 June 21 August 19 

1970 957 240 June 14 A u g u s t  2 4 

June 23 September 8 

June 15 August 28 

June 14 August 30 

June 14 August 28 

1975 4,000* 102 June 25 September 1 

19 76 1,791** 145 June 16 September 2 

1977 1,884 -37 June 17 September 5 

1969-1976 
Average 1,254 

* 	As of September 1, 1975, 1,875 coho had passed the weir. It was estimated 
a minimum of 2,000 coho were below the weir when it was removed. Escape-
ment is therefore estimated at 4,000. 

* *  	As of September 1, 1,391 coho had passed the weir. It was estimated that 
4C0 coho were below the weir when it was removed. Minimum escapement is 
therefore estimated at 1,791. 



-- 

-- 

r n b l e  9 . Russian River Chinook Salmon Escapements,, 1953-1977. 

WeirjCounting Tower Lower River  Tot a1 
\ ear  Escapement Escapement Escapement 

* Estimated from tower count .  
* *  iy\$S survey.  



l 'able 10. Age C las s  Composition by Percent of Ea r ly  and Late Run Adult 
Sockeye Salmon Escapements Sampled a t  Russian River Weir, 
1970- 1976. 

Ea r ly  Run 
Aee C las s  

Year 

6 .4  89.3 

8 .4  50.0 0 . 6  

No Data Avai lab le  

3.4 63.6 0 . 5  

0 . 4  19.7 75.1 0 .. 4 0 . 9  1 .3  

11.4 61.1 0 . 8  8 . 4  

- 14.0 23.4 -- - -

0 . 1  9.7 71.0 0 . 9  0 . 3  1 . 6  

Late Run 

87 .3  7 . 3  

61.5 30.3 

No Data Avai lab le  

No Data Avai lab le  

58.6 26.9 

* 1973 d e l e t e d  from computations.  S ix  year  average .  
* ~r 1 9 7 2  and 1973 d e l e t e d  from computations.  Five year  average .  



In  view of t h e  above cons ide ra t ions  Russian River was opened t o  sockeye s a l -  
mon s p o r t  f i s h i n g  on June 18. F ish ing  was permit.ted i n  t h e  " f l y  f i s h i n g  
only area" from a p o i n t  1,646 meters (1,800 yards)  below t h e  confluence of 
Kenai and Russian r i v e r s  upstream t o  t h e  Homer El .ectr ic  power l i n e .  The 
640 meter (700 yard) sanc tuary  a r e a  remained c losed  a s  d i d  t h e  a r e a  above 
t h e  power l i n e  t o  p r o t e c t  f i s h  heav i ly  concent ra ted  i n  t h e s e  a r e a s .  
Concomitant with t h e  opening of t h e  f i s h e r y ,  p l ans  were formulated t o  
capture  and t r a n s p o r t  f i s h  over  t h e  b a r r i e r  i f  water l e v e l s  d i d  not  
subside. 

Water l e v e l s  remained high and t h e  " f i sh  rescue" was i n i t i a t e d  on J u l y  8 .  
'The f i s h e r y  above t h e  Homer E l e c t r i c  power l i n e  ,was opened on J u l y  15. By 
t h i s  d a t e  escapement of  e a r l y  run f i s h  had exceeded t h e  minimum escapement 
goal .  F ish  remaining below t h e  f a l l s  i n  l a t e  J u l y  appeared i n  a weakened 
condi t ion  and were beginning t o  assume nuptual  co lo ra t ion .  Although a por- 
t i o n  of t h e  e a r l y  run i s  known t o  have per i shed  below t h e  obs t ruc t ion ,  
q u a n t i t a t i v e  d a t a  a r e  not  a v a i l a b l e  regard ing  t h e  l o s s .  Observation by 
t h i s  au thor  suggests  t h i s  l o s s  was minimal i n  r e l a t i o n  t o  t h e  t o t a l  run 
and probably d i d  no t  exceed 3,000 f i s h .  

Late run sockeye salmon a r e  p r imar i ly  f i v e  year  f i s h  t h a t  r e a r  a t  Upper 
Russian Lake f o r  two yea r s ,  spend two years  a t  s ea ,  and r e t u r n  t o  Russian 
River i n  t h e i r  f i f t h  year  of  l i f e  (see Table 10 ) .  The r e t u r n  i n  1977 was 
t h e r e f o r e  expected t o  be t h e  progeny of  t h e  1972 record spawning escapement 
of  79,000 l a t e  run salmon. Enumeration of sockeye salmon by sonar  counter  
operated by t h e  Commercial F i s h e r i e s  Divis ion i n  t h e  Lower Kenai River i n -  
d i ca t ed  t h e  l a r g e s t  r e t u r n  t o  t h e  Kenai River drainage s i n c e  1968. The 
record high parent  year  escapement t o  Russian Rlver i n  1972 coupled with 
record sockeye salmon t o  t h e  Kenai River dra inage  i n  1977 s t rong ly  suggested 
&inexcep t iona l ly  l a r g e  l a t e  run Russian River r e t u r n .  No management measures, 
i . e .  emergency c l o s u r e s  t o  i nc rease  escapement l e v e l s ,  were the re fo re  an-
t i c i p a t e d .  

Late run f i s h  en tered  t h e  Russian River s p o r t  f i s h e r y  on J u l y  17. These f i s h  
were a l s o  sub jec t  t o  t h e  v e l o c i t y  b a r r i e r  a t  Russian River F a l l s .  They 
the re fo re  intermingled wi th  remaining e a r l y  run f i s h  rendering accu ra t e  
assessment of t h e i r  numbers impossible.  F i sh  aga in  began t o  mass below t h e  
f a l l s  and l a r g e  concent ra t ions  were i n  evidence f o r  more than  3 . 2  kilometers  
( 2  mi les )  downstream. Assessment of run  s t r e n g t h  was f u r t h e r  complicated i n  
t h a t  a po r t ion  of  t h e  l a t e  run  a l s o  spawns below Russian River F a l l s .  By 
mid-August it became impossible  t o  d i f f e r e n t i a t e  between t h e  few remaining 
e a r l y  run  f i s h ,  l a t e  run f i s h  des t ined  t o  spawn. abovt: t h e  f a l l s ,  and those  
l a t e  run sockeye salmon which h i s t o r i c a l l y  spawn below t h e  f a l l s .  

H i s t o r i c a l l y ,  50% of t h e  l a t e  run escapement haLs passed Lower Russian Lake 
weir by August 6.  In  1977 only  5,536 f i s h  had been 'enumerated by t h i s  da t e .  
A f i s h  rescue  s i m i l a r  t o  t h a t  conducted during t h e  e a r l y  run was t h e r e f o r e  
i n i t i a t e d  on August 13. I t  was terminated on August 18 when i t  became e v i -  
dent t h a t :  (1) t h e  ma jo r i t y  of  l a t e  run  f i s h  remaining below t h e  b a r r i e r  
would spawn i n  t h a t  a r e a  and ( 2 )  water  l e v e l s  were receding and remaining f i s h  
des t ined  f o r  Upper Russian Lake spawning grounds could s u c c e s s f u l l y  nego- 
t i a t e  t h e  f a l l s .  The r e c r e a t i o n a l  f i s h e r y  was c losed  by emergency o r d e r  



on August 18 for the remainder of the season to protect large numbers of 

spawning fish below the falls. A minimal number of late run fish perished 

as a result of the velocity barrier. Quantitative data are not available 

regarding magnitude of the loss. Observation suggests it was somewhat 

less than that sustained by the early run. 


The return of record numbers of early run fish, the "fish rescue" and the 

above management practices combined to produce the highest early run es- 

capement since 1966 and the greatest harvest recorded. Mortality associated 

with the velocity barrier was minimal. Management of the early run was 

therefore most successful as it maximized harvest, escapement and fishing 

opportunity. 


Indicators such as parent year escapement and record numbers of sockeye 

salmon entering the Kenai River suggested an exceptionally large late run 

return to Russian River. These indicators are, however, fallible (Engel, 

1972) and fisheries managers rely on weir counts, catch statistics and 

observation of numbers of fish within the fishery to formulate management 

decisions. The velocity barrier at Russian River Falls concomitant with 

large numbers of fish concentrated below the falls which represented sev- 

eral segments of the total population negated catch statistics as a manage-

ment tool. Escapement counts obtained at the weir could not be employed 

as a management tool because of the migrational delay. Visual observation 

in the fishery was inaccurate due to intermingling of the spawning popu- 

lations. The true magnitude of the late run could therefore rot be determined. 

Management practices during the late run maximized fishing opportunity which 

resulted in the highest harvest of late run Russian River sockeye salmon to 

date. Escapement, however, was the lowest recorded. Management of the late 

Russian River run was therefore only partially successful as the escapement 

goal of 30,000 was not attained. 


Engel (1972) recommended construction of a fish passage facility at Russian 

River Falls. This recommendation was made in view of the 1971 velocity 

barrier which adversely affected management and reproductive potential of 

the stocks. Similar recommendations were made in all subsequent years. If 

the fish passage facility would have been constructed, the 1977 migrational 

delay would not have occurred. Escapements would have been enumerated in 

a normal manner at Russian River weir. When weir counts indicated a lower 

than anticipated late run escapement, the recreational fishery would have 

been closed by emergency order. Although such action would not necessarily 

have assured achievement of the minimum escapement goal, escapements would 

have undoubtedly exceeded 21,410 fish. 


Russian River Falls and Migrational Delay: 


Engel (1972) indicated that high water passing through a canyon of consider- 

able gradient (Russian River Falls) had delayed migration of Russian 

River sockeye salmon on several occasions between 1960 and 1970. The delay 

appeared to have affected only the early run and no documented mortalities 

are known to have occurred although they were suspected. In 1971 a late 

spring breakup coupled with exceptionally heavy late spring and summer rains 

created a total velocity barrier at the falls. An unknown number of early 




run and an est imated 10,000-12,000 l a t e  run f i s h  per i shed  below t h e  obs t ac l e .  
Examina-Data suggested t h a t  females su f f e red  g r e a t e r  m o r t a l i t y  than  males. 

t i o n  of 1,368 l a t e  run  ca rcas ses  below t h e  f a l l s  revea led  62.7% were females 
(Engel, 1972) .  

Migrat ional  p a t t e r n s  were s i m i l a r  t o  h i s t o r i c a l  t iming i n  1972, 1973 and 
1974. Nelson (19763 ind ica t ed  e a r l y  run  fisli may have been delayed i n  t h e  
f a l l s  a r ea  f o r  t h r e e  o r  No m o r t a l i t y  i s  known t o  have fou r  days i n  1975. 
r e s u l t e d  from t h i s  de lay .  No de lays  occurred i n  1976 (Nelson, 1977). 

Higher e l e v a t i o n s  of  t h e  Kenai Peninsula  experienced excep t iona l ly  heavy 
snowfall  dur ing  t h e  win ter  of 1977-78. Spring runoff  r e s u l t i n g  from t h i s  
heavy snowfall  aga in  c r e a t e d  a v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  
during 1977 e a r l y  and l a t e  run migra t ions .  

Figure 4 compares t h e  average Russian River d ischarge  dur ing  an e i g h t  year  
per iod a s  opposed t o  1977 Russian River  d ischarge  r a t e s .  The per iod  under 
cons ide ra t ion  (June 16 through August 29) corresponds t o  t h e  per iod  of 
time sockeye salmon ascend Russian River F a l l s .  I t  i s  ev ident  from t h i s  
f i g u r e  t h a t  stream discharge  i n  1977 was between two and t h r e e  times t h e  
average d ischarge ,  I t  should a l s o  be noted t h a t  t h e s e  d ischarge  r a t e s  a r e  
exc lus ive  of  Rondezvous Creek d ischarge  which e n t e r s  Russian River immedi- 
a t e l y  above t h e  f a l l s .  I f  t h i s  s t ream's  con t r ibu t ion  t o  t h e  t o t a l  d i scharge  
passing through t h e  fa l ls  is  considered,  both average and 1977 d ischarge  
would be increased  approximately 11.2% o r  an average of 70 c f s .  

Figure 5 i n d i c a t e s  a c o r r e l a t i o n  e x i s t s  between migrat ion through t h e  f a l l s  
and t h e  excep t iona l ly  high 1977 d ischarge  r a t e s .  A s  d i scharge  r a t e s  i n -  
creased,  numbers o f  f i s h  capable of  n e g o t i a t i n g  t h e  f a l l s  decreased. The 
converse was a l s o  t r u e .  Observation by t h i s  au thor  and d a t a  g raph ica l ly  
depic ted  i n  Figure 5 suggest  t h a t  salmon experience d i f f i c u l t y  pass ing  
through t h e  canyon when Russian River d ischarge  exceeds 400 c f s .  

Table 11 p r e s e n t s  a r r i v a l  d a t e s  and d a t e s  by which 50% o f  t h e  escapement 
has ascended Russian River F a l l s  and passed t h e  counting tower wei r .  During 
years  of weir  ope ra t ion  t h e  average d a t e  when 50% of t h e  e a r l y  run had 
passed t h e  weir  was J u l y  5. I n  1971 ha l f  t h e  escapement d id  no t  pass  t h i s  
po in t  u n t i l  J u l y  15. In 1977, 50% o f  e a r l y  nun passage occurred on J u l y  11. 
High water (discharge r a t e s )  t h e r e f o r e  delayed e a r l y  run migra t ion  t e n  days 
i n  i971 and seven days i n  1977. F i f t y  percent  o f  t h e  l a t e  run escapements 
gene ra l ly  pass  t h e  weir  by August 6. In  1971 high water delayed t h e i r  pass -  
age by approximately 16 days. I n  1977 t h e  de lay  was somewhat l e s s  o r  about 
f i v e  days. Had a f i s h  rescue  no t  been i n i t i a t e d  during both runs ,  t h e  1977 
delay would have been g r e a t e r  than  ind ica t ed  by d a t a  presented  i n  Table 11. 

Figure h graph ica l ly  d e p i c t s  migra t iona l  t iming d i f f e r e n c e s  of  passage r a t e s  
during years  of  average s t ream flow a s  opposed t o  passage r a t e s  during high 
water years  of 1971 and 1977. Although Russian River d ischarge  r a t e s  a r e  
no t  a v a i l a b l e  f o r  1971, Figure 6 sugges ts  they  may have been g r e a t e r  than 
1977 d ischarge .  
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' 1 1 .  	A r r i v a !  h . ? t e s ,  Dztp F i f t y  Pcrccn: of + h c  Escspe-ent  Passed W.=il-/C3unt~::g Tukver. Te:-:;;~j;;lti~:: 
Dates  of Ea r ly  and Late Russian River  Sockeye Salmon Runs, 1963-1977*. 

E a r l v  Run 	 Late Run 
A r r i v a l  	 A r r i v a l  
A t  Weir/ Date 50% Date Run A t  Weir/ Date  50% Date Run -Year Counting Tower Passed Ended Count ing  Tower Passed Ended 

7/ 1 
7/ 7 
7/ 4 
6/29 
6/28 
6/29 

No Data 
7/ 5 
7/15 
7/ 5 
7/ 6 
7/ 1 
7/ 6 
6 / 30 
7/11 

1963-1976 
Average 

* 1971 and 1977 d a t a  were d e l e t e d  when computing averages  a s  h i g h  w a t e r  a t  Russian River  F a l l s  r e s u l t e d  
i n  a t y p i c a l  m i g r a t i o n a l  t i m i n g .  

** Years  o f  we i r  o p e r a t i o n .  





111 1971 e a r l y  run sockeye salmon d i d  no t  a r r i v e  a t  t h e  confluence of  t h e  Kenai 
and Russian r i v e r s  u n t i l  June 17. The f irst  e a r l y  run f i s h  was not  enumer-
a t e d  a t  t h e  weir  u n t i l  J u l y  6,  o r  13  days a f t e r  a r r i v a l  a t  t h e  con- 
f luence .  Normally 50% of t h e  run would be expected t o  pas s  t h e  weir by 
J u l y  5. I n  1977 sockeye salmon were observed a t  t h e  confluence on June 8 
with an unknown number passing t h e  weir  s i t e  p r i o r  t o  weir  i n s t a l l a t i o n  on 
June 17. I t  i s  t h e r e f o r e  evident  t h a t  d i scharge  r a t e s  dur ing  t h e  e a r l y  seg- 
ment of t h e  1971 e a r l y  run migra t ion  were of  s u f f i c i e n t  magnitude t o  t o t a l l y  
preclude f i s h  passage. The f a l l s  was a  p a r t i a l  b a r r i e r  i n  1977 as some f i s h  
from both e a r l y  and l a t e  runs  were capable o f  ascending t h e  f a l l s  a t  a l l  
water l e v e l s .  

Fish Rescue: 

I t  becomes evident  a s  e a r l y  a s  June 15 t h a t  t h e  ma jo r i t y  of  e a r l y  run f i s h  
were experiencing d i f f i c u l t  nego t i a t i ng  Russian River F a l l s  due t o  high 
water.  Numbers of salmon below t h e  fa l ls  j u s t i f i e d  a " f i s h  rescue" o f  
some type  t o  achieve escapement goa ls  and prevent  mass m o r t a l i t y  such a s  
occurred i n  1971. 

On June 19 an at tempt  was made t o  reduce t h e  volume of water flowing through 
t h e  f a l l s  a r e a  by lay ing  Visqueen ac ros s  t h e  weir  f ace .  This  c r ea t ed  a  
dam with Lower Russian Lake a c t i n g  as t h e  r e s e r v o i r .  The Visqueen was 
placed a t  1600 hours.  In  an  approximately 30 minute per iod  t h e  water l e v e l  
below t h e  weir  dropped from 745 mm t o  300 mm--a decrease  of  445 mm o r  17.5 
inches.  Observations i n  t h e  f a l l s  a r e a  ind ica t ed  a similar reduct ion  i n  
water he ight .  Although t h e  weir  s t r u c t u r e  pe r  s e  appeared capable of  r e -
s t r i c t i n g  t h e  flow, t h e  p o s s i b i l i t y  of severe  s u b s t r a t e  e ros ion  d i c t a t e d  
removal of t h e  Visqueen a t  1830 hours .  Few f i s h  ascended t h e  f a l l s  during 
the  2 . 5  hours of  decreased flow and t h e  at tempt  t o  con t ro l  stream flow by 
use of t h e  weir was abandoned. 

On J u l y  1 f i s h e r i e s  managers considered t h e  f e a s i b i l i t y  o f  cons t ruc t ing  a  
tram from t h e  base of t h e  f a l l s  t o  q u i e t  water  above t h e  b a r r i e r .  On-s i te  
inspec t ion  revea led  t h a t  any device of  t h i s  type  would r e q u i r e  f i s h  t o  be 
moved 450 f e e t .  Large numbers o f  f i s h  t o  be moved and cons t ruc t ion  problems 
assoc ia ted  with t h e  d i s t a n c e  involved ind ica t ed  such a method could not  
achieve s a t i s f a c t o r y  r e s u l t s .  

In  view of t h e  l a r g e  numbers of  f i s h  below t h e  f a l l s  and t h e i r  advancing 
sexual condi t ion ,  t r a n s p o r t a t i o n  v i a  h e l i c o p t e r  appeared t h e  only  a l t e r n a -  
t i v e .  The first phase of  t h e  " f i s h  rescue" commenced J u l y  8  and terminated 
J u l y  10, with 4,003 sockeye salmon t r anspor t ed  during t h e  t h r e e  day pe r iod .  

The second phase of  t h e  opera t ion  began J u l y  15. As with  t h e  f i r s t ,  and 
a l l  subsequent l i f t s ,  d i f f i c u l t y  was encountered acqui r ing  a s u i t a b l e  
h e l i c o p t e r  a s  many of  t hese  a i r c r a f t  were engaged i n  f i r e  suppression ac -  
t i v i t i e s .  The second l i f t  terminated J u l y  18 wi th  t h e  t r a n s p o r t  of an 
add i t i ona l  4,474 e a r l y  run sockeye. Tota l  e a r l y  run  sockeye t r anspor t ed  
during seven days was 8,477 o r  52.7% o f  t h e  1977 e a r l y  run escapement 
(Tab le  1 2 ) .  



'I'able 1 2 .  Transpor t  of Ea r ly  Run Russian River  Sockeye Salmon v i a  
He l i cop te r  from t h e  Base of  Russian River  F a l l s  t o  Lower 
Russian Lake, 1977. 

Number Average Number o f  To ta l  Salmon 
Date 
-

of L i f t s  Salmon/ L i f t  Transported 

J u l y  8 1 3  81 .7  1,062 

J u l y  10 28 64.7 1,813 

,July 15 2 0 43.3 867 

J u l y  16 26 46 .0  1,197 

J u l y  17 21 58.4 1,227 

. J u l y  1 8  2 2 - 53.8 1,183 

Jot a1 144 8,477 

Avcl-age 2 0 . 6  58.7 1,211 

-.-. 



May and June a r e  h i s t o r i c a l l y  t h e  months of g r e a t e s t  stream flow a t  Russian 
River with d ischarge  r a t e s  decreas ing  i n  J u l y  and August (Nelson, 1975). 
In 1977 t h e  water remained except iona l ly  high during these  months and t h e  
Department of  F ish  and Game aga in  had no choice but  t o  t r a n s p o r t  t h e  l a t e  
run over t h e  obs t ruc t ion .  

The second run l i f t  began on August 13  and terminated s i x  days l a t e r  on 
August 18. One hundred for ty-one  l i f t s  were made during t h i s  per iod  f o r  
an average of 52.7 sockeys salmon per  l i f t .  Tota l  sockeye salmon t r a n s -  
por ted  was 7,436 o r  an average of 1,239.3 f i s h  pe r  day (Table 13) .  Second 
run f i s h  t r anspor t ed  v i a  h e l i c o p t e r  t o t a l e d  34.7% of t h e  l a t e  run escape-
ment above t h e  f a l l s .  

Mor t a l i t y  of both e a r l y  and l a t e  run f i s h  which i s  known t o  be a s soc i a t ed  
with t h e  " f i s h  rescue" was n e g l i g i b l e .  On t h e  f i r s t  day of  t h e  opera t ion  
( Ju ly  8) an est imated 10% of  t h e  f i s h  t r anspor t ed  perished due t o  oxygen 
de f i c i ency  and crowding i n  t h e  t o t e .  This  was co r r ec t ed  by reducing numbers 
of f i s h  c a r r i e d  per  l i f t  and a e r a t i n g  t h e  water.  Condi.tion of t h e  
f i s h  t ranspor ted  ranged f r o n  I f f resh  and b r igh t "  t o  sockeye salmon t h a t  
were "running eggs" and on t h e  verge of  spawning. Many salmon t r anspor t ed  
displayed ab ras ive  i n j u r i e s  t h a t  were assumed t o  have occurred during 
at tempts  t o  n e g o t i a t e  t h e  f a l l s .  

Use of a  h e l i c o p t e r  t o  t r a n s p o r t  f i s h  over  Russian River F a l l s  i s  c o s t l y .  

Cost of l ea s ing  a  h e l i c o p t e r  during t h e  e a r l y  run " f i s h  rescue" was approx- 

imately $23,000. Groceries ,  f u e l  and f i x e d  wing a i r c r a f t  c h a r t e r  added an 

add i t i ona l  $2,500. Minimum expenses incur red  were t h e r e f o r e  about $25,500 

o r  $3.00 per  f i s h  t ranspor ted .  


Transport ing f i s h  during t h e  l a t e  run was more c o s t l y  than  dur ing  t h e  e a r l y  
run. A s u i t a b l e  h e l i c o p t e r  was not  a v a i l a b l e  i n  t h e  Cook I n l e t  a r e a  during 
t h e  l a t e  r u n ' s  migrat ion which n e c e s s i t a t e d  t h a t  one be f e r r i e d  from S i t k a  
a t  a d d i t i o n a l  expense t o  t h e  Department of  F i sh  and Game. Seasonal employees 
who would normally have been terminated i n  e a r l y  August were r e t a i n e d  f o r  
t h e  program. Tota l  c o s t  t o  inc lude  a d d i t i o n a l  wages, h e l i c o p t e r  l e a s e ,  
g roce r i e s ,  f u e l ,  equipment, e t c . ,  is  minimally est imated a t  $39,750 o r  $5.35 
per  f i s h .  Tota l  c o s t  f o r  both e a r l y  and l a t e  run " f i s h  rescues" was t h e r e f o r e  
about $62,250 o r  an average of $4.10 per  f i s h .  I t  should be noted t h e  above 
c o s t s  a r e  minimal and do not  r e f l e c t  wages of  permanent employees, adminis t ra -
t i v e  expenses, e t c .  

Age Composition: 

Scale a n a l y s i s  from samples c o l l e c t e d  a t  Lower Russian Lake weir  revea led  

sockeye salmon i n  t h e i r  f i f t h  year  of  l i f e  comprised 74.7% o f  t h e  e a r l y  

Russian River run. Salmon i n  t h e i r  s i x t h  year  o f  l i f e  con t r ibu ted  23.4% 

and t h e  remaining 1.9% were four-year  f i s h .  


Early run age composition i n  1977 was t h e r e f o r e  a t y p i c a l  and con t r a ry  t o  

da t a  analyzed during t h e  previous 7-year per iod .  H i s t o r i c a l l y ,  e a r l y  

run f i s h  a r e  salmon i n  t h e i r  s i x t h  year  of l i f e  composed of  age c l a s s  2.3.  

This age c l a s s  has con t r ibu ted  an average of 71.0% t o  t h e  e a r l y  run .  In 
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Table 13. Transport of Late Run Russian River Sockeye Salmon v i a  
Helicopter  from t h e  Base of Russian River F a l l s  t o  Lower 
Russian Lake, 1977. 

Number Average Number of Total  Salmon 
Date of L i f t s  Salmon/Li ft  Transported 

August 13 35 39.2 1,371 

August 14 3 0 47.8 1,433 

August 15 28 58.2 1,630 

August 16 17 64.8 1,102 

August 17 18 61.9 1,115 

August 18 13-

Total  141 7,436 

Average 23.5 52.7 1,239.3 



1977 t h e  c o n t r i b u t i o n  of t h i s  age c l a s s  was only 23,4%. Age c l a s s  1 . 3 ' s  
average c o n t r i b u t i o n  t o  t h e  e a r l y  run  i s  12.7%. In  1977 t h i s  age c l a s s  
dominated t h e  escapement comprising 60.7% of t h e  f i s h  sampled. 

Early run  salmon averaged 605.3 mm i n  l eng th ,  9 .5  mm l a r g e r  than  i n  1976 
and 17.0 mm l a r g e r  than  i n  1975. Average l eng ths  o f  two and three-ocean 
f i s h  were 559.6 and 610.5 mm, r e s p e c t i v e l y .  I t  i s  assumed t h a t  t h e  l a r g e r  
average s i z e  of e a r l y  run f i s h  i n  1977 i s  r e l a t e d  t o  t h e  v e l o c i t y  b a r r i e r  
a t  Russian River F a l l s .  F i sh  t h a t  nego t i a t ed  t h e  f a l l s  a r e a  a t  t h e  high 
1977 d ischarge  r a t e s  appeared t o  be t h e  l a r g e r  f i s h .  Male t o  female sex 
r a t i o  of t h e  e a r l y  run was 1 :0 .4 .  As males a r e  gene ra l ly  l a r g e r  than f e -  
males, t h e  sex r a t i o  a l s o  inf luenced  average s i z e  of e a r l y  run  f i s h  i n  t h e  
escapement. 

Late run s tocks  were dominated by f i s h  t h a t  migrated t o  t h e  marine envi-  
ronment a f t e r  two years  i n  f r e s h  water  (85.7%). The ma jo r i t y  o f  t h i s  run  
(92.3%) spent  two years  i n  s a l t  water  p r i o r  t o  r e tu rn ing  t o  t h e i r  n a t a l  
stream. Majori ty  of  t h e  salmon examined were t h e  progeny of  the  1972 
escapement. Male t o  female sex  r a t i o  was 1:O.g. These salmon averaged 
570.5 mm o r  34.8 mm l e s s  than  t h e  average e a r l y  run  f i s h .  This  d i f f e r -  
ence i s  a t  l e a s t  p a r t i a l l y  a t t r i b u t e d  t o  age s t r u c t u r e  i n  t h a t  t h e  average 
e a r l y  run f i s h  remains a t  s e a  t h r e e  years  a s  opposed t o  two years  f o r  t h e  
major i ty  of  l a t e  run f i s h .  Two- and three-ocean a d u l t s  averaged 553.7 
and 614.9 mm i n  length .  

Table 14 p re sen t s  t h e  est imated number o f  salmon i n  t h e  escapement by age 
c l a s s ,  pa ren t  year  of t h e  r e spec t ive  age c l a s s e s ,  and t h e  average length  
of f i s h  i n  t hese  age c l a s s e s .  

Figure 7 p re sen t s  t h e  length  frequency o f  367 e a r l y  run salmon. Inspec-
t i o n  f a i l s  t o  c l e a r l y  d i f f e r e n t i a t e  two- and three-ocean salmon by l eng th .  
Figure 8 d e p i c t s  length  frequency of  two- and three-ocean e a r l y  run sockeye 
salmon a s  determined by s c a l e  ana lys i s .  This  graph c l e a r l y  i l l u s t r a t e s  
t h e  length  ranges f o r  t h e s e  two-ocean age c l a s s e s  and t h a t  ex tens ive  over- 
l ap  occurs.  Length frequency a n a l y s i s  a lone  could t h e r e f o r e  n o t  be employed 
i n  1977 t o  s e p a r a t e  e a r l y  run  sockeye salmon ocean-age c l a s s e s .  

Length frequency of  257 l a t e  run sockeye salmon i s  presented  i n  Figure 9 .  

This graph c l e a r l y  shows apprec iab le  v a r i a t i o n  i n  lengths  of  l a t e  run a d u l t  

( jacks  excluded) f i s h  which range i n  l eng th  from l e s s  than  520 t o  more than 

649 mm. 


A t e n t a t i v e  d i v i s i o n  between ocean age ind iv idua l s  is ind ica t ed  between 
580 and 589 mm. I f  t h e  d i v i s i o n  were made he re  it would i n d i c a t e  two- 
ocean comprised 64.9% and three-ocean salmon 35.1% o f  t h e  1977 l a t e  run 
escapement. Sca le  a n a l y s i s  i nd ica t ed  t h e  t r u e  ocean-age composition was 
79 .2% two-ocean and 20.8% three-ocean. U t i l i z i n g  length-frequency a lone  
t o  determine ocean-ages of  l a t e  run sockeye salmon i n  1977 would r e s u l t  
i n  an e r r o r  of 14.3%. Figure 10 d e p i c t s  length-frequency of  two- and 
three-ocean l a t e  run f i s h  a s  determined by s c a l e  a n a l y s i s ,  This  graph 
c l e a r l y  shows t h e  degree of  over lap  between two- and three-ocean l a t e  
run sockeye salmon. 



1 1 4 .  Age C las s  Composition, Sample S i z e ,  Parent  Year and Average 
Length of Adult  Sockeye Salmon i n  Respec t ive  Age C las ses  f o r  
Ear ly  and Late Run Russian River  Escapements, 1977. 

Age 
Class 

Estimated 
No. In  

Escapement 
Sample 

S i z e  

Ear ly  Run 
Estimated 
Percent  

of Escapement 
Parent  

Year 
Average 

Length (mm)" SD** 

Late Run 

" 1,ength i s  from mid-eye t o  fo rk  of t a i l .  
" S t a n d a r d  Devia t ion .  

X I  * Exc ludes  537 j acks.  
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Early Run Return Spawner: 

Number of  salmon produced f o r  each e a r l y  run f i s h  i n  t h e  parent  year  spawn- 
i ng  escapement i s  presented i n  Table 15. The h ighes t  r e t u r n  pe r  spawner of 
3 .3  was achieved i n  1976 and r e s u l t e d  from a r e l a t i v e l y  small  parent  year  
escapement of  5,450 i n  1970. The lowest r e t u r n  pe r  spawner (0.3) occurred 
i n  1971 from a pa ren t  year  escapement of 21,510 i n  1965. This  except iona l ly  
low r e t u r n  r e s u l t e d  from t h e  h ighes t  e a r l y  run escapement recorded f o r  
t h i s  segment of t h e  populat ion.  I t  i s  t h e r e f o r e  evident  t h a t  a l a r g e  
spawning escapement w i l l  no t  n e c e s s a r i l y  r e s u l t  i n  high product ion 
r a t e s .  

Average e a r l y  run r e t u r n  pe r  spawner i s  1.7. Although t h i s  product ion i s  
r e l a t i v e l y  low, t h e  t r end  seems t o  be toward increased  product ion.  Pro-
duct ion  from 1963 through 1966 spawning escapements which averaged 16,312 
f i s h  f a i l e d  t o  reproduce themselves.  Average r e t u r n  r a t e  was only 0.7.  
Escapements from 1967 through 1970 averaged 8,340. The average r e t u r n  
r a t e  was 2.1 o r  t h r e e  t imes t h e  product ion from t h e  e a r l i e r  years  of 
r e l a t i v e l y  high escapements. 

A s  p rev ious ly  noted, t h e  ma jo r i t y  of t h e  f i s h  i n  t h e  e a r l y  run escapement 

are h i s t o r i c a l l y  age c l a s s  2 . 3  o r  s i x  year  f i s h .  I t  was t h e r e f o r e  a n t i c i -  

pated t h a t  e a r l y  run f i s h  i n  1977 would be t h e  progeny of  t h e  1971 e a r l y  

run escapement which was t h e  lowest  recorded f o r  t h i s  system. Maximum 

est imated r e t u r n  would the re fo re  be expected t o  approximate 8,700 sockeye 

salmon. Tota l  r e t u r n ,  however, was 36,470, t h e  l a r g e s t  r e t u r n  ever  recorded. 


The explanat ion f o r  t h i s  r e t u r n  may be found by r e f e r r i n g  t o  Tables 10 and 
15. Table 10 i n d i c a t e s  t h a t  the .1977 e a r l y  run escapement was dominated 
by age c l a s s  1 .3  o r  t h e  progeny of  t h e  1972 escapement. Table 15 ind ica t ed  
t h e  r e t u r n  p e r  spawner from t h i s  escapement was 2.9. 'Total con t r ibu t ion  t o  
t h e  1977 r e t u r n  from t h i s  year  c l a s s  was t h e r e f o r e  27,239 f i s h .  The small 1971 
escapement performed a s  a n t i c i p a t e d ,  r e t u r n i n g  an est imated 8,533 sockeye 
salmon. To ta l  r e t u r n  t o  Russian River i n  1977 the re fo re  was t h e  product of 
an a t y p i c a l  age s t r u c t u r e  i n  which salmon from t h e  1971 and 1972 escapements 
both r e tu rned  i n  1977 a s  age c l a s s  1 .3  and 2.3. 

A small  percentage of e a r l y  run  smolt have always migrated a s  one-check. 

The presence of a high percent  o f  one-check f i s h  i n  t h e  1977 a d u l t  r e t u r n  

suggests  excep t iona l ly  favorable  r e a r i n g  condi t ions  i n  Upper Russian Lake 

i n  1973. Reasons f o r  t h e s e  condi t ions  a r e  not  d e f i n i t e l y  known but  two 

hypotheses may be advanced. (1) Lake p roduc t iv i ty  may have increased .  

The 1972 l a t e  run spawning escapement of  79,000 f i s h  was t h e  h ighes t  r e - 

corded. Record numbers of  carcasses  may have enriched t h e  l ake ,  i nc reas ing  

bas i c  p r o d u c t i v i t y  i n  1973. Fry could t h e r e f o r e  have experienced a c c e l e r -  

a t ed  growth causing e a r l y  migra t ion  from t h e  l ake  a s  one-check smolt .  

( 2 )  Rearing f r y  from t h e  1972 escapement may have had l i m i t e d  competit ion 

from o the r  sockeye salmon age groups. Fry from t h e  1972 e a r l y  run escape-

ment were r e a r i n g  i n  1973 and migrated i n  sp r ing  o f  1974. In  1973 t h e s e  

f i s h  would have been competing with e a r l y  run  f i s h  from t h e  1971 escape- 

merit and l a t e  run f i s h  from t h e  1971 and 1972 escapements. The 1971 e a r l y  
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Table 15. Estimated Production from Prior Escapements of Early Run Russian 

R i v e r  Sockeye Salmon, 1963-1972. 

Production
brood Escapement Return Total 
Run* Per Female Per Spawner 
Ye31 Females Total (Year) 

" Sport harves t  plus escapement. Assumes negligible commercial harvest. 
* *  Assumes a male to females sex ratio of 1:l. 

* * *  Male to female sex ratio of 1:0.8 determined by sampling. 
* * ' *  bla le to female sex ratio of 1:O.g determined by sampling.

* * * * *  M ~ J Ptn female sex ratio of 1 : l . S  determined by sampling. 



run escapement was exceptionally small and theoretically produced few fry. 

The 1971 and 1972 late run escapements were exceptionally large. However, 

returns from these escapements in 1976 and 1977 were quite low which may 

suggest a spawning failure in Upper Russian Lake. Should the above have 

occurred, rearing fish from the 1972 early run escapement would have ex- 

perienced minimal competition for food and space from other sockeye salmon 

year classes. 


Fecundity Investigations: 


Fecundity investigations initiated in 1973 were continued at Russian River 

weir during the early and late runs. Results of the 1977 investigation are 

presented in Tables 16 and 17. 


Direct enumeration was used to check the accuracy of volumetric estimation. 

Average error utilizing volumetic estimation was 0.226% for early run samples 

and 2.601% for the late run. All early run samples were directly enumerated 

and 50% of the late run samples were treated in like manner. Therefore, in 

the ensuing discussion dealing with fecundity, only data determined by 

direct enumeration will be presented. 


Fecundity of early run salmon ranged from 3,727 to 5,119, averaging 4,312.5. 

Average weight of females sampled was 2.852 kg and length was 602.7 mm. 

These fish averaged 1,512 eggs per kilogram of body weight and 7.0 eggs per 

millimeter of body length. Late run sockeye salmon averaged 3,302 eggs per 

female with a range of 2,640 to 4,146. Average length and weight of late 

run salmon sampled was 567.1 mm and 2.438 kg. These fish averaged 1,354 

eggs per kilogram of body weight and six eggs per millimeter of body length. 

Table 18 compares these data with results from prior investigations. 


Foerster (1968) indicates the larger the fish the greater the egg content. 

Table 18 indicates this is generally true but exceptions do occur. Nelson 

(1977) noted that the average early run female salmon in the 1975 sample 

was somewhat smaller than the average female utilized in the 1974 investi- 

gations, but egg content was 10.7% greater in 1975. Similarly, the average 

length of early run fish utilized in 1976 was seven millimeters less than the 

1974 average, yet average fecundity increased by 9.9 eggs in 1976. This ap-

parent disparity was also noted by Foerster (1968) while investigating 

the fecundity of Cultus Lake sockeye salmon. He concluded that differences 

of egg content in relation to size were not statistically significant but 

were the result of inherent variability of the samples. This is the prob- 

able explanation for the variation in Russian River samples. 


Foerster (1968, p. 126) provides an excellent summary of sockeye salmon 

fecundity investigations. Early run Russian River salmon have averaged 

4,026.4 eggs per female since 1973. Comparing this average to those dis- 

cussed by Foerster indicates fecundity of early run Russian River stocks 

is quite high. The Bolshaya River and Cultus Lake stocks are the only 

populations discussed whose average fecundity exceeds that of early Rus- 

sian River fish. 
Late run Russian River fish are somewhat smaller than 

early run salmon. Average fecundity for this stock since 1973 has aver- 

aged 3,359.8. Although it Is difficult to rank various populations when 




Table 16. 	 Fecundity of Ea r ly  Run Russian River Sockeye Salmon a s  Determined by Actual Count and 

Volumetric Est imate ,  Lower Russian Lake Weir, 1977. 


Number o f  Eggs 	 Number of Eggs
3" 


(Actual Count) 	 Volumetric Est imate  
PercentSamp1e Weight Length Right Le f t  Right Le f t  


E r ro r 
Number (kg 	 Skein Skein Combined Skein Skein Combined _C(m> 

1 3.302(7.28 l b )  625 2,028 2,673 4,701 2,080 2,663 4,743 -0.893 

2 2.495(5.50 lb)  589 

+o. 9233 2.835(6.25 l b )  598 1,970 2,148 4,118 1,951 2,129 4,080 

4 2.948(6.50 l b )  617 2,317 2,802 5,119 

5 2.894(6.38 l b )  610 

+1.9286 2.789(6.15 l b )  600 1,755 1,980 3,735 1,718 1,945 3,663 

7 2.608(5.75 l b )  585 

8 2.948(6.50 lb )  598 2,161 2,273 4,434 2,174 2,235 4,409 --1-0. 564 

-0.226"Avg. 2.852C6.29 l b )  602.7 2,028,s 2,284.0 4,312.5 2,056.7* 2,229.3* 4,286m0* 
-

* Averages computed u t i l i z i n g  samples 1, 2, 3, 6, 7 and 8 only .  

http:2.852C6.29
http:2.948(6.50
http:2.608(5.75
http:2.789(6.15
http:2.894(6.38
http:2.948(6.50
http:2.835(6.25
http:2.495(5.50
http:3.302(7.28


- - 

Table 17. Fecundity o f  L a t e  Run Rilssian River Sockeye Szilmon as i)~.tc.rrni!!~:tihv A c t u a l  !:n:!nt ,IF.! 

\iol:lmetric Estimate, 

Sample Weight 
Number (kg)-

2.324 (5 .12  l b )  
2.948 (6 .50  l b )  
2.438 (5 .37  l b )  
2.154 (4 .75  l b )  
2.381 ( 5 . 2 5  l b )  
1.814 (4 .00 l b )  
3 .060 (6 .75  l b )  
2 .297 (5 .06 l b )  
2.296 (5 .06  l b )  
2 .523 (5 .56  l b )  
2.720 (6 .00  l b )  
2.155 (4 .75  l b )  
2.494 (5 .50  I b )  
3.450 ( 7 . 6 0  l b )  
2.551 (5 .62 l b )  
2.324 ( 5 . 1 2  l b )  
2.211 ( 4 . 8 7  l b )  
2.041 (4 .50  l b )  
2.182 (4 .81  l b )  
2.400 (5 .29 l b )  

Average 2.438 (5 .37 l b )  

Lower R u s s i a n  Lake it'eir. 1977. 

Number o f  Eggs 
(Actual  Count)  

R igh t  Lef t  
S k e i n  Skein  Combined 

Right 

Skein 
-

* Averages computed u t i l i z i n g  samples 2 , 4 , 6 , 9 , 1 1 , 1 3 , 1 5 , 1 6 , 1 7  and 19 o n l y .  

Number of Eggs 
(Volumetr ic  E s t i m a t e )  

L e f t  Percen t  
Ske in  Combined E r r o r-



Tab le  1 8 .  A Comparison of Fecundity Data Collected a t  Lower Russian Lake 
Weir During Early and Late Run Russian River Sockeye Salmon 
Migra t ions ,  1973-1977. 

Year 
Average 

Fecundity 

EARLY 
Average 

Length (mm) 

RUN 
Average 

Weight (kg) 
Eggs/ 

Kilogram 
Eggs/ 

M i l  1imet e r  

LATE RUN 


1973 3,190 569 .O 2.187 1,459 6 . 0  




dealing with fecundity, a comparison of late run Russian River sockeye 

salmon fecundity with those examined by Foerster C1968) suggests these 

stocks are "intermediate" in relation to other populations. 


Egg Deposition: 


Assuming that average fecundity of early run samples i.s representative 

of early run stocks, the potential number of eggs available for deposition 

in Upper Russian Creek may be calculated. It is recognized that losses 

between weir and spawning grounds, females that perish without spawning, 

and average number of eggs retained per female must be considered. These 

criteria have been presented in detail by Nelson (1976). 


Applying the parameters as outlined by Nelson (1976) potential early run 

egg deposition is calculated as follows: 

Early run escapement 16,070 

Early run female escapement 4,592 

Mortality between weir and spawning grounds 5.1% 

Female salmon to reach spawning grounds 4,358 

Female salmon that perished without spawning (1 .I%) 50 

Remaining female salmon 4,308 

Average fecundity per female 4,313 

Total possible eggs deposited 18;580,404 

Percent eggs deposited per female 98.0% 

Estimated potential egg deposition 18,208,796 

Potential egg deposition in 1977 of approximately 18.2 million is within 

the range of estimates for prior years. Estimated potential deposition 

for 1973, 1974, 1975, and 1976 were 29.6, 17.7, 12.7, and 23.5 million 

eggs, respectively. The estimated potential deposition in 1977 is there- 

fore the third highest recorded. Early run escapement was the highest 

recorded since 1966. Considerable variability in reproductive potential 

exists independent of actual numbers of spawners (Hartman and Conkle, 1960). 


Annual differences in sex ratios can cause substantial differences in eggs 

available for deposition. In 1973 (year of highest potential deposition) 

females dominated the escapement with a male to female sex ratio of 0.9:l. 

In 1977 an unbalanced sex ratio favored males C1:0.4). Thus, the 1977 

record early run escapement produced relatively fewer eggs than smaller 

escapements with a more balanced sex ratio. 


Egg sampling to determine actual egg deposition and survival of early run 
eggs in Upper Russian Creek was conducted October 4-6. Sampling was con- 

ducted in all 11 sections of the creek and was proporti.onate to section 




a rea ,  i . e . ,  the  l a r g e r  t h e  a r e a  t h e  more samples dug. Po in t s  t o  be dug 
were randomly s e l e c t e d .  A t o t a l  of 108 p o i n t s  were scheduled t o  b e  dug. 
However, due t o  t h e  sampling p o i n t  f a l l i n g  on a  rock o r  i n  a  pool ,  only 
78 p o i n t s  were a c t u a l l y  dug. 

l ~ i r t l a l  sampling ind ica t ed  few eggs were p re sen t  and depos i t i on  was sub-
This  i s  one of t h e  lowest d e n s i t i e s  sequently est imated a t  67.7 eggs/^*. Egg s u r v i v a l  was 

recorded and approximates 1976 d e n s i t y  of  61.3 eggs/^*. 

55.0% a t  time of sampling which i s  t h e  lowest  su rv iva l  r a t e  recorded.  

Techniques employed t o  c a l c u l a t e  egg d e n s i t y  have been previous ly  descr ibed  

(Nelson, 1975).  Density and s u r v i v a l  e s t ima te s  from 1972 t o  1977 a r e  pre-  

sented i l l  Table 19. 


Egg dens i ty  es t imates  obtained by hydrau l i c  sampler may a l s o  be used t o  
Mult iplying t h e  es t imate  t o t a l  egg depos i t i on  i n  Upper Russian Creek. 


es t imated spawning a rea  a v a i l a b l e  t o  e a r l y  run  f i s h  by t h e  est imated e g g s / ~ 2  

Thus t h e  est imated y ie lded  a  t o t a l  depos i t i on  of only 935,310 eggs. 


depos i t ion  i n  Upper Russian Creek a s  determined by hydrau l i c  sampler i s  

many times lower than t h e  t h e o r e t i c a l  number of eggs p o t e n t i a l l y  a v a i l a b l e  

(18.2 m i l l i o n ) .  This  d i s p a r i t y  between p o t e n t i a l  and a c t u a l  depos i t i on  

llas been p rev ious ly  noted (Nelson, 1976, 1977). 


I t  does not  n e c e s s a r i l y  fol low t h a t  because major d i s p a r i t i e s  e x i s t  

getween p o t e n t i a l  and acu tua l  depos i t i on  e s t ima te s  t h a t  one o r  t h e  o t h e r  

method i s  i n c o r r e c t  (Nelson, 1976). I n d i r e c t  es t imat ion  y i e l d s  t h e  maxi- 

mum p o t e n t i a l  eggs a v a i l a b l e  f o r  depos i t i on  and does n o t  n e c e s s a r i l y  

r e f l e c t  numbers of eggs i n  t h e  stream. Di rec t  es t imat ion  (providing 

sampling design i s  c o r r e c t )  should i n d i c a t e  t h e  number o f  eggs i n  Upper 

liussian Creek a t  t h e  t ime o f  sampling. 


helson (1977) i nd ica t ed  t h a t  water l e v e l s  were excep t iona l ly  high i n  Upper 

Russian Creek when 1976 sampling was conducted. There was evidence t h a t  

t h e  stream had l e f t  i t s  banks and several. l a r g e  t r e e s  which had been ac ros s  

t h e  stream s i n c e  1972 had been dis lodged.  This  suggested Upper Russian 

Creek was sub jec t  t o  f lood  cond i t i ons  i n  1976 which may have washed l a r g e  

numbers of  e a r l y  run sockeye salmon eggs from the  redds. I t  appears t h a t  

ia s i m i l a r  s i t u a t i o n  may have occurred i n  1977. Observation on August 5 

i nd i ca t ed  t h e  stream was excep t iona l ly  high and had assumed g l a c i a l  co lor -  

a t i on .  Observation conducted while sampling ind ica t ed  t h e  stream s u b s t r a t e  

had s h i f t e d  i n  s eve ra l  a r eas .  High water  i n  both 1976 and 1977 could the re -  
f o r e  account f o r  r e l a t i v e l y  low egg d e n s i t i e s  i n  r e l a t i o n  t o  high escapements. 

Bear creek i s  a small s p r i n g  f ed  t r i b u t a r y  on t h e  (approximately 5,400 M ~ )  

e a s t  s i d e  of Upper Russian Lake. 
 The system has been descr ibed  i n  d e t a i l  

by Nelson (1976). Nelson (1977) i nd ica t ed  t h a t  t h e  1978 escapement t o  t h i s  

system was expected t o  be g r e a t e r  than  average. 
 This  assumption was based 
on t h e  excep t iona l ly  l a r g e  1972 pa ren t  year  escapement t o  t h e  stream 

{Nelson, 1973).  For reasons p r e s e n t l y  unknown t h e  a n t i c i p a t e d  l a r g e  1977 

r e t u r n  d id  no t  occur.  Ground counts  i n d i c a t e  l e s s  t han  750 f i s h  re turned  

t o  Bear Creek. 
 Hydraulic egg sampling was t h e r e f o r e  no t  conducted. 



Table 19. Ear ly  Run Russian River  Sockeye Salmon Egg Dens i t i e s  Determined 
by Hydraul ic  Sampler i n  Upper Russian Creek, 1972-1977. 

No. Po in t s  T o t a l  Eggs Average Eggs DensitrYear Dug Dug Per Point  Surv iva l  (%) (Eggs/M ) 

3,790 

2,967 

8,229 

605 

901 

981 

* 1976 and 1977 d a t a  a r e  comparable. These two yea r s ,  however, may not  
be comparable t o  p r i o r  yea r s  due t o  r ev i sed  methods of e s t ima t ing  egg 
dens i ty .  



Climatological  Observations : 

A i r  and water temperatures recorded a t  Lower ~ u s s i a n  ~ a k e  were grouped by 
&day per iods  t o  f a c i l i t a t e  a n a l y s i s  (Table 20).  No c o r r e l a t i o n  was 
found between a i r  o r  water temperature and sockeye salmon migrat ion.  To ta l  
P r e c i p i t a t i o n  recorded dur ing  t h e  72-day pe r iod  was 93.1 mm (3.7"). This  

apprecj.ably l e s s  than  t h e  235 mm (9.3") recorded during a  s i m i l a r  per iod  
i n  1976. However, r a i n f a l l  recorded i n  t h i s  a r e a  has  .very l i t t l e  a f f e c t  on t h e  

Prec ip i ta t ion  and runoff a t  Upper Russian V~lUmeof water i n  Russian River.  
Lake a r e  of much g r e a t e r  s i g n i f i c a n c e  (Nelson, 1976). 

Stream v e l o c i t y  was g r e a t e s t  dur ing  t h e  e a r l y  po r t ion  of  t h e  f i r s t  run and 
Data i n d i c a t e  1977 Russian River exhib i ted  a gradual dec l ine  t h e r e a f t e r .  

d i scharge  was approximately two o r  t h r e e  t imes g r e a t e r  than  h i s t o r i c a l  d i s -  

charge r a t e s  (Figure 4 ) .  The a f f e c t s  of  t h e s e  d ischarge  r a t e s  on migrat ion 

of e a r l y  and l a t e  run s tocks  have been d iscussed  e a r l i e r  i n  t h i s  r epo r t .  


Average low and high a i r  temperatures  i n  1976 were 7 . 5 ' ~  and 1 8 ' ~ .  Average 
low and high a i r  temperatures  f o r  a s i m i l a r  per iod i n  1977 were 7 . 8 ' ~  and 
19.8"C. Warmer temperatures  i n  1977 were, i n  a l l  p r o b a b i l i t y ,  a con t r ibu t ing  
f a c t o r  t o  t h e  excep t iona l ly  high runoff from t h e  Upper Russian Lake drainage.  
Maximum and minimum water temperatures  f o r  1975 through 1977 a r e  comparable. 

DISCUSSION 


Creel census s t a t i s t i c s  c o l l e c t e d  during t h e  Russian River sockeye salmon 

s p o r t  f i s h e r y  revea led  a ha rves t  o f  47,840 salmon. Ear ly  and l a t e  runs 

cont r ibu ted  20,400 and 27,440 salmon, r e s p e c t i v e l y  t o  t h i s  ha rves t .  Angler 

e f f o r t  d i r e c t e d  toward e a r l y  and l a t e  run popula t ions  was est imated a t  

38,200 and 31,310 man-days, r e spec t ive ly .  To ta l  e f f o r t  (69,510 man-days) 

was t h e  h ighes t  recorded a t  Russian River exceeding 1976 e f f o r t  es t imates  

by 164.2%.  Harvest w a s  a l s o  t h e  h ighes t  recorded exceeding t h e  previous 

high ha rves t  e s t ima te  s e t  i n  1972 by 126.8%. 


Anglers harves ted  55.9'6 of  t h e  e a r l y  and 56.2% o f  th.e l a t e  run which 

reached Russian River.  These a r e  t h e  h ighesr  ha rves t  r a t e s  recorded f o r  

e i t h e r  run. Fac tors  c o n t r i b u t i n g  t o  t h e s e  h igh  hamres t  r a t e s  a r e :  (1) The 

e a r l y  run r e t u r n  was t h e  l a r g e s t  recorded a t  Russian River  and l a r g e  num- 

hers  of t h e s e  f i s h  were a v a i l a b l e  t o  t h e  r e c r e a t i o n a l  ang le r .  
 The l a t e  
run relturn was a l s o  above average. ( 2 )  A v e l o c i t y  b a r r i e r  was i n  e f f e c t  

a t  Russian River F a l l s  dur ing  both runs.  Salmon t h a t  could not  n e g o t i a t e  

t h e  b a r r i e r  were confined t o  q u i e t  waters  downstream where they  were 

r e a d i l y  a c c e s s i b l e  t o  a  record number of  ang le r s .  


Sockeye salmon escapements were enumerated a t  Lower Russian Lake weir .  A 
segment of each run was a l s o  t r anspor t ed  over  Russian River F a l l s  v i a  

h e l i c o p t e r  due t o  t h e  v e l o c i t y  b a r r i e r .  Tota l  e a r l y  run escapement was 

16,070. This i s  t h e  l a r g e s t  e a r l y  run  escapement s i n c e  1966. 
 Tota l  r e - 

tu rn  (escapement p lus  ha rves t )  o f  e a r l y  run f i s h  t o  Russian River was 

t he re fo re  36,470. This  i s  t h e  h ighes t  t o t a l  r e t u r n  recorded f o r  t h i s  seg- 

ment of  t h e  populat ion.  Late run escapement above and below Russian River 

F a l l s  was 21,410 and 17,085 salmon, r e spec t ive ly .  
 Escapement above t h e  



' i a l ~ l e2 0 .  Climatological  and Hydrological Observations by Six-Day Period 
Recorded a t  Lower Russian Lake Weir, June 18 - August 29, 1976. 

Period 
A i r  Temperature* 
Max. "C Min. 'C 

Water Temperature* 
Max. O C  Min. 'C 

Rain fa l l  
(mm) * * 

Discharge* 
(c fs )***  

" A i r  temperature,  water temperature and d ischarge  f o r  t h e  r e spec t ive  
per iods  a r e  t h e  average of t h e  d a i l y  record ings .  

* *  Rain fa l l  f o r  each period i s  t h e  cumulative t o t a l  of t h e  d a i l y  readings  
* * *  Russian River d ischarge  only .  Discharge f o r  Rondezvous Creek i s  not 

included . 



f a l l s  was t h e  lowest recorded s i n c e  1963. Escapement below t h e  f a l l s  was 
t h e  l a r g e s t  known spawning escapement i n  t h i s  a rea .  Tota l  l a t e  run e s -  
capement of  38,495 was the re fo re  10.6% below h i s t o r i c  average escapement 
l e v e l s .  Tota l  l a t e  run  r e t u r n  of 65,935 i s  t h e  t h i r d  h ighes t  r e t u r n  r e -  
corded f o r  t h e  l a t e  run. 

klangement of t h e  Russian River r e c r e a t i o n a l  sockeye salmon f i s h e r y  i n  1977 
was complicated by a  v e l o c i t y  b a r r i e r  a t  Russian River F a l l s ,  a  record high 
e a r l y  run r e t u r n ,  and a smal le r  than  a n t i c i p a t e d  l a t e  run r e t u r n .  The 1971 
e a r l y  run parent  year  escapement of 2,650'was t h e  lowest e a r l y  run  escape- 
ment recorded. The 1977 e a r l y  run f i s h e r y  was i n i t i a l l y  c lo sed  because of 
t h i s  a n t i c i p a t e d  low r e t u r n .  By June 15 it was ev ident  t h a t  p r e d i c t i o n s  
were erroneous and t h a t  e a r l y  run  f i s h  were r e t u r i n g  i n  record  numbers. On 
June 18 t h e  f i s h e r y  was opened below t h e  Homer E l e c t r i c  power l i n e .  The 
a rea  above t h e  power l i n e  remained c losed  t o  p r o t e c t  f i s h  experiencing 
i l i f f i c u l t y  nego t i a t i ng  Russian River F a l l s .  The e n t i r e  " f l y  f i s h i n g  only  
area" was opened on J u l y  15 a f t e r  t h e  minimum e a r l y  run escapement goal had 
been achieved. 

Idate run f i s h  en tered  Russian River on J u l y  17 and became mixed with r e -  
maining e a r l y  run sockeye salmon. D i f f i c u l t i e s  were encountered eva lua t ing  
run s t r e n g t h  a s  l a t e  run f i s h  a l s o  encountered t h e  v e l o c i t y  b a r r i e r .  As 
t h e  run progressed,  it became impossible  t o  d i f f e r e n t i a t e  between l a t e  
run f i s h  spawning below t h e  f a l l s  and those  des t ined  t.o spawn above t h e  
f a l l s  bu t  unable t o  n e g o t i a t e  t h e  obs t ac l e .  The l a t e  run f i s h e r y  was 
closed on August 18 f o r  t h e  remainder of  t h e  season a f t e r  water  l e v e l s  
receded and it becaume evident  t h a t  l a t e  run escapement goa l s  above t h e  
f a l l s  would probably no t  be achieved. 

The v e l o c i t y  b a r r i e r  a t  Russian River F a l l s  delayed e a r l y  migra t iona l  
timing a  minimum of seven day and l a t e  run f i v e  days. Had a  " f i s h  rescue" 
riot been i n i t i a t e d  t h i s  de lay  would have been g r e a t e r .  Data suggest  t h a t  
~ i i s c h a r g e  r a t e s  i n  1977 were a t  l e a s t  twice t h e  h i s t o r i c  average. Both 
runs  sus ta ined  m o r t a l i t i e s  a s  a  r e s u l t  o f  t h e  b a r r i e r .  Although quant i -  
t a t i v e  data a r e  no t  a v a i l a b l e ,  observa t ion  sugges ts  a  maximum e a r l y  run 
m o r t a l i t y  of 3,000 f i s h .  Late run m o r t a l i t y  i s  thought to be somewhat 
l e s s .  The e a r l y  run male t o  female sex  r a t i o  was 1:01.4. Engel (1972) 
i nd ica t ed  females a r e  more s u s c e p t i b l e  t o  t h e  a f f e c t s  o f  t h e  f a l l s  a t  high 
water than males. The unbalanced e a r l y  run sex  r a t i o  s t rong ly  suggests  
t h a t  t he  f i s h  t h a t  per i shed  below t h e  o b s t a c l e  were females. 

It was evident  as e a r l y  a s  June 15 t h a t  e a r l y  run  f i s h  were experiencing 
d i f f i c u l t y  nego t i a t i ng  t h e  f a l l s .  The only  f e a s i b l e  method of  t r a n s p o r t -  
i n g  f i s h  over  t h e  b a r r i e r  was v i a  h e l i c o p t e r .  Ear ly  run f i s h  were t r a n s -  
ported from J u l y  8 t o  10 and again from J u l y  15  t o  18. A t o t a l  o f  8,477 
e a r l y  sockeye were t r anspor t ed  i n  t h i s  manner o r  52.7% o f  t h e  escapement. 
Lste r u n  salmon were t r anspor t ed  i n  t h i s  manner from August 13  t o  18. 
Tota l  l a t e  run salmon t r anspor t ed  was 7,436 o r  an average o f  1,239.3 f i s h  
per  day. SeconJ run f i s h  t r anspor t ed  v i a  h e l i c o p t e r  t o t a l e d  34.7% of t h e  
l a t e  run escapement above t h e  f a l l s .  



i n  add i t i on  t o  the  obvious s a f e t y  hazard t o  personnel when u t i l i z i n g  a 
h e l i c o p t e r ,  use  of t h i s  type  of a i r c r a f t  i s  c o s t l y .  Expense a s soc i a t ed  
with t h e  f i r s t  run " f i s h  rescue" t o t a l e d  an est imated $25,500 o r  about 
$3.00 pe r  f i s h .  Expenses Zuring t h e  second run were somewhat g r e a t e r  a s  
a h e l i c o p t e r  had t o  be f e r r i e d  from S i t k a .  Estimated cos t  was $39,750 o r  
$5.35 pe r  f i s h ,  Tota l  minimum c o s t  f o r  both e a r l y  and l a t e  run " f i s h  
rescues t '  approximated $65,250 o r  an average of $4.10 pe r  sockeye salmon 
t ranspor ted .  

Sca le  a n a l y s i s  from e a r l y  run  f i s h  c o l l e c t e d  a t  Russian River weir  revea led  
60.7% of t h e  run was composed of f ive-year  f i s h  of age c l a s s  1.3.  The age 
sxruc ture  of t h e  1977 e a r l y  run was t h e r e f o r e  a t y p i c a l  a s  h i s t o r i c a l l y  t h e  
e a r l y  run is  dominated by s ix -yea r  f i s h  of  age c l a s s  2.3. Early run salmon 
averaged 605.3 mm i n  length .  The male t o  female sex r a t i o  was 1:0.4.  The 
unbalanced sex r a t i o  suggects  t h a t  a  g r e a t e r  number of  females than males 
pcr ished below Russian Rivcr F a l l s  a s  a  r e s u l t  o f  t h e  v e l o c i t y  b a r r i e r .  

Late run by f i s h  t h a t  migrated t o  t h e  marine s tocks  were d o m i n ~ ~ t e d  en-
vironment a f t e r  t.wo years  i n  f r e s h  water  (85.7%). The ma jo r i t y  of  t h i s  
ruri (92.3%) spent  two year- i n  s a l t  water p r i o r  t o  r e tu rn ing  t o  t h e i r  na t a l  
strerun. Age composition of t h e  l a t e  run i s  comparable t o  t h e  h i s t o r i c  age 
s t r u c t u r e  of t h i s  s tock.  These salmon averaged 570.5 mm o r  34.8 mm l e s s  
than t h e  average e a r l y  run f i s h .  Male t o  female sex r a t i o  was 1:0.9.  

f . a r ly  run r e t u r n  p e r  spawner has ranged from 0.3 t o  3.3, averaging 1 .7 .  
A s  t h e  e a r l y  run is  h i s t o r i c a l l y  composed of  age c l a s s  2.3, t h e  1977 
t o t a l  r e t u r n  would be t h e  progeny of  t h e  1971 escapement o f  2,650. Sc lae  
a n a l y s i s  revea led  only  23.4% of t h e  run was composed of t h i s  age c l a s s .  
Tota l  con t r ibu t ion  o f  t h i s  age c l a s s  was t h e r e f o r e  est imated a t  8,533 
f i s h  f o r  a  r e t u r n  of 3.2 f i s h  p e r  spawning a d u l t .  Age c l a s s  1 .3  cont ibu-  
Ted 60.7% o r  27,239 salmon. Return p e r  spawner f o r  t h i s  age c l a s s  was 
2.9. The except iona l ly  l a r g e  e a r l y  run r e t u r n  t o  Russian River i n  1977 

was t h e r e f o r e  t h e  product o f  an a t y p i c a l  age s t r u c t u r e  and a high r e t u r n  

per  spawner i n  which salmon from t h e  1971 and 1972 escapements re turned  

i n  1977 a s  age c l a s s  1 .3  and 2.3,  r e spec t ive ly .  


Keason(s) f o r  t h e  a t y p i c a l  age composition o f  t h e  e a r l y  run f i s h  which 
res ided  one r a t h e r  than t h e  t r a d i t i o n a l  two years  i n  f r e s h  water  a r e  
unknown. The presence of a high percentage of t h e s e  f i s h  i n  t h e  a d u l t  
r e t u r n  suggest  favorable  r e a r i n g  condi t ions  occurred a t  Upper Russian Lake 
i n  1973. These condi t ions  may have r e s u l t e d  from increased  l a k e  product-  
i v i t y  and/or t h e  absence of competit ion from o t h e r  r e a r i n g  sockeye salmon 
age c l a s s e s .  

Annual fecundi ty  (1973-1977) of e a r l y  run salmon has averaged 4 ,026.4  eggs 
pe r  female. Fecundity of l a t e  run s tocks  during t h e  same per iod  has 
averaged 3,359.8. Although it i s  d i f f i c u l t  t o  rank t h e  fecundi ty  of var ious  
sockeye salmon popula t ions ,  d a t a  suggest  t h a t  t h e  e a r l y  run i s  somehwhat 
"above average" while l a t e  run fecundity i s  "intermediate" when ranked with 
o t h e r  geographic a r eas .  



Numbers of e a r l y  run sockeye salmon eggs a v a i l a b l e  f o r  depos i t i on  i n  Upper 
Russian Creek were es t imated  a t  18.2 m i l l i o n .  The es t imated  p o t e n t i a l  
depos i t ion  i n  1977 i s  t h e r e f o r e  only t h e  t h i r d  h ighes t  recorded d e s p i t e  
t h e  near  record  numbers of f i s h  i n  t h e  escapement. In  1977 an unbalanced 
male t o  female sex r a t i o  (1:0.4) favored males. Thus, t h e  1977 escapement 
produced r e l a t i v e l y  fewer eggs than sma l l e r  escapements with a more b a l -  
anced sex r a t i o .  

Lgg sampling a t  Upper Russian Creek t o  determine d e n s i t y  and s u r v i v a l  was 
conducted fol lowing t h e  ces sa t ion  of e a r l y  run spawning. Egg depos i t i on  
was est imated a t  67.7 e g g s / ~ 2 .  This i s  one of t h e  lowest d e n s i t i e s  re-
corded (desp i t e  t h e  excep t iona l ly  h igh  escapement) s i n c e  sampling was 
i n i t i a t e d  i n  1972. Egg su rv iva l  a t  t ime o f  sampling was 55.0% and t o t a l  
depos i t ion  i s  est imated a t  on ly  935,310. 

The d i s p a r i t y  between p o t e n t i a l  and a c t u a l  depos i t i on  may be r e l a t e d  t o  
adverse environmental f a c t o r s  s i m i l a r  t o  those  observed i n  1976 (Nelson 
1977). Observation during August spawning per iod  revea led  Upper Rus- 
sian Creek was excep t iona l ly  h igh  and had assumed g l a c i a l  co lo ra t ion .  
Observation during t h e  sampling per iod  ind ica t ed  s t ream s u b s t r a t e  had 
s h i f t e d  i n  s eve ra l  a r eas .  I t  t h e r e f o r e  appears  Upper Russian Creek was 
sub jec t  t o  f lood  condi t ions  f o r  t h e  second consecut ive year .  Although 
t h e  impact of  t h i s  phenomenon can n o t  be f u l l y  a s se s sed  u n t i l  t h e  a d u l t  
r e t u r n  i n  1982 and 1983, a v a i l a b l e  d a t a  suggest  t h e  r e t u r n s  from both 
the 1976 and 1977 pa ren t  yea r s  w i l l  be somewhat l e s s  than  would normally 
be expected from escapements approximating 16,000 f i s h .  

C l ima to l ig i ca l  d a t a  were recorded a t  Lower Russian Lake. To ta l  r a i n f a l l  
during t h e  72 day per iod  was 93.1 mm (3.7"). This  i s  apprec iab ly  l e s s  
than t h e  235 rnm (9.3") recorded during a s i m i l a r  per iod  i n  1976. Stream 
discharge  was approximately twice h i s t o r i c a l  d i scharge  r a t e s ,  and both 
runs experienced d i f f i c u l t y  n e g o t i a t i n g  Russian River F a l l s  a t  t h e s e  
v e l o c i t i e s .  Maximum and minimum air  tempertures  were h igher  i n  1977 than  
i n  1976. Warmer temperatures  i n  1977 were probably a con t r ibu t ing  f a c t o r  
t o  t h e  excep t iona l ly  high runoff  from t h e  Upper Russian Lake drainage.  
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