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One b a s i s  f o r  ca l cu la t ing  t h e  seaward e r a t i o n  of young Kiw 

3alnon a t  Benbow Dam dur ing  the  1938-39 season (Oct. 1, 1938-Sept. 30, 1939) 

1 i s  the  r a t i o  of unmarked t o  marked f i s h  counted i n  the  downstream t r a p  a t  

I t h a t  place. On A p r i l  21-22, 1939, 41,112 King Salmon f i s h  of the  season 

i marked by removal of the adipose md  l e f t  v e n t r a l  fins were planted in  
f r 

the South Fork of t h e  31 River a t  Richardson Grove and a t  P i e m y  (opposi te  
I; 

I Indian Creek). Lator ,  1,015 of these were counted through the  aenbow Dam 

f fishways ( s e e  Table 1). ,330 t o t a l  migration of unmarked EJng Salinon ( in -  

? cludi ly  f i s h  l o a t  i n  the  counting process) consisted of 63,Q21 f i s h .  On 

t 
the b a s i s  of t h e  r a t i o  1,015:41,112::63,021:~, we secure  the  f i g r e  of 

2,552,630 3s the  nunber of do;mstream migrant naturally-propagated i3.w 
i 
t passing Benbow Dam during the  spring and summer of 1939. 

However, t h e r e  a r e  some f a i r l y  obvious co r rec t ions  t o  be made i n  t h i s  

f i g r e .  For me th ing ,  the  63,Dalunmarked f h h  were counted through 

over a longer period than the 1,315 marked f i s h .  Before t h e  first msrked 

t Submit tad  Jan. 24, 1940. 



TABLE I. - Seaward Migration or Young King Salmon at Benbon Dam (Piah Counted Through South Ladder), Season or :L938-39. 



T a u  I. - Seaward N i p t i o n  of Young Kin@; Salmon a t  Benbow Dam 
(Fish  Counted Throu& South Ladder),  Season of 1938-39. (Cont'd.) 

935 80 z 1,015 marked 

52,504 + 10,517 rr 63,021 unmarked 
1.015 marked 

64,036 t o t a l  

Marked f i s h  ( 935)  f o r n  1.8 per  cent of  m r k e d  f i s h  (52,504). 

Note: ~ i s h  not  counted before Apr i l  1. No downstream migrat ion in  

September. * Trap i n s t a l l e d  a t  noon. ** Several  buckets counted, r e s t  

of f i s h  e s t i m t e d .  80 marked f i s h  recorded. 

f i s h  was counted through the  dam, 310 unmarked King Salmon had been 

counted through (April l-23). A t  t h i s  time a number of m i g a n t s  was 

passing over the  d m  i tself ,  s o  t h a t  t h e  810 f i s h  counted r ep resen t  an 

unknown proportion of t h e  t o t a l  number of f i s h  t h a t  migrated pas t  Benbow 

Dam up t o  and inc luding Apr i l  23. There I s  no method of ca lcu la t ing  t h i s  

t o t a l  number, but  i n  any case the  810 f i s h  t h a t  were counted should be 

subtracted from the  t o t a l  of 63,021 counted f i s h  f o r  t h e  purpose of our  

present  ca l cu l s t ions .  

Also, on June 13 t h e  number of f i s h  i n  the downstream t r a p  was so 

g rea t  t h a t  s eve ra l  buckets were courted and the rest estimated. The 

t o t a l  e s t ina ted  nunbar f o r  the day, 10,517, a l s o  should be subt rac ted  

f ron  t h e  t o t a l  of 63,021 counted f i s h .  Likewise, the  80 marked f i s h  

remrded t h a t  day should be subtracted from the t o t a l  of marked f i s h  

recorded, s ince  they do not  represent  t h e  t o t a l  of mrked  f i s h  f o r  

the  day. 



On t h e  b a s i s  of the  rev ised  r a t i o  of 935:41,112::51,694:~, we secure  

the f igu re  of 2,272,988 as  the  number of unmarked King 3almon t h a t  migrated 

domstream p a s t  3enbom i k m  during t h e  t ime  t h a t  the marked f i s h  migrated 

downstream pas t  the  dam. 

There might a l s o  be s o m  j u s t i f i c a t i o n  f o r  throwing out of t h e  

ca l cu la t ions  t h e  unrca~%ed Xing Salmon t h a t  migrated pas t  the dam dur ing  

the  period Ju ly  12-3ept. 12, i . ,  a f t e r  t h e  lsst marked f i s h  was taken, 

on the assumption t h a t  they were f i s h  coming from points  above the p l aces  

of s tocking w l t h  marked f i s h  and the re fo re  represent  s d i f f e r e n t  s tock  o r  

group of f i s h .  However, the  r a t i o  then secured, 935:41,112::50,868:~, 

would give us  a  t o t a l  of 2,236,669 unmarhd f i s h ,  a  number not  e s s e n t i a l l y  

a t  variance w i t h  the previously ca l cu la t ed  t o t a l .  

O f  course,  it must be recognized t h a t  i n  a l l  of the  c a l c u l a t i o n s  we 

have assumed that a l l  of the 41,112 marked f i s h  planted above Benbow Dam 

s u n i v e d  and migrated past the dam. It would probably be more c o r r e c t  t o  

assume t h a t  90 per  cent ,  o r  37,001 f i s h ,  survived. Leaving i n  our  c a l -  

cu la t ion  the unmarked f i s h  t h a t  migrated pas t  the  dam J u l y  12-September 12, 

we secure a  r a t i o  of 935:37,001::51,694:~ and 2,045,700 as the  number of  

umarked K i n g  Salmon t h a t  m i g a t e d  downstream pas t  the  Benbow 3am during 

the  t i ~ e  t h a t  t h e  mrked f i s h  m i g a t e d  downstream past  the  dam. 

The a-uestion then a r i s e s ,  how many unmarked f i s h  migrated pas t  Benbom 

Dam before t h e  count of m r k e d  f i s h  was s t a r t e d ,  i.e., before A p r i l  24? 

-4s mS s t a t e d  previously,  there is  no nay of ca l cu la t ing  what proport ion 

Of t h i s  number the  813 f i s h  recorded A p r i l  1-23 represent ,  so t h a t  our  

eStiEBte can be l i t t l e  more than  a  guess. I bel ieve t h z t  we would be q u i t e  



sa fe  in saying tha t  the number did not exceed a mil l ion f i s h ,  and f a i r l y  

sa fe  i n  saying tha t  it d id  not exceed severa l  hundred thousand f i s h .  

-4s a r e s u l t  of our ca lcula t ions  a d  e s t i r a t e s  we night say  t h a t  

between 2,000,000 2nd 3,000,000 naturally-propagated K i n g  Salmon f i s h  

of the season migrated downstream past  Benbow Dam during the 1938-39 

season, assuming t h a t  a t  l e a s t  90 per cent of the narked f i s h  planted 

sbove the  d m  April  21-22 migmted past  the  dam. This l a t t e r  assumption 

is not  a c e r t a i n  one, but ,  nevertheless,  a reasonable one. 

The downstream migrations of recorded marked and unmarked f i s h  a r e  

shown in  the graphs, Bigs. 1 and 2. 

It i s  regre t t ab le  tha t  the downstream t r a p  was out of operat ion 

May 18-noon :Jay 26, a period during which many marked i l s h  were migrating 

past :he dam. The absence of f igures  ?or t h i s  period reduces the s i z e  

and therefore  the accuracy of our sampling, but should not e f fec t  t h e  

proportions on which we have based our ca lcula t ions ,  unless  the proportion 

of narked t o  unmarked f i s h  migra t iw  past the dam during t h i s  period 

varied r a d i c a l l y  from t h a t  during the time t h a t  the  counts were mde .  

There appears t o  be no reason t o  assume t h a t  t h i s  was the case. 

A s  a check on our cs lcula t ions ,  we may a l s o  ca lcula te  the number 

of seaward migrants by the process of e s t i n a t i n g  the number of f i s h  t h a t  

resul ted  from the na tu r s l  spanning of the  adult  females tha t  passed over 

the dam on t h e i r  upstream migration. 

The t o t a l  number of edul t  King Salmon t h a t  was counted through the 

Benoow Dam l i s h ~ a y s  during the 1938-39 season was 6,001. Of these,  

2,571 were females, 1,319 large  males (over 27 inchesj ,  and 2,111 g r i l s e  

[males t o  17 inches) .  I consider t h a t  the number of males was su f f i c ien t  

t o  f e r t i l i z e  a l l  eggs spewned by females. 



1% is d i f f i c u l t  t o  estimate how many of tha females t h e t  passed 

over the  dam succeeded in  spawning, and how many were l o s t  t h r o w h  various 

cPu,es (fishermen, predators ,  old age, i n j u r i e s ,  and disease) .  use, it 

is not b o v m  how nany eggs, on the average, a r e  produced by the  Eel  River 

ying Sahon.  

NcGregor (1923) found t h a t  Sacramento King Saalmo contained an 

average of 7,422 eggs per f e m l e  (study based on 50 female Kine; S a h n  

taken i n  the 3 i s u n  ?or t ion  of the Sacranento system). In an e a r l i e r  

paper, LfcGregor (1922) found t h a t  Klamath Rivar KiEg S h n  contained an 

average of 3,891 e g s  per  female (study based on 98 f i s h ) .  h i n g  the f a l l  

of 1938, 2,171 female K i r g  Salmon spawned a t  the  I(lamathon Egg Collect ing 

Sta t ion  of the California Division of Fish  and C a m ,  located on the  glamath 

Riser near Zornbrook, yielded a t o t a l  of 7,629,700 eggs, or an  average of 3,514 

per f i s h ,  a f i g u r e  not  d i f f e r i n g  grea t ly  f r m  ?.lcGragor's. The number of eggs 

contained by 3el Fliver King Salmon i s  probably c lose r  t o  t h a t  contained by 

Sacremento River f i s h  than t o  that contained by Rlamath River f i s h .  It is 

l i k e l y  tha t  the averass f o r  3 e l  River King Salmon is between 4,000 and 7,000. 

Assunin:: t h a t  5,000 eggs a r e  produced, the female K i n g  Salmon t h a t  passed 

over the dam contained so- 12,855,000 eggs (2,571 x 5,000). 

IJY e s t i m t e  is  that over 50 per cent ,  and perhaps as high as 90 

per cent ,  of the  fenales  succeeded i n  smming .  k i d %  again t h a t  t h e  f i s h  

SPmm3d quite  cleanly,  which I believe is t rue ,  and t h a t  90 per  cent of the  

f e m l e s  succeeded i n  spawning, some 11,569,500 eggs were deposited. 

Again we must make a calcula t ion ,  and t h a t  is regardin@; the percentage 

Of t ha t  developed i n t o  f i s h  which emerged from the gravel. The season of 

1938-3~ Was a r a t h e r  favorable one f o r  the spawning of King Salmon i n  the Eel  



River system, so we m y  assume t h a t  t h i s  percentage i s  around 70. On t h i s  

basis, some 8,088,650 f i s h  emerged from the  G v e l .  

Since King Salmon a s  a r u l e  migrate downstream soon a f t e r  eraerglug 

frm the  gravel ,  we may assume t h a t  but a small p e r c a t a g e  was l o s t  between 

time of eErgence  and t im of passing through t h e  aenbw Dam fishwayz on the  

Seamrd inigmtion. If 90 pe r  cent  survived t h i s  i n t e r n a l ,  then some 7,288,785 

y o q  King Salmon passed the  Benbow Dam on t h e i r  seawerd migration during the  1938- 

33 season. 

This f i g u r e  is considerably h i a e r  than our  est imate of 2,000,000 t o  

3,000,000, which was based on the  r a t i o  of marked t o  unmarked f i sh .  It is 

therefore l i k e l y  t h a t  o m  o r  more of the following est imates a re  t o o  hi@: the  

number of eggs contained by Eel  River Mug Salmon; t h e  percentage of feInale8 

that  succeeded i n  spawning; t h e  percentage of f i s h  t h a t  emerged from the  gravel;  

the percentage of emerging f i s h  tha t  survived t o  migrate pas t  the  Banbow 3am. 

Purther inves t iga t ions  may be expected t o  c l a r i f y  the La t t e r  th ree  points  only 

pe r t i a l ly ,  but it is hoped t h a t  they w i l l  supply us with f a i r l y  accura te  

f i m r e s  regarding tb number of eggs contained. 

Assuming t h a t  our ca lcu la t ion  tha t  approxirmtely 11,569,500 eggs were 

dews i t ed  is cor rec t ,  m d  a l s o  t h a t  our ca lcula t ion  (based on the  r a t i o  of 

=4ed t o  unmarked f i s h )  t h a t  between 2,000,000 and 3,000,000 natura l ly-  

Propagated King Salmon f i s h  of t h e  season migrated domstream past  Benbow Dam 

is correc t ,  w e  s e e  t h a t  the  migrating fish fomed 17 t o  26 per cent  of t h e  eggs 

degosited. 

The s t a t i s t i c s  ava i l ab le  a r e  not complete and accura te  enough t o  

' ~ m l a t e  a t rue  evaluat ion of g-oduction of f i s h  f r o m  n a t u r a l  and f r o m  

spawning. Iiowever, the  availeble ii&Ures r e l a t i n g  t o  the  production 



of the prev;ously discussed marked f i s h  ail1 be presented f o r  what they 

are  w r t h .  

According t o  the  records of the P a l l  Creek Ektchery and the Ft .  

jen& zatcherg, the 500,000 eyed King 3almon egg3 shipped t o  the T t .  Seward 

.-rs~chery - froa the ? a l l  Creek Hatckery represented 541,454 ems taken from the f i s h  

a t  the Etamathon =gF, Collecting StatLon. Of the 500.000 shipped, 483,851 (in- 

cluding the marked f i sh )  a r e  recorded as surviving t o  tirre of planting. The 

l a t t e r  number represents 89 par cent  of the  number of eggs taken from t h e  f i sh ,  

a remariably high f igure ,  considering tha t  the f i sh  when glznted averaged ayprox- 

imzztely 23 per ounce. O f  course, t h i s  parcentage : a t  be reduced to a s l i g h t  

but unknwn extent ,  f o r  the  mason tha t  in removal of the eggs from the f i s h  

some eggs are l e f t  in the  f ish .  hlso,  some of the ' f i s l t  have l o s t  o r  spawned a 

Pew of t h e i r  eggs before str ipping.  

dcknonlsdgamnt is m d e  of ass is tance  rendered by the personnel of 

X.P.A. Project  KO. 10553 in preparing the  graphs and in t abu la t i rg  some of 

the data f o r  t h i s  report. 
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