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INTRODUCTION 

For a number of y e a r s  s t a t e  and f e d e r a l  f i s h e r i e s  agenc i e s  have been 

concerned about  t h e  d i s c r e p a n c i e s  between coun t s  of salmon and s t ee lhead  

a t  succes s ive  dams on t h e  Columbia and Snake Rivers .  Based on these  
* 

coun t s  and known d i s p o s i t i o n  of f i s h  between dams, i t  appears  t h a t  

s u b s t a n t i a l  l o s s e s  of f i s h  may be occu r r ing  between c e r t a i n  dams. I n  

response  t o  concerns over  t h e s e  apparen t  l o s s e s ,  a s p e c i a l  program was 
w 

i n i t i a t e d  i n  1967 and cont inued i n  1968 t o  s tudy  t h e  problem a s  i t  

r e l a t e d  t o  s p e c i f i c  s p e c i e s  and r a c e s  of f i s h  i n  t h e  a r e a s  between 

s p e c i f i c  dams. . 
I n  1967-68, t h e  f i s h  of immediate concern were s p r i n g  and summer run  

chinook salmon (Oncorhynchus tshawytscha) and s t e e l h e a d  (Salmo g a i r d n e r i ) .  

Two a r e a s  were of major concern: 1 )  t h e  Columbia River  between Bonnevi l le  

and The D a l l e s  Dams f o r  s p r i n g  chinook salmon and 2) t h e  Columbia River  

between McNary and P r i e s t  Rapids Dams and t h e  Snake River  from i ts  confluence 

w i th  t h e  Columbia River  t o  I c e  Harbor Dam f o r  summer chinook salmon and 

s t ee lhead  (F igure  1 ) .  Table  1 shows t h e  count d i s c r e p a n c i e s  from 1962 t o  

1966 f o r  bo th  a r e a s  i n  ques t i on .  I f  t h e s e  count  d i s c r e p a n c i e s  r e p r e s e n t  

a c t u a l  l o s s e s ,  then  they  were s u b s t a n t i a l  enough t o  be  d e t r i m e n t a l  t o  chinook 

salmon and s t e e l h e a d  r u n s  mig ra t i ng  up t h e  Columbia River  and i t s  t r i b u t a r i e s .  

No s i n g l e  f a c t o r  is l i k e l y  t o  be  r e s p o n s i b l e  f o r  t h e  count d i s c r epanc i e s  

b u t  r a t h e r  a combinat ion of s e v e r a l  f a c t o r s  c o n t r i b u t e s  t o  t h e  problem. 
,- 

Known causes  of count  d i s c r e p a n c i e s  inc lude :  t r i b u t a r y  t u r n o f f ,  g i l l  n e t  

c a t c h e s ,  ha t che ry  r e t u r n s ,  f a l l b a c k ,  overcounts ,  e t c .  However, t h e r e  a r e  

count  d i s c r e p a n c i e s  occu r r ing  t h a t  exceed t h e  e s t i m a t e s  from known causes .  
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Table 1. (Cont'd) 

-. 

Upper Area -- McNary t o  P r i e s t  Rapids - I c e  Harbor Dams 

Estimated 
McNar y t r i b u t a r y  I c e  Harbor P r i e s t  Rapids Unaccountable 

Species  Year Dam Count t u r n  o f f  3&4 Dam c o ~ i n t  Dam count l o s s  ( o r  g a i n )  

Sumner chinook' 1962 53,000 3,000 31,000 21,000 (+2,000) (+4) 
63 45,000 3,000 21,000 19,000 (+2,000) (+5 
64 55,000 3,000 25,000 25,000 -2,000 4 
'65 45,000 3,000 15,000 27,000 0 0 
6 6 61,000 3,000 17,000 33,OO -8,000 14 

Steelhead 1962 163,000 1,000 116,000 9,000 -37,000 23 
6 3 114,000 1,000 75,000 9,000 -29,000 26 
64 101,000 1,000 59,000 6,000 -36,000 36 
65 119,000 1,000 63,000 9,000 -46,000 39 
66 145,000 1,000 66,000 13,000 -65,000 4 5 

1/ Fish Commission of Oregon, and Washington Dept. of F i s h e r i e s ,  Columbia River F i s h  runs  and Commercial F i s h e r i e s  - 
1938-70, 1973 Addendum, Vol. 1, No. 4 January 1974. 

2/ Junge, Charles 0. and Carnegie,  Burton E. Dam Operat ions  and Adult  f i s h  passage (salmon) 1975. Ore. Depart. of Fieh - 
and Wi ld l i f e .  Corps c o n t r a c t  No. DACW 68-75-C-0129. 

3 /  Ful ton,  Leonard A. ,  Spawning Areas and Abundance of Chinook salmon i n  t h e  Columbia River  Basin - P a s t  and Present .  - 
Dept. of I n t e r i o r ,  F i sh  & W i l d l i f e  Se rv ice ,  Spec ia l  S c i e n t i f i c  Report  No. 571. 1968. 

4/ (Steelhead) B e l l ,  Milo C. e t  a l r  Follow-up development program Columbia River  t r i b u t a r i e s  downstream from Grand - 
Coulee Dam, Excluding t h e  Snake and Wi l l i amet te  Rivers .  Unive r s i ty  of Wash. c o n t r a c t  Report NO.' 03-5-208-330, 
Apr i l  1977. 



These unknowns may be due t o  unreported g i l l  n e t  ca t ch ,  g i l l  n e t  dropout ,  

i n c o r r e c t  e s t ima tes  of t r i b u t a r y  t u r n o f f ,  unmeasured spawning popula t ions  

between dams, s t a t i s t i c a l  d i sc repanc ie s ,  s e l e c t i v e  f i s h i n g  of c e r t a i n  s tocks ,  

passage of f i s h  through t h e  naviga t ion  locks ,  and l o s s e s  due t o  s t r e s s  

a s soc ia t ed  wi th  passage over dams and n i t r o g e n  supe r sa tu ra t ion ,  e t c .  

I n  1967, t h e  Bureau of Commercial F i s h e r i e s  (now t h e  National  Marine 

F i s h e r i e s  Service)  undertook a program u t i l i z i n g  sonic  t a g s  and sonic  t r ack ing  

procedures t o  s tudy t h e  unaccountable l o s s  between dams. A l o t  of a l t e r n a t e  

techniques were considered,  but  i t  was f e l t  t h a t  sonic  t a g s  and t r ack ing  

could show behavior p a t t e r n s  i n  t h e  r i v e r  between dams b e t t e r  than any 

o the r  known method. The study was funded f o r  2 years--1967 and 1968. 

I n  1967, t he  p lan  was t o  s tudy s p r i n g  and summer chinook salmon i n  both 

problem a r e a s  and s t ee lhead  t r o u t  only  i n  t h e  a r e a  above McNary Dam. The 

s tudy had t h e  fol lowing ob jec t ives :  1 )  t o  l o c a t e  s p e c i f i c  problem a r e a s  

where l o s s e s  could occur,  2) d e f i n e  t h e  cause of l o s s e s ,  3) i n v e s t i g a t e  

t r i b u t a r y  t u r n o f f ,  and 4)  determine t h e  amount of f i s h  passage through t h e  

naviga t ion  locks .  

The o b j e c t i v e s  i n  1968 were e s s e n t i a l l y  t h e  same a s  i n  1967, but f o r  

s e v e r a l  reasons  t h e  study was l imi t ed  t o  t h e  upper problem a r e a  between 

McNary Dam and I c e  Harbor-Priest Rapids Dams. The primary reason f o r  

r e s t r i c t i n g  t h e  1968 work t o  t h e  upper a r e a  was t h a t  l o s s e s  of sp r ing  

chinook salmon i n  t h e  lower a r e a  i n  1966 and 1967 were only 5 and 0% 

respec t ive ly ,  while  l o s s e s  of 31 and 22% occurred i n  t h e  upper a r e a .  

Furthermore, i t  appeared t h e r e  were two types  of l o s s e s ,  those  a s soc ia t ed  

wi th  high r i v e r  flows ( a f f e c t i n g  sp r ing  and summer chinook salmon) and 



those  a s soc ia t ed  wi th  low flows and high water temperatures  ( a f f e c t i n g  summer 

chinook salmon and s t ee lhead) .  Since t h e  high flow l o s s e s  occurred i n  both 

problem a r e a s  anb . f ind ings  i n  ong a r e a  could conceivably be a p p l i c a b l e  t o  

both a r e a s  and s i n c e  t h e  low flow-high temperature problems were more c l o s e l y  
. 

r e l a t e d  t o  t h e  upper a r e a ,  it seemed more l o g i c a l  t o  do t h e  second y e a r ' s  

work where we had t h e  b e s t  chance of providing t h e  most u s e f u l  information.  

The o the r  major f a c t o r  t h a t  inf luenced our dec i s ion  t p  r e s t r i c t  t h e  s tudy t o  - 
t h e  upper a r e a  was t h a t  an  i n t e n s e  g i l l  n e t  f i s h e r y  was aga in  l i k e l y  i n  t h e  

lower a rea .  I n  1967, we learned  t h a t  t h e  presence of sych a f i s h e r y  seve re ly  

in t e fe red  wi th  our ob ta in ing  adequate d a t a  from son ic  tagged f i s h .  

EXPERIMENTAL SITE AND EQUIPMENT 

The broad experimental  a r e a  encompassed approximately 260 mi les  of t h e  

Columbia River from Bonnevil le  Dam t o  P r i e s t  Rapids Dam and 10 mi les  of t h e  

Snake River from i t s  confluence wi th  t h e  Columbia River t o  I c e  Harbor Dam 

(Figure 1 ) .  I n  1967, t h e  sp r ing  chinook salmon phase of t he  s tudy covered 

. t he  e n t i r e  s e c t i o n  wi th  t h e  47-mile s t r e t c h  between Bonnevil le  and The 

Dal les  Dams being t h e  major point  of i n t e r e s t  i n  r e l a t i o n  t o  unaccountable 
4 

l o s ses .  

The 1967 summer r u n  chinook salmon and s t ee lhead  s t u d i e s  and a l l  t h e  

1968 s t u d i e s  were conducted e n t i r e l y  above McNary Dam wi th  t h e  tagging being 

done a t  McNary Dam* 

FISH TRAPS AND TAGGING BARGE 

Fish  f o r  t h e  experiment were t rapped a t  t h e  e x i t s  t o  t h e  fishways a t  

Bonneville and McNary Dams. The t r a p s  t o  ca t ch  f i s h  f o r  tagging were 



Figure 1.--Sketch of study area and monitor sites--the Columbia River from Bonneville Dam to Priest Rapids 
Dam and the Snake River from the mouth to Ice Harbor Dam (John Day Dam forebay was filled in the spring of 1968). 
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cons t ruc ted  of l a r g e  pontoons from which a frame conta in ing  a s p i l l e r  type 

n e t  was suspended (Smith, 1966). The n e t  was made of 2 114-inch s t r e t c h e d  

measure nylon webbing and had a gated t h r o a t  a t  t h e  f r o n t  end. Pu l l eys  and 

ropes enabled t h e  t r a p  t o  be pul led  up f o r  b r a i l i n g .  When f i s h  were t o  be 

trapped, t h e  u n i t  was f l o a t e d  over t o  t h e  fishway e x i t  and f i s h  were allowed 

t o  s w i m  i n t o  t h e  ne t .  P e r i o d i c a l l y  t h e  g a t e  a t  t h e  f r o n t  of t h e  t r a p  was 

closed and t h e  u n i t  conta in ing  t h e  t rapped f i s h  was f l o a t e d  c l e a r  of t he  

fishway e x i t ,  t h e  t r a p  was r a i s e d ,  and t h e  f i s h  d ipne t t ed  out  and placed 

i n  an a n e s t h e t i c  ba th  (MS 222) aboard f l o a t i n g  tagging  barges.  Recovery 

pens, open on one end, were suspended from t h e  s i d e s  of t h e  tagging barge 

so  tagged f i s h  could s a f e l y  recover  from t h e  a n e s t h e t i c  and l eave  a t  t h e i r  

own v o l i t i o n .  

ACOUSTIC TAGS 

The sonic  t a g s  were high frequency, b a t t e r y  operated,  sound t r a n s m i t t e r s  

wi th  a l i f e  expectancy of approximately 12 weeks. The t a g s  came i n  f i v e  

ope ra t iona l  codes and were purchased from a commercial source.  . 
The t a g s  used i n  1967 on chinook salmon were in t e rna l - ex te rna l  t a g s  

t h a t  operated on a frequency of 132KHz (Figure  2) .  The b a t t e r y  and o the r  

, .. e l e c t r o n i c  components were packaged i n  a c y l i n d r i c a l  p l a s t i c  capsule ,  

0.625 inch i n  diameter  x 4.28 inches long,  which was placed i n  t h e  f i s h ' s  

stomach. The c r y s t a l  was contained i n  a hemispherical  p l a s t i c  but ton  

anchored t o  t h e  f i s h ' s  nose by two s t i f f  w i re s  which passed through t h e  

nose of t h e  f i s h  and were crimped a g a i n s t  t h e  roof of t h e  f i s h ' s  mouth. 

Small w i r e  l e a d s  passed through t h e  f i s h ' s  esophagus t o  connect t h e  c r y s t a l  

t o  t h e  e l e c t r o n i c s  i n  t h e  f i s h ' s  stomach. 



1967 CHINOOK SALMON 

1967 STEELHEAD TROUT 

1968 CHINOOK SALMON AND STEELHEAD TROUT 

Figu re  2.--Sketch showing a c o u s t i c  t a g  and f l a g  t a g  a t t achment  l o c a t i o n s  
on a d u l t  chinook salmon and s t e e l h e a d  t r o u t  i n  1967 and 1968. 

8 



The tags  used on steelhead i n  1967 were composed of two capsules 

ex te rna l ly  mounted on t he  f i s h ' s  back (Figure 2). Each capsule w a s  0.56 

inch i n  diameter x 2.85 inches long. One capsule contained t h e  e l e c t ron i c  

components and the  o ther  held t he  bat tery .  The wire connection between t he  

capsules was protected with p l a s t i c  tubing. For balance, one capsule was 

-. placed on each s i d e  of t he  f i s h ' s  do r sa l  f i n ,  and they were secured t o  t he  

f i s h  by two pins  which passed through the  f l e s h  beneath the  dorsa l  f in .  

These t ags  a l s o  operated a t  a frequency of 132 KHz. 

The acoust ic  t ags  used f o r  both species  i n  1968 were e n t i r e l y  packaged 

i n  a cy l i nd r i ca l  p l a s t i c  capsule, 0.75 inch i n  diameter by 2.92 inches long, 

placed i n  the  f i s h ' s  stomach. These t ags  operated a t  a frequency of 70 KHz. 

FLAG TAGS 

Colored coded f l a g  t ags  were used t o  v i sua l l y  i den t i f y  the  var ious  groups 

released,  t o  i den t i f y  species ,  and t o  i nd i ca t e  whether a f i s h  was carrying a 

sonic t ag  o r  was simply a control .  The t ag  was an e l l i p t i c a l  p l a s t i c  f l a g  

cemented t o  v iny l  tubing. The tubing was passed through t h e  f i s h ' s  back and 

held i n  place by looping t he  tubing t o  i t s e l f  and securing it with a crimped 

metal sleeve. Chinook salmon ca r r i ed  t he  f l a g  tag  at tached near t he  dorsa l  

f i n  while steelhead ca r r i ed  t he  tag  at tached near the  adipose f i n .  

MONITORS 

-. 
Two types of monitors were used: 1 )  automatic recording monitors and 

2) nonrecording monitors. Automatic recording monitors were developed t o  

reduce personnel requirements i n  determining tagged f i s h  movement on a 

24-hour ba s i s  pas t  remote a r ea s  between dams. In  1967, da t a  were recorded 

on pressure s ens i t i ve  tape;  t he  1968 da ta  were recorded on a magnetic tape 

system. Each recording monitor w a s  ac t iva ted  by the  sonic  s i gna l  of an 

approaching tag. Data recorded were tag  code, time of passagesand 

d i r ec t i ona l  movement. 

9 



Nonrecording moni tors  were used f o r  d e t e c t i n g  tagged f i s h  i n  t h e  nav iga t ion  

locks  and a t  t h e  f i s h  count ing  s t a t i o n s  i n  t h e  f i s h  l adde r s .  Lock o p e r a t o r s  

a c t i v a t e d  moni tors  a t  each lockage and manually recorded t h e  a c t i v i t y  t hey  

may have observed. Counting s t a t i o n  monitors  were i n  ope ra t i on  a t  a l l  t i m e s  

f i s h  coun te r s  w e r e  on du ty .  These u n i t s  a l e r t e d  t h e  coun te r s  t o  an  approaching 

son ic  tagged f i s h .  

TRACKING EQUIPMENT 

Tracking was done from d r i f t i n g  b o a t s  w i t h  t h e  crew us ing  hand he ld  

d i r e c t i o n a l  hydrophones, t uneab le  r e c e i v e r s ,  and headphones. Incoming 

s i g n a l s  from son ic  tagged f i s h  were picked up by t h e  hydrophone and fed  

i n t o  t h e  r e c e i v e r  where t h e  s i g n a l  was ampl i f ied  and converted t o  a n  a u d i b l e  

tone  t h a t  t h e  ope ra to r  monitored v i a  t h e  headse t .  

GENERAL EXPERIMENTAL PLAN 

The s tudy  was d iv ided  i n t o  two p a r t s :  1 )  t h e  e v a l u a t i o n  of sp r ing  

chinook salmon l o s s e s  between Bonnevi l le  and McNary Dams ( 1  A p r i l  t o  

1 5  June) w i th  s p e c i a l  emphasis i n  t h e  a r e a  between Bonnevi l le  and The Da l l e s  

Dams and 2) t h e  eva lua t ion  of summer chinook salmon and s t ee lhead  l o s s e s  

above McNary Dam t o  P r i e s t  Rapids Dam on t h e  Columbia River  and I c e  Harbor 

Dam on t h e  Snake River  (20 June t o  1 5  October) .  P l ans  were t o  t a g  approxi-  

mate ly  2% of t h e  s p r i n g  chinook salmon run  a t  Bonnevi l le  Dam, then s h i f t  t h e  

tagging  ope ra t i on  t o  McNary Dam i n  June t o  t a g  2% of t h e  summer chinook salmon 

and s t e e l h e a d  runs .  The p lan  was t o  be c a r r i e d  ou t  i n  1967 and repea ted  i n  

1968. However, i n  1968, due t o  reasons  mentioned p rev ious ly ,  i nc lud ing  t h e  



extens ive  g i l l n e t  f i s h e r y  between Eonnevllle and The Dalles Dams, t h e  

decis ion was made t o  expend our e f f o r t  and funds on an  extensive study i n  

the  upper r i v e r  only where we f e l t  w e  had t h e  b e s t  opportunity t o  ob ta in  

t h e  des i red  data .  

During t h e  spr ing of 1967, chinook salmon tagged a t  Bonneville Dam were 

divided i n t o  t h r e e  d i f f e r e n t  sonic  t ag  code groups (codes: 1, 2, and 4).  

A t  McNary Dam sonic  codes 3 and 5 w e r e  assigned t o  summer chinook salmon 

while sonic  codes 1 and 2 w e r e  given t o  steelhead.  I n  1968 t h i s  same coding 

system was used again; however, t h e  spr ing chinook salmon w e r e  tagged a t  

McNary Dam. Each group of f i s h  consisted of test f i s h  (sonic tagged) and 

con t ro l  f i s h  ( f l a g  t ag  only). For v i s u a l  i d e n t i f i c a t i o n  sonic  tagged 

f i s h  a l s o  ca r r i ed  a f l a g  tag. 

Data on f i s h  l o s s  w e r e  t o  be determined pr imar i ly  by t h e  d i f fe rence  

i n  numbers of tagged f i s h  recorded pas t  monitor s t a t i o n s .  Additional d a t a  

w e r e  t o  come from f l a g  t ag  s igh t ings  a t  t h e  dams, boat  d r i f t  observations, 

and navigation lock monitoring. 

EXPERIMENTAL PROCEDURES 

TRAPPING AND TAGGING 

Fish f o r  tagging were captured i n  t h e  barge t r a p s  a t  t h e  e x i t s  t o  t h e  

fishways. When not  f i s h i n g  and during tagging opera t ions ,  t h e  t r a p s  w e r e  

moved away from t h e  e x i t s  so  fishway passage would not  be disturbed.  The 

t r a p s  w e r e  usua l ly  f i shed i n  t h e  e a r l y  morning. Two sets w e r e  not  uncommon, 

and on occasion t h r e e  sets w e r e  necessary. Fish  were ind iv idua l ly  dipnetted 

from t h e  t r a p ,  placed i n  an anes the t i c  s o l u t i o n  (MS 222), checked f o r  

n i t rogen d i sease  symptoms, and tagged. The tagged f i s h  were then placed 

i n  an open end recovery pen where they could recover from t h e  anes the t i c  



and s w i m  i n t o  t h e  forebay a t  t h e i r  own v o l i t i o n .  During hot weather and 

warm water cond i t ions ,  submersible pumps kept  water  c i r c u l a t i n g  i n  t h e  

MONITORING 

F ish  movement was t raced  p r imar i ly  wi th  automatic  recording  dev ices  

which were i n s t a l l e d  a t  s t r a t e g i c  l o c a t i o n s  along t h e  Columbia River and 

i t s  t r i b u t a r i e s  (Figure 1 ) .  The monitors  were serv iced  weekly f o r  t ape  

change, maintenance, and r e p a i r .  

Fishway monitors  loca ted  a t  t h e  counting s t a t i o n  gave an  aud ib le  

"beeping" s i g n a l  t o  a l e r t  t h e  counters  t h a t  a  sonic  tagged f i s h  was about 

t o  pass  t h e i r  s t a t i o n .  Counters recorded t h e  time of passage, co lo r  of t h e  

f l a g  t a g  and attachment loca t ion ,  spec ie s ,  and condi t ion  f o r  a l l  t e s t  

and c o n t r o l  f i s h  they observed. 

Navigat ional  lock monitors were turned on only during a  lockage by 

t h e  opera tor  who recorded whether sonic  tagged f i s h  were present  o r  not 

during and a f t e r  each lockage. 

BOAT DRIFTING 

I n  1967, only occas ional  boat  d r i f t s  were made because we were r e l y i n g  

on t h e  recording monitors  t o  provide t h e  information on the  progress  of 

tagged f i s h  through t h e  a rea .  The number of boat  d r i f t s  were increased  i n  

1968, and they were conducted on a  r e g u l a r  schedule. The d r i f t s  s t a r t e d  

j u s t  below P r i e s t  Rapids Dam and t h e  crews worked t h e i r  way down t h e  

Columbia River.  When they reached t h e  confluence of t he  Snake River,  they  

motored up the  Snake River t o  I c e  Harbor Dam, d r i f t e d  from t h e r e  down the  

Snake River back i n t o  the  Columbia River ,  and f i n i s h e d  t h e  d r i f t  by covering 



t h e  a r e a  from t h e  Snake River t o  McNary Dam. A complete d r i f t  of t h e  s tudy 

a r e a  took s e v e r a l  days dur ing  which time t h e  crew l i s t e n e d  f o r  tagged f i s h  

and recorded t h e i r  l o c a t i o n s  on c h a r t s  of t h e  a rea .  D r i f t  crews were 

p a r t i c u l a r l y  i n t e r e s t e d  i n  concen t ra t ions  of tagged f i s h  and t a g  s i g n a l s  

t h a t  appeared t o  s t a y  i n  one a r e a  over t h e  time span of s e v e r a l  d r i f t s .  . 
The only major problem encountered was keeping t o  our schedule due t o  t h e  

number of days d r i f t i n g  was impossible  because of rough water cond i t ions  

caused by t h e  high winds t h a t  c h a r a c t e r i z e  t h i s  a r e a  of t h e  Columbia River 

Basin during t h e  time of t h e  s tudy.  

GENERAL OBSERVATIONS - 1977 

- 
A number of s i g n i f i c a n t  problems bese t  t h e  program i n  1967. The 

biggest .problem was t h e  f a i l u r e  of t h e  monitors  t o  adequately provide 

continuous r e l i a b l e  d a t a .  Secondly, a n  i n t e n s i v e  g i l l  n e t  f i s h e r y  i n  t h e  

lower r i v e r  caught a d i s p r o p o r t i o n a t e  number of sonic-tagged f i s h .  Thi rd ly ,  

a l though t h e  t a g  attachment was t h e  b e s t  a v a i l a b l e  wi th  t h e  s t a t e  of t h e  

a r t  of sonic t a g s  a t  t h a t  t ime, a n  unknown but  excessive number of t a g s  were 

shed by t h e  f i s h .  I n  a d d i t i o n ,  t h e  unaccountable l o s s e s  of f i s h  wi th in  t h e  

s tudy a r e a  were l e s s  than  had been occurr ing  i n  previous years .  This  was 

p a r t i c u l a r l y  t r u e  f o r  sp r ing  chinook salmon i n  t h e  lower a r e a  where t h e  

unaccountable l o s s  was e s s e n t i a l l y  zero.  Even i n  t h e  upper a r e a  t h e r e  was 

a reduct ion  i n  t h e  l o s s e s  of sp r ing  and summer chinook salmon and s tee lhead .  

The automatic  recording  monitors  had a number of problems. F i r s t ,  t h e  

mechanical opera t ion  of t h e p r e s s u r e  s e n s i t i v e  t ape  system w a s  u n r e l i a b l e  

under f i e l d  condi t ions .  Because t h e  u n i t s  were numerous and spread throughout 

t h e  study a r e a ,  we were unable  t o  s e r v i c e  them f a s t  enough t o  keep them i n  

r e p a i r .  We were a l s o  plagued wi th  vandalism; u n i t s  were destroyed o r  taken 



and hydrophones were pul led  out  of t h e  water by t h e  cab le s  and e i t h e r  ru ined  

o r  l e f t  high and dry  on t h e  r i v e r  bank. Second, because we had no e f f e c t i v e  

means of examining t h e  t ape  i n  s i t u ,  we d i d n ' t  r e a l i z e  j u s t  how inadequate 

t h e  d a t a  were u n t i l  i t  was too  l a t e  t o  do much about i t .  Constant improvements 

and r e p a i r s  were made t o  t h e  monitors  a s  t h e  season progressed,  bu t  they  

were not  enough t o  make them e f f e c t i v e .  It was simply a ma t t e r  of ask ing  too  

much from t h e  s t a t e  of our technology a t  t h e  time. 

Based on t ag  r e t u r n s ,  i t  was apparent  t h a t  t h e  e x t e r n a l l y  mounted tag 

components made the  f i s h  more s u s c e p t i b l e  t o  t h e  g i l l  n e t  f i s h e r y .  On 

some days almost 50% of t h e  f i s h  tagged wi th  son ic  t ags  f o r  t he  day would be 

caught by t h e  f i r s t  fisherman upstream from t h e  tagging s t a t i o n .  

Based on observa t ions  a t  f i s h  counting s t a t i o n s  and subsequent r ecove r i e s  

of f l a g  tagged f i s h  wi th  sonic  t a g s  missing (chinook salmon 39% and s t ee lhead  

45%), i t  was apparent  t h a t  shedding of t a g s  was a major problem. I f  we 

examine the  counts  of f i s h  a t  success ive  dams and compare the  precentages 

wi th  r e p o r t s  of our tagged f i s h  (Table 2 ) ,  i t  appears  t h a t  our  tagged f i s h  

were not surv iv ing  and moving upstream a t  t h e  same r a t e  a s  t h e  o v e r a l l  

popula t ions  of f i s h  being s tud ied .  This  could have been a r e s u l t  of shed 

t a g s ,  t a g s  with poor v i s i b i l i t y ,  excess ive  capture  i n  t h e  f i s h e r y ,  o r  some 

o the r  f a c t o r ( s ) .  

Table 3 shows t h e  f i s h  counts  and t h e  d i s p o s i t i o n  of f i s h  wi th in  t h e  

s tudy a rea  f o r  1967. I f  we compare these  da ta  t o  d a t a  i n  Table 1, they  show 

t h e r e  were smal le r  l o s s e s  i n  1967. I n  f a c t ,  t h e r e  was no l o s s  of sp r ing  

chinook salmon i n  t h e  lower a rea .  I n  t h e  upper a r e a ,  t h e r e  was a sharp 

reduct ion  i n  t h e  l o s s  of summer chinook salmon and a moderate reduct ion  

i n  the  l o s s e s  of sp r ing  chinook salmon and s tee lhead .  

14 
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Table 3.--.Unaccountable l o s s e s  of spr-ing and summer chinook salmon and s t ee lhead  t r o u t  f o r  t h e  Columbia River between Bonneville 
and The Dal les  Dams, t h e  Columbia River between McItaary and P r i e s t  Rapids Dams, and t h e  Snake River from t h e  mouth t o  
I c e  Harbor Dam. 'I'he l o s s e s  a r e  based on f i s h  counts  a t  the  r e s p e c t i v e  Dams and b e s t  e s t i m a t e s  o f  c a t c h  and t r i b u t a r y  
t u r n  off between Dams. 

Lower Area--Bonneville t o  The D a l l e s  Dams 

Estimated 
Bonnevi l le  Es t imatfy  t r i b u t a r  5 1 

The Da l l e s  Unaccountable l o s s  
Species Year Dam count Catch - t u r m f f  - . ~ a m t  (or ea in )  

(No. ) (No ) (No. ) (No. ) (No. ) (XI 

i Spring chinook 1967 85,000 12,000 7,000 72,000 (+24,000) (+9 ) 

I Summer chinook 1967 96,000 10,000 4,000 73,000 - 9,000 -13 

Steelhead 1967 122,000 16,000 2,000 122,000 (+18,000) (+I71 

Upper Area--McNary t o  P r i e s t  Rapids-Ice Harbor, Dams 

3/&4/ 
P 

Estimated- 
Q\ McNary t r i b u t a r y  I c e H a r b o r  P r i e s t R a p i d s  Unaccountable l o s s  

Species Year Dam Count tu rnof f  Dam Count Dam Count (o r  gains)  
(No ) (No. ) (No ) (No. ) No.) (X) 

Spring chinook 1967 63,000 3,000 36,000 11,000 -1 3,000 -22 

Summer chinook 1967 60,000 3,000 30,000 26,000 - 1,000 - 2 

S teelhead 1967 78,000 2,0004/ 44,000 7,000 -25,000 -33 

11 Fish Cornmisson of Oregon, and Washington Dept. of F i s h e r i e s ,  Columbia River Fish  runs  and Commercial f i s h e r i e s ,  1938-70, - 
1973 Addendum, Vol. 1, No. 4 January 19'4 

21 Junge, Charles 0. and Carnegie, Burton E. Dam Operations and Adult-Fish Passage 1975. Ore. Depart .  of F i sh  and Wi ld l i f e ,  -- 
Corps Contract  No. DACW68-75-C-0129. 

31 Ful ton,  Leonard A . ,  Spawning Areas and Abundance of Chinook salmon i n  t h e  Columbia River Basin-Past and Presen t .  Dept. of - 
I n t e r i o r  F i sh  & Wild l i f e  Se rv ice ,  S p e c i a l  S c i e n t i f i c  'Report No. 571. 1968. 

41 Ba l l ,  Milo C. e t  a l .  Follow-up Development Program Columbia River t r i b u t a r i e s  downstream from Grand Coulee Dam, - 
excluding t h e  Snake and Willamette Rivers .  Unive r s i ty  of Wash. Contract  Report No. 03-5-208-330, A p r i l  1977 



Even with a l l  t h e  problems, t he r e  was some useful  information 

-. t h a t  came out  of t he  study i n  1967. The da ta  a r e  only general  i n  

nature,  but  do ind ica te  some probable t rends  and w i l l  be useful  a s  

o ther  research is done on t h e  problem. 

,.. 
SPRING CHINOOK SALMON 

I n  1967, spr ing chinook salmon were tagged and released a t  Bonneville 

Dam. From 7 April  u n t i l  27 May, 1413 spring chinook salmon (1.7% of t he  
.- 

spring chinook salmon run over Bonneville Dam) were tagged i n  t h r ee  

coded groups--729 sonic  t ags  and 684 control  t ag s  (Table 4). Because t he  

del ivery  of sonic  t ags  from the  manufacturer was l a t e ,  no Code 1 sonic - 
t ags  were released. 

Bonneville t o  The Dalles D a m s  

A t  The Dalles Dam 558 tagged f i s h  (39% of t he  t o t a l  tagged) were 

eventually counted over t h e  dam--293 sonic (40% of number tagged) and 

263 control  (38% of number tagged). Of t h e  th ree  groups of spring 

-. 
chinook salmon, t h e  Code 2 group had the  l e a s t  s igh t ings  per number of 

f i s h  tagged (Table 5). W e  be l ieve  t h i s  was due t o  the  shade of green 

used f o r  t h e  f l a g  t ags  which made it d i f f i c u l t  (under c e r t a i n  water 

9 

condit ions) t o  de t ec t  the  f l a g  a s  it passed t h e  fishway counting boards. 

By examining t ag  re tu rns ,  we were ab l e  t o  obta in  some accountabi l i ty  

of what happened t o  t h e  tagged f i sh .  Tags from 215 f i s h  (15% of t he  

. 
Bonneville re lease )  were returned from the  a rea  downstream from The 

Dalles Dam. The g r ea t e s t  number of tag  re tu rns  (183) came from sources 

associa ted with t he  g i l l  n e t  f i shery  (mostly processing plants) .  Return 

. 
r a t e s  of sonic  and con t ro l  t ags  were not  t he  same; t h r ee  sonic t ags  were 



Table 4.--Suunnary of tag release data for  spring chinook salmon a t  
Honneville Dm, 196q... 

Date of 
Release Code No. 

7 to  14 April 1 

7 April t o  
7 May 

7 to 27 May 

Sonic 
tags 
CNo *I  

Control 
tags 

CNo I 

Total tags 
released 
(No* )  

TOTAL 

1/ No sonic tags released due to  l a t e  delivery from manufacturer. - 



Table 5.--Tagged chinook salaon sightings past The Dalles Dm. 

- 

CODE No. 1'- CODE No. 2 CODE No. 4 

Sonic 

Tagged Sightings Tagged Sightings Tagged Srghtfngs 
CNo- (NO*) (2) W o * ]  (No-)(n m0.J 0 0 - 1  GJ 

Control 294 138 47 340 99 29 50 26 52 

TOTAL 294 138 47 873 300 34 246 120 49 

11 No sonic tags released due to late delivery by manufacturer. - 



returned from each c o n t r o l  t a g  re turned,  The high rate of r e t u r n  of 

sonic  t a g s  from t h e  g i l l  n e t  f i s h e r y  may be  due t o  t h e  sonic  tagged f i s h  

being more s u s c e p t i b l e  t o  t h e  n e t s  by v i r t u e  of t h e  e x t e r n a l  c r y s t a l  on 

t h e  f i s h ' s  nose, I n  add i t ion ,  experience has  shown a r e luc tance  of t h e  

f i s h e r y  t o  r e t u r n  f l a g  t ags ,  Apparently t h e  f l a g  t a g s  were removed and 

e i t h e r  d iscarded o r  r e t a i n e d  by t h e  fishermen. The sonic  t ag ,  which i s  

not  v i s i b l e  i n  t h e  whole f i s h ,  remains i n  t h e  f i s h ' s  gut and t r a v e l s  wi th  

t h e  f i s h  t o  t h e  processing p l a n t ,  When t h e  f i s h  i s  ev i sce ra ted  a t  t h e  

processing p l a n t ,  t h e  son ic  t a g  is discovered and re turned by p l a n t  

personnel,  'lhg r e t u r n s  from t h e  g i l l  n e t  f i s h e r y  were 13% of t h e  t a g s  

re leased  a t  Bonnevil le  Dam. This  f i g u r e  is probably low due t o  t h e  

r e luc tance  of fishermen t o  r e t u r n  our tags .  Of t h e  remaining 32 t a g s  

re turned,  19  were from below Bonneville Dam and 1 3  were from t h e  s p o r t  

ca tch  and t r i b u t a r i e s  between Bonneville and The Dal les  Dams. 

Based on t ag  s i g h t i n g s  a t  The Dal les  Dam and t ag  r ecover i e s ,  773 (55%) 

of t h e  1413 spr ing  chinook salmon tagged could be accounted f o r  a t  The 

Dal les  Dam,  However, t h i s  f i g u r e  is  low due t o  t h e  l a c k  of cons i s t en t  

t ag  r e t u r n s  wi th in  t h e  area.  Spec i f i c  a reas  of l o s s e s  wi th in  t h e  r e s e r v o i r  

were not  i d e n t i f i e d  except t h a t  many of t h e  t a g s  re turned from t h e  g i l l  n e t  

f i s h e r y  came from t h e  f i r s t  n e t s  above Bonneville Dam. There was no 

apprec iable  f i s h  passage through t h e  locks. 



McNary t o  P r i e s t  Rapids and I c e  Harhor D a m s  

A t  McNarp Dam, 159 spr ing chinook salmon o r  11% of t h e  f f s h  tagged 

a t  Bonneville Dam were counted through t h e  fishways (Table 6). Survival 

of these  f i s h  i n  t h e  McNary pool, based on fishway counts a t  t h e  two 

upstream dams (Pr ies t  Rapids and I c e  Harbor Dams) was over 100%. Again, 

t h e  d i f fe rence  was l a r g e l y  associa ted  with t h e  Code 2 f i s h  which ca r r i ed  

t h e  d i f f i c u l t  t o  see green f l a g  tags.  

Based on counts a t  I c e  Harbor and P r i e s t  Rapids D a m s  of t h e  tagged 

.. f i s h  passing through t h e  McNary pool and continuing t h e i r  migration i n  t h e  

Columbia o r  Snake Rivers, 76% of t h e  spr ing chinook salmon were dest ined 

f o r  t h e  Snake River and i ts  t r i b u t a r i e s  while 24% continued up t h e  Columbia 

River. Counts of - a l l  spr ing chinook salmon a t  t h e  dams indicated a s p l i t  

of 77% and 232, respect ively ,  of spr ing chinook salmon between t h e  Snake 

and Columbia Rivers (Table 3). 

Tag recover i e s  from above McNary Dam (Table 7) would ind ica te  t h a t  an 

even l a r g e r  por t ion  of t h e  spr ing chinook salmon run entered t h e  Snake 

River, a s  82% (65) of t h e  t ags  returned w e r e  from f i s h  caught i n  t h e  Snake 

River o r  i ts  t r i b u t a r i e s .  However, d i f f e r e n t i a l  f i sh ing  p r e s s u r e - i s  not  

taken i n t o  account. A f u r t h e r  breakdown of t ags  returned from t h e  Snake 

River system shows t h a t  t h e  major i ty  of t h e  f i s h  (83%) w e r e  bound f o r  t h e  

. Salmon River. 

A s p e c i a l  point  of i n t e r e s t  is  t h e  128% f i g u r e  f o r  t h e  por t ion  of 

t h e  McNary Code 2 spr ing chinook salmon count t h a t  was observed crossing 

I c e  Harbor Dam (Table 6). A s  mentioned e a r l i e r ,  t h e  f l a g  tag  color  

probably caused t h e  d i f fe rence  i n  count, but  i f  not  t h e  fa l lback  r a t e  



Table 6.--Tagged s p r i n g  chinook salmon c ros s ing  McNqry Dam, 1967, and t h e  
t h e  number and percent  subsequent ly c ros s tng  P r i e s t  Raptds and 
I c e  Harbor Dams. 

F i sh  over  F i sh  over  P r i e s t  F i sh  over I c e  F i sh  over  both  
Code McNary Dam Rapids Dam Harbor Dam Dams -+ 

m0.1 (No 9 1 (3) (No*) (%I (No. 1 GI 

Code ill 10  4 40.0 4 40.0 8 80.0 

Code i/2 80 2 7 33.8 102 127.5 129 161.3 

Code il4 69 - 21 30.4 - 5 5 79.7 - ' 76 110.2 

TOTAL 159 52 32.7 161  101.3 213 134.0 



Table 7.--Location of sp r ing  chinook salmon t a g  recoveries above McNary Dm, 
1967. 

Tags Recovery Locattons 
(No.) 

1 Between confluence of Snake River and P r i e s t  Rapids Dam 

5 Above P r i e s t  Rap i d s  D m  

7 Snake River above. Ice. Harbor Dam 

5 4 Salmon River and t r i b u t a r i e s  

4 Tr ibu ta r ies  above I ce  Harbor Dam other than Salmon River 

4 Yakima River 

4 Unknown 

TOTAL 79 



would have had t o  have been 92% a t  I c e  Harbor Dam t o  g e t  a combined 

su rv iva l  of 100% t o  P r i e s t  Rapids and Tce PI;?Irbr Dams. The 92% f i g u r e  

i s  most assuredly  high, but  some f a l l b a c k  d id  probably take  p lace  a s  more 

than 100% of t h e  Code 4 f i s h  were a l s o  accounted f o r  based on counts 

(Table 6). 

Table 3 ind ica tes  t h e r e  was about a 22% unaccountable l o s s  of spr ing 

chinook salmon i n  t h e  area. However, n e i t h e r  t a g  recover ies  nor t racking 

observations indicated  any s p e c i f i c  loca t ions  wi th in  t h e  area  where 

excessive l o s s e s  o r  delays took place. There was no appreciable f i s h  
* 

passage through t h e  locks a t  I c e  Harbor Dam. 

SUMMER CHINOOK SALMON AND STEELHEAD 

Tagging of summer chinook salmon and steelhead began a t  McNary Dam 

on 21 June and terminated on 11 October. From 21 June t o  16 August, a 

t o t a l  of 1161 summer chinook salmon were tagged and re leased i n  two 

groups: Code 3 (398 f i s h )  and Code 5 (763 f i s h ) .  Approximately 1.9% of 

the  summer chinook salmon crossing McNary Dam were tagged. Steelhead were 

a l s o  tagged i n  two groups representing the  e a r l y  f i s h  (A run--15 Ju ly  t o  

16 August) and t h e  l a t e r  f i s h  (B run--5 September t o  11 October). About 

1.3% of t h e  s tee lhead run (1461) was tagged--537 f i s h  of the  A run (Code 1 )  

and 924 f i s h  of t h e  B run (Code 2). A summary of t h e  tagging da ta  f o r  

both species  is  shown i n  Table 8. 

The r e l a t i v e  su rv iva l  of tagged summer chinook salmon and steelhead 

based on s igh t ings  a t  t h e  counting s t a t i o n s  a t  I c e  Harbor and P r i e s t  Rapids 

Dams provides an ind ica t ion  of excessive t a g  l o s s e s  o r  f a i l u r e  and/or 

d i f f e r e n t i a l  mor ta l i ty  between tagged f i s h  and the  r e s t  of t h e  population. 



Table 8.--Summary of tagging d a t a  f o r  surmner chinook salmon and steelhead 
t r o u t  a t  McNary Dam, 1967 

Dates of Sonic Control Tota l .  t a g s  
Species Code Release t ags  tag& re leased  

1/ - (NO 1 @o. J (NO= 1 
Chinook 3 21 June t o  16 Aug. 199 199 398 

. 
2 / - 

Chinook 5 21  June t o  16  Aug. 381 382 763 

Steelhead "A" 1 15 J u l y  t o  16 Aug. 251 286 

Steelhead "B" 2 5 Sept. t o  11 Oct. 459 465 

TOTAL 

. 

1/ A l l  f i s h  tagged were from t h e  Washington fishway. - 

2/ A l l  f i s h  tagged were from t h e  Oregon fishway. - 



About 58% of the  summer chinook salmon and 13% of t he  steelhead tagged 

a t  McNary Dam were observed going over the  upper two dams (Table 9), while 

Corps counts of the  respect ive  runs ind ica te  a survival  of 93% f o r  chinook 

salmon and 65% f o r  steelhead (Table 3). No da ta  were ava i l ab le  t ha t  

indicated any a reas  of excessive delay o r  morta l i ty  within the  a rea ,  except 

f o r  t he  duration of the  temperature block--see TEMPERATURE BLOCK section.  

There was no appreciable passage of e i t h e r  summer chinook salmon or  s t e e l -  

head through t he  locks a t  I c e  Harbor Dam. 

The s p l i t  between the  Snake River and t he  upper Columbia River was 

approximately even f o r  tagged summer chinook salmon, but 80% of the  tagged 

steelhead went up the  Snake River. These f igures  compare favorably with 

t he  Corps counts f o r  both runs. Of the  152 tagged steelhead observed a t  

I c e  Harbor Dam, 85 o r  56% were counted pas t  the  Lewiston Dam i n to  t he  

Clearwater River. 

A t o t a l  of 110 tags  from summer chinook salmon were returned. Steel-  

head tag  re tu rns  from the  ea r ly  run (Code 1 )  numbered 143, while 278 tags  

were returned from the  l a t e r  run (B). Most of t he  re tu rns  were from the  

spor t s  f i shery .  Table 10 summarizes t he  da ta  on tag re turns .  

Returns of summer chinook salmon tagged from the  Washington shore 

ladder a t  McNary Dam indicated t ha t  summer chinook salmon using the  

Washington shore ladder tended t o  s w i m  past  the  Snake River and on up t he  

Columbia River. Those summer chinook salmon tagged from the  Oregon shore 

f i s h  ladder showed a tendency t o  swim up the  Snake River. For example, 

only 66 recoveries of Washington shore tagged chinook salmon (17%) came 

from the  Snake River while 160 recover ies  (40%) came from the  Columbia 

River above t he  Snake River. Oregon tagged summer chinook salmon re tu rns  



Table 9,--Tag s i g h t i n g  d a t a  a t  NcNary, Ice Harbor,  and P r f e s t  Rapids Daqs 
f o r  s w e r  chinook salrqon and s t e e l h e a d  t r o u t ,  1967, 

F i sh  F i s h  over  F i s h  over  F ish  ove r  
Spec i e s  . . . .  . t a g g e d  P r i e s t  Rapids 'Darn ' ' I c e  'Harbor 'Dam bo th  'dams 

(No 1 (No. 1 a) (No.) (No.) G) 

Summer chinook 1161 31 3 27.0 357 30.7 670 57.7 

S tee lhead  1461 36 2.5 152 10 .4  188 12.9 



Table 10.--Distribution of t a g  r e t u r n s  by species ,  area, and percent  
of t o t a l  f i s h  tagged a t  McNary Dam, 1967. 

Sunnner S t  eelhead 
Chinook "A" IIBV Tota l  

No. ( (XI (No,) ( (No,) % (_No,) @Z 

Below Bonneville Dam 1 

Bonneville t o  McNary Dams 2 

McNary Dam t o  Snake River ' 0 

Snake River t o  P r i e s t  
Rapids Dam 12 

Yakima River 0 

Mouth of Snake River 
t o  I ce  Harbor Dam 3 

Above P r i e s t  Rapids 
Dam 2 0 

Above Ice  Harbor Dam 7 0 

Unknown 2 

TOTAL 110 9.5 143 26.2 278 30.1 421 28.9 



amounted t o  291 r ecove r i e s  from t h e  Snake River (38%) and 153 r ecove r i e s  

(20%) from t h e  Columbia River above t h e  Snake River .  Tagged s tee lhead  

d i d  not  show t h i s  t rend .  

Since summer chinook salmon tagged from t h e  Washington shore ladder  

--. 
a t  McNary Dam ( red  tags)  were v i s i b l y  d i s t i n g u i s h a b l e  from those  tagged 

from t h e  Oregon shore  ladder  (yellow t a g s ) ,  we were a b l e  t o  use  t ag  

s i g h t i n g s  a t  P r i e s t  Rapids and I c e  Harbor Dams t o  confirm t h a t  summer 
- 

chinook salmon from t h e  Washington shore  ladder  tended t o  cont inue  up the  

Columbia River ,  while  those  tagged from t h e  Oregon shore  ladder  tended t o  

e n t e r  t h e  Snake River.  Of those  tagged f i s h  observed a t  P r i e s t  Rapids 

and I c e  Harbor Dams from f i s h  t h a t  had been tagged from t h e  Washington shore  

l adde r ,  71% were observed a t  P r i e s t  Rapids Dam (Columbia River) and 29% were 

observed a t  I c e  Harbor Dam (Snake River ) .  The r e v e r s e  t rend  was t r u e  f o r  
-- 

t hose  tagged from t h e  Oregon shore;  66% were observed a t  I c e  Harbor Dam 

(Snake River) and 34% were observed a t  P r i e s t  Rapids Dam (Columbia River ) .  

Temperature Block 

I n  mid-July, d r i f t  crews began t o  n o t i c e  a concent ra t ion  of sonic-tagged 

f i s h  i n  t h e  Columbia River a t  i t s  confluence wi th  t h e  Snake River. Water 

temperature measurements a t  t h e  time ind ica t ed  t h a t  t h e  Snake River was 

warming a t  a f a s t e r  r a t e  than t h e  Columbia River.  A s  t ime went on, it  was 

apparent  t h a t  a s i g n i f i c a n t  temperature block was forming i n  t h e  mouth of 

t h e  Snake River .  This  block i n t e r f e r e d  wi th  t h e  e a r l y  o r  "A" group s t e e l -  

head and t o  some extent  wi th  t h e  l a t t e r  po r t ion  of t h e  summer chinook salmon 

run. 



The block t h a t  formed i n  mid-July p e r s i s t e d  u n t i l  about mid-September. 

During t h i s  t i m e ,  l a r g e  numbers of sonic-tagged f i s h  could be heard i n  t h e  

c o o l e r  waters  of t h e  Columbia River j u s t  o f f  t h e  mouth of t he  Snake River .  

A t  t h e  beginning of t h e  block,  t h e  water  temperature i n  t h e  Snake River 

0 
was 71 F. wh i l e  t h e  temperature of t he  Columbia River water  was only 

63O F. By mid-August t h e  block was w e l l  formed and t h e  water  temperature 

a t  t h e  mouth of t h e  Snake River had r i s e n  t o  7g0 F. and the  Columbia River 

had reached 72' F. A t  t h e  breakup of t he  block i n  mid-September, t h e  water 

0 temperatures  i n  both t h e  Columbia River and t h e  Snake River w e r e  near 70 F. 

During t h e  block, t h e  f i s h  appeared t o  s t a y  p r imar i ly  i n  t h e  c o o l e r  

Columbia River water  wi th  an  occas iona l  p e n e t r a t i o n  i n t o  Snake River water .  

The d i s p o s i t i o n  of tagged f i s h  i n  t h e  a r e a  on 2 August i s  shown i n  

F igure  3 .  The t o t a l  number of s t ee lhead  r ece iv ing  son ic  t a g s  was 710 and 

represented  0.9% of t h e  t o t a l  run.  Therefore,  each sonic-tagged f i s h  

heard i n  t h e  r i v e r  represented  about 109 untagged f i s h .  Based on t h e s e  

c a l c u l a t i o n s ,  about 2,000 s t ee lhead  w e r e  holding o f f  t h e  mouth of t h e  

Snake River on 2 August. I n  mid-to- late  August, t h e  concen t r a t ion  

dwindled somewhat a s  f i s h  moved up t h e  Columbia River i n t o  t h e  Ringold 

Spr ings  v i c i n i t y  and above o r  t o  a  lesser e x t e n t  d r i f t e d  downstream 

toward McNary Dam. 

When t h e  block l i f t e d ,  most of t h e  tagged f i s h  t h a t  w e  could s t i l l  

hear  and t h a t  had remained i n  t h e  a r e a  moved up t h e  Snake River ,  S t ee l -  

head tagged a f t e r  t h e  temperature b lock  d i s s i p a t e d  experienced l i t t l e  o r  

no de l ay  i n  e n t e r i n g  t h e  Snake River and pass ing  over I c e  Harbor Dam- 

Fish  counts  a t  I c e  Harbor Dam f o r  t h e  period of t h e  b lock  a r e  shown i n  

Table 11. It is i n t e r e s t i n g  t o  no te  t h a t  tagged s t ee lhead  from t h e  "A" 



Figure 3.--Concentration of tagged steelhead at the confluence of the 
Columbia and Snake Rivers during the temperature block. 



Table 11,--Water t empera tu res  and s t e e l h e a d  coun t s  a t  I c e  Harbor Dam d u r i n g  t h e  t empera tu re  
b lock,  1967. 

S t e e l h e a d  S t e e l h e a d  
Water Temp. count  Nater Temp. count  

Date (!F (.No. 1 Date (OF1 (No. 1 

J u l y  15 
16  
17 
18  
1 9  
2 0 
2 1 
2 2 
2 3 
24 
2 5 

W 
N 26 

2 7 
2 8 
2 9 
30 
31  

Aug. 1 
2 
3 
4 
5 
6 
7 
8 
9 

10  
11 
1 2  
1 3  
14  
1 5  
1 6  

Aug. 1 7  
1 8  
19 
2 0 
2 1 
22 
2 3 
24 
2 5 
2 6 
2 7 
28 
24 
30 
31 

Sep. 1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
12 
1 3  
14 
1 5  
16 
17 
1 8  
19 
20 
2 1 



group (blocked)  had a g r e a t e r  tendency t o  b e  recovered downstream from 

McNary Dam than  d i d  t h e  "B" group ("A" group 2.4% and "B" group 1 .1%) .  

Also, t h e  percentage  of "A" group (blocked)  t a g s  r e tu rned  from above I c e  

Harbor Dam was on ly  about  one-half t h a t  from t h e  "B" group. 

. 
FALLBACK 

Fa l lback  appa ren t ly  occur red  a t  Bonnevi l le ,  The Da l l e s ,  McNary, and 

I c e  Harbor Dams. Th i s  was ev ident  when f i s h  t h a t  had been tagged and 
* 

r e l e a s e d  above a p a r t i c u l a r  dam w e r e  caught  below t h a t  dam o r  observed 

going a c r o s s  t h e  count ing  board of t h a t  dam. S u f f i c i e n t  d a t a  were not  

a v a i l a b l e  t o  a s s e s s  t h e  f a l l b a c k  r a t e  a t  t h e  v a r i o u s  dams. Overcount 

such a s  occurred a t  I c e  Harbor Dam (Table  6) can  a l s o  be  an  i n d i c a t i o n  

of f a l l b a c k .  

GENERAL OBSERVATIONS--1968 

S i g n i f i c a n t  improvements w e r e  made i n  t h e  s tudy  f o r  1968. The 

moni tors  were converted t o  a less troublesome magnetic t a p e  system. 

The housing f o r  t h e  moni tors  w e r e  r e b u i l t  ou t  of heavy gauge steel.  When 

t h e  moni tors  w e r e  i n s t a l l e d  i n  t h e  f i e l d ,  concealed l o c a t i o n s  were chosen, 

a conc re t e  pad was poured, t h e  c a s e s  were b o l t e d  t o  t h e  pad, and t h e  c a b l e s  

were bur ied  i n  condui t  u n t i l  they  w e r e  ou t  i n t o  t h e  r i v e r .  However, w e  

w e r e  s t i l l  bothered by vandalism. Wave a c t i o n  a long  t h e  r i v e r  bank some- 

times exposed t h e  c a b l e s  t o  t h e  c u r i o u s  and des t ruc t ive , and  they  

searched f o r  and found our  moni tors .  The heavy meta l  boxes and conc re t e  

pads stopped t h e  t h e f t  of  t h e  moni tors ,  bu t  d i d  no t  prevent  t h e i r  



d e s t r u c t i o n  by b l a s t s  from shotguns o r  high-powered r i f l e s .  W e  were 

s t i l l  dependent upon d a t a  from t h e  monitors ,  bu t  t o  a l e s s e r  degree 

because we incorpora ted  r e g u l a r l y  scheduled d r i f t i n g  i n t o  t h e  study. 

A breakthrough i n  t a g  des ign  allowed u s  t o  bu i ld  t h e  t a g s  so  they 

could be placed e n t i r e l y  i n  t h e  stomach of t h e  f i s h .  Experiments conducted 

i n  t h e  l abora to ry  ind ica t ed  t h a t  t h e  f i s h  accepted t h e s e  t a g s  and we 

expected good r e s u l t s  from them, and i n  f a c t  t a g  r e t e n t i o n  was g r e a t l y  

improved. The only e x t e r n a l  t a g s  t h a t  were used were t h e  v i n y l  f l a g  t a g s  

a t tached t o  t h e  f i s h '  s backs. 

To avoid t h e  i n t e n s i v e  g i l l  n e t  f i s h e r y ,  we r e s t r i c t e d  our  opera t ions  

t o  t h e  upper a r e a  between McNary Dam and P r i e s t  Rapids-Ice Harbor D a m s .  

R e s t r i c t i o n  of t h e  s tudy t o  t h e  upper a r e a  a l s o  allowed u s  t o  concen t ra t e  

our e f f o r t s  i n  t h e  a r e a  where we were most l i k e l y  t o  o b t a i n  t h e  b e s t  

r e s u l t s .  

Even though t h e  s tudy went much b e t t e r  i n  1968, t h e r e  were s t i l l  

s i g n i f i c a n t  problems. The experiment, as o r i g i n a l l y  conceived, w a s  

expected t o  monitor t h e  l o s s e s  of f i s h  when they ranged from 1 5  t o  45%, 

but  l o s s e s  of s p r i n g  chinook salmon were sha rp ly  down from 22% i n  1967 t o  

only 10% i n  1968. The l o s s e s  of summer chinook salmon were only 2% and 

s tee lhead  l o s s e s  were only 16%. Detect ing t h e  reasons  f o r  l o s s e s  which 

ranged from 2 t o  16% w a s  d i f f i c u l t  wi th  t h e  degree  of s o p h i s t i c a t i o n  of 

t h e  techniques a v a i l a b l e .  

SPRING CHINOOK SALMON 

A t o t a l  of 836 chinook salmon, o r  approximately 1.2% of t h e  sp r ing  

run  over  McNary Dam,  was tagged i n  t h r e e  code groups and r e l eased  between 



16 Apri l  and 31 May. Of these,  372 t e s t  f i s h  ca r r i ed  acoust ic  and f l a g  

t ags  and 464 con t ro l  f i s h  ca r r i ed  f l a g  tags  only (Table 12). 

Survival  of tagged spring chinook salmon i n  the  McNary pool was 

b e t t e r  than it was i n  1967, but tagged f i s h  surv iva l  s t i l l  did not  compare 

wel l  with t h e  surv iva l  of the  t o t a l  population a s  indicated by f i s h  counts 

a t  t h e  upstream dams (Table 13). Sixty-four percent of t he  tagged f i s h  

were accounted f o r  a t  I c e  Harbor and P r i e s t  Rapids D a m s ,  while 85% of the  

. ove ra l l  population was accounted fo r .  Code 2 had t he  l e a s t  number of 

s igh t ings  a t  t he  dams--probably due, a t  l e a s t  i n  pa r t ,  t o  the  dark blue 

shade of f l a g  tag  used. 

When a l l  known est imates of f i s h  leaving the  McNary pool a r e  accounted 

f o r ,  t he  unaccountable l o s s  r a t e  is not a s  high a s  would be indicated by 

f i s h  counts a t  t he  upstream dams. Data i n  Table 14 i nd i ca t e  t he r e  was 

- about a 10% unaccountable l o s s  of spring chinook salmon i n  t he  study area. 

Tracking da t a  f a i l e d  t o  i den t i f y  any spec i f i c  area of l o s s  f o r  spring 

chinook salmon wi thin  the  McNary reservoir .  

The d iv i s ion  of tagged f i s h  between t he  Snake and upper Columbia 

Rivers was 67% and 33%, respect ively ,  while t h e  ove ra l l  population s p l i t  

75% t o  25%. The reason fo r  t h e  d i f fe rence  between t h e  tagged f i s h  and t he  

r e s t  of t he  population was t he  low count f o r  the  Code 2 f i s h  a t  I c e  

Harbor Dam. Once again, t he  f l a g  t ag  color  could have caused t he  difference.  

Although t he r e  was no measure f o r  t he  d i f fe rence  i n  f i sh ing  pressure 

- between t he  Snake and Columbia Rivers, t he  number of t ags  returned from 

the  Snake River (168) would ind ica te  a d iv i s ion  of 88% of t he  tagged f i s h  

i n to  t he  Snake River. Tags from 190 f i s h  tagged during t he  spring run 



Table 12.--Fish tagged a t  McNary Dam, 1968, 

. . . . ,  . . .  . . . . . .  . . . . . .  . . .  . .  . . . . 

Date Flag  Sonic Control To ta l  
Species Release Color,.  ; , Code . .Tags . . .Tags 

- -- 

(no.) (no.) 
Spring 
Chinook 4/16 - 4/25 orange 1 1 79 

4/26 - 5/15 b lue  2 232 256 
5/16 - 5/31 whi te  4 139 129 

Summer 
Chinook 6 / 1 7 - 7 1 1 5  red 3 172 180 

7/16 - 815 yellow 5 138 143 

Steelhead 7 / 1 6 - 8 1 2 0  orange 1 257 569 
914 - 1084 blue/white 2 248 254 

-- -- 

(no. 
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Table 14 ,-Unaccountable l o s s e s  of s p r i n g  and summer chinook salmon and 

s t ee lhead  t r o u t  f o r  t h e  Columbia River between McNary Dam and P r i e s t  

Rapids Dam and I c e  Harbor Dam on t h e  Snake River .  The l o s s e s  a r e  
, . 

based on  f i s h  counts  a t  t h e  r e s p e c t i v e  dams and t h e  b e s t  e s t ima tes  

of c a t c h  and t r i b u t a r y  t u r n  o f f  between dams. 

Estimated I c e  Harbor P r i e s t  Unaccount- 
McNary Tr ibu ta ry  Rapids a b l e  

Species  Y r .  Count Turnoff Count Count Loss 

(No) (No @o (No) (No) % 
Spr.chinook 1968 67,000 3,000 45,000 12,000 -7,000 -10 
Smr.chinook 1968 61,000 3,000 30,000 27,000 -1,000 - 2 
Steelhead 1968 113,000 2,000 82,000 11,000 -18,000 -16 

11 Fulton,  Leonard A. Spawning a r e a s  and abundance of chinook salmon - 

i n  t h e  Columbia River Basin - P a s t  and p resen t .  Department of I n t e r i o r ,  

F i sh  and W i l d l i f e  Serv ice ,  Specia l  S c i e n t i f i c  Report No. 571, 1968. 

B e l l ,  Milo C .  e t  a l .  Follow-up Development Program Columbia River  

T r i b u t a r i e s  Downstream from Grand Coulee Dam, Excluding t h e  Snake 

and Wil lamette  Rivers .  Univers i ty  of  Wash. Cont rac t  Report No. 03-5- 

-208-330, Apr i l  1977. 



(23%) were returned (Table 15).  Most of t h e  r e t u r n s  came from s p o r t s  

fishermen. Based on t ag  re tu rns ,  a minimal es t imate  of 1% can be  made f o r  

t r i b u t a r y  turnoff  i n t o  t h e  Yak- River. 

I n  genera l ,  tagged spr ing chinook salmon moved through t h e  study area  

i n  l e s s  than a week. The l a r g e s t  groups of sonic tagged f i s h  heard by t h e  

d r i f t  crews were i n  t h e  area between McNary Dam and I c e  Harbor Dam. Each 

code group moved through t h e  study a r e a  wi th in  t h e  tagging period,  except 

f o r  two f i s h  from t h e  Code 3 group which were s t i l l  i n  t h e  Snake River 

downstream from I c e  Harbor Dam on 20 June, 20 days a f t e r  t h e  end of tagging. 

SUMMER CHINOOK SALMON AND STEELHEAD 

The summer tagging program covered a period from 17 June through 

4 October. A t o t a l  of 633 chinook salmon were tagged i n  two groups (Codes 

3 and 5) represent ing about 1.3% of t h e  summer run chinook salmon passing 

over McNary Dam during t h e  tagging period (Table 13). Steelhead tagging 

began 16 Ju ly  and 1,328 f i s h  were tagged with Codes 1 and 2,  represent ing 

the A (16 Ju ly  t o  15 August) and B (9 September t o  4 0ctober)run steelhead,  

respect ively .  This was approximately 4.1% of the  s tee lhead cross ing McNary 

Dam during t h e  tagging period. 

The r e l a t i v e  su rv iva l  of tagged summer chinook salmon t o  the  r e s t  of 

the  population based on s igh t ings  a t  counting s t a t i o n s  a t  I c e  Harbor and 

P r i e s t  Rapids Dams did  not ind ica te  an excessive d i f f e r e n t i a l  mor ta l i ty ,  

but the  su rv iva l  r a t e  of tagged steelhead t o  t h e  genera l  population d id  

i n d i c a t e  a d i f ference .  About 85% of t h e  summer chinook salmon and 39% of 

the  s tee lhead tagged a t  McNary Dam were observed going over t h e  upper dams 

(Table 13) while t h e  f i s h  counts of t h e  respec t ive  runs indicated  93% and 



Table15.--Distr ibution of 1968 tag  r e tu rn s  by area and species.  

SPRING CHINOOK SUMMER CHINOOK STEELHEAD TROUT 
SALMON SALMON "A" Run "B1' Run 

(no. 1 (no. 1 (no. 1 (no 1 

Below McNary Dam 0 0 2 1 

McNary Dam t o  Snake River 0 2 0 1 

Snake R. t o  P r i e s t  Rapids Dam 0 2 54 3 

Yakima R. 11 0 11 3 

Mouth of Snake R. t o  Ice  Harbor Dam 0 1 1 0 

Above P r i e s t  Rapids Dam 7 15  31 7 

Above I ce  Harbor Dam 168 46 127 141  

Unknown 

Total  



83%. When known es t ima tes  of t r i b u t a r y  turnoff  are added t o  t h e  f i s h  

counts ,  t h e  s u r v i v a l  r a t e  of summer chinook salmon i s  98% and t h e  s tee lhead  

s u r v i v a l  rate i s  84% (Table 14) .  

I n  1968, as i n  1967, t h e  d i v i s i o n  of tagged f i s h  between t h e  upper 

Columbia and Snake Rivers  w a s  comparable t o  t h e  f i s h  counts  a t  I c e  Harbor 

and P r i e s t  Rapids Dams. The summer chinook salmon s p l i t  evenly between t h e  

two whi l e  over 75% of t h e  s tee lhead  en te red  t h e  Snake River . 
The t rend  f o r  summer chinook salmon t o  e n t e r  t h e  Snake River i f  they 

w e r e  tagged from t h e  Oregon l adde r  a t  McNary Dam was not  ev ident  i n  1968. 

However, t h e  sample of t a g s  re turned  from summer chinook salmon w a s  too 

s m a l l  t o  s ay  t h a t  t h e  t rend  d i d  not  e x i s t  (44 compared t o  670 i n  1967). 

D r i f t  d a t a  i n d i c a t e  t h a t  summer chinook salmon move through t h e  area 

i n  l e s s  than  3 weeks, bu t  some w e r e  still  i n  t h e  s tudy area during t h e  

21 October d r i f t  (Figure 4).  During t h e  per iod  t h a t  t h e  r i v e r  temperatures  

were warmest (10 J u l y  - 18 August), t h e  f i s h  w e r e  concentrated i n  t h e  area 

between P o r t  Kelly and Richland, Wash. After the r i v e r  temperatures  

cooled (18 August) t h e  f i s h  remaining i n  t h e  s tudy a r e a  were spread between 

Por t  Kelly and P r i e s t  Rapids Dam. Code 1 s tee lhead  (A run)  moved through 

t h e  s tudy area t h e  s lowest ,  w i th  many s t i l l  p resen t  6 weeks a f t e r  they  w e r e  

tagged. Their  main holding area was i n  t h e  Columbia River from t h e  mouth 

of t h e  Snake River t o  t h e  Verni ta  Bridge (Figure 4).  Tagged f i s h  observed 

a t  P r i e s t  Rapids and I c e  Harbor Dams accounted f o r  49% of t h e  A run  s t e e l -  

head tagged. The B run  s t ee lhead  (Code 2) t h a t  d i d  not  move immediately 

through t h e  s tudy area were holding i n  s p e c i f i c  areas wi th in  2 weeks a f t e r  

tagging,  and they remained t h e r e  u n t i l  t h e  s tudy ended. Concentrat ions 
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Figure 4.--Concentrations of son ic  tagged summer-fall s t e e l h e a d  t r o u t  and 
summer chinook i n  t h e  Columbia River between t h e  Snake River  mouth and P r i e s t  
Rapids Dam covering a per iod  from J u l y  through October,  1968. 



of tagged f i s h  developed i n  t h e  Snake River  below I c e  Harbor Dam, downstream 

from t h e  Verni ta  Bridge, and t o  a l e s s e r  ex ten t  i n  t h e  forebay near  McNary 

Dam. Twenty-five percent  of t h e  tagged B r u n  s t ee lhead  had been observed 

over  t h e  upper dams when t h e  s tudy was terminated.  

Temperature Block 

D r i f t  boa t  d a t a  on 22 J u l y  i n d i c a t e  t h e  beginning of a concent ra t ion  

of son ic  tagged f i s h  a t  t h e  confluence of t h e  Snake and Columbia Rivers.  

0 0 - Water temperatures  a t  t h e  time were 70 F. i n  t h e  Snake River and 65 F. 

i n  t h e  Columbia River. Water temperatures  i n  t h e  r i v e r s  continued t o  r i s e  

u n t i l  2 August when t h e  temperatures  peaked a t  75' and 68' F. i n  t h e  Snake 

and Columbia Rivers ,  r e spec t ive ly .  A s  t h e  temperatures  decreased and 

0 
reached 69 F. i n  t h e  Snake River and 65' F. i n  t h e  Columbia River ,  between 

19  and 26 August, t h e  concen t ra t ions  of s o n i c  tagged f i s h  were reduced 

. by passage over I c e  Harbor Dam. 

During t h e  period of high temperatures ,  only  4 of  t h e  257 son ic  tagged 

s t ee lhead  were recorded i n  t h e  Snake River below I c e  Harbor Dam whi le  9 

of t h e  310 son ic  tagged summer chinook salmon were heard (Figure  4 ) .  While 

information from t h e  d r i f t  sampling tends  t o  i n d i c a t e  t h a t  summer chinook 

salmon a r e  more t o l e r a n t  t o  high water temperatures  than  s t ee lhead ,  d a i l y  

counts  a t  I c e  Harbor Dam do no t  suppor t  t h a t  plemise. Chinook salmon counts  

a t  I c e  Harbor Dam did  no t  i nc rease  apprec iably  over those  t h a t  occurred 

dur ing  t h e  blockage u n t i l  e a r l y  September when t h e  temperature d i f f e r e n c e  

between t h e  two r i v e r s  w a s  l e s s  than  3' (69' F. i n  t h e  Snake River and 66' F. 

i n  t h e  Columbia River)  (Table 16) .  Counts f o r  s t ee lhead  increased  when 

temperatures  were s t i l l  72' F. i n  t h e  Snake River and 67' F. i n  t h e  



Table  16.--Water t empera ture  and s t s e l h e a d  and summer ch inook  salmon 

counts  a t  I c e  Harbor (IH) Dam d u r i n g  tempera ture  b lock ,  1968. 

I . H .  I.H. 
Water S t l h .  Chin.  wa t e r  

temp count  coun t  temp. 
Date I .H.  

0 
Date I.H. 

F 0 
No. No. F 

J u l y  20 70 3 1  1 ,100 
21 70 3 4 942 
2 2 70 24 1 ,013  
2 3  70 33  1 ,420 
24 70 3 3 74 3 
25 70 35  634 

26 26 71 48 50 7 
2 7 71 2 1 218 
28 71 4 5 202 
29 72 9 6 41 4 
30 72 100 781 
3 1  74 121  1 6 1  

Aug 1 74 105  259 
2 75 5 2 1 8  2 
3 7 5 79 17  2 
4 75 137 14 8 
5 75 159 160 
6 75 202 14 1 
7 7 5 6 2 8 5  
8 75 86 61  
9 75 35  9 1 

10  75 4 1 6 1  
11 75 36 81 
12  75 7 2 6 3 
1 3  72 153  9 1 
14  7 2 218 134 
1 5  7 2 306 123  
16  72 4 00 9 6 
17 72 422 7 1 
18  7 2 2 48 52 
19 7 2 325 10  5 
20 7 0 290 84 
21 69 293 11 5 
22 69 511 130 
23 68 637 19  2 
24 6 8  735 14 7 
25 68 527 8 7 
26 67 8 3  
2 7 6 7 

,422 98 
417 

28 67 366 9 1  
29 6 7 400 6 6 
30 68 261 1 2 1  
3 1  68 310 43 

Sep t  1 69 
2 69 
3 69 
4 69 
5 70 
6 69 
7 70 
8 70 
9 70 

1 0  68 
11 68 

I.H. I .H. 
S t l h  Chin  
count  count  

No. No. 



Columbia River. The increases  i n  counts f o r  chinook salmon and steelhead 

a t  I ce  Harbor Dam correspond with the  da tes  s e t  t o  d i f f e r e n t i a t e  the  

summer and f a l l  run chinook salmon and t he  A and B run steelhead i n  the  

Snake River so i t  is  d i f f i c u l t  t o  say which was the  cause of the  increased 

count and which was t he  a f f ec t .  I n  any event, the  e f f e c t s  of the  increased 

temperatures i n  the  Snake River were not  a s  pronounced a s  during 1967. 

FALLBACK 

In  1968, a s  i n  1967, some fa l lback  was indicated by the  reascents  of 

tagged f i s h  over McNary Dam and over 100% passage a t  I c e  Harbor Dam fo r  

some spring chinook salmon (Code 1 )  (Table 13). Taking i n to  account t ha t  

15 of the  80 f i s h  tagged crossed P r i e s t  Rapids Dam, the  fa l lback  r a t e  f o r  

Code 1 chinook salmon had t o  be a t  l e a s t  25%. Reascents over McNary Dam 

by code a r e  a s  follows: Code 1, 2.5%; Code 2 ,  0.6% (group with the  poor 

f l a g  tag co lor ) ;  and Code 4, 3.1% during t he  spring run. Summer run chinook 

salmon reascended the  dam a t  a r a t e  of 0.4% f o r  Code 3 and 1.1% f o r  Code 5. 

Steelhead "A" run (Code 1 )  reascent  was 4.0 % even when flows pas t  McNary Dam 

averaged only 150,000 c f s  during the  tagging period. The "B" run (Code 2) - 
steelhead reascended a t  a r a t e  of 1.0%. There was l i t t l e  t o  no s p i l l  

during the  time of the  "B" run f i sh .  



CONCLUSIONS 

The fol lowing primary conclusions can be drawn i n  r e l a t i o n  t o  t h e  

o b j e c t i v e s  of t h e  study: 

1. The formation of a temperature b lock  a t  t h e  mouth of t h e  Snake River 

(mid-July t o  mid-September) t h a t  e f f e c t e d  passage and s u r v i v a l  of 

summer chinook salmon and s tee lhead  i n t o  t h e  Snake River t o  a s u b s t a n t i a l  

degree i n  1967 and a l e s s e r  degree i n  1968 was t h e  only major problem 

detec ted .  

2. I n s u f f i c i e n t  da t a  were acquired t o  a c c u r a t e l y  a s s e s s  t r i b u t a r y  t u r n o f f .  

3.  Passage of a d u l t  spr ing  and summer chinook salmon and s tee lhead  through 

t h e  naviga t ion  locks  of t he  dams wi th in  t h e  s tudy a rea  was n e g l i g i b l e  

and is no t  a s i g n i f i c a n t  con t r ibu t ing  f a c t o r  t o  t h e  unaccountable 

l o s s e s .  

4. The s tate-of- the-ar t  f o r  e l e c t r o n i c a l l y  monitoring f i s h  behavior us ing  

a c o u s t i c  f i s h  t a g s  was not  advanced enough a t  t h e  time t h i s  s tudy was 

c a r r i e d  out t o  provide s u f f i c i e n t  and s o p h i s t i c a t e d  enough da ta  f o r  a 

11 study of t h i s  magnitude.- 

I n  a d d i t i o n ,  t h e  following secondary conclus ions  can be  drawn a s  a r e s u l t  

of t h i s  s tudy:  

1. Fal lback  of a d u l t  salmonids occurs  i n  varying amounts a t  t h e  dams wi th in  

t h e  s tudy a rea .  This  experiment was not  designed t o  d e f i n e  t h e  exact  

amounts. However, f u t u r e  experiments should addres s  t h i s  problem. 

1/ A t  t h e  time t h i s  paper is  being w r i t t e n  (August 1978), t h e  multi-frequency - 
r a d i o  f i s h  t a g  has  been per fec ted ,  and t r i e d  and proven techniques f o r  

a p p l i c a t i o n ,  d i r e c t  observa t ions ,  and remote monitoring have been developed 

and a r e  r e a d i l y  a v a i l a b l e .  
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2. Adult summer chinook salmon pass ing  McNary Dam v i a  t h e  Oregon fishway 

a r e  more l i k e l y  t o  cont inue  t h e i r  mig ra t ion  up t h e  Snake River  than  up 

t h e  upper Columbia River .  The r eve r se  is  t r u e  f o r  summer chinook 

salmon pass ing  McNary Dam v i a  t h e  Washington fishway. 

-. 3 .  Automatic moni tors  a r e  of l i t t l e  o r  no v a l u e  f o r  remotely ga the r ing  

d a t a  on f i s h  passage u n l e s s  t h e i r  a b s o l u t e  s e c u r i t y  can be guaranteed.  

4. Ex te rna l ly  a t t a c h e d  e l e c t r o n i c  t a g s  a r e  l e s s  d e s i r a b l e  than  i n t e r n a l l y  

c a r r i e d  e l eCt ron ic  t a g s  f o r  behavior  s t u d i e s  of a d u l t  salmonids i n  

r i v e r  s i t u a t i o n s .  

5 .  Experiments should be  designed s o  only h igh ly  v i s i b l e  e x t e r n a l  f l a g  

t a g s  a r e  r equ i r ed .  Dependence upon v i s u a l  i d e n t i f i c a t i o n  of margina l ly  

v i s i b l e  t a g s  l e a d s  t o  i n v a l i d  d a t a .  
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