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INTRODUCTION 

A need f o r  a  t r app ing  f a c i l i t y  t o  c o l l e c t  a d u l t  salmonids f o r  

r e s e a r c h  purposes  e x i s t s  a t  Bonnevi l le  Dam. The Fisher ies-Engineer ing 

Research Laboratory ad j acen t  t o  t h e  Washington shore  f i s h  l adde r  has  

been provid ing  t h i s  c a p a b i l i t y ,  bu t  because of t h e  high c o s t  of 

main ta in ing  t h e  ag ing  l a b o r a t o r y ,  t h e  Corps of Engineers  proposed t h a t  

a  new t r app ing  f a c i l i t y  be b u i l t .  The new t r app ing  f a c i l i t y ,  known 

a s  t h e  "A" Branch Trap, was designed and cons t ruc t ed  i n  1975 by t h e  

Corps of Engineers  and i n s t a l l e d  i n  t h e  "A" Branch of t h e  Bradford 

I s l a n d  l adde r .  

A t  t h e  r eques t  of t h e  P a c i f i c  Northwest f i s h e r y  agenc ies ,  t h e  

Nat iona l  Marine F i s h e r i e s  Se rv i ce  (NMFS) was con t r ac t ed  wi th  by t h e  

Corps t o  e v a l u a t e  t h e  t r a p  dur ing  t h e  migra t ion  of a d u l t  salmonids i n  

1975. The o b j e c t i v e s  w e r e  t o  determine t h e  e f f i c i e n c y  of t h e  t r a p  

and t h e  e f f e c t s  of t r app ing  and tagging  on f i s h  passage i n  t h e  "A" 

Branch l adde r  f o r  each of t h e  major groups of a d u l t  salmon and s t ee lhead  

t r o u t  migra t ing  upstream. A s  a  po in t  of r e f e r e n c e ,  t h e s e  da t a  were 

compared, where p o s s i b l e ,  t o  s i m i l a r  d a t a  from t r app ing  and tagging 

o p e r a t i o n s  i n  t h e  Fisher ies-Engineer ing Research Laboratory ad j acen t  

t o  t h e  Washington sho re  l adde r .  

METHODS AND MATERIALS 

F a c i l i t i e s  

The new t r a p  was i n s t a l l e d  between we i r s  44 and 50 i n  t h e  "A" 

Branch l adde r .  I t s  b a s i c  components c o n s i s t e d  of a  s t eeppas s  fishway, 



f i s h  handl ing  f a c i l i t i e s ,  and coun t i ng  s t a t i o n s  t o  r e co rd  f i s h  passage 

du r ing  e v a l u a t i o n  t e s t s  (F igu re  1 ) .  F i s h  ascending  t h e  l a d d e r  were 

counted a t  we i r  42 below t h e  s t e e p p a s s .  Those mig ra t i ng  up t h e  sou th  

s i d e  were conf ined  t o  t h e  s t e e p p a s s  e n t r a n c e  by p i cke t ed  l e a d s  i n  l i n e  

w i t h  fishway f low between w e i r s  42-43 and 43-44 (F igu re  2 ) .  Those 

ascending  t h e  n o r t h  s i d e  bypassed t h e  t r a p .  During e v a l u a t i o n  t e s t s  

t h e  o r i f i c e s  i n  weir  42 were sc reened  t o  f o r c e  f i s h  over  t h e  coun t i ng  

we i r s .  O r i f i c e  s c r e e n s  were opened and l e f t  f l a t  on t h e  fishway f l o o r  

i n  t h e  i n t e r i m  between t e s t s .  When few f i s h  were ascending  t h e  l a d d e r ,  

a  d i v e r s i o n  l e a d  below w e i r  42 n o r t h  cou ld  be lowered t o  d i v e r t  a l l  

f i s h  t o  w e i r  42 sou th  (F igu re  3 ) .  The l e a d  con ta ined  an  11-inch by 

30-inch opening i n  t h e  p i c k e t s  t o  a l l o w  f a l l b a c k s  passage downstream. 

The passage of upstream mig ran t s  through t h e  opening was prevented by 

a  web fyke  t r a i l i n g  downstream ( l i k e  a  wind sock ) .  

To preven t  shad from ascending  t h e  s t e e p p a s s ,  a  b a r r i e r  c o n s i s t i n g  

of a  h o r i z o n t a l  wooden g r a t i n g  was i n s t a l l e d  on t h e  c r e s t  of w e i r  44 

(F igu re  4 ) .  Shad, be ing  r e l u c t a n t  o r i f i c e  swimmers, were expected t o  

avo id  t h e  submerged o r i f i c e  below t h e  b a r r i e r  wh i l e  sa lmonids  e n t e r e d  

t h e  o r i f i c e  i n t o  t h e  s t e e p p a s s  e n t r y  pool .  

The s t e e p p a s s ,  66 f e e t  long  on a  27.3 pe r cen t  s l o p e ,  i s  t h e  model 

A s t e e p p a s s  ( a  Deni l - type f i s h  pass )  de sc r i bed  by Ziemer (1962).  It i s  

an aluminum flume 22 i nches  wide by 27 i nches  h igh  w i t h  i n t e r n a l  b a f f l e s  

t o  c o n t r o l  water  v e l o c i t y .  The open a r e a  f o r  f i s h  passage (14 i nches  

wide by 22 i nches  h igh)  r e q u i r e s  a  f low of approximately  5 c f s .  
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The f low,  s u p p l i e d  by t h r e e  1 0  hp pumps i n  t h e  "A" Branch l a d d e r ,  

emerged a t  t h e  t o p  o f  t h e  s t e e p p a s s  th rough  a n  upwel l  w e i r .  B a f f l e s  i n  

t h e  w e i r  d i s s i p a t e d  t h e  f low v e l o c i t y  w h i l e  a  l o u v e r e d  pane l  d i r e c t e d  t h e  

f l o w  i n t o  t h e  s t e e p p a s s .  A s m a l l  amount of t h e  w a t e r  s p i l l e d  i n t o  t h e  

c h u t e  t o  t h e  s o r t e r .  

F i s h  passage  th rough  t h e  e n t r a n c e  poo l  and s t e e p p a s s  was v o l i t i o n a l .  

However, a f t e r  f i s h  swam th rough  t h e  upwel l  a t  t h e  t o p  of t h e  s t e e p p a s s  

t h e y  had no c o n t r o l  o v e r  t h e i r  movement, and t h e i r  momentum c a r r i e d  

them down t h e  c h u t e  t o  t h e  s o r t e r  i n  3  t o  4 seconds .  An o p e r a t o r  a t  t h e  

s o r t e r  i d e n t i f i e d  t h e  f i s h  and e i t h e r  d i v e r t e d  them back i n t o  t h e  l a d d e r  

o r  passed  them i n t o  t h e  t r a p  f o r  t a g g i n g  o r  o t h e r  purposes .  

Tagging 

Two p e r i o d s  o f  t a g g i n g  were i n c l u d e d  i n  t h e  e v a l u a t i o n  s t u d y .  Oregon 

Department o f  F i s h  and W i l d l i f e  (ODFW) p e r s o n n e l  tagged chinook salmon 

and s t e e l h e a d  t r o u t  d u r i n g  t h e  summer r u n  t e s t s  ( June  30-July 13)  u s i n g  

t h e  same t y p e  of t a g s  used i n  t h e i r  Washington s h o r e  t a g g i n g  o p e r a t i o n .  

Chinook were t agged  w i t h  a  brown anchor  t a g  p l u s  a  ye l low jaw t a g  on 

t h e  l e f t  s i d e .  S t e e l h e a d  were tagged w i t h  a  w h i t e  anchor  t a g .  During 

t h e  f a l l  r u n  t e s t s  (September 1-19),  we tagged chinook and coho salmon 

w i t h  c o l o r e d  aluminum d i s c s  on t h e  l e f t  o p e r c l e .  A d i f f e r e n t  c o l o r e d  

o p e r c l e  t a g  was used each  day of t h e  week. No s t e e l h e a d  were tagged 

d u r i n g  t h e  f a l l  r u n .  

No f i s h  were tagged d u r i n g  t h e  s p r i n g  r u n  e v a l u a t i o n  t e s t s ;  

o p e r a t i o n a l  d i f f i c u l t i e s  p r e c l u d e d  t a g g i n g  a s  o r i g i n a l l y  planned.  



Fi sh  t o  be  tagged were d i v e r t e d  t o  one of two 550-gallon t anks  

con t a in ing  a n e s t h e t i c .  A shunt  g a t e  below t h e  d i v e r t e r  cou ld  be 

p o s i t i o n e d  t o  r o u t e  f i s h  t o  e i t h e r  t ank  wh i l e  wate r  i n  t h e  c h u t e  

dropped through a  p e r f o r a t e d  p l a t e  and d r a ined  away t o  p r even t  d i l u t i o n  

of t h e  s o l u t i o n  i n  t h e  t anks .  Maximum oxygen l e v e l  was main ta ined  i n  

t h e  a n e s t h e t i c  by bubbl ing a i r  through p e r f o r a t e d  p i p e s  i n  t h e  bottom 

of each tank .  A f t e r  each days  o p e r a t i o n  t h e  a n e s t h e t i c  was d r a i n e d  

i n t o  a  d rywel l .  The s p e c i a l  d rywe l l  was i n s t a l l e d  t o  d i s p o s e  of 

waste  wate r  t h a t  might con tamina te  t h e  f i s h  l a d d e r .  

A wash t ank  was provided t o  r i n s e  t h e  a n e s t h e t i c  from a n e s t h e t i z e d  

f i s h  be fo r e  t h e i r  r e t u r n  t o  t h e  f i s h  l a d d e r .  The 125-gal lon t ank  

r ece ived  a  c o n s t a n t  f low of wate r  w i t h  t h e  ou t f l ow  d r a i n i n g  i n t o  t h e  

d rywel l .  Anes the t ized  f i s h  were t r a n s f e r r e d  from t h e  a n e s t h e t i c  t o  t h e  

wash t ank  and,  a f t e r  a  b r i e f  r i n s e ,  b r a i l e d  i n t o  a  c h u t e  t o  t h e  recovery  

pen i n  t h e  f i s h  l a d d e r  (F igu re  5A). 

The recovery  pen, a n  8-foot squa re  p i cke t ed  e n c l o s u r e  i n  t h e  middle  

of pool  47, provided a  q u i e t  a r e a  f o r  f i s h  t o  r e cove r  from a n e s t h e s i a  

(F igu re  5B). Upon recovery ,  f i s h  swam through t h e  opening a t  t h e  bottom 

of  t h e  e n c l o s u r e  t o  r e g a i n  u n r e s t r i c t e d  passage  i n  t h e  l a d d e r .  

Recording F i s h  Passage 

Observers  a t  a l l  s t a t i o n s  t a l l i e d  f i s h  passage on mechanical  

c o u n t e r s ,  and coun t s  were recorded a t  t h e  end of each hour.  Passage 

through t h e  t r a p  a s  w e l l  a s  upstream and downstream passages  a t  

we i r  42 ( n o r t h  and sou th)  were recorded .  Counts were c a t e g o r i z e d  by 
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l a r g e  chinook, sma l l  chinook, coho,sockeye,  s t e e l h e a d ,  and shad. During 

each s h i f t ,  one of t h e  obse rve r s  was d e t a i l e d  t o  r e co rd  hou r ly  upstream 

passage,  downstream passage,  and n e t  count  up f o r  each ca t ego ry  a s  w e l l  

a s  t h e  number t a l l i e d  a t  t h e  s o r t e r  and number of each s p e c i e s  tagged.  

Passage of sa lmonids  i n  t h e  s t e e p p a s s  was recorded  du r ing  random 

o b s e r v a t i o n  p e r i o d s  t o  de te rmine  t h e  number of f a l l b a c k s  i n  t h e  s t e eppas s .  

During some obse rva t i ons ,  w e  a l s o  recorded  t h e  number of s u c c e s s f u l  

passages  ( t o  t h e  s o r t e r )  d u r i n g  t h e  o b s e r v a t i o n  pe r i od .  

Add i t i ona l  f i s h  passage d a t a  were a v a i l a b l e  from e s t a b l i s h e d  "B" 

Branch and Bradford I s l a n d  count ing  s t a t i o n s .  

Tes t  Condi t ions  

The fo l l owing  b a s i c  o p e r a t i o n s  were t e s t e d  du r ing  t h e  e v a l u a t i o n  

s tudy :  

A = Trapping f a c i l i t y  no t  opera t ing- - the  lower end of  t h e  s t e e p p a s s  

l adde r  and f i s h  l e a d  were r a i s e d  above t h e  water  and t h e  shad b a r r i e r  

was removed (F igu re  6 ) .  

B = Trapping f a c i l i t y  o p e r a t i n g .  A l l  f i s h  ascending  t h e  s t e e p p a s s  

were d i v e r t e d  b a c k . i n t o  t h e  "A" Branch l a d d e r  wi thout  being handled.  

C =Trapp ing  f a c i l i t y  o p e r a t i n g .  Salmon ascending  t h e  s t e e p p a s s  

were passed i n t o  t h e  a n e s t h e t i c  t ank ,  tagged,  t r a n s f e r r e d  t o  t h e  wash 

t ank ,  and then  placed i n  t h e  recovery  pen i n  t h e  "A" Branch l a d d e r .  

Spec i e s  no t  tagged were d i v e r t e d  back i n t o  t h e  "A" Branch l a d d e r  v i a  

t h e  d i v e r s i o n  c h u t e .  Th i s  r e p r e s e n t s  a  t y p i c a l  t agg ing  o p e r a t i o n .  



F i g u r e  6 . - -The  "A" Branch t r a p  o u t  oE s e r v i c e .  Note 
t h a t  t h e  l o w e r  s e c t i o n  o f  t h e  s t eeppass  i s  
r a i s e d  and t h e  l e a d  t o  t h c  s t e e p p a s s  i s  
p o s i t i o n e d  i n  line w i t h  t h e  f i shway  f low 
t o  a l l o w  u n r e s t r i c t e d  f i s h  p a s s a p e  up t h e  
l a d d e r .  



I n  a d d i t i o n ,  t h e  b a s i c  o p e r a t i o n s  were modified by t h e  a d d i t i o n  o r  

removal of t h e  d i v e r s i o n  lead  a t  w e i r  42 and/or  t h e  shad b a r r i e r  a t  

weir  44. 

a  = Trap ope ra t i ng  wi th  t h e  shad b a r r i e r  i n s t a l l e d  a t  wei r  44. 

b  = Diversion l e a d  i n s t a l l e d  below wei r  42. F i s h  ascending t h e  

l adde r  on t h e  no r th  s i d e  were d i v e r t e d  from wei r  42 no r th  t o  t h e  t r a p  

approach a t  weir  42 south. 

Eva lua t ion  tests w e r e  scheduled dur ing  t h e  s p r i n g ,  summer, and f a l l  

runs  t o  compare f i s h  passage through t h e  fishway wi th  and without  t h e  

t r a p  ope ra t i ng .  The tests conducted and t h e i r  o b j e c t i v e s  a r e  given i n  

Table 1. During each segment of t h e  eva lua t ion ,  we a l s o  counted f i s h  

f o r  f i v e  days a t  w e i r s  42 n o r t h  and sou th  t o  determine t h e  d i s t r i b u t i o n  

of  f i s h  on each s i d e  of wei r  42 when tests were not  i n  progress .  

PROCEDURE 

Each weekly test (Monday through Friday)  c o n s i s t e d  of two 24-hour 

per iods  of t r app ing  and two 24-hour pe r iods  without  t r app ing  p l u s  an 

8-hour per iod  a t  each end--Monday a . m .  w i th  t h e  t r a p  ou t  and Friday p.m. 

wi th  t h e  t r a p  i n .  A t  9 p.m. each Friday t h e  t r a p  was taken ou t  of 

s e r v i c e  and t h e  o r i f i c e  g r i l l s  a t  t h e  count ing we i r s  opened t o  a l l ow  

u n r e s t r i c t e d  f i s h  passage i n  t h e  "A" Branch l adde r  through t h e  weekend. 

F l u c t u a t i o n s  i n  numbers and s p e c i e s  of f i s h  sometimes n e c e s s i t a t e d  

d e v i a t i n g  from t h e  o r i g i n a l  p lan .  Regardless  of t h e  o r d e r  of t e s t i n g ,  

each test c o n d i t i o n  was given a  24-hour run be fo re  changing t o  another  

cond i t i on .  Tes t  c o n d i t i o n s  were changed a t  1 p.m. (day l igh t  sav ing  time) 

each day. The powerhouse c o n t r o l  room was advised  of t h e s e  changes, 

and o p e r a t o r s  noted t r a p  s t a t u s  i n  t h e  fishway log .  

12 



Table  1 . - -Evaluat ion tests and t h e i r  o b j e c t i v e s  d u r i n g  t h e  s p r i n g ,  

summer, and f a l l  r u n s .  

T e s t  Run O b j e c t i v e  

A v s  Bb S p r i n g  Determine t h e  e f f e c t  of t r a p p i n g  on 
f i s h  passage  and t h e  e f f i c i e n c y  of 

A v s  B  t h e  t r a p  w i t h  and w i t h o u t  t h e  
d i v e r s i o n  l e a d .  

A v s  C 
b  Summer 

A v s  C F a l l  

Summer 

Determine t h e  e f f e c t  of t r a p p i n g  and 
t a g g i n g  on f i s h  passage  and t h e  
e f f e c t i v e n e s s  of t h e  t r a p  t o  c o l l e c t  
s u f f i c i e n t  numbers of f i s h  f o r  a 
t a g g i n g  o p e r a t i o n  w i t h  and w i t h o u t  
t h e  d i v e r s i o n  l e a d .  

Determine t h e  e f f i c i e n c y  of t h e  shad 
b a r r i e r  and i t s  e f f e c t  on salmonid 
passage  w i t h  and w i t h o u t  t h e  d i v e r s i o n  
l e a d .  



Counting s t a t i o n s  were manned f o r  two 8-hour s h i f t s  each day of 

t e s t i n g .  The a.m. s h i f t  extended from 5 a.m. t o  1 p.m.; t h e  p.m. 

s h i f t  from 1 p.m. t o  9 p.m. Counting personnel  r o t a t e d  from s t a t i o n  t o  

s t a t i o n  dur ing  t h e  sh i f t - -count ing  45 minutes  wi th  a  15 minute break 

when t h e  t r a p  was i n  and count ing 40 minutes  wi th  a  20 minute break  when 

t h e  t r a p  was o u t .  

OPERATIONAL CRITIQUE 

Before p re sen t ing  t h e  r e s u l t s  of t h e  eva lua t ion ,  obvious d i s c r epanc i e s  

i n  some counts  between weir 42 south  and t h e  t r a p  e x i t  should be explained.  

Counting cond i t i ons  a t  t h e  t r a p  e x i t  were good throughout t h e  t e s t s .  

F i sh  descending t h e  chute  t o  t h e  s o r t e r  were q u i t e  e a s i l y  i d e n t i f i e d  and 

posed l i t t l e  chance f o r  count ing e r r o r .  On t h e  o t h e r  hand, count ing 

cond i t i ons  a t  weir  42 were never  good and v a r i e d  from day t o  day and 

o f t e n  during t h e  day. A s  count ing cond i t i on  d e t e r i o r a t e d  a t  w e i r  42, 

counts  became l e s s  accu ra t e .  A t  t imes t h e  n e t c o u n t  of salmonids a t  

wei r  42 south  was a c t u a l l y  l e s s  than  t h e  number of salmonids counted a t  

t h e  s o r t e r .  

Most of t h e  problem stemmed from i n a b i l i t y  t o  count smal le r  "jack" 

salmon due t o  acombina t ion  of h igh  f lows (up t o  18" depth  over  t h e  weir 

c r e s t ) ,  f a l l b a c k s ,  and lampreys on t h e  f ishway wa l l s .  

T h e o r e t i c a l l y ,  t h e  Bradford I s l and  count should equa l  t h e  sum of 

t h e  "A" Branch and "B" Branch counts .  The counts  do show f a i r  agreement 

du r ing  spr ing-run t e s t s  and t h e  two days we counted e a r l y  i n  t h e  sumrner- 

run  (Table 2 ) .  During e a r l y  f a l l - r u n  counts ,  however, j acks  o f t e n  



Table  2.--A comparison of w e i r  42 "A" Branch, "B" Branch, and Bradford I s l a n d  salmonid coun t s  du r ing  
I1 I1 A Branch t r a p  e v a l u a t i o n  t e s t s .  

- -- - - -- 

Dai ly  count of sa lmonids  D i f f e r e n c e  

Date "A" Branch "B" Branch T o t a l  Bradford % 
A + B  I s l a n d  [B ?:itl3)] - (A+B) x 100 

B I  1 
Spring  

Apr 3 
4 

2 3 
24 
2 5  

P 
'a 

Summer 

June 12 
13  

F a l l  

Aug 25 
2 6 



outnumbered a d u l t s ,  and "A" Branch c o u n t e r s  a p p a r e n t l y  missed many of 

t h e  s m a l l e r  f i s h  a t  we i r  42. P o s s i b l y  some of t h e s e  s m a l l e r  f i s h  were 

a l s o  missed by t h e  "B" Branch c o u n t e r s .  

RESULTS 

E v a l u a t i o n  of t h e  "A" Branch t r a p  c o n s i d e r e d  t h e  a b i l i t y  of each  of 

t h e  major  salmon and s t e e l h e a d  r u n s  t o  ascend t h e  s t e e p p a s s  and e n t e r  

t h e  t r a p  ( t r a p  e f f i c i e n c y )  a s  w e l l  as  t h e  e f f e c t  of t r a p p i n g  and t a g g i n g  

on f i s h  passage  up t h e  Bradford I s l a n d  and Washington s h o r e  l a d d e r s .  

Major f i n d i n g s  a r e  summarized i n  t h i s  s e c t i o n .  D a i l y  f i s h  c o u n t s  and 

d e t a i l e d  t e s t  r e s u l t s  by s p e c i e s  may b e  found i n  Appendix T a b l e s  A1-A14. 

Trap E f f i c i e n c y  

Trap e f f i c i e n c y  is expressed  a s  t h e  p r o p o r t i o n  of f i s h  a t  we i r  42 

t h a t  a scend  t h e  s t e e p p a s s  and e n t e r  t h e  t r a p .  A s  would b e  expec ted ,  t h e  

h i g h e s t  p r o p o r t i o n  of sa lmonids  were t r a p p e d  w i t h  t h e  d i v e r s i o n  l e a d  i n  

a t  w e i r  42. P e r c e n t  e f f i c i e n c y  c a l c u l a t e d  f o r  a l l  sa lmonids  was abou t  

t h e  same d u r i n g  s p r i n g  and f a l l  t e s t s - -abou t  8 p e r c e n t  w i t h o u t  t h e  

d i v e r s i o n  l e a d  and a b o u t  53% w i t h  t h e  l e a d  ( F i g u r e  7 ) .  During surmner- 

r u n  t e s t s ,  t h e  r e s p e c t i v e  p e r c e n t a g e s  ranged from a b o u t  50 p e r c e n t  t o  

over  100 p e r c e n t  (which we know is t o o  h i g h ) .  The p r e v i o u s l y  d e s c r i b e d  

c o u n t i n g  d i f f i c u l t i e s  a t  w e i r  42 p robab ly  produced t h e  e r r o n e o u s  v a l u e s .  

F a l l b a c k s  i n  t h e  s t e e p p a s s  may be l a r g e l y  r e s p o n s i b l e  f o r  t h e  lower  

e f f i c i e n c y  recorded  f o r  s p r i n g  and f a l l  r u n  f i s h .  The w i l l i n g n e s s  of 

f i s h  t o  ascend t h e  s t e e p p a s s  h a s  a profound e f f e c t  on t h e  e f f i c i e n c y  of 

t h e  t r a p .  F a l l b a c k  f i s h  n o t  o n l y  f a i l  t o  e n t e r  t h e  t r a p ,  b u t  t h e i r  

d e s c e n t  impedes t h e  passage  o f  a s c e n d i n g  f i s h .  
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Figu re  7.--"A" Branch t r a p p i n g  e f f i c i e n c y  ( c a l c u l a t e d :  
Trap count  x 100) f o r  sa lmonids  du r ing  s p r i n g ,  
Weir 42  n e t  up ) 
summer, and f a l l  runs  -- a comparison of  t e s t s  w i t h  
and w i t h o u t  t h e  d i v e r s i o n  l e a d  a t  w e i r  42 n o r t h .  
T e s t  c o n d i t i o n s  were:  (B)  t r a p p i n g  w i thou t  t a g g i n g ,  
(C) t r a p p i n g  w i t h  t agg ing ,  ( a )  shad  b a r r i e r  i n s t a l l e d  
and (b)  d i v e r s i o n  l e a d  i n .  
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Observat ions revea led  f a l l b a c k  a c t i v i t y  on ly  dur ing  t h e  e a r l y  

sp r ing  and f a l l  runs .  During t h e  Apr i l  18-22 t e s t  pe r iod ,  t h e  average 

f a l l b a c k  r a t e  was 7 .3  per  hour (Table  3 ) .  By c o n t r a s t ,  no f a l l b a c k s  were 

observed du r ing  t h e  May 17-23 and June 30-July 11 ope ra t i ons .  During t h e  

f a l l - r u n  t e s t s ,  September 1-19, salmonid counts  through t h e  t r a p  were 

t h e  h i g h e s t  dur ing  t h e  season but  so  were f a l l b a c k s  i n  t h e  s teeppass .  

Most of t h e  f a l l b a c k s  appeared t o  b e  l a r g e  t u l e  chinook. During 8 .5  hours  

of obse rva t ion  t i m e ,  211 f a l l b a c k s  were observed f o r  an  average of 

24.8 per  hour.  

While t h e  d i v e r s i o n  l ead  e f f e c t i v e l y  d i v e r t e d  f i s h  t o  t h e  s t eeppas s  

en t r ance  and, indeed,  c o n s i s t e n t l y  i nc reased  t r a p  e f f i c i e n c y ,  salmonid 

passage through t h e  s t eeppas s  appeared t o  be less than  expected. During 

24-hour tests i n  t h e  f a l l ,  t h e  average  r a t e  of passage f o r  16-hour 

count ing  pe r iods  ranged from 46.3 t o  65.6 salmonids per  hour without  t h e  

d i v e r s i o n  l ead  and from 55.4 t o  116.2 salmonids per  hour w i th  t h e  

d i v e r s i o n  l ead  (Appendix Table  A-11). The h ighes t  count f o r  an  hour 

occurred between 9  and 10 a.m. on September 2--175 salmonid--this 

r e p r e s e n t s  t h e  maximum c a p a c i t y  a t t a i n e d  i n  t h e  "A" Branch t r a p  s teep-  

pass .  Based on l a b o r a t o r y  t e s t s ,  a  c a p a c i t y  of 650 t o  1140 f i s h  per 

hour i s  es t imated  f o r  a  30-foot long s t eeppas s  a t  a  28.7 percent  s l o p e  

( S l a t i c k ,  1975) .  The a d d i t i o n a l  l e n g t h  of t h e  66-foot long "A" Branch 

s t eeppas s  pos s ib ly  i n c r e a s e s  f a l l b a c k s  which i n  t u r n  reduces  t h e  

c a p a c i t y  of t h e  s t eeppas s .  



Table 3.--Salmonid f a l l b a c k s  observed i n  t h e  s t e e p p a s s  du r ing  "A" Branch t r a p  e y a l u a t i o n  t e s t s .  

Trapping Obs. 
Date Time Succes s fu l  passages  t ime F a l l b a c k s  

Hours Number No. / h r .  Hours Number Not /h r .  

A p r i l  7-17 7  2  115 I. 6 - 1 / 

A p r i l  18-22 2  4  466 19.4  2.6 19 

May 17-23 5 6  310 5 .5  4 .6  0  

June 30-July 11 8 0 
P 
\O 

Sept 1-19 120 

11 Occasional f a l l b a c k s  observed but  no t  recorded .  - 

21 No f a l l b a c k s  observed du r ing  o c c a s i o n a l  obse rva t i on  p e r i o d s .  - 
Observat ion t ime  no t  recorded .  



The E f f e c t s  of  Trapp ing  on F i s h  Passage  

O p e r a t i n g  t h e  t r a p  a l t e r e d  f i s h  p a s s a g e  i n  t h e  "A" Branch l a d d e r ,  

u l t i m a t e l y  c a u s i n g  some d e l a y  i n  o v e r a l l  p a s s a g e  th rough  t h e  Bradford  

I s l a n d  l a d d e r .  The d i v e r s i o n  l e a d  a t  w e i r  42  n o r t h  had t h e  g r e a t e s t  

impact  upon passage  w h i l e  t r a p p i n g  w i t h o u t  t h e  l e a d  seemed t o  c a u s e  

o n l y  minor  d i s r u p t i o n s  i n  f i s h  passage .  These  e f f e c t s  a r e  a p p a r e n t  i n  

compar isons  of  c o u n t s  a t  w e i r  42 i n  t h e  "A" Branch l a d d e r ,  a  s t a t i s t i c a l  

a n a l y s i s  of  c o u n t s  a t  t h e  Bradford  I s l a n d  c o u n t i n g  s t a t i o n  d u r i n g  

e v a l u a t i o n  t e s t s ,  and p a s s a g e  of r ad io - t agged  sa lmonids .  

Passage  i n  t h e  "A" Branch Ladder a t  Weir 42  

Data from t h e  f i r s t  week of t r a p p i n g  d u r i n g  ' t h e  f a l l  r u n  (Sep t .  

1-5) p rov ided  a n  e x c e l l e n t  example o f  t h e  e f f e c t s  of t r a p p i n g  on  

p a s s a g e  a t  w e i r  42  i n  t h e  "A" Branch l a d d e r .  With w e i r  42  n o r t h  

b locked  t o  p a s s a g e ,  c o u n t s  r a p i d l y  i n c r e a s e d  a t  w e i r  42  s o u t h  accompanied 

by s u c c e s s i v e l y  h i g h e r  h o u r l y  c o u n t s  a t  t h e  t r a p  as f i s h  d e n s i t y  

i n c r e a s e d  i n  t h e  p o o l s  below t h e  t r a p  e n t r y  ( F i g u r e  8) .  Counts a t  

b o t h  w e i r  42 s o u t h  and t h e  t r a p  d e c r e a s e d  toward t h e  end of  t h e  

c o u n t i n g  day a s  f i s h  movement i n  t h e  l a d d e r  s u b s i d e d .  On t h e  

morning of  t h e  f o l l o w i n g  day  ( S e p t .  2 )  h o u r l y  c o u n t s  a t  bo th  w e i r  42 

s o u t h  and t h e  t r a p  i n c r e a s e d  r a p i d l y  f o r  t h e  f i r s t  t h r e e  hours .  A t  

t h a t  p o i n t  w e i r  42  c o u n t s  began t o  d rop  w h i l e  t h e  t r a p  h o u r l y  c o u n t s  

seemed t o  l e v e l  off - -probably  i n d i c a t i n g  a  c a p a c i t y  d e n s i t y  of  f i s h  i n  

p o o l s  below t h e  t r a p  e n t r y .  T h i s  c o n d i t i o n  p r e v a i l e d  u n t i l  t h e  t r a p  

was t a k e n  o u t  of s e r v i c e  a t  1 p.m. 



Test 

5AM IPM 9PM 
SEPT 5 

F i g u r e  8.--Hou,rly n e t  upst ream c o u n t s  of  sa lmonids  a t  "At' 
Branch w e i r  42 n o r t h ,  42 s o u t h ,  and t h e  t r a p  d u r i n g  
t e s t s  w i t h o u t  t h e  t r a p  o p e r a t i n g  ( t e s t  c o n d i t i o n  A) ,  
t r a p p i n g  and t a g g i n g  ( t e s t  c o n d i t i o n  C) w i t h o u t  t h e  
d i v e r s i o n  l e a d ,  and t r a p p i n g  and t a g g i n g  ( t e s t  
c o n d i t i o n  Cb) w i t h  t h e  d i v e r s i o n  l e a d .  August 25-29 
and September 1-5, 1975. 



When t h e  t r a p  and d i v e r s i o n  l e a d  were r a i s e d ,  coun t s  i nc r ea sed  

d r a m a t i c a l l y  a t  bo th  w e i r s  4 2  n o r t h  and s o u t h  (F igu re  8 ) .  Counts were 

h ighe r  on t h e  n o r t h  i n d i c a t i n g t h a t  numbers of f i s h  were beginning t o  

b u i l d  up below we i r  4 2 .  A f t e r  a  couple  of hou r s ,  coun t s  a t  bo th  w e i r s  

dropped and equa l i z ed .  Th i s  c o n d i t i o n  con t inued  through t h e  fo l lowing  

day u n t i l  t h e  t r a p  went i n  a g a i n  a t  1 p.m. September 3 .  

During t h e  second t r a p p i n g  pe r i od ,  w e i r  4 2  n o r t h  was open t o  f i s h  

passage.  When t h e  t r a p  went i n  a t  1 p.m., hou r ly  coun t s  a t  4 2  sou th  

dec l i ned  wh i l e  cor responding  coun t s  a t  4 2  n o r t h  s t e a d i l y  i nc r ea sed .  

The p a t t e r n  of t r a p  coun t s  was s i m i l a r  t o  t h e  p a t t e r n  f o r  t h e  f i r s t  

t r a p p i n g  pe r i od ,  bu t  i t  never  reached a s  h igh  a n  hou r ly  count  as was 

recorded  when t h e  d i v e r s i o n  l e ad  was i n  even though more f i s h  were 

ascending  t h e  l a d d e r .  Obviously ,  most m ig ran t s  were s imply bypassing 

t h e  t r a p  by ascending  wei r  42 n o r t h .  T h i s  p a t t e r n  of movement a t  

we i r  4 2  cont inued  through t h e  fo l l owing  a.m. s h i f t  (Sep t .  4 )  u n t i l  

t r a p p i n g  ceased a t  1 p.m. 

Again, when t h e  t r a p  was t aken  o u t  of s e r v i c e ,  coun t s  a t  wei r  42 

s o u t h  i nc r ea sed  u n t i l  passage  a t  bo th  s t a t i o n s  reached equ i l i b r i um.  

A f i n a l  8-hour r u n  w i t h  t h e  t r a p  o p e r a t i n g  on September 5 showed t h e  

same p a t t e r n  of coun t s  as before--when t h e  t r a p  went i n ,  hou r ly  coun t s  

dropped a t  we i r  4 2  s o u t h  and i nc r ea sed  a t  4 2  n o r t h .  

Passage Up t h e  Bradford I s l a n d  F i s h  Ladder 

Moni tor ing hou r ly  coun t s  a t  t h e  Bradford I s l a n d  count ing  s t a t i o n  

d u r i n g  va ry ing  t r a p p i n g  c o n d i t i o n s  a t  t h e  "A" Branch t r a p  provided a  

means of a s s e s s i n g  t h e  deg ree  each c o n d i t i o n  a f f e c t e d  passage.  



A cumula t ive  d i s t r i b u t i o n  c u r v e  of t h e  h o u r l y  f i s h  c o u n t s  a t  t h e  

Bradford I s l a n d  c o u n t i n g  s t a t i o n  was used t o  e s t i m a t e  t h e  m i g r a t i o n  

r a t e  and t h e  t i m e  of median passage .  These two paramete rs  a r e  e q u i v a l e n t  

t o  t h e  v a r i a n c e  and c o n t r o l  l o c a t i o n  o f  a p r o b a b i l i t y  d i s t r i b u t i o n  f o r  

a random p r o c e s s .  M u l t i p l e  comparisons  among t h e  d a i l y  r u n s  f o r  

d i f f e r e n t  t r a p p i n g  c o n d i t i o n s  were made by u s i n g  t h e  cumula t ive  d i s t r i b u -  

t i o n s  t o  s t a t i s t i c a l l y  test f o r  a change i n  v a r i a n c e  and mean. 

For t h i s  d a t a  i t  was p r e f e r a b l e  t o  u s e  a  d i s t r i b u t i o n - f r e e  o r  

nonparamet r ic  s t a t i s t i c a l  t e s t  s o  t h a t  no assumpt ions  need be  made 

abou t  t h e  u n d e r l y i n g  p r o b a b i l i t y  d i s t r i b u t i o n .  A powerful  nonparamet r ic  

s t a t i s t i c a l  test a p p l i c a b l e  f o r  comparing t h e  v a r i a n c e  and l o c a t i o n  

p a r a m e t e r s  i s  t h e  Kolmogorov-Smirnov D s t a t i s t i c .  The D s t a t i s t i c  

is  a  measure of t h e  maximum d i s t a n c e  between two cumula t ive  d i s t r i b u t i o n  

c u r v e s .  I f  t h e  d i s t a n c e  between t h e  c u r v e s ,  a s  computed from t h e  d a t a ,  

exceeds  t h e  t a b u l a r  v a l u e  f o r  a s p e c i f i e d  p r o b a b i l i t y  l e v e l ,  w e  can  

conc lude  t h a t  t h e  two c u r v e s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  i n  l o c a t i o n  o r  

s c a l e .  The mul t i -sample  development of t h e  Kolmogorov-Smirnov s t a t i s t i c  

as g i v e n  by K i e f e r  0959)  and Conover (1971) was used t o  compare t h e  

d i f f e r e n t  t r a p p i n g  c o n d i t i o n s  i n  t h e  e v a l u a t i o n  t e s t s .  

The mean v a l u e s  o f  D s t a t i s t i c s  computed f o r  each  s p e c i e s  d u r i n g  

d i f f e r e n t  t r a p p i n g  c o n d i t i o n s  a r e  compared i n  F i g u r e s  9  and 10 .  On 

b o t h  g r a p h s  t h e  a b s c i s s a  r e p r e s e n t s  an  o r d e r i n g  of t e s t  c a t e g o r i e s  

by s e v e r i t y  o f  passage  r e s t r i c t i o n s  from no r e s t r i c t i o n  (Category 

T  o r  c o n t r o l )  t o  t o t a l  t r a p p i n g  w i t h  d i v e r s i o n  l e a d  and shad b a r r i e r  1 

(Category T7) .  The o r d i n a t e  r e p r e s e n t s  i n c r e a s i n g  v a l u e s  of D which 

i n d i c a t e s  impairment of passage .  A d d i t i o n a l  d e t a i l s  may be  found 

i n  Appendix T a b l e  A-12. 
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TEST CATEGORY 
Figure  9.--Comparisons of  t he  mean D va lues  from 

Kolmogorov-Smirnov s t a t i s t i c a l  t e s t s  f o r  
t e s t  c a t e g o r i e s  ordered by s e v e r i t y  from 
no passage r e s t r i c t i o n  (T ) t o  t r app ing  

1 and tagging  wi th  t he  d ive r s ion  l ead  and 
shad b a r r i e r  (T ) dur ing  "A" Branch t r a p  

7 eva lua t ion  t e s t s .  Spring-, summer-, and 
f a l l - r u n  chinook salmon. 

1/ Peak of migra t ion  - 



,70 - Steelhead + Coho --- 
X Sockeye *---.- 

a60 - 

.50 - 

Significance Level 

TEST CATEGORY 

Figure 10.--Comparisons of  t he  mean D va lues  from 
Kolmogorov-Smirnov s t a t i s t i c a l  t e s t s  f o r  
t e s t  c a t e g o r i e s  ordered  by s e v e r i t y  from 
no passage r e s t r i c t i o n  ( T  ) t o  t r app ing  

1 and tagging  wi th  t he  d i v e r s i o n  l ead  and 
shad b a r r i e r  (T,) dur ing  "A" Branch t r a p  
eva lua t ion  t e s t s .  Sockeye salmon, coho 
salmon, and s t e e l h e a d  t r o u t .  

1/ Peak of migra t ion  - 
25 



For a l l  s p e c i e s  t h e r e  was a  p r o g r e s s i v e l y  more s e v e r e  impairment 

of f i s h  passage  a s  more r e s t r i c t i v e  d i v e r s i o n  c o n d i t i o n s  were imposed 

i n  t h e  l adde r .  F i s h  passage ,  though, was no t  s i g n i f i c a n t l y  a f f e c t e d  

by t r a p p i n g  u n t i l  t h e  d i v e r s i o n  l e a d  was i n s t a l l e d  (Condi t ion  T  ). 
4  

Rate  of impairment f o r  each of t h e  s p r i n g ,  summer, and f a l l  

chinook runs  was s i g n i f i c a n t ,  bu t  t h e  d i f f e r e n c e s  among t h e  r u n s  was 

n o t  s i g n i f i c a n t .  The r a t e  of impairment f o r  t h e  combined chinook 

d a t a  was s t a t i s t i c a l l y  s i g n i f i c a n t  w i t h  F  = 212.5, d . f .  = ( 1 , 5 ) ,  

P(0.001. Ra te  of impairment f o r  s t e e l h e a d  was a l s o  s t a t i s t i c a l l y  

s i g n i f i c a n t  (F=25.12, d . f . =  (1 ,  2 ) ,  PC0.05). For  coho salmon t h e r e  

was a  p r o g r e s s i v e  i n c r e a s e  i n  t h e  impairment curve ,  bu t  it was no t  

s t a t i s t i c a l l y  s i g n i f i c a n t  (Fz1.49, d . f . = ( l ,  Z),  P>0.25). For  sockeye 

salmon t h e  curve  i s  almost  h o r i z o n t a l  i n d i c a t i n g  no impairment i n  

passage.  Each s p e c i e s  d i d  show some s t a t i s t i c a l l y  s i g n i f i c a n t  D v a l u e s  

f o r  t e s t  c a t ego ry  T  which was t r a p p i n g  and t agg ing  w i th  t h e  d i v e r s i o n  
6 

l e ad  i n  p l a c e .  

The Shad B a r r i e r  

The shad b a r r i e r  below t h e  t r a p  e n t r a n c e  a t  we i r  44 seemed t o  

f u n c t i o n  e f f e c t i v e l y  bu t  r e s u l t s  a r e  no t  conc lu s ive .  Shad d i d  no t  

ascend t h e  s t e e p p a s s  a t  any t ime du r ing  t r a p p i n g  o p e r a t i o n s  s o  we 

cannot  a c t u a l l y  de te rmine  t h e  e f f i c i e n c y  of  t h e  shad b a r r i e r .  

However, t h e  pe r cen t age  of  upstream mig ran t s  dropping back over  w e i r  42 

sou th  ( f a l l b a c k s )  might r e p r e s e n t  a  measure of t h e  impact of t h e  

b a r r i e r  on shad and salmonid upstream passage (Table  4 ) .  



Table  4.--Upstream passage and percen tage  of f a l l b a c k s  of shad and salmonids a t  we i r  42 sou th  du r ing  

24-hour tests w i t h  t h e  shad b a r r i e r  i n s t a l l e d  a t  we i r  44 and du r ing  tests w i t h ~ u t  t h e  @had b a r r i e r .  

June 30-July 11, 1975. 

1 / Test- Shad Chinook S t e e lhead  Sockeye To t.a 1 
Date cond i t i on  salmonids  

Up Fa l l backs  Up Fa l l backs  Up Fa l l backs  Up Fa l l backs  Up Fa l l backs  

No. No. No. No. No. 

June 30-July 1 
Cb 4948 51.2 68 36.8 49 14.3  185 18.9  302 22.1  

J u l y  1-2 A 1678' 24.3 175 5 .1  102 1 . 0  437 2.7 714 3 .1  

J u l y  3-4 A 10958 15 .7  14 8  3.4 112 .9  349 3.4 609 3.0  

J u l y  7-8 
'a 2138 35.7 211 47.9 131  19 .8  321 18.4 663 28 .1  

J u l y  8-9 A 820 20.1 145 8 .3  8 1  2 .5  205 4.4  431 5 . 3  

J u l y  9-10 C 1169 37.4 153 45.8 71  15.5  185 11.4 409 24.9 

J u l y  10-11 A 689 22.6 160 3.8 50 6 .0  70 0.0 280 3.2 

1/ A = No t r app ing  - 2/ % Fa l lbacks  = Weir 42 sou th  count  down x 100 
C = Trapping Weir 42 sou th  count  up 
C = Trapping w i t h  t h e  d i v e r s i o n  l e a d  i n  a t  w e i r  42 n o r t h .  b  
C = Trapping w i t h  t h e  shad b a r r i e r  i n s t a l l e d  a t  w e i r  44. a  
C = Trapping w i t h  t h e  d i v e r s i o n  l e a d  and t h e  shad b a r r i e r .  

a , b  



Fal lback  a c t i v i t y  f o r  shad a t  w e i r  42 south  was no t  a f f e c t e d  by 

i n s t a l l a t i o n  of t h e  shad b a r r i e r .  When t r app ing  wi th  t h e  d i v e r s i o n  lead  

i n  a t  w e i r  42 n o r t h ,  t h e  p ropor t i on  of shad f a l l b a c k s  was 51.3 percent  

wi th  t h e  b a r r i e r  and 51.2 percent  without  t h e  b a r r i e r .  Without t h e  

d i v e r s i o n  l e a d ,  r e s p e c t i v e  f a l l b a c k  percentages  w e r e  35.7 w i th  t h e  

b a r r i e r  and 37.4 without  t h e  b a r r i e r .  S ince  shad passage te rmina ted  

a t  t h e  s t eeppas s  e n t r y  pool ,  about  a l l  we can opine  is t h a t  shad 

d e n s i t y  i n  t h e  s t eeppas s  e n t r y  pool  "looked" t o  be  less than  i n  t h e  

pool  below t h e  b a r r i e r  (F igure  4 ) .  

The u s e  of t h e  shad b a r r i e r  seemed t o  s l i g h t l y  impede t h e  passage 

of salmonids--especial ly  sockeye. With t h e  b a r r i e r  i n ,  f a l l b a c k  r a t e  

a t  w e i r  42 south  increased  about  7% f o r  sockeye and 2  t o  4% f o r  a l l  

salmonids combined (Table  4) .  

Passage of Non-Salmonids 

Shad, suckers ,  squawfish, and lampreys were observed a t  t h e  

count ing w e i r  below t h e  t r a p ,  bu t  on ly  lampreys en t e r ed  t h e  t r a p .  

A few lampreys were t rapped from day t o  day dur ing  t h e  season,  bu t  

on ly  on a  few occas ions  d i d  s i g n i f i c a n t  numbers e n t e r  t h e  t r a p  dur ing  

a  s i n g l e  t r app ing  per iod .  The h ighes t  count was 1,372 dur ing  a  24-hour 

per iod  . 

Passage of Radio Tagged Salmonids 

During rad io- t rack ing  s t u d i e s  of summer chinook salmon and s t ee lhead  

t r o u t  a t  Bonnevi l le  Dam, s e v e r a l  tagged f i s h  were t racked  through t h e  

"A" Branch l adde r .  Four chinook salmon ascended t h e  l adde r  when t h e  

t r a p  was no t  ope ra t i ng ,  and one chinook and one s t ee lhead  went through 

when t h e  t r a p  was , . ~pe ra t i ng .  
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Passage  t i m e s  v a r i e d  between i n d i v i d u a l s ,  b u t  t h e r e  d i d  n o t  appear  

t o  be any s i g n i f i c a n t  d i f f e r e n c e  between chinook ascend ing  t h e  l a d d e r  

when t h e  t r a p  was i n  and when i t  was o u t  ( T a b l e  5 ) .  A tagged chinook 

was t r a c k e d  th rough  t h e  "A" Branch l a d d e r  t o  t h e  Bradford I s l a n d  c o u n t i n g  

s t a t i o n  i n  2.4 hours  w h i l e  t h e  t r a p  was o p e r a t i n g .  T h i s  passage  i n c l u d e d  

a c i r c u i t '  t h rough  t h e  t r a p ,  t h e  a n e s t h e t i c ,  and r e c o v e r y  pen. Passage  

t i m e s  of  t agged  chinook ascend ing  t h e  "A" Branch l a d d e r  when t h e  t r a p  

was n o t  o p e r a t i n g  ranged from 2.0  t o  3 . 9  h o u r s  w i t h  a n  a v e r a g e  of 3.0 hours .  

The rad io - tagged  s t e e l h e a d  t h a t  went th rough  t h e  t r a p p i n g  f a c i l i t y  

made an  o v e r n i g h t  t r i p  of i t ,  bu t  passage  appeared t o  be normal.  The 

f i s h  d i d  n o t  c r o s s  w e i r  42 u n t i l  7:26 p.m. A f t e r  one d e s c e n t  o r  f a l l b a c k  

a t  w e i r  42 s o u t h ,  t h i s  f i s h  reascended w e i r  42,  ascended t h e  s t e e p p a s s ,  

and went th rough  t h e  t r a p  a t  8 : 1 1  p.m.--at which t i m e  i t  became d a r k ,  

and f i s h  movement i n  t h e  l a d d e r  s u b s i d e d .  Passage  was resumed t h e  n e x t  

morning,  and t h e  s t e e l h e a d  passed  t h e  Bradford I s l a n d  c o u n t i n g  s t a t i o n  

a t  8:05 a . m .  

E f f e c t s  of Tagging on Salmonid Passage  

During t h e  summer and f a l l  r u n s ,  sa lmonids  were tagged a t  t h e  

t r a p  and r e l e a s e d  i n t o  t h e  r e c o v e r y  pen i n  t h e  "A" Branch l a d d e r .  

Subsequen t ly ,  t h e i r  passage  was observed a t  t h e  v a r i o u s  coun t ing  

s t a t  i o n s .  



T a b l e  5.--Passage t i m e s  of  r a d i o  t agged  sa lmon ids  from "A" Branch l a d d e r  e n t r a n c e  t o  the t r a p ,  and  

from t h e  t r a p  t o  t h e  Bradfo rd  I s l a n d  l a d d e r  e x i t  d u r i n g  "A" Branch t r a p  e v a l u a t i o n  tests. 

Trap  o u t  T r a p  i n  
E n t e r e d  Ladder  e n t r a n c e  Trap  t o  Ladder  e n t r a n c e  T r a p  t o  

Date  S p e c i e s  "A" Branch t o  t r a p  B. I. e x i t  T o t a l  t o  t r a p  B.1,  e x i t  T o t a l  

Time Hours Hours  Hours  Hours  Hours  

J u l y  2 Chinook 8:40 a . m .  1 . 2  1 . 2  2 .4  

J u l y  4 Chinook 6:45 a . m .  3 . 1  

J u l y  6 Chinook 10:25 a . m .  . 4  

J u l y  11 Chinook 8:25 a . m .  . 9  

J u l y  11 S t e e l h e a d  7:05 p.m. 1.1 1 .  1 3 . 0  

J u l y  1 8  Chinook 7:49 a . m .  . 9  2.3 3 . 2  

11 P a s s a g e  t i m e  i n c l u d e s  a b o u t  e i g h t  h o u r s  o f  darkness- -a  t i m e  when f i s h  do n o t  n o r m a l l y  move. - 



Summer Run 

P e r s o n n e l  from t h e  ODFW tagged chinook and s t e e l h e a d  a t  t h e  "A" 

Branch t r a p  i n  t h e  same manner a s  t h e y  d i d  a t  t h e  Washington s h o r e  

f a c i l i t i e s .  Chinook were tagged w i t h  a brown anchor  t a g  p l u s  a ye l low 

j a w  t a g  ( l e f t  s i d e ) ,  a n d s t e e l h e a d w e r e  tagged w i t h  a w h i t e  anchor  t a g .  

The c o u n t e r s  were a b l e  t o  see t h e  jaw t a g s  f a i r l y  w e l l ,  and 64.5 

p e r c e n t  of t h e  431 tagged chinook were observed a t  t h e  Bradford I s l a n d  

c o u n t i n g  s t a t i o n  (Tab le  A-4). The anchor  t a g s  were b a r e l y  v i s i b l e ,  and 

o n l y  10 .5  p e r c e n t  of t h e  345 tagged s t e e l h e a d  were observed a t  t h e  

c o u n t i n g  s t a t i o n .  

The r e l e a s e  o f  tagged f i s h  i n t o  t h e  l a d d e r  had no a p p a r e n t  a d v e r s e  

e f f e c t  on f i s h  passage ,  b u t  d u r i n g  t h e  two-week t a g g i n g  p e r i o d ,  17 

tagged sa lmonids  were r e c a p t u r e d  i n  t h e  t r a p  i n d i c a t i n g  t h a t  some of  

t h e  t agged  f i s h  dropped back a f t e r  t a g g i n g .  T h i s  behav ior ,  however, 

was n o t  unusua l .  A s m a l l  p e r c e n t a g e  o f  t h e  f i s h  tagged a t  t h e  

Washington s h o r e  t r a p  were r e c a p t u r e d  t h e r e  and a t  t h e  "A" Branch t r a p  

( s e e  T a b l e  A-8). 

F a l l  Run 

During f a l l - r u n  tests (September 1-19),  p e r s o n n e l  from t h e  NMFS 

tagged  2,317 chinook and 762 coho salmon on t h e  l e f t  o p e r c l e  w i t h  

c o l o r e d  aluminum d i s c s  ( T a b l e  A-5). To de te rmine  t h e  t ime  r e q u i r e d  

f o r  f i s h  t o  r e a c h  t h e  Bradford  I s l a n d  c o u n t i n g  s t a t i o n  from t h e  "A" 

Branch t r a p ,  a d i f f e r e n t  c o l o r e d  t a g  was used each day of t h e  week. 



The t a g s  were e a s i l y  d i s t i n g u i s h a b l e ,  but  on days of h igh  counts  t h e  

coun te r s  were t o o  busy count ing  t o  record  a l l  t a g s  observed. However, 

t h e r e  were s u f f i c i e n t  numbers of days w i th  good counts  of tagged f i s h  

t o  determine passage of tagged salmonids.  

Because t h e  passage of tagged chinook and coho salmon was s i m i l a r ,  

t h e  two s p e c i e s  were combined t o  compare cumulative percentage  d i s t r i -  

b u t i o n s  of  f i s h  tagged a t  t h e  t r a p  du r ing  an 8-hour per iod wi th  s i m i l a r  

d i s t r i b u t i o n s  of tagged f i s h  observed a t  t h e  count ing  s t a t i o n .  P r a c t i c a l l y  

a l l  tagged f i s h  observed, passed t h e  Bradford I s l a n d  count ing  s t a t i o n  

by t h e  end of t h e  8-hour count ing per iod  fol lowing tagging .  The 

d i s t r i b u t i o n s  i n  F igure  11 show t h a t  salmonids tagged a t  t h e  t r a p  dur ing  

t h e  a.m. s h i f t  reached t h e  count ing s t a t i o n  i n  about 3.4 hours .  Those 

tagged dur ing  t h e  p.m. s h i f t  followed a  s i m i l a r  p a t t e r n  of movement 

except  t h a t  about  h a l f  of t h e  f i s h  spent  t h e  n i g h t  i n  t h e  f i s h  ladder  

and passed t h e  count ing s t a t i o n  t h e  fo l lowing  morning. I f  we can 

cons ide r  1 .6  hours  a s  an average passage t ime between t h e  t r a p  and t h e  

Bradford I s l a n d  count ing  s t a t i on - - the  average passage t ime f o r  f o u r  

radio-tagged chinook wi th  t h e  t r a p  ou t  (Table  5) - - i t  appa ren t ly  took 

t h e  salmonids about  two hours  t o  recover  from t h e  e f f e c t s  of t agging  

andresume passage.  

Tagged chinook were a l s o  observed a t  t h e  "A" Branch t r a p  and t h e  

Washingtnn shore  l adde r  dur ing  t h e  f a l l  eva lua t ion  t e s t s  (Table 6 ) ;  

one was counted downstream a t  wei r  42, s i x  were recaptured  i n  t h e  

t r a p ,  and n i n e  upstream and s i x  downstream passages were observed by 





Table 6.--Observations of o p e r c l e  tagged chinook a t  l o c a t i o n s  o t h e r  

than  t h e  Bradford I s l and  count ing s t a t i o n ,  September 1-20, 1976. 

Wash. "A" Branch "A" Branch 
Date sho re  t r a p  Weir 42 

Up Dn Recaptured UP Dn 

Sept 1 
2 

T o t a l  9 6 6 1 

Note: No coho observed. 



coun te r s  a t  t h e  Washington shore  count ing s t a t i o n  ( t h e  Washington 

sho re  coun te r s  noted t h a t  most of t h e  passages appeared t o  be one o r  

two f i s h  making repea ted  up and down passages a t  t h e  count ing s t a t i o n ) .  

Tag Returns  from Fall-Run Tagging 

The u l t i m a t e  d e s t i n a t i o n  of tagged f i s h  based on t a g  r e t u r n s ,  

whi le  no t  r e a l l y  p e r t i n e n t  t o  t h e  "A" Branch eva lua t ion  t e s t s ,  i s  

included a s  a  ma t t e r  of i n t e r e s t .  F i s h  h a t c h e r i e s  and f i s h e r y  workers 

i n  t h e  f i e l d  were asked t o  r e p o r t  t a g  r e t u r n s  from t h e  f a l l - r u n  

tagging .  W e  were unable  t o  monitor t h e  recovery e f f o r t ,  but  we know 

t h e  e f f o r t  was no t  c o n s i s t e n t  i n  a l l  a r e a s .  

Nearly a l l  t a g s  r e tu rned  were from above Bonnevi l le  Dam (Table 7 ) .  

The l a r g e s t  number of r e t u r n s  were from t h e  L i t t l e  White Salmon Hatchery-- 

359 coho t a g s  were r e tu rned  which r ep re sen t ed  47.1 percent  of t h e  t o t a l  

number tagged.  Spr ing  Creek Hatchery personnel  r e tu rned  202 chinook 

t a g s  o r  8.7 percent  of t h e  t o t a l  number tagged. Two chinook and t h r e e  

coho t a g s  were recovered below Bonnevi l le  Dam. 

Comparison of "A" Branch Trapping t o  Washington Shore Trapping 

For a  g r o s s  eva lua t ion  of t h e  o v e r a l l  e f f i c i e n c y  of t h e  "A" Branch 

t r a p  and i t s  e f f e c t  on f i s h  passage,  t h e s e  f a c t o r s  were compared wi th  

s i m i l a r  f a c t o r s  f o r  t h e  t r app ing  f a c i l i t y  ad j acen t  t o  t h e  Washington 

l adde r .  The t r app ing  f a c i l i t y  i n  t h e  Washington shore  l adde r  has  been 

i n  u se  f o r  a  number of yea r s .  Its t r app ing  e f f i c i e n c y  and i ts  e f f e c t  

on f i s h  passage i n  t h e  l adde r  a r e  accep tab l e  t o  t h e  f i s h e r y  agenc ies .  



'I'nb l c  7,-. - -1'ag returns fror.1 "A" ~ l r n n c l i  'i'rn!, i : ~ a l  u a t i o n  
t a y y i n ~  S c p t .  1 - 1 9 ,  l!175 
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S t .  1 I e l e n s  G I : l l s w o r t h  
b u y i n g  s t a t i o n  
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2 0 7 . 6  

359  t17.1 
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3  . 4  

3 3 4  5 0 . 3  



I f  t h e  "A" Branch t r a p  c o l l e c t e d  f i s h  a s  e f f i c i e n t l y  w i t h  no g r e a t e r  

a d v e r s e  a f f e c t  on f i s h  p a s s a g e  t h e n  i t  shou ld  a l s o  have a  d e g r e e  of 

a c c e p t a b i l i t y  as a  t r a p p i n g  f a c i l i t y .  However, p r e c i s e  comparisons 

were n o t  poss ib le - - the  two f a c i l i t i e s  o p e r a t e d  independen t ly ,  i n .  

d i f f e r e n t  f i s h  l a d d e r s ,  and on d i f f e r e n t  s c h e d u l e s  and i t  i s  d i f f i c u l t  

t o  f i n d  much common grounds upon which t o  a d e q u a t e l y  compare t h e  two 

f a c i l i t i e s .  

Trap E f f i c i e n c y  

From A p r i l  1 t o  August 8 ,  p e r s o n n e l  from t h e  ODFW f r e q u e n t l y  

t r a p p e d  1 0  t o  11 h o u r s  each day a t  t h e  Washington s h o r e  f a c i l i t y  

(Tab le  A-8). They a t t a i n e d  t h e i r  g o a l  of t a g g i n g  approx imate ly  1 0  

p e r c e n t  of t h e  B o n n e v i l l e  chinook and s t e e l h e a d  r u n s  by o p e r a t i n g  

w i t h  a  l e a d  t h a t  d i v e r t e d  a l l  f i s h  from t h e  Washington s h o r e  l a d d e r  

i n t o  t h e  f a c i l i t y .  By comparison,  t h e  "A" Branch t r a p  o p e r a t e d  8  

h o u r s  d a i l y - - e i t h e r  5 a.m. t o  1 p.m. o r  1 p.m. t o  9 p.m. w i t h  t h e  

d i v e r s i o n  l e a d  i n  u s e  o n l y  d u r i n g  c e r t a i n  t e s t s .  

During tests w i t h  t h e  d i v e r s i o n  l e a d  i n  d u r i n g  t h e  s p r i n g  and 

summer r u n s ,  t h e  "A" Branch t r a p  c o l l e c t e d  abou t  10% of t h e  t o t a l  

B o n n e v i l l e  c o u n t  of sa lmonids  (Appendix Tab le  A-14), which compares 

w i t h  t h e  10% g o a l  a t t a i n e d  a t  t h e  Washington s h o r e  t r a p p i n g  f a c i l i t y .  

During "A" Branch t r a p p i n g  i n  t h e  f a l l ,  21% of t h e  t o t a l  count  of 

sa lmonids  was t r a p p e d  u s i n g  t h e  d i v e r s i o n  l e a d .  The i n c r e a s e d  

e f f i c i e n c y  over  t h e  Washington s h o r e  f a c i l i t y  p robab ly  r e f l e c t e d  

g r e a t e r  u t i l i z a t i o n  of t h e  "A" Branch l a d d e r  by f a l l  chinook.  



E f f e c t  of Trapping on F i s h  Passage  

Chinook salmon c o u n t s  a t  t h e  Washington l a d d e r  c o u n t i n g  s t a t i o n  

were compared d u r i n g  an  8-day p e r i o d  (May 7-14) when two, 2-day i n t e r v a l s  

of no t r a p p i n g  r e s u l t e d  from a  b r i e f  s u s p e n s i o n  of t h e  t a g g i n g  b e i n g  

done by p e r s o n n e l  of t h e  ODFW. Cumulative p e r c e n t a g e  d i s t r i b u t i o n s  of 

t h e  h o u r l y  chinook c o u n t s  d u r i n g  f o u r  days  w i t h  t r a p p i n g  and f o u r  d a y s  

w i t h o u t  t r a p p i n g  show t h e  e f f e c t s  of t r a p p i n g  on passage  i n  t h e  l a d d e r  

( F i g u r e  1 2 ) .  The median o f  t h e  d i s t r i b u t i o n  f o r  d a y s  w i t h  t r a p p i n g  

o c c u r s  t h r e e  hours  l a t e r  t h a n  t h e  median f o r  d a y s  w i t h o u t  t r a p p i n g ,  

i n d i c a t i n g  a  three-hour  d e l a y  i n  passage  r e s u l t s  from t r a p p i n g  i n  t h e  

Washington s h o r e  l a d d e r .  

S i m i l a r  comparisons  of passage  up t h e  Bradford I s l a n d  l a d d e r  were 

made between May 17 and 23. Trapping w i t h  t h e  d i v e r s i o n  l e a d  down 

d i d  s i g n i f i c a n t l y  d e l a y  passage  a s  i n d i c a t e d  e a r l i e r  b u t  t h e  3-hour 

d e l a y  i n d i c a t e d  was no g r e a t e r  t h a n  t h e  d e l a y  i n d i c a t e d  f o r  t h e  

Washington s h o r e  l a d d e r  ( F i g u r e  1 3 ) .  The o n l y  d i f f e r e n c e  a p p e a r s  t o  

b e  t h a t  t h e  d e l a y  shows up a lmos t  immediate ly  i n  t h e  Bradford I s l a n d  

l a d d e r ,  w h i l e  i t  t a k e s  5-6 hours  b e f o r e  a f f e c t i n g  passage  i n  t h e  

Washington s h o r e  l a d d e r .  

RECOMMENDATIONS TO IMPROVE TRAP OPERATION 

Our e x p e r i e n c e  i n  o p e r a t i n g  t h e  "A" Branch t r a p  d u r i n g  t h e  eva lu -  

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

may b e  improved by making c e r t a i n  m o d i f i c a t i o n s .  Some of t h e s e  a r e  

minor ,  b u t  some ( i . e .  s h o r t e n i n g  t h e  s t e e p p a s s )  may r e q u i r e  c o n s i d e r a b l e  



With trapping n =. 6221 - Without trapping n = 8@16 

5 6 7 8 9 1 0 1 1 1 2 1  2 3 4 5 6 7 8 9  
..AM NOON PM 

Time of day 

F i g u r e  12,--Cumulat ive p e r c e n t a g e  d i s t r i b u t i o n s  o f  
chinook salmon h o u r l y  c o u n t s  a t  t h e  
Washington s h o r e  c o u n t i n g  s t a t i o n  d u r i n g  
four days w i t h  t r a p p i n g  i n  t h e  NMFS 
Labo ra to ry  (May 7 ,  8 ,  11, and 12)  and 
f o u r  days  w i t h o u t  t r a p p i n g  (Play 9 ,  1 0 ,  
13 ,  and 1 4 ) ,  1975. P e r c e n t a g e s  w e r e  
c a l c u l a t e d  a f t e r  t o t a l i n g  t h e  h o u r l y  
c o u n t s  f o r  t h e  f o u r  days  o f  each  
c o n d i t i o n .  
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F i g u r e  13.--Cumulative p e r c e n t a g e  d i s t r i b u t i o n s  o f  chinook salmon 
h o u r l y  c o u n t s  a t  t h e  B r a d f o r d  I s l a n d  c o u n t i n g  s t a t i o n  
d u r i n g  t h r e e  days  w i t h  t r a p p i n g  i n  t h e  "A" branch  w i t h  
t h e  d i v e r s i o n  l e n d  (May 1 8 ,  20 ,  22) and f o u r  days  w i t h o u t  
t r a p p i n g  (May 1 7 ,  1 9 ,  21,  2 3 ) .  P e r c e n t a g e s  c a l c u l a t e d  
d i f f e r  t o t a l i n g  t h e  h o u r l y  c o u n t s  f o r  e a c h  d a y s  c o u n t i n g .  



s t r u c t u r a l  remodeling. For t h i s  reason i t  seems l o g i c a l  t h a t  t r a p  

modif icat ions-- the major ones a t  l eas t - -be  postponed u n t i l  a  f i n a l  

d e c i s i o n  i s  made on a  permanent t r app ing  s i te .  I f  t h e  t r a p  is  r e l o c a t e d ,  

mod i f i ca t i ons  can  be  more economically incorpora ted  i n t o  t h e  new 

i n s t a l l a t i o n .  

The fo l lowing  mod i f i ca t i ons  a r e  recommended: 

1. Shorten t h e  s t eeppas s  t o  a  l e n g t h  of 50 f e e t  o r  less i f  pos s ib l e .  

A 50-foot s t eeppas s  a t  a  28 .7  percent  s l o p e  has  s u c c e s s f u l l y  passed 

salmonids du r ing  t e s t s  a t  t h e  Bonnevi l le  Laboratory and dur ing  ope ra t i on  

of t h e  f i s h  s e p a r a t i n g  system a t  L i t t l e  Goose Dam. 

2 .  Submerge t h e  en t r ance  t o  t h e  s t eeppas s  so  t he  t o p  i s  j u s t  

below t h e  water  su r f ace .  

3. Modify t h e  d i v e r t e r  g a t e  a t  t h e  s o r t e r .  The d i v e r t e r  g a t e  

a s  designed does no t  o p e r a t e  s a t i s f a c t o r i l y ,  During ope ra t i on ,  t h e  

p a r a l l e l  l e a v e s  of t h e  d i v e r t e r  bang a g a i n s t  t h e  s i d e s  of t h e  chu te  

and bounce back ou t  of p o s i t i o n .  The turnbuckle  keeping t h e  l e a v e s  

p a r a l l e l  f r e q u e n t l y  needs a d j u s t i n g  and t h e  h inges  wear so  t h a t  t h e  

lower end of t h e  l e a v e s  d rag  on t h e  bottom of t h e  chu te .  We suggest  

r e p l a c i n g  t h e  tu rnbuckle  wi th  a  meta l  ba r  of proper  l eng th ,  rework 

h inges ,  and a d j u s t  s t r o k e  on a i r  a c t u a t i n g  c y l i n d e r  so t h a t  d i v e r t e r  

l e a v e s  do not  s t r i k e  t h e  chu te .  

4. Modify t h e  shad b a r r i e r .  The h o r i z o n t a l  wood g r a t i n g  should be 

r epos i t i oned  a t  a  s l i g h t  ang le  ( 2  t o  5 degrees)  downstream so  t h a t  f i s h  

dropping back over  t h e  g r a t i n g  w i l l  s l i d e  o f f .  A p l a t e  should be added 



on t h e  upst ream edge t o  s e a l  t h e  gap between t h e  bottom of t h e  g r a t i n g  

and t h e  we i r  c r e s t  when t h e  b a r r i e r  i s  r a i s e d  t o  a d j u s t  f o r  s l i g h t  

i n c r e a s e s  i n  f ishway poo l  e l e v a t i o n s .  A 6- t o  8-inch s e a l  a l i g n e d  w i t h  

t h e  downstream f a c e  of t h e w e i r  c r e s t  should  be a d e q u a t e  and s t i l l  c l e a r  

t h e  w e i r  o v e r f a l l  when t h e  b a r r i e r  i s  o u t  o f  s e r v i c e  i n  t h e  r a i s e d  

p o s i t  i o n .  

5. Cover t h e  lower 5 f e e t  of t h e  c h u t e  t o  t h e  r e c o v e r y  pen t o  

p reven t  f i s h  from jumping o u t .  The u n d e r s i d e  o f  t h e  c o v e r  should be 

padded. 

6. Replace  t h e  pumped f l o w  t o  t h e  s t e e p p a s s  w i t h  g r a v i t y  f low.  

( T h i s  is  n o t  p r a c t i c a l  a t  t h e  Bradford I s l a n d  i n s t a l l a t i o n  bu t  cou ld  

e a s i l y  be done on t h e  Washington s h o r e  s i t e . )  

7 .  Use r i v e r  w a t e r  i n  t h e  wash t a n k  i n s t e a d  o f  domes t ic  w a t e r  

t o  a v o i d  s u b j e c t i n g  f i s h . t o  sudden t empera tu re  change.  We d i d  t h i s  

by runn ing  a  hose  from t h e  pumped wate r  supp ly .  However, t h i s  f e a t u r e  

shou ld  be inc luded  on a  permanent i n s t a l l a t i o n .  

8 .  Modify a n e s t h e t i c  t a n k s .  I n s t a l l  c o o l i n g  c o i l s  i n  t h e  bottom 

t o  p reven t  t h e  a n e s t h e t i c  s o l u t i o n  from h e a t i n g  d u r i n g  h o t  weather .  

A p e r f o r a t e d  p l a t e  shou ld  be i n s t a l l e d  o v e r  t h e  bottom of  t h e  a n e s t h e t i c  

t a n k s  t o  p r o t e c t  t h e  c o i l s  and p l a s t i c  a e r a t o r  p i p e s  a s  w e l l  a s  t o  keep 

lampreys and o t h e r  f o r e i g n  m a t e r i a l  o u t  o f  t h e  was te  d r a i n  v a l v e .  

SUMMARY AND CONCLUSIONS 

A t r a p p i n g  f a c i l i t y  t o  c o l l e c t  a d u l t  sa lmonids  f o r  r e s e a r c h  purposes  

was des igned  and c o n s t r u c t e d  by t h e  Corps o f  Engineers  t o  r e p l a c e  t h e  



t r app ing  f a c i l i t y  i n  t h e  aging Fisher ies-Engineer ing Research Laboratory 

a t  Bonnevi l le  Dam. The new f a c i l i t y  was i n s t a l l e d  i n  t h e  "A" Branch of 

t h e  Bradford I s l a n d  l adde r .  When t h e  t r a p  is ope ra t i ng ,  f i s h  ascending 

t h e  sou th  s i d e  of t h e  Bradford I s l a n d  l adde r  a r e  d i v e r t e d  i n t o  a  s t eeppas s  

fishway, ascend t h e  fishway t o  t h e  upper end, pass  over  an upwell  w e i r ,  and 

s l i d e  down a chu te  t o  a  s o r t i n g  device .  An ope ra to r  a t  t h e  s o r t e r  

d i v e r t s  f i s h  e i t h e r  back t o  t h e  "A" Branch f i s h  l adde r  o r  t o  one of t h e  

a n e s t h e t i c  t anks  f o r  r e sea rch  purposes.  A d i v e r s i o n  l e a d  on t h e  no r th  

s i d e  of t h e  l a d d e r  could be lowered t o  d i v e r t  a l l  f i s h  t o  t h e  s t eeppas s  

e n t r y .  When t h e  t r a p  i s  no t  i n  use ,  t h e  lower end of t h e  s t eeppas s  is  

r a i s e d  and t h e  e n t r y  l e a d  swung c l e a r  t o  a l l ow  u n r e s t r i c t e d  upstream 

passage i n  t h e  f i s h  l adde r .  

The t r a p  was i n s t a l l e d  e a r l y  i n  1975 and, a t  t h e  r eques t  of t h e  

P a c i f i c  Northwest f i s h e r y  agenc ies ,  t h e  Nat iona l  Marine F i s h e r i e s  Se rv i ce  

was con t r ac t ed  w i th  by t h e  Corps t o  e v a l u a t e  t h e  p ro to type  i n s t a l l a t i o n  

dur ing  t h e  ensuing a d u l t  salmonid mig ra t i ons .  The o b j e c t i v e s  of t h i s  

eva lua t ion  were t o  determine t h e  e f f i c i e n c y  of t h e  t r a p  and determine 

t h e  e f f e c t s  of t r app ing  and tagging  on f i s h  passage i n  t h e  "A" Branch 

l adde r .  

S p e c i a l  count ing  s t a t i o n s  were i n s t a l l e d  below t h e  t r a p  (weir 42)  

t o  monitor f i s h  passage i n  t h e  "A" Branch l adde r  and a t  t h e  s o r t e r  t o  

t a l l y  t h e  number and s p e c i e s  of f i s h  t rapped.  Hourly counts  a t  t h e s e  

s t a t i o n s  and a t  t h e  Corps "B" Branch and Bradford I s l a n d  count ing 

s t a t i o n s  were used t o  e v a l u a t e  t h e  t r a p  and i t s  e f f e c t  on f i s h  passage. 



The "A" Branch t r a p  e v a l u a t i o n  tests inc luded  a l l  segments of 

t h e  salmonid runs--spr ing,  summer, and f a l l .  From t h e  tests and 

o b s e r v a t i o n s  on f i s h  passage  w e  have concluded t h e  fo l lowing:  

1. Trap e f f i c i e n c y  ( c a l c u l a t e d :  Trap count  x 100 ) f o r  
Weir 42 n e t  count  up 

salmonids  d u r i n g  s p r i n g  and f a l l  t e s t s  ranged from about  8  pe r cen t  

wi thout  t h e  d i v e r s i o n  l e ad  t o  about  53 pe r cen t  w i th  t h e  l e ad .  

E f f i c i e n c y  du r ing  t h e  summer run appeared t o  be a s  good o r  b e t t e r ;  bu t  

due t o  count ing  d i f f i c u l t i e s ,  t r a p  coun t s  o f t e n  exceeded counts  a t  

we i r  42. 

2. The p ropo r t i on  of t h e  t o t a l  Bonnevi l l e  salmonid count  t rapped  

( c a l c u l a t e d  f o r  cor responding  p e r i o d s  of  "A" Branch t r a p p i n g )  ranged 

from 3.9  pe r cen t  wi thout  t h e  d i v e r s i o n  l e a d  du r ing  t h e  s p r i n g  run  t o  

21.0 pe r cen t  w i t h  t h e  l e a d  du r ing  t h e  f a l l  run .  

3.  F a l l b a c k s  observed i n  t h e  s t e e p p a s s  du r ing  t h e  s p r i n g  and 

f a l l  r u n s  reduced t h e  e f f i c i e n c y  of t h e  t r a p .  The r a t e  of f a l l b a c k s  

ranged from 7 . 3  pe r  hour  du r ing  o b s e r v a t i o n s  i n  t h e  s p r i n g  t o  24.8 p e r  

hour du r ing  t h e  f a l l - r u n  o b s e r v a t i o n s .  

4 .  The t r a p  a s  p r e s e n t l y  i n s t a l l e d  c o l l e c t s  f a i r  numbers of  

sa lmonids ,  however, t h e  f i s h  passage  r a t e  f o r  t h e  66-foot-long 

s t e e p p a s s  d i d  no t  approach e x p e c t a t i o n s .  The hou r ly  r a t e  of salmonid 

passage  i n  t h e  "A" Branch s t e e p p a s s  ranged from 2 . 1  sa lmonids  p e r  hour 

du r ing  s p r i n g  t e s t s  wi thout  t h e  d i v e r s i o n  l e a d  t o  8 5 . 8  pe r  hour d u r i n g  

f a l l  t e s t s  w i t h  t h e  d i v e r s i o n  l e a d .  The h ighes t  hou r ly  count was 175 

salmonids  recorded  a t  1 0  a.m. September 2 .  By comparison, l a b o r a t o r y  

t e s t s  of  a  30-foot-long s t e e p p a s s  i n d i c a t e d  passage r a t e s  of 650 t o  

1140 f i s h  p e r  hour were p o s s i b l e .  

44 



5. Salmonid counts  a t  w e i r  42 below t h e  t r a p  and a  s t a t i s t i c a l  

a n a l y s i s  of cumulat ive d i s t r i b u t i o n s  of counts  a t  t h e  Bradford I s l and  

count ing s t a t i o n  i nd i ca t ed  t h a t  t r app ing  and tagging  without  t h e  

d i v e r s i o n  l ead  had only  i n s i g n i f i c a n t  e f f e c t s  on f i s h  passage i n  t h e  

l adde r .  Using t h e  d i v e r s i o n  l e a d  t o  d i v e r t  a l l  f i s h  t o  t h e  "A" Branch 

t r a p ,  however, s i g n i f i c a n t l y  slowed passage i n  t h e  ladder .  

6.  During t h e  f a l l  run,  tagged chinook and coho salmon r e l ea sed  

a t  t h e  t r a p  dur ing  t h e  a.m. s h i f t  reached t h e  Bradford I s l a n d  count ing 

s t a t i o n  t h e  same day wi th  a  median e lapsed  passage t ime of about t h r e e  

hours.  About h a l f  of t h e  f i s h  tagged dur ing  t h e  p.m. s h i f t  e x i t e d  t he  

Bradford I s l a n d  l a d d e r  t h e  same day while  t h e  remainder e x i t e d  t h e  

fo l lowing  morning. Only s i x  of 3,079 tagged salmonids were recaptured  

a t  t h e  t r a p .  

7. While shad d i d  no t  ascend t h e  s t eeppas s  a t  any time dur ing  

t h e  eva lua t ion  t e s t s ,  t h e  observed concen t r a t i ons  of shad a t  t h e  

s t eeppas s  e n t r y  appeared t o  be l e s s  wi th  t h e  shad b a r r i e r  i n s t a l l e d .  

Use of t h e  shad b a r r i e r  s l i g h t l y  increased  t h e  number of salmonid 

f a l l b a c k s  counted a t  wei r  42 south .  

8. Lampreys were t h e  on ly  non-salmonids t h a t  en te red  t h e  t r a p .  

The h i g h e s t  count was 1,372 du r ing  a  24-hour t r app ing  per iod .  

9. The "A" Branch t r app ing  ope ra t i on  wi th  t h e  d i v e r s i o n  lead  

i n  p l ace  c o l l e c t e d  salmonids about a s  w e l l  a s  t h e  Washington shore  

t r app ing  ope ra t i ons .  Both o p e r a t i o n s  delayed f i s h  passage approximately 

3 hours  i n  t h e  l adde r s .  



10. Relocation of the trap to an off-ladder site on the 

Washington shore plus adoption of suggested recommendations to improve 

trap operations should result in an improved method of trapping adult 

salmon and steelhead trout. 
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T&le  A-1.--F ish counted a t  weir 42 and the trap during evaluation tes ts  d the adult f i s h  
t rap In  the I tA"  Branch oF the B r a d o r d  Is land f i s h  ladder a t  Bonncvil le Darn, 
Spr ing Rum tests, Apr 11 7-Mw 23, l 9 E .  Cwnts are f o r  8-hour per iods, 5AM - 
1PM and IPM - qQM ( O w l  i ~ h t  savirgs time) 

Date Time 

I AM 
Apr J 

pn 
AM 

A P ~  4 
PM - - - - - - -  
AH 

Apr 7 
PH 
AM 

A P ~  8 1 PM 
AM 

A P ~  9 
PM 
AM 

Apr 10 
PM 
AM 

hpr 11 
PM - - - - - - -  
AM 

Apr 14 
PM 
AM 

Apr 15 1 
PM 
AH 

I AM 
A P ~  17 

pM 
AM 

Apr 18 
PN 

Apr 21 
PH 
AM 

Apr 22 
PH 
AM 

Test 
cond. 

-- - 
Weir 42 north 
-7- 

weir 42 south 1  rap 

Chinook Steelhead 'I Chinook Steelhead ----- -- ..----- - 
Up Dn Net Up Dn Up On Net 



T 8  1e A-1 .--(Cant irwed) F i s h  counted a t  weir 42 and the t r a p  dur irq ewaluat ion  t e s t s  oF 
the  a d u l t  F i s h  t r a p  i n  the I1Al1 Branch of the  B r a d o r d  I s l a n d  f i s h  ledder a t  
Bonnev i l l e  Dam, S p i n #  Run t e s t s  A p r i l  7 - H q  23, 1 9 T .  Counts are f o r  8-hour 
periods, 5AM - 1). and IPM - YM ( ~ q l i q h f  s a v i r g  tirnej 

--- A ---.-------- --- ------- -- -- - 
Uei r  42 n o r t h  I Weir 42 south I Trap 

Date 

Hay 17 

May 18 

Time Test  
cond . 

AM A 

PM Bb 
AH Rb 

PM A 
AM A 

Chinook 1 Steelheed ( Ci~inook I Steelhead 

Up Dn Met 
UP 

Up Dn Net 
UP 

Up Un Net 
UP 

74 0 34 

May 19 

May 20 

May 21 

Hay 22 

nay 27 

- - - - -  



T P l e  A - 2 . d  ~ s h  c a n t e d  a t  weir 112 and thc t r a ~  d u r i q  eva lua t ion  t e s t  d t tx l  a- lul t  F ish 
t r a p  in the  mAtl Branch of tile Bradeord I s l a n d  F i sh  ladder a t  Bonnevi l le  Dam, 
Summer Run tests, June 30-July 11, 1 9 5 .  Counts are For 8-hour per iods, 
5AM - IPM and 1PH - qPM ( b y 1  ic?ht s a v i w  time) 

Trap 

Ch Sthd 

PM A 27 4!1 23 40 1 39 78 3 75 59 1 58 
AM A 64 0 64 48 0 48 70 2 68 53  0 53 

July 4 
pn - - - - - - - - -  
AM A 45 5 40 13 2 11 47 5 0 21 

July 7 
pH C8 30 4 26 1 37 4 33 5 3  22 8 5 1  
AM c, 94 7 87 47 5 42 158 79 18 54 

J u l y  8 
PU A 
AM A 

July  9 
C PH 30 13 17 24 5 36 14 22 5 6 29 

AH C 85 14 71 1 3 8  2 117 56 61 9 5 51 
J u l y  10 

PM 63 6 57  33 4 34 83 4 79 
2 28 AM A 58 4 54 21 0 21 77 2 75 1 19 

J u l y  11 
PH 9 78 56 4 52  108 27 81 50 9 41 

- - - - - - - - , - , - - - - - - - - - - - - - - , - - - - - - - - -  

Date 

June 12 

June 13 

June 30 

- - --- -- 

Weir 42 south 
------ 

Ct~inodc I r 

Ster  1 head Tine 

An 

pH 
AM 

Pn 

AM 

PM 

Test 
cond. 

A 

A 
A 

A 

A 

@b 

Up Dn Net 
UP' 

3 2 7 0 2 7  

31 

0 5 2 2 5 0 8  

3 0 j J 9 1 3 8 1 0 1  

26 
22 16 

48 4 46 
127 5 1 

120 42 78 

120 38 82 

Ju l y  1 

Ju ly  2 

July 3 

- 
Up Dn Net 

UP 

6 0 6  

: 3 :  a 
0 8  

29 3 26 
20 4 16 

20 1 19 
82 0 82 

62 7 55 

102 6 46 

- ------- 
Weir 42 nor th  

Chinook 

Up On Net 
UP 

14 4 8 

16 10 6 
11 0 11 

10 7 3 

22 2 20 

4 2 2  

S teelheod ---- 
Up Dn Net 

UP 

3 o 

3 1 2 
11 0 1 1 3 1  

1 1 - - - - . . - - - - - - - - - - - - - - - - - , . - - - - - - - - - - - - - - - - - - - - - - - - - -  

0 0 0 4 6  
AM 

Pn 
AM 

pn 

3 2 1  

21 4 17 
72 9 63 

6 3 

&b 
A 
A 

1 1 0 

12 0 12 
58 1 5 7  

4 2 2 
AM 

2 1 1 



T b l e  A-2.--(coot inucd) F ish ccuntcd at wc ir 42 and the trap cirr ing evaluation test  of 
tte adul t  F ish trap i n  the ltAa Branch of the Brocford Is land f id) iadder a t  
B o ~ e v i l l e  Dam, Summer Run tests, June 3OJuly 11, 1975. Comts are f o r  
S-hwr periods, 5AR - 1FPl and 1PN - 9Ptl ( ~ e y l  lght s a v i r , ~  time) 

- - - 

! Weir 42 north I Weir 47 south 

T iae 

AM 

PH 
AM 

PH - - - -  
AM 

PR 
AM 

Ptl 
AM 

Test 
c o d .  

Date 

June 12 

June 13 

- - a -  

June 30 

July 1 

July 2 

July 4 

- - - -  
July 7 

July 8 

July 9 

July 10 

July 11 

- - - -  



m  H O  52 f-f- F f  M I  - a m  m.0 O N  MN N  I  
M  - 3  N M M  f f N f  r- 

! z >  I 6 -- 2% N O  N  I  

I  I 

I  I 

0 - 0 0  00 ON 0 I N  -0 N M  af -P-- \O I 
4 

I  I  

I 

"- 4 

I 

I I 

d 
O \ f  0 1  

I I 

CT\r.- Mf- 0.1 m 
5% 2 2  5- 3 , s  8% %F "" 

" I  
f 

1 
M C U  

1 I I 



I I 

M '8% g m  z m  Inla ar& z:"" kg M' 
n d m~ X '  



T&le  A-&--.Nuher of chinook salmon and steelhead t rou t  ' t q g e d  a t  the nAn Branch trap 
by Oregon F ish and U i l d l  i fe  personnel and runber d tagged f ish observed 
a t  the B r a d o r d  Island counting s t a t  ion June 30 - July 11, 1975 

Observed a t  
Date 

June 30 I - 0 

Ju ly  1 18 - 0 2 
8 

3 29 

Steelhead Tag recaptures 
a t  the t rap 1/ 

Observed a t  
* A Q r a n c h  t rap B.I. Count sta. --+- AM - AH PH 1 ----- Sthd 

I 

Total 184 247 121 157 
I 

Note: Chinook were tagged with a brown anchor tag p lus  a yel low jaw tap ( leF t side). 
Steelhead uere t ged with only a white anchor t*. The jaw taqs were q u i t e  easi ly 
d i s t i ~ u i s h e d  by%e counters While the anchor t ~ g s  were barely v i s i b le ,  hence feu 
d the t q g e d  steelhead uere seen a t  the B r a d o r d  Is land counting stat ion.  

1/ Includes f ish tagged a t  both Wash ington shore t rap and Branch trap. 



T 8 1 e  Aj--. l iourly record d Chinook and Coho salmon tzgge.1 a t  t9e "A"  Branch t rap  t iur i rq 
evaluat ion tests Septelrher 1-17, 1975 

Hmr I t Hour 

Date ( T i m e ) T q  1 1  2 3 4 5 6 7 8 1 ~ o t a l l 1  2 3 4 5 6 '7 

. - .- 

i Total 

7 :  1 
8 P M I R e d  20 22 33 34 47 18 33 17 4 14 12 11 5 9 10 3 68 

10 PM Blue I 13 16 2 0 3 0  18 9 2 6  6 
9 AM \yel low'  5 2 12 18 14 16 30 1, :A 1 0 3 6 1 5 1 3 7 8 4  56 

138 14 4 6 24 17 2 5 2 74 
69 111 AM White 7 18 22 12 27 11 36 14 1 147 0 5 19 12 14 4 11 4 

i; I PM Green 1 13 21 21 32 29 YJ 26 5 185 5 8 5 6 4 7 3 
I I I O /  38 



Table A-6--.liourly record of "A" Branch tagged Chinook salmon observed a t  the 
B r a B o r d  Is land counti s ta t i on  Septeber 1-20, 195 .  Nunber cf t@s T observed &r iN 50 miru e c w n t  ing periods mult ~ p l  led by 1.2 count 
factor  t o  g lve adjusted hourly counts. 

Date Hour (AH) 
o r  1 1 2 J 11 5 6 7 8 ! Tota l  1 9 10 

Hour (PM) 
11 12 13 14 15 16 ----.- ----- 

8 13 32 26 12 

Total - 
92 Sept 11 Red f 

51 Ned 
 ello ow 1 1 1 B lue 

4 Yellow 1 Blue 1 13 24 11 
S i l ve r  1 

5 ~ e d  I I/ 1 
Ye1 low 
Blue 1 
Green 1 

6 

7 

8 Red I I/ ! Green 
4 

I I/ 
10 Blue 1 
11 Red 

Ye l lou  

While 

12 Red 

Green 

131 Red 1 

I Si lver  1 
Green 10 30 19 1 4 2 1 

14 Red 1 
0 l ue  1 1 
S i l v e r  1 
Green 

15 Red 

I 
16 Red 2 10 24 12 2 

Ye1 low 6 16 18 23 13 
Green 

17 Red -1 
Ye1 low 1 
0 lue 1 

I Green 1 

18 Red 1 1 
B lue 7 1 1  4 3 1 
White 

3 
7 0 12 18 

19 Yellow 
1 2  1 Blue 



Table A-6 (Conti).--- tburly record oF lrAn Branch tweed Criinook r,~lmon &served at the 
dracford Islond countiw station Septrnber 1-20, 1975 

Date j T a e  I ~ o u r (  L M )  - c o l o r 1 1  2 3 4 5 b 7 8 
1 i 

Sept 19 

20 

Silver 
White 1 5 1 1  -1 I 
Green 

Red 
Blue -1 
S l lver - 1 
White -1 -1 1 
Green 2 10 d '1 

t I W ~ ( P W )  
Total 9 10 11 12 13 14 15 16 Total 

1/ Incomplete abservat ion record. 



T81e A-7--.I-lourly record d "An Branch tagged Coho salmon observed a t  the B radord  
Is land carntinp s ta t  ion Septeher 1-20, 1975. Nuher d tags &served 
daring 50 mirute ccunt ing periods trult l p l  ied by 1.2 c w n t  Factor t o  
g lve adjusted har r ly  counts. 

Date 1 Tag  
color 

i 2 Red I Yei loy 

8 Red I 
lo i Yellow 

Blue 

11 White 
B 1ue 

14 Green 

15 Red 

16 Red 
Yellow 

17 Yellow 
1 Blue 

White 
Green 

20 White 
Green 

Hour (AM)  
1 2 4 5 6 7 81 Total  

___i_ 
Hour (PM) I 

9 l o  I 1  12 13 14 15 16 j Total 

J/ Incomplete cbservat ion record. 
























