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INTRODUCTION 

The concept of us ing  mass r e l e a s e s  of j u v e n i l e  r a d i o  t ags  r e p r e s e n t s  a  

new and p o t e n t i a l l y  powerful r e sea rch  t o o l  t h a t  could be e f f e c t i v e l y  app l i ed  

t o  j u v e n i l e  salmonid passage problems a t  dams on t h e  Columbia and Snake 

Rivers .  A system of d e t e c t o r  an tennas ,  s t r a t e g i c a l l y  l o c a t e d ,  t h a t  could 

au toma t i ca l l y  d e t e c t  and record  i n d i v i d u a l l y  tagged j u v e n i l e  salmonids as  they 

pass  through the  sp i l lway ,  powerhouse, bypass system, or t a i l r a c e  a r e a s  below 

the  dam would provide an u rgen t ly  needed r e sea rch  t o o l .  Accurate measurements 

of s p i l l  e f f e c t i v e n e s s ,  f i s h  guiding e f f i c i e n c y  (FGE), c o l l e c t i o n  e f f i c i e n c y  

(CE), sp i l lway  s u r v i v a l ,  powerhouse s u r v i v a l ,  and bypass s u r v i v a l  would be 

p o s s i b l e  without  handl ing l a r g e  numbers of unmarked f i s h ,  and because a l l  

tagged f i s h  r e l ea sed  would i n  e f f e c t  be sampled, t h e  numbers of marked f i s h  

requi red  f o r  i n d i v i d u a l  experiments could be reduced t o  a  smal l  f r a c t i o n  of 

those  t h a t  would be requi red  i f  convent ional  marking techniques  were used. A 

pro to type  juven i l e  radio- tag system was developed and t e s t e d  by t h e  Nat iona l  

Marine F i s h e r i e s  Serv ice  (NMFS) and Bonnevi l le  Power Adminis t ra t ion (BPA) a t  

John Day Dam i n  1984 (Giorgi  and Stuehrenberg 1984). Addi t iona l  r e sea rch  was 

conducted a t  Lower Grani te  Dam by NMFS and BPA i n  1985. The o b j e c t i v e s  of 

t h i s  r e sea rch  were t o :  ( 1 )  eva lua t e  t h e  e f f e c t i v e n e s s  of t h e  pro to type  

j u v e n i l e  rad io- tag  system i n  a  f i e l d  s i t u a t i o n  and ( 2 )  t o  t e s t  t he  b a s i c  

assumptions i nhe ren t  i n  u s ing  the  j uven i l e  r a d i o  t a g  a s  a  r e sea rch  too l .  

This two-part r e p o r t  summarizes the  r e s u l t s  of t h i s  research .  



PART I: FIELD TESTS 

Field testing of the juvenile radio-tag system was conducted at Lower 

Granite Dam during the spring outmigration in 1985. Research was conducted to 

evaluate the effectiveness of the system in measuring spillway passage, FGE, 

spillway survival, powerhouse survival, and collection system efficiency. 

Methods and Materials 

The juvenile radio tag was developed by NMFS electronics personnel to 

monitor movements of individual salmonid smolts. The tags are battery powered 

transmitters that operate on a carrier frequency of approximately 30 megahertz 

(MHz); tag life was a minimum of 3 days. The transmitter and batteries are 

coated with ~umisea&/ and a mixture of paraffin and beeswax to form a 

flattened cylinder 26x9~6 mm, which weighs approximately 2.9 g in air. A 

127-mm flexible whip antenna is attached to one end of the tag. Each tag 

transmits pulses of information on one of nine frequencies spaced 10 kHz apart 

(30.17 to 30.25 MHz). The pulse rate was set at two per second. The 

electronic character of each pulse provided individual identification (codes) 

for each tag. Tracking range of the tag varied from 100 to 1000 m depending 

on the output of the tag and the depth of the fish. The tag life was a 

minimum of 3 days. 

The juvenile radio-tag system utilizes a series of strategically located 

signal monitors. Each monitor is composed of a broad band radio receiver, a 

pulse decoder, a digital printer, and a cassette tape recorder. The receiver 

listens to all nine frequencies simultaneously and feeds them to the pulse 

I/ Reference to trade names does not imply endorsement by the National Marine 
Fisheries Service, NOAA. 



decoder. The decoder scans t h e  n ine  f requenc ies  and measures t h e  codes of t h e  

s i g n a l s  encountered. The amount of t ime spent  on each frequency is s e t  t o  a 

per iod  t h a t  would cover two pulses  from a t a g  (1,200 mi l l i s econds ) .  When t h e  

monitor is  s e t  t o  use both of i t s  antennas,  t he  time per iod  per  frequency i s  

doubled. Pulse  checking c i r c u i t s  i n  t h e  decoder determined when two t a g s  on 

the  same frequency were pu ls ing  a t  the  same t ime,  and erroneous codes were not  

recorded. The output  of t h e  monitor was p r i n t e d  on paper and recorded on 

magnetic tape .  The magnetic t ape ,  a new development, a l lows one person t o  

e v a l u a t e  d a t a  i n  t he  f i e l d .  Data from t h e  t ape  were fed i n t o  a microcomputer 

f o r  da t a  reduc t ion  and ana lys i s .  

Three monitors were deployed t o  d e t e c t  r a d i o  tagged smolts  a s  they  

approached the  dam from the  forebay.  One monitor covered the  powerhouse and 

one the  sp i l lway .  The over lap  a r ea  of t he se  two antenna systems was monitored 

wi th  a smal le r  t h i r d  system t o  d i f f e r e n t i a t e  passage l o c a t i o n s  i n  t h e  ove r l ap  

a rea .  The antennas f o r  t he  powerhouse and sp i l lway  were loop antennas ganged 

toge the r  wi th  l i n e  a m p l i f i e r s .  Each ampl i f i e r  boosted t h e  t ag  s i g n a l  l o s t  i n  

t h e  l i n e  between antennas.  This  e f f e c t i v e l y  produced equa l  t a g  s i g n a l s  a t  t h e  

monitor f o r  r ad io  tagged f i s h  a t  both ends of t he  powerhouse or  sp i l lway .  The 

sma l l e r  system i n  t he  over lap  a r e a  was made up of a monitor and two underwater 

antennas which covered the  l a s t  two tu rb ines  of t h e  powerhouse. 

Radio tagged smolts  were de t ec t ed  i n  t h e  t u r b i n e  i n t a k e  ga t ewe l l s  by 

another  s e t  of monitors u t i l i z i n g  underwater antennas.  Each of t h e  antenna 

i n p u t s  (2 )  f o r  a monitor was capable  of monitor ing t h r e e  ga t ewe l l s  and thus  

ga tewel l  a c t i v i t y  was def i neab le  t o  t u r b i n e  un i t .  

A monitor was i n s t a l l e d  a t  t h e  f i s h  s e p a r a t o r  t o  record  tagged f i s h  when 

they a r r i v e d  a t  t h e  f i s h  handl ing  f a c i l i t y .  F i sh  i n  t h e  f a c i l i t y  and/or on 



barges  were d i f f e r e n t i a t e d  from r i v e r  f i s h  by t h e  l e n g t h  of t ime t h e y  remained 

on t h e  monitor and by p r i o r  d e t e c t i o n  i n  t h e  g a t e w e l l s .  

F i s h  t h a t  were d e t e c t e d  e n t e r i n g  t h e  powerhouse t h a t  were n o t  l a t e r  

d e t e c t e d  i n  t h e  g a t e w e l l s  o r  f i n g e r l i n g  c o l l e c t i o n  f a c i l i t y  were assumed t o  

have passed downstream through t h e  t u r b i n e s .  F i s h  t h a t  were d e t e c t e d  i n  t h e  

g a t e w e l l s  and t h e n  d i sappeared  and were n o t  l a t e r  d e t e c t e d  a t  t h e  f i n g e r l i n g  

c o l l e c t i o n  f a c i l i t y  were a l s o  assumed t o  have dropped back i n t o  t h e  t u r b i n e  

i n t a k e  and passed downstream through t h e  t u r b i n e s .  

Downstream moni to r s  were p laced  on t h r e e  t r a n s e c t s  below t h e  dam. These 

moni to r s  were powered by 12-volt  b a t t e r i e s  and had three-e lement  beam a n t e n n a s  

f o r  s i g n a l  d e t e c t i o n .  Moni tors  were p o s i t i o n e d  on o p p o s i t e  s i d e s  of t h e  

r i v e r ,  and t h e  d i r e c t i o n a l  an tennas  f a c e d  s l i g h t l y  upstream. The f i r s t  

t r a n s e c t  was 1.4 km downstream from t h e  dam, t h e  second t r a n s e c t  was 3.2 km 

downstream from t h e  dam, and t h e  t h i r d  t r a n s e c t  was 6.1 km downstream from t h e  

dam. 

Chinook salmon smol t s  used f o r  t a g g i n g  were c o l l e c t e d  from t h e  f i s h  

hand l ing  f a c i l i t i e s  a t  Lower G r a n i t e  and McNary Dams. The smol t s  ranged i n  

s i z e  between 150 and 205 mm f o r k - l e n g t h  (FL) and were f r e e  of major 

d e s c a l i n g .  I n d i v i d u a l  f i s h  were removed from t h e  h o l d i n g  t a n k  and 

a n e s t h e t i z e d  i n  a  20 ppm s o l u t i o n  of MS-222. The f i s h  were tagged by p l a c i n g  

t h e  t a g  i n t o  t h e  f i s h ' s  opened mouth and then  a  p l a s t i c  soda s t r a w  was used t o  

push t h e  t a g  through t h e  esophagus and i n t o  t h e  stomach. Tagged f i s h  were 

h e l d  i n  a  bucket  u n t i l  t h e y  recovered from t h e  a n e s t h e t i c .  They were t h e n  

t r a n s f e r r e d  t o  a  p l a s t i c  garbage can and h e l d  f o r  12 t o  24 h  b e f o r e  being 

r e l e a s e d .  J u s t  p r i o r  t o  r e l e a s e ,  t h e  t a g s  were checked f o r  o p e r a t i o n  and 

p u l s e  coding.  To reduce hand l ing  s t r e s s ,  f i s h  w i t h  non- func t iona l  t a g s  were 



r e l ea sed  along with t he  f i s h  with good t a g s ,  and a l l  dead f i s h  were removed 

from the  garbage cans a f t e r  t he  r e l e a s e .  

Four experimental  r e l e a s e s  of a t  l e a s t  100 radio-tagged chinook salmon 

smolts  each were made i n t o  t h e  forebay approximately 10 km above Lower Gran i t e  

Dam during 48 h of continuous s p i l l  a t  l e v e l s  of 0.8, 0.0, 39.4, and 20.9% of 

t h e  t o t a l  r i v e r  flow. An a d d i t i o n a l  r e l e a s e  of 10 l i v e  and 10 dead r a d i o  

tagged f i s h  was made t o  a s s e s s  t h e  e f f e c t i v e n e s s  of t h e  downstream d e t e c t i o n  

system and t o  determine i f  radio-tagged f i s h  k i l l e d  passing the  dam would 

d r i f t  f a r  enough t o  be de t ec t ed  a t  t he  downstream d e t e c t o r  s i t e s .  

Resu l t s  and Discussion 

On 10 Apr i l ,  t h e  10 l i v e  and 10 dead radio-tagged f i s h  were r e l ea sed  i n t o  

t he  t a i l r a c e  a t  Lower Grani te  Dam. Flows a t  Lower Grani te  during t h i s  test  

ranged from 81.5 t o  110.8 kc f s .  

Of t h e  10 l i v e  f i s h  r e l e a s e d ,  8  were de t ec t ed  downstream and 2 were 

not .  Because a l l  t he  f i s h  were not de t ec t ed  a t  each t r a n s e c t  l i n e ,  i n  t h e  

f u t u r e  a t  l e a s t  t h r e e  downstream t r a n s e c t s  w i l l  be used t o  o b t a i n  a c c u r a t e  

measurements of downstream passage and s u r v i v a l .  

None of t h e  dead f i s h  were de t ec t ed  a t  t h e  downstream d e t e c t i o n  s i t e s .  

Eight  hours a f t e r  r e l e a s e ,  two of t he  dead f i s h  were near  t he  water o u t f a l l  of 

t h e  a d u l t  f i s h  handl ing f a c i l i t y ;  two were between t h e  sp i l lway  and t h e  

naviga t ion  lock;  and two were near  t he  corner  of t he  ea r then  f i l l ,  no r th  of 

t h e  nav iga t ion  lock. 

On 12 Apr i l  1985, 112 radio-tagged y e a r l i n g  chinook salmon smolts  were 

r e l ea sed  i n t o  t he  Snake River approximately 10 km above Lower Grani te  Dam 

(Tes t  1). This  test was designed t o  eva lua t e  t ags  and d e t e c t i o n  equipment and 

t o  provide powerhouse passage, FGE, CE, and s u r v i v a l  e s t ima te s  under ze ro  



s p i l l  t e s t  c o n d i t i o n s .  J u s t  p r i o r  t o  r e l e a s e  of t h e  tagged f i s h ,  low-level 

s p i l l  was i n i t i a t e d  by t h e  U.S. Army Corps of Engineers .  Th i s  s p i l l  con t inued  

i n t e r m i t t e n t l y  throughout  t h e  peak passage p e r i o d  s o  t h e  t e s t  c o n d i t i o n  ( z e r o  

s p i l l )  was n o t  met. The powerhouse d e t e c t i o n  system a l s o  f a i l e d  d u r i n g  t h i s  

p e r i o d  a l lowing  a n  unknown number of tagged f i s h  t o  p a s s  unde tec ted .  I n  

a d d i t i o n ,  t h e  power s u p p l y  ( b a t t e r i e s )  f o r  t h e  downstream d e t e c t i o n  t r a n s e c t s  

a l s o  f a i l e d  p r i o r  t o  t h e  comple t ion  of t h e  t e s t .  

Of t h e  112 radio- tagged f i s h  r e l e a s e d ,  38 f i s h  were d e t e c t e d  a t  t h e  dam 

(Tab le  1 ) .  S i x  f i s h  were s t i l l  above t h e  dam when t h e  t e s t  ended. Of t h e  

passages ,  t h i r t y  f i s h  (79%) e n t e r e d  t h e  powerhouse, and 2  f i s h  ( 6 % )  passed 

o v e r  t h e  s p i l l w a y .  Because of t h e  v a r i o u s  problems a s s o c i a t e d  w i t h  t h i s  t e s t ,  

much of t h e  d a t a  a r e  s u s p e c t  and w i l l  be excluded from a n a l y s i s .  

A f t e r  t h e  problems a s s o c i a t e d  w i t h  t h e  d e t e c t i o n  equipment were s o l v e d ,  a 

second z e r o - s p i l l  t e s t  was conducted.  On 2  May 1985, 115 radio- tagged s m o l t s  

were r e l e a s e d  approx imate ly  4.8 km above t h e  dam ( T e s t  2 ) .  Of t h e s e  f i s h ,  74 

were d e t e c t e d  as t h e y  approached t h e  dam (Tab le  1 ) .  There  were 58 f i s h  t h a t  

e n t e r e d  t h e  t u r b i n e  i n t a k e s ,  and 16 f i s h  were s t i l l  above t h e  dam a t  t h e  end 

of t h e  t e s t  p e r i o d .  Of t h e  58 f i s h  d e t e c t e d  e n t e r i n g  t h e  t u r b i n e  i n t a k e s ,  14 

f i s h  (24%) were  d e t e c t e d  i n  t h e  g a t e w e l l s  and 44 f i s h  (76%) a r e  assumed t o  

have passed th rough  t h e  t u r b i n e s .  Three a d d i t i o n a l  f i s h  were d e t e c t e d  i n  t h e  

g a t e w e l l s  t h a t  had n o t  been d e t e c t e d  on t h e  f o r e b a y  moni to r s .  Of t h e  17 f i s h  

d e t e c t e d  i n  t h e  g a t e w e l l s ,  11 were d e t e c t e d  a t  t h e  j u v e n i l e  s e p a r a t o r ,  2  were 

removed from t h e  g a t e w e l l s  d u r i n g  t h e  submers i b l e  t r a v e l i n g  s c r e e n  ( STS) 

s t u d i e s ,  one was s t i l l  i n  t h e  g a t e w e l l  a t  t h e  end of t h e  tes t ,  and t h r e e  

g a t e w e l l  drop-outs  passed th rough  t h e  t u r b i n e s .  Of t h e  47 f i s h  (44  d i r e c t  

p l u s  3  g a t e w e l l  drop-outs)  assumed t o  have passed t h e  t u r b i n e s ,  26 (55%)  were 

d e t e c t e d  a t  t h e  downstream t r a n s e c t s .  



Table  1.--Detection r a t e s  f o r  radio- tagged j u v e n i l e  chinook salmon s m o l t s  
r e l e a s e d  i n  t h e  f o r e b a y  of Lower G r a n i t e  Dam. 

- 

I tem 
T e s t  

1 2 3 4 

Number r e l e a s e d  

P e r c e n t  s p i l l  

De tec ted  on fo rebay  moni to r s  

Powerhouse passage  
Turbine  Passage 

Downstream t r a n s e c t s  
Ga tewel l s  (GW) 

Removed STS s t u d y  
I n  GW end of t e s t  
Turbine  passage  

Downstream t r a n s e c t s  
J u v e n i l e  s e p a r a t o r  

J u v e n i l e  s e p a r a t o r  

Sp i l lway  passage 
Downstream t r a n s e c t s  

Had n o t  passed dam by 
end of t h e  t e s t  

Not on fo rebay  moni to r s  
Downstream t r a n s e c t s  
Ga tewel l s  

I n  GW end of t e s t  
Turbine  passage 
J u v e n i l e  s e p a r a t o r  

J u v e n i l e  s e p a r a t o r  



On 5 May 1985, 100 radio- tagged smol t s  were r e l e a s e d  approximately  4.8 km 

above t he  dam. Tes t  3  w a s  designed t o  e v a l u a t e  t h e  e f f e c t s  of a 40% s p i l l  

cond i t i on  on passage behavior .  S ix ty-e igh t  (68)  f i s h  were d e t e c t e d  as t hey  

approached t h e  dam  a able 1) .  Twenty-six smol t s  (38%) en t e r ed  t h e  t u r b i n e  

i n t a k e s ,  and 38 (56%) passed through t h e  sp i l lway .  Four radio-tagged f i s h  

were s t i l l  above t h e  dam a t  t h e  end of t h e  test per iod .  Of t h e  26 f i s h  t h a t  

e n t e r e d  t h e  t u r b i n e  i n t a k e s ,  7  (27%) were d e t e c t e d  i n  t h e  g a t e w e l l s ,  whereas 

19 f i s h  passed downstream through t h e  t u rb ine s .  One a d d i t i o n a l  f i s h  w a s  

d e t e c t e d  i n  t h e  ga t ewe l l s  t h a t  had no t  p r ev ious ly  been d e t e c t e d .  Of t h e  e i g h t  

f i s h  d e t e c t e d  i n  . the  g a t e w e l l s ,  s i x  were d e t e c t e d  a t  t h e  j u v e n i l e  s e p a r a t o r ,  

one w a s  s t i l l  i n  t h e  ga t ewe l l  a t  t h e  end of t h e  t e s t  and one i s  assumed t o  

have dropped ou t  of t h e  ga t ewe l l  and passed through t he  t u rb ine .  Of t h e  20 

f i s h  (19 d i r e c t  and one ga t ewe l l  d ropout )  pa s s ing  through t h e  t u r b i n e s ,  12 

(60%) were d e t e c t e d  at  t he  downstream t r a n s e c t s .  Th i r t y - e igh t  f i s h  passed 

th rough  t h e  sp i l lway ,  and 31 (82%) were d e t e c t e d  a t  t h e  downstream t r a n s e c t s .  

On 31 May 1985, 101 radio-tagged smol t s  were r e l e a s e d  approximately  4.8 

km above t h e  dam (Tes t  4).  Th is  r e l e a s e  was designed t o  e v a l u a t e  t h e  e f f e c t s  

of a 20% s p i l l  c o n d i t i o n  on passage behavior .  During t h e  t e s t ,  t h e  moni tor  

cover ing  t h e  ga t ewe l l s  of Turbines  1  and 2  f a i l e d  and a l lowed f i s h  t o  pass  

through t h e  g a t e w e l l s  unde tec ted .  Seventy-s ix  radio- tagged smo l t s  were 

d e t e c t e d  a s  they  approached t h e  dam (Table  1) .  Forty-one smol t s  (54%) e n t e r e d  

t h e  t u r b i n e  i n t a k e s ,  and 26 (34%) passed through t h e  sp i l lway .  F ive  smo l t s  

were s t i l l  above t h e  dam a t  t h e  end of t he  t e s t  pe r iod .  Of t h e  41 f i s h  t h a t  

en t e r ed  t h e  t u r b i n e  i n t a k e s ,  15 (37%) were d e t e c t e d  i n  t h e  g a t e w e l l s ,  whereas 

26 (63%) passed through t h e  t u r b i n e s .  Of t h e  15 smol t s  d e t e c t e d  i n  t h e  

g a t e w e l l s ,  13 were d e t e c t e d  a t  t h e  j u v e n i l e  s e p a r a t o r  and 2  were removed 



dur ing  t h e  STS t e s t s .  Four a d d i t i o n a l  smol t s  were d e t e c t e d  a t  t h e  j u v e n i l e  

s e p a r a t o r  t h a t  were no t  p r e v i o u s l y  recorded i n  t h e  g a t e w e l l s .  Three of t h e s e  

f i s h  were d e t e c t e d  by t h e  fo rebay  moni to r s ,  whereas one was n o t .  Of t h e  26 

f i s h  p a s s i n g  through t h e  t u r b i n e s ,  18 (69%) were d e t e c t e d  a t  t h e  downstream 

t r a n s e c t s .  Twenty-six f i s h  passed th rough  t h e  s p i l l w a y ,  21 (81%) were 

d e t e c t e d  a t  t h e  downstream t r a n s e c t s .  

S p i l l  E f f e c t i v e n e s s  

S ince  some t a g s  were d e t e c t e d  below Lower G r a n i t e  Dam t h a t  were n o t  

d e t e c t e d  pass ing  t h e  dam, a s t a t i s t i c a l  model was developed t o  e v a l u a t e  s p i l l  

e f f e c t i v e n e s s  (Appendix A). Based on t h i s  model, powerhouse and s p i l l w a y  

passage e s t i m a t e s  a t  20 and 40% s p i l l  l e v e l s  were genera ted  (Tab le  2 ) .  A t  20% 

s p i l l ,  s p i l l w a y  passage was e s t i m a t e d  a t  39% (95% C.I .  28.7 - 49.0%). A t  40% 

s p i l l ,  s p i l l w a y  passage i n c r e a s e d  t o  61% (95% C.I .  50.5 - 71.1%). These 

conf idence  i n t e r v a l s  maybe used a s  a t e s t  of t h e  n u l l  h y p o t h e s i s  t h a t  t h e  

observed s p i l l  e f f e c t i v e n e s s  i s  e q u a l  t o  t h e  p r e v a i l i n g  s p i l l  l e v e l  ( B i c k e l  

and Doksum 1977). Because t h e  s p i l l  l e v e l  f a l l s  o u t s i d e  t h e  95% conf idence  

i n t e r v a l s ,  we r e j e c t  t h e  n u l l  h y p o t h e s i s  a t  a = 0.05 and conclude t h a t  t h e  

observed s p i l l  e f f e c t i v e n e s s  was d i f f e r e n t  from t h e  s p i l l  l e v e l  f o r  bo th  

r e l e a s e s .  We emphasize t h a t  t h e s e  passage  e s t i m a t e s  app ly  o n l y  t o  

radio- tagged f i s h .  A v a r i e t y  of assumptions  t e s t e d  under l a b o r a t o r y  

c o n d i t i o n s  must be f u r t h e r  e v a l u a t e d  b e f o r e  t h e s e  passage r a t e s  can be a p p l i e d  

t o  t h e  g e n e r a l  popu la t ion .  



Table 2.--Estimates of powerhouse and sp i l lway  passage of radio-tagged y e a r l i n g  
chinook salmon smolts a t  Lower Grani te  Dam, 1985. 

Test  3 (40% s p i l l )  Test 4 (20% s p i l l )  
Tag Model Tag Model 

count e s t .  % 95% C I  count e s  t . % 95% C I  

Powerhouse passage 2 6 28.6 39 (28.7-49.0) 41 45.3 61 (50.5-71.1) 
Spillway passage 38 44.4 61 (50.5-71.1) 26 28.7 39 (28.7-49.0) 

Sys tems Evaluat ion 

The experiments conducted a t  Lower Gran i t e  Dam i n  1985 def ined  c e r t a i n  

s t r e n g t h s  and weaknesses of t he  e x i s t i n g  radio- tag system. Resu l t s  i n d i c a t e  

t h a t  t h e  r ad io  t a g  can provide accep tab l e  e s t ima te s  of powerhouse and sp i l lway  

passage. Evaluat ion of FGE, CE, and s u r v i v a l  i n  t h e  f u t u r e  w i l l  depend upon 

our  a b i l i t y  t o  improve d e t e c t i o n  r a t e s  a t  c e r t a i n  monitoring s i t e s  and a s s u r e  

t h a t  assumptions,  discussed l a t e r  i n  t h i s  r e p o r t ,  a r e  met. 

The loop antenna system used i n  1985 would not d e t e c t  r ad io  t a g s  a t  depths  

g r e a t e r  than 7.6 meters.  A l a r g e r  po r t i on  of smolts  than a n t i c i p a t e d  were 

below t h i s  l e v e l  when they approached the  dam. This  problem w i l l  be addressed 

i n  1986 by adding underwater antennas capable  of d e t e c t i n g  t ags  a t  maximum 

passage depths .  

The scan r a t e  of t h e  monitors was a l s o  a  f a c t o r  a f f e c t i n g  d e t e c t i o n  r a t e s  

i n  1985. The e x i s t i n g  monitors were capable  of monitor ing a l l  a v a i l a b l e  

f r equenc i e s  once every 15 seconds. I f  more than  s i x  t ags  on t h e  same frequency 

were i n  a  given a r e a ,  some t ag  codes may have been missed due t o  over lapping  

code pulses .  I n  1986, t he  scan r a t e  of t h e  monitors w i l l  be shor tened  by 

inco rpo ra t i ng  a  micro-processor i n t o  t h e  monitor system and by adding 

a d d i t i o n a l  monitors t o  the  antenna system. 



Mechanical problems a s soc i a t ed  with t h e  monitors and problems wi th  t h e  

b a t t e r i e s  a t  t h e  downstream monitors have been co r r ec t ed  and should no longer  

i n f luence  system ope ra t i ons .  With t h e  knowledge gained i n  1985, design changes 

f o r  1986 should r e s u l t  i n  a s i g n i f i c a n t  i n c r e a s e  i n  t he  t a g  d e t e c t i o n  r a t e s  a t  

a l l  monitoring s i t e s .  



PART 11: ASSUMPTION TESTS 

Radio t ags  i n s e r t e d  i n t o  t he  stomachs of y e a r l i n g  chinook salmon may 

p o t e n t i a l l y  cause unacceptable  r a t e s  of m o r t a l i t y  i n  t e s t  f i s h  or  may impair  

t h e i r  swimming performance. E f f e c t i v e  t a g  l o s s  can r e s u l t  from r e g u r g i t a t i o n  

of t he  t a g  o r  o p e r a t i o n a l  f a i l u r e  w i th in  t h e  device.  A l l  of t he se  f a c t o r s  a r e  

important  cons ide ra t i ons  when i n t e r p r e t i n g  r e s u l t s  from f i e l d  t e s t s  designed t o  

e s t ima te  s p i l l  e f f e c t i v e n e s s ,  FGE, CE, and su rv iva l .  The o v e r a l l  o b j e c t i v e s  of 

the  s e r i e s  of t e s t s  descr ibed  i n  t h i s  s e c t i o n  of t he  r e p o r t  were t o  a s s e s s  t h e  

e f f e c t s  of t h e  r a d i o  t a g  on y e a r l i n g  chinook salmon and e v a l u a t e  t h e  

performance of t he  tag.  

Bioassay 

Test  5.1, as  o r i g i n a l l y  proposed, r equ i r ed  holding tagged and c o n t r o l  f i s h  

f o r  60 h  t o  t e s t  t h e  hypothes i s  t h a t  t h e  s u r v i v a l  r a t e s  of radio-tagged and 

untagged groups a r e  equal .  However, t h i s  t e s t  cond i t i on  is  not  r e p r e s e n t a t i v e  

of f i e l d  cond i t i ons  because during the  60 h  fol lowing t agg ing ,  t h e  f i s h  would 

not  be exper ienc ing  s t a b l e  cond i t i ons ,  but would be i n t e r c e p t i n g  and pass ing  

t h e  dam v i a  e i t h e r  t h e  t u r b i n e s  or  sp i l lways .  E i t h e r  passage r o u t e  p re sen t s  

s t r e s s f u l  cond i t i ons  which could s i g n i f i c a n t l y  a f f e c t  s u r v i v a l  r a t e s .  Of t h e  

two, t he  abrupt  p r e s su re  changes a s soc i a t ed  wi th  t u r b i n e  passage r ep re sen t  t h e  

most s t r e s s f u l  s e t  of condi t ions .  Therefore ,  a  more r e p r e s e n t a t i v e  t e s t  was 

designed t o  measure t h e  m o r t a l i t y  r a t e s  of tagged and c o n t r o l  f i s h  sub jec t ed  t o  

a  s imulated t u r b i n e  passage. 

Methods and Ma te r i a l s  

The s imulated t u r b i n e  p re s su re  t e s t  was run on two groups of r iver - run  

y e a r l i n g  chinook salmon. The f i r s t  group was taken from the  c o l l e c t i o n  system 



a t  Lower G r a n i t e  Dam. From t h i s  g roup ,  135 c o n t r o l s  and 150 t e s t  f i s h  were 

t e s t e d  a t  t h e  dam from 16 t o  18 A p r i l .  The second group of chinook salmon was 

c o l l e c t e d  a t  McNary Dam and t r u c k e d  t o  t h e  NMFS l a b o r a t o r y  a t  Pasco f o r  

t e s t i n g .  There were 149 c o n t r o l s  and 149 t e s t  f i s h  from t h i s  group t h a t  were 

t e s t e d  from 7  t o  9  May. 

T e s t  c o n d i t i o n s  f o r  b o t h  g r o u p s ,  were  i d e n t i c a l  and were  a s  f o l l o w s :  t e s t  

f i s h  were m i l d l y  a n e s t h e t i z e d  w i t h  MS-222 and tagged w i t h  dummy t a g s  by 

i n s e r t i n g  t h e  t a g  down t h e  esophagus and i n t o  t h e  stomach us ing  a  s m a l l  p l a s t i c  

tube.  Cont ro l  f i s h  were s i m i l a r l y  a n e s t h e t i z e d  and hand led ,  bu t  were n o t  

tagged.  A l l  f i s h  were  t h e n  r e t u r n e d  t o  ho ld ing  t a n k s  and moni tored f o r  

m o r t a l i t i e s  f o r  24 h  under ambient c o n d i t i o n s .  Following t h i s ,  t h e  f i s h  were 

a n e s t h e t i z e d ,  p laced i n t o  a  c y l i n d r i c a l  p r e s s u r e  chamber ( F i g .  1 )  , and 

s u b j e c t e d  t o  a  s e t  of p r e s s u r e  c o n d i t i o n s  r e p r e s e n t a t i v e  of t u r b i n e  passage.  

From a n  ambient c o n d i t i o n  of 1  atm, t h e  gauge p r e s s u r e  was i n c r e a s e d  t o  55 p s i  

( r e s u l t i n g  i n  an a b s o l u t e  p r e s s u r e  of approx imate ly  4.7 atm) f o r  a  p e r i o d  of 

approx imate ly  1  m i n u t e ,  fo l lowed by an  i n s t a n t a n e o u s  d e c r e a s e  i n  p r e s s u r e  t o  a  

p a r t i a l  vacuum of 15 i n  Hg (approx imate ly  0.5 atm) which r e p r e s e n t s  t h e  a v e r a g e  

p r e s s u r e  exper ienced  by f i s h  pass ing  th rough  t h e  t u r b i n e s  ( S u t h e r l a n d  1972).  

From t h i s  p r e s s u r e ,  t h e  f i s h  were i n s t a n t a n e o u s l y  r e t u r n e d  t o  ambient 

c o n d i t i o n s  ( 1  atm) , complet ing t h e  t u r b i n e  passage  s i m u l a t i o n .  The e n t i r e  

range of t e s t  c o n d i t i o n s  l a s t e d  approx imate ly  1.5 minutes .  

Fol lowing t h e  t e s t ,  f i s h  were r e t u r n e d  t o  ho ld ing  t a n k s  and moni tored f o r  

m o r t a l i t i e s  f o r  an a d d i t i o n a l  24 h. Est imated m o r t a l i t y  r a t e s  were t h e n  

compared between tagged and c o n t r o l  f i s h .  
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Resu l t s  

Est imates  of m o r t a l i t y  r a t e s  f o r  c o n t r o l  f i s h  were c a l c u l a t e d  according t o  

s tandard  binomial e s t ima t ion  procedures (Zar  1984). Es t imates  f o r  tagged f i s h ,  

however, had t o  be ad jus t ed  f o r  l o s s e s  due t o  t a g  r e g u r g i t a t i o n s .  This  was 

done according t o  t he  l i f e  t a b l e  procedures i n  Lee (1980). 

The r e s u l t s  of both b ioassays  a r e  presented i n  Tables 3  and 4. P r e t e s t  

m o r t a l i t y  r a t e  e s t ima te s  ( 0  t o  24 h) f o r  the  group of Lower Grani te  chinook 

salmon a r e  0.0% (95% C.I. = 0.0 - 2.7%) f o r  c o n t r o l s  and 4.0% (95% C.I. = 0.7 - 
7.3%) f o r  test f i s h .  Es t imates  of m o r t a l i t y  r a t e s  f o r  t h e  24 h per iod  

fol lowing the  p re s su re  t e s t  a r e  0.7% (95% C.I. = 0.0 - 4.1%) f o r  c o n t r o l s  and 

1.6% (95% C.I. = 0.0 - 3.8%) f o r  tagged f i s h .  A comparison of t h e  two p o s t t e s t  

r a t e s  was made t o  t e s t  t he  hypothes i s  t h a t  t h e  m o r t a l i t y  r a t e s  f o r  tagged and 

nontagged f i s h  a r e  equal .  Using a  Z-test ,  we accepted the  n u l l  hypothes i s  (P > 

0.05). 

Es t imates  of t he  p re - t e s t  m o r t a l i t y  r a t e s  f o r  t h e  McNary chinook salmon 

a r e  0.0% (95% C.I. = 0.0 - 2.4%) f o r  c o n t r o l s  and 3.4% (95% C.I. = 0.5 - 6.3%) 

f o r  t e s t  f i s h .  Following t h e  p re s su re  tes t ,  m o r t a l i t y  r a t e s  were es t imated  t o  

be 1.3% (95% C.I. = 0.2 - 4.8%) f o r  c o n t r o l s  and 0.7% (95% C.I. 0.0 - 2.1%) f o r  

tagged f i s h .  Again, t h e  d i f f e r e n c e  i n  pos t - t e s t  m o r t a l i t y  r a t e s  was found t o  

be nons ign i f i can t  by a  Z t e s t  (P  > 0.05). 

The r e s u l t s  of both bioassays suggest  t h a t  radio-tagged f i s h  exper ienc ing  

a  p re s su re  regime s imula t ing  t h a t  occur r ing  while  passing through a  t u r b i n e  d i e  

a t  t he  same r a t e  a s  untagged f i s h  exper ienc ing  the  same condi t ions .  

Tag Decay Rate 

Tes t  5.2 was designed t o  measure t h e  f a i l u r e  r a t e  of r a d i o  t a g s  under 

ambient t e s t  condi t ions .  A s  o r i g i n a l l y  proposed, 150 t a g s  were t o  be t e s t e d  



Table 3.--Number of tag regurgitations and mortalities occurring in the 24 h periods 
preceding and following the simulated turbine passage tests. 

16 to 18 A~ril 1985. Lower Granite Dam 

T24 % mortality % regurgitation 
To Pretest Posttest T48 posttest posttest 

Radio tagged (N) 

Mortalities 0 13 0 2 1.6 
Regurgitations 0 11 0 1 -- 

Controls (N) 135 135 135 134 

Mortalities 0 0 0 1 0.7 -- 

7 to 9 May 1985, McNary Dam 

T24 % mortality % regurgitation 
To Pretest Posttest T48 posttest posttest 

Radio tagged (N) 149 140 139 137 

Mortalities 0 5 0 1 0.7 
Regurgitations 0 4 1 1 -- 

Controls (N) 149 149 149 147 

Mortalities 0 0 0 2 1.3 - - 



Table  4.--Mortal i ty r a t e  e s t i m a t e s  and 95% c o n f i d e n c e  i n t e r v a l s  f o r  t h e  24 h  
p e r i o d s  p r e c e d i n g  and f o l l o w i n g  t h e  s i m u l a t e d  t u r b i n e  passage  t e s t s .  

P r e t e s t  P o s t t e s t  
T e s t  Exper imenta l  0-24 h  24-48 h  
d a t e s  g roup  E s t i m a t e  95% C . I .  E s t i m a t e  95% C . I .  

16-18 A p r i l  C o n t r o l  0.0 0.0 - 2.7 0.7 0.0 - 4.1 
Radio-tagged 4.0 0.7 - 7.3 1.6 0.0 - 3.8 

07-09 May C o n t r o l  0.0 0.0 - 2.4 1.3 0.2 - 4.8 
Radio-tagged 3.4 0.5 - 6.3 0.7 0.0 - 2.1 



f o r  each b a t c h  of r a d i o  t a g s  rece ived .  During t h e  c o u r s e  of t h e  season ,  

however, on ly  one shipment of t a g s  was r e c e i v e d ,  and i t  was on ly  f e a s i b l e  t o  

t e s t  50 of t h i s  batch.  These t a g s  were a c t i v a t e d ,  i n s e r t e d  i n t o  f i s h ,  and t h e n  

monitored f o r  f a i l u r e s  t o  de te rmine  a decay curve  f o r  t a g s  under  c o n t r o l l e d  

t e s t  c o n d i t i o n s .  

Methods and M a t e r i a l s  

F i f t y  j u v e n i l e  f a l l  chinook salmon h e l d  at  t h e  NMFS Montlake F a c i l i t y  were 

tagged w i t h  f u n c t i o n a l  r a d i o  t a g s  on 12 March and h e l d  under  ambient 

c o n d i t i o n s .  P e r i o d i c a l l y ,  t a g  performance was measured by p l a c i n g  each  

i n d i v i d u a l  f i s h  i n  t h e  p rox imi ty  of a  t a g  d e t e c t o r  and n o t i n g  any t a g  f a i l u r e s  

o r  t h e  i n a b i l i t y  of t h e  moni tor  t o  d e t e c t  any v i a b l e  t a g s .  T h i s  p rocedure  was 

con t inued  f o r  197 h  when a l l  50 t a g s  had f a i l e d ,  y i e l d i n g  a decay curve from 

which e s t i m a t e s  of f a i l u r e  r a t e s  were genera ted .  

R e s u l t s  

The r e s u l t s  of t h e  t a g  f a i l u r e  t e s t s  a r e  graphed i n  F i g u r e  2. T h i s  decay 

curve  shows t h a t  t h e  number of f a i l u r e s  i s  g r e a t e s t  i n  t h e  f i r s t  10 h  f o l l o w i n g  

a c t i v a t i o n  and a f t e r  t a g  l i f e  has  exceeded 72 h. I n  between t h e s e  two t i m e s ,  

t h e  r a t e  of t a g  f a i l u r e  i s  low and q u i t e  s t a b l e .  It is  w i t h i n  t h e  t ime  

i n t e r v a l  of 10 t o  72 h  t h a t  t a g  f a i l u r e s  w i l l  have t h e  g r e a t e s t  e f f e c t  upon 

passage o r  c o l l e c t i o n  e s t i m a t e s ,  f o r  t h i s  r e p r e s e n t s  t h e  t ime from r e l e a s e  t o  

expec ted  d e t e c t i o n  at  t h e  downstream moni tors .  

An e s t i m a t e  of t h e  f a i l u r e  r a t e  f o r  t h e  f i r s t  10 h  f o l l o w i n g  a c t i v a t i o n  i s  

8.0% (95% C . I .  = 2.2 - 19.2%). T h i s  t ime frame encompasses t h e  h o l d i n g  p e r i o d  

f o l l o w i n g  t a g g i n g ,  and any f a i l u r e s  o c c u r r i n g  i n  t h i s  i n t e r v a l  would be  

d e t e c t e d  p r i o r  t o  r e l e a s e .  The e s t i m a t e d  f a i l u r e  r a t e  f o r  t h e  p e r i o d  of 10 t o  

72 h  when f i s h  are p o t e n t i a l l y  w i t h i n  t h e  zone of d e t e c t i o n  i s  4.3% (95% C . I .  = 



NLMBER OF HOURS AFTER ACTIVATION 

Figure 2.--Rate of tag failure through time, measured on 50 
functional radio tags monitored under control test 
conditions. 



0.5 - 14.8%). The shape of t he  decay curve over t h i s  i n t e r v a l  shows t h a t  t he  

f a i l u r e  r a t e  is  c o n s i s t e n t l y  low throughout t h i s  per iod ,  but r a p i d l y  i n c r e a s e s  

a s  tag  l i f e  exceeds 3 days. 

Based on these  r e s u l t s ,  we can expect t h a t  most of the  t ag  f a i l u r e s  w i l l  

occur w i th in  10 h fol lowing tagging,  and recommend t h i s  a s  a  minimum hold ing  

time p r i o r  t o  r e l ea se .  

S i ze  D i s t r i b u t i o n  

Test  5.3 was designed t o  compare the  l eng th  f requenc ies  of chinook salmon 

e n t e r i n g  t h e  ga t ewe l l s  t o  those  captured i n  fyke n e t s  below t h e  t r a v e l i n g  

sc reens .  The ob jec t ive  of t h i s  t e s t  was t o  determine i f  t h e r e  was evidence of 

s i z e  d i s p a r i t y  between guided and unguided f i s h .  Because l a r g e  f i s h ,  averaging 

about 170 mm FL a r e  used f o r  radio- tag s t u d i e s ,  i t  was necessary t o  a s s u r e  t h a t  

t h e  f i s h  were r e p r e s e n t a t i v e  of t he  o v e r a l l  popula t ion ,  e s p e c i a l l y  with r e spec t  

t o  g u i d a b i l i t y .  

Methods and Mater ia l s  

River-run y e a r l i n g  chinook salmon were c o l l e c t e d  a t  Lower Grani te  Dam from 
C 

Gatewell 4B and from a s e t  of f i v e  fyke n e t s  l oca t ed  below the  t r a v e l i n g  sc r een  

on 17 and 24 Apr i l  and 1 May. F i sh  d ipne t t ed  from t h e  ga t ewe l l  a s  wel l  a s  

those i n  t he  uppermost gap ne t  were considered guided, whereas those i n  t h e  

c lo su re  n e t s  and t h e  lower f i v e  fyke n e t s  were considered unguided (Fig.  3 ) .  

Fork l eng ths  were recorded f o r  a l l  chinook salmon sampled. The s i z e  

d i s t r i b u t i o n s  were then compared t o  t e s t  the  hypothes i s  t h a t  t h e r e  i s  no s i z e  

d i f f e r e n c e  between guided and nonguided f i s h .  

Resu l t s  

F i s h  ranged i n  s i z e  from 60 t o  190 rum FL (Fig.  4) .  For each of t he  d a t e s  

(17 and 24 Apr i l  and 1 May), we t e s t e d  the  hypothesis  t h a t  t he  s i z e  composition 



Fish screen slot 

Operating gate slot --\ 

F i g u r e 3  .--Cross s e c t i o n  of Uni t  4 A  t u r b i n e  i n t a k e  a t  
Lower G r a n i t e  Dam showing f y k e  n e t  placement.  
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of the guided and unguided fish was the same. Using the Kolmogorov-Smirnov two 

sample test (Sokal and Rohlf 1981), we failed to reject the null hypothesis in 

all three cases. Test results are presented in Table 5 and represented 

graphically in Figure 4. Based on our tests, we have no evidence to suggest 

that larger fish are not representative of the general population with respect 

to guidability. 

Tag Regurgitation and Failure 

Test 5.4 addresses both tag regurgitation and tag failure rates in 

response to pressure and turbulence conditions characteristic at dams. To 

better define these objectives, Test 5.4 was divided into five separate 

components: tag regurgitation rates were determined under ambient conditions 

in response to pressure changes and in response to turbulence; tag failure 

rates were determined in response to pressure changes and turbulence. 

Methods and Materials 

Tag Regurgitation.--Two stocks of chinook salmon were tagged and monitored 

through time to determine a rate of regurgitation under ambient and test 

conditions. Seventy-five juvenile fall chinook salmon held at the Montlake 

Facility were tested on 23 January, and 146 river-run chinook salmon from 

McNary Dam were tested on 7 May at Pasco. In both instances, the fish were 

tagged with dummy tags and immediately returned to holding tanks where the 

number of regurgitations was monitored throughout a 24-h period to yield a rate 

of regurgitation under control conditions. 

To assess the regurgitation rate following abrupt pressure changes typical 

of turbine passage conditions, regurgitation data were collected from the two 

pressure tests previously described in Test 5.1. From these tests, rates of 



Table 5.--Results of Kolmogorav-Smirnov (K-S) two sample t e s t s  f o r  l eng th  
d i f f e r ences  i n  guided and unguided f i s h .  For each t e s t ,  we l i s t  t h e  
d a t e  f i s h  were c o l l e c t e d ,  numbers of guided (NG) and unguided (NU) 
f i s h  sampled, the  K-S t e s t  s t a t i s t i c  (Dabs), and the  two-sided 
c r i t i c a l  value a t  a = 0.10 I n  each t e s t ,  P > 0.10. 

Date 
N~ Nu Dabs 

17 Apri l  10 1 18 1 0.077 0.183 > 0.10 

24 Apr i l  132 341 0.051 0.126 > 0.10 

01  May 12 1 186 0.040 0.143 > 0.10 



r e g u r g i t a t i o n  f o r  t h e  24 h  fol lowing t h e  t u r b i n e  pressure  s imula t ion  were 

determined. 

To measure r e g u r g i t a t i o n  fol lowing turbulence ,  198 r iver - run  y e a r l i n g  

chinook salmon co l l ec t ed  a t  McNary Dam and t ranspor ted  t o  Pasco were tagged 

wi th  dummy t ags  on 23 Apr i l  and held f o r  24 h. These f i s h  were discharged 

through a  f i s h  cannon ( a  20-cm diameter pipe f i t t e d  wi th  a  nozzle)  d i scharg ing  

water a t  a  v e l o c i t y  of approximately 17 f t / s e c  i n t o  a  30-cm deep pond from a  

he ight  of approximately 1.5 m. These condi t ions  at tempt  t o  s imulate  t he  

tu rbu len t  condi t ions  a  f i s h  encounters  when passing over t he  sp i l lway.  

Following the  t e s t ,  the  pond was seined and the  number of r e g u r g i t a t i o n s  

noted. The f i s h  were then t r anspor t ed  t o  a  raceway and monitored f o r  an 

a d d i t i o n a l  22 h  t o  determine the  r a t e  of r e g u r g i t a t i o n  fol lowing turbulence.  

Tag Failure.--The r a t e  of t a g  f a i l u r e  fol lowing tu rb ine  pressure  

s imula t ion  was measured on 50 juven i l e  f a l l  chinook salmon held a t  the  Montlake 

F a c i l i t y .  These f i s h  were tagged wi th  func t iona l  r ad io  t ags  on 12 March and 

held f o r  24 h. A l l  t ags  were t e s t e d  f o r  v i a b i l i t y  immediately preceeding t h e  

t e s t .  The f i s h  were then  subjec ted  t o  t h e  same pressure  condi t ions  a s  

descr ibed i n  Test  5.1. Tag performance was monitored f o r  15 h  fol lowing t h e  

pressure  t e s t ,  and a  f a i l u r e  r a t e  was generated f o r  t h i s  per iod and compared t o  

the  con t ro l  r a t e .  

To a s ses s  t he  r a t e  of t a g  f a i l u r e  fol lowing tu rbu len t  cond i t i ons ,  51 

juven i l e  f a l l  chinook salmon c o l l e c t e d  from McNary Dam were tagged wi th  l i v e  

r a d i o  t ags  on 5  Ju ly .  Within 2  h  fol lowing the  tagging procedure, t he  f i s h  

were placed i n t o  the f i s h  cannon a t  Pasco and subjec ted  t o  the same turbulence  

t e s t  a s  descr ibed f o r  t he  r e g u r g i t a t i o n  po r t ion  of t h i s  s ec t ion .  The f i s h  were 

seined from the  impact pond and monitored f o r  t a g  performance immediately 



following the test. A total of 4 h elapsed from tagging to the final 

reading. An estimate of tag failure rate due to a simulated spillway passage 

was then determined and compared to the failure rate observed during the first 

4 h in the control group. 

Results 

Tag Regurgitation.--To generate estimates of tag regurgitation rates, it 

was necessary to account for fish losses due to mortality. When fish died 

during the observation period, regurgitation rates were adjusted for mortality 

according to the life table procedures in Lee (1980). In cases where no 

mortalities occurred, regurgitation rates were calculated according to standard 

binomial estimation procedures (Zar 1984). 

Estimates of regurgitation rates under ambient conditions were generated 

during the 24-h period following tagging. Estimates of regurgitation rates for 

the two replicates were determined to be 2.67% (95% C.I. = 0.30 - 9.30%) on 23 

January and 2.74% (95% C.I. = 0.10 - 5.40%) on 7 May 1985. The cumulative 

percent of regurgitations through time are plotted in Figure 5. This graph 

shows that all regurgitations occurred within the first 4 h following 

tagging. This indicates that tag regurgitations will be expected to occur 

during the 8- to 10-h holding period prior to release and not during the 

interval between release and arrival at the dam. 

Upon arrival at the dam, fish may pass via either the turbines or 

spillway, both of which could potentially affect the rate of tag 

regurgitation. Estimates of regurgitation rates for a 24-h period following 

simulated turbine passage conditions were 1.44% (95% C.I. = 0.00 - 3.40%) for 

McNary Dam river-run fish and 0.80% (95% C. I. = 0 .OO - 2.40%) for Lower Granite 

Dam chinook salmon (Table 1). The rate of regurgitation during a 22-h period 



Figure  5.--Regurgitation r a t e s  of radio-tagged f i s h  monitored 
f o r  24 hours  fol lowing tagging:  test d a t e s  a r e  
23 January ( s o l i d  l i n e )  and 7 May 1985 (broken l i n e ) .  



following simulated spillbay passage was 0.00% (95% C.I. = 0.00 - 2.40%) (Table 

6). These estimates were made on tagged fish held for 24 h prior to testing 

and monitored for regurgitations for an additional 22 to 24 h after testing. 

Therefore, these rates are based upon an approximate 24-h period following 

tagging and should be compared to a rate under ambient pressure conditions 

covering the same time frame. Due to limited fish availability, estimates of 

regurgitation rates under ambient conditions for 24 to 48 h could not be 

determined. However, the fact that no regurgitations occurred for the period 

of 4 to 24 h indicates that spontaneous regurgitations are unlikely to occur in 

subsequent hours. Therefore, it is assumed that the above rates estimate the 

actual rate of regurgitation in response to the turbulence and pressure test 

conditions. 

Tag Failure.--Tag failures were monitored for 15 h following the turbine 

passage simulation--from 24 to 39 h after tagging. Only 1 of 48 tags failed in 

this period, resulting in an estimated failure rate due to pressure conditions 

of 2.1% (95% C.I. = 0.0 - 11.1%). To compare this failure rate to that 

observed under ambient pressure conditions, two possible cases had to be 

considered. The time intervals measured for the ambient pressure conditions 

were 24 to 30 h and 30 to 48 h, and there was not enough resolution to assign 

the one failure occurring in the latter period to either the 30- to 39-h (Case 

1) or 39- to 48-h interval (Case 2). Therefore, failure rates for 24 to 39 h 

under ambient pressure conditions were calculated for both possible cases. 

Each of these rates was then compared to the failure rate generated in the 

pressure test by using a Fisher's exact test. We failed to reject the null 

hypothesis in both cases, with P > 0.05 for Case 1 and Case 2, and we therefore 

conclude that the simulated turbine pressure conditions tested do not introduce 

a significant source of tag failure. 



Table 6.--Mortalities and tag regurgitations during the simulated spill passage 
test. Tests were conducted on 23 April 1985. Subscripts associated 
the letter "T" indicate the hour following the tagging when the 
observations were made. The pre and posttest observation were made 
immediately preceeding and following the simulated spill condition which 
occurred during the 24th hour. A total of 198 fish were tagged at To. 
The sample size (N) remaining at each subsequent time interval were those 
still bearing tags. 

T24 % regurgitations 
To Tla5 T21 Pretest Posttest T46 posttest 

Sample size (N) 198 164 157 155 155 148 

Mortalities 0 34 6 2 0 7 - 

Regurgitations 0 0 1 0 0 0 0.0 



When exposed t o  t h e  t u rbu len t  condi t ions  s imu la t i ng  sp i l lway  passage,  8  of 

51 t ags  (15.7%) f a i l e d  (95% C.I. = 7.0 - 28.6%). A F i s h e r ' s  exac t  t e s t  was 

used t o  t e s t  whether t h a t  r a t e  was t he  same a s  t h e  2% ( 1  of 50) t a g  f a i l u r e  

r a t e  observed under ambient p r e s su re  cond i t i ons  dur ing  t h e  same time 

i n t e r v a l .  We r e j e c t e d  t h e  n u l l  hypothes i s  (P  = 0.02). However, i n s p e c t i o n  of 

t he  t a g s  fo l lowing  the  t e s t  revea led  t h a t  four  of t h e  e igh t  f a i l u r e s  were due 

t o  f a u l t y  switch mechanisms. Our e l e c t r o n i c s  shop recognizes  t h e  shortcoming 

of t h e  mechanism and i s  p r e s e n t l y  des ign ing  a  more r e l i a b l e  switch. 

Furthermore, t h e  f i s h  used i n  t h i s  t e s t  were s u b s t a n t i a l l y  smal le r  than  those  

used f o r  o the r  l abo ra to ry  t e s t s  and cons iderab le  e f f o r t  was r equ i r ed  t o  push 

t h e  t ag  i n t o  t h e  esophagus. We suspec t  t h a t  t h i s  d i f f i c u l t y  may have caused 

t ag  f a i l u r e s  by c rack ing  t h e  water t i g h t  wax s e a l  dur ing  i n s e r t i o n .  This  t e s t  

w i l l  be repea ted  next  year  wi th  f i s h  of adequate s i z e .  

Behavioral  E f f e c t s  

Tes t  5.5 was o r i g i n a l l y  designed t o  measure t h e  swimming performance of 

tagged f i s h  by measuring t h e i r  a b i l i t y  t o  main ta in  themselves i n  a  r a p i d  

cu r r en t  on a  p a s s l f a i l  c r i t e r i a .  However, p re l iminary  observa t ions  of t h e  

swimming behavior of tagged and c o n t r o l  f i s h  (Tes t  5.6) suggested t h a t  t h e  t a g  

may impair swimming performance. Tagged f i s h  appeared t o  be more nega t ive ly  

buoyant than c o n t r o l s  and swam wi th  e l eva t ed  t a i l  beat  f r equenc i e s .  I n  l i g h t  

of t h e s e  obse rva t ions ,  Test  5.5 was redesigned t o  b e t t e r  quan t i fy  swimming 

behavior by focus ing  on two a spec t s  of swimming performance: swimming s tamina 

and buoyancy compensation. 



Methods and M a t e r i a l s  

Swimming Stamina.--A t o t a l  of 26 y e a r l i n g  chinook salmon (149-195 mm FL) 

c o l l e c t e d  from McNary Dam and t r a n s p o r t e d  t o  t h e  Montlake F a c i l i t y  were t e s t e d  

f o r  swimming s tamina between 6  May and 7  June. A l l  t e s t s  were run  i n  a  

modified v e r s i o n  of t h e  s w i m  chamber de sc r i bed  by Smith and Newcomb (1970).  

Tes t  f i s h  were a n e s t h e t i z e d ,  measured, tagged w i th  dummy t a g s ,  and he ld  

f o r  a  minimum of 24 h  be fo r e  t e s t i n g .  Cont ro l  f i s h  were s i m i l a r l y  handled,  bu t  

no t  tagged. Each f i s h  was i n d i v i d u a l l y  p laced  i n  t h e  s w i m  chamber, and a f t e r  a  

s h o r t  recovery  pe r i od ,  t h e  i n i t i a l  v e l o c i t y  was s e t  t o  1.5 body l e n g t h s  p e r  

second (BL/sec).  A t  15-minute i n t e r v a l s ,  t h e  wate r  v e l o c i t y  was i nc r ea sed  by 

0.5 BL/sec u n t i l  t h e  f i s h  con t ac t ed  t h e  e l e c t r i c  g r i d ,  s i g n a l i n g  f a t i g u e .  

Seve ra l  " t i c k l e "  charges  were a p p l i e d  t o  en su re  t h a t  t h e  f i s h  was t r u l y  

f a t i g u e d  and no t  merely r e s t i n g .  The c r i t i c a l  swimming speed ( U c r i t )  f o r  each 

f i s h  was c a l c u l a t e d  by t h e  methods de sc r i bed  i n  Beamish (1978):  

U c r i t  = Ui + [(Ti / Tii) X Uii] 

Where Ui = h i g h e s t  v e l o c i t y  main ta ined  f o r  t h e  p r e s c r i b e d  

per iod  (BL/sec) 

Uii = v e l o c i t y  increment (BL/sec) 

Ti = t ime t h e  f i s h  swam a t  f a t i q u e  v e l o c i t y  (minu tes )  

Tii = t ime i n t e r v a l  (minu tes )  

C r i t i c a l  swimming speeds  were then  compared between tagged and c o n t r o l  f i s h  t o  

t e s t  t he  hypo the s i s  t h a t  t he  s tamina l e v e l s  i n  bo th  groups were t h e  same. 

Buoyancy Compensation.--Tests of buoyancy compensation were run  on 2 and 3 

May on a  t o t a l  of 77 y e a r l i n g  chinook salmon c o l l e c t e d  a t  McNary Dam and 

t r a n s p o r t e d  t o  t he  Montlake F a c i l i t y .  Measurements of n e u t r a l  buoyancy were 

made i n  t h e  p r e s s u r e  chamber de sc r i bed  i n  Tes t  5.1. 



F i s h  were a n e s t h e t i z e d  and i n d i v d u a l l y  placed i n  t h e  chamber. A p a r t i a l  

vaccuum was a p p l i e d ,  and t h e  p r e s s u r e  was reduced u n t i l  t h e  f i s h  j u s t  r o s e  o f f  

t h e  bottom. The p r e s s u r e  of n e u t r a l  buoyancy (PNB) was determined by 

s u b t r a c t i n g  t h e  r e d u c t i o n  i n  p r e s s u r e  n e c e s s a r y  t o  f l o a t  t h e  f i s h  (PR) from t h e  

a tmospher ic  p r e s s u r e  (PA). The PNB approaches  a tmospher ic  p r e s s u r e  a s  buoyancy 

n e a r s  n e u t r a l i t y ,  and is t h u s  an i n d i r e c t  measure of b l a d d e r  volume (Saunders  

1965). 

A f t e r  i n i t i a l  measurements of PNB were made, t h e  c o n t r o l  f i s h  were 

r e t u r n e d  t o  ho ld ing  t a n k s  f o r  24 h t o  recover .  T e s t  f i s h  were s i m i l a r l y  

a n e s t h e t i z e d  and decompressed,  but  were tagged p r i o r  t o  be ing  r e t u r n e d  t o  t h e i r  

ho ld ing  a r e a .  A second buoyancy measurement was made 24 h l a t e r  on a l l  c o n t r o l  

and t e s t  f i s h .  Pos t - t r ea tment  PNB v a l u e s  were expressed  as a p e r c e n t  of 

p re - t rea tment  v a l u e s  a s  fo l lows :  

P,, f i n a l  
1'1 U 

P e r c e n t  recovery  of PNB = i n i t i a l  x 100 
'NB 

( F r i e d  e t  a l .  1976). P e r c e n t  r ecovery  v a l u e s  f o r  c o n t r o l s  should  f l u c t u a t e  

around 100%. Tagged f i s h  should approach 100% a s  t h e  b l a d d e r  i s  i n f l a t e d  a s  

compensation f o r  t h e  weight  of t h e  t a g ,  and n e u t r a l  buoyancy i s  rega ined .  

R e s u l t s  

Swimming S tamina . - -Cr i t i ca l  swimming speeds  were h i g h e r  i n  t h e  c o n t r o l  

group t h a n  t h e  group f i t t e d  w i t h  r a d i o  t a g s .  The mean U c r i t  was 4.43 BL/sec 

( r a n g e  was 3.61 t o  5.62) f o r  c o n t r o l s  and 4.04 ( r a n g e  w a s  3.05 t o  4.65) i n  t h e  

t e s t  group (Tab le  7 1. However, u s i n g  a Mann-Whitney one-sided comparison,  we 

f a i l e d  t o  r e j e c t  t h e  n u l l  h y p o t h e s i s  ( P  = 0.18) and concluded t h a t  r a d i o  tagged 

f i s h  d id  n o t  d i s p l a y  s i g n i f i c a n t l y  lower s tamina l e v e l s .  



Table 7.--Swimming s tamina  d a t a  f o r  y e a r l i n g  chinook salmon c a p t u r e d  a t  McNary Dam, 
1985. Tagged f i s h  were f i t t e d  w i t h  sham r a d i o  t a g s .  

C o n t r o l s  (N=13) Tagged f i s h  (N=13) 
Length (mm) Weight ( g )  U c r i t  ( B L / S ~ C )  Length (mm) Weight (g) U c r i t  (BL/sec) 



Buoyancy Compensation.--Fish used i n  t h i s  t e s t  were 150 t o  200 mm FL. Of 

t he  77 yea r l i ng  chinook salmon t e s t e d ,  PNB va lues  could not  be measured f o r  13 

ind iv idua l s .  During decompression, twelve (11 tagged and 1 c o n t r o l )  of t h e s e  

never ro se  off  t he  bottom of t h e  test chamber but emi t ted  gas through t h e i r  

mouth, and t h e  remaining tagged f i s h  f l o a t e d  a t  t h e  s u r f a c e  a t  ambient 

p ressure .  These responses ,  gas  emission and gas  entrainment  ( f l o a t i n g ) ,  

i n d i c a t e  t h a t  i t  i s  not  only t a g  weight t h a t  a f f e c t s  buoyancy, but a l s o  t h e  

s i z e ,  shape, and placement of t he  t ags .  

A f l o a t i n g  f i s h  i n d i c a t e s  t h a t  a i r  i s  t rapped i n  t h e  bladder  and cannot be 

expe l led .  This  may be caused by the  t a g  being i n  a p o s i t i o n  t o  block t h e  

pneumatic duc t ,  prevent ing en t r a ined  a i r  from escaping.  I n  t h e  s i t u a t i o n  where 

gas was emi t ted  upon decompression, it may be t h a t  t he  bulk of t h e  t a g  is  s o  

l a r g e  t h a t  t h e r e  is  i n s u f f i c i e n t  volume i n  t h e  body c a v i t y  f o r  t h e  bladder  t o  

expand t o  t he  volume necessary t o  achieve n e u t r a l  buoyancy. Whatever t he  exac t  

mechanism, t h e  propor t ion  of f i s h  e x h i b i t i n g  e i t h e r  of t h e s e  responses  is  

d i f f e r e n t  i n  t he  tagged and c o n t r o l  groups (chi-square = 13.8, df = 1 ,  P < 

0.001). Est imates  of t he  percent  of t he  popula t ion  d i sp l ay ing  gas  emission o r  

f l o a t i n g  responses  a r e  2.5% (95% C . I .  = 0.0 - 13.1%) f o r  c o n t r o l s  and 35.1% 

(95% C . I .  = 20.2 - 52.5%) f o r  tagged f i s h .  The percent  of recovery t o  i n i t i a l  

PNB was measured f o r  64 f i s h  (39 c o n t r o l s  and 25 tagged f i s h )  which d id  no t  

e x h i b i t  gas emission or  f l o a t i n g .  

The mean percent  of recovery va lue  f o r  c o n t r o l  f i s h  was 107.8% ( range  

79.6 - 157.3%), and f o r  tagged f i s h  was 85.4% ( range  22.4 - 144.4%). Data a r e  

d e t a i l e d  i n  Table 8. A Mann-Whitney comparison of t h e  two samples y i e lded  a P 

va lue  of 0.0725. Using a = 0.05, we cannot r e j e c t  t he  n u l l  hypothesis  t h a t  t h e  

percent  recovery of n e u t r a l  buoyancy i s  t h e  same f o r  tagged and c o n t r o l  f i s h .  



Table 8.--Buoyancy compensation data for yearling chinook salmon, 1985. 

Control fish (N = 40) 
% recovery of 

Length (mm) Weight (g) initial PNB Comments (PR = in Hg) 

gas emitted PR >27 



Table 8.--continued. 

Tagged fish (N = 37) 
% recovery of 

Length (mm) Weight (g ) initial PNB Comments (PR = in Hg) 

floating fish 

gas emitted PR >27 

gas emitted PR >19 

gas emitted PR >16 

gas emitted PR >16 

gas emitted PR >18 

gas emitted PR >20 

gas emitted PR >12 

gas emitted PR >20 

gas emitted PR >18 
gas emitted PR >20 

gas emitted PR >18 



General Observat ions 

The o b j e c t i v e  of Tes t  5.6 was t o  observe t h e  gene ra l  behavior of tagged 

and c o n t r o l  f i s h  and determine i f  any q u a l i t a t i v e  d i f f e r e n c e s  i n  swimming 

behavior or  r e l a t i v e  d i s t r i b u t i o n  i n  the  water  column could be de tec ted .  These 

obse rva t ions  were used t o  des ign  some of t he  experiments executed i n  Tasks 5.1 

through 5.5. 

Methods and Ma te r i a l s  

Q u a l i t a t i v e  obse rva t ions  of swimming behavior  were made i n  t h e  l a r g e  

annular  tank loca ted  i n  Pasco. Two groups of chinook salmon were observed. A 

pre l iminary  t e s t  i n  January,  cons i s t ed  of s i x  tagged and s i x  c o n t r o l  j uven i l e  

f a l l  chinook salmon observed 24 h  a f t e r  handl ing and/or tagging.  These f i s h  

were r e l a t i v e l y  sma l l ,  ranging i n  l eng th  from 150 t o  170 mm FL. The second 

group, t e s t e d  on 25 A p r i l  cons i s t ed  of 16 tagged and 15 c o n t r o l  r i v e r  run 

y e a r l i n g  chinook salmon c o l l e c t e d  a t  McNary Dam. These f i s h  were l a r g e r ,  

ranging from 160 t o  190 mm FL. They were observed 48 h  a f t e r  tagging.  

Resu l t s  

Observat ions of t h e  sma l l e r  f a l l  chinook salmon i n d i c a t e d  t h a t  t h e  t a g  may 

impair  swimming performance. F i sh  swam wi th  t h e i r  cauda l  f i n s  dropped below 

t h e  h o r i z o n t a l  a x i s  and exh ib i t ed  e l eva t ed  t a i l b e a t  f requency and extreme 

nega t ive  buoyancy. 

Of t he  l a r g e r  y e a r l i n g  chinook salmon t e s t e d  i n  A p r i l ,  however, only 1  of 

t h e  16 tagged f i s h  e x h i b i t e d  nega t ive  buoyancy and an e l eva t ed  t a i l b e a t  

f requency,  whereas t h e  remaining 15 tagged f i s h  and t h e  15 c o n t r o l s  exh ib i t ed  

normal swimming behavior.  It i s  no tab l e  t h a t  t he  one a f f e c t e d  f i s h  was a l s o  

t h e  s m a l l e s t  (< - 150 mm FL). These obse rva t ions  suggest  t h a t  t h e  weight and 



s i z e  of t h e  t a g  may cause a  g r e a t e r  e f f e c t  on t h e  swimming behavior  of smal l  

f i s h .  Therefore ,  we used the  l a r g e s t  f i s h  a v a i l a b l e  f o r  our f i e l d  t e s t s .  

Conclusions 

Resul t s  from t h e  assumption t e s t s  i n d i c a t e  t h a t  t h e  e f f e c t s  of r a d i o  t a g s  

on y e a r l i n g  chinook salmon were minimal and acceptab le .  Tagged f i s h  d id  no t  

i n c u r  h igher  m o r t a l i t y  than  untagged i n d i v i d u a l s .  Whether tagged or  no t ,  f i s h  

exposed t o  p re s su re  changes s imula t ing  those  experienced dur ing  t u r b i n e  passage 

died a t  t h e  same r a t e .  Tagged f i s h  appear t o  be r e p r e s e n t a t i v e  of t h e  gene ra l  

popula t ion  with r e spec t  t o  s u r v i v a l .  

Tag r e g u r g i t a t i o n  was minimal, ranging from 0 t o  2.7%. Regardless  of t he  

t rea tment  ( s imula ted  t u r b i n e  passage,  s imula ted  s p i l l  passage,  o r  ambient 

c o n d i t i o n s ) ,  r e g u r g i t a t i o n  r a t e s  were about t he  same. Thus we would expect  no 

d i f f e r e n t i a l  t ag  l o s s  due t o  r e g u r g i t a t i o n  r e s u l t i n g  from passage through a  

p a r t i c u l a r  condui t ,  e.g., sp i l lway  or powerhouse. 

Radio t a g s  d id  not  s i g n i f i c a n t l y  reduce swimming s tamina,  even though 

depress ion  i n  s tamina was ev ident .  We conclude t h a t  r a d i o  t a g s  d id  not  g r o s s l y  

impact t h e  swimming a b i l i t y  of l a r g e  (149 t o  195 mm FL) y e a r l i n g  chinook 

salmon, a l though some impairment was suggested. 

Of t he  b i o l o g i c a l  responses  we examined, buoyancy compensation was t h e  

most d i f f i c u l t  t o  i n t e r p r e t .  Radio t a g s  d id  i n t e r f e r e  w i th  t h e  f i s h ' s  a b i l i t y  

t o  a d j u s t  s w i m  bladder  volume. Of t he  tagged f i s h ,  35% disp layed  s i g n s  of s w i m  

bladder  dysfunct ion.  The most common problem was t h e  i n a b i l i t y  t o  e n t r a i n  a  

volume of a i r  s u f f i c i e n t  t o  a t t a i n  n e u t r a l  buoyancy. This  impairment may 

account f o r  t h e  observed minor r educ t ion  i n  swimming stamina. I f  t h i s  i s  t h e  

only man i f e s t a t i on  of impaired buoyancy c o n t r o l ,  it may not  be a  s i g n i f i c a n t  

problem with r e spec t  t o  most of t he  in format ion  we a r e  a t tempt ing  t o  e s t ima te  



us ing  r ad io  tags .  However, t h e  p o s s i b i l i t y  t h a t  decreased buoyancy may a f f e c t  

v e r t i c a l  d i s t r i b u t i o n  and u l t i m a t e l y  FGE or  CE cannot be ignored.  In  FY86, w e  

p lan  on i n v e s t i g a t i n g  t h i s  aspec t  f u r t h e r .  

I n  our f i e l d  s t u d i e s ,  w e  s e l e c t e d  t h e  l a r g e s t  f i s h  a v a i l a b l e  s i n c e  they 

could b e t t e r  accommodate t he  t ag .  There was some concern t h a t  t he se  f i s h  were 

no t  r e p r e s e n t a t i v e  of t h e  gene ra l  popula t ion ,  e s p e c i a l l y  wi th  r e spec t  t o  t h e i r  

g u i d a b i l i t y  by submersible t r a v e l i n g  sc reens .  However, when examined, t he  s i z e  

composition of guided and unguided f i s h  were t h e  same, i n d i c a t i n g  t h a t  t h e  

s c r eens  were not s i z e  s e l e c t i v e .  

Ove ra l l ,  radio- tag performance was acceptab le .  Most f a i l u r e s  observed 

wi th in  t he  72-h t e s t  period f o r  f i e l d  s t u d i e s  occurred wi th in  10 h  fol lowing 

a c t i v a t i o n  and i n s e r t i o n ,  and we recommend t h i s  a s  a  minimum holding t i m e  p r i o r  

t o  r e l ea se .  During the  p o t e n t i a l  d e t e c t i o n  per iod (10 t o  72 h)  f o r  f i e l d  

s t u d i e s ,  t he  t a g  decay or  f a i l u r e  r a t e  was only 4.3%. Furthermore, t he  decay 

r a t e  was t he  same whether t he  f i s h  were he ld  a t  ambient condi t ions  o r  exposed 

t o  s imulated t u r b i n e  passage. Resul t s  from t h e  sp i l lway  passage s imu la t i on  

were inconc lus ive  and w i l l  be repeated i n  FY86. 

Based on the  r e s u l t s  of the  f i e l d  tests, w e  be l i eve  t h a t  r ad io  t e l eme t ry  

techniques can be used t o  a s s e s s  s p i l l  e f f e c t i v e n e s s .  Given the  s p i l l  r a t e s  

t e s t e d  (20 and 40% of t he  t o t a l  r i v e r  f l ow) ,  t he  r e s u l t s  i n d i c a t e  t h a t  a  

s i g n i f i c a n t l y  higher  propor t ion  of t he  y e a r l i n g  chinook salmon popula t ion  w i l l  

pass  through the  sp i l lway  than the  propor t ion  of t he  r i v e r  flow being s p i l l e d .  

Est imates  of FGE, CE, and s u r v i v a l  w i l l  depend upon f u r t h e r  developments 

of antenna systems and monitor equipment, t h e  r e s u l t s  of f u r t h e r  t e s t s  of 

radio-tagged l i v e  and dead f i s h  movement through the  downstream t r a n s e c t s ,  

bouyancy compensation by tagged f i s h ,  and the  e f f e c t s  of s p i l l  passage on t ag  

f a i l u r e  r a t e .  
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APPENDIX A 

A Mathematical Model for Estimating Spill Effectiveness 



I n  d e r i v i n g  e s t i m a t i o n  procedures  f o r  s p i l l  e f f e c t i v e n e s s ,  on ly  f i s h  t h a t  

r each  t h e  dam w i l l  be cons idered .  F i s h  t h a t  do no t  r e a c h  t h e  dam w i t h  

f u n c t i o n a l  t a g s  because of m o r t a l i t y ,  t a g  r e g u r g i t a t i o n ,  t a g  f a i l u r e ,  o r  t h e  

f i s h ' s  f a i l u r e  t o  m i g r a t e  downstream a r e  no t  i n c l u d e d  i n  t h e  f o l l o w i n g  

procedures .  

The number of f i s h  r e a c h i n g  t h e  dam (Nd) a r e  d i v i d e d  i n t o  f i s h  p a s s i n g  

through t h e  powerhouse (Np) and t h o s e  p a s s i n g  through t h e  s p i l l w a y  (N,). 

Assuming t h a t  t h e r e  i s  no o t h e r  passage r o u t e ,  Nd = Ns + Np. 

A s  each f i s h  passes  through t h e  dam, it  may be d e t e c t e d  by t h e  s p i l l w a y  

moni tors .  For t h i s  even t  t o  o c c u r ,  f i s h  must (1) pass  through t h e  s p i l l w a y  

and ( 2 )  be d e t e c t e d  by t h e  moni tors .  I f  each f i s h ' s  d e t e c t i o n  i s  a n  

independent  e v e n t ,  and i f  t h e  p r o b a b i l i t y  of occur rence  i s  t h e  same f o r  each 

f i s h ,  then N f s ,  t h e  number of f i s h  d e t e c t e d  a t  t h e  s p i l l w a y  i s  b inomia l ly  

d i s t r i b u t e d  w i t h  pa ramete rs  Nd and PsPfs. Here,  Ps i s  t h e  p r o b a b i l i t y  t h a t  a  

f i s h  w i l l  pass  through t h e  s p i l l w a y ,  and Pfs is  t h e  p r o b a b i l i t y  of d e t e c t i o n  

g i v e n  s p i l l w a y  passage.  

The t a s k  of e s t i m a t i n g  s p i l l  e f f e c t i v e n e s s  is one of e s t i m a t i n g  Ps. From 

t h e  binomial  d i s t r i b u t i o n  of N f s ,  

E(Nfs) = NdPsPfs, 

so  an e s t i m a t o r  f o r  Ps i s  

where Nfs  i s  t h e  number of f i s h  a c t u a l l y  d e t e c t e d  a t  t h e  s p i l l w a y ,  and Nd i s  

t h e  a c t u a l  number of f i s h  p a s s i n g  t h e  dam. I n  p r a c t i c e ,  nd and Pfs w i l l  have 

t o  be e s t i m a t e d ,  so  



ESTIMATING nd 

Those f i s h  e n t e r i n g  t h e  powerhouse may e i t h e r  pass  through t h e  t u r b i n e s  

o r  e n t e r  t h e  g a t e w e l l / b y p a s s  system. It w i l l  be assumed t h a t  a l l  f i s h  

e n t e r i n g  t h e  g a t e w e l l  e v e n t u a l l y  make t h e i r  way t o  t h e  f i s h  s e p a r a t o r .  I f  we 

d i v i d e  N t h e  number of f i s h  p a s s i n g  th rough  t h e  powerhouse, i n t o  Nt and Ng 
P  ' 

f i s h  p a s s i n g  through t h e  t u r b i n e s  o r  i n t o  t h e  g a t e w e l l ,  r e s p e c t i v e l y ,  t h e n  

Nd = Ns + Nt + Ng. 

E s t i m a t i n g  Nd may be accomplished by adding e s t i m a t e s  of Ns,  N t ,  and N g  ' 

Because of s t r u c t u r a l  d i f f e r e n c e s  i n  t h e  dam, f i s h  approaching and p a s s i n g  t h e  

dam a r e  d e t e c t e d  a t  d i f f e r e n t  r a t e s  depending on which moni tor  t h e y  approach.  

It is  assumed t h a t  a l l  f i s h  e n t e r i n g  t h e  g a t e w e l l  sys tem a r e  d e t e c t e d  by 

moni to r s  i n  e i t h e r  t h e  g a t e w e l l  o r  s e p a r a t o r .  However, some f i s h  w i l l  p a s s  

t h e  s p i l l w a y  and powerhouse f o r e b a y  moni to r s  unde tec ted .  E s t i m a t i n g  Nt and Ns 

u s i n g  numbers of f i s h  d e t e c t e d  must t h e r e f o r e  t a k e  t h e s e  p o t e n t i a l  d e t e c t i o n  

d i f f e r e n c e s  i n t o  account .  

ESTIMATING Nt and Ns 

If Ns, N f s ,  and Pfs a r e  a s  de f ined  above,  Pfs is t h e  same f o r  each  f i s h  

approach ing  t h e  s p i l l w a y ,  and d e t e c t i o n  of each  f i s h  is  an independent  e v e n t ,  

t h e n  nfs  is  d i s t r i b u t e d  b inomia l ly  w i t h  pa ramete rs  Ns and Pfs. Because 

E ( n f s )  = Ns P fs ,  a  method of moments e s t i m a t o r  f o r  Ns i s  : 
A A 

P a r a l l e l  r eason ing  l e a d s  t o  a  s i m i l a r  e s t i m a t o r  f o r  Nt. I f  n f t  f i s h  p a s s i n g  

through t h e  t u r b i n e s  a r e  d e t e c t e d  by t h e  fo rebay  moni to r s  w i t h  p r o b a b i l i t y  

P f t '  and i f  t h e  a p p r o p r i a t e  assumptions  ho ld  concern ing  c o n s t a n t  P f t  and 



independent  d e t e c t i o n  from f i s h  t o  f i s h , .  n f t  i s  a l s o  b i n o m i a l l y  d i s t r i b u t e d  

and 

ESTIMATING P f t  

One s i m p l e  approach t o  e s t i m a t i n g  t h e  p r o b a b i l i t y  t h a t  f i s h  p a s s i n g  a 

monitor a r e  d e t e c t e d  is t o  choose a group of f i s h  t h a t  one knows passed a 

moni tor  and compute t h e  p r o p o r t i o n  of t h o s e  f i s h  t h a t  were a c t u a l l y  d e t e c t e d .  

I t  is r e a s o n a b l e  t o  assume t h a t  f i s h  d e t e c t e d  i n  t h e  g a t e w e l l  and 

s e p a r a t o r  were exposed t o  fo rebay  moni to r s  a s  t h e y  e n t e r e d  t h e  powerhouse. 

Suppose n f i s h  were d e t e c t e d  by g a t e w e l l  moni to r s  and t h a t  of t h e s e ,  n f g  were g 

a l s o  d e t e c t e d  i n  t h e  f o r e b a y ,  e a c h  w i t h  p r o b a b i l i t y  Pf t .  Then under t h e  

a p p r o p r i a t e  b inomial  a ssumpt ions ,  n f g  is d i s t r i b u t e d  b i n o m i a l l y  w i t h  

pa ramete rs  n and P f t .  The maximum l i k e l i h o o d  e s t i m a t o r  f o r  Pf t  is: g 

w i t h  
A  

A h  

f f t )  = P f t  (I - ~ f h  where V ( P f t )  is t h e  
... A  

I1 

g e s t i m a t e d  v a r i a n c e  of  P f t .  

Note t h a t  f o r  t h i s  model t o  be u s e f u l ,  f i s h  d e t e c t e d  i n  t h e  g a t e w e l l  must b e  

r e p r e s e n t a t i v e  of  a l l  t agged  f i s h  e n t e r i n g  t h e  powerhouse. Gatewel l  f i s h  and 

nongatewel l  f i s h  shou ld  b e ,  on t h e  a v e r a g e ,  e q u a l l y  d e t e c t a b l e  by f o r e b a y  

powerhouse moni to r s .  



1985 F i e l d  Data 
A A A 

0% s p i l l  c o n d i t i o n :  ng = 1 7 ,  nfg  = 1 4 ,  P f t  = 0.824,  v ( P f t )  = 0.00855 

A A A 

f g  
- 0.950,  V ( P f t )  = 0.00238 20% s p i l l  c o n d i t i o n :  ng = 20,  n  = 1 9 ,  P f t  - 

A A A 

40% s p i l l  c o n d i t i o n :  ng = 8 ,  n f g  = 7 ,  Pf t  = 0 . 8 7 5 , V ( P f t )  = 0 . 0 1 3 6 7  

We b e l i e v e  t h a t  changing t h e  p e r c e n t  s p i l l  c o n d i t i o n  is u n l i k e l y  t o  a l t e r  

t h e  p r o b a b i l i t y  t h a t  a  t agged  f i s h  is d e t e c t e d  by powerhouse f o r e b a y  m o n i t o r s  

A 

and t h a t  t h e  p f t  from each  t e s t  c o n d i t i o n  e s t i m a t e s  a  common paramete r .  

Because each  e s t i m a t e  is independent  and unb iased  under t h e  proposed model,  we 

may e s t i m a t e  t h e  common paramete r  pf t  and i t s  v a r i a n c e  a s  f o l l o w s  ( S e b e r  1982,  

where Pf tS i  d e n o t e s  t h e  Pf t  from t h e  i t h  s p i l l  c o n d i t i o n .  
A A 

For t h e s e  d a t a  Pf t  = 0.883 and V ( P f t )  = 0-001348 .  

ESTIMATING Pfs 

I t  is assumed t h a t  a l l  f i s h  d e t e c t e d  by t h e  downstream m o n i t o r i n g  sys tem 

passed  t h r o u g h  t h e  s p i l l w a y  o r  t u r b i n e  o r i f i c e s .  These downstream f i s h  may be 

d i v i d e d  i n t o  f o u r  c a t e g o r i e s :  

a .  S p i l l w a y  f i s h  d e t e c t e d  by f o r e b a y  m o n i t o r s  I ndS 

b. S p i l l w a y  f i s h  - n o t  d e t e c t e d  by f o r e b a y  m o n i t o r s .  (ndus) 

c. Turb ine  f i s h  d e t e c t e d  by f o r e b a y  m o n i t o r s .  ( n d t )  

d. T u r b i n e  f i s h  n o t  d e t e c t e d  by f o r e b a y  m o n i t o r s .  - ("dut ) 



I n  t h i s  l i s t ,  t h e  n ( . )  deno te  t h e  number of f i s h  i n  each ca tegory .  Note t h a t  

"ds and ndt  a r e  c l e a r l y  i d e n t i f i e d  i n  t h e  d a t a  s e t  by d e t e c t i o n  a t  b o t h  

f o r e b a y  and downstream moni tors .  However, ndus and ndut a r e  by n a t u r e  no t  

d i r e c t l y  i d e n t i f i a b l e :  Because t h e y  were not  d e t e c t e d  a t  t h e  dam, we do n o t  

know which passage r o u t e  t h e s e  f i s h  a c t u a l l y  took. However, it i s  p o s s i b l e  t o  

e s t i m a t e  ndut and ndus by making use of our  above e s t i m a t e  of P f t ,  

Given t h a t  a  t o t a l  of ndd f i s h  a r e  d e t e c t e d  by downstream m o n i t o r s ,  and 

t h e  f o u r  c a t e g o r i e s  of f i s h  may be modeled by a  mul t inomial  d i s t r i b u t i o n  w i t h  

pa ramete rs  ndd, rids, ndus, ndt ,  and ndvt where n ( . )  i s  t h e  p r o b a b i l i t y  t h a t  a  

f i s h  d e t e c t e d  downstream had t h e  cor responding  passage r o u t e  and d e t e c t i o n  a t  

t h e  dam. For t h i s  model t o  be u s e f u l ,  t h e  U(.) must be c o n s t a n t  from f i s h  t o  

f i s h ,  each f i s h ' s  r o u t e  and d e t e c t i o n  must be independent  of t h o s e  o t h e r  f i s h ,  

and f i s h  d e t e c t e d  downstream should no t  d i f f e r  from o t h e r  f i s h  i n  t h e i r  dam 

passage and d e t e c t a b i l i t y .  

Let  : Pit, Pls = p r o b a b i l i t y  t h a t  a  f i s h  pass ing  t h e  dam v i a  
t u r b i n e s  o r  s p i l l w a y ,  r e s p e c t i v e l y ,  i s  
l o s t  t o  d e t e c t i o n  downstream due t o  
m o r t a l i t y ,  t a g  f a i l u r e ,  t a g  r e g u r g i t a t i o n ,  
o r  f a i l u r e  t o  migra te .  

Pd = p r o b a b i l i t y  t h a t  a  f i s h  p a s s i n g  t h e  downstream 
moni to r s  i s  d e t e c t e d .  We assume t h a t  dam 
passage r o u t e  i s  i r r e l e v a n t  t o  t h i s  
p r o b a b i l i t y .  

Then : 

(rids) = Ns P f s  ( l-Pls) Pd 

E (ndus) = Ns ( l - P f s )  (l-Pls) Pd 

E ( n d t )  = Nt P f t  ( lePlt Pd 

E (ndut)  = Nt ( l - p f t )  ( l -Pl t )  Pd 

L e t t i n g  r = rids / ndus and r e p l a c i n g  rids and ndus by t h e i r  e x p e c t a t i o n s ,  

n  
r = d s = ? f s  

/ ndus / 1-Pfs, and 



Therefore, estimating pfs requires an estimate of ndus it is assumed that 

"du = Ndus + Nduts 

where ndv is the total number of fish detected downstream that were undetected 

at the dam, so that 

Now, letting q = ndut / ndt and replacing ndut and ndt by their expectations, 

q = 
"du t / ndt = 

l -Pf t / Pft, SO that 

Substituting (3) into (2) and ( 1 1 ,  

A 

Pfs can be estimated by substituting Pft for Pft. 

1985 Field Data 

Only one spill condition, 40%, is appropriate as an estimate of Pfs under 

the present model. In this case, nds = 31 , ndt = 12, ndu = 8, and Pf is as 

above, so Pfs = 0.829. Because we have no replications, variance estimation 

is by means of the delta method (Seber 1982, Brownie et al. 1978) : 



we consider ndu a single category (i.e., pooling ndus and ndut), then rids, 

ndt, and ndu are distributed trinomially with parameters ndd, rids, ITdt, and 

- ndu. Here, ndu, - ndus + IIdut. Then a method of moments estimators for IIds 

is: 

and we may estimate u by substituting rids in the formula for the variance 
ds 

of a multimomial random variable: 

2 Estimates of Il and u for ndt and ndu are obtained similarly. 

h A 

Incorporating these estimates into the formula for V (Pfs), we have: 

Incorporating these estimates into the estimator for Ps, we have: 

A 

20% spill condition: Ps = 0.388 
A 

40% spill condition: Ps = 0.608 

A 

VARIANCE OF Ps 

To simplify obtaining variance estimate using the delta method, we will 

rewrite the spill efficiency estimator as: 

- 
Ps - Pfs 

. Then : 
n n fs +"ft + g 

Pfs Pft 



A A 

The v a r i a n c e s  of Pfs  and P f t  have  a l r e a d y  been  e s t i m a t e d .  It rema ins  t o  

2  
e s t i m a t e  Un 

2 2  , a  , a n d o  . 
n 

f t  
n  

f  s g 

As modeled above ,  n f s  - Bin  (Ns, P f s ) .  I n  a d d i t i o n ,  Ns ,  N t ,  and N are 
g  

t r i n o m i a l l y  d i s t r i b u t e d  w i t h  p a r a m e t e r s  N d ,  Ps,  P t ,  and P 
g  

I f  we d e f i n e  

random v a r i a b l e  Zi:  

zi = { 1 i f  f i s h  i n  s p i l l w a y  is d e t e c t e d  
0 i f  f i s h  i n  s p i l l w a y  is n o t  d e t e c t e d ,  

N 
t h e n  n f s  = zS Zi.  Thus ,  n f s  i s  t h e  sum of a random number of random 1=1 

v a r i a b l e s  and by a r e s u l t  f rom p r o b a b i l i t y  t h e o r y  (Mood e t  a l .  1974,  p. 197)  : 

2 S i n c e  pN = NdPs , uN = Nd Ps ( l - P s ) ,  Pz = p f s ,  and u2  = Pfs ( 1  - P f s ) ,  
Z 

S S 

we have  0 = N P  P  ( 1  - Ps P f s ) .  
N f s  d  s f s  

By p a r a l l e l  r e a s o n i n g ,  we can  a l s o  o b t a i n :  uL n  = Nd Pt P f t  ( 1  - Pt P f t ) -  
f t  



F i n a l l y ,  we assume t h a t  a l l  f i s h  e n t e r i n g  t h e  g a t e w e l l  sys tem a r e  d e t e c t e d  by 

t h e  g a t e w e l l  m o n i t o r s ,  s o  N = n and a c c o r d i n g  t o  t h e  above t r i n o m i a l  model, 
g F3 

We may e s t i m a t e  t h e s e  v a r i a n c e s  by s u b s t i t u t i n g  o u r  e s t i m a t e s  of ND and P ( . ) .  

CI n 

40% S p i l l  c o n d i t i o n :  V (Ps )  = 0.002749107. 

Although we b e l i e v e  t h a t  t h e s e  e s t i m a t e s  of  Ps a r e  u s e f u l ,  we a r e  

c u r r e n t l y  d e v e l o p i n g  a  mul t inomia l  model o f  t h e  f i s h  d e t e c t i o n  p r o c e s s  t h a t  

o f f e r s  advan tages  over  t h e  c u r r e n t  approach: 

1 . We w i l l  i n c l u d e  i n f o r m a t i o n  abou t  f i s h  n o t  d e t e c t e d ,  a s  w e l l  a s  

t h o s e  d e t e c t e d .  

2. The new model is s i m p l e r  and e a s i e r  t o  unders tand  and use .  

3. We w i l l  be  a b l e  t o  a s s e s s  t h e  u t i l i t y  of  t h e  new model u s i n g  a  

goodness  of f i t  t e s t .  The c u r r e n t  approach a l l o w s  no such  a p p r a i s a l .  
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NOTAT I O N  

The number o f  r e l e a s e d  f i s h  t h a t  r e a c h  t h e  dam w i t h  f u n c t i o n a l  
t a g s .  

The number o f  f i s h  w i t h  f u n c t i o n a l  t a g s  t h a t  e n t e r  t h e  
powerhouse. 

The number of  f i s h  p a s s i n g  th rough  t h e  t u r b i n e .  

The number of f i s h  e n t e r i n g  t h e  g a t e w e l l .  

The number of  f i s h  p a s s i n g  th rough  t h e  s p i l l w a y .  

The number o f  f i s h  d e t e c t e d  p a s s i n g  th rough  t h e  s p i l l w a y .  

The number of  f i s h  d e t e c t e d  p a s s i n g  th rough  t h e  t u r b i n e s .  

The number of f i s h  d e t e c t e d  i n  t h e  g a t e w e l l .  

The number of  f i s h  d e t e c t e d  i n  bo th  t h e  f o r e b a y  and g a t e w e l l .  

The number of  f i s h  d e t e c t e d  by t h e  downstream m o n i t o r s .  

The number of  f i s h  d e t e c t e d  downstream t h a t  were a l s o  d e t e c t e d  
p a s s i n g  th rough  t h e  s p i l l w a y .  

The number of  f i s h  d e t e c t e d  downstream t h a t  were a l s o  d e t e c t e d  
p a s s i n g  th rough  t h e  t u r b i n e s .  

The number of  f i s h  d e t e c t e d  downstream t h a t  were n o t  d e t e c t e d  
a t  t h e  dam and whose r o u t e  of dam passage  is unknown. 

The number of  f i s h  d e t e c t e d  downstream t h a t  were no t  d e t e c t e d  
a t  t h e  dam bu t  a c t u a l l y  passed  th rough  t h e  s p i l l w a y .  

The number of f i s h  d e t e c t e d  downstream t h a t  were n o t  d e t e c t e d  
a t  t h e  dam b u t  a c t u a l l y  passed  th rough  t h e  t u r b i n e s .  

P r o b a b i l i t y  t h a t  a  f i s h  r e a c h i n g  t h e  dam w i l l  p a s s  t h r o u g h  t h e  
s p i l l w a y .  

P r o b a b i l i t y  t h a t  a  f i s h  p a s s i n g  th rough  t h e  s p i l l w a y  w i l l  be 
d e t e c t e d .  

P r o b a b i l i t y  t h a t  a  f i s h  p a s s i n g  th rough  t h e  t u r b i n e s  w i l l  be 
d e t e c t e d .  

P r o b a b i l i t y  t h a t  a  f i s h ,  hav ing  passed th rough  t h e  s p i l l w a y ,  
w i l l  b e  l o s t  t o  downstream d e t e c t i o n  due t o  m o r t a l i t y ,  t a g  
f a i l u r e ,  o r  t a g  r e g u r g i t a t i o n .  

P r o b a b i l i t y  t h a t  a  f i s h ,  hav ing  passed  th rough  t h e  t u r b i n e s ,  
w i l l  be l o s t  t o  downstream d e t e c t i o n  due t o  m o r t a l i t y ,  t a g  
f a i l u r e ,  o r  t a g  r e g u r g i t a t i o n .  

5 3 



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

'Ids P r o b a b i l i t y  t h a t  a f i s h  d e t e c t e d  downstream p a s s e d  t h r o u g h  t h e  
s p i l l w a y .  

'd t P r o b a b i l i t y  t h a t  f i s h  d e t e c t e d  downstream p a s s e d  t h r o u g h  t h e  
t u r b i n e s .  

'dus P r o b a b i l i t y  tha t  a f i s h  d e t e c t e d  downstream was n o t  d e t e c t e d  a t  
t h e  dam, b u t  a c t u a l l y  p a s s e d  t h r o u g h  t h e  s p i l l w a y .  

'du t P r o b a b i l i t y  t h a t  a f i s h  d e t e c t e d  downstream was n o t  d e t e c t e d  a t  
t h e  dam, b u t  a c t u a l l y  p a s s e d  t h r o u g h  t h e  t u r b i n e s .  

t Upper c a s e  l e t t e r  d e n o t e s  t h e  random v a r i a b l e ,  whereas  lower  
c a s e  l e t t e r  d e n o t e s  t h e  v a l u e  t h a t  a c t u a l l y  o c c u r r e d .  



APPENDIX B 

Passage Data f o r  Radio-Tagged Chinook Salmon 

Smolts Released i n t o  t h e  Forebay of Lower G r a n i t e  Dam, 1985 



APPENDIX COLUMN INDEX FOR TABLES B 1 ,  B 2 ,  B 3 ,  and B4 

Column Number 
1 
CI 
L 

T C' 

4 
5 
6 
7 
8 
9 

10 
11  
12 
13 
14 
1.5 
15 
17 
18 
19 
2  r:) 
2 1  
22 
cl- L .:, 

24 
7, e L -1 

-3 
L -5 
7.7 
i i 

'I. c. .- LJ 

24 - - 
.:I (-1 

Data  Type 
Tag Code 
F i s h  Leng th  (mm fork:  l e n g t h )  
H o l d i n g  B a r r e l  
Release Eay 
Release Time (Hours and dec imal  ho~t t -s  H.HH) 
Dam A r r i v a l  Day 
Dam A r r i v a l  Time (H.HH) 
Dam A r r i v a l  S i t e  (1?..:2-powerhouse, 3 - s p i  11 way) 
Dam Passage Day 
Dam F'as.sage Time (H.HH) 
Dam Passage S i t e  (1-powerhouse, 2 - s p i l l w a y )  
Ga tewe l l  E x i t  Day 
Ga tewe l l  E x i t  Time !H.HH! 
F i  sh  Sepera ta r  A r r i v a l  Day 
F i s h  Sepera to r  Time (H.HH) 
T u r b i n e  Used t o  E n t z r  Eypsss (1-5)  
E n t e r  Downstream Tr3nsect  #1, Da.y 
E n t e r  Eownstream Transect  #I,, Time (H. HH) 
E:.:i t Downstream T r , n s e c t  # I .  Dav 
E x i t  Downstream Transect  #1, Time (H.HH) 
M o n i t o r s  Record ing  Tag on T r a n s e c t  #1  
E n t e r  Downstream Transect  # 2 ,  Day 
E n t e r  Downstream T r m s e c t  #2. Time (H. HH) 
E x i t  Euwnstream Tt-ansect # 2 ,  Day 
E x i t  Dav~nztream Tt-snrect #2, Time !H. HH) 
M c n i f o r s  Record ing  T a g  on T t -an re r t  #2 
Entet- Oownstt-eam Tt-sr~eect #3, Day 
E n t e r  Oawnstream Tt-3.nspct # Z .  Time !H. HH) 
E:.:j.t Eoi:jri=.tt-eam Trs .n~ .ec t  #3, Eav 
E:.: i t Ouwnstreain Tr;-,sect #3. T i  ine IH. HH) 
M o n i t o r s  Record i nq Tag En TI-an~.ect #3 
I n   stud^ Area End Ts-st, Day 
I n  S tudy  Area End Test ,  Time (H. HH! 
I n  Stud./ fire.3 End Test,  S i t e  (1,2,3,Z!:)-foreb.3~: 

12.34.56-gatewel l  s :  4-7 
downstream t r a n s e c t s )  

Heard i n  The Furta..., Not  l3uwn.stre.a.m (1-  v e s )  
Heat-d fiownztream Ni:t i n  t h e  Forebay (1-yes, 2-no) 







Appendix Table 

ROY C1 C2 C1 C4 C5 C6 Cl C8 C9 C10 C11 CI2 CII CI4 CI5 C16 C17 C16 C19 CIO C2I C22 CI3 C24 C25 Cl6 C27 C28 C29 C30 C3I C32 C33 C34 C35 C36 



a 
a, 
(I) 
a 
a, 
d 
a, 
L4 

(I) 
U 
d 
0 
E 
(I) 

c d  
(I) 


















