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ABSTRACT 

Appraisal of adul t  Paoif i o  salmon, Oncorhynchue spp., and steelhead t rou t ,  Salmo N r d n e r i ,  
populatione i n  t h e  Columbia River Basin is  made at dams and supplemented by  pawning ground 
eurvsys. Trained observers enumerate individual species of anadromus f i s h  as they pass  through 
fishways in s t a l l ed  at most darhs on the Columbia and Snake Rivera. A promising technique being 
field-tested involves closed-circuit te levis ion;  migrating f i s h  can be viewed on a te lev ia ion  
receiver  and can be recorded f o r  l a t e r  review. Aerial  surveys i n  la rger  r i ve re  and gmund 
surveys i n  smaller t r i b u t a r i e s  provide data on spawning populations. 

Estimates of some spec ia l ly  t r ea t ed  populations of  salmon and t rou t  a r e  made by mark and 
recovery techniques t o  determine t h e i r  survival t o  maturity. Young f i s h  a re  tagged during 
t h e i r  seaward migration with magnetic colour-coded wire tags and marked with cold brands; 
when they re turn  as adul t s  t he  tagged f i s h  a r e  obtained f r o m  a fiehway by an automatic recovery 
~yatem. The brands ident i fy  t e s t  and contml  l o t s  of  f i a h  released i n  previous years. 

L'Qvaluation de populations dfadul tee  de s a w n  du Paoifique, Oncorhynckus spp., e t  de 
t r u i t e  aro-e&ciel, Salmo p i r d n e r i ,  du Bassin du fl euve Colwnhia eat  e f f e c h b e  aux barrages 
e t  compl6t6e par  des enqu8tes aux fraybree. Des observsteurs spOcialis6s dhombrent chaque 
espzce de poisson anadrorne l o r s  de l eu r  paseage des Qchel les  B poissone ina t s l l des  a u ~  bsrrages 
dee fleuvea Columbia e t  Snake. Une technique pmmetteuse, B l 'eeoai  mr l e  t e r r a in ,  comprend 
un c i r c u i t  f em6  de t8lc5vision; l e s  poissons migrateurs peuvent 8 t r e  a p e r p e  sur un recepteur 
de t616vision e t  enregis tree pour I& examen ul t6r ieur .  Dee enqustee aer ieme6 pour l e e  grand6 
fleuves e t  su r  l e  t e r r a i n  pour l ea  plus  p e t i t s  aff luents ,  fournissent l e s  domQes 8ur lee 
populations de reproducteurs, 

Dee estimations de cer taines populations de saumon e t  de t r u i t e  particuli8rement . t ra i t&ee 
sont f a i t e s  par  l a  technique du marquage e t  recapture, a f i n  de ddterminer l e u r  sunrie B l a  
rnaturitk. Lea jeunes poissons sont marquds au cours de l eu r  migration vers la  mer B l ' a ide  
de marquee de f i l  magnetique de couleur codifiee,  a i n s i  que par  une b f i l u re  B m i d ;  
lorrrqu'ile remontent adul tes ,  l ea  poissons marquds sont r e p r i s  par  une 6chel le  Q poiaeons 
au m i e n  d'un ~ystbrne de recapture automatique. Lee marquee ident i f ien t  l ea  l o t s  d 'eesai et 
de oontr6le de poiemn relbch6 l e e  ann6ea pr6ckdentes. 
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E I F A C / T ~ ~  ( Suppl ,I ) 

1. INTRODUCTION . , 

Over a mi l l ion  and a h a l f  Pac i f i c  salmon, Oncorhynchue spp., and s teelhead t r ou t ,  
Sslmo p i r d n e r i ,  r e t u rn  each year  t o  t h e  Columbia River on t h e  northwest coast  o f  t h e  United - 
Statee.  Accurate information on the  numbers of theee f i s h  migrati up t he  Columbia River 
t o  s p m  is required t o  provide a management ba s i s  f o r  regulating: f a) harves t s  by commercial, 
aport ,  and Indian fishermen; and (b)  spawning escapnmente f o r  a var ie ty  o f  run?. The Columbia 
River, second l a rge s t  r i v e r  i n  t h e  United Sta t ee  (average annual flow, 5 700 m /a) ,  has been 
transformed i n  t h e  pa s t  four  decades from a swift, Rree-flowing stream t o  a s e r i e s  o f  l a rge  
l ake s  by dams constructed f o r  hydro-electric power, i r r i ga t i on ,  navigation, and flood control. 
'fheae developments have dramatically a l t e r ed  ecologj.ca1 conditions i n  t h e  r i ve r ,  making t h e  
need f o r  p rec i se  information on t h e  magnitude, t i m i n g ,  and duration o f  upstream migrations 
even more c r i t i c a l .  

2. POPULATION ESTIMATES AT DAE.IS 

Dams i n  t h e  lower reaches of t he  Columbia and its major t r ibu ta ry ,  the  Snake River, have 
elaborate  f ishrrays (figure 1 ) t o  accommodate t he  upstream passage of anadromus f ish .  Each 
fiehway hao a careful ly  designed counting s t a t i o n  f o r  t h e  purposes o f  enumerating m i g r a n t s .  
A t  present,  t he r e  a r e  12 major dams ( ~ i . g u r e  2) on the  Columbia and Snake Rivers with counting 
e ta t ione  i n  operat ion from e a r l y  sprinf:  t o  l a t e  autumn. Trained observers v i sua l l y  i den t i f y  
and record each f i s h  as it passes  t h e  ~ t a t i o n .  Although chinook, 2. tshawy-tocha, and coho, 
0. kisutch,  salmon and steelhead t r o u t  a r e  the  most valuable species t o  t he  f i she r i e s ,  t h e r e  - 
a r e  s ign i f ican t  numbers of more than 16 o the r  species  of f i s h  passing through t he  fishways - * 

e.g,, sockeye, 2, nerka, and chum salmon, 2, 9; American shad, Alosa sapidisoima; sturgeons, 
Acipenser spp,; carp, M r i n u s  carpio; suckers, Catostomuo spp. ; chuba, Hybopis spp. ; cat- 
f i shes ,  I c ta lu r idae ;  shiners ,  Notmpia spp, , northern squawfish, Ptychocheilus oregonensis; 
and P a c i f i c  lamprey, Entrocphcnus t r iden ta tus .  A t  some dams, migrating f i s h  a r e  di rected by 
picketed leads  over  a white counting board (Figure 3) where they can be e a s i l y  seen by 
observers  i n  a cubicle ( ~ i g u r e  4) near t h e  water surface;  t he  depth o f  t h e  board and the  
cubicle  a r e  ad jus tab le  f o r  varying water levels ,  and various techniques a r e  used t o  control  
l i g h t  i n t e n s i t y  and turbulence t o  prevent d e l w s  i n  the  counting area.  A t  some of t he  more 
r ecen t l y  constructed dams, f i s h  cxlunts a r e  made through la rge  viewing windows ( ~ i g u r e  5) s e t  
i n  t h e  s i de  of a f i s h a ~ r .  Here f i s h  a r e  d i r e d e d  near t he  window where observers iden t i fy  
each species ;  t h i s  method reduces d e l w  i n  passage of  f i s h  at t he  counting s t a t i o n  and 
improves v i s i b i l i t y  f o r  t h e  i den t i f i c a t i on  o f  specia l  marks o r  t ag s  which may have been 
app l ied  previously t o  t h e  f i sh .  

The counts at each dam a r e  usua l ly  recorded on an hourly bas i s  and l a t e r  consolidated 
i n  dai ly ,  monthly and annual summaries (published by U.S. Department o f  ~ r m y )  f o r  management 
agencies. The d a t a  a r e  used i n  es t imat ing t o t a l  populations, assess ing spawning escapement 
and determining e f f ec t8  o f  changing ecological  conditions on salmon and t m u t  migrations. 
For example, decreasing numbers of a d u l t s  a r r i v ing  a t  successive dams upstream give ind ica t ion  
o f  p o t e n t i a l  hazardous conditions a f f ec t i ng  survival  o f  f i s h  such as supersaturat ion of  water 
wi th  dissolved atmospheric gases, r i s i n g  temperatures, d isease  and " f a l l  back" o f  f i s h  over  
K p i  llways. 

V i s u a l  counts have provided much valuable da t a  f o r  many years;  however, t h e  method is 
expensive i n  manpower and suscept ible  t o  two types  o f  error.  Counts a r e  usua l ly  made during 
dayl ight  ( 12-16 hours, depending on t h e  time o f    ear) and f o r  50 minutes each hour; t h e  number 
and Firpecies of f i s h  pass ing during per iods  o f  darkness and t h e  10-minute break period each 
hour must be extrapolated from sample counts and added t o  ac tuz l  observations. I n  addi t ion 
t o  poss ib le  e r r o r  i n  extrapolat ion,  t h e  p o s s i b i l i t y  f o r  subs tan t ia l  e r r o r  due t o  misidenti- 
f i c a t i o n  is always present.  There have been several  occasions where counts of some anadromus 
epeciea at upr iver  dams exceeded counts at lower r i v e r  damso I n  an e f f o r t  t o  minimize e r r o r s  
and t o  provide more economical means f o r  counting f i sh ,  automated counting systema a r e  being 
investigated. 



A promising technique f o r  automation of f i s h  counting now being field-tested (u,s, 
Department of Army, 1972) involves the use of c l o ~ e & c i r o u i ~  television, In  this operation 
a television camera is s e t  up t o  view f i s h  aa they pass a viewing window i n  the  s ide  of a 
fishwqy. The camera is  activated by a fir& passing through an impedance tunnel (Figure 6) 
downstream f r o m  the  window; as the f i eh  proceeds past the window and through a second turmel, 
the camera is automatically shut off,  

With this system adult  migrants can be v imal ly  observed on a television receiver as 
they pass the c;vn*ra and can be recorded on video tape f o r  l a t e r  review; by proper storage 
the tape can provide a permanent visual record of f i s h  passage. The tape is parkicularly 
valuable where many species of f ish '  a r e  passing; during review, the tape can be run slowly 
o r  etopped o r  repleyed t o  obtain poaitive identification. In areas where only one species 
of f i s h  occurs, a Bigi tal  counter could be substituted f o r  the television system, 

Past expe~ience hss shown tha t  adult f i s h  passage varies throughout t h e i r  migration 
period; counts a t  night a re  2 t o  8 percent of the clay counts. By recording pasaing f i eh  on 
video tape, a day's f i s h  passage can be wmpresaed onto one r ee l  of tape, and i n  about an 
hour a person could count f i s h  recorded i n  a 24-hour period with a minimum of error. 

Estimates of adult salmon populations 8t each dam w i l l  probably be discontinued i n  the  
future, F43en the dam construction phase i n  the Columbia Basin has been completed and r ive r  
flows have stabilized, f i s h  may be counted only at index dams, These d m s  might be the 
l o w e m s t  on the Columbia River and i ts  major t r ibu ta r i e s  and certain upstream dams, Theee 
index counts along with estimates of numbers of f i s h  at taining spawning areas ehould provide 
sufficient informa-tion f o r  fishery agencies managing the resource. 

Information on apawning populations is obtained from survey of spawning grounds, Aerial 
surveys are made i n  larger  r ivers  when water is clear  and areas used by qawning adult salmonida 
can be identified (Figure 7)- In smaller t r ibu ta r i e s  w u n d  surveys a r e  made by observere 
wading i n  shallow water o r  d r i f t i n g  downstream i n  small boats i n  deeper water. In  some caaea 
SCUBA (self-contained-underwater-breathinpapparatus) diving i e  employed t o  deep pools where 
spawned-out f i s h  might accumulate and remain undetected. 

During ground surveys redds constructed by the spawning f i s h  are counted, carcasses a re  
examined f a r  tags and marks, and percentage of completely spawned f i s h  is determined by 
inspection of gonads t o  determine the number of eggs retained a f t e r  spawniag. 

Data obtained from these surveys provide information on the effect  of  changing ecologi- 
ca l  conditions on a b i l i t y  of adult f i s h  t o  a t t a i n  uaual spawning areas and spawn successfully. 

4. ESTIf:dTES O F  SPECIALLY TREL4TZD POPULATIONS 

In  the development of a method t o  protect juvenile migrants during -their seaward migration, 
it is frequently necessary t o  evaluate the success of the method by examination of marks on 
adult f i s h  tha t  had been marked a s  juveniles during t h e i r  downstream migration and comparing 
amr iva l  t o  adul t s  of t e s t  and control l o t s  of experimental fish. These special ly treated, 
returning adults  must then be separated from untreated f i sh  without disturbance o r  delay i n  
a fishway, identif ied,  and released without injury, To accomplish th is ,  a system employing 
cold-branding, magnetic wire tags, and automatic recovery is used, 

An identif icat ion system (which uses magnetic wire tags tha t  a re  colou-mded), developed 
by Jef fer t s ,  Bergman and Fiscue (1963) and further  evaluated by B e r m  e t  al. (1968) and by 
Hager and Jewel1 (1968), w a s  incorporated in to  a device designed by Durkin, Ebel and Smith 
(1969) that automatically separate6 tagged f i eh  from untagged f i sh  i n  fishways, The system 
requires that f i s h  pass over a false weir and s l ide  down a chute through a hollow cylindrical  
detection coil .  The magnetized w i r e  i n  the snout of the tagged f i ah  generates suff iaient  
current f a r  detection i n  the m i l ,  and a nignal is  relayed t o  operate a gate tha t  d iver ts  
the  tagged f i s h  from the lower end of the  chuts in to  a holding area. These fiah, which had 



aleo been marked with oold brand6 (~mvee and Jonsa, 1969) as juvenile6 are ident i f ied  by 
the b r a d  (Figure 8) under a mild anesthetic & then returned anharmed t o  t h e  fiahuey t o  
continue its upstream migration. If t h e  brand is i l leg ib le ,  the f i a h  is held f o r  @awning 
i n  a hatchery. After spawning; t he  ooded wire tag can be removed f r o m  the head f o r  
idextifioation. 

Ebel, Park and Johnsen (1973) discuss the  initid operational use of  t h e  system i n  a 
fishway at Ice Herbor Dam during; 1970 and 1971. An improved design desoribed by Ebel (3973) 
wae ins t a l l ed  at L i t t l e  Goose D m  (f igure 9) i n  1972. 



Figure 1 Fishways such aa shown (1ce Harbor Dam on Snake ~ i v e r )  provide 
for upstream paasage of ana.dromoua f i sh  and enable the 
enumeration of adult migrant a 
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Fi- 2 Major dams with fishways (a ) on Columbia and Snake 
Rivers where migrating adult fish m e  enumerated 



EI FAC/T~ 3 ( Suppl . 1 ) 

Figure 3 Adult salmon paasing OWP white counting board 
which aids trained obeemr  in  irlentifying speciea 

Figure 4 Fish coimter in  cubicle ta:lieo f i s h  by species 
as they pass over cowtine; board ( l e f t  centre) 



Figure 5 ~ d u l t  fish are counted aa they pase viewing window 
s e t  in  s ide  of fishway 
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Figure 6 D i a g r a m  of automatic counting system 
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Figure 7 Aerial photograph of salmon sedde (light coloured patches i n  stream bed 
above and t o  right o f  plane shadow) provide data on spawning ac t iv i ty  

i 

* .  Figure 8 Adult steelhead trout showing brand (T)  applied t o  
f ieh  as a juvenile during its downstream migration 




