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The smel t  f i s h e r y  of  t h e  Columbia River  and i t s  

t r i b u t a r i e s  i s  indeed unique. F i s h  a r e  caught commercially 

I 
i n  t h e  mainstem wi th  g i l l  n e t s ,  b u t  commercial and s p o r t  

i 
fishermen a r e  allowed t o  use  d i p  n e t s  i n  t h e  t r i b u t a r i e s .  

Smelt provide t h e  p u b l i c  wi th  an a c c e s s i b l e  i tem f o r  

t h e  winter  d inner  t a b l e .  They a r e  r e l a t i v e l y  easy  t o  capture  - 

i n  t h e  t r i b u t a r i e s ,  and t h e  commercial h a r v e s t  provides  a 

t imely  income t o  t h e  fisherman. Although t h e  f i n a l  t a b u l a t i o n  

of t h e  1969-70 season i s  'not complete, t h e  1968-69 h a r v e s t  

(1,120,000 pounds) was worth more than  $280,000; t h e  economic 

value of  t h e  s p o r t  f i s h e r y  was es t imated  a t  $570,000. L a s t  _-- - 

w i n t e r ' s  season was es t imated  t o  have equa l l ed  o r  exceeded 

the  1968-69 ca tch .  

Most smel t  e n t e r  t h e  Columbia River i n  l a t e  November 

o r  e a r l y  December when the  r i v e r  temperature averages 4 5 ' ~ .  

I f  the  temperature v a r i e s  above o r  below normal, schools  
, 

of smelt  a c t  e r r a t i c a l l y - - t h e y  a r e  delayed,  migra te  f a r t h e r  

upstream, o r  simply f a i l  t o  e n t e r  t h e  t r i b u t a r i e s  t h a t  they  

spawn in'. The 1969 season was a cold-water year: hence t h e ,  
. . 

smelt  run  o f  t h e  Cowlitz River was delayed. The 1970 season 

was another  a t y p i c a l  year  i n  t h e  Cowlitz,  t h e  run was delayed 

b u t  market s a t u r a t i n g  runs ascended t h e ' l e w i s  River dur ing  Apr i l .  



The Columbia River  s m e l t  i s  an  anadromous f i s h .  The 

a d u l t s  spawn i n  f reshwater  b u t  spend most of  t h e i r  l i f e  

cyc le  i n  s a l t  water .  The major t r i b u t a r y  spawning occurs  i n  

t h e  Cowlitz River ,  b u t  runs have been observed i n  t h e  Lewis, 

Kalama and Grays Rivers .  I n  p a s t  yea r s ,   melt were common 

i n  t h e  Sandy River and migrated a s  f a r  upstream a s  Cascade 

Locks i n  t h e  Columbia River .  The d i s t r i b u t i o n  o f  schools  

o f  smel t  i n  t h e  Columbia ~ i v e r  i s  n o t  we l l  known; some a r e  

found between Puget I s l a n d  and Vancouver. Schools e n t e r  

t r i b u t a r y  s t reams t o  spawn, b u t  some remain i n  t h e  mainstem. 

Apparent ly  t h e  males move i n t o  the t r i b u t a r i e s  f i r s t .  

Smelt spawn a t  3 and 4 y e a r s ,  and most of  them d i e  soon a f t e r .  

Spawning occurs  p r i m a r i l y  a t  n i g h t .  - 

Female smel t  d e p o s i t  what a r e  known a s  demersal  eggs;  

t h a t  it, eggs t h a t  s i n k  s lowly t ~ w a r d  the  bottom o f  t h e  r i v e r .  

A female of average s i z e  produces about 25,000, p o s s i b l y  ranging 

from 7,000 t o  60,000 eggs p e r  female. 

Smelt eggs a r e  adhesive and surrounded by double membranes, 

A s  t h e  egg s e t t l e s  t o  t h e  bottom of  t h e  r i v e r  and touches an 

o b j e c t ,  t h e  o u t e r  membrane r u p t u r e s  and a t t a c h e s  t o  t h e  

s u b s t r a t e - - u s u a l l y ' t o  sand g r a i n s  o r  d e b r i s .  The i n n e r  

membrane con ta ins  t h e  embryo, 



The eggs are  not attended by the adul ts .  Development of 

the eggs, from time of deposition t o  hatching of f ry ,  takes 

about 3 weeks a t  47O~. The f r y  emerge from the egg "she l l "  

with the yolk sac attached and are  about 4 millimeters long 

(60 f r y  placed end on end would measure one inch) .  The 

f r y  a re  weak swimmers and must leave t h e  freshwater and 

enter  s a l t  o r  brackish water soon a f t e r  hatching. They are  -- 
swept along with the r i v e r  current .  Sensit ive t o  l i g h t ,  they 

. s tay  near the bottom of the r i v e r  during t h e i r  downstream 

migration t o  the ocean. 

. Smelt seem t o  prefer  narrow ranges of water temperature,. 

However, recent indus t r i a l  development i n  t h i s  sect ion of the 
- -- 

r i v e r  includes proposals t o  i n s t a l l  large thermal nuclear 

e l e c t r i c  p lan ts .  These plants  have the capabi l i ty  of 

a l t e r i n g  local  r ive r  temperatures. 

Two thermal nuclear e l e c t r i c  plants  have been proposed 
~- - -- - - . - - . . .. .- . . . - . - - . __ . _._ .. . . . . . . _ _. -. -: _ _ _ _ =  . _.; -;. _ . . - - - - -  - - - - .. .. 

.. ~ ~. . ~ - . . 

u p s t r e a m  .. . from . . . . - the __ mouth .. . . . . .  of - . . the . Cowlitz .- Rivers 
~ the  - -- Trojan . - -. - -  

E l e c t r i c  Plant a t  Prescot t ,  Oregon, and (2)  the Kalama Plant 

above Kalama, Washington. The proposed s i t e s ,  about 4 and 13 

miles above the Cowlitz River, l i e  d i r e c t l y  i n  the migration 

route of smelt t h a t  ascend the Kalama and Lewis Rivers and 

other anadromous species of f i s h  i n  the Columbia River. 
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Thermal nuc lea r  p l a n t s  r e q u i r e  l a r g e  q u a n t i t i e s  of  

water  t o  coo l  the i r  condensers .  For each u n i t  o f  h e a t  

I converted i n t o  e l e c t r i c i t y ,  two u n i t s  o f  h e a t  a r e  e j e c t e d  

i 
i n t o  t h e  a d j a c e n t  waterways. 

I The Kalama P l a n t  i s  scheduled t o  produce 2,000 megawatts 

of  e l e c t r i c a l  power upon completion (about  4 t imes t h e  power 

product ion  of  Bonnevi l le  Dam). The proposed Kalama P l a n t  
- 

w i l l  u t i l i z e  4,000 c . f . s .  ( c u b i c  f e e t  p e r  second) o f  water  

(based on an average water  u se  of  2,000 c . f . s .  p e r  1 ,000 

megawatts).  The temperature  o f  t h i s  l a r g e  q u a n t i t y  o f  water 

w i l l  be r a i s e d  about  1 5 ' ~ .  Thus, wi thout  "of fs t ream" 

coo l ing  f a c i l i t i e s ,  t h i s  p l a n t  could d i scha rge  l a r g e  q u a n t i t i e s  
- --- 

of  hea ted  water  d i r e c t l y  i n t o  t h e  p a t h  o f  mig ra t ing  f i s h .  

The proposed Tro jan  P l a n t ,  9 m i l e s  downstream of  t h e  

Kalama P l a n t  a t  P r e s c o t t ,  Oregon, w i l l  produce 2,000 

megawatts o f  e l e c t r i c i t y ;  f o r t u n a t e l y ,  t h e  Por t l and  General  

E l e c t r i c  Company p l a n s  t o  i n s t a l l  coo l ing  towers to  p reven t  

t h e  d i scha rge  o f  a l l  b u t  35 c . f . s  of  was te  h e a t  i n t o  t h e  r i v e r .  

Because of  t h e  impending i n s t a l l a t i o n  o f  l a r g e  thermonuclear 

. p l a n t s  on  major m i g r a t i o n  waterways o f  va luab le  anadromous 

f i s h  and the e f f e c t  t h a t  t h e s e  p l a n t s  could impose on t h e  

f i s h ,  t h e  Bureau o f  Commercial F i s h e r i e s  i n i t i a t e d  an  

i n v e s t i g a t i o n  t o  determine what e f f e c t  temperature  i n c r e a s e s  

would have on the a q u a t i c  animals  and p l a n t s  between Kalama 



and Longview, Washington. The Bureau i s  working i n  c l o s e  

coopera t ion  wi th  S t a t e  and Federa l  agencies  t o  i n v e s t i g a t e  

the! e f f e c t s  of thermal  p o l l u t i o n  on anadromous f i s h ,  such 

a s  :salmon, t r o u t ,  s turgeon,  shad, and smelt  i n  t h e  Columbia 

During August 1967, a covered barge  was towed t o  

C a r t e r ' s  Marina a t  P r e s c o t t ,  Oregon, and was converted t o  

a modern a q u a t i c  r e sea rch  l abora to ry .  Equipped t o  determine 

t h e  thermal t o l e r a n c e  o f  anadromous f i s h ,  t h e  l a b o r a t o r y  

uses  Columbia River  w a t e r ,  coo l ing  it wi th  c h i l l e r s  or 

h e a t i n g  it wi th  h e a t e r s  on a once-through system. F i s h  ake 

taken  w i t h  purse  s e i n e s ,  beach s e i n e s ,  t r a w l  n e t s ,  and d i p  

n e t s .  F i s h  captured  a r e  sub jec ted  t o  i n c r e a s e s  i n  water  

temperature  t o  determine t h e  l e t h a l  and s u b l e t h a l  l e v e l s  

f o r  egg, f r y ,  and a d u l t s .  

During the win te r  of  1968, a d u l t  sme l t  were examined 

t o  determine t h e i r  thermal  t o l e r a n c e .  F i s h  were k i l l e d  

d i r e c t l y  by s u b j e c t i n g  t h e m  t o  minor temperature  i n c r e a s e s ,  

Most females p laced  i n  water  h e a t e d  7 * ~ .  above r i v e r  temperature  
? 

f a i l e d  to d e p o s i t  eggs.  

- Extens ive  experimentat ion was conducted dur ing  1969 t o  

v e r i f y  t h e s e  p re l imina ry  obse rva t ions ,  namely t h a t  a d u l t  

smel t  a r e  i n t o l e r a n t  t o  temperature  i n c r e a s e s .  The f i r s t  

group of f i s h  were taken  from t h e  mainstem of  t h e  Coluiibia 

River  by  commercial f ishermen who were working i n  coopera t ion .  



w i t h  t h e  Washington Department of  F i s h e r i e s ,  

~ d d i t i o n a l  f i s h  w e r e  ob ta ined  from t h e  Con l i t z  River 

b y  t h e  l a b o r a t o r y  s t a f f .  F i s h  were d ip -ne t t ed  from a b o a t  . 

and on t h e  beach and t r anspor t ed  by tank  t rucks  t o  P r e s c o t t ,  

where they  were p laced  i n  t a n k s  aboard t h e  f l o a t i n g  l abora to ry .  

(They were f i r s t  t r a n s f e r r e d  t o  hold ing  tanks  t o  determine 

handl ing  m o r t a l i t i e s  andplaced i n  tes t  tanks  w i t h  hea ted  water,). 

The genera l  r e s u l t s  of the  temperature  t o l e r a n c e  s t u d i e s  

v e r i f i e d  e a r l i e r  r e s u l t s ;  t h a t  i s ,  t h a t  a d u l t  s m e l t  a r e  

s e n s i t i v e  t o  s l i g h t  i n c r e a s e s  i n  temperature .  I n c r e a s e s  of 

l o O ~ -  k i l l e d  a l l  test  f i s h  i n  8 days.  Temperature i n c r e a s e s  

of 5°F. i n f l i c t e d  a 50-percent m o r t a l i t y  i n  t h e  same time 
- - -  - -  - . . 

p e r i o d .  Higher temperatures  k i l l e d  t h e  f i s h  i n  a s h o r t e r  

pe r iod .  S t u d i e s  w i t h  smel t  eggs i n d i c a t e d  t h a t  eggs a r e  

more r e s i s t a n t  t o  temperature i n c r e a s e s  than  the a d u l t s .  

It was observed aga in  i n  1969 t h a t  a d u l t  f i s h  a r e  r e l u c t a n t  

t o  d e p o s i t  eggs a f t e r  be ing  sub jec ted  t o  increased  temperatures .  

Smelt popu la t ions  could f a c e  s e r i o u s  problems i f  

t h e n a l n u c l e a r  p l a n t s  a r e  allowed t o  d ischarge  hea ted  water  

i n t o  the  r i v e r .  The problems could. b e  compounded i f  water  

temperature  r e g u l a t i o n s  and s t andards  f o r  the Columbia River 

a r e  based on t h e  t o l e r a n c e  l i m i t s  of  s t e e l h e a d  t r o u t  and 

salmon, t h e  most va luab le  o f  t h e  anadromous f i s h .  The most 

favorable  temperatures  f o r  salmon and t r o u t  range from 4 2  t o  



about 60'~. Representatives of t h e  thermal.  e l e c t r i c  power 

indust ry  have voiced opinions t h a t  more h e a t  could be allowed 
, . 

i n t o  t h e  Columbia River during the  winter ;  they ind i ca t e  

t h i s  increase could t h e o r e t i c a l l y  b e n e f i t  salmon production 

during near f reezing temperatures. However, our p resen t  

knowledge of thermal to lerance  l e v e l s  f o r  smelt ind ica tes  

t h a t  some temperature increases  could be det r imenta l .  

Water temperature s tandards f o r  the  Columbia River-- 

recommended by the  S t a t e  of Washington--allows fo r  the  

add i t ion  of more heat  i n t o  t he  r i v e r  a t  lower temperatures 

than allowed during the  summer. Oregon standards f o r  the  

Columbia River allow only  2'~. increases  a t  any time of the 

year ,  not t o  exceed 68OF. Water temperature s tandards f o r  

i n t e r s t a t e  waters should be cons i s tan t  and designed t o  

p ro t ec t  a l l  commercial and spo r t  f i s h  i n  t he  r i v e r ,  

It is i n t e r e s t i n g  t o  note t h a t  many exper ts  predic ted 

t h a t  because of the severe winter temperatures during December 

and January, 1968-69 smelt would f a i l .  t o  en t e r  the  Cowlitz 

River t o  spawn,' The smelt d id  e n t e r  the  r i v e r ,  b u t  they 

were 5 weeks l a t e ,  Does colder water temperature produce 

. . the  e r r a t i c  and non-predictable occurrence of a smelt run, 

and i f  i t  does, would warmer water produce a s imi l a r  s i t ua t ion?  

What w i l l  be  the  f a t e  of the  smelt runs i n  the  lower Columbia 

River as i n d u s t r i a l i z a t i o n  increases?  















Figure 7. --Biologiczl  teci~qLcian peri~dically checks t e s t  talilrs 

t o  assess how s m e l t  are affected by increastng t enpera tu res .  


