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George R. Snyder, Donman R. CradZock, and Ted H. BLahm 

Nshery  Biologists, Eureau' of Comcrcial  Fisheries, Sea t t l e  

In 1967, the Bureeu O f  Ccmerciel Fisheries (Frediction of 2mi.ronnent 
P rog~~-x ,  Biologicel LeSorr tor~ ,  Sea t t le ,  ~ z s n i n ~ t o n )  i n i t i a t e ?  "on-site" 
stufies t o  esscss t h e  p t e n t i a l  byact ZI yr~posed  the rns l  e l e c t r i c  p l a n t s  
on t h e  zqm5lc envirorxent 2: t he  lsuer Co1.~1Sia River. I n i t i a l  work was 
t o  be concerr:ed >:i:k the  L ~ I J T L ~ ~ ~ ~ I  of tke  stildy area near the s i t e s  of 
two p r q ~ s e d  pla-?ts ( ~ ' i g .  1) and the  effect of thermal increases on 
i n d l & e c g u  species of f i s h .  

men wrter  tczl~ierature s t a n d a d s  f o r  Oregon and Washi~gton were su5nitted 
. ' t o  the  ~~ar t l z~s t  of the I n t e r i o r  f o r  ~e-vie-4 enr ly  i n  1968, cer ta in  

\ discre:piicies vere  noted beeseen s*lrtzcards of  the  'i;;o s t a t e s  ?or i n t e r s t e t e  
watzrs of t h e  l cmr  ColmLkia Iiivzr. Suksoquentljr the Secretzry of the  ' 
Iky-zrtx-rnt of the  I n t e r i o r  directed a st&y t o  definz the  e f fec t s  of water 
t c n i e r ~ t u e  i ~ c r e ~ s e s  on aquatic cr,p.??isns i n  the  Colm5ia River. 
Infcmxition cainecl frm this resemch -~ouid be ex_wcted t o  f3m the  basis 
f o r  c L - - f o n  set of water te-2_rcrature s tmderds  a;,-licable t o  i x e r s t a t e  
r r a t o r ~  of t h e  rezicn. Tne lead egency designated for  t h i s  s t u ? ~  vcs the 
Fcderel W&er Po-Qu'iion Control Abir;?Istr~~'Yinn (naw Federal ?l.later Q-rnlity 
~~~i~t~~i;-~~). x>e Fi!P& fox---< a -m; a-1 X ~ ~ ~ S S T ~ ~  Cbxzi:ttce of 

i n h s t r l a l  a ~ d  resource prot2ction re>resen+atives t o  evalixnte the resezrch 
needs end objectives of tkAs s t u c ~ .  E e  3.G4 t k~ex  enlisted the essis tence 
of the f i t c d c  B e r g  Cczdss ion  &:d t h e  Bneal: of C n e r c i a l  f i sher ies  t o  
c o ~ d u c t  research rccczended by the Tecl~iS c a i  Advisory Cornittee.  The 
RiQJ requested t h a t  t k e  , 5 ~ r e 2 u  ncceiera5c "or,-~oing" studies and povided 
p a r t i a l  funding f o r  t h e  research. 

Rcscsrrcfi by t he  Bureau of Ccix,ercial Fisheries was p r n g r m e d  i n t o  seven 
prcJects  th t  r e l c t e  d i r e c t l y  c r  indireczl;. t o  the effects of iricrecsed 
t m , ~ r r t u r e  on the eqcat lc  biota  of the Coimbin ,?iver. n i s  s m A r y  
repor t  covers r e s u i t s  of t h e  r'zllawing prc2ects: 

(1) Limologica l  stuvey o r  the  l u ~ e r ;  Colmbia Eiver 

(2) Tine of z ig ra t ion  and occurrence o f '  fish near 
Prcscott ,  Oregcln 

(3)  Thelzml tolerance of juvenile salzan and t rou t  



- piw 1.--Study rrr.a fcr th+raal  offcct~ research co;lductad by the 



( 5 )  Effec t  of t h - a o l  shock on juvenile cnlmon and t r o u t  

(6) ZYfect of Ti2 s u s r s a t u r n t i o n  on f ish i n  the lower Columbia 
River 

(7) Abmdar,ce, u t i l i z a t i o n  by f i sh ,  and thermal tolerance af 
zoo p h k t o n  

Tile plxpose of this reamrL i s  t o  s-arize the  r e s u l t s  of 2 years of 
rcocmcb. 

THE TEST FACILITY i 
I n  1957, a f l o a t i n g  laboratory (~n;de,-,  B l a h ,  and WcConneU, 1970) was 
estaSEsked on tke ColmSia River ?-t ,-escott, Oregon, t o  pursue 
en- i* i rs rxel tn l  s tud ie s  azd zesearc!? on fLsh an6 o t l s r  organists subjec-t;ed 
to they-a1 stress. The site was selected t o  exmine the  $iysicsl ,  
c h d c , r - l ,  an5 b io logice l  features 02 thc ri-ser before p r o p s e d  theimsl 
e l ec t r i c  p b n t s  u e  insA&lled. I n  ad&it,ion, ' k i l d"  and "hatchery" f i s h  . 
could S c  t&en Gire~tk.~ f r a x  t h e  river and be held a ~ d  exposed t o  
teaperatwe ir,crecses i n  river water. 

'I* hbaratory was ea_ui?_xd ~ i t h  b io logica l  and chemical laboratos5es as 
well cs t ~ r o  "vet," hbor s5or i e s  contai~r?: :  a t o t a l  of for ty-focr  50-gallon 
ta2-s. Q u a l i t j  of t h s  r i v e r  vs ter  c=uU be nmJtared,  a 5  the  water 
coi:lcl be heated or coaled f o r  texseratu=.c exr;~rizielrlte. The lsborctory 
a h o  servzd fs a base f o r  creus enp l~yea  i n  lir.u~ologFcal and b io loe jc s l  
o m q s  ( f ig .  2 ) .  

I3l*iIEIDGICAL SLTVZKS 
/- 

The follo-*dng is a slmmtic,n of r e s d t s  frm the physical, c h e d c a l ,  and 
biozogical  sur;eys cgndmted a t  the  Frescott  s i t e  throar,h,out t h e  stu,dy. 
1 4 0 ~ ~  cczple tz  an3 de t s i l ed  c m p i l a t i o u s  of date a r e  i n c h d e d  i n  the 
vtl-ious reports  cj..t;cd. 

Water tmperatw,o of the  lmsr ColmSia River ranges frm highs of 24 C 
during 224~ust t o  lous cf 1.3 C dur ing Jzn1m-y. M e 1  f luc tua t ion  appmx- 
imntes 1 C Ymo~_sho:~t the ycm- (~wder mi i . ; cC~x. . l l ,  1370). h m m l  
tczlp?re2:ure patterm are Q p l c a l  of r c t u k t e d  r ive r s ,  i .e . ,  gradual 
incrccses  and decreases t h s t  f o m  smoo~h, bell-shzyed d i s t r i bu t i onc  with 
no cbru?t chrtrees. A ccm-p.ri60n v i t h  ecrller surreys shms a gzneral  
uprard t r e n d  i n  vatcr tempxr;t;ure (previcusly noted by Mocre, 1968). 





~ v c r a g e  d a i b  f l m  of t h e  Colmbia ,Biver  a t  Prescot t ,  Orc~on ,  varied 
frm a low of 73,633 cubic f e e t  y r  second (c . f .5 . )  during Augus t  1969, 
t o  a h i&  of 501,093 c .f . s .  2uring bky 1970 (u.S. Geological Survey, 
lyj'0). V e l ~ c i t y  and d i r e c t i o n  c l  f l s d  were constant ly  monitored during 
t h e  study, and negative o r  u s s t r e m  f l 9 w  was c m o n .  A f l e d  r eve r sa l  
study, using i3hodazirie-B we as a m a s s  water t r a c e r ,  reveeled t h a t  
r eve r sa l s  could be exterisive a t  l o i ~  r i v e r  1'1ms agd high ocea,-ric t i d e s ;  
dur in;~  a 4-hour perlad water novzd Gore than 3 railer; upstream. The 
reve r sa l  stcay indicatzd t h a t  t h e  e f f e c t  of hente5 dischz-ges from thermal 
e l e c t r i c  p h r i t s  could mcre than t r i p l e  (3.5 t i c e s )  during r eve r sa l  as 
cmpmed t o  unres:ricted dcwnstrem- f l m  (Clark and Snyder, 1gP(0n). 
D t d n a t i c n  of r i v e r  flow and ti& records i nd i ca t e  t h a t  r eve r sa l s  are 
predict& ie . 

L i m o l o ~ i c c ; l  d a t a  .,rere co l l ec t ed  a t  seven s t x ~ p l i n g  s-tat ions frm above 
the  mouth of t h e  CTillmette River t o  below P ~ e t  Island.  Variables 
monitored v e r e  p3, dissolved C X J - E ; ~ ~ ,  phosphate, s i l i c a t e ,  calcium, 
rnagnesiun, and s c d i m .  A c o ~ p l e t e  and spec i f i c  ana lys i s  uf these  
var iab les  was nade by Clark and Si-iyder (1970b). A cmparisora wi th  
e a r l i e r  surveys i nd i ca t e s  a downriurd t rend i n  dissolved oxygen levels.  

Biological  

Chloro&dIl a and zoopl&ton were smp led  p r i o d i c a U y  a t  seven s t a t l o r ~ s  
f ron  the ~ i i i m . e t t e  Rive=. t o  b e l a  P.gei Is land.  Chlorophyll a abundance 
pcuked i n  A y i l - l - ' 2 ~  and again i n  S~ptm'cer-October.  ~oo~ la r3c t<n  
abwdance p e ~ k e d  i n  S e p t e ~ b e r ,  rezained low tk-ow!  the r . r in te~,  and 
61mil.y increased i n  e c r u  s n i n g  (C la rk  and Snyder, 1970b). 

San2li2g s i t e s  ( f ie .  3)  were es tabl ished ~ b ~ i v e  and bclaw Prescot t  t o  
curvey t h e  ctistrFbution and sbun,dur?ce of fish i n  t h e  r i v e r  throughout t he  
year.  F i sh  were c a s h r e d  with prse and beach seines ,  and t he  nmbers  
of veriom species  i n  the c a t c h e ~  vere  recorded. I n  ac!dition, da t a  were 
taken on t h e  occurrence of .juvenile saliicn and t r o u t  i n  r e l a t i o n  
t o  t he  pro-mscu t i i c m a l  plant  s i t e s .  I h Jo r  ea rhas i s  was given t o  the  
co l l ec t i on  of Juvenile Pec i f ic  s a h o n  an2 trozlt Sec~luse they are p r t i c u -  
ln r ly  vulnerable t3  t c n p r a t u r e  chznges during t h e i r  dmnstrean migration 
t o  t h e  ocean. 



k y f ~ r c  3.--Percent occurrence of ,juvenile s d ~ a q i d s  at  the s m p l i n g  s i t e s  
d u r i n g  1968-63. 
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me obdect of t h e  s a p l i n g  was t o  a s c e r t a i n  pcriods of peak migrations 
m d  t o  determine t h e  r e k t i v e  abxdance  of U f f e r e n t  spec ies  of f i s h  
during a l l  months of t h e  year.  S ~ c n  information i s  necessary because 
t e n p r a t = e  inc reases  and t h e  time of t h e i r  occurrence i n  t h e  river 
vould be more c r i t i c n l  t o  soxe s p c i e s  than  t o  others .  

of ~ A p s t i o n  of .luve:lile salnon and t r m t  

S a h o n  and t r o u t  wero taken ir. ssinples every nonth i n  1968-69 ( f i g .  4) ,  
b u t  t h e  ps& abur.da?ce uas i n  :.Lay. J ~ v e n i l e  chinook s a h o n  (26,532 f i s h )  
vere  6d~zat ,  cc;;l:rising 80 - x r c c n t  of t h e  toA&l catches  (31J477 f i s h )  
of c a h o n  arid t r o u t  ( i f z ~ o n n e l l  and Srqder, bS 1970). The _peak of t h e  
chinoo:< oukxfgrst ion cccurred i n  Jur-e i n  1.3@ end i n  F l b y  i n  1369. The 
pd.3 of rbunkqce  of o ther  s 'ahon aaci t r o u t  ve re  similar as shown i n  
f i w e  4. 

&*bri.Jng experinents shoved t i t  Erne n i g r a t i ~ g  j w e n l l e  s a h o n  move 
slowly o r  rezaix i n  t h e  lasrer ri-cer over long periods. Dmnstreorn 
p s s s a e  f ron  Bomevi l l e  Daix t o  B e s c o t t  1 t o  10  days, de-pending on 
t h e  ve loc i t y  nnC v o l m e  of r i v e r  f lm. Cstch da ta  i n d i c a t e  that some 
Covl i tz  River f i s h  (g_crirlg end f a l l  chinook juveniles) r a i n  i n  t h e  
lover Co1~ibi .n 3 ive r  ?'or as long a s  6 months. F i sh  re leased  from t h e  
C w l i t z  iiiver Yatc'nerj i n  Segteaber 1969 were recaptured from October 
1959 throc&h A-mil 1970 u ~ s t r e a n  frm t h e  c o ~ ~ l u e n c e  of t h e  Cowli tz  and 
Colmbia  Rivsrs. 

\ 

T h e  of' c o v e ~ e n t  of o ther  s p c i e s  of  f i s h  

Twenty-one species  of f i s h  o t he r  t h ~ n  s a h o n  and t r o u t  were captured 
( f i g .  5 ) .  Scr~c'syzcies vere p re sec t  the e n t i r e  ye-, but  o thers  were 
ce-ptued i n  or,& oRe ronth .  Pee.k abundmce of Tzore than hrL" of t h e  
cpecien was i n  t he  1hj.-.July p r i o d .  E i n ~ ~ c n ~ o u r ;  s p c i c s  included a d u l t  
euhchon  end JuverLle P a e r i c m  shad t h z t  had r i lgra t ion peaks in February 
nnd October r e s p c t i v e l y .  

Dic t r ibu t ion  o f  ,1u-icr?jj3 e ss3$n an& t r o u t  - -- 
TDc a iu t r i bu t i on  of juvenile ~ ~ o n  and t r o u t  was s c p l e d  t o  
d c t e r d n e  arhcther t h e  f i s h  p-referred. s_xc iT i c  F r t i o n s  of t h e  rimr i n  
t h e i r  r z i~ ; r a t i ons .  Preference of the f i s h  f o r  one s i d e  o r  f o r  "Ye middle 
of t h e  ri-:ci- trould be a f a c t o r  t o  be c o n ~ i d e r e d  i n  t h e  operat ion of 
t h e m 1  clcc'iric p h n t s .  

Trlc drlctributl.cn of t h e  f i s h  s m p l c d  st Preoco t t ,  Omgon, i n  1968-49 is 
a h c m  i n  fignr,o 3. h i - i n e  1968, puyse se ine  catches showed t h e  fish were 
d i c t r i bu t cd  r e l a t i v e l y  uniformly across t he  r i v e r ,  but i n  1969 m3rc f i s h  
vcrc cc i~ igh t  along the iirshin,*on n i d e .  Higher flows ond t u r b i d i t y  during 
the 1960 o?i;l9xi.(jration m a y  have inf luznced t h e  I-esults t h a t  year. 
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Figure 4,--1401ithly m d  t a t a l  catches of domst rem m i p a n t  salmon a d  t rou t  

a t  f iescot t ,  Oregon, 1968-69, 
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.;?!, 9 b J e c t i ~ e  31' ttlem-a1 tolerance cxt,erlments was t:) dei'ine the ef fec t  
of tenpcrsturc inc reases  on tne 1'3-~na i n  the study area. The 
crl'ccts ~f s h ~ t - t e r m  and lzr,2-texm ex2osu.e t o  elevated tcm~eratures  
were tes  te 1. 

t21crcii2cc 3f juvenile r,a!,r,or: clni steelhead t z . ~ ~ t  

~.'gur species of salmon (chinook, chum, c:>'n3, end socc:cye) and 2 species 
of trout (cu'iti:rost a n d  steelheaci) zre i : i  the lower r',ver. Thermal 
tolerant? t e s ~ s  were ~3nducti:d on the 4 s:xcLes of scllmon i r  i968 and 
lp. ,sil ' .  a t  the Pfescott hboratory.  Steelhcad t:-out als.3 were tes ted  i n  
1969. 

1968 t e s t s  .--Test teroperatures were - established (usifig ambient 
r iver  tex;ercture as a base) abme and bcl.cr+~ the 20 C (68 F) susgested 
m ~ c i x ~  wnter te;r,[x?rzttll-e standard. Eight  t e s t s  were conducted d-ming 
13C8. Tnese ;relin!kmry t e s t s  uere designed t o  es tabEsh the ecfects cf 
exrjosure of  the i ' ish to elevated water tenyeratwcs (rig. 6) for  various 
periods 2: f r m  1. how t o  2 weeks. hasul%s were as f ~ l l o w s :  

(1) Fli';h cb.inock salmon accii::iated t o  10 C, a 37-rxinute expcrsure 
tc 26.7 C (16.7 r i s e )  caused 10C$ mortality; acclimated t:, 
17 c ~ 7 3  8 c increase would r e su l t  i n  a 533 r n ~ r t a l i t y  i n  
1Q2 nlnules . 

(2)  h ' i t i i  ckan sahan azcliri.etc2 8t 15.6 'J, a jC5 nrlr',aliLy 
3ccurreii a t  2f .7 C; l;cr.:ever, these t e s t s  d i d  n o t  eatab;.ish 
t rue  letr ia l  l e v c i s  became of the t r s n s i ~ o r y  ex;:xuz.e 
(1-hour) . t o  the elevatea tcm:h?ratures. 

(3) T5e f i r s t  n o r t z l i t y  02 juvenile csho was r e c ~ r d e d  a t  26 C i n  
13 minutes; 5 ~ 5  and 10C$ mortali ty e t  26 C were 22.5 and 52 
minutes respect! vely . 

(4  j Sociieye j~vsnilcs acciifileted to  15.5 C reached a 50$ mortnli t y  
a t  20 C i n  Il,!c~= m i ~ u t e s .  

1969 tests.--Eighteen t e s t s  were cccy-l.eted during 1269 and tire 
s r n a r i z e d  i r ?  ii,-;ure 7. A l l  f i s h  \{ere exi:osed t o  t e s t  tempernt=es f3r 
a ~ ~ a x i n i t n  o f  two weeks. i;esults were r ~ s  f ~ l l o t r s  : 

( 1) Sockeye czli,??on ;6 t ee  t.s) reached c 50% n3rts;lil;y a t  22 C a:.d 
1q; a t  2k .5 C.  S i t r .  c;en Caa arLd adiscase were :xijor 
~ o b  I - lens (i.~c~:j;:r:ell a::cl ZL;ibr,, 1.3 1970) . 







(2) L e t h s l  levels f o r  ch inmk snlnon (12 t e s t s )  were a t  l e a s t  
4 C belo-d p-reviocsu _nublished rlats, ~ r i t h  one exception 
(~I.d-113 axxi !.icConnell, i.;S 197Ga; S ~ y d e r  and Blabs, B'S 1970a). 

(3)  Steelhead t r o u t  ( 2  t e s t s )  a n F c a r  t o  be  t h e  l e a s t  r e s i s t a n t  t o  
t e c p e r c ~ ~ o  incrensrs--with f i s h  cccliclsted t o  10 and 14 C 
a 50; risrtsiit;. was r e l c h e d  a t  17 C and 1CO.5 mor ta l i ty  a t  
22 C; n i t rogen  gas was hi@ Curing these  t e ~ t s  (~rxyder and 
Craddcck, IS 1970). 

(4) Chm salnon ( 2  t e s t s )  n o r t a l i t i e s  were recorded st 20 C and 
abo1.e. The l e t b ~ l  l e v e l  (24 C )  was renched Kcre rap id ly  then 
expected ( ~ l a h r z  ar,d Pcrente, iS 1970b); a 5 ~ $  morta l i ty  of 
276 n inu te s  uas recorded st 24 C a t  t h e  Presco t t  Laboratory, 
whereas, k e t t  (1352) iciiic3ted t h a t  a 50; n o r t n l i t y  was 
reached 1 ~ 5 t h  juverlilc c h m  saL-,on i n  12Xl minutes a t  24 C. 

( 5 )  Coho salnon ( 4  t e s t s )  rchched a 5C$ morta l i ty  at 22 C. 
Eccessive mor t a l l t y  w c ~ s  noted i n  t h e  con t ro l  groups nnd 
t h o w t  tc be assoc iz t sd  with h:& ?I2 s a t r a t i o n  i n  r i v e r  
water. D.rin.3 t h e  t e ~ t  period, a ssnple of coho c a ~ t u r e d  i n  . 
the  r i v e r  showed t F ~ t  315 had s ~ m p t m s  of &a3 buSble d i sease  
( ~ l a l m  and :.:cCon.:ell, 1 s  1970~) . 

It was concluded t h a t :  ( 1 )  wuter c p a l i t y  (other  than t e ~ p 2 r a t ~ e )  
? w e d  z crl';lzal r o l e  in these  toieraa~~ t e s t s ;  ( 2 )  high ?I9 gas 
~ n t - t w a t l o n  ~ ~ o b r , S l y  prciuced t3e ==st iix-mrt~.nt i n d i r r c t  ef ' fect  t i l th  
i 0 p z ~ 2 d  t ~ ~ ~ ~ ~ - a t ~ a - c  incl-easec; ( 3 )  rt-sis'ianzc- levels vere reduced i r ,  
~ o z t  cases  3 t o  5 C fro-, previousl;. ;cblish?d X ~ o r a t o r y  f indings ,  and 
i n  t e s t s  where t h e  ler;k~?l tez,reratm.e 1e~;el  uas not  rednced, tize t o  
d a t h  c a s  skartened,  and (4) ~ ~ r t a l i t i e s  occwred a t  t e s t  t e n ~ e r e t u r e s  
which were sidlar to natural.& cccurr ing riser trnter t e x p r a t u r e s  .. 

.- . - 
Them21 to!.=.rence of non-sah6n:.c?? 

The e f f e c t s  cf ther-sal increnses  were teo ted  i n  1968-69 on four  species - 

of noii- sn3:xLds : e u h h o n  ('~r.?.? l c l c \ . l > v ~  r.::cificus ) , yellow w r c h  --- .'-- 
(pCrcn fl-:-,--scer?s), t;>reespin2 ct lc ! r lebzck (Gst?rosteus a c u l e a t ~ ~ ) ,  and .-.__ -I_-- . , ---. 

6'cmL30a (Xc j.z,znser trr-?s:~:cnt~,?m) ( f i g .  b )  . 
Jikk.chox. --Euhchon, o r  Cobnbia  R i w r  s s e l t ,  ore nmerous during -- . . 

D x m b z r  -c.'.;l's@ 1-hrch. D,ey c o n s t i t u t e  e v c l w b l e  s p r t  and c m e r c i e l  
fichc.12- ~.nc? 5-e an i n p a r t a n t -  -p~-t oZ t he  d l e t  of s p r i ~ g  chinsok salnon 
and ct~-y;eon.  Eulschon eggs a;q;ear tic, 5e nore t o l e r z n t  than add-ts  t o  
tcnp,"r~?turc incrcn es; eggs ccn' viths'tzrid 11- C increases  without 
nppreci t~3lc  co~+&l.i.tjr (Parcnte er,d i ~ b ~ c ? s t - ~ . l ,  122 1970) but  a 3 C increase  
h l t s  1:-turation of a d u l t  f e-?alcr; (9111-ccu 0:. Ccxie rc ia l  I.%sf;eries, 
1.3 1970). A 6 C i zc r ca se  f o r  6 Zayc caused 153$ n ~ r t n l . i t y  mong adu l t s  
k ~ t c i .  7 5 a ~cc.mr-c:! wiicn culac! s n  wc r e  ctibjectec! t 3  an 
8 C IT. 2 r . e . s ~  f o r  1 hcur ( iif:is.;! c.nd BIcCofir2 11, 5s 1970b) . 





YeUow -=rch.--Considered a predator and a competitor i n  t h e  lower 
colV,bic F.iver, yellow perch t e s t e d  f r m  con t ro l  t e r x ~ r a t u r e  (18 C) 
to 34 C reccked 20, 50, end 100 percent n o r t a l l t y  a t  32 C ( ~ l a h n ;  and 
=ente, 1-23 1970a) 

Threesr~lne stickleback.--%e threespine st ickleback,  considered a 
cm,neti';or t 3  ;j;ivcdlc saleon i n  t he  C3lmbia River, reached a 50$ 
c o r t a l i t ~  at 26 C and 10C$ a t  30 C .  They appc-ar t o  be Gore r e s i s t a n t  
t h m  s a L ~ o n  t o  temperature increases  (31aahn cad Parente, BS 1970a). 

Juveni le  x h i t e  s t z g e c n .  -- Jcveni le  white slxurgeon ex l ib i t ed  5C$ 
mar ta l i t y  a t  25 C and 10G> a t  29 C. 

Tests  were conducted t o  represen t  t he  8brupt change of t e p e r a t u r e  
,ju-,-enile sslilon and s teelhead t r o a t  could experience n0vir.g through a 
t h e m a 1  disch=ge. Foln t o  f i v e  houw f lm reversa l s  i n  t 3 e  l m e r  r i v e r  

conpound the  s eve r i t y  of tem2erature incresses .  Test t empera tues  
f rm 25 t o  30 C represent  t m p r a t w e s  t h a t  could be produced by a 
conventional t n c m a l  nuclegs p h n t ;  these t e n p r a t u r e s  a r e  2 t o  4 C 
higher than t h e  average n&nm t m p r a t u r e  of t he  lower r i v e r .  The , 
r eac to r  pl.zes I n  t 3e  Xaaford a r e2  w e  P a m  t o  produce tezperrit,ure 
1r.creases of 17 C ( ~ c u t a x t ,  1359) i n  the  Col labia  W ~ e r .  I n  22 sepzirclte 
tests, 1 ~ ;  z c r t a l l V ~ r  of s a h o n  was observed i n  l e s s  tkzn 3 houss et 26 C ,  
A 5@ n o r t a Y t y  xas recorded i n  less than 2 hours i n  the  s m e  t e s t s  w i t h  
t h e  ~ X C C ~ ~ C A  of one s x k e y e  sair.cn. F i r s t  death occurred i n  less thsn 
2 haurs i n  a l l  t e s t s  a t  26 C ( f i g .  9 ) .  Tie s teelhe& hsc! 1$9$ ms4=*-ality 
i n  about 4s hc-xs.  

At 29 C, t h e  flrst death ( i n  21  t e s t s  of 20 f i s h  each) occwred i n  l e s s  
t F m  2.5 mifiutes. A 50% morta l i ty  was cbserved within 8 d n u t e s ,  and 
1 ~ $  norta1it . j  o c c u r e d  i n  a l l  t e s t s  i n  l e s s  than 25 minxtes ( f i g .  10) 
( ~ n y d e r  ond B h i m ,  1,s l g y ~ b ) .  I ; l & ~ i & p l  vc r i z t i on  w e s  less evident with 
Juvenile chinook salnon as t e s t  tengzrotures increased frm 26 t o  30 C 
(fig. 11). 

Mg'n l e v e l s  of dissolved ni t rogen a r e  reeched i n  t h e  Colmbia  River frm 
Ifiesch t o  A q y . x t ,  t h e  t i n e  of pak d p a t i c n s  of J m e n i l e  se lnon  and 
~ t e e l h a a d  t r o u t .  Fish supersaturated kritt f i t r o e e n  have lcwer tolerance 
f o r  hi&er teiz-cerature and suffer gas b ~ b t l e  "disease" ( ~ b e l ,  1969). 



l3gut-e 9 .--1SrtnUCj of .jl~-,znLh s&on d oAkeD.cad t r o u t  
a u b d e c k d  to 26 C f r u  d e = i i ~ ~ z t c d  con t ro l  t u l p z r r ~ t u r c o .  . 
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Figure lO.--!!grtr?lley of jw;aailc sdraon and ntcelhcnd t r o u t  nub j c c h d  
t o  29 C frm d c n i m t e d  cont ro l  t a p r a t u r a o .  81 





;;itrocen l e v e l s  i n  l a b o r ~ t o r j  m d  r i v e r  water were canparable. An 
increase i n  water tcxpers ture  i n  t he  r i v e r  r e s u l t s  i n  an increase  i n  
tk.e i e r cez t  of fi2 saturation. men the  X2 s a tu ra t i on  was ebove 11eP, 
the t m . p r a t u r e  t3 lc racce  l eve l s  of the  Cish were lower ( f i g .  7) .  

me exec: s e tma t i an  ley,?zl t t r t t  produces gas bubble d i sease  has not  
been ecte.blished. Ewi i -4  A p r i l  1953, when Ti9 sa tu ra t i ons  were i n  t he  
rilnge of 20-130+$, 13 ckccks --rere made a t  beach seine s i t e s  durir-4 a 
3-ueek ~ r i o d  t o  deternine i f  r i v e r  f i s h  had synptam of t he  "disease". 
A t o t a l  of 172 c53.cock were cczzLr,e2; 2.2 (12.~;) ked s~mptoas .  02 373 
coho j w c ~ i l c s  check< ,  67 (17.9$) hu l  symptma. I n  May one sanple of 
coho shored 31; had s;rm,ptms. 

B a t h s  t h e t  could be a t t r i b u t e d  t o  N2 d isease  during t h e m e l  to le rance  
t e s t s  uere noted. D-ere a p ~ e e r e d  t o  be no cons i s ten t  percentage of 
a f f l i c t i o n  ( o r  death)  t b t  could be c o r r e h t e d  with spec i f i c  t a p e r a t u r e  
increases .  I n  general, 311 iccrensing frequency of ni-crsgcn d i sease  
synptms vas associa'ucd with increasing t e n ~ r s t ~ e s .  F i sh  with gzs 
bubble s 7 p p t x ~ s  were nore susceg t lb le  t o  b a c t e r i a l  and fungus i n f ec t i ons  
which resu l ted  i n  death. 

This study inclu6ed th ree  concurrent ?bases : ( 1 )  zooplankton abundarce 
i n  the  1 x e r  r iver ,  ( 2 )  t he  u t i l i z a t i o n  3y juvenile chinook sal ron,  
( 3 )  the  efL'ect of t c n p r a t u r e  increases  on the  msst irn2o:-tant zoopiankter. 

Zoopk~ktsn aburzdsnce was s s z ~ l e d  on a r e g o r  basis ;  Daphnia was t he  
most aSus3a-rt Cladozeran followed by Bosmire. Cyclopoids vere t h e  nos t  
cib~x2snt cc_sepod f ollu.?ed by c t ihnoids  . Aburdance of zooplanktcn 
increese? -4lth increcsing water t e n p r a t u r e  ( f i g .  12) (Craddock and 
Psrcnte, :,5 1970). 

U t iUza t ion  of zoopbrikton, zs a food source, by juvenile chinook salmon 
was estebl isked t i r o ~ @  stc.=zch sanple a m l y s i s .  Samples '*ere co l lec ted  
during July t h ~ c w h  Ccto5cr 13% anci !krcn through Bcenber  1969. 
Insec t s  ucre  the  mjo r  p r t  of t he  d i e t  i n  spr ing  and f a l l n o n t h s ,  whereas 
z o o p h n k t ~ n  uere  or' zajor icl,prtance frcm J u l y  through October. Cver 95;; 
3f the  cao!:hdv;tcn cantents  of t h e  s t m a c h s  i n  Auwt-October  1968, end - - 
June thrzxgh I k c ~ S c r  1963 were Dapl-.nia; j-avenile chinook ap-xar t o  be 
s e l ec t i ve  f o r  D12kxia ( ~ r a d d ~ c k  and i"crente, .btS 1970). 

Thsm.sl t o l e r ~ q c e  tests were c~ndtzcted i n  t he  laboratory i n  Sea t t l e ,  using 
b:.rhr;ia f ra r ;  the C o L m b i a  River ( ~ r e s c o t t ,  0 r e ~ o n )  end f r m  a smll pond -- 
n e w  Sca t t l e .  &!atwing mid Cay-old h?!:nia pclex (acclirmted t o  15 C )  
had 52:; m o r ~ a U t y  i n  ~ S S  tlcm 24 h o b 3  and 109+ mor ta l i ty  i n  l e s s  than 
48 hours at  30 C. Iiighcr t m p s r a t u r c s  reduced s u n - i v a l  t i ~ e .  There x u  no 
r e p r o c l u c t i ~ r .  at jO C o r  ebo~ic. Lzrlhnia t h a t  were necrly cature when 

I-- 

t e s t i n g  began had decreased re~:rocucr,ian as -,he teaperature  i n c r e s e d ,  
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Hgurc 12.--Avern?e nmbcr of z m p l ~ r _ t , t o n  pcr cubic nzter ( c o l i d  Line) 

a?d avercze t2-3~rcturz (broken l i nz ) ,  Colmbir ~ i ~ r ,  Preucott ,  
Oregon, 196% 



~ e r e . m  thc3rr t h ~ t  :!ex One, d ~ y  old  when t e s t i n g  began and m t u r e d  
un2cr test rox2 l t i cn r :  h ~ d  3 .nc~eesed  .t '~pro2cct,ioa up t o  t h e  l e t h a l  
level (33o.e 27 C). i! 5 C jr 'c,~t,we c c r i b t i ~ n  t e q e r a t a r e  had 
little e f f a c t  ic c rL .ac ing  r e z i c t w a z  t o  els3.~atad teweratureg. Tne 
Colwbia Ri-<*er 2~ci!..1.i= s.zzrr2d to b-2 leas t o l e r a t  t o  t e q e r a t u r e  - --..-.-. 
inc;-es~eu t:?= t ~ c  ec.:;;i.,r: f:::n S e n t t l s .  Gz-;~?keat rcprceuct'lcn WELB 

g e n e r a y  n z s  occ ib t iv3  t e t~c r s txz -2  i ~ r t ~ d ~ c k ,  f.iS 1 9 7 ~  1. 

n c ~ d  nhock t z s t a  ~n,ccl~:.:x.?,ion t .e iqtrafu-e  of 15 C) ~lho'ded t h a t  CL 

15-dnute c q o a u r c  to t ~ ~ ; p ~ c , t c y z . s  of 3G C 3r leoc mezed t o  ha\-e l i t t l e  
e f f ec t  02 t h e  a u f l i y 8 1  sf 2. ~-;i, il 30-einute c.-.qooure of .--A-U_ D;.?knle 
acclic3ted es 22-23 c e i l ~ a d  a i ~ a $  ~ o f i d i t y  ir iesa thcn 30 ninut26 
at 35 C, mdvlesn th;m 2 3.373 at 34 C. 

ih 
-2rtnc::ts -,.~ith i:;Zc.\ri~-& Cz->l:nia chcved t e q e r a t u r e  (1) had G d e f i n i t e  .------- 
cffec-t cil -Liz~ to ff-3.: - - .  ~ Z . G D ~ ,  !, 2, p ; - ~ c t f  ~ e l l ~  eliaincted rggyo&~ct ion  
a t  30 C a d  i1bavc, 533 (3;  dec: .iizsx2C t k z  119e span as temperstares 
increased about 2 1  C ( f i g o .  13 a d  1 4 ) .  

B1~41m, Tsd X . ,  nnd 3obzr t  J. !!:Ccxlt?ll. 'E. 19?Cla. Effect of Lncreasad 
tc~.?z;.atur-.a on t h c  scrb~?,-rr2 of q r i n g  and ioll chinook s d n o n  , 

(C~~CO?:?-,T:~U-~ t i r c : : . - , : ~ ~ ~ n  ch2.j in t h z  lcxt'r Czlmbia  River. B d r .  Cornier. -- ------>- 
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