
Experiments on Thermal


Requirements for Growth and


Food Conversion Efficiency of


Juvenile Chinook Salmon


·Oncorhynchus tshawytscha


J. R. Brett. ·W. C. Clarke. and J. E. Shelbourn


.D ~ p a r t m e n t  of Fisheries and Oceans


Fisheries Research Btanch


Pacific ·Biological Station


anaimo. British Columbia V9R 5K6


ovember 1982


Canadian Technical Rej)ort of


Fisheries and Aquatic Sciences


o. 1127 ..' -'"...· ;....--

Go emment of Canada Gouvememen duCanada


FIShenes andOceans Pechese Oceans




Canadian Technical Report of


Fisherie and quatic dences


The e repo rt co ntain cientific and technical info rmatio n that repre ent an


impo rtant co ntributio n to e i ting kno",ledge but which fo r orne rea on rna no t be


appro priate fo r primary cientific (i.e. Journal) publicatio n. Technical Repo rt are


directed primaril toward a o rld ide audience and ha e an internatio nal


di tributio n. 0 re trictio n i placed o n ubject matter and the erie reflect the bro ad


intere t and policie o f the Department o f Fi herie and Ocean, namel fi herie


management techno lo g and de elo pment, o cean cience . and aquatic enviro nment


relevant to Canada.


Technical Repo rt rna be cited a full publicatio n. The co rrect citatio n appear


abo e the ab tract o f each repo rt. Each repo rt ill be ab tracted in Aquatic Sciences


and Fi herie Ab tract and ill be inde ed annuall in the Department' inde to


cientific and technical publicatio n.


umber 1456 in thi erie ere i ued a Technical Repo rt o f the Fi herie


Re earch Board o f Canada. umber 457-714 ere i ued a Department o f the


En iro nment, Fi herie and arine er ice, Re earch and De elo pment Directo rate


Technical Repo rt . umber 715-924 ere i ued a Department o f Fi herie and the


En iro nment, Fi herie and arine Ser ice Technical Repo rt . The current erie


name a changed ith repo rt number 925.


Detail on the a ailabilit o f Technical Repo rt in hard cop rna be obtained


from the i uing e tabli hment indicated o n the fro nt co er.


Rapport technique canadien de


dence halieutique et aquatique


Ce rappo rt co ntiennent de ren eignement cientifique et technique qui


con tituent une co ntributio n impo rtante au connai ance actuelle mai qui po ur


une rai o n ou po ur une autre, ne emblent pa appro prie po ur la publicatio n dan un


jo urnal cientifique. l in ' a aucune re trictio n quant au ujet de fait, la erie reOete la


va te gamme de interet et de po litique du ini tere de Peche et de Ocean,


no tamment ge tio n de peehe technique et de elo ppement cience oceanique et


en iro nnement aquatique, au Canada.


Le Rappo rt technique peu ent etre co n idere comme de publicatio n


co mplete. Le titre e act paraitra au haut du re ume de chaque rappo rt, qui era publie


dan la re ue Aquatic Science and Fi herie Ab tract et qui figurera dan I'inde


annuel de publicatio n cientifique et technique du ini tere.


Le numero 1456 de cette erie o nt ete publie atitre de Rappo rt technique de


I'Office de recherche ur Ie pecherie du Canada. Le numero 457-714, a titre de


Rappo rt technique de la Directio n generale de la recherche et du de elo ppement,


er ice de peche et de la mer, mini tere de I En ironnement. Le numero 715-924


o nt ete publie a titre de Rappo rt technique du er ice de peche et de la mer,


ini tere de Peche et de I En iro nnement. Le nom de la erie a ete modifieapartir du


numero 925.


a page cou erture po rte Ie nom de I'etabli ment auteur ou I'on peut e pro curer


Ie rappo rt ou cou erture carto nnee.




Canadian Technical Repo rt o f


F is h e rie s and Aquatic Sciences No. 1127


November 1982


EXPERIMENTS ON THERMAL REQUIREMENTS FOR GROWTH AND


FOOD CONVERSION EFFICIENCY OF JUVENILE CHINOOK SALMON


Onco rhynchus tshawytscha


by


J . R. B re t t , W. C. Clarke, and J . E. Shelbo urn


Department o f F is h erie s and Oceans


F is h e rie s Research Branch


P acif ic Bio l o g ical S t a t io n


Nanaimo , B rit is h C o ~ u m b i a  V9R 5K6




- 1 1 -

(c) M in is t e r o f Supply and Services Canada 1982


Cat . No. Fs 97-6/1127 

ISSN 0706-6457




- 111 -

ABSTRACT


J . R. B r e t t , W . C. C l a rk e , and J . E. S h e l bo urn . 1982 . Expe rim en t s o n th e rm al


re qu irem e n t s f o r g ro w th and fo o d co n ve rs io n e f f ic ie n c y  o f ju v e n i l e


ch in o o k s alm o n , Onco rhynchus t s h aw y t s ch a . Can. Tech . Rep. F is h . Aquat .


S c i . No . 1127 : i v + 29 P .


F eed in g and g ro w th expe rim en t s o n N echako R ive r and Big Q ual icum


R ive r ch in o o k ju v e n i l e s were co nducted f o r 28 d ay s a t t em pe ra t u re s from 16° t o 


24°C (N echako ) and 14° t o  25°C (B ig Q ual icum ). On maximum d a i l y  r a t i o n ,


o ptimum t em pe ra t u re f o r g ro w th was appro xim at e l y 19°C, abo ve which f e ed in g and


g ro w th d e cre a s e d p a r t i c u l a r l y  abo ve 22°C. M o r t a l i t i e s  re ach e d 64% a t 25°C, 1n


ag reem en t w it h e a r l i e r s t u d ie s o n l e t h a l t em p e ra t u re s . In co m paris o n w it h


Q ual icum ch in o o k s , N echako ju v e n i l e s  had a lo w er g ro w th r a t e and f o o d


co n ve rs io n e f f ic ie n c y  a t a l l  but th e h ig h e s t t em p e ra t u re s .


M easures o f g ro w th r a t e o f n a t u ra l p o pu l a t io n s in t h e N echako R ive r


sho wed t h a t t h e r a t e  co rre s po n d e d t o  a f e e d in g l e v e l o f  60% o f maximum d a i l y 


in t a k e . The e f f e c t o f such a reduced r a t i o n  o n t h e o ptimum t em pe ra t u re f o r


g ro w th was deduced f ro m a re s p o n s e mo del f o r s o ckey e salm o n . Th is


sho wed t h a t t h e expect e d o ptimum in n a t u re f o r g ro w th o f N echako R ive r


ch in o o k s wo uld o ccur a t 14.8 °C . I t  was f u r t h e r deduced t h a t s u b l e t h a l g ro w th


s t r e s s  (20% r e d u c t io n in g ro w th from o ptimum) wo uld o ccur in t h e re g io n o f


1 8 ~ 1 9 ° C ,  and t h a t f o r t h i s  f e e d in g l e v e l no g ro w th wo uld be p o s s ib l e a t


2 1.4°C .


K ey w o rd s : ch in o o k salm o n , t em pe ra t u re e f f e c t , g ro w th r a t e s , f o o d co nverS10 n ,


r a c ia l d i f f e r e n c e
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RtSUMt


J . R. B re t t , W. C. Clarke, and J . E. Shelbo urn. 1982. Experiments on thermal


requirements fo r growth and food co nversio n ef f iciency o f juvenile


chino o k salmo n, Oncorhynchus t s h a w y t s c h ~ .  Can. Tech. Rep. Fish. Aquat.


Sci. No. 1127: iv + 29 p.


Des experIences po rtant sur l 'al im en tat io n et la cro issance ont e t e


ef f ectuees pendant 28 jo urs sur de jeunes saumons quinnats provenant des


riv ie re s Nechako et Big Qualicum a des temperatures variant respectivement de


16 a 24°C (Nechako) et de 14 a 25°C (Big Q ualicum). Moyennant une rat io n


quo tidienne maximale, la temperature o ptimale de cro issance des saumons e t a it


d 'enviro n 19°C; a une temperature superieure, i l y a eu une diminutio n de


I 'al im entat io n et de la cro is sance, part iculierement au-dessus de 22°C. Le


taux de mo rtal ite a at t e in t 64% a 25°C, ce qui conco rde avec des etudes


an terieures po rt ant sur le s temperatures l e t a l e s . A t o utes les temperatures


sauf aux temperatures les plus elevees , Ie taux de cro issance et l ' e f f ic ac it e


de la trans f o rmatio n de no urriture ont e te plus f aibles chez les jeunes


saumons quinnats de la rivie re Nechako que chez ceux de la rivie re Q ualicum.


Les mesures de taux de cro i ssance des po pulatio ns indigenes de la


rIV Iere Nechako ont montre que ce lui-ci co rrespo ndait a une alimentatio n


equivalent a 60% de la rat io n quo tidienne maximale. L 'e f f e t d'une rat io n


auss i reduite sur la temperature o ptimale de cro issance a e te deduit a par t ir


des reactio ns enreg is t res chez Ie saumon ro uge. Cel les -ci ant montre que la


cro is sance, dans l a nature, des saumons quinnats de la rivie re Nechako devrait


e t re o ptimale a 14,8°C. On en a co nclu egalement que Ie niveau s o us -Ie tal de


cro is sance (baisse de 20% par rappo rt a l 'o ptimum) s e rait a t t e in t en t re 18 et


19°C et que, a ce niveau d 'al im entat io n , aucune cro issance ne s e rait po ssible


a 21 ,4°L 


M o ts-cles : Saumon quinnat, e f f e t de Ie temperature, taux de cro issance


trans f o rmatio n de 18 no urriture , dif f erence entre les races ,




I . INTRODUCTION


A l t e re d f lo w s and reduced d is ch a rg e o f w at e r in t h e N echako R iv e r ,


B r i t i s h  Co lumbia, have r e s u l t e d  in t em pe ra t u re e l e v a t io n s c o n s id e rab l y  abo ve


n o rm al , o n o cca s io n t em p o ra r il y exceed in g th e l e t h a l t em pe ra t u re f o r mo s t


s a lm o n id s . The Aluminum Company o f Canada (Alcan ) h o l d s th e w at e r l ic e n c e f o r


d eve l o p in g hy d ro  e l e c t r i c power in t h e re g io n

l 

. F o l t h e c o n s t ru c t io n o f


K enney Dam, l o c a t e d a t t h e o u t l e t o f N atalkuz L ake, t h e h eadw at e rs o f t h e


N echako R ive r were d iv e r t e d wes tward to  th e K emano g e n e ra t in g  s t a t i o n ; s p i l l 


in t o  t h e N echako R ive r was s u b je c t t o  f u l l c o n t r o l by th e o p e r a t o r s .


I n 1980, Alcan p lan n ed t o  red uce t h e s p i l l  d is c h a rg e in t o  t h e


N echako R ive r t o  a lo w er l e v e l in o rd e r t o  pro vid e add i t i o n a l w at e r f o r power


g e n e ra t io n . Th is caus ed t h e Departm en t o f F is h e r ie s  and Oceans t o  become


co n ce rn ed f o r t h e s a f e t y  o f r e s id e n t ju v e n il e ch in o o k salm o n (Onco rhynchus


t s h aw y t s ch a) and m ig ran t a d u l t s o ckey e salm o n ( 0 . n e rk a ) . As a r e s u l t , t h e


Departm en t e n t e re d in t o  d is c u s s io n s w it h Alcan r to  e n s ure t h a t


d is c h a rg e in t o  t h e N echako R ive r was ad equat e t o  th e salm o n w it h


s u f f i c i e n t h a b i t a t and t o  p r o t e c t them from e xc e s s iv e l y  h ig h w at e r


t em p e ra t u re s .


The p re s e n t s t ud y was un d e rt ak e n t o  d e t e rm in e t h e e f f e c t s  o f h ig h


w a t e r t em pe ra t u re o n g ro w th and fo o d co n ve rs io n e f f ic ie n c y  in ju v e n il e ch in o o k


s alm o n . Such in f o rm a t io n was re qu ire d in a d d i t io n t o  f i e l d  o b s e rv a t io n s in


o rd e r t o  a s s e s s t h e p o t e n t ia l f o r s u b l e t h a l s t r e s s  impo sed by reduced f e e d in g


o p p o r t u n i t y  in  warm w a t e r . K no wledge o f t em pe ra t u re t o l e ra n c e and s u b l e t h a l


s t r e s s  re s po n s e s o f ch in o o k salmo n i s  f a r from ad equat e t o  d e f in e s a f e th e rm al


l im i t s . In d e e d , t h e qu e s t io n o f s e t t i n g  acce p t ab l e l im i t s  o f n a t u r a l


e n v iro nm en t a l f a c t o r s l ik e t em p e ra t u re , which can rang e from b e n e f ic ia l t o 


h arm f u l e f f e c t s , i s  a p ro b l em a t ic a l o ne f o r p re c is e d e f i n i t i o n , I t  i s 


t h e r e f o r e co n s id e re d n e ce s s a ry a t th e o u t s e t t o  o u t l in e t h e p l an o f re s e a rch


and i t s  co n ce p t ua l b a s i s .


I I . RESEARCH


The c r i t e r i a  f o r s e t t  s a f e l im i t s  o f t em pe ra t u re f o r f i s h  have


been co n s id e re d by va r io u s au t h o rs ( e . g " Co ut an t 1977- A l aba s t e r and L lo y d


1980; E l l i o t t  19 8 1), It  has been n o t e d , f o r in s t a n c e , t h a t no d i r e c t r e l a t i o n 


e x i s t s  be tw een l im i t s  o f d i s t r i b u t i o n  and upper l e t h a l t em p e ra t u re s , t h e


l a t t e r u s u a l l y  be in g 4°-6°C abo ve th e l im i t s  o f no rmal enviro nm en t a l


e xp e r ie n c e . One p r in c ip l e g o ve rn in g t h e c r i t e r i a  f o r d e t e rm in in g t o l e r a b l e 


l I n  1950 t h e G o vernment o f B r i t i s h  Co lumbia g ran t e d t h e r ig h t t o  Alcan to 


d iv e r t a p o r t io n o f t h e w at e rs o f t h e Nechako and N anika r iv e r s  in t o  t h e


K emano R iv e r .
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s u b l e t h a l s t r e s s  in vo l ve s s e t t  ac ab l e l im i t s  to  th e re d uc t io n o f such


v i t a l  f un c t io n s as s pe e d , m e t abo l ic s co pe , t iv e c a p a c i t y ,


g ro w th , and fo o d co n ve rs io n e f f ic ie n c y . Because such in f o rm a t io n o n ch in o o k


salm o n was alm o s t e n t i r e  > reco mmendat io ns f o r s a f e l im i t s  o f


t em pe ra t u re e l e v a t io n were made i n i t i a l l y  in f e re n ce from kno w ledge o f o t h e r


s a lm o n id s , p a r t i c u l a r salmo n (B re t t 1969, B re t t e t a l . 19 69 ). In


g e n e ra l , abundance o f ju v e n i l e s is c u r t a i l e d  a t h ig h enviro nm en ta l


t em pe ra t u re s where c a p a c i t y  and f o o d co n ve rs io n e f f ic ie n c y  are reduced


by abo ut o n e - f i f t h  o f t h a t f o r th e o ptimum , acco rd in g to  th e


f e e d in g l e v e l o r r a t i o n  in vo lve d (B r e t t 19 71). Because r i s i n g  t em pe ra t u re s


p l ace an in c re a s in g  demand f o r ene rg y to  s u s t a in  m e tabo l ism , f e ed in g


r a t e s  a re re qu ire d t o  ach ieve A l t e rn a t iv e i f  f e e d in g


app o r t is r e s t r i c t e d  a s h i f t in th e curve r e l a t r a t e t o 


t em pe ra t u re o ccu rs such t h a t t h e imum f o r d e c re a s e s .


Th is has been d e t e rm ined a1 f o r


s o ckey e salm o n (Fig . I ), bro wn t r o u t , y e l l o w , and w h it e s uck e rs (B re t t


e t a l . 1969 ; K i t c h e l l and S t ew art 1977; E l l i o t t  1976; K o ens t and Sm ith 19 8 0 ).


The ip l e  wo uld in a s im i l a r f a s h io n t o  s t sh which wo uld


l o s e l e a s t w eig h t when a t th e l o w es t t o l e r a b l e t em pe ra t u re . The v e r t i c a l


io n o f l ak e - d w e l l yo ung in t o  c o l d , w at e r in summer has


o n th e abo ve e n e rg e t ic i s , which is a f u r t h e r


o f a t lo w er r a t u r e when f o o d i s  l im i t in g 


B ie t t e  and G een 19 8 0 ).


been 

i l l u s t r a t i o n  

(B r e t t 1971; 

To d e t e rm in e th e r e l a t io n o f enviro nm en ta l r a t u r e to  th e g ro w th


capac o f yo ung ch in o o k salmo n · and mo re ic u l a r f o r t h e


l e v e l o f f eed o ppo r t un i o f th e N echako R ive r io n , a s e r ie s  o f


s t e p s invo  1 expe rim e n t s , f i e l d  o b s e rv a t io n s , and th e


a p p l ic a t io n  o f sa1mo nid mo dels was nece s s ary _ These e n t a i l e d :


t e s t s  to  e s t a b l i s h  th e r e l a t i o n  

( 1 ) 

r a t i o n  and g ro w th - f ro m which f o o d co n ve rs io n e f f i e  

d e t e rm in e d . The expe rim en t s invo lved l o c a l s t o ck s o f 

s i z e , and were co nduct ed d ur th e s eas o n o f maximum 

ra t u r e ;


betw een t em pe ra t u re ,


co uld a l s o  be


an a t e r iv e r


e n viro nm en t a l


(4) 

t h e rm al c h a r a c t e r i s t i c s  o f 

ch in o o k from an e n t i r e l y  

aus e


a


f f e r e n t 

th e ib a p t a t i o n  to  th e


w a t e rs h e d , some ~ v e  s t u d ie s o n


l o c a t io n were co n d uct e d .


I n


t h e expec t e d


n a t u r a l p o pu l a t io n .


s u i t a b l e  enviro nm erit


e c t iv e was to  cleve th e curve t h a t re p re s e n t e d


r e l a t i o n s  f o r t h e d a i f e e d in g l e v e l o f t h e


an inf o rm ed e s t im a t e o f l im i t s  o f maximum


a s c e r t
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I I I .  MATERIALS AND METHODS


A. EXPERIMENTAL STUDIES


(1) S o urce and s upp l y o f f i s h 


Chino o k f r y  (n = 280 ) were o b t a in e d in e a r l y  May by se1n1ng in t h e


uppe r N e thako  R iv e r . They were th en s h ipped by a i r t o  th e P a c i f ic B io l o g ic a l


S t a t i o n , N anaimo , B.C. On May 11, 1981, a sample o f  30 f ry had a mean l e n g t h


o f  3 .8 5 cm + 0 .3 7 SD and mean w eig h t o f 0 .41 g + 0 .21 SD. The y o l k was m o s t l y


ab s o rbe d , a l l  f ry  be in g "bu t t o n e d up" . As in d ic a t e d by th e v a r ia n c e ,


t h e rang e in l e n g t h and w e ig h t was c o n s id e ra b l e , w it h some o f th e f ry in


f a i r l y  po o r c o n d i t io n b o rd e r in g o n p in h e ad s . F o r expe rim e n t a l purp o s e s , t h e s e


were s ub s e que n t l y weeded o u t , us in g o n l y t h o s e t h a t f e l l  w it h in +lSD o f  th e


mean.


A co m parable s t o c k (n = 440 ) f ro m t h e Big Q ual icum R ive r h a t c h e ry 


(V anco uver I s l a n d ) was o b t a in e d in F e b ruary , 1981, as eg g s . The h at ch ed f ry


were h e l d a t SoC. W hen sampled (n = 3 0 ) o n t h e same d a t e as t h e N echako f ry 


(M ay 11) t h e y had a mean l e n g t h o f 3 . 8 8 em + 0 .0 5 SD and a mean w e ig h t o f


0 . 44 g + 0 . 0 5 SD. Al th o ug h o f ve ry s im il a r - a v e ra g e s iz e t o  t h e N echako f r y ,


t h e B ig -Q ual icum f ry were no t f u l l y  bu t t o n e d -up and were o f ve ry un if o rm s iz e


w it h o u t any s u g g e s t io n o f be in g un d e rf e d .


(2 ) C u l t u re and t em pe ra t u re h i s t o r y 


The two s t o ck s were ra is e d o n Oreg o n M o is t P e l l e t s  (aM P) f o l l o w in g


an i n i t i a l  a p p e t i t e s t im u l a n t o f b r in e s h rim p . F eed in g was t h re e t im e s pe r


day t o  n e ar s a t i a t i o n . .  Tem pe rature s were m ain t ain e d a t appro xim at e l y 10°C


u n t i l  J u l y  27 , t h e n ra is e d  t o  lSo C f o r 1 wk. At t h a t t im e t h e f is h  w ere


t r a n s f e r r e d  f ro m the c u l t u r e tank s t o  rando m ly as s ig n e d expe rim e n t a l t an k s


(2 3 ) in  which t h e t em pe ra t u re s were un if o rm l y s e t a t 20°C. A t o t a l o f  30 f i s h 


was weighed f o r each tank o n Augus t 5, th e s t a r t  o f th e 28 expe rim e n t .


The a s s ig n e d expe rim e n t a l t em pe ra t u re s were t h en s e t f o r each t an k o n t h a t


A sample o f 25 f i s h  from each o f th e r iv e r s t o ck s was drawn from th e


(3 ) E xpe rim e n t a l d e s ig n


Because o f i n t e r e s t in t h e e f f e c t s  o f warm w at e r o n th e v i a b i l i t y  o f 


yo ung s alm o n , expe rim e n t a l t em pe ra t u re s were ch o s en in th e v ic in i t y  o f th e


expe c t e d o ptimum (be tw een 15° and 20°C) r i s i n g  t o  t h e l im i t o f t em pe ra t u re


t o l e r a n c e , in t h e v ic in i t y  o f th e upper l e t h a l t em pe ra t u re a t abo ut 25°C


( B r e t t 19 52 ). In e s s e n ce t h e s o ckey e mo del (F ig . 1) was used as t h e


p ro t o t y p e ; ho w ever, th e s e n s i t i v i t y  o f th e p re s e n t s t ud y was in c re a s e d


c o n s id e rab l y  by t e s t i n g  a t IDe i n t e r v a l s  in s t e a d o f t h e w id e - ran g in g 5°C


in t e r v a l s  used p re v io u s l y  f o r s o ckey e .
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W ith th e l e s s e r number o f a v a il a b l e f o r th e N echako s t o ck , th e


s e l e c t e d  t em pe ra t u re s w ere : 16 °, 19 °, 20° > 2 1°. 2 2 °, 2 3 °, and 24°C, 

r e p l i c a t e s  perf o rm ed a t 2 0 ° , 2 2 ° , and 24°C ( t o t a l  o f 10 t a n k s ) . The 

Q ual icum s t o c k was t e s t e d  a t a s l i g h t l y  w id e r rang e o f t em pe ra t u re s : 

1 6 ° , 1 8 ° , 1 9 ° , 2 0 ° , 2 1 ° , 2 2 ° , 2 3 ° , 2 4 ° , and 25°C. w ith r e p l ic a t e s  a t 

and 24°C ( t o t a l o f  13 t a n k s ) .


w it h


Big


14 ° ,


2 0 ° , 2 2 ° ,


Fo o d was c a r e f u l l y  weighed o u t each w it h th e l a s t f e e d in g


co n t in ue d u n t i l p e l l e t s  were r e j e c t e d . Th is was e s t im a t e d (by co un t in g


un e a t e n p e l l e t s ) t o  be 5% in  exce s s o f s a t i a t i o n . In t h i s  way t h e maximum


d a i l y  r a t i o n  (R

max

) was e s t a b l i s h e d . Fo o d co n ve rs io n e f f ic ie n c y  was


d e t e rm in ed by r e l a t i n g  t h e t o t a l d ry w e ig h t o f f o o d co nsumed t o  th e d ry w e ig h t


o f g ro w th ach ie ve d . In t h e few cas e s where f is h were ured o r d ied betw een


w e ig h in g s t h e assumed q u a n t i t y  o f f o o d e a t e n was p ro ra t e d acco rd in g t o  th e


f r a c t i o n  o f th e pe rio d t h a t th e f is h were a l iv e .


B. FIELD STUDIES


Sampl ing o f F is h


J u v e n i l e ch in o o k s were t rappe d o r s e in e d w it h in 2 km o f I r v i n e ' s 


L o dge o n th e upper N echako R ive r appro xim at e l y 10 km do wns tream from C h e s 1a t t a


F a l l s , t h e o u t f a l l  o f M urray L ake . The f is h  were e i t h e r m easured and weig hed


im m ed iat e l y ( t r a p p e d ) , o r pre s e rve d in a l co h o l ( s e in e d ) and weighed l a t e r . 


Sample s iz e was u s u a l l y  50 f i s h , but o n o ccas io n o n l y sm a l l e r


numbers were caug h t ran g in g down t o  20 and 10 .


F is h in g beg an o n M arch 22nd , 1981, and co n t in ue d o n a d a i l y  b a s is 


t o  May 8 , 1981. L at e in May and e a r l y  J un e some mo re samples were o b t a in e d


w it h a l ap s e u n t i l  September when in t e n s iv e s am pl ing was renewed l a s t i n g 


t h ro ug h o u t th e mo nth . R ive r t em pe ra t ure s were reco rd ed a t I r v i n e ' s  L o dg e.


RESULTS


EXPERIMENTAL STUDIES


(1) M o r t a l i t i e s  and l e t h a l


Because o f th e l im it e d number o f Nechako ch in o o ks a v a i l a b l e , o n l y


t h e Big Q ual icum ju v e n i l e s were expo s ed t o  a t em pe ra t ure o ve r 24°C. One t an k


was as s ig n e d a o f 25°C. Over th e th e r a t u r e


ave rag e ran g e . mo s t a t t h e


s t a r t  ( from 20 °C), w it h in a week i t  was apparen t t h a t many had


ceas e d t o  f i r s t  f is h  d ie d o n t h e 8 t h day , and f is h  co n t in ue d t o  d ie 
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s p o r a d ic a l l y  re ach in g a cum ula t ive t o t a l o f 64% dead by th e 2 8 t h day (Tabl e 1,


F ig . 2 ) . M o ribund f i s h  were f re q u e n t l y  b l o a t e d w it h w at e r and u s u a l l y 


d eve l o ped po pey e .


'At 24°C, two Big Q ual icum f is h  d ied o n t h e 7 t h and 8 t h  day s w it h o u t


any f u r t h e r l o s s . S in ce a mean g ro w th r a t e o f  1.6% w t /d ay c h a ra c t e r iz e d  t h e


s t o c k as a who le (2 Q ual icum t an k s and o ne N echako t an k , f o r a t o t a l n=75) no


d i r e c t l e t h a l t em pe ra t u re s ig n i f ic a n c e was a t t a c h e d t o  t h e s e 2 c a s e s .


P re s um ably , t em pe ra t u re had p r e c ip i t a t e d  d e a t h from o t h e r cau s e s .


The upper l e t h a l t em pe ra t u re f o r ju v e n i l e ch in o o k salm o n (4 .4 em,


1.0 3 g ) f ro m Dungenes s R ive r h a t c h e ry , W ash ing t o n , U .S .A. was d e t e rm in ed by


B re t t (1952 ) t o  be 25.1 °e + 0 .1 SE. F is h were t e s t e d  f o r a pe rio d o f j u s t


o v e r 1 week. At 2 4.5°e t h e - r e s i s t a n c e t im es were re p o r t e d t o  exceed t h e


a l l o t t e d  t e s t t im e i . e . , l e s s  t h an 50% d e a t h was re co rd e d . At a t e s t 


t em pe ra t u re o f  2 5. 0

0 

e t h e t im e s t o  50% d e a t h were d e t e rm in ed as 7 .4 day s when


acc l im a t e d to  20°C, and 8 . 5 day s when acc l im a t e d to  24°C. Th is i l l u s t r a t e s 


t h e f a c t t h a t l e t h a l t em pe ra t u re s a re a s e n s i t iv e p h y s io l o g ic a l in d ex. At t h e


c r i t i c a l  t h e rm al l e v e l a chang e o f no mo re th an 0 . 2 °e can make th e d i f f e r e n c e


be tw een l i f e  and d e a t h .


The p re s e n t expe rim en t s were no t d ir e c t e d  a t d e t e rm in in g l e t h a l 


t e m p e ra t u re s , but t h e tank t em pe ra t u re s were e l e v a t e d t o  bo rd e r o n t h e known


l e t h a l l e v e 1. From th e r e s u l t s  a t 2 4. 0

0 

e and 24.8 °e t h e t em pe ra t u re cau s in g


50% d e a t h (LT50) in 28 day s was 24.7 °e . There i s  in s u f f i c i e n t evid en ce to 


co n c lud e t h a t any s ig n i f i c a n t d i f f e r e n c e in l e t h a l t em pe ra t u re o ccu rre d


be tw een any o f th e p re s e n t s t o ck s (Q ual icum and N echako ) and t h e e a r l i e r t e s t s 


(Dung enes s s t o c k ) . In g e n e ra l , t h e y co n f irm t h e p re v io u s f in d in g s as f a r as


l e t h a l i t y  i s  co n ce rn e d .


(2 ) G ro w th r a t e  x t em pe ra t u re ( s a t i a t i o n  r a t i o n )


As expe c t e d f ro m r e s u l t s  w it h o t h e r s alm o n id s t h e g ro w th r a t e  ro s e


w it h t em p e ra t u re , pas s in g th ro ug h an o ptimum and th en f a l l in g  ra p id l y  as th e


l e t h a l t em pe ra t u re was appro ach ed (Tab l e 2 ; F ig . 3 and 4 ) . The appare n t sm a l l


bu t p o s i t iv e g ro w th ra t e a t 2 4 . 8 °e f o r Big Q ual icum f is h  c o n t a in s a b ia s in


t h a t t h e s iz e ach ieved was t h a t o f t h e s u rv iv o r s - 36% o f t h e t o t a l . L o s s o f 


w e ig h t and s ubs equen t d e a t h c h a ra c t e r iz e d  t h e ba l an c e , m eaning t h a t i f  th ey


had l iv e d t h e n e t r e s u l t wo uld have been n e g a t iv e W ith t h i s 


s is h  s


r a t e s  o ve r t h e pe rio d 0


A re d t - t e s t  f o r t re a tm e n t s a t co m parable r a t u r e s  (10 )


in d ic a t e d  t h a t th e Rig Q ual icum f is h  grew s i g n i f i c a n t l y  f a s t e r t h an t h e


N echako f i s h  (p < 0 . 0 5 ) . H o wever, g ro w th r a t e  is  known t o  be in v e r s e l y 


r e l a t e d  t o  bo dy s iz e (B re t t and S h e lbo urn 19 75). I f  t h e g ro w th ra t e s were


a d ju s t e d t o  acco un t f o r t h e l a r g e r s t a r t i n g  s iz e o f t h e B ig Q ual icum f i s h , t h e


mean d if f e r e n c e betw een s t o ck s wo uld in c re a s e from an ave rag e o f 0 .15% /day t o 


0 .59% /d ay , i . e . , a h ig h l y s ig n i f i c a n t d i f f e r e n c e ( s e e F ig . 6 , and l a t e r


d is c u s s io n ) .
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F ig , 3 and 4 i l l u s t r a t e  th e g ro w th perf o rm ance o f each s t o ck in


r e l a t i o n  t o  t em pe ra t u re . The l in e s  re p re s e n t n o n l in e a r qu ad ra t ic f i t s  t o  t h e


d a t a (Tabl e 3 ) , The s t an d a rd d e v ia t io n s f o r t h e g ro w th ra t e s p re d ic t e d by th e


r e g re s s io n e qua t io n s a t 19°-23 °C were O.02% -O.03% /day ; ho wever t h e mean


d i f f e r e n c e in g ro w th ra t e betw een a l l r e p l ic a t e s  was + 0 .11 %/day (Table 2 ) .


The peak g ro w th re s p o n s e o n maximum r a t i o n  was e s t im a t e d t o  o ccur a t 20 .So C


f o r th e Big Q ual icum s t o ck (3 .3 2% /day ) and I 8 . g 0 e f o r t h e N echako s t o ck


O. l S % /d ay ) .


D e s p it e t h e l ack o f co m parable t em pe ra t u re preC1S10n in e a r l i e r


expe rim en t s i t  is c l e a r t h a t ch in o o ks have a h ig h e r o ptimum t em pe ra t u re , o f


t h e o rd e r o f  3 -4°C abo ve s o ckey e . Th is i s  undo ubted in keepin g w it h t h e i r


h a b i t o f o ccupy ing s t re am s d urin g th e summer m o n th s , un l ik e s o ckey e which


d a i l y  d e s cend t o  c o o l , deep w at e rs d u rin g Ju and Augus t .


(3 ) F eed in g re s p o n s e


D ail y re co rd s were kept o f th e a p p e t i t e d is p l ay e d by th e f is h in


each t an k . At eve ry ure up t o  22°C th e re s po n s e was a t l e a s t g o o d ,


and m o s t l y e xc e l l e n t . There was no n o t ic e ab l e d urin g th e 4-week


p e r io d . At 23°C an i n i t i a l  go o d a p p e t i t e f e l l  o f f  by t h e 3 rd week t o  f a i r . 


At 24°C, th e a p p e t i t e s equence was reco rd ed as go o d ~  f a i r ~  po o r ~  i r r e g u l a r


in  th e f in a l week. Fo r th e h ig h e s t t em pe ra t u re , a t 2SoC, an i n i t i a l  f a i r


re s p o n s e qu ick l y f e l l  o f f  t o  po o r and th en t o  n i l (w it h f o o d r e j e c t e d ) by t h e


s eco nd week. Th is co in c id e d w it h th e s t a r t o f m o r t a l i t i e s .


Fo o d co n ve rs io n e f f i e  in bo th s t o ck s e xh ib it e d l i t t l e  change a t


t em pe ra t u re s from 16 -2 I°C (Table 2 ; F ig . 5 ) . H o wever, th e d if f e r e n c e betw een


th e s t o c k s was mo re pro no unced th an f o r r a t e . A t - t e s t  f o r t h e


t e n co mparable t re a tm e n t s d em o n s t ra t e d t h a t th e fo o d co n ve rs io n e f f ic ie n c y  o f


t h e Big Q ual icum f i s h  was s f ic a n t l y  e r th an f o r t h e Nechako f i s h 


. 0 0 1) . In c o n t r a s t to  r a t e fo o d co n ve rs io n e f f i e  is no t


known t o  be s f o r ju v e n i l e s h . H ence th e d if f e r e n c e ~ n 


s t a r t  s ~ z e  betw een s t o ck s wo uld no t be expect ed to  in f l u e n ce th e


co nve rs 10 n e f f i e  icum ch in o o k s and


co n ve rs e f f i e  N eehako ch in o o k s . These


t h o s e d e t e rm in ed f o r abo u 1 C. H o wever, t h e 

f l a t  in t h i s  re g io n t h a t 1°C a l t e r s  co n ve rs io n e f f i e  

O.2 % - - c e r t a in l y no t a b io l o g ic a l l y  s ig n i f i c a n t d i f f e r e n c e .


(5) Tem perature r e l a t i o n s  f o r common s ~ z e 


curve s are s o 


l e s s t h an


I n o rd e r to  f u r t h e r th e co m paris o n tween th e two s t o ck s ,


t h e s p e c i f ic g ro w th r a t e s  (G ) were c o r re c t e d f o r i n i t i a l  s iz e d if f e r e n c e by


app l y in g th e g e n e ra l LOn deve l o ped f o r s alm o n id s : j/, n G  '" 5 .1+2-0.1+0 j/, nW t
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( B r e t t and S h e lbo urn 19 75). A common s t a r t i n g  we t o f 3 . 0  g was ad o p t e d .


I t  was assumed t h a t t h e e qu a t io n param e t e rs ap p l ie d equa a t a l l 


t e m p e ra t u re s . The c o r r e c t io n c a l l e d  f o r add ing 0 .12% w t /d ay t o  t h e o bs e rved


v a l u e s f o r B ig Q ual icum and s u b t r a c t in g  0 .32% w t /d ay f o r t h e Nechako g ro w th


r a t e s . The un co rre c t e d ave rag e d i f f e r e n c e o f 0 .15% w t l day became 0.59% Id ay.


I t  was a l s o  p o s s ib l e t o  ext en d th e curve r e l a t in g  G  t o  t em pe ra t u re


by re f e r e n c e t o  s t u d ie s  pe rf o rm ed by Banks (1971; Banks e t a l e 1971) and


m o d e l l e d by S t a u f f e r (19 7 3 ). R e s u l t s o b t a in e d f o r t em pe ra t u re s a t 7 . 5 ° , 10 °,


12 .5° and 15°C were app l ie d t o  t h e Big Q ual icum curve by p r o r a t in g  t h e v a l u e s


s t a r t i n g  a t lSo C w ith an ave rag e G  o f  3.05% w t /d ay ( · 6 ) .


L ack in g th e a c t u a l g ro w th d a t a f o r th e f u l l rang e o f t o l e r a b l e 


t em p e ra t u re s (0 °-2 5°C ), t h e abo ve e xt e n s io n p ro v id e s t h e b e s t appro xim at io n o f


how th e do me-shaped curve wo uld appear f o r t h i s  s alm o n id s p e c ie s . I t  i s 


deduced f ro m t h e co m po s it e in f o rm a t io n t h a t t h e imum t em pe ra t u re f o r g ro w th


o f  ch in o o k ju v e n i l e s o ccurs a t abo ut 19°C when o n maximum r a t i o n .


(6 ) S t o ck d i f f e r e n c e


I t  i s  o f  i n t e r e s t t h a t t h e g r e a t e s t d i f f e r e n c e be tw een th e two


s t o c k s o f f is h  o ccurre d in t h e re g io n o f th e o ptimum t em pe ra t u re , w it h l e a s t


d i f f e r e n c e appe a rin g in t h e p ro xim it y o f t h e upper l e t h a l t em p e ra t u re . Th is


s u g g e s t s a s e l e c t iv e mechanism o p e ra t in g  t o  pro duce a g e n e t ic d if f e r e n c e a t


t h e p o in t where p h y s io l o g ic a l c a p a c i t y  t o  co n ve r t f o o d and t o  gro w i s 


g r e a t e s t . S in ce abundance and d i s t r i b u t i o n  depend o n be in g p ro s p e ro u s , i t 


wo uld appear t h a t s e l e c t i o n  f o r s u i t a b i l i t y  wo uld o ccur a t t em pe ra t u re s where


v i a b i l i t y  was g r e a t e s t . As s t a t e d , salmo n do no t n o rm al l y o ccur in th e


v i c i n i t y  o f t h e i r l e t h a l t em p e ra t u re .


Because t h e Big Q ual icum f i s h  were f ro m h a t ch e ry s t o c k , i t  co ul d be


arg ued t h a t s e l e c t i o n  f o r g ro w th was o ccu rr in g amo ngs t t h o s e f is h  b e s t ab l e to 


d ig e s t and us e a r t i f i c i a l  f o o d - Orego n m o is t p e l l e t s . H o wever, s u c c e s s f u l


h a t c h in g  and re l e a s e o f s ig n i f i c a n t numbers o f ch in o o k ju v e n i l e s d id no t o ccur


u n t i l  197 W ith a m a t u ra t io n t im e o f  5 y r t h re e Io n s co u l d


have in th e t im e - s pan in v o l v e d , hard f o r any f ic a n t


g e n e t ic


t h e cau s e , th e ic a n t f a c t is t h a t th e s c l e a r l y  show


N echako R ive r ch in o o k s p o s s e s s advan tag e o us a t io n to w ard s


in warmer w at e rs th an do ch in o o k s from a co as a l s t re am .


2 F i r s t expe rim e n t a l r e l e a s e s  o f ch in o o k f r y  (160 ,0 0 0 ) beg an in  1967 , bu t


s u rv iv a l was po o r and f e r t i l i t y  lo w. S im il a r r e l e a s e s o ccurre d in 1968 and


1970 . I n 1972 t h e f i r s t  o r s u c c e s s f u l r e l e a s e (3 00 0 0 0 ) was made (1971


, preco c s S e v e r - re a s ng


eg g c o l l e c t i o n  has gro wn t o  t h e p o in t where o ve r 3 ,0 0 0 ,0 0 0 a re now c u l t u r e d .
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B. FIELD STUDIES


(1) G ro wth o f Nechako R ive r ju v e n i l e s 


From th e s t a r t  o f s am pl ing o n M arch 22nd t o  l a t e M ay, th e ave rag e


w e ig h t o f f ry ( 0 . 4 g ) d id no t in c re a s e p e rc e p t ib l y . Appare n t l y yo ung f is h 


were a r r iv in g  a t t h e s am pl ing p o in t f ro m ups t re am as a co n t in uo us p ro d uc t io n


o f  r e c e n t l y  h at ch ed f ry w it h o u t r e s id e n t g ro w th . E a r l y in J u n e , th e w e ig h t s


s t a r t e d  t o  r i s e  and were re co rd e d in l a t e  summer and e a r l y  f a l l  as ran g in g 


f ro m 6 t o  9 g (F ig . 7 ) . Th is i s  co n s id e re d a re s id e n t p o pu l a t io n no t s u b je c t


t o  m ajo r im m ig ra t io n s o r em ig ra t io n s .


From t h e g ro w th curve p re s e n t e d , th e ave rag e w eig h t o n Jun e 1 s t was


0 . 5 g . The e s t im a t e d ave rag e w eig h t ach ieved by September 3 0 t h was 8 . 5 g .


The acco mpany ing mean m o n th ly t em pe ra t u re s a re shown in F ig . 7 . These ro s e


f ro m 4.0 °C in Ap ril t o  peak a t l 7 . 7 °C in Aug us t , f a l l in g  back to  14.8°C in


S eptem ber.


(2 ) S iz e p r e d ic t i o n 


G ro wth mo dels f o r p re d ic t in g  expect ed s iz e o f h a t ch e ry f is h  have


been d eve l o ped t h a t t ak e in t o  acco un t t h e i n i t i a l  s i z e , t h e t em pe ra t u re


s equen ce , and th e e f f e c t o f l e v e l o f f e ed in g as a f r a c t i o n  o f th e maximum


r a t i o n  - Rmax (M cLean 19 7 9 ). The mo s t ap p ro p r ia t e s im u l a t io n mo del f o r


a p p l ic a t i o n  to  ch in o o k salmo n is t h a t d eve l o ped by S t a u f f e r (1973 ) d e rive d


f ro m s t u d ie s o n co ho and ch in o o k salm o n in W ash ing to n S t a t e h a t c h e r ie s .


W hen ap p l ie d t o  t h e Nechako ch in o o k f r y , s t a r t i n g  o n Jun e 1 s t as


0 . 5 g f i s h , t h e p re d ic t io n mo s t c l o s e l y  appro xim at in g th e a t t a in e d g ro w th by


Septem ber 3 0 t h co rre s po n d ed t o  a r a t i o n  equal t o  60% o f t h e maximum (RO'6 )'


Thus , f o r example , th e w eig h t p re d ic t io n s acco rd in g t o  r a t i o n  were as f o l l o w s :


Rmax = 17 .4 g , RO'8 = 14.7 g , RO'6 = 8 . 6 g , RO.4 = 3 . 2 g . The appro xim at io n


o f th e RO'6 f e e d in g l e v e l i s  ve ry c l o s e t o  th e 8 . 5 g ave rag e o bs e rve d .


(3)


s


p ro p o r t io n a l


F ig . 8 .


e s t ju v e n i l e s f ed t o 


o f reduced r a t i o n  was m o de l l ed by app l y in g th e


f ro m th e d a t a . Th is is t e d in


The deduced o ptimum t em pe ra t ure f o r a f e ed in g l e v e l o f Ro .6 o ccurre d


a t appro xim at e l y 14.8°C w it h an expec t e d g ro w th r a t e  o f  1.8% /day . The


t em pe ra t u re f o r which Ro .6 wo uld j u s t pro vid e f o r m ain t enance ( i . e .  z e ro 


g ro w th ) was e s t im a t e d a t 21.4°C .


r a t e  ( t o  1 

s c r t e r acce p t a re d u c t o n in g ro w th


th e co rre s p o n d in g t em pe ra t ure pro v id in g f o r t h i s  g ro w th
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o ccurs at 17.8°C. At 20°C the reduct io n in growth ra t e (O.7%/day) wo uld be


appro ximately 50% o f t h a t pro vided by the RO'6 optimum temperature .


CONCLUSIONS


( I ) On a s a t ia t io n ra t io n , chino o k salmon have an optimum temperature


f o r growth th at is 3° t o  4°C hig her than th at f o r so ckeye salmo n. It  appears


t o  o ccur at abo ut 19°C.


(2) In the reg io n o f the optimum temperature, Nechako chino o k juven il e s


show a s ig n if ic an t l y reduced capacity to grow when compared with Big


Q ualicum chino o ks .


(3) G rowth ra t e s o f summer po pulat io n s o f chino o k juven il e s in the


Nechako River in d ica t e t h a t the feeding leve l is 60% o f t h a t required to


s a t ia t e them.


(4) On such a ra t io n , the optimum o ccurs at abo ut 15°C; a temperature o f


20°C would o nly permit 50% o f the maximum growth capacit y . At 21.4°C no


gro wth at a l l would o ccur.


ACKNOWLEDGMENTS


F ie l d data on the Nechako River chino o ks and the sample o f wild f ry


were kind ly suppl ied by Mr. R. Rus s e l l o f the H abitat Management Divis io n ,


Department o f F is h e rie s and Oceans, V anco uver. The young chino o k salmon from


Big icum H atchery were part o f a s to ck held at low temperature by


de ice ae


abo ve f o r t h e ir co nt ibut io n to  the s


REFERENCES


Alabas tE;r, J .  S . , and R. L lo yd. 1980. W ater qual it y c r i t e r i a f o r f reshwater


f is h . But te rw o rth s , London & Bo s to n, 297 p.




- 10 -

Banks, J . L. 1971. A temperature-t im e-weig h t equat io n f o r management o f f a l l


chino o k f in g e rl in g s in co n t ro l l e d enviro nmental sys tems . Bureau o f


Spo rt s F is h e rie s and W ildE f e , Tech. Rep. (Ref erred to in S t au f f e r


1973 ) .


Banks, J . L . , L. G . Fo wler, and J . W. E l l i o t t . 1971. 

temperature on gro wth, body fo rm, and hemato lo gy 

f in g e rl in g s . Pro g . F is h . Cul t . 33 : 20-26.


E f f e c t s o f re arin g


o f f a l l ch ino o k


B ie t t e , R. M ., and G . H . G een. 

(Onco rhynchus nerka) under 

to  l ive zo o plankto n ra t io n 

1980. G rowth o f undery earl ing so ckeye salmo n


co ns tan t and cy cl ic temperatures in re l a t io n


s iz e . Can. J . F is h . Aquat. S ci. 37: 203-210.


B re t t , J . R. 1952. 

Onco rhynchus. 

Temperature t o l e rance ~ n  young P acif ic salmo n, genus


J . F ish . Res. Bd. Can. 9 (6 ): 265-323.


B re t t , J . R. 1969. Temperature and f is h . Chesapeake Science, 10(3 & 4):


275-276.


B re t t , J . R. 1971. Energ e t ic respo nses o f salmo n to temperature . A study o f


some thermal re l a t io n s in the physio lo gy and f reshwater eco lo gy o f


so ckeye salmo n (Onco rhynchus nerka). Am. Zo o l . 11: 99-113 .


B re t t , J . R. , and J . E. Shelbo urn. 1975. G rowth ra t e o f young so ckeye


salmo n, Onco rhynchus nerka, in re l a t io n to f is h s iz e and ra t io n l e ve l .


J . F is h . Res. Bo ard Can. 32: 2103-2110.


B re t t , J . R. , J . E. Shelbo urn, and C. T. Sho op. 1969. G rowth ra t e and body


co mpo s it io n o f f in g e rl in g so ckeye salmo n, Onco rhynchus nerka, in re l a t io n


to  temperature and ra t io n s ~ z e .  J . F is h . Res. Bo ard Can. 26: 2363-2394.


Co utant , C. C. 1977. Phy s io l o g ical co n s id e rat io n s o f f uture thermal


ad d it io n s f o r aquat ic l i f e . 251-266 p. In: Pro c. o f the W orld Co nf .


"Towards a Plan o f Actio n f o r M ankind", vOl. 3 , "B io l o g ical Balance and


Thermal M o d if icat io n s ". M. M ario s [E d .], Pengamo nPress , New Yo rk,


251-266.


E l l i o t , J . M. 1976. The ene rg e t ics o f f eeding , metabo lism and growth o f


brown t ro u t (Salmo t r u t t a in re l a t io n to body weight, water


temperature and ra t J . Anim. Eco 45: 923-948.


E io t 9 8 . Some aspect s o f thermal s res s f reshwater t e l e o s t s .


p. 209-245. In : S t re s s and F ish (Ed. A. D. Pickering ) Academic P re s s ,


London and New Yo rk.


K it ch e l l , J . F . ,and D. T. S tewart . 1977. Appl icat io ns o f a bio en e rg e t ics


model to yel lo w perch (Perca f laves cens ) and walleye (S t iz o s t ed io n


vitreum vit reum ). J . F ish . Res. Board Can. 34: 1922-1935.


K o ens t , W. M ., and L. L. Smith J r . 1980. Facto rs in f luencing growth and


s urvival o f white sucker, Cato stomus commerso ni. MS Dept. Ent . F ish . &


W ild . , U niv. M inneso ta, S t . Paul , M inn., U .S.A.


McLean, W. E. 1979. A rearing model f o r salmo nids . M .Sc. t h e s is , Dept.


I n t e rd is c ip . S tud . , U niv. R rit is h Co lumbia, V anco uver, B.C. 120 p.




- 11 -

S t a u f f e r , G . D. 1973 . A g ro w th mo del f o r s alm o n id s re are d in h a t ch e ry


e n viro nm en t s . Ph .D. t h e s i s , Dept . Zo o 1. , U niv. W ash . , S e a t t l e ,


W ash ing t o n , U .S .A. 213 p .


S ch n u t e , J . 

f i s h e ry  

P aci f ic 

1981. A manual f o r eas y n o n l in e a r param e t e r e s t im a t io n in


re s e a rc h , w it h in t e r a c t iv e m icro co m pute r pro g ram s . M an us crip t .


B io l o g ic a l S t a t i o n , Nanaimo , B.C.




- 12 -

Table 1. Reco rd o f d a i l y  m o r t a l i t i e s  o f juve n il e chino o k salmo n from Big


Q ualicum River expo sed t o  24.8 + 0 .4°C rang e .


Time 

No . 

Cum. 

Dead


(d ay s ) 

dead 

dead 

(%)


8 

1 

1 

4


9 

1 

2 8


11 

1 

3 12


18 

1 

4 

16


21 

1 5 

20


24 

1 

6 

24


25 

3 9 

36


28 

7 

16 64
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Tabl e 2. W eig h t , g ro w th ra t e and f o o d co n ve rs io n e f f ic ie n c y  in r e l a t i o n  t o 


t em pe ra t u re f o r ju v e n i l e ch in o o k salm o n f ro m Big Q ual icum Rive r s t o c k (A) and


N echako R ive r s t o ck (B ). P e rio d o f g ro w th was 28 d ay s , us in g 25 f i s h  pe r


t an k . Dry we t s  a re t h e t o t a l f o r a l l  f is h  pe r t an k w it h th e t o t a l 


d ry w eig h t o f fo o d e a t e n .


s


1


**G ro wth r a t e  f i s h ;


· which wo uld be c h a ra c t e r iz e d 


f i s h ,


r e p re s e n t a t io n o f t o t a l 
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Table 3 . Parameter values derived f o r f i t t in g  a no n l inear quadrat ic equatio n


t o  the s pe cif ic growth ra t e s (G ) and fo o d co nvers io n e f f ic ie n c ie s (CE) o f Big


Q ualicum and Nechako juven il e chino o k salmon in re l a t io n to temperature. Form


o f eQ uatio n: yo = bO + blX a + b 2 X 2 ~ . 


Gamma 

bO 

b1 

b2 

Alpha


Big Q ualicum 

- G  

0 .98 

0 .83 

0 .94 -1. 75 6.71


Nechako - G  2.65 

0 .87 

0.81 -1.69 4.03


Big Q ualicum - CE 0.12 0.97 0 .03 -0 .99 18.0


Nechako - CE 0.69 0 .70 0 .98 -1.64 

4.95
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F ig . 1 . The r e l a t i o n  o f g ro w th r a t e  ( ~ 2  SE) o f s o ckeye salmo n ju v e n i l e s to 


t em pe ra t u re f o r d i f f e r e n t l e v e l s  o f r a t i o n . D e t e rm in a t io n s co mputed in te rm s


o f d ry w e ig h t s (% p e r d ay ). Do t t ed l in e pas s e s th ro ug h th e o ptimum


t em pe ra t u re and maximum g ro w th r a t e  f o r each r a t i o n  l e v e l . Rmax = maximum


d a i l y  r a t i o n . From B re t t e t a l . , 1969 .
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F ig . 2 . Pro g res s o f m o rt a l it y o f chino o k salmon juven il e s from Big Q ualicum


River when held f o r 28 days at appro ximately 24° and 25°e. Actual mean


temperatures + ) were 24.0 + O.zoe and 24.8 + O.3°e.
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F ig . 3 . The re l a t io n o f growth ra t e to temperature f o r juven il e Big Q ualicum


River chino o k salmo n fed to  s a t ia t io n . I n i t i a l mean weight = 3 .28 g . The


l in e was f i t t e d by a no n l inear qU gdratic equat io n (Table 3 ). The arrow


in d ica t e s cal cul at e d optimum temperature . Circled po in t with arrow is based


o n 36% o f f is h th at survived f o r 28 days at 24.8°C. The l e t h a l temperature


l im it is from B re t t , 1952.
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F ig . 4 . Temperature re l a t io n f o r growth ra t e o f juven il e Nechako River


chino o k salmo n fed to  s a t ia t io n . I n i t i a l mean weight = 2.41 g . F it t e d l in e


and arro w f o r optimum temperature cal cul at ed as s t a t e d in F ig . 3 .
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F ig . 5. The re l a t io n o f fo od co nvers io n e f f ic ie n cy to temperature f o r chino o k


salmo n juven il e s from Nechako and Big Q ualicum riv e rs . The curves were f i t t e d 


by a no n l inear quad rat ic equat io n (s ee Table 3 ). Circled po in t is based on


the 36% o f f is h th a t survived f o r 28 days a t 24.8°C.
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F ig . 6 . The re l a t io n o f growth ra t e to temperature f o r juven il e chino o k


salmo n fed to  s a t ia t io n . G rowth ra t e s ad jus ted to  a common in i t i a l s iz e o f


3 .0 g . Po in t s f o r Abernathy derived from model o f S tauf f e r (1973) based on


d ata o f Banks (1971). They show the expected re l a t iv e po s it io n f o r Big


Q ualicum chino o k salmo n. L ines drawn by eye.
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F ig . 7. Mean wet weights (n=50) o f chino o k salmon juven il e s caught in the


Nechako River from March 22nd to  September 29th , 1981. Fish were no t sampled


from June 10 th to August 29 th . G rowth curV e drawn by eye (bro ken l in e ), Mean


mo nthly temperatures shown with s o l id l in e .
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F ig . 8 . G ro wth r a t e vs t em pe ra t u re curve s f o r N echako R ive r ju v e n i l e ch in o o k


s alm o n . To p curve i s ~ r o m  d a t a p re s e n t e d in F ig . 4 f o r f i s h  f ed a maximum


r a t i o n  (R

max

) ' Ad d it io n a l curve s drawn f o r reduced d a i l y  ra t io n s (Ra.8 and


Ra'6) acco rd in g t o  t h e r e l a t i o n  o b t a in e d f o r s o ckey e salm o n ju v e n i l e s  (Fig ; .


1 ) . Bro ken l in e in d ic a t e s pat h o f o ptimum t em pe ra t u re s h i f t i n g  t o  a lo w er


v a l u e as f e e d in g l e v e l f a l l s . The h at ch e d b a r s in d ic a t e t h e t em pe ra t u re ran g e


in  which g ro w th r a t e i s  reduced by 20% o r mo re from t h a t ach ieved a t th e


o ptimum t em p e ra t u re .



