


Abstract 

Pi-, Garald J., A Y a n  C. Dshcy and Edvin F. Stacy. Tha Effect of Red 

on the U n g  Performance of Fatlgued Adult Si'Lvar Salmon, School of 

~ i sher l s s ,  University of washingto$, ~ ~ n u a r ~ r  1957. ~ e c ~ c a l  ~ ~ o f i  NO* 31- 

Eightaon adult silver salmon (Oacorhpachus idmtch) were subjected to 

mimdng performance t e s t a  befom and after rest periods of one, two and 

thraa houm, The aalmon were fatigued by t he i r  W n g  e f fo r t  in the first 

test, and the second t e s t  was used to mnasute ths exLent of recuperation 

d u r i n g  the rest period, The experiment ppaa mn according to a Latin square 

design. Uaing this design each fish was tested before and after each typa 

of rest period, A total of 1Od W l d u a l  w g  t e s t s  were run. The 

t h e  wst-priad-treatmnts were presented t o  each aafman an three con- 

secutive daya. T h i s  allowed an evaluation of the fish's recove= after an 

overnight (18 to 24 haura) rest, 

The prbnary expI-imarrtal raaults were: (1) Recovery from an exhaustive 

tmbdng effor t  m s  found to bs 31 percent compute after a one-hour rest, 

43 p e r c a d  ccnnplets after a tuo-hour mst, and 67 parcent complete after  a 

t h r e e - h m  rest, (2) A l l  f i s h  recovered c m p l a b l g  after an overdght rest 

of 18 to 24 houra. (3) A si@icant -g padormanca decrement I wa.m 

aaaociated d t h  pre-test activity, aaggasting that salmon are U h l y  wa- 

ceptible t o  fatigas, 
- 

T h i s  mport ia part of a ssriss initiated in July 1953 f o r  research in 

connection ~ 5 t h  the Fisherlea E n g l n a e r L ~  Reses~eh Program of t he  U. S- A m ,  

Corpa of EngLnsars and i s  part of a studg. under U. S. Govenrment Contract No. 

DA 026-a~-20800 betman the UnZver.ity of Washington and the Corps of  En$ineers. 





asasamnent of rctnal ph;k3icsl capacity but prodncas mpUcabla mascreme& (' 

T M z  approach, Ls.,  the msaaarad of pedormaace, is somubat p r w t i  

in the aenaa that It 58 an axxleavor t o  find a raht iomhip batman mrk outpd 

and recovery tinrs wlthout considerFng what Ps happening uithln the f h h ,  

Speeflic tissue conditions dth in  the f ish ars llot necesaarlly related to ova: 

activity In a straight f o m r d  manner (2, ll), Houevsr, the ussfulnesa of a 

concept of the relationship between r e a t  and perfonname is not negated by 

waat of a reaaon for the ralationaMg, 

=&ban adnlt silver aplnaon (~ncorhynchas ki&ch) psm wed in this 

study, The aalmon were obtained at the Wajh3ngtan Stata Departmsrrt of 

turbid aed the ffah ware amfkmd to a -mm'll -a of thn straam, batmen two 

v r s b  wbn tha aampls wan taken, it l a  b s l i s w d  the aampla waa unbiased with 

reaps& to appipirrg abi l i ty  axd uas repmaerrtativs of the population in the 

at- at that tlm, The first eighteen fi6h caught ware taken, Phs sql.8 

was madm up of silver salmon of both aaxsa W s t a g e n  of matdtp 

inc1nding males uhich shad dlt when handled, The f i a h  -re pickad up by 

hand f r o m  a small pocket of the nut  and d e d  to a uaiting tmck f o r  

transpartation to the Udmrsity of Washington hatchery, Travel t h e  was 

o m  how. Unloading u w  accompUshad by l~sm of r carrgLng box ( ~ l g ,  1) 

which d d d z s d  handling of the salmoa 



After the f iah  had bsen held at the University for four dags thmy mra 

variabilfty in psrformar~ce betvaen the fish's f M  and second experiences 

w i t h i n  the test apparatus, which was aPticipated as a result of prwaioua 

experfmants, Thaa, a l l  fijh had a t u c r d t e  experience with the t e s t  situ- 

ation pr ior  to the coI.lact1on of the first; cxperlmntd data. At the 

conclnsion of the pre-tast the salmon =re marked for l a t e r  identif icat ion 

by notching o r ~ a  or m o n  fh8, md mtm t h n  placed in either of two rectangd 

by hmmy w t m  mating8 h k o  four a-ta each seven feet long, These 

outdoor race- were nat covered or ah;telded In m r ,  The water leva: 

in the raceways warn mab-d at approxhatul;y 16 inches, The water tamper. 

wad in the =way aPd in the annular tank was -tal&sn from the same source 

and tba tumpratura dkCfemnas between the rater in the holding ponds and 

i a  conatnxctsd sntirrly of ate& The t u d a b l .  on which tha tank ia moumbec 

5s supportad by a canter be- and twslvm rubber casters (Flg, 2). A l l .  

h i d m  tank aurfacea vsre ground or f u e d  and nand blaated before painting, 

The imporb- of m l h i n a t l n g  my rlmibb mfmrepcs poFnts on rotating parka 

in t U s  type of appmtua is dAscaswd by G r a y  ( 9 ) .  Earever, v ls ible  

& t i o n .  objeats that could be usud u reference paint8 to aid the  f i sh  LU 



CARRYING BOX 

a Gate release lever c Water tight gate 
b Handle d Gate latch 

F?I;UE~E: 1. Camjiw box with cover removed. 
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m a j , s r t w  apatial orientation were not eUmbabd.  Poaitive stirnull of 

this sort omm provided by a combinad Ught and elactrode -or and the 

warhead jet of water a c h  m a  aprayad d lec t l J  into the t e s t  cham&- Water 

was i n t d u c a d  at the oubr  edge of the cuter channel through U t a  concealed 

behind a corrtinuous circular shield, Water interchsnge between the t e s t  channel ' 

and thu d m b  ahamber beneath t b  false bottom was accmplished through l/8 inch 

s lo t s  in t b  tank bottom placed i n ~ ~ t t e r r t l y  along 6-1/2 feet and 9 feet dia- 

meter circles, Black stripes one inch in wfdth mrt painted along these circles 

to provide a background againat wbich t h ~  alote  would bs i n c ~ i c u o u a ,  The 

remxbder of the tank bottom waa pafLntsd ate. A l l  wdical inside tank mr- 

faces ~rars  gaintad black, 

Water was drcnlated contbmausly at the rate of three gallon8 a ruinus 

durtng each tea t  day, T U s  rate of circulation held the variation Fn water 

temperature throughout the t e s t  t o  l s s a  th.n 1%. The water uaa aerated 

by the overhead jet, and by incidental tnrbulence caused by the vaka of the 

alectmdea and the  activity of the fiah, bratton by inc1dent;al turbulence 

alone u m  shown by prsviona a x p ~ e n t a  to be sufficient to s u s t d n  a 7 p,p,m, 

level of dissolved q g a n .  

The water depth in the teat  ebannnl was maintdmd at U M e n  by mans 

of the spill lreir in the canter of the tank a d  the insids dFPfn ralms* At 

tbfa depth the total volra~a of water in the complete channel wan 460 gallom. 

In t b l s  ser ies  of t a s t y  the fish wera confined to m oubr annular division of 

tlm total chanml, T h i s  dlviaion urn accomplishad by the insertion of a cir- 

cular channel divldar, Tha annular t a a t  chmml oras 12 inches in width end 

had a carrter d iamstsr  of 10 feet, Tbs mlativc c w a t u r c  of this channel in 

r e h t i o n  Co the merags size a d m n  mad in this sxparinrsnt may ba seen in Fig. 2. 



T b  tank waa rotetad in a countercl.ockidss dirsctlon by a iim braspouer 

adjaatablsapeed alsctric  mator, The speed Pnd patbrn of rotation =re con- 

t r o l l e d  automatfcally by r p n e u m a t l c ~ l e c t r o ~ c  device, T h i s  mechanim made 

possible the rapllcation of sxaat velocltiaa f o r  Psg n-r of succasaive tests, 

A11 tests deacribsd In this papsr ware canductad at a tank speed of 7 r.p,m, 

At thin tank s p e d  the water velocity in the t e s t  c-1 v d e d  from 3.6 f.p.8. 

mar the onter w a l l  of the channel to 3-2 i,p.a, near the lnnar wall of the 

c h a ~ ~ l  with a dd-channel velocity of 3-4 f,p.s. Velmity detsrmlmtioaa were 

mda wLth a StavenJs nddget current mabr md also dth rarloug types of 

' A mPlr slecfficd field (om volt par fnch grdfe&--& cycle a-c,) and a 

poarerful @am of U g H  raatrleted to the immadiate area of the electrodes mrm 

combined to produae a b e e r  which would effectively induce the f i a h  to sKLn 

agalmt the current without appreciab'ly distmbing the velocity pattern Fn the 

test chanael, The nalmonf a natural Ught avoiding behavior (8) was minforced 

vfth an slsctflc shock u b n  thei fish antared the smal l ,  infandav l i g l ~ t e d  area 

d i m c t l y  beneath ths barrier, The s o m e  of Ught uaa a 300 w a t t  photospot balb 

mounted 32 inchaa abwe tha water, By d a r k a a  the mat of the room the demsr- 

cation bst~rsea the bdght1.y lighted area and tha mmsirder of the ta& d m m d  

uaa accentuated, TMa sharp dam~rczition uan an h p ~ M  factor In keeping tha  

f i ~ h  p o a i t t ~ e l y  orlentad iato the current, The ebctmdes consisted of a utmigh'k 

sactlon of a t e e l  rod contimoua uith and suapandsd by a c o i l  or sprlng section 

of the mama rod, T h i s  c o i l  spring nos atrong enough hold the alectmde in 

place agpinat the water m n t  generated by rotation of the tank but was f l e d b l e  

enough to allow the alsctmde to ba brushed aside if contacted by a fish, The 

distance betuusn the tm, alectrdee was tan irPcho3. The elactrocha w m  one inch 

away from the teat cbannal walls ubich w*m u a b d  dth a noneoaduct-lng-paint,, 
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sxprdmntal event8 arere recorded on a t a p  recorder dud= the tes  

and were later  tramcdbed, A U .  f i s h  were t e s t e d  indivldualJy, In accordar 

with a predetermined order (see ctlscussion) each fieh was mturned to i t s  re 

spective raceway sectlon and left there for a given length of time before be 

retested, The pickup of the f i s h  from the raceway section was carefuJly ax- 

ecutad in an effor t  t o  mlnimlze the fish's a c t i d t y  during this part of  khe 

operation, The capture was effected by s l o w l y  approaching the fish in the 
- 

shallow a te r  with the o p n  c a m g  bax turnad on i t a  s i d e ,  By t h i s  mans 

the fish uas cornered and forced to sntar the b o ~  Fraqtlkrrtly the fish edr  

t he  box of i t s  own v o U t i o n  in an efflfort to hide, The lid was placed on tht 

box immedlatelg and this act ion usualfy sewed to still the struggles of aq 

fish that wag f i g h t h g  codInament In the box. A eubjectiva estimate of t h ~  

relative amount of energy expended by each fish while It was being caught f 

testing was recorded by the  ewrimenters according to the followFng patter 

E. E. No, 0 - No disturbance, 
E, E, Ho, 1 - Sl igh t  disturbance, fish unexcited, 

E, E, No. 2 -Moderate dllsturbance, fish sum about section 

two  or three times or atmggled slightly in, borc 
I 

E, E, No, 3 - Coneiderable dlaturbanca, f i sh  b e a m  excited and 

swam about ~acavay  aection or struggled conaiderabl 

in box. 

E. E. No. 4 - ExLrem dlsttrbance, fish stmggled do le r r t l y  dt&d 

pickpa 

The two men c-ng the box agreed upan t he  "enargy expenditurel~ number aj 

ncorded  it, 

The roam Ughts mra darkened and the speed of r o t a t i o n  of the tank w 



recorded. me l i a h  nre introdmad at a position f- 1-35' to GOO nptmam 

(12 to U feet) from the ~ e r ,  The e n g  box uaa hnld just -above the 

&&a of the lpoviag mtar with the e d t  facing upatream, T h e  adt was then 

opned, by maens of a smal l  catch activated by thumb prassurs, ~pil l ing the fish 

and water inta the task channel. The majority of f i sh  bm3diatetlg responded to 

thair mleaaa by baglmdng to awim in an upat ram *ction, Hmver, those 

that fa i lad  to orient posttlmly were reversed (reoriented Into the current) by 

maas af a small knotlaas q$lon net before they contacted the b-r, T l t b  

parrditure of enera by the fish. Wherever P test a fish became dis- 

oPierrted it ma rsvaraad +n M a  manner as it pasaad a p a i t i o n  about four feet 

upstream from the bmrler, Thna, no flsh waa allowed to m a k e  mom than orw 

compb-ta circutt of the tank at any one t h m  f a c k g  Fn a downstream dirsction, 

In addition to memala, tba following evadis were a l e 0  recorded during each 

t es t :  Shock - contact d t h  elnctrical field wbich otaa usually followed by aa 

;Lnaaadiata upatream moment of b a s  than two feet; Darb 1 - contact with 

electrical f i e l d  folloued immsdiatdy by 8wift, continuous upstream movamenb 

gmatmr thsll ePro f ea t  but b a s  than aix; Ikrt 2 - contact wlth slsctrttcal f i e l d  

folloued iwladlatev by mdfb, c o n t ~ ~  npstmam acmsmsnt g n a t e r  than sPx 

feat; Position 1 - flah awinmdag at inner rdgs of taut c t l ;  Position 2 - 
f i s h  m h d m g  at ceder of t e s t  channel3 Podt ion  3 - f i s h  m k d n g  at oute r  

edge of t e a t  charmel; Lap Type 1 - fish is swept through barrier uhile swbming 

actively and oriented up&rsam~ Tap Tgps 2 - f i sh  changes orientation after 
' 

contact with barrlsr md drabsa through barrier h e a d  downatream; Lap Typs 3 - 
fish is diaorlented at tlma of contact with barrier and contfaues to swim do- 

s trsam through bPrriar, The frsqunncy of these happaning8 waa mco*d f o r  each 



30 second pr iod  d u r i n g  the e n t i n  t e a t  sxcapb that 'Pyps 1 Lapa WM recorded 

at t h  axact second of occarrama, 

The test for a fish usa arbitrarilgr ended when the third T y p  1 Lap . 

occumed, The assumption that such fish were exhausted or very nearly ex- 

hausted at t4e end of the t e a t  was aubhantiabd by changes In body chemhtry 

(ll), the comon occurrence of the flsh 108- equilibrium after o m  or mom 

Type II Lapa, and the consistexrt equalZty of the t b m  Wema1 betvaen the 

f-t and second !l'yp 1 h p s  and the aecoad and third T y p  I Lags. These tfma 

ln-kt~~sk were unly s N g M l p  longer than the drift time ok a f- float* 

objact at the sama water velocity, 

The f i sh  wars immedlatalJr removed isom the t a d  channal mer the t h i r d  

T y p  I Lap, A sabjaetiva rating of the fiahla atate of exhaustion was made 

and the fish w a s  m t m d  to it8 raceway aection. The f ish m a  ou t  of water 

for 10 to 15 seconds durizlg thZs transfer, The varlom stateer of exhaustion 

racordsd are deflrmd as follow~r 

NO, 1 - NO sigaa of fatigas. 

No 2 - ~ t r r t 5 d  fatigue, f i sh  t r l e d  t o  avoid nst a d  draggled 

*n plcksd UP. 

The f ish were laIt in the racemay for specifled rest pefioda at the end of which 

ubm they rsmainad andiaturbed until death, Xo a t t e m p t  was made t o  aacerh3.n 



T h e  axpl-lmnatal obsamationa ram taken according to a Latin rqnare 

deaign, B l i s s  and Rose (4) and B a c h a m ~ ¶  (I) have Nonssrad in tha use of 

this type of dasiga In the f i e l d  of .nimslt e x p s m t a t i o n .  T h i s  paxbicular 

amaagsmsnt baa a$parrtsge of all- ~ t i s t i c a l  control of the intrap 

subject and experhentalljr introduced sources of v d a t i o n  that would OM- 

narcLly tend to obscure tha treatmad &facts that me of p- irrterest, 

In the caae at hand, this ia of particular ni@icanca as the s q l e  dse waa 

with rmspect to a i m ,  mmtority and phy8lcsl condiUon, D a t a  on the indivldml 

salmon at the Univsrslty and the death of the salmon v&ed from that of fish 

No. 16 a c h  died after t e s t i n g  on the tMrd expe*nt;al day (parlod II - 
Table 1) to that of fiah No, 3 am! fiah No. 8 d c h  Uved at h a d  2 1  days 

a f t e r  the emupletion of 3 days of bating (period I). 

rnra six exprlmszrhl m i l t s  orlth three fish in rach u n l t ,  Each fish was bstud 

t ion on thn n d r  of b a t s  that could bs ran daring a sFagls dry, the expr l -  

lndivldual fiah, ths coltwm repmlrarrt oras, two and three-hour mat periods, 

t e s t a  indicated that changee of an hour Fn the lswh of. a mat period dur ing 



the fFrat few hours fallowlowlng a a u i m d q  effor t  a c h  exhausted the salmon 

would appreciably alter the salmon's uwlmdng p e r f a m e  Fn a aeuond test, 

Them wars hdications that a three-hour rest p a r i d  is aufPicient t o  Urn 

an exhausted a i l v s r  salmon to m a r 4  regain ita original capacity for PI-. 
Aa can be seen from Table 1, each fiah was tested bsf ore and after sach red 

padod and each rest p e r i o d  occurred e q u d y  often on each experimental d a ~ ,  

Of considerable intamst in I t s e U  is the o v a m g h t  recovery of the exprhenbal 

fish and the possibla occurranco of systematic dai ly  changes Fn m b m i n g  ability 

during tb them-day t e s t  period for the en t im group, The six poaaible orders 

in vhich the tmatmenta could bn preaentad to the M v i d u a l  fish a m  mpserrt- 

ad by t w o  3 by 3 latin aquama, each of which wss replicated three tinwa la 

make up the t o t a l  of 54 obaervationa. The ordar factor was included in the 

design to discern whether or not the sequence in which the t h e e  rest periods 

mre prasedad to the aalmnn Fnfluencad the results o f  the perfonaanca t e s t s .  

For example, I f iah that  was given a three-hour rest period the f i r a t  day 

would have spant aonsidsrabXy longer in the lnnntllar taak than a f l a h  whLch was 

given a ons-hour mst on the fFrat day. Thin differential experience with the 

arnrnlar tank could poasibly have affected the fish1a behavfm and performance 
. . 

In  latar tetsta, 

Each day the thma salman whlch were given a threa-honr mst parlod #re 

the f b t  group Casted at the atarb of the day, the fish that were given a two- 

hour mat ware the second group tasted, and the f i sh  that were given a one-' 

huur rest worn the th i rd  group tested, The groups w~ra  retested after the 

mat parfods in reverse order, that is, the group that had rested for one 

hour uaa =tested f i rs t ,  t h e  group th~t bad reatad for two hours second, and 

g m u p  t h a t  had restad for thme hours third, As all the f i s h  were held in 



tro -swap (each of uhich uas parbitionad by wLrs acrsana) the pickup sdl 

retarn to the raceway of the f i sh  in the group t e s t e d  a.&ly in the day  resulted 

in a certain mount of cownotion whlch disturbed the f ish that were to be 

tested later. Although it was impossible to make my sort of quantitative 

estimate of each fish's pra-tsst activity msultfing from these dieturbances, 

it was apparent that the ffshls random movement about the raceway increased 

considerably when the eqarimenters -re working with other f i s h  in the s a m  

raceway, Thus, the pre-test fatigue histories diffemd accordtng t o  the 

lcrngtih of tin13 the f ish uem to be msted after the f i r a t  test ,  w i t h  the mount 

of pre-test activity inversely rslated to the le- of the rsd pefiod, 

The performance score used in the analysis was the t o t a l  mnnbar of second8 

elapsing between the bt roduct ion  of the f i sh  and the loss  of the t h i r d  Type 1 

h p ,  The thlrd Tgpa 1 Lap was used because this proved to be the moat con- 

aistent maasurn. Homver, the use of the first Tfrpe 1 Lap in the statistical 

aaalysia did nat affect the results of Jfgnificance, The validity of these 

testa of significance (In the Latin aquare -1s) depends on the assumptions 

of mnnallty of distfibutions, common vu%ance, and mgllgible Interactions 

betmen factors. In order to satisfy better the first two asmrmptlom it vas 

mceaaorg to t m f &  the o r i g h i l  raw scores ( t o t a l  i d m m h g  titmas in aecond~)~ 

The most suitable tranaf onaation to correct for the relationship betman t h  

maria and variances of the data, grouped by rest perlo&, was a logarithndc 

transformation (10). T h i s  t r ans fomat ion  d i d  not change the conclusio& reached 

Wng the r a w  scores in the analysis. A study of the  error terms calculated 

for the individual 3 by 3 Lat in  squares indicates that tha data may not gatisfy 

the third assumption, This d d  seem to bs the cozwequance of differences in 
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tha rsYponw of the mvidna1  fiah t o  xapated doily tsstlng* A learning 

effect apsrating dlffarwxtially wlth msgsct to the phpical  condttion of 

the individual f i a h  could have been reapanaibla for them hstemgeneauu 

srmr  tenaa. Salmon that wen in good condition at the a t a r t  of the t e s t  

period might be expected ta impma their performances as a result of auccesstve 

testa In the anrrular tank, w b i b  fish t h a t  were in poor condition at the start 

of the teat parLod ware probably makenad by successive teats. To eXimina-b 

this interaction betmen f i s h  and days It would be mcaaaary to start vlth a 

group of fish that warm al3.b rith rsapect to stage of matmty and phgaical 

condition. 

Aa an d d  in dbcuasing the experimePta1 raaults %he t a m  m-mn and 

f i r s t  run w i l l  be deflmd and as used hemafter these terms wfU refer to the 

defirdtiona @van blow. Fir* mn refera to the performanee test 

even  to thm aalrnon before a rest pefiod of om, tw9 or three hours, The 

firs% ran m . ~  alwaya the f M  of the two  w n g  performance testa that a. 

s-n was g5van on an experfmsntal w. purpose of the firat run m a  t o  

mnaanrs t b a  flahls mdmdng rbillty Lfter a rest of at b a s t  eightsen hours, 

Pnd to fatigue the salmon to mch an a3ctsrrt that it was anable to mL&aln 

position Ln a l o w  uater valoclty. Tim-mn refers t o  t he  awiasning parfonnance 

test aran to n s a o n  after the a d n  h . d h e n  .--tad in the i imt  mn 

and had rested f o r  om, two or three hour3 followFng the fi& rt~~lr The 

purpoas of the re-nm was t o  masure the ~ w b n d q  ablUty of -the salmon after' 

the reagsctive rest p s r l o b .  

Tabla 2 glvaa the m d t a  of tbs onalyjia of variance ming the tranafomed 

m-run scores, The a w h d n g  psflormaaces mrs s i ~ S c a r r t l y  affected by the 

length of the rest psrlod and them waa * d@ficant daily incmaaa in 



'Tabla 2 A n a l y s i r r  of variance of t r~nafonnnd paflo-s aooma 

of adult ai lvar  aalman on re-- after rest psriod, 

Ordar of presentation 

Dtffsrsncas batmen 
f i a h  in the seme 
order (polad) 

Diff srsncss batmen 
l a e h  of rest 
period 

Total 

Variance 
Ratio 

2.3L 

4-35 H 

20.73 * 

k3.88 

Mean 
Square 

0,1036 

0. OW 

0,0616 

0.1519 

0,6213 

O * O U 2  

Sum of 
Squaraa 

OS178 

0,5303 

LO480 

OmW38 

L2425 

om4531 

3.047h 

llegrses of 
Freedom 

5 

12 

17 

2 

2 

32 

53 



arinnning p r f o ~ e s  for the sntirm group on the avsroge, H o m r ,  the 

da i ly  Fnersaaa 6asma to be an adifact of design rather than a r r c l s u l t  of 

learning or of any other cause, Thia may ba asan by M n g  the fish using 

the total of the mbdng parformances acoma tn the first runa over the three 

t e s t  dam an t h  orLtar la ,  Thij seama t o  be the best mai labb  achsme to rank 

the fish according to thir mdmmhg a b i U t y  at the water velocity wed tn 

these h a t s ,  It may be asan that ffva of the a i x  louesh f i sh  on this scale 

were givsn a thrss-hour rest period on the first t e s t  day, Since the fi.shfs 

recoveq betmen thn second and th ird  hour of mst was considerable, this haa 

the affect of h m r i n g  the first day acorns on the re-runs and raising khm 

second and tMxd day acmes on the re-raan. B9y intsrprstation of t h i s  

variation nhuuld, tharwfors, ba mnds wfth axtrmm caution, 

The varfsnce In test a c m s  attrjbutabls to the order in vhich the treat- 

m e n t ~  mrs pmssnted was teatad againat the emor term associated with the 

variation bstlmen flab Fn the  mama order, The order affects  were confounded 

with the two --day t a s t  p e ~ o c b .  O r d e r s  1, E and mra replicated in 

the first period bnt not in the wcon& N€IUB order m, V and VI were replicakd 

5n the second bab not ia tha fM period, Although the rllffmnca between the  

could con= the tes ts  of sfgnif icar~~a f o r  the order affects to be r d s b d l n g ,  

Fo&unstcly in this ~ ~ x r t ,  the order affecta appear to be reUt1vely an- --- 
Aa the data I n  Tabla 1 show a charcat rehtionship between t he  fiah's 

parformnace in the f M  nm and the fish1 a perfomanca in the re-m (due to 

lndlvidual dlfferenc~a bstlmen flnh) it beeoms mcesaary to datermirPe if the 

first run rn tndepsdexrk of the ga-tirmlnr reat period which fo l loued  before 



accepting the abme conclaaiona, Referring to the d i a c u s i o n  on t a s t i n g  

aaqnanca, It may be saan that this i a  In m d t y  a test of the affects of 

t he  sequence fn d c h  the fish were tasted each day. U s i n g  the log trans- 

fo~mat%on of the scores attahmd on the first mm it waa possible to test 

t h fa  hypotheds. Tha results of this analysis are a d z e d  Fn Table 3, 

Tham uas a big- sigrdfic& difference between the flrst runs of the f13h 

that wem designated for the U f  erent rest periods. The m3mnin.g t h  

scores decreased raarked3y &an the fish mrs run l a t e r  Fn. the daily tsst5ag 

sequeme, The mst l o ~ c a l  explanatLon of this phenomenon m l d  asam to ba 

t h a t  the disturbances the f i sh  axperlanced Tabils wait ing for their turn to bs 

tested fatigued them enough to c a m  a performance decmrrt .  T h e  posslbilfty 

that thfs could bs due to some sor t  of metabolic Wly cycle was ru3sd out  

aa the relationship betmen prformaaca and the sequence of tes t ing  seemed 

to be independent of vsrfatlona of as much as two hours in t h ~  start, of t e s t -  

ing f o r  the dap, Tha difference betmen psrfonannce acorcs on the auccesslva 

test daya was not sigdficarrt and indicates that the aalmon were camplatslg 

recovered after an overnight rest (from 18 t o  24 horn),  

To ad just the data statistically for this imqualltp In the l ength  of 

the flmt nina a covariance a m a l p i n  technicpa ( 5 )  waa aaed, T h i s  test was 

appUed mder the aasumptiona that (1) a Umar relatlonahip s d a t s  betwen, 

the tramtionmad acortn on the first runs and the tramformed acorns on the 

ra-rum, and (2 )  the rariancas of the trandarmed scores are constiant about 

the mgression lims f o r  the three rest perLods. The second assumption m 

t e s t e d  by Bartlattls t e s t  of homoganeity of variance (5 ) .  The results of the  

tsst Indicated that this assumption was cerhlnly tenable, The flrst 

h m t h e a i a  (hypothe~is A)  tested by the analysis of covaxiance was that the 



Variation h e  to 

Order of praseatation 

Wf smncsz between 
fish (to-) 

Wfsrences batman 
the order in dolly 
t a s t i n g  sequence 

Interaction or 
sxperimsntal err= 

T o t a l  

- -  

Degrees of 
Freedom 

Mean 
Square 

variance 
Ratio 



three rsgrssaion Yrrsa ramciatad wlth thm red could bs mpssssrrtad by 

mare cgaasd by the hmmrr t  of o m  hour in the length of time the salmon 

rested betwean tests,  The second null hgpothaais (hypothesis B) was that the 

slopes of %he recovery curves were the a m  f o r  the t b a  mat perlods. The 

diifsmnca betmen the slopea was a i g d f i c &  at the five psrcent laval. As 

the  langth of the fM r u n  inr=rmed, the dlfferencsa Fn the percentages of 

rscovery between rast periods beam greater, 

The mquations of the c m e s  s h m  I n  Fig, 4 w-e derived from the trans- 

f o m d  data by the mathod af l e d  aquares, The actual psrformance acoma are 

p l o t k d  about the theoretical line for the grmp that uas @van a three-hour 

mst. Iatting y stand for the performance t h e  on the re-run and x for the 

performance tims on the first m, tbs aquations f o r  the mcovery curves in 

Fig. 4 -: 
0.2631 o n e - h ~ ~  rest p&od - y - 31.~8 x 

0.2526 rast psriod - y l6.811 x 

0.7373 b e - h m r  rust psdd - y = 3.U6 r 

The h a  rscavarg. cumas ara characterized by positlvq alopea .ad 

asgatlm sceelarations. The direction of slops Lnfera a pos t t in  c o m h t l o n  

batwean the fiahfs perfonaance in the fird run and =-run, i,a,, the fiah 

that ollem mper ia r  performers in the f i r s t  runs would maintain thls relative 

augeriorlty d d n g  the =-ran, Tha negative accaleration points  out the decrea 

in percentage racrmeq aa the la-h of tZms the fish man during the first  run 

iacmaaea. 



rrSp0tbrai.m B: The alopea of the thrsc nmrg e w e s  are tha same. 

V W .  
R a t i o  





!fb =-ran. psrfomamaa wrs much higher when the flsh rram even 

thrms-honr r e a t  rather than r ow or tro-hour mat. U s i n g  *thQ man firat 

run p m ~ o ~ a  for all t es ts  (5s saconda), the rscmaxy parcsntagea, 

calculated by maltfplying the ratf o of the re-nm prfonnance to the f i m t  

performance by lw, far the om, two md throe-haur mat perioda were re- 

apactirsw: a, b% md 67%. 

The lmr percentage recovery aesociated with the longer first pr- 

formancss l a  in a l l  grobablYty mlated to the fish's atate of exhatlation 

@t the end o f  the first run, asmmbg motivation mmaina constant, Jf t h i s  

l a  so, it #as not dsbcbd by thn brlmf aramdnrtion at the end of arch 
I 

b a t .  The fotigw cm&tion ratinga (page 9 )  mn not d3ruut l~  rmlabd to 

the t e s t  performances, H a k a t a n i  (U) ass unable ta flnd aqy aimple cor- 

mlatlon bra'hmsn 3 a o r g d c  phosphate lavels, which Increased mxk~dly  after 

exercise, and the lewh of ttm the fish were .rarcissd, Nakatoni workad 

with yearling ubs3hs.d. Eowver, r pronommcad =farenix in m h m r i q  motion 

was noted between the Ugh and the law-prformanca silver salman, Low- 

psrformanee fish, an the term 5s wed hers, wuuld FncLtlde flah Nos, 1, 4, 7, 

10, 11, U and 17 (m~. 1). Fish Nos, 3, 5, 8, 9 and 18 would km cooaidered 

high-pflo~mnpce fiah, The osciUatcrry memenb of low-parfo- fish ware 

of greater ~ m r g l l t n d s  and imoltsd mrs of ths anku15or partion of the 

than thme of the high-parfonnenee ffah. Thia ddffaranca mra most noticaabls 

d n r h g  the first part of the h~t, T d  the and of the test, baforn 

the  f i s h  lost a Typ I Lap, t h i e  straggling typs of nmtion wag obsemed, 

regardbas of the length of tim the fish had cmm. The difference i n  motion 

aaggeata that, although the watar velocity waa held constant, the btol b w  

activity mcasaary to maintsia position upstnam from the l i g h t  and electroda 



R y a n  (121, in s ~ z i n g  the results of a mmabsr of eqmrimenta Fn- 

valving different t y p s  of muclcular fatigue, s ta tes  that humans =cover 

work capacity mare rapldly after quick e x b u t i o n  than after a l m r  develop- 

ment of f atlgue, Results of earUer experimsrrt~ on recoverg t k m  In the 

anrrular tank ( 7 )  indicate that Ryan's statement would also apply to fish. In 

thoae experiments both sockeye and saver salmon were fatigued rapidly by 

8 w b m h g  in a steadily accelerating velocity e c h  cau~ed the ffah to work 

at a high rate regardla88 of capacLty. The salmon fatigaed by m 3 m d n g  at 

an accalarating velocity recovered f r o m  tha mbmdng e f for t  In a much ahorter 

tims than the silver salmon fatigued by d m d n g  at a constant speed of 3.h 

f .p,s, The rapid sscovery a h m  by the low-performance silver aalmon in the 

pracrent study be at least p a r t t a w  explained by the dependence of ru- 

emery t lma on the rate of fatigue, 

ThQ 67 pament recuverg aFter a three-hour rest tends to ba a minimum 

astimate of recovery, A perfommce dscrenmnt wua shown to be associated 

with tes ts  that wars oonducted toward the and of the  testing achedub on 

@van dmy. This factor would affect the re-rum (the laat group tested each 

day) but not the first runs of tba fi& that wen doen a thraa-h&r rest 

batman runa, A cumpd.son of the  d m m h g  performances of the f i a h  on the 

r e - m  after a three-hour rest to the perfonnancea of the fish on the first 

mn that ware exposed to t h e m a t  pre-test disturbances before the f irst  nzn 

( t he  first rurw of the f l a h  that warn given a om-hour mst) offers  an 

evaluation of thls confounding factor, As each flsh was taabd under bath 

rsst conditioas the variation clue to differences batmen f i s h  was separated 

from the s~perimantal error. T h i s  cmpeslson yielded an F valm of 1013 ( d t h  



1 and 17 dsgrsea of f'reedom, an F valan of b.45 i a  si&@ficant at the fivm 

gsrcsnt level) using t b  t m m f o m d  data. 'Pba rspctiw man parfonnaaca 

times mm -442 aeconda and 391, asconcia for the first runa before a om-hu-ur 

mat and the r a - m  oftar a me-hour  mat. 

The fi8h1a t o m  activity W n g  the mbdng t e s t  is only part- 

rapraserrtud by the length of tlms the fSsh rwam. A rrumber of concondt& 

obaemationa ware recorded m n g  arch test (aa dsscr ibd in methods a d  

mated& lasction) that are of i n b r e d  in themelves and becanere of the 

po8albla bias they could iatrodnce .In parfonnance th, For sxamph, the 

fiah* a position in the test fltmae would dsterrrdna the -tor velocity in 

which tha f i s h  ras a u h d n g  md theFafom h f b e n c a  energy rsgniwmnta 

necessary to ~n~ paaitien, Scores w e ~ e  aasigned to the several positLon 

readings W a n  each test according to the following plan: Inside 

chamel - 1, contar channel - 2, a d  mtaida chBTlrIC1 - 3. Using these acorns 

It wpa shown that although the i n d l v l ~ ' f i  ah change8 polsition often d e n g  

a t e a t ,  t b  average gositlorn wm fpirly coa&tan'b. Tba average position w 

abt e o r r s b t ~ d  uith the length of tim the fiah swam M o r e  bcoming  ax- 

berastsd. The salmon dld not s&b%t any preference far ths h i d e  of the 

chvlral wbem the water velocity r a m  alomr, mn after om or dap of 

tasting, The o v e m d l  Pvsraga paaitlun, camgntad by traaUng the -raga f o r  

each t a d  aa a single obaarvation, uaa 2.2L,i.e,, slight- to the outaide 

of the center of the c ~ l ,  

The mnnbsr of ahctrfcal shocks mcsivad by r salmon during one test 

varied from 3 to 95; and the t o t a l  mbar of ahocka par aalmon for the W e e -  

day tost  parlod v d e d  from 16 to 177. The aalrrron appeaed to a f e r  con- 

aidarsbly wlth regard to the nambsr of shock8 llscaassry to induce Jwlmmlng. 



Little i3 kumn about ths effect of electric shock on idmzt org-, 

hmver,  there was ao parfoznmma decmmnt wsoclated with the number of 

cosrtacta with tha electrical b d e r  such as dght be eqxcted if the shocks 

wra s&ously i n t e r f e r ing  d t h  the ealmonta normal muscular contraction 

and cmzrdFnation, Sum5val t h e  mm also rmralated to the n h r  of shocks. 

h l y s l s  of the shock data In the Latin aquam format (Table 1) s e l d e d  a 

sigdficsxt difference between f i ah  (at tke  o m  percent level) while tha day, 

corrslabd wtth pedonnance . The length-psrformsncs comelation coefficient 

w -0.52, suggesting that the  largar f i s h  ware maker swimmers or were ad- 

versely affected by the axpamntal  c o r d ~ t i o ~ ,  

Tag& oprationa, sepecially thoaa concsrrrsd wlth eatlmstLng s p e d  of 

upstream -tion or passage time f o r  a f i sh  laddsr,  could be Fmproved by 

al lowing the aalmon to rest overrdght after h i n g  taggsd, Fiah raleaaed in 

a f atiguesd condition are unable to contlmm their jerrrrnsy npatrsam and may 
-- - 

be awapt some d l a c e  downstxrmm bsfors flndiag a suitable mating axma, 

These temporarily incapaeihki f ish would also ba mrrm macapt5bls to 

p d a t i o n ,  

l'he dapandenc~ of recovery tima on the degree and type of fatigue is 

strong sddence of the mceaalty for a&gaatS mating facilities in a fish 

pasing dsvics in d c h  uater velocities eaceed 3-1/2 f.p.3. a Danil 

flshwq) for q considerable distance, W H n g  i n f o m t i o n  on ths 



mlrtionship of tbs m r k  and reat  pattern to t o t a l  work accompUshed in a 
> > 

giran t b m ,  it is recomwded that IacFUtiss should be provided that would 
- 

- . - -- 

allow the salmDn to sat their  oun pace. The  e r p e h e n t a l  ~ ~ S U V A  indicata . . . - . . ., . 

. . .  . ,  . , - 

that to prevent aztensiva exhaustion, salmon should not be forced to m a A m k h  
-- 

. " 
/ / 

- - 2 *-- - .  .* .L 
, x - , ,, , 

a strsmous elf o r t  for more than a few m l h s ,  
- I ..-... .Ayr-^--+ . 

. . ,,. . . .. , . . - .',̂ ?. 
, . - .:.!,,;L, - .  ' . ; 

, . , , , . .  . . . .  
, . . - . -8 

Conclusions 
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