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INTRODUCTION 

In the l a s t  th i r ty  years a large amount of research effor t  has been 

extended i n  behalf of thermal tolerances of fishes. In a recent publica- 
i3 tion Coutant (1972) 1 ists thermal tolerance data fo r  more than slxty 

1 species. The upper and lower temperature limits for  these .fishes were 

derived typi cat ly i n  studies where temperature was the only experimental - 
1 

parameter. That is, the fish were we1 l fed, acclimated to a control led 

temperature and external stlmuli were minimized. The experimental f ish 

were usually transferred from an acclimation tank t o  the t e s t  tank whi-ch 

contained water a t  a temperature above or  below the acclimation temperature. 

L- 

The thermal tolerance o f  the species was then determined by the t'm; required 

I d for  loss of equilibrium or death to' occur. The irlCformation gathered i n  this .\ - 
manner i s  certainly indicative of the thepa l  tolerance of a sbecies b u t  i t s  

appl f cati on t o  the natgral environment must be conducted w i  tn y reat care. 

Today the eculogi s t  i s  being required to  make predictions on the impact 

of thermal discharges Snto natural waters on fisheries. Assuming that  the 
, 

L 

. . ecologist can determine what temperatures are experi enced by the exposed 

. organisms, the ecologist must rely upon data typified by originating from laboratory 

studies 15 ke those just discussed. Since,.in. general, th is  information was 
Z 

generated under conditions where a l l  parameters save temperature were held a t  

optimal condi tions one migkt questi on its s t r i c t  appl i cabi 1 i ty to  attempts 

a t  quantitative predictions of impact. Fish i n  thei r  natural s t a t e  are, of 
1 - 

course ,placed under a number of simultaneous stresses. The waters i n  which 

they are swimming m q l  carry pollutants , be deficient in oxygen, supersaturated .& ,I 
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\ 
with atmospheric gases, o r a n y  number of factors not conducive to  the health 

of the f i sh  population. The combined e f fec t  of any one of these factors and 

a thermal load forces one t o  be' hesi tant  t o  s t r i c t l y  apply the available 

thermal to1 erance data. 

One of the most obvious differences between laboratory studies and f i sh  

in t h e i r  natural s t a t ?  I s  that  the'  l a t t e r  is  normally swimming. This i s  

especially t rue  fo r  migrating species,  eg. salmonids, which may be in a s t a t e  

: of fatigue when they encounter a thermal discharge. The e f fec t  of fat igue 

on the a b i l i t y  of f i sh . - to  cope with a thermal shock has not bezn investigated. 

The combined e f fec t  could a l t e r  the response of f i sh  t o  elevated temperatures -- 

as they might encounter moving through r ivers  receiving thermal e f f luents .  

The purpose of th i s  paper i s  t o  report  on tti~ preliminary investigations 
/ 

designed t o  provide a basis f o r  defining the combined e f fec t s  of fat igue and 

thermal s t r e s s  on rainbow t rou t ,  Salmo, gai rdneri .: 
. . 

'.. : 

The f i sh  being used throughout th i s  study is raintaw t r o u t ,  S a l m  

gai rdneri . The f i sh  were obtained from a tonmerci a1 hatchery, Troutlodge 
-.- 

Springs , Soap Lake, Washington and wcre niai ntai ned i n  the 1 abaratory 

. . for  9 weeks prior t o  the com~nencement of experiments. Two 1 ots  of f i sh  were 
/ 

used, one obtained Feb. e, 1972 and.oge on June 7, 1972. The body s i z e  of ! 

the f i sh  used ranged from'85-300 gms, the mean weight being 176g (Ave. fo r  30u 

f i sh ) .  The f i sh  were fed dry f i sh  pe l le t s  manufactured by Moore-Clark "New 
s 

Age Fish Pe l le t s" ,  S a l t  Lake City, Utah. Fish were not fed f o r  16 hours p r io r .  
. 

Lo experimental employment. In a1 1' l a c t i c  acid and. c~lucose measurements the 

f i sh  were used only cnce. 
I 
1 

/ 
, 

. . 1 
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Blood samples f a r  1 act i  c acid and glucose measurements were withdrawn 

from the f i sh  by syringe placed in  the dorsal aorta. A volume of 0.40 ml was 

withdrawn for b o t h  analyses. The average time between removal of f i sh  from 

water t o  blood sampling was 0.8 minutes. . The l a c t i c  acid concenfrations was 

analyzed by Sigma Chemical procedure 826 - UV an adaptation o f  the Marbach 

and Wei 1 (1967) enzymatic method. This method 'depends upon the following 

reacti  on: 

Pyruvic.acid + p - DPNH /'-- 
.7 

L(+) Acid + 6 - DPN 

which i s  catalyzed by l a c t i c  dehydrogenase and can be used fo r  measurements 
... 

. . .  
of both l ac t i c  acid and pyruvic acid. . In the present application the reaction 

" is  driven t o  the l e f t  Sn  the presence of excess B-DPM. The pyruvic acid 

' must be removed by complexing so tha t  the reaction may be driven t o  comple- 

t ion .  The amount of B-DPNH i s  measured spectro photometrically on a 

Beskman DU a t  340 p,. 

Glucose measurements were performed u t i l iz ing  a Beckman Glucose 

Analyzer. This instrument measures the ' r a t e  of oxygen consumption i n  the 
... 

r ~ % c t i  on catalyzed by glucose. oyydzx: - Glucose + (I2 _, Gjuconic Acid + H,O 
L 

H2° 

, In th i s  reaction the r a t e  .of oxygen consumption is d i rec t ly  proportional to  

theglucose  conC~ntration. The maximum ra te  observed i s  therefore a d i rec t  

measwe of glucose in the sample. 



necessary t o  imnobi l i z e  t h e  'fi sh by anesthesia. There are  a number of 

methods t h a t  are emp1.oyed for  th is  purpose.' i t  i s  known tha t  blood 

levels of both glucose and l a c t i c  acid demonstrat2 a f a c i l e  'response to  
i! 

various stimuli (Cai 11 ouet , 1964). A method of immobi 1 i zat i  on was sought  : 

the'refore, tha t  would no t  introduce er ror  in to  blood measurements. Several 

standard f i sh  anesthetics were 6ppliecl as well as .e lectr ical  shock and cold 

shock. The chemicals used were MS 222, idethyl pentynol , and benzocaine. Cold 

shock was induced, by placing the f i sh  in to  a s lur ry  of i ce  and ethanol. 

Five and s i x  f i s h  were used i n  this stud;;. F i s h  were acclimated t o  lZ°C 

and tested a t  tha t  tempsrature. 
- 

During the investigations o f  the various means fo r  immobilization i t  . - 

was noted tha t  a restdng level of, the two blood constituents was very 

.- d i f f i c u l t  to  obtain. Each f ish removed from a stock tank would 

yield s l igh t ly  elevated measurements over the previous specimen. A method . - 

was. needed whereby the capture o f .  a f i sh  frcn the stock tank would not 
-1 .. 

disturb the remaining f i s h .  The method devised appears i n  f igure 1. 

A trap door i n  a connecting tube between two holding tar;ks provides - 

the means fo r  removing one or two fish. from the stock supply, quickly and 

with minimum disturbance t o  the f i sh  remaining. The f i sh  are stimulated t z  

. s:slim thro l igh  the connecting tube by the s i g h t  of f i sh  in the adjoining 

tar% Foad pel1 e t s  dropped through. tha vent pipe t o  the t rap  door also 

a t t r a c t  the f ish.  They pass freely t h r o u g h  the .tube and frequently hover 

over t h e  t rap door. The tube i s  made of clear  p las t ic  t o  enable observation 

it a distance. .. . When a f i sh  i s  in the proper position the trap door i s  released. .... 
. 

\' . 
. . . . 



Flap valves pa r t i a l ly  close both ends of the tube when the t rap door opens. 

The.valves r e s t r i c t  the .flow of water from the tanks preventing a surge tha t  
. . 

could excite the remaining f i sh .  Closing the t rap door causes water to  

s again f i  11 the tube above the trapping zone, a:ir escapes through a vent 

tube, and upon equilibration of the water pressure on both sides of the 

f lap  valves they return t o  open position. 

The water supply enters through the wall a t  the top of 'each tank. 

Water flows down through each tank in to  the center of the'connecting tube and 

out through s l o t s  in the w.all t o  an overfl-ow standpipe assembly arid t o  waste. 

Before attempting to  study. the combined ef fec ts  of temperature anif - 

exercise on f i sh  a se r i e s  of experiments were conducted t o  delineate the 

^ .  response of blood l a c t i c  acid and glucose t o  temperature alone. In these 

experiments f i s h  were maintained a t  the acclimation temperature of 12°C f o r  

a t  l eas t  four weeks 'pr ior  to  the in i t i a t ion  o f  the" study. For each study f i sh  

were' removed from the acclimation tank by the method discussed a.bovp and placed 

i n  an exposure t a n k  a t  2 7 O C  fo r  three minutes. ?,t the end of th i s  time they 

were returned to  the acclimation temperature. Fish were removed from tho 

accl i m t i  on temperzture a t  f ive  minute intervals  and blood s%;les taken for  

analysis,  A t  e a d  of the thirty-two time intervals  four t o  thir teen ~ i s h  were 

taken. for  h?ccd measurer!lents. The blood sample. was then prepared f o r  glucose 
, 

and 1 act i  c aci d measurements . 

The resu l t s  of the f ive  methods of immobilization are  presznted :ii Figure 1 
. . 

and Table 1.' In a l l  f ive  cases the f i s h  were assumed to  be in a rested s t a t e ,  i.e,. 
. . 



swimming freely and -undisturbed by external stimuli . Thus when they were 

' removed from the tunnel pnd anesthetized they were i n  a s t a t e  approximating 

, .  routine metabolism (Job, 1955). I t  i s  assumed therefore tha t  the immobilizing 

method tha t  consistently revealed . the lowest measurements fo r  glucose and 
h 

lact 'ic acid was the method which revealed the most accurate information about 

. th,e routine levels of each blood constituent.  The figure and table  indicate 

tha t  the cold shock method consistently yielded glucose measurements of 

69.0 mg % and l a c t i c  acid measurements of 7.6 mg %. The lowest fo r  both 

constituents'; These also serve a s  a basel-ine measurement f o r  thermal shock., - 
study. 

- 
As has been indicated above the response of blood levels of both 

- glucose and l a c t i c  acid i s  very rapid f ~ l ? o w i n g  stimulus. Since i t  i s  the 

ultimate goal of th i s  study t o  .determine the e f f ec t  of combined s t resses  of 

. elevated water temperatures and 'exercise (swiming. induced fat igue)  i t was 

decided tha t  the e f fec t  of thermal shock alone should be addressed f i r s t .  .- 

Once this i s  established the more .complicated task of determining the e f fec t  
-.- 

. - . . . . .- . . - - . .- . . .. . . . 
/ . - . . . . . - 'of both teniperature and exerci se can be 'addressed., - : I: 

. The e f fec t  of a thermal shock sustained f o r  three minutes on the blood 

g'l ucose and 1 act i  c aci d concentrations has been recorded in 'table 2 and. 'presented 

graphically in fig9re 3- These f i sh  were placed in a 27OC bath ci-irectly, 

from an acclimstion temperature of lZ°C. None of these f i sh  displayed a loss 

of equi.1 i brium ' a t  t h i s  exposure. The f i s h  were immediately replaced in the 

accl.imation temperature. Blood samples were taken frorn the f i r s t  group of 

f i sh  f ive  minutes a f t e r  they f i r s t  experie~ced the thermal s h ~ c k .  I t  can be 

seen i n  the data that  the groups subsequently sampled reveal a highly fluctuating 



level of both glucose and l a c t i c  acid. Furthermore these fluctuations 

occur for  a long period o f  time following the thermal shock.' I t  can also 

be noted tha t  the r i s e  and fa1 1 of both compcnents appear fa i r ly .  well 

o synchronized a t  l eas t  during t h s  f i r s t  hour following the  shock. 

The concentrations of l a c t t c  acid and, glucose in the circulating blood 

: are highly variable and quickly r e f l ec t  the resul ts  of even subt le  s t i a u l i  

upan the f i sh  (Love, 1970). This makes l a c t i c  acid and glucose d i f f i c u l t  to  

use as indicators of the organism's metabolic s t a t e .  However, proper care in 
. . .  

handling of both organism and b1,ood samples fluctuations o f .  these bl o"d 

components can provide useful data. 
. . 

In the present study the assumption was made that  i f  an accurate measure 
' r 

could be made o f  the concentration of ' lact ic  acid'and glucose in a f i sh  i n  

a restin.: ' s ta te ,  t h i s .  level would serve as a bciseline measurement for  l a t e r  
. 

comparisons of the ccmbi ned effects'--of temperature and fatigue. I t  was 

also assumed that  the lowest measurements obtained f a r  bcth l ac t i c  and 

glzcose wou:d indicate the method wnich introduced ths leas t  error.  A 
. . 

method,,was sought therefore wh'ch ~ o u l t i  a1 low tiie capture and immobi.1 ization 

of a specimen which did not of i t s e l f  introduce undue elevation ,of the 'two , 

bl bod coxponents. 

Several method of capture ;dere attempted before arriving a t  the design 

of the apparatus appearing in figure 1. Other methods attempted included dip 

~ e t t f n g  f i sn  from a stock tank and isolation of individual f i sh  i n  r e s t r a in t  

tubes. In the l a t t e r  method isolated f i sh  were held.in tubes fo r  periods of 
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24 hours pr ior  to  blood measurements.. Both of these .methods resulted in higher 

average concent~ations of blood l a c t i c  acid and glucose than did the tank 

sys tem. previously- descr! bed. A fucther advantage of the tank sys tem i s  tha t  

st allowed repeated removal of f i s h  from .the stock without exciting the 

remaining stock. Thus the blood measurements remain low through an experiment 

and the amount of var iab i l i ty  in the data minimal . 
Once a specimen has been removed from the stock tank, the time before i t  

i s  immobi i ized i s  extremely important t o  the val idi ty  o f  the measl!rement. Acy 

undue struggling by the f i sh  resi!lts in Tactic acid and glucose measurements 

tha t  do n o t  accurately represent the metabolic s t a t e  of the specimen. O f  the .- 
. . .  

five immobilization methods attempted .in th is  study only one, cold shock, 
" 

revealed consi s t e n 5  j 1 ow concentrati ons of the bl ood components measured. 

. The thre'e anesthetics t r i e d  were MS. 222, ~enzocaine and methyl pentynol . 
The MS 222 gave the lowest reading of these with l a c t i c  acid a t  7.6 mg % and 

glgcose. a t  69.0 mg .%. Even w i  t h  MS 222, however, there was a short  period of 

struggl itig before .the f i sh  was to ta l ly  anesthetized and thus emmersion i n  the 

ice  bath was 2rrived a t  ths means for  irr..rnobi l izat ion ~f 5 s h .  In the 

cmnwison ~f the d i f fe rent  methods coSd shock resulted i n  a blood l a c t i c  acid 

concentration of 7.6 mg % and ~ l u c ~ s e  2: 69.Cmg 9 .  In the subsequent studies 

reported hare and in the remaining p c r t i ~ n s  o f  the research the combination of 
/' 

the tank s ; l s tz~~ and cold shock will  be used GS the capture qnd immobilization 

techniques f o r  obtai ni ng bl ood samples . 
The data presented i n  table  3 provides the he ta i l s  of l a c t i c  acid and 

glucose me~surcmenls of blood taken from f i sh  a t  f ive  minute t i~ne  intervals  . 
-. 

following a thermal shock. The f i sh  were acclimated to  12OC and subjected to  



27OC f o r  three minutes.. ~ h >  time course of appearance of both l a c t i c a c i d  

and glucose shows large . . f1uctuati:ons in concentrations. A review of the 

l i t e r a t u r e  on the e f fec t s  of s t imuli ,  predominantly exercise,  on the appearance 

of these components does not reveal simi l a r  fluctuations in time. This may 

I n  part  be due to  the frequency of sampli,ng by e a r l i e r  investigators.  o r  be 

. a fac tor  introduced by the themal shock since the f i sh  i n  t h i s  experiment 

were not being forced t o  swim,. In f a c t  they were being held in a darkened 

chamber and swimming movements during the exposure time was minimal. 

Previous studies have shown t h a t  the major source of the blood l a c t i c  

acid i s  the metabolism of muscle,.glycogen [Black, 1962) Black'et  -- a1. (1960) " 

could find no evidence to  indtcrtte tha t  blood glucose was being uti ' lized - .  

by muscle t i ssue  d i rec t ly  in energy production. Further there i s  evidence 

tha t  the r a t e  o f  t ransfer  of l a c t i c  acid from muscle t o  t ne  blood althqugh 

temperature dependent <s'i'ema"kaly rapid. Despite t h i s  .rapid t r a n s f w  

the level of muscle"1'actic acid i-$meins nigher than the blood throughout 
1. 

the recovery per4 od (Black, 1362). The evidence. from  lack's studies indicete 

therefore tha t  the source of blood l a c t i c  acid i s  the,muscle 2nd from th i s  

we can conc?ude tha t  the source of the.  f luctuations reported bsre fol lowing 

thermal stress may ref1 e c t   sir^! lar f ' l  uctuati on in the pattern of release f r m  

' the muscle- I t  i s  intended in the continuing studies t o  pursue th is  question. 
. . 

The fluctuations of gS ucose seen in , the present investigation may be closely 

coupled t o  those of l a c t i c  acid through glucogenesis i n  the l iver .  Because the 

f i sh  used irt t h i s  experiment had not been fed pr ior  t o  the t e s t s  t h e '  only. 
. . 

source of blood glucose was the l iver .  I t  is  hypothesized tha t  the l a c t i c  . . . 
\ 

acid released in to  the blood frarl the muscles would be transported to  the l ive r  

where i t  would be converted back t o  glucose. I t  i s  possible tha t  t h i s  glucose 

could then be released back in to  the blood ' fo r  transport  t o  the muscle'. 



This explanation seems to  be supported by the close relationship of 
. . .  

' fluctuations fo r  both 1 ac t ic  acid and glucose .following the thermal shock. 

- The work conducted in th i s  study thus f a r  i s  considered preliminary 

is experiments which wi 11, be designed t o  deterinine the combined ef fec t  of 

temperature s t r e s s  and fatigu:. I t  i s  intended that  these studies wi 11 

reveal whether f ish i n  a fatigued s t a t e  display a ?owered resistance to  . . 

elevated temperature. Included in th i s  research will  a l so  be studies of the 

basic biochemistry of energy metaboi ism during miiscular ac t iv i ty  and exposure 

t a  eievated water temperatures. - 
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Table 1 ., Compari son of immobi 1 i z a t i  on methods f o r  Rainbow t r o u t .  F i sh  
' acc l imated t o  1 Z ° C ,  measurements made a t  t h a t  temperature. L a c t i c  

a c i d  and glucose measurements g iven i n  mg %. 

Method o f  
Anes t h e s i  a 

Methyl Pentynol 
/ . .  

Numbero s f  
Observations 

Glucose (Mg%) 
Geometric 
Mean Range 

L a c t i c  Ac id  (M4Z) 
Geome tri c Mean 
Me.. n Range w t .  



I Table 2. Blood l a c t i c  a c i d  and glucose concentrat ions,  mg %, f o l l o w i n g  3 minute 
. . exposure t o  27OC. Rainbow t r o u t  acc l imated t o  2. 5-4.g°C. Time zero  

i s  taken from the  p o i n t  o f  removal frotil the  acc l ima t ion  temperature. 
Mean weight  o f  the  f i s h  was 190.7. 

5 Glucose (Mg%) L a c t i c  Ac id  (Mg%) 
Time(mJn) - N Mean ~ a n g e  Mean Range 


