
@ l e  relationship between the tempenture requirements isf' some fish slpccics. using - -  
-3blished data for growth uptims. final preferences and irthal limits \~ere examiiacd. A goad 
. :-rrslaiion was found and it is su~esged thar the data established gives a g c d  estimate af t h t  
: :~apeakturz promoting maximum growth. Determinations of hnal prrferen~ba are easily 
anductrd in the laborat~rq. and could tfarrcG3re be used to give rapid a?~Sessments of 
;;?timum growth tttmpenturzs of putenrial culture species. The pmctical a;.p!icatiorr of 
cich me:asurements is discussed- 

incrzaszd use of cooling bvater by pow\?er grnrrclting stations and the resu3tanmt 
3dd;:ion of waste heat to natuml waters has stimulated studies into the assessment 

i of znviron~nental rrtects of thermal e8luenrs. Amongst the most numerous 
in~rlsti~ations are those defining lethal tempefatures for fish (Alabaster 
Dotl:ning, 1966; Moroszewicz, f 873; Af abaster & Lloyd, 1980), idthough otller 
~wkers have investigated the full mnge of  temperature toferarlce of selected 
specits /i\leiil $r Magnuson, 1974; Kutty ta a[., 1980). This increasing body of 
available infomation has been used to ~Iassify f ~ s h  into 'thermal guilds ", 
acc~rding to their temperature requirements with a view to considering tempera- 
ture as an ecological resource in a similar manner to food 3 -3ior Space 
(Hr>kanson. 197 7;  !;fagnuson a a/., 1979; Branelt et a!., 1980). With a few nou.ble 
t~ceptions, there has been little atrempt to study the the a4.f ~{eq~irements of 
fishes in relation to their physioiogy and brharpiour (Brett, 19.i I ; Britinger & 
Fitzpatfick. 1979). Brett (1 952) determined the preFerred temperature fansockeye 
%lmon, O~~.~orflvil~izrts ) le rk~,  and subsequent vdork revealed this temperature to 
coincide with cfie temperature optima far swimming speed, metabolic scope and 
g r ~ ~ v t h  (Brett, I97 l f. 

En this paper cor~ela~ions are sougkt betbvseru the prefemed temperature, 
temperature tzderance, estimated fmm upper lethat temperatures and physis- ~ logical optima. 

The hemperatufe responses ~f fishes are divisible into toierrince, resistance and 
i Preference. The ehemaf resi20nses of a fish relafive TO accfimali~a temperature 
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a= summarized in Fig. 1. In order to define the zones of tolerance and resis~anicr, 
plots of incipicnr lethal temperatures (tolerance limit) and temperatures at kvhid 
death is rapid (resistance limit) are made against acclimation temperature. The 
upper and lower incipient lethal temperatures (Uj'ILT and LlLT) represent the 
temperatures at which, theoretically. SOY@ oaf the population couid suniive 
indefinitely. Glutside the tslennce tenlperatures lies the zone of resistance. 
within which there i s  a strang intcraef an between ternpemture and exposure 
time. The upper boundar?; of the resistance zom i s  represented by the critical 
themal maximum (CTM), which is a measure of thernlihi resistance determined 
by increasing the %vater temperature at a rate of 1" C mil?-' until the frsh lose 
equilibrium. Survival times above CTM are \rirtually zero. 

The UILT, LI t T  and CTh.1 are olependect upon acclimation temperature and 
the previous thermal histov of the fish (Fig. 1) .  Figure 1 also slhows that the 
boundaries of the tolerance zone are given by the LTILT, LILT anld the ultima:e 
upper incipient lethal temperature (UUILT), which i s  the highest temRe&ture lo 
which the species can be acclimated. 

Within the themal tolerance zone, fish, w h n  given a choice. will spend most 
time within waters of a certain temperature and these preferrt? tempentares 

al preferenda) are also dependent upon previous thermal acclimation 
te thermal preferenda are usually determined over a short period. 

Tolerance Zone 

Zone ot: Final Pfefesendum 

Frc. 1. Diagram sha~siog tempcialure reiations of fish. CTSI. f ri~ical thermal maximum; ulLx 
upper gncipient !et ha1 temprraiurc: LILT, lower incipieci iet hsi tcnperaailrtc: 6 W 1 LT, ultin3Jis 
upper incipient !stha1 temperall;re--; XP. acu:e rhcmal preferendurn: LE, line of eqGaliry- E@" 
fu~!l?er deta~ is see xexg* 

+b 
ix*-* e," 



sist anee, 
tt which 
re. The 
;,-alp the 
survive 

f 

Lrs arid 

d most 
rat ures 
martian 
period, 

h::- if fish an;r leR exposed to a temperature gmdient for a longer period, they %vili 
e~:b:iuaEty grakvilate towards a given Eesrlpemlure characteristic for the species 
b 

y C temperature preferendurn). 
:-*ry (I917) g8ave a bipartite definition of the final preferendurn as ' . . .a 

kc::. pemture around which all individuals ~v i l l  ultimately congregare, re:gardless of 
el:+ :r thermal experience before being placed in the gradient ' and ' . . . that 
tcg.:perarure at lvhirh the preferred temperature is equal! to the acclimatis~t 
,*% t,;-.perature 4 5 1  '. This bipartite definition can give rise to two independent methods 
a'r: alle dc:terminarion of the final preferendurn. The first, ' gravitation method ', 
h:--: already been mentioned in that fish are exposed to a temperature gradient for 
a:. extended period until they "gravitate " to the preferred temperatlure. The 
a:---.mativr method consists of determining acute temperature preferenda Far 
g: :ups of fgsh acclimated to different temperatures. A line can be pllotted through 
I?. tse points and where the iine intersects with the ' line of equality' the 
3.--:!imation temperature is equal ro the acute temperature preferendurn (Fig. 1). 

! -#:;* 

i .,is corresponds to the second part of Fry's (1917) bipartite defi~nition. 'Both 
I R--:elrods of deternlining final preferenda have been widely used and the methods 
1 kxve been discussed and connpared by a number ofauthors (Badenlhuizen, 1957; 

14 ichards ea ni., 1977; Reynolds, 1978; Reynolds & ,?asteriin, 1979a). 
There i s  increasing evidence that a fish does not move to water of a given 

I-mperature within a gradient and then remain there but tends to make 
' ><spIorarory movements ' into waters of both lower and higher temperature. 
Therebre, it may be more realistic to consider the f~nal preferendurn as a ' zone ' 
i-dther than z f~sed temperature (Fig. 1). Supportive arguments in favour of rhtt 
final pre~ferendum z m e  ', rather than a single temperature, is that tlhe estimate of 

the final preference has been shown to vary with a number of envirconmental and 
/ other factors [Hutchison & Maness, 1979: McCauley & Hugins, 1979; Reynolds 
I 

1 Sr Casterlin. ! 979n). McCauley & iiug3ins ( I  979) have also suggested that f~nal 
I 

preferenda of rainbow trout, Salr2lo gairdneri, may be dependent upon ase, 
rhe younlser stages having higher prefe'erenda than older fish. Definite eRects 
llave not been demonstrated far other species, although there is less data available 
than for rainbow trout. If future research shows that there are definite ontogenetic 
variations irr temperature preferenda, then the concept of the final preferendurn 
must be revised, but for the purpose of the current paper it will be assumed that 
this is speeies-speci fie, in accord with earlier defiilirions. 

The optimum temperature for growth is def~ned as the temperature at which 
growth mte is highest when the f~sh  are reared under conditions of maximum, or 
excessfeeding. 

k 
I 

4 

If I. kEATERIALS AND 3lETNODS 

Vaiues f i r  5rowth optima. f1133l preferend2 aad ten?pcrature tolerance :yere rxtrdcrrd 
from the  published .9litent~rt: and correlations srrtdied between these indicators of thermal 

* requirements. 
Laboratory data offlnai preferend3 using both ' gra\?itationalq ar,d ' acute ' methods were 

Jf tT,  included but dvra of temperatl;re prcfrrrndlt rothex tllan lethal tsmperatuns) based upon 
.ivq3~e= r m r ~ * b  freld observations .sere discarded. Field data was no1 usuaiiy included because the 

FQF preferred temperature varies %vith season and the distribution of the fish in the water 
caItlmn may be infiuenced by f3ctors other than temperature, e.g. light, prey density and 



ax yge12 concent rat ion. As t tie fglaal preferemdurn is  defancd as being species-slpeeiFlc, data 
rekrring to a l l  ontogenetie stages have been included. Problems arose with the selection of 
data relating to upper lethal temperatures. Eurspean ivorksn have (ended to T ~ P Q H ~  itth3h 
temperatures in terms ofthe CTbfuf, whereas in the U.S.A. and Canada it is more usual ta 
report values of ultimate upper incipirn~ lethal tcrnyemt~res (UUILT). Figure 1 she~vs the 
CTM i p  deprndent on acclimation rempsmture and so in cases where CTkIIs have been 
taken as the assessment nf lethal irmpcmture, the value used i s  the CThf for the fish 
acclimated to the highest tempemture. In some cases. estimates af lethal Mlnperatures 
taken I i sm field dam have also been included. Tho use s f  three dicerent estimates of 
* lethal temperature ' invariabi y introduca some degree ~f scatter but the vaPiations \yere 
not so great as 10 mask any general trends. Correlations between the various parameters 
were sought using least squares linear regression analysis. 

IV. RESULTS 

The v:slues for growth optima, final preferenda and lethal temperatures for a 
range :ref species are listed in Table I. Linear regression analysis sho~ved that here 
werz sig~~if~cant csmlations between these three parameters and the respective 
regression lines aR given in Table 11. A good correlation was found between the 
final preferenda and the optimum temperature for growth. Wheln plotted, the 
points fay about a regression Iine which \\ras almost equivaient to the line of 
equality. Hence, the hypothesis that the f~nal preferendurn is a good indicator of 
the sptirrium temperature for growth (and vice versa) i s  supponed by the avail- 
able data {Fig. 2).  

In cases where two of the parameters had been reporred in the literature the 
equations given in Table II were used ro calculate the third temperature. Th,rse 
vallres are given in Table I and in mast cases it can be see12 that rhene is reassnabiz 
agreement between the two calculated values. 

f i ~ .  2. R~fati~lilship betbyeen final prrfermda and optimum trmpemtures far growlh of various fish 
species. Paints represent means of darz given in Table I .  Y = 1 -05.Y-0-33: n = 19. 



ic*ill:il 
preference (" C) 

0, ki~ld!c*h 14.8 C3t.l.akesFishIdab.(1070) 15/13 2 5  Brett ( 1  952) 

h91i/\f~tlirt t d c ~ a f i ) ~ j t i j ~ c ~ / i c ~  13 , t3atdwirr (1656) 14 17ishcr & Elson ( 1  950) 25 .3  Fry et a/. ( 1946) 
11 4 McCormiok rlf  nl. (1972) % 6 S t ~ l l i v ~ , ~  & Fishel* ( 1  953) ' 90. I MeCarlnick rr a/. ( 1  972) 
16. 1 I icrkanson t9, rrl. ( I  973h) 18 Jiivaid & Antlerson ( l  N37) 2.1 C'hcrry c/ a/.  (1077) 

16 12ctcrson ( 1  973) 
% 4 C'hcrry Q! trl. ( 1  0 7 5 )  
B 6 C'llcrry ~i $I/ .  ( 1977) 
18 Miilicr ( l  g 7 7 )  

17.2 FIakanssm ci w l .  ( 1  977) 18 Javaid & Antlerson (1967) 26.5 A t~bastcr & Wclesmtne 
( 1  962) 

t 6.5 W urtsbeugh 61. Dirvies 18.5 McCauley & I'ontl (197 1 ) 26 Bidgood & Uerst ( 1  969) 
6 1977) 

I 7  Papoutsoglou & f 8 Cherry el NI. (1975) 26.3 Charlon el a/. (1970) 
12;ipapar;iskeva- % 9.2 Chcrry c8r a/. (1977) 24 Chorry er ul. ( 1977) 
13;lpclutsoglou ( 1978) 1 1 . 3  McCaulcy pi d l .  ( 1  911) 25 I-lokanson rt a/. ( 1  997) 

14 McCauicy & lIuggins (1979) 

I4 Fisllcr & Elson ( 1950) 23 Bishai ( 1  960) 
% 8 Javaid 8( Anderson (1y67) 
14 I3etd"rs~~t &, Metctflft: 

( l Y 7 Y )  I 
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i A ~ S ~ ~ E :  I .  (continued) 

Optimum yl*owtlr 
Pcnsperafurts (" C) 

Final 
preference (" C) 

B 2 Swift ( 1  06 I )  
% 2.8 Elliott ( 1  075) 

E 7 6  Ferguson ( 1  958) 23 Rishsi ( l  960) 
14.3 Cllerry ci ( d l .  ( 1 977) 26.4 Alahasfer & Dawning 

(i 966) 
11 2.2 Rcynolds & C'iisterlin 

( 1979d) 23 Cherry d rrl. ( 1  977) 

d 2.7 Ferguson (l058) 2 4.6 I2dti;lll KL I10tf icrs ( I 9 76) 
12-16 1 lozrgman ( 1 9 744) 

26 l-lnkanson cr ul. ( 1  9 7 3 ~ )  2 3-24 Ilokansoil(1977) 34 Scott ( l9h4) 
3 9--2 1 Cassel man ( 1  W78) 28.4 Ilskaillio~~ 6.r nl. (1973a) 

29 I lokar~son (1977) 
24 Ferguson ( l958) 34 Scott ( 1  96sa) 
25.1 I<cy~loltls & Cilsterlin 

( 1979b) 

30 Roy & Jol~enscn ( 1  970) ,3 z u  0'3 P F ~ * ~  el ( 1 942) 
28 Rcynoltls PI  rrl. ( 1  978) 40 I-Ioyland 6.r a/. ( 1  979) 
28 licynolds & Casterlin , 

( 1  079c) 

28*6 Cherry u, (11. ( 1  975) 3 1 Cherry et NI. ( 1  477) 
26.2 Cherry er a/. ( 1  977) 

32 , Cherry s.a al. ( 1  "$47) 
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32.1 Cllerry el al. (1  975) 36 Ctlerry s91 ul. (1 077) 
30.8 Cllerry el ul. ( 1  977) 

30. X Lemke ( 1  977) 32.3 Fcrguson ( 1  958) 35.5 1-lickmen & Dewey ( 1  973) 
3 Z Beitinger & Magnuson 3 1.2 Beitinger ( 1  974) 3 7 . 3  fQaarz.rer cf%& van Arm;;in 

(1079) 3 I Ncill QL Magnuson (1974) ( 1973) 
29-30 Magnuson cl a/. (19791 32 C'herl-y er al. ( 1975) I 36 Cllerry cl ul. ( 1")77) 

30.9 CIlerry cr ill. ( 1  977) 



f ABI-E 11. Linear regressiotl analysis shoiving rclationshnps 
ba\vre:l ternpewlure -2quiremcnts of fishes 

Parameizers J.Z Regression equa i sn  r 

Growth optimum (-1') 
Final preferace ( I3 l9 I"= 1-05 -Y - 0-53 0-93zm7 

Grotvtb optimum (.\7 
Lethal temperature ( J3 22 Y=6-76 ,"a" 13-81 0.866 

Final preference (-13 
Lethal temperature (19 38 Y = O - 6 6 A - +  115.43 0.890 

w 
" t It i s  comparatively easy to determine the ftnaI temperature pre~fennces of a fish ' 

species using suitably designed electronic shuttleboses, or temperature gradient %. 

apparatus (Richards rr a i ,  1977; R.eycolds, 1978). On the olher hand. the i 

determination of the optimum temperature for gro\v%.th is time consuming and i 

involves the use of large numbers of fish acclimated to, and reared at, a wide range - 
of temperatures. The anatysis of available data sugests that the ftnal preference 
gives a good indication of the optimum temperatGre for growth. Therekre. the 5 

determination of the preferenda could be used as a rapid  method for the I , 

esxilnarlon of the temperature required to promote maximum growth of fish. The 
use of such a method \+.ou!d appear to be pzrticulariy ifaluablr in the investigation 
of ontogenetic changes in tc,npcrature requirements (SIcCauley & Husgias. @ 

1979), an investigation which would he unrealis;ic using conven~ional methads 
for studying interact: -ns between temperature and gro:vth. 

A good correlation was also found bsttvesn lethal temperature and oprimum 
temperature far groii-th. However, due to the method of assessing lethal 
temperature. the cquation given in Table II i s  likely to give a less precise estimate a 
of growth optinla than the use of the fjnal prefrrendum-g~-~t\t~h optimum - 

relationship. Nevertheless. there is  a much wider body of literature referring to 
' Lethal temperatures "than to preferred temperatures and this injbrmation could 
be used to give an approxiination of grawth requirements. One of the major 
difliculties riyith the use sf lethal temperatures is the inconsistency of the methods 

1 
ussfl. For example. a l tho~gh the CTXf is generally considered to be the tempcn- 
tuse at which fish lese equilibrium *i~hm subjected to water heated at a rate 3f 

1 "  C min-\ this has not been uni\:rsntIy adopted as a definition. In consequence. 
various hea t i~g  mtcs have heen used in the determination of the CTM, leading 10 
considerable variations in values of CTXiij Far given species. In an evaluation of 
the n~e thodo i~gy ,  Becker & Gcnotval; (1579) shogved that the higher ttie rate of . 
heating, the highcr gg7\.as t l l r  CTkt. These authors stressed the need for standard- 
ization of technique and csnciuded that CTM :;L- .id give a useful means tbr 
invesri_r;izing problems. such as short tern1 changes in temperatuie to!zrances 2nd 
lethal limits. Thus- i~aitres ofCTXI are !ikrty to be of uaiue in assessing tempera- 
ture tolerances of Elshes subjecitd to abrupt chanfs in ivater tempcrdture induced 
by periodic thermal dischages. Ho~~etver, such values give iittle indication of 
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;gn?i31 and gro\%~th sf f3~h subjected to long asm tcanpcrttture changes* W h e ~ c  
:nir.;:natlon ofthis nature i s  required. tile detcnnina~ion sf the UUILT appears t s  
5,. ;r1-\re realistic. 
R ~cent'ly, these has been i~lcretlssd interest in the possible use of therrnal 

i.tllt:cnt ro promote fish growrh (Sylvester, a 935: &%ston cl a!.. 1976: Peterson & 
Stc. I977; Sadler, 1919) and there are rsmmerciai and pilot scale Fdrnns using 
p o ~ c :  slation cooling water. Hawever, the ciroice af the culture orgarmisms has 
nor .i\vays been made with regard to the physiology and belraviour of the spiecirs 
 HI-‘^ & Strawn, 1976, 1977: Brmch & Straisn. 1978) i3nd it is proposed that 
~cc,irate information csncenai~g the optiznum temperature for growth and 
rtir:.srature tolennce range would lead to tho selection of mere suitable species. 
Prc'iminary experiments to determine temperature prtfsrenda (growth optima) 
Jar: t'L'ILTs !roisr;kncz limits) could increase the rate at \vhich patenrial cuiture 
<pc.-*izs sere ' screened ' with a concomitant saving in rinle i:nd monetary 
e* .% x 2  ?- ~ i ~ d i t ~ r e .  % ? 

-4% an illustration, among the m~jjcr problems t'aced by cu~rurists of red'sea 
hre:::n, Clmrysnyh~xrs ?,lc*r. in Japart are reduced groj\.th and increased mortality 
du:-l~g, the sumlncr months (Kirazima, 1969). .At this time of rhe year sea surface 
9139.-3 1-3 Liatu;e~ -% 1n3y exceed 30a C and thus approach the UC'ELT (3.2" C') of the 
g ~ . i e s  (Woo & Fung. 1980). Use sf t l~e  equations given in Table 1I  pralvidss an 
r'stii:l3te ofappr~ximaiely 24" C for optimum grokvth of red sca bream. Data on 
Ie~;:?erature xolerznce and preference should, therefore. be used .ivhen assessing 
;hi. buitabllity of &~tes for culture. 

i:??'ormation relating :Q the gmwth of estuary grouper. Epin~phrljts ~ ~ l ' f ~ l o i i i ~ ,  
h a  been used to assess the ecocomic feasibilit? ofcommcrciai pr~duction (Chua 
Jk Trr.9. 1978. 1979, 1980). The ierhsl temperature for rht. species i s  39' (Chua & 
Te149, it 980). sugesting a growth optimum of ahour 32" C. A consideration ofthe 
hliiragraphic data given tbr the experimental cage sites shows that the annual 
~ ~ ~ ~ ~ p e r a x u r e  conditions (28-32" C )  Ivere close to those pramoring maximurn 
:~oavi h, 
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