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THERMAL RELATIONSHIPS IN NATIVE AQUARIUM FISH 

--Wil l iam R. Kenney 

F i s h  are  ec to thermic  v e r t e b r a t e s  and a s  such the  temperature 

o f  t h e i r  b o d i e s  i s  c l o s e l y  r e l a t e d  t o  t h a t  o f  the surrounding w a t e r .  

L a g l e r ,  e t_ .a l .  (1962) note  t h a t  such l a r g e ,  a c t i v e  s p e c i e s  a s  tuna and 

mar l in  may demonstarte temperatures s evera l  degrees  h i g h e r  than t h a t  o f  

t h e  surrounding water ,  but  t h i s  i s  becauseheat  produced by muscular 

a c t i v i t y  i s  n o t  d i s s i p a t e d  a s  r a p i d l y  a s  i t  i s  generated .  This  pheno

menon i s  n o t  t o  be construed a s  the  a b i l i t y  o f  the  f i s h  t o  c o n t r o l  h i s  

temperature,  a s  no means o f  r e t a i n i n g  h e a t  e x i s t s  a f t e r  the  a c t i v i t y  

e n d s .  I t  can be cons idered the e x c e p t i o n  r a t h e r  than the  r u l e .  

We a s  a q u a r i s t s  are accustomed t o  worrying about the  p o s s i b i l i t y  

o f  a sudden drop i n  temperature k i l l i n g  our f i s h .  Nat ive  f i s h  

h o b b y i s t s  have an a d d i t i o n a l  worry: W i l l  our t a n k ' s  temperature 

become t o o  warm? The l a r g e  v a r i e t y  o f  f i s h  under my care are t o l e r a n t  

o f  a wide v a r i e t y  o f  temperatures ,  b u t ,  l i m i t s  do e x i s t .  We s h a l l  

examine, i n  t h i s  e s s a y ,  the mechanisms t h a t  e s t a b l i s h  temperature 

l i m i t s  f o r  any s p e c i e s  o f  f i s h . A  mass o f  s c i e n t i f i c  information on 
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the  s u b j e c t  i s  a v a i l a b l e ,  but  most o f  i t  d e a l s  w i th  s p e c i e s  o f  e c o 

nomic o r  r e c r e a t i o n a l  ( s p o r t  f i s h i n g )  s p e c i e s .  However, from t h e  

s tudy o f  t h i s  data i t  w i l l  be p o s s i b l e  f o r  u s  t o  understand the  

thermal l i m i t s  o f  our aquarium f i s h ,  a l though i t  i s  beyond t h e  scope  

o f  t h i s  e s s a y  t o  c a t a l o g  the  known l i m i t a t i o n s  o f  those  s p e c i e s  which 

have been s t u d i e d .  

Water i s  n e c e s s a r y  t o  v e r t e b r a t e  l i f e .  Therefore ,  a t h e o r e t i c a l  

maximum temperature may be s e t  f o r  a l l  f i s h  a t  the  b o i l i n g  and f r e e z i n g  

p o i n t s  o f  i n t r a c e l l u l a r  f l u i d s .  However, t h e s e  l i m i t s  are o f  no 

p r a c t i c a l  importance t o  the  a q u a r i s t  because o t h e r  problems are e n 

countered long  b e f o r e  they  are  reached: For example, w e l l  below t h e  

the  b o i l i n g  p o i n t  o f  water  s e r i o u s  d i s s o l v e d  oxygen l i m i t a t i o n s  

w i l l  be encountered.  The h i g h e r  the  temperature,  the  lower the  

s o l u b i l i t y  o f  oxygen.  However, because a f i s h ' s  maetabol ic  r a t e ,  
i 

and hence i t s  demand f o r  oxygen,  i n c r e a s e s  w i t h  temperature,  a t  some 

p o i n t  water  w i l l  be unable t o  hold enough oxygen t o  meet a f i s h ' s  

n e e d s .  Indeed,  f o r  c e r t a i n  a c t i v e  s p e c i e s  t h i s  f a c t o r  may e s t a b l i s h  

t h e  s p e c i e s  upper l e t h a l  l i m i t .  I n  order  t o  minimize t emperature ' s  

e f f e c t  i n  the  aquarium, t h e  a q u a r i s t  should keep d i s s o l v e d  oxygen 

l e v e l s  a t  o r  near  s a t u r a t i o n .  

Lower temperature l i m i t a t i o n s  (above the  f r e e z i n g  p o i n t )  may 

be imposed by the  c e s s a t i o n  o f  f e e d i n g  and consequent s t a r v a t i o n .  

I n  a monumental study by Shuter ,  e t .  a l .  (I98O) on Smallmouth B a s s ,  

t h e  northern l i m i t s  o f  t h i s  spec i e s*  range were a c c u r a t e l y  

p r e d i c t e d  by f a c t o r s  i n f l u e n c i n g  the  s u r v i v a l  o f  j u v e n i l e s  through 

t h e i r  f i r s t  w i n t e r .  I t  was demonstrated t h a t  j u v e n i l e s  would s u r v i v e  

temperatures  c l o s e  t o  f r e e z i n g ,  i n  s p i t e  o f  the f a c t  t h a t  they  ceased  
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t o  feed  and grow a t  some temperature above t h i s ,  (IOC). Whether o r  

n o t  they  surv ived  the  w i n t e r  depended upon the e x t e n t  o f  t h e i r  

energy r e s e r v e s ;  t h i s  i n  turn depended upon the  l e n g t h  o f  the 

growing season during the f i r s t  summer o f  t h e i r  l i v e s .  

S t r e s s  induced by s t a r v a t i o n ,  such a s  was encountered i n  Shuter '  

s tudy ,  t o g e t h e r  w i t h  the  d i r e c t  s t r e s s  o f  low temperature and o t h e r  

s t r e s s  f a c t o r s  invo lved  i n  keeping a specimen i n  c a p t i v i t y ,  may 

i n c r e a s e  the  spec imen's  s u s s c e p t i b i l i t y  t o  d i s e a s e .  This  i n  t u r n  
t 

may e s t a b l i s h  a p r a c t i c a l  lower l i m i t  t o  the  temperature a t  which 

we may keep our aquarium specimens .  

However, d i r e c t  thermal l i m i t a t i o n s  are u s u a l l y  iposed  by t h e  

p h y s i o l o g i c a l  h i s t o r y  o f  the i n d i v i d u a l  f i s h  o r  f i s h  s p e c i e s .  The 

normal p h y s i o l o g i c a l  f u n c t i o n s  o f  any organism are  c a r r i e d  out  by 

enzymes, which c a t a l i z e  a l l  the chemical  r e a c t i o n s  w i t h i n  the c e l l s .  

I n d i v i d u a l s  which have n o t  been exposed t o  a wide temperature range 

during t h e i r  r e c e n t  h i s t o r y  u s u a l l y  p o s s e s s  on ly  those  enzymes 

which t h e y  requ ire  f o r  the  s p e c i f i c  temperature t o  which they  a r e  

a c c l i m a t e d .  Such f i s h  are c a l l e d  s tenothermal .  Other i n d i v i d u a l s ,  

which have been subjec ted  t o  temperature change i n  t h e i r  r e c e n t  p a s t  

may p o s s e s s  a d d i t i o n a l  s e t s  o f  enzymes t o  cope w i th  a broader 

temperature range .  

The manufacture o f  enzymes i s  thus  c o n t r o l l e d  by environmental  

f a c t o r s ,  but  the  a b i l i t y  t o  manufacture them i s  g e n e t i c a l l y  c o n t r o l l e d  

Marine s p e c i e s ,  p a r t i c u l a r l y  i n  t h e  t r o p i c s ,  have been exposed f o r  

m i l l e n i a  t o  an environment where temperature changes are  smal l  

and gradual .  They may have l o s t  t h e  a b i l i t y  t o  manufacture a d d i t i o n a l  

s e t s  o f  enzymes. 
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From the above d i s c u s s i o n  o f  enzymes we r e a l i z e  t h a t  when 

we s u b j e c t  a f i s h  t o  a change i n  temperature o f  more than a few d e g r e e s  

we r e q u i r e  i t  t o  do one o f  two t h i n g s :  e i t h e r  i t  must b r i n g  a new 

s e t  o f  enzymes i n t o  p l a y  o r ,  i f  i t  does  n o t  have them, i t  must 

manufacture them. This  l a t t e r  mechanism t a k e s  t imej  f a i l u r e  t o  

a c c o p l i s h  i t  b e f o r e  t h e  v i t a l  p r o c e s s e s  are  i n t e r r u p t e d  w i l l  

r e s u l t  i n  the  spec imen's  dea th .  THUS,BOTH THE MAGNITUDE AND THE 

SPEED OF THE TEMPERATURE CHANGE WILL EFFECT OUR SPECIMEN'S 

CHANCES FOR SURVIVAL. A t y p i c a l  graph o f  t h e  thermal t o l e r a n c e  range 

f o r  many s p e c i e s ,  when p l o t t e d  a g a i n s t  a c c l i m a t i o n  temperature,  

forms a para l l e logram,  a s  shown i n  Figure 1 :  

• 

/ 

/ 

accl imation temoerature 

F i g .  One: Thermal Limitat ions  o f  aquarium f i s h  p l o t t e d  
aga ins t  accl imation temperature. 
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To i n t e r p r e t  Figure 1,  imagine t h a t  a specimen, acc l imated  to  any 

temperature on the dashed l i n e ,  i s  subjec ted  t o  a temperature 

change. I f  we go up o r  down from the  dashed l i n e  but  remain w i t h i n  

the paral le logram,  the specimen w i l l  be ab le  t o  a d j u s t .  I f  we go 

above o r  below the i n d i c a t e d  area ,  the f i s h  w i l l  d i e .  N a t u r a l l y ,  the  

e x a c t  v a l u e s  wi th  which we l a b e l  the  coordinates  w i l l  depend on the  

s p e c i e s  under c o n s i d e r a t i o n .  

Many authors  o f  popular aquarium l i t e r a t u r e  have reported 

a ra ther  narrow temperature range f o r  many o f  the  s p e c i e s  they  

d i s c u s s .  More d e t a i l e d  s t u d i e s  r e v e a l  t h a t  ther,e popular r e p o r t s  

were based on a s i n g l e  a c c l i m a t i o n  temperature.  Thus the  u l t i m a t e  

temperature l i m i t s  f o r  many s p e c i e s  w i l l  prove t o  be cons iderably  

broader.  Many comments o f  t h i s  kind are f l a g r a n t l y  p r e j u d i c i a l  t o  

n a t i v e  f i s h e s .  —.— 

Centrarchids ,  such a s  the  Longear Sunf i sh  shown above, are 

f r e q u e n t l y  re f erred  t o  a s  "cold water f i s h e s " —  something they most 
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c e r t a i n l y  are n o t .  The B l u e g i l l  has  been shown by Hickman and Dewey 

(1973) "to have an upper thermal l i m i t  o f  35-5  C, much warmer than the  

average t r o p i c a l  f i s h  aquarium. To those  who s t a t e  t h a t  B l u e g i l l s  

do b e t t e r  i n  c o o l  water ,  I c i t e  B e i t i n g e r  and Maguson ( 1 9 7 9 )  who 

demonstrated t h a t  B l u e g i l l s  which were a l lowed t o  s e l e c t  from among 

a l t e r n a t i v e  water temperatures chose ranging from 30-31 C; a l s o ,  t h i s  

i s  the temperature range a t  which B l u e g i l l s  e x h i b i t  optimum growth. 

Thus i t  i s  inaccurate  t o  r e f e r  t o  n a t i v e  f i s h  a s  a group a s  

"co ld  water f i s h " .  While i t  i s  n o t  w i t h i n  the scope o f  t h i s  e s s a y  

to  l i s t  the  upper thermal l i m i t  o f  n a t i v e  f i s h  s u i t a b l e  f o r  the home 

souarium, the  a q u a r i s t  planning t o  e s t a b l i s h  a n a t i v e  f i s h  community 

w i l l  o f t e n  be p l e a s a n t l y  surpr i sed  a t  the wide range o f  temperatures 

most o f  our n a t i v e s  w i l l  t o l e r a t e .  Indeed, on ly  c e r t a i n  o n l y  

c e r t a i n  gropus,  such a s  t r o u t ,  s c u l p i n s  and minnows from the  northern 

part  o f  the cont inent  require  r e f r i g e r a t i o n  o r  l o c a t i o n  i n  an a i r -

condi t ioned  room. To obta in  an i d e a  i n  advance i f  such measures 

are required ,  the a q u a r i s t  should t r y  t o  a s c e r t a i n  the  maximum 

summer water temperature o f  the  body o f  water from which h i s  

specimens are taken.  This  should provide a good g u i d e l i n e .  

For those interested in a tabulation of studies which have 

been performed on various native species to determine their thermal 

limits, the reader is referred to Carlander's Handbook of Freshwater 

Fishery Biolopy. To this the aquarist can offer his own observations, 

since most of the species in Carlander are gamefish species, not 

normally found in the home aquarium. 
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