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W C T  OF C H A N G I N G  HABITA TS ON LATITUDINAL VARIATIONS 
I N  TROPHIC SYSTEMS OF TELEOS TEAN FISHES 
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ABSTRACT 

The t r o p h i c  s y s t e m s  o f  t e l e o s t e a n  f i s h e s  s t u d i e d  a t  Pac i f i c -Ocean  
s i tes  w i d e l y  s e p a r a t e d  by l a t i t u d e  were more complex and i n v o l v e d  more 
species towards  t h e  equa to r .  T h i s  s i t u a t i o n  appea red  l i n k e d  t o  
characteristics of t h e  s p e c i f i c  h a b i t a t s  i n v o l v e d  r a t h e r  t h a n  t o  more 
g e n e r a l  l a t i t u d i n a l  d i f f e r e n c e s .  The c h a r a c t e r  of  t h e  t e m p e r a t e  
h a b i t a t s  was set by t h e  domina t ing  macroalgae and as t h e s e  a l g a e  
p r o g r e s s e d  th rough  t h e i r  normal life-stages t h e  h a b i t a t s  e x p e r i e n c e d  
r a p i d  and profound t r a n s f o r m a t i o n s .  T h i s  c o n d i t i o n  f a v o u r e d  
g e n e r a l i z e d  f e e d e r s  and s i m p l e  t r o p h i c  s y s t e m s  t h a t  are  a b l e  t o  
accommodate changeab le  and u n p r e d i c t a b l e  f o o d  s u p p l i e s .  The c h a r a c t e r  
of t h e  t r o p i c a l  h a b i t a t s ,  on  t h e  o t h e r  hand, was set  by t h e  domina t ing  
s c l e r a c t i n i a n  corals,  and, because t h e s e  o rgan i sms  grow and change s o  
s l o w l y  t h e  h a b i t a t s  remained r e l a t i v e l y  unchanged d u r i n g  t h e  l i v e s  o f  
most i n h a b i t a n t s .  T h i s  c o n d i t i o n  f avoured  s p e c i a l i z e d  f e e d e r s  and 
complex s y s t e m s  t h a t  are a b l e  t o  deve lop  w i t h  s t a b l e  and p r e d i c t a b l e  
food  s u p p l i e s .  

INTRODUCTION 

It h a s  long been r e c o g n i z e d  t h a t  p l a n t  and an ima l  communit ies  
g e n e r a l l y  i n c l u d e  more s p e c i e s  a t  lower  l a t i t u d e s  (e .g .  Wallace 1878,  
F i s h e r  1960) ,  which is  c e r t a i n l y  t r u e  of t e l e o s t e a n  f i s h e s .  I n  t h i s  
pape r  I l i n k  t h i s  c o n d i t i o n  t o  t r o p h i c  r e l a t i o n s h i p s ,  which I c o n s i d e r  
are t h e  major forces s t r u c t u r i n g  f i s h  communit ies  (Hobson 1974) .  I 
compare t r o p h i c  r e l a t i o n s h i p s  i n  communi t i es  wide ly  s e p a r a t e d  by 
l a t i t u d e :  a t e m p e r a t e  community i n  N o r t h e r n  C a l i f o r n i a  (38ON), a 
warm-temperate community i n  S o u t h e r n  C a l i f o r n i a  (330N1, and a t r o p i c a l  
community i n  Hawaii (19oN). 

The communit ies  a t  e a c h  l o c a t i o n  have been c h a r a c t e r i z e d  o v e r  t h e  p a s t  
16 y e a r s  by v i s u a l  c o u n t s  and samples  from 25 x 4 m t r a n s e c t s  
e s t a b l i s h e d  i n  r e p r e s e n t a t i v e  h a b i t a t s .  Prey have been i d e n t i f i e d  
from g u t  c o n t e n t s ,  and organisms p o t e n t i a l l y  a v a i l a b l e  as p rey  have  
been i d e n t i f i e d  i n  samples  t a k e n  w i t h  a v a r i e t y  of n e t s ,  c o r e r s ,  
s u c t i o n  h o s e s ,  and o t h e r  s ampl ing  d e v i c e s  (Hobson 1974, Hobson and 
Chess  1976) .  

U T I T U D I N A L  TRENDS I N  TROPHI C RELATIONSHIPS 

There  were more species i n  h a b i t a t s  a t  lower l a t i t u d e s .  Thus, I 
counted 15 s p e c i e s  (41 t r a n s e c t s )  a t  t h e  t empera t e  s i t e ,  30 s p e c i e s  
(48  t r a n s e c t s )  a t  t h e  warm t e m p e r a t e  s i te ,  and 128 s p e c i e s  ( 2 2  
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t r a n s e c t s )  a t  t h e  t r o p i c a l  s i t e .  These d i f f e r e n c e s  can  be l i n k e d  t o  
t r o p h i c  r e l a t i o n s h i p s .  D e s p i t e  t h e  great v a r i e t y  o f  form and h a b i t  
among them, t h e  species r e p r e s e n t e d  h e r e  can  be grouped a c c o r d i n g  t o  
how much t h e i r  f e e d i n g  morpho log ie s  have d i v e r g e d  from t h a t  of t h e i r  
g e n e r a l i z e d  a n c e s t o r s .  (Most modern reef f i s h e s  are p r o d u c t s  of a 
r a d i a t i o n  from j u s t  a r e l a t i v e l y  few g e n e r a l i z e d  forms e a r l y  d u r i n g  
t h e  Cenozoic:  C o s l i n e  1959, S h a e f f e r  and Rosen 1961, Hobson 1974) .  

T e l e o s t s  w i t h  t r o p h i c  f e a t u r e s  r e l a t i v e l y  unchanged from t h e  a n c e s t r a l  
form may be h i g h l y  s p e c i a l i z e d  i n  o t h e r  morpho log ica l  features,  b u t  
are c h a r a c t e r i z e d  by large mouths (F ig .  1 ) .  These s p e c i e s  are a d a p t e d  
t o  d i r e c t l y  approach ,  and s i e z e ,  exposed p rey  t h a t  are small enough t o  
m a n i p u l a t e ,  y e t  large enough t o  g r a s p ,  and which t y p i c a l l y  are moving 
when cap tu red .  G e n e r a l l y  t h e i r  p rey  l a c k  heavy armour,  and s u c h  
components as strong s p i n e s  or tough,  f i b r o u s  t i s s u e s ,  which t h e i r  
u n s p e c i a l i z e d  t r o p h i c  sys t ems  canno t  p rocess .  Among f i s h e s  i n  t h i s  
c a t e g o r y  are most of t h e  p i s c i v o r e s ,  as w e l l  as most s p e c i e s  t h a t  t a k e  
motile c r u s t a c e a n s  larger t h a n  a b o u t  2% of t h e  p r e d a t o r ' s  l e n g t h .  
I n c l u d e d  are most members o f  t h e  f a m i l i e s  Muraenidae,  Synodon t idae ,  
H o l o c e n t r i d a e ,  S c o r p a e n i d a e ,  Hexagr ammidae S e r r a n i d a e ,  P r i a c a n t h i d a e  , 
Apogonidae, Ca rang idae ,  Haemulidae,  S c i a e n i d a e ,  C i r r h i t i d a e ,  C l i n i d a e ,  
Gob i idae ,  B o t h i d a e ,  and P l e u r o n e c t i d a e .  Although s p e c i e s  i n  t h i s  
c a t e g o r y  were numerous i n  a l l  r e g i o n s  s t u d i e d ,  t hey  c o n s t i t u t e d  
d e c r e a s i n g  p r o p o r t i o n s  of t h e  f i s h  communities toward t h e  e q u a t o r .  
Based o n  d i r e c t  c o u n t s  i n  e s t a b l i s h e d  t r a n s e c t s ,  s p e c i e s  i n  t h i s  
c a t e g o r y  c o n s t i t u t e d  87% of  t h o s e  i n  t h e  t e m p e r a t e  h a b i t a t s  ( 1 3  of 1 5 ;  
n = 41 t r a n s e c t s ) ,  67% o f  t h o s e  i n  t h e  warm-temperate h a b i t a t s  (20  o f  
30 ;  n = 48 t r a n s e c t s ) ,  and 21% of t h o s e  i n  t h e  t r o p i c a l  h a b i t a t s  (27  
of 128;  n = 22 t r a n s e c t s ) .  

Most s p e c i e s  t h a t  be long  t o  g r o u p s  which have d i v e r g e d  from t h e  main 
t e l e o s t e a n  l i n e  o n  t h e  b a s i s  of s p e c i a l i z e d  t r o p h i c  c h a r a c t e r i s t i c s  
are d i s t i n g u i s h e d  by a d a p t a t i o n s  t h a t  cope w i t h  s p e c i f i c  t y p e s  of 
d e f e n c e s  i n  prey.  Three major s u b c a t e g o r i e s  are e v i d e n t :  p r e d a t o r s  on  
s e d e n t a r y  p rey ,  h e r b i v o r e s ,  and d i u r n a l  p l a n k t i v o r e s .  They are 
d i s t i n g u i s h e d  by s u c h  c h a r a c t e r i s t i c s  as s t r o n g  jaw and pha ryngea l  
t e e t h  a d a p t e d  t o  c r u s h  heavy armour ( F i g .  2 ) ,  p r o t r u d i n g  s n o u t s  
a d a p t e d  t o  r e a c h  prey h i d i n g  i n  narrow c r e v i c e s  ( F i g .  3 ) ,  small mouths 
w i t h  d e n t i t i o n  a d a p t e d  t o  p l u c k  p rey  t o o  small t o  be t a k e n  by t h e  
g e n e r a l i z e d  p r e d a t o r ' s  large mouth ( F i g .  4 ) ,  and d i g e s t i v e  s y s t e m s  
c a p a b l e  of p r o c e s s i n g  nox ious  t i s s u e s  (F ig .  5 ) .  S p e c i e s  w i t h  such 
c h a r a c t e r i s t i c s  i n c l u d e  members of t h e  Chae todon t idae ,  Pomacanthidae,  
Kyphosidae,  Pomacentr idae,  Embiotocidae,  L a b r i d a e ,  S c a r i d a e ,  
Acan thur idae ,  B l e n n i i d a e ,  Monacanthidae,  T e t r a o d o n t i d a e ,  and 
C a n t h i g a s t e r i d a e .  O f  t h e s e  families, a l l  bu t  t h e  Embiotocidae are 
p r i m a r i l y  t r o p i c a l  or s u b t r o p i c a l .  They i n c l u d e  20% of t h e  s p e c i e s  
coun ted  i n  t h e  t e m p e r a t e  h a b i t a t s  ( 3  of 1 5 ) ,  33% of t h e  species 
coun ted  i n  t h e  warm t e m p e r a t e  h a b i t a t s  ( 1 0  of 301,  and 79% of t h e  
species counted i n  t h e  t r o p i c a l  h a b i t a t s  (101 o f  128) .  S p e c i e s  i n  
t h i s  c a t e g o r y  a c c o u n t  f o r  most of t h e  i n c r e a s e d  number o f  s p e c i e s  
toward t h e  e q u a t o r ,  and fo r  most of  t h e  g r e a t e r  complex i ty  of t r o p h i c  
i n t e r a c t i o n s  a t  lower l a t i t u d e s .  
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F i g u r e  1 .  
Sco rpaen idae  i n  S o u t h e r n  C a l i f o r n i a ,  h a s  t h e  l a r g e  mouth of  a 
g e n e r a l i z e d  p r e d a t o r .  

The Kelp r o c k f i s h ,  S e b a s t e s  a t r o v i r e n s ,  o f  t h e  f a m i l y  

F i g u r e  2. The po rcup ine  f i s h ,  Diodon h o l a c a n t h u s ,  of t h e  f a m i l y  
Diodon t idae  i n  Hawaii, h a s  heavy beak- l ike  jaws s u i t e d  t o  c r u s h  
s h e l l e d  organisms.  
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F i g u r e  3 .  
f ami ly  Chaetodont idae i n  Hawaii, h a s  a n  e longa ted  snou t  s u i t e d  t o  
probe r e e f  c r e v i c e s  f o r  s h e l t e r e d  prey. 

The long-nosed b u t t e r f l y f i s h  F o r c i D i n e r  f l a v i s s i m u s ,  of  t h e  

F i g u r e  4. 
f ami ly  Chaetodont idae,  h a s  a s m a l l  mouth and d e n t i t i o n  s u i t e d  t o  t a k e  
the t i n y  z o o p l a n k t e r s  t h a t  are i t s  major prey. 

The pyramid b u t t e r f l y f i s h  B e m i t a u r i c h t h v s  DolvleDis,  of  t h e  
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F i g u r e  5. 
S c a r i d a e  i n  t h e  Gulf  of C a l i f o r n i a .  The beak- l ike  d e n t i t i o n  of t h i s  
f i s h  i s  s u i t e d  t o  s c r a p e  algae from r o c k  s u r f a c e s ,  and i t s  d i g e s t i v e  
system i s  s p e c i a l i z e d  t o  d i g e s t  t h i s  material. 

The b l u e c h i n  p a r r o t f i s h  S c a r u s  nhobban, of the f a m i l y  

F i g u r e  6 .  
California (33ON) e x p e r i e n c e d  f r e q u e n t  and profound t r a n s f o r m a t i o n s  
d u r i n g  13  y e a r s  of s t u d y  (1972-1985). The f i s h  are Chromis 
p u n c t i p i n n i s ,  a d i u r n a l  p l a a k t i v o r e .  

T h i s  and o t h e r  h a b i t a t s  dominated by macroalgae i n  S o u t h e r n  
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F i g u r e  7. Th i s  and o t h e r  h a b i t a t s  dominated by s c l e r a c t i n i a n  c o r a l s  
i n  Hawaii (190N) remained v i r t u a l l y  unchanged d u r i n g  15 y e a r s  of  s tudy  
( 1969-1 984) .  

There are probably m u l t i p l e  and complex r e a s o n s  why communities t end  
t o  be more d i v e r s e  a t  lower  l a t i t u d e s  (see Pianka 1966, and MacArthur 
1969, f o r  r ev iews  of hypo theses ) .  It i s  widely recognized t h a t  
t r o p i c a l  c a m u n i t i e s  i n c l u d e  more s p e c i a l i z e d  s p e c i e s  (e.g. Cowell 
1973), bu t  some i n v e s t i g a t o r s  (e.g.  S a l e  1976) doubt t h a t  i n c r e a s e d  
s p e c i a l i z a t i o n  i s  t h e  b a s i s  f o r  t r o p i c a l  d i v e r s i t y .  I n  t h e  
communities examined h e r e ,  however, i t  was c l e a r  t h a t  t h e  i n c r e a s e d  
number of s p e c i e s  a t  lower l a t i t u d e s  invo lved  most ly  s p e c i a l i z e d  
f e e d e r s .  But i n  t h e s e  c a s e s  t h e  c o n d i t i o n  seemed t o  re la te  t o  
c h a r a c t e r i s t i c s  of  t h e  s p e c i f i c  h a b i t a t s  i nvo lved ,  r a t h e r  t h a n  t o  more 
g e n e r a l  l a t i t u d i n a l  c h a r a c t e r i s t i c s .  

The p a t t e r n  of  t r o p h i c  r e l a t i o n s h i p s  de f ined  i n  t h i s  paper  appeared 
s t r o n g l y  i n f l u e n c e d  by t h e  normal l i f e - h i s t o r y  s t a g e s  of  t h e  
predominat ing b i o l o g i c a l  f e a t u r e s  o f  t h e  r e s p e c t i v e  h a b i t a t s .  The 
t empera t e  and warm-temperate s i tes  are dominated by b e n t h i c  macroalgae 
(Fig.  6), and e x p e r i e n c e  profound t r a n s f o r m a t i o n s  a s s o c i a t e d  w i t h  t h e  
r a p i d l y  p r o g r e s s i n g  l i f e - s t a g e s  of t h e s e  P l a n t s .  The e f f e c t  i s  more 
pronounced i n  t h e  temperate  h a b i t a t s  because t h e  major a l g a  t h e r e ,  
#ereocvstis l e u t k e a a ,  i s  a n  annua l ,  whereas t h e  major a l g a  i n  t h e  
warm t empera t e  h a b i t a t s ,  M-, i s  a p e r e n n i a l .  On t h e  
o t h e r  hand, t h e  t r o p i c a l  s i tes  a r e  dominated by s c l e r a c t i n i a n  c o r a l s  
(Fig.  7), and e x p e r i e n c e  comparat ively l i t t l e  change because t h e s e  
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o rgan i sms  grow s o  s lowly .  It may be because  c o n d i t i o n s  i n  t h e  
co ra l -domina ted  h a b i t a t s  a t  lower l a t i t u d e s  r ema in  c o m p a r a t i v e l y  
unchanged d u r i n g  t h e  l i v e s  o f  s o  many i n h a b i t a n t s  t h a t  t h e  f i s h  
communit ies  t h e r e  i n c l u d e  more s p e c i e s  w i t h  s p e c i a l i z e d  t r o p h i c  
f e a t u r e s ,  and more complex t r o p h i c  sys t ems .  Probably such community 
c h a r a c t e r i s t i c s  are l i m i t e d  i n  t h e  algae-dominated h a b i t a t s  a t  h i g h e r  
l a t i t u d e s  by t h e  f r e q u e n t  and profound changes  t h a t  p r e v a i l  t h e r e .  
Favoured i n s t e a d  shou ld  be more g e n e r a l i z e d  t r o p h i c  f e a t u r e s ,  and 
s i m p l e r  t r o p h i c  sys t ems ,  t h a t  can accommodate changeab le  and 
u n p r e d i c t a b l e  food  s u p p l i e s .  
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