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ABSTRACT 

The g r e a t  v a r i e t y  of reef  h a b i t a t s  i n  t h e  Hawaiian 
Archipe lago  has  a profound i n f l u e n c e  on how t h e  s p e c i e s  
of reef  f i s h e s  are d i s t r i b u t e d .  For some s p e c i e s ,  how- 
e v e r ,  t h e  p a t t e r n  has  been s t r o n g l y  modif ied by f i s h i n g  
pressures. The fauna i s  b a s i c a l l y  d e r i v e d  from t h e  
t r o p i c a l  wes te rn  P a c i f i c ,  a r e l a t i o n s h i p  t h a t  i s  gen- 
e r a l l y  most ev iden t  i n  communities a t  t h e  s o u t h e a s t e r n  
end of t h e  a r c h i p e l a g o ,  b u t  i s  a l s o  p a r t i c u l a r l y  ev i -  
den t  a t  French F r i g a t e  Shoa l s  which i s  l o c a t e d  a t  t h e  
c e n t e r  of t h e  a rch ipe lago .  Although communities a t  t h e  
nor thwes tern  end of t h e  a r c h i p e l a g o  s i m i l a r l y  show 
c l o s e  t i es  t o  t h e  t r o p i c a l  P a c i f i c ,  t h e y  a l s o  i n c l u d e  
species from more temperate r e g i o n s  of t h e  wes tern  
Pacif ic .  These more temperate d e r i v a t i v e s  decrease i n  
numbers and/or occur  i n  deeper water southeas tward .  
Conversely,  some deep-water t r o p i c a l  forms t h a t  e x i s t  
on ly  on deeper reefs  i n  t h e  s o u t h e a s t  occur  on sha l low 
reefs i n  t h e  nor thwes t .  The predominant members of 
t h e  nor thwes tern  communities, as  a group, a re  be t te r  
tuned  t o  t h e  o v e r a l l  Hawaiian environment than  are  t h e  
predominant members of t h e  s o u t h e a s t e r n  communities. 
They show t h i s  by be ing  more evenly  d i s t r i b u t e d  over 
t h e  a r c h i p e l a g o  and by i n c l u d i n g  p r o p o r t i o n a l l y  more 
endemics. The southeas tward  d i s t r i b u t i o n s  of s p e c i e s  
i n  t h e  nor thwes tern  communities are  l i m i t e d  by both 
envi ronmenta l  and f i s h i n g  pressures,  b u t  t h e  northwest-  
ward d i s t r i b u t i o n s  of species i n  t he  s o u t h e a s t e r n  
communities a r e  l i m i t e d  only  by environmental  f a c t o r s .  
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IMTRODUCTION 

The d i s t r i b u t i o n  of r e e f  f i s h  s p e c i e s  i n  Hawaii is s t r o n g l y  
i n f l u s n c e d  by t h e  g r e a t  d i v e r s i t y  of reef  h a b i t a t s  over %he 
a r c h i p e l a g o .  Eecause each s p e c i e s ’  o c c u r r e n c e  i s  d e f i n e d  by a 
combina t ion  of c h a r a c t e r i s t i c s  a d a p t e d  t o  s p e c i f i c  e n v i r o n m e n t a l  
c o n d i t i o n s ,  i t s  g r e a t e s t  numbers should  occur  where t h e s e  condi-  
t i o n s  a r e  b e s t  approximated .  R u t  p a t t e r n s  of o c c u r r e n c e  no doubt  
have been d i s t o r t e d  by f i s h i n g  p r e s s u r e s ,  which have been s p e c i e s  
and a r e a  s F e c i f i c .  These o p i n i o n s  remain l a r g e l y  c o n j e c t u r a l  
because  t h e  a c t u a l  p a t t e r n s  of d i s t r i b u t i o n  f o r  t h e  v a r i o u s  spe- 
c ies  remain p o o r l y  known. T h i s  s t u d y  was under taken  t o  improve 
and expand o a r  knowledge of t h e s e  r e l a t i o n s h i p s  f o r  t h e  purpose 
of d e v e l o p i n g  more e f f e c t i v e  management g u i d e l i n e s .  

REEF HABITATS 

Reef h a b i t a t s  i n  t h e  Hawaiian A r c h i p e l a g o  range  from t h o s e  
t h a t  f r i n g e  t h e  mass ive  v o l c a n i c  i s l a n d  of Hawaii ,  t o  t h o s e  
l o c a t e d  more t h a n  1 , 5 0 0  km northwestward t h a t  a r e  t h e  major 
s t r u c t u r e  of K u r e  A t o l l .  Each of t h e  major h igh  i s l a n d s  o f f e r s  
many d i s t i n c t  h a b i t a t s ,  b u t  it i s  a m i x  t h a t  t e n d s  t o  r e c u r  
because  t h e s e  i s l a n d s  have s i m i l a r  t o p o g r a p h i e s .  Being i n  
e s s e n c e  one or  more l a r g e  v o l c a n i c  peaks t h a t  block t h e  
p r e v a i l i n g  wind and s e a s ,  t h e  h i g h  i s l a n d s  s u p p o r t  d i s t i n c t i v e  
windward and leeward  r e e f s .  Fur thermore ,  so a b r u p t  i s  t h e i r  r i s e  
from g r e a t  ocean d e p t h s  t h a t  room f o r  n e a r s h o r e  r e e f s  i s  l i m i t e d .  

I n  c o n t r a s t ,  h i g h l y  d i s s i m i l a r  underwater  s e t t i n g s  e x i s t  
from one end of t h e  Nor thwes tern  Hawaiian I s l a n d s  t o  t h e  o t h e r .  
I n  p a r t ,  t h i s  is because t h e y  cover  a lmost  t h r e e  t i m e s  t h e  d i s -  
t a n c e  and more t h a n  twice t h e  l a t i t u d e  of t h e  h i g h  i s l a n d s .  
Probably  more i m p o r t a n t ,  however, i s  t h e  f a c t  t h a t  t h e i r  topogra-  
p h i e s  are  more v a r i e d .  Nihoa and Necker a r e  most l i k e  t h e  h i g h  
i s l a n d s ,  b e i n g  small v o l c a n i c  peaks t h a t  r i se  a b r u p t l y  from t h e  
sea,  B u t  t h e y  o f f e r  no a p p r e c i a b l e  l ee ,  and both  res t  on broad  
submerged p l a t f o r m s  t h a t  p r o v i d e  more s u i t a b l e  d e p t h s  f o r  s h a l l o w  
h a b i t a t s  t h a n  do t h e  c o m p a r a t i v e l y  narrow s h e l v e s  t h a t  s u r r o u n d  
t h e  h i g h  i s l a n d s .  Northwestward from Necker, c o n d i t i o n s  p r o g r e s -  
s i v e l y  become even more d i f f e r e n t .  A t  French F r i g a t e  S h o a l s  
exposed v o l c a n i c  rock i s  l i m i t e d  t o  La Perouse  P i n n a c l e ,  a b a s a l -  
t i c  s t r u c t u r e  t h a t  j u t s  from amid e x p a n s i v e  s h a l l o w s  and low 
sandy i s le t s .  T h i s  and Gardner P i n n a c l e s  -- two p r e c i p i t o u s  vol -  
c a n i c  r o c k s  sur rounded by a broad submerged p l a t f o r m  -- a r e  t h e  
l a s t  b i t s  of exposed b a s a l t  t o  t h e  n o r t h w e s t .  F a r t h e r  on, Mar0 
Reef is t h e  a lmost  t o t a l l y  submerged c res t  of an oval-shaped 
seamount , whereas  Laysan and L i s i a n s k i  a r e  low sandy i s l a n d s  
s u r r o u n d e d  by wide s h a l l o w s .  F i n a l l y ,  P e a r l  and Hermes, Midway, 
and K u r e  a r e  c o r a l  a t o l l s ,  even though t h e y  l i e  a t  h i g h  l a t i -  
t u d e s .  
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METHODS 

Between 1977 and 1982,  r e e f  f i s h  communities between s h o r e  
and d e p t h s  of 20 t o  35 m were a s s e s s e d  t h r o u g h o u t  t h e  a r c h i p e l a g o  
( T a b l e  1) .  Because t h e  v a r i o u s  s t a t i o n s  were sampled a t  d i f f e r -  
e n t  times d u r i n g  d i f f e r e n t  s e a s o n s ,  o f t e n  1 or more y e a r s  a p a r t ,  
it was i m p o r t a n t  t o  know how much t h e  s p e c i e s  composi t ion  of t h e  
f i s h  communities c o u l d  be e x p e c t e d  t o  v a r y  over  t i m e .  For t h i s  
r e a s o n ,  a s s e s s m e n t s  were r e p e a t e d  over  2 or more y e a r s  i n  selec- 
t e d  l o c a t i o n s  a t  e a c h  end of t h e  a r c h i p e l a g o .  A s i t e  o f f  t h e  
i s l a n d  of Hawaii was sampled t h r o u g h o u t  t h e  5 y e a r s  of t h e  s t u d y ,  
i n c l u d i n g  a l l  s e a s o n s ,  and a s i t e  o f f  Midway was sampled over  2 
y e a r s ,  i n c l u d i n g  two s e a s o n s .  Repeated c o u n t s  and o b s e r v a t i o n s  
a l s o  were made a t  s e v e r a l  o t h e r  s i t e s  d u r i n g  t h e  s t u d y ,  b u t  
because  t h e  resu l t s  r e l e v a n t  t o  t h i s  q u e s t i o n  were t h e  same as 
f o r  t h e  s t a t i o n s  o f f  Hawaii and Midway, t h e y  are n o t  p r e s e n t e d  i n  
t h i s  paper .  I n  g e n e r a l ,  however,  t h e  l i m i t e d  number of oppor tu-  
n i t i e s  a v a i l a b l e  t o  sample t h i s  v a s t  area,  w i t h  so many h a b i t a t s ,  
p r e c l u d e d  r e p l i c a t e  a s s e s s m e n t s  a t  s p e c i f i c  s t a t i o n s .  

TABLE 1. ASSESSMENT OF REEF FISH COMMUNITIES AT VARIOUS STA- 
TIONS I N  THE HAWAIIAN ARCHIPELAGO, J U L Y  1977 TO 
OCTOBER 1982 

T r a n s e c t  No. of No. of 
S t a t  i o n  Habi t  a t  s T r a n s e c t s  Depths  

( m )  

Hawaii 
Oah u 
N i i h a u  
Nihoa 
Necker I s l a n d  
French  F r i g a t e  S h o a l s  
Gar dner  P i n n a c l e s  
Maro Reef 
Laysan I s l a n d  
L i s i a n s k i  I s l a n d '  
P e a r l  and Hermes A t o l l  
Midway I s l a n d s  
Kure  A t o l l  

6 
6 
2 
2 
2 
8 
3 
3 
4 
5 
2 
8 
8 

5 4  
17 

4 
5 
3 

11 
3 
4 
4 
5 
2 

1 6  
1 4  

2-12 
5-12 
7-10 
8-10 

10-15 
9-15 

10-12 
2-12 
3-16 
7-10 
7-12 
2-12 
2-12 

' I n c l u d i n g  Neva Shoal  

A s t a n d a r d  p r o c e d u r e  was used a t  a l l  t h e  i s l a n d s  i n  o r d e r  t o  
o b t a i n  comparable  d a t a .  F i r s t ,  a g e n e r a l  r e c o n n a i s s a n c e  was made 
t o  o b t a i n  p r o v i d e  f a m i l i a r i t y  w i t h  t h e  a r e a  and f a u n a ,  i d e n t i f y  
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r e p r e s e n t a t i v e  h a b i t a t s ,  and p r o v i d e  a l i s t  of t h e  species pres- 
e n t .  Then i n  each r e p r e s e n t a t i v e  h a b i t a t  t h e  community was char -  
a c t e r i z e d  upon c o n d u c t i n g  two c o n s e c u t i v e  v i s u a l  c o u n t s  of t h e  
f i s h e s  i n  4 m x 25 m t r a n s e c t s .  The i n t e n t  was t o  d e t e r m i n e  
which species f r e q u e n t e d  t h e  sampled h a b i t a t  and n o t  t o  measure 
t h e  e x i s t i n g  biomass.  F o r t y  minutes  were s p e n t  t a b u l a t i n g  spe- 
c ies  on e a c h  t r a n s e c t .  T h e  f i n a l  t a l l y  i n c l u d e d  many more i n d i -  
v i d u a l s  t h a n  were p r e s e n t  i n  t h e  sampled a r e a  a t  any one moment. 
Other  d e t a i l s  of t h e  p r o c e d u r e s  used i n  making t h e  c o u n t s  a r e  
r e p o r t e d  i n  Hobson ( 1 9 8 0 ) .  

Counts  were l i m i t e d  t o  i n d i v i d u a l s  t h a t  a p p e a r e d  and behaved 
as a d u l t s  because t h e  o c c u r r e n c e s  of many j u v e n i l e s  v a r i e d  
g r e a t l y  w i t h  s e a s o n  and from y e a r  t o  y e a r  f o r  r e a s o n s  u n r e l a t e d  
t o  c o n d i t i o n s  on t h e  reef.  I n c l u s i o n  of j u v e n i l e s  would have,  i n  
f a c t ,  o b s c u r e d  r a t h e r  t h a n  c l a r i f i e d  t h e  zoogeographic  q u e s t i o n s  
c o n s i d e r e d  i n  t h i s  paper .  

Owing t o  l i m i t a t i o n s  i n  t h e  v i s u a l  sampl ing  method, h i g h l y  
c r y p t i c  forms  such  a s  muraenid ee l s  are  g r e a t l y  u n d e r r e p r e s e n t e d .  
Also ,  i n  some h a b i t a t s  t h e  same is  t rue  of c e r t a i n  n o c t u r n a l  spe- 
c ies ,  such  as h o l o c e n t r i d s ,  t h a t  spend t h e  dayt ime under cover .  
However, because t h i s  b i a s  was c o n s t a n t  th roughout  t h e  s t u d y ,  t h e  
c o u n t s  s h o u l d  i l l u s t r a t e  any major d i f f e r e n c e s  i n  numbers of 
i n d i v i d u a l s  of these s p e c i e s  between s i tes .  

from t h e  c o u n t s .  These . i n c l u d e  c e r t a i n  small forms,  s u c h  as 
a t h e r i n i d s  and e n g r a u l i d s ,  t h a t  o c c u r r e d  j u s t  under t h e  water ' s  
s u r f a c e  and a l s o  small b e n t h i c  forms,  such  a s  g o b i i d s ,  t h a t  o f t e n  
were abundant  on t h e  sand a d j a c e n t  t o  t h e  r e e f .  

Fol lowing  each  count  t h e  s u r r o u n d i n g  area was i n s p e c t e d  f o r  
o t h e r  species, n o t i n g  t h e i r  r e l a t i v e  numbers and any i n d i c a t i o n s  
t h a t  t h e  t r a n s e c t  c o u n t s  might  have produced a m i s l e a d i n g  assess- 
ment of t h e  community. These s u p p l e m e n t a l  o b s e r v a t i o n s  c o n t r i b u -  
t e d  t o  t h e  i n t e r p r e t a t i o n s  drawn from t h e  t r a n s e c t  d a t a  and are  
e s p e c i a l l y  i m p o r t a n t  as added s u p p o r t  when a species was n o t e d  as 
a b s e n t .  The comparisons are  l i m i t e d  t o  o b s e r v a t i o n s  made d u r i n g  
t h i s  s t u d y  i n  o r d e r  t o  reduce t h e  b i a s  t h a t  o t h e r w i s e  would stem 
from i n c l u d i n g  t h e  many o b s e r v a t i o n s  made d u r i n g  o t h e r  s t u d i e s  i n  
p r e v i o u s  y e a r s  i n  t h e  h i g h  i s l a n d s ,  e s p e c i a l l y  around Oahu and 
Hawaii. 

Non-reef species t h a t  o c c u r r e d  n e a r  t he  reefs  were e x c l u d e d  

RESULTS 

Temporal Patterns 

The major components of t h e  reef f i s h  communities remained 
r e l a t i v e l y  unchanged a t  t h e  s i t e s  on Hawaii and Midway (Table  2 ) .  
The 10 most numerous species a t  t h e  time of t h e  f i r s t  c o u n t s  a t  
e a c h  s i t e  c o n t i n u e d  ( w i t h  a few e x c e p t i o n s  among t h e  lower-ranked 
forms)  t o  m a i n t a i n  similar p r o p o r t i o n s  i n  t h e  same communities i n  
l a t e r  y e a r s .  
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TABLE 2. TEMPORAL VARIATIONS I N  FISH COMMUNITIES ON TWO HAWAIIAN 
REEFS 

LEEWARD H A W A I I  

Number of Transects 
X S p e c i e s  
X I n d i v i d u a l s  

1977 S p e c i e s  Ranking 

Chromisa4llis 
C_tenochaetuss- 

Chaetodon multlclnctua 

Acanthurus nlaro u s c u  
E l e c t r o q l y p h i d o d o n  

CgntroPvae P W  
Chromishanui 

Zebrasomaflavescens . .  

-+=y 

J u l  
1977 

4 
34 

185 

1 9 . 1  
12.7 
1 2 . 1  

8.4 
6.3 
6 . 1  
4 . 4  

3 .3  
3 . 1  
2.4 

O c t  SeP APr O c t  
1978 1979 1980 1982 

4 4 2 2 
33 35 31 34 

159 1 9 1  158 188 

R e l a t i v e  Abundance Index '  

1 8  .O 18.5  1 8  .O 1 3 . 9  
15 .8  15.4 13.2 17.6 
16.6 13.8 17 .2  23.2 
1 0 . 1  8.3 9.4 6.4 

0.9 4.7 4.1 0 
4 . 4  3.4 4 . 1  1 . 9  
1 .7  1 .0  0 0.8 

3.0 1 . 8  2.5 2.5 
3.3 3.8 3.5 3.5 
2.8 1 . 8  1 . 9  0.8 

WINDWARD MIDWAY AW SeP 
1977 1979 

Number of T r a n s e c t s  
X S p e c i e s  
X I n d i v i d u a l s  

2 2 
33 35 

316 223 

1977 S p e c i e s  Ranking R e l a t i v e  Abundance Index '  

16.3 
1 4 . 2  
12.3 

7.0 
6.3 
5.4 
4.9 
4.7 
2.7 
1 . 9  

11.7 
13.9 
12 .8  

6 . 1  
8 . 5  
4 . 9  
8 . 5  
0 . 4  
7 .6  
2.9 

' R e l a t i v e  Abundance Index  i s  t h e  p e r c e n t a g e  of a l l  i n d i v i d u a l s  
counted  t h a t  were of t h i s  s p e c i e s .  
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Spatial Patterns 

The species c o n s t i t u t i n g  t h e  r e e f  f i s h  communities v a r i e d  
g r e a t l y  from one r e e f  h a b i t a t  t o  a n o t h e r ,  b u t  there  were broad  
s i m i l a r i t i e s  i n  c e r t a i n  basic f e a t u r e s .  A l t h o u g h  t h e r e  were 30 
t o  40  species i n  most of t h e  comi iuni t ies ,  j u s t  three o r  f o u r  of 
them i n c l u d e d  over  50 p e r c e n t  of t h e  i n d i v i d u a l s  p r e s e n t .  Typi- 
c a l l y ,  one species i n c l u d e d  15 t o  20  p e r c e n t  of a l l  i n d i v i d u a l s ,  
whereas  t h e  o t h e r  two or  t h r e e  s p e c i e s  i n c l u d e d  1 0  t o  15 p e r c e n t  
each .  These major species, which d i f f e r e d  from one h a b i t a t  t o  
a n o t h e r ,  presumably a r e  t h o s e  best  a t t u n e d  t o  t h e  p r e v a i l i n g  
environment  and t h u s  p r o b a b l y  can be c o n s i d e r e d  c h a r a c t e r i s t i c  of 
t h a t  pa r t i cu la r  h a b i t a t .  I t  i s  i n s t r u c t i v e ,  t h e r e f o r e ,  t o  
c o n s i d e r  t h e  d i s t r i b u t i o n  t h r o u g h o u t  t h e  a r c h i p e l a g o  of species 
t h a t  were major forms i n  any one of t h e  many d i s t i n c t i v e  com- 
m u n i t i e s  examined ( T a b l e  3 ) .  S p e c i e s  i n c l u d e d  i n  t h i s  l i s t  a r e  
t h o s e  t h a t  comprised a t  l ea s t  2.1 p e r c e n t  of t h e  i n d i v i d u a l s  
c o u n t e d  i n  two or  more t r a n s e c t s  i n  any one h a b i t a t .  

t h e  o t h e r  end of t h e  a r c h i p e l a g o .  S i g n i f i c a n t l y ,  t h o s e  t h a t  
predominated  i n  t h e  n o r t h w e s t e r n  communities t e n d e d  t o  be more 
e v e n l y  d i s t r i b u t e d  over  t h e  a r c h i p e l a g o  t h a n  t h o s e  t h a t  predomi- 
n a t e d  i n  t h e  s o u t h e a s t e r n  communities.  Thus,  a l t h o u g h  t h e  nor th-  

sus b i a i b b u s ,  Chromis e r n  dominants  -- W D r l s t l  
, 2. ball&&, OvaliS, S&ssw&es f a s c i o l a t  :s, -a;isfSYmEhoduDerrey 

Acanthurus l e u c o p a r e i u s  , A. d a r o r i s ,  and A. t r i o s t e a u s  
d e c l i n e d  somewhat i n  numbers s o u t h e a s t w a r d ,  t h e  t r e n d  was uneven, 
and a l l  were r e l a t i v e l y  numerous, i f  no t  dominant ,  t h r o u g h o u t  t h e  
a r c h i p e l a g o .  I n  comparison,  t h e  s o u t h e r n  dominants  -- m e t o d o n  

, and W a s o m a  f l a v e s c e n s  -- l o s t  fUSCUS, Cteno c h a e t u s  S t r i q o s m  
dominance a t  some p o i n t  nor thwes tward  and hence were few o r  
a b s e n t  a t  Midway and Kure. 

These major s p e c i e s  g e n e r a l l y  were most prominent  a t  one o r  

. . .  

-- 

* agilis ,  G. van d e r b w ,  B c a n t h u r u s  niqro - multlclnctus, !2hmnus 
. .  

The numbers of some prominent  members of t h e  n o r t h w e s t e r n  
communit ies  d e c l i n e d  s h a r p l y  s o u t h e a s t w a r d  u n t i l  a t  some p o i n t  
t h e y  were a b s e n t  from t h e  s h a l l o w  reefs.  Cons ider  t h o s e  species 
t h a t  o c c u r r e d  i n  two or more t r a n s e c t s  i n  any one h a b i t a t  a t  Kure 
or Midway, b u t  which were n o t  s e e n  o f f  t h e  i s l a n d  of Hawaii 

( F i g u r e  l), and OPleanathus m c i a t u s  -- were s e e n  nowhere e l se ,  
w h i l e  two o t h e r s  -- OPlesnathus p u n c t u a t u s  and -ana- - -- o c c u r r e d  southward o n l y  i n  s h a r p l y  reduced  numbers -- t h e  former t o  Mar0 Reef, t h e  l a t t e r  t o  Nihoa. Two -- U e i l o  - 
dactvlus v i t t a t u s  and E p i b u l  us m i d i a t o c  -- were r e l a t i v e l y  
numerous a t  French  F r i g a t e  S h o a l s ,  b u t  were n o t  s e e n  f a r t h e r  
s o u t h ,  and t h e  o t h e r  two -- Carcharhlnus * e n c h o s ,  and 
Caranxisnobllls ( F i g u r e  2 )  -- were numerous a l l  t h e  way t o  
Nihoa, b u t  were n o t  s e e n  i n  t h e  major h i g h  i s l a n d s  d u r i n g  t h i s  
study p e r i o d .  Two o t h e r  s p e c i e s  s e e n  r e p e a t e d l y  on reefs as 
s h a l l o w  a s  20 m a t  Midway and Kure, b u t  n o t  i n  t h e  t r a n s e c t s ,  

. .  
( T a b l e  4 ) .  Three  -- PrlstlleDis olisolepls, J&inegh&L!& sJ.umlu 

. . .  

. .  
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TABLE 4 .  OCCURRENCES OF SPECIES COUNTED IN TWO OR MORE TRANSECTS 
IN A N Y  ONE HABITAT MOVING SOUTHEASTWARD IN THE HAWAIIAN 
ARCHIPELAGO 

Loc-aticm I 
Spfcies 

KA FII I l l  1.1 In NIl GI' FFS NF N I  NIJ OA HI 

Wcharhinus mblvrhvnchos * * * * 8 8 8 * * x 
PI ist ile& ol iqolep1.s * 8  
Q.ine&eJ&s auernus * *  
memathus fasciatus e *  
8. plnctatus x *  8 8  
sheilodactylus vittatus * * 8 8 x x  

- Pseudocarnx d-en- 8 *  
Caranaoides o t h o q c ~ s  8 

Q&mx isnobill2 * * * * x * * *  8 8  

* 
Epibulus insidiator * * * x  X * 

Note: * = occurring in two or mre transects; x = occurring in one transect; 8 = seen. NOne 
were seen off Niihau, Oahu, and Hawaii. 

'KA = Kure Atoll: MI = Midway Islands: Pli = Pearl and H e m s  Atoll; LI = Lisianski Island; LA 
= LaySan Island; M R  = Mar0 Reef; GP = Gardner Pinnacles; FFS = French Frigate Shoals: NE = 
Necker Island; NI = Nihoa: Nu = Niihau; OA = Oahu; HI = Rawaii 

Figure 1. ERinePhelus auernus on a reef 10 m deep at Midway 
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were t h e  p e n t s c e T o t i  d j-&sLb.~-~.us  os^^& and t h e  poma- 
c a n t h i d  G e n i c a r t h u s  perscnatus, n e i t h e r  of which were seen  else- 
where d u r i n g  t h i s  s t u d y  p e r i o d .  

I n  comparison,  c o n s i d e r  t h e  many moze s p e c i e s  t h a t  o c c u r r e d  
i n  two o r  more t r a n s e c t s  i n  any one h a b i t a t  i n  t h e  lee  of t h e  
i s l a n d  of I I a w a i i ,  b u t  were n o t  s e e n  a t  Kure o r  Midway (Table 5 ) .  
Three  -- Chroniis u s ,  P l e c t r o m  ' odon imparipennis, and 
A c a n t h u s  ~ - ~ o X u s c u a  -- were among t h e  major s p e c i e s  n o t e d  

tau r d c b t h v s  thomDsonj., For c ;lonsiros t r is ,  and Qs t ra  c i o n  
k,&.&.t -- were seen  nowhere e l se ,  w h i l e  f o u r  -- -elus 
~LLSILLS, !3m%aIan ixUow,Lun, 2Ile c t r o s  'dodon &do n&, and 
- P e r v a q a  ~JP~JYXXDU -- o c c u r r e d  nor thward  o n l y  i n  s h a r p l y  
reduced  numbers. Two -- W s s o m a  g u i n a y i t t a t q  and Cteno- 
c h a e t u s  WaibersB; -- o c c u r r e d  o n l y  i n  t h e  l ee  of Hawaii and a t  
French F r i g a t e  S h o a l s ,  The remain ing  11 s p e c i e s  i n  t h i s  group -- 
-reus furca tus  , Manotaxis Gxandoc u l i s ,  C 3 x . i ~  saimard, 
Thalassoma fuscus , .  Scarus rubsov_a;kaceus I m L U u  I bl* 

inecan!As xuz!+nsulusf 
were 

b r e v i o r s t r i s ,  Pl.agiotremuS &sli-nd, Bh 
C a n t h e r i n e s  s a n d w i c u e n  sis, and Canth- W n s i S  
relatively numerous as f a r  as French  F r i g a t e  S h o a l s ,  or Gardner 
P i n n a c l e s ,  but d e c l i n e d  s h a r p l y  i n  numbers nor thward  from t h e r e .  

abcve.  F i v e  -- Chaetodon L e t i c u J u a t u s ,  G. J i n e o l a t u  ,Hemi- 

-- 

P e r h a p s  t h e  most s t r i k i n g  d e p a r t u r e  from t h e  g e n e r a l  p a t -  
t e r n s  of d i s t r i b u t i o n  o u t l i n e d  above was t h e  a lmost  t o t a l  a b s e n c e  
of small p l a n k t i v o r o u s  f i s h e s  a t  L i s i a n s k i  and a d j o i n i n g  Neva 
S h o a l  ( d a t a  f rom t h e  two l o c a t i o n s  are  combined i n  T a b l e  3 ) .  Not 
o n l y  were t h e r e  no p l a n k t i v o r e s  i n  t h e  t r a n s e c t s  a t  t h e s e  l o c a -  
t i o n s ,  b u t  %he o n l y  ones  s e e n  i n  all t h e  widespread  o b s e r v a t i o n s  
t h e r e  were j u s t  a few s c a t t e r e d  Chram i s  ovalis. A t  t h e s e  same 
l o c a t i o n s ,  on t h e  o t h e r  hand, t h e  monacanthid P e r v a q p r  &osom 
was u n u s u a l l y  abundant .  I t  may b e  s i g n i f i c a n t  t h a t  most of t h e  
E. sp ilosoma were found above t h e  r e e f s  i n  small a g g r e g a t i o n s ,  
much l i k e  t h o s e  formed by t h e  p l a n k t i v o r o u s  Chromls * spp.  else- 
where,  r a t h e r  t h a n  s c a t t e r e d  c l o s e  t o  t h e  r e e f  as members of t h i s  
species u s u a l l y  are.  These same c i r c u m s t a n c e s  were p a i r e d  a t  
Kahe, on leeward  Oahu, where i n  two t r a n s e c t s  conducted  4 months 
a p a r t  p l a n k t i v o r e s  were a b s e n t ,  and 2. s&iWmna r e p r e s e n t e d  4 . 6  
and 5.6 p e r c e n t  of t h e  f i s h e s  counted  (compared w i t h  a mean of 
0.5 p e r c e n t ;  r a n g e  0 ti: 0 . 9  p e r c e n t  i n  t r a n s e c t s  e l s e w h e r e  o f f  
l e e w a r d  Oahu).  I n t e r e s t i n g l y ,  t h e  t r a n s e c t s  a t  L i s i a n s k i  (and  
Neva S h o a l )  and a t  Kahe were t h e  o n l y  o n e s  d u r i n g  t h e  e n t i r e  
s t u d y  ( i n  water more t h a n  2 m deep)  i n  which p l a n k t i v o r e s  were 
a b s e n t  (where i n  f a c t  a t  least  one p l a n k t i v o r o u s  s p e c i e s  was n o t  
a a a j o r  form) and i n  which p. sp&zxma r e p r e s e n t e d  more t h a n  1 
p e r c e n t  of t h e  f i s h e s  p r e s e n t .  

I n  a l l  of t h e  widespread  l o c a t i o n s  v i s i t e d  d u r i n g  t h i s  
s t u d y ,  o n l y  t h r e e  s p e c i e s  were s e e n  t h a t  d i d  n o t  a l s o  occur  
e i t h e r  o f f  t h e  i s l a n d  of Hawaii o r  a t  Midway-Kure. Two of t h e s e  

o c c u r r e d  o n l y  a t  French  F r i g a t e  S h o a l s ,  whereas  t h e  monacanthid 
C a n t h e w  v e r e c u g  o c c u r r e d  o n l y  a t  Laysan and L i s i a n s k i .  

-- t h e  c h a e t o d o n t i d s  W e t o d o n  t r i f a sc i a fos  and G. citrinellus -- 
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Chaetodon t r i f a s c i a f u s  i n v a r i a b l y  occurred  w i t h  c o r a l  of t h e  
genus AcxoPora, which dominated some r e e f s  a t  French F r i g a t e  
Shoals ,  b u t  was not abundant e lsewhere ( s e e  paper i n  t h i s  pro- 
ceedings  by Gr iyg ] .  T t  was p re sen t  on a l l  four  t r a n s e c t  r e e f s  
r i c h  i n  FcroDorg, where it r ep resen ted  a mean of 2 . 1  pe rcen t  
( r ange  of 1 . 6  t o  3 , 4  p e r c e n t )  of t he  f i s h e s  counted. a a e t o d o n  
& t r i U  u s  was r e l a t i v e l y  abundant i n  t h e  shal low waters behind 
t h e  windward reef  f l a t ,  but no t r a n s e c t s  were e s t a b l i s h e d  i n  t h a t  
h a b i t a t  e C m U a - L n ~ ~  yere  cundes was seen i n  j u s t  one t r a n s e c t  a t  
Laysan t h a t  was set  on a l a r g e  patch reef  a t  a depth of 20  m ,  but 
it rep resen ted  3 . 1  pe rcen t  of t h e  i n d i v i d u a l s  t h e r e .  A t  
L i s i a n s k i ,  C. verecundes was i n  a l l  t h e  h a b i t a t s  sampled and 
r ep resen ted  a r .em of 2 . 7  pe rcen t  ( range  of 2 . 3  t o  3.6 p e r c e n t )  
of t h e  f i s h e s  i n  t h e  f i v e  t r a n s e c t s  conducted t h e r e .  

An addi t - iona l  fe3kure  of f i s h  communities i n  t h e  Northwest- 
e r n  Hawaiian I s l a n d s  was t h e  r e l a t i v e l y  high inc idence  i n  shal low 
water of t h e  l a r g e  t e rmina l  male phase of many l a b r i d  s p e c i e s .  
Most prominent were : Bodianus b i l u n u l a t u  s, Coris f l a v o v  i t t a t a ,  
AnamD ses c ~ y i e ~ ,  xhalassom gsuuureur! I a n d T .  W l  i e u i .  These 
were e s p e c i a l l y  numerous a t  Midway and K u r e .  

DISCUSSION 

Temporal S t a b i l i t y  

The g u e s t i o n  of xhe ther  reef  f i s h  communities a r e  s t a b l e  or  
u n s t a b l e  over time has evoked much i n t e r e s t  i n  r ecen t  y e a r s  
(e .g . ,  S a l e ,  1 9 8 0 b ) .  Probably it is  s i g n i f i c a n t  t h a t  proponents  
of t h e  i n s t a b i l i k y  concept  have based most of t h e i r  arguments on 
shor t - te rm s t l l d i e s  of small  i s o l a t e d  r e e f s .  Most have been 
exper imenta l  c c l o n i z a t i o n s  of i s o l a t e d  c o r a l  heads ( e . g . ,  S a l e  
and Dybdahl, 19-75) or a r t i f i c i a l  r e e f s  ( e . g . ,  Ta lbot  e t  a l . ,  
1978; Bohnsack and Ta lbo t ,  1 9 8 0 )  over pe r iods  of less than  3 
yea r s .  The proponents  of t h e  s t a b i l i t y  concept ,  on t h e  o the r  
hand, have drawn most of t h e i r  evidence from long-term s t u d i e s  of 
l a r g e r  r e e f s .  These have inc luded  s t u d i e s  of both n a t u r a l  (Brock 
e t  a l . ,  1979) and a r t i f i c i a l  (Ogden and Eberso le ,  1981) r e e f s  
t h a t  were examined  more than 1 0  y e a r s  a f t e r  being defaunated  and 
r eco lon ized .  A p e r s i s t e n t  u n c e r t a i n t y  i n  t h e s e  s t u d i e s  stems 
from not knowing how long i t  t a k e s  reef  communities t o  f u l l y  
recover  from d e f a m a t i o n .  The u n c e r t a i n t y  is inc reased  when 
a r t i f i c i a l  r e e f s  a r e  involved because no one knows whether t h e s e  
w i l l  i n  f a c t  ever suppor t  t r u l y  n a t u r a l  communities. S i g n i f i -  
c a n t l y ,  however, S a l e  (1980a) found t h a t  t h e  s t r u c t u r e  of f i s h  
communities on undis turbed  n a t u r a l ,  but  small ( 2 0  m x 1 m x 1 m ) ,  
pa tch  r e e f s  (which were c o n t r o l s  f o r  h i s  d e f a m a t i o n  experiments)  
changed cont inuous ly  over time. 

desc r ibed  i n  t h i s  paper were s t a b l e  over t he  d u r a t i o n  of t h e  
s tudy ,  and probably it is s i g n i f i c a n t  t h a t  t h e s e  communities were 
e s t a b l i s h e d  on e x t e n s i v e ,  n a t u r a l  r e e f s  t h a t  had not been d i s -  
tu rbed .  Based on t h e s e  c i rcumstances  and t h e  v a r i a b l e  r e su l t s  

T h e  majar components of t he  Hawaiian f i s h  communities 
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noted  above, t h e  s t a b i l i t y - i n s t a b i l i t y  con t rove r sy  may stem from 
(1) d i f f e r e n c e s  i n  t h e  s i z e  and complexi ty  of t h e  reef  systems 
s t u d i e d  by t h e  v a r i o u s  i n v e s t i g a t o r s ;  ( 2 )  t i m e  passed s i n c e  t h e  
communities had been d i s t u r b e d ;  and ( 3 )  t h e  e x t e n t  t o  which t h e  
p h y s i c a l  c o n d i t i o n s  of t h e  r e e f s  approximate t h o s e  of n a t u r a l ,  
und i s tu rbed  r e e f s  i n  t h e  area. Also,  it is  impor tan t  t h a t  t h e  
s t a b i l i t y  r e p o r t e d  he re  r e f e r s  t o  t h e  a d u l t  popu la t ions .  A s  
mentioned i n  t h e  "Methods" s e c t i o n ,  t h e  numbers of j u v e n i l e s  
v a r i e d  w i t h  season and from year- to-year  f o r  r easons  t h a t  seemed 
u n r e l a t e d  t o  c i rcumstances  on t h e  r e e f ,  but  t h i s  v a r i a b i l i t y  had 
no obse rvab le  impact on t h e  e s t a b l i s h e d  a d u l t s  du r ing  t h i s  s tudy.  

Spatial Distribution: General 

Most Hawaiian r ee f  f i s h e s  are  widely d i s t r i b u t e d  on t h e  
i s l a n d s  of t h e  P a c i f i c  p l a t e ,  which occupies  most of t h e  P a c i f i c  
b a s i n ,  and has  been d e f i n e d  by Spr inge r  (1982) as  a d i s t i n c t  
b iogeographic  u n i t .  Apparent ly  t h e s e  s p e c i e s  a re  adapted  t o  
c e r t a i n  f e a t u r e s  h e l d  i n  common by t h e  v a r i e t y  of h igh  i s l a n d s ,  
low i s l a n d s ,  a t o l l s ,  and submerged sea mounts, t h a t  c h a r a c t e r i z e  
t h i s ,  t h e  l a r g e s t  of t h e  e a r t h ' s  l i t h o s p h e r i c  p l a t e s .  I t  i s  not  
s u r p r i s i n g ,  t h e r e f o r e ,  t h a t  so many of them occur  i n  d i v e r s e  
h a b i t a t s  th roughout  t h e  Hawaiian Archipelago.  Despite t h e s e  
widespread occur rences ,  however, t h e  major s p e c i e s  d i f f e r  g r e a t l y  
i n  t h e i r  r e l a t i v e  numbers from one h a b i t a t  t o  ano the r .  

Because most of t h e s e  major forms were most numerous a t  one 
end of t h e  a r c h i p e l a g o  or  t h e  o t h e r ,  it is  convenient  t o  focus  on 
t h e  northwestward d i s t r i b u t i o n  of t h e  s o u t h e a s t e r n  dominants and 
t h e  southeas tward  d i s t r i b u t i o n  of t h e  nor thwes tern  dominants.  
S i g n i f i c a n t l y ,  t h o s e  species which dominated i n  t h e  s o u t h e a s t  
were more r e s t r i c t e d  i n  t h e i r  d i s t r i b u t i o n  over t h e  a r c h i p e l a g o  
than  were those  which dominated i n  t h e  nor thwes t .  Apparent ly  t h e  
s o u t h e a s t e r n  dominants -- Chaetodon p u l t  i c i n c t u s ,  Ple  c t r o a l y p h i  - 

i s  u, G. van d e r b i l t i ,  A B  U 
mar of us are  
dodon imPar ivenni  s ,  Chxom 

c u r  Chaet odon m q o s u s  
less  a t t u n e d  t o  t h e  o v e r a l l  Hawaiian environment than  a r e  t h e i r  
nor thwes tern  c o u n t e r p a r t s  -- J l v r u r i s t i s  

i u s .  A. 
m, Chromls * 

Thalassoma dLlPerrev, T. B g L l i e u L  I Acanthurus l e u c o v a r e  
-or i s ,  and A. t r i o s t e a u s  (Tab le  3 ) .  Not only are  t h e  south- 
e a s t e r n  dominants less numerous i n  more p l a c e s  throughout  t h e  
a r c h i p e l a g o ,  b u t  t hey  a l s o  i n c l u d e  fewer endemics -- j u s t  one (G. 

duDerIev, and L ballleul ' )  among t h e  no r the rn  groups.  I t  i s  
recognized  t h a t  some of t h e  most abundant Hawaiian species are  
endemics (Gos l ine  and Brock, 1 9 6 0 ) ,  bu t  no t  a l l  of t h e  endemics 

T a b l e  5 ) .  

vescens  -- a J e b r a  soma f l a  

amaenus, J w h Q k + s u  
. . .  

I Steaastes €asclolatus * OvaliS, JEm2Yl+ + b i s e U  

c tus  ) compared wi th  f o u r  (G. QValiS, P. a l b i s e U s  I T. 

are  abundant ( e . g . ,  t h e  pomacentr id  plectroqJ&&idodon m, 

P a t t e r n s  of d i s t r i b u t i o n  northwestward are  b a s i c a l l y  d i f f e r -  
e n t  from p a t t e r n s  of d i s t r i b u t i o n  southeas tward  presumably 
because of d i f f e r e n t  s e l e c t i o n  p r e s s u r e s .  I n  t h e  d i s c u s s i o n  
below s e v e r a l  of t h e s e  s e l e c t i o n  pressures a r c  d i s t i n g u i s h e d .  
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EnVlKOnmental Selection Pressures  That Influence Distribution 
Northwestward 

The s p e c i e s  i n  nearshore  communities a t  t h e  sou theas t e rn  end 
of t he  a rch ipe lago  show c l o s e  r e l a t i o n s h i p s  with t h e  f i s h e s  of 
t h e  more t r o p i c a l  r ea ions  of t he  P a c i f i c .  Even the  one endemic 
s p e c i e s  amonq t major forms  rna-4~1 m y J - u ~ j ~ c t ~ ~  -- has a 
westerr1 P a c i f i c  analog i n  C. gunctatofascia-,  and a South 
P a c i f i c  ar,al.oy i n  C. m - w e n s i s  (Burgess ,  1978) .  The s e v e r a l  
s p e c i e s  that.  occur red  i n  t r a n s e c t s  i n  t h e  l e e  of t h e  i s l a n d  of 
Hawaii, b1Jt were not seen elsewhere (Table  5 )  -- Chae todon 
X e t i c u L a L u ,  C -  l i n e o l a t u s ,  Hemitaurichthvs thompsoni, Fo rc iP iae r  
b n u i r o s t r i s ,  and Os t r ac ion  whit .elvi  -- a r e  widespread P a c i f i c  
s p e c i e s  t h a t  appasec t ly  f i n d  c o n d i t i o n s  more s u i t a b l e  he re  than  
elsewhere i n  Hawaii. Gosl ine 2nd Brock ( 1 9 6 0 )  r epor t ed  t h a t  C. 
r e t i c u l a t u s  has  been "report-ed only twice i n  Hawaii ," t h a t  C. 
l i n e o l a t g s  i n h a b i t s  " r e l a t i v e l y  deep w a t e r , "  and t h a t  51. 
thompsoni i s  " q u i t e  r a r e .  'I They inc luded  0. y h i t e l v j ,  ( a s  Q. 
s o l o r e n s i s )  i n  t h e i r  account of t he  Hawaiian fauna based only on 
a small  specimen Erom Johnston I s l a n d ,  but  Randal l  (1972) subse- 
quen t ly  noted i t s  occurrence  i n  t h e  l e e  of Hawaii. E. loncli- 
r o s t r h s  was long confused w i t h  t h e  common E. f l a v  i s s i m u s ,  but  now 
i s  recognized a s  a d i s t i n c t  s p e c i e s  r a r e  i n  t h e  Hawaiian 
Archipelago except  on t he  leeward r e e f s  of t h e  i s l a n d  of Hawaii 
(Randal l  and CaLdwell, 1 9 7 0 ) .  Chromis auil is  i s  common and wide- 
spread  i n  t h e  t r o p i c a l  western P a c i f i c  ( A l l e n ,  1975) but  has a 
l i m i t e d  d i a t r i b y t i o n  i n  Hawaii. Although it is t h e  major s p e c i e s  
on c e r t a i n  r e e f s  i n  the  l e e  of Hawaii where t h e  c o r a l  P o r i t e c  
compressa is abundant,  i t s  occurrence northwestward i s  l i m i t e d  t o  
small  aggrega t ions  of f  windward Hawaii and leeward Oahu (on a 
reef  i n  Hanauma Say which is  r i c h  i n  P o r i t e s  comrxessa) .  One 
i n d i v i d u a l  war, seen a t  French F r i g a t e  Shoa1.s. 

One  might assume t h a t  d i s t r i b u t i o n  of t r o p i c a l  P a c i f i c  
f i s h e s  northwestward i n  t h e  Hawaiian Archipelago would be l i m i t e d  
by lower water tempera ture .  Th i s  i s  probably t r u e  f o r  some 
s p e c i e s ,  but c e r t a i n  o ther  f o r c e s  a r e  more l i m i t i n g  f o r  o the r  
s p e c i e s .  

Reduced p r o t e c t i o n  from p r e v a i l i n g  wind and seas northwest-  
ward probably l i m i t s  d i s t r i b u t i o n  f o r  some spec ie s .  Zebrasoma 
f l a v e s c e n s ,  f o r  example, seemed t o  r e q u i r e  some f e a t u r e  a s s o c i -  
a t e d  w i t h  leeward r e e f s .  T h i s  s p e c i e s  i s  t h e  major component of 
communities on va r ious  r e e f s  i n  t h e  l e e  of Hawaii, t h e  l a r g e s t  
i s l a n d ,  bu t  i s  much less prominent i n  t h e  lee  of t he  smal le r  
isl-and of Oahu. On t h e  windward s i d e  of Hawaii, a d u l t s  were seen 
i n  numbers only south of Cape Kumukahi, where t h e r e  i s  i n  essence  
a l e e  shore .  North of t h e  cape a long  t h e  Hamakua Coast j u s t  one 
a d u l t  occur red  i n  t h e  t r a n s e c t s ,  whereas j u v e n i l e s  were t h e  most 
numerous f i s h  on a reef  r i c h  i n  t h e  c o r a l  P o r i t e s  compre s s a  i n  a 
s h e l t e r e d  bay near Hi lo .  Condi t ions  s u i t a b l e  f o r  a d u l t s  were 
c l e a r l y  l ack ing  a long  t h e  Hamakua Coast ,  however, a s  only a few 
were seen.  
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Zebrasoma f l a v e s c e n s  was found t o  be s p a r s e  o f f  windward 
Oahu, e x c e p t  i n  Kaneohe Bay. T h i s  p a t t e r n  is c o n s i s t e n t  w i t h  t h e  
work of Brock ( 1 9 5 4 ) ,  who found t h i s  f i s h  t o  be prominent  o n l y  i n  
c e r t a i n  leeward  h a b i t a t s  around Oahu and Hawaii. Zebrasoma 
f l a v e s c e n s  was s p a r s e l y  d i s t r i b u t e d  i n  t h e  Nor thwes tern  Hawaiian 
I s l a n d s  d u r i n g  t h i s  s t u d y ,  g e n e r a l l y  as a few i n d i v i d u a l s  on t h e  
more p r o t e c t e d  r e e f s .  The o n l y  s i g h t i n g s  a t  Midway, f o r  example,  
were a few s c a t t e r e d  i n d i v i d u a l s  on p a t c h  r e e f s  i n  t h e  lagoon 
where t h e  c o r a l  P o r i t e s  comDre ssa a l s o  was most abundant .  Appar- 
e n t l y  t h i s  c o r a l ,  which grows as c l o s e l y  spaced  f i n g e r - l i k e  
b r a n c h i n g s ,  i s  i m p o r t a n t  t o  t h e  j u v e n i l e s  of X. f l a v e s  c e n s ,  j u s t  
a s  it a p p e a r s  t o  be f o r  a d u l t  Qromis a s i l i s .  

The d e c r e a s e d  o c c u r r e n c e  of exposed b a s a l t  nor thwes tward  
a p p e a r e d  t o  i n f l u e n c e  t h e  d i s t r i b u t i o n  of s e v e r a l  species, most 
n o t a b l y  Acanthuru s n i u r o f u  scus, which R a n d a l l  (1960)  d e s c r i b e d  as  ". . . p r o b a b l y  second o n l y  t o  t h e  manini  (Acanthurus  t r i o s t e g u s  ) i n  
abundance among s u r g e o n f i s h e s  i n  Hawaii." T h i s  s p e c i e s  was 
numerous o n l y  where t h e  r e e f s  were l a r g e l y  exposed b a s a l t ,  a 
widespread  h a b i t a t  i n  t h e  h i g h  i s l a n d s .  The dependence of E .  

r o f u s c u s  on some f a c t o r  r e l a t e d  t o  exposed b a s a l t  was espe-  
c i a l l y  e v i d e n t  a t  French F r i g a t e  S h o a l s ,  where i t s  prominence was 
c o n f i n e d  t o  L a  Perouse  P i n n a c l e ,  t h e  o n l y  b a s a l t i c  s t r u c t u r e  
t h e r e .  A t  Gardner P i n n a c l e s ,  t h e  l a s t  exposed b a s a l t  o c c u r r e n c e  
nor thwes tward ,  A. n i u r o f u s c u s  was numerous on t h e  b a s a l t i c  f a c e  
of t h e  p i n n a c l e s ,  b u t  was n o t  s e e n  e l sewhere .  Only one i n d i -  
v i d u a l  was seen  a t  Mar0 Reef and a n o t h e r  a t  Laysan, t h e  l a t t e r  i n  
a t r a n s e c t .  None were s e e n  nor thwes tward  from t h e r e .  D e s p i t e  
t h e  a p p a r e n t  dependence of Hawaiian E .  njcr rofuscus  on h a b i t a t s  
t h a t  i n c l u d e  exposed b a s a l t ,  t h e  o c c u r r e n c e s  of t h i s  s p e c i e s ,  on 
P a c i f i c  a t o l l s  ( R a n d a l l ,  1 9 5 6 ) ,  which lack such  h a b i t a t s ,  i n d i -  
cates t h a t  c o n s p e c i f i c s  e l s e w h e r e  may have d i f f e r e n t  r e q u i r e -  
ments.  The same is  t r u e  of t h e  pomacent r id  P l e c t r o g l y p h  idodon wm, which was found o n l y  among surge-swept  b a s a l t i c  
r e e f s  d u r i n g  t h i s  s t u d y  (it  was n o t  seen  n o r t h w e s t  of Gardner 
P i n n a c l e s ) ,  b u t  i s  widespread  e l s e w h e r e  i n  t h e  P a c i f i c  on r e e f s  
t h a t  lack exposed b a s a l t  ( A l l e n ,  1 9 7 5 ) .  Three  o t h e r  species w i t h  
d i s t r i b u t i o n s  t h a t  c o i n c i d e d  w i t h  exposed b a s a l t  were Hawaiian 
endemics:  t h e  pomacent r id  P l e c t r o a l y p h  idodon s i n d o n i s  (which 
f r e q u e n t e d  surge-swept  b o u l d e r s ) ,  t h e  b l e n n i i d  P l a u i o t r e m u s  - aosl i n e i ,  and t h e  monacanthid C a n t h e r i n e s  s a n d w i c h i e n s i s .  

seem t o  f i n d  c o n d i t i o n s  more s u i t a b l e  a t  French F r i g a t e  S h o a l s  
t h a n  e l s e w h e r e  i n  t h e  Hawaiian A r c h i p e l a g o .  Probably  t h e  most 
s t r i k i n g  example is t h e  common o c c u r r e n c e  of t h e  c h a e t o d o n t i d  
Chae todon t r  i f a s c i a i a s  , a s p e c i e s  t h a t  l i v e s  i n  c l o s e  a s s o c i a t i o n  
w i t h  c o r a l s  of t h e  genus AcroPora ( B u r g e s s ,  1 9 7 8 ) .  Both t h e  f i s h  
and c o r a l s  a r e  common t h r o u g h o u t  most of t h e  t r o p i c a l  Indo- 
P a c i f i c ,  b u t  a r e  r a r e  o r  a b s e n t  i n  t h e  Hawaiian A r c h i p e l a g o  
e x c e p t  a t  French F r i g a t e  S h o a l s .  I n  n o t i n g  t h e  abundance of 
Acrotmra a t  French  F r i g a t e  S h o a l s  and i t s  s h a r p  d e c l i n e  both 
southward ( t o  Kauai)  and nor thward  ( t o  L a y s a n ) ,  Gr igg  e t  a l .  
(1981)  s u g g e s t e d  t h a t  French F r i g a t e  S h o a l s  is t h e  s i t e  of a c t i v e  

C e r t a i n  s p e c i e s  which a r e  widespread  i n  t h e  c e n t r a l  P a c i f i c  
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c o l o n i z a t i o n  af some Indo-Pac i f ic  forms from t h e  west (by way of 
t h e  s u b t r o p i c a l  c o u n t e r c u r r e n t ) ,  and t h a t  t h i s  l o c a t i o n  i s  t h e  
cen te r  of d i s t r i b u t i o n  of such forms t o  t h e  o ther  i s l a n d s .  T h i s  
p a t t e r n  i s  c o n s i s t e n t  with the  d i s t r i b u t i o n  of some Indo-Pacif i c  
f i s h e s  i n  Hawaii. Another widespread Indo-Pac i f ic  s p e c i e s  t h a t  
was abundant a t  French F r i g a t e  Shoals ,  but. which went unseen 
elsewhere dur ing  t h i s  s tudy ,  was t h e  chae todont id  Chae todon 
c i t r i n e l h s .  T h i s  s p e c i e s ,  cons idered  r a r e  i n  Hawaii by Gos l ine  
and Brock !1960i, was among t h e  s p e c i e s  t h a t  co lonized  a newly 
c r e a t e d  harbor on t h e  l e e  shore of Hawaii (Brock, 1 9 8 1 ) .  

These two widely sepa ra t ed  and very  d i f f e r e n t  s e t t i n g s  -- 
French F r i g a t e  Shoals  and leeward Hawaii -- may have c h a r a c t e r i s -  
t i c s  t h a t  nake them more s u i t a b l e  than o ther  Hawaiian h a b i t a t s  
f o r  c e r t a i r ,  Indo-Pac i f ic  spec ie s .  Leeward Hawaii i s  noted f o r  
i t s  warm, sediment-free water and r i c h  c o r a l  growth -- a l l  of 
which a r e  l i k e l y  t o  be a s s o c i a t e d  wi th  environments favored  by 
f i s h e s  adapted  t o  more t r o p i c a l  P a c i f i c  h a b i t a t s .  French F r i g a t e  
Shoals  may be f avorab le  t o  some because it i s  i n  essence  a 
b a r r i e r  reef  t h a t  enc loses  expacs ive  shal lows -- a s e t t i n g  which 
i s  widespread i n  t h e  more t r o p i c a l  a r e a s  of t h e  c e n t r a l  and 
western P a c i f i c ,  but l i m i t e d  i n  those  i s l a n d s  t o  t h e  sou theas t  of 
French F r i g a t e  Shoals .  

F a r r i e r  r ~ e f s  t h a t  enc lose  expansive shal lows a r e  prominent 
t o  t h e  northhiezt of French F r i g a t e  Shoals ,  e s p e c i a l l y  a t  P e a r l  
and Hermes, Midway, and Kure -- which a r e  a t o l l s .  B u t  dur ing  t h e  
win ter  water tempera tures  f a l l  below 18 C a t  t h e s e  l o c a t i o n s  
(Mauck, 1 9 7 5 )  which presumably would be a problem f o r  many 
Indo-Pac i f i c  s p e c i e s .  Water tempera ture ,  however, has  not l i m -  
i t e d  Epibulus  i n s i d i a t o r ,  a widespread Indo-Pac i f ic  l a b r i d  t h a t  
i s  common from French F r i g a t e  Shoals  northwestward t o  KUre, but  
which has not been r epor t ed  southeastward t o  Hawaii. 

Environmental Selection Pressures that Influence Distribution 
Southeastward 

Although t h e  major s p e c i e s  i n  t h e  northwestern communities 
a r e  more d i s t i n c t i v e l y  Hawaiian than  t h e i r  sou theas t e rn  counter-  
p a r t s ,  they  too  a r e  c l o s e l y  r e l a t e d  t o  f i s h e s  of t h e  t r o p i c a l  
western P a c i f i c .  B u t  some of t h e  less prominent s p e c i e s  i n  t h e  
northwest  a r e  c l o s e l y  r e l a t e d  t o ,  or  c o n s p e c i f i c  wi th ,  f i s h e s  of 
t h e  more temperate  r eg ions  i n  t h e  western P a c i f i c .  Furthermore,  
i n  c o n t r a s t  with t h e  major s p e c i e s  i n  t h e s e  communities, which 
a r e  widely d i s t r i b u t e d  i n  shal low water ,  t h e s e  more temperate  
s p e c i e s  have l i m i t e d  d i s t r i b u t i o n s  on shal low r e e f s  southeas t -  
ward. Both Opelgnathus f a s c i a t u s  and Q. p u n c t a t u s  a r e  prominent 
i n  c o a s t a l  wa te r s  of Japan,  where they  are popular game f i s h e s  
(Masuda e t  al., 1 9 7 5 ) .  B u t  d e s p i t e  t h e  common occurrences  of 
both s p e c i e s  a t  Kure and Midway, t hey  a r e  uncommon elsewhere i n  
t h e  Hawaiian Archipelago.  Q. p u n c t a t u s  had not been recorded 
from Hawaii p r i o r  t o  t h i s  s tudy (Hobson, 1980), and Q. f a s c i a t u s  
was recognized from j u s t  one specimen taken almost a century  ago 
(Gos l ine  and Brock, 1960). 

116 



S i m i l a r  r e l a t i o n s h i p s  t o  f i s h e s  of more t e m p e r a t e  r e g i o n s  i n  
t h e  w e s t e r n  P a c i f i c  e x i s t  f o r  P r i s t o l e p i s  d i c l o l e p  i s ,  Pseudo - 
c a r a n x  d e n t e x ,  C h e i l o d a c t v l u s  v i t t a t u s ,  and H i s t i o p t e r u  s acut i -  
r o s t r i s ,  a l l  of which a l s o  occur  i n  J a p a n e s e  w a t e r s  (Masuda e t  
a l . ,  1975;  S p r i n g e r  1 9 8 2 ) .  B u t  h e r e  a n o t h e r  dimension of d i s t r i -  
b u t i o n  m u s t  be  c o n s i d e r e d  -- v a r i a t i o n s  i n  depth  of o c c u r r e n c e  
w i t h  l a t i t u d e .  All f o u r  species a r e  common i n h a b i t a n t s  of 
s h a l l o w  r e e f s  a t  Kure and Midway, b u t  occur  a t  g r e a t e r  d e p t h s  
s o u t h e a s t w a r d .  G o s l i n e  and Brock (1960)  n o t e d  t h a t  a l t h o u g h  E. 
a c u t i r o s t r i s  a p p e a r s  t o  be r a r e  t h e r e ,  g. 01 i a o l e p  is. and C.. 
v i t t a t u s  a r e  not  uncommon i n  deeper  water. E. d e n t e x  ( a s  Caranx 
c h e l  'U), a c c o r d i n g  t o  G o s l i n e  and Brock, i s  "not  now common 
around t h e  h i g h  i s l a n d s ,  b u t  i s  abundant  from French F r i g a t e  
S h o a l s  t o  Midway," and M o f f i t t  (1980)  r e p o r t e d  it t o  be a major 
t a r g e t  of o f f s h o r e  bot tom f i s h e r m e n  i n  t h e  Nor thwes tern  Hawaiian 
I s l a n d s .  

Many f i s h e s  which have wide l a t i t u d e  d i s t r i b u t i o n  i n h a b i t  
deeper  water  toward t h e  e q u a t o r  (Hubbs, 1 9 4 8 ) .  The d i s t r i b u t i o n  
of such f i s h e s  o f t e n  r e l a t e s  t o  water t e m p e r a t u r e s ,  a s  shown by 
s t u d i e s  a l o n g  t h e  w e s t e r n  c o a s t  of North America where t h e  pa t -  
t e r n  r e v e r s e s  a t  p o i n t s  of l o c a l  u p w e l l i n g  (Hubbs 1 9 4 8 ) .  Thus,  
a t  l e a s t  some of t h e  f i s h e s  t h a t  i n h a b i t  p r o g r e s s i v e l y  deeper  
h a b i t a t s  s o u t h e a s t w a r d  i n  Hawaii may be r e s p o n d i n g  t o  f e a t u r e s  
r e l a t e d  t o  water  t e m p e r a t u r e .  I n  a d d i t i o n  t o  t h e  s p e c i e s  
ment ioned above,  an a f f i n i t y  t o  lower water t e m p e r a t u r e s  may 
account  f o r  t h e  d i s t r i b u t i o n  of Gen i c a n t h u  s per sona  t u s , which is 
r e l a t i v e l y  common on r e e f s  20 t o  30 m deep  a t  Midway and Kure ,  
b u t  which h a s  been r e p o r t e d  o n l y  from deeper  water around t h e  
h i g h  i s l a n d s  ( R a n d a l l ,  1 9 7 5 ) .  The same pa t te rn  may h o l d  t rue  f o r  
t h e  grouper  EDinephelu s Guernus,  which is common on s h a l l o w  r e e f s  
a t  Midway and Kure ,  b u t  i s  o n l y  found i n  deeper  water s o u t h e a s t -  
ward. T h i s  s p e c i e s  c o n s t i t u t e s  a l a r g e  par t  of t h e  c a t c h  of t h e  
o f f s h o r e  h a n d - l i n e  f i s h e r y  a t  d e p t h s  below 60 m around t h e  h i g h  
i s l a n d s  ( R a l s t o n ,  1 9 8 0 ) .  The same p a t t e r n  may h o l d  t rue  f o r  t h e  
l a r g e  t e r m i n a l  male phase of t h e  l a b r i d  Bodianus b i l u n u l a t u s ,  
which i s  a n o t h e r  form t h a t  commonly f r e q u e n t s  r e e f s  a s  s h a l l o w  as 
1 m a t  t h e  n o r t h w e s t e r n  end of t h e  a r c h i p e l a g o ,  b u t  r a r e l y  o c c u r s  
s h a l l o w e r  t h a n  20 m a t  t h e  s o u t h e a s t e r n  end. 

P r i s t o l e p i  s a l a  o l e p  is ,  E. dentex, &. v i t t a t u s ,  and 11. 
acut  i r o s t r i a ,  a s  well a s  c e r t a i n  congeners  of &. ~ p r  s o n a t u s ,  B. 
b i l u n u l a t u  s ,  and t h e  two o p l e g n a t h i d s ,  have a n t i t r o p i c a l  d i s t r i -  
b u t i o n s  t h a t  are  t h o u g h t  t o  have been e s t a b l i s h e d  when s u r f a c e  
w a t e r s  were c o o l e r  t h a n  a t  p r e s e n t  ( R a n d a l l ,  1 9 8 1 ) .  S p r i n g e r  
( 1 9 8 2 ) ,  however,  c i t e d  e v i d e n c e  t h a t  e q u a t o r i a l  s e a - s u r f a c e  tem- 
p e r a t u r e s  have been r e l a t i v e l y  s t a b l e  s i n c e  t h e s e  a n t i t r o p i c a l  
d i s t r i b u t i o n s  are  t h o u g h t  t o  have been e s t a b l i s h e d .  He s u g g e s t e d  
t h a t  t h e s e  d i s t r i b u t i o n s  have an e c o l o g i c a l  b a s i s  r e l a t e d  t o  t h e  
a n t i t r o p i c a l  d i s t r i b u t i o n  of t h e  h i g h  i s l a n d s ,  b u t  t h i s  p o s s i b i l -  
i t y  i s  i n c o n s i s t e n t  w i t h  t h e  f a c t  t h a t  most of t h e  s p e c i e s  
i n v o l v e d  a r e  more numerous around t h e  Hawaiian a t o l l s  t h a n  around 
t h e  h i g h  i s l a n d s .  
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t i v o r e s  and an abundance of PervasOK s p i l  osoma, i s  s t r e n g t h e n e d  
by t h e  f a c t  t h a t  a t  t h e  o n l y  l o c a t i o n s  where e i t h e r  c i r c u m s t a n c e  
o c c u r r e d  -- L i s i a n s k i  (and Neva S h o a l )  and Kahe, Oahu -- t h e y  
o c c u r r e d  together. T h e  b a s i s  f o r  t h e  a p p a r e n t  r e l a t i o n s h i p  
between t h e s e  s p e c i e s ,  o r  between t h e s e  s p e c i e s  and t h e  two l o c a -  
t i o n s ,  remains  u n c l e a r .  Perhaps  it i s  s i g n i f i c a n t  t h a t  t h e  water 
a t  L i s i a n s k i  was n o t e d  t o  have a milky q u a l i t y  and t h a t  a f i n e  
sediment  c o a t e d  much of t h e  s e a f l o o r ,  e s p e c i a l l y  a t  Neva S h o a l .  
T h i s  c o n d i t i o n  can mean t h a t  t h e  water  i s  n o t  c i r c u l a t i n g ,  which 
would i n  t u r n  mean d reduced  s u p p l y  of zooplankton .  On t h e  o t h e r  
hand, i t  i T  c o n c e i v a b l e  t h a t  c e r t a i n  m a t e r i a l s  i n  s u s p e n s i o n  
c o u l d  a d v e r s e l y  a f f e c t  small p l a n k t i v o r e s .  There i s  no measure 
of t h e  zooplankton  a t  t h e s e  l o c a t i o n s ,  b u t  it was s t r i k i n g  t h a t  
i n  t h e  a b s e n c e  of p l a n k t i v o r e s  a t  L i s i a n s k i ,  t h e  normal ly  bottom- 
d w e l l i n g  E. spilosoma a g g r e g a t e d  above t h e  r e e f ,  j u s t  a s  t h e  
p l a n k t i v o r e s  d i d  e l s e w h e r e .  These S. sDilosoma were n o t  s e e n  
f e e d i n g ,  however, and a d i e t  of z o o p l a n k t e r s  c e r t a i n l y  would have 
been a r a d i c a l  d e p a r t u r e  from t h e  u s u a l  d i e t  of t h i s  s p e c i e s .  
Under more t y p i c a l  c i r c u m s t a n c e s  a t  t h e  i s l a n d  of Hawaii ,  2. 
sp i losoma f e d  p r i m a r i l y  on s c l e r a c t i n i a n  c o r a l  p o l y p s  (Hobson, 
1 9 7 4 ) .  On t h e  o t h e r  hand, it i s  c o n c e i v a b l e  t h a t  under appro- 
p r i a t e  c i r c u p s t a n c e s ,  f e a t u r e s  a d a p t e d  t o  pluck c o r a l  p o l y p s  
c o u l d  a l s o  be e f f e c t i v e  i n  f e e d i n g  on z o o p l a n k t e r s .  

Fishing P r e s s u r e s  

The p o s s i b i l i t y  of a c o n n e c t i o n  between an absence  of plank-  

Because f i s h i n g  p r e s s u r e s  have been c o n c e n t r a t e d  on j u s t  
c e r t a i n  p l a c e s ,  t h e y  seem l i k e l y  t o  have d i s t o r t e d  p a t t e r n s  of 
d i s t r i b u t i o n  f o r  a t  l e a s t  some s p e c i e s .  F i s h i n g  p r e s s u r e s  seem 
t o  a c c o u n t  f o r  t h e  reduced  numbers i n  t h e  s o u t h e a s t  of c e r t a i n  of 
t h e  s p e c i e s  prominent  i n  t h e  n o r t h w e s t  ( T a b l e s  3 and 4 ) .  P e r h a p s  
t h i s  was p r e d i c t a b l e ,  because  f i s h i n g  p r e s s u r e s  s h o u l d  have been 
e x p e c t e d  t o  i n c r e a s e  toward t h e  f i s h i n g  p o r t s  on t h e  major h i g h  
i s l a n d s .  N e v e r t h e l e s s ,  it i s  d i f f i c u l t  t o  h o l d  f i s h i n g  p r e s s u r e s  
a c c o u n t a b l e  f o r  t h e  s o u t h e a s t w a r d  d e c l i n e  of some s p e c i e s .  
Although EDineDhelus q u e r n u s  and Pseudocaranx d e n t e x  a re  major 
t a r g e t s  of f i s h e r m e n  i n  t h e  a r e a  s o u t h e a s t  of Midway, t h e  f i s h i n g  
e f f o r t  i s  i n  deeper  water  o f f s h o r e .  There  h a s  been v i r t u a l l y  no 
f i s h i n g  on t h e  s h a l l o w  r e e f s  of t h e  Nor thwes tern  Hawaiian I s l a n d s  
from P e a r l  and Hermes A t o l l  s o u t h e a s t w a r d :  hence ,  t h e  a b s e n c e  of 
E. m e r  n e s  and 2. d e n t e x  from t h e s e  r e e f s  cannot  be a t t r i b u t e d  t o  
f i s h i n g  p r e s s u r e s .  Probably  both  s p e c i e s  are  s imply  b e t t e r  
a d a p t e d  t o  deeper  water  i n  s o u t h e a s t e r n  a r e a s .  

P o p u l a t i o n  s h i f t s  i n t o  deeper  water  cannot  a c c o u n t  f o r  t h e  
s o u t h e a s t w a r d  d e c l i n e  i n  numbers of some shal low-water  p o t e n t i a l  
t a r g e t  s p e c i e s .  T h i s  i s  because t h e y  i n h a b i t  s h a l l o w  r e e f  a r e a s  
t h r o u g h o u t  t h e  a r c h i p e l a g o .  Some of t h o s e  which a r e  abundant  
t h r o u g h o u t  t h e  Nor thwes tern  Hawaiian I s l a n d s ,  b u t  g e n e r a l l y  
s p a r s e  t h r o u g h o u t  t h e  major h i g h  i s l a n d s ,  such a s  t h e  s h a r k  
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m b l v r h v n c r n ,  may f i n d  c e r t a i n  e n v i r o n m e n t a l  f e a -  
t u re s  of major h i g h  i s l a n d  r e e f s  u n f a v o r a b l e .  On t h e  o t h e r  hand, 
s h a r k  p o p u l a t i o n s  a r e  known t o  be p a r t i c u l a r l y  v u l n e r a b l e  t o  
f i s h i n g  p r e s s u r e s ,  and t h e r e  have been c o n c e r t e d  and a p p a r e n t l y  
s u c c e s s f u l  e f f o r t s  t o  reduce t h e  p o p u l a t i o n s  of these f i s h e s  
a round t h e  h i g h  i s l a n d s .  

The most l i k e l y  v i c t i m s  of f i s h i n g  pressures a r e  t h o s e  
s p e c i e s  known t o  be w e l l  a d a p t e d  t o  shal low-water  r e e f  a r e a s  i n  
t h e  h i g h  i s l a n d s ,  b u t  which were found o n l y  i n  low numbers d u r i n g  
t h i s  s t u d y .  Examples among t h e  s p e c i e s  l i s t e d  i n  t h e  t a b l e s  a r e  
t h e  h o l o c e n t r i d  M y r i p r i s t i s  amaenu s and t h e  c a r a n g i d  Caranx  
lqnobllls . a. amaenus and i t s  c o n g e n e r s  E. murdian and E. 
k u n t e e ,  a re  prime t a r g e t s  of  f i s h e r m e n  and a re  e s p e c i a l l y  vul-  
n e r a b l e  owing t o  t h e i r  h a b i t  of c o n c e n t r a t i n g  i n  r e e f  c a v e s  
d u r i n g  t h e  day. [a. k u n t e e  was c o n s i d e r e d  a major s p e c i e s  i n  t h e  
p r e l i m i n a r y  r e p o r t  on t h i s  s t u d y  (Hobson, 1980)  based  on i t s  num- 
b e r s  i n  one t r a n s e c t  i n  t h e  lagoon a t  Kure  a t o l l . ]  C. i q n o b i l i s  
i s  c o v e t e d  by both  s p e a r f i s h e r m e n  and s h o r e  f i s h e r m e n  and i s  
e s p e c i a l l y  v u l n e r a b l e  t o  t h e  former owing t o  i t s  b o l d n e s s .  F i s h -  
i n g  would seem t o  have had a major i n f l u e n c e  on t h e  observed  
d i s t r i b u t i o n  of C. i q n o b i l i s .  I n  c o n t r a s t  t o  i t s  extreme promi- 
nence from Nihoa nor thwes tward  t o  Kure, it was never  o b s e r v e d  i n  
t h e  major h i g h  i s l a n d s  d u r i n g  t h i s  s t u d y .  On o t h e r  o c c a s i o n s  i n  
t h e  h i g h  i s l a n d s ,  s i g h t i n g s  have  been i n f r e q u e n t  and u s u a l l y  
i n v o l v e d  s o l i t a r y  i n d i v i d u a l s .  
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