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The head of S ,  frena.eus w i t h  the integument, nasa l ,  

l a c q m a l ,  cireumorbitals, opercular  series, adductor 

mandihulae, the p o s t e r i o r  p a r t  o f  t h e  suspensorium and 

t h e  p e c t o r a l  complex, including t h e  clei thrum, removed, 

$0 show t h e  p o s i t i o n  of  t h e  j a w  appara tus  when open and 

t h e  loca t ion  of the pharyngeal appara tus .  

Abbreviations used i n  t h i s  f igure :  

R.D. 
v. 

Duodenum 
Epaxial  musculatuxe 
Fourth ep&ranchial 
G i l l s  
Heart  
Lower pharyngeal bone 
Lower pharyngeal f a c e t  o f  t h e  
phargngocle i thra l  j o i n t  
Re t rac to r  d o r s a l i s  
Vertebral column 

The i nd iv idua l  f igured  is the same a s  t h a t  used i n  Chapter 1. 

The open jaw may be compared with t h e  c losed p o s i t i o n  f igured  

i n  Figure  P. 1 2  B. The pharyngeal, appara tus  is f igured i n  

Figure % .15 €3. 





APPENDIX 2 

MOTES ON T E E  BIOLOGY OF J U V E N I L E S  OF SEVERAL SCARID SPECIES. 

Because o f  t h e  w i t h i n - s p e c i e s  and between- locat ion v a r i a b i l i t y  
i n  t h e  b e k a v i o u r  o f  j u v e n i l e  scarids, and t h e  l a r g e  between-species  
d i f f e r e n c e s  i n  their  b i o l o g y ,  the  r e s u l t s  o f  Chap te r  6  are partially 
summarized here as a c c o u n t s  o f  the b i o l o g y  of each species i n  a 
g i v e n  l o c a t i o n .  These a c c o u n t s  are based  p r i m a r i l y  on the r e s u l t s  
o u t l i n e d  i n  Chap te r  6 B i n  a d d i t i o n  t o  n o t e s  made d u r i n g  t h e  s t u d y  
p e r i o d  ( @  400 h o u r s  o f  underwate r  o b s e r v a t i o n s ) ,  They are i n t e n d e d  
t o  clarify some of t h e  r e s u l t s  i n  Chapter  6  B and t o  t r y  and 
i n d i c a t e  some o f  t h e  f a c t o r s  which may be i m p o r t a n t  i n  the  b i o l o g y  
o f  j u v e n i l e  s c a r i d s .  

S. sordtdus - A t  t h e  North R e e f  s t u d y  s i te  ( n  - 8 0 + ) .  

I n  the reef s l o p e  r e g i o n ,  S. sordtdus r e c r u i t e d  i n  small 
numbers i n  t h e  c o r a l  rubble a t  t h e  base o f  the reef s l o p e  d u r i n g  
November and December, I n  t h i s  r e g i o n ,  no j u v e n i l e s  were  recorded  
i n  pomacentr id  t e r r i t o r i e s ,  a l t h o u g h  i n  nearby sheltered, rubble 
s t r e w n  p i t s  i n  the reef t o p  ( 4  m d e e p )  j u v e n i l e s  were  r e c o r d e d  i n  
the t e r r i t o r i e s  o f  PLectrogLyphidodon Lacrymatus and Stegastes 
ntgrtcans, O f  t h e  37 j u v e n i l e s  o b s e r v e d  i n  these pi ts ,  between 1 0 . 5  
and 17 mm T . L . ,  20 were i n  pomacentr id  t e r r i t o r i e s ,  10  on the  
o u t s k i r t s  and 9 n o t  i n  a t e r r i t o r y .  Pomacentrid a g g r e s s i o n  was o n l y  
observed  t o w a r d s  a s i n g l e  19 mm T.L.  i n d i v i d u a l .  A t  1 0 . 5  t o  1 7  mm 
T.L., t h e  j u v e n i l e s  were s o l i t a r y  or  i n  small groups  o f  3 t o  6 .  On 
the  reef s l o p e ,  t h e  home r a n g e s  o f  i n d i v i d u a l s  i n c r e a s e d  w i t h  
growkh. Aggress ive  i n t e r a c t i o n s  were  n o t  f r e q u e n t  and were  
p r i m a r i l y  w i t h  c o n s p e c i f i c s  ( T a b l e  6 . 1 4 ) .  A s  t h e  home r a n g e  
expands ,  it moves s l o w l y  up the reef s l o p e ,  and t y p i c a l l y  o v e r l a p s  
w i t h  t h o s e  o f  s e v e r a l  o t h e r  species. A t  t h i s  s t a g e ,  up  t o  60  mm 
T.L. ,  i n d i v i d u a l s  were s o l i t a r y  o r  o c c a s i o n a l l y  formed s m a l l  
m u l t i - s p e c i f i c  g roups .  Aggress ion  was most i n t e n s e  t o w a r d s  e q u a l l y  
s i z e d  c o n s p e c i f i c s ,  vertical movement o f  some i n d i v i d u a l s  was 
l i m i t e d  b y  the t e r r i t o r i a l  b e h a v i o u r  o f  A. Zineatus and j u v e n i l e  
S. frenatus. No i n d i v i d u a l s  were  fol lowed above 60 mm T .L . ,  
a l t h o u g h  small s c h o o l s  o f  l a r g e r  S. sordtdus were o c c a s i o n a l l y  s e e n  
i n  t h e  r e e f  s l o p e  r e g i o n .  Most l a r g e  j u v e n i l e  and a d u l t  S .  sordtdus 
were r e c o r d e d  i n  s c h o o l s  on the n e a r b y  r e e f t o p .  

S ,  sordtdus - I n  t h e  lagoon s t u d y  s i t e  ( n  = 60+) .  

I n  the l a g o c n  s t u d y  s i te ,  S ,  sordtdus s e t t l e d  i n  r e l a t i v e l y  
l a r g e  numbers p r i m a r i l y  d u r i n g  November t o  F e b r u a r y .  R e c e n t l y  
r e c r u i t e d  i n d i v i d u a l s  were m o s t  f r e q u e n t l y  recorded  i n  pomacentr id  
t e r r i t o r i e s  and among t h e  b r a n c h e s  o f  a r b o r e s c e n t  c o r a l s  n e a r  t o  the  
r e e f  edge ( T a b l e  6 . 1 2 ) .  Of t h e  11 r e c e n t l y  r e c r u i t e d  S. sordtdus 
observed  i n  detail,  seven  were  i n  o r  n e a r  pomacentr id  t e r r i t o r i e s  
( i n c l u d i n g  Stegastes ntgricans, S. apicaZis, Pornacentrus 
grammorhynchus and PZectrogZyphtdodon Zacrymatus). The remain ing  
f o u r  were i n  a r b o r e s c e n t  c o r a l s .  ( I n  t r a n s e c t s ,  6 o f  t h e  9 newly 
r e c r u i t e d  S .  sordtdus were i n  pomacentr id  t e r r i t o r i e s ) .  With 
growth,  t h e  home r a n g e s  steadily i n c r e a s e d  i n  area. S o l i t a r y  or 
paired i n d i v i d u a l s  c o n t i n u e d  t o  f e e d  i n  pomacentr id  t e r r i t o r i e s ,  
unmoles ted,  a l t h o u g h  some i n d i v i d u a l s  a t  1 5  - 1 5 . 5  mm T.L.  began t o  



h i d e  when t h e  pomacentrid approached. Pomacentrids f i r s t  a t t a c k e d  
j u v e n i l e  s c a r i d s  a t  about  15 .5  mm T.L. and by 16  t o  20 mm T.L. 
t h e y  were excluded from t h e  pomacentrid t e r r i t o r i e s  (16 - 18 mm T.L. 
from S. aptcatis t e r r i t o r i e s ;  18 .5  t o  20 from S. ntgrtcans 
t e r r i t o r i e s ) .  These j u v e n i l e  s c a r i d s  and t h o s e  from l i v e  c o r a l s  
moved t o  nearby pomacentrid-free areas o f  rock o r  rubble. They 
t y p i c a l l y  formed s m a l l  s choo l s  and w e r e  o f t e n  a t tacked  b y  
pomacentrids (Tab le s  6.13, 6 .14,  F ig ,  6 . 9  A ) .  I n t e r -  or 
iw t ra - spec i f i c  agg res s ion  by t h e  s c a r i d s  was p r i m a r i l y  towards 
e q u a l l y  s i z e d  c o n s p e c i f i c s .  Ind iv idua l s  cont inued t o  behave i n  t h i s  
manner, s lowly e n l a r g i n g  t h e i r  home ranges  up u n t i l  102 mm T.L. 
Above t h i s  s i z e ,  however, it appears  t h a t  some S. sordidus abandoned 
t h e i r  home ranges and j o i n  l a r g e  ( u p  t o  PO5 i n d i v i d u a l s )  mobile  
s c h o o l s  which forage  ove r  ex t ens ive  a r e a s  o f  t h e  r e e f  f l a t  ( o v e r  400 
m ) It is dur ing  t h i s  phase,  above 110 mm T .L. , t h a t  S , sordtdus 
b e g i n s  t o  feed as a 'b i ter  ' ( Chapter 6A ) , Desp i t e  recru i tment  s f  
S .  sordtdus i n  t h e  lagoon s tudy  s i te  r eg ion  f o r  t h e  t h r e e  
recsuitmemt pe r iods  observed i n  t h i s  s t u d y  ( 5 . e .  summer 1981, 1982, 
1983)  and i n  p rev ious  y e a r s  (1979, 1980; H. Sweatman and 
e. Anderson, p e r s .  c o r n . ) ,  and t h e  presence  o f  numerous small 
j u v e n i l e  S .  sordtdus, t h e  l a r g e s t  S. sordtdus recorded w a s  113 mm 
T.L. No l a r g e  IP  o r  TP i n d i v i d u a l s  were p r e s e n t *  This  sugges t s  
that l a r g e r  S ,  so rd idus  migra te  from t h e  lagoon s tudy  s i te  area 
d u r i n g  the late j u v e n i l e  phase .  Large S ,  sordtdus w e r e  a l s o  absen t  
from o t h e r  a r e a s  of  t h e  lagoon.  

The observed behaviour  o f  S. sordtdus i n  the lagoon s tudy  s i t e  
w a s  a l s o  t r u e  i n  o t h e r  s c a r i d  s p e c i e s  found i n  the area, a l though 
t h e s e  w e r e  some s l i g h t  d i f f e r e n c e s  as noted below: 

S .  brevifttts (n=3) w a s  n o t  observed t o  r e c r u i t  i n t o  pomacentrid 
t e r r i t o r i e s .  They remained s o l i t a r y  throughout  t h e  j u v e n i l e  
phase and w e r e  agg res s ive  t o  o t h e r  s c a r i d s .  Some I P ' s  w e r e  
recorded i n  t h e  lagoon.  

S. dtmtdtatus (n=5)  and S. ovtceps (n=3) ,  bo th  r e c r u i t e d  t o  l a r g e  
s t a n d s  of  l i v e  a rbo rescen t  c o r a l s .  They had few a n t a g o n i s t i c  
i n t e r a c t i o n s  and remained s o l i t a r y .  The l a r g e s t  S .  dtmidtatus 
observed i n  t h e  lagoon s tudy  s i t e  reg ion  was approximately 105 
mm T.L. ,  and t h e  l a r g e s t  S. ovtceps approximately 94 mm T.L.  

S. ghobban (n=12) w a s  n o t  observed below 55 mm T.L. Above t h i s  
s i z e ,  i ts  s o c i a l  behaviour  w a s  s i m i l a r  t o  S. sordtdus a l though 
l a r g e  IPS were recorded i n  t h e  s tudy  a r e a .  

S. psittacus (n=100+), S. rivubatus (n=20+) and Scarus s p .  (n=15+), 
r e c r u i t e d  more f r e q u e n t l y  i n  a r e a s  o f  rubble than  S. sordtdus, 
and were only  r a r e l y  recorded i n  pomacentrid t e r r i t o r i e s .  The 
e a r l y  j uven i l e  phase  w a s  comparable t o  that  o f  S. sordtdus 
with  i n d i v i d u a l s  j o i n i n g  l a r g e  mobile s c h o o l s  between 70 and 
90 mm T.L.  These species tended t o  s h e l t e r  among rubble a t  
n igh t  r a t h e r  t h a n  i n  l a r g e  p i e c e s  o f  c o r a l  rubble  o r  i n  l i v e  
c o r a l  s t a n d s  which w e r e  favored by  S .  sordtdus. I n  
S. psittacus and S. rtvubatus, some i n d i v i d u a l s  appear  t o  
remain i n  t h e  lagoon dur ing  t h e  i n i t i a l  and t e r m i n a l  phases .  



S. sptnus (n=15+) recruits were most frequently recorded i n  l ive  
corals although a few were found in  pomacentrid t e r r i to r ies .  
The largest specimen recorded i n  the lagoon study s i t e  region 
was 63 mm T.L. 

S. frenatus - A t  the North Reef study s i t e  ( n  = 45+). 

I n  the study azea a t  North Reef, S. frenatus recruits were most 
often recorded a t  the base of the reef slope, i n  either algae o r  
algal covered arborescent coral rubble, often i n  or near pomacentrid 
ter r i tor ies .  O f  the 29 juvenile S. frenatus (<30 nun T . L , )  recorded 
in  the North Reef region, ten were i n  PZectrogLyphtdodon Zacrymatus 
t e r r i to r ies .  (Small S. frenatus were also recorded in  Stegastes 
ntgrtcans t e r r i to r ies  a t  other non-lagoonal s i t e s ) .  Juvenile 
S .  frenatus were typically soli tary although pairs were occasionally 
found. The home range of each f ish  increased with growth and 
extended rapidly up the reef slope. Individual S ,  frenatus became 
increasingly aggressive towards other scarids. Some individuals up 
t o  3 1  mm T.L. had home ranges entirely w i t h i n  the ter r i tory  of a 
pomacentrid (e.g. P. Zacrymatus), others included the pomacentrid as  
part of a larger home range. The pomacentrids occasionally attacked 
small resident S. frenatus. The frequency and intensite of these 
attacks increased rapidly when the S. frenatus reached approximately 
3% mna T.L. Feeding by S .  frenatus i n  the pomacentrid t e r r i to ry  
decreased shortly thereafter.  A t  about 34 mm T.L., S .  frenatus 
moved up onto the upper park of the reef crest ,  often vta coral 
covered gullies in  the crest region. The home ranges i n  the reef 
crest  region were in t i a l ly  near t o  good coral cover, but gradually 
expanded t o  include open areas within Acanthurus Ztneatus 
t e r r i to r ies  a t  about 50 mna T.L. The resident A. Ztneatus d i d  not 
react, although equally sized S. ~ 0 r d t d ~ s  were vigorously attacked, 
The S. frenatus actively defended the i r  home ranges ( t e r r i t o r i e s )  
against other scarids, especially a t  dusk, shortly before sleeping 
in  the reef crest  region. The home ranges/territories were enlarged 
u n t i l  they covered several (3-8) A. Ztneatus t e r r i to r ies .  The 
t e r r i t o r i a l  S. frenatus were occasionally attacked by pomacentrids 
and A. Ztneatus but they el ici ted only mild attacks, Attacks by 
A. btneatus, however, bacame intense once the resident S. frenatus 
reached approximately 89 nun T.L. The S. frenatus then become wary 
of the A. Ztneatus. The S. frenatus remained close t o  cover when 
feeding and swam rapidly across open areas w i t h i n  A. Ztneatus 
t e r r i to r ies .  The vigor of the A. ZCneatus aggression slowly 
increased. Individual S. frenatus betwen 90 and 114 mm T.L. 
reduced their  act ivi ty i n  areas occupied by A. Zneatus and were 
eventually excluded from most A. Lineatus t e r r i to r ies .  Large 
juvenile S ,  frenatus started t o  attack or be attacked by resident I P  
S. frenatus a t  about 109 mm T.L., shortly before they joined the 
relatively stable harems of IPS and TPs living i n  the reef 
crest/reef slope region. The smallest specimen observed t o  spawn 
within one of these harems was approximately 164 mm T.L. 

S .  frenatus - I n  the Lagoon ( n  = 1 2 ) .  

S. fPenatus occasionally recruited in the lagoon. Recruits 
(n=6 )  were observed i n  arborescent corals or in  or near pomacentrid 
t e r r i to r ies  (including P. grammorhynchus, S. apicaLis and 
P. Zarymatus). With growth, the S .  frenatus expanded the i r  home 





This patterns is similar t o  that of C. btcozor, although 
individuals of C. bCcoZor (n-5) remained i n  deeper water, over 
rubble and i n  gullies,  throughout the juvenile phase. 

s. ntger - A t  the North ~ @ e f  study s i t e  ( n  = 809). 

S. ntger recruited i n  relatively large numbers, typically a t  
the base of the reef slope, over coral rubble or coral rock, and not 
in  pomacentrid t e r r i to r ies .  Once swimming off the substratum, 
s .  n i g e ~  typically joined small multispecific groups which slowly 
expanded their  home ranges up the reef slope. These home ranges 
eventually extend over most of the reef slope. They were bordered 
on the top by t e r r i t o r i a l  S .  frenafus and A ,  ZCneatus, and on the 
bottom by areas of open sand or rubble. Within these home ranges, 
S. ntger exprienced l i t t l e  aggression from pomacentrids, although 
psmacentrid aggression twoards S .  ntger was more pronounced than 
towards S ,  frenatus. Some S. niger were vigorously excluded from 
P ,  Zacrymatus t e r r i to r ies  a 18  mrn T.L . ,  whilst similar sized and 
larger, S , f renatus actively fed within the t e r r i to r ies ,  
fwtraspecific aggression was of a heirarchical nature and m i l d .  The 
most aggressive encounters were between equally sized individuals, 
which occupied neiginbouring home ranges. Large juvenile S. ntger 
eventually joined the resident stable harems i n  the area. 

A t  night, home range boundaries of juvenile S .  ntger were 
abandoned and individuals moved down the reef slope t o  seek shelter .  
Many individuals, often of s i m i l a r  sizes, formed monospecif i c  groups 
of four t o  eight individuals i n  areas near t o  complex coral rubble 
in  which they sheltered overnight. 

The behaviour of S ntger a t  North Reef was comparable t o  
S. ntger a t  other s i t e s  and was similar t o  several other species at 
North Reef. These species are l i s ted  below, with a note of any 
marked discrepancies. 

S. D~evtfiZts ( n  = 7 )  was comparable t o  S. ntger but was more 
aggressive towards other scarids and favoured upper reef slope 
areas as a small juvenile. A d u l t s  joined large mobile 
schools. 

S. bteekert ( n  = 5 )  differed i n  that  large juveniles and adults 
typically formed harems i n  deeper rubble covered areas. 

S. rubrovtoZceus ( n  = 11 ) often recruited i n  shallower regions of 
the reef slope and as a juvenile was often recorded i n  the 
upper reef slope region. Juvenile and small IP individuals 
remained i n  t h i s  area, w h i l s t  pairs  of large adults (one I P  
and TP) occupied large home ranges (defended against 
conspecific) i n  the reef crest,  upper reef slope and reef top 
regions. 

Scarus sp. ( n  = 20+) differed from S. niger i n  that  large juveniles 
apparently joined mobile schools and moved away from the reef 
slope, t o  feed over more extensive areas including the reef 
f l a t  . 

The behaviour of S. n t g e ~  is similar t o  that  of 
S. ftavtpectorabts and S. scnbegett. These species, however, remain 
i n  deeper water. The former is  typically soli tary,  whilst the  
l a t t e r  joins small mono- or multi-specific schools. These species 



were not observed in detail at the North Reef study site 
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