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CHAPTER ONE 

THE MORBHOLOGY OF ADULT SCARIDS 

Ib. 1 In t roduc t ion  

Various a s p e c t s  o f  s c a r i d  morphology have been descr ibed  i n  

d e t a i l :  c r a n i a l  0ste010gy by  Gregory (1933),  Gobalet  (1980),  Tedman 

(1980a) and b r i e f l y  by Lubosch (1923, 1929, 1938);  c r a n i a l  myology 

by L ~ s c h  (1923, 1929, 1938 ), Board (1956 ), Gobalet  (1980) and 

Tedman (1980 b): j a w  s t r u c t u r e  by Boas (1878 ), Randal l  and Nelson 

(1979)  and Simoes and Domingos Andreucci (1982);  pharyngeal  m i l l  b y  

Boas ( 1878 ), Sagemehl ( 1855 ), Al-Hussaini ( 1946 ), Monod ( 1951 ), 

S c h u l t z  ( 1958 ) , H a t t o r i  ( 1976, 1984) ,  Gobalet ( 1980),  Yamaoka ( 1980 ) 

and Eiem and Greenwood ( 1981 ); v i s c e r a  by Al-Hussaini ( 1945, 1947 ) , 

Gohar and L a t i f  (1959, 1961)  and b r i e f l y  by Suyehiro (1942); and 

the b r a n c h i a l  a r ch  by Nelson ( 1967 ) . 

%.ese descripti~ns are res t r ic ted  to a s inyia,  or  a few 

' t y p i c a l ' ,  spec i e s ,  and d i f f e r e n c e s  i n  nomenclature m a k e  comparisons 

between them d i f f i c u l t .  Comparative s t u d i e s  w i t h i n  t h e  group a r e  

l i m i t e d .  Choat (1969) described v a r i a t i o n s  i n  t h e  r a t i o  o f  the 

l e n g t h s  o f  t h e  premaxillary ascending and descending process  i n  

species from t h e  G r e a t  Barrier R e e f .  Bruce (1979)  l i k e w i s e  compared 

t h e  form o f  t h e  p remax i l l a ,  i n  a d d i t i o n  t o  the den ta ry  md 

pharyngeal  plates, b u t  based on s p e c i e s  from Aldabra, Ind ian  Ocean. 

Gobalet  (1980) descr ibed  the c r a n i a l  os teo logy and myology o f  f o u r  

s p e c i e s ,  two o f  which are r e s t r i c t e d  t o  t h e  E a s t e r n  P a c i f i c .  With 

t h e  except ion  o f  Boas (1898)  a l l  o f  t h e  above works are r e s t r i c t e d  

t o  a d u l t  f i s h e s .  



The p r e s e n t  s t u d y  is based upon C e n t r a l  G r e a t  B a r r i e r  Reef 

species. P a r t i c u l a r  a t t e n t i o n  is p a i d  t o  t h o s e  musc les  and 

s t r u c t u r e s  d i r e c t l y  i n v o l v e d  i n  f e e d i n g .  P r e v i o u s l y ,  a d e t a i l e d  

compara t ive  a n a l y s i s  o f  t h e s e  s t r u c t u r e s  and o b s e r v a t i o n s  of 

o n t o g e n e t i c  changes  i n  morphology were  l a c k i n g .  T h i s  s t u d y ,  

t h e r e f o r e ,  c o n s i d e r s  t h e  morphology o f  b o t h  a d u l t s  and j u v e n i l e s  of 

r e p r e s e n t a t i v e  species i n  t h e  s u b f a m i l y  S c a r i n a e .  The morphology of 

a d u l t s  w i l l  be d e s c r i b e d  i n  this  c h a p t e r  and t h e  morphology of 

j u v e n i l e s  i n  C h a p t e r  2 .  

1 , 2  Materials, Methods and Terminology 

Specimens were  c o l l e c t e d  from s e v e r a l  reefs and i s l a n d s  n e a r  t o  

L i z a r d  I s l a n d  (14' 4 Q 7 S ,  145' 2 8 ' E )  and o f f  Townsv i l l e ,  Queensland,  

between August ,  1981 and J a n u a r y ,  1984.  L a r g e  f i s h  were  t a k e n  by 

u s i n g  a c o n v e n t i o n a l  rubber-powered s p e a r  gun, w h i l e  smaller 

i n d i v i d u a l s  were  o b t a i n e d  b y  u s i n g  a Hawaiian s l i n g  and m u l t i p r o n g  

spear. A list o f  t h e  s c a r i d  species r e c o r d e d  from t h e  G r e a t  Barrier 

R e e f  is g i v e n  i n  T a b l e  1.1. 

Myological  d e s c r i p t i o n s  are b a s e d  upon d i s s e c t i o n s  of f r e s h ,  

f r o z e n ,  and p r e s e r v e d  specimens,  which were  f i x e d  and stored i n  108 

seawate r - fo rmal in .  O b s e r v a t i o n s  o f  t h e  jaw a r t i c u l a t i o n  mechanisms 

were made on f r e s h  specimens.  O s t e o l o g i c a l  material was p r e p a r e d  by 

b o i l i n g  t h e  head  o f  f r e s h  o r  f r o z e n  specimens i n  w a t e r ,  t h e n  

removing most o f  t h e  f l e s h .  Any r e m a i n i n g  f l e s h  decomposed when the 

s k u l l s  w e r e  l e f t  i n  w a t e r  a t  room t e m p e r a t u r e  (25°C) f o r  a few d a y s  

and w a s  e a s i l y  washed o f f .  The b o n e s  were  a i r - d r i e d  b e f o r e  

l a b e l l i n g  and,  where n e c e s s a r y ,  w e r e  r eassembled  u s i n g  a clear g l u e .  



Table 1 .l A parkial synonomy of the Scaridae 
of the Great Barrier Reef. 

Identification Previous names us& 
reference for G.B.R. species 

Sparisomat inae 

Lepfoscarus vatgtensts (Quoy & Gahard) 
CaZotsrnus carsttnus (Valenciennes) 

Scarinae 

Cetoscarus btcotor ( RUppell ) 
BoLbornetopn murtcatum (Valenciennes) 
I%%pposcarus Zongtceps (Valenciennes) 
Scarus b Leekert ( de Beaufort ) 
Scasus frontazts Valenciennes * 
Scarus gtbbus Rappel1 
Scarus japanensts ( Bloch ) 
Scerus sordtdus Forssk~l 
Scarus breutf ttts ( GUnther ) 
Scarus dtrn%dtatus Bleeker 
Scarus ftautpectoratts Schultz 
Scarus frenatus Lacepede 
scarus ghobban Forssldl 
Searus gtobtceps Valenciennes 
Scarus Zonotptnnts Fandrll P Chsat 
Scarus ntge~ ForssMl 
Scarus outceps Valenciennes 
scarus pstttacus Forssul 
Scarus rtvutatus Valenciennes 
Scarus rubroutotaceus Bleeker 
Scarus sch ZegeZt ( Bleeker ) 
Scarus sptnus ( Kner ) 
Scarus trtcozor Bleeker ** 
Scarus sp. + 

- 
- 

har&d,ff. schuLtzt - 
Jones t 
mtcrorh %nos - 

- 
ch torodon - 

fors.ter% 
f asc tat w - 
ventmu9 
formsus 
LepZdw 
t unu La 

A = Smith (1956 ) E = Randall & Brmond ( 1978 ) 
B = Schultz (1958 ) F = Randall & Choat (1980) 
C = Randall (1963 ) G = Randall & Bruce ( 198 3 ) 
D = Masuda et at. (1975) H = Russell (1983) 

* Visual record only (D.R.Bellwood & J.H. Choat, Lizard Island, 
December 1983 ) . 

** This G.B.R. species may be S. forstent Bleeker (pers.com. 
J.E. Randall) cf. S. tr%coZor in Randall & Bruce (1983). 

+ This species is presently being described (Choat & Randall, 
pers . comm. ) . 



Table 1 . 2  TRe morphology o f  a d u l t  scaridsm Material examined, 

G a p s  Dissect ions 

Species No. S.L. r ange  No. S.L. range  
i n  mm i n  m 

Sca r inae  

S .  bteekert 
S .  gtbbus 
9. sordtdus 

S. brevtftzts 
S .  dtmtdtatus 
S .  fLavtpectoraLts 
S. frenetus 
S .  ghobban 
S. gbobtceps 
S . Longtptnnts 
S . ntger 
S . ovtceps 
S. psCttacus 
S. rtvuLatus 
S. rubrovtotaceus 
S ,  schZegeLt 
S , spt nus 
S. trtcoLs~ 
S. sp. (cf. Zunuta) 

Cetoscarus btcoZor 

Htpposcarus Zongtceps 

Labridae 

Choerodon schoentetntt 
Choerodon fasctata 

Others 

Arothron rettcubarts 
Optstognathus papuensts 
Promtcrops ZanceoLatus 

Gape - t h e  maximal d i s t a n c e  between the jaws when f u l l y  open. 
S . L .  = Standard Length, t h e  d i s t a n c e  from t h e  t i p  o f  t h e  snou t  

t o  the c a u d a l  base. 
Adult specimens ( > 110 mm S . L. ) w e r e  used for the d e s c r i p t i o n s  
al though some sub-adult specimens w e r e  examined. 



Tabbe 1.3 Abbreviat ions used i n  t h e  f i g u r e s .  

AIRT.BEC.PR. 
AIRT,SQC. 
MC. PR. 
A3bT . 
Awu, AWP, Awy 
GR . CON. 
CRW.%IG. 
C.T, 
D m .  
DEW.%.F%a. 
DEW. PE . 
EC.BTT. 
mam. 

EN.Prn.L.P. 
-Pn 
CLAW. 

f N. 
1N.A. 
%N.rn.MAX.P.MAx.EIG. 

1N.I. 
1bJ.P.H. 
1.MAx.LIG. 
I .OP. 
1.OP.ART.LIG. 
LAC. 
L.A.P. 
E.Y.ART. 

L.O. 
MAX. 
HAX.ARM 
mx. CON. 
W.FAC.  
MAX.FOS . 
MAX.m. 
M.L.R. 
MED. PR. 
NED.SP. 
BED. SUT . 
M.PTY. 

Addu&or mandibulae s e c t i o n  1 
s~sec-t ions 
Adductor m d i b u l a e  s e c t i o n  1 
subdivisions 
Adductor mandibulae s e c t i o n  2 
Adductor mandibulae s e c t i o n  3 
Alveolar process o f  p9emaxill.a 
Angular p roces s  of dentaxy 
Antexior  muei3.l ary premax i l l a ry  
l igament  
Arkieula.1: 
Articu$a.z ascending process 
Articular condyle o f  quadrate 
(L.J.kLIZT. ) 
AEt icu la r  descending process 
Afpticulax socket  o f  d e n t a r y  
Ascending process of preraax.il1.a 
Adductor mandibulae tendon 
Adductor mnandibulae s e c t i o n  Aw 
C r a n i a l  condyle o f  maxilla 
C r u c i a t e  l igaments  o f  premaxilla 
C a n i f o m  t o o t h  
Dentary 
Wntsary lateral f l a n g e  
Den ta l  plate 
Ectopterygoid  ( p te rygo id  ) 
Entopterygoid  
Entopterygoid  lateral process 
myomanditsu la 
I n s e r k i o n  site 
Adductor mandibulae i n s e r t i o n  s i te  
Xnserkion of a n t e r i o r  maxif lary- 
pre- l l a r y  ligament 
In t e rmand ibu la r i s  i n s e r t i o n  s i t e  
P r o t r a c t o r  hyoideus i n s e r t i o n  site 
f n t e ~ i l l a r y  ligament 
I n t e r o p e r c u l m  
fnteropercular-articular l igament  
Eacrymal 
Leva to r  a r c u s  p a l a t i n i  
Lower j a w  articulation/articulatory 
socke t  of t h e  lower jaw 
Levator  o p e r c u l i  
Maxilla 
Max i l l a ry  arm 
Maxillary condyle 
Max i l l a ry  f a c e t  of premaxilla 
Maxillary f o s s a  
Maxi1 lary head 
Max i l l a ry  lateral r i d g e  
Medial p roces s  of  max i l l a ry  head 
Medial s p i n e  o f  t h e  articular 
S u t u r e s  o f  den ta ry  medial  symphysis 
M e t  ap t e rygo id  



NC . 
OP e 

OR. nlp 
P.W. 
P O K 4 A x .  

P .B@X.CON. 
P.MZiX.PR. 
P.QI?. 
P.OB.ART.EIG. 
PZUfs . 
PAL.D.PW. 
Paf;,.P.MPLX.LIG. 
PD. PR. 

N a s a l  
NaaP-lacryma%-&llaq-wlatine 
cemglex 
Neurocranim 
Operculuma 
Adductor mandibulae muscular origin 
Protractor hyoideus 
PrelaaxiPla 
PremascLblary condyle of maxilla 
Premxil lm process oE m i l l a  
Pxeoprculum 
Preopercu$ar-adicular ligament 
Palatine 
Palatine dorsal process 
Palatine-premaxillary l i g m n t  
Postero-dorsal projection of 
the maxillary arm 
Posterior maxillary-premaxillary 
ligament 
Quadrate 
Quadrate-articu1a.r ligaments 
Quadrate lateral ridge 
Rostral cartilage 
Suboperculum 
SympPeckic 



I f  

Addi t iona l  specimens were c l e a r e d  f o r  examination fo l lowing  the 

technique  o f  Wasserburg (1976) .  A list o f  t h e  material examined is 

given  i n  Table 1 . 2 .  

Most specimens w e r e  d i s s e c t e d  under a Wild M-5 d i s s e c t i n g  

miscroscope. P e n c i l  drawings o f  whole head p r e p a r a t i o n s  w e r e  made 

us ing  a Grant p r o j e c t o r .  Drawings o f  s m a l l  p r e p a r a t i o n s  w e r e  made 

wi th  t h e  a i d  o f  a camera l u c i d a .  I n  a l l  drawings, t h e  shading  

convent ions o f  F igu re  1 . 1 0  are fol lowed.  A key t o  t h e  a b b r e v i a t i o n s  

used i n  t h e  f i g u r e s  i s  g iven  i n  Table 1 .3 .  Unless s t a t e d  o the rwi se ,  

a l l  t h e  f i g u r e s  i n  t h i s  chap te r  are i n  lateral  view wi th  t h e  d o r s a l  

edge uppermost and t h e  a n t e r i o r  edge on t h e  l e f t  hand s i d e .  

Os teo log ica l  terminology fo l lows  t h a t  o f  Gregory (1933) ,  Rognes 

(%971) ,  Bruce (1979) ,  Gobalet (1980)  and Yamaoka (1980),  and u n l e s s  

s t a t e d  o therwise ,  t h e  myologieal terminology fo l lows  t h a t  o f  

Winterbottom ( 1974 a ) . I n t e s t i n a l  d e s c r i p t i o n s  fo l low the 

&--L-- ---- - 
L = L I ~ I I ~ ~ U ~ D  S C I ~  kerrninoiogy of  Mok ( 13'13 ) . 

A - The Muscular and S k e l e t a l  System 

1 . 3  Observat ions 

From t h e  e x t e r n a l  appearance o f  t h e  head and t h e  form o f  the 

s u p e r f i c i a l  adductor  muscle b locks ,  t h e  s p e c i e s  examined can  be 

div ided  i n t o  two d i s t i n c t  groups, des igna ted  h e r e  as t h e  ' s o r d i d u s '  

group and t h e  ' f r e n a t u s  ' group ( Sec t ion  1 . 3 . 4 ) .  'Scarus s o r d i d u s  and 

S .  f renatus  a r e  desc r ibed  i n  d e t a i l  as r e p r e s e n t a t i v e s  of t h e i r  

r e s p e c t i v e  groups.  The o s t e o l o g i c a l  f i g u r e s  i n  t h i s  c h a p t e r  w e r e  

drawn from a 234 mm S.L .  T.P. S .  s o r d t d u s  and a 263 mm S .L .  T.P. 



S. f rena%us .  The myological f i g u r e s  w e r e  drawn from a 238 mm S.L. 

T.P. S .  ~ 0 r d t d U s  and a 2 9 3  mm S.L. T . P .  S .  f r e n a t u s .  

1.3.1 E x t e r n a l  appearance and integument ( F i g s  1.1 A, B)  

Tke most s t r i k i n g  d i f f e r e n c e  between S. s o r d t d u s  and 

S .  f r e n a t u s  is  t h e  diss-larity i n  head shape ( F i g s  1.1 A, B ) . 
S. s o r d t d u s  h a s  a rounded p r o f i l e  w i th  a d i s t i n c t  bump on  t h e  snout ,  

above t h e  t e rmina l  mouth. S. f r e n a t u s  h a s  a more angu la r  p r o f i l e  

and a s l i g h t l y  i n f e r i o r  mouth. The d e n t a l  p l a t e s  are exposed i n  

S. s o r d t d u s ,  whereas i n  S .  f r e n a t u s  t hey  are alm0s.t completely 

covered by t h e  l i p s ,  Both species have l a r g e  scales on t h e  head 

wi th  t h o s e  o f  S. prenatus be ing  more numerous. 

The integument i n  both  s p e c i e s  is t i g h t l y  connected t o  the 

n a s a l ,  laerymal ,  c i r c u m o r b i t a l s ,  p reopercular  ascending r idge ,  

quadra t e  lateral process  and a r t i c u l a r  descending p r o c e s s .  It  has  a 

flexible a s s o c i a t i o n  w l t n  t h e  p remax i l l a  and d e n t a r y  and has a 

s t r o n g  f i b r o u s  connect ion a t  the ang le  o f  t h e  j a w s ,  where the 

max i l l a ry  a r m ,  den ta ry  lateral f l a n g e  and p remax i l l a ry  a l v e o l a r  

p roces s  m e e t .  

S .  s o r d t d u s  and S .  f r e n a t u s  d i f f e r  cons ide rab ly  i n  their  

os teofogy.  The d e s c r i p t i o n s  below s e p a r a t e  the ' so rd idus '  and 

' f r e n a t u s '  groups and form a basis f o r  f u r t h e r  myological 

d e s c r i g t  i o n s .  



Figure 1.1 A 

Tke external anatomy sf the head of Scarus sordtdus. 

Figure 1. P B 

The external anatomy of the head of Scarus frenatus. 





The suspensorium ( P i g s  1 . 2 ,  1.3, 1 . 4  A, B) 

The suspensorium i s  s f  a s i m i l a r  shape i n  bo th  species. I t  i s  

roughly square  wi th  a p ro t ruded  a n t e r o d o r s a l  co rne r  and a deep 

d o r s a l  no tch .  It  a r t i c u l a t e s  w i th  t h e  neuxocranium by two 

p o s t e r o l a t e r a l  condyles  on t h e  hyomandibula (HYO., P igs  1.2,  1.3,  

1 - 4  A, B )  . A t h i r d  condyle on t h e  p o s t e r i o r  edge o f  the 

hyomandibula b e a r s  a v e r t i c a l  groove i n t o  which t h e  a n t e r i o r  edge o f  

t h e  ascending arm o f  t h e  preoperculum (P.OP.)  i n s e r t s  ( F i g s  

1.4 a, B ) .  A r i d g e  ex tending  a long  t h e  l eng th  o f  t h e  p reope rcu la r  

am and p a r t  o f  t h e  h o r i z o n t a l  l i m b  t o  t h e  p o s t e r i o r  edge o f  the 

quadra t e  ( Q U A . ) ,  d e f i n e s  t h e  p o s t e r i o r  and p o s t e r o v e n t r a l  edge of 

t h e  adductor  mandibulae f o s s a ,  which occupies  t h e  c e n t r a l  reg ion  of 

t h e  suspensorium ( F i g s  1 .2, 1 . 3  ). 

The connection between t h e  h o r i z o n t a l  l i m b  o f  t h e  p r e o p e r c u l m  

and quadra t e ,  however, d i f f e r s  i n  t h e  two species ( P i g s  1 .4  A, B ) .  

I n  S. sord%dus ( F i g .  1 . 4  A ) ,  t h e  quadra te  lies d o r s a l  t o  the 

p reope rcu la r  h o r i z o n t a l  l i m b ,  w i t h  t h e  v e n t r a l  edge o f  t h e  quadra te  

i n s e r t i n g  i n t o  a d o r s a l  groove a long  t h e  p reope rcu la r  h o r i z o n t a l  

l i m b ,  except  f o r  t h e  most a n t e r i o r  s e c t i o n  where t h e  narrow 

a n t e r o d o r s a l  edge o f  t h e  p reope rcu la r  h o r i z o n t a l  l i m b  i n s e r t s  i n t o  a 

narrow groove i n  t h e  a n t e r o v e n t r a l  e e r e m i t y  o f  t h e  quadra te .  I n  

S. f r e n a t u s  ( F i g .  1 . 4  B ) ,  t h e  a n t e r i o r  p reope rcu la r  h o r i z o n t a l  l i m b  

i n s e r t s  i n t o  a shal low groove on t h e  v e n t r a l  s u r f a c e  o f  t h e  quadra t e  

and p o s t e r i o r l y ,  t h e  quadra t e  lies lateral t o  t h e  p reope rcu la r  

h o r i z o n t a l  l i m b  and does no t  i n t e r d i g i t a t e .  



Figure 1.2 

The Bones of the head of Scarus s o r d t d u s ,  showing the 

location of the bones of the suspensorium and jaws. 

lbtsbreviations used in this figure: 

Articular 
Articular medial spine 
Dent- 
Ectopterygoid 
Entopterygoid 
Entspterygsid lateral process 
Hyomandibula 
Metapterygoid 
Maxilla 
Neurscranium 
opereulum 
Premaxilla 
Preop@rculum 
Palatine 
Quadrate 
Symplectic 









Figure 1.3 

The bones sf %he head of Scasus fsenatus, showing the 

location of the bones of the suspensorium and jaws. 

Abbrevia$isns used in this figure: 

m'T * 

AR'%.MED.SP. 
BENT. 
EC.PTY. 
EM.PTY. 
mo . 
M.Prn. 
MAX. 
P .OF. 
P.MAx. 
PAL. 
QG&. 

Articular 
Articular medial spine 
Dentary 
Ectspterygoid 
Entopterygoid 
Hyomandibula 
Metaptepygiod 
Maxilla 
Preopercular 
Premaxilla 
Palatine 
Quadrate 

The sympleetic is not figured. 









A l a t e r a l  r idge is present along the  hor izontal  edge of t h e  

t r i angula r  quadrate ( Q m . L . R . ,  Figs 1 . 4  A, B ) .  It  forms a broad 

dorsa l  groove and represents t he  ven t ra l  edge of t he  adductor 

mand&ulae fossa.  In  S. s o r d i d u s  t h i s  r idge is w e l l  developed and 

extends t o  t he  pos te r io r  extremity of t h e  quadrate, whereas i n  

S. f r e n a t u s  it is only developed an te r io r ly .  Anteriorly t he  l a t e r a l  

r idge supports a rounded l a t e r a l  a r t i c u l a r  condyle (ART.CON.). This 

condyle is  connected by a hor izontal  r idge t o  a smaller ovoid medial 

condyle on the  medial anteroventra l  extremity of t he  quadrate. 

The symplectic (SYM.) i n s e r t s  i n t o  a broad shallow depression 

on the  posteromedial surface of t h e  quadrate and extends 

posterodorsally t o  fuse  with t h e  ventra l  edge of t he  metapterygoid 

(M.PW,, Figs 9.4 A, B ) .  This connection is stronger i n  S. sordcdus  

than i n  S. f r e n a t u s .  A large,  i r regula r  interspace is present  

between the  symplectie, hyomandibula and the  angle of t h e  

prespereulum. A smaller ,  narrow interspace is  present between t h e  

quadrate and metapterygoid . 

The entopterygoid (EN.PTY.) is the  deepest of t he  sect ions  i n  

t h e  adductor mandibulae fossa  (F igs  1 . 4  A, B ) .  It is t i g h t l y  fused 

along i ts  posteroventral  edge t o  t h e  metapterygoid, t h e  pos te r io r  

edge of which is i n  c lose  association with t h e  ven t ra l  por t ion of 

t h e  an te r io r  edge of t h e  hyomandibula. Anteroventral laminae from 

t h e  entopterygoid fuse with t he  medial surface of t he  dorsal  por t ion 

of the  quadrate and t h e  an te r io r  portion of t h e  metapterygoid. 

Posterior laminae from the  ectopterygoid (EC.PTY. ) l ikewise 

fuse with the  anterodorsal  medial surface of t he  quadrate and t h e  

an t e r io r  medial surface of the  entopterygoid (F igs  1 . 4  A, B ) .  The 



Figure 1.4 A 

A lateral view of the suspensorium of S .  sordtdus. 

Figure 1.4 B 

A lateral view of the suspensorium of S .  f r ena tus .  



PTY, 



pos terovent ra$  edge o f  t h e  ec top te rygo id  f u s e s  wi th  t h e  a n t e r d o r s a l  

p o r t i o n  o f  t h e  quadra t e .  I n  S. s s r d t d u s  t h e  ec top te rygo id  ex tends  

more v e n t r a l l y  t h a n  i n  S. f r e n a t u s  and forms t h e  g r e a t e r  p a r t  o f  t h e  

l ead ing  edge of  t h e  suspensorium. Dorsa l ly  t h e  ee top te rygo id  is 

t i g h t l y  bound by a serrate s u t u r e  t o  t h e  a n t e r o v e n t r a l  edge of the 

p a l a t i n e  (PAL. ), which is s t r o n g l y  ankylosed along its p o s t e r i o r  

edge t o  t h e  l e a d i n g  edge o f  t h e  en topterygoid .  

The p a l a t i n e  h a s  a d o r s a l  p r o c e s s  (PAL.D.PR.) t h a t  ex tends  

beyond t h e  a n t e r i o r  edge o f  t h e  suspensorium and bears t h e  m a x i l l a r y  

condyle (MA%. CON. ) d i s t a l l y  ( F i g s  1 . 4  A, B ) . I n  S . sordCdus, t h e  

d o r s a l  p roces s  is s h o r t  and t h e  rounded condyle f a c e s  

vent ro-antesoventsa l ly ,  whereas i n  S. f renazus ,  t h e  d o r s a l  p roces s  

is  r e l a t i v e l y  e longate ,  w i t h  t h e  ovoid condyle f a c i n g  

an te ro -an te roven t r a l ly .  

The p o s t e r o d o r s a l  edge o f  t h e  suspensorium, a n t e r i o r  t o  t h e  

hyomandibuia, d i f f e r s  cons ide rab ly  i n  t h e  t w o  species. I n  

S ,  s s r d t d u s  ( F i g s  1 . 2 ,  1 . 4  A ) ,  t h e  c e n t r a l  area o f  t h e  adductor  

f o s s a  is deep, w i th  a s t e e p l y  s l o p i n g  quadra te  and metapterygoid and 

a s t r o n g l y  concave p a l a t i n e  and en top te rygo id .  The en topterygoid  

d i f f e r s  i n  s t r u c t u r e  from t h e  o t h e r  bones. I t  h a s  a n  i n t e r l o c k i n g  

network o f  bone, which g i v e s  a l a t t i c e d  appearance i n  l a r g e  

i n d i v i d u a l s ,  and h a s  a septum d i v i d i n g  two deep t r i a n g u l a r  

c o n c a v i t i e s ,  which occupy t h e  g r e a t e r  p ropor t ion  of  t h e  dorsomedial  

area o f  t h e  bone. Th i s  septum p ro t rudes  l a t e r a l l y ,  and a t  its 

pos t e rodor sa l  ex t r emi ty ,  f u s e s  w i t h  a th ickened  r i d g e  t h a t  ex tends  

along t h e  d o r s a l  edge of  t h e  suspensorium from t h e  d o r s a l  

metapterygoid t o  t h e  p a l a t i n e .  Where t h e  r idge  and septum m e e t ,  the 



entopterygoid i s  expanded laterally to form a lateral process 

( E N  .PTY . L a p . ,  F ig .  P. 4 A), with the septum between the two 

concavikies having a buttress-like appearance. This lateral process 

l i e s  directly below the circumorbitals. The mandibular branch of 

the trigeminal ( f i f t h  cranial) nerve passes through a hole i n  the 

lateral  apex of the dorsal concavity of the entopterygoid, directly 

medial t o  the lateral process. 

I n  S. prenatus ( P i g s  1.3, 1 .4  B ) ,  the central area of the 

adduetor fossa is broad and shallow. A slight recess i n  the lateral  

surface of the entopterygoid is bordered posteroventrally by two 

small anteroventrally sloping ridges close to  the 

entopterygoid-metapterygoid suture. These ridges define the lower 

point of origin of APP (Section 1.3.3, Fig. 1 . 1 2  B )  and form a 

groove which carries the mandibular branch of the trigemial nerve 

from a notch i n  the dorsal edge of the entopterygoid towards the 

lower jaw. The postexodorsal edge of the suspensorium, anterior t o  

the hyomandibula, is formed by the thickened dorsal edges of the 

metapterygoid, entopterygoid and palatine. It is irregular along 

its length and i s  notably thicker anteriorly. 

Jaw apparatus (Figs 1 . 2 ,  1 . 3  ) 

The jaw structure i n  scarids i s  the most distinctive of a l l  

their  features. S. sord tdus  and S. f renatus  both possess the fused 

teeth and modified articular-dentary joint associated w i t h  scarids, 

although there are many differences between the two species. 



Upper jaw 

There are two pairs  of bones i n  the upper jaw, the maxillae and 

the premaxillae. 

The maxilla (Figs 1 .2 ,  1 . 3 ,  1.5 A, B, C, D )  

The maxilla (MAX.) has two main parts,  the maxillary arm 

(MAX .ARM. ) and the maxillary head ( MAX. HD. , Figs 1 . 5  A, B, C,  D ) . 
The maxillary arm is the longest and most l a te ra l  part .  I t  is 

elongate dorsoventrally with a flattened posterodorsal projection. 

The maxillary arm i n  S. sordtdus is broader than i n  S. frenaeus, but 

lacks the well developed curved posterodorsal process (PD.PR. ) .  A 

la tera l  ridge (MAX.L,R.) is present on the anterodorsal part of the 

maxillary arm of both species, although it is  only well developed in  

S. frenazus (Figs 1 .5  A, C ) .  I n  addition, S. sordtdus possesses a 

small poorly developed condyle midway along the anterior edge of the 

maxillary arm. 

The maxillary head (Figs 1 . 5  A, B, C,  D )  is anterior and 

dorsomedial t o  the maxillary arm and forms the only point of 

articulation between the maxilla and palatine (Figs 1 . 2 ,  1 .3  ) . I n  

t h i s  respect, it strongly reflects  the differences i n  articulation 

between the two species. I n  S. sordtdus, the maxillary head is 

relatively small with a single large posterodorsal facet on the 

dorsal extremity (Figs 1 . 5  A, B ) .  The s ize  and position of t h i s  

concave facet and of the palatine maxillary condyle (Pig. 1 . 4  A )  

suggest an articulation that is  limited t o  a rotation about a single 

point. I n  contrast, S. frenatus has a well developed maxillary head 

with a deep rounded groove extending from the dorsal extremity of 

the maxillary head t o  a concavity dorsomedial t o  the origin of the 



Pigurg 1 . 5  A 

W lateral view of %he maxil la of S ,  so~d%dus. 

Figur@ 1.5 B 

A medial view of the  maxil la of S. sordtdus. 

Figure 1 . 5  6 

A l a t e r a l  view of the  m a x i l l a  of S.  frenatus. 

Figure 1 . 5  D 

A medial view of the  maxil la of S .  frenatus. 





posterodorsal process of the maxillary a m  ( F i g s  1.5 C, D ) .  The 

groove i s  vert ical  except for  a short horizontal section dorsally, 

which results i n  a complex art iculat ion.  S .  sordidus possesses an  

important additional structure on the anterior surface of the 

maxillary head, the premaxillary process (P.MAX.PR., Fig. 1.5 A). 

This structure is absent i n  S .  frenafus (Fig. 1.5 C ) .  S. sordtdus 

also possesses a small poorly developed facet on the anterior edge 

sf the maxillary am. 

Differences i n  the medial process (MED.PR.) of the maxillary 

head strongly reflect the differences i n  the interrelationship 

between the maxilla and premaxilla ( P . M . )  of the two species. 

There are two condyles on the medial process, the premaxillary 

condyle ( P . M . G O N . ) ,  with two facets,  and the cranial condyle 

(CB.CON., Figs 1 . 5  A, B, C ,  D ) .  In S .  sordtdus, the anterodorsal 

facet of the premaxillary condyle is well developed, although the 

medial facet of t h i s  condyle is considerably smaller (Pigs 

1 . 5  A, B). The anterodorsal facet i s  associated with the maxillary 

facet of the premaxilla (MAX.FAC., Fig. 1.6 A ) ,  whilst the medial 

facet l i e s  beneath the relatively immobile anterior 

maxillary-premaxillary ligament (ANT.MAX.P.MAX.LIG., Fig. 1.13 A). 

The large anterodorsally facing concavity which l i e s  ventromedial t o  

the premaxillary condyle is the insertion point of the anterior 

maxillary-premaxillary ligament (Fig. 1.5 B ) .  

In S. frenatus, the premaxillary condyle has a large 

anterolateral facet and an equally large medial facet (Figs 

1.5 C, D ) .  The anterolateral facet is  associated with the maxillary 

facet of the premaxilla (Fig. 1 . 6  D ) ,  as i n  S. sordtdus. The well 



developed medial f a c e t ,  however, is i n  a synov ia l  shea th  beneath the 

a n t e r i o r  maxil lary-premaxil lary ligament ( F i g .  1 .13 B ) .  On t h e  

media l  s u r f a c e  below t h e  medial f a c e t  is a sha l low groove, t h e  lower 

edge o f  which bears t h e  i n s e r t i o n  scar of t h e  a n t e r i o r  

maxil lary-premaxil lary l igament  ( F i g .  1 . 5  D ) .  

A c r a n i a l  condyle (CR.CON.) is p resen t  i n  both s p e c i e s .  It is 

cons ide rab ly  ' l a r g e r  i n  S. s o r d t d u s  than  i n  S. f r e n a t u s ,  a l though i n  

bo th  s p e c i e s  t h e  s u r f a c e  o f  t h e  condyle is o n l y  s l i g h t l y  raised 

above t h e  s u r f a c e  of  t h e  bone ( F i g s  1 . 5  B, D ) .  The i n s e r t i o n  scar 

o f  t h e  p o s t e r i o r  maxil lary-premaxil lary l igament  

(POST.~ .P .MAX.LIG. ,F igs  1 .13  A, B )  i s  p o s t e r o d o r s a l  t o  t h e  c r a n i a l  

condyle i n  S. so rd idus  and d o r s a l  t o  t h e  condyle i n  S. f r e n a t u s .  

The i n s e r t i o n  scar o f  Ala i n  S. so rd tdus  is on t h e  medial  

p o s t e r o v e n t r a l  s u r f a c e  o f  t h e  medial p roces s  o f  t h e  maxillary head 

( r i g s  1. 11 B, l . I 3  A). I n  S. f r e n a t u s ,  t h e  i n s e r t i o n  scar of 

A1a/A2tl i s  d i r e c t l y  p o s t e r o v e n t r a l  t o  t h e  deep  concavi ty  i n  t h e  

m a x i l l a r y  head, and medial  t o  t h e  base o f  t h e  p o s t e r o d o r s a l  p roces s  

o f  t h e  maxillary arm ( F i g s  1 . 1 2  B, 1 .13  B). 

The p remax i l l a  ( F i g s  1 . 2 ,  1 . 3 ,  1 . 6  A, B, C ,  D) 

There i s  cons ide rab le  d i s s i m i l a r i t y  i n  t h e  s t r u c t u r e  of  t h e  

p remax i l l a  ( P )  between t h e  two s p e c i e s .  S ,  so rd tdus  has  a 

s h o r t ,  deep d e n t a l  p l a t e  ( DENT .PL. ) and a s t o u t  ascending p roces s  

(BSC.PR.), whereas S. f r e n a t u s  h a s  a long, narrow d e n t a l  p l a t e  and 

an  e l o n g a t e  ascending p roces s  ( F i g s  1 .2 ,  1 . 3 ,  1 . 6  A, B, C ,  D). 



Figure 1 . 6  A 

A lateral view of the premaxilla sf S ,  s s rd tdus ,  

Figure 1 . 6  13 

A lateral view of the premaxilla sf S.  fsenatus. 

Figure 31.6 C 

A ventro-medial view of the greanaxilla of S .  sordkdus .  

Figure 1 . 6  D 

A ventro-medial view of the premaxilla of S .  frenatus. 





The ascending p roces s  o f  S. s o r d t d u s  is r e l a t i v e l y  s h o r t ,  wi th  

a broad concav i ty  i n  t h e  a n t e r i o r  lateral su r f ace  ( F i g .  1.6 A). I n  

S. sord tdus ,  t h e  p a l a t i n e  d o r s a l  p r o c e s s e s  a r e  i n  c l o s e  proximi ty  t o  

each o t h e r  w i t h  t h e  anteromedial  edges i n s e r t i n g  i n t o  t h e  lateral 

c o n c a v i t i e s  o f  t h e  ascending p r o c e s s  ( F i g .  1.2). I n  S. f r e n a t u s ,  

t h e  p a l a t i n e  d o r s a l  p rocesses  are w e l l  spaced on e i t h e r  side o f  t h e  

p remax i l l a ry  ascending p roces ses  ( F i g .  1.3 ) and t h e  lateral 

c o n c a v i t i e s  a r e  absen t  ( F i g .  1.6 B ) .  The d i s t a l  v e n t r a l  s u r f a c e  o f  

t h e  ascending p roces s  i n  S. so rd tdus  i s  concave ( F i g .  1.6 C) i n  t h e  

area o f  at tachment  t o  t h e  r o s t r a 1  c a r t i l a g e  (RO.C., F i g .  1.13 A ) .  

Thi s  concav i ty  is absent  i n  S. f r e n a t u s  ( F i g .  1 .6  D ) .  

There i s  a deep concavi ty  i n  t h e  v e n t r a l  s u r f a c e  of t h e  

premaxi l la ,  a t  t h e  medial base  o f  t h e  ascending and a l v e o l a r  

p roces ses  (ZILV.PR., P igs  1.6 C, D ) .  I n  S. sord tdus  it is s h o r t  and 

wide, whereas i n  S. f renaeus  it is long  and narrow and ex tends  a long  

t h e  g r e a t e r  p a r t  o f  t h e  v e n t r a l  s u r f a c e  o f  t h e  ascending p roces s .  

I n  S. so rd tdus ,  t h e  i n s e r t i o n  o f  t h e  a n t e r i o r  maxil lary-premaxil lary 

ligament (IN.ANT.MAX.P.MBX.LIG., F i g .  1.13 A )  occupies  t h e  whole 

concavi ty ,  whereas i n  S. f rena3us ,  it extends o n l y  ove r  the 

anteromedial  s u r f a c e  o f  t h e  lateral s i d e  of  t h e  g u l l y  ( F i g .  

1 . 13  B ) .  

The maxillary f a c e t  o f  t h e  p remax i l l a  (MAX.PAC.) is  med ia l ly  

ad j acen t  t o  t h e  above mentioned v e n t r a l  concavi ty  and a t  t h e  medial 

base of  t h e  a l v e o l a r  p roces s  (ALV.PR., F igs  1.6 C, D ) .  I n  

S .  so rd tdus ,  t h i s  f a c e t  is  s h o r t  and wide, whereas i n  S. f r enazus ,  

it is narrow and e longate ,  and t a p e r s  p o s t e r i o r l y  a s  it ex tends  on to  

t h e  v e n t r a l  s u r f a c e  o f  t h e  ascending p roces s .  



Pn S .  ssrdtdus, a s l ight ly  raised crater-shaped posteriorly 

facing maxillary fossa (MAX.FOS.) is present on the proximal 

posterior surface of the alveolar process (Figs 1 . 6  A, C ) .  It is 

in to  t h i s  fossa that  the premaxillary process of the maxillary head 

is inserted (Pigs 1 . 2 ,  1 . 5  A ) .  This fossa is absent in  s. frenatus 

(Pigs 1.6 B, D ) .  

I n  both species, the d i s t a l  end of the alveolar process i s  

bi f id  (ALV.PR., Figs 1 . 6  A, B, C, D ) ,  although the two processes are 

longer and more rotund i n  S. frenatus. I n  both species the 

posteromedial process is t ight ly  bound t o  the medial surface of the 

maxillary arm (Figs 1 . 2 ,  1 . 3 ) .  The anterolateral process of 

S. sordtdus l i e s  flush with the maxillary arm (Fig,  1 . 2 ) ,  and has a 

small, poorly developed facet on the posterior edge which 

corresponds with the facet on the anterior edge of the maxillary 

am. In S. frenatus the d i s t a l  end of the anterolateral process 

protrudes posterolaterally, forming a concavity into which the 

leading edge of the maxillary arm inserts  (Figs 1 . 3 ,  1 .6  B, D). 

The anterior teeth of the premaxilla d i f fer  l i t t l e  from the 

dentary ( D E N T . )  and w i l l  be discussed below. However, the 

premaxilla differs  from the dentary i n  that often it possesses 

l a t e r a l  'canine' teeth ( C . T . ,  F igs  1 . 6  A, B ) .  O f  the thirteen 

i n i t i a l  phase specimens of S .  sordtdus examined (range 111 - 203 mm 

S . L . ) ,  no 'canine' teeth were found i n  the seven specimens below 129 

m S.L.  The remaining s ix  i n i t i a l  phase specimens a l l  possessed 

'canine' teeth, as d i d  seven of the eight terminal phase individuals 

examined (169  - 238 nun S . L . ) .  The teeth varied i n  number from 1 t o  

4 (usually 3 )  and typically form a horizontal row, although i n  two 



specimens,  t h e  medial t o o t h  on one s i d e  was d o r s a l  t o  t h e  o t h e r  two. 

The c o l o u r  o f  t h e  d e n t a l  plate ( DENT. PE., P i g s  1 .6  A, B ) i n  i n i t i a l  

p h a s e  specimens v a r i e d  from o l i v e  g r e e n  i n  smaller specimens,  to 

g r e y ,  o l i v e  g r e e n  or deep  blue-green i n  l a r g e r  specimens.  Tkte 

blue-green c o l o u r  was most prominent  n e a r  t o  t h e  a l v e o l a r  r e g i o n  and  

ex tended  a n t e r i o r l y  i n  t e r m i n a l  p h a s e  specimens,  g i v i n g  a d a r k  g r e e n  

o r  d a r k  blue-green c o l o u r  t o  t h e  d e n t a l  plates. 

Of t h e  s ix  i n i t i a l  phase  specimens o f  S .  frenatus examined 

( r a n g e  3-12 - 248 mm S . L . ) ,  o n l y  t h e  l a r g e s t  i n d i v i d u a l  had a n y  trace 

o f  ' c a n i n e '  t e e t h ,  which were r e p r e s e n t e d  by t h r e e  s m a l l  d e n t i c b e s .  

However, o f  t h e  n i n e  t e r m i n a l  p h a s e  specimens examined ( r a n g e  257 - 
293 mm S . E . ) ,  a l l  p o s s e s s e d  ' c a n i n e '  t e e t h  which were c o n s i d e r a b l y  

l a r g e r  t h a n  t h o s e  found i n  S. sordidus. They v a r i e d  i n  number f r o m  

b t o  3 ( u s u a l l y  3 ) and  were i n v a r i a b l y  i n  a h o r i z o n t a l  row. The 

c o l o u r  of  t h e  p r e m a x i l l a r y  d e n t a l  p l a t e  i n  i n i t i a l  p h a s e  spec imens  

w a s  p redominan t ly  w h i t e ,  w h i l s t  i n  t e r m i n a l  p h a s e  specimens,  it was 

predominan t ly  pale blue-green . 

Lower j aw 

There  are two pairs o f  bones  i n  t h e  lower  jaw, t h e  a r t i c u l a r s  

and t h e  d e n t a r i e s .  

The a r t i c u l a r  ( F i g s  1 . 2 ,  1 . 3 ,  1 . 7  A,  B,  C, D )  

The a r t i c u l a r  (ART. ) h a s  two main s e c t i o n s ,  a d o r s o l a t e r a l  

a s c e n d i n g  p r o c e s s  (ART.ASC.PR.) and a v e n t r o m e d i a l  d e s c e n d i n g  

p r o c e s s  (ART,DEC.PR., F i g s  1 . 7  A, B, C,  D ) .  I t  is  composed o f  t w o  

bones ,  t h e  a n g u l o - a r t i c u l a r  and t h e  smaller r e t r o - a r t i c u l a r  which 



Figure 1-4 A 

A l a t era l  view of the art icular  of S .  sordtdus. 

Figure 1.7 B 

A medial view of the arkicular of S .  sordtdus. 

Figure 1 . 7  C 

A l a t era l  view of the art icular  of S.  frenazus. 

Figure 1.9 B 

A medial view of the art icular  of S .  frenatus. 
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forms t h e  vent rocaudal  f a c e  o f  t h e  ventromedial  descending process .  

On t h e  p o s t e r i o r  s u r f a c e  o f  t h e  a r t i c u l a r ,  a t  t h e  base o f  t h e  t w o  

p roces ses ,  is a l a r g e  p o s t e r i o r l y  f a c i n g  concavi ty  formed by t w o  

concave f s s s a e ,  t h e  smaller o f  which l ies  medial t o  t h e  o t h e r .  

These f o s s a e  correspond t o  t h e  two condyles  on t h e  a n t e r i o r  quadra te  

( F i g s  1.4 A, B )  and form t h e  a r t i c u l a t o r y  socke t  o f  t h e  lower jaw 

a r t i e u l l a t i o n  (L.J.ART., P i g s  1.7 A, B, C, D). I n  bo th  spec i e s ,  

there is a p o s t e r i o r  p r o t r u s i o n  v e n t r a l  t o  t h i s  a r t i c u l a t o r y  socket ,  

r h i c h  i n s e r t s  i n t o  a c a v i t y  t h a t  lies d i r e c t l y  v e n t r a l  t o  t h e  

quadra t e  a r t i c u l a r  condyles .  

The a r t i c u l a r  ascending p r o c e s s  d i f f e r s  i n  t h e  t w o  spec i e s .  In 

S .  so rd tdus ,  it is s t o u t  w i t h  a t ape red  d i s t a l  end and a d i s t i n c t  

a n t e r o d o r s a l  - p o s t e r o v e n t r a l  r i d g e  on t h e  lateral s u r f a c e  ( F i g .  

1.7 A ) ,  whereas i n  S. f r e n a t u s ,  it is e l o n g a t e  w i t h  a t r u n c a t e  

d i s t a l  end ( F i g .  1.7 C).  I n  a d d i t i o n ,  S. so rd idus  h a s  a concavi ty  

on t h e  proximal d o r s a l  s u r f a c e  of  t h e  ascending p roces s  which has 

p r o t r u d i n g  anteromedial  and ventromedial  edges.  Th i s  is  t h e  p o i n t  

o f  i n s e r t i o n  o f  Awy ( I N .  Awy, P i g s  1.7 A; 1.11 B, 1.14 A). I n  

S. f r e n a t u s ,  a l o b a t e  d o r s a l  r i d g e  is p resen t  i n  t h i s  p o s i t i o n  ( F i g  

1.7 C ) .  

The a r t i c u l a r  descending p roces s  o f  S. so rd idus  is r e l a t i v e l y  

s h o r t e r  t han  i n  S .  f r e n a t u s  ( F i g s  1.17 A, C )  . Both posses s  

dep res s ions  on t h e  p o s t e r i o r  edge ( o f  t h e  r e t r o - a r t i c u l a r )  which are 

t h e  p o i n t s  of  i n s e r t i o n  f o r  t h e  p reope rcu la r - a r t i cu l a r  and 

interopercular-articular l igaments  ( F i g s  1.11 A, 1.12 A). These 

dep res s ions  are most n o t a b l e  i n  S. sord idus ,  a l though t h i s  is no t  

apparent  i n  F igures  1.17 A and 1.17 C because o f  t h e  a n g l e  at  which 



t h e s e  bones were drawn. 

On t h e  m e d i a l  s u r f a c e  o f  t h e  a r t i c u l a r ,  t h e r e  is  a prominen t  

v e r t i c a l  s p i n e  (MED.SP. ) a r i s i n g  from a p o i n t  a n t e r o d o r s a l  t o  the 

a r t i c u l a t o r y  s o c k e t  o f  t h e  lower  jaw. I n  S. s o r d t d u s ,  it bears a 

p r o j e c t i n g  l a m i n a  on  t h e  a n t e r i o r  edge  and is  r e l a t i v e l y  s h o r t e r  

t h a n  i n  S. frenatus. 

The d e n t a r y  ( F i g s  1 . 8  A, B, C, D )  

FLs i n  t h e  p r e m a x i l l a ,  ' t he  form of t h e  d e n t a r y  d i f f e r s  i n  the 

two s p e c i e s .  S. s o r d i d u s  h a s  a r o b u s t  d e n t a r y  w i t h  d e e p  d e n t a l  

plates and a l a r g e  lateral f l a n g e  (DENT.L.FE., F i g s  1 . 8  A, C ) ,  

whereas  S .  f r e n a e u s  h a s  weaker p r o t r u d i n g  d e n t a l  p l a t e s  and a 

smaller lateral f l a n g e  ( P i g s  1 . 8  B, D ) .  

The two h a l v e s  o f  t h e  d e n t a r y  are f u s e d  a l o n g  a medial 

symphysis.  The symphysis  i n  S. s o r d t d u s  i s  deep  and h a s  a large 

number o f  complex medial s u t u r e s  (MED.SUT.) t h a t  z i g z a g  p o s t e r i o r l y  

( P i g .  1 . 8  C ) .  I n  S. f r e n a t u s ,  t h e  symphysis  is s h o r t e r  w i t h  f e w e r  

simple medial  s u t u r e s  ( F i g .  1 . 8  D). A round i n s e r t i o n  scar lateral 

t o  t h e  v e n t r a l  extremity o f  t h e  m e d i a l  symphysis  marks t h e  p o i n t  of 

t e n d i n o u s  i n s e r t i o n  o f  t h e  p r o t r a c t o r  h y o i d e u s  ( IN.P.H. ,  Figs 

1 . 1 4  A, B). 

me t e e t h  are o n e  o f  t h e  most c h a r a c t e r i s t i c  f e a t u r e s  o f  the 

' s o r d i d u s '  group,  as e x e m p l i f i e d  by S ,  s o r d t d u s  ( F i g .  1 . 9  A ) .  They 

are pear-shaped when viewed a n t e r i o r l y  and are a r r a n g e d  as a mosaic, 

w i t h  d i s t i n c t  lateral, v e r t i c a l  and d i a g o n a l  rows. Because o f  the 

s i z e  and shape  o f  t h e  t e e t h  and t h e i r  ar rangement  i n  t h e  d e n t a l  



Figure 1 . 8  A 

A l a t e r a l  view of t h e  deatasy of S, sosdltdus. 

Figure 1 . 8  B 

A l a t e r a l  view of the  dentary of S, fsenatus.  

Figure 1 . 8  C 

A medial view of &he dentary sf S .  sssdtdus .  

Figure 1,8 D 

A medial view of the  dentary sf S .  fsenatus.  
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Figure 1 . 9  A 

An a n t e r i o r  view of the dentary c u t t i n g  edge of 
S ,  sord tdus .  

Figure 1 . 9  B 

An a n t e r i o r  view o f  the dentary c u t t i n g  edge of 
S. frene-bua. 





p l a t e ,  t h e  v e r t i c a l  rows a l t e r n a t e  i n  posses s ing  a t o o t h  on the 

c u t t i n g  edge.  This  r e s u l t s  i n  a sca l loped  c u t t i n g  edge which i s  

maintained by t h e  l o s s ,  r a t h e r  t h a n  wear, of  exposed t e e t h .  

The t e e t h  o f  S. f r e n a t u s  ( F i g .  1 . 9  B) are l i k e w i s e  

c h a r a c t e r i s t i c  o f  t h e  ' f r e n a t u s '  group. They are i r r e g u l a r l y  ovoid 

when viewed a n t e r i o r l y  and a-ar t o  be compressed do r soven t r a l ly .  

!They develop i n  v e r t i c a l  rows as i n  S. so rd tdus  and form a mosaic 

d u r i n g  development, b u t  l a c k  t h e  organized arrangement near  t h e  

c u t t i n g  edge and d i s p l a y  a smaller degree o f  i n t e r d i g i t a t i o n  between 

t e e t h  i n  ad j acen t  rows. Diagonal rows a r e  p r e s e n t  b u t  occur  a t  a 

more ob l ique  angle  t han  i n  S. sosdfdus .  The main d i f f e r e n c e  between 

S. f r e n a t u s  and S. so rd tdus  is t h a t  i n  S, f r e n a t u s ,  each v e r t i c a l  

row h a s  a t o o t h  on t h e  c u t t i n g  edgewhich, when combined with a 

degree  o f  w e a r ,  r e s u l t s  i n  a n  even c u t t i n g  edge. N o  specimens of 

e i t h e r  s p e c i e s  were found t o  bear ' can ine '  t e e t h  on t h e  dentary .  

The a r t i c u l a t o r y  socke t  (ART.SOC., F i g s  1.8 A, B) is  loca t ed  in 

t h e  middle of  t h e  lateral s u r f a c e  o f  t h e  den ta ry  and is cons iderably  

deeper  i n  S. sord tdus  t h a n  i n  S. f r e n a t u s .  The socke t  is bordered 

on t h r e e  s i d e s  by t h e  a n g u l a r  process  ( ANG.PR. ), d e n t a l  p l a t e  and 

lateral f l a n g e .  It  has  a p o s t e r o v e n t r a l  opening i n t o  which t h e  

ascending process  o f  t h e  a r t i c u l a r  i n s e r t s  ( P i g s  1 . 2 ,  1 . 3 ) .  Th i s  

forms t h e  second a r t i c u l a t o r y  j o i n t  of t h e  lower j a w ,  which is a 

d i s t i n c t i v e  f e a t u r e  o f  t h e  more s p e c i a l i z e d  s c a r i d  s p e c i e s .  

I n  both  spec i e s ,  t h e  d e n t a r y  l a t e r a l  f l a n g e  bears prominent 

i n s e r t i o n  s c a r s  on t h e  medial su r f ace .  S. sord%dus h a s  two 

i n s e r t i o n  scars, one on t h e  p o s t e r o d o r s a l  edge and the o t h e r  on the 

p o s t e r i o r  ex t remi ty  o f  t h e  medial su r f ace .  These a r e  t h e  i n s e r t i o n  



points of A3a and A2 respectively (Figs 1 . 8  C, 1 . 1 4  A ) .  S. frenatus 

has only one insertion scar, that of ZhPa/A2 t 2 ,  ow the midposterior 

edge of the medial surface (Figs 1 . 8  D, 1. 1 4  B ) . 

The neurocranim (Figs 1 . 1 8  D, E, 1 . 2 1  B, C )  

The neurocranim of both species is similar.  It is relat ively 

s h o e  and flattened dorso-ventrally . Of the two species, 

S. sordtdus is the more robust and dorsoventrally compressed. I n  

%his species, the ethmoid is fused with the frontals and is 

developed extensively between the orbits  (Pig. 1 . 2 1  B ) ,  whereas id 

S. frenatus, there is a gap between the ethmoid and frontals and the  

ethmoid is restricted t o  the anterior part  of the orbit (Fig.  

1 . 2 1  C). Tke most s tr iking difference between the two species is i n  

the form of the ethmoid-vomerine process (ETH.VOM.PR., Pigs 

1 . 2 1  B, C ) .  I n  S. sordidus, it i s  moderately well developed and 

bears a pair of poorly developed la te ra l  maxillary condyles. moee 

condyles are absent i n  s .  prenatus which has a short anteriorly 

directed ethmoid-vomerine process. 

From a dorsal aspect, the neurocranium of S. sordtdus tap€!rs 

sl ightly anteriorly and possesses well developed la tera l  ethmoids. 

The anterior part of the frontals meet in  the midline and the  

supraoccipital bears a relatively small c res t .  I n  S. frenatus, the 

overall shape is oblong, and is considerably wider than i n  

S. sordtdus, The la te ra l  ethmoids are well developed, and the 

frontals are separated by the anterior incursion of the 

supraoecipital, which bears a large crest  posteriorly. 



Both s p e c i e s  have one major f o s s a  on t h e  v e n t r a l  s u r f a c e  ( t h e  

s i te  o f  o r i g i n  o f  t h e  p o s t e r i o r  p a r t  o f  t h e  f o u r t h  l e v a t o r  ex t e rnus  

gfossa  number 1 i n  F ig .  1 .18  D, El). The second f o s s a  (number 2 i n  

P i g s  1 .18  A, B ) ,  which forms p a r t  o f  t h e  s i te  o f  o r i g i n  o f  t h e  

l e v a t o r  p o s t e r i o r  i n  Cetoscarus btcobor and BoLbometopon murtcatum, 

is no t  developed. There is o n l y  a s m a l l  depress ion  i n  t h i s  reg ion .  

'Fke f l a n g e s  around t h e  sites o f  o r i g i n  of  t h e  pharyngeal  muscles are 

more prominent i n  S. so rd idus  t h a n  i n  S. f r e n a t u s .  

The pharyngeal  appara tus  

The pharyngeal  o s t eo logy  h a s  been descr ibed  a l r e a d y  by  Schu l t z  

( 1958) and H a t t o r i  (1976, 1984)  and i n  d e t a i l  by Bruce (1979)  and 

Gobalet (1980) .  A d e t a i l e d  d e s c r i p t i o n  w i l l  t h e r e f o r e  not  be 

inc luded  h e r e .  The main f e a t u r e s  t h a t  d i f f e r  between. the two 

s p e c i e s ,  however, w i l l  b e  d e s c r i b e d .  

The upper pharyngeal  bones are similar i n  t h e  two s p e c i e s ,  

a l though t h e  d o r s a l  c r a n i a l  a r t i c u l a r  s u r f a c e s  are s l i g h t l y  l a r g e r  

i n  S. so rd tdus .  The main d i f f e r e n c e s  between t h e  two s p e c i e s  are 

t h e  size and number o f  t e e t h  and t o o t h  rows. S. so rd tdus  t y p i c a l l y  

h a s  t h r e e  rows o f  t e e t h  on each upper pharyngeal bone, a l though some 

l a r g e r  specimens may have l o s t  t h e  o u t e r  row. The innermost r o w  

c o n t a i n s  t h e  l a r g e s t  t e e t h ,  t h e  r e l a t i v e  widths be ing  20:5:1 from 

innermost t o  outermost .  There are fewer t e e t h  i n  t h e  medial row o f  

S .  s o ~ c l t d u s  than  i n  t h a t  of  S. f r e n a t u s  (S.  sord idus  mean = 9.31,  s 

= 0.63 ,  n = 12,  S. f r e n a t u s  mean = 12.17,  s = 0.75, n = 6 )  al though 

each t o o t h  is l a r g e r  and more rounded when viewed v e n t r a l l y .  

S. f r e n a t u s  t y p i c a l l y  h a s  o n l y  two rows of  teeth, t h e  l a r g e r  o f  



which is medial with a relat ive width of approximately 4 . 7 ~ 1 .  I n  

one specimen, however, a much smaller third row was present on a 

part  of the outer edge of one of the upper pharyngeal bones. I n  

both species, the bone around the outer row(s) shows some degree of 

wear, although the teeth show l i t t l e  wear. These outer rows have 

only limited contact with the lower pharyngeal plate especially i n  

S *  so~dtdus,  and are believed t o  be a vestige of the large, 

functionally important outer rows found in less  specialized scarids 

( i . e .  C. btcobor, B. murtcatum and the Sparisomatinae). 

There are two main differences i n  the form of the lower 

pharyngeal bone between the two species. First ly,  S. sordidus has a 

relatively broad pharyngeal plate, with a medial area that  is less  

concave than the elongate pharyngeal plate of S. frenatus. 

Secondly, S. sordtdus has a broad robust keel ( the  ventrally 

directed anterior process of the lower pharyngeal) with an origin 

extending from a point mid-way between the two latera,  muscular 

processes to  a point near the anterior end of the ventral surface of 

the pharyngeal plate. In comparison, S. frenatus has a narrow thin  

keel with a short s i t e  of origin near t o  the anterior end of the 

ventral surface of the pharyngeal plate. (The form of the keel can 

be seen i n  Figures 1.15 A and 1.15 B, as it is marked by the s i t e  of 

origin of the second transversus ventralis [T.V.2]). 



The adductor  mandibulae . 

The adductor  mandibulae are t h e  l a r g e s t  and most d i s t i n c t i v e  

muscles o f  t h e  j a w .  It is i n  t h e s e  muscles that the d i f f e r e n c e s  

between S. sordtdus and S .  frenatus are most pronounced. 

I n  the s c a r i d s ,  the form o f  the adductor  mandibulae s e c t i o n s  

, A2 and A3 fo l low t h e  g e n e r a l  d e s c r i p t i o n s  g iven  by  Winterbottom 

(1974 a ) ,  and t h e r e f o r e ,  confus ion  between these and homologous 

muscles i n  d i f f e r e n t  f a m i l i e s  is  avoided.  The Aw s e c t i o n ,  however, 

is h i g h l y  modified and d i f f e r s  from o t h e r  f a m i l i e s .  This s e c t i o n  

and p a r t  o f  A3 have been v a r i o u s l y  descr ibed  by s e v e r a l  a u t h o r s .  I n  

t h i s  s tudy ,  the convent ions o f  Winterbottom (1974 a )  are followed 

when d e s c r i b i n g  muscles i n  s e c t i o n  Aw, a l though f o r  c l a r i t y ,  the 

names used by o t h e r  au tho r s  are a l s o  given.  The f i g u r e s  i n  t h i s  

s e c t i o n  foblow t h e  shading convent ions  o f  F igure  1.10. 

S. so rd idus  

Sec t ion  A1 ( P i g s  1.11 A, B, 1.13 A )  

By d e f i n i t i o n ,  t h i s  s e c t i o n  has a d o r s a l  p o s i t i o n  and i n s e r t s  

on t h e  maxilla (Edgeworth, 1935). I n  S. so rd idus ,  s e c t i o n  A1 is 

subdivided i n t o  two subsec t ions ,  des igna ted  A l a  and A1P ( P i g s  

1.11 A, B ) .  Subsect i on  A l a  arises from the preoperculum, 

symplec t ic ,  v e n t r a l  ex t r emi ty  o f  the hyomandieula and metapterygsid,  

and from the o u t e r  tendinous  s h e e t  t h a t  covers  t h e  adductor  muscle 

mass which ex tends  from the quadra t e  lateral r i d g e  t o  the 

entopterygoid  l a t e r a l  p roces s  and ascending l i m b  of  t h e  



Figure 1.10 

The head sf Scclsus sordtdus with t h e  integument, nasal, 

lacrymal, circumorbitals,  A l a  and part sf A1fi removed, 

showing the shading conventions used i n  t h i s  s e c t i o n .  



Tendinous insertion 

Bone Muscle 



preopereular. It is multipinnate with a t h i ck  tendon (Alat ,  F ig .  

1.1% B )  inser t ing onto t h e  medial surface of t h e  maxillary arm a* 

t h e  base of the  maxillary medial process. A narrow tendon described 

i n  S o  rtvuLcs-6~~ by Tedman (1980 b )  a s  Alt3 is present i n  

S. sordtdus, connecting t h e  medial surface of Ala t o  the  base of t h e  

a r t i c u l a r  ascending process.  

~ubsec t ion  A1p is t h e  most dorsa l  of t h e  adductor muscles and 

i s  divided i n t o  f i v e  subdivisions : four supe r f i c i a l  (i, ii, iii 

and i v )  and one deep ( v )  (F ig .  1.11 B )  . The four supe r f i c i a l  

subdivisions a re  most e a s i l y  v i s ib l e  i n  l a rge  individuals.  Each 

subdivision corresponds t o  a separate site of o r ig in  (Fig.  1 .4  A ) .  

%la@ most dorsal ,  AlBi a r i s e s  from a s l i g h t  concavity on t he  pa la t ine  

and entopterygoid. Alp ii, iii and i v  arise from separate  

concavit ies on %he an t e r io r ly  facing dorsa l  edge of t h e  

entopterygoid. In some specimens A1P iii and i v  appear t o  have 

fu r the r  subdivisions. A l l  four subdivisions fvse medially . P L g . = ?  

is strongly attached t o  t h e  an te ro la te ra l  edge of t h e  entopterygoid 

l a t e r a l  process, and is i n  c lose  associat ion with Ala from t h i s  

point  t o  t he  point  of inser t ion .  The supe r f i c i a l  subdivisions of  

APP a re  fused medially with t he  deep subdivision Alpv. Alpv a r i s e s  

from the  deep anterodorsal  concavity s f  t he  specialized 

entopterygoid. The main body of Alpv passes medially t o  U p  iii and 

i v .  It i n s e r t s  on t h e  medial surface of t he  maxilla a t  t he  base o f ,  

and on the  maxillary medial process, dorsal  t o  t h e  inser t ion of Alu 

and medial t o  the  i n se r t i on  of t he  supe r f i c i a l  subdivisions of A1P 

(F igs  1.11 B, 1 . 1 3  A ) .  



Figure 1.11 A 

The head of S. s o r d t a u s  with the integument and 

eircumorbitals removed. 

Figure 1.11 B 

The head of S. s a r d t d u s  with the integument, nasal, 

lacrpal, circumorlaitals, A l a  and part of A1P 

removed. 





The i n s e r t i o n  o f  Alp is muscular, a l though i n  l a r g e r  

i n d i v i d u a l s  t h e  s u p e r f i c i a l  subd iv i s ions  develop a tendinous  s h e a t h  

a n t e r i o r l y .  A t end inous  s h e e t  may a l s o  be p r e s e n t  between t h e  

s u p e r f i c i a l  and deeper  subd iv i s ions  of  Alp. The f i b r e s  are a l l  

p a r a l l e l  wi th  t h e  excep t ion  o f  t h o s e  f i b r e s  which i n s e r t  on t h e  

a n t e r i o r  shea th  and t h o s e  which f u s e  wi th  t h e  tendon o f  Ala. 

Sec t ion  A2 ( P i g s  1.11 A, B, 1.14 A )  

Sec t ion  A2 is t h e  most v e n t r a l  o f  t h e  adductor  muscles i n  

S. sord tdus  ( F i g s  1.11 A, B) .  The main s i te  o f  o r i g i n  is the 

v e n t r a l  h a l f  o f  t h e  quadra t e ,  b u t  i n c l u d e s  p a r t  o f  t h e  symplec t ic ,  

p reope rcu la r  and t h e  t end inous  s h e e t  cover ing  t h e  adductor  mass. It 

is b i p i n n a t e  and p o s s e s s e s  a t h i n  medial  t endinous  septum, as i n  

A%a. The f i b r e s  s l o p e  a n t e r o d o r s a l l y  and some f u s e  wi th  a t end inous  

aponeurss i s  which ex tends  a long  t h e  d o r s a l  edge o f  t h e  muscle. This 

aponeuror i s  and t h e  medial  septum f u s e  t o  form a s t r o n g  t end inous  

i n s e r t i o n  on t h e  p o s t e r i o r  p a r t  o f  t h e  medial s u r f a c e  o f  t h e  d e n t a r y  

l a t e r a l  f l ange  ( F i g .  1 .14  A ) . 

Sec t ion  A3 ( P i g s  1.11 A, B, 1.14 A )  

Sec t ion  A3 is  t h e  deepes t  o f  t h e  adductor  muscles.  S. sordtdus 

posses ses  two d i v i s i o n s ,  A3a and A3P ( F i g .  1.11 B).  The A3 s e c t i o n  

a r i s e s  from t h e  quadra t e ,  en topterygoid  ( i n c l u d i n g  t h e  deep  

p o s t e r o v e n t r a l  c a v i t y ) ,  metapterygoid and hyomandihula, and i n  A3a,  

from t h e  pos t e rodor sa l  p a r t  o f  t h e  tendinous  s h e e t  covering t h e  

adductor  muscle mass. A l l  t h e  f i b r e s  a t  t h e  bony s i te  of  o r i g i n  are 

r e l a t i v e l y  s h o r t .  Those f i b r e s  from t h e  a n t e r o v e n t r a l  p a r t  o f  the 



quadra t e  develop a tendinous  cove r ing  which forms a s m a l l  tendon 

a n t e r i o r l y .  These r ep re sen t  t h e  un ip inna te  subsec t ion  A3p ( P i g s  

1.11 B, 1 . 1 4  A ) .  The remaining f i b r e s  a l l  a t t a c h  t o  a t end inous  

s h e e t  surrounding a b i p i n n a t e  bundle  o f  f i b r e s .  The f i b r e s  i n  t h i s  

bundle arise from t h e  surrounding t end inous  s h e e t  and have no d i r e c t  

connect ion t o  t h e  bones. Th i s  combined mass of  f i b r e s  forms t h e  

l a r g e  mul t ip inna te  s u p e r f i c i a l  s e c t i o n  A3a. me tendon o f  A3a 

(A3a t )  p a s s e s  under A l e  t o  i n s e r t  on t h e  d o r s a l  p a r t  o f  t h e  medial  

s u r f a c e  o f  t h e  den ta ry  lateral f l a n g e  ( F i g .  1 . 1 4  A ) .  A3P i n s e r t s  

uta a s m a l l  tendon (A3pt)  on t h e  media l  s u r f a c e  o f  t h e  a r t i c u l a r  

ascending p roces s ,  near  t o  t h e  base o f  t h e  medial s p i n e  ( P i g .  

1 . 1 4  A ) .  It a l s o  h a s  muscular i n s e r t i o n s  v e n t r a l  t o  t h e  t end inous  

i n s e r t i o n  and a long  t h e  p o s t e r o l a t e r a l  edge o f  t h e  a r t i c u l a r  medial 

s p i n e .  

Sec t ion  Aw ( P i g s  1 , P 1  A, B, 1 . 1 4  A) 

I n  S. sordtdus, t h e r e  a r e  t h r e e  muscles t h a t  can be ascribed t o  

Aw. These are Awa, Awp and Awy. Awa is a t t ached  a n t e r i o r l y  t o  t h e  

cauda l  ex t r emi ty  o f  t h e  den ta ry  angu la r  process ,  lateral t o  t h e  

i n s e r t i o n  o f  t h e  p r o t r a c t o r  h y o i d e i .  P o s t e r i o r l y ,  it a t t a c h e s  t o  

t h e  medial s u r f a c e  o f  t h e  a r t i c u l a r  and a long  t h e  l ead ing  edge o f  

t h e  a r t i c u l a r  medial s p i n e  ( F i g .  1 . 1 4  A ) .  Awp connec t s  t h e  

midmedial s u r f a c e  o f  t h e  den ta ry  lateral f l ange  t o  t h e  d i s t a l  end o f  

the a r t i c u l a r  medial s p i n e  ( F i g .  1 . 1 4  A). Awy connects  t h e  

ventromedial  edge o f  t h e  den ta ry  lateral f l ange  t o  a concav i ty  on 

t h e  d o r s a l  s u r f a c e  o f  t h e  a r t i c u l a r  ascending process ,  d o r s a l  t o  t h e  

lower j a w  a r t i c u l a t i o n  ( F i g s  1.11 A, B, 1 .14  A ) .  A l l  t h e  s e c t i o n s  

o f  Aw have p a r a l l e l  f i b r e s  and muscular i n s e r t i o n s .  



S .  frewatus 

S e c t i o n s  Al and A2 ( F i g s  1 . 1 2  A, B, 1 .13  B, 1.14 B )  

I n  S. frenatus,  s e c t i o n  Al h a s  d iv ided  i n t o  t w o  p a r t s ,  t h e  

l a r g e  s u p e r f i c i a l ,  medial  subsec t ion  is des igna ted  Ala and the 

deeper ,  s m a l l ,  d o r s a l  subsec t ion ,  AlP. Subsect ion Ala and s e c t i o n  

A2 have fused t o  form a s i n g l e  l a r g e  muscle b lock  ( F i g s  1 .12  A, B). 

The Ala/A2 complex arises from t h e  hyomandibula, p reope rcu lm,  

metapterygoid,  en topterygoid ,  quadra te  and a f i b r o u s  s h e e t  covering 

the medial  p o r t i o n  of  s e c t i o n  A3. I n  most specimens there is no 

s u p e r f i c i a l  d i v i s i o n  between A1a and A2 al though upon d i s s e c t i o n ,  a 

d i v i s i o n  may be found i n  t h e  medial s u r f a c e  o f  t h e  muscle, extending 

from a p o i n t  near  t o  the c a u d a l  ex t remi ty  o f  t h e  dentarfr lateral 

flange, towards t h e  p o s t e r o v e n t r a l  angle  o f  t h e  preoperculum. The 

f i b r e s  o f  t h e  Ala/A2 complex are long and almost  parallel. 7%ey 

a t t a c h  t o  a s t r o n g  aponeuros is  which i n s e r t s  on to  the dentary a%rl 

m a x i l l a  vta two t h i c k  tendons ,  Ala/A2t1 and Ala/A2t2 ( F i g s  

1 , 1 3  A, B, 1.14 B ) .  A l a / A Z t l  i n s e r t s  on t h e  medial s u r f a c e  o f  t h e  

maxilla, at  t h e  base  o f  the medial process .  A1a/A2t2 i n s e r t s  on t h e  

d o r s a l  p a r t  o f  t h e  medial s u r f a c e  o f  t h e  den ta ry  lateral f l ange .  A s  

i n  S. sordtdus, a t h i r d  narrow tendon is p r e s e n t  ( A l a t 3 ) .  However, 

i n  S. frenatus, it connects  a p o i n t  an t e rodor sa l  t o  t h e  d i v i s i o n  on 

t h e  medial  s u r f a c e  o f  the Ala/A2 complex t o  the base of  t h e  

a r t i c u l a r  ascending p roces s ,  v e n t r o l a t e r a l  t o  t h e  i n s e r t i o n  o f  A3t. 

A1P arises from the en top te rygo id .  The s i te o f  o r i g i n  inc ludes  

t h e  two s m a l l  r i dges  on t h e  v e n t r a l  edge o f  t h e  en topterygoid  and 

t h e  s l i g h t  concavi ty  which l ies  d o r s a l  t o  t h e  f i r s t  r i d g e  ( F i g .  



Figure 1.12 A 

'%he head 0% S .  frenetus with the integument removed. 

Figure 1.12 B 

The head of S.  frenatus w i t h  the integument, nasal, 

lacrymal, circumorbitals and park of Ala/A2 removed. 





Figure 1 . 1 3  A 

A medial view sf me upper jaw musculature of S.  sordtdus. 

Figure 1 . 1 3  B 

A medial view of the upper jaw musculature of S .  frenatus. 
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Figure 1-14 A 

A medial view o f  t h e  lower j a w  musculature of S .  s o ~ d t d u s .  

Figure 1.14 B 

A medial view of t h e  lower jaw musculature o f  S .  frenatus. 





1 . 4  B). The v e n t r a l  fibres o f  Alp i n s e r t  on the d o r s a l  s u r f a c e  sf 

W%a/W2tP ( P i g .  1 , 1 3  A ) .  The d o r s a l  f i b r e s  i n s e r t  d i r e c t l y  on the 

medial s u r f a c e  o f  the m a x i l l a  at  t h e  base  o f  t h e  medial  p rpcess ,  

d o r s a l  t o  t h e  i n s e r t i o n  o f  Ala/A2t1. The i n s e r t i o n s  o f  U P  a r e  

muscular b u t  may posses s  a s u p e r f i c i a l  t endinous  s h e a t h  a n t e r i o r l y .  

This is most no tab le  i n  l a r g e  i n d i v i d u a l s .  The s u p e r f i c i a l  adductor  

muscles have both p i n n a t e  and p a r a l l e l  f i b r e s .  Ala/A2 and t h e  

v e n t r a l  p a r t  o f  Alp are weakly p i n n a t e  w h i l s t  the d o r s a l  p a r t  o f  U P  

is p a r a l l e l ,  

S e c t i o n  A3 ( P i g s  1.12 A, B, 1.14 B )  

Sec t ion  A3 i n  S. f r enafus  i s  a deep, t h i n  un ip inna te  muscle.  

The o n l y  s u p e r f i c i a l l y  v i s i b l e  p a r t  is a s m a l l  area pos t e rodor sa l  t o  

Aba/A2, j u s t  below the l e v a t o r  a r cus  p a l a t i n i  (L.A.P.,  P i g s  

1 .12  A, B ) .  The A3 s e c t i o n  arises from the hyomandibula, 

metapterygoid, symplec t ic  and quadra t e ,  and fuses wikt.! ar? elnngate 

d o r s a l  aponeurosis  which i n s e r t s  on t h e  medial s u r f a c e  of  t h e  

a r t i c u l a r ,  d o r s a l  t o  t h e  base o f  the a r t i c u l a r  medial sp ine .  Some 

f i b r e s  o r i g i n a t i n g  from t h e  quadra te  i n s e r t  d i r e c t l y  on to  t h e  

a r t i c u l a r ,  v e n t r a l  t o  t h e  i n s e r t i o n  o f  A3t ( F i g .  1 .14  B ) .  I n  

a d d i t i o n ,  a series o f  f i b r e s  from t h e  a n t e r o d o r s a l  edge o f  A 3 t  

i n s e r t  on t h e  medial s u r f a c e  o f  t h e  den ta ry  lateral f l ange ,  a n t e r i o r  

and dorsomedial ly  t o  t h e  i n s e r t i o n  o f  Ala/A2t2 (A3a?, F ig .  1 .14  3). 

A n t e r i o r l y ,  t h e s e  f i b r e s  are i n  c l o s e  a s s o c i a t i o n ,  b u t  not  joined,  

t o  Awp. The myological development o f  t h i s  s p e c i e s  (Chapter  2 )  and 

t h e  form o f  t h i s  muscle i n  a d u l t  specimens o f  o t h e r  members of  the 

subfamily Scar inae  ( S e c t i o n  1 . 3 . 7 ) ,  suggest  t h a t  these f i b r e s  are a 

v e s t i g e  of  t h e  d o r s a l  s e c t i o n  of A3 (A3a) which i n s e r t s  on t h e  



d e n t a q .  Th i s  series o f  fibres was desc r ibed  by Lubosch (1923) as 

the M .  t endo-denta l i s  and later (Lubosch, 1929),  as t h e  H. 

tendo-articulari-dentalis. wbalet (1980)  descr ibed  it as a n  

adduetor  p o r t i o n  o f  Aw. 

Sec t ion  Aw ( P i g .  1.14 B )  

S .  frena-bus p o s s e s s e s  two d i s t i n c t  d i v i s i o n s  o f  Aw, Awa and Awe 

( F i g .  1 .14 B ) .  Awa connec ts  the p o s t e r o v e n t r a l  ex t r emi ty  o f  t h e  

d e n t a r y  lateral t o  t h e  i n s e r t i o n  o f  the p r o t r a c t o r  hyoideus, t o  the 

l e a d i n g  edge o f  the a r t i c u l a r  medial s p i n e ,  as i n  s. sordtdus. T h i s  

muscle was desc r ibed  by  Lubosch (1923)  as the adduktor-symphysialer 

and l a t e r ,  t h e  Aw (Lubosch, 1929).  Gobalet ( 1980 ) desc r ibed  it as 

t h e  abductor  p o r t i o n  o f  Aw. 

Awp connects  the medial s u r f a c e  o f  the den ta ry  lateral f l a n g e  

t o  two a r e a s  on t h e  a r t i c u l a r  ( F i g .  1 . 1 4  B ) .  The d e n t a r y  

connect ion is  a n t e r i o r  t o  t h e  i n s e r t i o n  o f  A 3 a  and anteromedial  t o  

t h e  connect ion o f  Ala/A2t2. The connect ions  on the a r t i c u l a r  a r e  

' a ' ,  t o  t h e  medial  s u r f a c e  o f  t h e  a r t i c u l a r  ( d o r s a l  t o  t h e  i n s e r t i o n  

o f  A3t),  and 'b', t o  the d i s t a l  end o f  the a r t i c u l a r  medial s p i n e  

( P i g .  1 .14  B ) .  A muscle corresponding t o  p a r t  'b '  w a s  desc r ibed  as 

the M. a r t i c u l a r i - d e n t a l i s  by Lubosch (1923)  and a s  a f r a c t i o n  of 

t h e  adductor  p o r t i o n  o f  Aw by Gobalet ( 1980 ) . 



Other muscles o f  S. s o r d t d u s  and S .  f r e n a t u s  

The in termandbbular i s  ( Pigs  1.14 A, B ) 

The in t e rmand ibu la r i s  is p r e s e n t  i n  both  S. s o r d t d u s  and 

S .  f r e n a z u s ,  connect ing t h e  medial s u r f a c e s  o f  t h e  d e n t a r y .  The 

f i b r e s  are p a r a l l e l  wi th  a muscular i n s e r t i o n  ( I N ,  F i g s  

1-14 A, B )  d o r s o l a t e r a l  t o  t h e  a n t e r i o r  i n s e r t i o n  of Awa, and 

p o s t e r o v e n t r a l  t o  a deep p i t  i n  t h e  medial  s u r f a c e  o f  t h e  den ta ry .  

The p r o t r a c t o r  hyoideus ( P i g s  1.11 A, 1 . 1 4  A, B )  

The p r o t r a c t o r  hyoideus (P.H., F i g .  1.1% A) is s i m i l a r  i n  bo th  

s p e c i e s ,  a l though it appears s l i g h t l y  l a r g e r  i n  S. s o r d t d u s .  It is 

a f l a t t e n e d  muscle a r i s i n g  from t h e  a n t e r o v e n t r a l  lateral s u r f a c e  o f  

the e p i h y a l ,  t h e  p o s t e r o v e n t r a l  lateral s u r f a c e  o f  t h e  ce ra tohya l ,  

and from t h e  bases of  t h e  b r a n c h i o s t e g a l  r ays .  It i n s e r t s  on t h e  

cauda l  edge o f  t h e  dentary ,  lateral t o  t h e  medial symphysis 

(EN.P.H., F i g s  1 . 1 4 A 1 B ) .  The i n s e r t i o n  is tendinous  

v e n t r o l a t e r a l l y  and by a mass o f  connec t ive  t i s s u e  media l ly .  The 

two p a r t s  o f  t h e  muscle f u s e  i n  t h e  midl ine  a n t e r i o r  t o  t h e  f i r s t  

b r a n c h i o s t e g a l  r a y .  

The pharyngeal  muscles ( F i g s  1 . 1 5  A, B )  

There are t e n  major p a i r s  of muscles a s s o c i a t e d  wi th  t h e  

pharyngeal  appara tus  of  scarids ( F i g s  1.15 A, B ) .  The pharyngeal  

muscles o f  s .  s o r d t d u s  and s .  f r e n a t u s  are similar, and c l o s e l y  

resemble t h o s e  f igu red  by Liem and Greenwood (1981)  and t h o s e  

desc r ibed  i n  CaZotomus japonicus  by Yamaoka (1980) .  The muscles of 

t h e  pharyngeal  appara tus  o f  some s p e c i e s  i n  t h e  ' f r e n a t u s '  group 
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h a v e  been described i n  detail b y  Gobalet ( 1 9 8 0 ) .  F o r  c l a r i t y ,  a 

b r i e f  d e s c r i p t i o n  sf e a c h  muscle w i l l  be g i v e n  below: 

The fourth Zevafor esternus ( b . E . 4 )  is  a l a r g e  muscle which 

arises from the neurocranium,  p a r t i c u l a r l y  from a deep  t r i a n g u l a r  

f o s s a  on t h e  v e n t r a l  face ( f o s s a  number 1 i n  P i g s  1.18 D, E ) .  The 

primary ( t e n d i n o u s )  i n s e r t i o n  is o n t o  t h e  muscu la r  process of the 

lower  pharyngea l  bone,  a l t h o u g h  some lateral fibres may inse r t :  o n  

t h e  f  s u r t h  e p i b r a n c h i a l  ( e . 4  ) . 

The third Zevafsr internus i s  a s m a l l  muscle  c o n n e c t i n g  the 

a n t e r i o r  upper  p h a r y n g e a l  bone t o  the  neurocranium, a t  a p o i n t  

p o s t e r i o r  t o  the o r b i t .  

The Eevator poszertor ( L . P . )  is  a l a r g e  muscle which arises 

from a groove i n  t he  p o s t e r i o r  face o f  the  neurocranium ( o c c i p i t a l  

r e g i o n ) .  Medial fibres have  a t e n d i n o u s  i n s e r t i o n  on t h e  muscu la r  

process sf t h r  ~ G W S Z  ,,,---- -I .- -.- &la~ y &,rear uur~e j 1. p . m. p . j w h i l s t  iaterai 

f i b r e s  have a muscu la r  i n s e r t i o n  on t h e  f o u r t h  e p i b r a n c h i a l .  

The pharyngoczettnrabts tnternus and exi5ernus (P.C.I. & 

P.C.E. ) are b o t h  s m a l l  strap-like musc les  c o n n e c t i n g  the  v e n t r a l  

s u r f a c e  o f  the lower  p h a r y n g e a l  bone ( 1 . p . )  and the c l e i t h r u m .  

The retractor dorsatts (R.D.) is a m o d e r a t e l y  s i z e d  musc le  

a r i s i n g  from t h e  v e n t r a l  s u r f a c e  o f  t h e  first t h r e e  v e r t e b r a e  w i t h  

a n  i n s e r t i o n  on  t h e  p o s t e r o l a t e r a l  extremity of the upper  p h a r y n g e a l  

bone ( u . p . ) .  



' (v ST'T ~ e r q a u e x q ~ d a  

q v n o 3  aqq 30 abpa TexaqeToxaque aqq uo (X~snou-cpuaq uaqgo) qxasuy 

s a x q 3  TexaqeT aqq 30 uoyqxodoxd fTews e 'Xaaa~oH 'auoq TeabuXxeqd 

zaMoT: aqq 30 ssaaoxd xefnasnw aqq uo asynayFT ST snuxawa xoqeaaT 

qq.xno3 aqq 30 uo?qxat:ur Xreurxd aqq 'snp3pdos U I  ' ~ e + y a u e x ~ d a  

q-no3 aqq go a6pa xaqno aqq uo qxasu? s a x q q  TexaqeT ayq 30 

ma3 e 'suautraads autos U I  * ( a  ST'T ' 6 y d )  auoq ~ea6uXreqd 2airo-t: aqq 

30 ssaaoxd xeTnasnu aqq uo X~queurwopaxd sqxasu? snuxawa xoqeaal 

q v n o g  aqq ' snwuadg  ' S  u~ .qaadsax auo u? X ~ u o  paxaggrp 'xaaa~loy  

'sa1asntu aqq go uucoq aq& 'axnqeTnasnus ~ n 3 x a ~ o d  axou aqq 6 u ~ s s a s s o d  

s n p 3 p ~ o s  - S  qqrm 'axnqe-posnw ~ea6uXreqd aqq go quawaoq-aaap 

TTexaAo aqq u? X~qexaprsuoa xaggrp sn3~ua.U * S  sue snpapdos - S  

-auoq ~ e a 6 u h e y d  xaddn aqq 30 a ~ e g x n s  q-exaqe~ a o y f a q s d  aqq 

pue TeryauexqFda qqxnog ayq 30 aaesxns p+pawo.zaqsod ayq bu?qaauuoa 

aTasnu ~ ~ e w s  e s y  ( - a - a e & )  d o ~ ~ e ~ s o d  s 3 z v s ~ o p  snsdansuodg ay& 

-~e?qauexq?da qwnog ayq qq-y uoyqaauuoa sqf 

oq  xeau ( s e a )  ~eXqoqexaa yq3y3 aqq uo 5uyq.xasur pue 'auoq pea6uAxeyd 

xa&oT aqq 30 ,Taay, aqq wox3 6ursy;ce apsnut pazps X~aqenapour 

oq ~ ~ e u t s  e s+ (z'nm&) s$zvdmian snsdensumw puoDas aq& 

*auoq q-eafjuheqd x e n o ~  aqq go ssaaord ne%nosnm aqq u s  uoTqxasuT 

snouTpusq e seq pue T e ~ q a u e x q ~ d a  yqxnos aqq go aaeg T-exquaA eqq ~ 0 x 3  

6urs+ae apsnut  p a z ~ s  d~aqerapout e sy  ( S ' U ' V )  downpp8 wJ-JJ  a- 



m e  ligaments that  are important i n  feeding, especially those 

which contrast the two morphological types are described below. For 

a more extensive description see Gobalet (1999)  and Tedman (1980 b ) .  

The puZu%tne-premaztEZury Pigment ( P A L . P . M . L I G . ,  Figs 

1.11 B, 1 . 1 2  B )  connects the medial surface of the palatine t o  the 

dorsal surface of the premaxillary ascending process. It is m r e  

robust in s .  sordtdus, 

I n  both species the two halves of the premaxilla are strongly 

bound by a series of cructate Ztgaments ( C R U . L I G . ,  Figs 1 .13  A, B ) .  

An tntermaziZZary ligament ( I . M A X . L I G . )  is present in both 

species (Pigs 1.11 A, 1 . 1 2  A ) .  It i s  a broad band of fibrous t i ssue  

that  connects the two maxillary heads, from a point on the maxillary 

la tera l  ridge, anterior t o  the maxillary connection of the 

nasal-lacrymal-maxillary-palatine complex. The intermaxillary 

ligament crosses above the premaxillary ascending processes and is 

i n  close association with the integument. 

I n  the nasaL-ZacrymaL-muxiZLary-patattne complex 

(WAS.LAC.MAX.PAL.C., Figs 1.11 A, 1 . 1 2  A ) ,  the more robust f ibres 

connect the anterior edge of the nasal t o  the la tera l  ridge on the 

maxillary head. The more ventral f ibres i n  th i s  connection attach 

t o  the anterodorsal edge of the lacrymal ( L A C . ) .  Medial t o  the ma in  

nasal-maxillary fibrous bundle is a smaller series of f ibres that  

bind the maxillary l a te ra l  ridge t o  the ventrolateral surface of the 

palatine dorsal process. 



The two mmiEZary-grerna%t'l,Zary l igaments  ( P i g s  1.13 A, B ) ,  

d i f f e r  i n  t h e  two s p e c i e s .  I n  S. s s r d t d u s ,  t h e  a n t e r i o r  

m a x i l l a r y - p r e m a x i l l a ~  l igament  ( ~ . M A X . P . ~ . % I G . )  i s  s h o r t  and 

t h i c k  ( F i g .  1 . 1 3  A). It connects  a deep concav i ty  on t h e  medial 

awterodorsa l  ex t remi ty  s f  t h e  max i l l a ry  medial p roces s  t o  a 

concav i ty  on t h e  medial s u r f a c e  o f  t h e  premaxi l la  a t  t h e  base  of  t h e  

a l v e o l a r  and ascending p roces ses  and medial t o  t h e  max i l l a ry  f a c e t .  

I n  S ,  f renasus  (Fig. 1 . 1 3  B ), t h i s  l igament is developed as a broad 

band o f  f i b r e s  connect ing a r i d g e  on t h e  p o s t e r o v e n t r a l  edge o f  t h e  

medial s u r f a c e  o f  t h e  p remax i l l a ry  condyle t o  t h e  lateral s i d e  o f  

t h e  media l  r i d g e  o f  t h e  p remax i l l a ry  ascending p roces s ,  at  t h e  

junc t ion  o f  t h e  ascending and a l v e o l a r  p roces ses .  The a n t e r i o r  

maxil lary-premaxil lary l igament  i n  S. f senatus  permits a g r e a t e r  

movement o f  t h e  p remax i l l a  (movement between t h e  d o r s a l  edge of  t h e  

two bones is 5.5% o f  t h e  S o % .  i n  S. frenatus  [n=3] and 0 . 6 %  o f  t h e  

S.L. i n  S. sord tdus  [n=3]) .  T h i s  p ro t rus ion  o f  t h e  p remax i l l a  is 

t h e  ' t y p e  A '  (mandible dep res s ion  model) mechanism o f  j a w  p ro t rus ion  

desc r ibed  by Motta ( 1984 ) . 

The p o s t e r i o r  maxil lary-premaxil lary ligament 

(PBST.MAX.P.MAX.LIG.) i s  w e l l  developed i n  S. s o r d t d u s  ( F i g .  

1 . 1 3  A ) .  I t  c o n s i s t s  o f  a broad s t r o n g  ligament connec t ing  t h e  

p s s t e r o d o r s a l  ex t remi ty  o f  t h e  p remax i l l a ry  medial p roces s ,  and t h e  

d i s t a l  v e n t r o l a t e r a l  s u r f a c e  o f  t h e  premaxi l la ry  ascending  process .  

The l igament  pas ses  under t h e  a n t e r o l a t e r a l  edge o f  t h e  r o s t r a 1  

c a r t i l a g e  be fo re  i n s e r t i n g  on t h e  premaxi l la .  Although t h e  ligament 

connec ts  t h e  same s u r f a c e s  i n  S. f renatus  ( F i g .  1 . 1 3  B ) ,  it t a p e r s  

i n t o  a narrow band be fo re  i n s e r t i n g  on t h e  premaxi l la ,  and a few 

f i b r e s  from t h i s  l igament connect  with t h e  a n t e r i o r  edge o f  t h e  



rostra1 cartilage. 

The matttary-dentary-pr8mmtZLary complex is a series of 

ligaments that Binds the d i s ta l  ends of the premascillary alveolar 

process and maxillary arm and the l a te ra l  surface of the dentary 

l a te ra l  flange. The maxillary-premaxillary fibres t ightly bind 

these two bones, especially i n  S. sordtdus, whereas the f ibres 

connecting the maurilla/premaxilla t o  the dentary allow free movement 

between these bones. The superficial parts of t h i s  complex are i n  

close association with the integument. 

There are two arttcuLar-dentary ligaments i n  each species. The 

anterior arkicular-dentary ligament connects the anteroventral part 

of the d i s ta l  end of the art icular  ascending process t o  the l a t e r a l  

surface of the dentary angular process, ventral t o  the ar t icular  

notch. The posterior articular-dentary ligament connects the 

posterodorsal part of the d i s ta l  end of the art icular  ascending 

process t o  the medial surface of the art icular  notch formed by the 

dentary l a te ra l  flange. These ligaments are more robust i n  

S. sordtdus. 

A preopercutar-arttcuZar ligament (P.OP.ART.LIG.) and 

tnte~opercuter-arttcutar ligament (1.OP.ART.LIG.) are present i n  

both species (Figs 1.11 A, 1 . 1 2  A). The preopercular-articular 

ligament connects the anterior extremity of the preopercular 

horizontal limb t o  the posterior edge of the proximal end of the 

art icular  descending process. The interopercular-articular ligament 

connects the anterior extremity of the interopercular t o  the 

posterior edge of the d i s ta l  end of the art icular  descending 

process. The interopercular-articular ligament is stronger than, 
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an elongate vertical groove and a short dorsal horizontal groove 

which curves gently t o  join the vertical groove. The rotation of 

the maxilla about the palatine is uneven. 

I n  S .  sordtdus, the maxilla and premaxilla are t ight ly  bound by 

the maxillary-premaillary ligaments (Fig 1.13 a), and the two bones 

act  as one functional unit. In S, frenatus, however, there is 

considerable movement between the two bones. The la te ra l  surface of 

the broad anterior maxillary-premaxillary ligament forms a synovial 

cavity i n  which the medial facet of the premaxillary condyle sl ides 

(Pig. 1 . 1 3  B ) ,  resulting i n  the protrusion of the premaxilla 

relat ive t o  the maxilla. 

The protrusion of the premaxilla and the uneven rotation of the 

maxilla about the maxillary condyle result i n  a complex movement of 

the premaxilla. As the mouth opens, the premaxilla protrudes and 

ascends smoothly; upon closure ( i f  against a force), the premaxilla 

moves i n  three dist inct  phases. First ly,  the t i p  of the premaxilla 

recedes. I n  th i s  stage, the premaxilla moves back t o  the maxilla 

and there is a slight rotation of the large ventral concavity (of 

the articulatory groove of the maxillary head) about the maxillary 

condyle. Secondly, the t i p  of the premaxilla descends steeply with 

l i t t l e  caudal movement. A s  t h i s  stage occurs, the maxilla descends 

and the maxillary condyle passes from the ventral concavity i n  the 

maxillary head and along the vertical groove. Finally, the t i p  of 

the premaxilla arcs posteroventrally t o  the closed position, as the 

maxillary condyle passes from the vertical groove t o  the horizontal 

groove in  the maxillary head. 



Summary 

1. Osteology 

S. sord%dus posses ses  a deep p remax i l l a  and den ta ry  w i t h  s t r o n g  

robus t  t e e t h  i n  a l t e r n a t i n g  rows on t h e  c u t t i n g  edge; an  

i n t e r d i g i t a t i n g  m a x i l l a  and premaxilla at the s i te  o f  the 

premaxi l la ry  process ;  a r e l a t i v e l y  small maxillary head; a 

simple maxi l la ry-pa la t ine  a r t i c u l a t i o n ;  a deep suspensorium w i t h  

a s p e c i a l i z e d  lateral p roces s  on t h e  en topterygoid ;  a l a r g e  

quadra te  lateral. r i d g e  and upper pharyngeal  bones t y p i c a l l y  

bear ing  three rows o f  t e e t h  on each .  

S ,  frenafus, h a s  a l e s s  robus t  premaxilla and dentary ,  w i t h  each 

v e r t i c a l  t o o t h  row having a t o o t h  on t h e  c u t t i n g  edge; no 

premaxi l la ry  process ;  a l a r g e  max i l l a ry  head; a complex 

maxi l la ry-pa la t ine  a r t i c u l a t i o n ;  a s imple ,  shal low suspensorium; 

a s m a l l  quad ra t e  lateral r i d g e  and upper pharyngeal  bones 

typically 5es.rlfig two rows or' teetln on each. 

2 .  Myology 

I n  S. sordtdus, t h e  Ala, AlP, A2 and A3a are a l l  w e l l  developed.  

Of t h e s e ,  m a ,  A2 and A3a are s t r o n g l y  p inna te .  A3a is t h e  

l a r g e s t  o f  the adductor  muscles and i n s e r t s  on t h e  d e n t a r y .  A3P 

is  small and i n s e r t s  on the a r t i c u l a r .  Three d i v i s i o n s  o f  Aw are 

p r e s e n t ,  Awa, AwP and Awy. 

I n  S. frenafus, t h e  Ala and A2 have  fused  t o  form a s i n g l e  weakly 

p inna te  u n i t ,  t h e  A1a/A2. The A3 i s  weak and strap-like and 

i n s e r t s  on t h e  a r t i c u l a r .  Only two d i v i s i o n s  of  Aw a r e  p r e s e n t ,  

Awa and Aw@. 



3.  Ligaments and J o i n t s  

S. sord'Ldus has  a s h o r t ,  s t r o n g  a n t e r i o r  maxillargr-prem;%xillaq 

l igament  which b inds  the two bones i n t o  a s i n g l e  f u n c t i o n a l  u n i t .  

Th i s  u n i t  h a s  a simple r o t a t i o n a l  j o i n t  w i th  t h e  max i l l a ry  

condyle o f  t h e  p a l a t i n e  d o r s a l  p roces s .  

S. freneeus has  a broad a n t e r i o r  maxil lary-premaxil lary l igament  

t h a t  permi ts  p r o t r u s i o n  o f  t h e  p remax i l l a  r e l a t i v e  t o  t h e  

m a x i l l a .  I n  t h i s  species, t h e  max i l l a  h a s  a complex a r t i c u l a t i o n  

wi th  t h e  max i l l a ry  condyle o f  the p a l a t i n e  d o r s a l  p roces s .  
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1.3.4 The ' so rd idus '  and 'frenatus"roups. 

The s p e c i e s  w i th in  t h e  genus Scarus can be d iv ided  i n t o  t w o  

groups,  A d e s c r i p t i o n  o f  t h e  main morphological f e a t u r e s  

c h a r a c k e r i s t i c  o f  species i n  each group is  given below, w i th  a brief 

d e s c r i p t i o n  o f  some of  t h e  members o f  each group. 

1.3.4.1 The ' so rd idus '  group 

The two d i a g n o s t i c  f e a t u r e s  o f  s p e c i e s  r e f e r a b l e  t o  t h i s  group 

are: t h e  posses s ion  o f  an en top te rygo id  lateral p roces s  and a t h i r d  

d i v i s i o n  sf Aw, Awy. C h a r a c t e r i s t i c  f e a t u r e s  i nc lude :  a deep 

robus t  g remax i l l a  and den ta ry ,  exposed d e n t a l  p l a t e s  w i th  a t h i c k  

cement cover ing ,  a l t e r n a t i n g  t o o t h  replacement by a d j a c e n t  v e r t i c a l  

t o o t h  rows, a s e p a r a t e  ZU, and A2, a w e l l  developed A3 i n s e r t i n g  on 

t h e  dentary ,  a s l i g h t l y  r a i s e d  m a x i l l a r y  f o s s a  on t h e  premaxi l la  

wi th  a corresponding p remax i l l a ry  p roces s  on t h e  maxilla, t h r e e  rows 

o f  t e e t h  ( two i n  l a r g e  i n d i v i d u a l s )  on each upper pharyngea l  bone, 

with t h e  o u t e r  row(s)  reduced, and a t y p e  I11 i n t e s t i n a l  p a t t e r n  

( Sec t ion  1 . 5  ) . 

From publ i shed  d e s c r i p t i o n s ,  no species o f  Scarus can be 

r e f e r r e d  t o  t h e  ' so rd idus '  group.  However, Randal l  and Nelson 

(1979 )  desc r ibed  t h e  p remax i l l a  o f  S. g'apanensts (Bloch)  which had a 

s t r o n g  resemblance to t h a t  o f  S. sordidus, and r e f e r r e d  t o  a r e l a t e d  

s p e c i @ s  complex t h a t  included;  S. bowsert (Snyder) ,  S. frontaL6s 

Valenciennes,  S. persptc5bZatus Steindachner ,  S. captstraiotdes 

Bleeker ,  S. rhodruropterus ( B l e e k e r ) ,  S. troschebbi Bleeker  and 

S . ( Ypsiscarus ) oedema ( Snyder ) . I n  add i t i on ,  from t h e  publ ished 

d e s c r i p t i o n s  i n  Randal l  and Bruce (1983), t h e  fo l lowing  s p e c i e s  a l s o  
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show a s t r o n g  l i k e l i h o o d  of belonging t o  t h e  ' so rd idus '  group: 

S .  a.eribunuLa Randal l  & Bruce, S. cyanescens Valenciennes, 

S. snneacanthus LaceNde, S.genazonatus FlandaP1 & Bruce and 

S ,  (Ypstscarus) svtfrons Ternink & Schlege l .  These species, a l o n g  

wi th  S. sordtdus, S. gtbbus and S. bteekert. ( d e  Beaufor t ) ,  are 

thought  t o  form, a l a r g e  p ropor t ion  o f  the species belonging t o  the 

' so rd idus '  group. A l l  o f  t h e  above s p e c i e s  are p resen t  i n  the 

Indo-Pacif ic  b u t  are absen t  from the A t l a n t i c  and Caribbean. 

I n  t h e  p r e s e n t  s tudy ,  t h r e e  species which may Be r e f e r r e d  t o  

t h e  ' so rd idus '  group, as def ined  above, have been examined: 

S. bZeekert, S. gtbbus and S. sordtdus. S ,  sordtdus h a s  been 

desc r ibed  i n  d e t a i l  above ( S e c t i o n  1 . 3 ) .  A b r i e f  d e s c r i p t i o n  o f  the 

two o t h e r  s p e c i e s  is given  below. 

Two specimens o f  S. bteekert have been examined. Both were 

almost  i d e n t i c a l  t o  S. sordidus o f  a s i m i l a r  s i z e ,  i n  terms of 

os t eo logy  and myology. These species posses s  a lateral p roces s  on  

the entopterygoid ,  a l t e r n a t i n g  t o o t h  rows on the c u t t i n g  edge o f  the 

p remax i l l a  and den ta ry ,  a s h o r t  p a l a t i n e  d o r s a l  p rocess ,  a l a r g e  A 3 a  

i n s e r t i n g  on t h e  den ta ry ,  an  Awy and A l P ,  a p ~ s t e r i o r l y  extended 

quadra t e  l a t e r a l  r i d g e  and a premaxi l la ry  p roces s  (developing i n  the 

54 mm S.L.  i n d i v i d u a l ) .  The pharyngeal  o s t eo logy  and musculature 

do not  d i f f e r  no tab ly  from t h a t  o f  S. sordtdus. 
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S .  gtbbus 

The myofogy and osteology of S. gibbus are almsst identical t o  

that  of S, sordidus, although the characteristic modifications of 

the former are more pronounced. This may, however, be a reflection 

of the larger size attained by S. gibbus; i n  S. sordidus, the 

characteristic features of the group become more pronounced with 

increasing size.  The adductor mandibulae and pharyngeal musculature 

of S .  gtbbus are identical t o  those of S. sordtdus and each upper 

pharyngeal bone typically bears three rows of teeth.  S. gtbbus 

di f fers  from S. sordidus most notably in the possession of: a more 

posterodorsal position of the entopterygoid la te ra l  process, a 

shorter palatine dorsal process, the protrusion of the maxillary 

fossa on the premaxilla with a corresponding invagination of the 

premaxilfary process on the maxilla in larger individuals and a 

broader quadrate la tera l  ridge. 

1 . 3 . 4 . 2  The ' f renatus ' gr011p ; 

The diagnostic features of species referable t o  t h i s  group are 

the presence of a deep, thin strap-like A3 muscle which inserts  only 

on the art icular ,  and the sequential replacement of premaxillary and 

dentary teeth, where each ver t ica l  tooth row bears a tooth on the 

cutting edge. The closely related genus Htpposcarus possesses only 

the l a t t e r  feature and is therefore excluded from the 'frenatus' 

group. Features characteristic of 'frenatus' group species include: 

a simple, shallow adductor fossa, an elongate palatine dorsal 

process, the absence of a maxillary fossa on the premaxilla, two 

divisions of Aw, a large posterodorsal process on the maxilla, a 

well developd maxillary head, s l ightly protruding jaws, dental 
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w i t h i n  t h e  ' f r e n a t u s '  group, t h e r e  is  some deg ree  o f  v a r i a t i o n  

between species, w i t h  t h e  most d i s p a r a t e  forms be ing  

S.  rubrovtstaceus and S. fZatrtpectoraZts. The group may be! d iv ided  

i n t o  two subrsups,  de s igna t ed  'a '  and 'b'. The two subgroups s h a r e  

a l a r g e  number o f  c h a r a c t e r s  b u t  may be sepa ra t ed  by  the form o f  the 

i n t e s t i n e  and t h e  degree  o f  f u s i o n  between A l a  and A2. Subgroup 'a' 

ine%udes:  S ,  f%avtpectorat%s, S .  pstttacus, S,  sch5egeZt asld 

Scarus sp. (cf. ZunuZa). Subgroup 'a '  s p e c i e s  have  a s e p a r a t e  Ala 

and A2 and t y p i c a l l y  pos s se s  a t y p e  I: i n t e s t i n a l  p a t t e r n  ( S e c t i o n  

5 )  The body shape is r e l a t i v e l y  e longa t e  wit,h l i g h t  o s t e o l o g i c a l  

s t r u c t u r e s  and r e l a t i v e l y  weak p ro t rud ing  j a w s .  Subgroup 'b '  

i n c l u d e s  S. bsevtftbts, S. dtmtdtatus, S. frenatus, S. ghobban, 

S ,  gtobtceps, S o  tongipinnts, S. ntger, S. ovtceps, S. rivutatus, 

S. rubrovioZaceus, S .  sptnus and S. tricoZor. Members o f  t h i s  

subgroup have a fused  Ala/A2 complex and t y p i c a l l y  p o s s s e s  a type I1 

i n t e s t i n a l  p a t t e r n .  The body o f  subgroup ' b '  species is r e l a t i v e l y  

deep,  w i th  more robus t  j a w s  and o s t e o l o g i c a l  st-rurr+uros than species 

i n  subgroup ' a ' .  

Osteology o f  ' f r e n a t u s '  group species 

The gremaxilla and d e n t a r y  

The deepes t  and m o s t  r o b u s t  d e n t a r i e s  are found i n  

S. rubroviotaceus and S. ghobban. Those o f  S . brevif iLis, 

S. dtmtdtafus, S. frenatus, S. niger, S, ovtceps, S .  rtvubatus, 

S. sptnus and S. tricotor are less robus t ,  w h i l s t  t h o s e  of 

S .  fZavipectoraZis, S. gbobtceps, S. Longtptnnts, S. psittacus, 

S. schtegebt and Scarus sp. (cf. ZunuZa) are t h e  weakest.  I n  

S. fZavipec%oraZts, S. s p .  and e s p e c i a l l y  S. schtegeti, t h e  



premaxilla is r e l a t i v e l y  e l o n g a t e  w h i l s t  t h e  d e n t a l  p l a t e  of the 

d e n t a r y  is r e l a t i v e l y  s h a l l o w ,  V a r i a t i o n s  i n  t h e  d e p t h  of the 

d e n t a r y  have been  d e s c r i b e d  q u a n t i t a t i v e l y  b y  Bruce (1979) and w i l l  

n o t  Be c o n s i d e r e d  i n  d e t a i l  h e r e .  

The form of t h e  t e e t h  a l s o  v a r i e s  w i t h i n  t h e  group.  I n  

S .  r u b r o v t ~ E a c e u s  and S .  ghobban, t h e  t e e t h  are l a r g e  w i t h  convex 

lateral and d i s t a l  e d g e s .  When viewed a n t e r i o r l y ,  t h e y  a p p e a r  

rounded and exhibit l i t t l e  wear .  Al though t h e  a n t e r i o r  v e r t i c a l  

t o o t h  rows a l l  h a v e  a t o o t h  on the c u t t i n g  edge,  t h e  lateral 

v e r t i c a l  t o o t h  rows may have v a r i a b l e  prominence on t h e  c u t t i n g  e d g e  

because  o f  t h e  s i z e  and shape  of t h e  teeth. The c u t t i n g  edge  is 

s t r o n g l y  s c a l l o p e d .  

I n  S .  D r e v t f t L t s ,  S. d t m t d t a t u s ,  S. f r e n a t u s ,  s. gzobdceps ,  

S .  Zongdptnnts,  S. n t g e r ,  S. o v t c e p s ,  S. r t v u Z a t u s  and S. t r C c o Z o ~ ,  

t h e  t e e t h  are b r o a d  w i t h  a convex d i s t a l  edge.  When viewed 

a n t e r i o r l y ,  t h e y  are s u b r e c t a n g u l a r ,  w i t h  a scal lo-md c u t t i n g  edge 

which w a s  worn, even  i n  l a r g e  i n d i v i d u a l s .  I n  S. s p t n u s ,  t h e  t e e t h ,  

e s p e c i a l l y  i n  t h e  p r e m a x i l l a ,  are l o n g e r  t h a n  i n  the o t h e r  s p e c i e s  

i n  subgroup 'b '  . When viewed a n t e r i o r l y ,  t h e s e  t e e t h  are r o u g h l y  

hexagona l  and form a mosaic b u t ,  b e c a u s e  of wear,  t h e  c u t t i n g  e d g e  

remains  even.  

The remain ing  f o u r  s p e c i e s  ( s u b g r o u p  ' a ' )  a l l  p o s s e s s  e l o n g a t e  

t e e t h ,  p a r t i c u l a r l y  S .  f Z a v t p e c ~ o r a Z t s ,  S. schZegebt  and S c a r u s  sp. 

These  e l o n g a t e  t e e t h  are m o s t  n o t a b l e  i n  the premaxilla. Al though 

t h e  t e e t h  i n  a d j a c e n t  rows d o  n o t  r e a c h  t h e  c u t t i n g  e d g e  

s i m u l t a n e o u s l y ,  t h e  c u t t i n g  edge is  o n l y  weakly s c a l l o p e d  d u e  t o  

wear .  
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L a t e r a l  ' c a n i n e '  t e e t h  are p r e s e n t  i n  b o t h  subgroups .  I n  the 

f o u r  species e x m i n e d  i n  subgroup  ' a ' ,  lateral c a n i n e s  were  p r e s e n t  

ow b o t h  upper  and lower  jaws.  I n  subgroup b c a n i n e s  may be 

p r e s e n t  on  b o t h  jaws ( e . g .  S. r t v u L a f u s ,  S. gZobfceps,  

S ,  L o n g t p t n n i s  and S. s p t n u s  ), o r  o n l y  on  t h e  upper  jaw ( e . g .  

S, f r e n a t u s ,  S .  giaobban, S . n t g e s ,  S. r u b r o v t o b a c e u s  and 

S. $s%coLor ) ,  o r  may be completely & s e n t  (as i n  S .  d t m t d t a t u s  and 

S. o v t c e p s )  ( R a n d a l l  & Ckoat ,  1980, R a n d a l l  6; Bruce,  1983 and t h e  

p r e s e n t  s t u d y  ) , 

An a n a l y s i s  o f  t h e  maximum g a p e  o f  f r e s h l y  collected specimens 

f r o m  t h e  ' s o r d i d u s '  g roup  and the ' f r e n a t u s '  g roup  ( s e e  T a b l e  1 . 2  

f o r  species and l e n g t h s )  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  between 

t h e  two g r o u p s  (Mann Whitney U - t e s t  [MwU-test] p > 0.1, n l /n2  = 

40/%4, U1/U2 = 206/354; ' s o r d i d u s '  g roup  species' g a p e s  = 1 2 . 1 2  * 
0 , 5 4  [ i n  1 0 0 t h ~  o f  t h e  S .L . ;  mean * 95% C.I.], ' f r e n a t u s '  g roup  

s p e c i e s  g a p e s  = 1 2 . 5 1  * 2 . 5 7 ) .  

The suspensor ium 

The basic form o f  the suspensor ium resembles t h a t  of 

S. f r e n a t u s .  There  are, however,  s e v e r a l  v a r i a b l e  f e a t u r e s .  I n  

S, r u b r o v t o z a c e u s ,  and t o  a lesser e x t e n t  S. o v t c e p s ,  a t h i c k e n i n g  

o f  t h e  p o s t e r o d o r s a l  edge of t h e  e n t o p t e r y g o i d  and m e t a p t e r y g o i d  is 

p r e s e n t ,  w i t h  a w e l l  developed d o r s a l  no tch  and a lateral groove 

c a r r y i n g  t h e  mandibular  b r a n c h  o f  t h e  t r i g e m i n a l  n e r v e .  

Rounded p r o t r u s i o n s  o f  v a r i a b l e  s i z e s  are found on  the 

p o s t e r o d o r s a l  edge o f  t h e  suspensor ium,  n e a r  t h e  n o t c h  t h r o u g h  which 

t h e  mandibu la r  branch o f  t h e  t r i g e m i n a l  ne rve  passes. A s m a l l ,  
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rounded protrusion is present anterior t o  t h i s  notch i n  

S. fiavtpectoratts, S. ovtceps and S. rubrovtoZaceus, and posterior 

t o  the notch i n  S. dtmtdiatus, S. pstttacus and S. schZegeit. The 

sizes of these protrusions are variable within and between species. 

A la tera l  expansion of the posterodorsal edge of the entopterygoid 

may Be present i n  S. gtobtceps, and is well developed i n  S. sptnus. 

In S. sptnus, t h i s  entopterygoid la tera l  process closely resembles 

that  of juvenile S. sordtdus ( a t  about 5 0 m  S .L. ) .  The 

entopterygoid la te ra l  process of S. sptnus is broad and thin, with 

no la tera l  thickening and does not possess associated septa or  

concavities. I n  S. sptnus, the mandibular branch of the trigeminal 

nerve does not pass through the entopterygoid la te ra l  process as i n  

S.  sosdtdus,  but passes along a groove posterior t o  i t ,  as i n  other 

members of the 'frenatus' group. 

I n  a l l  species, the palatine dorsal process appeares t o  undergo 

some ontogenetic changes, with a reduction i n  length as the 

individual grows, I n  most species, the maxillary condyle faces 

anteriorly throughout development but it may become more ventrally 

orientated i n  large individuals of some species (e.g. 

S. fiavtpectoraZts and S. ghobban), as a result  of the curvature of 

the long palatine dorsal process. 

Finally, there is  some variation between species i n  the form o f  

the quadrate-preopercular attachment. I n  most species it has a 

fxenatus-like form but it may approach the interlocking 

sordidus-like form. This type of attachment between the two bones 

i s  found i n  S. rubroutoZaceus, S. fZavtpectoraZCs and, t o  a lesser 

extent, S. ghobban. 



The neurocranium 

I n  a l l  s p e c i e s  t h e  neurocranium c l o s e l y  resembles that o f  

S .  f r e n a t u s ,  wi th  a s h o r t  ethmoid-vomerine p roces s  b e a r i n g  poor ly  

developed m a x i l l a r y  condyles and l ack ing  any degree  o f  fu s ion  

between t h e  ethmoid and f r o n t a l s .  Zas i n  t h e  ' so rd idus '  group, a l l  

s p e c i e s  have s t r a i g h t  bas ipharyngeal  f a c e t s  and a s i n g l e  p a i r  o f  

t r i a n g u l a r  f o s s a e  i n  t h e  v e n t r a l  su r f ace .  The m o s t  d i s t i n c t i v e  

s p e c i e s  is S. sg tnus ,  which h a s  a p a r t i c u l a r l y  s h o r t  neurocranium 

wi th  a l u g e  s u p r a o c c i p i t a l  crest. I n  o v e r a l l  form, t h e  

neurocranium o f  s p e c i e s  i n  subgroup 'a '  is weaker t h a n  that o f  

s p e c i e s  i n  subgroup 'b'. I n  a d d i t i o n ,  t h e  bas ipharyngeal  f a c e t s  a r e  

r e l a t i v e l y  s h o r t  and broad i n  species o f  subgroup 'a', p a r t i c u l a r l y  

S. fLavipec toraZts .  

The pharyngeal  j a w s  

The upper pharyngeal  j a w s  o f  s p e c i e s  i n  t h e  ' f r e n a t u s '  group 

d i f f e r  l i t t l e  from those  o f  S. f r e n a t u s .  A l l  t h e  specimens examined 

had two rows o f  t e e t h  i n  t h e  upper j a w ,  with t h e  excep t ions  o f :  

S. rubrovioZaceus which h a s  o n l y  one row, one specimen of  

S .  f r e n a t u s  which had three rows on  one s i d e  and a s i n g l e  specimen 

o f  S. gzobtceps,  from a c o l l e c t i o n  o f  14 i n d i v i d u a l s ,  which had 

t h r e e  s m a l l  t e e t h  i n  a t h i r d  row on  one s i d e  of  t h e  upper pharyngeal  

j a w .  There i s  cons iderable  v a r i a t i o n  wi th in  and between species i n  

the s i z e ,  shape and number o f  teeth. 

The lower pharyngeals  are l ikewise similar t o  t h o s e  o f  

S. f r e n a t u s .  The d i f f e r e n c e s  between many of  t h e  species examined 

have been analysed q u a n t i t a t i v e l y  by Bruce (1979)  and w i l l  t h e r e f o r e  



n o t  be c o n s i d e r e d  i n  detail h e r e .  The o n l y  n o t a b l e  f e a t u r e  is t h e  

r e l a t i v e l y  l a r g e  area o f  the g r i n d i n g  s u r f a c e  i n  species o f  subgroup 

' a 9  * 

Myslog-y o f  ' f r e n a t u s '  g r o u p  s p e c i e s  

The d e g r e e  o f  f u s i o n  between APa and A2 i s  u s e d  as a c h a r a c t e r  

to d i v i d e  subgroups  ' aP  and ' b ' ,  a l t h o u g h  c o n s i d e r a b l e  v a r i a t i o n  i n  

the d e g r e e  o f  f u s i o n  exists w i t h i n  the two subgroups .  I n  subgroup 

a ,  t h e  d i v i s i o n  between Ala and A2 is comple te  i n  Scarus sp.,  b u t  

i n  t h e  remaining three species, a weak f i b r o u s  b r i d g e  o f  c o n n e c t i v e  

t i s s u e  is  p r e s e n t  between the two main t e n d o n s  of Ala and A2. I n  

subgroup  'b' s p e c i e s ,  the musc les  are f u s e d ,  b u t  some d e g r e e  of 

s e p a r a t i o n  n e a r  the muscu la r  o r i g i n  and on  the medial s u r f a c e  is 

p r e s e n t  i n  some i n d i v i d u a l s .  The e x t e n t  o f  s e p a r a t i o n  is dependent  

upon t h e  s p e c i e s ,  the s i z e  of t h e  specimen and  i n d i v i d u a l  v a r i a t i o n  

which,  o f t e n  as a r e s u l t  o f  v a r i a t i o n s  i n  t h e  e x t e n t  o f  the 

t endFnol~s  sheet thzt ccrers th= adductor i i  i n  iarge 

i n d i v i d u a l s ,  may c o n c e a l  a n y  s e p a r a t i o n .  A s u p e r f i c i a l  s u b d i v i s i o n  

n e a r  t o  t h e  s i te  o f  o r i g i n  h a s  been found i n  the f o l l o w i n g  species 

(numbers  o f  i n d i v i d u a l s  i n  p a r e n t h e s e s ) :  S. frenatus (3), S. niger 

(1 ), S. rubroutoLaceus ( I ) ,  S. brevif iLis ( 1) and  S. ovtceps ( 1 ) .  

a I n  a l l  cases, t h i s  d i v i s i o n  c o r r e s p o n d s  t o  t h e  d i v i d i n g  l i n e  

described i n  S. frenatus ( S e c t i o n  1 . 3 . 3 ) .  I n  subgroup  ' a '  species, 

the  two muscles  are c o m p l e t e l y  d i v i d e d  a l o n g  t h i s  l i n e .  

The o t h e r  form o f  myolog ica l  v a r i a t i o n  r e c o r d e d  is t h e  s i z e  of 

AlP, which w a s  r e l a t i v e l y  e l o n g a t e  i n  S . f LavtpectoraL ts and 

S. schLegeL6. I n  t h e  o t h e r  species t h e  v a r i a t i o n  w i t h i n  a s p e c i e s  

exceed  d i f f e r e n c e s  between species, making comparisons  between 
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s p e c i e s  u n r e l i a b l e .  I n t r a s g e c i f i c  v a r i a t i o n  appeared  t o  be a r e s u l t  

~f the i n c r e a s e  i n  t h e  p r o p o r t i o n  sf muscle  covered  b y  t h e  o u t e r  

t e n d i n o u s  l a y e r  i n  l a r g e r  i n d i v i d u a l s .  

The form o f  the muscu la tu re  o f  t h e  p h a r y n g e a l  a p p a r a t u s  is 

similar i n  a l l  of t h e  ' f a e n a t u s '  g r o u p  species examined. The o n l y  

d i f f e r e n c e  b e i n g  t h e  d e g r e e  o f  development .  The most r o b u s e  

muscu la tu re  was r e c o r d e d  i n  S. rubrov toZaceus .  

Within  S. s o r d t d u s  and S. f r e n a t u s ,  most v a r i a t i o n  i n  t h e  

o s t e o l o g y ,  myology and i n t e s t i n a l  p a t t e r n s  are s i z e - r e l a t e d  and are 

d i s c u s s e d  i n  C h a p t e r  2 .  Pn a d u l t s ,  t h e r e  was no n o t a b l e  v a r i a t i o n  

i n  t h e  o s t e o l o g y  o r  i n t e s t i n a l  p a t t e r n s  ( S e c t i o n s  1.3.2 and 1 . 5 ) ,  

w h i l s t  t h e  l i m i t e d  myolog ica l  v a r i a t i o n  was p r i m a r i l y  dependent  upon 

t h e  e x t e n t  of t h e  t e n d i n o u s  l a y e r  c o v e r i n g  t h e  a d d u c t o r  m u s c l e s  

( S e c t i o n  1.3.3). The l e v e l  o f  w i t h i n - s p e c i e s  v a r i a b i l i t y  i n  o t h e r  

s p e c i e s  is  comparable .  Between-species v a r i a b i l i t y  w i t h i n  e a c h  

Group or s~rhgrnldg is g r e a t e r  thtn withis-spec2 zs ~ a ~ i & i i i  k y  

a l t h o u g h  it was s t i l l  l i m i t e d  ( S e c t i o n s  1.3.4.1, 1.3.4.2 and 1.5 ) . 

summary 

1) Within  t h e  genus  S c a r u s  t h e r e  are two d i s t i n c t  m o r p h o l o g i a l  

groups  d e s i g n a t e d  t h e  ' s o r d i d u s '  g r o u p  and  t h e  ' f r e n a t u s '  g r o u p .  

2 )  ' S o r d i d u s '  g roup  species p o s s e s s  t e e t h  on  t h e  c u t t i n g  edge  o f  t h e  

jaws from a l t e r n a t i n g  v e r t i c a l  t o o t h  rows, a n  Awy, a n  

e n t o p t e r y g o i d  lateral p r o c e s s  and  t h r e e  upper  p h a r y n g e a l  t o o t h  

rows. T h i s  g roup  i n c l u d e s  : S. b b e e k e r t ,  S. g-Lbbus and  

S. s o r d i d u s .  

3 )  ' F r e n a t u s '  g roup  species p o s s e s s  teeth on  t h e  c u t t i n g  edge  o f  t h e  

j a w s  from e a c h  v e r t i c a l  t o o t h  row, a t h i n  strap-like A 3  and two  
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upper pharyngeal too-kh rows. 

4 )  The ' f r ena tus '  group is d iv ided  i n t o  two subgroups designated 'a' 

and b Spec ies  i n  subgroup 'a' t y p i c a l l y  have a separate  Alar 

and A2, whereas s p e c i e s  i n  subgroup 'b' have a fused  Ala/A2 

complex. Subgroup a'  inc ludes  : S.  fZavtpectoraZts, 

S. pstttacus, S. schLegeZt and S. s p .  (cf. ZunuLa). Subgroup 

'b' i n c l ~ d e s :  S. brevtftbts, S.  dtm%dtatus, S. frenatus, 

S. ghobban, S. gLobtceps, S. tongtptnnts, S. ntger, S. ovtceps, 

S. rtvuZatus, S. rubrovtoZaceus, S. sptnus and S. trtcoZor. 



This species most closely resembles members of the 'sordidus' 

group, but lacks many of the derived characters present i n  

'sordidus' and 'frenatus' group species, including the articulatory 

articular-dentary joint,  interdigitating upper pharyngeal tooth 

rows, cement covered dental plates, an entopterygoid la tera l  process 

and the dorsal subsection of A l ,  APP. C. btcobo~ is  an interesting 

species as it shares many characters with genera within the  

Sparisomatinae and, as the feast specialized member of the Scarinae, 

forms a link between the Sgarisomatinae and Scarinae. 

Oste010gy (Figs 1.16, 1.17 B, 1.18 A )  

The suspensorium 

Although C. btcsEos lacks a specialized entopterygoid, the 

suspensorium (Fig. 1 .16)  is  similar t o  that  of species i n  the 

'sordidus' group. The palatine dorsal process is short, with a 

ventrally orientated maxillary condyle, and the entopterygoid has a 

perforated area formed by an interlocking network of bone. The 

quadrate la tera l  ridge extends t o  the posterior extremity of the 

quadrate with the mid and posterior portion of the ventral part of 

the quadrate lying i n  a dorsal groove in the preoperculum as  i n  

'sordidus' group species. Characteristic features include a dorsal 

extension of the entopterygoid and a medial extension of the 

preopercular which fuses with the symplectic t o  create a small 

interspace bordered by the preopercular, symplectic and 

hyomandibula. 



The jaw apparatus 

The maxilla and premaxilla 

The maxilla md premaxilla of C. btcoto~ are dist inct ive.  06 

the two groups they most closely resemble the form of species i n  the 

'sordidus' group. The maxilla is  broad, with a moderately well 

developed head and medial process (Fig. 1.16). It has, however, 

many dist inct ive features. The maxillary arm bears a small 

premaxillary facet on the leading edge below a small protrusion, and 

possesses a broad posterodorsal process similar t o  those of species 

i n  the 'frenatus' group. The maxillary head has a small medial 

flange and bears a large, simple rounded facet with which it 

art iculates with the palatine. Anteriorly, the maxillary head bears 

a large premaxillary process which projects forward but tapers on  

the ventromedial surface, The medial process is poorly developed. 

It bears a single dorsolaterally orientated premaxillary condyle and 

a large cranial condyle which are both poorly developed. The 

insertion scars of the anterior maxillary premaxillary ligaments l i e  

along the edge of the medial process, the larger one lying medial t o  

the premaxillary condyle and the smaller posterior one la te ra l  t o  

the cranial condyle. The unusual insertion s i t e s  found i n  

'sordidus' group species are not present. On the medial surface of 

the maxillary arm, a prominent ridge i s  present, extending from the 

base of the medial process t o  the midpoint of the maxillary arm, 

where it terminates a t  the Al insertion scar.  

The premaxilla is robust (Fig. 1.16). It has a long stout 

ascending process with a deep ventral groove terminating near the 

base of the alveolar process. I n  C. bicoLor, the maxillary fossa is 



a simple deep p i t ,  w i t h  the s t r o n g e s t  'bone on the  ventromedial  

s u r f a c e  corresponding w i t h  the s t r o n g  vent romedia l  p a r t  of the 

p r e m h l l a r y  p roces s  on t h e  m a x i l l a .  On the distal p o s t e r i o r  face 

of t h e  b i f i d  a l v e o l a r  process, a f o s s a  and a facet are p r e s e n t .  

These correspond wi th  the p r o t r u s i o n  and p remax i l l a ry  condyle on the 

l e a d i n g  edge o f  the m a x i l l a r y  arm ( F i g .  1 .16  ) . On the  medial 

s u r f a c e ,  t h e  max i l l a ry  facet is poor ly  developed. The two i n s e r t i o n  

s c u s  o f  the a n t e r i o r  maxillary-premaxillary l i gamen t s  are p o o r l y  

d i f f e r e n t i a t e d .  The a n t e r i o r  scar is  a sha l low dep re s s ion  medial t o  

t h e  m a x i l l a r y  facet, w h i l s t  the p o s t e r i o r  s c a r . ( s i t e )  is i n  the deep  

groove on t h e  v e n t r a l  s u r f a c e  o f  the ascending process. This  groove 

is similar t o ,  b u t  much shorter t h a n ,  t h e  cor responding  groove i n  

S. frenazus. 

The t e e t h  o f  6. DCcobor are characteristic o f  t h e  species ( F i g .  

1 .16) .  O f  the two groups,  t h e y  m o s t  c l o s e l y  resemble t h o s e  o f  t h e  

' s o r d i d u s '  group. They are ar ranged  i n  a mosaic and are subovoid 

when viewed a n t e r i o r l y .  Each v e r t i c a l  row i s  r ep re sen t ed  on the 

c u t t i n g  edge b u t  wi th  a l t e r n a t i n g  prominence. T h i s  r e s u l t s  i n  a 

s t r o n g l y  c r e n a t e  c u t t i n g  edge ,  Unlike ' s o r d i d u s '  and ' f r e n a t u s '  

group species, there is no d i s t i n c t  cement cove r ing  ove r  t h e  d e n t a l  

plates, and the newly developed teeth p r o t r u d e  th rough the a l v e o l a r  

w a l l  ( as  i n  Euscarus [Board, 19561 and Sparisornu [ B o a s ,  1879 and 

Gygi, 19751) .  There are no can ine  t e e t h  i n  either jaw. 

The a r t i c u l a r  and d e n t a r y  

The a r t i c u l a r  and d e n t a r y  d i f f e r  markedly f r o m  those o f  the 

' s o r d i d u s '  group, p r i m a r i l y  as a r e s u l t  o f  the non-a r t i cu l a to ry  

n a t u r e  of t h e  j o i n t  between the two bones ( F i g .  1.16 ) . The 



a r k i c u l a r  h a s  t h r e e  processes :  t h e  a n t e r i o r  and p o s t e r i o r  ascending 

p roces ses ,  and t h e  descending p roces s .  The p o s t e r i o r  ascending 

p roces s  is  not  p r e s e n t  i n  ' s o r d i d u s '  and ' f r e n a t u s '  group s p e c i e s .  

The a n t e r i o r  ascending p roces s  o f  C. bicotor is cons iderably  longe r  

t han  i n  ' s o r d i d u s '  o r  ' f r e n a t u s '  group spec i e s .  O v e r a l l  t h e  

appearance o f  t h e  a r t i c u l a r  is  similar t o  t h a t  i n  t h e  less 

s p e c i a l i z e d  s c a r i d s  ( e . g .  Spartsorna cretense [Board, 19591 and 

N ~ C ~ ~ O L S ~ I P Q  [Gobalet ,  19801) and l a b r i d s  (Gobalet ,  1980, Rognes, 

1973, Tedman 1980 and Van Hasselt, 1979) .  On t h e  medial s u r f a c e ,  a 

medial a r t i c u l a r  s p i n e  is  p r e s e n t ,  w i th  t h e  a n t e r i o r  edge a t t a c h e d  

t o  a l a r g e  f l a n g e  which ex tends  a long  t h e  a n t e r i o r  bo rde r  o f  t h e  

descending p r o c e s s .  

The den ta ry  h a s  an e longa te  lateral process ,  t h e  d o r s a l  edge o f  

which is almost con f luen t  wi th  t h e  c u t t i n g  edge ( F i g .  1 . 1 6 ) .  Theme 

is no a r t i c u l a r  s o c k e t ,  merely a groove between t h e  lateral f l a n g e  

and a w e l l  developed angular  p r o c e s s .  The s u t u r e s  a t  t h e  medial 

symphysis are c h a r a c t e r i s t i c a l l y  complex and branched. The d e n t a l  

p l a t e s  and t e e t h  are comparable t o  t h o s e  o f  t h e  premaxi l la .  

The pharyngeal appa ra tus  

The pharyngeal  j a w s  d i f f e r  from t h o s e  of  ' s o r d i d u s '  and 

' f r e n a t u s '  group s p e c i e s  and b e a r  a c l o s e  resemblance t o  m e m b e r s  o f  

t h e  Sparisomatinae,  p a r t i c u l a r l y  Euscarus and Spartsoma ( f i g u r e d  i n  

Schul tz ,  1958) .  The lower pharyngeal  bone is  robus t  wi th  a convex 

toothed  s u r f a c e  ( f i g u r e d  i n  Schu l t z ,  1958 and H a t t o r i ,  1976, 1984) .  

Each of  t h e  upper pharyngeal  bones bear three rows of  t e e t h ,  wi th  

r e l a t i v e  widths o f  approximately 4 . 2  : 2.9  : 1 from innermost t o  

outermost ( f i g u r e d  i n  Schul tz ,  1958 and H a t t o r i ,  1976, 1984).  There 



i s  no in t e rd ig i t a t i on  between t h e  medial tooth rows. 

The neurocranium (Figs  1.17 B, P.18 A )  

The neurocranium of C. bdcobor is d i s t i nc t i ve  (F ig .  1 . 1 7  B ) .  

K t  is  elongate and l a t e r a l l y  compressed. The ethmoid-vornerine 

process is  long and curved, with two l a t e r a l  maxillary condyles on 

t h e  an t e r io r  extremity. The parasphenoid forms a deep 'keel '  

an t e r io r ly  and the  pharyngeal apophysis pos te r io r ly .  The l a t t e r  

bears t h e  s t rongly curved f ace t s  o f  t he  basipharyngeal jo in t  ( c .  i n  

Pig.  1.17 B ) .  In t h i s  species,  t h e  ridges on e i t h e r  s i de  of t h e  

s i t e s  of o r ig in  of t he  four th  leva tor  externus and leva tor  poster ior  

a r e  w e l l  developed. 

From a ven t ra l  perspective,  t h e  neurocranium d isp lays  two deep 

fossae (P ig .  1 8  A, 1, 2 )  The l a rges t  and deepest of these  

fossae ( # 1  i n  Fig. 1.18 A )  is homologous with t h e  l a rge  fossa  found 

i n  a l l  o ther  scar ids ,  namely, t h e  s i t e  of o r ig in  of t h e  poster ior  

p a r t  of t he  fourth levator  externus.  Between t h i s  deep fossa and 

t h e  pos te r io r  groove marking t h e  s i t e  of o r ig in  of t he  poster ior  

p a r t  of t h e  levator  poster ior  lies a smaller, deep t r i angu la r  fossa 

(#2 i n  Fig.  1.18 A ) .  This is the  s i t e  of o r ig in  of t h e  l a t e r a l  

sect ion of the  levator pos te r io r ,  the  f i b r e s  of which have a 

muscular inser t ion  on the  fourth epibranchial .  Such a fossa  has, so 

f a r ,  been recorded only from two species, C.  aCcoLor and 

3 .  murtcatum. 



Myology ( Pig .  I,l6 ) 

The myology o f  C, btcstor s t r o n g l y  resembles t h a t  o f  ' so rd idus '  

group s p e c i e s .  The t h r e e  adductor  muscle b locks ,  W $ ,  A2 and A 3  are 

a l l  w e l l  developed. 

The adductor  mandiBulbae 

S e c t i o n  A$ 

Sec t ion  W P  covers  a l a r g e  s u p e r f i c i a l  area of  t h e  adductor  

muscle mass ( F i g .  1.16). It arises from t h e  preoperculum, 

hyomandibula, metapterygoid and sympfect ic ,  and h a s  a tendinous  

i n s e r t i o n  on t h e  medial s u r f a c e  o f  t h e  m a x i l l a .  

S e c t i o n  A2 

Sec t ion  A2 is v e n t r a l  t o  ZU and arises from t h e  preoperculum, 

symplec t ic  and quadra t e  ( F i g .  1 6 ) .  I t  h a s  a tendinous  i n s e r t i o n  

on the p o s t e r i o r  medial  s u r f a c e  o f  t h e  d e n t a r y  lateral f l a n g e  and, 

t o  a l i m i t e d  e&ent ,  on t h e  medial s u r f a c e  o f  t h e  p o s t e r i o r  

ascending p roces s  o f  t h e  a r t i c u l a r .  

S e c t i o n  A3 

Sec t ion  A 3  is  t h e  l a r g e s t  and deepes t  o f  t h e  adductor  muscle 

b locks  ( F i g .  1.16). It l ies dorsomedial ly  and a r i s e s  from the 

p a l a t i n e ,  en topterygoid ,  metapterygoid,  hyomandibula and quadra t e .  

The main tendinous  i n s e r t i o n  is on t h e  d o r s a l  p a r t  o f  t h e  medial  

s u r f a c e  o f  t h e  d e n t a r y  lateral  f lange ,  w i th  a n  a d d i t i o n a l  smaller 

tendinous  i n s e r t i o n  on t h e  medial s u r f a c e  o f  t h e  a r t i c u l a r ,  at  the 

base of  t h e  a n t e r i o r  ascending p roces s .  



Figure 1.16 

The head of a 388 m S . L L .  Ced~sc~sus Bt.csLsr with the 

integument, nasal, lacrymal, circumorbita8s and part sf AA 

removed. 



I N ,  A 1  

I N ,  



Figure 1.17 A 

A lateral view of the neurocranium of Bozbometopon 

murtca%um. 

Figure 1,19 I3 

A lateral view of the neurocranium of Cetoscarus btcoZor. 

eth .vom.pr. Ethmoid-vomerine process. 
1at.max.con. Lateral maxillary condyle of the ethmoid-vomerine 

process. 
a. Anterior premaxillary condyle of the ethmoid- 

vomerine process. 
c .  Curved facets of the basipharyngeal joint. 



eth 

lat. max. con. 



Figure 1.18 W 

A v e n t r a l  view of the neurocranium sf C s t s s c a s u s  b t e o t o r .  

Figure 1.18 B 

Zh v e n t r a l  view of t h e  neuroeranium o f  BoZborneZopon 

mur ica~um.  

F igu re  1.18 C 

A v e n t r a l  view o f  t h e  neurscranium o f  Htpposcarus  tongtceps .  

F i g u r e  1.18 0 

A venkra l  view of the neurocraniuarr o f  Sca rus  s o r d t d u s .  

F igu re  1 .18  E 

A v e n t r a l  view of t h e  neurocraniura o f  S c a r u s  f r e n a t u s .  

In each f i g u r e  t h e  v e r t i c a l  scale bar is  l o  m. 

1 = A deep  fsssa; t h e  s i te  o f  o r i g i n  o f  the p o s t e r i o r  part o f  
the f o u r t h  l e v a t o r  e x t e r n u s .  

2 = A smaller fos sa ;  t h e  s i te of o r i g i n  o f  t h e  l e v a t o r  p o s t e r i o r .  





The adductor  musc%es are covered s u p e r f i c i a l l y  by a s t r o n g ,  

tendinous  s h e e t  that ex tends  from t h e  o r b i t  t o  t h e  p r e o p e r c u l m  and 

quadra te ,  w i t h  o n l y  the a n t e r i o r  s e c t i o n  remaining uncovered, This 

s h e e t  is an important  s i te  o f  o r i g i n  f o r  t h e  s u p e r f i c i a l  park of  the 

adductor  muscles. 

bUb is p r i m a r i l y  unip inna te  wi th  a s m a l l ,  deep b i p i n n a t e  

p o r t i o n ,  A2 is b i p i n n a t e  p o s t e r i o r l y  and t r i p i n n a t e  a n t e r i o r l y  and 

A3 i s  p r i m a r i l y  t r i p i n n a t e ,  wi th  some b i p i n n a t e  p o r t i o n s  

p o s t e r i o r l y .  A s  i n  S, sordidus, t h e  degree  o f  p inna t ion  is s t r o n g ,  

w i t h  r e l a t i v e l y  s h o e  fibres. 

Other  muscles 

Pn temand ibu la r  and Aw s e c t i o n s  are developed i n  C. bicoZor. 

There a r e  two d i v i s i o n s  o f  Aw: Awa and Awp. The attachment sites 

o f  both  s e c t i o n s  are similar t o  t h o s e  found i n  ' sord idus '  and 

' f r e n a t u s  ' group species. 

An a d d i t i o n a l  muscle which is absen t  i n  ' so rd idus '  and 

' f r e n a t u s '  group s p e c i e s  is p resen t  i n  C. btcobor. It connects  the 

a n t e r i o r  edge o f  t h e  media l  s u r f a c e  o f  the quadra te  t o  t h e  the 

p o s t e r i o r  f a c e  o f  the f l a n g e  connect ing the a r t i c u l a r  medial s p i n e  

and descending p r o c e s s .  An homologous muscle was descr ibed  i n  

Lep-toscarus vatgiensts (as  Scartchthys coeruteopunctatus) by Lubosch 

(1923) ,  who named it the M. adductor  mandibulae media l i s  and later, 

t h e  M .  quadra t0  mandibular i s  i n t e r n u s  (Lubosch, 1929).  A comparable 

muscle is f igu red ,  b u t  no t  labelled, by Board (1956) i n  Euscarus 

cretense ( a s  Sparisoma creeense). T h i s  muscle is  p re sen t  also i n  

atpposcarus tongiceps ( S e c t i o n  1.3.7). A similar muscle is p r e s e n t  



i n  labrids  ( Van B a s s e l t  , 1999 9. Winterbot tom ( 1974 ) , however, 

c o n s i d e r s  t h i s  muscle and the quadra to -mandibu la r i s  i n t e r n u s  i n  

scarids t o  be a p o s t e r i o r  e x t e n s i o n  o f  t h e  Aw. 

There  is  l i t t l e  d i f f e r e n c e  between the p h a r y n g e a l  m u s c u l a t u r e  

o f  C. bicotor and tha t  o f  ' s o r d i d u s '  g roup  species. It is s t r o n g  as 

i n  ' s o r d i d u s '  g roup  s p e c i e s ,  w i t h  t h e  o n l y  n o t a b l e  d i f f e r e n c e s  b e i n g  

t h e  s p e c i a l i z e d  fossa which forms the s i te  'of o r i g i n  o f  t h e  lateral 

f i b r e s  o f  the r e l a t i v e l y  w e l l  deve loped  l e v a t o r  posterior and the 

lack o f  a f o u r t h  e p i b r a n c h i a l  i n s e r t i o n  o f  the f o u r t h  l e v a t o r  

e x t e r n u s  (as  i n  ' f r e n a t u s '  g roup  s p e c i e s ) .  

Ligaments  

The l i g a m e n t s  o f  C. bCcotor are s i m i l a r  t o  t h o s e  o f  S. sordCdus 

w i t h  two n o t a b l e  e x c e p t i o n s :  the maxillary-premaxillary l i g a m e n t s  

and the a r t i c u l a r - d e n t a r y  l i g a m e n t s .  The a n t e r i o r  

m a x i l l a r y - p r e m a x i l l a r y  l i g a m e n t  c o n n e c t s  the a n t e r o m e d i a l  edge of 

t h e  m a x i l l a r y  medial p r o c e s s  t o  the v e n t r a l  s u r f a c e  o f  the 

premaxilla. It b i n d s  the two bones  t i g h t l y  b u t  lacks the 

d i s t i n c t i v e  i n s e r t i o n  sites found i n  S. sordfdus. The posterior 

m a x i l l a r y - p r e m a x i l l a r y  l igament  c o n n e c t s  the p o s t e r o d o r s a l  m a x i l l a r y  

head t o  the v e n t r a l  a scend ing  p r o c e s s  o f  the p r e m a x i l l a  w i t h  a f e w  

fibres c o n n e c t i n g  t o  the a n t e r i o r  edge o f  the r o s t r a 1  c a r t i l a g e .  

This l i g a m e n t  is similar t o  that  of S. sordidus. B o t h  l i g a m e n t s ,  

however, have  a more s t r a p - l i k e  form t h a n  t h o s e  of S. sordCdus. 

The a r t i c u l a r - d e n t a r y  l i g a m e n t  d i f fers  from members o f  the 

' s o r d i d u s '  and ' f r e n a t u s '  g r o u p s  because  o f  the  n o n - a r t i c u l a t o r y  

n a t u r e  o f  the a r t i c u l a r - d e n t a r y  j o i n t .  However, it resembles 



c l o s e l y  t h e  form o f  s p e c i e s  w i th in  t h e  Sparisomatinae.  The a n t e r i o r  

a r t i c u l a r  ascending p roces s  is s t r o n g l y  bound t o  t h e  den ta ry  by 

l igaments  along t h e  d o r s a l  and v e n t r a l  edges  corresponding t o  t h e  

a n t e r i o r  and p o s t e r i o r  a r t i c u l a r - d e n t a r y  l igaments  i n  S. sordtdus. 

A t h i r d  l igament is p r e s e n t  connect ing t h e  d i s t a l  end o f  t h e  

p o s t e r i o r  a r t i c u l a r  ascending p roces s  t o  t h e  p o s t e r i o r  edge o f  t h e  

d e n t a r y  l a t e r a l  f l a n g e .  I n  S .  sordtdus t h e  p o s t e r i o r  ascending 

p roces s  and ligament are bo th  absen t .  

Summarj! 

1) C. bicoEsr is  t h e  most p r i m i t i v e  o f  t h e  Sca r inae  and s h a r e s  many 

f e a t u r e s  wi th  s p e c i e s  i n  t h e  Sparisomatinae ( e s p e c i a l l y  Spartsomu 

and Euscarus). These inc lude :  

a ) The absence o f  an  art  icu lar -dentary  a x t i c u b a t  ion .  

b )  Upper pharyngeals  each bea r ing  t h r e e  rows o f  t e e t h  wi th  t h e  

i n n e r  two rows be ing  w e l l  developed and t h e  absence of 

i n t e r d i g i t a t i o n  between t h e  medial  rows. 

c )  The deep j a w s  w i t h  c r e n a t e  c u t t i n g  edges,  no cement over  t h e  

d e n t a l  p l a t e s  and no lateral can ines .  

d )  The presence  o f  a quadrato-mandibularis-internus. 

2 )  Of t h e  two groups, C. btcoLor m o s t  c l o s e l y  resembles t h e  s p e c i e s  

i n  t h e  ' s o r d i d u s '  group b u t  l a c k s  many o f  t h e  s p e c i a l i z e d  

f e a t u r e s  a s s o c i a t e d  wi th  t h i s  group. These inc lude  t h e  muscle 

s e c t i o n s  A l p  and Awy and t h e  en topterygoid  lateral process ,  a l l  

o f  which a r e  absen t  i n  C. btcoLor. 

3 )  The a n t e r i o r  maxil lary-premaxil lary l igament  b inds  t h e  two bones 

and is  r e l a t i v e l y  t h i n  and s t r a p - l i k e .  

4 )  The premaxi l la ry  p roces s  and max i l l a ry  f o s s a  a r e  w e l l  developed 

b u t  have a s imple s t r u c t u r e .  



5 )  The neuroeranium possesses two deep fossae ow the ventral 

surface. These are the s i t e s  of origin of a part of the fourth 

levator externus and levator posterior. 



1.3.6 BoLbomefopon murdcatum 

Botbome%opon muricatum is a dist inct ive species with a deep 

body and a hump on the forehead. This species i s  closely relaked 

t o  6. DtcoZsr and shares many morphological characters including: 

a non-articulatory articular-dentary joint,  teeth which visibly 

protrude through the alveolar wall, curved facets of the  

basipharyngeal joint,  three rows of teeth in  the upper pharyngeal 

Bones ( the inner two rows sf  which are well developed), a n  

elongate ethmoid-vomerine process and a specialized fossa a t  the 

s i t e  s f  origin for  the la tera l  park of the levator posterior. 

Despite i t s  similarity t o  C. btcozor, it also shares some 

characters with members of the 'sordidus' group. These are: the  

form of the premaxillasy process on the maxilla and the form of 

the anterior maxillary-premaxillary ligament. 

Osteology (Figs 1.17 A, 1.18 8 ,  1.19) 

The suspensorium 

The suspensorium (Pig. 1 . 1 9 )  bears a strong resemblance t o  

that  of C, btcoZor (Fig. 1.16). It is broad and shallow, with 

the deepest area of the entopterygoid bearing several small 

perforations. The dorsal edge has no thickening, no 

entopterygoid l a t e r a l  process and possesses a short palatine 

dorsal process with a ventrally directed condyle. 

It has, however, several dist inct ive features which d i f fe r  

from both C. btcotor and the 'sordidus' group. The overall shape 

is ventxally narrower than C. btcobor and S. sordtdus. I t  is 



r e l a t i v e l y  deeper  (mean width/depth: 3. muricatum, 0.66: 

C. BicoLor, 0.80; S. so rd idus ,  0 .87) ,  wi th  t h e  p a l a t i n e  d o r s a l  

process i n  a more v e n t r a l  p o s i t i o n .  The p o s t e r i o r  p a r t  o f  t h e  

quad ra t e  lies lateral  t o  the preoperculum a s  i n  ' f r e n a t u s '  group 

sp@cies, and lacks t h e  deep dorsal groove that ex t ends  t o  the 

p o s t e r i o r  ex t r emi ty  as' found i n  ' s o r d i d u s '  group species, some 

members o f  t h e  ' f r e n a t u s '  group and C. b i c o t o r .  I n  B. muricatum, 

t h e  p o s t e r i o r  part o f  t h e  q u a d r a t e  h a s  an  i r r e g u l a r  medial 

s u r f a c e  which i n t e r d i g i t a t e s  w i t h  similar i r r e g u l a r i t i e s  on the 

preoperculum. The medial v e n t r a l  s u r f a c e ,  and t o  a lesser 

exkent ,  the  a n t e r i o r  v e n t r a l  s u r f a c e  o f  the quad ra t e  bear a deep  

v e n t r a l  groove i n t o  which t h e  preoperculum i n s e r t s .  Th i s  

connec t ion  i s  s t r o n g e r  t h a n  that o f  C. btcotor or S. so rd tdus .  

F i n a l l y ,  t h e  most c h a r a c t e r i s t i c  f e a t u r e  of t h e  suspensorium of 

B. muriceturn is the raised network of bony laminae on the 

a n t e r o d o r s a l  s u r f a c e  o f  t h e  p a l a t i n e  ( n o t  appa ren t  i n  F i g .  

1 . 1 9 ) .  This f e a t u r e  h a s ,  so f a r ,  on ly  been recorded  i n  t h i s  

s c a r i d  species. 

The j a w  appa ra tu s  

The m a x i l l a  and premaxi l la  

The maxilla and p remax i l l a  ( P i g .  1 .19 )  are similar t o  t h o s e  

o f  C.  bicoLor ( P i g .  1 . 1 6 ) .  The maxilla does,  however, d i f fer  i n  

s e v e r a l  impor tan t  f e a t u r e s :  the p remax i l l a ry  p r o c e s s  is  s h o r t e r ,  

t h e  medial  f l a n g e  o f  t h e  m a x i l l a r y  head is reduced, there is a 

l a r g e  c a v i t y  f o r  t h e  i n s e r t i o n  o f  the a n t e r i o r  max i l l a ry  - 

premax i l l a ry  l igament on the medial p roces s  (as  i n  S. s o r d i d u s ) ,  

t h e  c r a n i a l  condyle is reduced and the raised medial  r i d g e  



bearing the insertion scar of A 1  is short (and therefore nearer 

t o  the medial process). With the exception of the reduced 

cranial condyle, these features a l l  tend towards the s ta te  found 

i n  'sordidus' group species. 8. murtcafum also lacks the small 

condyle mid-way along the anterior edge of the maxillary arm, 

which is present i n  Both C. b i c o t o r  and S ,  s o r d t d u s .  

The premaxilla laewise  differs  from that  of C ,  btco' lor  i n  

several features: the maxillary fossa is raised (as  i n  

S. s s r d t d u s ) ,  the relatively short ascending process has no 

marked la tera l  groove for the palatine dorsal process and has a 

poorly developed maxillary condyle (both are developed in  

C. b i c o b o r  and S .  s o r d t d u s ) ,  the maxillary facet is relatively 

well developed, and a deep concavity is  present i n  the proximal 

medial surface of the ascending process ( the  insertion s i t e  of 

the anterior maxillary - premaxillary ligament). 

The dental plates of B .  murica-cum (Fig. 1 .19)  are deeper 

than those of C. b t c o b o r  (Fig. 1 . 1 6 ) .  The teeth form a mosaic 

comparable t o  that  of C, bicoZor but are covered by a thin layer 

of cement near the base of the dental plate. The most 

characteristic feature of the jaws is the presence of a small 

rounded protrusion (tubercule) a t  the base of each tooth. The 

taxonomic importance of t h i s  character was noted by Valenciennes 

(Cuvier & Valenciennes, 1839, p208-9) i n  h i s  original description 

of th i s  species ( a s  s c a r u s  m u r i c a f u s ) .  The cutting edges of the 

jaws are strongly crenate as i n  C. b t c o b o r .  



'$he ar t icular  and dentary 

As i n  C. btcotor, there is no articular-dentary articulation 

i n  8. murtcatum ( P i g .  1 .19 ) .  The art icular  is almost identical 

t o  that  of C. btcotor, the only differences being the relative 

proportions. For example, i n  8 .  murtcatum, the medial flange is 

narrower, the anterior ascending process is shorter and the 

flange joining the two ascending processes is larger. The 

dentary likewise closely resembles that of C. btcotor.  The 

insertion scars and medial sutures are similar, although the 

overall shape is deeper. The teeth have the characteristic 

rounded protrusion and there is a thin layer of cement near the 

alveolar base. Although there is  no articular-dentary 

articulation, the dentary has a short recessed groove into which 

the anterior articular ascending process inserts.  T h i s  condition 

approaches the s ta te  found in  those species with an articulatory 

articular-dentary joint. 

The pharyngeal apparatus 

The pharyngeal jaws of B.  murtcatum are almost identical t o  

those of C. btcotor. The upper pharyngeal bones have three rows 

of teeth, the inner two of which are well developed, with 

relative widths of approximately 4.5:3.3:1 from innermost t o  

outermost. I n  the specimens examined, the outer row was not as  

well developed as i n  c.  btcotor.  The degree of interdigitation 

between the medial tooth rows is minimal but greater t h a n  

C .  btcotor.  The lower pharyngeal i s  robust, with a broad 

grinding surface. The pharyngeal bones of B.  murtca%um are 

figured i n  Schultz (1958) ( a s  CnLorurus gtbbus ). 



The neurocranium (Figs 1.17 A, l.18 B) 

The neurocranium of B .  mustcaturn is strongly characteristic 

of the species (Figs 1.17 A, 1.1 B ) .  It is  deep, and possesses a 

ventrally protruding vomer, an ethmoid with a protruding areolar 

network of laminae and a large supraoccipital crest (Pig. 

1.17 A ) .  The basic f s m  of the neurocranium resembles that of 

c .  Dtcotor, and shares two specific characters that  have, so far ,  

been recorded only in these two species of Scarinae. These aret 

the curved facets of the basipharyngeal joint ( c .  i n  Fig. 

1 .17  A) and the second pair  of deep triangular fossae on the 

ventral surface ( the  s i t e  of origin of the external part of the 

levator posterior, No. 2 in  Fig. 1.18 B )  . A s  in  C, btcobor, 

3. muricafum possesses a deep 'keel' on the anterior 

parasphenoid, well developed ridges a t  the s i t e s  of origin of the 

fourth levator externus and levator posterior, and a well 

developed pair of l a te ra l  maxillary condyles on the vomer. I n  

8 .  murtcatum, a pair  of anteriorly facing facets ( a .  i n  Pig. 

1 . 1 7  A) are present on the anterior face of the vomer. These 

facets have been recorded only i n  t h i s  species, and appear to 

form a compression point between the neurocranium and the 

premaxilla via the rostra1 cartilage. 



Myolsgy ( P i g ,  I .  I9 ) 

Adduckor mandibulae 

Sec t ion  A1 

Sec t ion  Al is t h e  m o s t  s u p e r f i c i a l  o f  t h e  adductor  muscles 

( F i g .  %.19), It arises f r o m  t h e  preoperculum, hyomandibula, 

m e t a p t e q g s i d  and symplectic, and from a t end inous  l a y e r  cove r ing  

t h e  adductor  muscle mass. It i n s e r t s  on to  a r a i s e d  process at 

t h e  base  of the maxillary medial  p roces s ,  t h e  former be ing  marked 

by a rounded i n s e r t i o n  scar. 

Sec t ion  A2 

Sec t ion  A2 l ies v e n t r a l  t o  t h e  o t h e r  muscles ( F i g .  1 . 1 9 ) s  

wi th  o r i g i n s  on t h e  quadra te ,  symplectic and preoperculum. It 

h a s  two t end inous  i n s e r t i o n s :  t h e  l a r g e r  i n s e r t i o n  is on t h e  

p o s t e r i o r  medial s u r f a c e  o f  the d e n t a r y  lateral p roces s ,  w h i l s t  

t h e  smaller i n s e r t i o n  is  on t h e  d i s t a l  medial  s u r f a c e  of the, 

p o s t e r i o r  a r t i c u l a r  ascending p r o c e s s .  

Sec t ion  A3 

S e c t i o n  A3 i s  t h e  deepes t  of t h e  main adductor  muscles ( F i g .  

1 9 ,  wi th  o r i g i n s  on the en top te rygo id ,  metapterygoid,  

hyomandibula and quad ra t e .  It  i n s e r t s  on bo th  t h e  d e n t a r y  and 

a r t i c u l a r .  The main i n s e r t i o n  is o n t o  t h e  d o r s a l  medial  s u r f a c e  

o f  t h e  d e n t a r y  lateral f l ange ,  w i th  a s m a l l  posterior p a r t  of 

t h i s  tendon i n s e r t i n g  on to  t h e  medial s u r f a c e  o f  t h e  a r t i c u l a r ,  

medial t o  t h e  a r t i c u l a r  i n s e r t i o n  o f  A 2 .  



Figure 1.19 

The head of a 546 mm S . L .  Botbornetopsn murtcatum w i t h  

the integument,  n a s a l ,  lacqmal, c ircumorbi ta l s ,  t endinous  

s k e e t  c o v e r i n g  the adductor muscle  mass and part of Aa 

removed. 





T'he XL muscle mass is  b i p i n n a t e  w h i l s t  bo th  A2 and A3 a r e  

mu l t ip inna te  . 

The in t emanddbu la r  and Aw s e c t i o n s  are developed i n  

B. murtcatum, and as i n  C. btcoLor, t h e  quadrato-mandibularis is 

r e l a t i v e l y  w e l l  developed. me pharyngeal musculature c l o s e l y  

resembles t h a t  o f  C. Bicstor, with  a r e l a t i v e l y  w e l l  developed 

f o u r t h  l e v a t o r  ex t e rnus  and l e v a t o r  p o s t e r i o r ,  and no d i s c e r n i b l e  

i n s e r t i o n  of  t h e  f o u r t h  Pevator  ex t e rnus  on t h e  f o u r t h  

e p i b r a n c h i a l  . 

The l igaments  

The l igaments  s f  8, murCcaeum d i f f e r e d  l i t t l e  from t h o s e  of 

t h e  ' s s r d i d u s '  group and C. btcoLor. O f  p a r t i c u l a r  i n t e r e s t  are 

t h e  a n t e r i o r  maxil lary-premaxil lary l igament  and 

a r t i c u l a r - d e n t a r y  l i gamen t s .  The a n t e r i o r  maxil lary-premaxil lary 

l igament  is  similar t o  that  o f  S. sordtdus. It is s h o r t  and 

t h i c k ,  and possesses  deep i n s e r t i o n  s i t e s ,  i n  c o n t r a s t  t o  t h a t  of 

C. bteoto~. The a r t i c u l a r - d e n t a r y  l igaments ,  however, a r e  

i d e n t i c a l  t o  t hose  o f  C. bicoLor, r e f l e c t i n g  t h e  non-ar t icu la tory  

n a t u r e  o f  t h e  a r t i c u l a r - d e n t a r y  j o i n t  i n  t h e  two s p e c i e s .  

The o v e r a l l  form o f  8. murtcatum is s i m i l a r  t o  that of 

C. btcotor and reflects t h e  c l o s e  r e l a t i o n s h i p  between t h e  t w o  

s p e c i e s .  However, many f e a t u r e s  tend  towards the form found i n  

' s o r d i d u s '  group s p e c i e s .  Th i s  sugges ts  that  8, murtcatum is 

more c l o s e l y  r e l a t e d  t o  the ' s o r d i d u s '  group t h a n  C, btcotor is, 

and may r ep resen t  an i n t e r m e d i a t e  form. These ' s o r d i d u s 1 - l i k e  



f e a t u r e s  i n c l u d e  : t h e  form o f  t h e  a n t e r i o r  

maxil lary-premaxil lary l igament ,  t h e  max i l l a ry  f s s s a  of %he 

premaxibla and t h e  a r t i c u l a r - d e n t a r y  j o i n t ,  th@ presence  sf 

cement on t h e  d e n t a l  p l a t e s  and the inc reased  i n t e r d i g i t a t i o n  o f  

t h e  medial t o o t h  rows on t h e  upper pharyngeal  j a w  bones. 

1) The o v e r a l l  shape o f  B. murtcatum is unusual  wi th  a deep body and 

bulbous p r o t r u s i o n  on t h e  head. 

2 )  B .  muricatum c l o s e l y  resembles C, btcoZor and shares many 

f e a t u r e s .  These inc lude :  

a )  A non-a r t i cu l a t ing  a r t i c u l a r - d e n t a r y  j o i n t .  

b )  No Alp and Awy. 

c) Teeth i n  a mosaic form wi th  a c r e n a t e  c u t t i n g  edge. 

d )  No lateral can ines .  

e )  Upper pharyngea ls  having t h r e e  rows o f  t e e t h ,  the i n n e r  two of 

which are well-developed and do  not  i n t e r d i g i t a t e  media l ly .  

3 )  Severa l  morphological f e a t u r e s  i n  B. muricatum show a degree  of 

s i m i l a r i t y  w i t h  t h o s e  o f  S, s o r d t d u s .  The premaxi l la ry  p roces s ,  

maxi l la ry  f o s s a  and the a n t e r i o r  maxil lary-premaxil lary l igament  

c l o s e l y  resemble the form i n  S ,  so rd tdus ,  w h i l s t  the l a y e r  of 

cement a t  t h e  base o f  t h e  d e n t a l  p l a t e s  and t h e  form o f  t h e  

a r t i c u l a r - d e n t a r y  j o i n t  bo th  t e n d  towards a S. so rd idus - l i ke  

f o m .  

4 )  B. murtcatum h a s  three unique morphological  f e a t u r e s :  

a) A rounded bump ( t u b e r c u l e )  a t  the base o f  each t o o t h .  

b )  P ro t rus ions  on t h e  ethmoid and p a l a t i n e  d o r s a l  p roces s  formed 

by a network o f  bony laminae. 



c )  A pair of anteriorly facing facets on the vortex. 



1.3.7 Hkpposcarus Longtceps 

Htpposcarus Lsngiceps is  a member o f  one  o f  the most 

monphologica%ly d i s t i n c t  g e n e r a  of scarids, characterized b y  a 

p r o t r u d i n g  a n g u l a r  s n o u t .  H, Lsngiceps is p a r t i c u l a r l y  i n t e r e s t i n g  

as it p o s s e s s e s  many f e a t u r e s  i n  common w i t h  ' f r e n a t u s '  g r o u p  

s p e c i e s ,  b u t  lacks the  d i a g n o s t i c ,  straplike A3 muscle .  I t  has, i n  

a d d i t i o n ,  s e v e r a l  f e a t u r e s  which bear a c l o s e r  resemblance  t o  

Cetosc~rus DtcoLor or ' s o r d i d u s '  g r o u p  s p e c i e s  t h a n  ' f r e n a t u s '  g r o u p  

species. I t  is  u n u s u a l  i n  t h a t  it lacks the d o r s a l  d i v i s i o n  of A l ,  

U P I  which is p r e s e n t  i n  b o t h  the ' s o r d i d u s '  and ' f r e n a t u s '  g r o u p  

s p e c i e s ,  but a b s e n t  i n  C. DicsLor and  8 .  rnurtcatum. 

Osteo logy  ( F i g s  1-18 6, 1 .20 ,  1 . 2 1  A )  

The suspensor ium 

The suspensor ium ( P i g .  1 ,2O)  bears a s u p e r f i c i a l  resemblance 

t o  tha t  o f  ' f r e n a t u s '  g roup  s p e c i e s .  It is e l o n g a t e ,  w i t h  a s h a l l o w  

a d d u c t o r  f o s s a ,  no dorsal t h i c k e n i n g  and has a p r o t r u d i n g  p a l a t i n e  

dorsal p r o c e s s  w i t h  a n  a n t e r i o r l y  f a c i n g  m a x i l l a r y  c o n d y l e .  The 

m o s t  c h a r a c t e r i s t i c  f e a t u r e  is a s h a l l o w  f o s s a  n e a r  t h e  a n t e r o d o r s a l  

edge  o f  the dorsal no tch .  The suspensor ium does ,  however, d i f f e r  

from ' f r e n a t u s '  g r o u p  s p e c i e s  i n  s e v e r a l  major  f e a t u r e s .  As i n  

C.  btcobor and B .  muricatum ( S e c t i o n s  1.3.6 and 1 . 3 . 7 ) ,  it has a 

s m a l l  d o r s a l  n o t c h  and a p a l a t i n e  dorsal p r o c e s s  t h a t  l ies  below the 

lower  l e v e l  o f  the o r b i t .  The q u a d r a t e  lateral r i d g e  e x t e n d s  almost 

t o  t h e  p o s t e r i o r  e x t r e m i t y  o f  the q u a d r a t e ,  and w i t h  the e x c e p t i o n  

o f  a s m a l l  a n t e r i o r  s e c t i o n ,  the v e n t r a l  edge  l ies i n  a deep g r o o v e  

i n  t h e  preoperculum.  The groove formed b y  the q u a d r a t e  lateral 



ridge i s  deep and V-shaped compared with the broad and U-shaped 

groove i n  C. btco&ss, 'sordidus' group species and some members of 

the 'frenatus' group. 

The jaw apparatus 

The maxilla and premaxilla 

The maxilla (Fig. 1.20) resembles those of species i n  the 

'frenatus' group (Pigs 1,5 C, D ) .  It has a well developed 

pos%erodorsal process on the maxillary arm, a well developed 

maxillary head with a complex articulatory socket, and a large 

medial premaxillary condyle. However, it possesses a small 

premaxillary process om the maxillary head as in  C. btcolor, 

B. murtcatum and 'sordidus' group species. A large but poorly 

developed cranial condyle is  also present. 

The form of the premaxilla (Pig. 1.20 ) is  intermediate between 

that  of 'frenatus' group species and C. btcolor. The overall 

appearance is similar t o  that  of C. btcotor but it has several 

s tructural  features closely resembling those of 'sordidus' and 

'frenatus' group species. The ascending process i s  elongate bu t  

lacks the ventrolateral concavity found i n  C. b6coZor. The alveolar 

process possesses a maxillary fossa of a similar s ize t o  that of 

3.  murtca~um or of 'sordidus' group species, but it has a more basic 

pit-like form as i n  C. btco&or. 

When viewed anteriorly, the form of the anterior teeth of the 

premaxilla appears intermediate between those of 'sordidus' and 

'frenatus' group species. Each vertical tooth row has a 

representative on the cutting edge but, because of the size of the 



t e e t h ,  t hey  have a l t e r n a t i n g  prominence. The r e s u l t a n t  

i r r e g u l a r i t i e s  are, however, reduced due t o  wear. L a t e r a l l y ,  t h e  

t e e t h  closePy resemble t h o s e  o f  ' f r e n a t u s '  group spec i e s ,  w i t h  

developmental rows at  an  ang le  t o  t h e  c u t t i n g  edge and a weakly 

sea l loped  c u t t i n g  edge ( P i g .  1 . 2 0 ) .  Towards t h e  ang le  o f  t h e  jaws, 

t h e  t e e t h  become d i s t i n c t l y  angu la r  and form a s h o r t ,  s e r r a t e d  row. 

Lateral ' c an ine '  t e e t h  a r e  p r e s e n t  i n  t h i s  reg ion  b u t  are not  as 

w e l l  def ined  as i n  S. so rd tdus  o r  S. f r e n a t u s .  They bea r  a c l o s e  

s i m i l a r i t y  t o  t h e  angu la r  t e e t h  on t h e  c u t t i n g  edge and t h e r e  

appears  t o  be  some c o n t i n u i t y  between t h e s e  t w o  sets o f  t e e t h .  The 

p r e m a i l l a  h a s  a cement cover ing  ove r  t h e  d e n t a l  p l a t e s ,  which is 

t r a n s l u c e n t  whi te  i n  co lou r .  The o v e r a l l  appearance is similar t o  

t h a t  of  C. btcoZor, b u t  t h e  s t r u c t u r e  is c l o s e r  t o  t h a t  of 

' so rd idus '  and ' f r e n a t u s '  group s p e c i e s .  

The a r t i c u l a r  and d e n t a r y  

H. Zongtceps h a s  an a r t i c u l a t o r y  a r t i c u l a r - d e n t a r y  j o i n t  ( P i g .  

1 . 2 0 )  as i n  ' so rd idus '  and ' f r e n a t u s '  group s p e c i e s .  The a r t i c u l a r  

most c l o s e l y  resembles t h a t  o f  ' f r e n a t u s '  group species. It h a s  a 

long,  s imple medial  s p i n e  and a c h a r a c t e r i s t i c  r i d g e  on t h e  d o r s a l  

edge o f  t h e  ascending p roces s .  The den ta ry ,  however, more c l o s e l y  

resembles t h a t  o f  C. b icsbor ,  b u t  is more e longa te  wi th  t h e  d o r s a l  

edge o f  t h e  narrow lateral f l ange  almost  con f luen t  wi th  t h e  c u t t i n g  

edge.  I t  h a s  a w e l l  developed angu la r  p roces s  and t h e  medial 

s u t u r e s  have a s i n g l e  i n f l e c t i o n .  The t e e t h  o f  t h e  den ta ry  are 

similar t o  t h o s e  o f  S .  f r e n a t u s ,  wi th  t h e  except ion o f  t h o s e  n e a r  

t h e  angle  of  t h e  j a w s  which a r e  weakly po in t ed ,  resembling t h e  

angu la r  t e e t h  on t h e  c u t t i n g  edge of  the p remax i l l a .  Each v e r t i c a l  



tooth row is represented on the scalloped cutting edge which may 

appear even due to wear. The dental plates are covered i n  cement as  

i n  the premaxilla. 

The pharyngeal apparatus 

The pharyngeal jaws bear a close resemblance t o  those of 

'frenatus' group species. The upper pharyngeal bones have large 

medial tooth rows which interdigitate medially. Unlike the 

'frenatus' group species, however, a third small outer tooth row is 

present on each upper pharyngeal bone. I n  the specimen examined, 

kwo teeth were present i n  each outer row ( c f .  seven in  the inner two 

rows), with the relative widths of the teeth i n  each row being 

7 .1 :2 .9 :1  from innermost t o  outermost. 

The neuroeranium (Figs 1 .18  C, 1 . 2 1  A) 

The form of the neurocranium is  intermediate between that of 

C. bicotor and 5. sordidus. The ethmoid-vomerine process b a r s  a 

pai r  of d i s t a l  maxillary condyles and is of a moderate length. The 

main body closely resembles the 'sordidus' and 'frenatus' groups i n  

overall shape. Only one pair  of fossae are developed on the ventral 

surface, The second pair of fossae which form the insertion s i t e s  

for  the external part of the levator posterior i n  C.  bCcoLor and 

8. murtcaZum (No. 2 i n  Figs 1 .18  A, B )  are not developed. (Only a 

small depression is present). The facets of the basipharyngeal 

joint on the pharyngeal apophysis are straight.  



Myology ( Fig .  1.20 ) 

%he myology of H. Zongtceps is unusua l .  I t  h a s  a s u p e r f i c i a l  

resemblance t o  C. btcoZop, as it l a c k s  the d o r s a l  d i v i s i o n  o f  XL, 

the Alp, which i s  found i n  bo th  ' s o r d i d u s '  and ' f r e n a t u s '  g roup  

species. Upon closer examination, however, the musculature  bars  a 

c l o s e r  resemblance t o  m e m b e r s  o f  t h e  ' f r e n a t u s '  group. 

The adductor  mandibulae 

Sec t ion  A% 

Sec t ion  Al occup ie s  the g r e a t e r  p r o p o r t i o n  o f  the s u p e r f i c i a l  

area s f  t h e  m a x i l l a r y  fossa ( P i g .  1.20). I t  is  t h e  l a r g e s t  

adaducto~ muscle and arises from the  hyomandibula, metapterygoid,  

symplec t ic ,  preoperculum, and t o  a lesser e x t e n t ,  from a s u p e r f i c i a l  

t endinous  l a y e r  cove r ing  p a r t  of t h e  adduc to r  muscle mass. The 

fibres are r e l a t i v e l y  long  and weakly b i p i n n a t e  i n  lateral s e c t i o n .  

The main i n s e r t i o n  s i te  is on the medial  s u r f a c e  of t h e  m a x i l l a  as 

i n  the ' f r e n a t u s '  group, a l though an  a d d i t i o n a l  smaller t e n d i n o u s  

i n s e r t i o n  is p r e s e n t  on t h e  medial  p o s t e r o d o r s a l  ex t r emi ty  of the 

d e n t a r y  lateral f l a n g e .  A s m a l l  t e n d i n o u s  at tachment  is also 

p r e s e n t  between the  a n t e r i o r  medial s u r f a c e  o f  Al and the 

a n t e r o d o r s a l  s u r f a c e  o f  A2, similar t o  t h e  connec t ions  found i n  some 

members o f  subgroup ' a '  o f  the ' f r e n a t u s '  group ( S e c t i o n  1 . 3 . 4 . 2 ) .  

Unl ike ' so rd idus '  and ' f r e n a t u s '  group species, t h e r e  is  no Alp. 

S e c t i o n  A2 

Sec t ion  A2 ( F i g .  1.20 ) is  the m o s t  v e n t r a l  o f  the three main 

adductor  muscles.  It arises from the quad ra t e ,  has weakly p i n n a t e  

f i b r e s  and h a s  a t end inous  i n s e r t i o n  on the middle of  t h e  p o s t e r i o r  



Figure 1.28 

The head of a 329 m S.L. H&ppscaru% ksngtcegs with 

the integument, nasal, lacrymal and circumorbitals removed. 





Figure 1.21 A 

A lateral view of the neurocranium of HtppoScQrus  L o n g t c e g s .  

Figure 1.21 B 

A lateral view of the neurocranium of S c a r u s  s o ~ d t d u s .  

Figure 1.21 C 

A lateral view of the neurocranium of S c a r u s  f r e n a t u s .  

eth.vom.pr. Ethmoid-oomerine process. 
lat.max.con. Lateral maxillary condyle of the ethmoid-vomerine 

process. 



lat, max. con. 
u 

20mm 



medial s u r f a c e  s f  t h e  d e n t a q  lateral f l ange .  

Sec t ion  A3 

H. t sng tceps  d i f f e r s  most markedly from species i n  c l o s e l y  

related genera  i n  t h e  form o f  s e c t i o n  A 3 .  I n  II. Longtceps, s e c t i o n  

A3 is i n t e r m e d i a t e  &tween C. BicoEor, ' so rd idus '  group s p e c i e s  and 

' f r e n a t u s '  group s p e c i e s .  It is mul t ip inna te  as i n  C. btcobor and 

' s o r d i d u s '  group spec i e s ,  b u t  is much smaller. I t  remains,  however, 

l a r g e r  t h a n  t h a t  o f  ' f r e n a t u s '  group s p e c i e s .  I t  arises from t h e  

quadra te ,  en topterygoid  and hyomandibula, wi th  two approximately 

e q u a l l y  s i z e d  tendinous  i n s e r t i o n s  ( F i g .  1.20 ) . The d o r s a l  

i n s e r t i o n  ( A 3 a )  is onto  t h e  dorsomedial  s u r f a c e  o f  t h e  d e n t a r y  

lateral f l ange ,  d o r s a l  t o  t h e  i n s e r t i o n  o f  A2 and p o s t e r i o r l y  

a d j a c e n t  t o  t h e  den ta ry  i n s e r t i o n  o f  Awp. The v e n t r a l  i n s e r t i o n  

( A 3 P )  is on to  t h e  medial s u r f a c e  o f  t h e  a r t i c u l a r  ascending p roces s  

and t o  t h e  d i s t a l  end of  t h e  a r t i c u l a r  medial s p i n e .  

The v e n t r a l  i n s e r t i o n  and a s s o c i a t e d  f i b r e s  bear a s t r o n g  

resemblance t o  t h e  A3 s e c t i o n  o f  S. f r e n a t u s  ( F i g .  1 . 1 2  B ) .  

Likewise, t h e  a n t e r i o r  f i b r e s  o f  t h e  d o r s a l  i n s e r t i o n  bear a s t r o n g  

resemblance t o  t h e  f i b r e s  i n  S. f r e n a t u s ,  des igna ted  as t h e  remnants 

o f  A3a ( 6 . e .  t h e  M. tendo-articulari-dentalis o f  Lubosch, 1929) 

( F i g .  1 . 1 4  B). I n  H. Longiceps, t h e s e  f i b r e s  are a p a r t  of a much 

l a r g e r  s h e e t  o f  f i b r e s  t h a t  ex tend  along t h e  d o r s a l  segment o f  

s e c t i o n  A 3 .  



O t h e r  muscles  

An Aw s e c t i o n  and a n  i n t e r m a n d i b u l a r i s  are p r e s e n t .  The Aw h a s  

t w o  d i v i s i o n s ,  Awa and Awp. They arise and i n s e r t  i n  a manner 

s i m i l a r  t o  t h o s e  i n  members of the ' s o r d i d u s '  and ' f r e n a t u s '  g roups ,  

a l t h o u g h  t h e  s e c t i o n  Aw@ a as found i n  S. f r e n a t u s ,  (P ig .  

% .%4 B )  i s  n o t  present. 

W s m a l l  a d d i t i o n a l  muscl@ is p r e s e n t ,  the  q u a d r a t 0  m a n d i b u l a r i s  

i n t e r n u s  ( s e n s u  Lubosch, 1929) ,  c o n n e c t i n g  the a n t e r i o r  medial 

s u r f a c e  o f  t h e  q u a d r a t e  t o  the c o n n e c t i v e  t i s s u e  between the 

i n t e r m a n d i b u l a r i s  and Aw, n e a r  t o  t h e  i n s e r t i o n  of the 

in te rmarad ibu la r i s .  W s i m i l a r  muscle  is p r e s e n t  i n  C. b icoZor  and  

B . rnurtcaf urn. 

The pharyngea l  m u s c u l a t u r e  is i n d i s t i n g u i s h a b l e  from that of 

S .  f r e n a f u s  and o t h e r  members o f  the ' f r e n a t u s '  g roup .  

Ligaments  

The l i g a m e n t s  o f  Ef. t o n g t c e p s  are similar t o  t h o s e  of 

S .  s o r d i d u s  and S. f r e n a t u s .  The main d i f f e r e n c e s  are: a w e l l  

deve loped  e thmoid-entopterygoid l i g a m e n t  t h a t  j o i n s  t h e  dorsal 

entop-kerygoid and la teral  ethmoid and t h e  form of the 

m a x i l l a r y - p r e m a x i l l a r y  l i g a m e n t s .  These l i g a m e n t s  are o f  i n t e r e s t  

as t h e y  have a form i n t e r m e d i a t e  between t h o s e  o f  ' s o r d i d u s '  and  

' f r e n a t u s '  g roup  species. 

The a n t e r i o r  maxillary-premaxillary l i g a m e n t  is l o n g e r  and  

broader t h a n  i n  S .  s o r d t d u s  b u t  na r rower  t h a n  i n  S. f r e n a t u s .  The 

d o r s a l  ( p r e m a x i l l a r y )  i n s e r t i o n  is on  the dorsal and medial s u r f a c e s  



o f  a groove a long  t h e  v e n t r a l  s u r f a c e  o f  t h e  p remax i l l a .  T h i s  

groove is s l i g h t l y  wider t han  t h e  corresponding groove i n  

S. p'~ena2us  ( P i g .  1,6 B), b u t  n o t  as wide a s  i n  S. s o r d i d u s  ( F i g .  

1 . 6  6 ) . The v e n t r a l  (max i l l a ry  ) i n s e r t i o n  i s  on t h e  U d d l e  and 

v e n t r a l  edge o f  a depress ion  d i r e c t l y  &%ow t h e  medial facet o f  t h e  

p remax i l l a ry  condyle,  i n t e r m e d i a t e  between t h e  dep res s ion  of 

S. s s r d t d u s  ( F i g .  1.5 B )  and t h e  r i d g e  o f  S. f r e n a t u s  ( F i g .  

1.5 B). The l igament  has  a more a n t e r i o r  p o s i t i o n  than  i n  

S. f r e n a z u s  ( P i g .  1.13 B )  b u t  n o t  as f a r  as i n  S. s o r d t d u s  ( F i g .  

1.13 A ) .  The o v e r a l l  appearance is similar t o  t h a t  o f  S. f r e n a t u s  

a d ,  as i n  t h i s  s p e c i e s  and o t h e r  members o f  t h e  ' f r e n a t u s '  group, 

cons ide rab le  movement between t h e  two bones is p o s s i b l e .  

The p o s t e r i o r  maxillary-premaxillary ligament resembles t h a t  o f  

S, frenators ( F i g .  1.13 B ) ,  b u t  does  not  t a p e r  d o r s a l l y .  The sites 

o f  insep%ion are t h e  same as i n  S .  s o r d i d u s  and S. f r e n a t u s .  

8. t o n g t c e p s  is unusual as it posses ses  many f e a t u r e s  which a r e  

common with C. b t c o t o r  (one  of  t h e  least spec i a l i zed  s c a r i n e  g e n e r a )  

and members o f  t h e  ' f r e n a t u s '  group ( t h e  most s p e c i a l i z e d  s c a r i n e  

group) .  I t  h a s  f e a t u r e s  i n  common wi th  almost every  genus o r  group. 

The main c h a r a c t e r i s t i c s  t h a t  l i n k  it t o  ' so rd idus '  and ' f r e n a t u s *  

group s p e c i e s  a r e  t h e  form o f  t h e  a r t i c u l a r - d e n t a r y  a r t i c u l a t i o n  and 

t h e  pharyngeal  m i l l .  

S w a r y  

1) The p r o f i l e  o f  t h e  head o f  8. Longtceps  is unusual ,  with a n  

angular  p ro t rud ing  snout .  

2 )  Many s t r u c t u r e s  are in t e rmed ia t e  between o t h e r  genera and groups.  



The most no tab l e  i n t e r m e d i a t e s  between C. btcokor and the 

' f penatus  ' group are the suspensorium, premaxi l la ,  

den t a ry / a&icu la r  and myology; between C. btcobsr and the 

' s o r d i d u s '  group, the maxilla and neu roc ran im;  and between -t;he 

' f r e n a t u s '  and ' s o r d i d u s '  groups, the p remax i l l a ry  teeth, 

pharyngea l  j a w s  and max i l l a ry -p remax i l l aq  l i gamen t s .  

3 )  The a rk i cu l a r -den ta ry  j o i n t  a r t i c u l a t e s .  

4 )  C a n i f o m  t e e t h  are p r e s e n t  on the c u t t i n g  edge n e a r  the ang le  of 

t h e  jaws. 

5 )  Three rows o f  teeth are p r e s e n t  on each upper pharyngeal  bone. 

The two outermost are reduced, w h i l s t  the innermost rows 

i n t e r d i g i t a t e .  

6 )  The A1P is  absen t  and a quadrate-mandibularis is p r e s e n t .  



1.4 Functional fmplications 

Scarids feed by Biting or scraping algal covered coral rubble 

or l ive corals. This mode of feeding is dependent upon the 

psssession of several morphological specia%izations. Bruce (1979) 

observed considerable morphological variation within the family 

Scaridae and noted that ,  i n  some cases, the observed feeding 

behaviour may be correlated with morphologieal specializations. 

From the preceding morphological descriptions, there are two 

dis t inct  morphollogical types within the subfamily Scarinae, typified 

by the 'sordidus' and 'frenatus' groups. These morphoPogica1 

variations not only divide the types i n  terms of structure but also 

i n  t e r m  of function and, as such, divide the species into two 

functional groups, the 'b i ters '  and the 'scrapers' .  

1 . 4 . 1  "ordidus' group species as  ' b i t e r s ' .  

The morphological structures characteristic of 'sordidus' group 

species are consistent with the features that  are necessary for  

biting the substratum, Structures that  one would associate with 

t h i s  type of feeding strategy are a l l  found i n  'sordidus' group 

species, t.e, powerful musculature, uneven cutting edges t o  localize 

forces, articulatory systems t o  maximise localized forces, and 

strong supportive structures t o  withstand the forces exerted during 

feeding . 

The supportive structures i n  'sordidus' group species are 

notably stronger than i n  'frenatus' group species. T h i s  is shown 

by: the more intimate junction between the quadrate and 

preoperculum, the development of a large quadrate l a te ra l  ridge, a n  



. ~ e t  xaddn aqq 30 squauaaour 

b x o q e ~ n o y w e  aqq 6uyxnp paauayradxa saoxof a 6uypueqsqqym 

uy qsysse  x a q v n 3  y ( d~anyqoadsax ' s a ~ 6 p u o o  X x e ~ ~ r x e u t  

pue Te+uexo aqq uaamqaq) xawon pue e ~ ~ y x e w  aqq uaahqaq uoyqeTnaTq.n 

p a d o ~ a ~ a p  TTam a 'uoyqyppe U I  .sayoads dnox6 ,snqeuaxg, 

UT pun03 quyot xa~dut03 axour aqq oq paxedutoo uaqm ssaxqs pueqsqqnn 

oq d q y ~ ~ q e  quaqsysuoo d ~ a a r q e ~ a x  e aAeq oq d ~ a w ~  sy  pue 6uoxqs ST 

quyot syqa ' a ~ d p u o o  X r e ~ ~ y x e w  a u y q e ~ e d  qnoqs aqq qsure6e 6uyqeqox 

p a y  L x e ~ ~ y x e u  ayq uo dqy~eouoa  papunor ~ T ~ U T S  e qqym a p 3 u ~ s  

s y  met xaddn auq 30 uoyqeTnayve a= ' w e  Lze~-cyrnur aqz+ pue ssaaoxd 

XaTsaaTe d r e ~ ~ y x e u a x d  a w  30 spua Teasyp aua uaanqaq uoyqP?nn?vP 30 

aurod yeam a 6 u y p ~ o a e  pue met raddn aqq 30 qq6uarqs aqq 6uysearauy 

'auo se q s o w e  qoe 'axoqaxaqq 'sauoq onq asa- ' e ~ p x e u I a x d  

ayq 30 esso3 Lxe~T-preur aqq oquy s p a s u y  eTTTxeur  aqq g o  ssaasxd 

A .xe~~yxeuaxd  aqq a x a w  6 u ~ y o o ~ r a q u y  sauoq onq aqq qqyn %quaure6y% 

i&me~~'fxeuaxd-Am7:~yxeu aqq X q  xaqqo qoea sq  punoq dpqqfirq axe 

e~~-prernaxd pue eTT+xeur a- - sasxo3 6uyq+q pazyTeao7: aqq aoueque pup 

buypaas 6uyxnp paqxaxa saarog aqq pueqsqqym qqoq oq s a u a s  s a ~ o a d s  

dnox6 ,snpypxos,  uy suraqsds f i s q e ~ n o y w e  aqq 30 wag ary 

a 6 u q e a g  6u+xnp paauayaadxa 

saansg 6uoxqs aqq pueqsqqm oq sayoads dnoa6 ,snp+pros, qsrsee 

ssxnqea3 asaqq 30 TTV ' sarnqns  Teypau xafduoa 3 x a m u  a 6 r e ~  

e pue a 6 u e ~ f  7:efaqeT p a d o ~ a ~ a p  TTW e seq k e q u a p  aqq 'uoyqPppe 

U I  s ~ 6 3 q ~ ~ d  Tequap deap ssassod qqoq Az~quap  pue e ~ ~ y a r e u e x d  

aqq pue qsnqox qqoq axe xeTnayqre pue eTTymu aq& .soaaoxd Tesxop 

auyqqed  qnoqs 4 w o q s  a pue 'pyo6kcaqdoqua pue pno6kaqdeqau 

eqz+ 6 u s ~ e  &pyx Tesxsp pauayayqq aqa 'esaasrd fexaq??p pno&Axa&d~qua 

80-C 



109 

The Power jaw a r t i c u l a t i o n  between the q u a d r a t e  and a r t i c u l a r ,  

and the  a r t i c u P a t i o n  between the a r k i c u l a r  and d e n t a r y  are similar 

i n  bo th  ' so rd idus '  and ' f r e n a t u s '  group species. However, the  

"ordidus '  group species p o s s e s s  s t r o n g e r  components, a deeper  

a r t i c u l a t i o n  socke t ,  and m o s t  impor t an t ly ,  a l a r g e r  i n  l e v e r  : o u t  

l e v e r  r a t i o  about  the a r t i c u l o - d e n t a q  j o i n t  ( F i g .  1 . 2 2  A ) .  Thus 

for any  g iven  force exerted b y  the muscles on the  d e n t a r y ,  the force 

exerted upon the subs t ra tum w i l l  be approximately 25% g r e a t e r  i n  

S. sordtdus t h a n  i n  S. frena-bus. 

I n  ' so rd idus '  group species, the  teeth are r e l a t i v e l y  l a r g e  and 

s t r o n g ,  w i t h  l i t t l e  ev idence  0 6  wear. The low number o f  rounded 

teeth on the c u t t i n g  edge makes the  j a w s  i n e f f i c i e n t  for sc rap ing  

s u r f a c e s .  It does,  however, enab le  the j a w s  t o  l o c a l i z e  t h e  force 

i n  s e v e r a l  d i s c r e t e  p o i n t s .  A s  c o r a l  and c o r a l  rubb le  have a 

br i t t le  c r y s t a l l i n e  s t u c t u r e  (Barnes ,  1970), these l o c a l i z e d  stress 

p o i n t s  w i l l  h e l p  f r a c t u r e  or  crack the subs t ra tum.  

The jaw musculature  i n  ' s o r d i d u s '  group species has many 

f e a t u r e s  that  a r e  w e l l  s u i t e d  t o  a b i t i n g  f e e d i n g  strategy. The  

three main adductor  muscle b l o c k s  AP, A2 and A3 are a l l  w e l l  

developed,  wi th  the  deep  subd iv i s ion  U P  and part o f  A3 both 

posses s ing  s p e c i a l i z e d  sites o f  o r i g i n  on the en top te rygo id .  These 

s p e c i a l i z e d  si tes and the  deep  adductor  f o s s a  help t o  accommodate 

t h e  l a r g e  adductor  muscle b l o c k s .  The s u p e r f i c i a l  subd iv i s ion  of 

Alp and A2 l i kewi se  have w e l l  developed sites of o r i g i n ,  on the  

d o r s a l  r i d g e  o f  the en top te rygo id  and p a l a t i n e  and i n  a d o r s a l  

groove formed by t h e  q u a d r a t e  l a t e r a l  r i d g e ,  r e s p e c t i v e l y .  The 

' s o r d i d u s '  group posses se s  an  impor tan t  a d d i t i o n a l  muscle,  the Awy. 



Figure 1.22 A 

The dentaw of S. sordtdus showing the theoretical forces 
acting upon khe dentary during muscle contraction. 

m e  action of the den t aq  approximates that  of a simple lever 
pivoting about the ar t icular  in the articulatory socket. In a 
lever, the forces are governed by the following equation: 

where 
F i  = The force acting upon the inner part of the lever ( t . e .  the 

muscle force ) 
Po = The force acting upon the outer park of the lever ( t . e .  the 

force of the dentary cutting edge upon the substratum or 
vice-versa ) 

f i  = The length of the inner part of the lever 
%o = The length of the outer park of the lever 

In S .  ~ ~ r d % d u s ,  Li/%o = 0.85, w h i l s t  i n  S. frenatus, Li/Ls = 0.68 
(each value is a mean of four TP specimens). A s  the action of the 
den t aq  approximates that  of a simple lever system, the force 
exerted upon the substratum (Fo), for a given muscular force ( F i  ), 
w i l l  be approximately 25% greater in  S. sordtdus than i n  
s .  prenatus. 

Figure 1 . 2 2  B 

A diagramatic figure describing the relationship between 
the angle of a muscle and i ts  mechanical efficiency. 

A t  angles below go0, the force of a muscle or  muscle fibre ( i n  $his 
example, the Al) can be divided into tyo components: one a t  90 t o  
the limb being rotated, the other a t  90 t o  the f i r s t  component. 
The f i r s t  component results  i n  useful work, rotating the l i m b ,  
whilst the second component results i n  unproductive work. The 
proportion of unproductive work increases as the angle of the muscle 
decreases. The size of the component which results  i n  useful work 
can be calculated using the following equation: 

UF = TF cos. 8 
where 

UF = The component which results in  useful work 
TF = The to t a l  force exerted by the muscle 
e - The angle of the muscle t o  the limb being rotated 



Fi x Li = Fo x Lo 

S.sordidus Fo=O.85xFi  

S. frenatus Fo=0.68x Fi 

palatine dorsal process 



30 uoyqDun3 aylt 'qqnou aqq 30 a x n s o ~ ~  ~ e u y 3  aqq ur afox queqxodu~  

ue  Lefd 'xaaamoy 'Xeu day& 'shet a 30 a x n s o y ~  aqq 6uyxnp 

pawaxa aoxog Teqoq aqq oq uoyqxodoxd T T e m s  e Xfuo aqnqFzquo3 T T m  

'uoyqysod xo/pue azys  xraqq go asneoaq ' qnq  aqrq uyeu ayq Gurxnp 

s ~ e t  aqq asoro os-ge ~ f y m  h w  pue dmv 'DMV pue ~ E V  ' E V  'dm ' B u ~ p a a 3  

6 u y m p  smet aqq asap oq sy DEV pue zv 'D= go uorq3un3 aq& 

' u o ~ q ~ s o d  m e t  auo uy aTQeTyene aq Xfuo ~ x y f i  aaxog 

TeufFxeu aqq q 6 n o q q ~ e  dsheC a Lq p a y ~ d d e  aaxo3 aqq u? aseaxour 

x-rexaao ue aq 0% d ~ a w x  ST qTnsax arW; ' x e T n o y v e  aqq oq ' D E V  

pue Lxequap aqq 0% ' Z V  'eTTyxt?u aqq oq x e ~ n o ~ p u a d x a d  dfaZ+~UI?xo~dde 

sr ~ T V  snylt s o  q q met aqq go qxed qeqq xo3 a ~ b u ~  

f e w q d o  aqq 6u?qa~oxdde a ~ 6 u e  up qe yrom 09 qDea s q y u a d  saxasnu 

aqq 30 uo~qexedas  sqq 'uoyqeTosy u~ paxaprsuoo aq ueo a p s n u  ou qeqq 

sueau e f ~ r x e u  pue k e q u a p  ayq uaamqaq uoyqaauuoo ayq qbnoqq-gy ODEW 

pue zv 'DTV ' s y o o f q  a-rosnu aaxqq uaahqaq paxeqs s y  aoxo3 6uyqonpp-e 

u ~ w  aqq 'xaaamoq tdnox6 ,snpypxos, aqq U I  .meg aqq go &xed 

qaes  go squauuynbaz ~ e m r q d o  aqq uaahqaq as-puoxduoo e aq 'axogaxaqq 

' q snu  uaqs6s s ~ q q  u y q q j ~  s a x m 3  pue suopuaq aqq go a ~ & u ~  aq~, 

-ZV /DTV aqq ' y o o f q  aTasnu a-~buys e Lq paqeax3 sf aaxo3 6uyqonpp~  

UTPW aqq 'sayoads dnox6 , s n q ~ u a x g ,  U I  * ( a  Z Z * T  ' E J T J )  auoq 

6uyqeqox aqq oq xefnstpuadxad L ~ ~ e a p y  sy aoxo3 xefnosnu upur aqq. 

'uo+qeTnoyqre paxrg e q n o w  auoq e 6uyqeqox uaqm pazqeax  s a m g  ayq 

a s r u y n u  OJ, *sa?oadls dnoxfi ,snqeuaxg, go asoqq uoxg sxaggyp seraads 

dnox6 ,snpypxss,  u? syao fq  a p s n u  rotem ayq go uoyqequayzo aqz, 

.sa+oa3s dnonfi ,snpypxos,  uy q u ~ o t  k e q u a p - x e ~ n a y y e  

a 30 ~ e ~ q u a q o d  a b e z a a a ~  paseaxouo ayq y q f ~  K~re-gno~qxad 'Xrequap 

eyq  qanppe oq uoyqyeod poo6 P uy ST q j  qnq " p u s  ST aTosnu s ~ q ~  

TTT. 



$12 

A3 was d e s c r i b e d  by' Eubosch (1923, 1 9 2 9 )  ( i n  specimens now placed i n  

the  ' f r e n a t u s '  g r o u p )  as a " l i v i n g  t endon"  s e r v i n g  t o  f i x  the 

a r k i e u l a r  a g a i n s t  the d e n t a r y  and q u a d r a t e ,  e n s u r i n g  tha t  t h e  

i s o l a t e d  bones  of the lower  jaw a x e  able t o  f u n c t i o n  as a s i n g l e  

u n i t  a t  any  a n g l e .  This f u n c t i o n  i s  h e r e i n  a t t r i b u t e d  t o  b o t h  the 

A3 o f  ' f r e n a t u s '  g royp  species and the A3P o f  ' s o r d i d u s '  g r o u p  

species. 

Depending upon the o r i e n t a t i o n  o f  the muscle fibres, there are 

two exheme musc le  forms, p i n n a t e  or parallel, w i t h  a complete 

g r a d a t i o n  between t h e  two. I n  p i n n a t e  musc les ,  t h e  fibres converge  

on a c e n t r a l  axis ( u s u a l l y  a t e n d o n ) ,  whereas  i n  parallel musc les ,  

the fibres l i e  parallel t o  each  other ( P i g .  1 . 2 3 ) .  Both tws are 

p r e s e n t  i n  ' s o r d i d u s '  g roup  species. S e c t i o n s  =a, A2 and A3 are 

s t r o n g l y  p i n n a t e ,  w h i l s t  AM, @ and  the i n t e r m a n d i b u l a r i s  are 

p a r a l l e l .  

The p r o p e r t i e s  of p i n n a t e  and parallel muscles haas heen 

d e s c r i b e d  briefly b y  Winterbot tom ( 1974  b )  and Liem (1977 ), and  i n  

d e t a i l  b y  Gans and  Bock ( 1 9 6 5 ) .  P a r a l l e l  muscles  have  maximum 

e x c u r s i o n  and c a n  be a r r a n g e d  i n  t h i n  sheets, whereas  p i n n a t e  

muscles  are able t o  i n s e P t  o n t o  restricted sites on small bony 

e l e m e n t s  b y  a t t a c h i n g  t o  a narrow t e n d o n .  This a b i l i t y  i s  e s s e n t i a l  

f o r  the f o r m a t i o n  o f  o p t i m a l  l e v e r  systems. P i n n a t e  musc les  c a n  

also be accommodated i n  restricted spaces and may, by asymmetr ic  

c o n t r a c t i o n ,  be able t o  move the t e n d o n  i n  two p l a n e s .  

T h e o r e t i c a l l y ,  however, t h e r e  are two d i s a d v a n t a g e s  associated 

w i t h  p i n n a t e  musc les .  F i r s t l y ,  the e f f e c t i v e  f o r c e  e x e r t e d  i n  the 

d i r e c t i o n  o f  the tendon  is  o n l y  a p r o p o r t i o n  o f  t h e  f o r c e  exerted by 
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the fibres ( P i g .  1 . 23  ) . The f o r c e  developed by  a fibre i n  a 

p i n n a t e  muscle can be reso lved  i n t o  two components, one i n  t h e  

d i r e c t i o n  o f  the tendon, t h e  o t h e r  a t  90° t o  t h i s .  Only the former 

r e s u l t s  i n  e f f e c t i v e  work, t h e  la t ter  f o r c e  which i n c r e a s e s  

d i sp ropoP t iona te ly  as t h e  a n g l e  o f  p inna t ion  i n c r e a s e s ,  is l o s t  as 

u n p r o f i t a b l e  work (F ig .  1.22 B ) .  Secondly, t h e  range o f  excurs ion  

( t . e ,  t h e  d i s t a n c e  over  which t h e  muscle can work) is decreased i n  a 

p i n n a t e  muscle ( Fig .  1.23 ) . It must be noted, however, that f o r  a 

g iven  c o n t r a c t i o n  o f  t h e  fibres, the tendon w i l l  have a r e l a t i v e l y  

g r e a t e r  excurs ion ,  a l though the range  o f  excurs ion  is reduced (Liem, 

$999 ) . 

It appears i n i t i a l l y  t h a t  i n  q s o r d i d u s '  group s p e c i e s  t h e r e  h a s  

been a compromise between t h e  main advantage o f  p i n n a t e  muscles 

i . e . ,  t h e  l o c a l i z a t i o n  o f  muscular f o r c e s ,  and t h e  i n h e r e n t  weakness 

s f  t h e  p i n n a t e  system. The o n l y  p a r a l l e l  adductor  muscles are 

s e c t i o n s  Aw and A1P. These muscles are s h o r t  and are p r e s e n t  i n  

areas where space f o r  i n s e r t i o n  is e i t h e r  un l imi ted  o r  as l a r g e  as 

t h e  muscular s i t e  o f  o r i g i n .  

The advantages o f  l o c a l i z e d  i n s e r t i o n s  may be t h e  pr imary 

reason f o r  t h e  p i n n a t e  muscle system i n  ' so rd idus '  group s p e c i e s ,  

a l though such advantages can a l s o  be r e a l i z e d  i n  a weakly p i n n a t e  

system as i n  ' f r e n a t u s '  group s p e c i e s .  I t  is t h e r e f o r e  proposed 

t h a t  t h e  s t r o n g l y  p i n n a t e  muscles found i n  ' so rd idus '  group s p e c i e s  

are adapted t o  d e l i v e r  a powerful ,  c racking  bite, wi th  a minimal 

movement b u t  wi th  a l a r g e  f o r c e  which can f r a c t u r e  the bri t t le  

( c r y s t a l l i n e  ) substratum ( P i g .  1.23 ) . 



F i g u r e  1 .23 

A d i a g r m a t i c  f i g u r e  describing t h e  p r o p e r k i e s  o f  muscles 
with weakly p i n n a t e  o r  s t r o n g l y  p i n n a t e  fibres. 

This  f i g u r e  d e s c r i b e s  muscles wi th  weakly o r  s t r o n g l y  p i n n a t e  
fibres. The p r o p e r t i e s  o f  the weakly p i n n a t e  muscle approaches t h a t  
o f  a p a r a l l e l  f a r e d  muscle.  Pn a parallel fibred muscle, the 
excurs ion  o f  t h e  tendon ( d )  is e q u a l  t o  the c o n t r a c t i o n  o f  the 
fibres, and t h e  f o r c e  t o  t h e  tendon ( F )  is equa l  t o  t h e  f o r c e  from 
the fieres. The c a l c u l a t i o n s  i n  th i s  f i g u r e  are based on the 
p r i n c i p l e s  o u t l i n e d  i n  F i g u r e  1 . 2 2  B. The effect o f  d i f f e r e n t  
ang le s  o f  p inna t ion  o f  t h e  fibres i n  a muscle can  be summarized as 
fo l lows  : 

F i b r e  s r i e n t a - t i o n :  Weakly p i n n a t e  s t r o n g l y  
o r  p a r a l l e l  p i n n a t e  

Excursion o f  tendon ( d ) Large Small  

Force e x e r t e d  by tendon (P ) Larger  Smaller  

Force per u n i t  d i s t a n c e  (F /d)  Small Large 



Figure  1 .23  The mechanics o f  p i n n a t e  and p a r a l l e l  muscles .  

A Weakly p i n n a t e  fibres e . g .  S. f r e n a t u s  

8 = 15* 
mean fibre 
f o r c e  from 

l eng th  
fibres 

f o r c e  t o  tendon ( F )  = 9.66 u n i t s  (10  cos .  8 ) 
c o n t r a c t i o n  o f  f i b r e  = 4 mm 
excurs ion  of  tendon ( d )  = 4.14 mm ( 4/cos. 8 )  

=> f o r c e  p e r  u n i t  d i s t a n c e  (F /d )  = 2.33 units/mm 

B S t r o n g l y  p i n n a t e  fibres e . g .  S ,  sord%dus 

€3 = 40° 
mean fibre 
f o r c e  from 

l eng th  
fibres 

Illsl 

u n i t s  

8 mm 
10 u n i t s  

f o r c e  t o  tendon ( F )  = 7.66 u n i t s  (10  c o s .  8 ) 
c o n t r a c t i o n  o f  fibre = 0.8 mm 
excurs ion  o f  tendon ( d ) = 1.04  mm ( 0.8/cos.  8) 

=> f o r c e  per u n i t  d i s t a n c e  ( F / d )  = 7.34 units/mm 

8 = mean ang le  o f  f i b r e s  throughout  con t r ac t ion  

Assumptions: 
1) the fibres c o n t r a c t  by 10 % o f  t h e i r  t o t a l  l e n g t h  and that 

t h e y  e x e r t  an even t e n s i o n  ( f o r c e )  throughout t h i s  pe r iod .  
2 )  bo th  systems have the same weight o f  muscle and t h e  fibres 

i n  t h e s e  muscles are capable o f  e x e r t i n g  the same f o r c e  = 
1 0  u n i t s .  

3 )  t h e  space a v a i l a b l e  is the same i n  t h e  two systems.  
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The d i s a d v a n t a g e o u s  l i m i t a t i o n  o f  t h e  e x c u r s i o n  r a n g e  i n  

p i n n a t e  muscle s y s t e m s  becomes a n  advan tage  when one  c o n s i d e r s  a 

c r a c k i n g  b i te ,  By h a v i n g  many fibres a r r a n g e d  i n  p i n n a t e  l a y e r s ,  a 

t h i n  l a y e r  o f  muscle  c a n  be used t o  d e l i v e r  a power fu l  fsrce w i t h  

l i t t l e  t e n d i n o u s  e x c u r s i o n .  A parallel musc le  occupying the  same 

narrow space would r e s u l t  i n  a far l a r g e r  t e n d i n o u s  e x c u r s i o n ,  and  

a l t h o u g h  the f o r c e  is  g r e a t e r ,  the f o r c e  per u n i t  d i s t a n c e  moved by 

t h e  tendon is much smaller ( P i g .  1 . 2 3 ) .  The b e n e f i t  o f  a p i n n a t e  

muscle  o f  a g r e a t e r  force per u n i t  d i s t a n c e  w i l l  therefore ou tweigh  

the  problem o f  a decreased f o r c e  due  t o  fibre o r i e n t a t i o n .  This is 

p a r t i c u l a r l y  s i g n i f i c a n t  when the space a v a i l a b l e  is  l imited,  for 

example,  t o  t h e  a d d u e t o r  f o s s a .  

The o v e r a l l  f u n c t i o n  o f  t h e  morpholog ica l  f e a t u r e s  found i n  

' s o r d i d u s '  g roup  species is  i n  concordance w i t h  one  c a p a b l e  of 

d e l i v e r i n g  a short, p o w e r f u l  b i te ,  which cracks rather t h a n  scrapes 

the  s u b s t r a t u m .  It is t h e r e f o r e  proposed that  the ' s o r d i d u s '  g r o u p  

species are f u n c t i o n a l  'biters ' .  

1.4.2 ' F r e n a t u s '  g r o u p  species as ' scraprs ' .  

The morphology o f  species b e l o n g i n g  t o  the ' f r e n a t u s '  g r o u p  

d i f fe r s  c o n s i d e r a b l y  from tha t  o f  members of the  ' s o r d i d u s '  g roup .  

The c h a r a c t e r i s t i c s  of ' f r e n a t u s '  g roup  species s t r o n g l y  s u g g e s t  a 

f e e d i n g  mode which i n v o l v e s  a s c r a p i n g  t h e  s u b s t r a t u m .  

Morpholog ica l  f e a t u r e s  l e a d i n g  t o  t h i s  s u g g e s t i o n  i n c l u d e :  a jaw 

s t r u c t u r e  t h a t  m a x i m i s e s  the degree o f  c o n t a c t  between the c u t t i n g  

e d g e s  o f  t h e  jaws and the s u b s t r a t u m ,  a n  a r t i c u l a t o r y  and muscu la r  

sys tem tha t  maximises the jaw movement f o r  a minimal  muscular  ef for t  

and ,  wherever p o s s i b l e  ( t o  minimise  e n e r g e t i c  and hydrodynamic 



c o s t s ) ,  o s t e o l o g i c a l  and m y o l o g i c a l  s t r u c t u r e s  that  are reduced o r  

s t r e a m l i n e d .  The comparisons  made i n  t h i s  s e c t i o n  are between 

species i n  t h e  ' s o r d i d u s '  and ' f r e n a t u s '  g roups  only, and d o  n o t  

i n c l u d e  o t h e r  members o f  t h e  f a m i l y .  

The suspensor ium o f  ' f r e n a t u s '  g roup  species i s  l i g h t e r  t h a n  

t h a t  sf ' s o r d i d u s '  g roup  species. The q u a d r a t e  t y p i c a l l y  h a s  a 

l o o s e  a s s o c i a t i o n  w i t h  the preopercu lum and h a s  a s m a l l  lateral 

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

d e g r e e  o f  t h i c k e n i n g  a l o n g  t h e  p o s t e r o d o r s a l  edge  o f  t h e  

m e t a p t e r y g o i d ,  e n t o p t e r y g o i d  and  p a l a t i n e ,  and o n l y  r a r e l y  p o s s e s s e s  

a d d i t i o n a l  p r o t r u s i o n s  (as  i n  S. s p t n u s ) .  The p a l a t i n e  d o r s a l  

process is e l o n g a t e  w i t h  a more t e r m i n a l  m a x i l l a r y  c o n d y l e .  T h i s  

permits p r o t r u s i o n  o f  the jaw and g r e a t e r  mobility o f  t h e  

g a l a t o - m a x i l l a r y  j o i n t .  

The r e l a t i v e  m o b i l i t y  o f  t h e  premaxilla is far  g r e a t e r  i n  

' f r e n a t u s '  g roup  s p e c i e s  t h a n  i n  ' s o r d i d u s '  g roup  species. T h i s  is 

e v i d e n t  i n  the m o b i l i t y  permitted b y  t h e  a n t e r i o r  m a x i l l a r y  - 
premaxillary l igament  and the l a r g e ,  e l o n g a t e  maxillary facet on the 

p r e m a x i l l a .  There  is no i n t e r d i g i t a t i o n  between the two bones  which 

a r t i c u l a t e  a t  the d i s t a l  end of t h e  premaxillary alveolar p r o c e s s  

and maxillary arm. The a b i l i t y  t o  p r o t r u d e  t h e  premaxilla r e l a t i v e  

t o  t h e  m a x i l l a  and the l a c k  o f  e x c e s s i v e  mechan ica l  stress d u r i n g  

f e e d i n g  are f u r t h e r  s u p p o r t e d  b y  the  r e d u c t i o n  i n  t h e  a r t i c u l a t o r y  

s u r f a c e s  between t h e  m a x i l l a  and  neurocranium ( i . e .  vomer) and t h e  

r e l a t i v e l y  weak, b u t  h i g h l y  mobi le ,  maxillary - p a l a t i n e  j o i n t .  

T h i s  j o i n t  i s  complex and r e s u l t s  i n  a l a r g e  downward movement o f  

t h e  t i p  o f  t h e  p r e m a x i l l a  f o r  a c o r r e s p o n d i n g l y  s m a l l  d e g r e e  o f  
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p o s t e r i o r  movement of. t h e  m a x i l l a ,  r e s u l t i n g  i n  a n  e f % e e t i v e  

s c r a p i n g  movementa 

The d e n t a r y  and  a r t i c u l a r  d i f f e r  l i t t l e  from t h o s e  of 

' s o r d i d u s '  g roup  species b u t  as i n  S. frenatus, t h e y  are both sf a 

l i g h t e r  form. The d e n t a l  plates o f  the d e n t a r y  and p r e m a x i l l a  are 

r e l a t i v e l y  s h a l l o w  and f r e q u e n t l y  p r o t r u d e .  A s  such ,  these 

s t r u c t u r e s  are capable o f  a s c r a p i n g  bite b u t  lack the s t r e n g t h  for 

a power fu l  bite. I n  a d d i t i o n ,  the a r t i c u l a r - d e n t a r y  s y s t e m  o f  

' f r e n a t u s '  g roup  species h a s  a smaller i n  l e v e r  : o u t  l e v e r  r a t i o .  

T h i s  r e s u l t s  i n  a g r e a t e r  movement o f  the d e n t a r y .  Although t h i s  

movement is weaker,  it is  s u i t a b l e  f o r  s c r a p i n g ,  where s t r e n g t h  is 

less i m p o r t a n t  t h a n  the d i s t a n c e  moved. 

The t o o t h  s t r u c t u r e  o f  ' f r e n a t u s '  g r o u p  species is l i k e w i s e  

w e l l  adap ted  f o r  s c r a p i n g  t h e  s u b s t r a t u m .  The p r e s e n c e  on t h e  

c u t t i n g  edge o f  o n e  t o o t h  from each v e r t i c a l  t o o t h  row and the shape 

o f  the i n d i v i d u a l  teeth ensure that the cu+f,ing edgc is relztively 

even .  T h i s  i n c r e a s e s  the area o f  c o n t a c t  between t h e  c u t t i n g  e d g e  

and  t h e  s u b s t r a t u m .  The broad  t o o t h  shape, i ts  s u s c e p t i b i l i t y  t o  

wear ,  and the lack of i n t e r d i g i t a t i o n  between v e r t i c a l  t o o t h  rows 

h e l p  t o  m a i n t a i n  the even c u t t i n g  edge  b u t  weaken the o v e r a l l  

s t r u c t u r e .  

A s  s e e n  i n  ' s o r d i d u s '  group s p e c i e s ,  the  form o f  the m u s c l e s  

c a n  have i m p o r t a n t  f u n c t i o n a l  i m p l i c a t i o n s .  The ' f r e n a t u s '  g r o u p  

p o s s e s s e s  b o t h  parallel ( i n t e r m a n d i b u l a r i s ,  Aw and U P )  and p i n n a t e  

( Ala A2 and A3 ) musc les .  W i t h  t h e  e x c e p t i o n  o f  Awy, which is 

a b s e n t ,  t h e  parallel muscles  o f  ' f r e n a t u s '  g roup  s p e c i e s  are almost 

i d e n t i c a l  t o  t h o s e  o f  ' s o r d i d u s '  g r o u p  species, and are l i k e l y  t o  
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h a v e  similar f u n c t i o n s .  The s t r u c t u r a l  similarity is presumably a 

r e s u l t  o f  comparable r e s t r i c t i o n s  upon t h e  musc le  l e n g t h  and t h e  

size o f  t h e  i n s e r t i o n  sites i n  t h e  two groups .  The form o f  t h e  

primary a d d u c t o r  muscle b l o c k ( s )  o f  ' f r e n a t u s '  g r o u p  s p e c i e s ,  

however,  differs from tha t  o f  ' s o r d i d u s '  group species. (The r o l e  

o f  A% as a " l i v i n g  tendon",  m a i n t a i n i n g  t h e  a r t i c u l a r  i n  t h e  lower  

jaw a r t i c u l a t o r y  sys tem h a s  been  d i s c u s s e d  already [ S e c t i o n  1.3.31). 

The weakly p i n n a t e  n a t u r e  of t h e  major  a d d u c t o r  muscle  

b f s c k (  s 9 ,  Ala, A2 o r  Ala/A2 is i n  accord w i t h  t h e  r e q u i r e m e n t s  o f  a 

s c r a p i n g  f e e d i n g  s t r a t e g y .  The p i n n a t i o n  o f  t h e  muscles  i s  

n e c e s s a r y  because  of t h e  need t o  l o c a l i z e  f o r c e s  b y  t h e  i n s e r t i o n  of 

narrow t e n d o n s  o n t o  restricted o p t i m a l  sites. However, it is 

advan tageous  t o  minimise t h e  d e g r e e  o f  p i n n a t i o n  i n  o r d e r  t o  a v o i d  

t h e  i n h e r e n t  'problems '  associated w i t h  a p i n n a t e  s t r u c t u r e ,  (6.e. 

decreased e f f i c i e n c y  and reduced  e x t e n s i o n )  which i n c r e a s e  

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

c h a r a c t e r i s t i c  o f  parallel ( o r  weakly p i n n a t e  ) musc les  is desirable 

i n  a s c r a p i n g  s c a r i d  where the requ i rement  is  f o r  a pro longed ,  

weaker f o r c e  r a t h e r  t h a n  a brief, power fu l  c o n t r a c t i o n .  These  

musc les  are r e q u i r e d  t o  move t h e  jaws o v e r  the s u b s t r a t u m  

e f f i c i e n t l y  and f o r  a scraper, a s t r o n g  bi te would be i n e f f i c i e n t  i n  

t e r m s  o f  material c o l l e c t e d  when compared t o  s e v e r a l  r e l a t i v e l y  weak 

bites.  

The e v i d e n c e  used t o  d e f i n e  t h e  ' f r e n a t u s '  g r o u p  as scrapers 

a p p l i e s  e q u a l l y  w e l l  t o  species i n  b o t h  subgroup 'a '  and subgroup 

b .  The p r e s e n c e  o f  a separate Ala and A2, and a t y p e  I i n t e s t i n a l  

p a t t e r n  i n  members o f  subgroup  ' a '  ( S e c t i o n  1 . 5 )  may be c o r r e l a t e d  



with thei r  more elongate body form (as  i n  juvenile scarids, Section 

2.3). The elongate body form is particularly marked i n  

S .  fLavipee%osa%ts, and t o  a lesser exkent, S. schLegeLt. The 

combination s f  an elongate body, separate Ala and A2, we& 

osteological structures, protruding, easily worn premaxilla, and 

shallow dentaw are a l l  indicative of a relatively weak scraping 

abil i ty,  which may be reflected i n  the feeding strategies of the  

species in  subgroup ' a ' .  

Tke functional advantage of a fused Ala and A2 is not 

immediately obvious, and appears t o  be related t o  the form of the 

adductor fossa. However, the fusion can be explained i n  terms of 

optimal muscle f ibre orientation. During adduction of the jaws, the 

angles of the main muscular force of Ala and A2 are only 

approximately perpendicular to  the bone that  is being rotated. The 

force applied t o  the rotating bone can be resolved into two vectoral 

components, the f i r s t ,  perpendicular t o  the rotating bone, resul ts  

i n  useful work, whilst the second, a t  9Q0 t o  the f i r s t  is  los t  a s  

unproductive work (Pig. 1.22 B ) .  I n  Ala, the main loss of force is 

i n  a posterodorsal direction. I n  A2, the complex articulation and 

variability i n  f ibre direction make the major loss of force 

di f f icul t  to  estimate. However, any posteriorly directed force from 

A2, i f  transferred t o  M a ,  w i l l  be of some use; conversely, the  

posterodorsal force from Ala i s  of benefit i f  transferred t o  A2. 

The fusion of the two muscle blocks may therefore, fac i l i t a te  the  

transfer of unproductive forces, vta an interconnecting tendon, from 

one muscle block t o  the other, where such directional forces are  

capable of useful work. 



The functional ab i l i t i e s  of the morphological features of 

'frenatus' group species strongly suggest a 'scraping' feeding 

strategy, w i t h  weak bites that  scrape rather than b i te  the 

substratum. It is therefore proposed that  'frenatus' group species 

are functional ' scrapers ' . 

1.4.3 Cetoscarus btcotsr and Botbometopon murtcatum 

Much of the evidence supporting the hypothesis that  'sordidus' 

group species are 'b i ters  ' applies equally well t o  

Cetsscarus btcstor and BsLbomeeopon murtcatum. The jaws and 

suspensorium closely resemble those of 'sordidus' group species, the 

adductor mandibulae are strongly pinnate and the crenate cutting 

edge sf the jaws are suited t o  a biting strategy. Both species, 

however, lack many s f  the derived characters found i n  members of the 

'sordidus' group (Chapter 3 ) ,  some of which play an important role 

i n  the biting mechanism. These include the la tera l  process of the 

entopterygoid, Awy, l h f P  and the articulatory articular-dentary 

joint. These species, although functional 'bi ters '  may therefore be 

regarded as 'proto-biters'. 

I t  is  interesting t o  consider the function of the hump on the 

forehead of B. murtcatum. Several explanations have been forwarded 

previously: some popular books have reported th i s  species ramming 

coral heads t o  break them open (ci ted i n  Bruce, 1979); Wheeler 

(1975) stated that  the gr is t ly  hump is  usually abraded suggesting 

that  it is pressed against the coral or rock whilst the f ish i s  

grazing, and Bruce (1979) suggested that  the hump may act as a 

counterbalance during feeding. 



I n  the present study, B. muricatum were not obsemed breaking 

corals open with the hump nor were they observed t o  press the hump 

against the substratum during grazing. Few of the sp@cimens 

obsemed had atarasions on the anterior face of the hump. The 

abrasions recorded by Wheeler (1995) may have been caused by the 

means of capture. The counterbalance effect  proposed by Bruce 

(1999) i s  questionable in  view of the large proportion of time that  

B. murtca-burn is not actively feeding, when such a protrusion would 

be unproductive and increase the overall energetic costs of 

maintenance. Pn addition, the gr is t ly  hump has a density only 

s l ight ly  greater than seawater (pers. obs.) and relative t o  the 

t o t a l  weight of the animal, the potential counterbalance effect sf 

the hump is likely t o  be minimal. 

Humps comparable t o  that  of 8 .  rnurtcatum are present i n  a wide 

range of species, including: S. gtbbus, S, perrtco, S ,  cyanescens, 

S. prontaZts, Ypstscarus oedema (Snyder) and Y, ovtfrons Temminck 

1s 

and Schlegel i n  the Scaridae; ChetZtnus undutatus Ruppel, Bodtanus 

dtp&otaenta ( G i l l ) ,  Semtcossyphus rettcuZatus (Valenciennes), Coris 

buzbifrons Randall and Kuiter and Carts ayguza Lacepede i n  the 

Labridae, and HapZoch~omts moortt (Boulenger) in  the Cichlidae. 

A 1 1  these species have several factors i n  common. They are 

large with respect t o  confamilial species, with a deep body and a 

mouth below the midline, they a l l  swim slowly i n  a labridifom 

manner relying primarily upon the pectoral f ins  for  propulsion (see 

Blake, 1981 ) and they have a bony pharyngeal apparatus. In a l l  

cases, the hump increases i n  relative size with growth. A l l  the 

above species have a potential swimming problem. The deep body and 



ventral  mouth produce a long sloping forehead, which w i l l  force  t h e  

head down when swimming. This problem is fur ther  enhanced by t h e  

weight of the  jaws ( i n  scar ids )  and t h e  pharyngeal apparatus, a d  

t he  Pabridiform swimming motion which minimises s inusoidal  

movements. The vent ra l ly  directed force on the  head w i l l  increase 

disporportionately with growth a s  t he  r e l a t i v e  s i z e  of t he  forehead 

increases i n  Large individuals ( a s  demonstrated i n  the  f igures  of 

B.  murtcatum i n  Smith [1956]). The r e l a t i v e  importance of t h i s  

ventral ly  directed force is a l so  l i k e l y  t o  change with growth due t o  

changes i n  the  form drag ( f r i c t i o n )  and the  surface area t o  volume 

r a t i o .  This 'nose diving'  due t o  t he  vent ra l ly  directed force on 

the  forehead can e i t h e r  be counteracted by increasing the  up l i f t i ng  

e f f e c t  of the  pec tora l  and pelvic  f i n s  o r  a l lev ia ted  by a l t e r i n g  t h e  

p ro f i l e  of t he  forehead. The former, ac t ive  technique is thought t o  

be more energet ical ly  expensive than the  l a t t e r  passive technique. 

From a consideration of the  above fac tors ,  it is suggested t h a t  

t h e  hump i n  8. murtcatum and the  other  species has a hydrodynamic 

function. A hump r e s u l t s  i n  a more v e r t i c a l  p ro f i l e  and w i l l  

therefore decrease the  ventral ly  directed force on the forehead. I n  

some species where t he  hump protrudes, it may even provide a small 

ve r t i ca l ly  directed force.  The hydrodynamic function of the  hump is 

supported by its g r i s t l y  nature, its densi ty  which is only s l i g h t l y  

greater  than sea water and the  l imited bony supporting s t ruc tu re s .  

The areolar development of the  ethmoid i n  3. murtcatum presumably 

provides a broad si te of attachment f o r  t he  unusually large hump. 

The elongate horn on t h e  forehead of r e l a t i v e l y  f a s t  swimming Naso 

species ( including N. brevtrostrts Valenciennes, N. rtgozetto Smith, 

N. untcornts ~ o r s s k d l  and N. annuzatus [Quoy and Gaimard]) may have 
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a similar f u n c t i o n .  The f u n c t i o n  o f  t h e  hump may be r e s o l v e d  by 

f l o w  t a n k  exper iments  u s i n g  models o r  f r e s h  specimens w i t h  or  

w i t h o u t  t h e  hump. 

1 .4 .4  Htpposcasus  Zongtceps  

H. t s n g t c e p s  has a n  i n t e r m e d i a t e  s t r u c t u r e  between t h a t  of 

' s o r d i d u s '  and ' f r e n a t u s '  g roup  s p e c i e s .  It s h a r e s  w i t h  t h e  

' f r e n a t u s '  g roup  a weakly p i n n a t e  Al and A2, a complex 

p a l a t i n e - m a x i l l a r y  a r t i c u l a t i o n  and a t o o t h  from each v e r t i c a l  tooth 

row on  the c u t t i n g  edge .  These f e a t u r e s  s t r o n g l y  s u g g e s t  a s c r a p i n g  

s tz ra tegy .  However, Ef. Longtceps possesses several c h a r a c t e r s  i n  

common w i t h  ' s o r d i d u s '  g r o u p  species, C .  btcotor and 8 .  murtca-eum, 

a l t h o u g h  these characters are e i t h e r  modified or o f  limited 

f u n c t i o n a l  s i g n i f i c a n c e ,  e . g .  the form o f  s e c t i o n  A3 and the  

p r e s e n c e  o f  a maxillary-premaxillary p r o c e s s .  Because  o f  t he  

p r e s e n c e  sf i m p o r t a n t  f u n c t i o n a l  c h a r a c t e r s  associated w i t h  a 

'scraping' s trate~y ,  7 v v r r y t b = y z ,  --- ---- is ~ ~ g a l d o d  e~ a f u n c t i o t l a i  

'scraper*, a l t h o u g h  the p r e s e n c e  of s e v e r a l  a n c e s t r a l  characters 

( C h a p t e r  3 )  may s u g g e s t  a less w e l l  specialized s c r a p i n g  abi l i ty  

when compared t o  species i n  t h e  ' f r e n a t u s '  g roup .  

Htpposcarus  Zsngtceps  may therefore r e p r e s e n t  a more p r i m i t i v e  

scraper or ' p r o t o - s c r a p e r ' .  T h i s  f u n c t i o n a l  s t a t u s  is l i k e l y  t o  be 

shared b y  o t h e r  Hipposcarus  species. 

1 .4 .5  The p h a r y n g e a l  a p p a r a t u s  

The p r i m a r y  f u n c t i o n  o f  the p h a r y n g e a l  a p p a r a t u s  i n  scarids is 

the t r i t u r a t i o n  o f  i n g e s t e d  matter. ' S o r d i d u s '  and ' f r e n a t u s '  g roup  

species have  a similar p h a r y n g e a l  morphology and presumably,  



therefore, similar functional ab i l i t i e s .  The small differences i n  

the form of the jaws may, however, be related t o  differences i n  the 

size of ingested part icles.  For example, 'sordidus' group species 

have relatively strong robust pharyngeal jaws that  are suited for  

grinding the large part icles that  are l ikely t o  result from a 

'bi t ing '  strategy. I n  contrast, species i n  subgroup ' a '  s f  %he 

'frenatus' group have a weak pharyngeal musculature arid osteology 

B u t  a large lower pharyngeal tooth plate. Although such a system 

has l i t t l e  grinding or  crushing power, it can eff iciently t r i t u r a t e  

material containing small carbonate part icles resulting from a 

'scraping' strategy. These part icles require l i t t l e  crushing, but 

remain highly abrasive. Species in subgroup 'b' of the 'frenatus' 

group have a form intermediate between that  of species i n  the 

'sordidus' group and subgroup 'a '  of the 'frenatus' group and, 

presumably, have an intermediate function, 

I n  comparison with the 'primitive' labrid-like scarids ( e . g .  

Crypzotomus, CaLoZornus and NtchoLstna), Scarus species have large 

lower pharyngeal tooth plates. This may be a reflection of the 

sh i f t  from a d ie t  consisting primarily of algal fragments t o  one 

with a high proportion of particulate carbonate material. I n  the 

labrid-like scarids, a powerful chopping or  crushing action would be 

ideally suited for processing ingested material which includes a 

large proportion of algae or plant fragments (Suyehiro, 1942 and 

Bruce, 1979). The small area of contact between the pharyngeal jaws 

would enhance the chopping or crushing action by increasing the 

force per unit area between the two jaws. In Scarus species, the 

ingested material is  composed of much smaller filamentous or  turf  

algae and a high proportion of calcareous material (Choat, 1969, 



Bruce, 1979 and pers, obs.) .  A chopping or crushing action would 

be less eff icient  i n  t h i s  situation than a fine grinding action 

uti l izing the calcareous part icles as an abrasive. Such a system 

would benefit from an increased area of contact between the two 

opposable grinding surfaces, and may account for the increased area 

of the lower pharyngeal tooth plate and the form of the musculature 

found i n  Scarus species. 

The pharyngeal jaws of scarids and labrids are strikingly 

different i n  both thei r  osteology and myology. The tooth plates of 

the pharyngeal jaws of labrids are broad and short, w i t h  variable 

tooth forms which may be related t o  food types (Randall 6 Springer, 

1973 and Yamaoka, 3.978). The myology of the pharyngeal jaws of 

labrids is  variable but d i f fers  markedly from that  of scarids i n  the 

degree of development of the retractor pharyngeus superior (a 

retractor dorsal is) ,  levator posterior and fourth levator externus. 

I n  searids, the l a t t e r  is  part icularly well developed, whereas, the 

former two muscles are relat ively well developed in  labrids 

(Yamaoka, 1978, 1980 and pers. obs.) .  

The observations i n  t h i s  study concur w i t h  the functional 

implications of the pharyngeal apparatus i n  scarids proposed by 

Yamaoka (1980),  who suggested that  the increased importance of the 

fourth levator externus of Ca'Lotornus japontcus may be related t o  the 

angle of the pharyngeal dental plates,  which i n  t u r n  may be related 

t o  the herbivorous, rather than carnivorous nature of scarids. 

These differences between the scarids and labrids are 

interpreted here as the result  of dissimilar food types and 

processing requirements. I n  labrids, the food is ingested as 



discrete and often large pieces that  require crushing and/or tearing 

prior to  digestion. Hence, the importance of the levator posterior 

as a strong "rushing' muscle and the retractor pharyngeus superior 

which faci l i ta tes  both transport (Yamaoka, 1978) and possibly, 

tearing of ingested material. I t  is  proposed that  i n  labrids, the 

action of the pharyngeal jaws during feeding consists of a basic 

raising of the lower pharyngeal jaw (crushing) by the levator 

posterior, followed by a caudally-directed movement of the upper 

pharyngeal jaw (tearing) by the retractor pharyngeus superior. This 

action may, in part,  be maintained i n  some primitive labrid-like 

scarids that feed on macroalgae and/or angiosperms. CaLotomus 

japntcus,  for example, has a retractor pharyngeus superior t h a t  

ar ises from the f i r s t  five vertebrae, as  in  many labrids ( f i r s t  

four, i n  some species) (Yamaoka, 1978, 1980). I n  comparison, the 

genera examined i n  t h i s  study, possessed a retractor pharyngeus 

superior (retractor  dorsal is)  which arose only from the f i r s t  three 

vertebrae. I n  addition, the fourth levator ex-kernus of CaLotomus 

japontcus is  smaller than that  of Scarus species, whilst the levator 

posterior is  larger. Both features are typical of the l ab r i d  

pharyngeal apparatus ( Yamaoka, 1978 ) . 

I n  scarids, especially Scarus species, a more complex grinding 

movement of the pharyngeal jaws is proposed, where the lower 

pharyngeal jaw is forced against the upper pharyngeal jaw with a 

swinging anterior movement accompanied by a s l ight  caudal movement 

of the upper pharyngeal jaw. This results i n  a substantial degree 

of contact between the two jaws as they pass over each other. The 

levator posterior is able t o  maintain pressure between the two jaws 

but because of the angle of the upper pharyngeal tooth plate, it 



does not f ac i l i t a t e  a grinding action as it res t r ic ts  the anterior 

movement of the lower pharyngeal jaw. A grinding action requires an 

anteriorly directed movement of the lower pharyngeal jaw, which 

probably accounts for the increasing importance of the fourth 

levator externus and decreasing importance of the levator posterior 

i n  scarids. These changes were noted i n  Cazstomus by Yamaoka (1980) 

and are particularly notably i n  scasus species (Section 1 . 3 . 3 ) .  

A grinding action of the pharyngeal apparatus with a swinging 

movement of the lower pharyngeal bone is supported by the 

differential  development of the scarid pharyngeal musculature. The 

fourth levator externus, f i f t h  adductor, second transversus 

ventralis and obliquus dorsalis are a l l  well developed. The former 

three muscles adduct the pharyngeal bones w h i l s t  fac i l i ta t ing an 

anterior movement of the lower pharyngeal bone. The obliquus 

dorsalis draws the upper pharyngeal bones caudally producing a 

shearing movement of the upper pharyngeal bone against the lower 

pharyngeal bone. It w i l l  also give an anteriorly directed force t o  

the fourth epibranchial which may be transmitted vta the f i f t h  

adductor t o  the lower pharyngeal bone (Figs 1.15 A, B ) .  

The decreased development of the levator posterior and the 

retractor pharyngeus superior likewise reflect  a  grinding action of 

the scarid pharyngeal apparatus. Although the levator posterior is 

the strongest crushing muscle in  l ab r id s  (Yamaoka, 1978) ,  it would 

impede the swinging ab i l i t i e s  of the lower pharyngeal bone i n  

scarids. The decreased relative size of th i s  muscle, therefore 

increases the swinging ab i l i t i e s  of the lower jaw. The decreased 

size, however, also reduces the crushing ab i l i t i e s  of t h i s  muscle, 



and may account  f o r  the i n c r e a s e d  size o f  the  second  major  c r u s h i n g  

muscle ,  t h e  f o u r t h  l e v a t o r  e x t e r n u s .  The reduced  size o f  t he  

r e t r a c t o r  pharyngeus  s u p e r i o r  may be a r e s u l t  of a modi f ied  

f u n c t i o n ,  as it is no l o n g e r  r e q u i r e d  t o  tear  o r  t r a n s p o r t  material, 

merely t o  move the upper  p h a r y n g e l  Bones o v e r  the l o w e r  p h a r y n g e a l  

b o n e s .  T h i s  movement is aided by t h e  o b l i q u u s  dorsalis, the second 

t r a n s v e r s u s  v e n t r a l i s ,  the  wedge-shaped upper  p h a r y n g e a l  bones ,  t he  

d e c r e a s e d  c r u s h i n g  power, the rows o f  even rounded p h a r y n g e a l  teeth 

(rather t h a n  c o n i c a l  o r  m o l a r i f o r m  t e e t h  as i n  labrids [Yamaoka, 

%972]) ,  a mobi le  lower  p h a r y n g e a l  bone,  and t h e  n a t u r e  o f  t he  

material i n g e s t e d .  

The a n t a g o n i s t i c  musc les  i n  the proposed g r i n d i n g  a c t i o n  ape 

the t r a n s v e r s u s  d o r s a l i s  p o s t e r i o r  and t h e  t h i r d  l e v a t o r  e x t e r n u a  

( o n  the upper  p h a q n g e a l  b o n e s )  and the p h a r y n g o c l e i t h r a l i s  i n t e r n u s  

and e x t e r n u s  ( o n  the l o w e r  p h a r y n g e a l  b o n e ) .  It is proposed that  

t h e  a b d u c t i o n  o f  t h e  p h a r y n g e a l  t o o t h  plates t o  admit material f o r  

g r i n d i n g  is primarily associated w i t h  t h e  p h a r y n g o c l e i t h r a l i s  

i n t e r n u s  and e x t e r n u s  ( a n d  t h e r e f o r e  t h e  associated muscles  o f  t h e  

c l e i t h r u m ) ,  w i t h  the l e v a t o r  p o s t e r i o r  a s s i s t i n g  i n  the r o t a t i o n  of 

the lower  pharyngea l  bone a b o u t  the p h a r y n g o c l e i t h r a l  j o i n t .  T h i s  

a c t i o n  is comparable t o  the p r o t r a c t i o n - a b d u c t i o n  p h a s e  o f  t h e  

g e n e r a l i z e d  c i c h l i d  mechanism d e s c r i b e d  by Liem (1973) .  The 

r e l a t i v e l y  weak form of the p h a r y n g o c l e i t h r a l  j o i n t  i r r e s p e c t i v e  of 

the  f e e d i n g  t y p e  and its p r e s e n c e  i n  labr ids ,  s u g g e s t s  a r o l e  i n  t he  

open ing  of p h a r y n g e a l  jaws rather t h a n  i n  the c r u s h i n g  phase .  



An i n t e r m e d i a t e  s t a g e  between the  l ab r id s  and Scarus may be 

found i n  the more ' p r i m i t i v e '  scarids, e . g .  CaLstomus, C. btcotss 

and  B. murtcatum, which r e t a i n s  a r e l a t i v e l y  w e l l  developed l e v a t o r  

p o s t e r i o r .  I n  CaLatomus, it is o f  a n  i n t e r m e d i a t e  size between 

b a b r i d s  and Scasus (Yamaoka, 1978, 1980 and  S e c t i o n  1.3.3), w h i l s t  

i n  C. btcotor and B. murtcatum, it is s l i g h t l y  l a r g e r  t h a n  i n  

' s o r d i d u s '  g r o u p  species, w i t h  a we11 developed a n t e r o l a t e r a l  

s e c t i o n  a r i s i n g  from a specialized t r i a n g u l a r  fossa i n  the base of 

the neurocranium. A l l  three s p e c i e s  resemble Scarus ( e s p e c i a l l y  t he  

' f r e n a t u s '  g r o u p  fo rm)  i n  the development  o f  the o b l i q u u s  d o r s a l i s  

" and  f o u r t h  l e v a t o r  exkernus .  I n  these species, t h e  d e g r e e  of 

development o f  the  l e v a t o r  p o s t e r i o r  l i m i t s  the a n t e r i o r  movement of 

the lower  p h a r y n g e a l  bone.  C. btcotor and B. murtcatum may have 

p a r t i a l l y  overcome t h i s  problem by the c u r v a t u r e  of t h e  

b a s i p h a r y n g e a l  j o i n t .  This decreases the v e r t i c a l  movement of the 

upper  p h a r y n g e a l  teeth which are i n  u s e  d u r i n g  g r i n d i n g ,  and  r e d u c e s  

the d e g r e e  o f  movement r e q u i r e d  of t h e  lower  pharyngeal _bone t n  

m a i n t a i n  c o n t a c t  between the p h a r y n g e a l  t o o t h  plates. The 

a s s o c i a t e d  m u s c u l a t u r e  o f  the l o w e r  p h a r y n g e a l  bone t h e r e f o r e  

r e t a i n s  the c r u s h i n g  a c t i o n  as found i n  l a b r i d s ,  b u t  b e c a u s e  of the  

shape o f  the u p p e r  p h a r y n g e a l  bone,  a s l i g h t  g r i n d i n g  a c t i o n  is a l s o  

pssible. 

The f u n c t i o n a l  advan tage  of a mobi le  ( s w i n g i n g )  l o w e r  

p h a r y n g e a l  bone  may be a n  i n c r e a s e  i n  g r i n d i n g  e f f i c i e n c y  despite a 

d imin i shed  c r u s h i n g  a b i l i t y .  The g r i n d i n g  e f f i c i e n c y  (6.e. 

r e d u c t i o n  o f  particle size and t r i t u r a t i o n  o f  a l g a l  ce l l s )  c a n  be 

i n c r e a s e d  b y  i n c r e a s i n g  the area o f  c o n t a c t  between the  p h a r y n g e a l  

t o o t h  p l a t e s ,  p a r t i c u l a r l y  i f  smaller areas come i n t o  c o n t a c t  



s e q u e n t i a l l y ,  t h e r e b y  m a i n t a i n i n g  a r e l a t i v e l y  h i g h  p r e s s u r e  p e r  

u n i t  area. T h i s  p r o p o s a l  is s u p p o r t e d  by' the i n c r e a s e d  l e n g t h  o f  

the  lower  pharyngeal. tooth plates o f  S c a r u s  when compared t o  

s p a r i s o m a t i n e  g e n e r a  ( s c h u % t z ,  1958 and Bruce,  1979) ,  and the  

i n c r e a s e d  area o f  worn teeth ( a s  a % o f  t o t a l  upper  p h a r y n g e a l  bone 

l e n g t h )  i n  S c a r u s  (38-52 %, n=8) i n  comparison t o  C. btc0L0r and 

B. mustcaturn ( 26-32 %, n=7 ) . 

The f u n c t i o n a l  i n t e r p r e t a t i o n s  of t h i s  s e c t i o n  may be 

i n v e s t i g a t e d  b y  f e e d i n g  e x p e r i m e n t s ,  b u t  i d e a l l y  r e q u i r e  s e q u e n t i a l  

x-ray pho tography  ( o r  x-ray cinematography)  and /or  detailed 

e l e c t r o m y o g r a p h i c a l  a n a l y s e s  comparable t o  t h e  s t u d i e s  o f  Eiem 

( 1 9 7 3 )  and Liem and Greenwood ( 1 9 8 1 ) .  

summary 

1) The genus  S e a r u s  h a s  two f u n c t i o n a l  groups ,  t h e  ' s o r d i d u s '  g roup  

and the ' f r e n a t u s '  g r o u p .  

2 )  ' S o r d i d u s '  g roup  species are d e s c r i b e d  as f u n c t i o n a l  'bi ters ' .  

Morpholog ica l  f e a t u r e s  which g i v e  rise t o  s u c h  a c a p a b i l i t y  

i n c l u d e  : 

a )  s t r o n g  bones  and specialized o s t e o l o g i c a l  s t r u c t u r e s  

b )  a r t i c u l a t o r y  sys tems  t h a t  enhance the power of the bite 

c )  r o b u s t  t e e t h  and a n  uneven c u t t i n g  edge which l o c a l i z e  t h e  

b i t i n g  force, and 

d )  a d d i t i o n a l  muscles  and p i n n a t e  a d d u c t o r  musc les  which d e l i v e r  

a p o w e r f u l  f o r c e  w i t h  l i t t l e  movement. 

3 )  ' F r e n a t u s '  g roup  species are described as f u n c t i o n a l  'scrapers', 

as i n d i c a t e d  by: 

a )  r e l a t i v e l y  l i g h t  o s t e o l o g i c a l  s t r u c t u r e s  



b )  articulatory systems t o  enhance the movement of the jaws 

c )  smooth cutting edges t o  increase contact with the substratum, 

and 

d )  weakly pinnate adductor muselbea which enhance jaw movement but 

provide l i t t l e  force. 

4) C. DtcoLor and B. murtcatum are functional 'bi ters '  but lack many 

of the specialized morphological characters associated with 

biting i n  'sordidus' group species, and are therefore considered 

'proto-biters'. 

5 )  Htpposcarus &ongtceps is a functional 'scraper' but retains 

ancestral characters. I% is, therefore, considered a 

'proto-scrapera . 
6 )  The comparative morphology of the pharyngeal apparatus i n  scarids 

and labrids is discussed w i t h  regards t o  the type of food 

processing, 6.e. crushing or  grinding, as a result of dietary 

differences . 



1.5 visceral Anatomy 

TWO a s p e c t s  o f  t h e  v i s c e r a l  anatomy have been examined, t h e  

l i v e r  and t h e  i n t e s t i n e .  

Materials and methods 

The v i s c e r a  w e r e  examined i n  two c o l l e c t i o n s  o f  f i s h .  The 

first w a s  c o l l e c t e d  from Heron I s l and ,  Orpheus I s l a n d  and Lizard  

I s l a n d  between t h e  1 6 t h  December 1980 and 20th January  1981. The 

second c o l l e c t i o n  w a s  from Pandora, R i b  and Myrmidon reefs. 

Specimens i n  t h e  former c o l l e k t i o n  were f rozen ,  and t h o s e  from 

t h e  la t ter  c o l l e c t i o n  f i x e d  and preserved i n  10% formal in .  I n  

a l l  cases, t h e  l i v e r  weight  is expressed a s  a pe rcen tage  o f  t h e  

c leaned  body weight (6.e. w i t h  t h e  i n t e s t i n e ,  l i v e r ,  gonads and 

s w i m  b l a d d e r  removed), t o  a l l o w  f o r  v a r i a t i o n s  i n  t h e  weight o f  

t h e  g u t  con ten t s ,  l i v e r  and reproduct ive  organs .  I n t e s t i n a l  

p a t t e r n s  were examined i n  bo th  the f ixed  and f r e s h  material from 

t h e  above c o l l e c t i o n s  i n  a d d i t i o n  t o  f r e s h  material from Lizard  

I s l a n d .  Comparative a n a l y s e s  o f  i n t e s t i n a l  l e n g t h s  w e r e  based 

s o l e l y  on f i x e d  material from the second c o l l e c t i o n .  

R e s u l t s  

A .  Live r  

The l i v e r s  o f  a l l  s c a r i d s  examined were l a r g e  and o i l y ,  wi th  

a yel low - orange t o  t a n  c o l o u r .  There are two major l obes  w i th  

t h e  s i n i s t r a l  t y p i c a l l y  l a r g e r  than  t h e  d e x t r a l ,  t h e  o n l y  

except ion  w a s  one specimen of s .  fLav6pectoraLts which had a 

l a r g e  dextral lobe .  



The data from the f i r s t  collection are given i n  Table 1.4 

and from the second csllection i n  Table 1 .5  A.  In the second 

collection, S. so~dtdus and S. gLobtceps were examined as  

representatives of the ' sordidus ' and ' frenatus ' groups 

respectively. There is no significant difference i n  the relat ive 

l iver  weights of the two species (MwU-test p > 0,1,  Table 1.5 A ) .  

Because of potential seasonal variation and the small sample 

size,  the data on relat ive l iver  sizes are not conclusive per se. 

They do, however, support the general observations of A 1  Hussaini 

(1945, 1947 ) and Gohar and Latif ( P 9 5 9 ) ,  who described the l iv@r  

of scarids as large and fat ty,  representing 1 . 5  t o  7.4% ( 2  = 

3.8%) of the body weight. The data from the  second collection of 

material suggest that  there is l i t t l e  or  no difference in  l ive r  

size between the two species. 

B.  Intestine 

The pattern and form of the in tes t inal  t rac t  varied both 

within and between species. Ontogenetic changes are the main 

form of variation within a species and w i l l  be described i n  

Chapter 2 .  However, the intest inal  pattern is relatively 

consistent within a species above 60 m S.L. and therefore, for  

comparative purposes, only specimens above t h i s  s ize are 

considered here. Three main intest inal  patterns were found, 

designated type I ,  I1 and 111 (Fig. 1 . 2 4 ) .  These patterns do 

not resemble any of the ' typicalc actinopterygian gut patterns 

described by Mok (1980) .  Type I is the most simple. I t  

posseskes a duodenal - i l i a 1  loop and dextral loop ' a '  but is 

characterized by the absence of both anterior s in i s t ra l  loops 



T a l e  1 . 4  A comparative list sf r e l a t i v e  l i v e r  weights 

Number S .L. range Mean Liver 
(m) Weight 

Scarids : 
Scarus rtvutatus 1 
Scarus sp.  (cf. ZunuLa) 1 
Scarus gtbbus 1 
S C U ~ U S  sordtdus 1 

Non-scarid herbivores? 
EPBso untesrnts (Fsrssldi l)  * 2 
Naso tuberosus ( Laeepede) * 1 
Stganus Ltneatus ( C  h V) * 2 
Stganus sptnus ( L . ) * 1 
Acanthurus dussumtert ( C  & V )  1 

Carnivvsres/omnivores~ 
Lutjanus carpnotatus Richardson 4 
Ptectrorhynchus f ZavtmacuZatus ( C  & V) 1 
SptLottchthys ptctus (Thunberg ) 1 
Lethr%nus sp. 2 
Eptnephetus fLauocaeruZeu% (Lacepede) 1 
Btectropmus Leopardus (EaceNde) 1 
EpCnepheLus merra Bloch 6 
E. fasctatus (Porsskal)  4 
C7zoerodon schoentetntt 1 
Chaetodon ttneoZatus ( C  & V) 1 
Pornacanthus semtctrcutatus ( C  & V )  * 1 
Sargocentron sptntferum ( F o r s s f i l )  2 
Caes to cuntng ( Bloch ) a 

t = As a % o f  the  cleaned body weight. 

* = These spec ies  possess fat deposi ts  around the  i n t e s t i n e .  



T a b l e  1.5 A The l i v e r  weights  o f  two Sca rus  spcies 

Spec ie s  I n t e s t i n a l  N u m b e r  S .E.Range Mean L i v e r  s WP/WZ 
P a t t e r n  (m) W e  f ght b. 

A a Ag a % o f  t o t a l  c leaned  body weight .  
p - No s i g n i f i c a n t  d i f f e r e n c e ,  MWU-test p a  0.1. 

Table  1.5 B The i n t e s t i n a l .  l e n g t h  v s .  s t a n d a r d  l e n g t h  of two 
Searus species 

- 
Spec ie s  I n t e s t i n a l  Number S.L.Range R.G.I.+ x Ul/U2 

P a t t e r n  (m) 

9 = R e l a t i v e  Gut Index ( g u t  length /s tandard  l e n g t h ) .  
* - S i g n i f i c a n t l y  d i f f e r e n t ,  MwU-test p< 0 .02 .  

Table  1.5 C The i n t e s t i n a l  l e n g t h  v s .  body weight  of two 
Scarus species 

species I n t e s t i n a l N u m b e r  S.L.Range R.G.I.+ SZ U I / U ~  
P a t t e r n  

S. so rd tdus  I11 14 106-186 3.5 0.38 81.5 t 
S. gLobtceps I1 14 122-204 3.11 0.27 114.5P 

+ = R e l a t i v e  Gut Index ( g u t  length/cleaned body weight ) .  
t - No s i g n i f i c a n t  d i f f e r e n c e ,  MWU-test p a  0.2. 



Figure  1 - 2 4  

The t h r e e  types o f  i n t e s t i n a l  p a t t e r n  found i n  Scarus 
species. 

I n  these f i g u r e s ,  the i n t e s t i n e  is rep resen ted  by a simple l i n e .  
The saccu%ated n a t u r e  o f  t h e  i n t e s t i n e  is n o t  shown. The p o s i t i o n s  
of t h e  two main loops  ' a '  and 'b '  are i n d i c a t e d  by ha t ch ing  or 
s t i p p l i n g  as shown i n  the lower f i g u r e .  The species d i s t r i b u t i o n  of 
the i n t e s t i n a l  p a t t e r n  t y p e s  are given i n  Table  1.6. 



l ntestinal type 

Lateral view 

Type I I 

Type I I I 

Dorsal view 

Loop 'a' 
Duodenum 

Anus 

Duodenal-ilial junction 

Loop 'b' 
Sacculated ilium 

Lateral intestinal loop 



( l a te ra l  and loop ' b ' ) .  Type %I possesses four loops: the 

duodenal - i l i a l  loop, the l a te ra l  in tes t inal  loop ( s i n i s t r a l ) ,  

loop 'a '  (dextra l )  and loop 'b' ( s in i s t r a l ) .  It is characterized 

by having loop 'b '  lying within the l a te ra l  intest inal  loop. 

Type $11 likewise has a l l  four loops but is  characterized by loop 

'b' lying l a t e r a l  t o  the l a te ra l  intest inal  loop. A list of 

those species possessing each in tes t inal  type i s  given i n  Table 

1 .6 .  From t h i s  table, it is apparent that  there is  a marked 

division i n  the species possessing the three intest inal  types, 

with types I and I1 being restr icted primarily t o  'frenatus' 

group species, i n  subgroups ' a '  and 'b'  respectively, and type 

11% t o  'sordidus' group species. 

The in tes t inal  pattern of Cezoscarus btcotor ( n  = 5, S . L .  

124-486 m) is intermediate between type I1 and 111, w i t h  loop 

' b q y i n g  within the la tera l  in tes t inal  loop anteriorly but 

la tera l  t o  it posteriorly. BoLbometopon murtca*um ( n  = 2,  S.L. 

613-775 mm) has a type I11 intes t inal  pattern but with 

posteriorly extended la tera l  loops. 

Exceptions t o  the typical patterns include: Scarus sp. 

(c f .  tunuta) which i s  unusual as adults possess type I ,  type I1 

and intermediate patterns, one specimen of S. ovtceps which 

lacked loop ' b ' ,  and a specimen of S. schzegett which lacked the 

lateral  in tes t inal  loop. One S. sptnus specimen had a type I1 

intest inal  pattern, but differed s l ight ly  as the l a t e r a l  

intest inal  loop and loop 'b' extended dorsomedially over the 

duodenum. Another S. spinus specimen had a type II/III 

intestinal pattern w i t h  a short loop 'b '  and an additional 



T a b l e  1 . 6  The dis tr ibut ion of i n t e s t i n a l  types i n  Scarus species 

I n t e s t i n a l  type Species Group o r  Number S .L. Range 
subgroup (arm) 

S. fLavtpectoratts 
S. tongtgtnnts 
S. pstttucus 
S. scheegett 
S. sp.  (cf. tunutu) 

S .  brevtfttts 
S. dtmtdtatus 
9. frenutus 
S. ghobban 
S. gtobtceps 
9. ntger 
9. ovtceps 
S .  rtvutatus 
S. rubrovtstaceus 
9. sptnus 
S. sp (cf. tunuta) 

S .  bteekert 
S. gtbbus 
S. sordtdus 

P = 'Frenatusl group species subgroup ' a v .  
$ = 'Frenatus' group species subgroup ' b l .  
* = 'Sordidus' group species. 



v e n t r a l l y  d i r e c t e d  f o l d  i n  t h e  lateral i n t e s t i n a l  loop. One 253 

m s.L. S. b ~ e v t f t b t s  specimen w a s  i n t e rmed ia t e  between types I f  

and III. The c h a r a c t e r i s t i c  s a c c u l a t e d  form w a s  found i n  all. 

species examined. 

The r e l a t i v e  i n t e s t i n a l  l e n g t h  w a s  compared i n  two species, 

S. sord tdus  and S. g tob tceps ,  as r e p r e s e n t a t i v e  species 

possess ing  t y p e  I P I  and type I1 i n t e s t i n e s  r e s p e c t i v e l y .  The 

i n t e s t i n a l  l e n g t h s  were compared r e l a t i v e  t o  t h e  s t anda rd  body 

l ength  and the c leaned  body weight (Table  1 . 5  B, C ) .  The 

d i f f e r e n c e  between t h e  two s p e c i e s  is s i g n i f i c a n t  when compared 

i n  terms o f  g u t  l e n g t h  : S.L. (MWW-test p < .02, T a b l e  1 . 5  B ) ,  

b u t  no t  s i g n i f i c a n t  i n  terms o f  g u t  l e n g t h  : cleaned body weight  

(MwU-test p > 0 . 2 ,  Table 1.5 C). 

1.6 Func t iona l  Imp l i ca t ions  

A. The l i v e r  

Two f a c t o r s  are considered impor tan t  when accounting f o r  t h e  

r e l a t i v e l y  l a r g e  l i v e r  s i z e  i n  scarids. F i r s t l y ,  u n l i k e  some 

herb ivores  which s t o r e  fat  around t h e  i n t e s t i n e  (Table 1 * 4 ) ,  

s c a r i d s  appear  t o  use  t h e  l i v e r  as t h e  pr imary l i p i d  s t o r a g e  

organ.  Secondly, as i n  o t h e r  herb ivorous  s p e c i e s ,  t h e  l i v e r  o f  

s c a r i d s  appears  t o  be l a r g e r  t h a n  i n  non-herbivorous species 

(Table 1 . 4 ) .  This may be a g e n e r a l  herb ivorous  response t o  the 

l a r g e  number o f  t o x i c  compounds i n  the d i e t  (Bashimoto e t  a t . ,  

1972 and N o r r i s  6 Fen ica l ,  1982) and t h e  need t o  d e t o x i f y  them. 



B. The i n t e s t i n e  

Wi th in  t h e  genus  Scams, there is a marked d i v i s i o n  i n  the  

p a t t e r n  o f  the i n t e s t i n a l  tract. Members o f  the  ' f r e n a t u s '  g roug  

t y p i c a l l y  h a v e  t y p e  I o r  type P I  i n t e s t i n e s ,  whereas  o n l y  type 

P I I  i n t e s t i n e s  are found i n  ' s o r d i d u s *  g roup  species. Wi th in  

' f r e n a t u s '  g roup  s p e c i e s ,  t h e  d i v i s i o n  between t h o s e  species 

p o s s e s s i n g  type I and type I1 i n t e s t i n e s  is also d i s t i n c t ,  w i t h  

o n l y  one  species (Scasus sp . )  p o s s e s s i n g  both forms .  

There is a s t r o n g  c o r r e l a t i o n  between the  i n t e s t i n a l  

p a t t e r n ,  the s t r u c t u r e  of the a d d u c t o r  mandibulae  musc les ,  and 

t h e  g e n e r a l  body shape .  Species w i t h  type I p a t t e r n s  are 

t y p i c a l l y  e l o n g a t e  w i t h  l i t t l e  or no c o n n e c t i o n  between Ala and 

A2. Species w i t h  type P I  p a t t e r n s  are t y p i c a l l y  less e l o n g a t e  

and h a v e  a s t r o n g  c o n n e c t i o n  between Ala and A2, w h i l s t  species 

w i t h  type 1 x 1  p a t t e r n s  are deep  bod ied  w i t h  t y p i c a l  

' s o r d i d u s 1 - f o m  a d d u c t o r  m u s c l e s .  

The observed  d i f f e r e n c e s  i n  the i n t e s t i n a l  p a t t e r n  are 

probably a r e s u l t  of o p t i m a l  space u t i l i z a t i o n  r a t h e r  t h a n  a 

p h y s i o l o g i c a l  or d i r e c t  f u n c t i o n a l  r e q u i r e m e n t .  The space 

a v a i l a b l e  f o r  t h e  g u t  i . e .  the p e r i t o n e a l  c a v i t y ,  is dependent  

upon t h e  g e n e r a l  body s h a p e ,  which is i n  t u r n  dependen t  t o  some 

e x t e n t  on the morphology o f  t he  f e e d i n g  a p p a r a t u s .  T h e r e f o r e ,  i n  

t h o s e  members o f  t h e  ' f r e n a t u s '  g roup  w i t h  a n  e l o n g a t e  head and 

body (species i n  subgroup ' a '  and  S. L o n g t p t n n t s ) ,  t he  p e r i t o n e a l  

c a v i t y  is  l i k e w i s e  l o n g  and narrow.  Assuming t h a t  the i n t e s t i n a l  

d i a m e t e r  is l i m i t e d  b y  the f u n c t i o n a l  f a c t o r s  d e s c r i b e d  below, 

t h e  m o s t  e f f i c i e n t  i n t e s t i n a l  p a t t e r n  i n  such  a c a v i t y  is a 



s e r i e s  o f  simple loops  i .e ,  a t y p e  1 p a t t e r n .  

I n  t h e  remaining members o f  t h e  ' f r e n a t u s '  group ( p r i m a r i l y  

s p e c i e s  i n  sub-group ' b ' )  the head and body are deeper .  I n  t h e s e  

spec i e s ,  t h e  p e r i t o n e a l  c a v i t y  is deeper  b u t  no t  markedly wider ,  

hence a t y p e  11 p a t t e r n ,  wi th  loop  'b '  l y i n g  wi th in  t h e  lateral 

i n t e s t i n a l  l oop  as t h e  width is s t i l l  l i m i t i n g .  The p o s t e r i o r  

ex tens ion  o f  t h e s e  loops  is limited by  t h e  t a p e r i n g  o f  t h e  body. 

I n  ' so rd idus '  group species, the feed ing  appa ra tus  ( h e a d )  is 

cons iderably  wider  t han  i n  s p e c i e s  i n  e i t h e r  o f  t h e  ' f r e n a t u s '  

sub-groups. The concomitant i n c r e a s e  i n  the width o f  bo th  t h e  

body and p e r i t o n e a l  c a v i t y  facilitates the development o f  t h e  t w o  

s i n i s t r a l  lateral loops  and because o f  t h e  inc reased  width l o o p  

'b '  is a b l e  t o  l i e  lateral t o  t h e  lateral i n t e s t i n a l  loop  (=  type 

11% ) .  

The dependence o f  t h e  i n t e s t i n a l  p a t t e r n  upon t h e  shape o f  

t h e  _aeritonea1 c a v i t y  has beer: act& by X=k (1377, i980j and mok 

& Shen (1982) ,  who found that a t  t h e  s p e c i e s  l e v e l ,  the 

i n t e s t i n a l  p a t t e r n  o f  chae todont ids  is independent of  i n t e s t i n a l  

l eng th  o r  d i e t  (Mok, 1982).  A similar l a c k  o f  c o r r e l a t i o n  

between d i e t  and i n t e s t i n a l  p a t t e r n  h a s  been found i n  s e v e r a l  

s p e c i e s  o f  acan thu r id  ( Jones ,  1968 and Mok, 1977) .  

The total  i n t e s t i n a l  l e n g t h s  o f  S. gLobtceps and 

s. sord tdus ,  w i t h  a t y p e  11 ( ' f r e n a t u s '  group)  and a t y p e  111 

( ' so rd idus '  g roup)  i n t e s t i n a l  p a t t e r n  r e s p e c t i v e l y ,  a r e  
e 

s i g n i f i c a n t l y  d i f f e r e n t  ( M W U - t e s t  p < .02) when compared i n  terms 

o f  t o t a l  i n t e s t i n a l  length :  s t anda rd  l eng th  (S .L . )  ( T a b l e  

1 . 5  B ) .  However, the f u n c t i o n a l  i m p l i c a t i o n s  o f  t h i s  obse rva t ion  



are i n c o n c l u s i v e ,  as the  two  species d i f f e r  markedly  i n  Body 

shape. To a l l o w  f o r  t h i s  v a r i a b i l i t y  i n  body s h a p e ,  the  

i n t e s t i n a l  l e n g t h s  were compared i n  r e l a t i o n  t o  t h e  c l e a n e d  body 

w e i g h t .  T h i s  r e v e a l e d  no s i g n i f i c a n t  d i f f e r e n c e  ( M W U - t e s t  p > 

Q , % )  between t h e  two species ( T a b l e  1 .5  C ) .  The d i f f e r e n c e  

between the two species u s i n g  the  former  measurement is regarded  

as a r e f l e c t i o n  of body shape w h i l s t  the la t te r  more a c c u r a t e l y  

r e p r e s e n t s  the relative i n t e s t i n a l  l e n g t h s .  The lack o f  a n y  such  

d i f f e r e n c e  s u g g e s t s  t ha t  the two groups  may h a v e  s i m i l a r  

d i g e s t i v e  capabilities. 

In g e n e r a l ,  h e r b i v o r o u s  fishes have l o n g e r  i n t e s t i n e s  t h a n  

amwivorous o r  c a r n i v o r o u s  species ( S u y e h i r o  1941, A l  H u s s a i n i  

1947 and A 1  B u s s a i n i  f Kohly 1 9 5 4 ) ,  a l t h o u g h  t h e  r e l a t i o n s h i p  

Between i n g e s t e d  p l a n t  matter and g u t  l e n g t h  is n o t  r i g i d  

( S u y e h i r o  1941, A l  H u s s a i n i  1947, 1949, J o n e s  1968, Emery 1973 

and Mok 1982 ) . A s  n o t e d  by A 1  H u s s a i n i  ( 1949 ), a comparison 

between v a r i o u s  h e r b i v o r o u s  g r o u p s  is  p a r t i c u l a r l y  d i f f i c u l t  

b e c a u s e  of the wide r a n g e  o f  f e e d i n g  mechanisms and d i g e s t i v e  

sys tems .  

I n  comparison w i t h  non-herbivorous s p e c i e s ,  scarids have a 

r e l a t i v e l y  l o n g  i n t e s t i n e  (Gohar  & f a t i f  1959 and  A 1  H u s s a i n i  

1947). However, when compared t o  o t h e r  g roups  o f  reef h e r b i v o r e s  

t h e y  have ,  a s  a group, some o f  t h e  s h o r t e s t  i n t e s t i n e s  ( T a b l e  

1 . 7 ) .  Two f a c t o r s  are c o n s i d e r e d  p a r t i c u l a r l y  i m p o r t a n t  when 

a c c o u n t i n g  f o r  th is  r e l a t i v e l y  s h o r t  i n t e s t i n e .  



Table 1.7 G u t  lengths of herbivorous reef fishes, 

R.6. I .+ NUHI$C?r of Number of Soureg 
Species Individuals 

Scaridae 
Scarus sgp. 1.62-2.66 
Scarus spp. 1.44-1.88 
SCQ~US sordtdus 2.40-2.70 
Scarus spp. 2.10-2.80 

Acanthuridae 
Acanthusus spg . 3.80-4.60 
Acanthurus spp. 3.00-6.90 
Zebrasoma ueztferum 5.10 
Zebrasoma sgp. 3.70 
Naso untcornts 6.00 
M s o  untcornts 4.90 
Naso spp. (herbivorous) 2.20-3.20 
Cfemehaetus spp. 3.50 

Siganidae 
$l.gnnrrs s2p. 4.69 
Stganus spp. 2.70-4.40 

Pemacentridae 
(herbivorous species)** 1.20-5.30 

K ~ h o s  idae 
Kyphosus tahmez 

A= present study B= Al H u s s i n i  (1945 ) C= AJ. Hussini ( 1947 ) 
E)L: Gohu 6 Latif ( 1959 ) E= Jones ( 1969) 

9 = Relative gut index ( t . e. gut length/standard length). 
* = Values estimated from data expressed as graphs i n  Emery (1973) 

(only fish over 30 mm S.L. were used). 
** = The s t r i c t  herbivorous nature of some of these species 

is uncertain, see Lobel (1980) and Lassuy (1984). 



F i r s t l y ,  many herb ivorous  species appear t o  r e l y  upon a c i d  

s e c r e t i o n s  to Syse a l g a l  cells be fo re  d i g e s t i o n ,  e.g. some 

acan thu r ids ,  pornacentrids, psmacanthids (Lobel ,  1981)  and 

c i c h l i d s  (Mor iar ty ,  1973) .  I n  t h e s e  spec i e s ,  a long  i n t e s t i n e  

would be advantageous as it i n c r e a s e s  the passage  t ime and 

f a c i l i t a t e s  extended s e q u e n t i a l  chemical p roces s ing  and 

abso rp t ion .  I n  s c a r i d s  t h e  use o f  mechanical, r a t h e r  t h a n  

chemical  ( a c i d  o r  enzyme), means of  d i s r u p t i n g  a l g a l  cells 

reduces  the need f o r  extended i n t e s t i n a l  process ing  and wi th  it 

t h e  requirement  f o r  a long  i n t e s t i n e .  The p re sence  o f  a 

r e l a t i v e l y  s h o r t  i n t e s t i n e  i n  species which mechanical ly  p roces s  

i nges t ed  a l g a e  h a s  been noted i n  s e v e r a l  s p e c i e s  o f  a c a n t h u r i d s  

and i n  two s p e c i e s  o f  s c a r i d s  (Lobel ,  1981) .  

Secondly, an  important  f a c t o r  t o  cons ider  when comparing the 

r e l a t i v e  l e n g t h s  o f  i n t e s t i n e s  is t h e  mucosal s u r f a c e  area i n  

r e l a t i o n  t o  a g iven  s e r o s a l  l e n g t h  (A1 Hussaini ,  1949) .  The 

s a c c u l a t e d  n a t u r e  o f  t h e  i n t e s t i n e  i n  s c a r i d s  i n c r e a s e s  t h e  

r e l a t i v e  s u r f a c e  area o f  t h e  i n t e s t i n e  ( A 1  Hussa in i ,  1945 and 

Gohar & L a t i f ,  1959) and may t h e r e f o r e ,  f u r t h e r  reduce t h e  need 

f o r  an e l o n g a t e  i n t e s t i n e .  

The unusual  s accu la t ed  n a t u r e  o f  t h e  i n t e s t i n e  o f  scarids 

has  been known f o r  many y e a r s .  Cuvier  and Valenciennes (1839, p 

1 3 3 )  s t a t e  t h a t  A r i s t o t l e  w a s  the first t o  d e s c r i b e  s c a r i d s  as 

ruminants,  and t h e y  refer t o  " l 'es tomach d i f f e r e n t "  o f  s c a r i d s  

( based on Spartsoma ( Euscarus ) cretense ( L .  ), see Board, 1956 ) . 
This  c h a r a c t e r i s t i c  i n t e s t i n a l  s t r u c t u r e  has  s i n c e  been desc r ibed  

i n  d e t a i l  ( A 1  Hussaini ,  1945 and Gohar & L a t i f ,  1959) .  The 



s a c c u l a t i o n s  are i n t e r p r e t e d  as a means of i n c r e a s i n g  the mucosaP 

s u r f a c e  area and d e c r e a s i n g  t h e  p a s s a g e  rate, t h u s  i n c r e a s i n g  the 

t i m e  a v a i l a b l e  for enzyme a c t i v i t i e s  and a b s o r p t i o n  ( A 1  H u s s a i n i ,  

1945 and Gohar & L a t i f ,  1 9 5 9 ) .  The r e l a t i v e l y  l o n g  i n t e s t i n e  of 

s c a r i d s  i n  comparison w i t h  labrids, is s e e n  as a consequence of 

t h e  Pow n u t r i t i o n a l  c o n t e n t  o f  t h e  d i e t  (Gohar  f L a t i f ,  1 9 5 9 ) .  

S a c c u l a t i o n  of the i n t e s t i n e  h a s  been  recorded i n  a l l  scarid 

g e n e r a  examined, i n c l u d i n g  Catotomus ( a s  Leptoscarus japontcus i n  

Suyeh i ro ,  1941) ,  which is one  of the m o s t  ' p r i m i t i v e '  scarid 

g e n e r a .  The more ' p r i m i t i v e '  l a b r i d - l i k e  g e n e r a  t y p i c a l l y  feed 

on  l a r g e  l e a f y  a l g a e  or marine  angiosperms ( S u y e h i r o ,  1941 and  

Bruce,  1979).  A s a c c u l a t e d  i n t e s t i n e  i n  these species s u g g e s t s  

t h a t  t h i s  f e a t u r e  may have  o r i g i n a l l y  e v o l v e d  i n  r e s p o n s e  t o  s u c h  

a d i e t .  The p r e s e n c e  o f  r e l a t i v e l y  s p e c i a l i z e d  s c a r i d - l i k e  

pharyngea l  jaws i n  these g e n e r a  and the  a b s e n c e  of a g a s t r i c  

stomach are i n d i c a t i v e  o f  a d i g e s t i v e  stratew based  o n  

mechanical ,  rather t h a n  chemical, means o f  c e l l u l a r  d i s r u p t i o n .  

The p r o d u c t s  of f e e d i n g  t h a t  pass i n t o  t h e  i n t e s t i n e  of 

' p r i m i t i v e '  scarids is t h e r e f o r e ,  i n  many respects, similar t o  

the material t h a t  passes i n t o  the i n t e s t i n e s  o f  the more 

'advanced '  s c a r i d s ,  i .e .  a t h i c k ,  ground s l u r r y  o f  l i t t l e  

n u t r i t i o n a l  v a l u e .  I t  is the n a t u r e  of t h i s  material t h a t  i s  

t h o u g h t  t o  have led t o  the  unusua l  form o f  the  s c a r i d  i n t e s t i n e .  

The similarity o f  the s c a r i d  i n t e s t i n e  t o  the human c o l o n  

was first no ted  by A 1  H u s s a i n i  ( 1 9 4 5 ) .  It is remarkable t h a t  

b o t h  g roups  have s u c h  a similar s t r u c t u r e .  I n  b o t h  cases, the  

s t r u c t u r e  is i n t e r p r e t e d  as a means of i n c r e a s i n g  the mucosal  



s u r f a c e  area f o r  absorp t ion  (Rober t s ,  1971 and Gohar & L a t i f ,  

196%). Thi s  can,  however, be achieved by o t h e r  means ( e . g .  

mucosal f o l d s  o r  p y l o r i c  caeca [Barr ington,  19571). It is 

suggested t h e r e f o r e ,  t h a t  a l though an i n c r e a s e  i n  t h e  mucosal 

s u r f a c e  area may be the primary cons ide ra t ion ,  t h e  f a c t o r  t h a t  

h a s  r e s u l t e d  i n  a saccu la t ed  s t r u c t u r e  i n  both s c a r i d s  and humans 

w a s  the n a t u r e  o f  t h e  luminal  c o n t e n t s  which is o f  a somewhak 

v iscous  n a t u r e  ( u s u a l l y ) .  The sacs i n c r e a s e  t h e  area o f  c o n t a c t  

between the v i scous  luminal  c o n t e n t s  and t h e  mucosa and main ta in  

a degree o f  mixing throughout their  passage.  

The s a c c u l a t i o n  o f  t h e  i n t e s t i n e  is  most marked i n  t h e  

sub-family Sca r inae ,  where, u n l i k e  CaZotomus, t h e  i l ia1 s e c t i o n  

of  t h e  i n t e s t i n e  i s  f u l l y  s a c c u l a t e d .  A saccu la t ed  i n t e s t i n e  h a s  

many p o t e n t i a l  advantages when considered wi th  respect t o  t h e  

feeding  behaviour  o f  the Sca r inae  (Chapter  5 ) .  Their f eed ing  

s t r a t e g i e s  r e s u l t  i n  t h e  i n g e s t i o n  o f  l a r g e  q u a n t i t i e s  of calcim 

carbonate  which reduces t h e  n u t r i t i v e  va lue  o f  the inges t ed  

m a t e r i a l  and i n c r e a s e s  t h e  d e n s i t y  o f  t h e  luminal  c o n t e n t s .  The 

l a r g e  mean i n t e s t i n a l  d iameter  w i l l  enable  a prolonged passage  

t i m e  t o  be maintained and w i l l  reduce t h e  r e l a t i v e  speed wi th  

which the luminal  con ten t s  passes the mucosal s u r f a c e .  This w i l l  

decrease  t h e  f r i c t i o n  between t h e  luminal  c o n t e n t s  and t h e  

i n t e s t i n a l  w a l l  and w i l l  t h e r e f o r e ,  m a k e  t h e  movement o f  l a r g e  

volumes o f  material e n e r g e t i c a l l y  more e f f i c i e n t  w h i l s t  

decreas ing  t h e  ab ra s ion  o f  t h e  d e l i c a t e  mucosa by  the l a r g e  

q u a n t i t i e s  o f  p a r t i c u l a t e  calcium carbonate  i n  t h e  luminal  

con ten t s .  



It is interesting to  note that both the labrids and scarids 

lack a gastric stomach (Gohar & Latif, 1959). I n  labrids, the 

lack of an acidic stomach is attributed to  the large quantity of 

calcium carbonate ingested i n  the form of bivalve and echinoderm 

fragments (Gohar 6a Latif , 1959). A9 i n  extant labr ids  and 

searids, it i s  likely that the ancestral labrid-like scarids also 

lacked an acidic stomach. The absence of an acidic stomach and 

the possession of a grinding pharyngeal m i l l  are regarded as the 

two key preadaptive morphological characters that resulted i n  the 

unusual feeding strategies of the scarids. 

Many fishes possess an acidic stomach and it i s  typically 

associated w i t h  a carnivorous diet (Barrington, 1957). An acidic 

stomach is also preadapted for the digestion of certain algae by 

acid lysis (Lobel, 1981 ), and may account for the widespread use 

of acid as a means of algal disruption i n  herbivorous fishes, as 

i n  the Acanthusidae, Chanidae, Pornacpntridae, pomas=nthid=e 

(fobel, 1981 ) and Cichlidae (Moriarty 1973 ) . 

I f  primitive labrid-like scarids lacked an acidic stomach 

they would have no means of disrupting algal cel l  walls other 

than mechanical trituration i n  the pharyngeal m i l l .  T h i s  feeding 

method, i n  association w i t h  a basic (alkaline) intestinal system 

would, however, make available new feeding niches, for example, 

the scraping of algal covered limestone, calcareous algae and 

corals, and eating tough algal species. These niches are 

unavailable to  acid secreting species because of the problem of 

the buffering effect of ingested carbonate (Lobel, 1981). The 

large quantities of calcium carbonate ingested would also enhance 



t h e  m a s t i c a t o r y  p r o c e s s e s  b y  a c t i n g  as a n  a b r a s i v e .  

I n  t h i s  way, a unique f e e d i n g  n i c h e  may have been  available 

t o  the e a r l y  scarids and r e s u l t e d  i n  t h e  d i v e r s i f i c a t i o n  of the  

group .  T h i s  d i v e r s i f i c a t i o n  is m o s t  n o t a b l e  i n  %he form o f  t he  

c o l l e c t i n g  a p p a r a t u s ,  g i v i n g  rise t o  such  disparate forms as 

Lepfoscarus  v a t g t e n s t s ,  BsLbometopon murtcatum, and  S c a r u s  

p s t t t a c u s .  The fundamental  role of the p h a r y n g e a l  a p p a r a t u s  i n  

t h e  e x p l o s i v e  s p e c i a t i o n  o f  A f r i c a n  c i c h l i d s  h a s  been  described 

b y  Liem ( 1 9 7 3 ) .  I n  t h e  f a m i l y  L a b r o i d e i  ( s e n s u .  Kaufman & Liem, 

1982) ,  t h e  p h a r y n g e a l  jaws l i k e w i s e  appear t o  h a v e  p l a y e d  a n  

i m p o r t a n t  role i n  the a d a p t i v e  r a d i a t i o n  of t h e  g roup .  

C e l l u l a s e  a c t i v i t y  h a s  b e e n  found i n  t h e  i n t e s t i n e s  of 

s e v e r a l  t e l e o s t  s p e c i e s  a l t h o u g h  it has m o s t  f r e q u e n t l y  b e e n  

a s s o c i a t e d  w i t h  i n g e s t e d  material rather t h a n  a r e s u l t  o f  a 

permanent m i c r o b i a l  f a u n a  o r  a s e c r e t o r y  ab i l i ty  of the  f i s h  

( S t i c k n e y  & Shurnway, 1974, Prejs & Blaszczyk,  1977,  L i n d s a y  & 

Harris, 1980 and Weins te in  e t  at., 1 9 8 2 ) .  The l a c k  of c e l l u l a s e  

o r  other enzymes capable o f  d i g e s t i n g  p l a n t  cell  w a l l s  i n  fishes 

has been  s u g g e s t e d  i n  s e v e r a l  o t h e r  s t u d i e s  ( R a n d a l l ,  1 9 6 1  a, 

Gohar & L a t i f ,  196lb, H i c k l i n g ,  1966, Gunn e t  a t . ,  1977,  Van Dyke 

& S u t t o n ,  1977,  Ola tunde  & Ogunbiyi ,  1977, Ogden & Lobe l ,  1978  

and Lobel ,  1980, 1981).  Al though scarids have been  r e g a r d e d  as 

ruminan ts  and have  a n  u n u s u a l  i n t e s t i n a l  s t r u c t u r e  (Sagemehl,  

1885 and Board, 1 9 5 6 ) ,  no detailed i n v e s t i g a t i o n  i n t o  the  

p r e s e n c e  o f  c e l l u l a s e  h a s  been  under taken .  However, c e l l u l a s e  

a c t i v i t y  i n  scarids is u n l i k e l y  i n  view o f  the e v a c u a t i o n  o f  t he  

i n t e s t i n a l  c o n t e n t s  a t  d u s k  and  n o c t u r n a l l y  empty i n t e s t i n e s  



(Smith & Paulson, 1974).  Bespite the lack of conclusive evidence 

of cellulase activity i n  fishes, there is a possibility that a t  

least one herbivorous reef fish species possesses some ability t o  

digest cellulose. Microbial analyses of the contents of the 

entesic diverticulum of rudderfishes (Kyphosus spp) have 

revealaed a microbial fauna which includes forms potentially 

capable of cellulase secretion ( D . J . W .  Moriarty, pers. comm. 

and Rimmer & wiebe, i n  press ). 

Summary 

1) Scarids have a large oily liver which i s  approximately 2 .5% of 

the cleaned body weight. 

2 )  W i t h i n  the genus Scasus three distinct intestinal patterns are 

found: type I and 11, typical of 'frenatus' group species, 

and type 111, typical of-'sordidus' group species. 

3 )  When compared relative to  the standard length, a type I11 

pattern is signiPieantPy lrnjer  than a type II pattern. When 

compared relative to  the gutted body weight, however, there is 

no signicicant difference between the two. 

4 )  The intestinal pattern is explained i n  terms of the general 

body shape and size of the feeding mechanism. 

5 )  The intestine of scarids is shorter than that of other 

herbivorous reef fish families. Th i s  i s  interpreted as a 

result of mechanical, rather than chemical, food breakdown and 

the unusual form of the intestine. 

6 )  The characteristic form of the scarid intestine i s  discussed 

as a means of increasing the surface area and as a specific 

adaptation to  the unusual diet and feeding strategy of 

scarids . 



7 )  The evolution of the scar id  feeding mechanism i s  considered 

with reference t o  a preadapted ' l ab r id '  stage which possesses 

pharyngeal jaws and lacks an ac id i c  stomach. 

1.7 Discussion 

Morphological analyses have many applications i n  biology, with 
I 

Mpor%ant ro l e s  i n  the  study of ecology, behaviour, functional 

anatomy, physiology and systematics. In the  present study, 

morphological analyses formed t h e  bas i s  fo r  two areas of fur ther  

study, 1) systematic analyses and 2 )  behavioural ecology. 

1) Systematic analyses. 

In the  systematic s tudies  of  higher ichthyological taxa,  

in te rna l  morphological analyses are of ten of value ( e . g .  Schultz, 

1958 and Mayr, 1969). The morphological descriptions i n  t he  present 

chapter form an idea l  bas i s  fo r  comparisons between genera within 

the subfamily Scarinae. The systematics of the  Scaridae using these  

descriptions a r e  therefore  considered i n  d e t a i l  i n  Chapter 3.  

2 ) Behavioural ecology. 

Previous s tud ies  have found a s t rong correla t ion between t h e  

morphology and ecology of many f i s h  species ( e . g .  Jones, 1968, 

D e  Martini, 1969, Emery 1973, Motta, 1980 and Stoner & Livingston, 

1984), including scar ids  (Choat, 1969 and Bruce, 1979) .  In  these 

s tudies ,  morphological analyses provided a useful t o o l  i n  t h e  

investigation and interpreta t ion of t h e  ecology of f i shes .  In t h e  

present study, morphological analyses have a l so  been used a s  a t o o l  

and as a bas i s  f o r  the  investigation of the  ecology of s ca r id s .  The 



f u n c t i o n a l  ana lyses ,  d i scussed  above, provide  f o r  a more d e t a i l e d  

unders tanding  o f  t h e  r e l a t i o n s h i p  between t h e  morphology and ecology 

o f  s e a r i d s  and o f  t h e  mechanisms t h a t  enable  t h e  s c a r i d s  t o  e x p l o i t  

t h e i r  c o r a l  s c rap ing  n iche .  

The importance o f  morphology i n  t h e  understanding o f  b i o l o g i c a l  

systems has  been desc r ibed  lay Bock (1977, 1980),  who states t h a t  t h e  

o n l y  v a l i d  method f o r  judging adapted f e a t u r e s  is b y  using t h e  

s y n t h e t i c  method. Th i s  method r e q u i r e s  a s t u d y  o f  t h e  forms and 

f u n c t i o n s  o f  t h e  f e a t u r e  i n  t h e  l abo ra to ry ,  and o f  t h e  b i o l o g i c a l  

r o l e s  o f  t h e  f e a t u r e  i n  t h e  f i e l d ,  and t h e  s e l e c t i v e  demands o f  t h e  

environment.  Bock (1980)  h i g h l i g h t s  t h e  need f o r  e c o l o g i c a l  

morphology t o  suppor t  f u n c t i o n a l  morphology. The use  o f  morphology 

i n  a s s e s s i n g  competi t ion and i t s  e c o l o g i c a l  importance h a s  a l s o  been 

noted by  Schoener (1982 ). 

The r e s u l t s  o f  t h i s  c h a p t e r  i n d i c a t e  t h a t  t w o  morphological 

groups are p r e s e n t  i n  t h e  genus Scarus. Func t iona l  i n t e r p r e t a t i o n s  

o f  s p e c i e s  i n  t h e s e  groups have i n d i c a t e d  d i s t i n c t  d i f f e r e n c e s  t h a t  

separate t h e  two groups as 'biters' and 'scrapers'. These 

obse rva t ions ,  however, form o n l y  p a r t  o f  t h e  informat ion  necessary  

t o  assess t h e s e  morphological  d i f f r e n c e s  and t h e i r  e c o l o g i c a l  

s i g n i f i c a n c e ,  fol lowing t h e  s y n t h e t i c  method o f  Bock (1980) .  These 

morphological obse rva t ions  and f u n c t i o n a l  i n t e r p r e t a t i o n s  g ive  rise 

t o  one b a s i c  ques t ion :  Is t h e r e  any c o r r e l a t i o n  between t h e  

f u n c t i o n a l  morphology and t h e  behavioura l  ecology o f  s c a r i d s ?  Th i s  

q u e s t i o n  can only  be answered by f i e l d  obse rva t ions  and forms t h e  

b a s i s  f o r  such s t u d i e s  i n  Chapter  5 ,  where t h e  e c o l o g i c a l  

s i g n i f i c a n c e  o f  morphology w i l l  be considered i n  more detail .  



F i n a l l y ,  it is o f  i n t e r e s t  t o  c o n s i d e r  t h e  morphology o f  

s c a r i d s  i n  a broader  con tex t .  The most d i s t i n c t i v e  c h a r a c t e r  is the 

f u s i o n  o f  t h e  teeth, forming a s o l i d  d e n t a l  plate which because 0% 

its beak-like appearance has  given rise t o  t h e  common name 

' p a r r o t f i s h e s ' .  The f u s i o n  o f  t h e  t e e t h  is no t ,  however, limited t o  

s c a r i d s  and has been recorded i n  many f a m i l i e s ,  i nc lud ing  the 

Bplegnathidae , Odacidae ( Neoodacidae ) , Siganidae ,  Molidae, 

Biodontidae and Tet raodont idae  (Gregory, 1933 and Wheeler, 1975) .  

O f  t h e s e ,  on ly  two f a m i l i e s  commonly occur  on c o r a l  reefs: the 

Biodontidae and Tet raodont idae .  An examination o f  Arothsn 

re*tcuEarts Schneider  revea led  a s t r i k i n g  s i m i l a r i t y  between t h i s  

species and scarids i n  t h e  ' s o r d i d u s '  group. Many o f  t h e  

morphological f e a t u r e s  a s s o c i a t e d  wi th  the enhanced b i t i n g  

capabilities o f  the ' sord idus '  group are p r e s e n t  o r  developed 

f u r t h e r  i n  A .  r e f t c u Z a ~ t s .  I n  t h i s  s p e c i e s ,  t h e  j a w s  have a 

powerful  mu l t ip inna te  musculature and simple a r t i c u l a t i o n s .  Bones 

which a r e  he ld  t i g h t l y  by  l igaments  i n  scarids are ankylosed i n  

A .  ret tcu'larts ,  e . g .  the max i l l a  and premaxilla, and the a r t i c u l a r  

and den ta ry .  The j a w s  are s t rengthened  f u r t h e r  by deep d e n t a l  

p l a t e s  with i n f l e c t e d  medial s u t u r e s  j o i n i n g  both  the p remax i l l ae  

and d e n t a r i e s .  A comparative s t u d y  o f  the Sca r idae  and 

Tet raodont idae  would be p a r t i c u l a r l y  va luab le  i n  a s s e s s i n g  

morphological a d a p t a t i o n s  and t h e i r  e c o l o g i c a l  imp l i ca t ions ,  as b o t h  

f a m i l i e s  posses s  species t h a t  e x p l o i t  a s i m i l a r  n iche  ( 5 . e .  f eed ing  

on l a r g e  p i e c e s  o f  l i v e  c o r a l  [Glynn, e t  a & . ,  1972, Randal l ,  1974, 

Neudecker, 1977, Well ington,  1982 and S e c t i o n  5.31) and d i s p l a y  a 

s t r o n g  degree o f  morphological s i m i l a r i t y ,  even though t h e  two 

f a m i l i e s  a r e  d i s t a n t l y  r e l a t e d  ( Greenwood e t  aZ . , 1966 ) . 



(3mPI"I' Two 

THE 64a9WHO%O= OF JUVENILE SCABIDS 

2.1 Introduction 

There have been nmerous studies of the morphological changes 

that occur during the ontogeny of fishes. Many of these are 

deacxipkions of the external morphology and are prn-arilfr concerned 

with taxonomiea%Ig imporkant features (e .g. Leis 6; Rennis, 1983 ) . 
Studies of the internal awatomy of fishes are often restricted to 

osteologLcaP descriptions ( e . g .  Potthoff, 1975, 1980, ~ook, 1997, 

Sofie, 1980, Morris & Gaudin, 1982 and Potthoff et st., 1984), 

although myological and intestinal descriptions are relatively - 

eomon ( g a g ,  Edgeworth, 1939, Slppyly, 1952, Frost, 1954, Tanaka, 

1969 a, B, 1971, Bryan 6; Madraisau, 1977, ~ o k ,  1982, Claeys & Aerts, 

1984 ) . 

Many of these studies are, however, pri.marilp descriptive, and 

the functional implications of the observed developmental changes 

are not often considered. There are relatively few examples of 

comparative studies which assess both the morphological and 

behavioural changes that occur during the ontogeny of fishes (e.g. 

Stoner, 1980, Schmitt & Holbrook, 1984 and Labelle & Nursall, 1985). 

In scarids, there have been few studies which have considered 

the morphological changes that occur during ontogeny. Randall and 

Randall (1963) described the spawning and early development of a 

sparisomatine scarid, whilst Leis and Rennis (1983) described the 

form of larval scarids. Boas (1883) briefly described the form of 

the premaxilla and dentary of a juvenile (or small IP) Spartsoma 
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species and a Scarus species (as Scams sp. and Pseudoscarus sp. 

respectively ) . 

Ontogenetie changes play an imporkant role in the biology of a 

species (Werner, 1979 and HelSinan, 1978). The potential imps*ance 

of morpholsqy during ontogeny has been demonstrated in crustaceans 

by Reill (19755). In this study the mrpho%ogieal changes that occur 

during the ontogenetic development of scarids are examined. Two 

species ( S .  s ~ r d t d u s  and S .  f-rewatus) are diescraed in detail as 

representative species from the two morphslogieal foms found in the 

genus Scams although, for comparative purposes, other Scaf-us 

species were examined. 

During the plar%letsnic lama% stage, the various scarid species 

are very similar in fom. Within the genus Searus, species or 

'%omsq can only Be distinguished by the d%%tribution of pigment 

cells (J. Leis, pers, corn.). Leis and Rennis (1983) describ@ the 

past-flexion larvae (over 3.3 ts 4.2 nuu S . L . )  as elongate and 

laterally compressed, with a deep caudal peduncle. At this stage, 

no teeth are visible in the jaws and the eye is ovoid or 

rectangular. In the late post-flexion larvae the eye becomes 

rounded and, shortly before settlement, teeth are present in the 

jaws. The largest planktonic scarine larva reported by Leis and 

Wennis (1983) was 7.9 m S.L. 

In the present study, only those specimens that had been 

recruited to the reef were examined ( 5 . e .  post-settlement). 

(Settlement, as used here, refers to the action of moving from the 

water column to the substratum, t.e. reef. Recruitment refers to 

the permanent occupation of a restricted area of the reef for an 
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extended pe r iod  o f  t i m e ) .  The smallest specimens examined were 

6 .8  m S.L.  ( p r o v i s i o n a l  S .  so~dtdus ) and 7.7 man S . L .  

( S . frenatus ) . 

2 . 2  Materials and Methods 

Specimens were c o l l e c t e d  from t h e  r e e f  around Lizard  I s l a n d  

during Noweaef - El@ceMer, 1981, November, 198% - February,  1983 

and November, 1983 - 3anuamfl, 1984. Small specimens were c o l l e c t e d  

us ing  large (615 x 948 m), elear pslykhene bags as t r a p s .  Larger  

specimens were obta ined  by us ing  a Hawaiian s l i n g  and muLkiprong 

spear. Specimens were f i x e d  in 10% f o m a l i n  and preserved  i n  70% 

e t h a n o l .  A l ist  of  t h e  material e x m i n e d  i s  given i n  T a b l e  2.1. 

Specimens were d i s s e c t e d  us ing  a d i s s e c t i n g  microscope and 

examined under  both d i s s e c t i n g  and compound microscopes.  Drawings 

were made w i t h  t h e  a i d  o f  camera-lucida a t tachments .  

2 . 3  R @ S U % ~ S  

A .  Q s t e s l o g i c a l  and myo%sgica% changes,  

New and r e c e n t l y  r e c r u i t e d  specimens of  S. sordidus and 

S. prenatus ( 6 . 8  - 9.07 mm S .L .  ) a r e  e longa te  and l a t e r a l l y  

compressed, w i t h  a rounded o r  s l i g h t l y  poin ted  s n o u t .  The t w o  

s p e c i e s  are extremely similar i n  t h e i r  morphology a t  t h i s  s i z e .  The 

suspensorium i s  narrow, w i th  an  open ' u '  shape accommodating t h e  

l a r g e  eye. The p a l a t i n e  d o r s a l  p roces s  is e l o n g a t e  and p r o t r u d e s  

beyond t h e  p o i n t  o f  a r t i c u l a t i o n  o f  t h e  quadra te  and a r t i c u l a r .  The 

j a w s  o f  bo th  s p e c i e s  posses s  a series o f  w e l l  developed caniform 

t e e t h  which curve s l i g h t l y  inwards ( F i g .  2 . 1 .  The apparent  a n g l e  

o f  t h e  t e e t h  i n  t h i s  f i g u r e  i s  due t o  t h e  c u m a t u r e  of  the 



T a b l e  2 .% The morphology of juvenile scaridsn 

material examined. 

Species Number Standard Lengths 

(S.L. ) in mm 

sordtdus 

prenatua 

g t b b ~ ~  

ghsbban 3 

gEobtceps/~tvuZatus ? 

psttfacus/schZegeEt 

~ubrovtoZaceus 

sptnus ? 

sp.(cf. Eunuta) ? 

SPP. 

A 6 ~ 8 ~ 8 ~ 2 ~ 9 , 9 ~ 7 ~ 1 0 , 1 1 . 3 ~ 1 1 . 8 ~ 1 2 2 8 ~ 1 5 ~ 1 5 ~ 1 8 ~ 1 9 ~ 1 9 ~ 2 7 ~ 3 5 ~ 4 3 ~ 5 2 ~  

53,54,56,56,58,94,109,111,112,129,146 mm S . L .  



A lateral view of the anterior edge of the premaxilla of 

a 9 . 0  m S . L .  S .  s o r d t d u s .  (C.T. = caniform teeth). 

Figure 2 . 1  B 

A lateral view of the anterior edge of the premaxilla of 

a 8 . 7  mm S . L .  S .  f r ena tus .  (C.T. = caniform teeth). 
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premaxilla). A t  t h i s  size, the developing teeth are also eanifsm 

(Fig. 2 . 1 )  The ar t icular  is  elongate i n  Both species and there is 

an articulatory articular-dentary jo int .  

A detailed examination of the myology was not undertaken at: 

t h i s  size. However, the major muscle blocks (81, A2 and A 3 )  closely 

resemble the form i n  s l ight ly  larger specimens. me only notable 

clifferenee is that  in new or recently recruited specimens, the 

pssterodorsal extremity of the adductor muscle mass does not ele$end 

above the level of the lower edge of the orbit  and, unlike i n  larger 

specimens, it has no eontaet with the ventral edge of the levator 

arcus palat in% ( Fig. 2 . 3  ) . 

By 10 t o  1% m S . E . ,  the eanifom teeth on the anterior edge 0% 

the jaws are l o s t ,  leaving a smooth scraping edge. Small, pointed 

o r  strongly rounded teeth remain only a& the angle of the jaws. The 

developing teeth are scale-shaped. I n  both species, the maxillary 

head is well developed. The palatine dorsal process i s  s t i l l  

elongate, w i t h  a terminal maxillary condyle, The palatine dorsal 

process and maxillary head of both species closely resemble those of 

adult S .  frenatus. The movement of the upper jaw i n  juveniles is of 

a highly mobile form, as i n  adult S ,  frenatus, rather than the 

strong form, as found i n  adult S. sord%dus (Sections 1 .4 .1  and 

1 .4 .2) .  Tke quadrate i n  both species also closely resembles that  of 

adult S ,  frenatus. 

A t  10 t o  1 2  mm S . L . ,  the muscles are clearly visible and are 

very similar i n  the two species. I n  both species, section A1 

i n s e e s  vta a long tendon t o  the maxilla. There is  no Alp and no 

muscle fibres ar ise  from the leading edge of the orbi t .  A2 is i n  
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S .  sordidus by 15 mm S . L .  (This muscle was not located i n  a 1 2 . 8  mm 

S.L. S .  sordtdus specimen). A t  t h i s  s ize,  there i s  no notable 

difference between the two species i n  the s i t e  of origin sf the 

major muscle blocks. 

albove 16 m S . % , ,  the two species continue t o  diverge and w i l l  

therefore be eonsidexed separately, 

1 ) 0steoloCJy 

9, ss~dtQus (Fig. 2 . % )  

S ,  ssra%dus s t a r t s  %s develop a la te ra l  process on the 

entspterygoid a t  about 18 - 1 9  m S . L ,  and a t  t h i s  size, it has a 

tendinous c~nnection with U p .  A s  the individual grows9 the 

entopterygoid la tera l  process becomes thicker and more protruded 

la te ra l ly ,  A t  43 mm S . L . ,  the entopterygoid at  the base of the 

process is deeply concave and the septum has started t o  form. By 

53 mm S . L . ,  the two concavities a t  the base of the process are 

d is t inct  and by 94 mm S O L ,  the la tera l  process, septum and 

concavities are ful ly formed. 

The quadrate retains a 'frenatus-like' form unt i l  about 53 nm 

S . L . ,  when, as a result  of the slow dorsal movement of the ventral 

edge, t h i s  edge l i e s  i n  a groove along the dorsal edge of the 

preopercular horizontal limb, the typical 'sordidus-like' postion. 

The degree of interdigitation between the preoperculum and quadrate 

increases u n t i l  the adult form is reached a t  about 94  mm S . L .  

The palatine dorsal process becomes relat ively shorter with 

growth and the terminal maxillary condyle becomes more ventrally 

oriented. A t  8 - 9 mm S . L . ,  the palatine dorsal process has a 



Figure 2 . 2  

The head of S .  sortatdus a t  2 5 . 0  m S . L .  w i t h  t h e  

integument, nasa l ,  l a c q m a l  and eircumorbitals  removed. 

Abbreviations used i n  t h i s  f i gure :  

A l ,  A2, A3, Aw Adductor mandibulae s e c t i o n s  1, 2 ,  3 and w 
A1P Adduetor snandibulbae s e c t i o n  Al s&sect ion  A1P 
Alt Tendon of adductor mandibulae s e c t i o n  A1 
AWY Adductor mandibulae s e c t i o n  Aw subsect ion Awy 
I N ,  A l  Inser t ion  site of 2U 
MAX. Maxilla 





length:width r a t i o  o f  about  4.7~1 b u t  by 94 m S . L . ,  t h i s  becomes 

1:1 and i n  a d u l t s ,  i s  about  0.9:l. 

The o v e r a l l  shape  o f  t h e  s u s p e n s s r i m  deepens d o r s s v s n t r a l % y  

throughout  t h e  j u v e n i l e  phase, from a broad 'up-shape a t  8 - 9 m 

S . L .  t o  a more oblong shape a% 16 - 20 m S.L.  It has  a roughly  

squa re  appearance a t  about  80 m S . L .  which is similar t o  t h a t  sf 

t h e  a d u l t .  These changes correspond wi th  t h e  decrease  i n  the 

r e l a t i v e  s i z e  o f  the o r b i t  and its dec reas ing  incu r s ion  i n t o  t h e  

d o r s a l  edge of t h e  suspensoriurn. The relative depth of  t h e  a d d u e o r  

Possa and t h e  s t r e n g t h  o f  t h e  s u s p e n s o r f m  a l s o  i n c r e a s e  w i t h  

grs&h.  

%%rou]lgh~ut developmenk, h e  v e r k i c a l  t o o t h  rows on the 

premaxi l la  and d e n t a w  a l t e r n a t e  i n  t h e  posses s ion  of a new t o o t h  on 

t h e  c u t t i n g  edge, a%%hough the c u t t i n g  edge o f  small specimens 

remains even due t o  wear ,  With i n c r e a s i n g  s i z e ,  t h e  t e e t h  become 

p r o g r e s s i v e l y  s t r o n g e r ,  changing shape, when viewed a n t e r i o r l y ,  from 

be ing  scale-shaped t o  pear-shaped, w i th  an i n c r e a s e  i n  

i n t e r d i g i t a t i o n  b e k e n  ad jacen t  v e r t i c a l  t o o t h  rows. A s  a r e s u l t  

of t h e s e  changes, t h e  c u t t i n g  edge becomes uneven a t  18 - 27 rtun S . L .  

and by 43 mm S.L., it appears  s ca l loped  and worn, The a d u l t  state, 

wi th  d i s t i n c t l y  a l t e r n a t i n g  v e r t i c a l  t o o t h  rows represented  on a n  

uneven c u t t i n g  edge w i t h  minimal t o o t h  w e a r ,  is  achieved a t  about  

111 mm S.L. The s m a l l  po in ted  t e e t h  a t  t h e  ang le  of  t h e  jaws a r e  

l o s t  between 19 and 27 mm S . L .  

The f i r s t  s i g n  o f  t h e  maxillary f o s s a  on t h e  premaxi l la  appea r s  

a t  about 43 mm S.L. as a hardening o f  t h e  bone i n  t h e  reg ion  later 

occupied by t h e  m a x i l l a r y  f o s s a .  T h i s  hardening  is  more apparent  i n  



l a r g e r  specimens and by 94 mm S . L . ,  t h i s  area is marked By a 

d e p r e s s i o n e  The rim of t h i s  d e p r e s s i o n  i s  s l i g h t l y  r a i s e d  a t  10'3 mm 

S.L, and t h e  a d u l t  form is  comple te  by 112 m S . L .  Dur ing  the 

development of the maxillary f o s s a ,  t h e r e  is a c o r r e s p o n d i n g  

h a r d e n i n g  and development sf the  premau6illar-y p r o c e s s  on the 

m a x i l l a .  

The d e n t a r y  medial s u t u r e s  i n c r e a s e  i n  number and comp1exf~ty 

w i t h  growth.  A t  98 - 19 m S . % , ,  there are 4 - 5 simple ( \ - shaped)  

s u t u r e s .  At 58 m 9 - L . ,  t h e r e  is a s i n g l e  s h o r t  i n f l e c t i o n  i n  t he  

s u t u r e s  and by 107 m S . E . ,  there are 9 - 1 2  s u t u r e s  w i t h  three 

i n f l e c t i o n s .  I n  a d u l t s ,  there are 1% - 1% s u t u r e s  w i t h  u p  t o  five 

i n f l e c t i o n s .  

The o n l y  major  change i n  the form o f  the a r t i c u l a r  i s  a r a p i d  

d e c r e a s e  i n  i t s  r e l a t i v e  l engkh  between 9 and 20 m S . E . ,  f o l l o w e d  

by a s l i g h t  t h i c k e n i n g .  The a r t i c u l a r  medial s p i n e  i n c r e a s e s  i n  

relative size w i t h  growth.  

The p h a r y n g e a l  a p p a r a t u s  o f  S .  s o r d t d u s  also changes  d u r i n g  

development .  The number o f  teeth i n  each t o o t h  row i n c r e a s e s  i n  

b o t h  the u p p e r  and lower  bones ,  and  on  t h e  upper  p h a r y n g e a l  bones  

t he  r e l a t i v e  s i ze  o f  the teeth i n  e a c h  row changes .  A t  11.8 m 

S . L . ,  t h e r e  are five teeth p e r  row and above 94 mm S . L . ,  8 - 11 
t e e t h  per row. I n  j u v e n i l e  S.  s o r d t d u s ,  there are three rows of 

t e e t h  on e a c h  upper  p h a r y n g e a l  b o n e .  The r a t i o  o f  the w i d t h s  o f  the  

t e e t h  from the  innermost  t o  o u t e r m o s t  row are 5 . 2 5 t 1 . 7 5 ~ 1  a t  11 .8  IRKI 

S .L.  and 5 . 7 : 2 . 2 : 1  a t  1 5 . 2  m S.L .  The ou te rmos t  rows c o n t i n u e  t o  

decrease i n  r e l a t i v e  size, r e s u l t i n g  i n  a r a t i o  o f  20:5:1 a t  129  mm 

S.L.  and the e v e n t u a l  l o s s  of  t h e  ou te rmos t  row i n  some large 
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a d u l t s .  A t  1 1 . 8  m S.L. ,  t h e  t e e t h  a r e  r a i s e d  and have a rounded 

shape,  wi th  l i t t l e  i n t e r d i g i t a t i o n  between t h e  innermost rows and 

w i t h  no s i g n s  o f  wear. I n  p r o g r e s s i v e l y  l a r g e r  specLmens, t h e  teeth 

become moxe ovoid and t h e  degree  o f  i n t e r d i g i t a t i o n  and w e a r  

i n c r e a s e s .  The l o w e r  pharyngea l  t o o t h  p l ake  is r e l a t i v e l y  s h o r t  i n  

small specimens and becomes e longa te  i n  larger specimens. 

S. frenagus ( F i g ,  2.3) 

I n  comparison t o  S. ssrd%dus, f e w  new s t r u c t u r e s  arise d u r i n g  

t h e  development o f  S ,  frencntus. '%%a@ major changes are p r i m a r i l y  as 

a resul t  sf al%om@tr ic  growkh p a t t e r n s ,  M i n  S. sordtdus, the 

r e l a t i v e  depth o f  the s u s p a n s o r i m  o f  S .  fmnafus i n c r e a s e s  as the 

r e l a t i v e  size o f  t h e  orbi t  and i ts  incu r s ion  i n t o  the d o r s a l  part 0% 

t h e  suspensorium d e c r e a s e s .  The space  between t h e  o r b i t  and m a x i l l a  

i n c r e a s e s  i n  r e l a t i v e  size and t h e  ang le  o f  the jaws moves t o  a more 

media l  p o s i t i o n  r e l a t i v e  t o  the adductor  f o s s a  as a r e s u l t  o f  the 

deeper  s u s p n s o r i m  and sho*ening o f  t h e  a r t i c u l a r .  UnliJce 

S. sordidus, however, t h e r e  is only  a s l i g h t  sho r t en ing  of  the 

r e l a t i v e  l eng th  o f  t h e  p a l a t i n e  d o r s a l  p roces s  and t h e  t e r m i n a l  

maxahlary condyle i s  r e t a i n e d .  The max i l l a  changes l i t t l e  wi th  o n l y  

a s l i g h t  i nc rease  i n  t h e  r e l a t i v e  s i z e  o f  t h e  p o s t e r o d o r s a l  p r o c e s s .  

The quadrate-preopercular  j o i n t  remains unchanged. 

The t e e t h  of  t h e  p remax i l l a  and den ta ry  o f  S. frenatus become 

p r o g r e s s i v e l y  s t r o n g e r  b u t  remain weaker t han  t h o s e  o f  S .  sordtdus. 

They change from be ing  scale-shaped, when viewed a n t e r i o r l y ,  t o  

roughly  oblong, wi th  t h e  l o n g e s t  edge forming p a r t  o f  t h e  c u t t i n g  

edge .  The i n t e r d i g i t a t i o n  between ad jacen t  vertical t o o t h  rows 

d e c r e a s e s  i n  p r o g r e s s i v e l y  l a r g e r  specimens. These changes, 



Figure 2 .3  

The head of s . f rersatus at 2 6 . 5  m S . L . with t h e  

integument, nasa l ,  lacrymal and circunaorbitals removed. 

Abbreviations used i n  t h i s  f igurer 

A3t 
ART. 
I N .  Ala/A2 
L.A.P. 
lax. 

Adductor mandibulae s e c t i o n  3 ,  subsect ions  
Subsect ions of A1 and A3 
Adductor mandibulae complex, comprising subsect ion  
Ala and A2 
Tendon of adductor mandibulae s e c t i o n  A3 
Ar t i cu lar  
Inser t i on  p o i n t  of Ala/A2 
Levator arcus p a l a t i n i  
Maxil la  





however, have l i t t l e  impact on t h e  form of  t h e  c u t t i n g  edge. A t  

77 m S o % . ,  t h e  t e e t h  arise on t h e  c u t t i n g  edge from a l t e r n a t i n g  

v e r k i c a l  rows b u t  t hey  are r a p i d l y  worn and form an  even c u t t i n g  

edge.  Pn l a r g e r  specimens (above  about  154 mm S.L.) each vertical 

t o o t h  row h a s  a t o o t h  on t h e  c u t t i n g  edge, which, when combined wi th  

a r e l a t i v e l y  l a r g e  degree sf wear r e s u l t s  i n  an even c u t t i n g  edge, 

Thi s  r e l a t i v e l y  even c u t t i n g  edge persists even i n  a d u l t s  due t o  t h e  

c o n s t a n t  presence  o f  t e e t h  from each v e r t i c a l  t o o t h  row on the 

c u t t i n g  edge and t h e  l i m i t e d  ability o f  t h e s e  t e e t h  to withs tand  

wear. As i n  S ,  s s ~ d t d u s ,  t h e  s m a l l  po in ted  t e e t h  a t  the angle o f  

%he jaws are Isst Between $4 and 2 2  m S . % *  

The d e n t a r y  medial s u t u r e s  remain s imple $hroughout development 

b u t  i n c r e a s e  i n  w-er from 5 - 6 a t  22 - 26 m S.L. t o  8 - 10 in 
a d u l t s ,  

S .  fst?na.tus posses ses  o n l y  two rows o f  t e e t h  on each upper 

phaqmgea l  bone b u t  as i n  S .  so rd tdus ,  t h e  number o f  t e e t h  p e r  row 

i n c r e a s e s  i n  l a r g e r  specimens w h i l s t  t h e  r e l a t i v e  s i z e  o f  t h e  t e e t h  

i n  t h e  o u t e r  row dec reases .  A t  1 0 . 2  mm S . L . ,  t h e r e  are 5 t e e t h  p e r  

r o w ,  w i t h  a r a t i o  of  t h e  innermost t o  outermost t o o t h  wid ths  b e i n g  

2:l. A t  14 - 15 mm S.L., t h e r e  are 7 - 8 t e e t h  p e r  row wi th  a r a t i o  

o f  2,6:1 t o  2,8:1, Above t h i s  s i z e ,  t h i s  t r e n d  con t inues  wi th  

a d u l t s  having  12 - 1 3  t e e t h  p e r  row and a r a t i o  o f  about  4 . 7 : l .  A s  

i n  S .  so rd tdus ,  t h e  t e e t h  o f  l a r g e r  specimens become more ovoid, t h e  

degree  of  i n t e r d i g i t a t i o n  and wear i n c r e a s e s ,  and t h e  lower 

pharyngeal  p l a t e  becomes more e l o n g a t e .  
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S e c t i o n  A2 d e v e l o p s  i n  a similar manner t o  U a .  In 

p r o g r e s s i v e l y  larger specimens,  there is a d e c r e a s e  i n  the  relative 

f ibre l e n g t h ,  a n  i n c r e a s e  i n  the  a n g l e  o f  p i n n a t i o n  and a n  i n c r e a s e  

i n  the r e l a t i v e  l e n g t h  sf the  c e n t r a l  t endon ,  EQ 94 mm S .L . ,  there 

are several fibres a r i s i n g  f r o m  t h e  t e n d i n o u s  s h e e t  cowering the  

a d d u c t o r  musc le  mass. The p r o p o r t i o n  sf fLbres a r i s i n g  from t h i s  

t e n d i n o u s  s h e e t  and the d e g r e e  o f  fibre p i n n a t i o n  i n c r e a s e  w i t h  

growth, The s i te  of o r i g i n  of A% remains  restricted t o  the 

a n t e r o v e n t r a l  r e g i o n  o f  the adduckor  f o s s a  t h r o u g h o u t  development .  

At 18 - 1 9  mm S . L . ,  the dorsal s u b s e e t i o n  of A 3  (A3a) i s  

s l i g h t l y  less t h a n  t w i c e  t h e  l e n g t h  and three t i m e s  t h e  area of t h e  

v e n t r a l  s u b s e c t i o n  ( A 3 8  ) . The b i p i n n a t e  s t r u c t u r e  which was 

a p p a r e n t  whew viewed laterally is l o s t .  A t  a b o u t  25 mm S . L . ,  a 

series of s h o r t  fibres d e v e l o p ,  a r i s i n g  from the d o r s a l  part o f  t he  

hyomandi$ula ( F i g .  2 . 2  ) . By 43 mm S , L  . , these f a r e s  h a v e  formed a 

d i s c r e t e  layer, g i v i n g  A 3 a  a b i p i n n a t e  s t r u c t u r e .  The i n c r e a s i n g  

p i n n a t i o n  sf the fibres around  the medial t e n d o n  r e s u l t  i n  

adul t - form t r i p i n n a t e  s t r u c t u r e  a t  a b o u t  94 mm S . L .  (The p i n n a t i o n  

o f  t h e  fibres is i n  the lateral  p l a n e  and is  most e a s i l y  s e e n  i f  t he  

musc les  are s e c t i o n e d  a l o n g  thei r  l e n g t h ) .  A s  i n  A 3 a ,  A3p h a s  l o s t  

its b i p i n n a t e  appearance  by 26 mm S . L .  Above t h i s  s ize ,  A3p remains  

u n i p i n n a t e  and s l o w l y  d e c r e a s e s  i n  r e l a t i v e  size. It d e c r e a s e s  from 

a b o u t  65% o f  the l e n g t h  o f  A 3 a ,  a t  19 mm S . L . ,  t o  25% at 1 1 4  mm S . L .  

The s t r o n g l y  u n i p i n n a t e  fibres o f  A3p i n  l a r g e  i n d i v i d u a l s  a r e  

c o n t i n u o u s  w i t h  the d e e p e s t  musc le  layer o f  A 3 a .  The s i te of o r i g i n  

o f  A3f3 remains  on the q u a d r a t e ,  b u t  decreases i n  i t s  r e l a t i v e  a r e a .  

The s i t e  o f  o r i g i n  o f  A 3 a r  however,  r emains  i n  the  m i d -  and 

p o s t e r o d o r s a l  part o f  t h e  suspensor ium,  b u t  i n c r e a s e s  i n  r e l a t i v e  



area as t h e  s u s p e n s o r i m  expands d o r s a l l y .  The inc reased  a r e a  and 

%he new s t r u c t u r e s  t h a t  arise dur ing  t h e  development o f  the 

s u s p e n s o r i m  form a large p ropor t ion  of  t h e  s i te o f  o r i g i n  o f  A 3 a .  

A l l  t h r e e  subsec t ions  o f  Aw a r e  c l e a r l y  v i s i b l e  above 18 mm 

S . L ,  They main ta in  t h e i r  p o s i t i o n s  throughout  development b u t  

dec rease  i n  r e l a t i v e  l e n g t h ,  as a r e s u l t  o f  t he  decreased  length  s f  

the a r t i c u l a r .  

The degree o f  p i n n a t i o n  and p ropor t ion  of fibres a r i s i n g  from 

t h e  tendinous  s h e e t  cove r ing  t h e  adductor  muscle mass inc rease  w i t h  

s i z e  throughout t h e  juvewi%e and a d u l t  phases ,  

S ,  fmnatus ( P i g .  2.3) 

With t h e  except ion  o f  s e c t i o n  A3,  t h e  myology of  S ,  fyenatus 

changes l i t t l e  du r ing  development. By 22 mm S.L., A%a and A2 have  

f s m e d  a s i n g l e  u n i t ,  t h e  Alor/AZ complex, w i t h  muscle f i b r e s  j o i n i n g  

a tendinous  aponeuros is  that i n s e r t s  on t h e  maxilla and den ta ry  ( t h e  

a p n e u r o s i s  is formed by the fus ion  of  t h e  Ala and A2 t endons ) .  The 

u a / A 2  complex has an a d u l t  form at 26 mm S.L. ( F i g .  2 . 3 ) .  The 

o n l y  modi f ica t ion  found i n  l a r g e r  i n d i v i d u a l s  is t h e  inc reased  

r e l a t i v e  s i z e  of  t h e  muscle and t h e  p re sence  of  a t h i n  tendinous  

s h e e t  cover ing  t h e  p o s t e r i o r  part o f  t h e  adductor  muscle mass i n  

some i n d i v i d u a l s .  The A l a / A 2  complex arises from t h e  whole o f  t h e  

adductor  muscle f o s s a  and from t h e  t end inous  s h e e t  cover ing  

subsec t ion  A3P. The s i te  o f  o r i g i n  does  no t  change d u r i n g  

development b u t  t h e  r e l a t i v e  a r e a ,  e s p e c i a l l y  o f  t h e  upper p o r t i o n ,  

I n c r e a s e s  as t h e  suspensorium deepens.  The f i b r e  o r i e n t a t i o n  

remains weakly p i n n a t e .  



Subsect ion Alp develops s lowly .  Although fibres a r i s i n g  from 

t h e  a n t e r i o r  edge o f  t h e  o r b i t  are p r e s e n t  a t  22 mm S .Lo , t h e y  do  

no t  %om a d i s t i n c t  Alp subsec t ion  as the fibres inser t  vta Ala/A2 

t%. A t  26 m S.L., ALP is p r e s e n t  w i t h  a muscular i n s e r t i o n  on t h e  

max i l l a  b u t  is p o o r l y  developed ( F i g .  2 . 3 ) .  I n  l a r g e r  specimens, 

the s i te  sf o r i g i n  becomes more d o r s a l  and the  muscle t h i c k e n s .  The 

a d u l t  f o m  is reached a t  approximately 73 m S.Lb  The muscle fibres 

are predominantly parallel. 

A t  22 - 26 m S , b . ,  s e c t i o n  A3 is r e l a t i v e l y  smaller than  t h a t  

i n  smaller specimens, pa rk i cu la rPy  subsec t ion  A3a.  Subsect ion A3p 

r e t a i n s  a tendinous  i n s e r t i o n  on the a r t i c u l a r .  The site o f  o r i g i n  

o f  A3a is  reduced t o  a park s f  t h e  tendon o f  A%@. 1% s t i l l  i n s e r t s  

muscular ly on t h e  d e n t a m  ( F i g .  2*2B) .  In l a r g e r  specimens, t h e  

r e l a t i v e  size o f  t h e  muscle d e c r e a s e s  f u r t h e r .  Subsect ion A3P 

r e t a i n s  i ts  p o s i t i o n  and tendinous  i n s e r t i o n  w h i l s t  A3a is  reduced 

t o  a small sheet sf f a r e s  ( t h e  M. tendo-articulari-dentalis o f  

Lubosch [1929]) .  The decrease  i n  t h e  s i z e  o f  A3a appears  t o  

c o r r e l a t e  wi th  t h e  decreas ing  l e n g t h  o f  t h e  a r t i c u l a r .  The a d u l t  

f o m  is  reached by  77 nun S.L. The s i te  o f  o r i g i n  o f  bo th  A3a and 

A3P does not  change i n  specimens above 22 mm S.L., al though t h e  

r e l a t i v e  a r e a s  dec rease .  The fibres o f  A3a are p a r a l l e l  and t h o s e  

o f  A3P a r e  weakly p i n n a t e  when viewed l a t e r a l l y ,  

The two s u b s e c t i o n s  of  Aw, Awa, and Awp a r e  r e t a i n e d ,  b u t  both 

decrease  i n  l e n g t h  as t h e  a r t i c u l a r  s h o r t e n s .  Both s u b s e c t i o n s  

r e t a i n  t h e i r  sites o f  o r i g i n / i n s @ r t i o n  throughout  development and 

have p a r a l l e l  fibres. 



3 )  The i n t e s t i n a l  t r a c t  

The i n t e s t i n a l  t ract  o f  s c a r i d s  changes markedly throughout  

ontsgeny.  There is an i n c r e a s e  i n  the r e l a t i v e  i n t e s t i n a l  l eng th  

and i n  the complexi ty o f  t h e  c o i l i n g  p a t t e r n  and of: the s t r u c t u r e  of 

t h e  i n t e s t i n a l  w a l l .  The changes i n  t h e  r e l a t i v e  i n t e s t i n a l  l eng th  

sf j u v e n i l e  s c a r i d s  are summarized i n  T a b l e  2 . 2 ,  

In plpeflexion s c a r i d  larvae, t h e  i n t e s t i n e  is a simple, 

s t r a i g h t  tube. The f i r s t  c o i l  appears  s h o r t l y  after f l e x i o n  ( leis  & 

Rennis,  1983 )  and is p r e s e n t  i n  newly s e t t l e d  larvae. At 8 .5  rrun 

S,%. ,  an invag ina t ion  sf t h e  d e x t r a l  part sf t h e  l oop  is  p r e s e n t .  

Th i s  i nvag ina t ion  e n l a r g e s  and r e s u l t s  i n  an e l o n g a t e  loop  (loop 

a ) by about  11 m S.L.  This s t a g e  is e q u i v a l e n t  t o  a t y p e  I 

i n t e s t i n a l  p a t t e r n .  ( A  d e s c r i p t i o n  o f  t h e  loops  and t y p e s  of 

i n t e s t i n a l  p a t t e r n  a r e  g iven  i n  Sec t ion  1 . 5 ,  F i g .  1 . 2 4 ) .  A t  14 rrun 

S . E . ,  a s i n i s t r a l  f o l d i n g  o f  t h e  a n t e r i o r  p a r t s  o f  t h e  i n t e s t i n e  

produces two s i n i s t r a l  l oops  ( t h e  l a t e r a l  i n t e s t i n a l  loop  and loop  

b e )  The i n t e s t i n a l  p a t t e r n s  o f  S. sardtdus and S. frenatus remain 

i n d i s t i n g u i s h a b l e  u n t i l  approximate ly  24 mm S.L. Above t h i s  s i z e ,  

the foam of t h e  s i n i s t r a l  l oops  start t o  d ive rge  r e s u l t i n g  i n  a type 

1% o r  t y p e  111 i n t e s t i n a l  p a t t e r n  a t  about  50 mm S.L. in 

S .  frenatus and S ,  sordtdus, r e s p e c t i v e l y .  

I n  p l ank ton ic  s c a r i d  larvae, t h e  i n t e s t i n e  is rugose ( L e i s  & 

Rennis,  1983) .  This  form remains a f t e r  s e t t l emen t  u n t i l  about  11 mm 

S . L . ,  when a r a i s e d  zig-zag p a t t e r n  is v i s i b l e  on t h e  mucosal 

s u r f a c e  o f  t h e  i l e a l  p a r t  o f  t h e  i n t e s t i n e .  Th i s  p a t t e r n  i s  

r e s t r i c t e d  t o  t h e  a n t e r i o r  p a r t  o f  t h e  ileum, t h e  remaining p a r t  

having  a series of  smaller r a i s e d  r i d g e s  i n  an i r r e g u l a r  p a t t e r n ,  



Table 2.2 Ontogenetic changes i n  t h e  morphology o f  t h e  i n t e s t i n a l  t r a c t  
o f  juven i le  s c a r i d s .  

S.L. (mm) R.G.I. I n t e s t i n a l  p a t t e r n  
( d o r s a l  view) 

Notes 

Pre f lexa t ion  
B___a_f 

Pos t f lexa t ion  

Newly s e t t l e d  

Wearing sf ' can ine '  t e e t h  

No a n t e r i o r  ' can ine '  t e e t h  

Scarid- l ike j a w s ,  first 
s i g n s  sf saccu la t ion .  

D i s t i n c t  s a c c u l a t i o n  
a n t e r i o r l y  

1.36-1 -74 Almost f u l l y  sacculatgd 
i n t e s t i n e  

2.4 F u l l y  sacculat@d 
i n t e s t i n e  

TJlge 11 Type III Aault form 

R.G.I. = Rela t ive  Gut Index = gut  length/S.L. 
7 = From Lees a13 R@nnis (1983) 
t - Estimated f r o m  f i g u r e s  i n  Le is  and Rennis (1983) 



By 14 mm S . L . ,  t h e  p a t t e r n i n g  i s  l o s t  from t h e  a n t e r i o r  part o f  the 

ileum which now posses ses  a few c o n s t r i c t i o n s  i n  t h e  s e r s s a l  

s u r f a c e ,  I n  l a r g e r  specimens, t h e s e  c o n s t r i c t i o n s  deepen, producing 

sacs w h i l s t  t h e  mucosal p a t t e r n i n g  is completely l o s t .  By 22 mm 

S , L . ,  s e v e r a l  i leal  sacs are p r e s e n t  nea r  t h e  duodenal - i lea l  

j u n c t i o n .  The e x t e n t  s f  a a c c u l a t i o n  i n c r e a s e s ,  w i t h  most sf the 

ileum be ing  saccu la t ed  o r  b e a r i n g  constmrietisns by 27 m S.L. A 

lateral i n t e s t i n a l  b u  i s  vis%b%e near  the pharyngeal-duodenal 

j unc t ion  i n  specimens above 1% m S . L . ,  al though t h e  r e l a t i v e  size 

of- this bulb dec reases  r a p i d l y  w%%h growkh, Tke a d u l t  i n t e s t i n a l  

f o m  i s  complete a t  approximately 50 m S . E ,  

2 .4  Funct iona l  I n t e r p r e t a t i o n s  

There are two parP$icularPy s t r i k i n g  f e a t u r e s  found i n  t h e  e a r l y  

o n t o g e n e t i c  development o f  s c a r i d s .  F i r s t l y ,  the s i z e  o f  t h e  eye  

and t h e  r o l e  it p l a y s  i n  i n f l u e n c i n g  t h e  morphology o f  t h e  j a w  

appa ra tus  and secondly, t h e  presence  of  r e l a t i v e l y  l a r g e  caniform 

t e e t h  i n  newly r e c r u i t e d  i n d i v i d u a l s .  

I t  h a s  been suggested t h a t  t h e  main f a c t o r s  that are l i k e l y  t o  

cause  m o r t a l i t y  i n  p l a n k t o n i c  f i s h  larvae are p reda t ion  and 

s t a r v a t i o n ,  and t h e  i n t e r a c t i o n  between them (Moser, 1981) .  The eye  

is  one of  t h e  main organs t h a t  can  be modified i n  response  t o  t h e s e  

f a c t o r s  (Moser, 1981).  I f  one assumes t h a t  m o r t a l i t y  i n  newly 

r e c r u i t e d  f i s h  is dependent upon similar f a c t o r s  (t,e. preda t ion  and 

s t a r v a t i o n )  t hen  t h e  eye is l i k e w i s e  l i k e l y  t o  p l a y  a s i g n i f i c a n t  

role i n  t he  s u r v i v a l  o f  newly r e c r u i t e d  f i s h .  
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The size of the eye is independent of body size, although i n  

general, smaller animals have disproportionately large eyes (Noback, 

1977 and Romer L Parsons, 1977). I n  theory, a larger eye w i l l  have 

a larger image on the retina. This image w i l l  cover more l ight  

sensitive cel ls  and w i l l  therefore give the eye a higher resolution 

(Land, 1981).  For a juvenile scarid, a large eye would 

theoretically increase i ts  ab i l i ty  t o  locate prey and avoid 

predation and therefore, have a strong influence upon i ts survival. 

In recently set t led scarid larvae, it appara  that  the eye is s f  

primary importance, w i t h  other structures ( e . g .  the jaw apparatus) 

being s f  secondary hpor-tance. The morphology of these streactures 

may therefore be dictated by the spakial requirements of the eye. 

Yehe advantages of an  eff icient  prey catching mechanism appear t o  b@ 

of secondary importance when compared t o  the importance of prey 

location and predator avoidance. The dominant role of the eye i n  

influencing the form of the head and jaw apparatus of cichlids 

during ontogeny has been described by Otten ( 1 9 8 3 ) .  The importance 

of the eye in determining the shape of the susgensorium i n  cichlids 

has also been noted by Barel (1984). 

I n  recently recruited scarids, the mouth is terminal (possibly 

for  streamlining?) but because of the size of the eye, the jaw 

musculature is ventral t o  the jaws. I n  t h i s  position, the adductor 

muscles w i l l  have reduced efficiences because of thei r  angle i n  

relation t o  the direction of movement of the jaws. (This principle 

is discussed i n  Sections 1 . 4 .  and 1 . 4 . 2 ) .  I n  adults, subsection 

A3P may act as a ' l iv ing tendon' maintaining the connection between 

the bones i n  the lower j a w  (Section 1 . 4 . 1 )  and as such, probably 

contributes l i t t l e  t o  the adduction of the jaws. I n  recently 



recruited scarids, however, the relat ive size of A 3 p  suggests that  

it is one of the primary jaw adductors. Because of the length of 

the art icular ,  a small contraction 0% A3P would result i n  a 

relatively large movement 0% the dentam. The need %or only a small 

excursion by A3j3, may account for  i ts  pinnate structure especially 

i n  small specimens. (The properties sf pinnake musc%ss are 

discussed i n  Section 1 .4 .1 ) .  I n  larger specimens, the relat ive size 

of the eye and the relative length of the articular both deerease. 

%his decreases the e f f i c f enq  of jaw adduction by the indirect 

action of A 3 p  upon the  ar t icular ,  whilsk increasing the efficiency 

of W1 ( i n  S .  f r e ~ a t u s ,  espeeialblg), A2 and A 3 a  ( i n  S. s s rd tdus ,  

especially).  These changes corr@spond with the observed changes i n  

the relat ive size of the major adductor muscle sections and 

subsections. Sections A f  and A2 and subsection A3 increase i n  

relativk size whilst Subsection A 3 p  decreases, 

I n  recently recruited scarids, the jaws possess a series of 

relatively large canifom teeth (Figs 2 . 1  A, B ) .  This may b@ a 

vest igial  feature, i n  view of the close relationship between the 

scarids and labrids. However, the presence of relatively large 

teeth during the vulnerable settlement and early post-settlement 

period are more liAely t o  have a functional role, since a useless 

vest igial  feature would be strongly selected against. The absence 

of teeth in  planktonic scarid larvae, w i t h  the exception of large 

pre-settlement larvae (Leis ti Rennis, 1983 ), and the presence and 

maintainance ( a s  evidenced by developing caniform teeth,  Fig. 

2 . 1  A )  of caniform teeth i n  recently recruited scarids, suggests 

that  these teeth are adapted for use during the settlement and early 

post-settlement period. 



Recently r e c r u i t e d  s c a r i d s  (between 6 . 8  and 18 m S . b , )  have 

r e l a t i v e l y  l a r g e  eyes ,  weak jaw musculature,  caniform t e e t h ,  

r e l a t i v e l y  few rounded, unworn upper pharyngeal  t e e t h  and a short, 

s imple  (non-sacculated)  i n t e s t i n e .  Th i s  combination, s t r o n g l y  

sugges t s  a c a r n i v o r o ~ s  d i e t .  TPle l a r g e  e y e s  enab le  p rey  t o  be 

located, w h i l s t  %Re caniform t e e t h  faci l i ta te  t h e  cap tu re  of  the 

p r e y .  Jaw s t r e n g t h  is n o t  r equ i r ed ,  e s p e c i a l l y  i f  p r e y  is i n g e s t e d  

whole. The few rounded upper pharyngeal  t e e t h  a r e  more s u i t e d  t o  

c rush ing  ( as  i n  ca rn ivo rous  l a b r i d s ,  Sec t ion  1 . 4 , s )  t han  g r i n d i n g .  

!The s h o r t  i n t e s t i n e  (Tab le  2 . 2 )  is  cornpar&%@ t o  t h a t  o f  a d u l t  

c a r n i v o r e s  (Sec t ion  1 . 6 )  whilst the l a c k  o f  s a e e u l a t i s n  s u g g e s t s  

that  t h e  d i e t  c o n t a i n s  less ino rgan ic  matter and i s  of a h i g h e r  

n u t r i t i v e  va lue  than  t h a t  o f  a d u l t  s c a r i d s  ( S e c t i o n  1 . 6 ) .  I n  the 

reef environment, t h e  most l i k e l y  p r e y  f o r  carn ivorous  f i s h e s  sf 

t h i s  s i z e  is m i c r o c m s t a e e a  . 

Above 10 mm S . L . ,  the c a n i f o m  t e e t h  are l o s t  and t h e  jaws have  

a sca r id - l i ke  ' s c r a p i n g '  form. The jaw musculature i n c r e a s e s  i n  

r e l a t i v e  s i z e  and e f f i c i e n c y ,  and t h e  i n t e s t i n e  i n c r e a s e s  i n  l e n g t h  

wi th  t h e  first s i g n s  o f  s a c c u l a t i o n  a t  about  1 5  mm S . L . ,  and the 

f i r s t  f u l l y  formed sacs a t  about  20 mm S.L. Between 10 and 2 0  mm 

S . L . ,  t h e  j a w s  are o f  a ' s c r ap ing '  form b u t  because o f  t h e  s m a l l  

s i z e  o f  t h e  i n d i v i d u a l ,  ' s c r ap ing '  behaviour  may not  be  p o s s i b l e .  

A t  t h i s  s i z e ,  i n d i v i d u a l s  may be able t o  select d i s c r e t e  a l g a l  

f i l a m e n t s  and t h e r e f o r e  feed a s  browsers r a t h e r  t h a n  g r a z e r s  ( s e n s u  

H i a t t  & Strasburg ,  1960 and Jones ,  1968) .  A moderately n u t r i t i v e  

d i e t  is  suggested by t h e  l eng th  and form o f  t h e  i n t e s t i n e  which is 

r e l a t i v e l y  longer  t h a n  i n  small 'carnivorous-phase'  j uven i l e s  b u t  

l a c k s  t h e  l eng th  and s a c c u l a t i o n  a s s o c i a t e d  w i t h  t h e  n u t r i t i o n a l l y  



low d i e t  o f  a d u l t s  ( S e c t i o n  1 . 6 ) .  A m o d e r a t e l y  n u t r i t i v e  d i e t  i n  

i n d i v i d u a l s  between 10 and 20 m S.L. may be t h e  r e s u l t  of 

selective brows ing ,  a l t h o u g h  f e e d i n g  upon small i n v e r t e b r a t e s  i s  

s t i l l  p o s s i b l e ,  e s p e c i a l l y  i n  smaller s p e c h e n s ,  

Above 20 m S . L , ,  the ab i l i t y  of i n d i v i d u a P s  t o  select 

i n d i v i d u a l  a l g a l  f i l a m e n t s  or catch small mobile i n v e r t e b r a t e s  is 

%ikely t o  d e c r e a s e  with i n c r e a s i n g  size, and as a r e s u l t  of l a r g e r  

now-select ive  bites, the volume sf i n g e s t e d  i n o r g a n i c  matter i s  

lilPe1.y t o  i n c r e a s e .  Such d i e t a r y  c h a n g e s  are r e f l e c t e d  i n  the fsm 

of the  a l i m e n t a r y  t ract .  The upper p h a r y n g e a l  teeth show i n c r e a s i n g  

wear  (as a r e s u l t  of inc reasLng  g r i n d i n g  a c t i v i t y ? )  and the  relative 

l e n g t h  and d e g r e e  o f  s a c c u l a t i o n  of the i n t e s t i n e  i n c r e a s e s .  By 

5 8  m S .L, , the i n t e s t i n e  h a s  a f u l l y  deve loped  a d u l t  fsm. !Phis 

s t r o n g l y  s u g g e s t s  a h i g h  b u U / l o w  n u t r i t i v e  v a l u e  d i e t  ( S e c t i o n  

1.7). Tke even ,  worn c u t t i n g  e d g e s  s f  the jaws and t h e  weak ly  

p i n n a t e  a d d u c t o r  musc les  s t r o n g l y  s u g g e s t  t h a t  between 20 and 50  nun 

S.L., b o t h  S. sord idus  and S .  prenatus are f u n c t i o n a l l y  'scrapers* 

(cf. s e c t i o n  1 . 4 . 2 ) .  

Between 50 and 90 mm S . L . ,  S .  sord tdus  s l o w l y  d e v e l o p s  f e a t u r e s  

a s s o c i a t e d  w i t h  a ' b i t i n g '  strategy. The a d u l t  state w i t h  a f u l l  

compliment o f  these f e a t u r e s  is o n l y  r e a c h e d  a t  a b o u t  90 mm S .L .  A t  

t h i s  size, S. sordtdus is  p r o b a b l y  capable o f  d e l i v e r i n g  a 

' c r a c k i n g '  bi te,  a l t h o u g h  the e f f i c i e n c y  of these bites p r o b a b l y  

i n c r e a s e s  i n  larger specimens.  Throughout  t h i s  p e r i o d ,  S .  frenatus 

remains  a f u n c t i o n a l  ' s c r a p e r ' .  



The changes i n  the morphology of juvenile scarids do not occur 

rapidly. The transfer from one morphological stage t o  the next is 

gradual and therefore, functional and dietary changes are also 

l ikely  t o  be gradual. The morphology, functional interpretations 

and implied die t  are summarised i n  Table 2 . 3 ,  

A s  i n  CBapter 1, -+:his ehapker foms the Basis for further 

behavioural and ecological studies following the 'synthetic' method 

of Bock (1980). This chapter addresses the f i r s t  part sf the basic 

question : Is there any correlation between %he functional 

mrphology and behaviourab ecology of juvenile scarids? The second 

part sf t h i s  question w i l l  be addresed i n  Chapter 6 .  

e morphological relationships betweeen juvenile S c a r u s  

species d i f fers  markedly from tha t  of adults. In adults,  there are 

two dis t inct  morphological forms, each with differing functional 

ab i l i t i e s  that  are likely t o  ref lec t  differing feeding strategies. 

En juvenile S c a ~ u s  species, however, species-related differences i n  

the morpholog-y and functional ab i l i t i e s  only become apparent above 

50 mm S.L. Below t h i s  size, most morphological and functional 

differences are size- rather than species-related . The 

morphological similarity between juveniles suggests that  a l l  

juvenile S c a r u s  species w i l l  have similar feeding strategies a t  a 

given size.  The extent of interspecific variation i n  juvenile 

scarid feeding patterns w i l l  be assessed i n  Chapter 6 .  



Table 2 . 3  The functional morphology of juvetnile scarids. 

- - - 

S . L . in nun Primary morphohogical features Implied diet and deeding strategy 

7 - 10 Large eye, canniform teeth, simple 
intestine 

10 - 22 Large eyee, even cutting edge on 
jaws, simple intestine 

20 - 50 Even cutting edge on jaws, 
sacculated intestine 

50 - 90 S .  s o r d t d u s  develops features 
for 'biting' 

above 90 S. s o r d t d u s  = 'b i ter"  
S .  f r e n a t u s  = 'scraper' 

Carnivorous phase8 highly nutritive diet,  mobile 
invertebrates - micro-crustacea '2 

Intermediate, carnivorous/browsing phaser moderately 
nutritive diet ,  selected algae or occasional 
micro-crustacea ? 

Grazing phase 1: diet low nutritive value 6 high inorganic 
content, both species functional "scrapers' 

Grazing phase 2: divergence. Both species ingesting 
quantities of algae and carbonate, S .  s o r d t d u s  may bite 
slightly deeper than S. f r e n a t u s  

Grazing phase 3: 'bi ters '  and 'scrapers'. Both species 
ingest algae and carbonate particles - the adult diet .  
S. s o r d t d u s  has a "biting' strategy and S .  f r e n u t u s  a 
'scraping' strategy 



I n  addition t o  forming a basis for ecological studies, 

observations on the morphology of juvenile scarids also yield useful 

data for taxonomic and phylogenetic studies. There are two 

particularly important taxonomic features: the number of upper 

pharyngeal teeth rows and the articular-dentarg articulation. The 

presence of three upper pharyngeal teeth rows i n  juvenile 'sordidus' 

group species and two i n  'frenatus' group species enables the two 

groups t o  Be distinguished a t  s izes above 11.5 mm S .L .  The presence 

of an articulatory articular-dentary joint i n  specimens above 8 . 2  mm 

S . L .  i s  indicative of the taxonomic importance of t h i s  feature, a s  

the older a character, the more likely it is t o  be laid down early 

i n  ontogeny, and the older a taxonomic character, the higher i t s  

taxonomic weight (Man, 1969 p 2 1 4 ) .  This character may therefore, 

be valuable i n  distiguishing higher taxa, although studies of the 

morphological changes occurring during the ontogeny of l a b r i d  and 

sparisomatine genera are s t i l l  required. 

There is  a large degree of parallelism between the ontogeny of 

Scarus species and the proposed phylogeny of the Scaridae (Chapter 

3 ) ,  This is most appararent i n  the form of the teeth, jaws, 

pharyngeal apparatus and intest ine.  A transformation from jaws 

bearing caniform teeth t o  incisor-like teeth and on t o  cement 

covered dental plates is  followed both during the ontogeny of Scarus 

species and i n  the phylogeny of the Scaridae, from the labrids and 

the labrid-like sparisomatine genera t o  Sparisoma, Euscarus, 

C. btcoZor and B. murtcatus through t o  Sca~us .  During the ontogeny 

of Scarus species, there is a reduction i n  the size of the teeth i n  

the outermost row of the upper pharyngeal teeth rows, leading t o  a 

loss of the outer row i n  some large specimens, I n  addition, there 



is an  i n c r e a s e  i n  t h e  d e g r e e  09 i n t e r d i g i t a t i o n  between the 

innexmost  upper  p h a r y n g e a l  t e e t h  rows and a n  e l o n g a t i o n  o f  t h e  l o w e r  

p h a r y n g e a l  d e n t a l  plate. These  changes  are p a r a l l e l  w i t h  t h e  

sequence  o f  changes  d e s c r i b e d  i n  the proposed  phylogeny o f  t he  

S c a r i d a e  ( S e c t i o n  1 . 4 . 5  and Chap te r  3 ) .  F i n a l l y ,  t h e  t r a n s f o r m a t i o n  

o f  t h e  i n t e s t i n e  from a form w i t h  a s i n g l e  loop, t o  a type I p a t t e r n  

(described i n  S e c t i o n  1 . 5 )  and on t o  a type I1 or 111 p a t t e r n ,  M t h  

a p r o g r e s s i v e  i n c r e a s e  i n  t h e  degree o f  s a c c u l a t i o n  i s  a p p a r e n t  

d u r i n g  b o t h  the on togeny  o f  Scarus s p e c i e s  ( T a b l e  2 . 2 )  and i n  the 

proposed  phylogeny of t h e  S c a r i d a e  ( C h a p t e r  3 ), from labr ids  ( 1  l o o p  

and no sacs), t o  CaLotomus (type I and few s a c s ) ,  t o  t h e  S c a r i n a e  

( t y p e s  1, I% and I ,  a l l  b e i n g  f u l l y  s a c c u l a t e d ) .  The above 

o n t o g e n e t i e  changes  are c o n s i d e r e d  i n  t h e  p h y l o g e n e t i c  s t u d i e s  i n  

C h a p t e r  3 .  

The r e l a t i o n s h i p  between ontogeny and phylogeny h a s  been known 

f o r  many y e a r s ,  The B i o g e n e t i e  Law o f  MUller-Haeckel ( 1 8 6 8 ) ,  a 

modi f i ed  v e r s i o n  o f  B a e r ' s  Law, states that  "ontogeny is a s h o r t e n e d  

and modif ied r e c a p i t u l a t i o n  o f  phylogeny" (ci ted i n  Ba l insky ,  1975) .  

The p o s s i b i l i t y  t h a t  o l d e r  c h a r a c t e r s  are laid down earl ier  i n  

ontogeny is  t e n t a t i v e l y  accepted b y  Mayr (1969) .  However, the  

p o s s i b i l i t y  o f  a n  o rgan i sm d u r i n g  on togeny  r e c a p i t u l a t i n g  t h e  a d u l t  

s t a g e s  o f  i ts  phylogeny  is  q u e s t i o n e d  as a r e s u l t  o f  t h e  l a c k  of 

e v i d e n c e  (Mayr, 1969 p 2 1 4 ) .  

There  i s  a s t r i k i n g  similarity between a d u l t  S. f r e n a t u s  and  

j u v e n i l e  Scarus species. The p r e s e n c e  o f  j u v e n i l e  c h a r a c t e r s  i n  

a d u l t  S. f r ena tus  and  o t h e r  ' f r e n a t u s '  g roup  species, however, i s  

n o t  i n t e r p r e t e d  as e v i d e n c e  f o r  t h e  ' f r e n a t u s '  g roup  b e i n g  an 



a n c e s t r a l  form. S e v e r a l  l i n e s  o f  e v i d e n c e  i n d i c a t e  t h a t  the 

"$enatuse g r o u p  is t h e  most s p e c i a l i z e d  scarid g r o u p  o r  genus  

( C h a p t e r  3 ) .  The similarity o f  t h i s  g roup  t o  j u v e n i l e  Scarus 

species is r e g a r d e d  as a r e s u l t  of neo teny .  Neoten ic  f e a t u r e s  a r e  

n o t  n e e e s s a r i l y  a n c e s t r a l ,  and h a v e  b e e n  a s s o c i a t e d  w i t h  several 

s p e c i a l i z e d  g r o u p s  (Alexander ,  1975), i n c l u d i n g  humans (McFarland et 

a?,. , 1979 ) . 

Summary 

Morphology 

% )  J u v e n i l e  Scarus species between 8 and 9 mm S . L .  are extremely 

similar and p o s s e s s  c a n i f o m  teeth and a s i m p l e  i n t e s t i n e  w i t h  a 

s i n g l e  l o o p .  

2 )  Between 1 5  and 50 nnca S.L., S. sordtdus and S. frenafus are 

s u p e r f i c i a l l y  similar b u t  possess a d u l t  muscle  f o r m a t i o n s  

i n c l u d i n g  a n  Awy i n  9. sordidus and a f u s e d  Ala/A2 i n  

S. fyenatus. By 50 m S.L., b o t h  species have  f u l l y  s a c c u l a t e d  

i n t e s t i n e s  w i t h  a n  a d u l t  p a t t e r n .  

3 )  Between 50 and 90 mm S.L., the two species d i v e r g e .  S. sordZdus 

changes  rapidly, i n c r e a s i n g  t h e  a n g l e  o f  p i n n a t i o n  o f  the 

a d d u c t o r  m u s c l e s  and a c q u i r i n g  several modi f i ed  o s t e o l o g i c a l  

f e a t u r e s  i n c l u d i n g  an  uneven c u t t i n g  edge on t h e  jaws and a n  

e n t o p t e r y g o i d  l a te ra l  p r o c e s s .  S ,  frenatus d o e s  n o t  change 

markedly .  

4 )  Both S .  sordtdus and S. ppenatus h a v e  an  a d u l t  form a t  90 mm S.L. 

F u n c t i o n a l  i n t e r p r e t a t i o n s  

1) I n  small j u v e n i l e  Scarus species, t h e  r e l a t i v e l y  l a r g e  eye 

a p p e a r s  t o  be o f  p r i m a r y  impor tance ,  l i m i t i n g  t h e  s t r u c t u r e  and 



function sf the jaw apparatus. 

2 )  The functional interpretations of the morphology of juvenile 

Seapus species suggests changes i n  the feeding strategies and 

diet during ontogeny. These changes are not discrete, as the 

morphology and functional ab i l i t i e s  gradually change from one 

stage t o  the next. The five basic stages are: 

a )  7 - 10 mm S . L . :  carnivorous. 

b )  PO - 28 m S.L.:  selective carnivore/browser/grazer. 

e )  28  - 50 m S.L.: grazer 1, S .  sord tdus  and S .  frenasus 

both 'scraperse.  

d )  50 - 90 mm S.L.: grazer 2 ,  both s p c i e s  'scrapers8 but 

S .  sord%dus has increasingly stronger b i t e s ,  

e ) Above 90 mm S . L. t grazer 3,  adult stage; s. s s ~ d t d l u s  

a 'Biter '  and S. fpenatus  a 'scraper'. 
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Morpho%sgical ana lyses  f r e q u e n t l y  form t h e  basis o f  sys t ema t i c  

i c h t h y o l o g i c a l  s t u d i e s .  These s t u d i e s  o f t e n  rely upon e x t e r n a l ,  

r a t h e r  t h a n  i n t e r n a l ,  c h a r a c t e r i s t i c s  because it is easier t o  

e x m i n e  external characters b o t h  i n  f r e s h  and preserved  museum 

s p c W n s .  =erna% f e a t u r e s  provide marry u s e f u l  characters f o r  

d i s a i m t n a t i o n  a t h e  species level, w h i l s t  i n t e r n a l  ( anatomical  ) 

characters are uftesl  used i n  the c l a s s i f i c a t i o n  o f  h i g h e r  taxa 

( M13y-r~ 1969 9 .  Such i n t e r n a l  c h a r a c t e r s  i nc lude  os t eo logy  ( e . g . 
Tyler, 1970, a s  1972 and Greenwood, 19789, myology (gag. 

W i n t e r b t t m ,  1974 b, S t i a s sny ,  b981, 'leiem f Greenwood, 1981, Marino 

L Dosly, 1982 asla Wowea, 1983 a, b) and i n t e s t i n a l  anatomy (Mok, 

1977 and Mok & men, 1982). 

The c l a s s i f i c a t i o n  o f  s c a r i d s  has been i n  a state o f  confus ion  

f o r  many- years, p r i m a r i l y  due t o  t h e  l a c k  o f  reliable d i a g n o s t i c  

morphologica9 c h a r a c t e r s  (Schu l t z ,  1958) .  Many e a r l y  d e s c r i p t i o n s  

w e r e  t h e r e f o r e ,  based upon c o l s u r  p a t t e r n s .  However, the use  o f  

co lou r  as a primary taxonomic c h a r a c t e r  h a s  s e v e r a l  i n h e r e n t  

problems. This is p a r t i c u l a r l y  marked i n  t h e  Sca r idae  where c o l o u r  

is  dependent upon age,  sexual s t a t u s ,  and t o  a lesser e x t e n t ,  

geographica l  l o c a t i o n  (Randal l  & Bruce, 1983) .  The c o l o u r s  also 

change upon dea-kh and a r e  l o s t  d u r i n g  f i x a t i o n  (Smith, 1956).  

I n i t i a l  museum-based works by Smith (1956, 1959) and S c h u l t z  

(1958, 1969) c l a r i f i e d  some o f  t h e  problems o f  s c a r i d  taxonomy, 

al though t h e  problem o f  sexual  dichromatism was no t  r e so lved .  A p a r k  
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from t h e  r e - exmina t ion  o f  early d e s c r i p t i o n s  and material (Randa l l  

h Omond, 1978 and Randal l  Q Nelson, 19791, t h e  major c o n t r i b u t i o n  

to s c a r i d  c l a s s i f i c a t i o n  s i n c e  t h e  work o f  Smith (1959) and S c h u l t z  

(1969)  h a s  been t h a t  i nvo lv ing  t h e  l i nkage  o f  i n i t i a l  phase and 

t e r m i n a l  phase co lou r  p a t t e r n s .  The marked d i f f e r e n c e  between t h e  

i n i t i a l  and t e r m i n a l  phase  co lou r  p a t t e r n s  w a s  first descr ibed  by 

Bleock and Ymaguchi i n  1954, b u t  it is o n l y  r e c e n t l y ,  wi th  t h e  

g r e a t l y  increased  number o f  f i e l d  s t u d i e s ,  t h a t  t h e  ma jo r i t y  o f  

i n i t i a l  and t e r m i n a l  phase  c o l o u r  p a t t e r n s  have been l inked  ( e . g .  

Ri%ndall, 1963, Randal l  C Ormond, 1978, Randal l  & Choat, 1980, 

Randal l ,  198% and Randal l  s Bruce, 1983).  

The g e n e r i c  s t a t u s  o f  s c a r i d s  w i t h i n  t h e  subfami ly  Scar inae  h a s  

been as eonfused as t h e  i d e n t i f i c a t i o n s  a t  t h e  s p e c i e s  level, 

p r i m a r i l y  as a r e s u l t  o f  t h e  same problem, namely, t h e  l a c k  o f  

desc r ibed  d i a g n o s t i c  morphological  f e a t u r e s .  c o l o u r  p a t t e r n s  are o f  

l i t t l e  o r  no use  a t  t h e  g e n e r i c  level, 

Schu l t z  (1958) l i s t e d  s e v e r a l  morphological c h a r a c t e r s  t h a t  h e  

cons idered  imporfant i n  r e l a t i o n  t o  t h e  phylogeny o f  t h e  Sca r idae .  

These are: 

1) number o f  rows o f  pharyngeal  t e e t h  on each upper 

pharyngeal  bone 

2 )  presence  o r  absence and na tu re  o f  i n c i s o r - l i k e  e x t e r n a l  

t e e t h  o r  d e n t a l  p l a t e s  

3 )  over lapping  o f  j a w s  a t  t i p s  

4 )  number o f  median p r e d o r s a l  scales 

5 )  number o f  branched p e c t o r a l  f i n  rays. 
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A eladogram describing the proposed phylogeny of genera within 

the Scarinae is shown in Fig. 3.1. This cladogram is based on the 

shared derived characters (synapomorphiea) listed in Table 3.1, and 

~B%%OWS the method proposed by Hennig (1966). Reversion and/or 

esnvergent events have been considered using a parsimonious 

approach. 59-16 outgroup comparison rule was applied when considering 

the polarity of the character states, with outgroup comparisons 

Being made with the Eabridae, Spuisomatinae and Eusearus, and 

within the Scarinae. 

It is Believed that the labrid and scarid fishes arose from a 

cornon ancestral stock, with labrids possessing the more generalized 

percoid e:harac.ters (Schultz, 1958, Greenwood, et at, 1966, Liem & 

Greenwood, 1981 and Kaufman 8 Liem, 1982). In the present study, as 

in Sehultz (1958), the most ancestral character state is regarded as 

thak which bears the closest resemblance to the form found in the 

labrida. In this respect, the Sparisomatinae possesses the most 

primitfve, t.e Iabrid-like, scarids, Within this group, however, 

the lack of anatomical studies precludes the construction of a 

detailed phylogeny. The phylogeny proposed in the present study is 

therefore restricted to the Scarinae, with the addition of the genus 

Eusearus (subfamily Sparisomatinae) which has been described in 

detail by Board (1956). 

From the limited morphologicaf studies of Schultz (1958), 

Euscarus and Spar%soma appear to be the genera most closely related 

to the Scarinae. This observation is supported by the detailed 

anatomical studies on Euscarus by Board (1956). However, the 

generic status of Euscarus is questionable as it differs from 



A cladsgram showing t h e  proposed phylogeny of t h e  

genera within the  Scarinae, based on t h e  morphological 

sbsemations  l i s t e d  i n  Table 3 . 1 .  

In t h i s  f igure,  each bar is numbered corresponding t o  a character i n  

Table 3.1. The sparisomatine genus Euscarus is included as the  

s i a t s r  grws sP t3e Sczninae. 
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Table 3 .1  The d i s t r ihu t lon  of morphological characters  among the scarid genera. 

Sparimmatinae Scarinae 

Character 

1 Teeth coalesced anto Leak 
2 Teeth coalesced and In ver t r ca l  rows 
3 Teeth incompletely fused i n t o  a p l a t e  
4 Teeth protrude through alveolar  wall  
5 Cement covers dental  p l a t e s  
6 I a t e r a l  canine t ee th  presenz 
7 Upper jaw protrudes over lower jaw 
8 Lower 3aw protrudes over upper 3aw 
9 Ar t i cu la r  - dentary articulation 
10 Complex maxillary - palat ine a r t i cu la t ion  
11 Large curved mau l l a ry  posterodorsal process 
12 Haxil lary - premaxillary process present  
13 Groove i n  ven t ra l  premaxillary ascending process 
14 Ar t i cu la r  medxal spine flange shaped 
15 Art icular  medial spine rod shaped 
16 Dentary medial sutures  simple 
17 Dentary medial sutures  possess i n f l e c t i o n ( s )  
18 Dentary medlal sutures  complex/branched 
19 Groove for  pa l .  d .  process i n  pmx. asc .  p r .  
20 Raised nodules on teeth 

21 Entopterygoid l a t e r a l  process 
22 Quadrate l a t .  p r .  extends t o  qua. pcs te r io r  edge 
23 s h o r t  pal .  d. p r .  with ventral ly d i r ec ted  condyle 
24 Latticework system of holes i n  entopterygoid 

25 maxillary f ace t s  on vomer 
26 Elongate ethmoid/vomerine process 
27 A e r e o l a ~  protrusion of ethmoid 
28 Anterior pre-illary f ace t s  on vomer 

29 Fusion of ethmoid and f ron ta l s  
30 l a r g e  supraoccipi tal  c r e s t  
31 Curved grooves i n  basipharyngeal jo in t  
32 Second tr iangular  fossa i n  ven t ra l  neurocraniw 
33 Depth/width of n.c. a t  basipharyngeal j o i n t  

34 Upper pharyngeals 3 f u l l  rows 
35 U.P .  1 f u l l  row, 2 outer  reduced 
36 U.P. 1 f u l l  row. 1 outer  reduced 
37 U.P .  1 f u l l  row (adu l t  only)  
38 Inner  pharyngeal teeth rows i n t e r d i g i t a t e  

39 Strong multipinnate adductors 
40 ==/A2 fused 
41 AID present  
42 AZ i n s e r t s  on dentary only 
43 A2 i n s e r t s  on a r t i cu la r  and dentary 
44 11l i n s e r t s  on a r t i c u l a r  only 
45 A3 large primarily rnsert ing on dentary 
46 A3 i n s e r t s  on both a r t i c u l a r  and dentary 
47 A3 i n s e r t s  on a r t i cu la r  only 
48 A3 small and s t r a p l i k e  
49 Awy present 
50 Quadrate-mandibularis internus present  
51 Nmbsr of vertebrae r e t r ac to r  pos te r io r  i n s e r t s  on 
52 Three articular-dentary ligaments present  
53 Ant.max.preaax.lig. Catoscarus form 
54 Ant.max.premax.lig. 'sordidus' form 
55 Ant.-.pre-.lig. ' f renatus '  form 

56 Akdominal : caudal vertebrae 9 : 16 
57 AWominal:caudal vertebrae 10/11:14/15 
58 Abdormna1:caudal vertebrae 1 2 ~ 1 3  

59 I n t e s t i n a l  type/pattern 
60 I n t e s t i n a l  sacculation 

Source: 1 -  Present study 2 = Boas (1879) 3 - Lubosch (1923,1929) 4 - Suyehiro (1942) 
5 - Honod (1951) 6 = Board (1956) 7 - Schultz (1958 ) 8 = Frydl (1975) 
9 - Yamaoka (1978,1980) 10 - Bruce (1979) 11 - Gobalet (1980) 12 = Tedman (1980b) 

Labrid data  was based on: Lubosch (1929 ); Rognes (1973 ); Yamaoka (1978 ); Van Hassel t  (1979 ); Tedman (1980a.b) 
and t h e  present study. 

Legend: H = present; 1 / - absent; I - / = not recorded; I-----{ = present  i n  some species  
*- etrongly developed; +- d e r a t e l y  well developed; 4- poorly developed 
A - anceatoral D = derived 

A key t o  the abbreviations used i n  thxs t a b l e  a re  given i n  Section 1 .3  
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Spartsoma o n l y  i n  the form 0% a s i n g l e  e x t e r n a l  character, t . e .  a n  

a d d i t i o n a l  median p r e d o x s a l  scale ( S c h u l t z ,  1 9 5 8 ) .  Tke r e l a t i o n s h i p  

between Spar t soma and E u s c a r u s  r e q u i r e s  r e a n a l y s i s .  

Because  o f  khe lack o f  d e t a i l e d  a n a t o m i c a l  s t u d i e s  sf 

Spastsoma,  EuscaPus is  proposed  i n  t h i s  s t u d y  as the sister group  of 

the  S c a r i n a e  and was used as the  ou tgroup  when a s s e s s i n g  t he  

polarity of c h a r a c t e r s  i n  g e n e r a  or  groups  w i t h i n  the S c a r i n a e .  If 

the o v e r a l l  d i f f e r e n c e  between E u s c a r u s  and Spar tsoma is found t o  Be 

i n s u f f i c i e n t  t o  separate the  two  g e n e r a ,  t h e n  Spartsoma ( i n c l u d i n g  

E u s c a ; ~ u s )  would r e p r e s e n t  t he  sister group.  From t h e  known 

morphology o f  Spar tsoma,  s u c h  a f u s i o n  would n o t  alter the  r e s u l t s  

sf t h e  o u t g r o u p  comparisons  w i t h  E u s c a r u s .  I n  the p r e s e n t  s t u d y ,  

t h e  S p a r i s o m a t i n a e  ( e x c l u d i n g  E u s c a r u s  and Spastsoma)  as a whole was 

o n l y  used  f o r  ou tg roup  compar i sons  when t h e  character state 

c o n s i d e r e d  was s h a r e d  by a l l  members o f  t h e  group.  

I n  the proposed phylogeny ( F i g  3 . 1 ) ,  five o f  the c h a r a c t e r s  a r e  

t e n t a t i v e l y  i n c l u d e d  b e c a u s e  of thei r  s t r i k i n g l y  u n u s u a l  n a t u r e ,  

even though  the  state o f  these characters for a11 g e n e r a  i n  t he  

S p a r i s o m a t i n a e  is n o t  known. These c h a r a c t e r s  are: 

a )  The second t r i a n g u l a r  f o s s a  i n  t h e  v e n t r a l  s u r f a c e  sf t h e  

neurocranium,  which forms t h e  site o f  o r i g i n  for the a n t e r i o r  

levator p o s t e r i o r  muscle  i n  C e t o s c a s u s  and Bozbometopon (No. 32, 

T a b l e  3 . 1 ) .  T h i s  s t r u c t u r e  is  a b s e n t  i n  CaLotomus (Yamaoka, 

1980) and i n  l a b r i d s  ( R o p e s ,  1973 and Yamaoka, 1978) .  A l l  o t h e r  

s c a r i n e  g e n e r a  (and  g r o u p s )  e m m i n e d  o n l y  have a s m a l l  d e p r e s s i o n  

i n  t h i s  r e g i o n .  This f o s s a  is t h e r e f o r e  t e n t a t i v e l y  regarded  as 

a d e r i v e d  f e a t u r e  ( a l t h o u g h  a n  examina t ion  of Spar t soma and 
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Eusearus is necessa ry ) .  

b )  The unusual  branching  n a t u r e  o f  t h e  d e n t a n  medial s u t u r e s  

i n  Cetosearus and Botbometopon: t h i s  h a s  o n l y  been recorded from 

t h e s e  genera,  and is absen t  i n  Euscarus (Board, 1956) and a l l  

remaining s c a r i n e  genera  (and groups)  (No. 18 ,  Fable  3 .1) .  T h i s  

chaxae te r  state is t h e r e f o r e  cons idered  a uniquely  d e r i v e d  

f e a t u r e .  

c )  The f o m  o f  the A3 s e c t i o n  o f  t h e  adductor  mandibulae i n  

Euscasus, Cetoscarus ,  Botbometopon and the ' so rd idus*  group.  

mis h a s  been des igna ted  de r ived  by comparison wi th  t h e  state of 

t h e  A3 s e c t i o n  i n  LeptoscaPus, Cuzotomus and Ntehots tna  ( T a b l e  

3 ;  a d e c i s i o n  which should be cons idered  as t e n t a t i v e  and 

could on ly  be confirmed a f t e r  f u r t h e r  a n a l y s i s  o f  t h e  o t h e r  

sgar i somat ine  gene ra .  

d l )  Ante r io r  p r e m a x i l l a r y  facets on t h e  vomer o f  Botbometopon. 

This  f e a t u r e  was n o t  apparent  i n  the publ i shed  d e s c r i p t i o n s  of 

Leptsacarus (Lubosch, 1923, 1929),  CaLotomus (Yamaoka, 1980) and 

E u s c u ~ u s  (Board, 1956) ,  and was a b s e n t  from a l l  s c a r i n e  gene ra  

(and groups)  examined, wi th  t h e  except ion  o f  BoZbometopsn (No. 

28, Table 3 .1 ) .  Therefore ,  t h i s  f e a t u r e  is considered a un ique ly  

der ived  c h a r a c t e r .  

e ) Maxil lary-premaxil lary p roces ses  (No. 12 ,  Table 3 . 1  ) . 
These p roces ses  were no t  f i g u r e d  o r  desc r ibed  i n  t h e  pub l i shed  

i l l u s t r a t i o n s  o f  Euscarus by Board (1956)  o r  i n  t h e  d e s c r i p t i o n  

o f  Spartsoma by F r y d l  (1975),  and are absen t  i n  Catotomus and 

Leptoscarus (Bruce,  1979) .  T h e i r  p re sence  i n  Cetoscarus ,  

Botbometopon and the ' so rd idus '  group is t h e r e f o r e ,  regarded  as 

der ived ,  wi th  t h e  r educ t ion  i n  size i n  Htpposcarus and absence i n  
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t h e  T f r n a t u s v  g roup  r e p r e s e n t i n g  a secondaxy loss. 

In a d d i t i o n  t o  ou tgroug  compar i sons ,  o n t o g e n e t i c  development 

was c o n s i d e r e d  when a s s e s s i n g  the  s t a t u s  o f  v a r i o u s  c h a r a c t e r  

states. F e a t u r e s  p r e s e n t  i n  j u v e n i l e s  b u t  a b s e n t  i n  a d u l t s  were  

r e g a r d e d  as p o t e n t i a l l y  a n c e s t r a l ,  w h i l s t  characters or  forms t h a t  

are o n l y  found i n  a d u l t s  were  r e g a r d e d  as b e i n g  more likely to  be a 

d e r i v e d  ( s p e c i a l i z e d )  state ( S e e t i o n  2 . 5 ) .  F o r  example,  t h e  

r e d u c t i o n  i n  the relative size o f  t he  o u t e r  t o o t h  rows on the  upper  

p h a r y n g e a l  bones  and t h e  p r e s e n c e  of t h e  e n t s p t e r y g o i d  lateral 

process i n  a d u l t  members of t h e  P s o r d f d ~ s '  g roup  ( C h a p t e r s  1 and 2 ) ,  

e b o t h  r e g a r d e d  as d e r i v e d  states. 'Phis s t a t u s  is based o n  

o u t g r o u p  comparisons  b u t  is also s u p p o r t e d  by deve lopmenta l  

o b s e r v a t i o n s  ( S e c t i o n  2 + 3 ) . 

As n o t e d  by Seku%tz  (1958), the number of u p p e r  p h a r y n g e a l  

tooth rows i s  a u s e f u l  c h a r a c t e r  a t  t h e  g e n e r i c  level, there b e i n g  a 

p r o g r e s s i v e  d i m i n u t i o n  o f  t h e  o u t e r  rows l e a d i n g  t o  specialized 

forms p o s s e s s i n g  o n l y  one  o r  two tooth rows on each u p p e r  pharyngeal 

bone  ( T a b l e  3 . 1 ) .  (These  f i n d i n g s  are suppor ted  by o n t o g e n e t i c  

o b s e r v a t i o n s  [ S e c t i o n  2 .3  3 ) . However, t h e  number of u p p e r  

p h a r y n g e a l  t o o t h  rows is n o t  a c o n s i s t e n t  c h a r a c t e r i s t i c  as there 

are w i t h i n - s p e c i e s  variability' ( e . g .  i n  S. f r e n a t u s  and 

S. g t o b t c e p s ,  S e c t i o n s  1 . 3 . 2  L 1 , 3 . 4 . 2 )  and o n t o g e n e t i c  changes  

(e.g. i n  S. s o ~ d t d u s ,  S. gtbBus and S. ~ u b r o v t o Z a c e u s ,  S e c t i o n s  

1 . 3 . 2 ,  1 . 3 . 4 . 1  and R o s e n b l a t t  & Hobson, 1969). I n  c o n s i d e r i n g  t h e  

phy logeny  o f  t h e  S c a r i n a e ,  the number o f  upper  p h a r y n g e a l  t o o t h  rows 

was based  on t h e  maximum number o f  rows r e g u l a r l y  found i n  each 

genus  o r  g roup .  J u v e n i l e  c o u n t s  were  t a k e n  i n t o  c o n s i d e r a t i o n  b u t  
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infrequent adult variations were regarded as akypical and were 

disregarded. 

The main difference between the phylogeny of the Scarinae 

proposed in this study (Fig. 3.1 ) and that of Schultz (1958 ) (Fig. 

3.2) is the relationship Bebeen menbers of the Sparisomatinae and 

Scarinae. Schulbtz (1958) proposed an early division between the t w o  

subfamilies (Fig. 3.2). The fzwo subfamilies differ in verkebral 

counts and the overlapping sf the jaws at the tips (and possibly the 

egg and larval % o m  [Leis and Rennis, 19831) but these differences 

are not necessarily evidence of an early divergence between the two 

groups. Such a division would require a shared derived character to 

be present in all sparisomatine genera arising from the main 

sparisomatine - scaring division. No such character has been found. 

The presence sf shared ancestral (primitive) characters within 

this group sf sgarisosmatine genera does not support the division 

proposed by Schultz ( 1958 ) . 

1% is believed that the Scarinae arose from a group in c o m n  

with the more advanced sparisomatine forms, 5 . e .  Euscarus and 

Spurtsoma, and at an evolutionary stage much later than proposed by 

Sehultz (1958) (Pig- 3-2). A recent division between the Scarinae 

and the advanced sparisomatine forms as proposed in this study, 

would account for the relatively large number of character states 

shared by Eusca~-us and Cetoscarus ( T a b l e  3.1). This suggested 

relationship is tentative and will require more morphological 

analyses of the Sparisomatinae, particularly Spurtsoma and Euscarus. 



Pigure 3.2 

The phylogeny of t h e  genera i n  t h e  family Scarinae 

as proposed by Schul tz  (1958 ). 

This figure is modified from Pigure 1 i n  Schu l t z  (1958 ) .  
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The proposed phylogeny o f  t h e  Sca r inae  ( F i g .  3 . 1 )  is based 

prLmari ly  upow examinations o f  s c a r i n e  genera (and groups)  from t h e  

G r e a t  Barrier R e e f .  As a r e s u l t ,  t h e  g@nus Ypstscarus is n o t  

ine luded  (and needs a s e p a r a t e  examinat ion) .  A t  p r e s e n t ,  there i s  a 

lack o f  d e t a i l e d  knowledge o f  the morphology o f  t h e  spa r i soma t ine  

genera  which is e s s e n t i a l  as a basis f o r  c o n s t r u c t i n g  a cfadogram o f  

t h e  Sca r inae  and o f  t h e  Sca r idae  as a whole. 

'Pke above phylogenet ic  c o n s i d e r a t i o n s  have r evea l ed  t h a t  

s e v e r a l  d i s t i n c t :  p h y l e t i c  l i n e s  are p r e s e n t  w i th in  t h e  S c a r i n a e .  

Some o f  t h e s e  comply w i t h  e x k s t i n g  g e n e r i c  d i v i s i o n s ,  b u t  o t h e r s  

differ markedly. From *he morphological  d e s c r i p t i o n s  i n  S e c t i o n  

1.3, two major  groups have been desc r ibed  i n  t h e  genus S c a r u s ,  

These groups are be l i eved  t o  r e p r e s e n t  d i s t i n c t  p h y l e t i c  l i n e s  ( F i g .  

3.11, and may d i f f e r  s u f f i c i e n t l y  t o  demand f u l l  g e n e r i c  s t a t u s  

w i th in  t h e  subfamily Sca r inae .  It is proposed t h a t  the fo l lowing  

genera  be recognized wi th in  t h e  Sca r inae :  Cetoscarus,  BoLbometogon 

and Htpposcarus,  w i th  due c o n s i d e r a t i o n  t o  t h e  s t a t u s  o f  t h e  

*so rd idus '  and ' f r e n a t u s '  groups, p r e s e n t l y  i n  t h e  genus S c a r u s .  

(The s t a t u s  o f  Y p s t s c a ~ u s  w a s  not: examined i n  th i s  s t u d y ) .  

I n  a s s e s s i n g  t h e  gene r i c  s t a t u s  o f  s p e c i e s  w i th in  t h e  Sca r inae ,  

the f u l l  list o f  c h a r a c t e r s  g iven  i n  Table 3 . 1  was cons idered .  The 

t h r e e  basic types o f  i n t e r n a l  morphological  c h a r a c t e r i s t i c  t h a t  were 

regarded as impor tan t  i n  t h e  r e c o g n i t i o n  o f  genera are: 

1) C r a n i a l  os teo logy,  i nc lud ing  t h e  premaxi l la ,  maxilla, den ta ry ,  

a r t i c u l a r ,  suspensorium, neurocranium and pharyngeal  

appa ra tus  

2 )  J a w  myology, wi th  emphasis on t h e  adductor  mandibulae 
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3 ) % n t e s t i n a l  p a t t e r n s .  

The va lue  of  each taxonomic c h a r a c t e r  is, i n  p a r t ,  dependent 

upon its v a r i a b i l i t y  w i t h i n  t h e  species o r  genus considered.  I n  

t h i s  s tudy ,  l i t t l e  within-genus ( o r  group)  v a r i a t i o n  was found i n  

the ssteologica%. and myological  characters used .  More v a r i a t i o n  was 

obsemed  i n  the form o f  t h e  i n t e s t i n a l  p a t t e r n ,  b u t  as i n  t h e  

o s t e o l o g i c a l  and myological  s t u d i e s ,  t h i s  v a r i a b i l i t y  was less t h a n  

t h a t  found between genera  o r  groups ( S e c t i o n s  1 . 3  and 1 . 5 ) .  

when a s s e s s i n g  the relative importance o f  each  cha rac t e r ,  t h e  

f u n c t i o n a l  r o l e  i n  the b i o l o g y  s f  the species w a s  cons idered .  This 

enabled  whole f u n c t i o n a l  complexes t o  be i d e n t i f i e d  ( p r i m a r i l y  t h e  

j a w  appara tus ,  i ts  component parts, and t h e  pharyngeal  a p p a r a t u s )  

and t h e  r e l a t i o n s h i p  between c h a r a c t e r s  to be es t ima ted .  when t w o  

c h a r a c t e r s  were f u n c t i o n a l l y  r e l a t e d ,  t h e i r  r e l a t i v e  taxonomic v a l u e  

w a s  decreased cor respondingly  ( fo l lowing  Map, 1969, p 221) .  T h i s  

approach is, however, l i m i t e d  by t h e  degree  o f  in format ion  r e l a t i n g  

t o  the func t ion  o f  t h e  c h a r a c t e r .  The a p p l i c a t i o n  o f  such  

informat ion  i n  the systematics of h i g h e r  taxa has been suggested by 

Liem and Greenwood ( 1981 ) . 

The f i v e  morphological groups (and/or  g e n e r a )  recognized i n  

t h i s  s tudy  are o u t l i n e d  below, wi th  a k e y  based p r i m a r i l y  on 

i n t e r n a l  morphological c h a r a c t e r s .  The d e c i s i o n  t o  maintain t h e  

genus Cetoscapus is based on its possess ion  o f  a unique combination 

o f  c h a r a c t e r s .  Although it is  c l o s e l y  r e l a t e d  t o  BoZbometopon, t h i s  

genus posses ses  a s u f f i c i e n t  number o f  unique c h a r a c t e r s  t o  s e p a r a t e  

and d i s t i n g u i s h  it from Ce-boscarus. The o t h e r  genera  and groups 

p o s s e s s  d i s t i n c t i v e  combinations o f  c h a r a c t e r s  and each has  a t  least 
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one unique character. 

A key to the Great Barrier Reef genera and species groups in %he 

subfamily Scarinae, based primarily on internal morphological 

characters of adults. 

1) a) Dental. plates no% covered in cement, no 

arkieu%ar-denta%pv a&ieulakien. ............... 2 
b) Dental plates covered in cement, articular- 

dentaq arkieulation ......,......&........ 3 

2) a) Teekh sjbasple, ethmoid-vomerfne process long 

and cumed..*... .............................. Cetoscar~s 
b )  Round nodule on each tooth, ethmoid- 

vomerlne process straight with areolar 

process on ekhntoid....~......OO.O.......... BoZbometopon 

3 )  a) Vertical tooth rows alternate in possessing 

a tooth on cutting edge, entopterygoid lateral 

process and Awqs present, large A 3 . . . . . . . . . . . . .  'sordidus' group 

B) Vertical tooth rows all possess a tooth on 

cutting edge, entopterygoid lateral process 

and Awy absent, small A 3 . . . . . . . . . . . . . . . . . . . . . .  4 

4) a) A3 tendinous insertion on articular only, 

no premaxillary process, upper pharyngeal 

tooth rows two or less, Alp present ........... 'frenatus' group 
b) A3 tendinous inser-kion on articular and 

dentary, premaxillq process present, three 

upper pharyngeal tooth rows, Alp absent.,.. ... Htpposcarus 



Genus: Cetsscarus Smith, 1956 

B iagnos t i e  characters : 

Cetsseurus may be i d e n t i f i e d  by t h e  fo l lowing  combinations of 

c h a r a c t e r s  : 

1) U p p e r  j a w  seer lower jaw, t e e t h  wi thout  nodules ,  

no a r k i e u l a r - d e n t a r y  a r t i c u l a t i o n ,  and has 

complex branched d e n t a r y  medial s u t u r e s  

2 )  An te r io r  maxillary-premaxil1ar-y l igaments  arise 

from r i d g e s  on t h e  max2lla 

3 )  Ethoid-vomerLae precess e l o n g a t e  and 

c h a r a c t e r i s t i c a l l y  curved, but l a c k i n g  a n t e r i o r  

prernaxi%%ary facets and t h e  a r e o l a r  s w e l l i n g  o f  

mLbome%opsn 

4)  Two pairs o f  t r i a n g u l a r  f o s s a e  p r e s e n t  i n  

v e n t r a l  face o f  n e u r o c r a n i m ,  bas ipharyngeal  j o i n t  

cumed ,  t h e  t h r e e  upper pharyngeal  t o o t h  rows 

having a r a t i o  o f  approximately 4:3:1 and no 

i n t e r d i g i t a t i o n  o f  t h e  i n n e r  two rows. 

Characteristic f e a t u r e s  i nc lude :  m a x i l l a r y  condyles  on t h e  vomer, 

10-11 abdominal v e r t e b r a e ,  a c r e n a t e  c u t t i n g  edge on t h e  jaws, the 

absence o f  A1P and Awy, t h e  p re sence  o f  a large A3 i n s e r t i n g  on the 

d e n t a r y  and a r t i c u l a r ,  a quadrato-mandibularis and a t y p e  111 

i n t e s t i n a l  p a t t e r n .  

Genus: BoLbornetopon Smith, 1956 

Diagnos t ic  c h a r a c t e r s  : 

1) Areolar  p r o t r u s i o n  o f  the ethmoid 

2 )  Premaxi l la ry  facets on the a n t e r i o r  face o f  the vomer 



3 )  Rounded nodules  on each t o o t h  

4 )  S t e e p l y  s l o p i n g  e thoid-vomer ine  p roces s  

5 ) Twelve abdominal ver$&xae. 

C h a r a c t e r i s t i c  f e a t u r e s  inc lude :  upper jaw over lapping  lower 

jaw, no a r t i c u l a r - d e n t a r y  a r t i c u l a t i o n ,  traces o f  cement on j a w s ,  

c renake  cu t t%ng  edges on jaws, complex d e n t a q  medial  s u t u r e s ,  a 

r m ~ % l a q - p r e m a x i l l a q  process ,  maxillary condyles  on vomer, s h o r t  

p a l a t i n e  d o r s a l  p roces s  with s imp le  maxillary a r t i c u l a k i o n ,  two 

p a i r s  of t r i a n g u l a r  fo s sae  i n  v e n t r a l  f a c e  o f  neurocranium, curved 

basiphaxyllgeal grooves, three upper  pharyngeal  t o o t h  rows, w i th  a 

width r a t i o  o f  4.5:3:9, and i n n e r  pair o f  rows n o t  i n t e r d i g i t a t i n g ,  

no A l p  o r  Awy,  a l a r g e  A3  i n s e r t i n g  on t h e  den ta ry  and t o  a s l i g h t  

e x t e n t  on the a r t i c u l a r ,  a quadrato-mandibularis and a type 111 

i n t e s t i n a l  p a t t e r n .  

Genus: i 9 tppsscarus  Smith, 1956 

Diagnos t ic  character: 

1) A s m a l l  A3 i n s e r t i n g  t e n d i n o u s l y  on t h e  d e n t a r y  and a r t i c u l a r .  

I n  a d d i t i o n ,  Htpposcarus  may be i d e n t i f i e d  by t h e  fo l lowing  

combinations o f  c h a r a c t e r  states: 

1) A complex pa la t ine-maxi l la ry  a r t i c u l a t i o n  and a p remax i l l a ry  

p roces s  on t h e  max i l l a .  

2 )  An a r t i c u l a r - d e n t a r y  a r t i c u l a t i o n ,  cement covered d e n t a l  

p l a t e s  and no Alp. 

C h a r a c t e r i s t i c  f e a t u r e s  i n c l u d e :  each v e r t i c a l  t o o t h  r o w  

having  a t o o t h  on t h e  c u t t i n g  edge o f  t h e  j a w s ,  d e n t a l  plates o f f  

wh i t e  i n  c o l o u r ,  poor ly  developed can ine  t e e t h ,  i n f l e c t e d  d e n t a r y  
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medial s u t u r e s ,  three u p p e r  p h a r y n g e a l  t o o t h  rows w i t h  a wid th  r a t i o  

o f  7 :3 :1  and i n n e r  pair o f  rows i n t e r d i g i t a t i n g ,  a s i n g l e  pair of 

t r i a n g u l a r  f u s s a e  i n  v e n t r a l  face of neurocranium and a poorly 

deve loped  quadrats-mandibulaPis .  

Genus : Scarus F o r s s k ~ l  

me ~ o r d i d u s ~ r o c a p  

D i a g n o s t i c  c h a r a c t e r s :  

1) Each v e r t i c a l  tooth row a l t e r n a t i n g  i n  the p o s s e s s i o n  of a 

t o o t h  on the c u t t i n g  edge .  

2 )  A specialized en t spkexygoid  lateral process. 

3 )  AP1 Awy. 

c h a r a c t e r i s t i e  f e a t u r e s  i n c l u d e :  a n  a r t i c u l a r - d e n t a r y  

a r t i c u l a t i o n ,  d e e p  r o b u s t  cement covered d e n t a l  plates which may be 

c s l s u r e d ,  lateral c a n i n e s ,  i f  p r e s e n t ,  w e l l  developed b u t  o n l y  o n  

u p p e r  jaw, i n f l e c t e d  d e n t a r y  medial s u t u r e s ,  a premaxillary p r o c e s s  

on  t h e  m a x i l l a ,  a s h o r t  p a l a t i n e  d o r s a l  process w i t h  a s i m p l e  

maxil%ary a r t i c u l a t i o n ,  t h r e e  upper  p h a r y n g e a l  t o o t h  rows ( i n  s m a l l  

j u v e n i l e s  and a d u l t s  b u t  may be reduced t o  two i n  some large 

i n d i v i d u a l s )  w i t h  a ratio o f  20:5:1 and i n t e r d i g i t a t i n g  i n n e r  rows,  

a large A3 i n s e r t i n g  primarily on the dent-, a n  ALP, n o  

quadra to -mandibu la r i s  and a type III i n t e s t i n a l  p a t t e r n .  

me ' f r e n a t u s '  g roup  

D i a g n o s t i c  c h a r a c t e r s :  

1 )  N o  maxillary-premaxillary process. 

2 )  A t h i n  strap-like A3 w i t h  a s i n g l e  t e n d i n o u s  i n s e r t i o n  on the  

a r t i c u l a r .  
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3 )  TWO ( o r  o n e )  upper pharyngeal  tookln rows i n  both  j u v e n i l e s  

( i n c l u d i n g  r e c e n t l y  r e c r u i t e d  specimens, Sec t ion  2.3)  and 

a d u l t s .  

I n  a d d i t i o n ,  t h e  ' f r e n a t u s *  group may Be i d e n t i f i e d  by  the 

fo l lowing  combinations o f  c h a r a c t e r s :  

1) A t o o t h  from each v e r t i c a l  teeth row is p r e s e n t  on t h e  c u t t i n g  

edge o f  t h e  j a w s ,  t h e  d e n t a l  plates may be coloured 

and can ines ,  i f  p r e s e n t ,  are w e l l  developed and 

may occur  on both  j a w s .  

2 )  The pala t ine-maxi l la ry  a r t i c u l a t i o n  is complex and an  A1P i s  

p r e s e n t .  

C h a r a c t e r i s t i c  f e a t u r e s  i nc lude :  an  a r t i c u l a r - d e n t a r y  

a r t i c u l a t i o n ,  simple den ta ry  media l  s u t u r e s ,  two upper pharyngea l  

t o o t h  rows w i t h  a r a t i o  o f  4.9:% and i n t e r d i g i t a t i n g  medial  rows, 

and a type P or: II i n t e s t i n a l  p a t t e r n .  I n  some species, t h e  Ala and 

A2 a r e  fu sed .  

A d e t a i l e d  list o f  t h e  ana tomica l  c h a r a c t e r s  found i n  each 

genus o r  group is given i n  T a b l e  3 .1 .  

The proposed d i v i s i o n s  o f  the Sca r inae  are based p r i m a r i l y  upon 

i n t e r n a l  morphological  c h a r a c t e r s .  These are, however, inconvenient  

when i d e n t i f y i n g  specimens i n  the f i e l d  and i n  preserved 

c o l l e c t i o n s ,  as they- r e q u i r e  d e t a i l e d  d i s s e c t i o n s  t o  a s c e r t a i n  t h e  

s t a t e  o f  many c h a r a c t e r s .  F o r t u n a t e l y ,  t h e  proposed c l a s s i f i c a t i o n  

is supported by e x t e r n a l l y  v i s i b l e  msrphological  c h a r a c t e r s  and f o r  

convenience, a key  and a b r i e f  d e s c r i p t i o n  o f  t h e s e  are g iven  below. 



A key ko genera and species groups w i t h i n  the Scarinae, based on 

exkernallby visible morpkslogical characters of adults. 

1) a )  Dental plates not covered i n  cement.... . . . , .  2 

b )  Dental plates covered i n  cement . . . . . . . . . . . . .  3 

2 ) a ) No hump on forehead, shallow body, 2 rows 

s f  scales on interspercle, 14 (rarely 

1 5 )  p c t s r a l  fin rays. ...................... Cetoscarus 

b) Large hump on forehead, deep body, 1 row 

s f  scales on interopercle, 15/16 pectoral 

f in r a p . . . . . . . . . . . . .  .......................... BoLbometopon 

3 )  a )  Teeth on cutting edge from alternate 

vertical tooth rows, pectoral fin rays 

I5 or more, median predorsal scales 

4 or less w i t h  no anterior pair . .  ........... 'sordidud group 

b )  Teeth on cutting edge from each vertical 

tooth row, petoralb fin rays 15 or 

less, median predorsal scales 4 or 

more, some species w i t h  anterior pair .,..... 4 

4 )  a )  Elongate angular snout, triangular pattern 

of cheek scales, white dental plates ........ Htpposcarus 

b )  Rounded snout, simple 2/3 cheek scale rows, 

1 
dental plates may be coloured, .............. frenatui group 



Remarks and n o t e s  on f i e l d  iden%if ica$ione .  

Cetosearus and Botbometopon. 

Although C e t o s c a ~ u s  and BoZbometspon are closely r e l a t e d  and 

have a s i m i l a r  i n t e r n a l  anatomy, t h e y  can  be e a s i l y  d i s t i n g u i s h e d  

both i n  $he f i e l d  and from p rese rved  c o l l e c t i o n s .  Both are 

monoty-pi~ genera .  BoZbometopon possesses a deep body, a l a r g e  hump 

on t h e  forehead,  a d rab  uniform c o l o u r a t i o n  and has  a much l a r g e r  

a d u l t  size than  Cetoscarua.  Botbometopon d i f f e r s  from Cetoscapus i n  

t h a t  it h a s  o n l y  one row o f  scales on t h e  i n t e r o p e r c l e  (cf .  two i n  

Ce t s sca rus ) ,  fewer median p r e d o r s a l  and cheek scales, modally one 

more p e c t o r a l  f i n  r a y  and no s e x u a l  dimorphism (Randal l  and Bruce, 

1982 > .  I n i t i a l  and t e r m i n a l  phases  o f  Cetoscarus are bo th  

d % s t % n c t l y  marked (Randal l  and Bruce, 1982).  The c o l o u r  o f  the 

juven i l e  o f  Botbometopon is d r a b  (J.B. Choat p e r s .  c o r n . ) ,  w h i l s t  

that sf Cetoaearus  is both  gaudy and d i s t i n c t i v e  (Sec t ion  4 . 3 . 2 ) .  

Spec ies  i n  t h i s  genus are easily d i s t i n g u i s h e d  i n  t h e  f i e l d  

because o f  t h e i r  e longa te  angu la r  s n o u t s .  The unusual cheek scale 

formation and t h e  i n v a r i a b l y  off-white  d e n t a l  p l a t e s  a s s i s t  i n  t h e  

i d e n t i f i c a t i o n  o f  preserved  specimens. The juven i l e  of t h i s  species 

is both unique and d i s t i n c t i v e .  The shape, c o l o u r a t i o n  and 

behaviour  more c l o s e l y  resemble Le th r tnus  s p e c i e s  t h a n  Sca rus  

species ( S e c t i o n  4.3 . 2  ) . 
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groups may a l s o  be sepa ra t ed  by coun t ing  t h e  number o f  u p w r  

pharyngeal  t o o t h  rows, a s  ' so rd idus '  group s p e c i e s  posses s  three 

rows of  t e e t h ,  w h i l s t  ' f r e n a t u s Q  group s p e c i e s  typically posses s  two 

rows. This t echn ique  can be u s e f u l  i n  t h e  examination sf specimens 

as small as 11,5 rn S.L.  

The c l a s s i f i c a t i o n  sf genera and groups w i t h i n  t h e  S c a r i n a e  

proposed h e r e  h a s  l i m i t a t i o n s .  F i r s t l y ,  *he obse rva t ions  w e r e  based 

on s p e c i e s  from a s i n g l e  zoogeogzaphical r eg ion ,  the Grea t  B a r r i e r  

R e e f  (a l though many o f  t h e  s p e c i e s  are recorded as having e x t e n s i v e  

Indo-Pacif ic  ranges  [Randal l  & Claoat, 1980 and Randal l  & Bruce, 

19831). Secondly, o n l y  a l i m i t e d  rimer o f  s p e c i e s  and i n d i v i d u a l s  

were examined i n  each genus o r  group, and t h i r d l y ,  the genus 

Ypstscapus w a s  no t  examined, Because o f  its rarity i n  t h e  G r e a t  

B a r r i e r  Reef  r eg ion  (Choat t Randal l ,  pers. c o r n . ) .  

Before such a suggested c % a s s i % i c a t i o n  can be accepted,  f u r t h e r  

ana lyses  o f  khe i n t e r n a l  morphology o f  o t h e r  s c a r i d  s p e c i e s  are 

requ i r ed .  If t h e s e  ana lyses  suppor t  t h e  f i n d i n g s  s f  t h i s  s tudy ,  t h e  

fo l lowing  c l a s s i f i c a t i o n  is proposed: 

Subfamily : Sca r inae  

-nus : Cetoscarus  Smith, 1956 
Syn: CaLLyodon Gronow, 1763 ( i n  p a r t )  

Scarus  F o r s s k a l ,  1775 ( i n  p a r t )  
Ch t o r u r u s  Swainson, 1839 ( i n  part ) 
Pseudoscarus Bleeker, 1861 ( i n  p a r t  ) 

Etokbsmetspn Smith, 1956 
Syn: Cattyodon Gronow, 1763 ( i n  p a r t )  

Searus  Fo r s ska l ,  1775 ( i n  p a r t )  
m t o r u r u s  Swainson, 1839 ( i n  p a r t  ) 
Pseudoscarus Bleeker, 1861 ( i n  p a r t  ) 

Hipposcarus Smith, 1956 
Syn: s c m u s  F o r s s k a l ,  1775 ( i n  p a r t )  

Pseudoscarus Bleeker  , 186 1 ( in p a r t  ) 



'Sordidus'  group (new genus) 
SF: CatLyodon Gronow, 1763 ( i n  pariz ) 

Searus  PorsskaP, 1795 ( i n  p a r k )  
m&oz-urus Swainson, 1839 ( i n  gart ) 
PseudoseaPus Bleeker, 1861 ( i n  p a r t  ) 
XanotRoa a i t h ,  I956 ( i n  part) 

Scarus F o r s s k u ,  1995 ( ' f r e n a t u s V  group) 
Sym: CatLyodon Gronow, 1763 ( i n  part)  

Cattysdsn S c s p a i ,  1797 (subgenus) 
Cat t t sdon Walbam, 1992 
ETyehthys Swainson, 1839 
Hemtstorna Swafnssn, 1839 
Peeronason Swainson, 1839 
Pseudoscarus Bleeker, I861 ( i n  pa*) 
LOPS Jordan 6i m e m a n n ,  1896 
Xanothon Smith, 1956 ( i n  part ) 
MargarttoBon Smith, 1956 
Searops Schul tz ,  1958 
Xensscaresps Schultz ,  1958 (subgenus) 

The genus Scarus when i n i t i a l l y  described by Foraskdl  i n  1775 

included s p e c i e s  p resen t ly  p laced i n  both the ' sordidus '  and 

' f r @ n a t u s q  groups (6 . e .  S. ghobban, S. n-tger, S. fer rugtneus ,  

S ,  pstt*acu% i n  t h e  ' f r e n a t u s '  group, and S. sord5dus i n  t h e  

' s s rd idus '  group).  The gener ic  d e s c r i p t i o n  of Scarus ( i n  Schultz ,  

1958) is i n  accord w i t h  those  c h a r a c t e r s  possessed by members of the 

' f r e n a t u s Q  group, but not t h e  ' so rd idusv  group. I n  add i t ion ,  the 

type species o f  the genus, S .  ps-tetacus, i s  a member  of  the 

' f r e n a t u s '  group. ( e  i d e n t i t y  o f  Forsska l ' s  S. p s t t t a c u s  is 

discussed by Randall L Ormond E19781). It is t h e r e f o r e  proposed 

that  the genus Scarus be restricted i n  i ts  app l i ca t ion  t o  members o f  

the ' f r e n a t u s '  group. The ' so rd idusQ group d i f f e r s  from the gener ic  

d e s c r i p t i o n  o f  ScaPus given by Schul tz  (1958) i n  that  it possesses 

t h r e e  r a t h e r  than two rows o f  t e e t h  on each upper pharyngeal bone. 

There is no e x i s t i n g  genus which is based on t h e  f e a t u r e s  t h a t  

de f ine  t h e  ' sordidus '  group o r  that excPusively con ta ins  ' sordidus '  

group spec ies .  It is  t h e r e f o r e  proposed t h a t  the ' sordidus '  group 



be recognised a t  the g e n e r i c  l e v e l .  

A t  p r e s e n t ,  t h e  Sca r idae  is div ided  i n t o  two sub fami l i e s ,  t h e  

spar i somat inae  and t h e  S c a r i n a e .  Th i s  d i v i s i o n  is supported by some 

i n t e r n a l  morphological characters ( e . g .  abdominal v e r t e b r a e  counts ,  

T a b l e  3 . % ) ,  s e v e r a l  e x t e r n a l  morphological c h a r a c t e r s  (Schu l t z ,  

1958)  and t o  a l i m i t e d  e x t e n t  by e a r l y  l i f e  h i s t o r y  c h a r a c t e r s  ( L e i s  

& Rennis,  1983).  T h i s  d i v i s i o n  may Be ques t ioned  i n  view o f  the 

ePose r e l a t i o n s h i p  between some spar i somat ine  and s c a r i n e  genera  

(e.g. Spartssrna and Ce tosca rus ) ,  and t h e  fact t h a t  taxonomical ly 

-portant  c h a r a c t e r s ,  i n c l u d i n g  t h e  f o m  o f  the a r t i c u l a r - d e n t a r y  
- 

j o i n t  (Sec t ion  2 .5  ), have no t  been cons idered .  However, it is 

sugges ted  t h a t  u n t i l  f u r t h e r  a n a l y s e s  o f  t h e  anatomy and early l i fe  

h i s t o r i e s  o f  Cetoscarus ,  BsLborneeopon and the spar i somat in  genera  

have h e n  undertaken, t h e  p r e s e n t  s u b f a m i l i a l  c l a s s i f i c a t i o n  should  

be r e t a i n e d  as a convenient  taxonomic d i v i s i o n .  

I n  t h i s  s tudy ,  *he widely  accepted nomenclature of t h e  

g a r r o t f i s h e s  h a s  Been fol lowed,  v t z .  t h e  f ami ly  Sca r idae  with two 

sub fami l i e s :  t h e  Sparisomatinae and t h e  S c a r i n a e  ( sensu .  Schu l t z ,  

1958) .  The f a m i l i a l  s t a t u s  o f  the p a r r o t f i s h e s  h a s ,  however, been 

ques t ioned .  Kawfman and Liem (1982) proposed a c l a s s i f i c a t i o n ,  

based on t h e  s t r u c t u r e  o f  t h e  pharyngeal  appa ra tus ,  wherein the 

Labr idae ,  Odacidae and Sca r idae  are represented  by a s i n g l e  family,  

t h e  Labridae.  The Sca r idae  t h e r e f o r e ,  is reduced t o  a s u b f a m i l i a l  

group.  However, obse rva t ions  o f  e a r l y  l i f e  h i s t o r y  c h a r a c t e r s  by 

Richards  and Leis (1983)  do n o t  suppor t  t h e  p r o p o s a l  of Kaufman and 

Liem (1982).  U n t i l  such d i sc repanc ie s  are reso lved  and more 

d e t a i l e d  ana lyses  o f  the f a m i l i e s  concerned are undertaken, t h e  
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conventions% nomenclature of the Scaridae is considered the most 

reasonable system available. 
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