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INTRODUCTION 

I n  some of t h e  more r e c e n t  l i t e r a t u r e  t h e  sugges t i on  has  been made 
t h a t  t h e  p r e s e n t l y  observed l a r g e  agg rega t i ons  of Acanthas te r  p l a n c i  
i n  t h e  Indo P a c i f i c  c o r a l  r e e f s  are n o t  an i n c i d e n t a l  occur rence  b u t  
are a  c y c l i c  o r  e p i s o d i c  phenomenon (Newman, 1970; Dana, 1970; Walsh 
e t  a l . ,  1971; Vine, 1973; Franke l ,  1975) .  -- 

Brown and Wil ley (1972), Endean (1973, 1975) ,and Endean and Chesher 
(1973) have h e l d  t o  t h e  view t h a t  p r ev ious  A.  p l a n c i  agg rega t i ons  have 
n o t  occu r r ed .  The i r  arguments are based on-the premise  t h a t  aggrega- 
t i o n s  and t h e i r  e f f e c t s  are no t  recorded  i n  e a r l y  l i t e r a t u r e  o r  i n  t h e  
f o l k l o r e  of  n a t i v e  peoples .  The conc lu s ion  of t h e s e  a u t h o r s  and o t h e r s  
(e .g . ,  Randa l l ,  1972) i s  t h a t  t h e  p r e s e n t  l a r g e  popu l a t i ons  a r e  l i n k e d  
by one means o r  ano the r  w i th  man's a c t i v i t y .  

Dana -- e t  a l . ,  (1972),  Vine (1973),  and Newman and Dana (1974) have 
con t inued  t o  q u e s t i o n  t h e s e  hypotheses  and sugges t  t h a t  t h e  p r e s e n t  
agg rega t i ons  occur  i n  response  t o  some n a t u r a l  phenomenon. I n  a d d i t i o n ,  
Dana (1970) i n f e r r e d  from h i s t o r i c a l  r e p o r t s  t h a t  t h e r e  have  been 
p r ev ious  agg rega t i ons .  

P r e c i s e l y  why t h e  agg rega t i ons  of A.  p l a n c i  occur  ha s  n o t  been con- 
c l u s i v e l y  e s t a b l i s h e d ;  however t h e r e  appears  t o  be  growing ev idence  f o r  
p e r t u b a t i o n  a s  a  p r i n c i p a l  f a c t o r  (cyc lones ,  Dana -- e t  a l . ,  1972; s a l i n i t y  
change, Pearson,  1975) .  I n  a d d i t i o n  i t  should  be no ted  t h a t  many modern 
echinoderms a r e  g r ega r ious ,  a t r a i t  t h a t  goes  back i n  t h e  geo log i c  
r e co rd  and t h a t  may be  r e l a t e d  t o  f e ed ing  and/or  r ep roduc t i on  (Reese,  
1966).  

S ince  arguments about  t h e  occur rence  of  p rev ious  agg rega t i ons  are 
based  on s c a n t  and l a r g e l y  c i r c u m s t a n t i a l  ev idence ,  one s o l u t i o n  t o  t h i s  
dilemma would be  t h e  d i s cove ry  of  p h y s i c a l  ev idence  of p r ev ious  aggrega- 
t i o n s  (Franke l ,  1975, i n  p r e s s )  . 

An i n v e s t i g a t i o n  o f  t h i s  p o s s i b i l i t y  i n  t h e  Grea t  B a r r i e r  Reef 
Prov ince  ha s  been c a r r i e d  o u t  w i t h  some r a t h e r  i l l u m i n a t i n g  r e s u l t s .  

The s tudy  ha s  been conducted i n  t h r e e  phases ,  b road ly  grouped under:  
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a .  Recognition of s k e l e t a l  remains of - A. p l a n c i ;  

b. l o c a t i o n  of s k e l e t a l  remains i n  s u r f a c e  sediments on r e e f s ;  

c .  examination of subsur face  sediment ( f o r  s k e l e t a l  remains).  

Recognition 

A. p l a n c i  s k e l e t a l  remains a r e  recognizable  from those  of a l l  o t h e r  
echinoderms examined. B r i e f l y  t h e  major d i s t i n g u i s h i n g  f e a t u r e s  a r e  
(Frankel ,  i n  p repa ra t ion ) :  

a .  The l a r g e  sp ines  and ped ice l s  (Madsen, 1955) of - A. p l a n c i  
a r e  d i s t i n c t  from o t h e r  a s t e r o i d s ;  

b.  t h e  s p i n e s  of Acanthaster  a r e  morphologically d i s s i m i l a r  from 
those  of ophiuroids and echinoids ;  

c .  an examination of t h e  micro-texture and u l t r a s t r u c t u r e  of 
o s s i c l e s  shows t h a t  Acanthaster  i s  d i s t i n c t  from o t h e r  forms; 

d .  t he  d i s t i n c t i v e  mauve co lo r  of Acanthaster  s k e l e t a l  d e b r i s  has  
proved use fu l  f o r  i n i t i a l  r ecogn i t i on  ( o s s i c l e s  of a l l  o t h e r  
s t e l l a r o i d s  thus f a r  examined a r e  cream o r  whi te ) .  

Location 

Having e s t a b l i s h e d  t h a t  A.  p l a n c i  s k e l e t a l  d e b r i s  i s  r ead i ly ' r ecog-  
n i z a b l e ,  d e t a i l e d  sediment sampling on a number of r e e f s  was c a r r i e d  out  
(Fig.  1 )  . 

SAMPLING METHODS 

A l l  sampling was c a r r i e d  ou t  us ing  SCUBA. By t h i s  means exac t  
l o c a t i o n  of samples i n  a d d i t i o n  t o  i n spec t ion  of sample s i t e s  was ensured. 

Surface samples of t h e  uppermost 2 t o  3 cm of sediment were col- 
l e c t e d  i n  l a r g e ,  wide-mouth, screw cap p l a s t i c  j a r s .  

Subsurface sampling ( see  l a t e r )  presented some problems. The ill- 
s o r t e d  n a t u r e  of t h e  s u b s t r a t a ,  composed of m a t e r i a l  ranging i n  g r a i n  
s i z e  from s e v e r a l  decimeters  t o  a few microns, made pene t r a t ion  by 
devices  such a s  p i s t o n  co re r s  o r  c o r e r s  d r iven  by any o the r  phys i ca l  
f o r c e  impossible.  More o f t e n  than  n o t ,  a l a r g e  fragment was encountered 
wi th in  a few cent imeters  of t h e  su r f ace .  Pene t r a t ion  then e i t h e r  ceased, 
o r  t h e  fragment was d r iven  deeper i n t o  t h e  sediment whi le  blocking t h e  
sampling device.  Rotated t o o l s  su f f e red  from s i m i l a r  l i m i t a t i o n s ;  l a r g e  
fragments r o t a t e d  on t h e  sample r e t a i n e r  i n  t h e  unconsol idated substratum. 
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Figure  1. Locat ion map i n d i c a t i n g  r e e f s  and I s l a n d s  of t h e  Great  
B a r r i e r  Reef. Refer  t o  Appendix 1 f o r  exac t  l o c a t i o n s .  



To overcome t h e s e  d i f f i c u l t i e s ,  a n  a i r l i f t  d e v i c e  similar t o  t h a t  
d e s c r i b e d  by Shinn (1968) was used t o  p e n e t r a t e  t h e  u n c o n s o l i d a t e d  
sed iments .  Material was removed from w i t h i n  c o n c e n t r i c  c a s i n g s ,  f o r c e d  
i n t o  p o s i t i o n  as p e n e t r a t i o n  i n c r e a s e d  (F igs .  2  & 3 ) .  Samples were 
c o l l e c t e d  a t  measured d e p t h s  b y  p l a c i n g  a  f i n e  mesh ny lon  bag o v e r  t h e  
a i r l i f t  t u b e  and  a l l o w i n g  t h e  a i r  t o  f low f o r  a s h o r t  t i m e  (Fig .  2 ) .  
I n  t h i s  way, s p o t  samples a t  c l o s e  i n t e r v a l s ,  r a t h e r  t h a n  a con t inuous  
c o r e  through t h e  sediment  column, were o b t a i n e d .  

RESULTS 

I n i t i a l l y  s u r f a c e  s e d i m e n t s  were c o l l e c t e d  from a l l  environments  
on r e e f s  (Appendix 1; F i g .  1 )  t h a t :  

a .  Are known n o t  t o  have s u p p o r t e d  r e c e n t l y  any A c a n t h a s t e r  
a g g r e g a t i o n  (e .g . ,  Heron I s l a n d  Reef - 'Type A . '  I t  is  
i m p l i c i t  t h a t  such  r e e f s  may, and do, s u p p o r t  a r e s i d e n t  
1 1  normal" p o p u l a t i o n  of a few i n d i v i d u a l s  p e r  k i l o m e t e r  o f  
r e e f )  ; 

b .  are p r e s e n t l y  r e c o v e r i n g  from t h e  p r e s e n c e  of a r e c e n t  aggre-  
g a t i o n  (e .g . ,  Green I s l a n d  Reef - 'Type B ' ) ;  

c .  are p r e s e n t l y  c a r r y i n g  a n  a g g r e g a t i o n  (e .g . ,  p o r t i o n  o f  
Kangaroo Reef - 'Type C ' ) ;  

d .  are p r e s e n t l y  n o t  c a r r y i n g  a n  a g g r e g a t i o n ,  b u t  where t h e  
h i s t o r y  o f  r e c e n t  a g g r e g a t i o n  a c t i v i t y  i s  n o t  known (e .g . ,  
o u t e r - s h e l f  r e e f s  n o r t h  of P r i n c e s s  C h a r l o t t e  Bay - 'Type D ' ) .  

No A c a n t h a s t e r  s k e l e t a l  d e b r i s  was found i n  any samples  from 
'Type A' r e e f s .  

Sediments f rom w i t h i n  a b o u t  1 0  m of t h e  b a s e  o f  l a g o o n a l  r e e f s  
and on l e d g e s  and i n  sand p o c k e t s  on f o r e - r e e f  s l o p e s  on r e e f s  o f  'Type 
B and C and some D '  were found t o  c o n t a i n  A c a n t h a s t e r  d e b r i s  ( i n s e t ,  
Fig .  4 ) .  Sediments from o t h e r  areas of t h e s e  r e e f s  a r e  b a r r e n .  

When p r e s e n t ,  g e n e r a l l y  up t o  abou t  f i v e  i n d i v i d u a l  A c a n t h a s t e r  
s k e l e t a l  components p e r  k i logram of sed iment  are found (Appendix 1 ) .  
These are predominant ly  whole o r  f ragmenta ry  s p i n e s  and p e d i c e l s ;  
ambulac ra l  p l a t e s  and o t h e r  o s s i c l e s  occur  more r a r e l y .  

With knowledge of t h e  p r e s e n t  accumula t ion  o f  A.  p l a n c i  remains  
w i t h i n  t h e  r e e f  sed iments ,  s u b s u r f a c e  samples  were  c o l l e c t e d  from sites 
where i t  might  b e  expec ted  t o  have accumulated i n  t h e  p a s t  (had t h e  
organism p r e v i o u s l y  i n h a b i t e d  t h a t  a r e a  i n  l a r g e  numbers). For p r a c t i c a l  
and l o g i s t i c  r e a s o n s  material was c o l l e c t e d  i n  t h e  v i c i n i t y  o f  l agoona l -  
r e e f s .  F i g u r e  4  g i v e s  a n  example of a t y p i c a l  sampl ing s i te  where two 
I t  cores"  were  t aken ,  and Tab le  1 summarizes t h e  I ~ c  a g e s  o f  materials 
from t h o s e  "cores." 



Figure 2 .  
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Diagrammatic r e p r e s e n t a t i o n  of mode of ope ra t ion  of 
a i r l i f t  device  used f o r  sampling subsur face  sediments.  
Note sample c o l l e c t i n g  bag and concen t r i c  casings.  



F i g u r e  3 .  S e t t i n g  c a s i n g s  i n  s u b s t r a t u m  d u r i n g  sampling of sub- 
s u r f a c e  sediments  u s i n g  a i r l i f t  dev ice .  



S 3  
modern  

F i g u r e  4. S i t e  i n  Wallaby Reef Lagoon, showing l o c a t i o n s  of h o l e s  
H 1  and H2 and samples S1 through S4. See a l s o  Table  1. 
I n s e t  i s  a c r o s s  s e c t i o n  of a  t y p i c a l  r e e f ,  showing t h e  
l o c a t i o n  of - A. p l a n c i  s k e l e t a l  m a t e r i a l  i n  s u r f a c e  
sediment .  



Table  1. Loca t ion  and age  o f  samples from s i t e  i n  Wallaby ReefLagoon.  Also s e e  
F i g u r e  4 .  

Sample Loca t ion  Age ( y e a r s  BP)* Remarks 

S1  S u r f a c e ,  Hole H 1  -15 2 20 Contemporaneous A. p l a n c i  
p r e s e n t ,  3 f ragments  

120 cm, Hole H 1  900 5 165 - A .  p l a n c i  p r e s e n t ,  
2  f ragments  

S  3 S u r f a c e ,  Hole 2  60 2 120 Contemporaneous 

90 cm, Hole 2  575 f 170 - A. p l a n c i  p r e s e n t ,  
4  f ragments  

* 14c d a t i n g  c a r r i e d  o u t  by Krueger E n t e r p r i s e s  I n c . ,  Geochron 
L a b o r a t o r i e s  D i v i s i o n .  



F i f t y  f o u r  subsur face  "cores" were c o l l e c t e d  from 27 d i f f e r e n t  
r e e f s  (Appendix 1, Fig.  1; exc luding  Heron and W i s t a r i  Reefs ,  from 
190301S (Gould) t o  14O39'S (Lizard  I s l a n d ) .  

I n  a l l  i n s t a n c e s  t he  s u b s t r a t a  were unconsol ida ted  and ve ry  poor ly  
s o r t e d ,  t h e  p ropor t i on  of c o a r s e r  components (gene ra l l y  Acropora spp. 
s t i c k s )  and t h e  amount of compaction i n c r e a s i n g  wi th  depth  (Fig.  2 ) .  

DISCUSSION 

Surface  Sediments 

No evidence of contemporaneous aggrega t ions  were observed where 
samples were c o l l e c t e d  on 'Type D' r e e f s .  I n  most ca se s ,  p a r t i c u l a r l y  
i n  t h e  no r th  of  t h e  Province,  t h e s e  r e e f s  were hea l thy  and v i a b l e ,  
however 80% of t h e  sites sampled from w i t h i n  t h o s e  environments where 
Acanthas te r  s k e l e t a l  d e b r i s  might be expected t o  accumulate ( i n s e t ,  Fig. 
4 ) ,  had fragments  i n  t h e  sediment.  

This  l e a d s  t o  two p o s s i b l e  conc lus ions  : 

a .  A ' r e s i d e n t '  popula t ion  of a few i n d i v i d u a l s  per  k i lometer  of 
r e e f  sheds enough s k e l e t a l  m a t e r i a l  t o  b e  d e t e c t e d  i n  a random 
sampling of s p e c i f i c  environments.  

b. There has  been more r e c e n t  ' agg rega t ion  a c t i v i t y '  than  prev ious ly  
cons idered ,  wi th  subsequent r egene ra t i on  of t h e  r e e f  fauna,  
p a r t i c u l a r l y  hard  c o r a l s .  

The f i r s t  p o s s i b i l i t y  i s  u n l i k e l y  i n  view of t h e  f i n d i n g s  on 'Type 
A'  r e e f s  where ' r e s i d e n t '  popu la t i ons  of t h e  s t a r f i s h  a r e  known (e .g . ,  
Heron Reef) .  

Subsurface Sediments 

S p e c i f i c  hor izons  i n  4 1  of t h e  ' c o r e s '  from 22 d i f f e r e n t  r e e f s  were 
found t o  c o n t a i n  A. p l a n c i  s k e l e t a l  d e b r i s  i n  q u a n t i t i e s  s i m i l a r  t o  t hose  
found i n  s u r f a c e  sed iments  from 'Type B and C '  r e e f s  (Appendix 1 ) .  

Although A. p l a n c i  remains were p r e s e n t  on, o r  j u s t  be low, the  con- 
temporary s u r f a c e  a t  17 of t h e  s i t e s ,  they a r e  no t  found throughout t h e  
e n t i r e  sediment column. Therefore ,  t h e  p o s s i b i l i t y  of v e r t i c a l  r ed i s -  
t r i b u t i o n  o f  r e c e n t  Acanthaster  m a t e r i a l  by b i o t u r b a t i o n  ( C l i f t o n  and 
Hunter, 1973) o r  some o t h e r  mechanism appea r s  t o  b e  negated,  o r  a t  
l e a s t  con£ ined  t o  t h e  uppermost few cent . i&ters  of s u b s t r a t e .  Fu r the r ,  
t h e  p rog re s s ive ly  o l d e r  sediments  i n  s e q u e n t i a l  hor izons  i n  some ' c o r e s '  
(e .g . ,  ' c o r e  1,' Gilbey Reef) i n d i c a t e  t h a t  mixing of  r e c e n t  m a t e r i a l s  
does n o t  extend very deep i n t o  t h e  substratum. 



There a r e  r e l a t i v e l y  few A c a n t h a s t e r  s k e l e t a l  f ragments  i n  t h e  
samples ,  and t h e s e  might be  i n t e r p r e t e d  o u t  of c o n t e x t  a s  t h e  remains  
of i n d i v i d u a l  s t a r f i s h .  However, i f  a l l  t h e  d a t a  a r e  taken i n t o  account  
w i t h  r e f e r e n c e  t o  r e e f  'Types A ,  B and C '  where t h e  r e c e n t  h i s t o r y  of 
a g g r e g a t i o n s  is  known, t o g e t h e r  w i t h  a  c o n s i d e r a t i o n  of t h e  c o n s i d e r a b l e  
d i l u t i o n  of s k e l e t a l  f ragments  from a  s i n g l e  i n d i v i d u a l  i n  t h e  mass of 
r e e f  m a t e r i a l ,  and t h e  random sampling,  i t  seems u n l i k e l y  t h a t  t h i s  is  
t h e  case .  F u r t h e r ,  S o u t a r  and I s a a c s  (1969) f o r  example, by c o u n t i n g  
s c a l e s  p r e s e r v e d  i n  sed iments ,  were  a b l e  t o  demons t ra te  marked changes 
i n  t h e  r e l a t i v e  abundance of c e r t a i n  p e l a g i c  f i s h  s p e c i e s .  T h i s  con- 
c l u s i o n  was based  on v e r y  few s c a l e s  p e r  sample.  

The s u b s u r f a c e  o c c u r r e n c e s  o f  A c a n t h a s t e r  s k e l e t a l  d e b r i s  can 
t h e r e f o r e  b e  c o n s i d e r e d  c o n c l u s i v e  ev idence  of p r e v i o u s  a g g r e g a t i o n s .  

Age of Prev ious  Aggregat ions  

Radiocarbon age  d a t e s  were o b t a i n e d  f o r  32 s p e c i f i c  h o r i z o n s  
c o n t a i n i n g  - A. p l a n c i  m a t e r i a l  i n  20 of t h e  ' c o r e s . '  These range  from 
'contemporaneous' ( 0  - about  25 cm), t o  3,355 y e a r s  b e f o r e  p r e s e n t  a t  
115 cm on H a s  t i n g s  Reef (Appendix 1 )  . 

Whether o r  n o t  t h e  e x a c t  a g e  of t h e  p r e v i o u s  i n d i v i d u a l  a g g r e g a t i o n s  
of A. p l a n c i  i s  a b s o l u t e l y  r e p r e s e n t e d  by t h e s e  d a t e s  i s  open t o  q u e s t i o n .  
 headm mixture of younger c a r b o n a t e  m a t e r i a l  t o  t h e  ' A .  p l a n c i  b e a r i n g '  
sediment  w h i l e  s t i l l  i n  t h e  zone of b i o t u r b a t i o n  immgdiately a f t e r  
d e p o s i t i o n ,  might b e  c o n s i d e r e d  t o  'minimize '  t h e  a g e s .  However, t h e r e  
is  no doubt t h a t  t h e  p r e v i o u s  a g g r e g a t i o n s  took  p l a c e  a  c o n s i d e r a b l e  
t ime ago.  

CONCLUSIONS 

There a p p e a r s  t o  be  a  v e r y  rough c l u s t e r i n g  o f  t h e  rad iocarbon  a g e s  
o f  p r e v i o u s  a g g r e g a t i o n s  a t  250-300 y e a r  i n t e r v a l s .  I f  t h i s  c l u s t e r i n g  
i s  r e a l ,  i t  i n d i c a t e s  p o p u l a t i o n  i n c r e a s e s  ( ' e x p l o s i o n s ' )  p e r i o d i c a l l y  
a t  t h a t  i n t e r v a l .  

I f ,  however, t h e  c l u s t e r i n g  i s  a n  a r t i f a c t ,  t h e n  t h e r e  is  an  a lmos t  
con t inuous  range  o f  a g e s  i n d i c a t i n g  t h a t  A. p l a n c i  a g g r e g a t i o n s  have been 
c o n t i n u a l l y  p r e s e n t  i n  t h e  r e g i o n  of t h e  Prov ince  i n v e s t i g a t e d  f o r  a 
c o n s i d e r a b l e  t i m e .  

I r r e s p e c t i v e  of whether  t h e i r  o c c u r r e n c e  i s  p e r i o d i c ,  o r  t h e y  a r e  
p r e s e n t  a t  a l l  t i m e s ,  l a r g e  a g g r e g a t i o n s  of A c a n t h a s t e r  p l a n c i  a r e  n o t  
abnormal,  b u t  a r e  a  n a t u r a l  phenomenon i n h e r e n t  i n  t h e  ecology of c o r a l  
r e e f  sys tems.  
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Appendix 1. Summary of r e s u l t s  of a l l  samples from Great Bar r i e r  Reef Province analyzed 
f o r  Acanthaster p lanc i  s k e l e t a l  remains. 

Lady Musgrave None 11 - - 
23'27' s 1 5 1 ° 5 5 ' ~  known (A) 

One Tree None 9 - - 
23'308 152'04'E known (A) 

Wis tar i  None 17 
23'28's 151°52'E known (A) 

Heron None 38 
23'27's 151°55'E known (A) 

Unamed No data  4 
21°25'S 1 5 1 ' 4 7 ' ~  (D)  

Rip Cay No data  5 
20'51's 151°04'E 



Unnamed 
2 l o 3 3 ' S  151°48 'E  

No d a t a  6 
(D ) 

O u b l i e r  
19 '32 ' s  14g023 'E 

Knuckle  
19 '32 ' s  149'17'E 

Gould 
19'30'S 148'45'E 

I n f e s t e d  1 0  
(1972) (B, 
C i n  p a r t )  

Holbourne  
19 '44 ' s  148'22'E 

No d a t a  6 
(Dl 

Wallaby 
19O25'S 148'401E 

No d a t a  9 
(D 

1 150  S u r f a c e  3 Contem o r a n e o u s  
120 2 900 ! 1 6 5  

2 1 3 5  S u r f a c e  - Contem 
9 0 4 575 2 170 

Kangaroo 
1g017 'S  1 4 8 ' 2 7 ' ~  

Keeper 
18 '44 ' s  147'16E 

John Brewer 
18"39 'S  147'03'E 

I n f e s t e d  1 0  
(1970) (B) 



Appendix 1. (continued) 

Eddy Normal 5 3 2 1 80 50 2 
17'47'5 146'27'E (1970) (D) 2 40 15 3 

3 40 - - 

Potter Normal 4 
17'42'5 146'33'~ (1971) (D) 

Ellison Infested 10 
17'43's 146'24E (1966) (B)  

Gilbey No rmal 4 
17'35's 146'35' E (1969) (B)  

1 105 15 3 Contemporaneous 

30 4 Contemporaneous 
7 5 6 145 f 85 
30 6 Contemporaneous 
130 5 220 f 100 
80 6 270 f 100 
120 9 485 f 120 



F e a t h e r  I n f e s t e d  2 
l7O32'S l46O22' E  (1966) (B) 

F l o r a  I n f e s t e d  6  
1 7 ' 1 1 ' ~  1 4 6 O 1 7 ' ~  (1966) (B) 

Maor i  Normal 7  
l7OO6' s 1460211 E (1966) ( D ? )  

Sudbury I n f e s t e d  7  
l6O57'S 146"101 E (1966) (B) 

Moore I n f e s t e d  3 
16O52'S 146O13'E (1966) (B) 

Green  I n f e s t e d  7 1  
l6O46'S l45O.59 'E (1966) (B) 

Upolo I n f e s t e d  3 
1 6 ° 4 0 ' ~ 1 4 5 0 5 6 ' E  (1967) (B) 

Michaelmas I n f e s t e d  6  
l6O35' S  1460001 E (1966) (B) 

Has t i n g s  No d a t a  3  
1 6 0 3 1 t S  1460001E (D) 



Appendix 1. ( c o n t i n u e d )  

Tongue I n £  es t e d  7 
16 ' l g1S  1 4 5 ' 4 5 ' ~  (1966) (B) 

Opa l  
16'13 

Normal 
'E (1966) (D) 

S t .  C r i s p i n s  
16'07'S 145O52E 

Escape  
15'49'S 145'49'E 

Unnamed 
15'30 'S 145'46'E 

Unnamed 
15'22'S 145'45'E 

I n f e s t e d  4 
(1966) (B?) 

No d a t a  4 
(Dl 

No d a t a  4 
(None) # (D) 

No d a t a  4 
(Dl 



Unnamed 
15'00'S 145'43'E 

Ribbon 
14 '55 ' s  145'43'E 

L i z a r d  
14'39'S 145'28'E 

Tydeman 
13'59'S 144'30'E 

C l a c k  
14'05 'S 144'15'E 

C o r b e t t  
14'00'S 144'05'E 

Nor th  1 
13'32'S 144'04'E 

T i j o u  1 
13'14'S 143'57'E 

T i j o u  2 
13'07'S 143'57'E 

Nor th  2 
12'53'S 143'50'E 

No d a t a  4 
(None) # (D) 

No d a t a  4 
(None) # (D) 

No d a t a  5 
(None)@ (Dl 

* U n l e s s  o t h e r w i s e  s t a t e d ,  d a t a  f rom Endean and S tab lum (1975) .  

P e a r s o n  and Endean (1969) .  

@ P e a r s o n  and Garrett (1975) .  . 




