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INTRODUCTION 

1. The A . C . I . A . R .  ( A u s t r a l i a n  C e n t r e  f o r  I n t e r n a t i o n a l  A g r i c u l t u r a l  
R e s e a r c h )  funded p r o j e c t  on coconut  c r a b s  (Bi reus  l a t r o y )  i n  Vanuatu was 
devised t o  i n v e s t i g a t e  the  biology and ec.ology of t h i s ,  t h e  l a r g e s t  land crab.  
Due t o  t h e i r  land-dwelling h a b i t s ,  t h e i r  e a s e  of cap ture  and t h e i r  l a r g e  s i z e ,  
they have been a  h igh ly  pr ized  t r a d i t i o n a l  food item throughout much of t h e  
t r o p i c a l  Indo-Pacif ic .  Their  unique f l a v o u r  and appearance has  a l s o  made them 
p o p u l a r  w i t h  t o u r i s t s  a t  r e s t a u r a n t s .  Unfortunately,  such popu la r i t y  has 
r e s u l t e d  i n  t h e  c o l l e c t i o n  of a  v a s t  number of coconut  c r a b s  and h a s ,  
t h e r e f o r e ,  placed t h e  f u t u r e  of t h i s  spec i e s  in  jeopardy.  

2 .  The ACIAR p r o j e c t  on coc,onut c rabs  was i n s t i g a t e d  i n  1983 a t  t h e  reques t  
of t h e  Vanuatu Government,  who r e c o g n i s e d  t h e  need t o  study t h i s  s p e c i e s ,  
because l i t t l e  was known about t h e i r  b io logy ,  t o  e n a b l e  a  r a t i o n a l  p l a n  of  
management t o  be f o r m u l a t e d .  Such a  p lan  i s  v i t a l  f o r  t h e  c.onservation of 
t h i s  h a r v e s t i n g  indus t ry  which i s  of cons iderab le  socio-economic importance, 
e s p e c i a l l y  t o  communities i n  t h e  more remote a r e a s .  To t h i s  end, t h r e e  main 
a r e a s  of r e sea rch  were undertaken;  

( a )  t o  examine t h e  in f luence  of e x p l o i t a t i o n  on p o p u l a t i o n  s t r u c t u r e  and 
s tock  dens i ty  ; 

( b )  t o  determine t h e  crabs n a t u r a l  growth r a t e ,  and 

( c )  determine t h e  processes  i n f luenc ing  recru i tment  of j uven i l e s .  
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3. Coconut c r a b s  a r e  g e n e r a l l y  n o c t u r n a l  and a r e  found  i n  t h e  c o a s t a l  
f o r e s t  reg ions  of many i s l a n d s  throughout Vanuatu and t h e  r ema inde r  of t h e  
P a c i f i c .  During t h e  day they "hide" i n  caves and ledges ,  which a r e  abundant 
in  t he  eroded l imestone c l i f f  a r e a s  of most c o a s t a l  reg ions .  Elsewhere,  they 
h i d e  u n d e r n e a t h  t r e e s ,  i n  hollowed tree-stumps and occas iona l ly  i n  burrows. 
They a r e  gene ra l l y  found wi th in  a few hundred metres  of t h e  ocean al though a 
few have been seen a s  f a r  a s  5 km from t h e  sea.  

4. To c a t c h  t h e  c r a b s  f o r  o u r  s t u d y ,  we u s e d  t h e  same method a s  t h a t  
u t i l i s e d  by t h e  l o c a l  c o l l e c t o r s ;  a t r a i l  was cu t  through t h e  j ung le  wi th  a 
number of coconut b a i t s  placed i n  a r e a s  near  where c rabs  may be h id ing .  The 
b a i t s  were r e v i s i t e d  a f t e r  dark and any c r a b s  t h a t  were a t t r a c t e d  t o  t h e  
b a i t s  were  c a u g h t ,  measu red ,  tagged and r e l ea sed .  The c rabs  were probably 
a t t r a c t e d  t o  t h e  s t rong  aroma of t h e  coc.onuts. I n t e r e s t i n g l y ,  coconuts  do not  
normally form a major p a r t  of t h e  d i e t  of Birgus because; 

( a )  in  many plac,es where Birgus was found t h e r e  were no coconut palms; 

(b)  i t  t akes  about t h r e e  weeks f o r  l a r g e  c rabs  t o  open a n u t ;  and 

( c )  small  c rabs  were unable t o  open t h e  n u t s  a t  a l l .  I n  r e a l i t y ,  coconut 
crabs a r e  omnivorous, e a t i n g  both p l an t  and animal ma t t e r ,  and appear t o  
be l a r g e l y  o p p o r t u n i s t i c  scavengers.  

5. The numbers of crabs we caught per  coconut b a i t ,  and t h e  average s i z e  of 
t h e  c r a b s  c a u g h t ,  v a r i e d  g r e a t l y  among d i f f e r e n t  l oca t ions .  We found t h a t  
t he se  d i f f e r e n c e s  were r e l a t e d  t o  t h e  h i s t o r y  of  p r e v i o u s  e x p l o i t a t i o n  a t  
t h e s e  p laces .  Thus, a r e a s  where ha rves t i ng  had been occur r ing  over  many years  
had very  few crabs  (about 2 o r  l e s s  per  10 b a i t s )  and most of t h e s e  were under 
t h e  l e g a l  s i z e  (9  cm cephalo thorac ic  l eng th ) .  A t  s i t e s  where c o l l e c t i o n s  had 
been minimal, t h e  numbers of c rabs  caught was l a r g e  (up t o  5 c rabs  pe r  b a i t )  
and v i r t u a l l y  a l l  t h e  c r a b s  were  w e l l  o v e r  t h e  l e g a l  s i z e .  Of g r e a t e r  
importance was t h e  observa t ion  t h a t  t h i s  r a t e  of cap ture  could d e c l i n e  very 
r a p i d l y .  A t  one s i t e  i n  t h e  Torres  Is . ,  t h e  ca tch  r a t e  had dropped from about 
5 c r a b s f b a i t  i n  Dec. 1985 t o  l e s s  than  1 c.rab/bai t  i n  Oct. 1987. Consequently, 
it i s  obvious t h a t  t h i s  spec i e s  can be over  exp lo i t ed  very qu ick ly .  

GROWTH 

6 .  There a r e  two main reasons  f o r  t h i s  r a p i d  d e c l i n e  in  s tocks .  F i r s t l y ,  
t h e  growth of c.oconut crabs is  very slow. We es t imated  t h e  growth r a t e  of 
i n d i v i d u a l s  using 3 independent and innovat ive techniques.  This was necessary 
because coconut c rabs ,  l i k e  a l l  c.rustac.eans, can only grow by shedding t h e i r  
o ld  " she l l "  and producing a new, l a r g e r  one. Most normal methods of marking 
i n d i v i d u a l s  t o  f  01 low t h e i r  inc.rease i n  s i z e  a r e ,  t h e r e f o r e ,  i n a p p r o p r i a t e  
because any e x t e r n a l  mark i s  l o s t  w i th  t h e  o l d  s h e l l .  
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7 .  One of our  methods of e s t i m a t i n g  g r o w t h  u t i l i s e d  t h e  m a r k i n g  o f  t h e  
c . rabs  u s i n g  c r y o g e n i c s  ( f r e e z e - b r a n d i n g ) .  This method a f f e c t s  t h e  t i s s u e  
underneath  t h e  o l d  s h e l l  c a u s i n g  a  mark t o  b e  p r o d u c e d  o n  t h e  new s h e l l ,  
t h e r e b y  e n a b l i n g  t h e  i n d i v i d u a l  t o  be recognised .  A g e n e r a l  programme of 
b rand ing  i n  1986 on t h e  l a r g e  i s l a n d  of S a n t o  was u n s u c c e s s f u l  ( o n l y  2  post -  
m o u l t  r e c a p t u r e s )  due  t o  v a r i a b l e  b r a n d i n g  s u c c e s s  and very  low r a t e s  o f  
r e c a p t u r e  exper ienced .  I n  1987 w e  r e s t r i c t e d  t h e  u s e  of a n  improved b rand ing  
method t o  2  s m a l l  i s l a n d  s i t e s  (1  -3 h a ) .  T h i s  h a s  r e s u l t e d  i n  v a s t l y  
i n c r e a s e d  s u c c e s s  w i t h  over  20 post-moult r e c a p t u r e s  found. 

8.  Coconut c rabs  moult  i n  s u b t e r r a n e a n  burrows which t h e  l o c a l  c o l l e c t o r s  
a r e  a d e p t  a t  f i n d i n g .  O c c a s i o n a l l y ,  c r a b s  were  found  which had a l r e a d y  
moulted but had no t  y e t  consumed t h e i r  o l d  exuv iae ,  e n a b l i n g  t h e  increment  of 
g r o w t h  t o  be measured  d i r e c t l y .  Over 20 such animals  were found,  a l t h o u g h  
t h e y  a l l  tended t o  be l a r g e r  i n d i v i d u a l s  because burrows of smal l  c r a b s  a r e  
d i f f i c u l t  t o  l o c a t e .  

9 .  L a s t l y ,  a  p o p u l a t i o n  of c r a b s  was mainta ined i n  i n d i v i d u a l  e n c l o s u r e s  t o  
i n v e s t i g a t e  t h e i r  g r o w t h  i n c r e m e n t  and f r e q u e n c y  of m o u l t i n g .  T h i s  was  
l a r g e l y  u n s u c c e s s f u l  because  on ly  ve ry  smal l  c r a b s  (<3cm l o n g )  a p p e a r e d  t o  
grow normal ly  under t h e s e  c o n d i t i o n s .  L a r g e r  crabs  g e n e r a l l y  d i d  n o t  i n c r e a s e  
i n  s i z e  a t  a l l  when they moulted and many a c t u a l l y  became s m a l l e r .  T h i s  i s  
c o n s i s t e n t  w i t h  t h e  r e s u l t s  of Amesbury (1980)  f o r  c a p t i v e  a n i m a l s  and  
i n d i c a t e s  t h a t  "fanning" of c r a b s ,  i n  e n c l o s u r e s  is  n o t  v i a b l e .  

10.  Most a q u a t i c  c r a b s  a r e  a b l e  t o  i n c r e a s e  t h e i r  s i z e  s i g n i f i c a n t l y  by t h e  
r a p i d  u p t a k e  of w a t e r  a s  t h e y  shed t h e i r  o l d  s h e l l .  For  c o c o n u t  c r a b s ,  
h o w e v e r ,  b e c a u s e  t h e y  m o u l t  underground t h i s  means t h e y  have no f r e e  wa te r  
w i t h  which t o  swel l  t h e i r  new body. They a r e  unable ,  t h e r e f o r e ,  t o  i n c r e a s e  
i n  s i z e  by a  l a r g e  amount. The moult  increment  was, t h e r e f o r e ,  g e n e r a l l y  l e s s  
t h a n  10% per  moult and a t  l a r g e r  s i z e s  t h e r e  was on ly  about a  2% i n c r e a s e .  

11. The t iming  and f requency of moul t ing was s t u d i e d  by o b s e r v a t i o n s  on t h e  
c a p t i v e  an imals ,  mark-recapture  d a t a  of c r a b s  from t h e  smal l  i s l a n d s  and by 
t h e  c h a n g e  i n  t h e  a v e r a g e  e x o s k e l e t o n  c o n d i t i o n  (newly moulted - o l d )  of 
i n d i v i d u a l s  caught i n  t h e  p o p u l a t i o n  surveys .  Small c r a b s  ( c 3  cm) moult up t o  
3 t imes  per year .  T h i s  r a t e  d e c r e a s e s  u n t i l  t h e  c r a b s  become about 6cm long 
a f t e r  which they moult on ly  once p e r  y e a r ,  g e n e r a l l y  i n  t h e  w i n t e r  months. It 
i s  l i k e l y  t h a t  ve ry  l a r g e  c r a b s  moult  even l e s s  f r e q u e n t l y  than  t h i s .  

12 .  Using t h e  changes i n  moult f requency and t h e  changes i n  moult  increment 
w i t h  s i z e  h a s  al lowed t h e  r e l a t i o n s h i p  between s i z e  and age  t o  be e s t i m a t e d .  
It probably t a k e s  about  12 - 1 5  y e a r s  t o  r e a c h  l e g a l  s i z e  (approx.  600 g  i n  
we igh t )  and more t h a n  30 y r s  t o  become a  l a r g e  (>2  kg)  c rab .  It i s  l i k e l y  
t h a t  j i r g u s  h a s  a  l i f e s p a n  exceeding 50 y e a r s .  
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SPAWNING & RECRUITMENT 

13. The second ma jo r  problem f o r  t h e  c o n t i n u a t i o n  of t h i s  f i s h e r y  ( i n  
Vanuatu a t  l e a s t )  i s  t h a t  few juven i l e s  appear t o  e n t e r  t h e  p o p u l a t i o n s  t o  
r ep l ace  those a d u l t s  which have been harvested.  This  i s  d e s p i t e  t h e  f a c t  t h a t  
egg-bearing females a r e  r e g u l a r l y  found between December and March and each of 
t h e s e  c a r r y  t e n s  of t h o u s a n d s  of eggs .  So, what  happens  t o  a l l  t h e s e  
p o t e n t i a l  crabs? 

14. The females ca r ry  t h e  developing eggs under t h e i r  bodies  a t t ached  t o  t h e  
h a i r s  on the  abdominal appendages f o r  approximately one month. When t h e  eggs 
a r e  m a t u r e ,  i n d i c a t e d  by t h e i r  d a r k  g r e y  c o l o r  (immature eggs a r e  b r i g h t  
o r a n g e ) ,  t h e  f e m a l e s  " r e l e a s e "  t h e  eggs i n t o  t h e  ocean  where t h e y  h a t c h  
immediately i n t o  zoeal l a rvae .  These l a rvae  remain i n  t h e  ocean f o r  20 - 30 
days where they undergo fou r  moults ( a s  wel l  a s  being sub jec t  t o  preda t ion  and 
s t a r v a t i o n )  whereupon t h e y  moult  i n t o  a  g l a u c o t h o e  which a r e  c a p a b l e  of 
l e a v i n g  t h e  wa te r  and t a k i n g  up a t e r r e s t r i a l  ex is tence .  This  i s  t h e  only  
s tage  where the  coconut c r ab  houses i t ' s  abdomen i n  a  gastropod s h e l l ,  be ly ing  
t h e i r  hermit crab ances t ry .  I n  two years  of searching  we f a i l e d  t o  f i n d  even 
one of these  newly r e c r u i t i n g  coconut c rabs .  I n  c o n t r a s t ,  we found numerous 
r e c r u i t s  of t he  many c l o s e l y  r e l a t e d  hermit c r a b  s p e c i e s  (Joenobitq s p p .  1. 
Furthermore, only 4 coconut crabs < 2cm long were found i n  t h e  e n t i r e  study, 
and most indigenous people had never seen any a t  a l l .  One poss ib l e  reason f o r  
t h i s  dea r th  i n  recru i tment  could be t h a t  Bi rgus  l a rvae  a r e  benth ic  i n  na tu re ,  
i . e .  they tend t o  s ink t o  t h e  bottom. Given t h e  r a p i d  drop-offs encountered 
c lose  t o  shore in  Vanuatu, it i s  poss ib l e  t h a t  most l a rvae  merely s i n k  t o  a  
depth beyond t h e i r  capac i ty  t o  r e t u r n  t o  a  sandy beach (from which they  gain 
access  t o  a  t e r r e s t r i a l  ex i s t ence ) .  Thus, recru i tment  may only occur i f  t he  
la rvae  become entrapped i n  a  shallow embayment. 

15. One of t h e  most d i s t u r b i n g  a spec t s  of ou r  s t u d i e s  was t h a t  a f t e r  t h e  
c r a b s  have been c l e a r e d  out  of an a rea  t h e r e  seems t o  be no evidence of a  
r e tu rn  by t h e  c rabs ,  even years  l a t e r .  This  aga in  p o i n t s  t o  a  f i c k l e  p a t t e r n  
of r e c r u i t m e n t ,  i t  a l s o  may i n d i c a t e  a d v e r s e  i n t e r a c t i o n s  w i t h  o t h e r  
coenobi t ids  which seem t o  increase  i n  number g r e a t l y  i n  a r e a s  where  l a r g e  
coconut crabs have been removed. 

RECOMMENDAT IONS 

16. One of ou r  ma jo r  t a s k s  was t o  provide t h e  F i s h e r i e s  Dept. of Vanuatu 
with a  s e r i e s  of rec.ommendations t o  h e l p  ensure  t h e  s u r v i v a l  of t h e i r  resource  
of c.oconut crabs.  I t  i s  c l e a r  from the  r e s u l t s  t o  da t e ,  however, t h a t  Yirguq 
i s  not a  "good" spec i e s  t o  harves t  commercially. Consequently, c .ontrols  need 
t o  be  s t r o n g  and ,  more i m p o r t a n t l y ,  s t r i c t l y  e n f o r c e d .  I n  f a c t  t o  be 
abso lu t e ly  sure of saving t h e  crabs it may be necessary t o  ban a l l  c o l l e c t i o n s  
for  s a l e  t o  r e s t a u r a n t s  e t c .  In  t h e  absence of such a  draconian s t e p ,  which 
i s  un l ike ly  t o  be poss ib l e ,  we have formulated a  number of measu res  which 
should reduce t h e  l i ke l ihood  of l o c a l  e x t i n c t i o n s  occurr ing.  
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B. 

c .  

D. 

E. 

17. 
a r e  

F i r s t  and e a s i e s t  i s  a  p u b l i c i t y  campaign t o  draw a t t e n t i o n  t o  the  
c.rabs' p r eca r ious  s i t u a t i o n .  

Strong l e g i s l a t i o n  needs t o  be  i nvoked .  The numbers o f  c r a b s  b e i n g  
removed from a r e a s  needs t o  be monitored and p re fe rab ly  have some quota 
sys t em a p p l i e d .  To a c c o m p l i s h  t h i s  a l l  s a l e s  p r o b a b l y  need t o  be  
r e s t r i c t e d  t o  a  few v e n d o r s  ( p r e f e r a b l y  a  govt .  f i s h  market) .  This  
p r o h i b i t s  "back door" s a l e s  t o  r e s t a u r a n t s  which a r e  almost impossible 
t o  monitor q u a n t i t a t i v e l y .  

Regular ( y e a r l y )  censuses of t h e  remaining s tocks  of c rabs  need t o  be 
done t o  monitor t h e  e f f e c t i v e n e s s  of t h e  program and p o t e n t i a l l y  t o  s e t  
t he  fo l lowing  yea r s  quotas .  A s a f e  l i m i t  would be t h a t  a r e a s  should not 
be ha rves t ed  a f t e r  t he  CPUE f a l l s  much below 1 c.rab/bai t .  

The p rov i s ion  of t o t a l  sanctuary a r e a s  provides  a  s a f e t y  f a c t o r  i n  case 
o the r  c o n t r o l s  a r e  i n e f f e c t u a l ,  o r  unworkable. 

Poss ib ly ,  i n  t h e  long term, t h e  only method of m a i n t a i n i n g  a  f i s h e r y  
would be t h e  r e g u l a r  r e - s e e d i n g  of a r e a s  w i t h  a r t i f i c i a l l y  r e a r e d  
juven i l e s .  We were a b l e ,  w i t h  v e r y  p r i m i t i v e  a p p a r a t u s  t o  r e a r  100 
glaucothoe,  and i t  i s  p o s s i b l e  t h a t  t h i s  product ion could be increased 
i f  more funds f o r  a  b e t t e r  r e a r i n g  f a c i l i t y  were a v a i l a b l e .  

W h i l s t  t h e s e  recommendations were developed b a s i c a l l y  f o r  Vanuatu, they 
p robab ly  a p p l i c a b l e  t o  most coun t r i e s  wi th  any s tocks  of coconut c r abs  

remaining. I n  Vanuatu, i f  t he se  measures a r e  not  adopted then t h e r e  i s  l i t t l e  
hope of t h e  c r a b s  s u r v i v i n g ,  n o t  on ly  a s  a  cash  c r o p ,  but  a s  an e x t a n t  
spec i e s .  


