
eEfAPTER ONE 

(zmnmAL I m O D U c T I O N  

1,1 Backg-round l i t e r a t u r e  

Matusa Lunarts ( ~ o r s l e i i l )  (Crus tacea :  Decapoda) is  a common 

i n h a b i t a n t  o f  t r o p i c a l  sandy sho res .  It h a s  a widespread 

d i s t r i b u t i o n  which ex tends  from t h e  Red Sea, South Afr ica ,  t o  A s i a  

and A u s t r a l i a .  Despi te  i ts  common occurrence,  there have been few 

publ i shed  s t u d i e s  on t h i s  s p e c i e s ,  a p a r t  from taxonomic d e s c r i p t i o n s  

(Barnard,  1958, Tpdale-Biscoe  & George, 1962, Sakai ,  1965 and 

Romimohtar-ko, 1972) and area reco rds  (Chhapgar, 1957, Sankarankutty,  

1962, Guinot,  1966 and Vannini,  1976) .  B io log ica l  work on 

M. Lunarts h a s  been r e s t r i c t e d  t o  t h e  f u n c t i o n a l  morphology o f  t h e  

s t r i d u l a t o r ' y  organs (Guinot-Dumortier & Dumortier, 1960, 1961) and 

a n t e r o b a t e r a l  d e n t i c x l a t i o n s  (Garstang,  1897 a, b ) ,  chromosome 

appearance ( ~ i y a m a ,  1942, Redf ie ld  et at, 1980) ,  larval morphology 

and development ( H a s m i ,  1969, Rajaba i ,  1959 and Terada, 1983) and 

no te s  on its breeding  b io logy  ( P i l l a y  & N a i r ,  1976) and f eed ing  

behaviour  ( S e i l e r ,  1976) .  Many a s p e c t s  o f  t h e  gene ra l  b io logy  of  

M. Zunarts, however, have n o t  been s t u d i e d .  I n  A u s t r a l i a ,  for 

example, o n l y  t w o  s t u d i e s  o f  M. Zunarts have been undertaken: a )  

chromosomal a n a l y s i s  by Redf ie ld  e t  aZ. (1980)  and b )  systematic 

d e s c r i p t i o n s  by Tpdale-Biscoe  & George (1962) .  

Maeuta Lunaris is not  a commercial s p e c i e s  i n  A u s t r a l i a .  

However, it h a s  been r epor t ed  t o  be of  importance i n  t h e  d i e t  o f  

people l i v i n g  i n  Third World c o u n t r i e s  such as I n d i a  Where 

H .  Lunarts is e a t e n  by t h e  poor popula t ion  (Chhapgar, 1959 i n :  

Guinot,  1966 ) . M. Zunarts is a l s o  f i s h e d  i n  west Pak i s t an  and i n  
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t h e  Gulf o f  Siam. I n  Madras and i n  t h e  P h i l i p p i n e s ,  M. Zunarts  i s  

considered t o  be an important  edi ls le  brachguran species a long  wi th  

Portunus spp .  and ScyZZa se r?=a ta  (Guinot ,  1966 and Schre ibe r  s 

C a s e s ,  1984 ) . 

1 . 2  A h  of  t h e  s tudy  

me aim o f  t h e  p r e s e n t  s t u d y  was t o  i n v e s t i g a t e  t h e  fo l lowing  

aspects o f  t h e  bio.bog-y of M. t u n a r t s :  1) relative growth, 2 )  

f eed ing  b io logy ,  3 ) r ep roduc t ive  b io logy ,  4 )  a b s o l u t e  growth and 5 ) 

popula t ion  b io logy .  M. Z u n a ~ t s  is i d e a l l y  s u i t e d  f o r  t h i s  k ind  o f  

s t u d y  because it is abundant,  easy t o  o b t a i n ,  i d e n t i f y  and ha rdy  i n  

a q u a r i a .  It can be eol lecked  throughout  t h e  year and h a s  a 

r e s t r i c t e d  d i s t r i b u t i o n  i n  t h e  i n t e r t i d a l  and s u b t i d a l  a r e a s .  

1 . 3  Sys temat ics  

Mututa L u n a ~ t s  is a member o f  t h e  fami ly  Calappidae, a group o f  

burrowing crabs which i s  distinguished by the l o c a t i o n  o f  t h e i r  

i n h a l e n t  b r a n c h i a l  openings.  I n  t h e  Calappidae, t h e s e  are loca t ed  

i n  f r o n t  of  t h e  basal segment of  t h e  che l iped .  Unlike most 

brachyurans,  however, t h e  i n h a l e n t  c u r r e n t  does  no t  e n t e r  d i r e c t l y  

a t  t h e s e  p o i n t s  b u t  f lows i n  a t  t h e  eye socke t s  and is c a r r i e d  a long  

a c a n a l  i n  t h e  s u r f a c e  o f  t h e  pterygostomian reg ion  ( H a l e ,  1927) .  

The Calappidae is  subdivided i n t o  two sub fami l i e s ,  t h e  Calappinae 

( t h e  'box c r a b s  ' ) and t h e  Matutinae ( t h e  'sand crabs' ) . Thi s  

subd iv i s ion  is based p r i m a r i l y  on t h e  l o c a t i o n  o f  t h e  p a l p  o f  t h e  

t h i r d  max i l l i ped .  I n  t h e  Matut inae,  it is hidden beneath t h e  merus 

which is  e longa te  and po in t ed  at t h e  t i p  b u t  i n  the Calappinae,  

where t h e  merus is not  e longa te ,  it is exposed ( H a l e ,  1927 and 
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Sakai, 1965) .  f n  t h e  f i e l d ,  species i n  t h e  Calappinae a r e  

d i s t i g u i s h e d  by a a n g l i k e  expansion on each s i d e  of  t h e  carapace  

which covers  t h e  walking l e g s ,  whereas s p e c i e s  i n  t h e  Matut inae a r e  

cha rac t e r i zed  by f l a t t e n e d  swimming legs and a prominent lateral 

s p i n e  o r  t u b e r c u l e  on each s i d e  o f  t h e  carapace .  

The Matutinae c o n t a i n s  the s i n g l e  genus, Matuta, which is 

rep resen ted  both i n  t h e  Indo-Pacific and A t l a n t i c  oceans 

(Romimohtarto, 1972). A t  p r e s e n t ,  it c o n t a i n s  7 spec i e s ,  5 o f  which 

have been recorded i n  A u s t r a l i a .  These are: M. Cunarts, 

H. bankstt, M. tnermts, M. grenubosa and M. pLantpes. Only two 

s p e c i e s  were recorded i n  t h e  s t u d y  area and l o c a l  nearshore  r eg ions :  

H. Lunarts and M ,  g~anu%osa. M. granutosa w a s  r a r e  and on ly  

occurred o f f s h o r e .  

The sys t ema t i c  p o s i t i o n  o f  M. kunarts is as fo l lows:  

PHYEm Artkropoda 

SUBPHYLUM Crus tacea  

CLASS Malacost r a c a  

ORDER Decapoda 

SUBORDER Rep tan t i a  

SECT1 ON B r a c h p r a  

SUBSECTION Oxystomata 

FAMILY Calappidae 

SOBFMPLY Matut i n a e  

GENUS Matuta 

SPECIES M. zunarts 
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M. Zunarts was f i r s t  desc r ibed  by Forskiil  i n  1775 as Cancer' 

t u n a ~ l s  (Tyndale-Biscoe & George, 1962) .  Spec ies  t h a t  have s i n c e  

been synonomised w i t h  M. Lunar%% included M. v i c t b ~  (Alcock, 1896 

i n  : Romimohtaeo, I962 ) and M ,  v t c t r % z  (Lanches te r ,  1900 ) . 
Addi t iona l  d e s c r i p t i o n s  o f  M. Eunarls  have been made by Miers 

(1877) ,  -dale-Biscoe 6; George (1962) ,  Sakai (1965)  and 

Romianshtarto ( 1972 ) . 

I n  t h i s  s tudy ,  M. Luna~ts was i d e n t i f i e d  by t h e  possess ion  of 

an accessory  s t r i d u l a t i n g  organ wi th  2 4  - 26 striae on t h e  o u t e r  

f a c e  o f  t h e  d a c t y l u s  i n  males g r e a t e r  t han  46.5 mm f u l l  carapace  

width (Chapter  1 and Romimohtarto, 1972),  two w e l l  developed lateral 

s p i n e s  on t h e  carapace  and a% least two d i s t i n c t  s p i n e s  on t h e  o u t e r  

face o f  t h e  propodus (Tlpdale-Biscoe & George, 1962) .  I n  a d d i t i o n ,  

M. Lunarts  w a s  d i f f e r e n t i a t e d  from o t h e r  c l o s e l y  r e l a t e d  s p e c i e s  by 

%he fo l lowing  f e a t u r e s :  t h e  *sence o f  a p o s t e r - l a t e r a l  t u b e r c u l e  

on t h e  carapace  ( p r e s e n t  i n  M. b a n k s t t )  and t h e  absence o f  a 

d i s t i n c t  red  pa t ch  a t  t h e  base o f  t h e  lateral s p i n e s  ( p r e s e n t  i n  

M. gpanutosa, P l a t e  l.le). The carapace  o f  M. Zunarts  is  r e l a t i v e l y  

f l a t  and covered wi th  r ed  s p o t s .  I n  t h e  p r e s e n t  s tudy ,  however, 

cons ide rab le  v a r i a t i o n  i n  t h e  g e n e r a l  appearance o f  t h e  carapace  was 

found. Most i n d i v i d u a l s  had f i n e  r ed  s p o t s  s c a t t e r e d  ove r  the 

carapace ,  some o f  which occas iona l ly  formed loops  and l i n e s  ( P l a t e  

l a ) .  A few i n d i v i d u a l s  had more numerous da rke r  r ed  s p o t s  

s c a t t e r e d  ove r  t h e  Carapace ( P l a t e  . No morphological nor  

sex-related d i f f e r e n c e s ,  however, corresponded wi th  t h e s e  co lou r  

v a r i a t i o n s .  I n  A u s t r a l i a ,  t h e r e f o r e ,  t h e  co lou r  p a t t e r n  of  the 

carapace  appears  t o  be v a r i a b l e .  Because of t h e s e c o l o u r  v a r i a t i o n s ,  

t h e  s p e c i e s  d e s c r i p t i o n s  o f  M i e r s  (1877) which w e r e  based p r i m a r i l y  



Plate 1.1 

Dorsal views of Matuta Luna~ts and 

M. granuLosa, showing their characteristic 

shape, colour and carapace paizterns. 

a .  Matuta bunar%s ~orskal 

Typical carapace appearance. 

occasional colour variant. 

c . Maeu9a granuzosa ( Miers ) 

Scale: f mm divisions 





on t h e  carapace  w e r e  o f  l i t t l e  use  i n  t h i s  s tudy .  

1.4 Geographic D i s t r i b u t i o n  

1.4.1 World 

The t y p e  l o c a l i t y  0% Mafuta Lunarts is  t h e  Red Sea (Psrski31, 

1775 i n :  Tyndale-Biscoe George, 1962). It h a s  s i n c e  been 

recorded from the t r o p i c a l  beaches o f  several Indo-Pacif ic  

localities. I n  t h e  Ind ian  ocean, M. Lunaris h a s  been recorded on 

the east c o a s t  o f  A f r i c a  (Barnard,  1956 ), N a t a l  (Guinot ,  1966 ), 

Somalia (Vannini ,  1976 ) , Pak i s t an  (Hashmi, 1969 ) and I n d i a  

(Chappgar, 1957 and P i l l a i  s N a i r ,  1976). There are a l s o  r eco rds  of 

c s l P e c t i o n s  from Madagascar (Guinot ,  1966), t h e  Andaman and Nicobar 

I s l a n d s  (Sankarankutty,  1962), t h e  Gulf o f  Siam (Guinot ,  19661, 

Singapore and Indones ia  (Romimohtarto, 1972 ) . Miers ( 1877 ) recorded 

61. Eunarts from S r i  Lanka, however t h e  s p e c i e s  i d e n t i f i c a t i o n  by 

Miers is ques t ionab le  (see Chapter  3 ). 

I n  t h e  P a c i f i c  Ocean, M. Lunarts h a s  been recorded as far north 

as Japan (Sakai, 1965) and as far  east as F i j i  ( p e r s .  obs., 

Aus t r a l i an  Museum c o l l e c t i o n s ) .  It h a s  a l s o  been recorded i n  the 

P h i l i p p i n e s  ( Schre ibe r  C Cases, 1984 ) , t h e  Solomon I s l a n d s  

( A u s t r a l i a n  Museum c o l l e c t i o n s )  and A u s t r a l i a  (Tyndale-Biscoe & 

George, 1962 ) . 

The world d i s t r i b u t i o n  o f  M. Lunarts is  summarized in Figure  
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1 . 4 . 2  A u s t r a l i a  

I n  A u s t r a l i a ,  M. Zuna~ts h a s  Been recorded i n  f o u r  states: 

Western A u s t r a l i a ,  Northern T e r r i t o r y ,  Queensland and New South 

Wales. There a r e  no r eco rds  o f  M. tunarts i n  V i c t o r i a ,  Tasmania and 

South A u s t r a l i a ,  a l though o t h e r  Maeuta s p e c i e s  have been recorded i n  

t h e s e  states. A summary o f  the d i s t r i b u t i o n  s f  Ma-tuta s p e c i e s  i n  

A u s t r a l i a  is given i n  T a b l e  1.1, w h i l s t  t h e  d i s t r i b u t i o n  p a t t e r n  o f  

Ed. tunaris i n  A u s t r a l i a  is shown i n  F igu re  1 . 2 .  

M. Lunarts h a s  been recorded i n  New South Wales from P o r t  

Jackson and N e w c a s t l e .  I n  Queensland, it h a s  been recorded from 

Moreton Bay, Cape Capricorn,  G r e a t  Keppel I s l a n d ,  Bowen, Townsvil le ,  

t h e  Palm I s l a n d s ,  Cooktown and AUsatross Bay .  I n  t h e  Northern 

T e r r i t o r y ,  it h a s  been recorded from North I s l a n d ,  cape A r n h e m  and 

Darwin, w h i l s t  i n  Western A u s t r a l i a ,  it h a s  been recorded from 

Fremantle,  Shark Bay, Carnavon and Yampi Sound. These area reco rds  

are based on t h e  material i n  the re fe rence  c o l l e c t i o n  o f  the 

Aus t r a l i an  Museum ( p e r s .  o b s . ) .  

1 . 4 . 3  Local  

I n  th i s  s tudy ,  Matuta Lunarts w a s  recorded from s e v e r a l  beaches 

i n  t h e  Townsville reg ion ,  i nc lud ing  Magnetic Is. and Hinchinbrook 

Is. On t h e  mainland, M. Zunarts w a s  found a t  Saunders beach, 

S h e l l e y  beach, Pa l l a r enda  beach, t h e  mouth o f  Three M i l e  Creek and 

South Townsville beaches.  I n  Magnetic i s l a n d ,  M. Zunarts w a s  on ly  

found i n  three o u t  of  t h e  seven bays surveyed, namely: Horseshoe, 

Radica l  and Florence  bays .  None w e r e  found a t  Arthur ,  Geoffrey,  

P i c n i c  and Cockle bays. O f  t h e  o t h e r  nearby i s l a n d s  surveyed, 



Figure 1 . 2  

The d i s t r i b u t i o n  p a t t e r n  0% Matuta Lunarts 

i n  A u s t r a l i a ,  based on the r e f e r e n c e  c o l l e c t i o n s  

of the Austra l ian  Museum. 



T a b l e  1.1 The distrrbution of .Yaasuta speczes in Australla, based 
on the reference collectzons of the Ausrralian Huseum. 

Speczes Name W.A. N . .  Qld. N.S.X. Vic./las. S - A .  
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M e  tunarts w a s  found on ly  a t  Shepherds Bay  on Hinchinbrook I s l a n d .  

None were found a t  P ionee r  bay, Orpheus I s l a n d .  Recent work on the 

b e n t h i c  community sf t h e  Cleveland B a y  h a s  r epo r t ed  t h e  i r r e g u l a r  

occurrence o f  a r e l a t e d  s p e c i e s ,  M. g~anutosa, i n  the inshore  

s t a t i o n s  (6-28 m deep )  b u t  no M. Lunarts (P, Arnold, p r s .  corn .  ) . 
The l o c a l  d i s t r i b u t i o n s  o f  M. Zunarts and H. gmnutosa i n  the 

Townsvi%le reg ion  are shown i n  F igu re  1 . 3 .  



Figure 1.3 

A map of the Townsville region including Magnetic Isband, 

showing the study area and the local distribution of 

M. Lunaris. and M. granulosa. 

9 M. Lunarts present 

0 M. bunarts absent 

.]t study area 

A M. granulosa present 





2.1 Sampling methods 

The specimens used i n  t h i s  s t u d y  w e r e  c o l l e c t e d  between the 

months o f  January  and February,  1984 and Apr i l ,  1984 t o  May, 1985. 

Sampling w a s  undertaken du r ing  t h e  mid-fal l ing t i d e ,  approximately 

t h r e e  hours  after t h e  p rev ious  h igh  t i d e .  To avoid any v a r i a b i l i t y  

i n  r ep roduc t ive  states as a r e s u l t  o f  l u n a r  c y c l e s ,  a l l  samples were 

c o l l e c t e d  w i t h i n  two days  o f  t h e  f u l l  moon o f  each month. A summary 

o f  sampling days and t i d a l  h e i g h t s  is  g iven  i n  F igu re  2 . 1 .  

Sampling w a s  c a r r i e d  o u t  u s ing  two types o f  n e t s .  A l a r g e  

10 m x 1 m nylon Beach s e i n e  n e t  w i th  a 25-mm mesh (12 .5  mm s q u a r e )  

w a s  used t o  c a t c h  crabs g r e a t e r  t han  20 mm i n  size. e weighted 

n e t  w a s  dragged a long  t h e  subs t ra tum by means o f  two wooden poles 

a t t ached  a t  each ends ( P l a t e  2 , l a ) .  when i n  use ,  t h e  e f f e c t i v e  

ca t ch ing  area, 5 . e .  gape, o f  t h e  l a r g e  n e t  w a s  approximately 9 

2 meters, r e s u l t i n g  i n  a sample a r e a  o f  approximately 250 m . Smal le r  

and newly settled crabs w e r e  caught u s ing  a 

1.9 m long x 1 m x 0 . 4  m gape f i n e  c o n i c a l  n e t  wi th  a 3 .5  mm mesh (2 

mm s q u a r e ) ,  made from an  o l d  mosquito n e t t i n g  ( P l a t e  2 . I . b ) .  The 

gape s f  t h e  n e t  w a s  maintained by 3 f l o a t s  a t t ached  t o  t h e  opening 

of  t h e  n e t .  A 1.55 m long, 36 rn x 6 mmthick  cha in  wi th  1 kg. 

lead weights  at  each end w a s  a t t a c h e d  t o  t h e  bottom edge o f  t h e  

opening o f  the n e t  t o  ensu re  t h a t  t h i s  remained c l o s e  t o  the 

subs t ra tum.  The n e t  w a s  dragged by means o f  two 4 m ropes  a t t ached  

t o  the lead weights .  Specimens w e r e  c o l l e c t e d  i n  a 150 m l  p l a s t i c  

b o t t l e  which was a t t ached  at  t h e  funnel  end o f  t h e  n e t .  The size 







P l a t e  2 . 1  

The two types  of n e t s  used i n  t h i s  study.  

a .  A large  10 m x 1 m, 25-mm mesh 

beach s e i n e  n e t .  

fa. A s m a l l a . 7 m l o n g x 1 m x 0 . 4 m g a p e ,  

f i n e  meshed n e t .  
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ranges  of crabs caught i n  t h e  two t y p e s  o f  n e t s ,  based on the 

samples obta ined  f o r  t h e  popu la t ion  s t u d y  (Chapter  7 ) ,  a r e  g iven  i n  

F igu re  2 . 2 .  

The n e t s  w e r e  dragged a long  t h e  substratum p a r a l l e l  t o  t h e  

shore  i n  the s u r f  zone, i n  0 .2 -0 .7  m o f  water. Each d rag  was o f  3 

minute d u r a t i o n  and covered a d i s t a n c e  o f  approximately 36 m .  Crabs 

used f o r  t h e  rnorphometrie and r ep roduc t ive  s t u d i e s  w e r e  maintained 

i n  f r e s h  seawater  and t aken  t o  t h e  l a b o r a t o r y  f o r  ana lyses .  C r a b s  

used i n  t h e  ana lyses  o f  the feeding  b io logy  w e r e  placed on i c e  

immediately after c a p t u r e  w h i l s t  crabs c o l l e c t e d  f o r  popu la t ion  

s t u d i e s  were sexed, measured and r e tu rned  t o  t h e  s u r f  zone s h o r t l y  

after cap tu re .  

The methods o f  a n a l y s i s  o f  t h e s e  samples are descr ibed  i n  t h e  

succeeding chapkers .  

2 .2  Study Area 

The specimens used i n  t h i s  s t u d y  were c o l l e c t e d  from Pa l l a r enda  

beach, Townsville,  Queensland (19°11.8 'S,  146O46 .6 'E ) .  This  

l o c a t i o n  w a s  s e l e c t e d  as t h e  main s tudy  area because o f  the 

abundance o f  M. Zunarts i n  t h e  s u r f  zone and i ts  access ib i l i ty .  

Within t h e  s tudy  a r e a ,  two sampling s i t e s  w e r e  e s t a b l i s h e d ,  namely 

' A q  and 9' ( P l a t e  2 . 2 ) .  Si te ' A '  was a 'non-des t ruc t ive*  

popula t ion  s t u d y  a r e a  where t h e  i n d i v i d u a l s  caught w e r e  r e tu rned  t o  

t h e  s u r f  zone s h o r t l y  after c a p t u r e .  Si te 'Be w a s  t h e  ' d e s t r u c t i v e '  

reproduct ion  s t u d y  a r e a  where t h e  i n d i v i d u a l s  caught were taken  t o  

t h e  l a b o r a t o r y  f o r  a n a l y s i s .  A 350 rn gap w a s  e s t a b l i s h e d  between 

sites ' A '  and 'B' i n  o r d e r  t o  minimize t h e  i n t e r a c t i v e  e f f e c t s  of  



Figure 2 . 2  

The size ranges sf crabs caught i n  the kwo 

types of nets used i n  t h i s  study. 

Large net, n = 1206 

Small met, n = 129 



L a r g e  net 

S m a l l  net 

C A R A P A C E  W l D P H  (mm) 



An a e r i a l  photograph o f  t h e  study area i n  PaPlarenda beach 

showing t h e  locat ion  of study sites A and B. 

A - study site A f o r  pogulation s t u d i e s  

B - study site B for growth, feeding and 
reproductive s t u d i e s .  

x - t h e  point  where t h e  photographs i n  
P la te  2 . 3  were taken.  





sampling i n  both s i t e s .  

TAe fo l lowing  topograph ica l  d e s c r i p t i o n  o f  t h e  s t u d y  area, uses  

t h e  terminology o f  Hopley (1970 and p e r s .  comm.), Bird (1971)  and 

Davis (1972). Pa l l a r enda  beach is a medim energy beach where t h e r e  

is a d i s t i n c t i v e  upper and lower beach p o r t i o n .  The upper beach 

p o r t i o n  i s  s t e e p  and is  composed o f  coa r se  carbonate  sediments  o f  

t e r r i g e n o u s  o r i g i n  and a s m a l l  amount o f  b iogen ic  material which is 

p r i m a r i l y  o f  molluscan o r i g i n .  I n  comparison, t h e  lower beach 

p o r t i o n  h a s  a g e n t l y  s l o p i n g  p r o f i l e  and is composed e n t i r e l y  o f  

f i n e  t e r r i g e n o u s  sand and s i l t .  During low t i d e ,  t h e  exposed lower 

beach p o r t i o n  o f  Pa l l a r enda  is expansive and c o n s i s t s  o f  a  system of 

sand r i d g e s  and runne l s .  I n  t h e  s t u d y  area, t h e  lower beach portion 

is composed o f  two sand r i d g e s  s epa ra t ed  by a sha l low runnel  ( P l a t e s  

2 .  3a, b ) . me f i r s t  r i d g e  is low and is bordered on t h e  landward 

s i z e  by a narrow g u t t e r  a t  t h e  base o f  t h e  upper beach f a c e  and on 

t h e  seaward s i d e ,  by t h e  sha l low runne l .  I n  most p a r t s  o f  t h e  first 

r idge ,  t h e r e  is a t h i n  f i l m  o f  water cover ing  t h e  s u r f a c e  as a 

r e s u l t  o f  t h e  damming effect by t h e  second r i d g e  which is  d i s t i n c t l y  

r a i s e d .  Sampling i n  t h i s  s t u d y  w a s  c a r r i e d  o u t  i n  t h e  s u r f  zone 

du r ing  a mid fa l l i ng  t i d e  which is i n  t h e  reg ion  o f  t h e  lower beach 

a t  t h i s  t i m e .  

The fauna l  composition o f  t h e  s t u d y  a r e a ,  based on v i s u a l  

surveys  and ana lyses  o f  t h e  by-catch dur ing  sampling, i s  summarized 

i n  T a b l e  2 . 1 .  Among t h e  t e l e o s t s ,  t h e  t e t r a o d o n t i d s  ( p u f f e r f i s h e s )  

and ambassids ( g l a s s  p e r c h e s )  w e r e  found r e g u l a r l y  throughout  t h e  

sampling pe r iod ,  w h i l s t  s easona l  occurrence w a s  noted i n  most 

s p e c i e s  p a r t i c u l a r l y  t h e  j u v e n i l e  cynogloss ids  ( tongue  soles). 



Plate 2 . 3  

Photographs o f  t h e  two study sites A and B,  

taken from point  x ( P l a t e  2 . 2 ) ,  showing 

t h e  upper beach area ( a)  and t h e  

f lat  lower beach region ( b ) . 

a .  The population study site A .  

la. The growth, reproduction and feeding 

study site B .  
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Among t h e  i n v e ~ e b r a t e s ,  s e v e r a l  species o f  gas t ropods ,  namely 

ConubeP s p .  and PoLtntces s p , ,  and t h e  sand d o l l a r ,  Arachnotdes 

ptaeenta, occurred r e g u l a r l y  i n  t h e  s t u d y  area. I n  a d d i t i o n ,  

BaLanogLossus sp. w o r n  c a s t s  were o f t e n  observed on t h e  seaward 

edge o f  t h e  lower beach du r ing  low t i d e .  Among the c rus t aceans ,  t he  

sand shrimp, Ascetes s p .  and s e v e r a l  species o f  h e n n i t  crabs w e r e  

f r e q u e n t l y  found i n  t h e  s t u d y  area, w h i l s t  j u v e n i l e  prawns such as 

Penaeus mergutensts and P o  escuLentus occurred i r r e g u l a r l y .  of the 

larger c rus t aceans ,  however, on ly  M. Lunarts occurred i n  abundance 

throughout  t h e  s tudy  pe r iod .  J u v e n i l e  Portunus petagtcus and 

P. sangutnoLentus w e r e  a l s o  found b u t  onLy i n  some months of the 

y e a r  and i n  low numbers. 



CHAPTERTIRREE 

Relative Growth 

%,I In t roduc t ion  

The va lue  o f  morphometric s t u d i e s  i n  understanding t h e  b i o l o g y  

sf Cxustacea, p a r t i c u l a r l y  brachyuran c rabs ,  is w e l l  e s t a b l i s h e d .  

me r i g i d  exoskele ton  and t h e  r e s u l t a n t  d i scont inuous  growth o f  

c rus t aceans  enable  q u a n t i t a t i v e  s t u d i e s  of  growth p a t t e r n s  and 

stadia. I n  brachyurans,  morphometric d a t a  have been used 

e x t e n s i v e l y  i n  : a )  taxonomy, f o r  example i n  t h e  genera  

Macrophthatmus (Barnes,  1967, 1968) and Portunus (Stephenson, 1967) ;  

b )  t h e  eva lua t ion  o f  s e x  and sexua l  m a t u r i t y  i n  t h e  Ocypodidae 

(Habey, 1969, 1973, P a u l r a j  e t  at., 1982),  Por tunidae  (Ryan, 1967C, 

L e w i s ,  1 977 and Bu Preez  & McLachlan, 1984a), Grapsidae ( H i a t t ,  

1948 ) , Raninidae ( F i e l d i n g  6 Haley , 1976 ) , Xanthidae ( Finney & 

&bebe, 1981 ) , M a j  i d a e  ( H a r t n o l l ,  1963, 1965 ) and c o r y s t i d a e  

( H a r t n o l l ,  1972) ;  c )  t h e  a n a l y s i s  of  on togene t i c  changes i n  form 

(Weymouth & Mackay, 1936, Sandon, 1937, G r a y  & Newcombe, 1938, 

Mackay, 1942, 194%a, b, Needham, 1950, Teissier, 1960, H a r t n o l l ,  

1963, 1965a, 1972);  d )  r e l a t i n g  form and func t ion  as an e c o l o g i c a l  

t o o l  (A ld r i ch ,  1976, Brown e t  a t . ,  1979, E lne r ,  1978 and Blundon & 

Kennedy, 1982) and e )  determining t h e  s i z e  and age o f  crabs i n  

commercial f i s h e r i e s  (A l l en ,  1962, Poole,  1967, Williams & Lee,  1980 

and Hancock & Edwards, 1966 i n :  Har tno l l ,  1 9 8 2 ) .  

I n  t h e  Matutidae, i nc lud ing  Mututa t u n a r f s ,  morphometric d a t a  

have o n l y  been used i n  taxonomy (Hale ,  1927, Sakai ,  1965 and 

Romimohtamto, 1972) .  S t u d i e s  o f  r e l a t i v e  growth and on togene t i c  

v a r i a t i o n s  i n  form and func t ion  a r e  l ack ing .  In  t h i s  c h a p t e r ,  
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morphometric analysis of M. Zunaris w i l l  be used t o  define relat ive 

growth patterns i n  male and female crabs and t o  determine the e f f e e  

of size, sex and sexual maturity upon the growth patterns s f  

different body parts .  In addition, t h i s  chapter w i l l  form the 

morphological basis for the feeding and reproductive studies i n  

Chapters 4 and 5 .  

3 . 2  Materials and Methods 

3.2.1 The samples 

The crabs used in t h i s  study were collected from Site 'B', 

Pallarenda beach, Townsville, between the months of January and 

July, 1984 using the methods described i n  Chapter 2 .  A l l  crabs were 

brought alive t o  the laboratory for morphometric analysis. A l l  

measurements were made on freshly killed specimens. 

3.2.2 The measurements 

Measurements were taken t o  the nearest 0 . 1  mm using ei ther  a 

metric vernier caliper or an ocular micrometer, The following 

measurements were made: 

1) f u l l  carapace width (FW): Figure 3.1, the distance across the 

carapace from the t i p  of the l a te ra l  spines. 

2 )  short carapace w i d t h  (SCW): Figure 3.1, the distance across the 

carapace from the anterior base of the l a te ra l  spines. 

3) carapace length (CL): Figure 3.1, the distance across the 

carapace along the median l ine from the anterior t o  the 

extreme posterior margin of the carapace. 

4 )  body depth ( B D ) :  the distance between the mid-dorsal aspect of 

the carapace t o  the mid-ventral aspect of the sternal plate.  



5 )  d i s t a n c e  between eyes  (ED): F igure  3.1,  t h e  d i s t a n c e  between t h e  

bases o f  t h e  o c u l a r  peduncles  measured from t h e  i n n e r  margin 

o f  t h e  o r b i t .  

6 )  propodus l eng th  (PI,): Figure  3 .2 ,  t h e  maximum d i s t a n c e  from t h e  

t i p  o f  t h e  p r ~ p o d u s  t o  t h e  a r t i c u l a t i o n  wi th  t h e  ca rpus ,  

7 )  c h e l a  width (eEIw): Figure  3 .2 ,  t h e  d i s t a n c e  between t h e  f r o n t a l  

( f rom t h e  base s f  t h e  second s p i n e )  and t h e  rear a s p e c t s  of 

t h e  propodus. 

8 )  c h e l a  depth  (CB): Figure  3.2,  t h e  maximum d i s t a n c e  between t h e  

d o r s a l  and v e n t r a l  margins o f  t h e  propodus. 

9 )  c h e l a  gape (CG): t h e  maximum d i s t a n c e  between t h e  i n n e r  margins 

o f  t h e  d a c t y l u s  and t h e  propodus, when t h e  c h e l a  is open. 

1 0 )  d a c t y l u s  l eng th  (DL): F igu re  3 .2 ,  t h e  d i s t a n c e  from t h e  t i p  of 

t h e  d a c t y l u s  t o  t h e  a r t i c u l a t i o n  wi th  t h e  propodus. 

11) c h e l a  s p i n e  h e i g h t  (CSH): F igure  3.2,  t h e  d i s t a n c e  from t h e  

base o f  t h e  f i r s t  c h e l a  s p i n e  t o  the t i p ,  measured u s i n g  an 

o c u l a r  micrometer.  

1 2 )  abdominal width (AW): F igu re  3 .3 ,  t h e  d i s t a n c e  between t h e  

margins o f  t h e  f o u r t h  abdominal segment i n  females  and t h e  

f i f t h  i n  males. 

1 3 )  t h o r a c i c  width ( T W ) :  F igu re  3.3,  t h e  d i s t a n c e  a c r o s s  t h e  

t h o r a c i c  sternum between t h e  notches a t  t h e  bases o f  t h e  

second per iopods .  

1 4 )  t o t a l  lateral s p i n e  l eng th  (TLSL): t h e  d i f f e r e n c e  between f u l l  

carapace  width ( F a )  'and s h o r t  carapace width (SCW), i .e. t h e  

l eng th  o f  bo th  lateral s p i n e s .  

1 5 )  gleopod l eng th  (PLL): Figure  3.4,  t h e  l eng th  of  t h e  f i r s t  

pleopod ( gonopod ) . 







Figure 3 . 2  

Details of the l e f t  chela of M. tunarts 

showing the measurements of the following 

morphological characters: 

Pb psopodus length 

cxw chela wiath 

CD chela depth 

DL dactylus length 

CSH chela spine height 

3 . 2 A  Adult male 

upper: frontal aspect 

lower: ventral aspect 

so secondary stridulating organ 

3.2B Adult  female 

upper: frontal aspect 

lower: ventral aspect 





Figure 3.3 

The ventral aspect of M. tunarts showing the 

measurements of the following morphological 

characters: 

AW abdominal width 

To9 thoracic width 

3.3A Adult male 

3.3B Adult female 





Figure 3 . 4  

Details of  the f i r s t  pleopods o f  M .  Zunaris. 

PEL pleopod length 

3.4A Adult male 

3.4B Adult female 





1 6 )  c h e l a  volume (CV): t h e  m u l t i p l i c a t i o n  product  o f  c h e l a  depth ,  

width and propodus l e n g t h .  

R e l a t i v e  growth is de f ined  as t h e  change du r ing  ontogeny i n  t h e  

p ropor t ions  o f  a p a r t i c u l a r  dimension r e l a t i v e  t o  a r e f e r e n c e  

measurement ( H a r t n o l l ,  1982) .  I n  t h i s  s tudy ,  the f u l l  carapace  

width (Pcw) w a s  chosen a s  t h e  measure o f  body s i z e  and t h e  r e f e r e n c e  

measurement, f o r  comparisons wi th  o t h e r  brachyuran l i t e r a t u r e .  

L e w i s  (1977)  found t h e  s h o r t  carapace  width (SCW) more s u i t a b l e  as 

re fe rence  measurement i n  Bathynectes superbus (Brachyura: 

Pos tunidae)  s i n c e  t h e  a n t e r o l a t e r a l  s p i n e s  w e r e  f r e q u e n t l y  broken.  

I n  M.  'Luna~%s, however, t h i s  w a s  o n l y  r a r e l y  observed and damaged 

crabs were no t  inc luded  i n  t h e  morphometric ana lyses .  A l l  1 5  

c h a r a c t e r s  w e r e  analyzed i n  r e l a t i o n  t o  carapace  wid th .  

To assess shape changes w i t h i n  a p a r t i c u l a r  body p a r t ,  several 

o t h e r  v a r i a b l e s  w e r e  a l s o  des igna ted  as r e fe rence  measurements. 

Dactylus  l eng th ,  c h e l a  width,  c h e l a  depth ,  c h e l a  gape, c h e l a  s p i n e  

h e i g h t  and c h e l a  volume w e r e  analyzed a g a i n s t  propodus l e n g t h .  The 

width o f  t h e  abdomen w a s  compared wi th  t h o r a x  width and pleopod 

l eng th  wi th  abdomen width. 

3 . 2 . 3  The s ta t is t ical  a n a l y s i s  

Three approaches w e r e  used i n  t h e  a n a l y s i s  of  r e s u l t s  i n  t h i s  

s tudy:  1) d i r e c t  p l o t s ;  2 )  l i n e a r  r e g r e s s i o n s  of t ransformed d a t a  

and 3 )  p l o t s  o f  r e l a t i v e  p ropor t ions .  D i r e c t  p l o t s  w e r e  used t o  

show t h e  n a t u r e  sf the r e l a t i o n s h i p  between t h e  r e f e rence  

measurement and t h e  o t h e r  c h a r a c t e r s .  L inea r  r e g r e s s i o n s  o f  

logar i thmieably  t r a n s f o m e d  d a t a  were used t o  q u a n t i f y  a l l o m e t r i c  



and isometric patterns. Relative proportions of each morphological 

character were used to assess growth trends, determine inflection 

points in relationships and to demonstrate any differences between 

characters which exhibit isometry but are significantly different 

between sexes. 

H ~ l e y  (1924 in: Halstnoll, 1998) demonstrated that relative 

growth can be satisfactorily described by the simple allometry 

a equation, y = BIC , where y is the dependent variable, x is the 

reference dimension or independent variable, B is the y-intercept 

and a is the regression coefficient, also known as allometric growth 

constant or relative growth rate (Hartnoll, 1982). Although Zar 

(1968) has questioned the reliability of log transformations, the 

logarithmic transfornation of this equation has been found to 

describe clearly most patterns of relative growth (e.g. Gould, 1966, 

Sprent, $972, Hartnoll, 1974, 1978a, 1982, Lewis, 1977, Finney & 

Abele, $981 and Paulraj e-b at., 1982). The theoretical 

considerations of this technique have been discussed in detail by 

Finney and Abele ( 1981 ) . 

In this study, all measurements were transformed to log base 10 

and Least-Squares regressions were performed. The regression 

coefficient of each variable was tested against the isometric 

standard of 1 using a t-test to determine its allometric status 

(following Pinney & abele, 1981; t-test procedure in Zar, 1974). 

If the regression coefficient is significantly less than 1, negative 

allometry exists. If the regression coefficient is significantly 

greater than 1, there is positive allometry. Isometry exists when 

the regression coefficient does not differ significantly from 1. In 



t h e  case o f  che l ae  volume, an i some t r i c  s tandard  o f  3 w a s  used.  I n  

a d d i t i o n ,  male and female r e g r e s s i o n  c o e f f i c i e n t s  w e r e  compared 

us ing  a p a i r e d  t-test fo l lowing  Finney & Abele (1981) .  

I n  o r d e r  t o  e v a l u a t e  t h e  growth phase p a t t e r n s  w i t h i n  a s i n g l e  

sex ,  t h e  d a t a  w a s  d iv ided  i n t o  juven i l e  (immature) and a d u l t  

(mature)  groups.  The cut-off p o i n t  was selected after p re l imina ry  

a n a l y s i s  of morphological and h i s t o l o g i c a l  d a t a  ( f o l l o w i n g  Newcombe 

et az . ,  194.9, Knudsen, 1960, Haley, 1969, 1973, F i e l d i n g  & Haley, 

1976 and Finney & Abele, 1981) s i n c e  t h e  o n s e t  o f  m a t u r i t y  ( Z . e .  

pube r ty  moul t )  i n  brachyurans does  no t  occur  a t  a s p e c i f i c  s i z e ,  

r a t h e r  over  a p a r t i c u l a r  size range ( H a r t n o l l ,  1982) .  Regression 

c o e f f i c i e n t s  w e r e  c a l c u l a t e d  from l o g a r i t h m i c a l l y  t ransformed d a t a  

and t e s t e d  f o r  s i g n i f i c a n c e  t o  determine the a l l o m e t r i c  s t a t u s  o f  

each v a r i a b l e  i n  j u v e n i l e  and a d u l t  phases .  

Barnes (1966, 1968) used r e l a t i v e  p ropor t ions  t o  d e f i n e  s p e c i e s  

i n  t h e  ocypode genus, Mac~ophthaZmus, no t ing  t h e  importance of 

de termining  t h e  degree  o r  r a t e  o f  v a r i a t i o n  i n  t h e s e  p ropor t ions  

wi th  an i n c r e a s e  i n  s i z e .  I n  t h i s  s tudy ,  r e l a t i v e  p r o p o r t i o n s  o f  

t h e  given v a r i a b l e s  ve r sus  t h e  r e f e rence  dimension were c a l c u l a t e d  

and p l o t t e d  a g a i n s t  carapace  wid th .  

Regression l i n e s  and statist ics w e r e  c a l c u l a t e d  us ing  Sta tpack  

Version 4 ( S W )  on t h e  James Cook Un ive r s i t y  computer. I n  a d d i t i o n ,  

b i v a r i a t e  s c a t t e r p l o t s  o f  each r eg res s ion  and r e l a t i v e  p ropor t ions  

were generated and examined. 



3.3 R e s u l t s  

3 . 3 . 1  R e l a t i v e  growth p a t t e r n s  

I n i t i a l  ana lyses  o f  t h e  15 morphological c h a r a c t e r s  u s ing  

direct l i n e a r  p l o t s  a g a i n s t  carapace  width showed two basic forms: 

f) p l o t s  w i th  no i n d i c a t i o n  o f  any ab rup t  change wi th  i n c r e a s i n g  

size, t.e. a s t r a i g h t  l i n e  o r  a smoothly curved l i n e  ( F i g s .  3 . 5 ,  

3 . 6  and Appendix I ) ,  and 2 )  p l o t s  w i t h  a marked i n f l e c t i o n  

i n d i c a t i n g  changes i n  p ropor t ions  wi th  i n c r e a s i n g  size ( F i g s .  3 .7 ,  

3.8,  3 .9  and Appendix I ) .  O f  the 15  c h a r a c t e r s  examined, on ly  t h r e e  

showed marked i n f l e c t i o n s  w i t h  i n c r e a s i n g  size: abdomen width ,  

che l ae  s p i n e  h e i g h t  and pleopod l eng th  ( F i g s .  3 .7 ,  3 .8,  3 . 9 ) .  

F u r t h e r  ana lyses  u s ing  l i n e a r  r e g r e s s i o n s  on l o g  t ransformed 

d a t a  q u a n t i f i e d  t h e  r e l a t i v e  growth s t a t u s  o f  t h e  1 5  c h a r a c t e r s .  

The r e s u l t s  r e l a t i n g  t o  t h i s  a s p e c t  are summarized i n  Table 3 . 1 .  I n  

males, two c h a r a c t e r s  e x h i b i t e d  isometry:  body depth and c h e l a e  

gape w h i l s t  a l l  t h e  o t h e r  c h a r a c t e r s  e x h i b i t e d  a l lome t ry .  I n  

females ,  f o u r  c h a r a c t e r s  d i sp l ayed  i some t r i c  growth: body dep th ,  

t h o r a c i c  width,  c h e l a e  gape and t o t a l  lateral s p i n e  l eng th  w h i l s t  

t h e  o t h e r  c h a r a c t e r s  d i sp layed  a l lome t ry .  

The r e l a t i v e  p ropor t ions  of  these c h a r a c t e r s  ve r sus  t h e  

r e f e rence  dimension, when p l o t t e d ,  c l e a r l y  demonstrated t h e  

v a r i a b i l i t y  o f  t h e  growth p a t t e r n s  du r ing  ontogeny. As the s i z e  of 

t h e  crab inc reased ,  t h e r e  w a s  a decrease  i n  t h e  r e l a t i v e  p ropor t ions  

o f  t h e  carapace  l eng th ,  t h e  eye d i s t a n c e  and t h e  s h o r t  carapace  

width i n  both sexes  and i n  t h e  t h o r a c i c  width and t h e  c h e l a  s p i n e  

heigh-k i n  males ( P i g .  3.10 and Appendix I ) . I n  comparison, t h e r e  



Figure  3 .5  

A d i r e c t  l i n e a r  p l o t  showing t h e  r e l a t i o n s h i p  

between t h e  carapace  l eng th  and t h e  r e f e rence  

dimension, carapace  wid th .  

Q male 

9 female 

Th i s  is an example o f  a p l o t  which shows no . 
i n d i c a t i o n  o f  any ab rup t  change i n  t h e  growth 

p a t t e r n  wi th  i n c r e a s i n g  size. Other  morphological 

c h a r a c t e r s  which e x h i b i t  a s i m i l a r  r e l a t i o n s h i p  

(i.e. when p l o t t e d  a g a i n s t  carapace  wid th )  

are : 

s h o r t  carapace  width c h e l a  depth  
eye d i s t a n c e  c h e l a  gape 
body depth  d a c t y l u s  l eng th  
lateral s p i n e  l eng th  t h o r a c i c  width 
psopodus l eng th  c h e l a  volume 
c h e l a  width 

Computer-generated s c a t t e r p l o t s  of  t h e s e  

c h a r a c t e r s  a g a i n s t  carapace  width are 

given i n  Appendix I .  







Figure 3.7 

A dire& linear plot showing the relationship 

between the abdominal width and the reference 

dimension, carapace width. 

9 female 



FULL CARAPACE WIDTH (FCW) in mm 



Figure 3 . 8  

A dire& linear plot showing the relationship 

between the pleopod lengkh and the reference 

dimension, carapace width. 

0 male 

e female 
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Figure 3.9 

A d i r e c t  l i n e a r  p l o t  showing t h e  re la t ionsh ip  

between t h e  che la  sp ine  he ight  and t h e  reference 

dimension, carapace width. 

Q male 

e female 
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T a l e  3 .1  A summary of a l l o m e t r i c  statistics f o r  H. Lunarts 

Morphological s ex  
Charac ters  ( y ) 

Equation S .E .  Co r r e l a t i on  P o-value pT A l l m e t r i c  
c o e f f i c i e n t  s t a t u s r  

(P) 

a. Rela t i ve  t o  carapace  width (s) 

Shor t  carapace  wldth M logy - 0.960 logs - 0.099 0.012 0.993 6215.0 3.2726 - 
F logy = 0.920 l o g s  - 0.041 0.016 0.982 3436.0 5.0819 a x "  - 

Carapace length  M logy = 0.954 l o g s  - 0.118 0.005 0 .998 30600.0 8.5268 - 
F logy * 0.942 l o g s  - 0.102 0 .020 0.979 2119.0 2.8178 - 

ecdy depth  H logy - 1.003 l o g s  - 0.491 0.024 0 .965 1729.0 0.1295 ns  I 
F logy - 1 .051  l o g s  - 0.545 0.030 0.964 1209.0 1.6852 ns  I 

Eye dxs tance  M logy = 0.853 l o g s  - 0.554 0.013 0.986 4336 . O  11.3608 - 
F logy = 0.866 l ogs  - 0.572 0.044 0.902 395.0 3.0849 a x  - 

Pxopodus length  M logy = 1.063 l o g s  - 0.492 0.011 0.994 10190.0 5.9797 " *  + 
F logy = 1.021 l o g s  - 0.431 0.010 0.995 9594.0 2.0467 " + 

Chela width 

Chela depth 

Chela gape 

M logy - 1.178 l o g s  - 1.273 0.026 0.978 2063.0 6.8755 - * "  t 

F logy 1.095 l o g s  - 1.129 0.017 0.988 4404.0 5 .7701 + 

H logy - 1.064 l o g s  - 0.811 0 .011 0.995 9410.0 5.8482 + 
F logy - 1.031 1og t  - 0.756 0 .009 0.995 13060.0 3.4581 + 

M logy = 1.012 l o g s  - 0.712 0.039 0.939 682.8 0.3033 ns I 
F logy - 1.017 l o w  - 0.718 0.033 0.947 922.7 0.5113 ns  I 

Dactylus length  M logy = 1.133 l o g s  - 0.895 0.012 0.994 9538.0 11.4318 + 
F logy s 1.090 l o w  - 0.832 0.015 0.992 5266.0 5.9966 * * *  + 

Chela sp ine  he igh t  W logy = 0.114 l o g s  - 0.776 0.0965 0.100 1 . 4  9.1860 * = a  - 
F logy = 2.008 l ogs  - 3.224 0.065 0.943 955.0 15.5136 * '"  + 

Abdominal width M logy - 1 .171  logx - 1.457 0.002 0.979 2944.0 7.9514 nil + 
F logy = 1.765 l o g s  - 2.140 0.051 0.964 1204.0 15.0413 * a 1  + 

Thoracic  width M logy = 0.966 l o g s  - 0 .411  0 .010 0.993 9169.0 3.3377 " a  - 
P logy = 1.002 l o g s  - 0.458 0.012 0.994 7895.0 0.1587 ns I 

L a t e r a l  sp lne s  M logy = 1.047 l a 9 3  - 0.568 0.019 0.978 2802.0 2.3760 * + 
F logy = 1.076 l o g s  - 0 .631  0.042 0.937 649.0  1.8066 ns I 

P l e o p d  length  M logy = 1.330 l o g s  - 1.396 0.030 0 .979 1854.0 10.6857 **. + 
F logy - 1.596 l o g s  - 1.483 0.028 0 .985 3163.0 21.0024 * * a  f 

Chela volume M logy = 3.299 l o g s  - 2 -568 0.040 0.993 6842.0 7.4891 * a *  * 
F logy - 3.148 l o g s  - 2.319 0.028 0.996 13000.0 5.3662 * " *  * 

B .  Rela t i ve  t o  propodus length  ( t )  

Chela width 

Chela depth  

Chela gape 

M logy = 1.116 109 - 0.733 0 .022 0.983 2584.0 5.2711 * * a  + 
F logy = 1.069 l o g s  - 0.661 0.015 0 ,989 4825.0 4.5021 " * a  * 

M logy = 0.949 l o g s  - 0.238 0.038 0.934 631.0  1.342 ns I 
F logy 0.995 l o g s  - 0.286 0.032 0 .951  994.6 0 .134 ns I 

Dactylus length  M logy 1.059 l o w  + 0.364 0.011 0.994 9746.0 5.5111 + 
F logy = 1.064 10'3s + 0.368 0.013 0.993 6641.0 4.9105 * * *  + 

Chela sp ine  he igh t  M logy - 0.089 l o g s  - 0.701 0.091 00.084 1.0 10.0437 * * a  - 
F logy - 1.929 l o g s  - 2.337 0.073 0.926 707.4 12.8065 *a* + 

Chela volume M logy = 3.121 l o w  - 1.053 0.025 0.997 15120.0 4.7735 r r *  + 
F logy = 3.076 l o g s  - 0.975 0.020 0.998 23570.0 3.7972 + 

C .  Re l a t i ve  t o  Abdominal width ( s )  

Pleopod length  M logy = 1.202 l o g s  + 0.201 0.039 0.958 911.2 5.0671 + 
F logy 0.758 log= 9 0.456 0.027 0.944 815.8 9.1334 * * a  + 

D .  Re l a t i ve  t o  t h o r a c i c  width (a) 

Abdominal width M logy = 1.200 l o w  - 0.944 0.024 0.976 2503.0 8.3282 r r x  + 
F logy = 1.740 l o w  - 1.311 0.055 0.958 1012.0 13.5320 r r i  + 

t - baaed on tea txng t h e  s l ope  a g a i n s t  a s tandard  o f  1 ( o r  3 f o r  volume), a = 0.05 
+ - p o s i t i v e  a l lometry ,  I = isometry,  - = negat ive  a l lometry  



was an increase i n  the relat ive proportions of the propodus length, 

the dactylus length, the chela width, the abdomen width and the 

pleopod length i n  both sexes, the chela depth i n  males and the chela 

spine height in females (Fig. 3.11 and Appendix I ) . Abrupt changes 

i n  relative proportions were apparent in  the chela spine height of 

Both sexes and i n  the abdominal width of females. 

3 . 3 . 2  Sex-related differences in  relat ive growth patterns 

A comparison between male and female regression coefficients 

using a paired t- test  revealed 9 characters which were significantly 

different between the sexes: propodus length, dactylus length, 

chela depth, chela width, chela volume, abdominal width, pleopod 

length, thoracic width and chelae spine height. These are 

summarized i n  Table 3,2. From the plots of relative measurements 

versus the reference dimension, several morphological characters 

also varied between sexes in terms of absolute values ( e . g .  l a te ra l  

spine length). These variations, however, were not found t o  be 

significant in the t - tes t ,  

3 . 3 . 3  Relative growth patterns before and a f te r  sexual maturity 

Preliminary analyses of morphological and histological data 

showed differences in the size a t  sexual maturity i n  male and female 

M. Lunarts. Males become sexually mature a t  sizes greater than 43.0 

mm PCW, whereas females became sexually mature a t  sizes greater than 

39.0 mm FCW. The results pertaining t o  the relative growth patterns 

s f  males greater or lesser than 43.0 mm FCW and females greater or 

lesser than 39.0 mm PCW are summarized i n  Table 3.3. 



Figure 3 -10 

The relationship between the relative eye 

distance ( ED/FCW) and the reference 

dimension, carapace width. 

This i s  an example of a plot  showing a 

decrease i n  the relat ive proportions 

with increasing size.  O t h e r  

morphological characters which 

show a similar trend are: 

short carapace width 
carapace length 
thoracic width i n  males 
chela spine height in males 

computer-generated scatterplots of 

the relat ive proportions of these 

characters against carapace width 

are given in Appendix 1. 



FULL C A R A P A C E  WIDTH (FCW).  in mm 



Figure 3 .lf 

The rela t ionship between the  r e l a t i v e  

dackplus length (DL/FCW) and the reference 

dimension, carapace width. 

This is an  example of a p lo t  showing an 

increase i n  t he  r e l a t i ve  proportions 

with increasing s i ze ;  Other 

morphological charackers which 

show a s imilar  trend are:  

propodus length 
chela width 
abdomen width 
pleopod length 
chela depth i n  males 
chela spine height i n  females 

Computer-generated sca t t e rp lo t s  of 

the  r e l a t i ve  proportions of these 

characters against  carapace width 

a re  given i n  Appendix I .  



FULL CARAPACE W I D T H  (FCW) in mm 



Tabbe 3.2 Comparison of male and female a l lometr ic  coe f f i c i en t s  
using a paired t-test. 

Morphological Allomgtric Coefficients pt 
Character Relative to Fcw 

Male Female 

Short carapace width 

Caragace length 

Body depth 

Eye distance 

Propodus length 

Chela width 

Chela depth 

Chela gape 

Dactylus length 

Chela spine height 

ns 

ns 

IIS 

IIS 

* * 

** 

* 

ns 

* 

*** 

Abdominal width 1.1715 1.7650 x *t 

Thoracic width 0.9663 1.0017 * 

Lateral  spine length 1.0472 1.0762 XIS 

Pleopod length 1.3302 1.5962 x st 

Gheba volume 3.2987 3.1482 *** 

P r ns - not s ign i f i can t ly  d i f f e r en t ,  p > 0.05 
* - s ign i f ican t  difference,  p < 0.05 
** = strong s ign i f ican t  difference,  p < 0.01 
* * x  = very strong s ign i f ican t  difference,  p < 8.001 



Table  3 . 3  The a l l o m e t r a c  s t a t u s  of  pre-puberty and pos t -puber ty  phases  of  H .  Lunar ts  

PRE-PUBERTY WST-PUBERTY 

M r p h o l o g x c a l  s e x  A l l o m e t r i c  pf A l l o m e t r i c  Al lometr ic  pT A l l o m e t r i c  
C h a r a c t e r  Coefficient s t a t u s t  C o e f f i c i e n t  s t a t u s f  

A )  R e l a t i v e  t o  c a r a p a c e  width 

Shor t  c a r a p a c e  width M 0.8782 
F 0.9758 

Carapace l e n g t h  n 0.9559 
F 0.9432 

Body depth  

Eye d i s t a n c e  

Propodus l e n g t h  M 1.0584 
P 1.0445 

Chela width 

Chela depth  

Chela gape 

Dacty lus  l e n g t h  24 1.0935 
F 1.1048 

Chela s p i n e  h e i g h t  M 0.9532 
F 1.3294 

Abdominal width M 1.2058 
P 1.3305 

Thorac ic  width M 0.9677 
F 1 .0131 

L a t e r a l  s p i n e s  M 1.0146 
F 1.0577 

Pleopod l e n g t h  M 1.4443 
F 1.5704 

Chela volume M 3.1.445 
F 3.1728 

B) R e l a t i v e  t o  propodus l e n g t h  

Chela width 

Chela depth  

Chelae gap@ 

Dacty lus  l e n g t h  M 1.0271 
F 1.0516 

Chela s p i n e  h e i g h t  M 0.9063 
F 1.1976 

Chela volume 

C )  R e l a t i v e  t o  abdomen width 

Pleo* l e n g t h  M 1.4007 
F 0.9588 

D )  R e l a t i v e  t o  t h o r a c i c  width 

Abdominal width M 1.2166 

F 1.2979 

+ : ns not s i g n i f i c a n t ,  p , 0.05 ,  = p < 0.05 ,  ** P < 0 . 0 1 ,  "Ir = P < 0.001.  

t : based on t e s t i n g  t h e  s l o p e  a g a i n s t  a s t a n d a r d  of 1 ( o r  3 f o r  volume), a - 0.05 
+ - p o s i t i v e  a l lometry .  I - i sometry ,  - = negat ive  a l l o m t r y  



There are nine possible combinations of growth patterns before 

and a f te r  sexual maturity which may reflect  the following growth 

conditions: 

1) absence of any change i n  the type of relative growth pattern 

before and afker sexual maturity, 

2 )  a change i n  the relative growth pattern of the character a f te r  

maturity, with a decrease in the relative growth rate,  and 

3 )  a change in the relative growth pattern af ter  sexual maturity, 

w i t h  an increase in  the relative growth ra te .  

A summary of morphological characters demonstrating these 

combinations s f  growth patterns is  given in Table 3.4.  

3 . 3 . 4  Sexual dimorphism 

Although the individuals of both sexes of M. tunarts appeared 

very similar in the f ie ld ,  several morphological differences were 

apparent upon detailed examination. The female abdomen is wider 

than that  06 the male, w i t h  the width becoming more pronounced w i t h  

increasing size.  Likewise, the f i r s t  chelae spine on the propodus 

becomes more prominent with increasing size i n  females whereas it 

becomes reduced i n  males. A ribbing on the dorsal aspect of the 

dactylus is present in  large males but absent i n  smaller males and 

a l l  females, 

A comparissn of the allometric s t a t i s t i c s  of male and female 

M. tunarts have shown the following differences (from Tables 3 . 1 ,  

3-2, 3 . 3  and 3 .4 ) :  

1) The propodus is relatively longer and larger i n  males than i n  

females. Both sexes show positive allometry in a l l  chelae 



Table 3 .4  Relat ive  growth p a t t e r n s  of  both sexes  before  and a f t e r  sexual  matur i ty ,  
showing t h e  d i f f e r e n t  grovth combinations. 

Re la t ive  Growth Pa t t e rn  Signif icance nosphological Characters  

PRE-PUBERTY POST-PUBERTY WdJ2 I'EHuE 

I Type of  r e l a t i v e  growth Body depth La te ra l  spine length 
p a t t e r n  remains cons tan t .  Thoracic width Thoracic width 
No change a t  t h e  onset  Chela gape Chela gape 
of  matur i ty .  Chela gape* Chela gapen 

Dactylus length* 
Chela depth* 
che la  volume* 

Type of  r e l a t i v e  growth Carapace length 
p a t t e r n  remains cons tan t .  Eye d i s t ance  
NO change a t  t h e  onse t  Short  carapace length 
of  matur i ty .  

'&pa of r e l a t i v e  growth Propodus length Chela width 
p a t t e r n  remains cons tan t .  Dactylus length Pleopod length 
NO change a t  t h e  onse t  Abdominal width Abdominal width 
of matur i ty .  Chela volume 

Fibdominal width==* 

Type of  r e l a t i v e  growth 
p a t t e r n  changes a t  t h e  
onset  of matur i ty .  
Re la t ive  growth r a t e  
decreases .  

Type of  r e l a t l v e  growth 
p a t t e r n  changes a t  t h e  
onset  o f  matur i ty .  
Relat ive  growth r a t e  
decreases .  

Type of  r e l a t i v e  growth 
p a t t e r n  changes a t  t h e  
onset  of  matur i ty .  
Relat ive  growth r a t e  
decreases .  

Type of  r e l a t i v e  growth 
p a t t e r n  changes a t  t h e  
onset  of  matur i ty  . 
Rela t ive  growth r a t e  
inc reases .  

Type of  r e l a t i v e  growth 
p a t t e r n  changes a t  t h e  
onset  of matur i ty .  
Relat ive  growth r a t e  
incrnasas  . 

Chela sp ine  length carapace length 
Eye d i s t ance  
shore carapace width 
Pleopod lengchu' 

P l e o w  length c h e l a  depth 
che la  width Dactylus length 
Pleopod length** Chela volume 

Bcdy depth 
Chela spine height  
Chela sp ine  height .  
Dactylus length* 
Abdominal widths*' 

Propodus length 

La te ra l  spine length Chela width* 
Chela depth Chela volume* 
Chela width* 

none 

Type of r e l a t i v e  grovth none 
p a t t e r n  changes a t  t h e  
a t  t h e  onset  of matur i ty .  
Relat ive  growth r a t e  
increases .  

none 

none 

I = isometry, .I. - p o s i t i v e  allometry, - = negat ive a l lometry 

= : r e l a t i v e  t o  propodus length,  *+ : r e l a t i v e  t o  abdominal width, **a : r e l a t l v e  t o  tho rac ic  width. 



dimensions before maturity except chela depth in males. At 

the onset of maturity, however, both sexes show differences in 

the growth patterns of all chelae dimensions (Table 3.3). 

Only the propodus length in males continues to exhibit 

positive allometry with the level of the allometric 

coefficient increasing from 1.06 to 1.21. 

2) The dactylus length in both sexes exhibit positive allometry 

before maturity. Upon maturity, the length of the dactylus in 

females becomes isometric whereas in males, it continues to be 

positively allometric. Relative to propodus length, the 

dactylus length in males increases isometrically throughout 

ontogeny whereas in females, it exhibits positive allometry 

before maturity and changes into isometry at maturity. 

3) In terms of absolute measurements, the female abdomen is wider 

than that of the male. Although the abdomen width in both 

sexes show positive allometry before and after maturity, the 

allometric coefficients differ significantly between sexes 

(t = 9.1416, d.f. = 198, p < <  0.001). In addition, the levels 

of allometry increased from 1.33 to 1.93 at maturity in 

females and from 1.29 to 1.23 at maturity in males. In 

relation to the thoracic width, the abdomen width of males 

exhibit positive allometry after maturity whereas females 

exhibit isometry. 

4) Although the thoracic width of both sexes show isometry 

throughout ontogeny, in terms of absolute measurements, males 

tend to have narrower thoracic plates than females. 

5) Apart from the abdomen, the mos-t: striking sexually dimorphic 

character in M. Zunarts is the height of the first chela 



s p i n e .  I n  males, t h e  c h e l a  s p i n e  h e i g h t  is i s o m e t r i c  w i th  

carapace  width and propodus l eng th  b e f o r e  m a t u r i t y .  A t  t h e  

o n s e t  o f  ma tu r i t y ,  however, t h e  c h e l a  s p i n e  becomes markedly 

reduced, e x h i b i t i n g  a v e r y  s t r o n g  nega t ive  a l lome t ry .  I n  

females,  however, t h e  c h e l a  s p i n e  is p o s i t i v e l y  a l l o m e t r i c  

wi th  carapace  width and propodus l eng th  be fo re  m a t u r i t y  and 

becomes i s o m e t r i c  after m a t u r i t y .  

6 )  The male and female pleopods o f  M. Lunarts d i f f e r  i n  form ( F i g .  

3 .4 )  a l though i n  terms of r e l a t i v e  growth, bo th  sexes e x h i b i t  

p o s i t i v e  a l l ome t ry  i n  pleopod l eng th  b e f o r e  ma tu r i t y .  A t  t h e  

o n s e t  o f  ma tu r i t y ,  t h e  pleopod l eng th  i n  females con t inues  t o  

e x h i b i t  p o s i t i v e  a l l ome t rp  whereas i n  males it e x h i b i t s  

. isometry. I n  c o n t r a s t  wi th  the changes i n  t h e  a l l o m e t r i c  

c o e f f i c i e n t s  o f  t h e  abdomen width,  t h e  l e v e l  o f  a l l ome t ry  

dec reases  i n  both  sexes, from 1.57 t o  1.30 a t  m a t u r i t y  i n  - 

females and from 1.44 t o  1.04 i n  males. I n  r e l a t i o n  t o  

abdomen width,  the pleopod l eng th  i n  males e x h i b i t s  i sometry  

after m a t u r i t y  whereas females e x h i b i t s  nega t ive  a l lome t ry .  

3 . 4  Discussion 

3 . 4 . 1  Func t iona l  i n t e r p r e t a t i o n s  

Growth i n  t h e  Crus tacea  is a d iscont inuous  p roces s  because o f  

t h e  r i g i d  exoskele ton .  Like most c rus t aceans ,  c r a b s  o f t e n  undergo 

s u b s t a n t i a l  changes i n  form dur ing  succes s ive  moults .  These changes 

r e s u l t  from t h e  d i f f e r e n c e s  i n  the growth r a t e s  o f  v a r i o u s  p a r t s  of 

t h e  body r e l a t i v e  t o  o t h e r  p a r k s .  This may occur  g r a d u a l l y  ove r  a 

s e r i e s  o f  moults  o r  become apparent  a t  a s i n g l e  moult,  such as t h a t  
> 

between t h e  f i n a l  immature and first mature i n s t a r s .  These changes 



which occur  du r ing  development are r e f e r r e d  t o  as r e l a t i v e  o r  

a l l o m e t r i c  growth ( Har tno l l ,  1982  ) , 

I n  t h i s  s tudy ,  r e l a t i v e  growth i n  M. Luna~ts showed three basic 

p a t t e r n s :  isometry,  p o s i t i v e  a l l ome t ry  and nega t ive  allometry. 

These p a t t e r n s  v a r i e d  between parts o f  t h e  body and between t h e  same 

p a r t s ,  no t  on ly  i n  the two sexes  b u t  a l s o  i n  t h e  d i f f e r e n t  phases  o f  

growth w i t h i n  each sex .  The e x t e n t  o f  t h e s e  v a r i a t i o n s  between 

sexes  and between growth phases  may be i n d i c a t i v e  o f  t h e  f u n c t i o n a l  

role o f  each morphological c h a r a c t e r .  I n  th i s  con tex t ,  t h e r e f o r e ,  

t h e  15 morphological c h a r a c t e r s  may be c l a s s i f i e d  i n t o  t h r e e  groups:  

1) Those c h a r a c t e r s  which e x h i b i t  isometry throughout  ontogeny 

sugges t ing  f u n c t i o n a l  r o l e s  which are independent o f  size, s e x  

o r  s exua l  ma tu r i t y .  

2 )  Those c h a r a c t e r s  which e x h i b i t  a l l ome t ry  sometime du r ing  ontogeny 

b u t  with no marked i n f l e c t i o n  a t  sexua l  ma tu r i t y ,  sugges t ing  

s i ze - r e l a t ed  f u n c t i o n a l  r o l e s  o t h e r  t han  t h a t  o f  reproduct ion .  

3 )  Those c h a r a c t e r s  which exhibit a l lome t ry  du r ing  ontogeny and show 

marked v a r i a t i o n s  a t  t h e  o n s e t  o f  ma tu r i t y ,  sugges t ing  

p o s s i b l e  r o l e s  i n  t h e  r ep roduc t ive  b io logy  o f  t h e  s p e c i e s .  

I n  o r d e r  t o  understand t h e  f u n c t i o n a l  imp l i ca t ions  o f  t h e  

growth p a t t e r n s  o f  morphological c h a r a c t e r s ,  however, it is  

necessary  t o  cons ide r  t h e s e  c h a r a c t e r s  a s  p a r t  o f  f u n c t i o n a l  u n i t s  

r a t h e r  t han  as i s o l a t e d  c h a r a c t e r  states ( H a r t n o l l ,  1974) .  I n  t h i s  

s tudy  t h e r e f o r e ,  t h r e e  f u n c t i o n a l  u n i t s  w e r e  recognized:  1) t h e  

carapace ,  2 )  t h @  c h e l a  and 3 )  t h e  abdomen and i t s  a s s o c i a t e d  

s t r u c t u r e s .  The growth p a t t e r n s  o f  t h e  15 c h a r a c t e r s  s t u d i e d  i n  

M. Zu~asts w i l l  t h e r e f o r e  be d iscussed  i n  r e l a t i o n  t o  t h e s e  



functional units.  

3 . 4 . 1 . 1  The carapace 

I n  t h i s  study, five carapace dimensions have been considered: 

carapace length, distance between eyes, l a te ra l  spine length, short. 

carapace width and body depth. With the exception of the l a te ra l  

spine length i n  females and body depth i n  both sexes, the 

relationships between the reference measurement and the other 

carapace dimensions are allometric i n  both sexes indicating that  the 

rat ios of the dimensions are not constant throughout development. 

There are, however, no discernible discontinuities i n  the growth 

patterns of these dimensions, and no significant differences between 

the sexes have been found. This suggests that  these patterns are 

not related t o  sex or sexual maturity. 

The functional implications of these pattens are unclear, with 

the possible exception of the relative growth of the eye distance 

which appears t o  be related t o  vision. I n  M. Zunarts, the distance 

between the eyes is  negatively allometric i n  both sexes, 6.e. the 

relative distance between the eyes become smaller as the crab grows 

larger. It is l ikely  that  there is a l i m i t  t o  the advantages gained 

by increasing the distance between the eyes i n  a turbid environment 

such as that  inhabited by M. Zunarts. The advantages of better 

resolution with increased distance between the eyes may be achieved 

a t  small sizes. I n  larger crabs, however, these advantages maybe 

outweighed by the disadvantage of consequent structural changes i n  

the nerve complex. Negative allometry appears t o  be advantageous 

whenever isometry or positive allometry diminishes the efficiency of 

an organ or i s  energetically expensive (Hartnsll, 1974) .  A s  the 



growth p a t t e r n  of t h e  d i s t a n c e  between t h e  eyes  i n  M. tunarts i s  

probably r e l a t e d  t o  photorecepkion and v i s u a l  a c u i t y ,  it is  

t h e r e f o r e  u n l i k e l y  t o  be a f f e c t e d  by sex o r  s exua l  ma tu r i t y .  These 

i n t e r p r e t a t i o n s  are t e n t a t i v e  and r e q u i r e  f u r t h e r  i n v e s t i g a t i o n .  A 

similar non-puberty r e l a t e d  decrease  i n  t h e  r e l a t i v e  d i s t a n c e  

between t h e  eyes h a s  a l s o  been recorded i n  3. superbus (Lewis,  1977) 

and i n  Carctnus maenas (Wil l iams & Needham, 1941 ) . 

It is i n t e r e s t i n g  t o  no te  t h a t  t h e  l a t e r a l  s p i n e  l eng th  i n  

males e x h i b i t s  p o s i t i v e  a l l ome t ry  a t  sexua l  m a t u r i t y .  This  may be 

r e l a t e d  t o  t h e  r o l e  played by the m a l e  i n  r ep roduc t ive  behaviour .  

Observat ions o f  t h e  speckmens i n  t h i s  s t u d y  sugges t  t h a t  mating i s  

o f  t h e  msoft-femalew t y p e  (Chapter  5 )  where copula t ion  occu r s  

between a hard-shel led male and a so f t - she l l ed  newly moulted female. 

Hartnola  (1969) has  s t a t e d  t h a t  t h e  advantages of t h i s  t y p e  o f  

mating is t h a t  t h e  hard male i s  able t o  p r o t e c t  t h e  female du r ing  

t h e  vu lne rab le  post-ecdysis  pe r iod .  Th i s ,  however, t r a n s f e r s  

v u l n e r a b i l i t y  t o  t h e  male crab. Longer lateral sp ines ,  i f  used f o r  

p r o t e c t i o n ,  may then  be more important  t o  males than  t o  females at 

t h i s  time, and may account f o r  t h e  p o s i t i v e l y  a l l o m e t r i c  growth o f  

t h e  l a t e r a l  s p i n e s  i n  m a l e  M. tunarts. 

3 . 4 . 1 . 2  The che lae  

I n  brachyurans,  t h e  che l ae  have a v a r i e t y  o f  func t ions .  These 

are used a s  t o o l s  i n  feeding  and i n  behavioura l  p a t t e r n s  such as 

cour t sh ip ,  t e r r i t o r i a l i t y  and maintenance s f  s t a t u s  i n  a h i e r a r c h y  

(Warner, 1977). The e x t e n t  o f  t h e s e  func t ions ,  however, is l a r g e l y  

determined by t h e  s i z e  and shape o f  t h e  che l ae .  I n  behavioura l  

i n t e r a c t i o n s ,  l a r g e  che l ae  would be more advantageous a s  t h e s e  t end  



t o  maximize t h e  apparent  s i z e  o f  t h e  i n d i v i d u a l  t h u s  enab l ing  t h e  

i n d i v i d u a l  t o  appear  formidable (Warner, 1977) .  This  h a s  been 

" 
observed i n  o q p o d i d s  and many semi-terrestrial g r a p s i d s  (Scfione, 

1968 ) . fm a d d i t i o n ,  h e a v i l y  b u i l t  chelae are a l s o  advantageous i n  

f eed ing  a s t h e y  enable crabs such as Cancer pagurus (EbPing ez aL,,  

P964), cabuppa Repat tca (Vermeij,  1982) and s e v e r a l  xanth id  s p e c i e s  

(Warner, 1977 and Z ipse r  & Vemeij, 1978) t o  c r ack  open mollusc 

s h e l l s  . 

Allometr ic  cgzowth o f  t h e  chela is common i n  brachyurans (e.g. 

Aar tno l l ,  1974, Lewis, 1977, Finney 6 Abele, 1981 and P a u l r a j  e t  

a % . ,  1982),  t h e  degree  of  which u s u a l l y  v a r i e s  between sexes  and 

between s p e c i e s .  I n  M. Zunarts ,  a l l  except  one of  t h e  c h e l a  

dimensions e x h i b i t e d  a l l o m e t r i e  growth du r ing  ontogeny. Chela gape 

remained i some t r i c  w i t h  carapace  width whereas propodus l eng th ,  

c h e l a  depth ,  c h e l a  width and d a c t y l u s  l eng th  showed p o s i t i v e  

a l l ome t ry  d u r i n g  ontogeny b u t  w i th  no marked i n f l e c t i o n  a t  t h e  o n s e t  

o f  m a t u r i t y .  The h e i g h t  o f  t h e  f i r s t  c h e l a  s p i n e  i n  females  

exh ib i t ed  s t r o n g  p o s i t i v e  a l l ome t ry  wi th  a marked i n f l e c t i o n  a t  

ma tu r i t y .  There was a s i g n i f i c a n t  d i f f e r e n c e  i n  a l l  t h e  c h e l a  

dimensions between t h e  sexes  al though t h i s  w a s  most no tab le  o n l y  i n  

t h e  c h e l a  s p i n e  h e i g h t .  

The degree o f  v a r i a t i o n  i n  t h e  growth p a t t e r n s  o f  t h e s e  che l ae  

dimensions may be r e l a t e d  t o  t h e  func t ions  o f  t h e  che l ae  i n  t h e  

f eed ing  and reproduct ion  of  M. Zunarts .  The l a c k  of d i s t i n c t  

d i s c o n t i n u i t i e s  i n  t h e  growth p a t t e r n s  o f  propodus l eng th ,  che l ae  

depth ,  che l ae  width and d a c t y l u s  l eng th  a t  t h e  onse t  of  ma tu r i t y ,  

however, sugges t s  t h a t  t h e s e  dimensions a r e  no t  a s soc i a t ed  wi th  



reproduct ion .  These a l l o m e t r i c  d i f f e r e n c e s  are more l i k e l y ,  

t h e r e f o r e ,  t o  b e  r e l a t e d  t o  f eed ing .  

There is a g e n e r a l  i n c r e a s e  i n  a l l  t h e  r e l a t i v e  measurements of 

t h e  c h e l a  d u r i n g  ontogeny and this  is most c l e a r l y  demonstrated i n  

the c h e l a  volume of both m a l e  and female M. Zunarts. The i n c r e a s e  

i n  t h e  c h e l a  volume is p r i m a r i l y  t h e  r e s u l t  o f  an i n c r e a s e  i n  t h e  

width o f  t h e  c h e l a  r e l a t i v e  t o  propodus l eng th  r a t h e r  t han  an  

i n c r e a s e  i n  depth .  This r e s u l t s  i n  a more robus t  c h e l a .  Such a 

c h e l a  is capable  o f  a s t r o n g  c rush ing  a c t i o n  (Warner, 1977). A 

p o s s i b l e  c o r r e l a t i o n  between the a b s o l u t e  f o r c e  o f  t h e  c h e l a  and t h e  

s i z e  o f  t h e  apodeme muscle i n  decapods has  been r epor t ed  (Brown et 

a .  I979 and Warner st at., 1982). I t  is t h e r e f o r e  probable  t h a t  

i n  M. Zunarts, an i n c r e a s e  i n  t h e  r e l a t i v e  width and volume o f  t h e  

c h e l a  may r e s u l t  i n  an i n c r e a s e  i n  t h e  r e l a t i v e  size o f  t h e  apodeme 

muscle w i t h i n  t h e  c h e l a  which may i n  t u r n  markedly i n c r e a s e  its 

s t r e n g t h .  S t u d i e s  i n  the che l iped  biomechanics of  M. tunarts a r e  

needed t o  assess t h i s  p roposa l .  

The d e n t i t i o n  of t h e  c h e l a  o f  M. Zunarts shows v a r i a t i o n s  which 

correspond wi th  the a l l o m e t r i c  change i n  t h e  c h e l a  dimensions. 

Small i n d i v i d u a l s  posses s  r e l a t i v e l y  sharp ,  po in t ed  i n c i s o r - l i k e  

t e e t h  a long  the d a c t y l u s  and t h e  propodus ( F i g .  3 . 1 2 ) .  I n  l a r g e r  

i n d i v i d u a l s ,  t h e  teeth on the d a c t y l u s  are robus t  and appear worn 

and b l u n t .  Sharp ly  too thed  c h e l a  have been a s soc i a t ed  wi th  a 

t e a r i n g  o r  c u t t i n g  a c t i o n  (Warner f Jones,  1976) as i n  t h e  c h e l a  o f  

PaehygPapsus crasstpes (Brown et a%., 1979) and CaZLtnectes saptdus 

(Warner, 1977). I n  c o n t r a s t ,  t h e  robus t  and b l u n t  d e n t i t i o n  o f  t h e  

c h e l a  sugges t s  a c rush ing  a b i l i t y  (Warner & Jones,  1976) a s  i n  t h e  





'strong' or 'master' chela of C. maenas (Elner, 1978), DaZdorfia 

horrtda (Zipser f Vemeij, 1978), Mentppe mercenarta (Brown et at., 

1979) and OvaLtpes punetatus ( D u  Preez, 1984). 

Considering the non-puberty related allometric increase of a l l  

chela dimensions including chela volume and the size-related change 

i n  the chela dentition, there appears t o  be a change i n  the 

mechanical abi l i ty  of the chela from that  of a cutting/tearing 

device in  small individuals t o  a strong crushing device i n  larger 

ones. It is therefore proposed that  the chelae of M. Lunar%s are 

i n i t i a l l y  adapted for tearing and cutting food material and as the 

size of M. Lunarts inereases, become increasingly capable of 

crushing hard or shelled grey items, 

Although the growth patterns of most chela dimensions indicate 

that  the primary function of the chela is related t o  feeding, 

several morphological features of the chela suggest that  a 

reproductive role is also of importance. For example, there i s  

marked sexual dimorphism of the f i r s t  chela spine which appears t o  

be related t o  sexual maturity. In females, the f i r s t  chela spine 

exhibits strong positive allometric growth a t  sizes below 39.0 nun 

FaJ and sh i f t s  t o  isometry a t  sizes above 39.0 mm FCW, w i t h  a marked 

increase i n  the relative height. As females become sexually mature 

a t  sizes above 39.0 mm FCW (Chapter 5 ) ,  th i s  strongly suggests that  

sexual maturity and chela spine height are correlated. The analysis 

of the moult stages of M. Eunarts indicate that  the female puberty 

moult occurs around the 38.0 - 40.0 mm size range (Chapter 6 ) .  

Similar examples sf high positive allometry a t  the prepuberty phase 

and considerable size increases a t  the puberty moult are common i n  



brachyurans ( r ev i ew by H a r t n o l l ,  1982) .  This serves t o  b r i n g  an 

organ t o  a f u n c t i o n a l  s i z e  at  m a t u r i t y  w h i l s t  minimizing t h e  was te  

of r e sou rces  which could have r e s u l t e d  had t h e y  been a t  a l a r g e  size 

i n  t h e  immature i n s t a r s  ( H a r t n o l l ,  1974) .  The p o s i t i v e  a l l ome t ry  of 
with 

t h e  female c h e l a  s p i n e  s t r o n g l y  c o n t r a s t s  t h e  nega t ive  a l l o m e t q  o f  
A 

t h e  male c h e l a  s p i n e .  Th i s  sugges t s  that t h e  s p i n e  p l a y s  a more 

important  r o l e  i n  females  t h a n  i n  males. The func t ion  of  t h e  c h e l a e  

s p i n e  is unc lea r ,  a l though it may be r e l a t e d  t o  t h e  r ep roduc t ive  

behaviour  of M. Zunarts ,  where males t y p i c a l l y  g r a s p  t h e  c h e l a e  o f  

t h e  immature females  du r ing  p recopu la to ry  a t t endance .  I t  i s  

probable  t h a t  t h e  f i r s t  c h e l a  s p i n e  i n  female M. t u n a r t s  

d i s t i n g u i s h e s  a s e x u a l l y  mature female from an  immature one.  Such a 

d i s t i n g u i s h i n g  f e a t u r e  would p reven t  the male from g rasp ing  

unnecessa r i l y  wi th  a female which h a s  presumably a l r e a d y  mated wi th  

ano the r  male. 

Pn a d d i t i o n ,  t h e r e  are two morphological f e a t u r e s  o f  t h e  c h e l a  

which a r e  found on ly  i n  a d u l t  males: a )  a r i b b i n g  on t h e  d o r s a l  

a spec t  of  t h e  d a c t y l u s  ( F i g s .  3 . 2 ,  3.12 ) and b )  t h e  lateral  

migra t ion  o f  t h e  penul t imate  t o o t h  on t h e  propodus ( F i g .  3 .12 ) .  A s  

wi th  t h e  c h e l a  s p i n e  i n  t h e  females,  t h e s e  f e a t u r e s  appear  t o  be 

r e l a t e d  t o  s exua l  m a t u r i t y  a s  t h e s e  a r e  only  p r e s e n t  i n  a d u l t  males .  

The lateral  migra t ion  of  t h e  penul t imate  t o o t h  o f  t h e  propodus i s  

i n t e r p r e t e d  as a means sf accommodating t h e  c h e l a  o f  t h e  female 

d u r i n g  grasp ing ,  wi thout  c rush ing  o r  caus ing  any damage. 

The r i b b i n g  on t h e  doxsa l  a spec t  o f  t h e  d a c t y l u s  of  male 

M. t u n a r t s  has  been p r e v i o u s l y  r e f e r r e d  t o  a s  an accessory  

s t r i d u l a t i n g  organ (Guinot-Dumor-kier & Dumortier, 1960, 1961) .  The 



func t ion  o f  t h e  accessory  s t r i d u l a t i n g  organ i n  M. tunarts i s  

unknown, al though as a male secondary sexua l  c h a r a c t e r i s t i c  

(Guinot-Bumortier & Dumortier, 1960, 1961 and t h i s  s t u d y ) ,  it is 

l i k e l y  t o  have some r o l e  i n  t h e  r ep roduc t ive  b io logy  o f  t h e  species. 

Hilgendorf (1869, i n :  Guinot-Dumortier & Dumortier, P96Q) h a s  

observed l a r g e  male M. tunarts t o  produce a d i f f e r e n t  s t r i d u l a t i n g  

sound us ing  t h e  r i b b i n g  on t h e  dac ty lus .  I n  t h i s  s tudy ,  however, it 

h a s  no t  been observed t o  be used f o r  s t r i d u l a t i o n .  F u r t h e r  

i n v e s t i g a t i o n s  on t h e  behavioura l  basis o f  t h e  acces so ry  

s t r i d u l a t i n g  organ are t h e r e f o r e  recommended. 

Both sexes  posses s  two p a i r s  o f  pr imary s t r i d u l a t i n g  organs  on 

t h e  propodus which rub a g a i n s t  t h e  t u b e r c u l e s  on t h e  pterygostomian 

reg ion  o f  t h e  body. The func t ion  o f  t h i s  s t r i d u l a t i n g  organ i n  

M. Lunarts is a l s o  unknown al though Dumortier (1960) has  suggested 

tkak  it is used t o  produce a p r o t e s t  sound s i m i l a r  t o  t h o s e  made by 

i n s e c t s  i n  response t o  any e x c i t a t i o n  o r  i n  t h e  presence  of  dange r ,  

However, t h e r e  h a s  been no i n d i c a t i o n  o f  t h e  p o t e n t i a l  b e n e f i t s  o f  

t h i s  behaviour .  I n  t h i s  s tudy ,  M. tunarts h a s  been observed t o  

s t r i d u l a t e  i n  a q u a r i a  p a r t i c u l a r l y  when o t h e r  i n d i v i d u a l s  a r e  

encountered.  It is, t h e r e f o r e ,  suggested t h a t  s t r i d u l a t i o n  i n  

M. tunarts may be r e l a t e d  t o  social behaviour ,  f o r  example, spac ing  

between i n d i v i d u a l s ,  i n  ' the t u r b i d  environment o f  t h e  s u r f  zone 

where t h e  e f f i c i e n c y  o f  v i s u a l  s i g n a l s  are reduced. 



3 .4 .1 .3  The abdomen 

The growth patterns of the abdomen and i t s  associated 

structures i n  M a  Euna~ts demostrate true sexual dimorphism. In 

females, the abdomen is broad and exhibits strong positive allometry 

throughout ontageny with a pronounced increase i n  relative width a t  

the onset of maturity. The length of the f i r s t  pleopod also 

increases allometrieally during development although a t  the onset of 

maturity, the level of allometry decreases, I n  males, the abdomen 

is narrow and also exhibits positive allometry throughout ontogeny 

but w i t h  only a sl ight  increase i n  size a t  a t  the onset of maturity. 

The pleopod length is positively allometric before maturity and 

becomes isometric a t  puberty. Both sexes exhibit isometry i n  

thoracic w i d t h  throughout ontogeny. 

Allometry and sexual dimorphism of the abdomen i s  well 

documented i n  brachyuran crabs ( e . g .  Ryan, 1967c, Barnes, 1968, 

Haley, 1973, Hartnoll, 1974, 1982, Finney & Abele, 1980 and Paulraj 

e t  aL,, 1982) .  I n  M. Zunarts, the sexual dimorphism of the abdomen 

appears t o  be related t o  the difference i n  the function of the male 

and female pleopods, In males, the abdomen shows only a sl ight  

degree of positive allometry, presumably as it serves only t o  cover 

and support the pleopods which act as intromittent organs during 

copulation. The positive allometrp of the pleopod before maturity 

serves t o  bring the organ t o  a functional size a t  puberty. However, 

upon maturity, the advantages t o  be gained by a further increase i n  

relat ive length is minimal as it decreases the abi l i ty  of the male 

t o  mate with a wide size range of females (Hartnoll, 1974) .  I n  

M.  tuna~ts, t h i s  may account for the change t o  isometry i n  pleopod 



l eng th  r e l a t i v e  t o  carapace  width and abdominal width a t  t h e  o n s e t  

o f  m a t u r i t y .  

The r e l a t i v e  growth o f  t h e  ahdomen i n  female M. Zuna~ts adhe res  

t o  t h @  gene ra l  brachyuran t r e n d  o f  s t r o n g  p o s i t i v e  a l l ome t ry  

r e l a t i v e  t o  carapace  wid th .  The possess ion  o f  a l a r g e  abdomen a t  

m a t u r i t y  is advantageous as it serves as a cover  t o  facil i tate t h e  

f i x a t i o n  o f  eggs t o  t h e  pleopods and acts as a p r o t e c t i v e  incubatory  

chamber ( H a r t n o l l ,  1974) .  I n  a d d i t i o n ,  a l a r g e r  abdomen i n c r e a s e s  

t h e  c a p a c i t y  f o r  c a r r y i n g  eggs and t h u s  i n c r e a s e s  t h e  p o t e n t i a l  

r ep roduc t ive  f i t n e s s ,  as observed i n  Trapezda ferrugtnea where t h e  

number o f  eggs borne by a female is exponen t i a l l y  r e l a t e d  t o  abdomen 

s i z e  (Finney & Abele, 1980).  

A s  t h e  abdomen can o n l y  func t ion  t o g e t h e r  wi th  t h e  t h o r a c i c  

sternum, any f u r t h e r  d i s p r o p o r t i o n a t e  i n c r e a s e  after m a t u r i t y  would 

reduce t h e  e f f i c i e n c y  o f  t h e  mechanism and would make walking 

d i f f i c u l t  ( H a r t n o l l ,  1982) .  This may account  f o r  t h e  observed 

i sometry  o f  the abdomen width r e l a t i v e  t o  t h o r a c i c  width a t  t h e  

o n s e t  o f  m a t u r i t y  i n  female M. Zunar-ts. A similar t r e n d  h a s  a l s o  

been observed i n  T. ferrugtnea (Finney & Abele, 1980). 

3 .4 .2  General  c o n s i d e r a t i o n s  

Matuta Zunaris is, i n  many ways, a  t y p i c a l  brachyuran i n  i ts  

form and f u n c t i o n .  I t  does ,  however, posses s  s e v e r a l  unique 

morphological f e a t u r e s  which appear  t o  be adapted t o  t h e  s u r f  zone 

environment, t h e s e  inc lude :  1) f o u r  p a i r s  o f  w e l l  developed 

swimming l e g s  wi th  paddle- l ike d a c t y l i  segments which a r e  a l s o  used 

f o r  d igging  i n t o  t h e  substratum ( H a l e ,  1927 and Warner, 1977),  2 )  



f r o n t a l  openings o f  t h e  i n h a l e n t  channel  t o  t h e  g i l l  chamber which 

enab le s  t h e  crab t o  r e s p i r e  when bu r i ed  i n  t h e  substratum ( H a l e ,  

1929), 3 )  a f i n e l y  s p o t t e d  p a t t e r n  on t h e  carapace  which resembles 

t h e  sandy substratum and 4 )  s t r i d u l a t o r p  organs  which may be a means 

o f  communication i n  a t u r b i d  environment.  

The a n a l y s i s  o f  r e l a t i v e  growth p a t t e r n s  and t h e  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  sf t h e  15 morphological c h a r a c t e r s  s e l e c t e d  i n  t h i s  

s tudy ,  have shown v a r i a t i o n s  which appear  t o  be r e l a t e d  t o  s i z e ,  sex 

and sexua l  m a t u r i t y .  Sex-relaked v a r i a t i o n s  w e r e  p r i m a r i l y  found i n  

the r e l a t i v e  growth p a t t e r n s  o f  t h e  abdomen and i ts  a s s o c i a t e d  

s t r u c t u r e s  and i n  some c h e l a  c h a r a c t e r s .  Th i s  r e s u l t s  i n  

cons ide rab le  s exua l  dimorphism. I n  crabs, sexua l  dimorphism 

reflects t h e  d i f f e r e n t  r ep roduc t ive  r o l e s  o f  t h e  two sexes  and 

f a c i l i t a t e s  r ecogn i t i on  o f  t h e  oppos i t e  sex (Warner, 1977). I n  

a q u a t i c  s p e c i e s ,  mating is  p r i m a r i l y  mediated by chemical s i g n a l s ,  

t . e .  pheromones, a l though t h i s  may a l s o  be re in fo rced  by t a c t i l e  

s t i m u l i  ( H a r t n o l l ,  1969). Sexual  r ecogn i t i on  i s  p a r t i c u l a r l y  

important  i n  c r a b s  l i k e  P. c r a s s t p e s  and DottZZa mtc t ryotdes  where 

a g o n i s t i c  behaviour  is o f t e n  used as a basis f o r  c o u r t s h i p  and it is 

necessary  f o r  t h e  male t o  d i s t i n g u i s h  a r e c e p t i v e  female from an  

aggres s ive  male t o  avoid unnecessary antagonism (Bovbjerg, 1960 and 
m 

Schone, 1968). Likewise, t h i s  may be important  i n  M. Lunarts .  A s  

the female pube r ty  moult precedes copu la t ion  i n  M. Lunarts,  it is 

a l s o  important  f o r  t h e  male t o  d i s t i n g u i s h  an immature pre-ecdysic 

female from a mature post-ecdysic  one i n  o r d e r  t o  minimise 

unproduct ive encounters .  This recogn i t i on  may be f a c i l i t a t e d  by t h e  

presence  of  t h e  r e l a t i v e l y  long  c h e l a  s p i n e  i n  mature females. The 

c h e l a  s p i n e  probably m a k e s  g r a sp ing  d i f f i c u l t  f o r  t h e  male as it is 



p r e s e n t  i n  t h e  r eg ion  where the male t y p i c a l l y  g ra sps  the  c h e l a  of 

t h e  female,  The abdomen and its r e l a t e d  s t r u c t u r e s  a r e  no t  d i r e c t l y  

involved i n  c o u r t s h i p  and i n  -this case, sexua l  dimorphism is 

d i r e c t l y  r e l a t e d  to t h e  d i f f e r e n c e s  i n  t h e  func t ion  o f  t h e  

r ep roduc t ive  organs  o f  males and females fo l lowing  t h e  t y p i c a l  

brachyuran p a t t e r n .  

Sexual ly  dimorphic c h a r a c t e r s  and secondary sexua l  

c h a r a c t e r i s t i c s  o f t e n  r e s u l t  i n  taxonomic confusion wi th  male and 

female o r  immature and mature i n d i v i d u a l s  o f  t h e  same s p e c i e s  be ing  

descr ibed  a s  s e p a r a t e  s p e c i e s  o r  subspec ies  (Mayr, 1969) .  I n  

decapod c rus t aceans ,  t h i s  h a s  been r epor t ed  i n  t h e  Porce l l an idae  

( S a n k o l l i ,  1967) and i n  t h e  Por tunidae  (Stephenson, 1967) .  I n  

M. Z u n a ~ t s ,  a d u l t  male and female crabs and immature i n d i v i d u a l s  

have been descr ibed  a s  s e p a r a t e  s p e c i e s .  Miers (1877) desc r ibed  

immature ones a s  M ,  Lunar%s, a d u l t  males a s  M.vtctr5x and a d u l t  

females as M . v t c t r t s  v a r .  ce reb repunc ta t a .  Th i s  confusion r e s u l t e d  

from t h e  use  o f  t h e  number and h e i g h t  o f  chela s p i n e s  as basis f o r  

s p e c i e s  i d e n t i f i c a t i o n .  

S ize- re la ted ,  5 . e .  on togene t i c ,  v a r i a t i o n s  w e r e  found i n  t h e  

r e l a t i v e  growth p a t t e r n s  o f  most o f  t h e  c h e l a  dimensions. Th i s  

r e s u l t s  i n  cons ide rab le  d i f f e r e n c e s  i n  t h e  f u n c t i o n a l  c a p a b i l i t i e s  

o f  the che lae ,  as o u t l i n e d  above. I n  smaller i n d i v i d u a l s ,  t h e  

che l ae  appear  t o  be adapted f o r  t e a r i n g  and c u t t i n g  w h i l s t  i n  l a r g e  

i n d i v i d u a l s ,  t h e  che l ae  appear  t o  be adapted f o r  c rush ing  ( fo l lowing  

the obse rva t ions  o f  Brown et a&. ,  1979 on o t h e r  s p e c i e s  of  decapod 

c r u s t a e e a n s ) .  It is l i k e l y  t h a t  t h e s e  d i f f e r e n c e s  i n  t h e  f u n c t i o n a l  

morphology of  t h e  che l ae  w i l l  i n f luence  t h e  f eed ing  h a b i t s  o f  



M. L u n a ~ t s  and w i l l  t h e r e f o r e  be r e f l e c t e d  i n  t h e  d i e t .  It h a s  been 

suggested t h a t  comparable changes i n  c h e l a  morphology a r e  

r e spons ib l e  f o r  on togene t i c  d i e t a r y  changes i n  C. sap tdus  (Laughl in ,  

1 9 8 % ) .  In o r d e r  t o  assess t h e  r e l a t i o n s h i p  between c h e l a  morphology 

and f eed ing  i n  M e  Zunarts,  it is  t h e r e f o r e  necessary  t o  examine t h e  

composition o f  i ts  n a t u r a l  d i e t .  Th i s  a spec t  w i l l  be considered i n  

Chapter  4. 



cHml?ER FOUR 

Feeding Biology 

There have been very few publ i shed  accounts  on t h e  f eed ing  

b io logy  o f  Matuta Lunarts. Previous  works were limited t o  

behavioura l  obse rva t ions  ( S e i l e r ,  1976) and r eco rds  o f  p r e d a t i o n  

( O z a w a ,  1981).  Both o f  t h e s e  s t u d i e s ,  however, were r e s t r i c t e d  t o  

popu la t ions  i n  Japan. S e i l e r  (1976)  suggested t h a t  M. Lunarts is  a 

he rb ivo re  as it was observed t o  c a t c h  p l a n t  materials brought  by 

incoming waves whereas Ozawa (1981)  reporked M. Lunarts as one of 

t h e  major p r e d a t o r s  o f  Suchtum montbtferum, a marine gas t ropod.  

Apart from t h e s e ,  no th ing  is known o f  t h e  n a t u r a l  d i e t  o f  

M. Zunarts. 

The aim o f  t h i s  s t u d y  is t o  examine t h e  composition o f  t h e  

n a t u r a l  d i e t  of M. Lunarts from Pa l l a r enda  beach, Townsville,  

A u s t r a l i a  w i th  p a r t i c u l a r  a t t e n t i o n  t o  v a r i a t i o n s  i n  t h e  d i e t  du r ing  

ontsgeny . 

4.2 Methods 

M. bunarts was collec-ked from Site 'B' ( P l a t e  2 . 1 )  a t  

Pa l l a r enda  beach on June 17 and J u l y  17, 1984. The crabs were 

caught  u s ing  a 10 m x l m beach s e i n e  n e t  as descr ibed  i n  Chapter  2 .  

The crabs were p l aced  i n  poly thene  bags packed i n  ice immediately 

after c a p t u r e  and were t r a n s f e r r e d  t o  10% s.w. formalin w i th in  two 

hours .  The earapace  was opened t o  ensu re  r ap id  f i x a t i o n  o f  t h e  

stomach> and i ts  c o n t e n t s .  



A t o t a l  o f  a63 c r a b s  were examined. The carapace  width and sex 

of each crab was recorded and t h e  stomach removed. The percentage  

f u l l n e s s  was es t imated  f o r  each stomach. The stomach c o n t e n t s  o f  

a l l  crabs were examined b u t  o n l y  crabs w3th stomachs more than  25% 

f u l l  were used i n  t h e  a n a l y s i s .  W i l l i a m s  (1981,) recommended a 

sample size o f  approximately 3 8  crabs wi th  a t  least 50% g u t  f u l l n e s s  

as adequate  f o r  a d e s c r i p t i o n  o f  n a t u r a l  d i e t  i n  po r tun ids .  I n  t h i s  

s tudy ,  however, stomachs which w e r e  a t  least 25% f u l l  still  

contained most food c a t e g o r i e s  and w e r e  t h e r e f o r e  inc luded .  

I n  M. tuna~ts, mas t i ca t ion  o f  food by t h e  mouthparts and 

g a s t r i c  m i l l  made a c t u a l  counts  and volumetr ic  de te rmina t ions  o f  

food i t e m s  d i f f i c u l t .  Stomach con ten t s  were t h e r e f o r e  analysed 

us ing  percentage  occurrence and pe rcen t  p o i n t s  fo l lowing  Williams 

(1981).  The stomach c o n t e n t s  were examined i n  70% a lcoho l  under an  

Qlympus s tereomicroscope.  The occurrence of each food type was 

recorded and, where p o s s i b l e ,  i d e n t i f i e d  t o  t h e  g e n e r i c  level. I n  

most cases, however, t h e  stomach c o n t e n t s  were t o o  macerated t o  

enable  i d e n t i f i c a t i o n s  beyond major groupings.  I n  t h e  ana lyses  of 

r e s u l t s ,  food i t e m s  w e r e  grouped i n t o  major taxonomic c a t e g o r i e s ,  

e . g .  Crustacea,  Mollusca, e t c .  and were awarded p o i n t s  on a base 2 

l oga r i t hmic  scale ( t e e .  1, 2 ,  4, 8 ,  e t c . )  based on t h e i r  es t imated  

volume, fo l lowing  Williams ( f 981 ) . 

The gene ra l  composition sf t h e  n a t u r a l  d i e t  was examined based 

on t h e  d i e t  o f  a l l  i n d i v i d u a l s  i n  t h e  sample. I n  a d d i t i o n ,  c r a b s  

w e r e  grouped i n t o  5 mm f u l l  carapace  width (PCM) s i z e  c l a s s e s  i n  

o r d e r  t o  assess on togene t i c  changes i n  t h e  d i e t .  The fo l lowing  

v a r i a b l e s  were c a l c u l a t e d  f o r  the whole sample and each s i z e  c l a s s ,  



following the equations given by Williams (1981): 

1) Percent occurrence of each food category: 

bw 
% occurrence of food category I % @  = --- x 100 

"1 

where b is the number s f  crabs i n  size class 'g" with 

stomachs containing food category ' i f ,  and n is  the t o t a l  

number of crabs with ,258 fullness i n  size class 'j'. 

2 )  Percent point score of each food category: 

cat j  
% points of food category 2  = -- x 100 

where a is the number s f  points awarded t o  food category ' 2 '  

in  size class ' and A j  is the t o t a l  number of points 

awarded t o  a l l  food categories i n  a l l  crabs i n  size class 

3 )  Percent occurrence of specific food items under the most 

common food category: 

=mj 
% occurrence of specific food item 'm' = - x 100 

=tj 

where c is the number of crabs i n  size class ' j '  with 

stomachs containing the specific food i t e m  'm', and b is the 

number of crabs i n  size class ' j' with stomachs containing 

food category ' % '  which includes the food item 'm' . 



The mean number o f  food c a t e g o r i e s  found i n  stomachs o f  va ry ing  

degrees  o f  f u l l n e s s  is summarized i n  Table 4.1.  There were no 

no tab le  d i f f e r e n c e  i n  t h e  mean number o f  food c a t e g o r i e s  i n  stomachs 

which w e r e  g r e a t e r  t han  25% f u l l .  O f  the 163 crabs examined, 131 

crabs had a stomach f u l l n e s s  g r e a t e r  t han  25% and were t h e r e f o r e  

used i n  t h e  ana lyses .  Stomach c o n t e n t s  were typically f i n e l y  

fragmented and t h e  i d e n t i f i c a t i o n  o f  most food c a t e g o r i e s  w e r e  based 

on remnants found i n  t h e  stomach. B r i e f  d e s c r i p t i o n s  o f  t h e  types 

o f  remnants used t o  i d e n t i f y  each food ca t egory  are given i n  Table 

4 . 2 .  

4 . 3 . l  D i e t  Composition 

The d i e t  o f  M ,  tunarts is composed mainly o f  c rus t aceans ,  

molluscs ,  sand and u n i d e n t i f i e d  o rgan ic  matter. F i sh ,  a l g a e  and 

s e a g r a s s  remnants were a l s o  found i n  t h e  stomach c o n t e n t s  b u t  t h e s e  

were o f  minor importance (Table  4 .3a)  wi th  p a r t i c u l a r l y  low 

percentage  p o i n t  s c o r e s .  O f  t h e  f o u r  main food c a t e g o r i e s ,  

Crustacea had both a h igh  frequency o f  occurrence and a h igh  

percentage  p o i n t  s c o r e  (Table  4 . 3 a )  wi th  anomurans and s e r g e s t i d s  

be ing  t h e  predominant taxa (Table  4 .3b ) .  Mollusca a l s o  had h igh  

frequency o f  occurrence and percentage  p o i n t  s c o r e  (Table  4 .3a )  wi th  

t h e  most common taxa be ing  t h e  b i v a l v e s  (Table  4 .3b) .  A l i s t  of 

t h o s e  food i tems  i d e n t i f i a b l e  t o  t h e  g e n e r i c  o r  s p e c i e s  level i s  

given i n  T a b l e  4 .4.  Unident i f ied  o rgan ic  matter a l s o  occurred 

f r e q u e n t l y  i n  t h e  d i e t  and had a r e l a t i v e l y  h igh  percentage  p o i n t  

s c o r e  al though it is thought  t o  be o f t e n  o f  molluscan o r i g i n ,  -6.e. 

t h e  s o f t  bod ie s  o f  t h e  b i v a l v e s  which w e r e  scored under t h e  Mollusca 



T a b l e  4.1 The d i s t r i b u t i o n  o f  % stomach f u l l n e s s  i n  t h e  
sample p o p u l a t i ~ n .  

% stomach f u l l n e s s  no. o f  crabs mean number o f  S .E .  
food c a t e g o r i e s  

T o t a l  no. o f  i n d i v i d u a l s  = 163 

Table 4.2  A d e s c r i p t i o n  o f  food c a t e g o r i e s  based on t h e  t y p e s  o f  
remnants found i n  the stomach c o n t e n t s  o f  M. Zunar-Ls. 

Food Category Type o f  remnants 

Brachyura P i e c e s  o f  carapace  and v a r i o u s  appendages 
Paguridae H e r m i t  crab cephalothorax,  t e l s o n ,  uropods 

and v a r i o u s  appendages 
Penaeidae P i e c e s  o f  carapace, antennae and eyes 
Se rges t idae  Whole bodies ,  head and appendages 
Copepoda/Amphipoda Whole bod ie s  

B iva lv i a  
Gaatropoda 

Crushed p i e c e s  o f  shell 
Opercula and p i e c e s  o f  s h e l l  

TEXOSTEI Scales and bones 

ALGAE Small f i l amen t s  and groups o f  cells 

SEAGRASS Small p i e c e s  o f  leaf b l a d e  

SAND 
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T a b l e  4 . 3 a  A sunnnarg of the d i e t  composition of M. Zunarts. 

F o o d  C a t e g o r y  % occurrence % point score 

CRUS'PACEA 71.7 3 4 . 8  

MOUUSCA 66.4 29.6  

TELEQSTEP 3.8 0.9 

ALGAE 22.9 1.9 

SEAGRASS 11.4 0.7 

SAND 76.3 1 3 . 8  

ORGANIC DEBRIS 54.9 18.1 

T a b l e  4 . 3 b  D e t a i l s  of the  c o m p o s i t i o n  of t h e  t w o  most important 
food categories i n  the  d ie t  of M. Zunarts. 

- -- - - 

F o o d  C a t e g o r y  % occurrence 

- - -- - - 

C r u s t a c e a  

P a g u r i d a e  

sergestidae 

P e n a e i d a e  

B r a c h y u r a  

Copepoda/Amph 

Mollusea 

B i v a l v i a  

Gastropods 



Tab le  4.4 A summary of the spcies identifications of several 
food categories in the diet of M. tunarts. 

Paguridae 

Btsgenes sp. 

Penaeus sp. 

Baachyura 

' EZectPoma sp. 
TeZZtna austraZts 
Mactra sp. 
Bostnta sp. 
LatePnuZa sp. 

rsanda coronata 

ALGAE 

Rhodophyta 



food category based on their shell remnants. In this study, sand 

had the highest frequency sf occurrence but had a limited percentage 

point score. 

4.3.2 Variation with sex 

Preliminary analyses sf stomach contents showed no apparent 

differences in the diet composition between male and female 

M ,  tunarts as all food categories were found in the stomach contents 

of both sexes in comparable frequencies. Feeding data from both 

sexes were therefore pooled in the subsequent analyses. 

4.3.3 Ontogenetic variation 

Most food categories were found in all size classes except for 

the teleosts and seagrass (Pig 4.1). Crustacea occurred with high 

frequency and with consistently high percentage point scores 

throughout the size range, with the exception of a slight decrease 

between 40,O and 60.0 m FCW. Mollusca were consistently present 

throughout the size range with a higher frequency of occurrence and 

percentage point scores in larger size classes. Algae were found in 

consistently low frequencies and with a very low percentage point 

score in all size classes. Sand occurred in high frequencies 

throughout the size range but with relatively low percentage point 

scores. Unidentified organic matter was found in all size classes. 

Higher frequencies of occurrence were recorded in the larger size 

classes but percentage point scores were consistently low. The 

frequency of occurrence of teleosts in the diet was very low as it 

was found only in 4 out of 131 stomach contents analysed in this 

study. Seagrass was only recorded in the stomach contents of 



Figure 4.1 

The diet composition of M. Zunar%s in 5-mm size 

classes, expressed as percent occurrence (bars) and 

percent points ( dots ) for each food category. 
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several intermediate-sized individuals with low frequencies of 

occurrence and v e q  low percentage point scores. 

Analyses sf the crustacean food items has shown changes in the 

frequencies of occurrence of certain taxa with size. Sergestid 

shrimps occurred at higher frequencies in the stomach contents of 

the smaller size classes whilst hermit crabs occurred at higher 

frequencies in the larger size classes (Fig 4.2). A similar trend 

was found in the occurrence of less common taxa, with harpacticoid 

copepods and gammarid amphipods being recorded mainly from the 

stomach contents of the smaller crabs whilst brachyurans and penaeid 

prawns were found more frequently in larger crabs. 

There appears to be a gradual size-related increase in the 

frequency of occurrence and relative importance based on percentage 

point scores of Mollusca in the diet. Throughout the size range, 

the main molluscan taxa recorded were the bivalves although there 

appeared to be some change in the species composition between size 

classes (Fig. 4 , 3 ) .  Gastropods were found only in the stomach 

contents of larger size classes. Some gastropod remnants may have 

been the result of predation on hermit crabs, although the presence 

of opercula suggest that gastropods per se were ingested. 

4.4 Discussion 

There is no generally accepted methodology for assessing the 

diet sf braehyusan crabs. The most common methods used in the 

analyses of stomach contents have included percentage occurrence 

(Hill, 1996, 1979, Pate% et aL., 1979, Paul et at., 1979, Paul, 1981 

and Williams, 1982), percentage points (Hartnoll, 1963 and W%Pliams, 
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D e t a i l s  o f  t h e  molluscan component i n  t h e  d i e t  of 

M .  Zunarts during ontogeny, expressed as t h e  

p r e e n t  occurrence o f  s p e c i f i c  food i t e m s .  
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1981) and g rav ime t r i c  ana lyses  (Pau l ,  1981 and Laughlin,  1982) .  

F ine  fragmentat ion o f  food i t e m s  as a r e s u l t  o f  mas t i ca t ion  by t h e  

mouth parts and g a s t r i c  m i l l  and t h e  r e j e c t i o n  o f  some hard parts 

p r i o r  t o  i n g e s t i o n ,  i n  most cases, m a k e  numerical and volumetr ic  

d e t e m i n a t i o n s  d i f f i c u l t  (Wil l iams,  1981).  I n  t h i s  s tudy ,  t h e  

relatively small stomachs o f  M. Zunarts and t h e  f i n e l y  fragmented 

n a t u r e  o f  t h e  stomach c o n t e n t s  precluded any  a c c u r a t e  g rav ime t r i c ,  

vo lumetr ic  and numerical ana lyses .  Analyses were t h e r e f o r e  based on 

t h e  occurr rence  and p o i n t  methods. 

The p o i n t s  method reflects t h e  relative importance o f  food 

i tems  based on t h e i r  es t imated  volumes b u t  it t e n d s  t o  underes t imate  

food i t e m s  pos ses s ing  soft p a r t s  which a r e  o f t e n  unrecognizable  

after i n g e s t i o n ,  e.g. l a r g e  b i v a l v e s  wi thout  t h e i r  s h e l l s  ( W i l l i a m s ,  

1981).  The occurrence method reflects t h e  frequency o f  i n c l u s i o n  o f  

a food i t e m  i n  t h e  d i e t  b u t  it t e n d s  t o  ove res t ima te  t h e  importance 

o f  items o c c u r r i n g  r e g u l a r l y  b u t  o n l y  i n  small q u a n t i t i e s ,  e . g .  

sand.  The problems and advantages o f  the occurrence and p o i n t  

methods and o t h e r  techniques  have been d iscussed  i n  d e t a i l  by Hynes 

( 1950) and Hyslop (1980) and b r i e f l y  by Chr is tensen  (1978 ) based on 

t h e  ana lyses  o f  t h e  d i e t  o f  fishes, and by Williams (1981) based on 

t h e  ana lyses  o f  t h e  d i e t  o f  po r tun id  c rabs .  However, d e s p i t e  t h e  

problems o f  t h e  occurrence and p o i n t s  methods, when used i n  

combination, both methods do reflect t h e  r e l a t i v e  importance o f  t h e  

food i t e m s  i n  t h e  d i e t  wi th  t h e  more important  ones b e i n g  inges t ed  

more f r e q u e n t l y  and i n  g r e a t e r  q u a n t i t i e s .  



The ana lyses  o f  t h e  stomach c o n t e n t s  o f  M. Lunarfs i n d i c a t e  

t h a t  it is almost  e x c l u s i v e l y  carn ivorous  wi th  c rus t aceans  and 

mol2uscs r e p r e s e n t i n g  t h e  major  c o n s t i t u e n t s  o f  its n a t u r a l  d i e t .  

O f  the 13% crabs used i n  t h e  a n a l y s i s ,  93 (71,7%) i n d i v i d u a l s  had 

e i t h e r  s e r g e s t i d  shrimps o r  he rmi t  crabs i n  t h e  stomach c o n t e n t s ,  

and i n  sma2ler q u a n t i t i e s ,  cepepods, penaeid prawns and brachyuran , 

c r a b s .  Cannibalism o f  small i n d i v i d u a l s  was recorded on ly  i n  t h r e e  

specimens. Unlike CatLinectes saptdus (Laughlin,  1982),  CaZLtnectes 

arcu~tus and CaLLtnectes tozotes (Pau l ,  1981),  M. Lunaris does  n o t  

consume i t s  own exuviae after a moult, 22 moults  having  been 

observed i n  c a p t i v i t y  and exuviae  are p r e s e n t  i n  t h e  i n t e r t i d a l  

r eg ion .  The stomach c o n t e n t s  o f  87 (66.4%) i n d i v i d u a l s  a l s o  

contained mol%usc remains which cons i s t ed  mainly o f  s e v e r a l  b i v a l v e  

s p e c i e s .  Gastropods formed o n l y  a s m a l l  p ropor t ion  o f  the d i e t  of 

M. tunaa~ts b u t t h e i r i n c l u s i o n  is c o n s i s t e n t  wi th  t h e  obse rva t ions  o f  

Ozawa (1981) who r e p o r t s  M. Lunarts as a major p r e d a t o r  o f  Suchtum 

msntZtferurn, a marine gastropod i n  Japan.  The c rus t acean  and 

molluscan components o f  t h e  d i e t  were probably  t h e  r e s u l t  o f  

p reda t ion  as t h e s e  food i t e m s  were abundant i n  t h e  sampling area and 

c o n s i s t e n t l y  occurred i n  t h e  d i e t .  

Remains o f  l a r g e  and fast-moving organisms such a s  f i s h  and 

penaeid prawns were uncommon i n  t h e  stomach c o n t e n t s  o f  M. Lunarts. 

Thi s  sugges t  that M. tunarts is  no t  a p r e d a t o r  o f  h i g h l y  mobile 

organisms. C r a b s  rnaantafned i n  a q u a r i a  t o g e t h e r  wi th  l i v e  f i s h  and 

prawns d i d  n o t  attempt t o  ca t ch  them al though i n  s e v e r a l  i n s t a n c e s ,  

weak and i n j u r e d  f i s h e s  w e r e  immediately caught  and e a t e n .  The 

r e s u l t s  o f  t h i s  s tudy  i n d i c a t e s  t h a t  w h i l s t  M. tunarts is  capable  of 

k i l l i n g  we& and i n j u r e d  f i s h ,  t h e  t e l e o s t  and penaeid components i n  



i t s  d i e t  are probably  obta ined  from scavenging on dead f i s h  and 

prawns which are o c c a s s i o n a l l y  washed up i n  the s u r f  zone. Similar 

obse rva t ions  have been found i n  o t h e r  brachyurans such as ScyZZa 

serPata ( H i l l ,  1976 ), C. areuatus ( P a u l ,  1 9 8 l ) ,  and j u v e n i l e  

Psrtunus petagteus (Wil l iams,  1982) and C. saptdus (Laughlin,  1982) .  

P l a n t  materials, t.e. a l g a e  and s e a g r a s s  were n o t  f r e q u e n t l y  

found i n  the stomach c o n t e n t s  and when found, o n l y  occurred i n  s m a l l  

q u a n t i t i e s .  Although Seiler (1976)  observed M. Zunarts e a t i n g  p l a n t  

m a t e r i a l s ,  it is n o t  known whether M. Zunarts s e l e c t i v e l y  feeds on 

p l a n t  material o r  it is merely feeding  on t h e  ep iphy te s  a s s o c i a t e d  

wi th  t h e  p l a n t ,  e .g .  some b i v a l v e s .  Accidenta l  i n g e s t i o n  o f  p l a n t s  

h a s  been r epor t ed  i n  o t h e r  carn ivorous  c rabs ,  i nc lud ing  C. arcuatus 

( P a u l ,  1981) and P. petagteus (Wil l iams,  1982) .  I t  is probable  t h a t  

p l a n t  materials are no t  s e l e c t i v e l y  e a t e n  b u t  are a c c i d e n t a l l y  

i nges t ed  wi th  o t h e r  food items. It remains t o  be e s t a b l i s h e d  

whether M. Lunarts can d i g e s t  p l a n t  material. The low frequency o f  

occurrence o f  p l a n t  materials sugges t s  t h a t  p l a n t s  were o n l y  o f  

l i m i t e d  importance i n  t h e  d i e t  o f  M. Lunarts. 

small q u a n t i t i e s  o f  sand are f r e q u e n t l y  found i n  the stomach 

c o n t e n t s  o f  M. Lunarts. It is probable  t h a t  t h e  presence  o f  sand i n  

t h e  stomach c o n t e n t s  is the r e s u l t  o f  i n c i d e n t a l  i n g e s t i o n  of  sand 

du r ing  feeding  wi th  its r e l a t i v e  importance b e i n g  overes t imated  by  

t h e  occurrence method, U t i l i z a t i o n  of  the o rgan ic  matter found on 

sand g r a i n s  a s  observed i n  many b e n t h i c  c rus t aceans  i n c l u d i n g  

b r a c h p r a n s  (Graham@, 1983), however, is thought  t o  be u n l i k e l y  i n  

M, Lunarts. S o f t ,  newly-moulted i n d i v i d u a l s  o f  S. serrata ( H i l l ,  

1976) and P. petagtcus (Wil l iams,  1982) have been r epor t ed  t o  i n g e s t  



sand and ca l ca reous  p a r t i c l e s  i n  t h e  early post-moult c o n d i t i o n  

probably as a sou rce  o f  calcium f o r  hardening  o f  the new 

exoskeleton.  I n  t h i s  s tudy ,  hswemr,  no newly-moulted i n d i v i d u a l s  

were included i n  t h e  ana lyses  as a l l  t h e i r  stomachs were i n v a r i a b l y  

less than  25% f u l l .  

These obse rva t ions  on t h e  n a t u r a l  d i e t  o f  M. Zunarts sugges t  

that  it is p r i m a r i l y  a c%mivorous p r e d a t o r  of  c rus t aceans  and 

molluscs .  The rare occurrence  o f  l a r g e ,  fast-moving organisms 

sugges t s  t h a t  it is a l s o  a f a c u l t a t i v e  scavenger .  Sand and a l g a e  

are o f  l i m i t e d  s i g n i f i c a n c e  i n  t h e  d i e t  and are probably o n l y  

a c c i d e n t a l l y  i nges t ed  du r ing  f eed ing .  

The d ie t  o f  M. Zune~ts changes cons ide rab ly  du r ing  ontogeny. 

Although a l l  major food c a t e g o r i e s  w e r e  p r e s e n t  i n  t h e  stomach 

c o n t e n t s  o f  a l l  size classes, t h e r e  w e r e  marked changes i n  t h e i r  

p ropor t ions  and i n  t h e  taxa which comprised t h e s e  c a t e g o r i e s .  

Smaller i n d i v i d u a l s  tended t o  feed  predominant ly on s e r g e s t i d  

shrimps and copepods, whereas l a r g e r  i n d i e d u a l s  fed p r i m a r i l y  on 

hermi t  crabs, brachyurans and penaeid prawns. Biva lves  and 

gas t ropods  were a l s o  consumed i n  h i g h e r  f r equenc ie s  by l a r g e r  

i n d i v i d u a l s  t han  small i n d i v i d u a l s  w i th  t h e  s p e c i e s  composition o f  

b i v a l v e s  i n  t h e  d i e t  becoming more v a r i e d  i n  t h e  l a r g e r  size , 

c l a s s e s .  These d i e t a r y  changes sugges t  t h a t  t h e  feeding  s t r a t e g y  o f  

M. tunarts changes from t h a t  o f  a p r e d a t o r  o f  s m a l l  e p i b e n t h i c  

i n v e r t e b r a t e s  a t  s m a l l  sizes t o  t h a t  o f  a p r e d a t o r  o f  sessile o r  

slow-moving s p e c i e s  a t  l a r g e  sizes. M. Lunarts is a l s o  a 

f a c u l t a t i v e  scavenger  throughout  ontogeny. 



Ontogenet ic  changes i n  t h e  d i e t  have also been r epor t ed  i n  

o t h e r  b rachprams ,  i n c l u d i n g  C a ~ e t n u s  meenas (Ropes, 1968),  

e. sap tdus  (Laughlin,  1982),  C. a r c u e t u s  and C .  t o z o t e s  ( P a u l ,  

19811, and i n  o t h e r  o r g a n i s m  inc lud ing  f i s h  (Helfman, 1978) and 

amphibians ( C h r i s t i a n ,  1982) .  S e v e r a l  f a c t o r s  may l e a d  t o  changes 

i n  t h e  d i e t  du r ing  ontogenye F i r s t l y ,  l i f e  h i s t o r y  cycles may place 

c e r t a i n  s i z e  c l a s s e s  i n  d i f f e r e n t  h a b i t a t s  wi th  d i f f e r e n t  a v a i l a b l e  

food i t e m s .  An example s f  t h i s  i s  P. pezagtcus,  where s m a l l  

i n d i v i d u a l s  l i v e  i n  t h e  i n t e r t i d a l  reg ion  b u t  l a r g e r  i n d i v i d u a l s  

l i v e  i n  t h e  s u b t i d a l  reg ion  (Wil l iams,  1982) .  However, t h i s  w a s  n o t  

observed i n  M. Lunmts  as a l l  size classes are p r e s e n t  i n  t h e  s u r f  

zone a t  a l l  times o f  t h e  y e a r  (Chapter  7 ) .  Secondly, on togene t i c  

changes i n  t h e  f u n c t i o n a l  morphology o f  t h e  f eed ing  appara tus  have 

been found t o  affect t h e  f eed ing  h a b i t s  o f  s e v e r a l  organisms 

i n c l u d i n g  C. saptdua (Laughlin,  1982) and some s p e c i e s  of f i s h  

( S t o n e r  & Livings ton ,  1984).  I n  M. Lunarts ,  s e v e r a l  non-puberty 

r e l a t e d  on togene t i c  changes have been found i n  t h e  r e l a t i v e  growth 

p a t t e n s  o f  t h e  che l ae .  These changes alter t h e  f u n c t i o n a l  abilities 

o f  t h e  che l ae  and are l i k e l y  t o  i n f l u e n c e  t h e  f eed ing  b io logy  o f  

crabs i n  v a r i o u s  size c l a s s e s .  A t  s m a l l  sizes, t h e  c h e l a e  o f  

M. Lunerts  are adapted f o r  t e a r i n g  and c u t t i n g  food, whereas a t  

l a r g e r  sizes, t h e  che l ae  are adapted f o r  c rush ing  (Chapter  3 ) .  The 

o n t s g e n e t i c  change i n  the d i e t  composition s t r o n g l y  c o r r e l a t e s  wi th  

these f u n c t i o n a l  changes, wi th  s m a l l  and relatively s o f t  c r u s t a c e a n s  

be ing  fed upon by small i n d i v i d u a l s ,  and slow-moving s h e l l e d  p r e y  

be ing  fed  upon by l a r g e  i n d i v i d u a l s .  similar d i e t a r y  

c h a r a c t e r i s t i c s  which are r e l a t e d  t o  che l ae  func t ion  have been skowm 

i n  C. maenas ( E l n e r ,  1978) and C. s ap tdus  (Blundon & Kennedy, 1982) .  



Tke d i e t  o f  M a  Lunasts  t h e r e f o r e  appears  t o  be dependent upon t h e  

f u n c t i o n a l  a b i l i t y  o f  t h e  c h e l a  a t  a given size. 

Overa l l ,  i n  terms s f  its d i e t a r y  composition, M. Lunerts  is a 

t y p i c a l  ca l app id ,  w i th  t h e  major food i tems  i n  its d i e t  c o n s i s t i n g  

o f  v a r i o u s  c rus t aceans  and molluscs .  I n  t h e  t r o p i c s ,  ca l app ids ,  

p a r t i c u l a r l y  t h o s e  i n  t h e  genus CaLappa, are w e l l  known as h i g h l y  

s p e c i a l i z e d  p r e d a t o r s  of hemit crabs and gas t ropods  (Shoup, 1968, 

Reese, 1969, McLean 6 Mariscal, 1973, Miller, 1975, Z ipse r  6 

Vermeij, 1978 and Vermeij, 1982) .  CaLappa spp, possess a h i g h l y  

modified c h e l a ,  wi th  a large t o o t h  a t  t h e  base o f  t h e  d a c t y l u s  which 

enab le s  t h e  c r a b  t o  c rush  mollusc s h e l l s  (Shoup, 1968). However, 

u n l i k e  CaLappa spg., M. t u n a r t s  h a s  a less s p e c i a l i s e d  c h e l a  form 

which lacks t h i s  s p e c i a l i s e d  t o o t h .  Th i s  sugges t s  t h a t  i n  terms o f  

feeding ,  M. Zunarts is less s p e c i a l i s e d .  

As a p r e d a t o r  o f  slow-moving b e n t h i c  i n v e r t e b r a t e s ,  M. Lunarts  

may i n f l u e n c e  t h e  abundance and d i s t r i b u t i o n  o f  its p r e y  i tems .  The 

r o l e  o f  brachyurans i n  t h e  r e g u l a t i o n  o f  p r e y  popu la t ions  h a s  been 

noted i n  s e v e r a l  o t h e r  species f o r  i n s t ance :  Cancer pagurus,  

Portunus pubeP, C. maenas (Ki t ch ing ,  e t  a t . ,  1959 and Muntz, e t  a h . ,  

P965), C. s ap tdus  ( V i r n s t e i n ,  1977) and Panopeus h e r b s t t t  (Seed,  

1980). The numerical abundance o f  M a  Zunarts  i n  t h e  s u r f  zone and 

i ts  carn ivorous  d i e t  t h e r e f o r e  sugges t  that M. t u n a r t s  is likely t o  

p l a y  an important  r o l e  i n  t h e  ecology o f  t r o p i c a l  sandy sho res .  
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