
CBAPTER FIVE 

Reprseluctive Biology 

5 . 1  In t roduc t ion  

S t u d i e s  on t h e  r ep roduc t ive  biology- o f  decapod c rus t aceans  a r e  

w e l l  documented, p a r t i c u l a r l y  i n  Brachyurams. Seve ra l  methods have 

been used t o  d e f i n e  t h e  r ep roduc t ive  cycle i n  c r a b s  inc lud ing  gonad 

i n d i c e s  ( e . g .  Boolootian e t  a t . ,  1959 and Du Preez  & MacLachlan, 

1984c ), inc idence  o f  ov igerous  females  ( e . g .  F i e l d i n g  f H a l e y ,  1976, 

P i l l a y  & Ono, 1978 and Jones,  1980)  and h i s t o l o g i c a l  examination o f  

t h e  gonads ( e . g .  Har tno l l ,  1972, Haefner, 1976, 1977, Gemmell, 1979 

and Simon & Jones ,  1981) .  The gene ra l  a p p l i c a t i o n s  o f  t h e s e  methods 

on i n v e r t e b r a t e  reproduct ion  have been reviewed by G i e s e  6 Pea r se  

(1974)  and Grant & Tyler (1983~1, b ) ,  w h i l s t  t h e  e c o l o g i c a l  aspects 

of c rus t acean  reproduct ion  w e r e  reviewed by Sastry (1983) .  

Despi te  t h e  abundance o f  l i t e r a t u r e  on b r a c h p r a n  reproduct ion ,  

there have been v e r y  f e w  publ i shed  accounts  on t h e  r ep roduc t ive  

b io logy  o f  t h e  Matut inae,  p a r t i c u l a r l y  i n  Matuta Zunarts .  Previous  

s t u d i e s  have been l i m i t e d  t o  obse rva t ions  on t h e  inc idence  o f  

ov igerous  females  ( P i l l a y  6 Nair ,  1976) and no te s  on l a r v a l  

development ( R a j a b a i ,  1959) .  Both these s t u d i e s ,  however, w e r e  

r e s t r i c t e d  t o  popu la t ions  i n  I n d i a .  The a i m  o f  t h i s  s t u d y  t h e r e f o r e  

is t o  i n v e s t i g a t e  several a s p e c t s  o f  the reproduct ive  b io logy  of 

M, Cunarts,  namely 1 )  gonad s t r u c t u r e  and development, 2 )  s i z e  at  

sexua l  ma tu r i t y ,  3 )  brood size and egg number, 4 )  p a i r  formation and 

mating behavisur  and 5 )  t h e  annual  reproduct ive  c y c l e .  



5 . 2  Materials and Methods 

The crabs used i n  t h i s  s t u d y  were c o l l e c t e d  from S i t e  'B* 

( P l a t e  2.1), Pa l l a r enda  Beach, Townsville,  i n  J m u a r y  and February,  

1984 and between A p r i l ,  1984 and May, 1985. Sampling w a s  conducted 

us ing  a l a r g e  25 mm mesh, 10 m x 1 m s e i n e  n e t  fo l lowing  t h e  methods 

desc r ibed  i n  ehap-ker 2 .  A l l  crabs were brought  alive t o  the 

l a b o r a t o r y  f o r  ana lyses  and were d i s s e c t e d  wi th in  t h r e e  days  o f  

c a p t u r e .  

A p r e l i m i n a r y  s t u d y  o f  t h e  size a t  s exua l  m a t u r i t y  i n  

M. t une r%s  was underkaken on i n d i v i d u a l s  c o l l e c t e d  between January  4 

and February 1, 1984. I n  bo th  sexes ,  a minimum o f  f i v e  i n d i v i d u a l s  

from each 5-mm f u l l  carapace width (FCW) s i z e  class were d i s s e c t e d .  

Each c r a b  w a s  weighed t o  t h e  n e a r e s t  0 . 1  gm and t h e  f u l l  carapace  

width was measured t o  t h e  n e a r e s t  0 . 1  mm. C r a b s  were then  

anaes the t i zed  i n  ice and d i s s e c t e d  i n  seawater, under a 

s tereomicroscope.  The gonads were removed and f i x e d  i n  Bouin's 

f l u i d  f o r  h i s t o l o g i c a l  ana lyses .  The d e t a i l s  o f  t h e  h i s t o l o g i c a l  

procedure are summarized i n  Appendix 11. Sec t ions  w e r e  t hen  s t a i n e d  

i n  H a r r i s  Haematoxylin and Eosin and mounted i n  DPX. 

Photomicrographs were taken  o f  r e p r e s e n t a t i v e  s e c t i o n s  from s e x u a l l y  

mature i n d i v i d u a l s  t o  demonstrate  gonad s t r u c t u r e .  

I n  o r d e r  t o  i n v e s t i g a t e  t h e  annual  r ep roduc t ive  cycle o f  

H. Eunar%s, sampling was c a r r i e d  o u t  a t  monthly i n t e r v a l s  from 

A p r i l ,  1984 t o  May, 1985, w i t h i n  two days o f  t h e  f u l l  moon o f  each 

month and always on a m i d f a l l i n g  t i d e .  During t h e s e  samplings, t h e  

s e x  and f u l l  carapace  width o f  each c r a b  was recorded and a no te  was 

made of  t h e  numbers o f  p a i r e d  c r a b s  i n  precopula tory  p o s i t i o n  



(desc r ibed  i n  t h i s  c h a p t e r )  and ovigerous  females. A minimum o f  10 

mature males ( ,48.5 mm FCW) and 1 2  mature females ( > 4 0 . 0  mm FcW) 

were d i s s e c t e d  each month. The gonads were removed and processed 

fo l lowing  the procedure desc r ibed  above. I n  a d d i t i o n ,  the female 

o v a r i e s  w e r e  weighed t o  t h e  n e a r e s t  0.0001 g us ing  an electric 

a n a l y t i c a l  ba lance  and t h e  gonad index  was determined us ing  the 

equat ion  : 

wet weight  o f  ovary  ( i n  grams) 
w n a a  f nd@x .= A----------------- - x 100 , 

wet weight  o f  c r a b  ( i n  grams) 

fo l lowing  G i e s e  & Pea r se  (1974)  and Grant & Tyler (1983a) ,  

I n  ova r i an  s e c t i o n s ,  t h e  sizes o f  oocytes/ova w e r e  measured 

us ing  an eyepiece g r a t i c u l e  c a l i b r a t e d  a g a i n s t  a s t a g e  micrometer.  

Only t h o s e  oocqkes/ova sec t ioned  through t h e  nucleus w e r e  measured. 

One hundred o o q t e s / o v a  were measured i n  each c r a b  and grouped i n t o  

4 s i z e  c l a s s e s  based on cel l  d iameter ,  fo l lowing  t h e  methods of 

Grant & Tyle r  (1983b).  The mean frequency o f  oocptes  i n  each size 

class w e r e  t hen  c a l c u l a t e d  f o r  each month. A s  t h e r e  w a s  a 

recognizable  ' s p e n t '  s t a g e  i n  t h e  gonads o f  female M. Zunarts, 

seekions  o f  spen t  o v a r i e s  were c l a s s i f i e d  as such,  wi thout  

a t tempt ing  t o  measure t h e  oocy te s .  

I n  testis s e c t i o n s ,  t h e  cells w i t h i n  50 random lobes  i n  each 

crab w e r e  c l a s s i f i e d  based on t h e  f o u r  s t a g e s  o f  spermatogenic 

development, t.e. spermatogonia,  spermatocytes ,  spermat ids  and 

spermatozoa. The mean frequency o f  l obes  con ta in ing  a p a r t i c u l a r  

c e l l  type were then  c a l c u l a t e d  f o r  each month. 



Ovigerous females  w e r e  c o l l e c t e d  du r ing  the r ep roduc t ive  

sampling and t h e  e c o l o g i c a l  su rvey  on S i t e  'B '  (Appendix 111). I n  

each female, t h e  f u l l  carapace  width w a s  measured and t h e  co lou r  o f  

t h e  egg mass w a s  noted.  A 1 1  ov igerous  females  w e r e  brought  a l i v e  t o  

t h e  l a b o r a t o r y  and d i s s e c t e d  w i t h i n  one day  o f  c a p t u r e .  The o v a r i e s  

were removed, weighed and processed fo l lowing  t h e  procedure 

descr ibed  above* The egg mass w a s  removed from t h e  abdomen and 

weighed t o  t h e  n e a r e s t  0.0001 g .  A sub-sample w a s  t h e n  taken  from 

t h e  egg m a s s ,  weighed t o  t h e  n e a r e s t  0.0001 g and t h e  number of  eggs 

counted,  The number o f  eggs per egg mass w a s  t hen  c a l c u l a t e d  us ing  

t h e  equat ion:  

t o t a l  no. o f  eggs no. o f  eggs i n  subsample t o t a l  weight  
per egg mass =% -o------------ x o f  egg mass 

weight o f  subsample ( g )  

fo l lowing  F i e l d i n g  f Halep (1976) and Du P reez  & McLachlan ( 1 9 8 4 ~ ) .  

P a i r s  o f  m a l e  and female M. Lunarts i n  t h e  precopula tory  

p o s i t i o n  w e r e  c o l l e c t e d  d u r i n g  t h e  popula t ion  (Chapter  7 )  and 

r ep roduc t ive  samplings a t  S i t e s  ' A '  and B r e s p e c t i v e l y .  Those 

c o l l e c t e d  from S i t e  ' A '  were measured and r e tu rned  t o  t h e  s u r f  zone 

after c a p t u r e  w h i l s t  t h o s e  from Site 'B' were measured and brought  

a l i v e  t o  t h e  l a b o r a t o r y .  P a i r s  w e r e  maintained i n  a c losed  water  

system i n  s e p a r a t e  12  l i t e r  a q u a r i a  w i t h  a sandy substratum. Crabs 

w e r e  fed  wi th  p i e c e s  o f  f i s h  every  o t h e r  day.  Three o r  fou r  days 

a f t e r  copu la t ion ,  t h e  females  were removed and placed i n  a s e p a r a t e  

t a n k ,  w h i l s t  t h e  males were r e tu rned  t o  t h e  main hold ing  t ank  f o r  

f u r t h e r  obse rva t ion .  



5.3 Results 

5.3.1 Gonad structure 

5-3.1.1 Male gonad 

The tes tes  of mature male M. Zunarts are smaller than the 

ovaries of mature females. As i n  the gonads of most male 

brachyurans, the t e s t i s  is a narrow H-shaped, convoluted organ which 

is found in the dorsomedial region of the body cavity. It consists 

of two anterior branches which l i e  dorsolateral t o  the stomach and 

often extend t o  the anterolateral margins of the carapace, a small 

medial commissure which l i e s  posterior t o  the stomach and two short 

posterior branches which exkend ventral t o  the pericardium and are 

confluent with the t ight ly  coiled vasa deferentia (Fig. 5 .1A) .  

Histologically, the t e s t i s  consists of lobes f i l led  w i t h  ce l l s  

i n  various stages of spermatogenesis. I n  transverse section, the 

lobes are surrounded by a t h i n  Payer of connective tissue and are 

arranged around a thick layer of connective tissue which serves as a 

central axis.  I n  some sections, a spermatic duct may be visible i n  

the l a te ra l  border furthest from the central axis. A typical 

transverse section of a male t e s t i s  is  shown i n  Plate 5.lb. 

The ce l l  stages within the lobes vary from one lobe t o  another, 

even i n  the same individual. Four types of ce l ls  may be 

distinguished based on the i r  stage of development: 1 )  

sgermatogonia, 2 )  primary and secondary spermatocytes, 3) spermatids 

and 4) mature sperms. spermatogonia are spherical ce l ls  with 

relatively large nuclei containing a sl ight  chromatin network and 

peripheral chromatin granules (Plate 5 . l a ) .  I n  most sections, 

spematsgonia were present i n  the periphery of the lobes or a t  the 



Figure 5.1 

schematic diagrams showing the location of the 

gonads in M. Lunar-6~. 

5 . 1 ~  Male t e s t i s  

5 .  %B Female ovary 





medial borders of several adjoining lobes. Occasionally, however, 

lobes were completely filled with spermatogonia (Plate 5.1a). 

Spermatocykes in general have smaller and more dense nuclei than 

spematogonia, and are often in the same stage of development within 

a lobe. Primary spematocytes have small nuclei with a heavily 

stained chromatin network, whilst secondary spermatocytes have 

nuclei which are distinctly smaller than those of the primary 

spermatocytes (Plate 5.lb, c). Both types of spermatocytes were 

often found in meiotic stages within the lobes (Plate 5.2a). 

Spermatids are smaller than the spermatocytes (Plate 5.2a). These 

possess smaller amounts of cytoplasm and the nuclei are typically 

dense. As the spermatids develop into mature sperms, the nuclear 

chromatin network appears compacted to one side of the nucleus 

giving the nucleus a 'ringed' appearance. Mature sperms are 

typically small, spherical (1-2pm in diameter) and strongly 

basophilie. Unlike the spermatogonia and spermatocytes, mature 

sperms were only found within the lumen of the spermatic ducts 

(Plate 5.2a). 

The vas deferens is a tightly coiled tube which arises from the 

posterior end of the testis and extends ventrally through the 

thoracic cavity. The lumen is lined with a compact layer of 

cuboidal epithelial cells which are attached to a layer of 

connective tissue. In most specimens examined, the lumen of the vas 

deferens was filled with dense clusters of sperms, t.e. 

spematophores (Plate 5.2b ) . 



P l a t e  5 . 1  

B i s t o l o g i c a l  s e c t i o n s  o f  t h e  male rep roduc t ive  

organs of M. Lunarts. 

a. A t r a n s v e r s e  s e c t i o n  o f  a test is  lobe, 

showing spermatogonf a ( SPG ) and 

mature spermatozoa ( S ) . 

b. A t y p i c a l  t r a n s v e r s e  s e c t i o n  o f  t h e  testis,  

showing the o r i e n t a t i o n  of  the lobes  

con ta in ing  pr imary spermatocytes  ( SPC1) 

around t h e  connec t ive  t i s s u e  (CT) which 

serves as a c e n t r a l  axis. 

e.  A t r a n s v e r s e  s e c t i o n  o f  the testis, 

showing lobes  con ta in ing  secondary 

spermatocytes  ( SPC2 ) , around a c e n t r a l  

axis o f  connec t ive  t i s s u e  ( CT ) . 





Plate 5 . 2  

Histological sections sf the male reproductive 

organs of M. Lunarts. 

a ,  A transverse section of t e s t i s  lobes 

showing the location of the spermatic 

d u c t  ( S D )  and the development of 

secondary spermatoqkes (SPC2)  into 

spermatids ( SPT ) . Note the meiotic 

stages of the secondary spermatocptes 

i n  the central lobe. Mature sperms ( S )  

may be seen inside the spermatic ducts. 

b.  A transverse section of the vas deferens 

(vD ) f i l led  with spermatophores ( S P R )  . 





In t h i s  study, it was d i f f i ~ u ~ t ;  t o  define the maturation stages 

of the tes tes  pep  s e .  Unlike the ovaries, the tes tes  of M. Zunmts 

do not show marked colour and size changes during development. 

Mature males were? only considered t o  have ful ly  developed tes tes  

when histo%ogical evidence of mature sperms were recorded i n  the 

spermatic ducts and vas deferens, 

5 . 3 . 1 . 2  Female gonad 

The ovary of female M. Lunasts is an H-shaped organ which 

occupies the anteramedial region of the body cavity. It consists of 

two anterior branchies which extend up t o  the margin of the carapace, 

a central eommiss,ure which l i e s  posterior t o  the stomach and two 

posterior branches which pass ventral t o  the pericardium and extend 

along the medial edges of the endophragmal skeleton (Fig. 5 . 1 B ) .  

Similar t o  the male t e s t i s ,  the female ovary is typically lobed, 

with 5-9 rounded lobes on each anterior branch. Each posterior 

branch has a ventral protrusion which connects with a spermatheca, 

t.e. a seminal receptacle. 

Cells within the ovary, as revealed by histological sections, 

are of three general types: 1) sogonia, 2 )  developing oocytes and 

3 )  accessory/follicular ce l l s .  Unlike the spermatogonia of the 

t e s t i s ,  oogonial ce l l s  are found in a central germinative zone (CGZ)  

which extends along the length of the ovary including the lobes i n  

the anterior Branches (Plate 5.3B, c ) .  Oogonial ce l l s  are typically 

small ( 3 . 9 ~  i n  diameter), each with a large spherical nucleus and 

very l i t t l e  cy%oplasm (Plate 5.3b). These oogonial ce l ls  give r i se  

t o  oocy-kes which, i n  transverse sections, radiate from the central 

germinative zone in progressive stages of development, w i t h  the 



newly formed oocytes being proximal t o  the germinative zone (Plate 

5 . 3 ~ ) .  The early oocytes have large spherical pale nuclei w i t h  

prominent nucleoli. The cytoplasm of these ce l l s  is  compact and 

typically basophilic, with the nuclear:cytoplasmic diameter ra t io  

(N:C ra t io )  being 1 : 0 . 5 .  The average cedl diameter of early oocytes 

is 23um.  Eosinophilie yolk droplets begin t o  accumulate i n  the 

cytoplasm of oocytes a t  about 43p.m i n  diameter. The N:C r a t io  

decreases during development as the cytoplasm increases in  volume. 

I n  the early stages of vitellogenesis, the nucleus remain large and 

pale with a d is t inct  nuclear membrane and a prominent nucleolus. 

a t e  N:C ra t io  in  these stages is 1 : 2 . 6 .  I n  the l a te r  stages of 

vitellogenesis, the whole cytoplasm is f i l l ed  w i t h  yolk droplets and 

the diameter of the ooq-tes increases t o  approximately 103.7p.m. The 

nucleus becomes s l ight ly  basophilic but continues t o  have a 

prominent nucleolus and a d is t inct  nuclear membrane (Plate 5.4a). 

The N:C ra t io  i n  these l a t t e r  stages is 1 : 4 . 9 .  The fully formed 

mature ova is a large yolk-filled ce l l  measuring approximately 2oopm 

i n  diameter (Plate 5.4b). The nucleus is a small basophilic central 

structure with a prominent nucleolus and a diffused nuclear 

membrane. The N:C ra t io  a t  t h i s  stage is particularly low a t  1 : 7 . 5 .  

The accessory/follicular ce l l s  are found i n  the matrix 

surrounding the developing oocytes or  mature ova. I n  the early 

stages of vitellogenesis, the fol l icular  ce l l s  are loosely 

distributed i n  the i n t e r s t i t i a l  spaces between the oocytes. The 

nuclei of these ce l l s  are typically small 1 - 3 ,  round and 

basophilie. The ce l l  membranes are not dist inct  and the cytoplasm 

appears diffused. I n  the l a te r  stages of vitellogenesis and i n  ripe 

ovaries, fol l icular  ce l l s  form a t h i n ,  single-cell layer which 



P l a t e  5.3 

H i s t o l o g i c a l  sec-kions o f  t h e  female r ep roduc t ive  

organs o f  M. tunarts. 

a. A l o n g i t u d i n a l  s e c t i o n  showing t h e  

spermatheca ( STA ) o f  a newly moulted 

postpuberky female.  The spema theca  

a t  t h i s  s t a g e  is f i l l e d  wi th  sperms 

whilst t h e  ovary is  e s s e n t i a l l y  

immatur e o r  early developing ( imO ) . 

b. A t r a n s v e r s e  s e c t i o n  o f  a developing ovary,  

showing t h e  developing oocytes  ( OC ) a r i s i n g  

from the c e n t r a l  germina t ive  zone (CGZ) 

which c o n t a i n s  oogonia ( OG ) . Accessory 

cells ( A C )  are found between t h e  oocy te s .  

(nu  = nucleus ,  n l  = nuc leo lus )  

c ,  A typical t r a n s v e r s e  s e c t i o n  o f  a developing 

ovar ian  lobe  showing t h e  o r i e n t a t i o n  o f  t h e  

c e n t r a l  germina t ive  zone (CGZ) and t h e  

oocy-kes ( OC ) . Yolk d r o p l e t s  ( yd ) begin  t o  

appear  i n  t h e  cytoplasm o f  l a r g e r  oocytes .  





Plate 5 . 4  

Histological sections of the female reproductive 

organs of M.  Zunarts. 

a.  A transverse section of an ovary i n  an 

advanced stage of vitellogenesis, 

showing the typical appearance of 

early oocgtes (eOC) compared t o  the 

yolked or advanced o o m e s  ( aOC ) . 

la. The typical appearance of a mature ovum 

(OV)  , showing the yolk droplets ( yd ) and 

the arrangement of accessory ce l l s  ( AC ) 

around the ovum. 

e. A transverse section of a spent ovary, 

showing the empty spaces previously occupied 

by ova and the few oocptres ( OC ) f i l l ing  

these spaces. An a t r e t i c  ova (aov) may 

be seen i n  the bottom right corner. 

Accessory cells ( AC) are found l ining 

the empty spaces. 





t ight ly  surround each oocyte/om. A t  t h i s  stage, the nuclei of the 

fol l icular  ce l l s  are typically elongate or ellipsoidal and are 

strongly basopbilic. I n  spent ovaries, the fol l icular  ce l l s  are 

Ioosely arranged in  a single c e l l  layer around the empty spaces 

previously occupied by each ovum. The nuclei of these ce l l s  a t  t h i s  

stage are similar t o  the fol l icular  ce l ls  surrounding the oocytes in  

the early stages of vitellogenesis. 

Female M. tunarts have a pai r  of spermathecae which open t o  the 

exterior on the s terni te  of the s i x t h  thoracic segment. The typical 

appearance of a f u l l  spermatheca is shown i n  Plate 5.3a . I t  is  

interesting t o  note that  i a l l  mature females examined, the 

spermathecae were invariably f u l l .  

I n  considering the macroscopic and histological appearances of 

the ovary, five reproductive phases may be recognized i n  female 

M. Zunarts: immature, early developing, la te  developing, ripe and 

spent. These phases and the corresponding macroscopic and 

histological characteristics are summarized i n  Table 5.1.  A l l  

females (29.0 mm FCW in  size were found to have immature ovaries 

w h i l s t  prepuberty ( 2 9 . 0  - 39.9 mm FCW) and newly moulted postpuberty 

(940.5rnm) females have early developing ovaries. The only 

difference between the ovaries of prepuberty and newly moulted 

postpuberty females was the evidence of septa between groups of 

oocytes i n  the ovaries of the former. Late developing, ripe and 

spent ovaries were only found in  sexually mature females. 



Table 5.1 A summary of the  reproductive phases of female M. Lunmts. 

Reproductive Size range and 
Phase sexual s t a t e  

Macroscopic appearance and 
Histological  stage of gonads 

1. irmnatetre m a t u r e  females 
(<31.5 rn PCW) 

ovaries;  small, f lacc id ,  f r ag i l e  and transparent, 
contains la rge  amounts of amorphous-like material ,  
probably i n t e r s i t i a l  c e l l  nucle i (?) ,  no wgonla 
nor oocyte present, spermatheca is minute and 
appears undifferentiated.  

2. e a r ly  developing prepuberty females ovariest th in ,  translucent o r  opaque, often white, 
(between 31  .,5-38 .5 mm) lobes become apparent, contains a germ layer which 
newly molted postpuberty occupiea a large portion of the  ovarian sections 
females (>40.5 mm F a )  abundance of oogonia i n  the germ layer,  few newly 

formed oocytes with deeply basophilic cytoplasm 
and no yolk vacuoles, c e l l  s i ze  range: 1-50 pm, 
spemathecae of newly molted females: fu l l .  

3 .  l a t e  developing postpuberty females ovaries: enlarged, equal t o  the  s i ze  of 
(,40.7 mm FCW) hepatopancreas, d i s t i n c t  lobulation ur anterxor 

branches, color ranges from yellow t o  orange, 
depending on the  amount of yolk accumulatxon, 
cent ra l  germ layer with oogonia i s  present, 
oocytes i n  varying stages of vitellogeneszs, 
c e l l  s i ze  range: 55-150 pu, fo l l iculax  c e l l s  
begin t o  form th in  layers around yolked wcytes .  

4. r ipe  

5 .  spent 

postpuberty females ovaries: very large and distended, occupies the  
whole body cavity,  coverlng the hepatopancreas, 
bright orange color, v e r y t h i n  ovarian w a l l ,  
contains mature ova, ,150 pu i n  s i ze ,  fo l l i cu l a r  
c e l l s  t i g h t l y  packed around each ova. 

ovigerous females 
pa r t i cu l a r ly  those 
v i th  stage I and I11 
egg masses 

ovaries: th in  and f lacc id ,  opaque, white o r  
du l l  yellow, with few bright orange residual ova. 
in h is to logica l  sections,  demonstrate many empty 
spaces previously occupied by ova, fo l l i cu l a r  
ce l l a  loosely out l ine  these spaces, wcytes begin 
t o  occupy some of these spaces. few a t r e t i c  ova 
are  found, cent ra l  germinative zone with 
oogonia is apparent. 



5.3 .2  S i z e  a t  sexua l  m a t u r i t y  

I n  t h i s  s tudy ,  t h e  c r i t e r i on  f o r  s exua l  m a t u r i t y  i n  males w a s  

t h e  presence  o f  mature sperms i n  t h e  spermat ic  d u c t s  o f  t h e  testis, 

w h i l s t  i n  females ,  it w a s  t h e  presence  o f  mature ova i n  t h e  ovary .  

The s i z e  a t  sexua l  m a t u r i q  based s o l e l y  on gonad states, t h e r e f o r e ,  

w a s  expressed as t h e  minimum carapace  width a t  which mature gametes 

w e r e  observed i n  t h e  gonads (cf, size a t  sexua l  m a t u r i t y  based on 

morphometrie d a t a ,  Chapter  1). The r e s u l t s  o f  t h i s  s t u d y  a r e  

summarized i n  Tables 5 ,2a ,  b. The smallest s e x u a l l y  mature male 

recorded i n  t h i s  s tudy  was 43 -5  mm FCW, w h i l s t  t h e  smallest s e x u a l l y  

mature female w a s  41.0 mm F W .  

5 . 3 . 3  Annual r ep roduc t ive  c y c l e  

The annual  r ep roduc t ive  a c t i v i t y  o f  male M ,  tunarts was 

es t imated  us ing  monthly h i s t o l o g i c a l  examinations o f  t h e  gonads. 

The r e s u l t s  o f  t h i s  s t u d y  are summarized i n  F igu re  5 .2 .  From t h e s e  

r e s u l t s ,  t h e r e  appears  t o  be no d i s t i n c t  s e a s o n a l i t y  i n  t h e  m a l e  

r ep roduc t ive  c y c l e .  Sgermatogonia, spermatocytes  and mature 

spermatozoa w e r e  c o n s i s t e n t l y  found i n  t h e  lobes  o f  t h e  t e s t i s  

throughout  t h e  s t u d y  pe r iod .  Although t h e r e  w a s  a s i g n i f i c a n t  

d i f f e r e n c e  between months i n  t h e  mean number o f  l obes  con ta in ing  

spema togon ia  (one-way ANOVA, Fx4.793, d . f . = 1 3 ,  119, p < 0 . 0 1 )  and 

s p e m a t i d s  (one-way ANOVA, F=2,365, d .f .==13,  119, p t0 .05 ) ,  t h e r e  w a s  

no s i g n i f i c a n t  d i f f e r e n c e  between months i n  t h e  mean number o f  l o b e s  

con ta in ing  primary and secondary spermatocytes  (one-way ANOVA, 

F=1.348, d . f . a l 3 ,  $19, p>0 .05 )  and mature spermatozoa (one-way 

morn, F=a.944, d s f . = 1 3 ,  119, p>O.Q5) .  The frequency of mature 

males wi th  testis con ta in ing  mature spermatozoa w a s  r e l a t i v e l y  h i g h  



Table 5.2a The size a t  sexual maturity of male M. Lunarts based 
on the presence of mature sperms i n  the tes t i s .  

Carapace w i d t h  Number of males w i t h  t es t i s  containing: 
( 5-mm size classes) no mature sperms mature sperms 

Table 5.2B .The size a t  sexual maturity of female M. Lunarts based 
the presence of mature ova i n  the ovaries. 

carapace width Number of females w i t h  ovaries containing: 
( 5-m size classes) no mature ova mature ova 



A summary o f  t h e  monthly frequency d i s t r ibut ion  

of t e s t i m l a r  cell types ,  expressed a s  t h e  mean 

percent o f  lobes  containing each cell type ,  

using t h e  equation: 

no.  of lobes  containing a cell  type 
frequency = ---A- - x 100 

t o t a l  no, of lobes  examined 

Vertical bars = 95% C.1. 
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throughout the study period, ranging from 62.5% to 100% of the 

mature males in a sample and with a mean of 94.4% (22.45 C.I.). 

The temporal pattern of reproductive activity in female 

M. tuna~&s was determined using the gonad index method, histological 

analysis of the ovaries and the incidence of ovigerous females, 

mating pairs and females with ripe ovaries within the population. 

The results of this study are summarized in Figures 5.3 and 

5 .4A, B, C, D ) . As in male M. Zunarts, there appears to be no 

strong seasonality in the female reproductive cycle. Marked ovarian 

activity was observed in most months of the gear, with the single 

exception of December 1984 where the mean gonad index was relatively 

low and no mature ova nor females with ripe ovaries were recorded. 

m e  frequency of ovarian cells measuring 1-50pm varied significantly 

between months (one-way ANOVA, F=2.240, d.f.=13, 159, p<0.02) but 

the frequencies of oocykes measuring 51-100pm and 101-150pm did not 

(one-way ANOVA, F0.915, d.f.aP3, 157, p>0.05 and F-0.722, 

d.f.113, 159, p>0.05, respectively). Although there was a 

significant difference between months in the mean gonad indices 

(one-way ANOVA, F=2.239, d.f.=13, 152, Pt0.02) and in the frequency 

of mature ova in ovarian sections (one-way ANOVA, -1.883, 

d,f.=13, 159, pt0.05), this appeared to be a result of the atypical 

data in December 1984, as there was no significant difference 

between the other months (Student-Newman-Keuls [SNK], ps0.05). The 

percentage of mature females with ripe ovaries also varied slightly 

throughout the year, with an increase in May and September 1984 and 

no female with ripe ovaries in December 1984. Ovigesous females 

were only recorded between August, 1984 and March, 1985, whilst 

mating pairs were found throughout most months of the year. In both 



A summary of the monthly frequency distribution of 

ovarian cell sizes, expressed as the mean percent 

of the total number of cells examined in each 

size class, using the equation: 

no. of cells in each size class 
frequency = ------- X 100 

total no. of cells examined 

Vertical bars = 95% C . S .  
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Figure 5.4 

!The annual reproduckive activity of M. tunar.ts, 

expressed in terns sf the following: 

5,4A Mean gonad index f 95% C.1 .  

gonad weight 
Gonad Index 5 --- x 100 

total weight 

5.4B Relative frequency of adult females with 

ripe ovaries, expressed as a percent of 

the total number of adult females 

examined, 

5 .4C Relative f requency of ovigerous females, 

expressed as a percent of the total number 

of adult females in the population. 

5.4D Relative frequency of mating pairs, 

expressed as a percentage of the total 

number of crabs caught. 



CALENDAR MONTHS (1984-85)  



parameters ,  however, no d i s t i n c t  p a t t e r n s  w e r e  appa ren t .  

In  a d d i t i o n ,  t h e r e  w a s  no apparent  r e l a t i o n s h i p  between t h e  

monthly mean gonad i n d i c e s  and e i t h e r  t h e  number of  ov igerous  

females  o r  mating p a i r s  i n  t h e  popu la t ion .  These obse rva t ions  and 

t h e  l a r g e  degree  o f  within-sample v a r i a b i l i t y  i n  t h e  i n d i v i d u a l  

gonad i n d i c e s  and ova r i an  cel l  f r equenc ie s  each month r e f l e c t  t h e  

absence o f  r ep roduc t ive  synchrony among t h e  i n d i v i d u a l s  i n  t h e  

popu la t ion .  

5 . 3 . 4  Biology o f  ovigerous females  

A t o t a l  0% 26 ov ige r sus  females  w a s  c o l l e c t e d  from t h e  s t u d y  

azea between August, 1984 and March, 1985. The smallest egg-bearing 

female recorded i n  t h i s  s t u d y  was 40.7 mm FCW i n  size, From t h e s e  

i n d i v i d u a l s ,  t h r e e  s t a g e s  o f  brood development w e r e  recognized,  

namely, s t a g e  P-newly l a i d ,  I I -developing and III-mature.  The 

r e s u l t s  o f  t h i s  s tudy ,  expressed s e p a r a t e l y  f o r  each o f  t h e s e  s t a g e s  

are summarized i n  T a b l e  5 . 3 .  

H i s t o l o g i c a l l y ,  it appears  t h a t  mature female M. Lunarts a r e  

capable  o f  producing more t h a n  one brood. Marked ova r i an  a c t i v i t y  

w a s  observed i n  most ovigerous females  wi th  t h e  except ion  o f  t h o s e  

with o v a r i e s  i n  t h e  ' s p e n t '  phase .  I n  a l l  i n d i v i d u a l s ,  oogonia were 

p r e s e n t  i n  cons ide rab le  numbers. A l l  t h e  females wi th  s t a g e  I1 egg 

masses and 83.3% o f  females w i th  s t a g e  111 egg masses had o v a r i e s  

e x h i b i t i n g  advanced s t a g e s  o f  v i t e l l o g e n e s i s  (Table  5 . 3 ) .  I n  

a d d i t i o n ,  a l l  t h e  ovigerous females  i n  t h i s  s tudy  had spermathecae 

f i l l e d  wi th  s p e r m .  
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T a b l e  5 . 3  A summary o f  r e s u l t s  p e r t a i n i n g  t o  t h e  b i o l o g y  o f  o v i g e r o u s  f e m a l e s .  

S t a g e  I I I I11 

A .  R e p r o d u c t i v e  S t  a t e  

No, o f  i n d i v i d u a l s  examined 5 3 18 

Minimum c a r a p a c e  w i d t h  ( nun ) 43.5 41.9 40.7 

Mean c a r a p a c e  wid th  (mm) 46.1  * 3.8 43.4 * 3.9  46.5 * 1 . 3  

Mean body weigh t  ( g )  12 .6  i 1.6  10.7  * 4.7  12.4 * 1 . 0  

Mean gonad i n d e x  1 .55 * 1.36 3.42 * 2.79 3.46 * 0.84 

Mean % o f  o v a r i a n  cell  s t a g e s  

% w i t h  f u l l  spermatheca  100 100 100 

R e x h i b i t i n g  s p e n t  p h a s e  60 0 17 

% e x h i b i t i n g  advanced 
v i t e l l o g e n e s i s  

B. R e p r o d u c t i v e  E f f o r t  

No. o f  i n d i v i d u a l s  examined 4 2 4 

Mean brood weigh t  ( g )  1 . 6 6  * 0.42 1 . 2 1  * 0.36 1 .26 * 0.47 

Mean egg  s i z e  ( p )  291 -d 2.08 279 * 0.93 274 * 3.19 

Mean e g g  number 86990 f 30837 44450 f 41763 49270 * 13756 

all mean values w i t h  95% C.I. 

N .B. S t a g e  X - newly l a i d ,  no cleavage,  clear, bright o r a n g e  yolk 
I1 - d e v e l o p i n g ,  e y e  pigment  v i s i b l e  i n  some embryo, 

orange-brown o r  t a n  egg  mass 
I11 - mature ,  zoea  l a r v a e  v i s i b l e  w i t h  d i s t i n c t  p i g m e n t a t i o n ,  

black-brown egg mass 



The number of eggs per brood ranged from 40,000 t o  100,000 eggs 

with a mean of approximately 65,000 eggs. Although both the number 

of eggs per brood and brood weight d id  not vary significantly with 

carapace width (P-0.06, f=0.0310, p>O.O5 and r-0.08, fz0.0548, 

p>0.05, resgeckively), a significant difference was found between 

the mean number of eggs per brood and the stage of development 

(one-way ANOVA, f=9.542, d.f.=2, 7 ,  p<0.05). From the results i n  

Table 5.3,  it appears that  the mean number of eggs per brood 

decreased markedly i n  stage XI and III egg masses, This may, 

however, be a result  of the restricted sample size of ovigerous 

females used i n  t h i s  study- (n=10). Both the mean brood weight and 

egg diameter did not change markedly with development. 

5 . 3 . 5  Notes on Reproductive Behaviour 

The reproductive behaviour of M. Lunarts can be divided into 

three stages: a )  precopulatory attendance, b )  copulation and c )  

postcopulatory attendance. These stages are summarized in Figure 

5 , 6 .  

Precopulatory attendance i n  M. Lunarts typically involves a 

postpuberty male grasping the chela of a prepuberty female 

(Plate 5 . 5 ) .  This has been observed i n  a t o t a l  of 35 pairs of male 

and female M. Zunarts, both in the f ield ( 2 7 )  and i n  the laboratory 

( 8 ) .  The sizes of the individuals i n  these pairs are shown i n  

Figure 5 . 5 .  There was no correlation between the size of the 

postpubel-ty male and that  of the prepuberty female i n  a pair  

( ~ ~ 0 . 3 5 8 ) .  There was also no apparent preference i n  the use of 

ei ther  the l e f t  or right chelae for grasping. 



Plate 5 . 5  

The typical position of Matufa Zunarts i n  

precopulatory attendance. 

a. The Parge post-puberty male grasping the 

chela of the small prepuberty female. 

b. Detail of the grasping position. 









The fo l lowing  is  an account  o f  p a i r  formation l e a d i n g  t o  

precopula tory  a t tendance ,  observed i n  t h e  l a b o r a t o r y .  These 

obse rva t ions  are based on f i v e  a t t empt s  a t  p a i r  formation,  two o f  

which were s u c c e s s f u l .  The pos tpuber ty  male approached t h e  

prepuber ty  female and grasped h e r  c h e l a  u s ing  one o f  h i s  c h e l a e .  

The female showed s i g n s  o f  r e s i s t a n c e  and s t rugg led  t o  escape ( i n  3 

o u t  sf t h e  5 observed c a s e s ,  t h e  female managed t o  e scape ) .  A t  t h i s  

p o i n t ,  t h e  male w a s  observed t o  raise its body by ex tending  h i s  

w a k i n g  l e g s  u n t i l  on ly  t h e  t i p s  were i n  c o n t a c t  wi th  t h e  

substratum, and remained i n  t h i s  p o s i t i o n  w h i l s t  ho ld ing  down t h e  

c h e l a  o f  t h e  s t r u g g l i n g  female ( P i g .  5 . 6 A ) .  Thi s  p o s i t i o n  w a s  

maintained u n t i l  t h e  female became subdued and a t y p i c a l  

precopulatoxy p o s i t i o n  w a s  assumed ( F i g .  5.6B), Up t o  t h i s  p o i n t ,  

t h e  male w a s  observed t o  a l t e r n a t e  t h e  use  o f  e i t h e r  t h e  l e f t  o r  

r i g h t  che l ae  i n  grasp ing  t h e  female. A t  one p o i n t ,  t h e  male w a s  

observed t o  u se  both  c h e l a e  a t  t h e  same time. Once t h e  

p recopu la to ry  p o s i t i o n  w a s  e s t a b l i s h e d ,  however, a l t e r n a t i o n  i n  t h e  

use  o f  t h e  l e f t  o r  r i g h t  c h e l a e  w a s  no longer  observed.  

I n  t h e  l abo ra to ry ,  t h e  d u r a t i o n  o f  precopula tory  a t t endance  

ranged from 4 t o  30 days wi th  a mean o f  15 .4  days ( 2  8.1 ,  95% 

confidence l i m i t s ,  n=5) .  O f  t h o s e  mating p a i r s  c o l l e c t e d  i n  t h e  

f i e l d  and maintained i n  t h e  l abo ra to ry ,  however, p recopula tory  

a t tendance  l a s t e d  from P t o  18 days wi th  a mean o f  7 . 1  days ( *  3.9, 

95% confidence limits, nm14). Throughout t h i s  pe r iod ,  t h e  male 

cont inued t o  g r a s p  t h e  c h e l a  o f  t h e  female.  The grasp ing  p a i r s  

t y p i c a l l y  remained bu r i ed  i n  t h e  substratum, al though,  when 

d i s t u r b e d ,  t h e y  would o f t e n  swim around t h e a q u a r i u m i n  tandem. Most 

grasp ing  p a i r s  maintained i n  t h e  l a b o r a t o r y  f ed  u n t i l  t h e  day b e f o r e  



Figure  5 .6  

schematic  d i a g a m s  showing t h e  sequence o f  
reproduct ive  bekaviour  i n  M. Lunarts . 
A. Pair formation - t h e  pos tpube r ty  m a l e  g r a sps  

t h e  c h e l a  o f  a p repube r ty  female.  The 
female s t r u g g l e s  b u t  the male raises 
i ts  body and remains i n  t h i s  p o s i t i o n  
u n t i l  t h e  female is  subdued. 

B. e recopu la to ry  a t t endance  - t h e  male main ta ins  
i t s  hold  on the fema le ' s  c h e l a .  Th i s  s t a g e  
ex tends  f o r  s e v e r a l  days u n t i l  t h e  female 
moults .  

C .  S h o r t l y  be fo re  female ecdys i s ,  t h e r e  i s  a 
change i n  grasp ing  p o s i t i o n ,  wi th  the 
male grasp ing  t h e  female ' s  c h e l a  
from t h e  rear .  

B. Female ecdys i s  - t h e  female undergoes i ts  
puber ty  moult w h i l s t  e n c i r c l e d  by t h e  
male's che l ae .  The male m a g  a s s i s t  
i n  t h e  moult ing p roces s .  

E. Copulation - s h o r t l y  a f t e r  female ecdys i s ,  
t h e  p a i r  assumes a sternum-to-sternum 
p o s i t i o n  wi th  t h e  m a l e  uppermost. The 
abdomen o f  t h e  female ove r l aps  t h a t  
o f  t h e  male, The pleopods of  the 
male are i n s e r t e d  i n  t h e  female's 
g e n i t a l  openings.  

F. & G.  Pos tcopula tory  a t t endance  - t h e  
female remains e n c i r c l e d  by the male's 
che lae  f o r  several hours  fo l lowing  
copu la t ion .  





copulation. 

Tke following is an account of the copulatory and 

postcopulatory bekaviour in M. Zunaris, based on 1ataorator-y 

observations of twa copulating pairs  on two separate occasions. I n  

both cases, copulation occurred between a hard-shelled male and a 

sof t ,  recently moulted female. In both observed eases, moulting and 

copulation occurred la te  i n  the evening. The sequence of events w a s  

as follows: 

1) af te r  several days of precopulatory grasping, the male changed 

its position and grasped the female by i ts chelae from the 

rear (Fig. 5,6C). 

2 )  shortly thereafter, the male released the female but continued 

t o  encircle her w i t h  h i s  chelae (Fig. 5.6D). 

3 )  the female then moulted w h i l s t  completely encircled by the 

male's chelae, with the male occas ional ly  assisting i n  the 

moulting process by pushing or l i f t i ng  off the female's old 

carapace using his  chelae. 

4 )  copulation occurred shortly a f te r  the female completed her 

moult (approximately within one hour), i n  a sternum t o  sternum 

position w i t h  the male uppermost. I n  t h i s  position, the 

abdomen of the female was extended and overlapped that  of the 

male (Fig. 5.6E). The male's pleopods wereinserted into the 

female's genital openings. 

5 )  a f te r  copulation, the female assumed a normal upright 

position, t . e .  with the sternum against the substratum, w h i l s t  

remaining completely encircled by the male's chelae, ei ther  

facing towards or away from the male (Figs. 5.6F, G). 



Postcopula tory  a t t endance  i n  t h i s  p o s i t i o n  w a s  maintained f o r  

a t  least 3 hours  and, i n  both  cases, had ceased w i t h i n  1 3  

hours  o f  copu la t ion .  

P a i r i n g  and copu la t ion  was a l s o  observed i n  a q u a r i a  between a 

male M. granubosa and a female M. Zunarts. I n  t h i s  pair, t h e  

reproduct ive  behaviour  followed e s s e n t i a l l y  t h e  same sequence as 

descr ibed  above . 

I n  t h i s  s tudy ,  male polygamy w a s  observed i n  M. Lunarts 

maintained i n  aqua r i a .  On numerous occas ions ,  pos tpuber ty  males 

formed p recopu la to ry  pairs wi th  succes s ive  prepuber ty  females .  

Suecess fu l  p recopu la to ry  a t t endance  wi th  subsequent copu la t ion ,  

however, w a s  o n l y  observed i n  2 pos tpube r ty  males: one, 3 times 

w i t h i n  40 days and t h e  o t h e r ,  t w i c e  w i th in  9 days .  when d i s s e c t e d ,  

a l l  t h e  females involved possessed d is tended  spennathecae.  

5 . 4  Discussion 

Reproduction i n  most c rus t aceans  fo l lows  a f i x e d  sequence o f  

events .  These are: 1) a c t i v a t i o n  o f  gametogenesis,  2 )  gamete 

product ion ,  3 )  mating and p a i r  formation and 4 )  copu la t ion ,  5 )  

ovu la t ion ,  6 )  o v i p o s i t i o n  and 7 )  brood incuba t ion .  The e c o l o g i c a l  

a s p e c t s  o f  t h e s e  even t s  have been reviewed by S a s t r y  (1983) and i n  

Brachyura, i n  p a r t i c u l a r ,  by H a r t n o l l  ( i n  p r e s s ) .  I n  bo th  reviews,  

cons ide rab le  v a r i a t i o n  i n  t h e  chronology, t iming  and d u r a t i o n  o f  

t h e s e  even t s  have been r epor t ed  between d i f f e r e n t  s p e c i e s  and 

between i n d i v i d u a l s  o r  popu la t ions  of t h e  same s p e c i e s  ( i n :  S a s t r y ,  

1983) .  These v a r i a t i o n s  c o n s t i t u t e  t h e  reproduct ive  p a t t e r n  which 

is c h a r a c t e r i s t i c  o f  a p a r t i c u l a r  s p e c i e s  i n  a given environment.  



The r e s u l t s  o f  t h i s  s t u d y  show t h a t  reproduct ion  i n  M. Zunarts  

fo l lows  t h e  t y p i c a l  sequence o f  c rus t acean  r ep roduc t ive  even t s .  The 

d i f f e r e n t  a s p e c t s  o f  r ep roduc t ive  b io logy  considered i n  t h i s  s t u d y  

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  even t s .  

5 . 4 . 1  Reproduction i n  i n d i v i d u a l  M. Zunarts .  

The gene ra l  s t r u c t u r e  o f  t h e  reproduct ive  organs i n  M. Zunarts  

is similar t o  t h o s e  desc r ibed  i n  o t h e r  brachyuran spec i e s ,  such as 

CaZZtnectes s ap tdus  (Cronin,  1947),  Poptunus sangutnoZentus (Ryan, 

P969a, b )  and Chtonoecetes ap tZ to  (Kon 6 Honma, 1970a, b ) .  There 

w e r e  o n l y  a -  few d i s s i m i l a r i t i e s  which were apparent  from t h e  

h i s t o l o g i c a l  s e c t i o n s .  I n  P ,  sangutnsZentus,  f o r  example, oogonia l  

cells w e r e  no t  found i n  t h e  lobes  o f  t h e  ovary  b u t  w e r e  conta ined  i n  

a c e n t r a l  hol low s h a f t  running through t h e  l eng th  o f  t h e  ovary 

(Ryan, 1967b) .  This w a s  n o t  observed i n  t h e  o v a r i e s  o f  female 

H. t u n a ~ t s  a s  oogonia l  cells w e r e  found i n  a c e n t r a l  germina t ive  

l a y e r  which extended t h e  l eng th  o f  t h e  ovary inc lud ing  t h e  lobes  o f  

t h e  a n t e r i o r  branches .  

I n  t h e  testis o f  male M. Zunarts ,  t h e  spermat ic  duc t  does no t  

serve as a c e n t r a l  axis around which t h e  lobes  a r e  l oca t ed ,  as found 

i n  P .  sangutnoZentus (Ryan, P967a).  I n  t h i s  s tudy ,  t h e  spermat ic  

d u c t s  w e r e  found i n  t h e  l a t e r a l  border  o f  t h e  lobes  f u r t h e s t  from 

t h e  c e n t r a l  axis and w a s  observed o n l y  i n  some s e c t i o n s .  Th i s  is 

s i m i l a r  t o  t h e  form i n  C. s ap tdus  (Cronin,  1947) ,  wherein t h e  

spermat ic  due t  does no t  have a c e n t r a l  l o c a t i o n  and on ly  f eeds  

d i r e c t l y  i n t o  some l o b e s ,  !J!he complete r o u t e  of  t h e  spermat ic  duc t  

and t h e  p h y s i o l o q  o f  t h e  testis lobe  i n  brachyurans, however, 

remains unc lea r  as t h e r e  have been few s t u d i e s  of  spermatogenesis  i n  



brachyurans p e r  se. 

The activation of gametogenesis in M. Zunarts begins in the 

prepuberty phase or instars of the two sexes. In males, this was 

marked by a proliferation of the spermatogonial cells in the testis 

06 prepuberty individuals, whilst in females, it is marked by the 

development of the germinative layer and the occasional presence of 

newly formed oocytes in the ovary. In both sexes, however, 

gametogenesis does not proceed to maturity until after the puberty 

moult. This pattern of gonad maturation has also been reported in 

several species of spider crabs ( Hartnoll, 1963 ) , female 

P. samgutnsZentus (Ryan, 1967b), Corystes casstveLcrunus (Hartnoll, 

19192 ) , C . sapidus ( Johnson, 1980 ) and Trapezia f erruginea ( Finney bi 

Abele, 1981). The physiological and ecological advantages of 

gonadal development in final prepuberty instars is unknown, although 

it has been suggested that it may be an induced side-effect of the 

hormonal changes that bring about the puberty moult (Hartnoll, in 

press, in: Sastry, 1983). 

The puberty moult in M. Zunarts occurs at different size ranges 

in the two sexes, resulting in considerable variation between the 

sexes in the sizes of sexually mature individuals. In males, the 

puberty moult occurs approximately between 43.0 to 50.0 mm FCW, 

whereas in females, it is approximately between 37.0 to 40.0 mm FCw. 

The significance of the puberty moult and the size variation between 

adult individuals is discussed in relation to relative and absolute 

growth patterns in Chapters 3 and 6, respectively. In relation to 

reproduction, however, the puberty moult is particularly significant 

in two ways: 1) it marks the onset of gonad maturity for both sexes 



and most impor tan t ly ,  2 )  it is a s s o c i a t e d  wi th  d i s t i n c t  behavioura l  

p a t t e r n s  a s s o c i a t e d  w i t h  reproduckion.  

The mating behaviour  o f  M. Lunapts fo l lows  t h e  t y p i c a l  

brachryuran p a t t e r n  invo lv ing  a hard-shel led male and a so f t - she l l ed  

female. Th i s  p a t t e r n  h a s  o f t e n  been r epor t ed  i n  the Cancridae and 

t h e  Por tunidae  ( e , g .  Edwards, 1966, Ryan, 1967b, E lne r  & Stasko ,  

1978, Du Preez  & McLachlan, 1 9 8 4 ~ ~  review by Har tno l l ,  1969) ,  

a l though it h a s  a l s o  been found t o  occur  i n  some s p e c i e s  belonging 

t o  t h e  o t h e r  brachyuran f a m i l i e s ,  such as t h e  Grapsidae ( H i a t t ,  

1948) and t h e  Majidae (Harknol l ,  1963 and Watson, 1970, 1972).  I n  

a l l  t h e s e  s p e c i e s ,  t h e  making p roces s  is prolonged and o f t e n  

involves  pre- and post-copulatory a t tendance  o f  t h e  female by t h e  

m a l e  ( H a r t n o l l ,  1969) ,  as i n  M. Lunarts .  

The p o s i t i o n  o f  t h e  i n d i v i d u a l s  du r ing  t h e  precopula tory  pe r iod  

v a r i e s  between s p e c i e s ,  a l though i n  most cases, it involves  t h e  m a l e  

ho ld ing  t h e  female under h i s  sternum (e.g. B e r r i l l  & Arsenaul t ,  1982 

and E lne r  et a 1985, see a l s o  Har tno l l ,  1969) .  M. Zunar%s, 

however, is  unique i n  t h a t  t h e  male g ra sps  t h e  p repube r ty  female by 

h e r  c h e l a e  us ing  either h i s  l e f t  o r  r i g h t  che l ae  and c a r r i e s  h e r  

around i n  t h i s  p o s i t i o n .  I n  t h i s  p o s i t i o n ,  t h e  female remains 

r e l a t i v e l y  free t o  f eed ,  swim and bury  under t h e  substratum us ing  

h e r  o t h e r  appendages. T h i s  g ra sp ing  p o s i t i o n  appears  t o  be a unique 

c h a r a c t e r i s t i c  o f  t h e  genus Matuta as it w a s  a l s o  observed between a 

male M. granuzosa and a prepuber ty  female M. Zunar t s .  The o n l y  

publ i shed  r e p o r t  o f  p recopu la to ry  grasp ing  i n  brachyurans w a s  i n  t h e  

s p i d e r  c r ab ,  C. o p i L t s  (Watson, 1972) ,  where t h e  m a l e  g r a sps  t h e  

walking l e g s  o f  t h e  female. 



The duration of precopulatory attendance in M. Lunarts ranged 

from 1 to 30 days with a mean of 15.4 days ( *  8.1) for those 

individuals which paired in the laboratory. This was comparable 

with observations sf eancrid species (e.g. Edwards, 1966, Elner & 

Stasko, 1978, Berrill & Arsenault, 1982 and Elner et a 1985), 

although in other brachyuran species such as OvaZtpes punctatus (Du 

Preez & MeEachlan, 1984c, review by Hartnoll, 1969), the duration of 

precopu%atory attendance were considerably shorter (e.g. 10 to 20 

seconds in 0. punctafus [Bu Preez & McLachlan, 1904c I ) .  

Copulation in M. Lunaz-5s occurs immediately after the female 

puberty moult and involves a male superior sternum-to-sternum 

position. This position is similar to that: obsemed in C. opttto 

(Watson, 1972) and several species in the Cancridae (Hartnoll, 

1969), including Caretnus maenas (Berrill & Arsenault, 1982) and 

Cancer bsreatts (EPner et QL., 1985). In considering these species, 

there appears to be a degree of correlation between the copulatory 

position and the state of the female at the time of mating. It has 

been suggested that the position adopted during copulation depends 

upon the strength and activity of the female, as in species where 

the female is soft and vulnerable during copulation, there is a 

tendency for males to be uppermost (Hartnoll, 1969). 

The duration of copulation in M. tunarts was approximately 5 to 

30 minutes, after which the male releases the female. 

Post-copulatory attendance was of a relatively short duration when 

compared to the precopulatory attendance. Unlike most species where 

the post-copulatory position is similar to the precopulatory one 
, 
(e.g. e. maenas [Berrill & Arsenault, 19821 and Cancer magtste~ 



[Snow €i Nielsen ,  1966]),  male M. Lunarts no longe r  grasped t h e  

che l ae  o f  t h e  newly moulted female.  A post-copulatory p o s i t i o n  

similar t o  t h a t  i n  M. Lunarts h a s  a l s o  been observed i n  C. opttts 

(Watson, 1972 ) . 

It is no t  known why i n  some s p e c i e s ,  i nc lud ing  M.  Luna~ts, 

mating is r e s t r i c t e d  t o  the p e r i o d  immediately a f t e r  female e c d y s i s ,  

a l though it h a s  been suggested t h a t  it may be r e l a t e d  t o  t h e  shape 

o f  t h e  female g e n i t a l  d u c t  ( H a r t n o l l ,  1969)  o r  i n  some s p e c i e s  such 

as Corystes easstvetaunus ( H a r t n o l l ,  1968), t o  t h e  presence  o f  a 

r i g i d  operculum i n  t h e  opening o f  the vulvae which o n l y  becomes 

f l e x i b l e  f o r  a s h o e  pe r iod  a f t e r  e c d y s i s .  I n  gene ra l ,  however, t h e  

mating behaviour  which invo lves  t h e  male a t t e n d i n g  t o  t h e  female 

b e f o r e  and after ecdys i s ,  h a s  cons ide rab le  s u r v i v a l  va lue  t o  t h e  

s p e c i e s .  A s  a crab is e x c e p t i o n a l l y  vu lne rab le  t o  p reda t ion  du r ing  

ecdys i s  and whi le  i n  a so f t - she l l ed  state, it would be expected t o  

seek  s h e l t e r  o r  concea l  itself dur ing  t h e s e  p e r i o d s .  For  a female 

undergoing a pube r ty  moult,  however, t h i s  would reduce the chances 

o f  a male f i n d i n g  h e r  o r  vice-versa.  P a i r  formation between a 

hard-shel led male and a p repube r tg  female, t h e r e f o r e ,  could be 

b e n e f i c i a l  t o  bo th  sexes i n  s e v e r a l  ways. F i r s t l y ,  it ensures  the 

presence  o f  a male a t  t h e  e x a c t  time when t h e  female is capable  o f  

copu la t ion .  Secondly, it improves t h e  chances o f  t h e  female 

su rv iv ing  t h e  vu lne rab le  moult ing pe r iod  t h u s  i n s u r i n g  t h e  ma le ' s  

g e n e t i c  investment a g a i n s t  t h e  dea th  o f  t h e  female from p r e d a t i o n  

and cannibal ism.  And f i n a l l y ,  as observed i n  l o b s t e r s  and i sopods  

(Pa rke r ,  1974, Manning, 1975 and Atema et aL., 1979) ,  it probably  

ensu res  that  the male i n  a t tendance  is the s o l e  pa ren t  of  a f ema le ' s  

brood.  These advantages may a l s o  be o f  adap t ive  va lue  i n  t h e  



environment in which the species is found (Sastry, 1983). In 

considering the surf zone environment of M. Zunarts, therefore, it 

is possible that similar advantages may be gained from pre- and 

post-copulatory attendance and that the specific problems in this 

region may account for some of the unusual aspects of the mating 

behaviour of M. Zunmts. 

The results of this study show that female M. Zunarts do not 

ovulate immediately after copulation, unlike some majids such as 

e,  sptzto (Watson, 1970, 1972) and Inachus sp. (Hartnoll, 1963) 

where the females generally laid eggs within 24 hours of mating. 

The ovaries of newly-moulted females immediately after copulation 

are essentially at an early developing phase similar to the ovaries 

of the prepuberky instars. The spermathecae are, however, engorged 

with sperms. From the preliminary investigation of gonad 

development in the %&oratory, it appears that several weeks are 

required for oocyke growth prior to ovulation and oviposition. This 

period is primarily characterized by intensive oocyte production and 

vitellogenesis. These observations are comparable with those 

recorded in several brachyuran species such as C ,  pagurus (Edwards, 

1966 ), P. sangutnsZentus (Ryan, 1967b) and C, saptdus (Johnson, 

1980 ) . 

Although none of the females which copulated in the laboratory 

were kept long enough to observe ovulation and oviposition, 

histological analysis of the ovazies of ovigerous females from the 

field indicate that at each ovulation, most of the mature ova are 

discharged and the ovaries undergo a 'spent' phase. This is often 
> 

characterized by the migration of newly formed oocykes into the 



lumen o f  t h e  ovary,  p robably  f o r  growth f o r  t h e  next  o v u l a t i o n .  

There is evidence t o  sugges t  t h a t  female M. bunarts a r e  capable  

o f  producing more than  one b a t c h  o f  eggs from a s i n g l e  copu la to ry  

e v e n t .  F i r s t l y ,  t h e  spermathecae o f  a l l  ovigerous females examined 

i n  t h i s  s tudy  were found t o  be f u l l  o f  sperm even after the 

e x t r u s i o n  o f  t h e  previous  egg b a t c h .  Sperm s t o r a g e  and r e t e n t i o n  i n  

braehyurans is  not  unusual and h a s  been r epor t ed  i n  s e v e r a l  s p e c i e s  

i nc lud ing  CRtonoeeetes batrdtt (Adams & Pau l ,  1983),  C .  saptdus 

(Tagatz ,  1968) ,  Hubtcarcinus austrabts (Lucas & Hodgkin, 1970) and 

P .  sanguinobentus ( R y a n ,  1967b) .  I n  a l l  cases ,  t h e  females  w e r e  

observed t o  produce m u l t i p l e  egg ba t ches  w i t h i n  t h e  b reed ing  p e r i o d  

wi thout  subsequent copu la t ion .  I t  h a s  been suggested t h a t  t h e  

amount of sperms remaining i n  t h e  spermathecae o f  ovigerous females 

w e r e  s u f f i c i e n t  t o  f e P t i l i z e  t h e s e  a d d i t i o n a l  egg ba t ches  (Adams & 

Paul ,  1983) .  Secondly, marked ova r i an  a c t i v i t y  c h a r a c t e r i z e d  by 

high  gonad i n d i c e s  and advanced s t a g e s  o f  v i t e l l o g e n e s i s  w a s  

observed i n  most ov igerous  females. There w a s  a c h a r a c t e r i s t i c  

p r o l i f e r a t i o n  o f  oogonia and newly formed oocytes  i n t o  t h e  empty 

spaces  p r e v i o u s l y  occupied by ova i n  t h e  o v a r i e s  o f  t h o s e  

i n d i v i d u a l s  i n  t h e  ' s p e n t '  phase .  The occurrence o f  r i pen ing  

o v a r i e s  s imultaneous wi th  brooded eggs has  been r epor t ed  i n  s e v e r a l  

s p e c i e s  o f  hermi t  c r a b s  (Ameyaw-Akumfi, 1973 and Varadarajan & 

SuBramoniam, 1982),  PorZunus peZagtcus ( P i l l a y  & N a i r ,  1971) and 

P. sangutnoCentus (Ryan, 1967B) and h a s  been i n t e r p r e t e d  as an 

i n d i c a t i o n  o f  t h e  p o t e n t i a l  t o  produce a second brood dur ing  t h e  

same breeding  season ( P i l l a y  & N a i r ,  1971) .  I n  t h e  p r e s e n t  s tudy ,  

bo th  l i n e s  o f  evidence descr ibed  above s t r o n g l y  sugges t  t h a t  female 

M. Zunaris produce a t  least two egg ba t ches  du r ing  a s i n g l e  breeding  



season .  

I n  t h e  p r e s e n t  s tudy ,  t h e  number o f  eggs produced p e r  egg ba t ch  

by M. Luna~is v a r i e d  widely,  ranging  from 40,000 t o  180,000 eggs 

wi th  an approximate mean o f  65,000 eggs .  Th i s  is no tab ly  h i g h e r  

t h a n  t h e  es t imated  number o f  eggs  per brood recorded from M. Cuna~ts 

i n  I n d i a  (ef. 1100 - 2580 eggs, P i l l a y  & N a i r ,  1976) .  The mean egg 

d iameter ,  however, w a s  comparable wi th  t h o s e  recorded by R a j a b a i  

(1959) and P i l l a y  & N a i r  (1976) .  These obse rva t ions  are c o n s i s t e n t  

wi th  t h e  g e n e r a l  obse rva t ions  o f  B l i s s  (1968) t h a t  swimming crabs 

and lower i n t e r t i d a l  c r a b s  produce a h igh  number o f  s m a l l  eggs  

compared t o  o t h e r  s p e c f e s  o f  brachyurans .  I t  i s  a l s o  i n t e r e s t i n g  t o  

no te  t h a t ,  i n  t k i s  s tudy ,  t h e  mean number o f  eggs p e r  brood 

decreased markedly i n  s t a g e  IT. and 111 egg masses. Whether t h i s  i s  

r e l a t e d  t o  egg m o r t a l i t y  d u r i n g  incubat ion ,  asynchronous ha t ch ing  o r  

o t h e r  f a c t o r s  such a s  underes t imat ion  r e s u l t i n g  from changes i n  egg 

volume, i s  unc lea r  and r e q u i r e s  f u r t h e r  i n v e s t i g a t i o n .  

5 . 4 . 2  The annual  r ep roduc t ive  c y c l e  

I n  most s t u d i e s  o f  c rus t acean  reproduct ion ,  t h e  q u a l i t a t i v e  and 

q u a n t i t a t i v e  i n v e s t i g a t i o n  o f  t h e  r ep roduc t ive  even t s ,  t.e. gamete 

product ion ,  reproduct ive  behaviour ,  o v i p o s i t i o n  and brood 

incubat ion ,  o f t e n  provides  informat ion  on t h e  per iod  and ampli tude 

o f  t h e  reproduct ive  a c t i v f t y  i n  a popula t ion  ( e . g  . P i l l a y  sp N a i r ,  

1971, Nye, 1977, P i l l a y  & Ono, 1978, S w a r t z ,  1978, Jones,  1980 and 

Du Preez  & McLachlan, 1 9 8 4 ~ )  wi th  t h e  temporal p a t t e r n  o f  t h e  

reproduct ive  a c t i v i t y  be ing  r e f l e c t i v e  of  t h e  reproduct ive  c y c l e  of  

t h e  s p e c i e s  ( e . g .  Cox f Dudley, 1968, Kon 6s Honma., 1970a, b; 

reviewed by S a s t r g ,  1983) .  I n  t k i s  s tudy ,  t h e  annual  r ep roduc t ive  



c y c l e  o f  M. tunarts w a s  i n v e s t i g a t e d  us ing  bo th  q u a l i t a t i v e  and 

q u a n t i t a t i v e  obse rva t ions  o f  male and female gonadal a c t i v i t y ,  i n  

a d d i t i o n  t o  t h e  inc idence  o f  ov igerous  females and mating p a i r s  i n  

t h e  popu la t ion .  

Tlhe r e s u l t s  o f  t h i s  s tudy  show t h a t  t h e  annual  r ep roduc t ive  

c y c l e  o f  M. Zunarts i s  p r i m a r i l y  o f  a cont inuous na tu re ,  t.e. 

un in t e r rup ted  breeding  throughout  t h e  y e a r .  This  is  evidenced by 

t h e  fo l lowing  t 

For males, 

1) spermatogonia,  spermatocy-tes, spermatids  and mature 

spermatozoa w e r e  c o n s i s t e n t l y  found i n  t h e  lobes  o f  t h e  t e s t i s  

throughout  t h e  s tudy  pe r iod  wi th  no s i g n i f i c a n t  d i f f e r e n c e  

between months i n  t h e  m a n  number of  l obes  con ta in ing  a 

p a r k i c u l a r  c e l l  s t a g e ,  and 

2 )  t h e  frequency o f  mature males wi th  testis con ta in ing  mature 

spermatozoa remained r e l a t i v e l y  h igh  throughout  t h e  y e a r .  

For  females,  

1) marked ova r i an  a c t i v i t y  w a s  observed i n  most months o f  t h e  

y e a r  wi th  no apparent  p a t t e r n s  of s e a s o n a l i t y  i n  t h e  

f l u c t u a t i o n s  o f  t h e  gonad i n d i c e s ,  

2 )  mature females wi th  ripe o v a r i e s  were found i n  13  o u t  o f  1 4  

months du r ing  t h e  s tudy  pe r iod ,  and 

3 )  mating p a i r s  w e r e  found i n  most months o f  t h e  y e a r  wi th  no 

d i s t i n c t  p a t t e r n  o f  s e a s o n a l i t y  i n  t h e i r  occur rence .  

I t  is i n t e r e s t i n g  t o  no te  t h a t  ov igerous  females w e r e  on ly  found 

between t h e  months o f  August, 1984 and March, 1985. The r e l a t i v e l y  

low c a t c h  rate o f  ovigerous  females  i n  t h i s  s tudy ,  however, l i m i t s  

t h e  u se  o f  t h i s  parameter  i n  a s s e s s i n g  t h e  reproduct ive  c y c l e  o f  



M. Luna~%s. It is p o s s i b l e  t h a t  t h e  low c a t c h  rate o f  ovigerous  

females  may b e  a f f e c t e d  By changes i n  t h e i r  behaviour ,  t.e. 

off-shore migra t ion  similar t o  SeytLa serraea ( H i l l ,  1975) and 

C. saptdus ( S t e e l e ,  11979), t he reby  a f f e c t i n g  t h e i r  c a t c h a b i l i t y  i n  

the s u r %  zone o r  by l u n a r  p e r i d i c i t i e s  i n  t h e i r  r ep roduc t ive  

activity. These a s p e c t s ,  however, were n o t  cons idered  i n  t h i s  s t u d y  

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

Although it w a s  g e n e r a l l y  be l i eved  i n  t h e  p a s t  t h a t  t r o p i c a l  

i n v e r t e b r a t e  s p e c i e s  breed cont inuous ly  throughout  t h e  y e a r  (Semper, 

1881 i n :  P i l l a y  & N a i r ,  1971, Stephenson, 1934 and G i e s e  & Pea r se ,  

1974) ,  r e c e n t  s t u d i e s  have r e p o e e d  seasona l  p e r i o d i c i t i e s  i n  t h e  

reproduct ive  cycles 0% many t r o p i c a l  groups such as c o r a l s  ( e . g .  

Harr ison et aZ., 1984, Babcock et a&., i n  p r e s s ) ,  po lychae tes  ( e . g .  

Caspers,  1984),  echinoderms ( e . g .  Holland, 1981 and Kubota, 1981) 

and molluscs  (e.g. NagaBkushanam & Deshpande, 1982 and Bra ley ,  

1982).  Among t h e  c rus t aceans ,  s e v e r a l  t r o p i c a l  s p e c i e s  have a l s o  

been r epor t ed  t o  demonstrate  s easona l  reproduct ion ,  f o r  example, 

BanuEtrus argus (Kanciruk & H e r r k i n d ,  1996),  Crypotodromta 

Rtbgendsrft (McEay, 1982) ,  S. serrata ( H i l l ,  1995)  and P. peZagtcus 

( P o t t e r  et aL., 1983) ,  A g r e a t  m a j o r i t y  of  t h e  t r o p i c a l  c rus t acean  

s p e c i e s ,  however, cont inue  t o  be repor t ed  t o  breed f o r  an extended 

pe r iod  o r  even continuously throughout  the y e a r ,  i nc lud ing  most 

s p e c i e s  o f  anomurams (Ahmed & Mustaquim, 1994, Ameyaw-Akumfi, 1975, 

Subramonim, 9979 and Varadarajan & Subramoniam, 1982) and 

brachyurans (Ryan, 1967b, P i l l a y  & N a i r ,  1976, Du Preez  & McLachlan, 

1984c and Gstelli etab., 1985, reviewed by Sastry, 9983).  I n  

cons ide r ing  t h e  r e s u l t s  o f  t h i s  s tudy ,  t h e r e f o r e ,  M. zunarts appears  

t o  be a t y p i c a l  t r o p i c a l  brachyuran s p e c i e s  i n  t h a t  it demonstrates  



a continuous and almost un in t e r rup ted  reproduct ive  p a t t e r n .  

There e x i s t s  a s u b s t a n t i a l  l i t e r a t u r e  d e a l i n g  wi th  t h e  

proximate and u l t i m a t e  f a c t o r s  i n f luenc ing  the rep roduc t ive  cycles 

o f  marine i n v e r t e b r a t e s .  These have been reviewed e x t e n s i v e l y  i n  

i n v e r t e b r a t e s  by G i e s e  & Pea r se  (1974) and i n  Crus tacea ,  by Sastry 

(1983) .  The de terminant  factors o f  a cont inuous r ep roduc t ive  cycle 

a r e  u n c l e a r ,  I t  h a s  been suggested t h a t  it is g e n e r a l l y  a response 

t o  environmental cond i t i ons  which do no t  f l u c t u a t e  markedly 

throughout  t h e  y e a r  ( S a s t r y ,  1983), f o r  example, i n  some a r e a s  of 

the t r o p i c s  and i n  t h e  deep sea. I n  such areas where t h e r e  is 

l i t t l e  o r  no seasona l  v a r i a t i o n s  i n  environmental cond i t i on ,  t h e r e  

would be l i t t l e  i f  any  s e l e c t i v e  p r e s s u r e  favour ing  reproduct ion  a t  

one t i m e  o f  t h e  y e a r  ( G i e s e  & Pearse ,  1974) .  Upon c l o s e  

examination, however, khe r ep roduc t ive  a c t i v i t i e s  of most 

cont inuous ly  breeding  t r o p i c a l  s p e c i e s  are o f t e n  not  o f  t h e  same 

i n t e n s i t y  throughout  t h e  y e a r ,  and r a t h e r  show pe r iods  o f  more 

i n t e n s e  reproduct ion .  Examples o f  such s p e c i e s  i nc lude  t h e  hermi t  

crab, CZtbanmtus c z t b m ~ ~ t u s  (Varadarajan & Subramoniam, 1982) and 

such brachyurans as P.  sangutnatentus (Ryan, 1967b) and 0. punctatus 

(Du Preez  & McLachlan, 1 9 8 4 ~ ) ~  I n  t h i s  r e s p e c t ,  M. Zunarts i s  

unusual  i n  t h a t  t h e  f l u c t u a t i o n s  i n  its reproduct ive  i n t e n s i t y  a r e  

s l i g h t  and show no s i g n i f i c a n t  p a t t e r n s  o f  peak a c t i v i t y .  

The environmental f a c t o r s  which affect t h e  reproduct  i on  of 

M. Zunarts are beyond t h e  scope of t h e  p r e s e n t  s tudy  and it is 

d i f f i c u l t  t o  % o m  conclusive s t a t emen t s  as t o  t h e  environmental cues  

which c o n t r o l  t h e  i n i t i a t i o n  and du ra t ion  o f  its rep roduc t ive  c y c l e .  

1% is i n t e r e s t i n g  t o  note ,  however, t h a t  w h i l s t ,  i n  t h i s  s tudy ,  



M. Zunarts from Pallarenda beach reproduces continuously throughout 

the year, the breeding pattern of M. Zunarts in India as reported by 

Pillay 6 Nair (1976), is seasonal. Such intraspecific variability 

in the reproductive patterns of geographically separate populations 

of a single species has also been observed in other brachyusans, 

such as P. pezagtcus (Raharrran, 1967, Ryan, 1967b and Pillay 6 Nair, 

1971) and HeZ%ce cPassa (Nye, 1977 and Jones, 1980 ) and have often 

been explained in terns of geographic differences in temperature, 

salinity and food availability. These observations support the 

theory of Sastry (1983) that the reproductive cycle of an organism 

is a genotypic response to the environment. According to Sastry 

(P983), the environment is an important factor in determining the 

reproductive pattern 06 a population but the extent of such 

environmental influence is limited by the genetically predetermined 

character traits of the species. 

In conclusion, therefore, the reproductive pattern of 

M. Zunarts is typical of a tropical brachyuran species. It is 

characterized by the following trends: 1) a year-round production 

of gametes, 2) asynchrony in gonad development between individuals, 

3) an almost year-round occurrence of ovigerous females, 4) 

aseasonal mating activity, 5) multiple egg batches per female, 6) 

relatively small egg sizes and 7) high numbers of eggs per brood. 
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Absolute Growth 

6 . 1  In t roduc t ion  

There have been numerous s t u d i e s  o f  a b s o l u t e  growth i n  

c m s t a c e a n s ,  p a r t i c u l a r l y  bsachyurans ( e . g .  Har tno l l ,  1965b, Poole,  

1967, Bennet t ,  1974, Kle in  Breteler, 1975a, b Hogarth, 1975, 

Haefner,  1997 and Du Preez  6i McLachlan, P984b; reviews by Kurata ,  

1962 and H a r t n o l l ,  1982) .  I n  m o s t  cases, however, some degree o f  

d i f f i c u l t y  h a s  been experienced because o f  t h e  d iscont inuous  n a t u r e  

o f  c rus t acean  growth. These inc lude :  1) d i f f i c u l t y  i n  recover ing  

e m v i a e  t o g e t h e r  w i th  newly moulted i n d i v i d u a l s  i n  t h e  f i e l d ,  2 )  

l o s s  o f  t a g s  dur ing  e c d y s i s  and 3 )  d i s t i n g u i s h i n g  p o s t - l a m a 1  

i n s t a r s .  The l i m i t a t i o n s  o f  growth s t u d i e s  i n  c rus t aceans  have been 

d iscussed  by Hafino11 (1982) .  These problems i n  c rus tacean  r e sea rch  

are a p p r o p r i a t e l y  summarized by Wilder (1953):  "with an  

animal .  ..which has  n e i t h e r  scales, o t o l i t h s ,  v e r t e b r a e ,  nor  f i n  

r a y s ,  which a t  each moult l o s e s  a l l  hard p a r t s  ... and which over  the 

s i z e  range normally captured  does not  f a l l  i n t o  recognizable  s i z e  o r  

age groups, t h e  e s t ima t ion  of growth and age is p a r t i c u l a r l y  

d i f f i c u l t " .  

I n  the' Matutinae, p a r t i c u l a r l y  Matuta Zunarts ,  t h e r e  have been 

no publ ished s t u d i e s  o f  a b s o l u t e  growth. Although t h e  l a r v a l  

development o f  M. &unarts h a s  been descr ibed  (Ra jaba i ,  1959),  

information on p o s t l a r v a l  growth is lacking .  Th i s  s tudy ,  t h e r e f o r e ,  

is  a p re l imina ry  i n v e s t i g a t i o n  o f  p o s t l a r v a l  growth and moult s t a g e s  

i n  M. bunsfts . 



6.2 Materials and methods 

There are two aspects in the study of absolute growth in 

crustaceans: 1) the study of the increase in size during 

ecdysis-the moult increment, and 2) the study of the intervals 

separating successive moults-the intermoult period. These two 

aspects are essentially discrete and often e&Xbit very different 

responses to intrinsic and extrinsic factors (Hartnoll, 1982). 

Moult increment data may be obtained using the following methods: 

1) colleckion of emviae in the field together with the newly 

moulted individuals (Hiat*, 1948), 2) analysis of the modes of a 

size frequency histogram (Klein Breteler, 1975a, Childress & Price, 

1978 and Diaz, 198Q), 3) tagging experiments (Bennett, 1974 and 

Hill, 1975 ) and 4) monitoring of growth in captivity (Turoboyski, 

1973, McTiay, 1982 and Du Preez & McLachlan, 1984b). Data on 

intermoult periods may be obtained using the following methods: 1) 

tagging experiments (Bennett, 1974), 2) determination of the 

proportion of moulting crabs in a field population and correlating 

the data with observations of captive specimens (Warner, 1967) and 

3) observation of multiple moults in captivity (Turoboyski, 1973 and 

McLay, 1982). These methods have been reviewed extensively by 

Xartnoll ( 1982 ) . 

In this study, no tagging experiments were undertaken as no 

suitable tagging technique was available and the extremely large 

population and variable catch rate could not ensure adequate 

recovery of tagged individuals. The use of growth data from captive 

specimens was avoided in order to eliminate the effects of captivity 

on moult increments and intermoult period as have been found in 



o t h e r  c rus t acean  growth s t u d i e s  ( e . g .  H i a t t ,  1948 and C h i l d r e s s  & 

P r i c e ,  1978) .  I n  a d d i t i o n ,  o f  t h e  crabs maintained i n  the 

l abo ra to ry ,  no crab moulted more than  once dur ing  t h e  s tudy  p e r i o d ,  

t h u s  in t e rmou l t  pe r iods  could  no t  be followed. Consequently, the 

p r e s e n t  i n v e s t i g a t i o n  o f  growth i n  M. Lunarts w i l l  be based mainly 

on one a s p e c t  o f  a b s o l u t e  growth, t h a t  is, t h e  moult increment .  

The d a t a  used i n  t h i s  s t u d y  were obta ined  us ing  t h e  methods 

descr ibed  below. F i r s t l y ,  a size frequency his togram based on 2-mm 

f u l l  carapace  width (FCW) size classes was generated f o r  each sex ,  

based on t h e  s i z e  measurements of  a l l  i n d i v i d u a l s  used i n  t h e  

morphometric, feeding ,  reproduet ion  and popula t ion  a s p e c t s  of t h i s  

s tudy  (see Chapter  2 f o r  d e t a i l s  p e r t a i n i n g  t o  c o l l e c t i o n  methods 

and s tudy  s i t e s ) .  Moult increment d a t a  w e r e  t hen  c a l c u l a t e d  from 

t h e  modes o f  t h e  his tograms.  I n  a d d i t i o n ,  t h e  sex r a t i o  w i th in  5 mm 

FCW s i z e  c l a s s e s  w a s  c a l c u l a t e d  from the same d a t a  set .  Secondly, 

newly moulted i n d i v i d u a l s  w e r e  c o l l e c t e d  t o g e t h e r  w i th  their exuviae 

i n  t h e  f i e l d  and w i t h i n  5 days o f  cap tu re ,  i n  t h e  l a b o r a t o r y .  The 

pre-moult and post-moult s i z e s  were measured and t h e  moult 

increments  determined. 

There are several methods of  ana lys ing  c rus t acean  moult 

increment d a t a .  I n  t h i s  s tudy ,  two methods w e r e  employed: 

1) A H i a t t  diagram o f  pre-moult and post-moult s i z e s  was 

cons t ruc t ed  and f i t t e d  by a l i n e a r  r eg re s s ion ,  fo l lowing  

Kurata  ( 1962 ) . The r e l a t i o n s h i p  between pre-moult and 

post-moult s i z e s  w a s  then  expressed as: Lngl = a + bL,, where 

En is t h e  pre-moult s i z e  and L,+l is t h e  post-moult s i z e .  A 

t-test was used t o  determine t h e  s i g n i f i c a n t  d e v i a t i o n  o f  t h e  



slope (b) from a standard of 1, following Bennett ( 1974). 

Kurata (1962) referred to b as the growth coefficient and 

defined three patterns of growth on the basis of its value: 

b > 1 progressive geometric growth 

b = 1 arithmetic growth 

b < 1 retrogressive geometric growth 

The theoretical considerations of the Hiatt diagram have been 

discussed by Mauchline ( 1976 ) and Hartnoll ( 1982 ) . 
2) The relative or percent increment was calculated using the 

following equation, based on Mauchline (1976) and Hartnoll 

( 198% ) : 

postmoult size - premoult size 
relative increment ( % )  = ---- ------ x 100 

premoult size 

The relationship between percentage increment and premoult 

size was subsequently expressed as the linear regression of 

log percent increment on premoult size, following Hartnoll 

( 1980 ) . 

6,3 Results 

6.3.1 Size Frequency Distribution and Sex Ratio 

The size frequencies of male and female M. Zunarts measured in 

this study are shown in Figure 6.1. Considerable differences 

between male and female size distributions are apparent. From the 

histogram of females, there are three discrete modes which appear to 

correspond to moult stages or instars. No such modes are 

distinguishable from the histogram of males. In both sexes, the 

puberty moult is represented by a well defined gap in the histogram, 

although the size classes at which this gap occurred varied between 



Figure 6 . 1  

The size d i s t r i b u t i o n ,  based on 2-m s i z e  c l a s s e s ,  

sf all t h e  ind iv idua l s  measured i n  t h i s  study 

from January, 1984 to May, 1985. 
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t h e  sexes, I n  females,  t h e  gap is found between 38 .1  and 42.0 m 

FCW whereas i n  males, t h e  gap is found between 48.0 and 50.0 mm FCW. 

The maximum sizes a t t a i n e d  by both sexes i n  t h i s  s tudy  a l s o  

d i f f e r e d .  The maxheuw carapace  width a t t a i n e d  by males was 7 1 . 1  mnt 

PCW whereas t h a t  o f  females w a s  61.3 m FCW. 

Although, i n  gene ra l ,  t h e  p ropor t ion  o f  males t o  females i n  

t h i s  s t u d y  d i d  no t  d i f f e r  s i g n i f i c a n t l y  from a 1:l r a t i o  (X2 = 1 .66 ,  

p>O.05), t h e  s e x  r a t i o  w i t h i n  each  5 mm FCw s i z e  c l a s s e s  v a r i e d  

cons iderably  ( F i g .  6 . 2 ) ,  Th i s  v a r i a b i l i t y  m a y  have been the r e s u l t  

o f  sample s i z e  i n  t h e  smaller s i z e  classes. However, i n  the 

in t e rmed ia t e  s i z e  classes ( 2 0 . 0  - 50.0  mm FCW), it is probably  a 

r e s u l t  o f  t h e  d i f f e r e n c e s  i n  the r e l a t i v e  abundances o f  t h e  two 

sexes .  Within t h i s  s i z e  range,  t h e  males c o n s i s t e n t l y  occurred  i n  

r e l a t i v e l y  h igh  numbers whereas t h e  females showed d i s t i n c t  peaks i n  

abundance ( P i g .  6 ) .  Tke s i z e  classes at which t h e  females were 

most abundant corresponded w i t h  t h e  s i z e  range over  which t h e  

p ropor t ion  o f  females  exceeded that o f  the males. It is a l s o  

i n t e r e s t i n g  t o  no te  t h a t  t h e  p ropor t ion  o f  females i n  t h i s  s t u d y  

dec reases  markedly at  sizes g r e a t e r  t han  55.0 mm FCW. A t  s izes  

g r e a t e r  t h a n  65.0 mm FCW, t h e  sex r a t i o  w a s  100% males. 

6 . 3 . 2  Moult increment s tudy  

Some d i f f i c u l t y  was experienced i n  ob ta in ing  moult increment 

d a t a  both i n  t h e  f i e l d  and i n  the l a b o r a t o r p .  I n  t h e  f i e l d ,  v e r y  

few exuviae of M. Lunarts w e r e  recovered t o g e t h e r  wi th  newly moulted 

i n d i v i d u a l s .  I n  t h e  l a b o r a t o r y ,  most o f  t h e  usab le  ( t e e .  w i t h i n  5 

days o f  c a p t i v i t y )  moult increment d a t a  w e r e  ob ta ined  from 

prepuber ty  females undergoing a pube r ty  moult p r i o r  t o  copu la t ion .  







Moulting r eco rds  were n o t  ob ta ined  f o r  most sizes. 

I n  t h i s  s tudy ,  ana lyses  w e r e  based on d a t a  from 22 i n d i v i d u a l s  

( 7  males, 1 5  females) which w e r e  e i t h e r  observed moult ing i n  t h e  

f i e l d  o r  w i th in  5 days o f  c a p t i v i t y  i n  t h e  l abo ra to ry .  The r e s u l t s  

of t h e  moult increment a n a l y s i s  u s ing  bo th  the H i a t t  diagram and 

r e l a t i v e  increment ,  a r e  summarized i n  Table 6 . 1  and F igu res  6,3A, B. 

From t h e  H i a t t  diagram, t h e  r e l a t i o n s h i p  between postmoult s i z e  and 

premoult size i n  males approximates a s t r a i g h t  l i n e  ( F i g .  6 .3B).  

The r e s t r i c t e d  d i s t r i b u t i o n  o f  moult d a t a  i n  females, however, 

precluded a similar i n t e r p r e t a t i o n  based on t h e s e  d a t a .  From t h e  

a n a l y s i s  of t h e  relative increments  i n  both  sexes, t h e  s l o p e s  of t h e  

l i n e a r  r eg re s s ion  o f  l o g  p e r c e n t  increment on premoult size w e r e  

shal low and d i d  no t  d i f f e r  s i g n i f i c a n t l y  f r o m  0 (Table  6 .1 ) .  There 

w a s  no s i g n i f i c a n t  d i f f e r e n c e  between t h e  s l o p e s  o f  both sexes  

( t  = 0.08627, p > 8 . 0 5 ) .  

Moult increment d a t a  w e r e  a l s o  c a l c u l a t e d  based on t h e  modes o f  

t h e  s i z e  frequency h is togram.  However, t h i s  was on ly  p o s s i b l e  i n  

t h e  females as t h e r e  w e r e  no d i s c r e t e  modes i n  t h e  s i z e  frequency 

his togram o f  t h e  males. The r e s u l t s  o f  t h e  moult increment a n a l y s i s  

are shown i n  Table 6 . 1  and F igu re  6 .3 .  These are comparable wi th  

t h e  i n d i v i d u a l  moult increments  obta ined  from t h e  f i e l d ,  wi th  t h e  

except ion  of t h e  moult increment i n  s m a l l  i n d i v i d u a l s  which is  

r e l a t i v e l y  l a r g e .  



Tale 6.1 A summary of moult increment data using two methods of analysis. 

I. Hiatt Diagram? 

n Growth Equation Growth Coeff. Sig . Growth Pattern 

Male 7 ya0.5366 +1.2245x 1.23 ns arithmetic 

Female 15 y = 2.6245 + 1.2870~ 1.29 ns arithmetic 

Female * 3 p = 8.4339 9 1.1370~ 1.14 ns arithmetic 

PI. Relative incrementtt 
n Mean % Increment Slope 

Male 7 24.74k1.463 -0.001 -0.2974 

F e d e  15 36.76 51.762 -0.003 -0 .I387 

Female* 3 (85.4, 41.1, 41.5) -0.015 -0.8767 

Sig . 

( * )  - data based on the modes of the size frequency histogram 
' - following Kurata (1962) and Bennett (1974) 

- following Hauchline ( 1976 ) and Hartnola ( 1982 ) 



Figure 6 . 3  

A summary of the approaches used t o  quantify the 

relationship of moult increment t o  s ize .  

6 . 3 A  The relationship between percentage moult 

increment and pre-moult s ize,  expressed as the 

l inear regression of log percent increment 

on pre-moult carapace width. 

A male 

a o female 

O female* 

6.3B A Hiatt growth diagram of M. tunarts: 

pre-moult s ize vs.  post-moult s ize .  

A male 

00 female 

O female* 

( *  - based on the modes of the size distribution 
i n  Fig. 6 . 1 )  
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6 . 4  Discussion 

Absolute growth is de f ined  as t h e  change i n  size ~ 5 t h  t i m e ,  and 

i n  c rus t aceans ,  it is e s s e n t i a l l y  a d iscont inuous  p roces s  o c c u r r i n g  

i n  a series o f  moults  o r  ecdyses .  As a r e s u l t ,  t h e r e  a r e  two basic 

p a t t e r n s  o f  a b s o l u t e  growth i n  c rus taceans :  1) indetermina te  growth 

and 2 )  de te rmina te  growth. These growth p a t t e r n s  have been 

exkens ive ly  reviewed by  HaPtnol l  (1980, 1982).  Inde termina te  growth 

is de%ined as ' u n r e s t r i c t e d  growth' where there are no t e r m i n a l  

moults  and a success ion  o f  moults  con t inues  u n t i l  dea th  from 

. e x t r i n s i c  f a c t o r s  i n t e rvenes .  Detenhinate  growth, however, i s  

cha rac t e r i zed  by a t e r m i n a l  moult w i t h  growth occu r r ing  i n  a series 

o f  f i x e d  o r  v a r i a b l e  number o f  moults .  There are f o u r  t y p e s  o f  

de te rmina te  growth p a t t e r n s  based on t h e  number of  r e s u l t i n g  

in t e rmou l t  s t a g e s  o r  i n s t a r s  and t h e  r e l a t i o n s h i p  between sexua l  

ma tu r i t y  and t h e  t e r m i n a l  moult .  These are: 1) growth wi th  a 

v a r i a b l e  number o f  i n s t a r s  and m a t u r i t y  occu r r ing  b e f o r e  t h e  

t e r m i n a l  moult, 2 )  growth wi th  a f i x e d  number o f  i n s t a r s  and 

m a t u r i t y  occu r r ing  b e f o r e  t h e  t e r m i n a l  moult, 3 )  growth w i t h  a 

v a r i a b l e  number of  i n s t a r s  and m a t u r i t y  occu r r ing  after t h e  t e r m i n a l  

moult and 4 )  growth wi th  a f i x e d  number o f  i n s t a r s  and m a t u r i t y  

occu r r ing  after t h e  t e r m i n a l  moult .  Examples o f  c rus t aceans  

e x h i b i t i n g  t h e s e  t y p e s  o f  de te rmina te  growth and inde termina te  

growth, a r e  given i n  T a b l e  6 .2 .  

In  t h i s  s tudy ,  a b s o l u t e  growth i n  male and female Matuta 

Zuna~ts have been i n v e s t i g a t e d  based on t h e  size frequency 

d i s t r i b u t i o n  of a n a t u r a l  popu la t ion  and f i e l d  moult increment d a t a .  

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  a b s o l u t e  growth i n  both 



Table 6.2  h CaxmoMC hs t  of examples of t h e  qrwth patterns i n  Crustacea- 

n p n ? l e s  Ref erencer  M r u r e  before n a m e  a f t e r  Uarure a e e r  
fmal mult fmnal moult f in& moult 

Ostracoda 
Cyprtnosus sp. - xurara.  1962 

co-pepoda 
calanolda Raesmex, 1990 
B w a r - l m l d a  Xaestnex, 1970 

Cz-zlpedla 
Tnoracrca 

npsiaacea 
ha tnopausza  rnpens Chilareas i P n c e ,  1998 a+ 

AmphIpoda 
),,a .,. -- oaauropw grvLLooapa Myers. 1991 

Astacidea 
Nepnrops nomiascus  Parme=, 1973 

3racn-a 
Grapslaae 
Canes? papurus 
Neopmoc+ s q t  
CrJpo0momi.a hlLpenacrf t  
Rnttnronanonaus n c r r l s t t  
c - ~ ~ l n u . ~  rnaenorr 
Ponunus SanpnmsLensus 
CaLLtnCc%eS simtdlla 
CaLLlnecse9 crcuaus 
C ~ L L t n e ~ s e s  S O ~ D O ~ S  

m 7 l a a e  
n z j a  s c u m a m  
CONST.~II casSz.ueLaznus 
ZcLZc-ectnus aus=?aLts 
Nsscsc LuncrLs 

. - modzf~ed ?run H ~ ~ n o l l  - - Znere are no m&lasneo 
and r.xcr:q' o=c;L?an? 

Barmol l .  1965 
Bennett. 1374 
Svanr .  1978 
acLay. l s e z  
hlrobops);;, 1973 
Klem Bre re le r ,  1975a 
Xyan, 1967C 
Taqazr, 1968 
Paul. 1982 
Paul, 1982 
Harcnoll. 1963 
c r - b s l e ,  1957 
Harcnoll, 1972 
LUCaS 6 ilwawar.. 1370 
present  sruay 

(1982) 
exaxales of m s z a c e a n s  b ~ t h  
=fore  tne 2 1 n a  moulz. 



sexes  is o f  a de termina te  n a t u r e ,  wh@re both sexes appear  t o  reach  a 

state o f  t e r m i n a l  aneedys is  a t  a p a r t i c u l a r  s i z e ,  as evidenced by 

t h e  fo l lowing  observa t ions :  

1) both sexes  have r e l a t i v e l y  d i s c r e t e  pos tpube r ty  size ranges ,  

2 )  pos tpube r ty  i n d i v i d u a l s  o f  bo th  sexes maintained i n  a q u a r i a  

d i d  no t  moult and showed no evidence o f  p roecdys i s  when 

d i s s e c t e d ,  and 

3 )  t h e  s l o p e s  o f  t h e  r e g r e s s i o n s  o f  l o g  percentage  moult 

increment on size f o r  bo th  sexes are t y p i c a l  o f  species w i t h  

de te rmina te  growth ( i n :  H a r t n o l l ,  1980). 

However, marked d i f f e r e n c e s  between sexes  have a l s o  been found. 

Each s e x  w i l l  t h e r e f o r e  be cons idered  s e p a r a t e l y  below. 

The abso lu t e  growth p a t t e r n  o f  male M .  Lunarts is  of a 

d e % e m i n a t e  na tu re ,  wi th  t h e  moult increments  remaining c o n s t a n t  

w i t h  size, The s i z e  a t  which m a l e s  settle from t h e  megalopa s t a g e  

is unknown, al though it is probably  smaller than  t h e  minimum m a l e  

carapace  width recorded i n  t h i s  s tudy  ( t . e ,  8 . 1  mm FCW). From t h e  

size frequency d i s t r i b u t i o n ,  it is no t  p o s s i b l e  t o  determine t h e  

number o f  i n s t a r s  from t h e  time o f  s e t t l emen t  t o  t h e  o n s e t  o f  s exua l  

m a t u r i t y  as t h e r e  w e r e  no d i s t i n g u i s h a b l e  modes which appeared t o  

correspond wi th  i n t e m u l t  s t a g e s  o r  i n s t a r s .  The puber ty  moult o f  

males is marked by a d i s t i n c t  gap i n  t h e  size frequency d i s t r i b u t i o n  

approximately b e w e e n  48.0 t o  50.0 mm FCW ( F i g .  6 . 4 ) ,  which 

corresponds wi th  t h e  morphological changes observed i n  Chapter 3 and 

the behavioura l  and h i s t o l o g i c a l  obse rva t ions  i n  c h a p t e r  5 .  It 

appears  t h a t  t h i s  pube r ty  moult is a l s o  the t e rmina l  moult i n  males, 

wi th  t h e  s e x u a l l y  mature i n d i v i d u a l s  be ing  found on ly  i n  t h e  f i n a l  

i n s t a r .  The size range a t  which s e x u a l l y  mature males occur  is  



Figure  6 . 4  

The size d i s t r i b u t i o n ,  based on 2-mm s i z e  classes, 

o f  a91  t h e  i n d i v i d u a l s  measured i n  t h i s  s tudy ,  

showing t h e  proposed growth s t a g e s  i n  M. Zunarfs, 

S ? p o s s i b l e  s i z e  a t  se t t l emen t  

PEa pube r ty  moult 

I n  t h i s  s tudy ,  o n l y  t h e  females  showed d i s t i n c t  

growth stages o r  i n s t a r s ,  namely: 

I n s t a r s  I ,  11, 111, I V  and V. 

N o  d i s t i n c t  modes which correspond t o  growth 

s t a g e s  a r e  apparent  i n  t h e  size d i s t r i b u t i o n  

o f  m a l e  M. Lunarts, 
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r e l a t i v e l y  l a r g e  ( t e e .  50.0 t o  71 .1  mm FCW). There is evidence t o  

sugges t  t h a t  a t  t h i s  size range,  s e x u a l l y  mature males are i n  a 

s t a t e  o f  anecdys is ,  namely, t h e  absence of any developing e p i c u t i c l e  

i n  a l l  s e x u a l l y  i n d i v i d u a l s  e x m i n e d  (Chapter  3 ) .  On the assumption 

o f  a cons t an t  pe rcen t  moult increment (24.74% from F i g . 6 . 1 ) ,  it is 

p o s s i b l e  t o  e x t r a p o l a t e  t h e  m a x h u m  prepuber ty  size given t h e  

maximum s e x u a l l y  mature size recorded i n  t h i s  s tudy  ( t . e .  71 .1  mm 

PCW) , fo l lowing  H a r t n o l l  ( 1972 ) . The maximum prepuber ty  size 

p o s s i b l e ,  t h e r e f o r e ,  is 53.5  m FCW. I n  t h i s  s tudy ,  t h e  l a r g e s t  

immature male examined had a f u l l  carapace  width o f  51.8 mm (Chapter  

3). Thi s  sugges t s  t h a t  a l l  t h e  observed s e x u a l l y  mature males i n  

t h i s  s tudy  may have r e s u l t e d  Prom a s i n g l e  moult a t  pube r ty .  

I n  cons ide r ing  t h e  r e s u l t s  o f  t h e  morphological s t u d i e s  i n  

Chapter 1 and the obse rva t ions  i n  t h i s  s tudy ,  t h e r e f o r e ,  two t r e n d s  

become apparent :  1) t h a t  t h e  pube r ty  moult i n  males does n o t  occur  

a t  a s p e c i f i c  size b u t  r akhe r  a t  a p a r t i c u l a r  size range,  and 2) 

t h a t  t h e r e  is cons ide rab le  size v a r i a t i o n  i n  t h e  r e s u l t a n t  s e x u a l l y  

mature males .  o v e r a l l ,  t h e  obse rva t ions  i n  t h i s  s tudy  sugges t  t h a t  

male M. Zunarts  have a de termina te  growth pattern wi th  m a t u r i t y  

o c c u r r i n g  a f t e r  t h e  t e r m i n a l  moult and an unknown and p o s s i b l y  

v a r i a b l e  number o f  i n s t a r s .  This type o f  growth p a t t e r n  is similar 

t o  t h a t  r epo r t ed  i n  o t h e r  brachyuran spec i e s ,  such a s  s e v e r a l  

s p e c i e s  o f  m a j i i d s  ( H a r t n o l l ,  1963, 1965a) ,  Corys tes  casstveZaunus 

(Has tnola ,  1972) and HuLtcaretnus a u s t ~ a z i s  (Lucas 6 Hodgkin, 1970). 

The growth pattern o f  female M, Zunarts is f u l l y  de te rmina te  

wi th  a c h a r a c t e r i s t i c  dec rease  i n  t h e  moult increments  wi th  

inc reas ing  s i z e .  The s i z e  at: which female M .  Zunarts  settle from 



its p lank ton ic  larval s t a g e  is unknown, however, t h e  minimum size o f  

females c o l l e c t e d  i n  t h i s  s t u d y  w a s  6 . 6  mm FeW. I f  t h i s  r e p r e s e n t s  

t h e  size o f  t h e  first pos t - l a rva l  i n s t a r  t hen  t h e r e  appear  t o  be 

f i v e  i n t e m o u l t  s t a g e s  o r  i n s t a r s  be fo re  t h e  o n s e t  o f  s exua l  

m a t u r i t y  ( P i g .  6 . 4 ) -  These i n s t a r s  are cha rac t e r i zed  by r e l a t i v e l y  

l a r g e  moult increments ,  wi th  t h e  increment between t h e  3rd and 4 th  

i n s t a r s  b e i n g  p a r k i c u l a r l y  h i g h .  I n s u f f i c i e n t  d a t a  on newly s e t t l e d  

i n d i v i d u a l s ,  however, precluded t h e  e s t ima t ion  o f  moult increments  

between t h e  lst, 2nd and 3rd i n s t a r s ,  a l though cons ide r ing  t h e  

minimum s i z e  o f  females c o l l e c t e d  i n  t h i s  s tudy  and t h e  mode which 

r e p r e s e n t s  t h e  2nd and 3rd i n s t a r s ,  one could p r e d i c t  t h e  moult 

i n e ~ e m e n t s  t o  be comparable w i t h  that  between t h e  3rd and 4 th  

i n s t a r s .  The 4 th  i n s t a r  r e p r e s e n t s  t h e  f i n a l  immature i n s t a r ,  p r i o r  

t o  t h e  pube r ty  moult .  It is  i n t e r e s t i n g  t o  no te  t h a t  t h e  s i z e  range  

of t h e  4 th  i n s t a r  corresponds wi th  t h e  size range a t  which female 

M. Zuna~ts w e r e  observed t o  p a i r  wi th  male M.  Zunarts b e f o r e  

copula t ion  (Chapter  5 ) .  The pube r ty  moult i n  females  i s  w e l l  

de f ined .  It is marked by t h e  d i s t i n c t  gap between 38 .1  and 42.0 mm 

FCW i n  t h e  size frequency h is togram ( F i g .  6 . 4 ) .  Th i s  corresponds 

wi th  t h e  morphological changes observed i n  Chapter 3, t h e  gonadal  

matura t ion  observed i n  Chapter  5 and t h e  observed moult ing e v e n t s  i n  

t h e  l a b o r a t o r y .  The r e s u l t a n t  5 th  i n s t a r ,  t h e r e f o r e ,  is e s s e n t i a l l y  

s e x u a l l y  mature.  I n  females, the puber ty  moult is a l s o  t h e  t e r m i n a l  

moult: a l l  i n d i v i d u a l s  a r e  i n  a state of t e r m i n a l  anecdys is  and are 

incapable  o f  f u r t h e r  moult ing.  Th i s  is supported by t h e  absence of  

any females a t  sizes g r e a t e r  t han  64 .5  mm. FCW, t h e  absence o f  

pos tpuber ty  ermviae i n  t h e  f i e l d  and i n  t h e  l a b o r a t o r y  and t h e  

absence o f  a developing e p i c u t i e l e  i n  a l l  pos tpuber ty  specimens 



examined (Chapter  5 ) .  I t  appeazs,  t h e r e f o r e ,  t h a t  female M. Lunarts 

have a f u l l y  de te rmina te  growth p a t t e r n  wi th  a f i x e d  number o f  

i n s t a r s  and sexua l  m a t u r i t y  occu r r ing  a f t e r  t h e  t e r m i n a l  moult .  

Th i s  type o f  growth p a t t e r n ,  however, is unusual  f o r  brachyurans.  

S i m i l a r  growth p a t t e r n s  have been r epor t ed  i n  copepods (Ivanova,  

1973) and os t r acods  (Kurata ,  1962) b u t  have no t  been r epor t ed  

p rev ious ly  i n  b r a c k p r a n s  ( Hartno11 , 1980, 1982 ) . 

The advantages o f  a de termina te  growth p a t t e r n  i n  c r u s t a c e a n s  

as o u t l i n e d  by H a r t n o l l  (1980)  i nc lude  t h e  fol lowing:  1) f a s t e r  

grdwth t o  f u l l  s i z e ,  2 )  a l l  r e sou rces  can be concent ra ted  on 

reproduct ion  i n  the mature phase,  3 )  breeding  is n o t  i n t e r r u p t e d  by 

moult ing even t s ,  and 4 )  dec rease  i n  t h e  p r o b a b i l i t y  o f  moult-induced 

m o r t a l i t y .  I n  t h i s  s tudy ,  M. Zunarts e x h i b i t s  a f u l l y  de te rmina te  

growth p a t t e r n .  However, t h e  d i f f e r e n c e s  observed between t h e  t w o  

s exes  sugges t  t h a t  male and female M. Zunarts fo l low two d i s t i n c t  

b u t  d i s p a r a t e  growth s t r a t e g i e s .  Male abso lu t e  growth appears  t o  

occur  i n  a variable number o f  i n s t a r s ,  each wi th  a wide size range,  

and is cha rac t e r i zed  by c o n s t a n t  b u t  r e l a t i v e l y  s m a l l  ( 2 4 . 7 % )  moult 

increments .  I n  c o n s t r a s t ,  female abso lu t e  growth occurs  i n  a f i x e d  

number o f  i n s t a r s ,  each wi th  a r e s t r i c t e d  size range, and i s  

cha rac t e r i zed  by r e l a t i v e l y  l a r g e  b u t  v a r i a b l e  (85-41%) moult 

increments .  I n  a d d i t i o n ,  males grow t o  a l a r g e r  maximum size than  

females .  From t h e s e  obse rva t ions ,  several ques t ions  arise: 



A .  why do males grow l a r g e r  t han  females? 

B. Why is female growth r e s t r i c t e d  t o  a f i x e d  number o f  i n s t a r s  

wi th  r e s t r i c t e d  size ranges? 

C. Why a r e  t h e r e  two d i f f e r e n t  growth s t r a t e g i e s ?  

Each of  these ques t ions  will be considered s e p a r a t e l y  below. 

A, Why do males grow larger khan females? 

Th i s  ques t ion  cannot  be d i r e c t l y  answered from t h e  obse rva t ions  

i n  t h i s  s tudy .  However, i n  cons ide r ing  t h e  r e s u l t s  from t h e  s t u d i e s  

on o t h e r  a s p e c t s  o f  t h e  b io logy  o f  M. Zunarts (Chapters  3,  4 and 5), 

s e v e r a l  p o s s i b l e  exp lana t ions  m a y  be forwarded. F i r s t l y ,  it may be 

advantageous f o r  males t o  be l a r g e r  t han  females  a t  sexua l  ma tu r i t y ,  

t o  be able t o  p rov ide  adequate  p r o t e c t i o n  f o r  t h e  s o f t ,  newly 

moulted female dur ing  copu la t ion ,  as noted i n  Chapters  3 and 5. 

Secondly, t h e  e x i s t e n c e  o f  cons ide rab le  s i z e  v a r i a t i o n  between sexes  

may be e c o l o g i c a l l y  advantageous by decreas ing  n i che  ove r l aps ,  as 

noted by H a r t n o l l  (1965b) i n  several s p e c i e s  o f  s p i d e r  crabs where 

t h e  mean s i z e  o f  p o s t  pube r ty  males w a s  g r e a t e r  t han  t h a t  o f  t h e  

females .  And f i n a l l y ,  it may be t h e  r e s u l t  o f  d i f f e r e n t i a l  energy 

a l l o c a t i o n ,  as males are able t o  p u t  more energy i n t o  somatic  growth 

than  females which r e q u i r e  more energy f o r  egg product ion a t  sexua l  

ma tu r i t y .  The phenomenon o f  males growing l a r g e r  t han  females has  

been repor ted  i n  o t h e r  brachyurans such as Rantna r a n t n a  ( F i e l d i n g  & 

Haleg, 1976),  C. cass ive taunus  ( H a r t n o l l ,  1972),  Lt thodes aequisp tna  

(S loan ,  1985) and s e v e r a l  species o f  s p i d e r  c r a b s  ( H a r t n o l l ,  1965a) .  



B. Why is  female growth restricted t o  a f i x e d  number o f  i n s t a r s  

wi th  r e s t r i c t e d  s i z e  ranges? 

I n  most brachyurans,  r ep roduc t ive  f i t n e s s  is d i r e c t l y  related 

t o  female body size (Hines,  1982) .  I t  would t h e r e f o r e  appear  t o  be 

advantageous f o r  a female t o  grow as l a r g e  a s  p o s s i b l e .  In 

H, Lunorts, however, mature females  have a r e s t r i c t e d  size 

d i s t r i b u t i o n ,  t h e  mean s i z e  o f  which is cons ide rab ly  smaller than  

that  of t h e  m a l e s .  This sugges t s  that t h e r e  a r e  s t r o n g  selective 

p r e s s u r e s  l i m i t i n g  the p o s s i b l e  size d i s t r i b u t i o n  o f  mature females. 

It i s  probable  t h a t  there is a n  opt imal  s i z e  a t  m a t u r i t y  f o r  females 

and that  t h e  observed d i s t r i b u t i o n  o f  immature female i n s t a r s  i n  

t h i s  s t u d y  represents  t h e  m o s t  e f f i c i e n t  s t r a t e g y  by which t h i s  

opt imal  s i z e  may be a t t a i n e d .  A p o s s i b l e  advantage o f  t h i s  growth 

strategy is t h a t  it minimises the number of moults  r equ i r ed  t o  reach  

t h e  mature s i z e .  As a consequence, t h e  number o f  times an  

i n d i v i d u a l  is exposed d u r i n g  the vu lne rab le  moult pe r iod  i s  

reduced. The energy r equ i r ed  f o r  f u r t h e r  moult ing may t h e r e f o r e  be 

a l l o c a t e d  f o r  reproduct ion .  The selective f o r c e s  which appear  t o  

l i m i t  t h e  s i z e  d i s t r i b u t i o n  o f  mature females are no t  known, 

al though t h e s e  are likely t o  be related t o  t h e  r ep roduc t ive  

p roces ses .  A p o t e n t i a l  mechanism which c o n t r o l s  w i th in - in s t a r  size 

v a r i a t i o n s  and t h e  s i g n i f i c a n c e  o f  such r e s t r i c t e d  size ranges  a t  

important  s t a g e s  i n  the l i f e  h i s t o r y  of  a c rus t acean  have been 

d i scussed  by Hartno11 S; Dal l ey  (1981). 

I n  comparison t o  females, m a l e  M.  tunarts do no t  appear t o  have 

an opt imal  s i z e  a t  ma tu r i t y ,  as evidenced by t h e  cons ide rab le  size 

v a r i a t i o n  between t h e  a d u l t  males i n  t h i s  s t u d y ,  I n  a d d i t i o n ,  males 



do  no t  demonstrate  any d i s c r e t e  i n s t a r s  dur ing  t h e  immature phase,  

as evidenced by t h e  lack o f  d i s t i n g u i s h a b l e  modes i n  t h e  size 

frequency his togram. These obse rva t ions  sugges t  that the s e l e c t i v e  

f o r c e s  a c t i n g  upon t h e  growth p a t t e r n  o f  males are d i f f e r e n t  from 

t h o s e  in f luenc ing  t h e  growth p a t t e r n s  of females. Unlike females ,  

t h e  observed size d i s t r i b u t i o n  o f  mature males do no t  appear  t o  be 

d i r e c t l y  r e l a t e d  t o  t h e i r  r ep roduc t ive  func t ion .  I n  t h i s  s tudy ,  

mature males a t  a l l  s i z e s  w e r e  obsewed  t o  p a i r  and copu la t e  w i th  

immature females (Chapter  5 ) .  There w e r e  no apparent  s i ze - r e l a t ed  

d i f f e r e n c e s  i n  t h e  frequency o f  p a i r  formation and t h e r e  w a s  no 

evidence of a p a r t i c u l a r  size be ing  s e l e c t e d  f o r .  It h a s  been 

suggested t h a t  a broad s i z e  d i s t r i b u t i o n  o f  mature males i n  the 

popula t ion  dec reases  d i r e c t  e c o l o g i c a l  competi t ion between 

i n d i v i d u a l s ,  a s  noted by Haptnol l  (1963, 1965a)  i n  t h e  Majidae where 

mature males occurred ove r  a wide size range .  Th i s  may a l s o  be t h e  

case i n  M. L u n a ~ i s  . 

I n  m a l e  M. Zunarts,  t h e r e  appears  t o  be a cons ide rab le  ove r l ap  

o f  i n s t a r  size ranges  du r ing  t h e  immature phase d e s p i t e  the 

relatively cons t an t  moult increment ,  It is i n t e r e s t i n g  t o  no te  t h a t  

i n  th i s  s tudy ,  t h e  mean male moult increment ( 2 4 . 7 % )  is comparable 

wi th  t h e  25-26% mean increment i n  c rus t aceans  p o s t u l a t e d  i n  the 

Brook's and Pzibram's  Rules ( i n :  Rice, 1968 and H a r t n o l l ,  1982) .  

This sugges t s  t h a t  male M. Zunar-Ls probably  opt imizes  t h e  moult 

increment a t  each moult r a t h e r  t h a n  a t tempt ing  t o  achieve  a n  op t ima l  

reproduct ive  size. I f  male M ,  Lunaris settles over  a wide size 

range,  a cons t an t  moult increment throughout  postlarval developm@nt 

would r e s u l t  i n  a wide size v a r i a t i o n  between i n d i v i d u a l s  of the 

same i n s t a r .  This may- account  f o r  the observed growth p a t t e r n  i n  



male M. tuna~ts. 

C. why a r e  t h e r e  two d i f f e r e n t  growth s t r a t e g i e s ?  

In Braehyurans, tbere axe very few reco rds  o f  d i f f e r i n g  growth 

s t r a t e g i e s  between t h e  sexes o f  the same s p e c i e s .  Pn most species, 

males and females i n v a r i a b l y  have s i m i l a r  growth s t r a t e g i e s ,  w i t h  

t h e  d i f f e r e n c e s  recorded i n  some s p e c i e s  be ing  l i m i t e d  t o  t h e  size 

a t  sexua l  m a t u r i t y  (e.g, C. casstveZaunus [Haxtnol l ,  1972]), the 

moult increment (e.g. Cabttnectes saptdus [Tagatz,  19681) o r  the 

in t e rmou l t  per iod  after m a t u r i t y  (e.g. Cancer pagurus [Bennet t ,  

19741 ) .  M. Zunarts is unusual  i n  t h a t  males and females follow 

d i f f e r e n t  growth s t r a t e g i e s  i n  a d d i t i o n  t o  t h e  observed d i f f e r e n c e s  

i n  t h e i r  size a t  s exua l  m a t u r i t y .  Because of t h e  similarity o f  both 

sexes  i n  t h e  o t h e r  a s p e c t s  o f  t h e i r  b io logy ,  6.e. feeding  and 

ecology,  it is likely t h a t  t h e  observed d i f f e r e n c e s  i n  t h e i r  growth 

s t r a t e g i e s  are a r e s u l t  o f  their d i s p a r a t e  r ep roduc t ive  r o l e s .  

However, because o f  the small sample s i z e  of  some aspects of t h i s  

s tudy ,  t h e s e  i n t e r p r e t a t i o n s  must remain t e n t a t i v e .  



CHAPTER SEVEN 

Popula t ion  Biology 

7 .1 f n t roduc t ion  

Popula t ion  s t u d i e s  have a vital p a r t  i n  the unders tanding  of  

the b io logy  o f  brachyurans.  Information on the relative abundance, 

sex r a t i o ,  popula t ion  s t r u c t u r e  and growth o f  commercial s p e c i e s  

such as ScyLLa serpata ( H i l l ,  1975) ,  Cancer boreaLts (Haefner,  1976, 

1979),  Ranina rantna ( F i e l d i n g  & Haley, 1976) and Portunus peZagZcus 

( P o t t e r  et aL., 1983) were found t o  be d i r e c t l y  a p p l i c a b l e  t o  

f i s h e r i e s  work. Likewise, popu la t ion  s t u d i e s  o f  non-commercial 

s p e c i e s  such as T~apezta spp .  (Gotelli et aL., 1985),  CryptodomZa 

nttgendorft (McLay, 1982) and HaLtcarctnus austratts (Lucas & 

Hodgkin, 1970)  w e r e  i nva luab le  i n  t h e  understanding o f  t h e  s p a t i a l  

and temporal  d i s t r b b u t i o n s  o f  t h e s e  s p e c i e s .  

I n  t h e  Matut idae,  popu la t ion  s t u d i e s  are completely l ack ing .  

Despi te  t h e  widespread d i s t r i b u t i o n  o f  Matuta Zunaris, t h e r e  has 

been no previous  work on its popula t ion  b io logy .  Th i s  s t u d y  

t h e r e f o r e  w a s  designed t o  i n v e s t i g a t e  t h e  popula t ion  b io logy  of 

M. eunarts a t  Pa l l a r enda  beach,  Townsville and t o  provide  

p re l imina ry  informat ion  on i ts  relative abundance, sex ratio, 

popula t ion  s t r u c t u r e  and growth, 

7 .2 Methods 

This s tudy  w a s  conducted a t  S i t e  ' A '  i n  Pa l l a r enda  beach, 

Townsville (19°11.8'.S, 14Ei046.6'E) between A p r i l  a984 t o  May 1985. 

Sampling w a s  c a r r i e d  o u t  a t  monthly i n t e r v a l s ,  wi th  each sample 

be ing  wi'ehin two days of  t h e  f u l l  moon of  each month and always on a 



144 

m i d f a l l i n g  t i d e .  M e  E16~u~t.s was c o l l e c t e d  us ing  a l a r g e  25 mm mesh, 

10 m x 1 m s e i n e  n e t  and a small 3 .5  mm mesh n e t  fo l lowing  the 

methods descr ibed  i n  Chapter  2 .  

A rninimwn of  five tows o f  the l a r g e  n e t  w a s  c a r r i e d  o u t  i n  each 

monthly sample, o r  u n t i l  a minimum o f  50 i n d i v i d u a l s  w a s  caught .  

A f t e r  each tow, a l l  crabs caught  w e r e  placed i n  c o n t a i n e r s  f i l l e d  

wi th  sea water and a no te  w a s  made o f  t h e  number o f  crabs p e r  tow. 

f n  a d d i t i o n ,  f i v e  tows o f  t h e  s m a l l  n e t  were undertaken.  A l l  crabs 

were measured a t  t h e  completion o f  t h e  sampling p e r i o d .  The sex and 

f u l l  carapace  width (FCW) o f  each  c r a b  was recorded and a no te  w a s  

made o f  i ts  rep roduc t ive  o r  moult cond i t i on ,  t . e .  grasp ing ,  

ovigerous o r  so f t - she l l ed .  A f t e r  measurement, a l l  crabs were 

r e tu rned  t o  t h e  s u r f  zone i n  the area o f  cap tu re .  

I n  a d d i t i o n ,  t h e  volume o f  detached macrophptes and d e t r i t a l  

accumulation i n  t h e  s u r f  zone, t . e .  macroalgae, s eag ras s  and 

mangrove l eaves ,  was es t imated  f o r  each month and ranked us ing  a 

s c a l e  of 5, wi th  0 r e p r e s e n t i n g  no accumulation. 

7 .3 Resu l t s  

7 . 3  ,.I Rela t ive  Abundance 

The r e l a t i v e  abundance o f  M. Zunarts ,  based on t h e  mean number 

o f  crabs caught  i n  each tow o f  t h e  l a r g e  n e t ,  v a r i e d  cons ide rab ly  

between months. A sumnary o f  the monthly mean number o f  c r a b s  per 

tow is given i n  T a b l e  7 . 1 .  It appears ,  however, t h a t  t h e  v a r i a t i o n  

is r e l a t e d  t o  ca t ch  e f f i c i e n c y  r a t h e r  t han  t o  a c t u a l  changes i n  

popula t ion  abundance. For  example, t h e  amount o f  maerophyte 

accumulation i n  t h e  s u r f  zone a f f e c t e d  t h e  e f f i c i e n c y  o f  t h e  n e t s  



T a b l e  7.a A summary of the monthly catch rates based on the 
samples c o l l e c t e d  us ing  t h e  large  n e t .  

Month Total  no. o f  N o .  of crabs Mean catch r a t e  
crabs caught caught using * 95% C.I. 
using  both o n l y  t h e  (No. per  tow) 
n e t s  l arge  ne t  

Ju ly  

August 

September 

October 

November 

December 

January 

February 

Mach 

April 

May 
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used i n  t h e  s tudy .  The e f f e c t  o f  t h e  macrophyte accumulation on t h e  

monthly mean number o f  crabs p e r  tow is shown i n  P igu res  7.1Ar B, C .  

7 .3 .2  Sex Ra t io  

There w a s  no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  p ropor t ion  o f  male 

and female crabs i n  t h e  popu la t ion  throughout  t h e  s t u d y  pe r iod  

( X 2  = 14.413 , p, 0 , 0 5  ) ,  I n  1 3  o u t  o f  1 4  months, t h e  s e x  r a t i o  o f  

M. Luna~ts d i d  no t  d e v i a t e  s i g n i f i c a n t l y  from a 1:l r a t i o ,  wi th  t h e  

except ion  o f  October where t h e  r a t i o  o f  males t o  females approached 

221. T a b l e  9.2 summarizes t h e  p ropor t ion  o f  males and females  i n  

t h e  popula t ion  over  t h e  14-month sampling pe r iod .  

7.3.3 Popula t ion  S t r u c t u r e  

Tke mean size o f  m a l e  and female M. Lunarts and t h e  r e l a t i v e  

abundance o f  a d u l t s  and j u v e n i l e s  i n  t h e  popula t ion  each month, a r e  

summarized i n  P igu res  7.2W, 8 ,  C .  Prom t h e s e  f i g u r e s ,  t h e  fo l lowing  

t r e n d s  a r e  apparent :  

1) The mean s i z e  o f  bo th  sexes i n  t h e  popula t ion  v a r i e d  throughout  

tfie s t u d y  p e r i o d .  I n  bo th  sexes, however, t h e  mean sizes w e r e  

no tab ly  l a r g e r  between May and November, 1984, Th i s  w a s  most 

marked i n  males, wi th  t h e  l a r g e s t  mean s i z e  be ing  recorded i n  

September, 1984, 

2 )  The r e l a t i v e  abundance o f  a d u l t  males and a d u l t  females i n  t h e  

popula t ion  a l s o  v a r i e d  throughout  t h e  s t u d y  pe r iod .  Both sexes  

d isp layed  a s i m i l a r  t r e n d  i n  t h e i r  abundance wi th  t h e  h i g h e s t  

numbers be ing  recorded between the months o f  May and November, 

1984. 



Figure  7 ,  b 

A sunmazy sf t h e  monthly abundance o f  M. Luna~is, 

expressed a s  t h e  mean number o f  crabs p e r  tow, 

showing t h e  e f f e c t s  0% macrophpte accumulation 

on t h e  monthly ca t ch  rate. 

7 . 1 A  The r e l a t i o n s h i p  between ca t ch  r a t e  and 

macr0phyk.e accumulation. 

7,lB The d e q e e  of macrophpte accumulation i n  

t h e  area dur ing  t h e  sampling p e r i o d .  

7.lC The monthly abundance o f  M. Lunaris, based 

on t h e  number o f  crabs caught  p e r  tow. 

Macrophpte accumulation rank: 0 t o  5, 

where 0 = no maerophpte p r e s e n t  

and 5 = l a r g e  volumes o f  macrophpte 

above 5,  sampling was d i scon t inued .  
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Table  9 . 2  A summary of the monthly sex ratio of M. t u n f f r t s ,  
from April, 1984 to May, 1985. 

Month n 8 male % female significance 

April 8 6 50 5 0 

51 47 5 3 

Jane 71 5 9 41 

July 6 4 5 % 49 

August 49 45 55 

Septemker 2 5 48 52 

B ~ s b e r  43 65 35 

November 251 48 52 

December 140 48 5 2 

January 64 65 

F e r n -  7 7 58 

March 219 So 

April 169 5 2 

91 4 7 

* - Based on the standard 1rl sex ratio 

** - pg. 0.05 



Figure 7 . 2  

The mean s i z e s  p e r  month ( *  95% C.P.) of  male a n d  

female M. E U ~ U F % S  and the p ropor t ion  o f  a d u l t  

males, a d u l t  females and j u v e n i l e s  of both sexes 

i n  t h e  popula t ion  each month. 

A.  Mean s i z e  o f  males p e r  month. 

B. Mean s i z e  o f  females p e r  month. 

C .  Relative f r equenc ie s  o f  a d u l t s  and j u v e n i l e s .  

8-8 a d u l t  male 

o----- -0 a d u l t  female 

t-- - -A j u v e n i l e s  o f  both sexes 



A .  MALE 

CALENDAR MONTHS( 1984-85) 
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3 )  The r e l a t i v e  abundance o f  j u v e n i l e s  w a s  g e n e r a l l y  v e r y  low. 

J u v e n i l e  M. tunarts were caught  o n l y  i n  A p r i l ,  1984 and from 

November, 1984 t o  May, 1985. No j u v e n i l e s  w e r e  caught  between 

May and October,  1984. 

me s i z e  frequency distributions o f  M. zunarts, a t  s i te  ' A @ ,  

from Apr i l ,  1984 t o  May, 1985 are summarized i n  F igu re  7 .3 .  I n  

gene ra l ,  a l l  s i z e  classes w e r e  represented  i n  t h e  s tudy  area 

throughout  t h e  sampling pe r iod ,  a l though t h e  r e l a t i v e  abundance o f  

t h e  i n d i v i d u a l s  i n  t h e s e  s i z e  elasses va r i ed  between months. The 

popula t ion  o f  M. tunarts w a s  o f t e n  multimodal and no d i s t i n c t  y e a r  

classes w e r e  appa ren t .  From F igu re  7 .3 ,  t h e  fo l lowing  t r e n d s  may be 

observed : 

1) I n  males, most s i z e  classes were p r e s e n t  i n  t h e  s tudy  area 

throughout  t h e  y e a r  a l though t h e  l a r g e r  size c l a s s e s  w e r e  more 

abundant between the months o f  May and November, 1984. As i n  the 

r e s u l t s  o f  Chapter  6, however, t h e r e  were no d i s t i n c t  modes which 

appeared t o  correspond t o  moult s t a g e s  o r  i n s t a r s .  

2 )  I n  females,  most s i z e  classes were l ikewise  p r e s e n t  i n  t h e  s t u d y  

a r e a  throughout  t h e  y e a r .  A s  i n  t h e  males, t h e r e  was an i n c r e a s e  

i n  the r e l a t i v e  abundance o f  the l a r g e r  size c l a s s e s  between t h e  

months o f  May and November, 1984. I n  a d d i t i o n ,  t h e r e  were three 

d i s t i n c t  modes which p e r s i s t e d  throughout  t h e  year. These modes 

eorrespond wi th  i n s t a r s  1 x 1 ,  I V  and V, a s  descr ibed  i n  Chapter  6. 



Figure '9.3 

Tke monthly size frequency d i s t r i b u t i o n s  o f  M. bunarts 

i n  Pallarenda beach, from A p r i l  1984 t o  May, 1985, 

Tke sample sizes i n  each month are  given i n  brackets .  
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7 . 3 . 4  Notes on Popula t ion  Growth 

A s  g-rowth i n  c rus t aceans  i s  e s s e n t i a l l y  o f  a d iscont inuous  

na tu re ,  6 . e .  occur r ing  i n  a series o f  moults ,  t h e  u se  o f  modal 

p rog res s ion  i n  de te rmining  popu la t ion  growth is  l i m i t e d .  Th i s  i s  

p a r t i c u l a r l y  t h e  case i n  M. Zunarts, where t h e  popula t ion  is o f t e n  

multimodal w i t h  most o f  the modes r e f l e c t i n g  t h e  moult s t a g e s  r a t h e r  

t han  p u l s e s  o f  r ec ru i tmen t .  I n  o r d e r  t o  o b t a i n  some i n d i c a t i o n  o f  

t h e  growth rate o f  M. tuna~ts through t i m e ,  t h e r e f o r e ,  s e q u e n t i a l  

changes i n  t h e  r e l a t i v e  abundance o f  v a r i o u s  s i z e  classes w e r e  

no ted .  I n  F igure  7 .4 ,  some o f  t h e  more apparent  s e q u e n t i a l  changes 

i n  r e l a t i v e  abundance have been t r a c e d  and connected.  Th i s ,  

however, assumes a l i n e a r  growth p a t t e r n  which, from t h e  r e s u l t s  i n  

Chapter 6 ( P i g .  6.3B), i s  probably  true f o r  M. Zunarts. If t h e  

connect ing l i n e s  are e x t r a p o l a t e d  t o  t h e  likely s i z e  a t  s e t t l e m e n t  

i n  M. tunarts, an e s t i m a t e  o f  t h e  t o t a l  t i m e  from s e t t l e m e n t  t o  

ma tu r i t y  can be made. I n  males, t h e  t i m e  v a r i e s  from 100 t o  127 

days ( x  - 119, n = 4, S .E, = 6 - 3 6 ) ,  and i n  females, from 154 t o  160 

days  ( 2  = 156, n = 3, S .E. = 1 . 8 6 ) .  The l eng th  o f  l i f e  a f t e r  

m a t u r i t y  could n o t  be assessed. I n  t h e  l abo ra to ry ,  s e x u a l l y  mature 

i n d i v i d u a l s  survived f o r  up t o  f o u r  months. 

7 - 4  Discussion 

I n  t h i s  chap te r ,  s e v e r a l  a s p e c t s  o f  t h e  popula t ion  b io logy  o f  

M a  t u n ~ ~ t s  i n  Pa l l a r enda  beach were i n v e s t i g a t e d .  These a s p e c t s  

were: r e l a t i v e  abundance, sex r a t i o ,  popula t ion  s t r u c t u r e  and 

growth. 



Figure 7 . 4  

The monthly s i z e  frequency dis tr ibut ion of M .  Zunarts 

i n  Pallarenda beach, showing the  proposed trends of 

population growth based on sequential  changes i n  

the  r e l a t i v e  abundance o f  various saze c l a s s e s .  
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Although some d i f f i c u l t y  was experienced i n  ob ta in ing  a b s o l u t e  

r eco rds  o f  t h e  abundance o f  M. Zunarts i n  t h e  s t u d y  a r e a ,  t h e  

r e s u l t s  o f  th is  s t u d y  i n d i c a t e  that M. Zunarts  is  abundant 

throughout  t h e  y e a r .  The mean monthly abundance estimates v a r i e d  

2 f r o m  f o u r  i n d i v i d u a l s  p e r  2sO m2 t o  50 i n d i v i d u a l s  p e r  250 KI . 
These estimates w e r e  comparable wi th  t h o s e  obta ined  f o r  C. a seua tus  

i n  a lagoon system on t h e  P a c i f i c  c o a s t  o f  Mexico ( P a u l ,  1982) b u t  

w e r e  g r e a t e r  t han  t h o s e  ob ta ined  f o r  C ,  h t t g e n d o ~ f i  i n  Moreton Bay ,  

A u s t r a l i a  (McLay, 1982) and S .  s e r r a t a  i n  South A f r i c a  ( H i l l ,  1975 ) .  

There appeared t o  be no s e a s o n a l  p a t t e r n  i n  the abundance of  

#. Zunarts .  This is c o n t r a s t  t o  o t h e r  s t u d i e s  o f  brachyuxan 

popu la t ions  where a l a r g e  degree  o f  s easona l  v a r i a t i o n  h a s  been 

r epor t ed ,  as a r e s u l t  sf s e a s o n a l  migra t ion  and/or p u l s e s  o f  

recru i tment  ( e . g .  P, peZagteus [ P o t t e r  e t  a ,  19831).  I n  t h i s  

s tudy ,  t h e  number of c r a b s  caught p e r  tow v a r i e d  t o  some e x t e n t  wi th  

the amount o f  macrophyte a e c m u l a t i o n  i n  the s u r f  zone. However, 

whether t h i s  v a r i a t i o n  is d i r e c t l y  r e l a t e d  t o  t h e  e f f e c t  o f  

macrophyte accumulation on the c a t c h  e f f i c i e n c y  o f  t h e  n e t s  o r  on 

the c r a b  popu la t ion  itself (cf. t h e  s tudy  o f  Robertson & Lenanton 

[ i n  p r e s s ]  on f i s h  communities a s s o c i a t e d  w i t h  macrophyte 

accumulations i n  the s u r f  zone)  is unc lea r .  

I n  gene ra l ,  brachyuran popu la t ions  t end  t o  have a biased o r  

skewed sex r a t i o .  This is o f t e n  a r e s u l t  o f  sex-related d i f f e r e n c e s  

i n  movement p a t t e r n s  ( e . g .  C, b o r e a t t s  [Haefner, 19771, P. peZagicus 

[ P o t t e r  e t  a .  19833 and C. suptdus [ D i t t e l  e t  a z . ,  1985] ) ,  

physiologicaP t o l e r a n c e s  (e.g. C. a r cua tus  and C. t o x o t e s  [Paul ,  

1982]) ,  and behaviour  (e.g. H ,  u u s t r a b t s  [Lucas & Hodgkin, 19701 and 
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C. h t tgendorp t  [McLay, 19821).  I n  t h i s  s tudy ,  the sex r a t i o  o f  

M. Lunarts i n  Pa l l a r enda  beach d i d  no t  d e v i a t e  s i g n f i c a n t l y  from a 

1:1 r a t i o  throughout  t h e  s t u d y  p e r i o d .  A c o n s i s t e n t  1:1, sex r a t i o  

i n  brachyearan popu la t ions  is unusual  and has been p r e v i o u s l y  

r epo r t ed  i n  on ly  a few s p e c i e s  ( e . g .  MaerophthaLmus h t r t t p e s  [Simon 

& Jones,  19811, PaehygPapsus t a e v t s  [ G e m m e l l ,  19791 and 

Rh%thropanopeus h e ~ b s t t t  [Turoboyski, 19731).  I n  M. Lunarts ,  t h i s  

is an i n d i c a t i o n  t h a t  bo th  sexes are p r e s e n t  i n  t h e  s u r f  zone a t  t h e  

same time i n  similar p r o p o r t i o n s .  It s t r o n g l y  sugges t s  t h a t  both 

sexes  have similar rec ru i tmen t ,  movement and behavioura l  p a t t e r n s  

and phys io log ica l  t o l e r a n c e s .  

The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  the popula t ion  

s t r u c t u r e  o f  M, t u n a r t s  i n  Pa l l a r enda  beach is p r i m a r i l y  dominated 

by m e d i u m  and l a r g e  sized i n d i v i d u a l s  i n  most months o f  t h e  y e a r .  

However, t h i s  may have been a r e s u l t  o f  t h e  r e l a t i v e l y  low c a t c h  

rate o f  j u v e n i l e s  and small i n d i v i d u a l s .  The reasons  f o r  t h e  low 

ca t ch  rate of  j u v e n i l e s  i n  t h i s  s tudy  are unknown, al though t h i s  may 

r e f l e c t  t h e  c a t c h  e f f i c i e n c y  of t h e  n e t s  used i n  sampling. I n  o t h e r  

s t u d i e s  o f  b e n t h i c  c rus t aceans ,  such as Homarus gammarus (Howard & 

Bennet t ,  1979) and C ,  sap tdus  ( D i t t e l  e t  a L ,  1985) ,  t h e  p a u c i t y  o f  

small i n d i v i d u a l s  i n  t h e  popula t ion  h a s  a l s o  been noted,  and h a s  

been a t t r i b u t e d  t o  sampling bias. However, i n  a p re l imina ry  s t u d y  

of t h e  e f f e c t  o f  growth on t h e  popula t ion  s t r u c t u r e  o f  

Rhithropanopeus harrtsstt and Cancer anthony t ( H a r t n o l l ,  1978b ), it 

h a s  been suggested by H&noll (1982) ,  t h a t  t h e  s c a r c i t y  o f  s m a l l  

i n d i v i d u a l s  may be an a c t u a l  f e a t u r e  o f  t h e  popula t ion  s t r u c t u r e .  
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Despi te  t h e  numerical dominance o f  r e l a t i v e l y  l a r g e  i n d i v i d u a l s  

i n  t h e  popula t ion ,  most size classes were p r e s e n t  i n  t h e  s t u d y  area 

throughout  t h e  sampling pe r iod .  Th i s  sugges t s  t h a t  t h e  rates of 

r ec ru i tmen t  and m o r t a l i t y  are r e l a t i v e l y  c o n s i s t e n t  throughout  t h e  

year and r e f l e c t s  t h e  cont inuous  r ep roduc t ive  p a t t e r n  descr ibed  i n  

Chapter 5 .  The s l i g h t  i n c r e a s e  i n  t h e  mean sizes o f  i n d i v i d u a l s  and 

i n  t h e  r e l a t i v e  abundance s f  a d u l t s  between May and October,  1984, 

may be t h e  r e s u l t  of: s l i g h t l y  h i g h e r  rates o f  r ec ru i tmen t  and/or  

s u r v i v a l  of  j u v e n i l e s  i n  t h e  earlier months. Whether t h i s  

r e p r e s e n t s  s e a s o n a l i t y ,  however, remains t o  be e s t a b l i s h e d ,  as the 

o b s e r r ~ a t i o n s  i n  t h e  p r e s e n t  s t u d y  w e r e  on ly  made ove r  a r e l a t i v e l y  

l i m i t e d  sampling pe r iod ,  6.e. ove r  a s i n g l e  y e a r .  

The e x t r a p o l a t i o n  o f  growth rates from size frequency d a t a  i s  

p a r t i c u l a r l y  d i f f i c u l t  i n  t r o p i c a l  s p e c i e s  wi th  cont inuous o r  

p r o t r a c t e d  r ep roduc t ive  p a t t e r n s  ( D i t t e l  et a .  1985) .  I n  

C, sap idus ,  f o r  example, j u v e n i l e s  r e c r u i t e d  i n t o  t h e  popula t ion  

throughout  t h e  y e a r ,  s o  t h a t  c o h o r t s  were d i f f i c u l t  t o  d i s t i n g u i s h  

( D i t t e l  et a .  1985 ) . I n  t h i s  s tudy ,  s i m i l a r  d i f f i c u l t i e s  were 

experienced.  The technique  used i n  t h i s  s tudy  w a s  a l s o  l imited by  

t h e  q u a l i t a t i v e  assessment o f  t h e  modes i n  t h e  size f requency  

d i s t r i b u t i o n  and by t h e  s m a l l  sample s i z e s  dur ing  some months i n  t h e  

sampling p e r i o d .  The es t ima ted  growth r a t e s  o f  M. bunar t s  a r e  

t h e r e f o r e  t e n t a t i v e .  Never the less ,  t h e  growth rate appears  t o  be 

r e l a t i v e l y  f a s t ,  wi th  t h e  time between se t t l emen t  and m a t u r i t y  be ing  

approximately 119 days i n  males and 156 days i n  females .  Th i s  i s  

comparable wi th  t h e  growth r a t e s  o f  o t h e r  t r o p i c a l  brachyuran 

spec i e s ,  f o r  exampl@, C. htbgendorf t  where t h e  t i m e  between 

se t t l emen t  and m a t u r i t y  is 70 days i n  females  and 200 days i n  males 
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(McLay, 1982). Other t r o p i c a l  and s u b t r o p i c a l  brachyuran spec i e s  

w i th  r e l a t i v e l y  r a p i d  growth r a t e s  (i.e. matur i ty  w i th in  one year )  

inc lude  H. austraZis (Lucas & Hodgkin, 1970), P. pezagicus ( P o t t e r  e t  

az., 1983) and C. arcuatus (Paul ,  1982). 

The t o t a l  l i f e  span of M. Zunarts  i n  t h e  f i e l d  is  unknown, as 

t h e  d u r a t i o n  o f  l i fe  after m a t u r i t y  could  n o t  be determined.  

However, t h e  lack o f  any large build-up o f  a d u l t  numbers i n  t h e  

monthly size frequency d i s t r i b u t i o n  and t h e  l a c k  o f  any i n d i v i d u a l s  

showing evidence o f  age  ( e . g .  worn carapace  o r  e x t e n s i v e  ep iphy te  

growth, a s  i n  Corys tes  ca s s tve t aunus  [Har tno l l ,  19721) sugges t s  t h a t  

t h e  l i f e  span o f  a d u l t s  i n  t h e  f i e l d  is not  p a r t i c u l a r l y  long .  I n  

the l abo ra to ry ,  s e x u a l l y  mature i n d i v i d u a l s  survived f o r  more than  

t h r e e  months. It is probable  t h e r e f o r e  t h a t  t h e  t o t a l  l i f e  span o f  

M. Zunarts is approximately more than  six months. T h i s  is 

comparable wi th  t h e  l i f e  spans  o f  o t h e r  t r o p i c a l  brachyuran s p e c i e s ,  

which range from e i g h t  months t o  s l i g h t l y  over  one y e a r  (e.g. 

C, saptdus  [ D i t t e l  e t  a t . ,  19851, C. a rcua tus  (Paul ,  19821 and 

H. a u s t r a L t s  [Lucas & Hodgkin, 19701). A s  most o f  t h e s e  s p e c i e s  

exhibit a de termina te  growth p a t t e r n  similar t o  t h a t  i n  M. Lunarts ,  

t o e .  with  a t e r m i n a l  moult,  it would be i n t e r e s t i n g  t o  compare t h e  

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

Overa l l ,  t h e  popula t ion  of M.  Zunarts i n  Pa l l a r enda  beach i s  

c h a r a c t e r i z e d  by t h e  fo l lowing  f e a t u r e s :  1) numerical abundance 

throughout  t h e  year, 2 )  a c o n s i s t e n t  1:1 s e x  r a t i o ,  3 )  year-long 

presence  o f  most s i z e  c l a s s e s  al though t h e  l a r g e r  size classes tend  

t o  be more abundant,  4 )  gear-round recru i tment  and probably 

c o n s i s t e n t  rates o f  m o r t a l i t y  and 5 )  a r ap id  growth rate. 
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CONCZGUBING DISCUSSION AND SUMMARY 

The s u r f  zone o f  t r o p i c a l  sandy beaches is a unique environment 

(Mcbachlan, $983). Organisms l i v i n g  i n  t h i s  hydrodynamically a c t i v e  

reg ion  o f  t h e  beach must d e a l  c o n s t a n t l y  w i th  a v a r i e t y  of problems 

i n c l u d i n g  food a v a i l a b i l i t y ,  exposure and wave a c t i o n  (Cou l l  & B e l l ,  

1983) .  The informat ion  t o  be gained from s t u d i e s  o f  t h e  growth, 

feeding  and reproduct ion  sf s u r f  zone s p e c i e s  are inva luab le ,  y e t  

t h e  b io logy  o f  t h e s e  s p e c i e s  remains one o f  t h e  least s t u d i e d  t o p i c s  

i n  t r o p i c a l  marine b io logy .  Matuta Zunasts is one such s p e c i e s .  I n  

Pa l l a r enda  beach, Towmsville, A u s t r a l i a ,  M. Zunarts is a dominant 

member o f  t h e  s u r f  zone macrofauna. I t  is r e l a t i v e l y  unusual  i n  

t h a t  it spends a l l  i ts  p o s t l a r v a l  l i f e  i n  t h e  s u r f  zone.  The a i m  o f  

t h e  p r e s e n t  s t u d y  w a s  t o  i n v e s t i g a t e  s e v e r a l  a s p e c t s  o f  t h e  b io logy  

o f  t h i s  s p e c i e s .  These a s p e c t s  were: r e l a t i v e  growth, feeding ,  

reproduct ion ,  a b s o l u t e  growth and popula t ion  b io logy .  

The r e s u l t s  o f  t h e  p r e s e n t  s tudy  have shown t h a t  t h e  b io logy  o f  

M ,  Lunarts resembles t h a t  o f  many t r o p i c a l  and sub - t rop ica l  marine 

brachyuran s p e c i e s  ( e . g . Portunus pe Zagicus [Rahaman , 1967 I , 

CaZttnectes saptdus [Paul ,  1981, 19821 and Ovattpes punctatus [Du 

Preez  & McLachlan, 1984 a, b, c and Du Preez ,  1983, 19841).  I n  

t e r n  of its feeding  h a b i t s ,  it is a f a c u l t a t i v e  scavenger  and a 

p r e d a t o r  sf slow-moving b e n t h i c  i n v e r t e b r a t e s .  Its a b s o l u t e  growth 

p a t t e r n  i s  of  a de termina te  n a t u r e  w h i l s t  i ts  r e l a t i v e  growth 

p a t t e r n s  fo l low the  t y p i c a l  brachyuran p a t t e r n  o f  a l l ome t ry .  rt 

breeds  con t inous ly  throughout  the yea r ,  and t h e r e  is a marked 

asynchrony i n  t h e  reproduct ive  a c t i v i t y  o f  i n d i v i d u a l s  w i th in  the 
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popula t ion .  Overa l l ,  t h e r e f o r e ,  t h e r e  appeared t o  be no d i s t i n c t  

f e a t u r e s  i n  t h e  b io logy  o f  M ,  Zun~rts which were uniquely  adapted t o  

i ts  l i f e  i n  t h e  s u r f  zone, 

It is p o s s i b l e ,  however, t h a t  t h e  main c h a r a c t e r  which enab le s  

M. tunar-ts t o  s u r v i v e  i n  t h e  s u r f  zone is its morphology.  he 

primary requirement  f o r  s u r f  zone animals  is  t h e  abil i ty t o  

wi ths tand  t h e  scour ing  a c t i o n  o f  t h e  waves and cope wi th  t h e  

r eced ing  t i d e s  (MeLachlan, pers. eomm.), and morphological ly ,  

M. tunarts posses ses  s e v e r a l  f e a t u r e s  which f u l f i l l  t h i s  

requirement .  I t  h a s  f o u r  p a i r s  o f  w e l l  developed f l a t t e n e d  swimming 

l e g s  wi th  paddle- l ike t e r m i n a l  j o i n t s  which enab le  it t o  main ta in  

its p o s i t i o n  w i t h i n  t h e  s u r f  zone by e i t h e r  swimming i n  t h e  wa te r  

column o r  burrowing i n  t h e  subs t ra tum.  Observat ions o f  i n d i v i d u a l s  

i n  t h e  f i e l d  and i n  a q u a r i a  have shown M. Zunarts t o  be a s t r o n g  

swimmer and a f a s t  back-burrower. As a r e s u l t ,  it i s  able t o  avoid 

b e i n g  exposed by  r eced ing  t ides  o r  washed away by  wave a c t i o n .  

The swimming and burrowing abilities o f  M. Zunaris a r e  

f a c i l i t a t e d  by its posses s ion  o f  a r e l a t i v e l y  smooth and s imple 

carapace  which, a p a r t  from t h e  two w e l l  developed lateral s p i n e s ,  is 

devoid o f  any major d e n t i c u l a t i o n s  o r  pro tuberances ,  I n  t h e  s t u d y  

o f  r e l a t i v e  growth p a t t e r n s ,  t h e r e  w e r e  no marked changes i n  t h e  

growth p a t t e r n s  o f  t h e  carapace  dimensions wi th  s i z e ,  sex o r  s exua l  

ma tu r i t y .  Th i s  r e f l e c t e d  the cons i s t ency  o f  t h e  requirement  

throughout  ontogeny f o r  a p r o t e c t i v e  cover ing  which is a l s o  

r e l a t i v e l y  smooth and s imple t o  enable  a h i g h l y  mobile way o f  l i f e .  

I n  a d d i t i o n ,  t h e  modified f r o n t a l  openings o f  t h e  r e s p i r a t o r y  

channels  i n  M.  Zunarts a l low i n d i v i d u a l s  t o  remain burrowed f o r  
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extended pe r iods  o f  time (Gars tang ,  1897a, b ) .  

However, t h e s e  msrphologieal  c h a r a c t e r i s t i c s  are shared wi th  

o t h e r  Matuta s p e c i e s ,  most o f  which have n o t  been found ts occur  i n  

t h e  s u r f  zone ( e . g .  M. gsanukosa, which w a s  on ly  recorded from 

deeper  water i n  t h e  Townsville r e g i o n ) .  Prom t h i s  s tudy ,  t h e r e f o r e ,  

it appears  t h a t  M. bunarts h a s  no unique c h a r a c t e r i s t i c s  which are 

s p e c i f i c a l l y  adapted t o  t h e  s u r f  zone. 

Th i s  s t u d y  h a s  shown t h e  v a l u e  o f  morphological ana lyses  i n  t h e  

assessment and i n t e r p r e t a t i o n  s f  s e v e r a l  a s p e c t s  o f  t h e  b io logy  o f  

M ,  Zunarts. The s t u d y  o f  t h e  r e l a t i v e  growth p a t t e r n s  w a s  an 

inva luab le  a i d  i n  d e f i n i n g  the puber ty  moult and size at  sexua l  

ma tu r i t y ,  and provided a c o n t e x t  w i th in  which t h e  r ep roduc t ive  

h a b i t s  o f  M. Eunarts could be i n v e s t i g a t e d .  I n  a d d i t i o n ,  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  o f  t h e  r e l a t i v e  growth p a t t e r n s  have 

r e s u l t e d  i n  a better unders tanding  o f  t h e  mating behaviour  o f  

M. Zunarts and t h e  on togene t i c  changes i n  its feed ing  h a b i t s .  

The p r e s e n t  s tudy  w a s  a p re l imina ry  i n v e s t i g a t i o n  i n t o  t h e  

b io logy  o f  M. Zunarts. A s  t h e r e  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 ,  t h e  r e s u l t s  o f  t h i s  s tudy  w i l l  hope fu l ly  provide  t h e  

background informat ion  upon which f u r t h e r  r e sea rch  may be based. 

Th i s  s tudy  has  revea led  many i n t e r e s t i n g  a s p e c t s  which 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 .  These inc lude :  1 )  t h e  impact o f  t h e  

p reda to ry  a c t i v i t i e s  o f  M. Lunarts on t h e  s u r f  zone b e n t h i c  

communities, 2 )  t h e  f u n c t i o n  o f  t h e  s t r i d u l a t o r y  organs i n  t h e  

Matutinae and 3 )  t h e  basis f o r  t h e  sex- re la ted  growth p a t t e r n s  i n  

M. Zuna~ts. F i n a l l y ,  i n  o r d e r  t o  understand t h e  f a c t o r s  which 

r e g u l a t e  t h e  d i s t r i b u t i o n  and abundance of M. Zunarts, t h e r e  are two 
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areas of further study which may be prove to  be particularly 

rewarding. These are: 1 )  the larval biology and behavioural basis 

of larval dispersal of surf zone species and 2 )  the physiological 

tolerances of various Matuta species and their possible relation t o  

observed distributions. 
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