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I n t r o d u c t i o n  

Spanner  c r a b s  a r e  d i s t r i b u t e d  t h r o u g h o u t  t h e  t r o p i c a l  I n d o - P a c i f i c  f rom t h e  
e a s t  c o a s t  of S o u t h  A f r i c a  t h r o u g h  t h e  I n d o n e s i a n  A r c h i p e l a g o  t o  J a p a n  and  
Hawaii ( T i n k e r  1965 ,  Onizuka 1972,  Healy and Yaldwyn 1 9 7 0 ) .  I n  A u s t r a l i a  
they  have  been  r e c o r d e d  from n o r t h e r n  t r o p i c a l  and B a r r i e r  Reef w a t e r s  
s o u t h  t o  Sydney Harbour (Hea ly  and Yaldwyn 1970) .  

The s p e c i e s  (known l o c a l l y  a s  t h e  "kona"  c r a b )  h a s  been f i s h e d  a round  t h e  
Hawaiian I s l a n d s  s i n c e  b e f o r e  t h e  second  World Mar (Un i suka  1 9 7 2 ) .  Ca t ch  
s t a t i s t i c s  compi l ed  by t h e  Hawaii D i v i s i o n  of F i s h  and Game i n d i c a t e  an  
a v e r a g e  a n n u a l  p r o d u c t i o n  of a round 10 t ,  wi th  a  peak of 35 t i n  1972 
(Brown 1985) .  T a h i l  (17831 r e p o r t e d  a  c a t c h  of 4 .7 t of R .  r an i r i a  - i n  t h e  
c e n t r a l  P h i l i p p i n e  p r o v i n c e  of Tawi Tawi d u r i n g  1979-80,  and t h e  s p e c i e s  i s  
a l s o  e x p l o i t e d  o f f  t h e  s o u t h e r n  c o a s t  of Japan  iSaka i  1971 ,  S a k a i  e t  a l .  
1983 ) .  L i t t l e  i s  known of t h e  d i s t r i b u t i o n  o r  commercial  p o t e n t i a l  of 
spanne r  c r a b s  i n  e i t h e r  t h e  t r o p i c a l  west P a c i f i c  or I n d i a n  Oceans.  

7he Q u e e n s 1 a r 1 d  f i s h e r y  

The b y - c a t c h  of o f f s h o r e  prawn t r a w l e r s  f r e q u e n t l y  i n c l u d e s  s p a n n e r  c r a b s ,  
but r a r e l y  i n  s i g n i f i c a n t  q u a n t i t y .  T rawle r  o p e r a t o r s  o r i g i n a l l y  r e g a r d e d  
t h e  c r a b s  a s  a  n u i s a n c e  ( b e c a u s e  of t h e  d i f f i c u l t y  i n  u n t a n g l i n g  them f rom 
i n s i d e  t h e  n e t ) ,  o r  a t  b e s t  a  c u r i o s i t y ,  r a t h e r  t h a n  a  p o t e n t i a l l y  v a l u a b l e  
r e s o u r c e .  The c r a b s '  a p p a r e n t  r a r i t y  was due t o  t h e i r  a b i l i t y  t o  bury  i n  
t h e  s u b s t r a t e  when a l a r m e d ,  a v o i d i n g  c a p t u r e  b y  t h e  t r a w l  n e t .  

H commercial  f i s h e r y  t a r g e t t e d  s p e c i f i c a l l y  on spanne r  c r a b s  began t o  
deve lop  i n  1978-79 when i t  was d i s c o v e r e d  t h a t  t h e  t a n g l e  n e t s  o r  d i l l i e s  
used b y  r e c r e a t i o n a l  f i s h e r m e n  t o  c a t c h  mud c r a b s  ( S c y J l a  s e r r a t a )  and s a n d  
c r a b s  ( P i ? r f ~ r / ~ s  p e l a g i c u s )  i n  e s t u a r i e s  were a l s o  s u i t e d  t o  c a p t u r i n g  
spanner  c r a b s  f u r t h e r  o f f  s h o r e .  

The f i s h e r y  f i r s t  became e s t a b l i s h e d  i n  t h e  a r e a  between Mooloolaba  and  
0 0 . . .  

Hot-eton I s l a n d  ( l a t i t u d e s  26 4 5 "  S t o  27 U U '  5 5 ,  bu t  h a s  s u b s e q u e n t l y  
0 0 ex tended  n o r t h  t o  Bundaberg ( 2 4  5 0 '  S) and s o u t h  t o  B a l l i n a  ( 2 8  5 0 '  S5 i n  

n o r t h e r n  New S o u t h  Wales. 

No o + + i c i a l  s t a t i s t i c s  a r e  a v a i l a b l e  f o r  e i t h e r  t o t a l  c a t c h  o r  t o t a l  
e f f o r t ,  b u t  t h e  annua l  c a t c h  d u r i n g  1983-84 was e s t i m a t e d  a t  300 t !Brown 
1984) .  T h i s  i s  an o r d e r  of magni tude  g r e a t e r  t h a n  t h e  h i g h e s t  annual  
l a n d i n g s  r e p o r t e d  i n  t h e  Hawaiian f i s h e r y  between 1945 and 1980 (Onizuka  
,Q-?-: 
/ L ,  Uctiida 1 V B 6 ) ,  a l t h o u g h  t h e  Hawaiian f i g u r e s  have  a lmos t  c e r t a i n l y  
been under-r  epot- ted (Brown 1 9 8 5 ) .  
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W h i l e  c o m m e r c i a l  kona ( s p a n n e r )  c r a b  f i s h e r m e n  i n  H a w a i i  work d e p t h s  t o  
a round  200 m ( F i e l d i n g  and H a l e y  1976 ) ,  t h e  s p e c i e s  i s  r a r e l y  f o u n d  deeper  
t h a n  a b o u t  8 0  m o f f  t h e  Queens land  c o a s t ,  and t h e  most  p r o d u c t i v e  d e p t h s  
a r e  f r o m  a b o u t  30 t o  60  m. The a n i m a l s  do occu r  i n  s h a l l o w  w a t e r ,  ( G r a n t  
1986) and s t r a n d i n g 5  i n  t h e  i n t e r t i d a l  zone  o f  ocean  beaches  h a v e  been  
r e p o r t e d .  

S k i n n e r  and H i l l  ( 1986 )  r e p o r t e d  a  s t r o n g  seasona l  p a t t e r n  i n  spanne r  c r a b  
0 

c a t c h  r a t e s  f r o m  an a r e a  e a s t  o f  M o o l o o l a b a  ( 26  4 0 '  S )  d u r i n g  1982 and 
1983. T h i s  p a t t e r n  was c h a r a c t e r i s e d  b y  an Augus t /Sep tember  peak  i n  b o t h  
yea rs .  The a u t h o r s  f o u n d  no  s i g n i f i c a n t  c o r r e l a t i o n  be tween  CPUE and  w a t e r  
t e m p e r a t u r e ,  and c o n c l u d e d  t h a t  t h e  p a t t e r n  was t h e  r e s u l t  of  b e h a v i o u r a l  
changes r e l a t e d  t o  t h e  r e p r o d u c t i v e  c y c l e  r a t h e r  t h a n  a  d i r e c t  m e t a b o l i c -  
r a t e  e f f e c t .  D u r i n g  a  b r i e f  s t u d y  o f  t h e  f i s h e r y  i n  t h e  P h i l i p p i n e s ,  T a h i l  
( 1983 )  r e p o r t e d  t h a t  c a t c h e s  r e a c h e d  a  seasona l  maximum be tween  September  
and December,  and a l s o  a t t r i b u t e d  t h e  p a t t e r n  ( a t  l e a s t  p a r t l y )  t o  t h e  
r e p r o d u c t i v e  c y c l e .  

The Q u e e n s l a n d  spanner  c r a b  f i s h e r y  i s  c h a r a c t e r i s e d  by  a  r e l a t i v e l y  h i g h  
t u r n o v e r  o f  f i s h e r m e n ,  many o f  whom o p e r a t e  s e a s o n a l l y  i n  o t h e r  l o c a l  
f i s h e r i e s .  P a r t l y  f o r  t h i s  r e a s o n  o n l y  one o f  t h e  n i n e  f i s h e r m e n  
p a r t i c i p a t i n g  i n  t h e  l o g b o o k  programme i n  1987 had  been  i n v o l v e d  
p r e v i o u s l y .  I t  i s  p o s s i b l e  t h a t  o b s e r v e d  changes i n  CPUE may h a v e  r e s u l t e d  
f r o m  changes  i n  t h e  c o m p o s i t i o n  o f  t h e  f i s h e r y ,  l o c a t i o n  o f  m a j o r  f l e e t  
bases,  o r  g e n e r a l  f i s h i n g  s t r a t e g y  ( M i l l e r  1983) .  

A v o l u n t a r y  l ogbook  programme was i n s t i t u t e d  as p a r t  o f  a  b r o a d e r  r e s e a r c h  
e f f o r t  i n t o  t h e  f i s h e r y  and b i o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  spanne r  c r a b  

" s t o c k  i n  s o u t h e r n  Queens land  f r o m  1982 t o  1984. The l o g b o o k s  we re  t r i a l l e d  
i n  t h e  l a t t e r  h a l f  o f  1982 and  t h e  programme o p e r a t e d  d u r i n g  1983 and 1984. 
F o l l o w i n g  a  two -yea r  l a p s e  ( f o r  w h i c h  no  f i s h e r i e s  d a t a  a r e  a v a i l a b l e ) ,  t h e  
programme was re-commenced i n  J a n u a r y  1987, i n  r e s p o n s e  t o  c o n c e r n  amongst 
some c r a b  f i s h e r m e n  abou t  an  a l l e g e d  d e c l i n e  i n  c a t c h  r a t e s .  

T h i s  s t u d y  i n v e s t i g a t e d  t h e  s i g n i f i c a n c e  o f  changes  i n  c a t c h - p e r - u n i t -  
e f f o r t  i n  t h e  commerc i a l  spanne r  c r a b  f i s h e r y  s i n c e  1982, and examined  t h e  
s o u r c e  o f  " s e a s o n a l i t y "  i n  c a t c h  d a t a  o b t a i n e d  f r o m  a  much w i d e r  
g e o g r a p h i c a l  r a n g e  t h a n  t h a t  used  by Sk i nne r  and H i l l  ( 1 9 8 6 ) .  The 
i m p l i c a t i o n s  o f  changes i n  i n d i v i d u a l  f i s h i n g  e f f o r t  and a p p a r e n t  
d i f f e r e n c e s  i n  f i s h i n g  s t r a t e g y  were  a l s o  i n v e s t i g a t e d .  

Logbooks were  d e s i g n e d  t o  accommodate d a i l y  c a t c h  and  e f f o r t  information. 
Catches  we re  r e c o r d e d  as  t h e  numbers o f  l e g a l - s i z e  c r a b s  ( " k e e p e r s " )  and 
t h e  numbers o f  u n d e r - s i z e  c r a b s  ( " d i s c a r d s "  1 .  The c a t c h  o f  m a r k e t a b l e  c r a b s  
was u s u a l l y  e s t i m a t e d  ( d i r e c t l y  by  c o u n t ,  o r  on t h e  b a s i s  o f  t h e  number o f  
c o o k - b a s k e t s  used )  a t  t h e  t i m e  o f  c o o k i n g .  Methods  f o r  e s t i m a t i n g  t h e  
number o f  d i s c a r d s  were, howeve r ,  more v a r i a b l e  and u n d o u b t e d l y  much l e s s  
r e l i a b l e ,  s i n c e  u n d e r s i z e  c r a b s  a r e  n o r m a l l y  t h r o w n  o v e r b o a r d  i m m e d i a t e l y  
a f t e r  r e i nova l  f r o m  t h e  n e t .  Two measures o f  f i s h i n g  e f f o r t  were used ,  and 
t h e i r  e f f e c t s  on C P U E  v a l u e s  c o n t r a s t e d .  The f i r s t  was t h e  " f i s h i n g  d a y " ,  
and t h e  second  t h e  " n e t  d r o p " ,  c a l c u l a t e d  b y  m u l t i p l y i n g  t h e  number o f  n e t s  
pe r  s e t  o r  g roup  and t h e  number o f  s e t s  p e r  day. 

D a i l y  c a t c h  and e f f o r t  s t a t i s t i c s  were a s s o c i a t e d  w i t h  u p  t o  t h r e e  t e n -  
m i n u t e  s q u a r e  a r i d  b l o c k s . .  The g r i d  a r e a  f r o m  wh i ch  s t a t i s t i c s  were 
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o b t a i n e d  ( F i g u r e  1)  ex tended a p p r o x i m a t e l y  f rom Double I s l a n d  P t ,  Q l d  (26' 
0 0  S) t o  Brunswick  tieads, N.S.W. (28' 3 0 '  S ) .  I n  cases where a  f i s h e r m a n  
i n d i c a t e d  t h a t  he had worked more t h a n  one b l o c k  d u r i n g  a  p a r t i c u l a r  day, 
t h e  c a t c h  and e f f o r t  va lues  were a p p o r t i o n e d  e q u a l l y  amongst t h e  b l o c k s  
s i n c e  g r e a t e r  r e s o l u t i o n  was n o t  p o s s i b l e .  

To t e s t  whether changes i n  CPUE were r e a l  o r  m e r e l y  an a r t i f a c t  o f  f l e e t  
d i s p o s i t i o n ,  t h e  annual  mean c a t c h  r a t e s  f rom a  subset  o f  g r i d  b l o c k s  were 
compared. The b l o c k s  were chosen on t h e  b a s i s  o f  h a v i n g  been s u b j e c t  t o  a  
s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  t o t a l  annual  f i s h i n g  e f f o r t  i n  1987 as w e l l  
as 1982-84. 

R e s u l t s  

a) Catch p e r  day 

D u r i n g  t h e  c o u r s e  o f  t h e  logbook programme t h e  r e p o r t e d  c a t c h  o f  m a r k e t a b l e  
c r a b s  i n c r e a s e d  f r o m  about  29 000 i n  1982 t o  more than  276 000 i n  1987 
( F i g u r e  2 ) .  To account  f o r  changes i n  t h e  number o f  f i she rmen  p a r t i c i p a t i n g  
i n  t h e  logbook programme f rom yea r  t o  yea r ,  and v a r i a t i o n  i n  t h e  amount o f  
t i m e  i n d i v i d u a l  f i she rmen  a c t u a l l y  spent  f i s h i n g  f o r  spanner c r a b s  ( a s  
d i s t i n c t  f r o m  o t h e r  s p e c i e s ) ,  c a t c h e s  must be r e l a t e d  t o  some i n d e x  o f  
e f f o r t .  

I n c r e a s i n g  annua l  ca tches  were c l e a r l y  l i n k e d  t o  a  s u b s t a n t i a l  r i s e  i n  
t o t a l  e f f o r t  (number o f  spanner c r a b  f i s h i n g  days each y e a r )  (F ig .  2 ) .  The 
average d a i l y  c a t c h  o f  m a r k e t a b l e  c r a b s  r o s e  f r o m  345 i n  1982 t o  a  l i t t l e  
over 500 i n  1984, t h e n  f e l l  t o  400 i n  1987. 

b )  Catch per n e t  

Between 1983, ' 84  and '87  t h e r e  were s i g n i f i c a n t  i n c r e a s e s  i n  t h e  mean 
number o f  n e t  d rops  per f i s h e r m a n  pe r  day ( T a b l e  l), which would n o t  have 
been accounted f o r  i n  t h e  p r e v i o u s  measure o f  e f f o r t .  By i n c r e a s i n g  t h e  
number o f  n e t s  dep loyed i n  a  s e t  and /o r  by s e t t i n g  them more f r e q u e n t l y ,  
f i she rmen  e f f e c t i v e l y  l i f t e d  607. more n e t s  each day i n  1987 t h a n  t h e y  d i d  
i n  1984, and over  t w i c e  as many as i n  1982-83. 

Tab le  1, Changes i n  mean annual  i n d i v i d u a l  
e f f o r t  ( n e t - d r o p s / d a y ) .  

.............................................. 
Y E A R  Number o f  Mean No. 957. con f .  

f i she rmen  drops /day  range 

1982 1  91.8 + 6.2 
1983 10 90,O + 4.4 
1984 7  122.9 + 4.8 
1987 9  198.0 + 7.1 

The f requency  d i s t r i b u t i o n  o f  d a i l y  c a t c h - p e r - u n i t - e f f o r t  (CPUE) i n d i c e s  
app rox ima ted  t h e  n e g a t i v e  b i n o m i a l ,  r e q u i r i n g  l o g a r i t h m i c  t r a n s f o r m a t i o n  o f  
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t h e  d a t a  p r i o r  t o  p a r a m e t r i c  s t a t i s t i c a l  a n a l y s i s  ( S o k a l  and R o h l f  1969, 
E l l i o t t  1977 ) .  Means and  a s s o c i a t e d  s t a t i s t i c s  i n v o l v i n g  c a t c h  p e r  n e t  d r o p  
i n  t h e  f o l l o w i n g  r e s u l t s  s e c t i o n  h a v e  been c a l c u l a t e d  on t h e  b a s i s  o+ 
X = l o g (  ( c a t c h / e f f o r t )  +l) and b a c k - t r a n s f o r m e d  a p p r o p r i a t e l y .  

Ca t ch  r a t e s  c a l c u l a t e d  on t h e  b a s i s  of n e t  d r o p s  ( F i g u r e  3 )  d e c r e a s e d  more 
s t e e p l y  t h a n  d i d  t h o s e  based  on  f i s h i n g  days  ( F i g u r e  2 ) .  D u r i n g  1982-84 
annua l  CPUEs v a r i e d  a r o u n d  4  l e g a l - s i z e d  c r a b s / n e t ,  b u t  by  1987 t h e y  had  
d ropped  t o  s l i g h t l y  l e s s  t h a n  2. The s e p a r a t i o n  o f  c o n f i d e n c e  r a n g e s  i n  
F i g .  3 d e m o n s t r a t e s  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h i s  d i f f e r e n c e .  Over 
t h e  same p e r i o d  e f f o r t  had  i n c r e a s e d  n e a r l y  f o u r - f o l d  f r o m  38  000  t o  o v e r  
137 000 n e t - d r o p s .  

c )  S e a s o n a l i t y  

S i n g l e  c l a s s i f i c a t i o n  PiNOVA d e m o n s t r a t e d  s t a t i s t i c a l  l y  s i g n i f i c a n t  d i f f e r -  
ences  i n  mean l o g - t r a n s f o r m e d  CPUE ( c r a b s / n e t )  be tween  p o o l e d  2 - m o n t h l y  
g roups .  The d a t a  f o r  each  o f  t h e  y e a r s  1983, 1984 and 1987 were  a n a l y s e d  
s e p a r a t e l y ,  and i n  a l l  c a s e s  t h e  F - r a t i o  was h i g h l y  s i g n i f i c a n t  ( T a b l e  2 ) .  

T a b l e  2. R e s u l t s  o f  a n a l y s i s  o f  v a r i a n c e  i n  CPUE be- 
tween  seasons .  F o r  a l l  v a l u e s  o f  F ,  p<0.001. 

.............................................. 
CPUE Y E A R  F  d . f .  

---------------------------------------------- 
K e e p e r s  1983 9.94 5, 287  

1984 5.21 5, 303  
1987 17.27 5, 687 

D i s c a r d s  1983 13.38 5 ,  287  
1984 18.45 5 ,  303  
1987 10.68 5 ,  687 

T o t a l  1983 14.38 5, 287  
1984 11.49 5, 303  
1987 15.62 5, 687 

However t h e r e  was no  o b v i o u s  c o n s i s t e n t  t r e n d  f r o m  y e a r  t o  y e a r  i n  t h e  two-  
m o n t h l y  g r o u p  mean CPUEs f o r  m a r k e t a b l e  c r a b s  ( F i g u r e  4 ) .  I n  f a c t  t h e  1987 
" s e a s o n a l "  p a t t e r n  was a l m o s t  t h e  i n v e r s e  o f  t h a t  i n  1983,  and n e i t h e r  b o r e  
much r e l a t i o n s h i p  t o  t h e  1984 p a t t e r n ,  

I n  c o n t r a s t ,  t h e  a v e r a g e  c a t c h  r a t e  o f  u n d e r s i z e  c r a b s  v a r i e d  i n  a  s i m i l a r  
manner i n  each o f  t h e  t h r e e  y e a r s  ( F i g u r e  51, w i t h  a  peak CPUE o c c u r r i n g  
e a r l y  e a c h  s p r i n g  ( S e p t e m b e r / O c t o b e r ) .  The a b s o l u t e  c a t c h  r a t e  v a l u e s  i n  
1983 and  1984 w e r e  s u r p r i s i n g 1  y  s i m i l a r  ( c o n s i d e r i n g  t h e  p r o b a b l e  
e s t i m a t i o n  e r r o r  i n  d e t e r m i n i n g  c a t c h )  w i t h  peaks  c l o s e  t o  3 .5  c r a b s / n e t .  
Ca tch  r a t e s  f o r  u n d e r s i z e  c r a b s  were s u b s t a n t i a l l y  l o w e r  i n  1987 t h a n  i n  
1983-84, and t h e  September !October  peak was a l s o  l e s s  p ronounced ,  a l t h o u g h  
a n a l y s e s  o f  v a r i a n c e  showed t h a t  t h e  d i f f e r e n c e s  were s t i l l  h i g h l y  
s i g n i f i c a n t  ( T a b l e  2 ) .  
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d )  G e o g r a p h i c a l  i n f l u e n c e s  

Pooled c a t c h  and e f f o r t  d a t a  from f o u r  b l o c k s  n o r t h  of Noreton I s l a n d  
(1302 ,  1303 ,  1402 ,  and 1403; F i g u r e  l )  were  a n a l y s e d  t o  show whe the r  t h e  
changes  d e p i c t e d  i n  F ig .  3 c o u l d  have  been i n f l u e n c e d  by g e o g r a p h i c a l  
s h i f t s  i n  t h e  c o n c e n t r a t i o n  of e f f o r t ,  o r  whe the r  t h e y  were r e p r e s e n t a t i v e  
of t r e n d s  i n  c o n s i s t e n t l y - f i s h e d  l o c a l i t i e s .  

The annua l  mean CPUEs f o r  t h e  s u b s e t  of b l o c k s  ( F i g u r e  4 ,  d o t t e d  l i n e )  were 
very c l o s e  t o  t h o s e  f o r  a l l  b l a c k s  p o o l e d  ( F i g u r e  4 ,  s o l i d  l i n e ) .  Dur ing  
t h e  f i r s t  t h r e e  y e a r s  t h e  two d a t a  s e t s  were s t a t i s t i c a l l y  hoaogeneous ,  
but  i n  1987 t h e  s u b s e t  mean was s i g n i f i c a n t l y  lower  t h a n  t h e  o v e r a l l  glean 
( 1 . 2  and 1 . 9  c r a b s i n e t  r e s p e c t i v e l y ) .  

D e t a i l s  of c h a n g e s  i n  c a t c h  r a t e  between b l o c k s  and between y e a r s  a r e  shown 
i n  T a b l e  3. The CPUEs v a r i e d  between b l o c k s  w i t h i n  y e a r s  by f a c t o r s  of up 
t o  e i g h t ,  bu t  t h e  f e a t u r e  of g r e a t e s t  s i g n i f i c a n c e  was a  g e n e r a l  t e n d e n c y  
f o r  l o c a l i t i e s  which were f i s h e d  i n  t h e  e a r l y  1980s  t o  y i e l d  ffluch lower  
c a t c h  r a t e s  i n  1987. In t h e  n o r t h e r n  s e c t i o n  of t h e  f i s h e r y  (wh ich  i s  
b e l i e v e d  t o  h a v e  been e x p l o i t e d  f o r  a  l o n g e r  t i m e  t h a n  t h e  s o u t h e r n  
s e c t i o n )  CPUEs were a l s o  g e n e r a l l y  lower  t h a n  t h e y  were i n  t h e  s o u t h .  

e j  F i s h i n g  s t r a t e g i e s  

Cur so ry  e x a m i n a t i o n  of t h e  raw d a t a  r e v e a l e d  t h a t  t h e  numbers of n e t s  p e r  
s e t ,  and t o  a  l e s s e r  e x t e n t  t h e  number of s e t s  e f f e c t e d  p e r  d a y ,  v a r i e d  
c o n s i d e r a b l y  between f i s h e r m e n .  T h i s  s u g g e s t e d  t h a t  d i f f e r e n t  f i s h e r a e n  may 
employ d i f f e r e n t  f i s h i n g  s t r a t e g i e s ,  a  f a c t o r  of p o t e n t i a l  r e l e v a n c e  t o  t h e  
i n t e r p r e t a t i o n  of logbook s t a t i s t i c s .  To t e s t  t h i s ,  each  c o n t r i b u t o r  was 
a s s i g n e d  t o  one  of t h r e e  e f f o r t  g r o u p s  on t h e  b a s i s  of t h e  a v e r a g e  number 
of n e t s  h e  d e p l o y e d  pe r  day d u r i n g  1987 ,  and t h e  group  mean CPUEs were  
computed and compared by A N O V A .  The mean number of n e t - d r o p s  p e r  day  r anged  
from 139 t o  3 3 6 ,  and t h e  g roup  l i m i t s  were s p e c i f i e d  a s  <ZOO, 201-250,  and 
>250 n e t  d r o p s i d a y .  

The h i g h - e f f o r t  g roup  a c h i e v e d  an a v e r a g e  c a t c h  r a t e  of 1 .04  c r a b s / n e t  ( n  = 
149 d a y s ) ,  b u t  i n  t h e  l o w - e f f o r t  g roup  C P U E s  were  more t h a n  d o u b l e ,  
a v e r a g i n g  2 . 3 2  ( n  = 4 3 4 ) .  Ca tch  r a t e s  f o r  t h e  i n t e r m e d i a t e - e f f o r t  g roup  
were mid-way between t h e  o t h e r s ,  a t  1.52 c r a b s / n e t  ( n  = 1 1 0 ) .  These  
d i f f e r e n c e s  were found by A N O V A  t o  b e  h i g h l y  s i g n i f i c a n t  (F = 55.9  w i t h  2 
and 690 d . + . ;  p U 0 . 0 0 1 ) .  

Discuss ion  

I t  must be  r e c o g n i s e d  t h a t  t h e  d a t a  u sed  i n  t h e s e  a n a l y s e s  were d e r i v e d  
from a  r e l a t i v e l y  sma l l  and chang ing  s u b s e t  of t h e  t o t a l  s p a n n e r  c r a b  
f l e e t ,  and p r o v i d e  on ly  " s n a p s h o t s "  of t h e  s i t u a t i o n  a t  two d i s c r e t e  
p e r i o d s  i n  t i m e .  The i n f o r m a t i o n  i s  p o s s i b l y  more r e l i a b l e  t h a n  might  be  
t h e  c a s e  from a  compulsory f i s h e r i e s  r e t u r n  s y s t e m ,  bu t  i t  s u f f e r s  f rom t h e  
l a c k  o f  an a c c u r a t e  e s t i m a t e  of e i t h e r  t o t a l  c a t c h  o r  t o t a l  e f f o r t  f o r  t h e  
e n t i r e  f l e e t .  

N e v e r t h e l e s s ,  assuming  t h a t  CPUE ( i n  t h i s  c a s e  t h e  number of c r a b s  p e r  n e t -  
d r o p )  i s  a r e a s o n a b l e  e s t i m a t o r  of p o p u l a t i o n  d e n s i t y ,  t h e r e  i s  s t r o n g  
e v i d e n c e  t h a t  t h e  s o u t h  Q u e e n s l a n d  s p a n n e r  c r a b  s t o c k  h a s  d e c l i n e d  s i q -  
n i + i c a n t l y  s i n c e  t h e  tangle-n .e t  f i s h e r y  was e s t a b l i s h e d  d u r i n g  t h e  l a t e  
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1970s. W h i l e  t h e  f i s h e r y  was d e v e l o p i n g ,  c a t c h  r a t e s  averaged abou t  4 c r a b s  
per  n e t ,  b u t  a f t e r  o n l y  two y e a r s  t h i s  r a t e  had ha l ved .  I t  i s  n o t  known 
whether annua l  CPUEs had dropped p r o g r e s s i v e l y  over  t h a t  p e r i o d  o r  whether 
t h e  1987 v a l u e  was an " improvement"  on a  l o w e r  v a l u e  i n  1986, b u t  t h e  
former i s  suspected.  

Tab le  3. E f f o r t  ( n e t  d rops)  and c a t c h  r a t e  o r  CPUE (numbers o f  m a r k e t a b l e  
c rabs  p e r  n e t )  r e c o r d e d  by c r a b b e r s  c o o p e r a t i n g  i n  t h e  v o l u n t a r y  l o g b o o k  
programme. 
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Logbook C P U E s  i n  1982 and 1983 f rom g r i d  b l o c k s  e a s t  of Mooloolaba ( F i g .  1 
and Tab le  3 j  were c o n s i d e r a b l y  lower  t h a n  t h o s e  r e c o r d e d  by S k i n n e r  and 
H i l l  ( 1986 )  a t  t h e  same t i m e .  T h e  r e a s o n s  f o r  t h i s  a r e  p r o b a b l y  t w o f o l d  - 
. . i n n e r  and H i l l  ( 1986 )  used  t h e  t o t a l  c a t c h  of c r a b s  (o f  a l l  s i z e s )  i n  
t h e i r  c a l c u l a t i o n s ,  and a l s o  s t a n d a r d i s e d  t h e  index  t o  a  c a t c h  p e r  n e t  p e r  
hour .  S i n c e  t h e  soak  t i m e  f o r  s p a n n e r  c r a b  t a n g l e  n e t s  i s  r a r e l y  more t h a n  
45 min,  t h e s e  c o m p u t a t i o n a l  d i f f e r e n c e s  a d e q u a t e l y  a c c o u n t  f o r  t h e  
d i s c r e p a n c y  between t h e  two s e t s  of r e s u l t s .  

I n  Hawa i i ,  Vansarit ( 1978 )  o b t a i n e d  a  c r u d e  measure  of e f f o r t  (number of 
t r i p s  p e r  y e a r )  f o r  a  v e s s e l  which had r e g u l a r l y  f i s h e d  t h e  Penguin  Banks 
s i n c e  1967. From t h i s  he  c a l c u l a t e d  a  CPUE ( w e i g h t  of c r - abs  pe r  t r i p )  t o  
a s s e s s  t h e  e x t e n t  of annual  c h a n g e s  i n  s t o c k  d e n s i t y .  Ca t ch  r a t e s  ranged  
from 131 k g l t r i p  ( n  = . l 9  t r i p s )  i n  1967 t o  268  k g / t r i p  ( n  = 50) i n  1974,  
wi th  an a v e r a g e  o v e r  t h e  8  yr  p e r i o d  of 193 k g l t r i p .  Assuming an a v e r a g e  
c r a b  we igh t  of 400 g ,  t h e  mean c a t c h  r a t e  (480  c r a b s i d a y - t r i p )  i s  
i n t e r m e d i a t e  between t h e  1984 and 1987 v a l u e s  o b t a i n e d  i n  s o u t h e r n  
Q u e e n s l a n d .  Vansant  ( 1978 )  c o n s i d e r e d  c a t c h  r a t e s  i n  Hawaii t o  h a v e  been 
r e l a t i v e l y  s t a b l e  o v e r  t h e  p e r i o d  of h i s  i n v e s t i g a t i o n ,  and i n t e r p r e t e d  i t  
a s  i n d i c a t i n g  s t a b i l i t y  i n  p o p u l a t i o n  s i z e .  Observed v a r i a t i o n s  i n  annual  
l a n d i n g s  were  a t t r i b u t e d  t o  c h a n g e s  i n  e f f o r t  (numbers  of b o a t s )  r a t h e r  
than  s t o c k  abundance .  However i t  might  be a rgued  t h a t  a  1007, i n c r e a s e  i n  
CPUE between 1967 and 1972 c o u l d  i n d e e d  r e f l e c t  a  ( p o s i t i v e )  change  i n  t h e  
s i z e  of t h e  c r a b  s t o c k ,  p rov" ided  t h e  number of n e t s  dep loyed  d a i l y  b y  t h e  
v e s s e l  conce rned  had not  changed  s i g n i f i c a n t l y .  

ft more a p p r o p r i a t e  measure of e f f o r t  ( t h e  n e t - h o u r )  was used by Vansant  
i f 7 S )  i n  at1 a n a l y s i s  of c a t c h  r a t e s  ove r  t h e  f i r s t  six months of 1974. 
C P U E s  v a r i e d  l i t t l e  ( r a n g e ;  0.31 k g / n e t - h r  [May] t o  0.38 L g l n e t - h r  
I J ianua t -y l ) ,  p r o v i d i n g  sccint e v i d e n c e  of  s e a s o n a l i t y  d e s p i t e  t h e  a u t h o r ' s  
p t  t - v i o ~ t s  a s s e r t i o n  of a p r e - spawn ing  peak i n  c a t c h  r a t e s .  These  f i q u r e s  
i a q d i n  assuming  an a v e r a g e  c r a b  we igh t  of 400 g )  would e q u a t e  t o  a b o u t  0.8 
c r a b s  pet [ l e t - h r ,  or 0 .5  c r a b s  p e r  n e t  f o r  a  40-min s e t ,  which i s  we l l  
below t h e  c a t c h  per  n e t  i n  any b u t  one of  t h e  30 g r i d  b l o c k s  worked by t h e  
Uueensl drid l  ogboo! c o n t r i b u t o r s  d u r i n g  1987 iTabl e  3 ) .  

Sk inne r  and H i l l  ( 1986 )  c o n c l u d e d  t h a t  c a t c h  r a t e s  f o l l o w e d  a s t r o n ~  
s e a s o n a l  c y c l e  l i n k e d  t o  t h e  c y c l e  of r e p r o d u c t i v e  deve lopmen t ,  wi th  a  
ri~dximuni CP'UE j u s t  p r i o r  t o  s p a w n i n g ,  i n  f t ugus t /Sep t ember .  T a h i l ' s  (1983)  
c a t c h  d a t a  f o r  t h e  P h i l i p p i n e s  f i s h e r y  were n o t  accompanied by any e s t i m a t e  
ci t  a f f o r L ,  s o  i t  i s  i m p o s s i b l e  t o  know whether  t h e  v a r i a t i o n s  i n  c a t c h  were 
r e l a t e d  t o  t h e  l e v e l  of r e p r o d u c t i v e  a c t i v i t y  ( a s  h y p o t h e s i s e d ) ,  o r  were  
*e t -e l?  d u e  t o  e f f o r t  chang ing  i n  r e s p o n s e  t o  economic and m e t e r o l o g i c a l  
c i  t-~uii151 s i1ce5 .  

Hie Q u e e n s l a n d  logbook d a t a  p r o v i d e d  n o  e v i d e n c e  o f  c o n s i  s t e n t  s e a s o n a l  
p ~ U e r n 5  i n  t h e  c a t c h  r a t e  of m a r k e t a b l e  c r a b s ,  b u t  t h e  C P U E  f o r  u n d e r s i z e  
i ~ t d b s  showed a d i s t i n c t  S e p t e m b e r i O c t o b e r  peak i n  each  of t h e  t h r e e  yeat-S, 
s u g g e s t i n g  a  p u l s e  of r e c r u i t m e n t  of s m a l l  a n i m a l s  i n t o  t h e  f i s h e r y ,  a t  t h a t  
t i m e . ,  The d e s c e n d i n g  r i g h t - h a n d  l imb  of t h e  r e c r u i t m e n t  mode p r o b a b l y  
r e p r e s e n t s  t h e  t r a n s i t i o n  (by  g r o w t h )  of  an i n c r e a s i n g  p r o p o r t i o n  of t h e  
s u b a d u l t s  i n t o  t h e  m a r k e t a b l e ,  o r  l e g a l  s i z e d ,  component of t h e  c r a b  
Â¥yupi i la t ion  S i n c e  t h e  C P U E s  of S k i n n e r  and H i l l  ( 1 9 8 6 )  i n c l u d e d  sma l l  a s  
~ ~ 1 1  a s  l e g a l - s i z e d  c r a b s ,  t h e i r  o b s e r v e d  s e a s o n a l  t r e n d  i n  c a t c h  r a t e  
cou ld  well  have been due t o  t h i s  r e c r u i t m e n t  p u l s e  r a t h e r  than  a 
b e h a v i o u r a l l y - a i e d i a t e d  change  i n  t h e  c a t c h a b i l i t y  of a d u l t  ct-abs. 
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Dii '+erences ,  i d  f i s h i n g  s t r a t e g y ,  among o t h e r  t h i n g s ,  can con found  t h e  
i r i i t - t - p r e t a t i u r ~  of logbook d a t a  <Hi l l e r  1 9 8 3 ) .  V a r i a t i o n  be tween  !:rabbet-=. i n  
t h e  dvet i . 2 ~  riuiilbet- of n e t s  s e t  per  d a y ,  even amongst t h e  s m a l l  g roup  o f  
. . 
t i  s h e r  ilibii p a r t i c i p a t i n g  i n  t h e  logbook programme, s u g g e s t s  t h e  e x i s t e n c e  of 
r c i d i ~ c i l l y  d i f f e r e n t  f i s h i n g  s t r a t e g i e s .  Fishermen who s e t  s m a l l  numbers  of 
rieti:. were  presumably  a b l e  t o  spend  more t i n e  s e a r c h i n g  ( i . e .  d r o p p i n g  a T E ' M  
nets,  i d  o n e  a r e a  and moving on u n t i l  good p a t c h e s  of c r a b s  were  f o u n d )  tha i !  
Globe ~ h o  i-ised l a r g e  nunibet-s. The a d v a n t a g e  t o  u s i n g  a  l a r g e  number of n e t s  
i r !  ii set  i b  o b v i o u s ,  bu t  t h e r e  must be a c o s t  i n  t e r m s  of t i m e .  T h i s  m i g h t  
be m a n i f e s t  a s  a r e d u c t i o n  i n  s o a k - t i m e  ( t h e  i n t e r v a l  between s e t t i n g  and 
e t t - i e v i n g  t h e  f l e e t  of n e t s ) ,  s e a r c h i n g  t i m e ,  o r  o p e r a t i o n a l  r a n g e .  

The logbook d a t a  appear  t o  show t h a t  t h e  h i g h - e f f o r t  s t r a t e g y  ( l a r g e  nuiribet- 
of n e t - . d r o p s  pe r  day;  i s  l e s s  t h a n  h a l f  a s  e f f i c i e n t ,  i n  t e r m s  of c a t c h  pe r  
n e t ,  a s  t h e  l o w - e f f o r t  s t r a t e g y .  The d i f f e r e n c e  i n  e f f o r t  l e v e l s  between 
t h e  two ex t r - en~e  g roups  was a b o u t  1:2,  s o  i n  t e r m s  o f  a c t u a l  d a i l y  take-home 
c a t c h  t he  two would seein t o  have  a c h i e v e d  much t h e  same f i n a l  r e s u l t .  Man:{ 
f a c t o r s ,  i n c l u d i n g  v e s s e l  s i z e  and s p e e d ,  d i s t a n c e  from p o r t  t o  t h e  f i s h i n g  
q r o u n d s ,  and  p e r s o r ~ a l  g e a r  p r e f e r e n c e s  i n f  l u e n c e  a  p a r t i c u l  at- f i s h e r m e n ' s  

. . , - h d i c e  Q +  ope,l-... =t iur ic . l  s t r a t e g y  which may a l s o  ctialiqe w i th  t i m e .  The re  i s  
fcufne e v i d e i i c e  t h a t  t h e  s o u t h e r n  p a r t  of t h e  s p a n n e r  c r a b  f l e e t  c o m p r i s e s  
ffiut e i ~ i ~ S i - . e + ' f o r t  s t r a t e u i s t s  t h a n  d o e s  t h e  n o r t h e r n  s e c t i o n .  I f  t h i s  i s  s o ,  
i t  may n u t  be p o s s i b l e  t o  s e p a r a t e  t h e  e f f e c t s  of c r a b  p o p u l a t i o n  d e n s i t y  
a ! i c i  over r i t i u ~ - i a i  ~ + t i c i  eiicy on CPUE. 

E ; : . i = I . i i ! ~  ~t=!! ic;~ei i ier~t  e u n I r o 1 s  i11 Q u e e n s l a n d  i n c l u d e  a  mini mum 1 e g a i  s i z e  < 10 
,-.-'l i; ! i 
- ,  . , p r ~ h i b i i ' i o f i  un t a k i n g  o v i q e r o u s  f e m a l e s ,  a  bag l i m i t  Tur 

: , 
: i-c.t't-a+:ional f i s h e r m e n ,  and a r e c e n t l y  i n t r o d u c e d  c l o s e d  s e a s o n  f rom 20 th  
No-efiibet l u  2 0 l i i  Ueceniber t o  p r o t e c t  spawners .  Access  i o  t h e  f i s h e r y  i s  non 
ifiore t i g h t l y  c o n t r o l l e d  t han  i t  h e i s  b e e n ,  and t h e  i r i t r o d ~ ~ c i i o n  of a S t a t e -  
wid,? L ~ I I : ~ I J ~  ~ c t  $1 f i s h e r i e s  logboiji: systeiri iri Queens1  and  may p r o v i d e  b r ~ : ~ a ~ e r  
,- - e r r g e  I-: ... 5-r +:he f l e e t ,  a s  we l l  a s  e s s e n t i a l  e s t i m a t e s  D<- t o t a l  i a n d i r i g s .  
A i l  a v a i l a b l e  d a t a  troni t h e  f  is t ie t -y s h o u l d  be c l o s e l y  m o n i t o r e d  w i t h i n  t h e  
:in' +p,.l . -. :,,>-.- . L c . t  5 t o  a s c e r t a i n  whether  t h e  c u r r e n t  lan CF'UE l e v e l s  i r i d i ce ' t e  
i n a d e q u a c i e s  i n  t h e  p r e s e n t  management p l a n ,  r e Â  l e c t  a p o p u l a t i o n  
characterised by large natural variations in  s i z e ,  or represent the s o r t s  of 
catch rates  which might be expected i n  a r e l a t i v e l y  new f i s h e r y  reaching a 
point of s t a b i l i t y .  
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