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A B S T R A C T
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f o u n d  in d e e p e r  w a t e r s -  T h e r e  a r e  t w o  s p a w n i n g  p e r i o d s  in a y e a r  

a n d  n ew r e c r u i t s  c o m e  i n t o  t h e  e x p l o i t e d  p o p u l a t i o n  in t h e i r  

f i r s t  y e a r  o f  life. S_;_ c a e r u l e o s t i c t u s  m a t u r e  in t h e i r  s e c o n d  

y e a r  o f  life. C r u s t a c e a n s  a r e  t h e  m a i n  d i e t  f o r  t h e  s p e c i e s .  

G r o w t h  a n d  m o r t a l i t y  p a r a m e t e r s ,  as e s t i m a t e d  w i t h  t h e  

E l e c t r o n i c  L e n g t h  F r e q u e n c y  A n a l y s i s  ( E L E F A N )  m e t h o d s  are: L CTO = 

4 4 . 3  cm (fork l e n g t h ) ,  K = 0 . 4 8 / y r ,  Z = 2 . 4 8 0 / y r ,  M = 0 . B 5 6  a n d  F 

= 1 . 6 2 1 / y r .  T h e  m e a n  l e n g t h  a t  f i r s t  c a p t u r e ,  L c s o  w a s  e s t i m a t e d  

to be 1 0 . 7 5  cm (fork l e n g t h )  a n d  t h e  r a t e  o f  e x p l o i t a t i o n  E, 

0.65. T h e  l e n g t h s  at f i r s t  m a t u r i t y  f o r  t h e  m a l e s  a n d  f e m a l e s ,  

w e r e  18. 4  cm a n d  1 7 . 2  c m  ( f o r k  l e n g t h )  r a s p e c t i v e 1y . F e c u n d i t y  

r a n g e d  f r o m  4 0 , 0 0 0  — 4 0 0 , 0 0 0  ( s i z e  r a n g e : 1 7 . 5  - 2 4 . 8  c m  f o r k  

l e n g t h ) .  L e n g t h  a n d  f e c u n d i t y  r e l a t i o n s h i p  w a s  e x p o n e n t i a l  a n d  

d e s c r i b e d  by t h e  e q u a t i o n :  L o g  F = 1 . 3 6 7 1  + 2 . 9 4 7 9  L o g  L .

A n a l y s i s  o f  t h e  r e l a t i v e  y i e l d  p e r  r e c r u i t  ( Y / R )’ s h o w e d  t h a t  to 

a c h i e v e  t h e  m a x i m u m  s u s t a i n a b l e  y i e l d  (MSY' It w i l l  be n e c e s s a r y  

to r e d u c e  t h e  level o f  t h e  p r e s e n t  f i s h i n g  e f f o r t .
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I N T R O D U C T I O N

S p a r u s  c a e r u l e o s t i c t u s . c o m m o n l y  c a l l e d  t h e  B l u e - s p o t t e d  

Sea B r e a m ,  b e l o n g s  to t h e  F a m i l y  S p a r i d a e  o f  t h e  s u b - o r d e r  

P e r c o i d e a  a n d  the o r d e r  P e r c o m o r p h i i . U n d e r  t h i s  F a m i l y

n i n e t e e n  s p e c i e s  b e l o n g i n g  to 10 g e n e r a  h a v e  b e e n  r e c o r d e d  in 

G h a n a i a n  w a t e r s  ( O f o r i - A d u ,  1 9 8 9 ) .  T h e s e  i n c l u d e  S .

c a e r u 1 e a s t  i c t u s , P a g e  11 u s  be 1 1 o t  i i a n d  D e n t e x  ca n a r i e n s  i s . 

w h i c h  a r e  c o m m o n l y  c a l l e d  r e d  fi s h .  B e c a u s e  o f  its d e l i c i o u s  

flesh, r e d  f i s h  is g r a d e d  Al o n  t h e  l o c a l  m a r k e t  ( 0 f o r i -  

A d u , 1 9 8 9 ) .  N e x t  t o  s h r i m p s  a n d  l o b s t e r s ,  g r a d e  Al f i s h

f e t c h e s  t h e  h i g h e s t  p r i c B .  D u r i n g  a g e n e r a l  s u r v e y  o f  f i s h  

d i s t r i b u t i o n  in t h e  G u l f  o f  G u i n e a  by t h e  S p a n i s h  F i s h i n g  

V e s s e l ,  L a g o a p e s c a ,  in A p r i l  1990, S. c a e r u 1e o s t ic t u s  w a s  

s h o w n  to be t h e  m o s t  a b u n d a n t  m e m b e r  o f  t h e  g r o u p  in G h a n a i a n  

w a t e r s  ( F A O , 1 991). G u t  o f  3 8 0  kg o f  s p a r i d s  c a u g h t ,  g. 

c a e r u l e o s t i c t u s  c o n t r i b u t e d  1 4 6 . 4 3  kg <38.53>£). T h e  r e s t  w a s  

m a d e  up o f  P_^ be 1 1 ot i i . 1 2 9 . 0 5  kg <33.96'/) a n d  D ^  ca n ar i e n s  i s . 

1 0 4 . 5 2  kg ( 2 7 . 5 1’/.) (FAO, 1991).

T h e  a d u l t  S_;_ c a e r u l e o s t i c t u s  is e a s i l y  i d e n t i f i e d  by its 

c o l o u r :  p i n k  w i t h  s i l v e r y  r e f l e c t i o n s  o n  t h e  u p p e r  p a r t  o f  t h e  

belly; f i n e  b l u e  s p o t s  o n  t h e  b a c k  a n d  s i d e s ;  d a r k  b l o t c h  at 

the b a s e  o f  t he last d o r s a l  s o f t  ray: a n d  b l u i s h  s p o t s  w h i c h  

g l i t t e r  g i v i n g  it t h e  n a m e  B l u e — s p o t t e d  S e a  B r e a m  ( I r v i n e ,

1947; Fi s c h e r  et. a l . , 1 9 8 1 ;  O f o r i - A d u ,  1989) ( P l a t e  1 ).

S. c a e r u l e o s t i c t u s  h a s  a w i d e  g e o g r a p h i c a l  d i s t r i b u t i o n .  

It o c c u r s  a l o n g  t h e  W e s t  A f r i c a n  C o a s t  to as f a r  a s  t h e  

c o a s t a l  w a t e r s  o f  N o r t h e r n  A f r i c a ,  w h e r e  it is f i s h e d  in

1
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Plate 1. Freshly landed S. caeruleostictus 

Scale 1 cm : 3-93 cm
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M o r o c c a n  w a t e r s  (W i 1 1 ia m s , 1 9 6 8 ; F A D , 1 9 8 7 ) . T h e  s p e c i e s

g e n e r a l l y  h a s  a p r e f e r e n c e  f o r  c o l d  w a t e r s  ( t e m p e r a t u r e  

r a n g e : 17 - 2 5 °C) a n d  h e n c e  its d i s t r i b u t i o n  o n  t h e  c o n t i n e n t a l  

s h e l f  d e p e n d s  o n  t h e  d e p t h  o f  t h e  t h e r m o c l i n e  a n d  o n  t h e  

p o s i t i o n  o f  t h e  f r o n t s  s e p a r a t i n g  t h e  w a r m  a n d  c o l d  w a t e r s  

(Rijavec, 1 973). R e s u l t s  o f  t r a w l  s u r v e y s  h a v e  s h o w n  t h a t  

s e a s o n a l  v e r t i c a l  m i g r a t i o n s  t a k e  p l a c e  in a r e a s  w h e r e  t h e r e  

a re m a r k e d  s e a s o n a l  t e m p e r a t u r e  d i f f e r e n c e s ;  f o r  e x a m p l e :  o f f  

the c o a s t s  o f  M a u r i t a n i a  a n d  S e n e g a l  (FAO, 1 9 8 7 ) .  By

c o n t r a s t ,  o f f  t h e  c o a s t s  o f  C o t e  d ’ I v o i r e ,  G h a n a  a n d  T o g o ,  

s e a s o n a l  t e m p e r a t u r e  v a r i a t i o n s  a r e  l e s s  p r o n o u n c e d  a n d  h e n c e  

s e a s o n a l  d i f f e r e n c e s  in v e r t i c a l  m i g r a t i o n s  a r e  l i m i t e d  

(Ri j a v e c ,  1973).

In G h a n a i a n  w a t e r s ,  S_;_ c a e r u l e o s t i c t u s  o r e f e r s  w a t e r  

t e m p e r a t u r e s  b e l o w  20 °C a n d  a s a l i n i t y  r a n g e  o f  3 5 . 5 V. - 36'/. 

(Rijavec, 1973; (Dfori-Adu, 1 9 8 9 ) .  P r e f e r e n c e  f o r  t h e s e

c o n d i t i o n s  is b e l i e v e d  to be r e s p o n s i b l e  f o r  t h e  o c c a s i o n a l  

i n s h o r e  - o f f s h o r e  m o v e m e n t  w h i c h  t h e  s p e c i e s  m a k e s  w i t h i n  

the c o n t i n e n t a l  s h e l f  o f  G h a n a  ( O f o r i - A d u ,  1 9 8 9 ).

T h e r e  is no o r g a n i s e d  f i s h e r y  f o r  S. c a e i ' u l e o s t i c t u s  

alone; it is u s u a l l y  c a u g h t  w i t h  o t h e r  d e m e r s a l  s p e c i e s .  T h e  

t r a d i t i o n a l  m e t h o d  o f  c a p t u r e  is w i t h  c a n o e s  in w h i c h  f i s h i n g  

is d o n e  w i t h  h o o k — a n d - 1 i ne o r  b o t t o m  s e t  a i l l  n e t s  o n  r o c k y  

coral g r o u n d s  (Kwei, 1973; D f o r i - A d u ,  1 9 8 9 ) .  A M o d e r n  m e t h o d  

of c a p t u r e  is by o t t e r — t r a w 1 i n g , w h i c h  r e s u l t s  in

s u b s t a n t i a l l y  h i g h e r  c a t c h e s  t h a n  by t h e  t r a d i t i o n a l  m e t h o d s  

( B e r n a c s e k ,  1986).
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C o n s i d e r a b l e  w o r k  in t h e  a r e a s  o f  g r o w t h  a n d  m o r t a l i t y  

has b e e n  d o n e  o n  EL. c a e r u I e o s t i c t u s  in t h e  N o r t h  w e s t e r n  c o a s t  

of A f r i c a  ( L i m , 1 9 8 7 ) .  A l o n g  t h e  S o u t h  w e s t e r n  c o a s t ,  w o r k  

don e  o n  S. c a e r u l e o s t  i c t u s  h a s  m o s t l y  b e e n  o n  its d i s t r i b u t i o n  

(Troadec, B o u i l l o n ,  B u r r o ,  1967, c i t e d  by R i j a v e c  1973; 

W i l l i a m s ,  1968) a n d  b i o l o g y  ( M a tta, 1965; W i l l i a m s  196B, 

c i t e d  by R i j a v e c ,  1973, Lim, 1 987). In G h a n a i a n  w a t e r s ,  in 

p a r t i c u l a r ,  m o s t  w o r k  a c c o m p l i s h e d  h a s  b e e n  in t h e  a r e a s  o f  

r e p r o d u c t i o n , g r o w t h ,  d i s t r i b u t o n  a n d  a b u n d a n c e

( R i j a v e c , 1973). A r e a s  l i t t l e  c o v e r e d  i n c l u d e :  p o p u l a t i o n  

d y n a m i c s  ( e s p e c i a l l y  m o r t a l i t y  a n d  g r o w t h )  a n d  f o o d  a n d  

f e e d i n g  h a b i t s .  T h e  p r e s e n t  s t u d y  w a s  u n d e r t a k e n  w i t h  a v i e w  

to p r o v i d i n g  m o r e  i n f o r m a t i o n  o n  t h e  m o s t  d e f i c i e n t  a r e a s ;  

th i s  will no d o u b t  a s s i s t  in t h e  r a t i o n a l  e x p l o i t a t i o n  o f  s u c h  

a h i g h l y  v a l u e d  c o m m e r c i a l  s p e c i e s .

4
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2. M A T E R I A L S .  M E T H O D S  A N D  D A T A  A C Q U I S I T I O N

D a t a  w e r e  c o l l e c t e d  as p a r t  o f  t h e  b o t t o m  t r a w l  

s u r v e y  p r o g r a m m e  o f  t h e  F i s h  S t o c k  a n d  S t a t i s t i c s  S e c t i o n  o f  

the R e s e a r c h  a n d  U t i l i z a t i o n  B r a n c h  o f  t h e  F i s h e r i e s  

D e p a r t m e n t  ( F . R . U . B . ) ,  Tema. T h i s  i n v o l v e d  a t r a w l i n g  s u r v e y  

o n c e  a m o n t h  f r o m  M a r c h  1 9 9 2  to M a r c h  1993, a b o a r d  t h e  

r e s e a r c h  v e s s e l  R / V  ’K a k a d i a m a a ’w h i c h  is a 2 9  m, 7 0 0  H p

m u l t i p u r p o s e  v e s s e l ,  e q u i p p e d  w i t h  t w o  s t e e l  V - t y p e  o t t e r  

boards. T h e  f i s h i n g  g e a r  u s e d  w a s  a n  E n g e l  H i g h  O p e n i n g  

B a l l o o n  b o t t o m  t r a w l  w i t h  3 S 0  m e s h e s  a r o u n d  t h e  f o r e - e n d  o f  

the b e l l y  a n d  4 0  m m  s t r e t c h e d  m e s h e s  in t h e  c o d - e n d  

( K o r a n t e n g ,  19S4) (Fig . l ) .

Th e  s a m p l i n g  d e s i g n  a d a p t e d  f a r  t h e  t r a w l  s u r v e y s  w a s  t h e  

s t r a t i f i e d  s y s t e m a t i c  t y p e  w i t h  a c e r t a i n  a m o u n t  o f

r a n d o m i s a t i a n  w i t h  r e g a r d  to t r a w l i n g  d e p t h  w i t h i n  a s t r a t u m  

( K o r a n t e n g , 1 9 8 0 ) . A n  e l e m e n t  o f  r a n d o m i z a t i o n  w a s  i n t r o d u c e d  

to r e d u c e  t h e  p o t e n t i a l  f o r  b i a s e s  in s y s t e m a t i c  s a m p l i n g .  

T h e  a r e a  f or t h e  s t u d y  o f  t h e  d i s t r i b u t i o n  a n d  d y n a m i c s  o f  S ■ 

c a e r u l e o s t i  c t u s  is b o u n d e d  in t h e  E a s t  bv t h e  1 ° 1 0 ’ a n d  in 

the W e s t  by t h e  3° O' 1o ng i tu des, a n d  t h e  15 m a n d  7 5 m w a t e r  

d e p t h  c o n t o u r s  ( K o r a n t e n g , 1 9 8 0 )  as s h o w n  in F i g . 2. T h i s  a r e a  

is d i v i d e d  in t o  z o n e s ,  s t r a t a ,  s u b s t r a t a ,  s e c t o r s  a n d  b l o c k s  

as s h o w n  in F i g . 2. T h e  t o t a l  a r e a  is a b o u t  5 , 4 0 0  s q u a r e  

n a u t i c a l  m i l e s  a l o n g  a 2 5 0  n a u t i c a l  m i l e  l o n g  c o a s t l i n e .  

T h e r e  a r e  40 s a m p l i n g  s t a t i o n s  d i s t r i b u t e d  a m o n g  t h e  s e c t o r s .

T h e r e  a r e  3 m a i n  s t r a t a  n a m e l y  A. B, a n d  C, w i t h  t h e  

f a l l o w i n g  d e p t h  r a n g e s :
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A 15 m - 30 m

B 31 m - 50 m

C 51 m - 75 m

T w o  s u b s t r a t a  o c c u r  in e a c h  s t r a t u m  b e t w e e n  l o n g i t u d e s  0° 26’ W 

a n d  1° 38’ W a n d  s t r a t u m  C o f  t h e  A c c r a  s e c t o r  w i t h  t h e  

f a l l o w i n g  d e p t h  r a n g e s :

1 (A) 15 m - 23 m

2(A) 24 m - 3 0 m

1(B) 31 m - 4 0 m

2(B) 41 M - 50 m

1 (C) 51 m - 63 m

2 (C) 64 m - 75 m

T h e  s t a t i o n s  a r e  not at f i x e d  p o s i t i o n s  b u t  i n d i c a t e  t h e  

v e s s e l ' s  l o c a t i o n  w i t h i n  a b l o c k  o r  a r e a  in a s p e c i f i c  s e c t o r .  

E a c h  b l o c k  c o r r e s p o n d s  to a d e p t h  r a n g e  w i t h i n  a s t r a t u m  or 

s u b s t r a t u m .  T r a w l i n g  t a k e s  p l a c e  at a n y  p o s i t i o n  w i t h i n  a 

block p r o v i d e d  t h a t  p o s i t i o n  is s a f e  f o r  t r a w l i n g

( K o r a n t e n g ,p e r s .c o m m .).

S i n c e  t h e  a u t h o r  u n d e r t o o k  t h e  i n v e s t i g a t i o n  w i t h  s t a f f  

o f  F . R . U . B . ,  t h e  s a m p l i n g  d e s i g n  f o r  t r a w l i n g  f o l l o w e d  t h a t  

d e s i g n e d  by t h e  F .R .U .B . W h e n  a s a m p l i n g  s t a t i o n  w a s  r e a c h e d ,  

the d e p t h  a n d  t r a w l i n g  t r a c k  w e r e  s e l e c t e d  by t h e  c a p t a i n  o f  

the vessel., in co 1 1 a b o r a t i  o n  w i t h  t h e  S c i e n t i s t  - in - C h a r g e .  

T h e  n et w a s  s h o t  a n d  e a c h  h a u l  l a s t e d  f or 3 0  m i n u t e s  a t  a 

s p e e d  o f  a b o u t  3 k n o t s  ( 5 . 5 6  k m / h ) .  T r a w l i n g  t i m e  w a s  c u t  

s h o r t  o n l y  w h e n  t h e  s e a  b e d  w a s  o b s e r v e d  to be fu l l  o f  s n a g s  

or t h e  g e a r  g o t  s t u c k  to t h e  s e a  bed. A ll h a u l s  w e r e  c a r r i e d
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o u t  b e t w e e n  0 6 0 0  h o u r s  a n d  1 B 0 0  h o u r s  G . M . T .

D a t a  -for t h e  p o p u l a t i o n  d y n a m i c s  s t u d y  w e r e  c o l l e c t e d  by 

r e c o r d e r s  o-F t h e  F i s h  S t o c k  a n d  S t a t i s t i c s  s e c t i o n  o f  F . R . U . B .  

c o v e r i n g  t h e  p e r i o d  J u n e  1 9 9 0  to M a y  1991. T h e  d a t a  c o v e r e d  

all t h e  s e c t o r s  o n  t h e  c o n t i n e n t a l  s h e l f -  M o n t h l y  s a m p l e s  o f

S . c a e r u l e o s t i c t u s , r e p r e s e n t a t i v e  o f  t h e  s t o c k  as a w h o l e ,  

w e r e  o b t a i n e d  by p o o l i n g  d a i l y  s a m p l e s  w i t h i n  e a c h  m o n t h  

a c r o s s  all t h e  f o r t y  (40) s a m p l i n g  s t a t i o n s  w i t h i n  t h e  s u r v e y  

a r e a .

D a t a  i n v o l v i n g  c a t c h  r a t e s ,  c a t c h  p e r  m o n t h  a n d  p e r  y e a r  

fro m  J u n e  1 9 9 0  to M a y  1991 w e r e  e x t r a c t e d  f r o m  t h e  f i l e s  o f

F . R . U . B .  D a t a  o n  t o t a l  c a t c h e s  o f  c a n o e s ,  s h r i m p e r s ,

i n d u s t r i a l  a n d  i n s h o r e  v e s s e l s ,  a n d  b o t t o m  a n d  surf a c e ?  

t e m p e r a t u r e  r e a d i n g s  w e r e  a l s o  e x t r a c t e d  f r o m  t h e s e  f i l e s .  

B a t h y m e t r i c  r e a d i n g s  w e r e  e x t r a c t e d  f r o m  t r a w l  s u r v e y  

w o r k s h e e t s .

B i o l o g i c a l  d a t a  w e r e  c o l l e c t e d  by t h e  a u t h o r  w i t h  t h e  

a s s i s t a n c e  o f  s t a f f  o f  t h e  F i s h  S t o c k  a n d  S t a t i s t i c s  s e c t i o n  

□f F . R . U . B .  d u r i n g  t r a w l  s u r v e y s  b e t w e e n  t h e  A c c r a  a n d  W i n n e b a  

s e c t o r s .  A s a m p l e  o f  a b o u t  f i f t y  (50) f i s h  s p e c i m e n s  w a s  t a k e n  

at e a c h  s a m p l i n g  s t a t i o n .  E a c h  s p e c i m e n  w a s  w e i g h e d  to t h e  

n e a r e s t  0 . 1  g a n d  m e a s u r e d  (fork l e n g t h )  to t h e  n e a r e s t  cm. 

S a m p l e s  f o r  s t o m a c h  c o n t e n t  a n a l y s i s ,  r e p r o d u c t i v e  b i o l o g y  a n d  

1 e n g t h - w e  i g h t  r e l a t i o n s h i p  w e r e  p r e s e r v e d  o n  i c e  -For l a t e r  

s t u d y  in the l a b o r a t o r y .  D a t a  a n a l y s e s  w e r e  m o s t l y  e x e c u t e d  

w i t h  t h e  f o l l o w i n g  PC s o f t w a r e s  f or s t o c k  a s s e s s m e n t  s t u d i e s :  

E L E F A N  ( E l e c t r o n i c  L e n g t h - F r e q u e n c y  A n a l y s i s )  ( G a v a n i l o  et. 

a l . , 1 9 B 9 ) ;  L F S A  ( L e n g t h - b a s e d  F i s h  S t o c k  A s s e s m e n t )
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( S p a r v e , 19 B 7 ) ; a n d
S T A T G R A P H I C S  ( S t a t i s t i c a l  G r a p h i c s , 19 S 9 ).
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3. D I S T R I B U T I O N  A N D  A B U N D A N C E

3.1 M a t e r i a l  A n d  M e t h o d s

D a t a  -for t h e  s t u d y  p e r i o d :  J u n e  1 9 9 0  to M a y  1991, w e r e  

e x t r a c t e d  f r o m  -Files o f  t h e  F i s h  S t o c k s  a n d  S t a t i s t i c s  s e c t i o n

o-F F . R . U . B . ,  T e m a .  L e n g t h  - F r e q u e n c y  d i s t r i b u t i o n s  in t h e  3 

s t r a t a  a n d  10 s e c t o r s  w e r e  i n v e s t i g a t e d .  T h e  r e l a t i o n s h i p  

b e t w e e n  t h e  t e m p e r a t u r e  a n d  t h e  c a t c h  w a s  a l s o  a n a l y z e d .

3.2. R e s u l t s

L e n g t h  - F r e q u e n c y  D i s t r i b u t i o n  W i t h i n  S t r a t a  

Fig. 3 s h o w s  t h e  l i n e  p o l y g o n s  o f  t h e  1e n g t h - f r e q u e n c y  

d i s t r i b u t i o n s  in t h e  3 s t r a t a  d i s p l a y e d  o n  t h e  s a m e  a x i s .  T h e  

s k e w e d  d i s t r i b u t i o n s  s h o w  a s h i f t  f r o m  t h e  l e f t  t o  t h e  r i g h t  

o f  t he m o d a l  l e n g t h  f o r  s t r a t a  A, B, a n d  C in t h a t  o r d e r .

T a b l e  1 g i v e s  t h e  l e n g t h  r a n g e s , m o d a l  l e n g t h s ,  a b u n d a n t  l e n g t h  

g r o u p s  a n d  n u m b e r s  c a u g h t  in t h e  3 s t r a t a .

In t e r m s  o f  a b u n d a n c e  s t r a t u m  B h a d  t h e  h i g h e s t  c a t c h  , 

f o l l o w e d  by s t r a t u m  A a n d  t h e n  s t r a t u m  C ( T a b l e  1).

L e n g t h - F r e g u e n c y  D i s t r i b u t i o n  W i t h i n  S e c t o r s

O f  t h e  10 s e c t o r s  s t u d i e d ,  c a t c h e s  w e r e  m a d e  in 8 , n a m e l y  

Keta, Tema, A c c r a ,  W i n n e b a ,  S a l t p o n d ,  C a p e  C o a s t ,  T a k o r a d i  a n d  

H a l f - A s s i n i .  F i g . 4 s h o w s  t h e  L e n g t h - f r e q u e n c y  d i s t r i b u t i o n s  

in t h e s e  s e c t o r s .  T h e  K e t a ,  T e m a ,  A c c r a ,  W i n n e b a ,  C a p e  c o a s t  

a n d  S a l t p o n d  s e c t o r s  h a d  f i s h  o f  l e n g t h s  r a n g i n g  f r o m  a b o u t

6 - 30 cm. T a k o r a d i  a n d  H a l f — A s s i n i  s e c t o r s  h a d  n a r r o w e r

1 1
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l e n g t h  r a n g e s  o-F a b o u t  11 c m  — 2 6  c m  a n d  17 c m  3 0  c m  

r e s p e c t  i v e 1 y .

Fig. 5 s h o w s  t h e  l o c a t i o n  o-f a h a r d  r o c k y  s u b s t r a t u m  w h i c h  

s t r e t c h e s  b e t w e e n  T e m a  a n d  T a k o r a d i .  T h i s  c o v e r s  s t r a t a  B 

a n d  C. S t r a t u m  A is c o m p o s e d  o-F m o s t l y  a m i x t u r e  o-F s a n d y  a n d  

m u d d y  b o t t o m s .

T e m p e r a t u r e  - C a t c h  R e l a t i o n s h i p

T a b l e  2 g i v e s  t h e  m e a n  b o t t o m  t e m p e r a t u r e s  a n d  t h e  

c o r r e s p o n d i n g  t o t a l  c a t c h e s  p e r  m o n t h  -For t h e  p e r i o d  J u n e  1 9 9 0  

to M a y  1991. T h e s e  h a v e  b e e n  c o m b i n e d  a n d  p r e s e n t e d  t o g e t h e r  

as s h o w n  in F i g . 6 . T h e s e  r e s u l t s  c o v e r  t h e  a r e a  u n d e r  s t u d y  

(F i g . 2). R e g r e s s i o n  a-F t e m p e r a t u r e  o n  c a t c h  g a v e  a

c o r r e l a t i o n  coe-F-F i c i e nt <r) o-F 0 . 3 4 6 3  (p > 0 . 0 5 ) .  T h i s  is n ot 

s i g n i f i c a n t  a t  t h e  5°/. l e v e l  o-F p r o b a b i l i t y  ( N o t w i t h s t a n d i n g  

the p o o r  c o r r e l a t i o n  w h i c h  w a s  d e t e r m i n e d  o n  m o n t h l y  b a s i s ,  a 

t r e n d  in t h e  t w o  s e t s  o-F d a t a  is d i s c e r n i b l e )  . F r o m  J u n e  to 

A u g u s t  t h e r e  w a s  a m a r k e d  d r o p  in t e m p e r a t u r e  a n d  a 

c o r r e s p o n d i n g  d e c r e a s e  in t h e  c a t c h .  T h e  t e m p e r a t u r e

i n c r e a s e d  -From A u g u s t  to O c t o b e r  w i t h  a n  i n c r e a s e  in t h e  c a t c h  

Fr o m  A u g u s t  to N o v e m b e r .  F r o m  O c t o b e r  to D e c e m b e r  t h e r e  w a s  a 

-Fall in t e m p e r a t u r e  w i t h  t h e  c a t c h  d e c r e a s i n g  -From N o v e m b e r  

to D e c e m b e r .  J a n u a r y  to M a r c h  s h o w e d  a s l i g h t  i n c r e a s e  in 

t e m p e r a t u r e  w i t h  c a t c h  i n c r e a s i n g  s l i g h t l y  b e t w e e n  J a n u a r y  

a n d  F e b r u a r y .  F r o m  M a r c h  to A p r i l  t h e  t e m p e r a t u r e  -Fell a n d  

the c a t c h  a l s o  d e c r e a s e d  a r o u n d  t h i s  p e r i o d .

1 4

University of Ghana          http://ugspace.ug.edu.gh



10
c
(0
.c
(D

.c
Ul

"Jo
■4—*
c
0)
c
*-«
c
o
o

(U
£

>* ' 
cn ^
o  ^
2  ®
C  O '
<U
E  *.
■a
a*
U)

J£
a>
u)
«j
aj
c■a 

c
<0 <L> 

CD

<u a> 
E  Z
>. 3
JZ o
% ^
CD —

VO

a>
il

15

University of Ghana          http://ugspace.ug.edu.gh



TE
MP

ER
AT

UR
E 

(°C
 

)
1 -  JUNE 90
2 -  JULY 90
3 -  AUGUST 90
4 -  SEPTEMBER 90

5_ OCTOBER 90
6 -  NOVEMBER 90
7 -  DECEMBER 90 
0 -  JANUARY 91

9 -  FEBRUARY 91
1 0 -  MARCH 91
1 1 -  APRIL 91
1 2 -  MAY 91

0 1  2 3  4 5 6 7 8  9 10 11 12

Fig. 6 Variations in mean monthly bottom temperatures and total 

catches (June, 1990 - May, 1991).

LEGENDS

16

CA
TC

H 
( 

TO
NN

ES
 

J

University of Ghana          http://ugspace.ug.edu.gh



4■G R O W T H

4.1 M a t e r i a l s  a n d  M e t h o d s

4 . 1 . 1  B h a t t a c h a r y a  A n a l y s i s

T h i s  m e t h o d  is b a s e d  o n  t h e  a s s u m p t i o n  t h a t  -Fish 

b e l o n g i n g  t o  t h e  s a m e  c o h o r t  s h o w  l e n g t h s  t h a t  a r e  n o r m a l l y  

d i s t r i b u t e d .  It is u s e f u l  -For s p l i t t i n g  a c o m p o s i t e

d i s t r i b u t i o n  o-F a s a m p l e  i n t o  s e p a r a t e  n o r m a l  d i s t r i b u t i o n s  

w h e n  s e v e r a l  c o h o r t s  o f  f i s h  a r e  c o n t a i n e d  in it. D e t a i l s  o f  

the m e t h o d  a r e  p r e s e n t e d  in S p a r r e  e t  a l . (1989) a n d  

i n c o r p o r a t e d  i n t o  t h e  E L E F A N  V p r o g r a m m e .

L e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  e l e v e n  s a m p l e s  o f

S . c a e r u l e o s t i c t u s , c o l l e c t e d  f r o m  J u n e  1 9 9 0  t o  M a y  1991 s h o w n  

in a p p e n d i x  6 , w e r e  s e p a r a t e d  a c c o r d i n g  ta t h i s  m e t h o d .

4 . 1.2. B o d y  - S c a l e  R e l a t i o n s h i p

S c a l e  s a m p l e s  o f  S. c a e r u l e o s t i c t u s  w e r e  r e m o v e d  w i t h  

t w e e z e r s  o n  t h e  l e f t  s i d e  o f  t h e  bo d y ,  a t  a p p r o x i m a t e l y  t h e  

s a m e  p o i n t  b e l o w  t h e  l a t e r a l  l i n e  a n d  in l i n e  w i t h  t h e  f i r s t  

s p i n y  r ay o f  t h e  ana l  fin. T h i s  s t e p  w a s  t a k e n  to r e d u c e  t h e  

v a r i a t i o n  in s c a l e  s i z e  f o r  f i s h  o f  a n y  g i v e n  l e n g t h  ( B a g e n a l  

and T e s c h ,  1 9 78). S c a l e s  w e r e  s t o r e d  in p a p e r  e n v e l o p e s  w i t h  

the f a l l o w i n g  i n f o r m a t i o n  w r i t t e n  o n  t h e m :  w e i g h t ,  l e n g t h  o f  

radii a n d  t h e  d a t e  o f  c o l l e c t i o n .

F i v e  s c a l e s  w e r e  r e m o v e d  f r o m  e a c h  f i s h  a n d  t h e  a v e r a g e  

l e n g t h s  o f  t h e i r  r a d i i  w e r e  d e t e r m i n e d  by m e a s u r i n g  to t h e  

n e a r e s t  0 . 1  mm, t he d i s t a n c e  f r o m  t h e  f o c u s  to t h e  a n t e r i o r  

e d g e  f o r  e a c h  s c a l e .  T h i s  w a s  p e r f o r m e d  u s i n g  a n  e y e p i e c e
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g r a t i c u l e  a n d  t h e  v e r n i e r  s c a l e  o n  a n  O l y m p u s  C H 2  r e s e a r c h  

m i c r o s c o p e .  E a c h  s c a l e  w a s  t h e n  e x a m i n e d  u n d e r  a

m a g n i f i c a t i o n  o-f x 400, a n d  t h e  n u m b e r  o-F c i r c u l i  -From t h e  

■Focus to t h e  a n t e r i o r  e d g e  w e r e  c o u n t e d  a l o n g  t h e  p r i m a r y  

r a d i u s  ( t h e r e  w a s  no e v i d e n c e  o f  g r o w t h  r i n g s )  . T h e  a v e r a g e  

nu m b e r  o f  c i r c u l i  -For e a c h  s e t  o f  s c a l e s  p e r  f i s h  w e r e  

d e t e r m i n e d .  R e g r e s s i o n  o f  (1) f o r k  l e n g t h  (cm) o n  a v e r a g e

s c a l e  l e n g t h  (mm) a n d  (2 ) t h e  l o g a r i t h m  o f  t h e  a v e r a g e  n u m b e r  

o f  c i r c u l i  o n  t h e  l o g a r i t h m  o f  f o r k  l e n g t h  w e r e  d e t e r m i n e d .

4.1.3. W e i g h t  - L e n g t h  (W/L) R e l a t i o n s h i p

E a c h  f i s h  s p e c i m e n  w a s  w e i g h e d  to t h e  n e a r e s t  0 . 1  g a n d  

the c a r r e s p o n d i n g  f o r k  l e n g t h  d e t e r m i n e d  to t h e  n e a r e s t  0 . 1

In f i s h e s ,  t h e  w e i g h t — l e n g t h  r e l a t i o n s h i p  is u s u a l l y

r e p r e s e n t e d  by t h e  e x p o n e n t i a l  e q u a t i o n :

W = a L & ( B a g e n a l  a n d  T e s c h ,  1978)

w h e r e ,  W = w e i g h t  o f  f i s h

L = l e n g t h  o f  f i s h

a = i n t e r c e p t  o n  w e i g h t  a x i s

b = e x p o n e n t ,  b h a v i n g  a v a l u e

b e t w e e n  2 a n d  4.

A v a l u e  o f  b = 3 i n f e r s  i s o m e t r i c  g r o w t h  ( g r o w t h  w i t h

u n c h a n g i n g  b o d y  p r o p o r t i o n s  a n d  s p e c i f i c  g r a v i t y ) .  W h e n  b is

g r e a t e r  or l e s s  t h a n  3 g r o w t h  is s a i d  to be a l l o m e t r i c

( c h a n g i n g  b o d y  p r o p o r t i o n s  a n d  s p e c i f i c  g r a v i t y )  .

A 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  t h e  e x p o n e n t i a l  e q u a t i o n  

g i v e s :

IB
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L o g  W = L o g  a + b L o g  L.

R e g r e s s i o n  a n a l y s i s  o f  log W o n  log L w e r e  e x e c u t e d  f o r  t h e  

m a l e s  a n d  f e m a l e s .  T h i s  w a s  d o n e  f o r  e i t h e r  s e x  to d e t e r m i n e  

j-f t h e i r  r e g r e s s i o n  c o e f f i c i e n t s  ( s l o p e s )  w e r e  s i g n i f i c a n t l y  

d i f f e r e n t  by c a l c u l a t i n g  t h e i r  c o n f i d e n c e  l i m i t s  to d e t e r m i n e  

if t h e r e  w a s  a n y  o v e r l a p  b e t w e e n  them.

R i c k e r ,  (1975) a n d  S p a r r e  e t  a l . , ( 1 9 8 9 ) ,  i n d i c a t e d  t h a t  

o n e  of t h e  a s s u m p t i o n s  b e h i n d  l i n e a r  r e g r e s s i o n  a n a l y s i s  is 

t h a t  t h e  i n d e p e n d e n t  v a r i a b l e  c a n n o t  be a r a n d o m  v a r i a b l e  b u t  

a p r e d e t e r m i n e d  p a r a m e t e r .  In f i s h e r y  b i o l o g y  s t u d i e s ,

h o w e v e r ,  b o t h  w e i g h t s  a n d  l e n g t h s  a r e  r a n d o m  v a r i a b l e s  a n d  

t hi s  p o s e s  a p r o b l e m .  A w a y  o u t ,  s u g g e s t e d  by R i c k e r  ( 1 9 7 5 ) ,  

is t h e  u s e  o f  t h e  G e o m e t r i c  M e a n  (GM) r e g r e s s i o n .  T h e  

p a r a m e t e r s  in t h e  G M  r e g r e s s i o n  a r e  d e t e r m i n e d  as f o l l o w s :

(1 ) b " = b/r 

w h e r e  b = r e g r e s s i o n  c o e f f i c i e n t

r = c o r r e l a t i o n  c o e f f i c i e n t

(2 ) a' = y - b'x. 

w h e r e  a ' =  G M  r e g r e s s i o n  i n t e r c e p t

x = m e a n  o f  x v a r i a b l e s  

y = m e a n  o f  y v a r i a b l e s  

A f t e r  d e t e r m i n i n g  t h a t  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  b e t w e e n  t h e  s l o p e s  o f  

sexes, t h e i r  w e i g h t  - l e n g t h  d a t a  w e r e  p o o l e d ,  

c o e f f i c i e n t s  w e r e  t h e n  d e t e r m i n e d  f r o m  t h e  r e s u l t s .

4 . 1 . 4  C o n d i  t i a n

F u l t o n ’s C o n d i t i o n  F a c t o r  (CF) w h i c h  m e a s u r e s  t h e

s t a t  i s t  i c a 1 1 y 

t h e  s e p a r a t e  

G M  r e g r e s s i o n
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p l u m p n e s s  or w e l l - b e i n g  o f  a -fish is e x p r e s s e d  by t h e  -formula.

K = 1 0 0 W / L 3

w h e r e ,  W = w e i g h t  o f  -fish in g.

a n d  L = l e n g t h  o f  f i s h  in cm.

T h i s  e q u a t i o n  is u s e d  o n l y  w h e r e  t h e  p o w e r  o f  L in t h e  w e i g h t  

l e n g t h  r e l a t i o n s h i p  is n o t  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  3.

T h e  f o r m u l a  w a s  u s e d  t o  c a l c u l a t e  t h e  c o n d i t i o n  f a c t o r s  

o f  t h e  c o m b i n e d  s e x e s  s i n c e  t h e i r  s e p a r a t e  g r o w t h s  w e r e  n o t  

s t a t i s t i c a l l y  d i f f e r e n t .  C F  w a s  c a l c u l a t e d  f o r  e a c h  f i s h  a n d  

the v a l u e s  o b t a i n e d  w e r e  a v e r a g e d  f o r  e a c h  m o n t h .  A m e a n  

m o n t h l y  c o n d i t i o n  a g a i n s t  m o n t h  w a s  t h e n  p l o t t e d .

4.2. R e s u l t s

B h a t t h a c h a r v a  A n a l y s i s  

L e n g t h - f r e q u e n c y  d i s t r i b u t i o n s  o f  11 m o n t h  1y - s a m p 1e s  

( a p p e n d i x  6 ) w e r e  a n a l y z e d .  B h a t t a c h a r y a  p l o t s  f o r  J u n e ,

1990, D e c e m b e r , 1990, a n d  M a y ,  1991 a r e  s h o w n  in F i g s . 7 — 9. 

The m e a n  l e n g t h  (cm), t h e  s t a n d a r d  d e v i a t i o n  a n d  t h e  

s e p a r a t i o n  i n d i c e s  f o r  e a c h  n o r m a l  d i s t r i b u t i o n  in a m o n t h l y  

s a m p l e  a r e  s h o w n .  T h e  c o m p o s i t e  n o r m a l  d i s t r i b u t i o n s  w e r e  

d r a w n  o v e r  t h e  t o t a l  l e n g t h — f r e q u e n c y  d i s t r i b u t i o n  o f  e a c h  

s a m p l e  ( F i g s . 7 — 9) . A t o t a l  o f  6 c o h o r t s  w e r e  e x t r a c t e d  

f r o m  t h e  11 m o n t h l y  s a m p l e s .  T h e  r e s u l t s  a r e  g i v e n  in T a b l e

3. F r o m  t h e s e  r e s u l t s ,  t h e r e  w e r e  p o s s i b l y  6 c o h o r t s  o r  a g e -  

g r o u p s  p r e s e n t  in t h e  f i s h e r y .  T h i s  n u m b e r  o f  c o h o r t s  w e r e  

d e t e r m i n e d  f r o m  t h e  6 a v e r a g e  l e n g t h  g r o u p s  e x t r a c t e d  f r o m  t h e  

m o n t h l y  s a m p l e s  by t h e  a n a l y s i s .
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T h e s e  c o h o r t s  c a n  be a s s i g n e d  a p p r o x i m a t e  a g e s  by c o m p a r i n g  

t h e i r  a v e r a g e  l e n g t h s  w i t h  v a l u e s  c a l c u l a t e d  -From t h e  g r o w t h  

m o d e l ,  u s i n g  t h e  g r o w t h  p a r a m e t e r s  ( c h a p t e r  5).

B o d v - S c a l e  R e l a t i o n s h i p

T h e  -Following r e g r e s s i o n  e q u a t i o n  g i v e n  by t h e  L e e  

m e t h o d  <L a g  1 er , 1966) w a s  -Fitted:

L = a + b I

where, L = l e n g t h  o f  f i s h  in c m

a = i n t e r c e p t  o n  t h e  l e n g t h  a x i s  

b = s l o p e  or r e g r e s s i o n  c o e f f i c i e n t  

1 = r a d i u s  o f  s c a l e  in m m  

A p l o t  o f  b o d y - l e n g t h  a g a i n s t  s c a l e - l e n g t h  is s h o w n  in 

F i g . 10. T h e  r e l a t i o n s h i p  is c u r v i l i n e a r .  B u t  s i n c e  f o r

m a t h e m a t i c a l  p u r p o s e s  r e c t i l i n e a r  e q u a t i o n  is p r e f e r a b l e ,  t h e  

Log. t r a n s f o r m a t  ion is r e l a t i o n s h i p  is g i v e n  a s  as f o l l o w s :  

L o g  L =  - 3 . 88 + 3 . 6 3  L o g  1 

Fig. 11 s h o w s  t h e  b o d y - l e n g t h . / n u m b e r  o f  c i r c u l i  

re 1 a t i o n s h i p  . T h e  c u r v e  d e p i c t s  a r e l a t i o n s h i p  o f  t h e  f o r m :

C „  = a 1 “

C ^ - n u m b e r  o f  c i r c u l i  o n  s c a l e

1 - b o d y - l e n g t h  in cm 

a a n d  b a r e  p a r a m e t e r s  

T he 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  t h e  a b o v e  f o r m u l a  g i v e s  t h e  

f o l o w i n g  r e l a t i o n s h i p :

L o g . C n = L o g  a + b L o g  1.
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F i g .  1 1 ,Regression of numbers of circuli on body

length for S.caeruleostictus
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T h e  r e g r e s s i o n  o f  L o g  C n o n  L o g  L g a v e  t h e  l i n e a r  

r e l a t i o n s h i p :

L o g  C „ = 3 . 4 0  + 0 . 6 9  L o g  L 

o r C n =  251 1 .9

lAleidht-Lenath (W/L) R e l a t i o n s h i p .

R e s u l t s  o-f t h e  w e i g h t - 1e n g t h  r e l a t i o n s h i p  t a k e n  f r o m  

a p p e n d i c e s  9 a n d  10 w e r e  a s  f o l l o w s :

F r o m  R e g r e s s i o n  A n a l y s i s

Ma les

a = - 3 . 0 2 S ,  b = 2 . 7 8 7 ,  r = 0 . 9 6 7  <p < 0 . 0 5 )

C o n f i d e n c e  l i m i t s  o f  b = + 0 . 1 1 7

W / L  r e l a t i o n s h i p  f o r  m a l e s  is W = 0 . 0 0 0 9 3 8  L = - 7 S ~7 

F e m a 1es

a = - 2 . 6 4 3 ,  b = 2 . 6 6 0 ,  r = 0 . 9 1 9  (p < 0 . 0 5 )

C o n f i d e n c e  l i m i t s  o f  b = + 0 . 1 8 8

W / L  r e l a t i o n s h i p  f o r  f e m a l e s  is W = 0 . 0 0 2 2 8

S i n c e  t h e  c o n f i  d e n c e  i n t e  r v a  Is at t h e  9 5  V. l e v e l  f o r  

s l o p e s  f o r  m a l e s  ( 2 . 6 7 0 - 2 . 9 0 4 )  a n d  f e m a l e s  ( 2 . 4 7 2 — 2 . 8 4 8 )  

o v e r l a p ,  t h e  s l o p e s  w e r e  c o n s i d e r e d  n o t  s i g n i f i c a n t l y  

d i f f e r e n t .  T h e  l e n g t h s  a n d  w e i g h t s  f o r  t h e  m a l e s  a n d  f e m a l e s  

w e r e  c o n s e q u e n t l y  p o o l e d  r e s u l t i n g  in t h e  f o l l o w i n g :

a = - 3 . 2 6 0 ,  b = 2 . 7 8 0 ,  r = 0 . 9 6 9  (p < 0 . 0 5 )

C o n f i d e n c e  l i m i t s  o f  b = + 0 . 0 8 4

W / L  r e l a t i o n s h i p  f o r  p o o l e d  f i s h  is W = 0 . 0 0 0 5 5 0  l = -S7,°
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G. M . R e g r e s s  ion

In t e r m s  o-f G M  r e g r e s s i o n  t h e  v a l u e  o-f t h e  p a r a m e t e r s  a r e

as f o l 1 o w s :

b- = 2 . 8 7 0 / 0 . 9 6 9  = 2 . 9 6 2  

a . = 5 . 1 3 0  - ( 2 . 9 6 2 * 2 . 9 2 1 )  =  - 3 . 5 2

T h e r e f o r e  t h e  W / L  r e l a t i o n s h i p  f o r  t h e  G . M  r e g r e s s i o n  is 

W = 0 . 0 0 0 2 9 5

T he v a l u e  " b N is l e s s  t h a n  3. T h e  g r o w t h  o f  S^_ c a e r u 1 e o s t i c u s  

c o u l d  h e n c e  be s a i d  t o  be a l l o m e t r i c .

F i g s . 12 - 14 s h o w  g r a p h s  o f  t h e  W / L  r e l a t i o n s h i p  f o r  t h e  

m ales, f e m a l e s  a n d  t h e  p o o l e d  r e s u l t s .

Co n d i  t ion

S i n c e  b o t h  s l o p e s  f o r  m a l e s  a n d  f e m a l e s  w e r e  a b o u t  3 a n d  

a l s o  n ot s t a t i s t i c a l l y  d i f f e r e n t ,  c o n d i t i o n  f a c t o r s  

w e r e  c a l c u l a t e d  w i t h  c o m b i n e d  v a l u e s .  F i g . 15 s h o w s  t h e  g r a p h  

of m e a n  m o n t h l y  c o n d i t i o n  a g a i n s t  t h e  m o n t h s .  It c a n  is 

o b s e r v e d  f r o m  t h e  g r a p h  t h a t  t h e r e  w e r e  t w o  p e a k s  o f  a v e r a g e  

C F , o n e  in A u g u s t  a n d  t h e  o t h e r  in J a n u a r y .  T h e  l o w e s t  v a l u e  

a f " K M o c c u r r e d  in J u l y .  T h e r e  w a s  a s h o r t  d e c l i n e  f r o m

S e p t e m b e r  to O c t o b e r .  T h e s e  r e s u l t s  a r e  a l m o s t  s i m i l a r  to 

t h o s e  o f  R i j a v e c  (1973) s h o w n  in ( a p p e n d i x  11).
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Fig.13 Regression of Log.weight on Log.length 

for female S. caeruleostictus.
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F i g . 14 Regression of Log.pooledweights on 

Log.pooledlengths for S.caeruleostictus

Log. pooled lengths
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F i g . 1 5  cHanSes in the mean monthly conditlon factor

of S. caeruleostictus

(present study)
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5. P O P U L A T I O N  P A R A M E T E R S

5.1. M E T H O D S

5 . 1 . 1 .  E s t i m a t i o n  o f  G r o w t h  P a r a m e t e r s

T h e  V o n  B e r t a  1 an-F-Fy G r o w t h  E q u a t i o n  (VBGE) w h i c h  h a s  

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

d e v e l o p e d  as a m a t h e m a t i c a l  m o d e l  by V o n  B e r t a l a n f f y ,  1934; 

c i t e d  by S p a r r e  e t  al., 1989. T h i s  m o d e l ,  w h i c h  e x p r e s s e s  t h e  

length, L, o f  a f i s h  a s  a f u n c t i o n  o f  its age, t, is e x p r e s s e d  

by t h e  f o l l o w i n g  f o r m u l a s

L < t > = L a <= Cl - ....... (1 )

L o o  = t h e  m a x i m u m  t h e o r e t i c a l  l e n g t h .

K = G r o w t h  r a t e .  It d e t e r m i n e s  h o w  f a s t  t h e  f i s h

a p p r o a c h e s  L = o

to _ h y p o t h e t i c a l  a g e  at w h i c h  f i s h  w o u l d  h a v e  z e r o  

l e n g t h  if it g r o w s  a c c o r d i n g  to t h e  g r o w t h  m o d e l  a b o v e .

L oc , K, a n d  t Q a r e  r e f e r r e d  to a s  f i s h  g r o w t h  p a r a m e t e r s .

T h e  f o l l o w i n g  m e t h o d s  w h i c h  h a v e  e s s e n t i a l l y  b e e n

d e r i v e d  f r o m  t h e  o r i g i n a l  V B G E  w e r e  u s e d  to e s t i m a t e  t h e  

g r o w t h  p a r a m e t e r s  o f  S. c a e r u l e o s t i  c t u s :

(iJ T h e  G u l l a n d  - H o l t  P l o t  f o r  K a n d  L an

T h i s  is e x p r e s s e d  by t h e  e q u a t i o n :

dL — K L o o  - K L(t) c m / y e a r  
dt

U s i n g  d L / d t  as d e p e n d e n t  v a r i a b l e  a n d  L< t )  a s  i n d e p e n d e n t  

v a r i a b l e  t h e  e q u a t i o n  b e c o m e s  a 1 i n e a r  r e g r e s s i o n :
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d L / d t  = a + b L(t) 

w h e r e  a = K L DQ ; b = K h e n c e  L 0 <=> — — a / b  

D a t a  -for r e l a t i v e  a g e  a n d  r e l a t i v e  l e n g t h s  w e r e  t a k e n  -from t h e  

r e s u l t s  a-F t h e  B h a t t a c h a r y a  a n a l y s i s  ( T a b l e  3) . V a r i o u s  a g e  

i n t e r v a l s  w e r e  t r i e d  a n d  a n  i n t e r v a l  o-f 0 . 5  yrs .  g a v e  t h e  b e s t  

r e s u l t s .  C o n s e q u e n t l y ,  t h e  -first c o h o r t  w a s  a s s i g n e d  a n  a g e  

o-f 0 . 5  y r s  b a s e d  o n  t h e  a s s u m p t i o n  o-f 2 c o h o r t s  p e r  y e a r .

< i i ) V o n  B e r t a l a n f f y  P l o t  -for t P .

T h e  g r o w t h  e q u a t i o n  (1) c a n  be r e - w r i t t e n  as:

-  L n  <1 - L ( t ) / L Q Q ) = K t D  +  K t  ( S p a r r e  et. a l ., 19S9) 

w h e r e  L n  = n a t u r a l  l o g a r i t h m .

’t ’ = i n d e p e n d e n t  v a r i a b l e

- L n  (1 - L ( t ) / L Q O ) = d e p e n d e n t  v a r i a b l e  

A l i n e a r  r e g r e s s i o n  o f  - L n  (1 - L ( t ) / L a a ) o n  't' c a n  be 

d e f i n e d  w i t h  b = K a n d  K t a = a.

D a t a  f o r  r e l a t i v e  a g e s  a n d  l e n g t h s ,  w e r e  t a k e n  f r o m  t h e  

r e s u l t s  o f  t h e  B h a t t a c h a r y a  a n a l y s i s  ( T a b l e  3) w i t h  t h e

e x c e p t i o n  o f  L 00 w h i c h  w a s  o b t a i n e d  f r o m  t h e  G u l l a n d  a n d  H o l t  

p l o t .

H e n c e  f r o m  t h e  r e g r e s s i o n ;  

t Q = - a / b

(i i i ) F o r d  - W a l f o r d  P l o t  f o r  K a n d  L P „

F o r d  (1933) a n d  W a l f o r d  ( 1 9 4 6 ) ,  r e w r o t e  e q u a t i o n  (1) to 

g i v e  t h e  f a l l o w i n g :

L (t + dt) = a + b L (t )
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A r e g r e s s i o n  o f  L ( t  + d t ) a n  L ( t )  w a s  p e r f o r m e d  u s i n g  t h e  

r e s u l t s  o f  r e l a t i v e  l e n g t h s  a t  r e l a t i v e  a g e s  f r o m  t h e  

B h a t t a c h a r y a  a n a l y s i s .

T h e  i n t e r c e p t  a = L o o  <l-b)) a n d  t h e  s l o p e  b = e x p  <-kdt) 

H e n c e  t h e  p a r a m e t e r s  K a n d  L ac=1 a r e  g i v e n  as:

K = - 1 / d t  lnb a n d  L Q a  = a / l - b

(iv) E L E F A N  I

T h i s  m e t h o d  r e s t r u c t u r e s  m o n t h l y  l e n g t h - f r e q u e n c y  s a m p l e s  

to f a r m  p e a k s  a n d  t r o u g h s  a b o v e  a n d  b e l o w  a r u n n i n g  a v e r a g e .  

It a i m s  at o b t a i n i n g  t h e  b e s t  g o o d n e s s  o f  f i t  (Rn) f o r  a c u r v e  

r u n n i n g  t h r o u g h  t h e  s a m p l e s ,  g i v i n g  t h e  b e s t  L o o  a n d  K v a l u e s .  

D e t a i l s  o f  t h e  m e t h o d  a r e  p r e s e n t e d  in P a u l y  ( 1 9 8 7 ) .

L e n g t h - f r e q u e n c y  d i s t r i b u t i o n s  o f  11 s a m p l e s  ( A p p e n d i x  6 ) 

w e r e  a n a l y s e d  a c c o r d i n g  to t h i s  m e t h o d .

<v ) P a u l y ’s E m p i r i c a l  F o r m u l a  f o r  t o

P a u l y  (1904) r e l a t e d  t h e  g r o w t h  p a r a m e t e r s  to, L = a  a n d  K 

by t he f o r m u l a :

log - (t0 ) = 0 . 3 9 2  - 0 . 2 7 5  log L o o  - 1 . 0 3 B K .

T he t Q w a s  c a l c u l a t e d  u s i n g  t h e  r e s u l t s  o f  L o o  a n d  K f r o m  t h e  

E L E F A N  I m e t h o d .
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(v i ) Phi P r i m e  T e s t  f o r  G r o w t h  P e r - f o r m a n c e

T h e  G r o w t h  P e r f o r m a n c e  i n d e x  j/f* is e x p r e s s e d  by t h e  

f o r m u 1 a :

<|>' = log K + 2 log L a c= ( P a u l y  a n d  M u n r o ,  1 9 8 4 ) .  It is to 

d e t e r m i n e  t h a t  e s t i m a t e s  o f  g r o w t h  p a r a m e t e r s  a r e  n o t  b i a s e d  

due to s a m p l i n g  m e t h o d s  s i n c e  s p e c i e s  w i t h i n  t h e  s a m e  f a m i l y  

s h o u l d  h a v e  s i m i l a r  Ij}1 v a l u e s .

T h s  v a l u e  "<{>' " w a s  t h e n  u s e d  to c o m p a r e  t h e  r e l i a b i l i t y  

o f  t h e  e s t i m a t e d  g r o w t h  p a r a m e t e r s  w i t h  r e s u l t s  o b t a i n e d  by 

o t h e r  w o r k e r s  o n  t h e  s a m e  s p e c i e s .

5 . 1 . 2 .  E s t i m a t i o n  o f  M o r t a l i t y  P a r a m e t e r s

T h e  d e a t h  p r o c e s s  or m o r t a l i t y  c a n  be d e s c r i b e d  w i t h  a 

m o d e l  u s i n g  p a r a m e t e r s .  T h e s e  p a r a m e t e r s  a r e  t o t a l  m o r t a l i t y  

(Z), N a t u r a l  M o r t a l i t y  (M) a n d  F i s h i n g  M o r t a l i t y  (F). T h e s e  

a r e  r e l a t e d  by t h e  f o r m u l a :

Z = F + M ( G u l land, 1 9 7 8 ) .

T h e  f o l l o w i n g  m e t h o d s  w e r e  u s e d  to e s t i m a t e  m o r t a l i t y  

p a r a m G t e r s  f o r  S. c a e r u l e o s t  i c t u s ;

<i) P a u l y ’s e m p i r i a l  f o r m u l a  f o r  M (Pauly, 1984)

T h i s  f o r m u l a  w a s  d e r i v e d  f r o m  t h e  m u l t i p l e  r e g r e s s i o n  o f  

Leo, K, a n d  t e m p e r a t u r e  T f o r  s e v e r a l  f i s h  s t o c k s  ( S p a r r e  e t  

al., 1989). It is g i v e n  by t h e  f a l l o w i n g :

La g  M = - 0 . 0 1 5 2 - 0 . 2 7 9  log L a o  + 0 . 6 5 4 3  log K + 0 . 4 6 3  lag T

T = m e a n  a n n u a l  e n v i r o n m e n t a l  b o t t o m  t e m p e r a t u r e  in 

d e g r e e s  c e l s i u s  f r o m  J u n e  1 9 8 0  to M a y  1991. T h i s  w a s
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e x t r a c t e d  f r o m  t h e  F i s h e r i e s  R e s e a r c h  a n d  U t i l i s a t i o n  B r a n c h  

(F .R .U . B . ) f i l e s .  T h e  a b o v e  f o r m u l a  is i n c o r p o r a t e d  i n t o  t h e

E L E F A N  II p r o g r a m m e .

(i i ) T o t a l  M o r t a l i t y  E s t i m a t i o n

T h e  c a t c h  c u r v e  is a g r a p h i c a l  r e p r e s e n t a t i o n  o f  n u m b e r s  

Q-f: s u r v i v o r s  o f  f i s h  p l o t t e d  a g a i n s t  t h e i r  a b s o l u t e  a g e s -  

A g e s  f r o m  l e n g t h s  w e r e  o b t a i n e d  by u s i n g  t h e  i n v e r s e  V o n  

B e r t a l a n f f y  g r o w t h  m o d e l :

t(L) = to - 1/K L n  (1 - L / L = = ) ( S p a r r e  et. a l . , 1 9 B 9 )

T h e  m e t h o d  is i n c o r p o r a t e d  i n t o  t h e  E L E F A N  II p r o g r a m m e .  

T h i s  i n c l u d e s  t h e  c a l c u l a t i o n s  f o r  Z, F a n d  E ( E x p l o i t a t i o n  

rate) D e t a i l s  o f  t h e  m e t h o d  a r e  p r e s e n t e d  in P a u l y ,  <1982, 

19B7) a n d  G a y a n i l o  e t  a l . ( 1 9 B 9 ) .

T h e  11 1 e n g t h — f r e q u e n c y  s a m p l e s  f r o m  A p p e n d i x  6 w e r e  

a n a l y s e d  a c c o r d i n g  to t h i s  m e t h o d .

< i i i ) E s t i m a t i o n  o f  S t o c k  s i z e  a n d  F i s h i n g  M o r t a l i t y  f r o m  

C o h o r t  A n a l y s i s

L e n g t h - b a s e d  c o h o r t  a n a l y s i s  ( J o n e s’ 1984, c i t e d  by S p a r r e  e t  

al., 19B9) w a s  u s e d  to e s t i m a t e  s t o c k  s i z e s  a n d  f i s h i n g  

m o r t a l i t i e s .  T h i s  w a s  e x e c u t e d  w i t h  t h e  E L E F A N  III a n d  t h e  

L F S A  ( L - C O H O R )  p r o g r a m m e s .  D e t a i l s  o f  t h e  m e t h o d s  a r e

d e s c r i b e d  in M u r t y ,  (1987) a n d  S p a r r e  et. al, ( 1 9 8 9 ) .  I n p u t  

data for t h e  p r o g r a m m e s  w e r e  L = = , K, c a t c h  p e r  m o n t h ,  n a t u r a l  

m o r t a l i t y  a n d  t h e  e x p l o i t a t i o n  rate.
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5 . 2  R E S U L T S

5 . 2 . 1  E s t i m a t i o n  o f  G r o w t h  P a r a m e t e r s

(i ) T h e  G u l l a n d  - H o l t  Plot.

Fig. 16 s h o w s  t h e  g r a p h  o f  dL (t ) v r s  L ( t  + 1) + L ( t ) / 2 .  

T h e  r e g r e s s i o n  a n a l y s i s  g a v e  t h e  f o l l o w i n g :  

b = - 0 . 4 6 2  

a = 2 1 . 1 5 3

r = - 0 . 7 5 5  <p > 0 . 0 5 )

s a m p l e  s i z e , n  = 4

h e n c e  K = 0 . 4 6 2 / y r

a n d  L q q  = 2 1 . 1 5 3  = 4 5 . 7 8 5  cm.
0. 4 6 2

(i i ) V o n  B e r t a l a n f f y  P l o t

Fig. 17 s h o w s  t h e  g r a p h  of:

- L n  <1- L ( t ) ) v r s . t

I— n o

F r o m  t h e  r e g r e s s i o n  a n a l y s i s  

a = 0 . 0 0 7 3  

b = 0 . 4 4 9  

s a m p l e  s i z e ^ n  = 4 

r = 0 . 9 9 5  (p < 0 . 0 5 )  

h e n c e  K = 0 . 4 4 9 / y r

tc = 0 . 0 0 7 3  = 0 . 0 1 6  yr.
0. 4 49
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F i g . 16 The 6-.ilU.nd wd Holt plot f —  caeruleostictus

L(t + i) + L ( t ) / 2 . c m

39
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Fig. 17
The YMert5.hr,ffy plot f ° r  ^  caeruleostictus
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( i i i ) T h e  F a r  d - W a  I f o r  d P l o t

Fig. 18 s h o w s  t h e  g r a p h  o-F t h e  F o r d - W a l f o r d  p i n t .  T h e

r e g r e s s i o n  g i v e s :

a = 9 . 7 5 4  

b = 0 . 7 7 9

r = 0 . 9 8 0  (p < 0 . 0 5 )

s a m p l e  s i z e  n = 4

H e n c e  L a= = a____  = 4 4 . 1 4  cm
1 -b

K - 1 / d t  l n b  - 0 . 5 0 / y r

< iv) E L E F A N  I

Fig. 19 is a d i s p l a y  o-F t h e  r e s t r u c t u r e d  m o n t h l y  l e n g t h -  

f r e q u e n c y  s a m p l e s .  T h e  p e a k s  a n d  t r o u g h s  a r e  s h o w n  a s  t h e  

s h a d e d  a n d  n o n - s h a d e d  b a r s  r e s p e c t i v e l y .  T h e  g r o w t h  c u r v e  

p a s s i n g  t h r o u g h  t h e  h i g h e s t  o f  p e a k s  w a s  t h e  b e s t  one. T h i s  

w a s  o b s e r v e d  t o  be t h e  s e c o n d  c u r v e  -From t h e  b o t t o m  . T h e  

best fit w a s  o b t a i n e d  w i t h  

L =c= = 44. 3 cm 

K = 0 . 4 0 0 / y r  

T h e s e  g i v e  an = 0 . 1 7 4 .

) P a u l y ’s E m p i r i c a l  F o r m u l a

U s i n g  r e s u l t s  f r o m  E L E F A N  I,

log - ( t a ) = - 0 . 3 9 2  - 0 . 2 7 5  l og 4 4 . 3  - 1 . 0 3 8  x 0 . 4 8  

t Q = - 0 . 0 4 5 / y r
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Fig.18 The Ford-Walford plot for S.caeruleostictus
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A s u m m a r y  o-f t h e  r e s u l t s  -From t h e s e  m e t h o d s  a r e  g i v e n  

b elow:

L 0 0 (c m ) K / y r  t0 <yr)

G u l l a n d  a n d  H o l t  4 5 . 0 2  0 . 4 6

V a n  B e r t a  1 a n f f y  ------  0 . 4 5  0 . 0 1 6

F a r d - W a 1 f o r d  4 4 . 1 4  0 . 5 0

E L E F A N  1 4 4 . 3 0  0 . 4 8  - 0 . 0 4 5

F u r t h e r  c a l c u l a t i o n s  in s o m e  a s p e c t s  o f  t h e  d y n a m i c s  o f

S. e a e r u l  e o s t  i c t u s  i n v o l v i n g  L 0 <= a n d  K, u s e d  t h e  r e s u l t s  f r o m  

E L E F A N  I s i n c e  t h e  m e t h o d  u t i l i s e s  s e v e r a l  s a m p l e s  s p r e a d  o v e r  

a r e g u l a r  p e r i o d  < P a u l y , 1987).

The v o n  B e r t a l a n f f y  g r o w t h  e q u a t i o n  f o r  S^_ c a e r u 1e o s t i c t u s  is 

g i v e n  as:

L ( t ) = 4 4 . 3  (1 - e - 0 -“*e < t  * °-°*=>)

T h e  g r o w t h  c u r v e  is s h o w n  in F i g .20.

< v i ) G r o w t h  p e r f o r m a n c e

T a b l e  4 s h o w s  t h e  e s t i m a t e s  o f  g r o w t h  p a r a m e t e r s ,  a n d  

p e r f o r m a n c e  i n d e x  f o r  £. c a e r u l e o s t i c t u s  in t h e  p r e s e n t  s t u d y  

a n d  t h o s e  f o u n d  by o t h e r  a u t h o r s  in p r e v i o u s  s t u d i e s .  T h e s e  

r e s u l t s  s h o w  t h a t  t h e  e s t i m a t e s  o f  t h e  g r o w t h  p a r a m e t e r s  a r e  

r e l i a b l e  s i n c e  t h e i r  g r o w t h  p e r f o m a n c e  i n d i c e s  a r e  c o m p a r a b l e .
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* ^  3  4  5  6  77

Age/yrs

F i g .20 Growth curve for S.caeruleostictus
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5 . 2 . 2  E s t i m a t i o n  o f  M o r t a l i t y P a r a m e t e r s  

(i ) C a t c h  C u r v e

R e s u l t s  o-f t h e  c a t c h  c u r v e  a n a l y s i s  a r e  s h o w n  in F i g . 21 

Z = 2 . 4 7 7 / y r

M = 0 . 8 5 6  ( F r o m  P a u l y ’s E m p i r i c a l  F o r m u l a  w i t h  T = 

2 0 .4°C)

F = Z - M = 1 . 6 2 1 / y r  

E x p l o i t a t i o n  r a t e  E ( F / Z )  = 0 . 6 5 4 .

L ’ = 1 2 . 0 0  cm. T h i s  is t h e  c u t - o f f  l e n g t h .  F i s h e s  l o w e r  

t h a n  t h i s  l e n g t h  w e r e  a r e  n o t  i n c l u d e d  in t h e  a n a l y s i s .

M e a n  l e n g t h  f r o m  L ’ = 1 8 . 3 9 3  cm. T h i s  is t h e  m e a n  l e n g t h  

o f  f i s h  l o n g e r  t h a n  L ’ in t h e  s a m p l e .  T h e  Z f r o m  m e a n  l e n g t h  

(1.945) w a s  c a l c u l a t e d  u s i n g  B e v e r t o n  a n d  H o l t ’s Z E q u a t i o n  

g i v e n  as Z = K (Lc==-L ’ ) / (L - L ' ) ( S p a r r e  e t  a l . , 1 9 8 9 ) .

( i i ) C o h o r t  A n a l y s i s

T h e  r e s u l t s  o f  t h e  l e n g t h  c o h o r t  a n a l y s i s  a r e  s h o w n  in 

F i g . 22. T h e  b a r s  s h o w  t h e  n u m b e r s  c a u g h t  a n d  t h e i r

c o r r e s p o n d i n g  n u m b e r s  o f  s u r v i v o r s  a t  e a c h  l e n g t h ,  w h i l e  t h e  

blank s p a c e s  s h o w  t h e  n a t u r a l  l o s s e s  or n a t u r a l  m o r t a l i t i e s .  

T h e  n u m b e r s  o f  s u r v i v o r s  d e c r e a s e  w i t h  e a c h  i n c r e a s e d  l e n g t h .  

T h i s  is d ue t o  t h e  g e n e r a l  i n c r e a s e  o f  F w i t h  e a c h  l e n g t h  

g r o u p .  T h e  e s t i m a t e  o f  m e a n  F = 1 . 0 9 3 ,  t h e  m e a n  E = 0 . 5 6 1 .  

T h e  a v e r a g e  n u m b e r  r e c r u i t e d  to t h e  f i s h i n g  g r o u n d  w a s  

e s t i m a t e d  to be 6 6 0 9 . 6 6  x l O 7 as s h o w n  in A p p e n d i x  15. T h i s  

n u m b e r  r e d u c e s  w i t h  i n c r e a s i n g  l e n g t h  g r o u p .  T h e r e  is a 

m a r k e d  i n c r e a s e  in f i s h i n g  m o r t a l i t i e s  f r o m  a b o u t  2 4  cm 

r e a c h i n g  a p e a k  at 29 cm.
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6 . S O M E  A S P E C T S  O F  T H E  D Y N A M I C S

6 . 1 . M e t h o d s

< i ) E s t i m a t i o n  o-F m e a n  l e n g t h  a t  f i r s t  c a p t u r e

T h e  m e a n  l e n g t h  a t  f i r s t  c a p t u r e  w a s  e s t i m a t e d  by 

e x t r a p o 1 a t i n g  t h e  d e s c e n d i n g  l i m b  o f  t h e  c a t c h  c u r v e  b a c k w a r d s  

( F i g . 21). F i s h  n u m b e r s  o r  ’e x p e c t e d ’ o n  t h e  e x t r a p o l a t i o n  

r e p r e s e n t  t h e  a c t u a l  n u m b e r s  o f  f i s h  o n  t h e  a s c e n d i n g  limb. 

T h e  r a t i o  o f  ’e x p e c t e d ’ n u m b e r s  to a c t u a l  n u m b e r s  g i v e  t h e  

e s t i m a t e s  o f  t h e  p r o b a b i l i t i e s  o f  c a p t u r e  ( P a u l y ,  1 9 S 7 ) .  

T h e s e  p r o b a b i l i t i e s  w e r e  p l o t t e d  a g a i n s t  t h e  m e a n  l e n g t h s  a n d  

t he r e s u l t a n t  s e l e c t i o n  c u r v e  w a s  u s e d  t o  d e t e r m i n e  t h e  L - 5 0  

(50V. r e t e n t i o n  l e n g t h )  at 0 . 5  p r o b a b i l i t y  a n d  a l s o  t h e  L — 2 5  

a n d  L - 7 5  a t  p r o b a b i 1 i t i e s  o f  0 . 2 5  a n d  0 . 7 5  r e s p e c t i v e l y . T h e  

L - 5 0  r e p r e s e n t s  t h e  L e n g t h  at f i r s t  c a p t u r e  L c = 0 . T h e  

m e t h o d s  a r e  i n c o r p o r a t e d  in t h e  E L E F A N  II p r o g r a m m e .  D e t a i l s  

o f  t h e  m e t h o d s  u s e d  f o r  c a l c u l a t i o n s  c a n  be f o u n d  in P a u l y ,

<1987) a n d  G a y a n i l o  e t  al. ,  (19S9).

( i i ) R e c r u i t m e n t  P a t t e r n

R e c r u i t m e n t  is t h e  e n t r y  o f  j u v e n i l e  f i s h  i n t o  t h e  

f i s h e r y .  T h e  p u l s e d  n a t u r e  o f  a n n u a l  r e c r u i t m e n t  o f  a f i s h  

s p e c i e s  g e n e r a t e s  t h e  p e a k s  a n d  t r o u g h s  in a l e n g t h  - 

f r e q u e n c y  d i s t r i b u t i o n , e n a b l i n g  t h e  e s t i m a t i o n  o f  g r o w t h  

p a r a m e t e r s  (Pauly, 1 987). H e n c e  g i v e n  a s e t  o f  l e n g t h

f r e q u e n c y  d a t a  a n d  its c o r r e s p o n d i n g  g r o w t h  p a r a m e t e r s ,  

r e c o v e r y  o f  t h e  r e c r u i t m e n t  p u l s e s  is p a s s i b l e  ( P a uly, 1 9 8 7 ) .
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T h e  11 l e n g t h  - -frequency d i s t r i b u t i o n s  ( A p p e n d i x  6 ) w e r e

p r o j e c t e d  b a c k w a r d  o n t o  a o n e  y e a r  t i m e  a x i s ,  u s i n g  t h e

e s t i m a t e d  g r o w t h  p a r a m e t e r s  -from C h a p t e r  5. T h i s  p r o d u c e d  a

r e c r u i t m e n t  p a t t e r n  -for S. c a e r u l e o s t i c t u s .  T h e  m e t h o d  is 

i n c o r p o r a t e d  in t h e  E L E F A N  II p r o g r a m m e .

6 .1.1. P r e d i c t i v e  D y n a m i c s

(i ) F o r e c a s t  o-F Y i e l d  a n d  S t o c k  B i o m a s s

Y i e l d  a n d  s t o c k  b i o m a s s  w e r e  p r e d i c t e d  f o r  

S. c a e r u l e o s t i c t u s  at v a r i o u s  l e v e l s  o-f f i s h i n g  e f f o r t ,  u s i n g  

the l e n g t h  c o v e r t e d  T h o m p s o n  a n d  Be l l  a n a l y s i s  ( M u r t y ,  19B7; 

S p a r r e  a n d  V e n e m a , 1 9 9 2 ) .  T h e  p r e d i c t i o n s  by t h e  T h o m p s o n  a n d  

Sell m e t h o d  a s s e s s e s  t h e  e f f e c t  o f  d e c r e a s i n g  or i n c r e a s i n g  

t he f i s h i n g  e f f o r t  by a c e r t a i n  f a c t o r .  T h e  a n a l y s i s  is 

i n c o r p o r a t e d  in t h e  p r o g r a m m e  M I X F I S N  in t h e  L F S A  s o f t w a r e  

p a c k a g e .  D e t a i l s  o f  t h e  c a l c u l a t i o n s  c a n  be r e f e r r e d  to in 

S p a r r e  e t  a l ., (19B9) a n d  M u r t y ,  (19B7).

(i i ) R e l a t i v e  Y i e l d  P e r  R e c r u i t

T h e  B e v e r t o n  a n d  H o l t ' s  R e l a t i v e  Y i e l d  p e r  R e c r u i t  m o d e l  

w a s  u s e d  to a s s e s s  t h e  o p t i m u m  le v e l  o f  e x p l o i t a t i o n  in 

r e l a t i o n  t o  t h e  m e s h  s i z e  o f  t h e  g e a r  u s e d  to c a t c h  5 . 

c a e r u l e o s t i  c t u s . S p a r r e  e t  al., (1992) g i v e s  it as: 

R e l a t i v e  Y i e l d  p er R e c r u i t  (Y/R)'

= E . U m/'k' : i - 3 u / l + M  + 3 u z / 1 + 2 M  - U 3 / 1 + 3 M ]  - (1)

50

University of Ghana          http://ugspace.ug.edu.gh



W h e r e  m = 1~ E  = K / Z  
M / K

y = i - l c / L D o  (the f r a c t i o n  o f  g r o w t h  to be c o m p l e t e d  

a f t e r  e n t r y  i n t o  t h e  e x p l o i t e d  p h a s e )

E = F / Z  ( e x p l o i t a t i o n  r a t e ) .

T h e  v a l u e s  o f  U a n d  M w e r e  c a l c u l a t e d  f r o m  r e s u l t s  o f  p r e v i o u s  

e s t i m a t e s .  H e n c e  f o r  a g i v e n  L c = 0 .

C 1 - 3 U / 1 + M  + 3 u 2 / 1 + 2 M  - L P / 3 M ]

is c o n s t a n t .  T h e  c a l c u l a t e d  v a l u e s  o f  ( V / R )’ w e r e  p l o t t e d  

a g a i n s t  d i f f e r e n t  v a l u e s  o f  E r a n g i n g  f r o m  0 t o  1. T h e  L c s o  

w a s  c h a n g e d  a n d  a n e w  p l a t  w a s  d o n e  to s e e  if t h e r e  w a s  a 

c h a n g e  in t h e  o p t i m u m  E r e l a t i v e  to t h e  a c t u a l  e x p l o i t a t i o n  

rate. I n p u t s  i n t o  t h e  E L E F A N  II p r o g r a m m e  w e r e ,  L =c=, L c = 0 , M 

a n d  K.

6 .2 R e s u 1ts

E s t i m a t i o n  o f  l e n g t h  a t  f i r s t  c a p t u r e

Fig. 23 s h o w s  c u r v e  o f  t h e  e s t i m a t e d  p r o b a b i 1 i t i e s  c a p t u r e  

T h e  r e g r e s s i o n  o f  m e a n  l e n g t h  o n  t h e  Log. o f  p r o b a b i l i t y  o f  

c a p t u r e  g i v e s  a h i g h  r ( 0 . 9 8 1 1  at p < 0 . 0 5 )  w i t h  i n t e r c e p t  

a= - 7 . 3 7  a n d  s l o p e  b = 0 . 6 8 5 8 .  If l o g a r i t h m  o f  p r o b a b i l i t y  o f  

c a p t u r e  is r e p r e s e n t e d  by L o g  PC a n d  m e a n  l e n g t h  by L, t h e n  

the r e g r e s s i o n  e q u a t i o n  is g i v e n  as L o g  P C  = - 7 3 7  + 0 . 6 8 5 B  L. 

T h i s  e q u a t i o n  w a s  u s e d  to o b t a i n  t h e  s m o o t h  p r o b a b i l i t i e s  in 

T a b l e  5 a n d  h e n c e  t h e  o g i v e  in F i g . 23. T h e  s l o p e  b is a n  

e s t i m a t e  o f  t h e  n a t u r a l  m o r t a l i t y  M o f  t h e  f i s h  w h i c h  w e r e  

u n e x p l o i t e d  a n d  w h i c h  m a d e  up t h e  a s c e n d i n g  p o r t i o n  o f  t h e
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c u r v e .  H e n c e  L —50  = 1 0 . 7 4 7  cm, L —25  = 9 . 1 4 5  cm a n d  L 7 5  

1 2 . 3 4 9  cm. T h e  L - 5 0  r e p r e s e n t s  t h e  l e n g t h  a t  w h i c h  507. o f  t h e  

-Fish a r e  r e t a i n e d  by t h e  g e a r  in use .

R e c r u i t m e n t  P a t t e r n

F ig. 2 4  i l l u s t r a t e s  t h e  p a t t e r n  o-F r e c r u i t m e n t  o-F S ■ 

c a e r u l e o s t i c t u s  in G h a n a i a n  w a t e r s .  T w o  r e c r u i t m e n t  p e a k s  

-From t h e  c u r v e s  a r e  i n d i c a t e d  in t h i s  -Figure, a l a r g e  o n e  at 

J a n u a r y  a n d  a s m a l l e r  o n e  a t  S e p t e m b e r ,  w i t h  a n  i n t e r v a l  a-F 

a b o u t  4 m o n t h s .  E a c h  o-F t h e  t w o  r e c r u i t m e n t  c u r v e s  s h o w  t w o  

c l e a r  m o d e s ,  p o s s i b l y  c o r r e s p o n d i n g  t o  t w o  c o h o r t s .

F o r e c a s t  o-F Y i e l d  a n d  S t o c k  B i o m a s s

T h e  T h o m p s o n  a n d  B e l l  a n a l y s i s  -For p r e d i c t i n g  t h e  c a t c h e s  

a n d  s t o c k  s i z e  is p r e s e n t e d  in T a b l e  6 , T h e  y i e l d  a n d  b i o m a s s  

in t o n n e s  (t) in r e l a t i o n  t o  t h e  -Fishing m o r t a l i t y  a r e  s h o w n  

in Fig. 25. T h e  e s t i m a t e d  M a x i m u m  s u s t a i n a b l e  Y i e l d  (MSY) is 

5 0 9 8 . 8 1  t at a n  e f f o r t  level o f  0 . 5 4 0  w h i c h  is a b o u t  h a l f  t h e  

p r e s e n t  level o f  1 .000. T h e  m e a n  b i o m a s s  at a n  e f f o r t  l e v e l  

of 0 . 5 4 0  is g i v e n  as 6 8 1 2 . 6 0  t. T h e  p r e s e n t  le v e l  o f  e f f o r t  

1 . 0 0 0  g i v e s  a y i e l d  o f  4 6 0 8 . 9 0  t w i t h  a m e a n  b i o m a s s  o f  

3 6 2 9 . 2 8  t ( T a b l e  6 )-

R e l a t i v e  Y i e l d  P er R e c r u i t

T a b l e  7 g i v e s  t h e  c a l c u l a t e d  v a l u e s  o f  ( Y / R )’ f r o m  

d i f f e r e n t  r a t e s  o f  e x p l o i t a t i o n  < E ) , f o r  t w o  d i f f e r e n t  L c s o
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v a l u e s  o-F 1 0 . 7 4 7  cm a n d  1 4 . 6 1 9  cm. Fig .  2 6  i l l u s t r a t e s  t h e

< Y / R ) ’ c u r v e  at t h e  L c =0 o-F t h e  p r e s e n t  s t u d y  w h i c h  is 1 0 . 7 4 7  

cm -From t h e  s e l e c t i o n  c u r v e .  T h e  E f o r  M a x i m u m  s u s t a i n a b l e  

Y i e l d  <E|V|ev) is g i v e n  as 0 . 4 7 0 4  -From F i g . 26. T h e  E f o r  

o p t i m u m  y i e l d  ( E = p t ) -For sa-Fe -fishing f a l l s  b e t w e e n  0 . 2 5 9 3  - 

0 . 4 5 7 5 ,  b e l o w  t h e  E " e Y -

Fig. 27 i l l u s t r a t e s  t h e  p o s i t i o n  o f  t h e  p r e s e n t  e f f o r t ,  

r e l a t i v e  to t h e  p e a k  o f  t h e  d o m e  if t h e  L c =0 is i n c r e a s e d  t o  

14.6 cm, as a r e s u l t  o f  a n  i n c r e a s e  in t h e  m e s h  s i z e  o f  t h e  

gear- T h e  e m s v  f r o m  F i g . 2 7  g i v e s  0 . 5 5 1 0  w h i l s t  t h e  E 0*3*1 

f a l l s  b e t w e e n  0 . 3 1 1 3  - 0 . 5 1 3 0 .  A c o m p a r i s o n  o f  t h e s e  r e s u l t s  

w i t h  t h e  v a l u e  o f  0 . 6 5 4  o b t a i n e d  f r o m  t h e  c a t c h  c u r v e  s h o w  

tha t  t h e  f i s h e r y  is p r o b a b l y  b e i n g  o v e r f i s h e d .
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7. F O O D  H A B I T S

7.1. M A T E R I A L S  A M D  M E T H O D S

R a n d o m  s a m p l e s  o f  2 0  s p e c i m e n s  p e r  m o n t h  o-f S p a r u s  

c a e r u 1 e o s t  i c t u s  w e r e  t a k e n  m a i n l y  -from t h e  c a t c h  o-f R / V  

’K a k a d i a m a a  ’ -from N o v e m b e r  1991 to D e c e m b e r  1992. O w i n g  to 

i n s u f  -f i c i e nt s p e c i m e n s  -From t h e  v e s s e l  in N o v . ,  1991, D e c . .  

1991 a n d  Feb. , 1 9 9 2  t w e n t y - f i v e  s p e c i m e n s  w e r e  o b t a i n e d  -from 

f i s h  c a u g h t  w i t h  t h e  " h o o k - a n d - 1 i n e ’ by l o c a l  f i s h e r m e n  o f f  

the c o a s t s  o f  A c c r a  a n d  T e m a  to m a k e  u p  t h e  n u m b e r .

T h e  f o r k  l e n g t h s  o f  i n d i v i d u a l  f i s h  w e r e  m e a s u r e d  to t h e  

n e a r e s t  c m . , t h e i r  s t o m a c h s  r e m o v e d  a n d  s t o r e d  in s p e c i m e n  

t u b e s  c o n t a i n i n g  8 ‘A f o r m a l i n .  W h e r e  s t o m a c h s  c o u l d  not be

r e m o v e d  o n  d e c k  or f r o m  t h e  c a n o e  l a n d i n g s  , w h o l e  s p e c i m e n s  

w e r e  f r o z e n  a n d  p r e s e r v e d  in ice. In t h e  l a b o r a t o r y ,  t h e

s t o m a c h s  o f  t h e  f i s h  p r e v i o u s l y  p r e s e r v e d  in t h e  f o r m a l i n  w e r e  

s o a k e d  in w a t e r  f o r  24 h o u r s  to r e m o v e  e x c e s s  f o r m a l i n .  

S p e c i m e n s  p r e s e r v e d  in ice w e r e  l e f t  to t h a w  o u t  c o m p l e t e l y  

b e f o r e  i n v e s t i g a t i o n s  s t a r t e d .  E a c h  s t o m a c h  w a s  c u t  o p e n  a n d  

its c o n t e n t s  f l u s h e d  i n t o  a p e t r i - d i s h  w i t h  c o p i o u s  water- 

b e f o r e  be ing e x a m i  ne d. T h e  f o o d  i t e m s  w e r e  i d e n t i f i e d  w i t h  a 

b i n o c u l a r  m i c r o s c o p e ,  u s i n g  b o t h  t h e  low a n d  h i g h  p o w e r s  w h e r e  

a p p r o p r i a t e .  F o o d  i t e m s  w e r e  s o r t e d  o u t  a n d  i d e n t i f i e d  to t h e  

g e n u s  level. O w i n g  to t h e  s h o r t c o m i n g s  o f  v i r t u a l l y  all 

m e t h o d s  for a n a l y s i n g  s t o m a c h  c o n t e n t s ,  t h r e e  m e t h o d s ,  n a m e l y  

the p e r c e n t a g e  o c c u r r e n c e ,  n u m e r i c a l  a n d  p o i n t s  m e t h o d s  w e r e  

u s e d  in a n a l y s i n g  t h e  s t o m a c h  c o n t e n t s .  T h e  p r o c e d u r e  a d o p t e d  

for e a c h  of t h e s e  m e t h o d s  w e r e  as f o l l o w s :

5=?
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( 1 ) P e r c e n t a g e  D c c u r r e n c e  ( B o w e n  19S5; L a e v e s t u , __1 9 6 5 )_

i) T h e  d i f f e r e n t  t y p e s  o f  f o o d  p r e s e n t  in t h e  s t o m a c h  w e r e  

t a b u l a t e d  i n t o  t h e i r  v a r i o u s  t a x o n o m i c  g r o u p s .

ii) T h e  n u m b e r  o f  i n d i v i d u a l  s t o m a c h s  in w h i c h  e a c h  k i n d  o f  

f o o d  i t e m  o c c u r r e d  w e r e  t o t a l l e d .

iii) T h e  o c c u r r e n c e  o f  a f o o d  i t e m  in a n u m b e r  o f  f i s h  in a 

s e r i e s  is e x p r e s s e d  as a p e r c e n t a g e  o f  t h e  t o t a l  n u m b e r  o f  

fish.

T h i s  m e t h o d  d e s c r i b e s  t h e  u n i f o r m i t y  w i t h  w h i c h  g r o u p s  o f  

f i s h  s e l e c t  t h e i r  d i e t  a n d  a l s o  e s t i m a t e s  t h e  p r o p o r t i o n s  o f  

f i s h  p o p u l a t i o n s  t h a t  f e e d  o n  a p a r t i c u l a r  f o o d  item. 

(Windell a n d  B o w e n ,  1 970). T h e  l i m i t a t i o n s  o f  t h e  m e t h o d  a r e  

as f o l l o w s  ( B o wen, 1905; L a g l e r ,  1 966).

a. T h e  r e s u l t s  a r e  b i a s e d  by t h e  a c c u m u l a t i o n  o f  

r e m a i n s  o f  c e r t a i n  f o o d  i t e m s  w h i c h  a r e  r e s i s t a n t  to 

di g e s t  ion

b. It f a i l s  to d i s c l o s e  t h e  n u m b e r  o f  f o r a g e  i t e m s  

i n v o 1 ve d

c. It d o e s  n o t  s h o w  t h e  i m p o r t a n c e  o f  t h e  b u l k  

r e l a t i o n s h i p s  o f  t h e  v a r i o u s  c a t e g o r i e s  o f  f o o d  

i t e m s

d. H i g h  p e r c e n t a g e  o f  o c c u r r e n c e  d o e s  not i n d i c a t e  h i g h  

n u t r i t i o n a l  i m p o r t a n c e  o f  f o o d  i t e m  to t h e  f i s h .
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(2) N u m e r i c a l  M e t h o d  (Bowen, 1985;__L a e v e s t u  ,— 1 965)

(i) T h e  n u m b e r  o f  i n d i v i d u a l s  o f  e a c h  k i n d  o f  f o o d  i t e m  in 

e a c h  s t o m a c h  w e r e  c o u n t e d .  T h e s e  w e r e  s u m m e d  u p  t o  g i v e  

t o t a l s  f o r  e a c h  k i n d  o f  f o o d  i t e m  in t h e  w h o l e  s a m p l e ,  a n d  

t h e n  a g r a n d  t o t a l  o f  all t h e  i t e m s  w e r e  t a k e n .

(ii) T h e s e  s u m m e d  f o o d  i t e m s  w e r e  e x p r e s s e d  a s  a p e r c e n t a g e  o f  

the t o t a l  n u m b e r  o f  o r g a n i s m s  in all fish.

T h i s  m e t h o d  e s t i m a t e d  t h e  r e l a t i v e  a b u n d a n c e  o f  t h e  

d i f f e r e n t  f o o d  i t e m s  in t h e  d i e t  o f  t h e  f i s h .  It a l s o

d e s c r i b e d  t h e  p o s s i b l e  d i e t  o f  a n  i n d i v i d u a l  f i s h  ( B o w e n ,  

1985). By c o m p a r i n g  t h e  t o t a l s  o f  e a c h  f o o d  item, l i m i t e d  

c o n c l u s i o n s  as t o  t h e  r e l a t i v e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n t  

f o o d  i t e m s  a r e  d r a w n  (Lag l e r ,  1 9 6 6 ) .  T h e  L i m i t a t i o n s  o f  t h e  

m e t h o d  a r e  as f o 1 1 a w s (L a g  1e r , 1 9 6 6 ;  W i n d e l l  a n d  B o w e n , 1 9 7 B )  :

a. O r g a n i s m s  w h i c h  o c c u r  in l a r g e  n u m b e r s  n e e  d n o t  

c o n s t i t u t e  t h e  m o s t  i m p o r t a n t  f o o d  item.

b. T h e  s m a l l e r , m o s t  n u m e r o u s  o r g a n i s m s  a r e  m a g n i f i e d  in 

i m p o r t a n c e .

c. It p r o v i d e s  l i t t l e  i n f o r m a t i o n  o n  t h e  f o o d  v a l u e  o f  

t h e  items.

) P o i n t s  M e t h o d ( L a e v e s t u , 1965: W i n d e l l  a n d  B o w e n .  1978) 

i 5 E a c h  s t o m a c h  w a s  e x a m i n e d  a n d  p o i n t s  w e r e  assicined 

a c c o r d i n g  to d e g r e e  o f  f u l l n e s s .  T h e s e  p o i n t s  w e r e  t h e n

s u b d i v i d e d  a m o n g  t h e  v a r i o u s  f o o d  i t e m s .  T h e  f o o d  i t e m s  w e r e  

sot t e d  i n t o  g r o u p s ,  a n d  e a c h  f o o d  i t e m  w a s  g i v e n  a p o i n t
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p r o p o r t i o n a l  to its s i z e  in t h e  g r o u p  a n d  t h e  n u m b e r  o f  i t e m s  

in t h e  g r o u p .

ii) A f o o d  i t e m  w a s  g i v e n  16 w h e n  f i l l i n g  m o s t  o f  t h e  

s t o m a c h ,  0, w h e n  h a l f  full, 4 w h e n  a q u a r t e r  f u l l  a n d  2 w h e n

i n s m a l 1 t r a c e s .

iil) All t h e  p o i n t s  g a i n e d  by i n d i v i d u a l  f o o d  i t e m s  in a g r o u p  

w e r e  s u m m e d  up a n d  c o n v e r t e d  to p e r c e n t a g e s .  T h i s  g a v e  t h e  

p e r c e n t a g e  c o m p o s i t i o n  o f  t h e  f o o d  o n  a m o n t h l y  b a s i s .

T h e  p a i n t s  m e t h o d  w a s  b a s e d  o n  s i z e  a n d  d e g r e e  o f  

a b u n d a n c e  o f  f o o d  i tems. It is d e s c r i b e d  a s  a n u m e r i c a l  - 

v o l u m e t r i c  h y b r i d  a p p l i e d  s u b j e c t i v e l y  ( W i n d e l l  a n d  B o w e n ,  

1978). It g i v e s  t h e  b e s t  a p p r o x i m a t i o n  o f  t h e  r e l a t i v e  v a l u e  

□f the f o o d  i t e m s  in t e r m s  o f  b i o m a s s  a n d  e n e r g y  . T h e  

l i m i t a t i o n s  o f  t h e  m e t h o d  a r e  as f o l l o w s  ( W i n d e l l  & B o w e n ,  

1 9 7 0 ) .

a. Its s u b j e c t i v e  b a s i s  m a k e s  it i m p o s s i b l e  t o  u s e  

s t a t i s t i c a l  a n a l y s i s  f o r  t h e  dat a

b. It is d i f f i c u l t  to c o m p a r e  p o i n t s  d a t a  f r o m  t w o  

d i f f e r e n t  w o r k e r s .

7.2. R e s u l t s

D u r i n g  t h e  p e r i o d :  N o v . ,  1991 t o  D e c . ,  1992, 2 4 0  s t o m a c h s  

w e r e  e x a m i n e d .  O u t  o f  t h i s  n u m b e r  2 3  w e r e  f o u n d  t o  be e m p t y  

or c o n t a i n e d  f o o d  i t e m s  in a d v a n c e d  s t a g e  o f  d i g e s t i o n .  T h i s  

n u m b e r  r e p r e s e n t e d  9 . 6  ’/ o f  t h e  n u m b e r  o f  f i s h  e x a m i n e d .

(i ) I d e n t i f i c a t i o n  o f  F o o d  I t e m s

T h e  f a l l o w i n g  f i v e  g r o u p s  o f  f a a d  o r g a n i s m s  w e r e

6 2
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i d e n t i f i e d  in t h e i r  d i e t s  a i d e d  by t h e  w o r k  o-f B a r n e s  (1974) 

a n d  E d m u n d s  (1978): m o l l u s c s ,  f i s h  l a r v a e ,  p o l y c h a e t e s ,

c o e l e n t e r a t e s  a n d  c r u s t a c e a n s .  T a b l e  8 l i s t s  t h e s e  f i v e  

g r o u p s .

O n t o g e n e t i c  c h a n g e s  in f o o d  h a b i t s  w e r e  not e v i d e n t  in 

S p a r u s  c a e r u l e o s t  i c t u s . T h e  l e n g t h s  o f  f i s h e s  e x a m i n e d  in 

t h i s  s t u d y  r a n g e d  f r o m  1 3 . 0  c m  to 2 9  c m  f o r k l e n g t h .  All f i v e  

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

r a n g e .

( i ) P e r c e n t a g e  O c c u r r e n c e

T a b l e  9 s h o w s  t h e  r e s u l t s  o f  t h e  p e r c e n t a g e  o f  o c c u r e n c e  

m e t h o d .  T h e  n u m b e r  o f  f i s h  in e a c h  s a m p l e  w a s  20. T h e

n u m b e r  o f  f i s h  t h a t  i n g e s t e d  a f o o d  i t e m  a n d  t h e i r  p e r c e n t a g e s  

per s a m p l e s  a r e  s h o w n  u n d e r  t h e  f o o d  i t e m s .  T h e  m o s t  i m p o r t a n t  

f o n d  i t e m  in t h e  d i e t  w e r e  t h e  c r u s t a c e a .

(i i ) N u m e r i c a l  M e t h o d

T a b l e  10 s h o w s  t h e  r e s u l t  o f  t h e  N u m e r i c a l  m e t h o d .  

N u m b e r s  o f  o r g a n i s m s  f o r  e a c h  g r o u p  a r e  s h o w n  w i t h  t h e i r  

p e r c e n t a g e s  p e r  m o n t h .  T h e  m o s t  i m p o r t a n t  f o o d  i t e m  in t h e  

diet w e r e  t he c r u s t a c e a .

(i i i ) P o i n t s  M e t h o d s

T a b l e  11 s h o w s  t h e  r e s u l t s  o f  t h e  p a i n t s  m e t h o d .  T h e  

mas t  i m p o r t a n t  f o o d  ite m  in t h e  d i e t  w e r e  t h e  c r u s t a c e a .

T a b l e  12 is a c o m p a r a t i v e  s u m m a r y  o f  t h e  r e s u l t s  f o r  

the t h r e e  m e t h o d s .  T h i s  is f u r t h e r  i l l u s t r a t e d  in F i a s .  2 0  - 

30.
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MOLLUSCS FISH LARVAE POLYCHAETES COELENTERATES CRUSTACEANS

F O O D  ITEMS

F i g .  30 Percentage total points of food items in the stomachs
of S . caeruleostictus .
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T h e  t h r e e  m e t h o d s  g i v e  t h e  s a m e  o r d e r  o f  a b u n d a n c e  a s  l i s t e d  

b e l o w  f o r  t h e  f i r s t  m e t h o d :

P e r c e n t a g e  O c c u r r e n c e  M e t h o d

C r u s t a c e a n s ,  M o l l u s c s ,  P o l y c h a e t e s ,  F i s h  L a r v a e ,

C o e l e n t e r a t e s .

Fi g s .  31 a n d  3 2  s h o w  t h e  c o m p o s i t i o n s  o f  t h e  f o o d  i t e m s  

ove r  a p e r i o d  o f  o n e  ye a r ,  t h e  N u m e r i c a l  a n d  P o i n t s  m e t h o d .  

T h e s e  w e r e  d r a w n  to i n v e s t i g a t e  w h e t h e r  t h e r e  w a s  a n y

e v i d e n c e  o f  s e a s o n a l  c h a n g e s  i n t h e  f o o d  p r e f e r e n c e  o f  Sparu.s 

c a e r u l e o s t i c t u s .

( i v ) F o o d  s i z e  s e l e c t i o n

I n v e s t i g a t i o n s  o n  t h e  c h a n g e s  in t h e  s i z e  o f  f i s h  l a r v a e  

c o n s u m e d ,  in r e l a t i o n  t o  t h e  l e n g t h  o f  t h e  f i s h  ( F i g . 3 3  > 

s h o w e d  a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 6 9 2 9  (not s i g n i f i c a n t  at 

p < 0. 0 5 )  f r o m  t h e  r e g r e s s i o n  o f  t h e  t o t a l  l e n g t h  (TL) o f  f i s h  

l a r v a e  o n  t h e  f o r k  l e n g t h  (FL) o f  t h e  f i s h  i n g e s t i n g  t h e m .
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DETERMINED BY THE NUMERICAL METHOD
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8 . R E P R O D U C T I O N  

8 . 1 M a t e r i a l s  a n d  M e t h o d s .

R a n d o m  s a m p l e s  o f  2 0  s p e c i m e n s  o f  S^_ c a e r u l e o s t i c t u s  w e r e  

c o l l e c t e d  m o n t h l y  f r o m  c a t c h e s  o f  t r a w l  s u r v e y s  o f  t h e  

F . R . U . B ,  T e m a ,  a l o n g  t h e  c o a s t  b e t w e e n  T e m a  a n d  W i n n e b a ,  f r o m  

M a r c h  199 2  to M a r c h  1993. A f t e r  e a c h  c a t c h  in a m o n t h

s p e c i m e n s  w e r e  t h a w e d  o u t  a f t e r  p r e s e r v a t i o n  in a d e e p - f r e e z e r  

a n d  w e r e  m e a s u r e d  f o r  f o r k  l e n g t h  to t h e  n e a r e s t  c m  a n d  b o d y  

w e i g h t  to t h e  N e a r e s t  0.1 g. T h e  b o d y  c a v i t i e s  w e r e  o p e n e d  to 

d e t e r m i n e  t h e  s e x  o f  t h e  f i s h  a n d  t h e  m a t u r i t y  s t a t u s  o f  t h e  

g o n a d s .

S . 1 . 1 . L e n q t h - a t - F  i r s t - M a t u r i t y

G o n a d  c o n d i t i o n s  o f  m a l e  a n d  f e m a l e  s p e c i m e n s  w e r e  g r a d e d  

v i s u a l l y  o n  a n  8^ s t a t e  m a t u r i t y  s c a l e  ( T a b l e  13) a d a p t e d  f r o m  

L a e v e s t u  ( 1 9 65). T h e  f o r k  l e n g t h s  o f  t h e  s p e c i m e n s  a t  e a c h  

s t a g e  o f  m a t u r i t y  w e r e  r e c o r d e d .  S p e c i m e n s  a t  s t a g e  II w e r e  

c o n s i d e r e d  m a t u r e .  T h e  p e r c e n t a g e  o f  m a t u r e  f i s h  in e a c h  

l e n g t h  g r o u p  w a s  p l o t t e d  a g a i n s t  its c o r r e s p o n d ! n g  l e n g t h  

g r o u p .  T h e  l e n g t h - g r o u p  at 50°/ o f  m a t u r e  i n d i v i d u a l s  (Ls o ) 

w a s  e s t i m a t e d  to be t h e  l e n g t h  at f i r s t  m a t u r i t y .

8 . 1 . 2 .  S p a w n i n g  S e a s o n a l i t y

T h e  n u m b e r  o f  m a t u r e  f e m a l e s  in e a c h  s a m p l e  f o r  e a c h  

m o n t h  w e r e  r e c o r d e d .  L a t e r  t h e  g r a v i d  o n e s  w e r e  e x t r a c t e d  

f r o m  t h e  data. T h e  p e r c e n t a g e s  o f  g r a v i d  f e m a l e s  p e r  m o n t h  

w e r e  t h e n  p l o t t e d  a g a i n s t  e a c h  m o n t h .
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8 . 1.3. F e c u n d i t y

F e c u n d i t y  c f  S. c a e r u l e o s t i c t u s  w a s  e s t i m a t e d  -From t h e  

e x a m i n a t i o n  o f  2 0  o v a r i e s  o f  s t a g e  III a n d  IV i n d i v i d u a l s  

c o l l e c t e d  in A u g u s t  a n d  S e p t e m b e r  1992. T h e  o v a r i e s  w e r e  

th e n  s p l i t  1 o n g i t i d i n a 1 1 y , t u r n e d  i n s i d e  out ,  p l a c e d  in 

s p e c i m e n  t u b e s  a n d  p r e s e r v e d  in G i l s o n ’s f l u i d  ( B a g e n a l  a n d  

Braum, 197B). T h e  p r e s e r v a t i v e  s e r v e d  as a f i x a t i v e  as w e l l  

as a m e d i u m  f o r  b r e a k i n g  d o w n  t h e  o v a r i a n  t i s s u e .  T h e  e g g s  

w e r e  t h o r o u g h l y  w a s h e d  in d i s t i l l e d  w a t e r  a n d  c o n t i n o u s l y  

d e c a n t e d  u n t i l  all t h e  o v a r i a n  t i s s u e  h a d  b e e n  r e m o v e d .

C o u n t s  o f  e g g s  f o r  e a c h  o v a r y  w e r e  m a d e  by t h e  v o l u m e t r i c  

s u b - s a m p l i n g  m e t h o d  a f t e r  e g g  s e p a r a t i o n  ( B a g e n a l  a n d  B r a u m ,  

197B). E a c h  o v a r y  w a s  p l a c e d  in a 100 ml m e a s u r i n g  c y l i n d e r  

a n d  w a t e r  a d d e d  t o  it up to t h e  100 ml m a r k .  T h i s  w a s  f o l l o w e d  

by v i g o r o u s  s t i r r i n g  w h i c h  r e s u l t e d  in a d e q u a t e  d i s t r i b u t i o n  

of e g g s  w i t h i n  t h e  w a t e r  c o l u m n .  F o u r  a l i q u o t  s u b - s a m p l e s  o f

2 m is e a c h  w e r e  q u i c k l y  t a k e n  w i t h  a d r o p p e r  a n d  e m p t i e d  i n t o  

a p e t r i - d i s h .  T h e  n u m b e r  o f  e g g s  in e a c h  a l i q u o t  w a s

d e t e r m i n e d  w i t h  a n  E l e c t r o n i c  F i s h  E g g  C o u n t e r  (0SK 2 1 0 0 ) .  

T he a v e r a g e  n u m b e r  o f  e g g s  f r o m  t h e  a l i q u o t s  w a s  u s e d  to 

e s t i m a t e  t h e  t o t a l  n u m b e r  in e a c h  o v a r y  by t h e  f o l l o w i n g  

p r o p o r t i o n a l  m e t h o d :

F E C U N D I T Y  = N u m b e r  in A l i q u o t  (N) * 1 0 0 / 2
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( i ) L e n g t h - a t - f i r s t - m a t u r i t y

Fi g s .  34 a n d  3 5  i l l u s t r a t e  t h e  o g i v e s  f o r  t h e  l e n g t h  at 

F i r s t  m a t u r i t y  f o r  t h e  m a l e s  a n d  f e m a l e s .  T h e  m a l e s  h a d  L a o  — 

I S . 4 cm a n d  f e m a l e s ,  L s o  = 1 7 . 2  cm.

( i i ) S p a w n i n g  s e a s o n a l i t y

S p a w n i n g  s e a s o n a l i t y  p a t t e r n  is i l l u s t r a t e d  in Fig .  36.

It s h o w s  t w o  p e a k  s p a w n i n g  p e r i o d s .  T h e  m a i n  s p a w n i n g

o c c u r r e d  b e t w e e n  S e p t e m b e r  a n d  O c t o b e r  w h i l s t  t h e  o t h e r  m i n o r  

s p a w n i n g  o c c u r r e d  b e t w e e n  J a n u a r y  a n d  F e b r u a r y .  G r a v i d

f e m a l e s  w e r e  n o t  f o u n d  f r o m  a b o u t  M a r c h  t o  J u n e  1992. 

E x a m i n a t i o n  o f  g o n a d s  d u r i n g  t h i s  p e r i o d  s h o w e d  t h a t  t h e y  

w e r e  in t h e  s t a g e  II c o n d i t i o n  o n l y .  S t a g e  III a n d  IV

c o n d i t i o n s  w e r e  e n c o u n t e r e d  f r o m  J u l y  o n w a r d s .

< i i i ) F e c u n d i  ty

T h e  n u m b e r  o f  e g g s  in e a c h  o f  2 0  s p e c i m e n s  o f  S. 

c a e r u l e o s t i c t u s  o f  v a r i o u s  l e n g t h s  w a s  e s t i m a t e d .  T h e

e s t i m a t e d  n u m b e r  r a n g e d  f r o m  4 5 , 2 0 4  to 3 6 0 , 1 2 8  e g g s  f o r  f i s h  

o f  f o r k  l e n g t h  b e t w e e n  1 7 . 5  to 2 4 . 8  cm as s h o w n  in T a b l e  14.

Fig. 37 s h o w s  t h e  r e g r e s s i o n  o f  f e c u n d i t y  a g a i n s t  f o r k  

le n g t h .  T h e  c u r v e  w a s  b e s t  d e s c r i b e d  by t h e  e x p o n e n t i a l  

r e l a t i o n s h i p :

L o g  F = 1 . 3 6 7 1  + 2 . 9 4 7 9  L o g  L 

w h e r e  F r e p r e s e n t s  t h e  f e c u n d i t y  a n d  L, t h e  f o r k  l e n g t h  in 

c m .

8.2. ResLi 1 ts
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Fig.34:piot of percentage maturity against average

fork length for male S. caeruleostictus■
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Fig.35 riot of pcrccntage maturity against average

fork length for female S. caeruleostictus.
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Fi-g. 36 Spawning seasonality of

S.caemJeoiUctaf
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Pic" ot thfi F«unaity-bcayiength

relationship for S.caeruleostictus
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9. D I S C U S S I O N

T h e  p r e s e n t  s t u d y  s h o w s  t h a t  S_;_ c a e r u l e o g t i c t u s  is a 

c o a s t a l  -Fish , i n h a b i t i n g  t h e  w a t e r s  o f f  G h a n a  b e t w e e n  2 0  - 7 0  

m d e pth. T h i s  con-Firms L o n g h u r s t ' s  (1969) o b s e r v a t i o n  t h a t  S. 

c a e r u l e o s t i c t u s . b e l o n g s  to t h e  s h a 1 1 o w - w a t e r  s p a r i d  c o m m u n i t y  

w h i c h  l i v e  a b o v e  t h e  b a s e  o f  t h e  t h e r r n o c l i n e  b e t w e e n  t h e  15 

a n d  70 m d e p t h  c o n t o u r s .

T h e  s k e w e d  d i s t r i b u t i o n s  ( F i g . 3) s h o w  t h a t  l a r g e r  -Fish 

p r e f e r  d e e p e r  w a t e r s  as s h o w n  by t h e  s h i f t  f r o m  l e f t  to r i g h t  

of t h e  m o d a l  l e n g t K s  in s t r a t a  A, B, a n d  C. T h i s  is a l s o  

i n d i c a t e d  in T a b l e  1. F e w  f i s h  c a u g h t  w i t h i n  t h e  s i z e  r a n g e  6

- S cm m i g h t  be a t t r i b u t a b l e  to i n c o m p l e t e  r e c r u i t m e n t  s i n c e  

the c a l c u l a t e d  a v e r a g e  l e n g t h  at f i r s t  c a p t u r e  (Lc s o ) W 8S

1 0 . 7 4 7  cm w h i c h  is a r e s u l t  o f  t h e  60 m m  s t r e t c h e d  m e s h  o f  t h e  

cod e n d  o f  t h e  t r a w l  net.

A c c o r d i n g  to Ri j a v e c  (1973) a n d  O f o n - A d u  ( 1 9 S9), t h e  

p r e f e r r e d  h a b i t a t  f o r  S. c a e r u l e o s t  i c t u s  is a h a r d  r o c k y  

bo t tom, w h e r e  t h e i r  p r e f e r r e d  f o o d  o r g a n i s m s  a r e  a v a i l a b l e .  

T h i s  m a y  a c c o u n t  f o r  t h e  h i g h e r  n u m b e r s  o f  f i s h  f o u n d  in 

s t r a t a  B a n d  C t h a n  in s t r a t u m  A ( T a b l e  1). T h i s  m a y  a l s o  

a c c o u n t  f or t h e  low n u m b e r s  c a u g h t  in t h e  T a k o r a d i  a n d  H a l f -  

A s s i n i  s e c t o r s  ( A p p e n d i x  5) w h i c h  h a v e  m u d d y  b o t t o m s .  O n  t h i s  

b a s i s  o n e  w o u l d  e x p e c t  t h e  T e m a  a n d  A c c r a  s e c t o r s  to be t h e  

o p t i m u m  h a b i t a t  for t h i s  s p e c i e s  in G h a n a i a n  w a t e r s .  N u m b e r s  

c a u g h t  in t h e s e  s e c t o r s  w e r e  h o w e v e r  u n e x p e c t e d l y  low. T h e  

r e a s o n  f o r  t h e s e  low n u m b e r s  c o u l d  not be r e a d i l y  e x p l a i n e d .  

H o w e v e r ,  t e m p e r a t u r e  a n d  s a l i n i t y  c o n d i t i o n s  in t h e s e  s e c t o r s
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m i g h t  be f s c t o ^ s  w h i c h  dfits^mi ns a b u n d a n c e  ( L o w e  M c C o n n e l l ,  

1907).

T h e  c a l c u l a t e d  c o r r e l a t i o n  coe-f-ficient, r, f o r  t h e  

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

( T a b l e . 2) w a s  0 . 3 4 6 3 ,  w h i c h  w a s  not s t a t i s t i c a 1 1y s i g n i f i c a n t  

( P < 0 . 0 5  ; 11 d . f . ) .  T h e  p o o r  c o r r e l a t i o n  m i g h t  be t h e  r e s u l t  

of t h e  low n u m b e r  o f  o b s e r v a t i o n s  (n - 12). S n e d e c o r  a n d  C o c h r a n  

(1956), o b s e r v e  t h a t  s m a l l  n u m b e r s  o f  o b s e r v a t i o n s  m a k e  r 

q u i t e  v a r i a b l e  a n d  u n s t a b l e .  N o t w i t h s t a n d i n g  t h e  l o w  r v a l u e  

t h e r e  a p p e a r s  to be a c l o s e  r e l a t i o n s h i p  in t h e  t r e n d  b e t w e e n  

the two. T h e r e  a p p e a r s  to be a t i m e  lag o f  a b o u t  a m o n t h  

b e t w e e n  t e m p e r a t u r e  c h a n g e  a n d  c o r r e s p o n d i n g  e f f e c t  o n  t h e  

c a t c h  w h i c h  is m o s t  e v i d e n t  b e t w e e n  O c t o b e r  a n d  N o v e m b e r .  

F r o m  J u n e  to A u g u s t ,  t he fall in t e m p e r a t u r e  a n d  t h e  d e c r e a s e  

in c a t c h  c o r r e s p o n d e d  to t h e  u p w e l l i n g  p e r i o d  ( R i j a v e c ,  1 9 8 0 ) .  

Ju l y  to S e p t e m b e r  c o i n c i d e s  w i t h  t h e  c o a s t a l  u p w e l l i n g  w h i c h  

w a s  p r e c e d e d  by t h e  b r e a k d o w n  o f  t h e  t h e r m o c l i n e  a n d  t h u s  

i n c r e a s e  in n u t r i e n t s  ( H o u g h t o n  a n d  M e n s a h ,  1 9 ^ 8 ) .  S ■

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

s pawn. S u c h  a n  a c t i v i t y  r e s u l t s  in h i g h e r  c a t c h e s .  It

a p p e a r s  t h e r e f o r e  t h a t  c a t c h e s  i n c r e a s e  s o o n  a f t e r  t h e  

u p w e l l i n g  p e r i o d s .  O c t o b e r  to D e c e m b e r  s h o w s  t h e  d e c r e a s e  in 

t e m p e r a t u r e  a n d  a c o r r e s p o n d i n g  d e c r e a s e  in t h e  c a t c h .  At 

th i s  p e r i o d  t h e r e  is a f o r m a t i o n  o f  t h e  t h e r m o c l i n e  ( H o u g h t o n  

a n d  M e n s a h ,  1978; R i j a v e c ,  1 980). T h e  s l i g h t  i n c r e a s e  in 

t e m p e r a t u r e  f r o m  J a n u a r y  to M a r c h  c o r r e s p o n d s  to t h e  m i n o r  

u p w e l l i n g  d e s c r i b e d  by R i j a v e c ,  (1^80). T h e  c o r r e s p o n d i n g  

i n c r e a s e  in c a t c h e s  at t h i s  p e r i o d  m a y  be t h e  r e s u l t  o f  t h e
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s a m e  r e a s o n s  m e n t i o n e d  e a r l i e r .

T h e  m o s t  f r e q u e n t l y  u s e d  m e t h o d  o-F a g e  d e t e r m i n a t i o n  is 

t h e  i n t e r p r e t a t i o n  a n d  c o u n t i n g  o f  g r o w t h  z o n e s  or g r o w t h  

c h e c k s  o n  t he h a r d  p a r t s  o f  f i s h  l i k e  s c a l e s ,  o t o l i t h s ,  

o p e r c u 1 a a n d  c l e i t h r a .  T h e s e  r e f l e c t  v a r i o u s  e n v i r o n m e n t a l  or 

i n t e r n a l  i n f l u e n c e s  w h i c h  o c c u r  a n n u a l l y  in t h e  t e m p e r a t e  

r e g i o n s  ( B i l t o n ,  1974; S i m k i s s ,  1 9 7 4 ) .  U n f o r t u n a t e l y ,  in

t r o p i c a l  r e g i o n s  l i k e  G h a n a ,  t h e  d e t e r m i n a t i o n  o f  a g e  is o f t e n  

d i f f i c u l t  b e c a u s e  t h e  g r o w t h  z o n e s  or c h e c k s  a r e  n ot 

n e c e s s a r i l y  a n n u a l  ( F a g a d e ,  1 9 7 4 ) .  T h e y  m a y  be a s s o c i a t e d  

w i t h  e x t e r n a l  f a c t o r s  s u c h  a s  d ry s e a s o n ,  c h a n g e s  in f o o d  

s u p p l y ,  s t o c k  d e n s i t y  ( n u m b e r s  o f  f i s h )  a n d  s p a w n i n g  ( t o t a l  or 

p a r t i a l  s p a w n i n g ) .  R i j a v e c  (1973) a n d  D o m a n e v s k a y a  (1987) 

s t u d y i n g  t h e  b i o l o g y  o f  S. c a e r u l o s t  i c t u s  in t h e  w a t e r s  o f  

S e n e g a l  a n d  G h a n a  r e s p e c t i v e l y ,  c o n c l u d e d  t h a t  a g e  

d e t e r m i n a t i o n  f r o m  t h e  s c a l e s  o f  S c a e r u l e o s t i c t u s  a n d  o t h e r  

h a r d  p a r t s  w a s  i m p o s s i b l e .  In t h e  p r e s e n t  s t u d y ,  f i s h  w e r e  

a g e d  by u s i n g  t h e  B h a t t a c h a r y a  m e t h o d  ( S p a r r e  e t  al., 1 9 8 9 ) .  

T a b l e  15 c o m p a r e s  t h e  m e a n  l e n g t h s  f r o m  t h e  B h a t t a c h a r y a  

m e t h o d  w i t h  t h o s e  f r o m  t h e  g r o w t h  m o d e l .  It s h o w s  t h a t  t h e  

m e a n  l e n g t h  o f  e a c h  c o h o r t  is q u i t e  c l o s e  t o  t h e  a q e  a s s i g n e d  

to it. H e n c e  t h e  a g e s  a s s i g n e d  f o r  e a c h  l e n g t h—g r o u p  a p p e a r  

r e a s o n a b l e .

T h e  r e l a t i o n s h i p  b e t w e e n  b o d y - l e n g t h  a n d  s c a l e - l e n g t h  w a s  

d e f i n e d  by t h e  r e c t i l i n e a r  e q u a t i o n :

L o g  L = - 3 . 8 8  + 3 . 6 3  L o g  1.

T he c a l c u l a t e d  c o e f f i c i e n t  o f  d e t e r m i  n a t i o n  (r2 ) w h i c h  

m e a s u r e d  t h e  g o o d n e s s  o f  f i t  o f  t h e  r e g r e s s i o n  l i n e  w a s  0 . 9 B 1 4
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(p > 0 . 0 5 ) .  C o n s e q u e n t l y ,  b o d y - l e n g t h  o f  c a e r u l e o s t i  c t u s

c a n  be r e l i a b l y  p r e d i c t e d  f r o m  s c a l e - l e n g t h  w i t h  t h i s  e q u a t i o n  

w i t h  a s s o c i a t e d  e r r o r  o f  0 . 0 5  % . T h e  r e l a t i o n s h i p  o f  b o d y -  

l e n g t h  to n u m b e r  o f  c i r c u l i  w a s  f o u n d  to be e x p o n e n t i a l  a n d  

def i ne d by t h e  e q u a  t ion : C " = 3 . 4 0  L0 , 6 '7 ;r = 0 . 9 8 9 7 ; p  > 

0 . 0 5 ) .

T h u s  t h e  a v e r a g e  n u m b e r  o f  c i r c u l i  o n  a s c a l e  c a n  be 

e s t i m a t e d  f r o m  t h e  f o r k  l e n g t h  o f  t h e  f i s h  w i t h  t h i s  e q u a t i o n .

T h e  c a l c u l a t e d  w e i g h t - 1e n g t h  r e l a t i o n s h i p  w a s  d e t e r m i n e d

L o g  W = - 3 . 5 3  + 2 . 9 6 2  L o g  L.

In t h i s  e q u a t i o n  t h e  c a l c u l a t e d  s l o p e ,  b, is l e s s  t h a n  3.0 .  

T h i s  i n d i c a t e s  t h a t  S. c a e r u l e o s t i c t u s  g r o w s  a l l o m e t r i c a l l y  

(Bag e n a l  a n d  T e s c h ,  1978). I s o m e t r i c  g r o w t h  d e p e n d s  o n  t h e  

level o f  f e e d i n g ,  w h i c h  in t u r n  d e p e n d s  o n  t h e  u t i l i z a t i o n  o f  

f o o d  ( B i r k e t t ,  1 972). T h e  w e i g h t - 1 e n g t h  r e l a t i o n s h i p s ,  f o r  S. 

c a e r u l e o s t i c t u s  d e t e r m i n e d  by o t h e r  a u t h o r s  w e r e  as f o l l o w s :

Log W = —1 . 1 5 5  + 2 . 7 0  L o g  L ( D e l g a l d o  a n d  A r i z ,  1 9 B 7 ) - G a b o n  

w a t e r s .

Log W = 0 , 5 0 8  + 2 . 9 6  L o g  L (D o m a  n e v s  k a y a , 198"7) - M a u r i t a n i a n  

w a t e  r s .

L og W = - 1 . 6 1 2  + 2 . 8 6  L o g  L ( R i j a v e c ,  1973) — G h a n a i a n  w a t e r s .

T h e  v a l u e s  o f  t h e  s l o p e s  a r e  q u i t e  c l o s e  t o  e a c h  

o t h e r  in t h e  d i f f e r e n t  s t u d i e s  b ut t h e r e  is a c l e a r  d i s p a r i t y  

in t h e  v a l u e s  o f  t h e  i n t e r c e p t s  ’a ’ o f  e a c h  e q u a t i o n .

B a g e n a l  a n d  T e s c h  ( 1 9 7 8 ) a s c r i b e d  s u c h  d i f f e r e n c e s  to s e x  

r a t i o s ,  m a t u r i t y  o f  fish, a n d  s e a s o n s  f o r  t h e  c o l l e c t i o n s  o-P 

e a c h  data.
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T h e  r e s u l t s  o f  F u l t o n - s  c o n d i t i o n  f a c t o r  C F  ( F i g . 15), 

s h o w e d  a f l u c t u a t i o n  o f  t h e  p l u m p n e s s  or w e l l - b e i n g  o f  S^_ 

c a e r u l e o s t i c t u s  o n  a m o n t h l y  b a s i s .  E x a m i n a t i o n  o f  t h e  g o n a d s  

s h o w e d  t h a t  f r o m  S e p t e m b e r - D c t o b e r  w h e n  t h e  f i s h  w e r e  in 

a d v a n c e d  s t a g e s  o f  d e v e l o p m e n t  ( s t a g e s  V - V I I )  t h e  c o n d i t i o n  

f a c t o r  i n c r e a s e d .  T h i s  p h e n o m e n u m  a g r e e s  w i t h  t h e  o b s e r v a t i o n  

o f  B i r k e t t  (1972) t h a t  i n c r e a s e s  in t h e  c o n d i t i o n  f a c t o r  a r e  

r e l a t e d  to t h e  h i g h e r  d e v e l o p m e n t a l  s t a g e s  o f  t h e  g o n a d s .

T h e r e  w e r e  t w o  p e a k s  o f  t h e  c o n d i t i o n  f a c t o r  : o n e  in 

A u g u s t  a n d  t h e  o t h e r  in J a n u a r y .  T h e s e  o c c u r r e d  b e f o r e  t h e  

two s p a w n i n g  s e a s o n s  o f  S. c a e r u l e o s t i c t u s . T h e  s h o r t

d e c l i n e  f r o m  S e p t e m b e r  to O c t o b e r  a n d  J a n u a r y  o c c u r r e d  d u r i n g  

the s p a w n i n g  s e a s o n  o f  S_;_ c a e r u l e o s t i c t u s . T h i s  a g r e e s  w i t h  

B i r k e t t * s  (1972) o b s e r v a t i o n  t h a t  t h e  c o n d i t i o n  f a c t o r

i n c r e a s e s  w i t h  t h e  a c c u m u l a t i o n  o f  r e s e r v e  m a t e r i a l  f o r  s e x u a l  

p r o d u c t s ,  a n d  d e c r e a s e s  w i t h  t h e  o n s e t  o f  t h e  p e r i o d  o f  

m a x i m u m  s p a w n i n g  a c t i v i t y .  A p p e n d i x  11 s h o w s  t h e  m e a n  m o n t h l y  

c o n d i t i o n  o f  S . c a e r u l e o s t l c t u s  f r o m  Ri j a v e c  (1973) . A

c o m p a r i s o n  w i t h  t h e  p r e s e n t  s t u d v  s h o w s  t h a t  t h e r e  a r e  

s i m i l a r i t i e s  b e t w e e n  t h e  t w o  s t u d i e s .

F o u r  m e t h o d s  o f  e s t i m a t i o n  o f  g r o w t h  p a r a m e t e r s  w e r e  

used. C o m p a r i s o n  o f  r e s u l t s  f r o m  t h e s e  m e t h o d s  s h o w e d  t h e  

r e l a t i o n s h i p s  to be c l o s e .  T h e  e s t i m a t e  f o r  !_O Q  r a n g e d  f r o m  

4 4 . 0 8  - 4 5 . 8 2  cm , a n d  f o r  K, f r o m  0 . 4 5  - 0 . 5 0 .  T h e  

c a l c u l a t e d  t0 f r o m  t h e  V o n  B e r t a l a n f f y  p l o t  w a s  - 0 . 0 1 6  a n d  

f r o m  P a u l y ' s  e m p i r i c a l  m e t h o d ,  - 0 . 0 4 5 .  N o t w i t h s t a n d i n g

t h e s e  r e s u l t s  t h e  e s t i m a t e s  o f  K a n d  L ac, f r o m  t h e  E L E F A N  I 

m e t h o d  w e r e  u s e d  f o r  f u r t h e r  c a l c u l a t i o n s  b e c a u s e  it u t i l i s e s
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a l a r q e  n u m b e r  o f  s a m p l e s  a s  c o m p a r e d  to t h e  o t h e r  m e t h o d s .  

( S p a r r e  a n d  V e n e m a ,  1992). T a b l e  12 g i v e s  t h e  r e s u l t s  o f  t h e

p r e s e n t  s t u d y  a n d  t h o s e  o f  d i f f e r e n t  a u t h o r s .  R i j a v e c ’s

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

i n d i c a t e  s i m i l a r  e n v i r o n m e n t a  1 i n f l u e n c e s .  T h e  g r o w t h

p e r f o r m a n c e  i n d e x  for t h e  p r e s e n t  s t u d y  ( T a b l e  12) is s i m i l a r  

to t h o s e  o f  t h e  o t h e r  a u t h o r s .  H e n c e ,  d e s p i t e  t h e  l ow R „  = 

0 .174, t h e  e s t i m a t e s  o f  K a n d  L 00 o f  S. c a e r u l e o s t i c t u s  f o r  

t he p r e s e n t  s t u d y  a p p e a r  r e a s o n a b l e .

B e v e r t o n  a n d  H o l t  (1959; c i t e d  by S p a r r e  e t  al., ( 1 9 S9), 

o b s e r v e d  t h a t  t h e  r a t i o  M / K  ( M - n a t u r a l  m o r t a l i t y .  K - g r o w t h  

rate) is e x p e c t e d  to be w i t h i n  t h e  ^ a n g e  o f  1 .5 to 2 . 5  f o r  t h e  

t r o p i c s .  T h e  v a l u e  o f  t h i s  p a r a m e t e r  o b t a i n e d  in t h e  p r e s e n t  

s t u d y  w a s  1 . 7 8  w h i c h  w a s  l o w e r  t h a n  a v e r a g e  (2 ) b u t  w i t h i n  t h e  

range. T h i s  i m p l i e s  t h a t  t h e  c a l c u l a t e d  v a l u e  o f  M a p p e a r s  

r e a s o n a b l e  s i n c e  h i g h e r  or l o w e r  v a l u e s  o f  M w o u l d  g i v e  M / K  

r a t i o s  o u t s i d e  t h e  r ange.

T a b l e  16 g i v e s  t h e  r e s u l t s  o f  m o r t a l i t y  e s t i m a t e s  f r o m  

the c a t c h  c u r v e  o f  g. c a e r u l e o s t i c t u s  in d i f f e r e n t  w a t e r s  

c o m p a r e d  w i t h  t h o s e  o f  the p r e s e n t  s t u d y -  T h e  T o t a l  M o r t a l i t y  

(Z) o f  t h e  G a b o n  w a t e r s  is q u i t e  h i g h  as c o m p a r e d  t o  t h o s e  o f  

M a u r i t a n i a  a n d  G h a n a .  T h i s  is t h e  r e s u l t  o f  t h e  h i g h  N a t u r a l  

M o r t a l i t y  (M) a n d  F i s h i n g  M o r t a l i t y  (F 1 v a l u e s  as c o m p a r e d  to 

t he c or r e s p o n d ! n g  l o w e r  v a l u e s  f o r  o f  M a u r i t a n i a  a n d  G h a n a .  

H o w e v e r  e x p l o i t a t i o n  r a t e  <E) = (F/Z) f o r  G a b o n  is lower' t h a n  

t he F f o r  M a u r i t a n i a  a n d  G h a n a  w h i c h  a r e  b o t h  h i g h e r  t h a n  t h e  

o p t i m u m  E w h i c h  is g i v e n  as 0 . 5  ( S p a r r e  e t  al.. 1 9 8 Q ). H e n c e  

for t h e  p r e s e n t  s t u d y  the f i s h e r y  o f  S. c a e r u l e o s t i c t u s  m a y
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p r o b a b l y  be o v e r - e x p l o i t e d  in G h a n a .  T h e  v a l u e s  o f  M f o r  t h e  

d i f f e r e n t  w a t e r s  a r e  c l e a r l y  d i f f e r e n t .  N o r m a l l y  a h i g h

G r o w t h  r a t e  <K) g i v e s  a h i g h e r  M a n d  v i c e  v e r s a .  F o r  b o t h  

G h a n a i a n  a n d  G a b o n  w a t e r s ,  h o w e v e r ,  K is h i g h e r  but 11 is 

l o w e r  t h a n  t h a t  o f  G a b o n ,  w i t h  h i g h e r  M v a l u e .  T h e  r e a s o n  f o r  

t h i s  c o u l d  not be r e a d i l y  f o u n d .

T h e  c o m p u t a t i o n a l  d e t a i l s  o f  t h e  e s t i m a t i o n  o f  f i s h i n g  

m o r t a l i t i e s  (F) by t h e  c o h o r t  a n a l y s e s  c a n  be s e e n  in a p p e n d i x  

15. T h e  F at l e n g t h  a r r a y  s h o w s  a s t e a d i l y  i n c r e a s i n g  F 

b e t w e e n  8 to 16 cm. T h i s  i n c r e a s e  is p r o b a b l y  a r e f l e c t i o n  

o f  e x p l o i t a t i o n  o v e r  t h i s  l e n g t h  r a n g e .  F o r  t h e  l a r g e r

s p e c i m e n s ,  t h e  F at l e n g t h  a r r a y  is i r r e g u l a r .  T h i s  m i g h t  be 

a r e s u l t  o f  p e r i o d i c a l  m i g r a t i o n  f r o m  t h e  f i s h i n g  g r o u n d s  a s  

o b s e r v e d  by V i b h a s i r i  (1988). T h e  Z f r o m  t h e  c a t c h  c u r v e  w a s  

e s t i m a t e d  as 2 . 4 7 7 / y r ,  w i t h  M as 0 . 8 5 6  a n d  F as 1 . 6 2 1 .  T h e  

e s t i m a t e  o f  m e a n  F f r o m  t h e  c o h o r t  a n a l y s i s  w a s  1 . 0 9 3 ,  as 

c o m p a r e d  t o  F f r o m  t h e  c a t c h  c u r v e  ( 1 . 6 2 1 ) .  T h e  m e a n  E = 

0 .561; f r o m  t h e  c o h o r t  a n a l y s i s  a s  c o m p a r e d  t o  E = 0 . 6 5 4  f r o m  

the c a t c h  c u r v e .  S i n c e  b o t h  v a l u e s  w e r e  g r e a t e r  t h a n  E = 0 . 5  

w h i c h  is t h e  p r o p o s e d  o p t i m u m  in a f i s h e r y ,  o n e  m a y  s a y  t h a t  

the f i s h i n g  p r e s s u r e  o n  t h e  S. c a e r u l e o s t i c t u s  s t o c k s  is 

p a s t  t h e  o p t i m u m .  T h e  m a r k e d  i n c r e a s e  in F o f  f i s h  f r o m

a b o u t  2 4  to 3 2  c m  f o r k l e n g t h  a l s o  i n d i c a t e d  a n  i n c r e a s e  in 

t h e i r  c o r r e s p o n d i ng e x p l o i t a t i o n  r a t e s .  T h i s  m a y  m e a n  t h a t  

f i s h  w i t h i n  t h i s  l e n g t h  r a n g e  m i g h t  be t h e  m o s t  h i g h l y  

e x p l o i t e d  in t h e  f i s h e r y .  T h e  r e a s o n  f o r  t h i s  h i q h

e x p l o i t a t i o n  m a y  be t h a t  t h i s  l e n g t h  g r o u p  a r e  m o r e  e a s i l y  

r e t a i n e d  by t h e  t r a w l  net.
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T h e  c a l c u l a t e d  a v e r a g e  l e n g t h  at -First c a p t u r e  ( Lc5 q) for 

S. c a e r u l e o s t i c t u s  w a s  1 0 . 7 4 7  cm. F r o m  t h e  g o n a d a l  s t u d i e s ,  

t h e  a v e r a g e  l e n g t h s  a t  f i r s t  m a t u r i t y  w e r e  1 8 . 4 0  a n d  1 7 . 2 0  c m  

f o r  m a l e s  a n d  f e m a l e s  r e s p e c t i v e l y .  T h i s  m e a n s  t h a t  t h e  f i s h  

a r e  c a u g h t  b e f o r e  r e a c h i n g  s e x u a l  m a t u r i t y .  T h i s  w i l l

e v e n t u a l l y  r e s u l t  in a s t e a d y  d e p l e t i o n  o f  t h e  f i s h  to 

p o s s i b l e  e x t i n c t i o n .

T h e  r e c r u i t m e n t  p a t t e r n  o f  S. c a e r t  las*- i c t u s  as s h o w n  in 

Fig. 24 s u g g e s t s  t h e  o c c u r r e n c e  o f  t w o  r e c r u i t m e n t  p u l s e s  a 

y e a r  o f  u n e q u a l  s t r e n g t h ,  t h e  s t r o n g e r  in J a n u a r y  a n d  t h e  

w e a k e r  in S e p t e m b e r .  T h e s e  d i s p l a y  t w o  c l e a r  m o d e s  w h i c h  m a y  

p o s s i b l y  c o r r e s p o n d  to t w o  c o h o r t s .  T h e  l e s s  p r o n o u n c e d  m o d e  

in S e p t e m b e r  p r o b a b l y  r e p r e s e n t s  t h e  f i s h  h a t c h e d  d u r i n g  t h e  

m i n o r  s p a w n i n g  p e r i o d  b e t w e e n  J a n u a r y  a n d  F e b r u a r y .  T h e  m o r e  

p r o n o u n c e d  m o d e  in J a n u a r y  m a y  r e p r e s e n t  f i s h  h a t c h e d  d u r i n g  

the m a j o r  s p a w n i n g  p e r i o d  b e t w e e n  S e p t e m b e r  a n d  O c t o b e r .  It 

is n o t e d  t h a t  t h e  p e r i o d  b e t w e e n  t h e  e s t i m a t e d  h a t c h i n g

p e r i o d  a n d  r e c r u i t m e n t  is a b o u t  6 - 7  m o n t h s .  T h e  e s t i m a t e d  

l e n g t h  f o r  t h i s  p e r i o d  f r o m  b o t h  t h e  B h a t t h a c h a r v a  a n a l y s i s  

a nd V o n  B e r t a l a n f f y  m o d e l  is 9 to 11 cm. S i n c e  t h e  L c s o  =

1 0 . 7 4 7  cm, f i s h  at 6 - 7 m o n t h s  a r e  l i k e l y  t o  be c a u q b t . 

P r e c i s e  e s t i m a t e s  o f  a b s o l u t e  a g e s  a r e  n e e d e d  f o r  r e c r u i t m e n t  

p a t t e r n s  to i n d i c a t e  t h e  t i m e  o f  s p a w n i n g  w h e n  u s i n g  t h e  

m e t h o d  (Samb, 1988; M o r e a u  a n d  C u e n d e , 1 9 91).

T h e  g r a p h s  o f  t h e  T h o m p s o n  a n d  Bell a n a l y s i s  in F i g .25 

c l e a r l y  s h o w  t h a t  t h e  p r e s e n t  level o f  f i s h i n g  e f f o r t  f o r  S . 

c a e r u l e o s t i c t u s  ( f i s h i n g  e f f o r t  (X) = 1 .0 0 ), is w e l l  a b o v e  

t h a t  (X = 0 . 5 4 )  g i v i n g  t h e  m a x i m u m  s u s t a i n a b l e  y i e l d .  A
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r e d u c t i o n  in e f f o r t  w o u l d  g i v e  a h i g h e r  y i e l d  as c a n  be s e e n  

o n  t h e  g r a p h .  H o w e v e r  a n  i n c r e a s e  in y i e l d  s h o u l d  n o t  be 

c o n s i d e r e d  in i s o l a t i o n  but in c o n j u n c t i o n  w i t h  t h e  c a t c h  p e r  

u n i t  o f  e f f o r t  (CPUE). A d e c r e a s e  in e f f o r t  w i l l  a l w a y s  

i n c r e a s e  t h e  C P U E , b ut t h e  i n c r e a s e  in y i e l d  s h o u l d  be 

s i g n i f i c a n t  to j u s t i f y  t h e  i n c r e a s e  in C P U E  ( B i r a d a r ,  1 9 8 9 ) .  

A l t h o u g h  no e x p l i c i t  e s t i m a t e s  o f  C P U E  w e r e  m a d e  in t h e  

p r e s e n t  s t u d y ,  t h e  e s t i m a t e d  m e a n  b i o m a s s  ( T a b l e  6 ) cou.ld be 

u s e d  as a n  i n d e x  o f  C P U E  . F r o m  t h e  a n a l y s i s ,  r e d u c t i o n  in 

th e  e f f o r t  to t h e  l e f t  o f  t h e  M S Y  (X < 0 . 5 4 )  w o u l d  be s a f e  f o r  

the f i s h e r y .

T h e  t w o  p l o t s  o f  y i e l d  p e r  r e c r u i t  ( Y / R )’ i n v o l v e d  t w o  

d i f f e r e n t  m e s h  s i z e s ,  w h i c h  w e r e  r e l a t e d  to t h e i r  L c = 0 's g i v e n  

as 1 0 . 7 4 7  cm f o r  t h e  p r e s e n t  s t u d y  a n d  1 4 . 0  cm, i n d i c a t i n g  a n  

a p p a r e n t  i n c r e a s e  in t h e  m e s h  s i z e .  F i g . 2 6  g i v e s  t h e  E M S y  at 

t he do m e  o f  t h e  c u r v e  as 0 . 4 7 S 4  f o r  t h e  L c  o f  1 0 . 7 4 7  cm. 

E x p l o i t a t i o n  r a t e  f r o m  t h e  c a t c h  c u r v e  is g i v e n  as 0 . 6 5 4 .  

T h i s  p o s i t i o n  o n  t h e  c u r v e  i n d i c a t e s  t h a t  S. c a e r u l e o s t i c t u s  

is p o s s i b l y  b e i n g  o v e r —e x p 1o i t e d . F i g . 2 7  c o r r e s p o n d ! n g  to t h e  

L e g o  o f  1 4 . 0  cm w a s  d r a w n  in o r d e r  to f i n d  o u t  if a n  i n c r e a s e  

in m e s h  s i z e  w o u l d  m a k e  t h e  f i s h e r y  s a f e r  at t h e  p r e s e n t  E o f  

0 . 654. T h e  E M S V  f o r  t h e  c u r v e  h a s  0 . 5 5 1 0  s t i l l  l e s s  t h a n  t h e  

p r e s e n t  E w h i c h  a g a i n  l i e s  to t h e  r i g h t  o f  t h e  dome, w h i c h  is 

u n s a f e  for t h e  f i s h e r y .  H e n c e  f r o m  t h i s  r e s u l t ,  a n  i n c r e a s e  

in t h e  m e s h  s i z e  o f  t h e  g e a r  m a y  n ot h e l p  in s u s t a i n i n g  t h e  

f i s h e r y .  O t h e r  f a c t o r s  o f  t h e  f i s h e r y ,  s u c h  as t h e  e f f o r t  m a y  

h a v e  to be l o o k e d  a t  c l o s e l y  to s u s t a i n  t h e  f i s h e r y .

T a b l e  0 s h o w s  the f o o d  o r g a n i s m s  i d e n t i f i e d  f r o m  t h e
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s t o m a c h s  o-f S^. c a e r u l e o s t i c t u s . T h e  p r e s e n c e  o f  p e l a g i c

o r g a n i s m s  l i k e  t h e  a m p h i p o d  G a m m a r u s  sp. in t h e  d i e t  s u g g e s t  

t h a t  S. c a e r u l e o s t i c t u s  m i g r a t e s  v e r t i c a l l y  to -Feed o n  t h e s e  

o r g a n i s m s  a s  o b s e r v e d  in o t h e r  -Fish. T h i s  con-Firms

M a r s h a l l ' s  <1960) o b s e r v a t i o n  t h a t  t h e  d a i l y  c l i m b  t o w a r d s  t h e  

s u r f a c e  by a f i s h  is f e e d i n g  m i g r a t i o n .  In h i s  s t u d y  o f  t h e  

f i s h  in G h a n a i a n  w a t e r s ,  Ri j a v e c  ( 1 9 7 3 ) ,  d i s c o v e r e d  t h a t  S . 

c a e r u l e o s t i c t u s  f e d  o f t e n  o n  s l o w  m o v i n g  s h e l l e d  b e n t h i c  

a n i m a l s  s u c h  a s  m o l l u s c s ,  c r u s t a c e a n s  a n d  o p h i u r o i d s ,  w i t h  

f i s h  b e i n g  t h e  m a i n  diet. C h a k r o u n  - h a r z o u k  ( 1 9 07), w o r k i n g  

o n  S. c a e r u l e o s t i c t u s  in T u n i s i a n  w a t e r s  a l s o  d i s c o v e r e d  t h a t  

t h e i r  f o o d  c o n s i s t e d  o f  m o l l u s c s  d e c a p o d  c r u s t a c e a n s ,  

e c h i n o d e r m s ,  p o l y c h a e t e s  a n d  f i s h e s .  T h e  r e s u l t s  o f  t h e  

p r e s e n t  s t u d y  d i f f e r  f r o m  t h e  a b o v e  in t h a t  no s p e c i e s  o f  t h e  

echi n o d e r m a t a  w e r e  d i s c o v e r e d  in t h e  f i s h e s  s t o m a c h s .

T h e  r e s u l t s  o f  t h e  p e r c e n t a g e  o c c u r r e n c e  m e t h o d  s h o w  t h a t

5. c a e r u l e o s t i c t u s  f e e d s  m o s t l y  o n  c r u s t a c e a n s .  F i g . 2 8  s h o w s  

t h a t  m o r e  t h a n  5 0 ”/. o f  t h e  f i s h  f e d  o n  c r u s t a c e a n s .  It a l s o  

s h o w s  t h a t  e v e n  t h o u g h  f i s h  l a r v a e  a n d  c o e 1e n t e r a t e s  w e r e  

i n c l u d e d  in t h e  diet, t h e  c r u s t a c e a n s ,  m o l l u s c s  a n d  

p o l y c h a e t e s  d o m i n a t e  in t h a t  o r d e r .

In t h e  n u m e r i c a l  m e t h o d ,  o u t  o f  a t o t a l  o f  2 4 0  s t o m a c h s  

e x a m i n e d  a n d  5 8 9  f o o d  i t e m s  , o n l y  3 (0.51 X ) c o e 1 e n t e r a t e s  

a n d  20 (3.40 V.) f i s h  l a r v a e  w e r e  f o u n d  as c o m p a r e d  t o  2 8 2  

( 4 7 . 8 8  ”/.) c r u s t a c e a n s .  H e r e  a g a i n  t h e  c r u s t a c e a n s  d o m i n a t e d  

the f o o d  o r g a n i s m s .

T h e  p o i n t s  m e t h o d  s h o w s  t h a t  c r u s t a c e a n s  c o n s t i t u t e  t h e  

m o s t  i m p o r t a n t  s o u r c e  o f  f o o d  f o r  t h e  f i s h ,  s i n c e  t h e y
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d o m i n a t e  b o u t  o f  t h e  8 s a m p l i n g  p e r i o d s  ( F i g . 30) .  S i n c e  t h e  

p o i n t s  m e t h o d  w a s  b a s e d  a n  s i z e  a n d  d e g r e e  o f  a b u n d a n c e  o f  

f e e d  items, in t h e  s t o m a c h s  it g i v e s  t h e  b e s t  a p p r o x i m a t i o n  o f  

the r e l a t i v e  v a l u e  of f o o d  i t e m s  in t e r m s  o f  b i o m a s s  a n d  

e n e r g y  ( W i n d e l l  a n d  B o w e n ;  1 978). H e n c e  f r o m  F i g . 30,

c r u s t a c e a ,  m o l l u s c a  a n d  p o l y c h a e t e s ,  rnay c o n s t i t u t e  t h e  m o s t  

i m p o r t a n t  f o o d  items.

T h i s  d i s t i n c t  p r e f e r e n c e  f o r  c r u s t a c e a n s  is h o w e v e r  

d n u b t f u l  as a r e f l e c t i o n  o f  p r i m a r y  i m p o r t a n c e .  T h i s  is due 

to t h e  f a c t  t h a t  e v e n  in a d v a n e e d  d i g e s t i o n  s t a g e s ,  i n d i v i d u a l  

c r u s t a c e a n s ,  m o s t l y  d e c a p o d s  c o u l d  s t i l l  be f o u n d .  T h i s  c o u l d  

per h a p s  be b e c a u s e  t h e  e x o s k e l e t o n  s e e m s  r e s i s t a n t  t o  

d i g e s t i o n  ( F o x t o n  a n d  Roe, 1 9 7 4 ) .  A l t e r n a t i v e l y ,  t h e  a p p a r e n t  

s e l e c t i v i t y  f o r  c r u s t a c e a n s  a n d  o t h e r  f o o d  o r g a n i s m s  in t h e  

o r d e r  g i v e n  by t h e  t h r e e  m e t h o d s  m a y  be m o r e  o f  a r e f l e c t i o n  

of t h e  g r e a t e r  a v a i l a b i l i t y  o f  t h e  s p e c i e s  d u r i n g  t h e  p e r i o d  

of i n v e s t i g a t i o n .  T h i s  p r o b l e m  c a n  o n l v  be r e s o l v e d  ove>' a 

l o n g e r  p e r i o d  o f  t i m e  w i t h  g o o d  q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e  

r e l a t i v e  a b u n d a n c e  o f  t h e  p r i n c i p a l  f o o d  o r g a n i s m s .

F e e d i n g  o n  f i s h  l a r v a e  a p p e a r s  to be n o n - s e a s o n a l  l o o k i n g  

at the w a y  t h e y  a r e  d i s t r i b u t e d  o v e r  t h e  m o n t h s .  

C o e l e n t e r a t e s  a l s o  a p p e a r  to be n o n - s e a s o n a l  ( F i g s . 31 & 32). 

T h e i r  s m a l l  n u m b e r s  i n d i c a t e  t h a t  t h e y  a r e  le s s  l i k e l y  to be 

e n c o u n t e r e d  by t h e  fish. F i g s . 31 a n d  3 2  s h o w  t h a t

p o l y c h a e t e s  a p p e a r  in t h e  s t o m a c h s  o f  t h e  f i s h  in M a r c h  

(1992)- T h e y  s h o w  a s e a s o n a l  c h a n g e  in i m p o r t a n c e  as f o o d  

for S_._ c a e r u l e o s t i c t u s . T h e s e  c h a n g e s  s u g g e s t  t h a t

p o l y c h a e t e s  m a y b e  r e a d i l y  a v a i l a b l e  t h a n  o t h e r  -Pood i t e m s
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d u r i n g  t h e s e  p e r i o d s .

T h e  p r e d a t o r  s i z e  - p r e y  s i z e  r e l a t i o n s h i p  -from t h e  d a t a  

w a s  s i g n i f i c a n t  (r = 0 . 6 9 ;  d . f  =18; p ̂  0 . 0 5 ) .  H o w e v e r  t h i s  

d o e s  n ot i n d i c a t e  t h a t  t h e  s p e c i e s  s e l e c t s  its p r e y  -Fish at 

r a n d o m  or n o t .

S p e c i m e n s  w i t h i n  t h e  l e n g t h  r a n g e  (13 - 2 5  crn) s t u d i e d  

s h o w e d  no e v i d e n t  c h a n g e  o f  d i e t  w i t h  i n c r e a s e  in si z e .

T h e  l e n g t h s  at f i r s t  m a t u r i t y  f o r  m a l e  a n d  f e m a l e  S. 

c a e r u l e o s t i c t u s  w e r e  1 0 . 4 0  cm. a n d  1 7 . 2 0  c m  r e s p e c t i v e l y .  

T h e s e  w e r e  q u i t e  c l o s e  to 2 0 . 9 0  cm a n d  1 9 . 5 0  cm f o r  m a l e s  a n d  

f e m a l e s  r e s p e c t i v e l y  w h i c h  Ri j a v e c  (1973) r e c o r d e d  in h i s  

s tudy. F r o m  t h e  d y n a m i c s  s t u d y  t h e  L c =0 = 1 0 . 7 4 7  cm.

Th e  r e s u l t s  o f  t h e  s p a w n i n g  s e a s o n a l i t y  g i v e  t w o  p e a k s ,  a 

m a j o r  o n e  b e t w e e n  S e p t e m b e r  a n d  O c t o b e r ,  a n d  a m i n o r  o n e  

b e t w e e n  J a n u a r y  to F e b r u a r y .  T h e s e  s p a w n i n g  s e a s o n s  c o i n c i d e  

w i t h  t h e  m a j o r  a n d  m i n o r  u p w e l l i n g  s e a s o n s  o f f  t h e  c o a s t  o f  

G h a n a  b e t w e e n  J u l y  a n d  S e p t e m b e r  a n d  F e b r u a r y  a n d  M a r c h  

r e s p e c t i v e l y  ( H o u g h t o n  a n d  M e n s a h  1970; R i j a v e c ,  1 9 0 0 ) .

T h e r e  is a n  e x p o n e n t i a l  r e l a t i o n s h i p  b e t w e e n  t h e  f o r k -  

l e n g t h  o f  S. c a e r u l e o s t i c t u s  a n d  its f e c u n d i t y .  E x a m i n a t i o n  

of t h e  e g g s  in a g i v e n  r i p e  o v a r y  s h o w e d  t h a t  t h e y  w e r e  o f  

s i m i l a r  s i z e s  ( a b o u t  0 . 4 9  mm) in d i a m e t e r  at d i f f e r e n t  

s e c t i o n s  o f  t h e  o v a r y .  T h i s  s u g g e s t s  t h a t  S. c a e r u 1e o s t i c t u s  

m a y  be a t o t a l  s p a w n e r .
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!■ S p a r  us caet-uleaat i c t u s  i n h a b i t s  h a r d  r o c k y  a n d  s a n d y  

b o t t o m s  b e t w e e n  t h e  2 0  a n d  7 0  rn d e p t h  c o n t o u r s  o n  t h e  

c o n t i n e n t a l  s h e l f  o f  G h a n a .  T h e  l a r g e r  S_;_ c a e r u l e o s t i c t u s  

o c c u r  in d e e p e r  w a t e r s .  T h e  low f r e q u e n c i e s  o f  s m a l l e r  f i s h  

o f  a b o u t  6 - 8 cm is d u e  to i n c o m p l e t e  r e c r u i t m e n t  s i n c e  t h e  

a v e r a g e  l e n g t h  at f i r s t  c a p t u r e  is 1 0 . 7 4 7  c m  b a s e d  o n  t h e  

m e s h  s i z e  <60 mm) u s e d .  T h e  m o s t  a b u n d a n t  c a t c h e s  o f  S. 

c a e r u l o s t i c t u s  o c c u r r e d  in S t r a t u m  B ( 3 0 - 5 0  m) f o r  t h e  D e r i o d  

u n d e r  s t u d y .

2. T h e r e  w a s  a r e l a t i o n  b e t w e e n  t h e  a v e r a g e  m o n t h l y  b o t t o m  

t e m p e r a t u r e s  a n d  t h e  m o n t h l y  c a t c h e s .  C a t c h e s  i n c r e a s e d  w i t h  

the b r e a k d o w n  o f  t h e  t h e r m o c l i n e  d u r i n g  u p w e l l i n g  a n d  

d e c r e a s e d  w i t h  t h e  r e t u r n  o f  t h e r m a l  s t a b i l i t y .

3. Six c o h o r t s  w e r e  p r e s e n t  in t h e  f i s h e r y ,  c o r r e s p o n d i n g  to 

ag e s  o f  0.5, 0 . 7 5 ,  1.0, 1.5, 2.0, a n d  2 . 5  y e a r s  r e s p e c t i v e l y .  

L o n g e v i t y  (tm ^«) is g i v e n  by 3 / K  (Pauly, 1 9 0 3 ). F r o m  t h e

study, t m « x_ = 3 / 0 . 4 S  a b o u t  6 . 2  y e a r s .  T h e  w o r k  o f  R i j a v e c

(1973) s h o w s  t h a t  S . c a e r u l e o s t i c t u s  in G h a n a i a n  w a t e r s  h a s  a 

life s p a n  o f  a b o u t  6 - 7  y e a r s .

4. T h e  r e l a t i o n s h i p  b e t w e e n  b o d y  l e n g t h  a n d  s c a l e  l e n g t h  is 

g i v e n  by t h e  r e c t i l i n e a r  e q u a t i o n :

L o g  L = 3 . 8 8  + 3 . 6 3  L o g  1 w h e r e  L r e p r e s e n t  t h e  f o r k  

l e n g t h  in cm a n d  1, the s c a l e  l e n g t h  in mm. T h e  b o d y  l e n g t h  

- n u m b e r  o f  c i r c u l i  r e l a t i o n s h i p  is g i v e n  f r o m  t h e  Lo g .  

t r a n s f o r m e d  e q u a t i o n :

C„ = 2 . 5 1 1 . 9  L° ■ *>'5’

10. SUMMARY
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G r o w t h  f o r  m a l e  a n d  -Female S. c a e r u l e o s t i c t u s  j a 

a l l o m e t r i c :  T h e  c o m b i n e d  w e i g h t - 1e n g t h  r e l a t i o n s h i p  is:

L o g  W = - 3 . 5 3  + 2 . 9 6 2  L o g  L w h e r e  W r e p r e s e n t s  bocjy 

w e i g h t  in g r a m m e s  a n d  L, t h e  -Fork l e n g t h  in cm.

5. T h e  g r o w t h  p a r a m e t e r s  o-F S. c a e r u l e o s t i c t u s  in G h a n a i a n

w a t e r s  w e r e :  L OCJ = 4 4 . 3  cm ( E L E F A N )

K = 0 . 4 8  ( E L E F A N )

t 0 = - 0 . 0 4 5 . ( P a u l y’s (1984) e m p i r i c a l  f o r m u l a

Fr o m  t h e s e  t h e  v o n  B e r t a l a n f f y  g r o w t h  m o d e l  is g i v e n  as:

L (t ) = 4 4 . 3  Cl - e x p ( - 0 . 4 8 (t + 0 . 0 4 5 ) ) ]

The m o r t a l i t y  r a t e s  o f  S. c a e r u l e o s t i c t u s  in G h a n a i a n  w a t e r s 

f r o m  the c a t c h  c u r v e  are:

Z = 2 . 4 7 7 / y r .

M = 0 . 8 5 6 /yr 

F = 1 . 6 2 1 /yr

The c o h o r t  a n a l y s i s  s h o w s  t h a t  f i s h  b e t w e e n  24 to 3 2  c m  w e r e  

the m o s t  h i g h l y  e x p l o i t e d .

6 . R e c r u i t m e n t  o f  S_._ c a e r u l e o s t i c t u s  o c c u r s  all y e a r  r o u n d  

w i t h  t w o  p e a k s  in J a n u a r y  a n d  S e p t e m b e r  as a r e s u l t  o f  t h e  t w o  

s p a w n i n g  s e a s o n s  w h i c h  o c c u r  a b o u t  6 - 7  m o n t h s  b e f o r e  e a c h  

r e c r u i t m e n t .  T h e  p r e d i c t i v e  d y n a m i c s  s h o w  t h a t  

S .c a e r u l e o s t i c t u s  m a y  be o v e r - e x p l o i t e d  a n d  h e n c e  t h e  f i s h e r y  

is in d a n g e r .  H o w e v e r ,  S. c a e r u l e o s t i c t u s  is p a r t  o f  t h e  

m u l t i s p e c i e s  f i s h e r y  in G h a n a  a n d  h e n c e  is n o t  t h e  o n l y  f i s h  

s e l e c t e d  by t h e  gear. T h e r e f o r e ,  c o n c l u d i n g  t h a t

91

University of Ghana          http://ugspace.ug.edu.gh



S. c a e r u l e o s t i c t u s  is o v e r - e x p l o i t e d  m a y  n o t  be c o r r e c t .  T h e  

c o n c l u s i o n  c a n  o n l y  be j u s t i f i e d  if d a t a  o n  t h e  o t h e r  d e m e r s a l  

f i s h  s p e c i e s  c a u g h t  in t h e  g e a r  a r e  a n a l y z e d  a n d  s i m i l a r  

r e s u l t s  a r e  o b t a i n e d .  U n t i l  t h i s  is a c h i e v e d  no c o n c r e t e  

c o n c l u s i o n  c a n  be m a d e .

7 , S. c a e r u l e o s t i c t u s  is a c a r n i v o r e .  T h e  p r e s e n c e  o f  t h e  

p e l a g i c  c r u s t a c e a n ,  G a m m a r u s  sp. in t h e  d i e t  s u g g e s t s  t h a t  S . 

c a e r u l e o s t i c t u s  m i g r a t e s  v e r t i c a l l y  u p w a r d  f o r  f e e d i n g .  T h e

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

s u g g e s t  t h a t  c r u s t a c e a n s  a r e  t h e  m o s t  i m p o r t a n t  f o o d  i t e m s  f o r  

the s p e c i e s .  S e a s o n a l  c h a n g e s  in f o o d  i t e m s  w e r e  n o t  c l e a r  

e x c e p t  in t h e  c a s e  o f  t h e  p o l y c h a e t e s .  S p e c i m e n s  s t u d i e d  

s h o w e d  no e v i d e n t  c h a n g e  o f  d i e t  w i t h  i n c r e a s e  in s i z e .

S. T h e r e  a r e  t w o  s p a w n i n g  s e a s o n s  f o r  S. c a e r u l e o s t i c t u s ; 

m a j o r  s p a w n i n g  b e t w e e n  A u g u s t  a n d  O c t o b e r ,  m i n o r  s p a w n i n g  

b e t w e e n  J a n u a r y  a n d  F e b r u a r y .  M a l e s  a r e  s e x u a l l y  m a t u r e  at a 

for k  l e n g t h  o f  1 8 . 4 0  c m  w h i l s t  t h e  f e m a l e s  a r e  s e x u a l l y  m a t u r e  

at 1 7 . 2 0  cm. D u r i n g  t h e  s p a w n i n g  p e r i o d s  t h e r e  is a

n o t i c e a b l e  i n c r e a s e  in t h e  c o n d i t i o n  f a c t o r  K. T h i s  i n c r e a s e  

is a n  a d a p t a t i o n  w h i c h  e n s u r e s  t h a t  t h e r e  is e n o u g h  r e s e r v e  

m a t e r i a l  f o r  t h e  d e v e l o p m e n t  a n d  f o r m a t i o n  o f  t e s t e s  a n d  

o v a r i e s .  T h e  r e l a t i o n s h i p  b e t w e e n  t h e  f o r k  l e n g t h  a n d

f e c u n d i t y  is e x p o n e n t i a l  a n d  t h e  L o g .t r a n f o r m a t i o n  is g i v e n  

by t h e  e q u a t i o n :

L o g  F = 1 . 3 6 7 1  + 2 . 9 4 7 9  L o g  L 

w h e r e  F r e p r e s e n t s  t h e  f e c u n d i t y  or n u m b e r  o f  e g q s  a n d  L.  t h e  

f o r k  l e n g t h  in cm.
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R E C O M M E N D A T I O N S

It is b e l i e v e d  t h a t  i m p l e m e n t a t i o n  a f  t h e  f o l l o w i n g  w i l l  

a s s i s t  in t h e  r a t i o n a l  e x p l o i t a t i o n  o f  t h e  S p a r u s  

c a e r u l e o s t i c t u s  s t a c k s  in G h a n a i a n  w a t e r s .

1. T o  m a x i m i s e  c a t c h e s  o f  S . c a e r u l e o s t i L t u s , it is a d v i s a b l e  

to trawl w i t h i n  s t r a t u m  B ( 3 0 - 5 0  m). In o r d e r  to p r e v e n t  o v e r  

f i s h i n g ,  a s a f e  p e r i o d  f o r  t r a w l i n g  s h o u l d  be b e t w e e n  t h e  t w o  

s p a w n i n g  s e a s o n s ,  n a m e l y  b e t w e e n  M a r c h  a n d  A u g u s t  a n d  b e t w e e n  

N o v e m b e r  a n d  J a n u a r y .  T h i s  w i l l  p r e v e n t  m a x i m u m  c a p t u r e  o f  

ths a d u l t s  w h i c h  m i g r a t e  i n s h o r e  to f e e d  a n d  s p a w n  d u r i n g  t h e  

s p a w n i n g  s e a s o n s .  It will t h e r e f o r e  e n s u r e  t h a t  e a c h  s p a w n i n g  

p e r i o d  wil l  be at its m a x i m u m .

2. T h e  e x p l o i t a t i o n  r a t e  E (F/Z) = 0 . 6 5 4 ,  f o r  S. 

c a e r u l e o s t i c t u s  is h i g h  as s h o w n  by t h e  y i e l d  p e r  r e c r u i t  

a n a l y s i s .  T h e  a n a l y s i s  f u r t h e r  s h o w s  t h a t  i n c r e a s i n g  t h e  m e s h  

s i z e  o f  t h e  g e a r  w i l l  not b r i n g  t h e  f i s h e r y  to t h e  d e s i r e d  

MSY. T h o m p s o n  a n d  Be l l  a n a l y s i s  s h o w s  t h a t  t h e  p r e s e n t  level 

of e f f o r t  (X = 1.00) w i l l  h a v e  to be r e d u c e d  by 5 0  7. to 

a c h i e v e  t h e  M S Y  (X = 0 . 5 4 ) .  T h e r e f o r e  t h e  n a t u r e  o f  t he 

e f f o r t  u s e d  in t h e  f i s h e r y  w i l l  h a v e  to be w e l l  d e f i n e d  a n d  

t he n e c e s s a r y  a c t i o n  t a k e n .  T h i s  i n v o l v e s  t h e  t y p e s  a n d  

n u m b e r s  o f  ge a r ,  t h e  n u m b e r s  a n d  t y p e s  o f  v e s s e l s  a n d  t h e  

n u m b e r s  o f  h o u r s  s p e n t  f i s h i n g .  T h e r e f o r e  t h e r e  is t h e  n e e d  

for a f u r t h e r  in d e p t h  s t u d y  o f  t h e  d y n a m i c s  o f  t h i s  s p e c i e s  

in o r d e r  to c o m e  o u t  w i t h  c o n c r e t e  r e g u l a t i o n s  o n  t h e  

e x p l o i t a t i o n  o f  t h e  s p e c i e s .

3. A d e t a i l e d  s t u d y  o f  t h e  e n v i r o n r n e n t a 1 f a c t o r s  o f  t h e  

K e t a ,  T e m a ,  a n d  A c c r a  s e c t o r s  s h o u l d  be u n d e r t a k e n  in o r d e r  to
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d i s c o v e r  t h e  r e a s o n  -For t h e  l ow c a t c h e s  in t h e s e  a r e a s .

4. W o r k  s h o u l d  be d o n e  o n  t h e  b i o l o g y  o-F S. c a e r u l e o s t i c t u s  

speci-Fica 11 y o n  t h e  h a r d  p a r t s  to d e t e r m i n e  a g e  in o r d e r  to 

v a l i d a t e  t h e  r e s u l t s  o-F t h e  B h a t t a c h a r y a  m e t h o d  w h i c h  o n l y  

g i v e s  r e l a t i v e  ages.
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MONTH AND YEAR MEAN MO N T H L Y  T E M P E R A T U R E /“C MO N T H L Y  C A T C H / T O N N E S

JUNE 1990 21 .59 141.12

JULY 1990 18 . 46 141.02

A U Q . 1990 17.20 118.49

S E P T . 1990 19.34 283. 53

OCT. 1990 21 .84 460.82

NOV. 1990 23.89 216.44

DEC. 1990 21 .89 153.98

JAN. 1991 20.16 220.66

FEB. 1991 20. 19 112.88

MAR. 1991 20. 49 93.27

APR. 1991 20. 42 110.56

MAY 1991 19.30 63. 19

TABLE 2. Mean m on th l y b ottom t e m p e r a t u r e s  and c a t c h e s  from June 1990 to May

1 9 9 1 . ( S o u r c e : F .R .U .B .,T e m a ) .
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•MONTH MEAN MODAL LENGTHS (CM1 OF C O H OR TS
L"B

O L"2 L ~3 L"4 5

J U N '90 7.971 12.551 17.633 - 24.157

J U L '90 7.881 18.471 27.500

A U Q ’90 8.294 18.062 22.839 27.893

S E P ’90 12.705 18.032 22.145 27.858

O C T '90 13.040 17.576 23.500

N O V’90 - 14.157 21.880 27.690

D E C ' 90 - 14.679 18.928 23.001 31.498

F E B’91 15.093 18.095 20.502

MAR * 91 10.000 16.611 24.000

A P R’91 10.792 - -

M A Y '91 10.500 16.445

9 .240 13.704 17.761 22.311 26.418 31.438

Table “J Mnan mndal le ngths of  c o h o r t s  of S* c a e r u l e o s t i c t u s  o bt a i n e d  from the

B h a t th ac h ar ya  analysis.
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STRATUM L E N G T H
R A N G E / c m

M O D A L
L E N G T H / c m

A B U N D A N T
L E N G T H
G R O U P S

N U M B E R S  
C A U G H T  IN 

E A C H  
S T R A T U M

A 5 - 3 2 10 6 - 1 4 9 1 4

B 7 - 3 9 14 9 - 2 7 9 6 0

C 0 - 3 6 17 1 5 - 2 6 941

TABLE 1. Length ranges, modal lemgths, most abundant length groups and 
numbers caught for S- caeruleostictus in strata A,B, and C.
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S P E C I E S Lacs K r A R E A S O U R C E

S . c a e r u l e o s t i c t u s 44. 30 0. 4B 2 . 9 7 G H A N A P R E S E N T

S T U D Y

S . c a e r u l e o s t i c t u s 44. 76 0. 49 2. 99 G H A N A R I J A V E C  
(1973)

S . c a e r u l e o s t i c t u s 7 0 . 0 0 0 . 1 5 2. B7 M A U R I T A N I A F A D  
( 1987)

S . c a e r u l e o s t i c t u s 55. 20 0. 2 9 2. 9 5 S E N E G A L F A O
(1987)

T A B L E  4. C o m p a r i s o n  o f  g r o w t h  p a r a m e t e r s ,  L ^ c  a n d  K o f  
5 . c a e r u l e o s t  i c t u s  w i t h  r e s u l t s  f r o m  o t h e r  a u t h o r s .
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MIDLFNGTH/rw PRnRflRTI.TTV SELECTION S MOOTH P RO BA B I L I T I E S

5 0.013B 0.01905

7 0.1092 0.07111

9 0.2392 0.23181

11 0.4972 0.54329

13 1 . 000 0.82423

15 1 .000 0 . S48B8

17 1 .000 0.98646

19 1 .000 0.99653

21 1 .000 0.99912

23 1 .000 0.99978

25 1 .000 0.99994

27 1 .000 0.99999

29 1 .000 1.00000

31 1 .000 1.00000

33 1 .000 1.00000

35 1 .000 1.00000

37 1 .000 1.00000

39 1 .000 1.00000

TABLE 5 n robahi 1 -it-ies of c a n t u r e  for 5 . c a e r u l e o s t i c t u s .
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TABLE 6 SPARUS CAERULEOSTICTUS

* ( e f f o r t  1 r v p I
\ Yield Mean Biomass

0.0000 0.00 24081.78

0.2000 3947.12 13583.81

0.4000 4976.96 8710.61

0.6000 5 0 S 3 .85 6128.12
jf

0.8000 4 B B 9 . 49 4606.76

1.0000 4608.90 3629.28

1.2000 4319.25 2956.47

1.4000 4049.42 2468.37

1.6000 3801.24 2100.06

1.8000 3581.34 1 81 3. B6

2.000 3385.78 1586.46

2.2000 3211.86 1402.59

2.4000 3056.86 1251.81 j

2.6000 2918.29 1126.68

2.8000 2793.96 1021.77

3.0000 2681.99 933.01

3.2000 2580.76 857. 30

3.4000 2488.90 792.22

3.6000 2405.23 735.89

3.8000 2328.76 686.81

4.0000 2258.62 643.78

TABLE 6. Results of the Thompson and Bell Analysis
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Le = 10.747 cm

E V  / R I Y* / R

0.05 .0056064 0.55 .0276103

0.10 .0106047 0 .60 .0265610

0.15 .0149655 0.65 .0250375

0.20 .0187413 0.70 .0231049

0.25 .0218672 0.75 .0208448 ,

0.30 .0243613 0.80 .0183572

0.35 .0262255 0.85 .0157612

0.40 .0274663 0.90 . 0131940

0.45 .0280963 0.95 .0108053

0.50 .0281349 1 .00 .0087423

LC s 14.619

E Y 1 / R _ E Y ’/ R

0.50 .005205 0.55 .0320904

0.10 .0105446 0.60 .0318489

0.15 .0150610 0.65 .0311305

0.20 .0190596 0.70 .0299723

0.25 .0225314 0.75 .0284234

0.30 .0254692 0.80 .0265473

0.35 .0278680 0.85 .0244237

0.40 .0297257 0.90 .0221497

0.45 .0310438 0.95 .0198390

0.50 .0318282 1 .00 .0176184

TABLE 7 Results of the relative yield per recruit analysis.
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1. B I V A L V I A

P e c t e n  s p .

C a r d i u m  s p .

2. F I S H  L A R V A E

M A D E  U P  O F  F I S H  B O N E S ,  S C A L E S  A N D  J U V E N I L E  W H O L E  F I S H  

I D E N T I F I C A T I O N  O F  F I S H  W A S  D I F F I C U L T

3. P O L Y C H A E T E S

N e r e  i s s p .

4. C Q E L E N T E R A T E S

C a r a  1 s

5. C R U S T A C E A N S

D e c a p o d s

S t o m a t o p o d s

A m p h i p o d s :  G a m m a r u s  sp.

T A B L E  S. L i s t  o f  f o o d  o r g a n i s m s  i d e n t i f i e d  in s t o m a c h s  o f  

S .c a e r u l e o s t i c t u s .
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T A B L E  1 0
rrfUMifUcAL f*l THoo 0F ST0.MVCH. CpNl Ein ANALY SI S 

PGGD ITEMS

N O V . '91 n o l l u - s c s i s h ' l a r v a j

Icgtileritft- '
s p o l y c h a e t e s  .r a ^ (fes

c i ' u s t a c e a TOTAL

N o . of
orga ni sm s  in 
stomachs

5
’ !

... J

0
0 1

.1
18 30

X of Orga ni sm s  
in stomachs

i6.ee 23.33 0 0 60

JAN 9 2 

Number of 
organisms -in 

stomachs

8 3 0 0 40 51

X of O rganisms 
in stomachs

15.69 5 . 38 0 0 78 . 43

M A R . ‘92 
N o . of
Organisms in 

stomachs

13 ,9 1 12 45

x of organi sms 

in stomach

29 . 55 0 43.18 2.22 27 . 27

MAY '92 
No. of
organisms in 
stomacha

21 1 19 1 50 92

X of organisms 

in stomachs

22.03 1 . 09 20 .65 1 . 09 54 . 35

JULY 
N o , of

organisms in 
stomachs

61 0 28 0 104 193

X of organisms 31.60 0 14,.. O 53 . 63

&££. ' S2 
No. of
organisms in 
stomach

12 0 G.t? O 0 81

X of organisms 
in stomach

16.05 0 83.95 0 0

NOV. 19 2 
N o . of

organisms in 
stomach

9 5 2 1 23 40

X of o rganisms 
in stomach

J 22.5

i-

12.5 5 2.5

' — - -

57.5

MCL, '92 
No. of

organisms in 

stomach

11» 4 2 • 0 35 57

X of orga ni s ms  1 28.07 

in stomach
--------------—- - -

7 . 02 3.5 1 0 6 1.4
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TABKE it . points method of stomach content analysis

NOV.'91 tool1uses f j shlarvac polychaetes

0

coelenter- 
afes . ■ crustacea TOTAL

NO. OF 
POINTS 8 36 °

76

X 7.60 *6 0 0 43
t!

!

JAN.'92 
HO. OF 
POINTS

16 24 0 0 78 1 13

X 13. 50 20.31 0 0 66. 10

M A R . 92 

NO. OF 
POINTS

a 0 3a 8 24 95

X 26.32 0 40 6. 42 27.37

MAV '92 
NO . OF 
POINTS

42 e 38 4 100 192

X 21 .06 < i; is <■> 2.08 52.08

J U L Y '92 
NO. OF 
POINTS

112 0 56 0 206 374

X 29 . 9S 0 >4,9' 0 55.06

S E P . '92 
NO. OF 
POINTS

26 0 136 2 0 164

X 16.05 0 83.95 1.22 0 j

NOV.'92 
NO. OF 
POINTS

24 24 8 4 46 106

X 22.64 22.64 7.55 3.77 43.40

DEC'92 
NO. OF 
POINTS

32 16 6 0 70 124

||

X 25.81 12. 90 4 64 0 56.45

!
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PERCENTAGE
OC CU RE NC E POINTS METHOD N U M E R I C A L  ME T H O D

FOOD ITEMS
FREQUE
-NCY

■/. FREQUE
-NCY

■/. F REQUE
—NCY

%

'MOLLUSCS 50 31 . 25 283 22. 80 1 46 7. 79

FISH LARVAE 19 1 1 . SS 108 8. 70 20 3. 39

POLYCHAETES 43 26. SS 282 22. 72 138 23. 43

COELENTERATES 3 1 . SS IB 1 . 45 3 0.50

CRUSTACEANS 87 54.38 560 45. 12 282 47. 88

T A B L E  12. S u m m a r y  a-F f o o d  a n a l y s i s  in s t o m a c h s  a-f 
S .c a e r u l e o s t i  c t u s .
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STAGE STATE DESCRIPTION

I VIRGIN Very small sexual organs, 
close under the ventral 
column Testis and ovary 
transparent, colourless 
Eggs invisible to the naked 
eye.

II Maturing virgin and 
recovering spent

Testis and ovary translu­
cent gray-red. Length half 
or slightly more than half 
the length of the ventral 
cavity. Single eggs can be 
seen with magnifying glass.

III Developing Testis and ovaries opaque 
reddish with blood capilla­
ries. Occupy, about half 
of ventral cavity. Eggs 
visible to the eye as 
whitish granular.

IV Developed Testes reddish white. No 
milt drops appear under 
pressure. Ovary orange- 
reddish. Eggs clearly dis­
cernible opaque. Testis 
and ovary occupy about two- 
thirds of ventral cavity

V Gravid Sexual organs filling 
ventral cavity. Testis 
white, drops of milt full 
with pressure. Eggs com­
pletely round, some already 
translucent and ripe.

VI Spawning Roe and milt run with 
slight pressure. Most eggs 
translucent with few 
opaque eggs left in ovary.

VII Spent Not yet fully empty, no 
opaque eggs left in ovary

VIII Resting Testis and ovary empty red. 
A few eggs in the state of 
reabsorption.

TABLE 13: An eight point scale of gonad maturity adapted 
from Laevestu (1965).
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F OR KL ENGTH/CM f e c u n d i t y

23 3 214,000

1 8 2 84,000

II
1 7 5 45,204

j 19 3 162,322

21 3 250,612

24 5 316,200

19 1 202,421

1 9 2 140,000

10 0 62,300

18 0 145,116

19 1 3 20,245 - I

23 3 3 60,128

24 6 196,405

22 4 2 1 2,400 |!

20 0 2 00 ,000

21 0 1 12,000

1 7 5 124,000

1 a 2 150,000
!

i;

1 9 4 205,144
I

1_______
23 0 I i f - i t f

i

TABLE 14: Forklenqths of qravid female S. c a e r u l e a s t i c t u s  and their c o r r e s o o n d i n q  fecundities.
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VON B E RTALANFFY MODEL B H A T T A C H A R Y A  METHOD

AGE/YR F0 R K L E N G T H / C M COHORT AVER A G E
L E N G T H / C M

0 . 5 0 1 0 . 1 9 1 9. 2 4 0

0. 75 14. 05 2 1 3 . 7 0 4

1 .00

j

17. 4 7 3 1 7 . 7 6 1

1 . 50 23. 20 4 2 2 . 3 1 1

2 . 0 0 27. 70 5 2 6 . 4 1 0

2. 50 31 . 24 6 3 1 . 4 9 0

T A B L E  15. C o m p a r i s o n  o f  m e a n  l e n g t h s  F r o m  t h e  B h a t t a c h a r y a
a n a l y s i s  w i t h  m e a n  l e n g t h s  f r o m  t h e  V o n  B e r t a l a n f f y  
G r o w t h  m o d e  1.
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C O U N T R Y N A T U R A L  
M O R T A L I T Y  (M)

F I S H I N G  
M O R T A L I T Y  (F)

T O T A L
M O R T A L I T Y  <Z)

M A U R I T A N I A 0. 24 0. 8 0 1 .04

G A B O N 2 . 8 2 2 . 5 0 5. 3 2

j G H A N A 0. 86 1 . 6 0 2. 46

T A B L E  16. M o r t a l i t y  e s t i m a t e s  o f  S . c a e r u l e o s t i c t u s  in d i f f e r e n t  
w a t e r s .  ( S o u r c e ,  F A D ,  1 9 8 7 ) .
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ZONE A PP ROXIMATE
AREA

( NM 2)

STRA TA S UB S T R A T A NO. OF 
S EC T OR S

NO. OF 
S T A - T I O N S

EAST 1 5 2 0 I 1 4 7 10
II 2 5 8 11 4 13

III 3 6 9 12 13

C EN TR A L 3 0 6 0 IV 1 4 15 2 0  21
V 2 6 27  3 2 4 21

VI 1 6 17 23
2 8 29  23
1 8 19 24 25
3 0  31 34

VII 3 5  38
8 2 0 VIII 3 6  39 2 6

WEST IX 3 7  40

TOTAL 5 4 0 0 g 40 10 40

A PP EN D IX  1. St a t i o n s  in the s u r ve y  d e s i g n  a rea  (After Koranteng, 1980).
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LENGTHS 1 «'tl 1 KETA TEMA

F RE QUENCIES
ACCRA WI NNEBA SALTP ON D  CAPE COAST TAKOR. HALF ASSINI

l ' 1 --------- ------ --  .

5 0 1 4 - -

6 1 _ - 2 9 5 -

7 a _ 4 21 13 19 -

a 9 _ 9 10 31 -

g 10 _ _ 41 23 20 -

10 a 2 _ 37 37 25 1

11 4 6 29 22 17

12 3 15 A 38 18 -

13 12 20 36 29 _ -

14 16 13 30 25 1 1

15 9 13 2 a - -

16 3 10 10 13 -

17 2 1 2 7 3 -

18 _ 3 3 12

19 _ 4 _ 7 -

20 1 a 1 3 *  t

21 2 1 1 3 3

22 _ 3 1 2 5

23 3 1 _ 2 14

24 5 _ 2 8

25 2 1 2 2 6

26 1 6 1 1 5

27 5 1 -
[I

2 fi

28 2 5 - -

29 5 5 2 _

30 5 4 1

31 2 2

32 1 -

33 -

34 2

35

36

37

3S

from June 1990 - May 1991-
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LE

(c

6
7
8
9

10

11
12
13
14
15
16
17
1 8
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

F R E Q U E N C I E S

KETA TEMA ACCRA WINNEBA SALTFOND CAPE-
COAST

2 14
6 8

7 8 19 
32 18 18 
27 20 17
19 22 15
8 21 16
3 16 24 
6 14 2b 
5 11 22 
5 8 29
4 12 .11 
4 6 18

13
4 6 8
4 5 9
5 4 6
3 5 6
4 6 10

10 9 8
9 5 6
8 3
2 3
2 1
1 3

2
1

11

1
11
1 1 1 1
II 5 2
20 7 1 
1 1 3  1
8 3 2“~y

4 6
6 9
3 9
4 9 

1 1 4  3
1 4 3

b
b b 1 
I 1 1

11 1 1  

4 - 2
I I I
5

3 Pooled length-frequency data for S. caeruleostictus in stratum B 
from June 4990 - May 1991.
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lengths

FREQUENCIES

cm) KETA TEMA ACCRA WINN
EBA

SALT
POND

CAPE
COAST

TAKORADI

b
b
7 2

-
-

a .1 1
<J 6 2 1
10 16 24 4 1
11 23 24 5 3
is 31 13 , 3 12 3
1 j 16 12 1 14 4
14 19 4 2 14 12 8
15 27 4 6 14 14 1 7
la 13 2 17 12 17 10 6
17 6 6 9 28 27 4 2
IB 4 12 6 28 24 2 3
19 2 3 11 14 17 4 b
20 2 3 4 15 19 5 2.
21 2 2 2 10 23 1 b22 1 1 1 6 18 4 123 2 - 2 2 14 3 2
24 1 1 5 1 15 o 125 , 6 2 - 1 13 4 126 3 3 2 9 4 127 4 2 2 11
28 2 2 - 2 11 229 1 - 2 1 4 230 - 1 6
31 1 — 4
32 - - 1 !
33 - 1
34 1 _ _
35 - _ _
36 - — 1 _
37 — — - - -

Appendix 4 Pooled length-frequency data for S 
from June 1990 - May 1991.

. caeruleostictus in stratum C
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F R E Q U E N C I E S

lengths

(cm) KETA TEMA ACCRA WINN
EBA

SALT
POND

CAPE TAKORADI 
COAST

b
(>
1 2

-
- -

it 1 1 - --
>J 6 2 1 -
10 16 24 4 - 1
1 1 23 24 5 3
12 31 13 ,3 12 - 3
] -j 16 12 1 14 4
L-1 19 4 2 14 12 8
Lb 27 4 6 14 14 1 7
1 b 13 2 17 12 17 10 6
17 6 6 9 28 27 4 2
It! 4 12 6 28 24 2 3
1<J 2 3 11 14 17 4 b
20 2 3 4 15 19 5 2
21 2 2 2 10 23 1 b
22 1 1 1 6 18 4 1
r23 2 2 2 14 3 2
24 1 1 5 1 15 3 1
,25 , 6 2 1 13 4 126 3 3 9 4 127 4 - 2 2 11
28 2 2 - 2 11 2
29 1 - 2 1 4 230 - 1 6
31 - 1 - — 4 f_.
32 - - 1 1
33 - - 1
34 1 - — _ _
35 - - _ _
36 - - 1
37 — — — —

Appendix 4 Pooled length-frequency data for S. caeruleostictus in stratum C
from June 1990 - May 1991 •
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1
b

16
23
31
16
19
27
13
6
4
2
2
2
1
2
1
6
3
4
2
1

1

F R E Q U E N C I E S

TEMA ACCRA WINN- SALT CAPE TAKORADI
EBA POND COAST

2
1
2

24
24
13
.12
4
4
2
6

12
3
3
2
1

1
2

1
4
5 
, 3
1
2
6 

17
9
6

11
4 
2 
1 
2
5

3
2
2
1

3
12
14
14
14
12
28
28
14
15 
10
6
2
1
1
2
2
2
1

12
14 
17 
27 
24
17 
19 
23
18 
34
15 
13
9 

11 
11 
4 
6 
4

1
10
4
2
4
5 
1 
4 
3
3
4 
4

2
2

3
4 
8 
7 
6 
2 
3
5 
2 
5 
1 
2 
1 
1 
1

1

1

2

1

1 1

1

Pooled length-frequency data for S. caeruleostictus in stratum C 
from June 1990 - May 1991.
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f r e q u e n c i e s

LENGTH
(CM)
5

10
11
12
13

KETA

8

10
16

31

59

61

47

TEMA

10

34

48

48

54

ACCRA

14

23

WINNEBA SALT-
POND

4

21

10
52

23

20

16

51

52

38

13

18

23

37

23

44

40

CAPE-
COAST

0

20

34

20

25

18

20

TAKO-
RADI

HALF-
ASSIN

14 43 39 18 61 40

15 39 33 30 52 25

16 22 26 42 14 37 10
17 13 29 31 42 36

18 23 35 41 45

19 19 22 20 33

20 29 22 19 31

21 15 15 29

22 10 24

23 11 21
24 10 11 22

25

26

27

28

29

30

11

14

13

14

17

16

13 15 11
1*5 10 11
12 12

3

5

14

Appendix 5 Pooled length-frequency data for S. caeruleostictus in sectors 
Irom June IQ90 - May 1991. “ ------------------

1

5926 1

1527

8

989
2

3

41

81

73

6

4 2

9 3 3 1

6 4 5

7 5 2

4 3 1 5 1

5 9 8 7 1

9 6 3 3 2 1

6 6 4 1 2

8 6 2 5 1

8 5 1

7 2

6 4 3 8

8 2 6 5 2 6

7 7 1 2 6 5
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LENGTH
(CM)

KETA TEMA ACCRA WINNEBA SALT-
POND

CAPE-
COAST

TAKO­
RADI

HALF-
ASSIN

31 2 4 - 1 3 - - 2
32 2 4 1 3 1 - - -

33 - 2 - 3 1 - - -

34 1 1 - - - - - -
35 - - - - - - - -

36 - - 1 - - - - -

37 - - - - - - - -

38 - - - - - - - -

39 - 1 - - - - - -

Appendix 5: (cont,d)
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FREQUENCY

LENGH

_9_

10

11
12

13

14

15

16

17

JUNE JULY A U G . SEPT OCT. NOV. DEC. FEB. MAR. A PRIL MAY

1990

22

20

1 5

18

42

32

38

27

38

38

41

1990

13

16

22

14

1 990

54

51

125

112

1 12

55

37

34

22

30

1990

0

0

12
12

10

1990

13

23

16

22

1990

24

35

75

108

103

88

70

43

1990 1991

12

1991

0

0

15

19

1991

14

15

1991

18 53 31 36 15

19 31 27 1 7 10

20 30 36 1 6

21

22

20 11
21

1 3

14

23

18

23

24

25

1 7 

22

19

1 4

7

19

1 4

19

26

27

26

17

17

10

14

1 4 19

28 10 13 21
29 11 13

30 19

31

32

33

34

35

36

37

3B

39

A PPENDIX 6.

Iooled length-frequency data for S. caeruleostictus for the entire 
continental shelf (sectors and strata) from June 1990 - May 1991•

o0 0
5 40

00 096 3

002 0003 27

700

43 0

720

70 □63

73 0 20

a3 2040

08 7 3

35 073

6 772

602 35 2a

23 8 06 25

4 05 15

6 0 32 2 25 3

25 2 3 0

1 2 06

0 25 2 0

430 2

0 0 07 5

26 0 3 0

0 3 G 0

4 9 0n 0 0 2 0

7 2 00 0 0 0

0 2 5 0 0 0 0 0

3 □ 2 0 6 0 0 D 0

3 0 0 0 0 5 0 □ 0 0

0 0 0 0 2 0 0 0 0 0

0 0 0 D 0 0 c 0 0

□ 0 0 0 0 0 0 0 0

0 □ 0 0 2 0 0 0 0 0

0 0 0 0 0 0 0 0 0 0 0

r' r 0 0 0 0 D 0 0 0 0

0 0 0 0 0 0 0 0 0 0
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F OR KL EN OH T H/ CM SCALE LENOTH/MH

16.a 5

21.2 7.5

17.a 6.0

32.0 a. 5

20.2 7.0

18.0 6.0

15.0 6.5

18.3 5.0

16.6 7.0

15.2 6.0

11.0 5.0

25. 2 3.5

7.0 7.0

33.0 3.0

15.2 9.0

20. 1 5.0

19.0 7.0

17.4 6.0

13.5 6

19.2 4.5

18.9 6.5

14.5 7.0

15.5 5.0

14.0 5.0
16.a 5.0

14.0 5.0

A P P E N D I X  7. A v e r a g e  fork lengt h  and a v e r a g e  scale le ngth for 

3. caeruleost-i c t u s .
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f o r k l e n g t h /c m NO. OF C I RCULI

7 116.0

11.2 144.0

12.5 170.91

13.5 182. 1

14.5 192.0

15.2 2 07 . 0 I

16.7 215.5

17.6 229.3
18. 33 244.3
19.3 249.2
20. 2 272.6
21 .2 286.0
32.5 320.0
33.6 3 44.0

APHtNDIX 8. A v e r a g e  fork length and a v e r a g e  n u m b e r  of

circuli for S. c a er uleostictus.

126

University of Ghana          http://ugspace.ug.edu.gh



Length Wt. Relationship

9 pecies. Sparus na ar u l Q o s tjgtyjg

M A L E S

Lsngh/cm Wt/g Length Wt Length Wt

10.0 142 15.5 88 12.0 68

24.0 344 20. 5 221 .0 14.1 70

21 .0 250 24.1 353 15.5 122

19.0 232 22.0 264 18. 5 199

23.0 455 19.5 203 20.0 222

18.0 184 13.1 57 27.2 479

19.0 216 19.0 174 27. 1 464

21 .0 282 17.8 142 28.3 570

17.0 133 16.8 144 19.5 188

15.2 102 17.4 145 26.6 484

15.2 103 21.2 235 20. 6 236

27.2 477 18.0 160 24 . 1 372

19.5 188 ia.5 155 27.4 472

19.3 207 20. 1 208 25.3 430

inmCVJ 342 15.5 68 17.5 153

20. 5 224 16.4 114 22.0 286
20. 5 205 19.5 1 a 1 15.6 58.5

20. 0 254 16.2 1 20 15.0 76. 4

21 . 5 676 17.5 136 16.8 51 .8
30. 1 239 15.5 86 14.9 58. 9
22 .0 184 22.0 267 27.0 484.4
19.7 289 24 . 0 344 15.6 65. 6
22 . 6 213 13.0 60 15.0 50.5
20. 1 156 21 .0 250 17.2 76.4
18.3 246 12.0 54 17.0 121 .3

21 .0 110 17.2 191 14.9 90
16.5 219 18.0 184 18.3 152

20. 1 303 15.0 103 20. 4 220
22.3 368 17.1 1 45 23.6 321
24 . 6 256 12.3 49 28.2 500
21 . 7 318 12.0 56 29. 4 520
23 . 5 339 12.1 50 30.0 534
23 . 9 163 14.0 84 22.3 260
18 . 4

Appendix 9 Weights and lengths for male S. caeruleostictus.
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MALES CONTD.

Length Wt Length Wt

27. 4 476 14.2 72

14.3
16.1

77
110

15.2
11.3

74
48

22.0 264 16.3 144

13.0 80 12.4 50

15.2 74 19.7 184

16.3 140 18.4 163

17.0 188 23.2 300

18.2 184 13.1 60

12.0 55 16.5 113

19.2 236 15.0 72

23.0 313 17.8 156

24.0 344 17.0 150

19.3 235 24.1 350

14.0 70 20.0 208

20.0 219 20.0 201

21.2 234 19.1 105

23.4 320 16.2 >1-0
27.2 470

29.4 524

32.0 531

21 .0 230

16.2 130

17.8 194

19.2 231

31 .0 527

22.1 271

14.3 7B

15.6 86

20.2 220
13.4 60

18.2 184

13.0 59

Appendix 9 (cont'd).
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FEMALES

Length Wt Length Wt Length Wt

22. 1 267 16.6 125 14.1 78

21 .0 276 10.3 1 54 19.1 21 4

17.1 191 15.0 02 19.2 216

17.0 145 17.3 139 21 .3 28 2

19.0 214 15.9 100 17.2 133

15.5 122 17.5 132 26.4 454

18.5 190 10.0 136 26 .3 503

20.0 222 14.0 80 22.0 273

26.3 502 17.5 130 21 .2 264

22.0 272 15.0 02 19.3 207

21.3 266 14.5 79 18.0 154

27.1 464 18.9 167 23.5 340

26.2 569 19.2 171 22.5 310

10.0 152 13.5 66 26.5 479

22.5 310 10.5 162 24 .0 370

19.3 187 10. 1 150 23.5 378

23.0 304 15.9 106 23.7 356

24.9 400 16.0 90 15.0 55.7

20.4 210 10.5 163 15.4 95.5

17.9 139 19.0 102 17.0 60.2

12.1 43 21 . 6 246 28.0 472.2

21.5 243 10.5 110 22.1 2 3 1 . a

10.0 148 15.5 80 19.0 187.0

18.7 176 14.0 66 18.5 147.4

17.0 121 20.0 234 22.0 218.2

14.0 64 10.0 142 18.5 150.5

15. 6 107.5 19.0 170 21 .6 242.0
18.3 155.5 15.0 102 19.0 214.0
12.9 54.5 19.1 232 18.5 149.0
18.5 160.0 23. 2 216 16.0 95.5

14.7 62.5 15.1 108 15.5 84
15.2 90 21 .0 276 17.5 132
15.2 92 23.4 455 16.2 120

Appendix ^  Weigths and lengths of female S. caeruleostictus
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m o n t h s
COND IT I ON  F AC TO R  (K) 

P R E S E N T  S T UD Y R I J A V E C 8  STUDY

M ARCH
2.83 2.34

APRIL
2.81 2.33

M ARCH 2.84 2.41

JUNE 2.85 2.39

JULY 2.80 2.31

AUGUST 2.97 2.48

SEPT 2.94 2.45

OCT 2.93 2.47

NOV. 2.95 2.42

DEC. 2.85 2.33

JAN 2.97 2.45

FEB. 2.B2 2.34

APPENDIX 11. M e a n month ly  c o n d i t i o n  for the present study and R i j a v e c’s (1973) study.
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t/per yoar. dt L (t)/cm d L ( t ) / c m dL(i)

dt

L( t +) + L ( 0 ) / 2  

1 cm

0 5 9.240 17.042 13.501

1 .0 0.5 17.761 8.521 9.100 20.036

1.5 0.5 22.311 4.550 8 .214 24.365

2.0 0.5 26.418 4.107 10.160 28.958

2.5 0.5 31.498 5.08

_ _
AP P E N D I X  12. Input i for t he  Gull an d a n d H o l t plot.

t/yr L (T) / CM - L N ( 1 - L ( T ) / L o o

0.5 9.240 0 .2 25  G

1.0 17.761 0.490

1.5 22.311 0 .6 6 7

2.0 26.418 0.859

LL ... r r . 31 .498 1.163

Input d a t a  f or  the v on  B e r t a l a n f f y  plot
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Interval

4 . 0 0 ­
6 . 00- 
a . o o -  
10. oo 

12.00 

14.00­
16.00­
1 8.00­
2 0 . 0 0 ­

22.00 
2 4 .CO- 

26.DO- 
28. 00- 

30.DO- 
3 2 . 0 0 ­
3 4 . 0 0 ­
3 6 . 0 0 ­
38.00-

6.00 
8 . 00 

1 0 . 0 0  
12.00
14.00 
16 . 00
18.00 
20 . 00 
2 2 . 0 0  
24 .00 
26 . 00 
28.00
30.00

32.00
34.00
36.00
38.00 

pi us

14.500
133.000

255.000
466.000
492.000
4 1 2 .000
331.000
243.000
171.500

12 9 .000
121.500

134.500
86.500
30.500 

8 . 500 
3 .000 
1 .000 

1 . 00 0

X* )

1.0464 
1.0490 
1.0518 

1.0550 
1.0587 

1.0628 
1.0675 

1.0731 
1.0756 

1.0874 
1.0969 

1.1087 
1.1238 

1.1438 
1.1714 

1.2123 
1.2707 

0.0000

N

6689.66 
6095.30 
5412.55

4649.82 
3735.71 

2868.51 
2151.96 
1578.24 

1144.16

822.82 
576.78 

368.61 
178.56 

64.41 
22.57 

9.19 
3. 78

1 . 53

F/Z

0

0.0244 

0. 1948 
0.3343 

0.5098 
0.5673 

0 .5750 
0.5769 

0.5598 
5337 

0.5263 

0.5837 

0.7077 
0.7578 

0.7289 
0.6354 
0.5544 

0.4445 
0.6540

0.0214 

0.2071 
0. 4299 
0.8902 
1.1225 

1.1580 
1.1673 

1.0886 
0.9797 

0.9512 
1.2001 
2.0724 

2.6783 

2.3020 

1.4915 
1.0649 
0 .6850 

1.6180

0.8774 

1.0631 
1.2859 

1.7462 
1.9785 

2.0140 
2.0233 

1.9446 

1.8357 

1.8072 

2.0561 
2.9284 

3.5343 

3 .1580 
2.3475 
1.9209 
1.5410 

2.4740

*) X = ((LB-L(i))/(LB-L(i+1)))-(M/2K)

Interval W + ) meanll ») m ean N «W C»W

4.00- 6.00 0.0387 677. 404 1 26.2281 0.5614

6.00- 8.00 0.0995 642.5382 63.9317 13.2395

8.00-10.00 0.2049 593.1345 121.5479 52.2558

10.00-12.00 0.3671 523.4951 192.1522 171.0482

12.00-14.00 0.5980 438.3197 262.1299 294.2325

14.00-16.00 0.9099 355.7796 323.7112 374.8641

16.00-18.00 1.3145 283.5589 372.7343 435.0949

18.00-20.00 1.8238 223.2174 407.0985 443.1776

,20.00-22.00 2.4 496 175.0532 428.8026 420.0989

22.00-24.00 3.2036 136.1443 436.1520 414.8665

24.00-26.00 4.0976 101.2458 414.8691 497.8637

26.00-28.00 5.1434 64.8992 333.8015 691.7846

28.00-30.00 6.3525 32.2967 205.1639 549.4885
30.00-32.00 7.7365 13.2496 102.5060 235.9642

32.00-34.00 9.3072 5.6991 53.0420 79.1109
34.00-36.00 11.0759 2.8171 31.2015 33.2278
36.00-38.00 13.0544 1.4403 18.8018 13.0544
38.00 Plus 15.2249 0.6181 9.4098 15.2249

T otal 3 803.2842 4735.1582

Mean F (L > 4) .6502 (weighted by stock number)

Appendix 15 Computational details of the cohort analysis of
S. caeruleostictus.
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F o r i kength/cm ....
Total leng th /c m

1 14.9
1 . 2

14.9 1.0

15.0 1 .0

I 15.0 1.2

15.6 2.0

16.8 1.9

16. 8 2. 1

16.8 3.2

18.0 2.2

18.0 2.5

18-1 3.2

20. 1 1.5

20.1 3.0

21 .2 1.5

22.0 2.8

23.9 2.3

24.2 3.2

24.7 3.3

25.2 3.0

26.0 4.0

A ppendix Fork lengths of predator fish(S. caeruleostictus) with their
corresponding total lengths of prey fish.

133

University of Ghana          http://ugspace.ug.edu.gh



LENQTH GROUP 
<CM)

I MMA T UR E FI9H M A T U R E  FI3H T OT AL  NO. OF 
FI3H

* OF MATU RE D 
FI3H

11.5 - 12.5 5 0 5 0

12.5 13.5 15 0 15 0

13.5 - 14.5 15 0 15 0

14.5 ' 15.5 33 0 33 0

15.5 " 16.5 12 3 15 20 '

16.5 - 17.5 32 19 51 37.25

17.5 - 18.5 4 48 52 92.30

18.5 19.5 0 25 25 100

19.5 - 20.5 0 4 4 100

20.5 21 .5 0 10 10 100

21.5 - 22.5 0 12 12 100

I 22.5 23.5 0 6 6 100

23.5 24.5 0 11 11 100

24.5 - 25.5 0 2 2 100

25.5 26.5 0 16 16 100

26.5 - 27.5 0 0 0 100

27.5 28. 5 0 3 3 100

28.5 29.5 0 0 0 100

appendix 17 pork lengths and corresponding percentage maturities for
S. caeruleostictus.
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LENGTH GROUP 
(CM)

IMMATURE FISH MATURE FISH TOTAL NO. OF 
FISH

X OF MATURED 
FISH

11.5 - 12.5 4 0 4 0

12.5 - 13.5 16 0 16 0

13.5 - 14.5 17 0 17 0

14.5 - 15.5 20 0 20 0

15.5 - 16.5 22 0 22 0

18.5 17.5 28 0 28 <f

17.5 18.5 36 12 48 25

18.5 - 19.5 7 29 36 80

19.5 - 20.5 0 6 6 100

20.5 - 21.5 0 10 10 100

21.5 22.5 0 8 8 100

22.5 23.5 0 11 11 100

23.5 - 24.5 0 7 7 100

24.5 - 25.5 0 0 0 0

25.5 26.5 0 3 3 100

26.5 - 27.5 0 4 4 100

27.5 28.5 0 2 2 100

28.5 29.5 0 0 0 0

w . . .  -

APPENDIX 18 Fork lengths and corresponding percentage maturities for
S. caeruleostictus.
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MONTHS MATURED NUMBER % OF FISH
AND YEAR FISH SPAWNING SPAWNING

MARCH 1992 11 0 0

APRIL 1992 14 0 0

MAY 1992 7 0 0

JUNE 1992 8 0 0

JULY 1992 5 1 20

AUGUST 19 92 8 2 25

SEPTEMBER 1992 18 13 72

OCTOBER 199 2 13 11 84

NOVEMBER 19 92 20 4 20

DECEMBER 1992 17 1 5

JANUARY 199 3 13 8 61

FEBRUARY 19 9 3 12 4 33

MARCH 19 93 22 2 9

Appendix 19 Percentage of gravid females of S.-caeruleostictus.
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