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A b strac t

The ontogeny o f th e  swimbladder and s e x u a l ly  dimorphic so n ic  
m uscles were examined in  th r e e  s c ia e n id  sp ec ie s  -  c ro ak e r  
(M icropogonias u n d u la tu s ) .  spo t (Leiostomus x a n th u ru s ) and w eakfish  
(Cvnoscion r e g a l i s ) .  In  c ro a k e r ,  both  sexes p ossessed  th e  so n ic  
m u sc le s ,  bu t they  grew l a r g e r  and h e a v ie r  in  males than  in  fem a les .  
Muscle development began a t  th e  same s tan d a rd  le n g th  in  both  sexes (45 
mm S .L .)  when th e  f i s h  were approx im ate ly  4 to  5 months o ld  and th e  
gonads were s t a r t i n g  to  d ev e lo p e ,  but b e fo re  th e  o n se t  o f  
g a m eto g en es is . Spot son ic  muscle occured on ly  in  males and f i r s t  
appeared a t  105 mm S .L . a t  app rox im ate ly  6 to  7 months o f  ag e ,  b e fo re  
m a tu ra t io n  o f  th e  gonads. Weakfish son ic  muscle was p re s e n t  in  males 
o n ly ,  and f i r s t  appeared  a t  119 mm S.L . a t  approx im ate ly  11 months o f  
a g e ,  c o n c u r re n t  w ith  gonadal m a tu ra t io n .  Sonic muscle development was 
synchronous w ith  th e  growth o f  th e  gonads in  a l l  th r e e  s p e c ie s .  
Swimbladders grew l a r g e r  in  male c ro ak ers  than  in  fem a les ,  bu t th e r e  
was no sex u a l  d i f f e r e n c e  in  swimbladder s iz e  in  sp o t  o r  w e ak f ish .



ONTOGENY OF THE SEXUALLY DIMORPHIC SONIC MUSCLE 

IN THREE SCIAENID SPECIES



In t r o d u c t  ion

The fam ily  S c iaen id ae  i s  among th e  l a r g e s t  o f  sound producing  

f i s h e s  w ith  some 150 sp ec ie s  w i th in  30 genera  (Ono and P o s s ,  1981), 

Sound p ro d u c t io n  in  s c ia e n id s  occurs  th rough  c o n t r a c t io n  o f  e x t r i n s i c  

m uscles l a t e r a l  to  th e  swimbladder which o r i g i n a t e  on th e  c e n t r a l  

tendon o v e r ly in g  th e  d o r s a l  s u r f a c e  o f  th e  swimbladder and i n s e r t ,  v i a  

c o n n ec t iv e  t i s s u e ,  to  th e  l a t e r a l  w a l l  o f  th e  body c a v i ty  (Tower,

1908). C o n tra c t io n s  o f  th e  son ic  m uscles cause th e  swimbladder w a l ls  

to  v i b r a t e ,  producing  th e  c h a r a c t e r i s t i c  sound (Tower, 1908). 

D if f e re n c e s  in  swimbladder shape may be r e s p o n s ib le  f o r  th e  d i f f e r e n t  

f r e q u e n c ie s  o f  sound produced in  v a r io u s  s c ia e n id  sp e c ie s  (Chao, 1978) 

a l th o u g h  no ex p e r im en ta l  work has been done. Swimbladders range  from a 

s im ple  c a r r o t  shape (Leiostomus x a n th u ru s ) to  a s im i l a r  c a r r o t  shape 

w ith  a d d i t i o n a l  d i v e r t i c u l a  (M icropogonias u n d u la tu s ) to  th e  two- 

chambered swimbladders o f  S t e l l i f e r  and B a i r d i e l l a  (Chao, 1978).

Most s p e c ie s  a r e  s e x u a l ly  dimorphic w ith  son ic  muscle o ccu r ing  

o n ly  in  m ales :  w eakfish  (Cvnoscion r e g a l i s ) and r e l a t e d  s p e c ie s  (C.. 

n e b u lo s i s  and £ .  ia m a ic e n s is ) . s i l v e r  pe rch  (B a i r d i e l l a  c h rv s o u ra ) .  th e  

ground drummer (B_. ro n ch u s) .  th e  s t a r  drum ( S t e l l i f e r  l a n c e o l a t u s ) .  and 

sp o t  (Leiostomus x a n th u ru s ) (F ish  and Mowbray, 1970). An e x c e p t io n  i s  

th e  c ro a k e r  (M icropogonias u n d u la tu s ) in  which bo th  males and fem ales
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p o ssess  th e  m usc le . Tower (1908) , however, observed a much t h i c k e r  and 

h e a v ie r  drumming muscle in  th e  m ale , su g g es t in g  d i f f e r e n c e s  in  sound 

p ro d u c t io n .  S c iaen id  s p e c ie s  o f  th e  gen era  M en tic ir rh u s  and Lonchurus 

have g r e a t l y  reduced o r  d eg en e ra te  swimbladders and can produce no 

sound in  t h i s  manner.

The sex u a l  dimorphism o f  son ic  muscle i s  n o t  r e s t r i c t e d  to  

s c ia e n id  f i s h e s .  Male haddock (Melanogrammus a e g le f in u s ) have la r g e r  

son ic  muscles than  fem ales e s p e c i a l l y  d u r in g  th e  spawning season 

(Templeman and Hodder, 1956). Sexual dimorphism a l s o  occurs  in  th e  

b la d d e r  m uscles o f  some s p e c ie s  o f  o p h id io id s  and m acro u r id s .  Males o f  

some o v iparous  o p h id io id s  have drumming m uscles w hile  th e  fem a le s '  

muscles a re  v e s t i g i a l  o r  ab sen t (M a rsh a l l ,  1967). Males of 

Barathrodemus m anatinus a d eep -sea  o p h id io id ,  p o sse ss  two p a i r s  of 

muscles w h ile  th e  female has only  one p a i r  (C a r te r  and Musick, 1985). 

F u r th e r ,  F in e  (1975) dem onstra ted  sex u a l  dimorphism in  th e  r a t e s  o f  

growth o f  swimbladders in  t o a d f i s h ,  w ith  th o se  o f  males growing f a s t e r  

than  th o se  o f  fe m a les .  Sound p ro d u c t io n  in  t o a d f i s h  has a l s o  been 

shown to  v a ry  s e x u a l ly .  Although bo th  sexes  p o sse ss  th e  i n t r i n s i c  

swimbladder m usc le , on ly  males produce th e  c o u r ts h ip  b o a tw h is t le  c a l l  

(Gray and Winn, 1961). Males a l s o  a r e  more prone t o  g ru n t  th roughout 

th e  y e a r ,  though fem ales do p a r t i c i p a t e  in  t h i s  v o c a l i z a t io n  (Gray and 

Winn, 1961). Thus, th e  son ic  muscle o f  th e s e  s p e c i e s ,  l i k e  th o se  o f  

th e  S c ia e n id a e ,  a p p a r e n t ly  p la y  a r o l e  in  r e p ro d u c t iv e  b e h a v io r .

Sound p ro d u c t io n  in  s c ia e n id s  occu rs  most p r e v a le n t ly  during  

re p ro d u c t iv e  p e r io d s  (D i jk g r a a f ,  1947; F i s h ,  1954; F ish  and Cummings,



1972; Takemura e t  a l . ,  1977; Guest and L a ssw e ll ,  1978), a l though  the  

sounds produced a re  n o t  n e c e s s a r i l y  a d i r e c t  p a r t  o f  r e p ro d u c t io n .  For 

in s t a n c e ,  v o c a l i z a t io n s  a r e  produced by males in  response  to  the  

p resen ce  o f  c o n s p e c i f ic  males d u r in g  p a i r in g  in  Corvina n ig ra  

( D i jk g r a a f ,  1947), and a r e  produced by male w eakfish  (Cynoscion 

r e g a l i s ) when pursued  o r  c a p tu red  by exper im en ters  (F ish ,  1954). Thus, 

sounds may be g e n e ra te d  in  response  to  t e r r i t o r i a l  a g g re s s io n ,  

avo id an ce ,  o r  s t r e s s .  In  o th e r  s p e c i e s ,  th e  p ro d u c t io n  o f  sound 

appears  to  be p a r t  o f  c o u r t s h ip  b e h a v io r .  Male red  drum ( Sciaenops 

o c e l l a t a ) . f o r  example, produce t h e i r  most in te n s e  sounds j u s t  b e fo re  

spawning (Guest and L a s sw e l l ,  1978).

The h i s to lo g y  and u l t r a s t r u c t u r e  o f  th e  so n ic  muscle was 

in v e s t ig a te d  in  w eak fish  (Cynoscion r e g a l i s ) by Ono and Poss (1981). 

Swimbladder muscle f i b e r s  average  29.6  +. 5 .3  um in  d iam e te r  w ith  

m y o f ib r i l s  r a d i a l l y  a r ra n g ed  around a co re  o f  dense ly  packed 

m ito c h o n d r ia ,  g ly co g en , and sarcop lasm ic  r e t ic u lu m .  Most m y o f ib r i l s  

have a c o n s i s t e n t  w id th  w ith  some b i f u r c a t in g  as they  extend from th e  

c e n te r  to  th e  p e r ip h e r y .  M itochondria  occur bo th  in  th e  c e n t r a l  

c i s t e r n a e  o f  th e  m uscle f i b e r  and surrounding  th e  m y o f i b r i l s .  

I n n e rv a t io n  occurs  th ro u g h  an a p p a re n t ly  v a r i a b l e  number o f  segmental 

n e rv es  a s s o c ia te d  w i th  s p i n a l  n e rv es  3 o r  4 to  9 ,  10, o r  11 (Ono and 

P o ss ,  1981). A lthough th e  g ro s s  morphology o f  th e  swimbladder and sonic  

m uscles o f  a number o f  s c i a e n id s  has been examined (M a rsh a l l ,  1962; 

Chao, 1978; Ono and P o s s ,  1 9 8 1 ;) ,  no one has fo rm ally  in v e s t ig a te d  th e  

ontogeny o f  th e  so n ic  m u sc le s .  Many f i s h  s p e c ie s  go th rough  a ju v e n i le
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phase in  which they  p o s se s s  gonads t h a t  a re  n o t  m o rp h o lo g ica lly  

d i s t i n g u i s h a b le  as t o  s e x .  Since son ic  m uscles in  most s c ia e n id s  a r e  a 

secondary  sex c h a r a c t e r  p r e s e n t  only in  th e  m a le s ,  i t  i s  an i n t e r e s t i n g  

q u e s t io n  as to  what s ta g e  o f  development th e se  m uscles d i f f e r e n t i a t e  

i n .

The purpose o f  t h i s  s tu d y  a re  to  examine and q u a n t i fy  growth o f  

bo th  th e  son ic  m uscles and swimbladder, t o  de term ine  th e  s i z e  a t  which 

th e  son ic  muscle becomes v i s u a l l y  e v id en t  in  t h r e e  s c ia e n id  sp ec ie s  -  

c ro a k e r  (M icropogonias u n d u la tu s ) ,  spot (Leiostomus x a n th u ru s ) and 

w eakfish  (Cynoscion r e g a l i s ) .  and to  c o r r e l a t e  th e se  d a ta  w ith  s t a t e  of 

gonadal d i f f e r e n t i a t i o n .  A d d i t io n a l ly ,  th e  s tudy  a t te m p ts  to  de term ine  

w hether th e  m uscles o f  male c ro ak e r  grow la r g e r  and h e a v ie r  than  those  

o f  fem ales as  sugges ted  by Tower (1908).



M a te r ia ls  and Methods

Three s p e c ie s  o f  s c ia e n id s  (Micropogonias u n d u la tu s . Leiostomus 

x a n th u ru s . Cynoscion r e g a l i s ) were c o l l e c t e d  in  t ra w ls  from th e  York 

R iver and Chesapeake Bay and from o f f  th e  c o as t  o f  North C a r o l in a .  

Specimens were p re se rv e d  in  10%, n e u t r a l ,  b u ffe re d  fo rm alin  and l a t e r  

measured fo r  s ta n d a rd  le n g th  ( S .L . ) ,  w e ig h t ,  swimbladder w e ig h t ,  son ic  

muscle w e ig h t ,  and muscle le n g th  and w id th .  S e lec ted  gonadal t i s s u e s  

were embedded in  p a r a f f i n ,  s e c t io n e d  a t  7 um, and s ta in e d  w ith  

hem atoxylin  and e o s in  in  o rd e r  to  a s s e s s  degree  o f  m a tu ra t io n .  

M atu ra tion  o f  s e c t io n e d  gonadal t i s s u e  was determ ined th rough  r e f e re n c e  

to  O v e rs t re e t  (1983) . Immature in d iv id u a ls  were sexed m acro sc o p ic a l ly  

th rough  d i f f e r e n c e s  in  morphology o f  th e  gonad. Immature t e s t e s  were 

c y l i n d r i c a l  in  shape and c o n s i s t e n t l y  t h i n  along t h e i r  le n g th .  O varies  

were t h i c k e r  in  d ia m e te r  bu t t ru n c a te d  to  a much s h o r te r  l e n g th .

D is s e c t io n s  o f  th e  swimbladder and o b se rv a t io n s  on th e  p re sen ce  

o r  absence o f  th e  so n ic  muscle were perform ed m a c ro sc o p ic a l ly .  Sonic 

muscle was f i r s t  s e p a ra te d  from th e  l a t e r a l  w a l l  u s ing  a b lu n t  probe 

and s c a lp e l  and e x t r a c te d  along w ith  th e  swimbladder from th e  body 

c a v i t y .  Muscle t i s s u e  was then  s ep a ra te d  from th e  c e n t r a l  tendon 

o v e r ly in g  th e  sw im bladder. Muscle and ap o n eu ro s is  cou ld  be 

d i f f e r e n t i a t e d  by c o l o r a t i o n  and t e x t u r e .  Swimbladders and so n ic  

m uscles were weighed to  0 .1  mg w ith  a M etie r  B5 ba lance  and muscle 

le n g th  and w id th  were measured to  0 .1  mm w ith  a r u l e r .  Measurements o f  

le n g th  and w id th  were made on both  son ic  m usc les ,  one o f  which l i e s  on

6
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e i t h e r  s id e  of th e  sw im bladder. Length was d e f in e d  as th e  a n t e r i o r  -  

p o s t e r i o r  a x i s .  The le n g th  and w id th  o f  bo th  r i g h t  and l e f t  sonic  

muscle and o th e r  d a ta  a r e  p re se n te d  in  Appendices A th rough  C.

The d a ta  were used to  d e te rm ine  when swimbladder muscles f i r s t  

appear and to  document th e  development o f  th e  m uscle w ith  r e s p e c t  to  

t im e .  R egress ions  o f  son ic  muscle w eight and swimbladder w eight a g a in s t  

body w eight were c a lc u la te d  as were r e g r e s s io n s  o f  son ic  muscle weight 

a g a in s t  gonad w e ig h t ,  and body weight a g a in s t  s tan d a rd  le n g th .  

E v a lu a t io n  of d i f f e r e n c e s  between male and female c ro a k e r  muscles was 

perform ed by a n a ly s i s  o f  c o v a r ian ce  u s in g  a computer program w r i t t e n  by 

Joseph L. Russo fo l low ing  s t a t i s t i c a l  p ro ced u res  o u t l in e d  by J .H . Zar 

(1974) , An a n a ly s i s  o f  c o v a r ian ce  was a l s o  u t i l i z e d  to  e v a lu a te  

swimbladder weight d i f f e r e n c e s  between males and females o f  a l l  th r e e  

s p e c ie s .  Analyses o f  r e g r e s s io n s  o f  spo t and w eakfish  d a ta  were 

perform ed u s in g  th e  S t a t i s t i c a l  Package f o r  S o c ia l  Sciences (SPSS) 

program.



R esu l ts

In  a l l  th r e e  s p e c ie s  th e  so n ic  muscle was f i r s t  observed as a 

t h i n ,  c l e a r  mass a t ta c h e d  to  and p r o je c t in g  from th e  c e n t r a l  tendon 

which o v e r l i e s  th e  d o r s a l  s u r f a c e  o f  th e  swim bladder. As development 

o f  th e  muscle p ro ceed ed , th e  w id th  o f  th e  muscle extended f a r t h e r  down 

th e  s id e s  o f  th e  abdominal c a v i ty  u n t i l  i t  met o r  approached th e  

v e n t r a l  s u r fa c e  o f  th e  body c a v i t y .  The m u s c le 's  le n g th  was 

e s t a b l i s h e d  soon a f t e r  th e  muscle i n i t i a l l y  appeared and extended along 

most (approx im ate ly  3 /4 )  o f  th e  su r fa c e  o f  th e  swim bladder. The r a t i o  

o f  muscle le n g th  to  swimbladder le n g th  remained c o n s ta n t  w ith  con tinued  

growth o f th e  f i s h .  Croaker muscle extended along bo th  s id e s  o f  th e  

abdominal w a l l  from th e  swimbladder to  th e  v e n t r a l  s u r f a c e  where bo th  

h a lv e s  o f  th e  muscle met and a t ta c h e d  to  th e  abdominal w a l l  by 

co n n ec tiv e  t i s s u e .  The c o n n ec tiv e  t i s s u e  was v i s i b l e  as  a l a t e r a l  

w h ite  band on each h a l f  o f  th e  muscle upon d i s s e c t i o n ,  having been 

severed  as th e  v e n t r a l  s u r f a c e  o f  th e  body c a v i ty  was opened. As th e  

son ic  muscle th ick en ed  w ith  g row th , c o lo r  changed s l i g h t l y  from a 

t r a n s p a r e n t  o r  c loudy w h ite  to  a red  o r  brown-red hue . Spot son ic  

muscle d id  no t ex tend to  th e  v e n t r a l  m id lin e  o f  th e  body c a v i ty  as in  

c ro a k e r .  I n s t e a d ,  th e  muscle reached  down to  only  about 3 /4  o f  the  

abdominal w a l l ,  and was much th in n e r  than  c ro a k e r  m usc le . Spot sonic  

muscle was t r a n s p a r e n t  o r  c loudy  w hite  in  sm all in d iv id u a ls  to  a very  

l i g h t  red  in  l a r g e r  spec im ens. Weakfish m uscle , s im i l a r  to  sp o t  son ic
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m uscle , ex tended v e n t r a l l y  to  on ly  about 3 /4  o f th e  s u r fa c e  o f  the  

abdominal w a l l .  The two h a lv e s  o r i g i n a t e d ,  as d id  spo t and c ro a k e r  

m usc le , on th e  d o r s a l  s u r f a c e  o f  th e  swimbladder from a common 

a p o n e u ro s is .  The son ic  m uscle o f  w eakfish  was t h i c k ,  s im i l a r  to  

c r o a k e r ,  and deep red  in  hue .

I  d id  n o te  a d i f f e r e n c e  in  sound producing c a p a b i l i t i e s  between 

c ro a k e r ,  sp o t  and w e a k f ish .  When c a p tu re d ,  c ro ak e r  a c t i v e l y  v o c a l iz e d  

and th e  abdominal c a v i t y  v ib r a te d  n o t i c e a b ly .  Sounds produced were 

loud and co n tin u ed  th roughou t measurement and w eigh ing . Spot, however, 

cou ld  n o t be heard  v o c a l i z in g  u n le s s  he ld  c lo se  to  th e  e a r  and 

v i b r a t i o n s  o f  th e  abdominal c a v i t y  could  be f e l t ,  but only  s l i g h t l y .

The weaker sounds produced in  sp o t  a r e  p robab ly  due to  th e  sm a l le r  s iz e  

o f  th e  so n ic  muscle as compared to  c ro a k e r .  In  f i s h  of comparable 

w e ig h ts ,  sp o t  muscle i s  much l i g h t e r  than t h a t  o f  c ro a k e r .  Weakfish 

a l s o  produced in te n s e  sound, as  m ight be expected from th e  th ic k n e s s  o f  

t h e i r  m usc le .

Croaker

N in e ty -e ig h t  c r o a k e r ,  c o l l e c t e d  from th e  l a s t  o f  A p r i l  th rough  

J u l y ,  1984, ranged in  s ta n d a rd  le n g th  (S .L .)  from 43 to  190 mm. Sonic 

m uscles were n o t  observed  in  a male and female a t  s tan d a rd  le n g th s  o f  

43 mm and 44 mm r e s p e c t i v e l y .  The sm a l le s t  in d iv id u a ls  w ith  

swimbladder m uscles were a  male and a female o f  43 mm S.L . w ith  son ic  

m uscle w e igh ts  o f  0 .4  mg and 1 .3  mg r e s p e c t iv e ly  (Appendix A ). The
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m uscles a t  t h i s  s ta g e  o f  development were ex trem ely  t h in  and too  sm all 

to  measure m a c ro sc o p ic a l ly ,  bu t were d is c e rn a b le  from the  ap oneu ros is  

p r im a r i ly  th rough  d i f f e r e n c e s  in  t e x tu r e  and c o lo r .  The l a r g e s t  sonic  

m uscles tak en  from a female were found in  a f i s h  o f  188 mm S .L . and 

weighed 1 .74  g .  A l a r g e r  female o f  190 mm S.L . had a muscle w eight 

c o n s id e ra b ly  l i g h t e r  a t  1.61 g .  The l a r g e s t  son ic  muscles tak en  from a 

male weighed 2 .11 g from a specimen of 184 mm S.L .

In  th e  e a r l i e s t  s ta g e s  o f  development o f  th e  swimbladder muscle 

(body w eigh ts  up to  60 g) t h e r e  was no s i g n i f i c a n t  d i f f e r e n c e  in  w eight 

o f  muscle between males and fem ales (F ig .  1; Table 1 ) .  (Comparative 

len g th  measurements o f  a l l  body w eigh ts  g iven  in  t e x t  can be found in  

F ig .  3 . )  R eg ress io n  l i n e s  were 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=2.6762; 

d f = l ,6 3 ;  p= 0 .1 0 6 8 ).  E quation  o f  b e s t  f i t  l i n e  fo r  females was: Muscle 

w eight = -0 .0419  + 0 .0 0 9 9 (Body w e ig h t) ;  and f o r  males was: Muscle 

weight = -0 .0531  + 0.0110(Body w e ig h t ) .  As th e  body weight o f  th e  f i s h  

in c re a se d  above 60 g ,  however, th e  son ic  muscle o f  males grew a t  a 

f a s t e r  r a t e  and became l a r g e r  and h e a v ie r  than  t h a t  o f  females (F ig .

2 ) .  An a n a ly s i s  o f  c o v a r ian c e  was performed on body w eights  rang ing  

from 50 to  105 g (Table 1 ) .  R eg ress ions  fo r  males and females d i f f e r e d  

s i g n i f i c a n t l y  (F =9.8345; d f = l ,2 4 ;  p=0 .0044). Thus, th e  s i z e  o f  male 

son ic  m uscle exceeded t h a t  o f  th e  female over body w eigh ts  o f  from 50g 

to  105g. R eg ress io n  l i n e s  f o r  a l l  d a ta  p o in t s  (up to  168 g) were a l s o  

s i g n i f i c a n t l y  d i f f e r e n t  (F=53.3584; d f = l ,9 2 ;  p=0 .0001). E quation  o f  

b e s t  f i t  l i n e  f o r  fem ales was: Muscle w eight = -0 .03563 + 0 .0 0 9 6 (Body 

w e ig h t ) ;  and f o r  males was: Muscle weight = -0 .1 0 7 4  + 0 .0 1 3 5 (Body
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w e ig h t)  (Table 1 ) .  D if f e re n c e s  in  growth o f  th e  muscle w ith  r e s p e c t  to  

sex can a lso  be seen in  l a r g e r  specimens by comparing measurements o f  

le n g th  and w idth  (Appendix A ) .

I n i t i a t i o n  o f  son ic  muscle growth was c o n c u r re n t  w ith  gonadal 

development (F ig .  4 and 5) and th e re  was a s i g n i f i c a n t  c o r r e l a t i o n
2

between gonad growth and so n ic  muscle growth in  males and females (R =
2

0 .934  in  fem ales ;  R = 0 .785 in  m a le s ) .  Muscle development began a t  1.8 

g in  males and 1.9 g in  fe m a les .  At th a t  same body w e ig h t ,  th e  gonads 

were j u s t  b eg inn ing  to  in c re a s e  in  w e ig h t .  Thus, a t  w e igh ts  below 1.8 

o r  1.9 g ,  muscle w e igh ts  were n o t  observed and gonad w eigh ts  were n e a r  

z e r o .  At ve ry  n e a r ly  th e  same p o in t  a t  which th e  r a t e  o f  gonad growth 

in c re a s e d ,  son ic  m uscle development was i n i t i a t e d .  The gonads 

c o n tin u ed  m atu ring  a t  a r a t e  which was in  synchrony w ith  t h a t  o f  th e  

son ic  m uscle .

S e le c t  gonadal t i s s u e  was sec t io n e d  and examined h i s t o l o g i c a l l y  

t o  de term ine  th e  p re sen ce  o r absence of g am eto g en es is . A male a t  109 

mm S .L . (F ig .  6-1) and a female a t  93 mm S .L . (F ig .  7 -1 )  were bo th  

found to  be immature -  gam etogenesis  was n o t  y e t  o c c u r in g .  At th e  

o p p o s i te  ex trem e, a male o f  182 mm S .L . was observed  to  be undergoing 

a c t i v e  sperm atogenesis  w ith  a l l  s ta g e s  o f  sperm atazoa p re s e n t  (F ig .  6- 

2 ) .  A female o f  188 mm S .L . was j u s t  undergoing development of oocytes  

(F ig .  7 - 2 ) .  A lthough so n ic  muscle developes  a long  w ith  gonadal 

developm ent, th e  m uscles d i f f e r e n t i a t e  long b e fo re  sex u a l  m a tu r i t y .

Swimbladder w eigh ts  were a l s o  t e s t e d  by a n a ly s i s  o f  co v ar ian ce  

( F ig .  8 ; Table 1 . )  to  d e te rm ine  i f  d i f f e r e n c e s  e x i s t e d  between males
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and fem a le s .  R egress ion  l i n e s  were s i g n i f i c a n t l y  d i f f e r e n t  (F = l1.7285; 

d f = l ,9 1 ;  p= 0 .0009). E quation  o f  b e s t  f i t  l i n e  f o r  fem ales was: 

Swimbladder weight = -0 .0149  + 0 .0 1 2 9 (Body w e ig h t ) ;  and fo r  males was: 

Swimbladder weight = -0 .0676  + 0.0152(Body w e ig h t ) .  Male swimbladders 

grew to  a h e a v ie r  s i z e  than  th o se  o f  fem a les .



FIGURE 1 . R egression  o f  so n ic  m uscle w eigh t a g a in s t  body w eight fo r

male and fem ale croaker o f  body w eig h ts  l e s s  than 60 g .
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FIGURE 2 . R egression  o f  so n ic  m uscle w eight a g a in s t  body w eigh t fo r

male and fem ale croaker ( in c lu d in g  a l l  sp ec im en s).
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FIGURE 3 . R egression  o f  body w eigh t a g a in s t  standard le n g th  fo r  male

and fem ale cr o a k e r .
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FIGURE 4 .  R eg ress io n  o f  so n ic  m uscle and gonad w eight a g a in s t  body

w eigh t in  m ale cro a k er .
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FIGURE 5 . R eg ress ion  o f  son ic  muscle and gonad w eight a g a in s t  body

w eight in  female c r o a k e r .
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FIGURE 6. (A)Photomicrograph of c ro s s  s e c t io n  o f  immature t e s t i s  in  109 

mm S .L . male c ro a k e r ;  525X. (B)Photomicrograph o f c ro ss  

s e c t io n  o f  develop ing  t e s t i s  in  182 mm S .L , male c ro a k e r  

showing a c t i v e  sperm atogenesis  (arrows show a re a s  o f  

sp e rm a to g en es is ;  740X)

18





FIGURE 7. (A)Photomicrograph o f  c ro s s  s e c t io n  o f  immature ovary in  93 

mm S .L . female c ro a k e r ;  470X. (B)Photomicrograph of c ro s s  

s e c t io n  o f  deve lop ing  ovary in  188 mm S .L . female c ro ak e r  

shoving e a r ly  s ta g e  o f  gam etogenesis  (arrows show 2 ova in  

l a t e r  s ta g e  o f  m a tu ra t io n ;  470X).
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FIGURE 8 .  R egress ion  o f  swimbladder w eight a g a in s t  body w eight fo r  male

and female cro a k er .
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Spot

Twenty-seven male and t h i r t y - o n e  female spo t were c o l l e c te d  

between th e  months o f  A p r i l  and A ugust, 1984, Numbers o f  in d iv id u a l s  

were low due to  d i f f i c u l t i e s  in  c a tc h in g  m ales ;  s e v e ra l  t r a w l  ca tc h e s  

c o n s is te d  on ly  of fe m a les .  E igh t males (rang ing  from 90 -  117 mm S .L .)  

p ossessed  no v i s i b l e  sonic  muscle t i s s u e .  In  a d d i t i o n ,  son ic  muscle 

was n o t observed  in  te n  male specim ens, a l l  below 100 mm S .L . ,  examined 

in  a p re v io u s  p i l o t  s tu d y .  The s m a l le s t  in d iv id u a l  c o l l e c te d  w ith  

son ic  muscle was 106 mm S.L . w ith  a muscle weight o f  2 .9  mg. Ten f i s h  

between 108 and 118 mm S .L . were in  e a r ly  s ta g e s  o f  son ic  muscle 

developm ent, w ith  m uscle w eigh ts  o f  6 .5  mg to  7 .6  mg (Appendix B). 

Weight o f  th e  son ic  muscle in c re a se d  l i n e a r l y  w ith  body w eight from 

t h i s  i n i t i a l  p o in t  (F ig .  9; Table  1 ) .  Equation o f  b e s t  f i t  l i n e  fo r  

spo t was: Muscle w eight = -0 .0722  + 0.0023(Body w e ig h t ) .  The l a r g e s t  

f i s h  examined was caught in  J u ly  and was 165 mm S .L . w ith  a swimbladder 

muscle w eight o f  210.0 mg. Lengths and w id ths  o f  muscle t i s s u e  a re  

p re s e n te d  in  Appendix B. Spot so n ic  muscle was c o n s i s t e n t l y  t h in n e r  

and l i g h t e r  in  w eight than  in  c ro a k e r  o r  w eak f ish .

The i n i t i a t i o n  o f  so n ic  muscle growth and o f  in c re a se d  growth of

th e  gonads occured when spo t were app rox im ate ly  30.9  g (F ig .  1 1 .)

and th e r e  was a s i g n i f i c a n t  c o r r e l a t i o n  between gonad growth and growth
2

o f  th e  so n ic  muscle (R = 0 .7 0 2 ) .  As gonads deve loped , son ic  muscle 

growth was i n i t i a t e d .  From t h i s  p o in t  on , growth o f  th e  so n ic  muscle 

c o in c id ed  w ith  development o f  th e  gonads. Gonadal t i s s u e  from one o f 

th e  l a r g e s t  males (158 mm S .L .)  was examined and found to  be immature:
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u n d i f f e r e n t i a t e d  sperm atagonia  were p r e s e n t ,  but sperm atogenesis  was 

no t y e t  occu r in g  (F ig .  1 2 ) .  No m ature male spo t were c a p tu r e d .

Swimbladder w eight in c re a se d  as a l i n e a r  fu n c t io n  o f  body weight 

fo r  males and fem ales (F ig .  13; Table  1 ) ,  and th e re  was no s t a t i s t i c a l  

d i f f e r e n c e  between th e  r e g r e s s io n s  fo r  each sex (F=2.7333; d f=  1 ,51 ; 

p= 0 .1044). Equation  o f  b e s t  f i t  l i n e  fo r  females was: Swimbladder 

w eight = 0.0516 + 0.0036(Body w e ig h t ) ;  and f o r  males was: Swimbladder 

w eight = 0.0079 + 0 .0 0 4 7 (Body w e ig h t ) .



FIGURE 9. R eg ress ion  o f  son ic  muscle weight a g a in s t  body weight in  

s p o t .
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FIGURE 10. R egress ion  o f  body w eight a g a in s t  standard leng th  in  s p o t .
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FIGURE 11 R egress ion  o f  s o n ic  m uscle w eight and gonad w eight a g a in s t

body w eight in  s p o t .
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FIGURE . Photom icrograph o f  lo n g i tu d in a l  s e c t io n  o f  immature t e s t i s  

in  158 mm S.L . male s p o t ;  470X.

26





FIGURE . R egress ion  o f  swimbladder w eight a g a in s t  body w eight for

male and female s p o t .
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Weakfish

Tw enty-th ree  male and s ix te e n  female w eakfish  were c o l l e c te d  

between the  months o f  June and A ugust, 1984. Numbers of male specimens 

were aga in  low due to  t h e i r  absence in  a re as  surveyed . No son ic  muscle 

was observed in  two males o f  126 and 129 mm S.L , The sm a l le s t  

in d iv id u a l  w ith  son ic  muscle was 119 mm S .L . w ith  a son ic  muscle weight 

o f  7 .7  mg (Appendix C ). Sonic muscle weight in c reased  l i n e a r l y  w ith  

body weight from t h i s  i n i t i a l  p o in t  (F ig .  14; Table 1 ) .  E quation  o f 

b e s t  f i t  l i n e  f o r  w eakfish  was: Muscle weight = -0 .5245 + 0.0162(Body 

w e ig h t ) .  The l a r g e s t  male examined, 182 mm S .L . ,  had a son ic  muscle 

w eight of 870.0 mg, though a s l i g h t l y  sm a l le r  in d iv id u a l  a t  179 mm S.L . 

p o ssessed  a son ic  muscle o f  1630.0 mg. Lengths and w idths o f  muscle 

t i s s u e  a re  p re s e n te d  in  Appendix C.

As in  c ro a k e r  and s p o t ,  th e  i n i t i a t i o n  o f  son ic  muscle

development and th e  a c c e l e r a t i o n  o f  gonad growth began a t  approx im ate ly

th e  same weight (F ig .  16) and th e r e  was a s i g n i f i c a n t  c o r r e l a t i o n
2

between gonad growth and son ic  muscle growth (R ■ 0 .9 0 9 ) .  Muscle 

t i s s u e  was f i r s t  observed  a t  29.6 g in  w eak f ish .  At t h i s  same w e ig h t ,  

growth of th e  gonads began to  in c re a s e  s t e a d i l y .  From t h i s  p o in t  on 

gonad development remained synchronous w ith  muscle developm ent.

Gonadal t i s s u e  were examined in  two of th e  m a le s .  In  th e  s m a l le s t  

in d iv id u a l  caught (119 mm S .L . ) ,  h i s t o l o g i c a l  s e c t io n s  w ith  prim ary  and 

secondary sperm atocy tes  p re s e n t  dem onstra ted  t h a t  sperm atogenesis  was 

j u s t  beg inn ing  (F ig .  1 7 -1 ;1 7 -2 ) .  Muscle development occured a t  

app rox im ate ly  th e  same time as th e  o n se t  o f  sperm atogenesis  (Table 2 ) .
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A la r g e r  male o f  148 mm S .L . showed a c t i v e  sperm atogenesis  w ith  

sperm atazoa p re s e n t  (F ig .  18 ) .

Swimbladder w eight in c re a s e d  as a fu n c t io n  o f  body w eight fo r  

males and fem ales (F ig .  19; Table  1 ) ,  and th e r e  was no s t a t i s t i c a l  

d i f f e r e n c e  between th e  r e g r e s s io n s  fo r  each sex (F=0.0096; d f = l ,3 7 ;  

p= 0 .9221). Equation  o f  b e s t  f i t  l i n e  fo r  fem ales was: Swimbladder 

w eight = -0 .1 8 7 4  + 0.0255(Body w e ig h t ) ;  and fo r  males was: Swimbladder 

w eight * -0 .1619  + 0.0251(Body w e ig h t ) .



FIGURE 14. R egress ion  o f  so n ic  muscle weight a g a in s t  body w eight in

w e a k f is h .

30



M
us

cl
e 

W
ei

gh
t 

(g
)

Weakfish
Muscle Weight vs Body Weight

2 -I

1-

0 . 5 -

0 —  
20

A

A

A A

A /; /
/ a  a  Legend

A>►/  A A MUSCLE
/  A

a  a > x  A  a  Regression
-----------

----- r
40 60 80 100 120

Body Weight (g)



FIGURE . R egress ion  o f  body w eight a g a in s t  standard len g th  in

w e a k f is h .
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FIGURE 16. R egress ion  o f  so n ic  m uscle w eight and gonad w eight a g a in s t

body w eight in  w e a k f is h .
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FIGURE 17. (A)Photomicrograph o f  c ro s s  s e c t io n  o f  develop ing  t e s t i s  in  

119 mm S .L . male w eak f ish ;  945X. (B)Photomicrograph o f c ro s s  

s e c t io n  o f  deve lop ing  t e s t i s  in  same specimen showing a re a  

undergoing  e a r ly  s ta g e  o f  sperm atogenesis ;  1285X).
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FIGURE 18. Photom icrograph o f  c ro s s  s e c t io n  o f  develop ing  t e s t i s  in  148 

mm S .L . male w eakfish  undergoing  a c t i v e  sp e rm a to g en es is .  

Arrows show s e v e ra l  s ta g e s  o f  sperm atazoa a r e  p r e s e n t  

(m a g n if ic a t io n  = 768X).
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FIGURE 19. R egress ion  o f  swimbladder w eight a g a in s t  body w eight for

male and fem ale w ea k f is h .

35



Weakfish
Swimbladder Weight vs Body Weight

4  -

CD

_C
CD

'<1>
£

<D
TJ
U

_Q
E
*

CO
A X

0 50 150 200100
Body Weight (g)

Legend
A Swimbladder .Female 

x Swimbladder.Male 

Regression,Fern ale 

Regress iorijMale^



D iscuss ion

Development of the  so n ic  muscle in  s c ia e n id s  can occur e i t h e r  

th rough  normal som atic  growth o r as a secondary sex c h a r a c t e r  under th e  

d i r e c t  c o n t r o l  o f  s t e r o i d s .  Of th e  two p o s s ib le  pathw ays, development 

under s t e r o i d a l  c o n t r o l  seems th e  most l i k e l y .  F ine and Pennypacker 

( in  p r e p a r a t io n )  have shown t h a t  s t e r o i d s  cause an in c re a s e  in  th e  

weight o f  th e  swimbladder and son ic  muscles in  t o a d f i s h .  Males and 

fem ales show s i g n i f i c a n t  t re a tm e n t  e f f e c t s .  Though to a d f i s h  son ic  

m uscles form em b ry o lo g ica lly  and a r e  f u l l y  a t ta c h e d  by th e  time th e  

la rv a e  a re  f r e e  swimming (T racy , 1959, 1961), th e  t i s s u e s  a r e  

re sp o n s iv e  to  s t e r o id s  su g g es t in g  t h a t  th e  dimorphic c o n d i t io n  o f  

a d u l t s  i s  a r e s u l t  o f  male hormone l e v e l s .  In  th e  p re s e n t  s tu d y ,  th e  

f i r s t  appearance  o f  th e  son ic  muscle occured when th e  f i s h  were from 4 

to  5 months o ld  in  c ro a k e r ,  6 to  7 months o ld  in  spo t and 11 months 

o ld  in  w e ak f ish ,  and a t  s i z e s  rang ing  from 45 mm S.L . in  c ro a k e r  to  

over 100 mm S .L . in  spo t and w e ak f ish .  I n i t i a t i o n  o f  so n ic  muscle 

grow th , th e n ,  took p la c e  a f t e r  s e v e r a l  months o f  development which 

su g g es ts  hormonal i n t e r a c t i o n .  F u r th e r ,  in  a l l  th re e  s p e c i e s ,  muscle 

development was co n cu r ren t  w ith  a c c e le r a te d  growth o f th e  gonads. Sonic 

muscle development was n o n e x is t e n t  a t  w eigh ts  below th e  p o in t  where 

gonads began to  i n c r e a s e .  As th e  r a t e  o f  gonad growth became g r e a t e r ,  

however, so n ic  muscle development was i n i t i a t e d .  The im p l ic a t io n  i s  

t h a t  th e  son ic  muscle develops  as a secondary sex c h a r a c t e r ,  a p p a re n t ly  

forming de novo and growing in  synchrony w ith  th e  gonads. Development

36
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of th e  son ic  muscle would beg in  as muscle p re c u rs e r s  a re  s t im u la te d  

through  th e  r e l e a s e  o f  s t e r o i d s .  Though development of the  muscle in  

my s tudy  occured b e fo re  f u l l  m a tu r i ty  ( c o in c id e n ta l ly  in  w e a k f i s h ) ,  

d i f f e r e n t i a t e d  a r e a s  o f  th e  gonad, such as th e  i n t e r s t i t i a l  c e l l s ,  have 

been im p lic a te d  in  s te ro id o g e n ic  a c t i v i t y  (Oota and Yamamoto, 1966; 

Takahashi and Iw a sa k i ,  1973; S a to h , 1974; Van Den Hurk, 1974;

Nagahama e t  a l . ,  1978; Van Den Hurk e t  a l . ,  1982;) and may be 

r e s p o n s ib le  fo r  i n i t i a t i o n  of son ic  muscle growth and th e  sex 

d i f f e r e n c e s  n o te d .  Growth o f th e  muscle would proceed under th e  

c o n t r o l l i n g  e f f e c t s  o f  gonadal s t e r o i d s .

Swimbladder weight a l s o  v a r ie d  s e x u a l ly  in  c ro a k e r  w ith  male 

swimbladders h e a v ie r  than  fe m a les .  Because s e l e c t io n  p re s s u re s  f o r  th e  

e v o lu t io n  o f  th e  swimbladder invo lve  sound p ro d u c t io n ,  h e a r in g ,  and 

h y d r o s t a t i c  f u n c t io n s ,  i t  i s  d i f f i c u l t  to  a t t r i b u t e  r e l a t i v e  s i z e  to  

any one f a c t o r .  However, d i f f e r e n c e s  between swimbladders in  male and 

female c ro a k e r  may r e f l e c t  a compensation f o r  th e  l a r g e r  so n ic  m uscles  

in  th e  m ale , s in c e  t h e r e  were no sex u a l  d i f f e r e n c e s  in  swimbladder s i z e  

in  spo t o r  w eak f ish .  The s e x u a l ly  dimorphic c o n d i t io n  o f  th e  c ro a k e r  

son ic  m usc le , however, i s  undoubtedly  r e l a t e d  to  sound p ro d u c t io n .

One might p r e d i c t  t h a t  males c a l l  more f r e q u e n t ly ,  more in t e n s e ly  and 

produce a lower dominant frequency  sound than  fe m a le s .

Croaker

Spawning in  A t l a n t i c  c ro a k e r  occurs  over a p r o t r a c t e d  p e r io d  

ex tend ing  a t  l e a s t  from September to  l a t e  March w ith  a d i s t i n c t  peak
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around O ctober (White and C h it te n d e n ,  1977). The spawning season  may 

beg in  as e a r ly  as August or Ju ly  in  some a re a s  as Chao and Muscick 

(1977) observed young o f  th e  y ear  f i r s t  e n te r in g  t r a w l  and beach s e in e  

c a tc h e s  in  August in  th e  York R iv e r .  Pearson  (1941) found young o f th e  

y e a r  n e a r  th e  mouth o f  th e  Chesapeake Bay in  l a t e  J u ly  rang ing  from 1 .5  

to  15 mm, in d ic a t in g  e i t h e r  th e  p resen ce  o f  e a r ly  spawners o r  t h a t  th e  

b re ed in g  season  may extend l a t e r  than  March. O ffsho re  spawning grounds 

a r e  unknown though some spawning occurs  around th e  mouth o f  the  

Chesapeake Bay (P ea rso n , 1929). A t l a n t i c  c ro a k e r  spawn in  th e  Mid 

A t l a n t i c  B ight from Cape May, N .J .  to  Cape H a t t e r a s ,  N.C. w ith  g r e a t e s t  

c o n c e n t r a t io n s  in  th e  middle and so u th ern  p a r t s  o f  t h i s  range 

(N o rc ro ss ,  1983).

A v a r i e t y  o f  d a ta  e x i s t s  concern ing  le n g th  and age a t  s ex u a l  

m a tu r i ty  in  c ro a k e r  (Table 2 ) .  W allace (1940) examined a lm ost 1000 

gonads from f i s h  o f  v a r io u s  ages in  Chesapeake Bay and found t h a t  on ly  

45% o f  males re a ch  m a tu r i ty  a t  th e  end o f  t h e i r  second y e a r  and t h a t  no 

fem ales a t  t h i s  age g ive  s ig n s  o f  r ip e n in g .  By th e  t h i r d  y e a r ,  a l l  

males and fem ales a re  m a tu re .  The s m a l le s t  m ature male and female 

c ro a k e r  a re  240 mm in  t o t a l  le n g th  (T .L .)  (2 y ea rs  o ld )  and 275 mm T .L . 

(3 y ea rs  o ld )  r e s p e c t i v e l y .  Pearson  (1929), in  s tu d y in g  le n g th  

d i s t r i b u t i o n  in  Texas c ro a k e r ,  r e p o r te d  a t o t a l  le n g th  o f  about 150 mm 

reached  by th e  end of th e  f i r s t  y e a r ,  ex tend ing  up to  220 mm T .L . by 

th e  end o f  th e  second y e a r .  In  f u r t h e r  o b s e r v a t io n s ,  he n o te s  th e  

le n g th  d i s t r i b u t i o n  o f  230 s e x u a l ly  m ature in d iv id u a l s .  Mature males 

range  from 140 mm to  320 mm T .L . w ith  m ature fem ales occu r in g  over a
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s i m i l a r ,  though h ig h e r ,  range o f  150 mm to  370 mm T.L . The modal 

len g th  fo r  the  e n t i r e  group o f  males and females i s  220 mm T.L . which 

co rresponds  to  f i s h  a t  th e  end o f t h e i r  second y e a r .  Thus, th e  

m a jo r i ty  m ature n e a r  th e  end o f  th e  second y ear  though some reach  

m a tu r i ty  e a r l i e r .  This  d a ta  i s  n o t  n e c e s s a r i ly  c o n t r a d ic to ry  to  

W a lla c e 's  f in d in g s  on c ro a k e r  in  Chesapeake Bay t h a t  th e  f i s h  reach  

m a tu r i ty  a t  th e  end o f  t h e i r  second o r t h i r d  year  s in ce  Chabanand 

(1929) and H ildebrand and Cable (1930) suggested  t h a t  in d iv id u a ls  o f  

th e  same sp e c ie s  may m ature  a t  an e a r l i e r  age in  warmer c l im a te s  

(W allace, 1940). White and C h it ten d en  (1977) reached a s im i l a r  

c o n c lu s io n  observ ing  t h a t  w h ile  c ro a k e r  s t a r t e d  to  mature a t  140 -  170 

mm T .L . in  th e  Gulf o f  Mexico, f i s h  l iv in g  n o r th  o f  Cape H a t te ra s  

reached  m a tu r i ty  when g r e a t e r  th an  200 mm T.L . as they  approached age 

2 .
Croaker son ic  m uscle f i r s t  appeared a t  about 45mm S .L . ,  which 

co rresponds  to  app ro x im a te ly  4 to  5 months o f  age in  both  males and 

fem ales (Welsh and B re ed e r ,  1923; H ildebrand and C able , 1930; P a rk e r ,  

1971). Because o f  th e  ex tended spawning season i t  i s  d i f f i c u l t  to  g ive  

a s p e c i f i c  age . Devlopment o f  th e  son ic  m uscle , though, began long 

b e fo re  th e  gonads approached m a tu r i t y .  But muscle development 

proceeded to g e th e r  w ith  th e  i n i t i a t i o n  o f  in c reased  growth o f  th e  

gonads. This may be more im portan t s in ce  gonad t i s s u e  i s  c ap ab le  o f  

s t e r o i d  p ro d u c t io n  b e fo re  sex u a l  m a tu r i t y ,  which could  i n i t i a t e  muscle 

developm ent. The so n ic  m uscle o f  in d iv id u a l  male and female c ro a k e r  

tak en  below 60 g were rough ly  equal w ith  r e s p e c t  to  s i z e  and w eight o f
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th e  muscle t i s s u e .  Above 60 g male so n ic  muscle in c re a se d  in  w eight a t  

a f a s t e r  r a t e  than  female m uscle . This d i f f e r e n c e  was more pronounced 

as c ro a k e r  in c re a se d  in  s iz e  so t h a t  muscle t i s s u e  of males became 

v i s i b l y  t h i c k e r  in  s iz e  and l a r g e r  in  le n g th  and w id th .  Sexual

d i f f e r e n c e s  in  son ic  muscle a t  th e s e  l a r g e r  body w eights  may be r e l a t e d

to  l e v e l  o f  sex u a l m a tu r i ty ,  assuming d i f f e r e n c e s  in  s t e r o i d  p ro d u c t io n  

between m ature males and fem a les .

Spot

Spawning in  A t la n t i c  spo t may occur from October to  March w ith  

December and January  g e n e r a l ly  accep ted  as the  spawning months (Dawson, 

1958). This appears  c o n s i s t e n t  w ith  o th e r  r e p o r t s .  Chao and Musick 

(1977) observed th a t  y e a r l in g  o r  o ld e r  spo t leave  th e  e s tu a ry  a f t e r  

September and do no t r e tu rn  u n t i l  sp r in g  o f  th e  nex t y e a r .  H ildebrand  

and Schroeder (1928) r e p o r te d  o f f s h o re  m ig ra t io n  o f  m atu ring  f i s h  from 

September to  O ctober . O ffshore  d a ta  show r ip e  o r n e a r ly  r i p e  f i s h  

tak en  d u r in g  O ctober , December, and F e b ru a ry ,  w ith  spen t f i s h  o ccu r in g  

in  c a tc h e s  in  February  (Dawson, 1958). Spawning i s  b e l ie v e d  to  occur

in  deep w ater  some d is ta n c e  o f f s h o r e .

S tu d ies  on spo t have re v e a le d  th e  s i z e  and age over which sexua l 

m a tu r i ty  i s  reached  (Table 2 ) .  H ildeb rand  and Cable (1930) observed  no 

spo t l e s s  than  8 i n .  (203 mm T .L .)  w ith  develop ing  o r n e a r ly  m ature  

r o e .  At A l l i g a t o r  H arbor, F lo r id a ,  Townshend (1956) examined th e  

gonads o f  56 spo t and found th e  e a r l i e s t  development occu r in g  a t  a 

s ta n d a rd  le n g th  o f  149 mm. He e s t im a te d  t h a t  spo t d id  n o t  spawn u n t i l
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t h e i r  second w in te r  o r  th e  b eg inn ing  o f  th e  t h i r d  y e a r .  H ildebrand and 

Schroeder (1928) found develop ing  roe  in  214 mm T .L . f i s h  and s t a t e d  

t h a t  no f i s h  l e s s  than  8 1/2 i n .  (215 mm) in  t o t a l  len g th  con ta in ed  

gonads m ature enough to  spawn t h a t  y e a r .  Pearson  (1929) found r ip e n in g  

a d u l t s  rang ing  from 170 -  210 mm T .L . — len g th s  a t t a in e d  in  th e  second 

y e a r .  Noting t h a t  few Texas spo t re a ch  over two years  in ag e ,  he 

p o s tu la te d  t h a t  most spawning took p la c e  a t  th e  end o f  th e  second y e a r .

In  each s tudy  o f  sex u a l  m a tu r i t y ,  len g th s  and age a t  m a tu r i ty  

were much g r e a t e r  than  th e  range over which th e  son ic  muscle began to  

dev e lo p .  M atu ra t io n  o f  th e  gonads occurs  a t  len g th s  ranging  from 149 mm 

S.L . to  215mm T .L . and a t  ages o f  from two to  t h r e e  y e a r s .  I  observed 

th e  f i r s t  appearance  o f  so n ic  muscle in  f i s h  t h a t  were approx im ate ly  6 

to  7 months o ld  (H ildebrand and C ab le , 1930; Pacheco, 1957; P a rk e r ,  

1971). H ildebrand  and Cable (1930) examined sp o t  o f f  the  B ea u fo r t ,  

North C a ro lin a  c o a s t  and found an average  le n g th  o f  5 .6  i n .  T .L . (139.3  

mm) a t t a i n e d  by th e  end o f  th e  f i r s t  y e a r .  F u r th e r ,  in  s tu d y in g  the  

s i z e  range o f  Texas s p o t ,  P earson  (1929) found an average le n g th  o f  140 

mm T.L . by th e  end of th e  f i r s t  y e a r .  Even ta k in g  in to  account 

d i f f e r e n c e s  between s tan d a rd  and t o t a l  le n g th ,  one s t i l l  f in d s  t h a t  th e  

s i z e  over which muscle t i s s u e  f i r s t  appeared in  w este rn  North A t la n t i c  

spo t occured during  th e  f i r s t  y e a r  o f  g row th . While m a tu ra t io n  o f  th e  

gonads has been shown in  v a r io u s  s tu d ie s  to  occur from two to  th re e  

years  o f  ag e ,  muscle development occured in  f i s h  o f  one y e a r  o f  age 

which were n o t  y e t  f u l l y  m a tu re .  Though occuring  b e fo re  f u l l  

m a tu ra t io n ,  son ic  muscle development does proceed in  synchrony w ith  th e
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a c c e l e r a t i o n  of gonad grow th. Thus th e  i n i t i a t i o n  o f muscle growth i s  

d i r e c t l y  r e l a t e d  to  development o f  th e  gonads.

Weakfish

The spawning season o f  w eak fish  i s  an extended one as  in  c ro a k e r  

and s p o t ,  occu r ing  from l a t e  A p r i l  th rough  June as in d ic a te d  by gonad 

c o n d i t io n  (M err in e r ,  1976) and p o s s ib ly  ex tend ing  to  O ctober (Welsh and

B reed e r ,  1923). Females appear to  spawn the  major p o r t io n  o f  eggs in

May o r June w ith  a second, sm a l le r  spawning p o s s ib ly  occu r in g  in  l a t e  

Ju ly  o r  August (M err in e r ,  1976). F e r t i l i z e d  eggs a r e  p e la g ic  and 

la rv a e  d i s p e r s e  to  n u rs e ry  grounds soon a f t e r  h a tc h in g .  Young o f th e  

yea r  f i r s t  e n te red  t ra w l c a tc h e s  o f th e  York R iver in  J u ly  o r  August 

(Chao and Musick, 1977). Weakfish move o f f sh o re  to  spawn bu t  a r e  a l s o  

found spawning in  Pamlico Sound, North C a ro lin a  (M e rr in e r ,  1976).

Thus, spawning may occur in  sounds and bays as w e l l  as  o f f s h o re  — 

th e se  a re a s  be ing  a t  th e  edge o f  th e  spawning zone (M e rr in e r ,  1976).

The youngest w eakfish  c o l l e c t e d  in  t h i s  s tudy  (ap p ro x im a te ly  119 

mm) was approx im ate ly  11 months o ld  assuming spawning occured  in  June 

(M e rr in e r ,  1976). In  a summary o f  p u b lish ed  d a ta  concern ing  C_. 

r e e a l i s . Wilk (1978) l i s t e d  a range  o f  130 -  315mm T.L . f o r  growth o f  

w eakfish  a t  th e  end o f  th e  f i r s t  y e a r .  Based on W ilk 's  compiled d a t a ,  

my c o l l e c t i o n  o f  w eakfish  were e i t h e r  approaching th e  end o f  t h e i r

f i r s t  y e a r  or were one y ear  o f  a g e .

M errine r  (1976), in  a comprehensive study o f  w eak fish  o f f  th e  

c o a s t  o f  North C a ro l in a ,  found s e x u a l ly  mature f i s h  a t  one y e a r  o f  age
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w ith  some o f  th e  sm a l le r  in d iv id u a l s  m atu ring  a t  two years  (Table 2 ) .

To determ ine  m a tu r i ty ,  th e  s ta n d a rd  le n g th  range in  which 50% of 

w eakfish  a re  c l a s s i f i e d  as m a tu re ,  r i p e ,  o r  r i p e  running is  co n s id e red  

th e  s iz e  a t  which sex u a l m a tu r i ty  i s  a t t a i n e d  (M err in e r ,  1976). Using 

t h i s  c r i t e r i a ,  male w eakfish  m ature b e fo re  fem a les .  In  th e  Moorehead 

C ity  a r e a ,  males m ature a t  130 mm S.L and fem ales a t  145 mm S.L . 

S im i la r ly ,  a t  Pamlico Sound, males m ature f i r s t  a t  150 mm S .L . w hile  

fem ales m ature a t  190 mm S .L . Though sex u a l  m a tu r i ty  occurs  in  males 

on average  around 130 -  150 mm S .L . ,  t h e r e  were specimens c o l l e c te d  by 

M erriner which matured e a r l i e r .  F is h  a t  105 ram S.L . and s e v e ra l  a t  115 

mm S.L . a re  s e x u a l ly  m a tu re .

One would expec t w eakfish  to  m ature  a t  a s im i la r  s iz e  range o f f  

th e  V irg in ia  c o as t  owing to  a s i m i l a r  environment and seasonal 

component. F u r th e r ,  w eakfish  to  th e  northw ard  may move southward in  

w in te r  fo r  long d i s t a c e s ,  and o f f s h o r e ,  as  some o f th e  northward 

summering scup do (Bigelow and S ch ro ed e r ,  1923). I f  t h i s  movement a l s o  

occurs  w ith  r e s p e c t  to  Chesapeake Bay w e ak f ish ,  th e  p o p u la t io n  o f f  th e  

c o as t  o f  North C a ro lin a  may be from th e  same p o p u la t io n  as those  seen 

in  the  bay a re a  d u r in g  th e  summer m onths. In  e i t h e r  c a s e ,  M e r r in e r 's  

d a ta  i s  a p p l ic a b le  to  th e  d a ta  g a th e red  d u r in g  th e  p re s e n t  s tu d y .  

M e r r in e r 's  50% average  s i z e  over which males a r e  found to  be s e x u a l ly  

m ature  i s  g r e a t e r  than  th e  s i z e  a t  which so n ic  muscle began to  d ev e lo p . 

However, m a tu r i ty  h e re  i s  de term ined  by th e  p o in t  a t  which 50% o f  th e  

sample a re  f u l l y  m a tu re .  Thus, t h e r e  a r e  in d iv id u a ls  who a r e  immature, 

th o se  who a re  only  beg inn ing  th e  p ro c e ss  o f  sp erm ato g en es is ,  o r  have



y e t  to  a t t a i n  f u l l  m a tu r i t y ,  as w e l l  as in d iv id u a ls  who m ature  w e ll  

b e fo re  the  a v e rag e .  In  a c lo s e r  exam ination  o f M err in e r" s  d a ta  one 

f in d s  an example o f  105 mm and s e v e ra l  a t  115mm S .L . in  which sex u a l 

m a tu r i ty  has a l re a d y  been re a c h e d .  Thus, th e  s m a l le s t  in d iv id u a l  in 

th e  p re s e n t  s tudy  found to  p o sse ss  son ic  muscle (119 mm S .L .)  f e l l  

w i th in  th e  range over which sperm atogenesis  was ta k in g  p l a c e .  In  

support  o f  t h i s ,  my d a ta  showed th e  i n i t i a t i o n  o f  muscle growth to  be 

c o n cu rren t  w ith  in c re a s e d  growth of the  gonads. As the  r a t e  o f  gonad 

development began to  a c c e l e r a t e ,  th e n ,  th e  son ic  muscle t i s s u e  began to  

a p p e a r •

M errine r (1976) observed an i n t e r e s t i n g  phenomenon w ith  w eakfish  

which cannot be confirm ed h e re  due to  a l im i te d  c o l l e c t i o n  p e r io d .  

Drumming m uscles beg in  e n la rg in g  in  December fo r  th e  nex t b reed in g  

season and recede  in  s i z e  a f t e r  th e  b reed in g  sea so n . The changes in 

muscle s iz e  c o r r e l a t e  w ith  th e  r ip e  and spen t c o n d i t io n  o f  th e  gonads.



TABLE 1. P r e se n ta t io n  o f  s t a t i s t i c a l  data  c a lc u la te d  fo r  each s p e c i e s .
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TABLE 2. C o r re la t io n  o f  d a ta  on sex u a l  m a tu r i ty ,  muscle developm ent, 

and spawning season*

k6



TABLE 2

ONSET OF ONSET OF
MUSCLE DEVELOPMENT SEXUAL MATURITY

SPAWNING
SPECIES SEX SIZE AGE CLASS SEX SIZE AGE CLASS SEASON

CROAKER MALE 45mm

FEMALE 45mm

MALE 140-320mm I - I I
FEMALE 150-370mm I - I I

(P e a rs o n ,1929)

BOTH ABOVE 200mm I
(White and 

C h i t te n d e n ,1977)

SEPTEMBER 
TO 
LATE 
MARCH 

(White and 
Chittenden, 

1977)

SPOT MALE 105mm BOTH 170-210mm I
(P e a rs o n ,1929)

BOTH ABOVE 215mm I
(H ildebrand and 
Sch roeder ,1928)

OCTOBER 
TO 

MARCH 
(Dawson,1958)

WEAKFISH MALE 119mm MALE 105-200mm 0-1
FEMALE 140-195mm 0-1

(Merriner,1976)

LATE APRIL 
TO 

JUNE 
(M e rr in e r ,1976)



Summary and C onclusion

Croaker

The c ro a k e r  p r e s e n ts  a unique case  in  s c ia e n id  f i s h e s  in  t h a t

bo th  male and female p o sse ss  th e  son ic  m usc le . Development began a t

th e  same le n g th  and age in  bo th  sexes and occured long b e fo re  sex u a l  

m a tu r i ty  was rea ch e d .  Croaker m ature a t  ages o f  two years  o r  more and 

a t  le n g th s  exceeding 200 mm T .L . acco rd in g  to  Wallace (1940). Gonads 

examined in  my s tudy  support  t h i s .  I n d iv id u a ls  a t  93 mm and 109 mm 

S.L . were immature. However, a male a t  184 mm S.L . was s e x u a l ly  m ature  

and a female a t  187 mm S .L . ,  though n o t  f u l l y  m atu re , was develop ing  

p rim ary  o o c y te s .  Croaker son ic  m usc le , on th e  o th e r  hand, began to  

develop around 45 mm S .L . — w e ll  w i th in  th e  f i r s t  y e a r .  Though so n ic  

muscle d id  develop b e fo re  f u l l  m a tu ra t io n  o f  th e  gonads, i n i t i a t i o n  o f  

muscle growth c o in c id ed  w ith  th e  in c re a se d  growth o f  th e  gonads. Thus, 

as th e  r a t e  o f  gonad development in c re a s e d ,  sonic  muscle growth began . 

Male so n ic  m usc le , however, began to  grow l a r g e r  than  th a t  o f  th e  

female a t  50g (140 -  150 mm S . L . ) .  This  s iz e  d i f f e r e n c e  in  m usc le ,

which i s  more h ig h ly  exagge ra ted  in  l a r g e r  in d iv id u a l s ,  may c o r r e l a t e

w ith  gonadal s t a t e  o f  s e x u a l ly  m ature  in d iv id u a l s .  This would in d i c a t e  

a co n n ec tio n  (presumably hormonal) between th e  in c reased  growth o f  the  

male muscle w ith  in c re a se d  development o f  th e  t e s t e s .

^7
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Spot

Although only male spo t p o sse ss  th e  swimbladder m uscle, th e  

muscle i t s e l f  appeared b e fo re  gonadal sp e rm ato g en es is .  Sexual m a tu r i ty  

beg ins  to  appear around len g th s  o f  149 mm S .L . (Townshend, 1956) and 

170 mm T.L . (P ea rso n , 1929) in  so u th e rn  l o c a t i o n s ,  and over 200 mm T.L . 

in  the  Chesapeake Bay (H ildebrand and S ch roeder,  1928). The l a r g e s t  

male cap tu red  in  th e  p re s e n t  s tudy  was 158 mm S .L . and was immature. 

Spot sonic  m uscle , however, f i r s t  appeared in  a specimen of 106 mm 

S .L . ,  w e l l  b e fo re  sex u a l  m a tu r i t y .  F u r th e r ,  the  muscle developed 

w ith in  th e  f i r s t  y e a r  o f  age w h ile  sex u a l  m a tu r i ty  in  spo t was no t 

a t t a in e d  u n t i l  th e  second or t h i r d  y e a r .  Muscle development and th e  

a c c e le r a t i o n  o f  gonad grow th , however, d id  beg in  a t  th e  same t im e . As 

the  r a t e  o f  gonad growth in c re a s e d ,  so n ic  muscle development was 

i n i t i a t e d .  Development o f  bo th  v a r i a b l e s  was co n cu rren t  from t h i s  p o in t  

on.

Weakfish

The s m a l le s t  male p o s se s s in g  son ic  muscle was 119 mm S .L . which 

f a l l s  w i th in  th e  range  o f  s ex u a l  m a tu r i ty  which M erriner (1976) found 

extended down to  105 mm S .L . in  samples c o l l e c te d  o f f  th e  c o as t  of 

North C a ro l in a .  F u r th e r ,  M err in e r  found most o f  the  f i s h  examined to  be 

s e x u a l ly  m ature  by one y e a r  o f  age w ith  some sm a lle r  in d iv id u a ls  

m aturing  a t  two y e a r s .  The s m a l le s t  specimen o f the  p re se n t  s tudy  w ith  

develop ing  son ic  m u s c le , th e n ,  occured w i th in  th e  range o f sexua l 

developm ent. As in  c ro a k e r  and s p o t ,  w eakfish  son ic  muscle began as
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gonad growth in c reased  in  r a t e .  At th e  same p o in t  t h a t  gonad 

development a c c e l e r a t e d ,  so n ic  muscle development was i n i t i a t e d .

Muscle growth was co n cu rren t  w ith  gonad growth from t h i s  p o i n t .  Only 

f u r t h e r  re s e a rc h  combining d a ta  on hormonal l e v e l s  w ith  muscle 

development can p rov ide  th e  answers to  th e  q u e s t io n  o f  c o n t r o l  over 

development o f  th e  son ic  m usc le .

In  a l l  th r e e  s p e c ie s ,  one would expect a s e n s i t i v i t y  to  androgen 

p ro d u c t io n  during  some s tag e  o f  development because o f  the  sexua l 

d i f f e r e n c e s  between males and fem ales w ith  r e s p e c t  to  th e  p resence  of 

th e  son ic  muscle o r i t s  r e l a t i v e  s i z e .  According to  F o s te r  e t  a l .  

(1983), s te ro id o g e n ic  a c t i v i t i e s  have been d e te c te d  very  e a r ly  in  th e  

immature t e s t i s  (Oota and Yamamoto, 1966; Takahashi and Iw asak i ,

1973; S a toh , 1974; Van Den Hurk, 1974; Nagahama e t  a l . ,  1978; Van 

Den Hurk e t  a l . ,  1 9 8 2 ;) .  I n t e r s t i t i a l  c e l l s ,  which e x i s t  in  the  

i n t e r s t i t i u m  between gonadal lo b u le s  and which have been im p lica ted  in  

o th e r  sp ec ie s  as p o s s ib le  s i t e s  o f  s te ro id o g e n ic  a c t i v i t y ,  were n o t  

examined. These a re a s  may y e t  be shown to  be s im i l a r ly  a c t i v e  in  e a r ly  

hormonal p ro d u c tio n  in  th o se  s p e c ie s  (such as s p o t)  where muscle t i s s u e  

o ccurs  b e fo re  gonadal sp e rm a to g e n e s is .  F u r th e r  re se a rc h  in  t h i s  a re a  

may determ ine w hether t h i s  s e n s i t i v i t y  o f  son ic  muscle to  androgen 

p ro d u c t io n  occurs  and , i f  s o ,  w hether i t  occurs as a r e s u l t  o f  

in c re a se d  androgen ou tpu t d u r in g  sex u a l  m a tu ra t io n .



Appendix A -  Croaker

STANDARD BODY BLADDER GONAD MUSCLE MUSCLE
>EX LGTH (mm) WT (g) WT (g) WT (g) WT (g) LENGTH (mm) WIDTH(mm)

L R L R

F 044.0 001.70 0 .02 0.0006 0.0000
F 045.0 001.90 0 .02 0.0004 0.0013
F 047.0 002.10 0 .02 0.0002 0.0029
F 050.0 002.60 0 .0 4 0.0006 0.0033
F 052.0 002.80 0.03 0.0013 0.0062
F 057.0 003.80 0 .0 4 0.0012 0.0091
F 057.0 003.90 0 .0 4 0.0023 0.0100 ---------------- ----------------
F 064.0 005.90 0 .05 0.0030 0.0100 0 9 .0 ;0 9 .0 0 5 .0 ;0 5 .0
F 068.0 006.20 0 .06 0.0042 0.0200 0 7 .0 ;0 7 .0 0 5 .0 ;0 5 .0
F 070.0 006.90 0.09 0.0025 0.0300 1 0 .0 ;0 9 .0 0 6 .0 ;0 6 .0
F 071.0 008.10 0.07 0.0031 0.0200 ---------------- ----------------
F 074.0 009.35 0.08 0.0032 0.0400 ll .O jlO .O 0 6 .0 ;0 6 .0
F 080.0 010.50 0.11 0.0051 0.0400 0 9 .5 ;0 9 .5 0 7 .0 ;0 7 .0
F 081.0 010.80 0 .12 0.0193 0.0800 1 4 .0 ;1 3 .0 0 7 .0 ;0 7 .0
F 084.0 013.00 0.11 0.0113 0.0800 1 3 .0 ;1 3 .0 0 7 .0 ;0 7 .0
F 085.0 012.30 0 .13 0.0130 0.0900 1 3 .0 ;1 3 .0 0 8 .0 ;0 8 .0
F 089.0 017.00 0 .16 0.0052 0.0900 1 5 .0 ;1 4 .0 0 8 .0 ;0 8 .0
F 090.0 015.60 0.17 0.0132 0.1100 1 6 .0 ;1 5 .0 0 8 .0 ;0 8 .0
F 091.0 017.10 0 .16 0.0092 0.1000 13 .0 ; 1 3 .0 0 9 .0 ;0 9 .0
F 092.0 018.30 0 .22 0.0186 0.1200 1 4 .0 ;1 4 .0 0 9 .0 ;0 9 .0
F 093.0 015.00 0 .20 0.0325 0.1000 1 5 .0 ;1 5 .0 0 8 .0 ;0 7 .5
F 099.0 020.44 0 .20 0.0430 0.1600 1 8 .0 ;1 8 .0 l l .O j lO .O
F 101.0 020.00 0 .32 0.0376 0.1300 1 9 .0 ;1 9 .0 0 9 .0 ; 0 9 .0
F 108.0 025.94 0 .37 0.0287 0.1900 2 0 .0 ;2 0 .0 1 1 .0 ;1 1 .0
F 109.0 023.29 0.27 0.0590 0.2400 2 1 .0 ; 2 0 .0 1 0 .0 ;1 0 .0
F 115.0 029.38 0 .45 0.0733 0.2600 2 1 .0 ;2 2 .0 1 2 .0 ;1 2 .0
F 118.0 034.29 0 .39 0.0743 0.2600 2 3 .0 ;2 2 .0 1 3 .0 ;1 3 .0
F 118.0 036.40 0 .64 0.0325 0.3800 2 2 .5 ;2 3 .0 1 0 .0 ;1 0 .0
F 119.0 029.96 0.37 0.0775 0.2200 2 3 .0 ;2 1 .0 1 2 .0 ;1 2 .0
F 120.0 032.20 0 .38 0.1082 0.2400 2 3 .0 ;2 2 .0 1 1 .0 ;1 2 ,0
F 123.0 034.40 0 .45 0.0742 0.3100 2 7 .0 ;2 9 .0 1 0 .5 ;1 1 .0
F 134.0 054.00 0 .70 0.0809 0.4200 2 9 .0 ;2 9 .0 l l . O j l l . O
F 135.0 052.05 0 .78 0.1342 0.5000 2 6 .0 ;2 6 .0 1 4 .0 ;1 4 .0
F 136.0 048.87 0.67 0.1631 0.5100 2 6 .0 ;2 6 .0 1 3 .0 ;1 3 .0
F 139.0 056.90 0 .60 0.1355 0.4900 2 2 .0 ;2 3 .0 1 2 .0 ;1 2 .0
F 144.0 054.30 0 .62 0.1121 0.5700 27 .0 ; 2 7 .0 1 3 .0 ;1 4 .0
F 146.0 069.20 0.79 0.1946 0.6500 2 8 .0 ;2 9 .0 1 4 .0 ;1 4 .0
F 153.0 077.20 0 .87 0.2230 0.7200 3 0 .0 ;3 0 .0 1 4 .0 ;1 4 .0
F 159.0 088.60 1 .04 0.3110 0.7500 3 2 .0 ;3 0 .0 1 3 .0 ;1 3 .0
F 159.0 109.00 1.35 0.5518 0.9700 2 9 .0 ;3 0 .0 1 5 .0 ;1 6 .0
F 162.0 087.50 1.02 0.2739 0.7600 2 9 .0 ;2 9 .0 1 3 .0 ;1 3 .0
F 162.0 088.80 1.09 0.2560 0.8200 3 2 .0 ;3 2 .0 1 6 .0 ;1 7 .0
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STANDARD BODY
SEX LGTH (mm) WT (g)

F 162.0 094.60
F 165.0 103.90
F 172.0 106.10
F 176.0 094.10
F 178.0 112.70
F 183.0 154.70
F 185.0 136.70
F 187.0 133.70
F 188.0 144.50
F 190.0 161.20
M 043.0 001.70
M 045.0 001.80
M 054.0 003.00
M 062.0 005.10
M 068.0 007.20
M 070.0 007.70
M 072.0 008.10
M 077.0 009.40
M 078.0 011.10
M 085.0 014.10
M 088.0 014.22
M 091.0 015.10
M 091.0 016.40
M 093.0 017.40
M 094.0 016.70
M 096.0 018.88
M 096.0 020.35
M 097.0 020.10
M 099.0 015.60
M 102.0 023.79
M 103.0 022.47
M 104.0 021.66
M 109.0 025.98
M 121.0 040.12
M 124.0 038.30
M 133.0 057.00
M 134.0 045.41
M 134.0 055.49
M 136.0 043.30
M 136.0 047.60
M 139.0 052.77
M 149.0 * 071.70
M 155.0 075.30

Appendix A (cont'd)
BLADDER GONAD MUSCLE
WT (g) WT (g) WT (g)

1.13 0.3078 0.8900
1.56 0.3305 0.9800
1.62 0.3771 1.0200
1.51 0.3609 1.0500
1.41 0.4554 0.9100
1.74 0.4779 1.2700
1.59 0.3847 0.9600
1.47 0.4202 1.3000
1.87 0.5571 1.7400
2.49 0.5721 1.6100
0.02 0.0001 0.0000
0.02 0.0001 0.0004
0.03 0.0006 0.0027
0.05 0.0002 0.0100
0.05 0.0003 0.0300
0.07 0.0009 0.0300
0.07 0.0009 0.0400
0.09 0.0007 0.0600
0 .10 0.0011 0.0500
0.12 0.0030 0.1000
0.18 0.0014 0.0900
0.20 0.0026 0.1000
0.17 0.0022 0.1500
0.13 0.0023 0.1200
0.15 0.0023 0.1200
0.25 0.0017 0.1200
0.18 0.0024 0.1900
0 .2 4 0.0026 0.1800
0.18 0.0085 0.1700
0.35 0.0068 0.1900
0.32 0.0035 0.1900
0.31 0.0007 0.1900
0.32 0.0031 0.1500
0.57 0.0093 0.3900
0 .56 0.0194 0.3600
0.62 0.0136 0.7400
0.76 0.0123 0.5300
0.71 0.0145 0.4600
0.50 0.0100 0.4400
0 .64 0.0068 0.4300
0 .76 0.0187 0.4800
0.90 0.0230 0.7200
1.09 0.0963 1.1400

MUSCLE 
LENGTH(mm) WIDTH(mm)

L R L R

33.0 33 .0 1 6 .5 ;1 7 .0
32.0 31.0 1 5 .0 ;1 5 .0
34.0 35.5 1 7 .0 ;1 7 .0
35.0 38.0 1 8 .0 ;1 8 .0
35.0 35.0 1 7 .0 ;1 7 .0
36.0 35.0 1 7 .5 ;1 8 .0
34.0 33.0 1 8 .0 ;  17.0
41.0 40.0 1 5 .0 ;  15.0
38.0 38.0 1 6 .0 ;1 6 .0
39.0 40.0 1 7 .0 ;1 7 .0

———_ ____________
06.0 06 .0 0 3 .0 ;04 .0
09.0 09 .0 0 5 . 0 ;0 5 .0
09.0 08 .0 0 5 .0 ;0 5 .0
11.0 11.0 0 6 .0 ;0 6 .0
09.0 09 .0 0 6 .0 ;06 .0
09.0 10.0 0 7 .0 ;0 7 .0
14.0 14.0 0 8 . 0 ;08 .0
17.0 17.0 0 8 .0 ;0 8 .0
16.0 16.0 0 9 .0 ;0 9 .0
17.0 15.0 0 8 .0 ;0 8 .0
17.0 15.0 0 8 . 0 ;09 .0
14.0 14.0 0 9 .0  ;0 9 .0
19.0 20.0 1 1 .5 ;1 1 .0
15.0 17.0 1 0 .0 ;1 0 .0

19.0 18.0 0 9 .0 ;0 9 .0
23.0 22.0 1 1 .0 ;1 1 .0
22.0 21.0 1 2 .0 ; 1 1 .5
20.0 20.0 1 2 .0 ;1 2 .0
19.0 19.0 1 2 .0 ;1 2 .0
27.0 28.0 1 2 .0 ;1 2 .0
27.0 27.0 1 2 .5 ;1 2 .0
25.0 26.0 1 5 .0 ;1 5 .0
29.0 27.5 1 4 .0 ;1 4 .0
28.0 28.0 1 4 .0 ;1 4 .0
29.0 30 .0 1 2 .0 ;1 2 .0
28.0 28.0 1 4 .0 ;1 5 .0
27.5 27.0 1 4 .0 ;1 4 .0
32.0 30 .0 1 5 .0 ;1 6 .0
33 .0 34.0 1 5 .0 ;1 4 .0
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Appendix A ( c o n t 'd )

STANDARD BODY BLADDER GONAD MUSCLE MUSCLE
>EX LGTH (mm) WT (g) WT (g) WT (g) WT (g) LENGTH(mm) WIDTH (mm)

L R L R

M 155.0 079.30 1.09 0.0643 1.0000 3 3 .0 ;3 5 .0 1 6 .0 ;1 6 .0
M 161.0 091.80 1.45 0.0282 1.0500 3 4 .0 ;3 3 .0 1 8 .0 ;1 7 .5
M 164.0 086.50 0 .92 0.0767 0.8500 3 7 .0 ;3 6 .0 1 7 .0 ;1 6 .0
M 166.0 105.40 1.67 0.0264 1.1400 3 3 .0 ;3 2 .0 18.0 j 18.0
M 168.0 079.90 1.31 0.0659 0.8300 3 6 .0 ;3 6 .0 1 6 .5 ;1 6 .5
M 170.0 103.80 1.32 0.0803 1.6000 3 8 .0 ;3 8 .0 1 4 .0 ;1 4 .0
M 182.0 146.60 2.07 0.1025 2.0800 4 2 .0 ;4 2 .0 15 .0 ; 1 5 .0
M 183.0 111.40 1.51 0.1741 1.4800 4 4 .0 ;4 4 .0 1 6 .0 ;1 6 .0
M 184.0 168.50 2.69 0.1378 2.1100 4 4 .0 ;4 2 .0 1 6 .0 ;1 5 .0
M 188.0 123.00 2.06 0.0836 1.6400 4 2 .0 :4 2 .0 1 7 .0 :1 7 .0



Appendix B. - Spot

STANDARD BODY BLADDER GONAD MUSCLE MUSCLE
5 EX LGTH (mm) WT (g) WT (g) WT (g) WT (g) LENGTH (mm) WIDTH (mm)

L R L R

M 090.0 018.88 0.13 0.0100 0.0000
H 098.0 024.59 0 .14 0.0063 0.0000
M 101.0 029.20 0.15 0.0032 0.0000
M 106.0 034.10 0.17 0.0021 0.0029
M 108.0 030.90 0 .14 0.0027 0.0065
M 111.0 039.50 0.17 0.0056 0.0100
M 112.0 035.90 0.13 0.0040 0.0046
M 112.0 037.40 ------- 0.0024 0.0000
M 114.0 037.80 0 .12 0.0042 0.0000
M 114.0 039.00 0 .16 0.0013 0.0067
M 115.0 035.50 0 .18 0.0062 0.0300
M 115.0 041.00 0.13 0.0038 0.0000
M 115.0 041.40 0.13 0.0017 0.0000
H 116.0 035.40 0.18 0.0103 0.0300
M 116.0 042.80 0.17 0.0058 0.0200
M 116.0 043.00 0.21 0.0043 0.0076
M 117.0 042.80 0.16 0.0015 0.0000
M 118.0 043.40 0 .20 0.0121 0.0200
M 123.0 057.30 0.23 0.0204 0.1100 21.0 21.0 0 7 .0 ;0 7 .0
M 128.0 060.00 0.27 0.0173 0.0500 20.0 18.0 0 6 .0 ;0 5 .0
M 129.0 057.50 0 .20 0.0143 0.0700 29.0 27.0 0 8 .0 ;0 7 .0
H 143.0 069.70 0.37 0.0187 0.0700 22.0 22.0 0 6 .0 ;06 .0
M 144.0 082.20 0 .50 0.0229 0.1200 21.0 20.0 0 4 .0 ;0 5 .0
M 146.0 078.00 0.29 0.0323 0.1100 21.0 20.0 0 6 .0 ;0 6 .0
M 156.0 108.80 0.53 0.0218 0.2100 27.0 28.0 0 9 .0 ;0 9 .0
M 158.0 093.50 0 .4 4 0.0244 0.1500 29.0 29.0 0 7 .0 ;0 7 .0
M 165.0 129.10 0 .74 0.0239 0.2100 32.0 32.0 0 8 .0 ;0 8 .0
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Appendix C_ -  Weakf ish

STANDARD BODY BLADDER GONAD MUSCLE MUSCLE
3 EX LGTH (mm) WT (g) WT (g) WT (g) WT (g) LENGTH (mm) WIDTH (mm)

L R L R

M 119.0 029.60 0.50 0.0093 0.0077 ---------------- — — _ -------
M 125.0 038.40 0.68 0.0230 0.0900 29 .0 ;2 8 .0

o•00o o.00o

M 126.0 032.28 0.91 0.0339 0.0000 ---------------- -------- --------
M 129.0 039.30 0.62 0.0174 0.0000
M 132.0 034.80 0.72 0.0447 0.0900 2 7 .0 ; 2 7 .0 10.0 10.0
M 134.0 031.30 1.04 0.0721 0.1100 28 . 0 ; 2 1 .0 10.0 09.0
M 135.0 037.40 0.83 0.0102 0.0400 ---------------- -------- --------
M 136.0 048.60 0 .89 0.0227 0.1200 3 3 .0 ;3 2 .0 08.0 08 .0
M 139.0 048.30 1.02 0.2022 0.3200 3 7 .0 ; 3 3 .0 09.0 09 .0
H 139.0 049.60 0 .9 4 0.0940 0.1700 28 .0 ;2 9 .0 10.0 10.0
M 147.0 053.18 1.19 0.0339 0.1000 ---------------- -------- --------
M 147.0 060.50 1.15 0.4658 0.6700 4 0 .0 ;4 0 .0 15.0 15.0
M 148.0 051.60 1.40 0.4460 0.3500 3 5 .0 ;3 5 .0 11.0 11.0
M 153.0 058.80 1 .24 0.6488 0.5300 4 0 .0 ;3 5 .0 12.0 12.0
M 155.0 068.60 2.12 0.7333 0.8600 4 2 .0 ;4 2 .0 15.0 15.0
H 156.0 062.30 1.17 0.3221 0.3900 4 5 .0 ;4 3 .0 13.0 13.0
M 158.0 065.30 1.35 0.6736 0.7700 4 2 .0 ;4 2 .0 13.0 13.0
M 160.0 070.70 1.59 0.2576 0.2800 3 3 .0 ;3 3 .0 15.0 15.0
M 164.0 079.90 1.38 0.1372 0.3800 4 2 .0 ;3 6 .0 12.0 12.0
M 172.0 093.90 1.98 0.4184 0.9300 5 0 .0 ;5 0 .0 18.0 18.0
M 174.0 089.60 1.93 0.8542 1.1200 4 7 .0 ;4 6 .0 18.0 18.0
M 179.0 107.90 2.33 1.3494 1.6300 5 1 . 0 ; 5 1 .0 19.0 19.0
M 182.0 103.57 3.31 0.6974 0.8700 4 7 .0 ; 4 7 .0 15.0 15.0

5*+
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