
AGE AND GROWTH OF THE NORTHERN SEAROBIN 

PRIONOTUS CAROLINUS (LINNAEUS)

A T h e s i s  

P r e s e n t e d  t o  

The S c h o o l  o f  M a r in e  S c ie n c e  

The C o l l e g e  o f  W il l ia m  and  Mary i n  V i r g i n i a

I n  P a r t i a l  F u l f i l l m e n t  

Of t h e  R e q u i r e m e n ts  f o r  t h e  D e g ree  o f  

M a s t e r  o f  A r t s

By

R o b e r t  S .  P . Wong 

1968

LIBRARY ^
o f  the  

V IR G IN IA  INSTITUTE.  
of

M A R IN E  SC IEN C E.



ProQ uest Number: 10625064

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction  is d e p e n d e n t  upon th e  quality of th e  co p y  subm itted.

In th e  unlikely e v en t th a t th e  au thor did not send  a  c o m p le te  m anuscript 
an d  th ere  a re  missing p ag es , th e se  will b e  no ted . Also, if m aterial h ad  to  b e  rem oved ,

a  n o te  will ind icate  th e  deletion.

uest
ProQ uest 10625064

Published by ProQ uest LLC (2017). Copyright of th e  Dissertation is held by th e  Author.

All rights reserved.
This work is p ro te c te d  ag ain st unauthorized copying under Title 17, United S tates C o d e

Microform Edition © ProQ uest LLC.

ProQ uest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106 - 1346



APPROVAL SHEET

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

o f  t h e  r e q u i r e m e n t s  f o r  t h e  d e g r e e  o f  

M a s te r  o f  A r t s

R o b e r t  S .  P .  Wong

A p p ro v e d , A u g u s t  1968

J a o k s o n  D a v i s ,  P h .D .

Edwin B . J o  s ep.h'^yPh. D JJ
'n  /

/  771
vjfohn J .  p p r c r o s s ,  M .S.

fat..
W il l ia m  G. M a c I n ty r e ,  P h .D .

M arv in  L. W ass, P h .D .



ACKNOWLEDGMENTS

I  am g r a t e f u l  t o  D r. W. J a c k s o n  D a v is  who s u g g e s t e d  t h e  

p ro b le m  an d  made v a l u a b l e  comments and  c r i t i c a l  e v a l u a t i o n  o f  

t h e  t h e s i s .  I  a l s o  t h a n k  D r.  Edwin B. J o s e p h  and  Mr. J o h n  J .  

N o r c r o s s  f o r  t h e i r  g u id a n c e  and  com m ents . Mr. F ra n k  J .  W o jc ik  

s u p e r v i s e d  my u s e  o f  t h e  c o m p u te r s ,  f o r  w h ic h  I  am i n d e b t e d .  

A cknow ledgm ents  m u s t  a l s o  be  g iv e n  t o  t h e  f o l l o w i n g  p e r s o n s  

who h a v e  r e n d e r e d  a s s i s t a n c e :  M rs . J a n e  D a v i s ,  M iss  P h y l l i s

E d w ard s ,  M iss  E v e ly n  C. W e l l s ,  M e s s r s .  R o b e r t  S .  B a i l e y ,  P e t e r  

J .  E l d r i d g e ,  Jo h n  D. M cE achran , W i l to n  E. M a n s f i e ld  and  Jam es

S .  S t e r l i n g .

T h i s  s t u d y  i s  a  p a r t  o f  p r o j e c t  3 -5 -D  o f  t h e  U. S . B u reau  

o f  C o m m erc ia l  F i s h e r i e s  an d  t h e  V i r g i n i a  I n s t i t u t e  o f  M a r in e  

S c i e n c e  u n d e r  p r o v i s i o n  o f  t h e  C o m m erc ia l  F i s h e r i e s  R e s e a r c h  

an d  D ev e lo p m en t A c t  o f  1965 (PL 8 8 - 3 0 9 ) .



TABLE OF CONTENTS

Page

ACKNOWLEDGMENTS ..........................................................................................................  i i i

LIST OF TABLES .............................................................................................................  v

LIST OF FIGURES ........................................................................................................... v i

ABSTRACT  ....................................................................................................................  v i i i

INTRODUCTION ..................................................................................................................  2

METHODS AND MATERIALS ............................................................................................ 3

CONVERSION FACTORS FOR LENGTHS OF FISH .................................................. 9

DETERMINATION OF A G E   .............................................................................  10

T e c h n iq u e s  ..............................................................................................  11

T o p o g rap h y  an d  Grow th o f  t h e  O t o l i t h  ..............................  11

I n t e r p r e t a t i o n  o f  t h e  Z ones i n  t h e  O t o l i t h  ...............  13

V a l i d i t y  o f  t h e  H y a l in e .  Zone a s  a n  A n n u lu s  ...............  20

A n a l y s i s  o f  Age a n d  G row th  .................................................... .. 21

L e n g th  F re q u e n c y  D i s t r i b u t i o n  ...............................................  27

LENGTH-WEIGHT RELATIONSHIP AND RELATIVE CONDITION ....................... 33

SPAWNING PERIOD AND AGE AT SEXUAL MATURITY ........................................  41

SUMMARY ............................................................................................................................... 44

LITERATURE CITED  ......................................................................................................  45

i v



LIST OF TABLES

T ab le  Page

1 .  D a ta  f o r  e ach  sam p le  o f  P r i o n o t u s  c a r o l i n u s : d a t e ,

l o c a l i t y ,  s am p le  s i z e ,  b o t to m  t e m p e r a t u r e  and  d e p t h  . . .  5 -7

2 . C o n v e r s io n  f a c t o r s  f o r  s t a n d a r d  ( S . L . ) ,  f o r k  ( F . L . )

and  t o t a l  ( T . L . )  l e n g t h s  o f  n o r t h e r n  s e a r o b i n  ..........................  9

3 .  R e s u l t s  o f  a g e  and  g ro w th  d e t e r m i n a t i o n s  b a s e d  on

e x a m i n a t io n  o f  o t o l i t h s .  A v e rag e  l e n g t h s  and  w e i g h t s ,  

r a n g e ,  sam p le  s i z e ,  S ^ t #Q5 an<^ s t a n ^ a r d  d e v i a t i o n  f o r  

e a c h  a g e - g r o u p  .................................................................................................  22

4 .  M odal l e n g t h s  ( i n  mm) d e r i v e d  from  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  d u r i n g  d i f f e r e n t  s e a s o n s  ..........................................  31

5 .  V a lu e s  o f  a and  n from  t h e  l e n g t h - w e i g h t  f o r m u l a ,

W = aLn and  mean r e l a t i v e  c o n d i t i o n  (Kn ) f o r  e a c h  m onth  37

6 . The sp aw n in g  p e r i o d s  o f  P r i o n o t u s  c a r o l i n u s  i n  v a r i o u s

r e g i o n s  ..................................................................................................................  42



LIST OF FIGURES

F ig u r e  Page

A rea  ( s h a d e d )  i n  w h ich  P r i o n o t u s  c a r o l i n u s  w ere

c a u g h t  ........................................................................................................... 4

, 2 .  O t o l i t h  o f  P r i o n o t u s  c a r o l i n u s  ................................................  12

3 .  R e g r e s s i o n s  o f  o t o l i t h  w id th  and w e ig h t  on l e n g t h

o f  P r i o n o t u s  c a r o l i n u s   ..............................................................  14

4 .  P e r c e n t a g e  o f  o p aq u e  m a rg in  i n  o t o l i t h s  d u r i n g

1966 ; t h e  c u r v e  r e p r e s e n t s  a v e r a g e  m o n th ly  

t e m p e r a t u r e s  o f  1959 to  1960 ....................................................  16

5 .  C r o s s - s e c t i o n s  o f  o t o l i t h s  o f  P r i o n o t u s  c a r o l i n u s . .  ig

6 .  O t o l i t h s  o f  P r i o n o t u s  c a r o l i n u s  .............................................. 19

7 .  A v e rag e  l e n g t h ,  r a n g e  and  S _ t  o f  P r i o n o t u s  

c a r o l i n u s  a t  d i f f e r e n t  a g e s  ....................................................... 23

8 .  A v e rag e  w e i g h t ,  r a n g e  and  S t  g^ o f  P r i o n o t u s

c a r o l i n u s  a t  d i f f e r e n t  a g e s  ............................................   24

9 .  A n n u a l  i n c r e m e n t s  o f  l e n g t h  and w e ig h t  o f  t h e

n o r t h e r n  s e a r o b i n  ...............................................................................  25

10 . L e n g th  f r e q u e n c y  h i s t o g r a m s  o f  P r i o n o t u s  c a r o l i n u s

a c c o r d i n g  to  s e a s o n s  ........................................................................  28

11 . A n n u a l  a v e r a g e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f

P r i o n o t u s  c a r o l i n u s  ......................  35

v i



F i g u r e  Page

1 2 . Mean r e l a t i v e  c o n d i t i o n s  ( )  o f  P r i o n o t u s

c a r o l i n u s  f o r  m o n th s  o f  1965 an d  1966 ..............................  38

13 . Mean r e l a t i v e  c o n d i t i o n  (Kj^) f o r  d i f f e r e n t  l e n g t h

i n t e r v a l s  o f  P r i o n o t u s  c a r o l i n u s  ...........................................  40

v i i



ABSTRACT

The p u r p o s e  o f  t h i s  s t u d y  was t o  d e t e r m i n e  t h e  a g e  an d  r a t e  
o f  g ro w th  o f  t h e  n o r t h e r n  s e a r o b i n ,  P r i o n o t u s  c a r o l i n u s  ( L i n n a e u s )  
f rom  C h e sa p ea k e  B i g h t  and  i t s  v i c i n i t y .

The f i r s t  f i v e  a g e - g r o u p s  c o u ld  b e  d e t e r m in e d  on t h e  b a s i s  o f  
g ro w th  z o n e s  o b s e r v e d  i n  t r a n s v e r s e  s e c t i o n s  o f  s c o r c h e d  o t o l i t h s .  
From an  a n a l y s i s  o f  l e n g t h  f r e q u e n c y  h i s t o g r a m s , t h e  f i r s t  t h r e e  
a g e - g r o u p s  c o u ld  be  i n f e r r e d  d e s p i t e  an  u n u s u a l l y  l a r g e  num ber o f  
l a r g e r  f i s h .  The n o r t h e r n  s e a r o b i n  h a s  a  s low  g ro w th  r a t e  an d  a 
l o n g  l i f e  s p a n .

The l e n g t h - w e i g h t  r e l a t i o n s h i p  v a r i e d  w i t h  s e a s o n s .  R e l a t i v e  
c o n d i t i o n s  r e f l e c t e d  t h e  s e x u a l  m a t u r a t i o n  p e r i o d  and  t h e  r e p r o ­
d u c t i v e  c y c l e .  P r i o n o t u s  c a r o l i n u s  spaw ned i n  J u l y ,  A u g u s t ,  and  
p a r t  o f  S e p te m b e r  i n  t h e  C h e sa p ea k e  B i g h t .  They m a tu re d  s e x u a l l y  
a t  a g e  I I  o r  I I I .
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INTRODUCTION

The p r e s e n t  s t u d y  was made t o  d e t e r m i n e  t h e  a g e  and  r a t e  o f  

g ro w th  o f  t h e  n o r t h e r n  s e a r o b i n ,  P r i o n o t u s  c a r o l i n u s  ( L i n n a e u s ) .

The n o r t h e r n  s e a r o b i n  i s  a b u n d a n t  i n  t h e  c o a s t a l  w a t e r s  o f  

e a s t e r n  N o r th  A m erica  from  s o u t h e r n  New E ng lan d  t o  N o r th  C a r o l i n a  

a n d  i t s  r a n g e  e x te n d s  from  t h e  Bay o f  Fundy t o  S o u th  C a r o l i n a  

(B ig e lo w  and  S c h r o e d e r ,  1 9 5 3 ) .  T h ese  f i s h  move i n s h o r e  d u r i n g  t h e  

summer an d  o f f s h o r e  d u r i n g  t h e  w i n t e r ;  t h e y  h a v e  b e en  c a u g h t  i n  

b o t h  s h a l lo w  b r a c k i s h  w a t e r s  a n d  i n  w a t e r s  186 m d e ep  (B ig e lo w  and  

S c h r o e d e r  1 9 5 3 ) .  A c c o rd in g  t o  t h e  ab o v e  a u t h o r s ,  n o r t h e r n  s e a -  

r o b i n s  p r e f e r  s a n d y  b o t to m s  and  when d i s t u r b e d ,  th e y  b u r y  th em ­

s e l v e s  i n  t h e  s a n d ,  l e a v i n g  t h e  to p  o f  t h e i r  h e a d  and  e y e s  p r o t r u d ­

i n g .  They a l s o  e m i t  a  g r u n t i n g  n o i s e  when a la r m e d  a s  o p p o sed  t o  

a  s t a c c a t o  c a l l  b e l i e v e d  t o  b e  r e l a t e d  t o  b r e e d i n g  b e h a v io r -  

( M o u l to n ,  1 9 5 6 ) .  They f e e d  p r i m a r i l y  on c o p e p o d s ,  m y s id s ,  am p h i-  

p o d s  an d  d e c a p o d s  ( M a r s h a l l ,  .1 946 ; R i c h a r d s ,  1 9 6 3 ) .  The spaw n in g  

s e a s o n  o c c u r s  i n  t h e  summer an d  eg g s  d e v e lo p  i n  a  m an n er  t y p i c a l  

o f  p e l a g i c  t e l e o s t e a n  eggs  (K u n tz  an d  R a d c l i f f e ,  1 9 1 8 ) .  I n c u b a t i o n  

p e r i o d  i s  a b o u t  60 h o u r s  a t  2 2 °C, a n d  n ew ly  h a t c h e d  l a r v a e  a r e  

a p p r o x i m a t e l y  2 .8  mm lo n g .  When t h e  f i s h  a t t a i n  a  l e n g t h  o f  25 t o  

30 mm, m o s t  o f  t h e  a d u l t  f e a t u r e s  h a v e  b e e n  a c q u i r e d .  C h a r a c t e r ­

i s t i c s  an d  ta x o n o m ic  f e a t u r e s  o f  t h i s  t r i g l i d  f i s h  w e re  r e v ie w e d  

by  J o r d a n  an d  Hughes ( 1 8 8 7 )  and  G in s b u rg  ( 1 9 5 0 ) .  The l i f e  h i s t o r y  

h a s  b e e n  i n v e s t i g a t e d  by M a r s h a l l  ( 1 9 4 6 ) .



METHODS AND MATERIALS

T h is  s tu d y  was b a s e d  on d a t a  o b t a i n e d  from  3634 f i s h ,  m o s t  

o f  w h ic h  w e re  c a u g h t  on t h e  c o n t i n e n t a l  s h e l f  o f  C h esa p ea k e  B ig h t  

b e tw e e n  November 1965 and  May 1967 ( F i g .  1 ) .  Sam ples  o f  s m a l l  

f i s h  w e re  o b t a i n e d  from  t h e  C h esa p ea k e  Bay and  t h e  Y ork R i v e r .

The d a t a  i n  T a b le  1 a r e  a r r a n g e d  i n  c h r o n o l o g i c a l  o r d e r  show ing  

t h e  d a t e ,  l o c a l i t y ,  num ber o f  f i s h ,  d e p t h  an d  b o t to m  t e m p e r a t u r e  

f o r  e a c h  s a m p le .

C h e sa p e a k e  B i g h t  was sam pled  from  t h e  t r a w l e r ,  Sea  B r e e z e , 

c h a r t e r e d  by t h e  V i r g i n i a  I n s t i t u t e  o f  M ar in e  S c i e n c e .  A 4 5 - f o o t  

s e m i - b a l l o o n  o t t e r  t r a w l  h a v in g  a  s m a l l  m esh l i n e r  ( ^ / 4  i n c h )  i n  

t h e  cod  end was u s e d  i n  c a t c h i n g  t h e  f i s h .  The s m a l l  mesh was 

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

t t ' a w l  was tow ed f o r  30 m in u te s  a t  a  sp e e d  o f  a p p r o x i m a t e l y  3 k n o t s .  

F i s h  w e re  p r e s e r v e d  i n  i c e  an d  b r o u g h t  b a ck  t o  t h e  l a b o r a t o r y  f o r  

e x a m i n a t i o n  and  a n a l y s i s .  The C h esa p ea k e  Bay an d  Y ork  R i v e r  

c o l l e c t i o n s  w e re  made from  t h e  R/V P a t h f i n d e r  u s i n g  a  3 0 - f o o t  

s e m i - b a l l o o n  o t t e r  t r a w l  w i t h  a  ^ /2  i n c h  mesh i n  t h e  cod  e n d .

F i s h  w e re  p r e s e r v e d  i n  f o r m a l i n .  S am ples  c o l l e c t e d  i n  1955 and  

1956 w e re  p r e s e r v e d  i n  a l c o h o l .

F o rk  l e n g t h  o f  f i s h  was m e a s u re d  i n  mm from  t h e  t i p  o f  t h e  

s n o u t  t o - t h e  c e n t e r  o f  t h e  f o r k  o f  t h e  c a u d a l  f i n .  A l l  l e n g t h s  i n  

t h i s  p a p e r  a r e  f o r k  l e n g t h s  u n l e s s  o t h e r w i s e  s t a t e d .  W e ig h ts  w e re



F i g u r e  1 . A rea  ( s h a d e d )  i n  w h ich  P r i o n o t u s  c a r o l i n u s  w e re  c a u g h t .
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TABLE 1

D a ta  f o r  each  sam p le  o f  P r i o n o t u s  c a r o l i n u s : d a t e ,  l o c a l i t y ,

sam p le  s i z e ,  b o t to m  t e m p e r a t u r e  an d  d e p t h .

D a te  L o c a t i o n  Sam ple B ottom  D epth

L a t .  L ong. S i z e  (N) Temp. (C) (m)

A p r i l 1955 C h esa p ea k e  Bay 96 - -

A p r i l 1956 Y ork R i v e r  Mouth 99 — - -

7 X II 1964 C h e sa p ea k e  B i g h t 51 - - 60

30 VI 1965 C h e sa p ea k e  B i g h t 50 - - —

15 XI 1965 36 °52 TN 75 ° 3 0 TW 99 - - 26

18 I I 1966 38 ° 1 8 T N 73 °5 1 T W 65 7 86

24 I I 1966 37 °06 TN 74°46  TW 70 6 88

24 I I 1966 3 6 ° 5 0 TN 7 4 ° 4 8 rW 50 6 53

24 I I 1966 3 6 ° 3 8 TN 7 4 ° 4 7 ’W 50 6 62

24 I I 1966 36 ° 2 9 rN 7 4 ° 4 9 TW 175 6 73

24 I I 1966 36 °25 rN 7 4 ° 5 0 rW 99 6 92

24 I I 1966 36 ° 3 1 TN 75 ° 0 0 TW 50 5 37

3 I I I 1966 3 5 ° 5 9 TN 7 5 ° 0 7 1W 99 7 37

3 I I I 1966 36 °18 TN 7 4 ° 5 5 TW 99 7 55

11 I I I 1966 37 ° 3 8 TN 7 4 ° 2 4 TW 99 6 70

11 I I I 1966 37 °47 TN 7 4 ° 1 5 TW ' 99 7 92

13 IV 1966 35 °42 TN 75 °02 TW 99 - - 48

6 V 1966 36 ° 4 1 TN 75 ° 4 2 TW 30 13 16
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TABLE 1 ( C o n t in u e d )

D a te  L o c a t i o n  Sam ple B ottom  D ep th

L a t .  Long. S i z e  (N) Temp. (C ) (m)

6 V 1966 36 ° 2 8 TN 75 ° 4 4 r.W 50 13 18

9 V 1966 37 ° 0 2 f N 75°0Q' W 99 9 40

13 V 1966 38 ° 0 1 TN 75 ° 0 7 TW 70 13 18

13 V 1966 38 ° 2 8 ’N 7 4 ° 5 4 TW 60 14 13

13 V 1966 38 °38 TN 74 °37 TW 99 12 29

13 V 1966 38 °28 7N 74 °37 TW 80 11 27

14 V 1966 38 °12 rN 7 4 ° 4 4 fW 99 11 22

19 V 1966 37 °03 TN 75 °35 TW 75 — 18

23 V 1966 37 ° 0 1 TN 75 ° 3 8 rW 99 14 13

26 V II  1966 37 °04 TN 76 °05 TW 95 — 26

4 V I I I  1966 C h esa p ea k e  Bay 30 - - —

25 V I I I  1966 37 °08 TN 75 ° 4 1 TW 150 17 15

25 V I I I  1966 37 ° 1 4 TN 75 ° 2 9 TW 99 16 24

26 V I I I  1966 37 °46 fN 7 4 ° 5 5 TW 99 11 29

27 V I I I  1966 38 ° 5 1 fN 7 4 ° 3 5 TW 99 12 20

28 V I I I  1966 38 °36 TN 7 4 ° 5 3 TW 40 11 22

28 V I I I  .1966

oor-N"> 75  °22  rW 99 16 15

29 V I I I  1966 37 °03 TN 7 5 ° 47 T W 40 16 9

1 XI 1966 37 ° 0 4 TN 75 °26 TW 30 16 27

16 XI 1966 37 ° 4 7 T N 74°47  TW 60 12 38

25 XI 1966 36 ° 5 1 fN 75 ° 1 9 TW 33 13 26



TABLE 1 ( C o n t in u e d )

D a te  L o c a t io n  Sam ple  B ottom  D ep th

L a t .  Long. S i z e  (N ) Temp. (C) (m)

25 XI 1966 36 ° 3 6 TN 7 5 ° 1 9 TW 30 12 31

26 XI 1966 36 ° 4 9 T N 7 4 ° 4 5 rW 250 11  73

30 I I I  1957 36 ° 2 2 !N 7 4 ° 4 9 ’W 140 9 109

1 V 1967 36 ° 5 4 TN 7 5 ° 3 3 TW 50 8 20



a c c u r a t e  t o  + 3 g ;  f i s h  p r e s e r v e d  i n  a l c o h o l  and  f o r m a l i n  w ere  

n o t  w e ig h e d .

Sex an d  g o n a d a l  c o n d i t i o n  w e re  d e t e r m in e d  by  g r o s s  

e x a m i n a t i o n .

D a ta  w e re  e n t e r e d  on IBM c a r d s  and  c o m p u ta t io n s  w e re  done  

w i t h  c a l c u l a t o r  and  c o m p u te r  (IBM 360 M odel 5 0 ) .
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CONVERSION FACTORS FOR LENGTHS OF FISH

The c o n v e r s i o n  f a c t o r s  f o r  s t a n d a r d ,  f o r k  an d  t o t a l  l e n g t h s  

w e re  d e r i v e d  from  175 f i s h  h a v i n g  a r a n g e  i n  l e n g t h  f ro m  160 t o  

289 mm ( T a b le  2 ) .  The s t a n d a r d  an d  f o r k  l e n g t h s  w e re  7 6 .9  and  

9 4 .2  p e r  c e n t  o f  t h e  t o t a l  l e n g t h ,  r e s p e c t i v e l y .  F i s h  w e re  

m e a s u re d  a c c o r d i n g  t o  t h e  m ethod  o f  H i l e  ( 1 9 4 5 ) .

TABLE 2

C o n v e r s io n  f a c t o r s  f o r  s t a n d a r d  ( S .  L . ) ,  f o r k  ( F .  L . )  

a n d  t o t a l  (T .  L . )  l e n g t h s  o f  n o r t h e r n  s e a r o b i n .

F .  L . = 0 .9 4 2  x T . L.

S .  L . = 0 .7 6 9  x T. L.

S . L . = 0 .8 1 6  x F . L.
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DETERMINATION OF AGE

C l e i t h r a ,  o p e r c l e s ,  o t o l i t h s ,  s c a l e s  and  v e r t e b r a e  w e re  

ex am ined  i n  a p r e l i m i n a r y  s t u d y  t o  d e t e r m i n e  t h e  s k e l e t a l  

s t r u c t u r e  m o s t  s u i t a b l e  f o r  d e t e r m i n i n g  a g e  and  g ro w th  o f  

P r i o n o t u s  c a r o l i n u s . A l l  o f  t h e s e  s t r u c t u r e s  showed g ro w th  

m a r k s ,  b u t  I  c o u ld  n o t  d e t e r m i n e  t h e  n a t u r e  o f  t h e  a n n u l u s .

S c a l e s  and  o t o l i t h s  s t o r e d  i n  c o r n  s y ru p  c o u ld  b e  u s e d  f o r  

d e t e r m i n i n g  a g e  o f  f i s h  from  a g e - g r o u p s  0 an d  I  b u t  w e re  i n a d e ­

q u a t e  f o r  o l d e r  f i s h .

The t e c h n i q u e  o f  b u r n i n g  o r  s c o r c h i n g  o t o l i t h s  ( C h r i s t e n s e n  

1964)w as u s e d  t o  r e v e a l  z o n e s  f o r  e s t i m a t i n g  a g e  and  g r o w th .

T h is  m e th o d  i s  b a s e d  on t h e  s e a s o n a l l y  v a r y i n g  c h e m i c a l  c o m p o s i ­

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

m a t e r i a l  ( c o n c h i o l i n )  fo rm ed  d u r i n g  t h e  c o l d  m o n th s ;  t h e  opaque  

z o n e  i s  p r i m a r i l y  i n o r g a n i c  m a t e r i a l  ( c a l c iu m  c a r b o n a t e )  fo rm ed  

d u r i n g  t h e  warm m o n th s  (D a n n e v ig ,  1 9 5 6 ; T r i e ,  1 9 5 8 ) .  N o rm a l ly ,  

t h e  o p aq u e  z o n e  a p p e a r s  d a r k  i n  t r a n s m i t t e d  l i g h t  an d  w h i t i s h  i n  

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

m i t t e d  l i g h t  an d  d a r k  i n  r e f l e c t e d  l i g h t .  H ow ever, when t h e  

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

b l a c k ,  w h e re a s  t h e  o p aq u e  z o n e  r e m a in s  w h i t e .  When exam ined  

u n d e r  low m a g n i f i c a t i o n ,  a  t r a n s v e r s e  s e c t i o n  o f  a s c o r c h e d  

o t o l i t h  e x h i b i t s  a l t e r n a t i n g  b r o a d  w h i t e  z o n e s  ( t h e  o p aq u e  z o n e s )  

an d  n a r ro w  b l a c k  z o n e s  ( t h e  h y a l i n e  z o n e s ) .
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T e c h n iq u e s

The o t o l i t h  was rem oved from  t h e  l e f t  s a c c u l u s  by c u t t i n g  

w i t h  a  s t o u t  s c a l p e l  th r o u g h  t h e  bony  l a y e r  f o r m in g  t h e  f l o o r  

o f  t h e  s k u l l .  A d h e r in g  t i s s u e s  w e re  rem oved from  t h e  e x t r a c t e d  

o t o l i t h .  The l e n g t h  an d  w id th  o f  t h e  o t o l i t h  w e re  m e a su re d  and  

t h e  c l e a n e d  an d  d r i e d  o t o l i t h  was w e ig h e d .  The o t o l i t h  was 

b ro k e n  i n  two' by a p p l y i n g  g e n t l e  p r e s s u r e  w i t h  a  s c a l p e l  a t  t h e  

m id d le  o f  and  p e r p e n d i c u l a r  t o  t h e  l o n g e r  a x i s .  The b ro k e n  

s u r f a c e s  o f  t h e  o t o l i t h  w e re  s c o r c h e d  i n  a  low f la m e  from  a 

B unsen  b u r n e r  f o r  5 t o  20 s e c o n d s ;  t h e  t im e  o f  s c o r c h i n g  d ep en d ed  

on t h e  s i z e  o f  t h e  o t o l i t h  and  t h e  t e m p e r a t u r e  o f  t h e  f l a m e .

D u r in g  t h e  p r o c e s s  o f  s c o r c h i n g ,  t h e  c o l o r  o f  t h e  h y a l i n e  zone  

c h an g e d  from  w h i t e  t o  brown and  t h e n  t o  b l a c k  an d  t h e  opaque  

z o n e  c h an g e d  from  w h i t e  t o  l i g h t - b r o w n  an d  th e n  t o  w h i t e  a g a i n .

Some e x p e r i e n c e  was n e c e s s a r y  i n  o r d e r  t o  a v o id  c h a r r i n g  t h e  

s u r f a c e .

A f t e r  b e i n g  c o o le d  t h e  b r i t t l e  o t o l i t h s  w e re  im bedded i n  

p l a s t i c i n e  i n  s l o t s  o f  a  wooden t r a y .  I n  two t o  t h r e e  d a y s  t h e  

p l a s t i c i n e  h a r d e n e d ,  a f f o r d i n g  a  p e rm a n e n t  m o u n t .  A few  d ro p s  o f  

g l y c e r i n e  on t h e  s u r f a c e  o f  t h e  o t o l i t h  i n c r e a s e d  t h e  c o n t r a s t  

b e tw e e n  t h e  o p a q u e  an d  h y a l i n e  z o n e s .

T o p o g rap h y  an d  Grow th o f  t h e  O t o l i t h

The o t o l i t h  o f  t h e  n o r t h e r n  s e a r o b i n  i s  o v a l  w i t h  a  m i l d l y  

c r e n a t e d  m a rg in  ( F i g .  2 ) .  T h e re  i s  a  s l i g h t  c o n c a v i t y  on t h e  o u t e r  

s i d e  an d  a  b r o a d  b u t  s h a l lo w  s u l c u s  on t h e  i n n e r  s i d e .  The v e n t r a l



F i g u r e  2 . O t o l i t h  o f  P r i o n o t u s  c a r o l i n u s

(A ) S id e  v iew  show ing  t h e  s u l c u s ;  x - p l a n e  i s  p e r p e n d i c u l a r  t o  t h e  

a n t e r i o r - p o s t e r i o r  a x i s .

(B ) C ro s s  s e c t i o n  o f  o t o l i t h  ( a l o n g  t h e  x - p l a n e ) .
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h a l f  i s  s l i g h t l y  t h i c k e r  t h a n  t h e  d o r s a l  h a l f  and  t h e  a n t e r i o r  

end t a p e r s  t o  a s h a r p e r  p o i n t  t h a n  t h e  p o s t e r i o r  e n d .  The d o r s a l

and  v e n t r a l  p o r t i o n s  o f  t h e  c r o s s  s e c t i o n  o f  t h e  o t o l i t h  a r e  n o t

s y m m e t r i c a l ;  t h e  n u c l e u s  i s  l o c a t e d  to w a rd  t h e  v e n t r a l  p o r t i o n .

The maximum l e n g t h  and  w id th  o f  t h e  o t o l i t h  w e re  a p p r o x i m a t e l y  9 

a n d  5 mm, r e s p e c t i v e l y ,  and  t h e  h e a v i e s t  o t o l i t h  w e ig h ed  753 mg.

I n c r e a s e  i n  l e n g t h  and  w id th  o f  t h e  o t o l i t h  was p r o p o r t i o n a l

t o  i n c r e a s e  i n  l e n g t h  o f  t h e  f i s h .  A l i n e a r  r e l a t i o n s h i p  was 

e s t a b l i s h e d  f o r  f i s h  l o n g e r  th a n  100 mm ( F i g .  3 ) .  The l e n g t h  o f  

f i s h  showed a  b e t t e r  c o r r e l a t i o n  w i t h  t h e  w id th  o f  t h e  o t o l i t h  

t h a n  w i t h  i t s  l e n g t h ;  t h e  c o e f f i c i e n t s  o f  c o r r e l a t i o n  w e re  0 .7 8  

an d  0 .7 1 ,  r e s p e c t i v e l y .  The w e i g h t  o f  o t o l i t h  i n c r e a s e d  l o g a r i t h ­

m i c a l l y  w i t h  t h e  l e n g t h  o f  f i s h  ( F i g .  3 ) .

I n t e r p r e t a t i o n  o f  Z ones  i n  t h e  O t o l i t h

I n  d e t e r m i n i n g  a g e ,  t h e  m o s t  i m p o r t a n t  f e a t u r e s  o f  t h e  

o t o l i t h  a r e  t h e  a l t e r n a t i n g  o p aq u e  and  h y a l i n e  z o n e s ,  one  o f  e ach  

b e i n g  fo rm ed  a t  t h e  m a rg in  o f  t h e  o t o l i t h  e a c h  y e a r .  The f o r m a ­

t i o n  o f  t h e s e  two z o n e s  h a s  b e e n  c o n s i d e r e d  by  s e v e r a l  i n v e s t i g a ­

t o r s  t o  b e  i n  r e s p o n s e  t o  a n  i n h e r e n t  a n n u a l  rhy thm  ( T r o u t ,  1954 ; 

M o la n d e r ,  1 9 4 7 ;  an d  I r i e ,  .1960). How ever, s u c h  e n v i r o n m e n ta l  

v a r i a b l e s  a s  t e m p e r a t u r e  and  a v a i l a b i l i t y  o f  f o o d  c an  d e t e r m i n e  

how much o r g a n i c  o r  i n o r g a n i c  m a t e r i a l  i s  ad d ed  t o  t h e  o t o l i t h  

d u r i n g  e ac h  s e a s o n .  G e n e r a l l y ,  t h e  op aq u e  z o n e s  a r e  fo rm ed  i n  t h e  

summer an d  t h e  h y a l i n e  z o n e s  i n  t h e  w i n t e r .

The m o s t  common m ethod  f o r  d e t e r m i n i n g  t h a t  t h e  opaque  and  

h y a l i n e  z o n e s  t o g e t h e r  c o n s t i t u t e  a  y e a r Ts g ro w th  i s  t o  exam ine
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t h e  m a r g i n a l  c h a n g e s  d u r i n g  e a c h  m onth  o f  a  y e a r .  I n  P r i o n o t u s  

c a r o l i n u s , t h e  p e r c e n t a g e  o f  o p aq u e  z o n e s  ( w i t h  r e s p e c t  t o  b o th  

t y p e s  o f  m a r g i n s )  i n c r e a s e d  from  May t o  J u n e ,  r e a c h e d  a  maximum 

d u r i n g  A u g u s t  and  d e c l i n e d  t h e r e a f t e r .  C o n v e r s e ly ,  t h e  p e r c e n t a g e  

o f  o t o l i t h s  h a v in g  h y a l i n e  m a r g in s  i n c r e a s e d  d u r i n g  J a n u a r y  and  

r e a c h e d  a maximum i n  M arch ( F i g .  4 ) .  T h is  d e f i n i t e  t r e n d  o f  

a l t e r n a t i n g  o p aq u e  a n d  h y a l i n e  z o n e s  c o n f i r m e d  t h a t  o n ly  one  o f  

e ac h  was fo rm ed  w i t h i n  a  y e a r  and  t h a t  t o g e t h e r  t h e y  c o n s t i t u t e d  

a  y e a r Ts g r o w th .  S i n c e  no  s a m p le s  o f  o t o l i t h s  w e re  t a k e n  i n  

O c to b e r ,  v a l u e s  f o r  O c to b e r ,  a s  shown i n  t h e  h i s t o g r a m ,  w e re  t a k e n  

from  s a m p le s  c o l l e c t e d  i n  e a r l y  N ovem ber. No f i s h  w e re  c o l l e c t e d  

i n  J a n u a r y .  The sam p le  i n  J u n e  was t a k e n  i n  1 965 . I n  no m onth  was 

t h e  m a rg in  r e s t r i c t e d  t o  one  t y p e ,  an d  t h e  opaque  z o n e  was m ore 

p r e v a l e n t  t h a n  t h e  h y a l i n e  z o n e  i n  n i n e  m on ths  o f  t h e  y e a r .  I  was 

u n a b l e  t o  d e t e r m i n e  t h e  n a t u r e  o f  t h e  m a rg in s  o f  10% o f  t h e  o t o l i t h s  

f o r  two r e a s o n s :  ( 1 ) t h e  h y a l i n e  z o n e s  w e re  u s u a l l y  n a r r o w ;  ( 2 ) any

o r g a n i c  s u b s t a n c e  t h a t  was n o t  rem oved from  t h e  s u r f a c e  o f  t h e  

o t o l i t h  b e f o r e  s c o r c h i n g  c o u ld  b e  m i s t a k e n  f o r  a  h y a l i n e  m a r g in .

The g r e a t e s t  p r o p o r t i o n  o f  h y a l i n e  m a rg in s  was o b s e r v e d  d u r i n g  

t h e  c o l d e s t  m o n th ,  M arch , an d  t h e  g r e a t e s t  p e r c e n t a g e  o f  o p aq u e  

m a r g in s  o c c u r r e d  i n  one  o f  t h e  w a rm e s t  m o n th s ,  A u g u s t .  The b o tto m  

t e m p e r a t u r e s  shown i n  F i g .  4 w e re  t a k e n  i n  1959 an d  1960 ( J o s e p h ,  

Massmann an d  N o r c r o s s ,  1 9 6 1 ) .  T e m p e ra tu re s  f o r  1965 an d  1966 w e re  

n o t  u s e d  b e c a u s e  t h e y  w e re  n o t  m e a s u re d  i n  some m o n th s .  H ow ever, 

a c o m p a r is o n  o f  t h e  t e m p e r a t u r e s  o f  t h e  C h esa p ea k e  B i g h t  from  1959 

t o  1967 ( p e r s o n a l  c o m m u n ic a t io n  from  J .  J .  N o r c r o s s )  showed t h a t  

t h e  a v e r a g e  m o n th ly  t e m p e r a t u r e s  i n  1959 an d  1960 w e re  r e p r e s e n t a ­

t i v e  o f  an  a v e r a g e  y e a r .
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The n u c l e u s  o f  t h e  o t o l i t h  c o n s i s t e d  o f  h y a l i n e  m a t e r i a l  

( F i g .  5 A ) . O u t s id e  o f  t h i s  was a b ro a d  o p aq u e  zone  i n  w h ich  w e re  

s e v e r a l  n a r ro w  and  i n c o m p le t e  h y a l i n e  z o n e s .  The opaque  zone  

was bounded  by  a c l e a r l y  m arked  h y a l i n e  zo n e  i n t e r p r e t e d  a s  t h e  

f i r s t  a n n u lu s  ( F i g .  5B ). The f i r s t  a n n u lu s  was s u r r o u n d e d  by a 

b r o a d  opaque  z o n e  w h ic h  i n  t u r n  was s u r r o u n d e d  by a h y a l i n e  zone  

( s e c o n d  a n n u l u s ) .  The o p aq u e  zone  b e tw ee n  t h e  f i r s t  and  seco n d  

a n n u l i  was g r e a t e r  t h a n  t h a t  b e tw ee n  an y  o t h e r  two a d j a c e n t  a n n u l i .  

From t h e  s e c o n d  a n n u lu s  o u tw a r d ,  t h e  s p a c i n g  was r e g u l a r ,  w i t h  t h e  

a l t e r n a t i n g  op aq u e  z o n e s  b ecom ing  n a r r o w e r  to w a rd  . th e  p e r i p h e r y  

( F i g .  5 E ) .  The t r a n s v e r s e  s e c t i o n  o f  t h e  d o r s a l  p o r t i o n  o f  t h e  

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

t h e  z o n e s  w e re  r e g u l a r l y  s p a c e d  and  c o u ld  be  f o l l o w e d  a ro u n d  th e  

d o r s a l  e d g e .

I n  some o t o l i t h s ,  f a i n t  and  in c o m p le t e  h y a l i n e  z o n e s  s i m i l a r  

t o  t h o s e  i n  t h e  f i r s t  o p aq u e  z o n e  w e re  p r e s e n t  b e tw ee n  t h e  m ore 

d e f i n i t e  h y a l i n e  z o n e s  o r  a n n u l i .  T h ese  in c o m p le t e  z o n e s  w e re  

c o n s i d e r e d  a d v e n t i t i o u s  m a rk s .  F r e q u e n t l y  t h e  z o n e s  a p p e a r e d  a s  

d o u b l e  s t r u c t u r e s  ( F i g .  6A ). T h ese  d o u b le  z o n e s  d i f f e r e d  from  

two s e p a r a t e  a n n u l i ;  t h e  op aq u e  zo n e  b e tw ee n  them was c o m p a r a t i v e l y  

n a r r o w  and  one  o f  t h e  h y a l i n e  z o n e s  u n i t e d  w i t h  t h e  o t h e r  a f t e r  

c u r v i n g  a ro u n d  t h e  d o r s a l  edge  o f  t h e  o t o l i t h .  T h ese  d o u b le  z o n es  

w e re  i n t e r p r e t e d  a s  one  a n n u l u s .  G am bell  and  M e s s o t o r f f  (1 9 6 4 )  

f o u n d  s i m i l a r  d o u b le  z o n e s  i n  M e r la n g iu s  m e r la n g u s  and  W a lfo rd  and  

M osher  (1 9 4 3 )  d e s c r i b e d  a d v e n t i t i o u s  m arks  a s  l i n e s  t h a t  m e e t  an  

a n n u l u s  a t  some p o i n t .  Such  a c c e s s o r y  m arks  w e re  p e r h a p s  s i m i l a r  

t o  t h e  " c h e c k s "  fo u n d  o f t e n  i n  f i s h  s c a l e s .  T h e r e f o r e ,  a n  a n n u lu s  

may b e  d e s c r i b e d  a s  a d i s t i n c t  h y a l i n e  z o n e  t h a t  c an  u s u a l l y  be



F i g u r e  5 .  C r o s s - s e c t i o n s  o f  o t o l i t h s  o f  P r i o n o t u s  c a r o l i n u s . 

Roman n u m e r a l s  d e s i g n a t e  a n n u l i .  P i c t u r e s  t a k e n  a t  d i f f e r e n t  

m a g n i f i c a t i o n s .

(A) Y o u n g - o f - t h e - y e a r  f i s h  98 mm l o n g .

(B ) A g e -g ro u p  I I  f i s h  205 mm l o n g ,  o p aq u e  m a r g in .

(C ) A g e -g ro u p  I I I  f i s h  215 mm l o n g .

(D) A g e -g ro u p  IV f i s h  223 mm l o n g .

(E )  A g e -g ro u p  V f i s h  248 mm l o n g ,  w i t h  f i f t h  a n n u lu s  a t  t h e  

m a r g i n .

( F )  A g e -g ro u p  VI f i s h  268 mm l o n g ,  w i t h  s i x t h  a n n u lu s  a t  t h e  

h y a l i n e  m a r g in .





F i g u r e  6 . O t o l i t h s  o f  P r i o n o t u s  c a r o l i n u s

(A ) D oub le  z o n e s  a f t e r  t h e  f i r s t  a n n u l u s .

(B )  C row ding  o f  z o n e s  n e a r  t h e  p e r i p h e r y  o f  a n  o t o l i t h  from  a f i s h  

263 mm lo n g .



D o u b l e
Z o n e
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d i s c e r n e d  a ro u n d  t h e  d o r s a l  p o r t i o n  o f  t h e  t r a n s v e r s e  s e c t i o n  

o f  t h e  o t o l i t h .  The op aq u e  z o n e  b e tw een  a n n u l i  i s  o f  r e g u l a r  

w id th  i n  r e l a t i o n  t o  o t h e r  o p aq u e  z o n e s .  I n  c o n t r a s t  f a l s e  

a n n u l i  a r e  u s u a l l y  i n d i s t i n c t  and  in c o m p le te  and  t e n d  t o  m erge  

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

opaque  z o n e s  b e tw ee n  t h e  f a l s e  and  t r u e  a n n u l i  a r e  n a r r o w e r  th a n  

t h e  a d j a c e n t  opaque  z o n e s .  The z o n e s  i n  t h e  o t o l i t h s  o f  o l d e r  

f i s h  w e re  c row ded  a t  t h e  p e r i p h e r y ;  F i g .  6 B shows t h e  o t o l i t h  o f  

a r e l a t i v e l y  o l d  f i s h  w i t h  num erous m arks  c l o s e  t o  t h e  p e r i p h e r y .

To compound t h e  p i c t u r e  d o u b le  z o n e s  became p r e v a l e n t  i n  o l d e r  

f i s h .  Thus,, I  c o u ld  d e t e r m i n e  t h e  a g e  o f  f i s h  up t o  a g e - g r o u p  

V w i t h  c o n f i d e n c e .

E x c e p t  f o r  one  sam p le  o f  a g e - g r o u p  I  f i s h  t h a t  was u s e d  to  

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

a n n u l u s ,  l e n g t h s  o f  f i s h  w e re  n o t  b a c k - c a l c u l a t e d . T h e re  a r e  

s e v e r a l  v a r i a b l e s  i n  t h e  b a c k - c a l c u l a t i o n  o f  l e n g t h s  o f  f i s h  t h a t  

r e n d e r  r e s u l t s  i n a c c u r a t e .  I n  t h i s  s t u d y ,  a v a r i a b l e  t h a t  

s h o u ld  b e  m e n t io n e d  was t h e  m an n er  i n  w h ic h  t h e  o t o l i t h  was c u t ;  

i n  o r d e r  f o r  l e n g t h s  t o  be  b a c k - c a l c u l a t e d  a c c u r a t e l y ,  t h e  o t o l i t h s  

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

a n t e r i o r - p o s t e r i o r  a x i s .  Such a  p r o c e d u r e  was n o t  f o l l o w e d .

V a l i d i t y  o f  t h e  H y a l in e  Zone a s  an  A nnu lus

The u s e  o f  o t o l i t h s  t o  d e t e r m i n e  t h e  a g e  and  g ro w th  o f  

P r i o n o t u s  c a r o l i n u s  i s  v a l i d a t e d  a s  f o l l o w s :

( 1 )  One h y a l i n e  z o n e  i s  fo rm ed  eac h  y e a r .

*^■'(2) A p r o p o r t i o n a l  r e l a t i o n s h i p  e x i s t s  b e tw ee n  t h e  
g ro w th  o f  t h e  f i s h  and  i t s  o t o l i t h .
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( 3 )  T h e re  i s  good c o r r e l a t i o n  b e tw ee n  t h e  i n c r e a s e  
i n  s i z e  of- f i s h  and  t h e  i n c r e a s e  i n  num ber o f  
a n n u l i  i n  t h e  o t o l i t h , i n d i c a t i n g  t h a t  o c c u r r e n c e  
o f  t h e  z o n e s  i s  n o t  ra n d o m .

( 4 )  Age d e t e r m i n a t i o n  from  e x a m i n a t io n  o f  o t o l i t h s  
a g r e e s  w i t h  t h e  r e s u l t  o b t a i n e d  from  t h e  a n a l y s i s  
o f  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 .

A n a l y s i s  o f  Age and  Growth

The a v e r a g e  l e n g t h  and w e i g h t  o f  e ac h  a g e - g r o u p  b a s e d  on 

t h e  e x a m i n a t io n  o f  o t o l i t h s  a r e  g iv e n  i n  T a b le  3 an d  i l l u s t r a t e d  

i n  F i g s .  7 an d  8 . The v a l u e s  f o r  l e n g t h  and  w e ig h t  o f  e ac h  a g e -  

g ro u p  a r e  a v e r a g e s  o f  m o n th ly  m e an s .  As m e n t io n e d  e a r l i e r ,  a g e  

d e t e r m i n a t i o n  becam e i n c r e a s i n g l y  c o n f u s i n g  a f t e r  a g e - g r o u p  V. 

T h e r e f o r e ,  r e s u l t s  p r e s e n t e d  f o r  t h e  o l d e r  f i s h  s h o u ld  b e  i n t e r ­

p r e t e d  w i t h  c a u t i o n .  The o l d e s t  f i s h  was an  1 1 - y e a r - o l d  f e m a le  

m e a s u r in g  298 mm i n  l e n g t h  an d  326 g i n  w e i g h t .  The h e a v i e s t  

f i s h  w e ig h e d  386 g and  was 305 mm lo n g .  Few f i s h  e x c e e d e d  300 

mm i n  l e n g t h .

F o r  t h e  f i r s t  f i v e  a g e - g r o u p s ,  g ro w th  o f  f e m a le s  was 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  from  t h a t  o f  m a l e s .  V ery few  m a le s  e x ­

c e e d e d  280 mm i n  l e n g t h .  The s e x  r a t i o  was a p p r o x i m a t e l y  1 : 1 .

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

62 mm, was d e r i v e d  by b a c k - c a l c u l a t i o n  o f  a  sam p le  o f  100  a g e -  

g ro u p  I  f i s h  c o l l e c t e d  i n  A u g u s t ,  1966 .

The a n n u a l  g ro w th  i n  l e n g t h  was g r e a t e s t  d u r i n g  t h e  sec o n d  

y e a r  o f  l i f e  when t h e  f i s h  a t t a i n e d  a  l e n g t h  o f  155 mm ( a v e r a g e  

o f  m o n th ly  m e a n s ) .  G row th  d e c r e a s e d  t o  45 mm d u r i n g  t h e  t h i r d  

y e a r  ( F i g .  9 ) ,  21 mm d u r i n g  t h e  f o u r t h  y e a r ,  21 mm d u r i n g  t h e  

f i f t h  y e a r  and  8 mm d u r i n g  t h e  s i x t h  y e a r .
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A n n u a l i n c r e m e n t  i n  w e i g h t  ( F i g .  9) was r e l a t i v e l y  c o n s t a n t  

from  a g e - g r o u p  I  t o  IV and  d e c l i n e d  t h e r e a f t e r .  F i s h  w e ig h ed  

41 g a s  1 y e a r - o l d s .  I n c r e m e n t s  w e re  44 g f o r  t h e  sec o n d  y e a r ,  

32 g f o r  t h e  t h i r d  y e a r ,  40 g f o r  t h e  f o u r t h  y e a r  and  24 g f o r  

t h e  f i f t h  y e a r .

From t h i s  s t u d y ,  i t  c an  b e  d e d u ced  t h a t  P r i o n o t u s  c a r o l i n u s  

i s  a s low  g ro w in g  s p e c i e s  w i t h  a lo n g  l i f e  s p a n .

M a r s h a l l  ( 1 9 4 6 )  fo u n d  t h a t  m arks  on o t o l i t h s  w e re  to o  

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

o t o l i t h s .  U s in g  s c a l e s  h e  was a b l e  t o  d e t e r m i n e  t h e  f i r s t  two 

a g e - g r o u p s .  H is  r e s u l t s  showed t h a t  f i s h  a t t a i n e d  a l e n g t h  

o f  153 t o  214 mm ( a v e r a g e  172 mm) and  a  w e ig h t  o f  42 t o  57 g 

d u r i n g  t h e  s e c o n d  summer ( a g e - g r o u p  I ) ;  an d  a l e n g t h  o f  233 to  

260 mm and  a w e ig h t  o f  113 g o r  m ore d u r i n g  t h e  t h i r d  summer 

( a g e - g r o u p  I I ) .  S c a l e s  from  f i s h  o v e r  260 mm lo n g  w e re  p r a c t i ­

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

an d  c o n f l i c t i n g  i n t e r p r e t a t i o n s ;  o v e r  30% o f  t h e  r e a d i n g s  w ere  

d i s c a r d e d .  The h e a v i e s t  f i s h  r e c o r d e d  w e ig h ed  780 g and  was 

347 mm lo n g .

F i s h  b e lo n g i n g  t o  a g e - g r o u p  I  o f  t h i s  s t u d y  m e a su re d  155 

mm i n  l e n g t h  an d  40 g i n  w e i g h t  com pared  t o  172 mm and  50 g 

from  t h e  s t u d y  made by M a r s h a l l  ( 1 9 4 6 ) .  F u r t h e r  c o m p a r iso n s  

a r e  i m p o s s i b l e  b e c a u s e  h e  d e s i g n a t e d  a l l  f i s h  o v e r  233 mm lo n g  

a s  a g e - g r o u p  I I  o r  o l d e r .  Some d i s c r e p a n c i e s  b e tw ee n  o u r  

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

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

d i s t r i b u t i o n .  T h a t  f i s h  from  t h e  Woods H ole  a r e a  w e re  l a r g e r
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t h a n ' t h o s e  from  C h es a p ea k e  B i g h t  was i n d i c a t e d  by  t h e  g o o d ly  

num ber o f  f i s h  o v e r  300 mm lo n g  in  M a r s h a l l ’ s s a m p le s .  H is  

h e a v i e s t  f i s h  was n e a r l y  t w i c e  a s  h e av y  a s  t h e  l a r g e s t  from  

C h esa p ea k e  B i g h t .

L e n g th  F re q u e n c y  D i s t r i b u t i o n

A t o t a l  o f  2833 f i s h  c o l l e c t e d  o v e r  a  p e r i o d  o f  12 m onths  

was i n c l u d e d  i n  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 t u d y .

F i g u r e  10 shows t h e  s e a s o n a l  d i s t r i b u t i o n  o f  t h e  l e n g t h  g ro u p s  

i n  5 mm i n t e r v a l s .  T h re e  f e a t u r e s  may b e  n o t e d  i n  t h e  l e n g t h  

f r e q u e n c y  h i s t o g r a m s  a s  f o l l o w s :  ( 1 ) f i s h  be lo w  100  mm lo n g

w e re  p o o r l y  r e p r e s e n t e d  i n  t h e  sam p les  from  t h e  C h esap eak e  

B i g h t  ( 2 )  l a r g e  f i s h  w e re  u n u s u a l l y  a b u n d a n t  ( 3 )  t h e r e  w e re  

t h r e e  d i s t i n c t  modes i n  t h e  h i s t o g r a m s .

M ost o f  t h e  s m a l l e r  f i s h  w e re  c a u g h t  i n  t h e  C h esap eak e  

Bay and  Y ork  R i v e r .  The v i r t u a l  a b s e n c e  o f  j u v e n i l e  f i s h  i n  

t h e  t r a w l  sa m p le s  from  C h e sa p e a k e  B i g h t  c o u ld  b e  p a r t i a l l y  

a t t r i b u t e d  t o  e sc a p e m e n t  f rom  t h e  t r a w l  b e tw ee n  t h e  f o o t  r o p e  

an d  t h e  cod  end l i n e r .

The 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  was u n u s u a l  b e c a u s e  o f  

t h e  g r e a t  num ber o f  l a r g e  f i s h .  T h e re  a r e  s e v e r a l  p o s s i b l e  

e x p l a n a t i o n s  f o r  t h e  i n c o n g r u i t y :  ( 1 ) s m a l l e r  f i s h  w e re  i n ­

a d e q u a t e l y  sam p led  ( 2 ) g ro w th  i s  e s p e c i a l l y  s low  i n  t h e  o l d e r  

a g e - g r o u p s  and  t h e r e f o r e  t h e  l a r g e  f r e q u e n c y  may r e p r e s e n t  

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

g ro w th  c u r v e  ( 3 )  one  o r  two d o m in a n t  y e a r - c l a s s e s  w e re  p r e s e n t .  

E x p l a n a t i o n s  ( 1 )  and  ( 2 )  a p p e a r e d  e v i d e n t  from  t h i s  s t u d y .



F i g u r e  10 . L e n g th  f r e q u e n c y  h i s t o g r a m s  o f  P r i o n o t u s  c a r o l i n u s  

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

t h r e e  a g e - g r o u p s .  H ow ever, a  c l o s e r  e x a m i n a t io n  d e t e c t e d  m in o r  

modes b e tw e e n  t h e  s ec o n d  and  t h i r d  m odes. Age d e t e r m i n a t i o n  by 

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

d i s t i n c t  a g e - g r o u p s .

A sam p le  (N=3 0) o f  s m a l l  f i s h  a v e r a g i n g  30 mm i n  l e n g t h  

an d  c o l l e c t e d  i n  November 1966 was u n m is t a k a b ly  t h e  0 a g e -  

g ro u p  ( F i g .  1 0 c ) .  I n  s p r i n g  ( A p r i l  1955 an d  1956) sam p le s  o f  

f i s h  a v e r a g i n g  55 mm lo n g  w e re  o b t a i n e d ;  t h e s e  f i s h  h ad  p a s s e d  

t h e i r  f i r s t  w i n t e r  and  t h e r e f o r e  a r e  d e s i g n a t e d  a s  a g e - g r o u p  I  

( F i g .  1 0 a ) .  F i s h  o f  t h a t  s i z e  w e re  c a u g h t  f r e q u e n t l y  b u t  n o t  

a b u n d a n t l y  i n  t h e  Jam es an d  Y ork  R i v e r s  i n  S p r in g  o f  1965 an d  

19 6 6 . A l a r g e  gap  o c c u r r e d  b e tw e e n  t h e  mode a t  55 mm an d  t h e  

f o l l o w i n g  mode a t  140 mm d e r i v e d  from  t h e  A u g u s t  s am p le s  ( F i g .  

1 0 b ) .  I t  was a ssum ed  t h a t  t h e r e  w e re  no o t h e r  modes i n  b e tw e e n ,  

an d  s c a r c i t y  o f  f i s h  b e tw ee n  55 a n d  140 mm r e i n f o r c e d  t h i s  a s ­

s u m p t io n .  T h u s ,  f i s h  a t t a i n e d  a  m o d a l  l e n g t h  o f  140 mm d u r i n g  

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

l e n g t h s ,  a g e - g r o u p s  0 an d  I  w e re  e s t a b l i s h e d  and  a d j a c e n t  modes 

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

s i v e l y  o l d e r  a g e - g r o u p s .

The h i s t o g r a m  o f  f i s h  c o l l e c t e d  i n  s p r i n g  ( F i g .  10a) 

showed a  mode a t  55 mm w h ic h  was d e s i g n a t e d  a s  a g e - g r o u p  I  a s  

e x p l a i n e d  p r e v i o u s l y .  The n e x t  mode a t  183 mm r e p r e s e n t e d  a g e -  

g ro u p  I  a s  e x p l a i n e d  p r e v i o u s l y .  The n e x t  mode a t  183 mm 

r e p r e s e n t e d  a g e - g r o u p  I I ;  a g e - g r o u p  I I I  was a t  212 mm and  a g e -  

g ro u p  IV  was p r o b a b l y  a t  227 mm.
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I n  t h e  summer c o l l e c t i o n s  ( F i g .  10b) t h e  d i s t i n c t  mode a t  

140 mm r e p r e s e n t e d  a g e - g r o u p  I .  A g e -g ro u p  I I  was a t  195 mm, 

a g e - g r o u p  I I I  a t  218 mm an d  t h e  mode a t  233 mm c o u ld  b e  a g e -  

g ro u p  I V .

The h i s t o g r a m  o f  t h e  au tum n sam p le s  ( F i g .  1 0 c )  showed a 

mode a t  30 mm w h ic h  r e p r e s e n t e d  a g e - g r o u p  0 . The modes a t  177 , 

208 an d  235 mm r e p r e s e n t e d  a g e - g r o u p s  I ,  I I  an d  I I I  r e s p e c t i v e l y .

I n  t h e  h i s t o g r a m  o f  f i s h  c a u g h t  i n  w i n t e r  ( F i g .  1 0 d ) ,  

t h e  mode a t  178 mm r e p r e s e n t e d  a g e - g r o u p  I ;  a g e - g r o u p  I I  was a t  

207 mm an d  a g e - g r o u p  I I I  a t  225 mm. A m in o r  mode a t  105 mm 

was assum ed  t o  b e  a g e - g r o u p  0 , a l t h o u g h  t h i s  l e n g t h  was l a r g e  

r e l a t i v e  t o  a g e - g r o u p  I  i n  t h e  h i s t o g r a m  o f  s p r i n g .

The l e n g t h s  o f  d i f f e r e n t  a g e - g r o u p s  d u r i n g  d i f f e r e n t  

s e a s o n s  a r e  p r e s e n t e d  i n  T a b le  4 .

M a r s h a l l  (1 9 4 6 )  fo u n d  t h r e e  d i s t i n c t  modes a t  4 9 , 172 and  

282 mm from  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  and  a s s i g n e d  

them a s  0 , I  a n d  I I  o r  o l d e r  a g e - g r o u p s  r e s p e c t i v e l y .  I n  two 

o f  h i s  l e n g t h  f r e q u e n c y  d i a g r a m s ,  t h e  t h i r d  mode was r e p l a c e d  

b y  two o r  m ore m odes; i n  o n e ,  t h e r e  w e re  d i s t i n c t  modes a t  250 

a n d  288 mm, i n  t h e  o t h e r  t h e  modes w e re  a t  245 an d  300 mm w i t h  

m in o r  m odes b e tw e e n .  He d i d  n o t  a s s i g n  two s e p a r a t e  a g e - g r o u p s  

t o  t h e  modes a t  245 o r  250 mm a n d  288 o r  300 mm. I n s t e a d ,  he  

d e s i g n a t e d  a l l  f i s h  b e l o n g i n g  t o  t h e  mode a t  282 mm a s  a g e -  

g ro u p  I I  o r  o l d e r .  I  am p u z z l e d  by  h i s  f a i l u r e  t o  a c c e p t  modes 

a t  245 o r  250 mm a n d  288 o r  300 mm a s  a g e - g r o u p  I I  and  I I I ,  

r e s p e c t i v e l y ,  d e s p i t e  t h e  f a c t  t h a t  m o s t  a g e - g r o u p  I I  f e l l  

w i t h i n  t h e  r a n g e  o f  233 t o  257 mm and  a g e - g r o u p  I I I  w i t h i n  t h e
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TABLE 4

M odal l e n g t h s  ( i n  mm) d e r i v e d  fro m  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  d u r i n g  d i f f e r e n t  s e a s o n s .

A g e -g ro u p  S p r i n g  Summer Autumn W in te r

0 ----- ----- 30 55

I 105 140 177 178

I I 182 195 208 207

I I I 213 218 235 223

IV 227 233
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r a n g e  o f  282 t o  300 mm a c c o r d i n g  t o  t h e  r e s u l t s  o f  a g e  d e t e r ­

m i n a t i o n  b a s e d  on h i s  s c a l e  m e th o d .  I t  s h o u ld  b e  m e n t io n e d  

t h a t  h i s  a n a l y s i s  was b a s e d  on r e l a t i v e l y  few  f i s h  o b t a i n e d  

o v e r  a p e r i o d  o f two o r  t h r e e  m o n th s .

M a r s h a l l  ( 1 9 4 6 )  a l s o  fo u n d  an  u n u s u a l l y  l a r g e  num ber o f  

b i g g e r  f i s h  and  h e  a t t r i b u t e d  t h i s  phenom enon, i n  p a r t  a t  l e a s t ,  

t o  t h e  TTsum m ation  o f  s e v e r a l  a g e - g r o u p s  two y e a r s  o r  ab o v e  

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

g ro w th  c u r v e ” .
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LENGTH-WEIGHT RELATIONSHIP AND RELATIVE CONDITION

The a n a l y s i s  o f  l e n g t h - w e i g h t  d a t a  h a s  two d i f f e r e n t  

p u r p o s e s  (L e  C re n ,  1 9 5 1 ) .  F i r s t ,  i t  d e s c r i b e s  m a t h e m a t i c a l l y  

t h e  r e l a t i o n s h i p  b e tw ee n  l e n g t h  and  w e i g h t ,  so  t h a t  one  c an  b e  

p r e d i c t e d  from  t h e  o t h e r .  S ec o n d ,  i t  m e a s u re s  t h e  v a r i a t i o n  

from  t h e  e x p e c te d  w e ig h t  f o r  l e n g t h  o f  i n d i v i d u a l  f i s h  o r  

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

g e n e r a l  Tw e l l  b e i n g ’ , g o n a d a l  d e v e lo p m e n t  and  so  o n .  The f i r s t  

i s  d i s c u s s e d  u n d e r  t h e  te rm  ’ l e n g t h - w e i g h t  r e l a t i o n s h i p ’ and 

t h e  s e c o n d  u n d e r  t h e  te rm  ’c o n d i t i o n ’ .

The' l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  m o s t  s p e c i e s  o f  f i s h  can  

b e  d e s c r i b e d  by t h e  f o r m u la :

W = aLn

w h ere  W = w e i g h t ,  L = l e n g t h ,  ” a ” i s  a c o n s t a n t  and  ”n ” an  

e x p o n e n t  l y i n g  b e tw ee n  2 .5  and  4 . 0  ( H i l e ,  1 9 3 6 ) .  The e q u a t i o n ,  

e x p r e s s e d  l o g a r i t h m i c a l l y  becom es a s t r a i g h t  l i n e  w h e re :

Log W = Log a + n  l o g  L 

and  w h e re  n r e p r e s e n t s  t h e  s l o p e  o f  t h e  l i n e  and  Log " a ” i t s  

o r i g i n .

I n d i v i d u a l  v a r i a t i o n s  from  t h e  com puted  l e n g t h - w e i g h t  

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

t h a n  t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  i t s e l f .  The s t u d y  o f  

c o n d i t i o n  h a s  come u n d e r  t h e  te rm s  c o n d i t i o n  f a c t o r  (G raham ,
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1 9 2 9 ) j, c o e f f i c i e n t  o f  c o n d i t i o n  ( H i l e ,  1936) and  p o n d e r a l  

i n d e x  ( X e s t e v e n ,  1947) a l l  o f  w h ic h  m e a s u re  t h e  h e a v i n e s s  

r e l a t i v e  t o  t h e  e x p e c te d  a v e r a g e  w e i g h t  a t  any  g iv e n  l e n g t h .

The c o n d i t i o n  f a c t o r  X i s  b a s e d  on an  i d e a l  f i s h  whose l e n g t h -  

w e i g h t  f o r m u la  f o l l o w s  t h e  c u b ic  r e l a t i o n s h i p ,  W = a L ^ ,  w h e r e ­

u p o n ,  K = W /aL^. M a r t in  (1 9 4 9 )  and  o t h e r s  h av e  draw n a t t e n t i o n  

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

Le C ren  (1 9 5 1 )  p ro p o s e d  t h e  r e l a t i v e  c o n d i t i o n  f a c t o r  Kn w h ich  

i s  b a s e d  on t h e  r e l a t i o n s h i p  Xn = W/aLn t o  be  d e te r m in e d  

e m p i r i c a l l y .  T h e r e f o r e ,  = W/W w h ere  t h e  o b s e r v e d  w e ig h t  i s  

d i v i d e d  by t h e  p r e d i c t e d  w e i g h t  f o r  t h e  o b s e r v e d  l e n g t h  o f  

f i s h .  V a lu e s  o f  Kn v a r y  a ro u n d  1 . 0 ;  d i f f e r e n c e s  fro m  1 .0  

r e p r e s e n t  d e v i a t i o n s  from  t h e  r e g r e s s i o n  o r  a m e a s u re  o f  v a r i a ­

b i l i t y .  T h ese  d e v i a t i o n s  d e s c r i b e  a l l  v a r i a t i o n s  i n  w e ig h t  n o t  

a s s o c i a t e d  w i t h  l e n g t h  i n  a  way t h a t  i s  n o t  p o s s i b l e  w i t h  t h e  

c o n d i t i o n  f a c t o r  X, u n l e s s  n  e q u a l s  3 . 0 ,  w h ic h  i s  r a r e l y  t h e  

c a s e  ( B la c k b u r n  1 9 6 0 ) .

A s c a t t e r  d ia g ra m  o f  w e ig h t s  on l e n g t h s  ( F i g .  11) i n d i c a t e s  

t h a t  t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  n o r t h e r n  s e a r o b i n  co n fo rm s  

t o  t h e  g e n e r a l  e x p o n e n t i a l  f o r m u la  (W = aLn ) and  t h a t  t h e r e  i 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 tw e e n  t h e  s e x e s  e x c e p t  t h a t  f e m a le s  

p r e d o m in a t e  a t  l e n g t h s  o f  280 mm o r  m o re .

S in c e  t h e  w e i g h t  o f  f i s h  v a r i e s  w i t h  f e e d i n g ,  spaw n ing  and  

o t h e r  a c t i v i t i e s ,  t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p  was p resum ed  

t o  v a r y  from  s e a s o n  t o  s e a s o n .  C o n s e q u e n t ly ,  t h e  l a t t e r  

r e l a t i o n s h i p s  w e re  c a l c u l a t e d  f o r  e ach  m onth  by  t h e  l e a s t  s q u a r e s



BO
DY

 
W

EI
G

H
T 

(g
)

3 5 0 - i

N = 861

3 0 0 -
MMATURE

F E M A L E

M A L E

200

5 0 -

u O

100 150 200 3 0 02 5 0

FORK L E N G T H  ( mm)

F i g u r e  1 1 .  A n n u a l  a v e r a g e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f

P r i o n o t u s  c a r o l i n u s . The c u r v e  i s  d e r i v e d  from, 

t h e  e q u a t i o n , W = 0 .0 0 0 0 0 4 6 2 7 L ^ *^4 6 7 ^



36

m e th o d .  The v a l u e s  f o r  a  and  n w e re  l o w e s t  i n  F e b r u a r y  and  

h i g h e s t  i n  Ju n e  ( T a b l e  5 ) .  A n a l y s i s  o f  c o v a r i a n c e  (L e  C re n ,

1 951 ; S n e d e c o r ,  1956) d e m o n s t r a t e d  t h a t  t h e  v a r i a n c e  and  t h e  

s l o p e  w e re  hom ogeneous f o r  M arch th r o u g h  J u l y  and  i n  November 

and  D ecem ber. F e b r u a r y  and  A u g u s t  w e re  s i g n i f i c a n t l y  d i f f e r e n t  

f rom  a l l  o t h e r  m o n th s .  T h is  s e r i e s  o f  t e s t s  showed t h a t  l e n g t h - 

w e i g h t  r e l a t i o n s h i p s  ch an g e d  s i g n i f i c a n t l y  w i t h i n  a  y e a r .

The a v e r a g e  l e n g t h - w e i g h t  r e l a t i o n s h i p  o f  P r i o n o t u s  

c a r o l i n u s  was W = 0 . 0 0 0 004627L ^•1467 o r  pQg ^  = - 5 . 3 3 4 7  + 3 .1467  

Log L w h e re  W = w e i g h t  i n  gram s and  L = l e n g t h  i n  mm.

The r e l a t i v e  c o n d i t i o n  v a l u e s  w e re  c a l c u l a t e d  f o r  e ac h  f i s h  

and  t h e  mean v a l u e s  w e re  o b t a i n e d  f o r  e ac h  m o n th ’ s s a m p le .  No 

a t t e m p t s  w e re  made t o  d i f f e r e n t i a t e  b e tw e e n  t h e  m a le s  and  f e m a le s  

o r  m a tu r e  and  im m atu re  f i s h .  Mean r e l a t i v e  c o n d i t i o n ,  

p l o t t e d  a g a i n s t  t im e  showed a  g r a d u a l  i n c r e a s e  fro m  November 1965 

t o  J u l y  1 966 , f o l l o w e d  by  a d e c l i n e  from  A u g u s t  t o  November 1966 

( F i g .  1 2 ) .

A c c u m u la t io n  o f  f a t  p r i o r  t o  g o n a d a l  m a t u r a t i o n  i s  o b s e r v e d  

i n  many f i s h e s  (H o a r ,  1 9 5 7 ) .  Such a t r e n d  c o u ld  be  i n f e r r e d  

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

t h e  a s c e n d i n g  c u r v e  i n  F i g .  1 2 . D u r in g  J u l y  and  A u g u s t  f i s h  

w e re  r u n n i n g  r i p e  an d  t h i s  was i n d i c a t e d  by t h e  h i g h  v a l u e s  o f  

Kn . A l th o u g h  t h e r e  w e re  no  d a t a  f o r  S e p te m b e r  and  O c to b e r ,  t h e  

low r e l a t i v e  c o n d i t i o n  i n  November ( i n  b o t h  1965 and  1966) 

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

u n e x p e c te d  s i n c e  m o s t  f i s h  h ad  c o m p le te d  t h e i r  sp aw n in g  an d  w e re  

s p e n t .  I n  h i s  s tu d y  on P e r e a  f l u v i a t i l i s  Le C ren  (1 9 5 1 )  fo u n d
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TABLE 5

V a lu e s  o f  a  a n d  n  fro m  t h e  l e n g t h - w e i g h t  f o r m u la  

W = aLn an d  mean r e l a t i v e  c o n d i t i o n  (Kn ) f o r  e a c h  m o n th .

Month Sam ple  

S i z e  ( N . )

a n Mean Kj

D ecem ber 1964 52 - 5 .1 7 2 9 3 .0 8 0 6 1 . 0 1 2

J u n e  1965 50 - 5 .9 1 4 1 3 .3 5 5 7 0 .8 3 6

November 1965 120 - 5 .1 1 1 7 3 .0 4 0 1 0 .9 5 6

F e b r u a r y  1966 599 - 4 .8 0 3 9 2 .9 2 3 1 1 .0 1 4

M arch 1966 395 - 5 .4 6 6 8 3 .2 0 8 5 1 .0 3 4

A p r i l  1966 100 -5 .6 6 6 5 3 .2 9 2 4 1 .0 4 8

May 1966 562 - 5 .3 8 0 8 3 .1 5 9 3 0 .9 6 8

J u l y  1966 92 - 5 .4 6 5 1 3 .2 3 1 5 1 .1 2 5

A u g u s t  1966 164 -5 .0 3 0 8 3 .0 2 9 8 1 .1 0 7

November 1966 189 - 3 .1 3 1 4 3 .0 7 2 3 0 .9 0 7
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t h a t  s e a s o n a l  c h a n g e s  i n  t h e  w e i g h t  o f  gonads,, e s p e c i a l l y  t h e  

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

F o r  ex am p le ,  when t h e  o v a r i e s  o f  t h e  p e r c h  w e re  r i p e ,  t h e y  

a v e r a g e d  a b o u t  20% o f  t h e  body  w e ig h t  and  i n  t h e  f r e s h l y  s p e n t  

f i s h  o v a r i e s  w e re  a b o u t  3% o f  t h e  body w e i g h t .  T h e r e f o r e ,  t h e  

r e l a t i v e  c o n d i t i o n  c o r r e s p o n d e d  c l o s e l y  t o  t h e  sp aw n in g  c y c l e  

i n  s p i t e  o f  t h e  f a c t  t h a t  d a t a  w e re  l a c k i n g  in  a  few  m o n th s .

R e l a t i v e  c o n d i t i o n  v a l u e s  w e re  p l o t t e d  a g a i n s t  t h e  l e n g t h  

o f  f i s h  f o r  t h e  m onth  o f  M arch ( F i g .  1 3 ) .  The Kn v a l u e s  w e re  

h i g h  f o r  f i s h  b e low  160 mm i n  l e n g t h .  B etw een 170 and  220 mm, 

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

a v e r a g e  f o r  t h e  m o n th .  R e l a t i v e  c o n d i t i o n  b e g a n  t o  r i s e  a f t e r  

185 mm, r e a c h e d  a p e a k  a t  265 mm, an d  d e c l i n e d  a f t e r  275 mm. 

T h e re  w e re  s e v e r a l  d e p r e s s i o n s  b e tw e e n  210 and  275 mm. I n  

o t h e r  m o n th s  t h e  p a t t e r n  was s i m i l a r .

R e l a t i v e  c o n d i t i o n  was h i g h  i n  b o th  t h e  s m a l l  an d  l a r g e  

f i s h ;  t h e  f o r m e r  c o u ld  b e  d u e  t o  t h e  h i g h  r a t e  o f  g ro w th  b e f o r e  

t h e  o n s e t  o f  s e x u a l  m a t u r a t i o n  and  t h e  l a t t e r  d u e  t o  t h e  f a c t  

t h a t  a s  f i s h  i n c r e a s e d  i n  a g e ,  w e i g h t  i n c r e a s e d  much f a s t e r  

t h a n  l e n g t h .  The d e c l i n e  a f t e r  275 mm was p r o b a b l y  c a u s e d  

by s e n i l i t y .  The m o s t  p l a u s i b l e  e x p l a n a t i o n  f o r  t h e  low 

r e l a t i v e  c o n d i t i o n  b e tw e e n  17 0 an d  220  mm was a t t r i b u t e d  t o  

t h e  dem ands on m e t a b o l i c  p r o c e s s e s  d u r i n g  s e x u a l  m a t u r a t i o n  

( P a n t u l u ,  1 9 6 3 ) .  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  w e re  u n d e r g o in g  

s e x u a l  m a t u r a t i o n .
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SPAWNING PERIOD AND AGE AT SEXUAL MATURITY

Gonads o f  s e x u a l l y  m a tu r e  f i s h  b e g an  t o  i n c r e a s e  i n  s i z e  

i n  M arch . By May, some f i s h  w e re  g r a v i d ,  an d  i n  J u l y  t h e  

r u n n in g  r i p e  c o n d i t i o n  was o b s e r v e d .  R unn ing  r i p e  f i s h  w e re  

p r e v a l e n t  i n  A u g u s t  and  e a r l y  S e p te m b e r .  M ost f i s h  w e re  s p e n t  

by  Novem ber, e x c e p t  f o r  a  few  m a l e s .  The go n ad s  of f i s h  c a u g h t  

i n  F e b r u a r y  a p p e a r e d  l i t t l e  d i f f e r e n t  from  t h o s e  fo u n d  i n  November. 

The i n c o m p le t e  d a t a  ( t h e r e  w e re  no  sam p le s  i n  J a n u a r y ,  A p r i l ,

J u n e ,  O c to b e r  and  D ecem ber 1966) i n d i c a t e d  t h a t  sp aw n in g  s e a s o n  

i n  1966 i n  t h e  C h e sa p ea k e  B i g h t  was J u l y ,  A u g u s t  and  a t  l e a s t  

p a r t  o f  S e p te m b e r .

T a b le  6 shows t h e  sp aw n in g  p e r i o d s  o f  P r i o n o t u s  c a r o l i n u s  

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

S m ith  (1 9 0 7 )  t h e  o t h e r  i n v e s t i g a t o r s  r e p o r t e d  t h a t  n o r t h e r n ,  

s e a r o b i n  spawned i n  t h e  summer. H ow ever, t h e r e  i s  d o u b t  t h a t  

Z* spawns e a r l i e r  t h a n  J u l y  i n  a r e a s  n o r t h  o f  C h esap eak e

B i g h t .  W h ea t la n d  (1 9 5 6 )  d i f f e r e n t i a t e d  t h e  eggs  o f  P . c a r o l i n u s

an d  P.  e v o la n s  by  t h e  d i s t r i b u t i o n  o f  o i l  g l o b u l e s  i n  t h e  eggs -----

d i s p e r s e d  i n  t h e  f o r m e r  and  c lum ped  i n  t h e  l a t t e r .  R e c e n t  s t u d i e s  

a t  t h e  V i r g i n i a  I n s t i t u t e  o f  M ar in e  S c i e n c e  ( p e r s o n a l  com m unica­

t i o n  from  E. B. J o s e p h )  showed t h a t  t h e  d i s t r i b u t i o n  o f  o i l  

g l o b u l e s  i n  t h e  eggs  o f  b o th  s p e c i e s  ch an g e d  o n t o g e n e t i c a l l y .

The o i l  g l o b u l e s  i n  t h e  eggs  w e re  c lum ped  i n  e a r l y  s t a g e s  an d  

d i s p e r s e d  i n  l a t e r  s t a g e s  i n  b o t h  s p e c i e s .  T h e r e f o r e ,  t h e  e a r l y
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sp aw n in g  r e p o r t e d  i n  t h e  n o r th e r n ,  r a n g e  c o u ld  b e  d u e  t o  e r r o r s  

i n  t h e  s tu d y  o f  em b ryo logy  o f  P . c a r o l i n u s  and  P. e v o l a n s . The 

l a t t e r  s p e c i e s  was fo u n d  t o  spawn e a r l i e r  i n  C h esa p ea k e  B i g h t .

F i s h  a ro u n d  200 mm lo n g  w ere  r e a d y  t o  spawn even  th o u g h  

t h e  g o n a d s  w e re  s m a l l .  T h e r e f o r e , P . c a r o l i n u s  a t t a i n e d  s e x u a l  

m a t u r i t y  a t  a g e  I I  o r  I I I .
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SUMMARY

1. The f i r s t  f i v e  a g e - g r o u p s  o f  t h e  n o r t h e r n  s e a r o b i n  c o u ld  b e  

d e t e r m in e d  on t h e  b a s i s  o f  g ro w th  z o n e s  o b s e r v e d  i n  t r a n s v e r s e  

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

2 .  The f i r s t  t h r e e  a g e - g r o u p s  c o u ld  b e  i n f e r r e d  from  l e n g t h  

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

b i g g e r  f i s h .

3 . The n o r t h e r n  s e a r o b i n  h a s  a s low  g ro w th  r a t e  and  a l o n g  l i f e  

s p a n .

4 .  S t a t i s t i c a l  t e s t s  showed s i g n i f i c a n t  s e a s o n a l  d i f f e r e n c e s  i n  

t h e  l e n g t h - w e i g h t  r e l a t i o n s h i p .  The a n n u a l  a v e r a g e  l e n g t h -  

w e i g h t  f o r m u la  was W = 0 .0 0 0 0 0 4 6 2 7

5 .  The lo w e s t  v a l u e s  o f  r e l a t i v e  c o n d i t i o n  o c c u r r e d  d u r i n g  t h e  

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

6 . P r i o n o t u s  c a r o l i n u s  spawned i n  J u l y ,  A u g u s t  and  p a r t  o f  

S e p te m b e r  i n  t h e  C h es a p ea k e  B i g h t .

7 .  P r i o n o t u s  c a r o l i n u s  m a tu r e  s e x u a l l y  when 2 o r  3 y e a r s  o l d  

an d  a t  a  l e n g t h  o f  a b o u t  200  mm.
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