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ABSTRACT

The a g e s  and  r a t e s  o f  g r o w t h  v e r s  d e t e r m i n e d  f o r  317 b l u e -  
b a c k  h e r r i n g  ( A lo s a  a e s t i y a l S s ) c o l l e c t e d  f rom  t h e  Rappahannock  
R i v e r  i n  1963 and 1966* The a g e s  d e t e r m i n e d  f rom  s c a l e s , r a n g e d  
f ro m  4 t o  9 y e a r s  ( m a l e s ) *  and f ro m  4 t o  11 y e a r s  ( f e m a l e s ) ,  
Immature f i s h  2 and 3 y e a r s  o l d  v e r e  n o t  a v a i l a b l e  f o r  age  d e t e r 
m i n a t i o n .  D u r in g  t h e  f i r s t  y e a r  o f  l i f e ,  m a le s  grew 38% o f  t h e  
l e n g t h  a t t a i n e d  a t  9 y e a r s , and f e m a l e s  grew 36% o f  t h e i r  l e n g t h  
a t  11 y e a r s .  The g r e a t e s t  g r o w t h  i n  w e i g h t  o c c u r r e d  d u r i n g  t h e  
4 t h  y e a r  o f  l i f e ,  m a le s  h a v i n g  g a i n e d  59 g and f e m a l e s  g a i n e d  
62 g .  D i f f e r e n t i a l  r a t e  o f  g r o w t h  i n  l e n g t h  o c c u r s  b e tw e e n  t h e  
s e x e s ,  w i t h  f e m a l e s  e x c e e d i n g  m a l e s  « r  e l l  a g e s .  I n  a l l  y e a r s  
a f t e r  t h e  s e c o n d ,  f e m a l e s  w e i g h e d  more t h a n  m a l e s .  Growth r a t e s  
f o r  m a l e s  and f e m a l e s  w e re  com puted  u s i n g  a p r o p o r t i o n a l  . formula 
w i t h  a c o r r e c t i o n  t e r m  o f  3 7 . 9 6  mm ( t h e  l e n g t h  i n t e r c e p t  o f  t h e  
b o d y - s c a l e  r e g r e s s i o n ) .

B1 ueback  h e r r i n g  become s e x u a l l y  m a t u r e  a t  4 y e a r s ,  a l t h o u g h  
p r e d o m i n a n t  age  g r o u p s  i n  t h e  s p a w n i n g  r u n  a r e  5- and 6 - y e a r - o l d  
f i s h .  Fem ales  p ro d u c e d  f ro m  6 0 , 0 0 0  t o  2 0 0 , 0 0 0  e g g s ,  w i t h  an 
a v e r a g e  o f  1 2 0 , 0 0 0 .  The re  i s  a  s h i f t  i n  t h e  s e x  r a t i o  d u r i n g  t h e  
s p a w n i n g  r u n ,  w i t h  m a le s  o u t n u m b e r i r . g  f e m a l e s  d u r i n g  t h e  b e g i n n i n g  
o f  t h e  r u n ,  f e m a l e s  p r e d o m i n a t i n g  d u r i n g  t h e  m i d d l e  o f  t h e  r u n ,  
and  m a l e s  o f t e n  becoming  d o m in a n t  a g a i n  a t  t h e  e n d .

x
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INTRODUCTION

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

r a t e  o f  g i o v t h  o f  t h e  b l u e b a c k  h e r r i n g ,  A l osa  a e s t i v a l i s  ( M i t c h i l l , 

1 2 K : ) ,  by i n t e r p r e t i n g  marks  on t h e  s c a l e s *  C o c k e r e l l  (1.910, 1913)  

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

mine age  f  re.n t h e  s c a l e s  • R ings  on b l u e b a c k  s c a l e s  w h ic h  r e s e m b l e  

a n n u l  i on a l e w i f e  (A 1 or  a j^eudoha re i igus_ )  s c a l e s  s u g g e s t e d  t h a t  t h e  

age  o f  t h e  b l u e b a c k  m ig h t  be d e t e r m i n e d  u s i n g  t h e  s c a l e  m e t h o d . 

R o t h s c h i l d  ( 1 9 6 3 )  u s e d  a lew  i f e  s c a l e s  f o r  age  d e t e r m i n a t i o n ,  and 

v a l i d a t e d  t h e  a n n u l u s • J u d y  (19 6 1 )  t o o k  s c a l e s  f ro m  t h e  c l o s e l y  

r e l a t e d  A m e r i c a n  s h a d  (Al o s a  s a p i d i s s i m a )  and  v a l i d a t e d  t h e  a n n u l i »

A l t h o u g h  t h e  b i o l o g y  o f  t h e  b l u e b a c k  h a s  b e e n  d e s c r i b e d  (B ige low 

and  W e l s h ,  1925 ;  B ige low  and S c h r o e d e r , 1953;  H i l d e b r a n d ,  1963;

Mansuek i  and  H a rd y ,  1 9 6 7 ) ,  o n l y  g e n e r a l i t i e s  have  b e e n  r e p o r t e d  on 

t h e  r a t e  o f  g r o w t h ,  age a t  s e x u a l  m a t u r i t y ,  and age s t r u c t u r e  o f  t h e  

c o m m e rc i a l  c a t c h .  Maximum age  and t h e  number o f  t i m e s  a d u l t s  r e t u r n  

t o  spawn was a l s o  unknown.

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

r e l a t i v e  t h e  a l e w i f e ,  a s  t h e s e  s p e c i e s  make s p a w n i n g  m i g r a t i o n s  up 

r i v e r s  f l o w i n g  i n t o  t h e  w e s t e r n  N o r t h  A t l a n t i c .  A s y s t e m a t i c  s a m p l i n g  

o f  t h e  s p a w n in g  m i g r a t i o n s  o f  b l u e b a c k  h e r r i n g ,  a l e w i v e s ,  A m e r ic an  

s h a d ,  a nd  h i c k o r y  sh a d  (A l o s a  r r . ed ioc r i s ) was u n d e r t a k e n  in  1964 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 ine  S c i e n c e  (VIMS), G l o u c e s t e r  P o i n t ,

2



V i r g i n i a ! -  S c a l e  s a m p le s  and d a t a  on s e x ,  l e n g t h ,  ve 

c o n d i t i o n  v e r e  c o l l e c t e d  w e e k l y .  Da ta  r e p o r t e d  h e r e  

a  p o r t i o n  o f  that :  s t u d y .

i gh t , a >: * d go na d 

i n  a r e  t a k e n  f rom



REVIEW OF THE BIOLOGY AND LIFE HISTORY

The b l u e b a c k  h e r r i n g  i s  a l s o  known a s  g l u t  h e r r i n g ,  stnuiior 

h e r r i n g ,  b l a c k - b e l l y ,  s a w - b e l l y ,  k y a c k ,  a l e w i f e ,  c a t - t h r a s h e r , Lay 

h e r r i n g  and r i v e r  h e r r i n g  (Goode ,  1879 ;  S m i t h ,  1907 ;  H i l d e b r a n d ,  1 9 6 3 ) .  

I n  Canada t h e  s p e c i e s  i s  known a s  inu lhaden  o r  A l o s e  d !e t e  (Leim and 

S c o t t ,  1 9 6 6 ) ,  The b l u e b a c k  i s  o f t e n  c o n f u s e d  w i t h  t h e  a l e w i f e .

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

o f  t h e  a l e w i f e  i s  g r a y i s h  g r e e n  (h en c e  t h e  name ,fg r a y b a c k IJ som e t im es  

a p p l i e d  t o  t h e  a l e w i f e ) .  The s i d e s  and  t h e  b e l l y  a r e  s i l v e r y  a s  in  

a l l  members o f  t h e  g e n u s .  The d i a m e t e r  o f  t h e  eye  o f  a d u l t  b l u e b a c k s  

i s  e q u a l  t o  o r  s m a l l e r  t h a n  t h e  s n o u t  l e n g t h ,  w h e r e a s  t h e  eye  o f  t h e  

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

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

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

i n  p o s i t i v e  i d e n t i f i c a t i o n .  Goode and Bean (18 7 9 )  s t a t e d  t h a t  t h e  

f i n s  a r e  low e r  ( s h o r t e r )  i n  b l u e b a c k s .  A l t h o u g h  t h e  a l e w i f e  i s  d e e p e r -  

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

i n d i v i d u a l s ,

P e c t o r a l  f i n  r a y s  v a r y  f rom  14 t o  16 ,  d o r s a l  r a y s  f rom  15 t o  2 0 ,  

a n a l  r a y s  f rom 16 t o  2 1 ,  and  v e n t r a l  r a y s  a r e  9 .  The number o f  s c u t e s  

( k e e l e d  b e l l y  s c a l e s )  r a n g e s  f ro m  31 t o  3 6 ,  w i t h  18 t o  21 a n t e r i o r  

t o  t h e  v e n t r a l  f i n s .  The number o f  v e r t e b r a e  r a n g e s  f rom  47 t o  53 

( i d a n s u e t i  and H a rdy ,  1 9 6 7 ) .  G i l l  r a k e r s  a r e  v a r i a b l e  and i n c r e a s e



w i t h  age  f rom  28 t o  36 ( a t  a p p r o x *  40  mm 3L) and f rom  42 t o  50 

( a t  a p p r o x .  3.40 mm SL) ( M a n s u e t i  and H ardy ,  1 9 6 7 ) .  Rood (1904)  

d e t e r m i n e d  n i n e  r a c e s  o f  b l u e b a c k ,  u s i n g  m e r i s t i c  d a t a  o b t a i n e d  f rom  

c o l l e c t i o n s  f rom  Canada t o  F l o r i d a .

Maximum t o t a l  l e n g t h  o f  t h e  b l u e b a c k  i s  r e p o r t e d  t o  bo a b o u t  

15 i n c h e s  (380 rain XL) (B i g e l o w  and S c h r o e d e r ,  1 9 3 b ) , b u t  f i s h  t a k e n  

f rom  Chesapeake  Bay r a r e l y  a t t a i n  a l e n g t h  o f  13 i n c h e s  (330  mr» TL)* 

U n l e s s  n o t e d  o t h e r w i s e ,  a l l  l e n g t h s  h e r e  r e p o r t e d  a r e  f o r k  l e n g t h s  

( F L ) .  S t a n d a r d  l e n g t h  i s  d e s i g n a t e d  as  SL, and f o l d e d  t i p  t o t a l  

l e n g t h  a s  TL.

I n  J a n u a r y  and F e b r u a r y ,  a d u l t  b l u e b a c k s  a r e  o c c a s i o n a l l y  t a k e n  

by  t r a v ? l e r s  s o u t h  o f  t h e  V i r g i n i a  Capes a s  t h e  f i s h  move to w a rd  t h e  

mouth  o f  Chesapeake  Bay.  E a r l y  a r r i v a l s  f i r s t  a p p e a r  i n  pound n e t  

c a t c h e s  i n  t h e  s o u t h e r n - m o s t  r i v e r s ,  t h e  James and  Y ork ,  l a t e  i n  March, 

The r u n  r e a c h e s  t h e  Rappahannock  and Potomac R i v e r s  by t h e  1 s t  and 2nd 

weeks  o f  A p r i l ,  r e s p e c t i v e l y .

B lu e b a c k  h e r r i n g  do n o t  spawn u n t i l  t h e  w a t e r  t e m p e r a t u r e  i s  

f ro m  21 t o  24 C (B ige low  and W e l s h ,  1 9 2 5 ) .  C o l l i n s  ( 1 9 5 2 )  fo u n d  t h a t  

b l u e b a c k s  and  a l e w i v e s  p r e f e r r e d  warm s t r e a m s  when p r e s e n t e d  w i t h  a 

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

On t h e  s p a w n in g  r u n  i n t o  f r e s h  w a t e r ,  m a l e s  p r e c e d e  t h e  m a j o r i t y  

o f  f e m a l e s  by a b o u t  two w e e k s .  V i n c e n t  (1960 )  s u g g e s t e d  t h a t  b l u e 

b a c k s  and  a l e w i v e s  may h y b r i d i z e ,  b e c a u s e  s p a w n i n g  beds  and s p a w n in g  

p e r i o d s  o v e r l a p .  Spawning g r o u n d s  i n  t h e  Rappahannock  R i v e r  a r e  

f ro m  30  t o  95 n a u t i c a l  m i l e s  (55  t o  174 km) above  t h e  r i v e r ’ s e n t r a n c e



i n t o  C hesapeake  B a y . Iri t h e  Potomac R i v e r ,  sp a w n in g  o c c u r s  a s  f a r  

a s  3.00 n a u t i c a l  m i l e s  (183 km) above  t h e  m o u th ,

1 o b s e r v e d  p a i r e d  f i s h  on t h e  s p a w n in g  g ro u n d s  t o  be r e l a t i v e l y  

s t a t i o n a r y  over  t h e  b o t t o m ,  f a c i n g  u p s t r e a m .  O c c a s i o n a l l y  a  p a i r  

would  make a s lo w  c i r c l e ,  t h e  head  o f  one t o  t h e  t a i l  o f  t h e  o t h e r .  

O f t e n  t h e y  swam s l o w l y  i n t o  t h e  c u r r e n t , a d v a n c i n g  s i d e - b y - s i d e  o r  

one s l i g h t l y  ahe ad  o f  t h e  o t h e r .  A f t e r  a d v a n e i n g  u p s t r e a m ,  t h a v  f e l l  

back  i n  c i r c l i n g  f a s h i o n ,  t h e n  r e m a i n e d  km veb i le  f o r  s e v e r a l  s e c o n d s .  

Sudden  shadows p r o d u c e d  by c l o u d  c o v e r  i n i t i a t e d  r a p i d  d a r t i n g  

m ovem en ts ,  A g u s t  o f  wind  w h i c h  r i p p l e d  t h e  s u r f a c e  o f  t h e  s t r e a m  

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

Kuritr, and R u d c l i f f e  (1917 )  and M a n s u e t i  and h a r d y  (1967 )  

d e s c r i b e d  t h e  em b ry o lo g y  and l a r v a l  s t a g e s  o f  t h e  b l u e b a c k .

I n c u b a t i o n  a t  22 C r e q u i r e s  50 h o u r s  (B ige low  and  W e ls h ,  1 9 2 5 ) .

L e n g t h  a t  h a t c h i n g  i s  a p p r o x i m a t e l y  3 . 5  mm TL. The y o l k  s a c  i s  

a b s o r b e d  in  4 d a y s ,  a t  w h ic h  t im e  t h e  f r y  have  grown t o  a b o u t  5 . 0  mm 

TL. S c a l e s  f i r s t  a p p e a r  a t  a  l e n g t h  somewhat  o v e r  25  mm IX ,  f o r m i n g  

i n  t h e  p o s t e r i o r  p o r t i o n  o f  t h e  body  and a l o n g  t h e  b e l l y .  L a r v a e  

t r a n s f o r m  t o  j u v e n i l e s  a t  a b o u t  38 mm TL (M a n s u e t i  and H ardy ,  1967)

and a t t a i n  a l e n g t h  o f  30  t o  50 mm TL when a  month  o l d  (B ige low  and

W e ls h ,  1 9 2 5 ) ,  J u v e n i l e s  55 t:o 80 mm s l o w l y  m i g r a t e  d o w n s t r e a m .  S i z e  

o f  j u v e n i l e s  (more t h a n  age  o r  s e a s o n )  a p p e a r s  t o  be t h e  c r i t e r i o n  

f o r  e n t r y  i n t o  t h e  Bay.  J u v e n i l e s  a r e  p r e s e n t  i n  t h e  r i v e r s  and Bay 

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

i n  t h e  Bay.  A few j u v e n i l e s  o f  70 t o  90 mm may be t a k e n  i n  r i v e r s  up



t o  13 n a u t i c a l  m i l e s  (28 km) f rom  t h e i r  e n t r y  i n t o  C h esapeake  Bay 

d u r i n g  J a n u a r y ,  F e b r u a r y ,  and M arch ,  b u t  by  A p r i l  t h i s  s i z e  i s  

f o u n d  o n l y  i n  t h e  Bay,  B l u e b a c k s  110 t o  2 00 mm a r e  r a r e l y  o b s e r v e d  

i n  t h e  B ay ,  b u t  some f i s h  may r e m a i n  t h r o u g h o u t  t h e  s e c o n d  summer 

( H i l d e b r a n d  and S c h r o e d e r ,  192.8),

A f t e r  p a s s i n g  t h e  V i r g i n i a  C a p e s ,  t h e  young  d i s a p p e a r  i n  t h e  

A t l a n t i c  f o r  3 t o  4  y e a r s  and  r e t u r n  o n l y  a s  m a t u r e  a d u l t s .  The 

s p e c i e s  i s  i n f r e q u e n t l y  t a k e n  a t  s e a ,  and i t s  d i s t r i b u t i o n  i s  unknown.  

H i l d e b r a n d  (1963)  s u g g e s t e d  t h a t  b l u e b a c k s  w i n t e r  n e a r  t h e  b o t t o m .  

N e t z e l  and S t a n e k  (19 6 6 )  r e p o r t e d  l a r g e  b o t t o m  t r a w l  c a t c h e s  of  

b l u e b a c k  h e r r i n g  and a l e w i v e s  on G eorges  Bank ( 4 l ° 2 9 * N } 68034'W) 

i n  J u l y  1964.  However ,  e x p l o r a t o r y  b o t to m  t r a w l i n g  by VIMS on t h e  

C o n t i n e n t a l  S h e l f  b e tw e e n  Cape H a t t e r a s ,  N o r t h  C a r o l i n a  and Cape 

May, New J e r s e y  t o o k  a d u l t  b l u e b a c k s  a t  o n l y  one s t a t i o n ,  and j u v e n i l e s  

a t  o n l y  s i x  s t a t i o n s  o f  t h e  54 s t a t i o n s  o c c u p i e d  d u r i n g  t h e  w i n t e r  o f  

1966* No b l u e b a c k s  \?ere  t a k e n  in. t h i s  a r e a  d u r i n g  s p r i n g ,  summer, o r  

f a l l  s a m p l i n g  ( J a c k s o n  D a v i s ,  p e r s o n a l  c o m m u n i c a t i o n ) .

B lu e b a c k  h e r r i n g  o c c u r  f rom  n o r t h e r n  F l o r i d a  ( J o r d a n  and  Evermann,  

1896)  n o r t h  t o  t h e  C a n a d i a n  mar i t  line p r o v i n c e s  o f  Nova S c o t i a  

( C o c k e r e l l ,  1910;  Leim and S c o t t ,  1966)  and  Cape B r e t o n  (B ige low  and 

S c h r o e d e r ,  1 9 5 3 ) ,  L i v i n g s t o n  (19 5 3 )  h o w e v e r ,  f e l t  t h e  a l e w i f e  had 

b e e n  f a l s e l y  i d e n t i f i e d  as  t h e  b l u e b a c k  i n  a l l  C a n a d i a n  r e p o r t s .  

N e v e r t h e l e s s ,  b l u e b a c k s  a r e  common a s  f a r  n o r t h  a s  Maine and 

M a s s a c h u s e t t s ,  and c o n s t i t u t e  a m a j o r  f i s h e r y  i n  C hesapeake  Bay.

A d u l t  b l u e b a c k s  200  t o  280 mm a r e  c a p t u r e d  i n  t h e  Bay and i n



r i v e r s  f rom  March t o  J u n e .  Few a d u l t s  a r e  l a n d e d  a f t e r  t h e  f i r s t  

week i n  J u n e ,  a l t h o u g h  t h e  f i s h e r y  i s  p r o l o n g e d  on t h e  e a s t e r n  s i d e  

c f  Chesapeake  Bay w here  t h e  c a t c h  i s  p r e d o m i n a n t  1y s p e n t  ( spaw ned)  

f  i s h .

P r e d a t o r y  f i s h  p r o b a b l y  t a k e  t h e i r  t o l l  d u r i n g  t h e  b l u e b a c k * s  

e a r l y  l i f e ;  h o w e v e r ,  t h e  d o w n - s t r e a m  m i g r a t i o n  seems  t o  be w e l l  t im ed  

t o  a v o i d  p r e d a t o r s .  The w e a k f i s h  ( C y n o s c io n  r e g a l  i s ) has  b e e n  r e p o r t e d  

f e e d i n g  h e a v i l y  on b l u e b a c k  h e r r i n g  j u v e n i l e s  (Welsh and B r e d e r ,  1 9 2 4 ) .  

S i n c e  a l m o s t  n o t h i n g  i s  known o f  t h e  b l u e b a c k fs  l i f e  a t  s e a ,  one can  

o n l y  s p e c u l a t e  on o c e a n i c  p r e d a t o r s .  I saw a s n a p p i n g  t u r t l e  

( C h e l y d r a  s e r p e n t i n a )  f e e d i n g  on a  dead  a d u l t  i n  D ia s cu n d  C r e e k ,  b u t  

c o u ld  n o t  d e t e r m i n e  i f  i t  was a  p r e d a t o r  o r  a s c a v e n g e r .

The c o m m e rc i a l  f i s h e r y  f o r  b l u e b a c k  h e r r i n g  c o n c e n t r a t e s  on t h e  

s p a w n i n g  m i g r a t i o n  o f  a d u l t s .  I n  T i d e w a t e r  V i r g i n i a  b l u e b a c k s  and 

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

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

Che sa pe ake  Bay r e g i o n  i s  t h e  pound n e t ,  a l t h o u g h  b l u e b a c k s  a r e  a l s o  

c a u g h t  w i t h  w e i r s ,  f y k e ,  a nd  g i l l  n e t s ,  h a u l  s e i n e s ,  p u r s e  s e i n e s ,  

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

and  i t s  t r i b u t a r i e s  f rom  1960 t o  1965 was 2 6 , 0 0 0 , 0 0 0  l b s . ,  v a l u e d  

( e x - v e s s e l )  a t  $ 4 4 7 ,0 0 0  (U. S.  B u r e a u  o f  Commerc ial  F i s h e r i e s ,  

1 9 6 0 - 1 9 6 5 ) .

W i l s o n  (19 1 7 )  and A l p e r i n  (1 9 6 5 )  r e p o r t e d  t h a t  b l u e b a c k s  a r e  

p a r a s i t i z e d  by  L e r n a e e n i c u s  r a d  i a t u s . a p a r a s i t i c  c o p e p o d .  W i l s o n  

(1 9 3 2 )  found  L e r n a e e n i c us a f f i x u s  on b l u e b a c k s .  Sumner,  O sburn  and
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Cole  ( 1 9 1 3 )  r e p o r t e d  E c h i n o r h y n c h u s a c u s  and  Hoffman (1967 )  r e p o r t e d  

Pomphorynchus  b u l b o c o l l i  a s  t h e  a c a n t h o c e p h a l a n  p a r a s i t e s  o f  t h e  

b l u e b a c k .  Hahn (19 1 8 )  l i s t e d  Chloromyx um c l u p e i d a e  and S inderinann  

( 1 9 6 6 )  l i s t e d  Kudoa c l u p e  i d a e a s  n i y x o s p o r i d i a n s  o c c u r r  in g  on t h e  

b l u e b a c k *  Sumner e_t a l ,  ( 1 9 1 3 )  r e p o r t e d  t h e  b l u e b a c k  was a h o s t  f o r  

t h e  nem a tode  H e t e r a k i s  f o v e o l a t a » The c e s t o d e  T r y p a n o rh y n c h a  s p .  i s  

l i s t e d  a s  a p a r a s i t e  o f  t h e  g e n u s  (H of fm an ,  1 9 6 7 ) .  I f ound  t h r e e  

imm ature  n e m a t o d e s  i n  p r e s e r v e d  o v a r i e s  o f  b l u e b a c k s  c o l l e c t e d  on 

9 May 1967 f rom  t h e  C h ickahom iny  R i v e r .  These  s p e c i m e n s  have  n o t  y e t  

b e e n  i d e n t i f i e d ,  n o r  has  t h e  e x t e n t  o f  p a r a s i t i s m  b e e n  d e t e r m i n e d .



DETERMINATION OF AGE AND RATE OF GROWTH USING SCALES

One method f o r  d e t e r m i n i n g  t h e  age o f  f i s h e s  i s  i n t e r p r e t i n g  t h e  

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

p e r i o d i c  ch a n g es  i n  m e t a b o l i s m  and g rowth  r a t e .  A p p a r e n t l y  t h e  f i r s t  

t o  s t a t e  t h a t  t h e  r i n g s  on s c a l e s  and bones  o f  f i s h  c o r r e s p o n d  t o  

p e r i o d s  o f  r e t a r d e d  and a c c e l e r a t e d  g r o w th  and t h a t  t h e  age o f  t h e  

f i s h  c o u l d  be d e t e r m i n e d  from t h e s e  r i n g s  was v a n  Leeuwenhoek i n  1684 

( N i k o l s k y ,  1 9 6 3 ) .

I f  age i s  t o  be i n t e r p r e t e d  f rom  g ro w th  r i n g s ,  t h e y  must  s a t i s f y  

t h r e e  c r i t e r i a  ( H i l e ,  1 9 4 1 ) .  A r e g u l a r  i n c r e a s e  i n  f i s h  l e n g t h  

s h o u l d  c o i n c i d e  w i t h  e a c h  s u c c e e d i n g  g row th  r i n g ,  There  s h o u l d  be 

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

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

t h e  t im e  o f  c a p t u r e .  The modes 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  

o f  t h e  sample  s h o u l d  c o i n c i d e  w i t h  t h e  mean c a l c u l a t e d  l e n g t h s  o f  age 

g r o u p s  b a s e d  on s c a l e  r e a d i n g .  Van O o s t e n  (1929 )  s t a t e d  t h a t  s c a l e s  

s h o u l d  grow i n  p r o p o r t i o n  t o  g ro w th  and r e m a i n  c o n s t a n t  i n  number 

t h r o u g h o u t  t h e  l i f e  o f  t h e  f i s h .  I n  a d d i t i o n ,  t h e  a n n u l u s  must  be 

fo rm ed  a t  a p p r o x i m a t e l y  t h e  same t im e  e a c h  y e a r .  The a n n u l u s  o f  

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

C o l l e c t i o n  o f  M a t e r i a l

I f  r a c e s  o f  b l u e b a c k  h e r r i n g  e x i s t  a s  Reed (19 6 4 )  has  i n d i c a t e d ,

10
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and i f  b l u e b a c k s  r e t u r n  t o  s t r e a m s  of  t h e i r  o r i g i n  t o  s p a w n , it: i s  

r e a s o n a b l e  t o  e x p e c t  t h a t  d i f f e r e n c e s  i n  grovrth and fo rm  would  a r i s e  

and be c h a r a c t e r i s t i c  of  e a c h  r a c e .  B lu e b a c k s  from t h e  Rappahannock 

R i v e r  (F ig*  1)  w e re  s e l e c t e d  f o r  a g e - g r o w t h  a n a l y s i s  b e c a u s e  t h i s  

r i v e r  h a s  no m a j o r  b r a n c h e s ,  h ence  t h e r e  was l i t t l e  c hance  t h a t  

more t h a n  one s u b - p o p u l a t i o n  was s a m p l e d .

Spec im ens  were  removed f rom  a 50 l b .  random sam ple  o f  r i v e r  

h e r r i n g  o b t a i n e d  w e e k l y  f rom  pound n e t s .  Fo rk  l e n g t h ,  w e i g h t ,  s e x ,  

and s e x u a l  c o n d i t i o n  were  r e c o r d e d  f o r  e a c h  o f  100 b l u e b a c k s  f rom  

e a c h  s a m p l e .  The f i s h  w e re  m e a s u r e d  t o  t h e  n e a r e s t  n i l l i m e t e r .  Weight  

was r e c o r d e d  t o  t h e  n e a r e s t  gram u s i n g  a s p r i n g  b a l a n c e  ( d i e t  t y p e )  

o r  a " D i r e c t  R e a d in g  B a l a n c e "  ( P e n n s y l v a n i a  S c a l e  Company).

I n  o r d e r  t o  d e t e r m i n e  t h e  body  a r e a  w i t h  t h e  m os t  u n i f o r m l y  

s h a p e d  s c a l e s ,  s c a l e s  w ere  removed f rom  t h e  f o l l o x ^ in g  l o c a t i o n s  on 

t h e  l e f t  s i d e  o f  t h e  f i s h :  ( 1 )  j u s t  above t h e  m i d l i n e  a n t e r i o r  t o

t h e  i n s e r t i o n  o f  t h e  d o r s a l  f i n ,  ( 2 )  j u s t  above  and  b e h i n d  t h e

p e c t o r a l  f i n ,  ( 3 )  f rom  t h e  m i d l i n e  p o s t e r i o r  t o  t h e  d o r s a l  f i n ,  and

( 4 )  be low t h e  mid l i n e  above  t h e  a n a l  f i n .  S c a l e s  f rom  t h e  r e g i o n

above  t h e  mid l i n e  a n t e r i o r  t o  t h e  i n s e r t i o n  o f  t h e  d o r s a l  f i n  were 

t h e  m os t  u n i f o r m .

S c a l e s  w ere  t a k e n  f rom  2 5 b l u e b a c k s  from e a c h  sam ple  i n  1965 

and f rom  50 b l u e b a c k s  i n  1966 .  About  50 s c a l e s  were  removed from 

e a c h  f i s h  and s t o r e d  i n  numbered  e n v e l o p e s .  I f  a  f i s h  had no s c a l e s  

i n  t h e  opt imum a r e a  on t h e  l e f t ,  t h e y  were  t a k e n  f rom  t h e  r i g h t  s i d e  

o r  f rom  l e s s  d e s i r a b l e  a r e a s .  Some s p e c i m e n s  were  w i t h o u t  s c a l e s ,
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and were  cl is  c a rdc :d .

I m p r e s s i o n s  o f  t h e  f i v e  c l e a n e d  s c a l e s  f rom e a c h  f i s h  were  made 

i n  c e l l u l o s e  a c e t a t e  s h e e t s  m e a s u r i n g  3 x 5 x 0 .0 2 5  i n c h  by a m o d i f 

i c a t i o n  o f  t h e  t e c h n i q u e  o f  G reenbank  and O 'D o n n e l l  ( 1 9 5 0 ) .  Th is  

t e c h n i q u e  has  b e e n  shown t o  be an  a c c u r a t e  method of  p r e s e r v i n g  t h e  

c h a r a c t e r i s t i c  m a r k in g s  o f  s c a l e s  by B u t l e r  and Sm ith ( 1 9 5 3 ) .  S c a l e s  

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

in t e g u m e n t  and mucus by  r u b b i n g  b e tw e e n  th e  thumb and f o r e f i n g e r .  

C le a ned  s c a l e s  were  h e l d  i n  p l a c e  on t h e  s h e e t s  by  "Time Tape"  

( P r o f e s s i o n a l  Tape Company, I n c . ) .  G e n e r a l l y  s c a l e s  f rom  9 t o  10 

f i s h  were  p l a c e d  on a s i n g l e  s h e e t .  A l e g e n d  was added  a t  t h e  t im e  

t h e  s c a l e s  were m o u n te d ,  i n d i c a t i n g  c o l l e c t i o n  n u m b e r ,  d a t e ,  and 

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

t o  d r y  a t  l e a s t  24 h o u r s  b e f o r e  b e i n g  p r e s s e d ,  m o i s t u r e  t r a p p e d  u n d e r  

t h e  t a p e  damaged t h e  i m p r e s s i o n *  Cover  s h e e t s  o f  c e l l u l o s e  a c e t a t e  

w ere  added  above  and be low t h e  s h e e t  t o  be p r e s s e d ,  and i m p r e s s i o n s  

w ere  made on a C a r v e r  L a b o r a t o r y  P r e s s ,  Model B, m a i n t a i n e d  a t  175 F 

(80  C) and 2 4 , 0 0 0  p s i  f o r  2 . 5  m in .  The Time Tape w i t h  a d h e r i n g  

s c a l e s  was removed and d i s c a r d e d .  The s h e e t  w i t h  i m p r e s s i o n s  was 

c l e a n e d  w i t h  "Windex" o r  e t h y l  a l c o h o l  and a s o f t  c l o t h .

S c a l e  i m p r e s s i o n s  w ere  e xam ined  a t  40X on a n  " E b e r b a c h  

P r o j e c t o r " ,  s i m i l a r  t o  t h e  s c a l e  p r o j e c t o r  d e s c r i b e d  by Van O o s t e n ,  

Deason  and  J o b e s  ( 1 9 3 4 ) .  D r .  J a c k s o n  D av i s  and I r e a d  t h e  p l a s t i c  

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

r e a d i n g s  a v e r a g e d  80%. We r e - e x a m i n e d  a l l  s c a l e s  f o r  w h i c h  we had



u

d i f f e r e n t  i n t e r p r e t a t i o n s  o f  a g e ,  and a n  a g r e e m e n t  was u s u a l l y  

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

t h e  347 s c a l e s  c o u ld  n o t  be r e a d  and w ere  n o t  i n c l u d e d  i n  g ro w th  

d e t e r m i n a t i o n s .  I  made a s e c o n d  r e a d i n g  t o  c h e ck  t h e  age  d e t e r m i n a t i o n s ,  

and  t o  mark t h e  p o s i t i o n s  o f  t h e  f o c u s ,  a n n u l i  and sp a w n in g  c h e c k s  on 

s t r i p s  o f  p a p e r .

The d i s t a n c e s  t o  e a c h  a n n u l u s  were  e n t e r e d  a s  d a t a  i n  AGSGROW, a 

c o m p u t e r  p ro g ra m  w r i t t e n  by  V o i g t l a n d e r  and Roochvarg  ( 1 9 6 7 ) .

AGEGROW' computed  mean l e n g t h  a t  c a p t u r e ,  g a i n  i n  l e n g t h  s i n c e  t h e  l a s t  

a n n u l u s ,  and  mean l e n g t h  f o r  e a c h  a n n u l u s  by  b a c k - c a l c u l a t i o n  u s i n g  

t h e  m o d i f i e d  p r o p o r t i o n  f o r m u l a  g i v e n  b y  F r a s e r  (191.6) i

L* » C + S* (L -C )
S

w h e re  L* i s  f o r k  l e n g t h  a t  e a c h  a n n u l u s ,  3* i s  t h e  s c a l e  r a d i u s  f rom 

f o c u s  t o  a n n u l u s ,  S i s  s c a l e  r a d i u s  f ro m  f o c u s  t o  m a r g i n  a t  t im e  o f  

c a p t u r e ,  L i s  f o r k  l e n g t h  a t  t im e  o f  c a p t u r e ,  and  C i s  t h e  c o r r e c t i o n  

t e r m  ( 3 7 . 9 6 )  found  by e x t r a p o l a t i o n  o f  t h e  r e g r e s s i o n  o f  s c a l e  r a d i u s  

on  f o r k  l e n g t h .  A l l  c o m p u t a t i o n s  were  done  s e p a r a t e l y  by s e x  

s a m p le  n u m b e r ,  t h e n  t h e  s a m p l e s  w ere  c om bine d .

S c a l e  C h a r a c t e r i s t i c s

B lu e b a c k  s c a l e s  a r e  t h i n ,  c y c l o i d ,  e a s i l y  removed s t r u c t u r e s  

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

body  a r e  s u b q u a d r a t e ,  t h o u g h  s c a l e s  f rom  t h e  p e c t o r a l  and a n a l  f i n  

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



t h e  s c a l e  i s  s c u l p t u r e d  and imbedded i n  t h e  d e r m i s .  The e x p o s ed  

p o s t e r i o r  p o r t i o n  i s  c o v e r e d  w i t h  a t h i n  l a y e r  of  e p i d e r m i s  and 

l a c k s  t h e  m a r k i n g s  c h a r a c t e r i s t i c  o f  t h e  a n t e r i o r  f i e l d  ( F i g .  2 ) .  

T r a n s v e r s e  g r o o v e s  and r i d g e s  r u n  from t h e  d o r s o - l a t e r a l  edge  t o  

t h e  v e n t r o - l a t e r a l  e d g e .

T r a n s v e r s e  r i d g e s  ( s t r i a e )  a r e  f i n e  c r e n u i a t i o n s  i n  t h e  

h y a l o d e n t i n e  o f  t h e  imbedded a n t e r i o r  p o r t i o n  o f  t h e  s c a l e  ( F i g .  2 ) .  

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

and  g e n e r a l l y  i n t e r r u p t e d  by a n n u l i  and s p a w n in g  m a r k s .

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

o f  t h e  s c a l e .  They a r e  few i n  n u m b e r ,  v a r i a b l y  s p a c e d ,  and r u n  

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

u n b r o k e n  l i n e s ,  w h i l e  o t h e r s  a r e  i n t e r r u p t e d  i n  t h e  a n t e r o - p o s t e r i o r  

a x i s .  T r a n s v e r s e  g r o o v e s  c u r v e  most  n e a r  t h e  a n t e r i o r  m a r g i n  and  a r e  

s t r a i g h t  l i n e s  p o s t e r i o r l y .  The number  o f  t r a n s v e r s e  g r o o v e s  i s  t o  

some e x t e n t  r e l a t e d  t o  a g e ,  a s  w i l l  be d e m o n s t r a t e d  b e lo w .

The b a s e l i n e  i s  t h e  f i r s t  t r a n s v e r s e  g roove  on o r  j u s t  a n t e r i o r  

t o  t h e  zone  s e p a r a t i n g  t h e  p o s t e r i o r  and a n t e r i o r  p o r t i o n s  o f  t h e  

s c a l e  ( C a t i n g ,  1 9 5 3 ) .  F o r  s c a l e  m e a s u r e m e n t ,  I c h o s e  a p o i n t  midway 

on t h e  b a s e l i n e  a s  a f o c u s  ( F i g .  3 ) ,  a f t e r  t h e  t e c h n i q u e  u s e d  by 

J u d y  ( 1 9 6 1 )  on A m e r ic an  s h a d  s c a l e s .

A n n u l a r  marks  on t h e  b l u e b a c k  s c a l e  c o n s i s t  o f  z o n e s  o f  g r o w t h ,  

a n n u l i ,  and s p a w n in g  c h e c k s .  Growth z o n e s  a p p e a r  a s  b r o a d  a r e a s  

s e p a r a t e d  by n a r r o w  d a r k  r i n g s .  The z o n e s  c a n n o t  be t r a c e d  i n t o  t h e  

p o s t e r i o r  f i e l d .  The a rm u l u s  i s  a  d i s r u p t i o n  o f  t h e  t r a n s v e r s e  r i d g e
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FIG.  2 ,  S c a l e  o f  a b l u e b a c k  h e r r i n g  6 y e a r s  o l d .  The a n t e r i o r  

f i e l d  (AF) c o n s i s t s  o f  t r a n s v e r s e  groove 's  (TG)S t r a n s v e r s e  r i d g e s  

(TR) ,  and a n n u l !  (A ) .  The p o s t e r i o r  f i e l d  (PF)  l a c k s  t h e s e  m a r k s .  

The b a s e l i n e  (F>L) s e p a r a t e s  a n t e r i o r  f rom p o s t e r i o r  f i e l d .  

T r a n s v e r s e  g roove  c o u n t s  b e g i n  w i t h  t h e  f i r s t  g roove  above  t h e  

b a s e l i n e •





FIG.  3 .  A b l u e b a c k  h e r r i n g  s c a l e  s h o v i n g  t h e  

m e a s u r i n g  t h e  s c a l e  r a d i u s .  T h i s  s c a l e  shows 5 a n n u l i  

s p a w n in g  c h e c k s .  The l e n g t h  a t  c a p t u r e  o f  t h i s  f e m a le

r e t h o d  o f  

and 4

v a s  280 nun
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and  a p p e a r s  a s  a  d a r k  r i n g  due t o  d i f f r a c t i o n *  A n n u l i  a r e  more c l e a r l y  

d e f i n e d  on t h e  l a t e r a l  m a r g i n s  n e a r  t h e  b a s e l i n e ,  w here  t h e y  may be 

v i s i b l e  e n t e r i n g  t h e  p o s t e r i o r  f i e l d .  A n n u l !  f o l l o w  t h e  g e n e r a l  

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

a ro u n d  t h e  a n t e r i o r  f i e l d  •* and  s o m e t im e s  t h e  p o s t e r i o r  f i e l d  a s  w e l l .  

However ,  a n n u l i  a r e  n o t  a lw a y s  c l e a r l y  d e f i n e d  a n t e r i o r l y ,  s o  s c a l e s  

w e re  m e a s u r e d  a l o n g  an  a n t e r o - l a t e r a l  a x i s  ( F i g .  3 ) .  P r e s u m a b ly  

a n n u l i  a r e  fo rm ed  when g r o w t h  s l o w s  and c a l c i f i c a t i o n  p r o c e e d s  t o  t h e  

m a r g i n .  N o r m a l ly  o n l y  one a n n u l u s  i s  l a i d  down e a c h  y e a r .  F a l s e  

a n n u l i  ( a l s o  c a l l e d  a c c e s s o r y  r i n g s )  may be fo rm ed  d u r i n g  t h e  y e a r  

p r o b a b l y  i n  r e s p o n s e  t o  i n j u r y ,  d i s e a s e  o r  o t h e r  a b n o rm a l  s t r e s s .

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

f i e l d ,  c a n n o t  be d e t e c t e d  i n  t h e  p o s t e r i o r  f i e l d ,  and i s  o f t e n  

m a n i f e s t e d  a s  a  b r e a k  i n  t h e  s t r i a e  ac co m p a n ie d  by  a r e g e n e r a t e d  

p o r t i o n  o f  t h e  s c a l e  ( F i g .  4 ) .

Spawning  c h e c k s  a r e  f o rm e d  by  e r o s i o n  o r  a b s o r p t i o n  o f  t h e  s c a l e  

m a r g i n  d u r i n g  t h e  sp a w n in g  m i g r a t i o n .  These  marks  a r e  s c a r - l i k e  i n  

t h e  l a t e r a l  f i e l d ,  and s i m i l a r  t o  a n n u l i  i n  t h e  a n t e r i o r  f i e l d .  L ik e  

t r u e  a n n u l i ,  sp a w n in g  c h e c k s  a l s o  e x t e n d  i n t o  t h e  p o s t e r i o r  f i e l d ,  

b u t  u s u a l l y  c a n n o t  be s e e n  e n c i r c l i n g  t h i s  a r e a .  B ecause  o f  t h e i r  

s c a r - l i k e  a p p e a r a n c e ,  s p a w n i n g  c h e c k s  a r e  e a s i l y  i d e n t i f i e d  ( F i g .  3 ) .  

A n n u l i  a r e  fo rm ed  d u r i n g  t h e  s p a w n i n g  m i g r a t i o n  ( A p r i l  t o  J u n e ) ,  

c o n s e q u e n t l y  i n  m a t u r e  f i s h  t h e  s p a w n i n g  check  i s  t h e  a n n u l u s .

C a t i n g  ( 1 9 5 3 ) ,  J u d y  ( 1 9 6 1 )  and R o t h s c h i l d  (1963 )  c o u n t e d  t h e  s p a w n in g  

c h e c k s  a s  a n n u l i  i n  d e t e r m i n i n g  a ge  o f  A m e r i c an  sh a d  and  a l e w i v e s .
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FIG.  A, A b l u e b a c k  h e r r i n g  s c a l e  sho w in g  

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

g r o o v e s  a r e  common on r e g e n e r a t e d  s c a l e s .

f  a 1se  a n n u 1us and 

s p a c e d  t r a n s v e r s e
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The s c a l e  edge was c o u n t e d  a s  a y e a r ,  and a n  a r b i t r a r y  b i r t h d a t e  of  

1 J a n u a r y  was a s s i g n e d .  Thus a b l u e b a c k  s p a w n in g  f o r  t h e  f i r s t  t im e  

a t  5 y e a r s  o f  age  has  f o u r  a n n u l i  p l u s  t h e  g ro w th  t o  t h e  m a r g i n ,  and

i s  d e s i g n a t e d  a s  Age Group V. A ’’r e p e a t e r ” i s  a f i s h  w i t h  one o r

more s p a w n ing  c h e c k s .  Fo r  e x a m p l e ,  a  7 - y e a r - o l d  r e p e a t e r  w h ic h

spawned f o r  t h e  f i r s t  t im e  a t  5 y e a r s  would have  4 a n n u l i ,  2

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

The a b s e n c e  o f  s p a w n in g  c h e c k s  on a  few f i s h  a s  o l d  a s  s e v e n  

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

s p a w n in g  c h e c k .

R e l a t i o n s h i p  o f  Body L e n g t h  t o  S c a l e  Rad iu s

The r e l a t i o n s h i p  b e tw e e n  body l e n g t h  and s c a l e  r a d i u s  was 

d e t e r m i n e d  f rom  146 a d u l t s  and 64 j u v e n i l e s  t a k e n  f rom  t h e  Rappahannock 

R i v e r .  Of t h e  f i v e  s c a l e s  n o r m a l l y  mounted f o r  a d u l t s ,  one s c a l e  

was c h o s e n  a s  c h a r a c t e r i s t i c .  M i l l e r  (1946 )  and E v e r h a r t  ( 1950)  

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

and  J u d y  (1961 )  u s e d  t h i s  r a d i u s  i n  age d e t e r m i n a t i o n s .  T h i s  a x i s  

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

c o r n e r  o f  t h e  s c a l e  where  t h e  l a t e r a l  and a n t e r i o r  e d g e s  mee t  ( F i g .  3 ) .  

D i f f e r e n c e s  b e tw e e n  a n t e r o - l a t e r a l  r a d i u s  and a n t e r i o r  r a d i u s  were 

n o n - s i g n i f i c a n t  ( F - t e s t )  when f o r k  l e n g t h  was u s e d  a s  t h e  i n d e p e n d e n t  

v a r i a b l e .  S in c e  a n n u l i  and s p a w n in g  ch e ck s  a r e  c l e a r e s t  i n  t h e  

a n t e r o - l a t e r a l  z o n e ,  t h i s  a x i s  was used  f o r  m e a s u r i n g  b l u e b a c k  s c a l e s .

A r e g r e s s i o n  o f  t h e  means o f  s c a l e  r a d i i  in  5 mm i n t e r v a l s  v e r s u s  means
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o f  t h e  c o r r e s p o n d i n g  f i s h  l e n g t h s  was computed  by  t h e  method o f  W hi tn e y  

and C a r l a n d e r  ( 1 9 5 6 ) .  A s t r a i g h t  l i n e  a p p e a r s  t o  b e s t  f i t  t h e  d a t a  

( F i g .  5 ) .  The e q u a t i o n

L = 3 7 .9 6 8 4 2  + 0 .7 7 6 3 9 ( S )  

was computed  by  t h e  l e a s t  s q u a r e s  m e t h o d w h e r e  L i s  f o r k  l e n g t h  in  

m i l l i m e t e r s  and  S i s  s c a l e  r a d i u s  (X40) i n  m i l l i m e t e r s .  The c o r r e l a t i o n  

c o e f f i c i e n t  was 0 . 9 8 8 9 7 ,  i n d i c a t i n g  a  v e r y  c l o s e  r e l a t i o n s h i p  b e tw e e n  

body  l e n g t h  and  s c a l e  r a d i u s .  However ,  b l u e b a c k s  b e tw e e n  100 and 2 00 mm 

a r e  r a r e l y  t a k e n  i n  C h e s a p e ak e  B ay ,  and none i n  t h i s  s i z e  r a n g e  w ere  

a v a i l a b l e  t o  s u p p l e m e n t  t h e  d a t a  i n  F i g .  5 .  When f i s h  i n  t h i s  s i z e  r a n g e  

become a v a i l a b l e  f o r  s t u d y ,  t h e  e q u a t i o n  above  may have  t o  be a l t e r e d .

A g e in g  by T r a n s v e r s e  Grooves

B o r o d i n  ( 1 9 2 4 ,  1925)  d e t e r m i n e d  t h e  age  o f  A m e r i c a n  s h a d  by  

c o u n t i n g  t r a n s v e r s e  g r o o v e s  and d i v i d i n g  by t w o .  U n f o r t u n a t e l y ,  he d i d  

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

g r o o v e s .  B a rn e y  (1 9 2 4 ,  1925 )  u s e d  A m e r i c an  sh a d  o t o l i t h s  t o  c o n f i r m  

B o r o d i n ’ s r e s u l t s .  However ,  G r e e l e y  (1937 )  d i s a g r e e d  w i t h  B o r o d i n ’ s 

t e c h n i q u e ,  and J u d y  ( 1 9 6 1 )  g o t  e r r o n e o u s  r e s u l t s  u s i n g  B o r o d i n ’ s  method 

o n  marked  A m e r i c a n  s h a d .  C a t i n g  (19 5 3 )  c o u n t e d  t r a n s v e r s e  g r o o v e s  t o

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

I  u s e d  B o r o d i n ’ s method  o f  c o u n t i n g  t r a n s v e r s e  g r o o v e s  and  

d i v i d i n g  by 2 t o  g e t  a g e ,  b u t  o b t a i n e d  i n c o n c l u s i v e  r e s u l t s  b e c a u s e  

i n c o m p l e t e  t r a n s v e r s e  g r o o v e s  w e re  common on t h e  a n t e r i o r - m o s t  m a r g i n .  

However ,  t h e  number o f  g r o o v e s  c r o s s i n g  t h e  f i r s t  and s e c o n d  a n n u l i
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FIG.  5 .  R e g r e s s i o n  o f  f o r k  l e n g t h  on s c a l e  r a d i u s .  The d o t s  r e p r e s e n t  

5 mni i n t e r v a l s  o f  s c a l e  r a d i i  and t h e  c o r r e s p o n d i n g  mean f o r k  l e n g t h s .
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a p p e a r e d  r e l a t i v e l y  c o n s t a n t  and t h e  number o f  t r a n s v e r s e  g r o o v e s  

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

a  c o r r e l a t i o n  b e tw e e n  t h e  number  o f  t r a n s v e r s e  g r o o v e s  and a g e .

The number o f  t r a n s v e r s e  g r o o v e s  c r o s s i n g  t h e  f i r s t  t h r o u g h  

f o u r t h  a n n u l i  was r e c o r d e d  f o r  s c a l e s  f rom f o u r  p l a c e s  on t h e  bo d y .

I n  most  c a s e s ,  when s c a l e s  f rom  one body  l o c a t i o n  were  compared w i t h  

s c a l e s  f rom  a n o t h e r ,  t h e r e  was no  change  i n  t h e  number o f  t r a n s v e r s e  

g r o o v e s  c r o s s i n g  an  a n n u l u s ,  and  a t  mos t  t h e  d e v i a t i o n  was * 1 .  A l l  

c o u n t s  f e l l  w i t h i n  t h e  r a n g e  p r e s e n t e d  i n  T a b le  1 .

There  was c o n s i d e r a b l e  v a r i a b i l i t y  i n  s c a l e  s h a p e  f rom  body 

r e g i o n  t o  body  r e g i o n ,  and  i n c o m p l e t e  g r o o v e s  i n  t h e  i r r e g u l a r  s c a l e s  

f rom n e a r  t h e  p e c t o r a l  and  a n a l  f i n  r e g i o n s  may have  c a u s e d  e r r o r s  i n  

e n u m e r a t i o n .  N e v e r t h e l e s s ,  t h e  r e s u l t s  d e r i v e d  f rom  r e a d i n g  s c a l e s  

f rom  t h e  s e v e r a l  body  l o c a t i o n s  s e r v e  t o  s u b s t a n t i a t e  t h e  h y p o t h e s i s  

t h a t  t h e  number  o f  t r a n s v e r s e  g r o o v e s  c r o s s i n g  t h e  1 s t  t h r o u g h  4 t h  

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

A p p l i c a t i o n  o f  C a t i n g f s  ( 1 9 5 3 )  method t o  b l u e b a c k  s c a l e s  

i n d i c a t e d  a  c o r r e l a t i o n  b e t w e e n  age  and  number o f  t r a n s v e r s e  g r o o v e s .  

S c a l e s  f rom  147 f i s h  w e re  e x a m i n e d .  I n d e p e n d e n t  r e a d i n g s  by  two 

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

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

w e r e  r e c o r d e d .  C o u n t i n g  b e g a n  w i t h  t h e  f i r s t  t r a n s v e r s e  g roove  above  

t h e  b a s e l i n e .  Grooves  w h i c h  b r a n c h e d  w ere  c o u n t e d  a s  o n e .  F i g .  2 

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

number o f  t r a n s v e r s e  g r o o v e s  c r o s s i n g  t h e  f i r s t  a n n u l u s  r a n g e d  f rom
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TABLE 1 .  F r e q u e n c y  d i s t r i b u t i o n  o f  t r a n s v e r s e  g ro o v e  c o u n t s  i n  

e a c h  a n n u l u s

Number o f  
t r a n s v e r s e  

g r o o v e s

D i s t r i b u t i o n  o f 147 c o u n t s  i n - -

F i r s t
a n n u l u s

Second
a n n u l u s

T h i r d
a n n u l u s

F o u r t h
a n n u l u s

Num P e r  Nuim P e r  Num P e r  Num P e r 
b e r c e n t b e r c e n t b e r c e n t b e r c e n t

1 1 0 . 6

2 53 3 6 . 0

3 89 6 0 . 5 1 0 . 6

4 4 2 . 7 44 2 9 . 9 1 0 . 6

5 89 6 0 . 5 6 4 . 0

6 12 8 . 2 43 2 9 . 2 1 0 . 6

7 1 0 . 6 68 4 6 . 2 4

r-».
CM

8 27 1 8 . 4 46 3 1 . 2

9 2 1 . 4 69 4 7 . 0

10 21 1 4 .3

11 6 4 . 0
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one t o  f o u r  (T a b le  1 ) ,  but: was c h a r a c t e r i s t i c a l l y  two o r  t h r e e . ,  The 

number e n t e r i n g  t h e  g r o w th  zone  e n c l o s e d  by t h e  s e c o n d  a n n u l u s  r a n g e d  

f rom  t h r e e  t o  s e v e n ,  b u t  was u s u a l l y  f o u r  o r  f i v e .  The number o f  

t r a n s v e r s e  g r o o v e s  c r o s s i n g  t h e  t h i r d  a n n u l u s  was g e n e r a l l y  s i x  o r  

s e v e n  w h i l e  t h e  number c r o s s i n g  t h e  f o u r t h  a n n u l u s  was u s u a l l y  e i g h t  

o r  n i n e .  Grooves a r e  commonly in c o m p le t e  beyond  t h e  f o u r t h  a n n u l u s ,  

and  c o u n t s  beyond  t h a t  p o i n t  were  n o t  i n c l u d e d .  T h i s  i s  n o t  a 

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

a r e  e a s i l y  r e c o g n i z e d  b e g i n n i n g  w i t h  t h e  t h i r d  a n n u l u s .  No s c a l e s  

f rom  y o u n g - o f - t h e - y e a r  b l u e b a c k s  had more t h a n  t h r e e  t r a n s v e r s e  

g r o o v e s ,  and t h e  c o u n t s  were  c o m p a r a b le  w i t h  t h e  number o f  g r o o v e s  

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

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

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

f o r  d i f f e r e n t i a t i o n  o f  t r u e  and f a l s e  a n n u l i .

L e n g t h - F r e q u e n c y

Y o u n g - o f - t h e - y e a r  f i s h  c o l l e c t e d  i n  l a t e  summer and f a l l  a t  t h e  

m ouths  o f  t r i b u t a r i e s  e n t e r i n g  Chesapeake  Bay a r e  t y p i c a l l y  f rom  65 

t o  75 rnm l o n g .  B l u e b a c k s  t e n d  t o  s c h o o l  by s i z e .  In  a c o l l e c t i o n  

o f  s e v e r a l  h u n d r e d  j u v e n i l e s ,  l e n g t h s  may d e v i a t e  f rom  t h e  mean by 

o n l y  + 3 mm. A fewT y o u n g - o f - t h e - y e a r  f i s h  sp e n d  t h e  w i n t e r  i n  t h e  

r i v e r s ,  a t t a i n i n g  a mean l e n g t h  o f  76 mm by F e b r u a r y .  F i s h  o f  t h i s  

s i z e  a r e  found  i n  t h e  Rappahannock  R i v e r  a s  f a r  a s  AO n a u t i c a l  m i l e s  

(74 km) f rom  t h e  Bay,  b u t  by  A p r i l  a r e  no l o n g e r  t a k e n  i n  t h e  r i v e r .
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C u r i o u s l y ,  11 b l u e b a c k s  m e a s u r i n g  82 t o  111 mrn (x « 100 mm) were c a u g h t  

on 1 May 1968 i n  t h e  Potomac R i v e r  a p p r o x i m a t e l y  83 n a u t i c a l  m i l e s  

(152 km) from t h e  Bay.  These  f i s h  a r e  w i t h o u t  a d o u b t  1 y e a r  o l d ,  

b u t  a r e  o f  a l e n g t h  se ld om  t a k e n  i n  Chesapeake  Bay.

J u v e n i l e  b l u e b a c k s  were  c o l l e c t e d  i n  t h e  Rappahannock R i v e r  by 

o t t e r  t r a w l  f rom J a n u a r y  t o  March 1968 .  S e v e r a l  s a m p l e s  were  a l s o  

t a k e n  a t  s e a  f rom  7 t o  9 March 1968 (T a b le  2 ) .  Samples  c o l l e c t e d  from 

C hesapeake  Bay i n  1913 by H i l d e b r a n d  and S c h r o e d e r  (1928 )  showed a 

mean f o r k  l e n g t h  o f  78 mm, s l i g h t l y  l a r g e r  t h a n  t h e  mean f o r k  l e n g t h  

o f  Rappahannock R i v e r  b l u e b a c k s  (76 mm) t a k e n  d u r i n g  t h e  same p e r i o d  

i n  1968 (1 t o  15 M a r c h ) .  Samples  f rom  r i v e r s  r a r e l y  have mean 

l e n g t h s  g r e a t e r  t h a n  76 mm, t h u s  t h e s e  r e s u l t s  a r e  t y p i c a l .  The 

mean f o r k  l e n g t h  o f  j u v e n i l e  b l u e b a c k s  t a k e n  i n  t h e  N o r t h  A t l a n t i c  

d u r i n g  t h i s  p e r i o d  was 82 mm, l a r g e r  t h a n  b o t h  t h e  Chesapeake  Bay 

and Rappahannock R i v e r  s a m p l e s .

Tw o-year-o ld .  b l u e b a c k s  were  Q u i t e  s c a r c e  i n  my c o l l e c t i o n s ,  th o u g h  

some w ere  t a k e n  a t  s e a  by t h e  R/V A l b a t r o s s  IV i n  March 1968 .

However ,  w h e t h e r  t h e s e  f i s h  came f rom  t h e  Rappahanock  R i v e r  o r  n o t  

i s  unknown.  As m e n t io n e d  e a r l i e r ,  l i t t l e  i s  known a b o u t  t h e  f i r s t  

3 y e a r s  s p e n t  a t  s e a .  B l u e b a c k s  a r e  s e ld o m  c a p t u r e d  i n  t r a w l s  u n t i l  

m i g r a t i n g  t o  t h e  sp a w n in g  g ro u n d s  a s  a d u l t s .  Thus i t  i s  i m p o r t a n t  

t o  n o t e  t h a t  H i l d e b r a n d  and S c h r o e d e r  (1928 )  r e p o r t e d  b l u e b a c k s  

t a k e n  i n  Chesapeake  Bay i n  t h e  s i z e  r a n g e  o f  12 0 t o  180 mm FL. 

H i l d e b r a n d  (1963)  d i s c u s s e d  t h e  i m p o r t a n c e  o f  t h e  l e n g t h - f r e q u e n c i e s , 

s t a t i n g ,  n I f  t h e  s i x  l a r g e s t  e x a m p l e s ,  w h ic h  may be a b o u t  t h r e e  y e a r s
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TABLE 2 .  L e n g t h - f r e q u e n c y  o f  j u v e n i l e  b l u e b a c k s  o f  age  g r o u p  I ,  

Rappahannock R i v e r  and  N o r t h  A t l a n t i c  1968

Rappahannock
R i v e r

N o r t h
A t l a n t i c

Fo rk
l e n g t h J a n u a r y F e b r u a r y March March

(mra) 16-31 01 -1 5 01 -15 0 1-15

50 -54 - - - -

55-59 - 2 - -

60 -6 4 - 5 - 3
6 5 -6 9 24 11 5 2
7 0 -7 4 119 84 35 4
75 -7 9 121 128 57 10
8 0 - 8 4 45 59 35 15
8 5 - 8 9 7 12 3 2
90 -9 4 - 2 1 7
9 5 - 9 9 1 - - 4

100-104 - - - 1
105-109 - • • 1
110-114 • _

T o t a l 317 303 136 49
Mean 7 4 .9 76 .2 7 6 .4 8 2 . 4

A C + 0 .4 + 0 .6 + 0 .8 + 2 .9
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o l d ,  a r e  e x c l u d e d ,  t h e  r a n g e  f o r  t h e  f i s h  t h a t  a p p a r e n t l y  a r e  two y e a r s  

o l d  i s  1 4 0 - 1;: 4 if.ni j_ T L _ / . M C o n v e r t e d  t o  f o r k  l e n g t h ,  t h i s  s i z e  r a n g e

i s  123 t o  161 rnm. The mean of  145 mm i s  v e r y  c l o s e  t o  t h e  g rand

a v e r a g e  b a c k - c a l c u l a t e d  f o r k  l e n g t h  f o r  two y e a r  o l d  m a le s  (142 mm) 

and  f e m a l e s  (144 mm) ( T a b l e s  3 and 4 ) .  Bean (1887 )  r e p o r t e d  two 

c o l l e c t i o n s  o f  b l u e b a c k s  w h i c h  I b e l i e v e  were  l \  y e a r s  o l d .  One 

s a m p l e ,  t a k e n  28 November 1 8 8 5 ,  had 46 s p e c im e n s  w i t h  a s i z e  r a n g e  o f

112 t o  133 mm FL. A s e c o n d  sam ple  had 13 s p e c i m e n s  112 t o  122 mrn FL,

t a k e n  on 10 December 1885*

F i g s *  6 and 7 i l l u s t r a t e  t h e  l e n g t h - f r e q u e n c y , mean l e n g t h  and 

c o n f i d e n c e  i n t e r v a l s  (x  + S ^ t  Qg) o f  e a c h  age g ro u p  (m a le s  and f e m a l e s ,  

r e s p e c t i v e l y ) .  L e n g t h  i n t e r v a l s  o f  2 mm were  u s e d  b e c a u s e  l a r g e r  

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

a b o u t  e a c h  mean l e n g t h  f o r  e a c h  age  g r o u p  a r e  s i g n i f i c a n t l y  d i f f e r e n t  

i n  a l l  c a s e s  f o r  m a l e s ,  and i n  a l l  c a s e s  e x c e p t  f o r  t h e  9 - y e a r - o l d  

f e m a l e s .  Fo r  a  s p e c i e s  w h i c h  shows v e r y  l i t t l e  g r o w th  i n  t h e  o l d e r  

age  g r o u p s ,  o v e r l a p  o f  c o n f i d e n c e  i n t e r v a l s  i s  o f t e n  more e x t e n s i v e  

t h a n  fo u n d  i n  t h e  b l u e b a c k .  N o n - o v e r l a p p i n g  c o n f i d e n c e  i n t e r v a l s  o f  

y o u n g e r  f i s h  i n d i c a t e  t h a t  i n  f u t u r e  s a m p l i n g  by  age  g r o u p s ,  a t  l e a s t  

95% o f  t h e  s a m p le  means w i l l  f a l l  w i t h i n  t h e  a p p r o p r i a t e  c o n f i d e n c e  

i n t e r v a l s *  T h i s  p r o v i d e s  an  e a s y  method f o r  s e p a r a t i n g  t h e  sam pled  

c a t c h  i n t o  age  g r o u p s .

Growth D e t e r m i n a t i o n s  

R a te  o f  g r o w th  was d e t e r m i n e d  by two methods  ( T a b l e s  3 and 4 ) .
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FIG.  6 .  L e n g t h - f r e q u e n c y  d i s t r i b u t i o n s  o f  male  b l u e b a c k s  f rom

t h e  Rappahannock R i v e r ,  1 9 6 5 - 1 9 6 6 .  L e n g t h - f r e q u e u e i e s  o f  e a c h

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

(N *= 4 6 5 ) .  The boxes  above  r e p r e s e n t  rvean l e n g t h s ,  S - t  nt- , and1 * x  .0 5  ’

r a n g e  f o r  e a c h  age  g r o u p .
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FIG.  7 .  L e n g t h - f r e q u e n c y  d i s t r i b u t i o n  o f  f e m a le  b l u e b a c k s  from

t h e  Rappahannock R i v e r ,  1 9 6 5 - 1 9 6 6 .  L e n g t h - f r e q u e n c i e s  o f  age

g r o u p s  a r e  w i t h i n  t h e  l c n g t h - f r e q u e n c y  o f  a l l  b l u e b a c k s  t a k e n

(N « 4 0 0 ) .  The boxes  above  r e p r e s e n t  mean l e n g t h s ,  S - t  ~ c , andx .05

r a n g e  f o r  e a c h  g r o u p .
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The f i r s t  method  i n v o l v e d  c o m p u t in g  a g rand  a v e r a g e  c a l c u l a t e d  l e n g t h  

by  summing a l l  b a c k - c a l c u l a t e d  l e n g t h s  f o r  a p a r t i c u l a r  a g e ,  and 

d i v i d i n g  by t h e  number o f  f i s h .  The s e co n d  method employed  t h e  

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

The summ ations  o f  a v e r a g e  i n c r e m e n t s  were  u s e d  i n  t h e  p r e p a r a t i o n  o f  

F i g .  8 .  Females  grew a t  a  f a s t e r  r a t e  t h a n  m a l e s ,  a common 

c h a r a c t e r i s t i c  o f  m i g r a t i n g  f i s h e s  ( N i k o l s k y ,  1 9 6 3 ) .  The g rand  

a v e r a g e  i n c r e m e n t  o f  l e n g t h  p l o t t e d  a g a i n s t  age ( F i g .  8 )  shows t h a t

t h e  l e n g t h  i n c r e m e n t  d u r i n g  t h e  3 r d  y e a r  was a p p r o x i m a t e l y  t h e  same

a s  t h e  i n c r e m e n t  f o r  t h e  2nd y e a r .  T h u s ,  a f t e r  l e a v i n g  t h e

C hesapeake  Bay n u r s e r y  a r e a s ,  j u v e n i l e s  a p p a r e n t l y  grow i n  l e n g t h  

a t  a  s l o w e r  b u t  more n e a r l y  c o n s t a n t  r a t e  i n  t h e  A t l a n t i c  Ocean .

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

e s t i m a t i o n  o f  t h e  t r u e  l e n g t h  by b a c k - c a l c u l a t i o n .  L a P o i n t e  (1958)  

f o u n d  e x t e n s i v e  e r o s i o n  on s c a l e s  o f  A m e r ic an  s h a d  w h i c h  had 

p r e v i o u s l y  s p a w n e d ,  and u s e d  o n l y  n o n - r e p e a t e r s  f o r  h i s  g ro w th  

de t e  rrn i n a t  i ons  .

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

f o r k  l e n g t h s  o f  89 male  and 72 f e m a l e  v i r g i n  s p a w n e r s  were  b a c k -  

c a l c u l a t e d .  The r e s u l t s  w ere  compared  s t a t i s t i c a l l y  w i t h  b a c k -  

c a l c u l a t e d  l e n g t h s  o f  80 male  and 76 f e m a le  r e p e a t e r s .  A l t h o u g h  

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

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

s i g n i f i c a n t  when t e s t e d  w i t h  t h e  t - t e s t  ( S n e d e c o r ,  1 9 5 6 ) .  There  

was no e v i d e n c e  t h a t  p o o l i n g  d a t a  o b t a i n e d  f rom  f i r s t  y e a r  s p a w n e rs
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FIG.  8 .  C u m u la t iv e  g row th  i n  l e n g t h  f o r  e a c h  y e a r  o f  l i f e  and 

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

Rappahannock R i v e r ,  1 9 6 5 - 1 9 6 6 .  S o l i d  l i n e  r e p r e s e n t s  g row th  

f o r  m a l e s ,  and t h e  d o t t e d  l i n e  r e p r e s e n t s  f e m a l e s .
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and r e p e a t e r s  would  r e s u l t  i n  i n a c c u r a t e  l e n g t h  d e t e n a i n a t  i o n s .

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

p o s s i b i l i t y  was n o t  e x p l o r e d  i n  t h e  p r e s e n t  s t u d y .

F i g .  9 shows t h e  p e r c e n t  o f  f i r s t  y e a r  s p a w n e r s  and  1 s t  t o  5 t h  

y e a r  r e p e a t e r s  i n  e a c h  age g r o u p .  V i r g i n s  w e re  s t i l l  found  a t  s e v e  

y e a r s .  One f e m a l e  had f i v e  s p a w n in g  c h e c k s .

V a l i d a t i o n  o f  t h e  A nnu lus

B l u e b a c k s  a r e  u n a v a i l a b l e  t h r o u g h o u t  mos t  o f  t h e  y e a r ,  and t h e  

e x a c t  t im e  o f  a n n u l u s  f o r m a t i o n  i s  n o t  known.  An a n n u l u s  i s  n o t  

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

m i g r a t i o n .  J u v e n i l e  and a d u l t  b l u e b a c k s  a p p e a r  t o  fo rm  a n  a n n u l u s  

a t  t h e  same t i m e  o f  t h e  y e a r ,  a s  shown by  c o m p a r in g  t h e  computed  

l e n g t h s  a t  age  IV,  u s i n g  v i r g i n  s p a w n e r s  5 and  6 y e a r s  o l d  and 

r e p e a t  s p a w n e r s  who spawned f i r s t  a t  4 y e a r s .  The s p a w n in g  mark o f  

t h e  r e p e a t e r s  i s  t h u s  compared w i t h  t h e  a n n u l u s  o f  t h e  immature  f i s h  

h a v i n g  t h e  same a g e .  R o t h s c h i l d  (1 9 6 3 )  fo u n d  j u v e n i l e  and a d u l t  

a l e w i v e s  l a y i n g  down a n n u l i  a t  t h e  same t im e  o f  t h e  y e a r  ( June  t o  

J u l y ) .  C a t i n g  (1 9 5 3 )  and J u d y  ( 1 9 6 1 )  d e t e r m i n e d  t h a t  a n n u l i  o f  

a d u l t  and  j u v e n i l e  A m e r i c a n  s h a d  a r e  fo rm ed  a t  t h e  same t i m e .  

T h e o r e t i c a l l y ,  t h e  mean o b s e r v e d  l e n g t h s  s h o u l d  be t h e  same a s  t h e  

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

t i m e  o f  t h e  s p a w n i n g  r u n  e a c h  y e a r .  T a b l e s  3 and 4 show mean l e n g t h  

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

e a c h  age  g r o u p .  The g r e a t e s t  d i f f e r e n c e  was i n  t h e  4 - y e a r  o l d  f i s h
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(4 mm f o r  m a l e s ,  7 mm f o r  f e m a l e s ) .  Modes 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  o f  t h e  s a m p l e s  c o i n c i d e  w i t h  t h e  modes o f  t h e  age g ro u p  

( F i g s .  6 and 7 ) .  O v e r l a p  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  o f  

a d j a c e n t  age  g r o u p s  may i n d i c a t e  i n c l u s i o n  o f  a  few i n c o r r e c t  age 

d e t e r m i n a t i o n s .  I n  g e n e r a l ,  t h e  d i s t r i b u t i o n  c a n  be t e r m e d  no rm a l  

f o r  age  g ro u p s  c h a r a c t e r i z e d  by s m a l l  a n n u a l  i n c r e m e n t s  a f t e r  s e x u a l  

m a t u r i t y .  As i s  a p p a r e n t  i n  T a b l e s  3 and 4 ,  t h e r e  i s  a r e g u l a r  

i n c r e a s e  i n  f i s h  l e n g t h  w i t h  e a c h  s u c c e e d i n g  a n n u l u s .  T h u s ,  a l l  of  

H i l e f s  (19 4 1 )  c r i t e r i a  f o r  v a l i d a t i n g  t h e  a n n u l u s  a r e  m e t ,  and t h e  

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

have  b e e n  v a l i d a t e d  on t h e  s c a l e s  o f  a l e w i v e s  ( R o t h s c h i l d ,  1963)  and  

A m e r i c a n  s h a d  ( L a P o i n t e ,  1958 ;  J u d y ,  1 9 6 1 ) .  The s i m i l a r i t y  b e tw e e n  

b l u e b a c k  s c a l e s  and s c a l e s  f ro m  t h e s e  two s p e c i e s  s u g g e s t e d  e a r l y  

i n  t h e  s t u d y  t h a t  t h e  r i n g s  on  b l u e b a c k  s c a l e s  were  i n d e e d  t r u e  

a n n u l i .



SEX RATIO

Males  p r e d o m i n a t e d  i n  s a m p l e s  t a k e n  e a r l y  d u r i n g  t h e  s p a w n ing  

s e a s o n  (F ig#  10)# The a r e a  s a m p le d  in  t h e  Rappahannock R i v e r  

e n com passed  a b o u t  5 n a u t i c a l  m i l e s  ( 9 .2  km),  l o c a t e d  15 n a u t i c a l  

m i l e s  u p - r i v e r  f rom t h e  mouth and  w e l l  be low t h e  s p a w n i n g  a r e a s .

The p e r c e n t a g e  o f  m a le s  i n  s a m p l e s  t a k e n  f rom  t h e  Rappahannock  R i v e r  

r a n g e d  f rom  62 t o  100 f o r  t h e  f i r s t  2 weeks  o f  A p r i l  (1965 t o  1 9 6 8 ) .

By t h e  end  o f  A p r i l  t h e  s e x  r a t i o  had d e c r e a s e d  t o  a p p r o x i m a t e l y  

5 0 : 5 0 .  By t h e  s e co n d  week o f  May, f e m a l e s  u s u a l l y  p r e d o m i n a t e d  

( a b o u t  60% o f  t h e  s a m p l e s ) .  The l a t e  s e a s o n  i n c r e a s e  i n  t h e  p e r c e n t a g e  

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

r e m a i n e d  on t h e  s p a w n in g  g r o u n d s  l o n g e r  t h a n  f e m a l e s .  At  D ia s cu n d  

Creek  s p a w n in g  g r o u n d s ,  m a le s  o u tnum be red  f e m a l e s  63 t o  18 ( 3 . 5 : 1 )  

on  6 May 196S ,  a b o u t  1 t o  2 da y s  a f t e r  t h e  peak  o f  s p a w n in g  a c t i v i t y .  

The s e x  r a t i o  o f  b l u e b a c k s  t a k e n  t h e r e  l a t e  i n  t h e  s e a s o n  (16 May 

1967)  was 148 t o  7 ( 2 1 : 1 )  i n  f a v o r  o f  m a l e s .  S i n c e  m a le s  do r e m a i n  

on  t h e  s p a w n in g  beds  l o n g e r  t h a n  f e m a l e s ,  i t  f o l l o w s  t h a t  when m ales  

l e a v e  t h e  c r e e k s ,  t h e y  would  p r e d o m i n a t e  i n  c a t c h e s .  From F i g .  10 

one m i g h t  s u s p e c t  t h a t  t h e  s e x  r a t i o  a v e r a g e s  5 0 : 5 0  when t h e  e n t i r e  

r u n  i s  c o n s i d e r e d .  I  e xam ined  t h e  1967 c a t c h  r e c o r d s  o f  t h e  f i s h e r 

man f rom  whom we o b t a i n e d  o u r  w e e k l y  s a m p l e s .  His r e c o r d s  showed 

peak  c a t c h e s  o f  b l u e b a c k  h e r r i n g  i n  t h e  l a s t  two weeks of  A p r i l .

By a p p l y i n g  t h e  s e x  r a t i o  d e t e r m i n e d  f rom  my s a m p l e s ,  I e s t i m a t e d

45
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FIG. 10.  Sex r a t i o  of  b lu e b ack  h e r r i n g  in th e  Rappahannock R iv e r ,  

1055 to  1968. S o l id  b a r s  r e p r e s e n t  m a le s ,  ho llow b a r s  r e p r e s e n t

f e m a l e s ,  humbers a t  the  to p  of e a c h  b a r  i n d i c a t e  sample s i z e .
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t h e  number  o f  b l u e b a c k s  o f  e a c h  s e x  i n  t h e  c a t c h e s .  The e s t i m a t e d  sum 

o f  m a l e s  was compared  a g a i n s t  t h e  sum o f  f e m a l e s  f o r  t h e  e n t i r e  r u n .  

Male s  w ere  fo u n d  t o  ou tnum ber  f e m a l e s  6 2 : 3 8 .  When t h i s  s e x  r a t i o  

was t e s t e d  u s i n g  C h i - s q u a r e ,  m a le s  w ere  found  s i g n i f i c a n t l y  more 

a b u n d a n t  t h a n  f e m a l e s .  However ,  t h e  p e r c e n t a g e  o f  e a c h  s e x  f rom  

t h e  w e e k l y  s a m p l e s  u s e d  i n  age d e t e r m i n a t i o n s  d i d  n o t  d e v i a t e  

s i g n i f i c a n t l y  f ro m  a  5 0 : 5 0  r a t i o  when d a t a  f o r  t h e  who le  y e a r  were  

t e s t e d  by C h i - s q u a r e .  The s a m p l e s  d i d  n o t  i n d i c a t e  t h e  t r u e  s e x  

r a t i o  b e c a u s e  t h e  peak  o f  t h e  r u n  o c c u r e d  when t h e  s e x  r a t i o  was 

r o u g h l y  6 0 : 4 0  i n  f a v o r  o f  m a l e s ,  and s a m p l i n g  e f f o r t  was d i s p r o p o r 

t i o n a t e  t o  t h e  s i z e  o f  t h e  c a t c h e s .

F i g .  11 shows t h e  p e r c e n t  o f  t h e  c a t c h  i n  e a c h  age g r o u p  by  

s e x .  Males  a r e  p r e d o m i n a n t  i n  t h e  4 t h  t h r o u g h  6 t h  age  g r o u p s .

A l s o  no tewor thy^  i s  t h a t  5- and 6 - y e a r - o l d  f i s h  make up 60% t o  65% 

o f  t h e  s a m p l e s  i n  b o t h  s e x e s .  Males  d o m in a t e d  age  g r o u p s  V and 

VI ( T a b le  5 ) ,  and  63% o f  t h e  4 - y e a r - o l d  f i s h  w e re  m a l e s .  Seven-  

y e a r - o l d  f i s h  w ere  p r e d o m i n a t e l y  f e m a l e s  (55%),  and o l d e r  age  g r o u p s  

w ere  a l s o  d o m in a t e d  by  f e m a l e s .



48

50-i

30-

10 -

II1097 8

A G E

FI G.  11 .  P e r c e n t  o f  t h e  c a t c h  o f  b l u e b a c k  h e r r i n g  f rom  t h e  Rappahannock  

R i v e r  in  e a c h  age g ro u p  ( s e x e s  s e p a r a t e ) ,  1 9 6 5 - 1 9 6 6 .  Open h i s t o g r a m s  

r e p r e s e n t  m a l e s ,  s o l i d  h i s t o g r a m s  r e p r e s e n t  f e m a l e s .
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TABLE 5 .  Sex r a t i o  ( p e r c e n t )  by age  g r o u p s

Age
g ro u p

Males  

Numbe r  Pe r  ce n t

Female s 

Number P e r c e n t

T o t a l

I

I I

I I I

- -

** —

—

IV 24 63 .2 14 3 6 . 8 38

V 47 55 .2 38 4 4 . 7 85

VI 64 56 .1 50 4 3 . 8 114

VII 27 4 5 . 0 33 5 5 . 0 60

V I I I 6 4 6 . 2 7 5 3 .8 13

IX 1 2 0 . 0 4 8 0 . 0 5

X — 1 1 0 0 . 0 1

XI - - 1 1 0 0 . 0 1

T o t a l 169 148 317



LENGTH-WEIGHT RELATIONSHIP

The r e l a t i o n s h i p  b e t w e e n  l e n g t h  and v re igh t  was d e t e r m i n e d  f o r  

male  and f e m a le  b l u e b a c k  h e r r i n g  s e p a r a t e l y  and c om bine d .  The e q u a t i o n

W « cLn

was u s e d  i n  t h e  f o l l o w i n g  form?

l o g  W m l o g  c + n ( l o g  L)  

where  L i s  f o r k  l e n g t h  i n  m i l l i m e t e r s ,  W i s  w e i g h t  i n  g r a m s ,  and c 

and  n a r e  c o n s t a n t s  computed  by t h e  f o l l o w i n g  e q u a t i o n s :  

l o g  c *= £ l o g  V> ^ ( l o g  L ) ^ -  £ l o g  L * ( £ l o g  L * l o g  W)
- srrx(rogT)^-"Tdroi r g ----------

n  “ ^ l o g  W -  K* log  c 
^ l o g  L

where  N i s  t h e  sam p le  s i z e  ( R o u n s e f e l l  and E v e r h a r t ,  1 9 5 3 ) .  The 

e q u a t i o n  f o r  m a l e s  and f e m a l e s  c o m b in e d ,

l o g  W « - 5 . 5 0 0 3  + 3 . 2 7 2 4 ( l o g  L)  

i s  i l l u s t r a t e d  i n  F i g .  1 2 .  The r e g r e s s i o n s  o f  l e n g t h  and w e i g h t  f o r  

m a l e s  and f e m a l e s  a r e :

m a l e s :  l o g  W *= - 5 . 2  591 + 3 . 1 7 0 7 ( l o g  L)  

f e m a l e s :  l o g  W = - 5 . 6 4 1 3  + 3 . 3 3 1 4 ( l o g  L ) .

Growth  i n  W eig h t

The c a l c u l a t e d  g r o w t h  i n  w e i g h t  o f  Rappahannock  R i v e r  b l u e b a c k s  

( T a b le  6 )  was d e t e r m i n e d  by  a p p l y i n g  t h e  l e n g t h - w e i g h t  e q u a t i o n s  

( s e x e s  s e p a r a t e )  t o  t h e  c a l c u l a t e d  l e n g t h s  (sum o f  g r a n d  a v e r a g e

50
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FORK LENGTH IN MILLIMETERS

250

FIG ,  1 2 ,  L e n g t h - w e i g h t  r e l a t i o n  f o r  male  and  f e m a l e  b l u e b a c k  

h e r r i n g  f ro m  t h e  Rappahannock  R i v e r ,  1 9 6 5 - 1 9 6 6 .
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TABLE 6 .  C a l c u l a t e d  g r o w th  i n  w e i g h t  o f  b l u e b a c k  h e r r i n g  f rom t h e  

Rappahannock  R i v e r ,  1965-1966

Year
o f

l i f e mean
l e n g t h

(mm)

Male; Fem ales

c a l c u l 
a t e d  

we i g h t  
<8 >

i n c r e 
ment
(g )

mean
l e n g t h

(mm)

c a l c u l 
a t e d  

we i g h t
Cg)

i n c r e 
ment
(g )

1 96 10 10 98 10 10

2 142 38 28 144 36 26

3 187 87 49 191 93 57

4 220 146 59 226 154 62

5 234 180 34 242 202 48

6 242 200 20 252 229 27

7 246 208 8 259 252 23

8 252 226 18 264 269 17

9 268 282 13

10 272 295 13
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i n c r e m e n t s )  a t  t h e  end  c f  e a c h  y e a r .  The i n c r e a s e d  g r o w th  r a t e  o f  

f e m a l e s  was r e f l e c t e d  i n  t h e  h i g h e r  w e i g h t  i n c r e m e n t s .  I n  s a m p le s  

t a k e n  d u r i n g  t h e  sp a w n in g  m i g r a t i o n ,  g o n a d a l  d e v e lo p m e n t  and c o n d i t i o n  

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

l e n g t h  may have a  w e i g h t  d i f f e r e n c e  o f  more t h a n  100 g .

B o th  s e x e s  had t h e i r  g r e a t e s t  g r o w th  in.  w e i g h t  i n  t h e i r  4 t h  

y e a r  o f  l i f e  (59 g f o r  m a le s  and 62 g f o r  f e m a l e s ) .  Many b l u e b a c k s  

become s e x u a l l y  m a tu r e  a t  4  y e a r s ,  so  much o f  t h i s  i n c r e a s e d  g ro w th  

i s  p r o b a b l y  d i r e c t e d  t o w a r d  b u i l d u p  o f  g o n a d a l  p r o d u c t s .  O f t e n  

a s s o c i a t e d  w i t h  s e x u a l  m a t u r i t y  a r e  s e c o n d a r y  s e x u a l  c h a r a c t e r i s t i c s ,  

one o f  w h i c h  i s  a  d i f f e r e n t i a l  r a t e  o f  g r o w th  b e tw e e n  t h e  s e x e s  

( N i k o l s k y ,  1 9 6 3 ) .  A f t e r  age  2 f e m a l e s  g a i n  w e i g h t  f a s t e r  t h a n  m a le s  

( F i g .  8 ) .



FECUNDITY

S c a l e s  and o v a r i e s  w ere  removed from 32 g r a v i d  b l u e b a c k  h e r r i n g  

c o l l e c t e d  i n  t h e  Ch ickahominy  R i v e r  on 9 May 1967 .  L e n g th  and v e i g h t  

were  r e c o r d e d  b e f o r e  t h e  o v a r i e s  were  r em oved .  Fem ales  o f  d i f f e r e n t  

s i z e s  were  s e l e c t e d  w i t h  t h e  aim o f  s a m p l i n g  d i f f e r e n t  age g r o u p s .  

O v a r i e s  were  s t o r e d  f o r  s e v e r a l  months i n  15% f o r m a l i n  s o l u t i o n .

The o v a r i e s  w ere  d r i e d  o f  e x c e s s  m o i s t u r e  on p a p e r  t o w e l s  t h e n  

w e ig h e d  t o  0 .0 1  g on a n  e l e c t r i c  ’’S a r t ^ r i u s "  s c a l e .  A s u b s am p le  o f  

e g g s  was removed f rom  2 o r  3 d i f f e r e n t  s e c t i o n s  o f  t h e  o v a r y  and  

w e i g h e d .  The s u b s a m p le  was t h e n  p l a c e d  i n  a bowl o f  w a t e r  and t h e  

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

e g g s  w ere  y e l l o w i s h - w h i t e ,  and c o u l d  be moved a b o u t  e a s i l y .  F ree  

e g g s  were  removed from t h e  bowl w i t h  a p i p e t t e .  The p i p e t t e  was 

h e l d  h o r i z o n t a l l y  i n  f r o n t  o f  a l i g h t  b a c k g ro u n d  and t h e  r i p e  and 

u n r i p e  e g g s  were  c o u n t e d .  Up t o  200  eg g s  were  c o u n t e d  i n  e a c h  

p i p e t t e - f u l l .

T o t a l  number o f  eg g s  p e r  f e m a le  was d e t e r m i n e d  by  d i r e c t  

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

t o t a l  e g g s  w e i g h t  o v a r y • (number e g g s  i n  s u b s a m p l e )  .
w e i g h t  o f  s u b s a m p l e

A v e ra g e  number o f  eg g s  p e r  f e m a le  was 1 2 0 ,0 0 0  (T a b le  7 ) ,  b u t  t h e  r a n g e

was f rom 6 0 ,0 0 0  ( f o r  a  238  mm f i s h )  t o  2 0 4 , 0 0 0  eg g s  ( f o r  a 263 mm f i s h ) .

Number o f  eg g s  p e r  f e m a le  and age a r e  n o t  c l o s e l y  c o r r e l a t e d .

54
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TABLE 7 . he an  number o f  eggs and r a t i o  o f o v a r y  w e i g h t  t o  t o t a l body

w e i g h t  o f 32 g r a v i d b l u e b a c k h e r r i n g  c a u g h t i n  t h e  Ch ickahominy  ]2 I v o r ,

1967

Age
g r o u p

No. o f  
s p e c i 

mens

Mean
f o r k

l e n g t h
(mm)

Mean n o .  
e g g s  p e r  

f e m a le  
( t h o u s a n d s

Mean w e i g h t

body o v a r y  
) ( g )  ( g )

Perce.ni 
o f  t o t ;  
we ighl

IV 1 228 84 164 2 2 . 7 6 1 3 . 8

V 12 240 94 179 2 8 . 6 6 1 6 . 0

VI 5 252 147 233 4 0 . 4 6 1 7 .3

VII 3 260 127 2 66 4 1 . 6 4 1 5 . 6

V I I I 4 264 120 258 4 3 . 6 4 1 6 .9

IX 3 268 157 254 3 9 . 8 6 1 5 . 6

X 3 277 140 270 2 8 .8 2 1 0 .6

XI 1 280 162 321 6 3 .6 3 1 9 .8

T o t a l  32

Grand Average 120,000 225 3 5 . 5 6 1 5 .8



56

The- gonads  vjara t a k e n  f rom  g r a v i d  f e m a l e s ,  vrhleh had n o t  y e t  spawned ,  

so  a p p a r e n t l y  t h e r e  i s  c o n s i d e r a b l e  v a r i a b i l i t y  i n  number o f  eggs  

p ro d u c e d  i n  e a c h  age g roup#  The d a t a  a r e  i n s u f f i c i e n t  f o r  a 

s t a t i s t i c a l  c o m p a r i s o n  o f  egg  numbers  v r i th  s p a w n i n g  c h e c k s .



CONVERSIONS OF STANDARD, FORK, AND TWO TOTAL LENGTHS

The p u r p o s e  o f  t h i s  s e c t i o n  i s  t o  make a v a i l a b l e  t o  o t h e r s  a 

r a p i d  means f o r  c o n v e r t i n g  one l e n g t h  o f  t h e  b l u e b a c k  h e r r i n g  i n t o  

a n o t h e r .  The re  a r e  11 l e n g t h  m e a s u r e m e n ts  o f  f i s h  i n  u s e  by  

b i o l o g i s t s  t o d a y .  R i c k e r  and M err im an  (1945 )  and H i l e  (1948)  have 

docum en ted  8 v a r i a t i o n s  o f  s t a n d a r d  l e n g t h  and 2 v a r i a t i o n s  o f  t o t a l  

l e n g t h . '  Fo rk  l e n g t h ,  a l s o  c a l l e d  m ed ian  l e n g t h ,  a p p a r e n t l y  has  no 

v a r i a t i o n s .

The c r i t e r i a  g o v e r n i n g  t h e  u s e  o f  any  measur roent  s h o u l d  be 

c o n v e n i e n c e  and u n i f o r m i t y .  Any l e n g t h  m ea su rem e n t  i s  a d e q u a t e  f o r  

a l l  r e g u l a r  p u r p o s e s  i f  i t  c a n  be c l e a r l y  d e f i n e d .  W i th  r e s p e c t  t o  

t h e  e i g h t  v a r i a t i o n s  o f  s t a n d a r d  l e n g t h  l i s t e d  by  R i c k e r  and Merr iman 

( 1 9 4 5 ) ,  i t  i s  a p p a r e n t  t h a t  t h e  d i f f e r e n c e s  a r e  more i n  d e f i n i t i o n  

t h a n  i n  d i m e n s i o n  ( H i l e ,  1 9 4 8 ) .  I n  h i s  work on t h e  A t l a n t i c  h e r r i n g  

( C lu p e a  h a r e n g u s ) ,  S c a t t e r g o o d  (1952 )  used  s t a n d a r d  l e n g t h  d e f i n e d  

a s  t h e  l e n g t h  f rom  t h e  mouth  t o  t h e  end  o f  t h e  s i l v e r y  a r e a  o f  t h e  

c a u d a l  p e d u n c l e ,  w i t h  t h e  s c a l e s  r em ove d .  S in c e  t h e  b l u e b a c k  a l s o  

h a s  t h e  c h a r a c t e r i s t i c  s i l v e r y  mark on t h e  c a u d a l  p e d u n c l e ,  S c a t t e r g o o d * s  

t e c h n i q u e  was a d o p t e d  i n  t h i s  s t u d y .  A l t h o u g h  Royce (19 4 2 )  r e p o r t e d  

t o t a l  l e n g t h  t o  be a b e t t e r  i n d i c a t o r  o f  w e i g h t ,  C a r l a n d e r  and Sm ith  

(19 4 5 )  found  a l l  l e n g t h  m e a s u r e m e n ts  t o  be a c c u r a t e  f o r  p r e d i c t i n g  

w e i g h t .  In  t h e  p r e s e n t  s t u d y ,  t o t a l  l e n g t h  was found  t o  be more 

t im e  consuming  t h a n  f o r k  l e n g t h .  I p r e f e r  f o r k  l e n g t h  b e c a u s e  t h e
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n u m e r a l s  o f  t h e  m e t e r  s t i c k  a r e  more a c c u r a t e l y  a)id more e a s i l y  r e a d .  

Fo rk  l e n g t h  may be t a k e n  by one p e r s o n  when n e c e s s a r y ,  a s  o n l y  one 

hand i s  n e e d e d  t o  h o l d  t h e  f i s h  on t h e  m e a s u r i n g  b o a r d , and t h e  o t h e r  

hand may be u s e d  f o r  r e c o r d i n g .  Because  b o t h  hands  a r e  n e e d e d  f o r  

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

r e c o r d  n o t e s ,  o r  t h e  d a t a  s h e e t  w i l l  so o n  become s o i l e d .

I n  m e a s u r i n g  b l u e b a c k  h e r r i n g ,  two p e o p le  worked  t o g e t h e r ,  one 

r e c o r d i n g  n o t e s ,  t h e  o t h e r  m e a s u r i n g .  The f o l l o w i n g  m ea s u rem e n ts  

were  t a k e n  t o  t h e  n e a r e s t  m i l l i m e t e r :  s t a n d a r d  l e n g t h ,  f o r k  l e n g t h ,

n a t u r a l  t i p  t o t a l  l e n g t h ,  and  f o l d e d  t i p  t o t a l  l e n g t h .

Fo rk  l e n g t h  i s  d e f i n e d  a s  t h e  d i s t a n c e  f rom  t h e  t i p  o f  t h e  m ou th ,  

j aw s  c l o s e d ,  t o  t h e  p o s t e r i o r  end  o f  t h e  m id d l e  r a y s  o f  t h e  c a u d a l  

f i n  ( F i g .  1 3 ) .  The low e r  jaw i s  s l i g h t l y  a n t e r i o r  t o  t h e  u p p e r  jaw 

i n  b l u e b a c k s ,  t h e r e f o r e  t h e  l e n g t h  m e a s u r e m e n ts  were  t a k e n  f rom  t h e  

t i p  o f  t h e  l o w e r  j a w .  N a t u r a l  t i p  t o t a l  l e n g t h  i s  t h e  d i s t a n c e  from 

t h e  t i p  o f  t h e  lower  jaw t o  t h e  l o n g e s t  l o b e  o f  t h e  c a u d a l  f i n  l y i n g  

i n  a  " n a t u r a l ” p o s i t i o n .  F o l d e d  t i p  t o t a l  l e n g t h  i s  t h e  l e n g t h  from 

t h e  t i p  o f  t h e  low er  jaw t o  t h e  l o n g e s t  l o b e  o f  t h e  c a u d a l  f i n  when 

t h e  l o b e s  a r e  s q u e e z e d  t o g e t h e r .  S t a n d a r d  l e n g t h  i s  d e f i n e d  a s  t h e  

l e n g t h  from t h e  t i p  o f  t h e  low e r  jaw  t o  t h e  p o s t e r i o r  end  o f  t h e  

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

D a t a  on t h e  c o l l e c t i o n s  ( d a t e ,  a r e a  s a m p l e d ,  and s i z e  r a n g e  o f  

t h e  f i s h )  a r e  l i s t e d  i n  T a b le  A o f  t h e  A p p e n d i x .  The m a j o r i t y  o f  t h e  

f i s h  came from Chesapeake  Bay (510 s p e c i m e n s ) .  The s m a l l e s t  f i s h  was 

46 mm SL, and t h e  l a r g e s t  was 265  mm SL (281 mm F L ) .  A verage  l e n g t h s
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a t  10 mm i n t e r v a l s  were  c a l c u l a t e d  f o r  e a c h  o f  t h e  f o u r  l e n g t h s  f o r  

s t a t i s t i c a l  p u r p o s e s  (T a b le  8 ) .

T a b le  9 shows t h e  r e g r e s s i o n  e q u a t i o n s  and t h e  c o r r e l a t i o n  

c o e f f i c i e n t s  be tw een  e a c h  o f  t h e  v a r i o u s  l e n g t h s .  S t a n d a r d  l e n g t h  

was compared  w i t h  f o r k  l e n g t h ,  w i t h  n a t u r a l  t i p  t o t a l  l e n g t h ,  and 

w i t h  f o l d e d  t i p  t o t a l  l e n g t h .  Fo rk  l e n g t h  was compared  w i t h  s t a n d a r d  

l e n g t h  and w i t h  f o l d e d  t i p  t o t a l  l e n g t h .  F o l d e d  t i p  t o t a l  l e n g t h  

was compared  w i t h  s t a n d a r d  l e n g t h  and w i t h  f o r k  l e n g t h .  S in c e  

n a t u r a l - t i p  t o t a l  l e n g t h  i s  s o  l i t t l e  u s e d ,  I have  compared  i t  o n l y  

w i t h  s t a n d a r d  l e n g t h .  These r e g r e s s i o n  e q u a t i o n s  a r e  shown g r a p h i c a l l y  

i n  F i g .  14 .  In  o r d e r  t o  t e s t  t h e  v a l i d i t y  o f  t h e  e q u a t i o n s ,  t h e  mean 

s t a n d a r d  l e n g t h s  a t  10 m i l l i m e t e r  i n t e r v a l s  ( o b t a i n e d  f rom  T a b le  8)  

were  u s e d  t o  compare t h e  c a l c u l a t e d  and e m p i r i c a l  v a l u e s  f o r  e a c h  o f  

t h e  o t h e r  l e n g t h s .  Fo r  e a c h  c o m p a r i s o n ,  a c o r r e l a t i o n  c o e f f i c i e n t  

was d e t e r m i n e d  (T a b le  1 0 ) .  U s in g  s t a n d a r d  l e n g t h  a s  t h e  i n d e p e n d e n t  

v a r i a b l e ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  was 0 .9 9 9 9  f o r  f o r k  l e n g t h ,

0 .9 9 9 6  f o r  n a t u r a l  t i p  t o t a l  l e n g t h ,  and 0 .9 9 9 7  f o r  f o l d e d  t i p  t o t a l  

l e n g t h .  S i n c e  t h e s e  v a l u e s  i n d i c a t e  n e a r  p e r f e c t  c o r r e l a t i o n ,  we can  

u s e  t h e  e q u a t i o n s  w i t h  c o n f i d e n c e .

As g r o w th  c o n t i n u e s  t h r o u g h o u t  l i f e ,  t h e  p r o p o r t i o n a l  r a t e  o f  

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

o f  f i s h  (Beckman,  1 9 4 8 ) .  S i n c e  t h e  r a t i o s  o f  t h e  v a r i o u s  l e n g t h s  

d i v i d e d  by  s t a n d a r d  l e n g t h  d e c r e a s e  w i t h  i n c r e a s i n g  l e n g t h  i n  t h e  

b l u e b a c k  h e r r i n g  ( T a b le s  1 1 ,  12 and 1 3 ) ,  t h e  g r o w th  o f  t h e  t a i l  

d e c r e a s e s  w i t h  r e s p e c t  t o  t h e  g row th  o f  t h e  body a s  one would  e x p e c t .
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TABLE 11,  S t anda rd  l e n g t h - f o r k  l e n g t h  r a t ios of  b lue back  h e r r i n g .

as  c a l c u l a t e d  f rom

JU 4 *  x*. -J. -.1- JU J- vV A J *  ,V -A wt.

a r e g r e s s  .1 on o q u a t i o n

x», V- s'x 4  ̂ .V 4- 4/ «Ar -4. A  %v Nl- J ,  V- -V. A A- 4 . 4. st. -sV :[£ t|; x*£ xx y,c xJj ij: ̂  ;)< >)c sji V,: 4f A
-V -v V  v %' “V -o ^ '*v -J •' V V  -V "1“ ^ V  V V  V  V  v  V  V -V V  «'(' V  ~v r  »̂v V-
$
* STANDARD

4>

❖ FROM
❖
£

*  LENGTH ^REGRESSION EQUATION I Y = 1 . 9 3 8 4  + 1 • 0 5 1  OX) JU
V

*
❖

4 ,

4  ̂A- -.V 4/ «»U A .V A  A 4  ̂4/ 4- .V 4/ «4r >V -V ^  
V  “'♦- "r ■'«’* v  s ‘ "4' ''*■« -i' 'j' '<s v  *»' ■**- 4*

st 4- A- sV 4. 4.  A  4. - -j- 'k A  A  4- A  A  A  .V <*- 
V  v  -f  v  T  v  'r  *is -/• v  '1'  a* v* -v "1** A" 4'

*
j]« ?{c

* * FORK LENGTH 4.
V FORK LENGTH ❖

❖ * ❖ ❖
❖ ❖ •V' STANDARD LENGTH ❖

v» A» 0,» J/ J/ Jl, »V -J# *£*• S.\r A*
-i' V r  r  ■'iv '4s i ‘ '’i" 'i*

.V 4 , J , >V 4U 4 , 4 ,  .V 4  ̂A  Jt 4  ̂ 4. 4, A  -V 4- -A. 4 . •4* -*&■ - ̂ A  sA. -4, ^  „»< Jr sV -4r A  Or 4. «A Or Or Or Or Or
tf* ~r- 4- 4s *V* a ' 4- nr- -v* a' -♦* -v 'r  a v

A  A
V  V 4" -4' v  y  v  v  v  r  v  -e v  *4- v  V  •v* -** -v *»' -v* ',V
❖
* MM

*
*  MM

*
A>4'

❖
*

* 5 0 . 0 * 5 4 . 5 ❖ 1 . 0 9 0 ❖
❖ 6 0 . 0 -  6 5 . 0 1 . 0 8 3 A

#r

7 0 . 0 *  7 5 . 5 £ 1 . 0 7 9 ❖
❖ 8 0 . 0 ^  8 6 . 0 ❖ 1 . 0 7 5 *
gu 9 0 . 0 * 9 6 . 5 ❖ 1 . 0 7 3 ❖
❖ 1 0 0 . 0 * 1 0 7 . 0 ❖ 1 . 0 7 0
❖ 1 1 0 . 0 * 1 1 7 . 5 * 1 . 0 6 9 A

-1'

* 1 2 0 . 0 * 1 2 8 . 1 ❖ 1 . 0 6 7 ❖
* 1 3 0 . 0 -  1 3 8 . 6 * 1 . 0 6 6 Or

V

* 1 4 0 . 0 * 1 4 9 . 1 * 1 . 0 6 5
* 1 5 0 . 0 * 1 5 9 . 6 * 1 . 0 6 4 *
* 1 6 0 . 0 *  1 7 0 . 1 * 1 . 0 6 3 ❖
* 1 7 0 . 0 * 1 8 0 . 6 * 1 . 0 6 2 £
* 1 8 0 . 0 * 1 9 1 . 1 * 1 . 0 6 2 ❖
* 1 9 0 . 0 * 2 0 1 . 6 * 1 . 0 6 1 ❖
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* 2 1 0 . 0 * 2 2 2 . 6 * 1 . 0 6 0
* 2 2 0 . 0 * 2 3 3 . 2 * 1 . 0 6 0 *

1* 2 3 0 . 0 *  2 4 3 . 7 £ 1 . 0 5 9 4=

* 2 4 0 . 0 *  2 5 4 . 2 * 1 . 0 5 9 *

* 2 5 0 . 0 *  2 6 4 . 7 ❖ 1 . 0 5 9 $

❖ 2 6 0 . 0 *  2 7 5 . 2 * 1 . 0 5 8 *

* 2 7 0 . 0 4= 2 8 5 . 7 ❖ 1 . 0 5 8 4=

* 2 8 0 . 0 *  2 9 6 . 2 * 1 . 0 5 8 *
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TABLE 12.  Stcmdard l e n g t h - t o t a l  l e n g t h [ n a t u r a l  t i p ) r a t i o s  o f

b 1 n.eba ok he r  r  ing . as  c a l c u l a t e d  frorr a re g r e s  s i on e q u a t  i on

**
4c

v  v  v  v  v  -r v  -v v  r  v  v ?Jc ̂  ^ -J: x  vi. s». x  x*. x  vU x
"♦» -r -v y  e *v* -«-X -*t- ,V X O, x  X X X X J- X st 

Y Y -r y  'i‘ 4̂' /r ’V 4'* 'r Y Y V Y a' Y 5]' v  Y Y 4'- 41 
❖

■JU STANDARD 3jc FRO M ❖
V LENGTH ^REGRESSION EQUATION ( Y =  0 . 5 1 7 7  + 1 .  1 9 2 I X ) 4c

4<
-vl-

*

x*. .V- J. -V -X xV X J, „V st- X *XX X .V -X st st st vt X .V S>. J . X st X st X st st vt st

4c

X st

4c ❖ TOTAL LENGTH
V -•»v 'i' -Y V -V -4' *»*- V

*  TOTAL
Y Y Y Y Vs Y -4' V <r«s ‘'Is

LENGTH st
Y

❖ V *  --------------------------- X
Y

❖
J, J. J, J. ^ A J. J, vL

❖
st JL ^ ̂  «L .1* -J. .t< .V st iL -J/X X X X

* STANDARD LENGTH
st \l/ X -Jt X X st X X X X X X X X st st st ŝ  ̂st st

X
Y

w
*

V V T V V T ''*' **' 'I" V T■r ■%- aN as v  '»K v  f' -Y- a' ■'»*' *v- v  v  Jr 4*

4c
V Y *Y* Y Y Y 4 Y Y Y ’' f '  "4----r "

X
Y

t* t y  i a' * y  - r 'i Y Y

4c
-Jt.-v MM Y MM ❖ 4c
❖ 5 0 . 0 «?,V 6 0 . 1 ❖ 1 . 2 0 2 4c
* 6 0 .  0 •a.V 7 2 . 0 X 1

Y J_ . 2 0 1 4c
AV 7 0 . 0 Juy 8 4 . 0 X 1 

Y X . 1 9 9 ❖
■J,-v- 8 0 . 0 vu

Y 9 5 . 9 * 1 . 1 9 9 Y

❖ 9 0 . 0 ❖ 1 0 7 . 8 X 1
Y j. . 1 9 8 4c

■J,r 1 0 0 . 0 Y 1 1 9 . 7 * 1 . 1 9 7 ❖
❖ 1 1 0 . 0 Y 1 3 1 . 6 X 1 

Y . 1 9 7 Y

j.T 1 2 0 . 0 4= 1 4 3 . 6 * 1 . 1 9 6 4c
❖ 1 3 0 . 0 4c 1 5 5 . 5 * 1 . 1 9 6 4c

1 4 0 . 0 Jt
Y 1 6 7 . 4 * 1 . 1 9 6 4c

* 1 5 0 . 0 JU
Y 1 7 9 . 3 4c 1 . 1 9 6 4c

❖ 1 6 0 . 0 JU
Y 1 9 1 . 3 4c 1 . 1 9 5 4c

1 7 0 . 0 4c 2 0 3 . 2 4= 1 . 1 9 5 X
Y

❖ 1 8 0 . 0 4= 2 1 5 . 1 4c 1 . 1 9 5 4c
❖ 1 9 0 . 0 4= 2 2 7 . 0 4c 1 . 1 9 5 4c
* 2 0 0 . 0 %V>

Y 2 3 8 . 9 4c 1 . 1 9 5 4c
4c 2 1 0 . 0 X

Y 2 5 0 . 9 j. 1V 1 . 1 9 5 4c
❖ 2 2 0 . 0 a.

Y 2 6 2 . 8 T £ . 1 9 4 4c
❖ 2 3 0 . 0 ju

Y 2 7 4 . 7 4c 1 . 1 9 4 4c
•JUV 2 4 0 . 0 ■x.Y 2 8 6 . 6 •s' i . 1 9 4 4c
❖ 2 5 0 . 0 X

Y 2 9 8 . 5 4c 1 . 194 X
Y

* 2 6 0 . 0 J.
Y 3 1 0 . 5 4 1 . 1 9 4 X

Y

* 2 7 0 . 0 JU
Y 3 2 2 . 4 4 1 . 1 9 4

2 8 0 . 0 3 3 4 . 3 4 1 .  1 9 4
* 4= 4c *
A •!» JU U. ^  4# 4/ ^  X >1#
■t* -t* 'i* r  t  t  ar r  t  t  r T Y Y Y Y Y Y Y

X X «JL» x  X X X X X X X X X X ■!* X X A* X X* X X X .1* X X X X X X x  x  x  
Y Y Y Y Y Y Y Y Y Y i- v  Y Y Y Y Y Y A' Y Y Y Y Y Y Y Y Y Y -1* T Y Y



TABLE 13.  S t anda rd  l e n g t h - t o t a l  l e n g t h ( f o l d e d  t i p ) r a t  ios of

b l l ’.eb;?.clc h e r r i n g , as  c a l c u l a t e d  f rom a r e g r e s s i o n  e q u a t i o n

^  -X. JL JL 4' ' f  4' T 4"
4T*

.V s<. -V -V sL J, X *v <r 'i' v ■'«*• 'r v V* '»s v %i/ Jt »0 -,t Jt -kO X wO ki* st -J** J. U' ki* kO4'“ t  4** 'r t  ■'»'■ v* a' 4'- 'r 'r t  v t  v ■‘o -r a* 
*

Y Y Y Y Y ̂  Y Y Y 4"kt st> >t kt kt sL J. st sJ# st kt 't kt4- -T* 4X V 4' Y v Y Y 4' Y V
JtY

* STANDARD * FROM *
* LENGTH ^REGRESSION EQUATION {Y=1 . 7 6 2  8 + 1 . 2 0 2 5 X ) *
❖
❖ A Jy L vT. Jt JU vO -k*r kV J/ st- kV -Jt k«i- vV sV A V 'Is -T O' 4“ T 4V 4- T V 4** 4' T ris "TJr J' st >t st st -J- J/ -t >L V V 4' V 4 * Y Y Y YV V Y Y Y YJ, j. -J, kt st Jt ^Y Y Y 4- Y Y *» '
❖ * TOTAL LENGTH * TOTAL LENGTH *
< r * J.4** st
*
JL. st. .L, >Ar X J/ «V kl# ̂  «v kU sV*

kV-r*
J, J, kV Jt X -4, »V JL A kt-JU kV Jl. vt k̂ A ̂  kt Jt

* s t a n d a r d  l e
Jt X Jt kV st ̂  jf st J. st kt st Jt 4/ st

NGTH *
¥ V -1' T V 
❖

V •(* V v v ' f  V '!' nr -r “r r  4'* 4x v r  T"r v r  v t  4v t  t  y t  v r
kJUY

T r T Y Y 1 T T r 'r 
*

'i' -a'* '4' 'f qr np* t  ~ y t  -r t* ~y 
*

❖ MM * MM * *
* 5 0 . 0 * 6 1 . 9 JLY 1 . 2 3 8 stY
* 6 0 . 0 * 7 3 . 9 * 1 . 2 3 2 JtY
Or1' 7 0 . 0 * 8 5 . 9 * 1 . 2 2 8 JL
* 8 0 . 0 * 9 8 . 0 * 1 . 2 2 5 *
Or'I' 9 0 . 0 * 1 1 0 . 0 * 1 . 2 2 2 J.Y
A■T 1 0 0 . 0 * 1 2 2 . 0 * 1 . 2 2 0 *
A-V* 1 1 0 . 0 * 1 3 4 . 0 * 1 . 2 1 9 stY
❖ 1 2 0 . 0 ❖ 1 4 6 . 1 * 1 . 2 1 7 *
JUT 1 3 0 . 0 * 1 5 8 . 1 * 1 . 2 1 6 *
XV* 1 4 0 . 0 * 1 7 0 . 1 * 1 . 2 1 5 JL

Y

* 1 5 0 . 0 * 1 8 2 . 1 * 1 . 2 1 4 st
❖ 1 6 0 . 0 * 1 9 4 . 2 * 1 . 2 1 4 JL

Y

* 1 7 0 . 0 * 2 0 6 . 2 * 1 . 2 1 3 JL4**
4r-r 1 8 0 . 0 * 2 1 8 . 2 Jt4T 1 . 2 1 2 *
* 1 9 0 . 0 * 2 3 0 . 2 * 1 . 2 1 2 *
❖ 2 0 0 . 0 * 2 4 2 . 3 * 1 . 2 1 1 *
* 2 1 0 . 0 * 2 5 4 . 3 * 1 . 2 1 1 JL

Y

2 2 0 . 0 *  2 6 6 . 3 * 1 . 2 1 1 ❖
❖ 2 3 0 . 0 4= 2 7 8 . 3 * 1 . 2 1 0 *
* 2 4 0 . 0 *  2 9 0 . 4 * 1 . 2 1 0 JL

* 2 5 0 . 0 * 3 0 2 . 4 * 1 . 2 1 0 ❖
2 6 0 . 0 * 3 1 4 . 4 * 1 . 2 0 9 Jt

Y

❖ 2 7 0 . 0 * 3 2 6 . 4 * 1 . 2 0 9 *
❖ 2 8 0 . 0 * 3 3 8 . 5 * 1 . 2 0 9 *
* * * JL

* * * * * ^ ,f» kf/ kL ^  ^  J. J,r  4- V T 4' T V T 4' 4' kt »**■ J/ •*» -Jj Jt •.*,< kj. \C st xt ■>•. «Aj J. 4n> st -J» 
4" Y 4' 4> Y 4» Y '1' T 4** T 4' T "r’ 4' Y 4' * * * * * Y * * * * st J, Jt kt st JL 

Y 4X Y 4 T 4'
,t a kt j, st j. >t 
Y Y f* 4'* V Y T
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For  c o n v e n i e n c e  i n  c o n v e r t i n g  t h e  v a r i o u s  l e n g t h s  o f  b l u o b a c k  

h e r r i n g ,  T a b l e s  14,  15 and 16 a r e  p r e s e n t e d *
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SUMMARY

1 .  D u r i n g  t h e  months  f rom March t o  J u r i s ,  1963 and 1966,  

b l u e b a c k  h e r r i n g  w e re  c o l l e c t e d  f rom  t h e  Rappahannock  R i v e r ,

V i r g i n i a , .  S c a l e s  f rom  317 f i s h  w e re  e xam ined  f o r  age  d e t e r m i n a t i o n s .

2 .  The r e l a t i o n s h i p  b e tw e e n  body l e n g t h  and s c a l e  r a d i u s  

a p p e a r s  t o  be l i n e a r ,  and i s  r e p r e s e n t e d  by  t h e  f o l l o w i n g  e q u a t i o n s

L «= 3 7 .9 6 8 4 2  + 0 . 7 7 6 3 9 ( 3 )  

w here  L i s  f o r k  l e n g t h  i n  m i l l i m e t e r s ,  and  S i s  s c a l e  r a d i u s  (X40) 

i n  m i l l i m e t e r s .

3 .  T r a n s v e r s e  g ro o v e  c o u n t s  were  h e l p f u l  i n  d e t e r m i n i n g  t h e  

e x i s t e n c e  o f  i n d i s t i n c t  a n n u l i  on s c a l e s  o f  f i s h  up. t o  t h e  4 t h  

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

f a l s e  a n n u l i .

4 .  A n n u l i  w ere  v a l i d a t e d .  Spaxming c h e c k s  and a n n u l i  c o i n c i d e  

f o r  t h e  same y e a r ,  and s p a w n i n g  c h e c k s  w e re  c o u n t e d  a s  a n n u l i .

5 .  L e n g t h - f r e q u a n c y  d e t e r m i n a t i o n s  u s i n g  2 mm i n t e r v a l s  gave 

a  po ly m o d a l  d i s t r i b u t i o n  w i t h  e a c h  mode c o r r e s p o n d i n g  w i t h  a y e a r  

c l a s s .  I t  was n e c e s s a r y  t o  d e a l  w i t h  t h e  s e x e s  s e p a r a t e l y ,  b e c a u s e  

f e m a l e s  have a  g r e a t e r  g r o w t h  r a t e  t h a n  m a l e s .

6 .  Mean c a l c u l a t e d  f o r k  l e n g t h s  f o r  t h e  1 s t  t h r o u g h  8 t h  y e a r s  

was 96 mm, 142 m;n, 187 mm, 220  mm, 234 mm, 242 mm, 246  mm, and  252 

mm f o r  m a l e s .  Mean c a l c u l a t e d  f o r k  l e n g t h s  f o r  t h e  1 s t  t h r o u g h  1 0 t h  

y e a r s  was 98 mm, 144 mm, 191 mm, 22 6 mm, 242 mm, 2 52 mm, 2 59 mm,
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264 mm, 268 mrn, and 272. mm f o r  f e m a l e s .

7 .  A f t e r  y o u n g - o f » t h e - y e a r  j u v e n i l e s  l e a v e  t h e  n u r s e r y  a r e a s  i n  

t h e  r i v e r s ,  t h e y  d i s a p p e a r  f o r  a t  l e a s t  3 t o  4 y e a r s  i n  t h e  A t l a n t i c  

O cean .  M a t u r i t y  i s  u s u a l l y  a t t a i n e d  a t  4 y e a r s ,  b u t  many i n d i v i d u a l s  

do n o t  spawn u n t i l  5 o r  6 y e a r s  o f  a g e .  Some o l d e r  f i s h  whose s c a l e s  

i n d i c a t e  t h e y  a r e  v i r g i n  s p a w n e r s  may have  spawned w i t h o u t  l a y i n g  

down a s p a w n in g  c h e c k .

8 .  The c om m e rc ia l  f i s h e r y  i s  c o n c e n t r a t e d  on a d u l t s  i n  t h e  

s p a w n i n g  r u n .  The c a t c h  i n  t h e  Rappahannock  R i v e r  i n  1965 and 1966 

c o n s i s t e d  o f  a b o u t  12% age  g r o u p  IV, 27% age  g r o u p  V, 36% age g r o u p  

V I ,  and 19% age  g ro u p  V I I .  O l d e r  age  g ro u p s  a c c o u n t e d  f o r  l e s s  t h a n  

7% o f  t h e  c a t c h .

9 .  M ale s  a r e  more a b u n d a n t  t h a n  f e m a l e s  i n  age  g r o u p s  IV,  V, 

and V I .  Fem ales  p r e d o m i n a t e  i n  a l l  o l d e r  age  g r o u p s .

10 .  The p e r c e n t a g e  o f  m a le s  and f e m a l e s  p r e s e n t  i n  t h e  

Rappahannock  R i v e r  ch a n g es  d u r i n g  t h e  sp a w n in g  r u n .  Males  a r e  more 

a b u n d a n t  d u r i n g  t h e  f i r s t  2 weeks o f  A p r i l ,  b u t  by  t h e  end o f  t h e  

m on th  t h e  s e x  r a t i o  i s  u s u a l l y  a b o u t  5 0 : 5 0 .  In  e a r l y  May f e m a l e s  

p r e d o m i n a t e ,  and by  t h e  end  o f  t h e  m o n th ,  m a le s  may once  a g a i n  

o u tn u m b e r  f e m a l e s .  In  1967 ,  t h e  peak  o f  t h e  r u n  o c c u r r e d  when t h e  

m a l e s  p r e d o m i n a t e d  ( A p r i l  15 t o  3 0 ) ,  g i v i n g  a  s e x  r a t i o  o f  6 2 : 3 8  

f o r  t h e  e n t i r e  r u n .  W he th e r  t h i s  r a t i o  i s  c h a r a c t e r i s t i c  o f  t h e  

s p e c i e s  i s  n o t  known.

1 1 .  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  f o r  m a le s  and f e m a l e s  

com bined  was
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l o g  W « - 5 . 5 0 0 3  + 3 . 2 7 2 4 ( l o g  L)  

w h e re  W i s  w e i g h t  i n  g r a m s ,  and L i s  f o r k  l e n g t h  i n  m i l l i m e t e r s .

The re  i s  o n l y  s l i g h t  s e x u a l  d i f f e r e n c e  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 .

1 2 .  O v a r i a n  e g g  c o u n t s  o f  32 blueback .  h e r r i n g  gave an  a v e r a g e  

o f  a p p r o x i m a t e l y  1 2 0 ,0 0 0  e g g s  p e r  f e m a l e .  The r a n g e  was f rom 

6 0 , 0 0 0  t o  2 0 4 , 0 0 0 .

1 3 .  F o rk  l e n g t h ,  n a t u r a l  t i p  t o t a l  l e n g t h ,  and f o l d e d  t i p  t o t a l  

l e n g t h  w ere  v e r y  c l o s e l y  c o r r e l a t e d  w i t h  s t a n d a r d  l e n g t h  ( c o r r e l a t i o n  

c o e f f i c i e n t s  b e tw e e n  0 . 9 9 9 6  and 0 . 9 9 9 9 ) .  E q u a t i o n s  f o r  c o n v e r t i n g  

f rom  one l e n g t h  t o  a n o t h e r  w e r e  c o m p u te d .
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TABl E A.  F i s h  c o l l e c t i o n s  used  f o r  l e n g t h  c o n v e r s i o n s

Date  A r e a  o f  No . S i z e  Range i n
C o l l e c t e d  Sample F i s h  S t a n d a r d  L e n g th

(mm)

22 J a n  65 Rappahannock  R. 70 061-095

2 9 Nov 66 James  R i v e r 10 046-053

20  Feb 67 Chesapeake  Bay 10 071-078

02 Mar 67 Rappahannock  R. 19 052-063

09 J u n  67 Chesapeake  Bay 200 190-258

13 J u n  67 Chesapeake  Bay 300 2 0 2 - 2 6 5

13 Dec 67 NW A t l a n t i c  
3 8 ° 8 IN,75°50'VJ 11 143-168

17 J a n  68 Rappahannock  R» 4 080-088

23 J a n  68 NW A t l a n t i c  
3 8 ° 8 ' N , 7 4 ° 3 5 , W 12 153-210

07 Mar 68 NW A t l a n t i c  
4 0°33  * N ,7 1 ° 5 0 fW 7 080-098

09 Mar 68 NW A t l a n t i c  
3 8 ° 2 1 *N, 74°32 * W 4 091-134

09 Mar 68 NW A t l a n t i c  
3 8 ° 6 * N , 7 4 ° 5 0 , W 12 137-199

09 Mar 68 NW A t l a n t i c  
3 7 ° 3 2 * N , 7 5 ° 6 , W 5 081-196

Total 664



LITERATURE CITED

A l p e r i n ,  I .  M. 1965 .  A l g a l  e p i b i o s i s  and p a r a s i t i s m  of  a b luebac lc  
h e n  I n g . N. Y. F i s h  and Game J . 1?.: 116«

B a r n e y ,  R. L .  1924 .  A c o n f i r m a t i o n  o f  B o r o d i n ’ s s c a l e  method of
age  d e t e r m i n a t i o n  o f  C o n n e c t i c u t  R i v e r  s h a d .  Amer.  F i s h .  S o c . ,  
T r a n s • 5 4 : 1 6 3 - 1 7 7 .

B a r n e y ,  R. L .  19 2 5 .  A c o n f i r m a t i o n  o f  B o r o d i n ’ s s c a l e  method of
age  d e t e r m i n a t i o n  o f  C o n n e c t i c u t  R i v e r  s h a d ,  p .  52 t o  60 .  In  
P .  H. M i t c h e l l .  A r e p o r t  o f  i n v e s t i g a t i o n s  c o n c e r n i n g  shad  
i n  t h e  r i v e r s  o f  C o n n e c t i c u t .  H a r t f o r d ,  Conn.

Bean ,  T. H. 1887 .  R e p o r t  on e x a m i n a t i o n  o f  c l u p e o i d s  f rom c a r p  
p o n d s .  U. S.  F i s h .  Comm. B u l l .  6 : 4 4 1 - 4 4 2 ,

Beckman, W. C. 1948 .  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 ,  f a c t o r s  f o r
c o n v e r s i o n s  b e t w e e n  s t a n d a r d  and t o t a l  l e n g t h s ,  and c o e f f i c i e n t s  
o f  c o n d i t i o n  f o r  s e v e n  M ic h i g a n  f i s h e s .  Amer. F i s h .  S o c . ,  T r a n s .  
7 5 : 2 3 7 - 2 5 6 .

B i g e l o w ,  H. B. and V?. CD S c h r o e d e r .  1936 .  S u p p l e m e n ta l  n o t e s  on 
f i s h e s  o f  t h e  G u l f  o f  M a in e .  U. S.  B u r .  F i s h .  B u l l .  No. 2 0 :  
3 1 9 - 3 4 3 .

B i g e l o w ,  H. B. and VI. C. S c h r o e d e r .  1953 ,  F i s h e s  o f  t h e  G u l f  o f  
M a in e .  U. S.  F i s h  & W i l d l .  S e r v .  B u l l .  Mo. 7 4 .  577 p .

B i g e l o w ,  H. B. and  W. W. W e l s h .  19 2 5 .  F i s h e s  o f  t h e  Gu l f  o f  M ain e .
U. S.  B u r .  F i s h .  B u l l .  4 0 ( P a r t  I ) .  567 p .

B o r o d i n ,  N. 1924 .  Age o f  s h a d  (A l o s a  s a p i d  i s s i m a  W i l s o n )  a s  d e t e r 
mined  by t h e  s c a l e s ,  Amer. F i s h .  S o c . ,  T r a n s .  5 4 : 1 7 4 - 1 8 4 .

B o r o d i n ,  N.  1925 .  Age o f  s h a d  A l o s a  s a p i d  i s s  ima ( W i l s o n ) ,  a s
d e t e r m i n e d  by  t h e  s c a l e s ,  p .  46 t o  51 .  In  P.  H. M i t c h e l l .
A r e p o r t  o f  i n v e s t i g a t i o n s  c o n c e r n i n g  s h a d  i n  t h e  r i v e r s  o f  
C o n n e c t i c u t .  H a r t f o r d ,  Conn.

B u t l e r ,  R. L.  and L.  L .  S m i t h ,  J r .  1953 .  A method f o r  c e l l u l o s e  
a c e t a t e  i m p r e s s i o n s  o f  f i s h  s c a l e s  ^ i t h  a m easu rem en t  o f  i t s  
r e l i a b i l i t y .  P r o g r .  F i s h - C u l t .  1 5 : 1 7 5 - 1 7 8 .

78



C a r l a n d e r ,  K. D. and L.  L.  Smi t h ,  J r .  1945.  Some f a c t o r s  t o  c o n 
s i d e r  in  t h e  c h o i c e  b e tw e e n  s t a n d a r d ,  f o r k ,  o r  t o t a l  l e n g t h s  
i n  f i s h e r y  i n v e s t i g a t i o n s .  C o p e i a : 7 - 1 2 .

C a t i n g ,  J .  P .  1953 .  D e t e r m i n i n g  age o f  A t l a n t i c  s h a d  f r om t h e i r  
s c a l e s .  U. S. F i s h  &. W i l d l .  S e r v .  F i s h .  B u l l .  Mo. 8 5 : 1 8 7 - 1 9 9

C o c k e r e l l ,  T.  D. A. 1910 .  The s c a l e s  o f  t h e  c l u p e i d  f i s h e s .  Bi o l  
S o c .  Wash*,  P r o c .  2 3 : 6 1 - 6 3 .

C o c k e r e l l ,  T. D. A. 1913 .  O b s e r v a t i o n s  on f i s h  s c a l e s .  U. S. Bui- 
F i s h .  B u l l .  3 2 : 1 1 7 - 1 7 4 ,

C o l l i n s ,  G. B.  1952 .  F a c t o r s  i n f l u e n c i n g  t h e  o r i e n t a t i o n  o f
m i g r a t i n g  anadrom ous  f i s h e s .  U. S.  F i s h  6c W i l d l .  S e r v .  F i s h .  
B u l l .  Mo. 7 3 : 3 7 5 - 3 9 6 .

E v e r h a r t ,  W. H. 1950 .  A c r i t i c a l  s t u d y  o f  t h e  r e l a t i o n  b e tw e e n
body l e n g t h  and s e v e r a l  s c a l e  m ea s u rem e n ts  i n  t h e  s n a l l m o u t h  
b a s s  H i c r o p t e r u s  do lo rn leu  L a c e p e d e .  J .  W i l d l .  Manage. 14:
2 66-2 7 6 . '

F r a s e r ,  C. McL. 1916.  Growth o f  t h e  s p r i n g  s a lm o n .  P a c i f i c  F i s h .  
S o c . ,  T r a n s .  2 : 2  9 - 3 9 ,

Goode,  G. B. 1879 .  Two k i n d s  o f  r i v e r  h e r r i n g ,  p .  1 4 .  J_n Va. 
F i s h .  Comm, a n n u a l  r e p .

Goode,  G. B. and T.  H. Bean .  1879 .  A c a t a l o g u e  o f  t h e  f i s h e s  o f  
E s s e x  C oun ty ,  M a s s a c h u s e t t s ,  i n c l u d i n g  t h e  f a u n a  o f  Mass
a c h u s e t t s  Bay and t h e  c o n t i g u o u s  d e e p  w a t e r s .  E s s e x  I n s t .  
B u l l .  1 1 .  3 8 p .

G r e e l e y ,  J .  R. 1937 .  F i s h e s  o f  t h e  a r e a  w i t h  a n n o t a t e d  l i s t ,  
p .  4 5 - 1 0 3 .  J n  A b i o l o g i c a l  s u r v e y  o f  t h e  low e r  Hudson 
w a t e r s h e d .  Mew York C o n s e r v .  Dep.  s u p p le m e n t  t o  2 6 t h  a n n u a l  
r e p o r t  f o r  1936 .  J .  B. Lyon C o . ,  A l b a n y ,  Mew York .

G r e e n b a n k ,  J .  and D. J .  O’ D o n n e l l .  1950 .  H y d r a u l i c  p r e s s e s  f o r  
making  i m p r e s s i o n s  o f  f i s h  s c a l e s .  Amer.  F i s h .  SOc. ,  T r a n s .  
7 8 : 3 2 - 3 7 .

Hahn,  C. W, 1918 .  On t h e  s p o r o z o o n  p a r a s i t e s  o f  t h e  f i s h e s  o f  
Woods Hole and  v i c i n i t y .  I I I .  On t h e  Ch i o r o rnyxum c l u p e i dae 
o f  C lupe a h a r e n g u s  ( y o u n g ) ,  Porno lob  us p s e u d o h a r e  ngus (young )  
and d. a e s t i v a J i s  ( y o u n g ) .  J .  P a r a s  i t o  1 .  4 : 1 3 - 2  0 .



80

H i l d e b r a n d ,  S. F .  1963 • F a m i l y  C l u p e i d n e , p .  2 57 t o  3 4 2 .  l'n
F i s h e s  o f  t b s  e a s t e r n  F o r t h  A t l a n t i c .  S e a r s • Found .  Mar.  Res,
Mem. I .  P a r t  3 ,  New Haven,  Conn.

H i l d e b r a n d ,  S.  F .  and  W. C. S c h r o e d e r .  19 2 8 .  F i s h e s  o f  Chesapeake
Bay.. U. S.  Bur* F i s h .  B u l l .  43 (Part :  1 ) :  366 p .

H i l e , R. 1941 .  Age and  g r o w t h  o f  t h e  r o c k  b a s s ,  Amblo p l i t e s  
r u p e s t r  i s  (Raf  i n e s q u e  ) , i n  N e b i s h  L a k e ,  W i s c o n s i n .  W is e .
A c a d .  S c i . ,  A r t s  and  L e t t e r s ,  T r a n s .  3 3 : 1 8 9 - 3 3 7 .

H i l e ,  R,  1948 .  S t a n d a r d i z a t i o n  o f  m ethods  o f  e x p r e s s i n g  l e n g t h s  
and w e i g h t s  o f  f i s h .  Amer.  F i s h .  S o c . ,  T r a n s .  7 5 : 1 5 7 - 1 6 4 .

Hoffman ,  G. L .  1967 .  P a r a s i t e s  o f  F o r t h  A m er ican  f r e s h w a t e r
f i s h e s .  Univ .  C a l i f .  P r e s s ,  B e r k e l e y  and Los A n g e l e s .  486 p.

J o r d a n ,  D. S.  and B. V/. Evermann .  1896 .  The f i s h e s  o f  F o r t h  and 
M idd le  A m e r i c a .  U. S.  F a t .  Mus . B u l l .  4 7 .  P a r t  I .  954 p .

J o s e p h ,  E. B. and J .  D a v i s .  1965 .  A p r e l i m i n a r y  a s s e s s m e n t  o f
t h e  r i v e r  h e r r i n g  s t o c k s  o f  l o v e r  Chesapeake  Bay.  Va. I n s t .  
Mar.  S c i .  S p e c .  S c i .  Rep.  5 1 .  23 p .

J u d y ,  M. H. 1961 .  V a l i d i t y  o f  age  d e t e r m i n a t i o n  f rom  s c a l e s  o f  
marked  A m e r i c a n  s h a d .  U. S.  F i s h  & W i l d l .  S e r v .  F i s h .  B u l l ,  
No. 1 8 5 : 1 6 1 - 1 7 0 .

K u n t z , A. and  L .  R a d c l i f f e .  1917 .  Notes  on t h e  e m b r y o lo g y  and 
l a r v a l  d e v e lo p m e n t  o f  t w e l v e  t e l e o s t e a n  f i s h e s .  U. S.  Bur .  
F i s h .  B u l l .  3 5 : 8 7 - 1 3 4 .

L a P o i n t e ,  D. P.  1958 .  Age and g r o w t h  o f  t h e  A m e r ic an  s h a d  f rom  
t h r e e  A t l a n t i c  c o a s t  r i v e r s .  Amer.  F i s h .  S o c . ,  T r a n s .  87 :  
1 3 9 - 1 5 0 .

Le im ,  A. H. and  W. B. S c o t t .  1 9 6 6 .  F i s h e s  o f  t h e  A t l a n t i c  c o a s t  
o f  Canada .  F i s h .  R e s .  Bd. Canada B u l l .  155 .  485 p .

L i v i n g s t o n e ,  D. A. 1953 .  The f r e s h w a t e r  f i s h e s  o f  Nova S c o t i a .  
Nova S c o t i a  I n s t .  S c i . ,  P r o c .  2 3 .  90 p .

M a n s u e t i ,  A.  J .  and J .  D. H a r d y ,  J r .  1967 .  Deve lopment  of  f i s h e s  
o f  t h e  Chesapeake  Bay r e g i o n .  N a t u r a l  R e s o u r c e s  I n s t . ,  U niv .  
M a r y l a n d ,  C o l l e g e  P a r k .  P a r t  I .  2 02 p .

M i l l e r ,  R. B.  1946 .  N o te s  on t h e  A r c t i c  g r a y l i n g ,  Thyma 11us
s i g n i f e r  R i c h a r d s o n ,  f rom  G r e a t  B ea r  L a k e .  D o p e i a :  22 7 - 2 3 6 .



81

M i t c h i l l ,  S.  L.  1 8 1 4 .  R e p o r t  i n  p a r t  o f  Samuel L,  M i t c h i l l ,  M. D . s 
on t h e  f i s h e s  o f  New York .  D. C a r l i s l e ,  Mew York .  28 p .

K e t s se l ,  J .  and  E.  S t a n c k .  1966 .  Some b i o l o g i c a l  c h a r a c t e r i s t i c s  
o f  b l u e b a c k ,  Porno 1 o b us ae  s t  i va  1 i s ( M i t c h . ) ,  and a  low i f  e ,
PoiTiQ 1 o b us p s e udo h a r e  n gu s (W i ls  . ) ,  f rom  Georges  B ank , J u l y  
and O c t o b e r ,  19 6 4 .  ICNAF R e s .  B u l l .  3 : 1 0 6 - 1 1 0 .

N i k o l s k y ,  G. V. 19 6 3 ,  The e c o l o g y  o f  f i s h e s .  Academic  P r e s s ,
New Y ork .  3 52 p .

Reed ,  J .  R . , J r .  1 9 6 4 .  A r a c i a l  s t u d y  o f  t h e  b l u e b a c k  h e r r i n g ,  
A l o s a  a e s t i v a l i s  ( M i t c h i l l ) .  M. S.  T h e s i s ,  C o r n e l l  U n i v . ,  
I t h a c a ,  New Y o rk .  62 p .

R i c k e r ,  W. E.  and  D. M e r r i rna n .  1945e On t h e  methods  o f  m e a s u r i n g  
f i s h .  C o p e i a :  1 8 4 - 1 9 1 .

R o t h s c h i l d ,  B. J .  19 6 3 .  A c r i t i q u e  o f  t h e  s c a l e  method f o r  d e t e r 
m in i n g  t h e  age  o f  t h e  a l e w i f e ,  A1os a ps e ud oha r e n g u s  ( W i l s o n ) ,  
Amer. F i s h .  S o c . ,  T r a n s .  9 2 : 4 0 9 - 4 1 3 .

R o u n s e f e l l ,  G. A. and W. H. E v e r h a r t .  1953 .  F i s h e r y  s c i e n c e :  i t s
m ethods  and a p p l i c a t i o n s .  J o h n  W i le y  and S o n s ,  Mew York,  444 p .

R oyce ,  W. F.  1942 .  S t a n d a r d  l e n g t h  v e r s u s  t o t a l  l e n g t h .  Amer.
F i s h .  S o c . ,  T r a n s .  7 1 : 2 7 0 - 2 7 4 .

S c a t t e r g o o d ,  L .  W. 1952 .  C o n v e r s i o n s  o f  t h e  s t a n d a r d ,  f o r k
and  t o t a l  l e n g t h s  o f  t h e  Maine h e r r i n g .  Maine Dep. Sea and 
S hore  F i s h .  T e c h .  B u l l ,  2 .  16 p .

S i n d e r m a n n ,  C. J .  19 6 6 .  D i s e a s e s  o f  m a r i n e  f i s h e s ,  p .  1 t o  92 .
Irt S i r  F .  S.  R u s s e l l  / e d j V  Advances  i n  m a r i n e  b i o l o g y .  V o l .  4 .  
Academic  P r e s s ,  New Y o rk .

S m i t h ,  H. M. 1907 .  The f i s h e s  o f  N o r t h  C a r o l i n a .  N o r t h  C a r o l i n a  
G e o l .  and E c o n .  S u r v . ,  R a l e i g h .  2 .  453 p .

S n e d e c o r ,  G. W. 1 9 5 6 .  S t a t i s t i c a l  m e t h o d s ,  f i f t h  e d i t i o n .  Iowa 
S t a t e  U n iv .  P r e s s ,  Ames.  534 p .

Sumner,  F .  B . ,  R. C. O s b u r n  and L .  J .  C o l e .  1913 .  A c a t a l o g u e  
o f  t h e  m a r i n e  f a u n a ,  p .  549 t o  794 .  In  A b i o l o g i c a l  s u r v e y  
o f  t h e  v r a t e r s  o f  Woods Hole  and  v i c i n i t y .  U. S.  B u r .  F i s h .
B u l l .  3 1 ( P a r t  I I ) .



82

U n i t e d  S t a t e s  Bureau  o f  Commercial  F i s h e r i e s .  1960 t o  1965 .  F i s h e r y  
s t a t i s t i c s  o f  t h e  U n i t e d  S t a t e s .  S t a t .  D ig .  53 ,  54 ,  56 ,  57 ,  58 ,  
and  59 .  U. S.  G ov t .  P r i n t i n g  O f f i c e ,  W a s h . ,  D. C.

Van C o s t e n ,  J .  1929 .  L i f e  h i s t o r y  o f  t h e  l a k e  h e r r i n g  (Leu c h i c h t hys 
a r  t e d i  Le S u e u r )  o f  Lake Huron a s  r e v e a l e d  by i t s  s c a l e s ,  w i t h  
a  c r i t i q u e  o f  t h e  s c a l e  m e t h o d .  U. S. B u r .  F i s h . ,  B u l l ,  4 4 ( 1 0 5 3 ) :  
2 6 5 - 4 2 8 .

Van O o s t e n ,  J . ,  H. J .  Deason and  F .  U. J o b e s .  1934 .  A m i c r o p r o -  
j e c t i o n  m achine  d e s i g n e d  f o r  t h e  s t u d y  o f  f i s h  s c a l e s .  J .
Cons .  pe rm .  i n t .  E x p l o r .  H e r ,  9 : 2 4 1 - 2 4 8 .

V i n c e n t ,  R. E. 1960 .  E x p e r i m e n t a l  i n t r o d u c t i o n s  o f  f r e s h w a t e r  
a l e w . i v e s .  P r o g r .  F i s h - C u l t .  2 2 : 3 8 - 4 2 .

V o i g t l a n d e r ,  C. V/. and A. C. R o o c h v a r g .  1967 .  Age and g row th  p r o 
g ram ,  C o n t r o l  Data  3 6 0 0 ,  F o r t r a n  6 3 - F c r t r a n  IV.  Amer. F i s h .
S o c . ,  T r a n s .  9 6 : 3 6 4 - 3 6 6 .

W e ls h ,  WT. W. and  C. M. B r e d e r ,  J r .  19 2 4 .  C o n t r i b u t i o n s  t o  l i f e  
h i s t o r i e s  o f  S c i a e n i d a e  o f  t h e  E a s t e r n  U n i t e d  S t a t e s  c o a s t .
U. S.  B u r .  F i s h .  B u l l .  3 9 ( 9 4 5 ) : 1 4 1 - 2 0 1 .

W h i t n e y ,  R. R. and K. D. C a r l a n d e r .  1956 .  I n t e r p r e t a t i o n  o f  bodv-  
s c a l e  r e g r e s s i o n  f o r  c o m p u t in g  body  l e n g t h  o f  f i s h .  J .  W i l d l .  
Manage .  2 0 : 2 1 - 2 7 .

W i l s o n ,  C. B. 1917 .  N o r t h  A m e r i c a n  p a r a s i t i c  cope pods  b e l o n g i n g  
t o  t h e  L e r n a e i d a e ;  w i t h  a  r e v i s i o n  o f  t h e  e n t i r e  f a m i l y .
U. S.  N a t .  Mus. ,  P r o c .  5 3 ( 2 1 9 4 ) :  150 p .

W i l s o n ,  C. B. 1932 .  The cope pods  o f  t h e  Woods Hole r e g i o n ,  Mass 
a c h u s e t t s .  U. S.  N a t .  Mus. B u l l .  No. 15 8 .  635 p .



VITA

K e n n e t h  Lee Bea l

Born  i n  B a r  H a r b o r ,  M a i n e ,  May 2 4 ,  1 9 4 2 .  G r a d u a te d  f rom  

Pe n ie t i c  High S c h o o l ,  S o u t h w e s t  H a r b o r ,  M a in e ,  i n  J u n e  1960 .  

R e c e i v e d  B a c h e l o r  o f  S c i e n c e  d e g r e e  f rom  t h e  U n i v e r s i t y  o f  Maine 

i n  J u n e  19 6 5 ,  w i t h  a  m a j o r  i n  W i l d l i f e  Management .  VJhile a t  t h e  

U n i v e r s i t y  o f  Maine t h e  a u t h o r  was  V i c e - p r e s i d e n t  and  P r e s i d e n t  o f  

t h e  Rod and Gun C l u b ,  C a p t a i n  o f  t h e  V a r s i t y  R i f l e  Team, and  a  

member o f  Lambda Chi A l p h a  f r a t e r n i t y .

I n  S e p tem be r  1965  t h e  a u t h o r  e n t e r e d  t h e  S c h o o l  o f  M arine  

S c i e n c e ,  C o l l e g e  o f  W i l l i a m  a nd  M ary .

83


	Age and Growth of the Blueback Herring Alosa aestivalis (Mitchill)
	Recommended Citation

	tmp.1539724688.pdf.he7eW

