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PREFACE 

This species p r o f i l e  i s  one of a se r i es  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f ish,  o f  sport ,  commerci a1 , o r  ecol og i c a l  importance. The p r o f i l  es 
are  designed t o  provide coastal managers, engineers, and b i o l o g i s t s  w i t h  a b r i e f  
comprehensive sketch o f  the  b i o l  og i c a l  c h a r a c t e r i s t i c s  and environmental requ i re -  
ments of the  species and t o  descr ibe  how populat ions o f  the species may be 
expected t o  reac t  t o  environmental changes caused by coasta l  devel opment. Each 
p r o f i l e  has sect ions on taxonany, 1 i f e  h i s t o r y ,  eco log ica l  ro le ,  environmental 
requirements, and economic importance, i f  appl i cab l  e. A th ree- r ing  b inder  i s  
used f o r  t h i s  ser ies  so t h a t  new p r o f i l e s  can be added as they are prepared. This 
p r o j e c t  i s  j o i n t l y  planned and f inanced by t h e  U.S. Army Corps o f  Engineers and 
the  U.S. F ish and W i l d l i f e  Service. 

Suggestions o r  quest ions regard ing  t h i s  r e p o r t  should be d i r e c t e d  t o  one 
o f  t h e  f o l  1 owing addresses. 
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CONVERSION TABLE 

M e t r i c  t o  U . S .  Custanary 

Mu1 t i p l y  ki To O b t a i n  

m i l  1 ime te r s  (rm) 
cen t imete rs  (an) 
meters  (m) 
k i  1 m e t e r s  (km) 

square mete rs  (mL) 10.76 
square k i  1 m e t e r s  (km2) 0.3861 
hec ta res  (ha)  2.471 

inches 
inches 
f e e t  
m i l  es 

square f e e t  
square m i l e s  
acres 

l i t e r s  ( 1 )  0.2642 gal 1 ons 
c u b i c  mete rs  (m3) 35.31 cub ic  f e e t  
cub i c  meters 0.00081 10 acre- f e e t  

m i l l  ig rams [mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i l og rams  ( kg )  2.205 pounds 
m e t r i c  tons ( t )  2205.0 pounds 
m e t r i c  tons  1.102 s h o r t  t ons  
k i  1 oca l  o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  

Ce l s i us  degrees 1.8("C) + 32 Fahrenhei t degrees 

U . S .  Customary t o  M e t r i c  

inches  25.40 
inches 2.54 
f e e t  ( f t )  0.3048 
fathoms 1.829 
m i l e s  ( m i )  1.609 
n a u t i c a l  m i l es  ( m i )  1.852 

square f e e t  ( f t 2 )  
acres 2 
square m i l e s  (mi ) 

ga l  1 ons ( gal  ) 
cub i c  f e e t  ( f t 3 )  
a c r e - f e e t  

ounces (02)  28.35 
pounds ( I b )  0.4536 
s h o r t  t o n s  ( t o n )  0.9072 
B r i t i s h  thermal u n i t s  ( B t u )  0.2520 

m i l  1 imete rs  
cen t imete rs  
meters 
meters 
k i l  m e t e r s  
k i  1 m e t e r s  

square meters  
hectares 
square k i  1 ometers 

1 i t e r s  
cub i c  mete rs  
cub ic  meters  

grams 
k i  1 og rams 
m e t r i c  tons 
k i  1 ocal  o r i  es 

Fahrenhe i t  degrees 0.5556("F - 32) Ce ls ius  degrees 
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F i g u r e  1. The Amer ican shad. 

AMERICAN SHAD 

S c i e n t i f i c  name . . A l o s a  s a ~ i d i s s i m a  
(Mi l s o n )  

P r e f e r r e d  common name . . . Amer ican 
shad ( F i g u r e  1). 

O t h e r  common names . . rhad,  a lose ,  
common shad, A t l a n t i c  shad, N o r t h  
R i v e r  shad, Potomac shad, Connect i - 
c u t  R i v e r  shad, De laware shad, Sus- 
quehanna shad, w h i t e  shad, buck shad 
(males  o n l y ) ,  p o p l a r b a c k  shad ( S c o t t  
and Crossman 1973) .  

C l a s s  . . . . . . . . . O s t e i c h t h y e s  
O r d e r  . . . . . . . . . C l u p e i  formes 
Family. . . . . . . . . . . C l  u p e i  dae 

Geograph ic  range: American shad a r e  
anadromous. They a r e  d i s t r i b u t e d  
a l o n g  t h e  A t l a n t i c  c o a s t  from New- 
f o u n d l a n d  t o  F l o r i d a ,  and a r e  most 
abundant  f rom C o n n e c t i c u t  t o  N o r t h  
C a r o l  i na. I n  t h e  m i d - A t l a n t i c  
r e g i o n  t h e  American shad ascend 
e s s e n t i a l l y  a l l  m a j o r  r i v e r s ,  b u t  
abundance i n  some r i v e r s  i s  1  i m i t e d  
b y  p o l l u t i o n  o r  r e s t r i c t e d  b y  dams 
( F i g u r e  2). 

On t h e  P a c i f i c  c o a s t ,  t h e  
Amer ican shad was i n t r o d u c e d  i n t o  
t h e  Sacramento and Col  umbia R i v e r s  
i n  1871, and t h e  s p e c i e s  i s  now 
e s t a b l i s h e d  f r o m  s o u t h e r n  C a l i f o r n i a  
n o r t h w a r d  t o  Cook I n l e t ,  A laska ,  and 
t h e  Kamchatka P e n i n s u l a  i n  As ia .  

MORPHOLOGY /IDENTIFICATION A1 DS 

Body e l  onga te ,  s t r o n g 1  y com- 
p ressed  l a t e r a l  l y ,  and r a t h e r  deep, 
i t s  d e p t h  17%-19% o f  t o t a l  l e n g t h  ( T L )  
( L e i m  1924; B i g e l o w  and Schroeder  
1953; S c o t t  and Crossman 1973) .  Head 
b r o a d l y  t r i a n g u l a r ,  22%-24% o f  TL. 
G i l l  membranes f r e e  f r o m  is thmus.  Eye 
moderate ,  a d i p o s e  eye1 i d  we1 1  d e v e l -  
oped, d i a m e t e r  of  eye 27%-32% o f  head 
l e n g t h  (HL):  snou t  moderate,  l e n g t h  
27%-32% HL; i n t e r o r h i t a l  w i d t h  19%-22% 
o f  HL. The a n t e r i o r  end o f  t h e  l o w e r  
jaw n o t  e s p e c i a l l y  t h i c k  o r  heavy and 
somewhat p o i n t e d ,  and f i t t i n g  e a s i l y  
i n t o  a  deep n o t c h  i n  upper  jaw so t h a t  
t h e  j a w s  a r e  a b o u t  e q u a l  when t h e  
mouth i s  c l o s e d .  The upper  o u t l i n e  o f  
t h e  l o w e r  jaw s l i g h t l y  concave. M a x i l -  
l a r y  e x t e n d i n g  t o  p o s t e r i o r  m a r g i n  o f  
eye. Tee th  s m a l l ,  weak, and few i n  



A TLA N TIC OCEAN 

M I L E S  

KILOMETERS 

F igu re  2. American shad a r e  d i s t r i b u t e d  a long t h e  coas t  o f  t h e  M i d - A t l a n t i c  
Region from Massachusetts t o  Nor th  Caro l ina ,  b u t  a r e  most abundant i n  t h i s  
r e g i o n  a long t h e  c o a s t  from Connec t i cu t  t o  No r t h  Caro l ina .  They ascend 
e s s e n t i a l l y  a l l  ma jo r  r i v e r s  b u t  may be l i m i t e d  i n  some r i v e r s  by p o l l u t i o n  
o r  r e s t r i c t e d  by dams. 



number on premaxi  11 a r y  and mandi h l  e  
( l o s t  c o m p l e t e l y  i n  t h e  a d u l t )  and ab- 
sen t  on t h e  r o o f  o f  t h e  mouth. G i l l  
r a k e r s  on l o w e r  1  imb 59-73; b r a n c h i o -  
s t e g a l  r a y s  7,7 ( r a r e l y  7 ,6) .  F i n s  
s o f t  rayed:  d o r s a l - 1 ,  h e i g h t  moderate, 
base s h o r t ,  11%-13% o f  TL, r a y s  15-19, 
u s u a l  1.y 17-15; cauda l ,  d i s t i n c t l y  
f o r k e d ;  ana l -1 ,  base l e n g t h  g r e a t e r  
t h a n  d o r s a l  base, 13%-14% o f  TL, 
h e i g h t  s h o r t e r  t h a n  d o r s a l  h e i g h t ,  
r a y s  18-24, u s u a l l y  20-22; p e l  v i c s ,  
abdomina l ,  s m a l l ,  l e n g t h  9%-10% o f  TL, 
r a y s  9; p e c t o r a l s ,  l ow  on s i d e s ,  
l e n g t h  14%-15% o f  TL, r a y s  14-18, 
l ~ s u a l l y  16. Sca les ,  l a r g e ,  c r e n u l a t e  
on p o s t e r i o r  marg in ,  dec iduous.  
L a t e r a l  1  i n e  p o o r l y  deve loped  w i t h  
about  50-55 s c a l e s .  Vent r a 1  s c u t e s  
w e l l  deve loped f o r m i n g  a  sha rp  saw- 
he1 l y ,  p r e p e l v i c  s c u t e s  19-23, usua l  l y  
20-22, p o s t p e l  v i c  s c u t e s  12-19, u s u a l  - 
l y  15-17. V e r t e b r a e  53-59, u s u a l l y  
55-58. P e r i t o n e a l  1  i n i n g  p a l e ;  p y l o r -  
i c  caeca numerous and u s u a l l y  c l u s t e r -  
e d  on  r i g h t  s i d e .  U s u a l l y  4 t o  6  
b l a c k  s p o t s  i n  h o r i z o n t a l  row beh ind  
o p e r c u l  um. S i z e :  average t o t a l  l e n g t h  
380 mm; males up t o  2.7 kg;  females up 
t o  3.6 kg, r a r e l y  t o  5.4 kg. 

REASON FOR INCLUSION I N  THE SERIES 

H i s t o r i c a l l y ,  commercial  f i s h i n g  
f o r  American shad on t h e  A t l a n t i c  
c o a s t  has  been i n t e n s i v e  and  w i d e -  
spread.  Now t h e  f i s h e r y  has v i r t u a l l y  
c o l l a p s e d  and i s  i m p o r t a n t  o n l y  i n  a  
few r i v e r s  ( C o n n e c t i c u t  R., 
C o n n e c t i c u t ;  Hudson R., New York;  
Neuse  R. ,  U o r t h  C a r o l i n a ;  Y o r k  R. ,  
V i r g i n i a )  i n  t h e  m i d - A t l a n t i c  r e g i o v .  
I n  t h e  r i v e r s  t h a t  s u p p o r t  s t r o n g  
runs ,  s p o r t  f i s h i n g  f o r  shad i s  more 
i m p o r t a n t  t h a n  commercial  f i s h i n g .  
F e d e r a l  and S t a t e  agenc ies  have 
i n i t i a t e d  management programs aimed a t  
r e s t o r i n g  American shad t o  t h e i r  
f o r m e r  range and abundance. The 
American shad i s  a  n a t u r a l  r e s o u r c e  
t h a t  s h o u l d  he c o n s i d e r e d  f o r  
p r o t e c t i o n  i n  c o a s t a l  and r i v e r i n e  
development p r o j e c t s .  

L IFE HISTORY 

Spawning 

The Amer ican shad i s  an anadro- 
mous f i s h  t h a t  l i v e s  s e v e r a l  y e a r s  i n  
t h e  o c e a n  and  t h e n  r e t u r n s  t o  i t s  
r i v e r  o f  o r i g i n  t o  spawn. A t  o n e  
t i m e ,  t h e  s p e c i e s  p r o b a b l y  spawned i n  
v i  r t u a l  l y  e v e r y  a c c e s s i b l e  r i v e r  an3 
t r i b u t a r y  a l o n g  t h e  A t l a n t i c  c o a s t  of  
N o r t h  America.  

The f r e s h w a t e r  spawning m i g r a t i o n  
i n  w i n t e r ,  s p r i n g ,  o r  summer i s  t i m e d  
t o  co r respond  t o  f a v o r a b l e  r i v e r  w a t e r  
t empera tu res .  Shad u s u a l l y  m i g r a t e  
f a r  enough ups t ream so t h a t  t h e  eggs 
d r i f t  downstream and h a t c h  b e f o r e  
r e a c h i n g  s a l t w a t e r .  I n  one s t u d y  i n  
t h e  C o n n e c t i c u t  R i v e r ,  low r i v e r  
t empera tu res  may have de layed  t h e  
m a t u r a t i o n  o f  gonads c a u s i n g  t h e  shad 
t o  m i g r a t e  f a r t h e r  ups t ream t o  spawn 
(Marcy 1976) .  G lebe and L e g g e t t  
( 1 9 8 1 )  r e p o r t e d  t h a t  t h e  gonads  o f  
American shad mature  p r i o r  t o  e n t e r i n g  
t h e  C o n n e c t i c u t  R i v e r .  

American shad spawn as e a r l y  as 
mid-November i n  F l o r i d a  and as l a t e  as 
J u l y  i n  some Canadian r i v e r s .  Males  
a r r i v e  a t  t h e  spawning grounds b e f o r e  
females  ( C h i t t e n d e n  1975) .  Water  
t e m p e r a t u r e  i s  t h e  p r i m a r y  f a c t o r  t h a t  
t r i g g e r s  spawning, b u t  p h o t o p e r i o d ,  
f l o w  v e l o c i t y ,  and w a t e r  t u r b i d i t y  
a1 s o  e x e r t  some i n f  1  uence ( L e g g e t t  and 
Whi tney 1972) .  

A l t h o u g h  shad eggs i n  V i r g i n i a  
s t reams become abundant a f t e r  t h e  
w a t e r  t e m p e r a t u r e  reach  12°C (Massman 
1952) ,  most spawning i s  f r o m  13"  t o  
20°C (Wa lbu rg  and N i c h o l s  1967) .  I n  
N o r t h  C a r o l i n a ,  peak spawning i s  a t  
w a t e r  t e m p e r a t u r e s  nea r  20°C ( S h o l a r  
1976) .  

T h e  d i a m e t e r  and  a b u n d a n c e  o f  
shad eggs c o l l e c t e d  i n  p l a n k t o n  n e t s  
i n  t h e  Pamunkey R i v e r ,  V i r g i n i a ,  
i n d i c a t e  t h a t  spawning t a k e s  p l a c e  a t  
a l l  hou rs  o f  t h e  n i g h t  and day b u t  i s  



more  i n t e n s e  f r o m  n o o n  t o  m i d n i g h t  
(Massman 1952) .  A c c o r d i n g  t o  M i  11 e r  
e t  a l .  (1971, 1975) ,  spawning beg ins  
i n  t h e  e v e n i n g  between 1900 h  and 
2000 h  and peaks between 2100 h  and 
2300 h  i n  t h e  Delaware R i v e r .  A f t e r  
0100 h, most o f  t h e  spawning subs ides .  
On o v e r c a s t  days,  spawning b e g i n s  
e a r l i e r  t h a n  on c l e a r  days,  wh ich  
s u p p o r t s  t h e  h y p o t h e s i s  t h a t  t h e  d a i l y  
o n s e t  o f  spawning i s  r e g u l a t e d  b y  
l i g h t  i n t e n s i t y  ( M i l l e r  e t  a l .  1982). 

Gr0tlp spawning i n v o l v i n g  s e v e r a l  
males and a  female has been obse rved  
(Marcy 1972).  The spawning f i s h  swim 
v i g o r o u s l y  a t  t h e  su r face ,  f o rm ing  a  
c l o s e l y  packed c i r c l e .  Eggs a r e  
r e l e a s e d  i n t o  t h e  w a t e r  and t h e n  
f e r t i l i z e d  by t h e  males (Marcy 1972; 
S c o t t  and Crossman 1973).  

Shad spawn i n  m a i n  s t r e a m s  o f  
N o r t h  C a r o l i n a  r i v e r s  o v e r  sand s h o a l s  
where t h e r e  i s  s u f f i c i e n t  c u r r e n t  t o  
keep t h e  eggs suspended i n  t h e  w a t e r  
column ( S h o l a r  1976).  Shad spawn o v e r  
sand, s i l t ,  muck, g r a v e l ,  and b o u l d e r  
s u b s t r a t e s  (Mansuet i and Ko l  b 1953; 
W a l h u r g  1960 ;  L e g g e t t  1 9 7 6 ) .  They  
spawn i n  w a t e r  dep ths  about  1 t o  10 m  
( 3  t o  30 f t )  b u t  most o f t e n  l e s s  t h a n  
3  m (10 f t) (Walburg  and N i c h o l s  
1967). The c u r r e n t  i n  spawning a reas  
ranqes from abou t  0.5 t o  3  f t / s  
(warburg  and . N i c h o l s  1967; Marcy 
1972). 

The pe rcen tage  o f  shad t h a t  spawn 
more t h a n  once i n c r e a s e s  f r o m  s o u t h  t o  
n o r t h  ( T a b l e  1 ) .  F o r  example, shad i n  
r i v e r s  s o u t h  o f  Cape Fear ,  N o r t h  
C a r o l i n a ,  d i e  a f t e r  spawning,  h u t  i n  
more n o r t h e r l y  r i v e r s  some shad 
s u r v i v e  spawning t o  spawn aga in .  Shad 
may r e t u r n  t o  spawn f o r  up t o  6  
y e a r s  ( T a b l e  2 ) .  The pe rcen tage  o f  
r e p e a t  spawners ranges f r o m  0% f o r  t h e  
S t .  Johns R i v e r ,  F l o r i d a ,  s o u t h  o f  
Cape Fear ,  N o r t h  C a r o l i n a ,  t o  73% i n  
t h e  S t .  John R i v e r ,  New Brunsw ick  
(Carscadden and L e g g e t t  1975a, 1975b). 
The Delaware R i v e r ,  u n l i k e  o t h e r  mid- 
A t l a n t i c  c o a s t  shad r i v e r s ,  has few 
r e p e a t  spawners (1.5% t o  6.5%) 

T a b l e  1. The p e r c e n t  o f  r e p e a t  
spawners i n  American shad spawning 
runs  i n  A t l a n t i c  c o a s t  r i v e r s  ( L e g g e t t  
and Carscadden 1978).  

R i v e r  and L a t i t u d e  ~epeat-  
l o c a t i o n  o f  r i v e r  (ON) spawners(%)  

M i r a m i c h i  (NB) 49 64 
S t .  John (NB) 45 7  3  
C o n n e c t i c u t  (CT) 4 1  63 
Hudson ( j Y )  4  1 5  7  
Delaware (DL) 40 6  
Susquehanna (VA) 40 3  7 
Potomac (VA) 3  8 2  0  
York (VA) 3  7  2  4  
James (V.4) 3  7  2  7  
Neuse (NC) 35 3  
E d i s t o  (SC) 33 0 
Ogeechee (GA) 32 0  
S t .  Johns ( F L )  30 0 

a C h i t t e n d e n  (1975) .  

a c c o r d i n g  t o  Ch i  t t e n d e n  (1975) .  He 
sugges ts  t h a t  t h e  p r o b a b l e  causes f o r  
t h e  s c a r c i t y  o f  r e p e a t  spawners t h e r e  
a r e  p o l l u t i o n  and o v e r f i s h i n g .  

F e c u n d i t y  and Eggs 

T h e  A m e r i c a n  s h a d  has  a  r e l d -  
t i v e l y  h i g h  f e c u n d i t y  (116,000 t o  
659,000 eggs  p e r  f e m a l e ;  T a b l e  2 ) .  
Many eggs f a i l  t o  f e r t i l i z e  and o n l y  a  
s m a l l  p e r c e n t a g e  o f  t h e  f e r t i l  i z e d  
eggs hatch.  H i g h  egg m o r t a l i t y  has 
been  a t t r i b u t e d  t o  f a i l u r e  t o  f e r -  
t i l i z e ,  s u f f o c a t i o n ,  fungus i n f e c t i o n ,  
and p r e d a t i o n  (Leach 1925; Mansue t i  
and K o l b  1953).  

The f e c u n d i t y  o f  spawners de- 
creases from south t o  no r th  ( T a b l e  3 ) .  
These t r e n d s  i n  f e c u n d i t y  a r e  i n -  
dependent o f  age and s i z e .  

U n f e r t i  1  i z e d  eggs a r e  i r r e g u l a r l y  
round i n  f o r m  and a r e  about  1.8 mm i n  
d iamete r ;  f e r t i  1  i z e d ,  waterhardened 
eggs a r e  2.5 t o  3.5 mm i n  d i a m e t e r  and 



Table 2. Lengths, weights ,  ages, and range o f  t h e  number o f  eggs o f  h e r i -  
can shad i n  t h e  spawning popu la t i ons  o f  seven A t l a n t i c  coas t  r i v e r s  o f  t h e  
Un i ted  States,  1951-1959 (Walburg and N i cho l s  1967). 

Range of 
Fork  Body Age number o f  eggs 

R i v e r  l e n g t h  (mm) we igh t  (kg)  (years  p e r  female 
( x  1,000) 

Hudson (NY) 355-556 0.8-3.0 3-9 116-468 
Potomac (VA) 460-505 1.4-2.4 5-6 267-525 
York (VA) 399-470 1.1-2.1 4-6 169-436 
Neuse (NC) 447-498 1.8-2.7 4-6 423-547 
E d i s t o  (SC) 465-498 1.6-2.2 4-5 360-480 
Ogeechee (GA) 457-475 1.7-2.2 4-6 359-501 
S t .  Johns (FL) 368-460 0.6-1.8 - 4-6 277-659 

Tab le  3. Mean v i r g i n  ( f i r s t  t i m e  
spawners) and 1 i f e t i m e  f e c u n d i t i e s  
o f  American shad popu la t i ons  from 
f i v e  A t l a n t i c  coast  r i v e r s ,  1958- 
1973 (Legge t t  and Carscadden 1978). 

V i r g i n  L i f e t i m e  
R i v e r  f e c u n d i t y  f ecund i t y  

S t .  Johns (FL) 406,000 406,000 
York (VA) 259,000 327,000 
Connec t i cu t  (CT) 256,000 384,000 
S t .  John (NB) 135,000 273,000 
M i ram ich i  (IVB) 129,000 258,000 

a r e  t r anspa ren t ,  p a l e  p ink ,  o r  amber 
(Marcy 1976; M i l l e r  e t  a l .  1982). 
F e r t i  1 i z e d  eggs a re  s l  i g h t l y  h e a v i e r  
t han  wa te r  and a re  nonadhesive. The 
r a t e  o f  development o f  shad eggs i s  
1 i n e a r l y  r e l a t e d  t o  tempera tu re  
(Mansuet i  and Ko lb  1953). Eggs ha tch  
i n  8 t o  12 days a t  11' t o  15OC; 6 t o  8 
days  a t  17OC; and 3 days  a t  24OC 
( B i  ge l  ow and Schroeder 1953; S c o t t  and 
Crossman 1973). No v i a b l e  eggs 
develop a t  wa te r  temperatures above 
2g°C (B rad fo rd  e t  a1 . 1966). 

Larvae t o  A d u l t s  

American shad yo l k - sac  l a r v a e  a r e  
about  6 t o  10 mm l o n g  (TL) a t  h a t c h i n g  
and 9-12 mm TL when t h e  egg y o l k  i s  

absorbed (Marcy 1976). I n i t i a l l y  t h e  
l a r v a e  9-27 mm TL a r e  p l a n k t o n i c  
(Mansueti and Hardy 1967; Jones e t  a l .  
1978). They reach t h e  j u v e n i l e  s tage  
when about 25 t o  28 mm l o n g  and about 
4 weeks o l d  (Jones e t  a1 . 1978). 
l l uven i les  spend t h e  f i r s t  summer i n  
t h e  r i v e r  f e e d i n g  on crustaceans and 
aqua t i c  i n s e c t s  a t  t h e  su r f ace  o r  i n  
t h e  wa te r  column (Le im 1924; Walburg 
1957; Levesque and Reed 1972). 

I n  t h e  f a l l ,  j u v e n i l e s  (75 t o  125 
mm l ong )  m i g r a t e  down t h e  r i v e r s  t o  
b r a c k i s h  wa te r  and t hen  t o  t h e  sea. A 
decrease i n  r i v e r  water temperature 
seems t o  t r i g g e r  t h e  m i g r a t i o n  
(Chi  t t enden  1972). J u v e n i l e  shad 
mi g r a t e  seaward f i  r s t  i n  n o r t h e r n  
r i v e r s  and p r o g r e s s i v e l y  l a t e r  i n  
sou thern  r i v e r s  (Legge t t  1977). 
J u v e n i l e  shad l eave  t h e  S t .  Johns 
R i ve r ,  F l o r i d a ,  as t h e  wate r  coo l s  t o  
15.5OC (Wal bu rg  1960). I n  t h e  
Delaware R i ve r ,  shad beg in  moving 
downstream when t h e  wa te r  tempera tu re  
drops t o  about 20°C; t h e  movement 
peaks a t  15OC (Sykes and Lehman 1957). 
I n  t h e  Connec t i cu t  R i ve r ,  downstream 
m i g r a t i o n  peaks l a t e  i n  September and 
October.  Peaks f o r  t h e  Upper Delaware 
R i v e r  and t h e  Chesapeake Bay a r e  l a t e  
October  and 1 a t e  November, r espec t -  
i v e l y .  Once i n  t h e  ocean, t h e  shad 
remain t h e r e  u n t i l  t hey  mature. 



Ma1 es become s e x u a l l y  mature  when 
t h e y  a r e  3  t o  5 y e a r s  o l d  a n d  t h e  
f e m a l e s  m a t u r e  a t  4  t o  6  y e a r s  o l d  
(Le im 1924) .  Most o f  t h e  male  
f i r s t - t i m e  ( v i r g i n )  spawners i n  t h e  
Neuse ( N o r t h  C a r o l  i n a )  and Susquehanna 
( M a r y l a n d )  R i v e r s  a r e  4  y e a r s  o l d  
( L a P o i n t e  1958).  The m a j o r i t y  o f  
f e m a l e  v i r g i n  s p a w n e r s  a r e  4  t o  5 
y e a r s  o l d .  Shad a r e  known t o  comp le te  
t h e i r  e n t i r e  l i f e  c y c l e  i n  o n l y  one 
f r e s h w a t e r  system: M i  1  l e r t o n  Lake, a  
r e s e r v o i r  on t h e  San Joaqu in  R i v e r ,  
Ca l  i f o r n i a  (Lambert  e t  a1 . 1980).  

M o r p h o l o g i c a l  c h a r a c t e r i s t i c s  f o r  
d i s t i n g u i s h i n g  shad l a r v a e  f r o m  o t h e r  
l a r v a e  o f  s i m i l a r  s p e c i e s  a r e  
d e s c r i b e d  by Jones e t  a l .  (1978) .  

Ocean M i  g r a t  i 02 

The Amer ican shad i n  t h e  mid- 
A t l a n t i c  r e g i o n  f o r m  l a r g e  s c h o o l s  and 
u n d e r t a k e  e x t e n s i  ve ocean m i g r a t i o n  
( L e g g e t t  and Whitney 1972) .  Shad f r o m  
a l l  A t l a n t i c  c o a s t  r i v e r s  spend t h e  
summer and f a l l  i n  t h e  G u l f  of  Maine 
( T a l b o t  and Sykes 1758) .  T h i s  
c o n g r e g a t i o n  i n c l u d e s  immature shad 
and spawned-out a d u l t s  f rom r i v e r s  
n o r t h  o f  C h e s a p e a k e  Bay .  Shad a r e  
a p p a r e n t l y  s c a t t e r e d  a1 ong t h e  
m i d - A t l a n t i c  c o a s t  d u r i n g  t h e  w i n t e r  
( T a l b o t  and Sykes 1958; Walburg  and 
N i c h o l s  1967). M i g r a t i n g  American 
shad seek b o t t o m  w a t e r  t empera tu res  
between 3"  and 15°C b u t  p r o b a b l y  
p r e f e r  t e m p e r a t u r e s  between 7" and 
13°C (Neves and Depres 1979) .  

I n  e a r l y  s p r i n g ,  t h e  schoo ls  of  
shad m i g r a t e  t o w a r d  t h e  c o a s t .  Those 
r e t u r n i n g  t o  r i v e r s  s o u t h  o f  Cape 
H a t t e r a s  f o l l o w  t h e  G u l f  S t r e a m  t o  
remain  w i t h i n  t h e  3' t o  l F i ° C  b o t t o m  
i so the rm.  Those mi g r a t i n g  t o  r i  ve rs  
n o r t h  o f  Cape H a t t e r a s  l a t e r  i n  t h e  
s p r i n g  f o l l o w  a  r o u t e  f a r t h e r  seaward 
i n t o  t h e  M i d d l e  4 t l a n t i c  B i g h t  where 
w a t e r  t empera tu res  have r i s e n  
s u f f i c i e n t l y .  Tag r e t u r n s  i n d i c a t e  
t h a t  some s c h o o l s  m i g r a t e  n o r t h  a1 ong 
t h e  c o a s t  (Neves and Depres 1979).  

Amer ican shad m i g r a t e  as much as 
21  kmlday i n  Chesapeake Bay and t h e  
Bay o f  F u n d y  ( L e g g e t t  1 9 7 7 ) .  Some 
m i g r a t e  u p  t o  3 ,000 km d u r i n g  t h e  
s p r i n g  o r  f a l l  m i g r a t i o n .  

A  l a r g e  m a j o r i t y  o f  Amer ican shad 
r e t u r n  t o  t h e i r  n a t a l  r i v e r  t o  spawn. 
Homing b e h a v i o r  i n v o l  ves b o t h  01 f a c -  
t i o n  and r h e o t a x i s  (Dodson and L e g g e t t  
1974) .  The homing mechanism i s  
s u f f i c i e n t l y  r o b u s t  t o  p e r p e t u a t e  
m i g r a t i o n s  even a f t e r  m a j o r  changes i n  
w a t e r  f l o w ,  such as be low a  
h y d r o e l e c t r i c  dam. 

GROWTH CHARACTERISTICS 

A m e r i c a n  shad 1  i v e  t o  be 5  t o  7  
y e a r s  o l d  and most we igh  between 1 t o  
3  kg.  The o l d e s t  shad r e p o r t e d  f o r  
t h e  U n i t e d  S t a t e s  was 11 y e a r s  o f  age 
and 584 mm l o n g  ( S c o t t  and Crossman 
1973) .  F a c t o r s  t h a t  a f f e c t  g rowth  
sometimes can be i d e n t i f i e d  by 
examin ing  f i s h  s c a l e s .  Slow g rowth  i n  
t h e  w i n t e r  causes g rowth  r i n g s  on 
s c a l e s  t o  b e  c l o s e  t o g e t h e r ;  t h e s e  
w i n t e r  marks ( a n n u l i )  can be used t o  
a g e  f i s h .  J u d y  ( 1 9 6 1 )  v e r i f i e d  t h e  
s c a l e  method f o r  a g i n g  American shad. 
He a l s o  n o t e d  a  mark  on t h e  s c a l e s  
t h a t  formed when t h e  j u v e n i l e s  l e f t  
f r e s h  wa te r ,  and d e s c r i b e d  marks t h a t  
formed a t  spawning. Shad grow about  
100 mmlyr u n t i l  s e x u a l l y  mature ;  a f t e r  
m a t u r i t y ,  g rowth  s lows  ( T a b l e  4 ) .  

T a b l e  4. The ave rage  t o t a l  l e n g t h s  o f  
shad and annual  growth i nc remen ts  (mm) 
f o r  ages I t o  V I I  i n  t h e  Bay o f  Fundy 
(Le im 1924) .  

Growi na - a 

Season - Age Leng th  I n c r e m e n t  
1 s t  I 120 - 



THE FISHERY 

H i s t o r y  

I n  t h e  1 9 t h  cen tu r y ,  e x t e n s i v e  
f i s h e r i e s  f o r  shad developed a long  t h e  
e n t i r e  A t l a n t i c  c o a s t  f r o m  t h e  S t .  
Johns R i ve r ,  F l o r i d a ,  t o  t h e  St .  
Lawrence R i ve r ,  Canada. Ma jo r  t ypes  
o f  g e a r  we re  d r i f t  and s t a k e d  g i l l  
nets ,  pound nets ,  haul se ines,  we i rs ,  
f y k e  n e t s ,  how n e t s ,  and d i p  n e t s .  
The es t imated  U.S. A t l a n t i c  coas t  
ca t ch  i n  1896 was 22,680 m e t r i c  t ons  
( 5 0  m i l  1  i o n  1  b ) .  Be tween 1930 and 
1960, t h e  average annual c a t c h  was 
about 4,530 m e t r i c  t ons  o r  10 m i l l i o n  
1b (F i gu re  3). I n  1983, l and ings  were 
about 1,585 m e t r i c  t ons  (3 .5  m i l l i o n  
l b ) .  

Commercial shad 1  andi  ngs i n  
Chesapeake Bay were t r a d i t i o n a l  l y  t h e  
l a r g e s t  a long  t h e  A t1  a n t i c  coas t  
(Tab le  5 ) ,  but  because o f  t h e  c l o s u r e  
o f  Mary land 's  shad f i s h e r y  i n  1980, 
t h e  mid-At1 a n t i c  and South A t l a n t i c  
catches have been g rea te r .  Dams, 
p o l l u t i o n ,  and o v e r f i s h i n g  have 
c o n t r i b u t e d  t o  t h e  d e c l i n e  o f  shad  
s tocks.  

Cu r ren t  S t a t i s t i c s  

Rhode I s l a n d .  American shad a re  
an i n c i d e n t a l  p a r t  o f  t h e  commercial 
c a t c h  i n  Rhode I s l a n d .  Approx imate ly  
77,000 1  b  were landed i n  1982 (Tab le  
6 ) .  The Runnings and Warren R i ve r s  
suppor t  a  smal l  s p o r t  f i s h e r y .  Shad 

F i gu re  3. Landings o f  American shad, U.S. A t l a n t i c  coast ,  1880-1976 (Walburg 
and N i cho l s  1967; updated and reproduced w i t h  permiss ion  f rom P u b l i c  Se rv i ce  
E l e c t r i c  and Gas Company, 80 Park Plaza, Newark, New Jersey 07101). 
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Table 5. The landings o f  American shad (x  1,000 I b )  f o r  d i f f e r e n t  regions 
a1 ong t h e  U. S. coast,  1960-83. Code: NE=New England, MA=Mid-At1 a n t i c ,  CB= 
Chesapeake Bay, SA=South A t l a n t i c ,  PC=Paci f i c  Coast] (1960-77, Nat ional  Marine 
F isher ies  Service, S t a t i s t i c a l  Digest ;  1978-83, Nat ional  Marine F i she r ies  
Service, unpubl i s  hed data). 

Coastal regions 

Year NE MA CB S A PC 

1960 432 1,237 2,682 1,614 456 
1961 54 7 1,026 3,144 1,612 927 
1962 470 84 1 3,795 2,167 1,586 
1963 325 744 3,139 1,734 1,503 
1964 320 721 3,541 1,687 818 
1965 380 635 4,298 2,379 870 
1966 279 37 9 3,564 1,736 1,347 
1967 7 54 387 3,005 1,562 1,333 
1968 218 37 9 3,508 2,052 862 
1969 201 342 3,540 1,904 610 
1970 186 314 5,151 1,851 724 
1971 28 3 222 2,473 1,452 499 
1972 264 375 3,014 1,091 709 
1973 261 308 3,033 685 483 
1974 257 294 1,789 655 51 1 
1975 208 337 1,321 518 522 
1976 41 2 322 1,006 320 481 
1977 418 394 1,547 418 560 
1978 36 1 245 1,322 976 545 
1979 330 216 1,041 363 7 97 
1980 253 40 6 998 839 277 
1981 66 510 500 1,235 120 
1982 403 7 57 590 1,033 429 
1983 504 365 242 1,974 413 - 

have been re int roduced unsuccessful l y  
i n  t h e  Pawcatuck River ,  i n  an attempt 
t o  res to re  a  spawning popu la t ion  
there ;  t h e  r i v e r  i s  c u r r e n t l y  c losed 
t o  shad f i s h i n g .  

Connecticut.  The Connecticut 
R iver  supports a  modest commercial 
shad f i she ry .  Most f i s h i n g  i s  w i t h  
d r i f t  g i l l  nets below H a r t f o r d  a t  
n igh t .  Some f i s h i n g  i s  done du r ing  
the  day when the  water i s  t u r b i d .  
Fyke, t r a p ,  and pound nets are no t  
al lowed i n  t h e  r i v e r  du r i ng  the  shad 
run. The pr imary market i s  f o r  roe  
(eggs) ; males (buck shad) have 1  i t t l e  
o r  no value. The Sta te  o f  Connecticut 

c a r e f u l  l y  r e g t ~ l  ates commercial f i s h i n g  
f o r  shad on t h e  C o n n e c t i c u t  R i v e r .  
The season i s  open t o  commercial 
f i s h i n g  from A p r i l  1 t o  June 15. 
Dur ing  t h e  season, f i s h i n g  i s  
p r o h i b i t e d  from F r iday  sunset t o  
Sunday sunset. Monof i 1 ament g i  11 nets 
are p r o h i b i t e d  and t h e  g i l l  nets used 
must have a  minimum s t r e t c h  measure of 
5 inches. There are no s i z e  o r  sex 
r e s t r i c t i o n s .  License holders must 
repo r t  t h e i r  catch a t  t h e  end o f  each 
f i s h i n g  season. 

S p o r t f i s h i n g  f o r  shad i n  Con- 
n e c t i c u t  i s  permi t ted  from A p r i l  1 t o  
a  c l o s i n g  date determined each year. 



' Tab le 6. Annual (1960-83) commercial l and ings  ( x  1,000 l b )  o f  Kmerican shad 
from Rhode I s l a n d ,  Connec t i cu t ,  New York, New Jersey ,  Maryland, and No r t h  
C a r o l i n a  (1960-77, Na t i ona l  Mar ine F i s h e r i e s  Serv ice ,  S t a t i s t i c a l  D i ges t ;  
1978-83, Na t i ona l  Mar ine F i s h e r i e s  Se rv i ce ,  unpubl i shed  p r e l  i m i  na ry  data) .  
- 

Khode New N  ew No r t h  
Year I s l a n d  Connec t i cu t  York - Jersey Mary1 and Caro l  i na 
1960 3 42 1 472 694 1,336 702 
1961 4 463 303 633 1,815 673 
1962 7 456 243 480 1,575 765 
1963 2 30 1 202 442 827 693 
1964 3 278 141 430 890 640 
1965 4 352 133 3 92 1,343 1,069 
1966 23 242 8 1  242 1,133 701 
1967 5 240 113 2 48 86 7 777 
1968 2 212 126 241 958 84 2 
1969 6 190 136 188 1,292 719 
1970 12 17 3 106 195 1,039 953 
1971 4 2 241 7 3 141 953 680 
1972 14 249 103 263 957 468 
197 3 2 2 58 157 143 597 32 1 
1974 7 247 164 122 220 369 
1975 6 165 196 122 184 24 1 
1976 3 39 2 186 100 110 167 
1977 1 392 1 194 7 7 120 
1978 1 332 2 160 8 7 40 2 
1979 1 306 8 148 4 7 278 
1980 2 207 114 292 2 4 199 
1981 1 325 5 8 2 59 1 352 
1982 7 7 283 73 3 34 9 412 
1983 2 3 424 3 3 112 2 7 380 

A n g l i n g  and scoop ne ts  a re  p e r m i t t e d  
i n  streams. The d a i l y  bag l i m i t  i s  
s i x  f i s h .  

New York. The Hudson R i v e r  has 
t h e  o n l y  commercial American shad 
f i s h e r y  o f  no te  i n  New York. G i l l  
ne ts  a r e  t h e  p r i n c i p a l  t ype  o f  
commercial gear used. Staked g i l l  
ne t s  c o n t r i b u t e  about  70% o f  t h e  g i l l  
n e t  c a t c h  and d r i f t  g i l l  ne t s  c o n t r i -  
bu te  30%. 

New Jersey.  Most commerci a1 
f i s h i n g  (a lmost  e n t i r e l y  w i t h  g i l l  
ne t s )  i n  New Jersey  i s  concen t ra ted  i n  
Delaware Bay; t h e r e  i s  no s p o r t  
f i s h e r y  i n  t h e  bay. The o n l y  s p o r t  
f i s h e r y  begins about  90 m i  up t h e  
Delaware R i v e r  near Trenton,  New 
Jersey.  Shad from t h e  Delaware R i v e r  
have been s tocked i n t o  t h e  R a r i t a n  

R i v e r  b a s i n  i n  an a t t emp t  t o  r e s t o r e  
t h e  once.abundant runs t he re ;  however, 
a1 1  a t tempts  o f  r e s t o r a t i o n  have 
f a i l e d  (Didun 1983). 

Pennsy lvania.  There i s  no com- 
me rc i a l  f i s h e r y  f o r  American shad i n  
Pennsy lvania,  b u t  ma jo r  r e s t o r a t i o n  
a t tempts  a r e  underway on t h e  
Susquehanna and Schuyl k i  11 R i ve r s  
where s p o r t  f i s h i n g  f o r  shad i s  
c u r r e n t l y  banned. The es t imated  
annual va lue  o f  t h e  s p o r t  f i s h e r y  on 
t h e  S c h u y l k i l l  R i v e r  f i s h e r y  w i l l  be 
$1,200,000 i f  t h e  goal o f  r e s t o r a t i o n  
i s  ach ieved ( M u l f i n g e r  and Kaufmann 
1980). Es t imates  o f  t h e  annual va lue  
o f  t h e  c u r r e n t  s p o r t  f i s h e r y  on t h e  
upper Delaware R i v e r  range f rom 
$828,000 t o  $3,000,000 ( M i l l e r  e t  a l .  
1982 ) . 



Delaware.  The l e g a l  commerc ia l  
g e a r  i n  De laware i s  5- t o  6 - i n c h  
( s t r e t c h  measure) g i l l  ne ts .  F i s h i n g  
i s  a l l o w e d  f r o m  March u n t i l  e a r l y  May. 
I n  t h e  p a s t  30 y e a r s ,  t h e  f i s h e r y  has 
s h i f t e d  f rom t h e  lcwer Delaware R i v e r ,  
where d r i f t  g i  11 n e t s  were  used, t o  
De laware Bay, where anchored g i  11 n e t s  
p redomina te  (Mi 11 e r  1982).  The 
i n c r e a s e  i n  t h e  commerc ia l  c a t c h  o f  
Amer ican shad i n  t h e  Delaware E s t u a r y  
i n  r e c e n t  y e a r s  g i v e s  some e v i d e n c e  
t b a t  t h e  s p e c i e s  i s  becoming more 
abundant ( T a b l e  7 ) .  The i n c r e a s e  i s  
a t t r i b u t e d  p a r t l y  t o  r e c e n t l y  
comple ted p o l l u t i o n  abatement p r o j e c t s  
i n  t h e  l o w e r  De laware R i v e r  ( M i l l e r  
1 9 8 2 ) .  T h e r e  i s  n o  s p o r t  f i s h e r y  
excep t  f o r  N a n t i c o k e  R i v e r  and B r o a d  
Creek, t r i b u t a r i e s  t o  Chesapeake Bay. 
The f i s h i n g  season f o r  t h e  Delaware 
w a t e r s  o f  t h e  Delaware E s t u a r y  i s  f r o m  
June 10 t o  Februa ry  1. 

Mary land .  A  sha rp  d e c l i n e  i n  t h e  
com~nerc ia l  c a t c h  o f  American shad i n  
V a r y l a n d  began i n  1973 ( T a b l e  6 ) .  
T h i s  l e d  t o  t h e  c l o s i n g  o f  a l l  w a t e r s  
i n  Y a r y l a n d  t o  shad f i s h i n g  w i t h  t h e  
e x c e p t i o n  of t h e  Potomac R i v e r  ( w h i c h  
i s  r e g u l a t e d  by t h e  Potomac R i v e r  
F i s h e r i e s  Commission) and c o a s t a l  
w a t e r s  ( C a r t e r  and W e i n r i c h  1982) .  

T a b l e  7. American shad c a t c h  ( x  1,000 
l b )  and v a l u e  ( x  1,000 d o l l a r s )  f o r  
De laware and V i r g i n i a  (Mi 1  l e r  1982; 
J a c k  T r a v e l s t e a d ,  V i r g i n i a  M a r i n e  
Resources Commission; p e r s .  comm. ). 

D a t e  Delaware V i  r q i n i a  
Ca tch  Va lue  Ca tch  Va lue  

T960 3  8 6  1,349 234 

V i r g i n i a .  The b i g g e s t  American 
shad f i s h e r y  i s  a l o n g  t h e  A t l a n t i c  
c o a s t  o f  V i r g i n i a .  I n  1982, 585,000 
pounds were l anded  w i t h  a  v a l u e  o f  
$180,028 ( T a b l e  7). G i l l  n e t s  a r e  t h e  
p r i m a r y  gea r  used. 

N o r t h  C a r o l  i na. I n  N o r t h  
C a r o l i n a ,  shad a r e  c a u g h t  b y  commer- 
c i a l  and s p o r t  f i s h e r m e n  f rom l a t e  
January  t o  t h e  end o f  March. The 
commercial  f i s h e r y  employs d r i f t  and 
s t a k e d  g i l l  n e t s ,  pound n e t s ,  and 
se ines .  The p r i m a r y  t y p e s  o f  gea r  
used on t h e  Neuse R i v e r ,  w h i c h  has 
t h e  l a r g e s t  commercial  c a t c h ,  a r e  
s t a k e d  and d r i f t  g i l l  n e t s  (Hawkins 
1980). 

P o o u l a t i o n  Dvnamics 

R e c r u i t m e n t  i n t o  t h e  shad f i s h e r y  
i s  l a r g e l y  dependent on t h e  s i z e  of  
t h e  spawning s t o c k  and e n v i r o n m e n t a l  
f a c t o r s  t h a t  govern  spawning success 
and s u r v i v a l .  About  85% o f  t h e  
v a r i a t i o n  i n  t h e  numbers o f  Amer ican 
shad t h a t  spawn i n  t h e  Hudson R i v e r  i n  
any one y e a r  i s  l a r g e l y  dependent on 
t h e  number o f  spawners 5, 4 ,  and 1 
y e a r  e a r l i e r  ( T a l b o t  1954).  About 64% 
o f  t h e  annual  v a r i a t i o n  i n  t h e  abun- 
dance o f  j u v e n i l e  shad i n  t h e  
C o n n e c t i c u t  R i v e r  f r o m  1966 t o  1973 
was d i r e c t l y  r e l a t e d  t o  t h e  number o f  
spawners; 22% was a t t r i b u t e d  t o  
e n v i r o n m e n t a l  f a c t o r s ,  p r i n c i p a l l y  
w a t e r  t e m p e r a t u r e  and r i v e r  f l o w  
d u r i n g  t h e  r u n  (Marcy 1976). 

T h e  r a t e  o f  e x p l o i t a t i o n  i s  a  
m a j o r  f a c t o r  i n f l u e n c i n g  changes i n  
t h e  abundance o f  shad i n  t h e  
C o n n e c t i c u t  R i v e r  ( L e g g e t t  1976).  
Because o f  t h e  h i g h  v a l u e  o f  shad eggs 
( r o e ) ,  females i n  t h e  spawning r u n  a r e  
t h e  main t a r g e t s  o f  t h e  f i s h e r y .  

1976 36 8  896 284 The number o f  a d u l t s  t h a t  s u r v i v e  
1977 75 15 1,459 498 t h e  f i s h e r y  i n  any one y e a r  i s  
1978 70 20 1,235 212 d i r e c t l y  c o r r e l a t e d  w i t h  t h e  numbers 
1979 95 15 994 235 o f  f i s h  produced i n  t h e  n e x t  
1980 96 3  1 974 353 g e n e r a t i o n .  T h i s  r e l a t i o n s h i p  i s  
1981 191  8  7  499 141  d e s c r i b e d  by a  s t o c k - r e c r u i t m e n t  
1982 333 585 180 e q u a t i o n :  



where R i s  r e c r u i t m e n t  and N  i s  t h e  
paren t  s tock  i n  terms o f  egg numbers 
(Legge t t  1976). Average annual 
m o r t a l i t y  r a t es ,  c a l c u l a t e d  from 
tag- recap tu res  data, were about 70% 
f o r  ma les  and 71% f o r  f e m a l e s  f r o m  
1965 t o  1973 i n  t h e  Connec t i cu t  R i v e r  
( Legge t t  1976). 

The  age s t r u c t u r e  o f  Amer i can  
shad r e t u r n i n g  t o  spawn i n  Delaware 
and No r t h  C a r o l i n a  c o n s i s t s  p r i m a r i l y  
o f  4- and 5 - yea r -o l d  males and 5- and 
6-year-01 d  females (Tab1 e  8 ) .  

ECOLOGICAL ROLE 

Foods 

Apparen t l y ,  young American shad 
i n  r i v e r s  f e e d  m o s t l y  i n  t h e  w a t e r  
column (Levesque and Reed 1972; 
Domermuth and Reed 1980). E a r l y  shad 
l a r v a e  feed mos t l y  on c y c l o p o i d  
copepods and t end iped ids  (Levesque and 
Reed 1972). The stomach con ten ts  o f  

Table 8. Age compos i t i on  (%) of  t h e  
spawning p o p u l a t i o n  o f  American shad 
i n  t h e  Delaware R i ve r ,  Delaware 
(Ch i t tenden  1975), and t h e  Neuse 
R i ve r ,  No r t h  C a r o l i n a  (Hawkins 1980). 

Delaware No r t h  Ca ro l  i na 
Age Number % Age Number % 

Ma1 es 
I I 1 0.0 
111 8  2.6 
I V  236 76.1 
V  62 20.0 
V  I  3 0.0 

Females 
I  V  50 13.7 
V 225 61.6 
V I 88 24.1 
V I  I 2 0.0 

I V  
V  
V I  I  
V I I I  

Males 
16 5  

126 39 
151 46 
310 9  

3  1 
Females 

4  7  6  
447 58 

10 1  
1  0  

j u v e n i l e  (35-85 mm FL x  = 55 mm) shad 
i n  s i x  A t l a n t i c -  coas t  r i v e r s  (S t .  
Johns, F l o r i d a ;  Ogechee, Georgia; 
Neuse, No r t h  Caro l  i na; Pamunkey, 
V i r g i n i a ;  Hudson, New York; 
Connec t i cu t ,  Connec t i cu t )  suggested 
t h a t  shad a t e  s u i t a b l e  organisms t h a t  
were most a v a i l a b l e  (Wal bu rg  1957). 
I n  c o n t r a s t ,  a  s tudy  performed on t h e  
Connec t i cu t  R i ve r ,  Connec t i cu t ,  by 
Domermu t h  and Reed (1980) 
demonstrated t h a t  j u v e n i l e  shad '(TI = 
28 t o  132 mm x  = 63.3 mm) were 
s e l e c t i v e ;  i .e., most s e l e c t e d  daphnia 
(51%) and bosmids (20%), whereas 
d e s p i t e  h i g h  abundance, copepods (8%)  
and benthos (0.1%) were consumed i n  
smal l  q u a n t i t i e s .  

A f t e r  go ing  t o  sea, j u v e n i l e s  and 
a d u l t s  f e e d  on a  v a r i e t y  o f  s m a l l  
c rustaceans,  many o f  which a r e  b e n t h i c  
organisms. Copepods and mysids 
c o n s t i t u t e d  90% o f  t h e  d i e t  o f  a d u l t  
shad i n  t h e  Bay o f  Fundy (Le im 1924). 
A d u l t s  a l s o  feed  on sma l l  f i s h e s ,  
euphausids, f i s h  eggs, and amphi pods 
(B ige low and Schroeder 1953; S c o t t  and 
Crossman 1973). Most shad have a  d i e l  
v e r t i c a l  m i g r a t i o n  t h a t  f o l l o w s  t h e  
d i e l  m i g r a t i o n  o f  t h e i r  p r i n c i p a l  
food, zooplankton (Neves and Depres 
1979). I n  a  s tudy  o f f  t h e  coast  o f  
No r t h  Ca ro l i na ,  'anchovies (Anchoa 
hepsetus)  were i n  12 o f  t n  
j u v e n i l e  shad examined (87-141 mm), 
and 39 o f  41 a d u l t s  (Ho l l and  and 
Ye l ve r t on  1973). The stomachs a l s o  
con ta i ned  zooplankton under 5  mm 
(Ho l l and  and Ye l ve r t on  1973). T h i s  
s i z e  was r e p o r t e d  by A t k i nson  (1951) 
as be i ng  t o o  sma l l  f o r  shad g i l l  
rakers  t o  r e t a i n .  

Food was scarce  i n  t h e  stomachs 
o f  shad m i g r a t i n g  upstream t o  spawn 
(Le im 1924). Bu t  i n  one experiment,  
m i g r a t i n g  prespawning shad p laced  i n  a  
f reshwate r  pond f e d  on a r t i f i c i a l  f eed  
(A t k i nson  1951). 

A d u l t  shad  f e d  on m a y f l i e s  i n  
f r eshwa te r  and t h e i r  stomachs 
con ta ined  t h e  remains of sma l l  f i s h  
(Chi t t enden  1976). Shad s t r i k e j  



a r t i f i c i a l  l u r e s  when i n  f reshwater ,  a  
behav io r  unexpla ined.  

Preda to rs  

Juven i l e  shad may be preyed upon 
by a v a r i e t y  o f  p reda to rs  i n  f resh-  
waters ( S c o t t  and Crossman 1973), b u t  
Leim (1924) was unable t o  demonstrate 
 reda at ion by e i t h e r  American ee l s  
( ~ n ~ u i l  l a  r o s t r a t a )  o r  s t r i p e d  bass 
(Morone s a x m i  n t h e  Shubenacadi e  
River ,  Nova Sco t ia .  Seals prey on 
American shad, bu t  adul t s  p robab ly  
have few enemies, except  f o r  humans 
( S c o t t  and Crossman 1973). 

Diseases 

The American shad has t h e  usual  
complement o f  p a r a s i t e s  and diseases. 
Acanthocephal a, p a r a s i  t i c  copepods, 
d i  stomes, nematodes, and trematodes 
have a l l  been repo r t ed  i n  o r  on shad 
( S c o t t  and Crossman 1973 ) .  I n  t h e  
Connec t i cu t  R i ver, t h e  sea 1 amprey 
(Petromyzon mar i  nus) and f reshwater  
lampreys (Ichthyomyzon spp.) sometimes 
a t t a c h  t o  a d u l t  shad (Walburg and 
N i cho l s  1967). 

ENVIRONMENTAL REQUIREMENTS 

Sal i n i t y  - 

The American shad adapts r e a d i l y  
t o  e i t h e r  f reshwater  o r  seawater 
d u r i n g  i t s  anadromous m ig ra t i ons .  The 
a d u l t s  may spend two t o  t h r e e  days i n  
t h e  es tua ry  be fo re  e n t e r i n g  t h e  r i v e r  
(Legget t  1976).  One t e s t  was made i n  
t h i s  connect ion.  T rans fe r  of a d u l t  
shad f rom seawater t o  f reshwater  over  
a 2.5 hour  p e r i o d  caused p h y s i o l o g i c  
s t r e s s  and a m o r t a l i t y  o f  54% (Legget t  
and 0 '  Boyle 1976). 

Eggs a re  always depos i ted  i n  
f reshwater  and a r e  b e l i e v e d  t o  be 
i n t o l e r a n t  o f  f u l l - s t r e n g t h  seawater. 
Le im (1924) suggests t h a t  shad eggs 
and l a r v a e  t o l e r a t e  b rack i sh  water  
w i t h  a s a l i n i t y  as h i g h  as 15 pp t .  

Temperature 

Spawning runs i n t o  r i v e r s  
(Col umbia R i ve r ,  Washington; 
Connec t i cu t  R i ve r ,  Connect j  c u t -  
Massachusetts; S t .  Johns R iver ,  
F l o r i d a )  a t  va r ious  l a t i t u d e s  on t h e  
P a c i f i c  and A t l a n t i c  coas ts  o f  No r t h  
America peak a t  water  temperatures of 
15.5" t o  20.0°C (Legget t  and Whitney 
1972). 

The r a t e  o f  development of shad 
eggs i s  l i n e a r l y  r e l a t e d  t o  
temperature (Mansuet i and Kol  b  1953). 
Eggs hatch i n  8 t o  12 days a t  11" t o  
15°C; 6 t o  8 days a t  17°C and 3 days 
a t  24°C. (Le im 1924; B ige low and 
Schroeder 1953; S c o t t  and C rossman 
1973). Eggs s top  deve lop ing  when 
water  temperatures drop t o  7°C (Leim 
1924). Abnormal i t i e s  devel  op when t h e  
temperature r i s e s  t o  22OC (Leim 1924), 
and no v i a b l e  l a r v a e  develop f rom eggs 
a t  wa te r  temperatures above 29°C 
(B rad fo rd  e t  a l .  1966). 

The American shad i s  i n t o l e r a n t  
o f  c o l d  water  temperatures.  The lower  
thermal t o l e r a n c e  l i m i t  i s  about 2°C 
bu t  pro longed exposure t o  4" t o  6°C 
may cause  h i g h  m o r t a l i t y  o r  s t r e s s  
(Ch i t tenden 1972). I f  young shad a r e  
g iven  a choice, they  g e n e r a l l y  avo id  
temperatures be1 ow 8°C and s t r o n g l y  
avo id  temperatures below 5°C. 
Ch i t t enden  concluded t h a t  c o l d  wate r  
re leases  be1 ow 1 arge impoundments may 
c u r t a i l  o r  des t roy  h i s t o r i c a l  spawning 
and nursery  areas there .  

Juven i l e  American shad at tempt  t o  
avo id  excess i ve l y  h i gh  o r  r a p i d  
increases i n  water  temperature. Tests  
i n  tanks  show t h a t  shad avo id  
temperature increases of about 4°C 
above t h e  a c c l i m a t i o n  temperature 
(Moss 1970). They d i d  no t  a t tempt  t o  
a v o i d  changes o f  1 ° C ,  s u g g e s t i n g  a 
sensory t h r e s h o l d  of between + l o  and 
+4"C above ambient temperature. 

F i e l d  observa t ions  hear out  t h e  
l a b o r a t o r y  f i n d i n g s  o f  Ch i t tenden 
(1972) and Moss (1970). M i g r a t i o n s  o f  



American shad i n  t h e  ocean and 
f r e s h w a t e r  a r e  c l o s e l y  t i e d  t o  changes 
i n  w a t e r  t empera tu re .  Shad a r e  most 
f r e q u e n t l y  caught  c o m m e r c i a l l y  i n  
o c e a n  b o t t o m  t e m p e r a t u r e s  o f  7O t o  
13°C (Neves and Depres 1979) .  

Oxygen 

The American shad r e q u i r e  we1 l- 
oxygenated w a t e r s  e i t h e r  i n  r i v e r s  o r  
i n  t h e  sea. D i s s o l v e d  oxygen l e v e l s  
m u s t  b e  a t  l e a s t  4 t o  5 m g / l  i n  
headponds t h r o u g h  wh ich  shad pass i n  
t h e i r  m i g r a t i o n  (Jessop 1975) .  I n  t h e  
l a b o r a t o r y ,  e q u i l i b r i u m  i s  l o s t  a t  
d i s s o l v e d  oxygen l e v e l s  be low 3 mg/ l  ; 
heavy m o r t a l  i t y  occu rs  a t  l eve1 s be1 ow 
2 mg / l ;  and a l l  f i s h  d i e  a t  concen- 
t r a t i o n s  l e s s  t h a n  0.6 mg/ l  
( C h i t t e n d e n  1 9 6 9 ) .  Shad  eggs  w e r e  
absent  where t h e  c o n c e n t r a t i o n  o f  
d i s s o l v e d  oxygen was l o w e r  t h a n  5 mg/ l  
( M a r c y  1 9 7 6 ) .  The  o x y g e n  LCs0 f o r  
C o n n e c t i c u t  R i v e r  shad eggs i s  2.0 t o  
2.5 mg/ l  ( C a r l s o n  1968).  

Tu r b i  d i  t y  

E x t e n s i v e  d r e d g i n g  o f  t h e  Hudson 
R i  v e r  produced no measurab le  adve rse  
e f f e c t s  on shad abundance ( T a l b o t  
1954) .  A d u l t  shad r e a d i l y  e n t e r  t h e  
Shuebenacadie R i v e r  i n  Nova Sco t  i a ,  
where suspended sed iment  c o n c e n t r a t i o n  
sometimes i s  1 g / l  (Le im 1924) .  I n  a 
l a b o r a t o r y  s tudy ,  m o r t a l i t y  of eggs 
he1 d i n  c o n c e n t r a t i o n s  o f  suspended 
sed iments  up t o  1 g / l  f r o m  f e r t i l i z a -  
t i o n  t o  h a t c h i n g  d i d  n o t  d i f f e r  
s i g n i f i c a n t l y  f r o m  c o n t r o l  g roups 
( A u l d  and Schubel  1978) ;  however, t h e  
s u r v i v a l  o f  s h a d  l a r v a e  e x p o s e d  t o  
c o n c e n t r a t i o n s  g r e a t e r  t h a n  0.1 g / l  
f o r  96 h o u r s  was s h a r p l y  reduced. 
L a r v a e  a p p a r e n t l y  a r e  much l e s s  
t o l e r a n t  o f  suspended sed iments  t h a n  
eggs. 

S u b s t r a t e  - 

S u b s t r a t e  t y p e  a p p a r e n t l y  i s  
u n i m p o r t a n t  t o  shad. They spawn i n  
t h e  w a t e r  column and t h e  eggs a r e  
c a r r i e d  downstream. American shad 

have been observed t o  spawn success- 
f u l l y  o v e r  s i l t ,  mud, sand, g r a v e l ,  
and b o u l d e r s  (Mansue t i  and Kol b 1953; 
Wal b u r g  1960; L e g g e t t  1976). Only  
u n d e r  t h e  most  adve rse  o f  cond i  t i o n s ,  
i n  wh ich mud cove red  and smothered t h e  
eggs, was s u b s t r a t e  a problem. 

Depth  

Amer ican shad show l i t t l e  dep th  
p r e f e r e n c e  i n  f r e s h w a t e r .  A d u l t s  a r e  
c a u g h t  d u r i n g  s p a w n i n g  r u n s  i n  a1 1 
p a r t s  o f  t h e  r i v e r  channel .  Spawning 
has been observed i n  r i v e r s  a t  depths  
r a n g i n g  f rom 0.45 t o  7 m (Mansue t i  
and K o l b  1953; Walburg  1960; Kuzmeskus 
1977 ) . 

J u v e n i l e s  were found  a t  depths  o f  
0.9 t o  4.9 m i n  t h e  C o n n e c t i c u t  R i v e r  
(Marcy 1976) .  Abundance was r e l a t e d  
t o  t h e  d i s t a n c e  ups t ream and n o t  t o  
d e p t h .  D u r i n g  t h e  day ,  87% o f  t h e  
j u v e n i l e  s h a d  c a u g h t  i n  a g i l l  n e t  
were n e a r  t h e  b o t t o m  a t  dep ths  o f  3.7 
t o  4.9 m. A t  n i g h t ,  a l l  were caught  
n e a r  t h e  su r face .  A t  sea, shad a r e  
n e a r  t h e  b o t t o m  d u r i n g  t h e  day  a n d  
d i s p e r s e  i n  t h e  w a t e r  column a t  n i g h t  
(Neves and Depres 1979) .  

Water Movement 

Water  v e l o c i t y  i s  c r i t i c a l  t o  
shad because shad must n e g o t i a t e  r i v e r  
c u r r e n t s  and o c c a s i o n a l  f i  shways when 
mi g r a t i n g  upstream, and pass s a f e l y  
o v e r  s p i  1 lways whi  l e  g o i n g  downstream. 
A d u l t  shad m i g r a t i n g  ups t ream a r e  
r e l u c t a n t  t o  use  t r a d i t i o n a l  f i shways,  
p r o b a b l y  because e n t r a n c e  w i d t h s ,  

' dep ths ,  and f l o w s  a r e  o f t e n  u n s u i t a h l e  
(Walburg  and N i c h o l s  1967) .  Poo l -and-  
we i  r f ishways,  v e r t i c a l - b a f f l e  
f i shways,  and e l e v a t o r s  a r e  b e t t e r  
c a r r i e r s  o f  Amer ican shad. F o r  t h e  
poo l -and-wei  r f ishway,  opt imum d i f f e r -  
ence i n  p o o l  e l e v a t i o n s  i s  23 cm when 
w a t e r  v e l o c i t i e s  a r e  6 1  t o  9 1  crn/sec. 
F o r  any f i s h  passage t o  work,  p r o p e r  
cu r ren t  a t  t h e  entrance i s  essent ia l .  

I n  t h e  C o n n e c t i c u t  R i v e r ,  t h e  
d a i l y  movement ups t ream i s  abou t  5 km 



i n  b r a c k i s h  w a t e r ,  and 14  km i n  f r e s h -  
w a t e r  ( L e g g e t t  1976) .  A d u l t  
downst ream m i g r a t i o n  depends on w a t e r  
c u r r e n t s  and t h e  p a t t e r n  of  c u r r e n t s  
around o b s t r u c t i o n s .  I n  t h e  
F a r m i n g t o n  R i v e r ,  a  t r i b u t a r y  o f  t h e  
C o n n e c t i c u t  R i v e r ,  f l o w  r a t e  i n t o  t h e  
f i s h w a y  accoun ts  f o r  60% o f  t h e  
v a r i a t i o n  i n  t h e  number o f  downstream 
mi g r a n t s  e n t e r i n g  t h e  f ishway ( M o f f i t t  
1979) .  No f i s h  e n t e r e d  t h e  t r i b u t a r y  
b e c a u s e  o f  t h e  l a c k  o f  a n  a d e q u a t e  
a t t r a c t a n t  f low.  F i s h  t h a t  f a i l  t o  
f i n d  t h e  downstream passage must pass 
o v e r  t h e  s p i l l w a y  o r  t h r o u g h  
h y d r o e l e c t r i c  t u r b i n e s .  Between 57% 
and 80% o f  j u v e n i l e  s h a d  t h a t  p a s s  
t h r o u g h  a  850 kw Ossberge r  t u r b i n e  a r e  
k i l l e d  o u t r i g h t ,  and o t h e r s  may d i e  

l a t e r  o f  s t r e s s  o r  a r e  easy p r e y  t o  
p r e d a t o r s  (G loss  1982).  A f i s h w a y  may 
cause m o r t a l i t y  because o f  e x c e s s i v e  
l o s s  o f  s c a l e s  and i n j u r y .  A t  l e a s t  
25% o f  t h e  shad d i p  as a  r e s u l t  o f  t h e  
f i s h - l i f t  a t  Mactaquac, New Brunsw ick  
( J e s s o p  1 9 7 5 ) .  E x p o s u r e  t o  l e t h a l  
n i t r o g e n  s u p e r s a t u r a t e d  w a t e r s  be1 ow 
t h e  dam s o m e t i m e s  c a u s e s  s t r e s s  o r  
m o r t a l  i t y  (MacDonald and H y a t t  1973).  

Spawning t a k e s  p l a c e  i n  w a t e r  
v e l o c i t i e s  r a n g i n g  f r o m  9.5 t o  1 3 2  
cmlsec based on h y d r o g r a p h i c  d a t a  a t  
s i t e s  where Kuzmeskus (1977)  found 
f r e s h  spawn. Spawning n o r m a l l y  t a k e s  
p l a c e  a t  v e l o c i t i e s  o f  30 t o  90 cmlsec 
(Wal b u r g  1960) .  
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