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PREFACE 

Th is  species p r o f i l e  i s  one o f  a s e r i e s  on coasta l  aquat ic  organisms, 
p r i n c i p a l l y  f i s h ,  o f  spo r t ,  commercial, o r  eco log i ca l  importance. The p r o f i l e s  
are designed t o  p rov ide  coasta l  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  t h e  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  and environmental 
requirements o f  t h e  species and t o  descr ibe  how popu la t i ons  o f  t h e  species may be 
expected t o  r e a c t  t o  environmental changes caused by coas ta l  development. Each 
p r o f  i 1 e has sec t ions  on taxonomy, 1 i f e  h i  s t o r y ,  eco log i ca l  r o l e ,  environmental 
requirements , and economi c importance, i f appl i cab1 e. A t h r e e - r i  ng b i n d e r  i s  
used f o r  t h i s  s e r i e s  so t h a t  new p r o f i l e s  can be added as they  are  prepared. 
Th i s  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 t h e  U.S. F i s h  and W i l d l i f e  Serv ice.  

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 of 
t h e  f o l l  owing addresses. 

I n fo rma t ion  T rans fe r  S p e c i a l i s t  
Na t i ona l  Wetlands Research Center 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Slidel l  Computer Complex 
1010 Gause Boulevard 
S l i d e l l ,  LA 70458 

U. S. Army Engineer Waterways Experiment S t a t i o n  
A t t e n t i  on: WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

M e t r i c  t o  U.S. Customary - 
Mu1 t i p l y  & To O b t a i n  

m i l l  ime te rs  (mn) 
cen t imete rs  ( an) 
meters (m) 
k i  1  ometers ( km) 

2 
square mete rs  (m ) 10.76 
square k i  1  m e t e r s  ( km2) 0.3861 
hec ta res  (ha)  2.471 

l i t e r s  ( 1 )  
c u b i c  a e t e r s  (m3) 
cub ic  rneters 

inches 
inches 
f e e t  
m i l  es 

square f e e t  
square 1ni1 es 
acres 

gal 1 ons 
c u b i c  f e e t  
a c r e - f e e t  

m i l l  igrams (mg) 0.00003527 ounces 
grams ( g )  0.03527 ounces 
k i log rams ( k  ) 2.205 pounds 
m e t r i c  tons q t )  2205.0 pounds 
m e t r i c  tons 1.102 s h o r t  tons  
k i  1  ocal  o r i e s  ( kca l  ) 3.968 B r i t i s h  thermal u n i t s  

Cel s i u s  degrees 1.8(Oc) + 32 Fahrenhe i 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 e s  { 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 ic  f e e t  ( f t 3 )  
acre- f e e t  

ounces (02)  28.35 
pounds ( l 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 o m e t e r s  
k i  1  o v e t e r s  

square meters 
hectares 
square k i  1  ometers 

1 i t e r s  
c u b i c  meters 
cub ic  meters 

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

Fahrenhe i t  degrees 0.5556("F - 32) C e l s i u s  degrees 
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F i g u r e  1. A: a l e w i f e ;  B: blueback h e r r i n g .  

ALEWIFEIBLUEBACK HERRING 

PROF I LE SCOPE 

Th is  p r o f i l e  descr ibes  t h e  l i f e  
h i s t o r y  and envi ronmenta l  requi rements 
o f  t h e  a l e w i f e  (A losa  seudoharen u s )  
and t h e  b l u e b ~ R d a  
a e s t i v a l i s ) ,  s i n c e  t h e i r  d i s t r i b u t i o n  
i s  o v e r l a p p i  nq and t h e i r  morpholosv, . . 
e c o l o g i c a l  r6l e, and env i  ronmental  
requ i rements a r e  s i m i l a r .  
Never the less,  s i g n i f i c a n t  d i f f e r e n c e s  
i n  c e r t a i n  p h y s i c a l ,  p h y s i o l o g i c a l ,  
and 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  e x i s t  
between t h e  two species.  When 
i n f o r m a t i o n  i s  a v a i l a b l e ,  t hese  
d i f f e r e n c e s  a r e  addressed by separa te  
s tatements f o r  each species.  I n  
a d d i t i o n ,  a  s p e c i a l  s e c t i o n  o n  t h e  
most r e a d i l y  d i s t i n g u i s h i n g  charac- 
t e r i s t i c s  f o r  s e p a r a t i n g  eggs, l a r vae ,  
and  a d u l t s  o f  t h e  t w o  c l u p e i d s  i s  
p resen ted  i n  t h e  morphology sec t i on .  

Because most o f  t h e  i n f o r m a t i o n  
a v a i l a b l e  f o r  t h e  two spec ies  concerns 
t h e  a l e w i f e ,  c h a r a c t e r i s t i c s  o f  t h i s  
species a r e  g iven  p r i o r i t y  r e fe rence  
i n  t h e  t e x t .  Fea tu res  shou ld  n o t  be 

c o n s i d e r e d  s i m i l a r  among t h e  t w o  
spec ies  un less  no ted  as such. I n  a 
few r e p o r t s  ( p a r t i c u l a r l y  t hose  on 
comrwrc ia l  f i s h e r i e s  s t a t i s t i c s ) ,  t h e  
two  spec ies  a r e  r e f e r r e d  t o  c o l -  
l e c t i v e l y  as " r i v e r  h e r r i n g "  o r  "gas- 
pereau"  (Canada). 

NOMENCLATURE /TAXONOMY /RANGE 

S c i e n t i f i c  names . . . . . 9 l o s a  
seudoharen us (Wi lson)  o r  

'-chill) 
~l hsa 

P r e f e r r e d  common names. . . . . . . 
a l e w i f e  and b lueback h e r r i n g  
(F i gu re  1) 

Other  common names . . . . . . . . 
a l e w i f e  -- f r e s h w a t e r  h e r r i n g ,  
grayback, gaspereau, sawbel l y ,  kyak, 
branch h e r r i  ng; blueback h e r r i n g  -- 
g l u t  h e r r i n g ,  summer h e r r i n g ,  b l a c k  
be1 l y ,  kyack (B ige low and Schroeder 
(1953) 

C lass .  . . . . . . . . . .Oste ichthyes 
Order.  . . . . . . . . . .Clupeiformes 
Fami ly .  . . . . . . . . . . .C l u p e i  dae 



Geographical range: The a1 ew i fe  and 
blueback h e r r i n g  a re  anadromous 
species common i n  r i v e r s ,  es tua r ies ,  
and coasta l  waters o f  t h e  North 
At1 a n t i c  f rom Newfoundland (Wi n te rs  
e t  a l .  1973) t o  South Caro l i na  
(Ber ry  1964). Se l f - sus ta in ing ,  
landlocked popu la t ions  have been 
es tab l i shed  i n  t h e  Laurent ian  Great 
Lakes, t h e  F inge r  Lakes o f  New York, 
and several  o the r  f reshwater  1  akes 
(Bigelow and Schroeder 1953; S c o t t  
and Crossman 1973). The blueback 
h e r r i n g  i s  geograph ica l ly  d i s t r i  - 
buted a long t h e  A t l a n t i c  coast f rom 
Nova Sco t i a  t o  t h e  St .  Johns R ive r ,  
F  1  o r i da  (Hi 1  debrand 1963). The 
d i s t r i b u t i o n  o f  a lewives  and 
blueback h e r r i n g  f rom Cape Cod 
n o r t h  t o  Maine i s  i l l u s t r a t e d  i n  
Figures 2a and 2b. 

MORPHOLOGY/IDENTIFICATION AIDS 

The f o l l o w i n g  i n fo rma t ion  was 
taken f rom morphological summaries 
p r e p a r e d  by Jones e t  a l .  ( 1978 ) ,  
u n l  ess otherwise indicated. 

A lew i fe  

Dorsal rays 12-19 ( u s u a l l y  
13-14), anal rays 15-21 ( u s u a l l y  
17-18), scales i n  l a t e r a l  l i n e  s e r i e s  
42-54. B e l l y  w i t h  scutes fo rming a  
kee l .  Prepel v i c  scutes 17-21 (usual  l y  
19-20), p o s t p e l v i c  scutes 12-17 
( u s u a l l y  14-15), g i l l  rakers  on f i r s t  
arch 38-46. Body s t r o n g l y  compressed, 
deep. Mouth ob l ique,  a n t e r i o r  end o f  
lower jaw t h i c k ,  heavy; jaw ex tend ing 
t o  middle of o r b i t .  Eye la rge,  d i a -  
meter g reater  than snout length.  
Co lor :  dorsa l  l y ,  gray t o  gray-green; 
l a t e r a l l y ,  s i  1  ver w i t h  prominent dark 
shoulder spot ;  f i n s  pale,  ye l l ow ,  o r  
green. 

B l  ueback H e r r i n g  

Dorsal rays 15-20, anal rays 
15-21, scales i n  l a t e r a l  se r i es  46-54. 
Prepel v i c  scutes 18-21, pos tpe l  v i c  
s c u t e s  12-16, g i l l  r a k e r s  on f i r s t  

arch 41-52. Body moderately com- 
pressed, elongate, eye diameter smal l ,  
equal t o  o r  l ess  than  snout length .  
Upper jaw w i t h  d e f i n i t i v e  median 
notch, no t e e t h  on premaxi 11 a r i es  . 
Color :  d o r s a l l y ,  b lue  t o  blue-green; 
l a t e r a l  l y ,  s i l v e r  w i t h  prominent dark 
shoulder  spot; f i n s  pale,  ye l low,  o r  
green. Adu l t s  o f ten  w i t h  r a t h e r  d i s -  
t i n c t  dusky l i n e s  a long t h e  back as 
shown i n  F igu re  1. 

Aids f o r  Species Separat ion 

Eggs. U n f e r t i  1  i z e d  blueback 
h e r r i n g  eggs amber, a l e w i f e  eggs 
greenish. O i  1  d r o p l e t s  o f  f e r t i l i z e d  
blueback h e r r i n g  eggs unequal i n  s i z e  
and scat te red;  those of a l e w i f e  eggs 
numerous and u n i f o r m l y  smal l  (Kuntz 
and Radcl i f f e  1917; Norden 1967). 

Larvae. Myomeres between i nser- 
t i o n  o f  dorsaq f i n  and anal vent 11-13 
f o r  blueback h e r r i n g  and larvae,  7-9 
f o r  a l e w i f e  ( t h i s  c h a r a c t e r i s t i c  i s  
d e f i n i t i  ve accord ing  t o  Chambers e t  
a1 . C19761). According t o  Chambers e t  
a l .  ( 1 9 7 6 ) ,  l a r v a e  l e s s  t h a n  15 mm 
l o n g  can be separated by u s i n g  regres-  
s i o n s  o f  v e n t  t o  t a i l  d i s t a n c e  and 
vent t o  u r o s t y l e  d i s tance  against  
s tandard l eng th  (SL). 

Adu l ts .  The two species are  
morphological  l y  s  i m i  1  a r  but  can be 
separated by d i f f e r e n c e s  i n  s c a l e  
i m b r i c a t i o n  pa t te rns  and i n d i v i d u a l  
s c a l e  markings (F igu re  3) .  Alewives 
u s u a l l y  have t h e  fewer vertebrae, 
do rsa l  rays, and g i l l  rakers on t h e  
f i r s t  arch. 

REASON FOR INCLUSION I N  THE SERIES 

The a l e w i f e  and blueback h e r r i  ng 
are  important  f o rage  and commercial 
f i shes .  E c o l o g i c a l l y  , they a re  
impor tan t  energy 1  i nks  between zoo- 
p lank ton  and p i sc i vo res .  I n  New 
England both species have a  l ong  
h i s t o r y  o f  commercial e x p l o i t a t i o n  and 
a re  impor tan t  as sources o f  f i s h  meal, 



A TLA N TIC OCEAN 

Coasta l  distribution 

MILES 

Figure  2a. D i s t r i b u t i o n  o f  a lewives along t h e  U.S. North A t l a n t i c  coast. 
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ATLANTIC OCEAN 

Coalltal  dlstrlbution 

MILES 

Figure 2b. D i s t r i b u t i o n  o f  blueback he r r ing  along the U.S. North A t l a n t i c  coast. 
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ALEWIFE BLUEBACK HERRING 
approx. scale: - lcm 

I-,Arrnrol ulc1v --.--e--.--------I 

A L I m a  WIrnYICI IIImm 
approx. scale - 5 mm 

F igu re  3. Scale i m b r i c a t i o n  p a t t e r n s  
( top)  and i n d i v i d u a l  sca le  morphology 
(bottom) used f o r  e x t e r n a l  
d i s c r i m i n a t i o n  o f  t h e  a l e w i f e  and t h e  
blueback h e r r i n g  ( f rom MacLel lan e t  
a l .  1981; used w i t h  permiss ion  o f  t h e  
Canadian Journa l  - o f  F i s h e r i e s  and 
Aquat ic  Sciences). 

f i s h  o i l ,  and f i s h  p r o t e i n ,  p a r t i c u -  
l a r l y  f o r  t h e  animal f o o d  i ndus t r y .  
Alewives a l s o  a re  impor tan t  as b a i t  i n  
t h e  New England l o b s t e r  f i s h e r y .  

LIFE HISTORY 

Reproduct ive C h a r a c t e r i s t i c s  

A  smal l  percentage of anadromous 
a lewives spawn f o r  t h e  f i r s t  t ime  i n  
t h e i r  f o u r t h  yea r  o f  l i f e  (age group 
111). Dur ing  spawning, males 
numer i ca l l y  dominate f i s h  i n  age 
groups I 1 1  and I V  and females dominate 

among t h e  o l d e r  f i s h .  Th i s  r e l a t i o n  
suggests t h a t  males mature a t  an 
e a r l i e r  age than females b u t  have a  
s h o r t e r  l i f e  span. The age o f  f i r s t  
spawning o f  blueback h e r r i n g  var ies  
more t h a t  t h a t  o f  t h e  a l e w i f e ,  y e t  
t h e y  m a t u r e  a t  abou t  t h e  same age 
(Joseph and D a v i s  1965; Loesch and 
Lund 1977; O ' N e i l l  1980). 

Age a t  f i r s t  spawning, percentage 
o f  repeat  spawners, and 1  ongevi t y  o f  
a lewives tend  t o  decrease from n o r t h  
t o  south. Fo r  example, spawning a l e -  
wives i n  southern North Ca ro l i na  were 
numer i ca l l y  dominated by Age I 1 1  f i s h ;  
none were  o l d e r  t h a n  Age I V  (Tyus 
1974). I n  con t ras t ,  a l e w i f e  spawning 
popu la t ions  cons i s ted  o f  age groups 
I 1 1  t o  V I I I  i n  Chesapeake Bay (Joseph 
and Davis 1965) and i n  t h e  Connect icut  
R i v e r  (Marcy  1969; Loesch and Lund 
1977), and o f  age groups I V  t o  X f o r  
both species i n  Nova Sco t i a  (O 'Ne i l  
1980). The percentages o f  repeat  
spawners ( f i s h  t h a t  spawned du r i ng  two 
o r  more yea rs )  were 60% f o r  alewives 
i n  Nova S c o t i a  ( O I N e i l l  1980); 61% i n  
t h e  York R i ve r ,  V i r g i n i a  (Joseph and 
D a v i s  1965) ;  and l e s s  t h a n  10% i n  
southern  North Ca ro l i na  (Tyus 1974). 
Repeat spawners among blueback h e r r i n g  
were 65% i n  t h e  York R i v e r  and 75% i n  
Nova S c o t i a  (Joseph and Davis 1965; 
O ' N e i l l  1980). 

The females o f  a lewives and 
blueback h e r r i n g  are  s l  i g h t l y  l a r g e r  
and heav ie r  t han  males o f  t h e  same age 
(Cooper 1961; Netze l  and Stanek 1966; 
Marcy 1969; Loesch and Lund 1977). 

Fecund i ty  

Fecund i ty  est imates f o r  female 
a lewives i n  t h e  Parker  R iver ,  Massa- 
chuset ts ,  ranged f rom about 68,000 t o  
206,000 eggs pe r  female (Cole e t  a l .  
1980). Age group V females averaged 
168,000 eggs whereas females of age 
groups I 1 1  and V I I  averaged on l y  about 
118,000 eggs (Co le  e t  a l .  1980). 
Fecund i ty  of Chesapeake Bay a lewives 
ranged f rom 60,000 t o  100,000 eggs p e r  
female (Foe rs te r  and Goodbred 1978). 



The age-fecundi ty  r e l a t i o n  may be 
asymptot ic  f o r  both a lewives and 
blueback h e r r i n g ,  and " fecundal  
sen i  1 i t y "  may c h a r a c t e r i z e  a l l  
1  ong-1 i ved s tocks  of these species 
( S t r e e t  1969; Loesch and Lund 1977). 

Females apparent ly  l a y  nea r l y  a l l  
of t h e i r  eggs du r i ng  spawning. Spent 
female a lewives l e a v i n g  t h e  Parker  
R i v e r  conta ined l ess  than 0.1% o f  t h e  
average number o f  eggs i n  t h e  females 
e n t e r i n g  t h e  spawning runs. About 7% 
of t h e  a d u l t  female a lewives r e t u r n i n g  
t o  t he  sea f rom t h e  Parker  R i v e r  i n  
1975 and 1976 had no t  spawned (Cole e t  
a l .  1980). Female blueback h e r r i n g  i n  
t h e  Connect icut  R i v e r  r e t a i n e d  10% t o  
30% o f  t h e i r  f u l l  complement of eggs 
a f t e r  spawning (Loesch and Lund 1977). 

Spawni ng  

H i s t o r i c a l l y  i n  Maine, a lewives 
and blueback h e r r i n g  made spawning 
runs up a l l  o r  nea r l y  a l l  streams w i t h  
access t o  lakes, ponds, and backwaters 
(F lagg 1977). Even b a r r i e r  beach 
ponds w i t h  an o u t l e t  t o  t h e  sea were 
used by a lewives as spawning grounds 
(Bigelow and Welsh 1925). 

The two species spawn once a yea r  
i n  s p r i n g  o r  e a r l y  summer i n  f r e s h  o r  
b rack ish  water  (Raney and Massmann 
1953) .  Ma les  e n t e r  t h e  mouths o f  
r i v e r s  i n  wh i ch  t h e y  spawn e a r l i e r  
than females (Cooper 1961; Tyus 1971; 
Richkus 1974a). Blueback h e r r i n g  do 
no t  u s u a l l y  swim as f a r  upstream as 
a l e w i v e s  do t o  spawn (Jones e t  a1 . 
1978, c i t e d  from Loesch 1968, 1969). 
Adu l t  a lewives move i n t o  f reshwater  
on l y  d u r i n g  day1 i g h t  hours, p r i m a r i l y  
between 1500 and 1800 h. Be1 t z  
(1975) surmised t h a t  l i g h t  ac ts  as a 
swi tch ,  i n i t i a t i n g  m i g r a t i o n  i n  t h e  
morning and ha l t i ng  i t  i n  the evening. 

Downst ream movement o f  a d u l t  
alewives a f t e r  spawning i s  no t  a ran- 
dom event, nor  does it depend on t h e  
l eng th  o f  t ime  spent on t h e  spawning 
grounds. Downst ream movement appar- 
e n t l y  i s  t r i g g e r e d  by an inc rease i n  

water  f low, suggest ing  t h a t  em ig ra t i on  
o f  a d u l t s  a f t e r  spawning i s  a rheotac-  
t i c  response (Huber 1978). 

I n  l a b o r a t o r y  t e s t s ,  a d u l t  
anadromous a lewives f rom Rhode I s l a n d  
waters were capable o f  d i s t i n g u i s h i n g  
water  o f  t h e i r  n a t a l  pond f rom water  
c o l l e c t e d  i n  nearby ponds. O l f a c t i o n  
was shown t o  be t h e  m a j o r  s e n s o r y  
mechanism f o r  homing behavior  
(Thunberg 1971). A1 though homing 
behavior  i s  s t r o n g  i n  alewives, con- 
s i d e r a b l e  m ix ing  of s tocks  takes 
p lace.  D i sc r im inan t  f u n c t i o n  analyses 
by Messieh (1977) f o r  f i s h  o f  t h e  St .  
Johns R ive r ,  F l o r i d a ,  i n d i c a t e d  t h a t  
spawning s tocks  o f t e n  s t r a y e d  f rom 
home streams, p a r t i c u l a r l y  between 
ad jacent  spawning areas and s tocks .  
Most of t h e  m ix ing  o f  s tocks  was 
d u r i n g  t h e  prespawni ng p e r i o d  ( l a t e  
w in te r ,  e a r l y  s p r i n g )  r a t h e r  t han  
d u r i n g  t h e  ac tua l  spawning runs. 

Alewives spawn a long t h e  A t l a n t i c  
coast  f rom l a t e  March through J u l y ;  
spawning occurs p r o g r e s s i v e l y  1 a t e r  
f rom south t o  nor th .  Alewives spawn 
f rom m id -Ap r i l  t o  mid-May i n  t h e  
Parker R i ve r ,  Massachusetts (Cole e t  
a1 . 1980), and f rom e a r l y  May t o  e a r l y  
June i n  Maine (F lagg 1977; L ibby  
1981). I n  general,  spawning o f  
a lewives begins 3 t o  4 weeks be fo re  
t h a t  o f  blueback h e r r i n g  i n  t h e  same 
spawning areas. Spawning peaks o f  t h e  
two species u s u a l l y  a re  2 t o  3 weeks 
apa r t  (Jones e t  a l .  1978). The 
minimum water  temperatures a t  which 
spawning begins i s  10.5 "C i n  a lewives 
(C ianc i  1969) and 14 O C  i n  blueback 
h e r r i n g  (Loesch and Lund 1977). Both 
species cease spawning when water  
temperature exceeds 27 "C (Loesch 
1969; E d s a l l  1970). 

Blueback h e r r i n g  p r e f e r  t o  spawn 
i n  f a s t  cu r ren ts  over  hard  subs t ra te  
(Loesch and Lund 1977). I n  con t ras t ,  
a lewives s e l e c t  a wide v a r i e t y  o f  
spawning s i t e s ,  u s i n g  s tand ing  water  
and oxbows, as we1 1 as m i d - r i  ver s i t e s  
( K i s s i  1 1974). Several  i n v e s t i g a t i v e  
s tud ies  have descr ibed a l e w i f e  



spawning i n  ponds t h a t  have an open 
connection w i t h  t h e  ocean (Havey 1973; 
K i s s i l  1974). The spawning o f  
anadromous alewives and blueback 
h e r r i n g  i s  s p a t i a l l y  and tempora l ly  
d i f f e r e n t  . 

The spawning behavior  o f  blueback 
h e r r i n g  was descr ibed by Loesch and 
Lund (1977). A spawning group com- 
posed o f  one female and severa l  males 
swam i n  c i r c l e s  f o r  severa l  minutes. 
The males occas iona l l y  nudged t h e  vent 
o f  t h e  female. Swi mi ng speed 
increased g radua l l y  u n t i  1 a deep d i v e  
occurred. Eggs and mi 1 t were re leased 
s imul taneously near t h e  bottom. Both 
species spawn most ly  a t  n i g h t  (Graham 
1956; E d s a l l  1964 ) .  B o t h  male and 
female blueback h e r r i n g  m ig ra te  
r a p i d l y  downstream a f t e r  spawning. 
Few f i s h  s t a y  i n  t h e  spawning st ream 
longer  than 5 days (Cooper 1961; 
Loesch and Lund 1977). 

U n t i  1 water-hardened, eggs o f  
b o t h  s p e c i e s  a r e  demersal  i n  s t i l l  
water  and adhesive o r  p e l a g i c  i n  
running water (Loesch and Lund 1977; 
Jones e t  a l .  1978). A f t e r  
water-hardening ( l e s s  than  24 h ) ,  eggs 
l ose  t h e i r  adhesive p rope r t y  and d r i f t  
i n  t h e  w a t e r  column. Egg d i a m e t e r  
ranges f rom 0.8 t o  1.3 mn i n  alewives 
and f r o m  0.8 t o  1.1 mm i n  b lueback  
h e r r i n g  (Mansueti 1962; Norden 1967). 
Incubat ion  o f  blueback h e r r i n g  eggs i s  
about 80 t o  94 h a t  20 t o  21 O C  and 55 
t o  58 h a t  22 t o  24 OC (C ianc i  1969; 
Morgan and Pr ince 1976). 

An equat ion f o r  p r e d i c t i n g  
i ncuba t i on  t ime f o r  a l e w i f e  eggs f rom 
water temperature i s  

where T = t ime  i n  days and t = 
i ncuba t i on  temperature i n degrees 
Fahrenhei t  (Edsa l l  1970). 

Yo1 k-Sac Larvae 

T o t a l  l eng th  (TL) a t  ha tch ing  i s  
2.5 t o  5.0 mn and averages 5.1 mn a t  
yo1 k-sac absorp t ion  (Mansueti 1962; 
Norden 1967). Dura t ion  o f  t h e  
absorp t ion  s tage i s  2 t o  5 days f o r  
alewives and 2 t o  3 days f o r  blueback 
h e r r i n g  (Mansueti 1962; C ianc i  1969). 

Larvae 

The l a r v a l  s tage l a s t s  from 
yo1 k-sac absorp t ion  u n t i  1 t r a n s f o r -  
mation t o  t h e  j u v e n i l e  stage. 
Detai  l e d  drawings o f  t h e  developmental 
stages of eggs, yo lk -sac  larvae,  and 
l a rvae  o f  both a lewives and blueback 
h e r r i n g  were pub1 ished by Jones e t  a1 . 
(1978). 

A l e w i f e  l a r v a e  i n  t w o  ponds i n  
t h e  Parker R iver ,  Massachusetts, 
showed a d i u r n a l  change i n  depth 
d i s t r i b u t i o n  and a random p a t t e r n  o f  
l a t e r a l  d i s t r i b u t i o n  (Cole e t  a l .  
1980). Larva l  Alosa i n  Nova Scot ian  
r i v e r s  i nhab i ted  waters t h a t  were 
r e l a t i v e l y  sha l low (<2 m), sandy, and 
warm, and were c o l l e c t e d  i n  o r  near 
t h e  spawning grounds ( 0 '  Nei 11 1980). 

Ju veni 1 es 

Transformation f rom t h e  l a r v a l  t o  
t h e  j u v e n i l e  s tage i s  u s u a l l y  complete 
when t h e  f i s h  i s  abou t  20 mm TL. 
Scales f i r s t  appear on j u v e n i l e s  25 t o  
29 mm TL, and a re  f u l l y  developed a t  
45 mn TL (H i  ldebrand 1963). 

Juveni l e  alewives and blueback 
h e r r i n g  i n  r i v e r s  tend t o  move 
upstream between June and t h e  s t a r t  o f  
emi g r a t  i on i n October (Bu r b i  dge 1974; 
Warinner e t  a l .  1969). Th is  upstream 
movement may p a r t l y  i n v o l v e  juven i  l e s  
f rom oxbows and t r i b u t a r i e s ,  which 
g r a d u a l l y  move i n t o  t h e  main r i v e r  
du r i ng  summer (Bu rb idge  1974). 

Ju veni 1 e blueback h e r r i n g  i n  t h e  
James River ,  V i  r g i n i a ,  were more 
concentrated near t h e  su r face  than a t  
a depth o f  5 m throughout  t h e i r  s tay  



i n  t h e  r i v e r  (Burbidge 1974). Juven i l e  
a l e w i v e s  i n  t h e  Potomac R i v e r  were  
concentrated i n  t h e  sur face waters i n  
September, and i n  October became more 
abundant a t  depths o f  4.6 m o r  near 
t h e  bottom (Warinner e t  a1 . 1969). 

I n  most A t l a n t i c  coasta l  popula- 
t i  ons, young-of - the-year a lewi  ves and 
blueback h e r r i n g  emigrate from 
f reshwater  and brack ish  es tua r ies  
between June and November (Burbidge 
1974; K i s s i l  1974; Richkus 1975; 
O I N e i l l  1980). Juven i l e  alewives 32 
t o  152 mm TL e m i g r a t e d  f r o m  Maine 
r i v e r s  between m i  d -Ju ly  and e a r l y  
December (Flagg 1977). The i r  s i z e  
repo r ted l y  depends on t h e  avai  1 ab i  1 i t y  
o f  food i n  t h e  r i v e r ,  t h e  t o t a l  number 
o f  young produced i n  t h e  watershed, 
and t h e  length  o f  t ime  i n  f reshwater  
(F lagg 1977). 

Fac tors  i n i t i a t i n g  em ig ra t i on  
"waves" (Richkus 1975) t h a t  cons i s t  o f  
l a r g e  schools of j u v e n i l e  a lewi  ves 
are: heavy r a i n f a l l  (Cooper 1961), 
h igh  water  l e v e l s  ( K i s s i l  1974; 
Richkus 1975), and sharp drops i n  
water temperature (R i  chkus 1975). 
Richkus (1975) o f f e r e d  t h r e e  
observat ions:  (1 )  These waves l a s t e d  
two t o  t h ree  days, regardless o f  t h e  
d u r a t i o n  o f  t h e  environmental changes ; 
(2)  migra t ions  peaked i n  l a t e  
af ternoon;  and ( 3 )  t h e  magnitude o f  a 
wave was not  r e l a t e d  t o  t h e  magnitude 
o f  environmental change. About 70% o f  
t h e  j u  veni l e s  completed emigra t ion  i n  
on l y  a few days. 

Adu l t s  

Data on t h e  h a b i t s  and b i o l o g y  of 
a d u l t  a l e w i f e  and blueback h e r r i  ng 
stocks a re  scarce. More research i s  
needed f o r  i d e n t i f y i n g  inshore  and 
o f f s h o r e  stocks,  c a l c u l a t i n g  n a t u r a l  
and f i s h i n g  m o r t a l i t i e s ,  and 
desc r i b ing  movements, m ig ra to ry  
pa t te rns ,  f eedi ng behaviors , and 
h a b i t a t  preferences.  

Catch data  f rom Na t iona l  Mar ine 
F i s h e r i e s  Serv ice  t r a w l  surveys a long 
t h e  A t l a n t i c  coast between Cape 
Hat te ras  and Nova Sco t i a  were 
summarized annua l l y  f rom 1963 t o  1978 
(Neves 1981). Samples of f i s h  were 
taken a t  depths down t o  200 m. Most 
a lewi  ves and blueback h e r r i n g  were 
caught i n  water  l ess  than 100 m deep. 
Average f o r k  l eng ths  (FL) o f  alewives 
and blueback h e r r i n g  ranged f rom 60 t o  
350 mm; a1 ewi ves outnumbered blueback 
h e r r i n g  abou t  1 0 : l .  A l e w i v e s  were 
most abundant a t  depths o f  56 t o  110 
m, and blueback h e r r i n g  a t  depths of 
27 t o  55 m. Trawl catches over a wide 
area i n d i c a t e d  t h a t  both species were 
concentrated i n  summer and f a l l  i n  an 
area no r th  o f  40° N, i n  o r  near 
Nantucket Shoals, Georges Bank, and 
t h e  per imeter  o f  t h e  Gu l f  o f  Maine. 
Winter  catches were heav ies t  between 
l a t i t u d e s  40° and 43O N. Sp r ing  
catches demonst ra ted  t h a t  both species 
were d i s t r i b u t e d  over t h e  e n t i r e  
Con t i nen ta l  She l f  (Neves 1981). 

I n  J u l y  and O c t o b e r  1964 ( t h e  
on l y  months sampled), a d u l t  a lewi  ves 
and blueback h e r r i n g  i nhab i ted  on ly  a 
smal l  p o r t i o n  of Georges Bank -- 
s p e c i f i c a l l y  t h e  western s lope  near 
41° 2 9 '  n o r t h  l a t i t u d e  and 68O 3 4 '  
west l ong i tude  (Netzel  and Stanek 
1966). A1 ewi ves outnumbered blueback 
h e r r i n g  i n  these samples. A l l  mature 
age groups were represented, bu t  no 
f i s h  o f  ages I o r  I 1  were captured. 

Alewives and blueback h e r r i n g ,  
l i k e  o t h e r  c lupeids,  a re  repor ted  t o  
exhi  b i t  seasonal movements i n con- 
j u n c t i o n  w i t h  changes i n  water 
temperature o r  avai  1 ab i  1 i t y  o f  fo rage 
( C o l l  i n s  1952; Legget t  and Whitney 
1972); however, sound evidence f o r  
t h i s  conc lus ion  i s  l a c k i n g  (Richkus 
1974b). Feeding and v e r t i c a l  
mi g r a t i  on are  probably regu la ted  
l a r g e l y  by 1 i g h t  i n t e n s i t y  and water 
temperature (Richkus and Winn 1979; 
Neves 1981). 




































