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ounces 
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pounds 
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PREFACE 

T h i s  spec ies  p r o f i l e  i s  one of a  s e r i e s  on c o a s t a l  a q u a t i c  organisms, 
p r i n c i p a l  l y  f i s h ,  o f  spor t ,  commercial,  o r  e c o l o q i c a l  importance. The p r o f i l  es 
a r e  designed t o  p r o v i d e  c o a s t a l  managers, eng ineers ,  and b i o l o g i s t s  w i t h  a  b r i e f  
comprehensive ske tch  o f  t h e  b i  01 o g i c a l  c h a r a c t e r i  s  t i c s  and env i  ronmental  r e q u i  r e -  
~ n e n t s  o f  t h e  spec ies  and t o  d e s c r i b e  how p o p u l a t i o n s  o f  t h e  spec ies  may be 
expected t o  r e a c t  t o  e n v i  ronmental  changes caused by c o a s t a l  devel  opment. Each 
p r o f i l e  has s e c t i o n s  on taxonomy, 1  i f e  h i s t o r y ,  e c o l o g i c a l  r o l e ,  env i ronmenta l  
r e q u i  rements, and econotnic importance, i f  appl  i c a b l e .  A t h r e e - r i n g  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 t h e y  a r e  prepared. 
T h i s  p r o j e c t  i s  j o i n t l y  p lanned and f i nanced  by t h e  1J.S. Army Corps o f  Engineers 
and t h e  U.S. F i s h  and U i l d l i f c  Serv i ce .  

H a b i t a t  S u i t a b i l i t y  Index  ( X I )  models a r e  be ing  prepared by t h e  U.S. F i s h  
and W i l d l i f e  S e r v i c e  f o r  t h e  a l e w i f e  and b luekack h e r r i n g .  HSI models a r e  
designed t o  p r o v i d e  a  numer ica l  index o f  t h e  r e l a t i v e  v a l u e  o f  a  g i v e n  s i t e  as 
f i s h  o r  w i l d l i f e  h a b i t a t .  

Suggest ions o r  q u e s t i o n s  r e g a r d i n g  t h i s  r e p o r t  should  be d i r e c t e d  t o :  

I r l f o r rna t ion  T r a n s f e r  Spec ia l  i s t  
N a t i o n a l  Coasta l  Ecosystems Team 
U.S. F i s h  and W i l d l i f e  S e r v i c e  
NASA-Sl i d e l  1  Computer Corrlpl ex 
1010 Gause Boulevard 
Sl i d e l  1, LA 70458 

U .S. Army Engineer  Waterways Exper iment S t a t i o n  
A t t e n t i o n :  WESER 
P o s t  O f f i c e  Box 631 
V icksburg,  MS 39180 

T h i s  s e r i e s  should  be re ferenced as f o l l o w s :  

U.S. F i s h  and i d i l d l i f e  Serv ice.  1983. Species p r o f i l e s :  l i f e  h i s t o r i e s  and 
env i  ronmental  r e q u i  rements o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s .  1J.S. F i s h  
anti W i l d l i f e  Serv ice,  D i v i s i o n  o f  B i o l o g i c a l  Serv i ces ,  FWS/OBS-82/11. 
U.S. Army Corps o f  Engineers,  TR EL-82-4. 

T h i s  p r o f i l e  should  be c i t e d  as f o l l o w s :  

Fay, C.W., R.J. Neves, and G.B. Pardue. 1983. Species p r o f i l e s :  l i f e  h i s t o r i e s  
and env i ronmenta l  requ i ren ients  o f  c o a s t a l  f i s h e s  and i n v e r t e b r a t e s  (Mid- 
A t l a n t i c )  -- a l e w i f e l b l u e b a c k  h e r r i n g .  1J.S. F i s h  and W i l d l i f e  Serv ice ,  
D i v i s i o n  o f  B i o l o g i c a l  Serv i ces ,  FWS/OBS-82111.9. U.S. Army Corps of 
Engineers,  TR EL-82-4. 25 pp. 
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I 

F i g u r e  1. A :  a l e w i f e ;  B :  b lueback  h e r r i n g .  

ALEWIFE/BLUEBACK HERRING 

PROFILE SCOPE 

Th is  p r o f i l e  covers l i f e  h i s t o r y  
and environmental requirements of  
b o t h  alewife (Alosa pseudoharengus) 
and  blueback h e r r i n g  (Alosa -- aesti- 
va l is) ,  since t h e i r  d i s t r i bu t i on  is 
over lapp ing  and t h e i r  morphology, 
ecological role, and environmental 
requirements a r e  s imi lar .  Never the-  
less, s ign i f i can t  d i f ferences i n  cer ta in  
physical,  physiological, and biological 
character is t ics ex i s t  between t h e  two  

species. When available, these d i f f e r -  
ences are addressed b y  separate 
statements f o r  each species. I n  add i -  
t ion,  a special section on  t h e  most 
read i ly  d i s t i ngu i sh ing  character is t ics 
f o r  separat ing eggs, larvae, and  
adu l ts  o f  t h e  two  c lupeids is p r e -  
sented i n  t h e  morphology section of  
t h i s  p ro f i l e .  

Because most o f  t h e  in format ion 
avai lable concerns t h e  alewife, charac-  
te r is t i cs  o f  t h i s  species a re  g i ven  p r i -  
o r i t y  reference i n  t h e  t e x t .  Features 



should not  be considered similar 
i n  the  two species unless noted as 
such. In  a few studies (par t icu lar ly  
commercial f isheries statistics), the 
two species are referred to  collectively 
as " r i ve r  her r ing"  o r  "gaspereau" 
(Canada). 

Scientif ic names. .Alosa pseudoharengus 
(Wilson)/Alosa aestivalis  itchil ill) 

Preferred common names~,~lewife/blue- 
back her r ing  (Figure 1) 

. .  Other common t~dmes.. River herr ing,  
gaspereau, oldwife. 

Class. . . . . . . . . . . . . . . . . . . . .  Osteichthyes 
Order  . . . . . . . . . . . . . . . . . . . .  Cl upeiformes 

. . . . . . . . . . . . . . . . . . . . .  Family. .Clupeidae 

Geographical range: The alewife is 
an anadromous species found in 
r iver ine,  estuarine, and Atlantic 
coastal habitats, depending on 
l i fe  cycle stage, from Newfound- 
land (Winters e t  al. 1973) t o  
Soutn Carolina (Be r r y  1964). 
Landlocked populations are in  the  
Great Lakes, Finger Lakes, and 
many other freshwater lakes 
(Bigelow and Sch roeder 1953; 
Scott and Crossman 1973). The 
blueback her r ing  is an anadro- 
mous species found in r iverine, 
estuarine, and Atlantic coastal 
habitats, depending on l i fe stage 
cycle, from Nova Scotia t o  the 
St .  Johns River, Florida (Hi lde- 
b rand  1963) (see Figure 2 f o r  a 
map of the mid-Atlantic d is t r ibu -  
t ion of alewives and blueback 
her r ing ) .  

MORPHOLOGY/IDENTIFICATION AIDS 

The following information was 
taken from summaries in Jones e t  a l .  
(1978), unless otherwise indicated. 

Alewife 

Dorsal rays 12-19 (usual ly 
13-14), anal rays 15-21 (usual ly 
17-18), scales in lateral series 42-54. 
Prepelvic scutes 17-21 (usual ly 
19-20), postpelvic scutes 12-17 (usu- 
ally 14-15), g i l l  rakers on f i r s t  arch 
38-46. Body s t rong ly  compressed, 
deep. Mouth oblique, anter ior  end of 
lower jaw th ick,  heavy, and extending 
t o  middle o f  o rb i t .  Eye large, diameter 
greater than snout length.  Color: 
dorsal ly g rey  t o  grey-green, lateral ly 
s i lver  with prominent dark  shoulder 
spot; f ins  pale, yellow o r  green. 

Blueback Herr ina 

Dorsal rays 15-20, anal rays 
15-21, scales in  lateral series 46-54. 
Prepelvic scutes 18-21, postpelvic 
scutes 12-16, g i l l  rakers on f i r s t  arch 
41 -52. Body moderately compressed, 
elongate, eye diameter small, equal t o  
o r  less than snout length.  Upper jaw 
with def in i t ive median notch, no teeth 
on premaxil laries. Color: dorsal ly 
blue t o  blue-green, lateral ly s i lver  
wi th prominent dark  shoulder spot; 
f ins  pale, yellow o r  green. 

Aids f o r  Species Separation 

Eggs. Unfert i l ized blueback her-  
r i ng  eggs amber, alewife eggs green. 
Oil droplets of fer t i l ized eggs unequal 
and scattered f o r  blueback herr ing,  
numerous and uniformly t i n y  f o r  ale- 
wife (Kuntz  and Radcliffe 1917; Nor- 
den 1967). 

Larvae. Myomeres between i nser- 
t ion of dorsal f i n  and anal vent  11-13 
(mean 11.8) f o r  blueback her r ing  lar -  
vae, 7-9 (mean 8.0) f o r  alewife larvae 
( th is  characterist ic is def in i t ive 
according t o  Chambers e t  al. 1976) 
Larvae less than approximately 15 mm 
can be separated using regressions of 
vent  t o  ta i l  distance (mm) and vent to  
urosty le distance (mm), against 

- 

'25.4 mm = 1 inch 



A TL A N TIC OCEAN 

PHILADELPH 

M I L E S  

K I L O M E T E R S  

Coastal dlstributlon 

Area of high abundance 

I F i g u r e  2. M i d - A t l a n t i c  d i s t r i b u t i o n  o f  t h e  a l e w i f e  and b lueback h e r r i n g .  



s t a n d a r d  l e n g t h  (.SL); p resen ted  i n  
Chambers e t  a l .  (1976). 

A d u l t s .  Ex te rna l l y ,  by scale 
imbr ica t ion  p a t t e r n s  a n d  i n d i v i d u a l  
scale mark ings  ( F i g u r e  3 ) .  Scale 
basel ine a n d  d i v i d i n g  l i ne  co inc iden ta l  
on  a lewi fe  scales, n o t  on  b lueback  
h e r r i n g  scales (O'Nei l l  1980; MacLellan 
e t  a l  . 1981 ) . I n t e r n a l l y ,  per i tonea l  
l i n i n g  u n i f o r m l y  d a r k  i n  b lueback  h e r -  
r i n g ;  pale, g r e y ,  o r  s i l v e r y  w i t h  d a r k  
punc ta t ions  i n  a lewi fe  (Le im a n d  Sco t t  
1966; Sco t t  a n d  Crossman 1973). 
Shape o f  o to l i t h  d i s t i n c t i v e  (Sco t t  a n d  
Crossman 1973) a n d  d i f f e rences  
desc r i bed  i n  Pr i ce  (1978) a n d  i l l u s -  
t r a t e d  i n  O'Nei l l  (1980).  Biochemical ly 
d i s t i ngu i shed  by muscle myogen a n d  
re t i na  LDH enzyme m ig ra t i on  p a t t e r n s  
(e lec t rophores is )  (McKenzie 1973, 
1975) . 

Alewives possess f e w e r  v e r t e -  
brae, do rsa l  rays ,  anal  r ays ,  a n d  gill 
r a k e r s  on t h e  f i r s t  a rch ,  i n  general ,  
compared w i t h  b lueback  h e r r i n g .  Eye  
d iameter  t o  snou t  l e n g t h  ra t ios  a r e  
also s i g n i f i c a n t l y  d i f f e r e n t  between t h e  
t w o  c lupeids,  b u t  mean va lues a r e  
close and  ranges  ove r l ap  (Messieh 
1977). T h e  app l i cab i l i t y  o f  these  
mer i s t i c  cha rac te r s  f o r  abso lu te  spe- 
cies de te rmina t ion  i s  l im i ted  s ince 
t h e r e  i s  a t  least  some ove r l ap  between 
species f o r  each cha rac te r i s t i c .  

T h o u g h  do rsa l  co lo ra t ion  has 
been c i t e d  as spec ies -d is t inc t i ve  i n  
f r e s h  specimens (B ige low a n d  Schroe-  
d e r  1953), t h i s  cha rac te r  may n o t  b e  
re l iab le .  MacLelIan e t  a l .  (1981) 
f o u n d  no  s i g n i f i c a n t  o r  de tec tab le  dif- 
f e rence  i n  dorsa l  co lo ra t ion  a n d  
obse rved  t h a t  such  co lorat ion 
appeared t o  v a r y  subs tan t i a l l y  w i t h  
ambient  l i g h t i n g  cond i t ions .  

ALEWIFE BLUEBACK HERRING 
approx. scale: u l c m  

I: m i r n l o l  MAKIN - 

ALIWICE B L U f W K  H l l l l f f i  

approx. scale U 5 mm 

F igu re  3. Sca le  i m b r i c a t i o n  p a t t e r n s  
( t o p )  and i n d i v i d u a l  s ca le  morphology 
(bot tom) used f o r  e x t e r n a l  d i  s c r im ina -  
t i o n  o f  t h e  a l e w i f e  and blueback her -  
r i n g  ( f r om  MacLel lan e t  a1 . 1981; w i t h  
permiss ion  o f  t h e  Canadian Journa l  of 
F i s h e r i e s  and Aqua t i c  s c i e n c e s ) .  

impo r tan t  l i n ks  i n  es tua r i ne  a n d  
mar ine  f ood  webs, between zooplan k -  
t o n  a n d  t o p  p isc ivo res .  Commercial ly, 
b o t h  species have  recen t l y  ( l as t  t w o  
decades) ga ined  i n  recogn i t ion  a n d  
i n t e r e s t  as sources of f i s h  meal, f i s h  
oi l ,  a n d  f i s h  p ro te in ,  p a r t i c u l a r l y  f o r  
t h e  animal food  i ndus t r i es .  

L IFE  HISTORY 
REASON FOR INCLUSION I N  SERIES 

T h e  a lewi fe  a n d  b lueback  h e r r i n g  
a re  impo r tan t  ecological ly a n d  t o  a 
lesser  e x t e n t  as commercial t i s h  spe- 
c ies.  Ecological ly,  t hese  species a r e  

Rep roduc t i ve  Phys io logy /S t ra tegy  

Alewives a n d  b lueback  h e r r i n g  
a r e  heterosexual ,  t h o u g h  hermaphro-  1 
d i t i sm  in land locked  popu la t ions  of 



alewives from Lake Michigan has been 
reported (Edsall and Saxon 1968; Hla- 
vek and Norden 1977). Females of 
both species are s l igh t ly  larger and ' heavier than males of the same age 
(Cooper 1961; Netzel and Stanek 1966; 
Marcy 1969; Loesch and Lund 1977). 

Some male anadromous alewives, 
and a s l igh t ly  smaller percentage of 
females, spawn f o r  the f i r s t  time a t  
age 3. Most f ish  o f  both sexes have 
spawned once b y  age 4, and all b y  
age 5. Generally, males dominate age 
classes 3 t o  5 on the  spawning 
grounds, while females dominate age 
classes 7 and older. Blueback her -  
r i ng  v a r y  more than alewives in  age 
o f  f i r s t  spawning, though in general 
maturation rates are similar f o r  the  
two clupeids (Joseph and Davis 1965; 
Loesch and Lund 1977; O'Neil l 1980). 

Age of f i r s t  spawning, percent- 
age o f  repeat spawners, and longevi ty 
in populations seem to  decrease as one 
proceeds f rom nor th  t o  south. 
Spawning populations of alewives in  
southern Nor th  Carolina comprised 
pr imar i ly  3-year-old f ish, and no f i sh  
over 4 years old were found (Tyus  
1974). I n  contrast,  alewife spawning 
populations in  Chesapeake Bay were 
represented b y  ages 3 t o  8 (Joseph 
and Davis 1965), Connecticut River 
stocks b y  ages 3 t o  8 (Marcy 1969; 
Loesch and Lund 1977), and Nova 
Scotian stocks (both alewives and 
blueback her r ing )  b y  ages 4-10 
(O'Neil l 1980). Percentage of repeat 
spawners was 60% f o r  alewives in  Nova 
Scotia (O'Nei l l  1980), 61% in  the  York  
River, V i rg in ia  (Joseph and Davis 
1965), and less than 10% in  southern 
North Carolina (Tyus  1974). Blue- 
back her r ing  runs consisted of 65% 
and 75% repeat spawners in the  York  
River and Nova Scotian waters, 
respectively (Joseph and Davis 1965; 
O'Neill 1980). 

Fecundity o f  Connecticut River 
blueback her r ing  ranged f rom 45,800 
eggs (238-mm female) t o  349,700 eggs 

(310-mm female) (Loesch and Lund 
1977). From 10% to  30% of 
the  in i t ia l  number of eggs present i n  
a female blueback her r ing  remained 
a f ter  spawning. Lef t  ovaries were 
s igni f icant ly  heavier than r i gh t  ova- 
ries, though lef t  ovaries d i d  not con- 
ta in more eggs per  gram of ovary  
than d i d  r i g h t  ovaries (Loesch and 
Lund 1977; Loesch 1981). Chesapeake 
Bay alewives ranged in fecundi ty f rom 
60,000 to  100,000 eggs per female 
(Foerster and Goodbred 1978). The 
fecundi ty- to-age relat ionship f o r  
Georgia populations o f  blueback her -  
r i n g  d i d  not f i t  a l inear relat ionship 
well ( r *  = 0.42) (Street 1969). I t  was 
suggested t ha t  the  age-fecundity rela- 
t ionship is asymptotic f o r  both ale- 
wives and blueback her r ing,  and thak 
"fecundal seni l i ty"  may occur in all 
long-l ived stocks of these species 
(Street 1969; Loesch and Lund 1977). 

Spawning 

Anadromous alewives and blue- 
back he r r i ng  spawn once a year, d u r -  
i ng  sp r ing  o r  ear ly  summer, in f resh 
o r  brackish water (Raney and Mass- 
mann 1953). Males a r r i ve  at mouths 
of spawning r i ve rs  ear l ier  than 
females (Cooper 1961; Tyus  1971; 
Richkus 1974a). Spawning environ- 
ments v a r y  f rom streams only a few 
meters (yards)  wide and a few centi-  
meters (inches) deep t o  large r i ve rs  
such as the  Delaware, Susquehanna, 
and Potomac (Mansueti 1956). Ponds, 
inc luding ba r r i e r  beach ponds, w i th  
an open out let  to  the  sea, are  also 
used b y  alewives (Bigelow and Welsh 
1925). Jones e t  al. (1978) c i ted 
Loesch (1968, 1969) as stat ing t ha t  
blueback her r ing  do not ascend into 
f reshwater as f a r  as alewives on 
spawning runs .  However, Loesch 
(personal communication) said the  
statement pertained t o  the  exist ing 
l i te ra ture  a t  tha t  time, and f indings 
reported in Loesch and Lund (1977) 
indicated tha t  upstream d is t r ibu t ion 
was a funct ion of f i nd ing  appropr iate 
spawning habitats. 



I n  l abo ra to r y  tests ,  a d u l t  ana- 
dromous alewives f r o m  Rhode I s l and  
wate rs  we re  capable o f  d i s t i n g u i s h i n g  
wate r  o f  t h e i r  nata l  p o n d  f r o m  wa te r  
co l lec ted i n  n e a r b y  ponds  ( T h u n b e r g  
1971). O l fac t ion  was shown t o  b e  t h e  
major sensory  mechanism f o r  homing 
behav io r .  D isc r im ina te  f u n c t i o n  analy-  
sis, however ,  by Messieh (1977) on  
S t .  Johns  R iver ,  F lor ida,  spawn ing  
s tocks i nd i ca ted  cons iderab le  s t r a y i n g  
f rom home streams, p a r t i c u l a r l y  
between adjacent  spawn ing  areas/ 
s tocks .  Messieh (1977) hypo thes ized  
t h a t  t h e  ma jo r i t y  o f  s t ock  m i x i n g  
o c c u r r e d  d u r i n g  t h e  p respawn ing  
pe r i od  ( l a te  w in te r ,  e a r l y  s p r i n g )  
r a t h e r  t h a n  " impu ls ive ly "  o n  t h e  
actua l  spawn ing  r u n s .  T h e  ma jo r i t y  
o f  spawn ing  alewives i n  Lake Mat ta-  
muskeet,  N o r t h  Carol ina, used o n l y  
one  o f  f o u r  ava i lab le  canals f o r  
spawn ing  mig ra t ions  ( T y u s  1974). It 
was hypo thes i zed  t h a t  s ince t h i s  canal 
was t h e  o n l y  one  avai lab le  h i s to r i ca l l y  
( b u i l t  i n  1907), t h e  alewives may b e  
e x h i b i t i n g  homing behav io r .  T y u s  
(1974) did n o t  r epo r t ,  however ,  t h a t  
t h i s  canal  was also t h e  sho r tes t  a n d  
most d i r e c t  f r o m  b a y  t o  lake. 

Spawn ing  pe r i ods  a long  t h e  
A t l an t i c  coast  ' range  f r o m  la te  March  
t h r o u g h  J u l y ,  o c c u r r i n g  l a t e r  i n  t h e  
n o r t h .  Wi th in  t h e  m id -A t l an t i c  reg ion,  
n e a r l y  a l l  a lewi fe  a n d  b lueback  h e r -  
r i n g  spawn f r o m  A p r i l  t h r o u g h  mid -  
J u l y  (H i l deb rand  1963; K iss i l  1969; 
Loesch 1969; Smith 1971; T y u s  1974; 
Loesch and  L u n d  1977). I n  genera l ,  
a lewives beg in  t o  spawn 3 t o  4 weeks 
be fo re  b lueback  h e r r i n g  i n  sympa t r i c  
areas. Spawn ing  peaks a r e  2 t o  3 
weeks a p a r t  (Jones e t  a l .  1978). Ale- 
wives began spawn ing  a t  minimum 
wa te r  tempera tu res  o f  10.5OC (51 F) 
(Cianc i  1969) a n d  b lueback  h e r r i n g  a t  
14OC (57OF) (Loesch a n d  L u n d  1977). 
Bo th  species cease spawn ing  when 
wate r  t empera tu re  exceeds 27 " C, (81" 
F) (Loesch 1969; Edsal l  1970).  

B lueback  h e r r i n g  p r e f e r  spawn ing  
si tes w i t h  f a s t  c u r r e n t s  a n d  associated 
h a r d  subs t ra tes  (Loesch a n d  L u n d  
1977).  B r a c k i s h  wa te r  o r  s t and ing  
wa te r  hab i ta ts  a r e  r a r e l y  used.  I n  
con t ras t ,  a lewives select  a w ide  v a r i -  
e t y  o f  spawn ing  sites, u s i n g  s tand ing  
wa te r  a n d  oxbows as wel l  as m i d - r i v e r  
s i tes (K i ss i l  1974). Severa l  s tud ies  
have  desc r i bed  a lewi fe  spawn ing  i n  
ponds  w i t h  an open connect ior l  t o  
t h e  ocean ( e . g . ,  Havey  1973; K iss i l  
1974), b u t  no  observa t ions  o f  p o n d  
spawn ing  by b lueback  h e r r i n g  a r e  
documented.  A p p a r e n t l y  a cons ider -  
ab le  separat ion,  b o t h  spa t ia l l y  a n d  
tempora l ly ,  ex i s t s  f o r  spawn ing  a c t i v -  
ity o f  anadromous alewives a n d  b lue-  
b a c k  h e r r i n g .  

Loesch a n d  L u  n d  (1 977) 
desc r i bed  spawn ing  behav io r  o f  b l ue -  
back  h e r r i n g .  A spawn ing  g r o u p  
composed of  one  female a n d  severa l  
males swam i n  c i rc les  f o r  severa l  m in -  
utes,  a n d  males occas ional ly  n u d g e d  
t h e  v e n t  o f  t h e  female. Swimming 
speed increased g r a d u a l l y  u n t i l  a deep 
d i v e  o c c u r r e d  w i t h  subsequent  release 
o f  eggs  a n d  m i l t  s imul taneously ,  v e r y  
nea r  t h e  subs t ra te .  Spawn ing  ac t i v i -  
t i es  o f  b o t h  species o c c u r  d i u r n a l l y  
a n d  noc tu rna l l y ,  t h o u g h  t h e  g rea tes t  
a c t i v i t y  a p p a r e n t l y  i s  noc tu rna l  (Gra-  
ham 1956; Edsal l  1964). Bo th  males 
a n d  females m ig ra te  r a p i d l y  down-  
s t ream a f t e r  spawning,  a n d  t o ta l  
spawn ing  t ime f o r  a s i ng le  m i g r a t o r y  
g r o u p  i s  usua l l y  5 days  o r  less 
(Cooper  1961; Loesch and  L u n d  1977). 

Eggs 

U n t i l  wa te r -  hardened,  eggs  o f  
b o t h  species a r e  demersal  i n  s t i l l  
wa te r  and  adhesive o r  pe lag ic  i n  
r u n n i n g  wa te r  (Loesch a n d  L u n d  1977; 
Jones e t  a l .  1978). A f t e r  w a t e r -  
h a r d e n i n g  ( less t h a n  24 h r )  , eggs  lose 
t h e i r  adhes ive  p r o p e r t y  a n d  e n t e r  t h e  
wa te r  co lumn.  Fer t i l i zed ,  wa te r -  h a r d -  
ened  eggs a r e  g reen  (alewife) t o  
amber (b l ueback  h e r r i n g )  and  conta in  
















































