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PREFACE 

This species p r o f i l e  i s  one o f  a ser ies  on coastal aquatic organisms, 
p r i n c i p a l l y  f i sh ,  o f  sport ,  commercial, o r  ecological  importance. The p r o f i l e s  
are designed t o  provide coastal managers, engineers, and b i o l og i s t s  w i t h  a b r i e f  
comprehensive sketch o f  the b io log ica l  charac te r i s t i cs  and environmental 
requirements o f  the species and t o  describe how populations o f  the species may be 
expected t o  react  t o  environmental changes caused by coastal development. Each 
p r o f i l e  has sections on taxonomy, 1 i f e  h i  s tory ,  ecological ro le ,  environmental 
requirements , and economic importance, i f  appl i cab l  e. A th ree- r i  ng binder 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 ro j ec t  i s  j o i n t l y  planned and financed by the U.S. Army Corps o f  Engineers 
and the U.S. Fish and W i l d l i f e  Service. 

Suggestions o r  questions regarding t h i s  repor t  should be d i rected t o  one of 
the fo l low ing  addresses. 

Informat ion Transfer Special i s t  
National Coastal Ecosystems Team 
U.S. Fish and W i l d l i f e  Service 
NASA-Sl i d e l  1 Computer Compl ex 
1010 Gause Boul evard 
S l i d e l l ,  LA 70458 

U.S. Army Engineer Waterways Experiment Stat ion 
Attent ion:  WESER-C 
Post O f f i ce  Box 631 
Vicksburg, MS 39180 



CONVERSION TABLE 

Metr ic t o  U.S. Custmary 

Mu1 t i p l y  & To Obtain 

meters (m) 
k i  1 me te r s  ( bn) 

0.03937 inches 
0.3937 inches 
3.281 fee t  
0.62 14 mi l  es 

2 square meters (m ) 10.76 
square k i  1 me te r s  ( bn2) 0.3861 
hectares (ha) 2.471 

l i t e r s  (1) 
cubic meters (m3) 
cubic meters 

square fee t  
square mi les 
acres 

gal 1 ons 
cubic fee t  
acre- fee t  

m i l  1 igrams [mg) 0.00003527 ounces 
grams (g) 0.03527 ounces 
kilograms ( k  ) 2.205 pounds 
metr lc  tons ft) 2205.0 pounds 
metr ic  tons 1.102 shor t  tons 
k i  1 ocal o r i  es ( kcal ) 3.968 B r i t i s h  thermal un i t s  

Celsius degrees 1.8("C) + 32 Fahrenheit degrees 

U.S. Customary t o  Metric 

inches 25.40 
inches 2.54 
f e e t  (f t) 0.3048 
fathoms 1.829 
mi les  (mi) 1.609 
naut ical  miles (nn i )  1.852 

square f ee t  ( f t 2 )  
acres 2 square mi les (mi ) 

gal 1 ons (gal  ) 
cubic ,feet ( f t 3 )  
acre-feet 

ounces (02) 28.35 
pounds ( l b )  0.4536 
shor t  tons ( ton) 0.9072 
B r i t i s h  thermal un i t s  (Btu) 0.2520 

m i l  1 imeters 
centimeters 
meters 
meters 
k i l  me te r s  
k i  1 m e t e r s  

square meters 
hectares 
square k i l  me te r s  

1 i te rs  
cubic meters 
cubic meters 

grams 
k i  1 ograms 
metr ic  tons 
k i  1 ocal or ies 

Fahrenheit degrees 0.5556("F - 32) Celsius degrees 
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Figure 1. At1 a n t i c  h e r r i  ng ( C l  upea harengus L. ) . 

ATLANTIC HERRING 

S c i e n t i f i c  name . . . Clupea harengus 
(Linnaeus) (American F i she r ies  
Soc ie ty  1980); Western Nor th  
A t l a n t i c  popu la t ions  o f  t h i s  f i s h  
are  recognized as a subspecies i n  
most c u r r e n t  American and Russian 
1 i t e r a t u r e  , b u t  as a d i  s t i  n c t  
species ( C l  upea harengus) i n  Europe. 
The taxonomy o f  Clupeidae was 
ex tens i ve l y  reviewed by Svet iv idov  
(1952). 

,Preferred common name . . . A t l a n t i c  
h e r r i n g  (Figure 1) 

Other common names . . . Sea he r r i ng ,  
Labrador h e r r i n g  , sardine , sper l  i ng , 
b r i  t (Bigel  ow and Schroeder 1953), 
h e r r i n g  (Hi ldebrand 1963). 

Class . . . . . . . . . . Osteichthyes 
Order . . . . . . . . . . C l  upei formes 
Family . . . . . . . . . . . Clupeidae 

Geographic range: A t l a n t i c  h e r r i n g  i n  
Northwest A t l a n t i c  waters range from 
Greenland t o  Nor th  Carol ina.  They 
are  most abundant n o r t h  o f  Cape Cod, 
and r e l a t i v e l y  scarce south o f  New 
Jersey. I n  Europe, where c e r t a i n  
races en te r  b rack ish  water, h e r r i n g  

range from Spi tsbergen and nor thern  
Norway south t o  t h e  S t r a i t  o f  
G i b r a l t a r  (Hi ldebrand 1963). 

MORPHOLOGY/IDENTIFICATION AIDS 

The f o l l o w i n g  i n fo rma t ion  i s  from 
Hi ldebrand (1963) and Mansueti and - 

~ a r d y  - (1967). F i n  rays: dorsa l  
16-20, usua l l y  17-19: anal 16-20, 
u s u a l l y  17 o r  18; pec to ra l  17-19. 
Scales between g i  11 openings and 
caudal base ca. 56-62; v e n t r a l  scutes 
weakly developed, ca. 39-46; ver tebrae 
55-57 (49-60: Mansueti and Hardy 
1967), g i l l  rakers  on lower l i m b  o f  
f i r s t  arch 37-52. Proport ions as 
percent  of standard l eng th  (SL) (may 
inc lude some juven i  les) :  body depth 
20.0%-25.8%, head 1 ength 22.6%-26.4%; 
eye diameter 5.3%-7.7%. Body 
compressed. Maxi 1 l a r y  rounded 
p o s t e r i o r l y ,  n o t  q u i t e  reaching middle 
o f  eye, i t s  margin w i t h  minute serrae; 
t e e t h  on lower jaw, tongue, and i n  
oval patch on vomer. Dorsal o r i g i n  
about midway along t runk ,  usua l l y  
c l o s e r  t o  caudal base than t o  t i p  o f  
snout. Body i r i d e s c e n t ,  b l u i s h  above, 
s i l v e r y  on s ides and b e l l y .  Maximum 
t o t a l  l e n g t h  (TL) about 450 mm, b u t  
most average about 300 mm. 



D i s t i n c t i v e  Charac te r i s t i cs  

The f o l  lowing conspicuous f i e l d  
marks (Hi 1 debrand 1963) d i s t i n g u i s h  
pos t la rva l  and a d u l t  A t l a n t i c  h e r r i n g  
from alewives (A1 osa pseudoharengus) 
and shads (Alosa spp. ): the  p o i n t  o f  
o r i g i n  o f  the  dorsal  f i n  i s  about 
midway a1 ong the  t r u n k  (considerab-ly 
f a r t h e r  back than i n  Alosa), t h e  body 
i s  no t  as deep, and the  sharp mid1 i n e  
o f  the  b e l l y  i s  less  s t rong ly  serrate.  

The Maine f i s h e r y  has t h r i v e d  f o r  
over a century and i s  s t i l l  a valuable 
resource. For each $ 1  worth o f  
h e r r i n g  landed i n  Maine, an income o f  
$1.47 i s  generated w i t h i n  t h e  Sta te 's  
economy (Briggs e t  a l .  1982). The 
average annual value o f  yaine h e r r i n g  
landings was $4.3 m i l l i o n  i n  1976-1982 
(Table 1). Herr ing are  a l so  important  
prey o f  such c o m e r c i a l  species as 
A t l a n t i c  cod, po l  lock ,  haddock, s i l v e r  
hake, red  hake, wh i te  hake, swordfish, 
and b l  u e f i n  tuna. 

REASON FOR INCLUSION I N  SERIES 
LIFE HISTORY 

A t l a n t i c  h e r r i n g  are  commercially 
important  i n  the  western North 
A t l a n t i c ,  p a r t i c u l a r l y  i n  t h e  Gu l f  o f  
Maine and adjacent Nova Scot ian she1 f 
waters (Fogarty and Clark 1983). The 
main f i s h e r y  f o r  adu l ts  i s  
concentrated i n  the  Je f f reys  Ledge 
(Figure 2) area o f  t h e  western Gu l f  o f  
Maine. The Georges Bank f ishery ,  
which peaked i n  1968 a t  374,000 t, 
collapsed i n  1977 because o f  heavy 
f i sh ing  i n t e n s i t y  from f o r e i g n  .nations 
and has shown no s igns o f  recovery 
since. The main f i s h e r y  f o r  j u v e n i l e  
her r ing,  o r  "sardines," i s  i n  the  
coastal  waters o f  Maine and New 
Brunswick. 

Spawn i ng 

Time o f  spawni n . A t l a n t i c  her- 
r i n g  spawn i n  the Gu f o f  Maine once a 
year, usua l l y  i n  l a t e  summer o r  f a l l  
( l a t e  August t o  e a r l y  November). The 
spawning pe r iod  i s  p ro t rac ted  i n  some 
years (Anthony and Waring 1980b). 
Bigelow and Schroeder (1953) repor ted 
t h a t  the  heaviest  spawning i n  t h e  
Grand Manan I s l a n d  and Machias Bay 
areas took place i n  Ju ly ,  August, and 
September. Spawning i n  coastal  waters 
t o  the  south and west occurred 
progress ive ly  l a t e r  and was b r i e f e r  i n  
durat ion:  from mid-August t o  October 

Table 1. Weights (thousands o f  pounds) and values (thousands o f  d o l l a r s )  o f  
h e r r i n g  landings by State, 1976-82. Data f o r  1976 are  from Nat ional  Marine 
F isher ies  Service (1980) ; data f o r  1977-82 are  p r e l  iminary and unpubl ished. 

New Massa- Rhode Connect- 
Maine chusetts I s land  i c u t  iP%F w t .  Year W t .  Val. Val. W t .  Val. W t .  Val. 

"NA i nd ica tes  data were no t  ava i lab le .  



Figure 2. Gulf  o f  Maine showing A t l a n t i c  herr ing spawning grounds as discussed 
i n  t e x t .  



around P e t i t  Manan Is land and near 
Mount Desert Is land, Maine; i n  October 
i n  Ipswich and Massachusetts Bays, 
Massachusetts; and i n  l a t e  October and 
ea r l y  November near Woods Hole, 
Massachusetts. 

I n  1960-65, spawning on Georges 
Bank and o f f  Nova Scot ia began i n  
August and peaked i n  October. I n  the 
coastal Gul f  o f  Maine, spawning began 
i n  August o r  September and peaked i n  
e i t h e r  September o r  October, depending 
on the year (Boyar 1968). 

Recent 1 arval  her r ing surveys 
ind ica te  t h a t  her r ing begin spawning 
i n  l a t e  August and ear l y  September i n  
waters o f  eastern Maine and i n  mid- t o  
l a t e  September i n  midcoastal and west- 
ern Maine (Graham 1982). Co I 1 e c t i  ons 
o f  yo1 k-sac 1 arvae ind icated t h a t  
spawning on Georges Bank-Nantucket 
Shoal s took place from mid-September 
t o  l a t e  December (Lough e t  a l .  1979). 

Spawning o f  A t l an t i c  herr ing has 
been reported i n  spr ing i n  the Gul f  o f  
Maine, bu t  i t  i s  apparently 
unsuccessful (Bigelow and Schroeder 
1953; Boyar 1968; S i  ndermann 1979; 
Anthony and Waring 1980b). Spring 
spawning has not  been reported f o r  
Georges Bank (Boyar 1968; S i  ndermann 
1979). 

Spawning s i tes .  Several of fshore 
spawning s i t es  were found near the 
perimeter o f  Georges Bank (Boyar e t  
a1 . 1973). Spawning concentrations o f  
her r ing on Georges Bank i n  1962 were 
reported t o  be as 1 ong as 64 t o  80 km 
and wide as 6 t o  13 km (Yudanov 1966). 
I n  the Gulf  o f  Maine, spawning 
concentrations are less dense and the 
number o f  spawning s i t e s  has decreased 
i n  recent years. Recent l a r va l  
surveys have ind icated t h a t  the 
important spawning s i t e s  are located 
i n  Machias Bay along the eastern coast 
o f  Maine and i n  waters south o f  
Boothbay Harbor and o f f  Saco Bay 
(Graham 1982). As judged by the 
numbers o f  spawning and near-spawni ng 
adul ts,  Jef f reys Ledge appears t o  be 

the most important spawning ground 
(Boyar e t  a l .  1973). Other At lant ic .  
her r ing spawning s i t e s  i n  the Gul f  o f  
Maine area are Lurcher Shoals and 
T r i n i t y  Ledge o f f  Nova Scotia, and 
Grand Manan o f f  New Brunswick, 
Matinicus Rock and Pumpkin Ledge o f f  
Maine, and Stellwagen Bank o f f  
Massachusetts (Sindermann 1979; Figure 
3\ 

Spawning habi ts  and depth. Atlan- 
t i c  her r ina are coastal oceanic 
spawners. b i n g  the ac t  o f  spawning, 
the females press c lose t o  the bottom 
and deposi t  ribbons o f  adhesive eggs 
on the substrate (Blaxter and Ho l l  iday 
1963). The males swim above the 
females and release m i l t  i n t o  the 
water. 

Spawning depths range from 10 t o  
100 m i n  the Gulf  o f  Maine (Sindermann 
1979), although herr ing have been 
reported t o  spawn as deep as 200 t o  
240 m i n  European waters (Blaxter and 
Ho l l  iday 1963). Herr ing i n  the Gul f  
o f  Maine and the Bay o f  Fundy were 
reported t o  spawn a t  depths o f  about 4 
t o  110 m (Bigelow and Schroeder 1953), 
both inshore along the coast and on 
shoals and ledges as f a r  as 8 t o  40 km 
offshore. Depths o f  two spawning 
s i t es  on Jef f reys Ledge (western Gul f  
o f  Maine) i n  1974 were 30 t o  45 m and 
40 t o  50 m (Cooper e t  a1 . 1975). 

Egg beds i n  Georges Bank i n  1970 
were i n  water 50 m deep (Caddy and 
I l e s  1973). A spawning bed observed 
by T i  bbo e t  a1 . (1963) i n  the Gul f o f  
S t .  Lawrence, Canada, was only 2 t o  
6 m deep and eggs i n  Miramichi Bay, 
New Brunswick, were 0.9 t o  4.3 m deep 
(Po t t l  e e t  a1 . 1980). Herr ing spawned 
from close inshore t o  depths o f  9.1 t o  
11.0 m i n  Newfoundland waters (Tibbo 
1956). I n  areas where onshore winds 
caused turbu lent  surface water near 
shore, her r ing spawned i n deeper 
waters. 

Spawning substrate. A1 though 
At1 an t i c  h e r r i  na usual 1 v sDawn over 
gravel o r  rock, -vegetation and she l l s  



may a l so  be used (Sindermann 1979). 
Underwater observations on J e f f r e y s  
Ledge revealed t h a t  80% t o  90% o f  t he  
eggs adhered t o  the  red  a lga P t i l o t a  
ser ra ta ,  and t h e  r e s t  s tuck t o  the  
upper surfaces o f  rocks and boulders 
(Cooper e t  a l .  1975). Two types o f  
spawning subst ra te  were boul der/rock 
subst ra te  w i t h  vegeta t ion  and coarse 
fragments o f  sand, gravel  , and shel 1s 
w i thou t  vegetat ion.  Three of t h e  s i x  
spawning areas observed were composed 
o f  rough boulder/rock substrate;  s lope 
grad ients  ranged from O0 t o  40°. 

I n  Georges Bank waters, h e r r i n g  
eggs were found on ly  over a f l a t  
sur face o f  f a i r l y  we l l -sor ted,  rounded 
g l a c i a l  gravel ,  2 t o  10 mm i n  
diameter; no eggs were seen on sand o r  
shel 1 fragments (Caddy and I l e s  1973). 
I n  Miramichi  Ray, New Brunswuck, scuba 
d i v e r s  repor ted t h a t  eggs were 
deposited on a1 gae--primari l y - ~ h o n d r u s  
c r ispus,  Palmeria palmata, Phyl lophora 
sp. , and Fucus sp. - -w i th  an apparent 
 reference fo r  the  l a s t  two o f  these 
taxa ( P o t t l e  e t  a l .  1980). I n  waters 
near Newfound1 and, h e r r i n g  usual l y  
spawn on gravel  o r  rock  substrates 
where vegetat ion i s  abundant, though a 
few spawn on bare rock  a long sandy 
shores (T i  bbo 1956). 

Spawni ng temperatures and sa l  i n -  
i ti es. - Duri  ng spawning , water 
temperatures on two J e f f r e y s  Ledge 
spawning beds ranged from 9 t o  12 C 
(Cooper e t  a l .  1975). I n  the  eastern 
Gu l f  o f  Maine and Grand Manan I s l a n d  
area, spawning temperatures of 8 t o  
11 OC were reported. Autumn spawners 
i n  European waters p r e f e r  temperatures 
of 8 t o  15 OC (B lax ter  and H o l l i d a y  
1963). 

S a l i n i t i e s  i n  waters where 
h e r r i n g  spawn i n  the  Gu l f  o f  Maine a re  
normal ly  near 33 ppt ;  A t l a n t i c  h e r r i n g  
never spawn i n  brack ish  waters o f  t h e  
g u l f  (Bigel  ow and Schroeder 1953). 

Water currents.  A water cu r ren t  
o f  a t  l e a s t  1 t o  2 km/h i s  usua l l y  

1979). Bottom water cur rents  
throughout a t i d a l  cyc le  on the  
J e f f  reys Ledge spawni ng grounds ranged 
from 0 t o  2 km/h and averaged 0.3 t o  
0.5 km/h (Cooper e t  a l .  1975). 

Fecundity and Eggs 

Estimates o f  t h e  average number 
of eggs pe r  female f o r  Gu l f  o f  Maine 
h e r r i n g  i n d i c a t e  an increase i n  
fecund i ty  i n  recent  years (Table 2). 
This increase may be compensation f o r  
a decrease i n  s tock  s i z e  (Anthony and 
Waring 1980b). For Gu l f  o f  Maine 
h e r r i  ng , fecund i ty  i s  c l o s e l y  re1 ated 
t o  the  weight o f  the  f i s h ,  der ived by 
t h e  r q a t i o n  o f  t h e  c u r v i l i n e a r  form 
F = aW , where a = 40.39 and b = 1.413 
(Morse and Morr is  1981). The r e l a t i o n  
between fecund i ty  and t o t a l  l eng th  o f  
the  f i s h  i s  debermined by using the  
fo rqu la  F = aL where a = 1.714 x 
10- and b = 4 . j56  (Morse and Mor r i s  
1981). 

A r e l a t i v e l y  constant  number o f  
eggs seem t o  be produced by f i s h  o f  a 
p a r t i c u l a r  l eng th  b u t  some eggs may be 
reabsorbed du r ing  maturat ion. I n  

Table 2. Estimates of fecund i ty  
(thousands o f  eggs) f o r  A t l a n t i c  her-  
r i n g  of d i f f e r e n t  lengths i n  the  Gu l f  
o f  Mai ne. 

Year 
Tota l  

length  (cm) 1963-64a 1980b 1982' 

a ~ e r k i  ns and Anthony (1969). 
b ~ o r s e  and Morr is  (1981). 
C K e l l y  (1983). present  dur ing  spawni ng (Si  ndermann 



European herr ing,  annual va r ia t ions  i n  
fecundi ty have been re la ted  t o  
di f ferences i n  food in take (Hempel 
1971; Bowers and Ho l l  iday 1960). Low 
f a t  content i n  females, caused by a 
scarc i t y  o f  food, can reduce the 
number o f  eggs produced (Hempel 1971). 
Absol u te  fecundi ty probably increases 
w i t h  a decrease i n  stock density. For 
example, fecundi ty o f  the Georges Bank 
her r ing  each year was inverse ly  
re la ted  t o  populat ion abundance i n  the 
previous year (Anthony and Waring 
1980b). 

Egg diameter a f t e r  f e r t i  1 i z a t i o n  
i s  t y p i c a l l y  1.0 t o  1.4 mm (Bigelow 
and Schroeder 1953; Mansueti and Hardy 
1967). Egg s ize a t  matur i ty  may vary 
i n  d i f f e r e n t  areas and a t  d i f f e r e n t  
times o f  the year (Bowers and Hol l iday 
1960; Hempel 1971). I n  the southern 
Gul f  o f  St. Lawrence, mean egg weights 
were 12.2 mg i n  spr ing and 7.5 mg i n  
f a l l ;  fecundi ty o f  f a l l  spawners was 
about 50% higher than i n  spr ing 
spawners (Messi eh 1976). 

Egg incubation periods f 1 uctuate 
w i t h  temperature. Periods reported i n  
the Gulf  o f  Maine are 10 t o  15 days 
(Bi  gel ow and Schroeder 1953). 
Hatching occurs a f t e r  8-9 days a t  
10 OC (Cooper e t  a1 . 1975). 

Size o f  egg beds. On Jef f reys 
Ledge i n  1974, the area of  egg beds 
ranaed from 700 t o  1.300 me. and each 
bed- encompassed a d i s t i n c t  .and we1 1 - 
defined area (Cooper e t  a l .  1975). 
O f f  Nova Scotia, a spawning area 
occupying 67,500 m2 was reported by 
McKenzie (1964), bu t  he d i d  not  
ind ica te  whether the bed was 
continuous. A spawning area o f  
375,000 mZ o f f  the Canadian coast was 
reported by Tibbo e t  a l .  (1963). 

Thickness o f  layers o f  eggs. The 
number o f  egg layers i n  herr ing egg 
beds var ies w i t h  the i n t e n s i t y  o f  
spawning. One egg bed on Jef f reys 
Ledge was composed o f  3 t o  15 layers 

and another contained 1 t o  4 layers 
(Cooper e t  a1 . 1975). Egg 1 ayers were 
1 t o  2 cm t h i c k  on Georges Bank (Caddy 
and I l e s  1973) and around 3.25 cm 
t h i c k  on T r i n i t y  Ledge o f f  southwest 
Nova Scot i  a (McKenzi e 1964). Baxter 
(1971) reported t h a t  the presence o f  
three t o  four  layers i s  not  harmful t o  
the surv iva l  o f  eggs i n  the lower 
1 ayers ; however, ra tes o f  development 
are not  uniform throughout the egg 
layers, and egg surv iva l  i s  lowest i n  
the bottom layers (Baxter 1971). 
According t o  Hempel and Schubert 
(1969), i f  the eggs mass i s  t h i c ke r  
than three o r  four  layers,  high 
mo r ta l i t y  occurs i n  the deeper layers. 

Larvae 

A t l an t i c  herr ing larvae are 5 t o  
9 mm long a t  hatching (Blaxter and 
Hol l iday 1963). The newly-hatched 
1 arvae become concentrated i n  the 
upper water column bu t  are soon 
dispersed by surface and near-surface 
water currents (Lough 1975). An 
exception i s  yolk-sac larvae a t  
spawning s i t es  w i t h  vegetation; the 
larvae may stay i n  the vegetation f o r  
several days (Cooper e t  a1 . 1975). An 
estimated 75% o f  A t l an t i c  herr ing 
larvae d i e  w i t h i n  4 days a f t e r  
hatching (Graham and Chenoweth 1973). 

Larval food. The larvae depend 
on the yo1 k sac f o r  food dur ing t h e i r  
f i r s t  few days o f  l i f e ,  bu t  the y o l k  
sac i s  absorbed when the larvae are 8 
t o  12 mm SL (Blaxter and Ho l l  iday 
1963). Some larvae begin feeding even 
before the y o l k  i s  f u l l y  absorbed. 
Larvae reared a t  10 OC began feeding 2 
t o  3 days a f t e r  hatching (Lough e t  a l .  
1982). Newly hatched larvae (7 t o  
20 mm long) prey p r i nc i pa l  l y  on 
copepod naupl i i and copepodi tes  
(Sherman and Honey 1971). 

I n  winter,  as the larvae become 
la rger  (21 t o  30 mm), the d i e t  s h i f t s  
t o  1 arger fooa i terns, predominantly 
the copepods Pseudocalanus minutus and 
Oithona sp. (~herman and Honey 1971). 
-article range o f  sizes t h a t  



la rvae can ingest  i s  r e l a t e d  t o  t h e  
gape o f  t h e  jaw, which increases as 
the  la rvae grow larger .  The 
importance o f  a l a rge r  jaw gape, w i t h  
an increas ing s ize  range o f  p o t e n t i a l  
prey, i s  probably greates t  dur ing 
w in te r  when food i s  scarce and small 
1 arvae o f  zoopl ankton are 1 ac k i  ng 
(Sherman and Honey 1971). I f  h e r r i n g  
la rvae s tarve f o r  5 t o  7 days, they 
e s s e n t i a l l y  lose t h e i r  a b i l i t y  t o  feed 
and become easy prey ( L e t t  1976). 
During zooplankton blooms i n  spr ing,  
h e r r i n g  la rvae ea t  a wider v a r i e t y  o f  
prey- -pr inc ipa l  l y  c i  r r i p e d  larvae,  
crustacean eggs, ti n t i  nnids, and 
copepods (Sherman and Honey 1971). 
The l a r v a l  phase o f  A t l a n t i c  h e r r i n g  
l a s t s  6 t o  8 months (Sindermann 1979). 

Movement. Studies o f  1 arva l  
d r i f t  pa t terns  i n  t h e  Gu l f  o f  Maine 
ind ica te  t h a t  larvae,  soon a f t e r  
hatching , e i t h e r  move d i r e c t l y  i n t o  
es tuar ies  and embayments adjacent t o  
the  spawning areas o r  are c a r r i e d  
along the  coast by east  t o  west 
coastal  currents.  As an i n d i c a t i o n  o f  
movement by east  t o  west cur rents ,  
la rvae hatched o f f  eastern Maine are 
r e g u l a r l y  co l l ec ted  i n  the Sheepscot 
Estuary o f  western Maine by l a t e  
autumn (Graham and Joule 1981; Graham 
1982). The la rvae make d iu rna l  
v e r t i c a l  migrat ions t o  move i n t o  t h e  
estuar ies,  using 1 andward t i d a l  
cur rents  (Graham 1972). Larvae 
spawned i n  Georges Bank waters i n  1971 
were wide ly  dispersed b u t  the re  was 
some i n d i c a t i o n  o f  a d r i f t  toward the 
southwest. I n  cont ras t ,  most o f  those 
from spawning s i t e s  a t  Je f f reys  Ledge, 
Cape E l  izabeth,  and Ste l  lwagen Bank 
moved shoreward (Sindermann 1979). 

Juveni 1 es 

Metamorphosi s. When young 
he r r ing  are  about 50 t o  55 mm SL, they 
undergo metamorphosis , developing the 
morphological c h a r a c t e r i s t i c s  of 
adul ts;  they are then i d e n t i f i e d  as 
juven i les  (Lough e t  a l .  1982). 
Metamorphosis begins i n  A p r i l  i n  the  
Gu l f  o f  Maine (Sindermann 1979). I n  

1 aboratory studies,  metamorphosis was 
completed i n  about 10 days a t  15 O C  

(Bl ax te r  and Hol 1 i day 1963). A f t e r  
metamorphosis, school i qg behavior 
becomes prominent and l a s t s  throughout 
l i f e .  As young h e r r i n g  begin t o  
school , they moved inshore i n  1 arge 
numbers. 

Movement. The movements o f  
juveni  1 e he r r ing  i n  the  Cape Cod - Bay 
o f  Fundy area are not  we l l  known. 
Herr ing schools o f  age gr.oups I and I 1  
i n  the  Gu l f  o f  Maine are known t o  move 
inshore i n  spr ing and remain there  
dur ing summer. I n  southwestern Maine, 
juveni  l e s  tagged dur ing summer o f t e n  
were recovered i n  Massachusetts Bay 
dur ing win ter ,  b u t  those tagged i n  
eastern Maine i n  summer tended t o  
remain nearby i n  w in te r  (Creaser e t  
a l .  1984). Juveni les tagged i n  
southwestern and cen t ra l  Maine a1 so 
were recovered f a r t h e r  east  i n  the  
f o l l o w i n g  summer, b u t  most la rvae from 
eastern Maine were recovered near 
where they were o r i g i n a l l y  tagged. 
F ish  tagged dur ing w in te r  i n  eastern 
and western Maine remained i n  the  same 
area dur ing the  f o l l o w i n g  summer 
(Creaser e t  a1 . 1984). 

L i g h t  response. The response o f  
j u v e n i l e  h e r r i n g  t o  l i g h t  i s  s t rong ly  
negative. The f i s h  move toward t h e  
surface a t  sunset and remain the re  
dur ing low 1 i g h t  i n t e n s i t y .  
Laboratory s tud ies  i n d i c a t e  t h a t  
juven i les  are most a c t i v e  j u s t  a f t e r  
sunset and j u s t  before sunr ise 
(Stickney 1972). Commercial catches 
o f  j uven i le  h e r r i n g  i n  Maine have been 
inve rse ly  co r re la ted  w i t h  moonlight 
i n t e n s i t y .  Monthly peaks i n  catches 
coincided w i t h  the  dark phase o f  the  
moon (Anthony 1971). 

Food hab i ts .  Juveni 1 e h e r r i  ng 
feed on a v a r i e t y  o f  zooplankton. 
Copepods are the  most important  prey 
throughout the  year (Sherman and 
Perki  ns 1971). Larval decapods are  
important  as food i n  spr ing and l a r v a l  
c i r r i p e d s  i n  spr ing and summer. Other 
foods are l a r v a l  pelecypods i n  summer, 








































