
REFYT.ENCE C03Y 
Do Not  Remove from the Library 

U. S. Fish and Wildlife Service 

Biological Report 82(11-79) 700 Cajun Dome Boulevard TR EL-82-4 
February 1988 

Lafayette, Louisiana 70506 

Species Profiles: Life Histories and 
Environmental Requirements of Coastal Fishes 
and lnverte brates (Pacific Southwest) 

PACIFIC HERRING 

Coastal Ecology Group 
Fish and Wildlife Service Waterways Ex~eriment Station 

U.S. Department of the Interior U.S. Army Corps of Engineers 



B i o l o g i c a l  Report 82(11.79) 
TR EL-82-4 
February 1988 

Species P r o f i l e s :  L i f e  H i s t o r i e s  and Environmental Requirements 
o f  Coastal  F ishes and Inve r teb ra tes  ( P a c i f i c  Southwest) 

PACIFIC HERRING 

Roger A. Barnhart  
C a l i f o r n i a  Cooperat ive F ishery  Research U n i t  

Humboldt S ta te  U n i v e r s i t y  
Arcata, CA 95521 

P r o j e c t  O f f i c e r  
David Moran 

U.S. F i s h  and W i l d l i f e  Serv ice  
Nat iona l  Wetlands Research Center 

1010 Gause Boulevard 
S l  i d e l l  , LA 70458 

Performed f o r  

Coastal  Ecol ogy Group 
U. S. A r m y  Corps o f  Engineers 
Waterways Experiment S t a t i o n  

Vicksburg, MS 39180 

and 

U.S. Department o f  t h e  I n t e r i o r  
F i s h  and W i l d l i f e  Serv ice  
Research and Development 

Nat iona l  Wetlands Research Center 
Washington, DC 20240 



This series may be referenced as follows: 

U.S. Fish and Wildlife Service. 1983-19-. Species profiles: life histories 
and environmental requirements of coastal fishes and invertebrates. U.S. Fish 
Wildl. Serv. Biol. Rep. 82(11). U.S. Army Corps of Engineers, TR EL-82-4. 

This profile should be cited as follows: 

Barnhart, R.A. 1988. Species profiles: life histories and environmental 
requirements of coastal fishes and invertebrates (Pacific Southwest) -- Pacific 
herring. U.S. Fish Wildl. Serv. Biol. Rep. 82(11.79). U.S. Army Corps of 
Engineers, TR EL-82-4. 14 pp. 



PREFACE 

This species p r o f i l e  i s  one of a s e r i e s  on coas ta 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  coas ta 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 economic importance, i f  app l i cab le .  A t h r e e - r i n g  b inde 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  a r e  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 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 rega rd 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 
the f o l l o w i n g  addresses. 

I n fo rma t ion  T rans fe r  S p e c i a l i s t  
Nat iona l  Coastal Ecosystems Team 
U.S. F i s h  and W i l d l i f e  Serv ice  
NASA-Slidell 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 o n :  WESER-C 
Post O f f i c e  Box 631 
Vicksburg, MS 39180 
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CONVERSION TABLE 

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

Mu1 t i p l y  

m i l l i m e t e r s  (mm) 
cent imeters  (cm) 
meters (m) 
meters (m)  
k i l omete rs  (km) 
k i l omete rs  (km) 
square meters (m2)  
square k i  1  ometers (km2) 
hectares (ha) 
l i t e r s  (1) 
cub ic  meters (m3) 
cub ic  meters (m3)  
m i l l i g r a m s  (mg) 
grams (g) 
k i  1  ograms (kg) 
me t r i c  tons (t) 
m e t r i c  tons (t) 

k i  1  oca l  o r i  es (kca l  ) 
Ce ls ius  degrees ( O C )  

To Obta in  

inches 
inches 
f e e t  
fathoms 
s t a t u t e  m i l e s  
n a u t i c a l  m i  1  es 
square f e e t  
square m i l e s  
acres 
ga l  l ons  
cub ic  f e e t  
a c r e - f e e t  
ounces 
ounces 
pounds 
pounds 
s h o r t  tons 

3.968 B r i t i s h  thermal u n i t s  
1.8(OC) + 32 Fahrenhe i t  degrees 

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

inches 25.40 m i l l i m e t e r s  
inches 2.54 cen t imete rs  
f e e t  ( f t )  0.3048 meters 
fathoms 1.829 meters 
s t a t u t e  m i l es  ( m i )  1.609 k i  1  ometers 
nau t i ca l  m i  1  es (nmi ) 1.852 k i  1  ometers 

square f e e t  ( f t2)  
square m i l es  ( m i 2 )  
acres 

ga l  1  ons (ga l  ) 
cubic  f e e t  ( f t3) 
ac re - f ee t  

ounces (oz) 
ounces (oz) 
pounds ( l b )  
pounds ( l b )  
s h o r t  tons ( t on )  

square meters 
square k i lomete rs  
hectares 

1  i t e r s  
cub i c  meters 
cub i c  meters 

m i l l i g r a m s  
grams 
k i  1  ograms 
m e t r i c  tons  
m e t r i c  tons  

B r i t i s h  thermal u n i t s  (Btu)  0.2520 k i  1  oca l  o r i  es 
Fahrenhei t  degrees (OF) 0.5556 (OF - 32) Ce ls ius  degrees 
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F igure  1. P a c i f i c  h e r r i n g  ( a f t e r  Har t  1973). 

PAC IFIC HERRING 

NOMENCLATURE, TAXONOMY, AND RANGE 

S c i e n t i f i c  name . . . . . . . Clupea 
harengus p a l  1  as i Valenciennes 

Pre fer red  common name . . . . P a c i f i c  
h e r r i n g  (F igu re  1 )  

Other common name . . . . . . Her r i ng  
Class . . . . . . . . . . Osteichthyes 
Order . . . . . . . . . . Clupeiformes 
Family . . . . . Clupeidae ( h e r r i n g s )  

Geographic range: Waters of t h e  con- 
t i n e n t a l  s h e l f  f rom no r the rn  Baja 
C a l i f o r n i a  t o  a r c t i c  Alaska and 
Japan ( f o r  d i s t r i b u t i o n  i n  P a c i f i c  
Southwest, see F igu re  2) .  

P a c i f i c  h e r r i n g  are  moderately 
compressed s i l v e r y  f i s h  w i t h  unspined 
f i n s ,  i n c l u d i n g  a  s h o r t  dorsa l  near 
middle of back and abdominal p e l v i c  
f i n s  beneath t h e  dorsal .  The caudal 
f i n  i s  deeply forked. Keeled scales 
(scutes) a long t h e  v e n t r a l  m i d l i n e  are  
o n l y  moderately developed. Compared 
t o  o the r  c l u p e i d  species t h e r e  are no 
scales o r  s t r i a t i o n s  on t h e  head o r  
g i l l  cover, no spots on t h e  s ides,  no 
1  a t e r a l  1  i ne canal , no mod i f i ed  scales 
o r  f l a p s  on t h e  s i d e  o f  t h e  t a i l  f i n ,  
no t e e t h  on t h e  jaw (a l though t h e r e  
a re  f i n e  t e e t h  on the  vomer), and t h e  
l a s t  dorsa l  f i n  r a y  i s  n o t  elongate. 

Dorsal f i n  rays  15-21; anal 13- 
MORPHOLOGY AND IDENTIFICATION A I D S  20; pec to ra l s  about 17; p e l v i c s  about 

9, each w i t h  a  f l eshy  sca le  above i t s  
The f o l l o w i n g  d e s c r i p t i o n s  were i n s e r t i o n ;  ver tebrae 46-55; l a r g e  

taken l a r g e l y  f rom M i l l e r  and Lea c y c l o i d  scales 38-54 mid1 a t e r a l  ly. 
(1972), Har t  (19731, and Eschmeyer e t  Color  dark b l u i s h  green t o  o l i v e  on 
a l .  (1983). do rsa l  surface, shading t o  s i l v e r  on 
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F igure  2. P a c i f i c  h e r r i n g  d i s t r i b u t i o n  i n  t h e  P a c i f i c  Southwest (shaded) 
(adapted from Mi 1 l e r  and Schmidtke 1956 and S p r a t t  1981).  
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sides and b e l l y .  Length u s u a l l y  l ess  
than 30 cm bu t  occas iona l l y  t o  46 cm 
standard l eng th  (SL). 

REASON FOR INCLUSION I N  SERIES 

The h e r r i n g  i s  a  much p r i z e d  and 
w ide l y  and f u l l y  used commercial 
species. No major h e r r i n g  stock along 
the  P a c i f i c  coast o f  t h e  Un i ted  States 
o r  Canada has a  harves tab le  surp lus  
t h a t  exceeds t h e  ha rves t i ng  capac i t y  
o f  t h e  f i s h i n g  f l e e t  seeking i t  
(Trumble and Humphreys 1985). I n  t he  
P a c i f i c  Southwest, h e r r i n g  spawn 
p r i m a r i l y  i n  bays and es tua r ies  
(Haegele and Schweigert 19851, and are 
s e n s i t i v e  t o  changes i n  h a b i t a t  
induced by man. 

LIFE HISTORY 

Spawni n p  

P a c i f i c  h e r r i n g  spawn i n  many 
i n t e r t i d a l  and s u b t i d a l  l o c a t i o n s  
along Cal i f o r n i  a ' s  coast, b u t  Tomales 
Bay and San Francisco Bay have t h e  
l a r g e s t  spawning popu la t ions  ( S p r a t t  
1976). Other known spawning areas are  
San Diego Bay, San L u i s  River ,  Morro 
Bay, Elkhorn Slough, Bodega Bay, 
Russian River,  Noyo River ,  She l te r  
Cove, Humboldt Bay, and Crescent C i t y  
Harbor ( S p r a t t  1981 1. I n  Cal i f o r n i  a  
h e r r i n g  spawn f rom November t o  June 
bu t  p r i m a r i l y  f rom December t o  
February (Wi 1  son 1937; Scof i e l  d  1952; 
S p r a t t  1981 1. 

Adu l t  h e r r i n g  t y p i c a l  l y  congre- 
gate near t h e  spawning grounds severa l  
weeks t o  months be fore  spawning. I n  
Cal i f o r n i  a, t he  f i r s t  spawners 
g radua l l y  en te r  t he  bays, and b u i l d  up 
i n t o  1  arge aggregat ions f o r  severa l  
weeks before  spawning; l a t e r  spawners 
move i n  j u s t  be fore  they  spawn ( M i l l e r  
and Schmidtke 1956). Matur ing a d u l t s  
en ter  San Francisco, Tomales, and 
Humbol d t  Bays of t e n  sever a1 weeks 
before  spawning, remain ing i n  l o o s e l y  

aggregated schools i n  deep channels 
(E ld r i dge  and K a i l l  1973; Rabin and 
Barnhart  1986 1. 

The s t i m u l i  t h a t  i n i t i a t e  
spawning are no t  w e l l  understood. I n  
no r the rn  l a t i t u d e s  spawning t imes are 
apparent ly  synchronized w i t h  water 
temperatures, and spawning does n o t  
begin u n t i l  i ncuba t i on  temperatures 
exceed 6 ' ~  (Haegele and Schweigert 
1985). However, i n  C a l i f o r n i a  water 
temperatures are  above 9 ' ~  throughout 
t h e  w i  n t e r - s p r i n g  spawning season and 
t h e  i n i t i a t i o n  o f  spawning i s  
apparent ly  no t  temperature r e l a t e d  
(Rei l l y  and Moore 1982, 1983, 1984, 
1985). When t h e  r i g h t  cond i t i ons  
p r e v a i l ,  schools o f  h e r r i n g  move i n t o  
i n t e r t i d a l  shal lows and some s u b t i d a l  
areas, and spawn on any s u i t a b l e  
subs t ra te .  However, h e r r i n g  appear t o  
have subs t ra te  preferences: i n  San 
Francisco Bay they  choose algae and 
grass f i r s t ,  then prominent rocks, and 
l a s t l y  f l a t  sur faces (E ld r i dge  and 
Ka i  11 1973). The p r i n c i p a l  subs t ra te  
used i n  Tomales and Humboldt Bays i s  
common eelgrass (Zostera marina), 
a l though i n  some years t h e  areas w i t h  
t h e  lushest  beds of eelgrass are no t  
used f o r  spawning (Mi 1  l e r  and 
Schmidkte 1956; Rabin and Barnhart 
1986 1. I n  Humboldt Bay, which 
general 1  y  exceeds 28 p p t  sa l  i n  i ty ,  
Rabin and Barnhart  (1986) suggested 
t h a t  t h e  l o c a t i o n  o f  f r e s h  water 
i n f l ows  probably i n f l uenced  the  
l o c a t i o n  o f  h e r r i n g  spawning. Outram 
(1951) found t h a t  l o w - s a l i n i t y  water 
s t imu la ted  h e r r i n g  t o  spawn w h i l e  i n  
c a p t i v i t y .  Tay lo r  (1971) repo r ted  
t h a t  ha tch ing  success decreased w i t h  
i nc reas ing  s a l i n i t y .  However, R e i l l y  
and Moore (1983) be1 ieved t h a t  
extended pe r iods  of s a l i n i t i e s  below 
20 p p t  i n  San Francisco Bay i n h i b i t e d  
h e r r i n g  spawning. 

Both t h e  male and female h e r r i n g  
i n t e r a c t  c l o s e l y  w i t h  t h e  vegeta t ion  
on which t h e  h i g h l y  adhesive eggs are 
l a i d .  The v e n t r a l  sur face  and g e n i t a l  
p a p i l l a  con tac t  t he  spawning subs t ra te  
and the  f i s h  depos i t  t r a c t s  o f  eggs 



and m i l t  a long i t s  su r face  (Hourston 
e t  a1 . 1977). The t e x t u r e  and 
r i g i d i t y  o f  t he  subs t ra te  a re  t e s t e d  
by t h e  f i s h  us ing  t h e  t i p s  o f  t h e  
p e l v i c  and p e c t o r a l  f i n s  be fo re  t h e y  
spawn, and sediment on t h e  s u b s t r a t e  
may i n h i b i t  spawning (Stacey and 
Hourston 1982). Ex t rus ion  o f  eggs 
appears t o  be impeded unless t h e  vent 
i s  i n  con tac t  w i t h  t h e  s u b s t r a t e  
(Schaefer 1937). Hay (1985 suggested 
t h a t  male h e r r i n g  probab ly  i n i t i a t e  
t h e  spawning a c t  by r e l e a s i n g  m i l t  
i n t o  t h e  water; t h e  females f o l l o w  and 
depos i t  eggs on t h e  subs t ra te .  Stacey 
and Hourston (1982) suggested t h a t  a  
sexual pheromone i n  h e r r i n g  m i l t  
t r i g g e r s  t h e  ac tua l  spawning process. 
I n  l a r g e  mass spawnings t h e  water  
o f  t e n  appears " m i  1  k y "  over t h e  e n t  i r e  
spawning area due t o  t h e  presence o f  
m i  It. Her r i ng  sperm remain f e r t i l e  
f o r  a t  l e a s t  3  hours i n  seawater a t  
8 ' ~  (B lax te r  and Hol l i d a y  1963). The 
eggs are deposi ted i n  l a y e r s  o f  one t o  
two eggs t h i c k  i n  l i g h t  i n t e n s i t y  
spawns t o  many egg l a y e r s  i n  heavy 
spawns. S p r a t t  (1976) repo r ted  a  
h e r r i n g  spawn i n  San Franc isco  Bay i n  
January 1975 w i t h  some egg l a y e r s  
n e a r l y  10 cm t h i c k ,  which he ca lcu-  
l a t e d  t o  be about 6 m i  11 i o n  eggs/m2. 
Mass spawnings i n  San Franc isco  and 
Tomales Bays may t a k e  p lace  i n  a  few 
hours o f  one n i g h t  o r  may cont inue as 
long  as a  week. Frequent ly  two o r  
more spawnings occur i n  t h e  same 
loca t i on ,  separated rough l y  by 10-15 
days (Hay 1985; Rabin and Barnhar t  
1986). I n  C a l i f o r n i a  a d u l t  h e r r i n g  
r e t u r n  t o  sea immediately a f t e r  
spawning ( M i l l e r  and Schmidtke 1956). 

Fecundi ty  

Fecundi ty  i s  p o s i t i v e l y  
c o r r e l a t e d  w i t h  t h e  s i z e  of t h e  
female. The number of eggs per  gram 
o f  body weight i s  a  u s e f u l  measure o f  
re1  a t i v e  fecund i t y ,  p a r t i c u l a r l y  f o r  
h e r r i n g  spawn surveys used t o  es t ima te  
t o t a l  biomass o f  spawning f i s h .  Mean 
f e c u n d i t y  o f  females was 227 eggs per  
gram i n  Tomales Bay (Hardwick 1973) 
and San Francisco Bay ( R e i l l y  and 

Moore 1985) and 220 eggs per  gram i n  
Humboldt Bay (Rabin and Barnhart  
1977). Thus a  g r a v i d  female h e r r i n g  
weighing 100 g  would be expected t o  
c o n t a i n  about 22,000 eggs. For 
Humboldt Bay h e r r i n g ,  Rabin and 
Barnhar t  (1977) c a l c u l a t e d  a  1  i near 
r e l a t i o n  between body l e n g t h  and egg 
product ion,  showing t h a t  a  female 
h e r r i n g  about 177 mm l ong  SL produced 
22,000 eggs. Along t h e  P a c i f i c  coast  
t h e  t o t a l  s i  ze-spec i f  i c  f e c u n d i t y  i s  
i n v e r s e l y  r e l a t e d  t o  l a t i t u d e  (Hay 
1985). 

Egg Stage 

F e r t i l i z e d  P a c i f i c  h e r r i n g  eggs 
a re  sphe r i ca l ,  1.2-1.5 mm i n  diameter; 
t h e y  have a  y e l l o w i s h  granu la r  yo lk ,  
no o i l  g lobu le ,  a  t h i c k ,  tough, 
t ransparent  chor ion,  and a  wide 
p e r i v i  t e l l  i ne space, equal t o  20%-30% 
o f  t h e  egg diameter (Wang 1981). 
I ncuba t i on  t ime  was 6-10 days i n  water 
temperatures o f  8-lo°C i n  Tomales Bay 
( M i l l e r  and Schmidtke 1956) and 10.5 
days a t  an average water temperature 
o f  lo°C i n  San Franc isco  Bay (E ld r i dge  
and K a i l l  1973) . Outram (19551, who 
descr ibed t h e  development o f  t h e  
P a c i f i c  h e r r i n g  egg, s t a t e d  t h a t  t he  
eyes become pigmented about ha1 fway 
through t h e  i ncuba t i on  per iod .  
Su rv i va l  i s  reduced where t h e  eggs a re  
deposi ted severa l  l a y e r s  t h i c k  
( E l d r i d g e  and K a i l l  1973). Adequate 
r e s p i r a t i o n  o f  eggs w i t h i n  an egg mass 
i s  assumed t o  r e q u i r e  cont inuous 
movement and rep1 acement o f  
i n t e r s t i t i a l  water (A lde rd i ce  and 
Hourston 1985). Egg m o r t a l i t y  i s  
o c c a s i o n a l l y  h i g h  as a  r e s u l t  o f  
p reda t i on  on deposi ted l a y e r s  o f  eggs 
by g u l l s ,  d i v i n g  b i r d s ,  and f i s h ;  
also, e r r a t i c  major  storms sometimes 
t e a r  1  oose egg-1 aden vege ta t i on  and 
windrow i t  along beaches ( S p r a t t  1981; 
A lde rd i ce  and Hourston 1985). 

L a r v a l  and J u v e n i l e  Stages 

A t  hatching, h e r r i n g  l a r v a e  are  
5.6-7.5 mm l ong  TL and have a smal l  



spher ica l ,  t h o r a c i c  y o l k  sac t h a t  
p e r s i s t s  f o r  a  p e r i o d  o f  t ime  t h a t  
va r i es  i n  l eng th  w i t h  water 
temperature, b u t  does n o t  u s u a l l y  
exceed 2  weeks (Har t  1973; Wang 1981). 
A t  complet ion o f  t h e  y o l k  sac s tage 
the  l a r vae  are  9-10 mm long TL. 
Her r ing  l a r v a e  have a  long  s t r a i g h t  
gut t h a t  becomes segmented i n  t h e  
post1 a rva l  stage. P a c i f i c  h e r r i n g  
have a  t o t a l  of 45-57 myomeres, o f  
which 37-44 are preanal .  He r r i ng  
l a r vae  a re  cha rac te r i zed  by having 
pa i red  melanophores a long t h e  gu t  t h a t  
are dorsa l  t o  mid-body and then 
v e n t r a l  t o  t h e  anus. 

As soon as the  y o l k  i s  exhausted 
h e r r i n g  l a r vae  must begin exogenous 
feeding. Th is  " c r i t i c a l  p e r i o d "  (May 
1974) a t  t h e  onset o f  f eed ing  
gene ra l l y  r e s u l t s  i n  h igh  m o r t a l i t y  
because t h e  margin between s u f f i c i e n t  
n u t r i t i o n  and s t a r v a t i o n  i s  
exceedingly  narrow ( B l a x t e r  1962). 
The f i r s t  food c o n s i s t s  m a i n l y  o f  
i n v e r t e b r a t e  eggs, copepod n a u p l i i ,  
and diatoms (Har t  1973). W i th in  2  
months, young h e r r i n g  a re  2.5-4.0 cm 
long and t h e  d i e t  has broadened t o  
i nc lude  l a rvae  o f  barnacles, mol lusks,  
bryozoans, r o t i f e r s ,  and f i s h  -- 
though copepod naup l i  i and adu l t s  a re  
t h e  most impor tan t  food. Since l a r v a l  
feed ing  i s  s i g h t  dependent, i t  occurs 
p r i m a r i l y  d u r i n g  d a y l i g h t  ( B l a x t e r  
1965). 

Surveys i n d i c a t e  t h a t  t h e  
abundance o f  P a c i f i c  h e r r i  ng 1  arvae 
was h ighes t  i n  San Franc isco  Bay 
(E ld r i dge  1977) and second h ighes t  i n  
Humboldt Bay ( E l d r i d g e  and Bryan 
1972). The l a rvae  were captured o n l y  
du r i ng  w in te r ,  and o n l y  smal l  numbers 
o f  j u v e n i l e s  were taken i n  spr ing .  
However, Samuelson (1973) repo r ted  
t h a t  h e r r i n g  were caught i n  o t t e r  
t r a w l s  i n  South Humboldt Bay i n  every 
month except December (no s i z e  da ta  
were g iven) .  I n  1968, j u v e n i l e  
P a c i f i c  h e r r i n g  were caught i n  Nor th 
Humboldt Bay w i t h  an o t t e r  t r a w l  f rom 
March t o  J u l y  and i n  October and 
November (Sopher 1974). Sopher wrote 

t h a t  l a r g e  numbers o f  j u v e n i l e  h e r r i n g  
were seen near t h e  su r face  i n  August 
and September b u t  t h a t  t hey  were 
mos t l y  uncatchable by bottom t r a w l .  
J u v e n i l e  P a c i f i c  h e r r i n g  were ne t ted  
w i t h  a  lampara b a i t  se ine  i n  Humboldt 
Bay f rom A p r i l  t o  October (Waldvogel 
1977) and w i t h  a  midwater t r a w l  f rom 
January t o  October i n  many l o c a t i o n s  
i n  San Franc isco  Bay (Messersmith 
1966; R e i l l y  and Moore 1984, 1985). 
Most j u v e n i l e  h e r r i n g  congregate i n  
bays d u r i n g  summer and move i n t o  
deeper water i n  f a l l  (Hourston 1958, 
1959; R e i l l y  and Moore 1983, 1984, 
1985 1. 

Adu l t  Stage 

Except f o r  spawning h a b i t s  and 
r e l a t e d  behavior,  l i t t l e  i s  known 
about a d u l t  h e r r i n g  a long t h e  coast  i n  
t h e  P a c i f i c  Southwest. The o f f s h o r e  
d i s t r i b u t i o n  i s  l a r g e l y  unknown, 
a1 though t h e r e  i s  a  summer f i s h e r y  f o r  
a d u l t s  i n  Monterey Bay (E ld r i dge  and 
K a i l l  1973). Fishermen have a l s o  
repo r ted  f a i r l y  l a r g e  schools o f  
h e r r i n g  o f f s h o r e  f rom t h e  F a r a l l o n  
I s l ands  i n  summer, b u t  no samples have 
been obta ined (Mi 1  l e r  and Schmidtke 
1956). P a c i f i c  h e r r i n g  have a  homing 
i n s t i n c t  t h a t  b r i ngs  them back t o  a  
c e r t a i n  area of t h e  coast  t o  spawn 
each year; consequent ly M i  1  l e r  and 
Schmidtke (1956) speculated t h a t  along 
t h e  coast  of C a l i f o r n i a  t h e r e  may be 
f o u r  t o  e i g h t  o r  more stocks. 
However, S p r a t t  (1981) s t a t e d  t h a t  no 
evidence has been shown t o  i n d i c a t e  
separate Cal i f o r n i  a  stocks. I n  
C a l i f o r n i a  some h e r r i n g  spawn a t  2  
years o f  age and a l l  a re  mature by age 
3  ( S p r a t t  1981). He r r i ng  up t o  11 
years o l d  a re  taken each year i n  t h e  
va r i ous  f i s h e r i e s ,  bu t  f i s h  o f  ages 2- 
6  a re  most common ( S p r a t t  1981; Rabin 
and Barnhar t  1986). The numerical  
r a t i o  of females t o  males among a d u l t  
h e r r i n g  captured by gears t h a t  a re  
r e l a t i v e l y  non -se lec t i ve  f o r  s i z e  does 
n o t  d i f f e r  s i g n i f i c a n t l y  f rom 1:l i n  
Tomales, San Francisco, and Humboldt 
Bays ( S p r a t t  1981; Rabin and Barnhart  
1986). Har t  (1973) s ta ted  t h a t  a d u l t  



h e r r i n g  ea t  var ious  crustaceans 
( p r e f e r r i n g  t h e  l a r g e r  forms), and 
j u v e n i l e  stages o f  smelt, he r r i ng ,  
sandlance, hake, and r o c k f i s h .  

GROWTH CHARACTERISTICS 

S p r a t t  (19811, who used o t o l  i t h s  
t o  age h e r r i n g  f rom Tomales and San 
Francisco Bays, c a l c u l a t e d  growth 
curves by l e a s t  squares reg ress ion  
(F igu re  3). H is  da ta  s t a r t e d  w i t h  
y e a r l i n g  he r r i ng ,  which are  about 120 
mm from t h e  t i p  o f  t h e  snout t o  t h e  
end o f  t h e  s i l v e r y  pigment on t h e  
caudal peduncle (body length,  BL). 
Sopher (19741, who t raw led  young-of - 
the-year h e r r i n g  i n  Humboldt Bay, gave 
t h e  f o l l o w i n g  t o t a l  l e n g t h  ranges 
( m i l l i m e t e r s )  by date: March 10, 15- 
40; A p r i l  2, 25-45; A p r i l  27, 26-46; 
May 25, 34-44; June 20, 64-70; J u l y  
15, 64-80. Har t  (1973) s t a t e d  t h a t  
h e r r i n g  growth i n  l eng th  slows a f t e r  
t h e  f i s h  mature. 

S p r a t t  (1981) found t h a t  t he  
length-weight  r e l a t i o n s h i p  f o r  h e r r i n g  
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F igu re  3. He r r i ng  growth curves f o r  
Tomales and San Francisco Bays 
ca l cu la ted  by l e a s t  squares method 
( S p r a t t  1981 1. 

o f  160-222 mn BL d i d  no t  d i f f e r  
between San Francisco and Tomales Bays 
(F igu re  4). He a l so  s ta ted  t h a t  
length-weight  r e 1  a t i o n s  of male and 
female h e r r i n g  f rom t h e  two bays were 
no t  s i g n i f i c a n t l y  d i f f e r e n t .  

COMMERCIAL AND SPORT FISHERIES 

Commercial h e r r i n g  f i s h i n g  i n  
C a l i f o r n i a  dates back t o  a t  l e a s t  t h e  
mid-1800's ( S p r a t t  1981). E a r l y  
catches, though n o t  w e l l  documented, 
were smal l ;  most h e r r i n g  were eaten 
f r e s h  bu t  some were s a l t e d  o r  smoked 
( S c o f i e l d  1952). From 1916 t o  1919, 
most h e r r i n g  were canned o r  reduced t o  
o i l  and meal; t h e  c a t c h  reached 3,629 
m t  i n  1918 ( S p r a t t  1981). The 
Reduct ion Act  o f  1919, which 
p r o h i b i t e d  t h e  r e d u c t i o n  o f  h e r r i n g  
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F igu re  4. Length-weight r e l a t i o n  f o r  
h e r r i n g  from Tomales and San Francisco 
Bays ( S p r a t t  1981. 
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n t o  f i s h  meal, ended the  l a r g e s t  
iomponent o f  the  f i shery .  Annual 
andings remained low u n t i l  1948-62, 

when processors canned h e r r i n g  as a 
replacement f o r  sard ines ( S c o f i e l d  
1952; S p r a t t  1981). The product  
gradual 1 y  l o s t  acceptance, however; 
annual landings dropped t o  l e s s  than 
286 m t  du r i ng  1963-72 ( S p r a t t  1981). 

I n  1965 a new use f o r  C a l i f o r n i a  
h e r r i n g  products developed when Japan 
began impor t ing  h e r r i n g  r o e  on 
seaweed, "Kazunoko Kombu," and h e r r i n g  
roe  a1 one, "Kazunoko," bo th  o f  which 
are gourmet foods (E ld r i dge  and K a i l l  
1973 1. Due t o  a se r ies  of 
i n t e r n a t i o n a l  changes a f f e c t i n g  
Japan's supply o f  h e r r i n g  i n  the  e a r l y  
19701s, a demand f o r  P a c i f i c  coast  
h e r r i n g  developed and Japan imported 
8,000 m t  o f  h e r r i n g  roe  from the  U.S. 
west coast i n  1973 (Sp ra t t  1981). The 
h e r r i  ng roe f i shery gradual 1 y  
increased and 10,251 m t  o f  h e r r i n g  
were landed i n  C a l i f o r n i a  f o r  t h i s  use 
i n  1982. Most h e r r i n g  are  f rozen  
whole and shipped t o  Korea, where the  
roe  i s  removed, sa l ted ,  and shipped t o  
Japan. The f i s h  are d r i e d  and s o l d  
f o r  human consumption i n  Korea 
(E ld r i dge  and K a i l l  1973). 

The r o e  content,  o r  percentage 
body weight o f  eggs, i s  h ighes t  j u s t  
be fore  spawning; thus f i s h i n g  i s  
concentrated du r ing  t h i s  s h o r t  per iod ,  
t o  ensure t h e  c o l l e c t i o n  o f  h e r r i n g  
roe  o f  t he  h ighes t  q u a l i t y  and weight. 
The h e r r i n g  are  captured w i t h  purse 
seines, lampara seines, and g i l l  nets;  
g i l l  nets dominate the  f i s h e r y  because 
they take  l a r g e  f i s h  and a h igher  
percentage o f  females (Sp ra t t  1981). 

To prevent  the  o v e r f i s h i n g  o f  
C a l i f o r n i a ' s  h e r r i n g  stocks, t he  S t a t e  
es tab l i shes  quotas each year. 
Although the re  i s  no t  good evidence 
t h a t  separate stocks e x i s t  i n  
Cal i f o r n i a ,  h e r r i n g  a t  each major 
spawning area are managed separa te ly  
(Sprat t 1981 1. Each year t h e  
C a l i f o r n i a  Department o f  F i s h  and Game 
conducts spawning surveys i n  San 

Francisco and Tomales Bays. The t o t a l  
number o f  eggs spawned du r ing  the  
season i s  est imated, and the  biomass 
of a d u l t  spawning h e r r i n g  i s  est imated 
on the  bas is  o f  average fecund i ty .  
These est imates a re  then used t o  
e s t a b l i s h  harves t  quotas f o r  t h e  
f o l l o w i n g  season. Ware (1985) 
ca l cu la ted  t h a t  P a c i f i c  h e r r i n g  can 
sus ta in  an e x p l o - i t a t i o n  r a t e  o f  about 
30%. He recommended, however, t h a t  
h e r r i n g  f i s h e r y  managers op t  f o r  a 
conserva t ive  ha rves t i ng  p o l i c y .  The 
C a l i f o r n i a  Department o f  F i sh  and Game 
se ts  quotas t o  harves t  about 15%-16% 
o f  t he  spawning popu la t i on  (J.D. 
Sp ra t t ,  Ca l i f .  F i s h  and Game, pers. 
comm. 1. The 1985-86 quotas were 6,800 
m t  f o r  San Francisco Bay, 900 m t  f o r  
Tomales Bay, 54 m t  f o r  Humboldt Bay, 
and 27 m t  f o r  Crescent C i t y .  The San 
Francisco Bay f i s h e r y  i nvo l ves  about 
390 g i  11 ne t  permi t tees  and 40 round 
haul vessels f i s h i n g  purse o r  lampara 
seines. To d i s t r i b u t e  the  ca tch  
g i l l - n e t t e r s  are d i v i d e d  i n t o  3 groups 
o f  about 130 boats each and each group 
has a harves t  quota; se iners  have 
i n d i v i d u a l  quotas. For 1985-86 round 
haul vessels were a1 l o t t e d  54 m t  each 
and g i  11 - n e t t e r s  1,437-1,526 m t  each, 
depending on which p e r i o d  o r  day o f  
t h e  season they  f i s h e d  (J.D. Sprat t ,  
C a l i f .  F i s h  and Game, pers. comm). 

I n  San Francisco Bay the  
commercial harves t  o f  h e r r i n g  eggs on 
seaweed i s  s e t  a t  a quota o f  4.5 mt 
( t h e  t o t a l  weight  o f  t h e  seaweed w i t h  
eggs at tached 1. The d i v e r s  who 
harves t  t h e  eggs on seaweed u s u a l l y  do 
n o t  a t t a i n  t h i s  quota. P a c i f i c  
h e r r i n g  taken i n  a smal l  round haul 
sumner f i s h e r y  i n  Monterey Bay are  
processed p r i m a r i l y  f o r  animal food. 

Some s p o r t  f i s h i n g  occurs f o r  
he r r i ng ,  p r i m a r i l y  i n  San Francisco 
Bay, when the  h e r r i n g  move i n t o  
shal low waters i n  l a r g e  numbers t o  
spawn ( S p r a t t  1981). The f i s h  are 
snagged by hook and l i n e  o r  captured 
w i t h  hand-held bag nets o r  throw nets. 
They are  taken f o r  t h e i r  r o e  o r  f o r  
p i c k l i n g .  The c o l l e c t i o n  of h e r r i n g  



r o e  on seaweed by d i v e r s  o r  a t  low 
t i d e  by waders i s  popu la r  i n  San 
Francisco Bay. The possession l i m i t  
i s  23 kg f o r  spor t -caught  h e r r i n g  and 
11 kg f o r  eggs on seaweed. 

ECOLOGICAL ROLE 

I n  terms o f  c o n s i s t e n t  c o n t r i -  
b u t i o n  t o  worldwide f i s h  biomass, t h e  
h e r r i n g  has h i s t o r i c a l  l y  been 
ext remely successfu l  ( B l a x t e r  1985). 
The h e r r i n g  i s  s p e c i a l l y  adapted i n  
severa l  respects.  P a c i f i c  h e r r i n g  
eggs can w i ths tand  extremes o f  
temperature f o r  a t  l e a s t  a  s h o r t  t ime, 
as we11 as (presumably) some 
des i cca t i on  when t h e  t i d e  ebbs. Th is  
eurythermy, together  w i t h  eury-  
h a l i n i t y ,  means t h a t  t h e  h e r r i n g  egg 
has a  formidable a b i l i t y  t o  s u r v i v e  i n  
harsh environments ( B l a x t e r  1985). 
The h e r r i n g  a l s o  has a  complex 
camouf 1  age system based on s i  1  v e r y  
l a y e r s  of guanine c r y s t a l s  i n  t h e  s k i n  
which cause t h e  undersides o f  t h e  
f i s h ,  seen from below, t o  b lend i'n 
w i t h  t h e  sur face  ( a  form o f  counter  
shading), a  s p e c i a l i z e d  r e t i n a  f o r  
v i s u l  acu i ty ,  and a  complex acous t ico-  
l a t e r a l i s  system l i n k e d  t o  t h e  swim- 
b ladder  t h a t  endows t h e  h e r r i n g  w i t h  
e x c e l l e n t  hear ing  s e n s i t i v i t y  indepen- 
dent of h y d r o s t a t i c  pressure change. 
I t  i s  physostomous ( a l l o w i n g  r a p i d  
v e r t i c a l  movements o f  wide amp1 i tude)  , 
s t r o n g l y  schoo l ing  i n  h a b i t ,  and has 
the  f a c i l i t y  t o  sw i t ch  f rom 
p a r t i c u l a t e  t o  f i l t e r  feeding.  
B l a x t e r  (1985) concluded t h a t  t h e  
h e r r i n g  cou ld  be considered a  
successfu l  species i n  terms o f  i t s  
a b i l i t y  t o  recover  f rom d r a s t i c  
ove r f  i sh ing .  

Hay and F u l t o n  (1983) c a l c u l a t e d  
tha t ,  f o r  Canadian h e r r i n g  stocks, 
about 22% o f  t h e  t o t a l  h e r r i n g  
spawning stock biomass i s  re leased 
annua l ly  as m i l t  and eggs. They 
est imated t h a t  t h e  carbon c o n t r i -  
b u t i o n  o f  t h e  products t o  t h e  eco- 
system i s  h igh  r e l a t i v e  t o  p r imary  

p roduc t ion .  Th is  m a t e r i a l  i s  a  source 
o f  energy f o r  secondary producers, 
p a r t i c u l a r l y  m i  c rozoopl  ankton, such 
as protozoa,  copepod naupl ii, o r  
l a r v a e  o f  b e n t h i c  animals, a l l  o f  
which c o u l d  serve as food f o r  h e r r i n g  
1  arvae. 

Predators  a re  a t t r a c t e d  t o  
h e r r i n g  spawn depos i t s  and con t r i bu te  
s i g n i f i c a n t l y  t o  egg m o r t a l i t y .  In 
Canada, Outram (1958) repor ted  t h a t  
major egg depos i t i ons  i n  the  
i n t e r t i d a l  zone f r e q u e n t l y  were 
e x p l o i t e d  by f l o c k s  of g u l l s ,  which 
consumed 30%-55% o f  t h e  exposed eggs, 
mos t l y  w i t h i n  3  days a f t e r  deposi t ion.  
Hardwick (1973) observed t h a t  t he  
ex ten t  o f  p reda t i on  v a r i e s  g r e a t l y .  
I n  Tomales Bay he speculated 
occasional  p reda t i on  r a t e s  of 90-loo%, 
5-7 days a f t e r  depos i t ion .  B i r d  
p redators  observed by Hardwick (1973) 
were t h e  C a l i f o r n i a  a u l l  Larus 
c a l i f o r n i c u s ,  t he  mew g u l i  C. canus, 
t h e  glaucous-winged g u l l  L. 
glaucescens, t h e  western - g u l l  1. 
o c c i d e n t a l i s ,  t h e  American coot  F u l i c a  
americana, and t h e  s u r f  s c o t 6  
Melani t t a  p e r s p i c i  1  l a t a .  D i ve rs  
c o l l e c t i n g  h e r r i n g  eggs r e p o r t e d  t o  
Hardwick t h a t  va r i ous - - f  i s h  and  crabs 
a t e  h e r r i n g  eggs: sturgeons Acipenser 
SPP. , smel ts  (A ther in idae) ,  
sur fperches  (Embi o toc idae )  , and crabs 
(p robab ly  Cancer spp. 1. I n  Tomales 
Bay d i v i n g  b i r d s  g r e a t l y  reduce t h e  
d e n s i t y  of ee lg rass  i n  h e r r i n g  
spawning beds ( S p r a t t  1981). They 
t e a r  t h e  leaves off and o f ten  p u l l  
whole p l a n t s  ou t  of t h e  subs t ra te .  By 
t h e  end o f  t h e  spawning season, many 
l u s h  beds of ee lg rass  have been 
cropped t o  w i t h i n  a  few inches o f  t h e  
subs t ra te .  

He r r i ng  l a r v a e  a r e  abundant i n  
t h e  ich thyop lank ton  of t h e  bays where 
they  ha tch  ( E l d r i d g e  and Bryan 1972; 
E l d r i d g e  1977) and presumably are 
preyed upon by o l d e r  stages of many 
f i s h  species. Hempel (1965) repo r ted  
t h a t  p reda t i on  and s t a r v a t i o n  a r e  t h e  
two main causes o f  l a r v a l  m o r t a l i t y  i n  
many s tocks  o f  marine f i s h .  He s t a t e d  



t h a t  years of h igh  abundance of f i s h  
t h a t  p rey  on l a r v a e  o f ten  a re  a l s o  
years of r i c h  food abundance f o r  t h e  
f i s h  l a r v a e  and t h a t  t h e  food f o r  
l a r vae  i s  o f t e n  a l s o  t h e  main food o f  
the  p lank ton i c  predators.  Har t  (1973) 
s ta ted  t h a t ,  a l though j u v e n i l e  h e r r i n g  
are known t o  be eaten by o the r  
species, t he re  i s  no evidence o f  
excessive p reda t i on  a t  t h a t  stage. 
Ara i  and Hay (1982) found t h a t  h e r r i n g  
l a r vae  were eaten by severa l  species 
o f  medusae and s t a t e d  t h a t  i f  a  
species of medusae reached peak 
abundance a t  t h e  t ime of emergence of 
h e r r i n g  la rvae,  t h e  s u r v i v a l  o f  t h e  
l a r vae  might  be reduced. Ctenophores 
(Pleurobrachia spp.) and chaetognaths 
(Sagi. t ta sp.) can a l s o  be impor tan t  
p redators  (Stevenson 1962 1. I n  
1  abora tory  r e a r i  ng experiments, 
Hourston e t  a l .  (1981) observed t h a t  
j u v e n i l e  P a c i f i c  h e r r i n g  fed  
e x t e n s i v e l y  on newly hatched l a r v a e  o f  
t h e i r  own species when t h e  two 
occurred together  and suggested t h a t  
such canni ba l  ism cou 1  d  ad d  
cons iderab ly  t o  t h e  m o r t a l i t y  o f  
h e r r i n g  i n  e a r l y  l i f e .  Sub-adult  and 
a d u l t  h e r r i n g  i n  schools appear t o  be 
one of t he  major fodder animals o f  t he  
sea, p r o v i d i n g  food f o r  salmon, 
sharks, and 1  ingcod (Ophiodon 
e longatus) ,  as w e l l  as f o r  water fowl ,  
sea l i o n s ,  and whales (Ha r t  1973). 

The l a r v a l  nematode An isak is  sp. 
( h e r r i n g  worm) i s  a  s t a b l e  p a r t  o f  t h e  
p a r a s i t i c  fauna o f  h e r r i n g  (Hauck and 
May 1977). The importance o f  An isak is  
l a r vae  as a  p u b l i c  h e a l t h  problem 
became known when they  were found t o  
cause g a s t r i c  granulomata ( h e r r i n g  
worm disease)  i n  man -- f i r s t  r epo r ted  
i n  t h e  Un i ted  Sta tes  i n  1975. Hauck 
(1977) s t a t e d  t h a t  t h e  presence o f  
Ani sak i  s  makes human consumption o f  
b r i ned  o r  c o l d  smoked P a c i f i c  h e r r i n g  
a  po ten t  i a1 h e a l t h  hazard. 

ENVIRONMENTAL FACTORS 

A lde rd i ce  and Hourston (1985) 
concluded f rom numerous s tud ies  t h a t  

t h e  P a c i f i c  h e r r i n g  and i t s  embryonic 
and l a r v a l  stages are e s s e n t i a l l y  
e u r y p l a s t i c .  Behaviora l  a t t r i b u t e s  o f  
t h e  a d u l t  spawner i n  s e l e c t i n g  t h e  
spawning s i t e ,  and compensatory 
mechanisms i n  t h e  egg and embryo f o r  
v a r i a t i o n s  i n  t h e  i ncuba t i on  
environment, apparent ly  combine t o  
determine t h e  p r o b a b i l i t y  o f  ha tch ing  
success; t he rea f te r ,  1  a r v a l  s u r v i v a l  
depends l a r g e l y  on t i m i n g  i n  r e l a t i o n  
t o  p reda t i on  and food supply.  Lasker 
(1985) po in ted  ou t  t h e  need t o  
d iscover  what environmental  c o n d i t i o n s  
cause a  c lupeo id  year  c l a s s  t o  succeed 
o r  f a i l .  

Temperature and Sal i n i  t y  

The P a c i f i c  h e r r i n g  g e n e r a l l y  
l i v e s  a t  water temperatures o f  0- loOc 
throughout  i t s  d i s t r i b u t i o n  d u r i n g  the  
ma tu ra t i on  and spawning o f  adu l ts ,  
i ncuba t i on  of eggs, and ha tch ing  o f  
l a r vae  (A lde rd i ce  and Hourston 1985). 
For  Nor th  American s tocks  these events 
tend t o  occur i n  t h e  upper h a l f  o f  t h e  
temperature range; u s u a l l y  8 -10 '~  f o r  
Cal i f o r n i  a  waters ( M i l l e r  and 
Schmidtke 1956; E l d r i d g e  and K a i l l  
1973). I n  B r i t i s h  Columbia waters, 
s a l i n i t i e s  associated w i t h  these 
successive l i f e  h i s t o r y  events (range, 
optimum) are 2.6-28.7 p p t  and 27-28 
p p t  f o r  spawning, 4.5-42 p p t  and 12-15 
p p t  f o r  > 50% f e r t i l i z a t i o n  o f  eggs, 
and 4.5-22 p p t  and 12-17 p p t  f o r  
maximum t o t a l  hatch (A lde rd i ce  and 
Hourston 1985). W i th in  t h e  opt imal  
ranges, maximum incuba t i on  success 
accompanies lower sa l  i n i  t i e s  coupled 
w i t h  lower water temperatures o r  
h ighe r  s a l i n i t i e s  w i t h  h igher  
temperatures. E a r l y  l a r v a e  a l s o  
appear t o  be e u r y p l a s t i c .  Length a t  
hatch ing,  l a r v a l  growth r a t e ,  and 
growth e f f i c i e n c y  on y o l k  appear t o  be 
enhanced a t  s a l i n i t i e s  o f  13-21 p p t  a t  
temperatures o f  5.5-12'~ (A lde rd i  ce 
and Velson 1978; Duenas 1981). 
Stevenson (1962 concluded t h a t  
s u r v i v a l  of P a c i f i c  h e r r i n g  l a r v a e  
p a s s i v e l y  t r anspo r ted  i n t o  t h e  open 
waters o f  t he  P a c i f i c  Ocean migh t  be 
l i m i t e d  by t h e i r  i n a b i l i t y  t o  t o l e r a t e  



h igh  o f f sho re  s a l i n i t i e s .  A lderd ice  
and Hourston (1985) s ta ted  t h a t  t he  
sa l  i n i  t y  to le rance o f  1  arvae i s  
in f luenced s i g n i f i c a n t l y  by s a l i n i t y  
and temperature du r ing  egg incubat ion.  
A t  usual incubat ion  cond i t i ons  i n  
B r i t i s h  Columbia waters, t he  upper 
boundary o f  l a r v a l  t o le rance  was 
est imated as 27.5-31 ppt .  

When t h e  unusua l ly  warm n u t r i e n t -  
depleted water o f  E l  Nino occurred i n  
C a l i f o r n i a  waters i n  1982-83, P a c i f i c  
h e r r i n g  grew poor ly ;  E l  Nino a l so  may 
have a f fec ted  the  d i s t r i b u t i o n  o f  
h e r r i n g  stocks d u r i n g  t h i s  p e r i o d  
( S p r a t t  1984a,b). 

T u r b i d i t y  and Sedimentation 

Boeh ler t  and Morgan (1985) s ta ted  
t h a t  the  t u r b i d  waters o f  es tua r ies  
and bays used by l a r v a l  h e r r i n g  as 
nursery areas may o f fe r  s u r v i v a l  
advantages. I n  experiments, feed ing  
inc idence and i n t e n s i t y  o f  h e r r i n g  
l a rvae  were s i g n i f i c a n t l y  g rea te r  a t  
l e v e l s  of sedimentary suspension o f  
500 t o  1000 mg/l than a t  t h e  c o n t r o l  
l e v e l  (0 mg/l). Feeding decreased a t  
g rea ter  concentrat ions.  The suspended 
sediments may enhance feed ing  by 
p rov id ing  v i s u a l  c o n t r a s t  o f  p rey  
items on the  small pe rcep t i ve  sca le  o f  
larvae.  Larva l  res idence i n  t u r b i d  
environments such as es tua r ies  may 
serve t o  reduce predat ion  from l a r g e r  
v i s u a l  p lank t ivores ,  w h i l e  searching 
a b i l i t y  i n  t he  small l a r v a l  pe rcep t i ve  
f i e l d  i s  no t  decreased s i g n i f i c a n t l y  
(Boeh ler t  and Morgan 1985). 

Excessive t u r b i d i t y  r e s u l t i n g  i n  
s e t t l i n g  out  o f  sediments may h inder  

the  spawning and incubat ion  o f  
her r ing .  The spawning female t e s t s  
the  subs t ra te  w i t h  her  g e n i t a l  p a p i l l a  
be fore  depos i t i ng  eggs, and Stacey and 
Hourston (1982) s ta ted  t h a t  sediment 
on the  subs t ra te  may i n h i b i t  spawning. 
A lde rd i ce  and Hourston (1985) s ta ted  
t h a t  t he  d e l i v e r y  of oxygen to,  and 
t h e  removal of me tabo l i t es  from, 
h e r r i n g  eggs i ncuba t i ng  under 1  ayered 
cond i t i ons  i s  p e r t i n e n t  t o  s u r v i v a l  -- 
p a r t i c u l a r l y  f o r  occluded eggs i n  t he  
i n t e r i o r  o f  an egg mass. The authors 
assumed t h a t  s u b s t a n t i a l  movement o f  
water through the  i n t e r s t i c e s  between 
eggs i n  a  mass i s  requ i red  t o  p rov ide  
f o r  r e s p i r a t o r y  exchange. Excess f i n e  
sediment s e t t l i n g  on egg masses can 
b lock t h e  i n t e r s t i c e s  and p r o h i b i t  
adequate c i r c u l a t i o n  o f  water. 

P o l l u t a n t s  

Estuar ies,  by t h e i r  nature, are 
sub jec t  t o  t he  i n t r o d u c t i o n  o f  many 
k inds  o f  pol lu t .ants.  Eggs and l a rvae  
are  u s u a l l y  t h e  l i f e  stages o f  f i s h  
most s e n s i t i v e  t o  p o l l u t a n t s  
(Struhsaker  e t  a l .  1974). E ld r i dge  e t  
a l .  (1977) found t h a t  sub le tha l  
exposure t o  benzene (0.04-2.1 v 1/11, 
an aromatic component of crude o i l ,  
mod i f ied  the  metabo l ic  processes o f  
P a c i f i c  h e r r i n g  embryos and larvae. 
Rice and Har r ison (1978) repor ted  t h a t  
h e r r i n g  embryo mor ta l  i t i e s  were 
s i g n i f i c a n t  a f t e r  180-hour exposures 
t o  a  copper concen t ra t i on  of 35 ~ g / l .  
A survey o f  s i x  mun ic ipa l  waste 
discharges along the  southern 
Cal i f o r n i  a  coast revealed concen- 
t r a t i o n s  o f  copper rang ing  from 74 t o  
13,900 ~ g / l  (Mi t c h e l l  and McDermott 
1975). 
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