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Mark G. Carls , National Marine Fisheries Service, NOAA 

Few species are of greater combined ecological and eco
nomic importance in Prince William Sound (and in many 

other coastal ecosystems) than is the Pacific herring, Clupea 
pallasi. Herring of all life stages are central to a marine food 
web that includes humpback whales, harbor seals, a large vari
ety of marine and shore birds, bald eagles, jellyfish and other 
invertebrates, and an array of other fishes, such as pollock. In 
addition, herring—especially their eggs—provide a multi-mil-
lion dollar resource that is available to commercial fishers in 
the spring, before the main salmon seasons open. 

Pacific herring belong to the family Clupeidae, which in
cludes small fish that occur in enormous numbers in large 
schools. Pacific herring range from Baja California, Mexico 

north to the Beaufort Sea and south along the coast of Asia to 
Korea.1 They inhabit continental shelf regions and spend much 
of their lives in nearshore areas.1,2  Herring are abundant within 
the area contaminated by the Exxon Valdez oil spill (EVOS), 
including in Prince William Sound (PWS), the outer Kenai Pen
insula coast, lower Cook Inlet, and in the waters around the 
Kodiak Archipelago. 

Herring are a bony, streamlined fish, about eight inches 
long, with very oily flesh. On their backs, they have dis
tinctive blue-black shading, which brightens to silvery white 
on their sides.1  Silvery layers of guanine crystals in their 
skin reflect light and serve as camouflage. Herring also have 
specialized retina in their eyes, allowing filter feeding in 
darkness, and very complex nerve receptors that link the 
lateral line with the swim bladder, allowing rapid vertical 
movements.3 



Vital Statistics 

Population 
Approximately 34,100 metric 
tons in PWS (1997); 35,054 
metric tons (1998 forecast) 

Population Trend 
Highly variable; Peaked at 
over 110,000 metric tons in 
1989; Collapsed in 1993; Now 
slowly increasing (1998) 

Lifespan 
Up to 12 yrs in PWS 

Adult Size 
Varies with latitude.  In PWS, 
adults are greater than 170 
mm in length and 80 g in 
weight. 

Spawning Season 
Varies with latitude; April in 
PWS; Duration variable from 5 
days to 2 or 3 weeks. 

Incubation Period 
Temperature dependent; 
About 24 days in PWS 

Larval Period 
About 10 wks; 30 mm larvae 
metamorphose to juvenile in 
July (PWS) 

Maturity 
Spawning is rare before age 3 
in PWS 

Diet 
Larvae: invertebrate eggs, tiny 
zooplankton; Juveniles and 
adults: zooplankton, krill, and 
larval fish 

They are fast swimmers with a burst swim
ming speed of 5-7 body lengths per second, which 
is as fast as many salmon.4,5  The configuration 
of herring schools, their swim speed and agility, 
and the flashes of reflected light probably con
fuse predators.3 

Spawning
 In PWS, mature adult herring migrate to and 

then spawn in shallow waters mainly in April, al
though some spawning occurs in late March and 
as late as June. Eggs are deposited along many of 
the same beaches year after year, although the 
volume of eggs and the number of miles of shore
line along which spawning occurs vary widely.

 Readiness to spawn appears to be related to 
winter and spring sea-surface temperatures.6  In 
general, herring spawn when ocean currents are 
weak, reducing the chance that the tiny larvae will 
be swept off shore.7 Specific spawn timing seems 
to be tied to temperature (4.4 degrees C in PWS) 
and calm seas. The timing and location of spawn
ing herring is often signaled by the large, noisy 
flocks of gulls, waterfowl, and shorebirds, and 
groups of Stellar sea lions that gather to feed both 
on the herring and their eggs.

 Female herring carry from 7,000 to 30,000 
eggs,6 depending on body weight (about 200 eggs 
per gram of fish weight8). Eggs are laid in mul
tiple layers on kelp, rockweed, eelgrass, other sea
weed, and rocks in the intertidal zone. About 90% 
of the eggs are deposited between -5 and +2 m 
mean lower low water.9 After spawning, aggre
gations of adult herring thin out and retire to 
deeper waters, presumably close to the entrances 
of PWS to feed.10  Little is known about summer 
distributions and habits of adult herring. 

Temperature determines the incubation pe
riod for eggs. In PWS, eggs incubate for about 
24 days6 compared to only 14 days in British 
Columbia.1  Egg loss due to wave action and pre
dation can be up to 90 percent.11,12,13 Of those 
that actually hatch, it is not uncommon to observe 
50% or more with morphological abnormali-
ties.14,15 

Juvenile Herring
   In PWS, larvae hatch from eggs in May, and 

they are about 7-9 mm long and carry a yolk-
sac.16  Newly hatched larvae are vulnerable to 
being swept away by currents17 and predation by 
jellyfish, other invertebrates, and fish, such as 
pollock.1,14 The yolk-sac reserves are used up in 
about one week, depending on temperature. With

out additional food, starvation is irreversible 
within about 10 days.18  Larvae eat a variety of 
zooplankton and are found in mid-waters of PWS 
throughout the summer.19 Metamorphosis to 
adult form occurs after about 10 weeks, when 
the larvae are about 30 mm in length.1

 Nearshore habitats appear to be important for 
juvenile herring for at least the first year of 
life.10,20,1  More than 90% of the juveniles in 
British Columbia21 and PWS22 were within 2 
km of shore, often in bays. 

They may spend up to two years in these 
nearshore rearing areas21 before joining the adult 
population. Overlap in distribution with juve
nile pollock, which prey on juvenile herring, is 
significant. Juvenile herring also may be a criti
cal food resource for foraging seabirds and ma
rine mammals, because of their high energy (fat) 
content, abundance, and availability in surface 
waters.

   In the fall, large aggregations of adult her
ring, mixed with 2-year-old herring, return from 
summer feeding areas and overwinter in central 
and eastern PWS. They concentrate in huge 
schools, which can be observed and measured 
with sonar, possibly providing a cost-effective 
means of assessing population sizes. Humpback 
whales have been seen as early as October and 
as late as February feeding on these large schools 
(e.g., 24 whales were observed around Montague 
Island in December 1996). Preliminary data22 

indicate that during the winter, age-0 and -1 her-

Thick mats of herring spawn, attached to eelgrass, 
washes up on the shores of Prince William Sound. 
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ring remain in their nearshore nursery bays, over
lapping in distribution to a small degree with the 
adults. 

Population Status and Trends
 Pacific herring populations vary tremen

dously due to natural causes, such as predation, 
larval drift, disease,23 and starvation.2  Herring 
also are vulnerable to fishing pressure10,1 and to 
the direct and indirect effects of oil spills, such as 
the Exxon Valdez spill.24 A strong year-class is 
recruited in PWS about once every four years; 
this cohort usually then dominates the popula
tion for the next four years.25 

There have been large commercial fisheries 
on Pacific herring since the early 1900s, when 
they were first dry-salted for Oriental markets 
(1904-34). For the next 30 years (1935-67), her
ring were sold domestically and overseas, prima
rily for fish meal and oil. More recently, they have 

been harvested for their roe and spawn-on-kelp 
(both Oriental markets), food (mainly overseas), 
and bait (domestic).1 Catches during the early 
years were not controlled, and fishermen took a 
large percentage of the population, which may 
have been severely reduced as a result.

 Prior to the EVOS, the population in PWS 
was at a high level and increasing.26 Estimates 
of the biomass of spawning adult herring since 
the 1980s range from a low of 16,400 metric tons 
in 1994 to a high of 113,200 metric tons in 1989 
(John Wilcock and Fritz Funk, unpubl. data).  The 
1989 year class failed to join the spawning popu
lation in PWS in 1993, and only about 25% of 
the forecasted return of adults actually re-
turned.25 As a result of this dramatic population 
collapse, PWS herring fisheries were curtailed 
in 1993 and closed from 1994-1996. By 1997, 
the population in PWS was estimated to be about 
34,000 metric tons, and a limited commercial 
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Photos on right: Herring 
larvae show adverse effects 

from exposure to oil with 
malformaties becoming 
more pronounced as oil 

exposure increases. 

harvest was allowed. The 1998 season resulted 
in harvests of 3,443 tons for sac roe, 356 tons for 
gillnet sac roe, and 679.7 tons from the food and 
bait fishery (harvested in the fall of 1997). 

Short-term effects of the spill 
Control: normal jaw, normal pericardium, normal yolk, straight spine.The Exxon Valdez oil spill occurred on March 

24, 1989, a few weeks before herring spawned in 
PWS. Because many herring were gathering in 
oiled waters to spawn, all herring fisheries were 
closed in 1989 to eliminate the risk of contami
nated catches. About half of the egg biomass was 
deposited within the trajectory of the spilled oil, 
and an estimated 40% to 50% was exposed to oil 
during early development.24 An unknown pro- Low oil: normal jaw, normal pericardium, yolk edema, straight spine. 

portion of oil was dispersed throughout the water 
column to a depth of at least 25 m.27 Oil was in 
the water throughout the summer of 1989 and, to 
a lesser degree, in 1990, following beach clean
ing operations.27 

Adult herring also were exposed to spilled oil, 
but the effects of this exposure are not clear.  Adults 
sampled immediately after the spill at oiled sites High oil: deformed jaw, pericardial edema, yolk edema, curved spine. 
had liver lesions that were attributed to oil expo-
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sure.28  Recent laboratory studies have shown that 
Commercial harvest of exposure of wild herring to concentrations of crude 

Pacific herring in Prince oil similar to those that may have been encoun-
Willam Sound, all fisheries 

1917-1997. tered in PWS following EVOS depressed immune 

functions and allowed expression of a viral dis
ease, viral hemorrhagic septicemia (VHSV), which 
also is associated with lesions.29 Thus, the lesions 
originally attributed solely to oil exposure in her

ring captured from PWS in 
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198928 may have been 
caused by disease, which, in 
turn, may have been trig
gered by oil exposure. This 
suggestion is further sup
ported by occurrence of 
similar lesions in VHSV-
positive herring sampled 
from PWS at the time of the 
population collapse (1993
1994), when hydrocarbon 
exposure was no longer de-
tectable.23,30

 Physical abnormalities 
and genetic effects caused 
by exposure of herring eggs 
to oil include increases in 
the incidence and severity of 
various morphological mal-
formations31,32,33,34 and 
chromosomal aberra-
tions.35,36,37  Recent ex
perimental research that 
modeled conditions ob
served in PWS have shown 
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biologically significant sublethal effects and mor
tality consistently occur after exposure to water
borne polynuclear aromatic hydrocarbons (PAHs) 
in the low parts-per-billion range (0.2 to 9 ppb).38 

The morphological and genetic effects observed 
by Carls38 were identical to those observed in her
ring larvae of different ages from oiled areas within 
PWS during spring 1989.24,15,19 

Ph
ot

o 
by

 R
oy

 C
or

ra
l 

Herring are sampled as part of a study examining 
their availability and importance as a food source 
for seabirds. 

Early life stages of the 1989 year class in 
PWS were affected by Exxon Valdez oil. Primary 
effects included: premature hatching, low larval 
weights, reduced growth, elevation in morpho
logic and genetic abnormalities, and, probably, 
mortality.39 Although we do not know the level 
of mortality, research suggests that there was a 
significant reduction (52%) in larval production 
in 1989.40,24 While approximately equal biom
asses of eggs were deposited in unoiled and oiled 
areas, it is estimated that oiled areas produced 
only 17 million viable pelagic larvae compared 
to 12 billion from unoiled areas.39

 Ingestion of oil-contaminated food by larvae 
and juveniles may have been a significant route 
for oil exposure because copepods, one of the 
major prey items for young herring, accumulate 
and concentrate petroleum hydrocarbons in their 
bodies.41,42  Contact with particulate oil and ex

posure to dissolved PAH also were possible, but 
many of the abnormalities observed in larvae in 
oiled areas19,15 may have been caused by earlier 
exposure of incubating eggs. Juvenile herring 
were not studied immediately after the spill, but 
growth of juvenile pink salmon (which occupied 
the same intertidal habitat) was reduced in oiled 
areas.44,45 Researchers concluded that ingestion 
of whole oil was an important route of contami
nation, but did not exclude other possible avenues 
of exposure such as direct contact with 
sheens.43,46,49 

Long-term effects of the spill
 Natural variability in herring populations is 

poorly understood. Thus, despite the estimated 
substantial decrease in larval production in 1989, 
oil exposure cannot be singled out as the cause 
for the 1993 recruitment failure. The 1989 year 
class was one of the smallest cohorts ever ob
served returning to spawn in PWS, and it made 
up only a small proportion of the overall 1993 
spawning population. The VHSV disease also 
plagued the returning adult population in 1993.23 

Possible causes of this disease-precipitated col
lapse include high population density, food scar
city, poor ocean conditions, and previous (i.e., in 
1989) exposure to oil.24,39,33

 One area of concern was the possibility that 
herring genetically damaged by exposure to 
Exxon Valdez oil would perpetuate abnormalities 
in the gene pool. There is no strong evidence, 
however, of long-term reproductive impairment. 
In laboratory tests, morphological abnormalities 
coincided with genetic abnormalities, but geneti
cally damaged larvae would probably die before 
metamorphosis.38  Similarly, declines over time 
in the incidence of abnormal larvae in PWS19 

can be explained by the death of affected larvae. 
A preliminary study in PWS in 1992 that com
pared reproductive success between two previ
ously oiled sites within Rocky Bay and one 
unoiled site at Tatitlek Narrows suggested a pos
sible long-term oil effect, but other factors may 
have been confounding.47  In 1995, a similar 
study involving multiple control and oiled sites 
in PWS, plus control sites in Southeast Alaska, 
found no evidence of long-term, oil-related re
productive impairment in PWS.48 

Although there is no evidence of long-term 
reproductive impairment due to EVOS, it is pos
sible that the 1993 population collapse in PWS 
allowed other species of fish to take over the 
ecological niche once occupied by herring, thus
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Normal, viable herring larvae 
have straight spines whereas 
abnormal, non-viable larvae 
are easily identified by the 
curvature in their spines. 
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cite this material in 
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technical reports and 
literature listed at the 
end of each account. 

slowing or reducing the likelihood of a popula
tion rebound. For example, pollock have appar
ently increased in abundance, and the resulting 
additional competition for food or predation pres
sure on all life stages of herring may help keep 
the herring population at a low level. 

Restoration Activities 
Starting with the Natural Resources Damage 

Assessment, which was initiated in the immedi
ate aftermath of the oil spill, the Exxon Valdez 
Oil Spill Trustee Council provided funds for the 
Alaska Department of Fish and Game to improve 
its annual assessment of the biomass of spawn
ing adult herring and the eggs they deposit in 
PWS. Then, following the collapse of the PWS 
herring population in 1993, the Trustee Council 
adopted a two-pronged approach. First, a team 
of researchers focused on disease as an agent of 
the collapse and possible links between oil expo
sure and disease. Second, the Trustee Council 
sponsored a large-scale study, the Sound Ecosys
tem Assessment (SEA), to identify the ecologi
cal processes influencing the survival of juvenile 
herring and pink salmon. 

The disease work sponsored by the Trustee 
Council is providing insight into the possible 
causes of the 1993 collapse, but is also provid
ing fisheries managers with important informa
tion about background levels of VHSV and the 
Icthyophonus fungus and the conditions which 
favor the expression of these diseases. Current 
research is looking at the possible relationship, 
if any, between disease epidemics and the prac
tice of gathering large numbers of spawning 
herring into small enclosures, such as in the 
“pound” fishery. 

The herring components of the SEA project 
are focusing on overwinter survival and summer 
habitats of juveniles. Models are being developed 
that describe how young herring are recruited into 
the adult population.22 As part of this project, 
researchers are interviewing commercial fishers 
and others with local and traditional knowledge 
about herring to identify areas and habitat types 
where herring are consistently found. This in
formation will help set priorities for habitat 
conservation. 

Preliminary analyses from the SEA project 
suggest that mortality in the larval and juvenile 
life stages, not the embryo stage, has the greatest 
effect on the number of fish surviving to become 
adults. 

Although billions of eggs hatch, few survive 

to metamorphosis, and larvae are difficult and 
expensive to study.  The focus of the SEA project, 
therefore, is on the surviving juveniles, beginning 
in late summer when they first arrive at the nurs
ery areas.

 Habitat conditions, including food availabil
ity, the abundance of predators or competitors, 
and ocean conditions, dictate how young herring 
survive, grow, and store fat in preparation for 
winter.  Age-0 herring must acquire enough oil 
reserves by fall to survive a winter when food is 
scarce. Winter survival, therefore, is likely to be 
critical to the successful recruitment of a year class 
relative to age, size and sex.50

 Research and modeling will vastly improve 
our understanding of juvenile herring distribu
tions, the processes affecting their survival, their 
availability to predators, and recruitment into the 
adult population. Researchers within the Alaska 
Predator Ecosystem Experiment (APEX) project, 
a study linking the availability of forage fish to 
the productivity of spill-injured seabird species, 
have found that juvenile herring are a key forage 
species in PWS, thus confirming the ecological 
importance of this species. 

A monitoring plan is being developed that 
could track distribution and relative abundance 
of juveniles via aerial and acoustic surveys. These 
surveys could record yearly changes in popula
tions, plus environmental variables, such as tem
perature and food availability, within representa
tive nursery areas. Model simulations using this 
information should help improve stock assess
ments and forecasting and could prevent over
fishing. With more research and careful manage
ment, the Pacific herring will remain a key mem
ber of the coastal ecosystem in PWS and through
out the northern Gulf of Alaska. 

Fisheries biologist Evelyn Brown received an MS in 
fisheries from Oregon State University in 1980 where 
she worked on Pacific crayfish and aquaculture. She 
worked for ADFG for over 10 years and, after the spill, 
was the principal investigator for herring damage as
sessment studies for 5 years. She is currently a re
search associate at University of Alaska Fairbanks and 
working on her PhD concerning the distribution and 
ecology of herring and other forage fish species. 

Fishery biologist Mark Carls received an MSC in 
biological oceanography in 1978 from Dalhousie Uni
versity, Nova Scotia, where he studied the effects of 
oil exposure on Atlantic cod and mackerel. He contin
ues oil research at the Auke Bay Laboratory, National 
Marine Fisheries Service in Juneau 
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