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Chapter 1

Executive Summary
Mark G. Carls

Introduction

On April 2, 2007 the National Marine Fisheries Service (NMFS) received a petition from
the Sierra Club to list Pacific herring (Clupea pallasii) in Lynn Canal as endangered or
threatened under the Endangered Species Act (ESA). The agency found that the petition
presented substantial scientific and commercial information indicating the petitioned action may
be warranted and initiated a status review (NMFS 2007).

The purpose of this document was to review the status of Lynn Canal herring and
specifically to determine if Lynn Canal herring are a Distinct Population Segment (DPS) of
Pacific herring as defined by the ESA. To accomplish this goal, NMFS assembled a
knowledgeable biological review team (BRT): Mark G. Carls, Jeffrey T. Fujioka, Scott W.
Johnson, Stanley D. Rice, Johanna Vollenweider, and Bruce L. Wing, at the Alaska Fisheries
Science Center; Richard G. Gustafson and Robin S. Waples at the Northwest Fisheries Science
Center; Jamie N. Womble, National Park Service; and Erika Phillips at the Alaska Regional
Office. The Alaska Department of Fish and Game (ADFG), the agency that manages Pacific
herring in Alaska, provided considerable data and advice; important assistance was obtained
from Marc Pritchett and Kevin Monagle. Analysis of some of these data were contracted to
Brian Bue, formerly at ADFG. Additional data were obtained from various sources, generally
associated with scientific papers or reports.

After compiling and analyzing pertinent data, the BRT met on January 29, 2008 to
discuss them and to determine if Lynn Canal herring are a DPS as defined by the ESA or if not,
to determine the DPS to which Lynn Canal herring belong. In order to be classified as a DPS, a
vertebrate population must fulfill two criteria — discreteness and significance. To be considered
“distinct,” a population, or group of populations, must first be “discrete” from other populations
and then “significant” to the entire taxon (species or subspecies) to which it belongs. Evaluation
was based on criteria in the ESA; a population segment of a vertebrate species may be
considered discrete if it is markedly separated from other populations of the same taxon as a
consequence of physical, physiological, ecological, or behavioral factors. Quantitative measures
of genetic or morphological discontinuity may also provide evidence of this separation. A
population may also be considered discrete if it is delimited by international governmental
boundaries, between which exist differences in control of exploitation, management of habitat,
conservation status, or regulatory mechanisms that are significant in light of Section 4(a)(1)(D)
of the ESA.

Under the ESA, once a population segment is determined to be discrete under one or
more of the above conditions, its biological and ecological significance to the taxon must then be
considered. Criteria that can be used to assess whether the discrete population segment is
significant include: 1) persistence of the discrete population segment in an ecological setting
unusual or unique for the taxon; 2) evidence that loss of the discrete population segment would
result in a significant gap in the range of a taxon; 3) evidence that the discrete population
segment represents the only surviving natural occurrence of a taxon that may be more abundant
elsewhere as an introduced population outside its historic range; or, 4) evidence that the discrete
population segment differs markedly from other populations of the species in its genetic
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characteristics. A discrete population segment needs to satisfy only one of these criteria to be
considered significant. However, the list of criteria is not exhaustive; other criteria may be used
as deemed appropriate. The ESA and NMFS do not provide any guidance on what these
additional criteria might be.

Deliberation

To examine the possibility that Lynn Canal herring are discrete, the BRT first briefly
reviewed southeastern Alaska (SEAK) habitat, climate, and utilization by Pacific herring, thus
allowing discussion of Lynn Canal herring in context.

Marine habitat in SEAK is variable, yet Pacific herring essentially occupy all of it.
Organics and semi-protected, partially mobile substrate are the most common shore type and
habitat class among all areas. Marine waters of SEAK are characterized by an inshore-offshore
salinity gradient and a north-south temperature gradient. Inside waters are more estuarine, more
protected from wave action, and have more extreme seasonal fluctuations in temperature and
salinity than outside waters. Herring were captured in essentially all areas of SEAK; occasional
capture failures were interpreted as insufficient sampling, not an absence of herring. Eelgrass
meadows, kelp communities, sand-gravel beaches, and bedrock outcrops comprise a continuum
of habitat types available to herring throughout southeastern Alaska. The percent shoreline extent
of kelps (canopy and understory) and eelgrass are less in Lynn Canal than in all other areas but
herring continue to spawn in Berners Bay and juveniles continue to utilize nearshore habitats in
Auke Bay, Favorite Channel, and Berners Bay.

Beaches Pacific herring spawn on are not continuous in SEAK; some are repeatedly
utilized, thus ADFG eventually began to manage herring in these areas as discrete stocks.
However, available biological data, including genetics, spawn timing, biomass, recruitment,
growth, meristics, and migration do not identify definitive divisions among SEAK stocks, rather
apparent geographic groupings were variable and often rather arbitrary. Limited tagging studies
within SEAK demonstrate fish migrate and mix over most of the region but were not designed to
study spawning fidelity. Migration data from British Columbia, a region to the south of SEAK
and reasonably similar in structure and climate, were used to roughly predict repeat spawning
fidelity of herring stocks in SEAK; these approximations suggest considerable mixing among
stocks (about 60 to 80%), possibly explaining the lack of definitive differences among stocks and
suggesting that SEAK herring are part of an interrelated metapopulation. Clearly more work
remains to understand the relationships among SEAK herring stocks, such as more detailed
genetic analysis and more detailed, spawn-oriented and seasonal tagging studies.

Conclusion

The BRT concluded that Pacific herring in Lynn Canal are not a DPS as defined by the
ESA. Examination of all available data by the BRT did not convince the majority of members
that herring in Lynn Canal were markedly discrete from other populations of the same taxon in
SEAK (the vote was 6 to 4). In addition, no members perceived Lynn Canal herring to be
significant with respect to the taxon (although all recognized the importance of herring to the
local ecosystem), thus even if the team had concluded that Lynn Canal herring were discrete the
ESA significance criterion precludes its definition as a distinct population segment. A risk
analysis was not completed for these fish because the BRT did not find that Lynn Canal herring
are a DPS
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The team concluded the smallest defensible DPS that includes Lynn Canal is SEAK.
Although the team recognized the possibility that there may be subdivisions within SEAK,
available biological data are either too incomplete or too similar to definitively separate herring
populations within this region. The southern limit of the DPS, Dixon Entrance, is identified by
genetic differences between herring in SEAK and those in British Columbia and by differences
in parasitism between herring stocks north and south of the Queen Charlotte Islands. Genetics
did not provide a definitive northern separator, rather the northern border is defined by a physical
barrier: mobile, open ocean beaches are inadequate as spawning and rearing habitat. The
northern boundary is near Icy Point. Glacier Bay and Lynn Canal are both included in the SEAK
Pacific herring DPS.

The BRT based its decision on the best available science, yet recognizes that the science
behind these decisions is imperfect. They also recognize that precautionary management of
animals and ecosystems is a wise approach that goes beyond the language of the ESA.
Precautionary management is the current stance of ADFG, the agency responsible for Pacific
herring in Lynn Canal; the fishery has not been open since 1982. The information assembled in
this report will further enable ADFG to appropriately manage this stock and it will enable
Federal agencies responsible for the permitting of shoreline development to manage Lynn Canal
herring in a precautionary manner.

Reference

NMFS 2007. Endangered and threatened species; notice of finding on a petition to list the Lynn
Canal stock of Pacific herring as a threatened or endangered species. Fed Regist 72(174):
51619-51621.
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Chapter 2

Pacific herring (Clupea pallasii) life history and ecology
Mark G. Carls

Pacific herring (Clupea pallasii): body elongate, depth about 4.5 into standard length,
considerably and variably compressed. Head compressed about 4.0 to 4.5 into standard length.
Mouth terminal, moderate in size, and directed moderately upward, upper jaw extending to around
middle of eye. Teeth, none on jaws, a patch of fine teeth on volmer. Interorbital space slightly
rounded, about 1.3 into eye. Eye diameter about equal to snout and about 3. 5 to 4.0 into length of
head. Opercles smooth (Hart 1973).

Pacific herring are one of about 330 species of fish classified within the family Clupeidae
(Whitehead 1985). Pacific and Atlantic herring are the northernmost clupeids and the only ones
in Arctic waters (Hay et al. 2001). They are dark bluish green to olive on the dorsal surface and
fade to silver on the sides and belly (Fig. 2.1). Adult herring total length ranges from 13 to 46 cm
and increases with latitude (Hart 1973; Garrison and Miller 1982; Emmett et al. 1991;
Mecklenburg et al. 2002). For example, herring are rarely >25 cm in British Columbia; lengths
>30 cm are common in Togiak (Hart 1973; Brazil 2007). Maximum age also increases with
latitude. Until recently, Pacific, Atlantic, and Baltic herring were considered separate subspecies
instead of species (Clupea harengus harengus, C. h. pallasii, and C. h. membras, respectively)
(Hay et al. 2001; Mecklenburg et al. 2002).

Distribution

The species ranges from northern Baja California to the Arctic (Beaufort Sea) in the
eastern Pacific (Mecklenburg et al. 2002) (Fig. 2.2). Pacific herring on the Asian coast range
from Korea to the estuary of the Lena River in the Arctic Ocean (Laptev Sea) (Hart 1973).
However, Pacific herring apparently mix with Atlantic herring as far west as the Barents sea,
where two genetically different groups have been described (Jorstad 2004). Pacific herring
populations in the Barents Sea, White Sea, and Kara Sea are apparently relics from an earlier
dispersion of Pacific herring into the Atlantic associated with Pleistocene glaciation and are
considered subspecies of C. pallasii (McQuinn 1997). Herring likely originated in the Atlantic
Ocean and moved through the Bering Strait into the Pacific during the Pliocene (about 3 million
years ago) (Novikov et al. 2001). In the postglacial period about 5000 y ago, Pacific herring
dispersed and were distributed along the estuaries of the northern ocean, reaching the White Sea
and some northern Norwegian fjords (Derjugin 1929; Jorstad et al. 1984; Novikov et al. 2001).

Habitat requirements

The habitat requirements of Pacific herring are diverse. For example, three different life
history forms of Pacific herring are recognized in the northwestern Pacific: 1) a long-lived,
migratory sea form; 2) a coastal form that undergoes little or no migration; and 3) a lagoon
Pacific herring that is associated throughout its life with low salinity estuarine areas (Hay et al.
2001). Some Baltic herring also inhabit low salinity areas (<5 ppt) (Hay et al. 2001). Resident
and migratory forms are thought to inhabit British Columbia and Washington (Taylor 1964;
Trumble 1983; Hay 1985). Habitat requirements vary considerably with life stage and
seasonally within life stage as should become clear in the ensuing text. Also clear is their
adaptability; eggs for example, are not preferentially spawned on a single type of substrate,
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rather whatever substrate is available at selected spawning sites is acceptable to these fish. How
herring choose their repeatedly utilized spawning sites is a long-standing, unresolved puzzle.

Trophic interactions

Pacific herring are relatively small, schooling, abundant, mobile planktivores (forage
fish) that provide a key link between lower trophic levels (typically crustaceans and small fish)
and higher tropic levels [whales, sea lions, birds, and other fish; (Hart 1973; Hourston and
Haegele 1980; Bakun 2006)]. Their position between first- or second-order consumers and
larger predators essentially guarantees that the herring population is responsive to seasonal,
oceanographic, and climate-driven changes in producer (phytoplankton) and predator
populations and distributions. Intra- and interspecific competition are also important factors with
an important nuance: herring may prey on early life stages of their predators, leading to trophic
instability and possible abrupt regime shifts (Bakun 2006). Thus, the balancing act between
trophic worlds explains in part why this relatively short-lived fish (about 20 y maximum)
generally survives no more than 9 y (Ware 1985; Hay et al. 2001) and why population
abundance is highly variable. However, survival during earlier life stages may be an even more
important influence on population size; strongly recruiting year classes typically influence
population size and age structure until senescence. Early life stages are particularly vulnerable to
physical variability, resulting in high inter-annual variability and reproductive success (Bakun
20006).

Reproduction

From the human perspective, spawning is arguably the crucial event in the herring life
cycle, for this is when the reproductive biomass concentrates in predictable, distinct regions at
predictable times (Hay and Outram 1981) and is most easily enumerated. Spring spawning
herring also represent a rich source of food for at least 25 vertebrate predators just emerging
from winter (Willson and Womble 2006). Some species may consume only eggs, others both
eggs and fish, and some consume adult fish only. Pacific herring are gonochoristic, oviparous,
and iteroparous with external fertilization and spawn once a year (Emmett et al. 1991; Hay et al.
2001). Fecundity increases with female size, producing on average 19,000 eggs annually at 19
cm standard length and 29,500 at 22 cm (Hart 1973). Unfertilized Pacific herring eggs are about
1.0 mm in diameter; fertilized eggs are 1.2-1.5 mm in diameter (Outram 1955; Hart 1973;
Hourston and Haegele 1980).

Adult herring typically congregate near spawning grounds weeks or months in advance of
spawning and leave immediately thereafter, though some herring remain in inside waters near
spawning grounds throughout the year (Haegele and Schweigert 1985). Ripe and spent herring
can travel considerable distances in a short period of time [150 km in 6 d and 350 km in 16 d,
respectively (Haegele and Schweigert 1985)].

Spawning areas (inlets, sounds, bays, and estuaries) are typically protected from ocean
surf, probably an adaptation to minimize egg loss (Haegele and Schweigert 1985). No spawning
has been reported in the relatively unsheltered Gulf of Alaska shoreline between northern
southeastern Alaska and Yakutat or between Yakutat and Prince William Sound (Fig. 2.3).
Herring typically spawn along the same shoreline each year although areas spawned can shift at
various scales (e.g., small scale movement in Berners Bay or larger scale movement among Kah
Shakes, Cat Island, and Annette Island in southeastern Alaska (SEAK) in the 1990s; Fig 2.4).
Also variable are the volume of eggs deposited and shoreline spawn distances, easily visible
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because the milt turns water milky white. For example, cumulative miles of spawn in Seymour
Canal ranged from about 14 to 31 km between 1985 and 1989 (Bergmann et al. 1993).

Herring apparently do not favor specific vegetation types, rather the type of vegetation
utilized is a function of spawn depth and the type of vegetation found in a given area (Haegele
and Schweigert 1985). Adherent eggs are deposited on eelgrass, kelp, rockweed, other seaweed
and sometimes rock, pilings, or trash (Hart 1973). Soft sediment is avoided (Stacey and
Hourston 1982; Lassuy 1989). Herring in Lynn Canal spawn more heavily on large brown kelps
(e.g., Laminaria, Alaria) than on eelgrass (Zostera marina) (Blankenbeckler and Larson 1987).
Deposition depth ranges from high tide to subtidal; in Prince William Sound, 90% of the eggs
are deposited between -2 and +5 m mean lower low water (Brown and Carls 1998). However,
<25% of the spawn typically becomes exposed to air by tidal movement (in British Columbia)
and this for only about 10% of the total incubation time (Haegele et al. 1981).

Spawn timing is related to winter and spring sea surface temperatures (Brown and Carls
1998) and varies according to latitude; it begins in November in the southern part of the range
(California) and extends to August in the north (Kotzebue Sound, Alaska) (Lassuy 1989; Emmett
etal. 1991). Spawning temperature ranges from 3.0°C to 12.3°C on the Pacific coast of North
America (Scattergood et al. 1959). However, other factors may also influence spawn timing,
such as tides (Hay 1990; Hay et al. 2001). Spawning typically occurs within a 3 to 6 week
period within a given geographical area (Haegele and Schweigert 1985). Both males and
females contact the substrate during spawning (Haegele and Schweigert 1985). Single spawning
events are generally completed within 1 to 3 d (Hay 1985). Two or more spawning events are
common at a given location; larger fish spawn before smaller, presumably younger fish, and
these spawning events may be separated by 10 to 15 d (Hay 1985). Eggs hatchin 11 to 12 d at
10.7° C, 14 d at 8.5° C and 28 to 40 d at 4.4° C (Outram 1955). The optimal incubation
temperature is roughly 5 to 9°C (Alderdice and Velsen 1971; Ojaveer 2006).

Herring eggs are euryhaline; the optimal salinity range for fertilization is about 12 to 24
ppt; sperm motility is reduced at low and high salinities [4 to 8 ppt and 28 to 32 ppt, respectively
(Griffin et al. 1998)]. Maximum embryo survival was reported at 13 to 19 ppt and a spawning
range of 8 to 28 ppt is typical (Alderdice and Velsen 1971). However at 32 + 1 ppt, we routinely
observed good fertility (80 to 96%), successful hatch (generally about 80%) and viable larvae
(>95%) in herring from SEAK and Prince William Sound (Johnson et al. 1997).

Mortality and survival

Herring eggs must survive both ‘top down’ and ‘bottom up’ predation. Egg mortality is
high (about 75%, range 67 to 100%) and tends to be greatest in upper intertidal areas and lowest
at intermediate depths (Palsson 1984; Rooper et al. 1999). The amount of tim