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SUMMARY

This report describes the preliminary conclusions of the National Marine Fisheries
Service’s (NMFS) Biological Review Team (BRT) on the status of five species of
Rockfish: bocaccio (Sebastes paucispinis), canary rockfish (Sebastes pinniger),
yelloweye rockfish (Sebastes ruberrimus), greenstriped rockfish (Sebastes elongatus) and
redstripe rockfish (Sebastes proriger) in Puget Sound, Washington under the U.S.
Endangered Species Act (ESA).

The BRT has determined that populations of each of the 5 species in either Puget
Sound Proper (inland marine waters south or east of Admiralty Inlet) or Puget
Sound/Georgia Basin (inland marine waters east of the central Strait of Juan de Fuca and
south of the northern Strait of Georgia) are a “species” under the ESA, as they meet the
biological criteria to be considered a Distinct Population Segment (DPS) as defined by
the joint NMFS-U.S. Fish and Wildlife Service (USFWS) interagency policy on
vertebrate populations (USFWS-NMFS 1996). Specifically, based on information related
to rockfish life-history, genetic variation among populations, and the environmental and
ecological features of Puget Sound and the Georgia Basin, the BRT has identified a Puget
Sound/Georgia Basin DPS for yelloweye rockfish, canary rockfish, and bocaccio, and a
Puget Sound Proper DPS for redstripe rockfish and greenstriped rockfish. The BRT
concluded that the Victoria Sill represents the western Boundary of the Puget
Sound/Georgia Basin DPS; however, there is uncertainty in this boundary designation
and there was some support within the BRT for a more westerly boundary near the Seikiu
River. The Puget Sound Proper DPS boundaries for redstripe rockfish and greenstriped
rockfish are the same as the previously identified DPS boundaries for copper, quillback
and brown rockfish (Stout et al. 2001). All of the DPS designations were characterized
by considerable uncertainty due to limited genetic and demographic information available
for the species in question.

The BRT ranked threats to the each DPS. In each case, the BRT ranked lethal
low levels of dissolved oxygen, chemical contaminants, harvest, and habitat loss as the
most serious threat to persistence of each DPS. Variability in ocean conditions and by-
catch were scored as moderate risk in each DPS.

Based on an evaluation of abundance trends, spatial structure and diversity as well
as the threats listed above, the BRT determined that Puget Sound/Georgia Basin DPS of
bocaccio is at high risk of extinction throughout all of its range, that the Puget
Sound/Georgia Basin DPSs of yelloweye rockfish and canary rockfish are at moderate
risk of extinction throughout all of their range, and that the Puget Sound Proper DPSs of
redstripe and greenstriped rockfish are not at risk of extinction throughout all of their
range.
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INTRODUCTION

On April 9, 2007, NMFS received a petition from Mr. Sam Wright (Olympia,
Washington) to list distinct population segments (DPSs) of bocaccio (Sebastes
paucispinis), canary rockfish (S. pinniger), yelloweye rockfish (S. ruberrimus),
greenstriped rockfish (S.elongatus) and redstripe rockfish (S. proriger) in Puget Sound
(Washington) as endangered or threatened species under the ESA and to designate critical
habitat. NMFS declined to initiate a review of the species’ status under the ESA, finding
that the petition failed to present substantial scientific or commercial information to
suggest that the petitioned actions may be warranted (72 FR 56986; October 5, 2007). On
October 29, 2007, NMFS received a letter from Mr. Wright presenting information that
was not included in the April 2007 petition, and requesting that NMFS reconsider its
October 5, 2007, ‘‘not warranted’’ finding on the petition submitted in April 2007.

NMEFS evaluated the new information to determine whether the petitioner
provided “substantial information” as required by the ESA to list a species. Additionally,
NMEFS evaluated whether information contained in the petitions might support the
identification of DPSs that might warrant listing as species under the ESA. NMFS found
that this new petition did present substantial scientific or commercial information, or
cited such information in other sources, indicating that the petitioned actions may be
warranted, and, subsequently, NMFS initiated a status review of these five rockfish
species in Puget Sound.

The Puget Sound rockfish Biological Review Team (BRT)'— consisting of
scientists from the Northwest Fisheries Science Center and the Southwest Fisheries
Science Center— was formed by NMFS, and the team reviewed and evaluated scientific
information compiled by NMFS staff from published literature and unpublished data.
Information presented at a public meeting in June 2008 in Seattle, Washington, and data
submitted to the ESA Administrative Record from state agencies and other interested
parties were also considered.

The BRT proceeded on directives included in a memo which was received from
the Northwest Region in draft form on May 19, 2008. In that memo the BRT was asked
to consider whether the petitioned species meet the criteria for being considered DPS as
defined by the joint NOAA-FWS Distinct Population Segment (DPS) Policy (61 FR
4722; February 7, 1996). If DPS were identified for any of the species in Puget Sound,
the BRT was requested to evaluate the level of extinction risk faced by each DPS

' The BRT for Puget Sound rockfish consisted of the following: Dr. Ewann
Berntson, Dr. Jason Cope, Dr. Jonathan Drake (co-chair), Dr. Rick Gustafson, Dr. Eli
Holmes, Dr. Phillip Levin (co-chair), Dr. Nick Tolimieri, Dr. Robin Waples, (NMFS,
Northwest Fisheries Science Center) and Dr. Susan Sogard (NMFS, Southwest Fisheries
Science Center)
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throughout its range, assessed as either “high risk”, “moderate risk or neither, where
high and moderate risk were defined with respect to specific ‘reference’ levels of
extinction risk (see discussion in the risk section, below). Finally, the BRT was
requested to document the consideration of threats to the species according to the
statutory listing factors (ESA section 4(a)(1)(A)—(C), and (E)): the present or threatened
destruction, modification, or curtailment of its habitat or range; overutilization for
commercial, recreational, scientific, or educational purposes; disease or predation; and
other natural or manmade factors affecting its continued existence.

This document is a preliminary report of the conclusions of BRT on the status of
the five petitioned rockfish species from Puget Sound, Washington. A final report is
being prepared and will be available at a later time.

THE “SPECIES” QUESTION

As amended in 1978, the ESA allows listing of “distinct population segments” of
vertebrates as well as named species and subspecies. Guidance on what constitutes a
“distinct population segment” is provided by the joint NMFS-U.S. Fish and Wildlife
Service (USFWS) interagency policy on vertebrate populations (USFWS-NMFS 1996).
To be considered “distinct”, a population, or group of populations, must be “discrete”
from the remainder of the taxon to which it belongs; and “significant” to the taxon to
which it belongs as a whole. Discreteness and Significance are further defined by the
Services in the following Policy language (USFWS-NMFS 1996):

Discreteness: A population segment of a vertebrate species may be
considered discrete if it satisfies either one of the following conditions:

1. 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
provide evidence of this separation.

2. It is delimited by international governmental boundaries within which
differences in control of exploitation, management of habitat, conservation
status, or regulatory mechanisms exist that are significant in light of
section 4(a)(1)(D) of the [Endangered Species] Act.

Significance: If a population segment is considered discrete under one or
more of the above conditions, its biological and ecological significance
will then be considered in light of congressional guidance (see Senate
Report 151, 96th Congress, 1st Session) that the authority to list DPSs be
used “sparingly” while encouraging the conservation of genetic diversity.
In carrying out this examination, the Services will consider available
scientific evidence of the discrete population segment's importance to the
taxon to which it belongs. This consideration may include, but is not
limited to, the following:

10
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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 characteristics.

The joint policy states that international boundaries within the geographical range
of the species may be used to delimit a distinct population segment in the United States.
This criterion is applicable if differences in the control of exploitation of the species, the
management of the species’ habitat, the conservation status of the species, or regulatory
mechanisms differ between countries that would influence the conservation status of the
population segment in the United States. However, in past assessments of DPS in marine
fish, NMFS has placed the emphasis on biological information in defining DPS and has
considered political boundaries only at the implementation of ESA listings. Therefore,
the BRT focused only on biological information in identifying DPS of the petitioned
rockfish species.

Approaches to Addressing Discreteness and Significance

The BRT considered several kinds of information to delineate DPS structure in
Puget Sound rockfish. The first kind of information considered was geographical
variability in life-history characteristics and morphology. Such traits often have an
underlying genetic basis, but are also often strongly influenced by environmental factors
that vary from one locality to another. An understanding of the biology of the species,
however, including habitat preferences, movements, distribution and demographics is
also important for placing other information, such as patterns of genetic variation or
potential environmental isolating mechanisms, into the correct context. The second kind
of information dealt with ecological features of the oceanic and terrestrial environment.
Information related to this category included patterns of marine species’ distribution
(zoogeography) that may indicate changes in the physical environment that are shared
with the species under review. The third kind of information consisted of traits that are
inherited in a predictable way and remain unchanged throughout the life of an individual.
Differences among populations in the frequencies of markers at these traits may reflect
isolation between the populations. The analyses of these kinds of information are
discussed briefly in the following sections.

Life History and Morphology
Isolation between populations may be reflected in several variables, including
differences in life history variables (e.g., spawning timing, seasonal migrations),
spawning location, parasite incidence, growth rates, morphological variability (e.g.,

11
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morphometric and meristic traits), and demography (e.g., fecundity, age structure, length
and age at maturity, mortality), among others. Although some of these traits may have a
genetic basis, they are usually also strongly influenced by environmental factors over the
life time of an individual or over a few generations. Differences can arise among
populations in response to environmental variability among areas and can sometimes be
used to infer the degree of independence among populations or subpopulations. Begg et
al. (1999) have emphasized the necessity to examine the temporal stability of life history
characteristics in order to determine whether differences between populations persist
across generations.

General Rockfish Life History

Rockfish are gonochores (two distinct sexes), and there is no evidence of
sequential or simultaneous hermaphroditism. All rockfish have internal fertilization and
bear live young (Wourms 1991, Love et al. 2002). After parturition larvae are pelagic for
several months prior to settling to demersal habitat. At release, larvae are often well
developed with functional organs and the capacity to swim and regulate buoyancy. This
live bearing life-history is in contrast to the majority of bony fishes in which fertilization
and development occur externally.

The exact nature of their embryonic development is not clear. Rockfish have
been thought of as lecithotrophically viviparous (ovoviviparous) deriving all of their
energy for embryonic development from the egg yolk (Love et al. 2002). However, there
is evidence from the study of the developmental energetics that suggests that at least
some species are matrotrophically viviparous (viviparous), and embryos derive additional
energy directly from the mother. This maternal energy appears to come from dead
embryos and unfertilized eggs, which is resorbed into the ovarian fluid and transferred to
the viable embryos (Wourms 1991).

Rockfish are iteroparous and typically long-lived (Love et al. 2002). As such they
are examples of populations that may persist through what has been termed “the storage
hypothesis” (Warner & Chesson 1985, Tolimieri & Levin 2005). Recruitment is
generally poor because larval survival and settlement are dependent upon the vagaries of
climate, the abundance of predators, oceanic currents and chance events. Being long-
lived allows adult population to persist through many years of poor reproduction until
one good recruitment year occurs.

Bocaccio (Sebastes paucispinis) General Biology

Geographical Distribution and Habitat

Bocaccio are found from Stepovac Bay on the Alaska Peninsula to Punta Blanca
in central Baja California. They are most common from Oregon to California and were
once common on steep walls in Puget Sound (Love et al. 2002). Genetic analyses
suggest that there may be three general population regions of bocaccio along the west
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coast: a Queen Charlotte Island population; one from Vancouver island to Point
Conception and third group south of Point Conception (Matala et al. 2004).

Larvae and pelagic juveniles tend to be found close to the surface, occasionally
associated with drifting kelp mats (Love et al. 2002). They have been found as far as 480
km offshore. Juveniles settle to shallow, algae covered rocky areas or to eelgrass and
sand (Love et al. 1991). Several weeks after settlement fish move to deeper waters in the
range of 18-30 m where they are found on rocky reefs (Feder et al. 1974, Carr 1983,
Johnson 2006, Love & Yoklavich 2008). Adults inhabit waters from 12 to 478 m but are
most common at depths of 50-250 m (Feder et al. 1974, Love et al. 2002). Adults are
also commonly found on oil platforms in central and southern California (Love et al.
2005, Love & York 2005, Love et al. 2006), and occur in deeper waters to the south than
in the north (Love et al. 2002). While generally associated with hard substrata adults do
wander into mud flats. They are also typically found well off the bottom (as much as 30
m) (Love et al. 2002).

Reproduction

In northern and central Californian waters age at first maturity is three years for
both males and females, although males (32 cm) are somewhat smaller than females (36
cm). Fifty percent of males are mature by age three (42 cm), and all are mature by seven
years (55 cm). Fifty percent of females are mature by their fourth year (48 cm), and all
are mature by eight years of age (60 cm) (Wyllie Echeverria 1987). Off of southern
California 50% of males are mature at 35 cm and all are reproductive at 42 cm. Fifty
percent of females are reproductive at 36 cm and all are mature at 44 cm. Off Oregon
bocaccio mature at larger sizes with females beginning to mature at 54 cm and all mature
by 61 cm (Love et al. 2002). There is some evidence that fish may have begun to mature
at earlier ages as population size had declined dramatically (MacCall 2002).

Bocaccio are fecund with females producing between 20,000 and 2,298,000 eggs
annually (Love et al. 2002). Copulation and fertilization occurs in the fall generally
between August and November (Love et al. 2002). Females release larvae between
November and May off of north and central California with a peak in February. In
southern California parturition occurs between October and March but peaks in January.
Off Washington and Oregon larval release begins in January and runs through April and
February respectively (Lyubimova 1965, Moser 1967, Westrheim 1975, Wyllie
Echeverria 1987, Love et al. 2002).

Growth and Development

Larvae are 4.0-5.0 mm long at release. They transform into pelagic juveniles at
1.5-3.0 cm (Moser 1967, Matarese et al. 1989, Love et al. 2002). Most bocaccio remain
pelagic for 3.5 months prior to settling to shallow areas, although some may remain
pelagic as long as 5.5 months. Juveniles are typically 3.0-4.0 cm in length at settlement,
although in central California larvae may settle as small as 1.9 cm. Pelagic juveniles
grow quickly at 0.56-0.97 mm day (Love et al. 2002). Females grow more quickly and

13



NOT FOR DISTRIBUTION DRAFT
PREDECISIONAL ESA
DOCUMENT

attain larger sizes than do males (MacCall 2003). Maximum size is 91 cm and 6.8 kg
(Love et al. 2002). Maximum age is estimated at 45 years (Ralston & Ianelli 1998).

Migrations and Movements

Juvenile bocaccio move to deeper water as they age. Tagging studies have
recaptured juveniles between 0.9 and 148 km from their tagging location after two years
(Hartmann 1987). In the same study adults were recaptured at their tagging location as
much as 827 days later. Acoustic tagging work has shown more complex behavior at
more local scales. Approximately half of the adult bocaccio stayed within areas around
200-400 ha the majority of the time although they made frequent small movements out of
these home ranges with some fish utilizing the entire 12 km” study area as well as
disappearing from the acoustic array for periods of time prior to returning. Some
individuals remained at fairly constant depths while other changed depth by as much as
100m, generally moving more shallow during the day (Starr et al. 2002).

Trophic Interactions

Bocaccio larvae are planktivores feeding on larval krill, diatoms and
dinoflagellates. Pelagic juveniles are opportunistic feeders taking fish larvae, copepods,
krill and other prey. Larger juveniles and adults are primarily piscivores eating other
rockfishes, hake, sablefish, anchovies, lanternfishes but also squid (Love et al. 2002).
King salmon, terns and harbor seals are known predators on smaller bocaccio (Love et al.
2002).

Fishery

Bocaccio historically were targeted heavily both in recreational and commercial
fisheries from the Canadian border down into Mexico. Catches of bocaccio are attributed
to set nets, trawls, and hook-and-line gears. The largest captures are mainly south of Cape
Mendocino down into the southern Californian Bight. Bocaccio populations are highly
dynamic and the fishery is often reliant on one large cohort to maintain catches over
several years. Since the 1980s, bocaccio populations have declined precipitously and are
currently declared overfished off California (MacCall 2007), though population increase
has been detected due mostly to a very strong recruitment event in 1999.

Canary Rockfish (Sebastes pinniger) General Biology

Geographical Distribution and Habitat Use

Canary rockfish are found from the western Gulf of Alaska to northern Baja
California, but are most abundant from British Columbia to central California (Miller &
Lea 1972, Hart 1973, Cailliet et al. 2000, Love et al. 2002). In Canadian waters (B.C.),
canary rockfish are managed as two stocks: one on the west coast of Vancouver Island
and a Queen Charlotte Sound stock (COSEWIC in press). Adults are most common from
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80 to 200 m but have been found as deep as 439 m (Love et al. 2002). Juveniles are
found in the intertidal, in surface waters, and occasionally to as deep as 838 m (Love et
al. 2002). Larger fishes tend to inhabit deeper waters with the mean size of fishes
increasing in the 55 — 90 m depth range and remaining stable thereafter (Methot &
Stewart 2005). Adults inhabit shallower areas in the north than in the south.

The larvae and pelagic juveniles of canary rockfish are found in the upper 100 m
of the water column (Love et al. 2002). Estimates of larval duration range from 1-2
months (Moser 1996a) to 3-4 months (Krigsman 2000, Love et al. 2002) after which they
settle to tide pools, rocky reefs, kelp beds, low rock and cobble areas (Miller & Geibel
1973, Love et al. 1991, Cailliet et al. 2000, Love et al. 2002). Juveniles may occur in
groups near the rock-sand interface in the 15-20 m depth range during the day and then
move into sandy areas at night (Love et al. 2002). Juveniles remain on rocky reefs in
shallower areas for as much as three years prior to moving to deeper waters (Boehlert
1980, Methot & Stewart 2005). Fish move deeper as they increase in size (Vetter &
Lynn 1997), and adults are found on the rocky shelf and pinnacles (Phillips 1960,
Rosenthal et al. 1988, Starr 1998, Cailliet et al. 2000, Johnson et al. 2003, Tissot et al.
2007). They are generally seen near but not resting on the bottom. Canary rockfish were
once considered fairly common in the greater Puget Sound area (Holmberg et al. 1967).

Reproduction

Off northern and central California, estimates for age at first maturity is are 3-4
years (18-28 cm) (Wyllie Echeverria 1987, Lea et al. 1999) with 50% of males mature by
7 years (40 cm) and all mature by 9 years (45 cm). Females attain first maturity at 4
years (27 cm). Fifty percent are mature by 9 years (44 cm). All females attain maturity
by 13 years (54 cm) (Wyllie Echeverria 1987). Off Oregon the majority of females and
males are mature at 7-9 years (35-45 cm) and 7-12 years (41 cm) respectively. In the
waters off of Vancouver Island, 50% of females are mature at 41 cm and males at 48 cm
(Westrheim 1975).

Females produce between 260,000 and 1,900,000 eggs per year with larger
females producing more eggs. On the coast the relationship between egg production and
female size does not seem to vary with geographically (Gunderson et al. 1980, Love et al.
2002).

Fertilization occurs as early as September off of central California (Lea et al.
1999) but peaks in December (Phillips 1960, Phillips 1964, Wyllie Echeverria 1987).
Parturition occurs between January and April and peaks in April (Phillips 1960). Off of
Oregon and Washington parturition occurs between September and March with peaks in
December and January (Wyllie Echeverria 1987, Barss 1989). In British Columbia
parturition occurs slightly later with the peak in February (Hart 1973, Westrheim &
Harling 1975). Canary rockfish spawn once per year (Guillemot et al. 1985).

Growth and Development

Eggs are 0.84-1.45 mm in diameter (Waldron 1968). Larvae measure 3.6 — 4.0
mm SL at birth (Waldron 1968, Richardson & Laroche 1979, Stahl-Johnson 1985).
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Estimates of larval duration range from 1-2 months (Moser 1996a) to 3-4 months
(Krigsman 2000, Love et al. 2002). Juveniles settle at approximately 18.5 mm SL
(Richardson & Laroche 1979, Moser 1996b).

Females grow larger and more quickly than do males (Lenarz & Echeverria 1991,
STAT 1999), although growth does not appear to vary with latitude (Boehlert &
Kappenman 1980). A 58 cm female is approximately 20 years of age; a male of the
same age is about 53 cm. Maximum age of canary rockfish is at least 84 years although
60-75 years is more common (Cailliet et al. 2000). Maximum reported length is 76 cm
(Williams et al. 1999, Love et al. 2002, Methot & Stewart 2005).

Migrations and Movements

Fish tend to move to deeper water as they grow larger (Vetter & Lynn 1997). In
terms of alongshore movements they are reported as being both transient (DeMott 1983,
Casillas et al. 1998) and resident (Gascon & Miller 1981). Demott (1983) tagged 348
fishes off of Oregon between 1978 and 1982. Of the 23 recaptures, twelve fish moved
over 100 km north or south with one fish moving as much as 236 km. Other tagging
studies have shown that some individuals move up to 700 km over several years (Lea et
al. 1999, Love et al. 2002). They also appear to make a seasonal migration from 160-210
m in the late winter to 100-170 m in the late summer (COSEWIC in press).

Trophic Interactions

Canary rockfish larvae and planktivores feeding primarily on nauplii, and other
invertebrate eggs and copepods (Moser & Boehlert 1991, Love et al. 2002). Juveniles are
zooplanktivores feeding on crustaceans (e.g., harpacticoids) barnacle cyprids, and
euphasiid eggs and larvae. They also consume juvenile polychaetes (Gaines &
Roughgarden 1987, Love et al. 1991). They are diurnal feeders (Singer 1982). Predators
on juvenile rockfish include other fishes, especially rockfishes, lingcod, cabezon and
salmon, as well as birds and porpoise (Miller & Geibel 1973, Morejohn et al. 1978,
Roberts 1979, Ainley et al. 1981, Love et al. 1991).

Adult canary rockfish are planktivores/carnivores consuming euphasiids and other
crustacean, small fishes like shortbelly rockfish Sebastes jordanii, mytophids and
stomiatiods (Cailliet et al. 2000, Love et al. 2002). Canary rockfish predators include
yelloweye rockfish, lingcod, salmon, sharks, dolphin, seals (Merkel 1957, Morejohn et al.
1978, Antonelis Jr. & Fiscus 1980, Rosenthal et al. 1982) and possibly river otters
(Stevens & Miller 1983).

Canary rockfish can be parasitized by the following families Bothriocephalidae,
Phyllobothriidae, Tentaculariidae, Bomolochidae, Caligidae, Chondracanthidae,
Lernaeopodidae, Naobranchiidae, Philichthyidae, Bucephalidae, Hemiuridae,
Lepcreadiidae, Opecoelidae, Sanguinicolidae, Syncoelidae, Casalidae, Anisakidae, and
Caratomyxidae (Liston et al. 1960, Love & Moser 1983).

Fishery
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Canary rockfish supported an important commercial fishery off California for
over a century (Love et al. 2002). The commercial trawl is the main fishery, though
commercial and recreational hook-and-line fisheries also contribute to removals. Major
removals of canary rockfish are accounted for since the mid 1940s and populations have
suffered large declines from estimated pre-fishing levels (Stewart 2007). Though canary
rockfish have been declared overfished off the west coast of the United States, the
population has demonstrated increases since the 1990s.

Yelloweye Rockfish (Sebastes ruberrimus) General Biology
Geographical Distribution and Habitat

Yelloweye rockfish range along the US and Canadian west coast, with individuals
recorded from northern Baja California to the Aleutian Islands. The major portion of the
abundance is found central California to Alaska and they are rare in Puget Sound (Love
et al. 2002). Yelloweye rockfish use a broad depth range throughout their life history,
with individuals recorded 15 to 549 m. Juveniles settle in the shallowest depth of this
range and move deeper as they get older. Adults are most commonly found between 91 to
180 m (Love et al. 2002).

Yelloweye rockfish juveniles settle primarily in shallow, high relief zones,
crevices and sponge gardens (Love et al. 1991, Richards et al. 1985). As they grow and
move to deeper waters, adults continue to associate with rocky, high relief areas (Carlson
and Straty 1981, Love et al. 1991, O'Connell and Carlisle 1993, Richards 1986).
Submersible dives document the high affiliation yelloweye rockfish adults have to caves
and crevices while spending large amounts of time lying at the base of rocky pinnacles
and boulder fields (Richards 1986, Yoklavich et al. 2000). Recent documentation of
yelloweye and other rockfishes associations with deepwater corals demonstrated an
association of some rockfishes to their habitats (Andrews et al. 2002, Krieger and Wing
2002). Yelloweye rockfish can be infrequently found in aggregations, but are generally
solitary, demersal residents (Coombs 1979, DeMott 1983, Love et al. 2002).

Reproduction

Yelloweye rockfish are internally fertilized and store sperm for several months
until fertilization occurs, commonly between the months of September and April, though
fertilized individuals may be found in most months of the year, depending on where they
are observed (Wyllie Echeverria 1987). Fertilization periods tend to get later as one
moves from south to north in their range (DeLacy et al. 1964, Hitz 1962, Lea et al. 1999,
O’Connell 1987, Westrheim 1975). Larvae are extruded after a typical gestation period of
a couple months, peaking from April to August for California (Eigenmann 1891) and
extending to later months in Alaska (O’Connell 1987). In Puget Sound, yelloweye
rockfish are believed to fertilized eggs during the winter to summer months, giving birth
early spring to late summer (Washington et al. 1978). Though yelloweye rockfish are
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generally thought to spawn once a year (MacGregor 1970), a study in Puget Sound
offered evidence of at least two spawning periods per year (Washington et al. 1978).
Larvae are extruded at about 4 to 5 mm (DeLacy et al. 1964, Matarese et al. 1989) and
remain pelagic for up to 2 months (Moser 1996), settling at around 25 mm (Love et al.
2002). Female yelloweye rockfish can produce from 1.2 to 2.7 million eggs over a
reproductive season, with a mean eggs per gram body weight of 300 (Hart 1973,
MacGregor 1970). Reports on maturity for yelloweye rockfish vary among areas and are
ambiguous given the use of whole otoliths for ageing in some studies, but generally seem
to reach 50% maturity at around 400 to 500 mm and ages of 15 to 20 (Rosenthal et al.
1982, Wyllie Echeverria 1987, Yamanaka and Kronlund 1997).

Growth and Development

Yelloweye rockfish have the potential to grow large during their long life spans.
Mean asymptotic size in Alaska is documented at 690 mm for males and females
(Rosenthal et al. 1982). A study in British Columbia (Westrheim and Harling 1975)
estimated this parameter at 676 and 659 for males and females, respectively (Yamanaka
et al. 2006). A study in California also noted males obtaining a mean size greater females
(Lea et al. 1999). Maximum size is reported as 910 mm (Love et al. 2005) and maximum
age at 118 (Munk 2001). Natural mortality rates has been estimated from 0.02 to 0.046
(Wallace 2007, Yamanaka and Kronlund 1997).

Migrations and Movements

An inshore to offshore ontogenetic movement of yelloweye rockfish is
documented, with juveniles moving from shallow rock reefs to deeper pinnacles and
rocky habitats. Yelloweye rockfish adults do not move much and are generally
considered to be site-attached (Coombs 1979, DeMott 1983, Love 1978).

Trophic Interactions

Yelloweye rockfish are opportunistic feeders, targeting different food sources at
during different phases of their life history. The early life stages following typical
rockfish predator-prey relationships. Because adult yelloweye rockfish obtain such large
sizes, they are able to handle much larger prey, including smaller yelloweye, and are
preyed upon less frequently (Rosenthal et al. 1982), though predation of killer whales on
yelloweye rockfish has been reported (Ford et al. 1998). Typical pray of adult yelloweye
rockfish include sand lance, gadids, flatfishes, shrimp, crabs, and gastropods (Love et al.
2002, Yamanaka et al. 2006).

Fishery

Yelloweye rockfish are a prized catch of recreational hook-and-line fishers. They
are also an important component of groundfish trawl and hook-and-line fisheries and are

18



NOT FOR DISTRIBUTION DRAFT
PREDECISIONAL ESA
DOCUMENT

a major species taken in the Pacific halibut sport fishery. Yelloweye rockfish numbers in
the southern coastal portion of the range (south of the U.S.-British Columbia boarder)
have decreased substantially over the past 40 years and the species is currently
considered overfished (Wallace 2007). A yelloweye rockfish conservation area was
established in 1998 off the Washington coast. This area was closed to the Pacific halibut
sport fishery in the same year and in 2003, this closure was extended to the groundfish
fishery.

Greenstriped Rockfish (Sebastes elongatus) General Biology
Geographical Distribution and Habitat

Greenstriped rockfish is a typically wide-ranging North Pacific rockfish, with
individuals recorded from central Baja California to the Aleutian Islands (Shaw 1999).
The major portion of the abundance is found British Columbia down to northern Baja
California (Love et al. 2002). Greenstriped rockfish are also found in the southern Puget
Sound region (Palsson et al. pers. comm.). Greenstriped rockfish also span a broad depth
range, with individuals recorded 12 to 495 m. Juvenile are often found in shallower
depths, making an ontogenetic shift to deeper waters. Adults are most commonly found
between 150 to 200 m (Shaw and Gunderson 2006).

Though rockfish are often associated with hard substrate, greenstriped rockfish
are unusual in that they are most commonly found on soft sediments and mud-sand-silt-
cobble interfaces. Juveniles settle to the bottom of sand-cobble substrates and, as they
move deeper, reside mainly on mud or rock rubble. Individuals are less frequently
encountered among hard, high relief substrate (Love et al. 1991). Greenstriped rockfish
are mostly a solitary species, lying on the sea-floor bottom, but may occur in large
numbers.

Reproduction

Greenstriped rockfish are internally fertilized and store sperm for several months
until fertilization occurs, commonly between the months of February and May in areas
north of California (O’Connell 1987). Fertilized individuals are found earlier in more
southerly areas (Lea et al. 1999). Larvae are extruded after a typical gestation period of a
couple months, peaking in June for areas around Oregon to Alaska (O’Connell 1987,
Shaw 1999) and from March to June in California (Reilly et al. 1994). Greenstriped
rockfish are generally believed to spawn once a year (Shaw and Gunderson 2006), but
some evidence of multiple spawning have been reported (Love et al. 1990). Larvae are
extruded at about 5 mm (Matarese et al. 1989) and remain pelagic for up to 2 months
(Moser 1996), settling at around 30 mm (Johnson 1997). Individual greenstriped rockfish
of both sexes start to mature at 150 mm and 5 years of age, with 50% maturity occurring
at 230 mm and 7-10 years (Shaw and Gunderson 2006, Wyllie Echeverria 1987).
Females annually produce 11,000 to 300,000 eggs.
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Growth and Development

Growth of greenstriped rockfish has been documented from California to British
Columbia, with individuals reaching a mean asymptote of 375 mm in British Columbia
(Westrheim and Harling 1975) and 300 and 375 for males and females, respectively,
from California to Washington (Shaw and Gunderson 2006). Maximum sizes obtained
are 430 mm (Shaw and Gunderson 2006). Growth rates for newly settled fish were
measured to 0.17mm/day and overall growth rates (von Bertalanffy k parameter) range
from 0.08 to 0.12. Maximum age has been reported as 54 years (K. Munk, pers. comm.).
Natural mortality rates (M) are estimated between 0.092 and 0.149.

Migrations and Movements

No tagging studies exist for the greenstriped rockfish, so movement and
migrations within stage classes are not understood. An inshore to offshore ontogenetic
movement is documented, with juveniles moving from fine sand and pebbles out to mud,
cobble, and rubble habitats. Greenstriped rockfish adults are generally considered to be
site-attached.

Trophic Interactions

Greenstriped rockfish are active and opportunistic feeders, targeting different food
sources at during different phases of their life history. Larvae are diurnal, with nauplii,
eggs, and copepods representing important food sources (Moser and Boehlert 1991,
Sumida et al. 1985). Siphonophores and chaetognaths commonly prey on greenstriped
larvae (Yoklavich et al. 1996). Juveniles are diurnal zooplanktivores and feed mainly on
calanoid copepods and barnacle cyprids (Allen 1982, Gaines and Roughgarden 1987,
Love et al. 1991). Juvenile greenstriped rockfish are preyed upon by birds, nearshore
fishes, salmon, and porpoise (Ainley et al. 1993, Love et al. 1991, Morejohn et al. 1978).
Adults may also include nocturnal feeding behavior, consuming bigger crustaceans, fish,
and cephalopods (Allen 1982). Greenstriped rockfish adults have been recovered in the
stomachs of sharks, porpoise, salmon, seals, and possibly river otters (Antonelis Jr. and
Fiscus 1980, Merkel 1957, Morejohn et al. 1978).

Fishery

Greenstriped rockfish comprise a common component of the west coast
groundfish trawl fishery, though they are often discarded due to their small size (Love et
al. 2002). They are more commonly retained in British Columbia where they obtain
bigger sizes (Love et al. 2002). They are also frequently taken, but not targeted, in

recreational fisheries, and often discarded.

Redstripe Rockfish (Sebastes proriger) General Biology
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Geographical Distribution and Habitat

Redstripe rockfish are wide ranging, with reports of individuals from southern
Baja California to the Aleutian Islands (Love et al. 2002), including the Puget Sound.
Redstripe rockfish abundance is highest from southeast Alaska to central Oregon (Love et
al. 2002). The depth range of redstripe rockfish is likewise wide, with individuals
recorded from 12 to 425 m. Juvenile settle in shallower depths and move to deeper
habitat as adults. Adult redstripe rockfish are most commonly found between 150 to 275
m.

Redstripe rockfish are most commonly found on a variety of substrates, from
hard, high-relief reefs to and sand-cobble interfaces. Juveniles settle to the bottom of
sand-cobble substrates (Moser and Boehlert 1991) and move as adults onto deeper rocky
reefs and low-relief rubble bottoms. Redstripe rockfish can be found alone or in
aggregations, usually near the sea-floor bottom (Love et al. 2002).

Reproduction

Redstripe rockfish are internally fertilized and store sperm for several months
until fertilization. Fertilization occurs between the months of April and May in areas
north of California (O’Connell 1987, Shaw 1999, Wyllie Echeverria 1987). Larvae are
extruded after a typical gestation period of a couple months, peaking in July for British
Columbia (Westrheim 1975) and from June in Oregon (Shaw 1999, Wyllie Echeverria
1987). Redstripe rockfish spawn once (Shaw 1999). Larvae are extruded at about 5.4 mm
(Matarese et al. 1989) and remain pelagic for up to 2 months (Moser 1996). Settling size
is unrecorded. Recorded size at first maturity for redstripe rockfish is 210 to 220 mm
(Shaw 1999). Size at 50% maturity was recorded in the 1970s to be 280 and 290 mm
(Westrheim 1975) for males and females, respectively, differing for samples collected in
the 1990s (243 and 262 mm for males and females (about 7 years old), respectively(Shaw
1999)). Whether this represents changes in size at maturity over time, or differential
representation of individuals that geographically mature larger, is not known. No
information is available on individual fecundity.

Growth and Development

Growth of redstripe rockfish has been documented from California to British
Columbia, with males and females showing sex-specific growth curves. Females are
bigger and grow slower, reaching a mean asymptote of 410 to 420 mm in British
Columbia, while males reach mean asymptotic mean size at 330 and 340 mm (Westrheim
and Harling 1975). Individual redstripe rockfish taken from California to Washington
were estimated to reach a mean asymptotic size of 295 to 383 for males and females
respectively (Shaw 1999). Maximum sizes obtained are 510 mm (Shaw 1999). Maximum
age has been reported at 40 years (T. Laidig, pers. comm.). Natural mortality rates are
estimated between 0.01 (for males) and 0.17 (for females).
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Migrations and Movements

No tagging studies exist for the redstripe rockfish, so movement and migrations
within stage classes are not understood. An inshore to offshore ontogenetic movement is
documented, with juveniles moving from fine sand and pebbles out to deeper cobble and
rocky habitats. Redstripe rockfish adults are generally considered to be site-attached.

Trophic Interactions

Redstripe rockfish are active and opportunistic feeders, and show feeding habits
similar to the greenstriped rockfish. Larvae are diurnal, with nauplii, eggs, and copepods
representing important food sources (Moser and Boehlert 1991, Sumida et al. 1985).
Siphonophores and chaetognaths commonly prey on redstripe rockfish larvae (Yoklavich
et al. 1996). Juveniles are diurnal zooplanktivores and feed mainly on calanoid copepods
and barnacle cyprids (Allen 1982, Gaines and Roughgarden 1987, Love et al. 1991).
Juvenile greenstriped are preyed upon by birds, nearshore fishes, salmon, and porpoise
(Ainley et al. 1993, Love et al. 1991, Morejohn et al. 1978). Adults may also include
nocturnal feeding behavior, consuming bigger crustaceans, fish, and cephalopods (Allen
1982). Greenstriped rockfish adults have been recovered in the stomachs of sharks,
porpoise, salmon, seals, and possibly river otters (Antonelis Jr. and Fiscus 1980, Merkel
1957, Morejohn et al. 1978).

Fishery

Redstripe rockfish are commonly taken in the west coast groundfish trawl fishery
from Oregon to British Columbia and were targeted as food as early as the 1880s off
Alaska (Love et al. 2002).

Ecological Features and DPS Discreteness

Many marine species are characterized by extended pelagic periods of early life
history stages believed sufficient to connect populations at long distances (Palumbi 1994,
Waples 1998). In the case of rockfishes, the larval and pelagic juvenile phases can last
several months (Matarese et al. 1989). Given the large geographic ranges of most
rockfishes and lack of migration and movement in the adult phase, these pelagic phases
were often considered the bridge connecting populations along the coast. Despite this
potential for connectivity, recent work describing Sebastes as a rapidly evolving ‘species
flock’ (Burford and Bernardi 2008, Johns and Avise 1998) and evidence of
intrapopulation structure (Cope 2002, Miller and Shanks 2004) reveal many mechanisms
by which rockfish populations are structured and, in some cases, function in relative
isolation.

Oceanographic mechanisms (combining the effects of hydrographic forces and
geographic features) receive the greatest amount of attention from the BRT when
explaining potential sources of population structure. Onshore current, eddies, upwelling

22



NOT FOR DISTRIBUTION DRAFT
PREDECISIONAL ESA
DOCUMENT

shadows, and various localized circulation events created conditions that retain larvae
rather than distribute them (Graham et al. 1992, Owen 1980, Wing et al. 1998). Larger
barriers to dispersal have also been identified in many rockfishes (Cope 2004, Matala et
al. 2004, Williams and Ralston 2002), potentially dividing the coast up into broader
segments of population interactions. Additional, behavioral modifications by juvenile
rockfishes also promote local retention (Larson et al. 1994). Adult behavior often
maintains the structure produced from the early life history via high site fidelity and low
movement rates. Assortative mating and territoriality can also increase the amount of
structure among populations (Hyde et al. 2008, Narum et al. 2004).

Puget Sound is a unique area that promotes a greater amount of local retention for
rockfish larvae than is found along the coast. For example, studies looking at connectivity
between populations of copper rockfish found strong separation between coastal and
inland populations (Buonaccorsi et al. 2002). This separation may be maintained through
a very low exchange of water (Ebbsmeyer et al. 1984), thus promoting the isolation of
Puget Sound populations from coastal conspecifics.

The analysis of ecological features or habitat characteristics may indicate that a
population segment occupies an unusual or distinctive habitat, relative to the biological
species as a whole. One of the criteria that may be useful for evaluating discreteness as
articulated in the joint DPS policy (USFWS-NMFS 1996) relates to the population being
“markedly separated from other populations of the same taxon as a consequence of ...
ecological ... factors.” In addition, the persistence of a discrete population segment in an
ecological setting unusual or unique for the taxon is also a factor identified in the joint
DPS policy (USFWS-NMFS 1996) that may provide evidence of the population's
significance. Oceanographic and other ecological features may also contribute to
isolation between marine populations.

Marine Zoogeography

Marine zoogeography attempts to identify regional geographic patterns in marine
species’ distribution and delineate faunal provinces or regions based largely on the
occurrence of endemic species and of unique species’ assemblages (Ekman 1953,
Hedgpeth 1957, Briggs 1974, Allen and Smith 1988). These province boundaries are
usually coincident with changes in the physical environment such as temperature and
major oceanographic currents. Similarly to the above ecological features category,
boundaries between zoogeographic provinces may indicate changes in the physical
environment that are shared with the species under review.

Marine Zoogeographic Provinces Relevant to Puget Sound rockfish DPS
Determinations
Ekman (1953), Hedgpeth (1957), and Briggs (1974) summarized the distribution
patterns of coastal marine fishes and invertebrates and defined major worldwide marine
zoogeographic zones or provinces. Along the coastline of the boreal eastern Pacific,
which extends roughly from Point Conception, California to the eastern Bering Sea,
numerous schemes have been proposed for grouping the faunas into zones or provinces.
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A number of authors (Ekman 1953, Hedgpeth 1957, Briggs 1974, Allen and Smith 1988)
have recognized a zoogeographic zone within the lower boreal eastern Pacific that has
been termed the Oregonian Province. Another zone in the upper boreal eastern Pacific
has been termed the Aleutian Province (Briggs 1974). However, exact boundaries of
zoogeographic provinces in the eastern boreal Pacific are in dispute (Allen and Smith
1988). Briggs (1974) and Allen and Smith (1988) reviewed previous literature from a
variety of taxa and from fishes, respectively, and found the coastal region from Puget
Sound to Sitka, Alaska to be a "gray zone" or transition zone that could be classified as
part of either of two provinces: Aleutian or Oregonian (see Figure 1, Figure 2, and
Figure 3). The southern boundary of the Oregonian Province is generally recognized as
Point Conception, California and the northern boundary of the Aleutian Province is
similarly recognized as Nunivak in the Bering Sea or perhaps the Aleutian Islands (Allen
and Smith 1988).

Briggs (1974) placed the boundary between the Oregonian and Aleutian
Provinces at Dixon Entrance, based on the well-studied distribution of mollusks, but
indicated that distributions of fishes, echinoderms, and marine algae gave evidence for
placement of this boundary in the vicinity of Sitka, Alaska. Briggs (1974) placed strong
emphasis on the distribution of littoral mollusks (due to the more thorough treatment this
group has received) in placing a major faunal break at Dixon Entrance. The authoritative
work by Valentine (1966) on distribution of marine mollusks of the northeastern Pacific
shelf showed that the Oregonian molluscan assemblage extended to Dixon Entrance with
the Aleutian fauna extending northward from that area. Valentine (1966) erected the term
Columbian Sub-province to define the zone from Puget Sound to Dixon Entrance.

Several lines of evidence suggest that an important zoogeographic break for
marine fishes occurs in the vicinity of Southeast Alaska. Peden and Wilson (1976)
investigated the distributions of inshore fishes in British Columbia, and found Dixon
Entrance to be of minor importance as a barrier to fish distribution. A more likely
boundary between these fish faunas was variously suggested to occur near Sitka, Alaska,
off northern Vancouver Island, or off Cape Flattery, Washington (Peden and Wilson
1976, Allen and Smith 1988). Chen (1971) found that of the more than 50 or more
rockfish species belonging to the genus Sebastes occurring in northern California, more
than two-thirds do not extend north of British Columbia or Southeast Alaska. Briggs
(1974, p. 278) stated that "about 50 percent of the entire shore fish fauna of western
Canada does not extend north of the Alaskan Panhandle." In addition, many marine fish
species common to the Bering Sea, extend southward into the Gulf of Alaska but
apparently occur no further south (Briggs 1974). Allen and Smith (1988, p. 144) noted
that "the relative abundance of some geographically-displacing [marine fish] species
suggest that the boundary between these provinces [Aleutian and Oregonian] occurs off
northern Vancouver Island."

Blaylock (et al. 1998) examined the distribution of over 25 species of parasites in
432 juvenile and adult Pacific halibut (Hippoglossus stenolepis) sampled over much of its
North American range and found evidence of three zoogeographic zones as determined
by parasite clustering; northern, central, and southern. Similar to studies with other
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invertebrates, Blaylock et al. (1998, p. 2269) found a breakpoint between zoogeographic
zones “in the vicinity of the Queen Charlotte Islands.”

Environmental History and Features of Greater Puget Sound Relevant to DPS
Determinations for Puget Sound rockfish

This section describes the physical, oceanographic, and climatic features in
greater Puget Sound that may contribute to isolation among populations of the five
rockfish species considered in this status review. This section, along with Appendices C
(Geological and climate history of Puget Sound) and D (Marine species in Greater Puget
Sound) provides a basis for identifying climatic and biological factors that may contribute
to extinction risk for these species. The following summary focuses primarily on the
marine waters of greater Puget Sound that lie south of the boundary between Canada and
the United States. However, because the five rockfish species are also found throughout
the extensive inland waterway that also encompasses the Strait of Georgia in Canada, a
brief description of this larger system is also presented.

Greater Puget Sound is a fjord-like estuary located in northwest Washington State
and covers an area of about 2,330 km®, including 4,000 km of shoreline. Puget Sound is
part of a larger inland system situated between southern Vancouver Island and the
mainland coasts of Washington State and British Columbia that encompasses the Strait of
Georgia and Strait of Juan de Fuca (Burns 1985). This extensive system (the Georgia-
Fuca system) is series of interconnected basins separated by shallow sills. These sills
define the geometry of the basins and play a pivotal role in basin dynamics through
lateral water exchange (Thomson 1994). It is directly linked to the Pacific Ocean through
the Strait of Juan de Fuca, whereas to the north, a narrow more circuitous connection
exits through the constricted channels of Johnstone and Queen Charlotte Straits. The
estuarine component of circulation is a dominant feature throughout the system, with net
seaward outflow in the upper portion of the water column driven by winter rainfall and
summer snowmelt, and net landward inflow of high salinity ocean water in the lower
portion of the water column (Thomson 1994, Masson 2002). Other fundamental forcing
mechanisms that affect flow include tidal forcing, wind forcing generated by atmospheric
gradients (Matsuura and Cannon 1997), and coastal ocean forcing propagated by oceanic
events originating over the continental margin (Cannon 1990).

In this document, we define greater Puget Sound as the lands from the crests of
the Cascade and Olympic mountains to the shores of marine waters extending from the
entrance to the Strait of Juan de Fuca east, including the San Juan Islands, and south to
Olympia. As with the more extensive Georgia-Fuca system, Puget Sound’s geometry and
circulation is shaped and defined by shallow sills, including those at Admiralty Inlet (65
m depth), near Tacoma Narrows (45 m depth), and the mouth of Hood Canal (Burns
1985, Babson et al. 2006, Yang and Khangaonkar 2008). Based primarily upon these
features, which affect geomorphology, extent of freshwater influence and residence
times, and oceanographic conditions, greater Puget Sound is often subdivided into five
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major basins or regions: 1) North Puget Sound, 2) Main Basin, 3) Whidbey Basin, 4)
South Puget Sound, and 5) Hood Canal (Figure 4) When considered DPS designations for
the petitioned species the Main Basin, Whidbey Basin, South Puget Sound and Hood
Canal are collectively referred to as “Puget Sound Proper” Each of these basins differs in
features such as temperature regimes, water residence and circulation, biological
conditions, depth profiles and contours, processes, species, and habitats, described in
more detail below.

On average, Puget Sound south of Admiralty Inlet has a depth of 62.5 m at low
tide, but ranges to nearly 300 m at its deepest. Estuarine circulation in greater Puget
Sound is driven by tidal currents, the surface outflow of freshwater from Puget Sound
rivers and deep inflow of saltwater from the ocean, and wind strength and direction
(NMFS 2007). Tidal currents dominate the circulation, and typically a two-layered
pattern of estuarine circulation is superimposed on the tides (Ebbesmeyer et al. 1980).
The average daily difference between high and low tide varies from 2.4 m at the northern
end of greater Puget Sound to 4.6 m at its southern end. The movement of water due to
tides is about 5—10 times larger than the actual estuarine circulation observed throughout
the Sound. As the tidal currents flow past points of land, the water forms eddies in the lee
of the points. These tidal eddies provide a transport mechanism for offshore water to
reach the shoreline, bringing nutrients and plankton to nearshore communities. Tidal
currents in the main basin of Puget Sound, a region with depths of 200 m or more,
typically are less than 0.25 meter per second. In contrast, tidal currents in shallow sills at
Admiralty Inlet and Tacoma Narrows can be as large as 2.2 and 3.3 m/s, respectively
(NOAA, 1984).

Large tidal exchanges combined with shallow sills within Puget Sound
substantially reduce the flushing rate of freshwater, sediments, nutrients, contaminants
and many organisms. Concentrations of nutrients (i.e., nitrates and phosphates) are
consistently high throughout most of the greater Puget Sound, largely due to the flux of
oceanic water into the basin (Harrison et al. 1994).

Coastal areas within Puget Sound generally are characterized by high levels of
rainfall and river discharge in the winter, while inland mountains are characterized by
heavy snowfall in the winter and high snowmelt in late spring and early summer. This
local weather pattern creates two major periods of freshwater runoff into Puget Sound,
with maxima in December and June). Freshwater inflow into the lower basins of Puget
Sound is about 3.4 trillion liters /day. The major sources of freshwater are the Skagit and
Snohomish Rivers located in the Whidbey Basin (Figure 4). However, the annual amount
of freshwater entering Puget Sound is only 10 to 20% of the amount entering the Strait of
Georgia, primarily through the Fraser River (NOAA Technical Memorandum NMFS-
NWEFSC-44). Water circulation, transport, and residence times within each basin are
predicted to vary as much between years as between seasons, primarily due to the high
degree of variability in river discharge (Babson et al. 2006).
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Puget Sound has over 4,000 km of shorelines, ranging from rocky sea cliffs to
coastal bluffs and river deltas. Most of Puget Sound’s shorelines are coastal bluffs, which
are composed of erodable gravel, sand, and clay deposited by glaciers over 15,000 years
ago (Downing 1983; Shipman 2004). Extensive development of coastal bluffs along the
Sound has led to the widespread use of engineered structures designed to protect upland
properties, railroads, and roads. These modifications have increased dramatically since
the 1970s with demonstrated negative impacts on the health of the ecosystem (Thom et
al. 1994). A synthesis of the geomorphology and dynamics of Puget Sound’s shorelines,
and a discussion of shoreline mechanisms affected by armoring, is reviewed by Finlayson
(2006).

Characteristics of the physical habitat such as depth, substrate, wave exposure,
salinity, and gradient largely determine the plants and animals that can use particular
areas of Puget Sound. Eight major nearshore habitats have been characterized and
quantified: rocky reefs, kelp beds, mixed sediment intertidal beaches, salt marsh, tide
flats, sub tidal soft sediments, eelgrass beds, and open water/pelagic habitats (Dethier
1990, Levings and Thom 1994, NMFS 2007). The shallow nearshore areas of Puget
Sound contain vegetated eelgrass and seaweed habitats that support most marine fish and
invertebrate populations at some time during their life cycle. Kelp beds and eelgrass
meadows cover the largest area (Figure 5 and Figure 6); floating kelps are found
primarily over hard substrate along the Strait of Juan de Fuca and San Juan Islands
whereas eelgrass beds are estimated to cover 200 km” throughout Puget Sound, with the
exception of South Sound (Nearshore Habitat Program 2001, Mumford 2007). Other
major habitats include sub aerial and intertidal wetlands (176 km?), and mudflats and
sand flats (246 km?). In pelagic areas, the euphotic zone extends to about 20m in the
relatively clear regions of Northern Puget Sound, and to 10m in the more turbid waters of
the South Sound. Most of the bottom of Puget Sound is comprised of soft sediments,
ranging from coarse sands to fine silts and clay. Rocky reefs, composed of bedrock or a
mixture of boulder and cobble substrates, are often characterized by strong currents and
tidal action and support benthic suspension feeders and multiple species of fish, including
several species of rockfish (Sebastes spp.). Approximately 95% of the rocky reef habitat
in greater Puget Sound is located in North Puget Sound (Palsson et al. 2008).

Oceanographic and Geomorphological Features of the Various Basins Relevant to
DPS Determinations for Puget Sound rockfish

Northern Puget Sound

Bathymetry and geomorphology. Northern Puget Sound encompasses southern

Georgia Strait as well as the San Juan Islands and is demarcated to the west by the
entrance to the Strait of Juan de Fuca near Cape Flattery, to the south by the Olympic
Peninsula and Admiralty Inlet, and to the east by Whidbey Island and the mainland
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between Anacortes and Blaine, Washington (Figure 4). The predominant feature of the
North Sound is the Strait of Juan de Fuca, which is 160 km long and 22 km wide at its
western end to over 40 km at its eastern end (Thomson 1994). Other notable geographic
features include Admiralty Inlet, the San Juan Islands, and the southern part of the
Georgia Strait.

One of the deepest sections of this region is near the western mouth (about 200 m)
(Holbrook et al. 1980), whereas the deepest sections of eastern portions are located
northwest of the San Juan Islands (340-380 m) (PSWQA 1987). Sub tidal depths range
from 20 to 60 m in most of the northwest part of the region. Deeper areas near the
entrance to the Main Basin north of Admiralty Inlet range from 120 to 180 m in depth
(PSWQA 1987).

The vast majority (approximately 93%) of the rocky-reef habitat in greater Puget
Sound is located in the Northern Puget Sound region. Pacunski and Palsson (1998)
estimated that about 200 km? of shallow (<39 m MLLW) rocky-reef habitat was present
in Northern Puget Sound, whereas only about 14 km? was found in the remaining Puget
Sound basins.

Sediment characteristics. The surface sediment of the Strait of Juan de Fuca is

composed primarily of sand, which tends to be coarse, including some gravel, toward the
eastern portion of North Sound and gradually becomes finer towards the mouth
(Anderson 1968). Many of the bays and sounds in the eastern portion of the North Sound
have sub tidal surface sediments consisting of mud or mixtures of mud and sand
(PSWQA 1987, WDOE 1998). The area just north of Admiralty Inlet is primarily gravel
in its deeper portions, and a mixture of sand and gravel in its shallower portions, whereas
the shallow areas north of the inlet on the western side of Whidbey Island and east of
Protection Island consist of muddy-sand (Roberts 1979). The majority of the sub tidal
surface sediments among the San Juan Islands consist of mixtures of mud and sand.
Within the intertidal zone, 61.2 + 49.7% of the area also has mixed fine sediment and
22.6 +27.5% has sandy sediment (Bailey et al. 1998).

Currents and tidal activity. The Strait of Juan de Fuca is a weakly stratified,

positive estuary with strong tidal currents (Thomson 1994). The western end of the Strait
is strongly influenced by ocean processes, whereas the eastern end is influenced by
intense tidal action occurring through and near the entrances to numerous narrow
passages which results in vigorous vertical mixing (Ebbesmeyer et al. 1984) (Figure 7).
Seasonal variability in temperature and salinity is small because the waters are vertically
well-mixed (Thomson 1994). On average, freshwater runoff makes up about 7% of the
water by volume in the Strait and is derived primarily from the Fraser River. Generally,
the circulation in the Strait consists of seaward surface flow of diluted seawater
(<30.0psu) in the upper layer and an inshore flow of saline oceanic water (>33.0 psu) at
depth (Thomson 1994, Collias et al. 1974). Exceptions include an easterly flow of surface
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waters near the shoreline between Port Angeles and Dungeness Spit (Figure 8), landward
flows of surface waters in many of the embayments and passages, and flows of surface
water southward toward the Main Basin near Admiralty Inlet (PSWQA 1987).

Water quality. Temperatures generally range between 7° and 11°C, although

occasionally surface temperatures reach as high as 14°C (WDOE 1999). In the eastern
portion of North Sound, temperature and salinity vary from north to south, with the
waters in the Strait of Georgia being slightly warmer than the waters near Admiralty
Inlet. Waters near Admiralty Inlet also tended to have higher salinities than waters to the
north (WDOE 1999). Dissolved oxygen levels vary seasonally, with lowest levels of
about 4 mg/L at depth during the summer months, and highest levels of about 8 mg/L
near the surface during the winter. However, in a study conducted between 1996 and
1997, WDOE reported dissolved oxygen (DO) levels in the southern end of Discovery
Bay below 3.0 mg/l (PSQAT 2000).

Macro vegetation. Eelgrass is the primary vegetation in the intertidal areas of the

Strait of Juan de Fuca, covering 42.2 + 27.2% of the intertidal area (Figure 6), and
ephemeral green algae (e.g., Ulva and Enteromorpha spp.) is the second most common
covering 4.4 + 3.7% of the intertidal area (Nearshore Habitat Program 2001). About 45%
of the shoreline of this region consists of kelp habitat, compared to only 11% of the
shoreline of the other four Puget Sound proper Basins (Mumford 2007). Nevertheless,
both areas each have approximately 50% of the total kelp resource. Most species of kelp
are associated with shoreline exposed to wave action, whereas eelgrass is found in
protected areas, such as Samish and Padilla Bays (Figure 5). Some of the densest kelp
beds in greater Puget Sound are found in the Strait of Juan de Fuca. Kelp beds at the
north end of Protection Island declined drastically between 1989 and 1997, decreasing
from about 181 acres to "nothing"; the cause of this decline is currently unknown
(Mumford 2007).

Urban, industrial, and agricultural development. The North Puget Sound Basin is

bordered primarily by rural areas with a few localized industrial developments (PSWQA
1988). About 71% of the area draining into North Puget Sound is forested, 6% is
urbanized, and 15% is used for agriculture (NMFS 2007). Among the five greater Puget
Sound basins, this basin is used most heavily for agriculture. The main human population
in this area centers around Bellingham (71,289), Port Angeles (18,397), Anacortes
(14,557), and Port Townsend (8,334) (US Census Bureau, 2003 population census).
About 10% of the total amount of wastes discharged from point-sources into greater
Puget Sound comes from urban and industrial sources in this basin (PSWQA 1988).
About 17% of the nutrients (in the form of inorganic nitrogen) entering greater Puget
Sound originates from rivers carrying runoff from areas of agricultural and forest
production (Embrey and Inkpen 1998). The Washington Department of Natural
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Resources (Nearshore Habitat Program 2001) estimated that 21% of the shoreline in this
area has been modified by human activities.

Main Basin

Bathymetry and geomorphology. The 100 km-long Main Basin is delimited to

the north by a line between Point Wilson (near Port Townsend) and Partridge Point on
Whidbey Island, to the south by Tacoma Narrows, and to the east by a line between
Possession Point on Whidbey Island and Meadow Point (near Everett) (Figure 4) (Burns
1985). The western portion of the Main Basin includes such water bodies as Sinclair and
Dyes inlets, and Colvos and Dalco passages. Large embayments on the east side include
Elliott and Commencement bays.

Among of the most important bathymetric features of the Main Basin are the sills
at its northern and southern ends. The sill at the north end of Admiralty Inlet is 30 km
wide and rises to a depth of 65 m at its shallowest point. The sill at Tacoma Narrows is
45 m deep (Burns 1985). South of Admiralty Inlet, depths generally range from 100 to
140 m in the central part of the basin, and 10 to 100 m in the waterways west of
Bainbridge and Vashon islands. The central basin consists of five sub-basins: 1) near the
southern end of Admiralty Inlet, west of Marrowstone Island, with depths to 190 m, 2)
near the southern tip of Whidbey Island with depths to 250 m, 3) west of Port Madison,
north of Seattle with depths to 400 m, 4) northeast of West Point in Seattle with depths to
350 m, 5) south of Seattle, near Point Pulley, with depths to about 250 m (Burns 1985).
Elliott and Commencement bays, associated with Seattle and Tacoma, respectively, are
relatively deep, with depths in excess of 150 m. Freshwater flows into Elliott Bay through
the Duwamish-Green River System, and into Commencement Bay through the Puyallup
River.

Sediment characteristics. Sub tidal surface sediments in Admiralty Inlet tend to

consist largely of sand and gravel, whereas sediments just south of the inlet and
southwest of Whidbey Island are primarily sand (PSWQA 1987). Sediments in the deeper
areas of the central portion of the Main Basin generally consist of mud or sandy mud
(PSWQA 1987, WDOE 1998). Sediments in the shallower and intertidal areas of the
Main Basin are mixed mud, sand, and gravel. Bailey et al. (1998) reported that 92% of
the intertidal area of the Main Basin consisted of mixed sand and gravel. A similar
pattern is also found in the bays and inlets bordering this basin.

Currents and tidal activity. About 30% of the freshwater flow into the Main

Basin is derived from the Skagit River. The Main Basin is generally stratified in the
summer, due to river discharge and solar heating, and is often well mixed in the winter
due to winter cooling and increased mixing by wind. Circulation in the central and
northern sections of the Main Basin consists largely of outflow through Admiralty Inlet
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in the upper layer and inflow of marine waters at depth (below approximately 50 m)
(Figure 9) (Strickland 1983, Thomson 1994). Oceanic waters from the Strait of Juan de
Fuca flow over the northern sill at Admiralty Inlet into the Main Basin at about two-week
intervals (Cannon 1983). In the southern section, currents generally flow northward along
the west side of Vashon Island and southward on the east side through Colvos Passage
(Figure 9). The sill at Tacoma Narrows also causes upwelling that reduces the seawater/
freshwater stratification in this basin. Sediment deposition from freshwater inflow
accumulates at an estimated rate of 0.18 to 1.2 grams/cm?/year (Staubitz et al. 1997).

Major circulation patterns in the Main Basin are greatly influenced by decadal
climate regimes (Ebbesmeyer et al. 1998). During cool periods with strong oceanic
upwelling and heavy precipitation, the strongest oceanic currents entering from the Strait
of Juan de Fuca flow near mid-depth when the basin is cooler than 9.7°C. However, the
strongest oceanic currents move toward the bottom of the basin, during warmer, dryer
periods when waters are warmer than 9.7°C.

Water quality. Water temperature, salinity, and concentration of dissolved

oxygen in waters of the Main Basin are routinely measured by the WDOE at six sites
(WDOE 1999). Subsurface temperatures are usually between 8° and 12°C; however,
surface temperatures can reach 15°C to 18°C in summer, and temperatures at depth can
get as low as 7.5°C in winter. Salinities in the deeper portions of the Main Basin are
generally about 30 psu in summer and fall, but decrease to about 29 psu during the rainier
months. Surface waters are also usually about 29 psu, but occasionally have salinities as
low as 25-27 psu during the rainy season (WDOE 1999)The mid-basin has consistently
higher temperatures and lower salinity relative to the Northern Puget Sound region
(WDOE 1999). Dissolved oxygen varies seasonally, with lowest levels of about 5.5
mg/L occurring at depth in summer months, and highest levels of about 7.5 mg/L near the
surface. Occasionally, summer-time highs reach 13-14 mg/L at the surface.

Macro vegetation. The Main Basin has a relatively small amount of intertidal

vegetation, with 28.3 + 10.4% of the intertidal area containing vegetation (Nearshore
Habitat Program 2001). The predominant types are green algae (12.0 +4.4%) and
eelgrass (11.4 + 6.6%). Most eelgrass is located on the western shores of Whidbey Island
and the eastern shores of the Kitsap Peninsula (Figure 6) (PSWQA 1987). A recent report
by the Puget Sound Water Quality Action Team (PSWQAT 2000) indicates that only 8%
of the shoreline has a continuous distribution of eelgrass beds and 40% of the shoreline
has a patchy distribution.

Urban, industrial, and agricultural development. Areas bordering the Main Basin

include the major urban and industrial areas of greater Puget Sound: Seattle, Tacoma, and
Bremerton. Human population sizes for these cities are about 569,101, 196,790, and
39,597, respectively (2003 census) (US Census Bureau 2003). Approximately 70% of the
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drainage area in this basin is forested, 23% is urbanized, and 4% is used for agriculture
(Staubitz et al. 1997). About 80% of the total amount of waste discharged from point-
sources into greater Puget Sound comes from urban and industrial sources in this region
(PSWQA 1988). Moreover, about 16% of the waste entering greater Puget Sound,
overall, enters this basin through its major river systems, in the form of inorganic
nitrogen (Embrey and Inkpen 1998). It is estimated that 52% of the shoreline in this area
has been modified by human activities (Nearshore Habitat Program 2001).

Whidbey Basin

Bathymetry and geomorphology. The Whidbey Basin includes the marine waters

east of Whidbey Island and is delimited to the south by a line between Possession Point
on Whidbey Island and Meadowdale, west of Everett. The northern boundary is
Deception Pass at the northern tip of Whidbey Island (Figure 4). The Skagit River (the
largest single source of freshwater in greater Puget Sound) enters the northeastern corner
of the Basin, forming a delta and the shallow waters (<20 m) of Skagit Bay. Saratoga
Passage, just south of Skagit Bay, separates Whidbey Island from Camano Island. This
passage is 100 to 200 m deep, with the deepest section (200 m) located near Camano
Head (Burns 1985). Port Susan is located east of Camano Island and receives freshwater
from the Stillaguamish River at the northern end and from the Snohomish River (the

second largest of greater Puget Sound’s rivers) at southeastern corner. Port Susan also

contains a deep area (120 m) near Camano Head. The deepest section of the basin is
located near its southern boundary in Possession Sound (220 m).

Sediment characteristics. The most common sediment type in the intertidal zone

of the Whidbey Basin is sand, representing 61.4 + 65.5% of the intertidal area. Mixed
fine sediments is the next most common sediment type covering 25.6 + 18.9% of the
intertidal area (Bailey et al. 1998). Similarly, sub tidal areas near the mouths of the three
major river systems are largely sand. However, the deeper areas of Port Susan, Port
Gardner, and Saratoga Passage have surface sediments composed of mixtures of mud and
sand (PSWQA 1987, WDOE 1998). Deception Pass sediments consist largely of gravel.

Currents and tidal activity. Although only a few water circulation studies have

been performed in the Whidbey Basin, some general observations are possible. Current
profiles in the northern portion of this basin are typical of a close-ended fjord. The
surface waters from the Skagit River diverge, with the surface water flowing south and
the deep water flowing northward toward Deception Pass. Approximately 60% of the
water from the Skagit River flows through Deception Pass, and this water flows directly
into the Strait of Juan de Fuca (Ebbesmeyer et al. 1984). Current speeds through
Deception Pass are among the highest in Puget Sound; a westward surface current speed
of 37.37 cm/sec, and an eastward bottom current of 5.92 cm/sec were reported by
PSWQA (1987). Currents through Saratoga Passage tend to move at moderate rates in a
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southerly direction (Figure 10). Due to the influences of the Stillaguamish and
Snohomish River systems, surface currents in Port Susan and Port Gardner tend to flow
toward the Main Basin, although there is some evidence of a recirculating pattern in Port
Susan (PSWQA 1987).

Water quality. The waters in this basin are generally stratified, with surface

waters being warmer in summer (generally 10-13°C) and cooler in winter (generally 7-
10°C) (Collias et al. 1974, WDOE 1999). Salinities in the southern section of the
Whidbey Basin in Possession Sound are similar to those of the Main Basin. In Port Susan
and Saratoga Passage, salinities of surface waters (27.0-29.5 psu) are generally lower
than in the Main Basin, due to runoff from the two major rivers; moreover, after heavy
rain these salinities range from 10-15 psu. However, salinities in deeper areas often
parallel those of the Main Basin (WDOE 1999).

Concentrations of dissolved oxygen in the waters of the Whidbey Basin are
routinely measured by the WDOE in Saratoga Passage and in Port Gardner (WDOE
1999). Concentrations were highest in surface waters (up to 15 mg/L) and tended to be
inversely proportional to salinity. Samples collected during spring run-off had the highest
concentrations of dissolved oxygen. The lowest values (3.5 to 4.0 mg/L) were generally
found at the greatest depths in fall. However, in a study conducted between 1996 and
1997, WDOE reported DO levels in the west end of Penn Cove below 3.0 mg/L
(PSWQAT 2000).

Macro vegetation. Vegetation covers 23.6 + 8.8% of the intertidal area of the

Whidbey Basin (Nearshore Habitat Program 2001). The three predominant types of cover
include green algae (6.8 + 6.2%), eelgrass (6.5 + 5.8%), and salt marsh (9.0 &+ 9.4%).
Eelgrass beds are most abundant in Skagit Bay and in the northern portion of Port Susan
(Figure 6) (PSWQA 1987).

Urban, industrial, agricultural, and development. Most of the Whidbey Basin is

surrounded by rural areas with low human population densities. About 85% of the
drainage area of this Basin is forested, 3% is urbanized, and 4% is in agricultural
production. The primary urban and industrial center is Everett, with a 2003 population of
96,643 (U.S. Census Bureau 2003). Most waste includes discharges from municipal and
agricultural activities and from a paper mill. About 60% of the nutrients (as inorganic
nitrogen) entering greater Puget Sound, enter through the Whidbey Basin by way of its
three major river systems (Embrey and Inkpen 1998). The WDNR (Nearshore Habitat
Program 2001) estimated that 36% of the shoreline in this area has been modified by
human activities.

Southern Puget Sound
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Bathymetry and geomorphology. The Southern Basin includes all waterways

south of Tacoma Narrows (Figure 4). This basin is characterized by numerous islands and
shallow (generally <20 m) inlets with extensive shoreline areas. The mean depth of this
basin is 37 m, and the deepest area (190 m) is located east of McNeil Island, just south of
the sill (45 m) at Tacoma Narrows (Burns 1985). The largest river entering the basin is
the Nisqually River which enters just south of Anderson Island.

Sediment characteristics. A wide assortment of sediments are found in the

intertidal areas of this basin (Bailey et al. 1998). The most common sediments and the
percent of the intertidal area they cover are as follows: mud, 38.3 + 29.3%; sand, 21.7 +
23.9%; mixed fine, 22.9 + 16.1%; and gravel, 11.1 + 4.9%. Sub tidal areas have a similar
diversity of surface sediments, with shallower areas consisting of mixtures of mud and
sand, and deeper areas consisting of mud (PSWQA 1987). Sediments in Tacoma Narrows
and Dana Passage consists primarily of gravel and sand.

Currents and tidal activity. Currents in the Southern Basin are strongly

influenced by tides, due largely to the shallowness of this area. Currents tend to be
strongest in narrow channels (Burns 1985). In general, surface waters flow north and
deeper waters flow south. Among the five most western inlets, Case, Budd, Eld, Totten,
and Hammersley, the circulation patterns of Budd and Eld inlets are largely independent
of those in Totten and Hammersley inlets due largely to the shallowness of Squaxin
Passage (Ebbesmeyer et al. 1998). These current patterns are characterized by flows of
high salinity waters from Budd and Eld inlets into the south end of Case Inlet, and from
Totten and Hammersley inlets into the north end of Case Inlet. Flows of freshwater into
the north and sound ends of Case Inlet originate from surface water runoff and the
Nisqually River, respectively.

Water quality. The major channels of the Southern Basin are moderately

stratified compared to most other greater Puget Sound basins, because no major river
systems flow into this basin. Salinities generally range from 27-29 psu, and, although
surface temperatures reach 14-15°C in summer, the temperatures of subsurface waters
generally range from 10-13°C in summer and 8-10°C in winter (WDOE 1999). Dissolved
oxygen levels generally range from 6.5 to 9.5 mg/L. Salinity in the inlets tends to be
similar to those of the major channels, whereas temperatures and dissolved oxygen levels
in the inlets are frequently much higher in summer. Two of the principal inlets, Carr and
Case inlets, have surface salinities ranging from 28-30 psu in the inlet mouths and main
bodies, but lower salinities ranging from 27-28 psu at the heads of the inlets (Collias et al.
1974). Summertime surface waters in Budd, Carr and Case Inlets commonly have
temperatures that range from 15-19°C and dissolved oxygen values of 10-15 mg/L.
Temperature of subsurface water tends to be elevated in the summer (14-15°C); however,
temperatures are similar to those of the main channels in other seasons of the year
(WDOE 1999).
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Macro vegetation. Among the five basins of greater Puget Sound, the Southern

Basin has the least amount of vegetation in its intertidal area (12.7 + 15.5% coverage),
with salt marsh (9.7 + 14.7% coverage) and green algae (2.1 = 1.9% coverage) being the
most common types (Nearshore Habitat Program 2001).

Urban, industrial, and agricultural development. About 85% of the area draining

into this basin is forested, 4% is urbanized, and 7% is in agricultural production. The
major urban areas around the South Sound Basin are found in the western portions of
Pierce County. These communities include west Tacoma, University Place, Steilacoom,
and Fircrest, with a combined population of about 100,000. Other urban centers in the
South Sound Basin include Olympia with a population of 43,963 and Shelton with a
population of 8,442 (U.S. Census Bureau 2003). Important point sources of wastes
include sewage treatment facilities in these cities and a paper mill in Steilacoom.
Furthermore, about 5% of the nutrients (as inorganic nitrogen) entering greater Puget
Sound, enter into this basin through non-point sources (Embrey and Inkpen 1998). The
WDNR (Nearshore Habitat Program 2001) estimated that 34% of the shoreline in this
area has been modified by human activities.

Hood Canal

Bathymetry and geomorphology. Hood Canal branches off the northwest part of

the Main Basin near Admiralty Inlet and is the smallest of the greater Puget Sound
basins, being 90 km long and 1-2 km wide (Figure 4). Like many of the other basins, it is
partially isolated by a sill (50 m deep) near its entrance that limits the transport of deep
marine waters in and out of Hood Canal (Burns 1985). The major components of this
basin consist of the Hood Canal entrance, Dabob Bay, the central region, and the Great
Bend at the southern end. Dabob Bay and the central region are the deepest sub-basins
(200 and 180 m, respectively), whereas other areas are relatively shallow, <40 m for The
Great Bend and 50-100 m at the Hood Canal entrance (Collias et al. 1974).

Sediment characteristics. Sediment in the intertidal zone consists mostly of mud

(53.4 £ 89.3% of the intertidal area), with similar amounts of mixed fine sediment and
sand (18.0 £ 18.5% and 16.7 + 13.7%, respectively) (Bailey et al. 1998). Surface
sediments in the sub tidal areas also consist primarily of mud, with the exception of the
Hood Canal entrance, which consists of mixed sand and mud, and the Great Bend and
Lynch Cove, which have patchy distributions of sand, gravelly sand, and mud (PSWQA
1987, WDOE 1998).

Currents and tidal activity. Because the basin is a closed-ended fjord without

large-volume rivers, aside from tidal currents, currents in Hood Canal are slow. The
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strongest currents tend to occur near the Hood Canal entrance and generally involve a
northerly flow of surface waters into Admiralty Inlet (Ebbesmeyer 1984).

Water quality. Portions of Hood Canal are stratified, with marked differences
temperature and dissolved oxygen between the entrance and the Great Bend. Water
temperature, salinity, and concentration of dissolved oxygen in Hood Canal are routinely
measured by the WDOE at two sites, near the Great Bend and near the entrance (WDOE
1999). Salinities generally range from 29-31 psu and tend to be similar at both sites. In
contrast, temperature and dissolved oxygen values are often markedly different between
the two sites.

Macro vegetation. Vegetation covers 27.8 & 22.3% of the intertidal area of the

Hood Canal Basin. Salt marsh (18.0 = 8.8%) and eelgrass (5.4 + 6.3%) are the two most
abundant plants (Nearshore Habitat Program 2001). Eelgrass is found in most of Hood
Canal, especially in the Great Bend and Dabob Bay (Figure 6).

Urban, industrial, and agricultural development. The Hood Canal Basin is one of
the least developed areas in greater Puget Sound and lacks large centers of urban and
industrial development. About 90% of the drainage area in this basin is forested (the
highest percentage of forested areas of the five greater Puget Sound basins), 2% is
urbanized, and 1% is in agricultural production (Staubitz et al. 1997). However, the
shoreline is well developed with summer homes and year-around residences (PSWQA
1988). A small amount of waste is generated by forestry practices and agriculture.
Nutrients (as inorganic nitrogen) from non-point sources in this basin represent only 3%
of the total flowing into greater Puget Sound annually (Embrey and Inkpen 1998). The
WDNR (Nearshore Habitat Program 2001) estimated that 34% of the shoreline in this
area has been modified by human activities.

Environmental Features of Georgia Basin and the Strait of Georgia

The Georgia Basin is an international water body that encompasses the marine
waters of greater Puget Sound, and the Strait of Georgia. (Figure 11). The coastal
drainage of the Georgia Basin is bounded to the west and south by the Olympic and
Vancouver Island mountains and to the north and east by the Cascade and Coast
mountains. At sea level, the Basin has a mild maritime climate and is dryer than other
parts of the coast due to the rain shadow of the Olympic and Vancouver Island
mountains. At sea level, air temperatures range from 0°C to 5°C in January and 12°C to
22°C in July, and winds are typically channeled by the local topography and blow along
longitudinal axes of the straits and sounds. Winds are predominantly from the southeast
in winter and the northwest in summer.

The Strait of Georgia (Figure 11) has a mean depth of 156 m (420 m maximum)
and is bounded by narrow passages (Johnstone Strait and Cordero Channel to the north
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and Haro and Rosario straits to the south) and shallow submerged sills (minimum depth
of 68 m to the north and 90 m to the south). The Strait of Georgia covers an area of
approximately 6,800 km? (Thomson 1994) and is approximately 220 km long and varies
from 18.5 to 55 km in width (Tully and Dodimead 1957, Waldichuck 1957). Both
southern and northern approaches to the Strait of Georgia are through a maze of islands
and channels, the San Juan and Gulf islands to the south and a series of islands to the
north that extend for 240 km to Queen Charlotte Strait (Tully and Dodimead 1957). Both
northern channels (Johnstone Strait and Cordero Channel) are from 1.5 to 3 km wide and
are effectively two-way tidal falls, in which currents of 12-15 knots occur at peak flood
(Tully and Dodimead 1957). However, both lateral and vertical constriction of water flow
at the narrowest points in these northern channels are even more severe. Constrictions
occur at Arran Rapids, Yuculta Rapids, Okisollo Channel, and to a lesser degree at
Seymour Narrows (0.74 km wide, minimum depth of 90 m) in Discovery Passage
(Waldichuck 1957). Overall, these narrow northern channels have only about 7% of the
cross-sectional area as do the combined southern entrances into the Strait of Georgia
(Waldichuck 1957).

Freshwater inflows are dominated by the Fraser River, which accounts for
roughly 80% of the freshwater entering the Strait of Georgia. The Fraser River has a
drainage area of 234,000 km” (Bocking 1997). The rate of flow in the Fraser River ranges
from an average of 750 m*/sec in the winter to an average of 11,500 m*/sec during the
spring freshet, although, flows of 20,000 m*/sec are not uncommon during the spring
floods (Bocking 1997). Fraser River run-off and that of other large rivers on the mainland
side of the Strait are driven by snow and glacier melt and their peak discharge period is
generally in June and July. Rivers that drain into the Strait of Georgia off Vancouver
Island (such as the Chemainus, Cowichan, Campbell, and Puntledge rivers) peak during
periods of intense precipitation, generally in November (Waldichuck 1957).

Circulation in the Strait of Georgia occurs in a general counter-clockwise
direction (Waldichuck 1957). Tides, winds, and freshwater run-off are the primary forces
for mixing, water exchange, and circulation. Tidal flow enters the Strait of Georgia
predominantly from the south creating vigorous mixing in the narrow, shallow straits and
passes of the Strait of Georgia. The upper, brackish water layer in the Strait of Georgia is
influenced by large freshwater run-off and salinity in this layer varies from 5 to 25 psu.
Deep, high-salinity (33.5 to 34 psu), oceanic water enters the Strait of Georgia from the
Strait of Juan de Fuca. The surface out flowing and deep inflowing water layers mix in
the vicinity of the sills, creating the deep bottom layer in the Strait of Georgia, where
salinity is maintained at about 31 psu (Waldichuck 1957). The basic circulation pattern in
the southern Strait of Georgia is a is a southerly outflow of low-salinity surface water
through the Rosario and Haro Straits (Crean et al. 1988) (Figure 12) with the northerly
inflow of high salinity oceanic water from the Strait of Juan de Fuca at the lowest depths.
In the winter, cool, low salinity near surface water mixes with the intermediate depth
high-salinity waters; however, oceanic inflow is generally confined to the intermediate
depths. Crean et al. (1988) reported that "the freshwater discharge finds primary egress
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through the southern boundary openings into the Strait of Juan de Fuca" and that
subsurface waters (5 to 20 m below the region of the Fraser River discharge) also have "a
predominantly southerly flow." Since surface water run-off peaks near the time of peak
salinity of inflowing source water, the salinity of the deepwater in the Strait of Georgia
undergoes only a small seasonal change in salinity (Waldichuck 1957).

Genetic Differentiation

The analysis of the geographical distribution of genetic variation is a powerful
method of identifying discrete populations. In addition, such analysis can sometimes be
used to estimate historical patterns of dispersal, equilibrium levels of migration (gene
flow), and past isolation. Commonly used molecular genetic markers include protein
variants (allozymes), microsatellite loci (variable numbers of short tandem DNA repeats),
and mitochondrial DNA (mtDNA). One widely used method of population analysis is
sequence or RFLP (restriction fragment length polymorphism) analysis of mtDNA, a
molecular that codes for about a dozen genes that are not found in the cell nucleus.
Mitochondrial DNA differs from nuclear DNA (nDNA) in two ways. One way is that
recombination is lacking in mtDNA, so that gene combinations (haplotypes) are passed
unaltered from one generation to the next, except for new mutations. A second way is
that mtDNA is inherited from only the maternal parent in most fishes, so that gene
phylogenies correspond to female lineages. These characteristics permit
phylogeographical analyses of mtDNA haplotypes, which can potentially indicate
dispersal pathways for females and the extent of gene flow between populations (Avise et
al. 1987). Although the lack of recombination allows for some types of analysis that are
difficult to conduct with other markers (e.g., microsatellites), inferences of population
structure (or lack thereof) from mtDNA are limited by the fact that the entire
mitochondrial genome is inherited genetically as a single locus. Mitochondrial studies
are therefore most useful for detecting deep patterns of population structure, and may not
be very powerful for detecting structure among closely related populations.

Microsatellite DNA markers can potentially detect stock structure on finer spatial
and temporal scales than can other DNA or protein markers, because of higher levels of
polymorphism typically found in microsatellite DNA (reflecting a high mutation rate).
Relatively high levels of variation can increase the statistical power to detect stock
structure, particularly among closely related populations. In addition, microsatellite
studies usually involve analysis of multiple genetic loci, which increases the power to
detect differentiation among populations.

Overview of genetic variation in rockfish

A principal challenge of rockfish genetic research has been to make
generalizations about this ecologically diverse group of closely related species. With a
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few exceptions, it is not possible to make broad statements about patterns of radiation and
divergence. For example, it is not the case that particular evolutionary clades correspond
to particular morphological or ecological guilds. For example, species with more pelagic
life histories are not necessarily more closely related to one another than they are to more
demersal taxa. Instead, these traits appear to have evolved multiple times in different
lineages. Moreover, the rockfish radiation appears to have been relatively abrupt, with
pulses of diversification occurring approximately 9-8 MY A and 8-6 MY A, resulting in
poor resolution of internal phylogenetic nodes (Hyde & Vetter 2007). A great deal of
diversity exists among species, with frequent exceptions to otherwise general patterns or
expectations. More effort will therefore need to be directed toward individual species
and individual oceanographic boundaries before general insights can be gained.

Patterns of population differentiation vary within rockfish species, and range from
no notable population structure over large geographic ranges, to isolation by distance (no
strong discontinuities, but closer genetic affinities among nearby populations), to genetic
structure corresponding to oceanographic features, to fine-scale differentiation on the
scale of Puget Sound (Table 1). These patterns do not appear to follow particular life
history attributes of rockfishes; rather, they appear to depend on a combination of factors
including habitat, life history traits, and population dynamics. One important point,
discussed further below, is that multiple studies have found evidence that rockfish inhabit
geographically isolated areas, such as Puget Sound, tend to be genetically differentiated
from other populations.

Bocaccio (Sebastes paucispinis)

No published studies have compared genetic characteristics of bocaccio from
Puget Sound and outer coastal areas, but there have been several studies of variation in
bocaccio along the outer coast. Wishard et al. (1980) examined allozyme variation in
nine coastal sampling locations ranging from Baja California to southern Oregon, with
sample sizes ranging from n = 12 to over 100 individuals per locality. They found two
highly polymorphic loci and three others with low levels of variation. They found
overlapping confidence intervals for allele frequencies across sampling locations and no
evidence for differentiation among populations. More recently, Matala et al. (2004)
examined genetic variation in bocaccio at seven microsatellite loci in samples (n = 30-67)
from eight locations from Baja California to British Columbia, including both sides of
Point Conception. Samples were adults except in the Santa Barbara channel, where age-0
fish were taken. A contingency G-test across all samples and all loci provided significant
(P =0.037) evidence for departures from global panmixia, indicating that coastal
bocaccio are not a single breeding population. A large-scale pattern of isolation by
distance was not observed in the data. However, using a series of comparisons of
smaller, geographically contiguous subsets of samples, the authors found some evidence
that geographically proximate samples tended to be more similar genetically. The
authors suggested that these results might best be explained by the interacting effects of
oceanographic patterns and the species’ life history, with current patterns restricting
larval exchange in certain geographic areas.
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Canary rockfish (Sebastes pinniger)

No published studies have compared genetic characteristics of canary rockfish
from Puget Sound and outer coastal areas. The allozyme study mentioned above
(Wishard et al. 1980), which examined large samples (z > 100) from 8 eight coastal
locations in northern California, Oregon, and Washington, found low levels of
heterozygosity in this species and some evidence for stock structure. In particular,
samples taken south of Cape Blanco (southern Oregon) lack an allele that occurs at low
frequency in populations to the north. In some localities, allele frequencies at the PGM
locus differed significantly between samples taken at different depths. Nine
microsatellite loci have been developed for canary rockfish (Gomez-Uchida et al. 2003),
but to date no genetic surveys have been published using these loci.

Yelloweye rockfish (Sebastes ruberrimus)

No published studies have compared genetic characteristics of yelloweye rockfish
from Puget Sound and outer coastal areas. A Canadian study (Yamanaka et al. 2006)
using nine microsatellite loci in yelloweye rockfish collected from Oregon to southeast
Alaska found small allele frequency differences among all the coastal samples; however,
three samples from the inside waters of Georgia Strait and Queen Charlotte Strait had
significantly reduced levels of genetic variability and formed a distinctive genetic cluster.
The authors suggested that these results imply restricted gene flow between inner and
outer populations and a lower effective size for populations within the Strait of Georgia.
Yamanaka et al. (2006) calculated Fsr values (a measure of genetic differentiation)
among pairs of samples and found substantially higher values for comparisons of inside
vs. outside populations than for comparisons among outside populations (mean Fsr =
0.017 for inside-outside vs. 0.0008 for outside-outside). Subsequently, samples taken in
2005-2007 from waters between Vancouver Island and Mainland British Columbia have
been screened at the same nine polymorphic microsatellite loci (R. Withler, personal
communication July 2008). Preliminary analysis of these new samples shows that these
patterns remain consistent: all the samples from inside waters form a coherent genetic
cluster, and inside-outside comparisons typically yield much higher Fsr values than do
comparisons of two outside samples or two inside samples (Figure 13). In the north,
there appears to be a fairly sharp transition between inside and outside forms in the
vicinity of the Gordon Channel. Whether a similar pattern occurs in the south is not
know, as no samples from Puget Sound have been analyzed and only a single fish was
collected from the Strait of Juan de Fuca.

Greenstriped rockfish (Sebastes elongatus)

Very little genetic information is available for greenstriped rockfish. A
preliminary study of mitochondrial DNA control region sequences (J. Hess, unpublished
data) compared data from coastal samples (British Columbia, Washington, and
California) and samples collected from the Strait of Juan de Fuca. Preliminary results are
consistent with those for coastal populations of other rockfish species: most haplotypes
shared by more than one individual were found in all populations sampled, and the only
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significant pair wise comparison was Washington coast vs. California. However, sample
sizes were low (12-40 individuals), so power to detect differences was also low.
Furthermore, because no samples were available from Puget Sound proper, this
preliminary study provided no information about the relationship between greenstriped
rockfish in Puget Sound and the Pacific coast.

Redstripe rockfish (Sebastes proriger)

No published studies have examined population genetic structure of redstripe
rockfish in the Northeast Pacific. The NWFSC is in the process of analyzing samples of
redstripe rockfish, which are likely to be useful for future assessments.

Population genetics of other rockfishes that include samples from Puget Sound

As is clear from the discussion above, essential no genetic data were available that
included samples of the petitioned species from Puget Sound. The BRT, however,
concluded that the biology and ecology of the petitioned species was sufficiently similar
to species that have been subject to genetic analysis that did include samples from Puget
Sound that patterns of variation from these “surrogate species” should be considered
when evaluating potential DPS for the less studied petitioned species.

Despite the lack of genetic studies targeting the five species named in the current
petition, some information is available for other rockfish species found in Puget Sound.
Copper (Sebastes caurinus), brown (S. auriculatus), and quillback (S. maliger) rockfish
are three closely related species that were the subject of a previous Biological Review
Team, the results of which can be found in Stout et al. (2001). Both allozyme and
microsatellite analysis of these three species found Puget Sound populations to be distinct
from outer coastal populations, even when little or no differentiation was found among
the coastal populations of the same species from California to Alaska (see Seeb 1998,
Buonaccorsi et al. 2002, Buonaccorsi et al. 2005, Johansson et al. 2008). Estimated Fsr
values for quillback rockfish were 0.005 in samples from northern California,
Washington coast, and southeast Alaska, but jumped to 0.028 when Puget Sound samples
were included (allozymes--Seeb 1998). Estimated Fsr values for copper rockfish were
0.007 among four coastal samples from southern California to British Columbia, but
0.087 between coastal and Puget Sound (microsatellites--Buonaccorsi et al. 2002). An
additional microsatellite study of copper rockfish along the west coast from southern
California to northern Washington measured an even lower Fsr of 0.004 (Johansson et al.
2008). Brown rockfish showed a similar pattern, with estimated Fsr values of 0.009 for
coastal populations from Baja to California, and 0.057 with the inclusion of Puget Sound
samples (Buonaccorsi et al. 2005). Alleles characteristic of brown and copper rockfish
were found in quillback rockfish within Puget Sound, but not outside of Puget Sound,
suggesting introgression may be occurring among these species within Puget Sound
(Seeb 1998), which may in part be contributing to their distinctiveness from coastal
populations.

In addition to studies brown, quillback and copper rockfish and yelloweye
rockfish, a study of Pacific ocean perch (S. alutus) found patterns of genetic variation that

41



NOT FOR DISTRIBUTION DRAFT
PREDECISIONAL ESA
DOCUMENT

indicated the existence of three separate populations within British Columbia, one on the
west side of Vancouver Island, and two populations co-occurring to some extent on the
east and west sides of the Queen Charlotte Islands (Withler et al. 2001). The study
looked at five microsatellite loci, and this pattern was maintained for samples collected in
March through September.

Genetic differentiation of other marine fishes in Puget Sound

Several non-rockfish species have been studied in- and outside of Puget Sound,
including Pacific hake (Merluccius productus), Pacific cod (Gadus macrocephalus),
walleye pollock (Theragra chalcogramma), lingcod (Ophiodon elongatus), and herring
(Clupea pallasii), with a variety of conclusions reached regarding population
differentiation (Table 2). These species are very different from rockfishes in their
biology and life histories. The first three species were the subjects of a Biological
Review Team in 2000 (Gustafson et al. 2000). Allozyme analyses in Pacific hake
showed differentiation between Puget Sound and Strait of Georgia populations (Iwamoto
et al. 2004) as well as between offshore and Puget Sound regions (Utter and Hodgins
1971). Herring from Puget Sound and the Strait of Georgia showed considerable
similarity among sampling sites with two exceptions (Cherry Point in the Strait of
Georgia and Squaxin Pass in southern Puget Sound) (Small et al. 2005). Differences in
spawn timing (Cherry Point) and physical isolation (Squaxin Pass) were suggested as the
factors leading to the differentiation seen.

The remaining species showed little evidence of genetic differentiation. Pacific
cod sampled from Puget Sound to the Yellow Sea showed only two distinct genetic
groupings as differentiated by allozymes, a North American group and a western North
Pacific group (Grant et al. 1987). Walleye Pollock, too, show population structure only
at an ocean-basin scale (O’Reilly et al. 2004). No evidence of genetic differentiation was
found using both allozymes and microsatellites in lingcod among populations from Puget
Sound, the Strait of Juan de Fuca, and the outer Washington coast (LeClair et al. 2006).

Taken together, the dearth of information on genotypic distributions and temporal
genetic variation indicate that additional research is needed to identify appropriate
sampling and data collection strategies to fully characterize genetic relationships among
Puget Sound Rockfish populations. The lack of genetic data hampered the BRT in
making its DPS determinations, and additional genetic studies would be useful for
making better informed conclusions regarding DPS structure of the petitioned rockfish
species in Puget Sound.

Other Marine Fish DPS Designations

The Puget Sound rockfish BRT reviewed the size and complexity of other
designated DPSs of marine fish that have undergone the status review process and have
been considered both discrete and significant to their respective biological species.
DPS’s have been designated for portions of the range of Pacific hake (Merluccius
productus), Pacific cod (Gadus macrocephalus), walleye pollock (Theragra

42



NOT FOR DISTRIBUTION DRAFT
PREDECISIONAL ESA
DOCUMENT

chalcogramma) (NMFS 2000), copper rockfish (Sebastes caurinus), quillback rockfish
(S. maliger), brown rockfish (S. auriculatus) (NMFS 2001), bocaccio (S. paucispinis)
(NMFS 2002), and smalltooth sawfish (Pristis pectinata) (NMFS 2003). Several marine
fish DPSs cover geographic areas larger than the Georgia Basin. For example, Pacific
cod and walleye pollock DPSs extend from Puget Sound to Southeast Alaska. Two West
Coast DPSs of the bocaccio were designated off Washington and Oregon [the northern
DPS] and off California and Mexico [the southern DPS] (MacCall and He 2002), and all
smalltooth sawfish in U.S. waters were designated a single DPS.

At smaller geographic scales, a Georgia Basin Pacific hake DPS was separate
from coastal hake, and three DPSs each of copper and quillback rockfish (Puget Sound
Proper DPS, Northern Puget Sound DPS, and coastal DPS) and two of brown rockfish
(Puget Sound Proper DPS and coastal DPS) were identified. Some of these marine fish
DPSs (e.g., Pacific herring) include a number of identifiable subpopulations with
numerous isolated spawning locations and a substantial level of life history and
ecological diversity (Gustafson et al. 2000, Stout et al. 2001b).

Of particular interest to the current BRT, the previous BRT assembled to consider
Puget Sound populations of copper rockfish (S. caurinus), quillback rockfish (S.
maliger), and brown rockfish (S. auriculatus) (Stout et al. 2001) faced similar questions
to the current petition regarding the DPS designation for rockfish found in inland marine
waters of Washington state. With regard to discreteness, Stout et al. (2001) based their
DPS decisions largely on genetic data that were directly relevant to the three species in
question, as well as life history traits and and the environmental features of Puget Sound.
With regard to significance, Stout et al. (2001) primarily noted the distinct ecology of
Puget Sound which differs substantially from other marine areas as well as the range gap
that would result from the extinction of Puget Sound populations. A brief summary of
the evidence used to make the DPS decisions follows, listed by species.

Stout et al. were unanimous in their decision for a Puget Sound proper DPS for
copper rockfish, distinct from a North Puget Sound DPS (including the Canadian Gulf
Islands) and a coastal DPS, based primarily on genetic evidence. Allozyme and RFLP
data from Seeb (1998) showed no particular genetic divergence for Puget Sound proper
specimens, but microsatellite data from Wimberger (in prep) and Buonaccorsi et al. (in
prep) showed large differences among populations from within Puget Sound proper and
populations found outside Puget Sound proper. Wimberger sampled copper rockfish
from California, British Columbia, the San Juan Islands, the Canadian Gulf Islands,
Admiralty Inlet, Central Puget Sound, and Hood Canal (the latter three populations are
found within Puget Sound proper). Wimberger found significant divergence between
both Central Puget Sound and Admiralty Inlet populations, and all populations found
outside of Puget Sound proper. Equal divergence was found among Puget Sound proper
populations compared with San Juan, Gulf Island, and coastal populations as well.

Buonaccorsi et al. (in prep, subsequently published as Buonaccorsi et al. 2002)
used a different set of microsatellite loci to compare populations from Puget Sound
proper, Canadian Gulf Islands, Queen Charlotte Islands, and coastal California. They
also found highly significant divergence among all sampling sites, indicating a clear
divergence between populations within Puget Sound proper and the Canadian Gulf
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Islands. Buonaccorsi et al. also identified private alleles in Puget Sound proper, further
evidence for isolation of Puget Sound proper populations from other neighboring regions.
In addition to genetic information, Stout et al. pointed out that copper rockfish are live-
bearing and have internal fertilization, a short pelagic larval stage, and high habitat
fidelity. All of these traits, combined with the physical isolation of Puget Sound proper,
could lead to reproductive isolation of the Puget Sound proper DPS.

Stout et al. (2001) were somewhat divided regarding the appropriate DPS for
quillback rockfish, but 66% of the BRT supported a Puget Sound proper DPS, as distinct
from a North Puget Sound DPS and a coastal DPS. The preponderance of evidence was
again genetic, from Seeb (1998) and Wimberger (in prep). Seeb (1998) sampled four
sites within Puget Sound proper, one in the San Juan Islands, and coastal sites from
California, Washington, and Alaska. Both allozyme and RFLP analyses indicated large
differences in allele frequencies between Puget Sound proper and the San Juan Islands.
When the Puget Sound proper samples were removed from the analysis, however, no
significant divergence was found among the remaining populations. Wimberger (in prep)
found significant differences in microsatellite allele frequencies between Puget Sound
proper and the San Juan Islands. The San Juan Island population was more similar to
Sitka, Alaska, than it was to Puget Sound proper. In addition to the genetic data,
quillback rockfish have very similar life history traits to copper rockfish (as stated above)
leading the previous BRT to conclude that a Puget Sound proper DPS was appropriate for
quillback rockfish as well.

Brown rockfish have a distribution that is very different from copper and
quillback rockfishes, as they are found in Puget Sound proper but only rarely occur in
North Puget Sound, Georgia Basin, or the Washington and Oregon coastline (Stout et al.
2001). The large disconnect between Puget Sound proper and coastal populations of
brown rockfish suggested to the previous BRT that the Puget Sound proper population
might be a remnant population in an ecologically unique habitat. Genetic data available
at the time supported a divergence between Puget Sound proper and California
populations (Seeb 1998). Stout et al. noted that a microsatellite study was underway
which would also compare coastal and Puget Sound populations (subsequently published,
Buonaccorsi et al. 2005). Buonaccorsi et al. sample three sites within Puget Sound
Proper, and compared them to coastal populations ranging from California to Mexico.
They found significant divergence among the populations, and even between two of the
Puget Sound proper populations. Puget Sound proper populations exhibited extremely
low genetic divergence compared to coastal samples, which suggested to the authors a
potential founder effect combined with reproductive isolation, and/or a low effective
population size.

Methodology for incorporating uncertainty in DPS Designations
To allow for uncertainty in identifying the boundaries of Puget Sound rockfish
DPSs, the BRT adopted a “likelihood point” method, often referred to as the “FEMAT”
method because it is a variation of a method used by scientific teams evaluating options
under President Clinton’s Forest Plan (Forest Ecosystem Management: An Ecological,
Economic, and Social Assessment Report of the Forest Ecosystem Management
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Assessment Team [FEMAT, http://www.or.blm.gov/ForestPlan/ NWFPTitl.htm]). This
method has also been used in all recent status review updates for federally listed Pacific
salmon and steelhead (Oncorhynchus mykiss) ESUs (e.g., Good et al. 2005) as well as
reviews of killer whales (Krahn et al. 2002, 2004) and herring (Gustafson et al. 2006).

In this approach, each BRT member distributes ten “likelihood” points among a
number of proposed DPS scenarios, reflecting their opinion of how likely that proposal
correctly reflects the true DPS configuration (Table 3). Thus, if a member were certain
that the DPS scenario that contains Puget Sound rockfish was Puget Sound proper, he or
she could assign all 10 points to that scenario. A member with less certainty about DPS
boundaries could split their points among two, three, or even more DPS scenarios.
Ultimately each BRT member distributed their 10 “likelihood points” amongst these 4
possible DPS scenarios. With nine BRT members, for each species there were a total of
90 likelihood points distributed among the DPS scenarios.

DPS Scenarios

After consideration of hydrography and bathymetry of Puget Sound and the
Georgia Basin, the life history of the petitioned species, patterns of population structure
for marine fish generally, and previous DPS designations for Puget Sound species, the
BRT developed 4 possible DPS scenarios that could incorporate the petitioned Puget
Sound rockfish species:

1. DPS Scenario 1 (Puget Sound Proper) is a Puget Sound Proper DPS identical
to the Puget Sound Proper DPS defined by Stout et al. (2001) for copper, quillback and
brown rockfish. This scenario posits a DPS consisting of the members of the species in
questions inhabiting the waters south or east of Admiralty Inlet. This is the DPS structure
that was identified in the petition.

2. DPS Scenario 2 (Greater Puget Sound) hypothesisizes a DPS that includes
Puget Sound Proper and Northern Puget Sound (which includes the San Juan and
Canadian Gulf Islands).

3. DPS Scenario 3 (Puget Sound/Georgia Basin) hypothesizes a DPS that
includes all inland marine water east of the central Strait of Juan de Fuca and south of the
northern Strait of Georgia.

4. DPS Scenario 4 (Coastal DPS) consists of a coastal DPS, whose northern and
southern terminus were not defined, but which also includes the region described in DPS
Scenario 3.

Factors considered in common to all species
Based on the earlier DPS designations for copper rockfish, quillback rockfish and
brown rockfish (Stout et al. 2001), the BRT generally assumed that in the absence of
information indicating otherwise, the five petition species where likely to have DPS in
inland marine waters distinct from coastal populations. The reasoning for this is that the
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ecological and environmental factors considered by Stout et al. (2001) and reviewed in
earlier sections of this report — including the relatively site-attached nature of rockfish,
the unique features of the Georgia Basin /Puget Sound ecosystem compared to the outer
coast, and the environmental features of Puget Sound that serve to limit the potential for
migration — all apply more or less equally to all rockfish, not just the three species
considered by Stout et al. (2001). The BRT also noted that relatively large genetic
differences have been found between inner (Puget Sound and/or Strait of Georgia) and
outer (California Current) populations for every rockfish species for which such
comparisons have been made. This suggests that the same patterns might be expected in
other rockfish species, unless their life history differs in ways that might have a
substantial affect on dispersal and connectivity. The BRT therefore concluded that, in the
absence of other information, rockfish of all species that inhabit the Georgia Basin and/or
Puget Sound are likely to meet the ‘discreteness’ criteria of the DPS policy.

The BRT also concluded that, in the absence of other information, all rockfish
species in Georgia Basin or Puget Sound that are discrete are also likely to meet the
‘significance’ criteria of the DPS policy. As highlighted earlier in this document and in
Appendix B, Puget Sound-Georgia Strait is a unique environment, and the environmental
conditions experienced by rockfish in this region are distinct from those elsewhere in
their range. In particular, Puget Sound circulation is highly influenced by freshwater
input, relatively shallow sills limit exchange among subbasins of the system, waters are
typically highly stratified for some of the year, the bathymetry results in a very limited
shallow water habitat, and there is a strong link between biogeochemical dynamics in
freshwater watersheds and the marine system. These features, among others, make the
Puget Sound — Georgia Strait region substantially different than the rest of the California
Large Marine Ecosystem.

Below, we discuss what specific additional information was available for each of
the petitioned species, and how the BRT used this information (or lack thereof) to come
to conclusions regarding Distinct Population Segments.

I. Bocaccio
DPS Scenario 3 (Puget Sound/Georgia Basin) received the most votes (43 pts),
followed by DPS Scenario 4 (part of coastal DPS; 32 pts) and DPS scenario 1 (Puget
Sound Proper; 15 pts).

Discreteness of the DPS

As discussed above, no published studies have compared genetic characteristics
of bocaccio from Puget Sound and outer coastal areas, but studies of coastal populations
have found modest levels of differentiation over large geographic distances. Compared
to some other rockfishes, bocaccio appear to have greater potential to move long
distances (see life-history summary above), suggesting that a DPS for bocaccio could
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encompass a greater area than DPS for more sedentary species such as copper rockfish,
quillback rockfish, and brown rockfish.

As was discussed above, the BRT generally assumed that all rockfish are likely to
have at least one DPS in inland marine waters. However, for bocaccio, a DPS that
included the coastal populations (Scenario 4) received some support as well. Under this
scenario, the BRT considered the hypothesis that Puget Sound bocaccio are simply either
the result of a rare recruitment event and were never a viable population distinct from the
coastal populations, or are regularly connected to coastal populations by dispersal.
However, on balance the BRT determined that the available information provided more
support for the presence of an inland DPS. In particular, examination of the available
size frequency data (discussed below) indicated the existance of multiple year classes
spread out over the available time series, a pattern which does not appear to be consistent
with a single rare recruitment event from the coastal population. These data also revealed
the presence of individuals large enough to be sexually mature (Figure 14). Finally, the
BRT noted that the 1999 year class which dominated coastal bocaccio populations was
not apparent in the size frequency data in Puget Sound/Georgia Basin. The BRT
interpreted this as evidence that the coastal and Puget Sound-Georgia Strait populations
were not highly connected, and thus consisted of two discrete units. The BRT also
considered whether bocaccio were likely to have a Puget Sound Proper DPS, distinct
from other areas in the Georgia Basin (Scenario 1). However, in the absence of any
direct data indicating genetic differentiation between bocaccio from Puget Sound Proper
and areas to the north and considering the relatively high potential for movement of this
species, the BRT concluded that a Puget Sound/Georgia Basin DPS was more likely.

Significance of the DPS

In addition to the factors considered in common to all rockfish species discussed
above, the BRT noted that Puget Sound-Georgia Strait is distant from the center of the
bocaccio distribution (in California, as discussed above), suggesting that the Puget Sound
populations occupy a particularly unique environment for this species.

Relationship to coastal DPSs

In a previous ESA status review of bocaccio off the California coast, MacCall and
He (2002) determined that there were at least two DPSs of coastal bocaccio, a southern
and a northern DPS, with the boundary between them occurring at the California/Oregon
border. The Puget Sound/Georgia Basin bocaccio DPS identified in this status review is
therefore a third bocaccio DPS, distinct from both the southern and northern coastal
DPSs.

I1. Yelloweye rockfish

DPS Scenario 3 (Puget Sound/Georgia Basin) received the most support (49 pts),
followed by DPS Scenario 1 (Puget Sound Proper; 34 pts) and DPS Scenario 4 (part of a
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coastal DPS; 7 pts). Although BRT members thus concluded that DPS Scenario 3 is most
compatible with available information for yelloweye rockfish, substantial uncertainties
remain, especially with regard to the extent dispersal between Puget Sound and the
Georgia Strait.

Discreteness of the DPS

In addition to the general consideration in common to all rockfish species
summarized above, members of the BRT used a several lines of evidence to support their
identification of a Puget Sound/Georgia Basin DPS for yelloweye rockfish. In particular,
Yamanaka et al. (2006) and R. Withler (unpublished data) report on genetic differences
in this species between samples from inland marine waters and the outer coast, although
the samples did not include the Georgia Basin. Their samples, collected from interior
waters between Vancouver Island and the mainland British Columbia, formed a discrete
genetic cluster that differed consistently from coastal samples The BRT took this is
reasonable evidence suggesting that yelloweye rockfish from the Georgia Basin are also
likely to be genetically differentiated from coastal population.

In addition, two aspects of the life history of yelloweye rockfish discussed earlier
favor genetic and potentially demographic isolation. First, as both adults and juveniles
yelloweye rockfish are tightly associated with rocky substrata (or invertebrates associated
with hard substrate). Such habitat is infrequent and patchy in its distribution in North
Puget Sound and the Georgia strait, and is very rare in Puget Sound inside Admiralty
Inlet. Secondly, adult yelloweye rockfish show very limited movement as adults. Thus,
any disruption in gene flow resulting from the retentive patterns of circulation of the
Puget Sound — Georgia Strait is reinforced by the lack of adult movement.

Given the available genetic data and life history of yelloweye rockfish in concert
with the hydrography of the region, the BRT largely ruled out DPS scenarios 2 and 4.
While genetic information indicates that Puget Sound Proper might be genetically distinct
from the rest of the region, the BRT relied on historic distributional information and the
habitat availability in its assessment. In particular, the BRT felt the historical abundance
of yelloweye rockfish was greater in North Puget Sound (Appendix A, and Palsson et al.
2008), and this was the result of the lack of appropriate rocky habitat in Puget Sound
Proper (Palsson et al 2008). Thus, even if Puget Sound Proper supported, at times, a
semi-discrete subpopulation, the BRT was not convinced that it would be distinct
demographically or ecologically from yelloweye rockfish inhabiting the greater Georgia
Basin. As a result, the BRT concluded that the DPS should extend northward to include
the San Juan Islands and Georgia Strait where rockier habitat is available and yelloweye
rockfish are currently found.

Significance of the DPS

(See Above “Factors in considered in common to all species”.)
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Relationship to other DPS

The BRT concluded that Puget Sound/Georgia Basin yellowtail rockfish are a
DPS distinct from coastal yellowtail rockfish populations. The coastal populations of
yellowtail rockfish therefore consist of one or more DPS distinct from the Puget
Sound/Georgia Basin DPS. The BRT’s focus was on the Puget Sound/Georgia Basin
population that was the subject of the petition, and the BRT therefore made no attempt to
determine if coastal populations of yellowtail rockfish consist of a single versus multiple
additional DPS.

II1. Canary rockfish

DPS Scenario 3 (Puget Sound/Georgia Basin) received the most support (58 pts),
followed by DPS Scenario 4 (part of a coastal DPS; 17 pts) and DPS scenario 1 (Puget
Sound Proper; 15 pts). BRT members agreed that DPS Scenario 3 coincides best with
available information for canary rockfish, although substantial uncertainties remain,
especially with regard to the extent of the northern Puget Sound and Strait of Georgia
boundaries.

Discreteness of the DPS

As was the case for other species, the fact that all available genetic information
suggests considerable separation among populations of rockfish dwelling in California
Current versus Georgia Basin suggested to the BRT that there was a high probability that
similar partitioning would occur in canary rockfish. Thus, the BRT did not believe that a
combined coastal/inland DPS (Scenario 4) was likely, although it did receive some
support due the relatively high potential for movement in this species. However, due to
this high movement potential, a separation of Puget Sound Proper from the Georgia Strait
also seemed unlikely to the BRT. Examination of historical records of abundance and
distribution revealed large populations of canary rockfish in South Puget Sound
(Appendix A). While abundant in South Sound, the BRT felt that this segment of the
population would not be distinct from the portion of the population north of Admiralty
inlet because of the propensity for adult movement in canary rockfish.

Significance of the DPS

(See Above “Factors in considered in common to all species”)

Relationship to other DPS

The BRT concluded that Puget Sound/Georgia Basin canary rockfish are a DPS
distinct from coastal canary rockfish populations. The coastal populations of canary
rockfish therefore consist of one or more DPS distinct from the Puget Sound/Georgia
Basin DPS. The BRT’s focus was on the Puget Sound/Georgia Basin population that was
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the subject of the petition, and the BRT therefore made no attempt to determine if coastal
populations of canary rockfish consist of a single versus multiple additional DPS.

IV. Redstripe rockfish
DPS Scenario 1 (Puget Sound Proper) received the most votes (40 pts), followed
by DPS Scenario 3 (Puget Sound/Georgia Basin; 31 pts) and DPS scenario 4 (part of
coastal DPS; 19 pts).

Discreteness of the DPS

No genetic data were available for this species at the time of the status review,
although the NWFSC is in the process of analyzing some samples. Compared to other
rockfish species, redstripe rockfish tend to occur in the mud/sand habitat that
characterized much of Puget Sound Proper. With very little information to go on, the
BRT therefore largely relied on the information from other species, particularly the
previous status review of copper, quillback and brown rockfish (Stout et al. 2001) to
make DPS conclusions. In particular, the BRT found no compelling information to
suggest that populations of redstripe rockfish in Puget Sound Proper would be any less
distinct from other Georgia Basin populations than was the case for the previously
reviewed species.

Significance of the DPS

Consistent with the earlier conclusions of Stout et al. (2001), the BRT concluded
that Puget Sound Proper is an ecologically unique environment distinct from other parts
of Georgia Basin. In addition, the BRT noted that historical records indicated a long-
standing presence of this species in Puget Sound Proper (Appendix A).

Relationship to other DPS

The BRT concluded that Puget Sound Proper redstripe rockfish are a DPS distinct
redstripe rockfish in other parts of the Georgia Basin and coastal populations. Redstripe
rockfish outside of Puget Sound Proper therefore consist of at least one, and possible
more than one, additional DPS. The BRT did not attempt to determine how many
additional DPS of redstripe rockfish may exist.

V. Greenstriped rockfish
DPS Scenario 1 (Puget Sound Proper) received the most votes (41 pts), followed
by DPS Scenario 3 (Puget Sound/Georgia Basin; 31 pts) and DPS scenario 4 (part of a
coastal DPS; 18 pts).

Discreteness of the DPS
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Almost no genetic data were available for this species, and no genetic samples
were available from Puget Sound Proper. Compared to other rockfish species,
greenstriped rockfish tend to occur in the mud/sand habitat that characterized much of
Puget Sound Proper. With very little information to go on, the BRT therefore largely
relied on the information from other species, particularly the previous status review of
copper, quillback and brown rockfish (Stout et al. 2001) to make DPS conclusions. In
particular, the BRT found no compelling information to suggest that populations of
greenstriped rockfish in Puget Sound Proper would be any less distinct from other
Georgia Basin populations than was the case for the previously reviewed species.

On the other hand, the BRT also noted that the Strait of Juan de Fuca contains
areas of good habitat for greenstriped rockfish, as reflected in survey trawl catch records
there and in the Strait of Georgia. However, the BRT noted that this species was not
captured in a large area north of Admiralty Inlet and south of San Juan Islands, which
supports the concept of Puget Sound proper as a discrete population. Countering this,
some BRT members thought that the apparent interannual variability in greenstriped
rockfish biomass in Puget Sound observed in the WDFW trawl survey could result from
movement into North Puget Sound from coastal populations. Thus, the BRT was unable
to reach a firm conclusion on the boundaries of this DPS, although based on the general
considerations discussed above for all rockfish the BRT concluded that a DPS in inland
marine waters distinct from the coast was likely.

Significance of the DPS

Consistent with the earlier conclusions of Stout et al. (2001), the BRT concluded
that Puget Sound Proper is an ecologically unique environment distinct from other parts
of Georgia Basin. In addition, the BRT noted that historical records (Appendix A)
indicated a long-standing presence of this species in Puget Sound Proper.

Relationship to other DPS

The BRT concluded that Puget Sound Proper greenstriped rockfish are a DPS
distinct greenstriped rockfish in other parts of the Georgia Basin and coastal populations.
Greenstriped rockfish outside of Puget Sound Proper therefore consist of at least one, and
possible more than one, additional DPS. The BRT did not attempt to determine how
many additional DPS of greenstriped rockfish may exist.

Western Boundary of the Puget Sound/Georgia Basin canary
rockfish, Bocaccio, and yelloweye rockfish DPSs.

The BRT noted that the Strait of Juan de Fuca is a transition zone between the
oceanic waters of the California Current and inland waters of Puget Sound/Georgia
Basin. There was general agreement among BRT members that there is unlikely to be a
sharp boundary that separates populations residing in these two systems. Consequently,
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the BRT noted there is uncertainty about the exact of location of the western boundary of
the Puget Sound/Georgia Basin DPSs for bocaccio, yelloweye rockfish and canary
rockfish. The BRT considered two possible western boundaries: 1) the Sekiu River and
2) the Victoria Sill (Figure 15). The Sekiu River is used as the western boundary in the
WDFW assessment of rockfishes (Palsson et al., 2008). The BRT considered the Sekiu
River a precautionary boundary in that it is very unlikely that any biologically relevant
divisions would occur west of that point. The Victoria Sill bisects the Strait of Juan de
Fuca and runs from east of Port Angles north to Victoria (Figure 15). This sill is a
significant oceanographic feature in the Strait of Juan de Fuca. The deep water in the
Juan de Fuca Strait extends to a depth of about 100m at the Pacific end of the strait, and
its thickness diminishes along the strait to just a few meters at the Victoria sill (Masson,
2002). Patterns of circulation created by the sill create discontinuities in temperature,
salinity (Masson & Cummins, 2000), nitrogen (Mackas & Harrison, 1997), primary
production (Foreman et al., 2008), and water column organic carbon (Johannessen et al.,
2008). The Victoria Sill also appears to have the potential to restrict larval dispersal
(Engie & Klinger, 2007, Paul Chittaro, NWFSC, unpublished data).

Using the FEMAT voting procedure described previously, BRT members
distributed 10 votes among the two western boundary options. Victoria Sill received 43
votes, while the Seikiu River received 17 votes (note that 3 BRT members were absent
for this vote). Thus, the BRT concluded that the Victoria Sill is the more likely western
Boundary for the Puget Sound/Georgia Basin DPSs, although there is clearly some
uncertainty in this designation.

THE “EXTINCTION RISK” QUESTION

APPROACHES TO THE DETERMINATION OF EXTINCTION RISK

The "Extinction Risk" Question

The ESA (Section 3) defines "endangered species" as "any species which is in
danger of extinction throughout all or a significant portion of its range." "Threatened
species" is defined as "any species which is likely to become an endangered species
within the foreseeable future throughout all or a significant portion of its range." NMFS
considers a variety of information in evaluating the level of risk faced by a DPS,
including: 1) absolute numbers of fish and their spatial and temporal distributions, 2)
current abundance in relation to historical abundance and carrying capacity of the habitat,
3) trends in abundance, based on indices such catch statistics, catch per unit effort
(CPUE), and spawner-recruit ratios, 4) natural and human-influenced factors that cause
variability in survival and abundance, 5) possible threats to genetic integrity (e.g.,
selective fisheries and interactions between cultured and natural populations), and 6)
recent events (e.g., climate change and changes in management) that have predictable
short-term consequences for the abundance of a DPS. Additional risk factors, such as
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disease prevalence or changes in life-history traits, also may be considered in the
evaluation of risk to a population.

Absolute Numbers

The absolute number of individuals in a population is important in assessing two
aspects of extinction risk. First, population sizes of small populations can be an indicator
of whether the population can sustain itself in the face of environmental fluctuations and
small-population stochasticity, even if the population currently is stable or increasing.
This conclusion follows from the theory of minimum viable populations (MVP) (Gilpin
and Soulé 1986, Thompson 1991). Second, present abundance in a declining population
is an indicator of the time expected until the population reaches critically low numbers.
This follows from the idea of "driven extinction" (Caughley and Sinclair 1994). In
addition to absolute numbers, the spatial and temporal distributions of adults are
important in assessing risk to a DPS. Spatial distribution is important, both at the scale of
the spawning population and the metapopulation.

Assessments of marine fish populations have focused on determining abundance
and trends from models fit to catch, survey and biological data. Catch records, fishery
and survey CPUE, and biomass estimates from research cruises constitute most of the
data available to estimate abundance. The estimated numbers of reproductive adults is the
most important measure of abundance in assessing the status of a population. Data on
other life-history stages can be used as a supplemental indicator of abundance. In the
case of the five petitioned species, very little information is available on their absolute
abundance in the Georgia Basin/Puget Sound area. The BRT therefore focused largely
on trends in various abundance indices, which are described in greater detail below.

Historical Abundances and Carrying Capacity

The relationship of present abundance to present carrying capacity is important
for evaluating the health of a population, but a population with abundance near the
carrying capacity of the habitat it occupies does not necessarily indicate that the
population is healthy. Population abundances near carrying capacity imply that the
effectiveness of short-term management actions is limited in increasing population
abundance. The relationship between current abundance and habitat capacity to the
historical relationship between these variables is an important consideration in evaluating
risk. An understanding of historical conditions provides a perspective of the conditions
under which present populations evolved. Estimates of historical abundances also provide
the basis for establishing long-term abundance trends. Comparisons of past and present
habitat capacity can also indicate long-term population trends and potential problems
stemming from population fragmentation.
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Trends in Abundance

Short- and long-term trends in abundance are primary indicators of risk in natural
populations. Trends may be calculated with a variety of quantitative data, including
catch, CPUE, and survey data. Trend analyses for the five species considered in this
status review are greatly limited by the lack of long time series of abundances in greater
Puget Sound for these species. In addition, although abundance time series are available
for other, more common, Puget Sound rockfish species, these time series are
characterized by a lack of regular sampling, by use of different survey methods for a
species, and, for harvest data, by the imposition of harvest regulations. The BRT took
several approaches to utilize the best available data in order to estimate the abundance
trends, and these are discussed in greater detail below.

Factors Influencing Abundance

Several natural and anthropogenic factors influence the degrees of risk facing
populations of marine fish in greater Puget Sound. Recent changes in these factors may
influence the degree of risk of a population without apparent changes in abundance,
because of time lags between the events and the effects on the population. Thus, a
consideration of these effects extends beyond the examination of recent trends in
abundance. The BRT considered documented physical and climatic changes, but did not
consider possible effects of recent or proposed conservation measures. Population
variability in itself may not be an indication of risk. Habitat degradation and harvest have
most likely weakened the resilience of populations in greater Puget Sound to climate
variability and impacts such as predation by other species.

Threats to Genetic Integrity

Artificial propagation and enhancement of populations in greater Puget Sound
does not presently appear to be a risk factor for the species considered here. However,
mariculture of some species is under development, and the effects of hatchery releases
(either of the species in questions or of species that prey upon or compete with the
petitioned species) on natural populations may be important in the future. The
interbreeding of cultured and natural fish can potentially lead to a loss in fitness of
naturally-spawning populations. The genetic effects of artificially-propagated releases of
species with high fecundities, as is common for many marine fishes, could be substantial.
Ryman and Laikre (1991), Waples and Do (1994), and Ryman et al. (1995) discussed
possible risks associated with enhancement of marine populations, but these risks are
difficult to quantify and to incorporate into risk analysis. The chief concern is that the
release of propagated fish, which may be inadvertently modified by breeding practices
and novel-rearing environments, may lead to the erosion of genetic diversity and fitness
in natural populations. In addition, there are ecological risks, such as predation or
competition, to be considered when evaluating the effects of releasing propagated fish.
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Human activities, other than population enhancement, can also influence the
genetic characteristics of natural populations. These include size-selective harvest
methods (Nelson and Soulé 1987); introductions of non-native species; and alterations of
marine habitats by shoreline development, increased siltation in river runoff, and
pollution. At the present time, empirical information documenting the genetic effects of
these kinds of changes is largely lacking.

Climate Variability

Coupled changes in atmospheric and ocean conditions have occurred on several
different time scales and have influenced the geographical distributions, and hence local
abundances, of marine fishes. On time scales of hundreds of millennia, periodic cooling
produced several glaciations in the Pleistocene Epoch (Imbrie et al. 1984, Bond et al.
1993). The central part of greater Puget Sound was covered with ice about 1 km thick
during the last glacial maximum about 14,000 years ago (Thorson 1980). Since the end of
this major period of cooling, several population oscillations of pelagic fishes, such as
anchovies and sardines, have been noted on the West Coast of North America
(Baumgartner et al. 1992). These oscillations, with periods of about 100 years, have
presumably occurred in response to climatic variability. On decadal time scales, climatic
variability in the North Pacific and North Atlantic Oceans has influenced the abundances
and distributions of widespread species, including several species of Pacific salmon
(Francis et al. 1998, Mantua et al. 1997) in the North Pacific, and Atlantic herring (Alheit
and Hagen 1997) and Atlantic cod (Swain 1999) in the North Atlantic. Recent declines in
marine fish populations in greater Puget Sound may reflect recent climatic shifts.
However, we do not know whether these climatic shifts represent long-term changes or
short-term fluctuations that may reverse in the near future.

Size distributions

Size data provides some insight about the degree to which populations of the
petitioned species were the result of rare (even single) recruitment events versus multiple,
less episodic events. The former may indicate that Puget Sound represents a sink
population that is part of a larger DPS, while the latter is more suggestive of a self
sustaining population. Secondly, length-frequency data provides information about the
degree to which large size classes have been removed from the populations, the
implications of which are discussed in detail under the section on threats.

Risk-Assessment Methods

One of the greatest difficulties in the status review process is organizing a large
amount of information regarding the biology of the species, genetics, and population
trends over time. Often, the ability to measure or document risk factors is limited, and
information is not quantitative and is very often lacking altogether. In assessing risk, it is
often important to include both qualitative and quantitative information. In previous
NMEFS status reviews, BRTs have used a “risk matrix” as a method to organize and
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summarize the professional judgment of a panel of knowledgeable scientists. This
approach is described in detail by Wainright and Kope (1999) and has been used in
Pacific salmonid status reviews (e.g., Good et al. 2005, Hard et al. 2007), as well as in
reviews of Pacific hake, walleye pollock, Pacific cod (Gustafson et al. 2000), Puget
Sound rockfishes (Stout et al. 2001b), Pacific herring (Stout et al. 2001a; Gustafson et al.
2006), and black abalone (Butler et al. 2008).

In this risk matrix approach, the collective condition of individual populations is
summarized at the DPS level according to four demographic risk criteria: abundance,
growth rate/productivity, spatial structure/connectivity, and diversity. These viability
criteria, outlined in McElhany et al. (2000), reflect concepts that are well founded in
conservation biology and are generally applicable to a wide variety of species. These
criteria describe demographic risks that individually and collectively provide strong
indicators of extinction risk. The summary of demographic risks and other pertinent
information obtained by this approach is then considered by the BRT in determining the
species’ overall level of extinction risk.

Population viability analysis (PVA) is generally defined as the use of quantitative
methods to predict the future status of a population. Future status typically refers to the
probability of the population reaching some minimum size within some specified time
horizon. Because of data limitations described below, the BRT did not conduct a formal
quantitative PVA. However, as detailed in the following sections, data were available
that allowed an estimate in the trend in abundance of rockfishes, and this information was
considered by the BRT.

After reviewing all relevant biological information for the species, each BRT
member assigned a risk score (see below) to each of the four demographic criteria. The
scores were tallied (means, modes, and range of scores), reviewed, and the range of
perspectives discussed by the BRT before making its overall risk determination.
Although this process helps to integrate and summarize a large amount of diverse
information, there is no simple way to translate the risk matrix scores directly into a
determination of overall extinction risk. For example, a DPS with a single extant sub-
population might be at a high level of extinction risk because of high risk to spatial
structure/connectivity, even if it exhibited low risk for the other demographic criteria.
Another species might be at risk of extinction because of moderate risks to several
demographic criteria.

Scoring Population Viability Criteria—Risks for each demographic criterion are ranked
on a scale of 1 (very low risk) to 5 (very high risk):

1. Very Low Risk. Unlikely that this factor contributes significantly to risk of extinction,
either by itself or in combination with other factors.

2. Low Risk. Unlikely that this factor contributes significantly to risk of extinction by
itself, but some concern that it may, in combination with other factors.
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3. Moderate Risk. This factor contributes significantly to long-term risk of extinction, but
does not in itself constitute a danger of extinction in the near future.

4. High Risk. This factor contributes significantly to long-term risk of extinction and is
likely to contribute to short-term risk of extinction in the foreseeable future.

5. Very High Risk. This factor by itself indicates danger of extinction in the near future.

Recent events—The “recent events” category considers events that have predictable
consequences for DPS status in the foreseeable future but have occurred too recently to
be reflected in the demographic data. Examples include a climatic regime shift or El
Nifio that may be anticipated to result in increased or decreased predation in subsequent
years. This category is scored as follows:

++ (double plus): expect a strong improvement in status of the DPS;
+ (single plus): expect some improvement in status;

0: neutral effect on status;

- (single minus): expect some decline in status;

-- (double minus): expect strong decline in status.

Data Reviewed by the BRT

The demographic risk data reviewed by the BRT are summarized in this
preliminary report. Information, in addition to those submitted as part of the
Administrative Record, that were most useful as sources of both quantitative and
qualitative data pertinent to the demographic risk analysis is described below and also in
Appendix D.

Recreational fishery data

The main data available on Puget Sound rockfish trends are from surveys of
recreational anglers conducted by Washington Department of Fish and Wildlife (WDFW)
(Bargmann 1977; Buckley 1967, 1968, 1970; Palsson 1988; Palsson et al. 2008). These
data are collected from punch cards sent in by licensed anglers and from dockside
surveys. WDFW extrapolates the rockfish per angler data up to total catch using an
estimate of number of trips derived from the salmon recreational fishery (Palsson et al.
2008). The data are reported both for the targeted catch (targeting bottomfish) and the
incidental catch (targeting salmon). For the trend analyses here only the data from the
fishery targeting bottomfish were used. The data for Puget Sound Proper (punch card
areas 8-13, Figure 16), north Puget Sound (punch card areas -Figure 16), and all Puget
Sound (punch card areas 5-13 - Figure 16) are plotted in Figure 17. The raw numbers are
given Table 4, Table 5, and Table 6. Note that all sources analyze the same raw data (the

WDFW creel survey data), but different adjustments have been made to the data.
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Department of Fisheries and Oceans (Canada) has also conducted a creel survey
of the recreational fishery in the waters of the Strait of Georgia (DFO statistical areas 13-
19, 28 and 29). We did not include these data in the trend analyses because the effort data
(angler trips) and catch data (total rockfish) that we were able to obtain included both
salmon-targeted and groundfish-targeted trips. Information on trends of bocaccio, canary
rockfish, and yelloweye rockfish in Canadian waters in the Strait of Georgia are included
in the subsections on individual species.

The recreational data have numerous limitations reviewed in Palsson et al. (2008).
In particular, during 1994 to 2003, the total catch was still estimated using salmon fishery
data, yet restrictions on the salmon fishery lead to limited information from the salmon
fishery. In addition, the bag limit on rockfish was lowered from 15 fish in 1983 to 1
rockfish per trip in both the north Puget Sound and Puget Sound Proper in 2000.
Reductions in bag limits both directly reduces the fish per trip by capping the maximum
and may lead to changes in angler targeting leading to reductions in the number of
rockfish taken per trip. To correct for the effects of bag limits and changes in angler
targeting, the trend analyses treat each bag limit period as a separate dataset and a scaling
parameter to adjust the mean for each period is estimated.

Commercial data

Commercial data with effort information is available from records on the bottom
trawl fishery operating until 1988 (PMFC 1979; Holmberg 1967; Schmitt et al. 1991).
Effort data (hours trawled) are available from 1955 (Table 7). While other commercial
fisheries have been operated in Puget Sound, there was no effort information available.
Data for other gears were reported as ‘tons per landing’, but ‘landing’ is an inconsistent
effort metric so these data are not reported. Due to concerns about CPUE from
commercial fisheries being unrelated to actual population abundances, these data were
not used for the trend analyses.

WDFW trawl survey

Data from the WDFW trawl survey (a fishery independent survey) were included
in the trend analysis. The survey is described in detail by Palsson et al. (2008). These
trawl surveys cover 1987-2000, are depth stratified and done in twelve regions (Table 8).
The sampling is somewhat episodic with some regions sampled infrequently, only once,
or only at the beginning or the end of the survey (Table 8). Four main regions, Central
Sound, Georgia Basin (US waters), Hood Canal, and the South Sound were sampled most
frequently and with the greatest temporal consistency. Sampling effort was also uneven
with some regions having as few as two replicate hauls in a depth zone in a given year
while others may have as many as 25 replicate hauls. The rocky habitat used by
bocaccio, canary rockfish and yelloweye rockfish is not effectively sampled by trawl
gear, while the unconsolidated habitat used by redstripe rockfish and greenstriped
rockfish can be trawled effectively. As a result, we used the WDFW trawl survey
primary with respect to the latter two species.
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Examination of the raw trawl samples indicated that the redstripe rockfish data
contain what appear to be outlier events. In particular, the estimates in 2002 and 2005 in
south Puget Sound were increased upward by a single trawl sample in each year with
extremely large numbers of redstripe rockfish. While redstripe rockfish comprised 1-2%
of the survey in 1987, 1989, 1991, and 1996, in 2002 and 2005 they comprised 39% and
48%, respectively (Figure 18, Figure 19, see also Figure 20). Redstripe rockfish are
known to occur in dense aggregations, thus outlier events such as these are not surprising.
For the trend analyses, redstripe rockfish were removed for the calculation of ‘total
rockfish’. The ‘total rockfish’ estimated abundances with redstripe rockfish removed are
shown in Table 9.

REEF dive surveys

Another data source included in the trend analysis is sightings of rockfish by
recreational scuba divers throughout the Puget Sound as part of a program by REEF.org
(REEF, 2008) that trains recreational divers to identify and record fish species during
recreational dives. The data are reported in abundance categories: single = single fish,
few = 2-10 fish, many = 11-100 fish, and abundant = 100+ fish. The REEF database was
used to determine presence/absence per dive (at any abundance) and also to determine
‘min’ and ‘max’ rockfish by using the upper and lower ends of the categories to convert
the categorical levels to numerical levels. The data for ‘all rockfish’ in the REEF database
are shown in Table 9.

Additional Information on Rockfish Distribution and Abundance
in Puget Sound

In addition to the data sources described above, the BRT reviewed numerous
historical documents, short-term research projects , and graduate theses from regional
Universities (Appendix A). In general, historical reports confirm that the five petitioned
species have consistently been part of the Puget Sound fish fauna. For example, Kincaid
(1919) noted that the family Scorpaenidae constituted “one of the most important and
valuable groups of fishes found on the Pacific Coast”. He produced an annotated list of
Puget Sound fishes that documented thirteen species of rockfish that were known to
inhabit Puget Sound, including two of the petitioned species: the “orange rockfish” (S.
pinniger) that was “abundant in deep water”, and the “red rockfish or red snapper” (S.
ruberrimus), the largest of this group, “common in deep water